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ABSTRACT

Chapter 1 of this thesis is a brief introduction to the preparation
and reactions of a-diazocarbonyl compounds, with particular emphasis on
the areas relating to the research undertaken: C-H insertion, addition
to aromatics, and oxonium ylide generation and rearrangement. A short
summary of catalyst development illustrates the importance of rhodium(II)

carboxylates for a-diazocarbonyl decomposition.

Chapter 2 describes intramolecular C-H insertion reactions of
a-diazo-f-keto sulphones to form substituted cyclopentanones. Rhodium(II)
carboxylates derived from homochiral carboxylic acids were used as
catalysts in these reactions and enantioselection achieved through their

use is discussed.

Chapter 3 describes intramolecular Buchner cyclisation of aryl
diazoketones with emphasis on the stereochemical aspects of the
cyclisation and subsequent reaction of the bicyclol5.3.0]decatrienones
produced. The partial asymmetric synthesis achieved through use of
chiral rhodium(II) carboxylates as catalysts is discussed. The
application of the intramolecular Buchner reaction to the synthesis of

hydroazulene lactones is illustrated.

Chapter 4 demonstrates oxonium ylide formation and rearrangement
in the decomposition of an a-diazoketone. The consequences of the use

of chiral rhodium(II) carboxylates as catalysts are described.



Particularly significant was the discovery that rhodium(II)
(S)-mandelate acts as a very efficient catalyst for a-diazoketone
decompositions, in general. Moderate asymmetric induction was possible
in the decomposition of a-diazoketones with chiral rhodium(II)
carboxylates, with rhodium(II) (S)-mandelate being one of the more
enantioselective catalysts investigated. However, the asymmetric
induction obtained was very dependent on the exact structure of the

a-diazoketone, the catalyst, and the nature of the reaction.

Chapter 5 contains the experimental details, and the spectral

and analytical data for all new compounds reported.
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CHAPTER 1

INTRODUCTION TO a-DIAZOCARBONYL COMPOUNDS



. 1 . . .
a-Diazocarbonyl compounds™ have been used extensively in organic
synthesis; their preparation from readily available starting materials
is well characterised and a wide variety of chemical transformations can

be achieved under mild conditions.

1.1 Synthesis of a-Diazocarbonyl Compounds

Although Curtius2 first reported the synthesis of an a-diazocarbonyl
compound in 1883 by diazotisation of glycine esters, simple diazocarbonyl
compounds could not be readily prepared until the successful acylation of
diazomethane with acid chlorides was reported in the late 1920s by Arndt

and Eistert,3 and by Bradley and Robinson.4
1.1.1. Acylation of diazomethane

Diazomethane acylation constitutes the most important route to
acyclic terminal a-diazoketones. To ensure successful acylation a
sufficient excess of diazomethane must be used to trap the hydrogen
chloride liberated thus preventing chloroketone formation. A new
apparatus designed for diazomethane acylation has been developed by
Pettit and Nelson5 for the synthesis of azotomycin (1), an anticancer

bis-diazoketone.

o COOH
COOH
N,HC /l"“m/°“"= '“"c/ﬁ\/NT/

N
2 b o NH,
HN_ o
L
COOH
2)

1)



The antibiotic 6-diazo-5-oxo-L-norleucine (2) (DON)6 has been
synthesised by diazomethane acylation in very low yields (0.5-1.02

overall). The inefficiency is associated with acid chloride formation.

In the case of non-enolisable acid chlorides,7’8 addition of 1
equivalent of triethylamine obviates the necessity for using excess
diazomethane. For enolisable diazoketones, this approach is occasionally
successful at low temperatures (equation 1)9 but, in general, competitive

ketene formation reduces both the yield and purity of the diazoketone.

/\i CH,N,, Et,N /\j\
Ph cl > Ph CHN, + Et,NHCI (1)

-78'—» -25'C

Anhydrideslo may also be used in diazomethane acylation but result
in formation of equimolar mixtures of a-diazoketone and methyl ester.
In unsymmetrical anhydrides, diazomethane attack normally occurs at the
more electrophilic acyl group. Consequently, treatment of the carboxylic
acid with dicyclohexylcarbodiimide followed by treatment with ethereal
diazomethane is a convenient route to u—diazoketones.11 The homochiral
a-diazoketones (3) and (4) derived from N-protected amino acids have been

prepared in this manner.12

Q\ NHCO,Et
CHN
COCHN, CH, /'\"/ ,

l
COOEt

3) %)



Acylation of higher diazoalkane313 is possible though less
efficiently than of diazomethane and at least in the case of diazoethane,

precise experimental conditions must be maintained for optimum yields.m’ls’16

1.1.2. Dtazo transfer reactions

The diazo transfer technique, developed in the late 1960s by Regitz
and co-workers17 for the preparation of cyclic a-diazoketones, has become
a standard method of preparation not only of cyclic a-diazoketones but
also of many acyclic systems which are difficult to prepare by alternative
routes. The standard procedure involves treatment of an ester or ketone
substrate bearing an a-activated methylene group with a sulphonyl azide
(usually tosyl) in the presence of a base strong enough to deprotonate
the substrate. Since the presence of very strong bases reduces the yield
of a-diazocarbonyl product, simple carbonyl compounds are generally
activated prior to diazo transfer. However, compounds such as B-diketones,
malonic esters, acetoacetic esters, and B-keto sulphones have sufficiently
active a-methylene protons to ensure smooth diazo transfer in the presence

of a mild base such as triethylamine (equation 2).

0 0

TsN. __ELN o O

+ ———

R)‘\/U\R' 3 R/u\a/“\Rq (2)
2

R,R° = alkoxy
R,R™ = alkyl

R = alkyl, R1 = alkoxy



Diazo transfer to some less active compounds such as benzyl ketones
may be effective provided a potassium alkoxide is used as the base.18
Recently, Rao and Nagarajan19 have reported the successful use of
1,8-diazobicyclo[5.4.0Jundec-7-ene (DBU) for smooth diazo transfer,
notably in the case of hindered compounds where the standard diazo

transfer conditions were inefficient (equation 3).

o]
HOH TsN,
| y— — 1\ 3)
CH; CH;
CH, CH,

Base

DBU 1007

Et.N very slow reaction

3

Mander and Lombardozo have reported diazo transfer to some
unactivated cyclic ketones by replacement of tosyl azide with the more
active 2,4,6~triisopropylbenzenesulphonyl azide and use of phase transfer
conditions. However, in general, diazo transfer to simple ketones is
carried out by a technique known as deformylating diazo transfer,u’z1 in
which a strongly activating formyl group is introduced at the methylene

position prior to diazo transfer and is subsequently released in the course

of the transfer reaction as tosyl formamide (Scheme 1).

19

Equations 422 and 5°° illustrate the applicability of tosyl azide

diazo transfer in the synthesis of both cyclic and acyclic a-diazocarbonyl

compounds.,



2 R?
l TsN,
2 O OH
(] /TS
N/TS ¢ R z
o N=
I
] Nz
R + TsNCHO
R
Schemel
o (0]
N, (4)22
_’ ;
83-957/.

cuz(cone): —_ N,C (COzMe)z 1

81/



Despite the widespread use of tosyl azide as a diazo donor, doubts
have been raised about its safety23 and Curphey24 has emphasised the
importance of replacement of ethanol in the preparation25 of tosyl

azide by acetone thus ensuring the isolation of a more pure product.

SO.N, SO,N, SO:N, SO,N,
i Il 'i ,SO,N, i
cH CoOH ;; Cu

(s) () (7) (s) (9)

In a study23 of various sulphonyl azides (5-9), tosyl azide (5) was
found to be the most dangerous whereas p-dodecylbenzenesulphonyl azide
(9) was the safest of the group, with a much lower risk of explosion.

Equations (6) and (7) illustrate the use of some of these reagents,

0, (o) (9) O 0
— (6)
Me Me Me Mme
63-4 /.
o o (7) o o
CH,MOR - cu,/u\n/kon Q)
N2
67-4%



More recently, mesyl azide26 has been reported to be a superior
reagent to tosyl azide for diazo transfer. Interestingly, a polymer
bound sulphonyl azide27 has been used for diazo transfer with the

advantages of easier workup and greater safety.
1.1.3. Other routes to a-diazocarbonyl compounds

Another important method of preparation of a-diazocarbonyl compounds
is diazotisation, as, for example, in the synthesis of ethyl diazoacetate
(EDA)28 and of 6-diazopenicillanate329 from the corresponding amino

compounds (equations 8 and 9 respectively).

(8)
NHCH,COEt —P»  N,CHCOEt
NHi S Me N
4‘<\*;x<nne —_— Me
07 ! 4 o/h'N Me
R R 9

Other routes to a-diazocarbonyl compounds include the Forster
reaction, which proceeds via initial oxime formation at the a-methylene
group of a ketone followed by treatment with chloramine (equation 10);30
the Bamford-Stevens tosylhydrazone decomposition (equation 11);31 and
dehydrogenation of hydrazones (equation 12).32 However, the importance
of these methods has diminished following the introduction of diazo-
transfer methods. These reactions have been described in detail by

Regitz.33



NH,CI
— NOH > N2
ph Ph ph Ph pp Ph
o o
CHa/uYCH’ CHzC|2 CH’/IK“/CH’
N ALO N
\ 2Y3 2
NHTs 86%
[eu l ‘
CH, \ CH
| Il <|:=o MnO,,KOH= 2 I=°
C=N EtO ) -
3 : P
CP@};—-J NH, L?rkl

(10)

(11)

(12)

An interesting method of preparation of a-diazoesters developed by

House34 has been used in the synthesis of photoaffinity diazo esters

(10)35 and (11)36 .

vg/\v\ CHO

NHCCO

NJHCCO

(10) (11)



This process involves conversion of glyoxylic acid to its
tosylhydrazone followed by treatment with thionyl chloride to form the
acyl chloride which is then reacted with the appropriate alcohol to
give the ester hydrazone. Finally the hydrazone is decomposed by treat-

ment with triethylamine (Scheme 2).

o H /',*
N\
\f,—coori — NJ\COOH soc, T’\cocn
H TsNH TsNH
l ROH
H
H
P Et,N N//I\COOR
2 TsNH

Scheme 2

1.1.4. Substitution reactions of a-diazocarbonyl compounds

Chemical modification of the a-position of a diazocarbonyl compound37
without loss of the diazo group can be considered an extension of the
synthesis of a-diazocarbonyl compounds. In general the hydrogen atom of
a terminal acyclic a-diazocarbonyl compound can be substituted by
electrophilic reagents, demonstrating the stability of the diazo group

under such conditions. Metallation, halogenation, nitration, and alkylation



TABLE 1

Substitution reactions of a-diazocarbonyl compounds

Substrate Conditions Product Y1;1d Ref
Metallation PhCOCHN2 HgO, ZOOC Hg(CNZCOPh)2 97 38
NZHCCOOEt nBuli, -100°C LiCNZCOOEt - 39
N, HCCOOEt Ag,0, S 0°¢c AgCN,,COOEE - 40
Halogenation Hg(CNchOEt)2 SOCl2 01cuzcozzc 30 41

Br2 BrCNZCOZEt 80-90

12 ICNZCOZEt 70-90
Nitration N,CHCO,Et N,0,, CC1,, - 0,NCN,C0,Et - | a2
Alkylati AgCN. CO.E H.,C=CH,-CH_-1I e 66 40

ylation gCN,CO, Et oC=CH,~CH,~
. MOOzEt
EtZO’ 0o C

- 10 -




have been developed by Regitz:l(c)a few examples of these processes will

suffice to demonstrate the utility of these reactions (Table 1). Reaction

of metallated a-diazocarbonyl derivatives with carbonyl compounds is very
useful synthetically forming a-diazo-B-hydroxycarbonyl compounds (see for
example equation 13),43 useful substrates for the preparation of

1,3~-dicarbonyl compounds via hydride shifts, or in the case of lactones

giving hydroxy-a-diazo-B-keto esters as shown in equation 16.44

13)
LDA, THF O
D
‘ CHO + EDA 8% ‘ CH(OH)CN,CO £t

86%
R EDA, LDA THF
o o
R X -90°C

o
"X . CO,Et
T\(cn ) n)k&/

1.2 Reactions of a-Diazocarbonyl Compounds

(14)

a-Diazocarbonyl compounds are extremely flexible in organic synthesis,

their reactions generally proceeding with loss of nitrogen. The reaction

pathway depends on the nature of the diazo substrate, the catalyst used (if

any), the coreactants, and the reaction conditions. Reactive intermediates

- 11 -



include carbenes, carbenoids, ylides, and diazonium cations. The
reactions of a-diazocarbonyl compounds are best classified in terms
of product type, as this illustrates clearly their versatility in
organic synthesis. Their most important uses are:
(i) cyclopropanation;
(ii) Wolff rearrangement;
(iii) a,a-substitution;
(iv) ylide formation;
(v) C-H insertion;
(vi) addition to aromatics;
(vii) acid catalysed cyclisations;
(viii) 1,3-dipolar cycloadditions;
(ix) 1,2-hydride and alkyl shifts;

(x) dimerisation.

The subsequent discussion will concentrate mainly on the areas of
ylide formation, C-H insertion, and addition to aromatics as these are

the areas investigated in the course of this work.

Generally both inter- and intramolecular processes are possible with
each reaction mode. The intramolecular reactions, which are very
successful in most cases, are frequently the more important processes for
synthesis and, as a result, are largely responsible for the ongoing high

level of interest in diazocarbonyl chemistry.

Although a-diazocarbonyl compounds may be decomposed thermally,
photochemically, or by acid catalysis, decomposition using tramsition
metals and their salts as catalysts is by far more useful and widely

employed in synthesis.

-12 -




1.2.1. Catalyst development

Metal catalysed decomposition of a-diazocarbonyl compounds has

been known for over 80 years45 and has been dominated by use of copper

and its salts, notably copper bronze and copper(II) sulphate.46
Improvements were obtained with the introduction of homogeneous copper

8

catalysts such as Cu(acac)z,47 CuCl.P(OR)3,4 and Cu(O'I'f)zl‘9 (acac =

acetylacetonate, OTf = triflate), followed by other transition metals

such as Pd(OAc)250 and Rh6(CO)1651

which were reported to be
cyclopropanation catalysts. However, the major development in catalysis
was the introduction by Teyssie52 in the early 1970s of rhodium(II)
acetate as an extremely effective catalyst for a wide variety of useful
synthetic transformations involving diazocarbonyl compounds. Since
their introduction, rhodium(II) carboxylates have dominated the use of

catalytic decomposition of a-diazocarbonyl compounds in organic

synthesis,

Metal catalysed decomposition of a-diazocarbonyl compounds is
believed to proceed via a carbenoid intermediate.53 Rhodium(1I)
carboxylates have the binuclear structutes4 shown (Fig. 1) with one
vacant coordination site per metal atom (indicated in the diagram by

arrows).

Complexes are readily formed with donor ligands such as nitriles
and amines,55 and it is thought that the carbene derived from the
a-diazocarbonyl compound coordinates axially to the catalyst to form a

carbenoid intermediate.
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Fig. 1

Control of regio- and stereoselectivity of catalysed decomposition,

notably in cyclopropanation and C-H insertion, can be achieved by

careful catalyst selection.”®*37+38

For example in the cyclopropanation

of the diene in equation 1556 rhodium(II) acetate resulted in higher

regioselection in favour of the less substituted double bond than did

a palladium catalyst which favoured the more sterically hindered

double bond.

= EDA CO,Et
->_- —_—— .
Ph
PH/F-
a
Yield (%)
ha(OA.c)4 81
P4CL, . 2PhCN <10

- 14 -
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Ph 13
b
a/b
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57(b)

Doyle and co-workers have introduced rhodium(II) acetamide
as an efficient cyclopropanation catalyst. Higher trans stereoselectivity
was observed in its use in cyclopropanation of styrene as shown in

equation 16 as compared with that observed with rhodium(II) acetate.

CO,Et
PR , EDA — 16
Ph
Yield (%) trans/cis
ha(OAc)A 95 1.6
ha (NHCOCH3) 4 89 2,1

Rhodium(III) porphyrins (Fig. 2) have recently been introduced as
catalysts. These bulky ligands result in enhanced syn cyclopropanation
of Z-olefins and enhanced C-H insertion at primary C-H bonds, while
still giving predominantly insertion at secondary C-H bonds, compared to

rhodium(II) carboxylates.59

R R= Ph RKTPP

R Me RhTMPI

()
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To date there have been no reports of enantioselection in
diazocarbonyl decomposition through the use of chiral rhodium complexes,
despite the moderate success achieved in this area with chiral copper

60,61
complexes.

Among the most successful to date have been Schiff
base derived complexes62’63 (Fig. 3) which have been used for the
cyclopropanation of the alkene shown in equation 17.62 The product was

predominantly the ¢Z8 cyclopropanecarboxylate in which the degree of

enantioselection (91% e.e.) was higher than in the trans product (117 e.e.).

~
-]
]

methyl

w
n

2-octyloxy-5-t-butylphenyl

R .
Rz 11 R CHzPh
u~Q

Fig. 3

ci,c ci,
-—\c:<< + EDA .l;,

c— CO.fEt

(17)
Yield 597
cig/trans  85/15

2 e.e. ci8 91
trans 11
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Copper catalysts derived from chiral B-diketones have also been

used in the enantioselective cyclopropanation e.g. Fig. 4 and equation

18;64 in one case a total asymmetric synthesis was achieved.

f )
R’ ' I Rl=Me, RZ=H
lwei 1 2
R II R =Me, R° =1
Cu 1 Rl - CH=CH,, R? = §
o)
3
L ),
Fig. 4
N!
(o] O A o]
(18)
Me e Me Me

Yield (Z) Z e.e.
I 36 91,7
II 21 73.3
I1I 48 100

Chiral copper-semicorrin complexes65 (Fig. 5) have also been
applied in enantioselective cyclopropanation of styrenme with diazoesters

(equation 19).

-17 -



I R = CO Me

2
...t
II R = CHZOSLMe2 Bu |
III R = ClMe,OH |
E
Fig. 5
m Ph A H H |
PhA + NNCHCOR —>» . (19)
H CoR Ph COR
a b
i
%
R = L~menthyl R = ethyl 3
Yield (2) 65-75 65
a/b 85/15 : 78/22
Z e.e. a 91 85
b 90 68

When the chiral catalyst was used in combination with a chiral diazoester
the asymmetric induction in the cyclopropanation was considerably

enhanced compared to reaction with EDA. Clearly, modern catalyst development
has significantly increased the utility of a-diazocarbonyl compounds in

organic synthesis.
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1.2.2. Cyclopropanation reactions

Cyclopropanation of an olefin with an a-diazocarbonyl compound is

usually promoted catalytically. Maasl(f)

has recently discussed in
detail the effect of various transition metal salts and complexes on the
cyclopropanation reaction. In general, rhodium(II) carboxylates are the
most efficient catalysts giving higher yie1d866 and obviating the
necessity of using excess alkene as is often the case with copper
catalysts.67 A notable exception to the efficiency of rhodium catalysts
in cyclopropanation is with electron poor olefins such as methyl

50,68

maleate.66 However, palladium catalysts such as Pd(OAc)2 are

complementary to rhodium catalysts69 in that they show high efficiency

70,71

for electron poor olefins such as a,B-unsaturated esters and ketones

and a high affinity for terminal and strained alkenes.52’66

The major application of cyclopropanation in organic synthesis is
intramolecularly. Since Stork and Ficini72 first reported an intra-
molecular cyclopropanation in 1961, numerous examples have been reported,
testifying to its immense synthetic utility. A few recent examples are

shown in equations 20-23.

These equations demonstrate the ease with which sterically strained
structures are formed under mild conditions. Equation 21 is an example
of the tandem cyclopropanation/Cope rearrangement sequence which has been
wildly applied in organic synthesis. Equation 22 is an example of
cyclopropanation of a vinyl ether, made possible only with the introduction
of rhodium(II) carboxylates as catalysts. Application of intramolecular
cyclopropanation in the synthesis of the limonoid system is illustrated in
equation 20 while equation 23 illustrates its use in pseudoguaianolide

synthesis.
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o P Cope
Rh (OAc) ~ P >
N 2 4
o o
Nz P
P
| -
0
H
H
“Ph
617/
Rh,(OAc)
HN, 2 . ‘“
(o
587
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1.2.3. Wolff rearrangement

Since its discovery over seventy years ago77 this rearrangement
has been widely used as a means of forcing angle strain on cyclic
systems through ring contraction. This 1,2-rearrangement with loss of
nitrogen forms a ketene which then further reacts to give the rearranged

products e.g. with nucleophiles such as H, O, ROH, R3N (Scheme 3). The

2
rearrangement may be initiated thermally, catalytically78 (Agzo), and

photochemically,

Scheme 3

Photodecomposition is by far the most widely employed method. There

. . 79-81
has been much investigation as to the nature of the intermediates, 9

[ Ld . o * 82-84
involving low temperature matrix isolation and spectroscopic techniques.

The existence of ketene (c) as an intermediate has been confirmed but
although ketocarbene85 (a) and oxirene86 (b) have been detected recently,

87,88

it is not fully decided whether the rearrangement to ketene proceeds
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in a concerted manner89 or via these distinct intermediates.go Two
recent examples of the Wolff rearrangement in organic synthesis are
shown in equations 2491 and 2592 illustrating the utility of this

rearrangement for generating strained products.

()™
‘ (24)

B Y
hv, THF  i-PrN —©< (25)
> oéL_

1.2.4. a,a-Substitution of a-diazocarbonyl compounds

Reaction of a-diazocarbonyl compounds with a wide variety of compounds
(X-Y) can result in replacement of the diazo group by two new substituents,

a process formally corresponding to carbene insertion into the X-Y bond

(equation 26).
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X
|

R'COCNR? + X—=Y —> R'CO?R’ (26)
Y

It is likely that a range of mechanisms may apply depending on the

nature of the substrate X-Y. a,a-Substitution of a-diazocarbonyls offers

a convenient route to regiodefined a-substituted carbonyls under mild

conditions. Suitable reagents X-Y are the halogens, hydrogen halides,

and compounds containing 0-H, S-H, N-H, Si-H, Se-H, Se-Se, S-S, S-X, and

Se-X bonds.

Reaction of a 6-diazopenicillanate derivative with chlorine, bromine,
iodine, or with the mixed halides96 IC1 and IBr gives the

a,a-bishalogenated productsg3-97 (equation 27) while successful substitution

with fluorine can be obtained by dilution with an inert gas (equation 28).98

X
N~\;y<
o 1

4 09 Ny (27)
CoR CO,R
XY= CiI,Br, |
N, F F
o o Fz—Freon-iL o o)
- 28
-70°C (28)
Me Me Me Me
80/
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a-Halogenoketones are easily produced by reaction of a-diazoketones

with the hydrogen halides (for example equation 29).99

o .
o 0
i HX X (29)
N,cn)’\/\'/ —
R o R o

R = H, CH X = Br, Cl

3’

However, hydriodic acid, due to its reducing nature, gives instead

a ketone (equation 30).100

z : z |
N\ R HI R
—
" o o (o] (30)

Z = Benzyloxycarbonyl R = H, Me, Pr, Ph

Insertion of a-diazocarbonyl derived carbenoids into O-H,
102

101 N-H,SZ(a)

and Si-H bonds is efficiently catalysed by rhodium(II) acetate while

rhodium(II) trifluoroacetate is a more efficient catalyst for S-H

12,103 Rapoportloa and Moody44 have studied intra-

insertion reactions.
molecular insertions into 0-H, S-H, and N-H bonds as a route to 5, 6 and

7-membered heterocycles of the type shown in equation 31.
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(o] o
RYfiJ\f(cozEt —
N, R” X~ CO,Et (31)

HX

n=0,1, 2

X= 0, S, NBoc

R = H, Me, -_<<:::>

Rhodium acetate catalysed intramolecular insertions were efficient
for 5 and 6-membered ring formation (70-1007 yield for O-H and N-H
insertion but 35-73% yield for S-H insertion) but for larger ring sizes
yields were reduced because of competing cyclopentanone formation by C-H
insertion reactions. However, cyclic ethers of up to 8-membered rings
have been formed althouéh in low yields (12-247) using rhodium acetate

but more efficiently with rhodium trifluoroacetate (3272).

Intramolecular N-H insertion reactions are widely used in small ring
heterocycle synthesis. Since the Merck synthesis of thienamycin, which
utilises N-H insertion to construct a 5-membered ring fused to a B-lactam,

105,106

was published (equation 32) numerous examples of its application to

(3 . 107
the construction of bicyclic B-lactams have appeared.

HO L HO
N 2~po Rh, (0Ac), A ND=O .y ©32)
o’ —NH 2\COPNB | o {

COPNB

thienamycin
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Doyle and co-workers102 have recently carried out Si-H insertions
with diazocyclohexanones using rhodium(II) acetate or copper(II) acac

as catalyst (equation 33),.

(0]
W + EtSIH —> ° (33)
N, ; '\A iZSiEts

88/

In general Se-x108 and s_x109-111 insertions can be achieved readily
without catalysis (e.g. equation 34).
o o]

ph)\crm, +  PhSCI —» Ph)’><" (34)

Cl SPh

817

Lewis acid catalysis gives successful insertion of 6-diazopenicillanate
112,113 109,114 a

esters into allyl phenyl selenide, diphenyl selenide, nd
benzeneselt-:nol]'09 (equation 35).
t:' EtO X t"
z BF, . Et, - PhSe :_§S 35)
PhSeX
° o

nl\“
(@)
"o

X = H, ~~7 , SePh
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1.2.5. Ylide formation

Decomposition of a-diazocarbonyl compounds in the presence of
molecules containing heteroatoms, e.g. S, O, Se, N, or halogen, may
result in ylide formation (Scheme 4) with the resulting products derived
from subsequent reaction or rearrangement of the intermediate ylide. One

reaction pathway, that of [2,3]-sigmatropic rearrangement, is illustrated
in Scheme 4.
R?
=—\"% R?
R

R, — ) R
(] . - —
RCOCHN, R\)—\.x R'CO—CH—X .
RCO ) X

=

Scheme 4

For example, treatment of an a-diazoketone with an allyl ether gave
products derived from ylide formation and subsequent [2,3]- sigmatropic

rearrangement, with only small yields (6Z) of cyclopropanation products

(equation 36).115

W
<
o

Ph
Ph Rh
\-;\OM + PhCOCHN, ( /\‘)\( o ©®
e

91

86/

The erythro isomer was largely favoured over the threo isomer; this
diastereoselectivity was rationalised as being due to steric and/or

electronic effects in the transition state for the rearrangement,
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Stable cyclic sulphonium ylidesll6 have been isolated by
intramolecular trapping of a carbenoid generated by rhodium(II)
acetate decomposition of an a-diazo-B-keto-ester. Subsequent
rearrangement of the ylide was strongly dependent on ring size as

gshown in Scheme 5.

o) SPh
n=2
o @ Rh, (0AC), - COEt 55 ( fLCO,Et
Et >
S
f/N\]!)L\*) n*N\p,
CH,)n 2 n=1
SPh OH
n=3 \] cozgt
Et |
H CI% SPh
n YIELD( 7. =\
( ) Ph
1 69 _
2 67
3 45
Scheme 5

The 6-membered ring ylide rearranged to an E/Z mixture of olefins
as shown, the product of an overall 1,4-rearrangement. In contrast

the 5- and 7- membered ring ylides underwent fragmentation.

Until Doyle's115 recent success (equation 36), oxonium ylide

generation has proved more elusive than its sulphonium counterpart,

mainly due to greater competition from cyclopropanation; even with allyl

acetals, ylide generation is favoured by only a factor of three over

cyclopropanation, a typical comparison being that shown in equation 37.

- 28 -
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MeO,

_—=\ « EDA ha(OAc)c - \___\—(CozEt % (37)
H(ome), oMe  EtOC CH(OMe),

76 : 23

Pirrung and Werner118 and Roskamp and Johnson119 have
independently demonstrated successful intramolecular oxonium ylide
generation using rhodium(II) acetate catalysis; the former leading to
oxygen heterocycles (equation 38) while the latter furnished

cyclobutanones (equation 39).

o ha(OAc)‘ — (38)
N ZHC/U\“‘\Q""( > H

817/
o]
Rh,(OAc), 4 o
> s = * V\ (39)
CHN, U
687 16/

Carbonyl ylides, which can act as 1,3-dipoles in cycloadditions,
can be generated by reaction of a carbenoid with a carbonyl group.

Equation 40120 is an example of an intramolecularly generated carbonyl
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ylide which is subsequently trapped intramolecularly by a C-C double

bond in a 1,3-dipolar cycloaddition.

o - (40)

/\/\/l'\/\(c”"z ha(OAC)‘ > /\/\/’Uo
o “

. o
—

C-H insertion reactions of carbenes or carbenoids derived from

1.2.6. C-H insertion

a-diazocarbonyl compounds became synthetically useful with the introduction
of rhodium catalysts. Significantly improved yields and selectivities as
compared to copper eatalystslzl resulted. In C-H insertions of carbenoids
with alkanes the order of reactivity is tertiary > secondary > primary.
This preference for the more substituted positions is illustrated in

58,112 59

equations 41 and 427 for the rhodium catalysed decomposition of

EDA in n-pentane and n-hexane.

As illustrated in equation 41, use of rhodium(II) trifluoroacetate122
as the decomposition catalyst of EDA gave very little insertion into the
primary C-H bonds, while decomposition with the bulky rhodium(II)
9-triptycenecarboxylate,58 although still resulting predominantly in
substitution at the secondary position, gave more insertion into the

59

primary C-H bonds. Similarly, the bulky rhodium porphyrin RhIMPI™~ (see

Fig. 2, 1.2,1.) resulted predominantly in secondary substitution but gave

enhanced attack at the primary position compared to less sterically hindered

catalysts.
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N

EEﬁi
T G

(41)
Lt CO,Et
_ Yield (%)
Rh, (OCOCF,),, 7 66 27 66
Rh, (TC),, 30 61 9 86

CO,Et
VN —> * .
\Q;:Et “2)

Yield (2)
ha(pivalate)4 5 62 33 50
Rh TPPI 8 71 21 46
Rh TMP1 25 61 14 36

Since steric effects affect the regioselectivities obtained in C-H
insertion reactions, it appears that strong catalyst-substrate interactions

exist in the transition state for the insertion process.

Intramolecular C-H insertion reactions of a-diazocarbonyl compounds
show in general a strong preference for cyclopentanone formation thought to
be due to a preference for a highly ordered 6-membered transition state

3 The preference for tertiary C-H bonds rather than

(e.g. equation 43).12
secondary is also illustrated in this cyclisation with the regioselectivity

depending on the ligand present in the copper catalyst.
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o)

COCHN,
"y, ‘1, "
“'CH, "CH, "CH;
—_ + (43)
A H H
CuSo 4 1.5 : 1
Cu(acac)2 4.3 : 1
Cu(OAc)2 ' 7.4 : 1
124

Since Taber and Petty showed that intramolecular C-H insertion
reactions of a-diazocarbonyl compounds can be efficiently catalysed by
rhodium(II) acetate even in an acyclic freely rotating system, as in

equation 44, this remarkably regioselective method of remote functional-

isation has become increasingly important in cyclopentanone synthesis.

0
(o)
co,Me _Rn(OAc), wCOoMe
R (44)
CH,
R = c-’H‘s ’ i'Pf ’ =CH1 ] CH H: ’
a b c d ¢

Under rhodium acetate catalysis allylic C-H insertion competes
favourably with the normally efficient intramolecular cyclopropanation

giving 481 of cyclopentanone in cyclisation c (R, = CHZ) of equation 44,
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By use of diazoesters derived from chiral alcohols, notably
alcohol (12), Taber and Raman125 were able to achieve asymmetric

induction in the carbocyclisation shown in equation 45.

OH

B
(1)
R Diastereoselectivity
A : B
CSH9 87 : 13
CH-CH2 92 : 8
Prt 83 : 17
But 83 : 17
Ph 85 : 15

The asymmetric induction is quoted as a diastereoselectivity because
even though the cyclopentanone rings formed are trans-disubstituted, both
enantiomers are formed at the ring which, because of the chiral auxiliary,

are diastereoisomeric in nature.

Diastereoselection in an intramolecular C-H insertion reaction of a

racemic a~-diazo-f-keto ester is illustrated in equation 46,126 with

exclusive formation of the product in which the methyl and phenyl

groups are trang to one another.

- 33 -



COMe  Rh,(0Ac), CO,Me (46)

N
Ph Me

R

Ph Me

Taber's synthesis of (+)—a-cu§arenone,127 the key step of which is
shown in equation 47, demonstrates that the intramolecular C-H insertion
of a homochiral a-diazo-f-keto ester proceeds with retention of

configuration at the position undergoing C-H insertion.

In an investigation of steric and electronic effects of intramolecular
C-H insertion of a~diazocarbonyl compounds, Taber and Ruck1e128 found that
allylic and benzylic C-H bonds are less reactive than aliphatic C-H bonds

(as illustrated in equation 48).

0 0

CoMe  Rh(OAc) X coMe Me o)

N,

29:1 882
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This was thought to be due to decreased electron density in the bond
when adjacent to electron-withdrawing groups such as vinyl or phenyl.
Similarly, Stork and Nakatam’.129 achieved regiocontrol in cyclopentanone
formation via intramolecular C-H insertion of a-diazoketones, by use of
the electron-withdrawing 2-carboxyethyl group to steer insertion away from
its a and B methylene groups (equations 49 and 50) while offering no
protection to the y-position (equation 51). This may be a particularly
useful strategy synthetically since the ester group can be used first to

direct the cyclisation and then be transformed into a variety of other

substituents,
(o]
COCHN, m,z(o Ac)‘ ,d\/\ (49)
——————
/\)\/\co,Me CO,Me
83 /
COCHN, 5t
(o] 0) ” Et
//~\V,J\\v/’\~/’ —> Co, (50)
81/
COCHN, .,
o
51
k/\/\ CO,Me o’,‘O\/\cozme (51)
64 7.



An example of the application of cyclopentanone formation in organic

synthesis by means of an intramolecular C-H insertion is shown in
equation 52130

such reactions.

illustrating the remarkable regioselection possible in

CQO,Me (52)
- THP
OTHP 24

4-Membered13

and 6-membered1

rings have also been formed by
intramolecular C-H insertion of ketocarbenoids as shown in equations
53131 gna 54,13

respectively, although fewer such examples are known
than for 5-membered rings.

CH,0C 0

@ \t-Bu

90 /

(o)
t~Bu\N )R(COCH.*. ha(OAc)‘
-  ~ CHoO
CH,0 N,

ha(OAc)‘
————

1
o]

NH

4 (54)
Lo/:

43-47 7,
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Of particular interest synthetically is the application of intra-
molecular C-H insertion to the preparation of B-lactams, as illustrated

by the recent work of Doyle and co-worketsl31 in equation 53,

Reactions corresponding formally to C-H insertion into an aromatic
C-H bond have been reported, for example, equation 55 shows Nakatani'sl33

preparation of 2-indanones by a-diazoketone decomposition.

COCHN, Rh z(OAc)‘ o

(55)
Ph

98 /

However, this is probably more correctly described as either the
cycloaddition of a carbenoid to an aromatic ring or rhodium catalysed

electrophilic aromatic substitution.
1.2,7. Addition to aromatics

Although Buchner134 reported the thermal reaction of EDA with
benzene over 100 years ago, its applicability in cycloheptatriene synthesis
was limited because of the complex product mixtures obtained (equation
56).135 As well as the initially formed unconjugated cycloheptatrienyl
ester, its conjugated isomers were obtained, formed by sigmatropic shifts

in the initially formed ester. Ethyl 2-phenylacetate was also formed,

probably by rearomatisation of the cycloheptatrienyl ester.
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O,Et CO,Et COfEt
A *
+*EDA —> * *

CO.Et

(56)

. PhCHzcozﬁt

However, rhodium(II) trifluoroacetate136 is efficient in catalysing
the ring expansion of benzene with EDA under mild conditions, resulting
in isolation of the kinetic isomer of the cycloheptatrienyl ester

(equation 57) rather than its conjugated isomers.

@ EDA _ <>\ — cogt  ©7
ha(ozCCFs)4 COEt

100 /

The reaction mechanism is thought to involve carbenoid attack to
give initially a norcaradiene intermediate which is in mobile equilibrium
with the much more stable cycloheptatrienyl tautomer. The effect of

substituents on the benzene ring on the regioselectivity of the EDA
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addition has been investigated.136

For example, reaction of EDA and
anisole gave predominantly the 4-methoxy-substituted product with some

of the 3-methoxy-substituted product also present,

CH,
OH: oy BOECR) . oct
CO,Et CO,Et
56 / 8 /

. . . . 1

As with a-diazoesters treatment of benzene with a-diazoketones 37

under rhodium trifluoroacetate catalysis gives ring expansion to cyclo-
heptatrienyl ketones (equation 59). Rearomatisation occurs readily on

treatment with trifluoroacetic acid to give benzyl ketones.

(o) TFA
Rh 2(02CCF3)4 B e
@ + RCOCHN, - )

(59)

R = CH CH.,OCH CH,CHBr, CiCH

3 37722 3
Intramolecular Buchner additions to benzene provide a mild route to

fused cycloheptatrienesl38 which are useful synthetic intermediates

(Scheme 6). Early investigations of intramolecular Buchner reactions

. . . 1
involved copper catalysis and suffered from poor yields. 39
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CuCl
45- 50%/,

CHN,

Ny

Rh,(0,CCH,), Et,N Og

Scheme 6

140,141

Most significant was Scott's synthesis of azulene, the key step of

which involved cuprous chloride catalysed cyclisation as shown in Scheme 6.

The product isolated from this cycloaddition was the conjugated cyclo-
heptatrienyl ketone, but, as shown in scheme 6, the kinetic unconjugated
cycloheptatrienone can be readily obtained using rhodium(II) acetate as
catalyst.l38 This kinetic isomer is readily transformed into Scott's

conjugated isomer on treatment with triethylamine, while 2-tetralone is

obtained by TFA catalysis.138

A ltudy138 of substituent effects on the directionality of the

intramolecular Buchner reaction of substituted 4-phenyl-l-diazobutan-2-

ones has shown, for example, that an ortho-methyl group has a repulsive
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effect on the ketocarbenoid addition while an ortho-methoxy group

favours cyclisation towards the substituted position (equation 60).138

CH,
R (o}
. R=0CH, cHN, R=CH, (60)
(o)
OCH,o
Doyle et al.l42 have recently investigated the rhodium(II) acetate

catalysed cyclisation of N-benzyldiazoacetamides to azabicyclo[5.3.0]
decatrienones (equation 61) and found these products to be insensitive
to TFA unlike the carbon analogue. Yields are higher with the t-butyl
and benzyl protecting groups on nitrogen because the most stable
conformer of the intermediate carbenoid in these cases has the benzyl

and carbenoid groups close to one another.

R
@/\N/ ha(ochH,—)‘; N—R 61)

N,HC

R Yield (%)
But 100
CH,Ph 93
Me 37
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It is interesting to compare this reaction to equation 53131 where an
a-diazo-f-ketoamide undergoes C-H insertion to form a B-lactam, rather

than addition to the aromatic ring.

In a study of the cyclisation of cl-phenoxy—a-diazoketones to

furanones and chromanones the product ratio was found to be dependent

on the substituents (equation 62).143
1 1
R \ R
O R
Oo gt Cu(hfacac), _ o o
N o | R O
N\, (62) ,
R
R'=H 1
R
R
*
o]
3
R
rL,R%2 = §, CHy, Ph
R - &, CH,

The question of whether the intramolecular Buchner cyclisation gives
trienones or tetralones depends on individual structural considerations
and reaction conditions. For example, in equation 63, although the mild
rhodium(II) acetate catalyst is used, only the aromatised product is
obtainedlA“ without isolation of a cycloheptatrienyl intermediate. In
this case the driving force for the rearomatisation of the cycloheptatriene

intermediate is the formation of two aromatic rings on enolisation of the

ketone.
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OH
o 0 Rh [OAc),

CO,Et
okt @
. (63)
Ph Ph

90 /.

In Doyle's145 rhodium acetate catalysed decomposition of
N-aryldiazoamides to give 2(3H)-indolinones (equation 64) an electrophilic
aromatic substitution mechanism is more likely than cycloaddition to the

aromatic ring, due to the steric strain which would be involved in such a

cycloaddition.
; )
| N, Rnf0Ac),
Nﬁ(“\z o (o]
o (64)
y 4
70-90%
R = CH,, Et, PhCH,
Z=H, CH3CO

The cyclisation of para phenolic diazobutanones to spirodienones has
been studied by Iwata146 (equation 65). This alternative mode of addition
of a carbenoid derived from an a-diazoketone to an aromatic ring has been

applied in synthetic studies directed towards the aphidicolane and

stemodane diterpenes.146
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ha(OAc)‘

CHN (65)

70 7,

a-Diazocarbonyl compounds also react with M-excessive heteroaromatics.
A recent example involves the intramolecular cyclopropanation of furan
followed by electrocyclic ring opening to give a cyclohexenone in 88%

yield (equation 66) .147

Rh,(OAC), o
————

(66)

CHO 88 /

[]
1.2.8. Acid catalysed cyclisations of unsaturated a-diazocarbonyl compor.mds1

These cyclisations probably proceed by protonation (in the case of
Bronsted acids) or complexation (for Lewis acids) of the diazocarbonyl with

M-electron participation in the electrophilic diazonium species. Loss of
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nitrogen gives a cyclised cation which is stabilised by proton loss
(Scheme 7). They may thus be referred to as M-route cyclisations.

Boron trifluoride-etherate is normally the catalyst of choice.

e = R -~ O
'
[ =0

Scheme 7

Cyclopentane annulation vZa acid catalysed intramolecular diazoketone
cyclisation has been used extensively in synthesis. The key step of
Mander's total synthesis of gibberellic acid149 (equation 67) is an
outstanding example of its application to the preparation of fused

polycyclic compounds with angular substituents.

o CH,0

OCOCH,CI OCOCH,CI
HN TFA O
o A S @ O/l
CH,0
COzMe

CO,Me
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Aromatic participation in acid catalysed cyclisation of an
a-diazoketone is illustrated in equation 68150 as an example of a
stereocontrolled route to bridged tetracyclic ketones which are

particularly useful in diterpenoid synthesis.

OMe

(68)

CH; COCHN,

1.2.9. 1,3-Dipolar cycloaddition

Carbenes or carbenoids derived from a-diazocarbonyl compounds can
add to multiple bonds with participation of both the carbenic carbon and

the carbonyl oxygen in the form of a 1,3-dipole; suitable dipolarophiles

include olefins,ls1 acetylenes,152 carbonyls,153 and nitrileslsl' (Scheme 8).

RCO—CH: 1
Y ~p! R
RC=CR /
— \ o
RCOCHN, — 1
o
I . RcorR
R— C=CH R \
R R
1
S &\
R Yo R
Scheme 38
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A recent example of oxazole formation by 1,3-dipolar cycloaddition
of a nitrile with a carbenoid generated by rhodium(II) acetate catalysed

decomposition of dimethyldiazomalonate is shown in equation 69.155

CHOC  OCH,

ha(OAc)‘A >=( (69)
Nii/i)

3-Ci-Ph

CN

. N2C(Co zc H;)z

ci
967

1,3-Dipolar cycloaddition of a diazocarbonyl without loss of nitrogen
is also possible. For example, when disubstituted a-diazocarbonyl
compounds react with disubstituted alkynes, pyrazolenines are formed
initially which rearrange to N(2)substituted pyrazoles by a [1,5]migration

6

of the acyl or carbalkoxy group (equation 70).15 However, with

monosubstituted alkynes, competitive [1,5]migration of the acyl or

carbalkoxy group to N(2) and C(4) takes place (equation 71).157
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CH, ROC
N
RMR . l‘l —> ROCQ
N
: NEt, EtN  CH,
R = OCH, Ph l (70)
| COR
|
ROC SN
pL
Et,N CH,
o COCH,
CH
’\l]/u\c"s . III
N, )
~  COCH, ]
OCH, :
I\ — | ¥ )—coch,
N= (71)
H,0C CH, | CH, B
COCH
COCH, Ho N :
CH,0C—N_ \NIG COCH,
CH, CH,

»
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1.2.10. 1,2-Hydride and alkyl shifts

1,2-Hydride shift in a-diazo-B-hydroxy-carbonyl compounds to give
B-dicarbonyl compounds is a useful process synthetically and is readily

catalysed by rhodium(II) acetate (equation 72).158

H OA
2 M R1/u\/u\ 2 (72)

Since a-diazo-B-hydroxy-carbonyl compounds are easily prepared by
reaction of lithiated diazocarbonyl compounds with aldehydes and ketones,
e.g. equation 13, this rearrangement is part of a three step ketone
homologation (Scheme 9)159 which is highly regioselective, with the

smaller group migrating preferentially in the rearrangement step.

A recent example of such a rhodium(II) acetate catalysed 1,2-hydride
shift in synthesis is in Corey's43 synthesis of atractyligenin; the
rearrangement step is illustrated in equation 73, 1,2-Alkyl shifts have

160,161 e.g. as in equation

been used in thiepin and oxepin preparation,
74. Interestingly, the C-4 methyl group of the diazo precursor is necessary
for thiepin formation, replacement by hydrogen gives 4-methylene-4H-

thiopyrans via 1,2-hydride shifts.161
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Scheme 9

CQjEt
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(74)

1.2.11. Formation of carbene dimers

In many metal catalysed decompositions of a-diazocarbonyl compounds,
notably EDA which forms diethyl fumarate and maleate,162 carbene dimers
are obtained as sideproducts. However, in inert solvents, the coupling
process can predominate and the dimeric products can be isolated, often

in good yield, e.g. equation 75.163

2 (Et0,C)CN, Rh,(0Ac), Et0,C S COEt 5)
EtOC”  “CO,Et

Intramolecular coupling of bis diazoketones under Cu(acac)2 catalysis
formed cycloalk--Z--ene-l,4—dione3164 in 25-80% yield; 8-, 11-, 12-, 13-,
14-, 16-, and 20- membered rings are accessible (equation 76) in this

way, and mixtures of o8 and trans isomers are possible.

>
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0 o

NHc/u\(CH )/u\crm Cufacac) (cH,). l AR

(o] (76)
(o]
ns=4,7, 8, n=17,8,9,
9, 10, 12, 16 10, 12, 16
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CHAPTER 2

INTRAMOLECULAR C-H INSERTION REACTIONS OF

a-DIAZ0O-B~KETO SULPHONES



2.1 Intramolecular C-H Insertion

Monteiro1 has recently reported intramolecular C-H insertion on
decomposition of a-diazo-B-keto sulphones catalysed by rhodium(II)

acetate as illustrated by equation 1.

N, 0

Rh.(0.CCH (1)
PhSO,/u\n/\/\CHa 2( 2 3)4= SO,Ph
CH,CI,

An earlier study2 of thermal and copper catalysed decomposition of
acyclic unsaturated a-diazo-B-keto phenylsulphones resulted only in poor
yields of cyclopentanones from C~H insertion and addition reactions of

the intermediate carbenes.

A preference for cyclopentanone formation is observed in
intramolecular C-H insertion reactions of a-diazocarbonyl compounds and
is believed to be due to a preference for a highly ordered six-membered
transition state.3 When rhodium catalysts with bulky ligandsa’5 were
employed as decomposition catalysts in intermolecular C-H insertions of
alkanes with EDA, changes in product ratios were observed as compared to
less hindered catalysts, with enhanced substitution at primary C-H bonds,
although substitution at secondary positions predominated. Thus it
appears that catalyst-substrate interactions in the transition state for
the C-H insertion reaction are significant and it was thought that replace-
ment of rhodium(II) acetate by rhodium(II) carboxylates derived from chiral
carboxylic acids would result in ésymmetric induction in the C-H insertion

step.
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To date there has been no report of asymmetric induction in C-H
ingsertion reactions of a-diazocarbonyl compounds by use of a chiral
catalyst, However, some success in asymmetric cyclopropanation has
been achieved through use of chiral copper catalysts (Section 1.2.1).
The only report of asymmetric induction in C-H insertion reactions is
by Taber and Raman,6 who have cyclised an a-diazo-B-keto ester using
an optically active alcohol as a chiral auxiliary resulting in good

diastereoselection in the C-H insertion step (equation 2). The

asymmetric induction in this case results in formation of diastereoisomers

because of the presence of the chiral auxiliary.

o]
%
OR* ha (OzCC H3)4 \\\‘COIR
N, -
Diastereoselectivity 87:13
OH
*

OO

However, only the trans-substituted cyclopentanone is formed. This

(2)

diastereoselectivity is also indicative of a highly ordered transition

state, thus offering promise to our hope of asymmetric induction by use

of chiral rhodium(II) carboxylates. This catalytic route, if successful,
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would be preferable to use of a chiral auxiliary, as it would obviate
the necessity for 1 equivalent of a homochiral compound as starting
material using instead a catalytic amount of a chiral rhodium(II)

carboxylate.

Thus it was decided to firstly investigate the application of
intramolecular C-H insertion reactions of a-diazo-B-keto sulphones in
cyclopentanone synthesis, and secondly, to see if asymmetric induction
was possible in such reactions through use of chiral rhodium(II)

carboxylates.
2.1.1. Preparation of the B-keto sulphones

The general procedure used for the preparation of the B-keto
sulphones involved condensation of the appropriate ester with the
sulphonyl anion following Corey's method.7 Scheme 1 shows the ester

preparations.

Ethyl valerate (2) was prepared from commercially available
valeric acid (1). Ethyl 3-phenylbutanoate (4)8 was prepared by
esterification of 3-phenylbutanoic acid (3). Ethyl cyclopentylacetate
(7) was prepared by a Reformatsky reaction of ethyl bromoacetate and
cyclopentanone to give the alcohol (5), dehydrated to a mixture of the
regioisomeric unsaturated esters (6), followed by hydrogenation. Methyl
phenyl sulphone (8) and dimethyl sulphone (9) were prepared by oxidation

of thioanisole and dimethylsulphoxide respectively.
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EtOH, H’ a

> OEt .

o o
(1) (2)
PhWOH > Ph/\/YOEt 94 7/,
© o
(3) (4)
o]
| Zn_ A HO, —co,Et
+ BrCH,CO,Et T
(s)
H', CH,
-H,0
CO.Et . CO,Et CO,Et
L S
Pd/cC .
b
(7) ? (s)
79 7 overall
Scheme 1
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Scheme 2 summarises the conversion of the esters to B-keto
sulphones., Due to the acidity of B-keto sulphones, two equivalents of
sulphonyl anion were required in each case. As a result the crude

product contained equimolar mixtures of B-keto sulphone and sulphone.

NaH, DMSO

+ PhSO,CH, ~ THF CH,/\/\[(\SOzPh

o
(8) (10) 7857

/\/\(
(2)

(2) (9) (11) ss5.37

/\/\“/ + PhSO,CH, i Ph/\/\“/\sozph
o

o)

(4) () (12) 307

Et
CH; o
o
OEt ” so CH
CH,W + CH,SO,CH - cn,/\/\[(\ 2
(o] (o]
OEt
Ph

SOPh
CO,Et

Y

* Phsozc Ha

() (8) (13) 307

Scheme 2
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In the case of dimethyl sulphone (9), this was easily removed by aqueous
washing but for the methyl phenyl sulphone chromatographic separation
was required (for 10 and 13) whereas B-keto sulphone (12) was obtained

pure by recrystallisation.
2.1.2. Diazo transfer to B-keto sulphones

Monteir09 carried out diazo transfer to B-keto sulphones by use of
an azidinium salt generated in 8itu. However, we found tosyl azide to
be a satisfactory diazo transfer reagent giving excellent yields of the
a-diazo—-B-keto sulphones following the procedure of Regitz and co-
workers.lo Tosyl azide was prepared by Curphey's procedure11 and stored
at 0°C. The possibility of deacylation in the diazo transfer mentioned
by Monteir09 did not cause any problems and although a small amount of
an impurity, thought to be p—toluenesulphonamide, was present in the
a-diazo-B-keto sulphones, this could be removed either by chromatography
or after diazoketone decomposition, in the cyclopentanone purification.
Its presence in the a-diazo-f-keto sulphones did not affect the C-H
insertion reactions and it was easily removed from the cyclopentanones.
Analytically pure samples of the a-diazo-B-keto sulphones were easily
obtained by chromatography. In practice, however, it was found that
passage of the crude product through a short column of silica to remove
the baseline impurities gave the diazo substrates in sufficient purity
for further reaction. Removal of the highly-coloured baseline impurities
was essential, however, as these poisoned the rhodium(II) carboxylate
catalysts if decomposition was attempted without purification. Scheme 3
summarises the preparation of the a-diazo-B-keto sulphones which were
quite stable and could be stored at 0°C for several months without

decomposition.
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Et,N
PhSO; " cH, TeN BN Phso,J\“/\/\cH,

o EtOH, 0°’C
(10)

N,
CH, SOZ/W CH, - — CH;SOz/u\n/\/\c H,
o o
(1 1) (1 5) 91.57
N,
? 0
(12) | (1)  93.3%

" -

0 0
SO,Ph SO,Ph
Nz
(13)

(1) 76.47

Scheme 3

2.1.3. Preparation of chiral rhodium(II) carboxylates

Our interest in this area began with rhodium(II) (S)-mandelate (18)
[ha(mand) 4], the preparation of which was reported by Cot:t:on.12 Although
rhodium(II) carboxylates (19) derived from homochiral carboxylic acids
were reported as catalysts for diazo ester decomposition in intermolecular

C-H i.usert:ions,5 no mention was made of the possibility of asymmetric

induction in these reactions.
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( ) ' a
)
OH cl
C—CH—
L R o [
k Ja ‘4
(s) (s)
(18) (19) R= CH,, CH,Ph

Preliminary results of asymmetric induction in a-diazoketone
decomposition using ha(mand)4 as catalyst were encouraging. Therefore
a series of homochiral rhodium(II) carboxylates were prepared for
investigation.13 Amino acids were chosen for initial studies as they
are a ready source of homochiral ecarboxylic acids and because the
a-nitrogen substituent is reminiscent of the a-hydroxy group of mandelic
acid, with which catalyst some success had been achieved. Examination
of the X-ray crystal structure of rhodium(II) mandelatelz showed that
the hydroxy group is not coordinated to rhodium,la and it is thought
that this hydroxy group may play a part in the asymmetric induction
obtained with this catalyst. When a catalyst was prepared using
a-methoxy-a-phenylacetic acid,15 i.e. mandelic acid where the hydroxy
group was methylated, asymmetric induction in a-diazoketone decomposition
with this catalyst was much lower than with rhodium(II) mandelate.
Examination of the crystal structures of the two catalystsl2 shows that
in rhodium(II) mandelate, an intramolecular hydrogen bond between the
hydroxy group and a carboxylate oxygen limits rotation in the ligand thus
giving a more rigid structure, whereas no hydrogen bond exists in the
structure of rhodium(II) a-methoxy-a-phenylacetate and the phenyl groups

of the ligands are arranged so as to minimise steric repulsions. Thus,
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due to the a-hydroxy group of rhodium(II) mandelate a more rigid
structure is present in the catalyst and this may be responsible for
the enhanced asymmetric induction obtained with rhodium(II) mandelate

compared to rhodium(II) a-methoxy-a-phenylacetate.

N~-Protected L-amino acids were prepared by standard procedures.16
The sulphonyl derivatives of L-proline and L-phenylalanine were generally
prepared by treatment of a basic solution of the amino acid with the
appropriate sulphonyl chloride. The compounds were characterised
spectroscopically and were analytically pure when used in the catalyst
preparations. In N-protected derivatives of L-proline, there are no N-H
substituents for hydrogen bonding as in rhodium(II) mandelate but in the
N-protected derivatives of L-phenylalanine a N-H bond is present in each.
However, the effect observed due to the O-H bond in rhodium(II) mandelate
compared to rhodium(II) a-methoxy-a-phenylacetate was not observed by
comparison of catalysts derived from L-proline and L-phenylalanine
derivatives. This indicates that the factors controlling asymmetric
induction in rhodium(II) carboxylate derived a-diazocarbonyl decomposition

are extremely sensitive to structural changes and cannot be generalised.

Rhodium(II) carboxylates were generally prepared from the sodium
salt of rhodium(II) carbonate (20) and the appropriate carboxylic acid
by a displacement reaction17 (Table 2.1). The carbonate was in turn
available in >907 yield18 from rhodium(II) acetate.19 Scheme 4

illustrates this reaction sequence.
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Table 2.1 : Preparation of rhodium(II) carboxylates from rhodium carbonate.

RCOOH Catalyst Yl;ld
OH
z 1 90

L- 2 Pale green
COOH powder only

M
COOH Pale green
L-Ph /\er-l 3 powder only
2
L-
Q‘ COOH 4 90
I
SO,Ph
L- QCOOH 5 85
|
SO,
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Table 2.1 contd.

Me

Me

()

F"DCN:.“<ZT:7 Me §:§t7ﬂ“CCN)H

L- QL COOH

|
SO,

aca

L- Q‘coou

|
SO,

&

L- ph -~y COOH

NHz-Boc

L-Ph/YCOOH
NH

)
SO,

Me
L-Ph COOH
o) (0]
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Table 2.1 contd.

Ph/\rcoom
L- NH

SO,

0

ph~ SOOH

.o
0,
o
COOH
o
cl
(R)- CH:/kCOOH
cl

(S)-cn(z\COOH

Tartaric Acid

Lactic acid

COOH
COOH

e}

Me
“NCOOH

(s) - pn

18

19

20

21

22

17

15

16

14

65

27

85

52

63

Concentrated reaction
mixture was a blue-
green solid.

80
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CH,COOH

RhCl, + NaOAc Rh,(OAc), 76 /

EtOH, A
Na,CO,
A
27-90/ . |
Rh,(0,CR), 2H,0 ‘
'4NaOCR  §RCOOH Najh(C0),.2%4H0
* 4C02 "/szo Hzo
A (200 >907
Scheme 4

This displacement was very convenient; the catalysts formed as
green or blue-green crystalline solids which could be collected by
filtration while any excess carbonate and the sodium carboxylate were

washed away in the aqueous filtrate. The rhodium(II) carboxylates

were generally analytically pure and used without purification. However,

chromatography on silica is possible with these complexes. The
rhodium(II) mandelate prepared by this procedure was found to be more
efficient catalytically and to result in higher asymmetric inductions

than that prepared following Cotton's procedure.1
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In the cases of the unprotected amino acids (entries 2 and 3)
only a light green powder was formed, in agreement with the
literature20 vwhich reports very low yields of rhodium(II) carboxylates
with free amino acids. Studies of axial ligand substitutionlA show
that colour changes occur in rhodium(II) carboxylates on changing the
axial ligand. Thus a simple explanation for the poor yields is that
instead of two axial water molecules, coordination by an amino group
occurs to give more complex products. An alternative possibility is
that the free NH or NH2 group may change the pH of the solution. 1In
reactions where the ratio of carbonate to carboxylic acid was 1:4
instead of 1:8, light green powders were obtained even with N-protected
amino acids. It is unlikely that these green powders are dimeric
rhodium species and it is thought that when the pH of the solution is
not controlled (in this case excess carbonate was present) substitution

to form rhodium(II) carboxylates is unsuccessful.

When the acid system became extremely sterically demanding as in
2,4,6-triisopropylbenzenesulphonyl-L-proline (entry 10), formation of
the dirhodium species was difficult. A similar problem was encountered

21

by Callot and Metz”~ in their preparation of sterically crowded

complexes.

Other homochiral carboxylic acids which were treated with rhodium
carbonate (20) to give rhodium(II) carboxylates were ketopinic acid,22
(entry 16), (R) and (S)-2-chloropropanoic acid (entries 17 and 18
respectively), tartaric acid (entry 19), lactic acid (entry 20),

(S)-mandelic acid (entry 1), and camphoric acid (entry 21). These
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rhodium(II) carboxylates formed as blue-green crystals whereas those
derived from N-protected amino acids were generally green in colour.

In the cases of dibasic acids (entries 8, 19, 20, and 21), the complexes
form with only one coordinating carboxylate per molecule.zo Even when
reaction was carried out with only 4 equivalents of acid, carbonate
persisted in the reaction mixture until a further 4 equivalents were
added. For tartaric and lactic acids, no precipitate formed as the
complexes are water soluble. Instead the reaction mixture was
concentrated at reduced pressure and the crude isolated mixture of

sodium carboxylate and rhodium(II) carboxylate was tested for catalytic

activity.

Catalyst 22, rhodium(II) a-methoxy-a-phenylacetate was prepared by
Cotton's procedure,12 not by displacement with rhodium carbonate. When
catalyst preparation was attempted with a proline-calixarene derivative
(21),23 reaction was unsuccessful presumably due to steric hindrance to

dimer formation.

;;1\1)Et

CoH

(21)
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Many rhodium(II) carboxylates where some of the carboxylate
ligands are replaced by nitrogen or phosphorus donors are known. It
was decided to prepare some of these complexes, preferably with chiral
ligands, and test their catalytic activity with a-diazoketones.
Catalyst (23)17 was prepared by displacement of two mandelate ligands

by phenanthroline (22).

R R
A
7 N_¢ \ 0\ 9 N/
= N= ci—Rh Rh—Cl *4H0

(23) R= (s)-PncHOH

Rh,(mand), (phen), C1, .4H,0

Catalyst (24)24 where two acetate ligands were replaced by a
phosphorus and a carbon donor to give an achiral compound was also

prepared.

Catalyst (25) where two acetate ligands were replaced by bis-
diphenylphosphinoethane (dppe), analogous to the literature preparation25

with bis-diphenylphosphinomethane, was also prepared for testing.
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CH, CH,

Py

o o o ¢
CH,COH Rh Rh HO,CCH,
P/ %"c
\_\_,<__//

(24)

Rh,(0Ac), (Ph,PCH,), 2 CH,COOH

o~ o
o— | o
Cl /R|h/ R'h/ Cl
P\L—/P/ I

(25) R, (0Ac ), (dppe), C1.

dppe = Ph,PCH,CH,PPh,

(26)Rn,(0ac),[ (R)-()-BINAP] cI,

e N ()
UaW

PhP PPh,
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Catalyst (26), where two acetate ligands were displaced by
(R)-(+)—2,21-b£8(diphenylphosphino)—l,ll-binaphthyl (BINAP) was

similarly prepared.

It was hoped that these complexes would have retained some
catalytic activity and if so a series of complexes involving chiral
phosphines or amines could be tested as asymmetric induction catalysts

in a-diazoketone decomposition.

Optical rotations could not be obtained for the chiral rhodium(II)
carboxylates as the catalysts in solution were too strongly coloured
to allow passage of light. The rhodium(II) carboxylates were

characterised by ir spectroscopy and elemental analysis.
2.1.4. Intramolecular C-H insertion reactions of a—diaso-f-keto sulphones

All four intramolecular C-H insertions of the a-diazo-B-keto
sulphones summariged in Scheme 5 gave 2-¢u1phony1cyclopentanones1 using
as catalysts the various rhodium(II) carboxylateo.. The results shown
were the optimum yields obtained using the catalysts indicated.
Rhodium(II) acetate was unique in giving rapid reaction in dichloromethane
at room temperature. With the other catalysts reaction was very slow at
room temperature but was rapid, generally being complete within 2 hours,
at reflux in the same solvent. The standard conditions used were high
dilution (100 mg diazoketone in 20 ml dichloromethane added to 200 ml
refluxing dichloromethane) and slow addition (20 min) with two catalyst
additions (2 x 0.5 mg), one before diazoketone addition and the other

halfway through the addition. These conditions were used throughout this
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work for intramolecular reactions of a-diazoketones; they are designed
to minimise dimer formation by maintaining a low concentration of

a—diazoketone in the solution at all times.

Y

Z:;)"CQO (o]

N ' |
‘ Rh, | SOPh |, SO,Ph
PhSO, CH,— -
o 12, 2, CH,
(14) (219 o907
'y i SO,CH
d
CH,SOz/“\“/\/\ CH, ha(man ), . 2>y
o CH,Cl , A “CH,
(15) (28) 8967
N, Q
/‘kn/\/\ " é/sozph
PhSO, Ph —>
o “ph
(16) 9 7767
0 5
SO,Ph . - 0
N: H Yso,ph
(17) (300 9217,
Scheme §

In the case of a-diazo-B~keto sulphones, dimer formation was not a
problem, and in fact these reactions could be carried out under much

more concentrated conditions. However, to maintain uniformity with the
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a-diazoketone decompositions of Chapter 3, in which dimer formation

occurs as a side reaction, these standard conditions were employed.

The products of the a-diazoketone decompositions had no detectable
impurities due to side reactions. Exclusive cyclopentanone formation
occurred in agreement with Taber's3 work with similar reactions. Pure
cyclopentanones were easily obtained by dissolving the crude product in
dichloromethane, extracting the product into aqueous sodium hydroxide,
followed by rapid neutralisation with saturated ammonium chloride, and
finally extraction into dichloromethane. The exposure time of the
2-sulphonylcyclopentanones to base had to be minimised as slow
decomposition occurs to carboxylate in basic solution as shown in
equation 326 and in fact serious losses in yield did result from this

extraction technique.

o] (3)
é/sozc‘l‘l’ OH™ HO c/\/\/SO:CoHO
2

However, it is an extremely convenient method of isolating the pure
product. Particularly important for this study was that the trace of

catalyst present in the reaction product was removed in this purification

step.

The products obtained by this base extraction were all white
crystalline solids which were analytically pure and could be characterised

spectroscopically by the distinctive carbonyl stretch in the ir spectrum
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at approx. 1740 cm-l. 1H n.m.r. showed that the products after base
extraction consisted exclusively of one isomer, which by comparison
with Taber's3 work was presumed to be trans-disubstituted, or in the

case of (30) the benzenesulphonyl group was trans to the bridgehead

hydrogens.

When rhodium(II) acetate was employed as the decomposition catalyst
of a-diazo-B-keto sulphone (15) at room temperature, the crude product
of the reaction consisted exclusively of the trans isomer (see Table
2.3). However, when the other rhodium(II) carboxylates were employed
as catalysts at reflux both e¢te and trans isomers were present in the
crude product in a ratio dependent on the catalyst employed. After
base extraction the mixture returned exclusively to the trans isomer.
When rhodium(II) trifluoroacetate27 and rhodium(II) (S)-mandelate were
employed as catalysts at room temperature, reaction was incomplete
after 24h but 1H n.m.r. showed that only the trans isomer was formed.
Thus the c¢i8 isomer is formed only when the reaction is carried out at
reflux and the ratio of ci8:trans isomers depends on the catalyst
employed. This effect was also observed with the other a-diazo—B-keto
sulphones but was most easily observed with (14) and (15) (Tables 2.3
and 2.6) as the 1H n.m.r. spectra of (27) and (28) showed clearly
distinct doublets for the C(2)H and the C(3)GH3 protons for the c¢is and
trans isomers. The 1H n.m.r. spectra of (29) and (30) were less

amenable to estimation of the cis:trans ratio due to overlapping signals.
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(i) Catalyst considerations

Catalyst efficiency in the intramolecular C-H insertion reactions
of a-diazo-B-keto sulphones was best measured by the reaction time
rather than by the overall yield; as already mentioned the reaction
yield was normally quantitative for the crude product but the overall
yield was determined by the loss in the base extraction step. Tables
2.2-2.5 show the effect of various catalysts on the decomposition of

a-diazo-B-keto sulphones (14)-(17) respectively.

a-Diazo-B-ket6 sulphone (14) was the most studied compound as its
1H n.m.r. spectrum showed clearly distinctive signals for the methyl
groups and the C(2)H protons for the two isomers. In the trans isomer
the methyl group doublet was at 8§1.27 and the C(2)# doublet at 63.32
whereas the cis isomer had doublets at 61.52 and 83.80. Table 2.2 shows
that most of the rhodium(II) carboxylates were active catalysts for the
transformation in just a few hours at reflux. However, the green
powders obtained from attempted catalyst preparation with L-proline,
L-phenylalanine, and N-2,4,6-triisopropylbenzenesulphonyl-L-proline
(2,3,10) were not catalytically active suggesting that these are not
dimeric rhodium species. Catalysts derived from lactic and tartaric
acids (19,20) were very inefficient; with the tartarate no decomposition
was observed while lactate gave very slow reaction. On the other hand
catalysts 17 and 18 derived from a-chloropropanoic acid were extremely
efficient for diazoketone decomposition. With sterically hindered
catalysts, e.g.9, derived from N-2,4,6~trimethylbenzenesulphonyl-L-proline,
reaction was very slow, and a yellow colour developed in solution. This

21

effect was also observed by Callot and Metz“" with sterically hindered
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Table 2,2

Decomposition of l-benzenesulphonyl-l-diazohexan-2-one (14) with

rhodium(II) carboxylates at reflux in dichloromethane

N: SO,Ph

) “CH,

(14) (27)

Yieldv Reaction time trans:cis [0120
Catalyst z h (crude) oD
(c, CHZCIZ)
1 70-80 2 40:60 -16.1 (2.2)
2 - - - -
3 - - - -
4 90.0 2 30:70 -19.1 (20.8)
5 -88.2 3 | - -4.6 (7.9)
6 57.5 2 80:20 -8.5 (5.2)
7 39.1 3 30:70 -6.9 (3.5)
8 86.8 1 50:50 +10.0 (7.8)
9 55.3 20 100:0 -0.7 (4.9)
10 - - - -
11 66.5 3 40:60 -6.9 (5.0)
12 67.8 3 50:50 ‘+0.2 (6.1)
13 57.0 2 15:85 0.6 (5.1)
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Table 2.2 contd.

14
15
16
17
18
19
20
21
22
23

24

25
26

Rh, (0Ac) 4
(1 mg)

"[;)‘coou

|
$O,Ph

(25m9)

59.7
44.5
53.7
65.6

50.3

74.5
65.0
22.6

only partial
decomposition

61.6
37.3
43.8

l.s

100:0

90:10

70:30
80:20

40:60

100:0

80:20

-0.7 (5.3)
+1.2 (4.0)
-4.5 (4.8)
-3.0 (5.9)

+3.3 (4.5)

+3.3 (6.7)
+0.1 (5.8)

-2.7 (3.0)

-0.2 (5.2)

Racenic
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Table 2.3

Decomposition of l-methanesulphonyl-l-diazohexan-2-one

(15) with rhodium(II) carboxylates

NZ
CH,SOg)l\r(\/\ CH, .~ SO,CH,
o ,"'
(1 5) CH,
Temperature Yield Reaction time trans:cis [a]ZO
Catalyst °c 4 h (crude) OD
, CHCL,)
Rh, (0Ac), 20 58.0 0.3 100:0 0
RhZ(OZCCF3)& 20 78.1 18 100:0 0
1 20 Only partial 26 100:0 -
decomposition
1 40 89.6 2 70:30 +3.8 (8.1)




_06—

Table 2.4 :

Decomposition of l-benzenesulphonyl-l-diazo-5-phenylpentan-2-one (16) with rhodium(II)

carboxylates at reflux in dichloromethane.

N.

Sozph
Phso,/JLjr’\\/’\~Ph -

o “ph

(16) (29

Yield Reaction time trans:cts [algo
Catalyst
yA h (crude) °(c, CHZCIZ)

1 77.6 1 Not resolved on -0.9 (7.1)
1
H n.m.r.

4 45.2 1 - " -3.1 (4.1)

5 49.0 2 " -1.6 (4.5)
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Table 2.5 : Decomposition of l-benzenesulphonyl-l-diazo-3-cyclopentylpropan-2-one (17) with rhodium(II)

carboxylates at reflux in dichloromethane.

(o]
N, - i 0
A SO,Ph
(17)
(30)
Yield Reaction time trans:cis [u]ZO
Catalyst 7 h (crude) D
(o]
(c, CH2012)
1 80.9 0.6 70:30 +7.4 (4.4)
4 51.6 2.5 80:20 +0.4 (2.8)




-.Z6-

Table 2.6 : Effect of temperature on the decomposition of l-benzenesulphonyl-l-diazohexan-2-one (14)

2
Phso,/u\n/\/\cu,

o

(19

Temperature Yield Extent of reaction® Reaction time trans:cis [G]ZO

—_— —_— D
o . (crude)
c 4 z h °(c,CH2012)
20 26.9 60 36 100:0 -8.6 (4.8)
40 53.1 100 1.5 40:60 -10.2 (4.0)

* Estimated from 1H n.m,r, spectrum of crude product.

Identical samples of ha(mand)a.ZEtOH were used in each reaction.




catalysts. They described the yellow form as a 'deactivated' catalyst
but from the evidence obtained from enantioselections (see later) it

is likely that the rhodium(II) dimer containing such bulky ligands
breaks up in solution to monomeric species which are likely to be
yellow rhodium(III) complexes.28 These monomeric species appear to be
much less active catalytically than the rhodium(II) dimer and result in
longer reaction times. As can be seen in Table 2.2, changing the
catalyst ligand from N-benzenesulphonyl-L-proline (4) to
N-naphthalenesulphonyl-L-proline (5) results in a longer reaction time
due to steric hindrance. This steric hindrance to reaction is also seen
in Tables 2.4 and 2.5. With a-diazo-B-keto sulphone (16) changing from
catalyst 4 to 5 significantly reduces the rate of reaction, whereas with
a-diazo-f-keto sulphone (17) even catalyst 4 appears to offer steric
hindrance to the reaction showing much longer reaction time than
rhodium(II) mandelate. Of course this is consistent with the structure
of (17) as the cyclopentyl ring is more sterically demanding than the

n—-butyl group of a-diazoketones (14-16).

The rhodium complexes containing nitrogen and phosphorus donors were
much less efficient in a-diazoketone decomposition than rhodium(II)
carboxylates, e.g. catalyst 26 required 8h for complete decomposition of
(14). When cobalt and copper catalysts were tested no decomposition of

(14) was observed.

The ratio of cis:trans isomers obtained in the crude product of the
decomposition of a-diazoketone (14) was dependent on the catalyst
employed as shown in Table 2.2. This ratio was not simply due to a

thermal equilibration of isomers: when a mixture of the cte and trans
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isomers was refluxed in dichloromethane for several hours no change in
the ratio was observed. This implies that the isomer ratio must be a
genuine catalyst effect, and further suggests that strong catalyst-~
substrate interactions are present in the transition state for the

insertion.

The catalysts were also found to decrease in activity which may
have been due to poisoning of the catalyst by electron donor impurities.
To test this theory a diazoketone decomposition was carried out in the
presence of triphenylphosphine (1 equivalent with catalyst 4) and the
result was a considerable decrease in activity. Thus fresh batches of
catalysts were prepared regularly and stored under nitrogen in the dark.
Sometimes reduced activity catalysts could be reactivated by heating
in vacuo for a few hours, but this was not always successful. A decrease
in asymmetric induction was also observed accompanying the catalyst
deactivation. Therefore, freshly prepared catalyst samples were always
used in catalyst trials. Interestingly, if for example rhodium(II)
mandelate was recrystallised from ethanol the second crop catalyst, while
being extremely active catalytically, resulted in reduced asymmetric

induction.

Most of the catalysts used for a-diazoketone decomposition contained
two water molecules as axial ligands since the catalysts were isolated
from aqueous solution. These were easily replaced by ethanol by
recrystallisation or simply by dissolving the aqueous adduct in ethanol
and then evaporating off the solvent at reduced pressure to give the
bis-ethanol adduct. The axial ligands could be removed completely by

heating the complex at 60-80°C at 10 mmHg for 2h., However, it was found
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that the presence of water or ethanol in the complex had no effect on
the catalyst activity or on the asymmetric induction obtained, giving
exactly the same results as dehydrated catalysts. In fact when the
rhodium(II) carboxylates contain axial ligands they are crystalline and
they may be more stable in this form than if the crystals are broken by
dehydration leaving an amorphous powder in which the rhodium atoms each
have a vacant coordination site, which is readily poisoned by an
electron donor. In the case of catalysts 23-26 the axial chloride and
acetic acid ligands may be more strongly bound to the rhodium atom and

therefore be detrimental to carbenoid formation.

Solvent effect on the cyclisation of a-diazo—B-keto sulphone (14)
was investigated as shown in Table 2.7. Reaction was slowest in hexane
and ether. In hexane, the rhodium(II) mandelate catalyst was completely
insoluble explaining the slow reaction, while in ether, coordination of
the solvent to the catalyst may have been responsible for slowing the
reaction or the decrease in rate may have been simply due to the decrease
in reflux temperature compared to the other solvents. A similar study
carried out by Rapoport and co-worker529 showed that a-diazoketone

decomposition was solvent dependent.
(ii) Enantioselection

A certain degree of asymmetric induction was obtained in the
intramolecular C-H insertions of a~diazo-B-keto sulphones (14-17) by use
of chiral rhodium(II) carboxylates. The majority of the studies were
carried out on diazoketone (14), but some investigation of asymmetric

synthesis with (15-17) was also carried out; the results are displayed
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Table 2.7 : Effect of solvent on the decomposition of l-benzenesulphonyl-l-diazohexan-2-one (14)

2
SC%Ph
PhSO, CH, >
o “CH,
(14)
b.p. Yield Reaction time trans:cis [a]ZO
Solvent °c 4 h (crude) 2
C, CHZCIZ)

Hexane 69 32.4 3 - -7.1 (2.9)
Ether 34 24.0 4 - -5.6 (2.2)
Carbon tetrachloride 77 36.8 1 50:50 -5.1 (3.3)
Dichloromethane 40 41.7 1 40:60 -10.4 (3.7)
Benzene 80 45.6 1.5 50:50 5.9 (4.1)
1,2-Dichloroethane 84 58.9 2 60:40 -5.8 (5.3)

Identical samples of ha(mand)4.2Et0H were used in each reaction.




in Tables 2,2-2.7. Optical rotation data were used for comparison

of relative efficiencies of the various rhodium(II) carboxylates for
asymmetric induction. The extent of the asymmetric induction in
absolute terms is small; with a-diazo-f-keto sulphone (14) the maximum
asymmetric induction was obtained with catalyst 4, rhodium(II)
N-benzenesulphonyl-L-prolinate, and corresponds to 127 e.e. The
determination of this enantiomeric excess is discussed in later sectionms.
Chiral shift 1H n.m.r. studies on the cyclopentanone (27) did not give
any indication of the asymmetric induction obtained in the cyclisations.
Although the doublet for the C(2)H proton split into two doublets on
addition.of Eu(tfc)jfTris[3(trifluoromethylhydroxymethylene)-(+)-
camphorato]europium(III) derivative}, accurate integration was impossible.
Coordination of the carbonyl group to the euwropium complex appeared not
to be sufficiently strong to resolve the doublets due to the methyl

groups of the two enantiomers.

Optical rotation was a very convenient method of establishing
relative optical purity of the cyclopentanones, chemically pure samples
of which were easily obtained by base extraction as described earlier
(albeit with yield loss). Most importantly this extraction gave the
product free of any trace of catalyst which could have.interfered with
optical rotation data. A further advantage of the base extraction was
that it converted the crude product mixture of isomers into the trans
isomer exclusively, with the result that specific rotations could be
compared directly. If chromatographic purification had been employed,
varying cig:trans isomer ratios would probably have resulted depending

on the catalyst employed and comparison of specific rotations would not
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be possible. Thus the extraction and optical rotation method provided

a rapid indication that asymmetric induction had occurred.

The base extraction simplified the problem from dealing with two

pairs of enantiomers to one of simply two enantiomers, Only asymmetric

induction at C(3) was observed since after extraction the stereochemistry

at C(2) was controlled completely by that at C(3) (equation 4).

o

0 0
SO,Ph é‘sozm‘ (i)NaOH . SO,Ph o
. @NHC ¢
CH,

\\“

o
F

2,
%,

“CH,

As can be seen from Table 2.2, enantioselection in the'formation
of (27) is greatest with catalyst 4 (rhodium(II) N-benzenesulphonyl-L-
prolinate), with the rhodium(II) (S)-mandelate catalyst (1) offering
the next highest asymmetric induction. The remaining rhodium(II)
carboxylates gave lower asymmetric inductions, some of which were in the
opposite direction. The sensitivity of the enantioselection to change
in the ligand structure of the catalyst shows that catalyst-substrate
interactions are significant and that by further changing the catalyst
structure, greater enantioselection may be achieved. Catalyst 26,
derived from the chiral BINAP ligand, gave an essentially racemic product

indicating that this series of complexes is unlikely to result in high

asymmetric inductions.

The final entry in Table 2.2 where rhodium(II) acetate was employed

as decomposition catalyst in the presence of N-benzenesulphonyl-L-proline
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was carried out to check whether coordination in solution would be
sufficient for enantioselection in a-diazoketone decomposition.
However, this gave a racemic product indicating that prior complexation
of the homochiral ligand is required for asymmetric induction. This
result implies that the rhodium(II) carboxylate complexes remain intact
in solution, a promising fact in terms of asymmetric induction. This
contrasts with the result of Brunner and Miehling3o where chiral copper
catalysts used in enantioselective cyclopropanation of 1,1-diphenyl-
ethylene with EDA were generated in 8itu from copper(II) acetate and

Schiff base ligands.

Further evidence that catalysts which gave good asymmetric
inductions remain intact in solution is by the reaction colour. With
catalysts 1 and 4, the reaction mixture which was initially the
characteristic yellow colour of an a-diazoketone decolourised to an
essentially colourless solution as reaction proceeded. However, with
the sterically hindered catalysts, e.g. 9, as described earlier a deep
yellow colour developed in the reaction mixture and reaction was slow
with low asymmetric induction resulting. As discussed earlier with
these sterically hindered catalysts cleavage of the rhodium-rhodium
bond to form Rh(III) species appearé to be occurring with a resulting
decrease in reaction rate because these species are less active
catalytically and with decrease in asymmetric induction because of
either a less rigid structure in the monomeric species or because of
complete loss of the homochiral ligands on the bond cleavage. As can
be seen in Table 2.2, increasing the steric bulk of the ligand on the

catalyst from N-benzenesulphonyl-L-proline to N-naphthalenesulphonyl-L-
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proline or N-2,4,6-trimethylbenzenesulphonyl-L-proline had a

detrimental effect on the asymmetric induction obtained with diazoketone
(14) with an associated slowing of reaction rate. This can be explained
as cleavage of the rhodium—-rhodium bond in the sterically hindered
catalysts to form rhodium(III) species with lower catalytic activity

and low asymmetric induction due to the loss of the rigid rhodium(II)
carboxylate structure. Callot and Metz21 in their report of sterically
hindered catalysts ascribed the deactivation to formation of a species
which retains some catalytic activity, but with low selectivities in

the cyclopropanations they were studying — in agreement with the

observations in this study.

Clearly, improvements in asymmetric induction in the C-H insertion
of a-diazo-B-keto sulphone (14) would not be made by simply increasing
the steric bulk of the catalyst ligand. Instead modification of the
ligand structure within the estimated steric limitations would probably
give more successful results. For example, comparison of the asymmetric
inductions obtained from rhodium(II) (S)-mandelate (1) and rhodium(II)(S)-
o-methoxy—-0-phenylacetate (22) indicated that the a-hydroxy group in
mandelic acid, which has been shown in the X-ray crystal structurelz of
rhodium(II) (S)-mandelate to hold the ligand in a fixed conformation
because of a hydrogen bond to a carboxylate oxygen, may be a determining
factor in the stereochemistry of the carbenoid intermediate resulting in

significantly increased asymmetric induction in this case.

The a-chloropropanoic acid derived catalysts 17 and 18 gave
essentially the same magnitude of asymmetriec induction, but in opposite

directions (Table 2.2), verifying that the ligands maintain their
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asymmetric centre on the catalyst. This had been proven for rhodium(II)
(S)-mandelate and rhodium(II) (R)-c-methoxy—-o-phenylacetate by crystal
structure.12 The catalysts 17 and 18 were found to be extremely active
in a-diazoketone decomposition in general, but resulted in poor
enantioselectivity with a-diazo-B-keto sulphone (14). Further structural
modifications of these ligands, by perhaps increasing their steric bulk
or forcing a more rigid structure, may enhance their enantioselectivity

considerably.

This 'tailoring' of the catalyst ligand would involve careful study
of crystal structures of both efficient and inefficient asymmetric
induction catalysts to see if any indications of factors which might
improve enantioselectivity are present. Of course, the structures of
the complexes in solution might not be the same as the solid state
structures, but since there is evidence that the complexes remain intact
in solution, the solid and solution states may not be that unalike.

The intermolecular interactions described by Cotton and co-workers31 for
molybdenum(II) mandelate.2THF where an oxygen of one complex is
coordinated axially to a molybdenum of another, are not present in the
structure of rhodium(II) mandelate.2EtOH because the ethanol molecules j
block the axial sites for intermolecular coordination.12 Therefore,

dissolution of this complex at least should result in very little

structural change.

Table 2.6 shows that in the rhodium(II) (S)-mandelate-~catalysed
decomposition of a-diazo-p-keto sulphone (14), asymmetric induction is
higher at reflux than at room temperature. The effect of increased

asymmetric induction at higher temperature was observed also with the
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a-diazoketone cyclisations discussed in Chapter 3. This effect was

more dramatic with rhodium(II) M—benzenesulphonyl-L-p£;linate than with
rhodium(II) (S)-mandelate. This temperature dependence of the asymmetric
induction illustrates once more the complexity of the complex-substrate

pair.

Table 2.7 illustrates the effect of solvent on the asymmetric
induction obtained in the same reaction. In the cyclisation of
o-diazo-B-keto sulphone (14) the highest specific rotation in the
cyclopentanone product (27) was obtained when the reaction was carried
out in dichloromethane. No possible explanation can be offered for
this observation, except perhaps that dichloromethane is the most
acidic of the group. It is reminiscent of Rapoport's29 solvent

investigation however.

As already mentioned, rhodium(II) carboxylates decrease in catalytic
efficiency with age; their enantioselectivities in cyclisation also
drop rapidly, freshly prepared catalysts being mofe enantioselective
than aged catalysts. For example, the sample of rhodium(II) (S)-
mandelate (which when freshly prepared and used for cyclising (14) gave
a specific rotation in the cyclopentanone product (27) of -19.10) which
was used to produce the results in Table 2.7 gave a product (cyclisation
having been performed in dichloromethane) of specific rotation -10.4°,
This sample was approximately 6 months old and the results give an
indication of the rate at which catalyst deactivation occurs. To prolong
their activity, the catalysts were stored in the dark under nitrogen.

Interestingly when rhodium(II) (S)-mandelate was recrystallised from
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ethanol, following Cotton's preparation,12 second crop material while
possessing high catalytic activity resulted in a decreased asymmetric
induction compared to first crop material. Because of this catalyst
deterioration all the catalysts tested for asymmetric induction were

used immediately after preparation.

Asymmetric inductions were also observed in the decompositions of
o-diazo-B-keto sulphones (15-17) by use of chiral rhodium(II)
carboxylates (Tables 2.3-2.5). Interestingly, while compound (16)
cyclised with highest asymmetric induction through use of rhodium(II)
N-benzenesulphonyl-L-prolinate [as for (14)], a-diazo-B-keto sulphone
(17) resulted in higher asymmetric induction from a rhodium(II) mandelate
catalysed cyclisation and the rhodium(II) N-benzenesulphonyl-L-prolinate
catalysed reaction was considerably slower and resulted in a low
asymmetric induction. This suggests that for a-diazo-B-keto sulphone
(17), even rhodium(II) N-benzenesulphonyl-L-prolinate is probably too
sterically hindered for efficient reaction. This reflects the increased
steric demand of the cyclopentyl ring compared to the n-butyl group of

the other a-diazo-B-keto sulphones.

Thus, even within the same reaction type, i.e. intramolecular C-H
insertion reactions of a-diazo-B-keto sulphones, the catalyst giving
optimum asymmetric induction depended strongly on the exact structure of
the diazo substrate, making catalyst 'design' even more important. This
extreme sensitivity is a measure of the significance of the catalyst-
substrate interactions, and if just the right catalyst-substrate combination

was attained, high enantioselection could result.
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In conclusion, the absolute asymmetric inductions were low; the
cyclisation of a-diazo-B-keto sulphone (14) with rhodium(II)
N-benzenesulphonyl-L-prolinate, which gave a specific rotation of
-19.1°% in cyclopentanone (27), corresponded to approximately 12% e.e.
(estimated by desulphonylation to 3-methylcyclopentanone as described
later in section 2.1.6.). However, the extreme sensitivity of asymmetric
induction to change in the ligand structure of the catalyst offers
promise of higher asymmetric induction if the correct catalyst-substrate
combination could be found. This means that it is unlikely that a
catalyst can be found to give high asymmetric inductions with many
oa-diazoketones and in many different reaction types. To date, rhodium(II)
(S)-mandelate is the most successful general catalyst studied in terms of
both catalyst activity and enantioselectivity, probably due to the rigid
ligand structure because of the intramolecular hydrogen bond, and it is
in fact the catalyst of choice for many a-diazoketone transformations
studied by this research group. To improve on rhodium(II) mandelate as
a general catalyst, a carboxylate with a rigid ligand structure while
retaining high catalytic activity and without steric hindrance due to
catalyst bulk would have to be designed and prepared. The degree of

enantioselection obtained with a-diazoketones (15-17) was not estimated.

2.1.5. Enhancement of the optical purity of 2-benzenesulphonyl—-3-

methylecyclopentanone (27)

In the original purification of 2-benzenesulphonyl-3-methylcyclopent-
anone (27) by recrystallisation from ether it was observed that when an
optically active sample was employed, the less soluble crystals produced

were racemic, while the mother liquor, when concentrated, gave material
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with enhanced optical rotation. Thus cyclopentanone (27) is a racemic

compound, i.e. opposite enantiomers pair up in the unit cell of the

crystal,

This phenomenon32 was found to be more general than would be
expected. Not only did cyclopentanone (27) tend to crystallise
racemically, but a similar observation was made with compounds (31) and

(32), and to a lesser extent with the tosylate derivative (33).

OH | o] OTs
SO,Ph SO,Ph ﬁ ;SO,PI\ f SO,Ph
“c H, “CH, ’I,"CHs
(27) 31) (32) (33)

1 124-125°C) obtained

The racemic crystals (m.p. 124-126°C; iit.,
by recrystallisation of (27) from ether were chunky and uniform in both
shape and size. However, as the optical purity of the more soluble
material increased, further recrystallisation gave crystals which were
no longer totally racemic, but had a lower specific rotation than the
material before recrystallisation, while the specific rotation of the
material obtained by concentration of the mother liquor was enhanced
accordingly. Also as the optical purity of (27) increased, the more
soluble sample became less crystalline and in fact towards the end of
the recrystallisation sequence was quite gummy and difficult to solidify.

These two combined factors meant that it was difficult to enhance the

optical purity of the compound above 36% e.e., corresponding to a specific
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rotation of -62.0° (c 10,4 in CH2C12)' Enantiomeric excess was
determined by desulphonylation of a sample of (27) to

3-methylcyclopentanone as described in the next section (2.1.6.).

2.1.6. Desulphonylation of 2-benzenesulphonyl-3-methylcyclopentanone (27)

o 0
soph _AlHe
H,0 , THF
/,'CHa A CH3 (5)
(27) (34)
36.0%

Successful desulphonylation of (27) to 3-methylcyclopentanone (34)
was obtained using aluminium amalgam33 following Corey's procedure.7
The recovery of 3-methylcyclopentanone (34) was poor due to difficulty in
its isolation as it is partially water soluble. 3-Methylcyclopentanone
(34) was purified by distillation and identified by its ir and lu n.m.r,

spectra and by refractive index.

The sample of (27) which was desulphonylated had a specific rotation
of -49.9° (c 7.1.in CH2012). The resulting 3-methylcyclopentanone (34)
had [a];o -43,4° (c 6.7 in MeOH). The literature values for
3-methylcyclopentanone are +143.7° (undiluted),34 +154,8° (c 0.6 in
MeOH),35 +148° (c 4.5 in MeOH).36 Thus this sample corresponds to
29.3% e.e. and by comparison of values, the maximum asymmetric induction
obtained in a cyclisation of a-diazo~B-keto sulphone (14) to (27) was

12% e.e. corresponding to [a]go -19.10, and the enantiomeric excess in
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the sample of (27) enantiomerically enriched by recrystallisation
([a];o -62.00) was 36%, i.e. of 687 optical purity. Since the
predominant enantiomer has a (-) rotation it follows that it has the

(S)-configuration.37

Desulphonylation of (27) with zinc in acetic acid was unsuccessful,
and although use of sodium amalgam resulted successfully in formatiom
of 3-methylcyclopentanone (34), this was not reproducible, and there~-

fore was less satisfactory than use of aluminium amalgam.
2.1.7. Reductions of 2-benzenesulphonyl-3-methylcyclopentanone (27)

Since direct chiral shift lﬂ n.m.r. studies on (27) did not give
information on the optical purity, it was decided to reduce the keto
group to the corresponding alcohol and then see if this derivative
responded well to chiral shift reagents. From the previous experience
with the compounds described in Chapter 3, it seemed that coordination
of alcohols in the europium complex is stronger than with ketones
resulting in better resolution of the signals for the enantiomers in
the 1H n.m.r. spectra. With cyclopentanone (27) there was the
possibility of formation of two diastereoisomeric alcohols by reduction

as shown in equation 6.

OH
o 4 : Ph
, SO,Ph S0,
SO,Ph Reduction . g (6)
“cH, “ch, CHy
a b

(27) (31)
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However, sodium borohydride reduction of (27) in benzene-methanol
at 0°C successfully gave the alcohol (31) in quantitative yield as a
white crystalline solid, m.p. 82-83°C, following chromatographic
purification on silica, with only one isomer detected in the 60 MHz 1H
n.m.r. spectrum and in the 130 n.m.r, spectrum. However, at 270 MHz
the 1H n.m.r. spectrum showed that a minor trace of a second isomer was
visible (< 5%Z). The doublet for the methyl group of the alcohol (31)
was seen at 61.12 (J = 8.1Hz) while the proton geminal to the hydroxy
group appeared as a pair of doublets at 62.97. The stereochemistry was
assumed to be that shown in (a) above, because the sulphonyl group should
hinder approach of the reducing agent from the a-face of the molecule.

However, we were unable to assign the stereochemistry from the n.m.r.

spectrum,

Alcohol (31) tended to recrystallise racemically from ether in the
same way as did cyclopentanone (27), giving an enhanced optical purity
of the material in the mother liquor. Thus when a sample of
cyclopentanone (27) of 361 e.e. was reduced, the alcohol (31) obtained
had [a];o +16.0° (c 19.6 in CH2C12). By careful repeated recrystallisation
and collection of the mother liquor, a sample of the alcohol (31) with a
specific rotation of +22.4° (c 25.5 in CHZCIZ) was obtained, which was
estimated by chiral shift studies to have 60% e.e., and which by
extrapolation to the desulphonylation studies would be expected to have
50%Z e.e. Therefore, the maximum optical purity of the alcohol (31)
obtained was 75-80% based on both the chiral shift 1H n.m.r. and
desulphonylation studies. Of course at such high optical purities the

crystals of (31) obtained were not actually racemic but showed decreased
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specific rotation compared to the material before recrystallisation,

while the concentrated mother liquor showed enhanced specific rotation.

Alcohol (31) was very amenable to chiral shift lﬂ n.m.r. studies
with Eu(tfc)3 with better results at 270 MHz than 60 MHz. Figure 1
shows the 270 MHz 1H n.m.r. spectrum of alcohol (31) prior to addition
of Eu(tfc)3. The proton geminal to the hydroxy group was shifted to
lower field (64.7-5.0) on addition of Eu(tfc)3 and most significantly
the doublet for the methyl group split in two for the two enantiomers
(see figure 2). By comparison of the chiral shift spectra of the
racemate (figure 3) with those of the alcohol with maximum specific .
rotation, [a];o +22.4° (c 25.5 in CH2C12) (figure 2), an estimation of
60% e.e. was made. At 60 MHz accurate integration of the two doublets
for the methyl groups of the enantiomers was impossible, as they over-
lapped with the multiplet for the cyclopentyl protons. However, at
270 MHz the signal resolution was much more satisfactory, rendering

accurate integration possible.

When lithium aluminium hydride reduction of cyclopentanone (27)
was attempted at 0°C in an ether-THF mixture, slow disappearance of the
starting material was observed by t.l.c. However, on addition of
saturated aqueous ammonium chloride the starting material was recovered
quantitatively. Thus it appeared that deprotonation rather than reduction
occurred in the reaction mixture. When (27) was refluxed in THF with
lithium aluminium hydride, the anion of (27) was formed in the reaction
mixture which then reacted within 3h to give a new product (35). If the
reaction was quenched by addition of saturated aqeuous ammonium chloride

as soon as the yellow cloudy solution, characteristic of the anion, formed,
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Figure 1 : 270MHz 1H n.m.r. spectrum of cyclopentanol (31)
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Figure 2 : 1H n.m.r. spectrum of cyclopentanol (31),

[“]12>O = 422.4° (c 25.5 in CH,Cl,), with Bu(tfc),, with an

expansion of the region 60.90-1.50, indicating the presence

of 607 e.e.
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(31)

racemic

Figure 3 : lﬂ n.m.r. spectrum of racemic cyclopentanol (31) with

Eu(tfc)3, with an expansion of the region 60.80-1,60.
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the material recovered was predominantly starting material. Thus, it
seems likely that deprotonation of (27) to the anion, a cloudy yellow
solution in THF, occurred first and that this subsequently reacted to
form a new compound believed to be sulphone (35), i.e. complete removal

of the carbonyl oxygen had occurred.

SO,Ph
“CH,
(35)

Sulphone (35) was obtained from cyclopentanone (27) in 777 yield
as a low melting solid after purification by p.l.c. on silica. The

sulphone was identified spectroscopically and by elemental analysis.

Its ir spectrum contained strong bands at 1450, 1300, and 1150 cm—l,

characteristic stretching vibrations of the -SOZ- group, while the 1H

n.m.r, spectrum had a doublet at 60.96 (J = 7.2Hz) for the methyl group
with the proton geminal to the sulphonyl group appearing as a multiplet

at 62,85-3.20. Only one isomer was visible in the 1H and 13C n.m.r.

spectra and it was presumed to have trans stereochemistry as in
cyclopentanone (27). When derived from a cyclopentanone (27) sample

with [algo -10.5 (¢ 33.0 in CH Clz) the sulphone (35) was optically

2

active with [u];o +2.5° (c 18.6 in CH Clz), which by extrapolation to

2
the desulphonylation data should correspond to 6.1Z e.e.

The mechanism of formation of sulphone (35) is unclear, but it does
not appear to be formed via the alcohol (31). When a sample of the

alcohol was refluxed with lithium aluminium hydride in THF, the alkoxide
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was formed and on aqueous work-up the alcohol (31) was recovered

unchanged. The evidence points towards a sulphonyl anion intermediate
as shown in Scheme 6. The chiral integrity of the C-3 position of (27)
appears to be retained in the transformation indicated by the fact that
the reduction product (35) is optically active though its enantiomeric
excess was not determined and therefore any racemization that may have

occurred remained undetected.

0 . 0
é,sozph LiAlH, -_SOPh SO,Ph
) THF /
”'CH; A CH, “CH,

NaBH,
CCHC ov’MceOH OH O. .
so,ph_ LiAIH, SO,Ph
v, TH F 2
”'C H3 A ,c H3

- 114 -



2.1.8. Oxidation of 2-benzenesulphonyl-3-methyleyelopentanol (31)

OH 0
SO,Ph  CrO,, H,SO, wSO,Ph
> €))]
CH,COCH,
‘CH, o’c CH,
(31) (27)

34.57%

Oxidation of the alcohol (31), whose optical purity had been
enhanced by successive recrystallisation and evaporation of the mother
liquor, to the cyclopentanone (27) was achieved by use of Jones'
reagent. Reaction did not go to completion despite the presence of a
large excess of oxidising agent, and on each of two occasions the crude
product contained approximately 30Z alcohol (31). However, the
cyclopentanone (27) was easily recovered pure from the mixture by the
base extraction described earlier. When the sample of alcohol of
[a];o +22.4° (c 25.5 in CHZCIZ), 607 e.e. from chiral shift 1H n.m.r.
studies, was oxidised the specific rotation of the cyclopentanone (27)
was -81.3° (c 14.2 in CHZClz)’ This corresponds to 50Z e.e. by
extrapolation to the desulphonylation data. Thus the maximum enantio-

merically enhanced sample of (27) had 50-60Z e.e.
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2.1.9. Tosylate preparation

OH OTs
é asqph _ TsCl é,so,Ph ®
/ Pyridine :,
“CH, CH,
(31) (33 2187

The tosylate derivative of the alcohol (31) was prepared by
treatment of a pyridine solution of (31) at 0°C with tosyl chloride.
The tosylate was purified by chromatography on silica and recrystallised
from ether as white needles, m.p. 159-161°C, in 27.8% yield from the
alcohol (31). Only one diastereoisomer was evident by spectroscopic
analysis and again was assumed to have the indicated stereochemistry -
though this was not proven. The lﬂ n.m.r. spectrum contained a doublet
at 61.05 (J/ = 6Hz) for the methyl group on the cyeclopentyl ring while
the aryl methyl group appeared as a singlet at 62.43. The ir spectrum
had strong bands at 1308 and 1151}<:m-'1 characteristic of the tosylate

and sulphone groups.

The tosylate (33) had a specific rotation of +3.1° (c 3.6 in
CHZCIZ) when prepared from alcohol (31) of [a];o +5.4 (c 10.3 in CHZCIZ)
which was in turn prepared from cyclopentanone (27) of [algo -18.1

(c 9.6 in CHZCIZ)’ i.e. 11.3% e.e. approximately.
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2.1.10 Asymmetric synthesis

Scheme 7 illustrates the development of the asymmetric synthesis
with a-diazo—-B-keto sulphone (14) and rhodium(II) N-benzenesulphonyl-
L-prolinate. The initial asymmetric induction was low (12% e.e.) but
was enhanced by careful repeated recrystallisation and recovery of the
mother liquor of each recrystallisation. Estimation of optical purity
was by desulphonylation to (S)-3-methylcyclopentanone for which specific
rotation values are known. Estimation of the optical purity of the
alcohol by chiral shift 1H n.m.r. studies gave similar results to those
obtained by extrapolation of the desulphonylation data. While the
desulphonylation method gave an estimate of 75X optical purity for the
sample of (27) with maximum enhanced optical rotation, chiral shift

1H n.m.r. studies on the corresponding alcohol gave an estimate of 80

optical purity. Thus the maximum enantiomeric excess was 50-60Z.

Notably the proportional enhancement of the specific rotation values
of the alcohol on recrystallisation (1.3 enhancement) was very close
to that of the cyclopentanones before reduction and after oxidation

(1.4 enhancement) showing the accuracy of the specific rotation data.

Thus enantiomeric excess of 50-60% was obtained by this

route, with the advantage that a chiral auxiliary was not required, and
in fact 1 mg of the chiral rhodium(II) N-benzenesulphonyl-L-prolinate
catalyst resulted eventually in this degree of asymmetric induction,

with the aid of recrystallisation enhancement.
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If a more efficient catalyst for asymmetric induction could be
obtained, then the efficiency of this route in going from an achiral
a-diazoketone to a chiral cyclopentanone, with induction by just 1 mg
of a chiral catalyst, would be preferable to Taber's method3 where a

chiral auxiliary was required.

2.1.11, Intramolecular C-H insertion of an a-diazo-B-keto ester.

OT\(O (i) Pyridine, CH.Cl
0 * cH o N"cocl = CH N coMe
X (i1) MeOH o

(36) | (37)  sov.

o
2

N
i — S
CH,Cl,, A CH Co, Me

lI,,c H’ o

(39) 61.4 ¥ (38) quantitative

NaBH,
CJ&-MeOH

OH
co,Me

\\‘\

CH,
(a0) 57
Scheme 8
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Scheme 8 summarises the preparation and intramolecular C-H insertion
under rhodium(II) (S)-mandelate catalysis of a—-diazo—B-keto ester (38).
This work is more closely related to Taber's3 work in the area of
asymmetric induction by use of a-diazo—-B-keto esters containing a

homochiral alcohol as the chiral auxiliary.

The B-keto ester (37) was prepared by acylation of Meldrum's acid

(36) with subsequent methanolysis in 80Z yield.38 Diazo transfer with
tosyl azide and triethylamine in ethanol at 0°c gave the a-diazo-fp-keto
ester (38) in quantitative yield as a yellow oil which was purified by
passage through a short column of silica to remove highly coloured
baseline impurities. The diazo stretch in the ir spectrum of (38) was
at 2125 <:m-1 while the carbonyl stretches were at 1718 and 1650 cm-l for
the ester and ketone groups respectively. The ester methyl group protons

were seen in the ln n.m.r. as a sharp singlet at 63.84.

Cyclisation to (39) was carried out under rhodium(II) (S)-mandelate
catalysis at reflux in dichloromethane, as described for the a-diazo-f-keto
sulphone cyclisations. Removal of the solvent gave the crude product as
an oil. Both the c¢ts and trans isomers of (39) were visible in the IH
n.m.r. spectrum, appeariﬁg as two singlets for the ester methyl groups at
63.74 and 3.76. Accurate integration to give an isomeric ratio was not
possible but an estimate of 60-70% cis isomer was made. Extraction into
base followed by acidification in the usual manner described earlier for
the 2-sulphonylcyclopentanones, gave the trans isomer of (39) exclusively
as an oil in 617 yield from the a~diazo—-B-keto ester (38). Two carbonyl

1

stretches were visible in the ir spectrum of (39) at 1749 and 1718 cm .

The ester methyl group appeared in the 1H n.m.r. spectrum at 63.76 as a
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sharp singlet while the cyclopentyl methyl group was seen as a doublet

at 61.17 (J = 7.8Hz).

The optical rotation of the cyclopentanone (39) after extraction
was low, [a]go -0.70° (c 10.4 in CH2C12). It was hoped that coordination
of the two carbonyl oxygens of the B-keto ester (39) with Eu(tfc)3 would
result in splitting of the sharp singlet in the 1H n.m.r. spectrum for
the ester methyl group. However, resolution of enantiomers was not

observed in the 1H n.m.r. spectrum of (39) on addition of Eu(tfc)3.

Instead the B-keto ester was ;electively reduced to the alcohol
mixture (40). The reduction was carried out by addition of sodium
borohydride to the B-keto ester (39) in a benzene-methanol mixture at
0°C. The alcohol mixture (40) was obtained in 75% yield as an oil. 1In
the 60MHz IH n.m.r. spectrum of (40) the signal for the ester methyl
group was a broad singlet at 63.74, which did not resolve for the two
diastereoisomers. Addition of chiral shift reagent Eu(tfc)3 split this
signal in two for the two diastereoisomers and then split one of the
signals in two for the enantiomeric pair indicating that approximately
equal amounts of the two diastereoisomers were present and that the
enantiomeric excess was very low (< 10Z). The specific rotation of the
alcohol mixture was also very low, +0.20° (c 7.6 in CH2C12), in agreement

with this observation.

Thus, use of rhodium(II) (S)-mandelate as the decomposition catalyst
of a-diazo-B-keto ester (38) did not result in high asymmetric induction
and could not be compared with Taber's results with a-diazo-f-keto esters

using a homochiral alcohol as a chiral auxiliary.3 In that study the
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o-diazo-B-keto esters had much more bulky substituents, and the
decreased steric constraints in a-diazo-f-keto ester (38) may be

partially responsible for the poor enantioselection.

An a-diazo-B-keto ester derived from (-)-borneol was prepared
as shown in equation 9 while equation 10 shows the preparation of an
o-diazo-B-diketone. Ester exchange of the PB-keto ester (37) with
(-)-borneol gave the bornyl ester (42)39 in 807 yield with purification
by chromatography on silica. The ester (42) had a specific rotation of
-15.7° (c 2.6 in CH2012). Diazo transfer with tosyl azide and
triethylamine in ethanol at 0°c gave the a-diazo-B-keto ester (42) as a
yellow o0il in quantitative yield with purification by passage through
a short column of silica to remove highly coloured baseline impurities.
The a-diazo-B-keto ester had a specific rotation of -14.7° (c 11.3 in
CH2C12) and was characterised spectroscopically. The ir spectrum
contained the distinctive diazo band at 2124 cﬁ-l and carbonyl stretches
at 1710 and 1657 cm-l for the ester and ketone carbonyl groups

respectively.

2,4-Octanedione (43)40 was prepared by alkylation of the disodium
salt of 2,4-pentanedione with propyl bromide in 75% yield as an oil.
Diazo transfer with tosyl azide and triethylamine in ethanol at 0°c gave
the a-diazo-B-diketone (44) as a yellow oil in 937 yield following
removal of baseline impurities by passage through a short column of
silica. The diazo band in the ir spectrum of (44) was seen at 2111 ¢:xn-1

vhile the carbonyl stretch was seen at 1758 cm-l. The C-1 methyl group

protons appeared as a sharp singlet at 62.40 in the 1H n.m.r. spectrum.
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Preliminary investigations of the cyclisation of the diazo

compounds (42) and (44) under rhodium(II) carboxylate catalysis indicated
that cyclopentanone products were obtained, and when chiral rhodium(II)
carboxylate catalysts were employed the products of the cyclisation of
(44) were optically active indicating that at least some degree of
asymmetric induction was obtained. Of course, the decomposition products
of (42) were optically active due to the presence of (-)-borneol, so this
could not be taken as an indication of asymmetric induction in the

diazoketone decomposition.

The chiral auxiliary, (-)-borneol, in a-diazo-B-keto ester (42) was
much less sterically demanding than that used by Taber,3 so a much lower
diastereoselectivity would be expected in its intramolecular C-H
insertion when rhodium(II) acetate is employed as catalyst. However, it
was hoped that with chiral rhodium(II) carboxylates, the interaction of
the chiral substrate with the chiral catalyst would result in a 'double
diastereoselection', significantly affecting the diastereoselectivity of
the C-H insertion reaction. Further investigation of the cyclisation of

a-diazo-B-keto ester (42) is currently being undertaken.

Similarly, cyclisation of a-diazo-B-diketone (44) is currently
undergoing further investigation. To our knowledge there have been no

previous reports of intramolecular C-H insertion with a-~diazo-B-diketones.

2.2 Intramolecular Cyclopropanation of an a-Diazo-B-keto Sulphone

Monteiro1 reported the use of rhodium(II) acetate as decomposition

catalyst for the intramolecular alkene cyclopropanation shown in equation

11.
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It was decided to attempt this reaction with chiral rhodium(II)
carboxylates in an attempt to achieve asymmetric induction in the
carbocyclisation. Scheme 9 summarises the preparation of a-diazo-p-
keto sulphone (49) and its intramolecular cyclopropanation to form the
bicyclo[3.1.0]hexanone (50) under rhodium(II) carboxylate catalysis.
Pent-4-enoic acid (46) was obtained in 60% yield as an oil by ester
enolate Claisen rearrangement from allyl acetate. The ester (47) was
obtained in 96.5% yield by treatment of the acid (46) with ethereal
diazomethane at 0°C. The ester (47) was obtained as an oil which was
sufficiently pure to use without purification. Treatment of the ester
(47) with methyl phenyl sulphonyl anion in a mixture of DMSO and THF
following the procedure described earlier for the preparation of B-keto
sulphones7 (section 2.1.1.) gave the crude product containing equimolar
amounts of B-keto sulphone (48) and methyl phenyl sulphone which were
separated chromatographically to give the B~keto sulphone (48) as an oil
in 57% yield which solidified on cooling. The B-keto sulphone (48) was
characterised spectroscopically with a carbonyl stretch in the ir
spectrum at 1719 o::m-1 while the C=C double bond was visible at 1640
cm~1. The methylene protons adjacent to the sulphonyl group appeared

as a sharp singlet in the 1H n.m.r. spectrum at 84.14, Diazo transfer
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to B-keto sulphone (48) was carried out with tosyl azide and triethyl-
amine in ethanol at 0°C to give the a-diazo-B-keto sulphone (49) as a
yellow oil in 757 yield following chromatographic purification on
silica. The methylene group singlet at 64.14 in the 1H n.m.r. spectrum
of (48) disappeared on diazo transfer to form (49). The ir spectrum of
(49) had a band at 2108 cm_'1 for the diazo group and a carbonyl stretch

at 1663 cm L.

The standard decomposition conditions described earlier for the
o-diazo-B-keto sulphone C-H insertion reactions, were employed for the
intramolecular cyclopropanation of (49), i.e. the decomposition was
carried out at reflux in dichloromethane at high dilution with slow
addition of the a-diazo-B-keto sulphone. Reaction was facile under
rhodium(II) (S)-mandelate (1) catalysis and gave the fused cyclopropane
(50) in essentially quantitative yield. Isomer formation was not
possible with this system due to the steric constraints of the cyclo-
propane. Purification by base extraction was not possible with this
compound so chromatographic purification was employed to remove the
catalyst residue. The bicycle (50) was obtained as a stable white

1 96-97°C), in 96.6% yield. The

crystalline solid, m.p. 96-98°C (1it.,
1H n.m.r. spectrum of (50) was complex. However a distinctive triplet
was visible at 61.56 (J = 5.4Hz) which was assigned to one of the
cyclopropyl protons which are in distinctly different environments as
shown in Figure 4. The multiplicity of the signal for this proton was

explained by coupling to the bridgehead proton and geminal coupling,

resulting in a pair of doublets which appeared as a triplet due to overlap.

- 127 -



H
(o)
PhO;S
H

Figure 4

The bridgehead proton was seen as a multiplet at 62.90-3,10 and the
remaining five protons appeared as a multiplet at 61.90-2.30, while

the aromatic protons were seen at 67.50-8.20.

Table 2.8 shows the effect of catalyst variation on the reaction.
As the steric bulk of the ligand in the catalyst increased, catalyst
efficiency, as shown by reaction time, decreased as observed with
a-diazo-B~keto sulphone (14), and product yield also decreased.
Highest asymmetric induction was observed when rhodium(II)
N-naphthalenesulphonyl-L-prolinate (5) was used as catalyst. As
observed with a-diazo-B-keto sulphone (14), the specific rotation
obtained depended strongly on the catalyst employed, and the most
efficient catalyst in terms of enantioselection was different to that

in the earlier studies, i.e. with compound (14) the highest asymmetric

induction was obtained with catalyst (4), rhodium(II) N-benzenesulphonyl-

L-prolinate.

The bicycle (50) was found to crystallise racemically from ether

as mentioned earlier, with enhancement of optical rotation of the

material present in the mother liquor. A sample with a specific rotation
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Table 2.8 : Decomposition of l-benzenesulphonyl-l-diazohex-5-en-2-one (49) under rhodium(II) carboxylate

catalysis at reflux in dichloromethane.

N SO,Ph
é\/\n/u\sozph

o
(?9) (500

Y

20
. [a]D
Catalyst Reaction Time Yield 5
h _z""' (e, CH2c12)
1 0.5 96.6 +1.5 (8.6)
4 1.5 79.0 +0.5 (5.7)
5 2.0 68.5 +1.8 (5.8)

Catalyst 1 ha((S)-mandelate)4; 4 ha(N—benzenesulphonyl-L-prolinate)4;

5 ha(N‘naphthalenesulphonyl-L-prolinate)4.



of [a];o +5.9% (c 5.0 in CHZCIZ) was obtained by two recrystallisations
and repurification by p.l.c. on silica, from a sample with an initial
specific rotation of +1.8° (¢ 5.8 in CHZCIZ), constituting a threefold

increase in the initial asymmetric induction.

Preliminary investigation42 of the reduction of cyclopentanone (50)
with sodium borohydride to give the alcohol (51) as a crystalline solid,
m.p. 121-123°C, has shown by Eu(tfc)3-shifted 1H n.m.r. studies of (51),

20
]D

that the sample of (50) with [« +5.9° contains at least 12% e.e.

Further investigation is currently being undertaken.

OH
@SO,P!\

(51)

2.3 Intermolecular Cyclopropanation with Rhodium(II) (S)-Mandelate

In an attempt to compare chiral rhodium(II) carboxylates with chiral
copper catalysts, the cyc10propanation43'of styrene with diazodimedone
was carried out with rhodium(II) (S)-mandelate as catalyst. This reaction
was reported to result in optically pure cyclopropane using copper (II)

10-methylenefacam as catalyst as shown in equation 12.
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2-Diazodimedone (52) was prepared quantitatively by treatment of
dimedone with tosyl azide and triethylamine in ethanol at OOC, and was
purified by chromatography on silica to give the product as a very pale
yellow crystalline solid, m.p. 99-101° (106°C, decomp.). Decomposition
of 2-diazodimedone (52) in styrene using rhodium(II) (S)-mandelate as
catalyst gave the cyclopropane (53) in 40Z yield following chromatogra-
phic purification on silica, as an oil. The product had a specific
rotation of -1.6° (¢ 5.7 in CH2C12) indicating that some degree of
asymmetric induction had occurred. Addition of Eu(tfc)3 did not result
in resolution of the signals for the enantiomers in the lﬂ n.m.r.
spectrum. Furthermore a specific rotation for enantiomerically pure
cyclopropane (53) was not available. Therefore, estimation of the

asymmetric induction obtained in the cyclopropanation through use of
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rhodium(II) mandelate was not possible and its efficiency as an
asymmetric induction catalyst could not be compared to that of the

chiral copper catalyst.
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CHAPTER 3

THE INTRAMOLECULAR BUCHNER REACTION OF ARYL DIAZCOKETONES



3.1 Introduction

a-Diazoketones derived from dihydrocinnamic acids cyclise to
bicyclo[S.3.OIIdec.at:rienones1“4 very efficiently in the presence of
certain rhodium(II) carboxylates, (1) the parent member of the series

cyclising in > 957 yield with rhodium(II) acetate as shown in Scheme 1.

CHN, —» )
)
Rh,(OAc),
cuCl >957. {

507

4!!"""} - Alumina
(o]

(3) @

Scheme 1

This reaction is often referred to as the intramolecular Buchner
reaction and is a relatively recent discovery.5 In 1973 Scott6 found
that treatment of 1-diazo—-4-phenylbutan-2-one (1) with cuprous chloride
in bromobenzene furnished 3,4-dihydro-1(2H)-azulenone (3) in 507 yield
after chromatography on alumina, as shown in Scheme 1. Evidence was
obtained from n.m.r. analysis that the conjugated trienone (3) was not
the primary cyclisation product, but that the less conjugated trienone

(2) was formed initially which then isomerised on contact with alumina.
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The reaction pathway is believed to involve addition of a carbenoid to
the benzene ring forming a norcaradiene-like intermediate followed by

electrocyclic ring opening to form trienone (2) as shown in Scheme 1.

Bond isomerisation on alumina then resulted in formation of the

conjugated trienone (3).

However, the milder conditions associated with rhodium(II) carboxy-
late catalysts meant that the kinetic isomer (2) could be isolated from
a rhodium(II) acetate catalysed decomposition of a-diazoketone (1),1 as
shown in Scheme 1. The product (2) could be easily converted1 into the
conjugated trienone (3) on treatment with triethylamine or into the
tetralone (4) on treatment with trifluoroacetic acid as shown in Scheme 2.
This rearrangement of the trienone (2) to tetralone (4) on TFA treatment
implies the existence of a trienone-norcaradienone equilibrium with acid
promoted cyclopropane ring opening in the norcaradieneone resulting in

tetralone formatiom.

The effect of substituents on the aromatic ring of the a-diazoketone
on the directionality of the Buchner cyclisation has been investigated.1’3
For example, the o-methyl substituted a-diazoketone (5) cyclised to give
trienone (6) which on TFA treatment gave tetralone (7) as shown in

equation 1 indicating that an ortho-methyl group has a repulsive effect

on the direction of the carbenoid cycloaddition.

Me Me
Me _
Rh,(OAc), TFA W
CHN,—— —
CH,Cl, o
)
() (6) 997 1) es+
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Q=0 = O
o o
(2)

) i l TFA

@)

Scheme 2

The aim of this study was to investigate the preparation of
substituted bicyclo[5.3.0]decatrienones by the Buchmer cyclisation of
appropriately substituted a-diazoketones. Those chosen for study were

the a-diazoketones (1), (8), (9), and (10).
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AcO AcO

An earlier study7 had shown that a-diazoketone (8) cyclised
successfully with rhodium(II) trifluoroacetate to give trienone (11)
with a bridgehead methyl group, as shown in equation (2). Therefore,
the a-diazoketones (8), (9), and (10) on cyclisation could give a
series of bicyclo[5.3.0]decatrienones (11), (12), and (13), respectively,
in which bridgehead methyl substitution and acetoxy functionality on the

cycloheptatriene ring could be investigated.

cH, Rh(occ F,)“
CH,CI,
? H, O (2)

c
(8) (1)

It was decided to also investigate further synthetic transformations of
these trienones to determine their utility in the preparation of compounds

containing the bicyclo[5.3.0]decane skeleton.
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AcO O’ AcO
CH; 0

0
(12) (13) i

Furthermore, it was decided to investigate the possibility of
asymmetric synthesis in these cyclisations by use of the chiral
rhodium(II) carboxylate catalysts discussed in Chapter 2, as an
asymmetric centre at the bridgehead position adjacent to the carbonyl

group is created in the cyclisation.

3.2. Preparation of the a-Diazoketones

All the a-diazoketones used in this work were prepared by treatment
of the appropriate acid chloride with either ethereal diazomethane or
diazoethane furnishing the terminal and non-terminal a-diazoketones,

respectively. Scheme 3 summarises the preparation of the a-diazoketones.

3-Pheny1propanoy1'chloride (15) was prepared by treatment of the
carboxylic acid (14) with thionyl chloride. p—Acetoxycinnamic acid (17)
was prepared in low yield by Perkin condensation of p—hydroxybenzaldehyde
(16), potassium acetate, and acetic anhydride. Hydrogenation to
3-(p~acetoxyphenyl)propanoic acid (18) was facile but attempts at
purification of the product (18) by crystallisation were unsuccessful.
Oxalyl chloride was employed to convert the crude (18) into the acid chloride
(19) which was sufficiently pure to use directly in the diazoalkane

acylation.

- 140 -




(14) (15) 9337
CH;N, CH,CHN, Et,0
Et,0 -20°c
0’c
o 0
CH
Ph /\/U\CH N, Ph /\/U\ﬂ/ 3
2
(1) 91/ (8) 81«
COOH
/@‘7”0 Ac,0, KOAc /@/\/
HO A j AcO
(16) (1) 287
10/ Pd/C
EtOH , H,
COocCl (COCI)z COOH
e ———————
AcO Et,0 AcO
© (19) 957 (18) 997
CH,CHN,
N
1::; "dc Et,0,-29'C
o )
CH,
CHN,
NZ
AcO AcO
(@ a2 (10) soz
Scheme 3
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Ethereal solutions of diazomethane8 and diazoethane9 were
prepared from Diazald and N-ethyl-N-nitrosourea, respectively, by
standard procedures. The diazoalkane solutions were freshly prepared
and distilled before use. The terminal a-diazoketones (1) and (9)
were obtained in good purity by treatment of the corresponding acid
chloride with 4-5 equivalents of ethereal diazomethane at 0°c.

However, with diazoethane the reaction conditions had to be much more
carefully controlled to obtain a-diazoketones (8) and (10) in pure
form. A byproduct, thought to be due to reaction of the a-diazoketone
with a second molecule of diazoethane, was formed in these reactions.
This had earlier been observed by Wilds and Meader.lo To minimise
formation of the byproduct the reaction was carried out at -29°%

(using a nitromethane-liquid nitrogen slush bath), which was found to
be the optimum reaction temperature. Use of 4.5 equivalents of
ethereal diazoethane was found to be most satisfactory; if less than
this was used the crude product contained unreacted acid chloride,
whereas if a larger excess was used increasing amounts of the byproduct
were formed. The concentration of the solution also had to be strictly
controlled; when the diazoethane solution was too dilute the amount of
byproduct formed was greatly increased. A 1M solution of diazoethane in
ether was found most satisfactory. Hudlicky and co--workers11 have also
observed the significance of concentration control in reactions of acid
chlorides with diazoethane, reporting that a 0.1M ethereal solution of
diazoethane gave best results with their compounds. By careful control
of these factors a-diazoketones (8) and (10) were obtained with less
than 10%Z of the impurity present. Any deviation from the optimum

conditions gave the a-diazoketones containing up to 50 of the byproduct.
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Although the a-diazoketones (1), (8), (9), and (10) were
sensitive to silica, chromatographic purification was necessary to
remove the impurities which poisoned the rhodium(II) carboxylate
catalysts if decomposition of the crude a-diazoketones was attempted.
The contact time of the a-diazoketones with silica was kept as brief
as possible to minimise losses due to decomposition. It was essential
to avoid the use of hydroxylic solvents in the chromatographic
purification of the a-diazoketones as their presence resulted in
greater losses of a-diazoketones, presumably due to O-H insertion

reactions on the silica surface.

The a-diazoketones were very sensitive and were stored in a
freezer under nitrogen. Even under these conditions slow decomposition
of a-diazoketone (12) was observed and repurification was often

necessary after 2-3 months storage.

3.3. Cyclisation of Diazoketones

a-Diazoketones (1), (8), (9), and (10) were decomposed by
rhodium(II) carboxylate catalysis in dichloromethane, and the structures
of the products were determined by spectral methods. The standard
conditions employed for the cyclisations were high dilution (100 mg of
a-diazoketone in 20 ml dichloromethane added to 200 ml refluxing
dichloromethane), slow addition (30 min), with two additions of catalyst
(2 x 0.5 mg), one before and one halfway through the a-diazoketone
addition. The optimum results and the products obtained are summarised

in Scheme 4 using rhodium(II) mandelate as decomposition catalyst in

each case.
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©/\)\cu~, Rh (mand)
CH,Cl,, A

(1) 2 89/
(8) (1) s6-987
/@/\/ﬁ\cun —> Ackm
o
(9) (12) ez
o
CH,
—_
(19 (13 - 89.
Scheme 4

Each of the cycloheptatrienone products was accompanied by an aromatic
impurity which was assumed to be the carbene dimer in each case although

only that which corresponded to a-diazoketone (8), i.e. dimer (20), was

isolated.
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(20)

The 1H n.m.r. spectrum of (20) contained only one singlet at
62.28 (6H) for the methyl groups of the dimer suggesting that only
one isomer of the dimer had formed, but giving no indication of its
stereochemistry. The aromatic protons also appeared as a singlet at
67.19 (10H), and an estimate of the amount of dimer impurity present
was obtained by comparison of the integration of the aromatic protons

of the dimer with the signal for the cycloheptatrienyl protons.

The standard cyclisation conditions of high dilution and slow
addition were designed to minimise the concentration of a-diazoketone
in the solution at any time thereby reducing dimer formation. In
order to isolate dimer (20), decomposition of a-diazoketone (8) was
deliberately carried out at high concentration giving the product
containing 62% trienone (11) and 387 dimer (20), from which (20) was
isolated by chromatographic separation on silica. Tables 3.1 and 3.2
show the effect of concentration and addition time on the cyclisation
of a-diazoketone (12) demonstrating that dimer formation was minimised

by high dilution and slow addition.
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Table 3.1 : Effect of concentration on ha(mand)4 catalysed

cyclisation of 2-diazo-5-phenylpentan-2-one (8)

? CH, 0

() (11)

Concentration Trienone:dimer
mg/ml 4
100/50 82:18
100/100 87:13
100/150 90:10

Reactions were carried out at reflux in dichloromethane.
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Table 3.2 : Effect of addition time on rhodium(II)
N-benzenesulphonyl-L-prolinate catalysed cyclisation of
2-diazo-5-phenylpentan-2-one (8).

2 CH, O

() ()

Addition time Trienone:dimer
h ) 4
0.17 60:40
1.00 75:25

Reactions were carried out at room temperature in dichloromethane.
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The cycloheptatrienone products (2), (11), (12), and (13), which
were all coloured viscous oils, were characterised spectroscopically
and were generally used without purification as they are extremely
reactive compounds. Trienones (11) and (13) containing the bridgehead
methyl substituents were more stable than (2) and (12), in which bond
isomerisation to form conjugated trienones was possible.1 Analytical
samples of (11) and (13) were isolated by p.l.c. on silica, but contact

time had to be minimised to prevent serious losses due to decomposition.

3.3.1. Spectroscopic characterisation and cycloheptatrienone-

norcaradiene equilibrium

The IH n.m.r., features of trienones (2), (11), (12), and (13) are

shown over.,

All four of the cyclisation products showed carbonyl stretches for
the cyclopentanone at approximately 1740 cm_1 in their ir spectra, while
the acetoxy-substituted compounds showed a carbonyl stretch at 1755 cm.1
also. However, compounds (11) and (13), i.e. those containing the
bridgehead methyl group, contained an additional unexpected carbonyl

stretch at 1708 cm-l, which was equal in intensity to the cyclopentanone

band for compound (11) but weaker in the case of (13).

These two compounds also had anomalous features in their 1H n.m.r.
spectra. While the cycloheptatrienyl protons of trienone (2) were all
in the region 65.00-6.50, the C(8)H of compound (11) appeared as a
doublet at 84.24 (J = 7.2Hz). Similarly for trienone (12) all the
cycloheptatrienyl protons appeared at lower field than 65.00, but for

compound (13), the C(8)H appeared at 64.66 (J = 9.6Hz).
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1
T g H g fC?SO

5.06 424 31

(2) (1)

The bridgehead methyl groups of (11) and (13) appeared as distinctive

singlets in the 1H n.m.r. spectra at 60,81 and 0.97, respectively.

The atypical positions of the vinylic C(8)H protons in the 1H n.m.r,
spectra of (11) and (13) were explicable following the recent
publication of Hannemann's12 analysis of the n.m.r. spectra of several

cycloheptatrienes in equilibrium with their norcaradiene counterparts.
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3)

6 6

1,6H 1,6C
R=H 4,54 (m) 96.20 (d)
R = CH, 2.87 (m) 42.27 (d)

- Equation (3) illustrates one example of the equilibria between
cycloheptatriene and norcaradiene forms studied by Hannemann. When the
aromatic rings of (21) were unsubstituted (R = H) the signal for the
1,6-Hs appeared at 64.54 in the 1H n.m.r. spectrum but the introduction
of an ortho—methyl group in one of the aromatic rings resulted in a
corresponding signal at 62.87 for the 1,6-Hs. Similarly the 1,6-Cs of
the unsubstituted compound appeared at §96.20 in the 130 n.m.r, spectrum
while the compound containing the ortho-methyl group had a signal for

the 1,6-Cs at 642.27.

The chemical shifts of 1,6~H and C atoms of pure cycloheptatrienes
normally appear in the region 6H5.2-5.3 and 6C120-130, respectively,
whereas those for norcaradienes are at 6H2.8-3.5 and 6C35-45 as shown in
Table 3.3. For equilibrating systems the resonances for these atoms
usually lie between these values and the position of the norcaradiene-
cycloheptatriene equilibrium can be estimated from the chemical shift
observed. For example, compound (21) (R = CH3) exists entirely in the
norcaradiene form whereas for R = H approx. 35% of the norcaradiene is
present in the equilibrium at room temperature, based on the position of

the n.m.r. resonances.
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Table 3.3 : NMR data of some cycloheptatrienes (CHT) and norcaradienes (NCD)

1H MR 13C NMR2

Substitution pattern Isomer 1,6-H 2,5-H 3,4-H 1,6-C 7-C
7-tert-Buty1®’ £ CHT 5.21 6.09  6.57 126.0  50.6
7-Pheny1® CHT 5.31 6.14  6.63 - -
7-Spirofluorenylidene® CHT/NCD 4.74 6.16 - -
7,7-Dipheny1% CHT/NCD 4.5  6.36  6.02 96.20  43.76
7-Phenyl-7-o-toly1? NCD 2.87  6.25  5.71 42.27  26.06
7,7-Dicyano® NCD 3.47 6.2-6.8 - -
1,6-(1,3-Propanediyl)f NCD - - - 38.6  20.2

(a) Chemical shift & relative to TMS. (b) H. Gunther, M. Gorlitz, H.~H, Hinrichs, Tetrahedron, 1968, 24, 5665.
(¢) H. Durr, H. Kober, Angew. Chem., 1971, 83, 362; Angew. Chem. Int. Ed. Engl., 1971, 10, 342.

(d) 1H-NMR in acetone-d6, 13C-NMR in CDC13. (e) C. Ganter, J.D. Roberts, J. Am, Chem. Soc., 1966, 88, 74l.

(f) H. Gunther, T. Keller, Chem. Ber., 1970, 103, 3231.

Table reproduced from reference 12.




Thus, the position of the phenyl norcaradiene-phenyl
cycloheptatrienyl equilibrium is strongly influenced by an ortho-
methyl substituent, a fact which Hannemann concluded was due to steric
interactions, while electronic effects also affect the equilibrium
position, e.g. in the case of the 7,7-dicyano derivative in Table 3.3 .
where the norcaradiene form is present exclusively. This indicates
that the equilibrium position is very sensitive to the precise nature

of the compound in question.

Returning to the trienones of this study (2), (11), (12), and (13),
it seems that the cycloheptatrienone structure is an inadequate
representation of the product (11), and to a lesser extent (13), while

it is satisfactory for trienones (2) and (12).

—_ (o] (4)
=

CH,

H

H
(11a) (110)

It appears that there exists a rapid equilibrium between the two forms
(11a) and (11b) as shown in equation 4, with the norcaradiene-like
tricyclic tautomer (11b) present as a significant partner at room
temperature. From the position of the C(8)H resonance in the 1H n.m.r.
spectrum, 64.24, lying halfway between the values for pure cycloheptatriene

and norcaradiene forms at 65.2-5.3 and 62.8-3.5, respectively, it was

- 152 -



estimated that approximately equal amounts of (lla) and (11b) are
present in the equilibrium at room temperature. This dynamic
equilibrium is rapid on the 1H n.m,.r. timescale, therefore an average
signal was seen for the C(8)#, and indeed for all of the protons in

the molecule.

In the case of the acetoxy~substituted trienone (13), the
equilibrium was much more in favour of the bicyclic tautomer as evidenced
by the lesser shift to high field of the C(8)H signal in the 1H n.m.r.

spectrum, compared to that in trienome (11).

Thus, the stretch at 1708 cmm1 in the ir spectra of the trienones
(11) and (13) was explained by the presence of the norcaradiene
tautomer, with much less of it present in the case of the acetoxy-
substituted trienone (13) than (11). Non-averaged signals were observed
in the ir spectra because the timescale of ir spectroscopy is much more
rapid than that of IH n.m.r. spectroscopy and is evidently faster than

the dynamic equilibrium between the tautomers.

Further evidence for the norcaradiene tautomer was obtained in the
13C n.m.r. spectra of (11) and (13). The C-8 signal for the trienone
(11) appeared at 6C94.99 whereas for trienone (18) the signal was at

60106.17. This corroborated the evidence for a norcaradiene-

cycloheptatriene equilibrium observed in the 1H n.m.r. spectra.

No evidence for a norcaradiene form was seen for trienones (2) and
(12). Therefore the norcaradiene tautomer is stabilised by a bridgehead
methyl group and destabilised by a 6-acetoxy substituent. The stabilising

effect of the bridgehead methyl group may be explained by the Thorpe-

Ingold effect.l3
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c:g\/ )8 a > 109.5°
3
B < 109.5°
Figure 1

Thorpe and Ingold suggested that small ring formation is aided by the
presence of geminal substituents on a carbon atom in the ring, as the
small internal angle leads to a spreading apart of the substituents
thereby relieving steric compression, as shown in Figure 1. 1In the

case of trienone (11), the steric effect of the bridgehead methyl group
could narrow the angle shown thereby bringing the indicated atoms closer
together aiding formation of the cyclopropane ring. This would explain
the increased amount of the norcaradiene tautomer present compared to

trienone (2) in which there is no bridgehead substituent.

(0

CH; 0

(1)

In subsequent discussion compounds (11) and (13) will be described as
'trienones' (11) and (13) but their existence as an equilibrium between

the two forms is implicit in. this description.
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3.3.2. Catalyst considerations

Table 3.4 shows the effect of catalyst variation on cyclisation of
a-diazoketone (1) while Table 3.5 shows the effect of catalyst and
temperature variation on the cyclisation of a-diazoketone (8). The
catalysts used were those described in Chapter 2 whose structures are

shown again over, numbered as in Table 2.1.

Decomposition of a~diazoketones (1) and (8) was facile and catalyst
efficiency was best measured in terms of reaction time and the
percentage of dimer in the product when the standard conditions, which
minimise dimer formation, were employed. For example, with a-diazoketone
(1), changing the catalyst used from rhodium(II) (S)-mandelate(l) to
rhodium(II) N-naphthalenesulphonyl-L-prolinate (5) slowed down the
reaction considerably and increased the amount of carbene dimer present
in the product (estimated by integration of the ly n.m.r. spectrum),

This can be explained due to increasing steric hindrance in the catalyst
making approach of the carbenoid to the aromatic ring more difficult,

thereby giving less efficient reaction with increased dimer formation.

A more comprehensive investigation of the cyclisation of
a-diazoketone (8) was carried out. Rhodium(II) acetate has already been
shown to be an ineffectual catalyst for aromatic cycloadditions with
disubstituted a-diazoketones.3 However, rhodium(II) trifluoroacetate and
rhodium(II) (S)-mandelate (1) were extremely efficient in the cyclisation
of a-diazoketone (8). The trienone:dimer ratios given in Table 3.5 are
average values for the rhodium(II) (S)-mandelate (1) catalysed reaction,

but in fact the cyclisation can be practically quantitative (98%) with a
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freshly prepared batch of (1) with only a trace of aromatic impurity

(27Z). Rhodium(II) (S)-mandelate (1) is in fact the catalyst of choice

for these cycloadditions.

H

!"lo

R" | (s)- pn”"cOOH

E!hz( (s) - mand)J
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Table 3.4 :

Effect of catalyst on cyclisation of

1-diazo-4-phenylbutan-2-one (1)

o]

CHN, —~

(1)

&)

Ratio of trienone:dimer

Reaction time

Catalyst T h
1 89:11 0.6
5 80:20 3.0
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Table 3.5

CH,
NZ

(¢)

¢ Effect of catalyst and temperature on cyclisation of

2-diazo-5-phenylpentan-2-one

—CR

CH, 0

D

(8)

0O
CH,
* 2

(20)

Reaction . . Reaction| [a]2° a
Catalyst | Temperature Trleno;e:d1mer Time 5 D Ze.e.
°c h (C’CHZCIZ)
ha(OZCCF3)4 40 95:5 0.5 o o
1 40 86:14-98:2 0.3 e a 25
1 20 84:16 0.25 - -
1 0 88:12 0.2 - 20
1 =20 85:15 0.25 - -
22 o 50:50 1.0 - ]
4 40 82:18 0.5 1.0 25
4 20 75:25 0.5 - 20
4 0 70:30 1.0 - 10
4 + PPh3 20 60:40 0.5 - 15
5 40 80:20 1.0 - 33
17 40 85:15 1.0 - 10
25 40 50:50 2.0 - -

® Enantiomeric excess was estimated by chiral shift 1H n.m.r. studies
of the alcohol (22) obtained by LiAlH (OBut)3 reduction of the
azulenone (11). The chiral shift reagent employed was Eu(tfc)3.
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As the steric bulk of the ligand on the catalyst increased, e.g. to
rhodium(II) N-naphthalenesulphonyl-L-prolinate (5), the catalyst
efficiency decreased with a longer reaction time and higher dimer ratio
than for rhodium(II) (S)-mandelate (1). This slowing of reaction with
increasing steric bulk of the ligand on the catalyst has been observed

previously with the a-diazo-B-keto sulphones in Chapter 2.

The high dimer ratio observed with catalyst (22), rhodium(II)
(S)-a-methoxy-a-phenylacetate, was not due to low catalyst efficiency,
but rather because the catalyst used was impure. This indicates the
ease with which rhodium(II) carboxylates are poisoned. Similarly when
triphenylphosphine (1 equivalent to the catalyst) was added to a
decomposition catalysed by rhodium(II) N-benzenesulphonyl-L-prolinate
(4), the amount of dimer formed increased greatly showing that coordina-
tion of the phosphine to the catalyst blocked one of the axial sites
thus slowing the a-diazoketone decomposition with a resulting increase
in carbene dimer formationm. ha(OZCCH3)2 (dppe)2 Cl2 (25) was very
inefficient for this transformation resulting in a slow reaction and 50%
dimerisation. This may have been due to the presence of the axially-
coordinated chloride anions blocking the catalyst sites or it may be
caused by a fundamental electronic change in the complex by the change in

the ligand.

The catalyst derived from (R)-a~chloropropanoic acid (17) was
extremely efficient in the decomposition of a-diazoketone (8), resulting
in a low dimer ratio in the product, and has been found to be an efficient
catalyst for a-diazoketone decomposition in general. This reaction was a

good test of its catalytic efficiency, however, as a-diazoketone (8) is a
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very sensitive compound and the amount of dimer formed acts as an
indication of the efficiency of the catalyst employed. The high
activity of the rhodium(II) a-chloropropanoate catalysts (17) and (18)
may be due to the electronegative a-chlorine atom in the same way that
rhodium(II) trifluoroacetate is in general a more efficient catalyst .
than rhodium(II) acetate. (However the a-diazo-B-keto sulphones, whose
decomposition was discussed in Chapter 2, were an exception to this

generalisation.)

The catalyst deactivation discussed in Chapter 2 was also observed
in the addition of a-diazoketones to aromatics. With fresh batches of
rhodium(II) (S)-mandelate (1), trienone (11) formed with very little
dimeric impurity. However, as the catalyst aged its activity gradually
decreased and more and more dimerisation was observed in the reactionms.

Similar deactivation was observed with the other catalysts.

Table 3.5 shows that rhodium(II) (S)-mandelate (1) efficiently
catalysed the decomposition of a-diazoketone (8) at temperatures as low
as -20°C, with 0°C resulting in the least amount of dimerisation.
Rhodium(II) N-benzenesulphonyl-L-prolinate (4) was also shown to be
catalytically active at 0°C but when it was established that higher
asymmetric inductions resulted at reflux than at lower temperatures all
subsequent O-diazoketone decompositions were carried out at reflux in

dichloromethane.

The p—acetoxy-substituted a-diazoketones (9) and (10) were cyclised
only with rhodium(II) (S)-mandelate (1) which gave good yields of the

trienone products (12) and (13) with only 157 and 11Z dimer present,

- 160 -



respectively. In the case of a-diazoketone (9) reaction was very
inefficient at 0°C presumably reflecting the decreased activity of the
acetoxy-substituted ring to cycloaddition compared to the unsubstituted
benzene ring in G-diazoketone (8). a-Diazoketone (10) was decomposed

at reflux only. Its behaviour at lower temperatures is unknown.
3.3.3. Enantioselection

Determination of asymmetric induction in the reactions leading to
the trienones (2), (11), (12), and (13) proved difficult. Extensive
purification of these sensitive compounds was not possible, and in
general the crude products were too highly coloured for accurate
determination of optical rotation. At any rate the crude products
contained chiral catalyst residues and varying amounts of dimer impurity
with the result that specific rotations could not be reliably compared.
However, two samples of trienone (11) which had been purified by p.l.c.
showed significant optical rotations at the sodium D line (shown in
Table 3.5) indicating that some extent of asymmetric induction had
occurred in these cyclisations of a-diazoketone (8) brought about by the
use of chiral rhodium(II) carboxylate catalysts. The first of these
samples of trienone (11) was obtained from a rhodium(II) (S)-mandelate -
(1) catalysed reaction and had a specific rotation of [a];o +17.7
(¢ 9.4 in CH2C12) while the other was obtained from a decomposition
catalysed by rhodium(II) N-benzenesulphonyl-L-prolinate (4) and had
[a];o +16.9 (¢ 10.0 in Cﬂzclz). Both reactions had been carried out at
reflux. The fact that the two samples had similar specific rotations
indicated that they had comparable enantiomeric excesses, which is later

demonstrated,
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A crude sample of trienone (2) from a reaction catalysed by
rhodium(I1) N-naphthalenesulphonyl-L-prolinate (5) was measurably
optically active with a specific rotation of [algo -4,02° (c 13.2 in
CH2C12), indicating that enantioselection probably occurred in the
cyclisation of a-diazoketone (1) also. However, this crude product .
contained chiral catalyst residues, and as a result, a measurable
optical rotation cannot be taken as absolute proof of an enantiomeric

excess in trienone (2).

The trienones (2), (11), (12), and (13) were not amenable to 1H

n.m.r. studies with chiral shift reagents. Although the bridgehead
methyl group in compound (11) appears as a sharp singlet in the 1H n.m.r,
spectrum at 60.81, and might be expected to appear as two signals for
the enantiomers on addition of Eu(tfc)3, this proved not to be so. It
appears that coordination of the carbonyl oxygen atom to the europium

of the chiral shift reagent was not sufficiently strong to result in
resolution of the signals for the enantiomers in the 1H n.m.r. spectrum,
(This was already observed with the chiral cyclopentanones synthesised

in Chapter 2.)

3.4 Reduction of the Azulenones and Estimation of Asymmetric Induction

Reduction of the azulenone or trienone (11) was successful with
lithium tri~tert-butoxyaluminohydride in ether at 0°C as shown in
equation 5 to give a mixture of the diastereoisomeric azulenols (22)
which were not easily separable. The reaction was generally stirred
overnight at room temperature at which stage completion of reduction was

indicated by t.l.c.
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LialH(0¢-Bu),

EL0, 0'C ' )

CH, 0 CH, o jH h Ho,,oH

() (22a) (22b)

B : 25 8347

Purification by p.l.c. on silica gave the azulenols (22) as a colourless
0il which were characterised spectroscopically as a mixture, and were
considerably more stable than their azulenone precursor (11) and could
be stored in a freezer for several days without apparent decomposition.
Particularly distinctive in the 1H n.m.r. spectrum were the signals for
the bridgehead methyl groups which were resolved at 270MHz at 60.68
(cis, 22a) and 0.70(trans, 22b) but appeared as one singlet at 60MHz.
Because of this, routine estimation of the diastereoisomeric ratio of
the alcohols (22) by 60MHz IH n.m.r, was difficult. The cycloheptatrienyl
protons of the azulenols (22) were in the region 65.00-6.50 with the
C(8)H protons appearing as doublets at 65.20 (cie, 22a, J = 10.0Hz) and
5.61 (trans, 22b, J = 10.1Hz). The diastereoisomeric ratio could be

" estimated by integration of these doublets, but as they were broad
signals integration was not very accurate rendering this an unsuitable
method of determination of the diastereoisomeric ratio. The proton

geminal to the hydroxy group of the azulenols appeared as a triplet at

64.10.
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Tris[3-(trifluoromethylhydroxymethylene)-(+)-camphorato]europium(III)
[Eu(tfc)B]-shifted IH n.m.r. analysis]'4 of the azulenol mixture showed a
clear separation of the signals for the methyl groups of the diastereo-
isomers, and a further resolution of the enantiomeric forms of the cis—
alcohol (22a) allowed assignment of the enantiomeric excess present in'®
the trienol mixture. Thus both the diastereoisomeric and enantiomeric
ratios in the azulenol mixture (22) were estimated by 1H n.m.r., analysis
with Eu(tfc)3. Figure 2 shows the 1H n.m,r, spectrum of the trienol
mixture (22) prior to addition of the chiral shift reagent. Figures 3
and 4 show spectra of optically active and racemic samples, respectively,
of the trienols containing Eu(tfc)3. As can be seen in the spectra, the
singlet for the bridgehead methyl groups at 60.70 was shifted to lower
field on addition of the chiral shift reagent with a larger shift for
the cie~isomer than for the trans. This was as predicted because
coordination of the hydroxy group to the europium would be expected to
affect the environment of the cts-methyl group more than that of the
trang-methyl group. Similarly, resolution of the enantiomeric signals
was seen only for the cis-isomer. These observations confirmed the

assignment of cis—stereochemistry to the major isomer of the azulenol.

The other major change in the 1H n.m.r. spectrum on addition of
Eu(tfc)3 was the large downfield shift of the signal for the proton
geminal to the hydroxy group, presumably due to its proximity to the

coordinated europium complex.

Best results were obtained in the chiral shift studies when the
concentration of the trienol (22) was kept as low as possible (typically

30-50 mg in 0.5 ml CDCI3) with two additions of the chiral shift reagent,
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Figure 3 : IH n.m.r. spectrum of trienol mixture (22)

derived from a-diazoketone (8) by rhodium(II)
N-naphthalenesulphonyl-L-prolinate catalysis, with

Eu(tfc)s, indicating the presence of 33% e.e.
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each of which was 107 mole equivél;nt. Generally the first addition
gave resolution of the diastereoisomeric signals while the second
addition was required to observe splitting for the enantiomers. Further
addition of the shift reagent did not give any further information, as
the resolution in the spectrum deteriorated rapidly as the europium
concentration increased. The solution was filtered after each addition

of Eu(tfc)3 to maximise resolution in the spectra.

By Eu(tfc)3—shifted n.m.r. analysis of the trienol mixture (22) as
described above the diastereoisomeric ratio obtained by lithium tri-tert-
butoxyaluminohydride reduction of the trienone (11) was estimated as
75:25 cis:trans. The major isomer was assumed to have cis-stereochemistry,
as the bridgehead methyl group would be expected to hinder attack from the
B-face of the molecule. This assignment was confirmed when the signals
in the 1H n.m.r. spectrum corresponding to the major isomer were affected
more than those for the minor isomer on addition of Eu(tfc)3. The
diastereoisomeric ratio in the azulenol mixture was altered by varying
the reducing agent employed as shown in Table 3.6. The highest diastereo-
selectivity was observed with lithium tri-tert-butoxyaluminohydride as
reducing agent, with no change in the ratio on changing the solvent from
ether to THF. The less sterically demanding lithium aluminium hydride
resulted in a lower diastereoselectivity giving the epimeric alcohols (22)
in a 70:30 ratio. Interestingly DIBAL-H resulted in the opposite
diastereoselectivity to the other reducing agents, giving 55% trans-

isomer.
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Table 3.6 : Stereoselection in the reduction of 2,3-dihydro-1(8a-methyl)-

azulenone (11)

CH, O CH, o:'i"' AN HWH
(1) (22a) (22b)
cis trans
Reducing agent Li;-ld—— __c_ts;___ra_r_t_s

LiAl1H(OBu®) 37Et,0 83.4 75:25
LiAlH(0Bu" ) ,~THF 81.2 75:25
LiAlH,~Et,0~THF 89.4 70:30
NaBH,-EtOH 86.0 65:35
DIBAL-H-toluene 85.0 45:55
K-Selectride~THF 68.6 | ' 70:30
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No evidence for a tricyclic form of the trienols (22) was observed.
On reduction the norcaradiene equilibrium disappeared completely and the
C(8)H signals in the 1H n.m.r. spectrum of the trienols (22) shifted to
85.20 (cis) and 5.61 (trans), compared to the higher field position of

the C(8)H signal for the trienone (11) at &4.24,

Since stereospecific reduction was not achieved with trienone (11),
the problem of detecting asymmetric induction became more complex in the
trienols (22) due to the presence of diastereoisomers formed from the
original enantiomeric pair. However, the Eu(tfc)3-shifted 1H n.m.r.
analysis overcame this problem and provided estimations for both the
diastereoisomeric and enantiomeric ratios present as illustrated earlier.
When the trienol mixture (22) was prepared to test the asymmetric
induction obtained in a cyclisation involving a chiral rhodium(II)
carboxylate catalyst, lithium tri-tert-butoxyaluminohydride was the
reducing agent of choice as it gave the highest diastereoselection
thereby maximising the amount of cis-isomer present in the mixture and
simplifying the IH n.m.r. analysis with Eu(tfc)3, since enantiomeric
resolution was observed only for the ¢is~isomer. Furthermore, as the
same isomer ratio was present in each of the trienol samples, specific
rotation data could be at least qualitatively compared to corroborate
the evidence for asymmetric induction obtained from the 1H n.m.r., analysis.
Also, as the trienol samples had been purified by p.l.c. on silica any
chiral catalyst residues had been removed, making the optical rotation

data more reliable.

Table 3.7 illustrates the results obtained by 1H n.m.r. analysis with

Eu(tfc)3 on trienol samples derived from rhodium(II) carboxylate catalysed
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Table 3.7 :

Enantioselection in the cyclisation of 2-diazo-5-phenyl-

pentan-2-one using rhodium(II) carboxylates as

catalyst. Enantiomeric ratios were estimated by

reduction of 2,3-dihydro-1(8a-methyl)-azulenone

formed in the cyclisation to 2,3-dihydro-1(8a-methyl)-

azulenol on which chiral shift 1H n.m.r.

carried out.

studies were

all reductions were carried out using lithium tri-tert-butoxy-

aluminohydride giving the same isomer ratio in each product.,
Therefore specific rotation data can be at least qualitatively
compared as an indication of asymmetric induction.
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ha(OZCCF3)a 40 o o
1 o 20 -
1 40 i =7.73 (5.73)
22 0] 0] -
4 0 10 -1.26 (4.62)
4 20 20 -3.28 (5.06)
4 40 25 -7.21 (5.81)
4 + PPh3 20 15 -5.27 (5.20)
5 40 33 -9.44 (8.81)
17 40 10 +0.67 (6.43)
2 % e.e. estimated from 1H n.m.r. to 81 accuracy using Eu(tfc)a.
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decomposition of a-diazoketone (8). Enantioselection as high as 33% e.e.
was obtained by use of rhodium(II) N-naphthalenesulphonyl-L-prolinate (5)
as the decomposition catalyst. Rhodium(II) (S)-mandelate (1) proved to

be quite efficient in terms of asymmetric induction also, giving 257 e.e.
from a reaction carried out at reflux, thus confirming its position as

the most successful general catalyst to date. The extremely efficient
rhodium(II) (R)-a-chloropropanoate catalyst (17) resulted in
disappointingly low enantioselection, while rhodium(II) N-benzenesulphonyl-
L-prolinate (4) gave the same asymmetric induction as the rhodium(II)

(S)-mandelate (1) when the decompositions were carried out at reflux.

An interesting observation from Table 3.7 is that the enantioselection
was higher from decompositions carried out at reflux than at lower
temperatures (as observed with the a-diazo-f-keto sulphones discussed in
Chapter 2). The effect was less with rhodium(II) (S)-mandelate (1),
which gave 257 e.e. at reflux and 20% e.e. at OOC, than with rhodium(II)
N-benzenesulphonyl-L-prolinate (4) which also gave 25% e.e. at reflux but
only 10% e.e. at 0°C. This strange temperature effect, i.e. higher
selectivity at higher temperature, indicates the complexity of the catalyst-

substrate interactions.

The most efficient catalyst in terms of enantioselection in the
cyclisation of a-diazoketone (8), rhodium(II) N-naphthalenesulphonyl-L-
prolinate (5), was surprisingly one of the less catalytically active
catalysts tested resulting in 20%7 dimer formation in the transformationm.
Furthermore, this catalyst was different from that which gave the highest
enantioselection in the C-H insertions discussed in Chapter 2, showing
that the enantioselection obtained depends on the precise structure of the

substrate and the catalyst and the nature of the reactiom.
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The high asymmetric induction observed with the rhodium(II)
N-naphthalenesulphonyl-L-prolinate catalyst (5) in the cyclisation of
oa-diazoketone (8), despite the bulky ligand which slows the reaction
appreciably, may be due to interaction between the naphthalene ring
system and the benzene ring to which cycloaddition takes place. Such
interaction could hold the catalyst substrate pair in a rigid conforma-

tion resulting in good enantioselection.

Evidence in support of this theory is that the other two catalysts
which gave moderate enantioselection in this reaction (252 e.e.),
rhodium(II) (S)-mandelate (1) and rhodium(II) N-benzenesulphonyl-L-
prolinate (4), each contain an aromatic ring which could have the same
effect but to a lesser extent than the naphthalene ring system. However,
there is no direct evidence for this. Examination of the crystal
structures of the catalysts to determine the orientation of the aromatic

rings may be helpful in proving or disproving this theory.

Catalyst (22), derived from (S)-0-methoxy-a-phenylacetate, resulted
in very little asymmetric induction, confirming the observation made in
Chapter 2, that the rigid structure imposed on the rhodium(II) (S)-
mandelate catalyst due to a hydrogen bond between the hydroxy-group and a

carboxylate oxygen, is significant in its success as an enantioselective

catalyst.

The variation in asymmetric induction obtained by changing the catalyst
ligand indicates that further change in the ligand structure may result in
higher enantioselection in the cyclisation of a-diazoketone (8), thereby

improving the asymmetric synthesis possible by this route.
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The observation of similar enantiomeric excess (25Z e.e.) from
reactions catalysed by rhodium(II) (S)-mandelate (1) and rhodium(II)
N-benzenesulphonyl-L-prolinate (4) was in agreement with the earlier
observation (Section 3.3.3) that trienone (11) samples derived from
reactions catalysed by these catalysts carried out at reflux and N
purified by p.l.c., had very similar specific rotations (Table 3.5).
Furthermore, specific rotations obtained for the trienol samples (22)
and shown in Table 3.7 are in agreement with the enantioselections
estimated by 1H n.m.r. analysis, with the highest observed rotation for
the trienol (22) sample derived from a decomposition catalysed by
rhodium(II) N-naphthalenesulphonyl-L-prolinate (5). Interestingly, all
the asymmetric inductions observed, with the exception of that obtained
by catalysis with rhodium(II) (R)-a-chloropropanoate (17), were in the
same direction (i.e. same sign in [G]SO value). This was also observed

in the chiral shifted 1H n.m.r. spectra with the predominant enantiomer

experiencing a larger chemical shift downfield than the minor isomer.

NaBH,

AcO — > AcO / *+ AcO
0 C CH ‘/mH ,’l’ (6)
CH, 0 CH,-MeOH 3OH CH,}; OH
(13 (23a) (23b)

65 35 4247
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Having established a method of determining the asymmetric induction
in the cyclisation of a-diazoketone (8) to trienone (11) by reduction to
the trienol mixture (22) and Eu(tfc)3-shifted lﬂ n.m.r. analysis,
reduction of the acetoxy-substituted azulenone (13) to the corresponding
azulenol pair (23) was carried out also. Successful reduction of (13)
was achieved with sodium borohydride in a 3:1 benzene-methanol mixture.
The azulenone (13) was stirred in the benzene-methanol mixture in an
ice-bath until the reaction mixture became semi-solid, then the reducing
agent was added in portions and the reaction mixture was allowed to return
slowly to room temperature. Complete reduction was shown by t.l.c.
within two hours. Purification of the crude product by p.l.c. gave the

trienol mixture (23) as an oil in 42.4% yield.

The IH n.m.r. spectrum of the azulenol mixture (23) showed only one
singlet for the bridgehead methyl groups at 60.83 and one singlet for
the acetoxy protons at 62.19, without resolution of the signals for the
diastereoisomers. The C(8)H protons were resolved, as observed for
trienol mixture (22), giving two doublets at 65.26 (/ = 10.8Hz, major
isomer, ¢i18) and 5.58 (J = 8.4Hz, minor isomer, trans) but these were too
broad for accurate determination of the diastereoisomeric ratio. The
assignment of cis-stereochemistry to the major isomer was made by
comparison of the spectra for the trienol mixture (23) with those of

trienol mixture (22).

As before with trienol mixture (22), Eu(tfc)B-shifted IH n.m.r.
analysis of the trienols (23) resulted in resolution of the bridgehead
methyl group signals for the diastereoisomers, and further resolution of

the signal for the ctg-isomer for the enantiomeric pair was observed. Thus
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both the diastereoisomeric and enantiomeric ratios in the trienol
mixture were calculated, showing that 65:35 cis:trans isomers were present
with 10% e.e. from decomposition of a-diazoketone (10) by rhodium(II)

(S)-mandelate (1) at reflux.

Although sodium borohydride had been shown to be a relatively
unselective reagent in the reduction of trienone (11), it was chosen for
the reduction of trienone (13) to ensure selective reduction of the
cyclopentanone with retention of the acetoxy group. The resulting

diastereoselection was poor as expected (65:35, cis:trans).

Thus a lower enantioselection was obtained in the rhodium(II) (S)-
mandelate catalysed decomposition of a-diazoketone (10) than in a
similarly catalysed decomposition of a-diazoketone (8), again illustrating
the dependency of the asymmetric induction on the exact structure of the

diazo-substrate.

Reduction of the more sensitive trienones (2) and (12) was less

@ @

successful,

In the case of (12) no recognisable material was recovered from attempted
reduction with sodium borohydride or lithium aluminium hydride. With

trienone (2) the product of reduction with lithium tri-tert-butoxyalumino-
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hydride appeared to be cycloheptatrienyl in nature, but seemed to contain
a complex mixture of isomers and was not fully characterised. Therefore,
no estimation of asymmetric induction was made for the a-diazoketone
decompositions leading to trienones (2) and (12), although a crude

sample of trienone (2) from a decomposition catalysed by rhodium(II)
N-naphthalenesulphonyl-L-prolinate (5) was optically active as discussed

earlier (Sectiomn 3.3.3).

3.5 Hydrogenation of Azulenols (22) and Oxidation to Perhydro-1(8a-

methyl)-azulenone (25)

Having established that cyclisation to substituted trienones was
possible and that their subsequent reduction to trienols could be
brought about, the next phase was to determine if they could be
hydrogenated and thus provide a new route to bicyclo[5.3.0]ldecane

derivatives along the lines summarised in Scheme 5.

The azulenol (22), derived from lithium tri-tert-butoxyaluminohydride
reduction of azulenone (11), the product of rhodium(II) (S)-mandelate (1)
catalysed decomposition of a-diazoketone (8), which had been shown by
Eu(tfc)s-shifted 1H n.m.r. analysis to contain 207 e.e., was hydrogenated
in ethanol over 10Z palladium on charcoal at 40 p.s.i. at room temperature.
The perhydroazulenol (24) was obtained in quantitative yield following
purification by p.l.c. on silica as an oil which crystallised on
refrigeration, as an inseparable mixture of isomers. The stereochemistry
of the hydrogenation product was not determined at this stage, as in the
1

H n.m.r. spectrum the signal for the bridgehead methyl group appeared as

a broad singlet.
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H H H
. Y . €r0,,H,SO,
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CH, o CH, 0 iy CH; on

(25b) (25 a) ' (24)
7-107/ 90-93/ quantitative

Scheme §

However, addition of Eu(tfc)3 had an effect similar to that observed

with the trienols (22), resulting in significant changes in the 1H n.m.r.
spectrum. The singlet for the bridgehead methyl group, originally at
60.74, shifted considerably downfield with a resolution of the signals

for the enantiomers of the predominant isomer. As for trienol (22), the
major enantiomer experienced a larger downfield shift. The enantiomeric
excess was estimated by integration of the two singlets as 207 e.e., in
agreement with that observed in the trienols (22) prior to hydrogenation.
The Eu(tfc)3-shifted 1H n.m.r. spectra of (24) indicated that the compound

was largely one diastereoisomer, with smaller amounts of the other
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diastereoisomers present. This suggested that the bridgehead methyl
group had a significant influence in directing the hydrogenation to the
o-face of the molecule. As observed in the 1H n.m.r. studies of
trienols (22) with Eu(tfc)3 when the shift reagent was added to the
alcohol (24) the signal for the proton geminal to the hydroxy group
(63.60) experienced large downfield shifts confirming that strong

coordination of the hydroxy group to the europium complex occurred.

Oxidation of the perhydroazulenol mixture (24), derived from a
rhodium(II) (S)-mandelate (1) catalysed cyclisation at reflux, followed
by the sequence of reduction with lithium tri-terit-butoxyaluminohydride
and hydrogenation discussed above, to perhydro-1(8a-methyl)-azulenone (25)
was successfully achieved using Jones' reagent. The perhydroazulenol
(24) was stirred at 0°C in acetone while the reagent was added dropwise.
The crude product was purified by distillation to give the bicyclo[5.3.0]-
decanone (25) as an o0il in 67% yield. The 1H n.m.r. spectrum of (25)
showed singlets at 60.92 and 1.15 for the bridgehead methyl groups of the
two isomers, which by comparison with the values reported15 for the cis-
and trans-fused isomers of (25), 60.88, trans, and 61.03, cis, showed

that 7-10% of the cts-fused isomer (25b) was present in the product.

In contrast when the trienone (11) was hydrogenated directly in
ethanol over 10% palladium on charcoal catalyst at 40 p.s.i. hydrogen at
room temperature, the perhydroazulenone (25) was obtained as an oil
after distillation in 837 yield with only the trans-fused isomer (25a)
visible in the 1H n.m.r, spectrum.16 Thus the bridgehead methyl group
directed hydrogenation to the a-face of the molecule. However, on

introduction of a hydroxy group, i.e. in the hydrogenation of the azulenol
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mixture (22), hydrogenation no longer proceeded exclusively from the
o-face of the molecule, indicating that the hydroxy group also had a

directive effect on the hydrogenation.

Addition of Eu(tfc)3 to the perhydroazulenone (25) resulted in a
slight downfield shift of the signal in the 1H n.m.r, for the bridgehead
methyl group. However, as observed with the trienone (11), coordination
of the carbonyl oxygen to the europium complex was not sufficiently
strong to result in resolution of the enantiomeric signals in the 1H

n.m.r. spectrum,

The trienone sample (11) which was hydrogenated directly as
described above was derived from a-diazoketone (8) by decomposition
with rhodium(II) N-naphthalenesulphonyl-L-prolinate (5) and was shown
to contain 337 e.e. by Eu(tfc)3-shifted 1H n.m.r. spectra on a correspond-
ing trienol sample (22). This hydrogenation gave the perhydroazulenone
(25a) in 83% yield after distillation with a specific rotation [0];0
+18.7° (c 2.6 in CHZCIZ), constituting a partial asymmetric synthesis of

trang-1-methylbicyclo[5.3.0]decan-10-one (25a) in two steps from

a-diazoketone (8) in 66.4% overall yield with 337 e.e. in the product.

3.6 Acetylation of ¢i8 and trans 2,3-Dihydro-1(8a-methyl)-azulenols (22)

Among other reactions examined in this series was derivatization of
the bicyclic trienols derived from the original trienones. One such

reaction was acetylation.
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Acetylation of the trienol mixture (22) was achieved by addition
of acetic anhydride to a pyridine solution of the alcohol at room
temperature., Purification by chromatography on silica gave the acetate
(26) as an oil as an inseparable mixture of isomers, in 79% yield. In
the 1H n.m.r. spectrum of the acetate mixture, the signals for the
acetoxy methyl groups overlapped at 62.08 and 2.09, but the bridgehead
methyl groups appeared as well resolved singlets; the signal for the
cis-isomer was at 60.63 while that for the trans was at 60.72. Thus the
diastereoselectivity of the reduction of the azulenone (11) to the
azulenol mixture (22) could be easily estimated after acetylation by
integration of these well resolved singlets. When lithium aluminium
hydride was employed as the reducing agent in the preparation of the
azulenol (22), the corresponding acetate mixture (26) was shown by 1H
n.m.r. to contain 70% et8 and 30% trans—isomers in agreement with the
1y n.m.r, studies of (22) with Eu(tfc)3 as the chiral shift reagent.
The proton geminal to the acetoxy group overlapped with the C(8)H signal

in the region 65.00-5.40.
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Hydrogenation of the acetate mixture (26) in ethanol over 10Z
palladium on charcoal catalyst at 40 p.s.i. at room
temperature gave the saturated acetate (27) in 992 yield as an oil as
an inseparable mixture of isomers, which appeared as a single component
on t.l.c. analysis. 1-Methylbicyclo[5.3.0]dec~10-yl acetate (27) was
identified spectroscopically with a carbonyl stretch at 1731 cm—1 in the
ir spectrum. It had been thought that since the isomer ratio in the
acetate (26) was clearly visible in the 1H n.m.r., spectrum, that the
stereochemistry of the hydrogenation could be investigated. However,
in the 1H n.m.r. spectrum of the hydrogenated acetate (27), the bridge-
head ﬁethyl groups showed only one signal in the IH n.m.r. spectrum at
80.82, so estimation of the diastereoisomeric ratios was not possible.
The acetoxy protons also appeared as a singlet at 62.00. Therefore, the
degree of hydrogenation from the a- and B-faces of the molecule could

not be determined.

Treatment of the acetate (26) with Wilkinson's catalyst under an
atmosphere of hydrogen, in the hope of selective hydrogenation of the

disubstituted double bonds, returned the unreacted acetate (26).

3.7 Grignard Addition to Azulenone (11)

A further reaction investigated in this series was the addition of
Grignard reagents to the trienone (11) to prepare functionalised

bicyclo[5.3.0]decanes.
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CH, O CH, CH;OH CH,oHCH, ik
(1) (28a) (28b)
60 : 40
4657,

When the trienone (11) was added to an ethereal solution of
methylmagnesium iodide at OOC, followed by an aqueous ammonium chloride
work-up, a mixture of epimeric tertiary alcohols (28) (equation 7) was
isolated as an oil in 46.5%7 yield following purification by p.l.c. on
silica. The isomer ratio was found to be 60:40 by comparison of the
1H n.m.r. spectrum of the alcohol mixture (28) with that of the
secondary trienol mixture (22). In particular the doublets for the
C(8)H at 65.50 (J/ = 11.4Hz, major) and 64.68 (J = 10.2Hz, minor)
indicated that the major isomer corresponded to attack from the B-face
of the molecule, showing that the increase in steric hindrance on going
from a hydride reducing agent to a Grignard feagent did not result in
exclusive attack from the a-face of the molecule as might have been
expected, and in fact resulted in a poor stereoselectivity of addition to

the cyclopentanone carbonyl.

The product mixture had four singlets in the 1H n.m.r, spectrum:
60.73 and 1.31 for the major isomer (28a) and 60.58 and 1.37 for the
minor isomer (28b), with the higher field signal in each case corresponding
to the bridgehead methyl group. Addition of Eu(tfc)3 resulted in a shift

of the signals for the bridgehead methyl groups downfield with that of the
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minor isomer shifted to lower field than that of the major isomer
suggesting that the minor isomer had the hydroxy group and the bridgehead
methyl group ¢i8, thereby confirming the assignment of isomers. No
resolution of the signals for the enantiomers was observed in the

Eu(tfc)3-shifted 1H n.m.r. studies.

The alcohols (28) were not stable; after only two days at 0°C two
new singlets had appeared in the IH n.m.r., spectrum and the two singlets
corresponding to (28a) had decreased considerably. It was thought that
dehydration of the tertiary alcohol may have occurred, but this was not

confirmed.

3.8 Hydrolysis of 6-Acetoxy-2,3-dihydro-1(8a-methyl)-azulenone (13)

One of the reasons for studying the p—acetoxy series was to
investigate the possibility of using the acetoxy group to introduce other
substituents after the original cyclisation had been successfully carried
out, One obvious possibility was to hydrolyse the enol acetate to the

cycloheptenone as shown in equation 8.

AcO ———>0
(8)
CH; O CH, 0

13) (29)
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This possibility was particularly interesting as pseudoguaianolides such
as confertin (30) contain the bicyclo[5.3.0]decane skeleton with the
bridgehead methyl group and oxygenated functionality at the C-4 positionm,
and cycloheptanone (29) could prove useful as an intermediate in
synthetic approaches to such pseudoguaianolide structures. Accordingly,

an attempt was made to hydrolyse the enol acetate in (13).

When a dioxan solution of azulenone (13) was treated with aqueous
sodium hydroxide at 0°C the mixture immediately became deep red and
t.l.c. indicated rapid disappearance of the starting material. The
product, obtained in 51% yield, following purification by p.l.c. on

silica, was a white crystalline solid (m.p. 93-95°C) which was identified

as the spirodienedione (31).

CH,

(31)
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It was characterised spectroscopically and identified by comparison of
the spectral details and melting point with those reported by Iwata and
co—workers,17 who recorded a melting point of 93-94°C for this compound .
The carbonyl stretches in the ir spectra at 1742 (cyclopentanone) and
1660 cm—1 (conjugated) were in good agreement with the reported values
of 1738 and 1660 cm-l, while the C=C stretch appeared at 1623 c:m_1 in
agreement with Iwata's value of 1625 cm_l. Similarly the 1H n.m.r.

data were in agreement with the reported values, with the methyl group
appearing as a doublet at 60.86 (J = 7.2Hz) compared to Iwata's value of

60.84 (J = 7Hz).

Thus instead of the predicted dione (29), the spirodienedione (31)
was isolated unexpectedly. The spirodienedione may be formed by initial
hydroxide attack on the acetoxy carbonyl in the norcaradiene form
followed by a fragmentation which cleaves the cyclopropyl ring as shown
in Scheme 7. This fragmentation reaction also supports the existence of
a norcaradiene form of the trienone (13) which was earlier shown to be

13

cqsy s . 1 .
present at a low equilibrium concentration, by H and "°C n.m.r. and ir

spectroscopy.

In an attempt to improve the yield of the rearrangement to (31), the
hydrolysis was carried out in a two phase ether-water system. However,
this resulted only in slow decomposition of the starting material (13)
and although traces of (31) were detected by t.l.c., no recognisable

product was isolated.
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Scheme 7

In the hydrolysis of (13) with concomitant rearrangement to (31)
any asymmetry present in the azulenone was expected to be lost due to

enolisation at the a-position to the carbonyl as shown in Scheme 7.

Iwata and co-workersl7 prepared the spifodienedione (31) by
decomposition of a p~hydroxy—a-diazoketone with cuprous chloride in
refluxing benzene as shown in equation 9. The p-~hydroxy group resulted
in spontaneous fragmentation of the cyclopropane ring in the norcaradiene

intermediate to give the product (31) in 90% yield.
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3.9 Application of Intramolecular Buchner Reactions to the Synthesis

of Perhydroazulene Lactonesa

As indicated above, part of our objective was to explore the
application of the intramolecular Buchner reaction to the synthesis of
perhydroazulene lactones, e.g. confertin. The intramolecular
a-diazoketone cyclisation to bicyclo[5.3.0ldecatrienones suggested a
possible effective approach to the synthesis of structures containing
the azulene skeleton, particularly the construction of highly functionalised
hydroazulenes found in many natural products of the guaianolide and
pseudoguaianolide families. With regard to the pseudoguaianolides,
cyclisation of a-diazoketones (8) and (10) to azulenones (11) and (13)
demonstrated that the bridgehead substituent could be positioned in this

cyclisation, as illustrated in Scheme 8.
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Furthermore, hydrogenation of azulenone (11) was highly stereoselective
with respect to formation of the trans-perhydroazulenone (25a). This
trans—geometry is characteristic of many pseudoguaianolides e.g.
confertin (30). Interest in the chemistry of the pseudoguaianolides has
been strong because of the biological activity of many members of the
series. In this work the intention was to prepare a tricyclic lactone to
which the highly reactive a-methylene group could be attached at the end
of the synthetic sequence by use of established procedures. The synthetic
target therefore to produce the unnatural isomer of confertin (32) was the

tricyclic lactone (33) which could be prepared by hydrogenation of (34), a
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potential cyclisation product of a-diazoketone (35) as summarised in
Scheme 9. 1In a parallel study, Dr M. Kennedy of this laboratory has
carried out a synthesis of a confertin intermediate using the isomeric

diazoketone (36).

Scheme 9
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Earlier investigations of the cyclisation of a mixture of a-diazoketones
(35) and (36) had shown that the required functionalised azulenone (34)
could be detected among the decomposition products. Therefore the lactone

diazoketone (35) became the initial synthetic target.

3.9.1. Preparation of the phenol ester (43)7’18’19

The phenol ester (43), whose preparation is summarised in Scheme 10,
was required for the preparation of the lactone diazoketone (35). The
synthetic sequence to the cinnamic acid (40) was well established.ls’19
m-Methylanisole was prepared by methylation of commercially available
m-cresol with dimethyl sulphate in aqueous sodium hydroxide to give the
product in 95.5Z yield as an o0il. This product was selectively brominated
using a catalytic amount of iron filings and bromine in carbon tetra-
chloride solution. After 3h excess bromine was destroyed by addition of
aqueous sodium bisulphite and the bromide was isolated in 85X yield after

purification by distillation, b.p. 60°C at 0.6 mmHg (lit.,18 b.p. 72°C at

1.2 mmHg).

Conversion of the bromide (38) to the corresponding Grignard reagent
in ether required the presence of bromoethane, as the bromide (38) was
itself relatively unreactive. Treatment of the Grignard reagent thus
prepared with N,N-dimethylformamide, followed by hydrolysis with
saturated ammonium chloride solution gave the crude product containing
both unreacted bromide (38) and the aldehyde (39) which were separated by
fractional distillation. The bromide (38) was collected at 60°C at 0.6
mnHg, while the aldehyde (39) distilled at 80°C at 0.6 mmHg (1it.,19
106°C at 1.2 mmHg). The aldehyde (39) was obtained in 82% yield, as an

0il, based on the bromide (38) consumed.
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Condensation of the aldehyde (39) with malonic acid by heating in
pyridine containing a catalytic amount of piperidine gave the cinnamic
acid derivative (40) in 937 yield as white needles, m.p. 191-193°%

19 187°C), after crystallisation from an acetone/ethanol mixture,

lit.,
The coupling constant observed in the 1H n.m.r. spectrum of (40) for the
vinylic protons J = 15.6Hz indicated that the cinnamic acid was formed

with trans-stereochemistry.

Hydrogenation of the cinnamic acid (40) in ethanol over 10% palladium
on charcoal at 40 p.s.i. gave the phenylpropanoic acid derivative (41) in
99Z% yield as a white solid which was used in the next reaction without
purification. The cinnamic acid (40) was not completely soluble in the
ethanol used as the hydrogenation solvent, but as reaction proceeded the

starting material dissolved.

Demethylation was achieved by refluxing a solution of (41) in acetic
acid with 497 hydrobromic acid for 24h. The phenolic acid (42) was
isolated in 891 yield as white crystals by crystallisation from chloroform,

mopo 9805-99050(:0

The phenol ester (43) was prepared by esterification of the acid (42)
and was purified by passage through a short column of silica to give the
ester (43) as a gold-coloured oil in 97% yield from the acid (42). The
spectral characteristics of the phenol ester (43) were in agreement with
those reported previously.7 The ester carbonyl stretch appeared at 1712
cm-1 in the ir spectrum. The aryl methyl group protons appeared in the
1

H n.m.r. spectrum at 62.13 while the ester methyl group was visible at

63.57. A distinctive aromatic pattern was visible with an AB quartet for
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the C(5)4 and C(6)H at 66.60-7,10 and a broad singlet at 66.76 for the

C(3)H, confirming the substitution pattern on the aromatic ring.

3.9.2. Lactonisation of phenol ester (43)

The next stage was to attach the y-lactone ring through the
phenolic group of (43). Y-Lactone groups have been successfully

attached to phenols in this laboratory, using a-chlorosulphide esters

20,21

as electrophiles as shown for example in equation 10,

H 0
i CH,_ I (i) Znc1,, CH,NO:

CH,ClI,,CCI
. >< Fhedd X 4 >

A

(s9) (45) 72/

(10)
CH,

Therefore, this route was chosen to attach the lactone ring to phenol
ester (43). This process involves a Friedel-Crafts alkylation ortho

to the hydroxy group of the phenol followed by intramolecular condensation
of the phenol with the ester portion of the electrophile to produce the
lactone ring. The sulphide substituent is required for the alkylation
reaction as its presence imparts greater electrophilicity to the

o-chloro ester. O~Halogenated acetates are not good electrophiles for
aromatic alkylation but they are conveniently activated by the presence

of an alkylthio or arylthio group at the position geminal to the halogen

atom, presumably because the sulphur substituent promotes ionisation of

- 194 -



the C-halogen bond.zo A phenylthio substituent is sufficiently
activating with tertiary a-chlorosulphide esters, e.g. (44), but for
successful alkylation with secondary a-chlorosulphide esters the more

activating butylthio group is preferred.

The Friedel-Crafts alkylation of phenols with a-chlorosulphides
is promoted by mild Lewis acid catalysts such as zinc chloride. The
crude product of the alkylation can be desulphurised to give the lactone.
This two step process has been found very convenient in the preparation

of y-lactones from phenols.

As there existed the possibility of the formation of two
regioisomeric lactone esters from (43), i.e. (46) and (47), a range of
oa-chlorosulphides were prepared in order to study the regioselectivity

of alkylation.

CH, o CH, 0

OCH, OCH,

(46) 4 (47)

Scheme 11 summarises the preparation of the a-chlorosulphides used in
this study from the corresponding sulphides by the procedure of Arai

and co-workers.22
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Sulphide ester (48) was prepared in high yield by thiolate
displacement on ethyl bromoacetate. The bi8s sulphide ester (50) was
prepared from a-chlorosulphide (49) by Lewis acid catalysed addition
of butanethiol following the procedure23 developed in this laboratory
for such transformations. The bis sulphide (50) was purified by
chromatography on silica and was obtained as an oil and characterised
spectroscopically. The a-H appeared in the 1H n.m.r. spectrum as a
distinctive singlet at 64.24. The oxathiolanone (52)24 was prepared
in low yield by condensation of mercaptoacetic acid and acetone, the
main product being the diacid (53). However, isolation of the
oxathiolanone (45) in pure form was easily achieved as the diacid
could be removed by washing with aqueous sodium bicarbonate. The
oxathiolanone (45) was purified by distillation, b.p. 44°C at 10 mmHg ,
and characterised spectroscopically with a carbonyl stretch at 1769 cmfl
in the ir spectrum and two singlets in the IH n.m.r. spectrum at 61.71
(6H, 2 x CH3) and 3.69 (2H, CHZ). The sulphides (55)25 and (56)26 were

already available,

Transformation to the a-chlorosulphides was carried out with

N-chlorosuccinimide in carbon tetrachloride at 0°C except in the case

of oxathiolanone (52) where heating was required to complete the reactiom.
In the case of sulphide (56) addition of dichloromethane was necessary
for dissolution of the starting material. The succinimide formed in the
reactions was removed by filtration giving the a-chlorosulphide product
as a solution in carbon tetrachloride. In general a-chlorosulphides are
very sensitive species. The examples used in this work were stored ;s

carbon tetrachloride solutions in a freezer and their purity was checked
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by lu n.m.r. before use. Exceptionally, a-chlorosulphide (54) was
remarkably stable and was recovered unchanged from an unsuccessful
attempt to alkylate benzene, despite the use of an aqueous work-up.

Similarly, a-chlorosulphide (57) seemed to be less sensitive than (44)

and (49).

As a preliminary investigation of yY-lactone formation from
phenols, p-cresol and B-naphthol were chosen as simple model compounds

for alkylation with a-chlorosulphide (44) as shown in equations 11 and

12.
0
OH o)
i)ZnCl,,CH,NO, c
cH, ¢ 0 cnzélz,cacu . H an
* PhS CO,CH, (ii)zn , CH,COOH
CH, (a4) 4 ch, (45 727
CH, O
o)
OH CH,_ CI "
O™ e —— QS
(49) (s8) 5%

The alkylations were carried out at room temperature by stirring
the phenol and zinc chloride in a dichloromethane-nitromethane mixture
while a solution of the a-chlorosulphide in carbon tetrachloride was

added dropwise. T.l.c. monitoring showed that reactions in general were
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complete within lh. Following an aqueous work-up, the crude alkylation
product was desulphurised by refluxing in acetic acid with zinc dust,
which had been freshly activated with dilute aqueous HCl. Purification
of the product by chromatography on silica gave the lactones (45) and
(58) from alkylations of p—cresol and B-naphthol, respectively, in 72%
and 657 yield. Both the lactones were known compounds and their
spectral characteristics agreed with reported values. Lactone (45)27
was isolated as a viscous oil with a carbonyl stretch in the ir spectrum
at 1797 cm = for the y-lactone and signals in the 1H n.m.r. spectrum at
61.52 (J = 6.6Hz), a doublet for the a-methyl group protons, and 62.36,
a singlet for the aryl methyl group protons, in agreement with the
reported valuesz7 of 61.52 and 2.33 for these signals. Lactone (58)28

was obtained as a white crystalline solid, m.p. 125-127°%¢ (lit.,28

121-124°C), with a carbonyl stretch in the ir spectrum at 1783 cm-l, in

1

good agreement with the reported valuez8 of 1790 cm ~, and a doublet in

the 1H n.m.r, spectrum for the methyl group protons at 8§1.69 (J/ = 7.2Hz).

Having established the optimum conditions for the alkylation
reactions with the model compounds, alkylation of the phenol ester (43)

with a-chlorosulphide (49) was carried out as shown in equation 13.

Alkylation of (43) with the secondary a-chlorosulphide (49) was
less efficient than those in the model studies using the tertiary
a-chlorosulphide. The alkylation was carried out as described for p—
cresol and B-naphthol and the crude product of the alkylation was
desulphurised directly. Chromatographic separation of the desulphuri-
sation product gave an inseparable mixture of lactones (59) and (60) in
30% yield, and the two major byproducts, the bie sulphide ester (50) and

a compound tentatively assigned as the dimer (61).
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CH, 0
cl (i) znc1,,CH,NO,, CH,Cl,, CCI,

e

OCH, /J\\
.. H, A
+ wBus” Ncogt (i)Zn, CHCOO

(43) (a9)
(13)
CH, o CH, o
OCH, OCH,
) ()

59 60
(5 )

60 : 40

30/

Fleming and Iqbal29 have reported dimers very similar to (61)

in their phenylthioalkylation of phenols.

o)

HO 0
e AT T

(59

CO,Me  coO,Me

(61)

The mixture of lactones (59) and (60) were obtained as a yellow
solid with a broad melting range, presumably due to the isomer mixture

(55-70°C). All attempts to separate the lactones at this stage were
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unsuccessful. The carbonyl stretch for the lactone was at 1800 cm-l

in the ir spectrum while the ester carbonyl stretch was seen at 1727
cm . The isomer ratio was determined by integration of the singlets
in the IB n.m.xr. spectrum for the aryl methyl groups which appeared

at 62.20 (major) and 2.33 (minor), showing a 60:40 ratio. The
assignment of the major isomer as (59) was made by examination of the
pattern in the aromatic region of the spectrum: (59) had an AB

quartet for the two aromatic protons while (60) showed two singlets
which overlapped with the AB quartet at §6.80-7.30. The pattern of
signals showed clearly that the major isomer of the alkylation was (59).

Thus the regioselectivity of the alkylation was disappointingly low

with a-chlorosulphide (49).

As the lactone esters (59) and (60) could not be separated, the

mixture was subjected to the reaction sequence shown in Scheme 12,

The lactone esters (59) and (60) were refluxed for 1 minute in
aqueous sodium hydroxide and then the mixture was stirred for 20h at
room temperature. The hydroxy acids were isolated as a mixture by
careful acidification of the reaction mixture and ether extractionm.
The hydroxy acids (62) and (63) were obtained in 987 yield as aAyellow
solid and were not purified before relactonisation. lﬂ n.m.r.

spectroscopy was employed to ensure complete disappearance of the ester

methyl group in the saponification.

Relactonisation, catalysed by p—toluenesulphonic acid, was carried

out in refluxing ether/dichloromethane. The lactone acids (64) and (65)
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Scheme 12
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were obtained in 967 yield as a yellow solid. Relactonisation was
indicated by the reappearance of the lactone carbonyl stretch in the
ir spectrum at 1801 cm.-1 while the acid carbonyl stretch was at

1705 cm-l. In the 1H n.m.r. spectrum the signals for the aryl methyl
groups overlapped at 62.15 but the signals for the lactone methylene
groups were resolved at 63.58 (minor) and 3.78 (major) showing the

60:40 ratio of isomers (64) and (65), respectively.

Trituration of the mixture with ether gave a pure sample of the
less soluble major isomer (64), but the minor isomer (65) was not
obtained in pure form. On recrystallisation from methanol, lactone
acid (64) formed yellow plates, m.p. 188-191°C. This compound was
quite insoluble dissolving only in highly polar solvents such as
methanol and DMSO. The regiochemistry of the lactone acid (64) was
established with certainty by the AB quartet in the 1H n.m.r. spectrum

at 66.80-7.30 for the aromatic protons.

Returning to the alkylation of phenol ester (43), attempts to
modify the regioselectivity of the alkylation of (43) were made using
the alternate a-chlorosulphide reagents shown in Scheme 11. The chloro
bis sulphide (51) gave very little lactonisation with phenol ester (43).
The chlorooxathiolanone (54) gave the lactone esters (59) and (60) in a
60:40 ratio as before but in only 16% yield, lower than with
a-chlorosulphide (49), probably due to the low reactivity of
a-chlorosulphide (54). However, when the bicyclic a-chlorosulphide
lactone (57) was employed as the electrophile in the alkylation of
phenol ester (43), a notable change in the regiochemistry was observed

with a 90:10 preference for isomer (59). The overall yield for the
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alkylation and desulphurisation process was higher than that obtained
using a-chlorosulphide (49), giving a 397 yield of the lactone ester
mixture. Alkylation of phenol ester (43) with a-chlorosulphide (57)

was carried out by adding a solution of (57) in dichloromethane to the
substrate (43) and zinc chloride, in a nitromethane-dichloromethane
mixture. Reaction was slower than with a-chlorosulphide (49), requiring
10h for complete reaction compared to lh for (49). Product isolation

and desulphurisation were carried out as discussed before.

Thus, although a 60:40 mixture of the lactone esters (59):(60)
was used in the sequence to isolate lactone acid (64), a higher yield
of this product could be obtained by carrying out the alkylation with
o-chlorosulphide (57) instead, as this would have resulted in a 90:10
mixture of (64):(65), from which a greater yield of (64) could have
been isolated, thereby improving the yield of the overall synthetic

sequence.

The problem of regioselectivity of alkylation of phenol ester (43)
was a complex one. Strangely, the predominant isomer of the alkylation,
(59), corresponded to alkylation in the more sterically hindered
position, suggesting that reaction at this position was favoured
electronically. However, it should be recalled that the dimer (61),
which constituted 30Z of the reaction product, corresponded to
alkylation at the less hindered position as in the minor isomer (60).
Essentially, therefore, reaction at the less hindered position was
actually predominant but much of the alkylation at the less hindered
position resulted in dimer formation. Thus'in order to maximise

isolation of lactone ester (60), i.e. the isomer required for synthesis
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of confertin, not only would alkylation at the less hindered position
have to be promoted, but dimer formation would have to be minimised.
However, an alternative route, involving an intramolecular Buchner
cyclisation of an a-diazoketone, to confertin was developed,2 with
the result that isomer (60) was no longer required. Following the
fortuitous discovery of alkylation of (43) with a-chlorosulphide (57)
to give a 90:10 ratio of (59):(60), further attempts to alter the

regioselectivity of the alkylation were therefore unnecessary.

An earlier study in this 1aboratory4’7’21

in which phenol ester
(43) was alkylated with a tertiary a-chlorosulphide (66) had resulted
in regiospecific formation of lactone ester (67) in 70% yield after

desulphurisation (equation 14).

Me 0o

OMe Me  CI ()znci, CHNO, CH,CI,,CCly

HO * wBuS co,Me (i) zn ,CH,COOH, A

43) (69
(14)
Me (o)
OMe
o Me (67) 707

Alkylation with the tertiary a-chlorosulphide was clearly more successful
than with the secondary a-chlorosulphides, which are less electrophilic,
resulting in a higher yield of lactone and with regiospecific product

formation, albeit in the unwanted position to the isomer required for this

study.
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However, when lactone (67) was eventually transformed into
a-diazoketone (68) and decomposed with rhodium(II) trifluoroacetate,
both cyclisation products (69) and (70) were formed in approximately
equal amounts as shown in equation 15. Therefore, although the methyl
group had a beneficial effect on the alkylation reaction, it was
detrimental to the regioselectivity of the intramolecular a-diazoketone

cyclisation in the key step of the sequence.
3.9.3. Preparation of a-diazoketone (35)

Having obtained lactone acid (64) free from its isomer, the next
stage was to transform it to the a-diazoketone (35) as shown in equation

16.
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CH, CH,

COOH (coci), , DMF ci
CHCl, , 0°C
o o
(s4) ()

CH,CHN,

Et,0 .- 29°C
(16)
CH, o
CH,

o N,

(35) 49 /. overall

The acid chloride (71) was prepared by stirring the acid in dichloro-
methane at 0°C with a catalytic amount of N,N-dimethylformamide while
oxalyl chloride (1.05 equivalent) was added. The initially insoluble
acid dissolved as reaction proceeded and the transformation was
generally complete within 90 minutes. The acid chloride (71) proved
very sensitive and all attempts to isolate if resulted in hydrolysis.
It was found most satisfactory to add the acid chloride in the

solution in which it was prepared into a freshly prepared and distilled
solution of diazoethane in ether while stirring at -29°C. The reaction
conditions had to be strictly controlled to obtain the a~diazoketone in
good yields. 4.5-5.0 Equivalents of diazoethane gave the best results.
The concentration of the ethereal diazoethane was maintained at 1M

approximately; at lower concentrations the purity of the a-diazoketone
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obtained decreased considerably. The volume of dichloromethane
present had to be minimised also, as its presence appeared to be
detrimental to diazoketone formation. Generally 0.20g lactone acid
(64) in 2 mls dichloromethane gave satisfactory results. The
catalytic amount of DMF present in the acid chloride solution did not

appear to have a detrimental effect on the diazoethane acylation.

o-Diazoketone (35) was purified by chromatography on silica, with
some loss due to decomposition, and was obtained as a yellow
crystalline solid, m.p. 93-95°C, in 497 overall yield from the acid
(64). It was reasonably stable when stored at 0°C with no apparent
decomposition in 3 days. The a-diazoketone was characterised
spectroscopically by the diazo absorption in the ir spectrum at 2070
crn-1 while the absorptions at 1794 and 1628 cm—1 were assigned to the
lactone and diazoketone carbonyls, respectively. The 1H n.m.r.
spectrum showed a singlet at 61.93 assigned to the diazoketone methyl
group and a singlet at 62.19 for the aryl methyl group. A broad
singlet was seen at 63.53 for the lactone methylene protons. A
distinctive AB quartet was visible at 66.80-7.30 for the aromatic
protons. The 130 n.m.r. also confirmed the identity of the
a-diazoketone; even the singlet for the diazo-carbon, which is

1 .
frequently too weak to detect 1in 3C n.m.r. spectra of non-terminal

o-diazoketones, was visible at 6C 62.44,
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3.9.4. Cyclisation of a-diasoketone (35)

CH, o o CH,
(17)
CH; Rh,(mand),
o N, CH,Cl,, 0°C
CH, 0
(35) (34) >907/

Rhodium(II) (S)-mandelate (1) was found to be an extremely
efficient catalyst for the decomposition of a-diazoketone (35) at 0°c
in dichloromethane to give the cycloheptatrienone (34) as a single
isomer as shown in equation 17. With a freshly prepared batch of
rhodium(II) (S)-mandelate less than 107 of an aromatic impurity was
seen in the reaction product, which was tentatively assigned as the
carbene dimer from the lﬂ n.m.r. spectrum, The cyclisation was carried
out at high dilution to minimise dimer formation, with slow addition of
the a-diazoketone to the reaction mixture to keep the diazoketone
concentration as low as possible throughout the decomposition. T.l.c.
monitoring showed complete disappearance of the a-diazoketone within
1lh and removal of the solvent gave the reaction product, which was a

pale yellow flocculent solid and was characterised spectroscopically.

The ir spectrum of the reaction product had carbonyl stretches at

1803 cm-l for the lactone, 1743 c:m_1 for the cyclopentanone, and 1711

cm ~, a very weak band presumably due to the presence of a small
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concentration of the norcaradiene form of (34). The 1H n.m.r.

spectrum contained a singlet at 60.89 for the bridgehead methyl

group, a singlet at 61.93 for the second methyl group, a broad

singlet at 63.49 for the lactone methylene group, and a multiplet at
62.10-3.00 for the four cyclopentanone methylene protons. An AB
pattern (J = 10.2Hz) for the vinylic protons at 85.14 for the C(8)H
and 66.22 for the C(7)H, confirmed that cyclisation had occurred in

the required direction to give exclusive formation of (34). The
position of the C(8)H signal at 65.14 indicated that very little of the

norcaradiene tautomer was present at room temperature.

ﬁith samples of rhodium(II) (S)-mandelate which had been prepared
several months previously approximately 107 aromatic impurity was
detectable in the cycloheptatrienone product. Similarly when rhodium(II)
trifluoroacetate was employed as the decomposition catalyst at reflux
in dichloromethane, the cycloheptatrienone product contained 10Z

aromatic impurity.

Asymmetric induction in the cyclisation of (35) to (34) was not
investigated, although by comparison with the studies on trienone (11)
it is likely that some degree of enantioselection was present in the
cyclisation. However, the rhodium(II) (S)-mandelate catalysed cyclisa-
tion had been carried out at O°C, therefore the asymmetric induction
obtained may have been lower than that possible in the system with
reaction at reflux. Attempted reduction of (34) with lithium tri-tert-
butoxyaluminohydride resulted only in formation of the tetralone (72)
with the result that the asymmetric induction could not be investigated

by Eu(tfc)3—shifted 1H n.m.r. analysis as with earlier studies.
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CH,

CH,
(72)

The tetralone (72) was characterised spectroscopically and the
spectral details were in agreement with an earlier study.7 The
tetralone was obtained as a yellow solid in 56.3% yield. Carbonyl
stretches were detected in the ir spectrum at 1800 cnrl for the
lactone and 1711 cm-l for the tetralone. In the ln n.m.,r. spectrum
the aryl methyl group appeared as a singlet at 62.29 while the second
methyl group resulted in a doublet at 61.46 (J = 7.8Hz). The lactone
methylene protons were seen as a broad singlet at 63.63 and the
aromatic proton was seen as a distinctive singlet at 66.93, confirming

the identity of the tetralone.
3.9.5. Hydrogenation, reduction, and acetylation of the trienone (34)30

Exhaustive hydrogenation of the crude cycloheptatrienone (34) gave
a single fully saturated isomer (33) as shown in equation 18, thus
completing the synthetic sequence. The cyclopentanone (33) was reduced
and acetylated to give lactone acetate (73) whose structure and relative
stereochemistry were elucidated by IH n.m.r. analysis and by X-ray

crystal structure.4 Transformation of (33) to an unnatural isomer of
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confertin could be achieved by attachment of an a-methylene group

by well established procedures. Thus this constitutes the synthesis

of an unnatural pseudoguaianolide structure.

CH,
° (i) H, 10/Pd/C
° (i) H,, SZRh/AL,0,
CH, 0
(34)

(i)NaBH,
(ii)Ac,0, pyridine

(18)
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CHAPTER 4

OXONIUM YLIDE FORMATION AND REARRANGEMENT



INTRODUCTION

Following the discovery of Roskamp and Johnson1 that in the diazoketone
decomposition illustrated in equation 1, which is believed to proceed

via formation and subsequent rearrangement of an oxonium ylide (Scheme 1),
the diastereoisomeric ratio of the product mixture depended strongly on
the catalyst employed, it was decided to investigate oxonium ylide

generation with some of the chiral rhodium(II) carboxylate catalysts.

OMe
Meo“‘}\)\//Nz catalyst - 20 0
Ph OMe Pﬁ/ “.OMe
ha(OAc)4 3 : 1
Cu(acac), 1 : 6
RhC1(Ph,P) 1 : 10

The strong stereochemical dependence on the catalyst used suggested that
strong catalyst-substrate interactions are present in the transition
state, and thus it was hoped that in a reaction of this nature, use of a
chiral rhodium(II) carboxylate catalyst would result in significant

asymmetric induction.

In contrast, since this work was undertaken, Doyle et al.2 have
reported no change in the diastereoisomeric ratio obtained in the reaction
illustrated in equation 2 on changing the catalyst from rhodium(II) acetate
to rhodium(II) perfluorobutyrate, ha(pfb)a. This reaction is believed to
proceed via oxonium ylide generation and [2,3]-sigmatropic rearrangement

as shown in Scheme 2,
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21 (92%2)
+ cyclopropane products (8%)

(86% yield overall)

Doyle interpreted this result as indicating that the [2,3]-sigmatropic
rearrangement occurs from the free ylide rather than a metal-associated

ylide. If this is the case, asymmetric induction through the use of a

chiral catalyst would be expected to be poor.

The reaction chosen for study was the diazoketone decomposition

reported by Pirrung and Werner3 shown in equation 3.

0 0
[:['Kcu N, Rh(0Ac), (3)
0~~F  CHCl, N

712

This reaction is believed to proceed via oxonium ylide generation

and subsequent [2,3]-sigmatropic rearrangement as illustrated in Scheme 3.
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4,1 Preparation of o-allyloxy-(diazoacetyl)benzene (4)3

The a-diazoketone (4) was prepared as illustrated in Scheme 4,
Salicylic acid was allylated to give the bigs-allylated ester (1) which

was hydrolysed to the allyl ether acid (2).

cooH ~~ B Kkco, Z
@OH Acetone o\~
(1) 665%
NaOH
EtOH- H,0
Y
COOH
cocl - soCl, @
0~\F o
(3) 7154% (2) 843%
CH,N,
V
0
CHN,
0M
(4) 1% Scheme 4
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Conversion of the acid (2) to the a-diazoketone (4) was by the standard
route of acid chloride formation and treatment with excess diazomethane.
The yield of the pure a-diazoketone (4) was low due to decomposition on
silica during purification. Although the crude a-diazoketone was
satisfactory by ir and 1H n.m.r, spectroscopy, it did contain some

highly coloured baseline impurities which poisoned the rhodium(II)
carboxylate catalysts when decomposition was attempted without purification,
Thus despite the tendency of the a-diazoketone to decompose on silica,

purification was necessary.

4,2 Decomposition of a-diazoketone (4)

a-Diazoketone (4) was readily decomposed by rhodium(II) carboxylate
catalysis as a dilute solution in dichloromethane to give 2-allyl-(2H)-
benzofuran-3-one (5) (equation 4). Reaction was rapid even at room
temperature; with each of the catalysts, reaction was complete within

10 minutes.

) [0
CHN Rh,(OCR),

>
2 >

CH,CI, N
0\

(4)

(4) (5) 73.5%
RCOOH = CH3C00H, (S)-mandelic acid, N-benzenesulphonyl-L-proline

However, to maintain uniformity with the earlier diazoketone decompositions,
and since higher asymmetric inductions were obtained at reflux in the
earlier studies, the decomposition of a-diazoketone (4) was carried out

at reflux. Similarly to enable comparison of these studies with earlier
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studies, the decomposition was carried out by slow addition of the
a-diazoketone (100 mg) as a solution in dichloromethane (10 ml) to
refluxing dichloromethane (100 ml) containing the catalyst (0.5 mg),
although such precautions (i.e. slow addition and high dilution) were

not strictly necessary with this a-diazoketone as neither dimer formation

nor any other side-reactions were significant. -

The product was readily purified by chromatography on silica and
identified by spectroscopy. Its ir spectrum showed bands at 1710 and
1608 c,m--1 for the carbonyl group and double bond respectively. The most
characteristic feature of the 1H n.m.r. spectrum was a pair of doublets
at 6 4.57 sz- 4,21z, J2= 7.2Hz) assigned to the C(2)H. However, despite
many attempts accurate elemental analysis was not obtained though the

compound was believed to be pure.

4,3 Asymmetric induction in decomposition of a-diazoketone (4)

This investigation proved difficult due to the sensitivity of the
benzofuranone (5). As expected, the product obtained by rhodium(II)
acetate catalysed decomposition was optically inactive. However, when
the chiral catalysts, i.e. those derived from (S)-mandelic acid (1) and
N-benzenesulphonyl-L-proline (4), were used, the crude product of the
reaction displayed considerable optical activity, while after purification
by chromatography on silica the benzofuranone (5) was essentially optically

inactive in each case (Table 4.1).

This observation is believed to be the result of racemisation on
silica due to a keto-enol equilibrium on the surface of the silica

(equation 5).
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Table 4.1 : Effect of catalyst on the decomposition of o-allyloxy-

(a—diazoacetyl)-benzene (4)

[algo (crude)* [a]go (after chromatography)
Catalyst o o
(C’CH2012) (C,CHZCIZ)
ha(OAc)4 - -
1 +3.1 (8-9) <1 (6.3)
4 -14.2 (10-12) <1 (8.0)
*

Average of several reactions

OH
(5)

1

Because of this racemisation process on silica, purification on
neutral alumina was attempted but resulted in complete decomposition to
give a strongly coloured yellow product which could not be eluted from
alumina even with methanol. Attempts at crystallisation were also

unsuccessful.
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Thus since pure samples of benzofuranone (5) could not be
obtained without racemisation, optical rotation data could not be
strictly compared for the different catalysts, as the crude products
contained optically active catalyst residues. However, there did
appear to be a significant difference in the asymmetric induction
obtained depending on the catalyst employed (Table 4.1). The specific
rotations reported are the average of a number of reactions.
Rhodium(II) mandelate catalysis gave a specific rotation for the
crude product of [a]éo +3.1 (c 8-9 in CHZCIZ) while rhodium(II)
N-benzenesulphonyl-L-prolinate gave [algo -14.2 (c 10-12 in CHZCIZ)-
Unfortunately the specific rotations of the catalysts themselves could
not be measured as in solution they are too strongly coloured to allow
passage of light. Thus an estimation of the contribution of the

catalyst residue to the optical rotation measured could not be made.

The prolinate catalyst (4) appears to be much more efficient in
inducing asymmetry in the decomposition than the mandelate (1).
Interestingly, the direction of the asymmetry is opposite for the two
catalysts., These features indicate that the catalyst-substrate inter-
actions are significant in the transition state and that even though
a-diazoketone (4) does not appear to be suitable for an asymmetric
induction study, further investigation of asymmetric induction in oxonium

ylide type decomposition of a-diazoketones may prove successful.

Attempts to discover the enantiomeric excess present in the benzo-
furanone (5) were unsuccessful. Addition of Eu(tfc)3 as a chiral shift
reagent resulted in a downfield shift of the signal at 6§ 4.57 into the

broad signal for the allyl group protons. Since this pair of doublets
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was the only characteristic signal in the spectrum which could be
expected to give information on the Z e.e. present, chiral shift 1H

n.m.r, investigation was not suitable with this compound.

4,4 Reduction of benzofuranone (5)

H LiAIH(0¢-Bu), H ®)

/
w

&) (6)

Successful reduction was carried out with lithium
tri-tert-butoxyaluminohydride as reducing agent (equation 6). The 13C
n.m.r, spectrum of the alcohol produced showed it to be a pair of
diastereoisomers in an approximately 60:40 ratio, as indicated by the
pairs of signals observed in the n.m.r. spectrum. The 13 n.m.r. of
the alcohol mixture was complex and not suitabie for chiral shift study

as each of the protons appeared as a multiplet. Thus the enantiomeric

excess could not be estimated in the alcohol either.

However, the racemisation route on silica was now no longer possible

as enolisation was not possible in (6). Thus when an optically

active sample of the benzofuranone (5), [a]go -10.5 (c 12.9 in CH2C12)’
(derived from a reaction catalysed by rhodium(II) N-benzenesulphonyl-L-
prolinate) was reduced, chromatography on silica gave a pure sample of

the alcohol mixture (6) which was measurably optically active with
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[algo -3.5 (¢ 3.6 in CH2C12), confirming that asymmetric induction

had occurred in the diazoketone decomposition although still giving no

indication of the degree of induction obtained.

4.5 Conclusion

There appears to be asymmetric induction in the diazoketone
decomposition via oxonium ylide formation and rearrangement catalysed

by chiral rhodium(II) carboxylates, and this induction appears to be

strongly dependent on the catalyst employed. However, the system studied

does not appear to have been a suitable choice. Despite this the results

obtained are sufficiently promising to indicate that another study

should be undertaken.
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CHAPTER 5

EXPERIMENTAL



General Experimental

Solvents were dried by standard procedures according to A.I. Vogel,
'A Textbook of Practical Organic Chemistry', Pergamon Press, 1966. The

drying agent used throughout this work was anhydrous sodium sulphate.

Silica gel PF254 was used in both column chromatography and
preparative thin layer chromatography. Radial chromatography was
performed on a chromatotron (model 7924, Harrison Research) on silica
gel PF254 (with CaSOa.QHZO, type 60 t.l.c. grade). Thin layer

chromatography (t.l.c.) was carried out on Riedel-de-Haén DC cards SiF.

Melting points were determined on a Reichert microscope hot stage
melting point apparatus and are uncorrected. Elemental analyses were
performed by the Microanalysis Laboratory, University College Cork using
a Perkin-Elmer 240 elemental analyser. Infrared (ir) spectra were
recorded, as KBr discs (solids) or thin films (liquids) on sodium chloride

windows, on a Perkin-Elmer 682 infra-red spectrometer.

1H n.m.r. spectra were recorded on a Hitachi Perkin-Elmer R-20A

60MHz n.m.r. spectrometer and a Jeol PMX-60-SI n.m.r. spectrometer in
deuteriochloroform (CDCI3) as solvent, unless otherwise stated, and
tetramethylsilane (TMS) as internal standard. Chemical shifts are
expressed in parts per million (ppm), positive shifts being downfield
from TMS. 270MHz IH n.m.r. spectra were recorded in University College

Cork on a Jeol JNM-GSX-270 n.m.r. spectrometer and by the University
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College Galway N.M.R. service on a Jeol GX n.m.r. spectrometer. 13C
n.m.r. spectra were recorded at 15 MHz on a Jeol JNM-FX60 Fourier
transform spectrometer at 24°C. The chiral shift reagent used was

tris[3-(trifluoromethylhydroxymethylene)-d-camphoratoleuropium(I1I)

derivative, Eu(tfc)3.

Optical rotations were obtained on a Perkin-Elmer 141 polarimeter

in a 10 cm cell at 589 nm.

The experimental procedures for Chapter 2 are given in 5.1,

Chapter 3 in 5.2, and Chapter 4 in 5.3.
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5.1 C-H INSERTION REACTIONS
1(1-Hydroxycyclopentyllacetic acid ethyl ester (5)1

Zinc dust was freshly activated by stirring in 5% hydrochloric
acid for 5 min, filtered, washed copiously with water, alcohol, and
ether, and dried. Zinc dust (15.6g, 0.239 mol) in benzene (20 ml)
was stirred under nitrogen while a portion (10Z) of a solution of
cyclopentanone (20g, 0.238 mol) and ethyl bromoacetate (42.16g, 0.252 mol)
in benzene (150 ml) was added. A crystal of iodine was added and the
reaction mixture was heated to reflux giving a sudden exotherm. External
heat was removed and the remaining solution was added dropwise, after
which the mixture was refluxed for 2h, then cooled. Dilute sulphuric
acid (250 ml) was added cautiously. The layers were separated and the
aqueous phase was washed with ether (2 x 50 ml). The combined organic
extracts were dried and evaporated at reduced pressure to yield the
alcohol (5) (41.41g, quantitative crude yield) as a red-brown oil which
was dehydrated without purification; Voax (film) 3505(0H) and 1734 cm.-1
(Cco); GH(CDC13) 1.26(34, t, J = 7.2Hz, CH3), 1.30-2.50(8H, m, 4 x CHZ)’
2.58(2H, s, cazcozzc), 4,11(24, q, J = 7.2Hz, OCHZ), and 4.46(1H, brs,
OH) .

Dehydration of 1(1-hydroxycyclopentyl)acetic acid ethyl ester (5)

Cyclopentanol (5) (3g, 0.017 mol) in benzene (100 ml) containing a
few drops of conc. sulphuric acid was refluxed for 7h while stirring under
nitrogen. Water was removed from the reaction by azeotropic distillation
using a Dean-Stark apparatus. The cooled solution was washed with water

(2 x 50 ml), dried, and evaporated at reduced pressure to yield the
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unsaturated esters (6a) and (6b) (2.60g, 97.0Z crude yield) as a brown
0il which was hydrogenated without purification; vmax(film) 1731(8,yv-

unsaturated ester), 1709(a,B-unsaturated ester), and 1636 cm.-1

(C=C);
6H(CDC13) 1.00-1.40(3H, 2 overlapping t, OCHZCH3), 1.30-3.00(8H, m,

4 x CHZ)’ 3.06(1H, brs, CH2C0 of B,y-unsaturated ester), 3.73(0.5H, s,
a-H of a,B-unsaturated ester), 3.90-4.40(2H, 2 overlapping q, OCHZCH3),

and 5.50-5.70(0.5H, m, Y-H of B,y-unsaturated ester).
Ethyl cyclopentylacetate (7)2

The regioisomeric ester mixture (6a) and (6b) (2.0g, 0.013 mol) in
ethanol (100 ml) was hydrogenated over palladium on charcoal (10Z; 0.10g)
under hydrogen (32 p.s.i.) for 15h. A second catalyst addition (0.10g)
was made and hydrogenation (40 p.s.i.) was continued for 7h. The reaction
mixture was filtered through celite and evaporated at reduced pressure to
yield an oil which was purified by Kugelrohr distillation (oven temp. 85°¢
@ 10 mmHg) to give the ester (7) (1.63g, 80.5% yield) asba colourless
oil; “max(film) 1732 cm-1 (co); 6H(CDC13) 0.80-2.10(12H, m, 4 x CH2 and
CH of ring, OCH,CH, t visible at 1.25 with J = 7.2Hz), 2.28(2H, brs,

273

CHZCO), and 4.09(2H, q, J = 7.2Hz, OCH CH3).

2

Ethyl valerate (2)3

The ester was prepared by esterification of commercially available

3

valeric acid and purified by distillation at 144-145°C (1it.,” b.p. 143-

146° ¢).
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Methyl pent-4-enoate 647)4

Pent-4-enoic acid (46)5 (1.70g, 0.017 mol) in ether (10 ml) was
added dropwise over 10 min to a stirred solution of freshly prepared
diazomethane6 (2.14g, 0.051 mol) in ether (100 ml) at 0°C under nitrogen.
Stirring was continued for 19h while the reaction mixture was allowed to
return slowly to room temperature. Evaporation of the solvent at
reduced pressure furnished the ester (47) (1.87g, 96.5% yield) as an
0il; v, (film) 1732 (CO) and 1637 em = (C=C); &,(CDCL,) 2.36,2.41(4H,
g‘fAbrs, 2 x GHZ), 3.66(3H, s, CH3), and 4.90-6.10(3H, m, CH-CHZ). The

spectral data are in agreement with literature values.4
Methyl phenyl sulphone (8)

Methyl phenyl sulphone7 was prepared by oxidation of thioanisole
with H202 in acetic acid. The product was isolated as a white crystalline

solid m.p. 85-88°C (1lit.,’ m.p. 86-88°C).
Dimethyl sulphone (9)

Dimethyl sulphone8 was prepared by oxidation of dimethyl sulphoxide
with potassium permanganate. Crystallisation of the crude product gave

a white crystalline solid m.p. 110-111°C (lit.,8 102-109°C).
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Preparation of B-keto sulghones9

1-Benazenesulphony thexan—2-one (10)10

Sodium hydride (7.325g, 0.305 mol) was washed clean of mineral oil
with hexane (4 x 50 ml) under nitrogen. A solution of methyl phenyl
sulphone (45.439g, 0.291 mol) in dry DMSO (135 ml) was added slowly
while stirring under nitrogen. The reaction mixture was heated to
70-75°C until all the sodium hydride had dissolved and hydrogen evolution
had ceased, giving a cloudy yellow solution of the sulphonyl anion
(approx. 30 min). The reaction mixture was cooled to room temperature,
dry THF (135 ml) was added, then cooled to 0°C and a solution of ethyl
valerate (18.93g, 0.145 mol) in THF (20 ml) was added dropwise over 10
min. Stirring was continued for 90 min at room temperature, then the
reaction mixture was poured on to ice-water (400 ml), acidified to pH 1
with dilute hydrochloric acid, extracted with dichloromethane (4 x 100 ml),
and dried. Evaporation at reduced pressure gave the crude product
containing equimolar quantities of l-benzenesulphonylhexan-2-one and
methyl phenyl sulphone. Purification by chromatography on silica using
gradient ethyl acetate-hexane as eluant gave i-benzenesulphonyihexan-2-
one (10) (27.43g, 78.52) as a clear colourless oil (Found: C, 60.35;
H, 6.95; §, 13.50. C12H1603S requires C, 59.97; H, 6.71; S, 13.341);
v ., (film) 1717 (CO), 1320, and 1160 cm = (~50,-); &,(CDCL,) 0.60-1.70
(74, m, CH3CHZCH2), 2.64(2H, brt, CHZCO), 4.16(2H, s, CHZSOZ), and 7.30-
8.00(5H, m, Ar-H); GC(CDCI3) 13.77(q, CHB)’ 21.90(t, CH3CH2), 25.14(t,
CH3CHZCB2), 44,12(t, CHZCO), 66.66(t, CHZSOZ)’ 128.26(d), 129.36(d),
134.30(d), 138.91(s), (Ar), and 198.36(s, C0).
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1-Methanesulphony Thexan—2-one (11)

This was obtained using the procedure described for l-benzenesulphonyl-
hexan-2-one from sodium hydride (1.08g, 0.045 mol), dimethyl sulphone
(4.23g, 0.045 mol) in DMSO (25 ml), THF (25 ml), and ethyl valerate (2.93g,
0.023 mol) in THF (10 ml). Purification by chromatography on silica with
gradient ethyl acetate-hexane as eluant gave l-methanesulphonylhexan-2-
one (11) (2.22g, 55.32 yield) as a clear colourless oil (Found: C, 47.23;
H, 7.75; S, 18.55. C7H1403S requires C, 47.17; H, 7.92; S, 17.997);
Vpay(£ilm) 1715 (CO), 1305, and 1143 em = (-50,-); 6,(CDCL,) 0.70-1.80
(74, m, CH3CH2CHZ), 2.48(2H, brt, CHZCO), 2.89(3H, s, CH3SOZ), and 3.91(2H,
CH,CH,),

3772772
, and 199.92(s, CO).

8, CHZSOZ); 6C(CDC13) 13.77(q, CH3), 21.96(t, CH3CH2), 25.01(t, CH

41.58(q, CH3SOZ), 44.51(t, CHZCO), 64.39(t, CHZSOZ)

1-Benzenesulphonyl—-5-pheny lpentan—~2-one (12)

This was obtained using the procedure described for l-benzenesulphonyl-
hexan-2-one from sodium hydride (3.92g, 0.163 mol), methyl phenyl sulphone
(25.50g, 0.163 mol) in DMSO (150 ml), THF (70 ml), and ethyl 4-phenyl-
butanoaté (4)11 (15.00g, 0.080 mol) in THF (70 ml). Recrystallisation
from ethanol gave l-benzenesulphonyl-5-phenylpentan—-2-one (12) (7.23g,
30% yield) as a white crystailine solid, m.p. 80-83°¢ (Found: C, 67.62;
H, 6.23; S, 10.69. CI7H1803S requires C, 67.52; H, 6.00; S, 10.62%7);
vmax(KBr) 1709 (co), 1313, 1303, and 1144 <:m"1 (—802-); 6H(CDCI3) 1.70-
2.00(2H, sym m, —CHZCHZCHZ), 2.30-2.80(4H, 2 overlapping t, -CHZCHZCHZ),
4.09(2H, s, CHZSOZ)’ and 7.00-8.00(10H, m, 2 x Ph); 6C(CD013) 24,50(t),
34.50(t), 43.47(t), (3 x CHZ), 66.47(t, CHZSOZ)’ 125.98(d), 128.13(d),
128.39(d), 129.30(d), 134.17(d), 138.78(s), 141.19(s), (2 x Ph), and

197.97(s, CO).
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1-Benzenesulphonyl-3-cyclopenty lpropan-2-one (13)

This was obtained using the procedure described for l-benzenesulphonyl-
hexan-2-one from sodium hydride (0.33 g, 0.014 mol), methyl phenyl
sulphone (2.00g, 0.013 mol) in DMSO (10 ml), THF (10 ml), and ethyl
cyclopentylacetate (7) (1.00g, 0.006 mol) in THF (3 ml). Purification
by chromatography on silica with gradient ethyl acetate—hexane as eluant
gave l-benzenesulphonyl-3-cyclopentylpropan-2-one (13) (0.51g, 30%
yield) as a white crystalline solid, m.p. 65-69°C (Found: C, 63.49;

H, 7.09; S, 12.28. CI4H18038 requires C, 63.13; H, 6.81; S, 12.04%);
v, (KBr) 1709 (CO), 1303, and 1140 em & (-50,-); 6,(CDCL,) 1.00-2.30(9H,
brm, cyclopentyl), 2.62(2H, d, J = 6Hz, CHZCO), 4.15(24, s, CHZSOZ)’

and 7.40-8.00(5H, m, Ar-H); GC(CDC13) 24,.88(t), 32.36(t), (2 x CHZ of
cyclopentyl ring), 34.83(d, CH), 50.68(t, CHZCO), 66.86(t, CHZSOZ)’

128.32(d), 129.36(d), 134.30(d), 138.78(s), (Ar), and 198.04(s, CO).

1-Benzengsulphony lhex-5-en-2-ona (48)

This was obtained using the procedure described for l-benzenesulphonyl-
hexan-2-one from sodium hydride (0.77g, 0.032 mol), methyl phenyl sulphone
(5.00g, 0.032 mol), in DMSO (30 ml), THF (30 ml), and methyl pent—é4-encate
(47) (1.50g, 0.013 mol) in THF (10 ml). Purification by chromatography on
silica with gradient ethyl acetate-hexane as eluant gave l-benzenesulphonyl-
hex-5-en-2-one (48) (1.75g, 57.0% yield) as a clear oil (Found: C, 60.28;
H, 5.94; s, 13.73. 012314038 requires C, 60.48; H, 5.92; 8, 13.457);
Vpay (Eilm) 1719 (CO), 1640 (C=C), 1323, and 1147 cm & (-50,-);
6,(CDC1,) 2.00-2.50(2H, m, CH,CH=CH,), 2.60-3.10(2H, m, CH,CO), 4.14(2H,

s, Cstoz), 4.70-5.20(2H, m, CHZ'), 5.40-6.10(1H, m, CH=), and 7.20-8.00(5H,
m, Ar-H); 6c(CDCI3) 27.03(t), 43.34(t), (CHZCHZ)’ 66.60(t, CHZSOZ),
115.72(t, CHZ-), 127.41(d), 129.36(d), 134.30(d), 136.25(d), 138.85(s),

(Ar and CH=), and 197.45(s, CO).
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Diazo Transfer12

1-Benzenesulphonyl-1-diazchexan—2-one (14)10

1-Benzenesulphonylhexan—-2-one (10) (2.00g, 0.08 mol) in ethanol
(10 ml) was stirred at 0°C under nitrogen while triethylamine (0.84g,
0.008 mol) followed by tosyl azidel> (1.64g, 0.008 mol) were added. .
The reaction mixture was stirred for 2h and then concentrated at
reduced pressure. The residue was dissolved in dichloromethane (10 ml)
and washed with aqueous potassium hydroxide (0.51g, 0.009 mol, in 10 ml
water). The organic layer was dried, filtered, and evaporated at
reduced pressure to give the crude product. Purification by flash
chromatography on silica with dichloromethane as eluant gave
1-benzenesulphonyl-1-diazohexan-2-one (14) (2.09g, 94.4% yield) as a

10 35_37%)  (Found:

yellow crystalline solid, m.p. 26-29°C (1it.,
C, 54.28; H, 5.50; N, 9.52; S, 11.75. C12“14N2°3s requires

C, 54.12; H, 5.59; N, 10.52; S, 12.04%); ymax(film) 2119(CN2),
1666(C0), 1309, and 1162 cm © (-50,-); 6,(CDCL,) 0.50-1.70(7H, m,
CH3CH2CH2), 2.40-2,.70(24, m, CHZCO), and 7.20-8.00(5H, m, ArH);
8o(CDC1,) 13.71(q, CH,), 22.03(t, CH,CH,), 25.73(t, CH,CH,CH,), 38.85(t,
CH,C0), 84.79(s, CN,), 127.48(d), 129.56(d), 134.30(d), 142.03(s), (Ar),

and 188.35(s, CO).
1-Methanesulphonyl-1-diazohexan~2-one (15)

This was obtained using the procedure described for l-benzenesulphonyl-
1-diazohexan-2-one from l-methanesulphonylhexan—-2-one (11) (2.02g,
0.011 mol), triethylamine (1.15g, 0.011 mol), and tosyl azide (2.23g,

0.011 mol) in ethanol (10 ml), as a pale yellow oil (2.12g, 91.5% yield)
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(Found: C, 41.34; H, 5.95; N, 13.47; S, 16.13, C7H12N203S requires

c, 41.16; H, 5.92; N, 13.72; S, 15.702); v__ (film) 2110(CN,),
1658(C0), 1325, 1177, and 1140 cmfl(-soz-); 6,(CDC1,) 0.80-1,90(7H,

m, CH CHZCHz)’ 2.62(2H, t, CHch), and 3.31(3H, s, CH3802); 6C(CDC1

3 )

13.77(q, CH3CH2), 22,09(t, CH3CH2), 25.79(t, CH CHZCHZ)’ 38.98(t,

3
CHZCO), 45.29(q, CH3802), and 188.94(s, C0). Diazo carbon not seen.

1-Benzenesulphonyl—-1-diazo—5-phenylpentan—2~one (16)

This was obtained using the procedure described for l-benzenesulphonyl-
1-diazohexan—-2-one from l-benzenesulphonyl-5-phenylpentan-2-one (12)
(0.99g, 0.003 mol), triethylamine (0.33g, 0.003 mol), and tosyl azide
(0.645g, 0.003 mol) in ethanol (15 ml), as a yellow crystalline solid
(1.00g, 93.3% yield), m.p. 75-83°C (decomp.) (Found: C, 61.91;

H, 5.14; N, 8.36; S, 10.04, C17316N2038 requires C, 62.17; H, 4.91;
N, 8.53; S, 9.772); v__ (KBr) 2115(CN,), 1673(C0),.1323, and 1153 cm |

(-50,-); 65(CDC1,) 1.50-2.00(2H, m, CH,CH,CH,), 2,20-2,70(4H, m,

2

cazcuzcuz), and 6.90-8.00(10H, m, 2 x Ph); 6c(cnc13) 25.01(t), 34.70(t),
38.27(t), (3 x CH,), 126.11, 127.28, 128.45, 129.49, 134.17 (5 x d, Ar),

140.93(s), 142.03(s), (Ar), and 188.17(s, CO). Diazo carbon not seen.
1-Benzenesulphonyl-l1-diazo-3—cyclopentylpropan~2-one ( 1‘7)1 0

This was obtained using the procedure described for 1-benzenesulphonyl-
1-diazohexan=2-one from l-benzenesulphonyl=3-cyclopentylpropan-2-one
(13) (0.47g, 0.002 mol), triethylamine (0.18g, 0.002 mol), and tosyl
azide (0.348g, 0.002 mol) in ethanol (30 ml), as a yellow oil (0.394g,
76 .4% yield) (Found: C, 57.91; H, 5.49; N, 9.30; S, 11.33.

Cl4u16N2°3s requires C, 57.52; H, 5.52; N, 9.58; S, 10.97%);
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. -1
v, (£ilm) 2105(CN,), 1658(C0), 1335, and 1150 cm = (-50,-); &, (CDC1,)
0.80-2.20(94, m, cyclopentyl), 2.45-2.55(2H, brd, CHZCO), and 7.50-8.10
(54, m, Ar-H); 6C(CDC13) 24.88(t), 32.42(t), 35.61(d), (cyclopentyl),
45,16(t, CHZCO), 127.41(d), 129.49(d), 134.17(d), 142.33(s), (Ar), and

188.29(s, C0). Diazo carbon not seen.
. 10
1-Benzenesulphonyl-1-diazohex—5-en-2-one (49)

This was obtained using the procedure described for l-benzenesulphonyl-
l1-diazohexan-2-one from l-benzenesulphonylhex-5-en-2-one (48) (l.44g,
0.006 mol), triethylamine (0.611g, 0.006 mol), and tosyl azide (1.19g,

0.006 mol) in ethanol (10 ml), as a yellow oil (1.20g, 75.0% yield)
(Found: C, 54.48; H, 4.85; N, 10.40; S, 12.44. 012H12N203S requires
C, 54.53; H, 4.58; N, 10.60; S, 12.13%); v__ (film) 2108(CN,),
1663(CO and C=C), 1333, and 1152 em = (-50,-); 6,(CDC1;) 2.20-3.00(4H,
m, 2 x CHZ)’ 4,80-5.30(2H, m, CHZ-), 5.50-6.30(1H, m, =CH), and 7.40-
8.30(5H, m, Ar-H); GC(CDCI3) 27.55(t), 38.27(t), (2 x CHZ), 115.91(t,
CHZ-), 127.35(d), 129.56(d), 134,24(d), 136.06(d), 142.10(s), (Ar and

CH=), and 187.65(s, C0). Diazo carbon not seen.
Methyl 2-diazo-3-oxoheptanoate (38)

This was obtained using the procedure described for 1l-benzenesulphonyl-
1-diazohexan~2-one from methyl 3-oxoheptanoate (37)14 (1.00g, 0.006 mol),
triethylamine (0.64g, 0.006 mol), and tosyl azide (1.25g, 0.006 mol) in
ethanol (10 ml), as a yellow oil (1.16g, quantitative yield) (Found:

Cc, 52.62; H, 6.56; N, 14,72, CSHIZNZO3 requires C, 52.17; H, 6.57;
N, 15.202); v___(£ilm) 2125(CN,), 1718(CO ester), and 1650 cm = (CO

ketone) ; 6H(CDCI3) 0.80-1.80(7H, m, CH,CH,CH,), 2.82(2H, t, CH,C0), and
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3.84(3H, s, ocy3); 6C(CDCI3) 13.90(q, cn3cnz), 22.42(t, cn3cn2),
26.57(t, cu3cuzcn2), 40.02(t, CHZCO), 52.24(q, ocu3), 167.57(s, CO

ester), and 198.75(s, CO ketone). Diazo carbon not seen.
Bornyl 2-diazo-3-oxoheptanoate (42)

This was obtained using the procedure described for l-benzenesulphonyl-
1-diazohexan-2-one from bornyl 3-oxoheptanoate (41)15 (1.68g, 0.006
mol), triethylamine (0.67g, 0.007 mol), and tosyl azide (1.31g, 0.007 mol)
in ethanol (10 ml), as a yellow oil (1.84g, quantitative yield),
[ulgo -14,73° (¢ 11.3 in CHZCIZ); (Found: C, 66.80; H, 8.65;
N, 8.69. C17H26N203 requires C, 66.34; H, 8.55; N,'9.142); vmax(film)
2124(CN,), 1710(CO ester), and 1657 cm ! (CO ketone); &,(CDC1,) 0.80-
2,60(23H, m, contains singlets at 0.87 and 0.91 for bornyl 033 groups),
2.84(2H, t, J = 8Hz, CH,CO), and 4.80-5.20(1H, m, CHOCO); &,(CDCL,)
13.58, 13.90, 18.84, 19.75, 22.42, 26.51, 27,22, 28,07, 36.97, 40.02,
44,96, 47,95, 48.99, 81.48(d, CHOCO), 161.66(s, CO ester), and 192,84(s,

CO ketone). Diazo carbon not seen.
3-Diazo-23,4-octanedione (44)

This was obtained using the procedure described for l1-benzenesulphonyl-
1-diazohexan“2~-one from 2,4-octanedione16 (2.00g, 0.01b>mol). triethylamine
(1.42g, 0.014 mol), and tosyl azide (2.77g , 0.014 mol) in ethanol (8 ml)
as a yellow oil (2.37g, quantitative yield) (Found: C, 57.20; H, 7.11;
N, 16.47. CSH12N202 requires C, 57.14; H, 7.14; N, 16.67%Z);

v (£ilm) 2111 (CN,) and 1758 em '(CO); &,(CDC1,) 0.80-1.90(7H, m,
CIIZCHZCH3), 2.40(31, s, CH3C0), and 2.73(28, t, J = 7,2Hz, CHZCH2CO); 6C
(CDCl3) 13.90(q, CHSCHZ)’ 22,35(t, CH3CH2), 26.25(t, CH3CBZCHZ), 28.59(q,CH3CO),

40.35(t, CHZCO), 188,49, and 191.09(2 x 8, 2 x CO). Diazo carben not seen,
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Intramolecular a—-Diazoketone Reactions

2-Benzenesulphonyl~3-methyleyclopentanone (27)17

1-Benzenesulphonyl-l-diazochexan~2-one (14) (0.10g, 3.76 x 10‘4 mol)

in dichloromethane (20 ml) was added dropwise over 20 min to refluxing
dichloromethane (200 ml) containing the catalyst (0.5 mg approx.) while
stirring under nitrogen. A second catalyst addition was made halfway
through the diazoketone addition. Diazoketone decomposition was
monitored by t.l.c. and was usually complete within 2h at reflux.
Evaporation of the solvent at reduced pressure gave the crude product
in quantitative yield. 1H n.m.r. spectra were obtained at this stage
to determine the diastereoisomeric ratio, which depended on the catalyst
and reaction conditions. The crude product was dissolved in
dichloromethane (20 ml), extracted rapidly into sodium hydroxide

(IN; 3 x 10 ml), followed by immediate neutralisation with saturated
ammonium chloride. The product was extracted into dichloromethane

and dried. Evaporation of the solvent at reduced pressure gave the
cyclopentanone (27) (0.078g, 87Z yield) as a white crystalline solid,

17

m.p. 124-126°C (from ether) (lit., / 124-125°C) (Found: C, 60.78;

H, 5.87; s, 13.05. C S requires C, 60.48; H, 5.92; S, 13.46%);

1211403
—1 .
vmax(KBr) 1738 (CO), 1297, and 1140 cm ~ ( 802 ); 6H(CDCI3) 1.27(3H,

d, J = 7.2Hz, CH3), 1.00-1,90(1H, m, one of CHZCH Cc0), 2.00-2.60(3H, m,

2

CHZCO) and one of CH CHZCO), 2,60-3.20(1H, m, CHCH3), 3.32(14, d,

2
J = 7.8Hz, CHSOZ), and 7.40-8.00(5H, m, Ar-A). The crude product gave
signals at 6H(CDC13) 1.52(d, J = 6.6Hz, CH3) and 3.80(d, J = 8.4Hz,

CHSOZ) indicating the presence of the second diastereoisomer. The ratio
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was dependent on catalyst and reaction conditions; 6C(CDC13)
20.73(q, C’H3), 28.78(t, C'HZCHZCO), 33.53(d, CHCHB), 38.98(t, CHZCO),
75.89(d, CHSOZ), 129.17(d), 134.17(d), 138.26(s), (Ar), and 206.94(s,
C0). Effects of catalyst, temperature, and solvent on the diastereo-
isomeric ratio of the crude product and the specific rotation of the
pure material are shown in Tables 5.2, 5.6, and 5.7. A list of the

catalysts used is given in Table 5.1.

Loss of cyclopentanone was observed due to decomposition in base;
therefore the extraction time was minimised. The overall reaction
yield was therefore more dependent on the extraction conditions than

on the catalyst efficiency.

The optical activity of 2-benzenesulphonyl-3-methyl-
cyclopentanone (27) was enhanced by careful recrystallisation from
ether to give racemic crystals while the mother liquor when concentrated
gave (27) with increased specific rotation compared to the material
before recrystallisation. By repeated recrystallisation the specific
rotation of a sample of (27) was increased from [cn]lz)0 -13.0° c 16.9
in CHZCIZ) to -62.0° (¢ 10.4 in CH2C12). As-the optical purity of the
sample increased, the crystals obtained were no longer racemic but had
diminished optical activity while the specific rotation of the mother
liquor was enhanced accordingly. Also at high optical purities (27)
was sticky and difficult to crystallise. These factors made further

enhancement of optical activity very difficult.
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2-Methanesulphonyl-3-methyleyelopentanone (28)

The procedure described for 2-benzenesulphonyl-3-methyl-
cyclopentanone (27) was used with l-methanesulphonyl-1l-diazohexan-
2-one (15) (0.10g, 4.90 x 10_4 mol) to give cyclopentanone (28)

(0.056g, 65.47% yield) as a white crystalline solid, m.p. 52-54°¢ (Found:
C, 48.27; H, 6.88; S, 17.83. 7 12038 requires C, 47.71; H, 6.86;

S, 18.197); vmax(KBr) 1738 (CO), 1293, and 1120 cm (-802-);
6H(CDCI3) 1.34(3H, d, J = 6.6Hz, CH3CH), 1.20-1.80(1H, m, 1 of

CHZCH co), 2.00-2.70(3H, m, CH200 and 1 of CHZCH co), 3.12(3H, s,

SO cH ), and 3.19(1H, 4, J = 6.0Hz, CHSO CH3) The crude product gave
signals at 6H(CDC13) 1.41(d, J = 6.6Hz, CH3CH), 3.04(s, CH SO0 ), and
3.70(d, J = 8.3Hz, CHSOZ) indicating the presence of the second
diastereoisomer; & (CDCl3) 20.92(q, CHCH ), 29.04(t, CH CHZ)’
32.03(q, SO CHB)’ 39.04(t, CH CO) 40.87(d, CHCH ), 74.20(d, CHSOZ)
and 208.50(s, CO). Table 5.3 shows the effects of catalyst and

temperature on the reaction.
2-Benaenesulphonyl-3-phenyleyclopentanone (29)

The procedure described for 2-benzenesulphonyl-3-methyl-
cyclopentanone (27) was used with l-benzenesulphonyl-1-diazo-5-phenyl-
pentan—-2-one (16) (0.10g, 3.05 x 10_4 mol) to give cyclopentanone (29)
(0.071g, 77.6% yield) as a white crystalline solid, m.p. 91-95°¢C (from

ether) (Found: C, 67.85; H, 5.22; S, 10.63. C S requires

1791693
C, 67.98; H, 5.37; S, 10.67%); v__(KBr) 1743 (C0), 1305, and 1148
1 (-50,-); 6,(CDCL,) 2.10-2.70(4H, m, 2 x CH,), 3.80-4.20(2H, m,

CHPh and CHSOZ), and 6.90-8.00(10H, m, 2 x Ph); 6C(CDCI3) 29.56(t,
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CHZCHch), 39.24(t, CHZCO), 43.73(d, CHPh), 75.43(d, CHSOZ),
126.89(d), 127.28(d), 129.97(d), 134.11(d), 137.94(s), 141.64(s),
(Ar), and 206.22(C0). Table 5.4 shows the effect of catalyst on the

reaction.

2-Benzenesulphonylbicyelo(3.3.0]octan-3-one (30) 17

The procedure described for 2-benzenesulphonyl-3-methyl-
cyclopentanone (27 ) was used with 1-benzenesulphonyl-l-diazo-3-
cyclopentylpropan—-2-one (17) (0.10g, 3.42 x 10-4 mol) to give
cyclopentanone (30) (0.083g, 92.1% yield) as a white crystalline solid,

17

m.p. 100-103°C (from ether; lit., 104-105°C)  (Found: C, 63.47;

H, 6.26; S, 12.13. C14H1603S requires C, 63.61; H, 6.10; S, 11.712);

v, (KBr) 1737 (C0), 1303, and 1144 em = (-50,-); &y (CDC1,, 270MHz)
1.29, 1.48(2 x 1H, 2 x m, C(7)H2), 1.65(2H, m, C(6)Hz), 2.17(3H, m,
C(S)H2 and C(5)H), 2.84(2H, m, C(b)Hz), 3.39(1H, m, C(1)H), 3.49(1H,

d, J = 5.4Hz, CHSOZ), and 7.50-8,00(5H, m, Ar-H)., The crude product
showed a signal at 6H(CDC13) 4.19(d, J = 10.2Hz, casoz) indicating

the presence of the second diastereoisomer; 6C(CDCI3) 25.27(t),
33.46(t), (0(6)32, C(7)H2, and C(8)H2), 37.55(d, C(5)H), 41.71(d,

C(1)H), 45.16(t, CHZCO), 76.73(d, CHSOZ), 128.97(d), 129.17(d), 134.17(d),

137.81(s), (Ar), and 207.98(C0). Table 5.5 shows the effect of catalyst

on the reaction.
2-Methylcarboxy-3-methyleyclopentanone (39)

The procedure described for 2-benzenesulphonyl-3-methyl-
cyclopentanone was used with methyl 2-diazo-3-oxoheptanoate (38)

-4 .
(0.10g, 5.43 x 10 " mol) to give cyclopentanone (39) (0.051g, 61.4%
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yield) as a colourless oil (Found: C, 61.44; H, 7.80. CSH1203

requires C, 61.52; H, 7.75%); vmax(film) 1749(CO ester) and 1718 c:::f-1
(CO ketone); 6H(CDC13) 1.17(3H, d, J = 7.8Hz, CH3CH), 1.00-1.70(1H,
brm, 1 of CHZCHZCO), 2,10-2.80(5H, m, remaining cyclopentyl H's), and
3.76(3H, s, OCH3). The crude product gave a signal at 6H(CDCI3)
3.74(s, OCH3) indicating the presence of the second diastereoisomer;
6C(CDC13) 19.23(q, CH3), 29.37(t, CHZCHZCO), 36.39(d, CHCH3), 38.72(t,
CHZCO), 52.30(d, CHCOZ), 62.96(q, OCH3), 169.64(s, CO ester), and

211.74(C0, ketone).

Only rhodium(II) mandelate was used as decomposition catalyst in
this reaction resulting in a specific rotation for (39) of [algo -0.70°

(c 10.4 in CH Clz).

2

1-Benzenesulphonylbicyclo( 3. 1.0lhexan~2-one (50)1?

The procedure described for 2-benzenesulphonyl-3-methyl-
cyclopentanone (27) was used with l-benzenesu1phony141-diazohex-5-en-
2-one (49) (0.10g, 3.78 x 10_4 mol) with purification by p.l.c. on
silica using 507 ethyl acetate, 50% hexane as eluant to give
cyclopentanone (50) (0.086g, 96.6% yield) as a white crystalline solid,

17

m.p. 96-98°C (from ether; 1lit., ' 96-97°C) (Found: C, 61.44;

H, 5.28; S, 13.89. 012H1203S requires C, 61.00; H, 5.12; S, 13.577);
-1

vmax(KBr) 1727 (c0), 1319, 1308, and 1149 cm (-802-), GH(CDC13)

1.56(1H, t, J = 5,4Hz, one of C(6)H2), 1.90-2.30(5H, m, one of C(6)H2,

C(3)H2, and C(4)H2), 2.90-3.10(1H, m, C(5)d), and 7.50-8.20(5H, m, Ar-H);

6C(CD013) 20.40(t, C(6)H2 and C(A)Hz), 31.12(d, C(5)H), 33.66(t, C(3)H2),

53.08(s, CSO,Ph), 128.71(d), 128.91(d), 133.78(d), 139.43(s), (Ar), and
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203.43(s, CO). Table 5.8 shows the effect of catalyst on the reaction.
As reported for 2-benzenesulphonyl-3-methylecyclopentanone (27), this
product (50) recrystallised racemically from ether. By repeated
recrystallisation and concentration of the mother liquor the specific
rotation of a sample of (50) was increased from [c]éo +1.8° (¢ 5.8 in
CH,C1,) to [a]go +5.9° (¢ 5.0 in CHZCIZ). As with compound (27), as

the optical purity increased (50) became less crystalline.
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Table 5.1 : Rhodium(II) carboxylate catalysts employed in the intramolecular

oa-diazoketone cyclisations

RCOOH Catalyst

NH,
L- Q\coou 4
|
SO,Ph
L- Q‘ COOH
i 5
SO,
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SO,
L- Ph COOH
NH¢-Boc
L'Ph/ICOOH
I H
SO,
Me
L-Ph COOH
o) (o]

- 247 -

10

11

12

13




COOH

Ph
L- NlH
SO,
OOH
Ph
NH
L- |
0.
o)
COOH
0
Ccl
(R)- CHa/'\coou
cl

(s)-cHy SCOOH

Tartaric Acid

Lactic Acid

COOH
COOH

Me
(s) - Ph~"cooH

mQ

ha(mand)z(phen)ZCIZ.Zuzo

ha(OAc)2 (PhZPC6H4)2.2AcOH

ha(OAc)2 (dppe)2 C12

ha (0Ac)2[ (R)-(+)-BINAP] 2c12

14

15

16

17

18

19

20

21

22

23
24
25

26
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Table 5.2

Decomposition of l-benzenesulphonyl-l-diazohexan—2-one (14) with

rhodium(II) carboxylates at reflux in dichloromethane

N, &SO,P!\
PhSO,/u\n/\/\CH; —
o “CH,
(14) (27)
Yield’ Reaction time trans:ctise [a]20
Catalyst Z h (crude) OD
(c, CH)CL,)
1 70-80 2 40:60 -16.1 (2.2)
2 - - - -
3 - - - -
4 90.0 2 30:70 -19.1 (20.8)
5 88,2 3 - -4.6 (7.9)
6 57.5 2 80:20 -8.5 (5.2)
7 39.1 3 30:70 -6.9 (3.5)
8 86.8 1 50:50 +10.0 (7.8)
9 55.3 20 100:0 -0.7 (4.9)
10 - - - -
11 66.5 3 40:60 -6.9 (5.0)
12 67.8 3 50:50 +0.2 (6.1)
13 57.0 2 15:85 -0.6 (5.1)
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Table 5.2 contd.

14
15
16
17
18
19
20
21
22

23
24

25
26

ha(OAc)4
(1 mg)

L'[:;k‘coon

|
SO,Ph

(25mq)

59.7
44.5
53.7
65.6

50.3

74.5
65.0
22.6

only partial
decomposition

61.6
57.3
43.8

1.5

100:0

90:10

70:30
80:20

40:60

100:0

80:20

-0.7 (5.3)
+1.2 (4.0)
-4.5 (4.8)
-3.0 (5.9)
+3.3 (4.5)
+3.3 (6.7)
+0.1 (5.8)

-2.7 (3.0)

-0.2 (5.2)

Racemic
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Table 5.3 :

Decomposition of l-methanesulphonyl-l-diazohexan-2-one

(15) with rhodium(II) carboxylates

N, 0O
CH;SOz/lH(\/\CH, . SO,CH,
0 “CH
15 3
(15) 29)
Temperature Yield Reaction time trans:cis [a]ZO
Catalyst o x h (crude) oD
(¢, CH,CL,)
Rh, (0Ac), 20 58.0 0.3 100:0 0
ha(OZCCF3)4 20 78.1 18 100:0 (0]
1 20 Only partial 26 100:0 -
decomposition
1 40 89.6 2 70:30 +3.8 (8.1)




AT AR

Table 5.4 : Decomposition of l-benzenesulphonyl-l-diazo-5-phenylpentan-2-one (16) with rhodium(II)

carboxylates at reflux in dichloromethane.

0

N, SO,Ph
Phso,/lkn/\/\ma >~

o “ph

(16) (29)

Yield Reaction time trans:cis [a]éo
Catalyst
Z h (crude) o(c’ CHZCIZ)

1 77.6 1 Not resolved on -0.9 (7.1)
1
H n.m.r,

4 45,2 1 " -3.1 (4,1)

S 4900 2 " -106 (435)
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Table 5.5 : Decomposition of l-benzenesulphonyl-l-diazo-3-cyclopentylpropan—2-one (17) with rhodium(II)

carboxylates at reflux in dichloromethane.

(o]
SO,Ph
N, >
(+7)
(30)
Yield Reaction time trans:ets [a]20
Catalyst 7 h (crude) D
o
} (c, CH2C12)
1 80.9 0.6 70:30 +7.4 (4.4)
4 51,6 2.5 80:20 +0.4 (2.8)
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Table 5.6 : Effect of temperature on the decomposition of l-benzenesulphonyl-l-diazohexan-2-one (14)

N,
O,Ph
PhSO{/u\“/ﬁ\\/’\\CH, - SO,
° “'CH,
(1 4) (2 7)
Temperature Yield Extent of reaction® Reaction time trans:cts [a]20
—_— - D
o (crude)
C Z Z h o(c,CHZCIZ)
20 26.9 60 36 100:0 -8.6 (4.8)
40 53.1 100 1.5 40:60 -10.2 (4.0)

8 Estimated from 1H n.m.r, spectrum of crude product.

Identical samples of ha(mand)A.ZEtOH were used in each reaction.
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Table 5.7 : Effect of solvent on the decomposition of l-benzenesulphonyl-l-diazohexan—2-one (14)

N,
SO,Ph
Phso,/u\n/\/\c H, -
(o) “u e H,
(14) (27)
b.p. Yield Reaction time trans:cise [G]ZO
Solvent °c 3 h (crude) >
c, CH2C12)

Hexane 69 32.4 3 - -7.1 (2.9)
Ether 34 24.0 4 - -5.6 (2.2)
Carbon tetrachloride 77 36.8 1 50:50 -5.1 (3.3)
Dichloromethane 40 41.7 1 40:60 -10.4 (3.7)
Benzene 80 45.6 1.5 50:50 -5.9 (4.1)
1,2-Dichloroethane 84 58.9 2 60:40 -5.8 (5?3)

Identical samples of ha (mand) 4.21‘.':01{ were used in each reaction.
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catalysis at reflux in dichloromethane.

N,

SO,Ph

o
(49) (50)

Table 5.8 : Decomposition of l-benzenesulphonyl-l-diazohex-5-en-2-one (49) under rhodium(II) carboxylate

[ 20
aly
Catalyst ‘Reaction Time Yield 5
h . (c, CH?_CIZ)
1 0.5 96.6 +1.5 (8.6)
4 1.5 79.0 +0.5 (5.7)
5 2.0 68.5 +1.8 (5.8)




3-Methylcyclopentanone (34)18’19

2-Benzenesulphonyl-3-methylcyclopentanone (27), [algo -49,9°
(c 7.1 in CH2012), (1.00g, 4.20 mmol) in THF and water (6 ml and 53 ml
respectively) was stirred under nitrogen while aluminium amalgam,zo
freshly prepared from aluminium foil (3.40g, 0.126 mol), was added.
The reaction mixture was stirred under nitrogen at 65°C for 2h, cooled,
and filtered through celite which was washed thoroughly with ether.
The layers were separated and the aqueous layer washed with ether
(2 x 20 m1)., The combined organic extracts were dried and the solvent
evaporated. Distillation in a Kugelrohr apparatus [oven temperature

2

140-150°¢ (1it., Oa b.p. 144°¢)1 gave 3-methylcyclopentanone (34)

(0.148g, 36.0% yield) as an oil, [a]§° -43.4° (c 6.7 in MeOH)

(116,820 10120 4148° (¢ 4.5 in MeOH); [a]2° +154.8° (c 0.6 in
MeoH), [a120 +143.7° (undil.)}, 29.37 e.e.s n20 = 1.4331 [1ie., %02

18

1.4340(d), 1.4329(d1)]; v___(film) 1745 em ! (1it.,18¢ 1750 en1y;

GH(CDCI3) 1.12(38, d, J = 5.4Hz, CH3) and 0.80-2.60(7H, m, cyclopentyl

18

H's), [1lit., " 1.13 (4, J = 6Hz)].

2-Benzenesulphonyl-3-methyleyclopentanol (31)

2-Benzenesulphonyl-3-methylcyclopentanone (27) (1.74g, 7.30 mmol)
in methanol (30 ml) and benzene (90 ml) was stirred at 0°C under nitrogen
while sodium borohydride (0.522g, 13.80 mmol) was added portionwise over
20 min, The reaction mixture, which was semisolid at 0°c, was allowed
to return slowly to room temperature and was stirred for 12h. The
mixture was poured onto saturated aqueous ammonium chloride (50 ml),

extracted with ethyl acetate (3 x 70 ml), dried, filtered, and concentrated

- 257 -




at reduced pressure. Purification by passage through a short colummn
of silica using 507 ethyl acetate, 507 hexane as eluant gave the
alcohol (31) (1.77g, quantitative yield) as a white crystalline solid,
m.p. 82-83°C (from ether) (Found: C, 60.30; H, 6.47; S, 13.62.
C12H1603S requires C, 59.97; H, 6.71; S, 13.342); vmax(KBr) 3520

(OH), 1320, and 1148 cm & (-50,-); 6,(CDC1,, 270MHz) 1.12(3H, d,
J = 8.1Hz, CH,), 1.35(1H, m, one of C(4)H,), 1.77(2H, m, C(S)A,),

2.30(1H, m, one of C(4)H,), 2.97(1H, dd, J = 10.8Hz, J,= 4.5Hz,

2

CHSO,), 3.50(1H, brs, OH), 4.32(1H, dd, J,= 7.5Hz, J,= 4.5Hz, CHOH),

1 2
and 7.40-8.00(5H, m, Ar-H); 6C(CDC13) 21.18(q, CH3), 31.51, 32,75,

33.14, (CHCH, and CHZCHZ)’ 73.81(d), 74.27(d), (CHOH and CHSOZ),

3
128.26(d), 129.36(d), 133.91(d), and 139.89(s) (Ar). Both the 'H and
13C n.m.r. spectra indicated the presence of only one stereoisomer of the
alcohol although a minor signal at 6H (CDC13) 0.92(d) was visible in

the 270MHz 1H n.m.r, which may have been due to the second diastereo-

isomer present at < 57 by integration.

The alcohol (31) prepared from cyclopentanone (27) with a specific
rotation of [algo -62.0° (c 10.4 in CH2012), 36Z e.e., had a specific
rotation of [algo +16.0° (c 19.6 in CH2C12). Its specific rotation
was enhanced by recrystallisation as described for compounds (27) and
(50), i.e. the alcohol crystallised from ether as racemic crystals with
enhancement of the optical activity of the material in the mother liquor.
By repeated careful recrystallisation a sample of the alcohol (31) was
obtained with a specific rotation of [a]ﬁo +22.4° (¢ 25.5 in CH2C12).
Chiral shift 1H n.m.r. studies at 270MHz with Eu(tfc)3 as chiral shift

reagent showed 60% e.e., i.e. 80:20 enantiomeric ratio, in this alcohol

sample,
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Oxidation of 2-benaenesulphonyl-3-methyleyclopentanol (31) to
2-benzenesulphonyl-3-methyloyclopentanone (27)

Jones' reagent21 was prepared using chromium(VI) oxide (5.34g,
0.053 mol) and conc. sulphuric acid (4.6 ml) in aqueous solution (50 ml).
Alcohol (31) (0.416g, 1.73 mmol) in acetone (20 ml) was stirred at 0°c
under nitrogen while Jones' reagent (5 ml) was added dropwise. Stirring
was continued for 20 min, then sodium carbonate (2g) was added. The
mixture was stirred for 30 min, filtered through celite and the solvent
evaporated at reduced pressure. The crude product was dissolved in
dichloromethane (20 ml), extracted with aqueous sodium hydroxide (1N;

3 x 10 ml1), acidified with saturated aqueous ammonium chloride, and
extracted with dichloromethane (3 x 20 ml). The combined organic
extracts were dried and concentrated at reduced pressure to give the

cyclopentanone (27) (0.142g, 34.5% yield) as a white crystalline solid

as before.

The specific rotation of the alcohol (31) prior to oxidation was
[algo +22.4° (c 25.5 in CH2012). The specific rotation of the ecyclo-
pentanone (27) was [algo -81.3° (c 14.2 in CHZCIZ). Comparison with

the desulphonylation data estimated 507 e.e. for this sample.
1-Benzenesulphonyl-2~methyleyclopentane (35)

2-Benzenesulphonyl-3-methylcyclopentanone (27) (0.60g, 2.52 mmol)
in THF (20 ml) was stirred under nitrogen while lithium aluminium
hydride (0.30g, 7.91 mmol) was added giving vigorous hydrogen evolution.
The reaction mixture was refluxed for 3h, then cooled, and saturated

ammonium chloride (20 ml) was added. The reaction mixture was filtered
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through celite and the solvent was evaporated at reduced pressure.

The residue was shaken in dichloromethane (20 ml) and water (20 ml),
and the layers were separated. The aqueous layer was extracted with
dichloromethane (2 x 20 ml) and the combined organic extracts were
dried, filtered, and concentrated at reduced pressure. P.l.c. on
silica with 207 ethyl acetate 807 hexane as eluant gave the sulphone
(35) (0.435g, 77.0% yield) as a waxy solid, m.p. 25°¢ approx. (Found:
c, 64.55; H, 7.31; s, 14.69. C.,H,.0,S requires C, 64.25; H, 7.19;

1271672
S, 16.292); v__(film) 1450, 1300, and 1150 em = (-S0,-); 6, (CDC1,)
0.96(3H, d, J = 7.2Hz, CH3), 1.00-2.00(6H, m, 3 x CHZ), 2,00-2.70(1H,
m, CHCH3), 2.85-3.20(14, m, CHSOZ), and 7.20-8.00(5H, m, Ar-).
GC(CDC13) 20.66(q, CH3), 24.82(t, C(3)H2 and C(4)H2), 35.48, 35.94(t
and d, C(S)H2 and CHCH3), 70.76(d, CHSOZ), 128.52(d), 129.23(d),
133.52(d), and 138.98(s), (Ar). Both the 1H and 13C n.m.r. spectra

indicated the presence of only one stereoisomer.

The sample of 2-benzenesulphonyl-3-methylcyclopentanone (27) used
had a specific rotation of [algo -10.5° (¢ 33.0 in CH,Cl,). This gave
the cyclopentane (35) with a specific rotation of [algo +2.5% (c 18.6
in CHZCIZ).
2-Methylearboxy-3-methyleyclopentanol (40)

B-Keto ester (39) (0.10g, 0.64 mmol) in methanol (3 ml) and benzene
(9 ml) was stirred at 0°C under nitrogen giving a semisolid reaction
mixture. Sodium borohydride (0.025g, 0.66 mmol) was added portionwise

* . [ L3 o .
over 5 min, then the reaction mixture was stirred at 0 C for 50 min.

Water (10 ml) was added, followed by hydrochloric acid (5Z; 10 ml) to
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adjust the pH to 1. The layers were separated and the aqueous layer
extracted with ether (3 x 15 ml). The combined organic extracts were
washed with water (15 ml), dried, and concentrated at reduced pressure
to give the alcohol (40) (0.076g, 75% yield) as an oil; vmax(film),

3420 (OH) and 1722 cm L (CO); 6,(CDC1,) 1.08(3H, d, J = 6Hz, CH,CH),

1.10-2.40(7H, m, 2 x CH,, CHCH,, CHCO, and OH), 3.74(3H, s, OCH3),

2’ 3
and 4.10-4.40(1H, m, CHOH). Eu(t:fc)3 chiral shift 1H n.m.r. spectra
gave splitting of the singlet at & 3.74 which showed an approximately
1:1 ratio of diastereoisomers at C-1 and very low % e.e. (<10Z). The
B-keto ester (39) prior to reduction had a specific rotation of [a]go

-0.70° (¢ 10.4 in CH2C12); the alcohol (40) had a specific rotation

of [a]§° +0.20° (¢ 7.6 in CH

2-Benaenesulphonyl-3-methyleyclopentyl tosylate (33)

2-Benzenesulphonyl-3-methylcyclopentanol (31) [algo +5.4° (¢
10.3 in GH,C1,), (0.079g, 0.33 mmol) in pyridine (5 ml) at 0°C was
treated with tosyl chloride (0.50g, 2.60 mmol), then refrigerated for
72h, poﬁred onto ice (30g), and extracted with dichloromethane (3 x
10 ml). The combined organic extracts were dried and concentrated at
reduced pressure to a white solid. P.l.c. on silica with 40% ethyl
acetate, 60% hexane as eluant gave the tosylate (33) (0.036g, 27.8%
yield) as white needles, m.p. 159-161°¢ (from ether); [algo +3.1°
(c 3.6 in CH2C12) (before recrystallisation); (Found: C, 57.03;
H, 5.65; S, 16.19. C19H220552 requires C, 57.84; H, 5.62; S, 16.25%);
vmax(KBr) 1308 and 1151 cm.—1 (-802— and -803-); GH(CDC13) 1.05(3R, d,
J = 6Hz, CH3CH), 1.00-2.30(4H, brm, CHZCHZ)’ 2.43(3H, s, CH3-Ar),

2.50-3.00(1H, m, CHCH3), 3.17(14, dd, J,= 8.1Hz, J

,= 5.1Hz, CHSO,),

1
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5.11(1H, m, CHOTs), and 7.20-8.00(9H, m, Ar-H); 6C(c1)c13) 20.99(q),
21.70(q), (2 x CH3), 30.47, 30.99, 33.20(2 x t for CH,CH, and d for
CHCHB), 73.10(d, cusoz), 81.74(d, CHOTs), 128.06(d), 129.04(d and s),

129.75(d), 133.65(d), 139.56(s), and 144.95(s), (Ar). Both the 1H

and 13

C n.m.r. spectra indicated the presence of only one stereoisomer
of the tosylate. Recrystallisation of the tosylate (33) from ether
gave crystals with reduced optical rotation compared to the material
before recrystallisation while the material in the mother liquor had

enhanced specific rotation. However, the effect was much smaller with

this compound than with compounds (27), (31), and (50).

2-Diazodimedone (52)22

. Dimedone (1g, 7.13 x 10-3 mol) was stirred in ethanol (15 ml) at

0°C under nitrogen while triethylamine (0.722g, 0.99 ml, 7.13 x 10-3

mol) was added followed by tosyl azide (l.41g, 7.14 x 10-3

mol).

Stirring was continued for 2h while returning slowly to room temperature.
The ethanol was removed at reduced pressure and the residue was dissolved
in dichloromethane (30 ml), washed with aqueous potassium hydroxide
(0.40g, 7.13 x 10-'3 mol, in 20 ml water), dried, and concentrated at
reduced pressure, then purified by passage through a short column of
silica with dichloromethane as eluant to give diazoketone (52) (1.25g,
quantitative yield) as a very pale yellow crystalline solid, m.p. 99-101°¢
(106° C decomp.) (Found: C, 57.59; H, 6.05; N, 16.45. C_H N_O

81022
requires C, 57.82; H, 6.07; N, 16.93%); vmax(KBr) 2180, 2138 (C=N2),
and 1628 cm b (C=0); 6,(CDCL,) 1.09(6H, s, 2 x CH,) and 2.43(4H, s,

2 x CHZ); GC(CDC13) 28.26(q, 2 x CH3), 31.06(s, CMeZ), 50.42(t, 2 x CHZ)’

83.43(s, CNZ)’ and 189.85(s, C0).
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Cyclopropanation of 2-diazodimedone with styrenezz

2-Diazodimedone (0.10g, 6.02 x 10-4 mol) in styrene (3 ml) with
rhodium mandelate (0.5 mg) was heated at 64°C for 2h while stirring
under nitrogen. The product was applied to a short column of silica
and eluted with hexane until all the styrene had been collected. The
remaining material was washed from the silica using ethyl acetate as
eluant. Concentration at reduced pressure gave the crude product which
was purified by p.l.c. on silica with dichloromethane as eluant to give
the cyclopropane (53) (0.058g, 40% yield) as a solid; [ulgo -1.6°

(c 5.7 in CHZCIZ); v

-1
max(KBr) 1669 and 1694 cm = (C=0); 6B(CDCI

3)
1.00, 1.11(6H, 2 x s, 2 x CH3), 2,21,2,53(4H, 2 x brs, 2 x CHZ)’ 2,35,

3.20, 4.02(3H, 3 x m, cyclopropyl-H's), and 7.20(5H, s, Ar-H).
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5.2 INTRAMOLECULAR ADDITION TO ARCMATICS
. 23
3-Phenylpropanoyl chloride (15)

3-Phenylpropanoic acid (30g, 0.20 mol) in freshly distilled
thionyl chloride (27 ml) was refluxed for 3h while stirring under
nitrogen. Excess thionyl chloride was evaporated at reduced pressure.
Distillation gave the acid chloride (15) (31.42g, 93.3Z yield) as an
0il, b.p. 60-62°C at 0.05 mmHg (Found: C, 64.35; H, 5.36; Cl, 20.79.
CgHyOCL requires C, 64.10; H, 5.38; Cl, 21.03%); v__ (film) 1794 cm |
(Co); GH(CDC13) 2,60-2,90(4H, sym m, CHZCHZ) and 6,90-7.20(5H, m,
Ar-H); 6C(CDCI3) 30.99(t), 48.47(t), (2 x CHZ)’ 126.89(d), 128.39(d),
128,78(d), 138.72(s), (Ar), and 173.02(s, CO). The spectral character-

istics were in agreement with the reported values.23

P-Acetoxycirmamic actd 617)23’24

p-Hydroxybenzaldehyde (9.58g, 0.078 mol), potassium acetate (18.19g,
0.185 mol; freshly fused) and acetic anhydride (23 ml; freshly
distilled) were refluxed while stirring under nitrogen for 8h. The hot
reaction mixture was poured into hot water (200 ml) and the crude
product was collected by filtration. Recrystallisation from ethanol
with charcoal treatment gave p—acetoxycinnamic acid (4.50g, 28% yield)

23,24

as pale yellow crystals, m.p. 192-195°% (lit., 195°C) (Found:

C, 64.22; H, 4.93; Cy1H:0% requires C, 64.07; H, 4.89Z); v___ (KBr)

max
3280-2200 (2955 max., COOH), 1744 (CO ester), 1674 (a,B-unsaturated,

COOH), and 1628 cm'_1 (C=C of a,B-unsaturated acid); 6H(CDC1 and DMSO~-d

3 6)

2.27(3H, s, CH3), 6.35(18, 4, J = 15.6Hz, C=CHCOOH), 7.58(1H, d,
J = 15,6Hz, Ar-CH=C), and 7.00-7.60(4H, ABq, Ar-H). The spectral

[ * ., [ 2
characteristics were in agreement with the reported values. 3
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3-(p-Acetoxyphenyl Jpropanoic acid (18)23

p-Acetoxycinnamic acid 7) (9.03g, 0.049 mol) in ethanol (150 ml)
with 107 palladium on charcoal catalyst (0.50g) was hydrogenated at
40 p.s.i. hydrogen for 16h, filtered through celite, and concentrated
at reduced pressure to give the acid (18) (9.03g, 99% yield) as a pale
yellow crystalline solid which resisted all attempts at recrystallisationm,

23

m.p. 75-85°C (1it.,“” 85-87°C)  (Found: C, 64.07; H, 5.72.

CIIHIZOA requires C, 63.45; H, 5.81%); vmax(KBr) 3500-2300 (max. 2930,
COOH) and 1700 cm-'1 (br, CO ester and acid); 6H(CDCI3) 2.23(3H, s, CH3),
2.50-3.00(4H, sym m, CHZCHZ)’ 6.80-7.30(4H, ABq, Ar-H), and 9.58(1H, brs,

COOH) . The spectral characteristics were in agreement with the reported

values.23
3-(p-Acetoxyphenyl)propanoyl chloride (19)23

3-(p-Acetoxyphenyl)propanoic acid (18) (2.10g, 0.010 mol) in ether
(40 ml) was stirred under nitrogen while oxalyl chloride (1.31g,
0.0102 mol) was added. Stirring was continued for 17h giving complete
dissolution of the initially insoluble acid. Concentration at reduced
pressure gave the acid chloride (19) (2.17g, 95% yield) as an oil which
was used without purification; vmax(film) 1790(CO acid chloride) and
1752 cm-'1 (CO ester); 6H(CDC13) 2,22(3H, s, CH3), 2.70-3.20(4H, sym m,
CHZCHZ)’ and 6.80-7.20(4H, ABq, Ar-H). The spectral characteristics

were in agreement with the reported values.23
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Preparation of a-diazoketones

1-Diazo~4-phenylbutan—2-one (1)23

3-Phenylpropanoyl chloride (1.50g, 8.90 mmol) in ether (20 ml)
was added dropwise over 20 min to a freshly prepared and distilled
solution of diazomethane6 (1.50g, 35.70 mmol) in ether (70 ml) while
stirring at 0°C under nitrogen. Stirring was continued for 18h allow- *
ing the reaction mixture to return slowly to room temperature. Excess
diazomethane and ether were evaporated at reduced pressure. Purification
by chromatography on silica using 307 ethyl acetate, 702 hexane as
eluant gave the a-diazoketome (1) (1.51g, 97.47 yield) as a yellow oil
(Found: C, 69.59; H, 6.03; N, 16.25. CIOHIONZO requires C, 68.95;

H, 5.79; N, 16.08%); vmax(film) 2088(CN2) and 1634 cm—1 (co);
6H(CDCI3) 2.40-3.10(4H, sym m, CHZCHZ)’ 5.13(1H, s, CHNZ), and 7.16(5H,
s, Ar-H); 6C(CDC13) 30.93(t), 42.04(t), (CHZCHZ)’ 54.77(d, CHNZ),
126.31(d), 128.39(d), 128.58(d), 140.67(s), (Ar), and 194.01(s, CO).

[ d [ . L 2
The spectral characteristics were in agreement with the reported values. 3

1-Diazo~4~(p-acetoxyphenyl)butan—2-one (9)%%

The procedure described for l-diazo—-4-phenylbutan-2-one (1) was
used with 3-(p-acetoxyphenyl)propanoyl chloride (1.50g, 6.62 mmol) in
ether (30 ml) and diazomethane (1.50g, 35.70 mmol) in ether (70 ml).
Purification by chromatography on silica with gradient ethyl acetate-
hexane as eluant gave the a-diazoketone (9) (1.28g, 83Z yield) as a
yellow crystalline solid, m.p. 95-101°C (decomp.) (Found: C, 62.11;

H, 5.20; N, 11.84, CIZHIZ‘NZO3 requires C, 62,06; H, 5.21; N, 12.072);
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v__ (KBr) 2055 (CN,), 1749 (CO ester), and 1632 cm = (CO diazoketone);
GH(CDC13) 2,24(3H, s, CH3), 2.30-3.00(4H, sym m, CHZCHZ)’ 5.18(1H, s,
CHNZ), and 6.80-7.20(4H, ABq, Ar-H); 6C(CDC13) 21.12(q, CH3), 30.21(t),
41.91(t), (2 x CHZ)’ 54.77(d, CHNZ), 121.63(d), 129.36(d), 138.33(s),
149.18(s), (Ar), 169.58(s, CO ester) and 193.75(s, CO diazoketone).

The spectral characteristics were in agreement with the reported values.23
. 25
2-Diazo—-5-phenylpentan—3-one (8)

3-Phenylpropanoyl chloride (3.124g, 0.019 mol) in ether (15 ml)
was added dropwise over 20 min to a freshly prepared and distilled
solution of diazoethane26 (4.65g, 0.083 mol) in ether (80 ml) while
stirring at -29°C (nitromethane- liquid nitrogen slush bath) under
nitrogen. Stirring was continued for 16h allowing the reaction mixture
to return slowly to room temperature. Excess diazoethane and ether
were evaporated at reduced pressure. Purification by chromatography on
silica using gradient ethyl acetate-hexane as eluant gave the
a-diazoketone (8) (2.82g, 817 yield) as a yellow oil (Found:

C, 70.49; H, 6.60. CllﬂliNZO requires C, 70.19; H, 6.43%); vmax(film)
2065 (CN,) and 1642 em = (CO); 64(CDC1,) 1.79(3H, s, CH,CN,), 2.50-
3.00(4H, sym m, CHZCHZ)’ and 7.31(5H, s, Ar-H); 6C(CDCI3) 8.06(q, CH3),
30.67(t), 39.49(t), (CH,CH)), 62.18(s, CN,), 126.18(d), 128.39(d),
140.86(s), (Ar), and 193.36(s, CO). The spectral characteristics were

in agreement with the reported values.25
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2-Diazo-5-(p-acetoxyphenyl)pentan—3-one (10)

The procedure described for 2-diazo-5-phenylpentan-3-one (8)
was used with 3-(p-aceto#yphenyl)propanoyl chloride (3.26g, 0.014 mol)
in ether (20 ml) and diazoethane (3.63g, 0.065 mol) in ether (70 ml).
Purification by chromatography on silica using gradient ethyl acetate-
hexane as eluant gave the a-diazoketone (10) (1.77g, 50% yield) as an
1 .

orange oil; v___(film) 2038 (CN2), 1735 (CO ester) and 1612 cm -~ (CO

max
diazoketone); 6H(CDCI3) 1.92(3H, s, CNZCH3), 3.19(3H, s, CH3CO), 2.60-
3.10(4H, sym m, CH,CH,), and 6.80-7.30(4H, ABq, Ar-H); &(CDC1,)
8.19(q, CH3CN2), 21.12(q, CH3CO), 30.08(t), 39.44(t), (CHZCHZ)’ 53.09(s,
CNZ)’ 121.63(d), 129.43(d), 138.46(s), 149.18(s), (Ar), 169.51(s, CO

ester) and 196.93(s, CO diazoketone).

Intramolecular addition to aromatics

2,3 -Dihydro-1(8aH)-asulenone (2)

1-Diazo-4-phenylbutan-2-one (1)  (0.10g, 5.74 x 10 * mol) in
dichloromethane (20 ml) was added dropwise over 30 min to a refluxing
solution of the catalyst (0.5mg) in dichloromethane (200 ml) while
stirring under nitrogen. A second catalyst addition (0.5mg) was made
halfway through the a-diazoketone addition. Reflux was continued for 1h
then the solvent was evaporated at reduced pressure to give 2,3-dihydro-
1(8aH)~azulenone (2) (0.084g, quantitative yield) as an oil; vmax(film)
1742 em - (C0); 6,(CDC1,) 2.30-3.10(5H, m, CH,CH,, and C(8a)H), 5.06(1H,

2

dd, J, = 8.4Hz, J, = 3.4Hz, C(8)H), 5.90-6.50(4H, m, C(4)H, C(5)H, C(6)H,

1 2
and C(7)H, and 7.20(s, dimer impurity).
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The spectral characteristics were in agreement with the reported

23,27

values. Table 5.9 shows the effect of catalyst on the reaction.

2, 3-Dihydro-1(8a-methyl)—azulenone (11)25

The procedure described for 2,3-dihydro-1(8aH)-azulenone (2)
was used with 2-diazo-5-phenylpentan—3-one (8) (0.10g, 5.31 # 10—4
mol) to give 2,3-dihydro-1(8a-methyl)-azulenone (11) (0.085g, quantita-
tive yield) as an oil. An analytical sample was isolated by p.l.c. on
silica using dichloromethane as eluant. (Found: C, 82,35; H, 7.86.
C,,H ,0 requires C, 82.46; H, 7.55%); v__ (film) 1741 and 1708 em !
(CO of trienone and nor caradiene forms respectively); GH(CDCI3)
0.81(3H, s, CH3), 2.00-3.10(4H, m, CH2CH2), 4.24(14, 4, J = 7,2Hz,
Cc(8)H), 5.90-6.30(4H, m, C(4)H, C(5)H, C(6)H, and C(7)H), and 7.16(s,
dimer impurity); 6C(CDC13) 12.28(q, CH,), 27.22(t, C(3)H,), 34.83(t,
C(Z)Bz), 42.04(s, CCH3). 94.99(d, C(8)H), 123.14(d), 125.46(d),
126.89(d), 127.15(d), (C(4)H, C(5)H, C(6)H, and C(7)H), 128,.45(s,
bridgehead C), and 219.80(s, CO). The spectral characteristics were in
agreement with the reported values.zs Catalyst and temperature effects

on the reaction are shown in Table 5.10. Concentration effects are

shown in Table 5.11. Effect of addition time is shown in Table 5.12.

6-Acetoxy~2, 3-dihydro-1(8aH)~asulenone (12)23

The procedure described for 2,3-dihydro-1(8aH)-azulenone (2) was

used with 1-diazo-4-(p—acetoxyphenyl)butan-2-one (9) (0.10g, 4.31 x 10-4
mol) to give 6-acetoxy-2,3-dihydro-1(8aH)-azulenone (12) (0.088g,

quantitative yield) as an oil; vmax(film) 1755 (CO ester) and 1742 cm-'1
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(CO cyclopentanone); 6H(CDC13) 2.18(3H, s, CH3CO), 2,20-3.10(5H, m,
CH20H2 and C(8a)H), 5.17(1H, dd, Jl- 9.91z, JZ' 3.9Hz, C(8)H), 5.98(1H,
brd, J = 10.0Hz, C(7)H), 6.18(2H, brs, C(4)H and C(5)H), and 7.00(m,
dimer impurity). The spectral characteristics were in agreement with
the reported values.23 The catalyst used was rhodium(II) mandelate.

The 1H n.m.r, spectrum indicated the presence of 15% dimer impurity.
6-Acetoxy-2, 3-dihydro-1(8a-methyl)-azulenone (13)

The procedure described for 2,3-dihydro-1(8aH)-azulenone (2) was
ugsed with 2-diazo-5-(p—acetoxyphenyl)pentan-2-one (10) (0.10g,
4,06 x 16-4 mol) to give 6-acetoxy-2,3-dihydro-1(8a-methyl)-azulenone
(13) (0.089g, quantitative yield) as an oil. Purification by radial
chromatography on silica using gradient ethyl acetate-hexane as eluant
gave an analytical sample. (Found: C, 71.64; H, 6.64., C.,_H ,O

1371473
requires C, 71.54; H, 6.47Z); v___(film) 1755 (CO ester), 1743 (CO

max

trienone), and 1708 c:tn-1 (CO norcaradiene); 6H(CDCI3) 0.97(3H, s,
8a-CH3), 2.19(3H, s, CH3C02), 2,20-2,80(4H, m, CHZCHZ)’ 4.66(1H, d,

J = 9,6Hz, C(8)H), 5.88(1H, brd, J = 9.6Hz, C(7)H), and 6.11(2H, brs,
C(4)H and C(5)H); 6C(CDCI3) 14.03(q, 8a—CH3), 20.99(q, CH3C°2)’
27.09(t, C(3)H2), 35.22(t, C(2)H2), 45.61(s, CCH3), 106.17(d, C(8)H),
119.61(s), 120.72(d), 121.11(d), 148.59(s), (cycloheptatrienyl carboms),
169.77(s, CO ester), and 219.35(s, CO cyclopentanone). The catalyst

used was rhodium(II) mandelate. The 1H n.m.r. spectrum indicated the

presence of 11% dimer impurity in the crude product,
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1, 8-Diphenyl-4, 5~dimethyloct—-4-ene—3, 6—dione (20)

2-Diazo-5-phenylpentan—-3-one (8) (0.10g, 5.31 x 10-4 mol)

was stirred in dichloromethane (12 ml) at room temperature. Rhodium(II)
mandelate (0.5 mg) was added giving vigorous nitrogen evolution.
Stirring was continued for 12h, then the solvent was evaporated at
reduced pressure to give an oil (0.085g, quantitative yield) which

was shown by 1H n.m.r. to contain 387 dimer: 627 azulenone. Separation
by p.l.c. on silica using dichloromethane as eluant gave the dimer (20)
1

(0.014g, 16% yield) as an oil; v___(film) 1708 em

nax (CO);

6H(CDC13) 2.28(6H, s, 2 x CH3), 2,80-3.10(8H, sym m, 4 x CHZ)’ and
7.19(10H, s, Ar-H). The presence of only one stereoisomer was indicated

in the 1H n.m.r. spectrum.

Table 5.9 : Effect of catalyst on cyclisation of
1-diazo-4-phenylbutan-2-one (1)

o]

CHN, —~

(o
(1) @
Catalyst Ratio of t;lenone:dlmer Reactlgn time
1 89:11 0.6
5 80:20 3.0
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Table 5.10 : Effect of catalyst and temperature on cyclisation of

2-diazo-5-phenylpentan-2-one (8)

0o
CH, m ©/\/‘§6C|’h
1—“ * z
Nz CH, 0

(20)
o) (11) h

Reaction | . . .di Reaction [a]ﬁo ve.e.d
Catalyst | Temperature eno;e. ner Time -— e.e.
o h (¢ ,CH,CL,)
ha (OZCCF3)4 40 95:5 0.5 0 0
1 40 86:14-98:2 0.3 *t;‘z) 25
1 20 84:16 0.25 - -
1 0 88:12 0.2 - 20
1 -20 85:15 0.25 - -
22 0 50:50 1.0 - 0
4 40 82:18 0.5 z}g'g) 25
4 20 75:25 0.5 - 20
4 0 70:30 1.0 - 10
4 + PPh3 20 60:40 0.5 - 15
5 40 80:20 1.0 - 33
17 40 85:15 1.0 - 10
25 40 50:50 2.0 - -

2 Enantiomeric excess was estimated by chiral shift ln n.m.r. studies
of the alcohol (22) obtained by LiAlH (OBut)3 reduction of the
azulenone (11). The chiral shift reagent employed was Eu(tfc)3.

- 272 -



Table 5.11 : Effect of concentration on ha(mand)4 catalysed

cyclisation of 2-diazo-5-phenylpentan—-2-one (8)

2 CH, 0o

0 (11)

Concentration Trienone:dimer
mg/ml y 4
100/50 82:18
100/100 87:13
100/150 90:10

Reactions were carried out at reflux in dichloromethane.
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Table 5.12 : Effect of addition time on rhodium(II)

N-benzenesulphonyl-L-prolinate catalysed cyclisation of
2-diazo-5-phenylpentan-2-one (8).

CH,

) | (1)

Addition time Trienone:dimer
h y 4
0.17 60:40
1.00 | 75:25

Reactions were carried out at room temperature in dichloromethane.

2, 3-Dihydro—-1(8a-methyl)—-azulenol (22)25
(a) Reduction with lithium tri-tert-butoxyaluminohydride.

2,3-Dihydro-1(8a-methyl)—azulenone (11) (0.27g, 1.685 mmol) in
ether (15 ml) was added dropwise over 5 min to lithium tri-tert-
butoxyaluminohydride (1.76g, 6.921 mmol) in ether (20 ml) while stirring
at 0°C under nitrogen. Stirring was continued for 17h allowing the

reaction mixture to return slowly to room temperature. The reaction

- 274 -



mixture was cooled in an ice-bath while water (5 ml) was added. The
layers were separated and the aqueous layer was washed with ether

(3 x 10 m1). The combined organic extracts were washed with brine

(20 ml), dried, and concentrated at reduced pressure. Purification by
P.l.c. on silica using dichloromethane as eluant gave the trienol
mixture (22) (0.228g, 83.4Z yield) as a colourless oil. Attempts to
separate the isomers were unsuccessful. (Found: C, 81.75; H, 8.93.
€184 requires C, 81.44; H, 8.70Z); v___(film) 3358 (OH) and

max

1631 cm ! (C=C); 6,(CDC1,, 270 MHz) 0.68(2.2H, s, CH, of major cie-

3
isomer), 0.70(0.8H, s, CH3 of minor trans-isomer), 1.80-2.10(2H, sym

m, C(3)4,), 2.40-2.80(2H, m, C(Z)Hz), 1.99(1H, brs, OH), 4.10(1H, t,

J = 6.6Hz, CHOH), 5.20(0.75H, d, J = 10.0Hz, C(8)H of major cis-isomer),
5.61(0.25H, d, J = 10.1Hz, C(8)H of minor trans-isomer), and 6.00-6.50
(4H, m, C(4)H , C(5)H, C(6)H, and C(7)H); GC(CDC13) 11.70/17.74(q, CH3),
30.28(t, €(3)n,), 33.20(t, C(Z)Hz), 48.28/47.95(s, CCH,), 82,58/82.06(d,
CHOH), 118.38(d), 124.81/123.95(d), 127.61(d), 128.65/128.17(d),
130.47(d), (C(4)H, C(5)H, C(6)H, and C(7)H), and 146.12/144.69(s, C(4a)).
Wherelsc n.m.r, signals were visible for both isomers the peak

corresponding to the major isomer is quoted first. From the IH n.m.r.

spectrum the diastereoisomer ratio (cts:trans) was 75:25,

Chiral shift 1H n.m.r. spectra with Eu(tfc)3 as chiral shift
reagent showed a splitting of the methyl group signal at 6H 0.70 ppm
firstly for the two diastereoisomers (enabling calculation of the
diastereoisomeric ratio) and secondly a split in the peak for the major
cts-isomer for the enantiomeric pair (enabling calculation of the

enantiomeric ratio).
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(b) Reduction with lithiwn aluminium hydride

2,3-Dihydro-1(8a-methyl)-azulenone (11) (0.80g, 4.99 mmol) in
ether (10 ml) and THF (3 ml) was added dropwise over 10 min to lithium
aluminium hydride (0.57g, 15 mmol) in ether (10 ml) while stirring at
0°C under nitrogen. Stirring was continued at 0°c for 30 min, then
water (5 ml) was added cautiously. The layers were separated and the
aqueous layer was washed with ether (3 x 10 ml). The combined organic
extracts were washed with brine (10 ml), dried, and concentrated at
reduced pressure., Purification by p.l.c. on silica with dichloromethane
as eluant gave the trienol mixture (22) (0.724g, 89.4% yield) with
spectral characteristics as before. The diastereoisomeric ratio was

estimated as 70:30 (ecis:trans).
(e) Reduction with sodium borohydride

2,3-Dihydro~1(8a-methyl)-azulenone (11) (0.10g, 6.24 x 10_4 mol)
in ethanol (5 ml) was added dropwise over 5 min to sodium borohydride
(0.025g, 6.61 x 10~% mol) in ethanol (15 ml) while stirring at 0°C
under nitrogen. Stirring was continued for 5 min then water (10 ml)
was added. Ether (40 ml) was added and the layers separated. The
aqueous layer was washed with ether (3 x 20 ml) and the combined organic
extracts were washed with brine (20 ml), dried, and concentrated at
reduced pressure., Purification by p.l.c, on silica with dichloromethane
as eluant gave the trienol mixture (22) (0.087g, 86% yield). The
spectral characteristics were as before. The diastereoisomeric ratio

was estimated as 65:35 (cis:trans).
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(d) Reduction with diisobutylaluminium hydride (DIBAL-H)

2,3-Dihydro-1(8a-methyl)-azulenone (11) (0.10g, 6.24 x 10'“ mol)
in toluene (10 ml) was stirred at 0°C under nitrogen while DIBAL-H
(0.355g, 2.50 mmol) in toluene (1 ml) was added over 5 min. Stirring
was continued at room temperature for 15h then methanol (10 ml) and
water (10 ml) were added, and the product extracted with ether
(3 x 20 m1). The combined organic extracts were washed with brine
(20 ml1), dried, and concentrated at reduced pressure. Purification by
p.l.c. on silica with 20% ethyl acetate, 80Z hexane as eluant gave the
trienol mixture (22) (0.086g, 85Z yield) with spectral characteristics
as before. The diastereoisomeric ratio was estimated as 45:55 (cis:

trans).
(e) Reduction with potassium tri-sec-butylborohydride (K-Selectride)zg

2,3-Dihydro-1(8a-methyl)-azulenone (11) (0.069g, 4.28 x 10-4 mol)
in THF (15 ml) was stirred at 0°C under nitrogen while K-Selectride
(0.111g, 5 x 10_4 mol) in THF (0.5 ml) was added. Stirring was
continued for lh then water (3 ml) was added. The pH was adjusted to
5 by addition of aqueous ammonium chloride. The product was extracted
with ether (3 x 15 ml)., The combined organic extracts were dried and
concentrated at reduced pressure., Purification by p.l.c. on silica
with dichloromethane as eluant gave the trienol mixture (22) (0.048g,
68.6% yield) with spectral characteristics as before. The diastereo-

isomeric ratio was estimated as 70:30 (cis:trans).
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Table 5.13 shows the stereoselection in the reduction of
2,3-dihydro-1(8a-methyl)-azulenone (11) with the various reducing
agents. Table 5.14 shows the enantiomeric excess obtained from chiral
shift 1H n.m.r. spectra of azulenol samples obtained by LiAlH(OBut)3
reduction of azulenone samples from rhodium(II) carboxylate catalysed

cyclisations,

Table 5.13: Stereoselection in the reduction of 2,3-dihydro-1(8a-methyl)-

azulenone (11)

L ]
*

CH, 0 CH, o jH CH,  "OH
() (22a) (22b)
cis trans
Reducing agent __Ilglé__. ——ngiglﬂii—
LiAlH(OBut )4~Et,0 83.4 75:25
LiAlH(OBut)3-THF 81.2 75:25
LiAlH,~Et,0~THF 89.4 70:30
NaBH,~EtOH 86.0 65:35
DIBAL-H-toluene 85.0 45:55
K-Selectride~THF 68.6 70:30
LT
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Table 5.14:

Enantioselection in the cyclisation of 2-diazo-5-phenyl-

pentan-2-one using rhodium(II) carboxylates as

catalyst.

Enantiomeric ratios were estimated by

reduction of 2,3-dihydro-1(8a-methyl)-azulenone

formed in the cyclisation to 2,3-dihydro-1(8a-methyl)-

azulenol on which chiral shift 1H n.m.r. studies were

carried out.

(o]
cH, Rh,(OCR), LiAIH (0¢-Bu),
N, CHClL EtD, o°c ’
'CH,0 CH, bH
(8) . (11)
(22
Temperature of Z e.e. [a]%o of alcohols®
Catalyst dlazoketogz decomposition in alcohols? e, CHZCIZ)
ha(OZCCF3)4 40 0 0
1 0 20 -
1 40 25 -7.73 (5.73)
22 0 0 -
4 0 10 -1.26 (4.62)
4 20 20 -3,28 (5.06)
4 40 25 -7.21 (5.81)
4 + PPh3 20 15 =5.27 (5.20)
5 40 33 -9.44 (8.81)
17 40 10 +0.67 (6.43)
8 % e.e. estimated from IH ﬂ:m.r. to $8% accuracy using Eu(tfc)3.
b

all reductions were carried out using lithium tri-tert-butoxy-
aluminohydride giving the same isomer ratio in each product.

Therefore specific rotation data can be at least qualitatively
compared as an indication of asymmetric induction.

-
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6-Acetoxy-2,3-dihydro-1(8a-methyl)-azulenol (23)

6-Acetoxy-2,3-dihydro~1(8a-methyl)-azulenone (13) (0.25g,
1.15 mmol; from a rhodium(II) mandelate catalysed cyclisation) in
in benzene (15 ml) and methanol (5 ml) was stirred at 0°C under nitrogen
forming a semi-solid reaction mixture. Sodium borohydride (0.115g,
3.04 mmol) was added in portions over 10 min then the reaction mixture
was stirred for 2h while returning slowly to room temperature, was
poured onto saturated ammonium chloride solution (20 ml), and was
extracted with ethyl acetate (3 x 20 ml). The combined organic
extracts were washed with brine (20 ml), dried, and concentrated at
reduced pressure. Purification by p.l.c. on silica using 10Z methanol
907 dichloromethane as eluant gave the alcohol mixture (23) (0.107g,
42.4% yield) as an oil; v__ (film) 3430 (OH) and 1739 em = (CO ester);
6H(CDC13) 0.83(3H, s, CCH3), 1.60-2.00(2H, m, C(3)Hz). 2.19(3H, s,
CHSCOZ)’ 2,10-2,.80(2H, m, C(Z)Hz), 2.68(1H, brs, OH), 4.06(1H, t,
J = 6 ,0Hz, CHOH), 5.26(0.7H, d, J = 10.8Hz, C(8)H of major isomer),
5.58(0.3H, d, J = 8.4Hz, C(8)H of minor isomer), 5.90(1H, d, J = 10.8Hz,
C(7)H), and 6.08(2H, brs, C(4)H and C(5)H). Chiral shift 'H n.m.r.
spectra using Eu(tfc)3 showed 107 e.e. in the alcohols. The chiral
shift spectra also enabled calculation of the diastereoisomeric ratio

in the alcohols as 65:35 (eis:trans).
1-Methylspirol[4.5)deca-6,9-diene—-2, 8—dione (31)29

6-Acetoxy-2,3~dihydro-1(8a-methyl)—-azulenone (13) (0.12g, 0.55 mmol)
in 1,4-dioxan (2 ml) was stirred at 0°C under nitrogen. Sodium hydroxide

(0.074g, 1.85 mmol) in water (5 ml) was added. The reaction mixture
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immediately became deep red and t.l.c. indicated complete disappearance
of starting material. The mixture was diluted with water (20 ml) and
extracted with ether (3 x 20 ml). The combined ether extracts were
dried and concentrated at reduced pressure. Purification by p.l.c. on
silica with 60% ethyl acetate 407 hexane as eluant gave the spirodione
(31) (0.049g, 51X yield) as a white crystalline solid, m.p. 93-95°C

29

(from ether-hexane; 1lit., 93-9400) (Found: C, 75.16; H, 7.04.

C11H1202 requires C, 74.97; H, 6.86%); vmax(KBr) 1742 (CO, cyclopentanone),

1660 (CO conjugated), and 1623 cm  (C=C) (lit.,2°

1738, 1660, and

1625 em '); 8,(CDC1,) 0.86(3H, d, J = 7.2Hz, CH;), 2.00-2.80(SH, m, ‘
CHCH, and CH,CH,), and 6.20-7.00(4H, m, vinylic-#); 6,(CDC1,) 8.64(q, CH,y),
31.19(t, C(3)H2), 34.37(t, C(k)Hz), 49.83(s, C(5)), 54.06(d, CHCH3), |
130.66(d), 147.81(d), 153.14(d), (vinylic-C), 185.63(s, CO conjugated),

and 215.45(s, CO cyclopentanone). The spectral characteristics were in

agreement with the reported values.29

Perhydro-1(8a-methyl)-azulenol (24)25

2,3-Dihydro-1(8a-methyl)-azulenol (22) (0.087g, 0.54 mmol) in
ethanol (5 ml) with 10Z palladium on charcoal (0.02g) was hydrogenated
with 40 p.s.i. hydrogen at room temperature for 24h., Filtration and
concentration at reduced pressure gave the crude product which was
purified by p.l.c. on silica with dichloromethane as eluant to give the
perhydroazulenol (24) as an inseparable mixture of isomers (0.091g,
quantitative yield) as an oil which solidified on refrigeration (Found:
Cc, 78.17; H, 12.13, CIIHZOO requires C, 78.51; H, 11.98%); vmax(film)
3366 cm ' (OH); 6,(CDC1,) 0.74(3H, s, CH,), 0.20-2.00(15H, brm, contained

a distinctive pair of peaks at 6H 0.91 and 0.96), 3.24(1H, brs, OH), and
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3.60(1H, t, J = 7.2Hz, CHOH); &,(CDC1,) 10.98(q, CH,), 26.12, 26.64,
27.22, 29.17(t), 30.15(t), 40.48, 44.25, 46.26, and 83.23(d, CHOH).
Minor signals were visible at 18.32 (q, CH3) and 84.14(d, CHOH) for

an isomer.

This sample was derived from a-diazoketone (8) by a rhodium(II)
mandelate catalysed cyclisation at 0°C followed by reduction with
lithium tri-tert-butoxyaluminohydride. Chiral shift 1H n.m.r, spectra _
of the perhydroazulenol mixture (24) with Eu(tfc)3 indicated 207 e.e.
by splitting of the singlet for the methyl group. This was in agree-
ment with the chiral shift spectra of the 2,3-dihydro-1(8a-methyl)-
azulenol (22), ard was further evidence that cyclisation of
a-diazoketone (8) with rhodium(II) mandelate as catalyst at 0°c

proceeded with an asymmetric induction of 20Z e.e.

Perhydro-1(8a-methyl)-azulenone (25)25’30

Jones' reagent was freshly prepared using chromium(VI) oxide

(5.34g) and conc. sulphuric acid (4.6 ml) in 50 ml aqueous solution.

Perhydro-1(8a-methyl)~azulenol (24) (0.091g, 0.54 mmol) in acetone
(20 ml) was stirred at 0°C while Jones' reagent (0.5 ml) was added
dropwise. Anhydrous sodium carbonate (0.50g) was added and stirring
was continued for 1.5h. The reaction mixture was filtered through
celite, concentrated at reduced pressure, redissolved in dichloromethane
(20 ml), dried, and concentrated at reduced pressure to give.the crude
product which was purified by distillation in a Kugelrohr apparatus
(oven-temperature 75-90°C at 0.03 mmHg) to give the perhydroazulenone

25) (0.06g, 67% yield) as an oil (Found: C, 79.63; H, 10.72,
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L [ -1
611H180 requires C, 79.46; H, 10.91%); vmax(fxlm) 1736 em ~ (CO,
cyclopentanone); GH(CDC13) 0.92(2.8H, s, CH3, trang), 1.15(0.2H, s,
CH3, ei8), 1.20-2.40(15H, m). From the integration 7-10% of the cis-
fused isomer was present. The spectral data were in agreement with

the reported values.zs’30

Hydrogenation of 2,3-dihydro-1(8a-methyl)-azulenone (11)%3

2,3-Dihydro-1(8a-methyl)-azulenone (11) (0.102g, 0.64 mmol) in
ethanol (20 ml) with 107 palladium on charcoal (0.02g) was hydrogenated
at 40 p.s.i. hydrogen for 24h, PFiltration through celite and concentration
at reduced pressure gave the perhydroazulenone (25) which was purified
by distillation as before (0.088g, 837 yield). The spectral character-
istics were as before except that the signal at 6H 1.15 ppm for the CH3
of the cis-fused isomer was not present indicating exclusive hydrogenation

to the trane-isomer had occurred.

The azulenone sample used in the hydrogenation was from a rhodium(II)
N-naphthalenesulphonyl-L-prolinate catalysed reaction (i.e. 337 e.e.).
The perhydroazulenone had a specific rotation of [algo +18.7° (¢ 2.6 in

CHZCIZ).

Acetylation of 2,3-dihydro-1(8a-methyl)-azulenol (22)

2,3-Dihydro-1(8a-methyl)-azulenol (0.679g, 4.19 mmol) in pyridine
(25 ml) was stirred under nitrogen while acetic anhydride (25 ml) was
added. The reaction mixture was stirred for 17h, then poured onto ice
(200g), and extracted with ethyl acetate (3 x 50 ml). The combined
organic extracts were washed with brine (50 ml), dried, and concentrated

at reduced pressure. Purification by passage through a short column of
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silica using dichloromethane as eluant gave 2,3-dihydro-1(8a-methyl)-
azulenyl acetate (26) as an inseparable mixture of isomers (0.675g, 79%

yield) as a colourless oil (Found: C, 76.17; H, 7.66. C.,_.H._O

131602
requires C, 76.44; H, 7.90%); v__(film) 1732 em b (CO ester);
6H(CDC13) 0.63(2H, s, CH3,, cts~-isomer), 0.72(1H, s, CH3, trans-

isomer), 1.80-2,20(2H, m, C(3)H2), 2,08, 2,09(3H, 2 overlapping s,
CH,CO0,), 2.50-2.90(2H, m, C(2)4,), 5.00-5.40(2H, m, C(8)H and CHOAc),
and 5.80-6.30(4H, m, C(4)H, C(5)H, C(6)H, and C(7)H); 6C(CDCI3)
12.09(q, CH3, finely split for 2 isomers), 17.61(t, C(3)H2), 21.12(t,
C(Z)Hz), 30.86/30.80(q, CH3002), 47.76/47.24(s, CCH3), 83.62/83.36(d,
CHOAc), 118.06/118.38(d), 124.68/124.36(d), 127.80(d), 128.58/128.32
(d), 128.97(d), 144.50/143.85(s), (vinylie-C), and 170.81(s, CO,
finely split for 2 isomers). Where pairs of signals were visible that

which corresponded to the major cis-isomer is quoted first.

This sample was derived from a lithium aluminium hydride reduction
of the azulenone (11). Estimation of the isomer ratio was possible by
integration of the well resolved singlets in the 1H n.m.r, spectrum for
the C(8a)-methyl groups of the two isomers giving a 70:30 cis:trans
ratio, in agreement with that obtained from the chiral shift 1H n.m.r.

spectra of the azulenol (22).
1-Methylbicyelol 5. 3.0]ldec~10-yl acetate (27)

The acetate mixture (26) (0.09g, 0.44 mmol) in ethanol (10 ml) with
107 palladium on charcoal (0.05g) was hydrogenated at room temperature
at 40 p.s.i. hydrogen for 20h. Filtration and concentration at reduced

pressure gave the acetate (27) as a mixture of isomers (0.092g, 997 yield)
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as a clear colourless oil (Found: C, 74.69; H, 10.42, 013H220

requires C, 74.24; H, 10.547); v__ (film) 1731 em = (CO);
6,(CDC1,) 0.82(3H, s, CCH,), 1.00-2.10(15H, m), 2.00(3H, s, CH,CO,),
and 4.40-4.80(1H, m, CHOAc). The singlets for the methyl groups at

GH 0.82 and 2.00 did not resolve for the isomers,

Reaction of methylmagnesium iodide and 2,3-dihydro—1(8a-methyl)~

asulenone (11)

Magnesium turnings (1.252g, 0.052 mol) in ether (40 ml) was
stirred under nitrogen while a solution of iodomethane (7.30g, 0.051
mol) in ether (15 ml) was added over 5 min giving a vigorous
exothermic reaction. The reaction mixture was refluxed for lh, then
cooled to 0°C, and 2,3-dihydro-1(8a-methyl)-azulenone (11) (0.32g,
1.997 mmol) in ether (10 ml) was added dropwise over 5 min. Stirring
was continued for 14h at room temperature, then the reaction mixture
was cooled to 0°C and saturated aqueous ammonium chloride (10 ml) was
added cautiously. The layers were separated and the aqueous layer
washed with ether (3 x 10 ml). The combined organic extracts were
dried and concentrated at reduced pressure. Purification by p.l.c.
using dichloromethane as eluant gave the alcohol mixture (28) (0.164g,
1

46.5% yield) as a colourless oil; vmax(film) 3415 (OH) and 1639 cm

(w, C=C); 6,(CDC1,) 0.58(1.2H, s, 8a-CH3 of minor isomer), 0.73(1.8H,
s, 83—0H3 of major isomer), 1.31(1.8H, s, CH3COH of major isomer),
1.37(1.24, s, CH3COH of minor isomer), 1.50-2.70(4H, m, CHZCHZ)’
4.68(0.40H, d, J = 10.2Hz, C(8)H of minor isomer), 5.50(0.60H, d,

J = 11.4Hz, C(8)H of major isomer), and 6.00-6,60(4H, m, C(4)H, C(5)H,
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C(6)H, and C(7)H). By comparison with the spectra for the azulenol
mixture (22), the major isomer (60%) of Grignard addition product had
the methyl groups c¢i8 corresponding to attack from the B-face of the
molecule. Enantiomeric resolution was not seen on the 1H n.m.r.

spectrum on addition of Eu(tfc)3.

Preparation of the phenol ester (43)

m-Methylanigole (37)23’31

Dimethyl sulphate (315g, 2.5 mol) was added dropwise to a cold
solution of m-cresol (216g, 2 mol) in aqueous sodium hydroxide (88g,
2.2 mol in 150 ml). The solution clouded immediately and was refluxed
for lh., The upper light yellow oil was separated and dissolved in
ether (11), washed with brine (300 ml), dried over anhydrous sodium
carbonate, filtered, and concentrated at reduced pressure to give
m-methylanisole (37) (233.2g, 95.5% yield) as an oil; vmax(film)
1257 and 1151 em = (C-0); 6,(CDCL,) 2.25(3H, s, Ar-CH,), 3.58(3H, s,
OCH3), and 6.60-7.20(4H, m, Ar-H); GC(CDC13) 21.51(q, CH3-Ar),
55.03(q, OCH3), 110.85(d), 114.81(d), 121.56(d), 129.23(d), 139.50(s),
and 159.64(s), (Ar). The spectral characteristics were in agreement

with the reported values.23

4-Bromo-3-methylanisole (33)25;31,33

Bromine (62.04g, 0.39 mol) in carbon tetrachloride (120 ml) was
added dropwise over 3h to a stirred suspension of iron filings (0.80g)
in m-methylanisole (39.90g, 0.33 mol) and carbon tetrachloride (320 ml)

at -10°C. The reaction mixture was stirred for 3h, water (200 ml) was
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added followed by 457 sodium bisulphite solution (300 ml) giving

slow decolourisation of the mixture. The layers were separated and

the aqueous layer washed with carbon tetrachloride (50 ml). The
combined organic extracts were concentrated at reduced pressure then
shaken in ether and water (200 ml of each). The layers were separated
and the organic layer washed with water (3 x 50 ml) and brine (50 ml),
dried, and concentrated at reduced pressure., Distillation gave 4-bromo-
3-methylanisole (38) (56g, 85% yield) as an oil, b.p. 60°C at 0.6 mmHg

32

(1it.,”* 72°C at 1.2 mmHg) (Found: C, 47.24; H, 4,08; Br, 39.41.

08H93r0 requires C, 47.79; H, 4.51; Br 39.75%); vmax(film) 1605, 1580,
and 1485 ¢:m“1 (aromatic); GH(CDCI3) 2.30(3H, s, CH3-Ar), 3.64(3H, s,
OCH3), 6.30-6.70(2H, m, C(2)H and C(6)H), and 7.40(1H, d, J/ = 9.0Hz,

C(5)H). The spectral characteristics were in agreement with the

reported values.25
4-Methoxy-2-methylbenzaldehyde (39)25,31,32

4-Bromo-3-methylanisole (48g, 0.24 mol) and bromoethane (56.06g,
0.51 mol) in ether (280 ml) were added dropwise over 1.5h to a
mechanically stirred suspension of magnesium turnings (21.6g, 0.89 mol)
in ether (320 ml) under nitrogen, maintaining gentle reflux by adjusting
the rate of addition. The reaction mixture was refluxed for lh, cooled
to -20°C, and a solution of N,N-dimethylformamide (58.9g, 0.81 mol) in
ether (200 ml) was added slowly with vigorous stirring. The suspension
was stirred for lh then poured onto ice and saturated ammonium chloride
solution (500 ml of each). The layers were separated and the aqueous

layer was washed with ether (3 x 100 ml). The combined organic extracts
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were washed with brine (100 ml), dried, and concentrated at reduced
pressure. Fractional distillation gave unreacted bromide (b.p. 60°C
at 0.6 mmHg), and the aldehyde (39) (b.p. 80°C at 0.6 mmHg) (29.6g,
827 yield based on bromide consumed); vmax(film) 1690 t:mn1 (CO);
6H(CDC13) 2.59(3H, s, CH3—At), 3.78(3H, s, OCH3), 6.70-7.20(2H, m,
C(3)H and C(5)H), 7.72(1H, 4, J = 9Hz, C(6)H), and 10.03(1H, s, CHO).

The spectral characteristics were in agreement with the reported

values.25

d-Methozy-2-methyloinnamic acid (40)2%:32

4-Methoxy-2-methylbenzaldehyde (16g, 0.11 mol) was stirred with
malonic acid (22.2g, 0.21 mol) in pyridine (50 ml) at 50°C until all
the malonic acid had dissolved. The mixture was cooled and piperidine
(1.39g, 0.016 mol) was added. The solution was heated at 80°C for 1h,
then refluxed for 3h, poured into water (425 ml), and acidified to pH 1
with conc. hydrochloric acid (61 ml)., The precipitate was collected by
filtration and washed with cold water (73 ml). The crude product was
dissolved in aqueous sodium hydroxide (8.80g, 0.22 mol in 300 ml water),
heated to 65°C, and filtered. The filtrate was diluted with water
(120 ml) and reacidified to pH 1 with 1:1 conc. hydrochloric acid and
water (66 ml). The precipitate was collected by filtration, washed with
cold water (110 ml), and dried at 65°C for 3 days. Recrystallisation
from acetone/ethanol gave the acid (40) (19.05g, 93Z yield) as white

32 187°%)  (Pound: C, 68.30; H, 6.24.

needles, m.p. 191-193°C (1it.,
C11H1203 requires C, 68.73; H, 6.29%); vmax(KBr) 3600-2000 (max. 2590,
COOH), 1682 (CO), and 1597 c:m-1 (C=C); GH(DMSO-d6/acetone-d6) 2.37(3H, s,

CH3—Ar), 3.77(3H, s, OCHB), 6.26(1H, d, J = 15.6Hz, -CHCOZH), 6.90(2H, m,
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C(3)d and C(5)H), 7.70(1H, d, J = 9Hz, C(6)H), and 7.90(1H, 4, J = 15,.6Hz,
=CH-Ar). The spectral characteristics were in agreement with the

reported values.32
3~ (4-Methoxy—2-methylphenyl)propanoic acid (41)25

4-Methoxy-2-methylcinnamic acid (40) (5.80g, 0.034 mol) was
dissolved in hot ethanol (200 ml) and 10Z palladium on charcoal was
added (0.089g). Hydrogenation at 40 p.s.i. hydrogen was carried out
for 16h, then the reaction mixture was filtered and concentrated at
reduced pressure to give the acid (41) (5.80g, 997 yield) as a white
crystalline solid; vmax(KBr) 3200-2200 (max. 2910, COOH) and 1705 <:m-.1
(CO); 6H(CDCI3/DMSO-d6) 2.27(34, s, CHS-Ar), 2.50-3.00(4H, sym m,
CHZCHZ)’ 3.68(3H, s, OCH3), 6.70-7.20(3H, ABq and 8 overlapping, Ar-H),
and 11.00(1H, brs, COOH). The spectral characteristics were in agree-

ment with the reported values.zs

3-(4-Hydroxy-2-methylphenyl)propanoic acid (42)25

3-(4-Methoxy-2-methylphenyl)prepanoic acid (41) (16.43g, 0,085
mol) in acetic acid (200 ml) was stirred under nitrogen while hydro-
bromic acid (49Z; 125 ml) was added. The solution was refluxed for
24h, then the acetic acid was evaporated at reduced pressure. The
residue was shaken in ether and water (200 ml of each). The layers were
separated and the aqueous layer washed with ether (2 x 50 ml). The
combined organic extracts were washed with water (2 x 50 ml), dried, and
concentrated at reduced pressure. Recrystallisation from chloroform gave
the acid (42) (13.57g, 897 yield) as white crystals, m.p. 98.5-99.500;

v (KBr) 3367 (OH), 3500-2400 (max. 3100, COOH), 1720, and 1679 cm - (CO);
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6H(CDC13/DMSO-d6) 2.19(3H, s, CH3), 2.30-3.00(4H, sym m, CHZCHZ)’ 6.50-
7.10(3H, ABq and s overlapping, Ar-H), and 7.70(2H, brs, COOH and OH).

The spectral characteristics were in agreement with the reported values.25
Methyl 3-(4~hydroxy-2-methylphenyl)propanoate (43)%°

3- (4-Hydroxy-2-methylphenyl)propanoic acid (42) (7.27g, 0.040 mol)
in methanol (70 ml) with a few drops of conc. sulphuric acid was
refluxed for 12h while stirring under nitrogen. The methanol was
evaporated at reduced pressure and the residue was dissolved in
dichloromethane (50 ml), stirred with anhydrous sodium carbonate (2g)
for 1h, filtered, and concentrated at reduced pressure. Passage through
a short column of silica with dichloromethane as eluant gave the ester
(43) (7.60g, 97% yield) as a gold-coloured oil; vmax(film) 3395(0H) and
1712 cm * (CO); 6,(CDC1,) 2.13(3H, s, CH,-Ar), 2.40-2.90(4H, sym m,

2 x CH2), 3.57(3H, s, OCE3), 6.15(1H, brs, OH), 6.76(1H, brs, C(3)H),
and 6.60-7.10(2H, ABq, C(5)H and C(6)H). The spectral characteristics

were in agreement with the reported values.25

Preparation of sulphide esters

Ethyl 2- (n-butylthiolacetate (48) 25

Sodium (2.04g, 0.089 mol) was added over 45 min to ethanol (150 ml)
while stirring under nitrogen. When all the sodium had dissolved,
1-butanethiol (8.00g, 0.089 mol) was added and the reaction mixture was
stirred for 30 min. Ethyl bromoacetate (14.808g, 0.089 mol) was added
dropwise over lh and stirring was continued for 16h. The reaction

mixture was filtered and concentrated at reduced pressure. The residue
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was shaken in ether and water (100 ml of each) and the layers were
separated. The aqueous phase was washed with ether (3 x 20 ml), The
combined organic extracts were dried and concentrated at reduced

pressure to give ethyl 2-(n-butylthio)acetate (48) (14,22g, 91.0% yield)
as a colourless oil; v___(film) 1728 (:m—1 (co); GH(CDCI3) 0.80-1.80(10H,

max

m, CH3CH2CH2 and OCHZCH3, triplet visible at 1.25), 2.69(2H, brt,

J = 7,2Hz, CH CHZS), 3.14(2H, s, SCHZCO), and 4.10(2H, q, OCHZCH3). The

2

spectral characteristics were in agreement with the reported values.25
Ethyl 3,2-bis(n-butylthiolacetate (50)°°

Ethyl 2-chloro-2-(n-butylthio)acetate (49) (0.50g, 2,37 mmol) in
dichloromethane (10 ml) was stirred under nitrogen. n-Butanethiol
(0.214g, 2.37 mmol) was added, followed by freshly fused zinc chloride
(0.65g, 4.77 mmol)., Stirring was continued for 18h then the reaction
mixture was washed with water (10 ml), dried, and concentrated at
reduced pressure. Purification by radial chromatography on silica with
27 ethyl acetate, 987 hexane as eluant gave ethyl 2,2-p7g (n-butylthio)-
acetate (50) (0.412g, 66% yield) as an oil (Found: C, 54.62; H, 8.96.
C,,H,,0,8, requires C, 54.50; H, 9.15%2); v__ (film) 1726 en ! (co);

max

6H(CDC13) 0.80-1,90(17H, brm, OCHZCH3 and 2 x CH3CHch2, t visible at
1.30), 2.63(4H, brt, J = 6.6Hz, 2 x CHZS), 4,13(2H, q, J = 6.6Hz,

OCHZCR3), and 4.24(1H, s, CH(SBu)z).
3, 2-Dimethyl-1, 3-ozathiolan-5-one (52)%%

Mercaptoacetic acid (36.85g, 0.40 mol), acetone (46.50g, 0.80 mol),
and p—toluenesulphonic acid (0.30g, 1.58 mmol) in benzene (400 ml) was

refluxed for 1h. A Dean-Stark apparatus was inserted and reflux was
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continued for 3h while the water formed in the reaction was removed

by azeotropic distillation. The reaction mixture was stirred at room
temperature for 15h while a precipitate of the diacid (53) formed.

The solution was decanted, washed with saturated sodium bicarbonate
solution (3 x 250 ml) and brine (250 ml), dried, and concentrated at
reduced pressure. Distillation gave 2,2-dimethyl-1,3-oxathiolan-5-one
(52) (6.0g, 12% yield) as a clear colourless oil, b.p. 44°C at 10 mmHg 3
Vg (Film) 1769 cm © (CO); &,(CDC1,) 1.71(6H, s, 2 x CH,) and 3.69(2H,
8, CHZ); GC(CDC13) 30.60(q, 2 x CH3), 33.33(t, CHZ), 89.08(s, C(CH3)2),
and 172.18(s, CO). The spectral characteristics were in agreement with

the reported values.34b

The major product of the condensation was the diacid (53) (16.0g,
35.6% yield) as a white crystalline solid, m.p. 121-127°C  (Found:
c, 37.79; H, 5.28; S, 28.67. C7H120482 requires C, 37.48; H, 5.39;
1

S, 28.597); v___(KBr) 3600-2500 (max. 3080, COOH) and 1702 cm

nax (co);

6H 1.61(6H, 8, 2 x CH3), 3.32(4H, 8, 2 x CHZ)’ and 9.70(2H, brs, 2 x
CO0H) .

Preparation of a-chlorosulphides35

Ethyl 2-chloro-2-(n-butylthio)acetate (49)25

Ethyl 2-(n-butylthio)acetate (48) (13.83g, 0.078 mol) in carbon
tetrachloride (55 ml) was stirred at 0°C under nitrogen while
N-chlorosuccinimide (11.06g, 0.082 mol) was added. Stirring was continued
for 16.5 h allowing the reaction mixture to return slowly to room
temperature. The suspension was cooled to 0°C and filtered to remove the

succinimide which was washed with ice-cold carbon tetrachloride (42 ml).
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Because of the sensitivity of the reagent it was refrigerated and
handled in the solution in which it was prepared. The yield was
assumed to be quantitative and the a-chlorosulphide solution was used
on a 'by-weight' basis. Analysis was by 1H n.m.r. only and before use
the reagent was checked by 1H n.m.r,.; 6H(CC14) 0.80-1.90(10H, m,
CH3CHZCH2 and OCHZCH3, t visible at 1.33), 2.76(2H, brt, J = 6,.0Hz
CH,S), 4.17(2H, q, J = 7.2Hz, OCH,), and 5.30(1H, s, CHC1). The 'H

n.m.r. characteristics were in agreement with the reported values.25

Ethyl 2-chloro-2,2-bis(n-butylthio)acetate (51)

The procedure described for ethyl 2-chloro-2-(n-butylthio)acetate
(49) was used with ethyl 2,2-bis (n-butylthio)acetate (50) (0.363g,
1.37 mmol) in carbon tetrachloride (2 ml) and N-chlorosuccinimide (0.193g,
1.45 mmol) with a carbon tetrachloride (1 ml) wash of the solids to
give a quantitative yield of the a-chlorosulphide (51) as a solution in
carbon tetrachloride; 6H(0014) 0.90-1.90(17H, m, 2 x CH CH CH, and

377272

OCHZCH3. t visible at 1.40), 2.50~2.90(4H, m, 2 x Cst), and 4.29(2H, q,

J = 6,9Hz, 0C52CH3).
Methyl 2-chloro 2-(phenylthio)propionate (44)25

The procedure described for ethyl 2-chloro-2-(n-butylthio)acetate
(49) was used with methyl 2-(phenylthio)propionate (55)36(8.003, 0.041
mol) in carbon tetrachloride (32 ml) and N-chlorosuccinimide (5.72g,
0.043 mol) with a carbon tetrachloride (24 ml) wash of the solids to
give a quantitative yield of the a-chlorosulphide (44) as a solutiom in
carbon tetrachloride; ,6H(C014) 1.96(3H, s, CH3C), 3.65(3H, s, CH3OZC),
and 7.10-7.70(5H, m, Ar-H). The IH n.m,r. characteristics were in agree-

ment with the reported values.25
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4-Chloro-2, 2-dimethyl-1, 3-oxathiolan-5-one (54)

The procedure described for ethyl 2-chloro-2-(n-butylthio)-
acetate (49) was used with 2,2-dimethyl-1,3-oxathiolan-5-one (52)
(3.00g, 0.022 mol) in carbon tetrachloride (30 ml) and N-chloro-
succinimide (3.10g, 0.023 mol) with a carbon tetrachloride (10 ml)
wash of the solids. It was necessary to heat the reaction mixture
to 45°C for 2h for complete reaction., A quantitative yield of the
a-chlorosulphide (54) as a solution in carbon tetrachloride was obtained;

64(CC1,) 1.81, 1.97(6H, 2 x 8, 2 x CH,) and 5.82(1H, s, CHC1).
3-Chloro-trans-hexahydro-1,4-benzoxathiin—2(3H)-one (57)

The procedure described for ethyl 2-chloro-2-(n-butylthio)-
acetate (49) was used with trans-hexahydro-1,4-benzoxathiin-2(3H)-one
(56)37 (0.50g, 2.90 mmol) in carbon tetrachloride (10 ml) and
dichloromethane (1 ml) and N-chlorosuccinimide (0.4lg, 3.07 mmol) with
a carbon tetrachloride (1 ml) wash to give a quantitative yield of the
a-chlorosulphide (57) in solution; GH(CCIA) 1.10-2.60(8H, m, 4 x CH2),
3.00-3.60(14, m, CHS), 5.00-5.50(1H, m, CHO), and 5,86, 5.89(1H, 2 x s,

CHCl, two isomers in 3:1 ratio).

Alkylation with a-chlorosulphides

5§-Benzofuranpropanoie acid, 2,3-dihydro-4-methyl-2-oxo-methyl ester (59)

and 5-benzofuranpropanoie acid, 2,3-dihydro—6-methyl-2-oxo-methyl ester ( 60)38

A solution of ethyl 2-chloro-2-(n-butylthio)aaetate (49) (11.93g,
0.056 mol) in carbon tetrachloride (60 ml) was added dropwise over lh to

a stirred mixture of phenol ester (43) (10.00g, 0.051 mol) and freshly

- 294 -



fused zinc chloride (10.53g, 0.077 mol) in nitromethane (40 ml) and
dichloromethane (40 ml) under nitrogen. Stirring was continued for 1lh
then the reaction mixture was poured into ice-water (200 ml) and
stirred for lh. The layers were separated and the aqueous layer was
washed with dichloromethane (30 ml)., The combined organic extracts
were washed with saturated aqueous sodium bicarbonate solution (3 x 50
ml) and brine (50 ml), dried, and concentrated at reduced pressure.

The crude product was dissolved in glacial acetic acid (100 ml),
freshly activated zinc powder (40g, 0.61 mol) was added, and the
reaction mixture was refluxed while stirring under nitrogen for 16h.
The cooled mixture was filtered and the solids were washed thoroughly
with dichloromethane. Evaporation of the solvent at reduced pressure
gave a yellow oil which was dissolved in dichloromethane (150 ml),
washed with water (100 ml), saturated aqueous sodium bicarbonate

(3 x 100 ml), and brine (100 ml), dried, and concentrated at reduced
pressure. Chromatography on silica with gradient dichloromethane-hexane
as eluant gave the lactone esters (59) and (60) (3.58g, 30X yield) as a
yellow solid, m.p. 55-70°C  (Found: C, 66.67; H, 5.87. C,.H .0

1371474

requires C, 66.65; H, 6.02%); vmax(melt) 1800 (CO lactone) and 1727

en ! (CO ester); 5H(CDCI3) 2.20(1.8H, s, Cil,~Ar of major isomer),
2.33(1.2H, s, CH3—Ar of minor isomer), 2.50-3.00(4H, sym m, CHZCHZ)’

3.55, 3.59(2H, 2 x s, CH, of lactones), 3.61(3H, s, OCH3), and 6.80-7.30

2
(2H, ABq for major isomer and 2 x 8 for minor isomer overlapping, Ar-H).

From the 1a n.m.r. spectrum the ratio of isomers was 60:40 (59):(60).
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Alkylation with 4-chloro-2, 2~-dimethyl-1,3-oxathiolan-5-one (54)

4-Chloro-2,2-dimethyl-1,3-oxathiolan-5-one (54) (0.47g, 2.83 mmol)
in dichloromethane (5 ml) was added dropwise over 20 min to a stirred
suspension of phenol.ester %3) (0.50g, 2.57 mmol) and zinc chloride
(0.526g, 3.86 mmol) in nitromethane (5 ml) and dichloromethane (5 ml)
under nitrogen. After lh the reaction mixture was processed exactly as
described above. The crude product was dissolved in glacial acetic
acid (15 ml), activated zinc powder was added (0.80g, 0.012 mol), and
the reaction mixture was refluxed for 12h while stirring under nitrogen.
The lactone esters (59) and (60) were isolated as before (0.09g, 16%

yield). Isomer ratio was 60:40 (59):(60) as before.

Alkylation with 3-chloro-trans-hexahydro-1,4-benzoxathiin-2(3H)-one (57)

A solution of a-chlorosulphide (57) (0.30g, 1.45 mmol) in
dichloromethane (5 ml) was added dropwise over 20 min to a stirred
mixture of phenol ester (43) (0.268g, 1.38 mmol) and zinc chloride
(0.283g, 2.08 mmol) in nitromethane (2 ml) and dichloromethane (2 ml).
After 10h the mixture was processed as before. The crude product was
dissolved in glacial acetic acid (30 ml), activated zinc powder (0.32g,
4,89 mmol) was added, and the reaction mixture was refluxed for 12h
while stirring under nitrogen. The lactone esters (59) and (60) were
isolated as before (0.126g, 397 yield). From the 1H n.m.r, spectrum the

isomer ratio was 90:10 (59):(60).
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Alkylation with ethyl 2-ehloro-2,2-bis(n-butylthio)acetate (51)

Ethyl 2-chloro-2,2-big (n-butylthio)acetate (51) (0.72g, 2.41 mmol)
in carbon tetrachloride (5 ml) was added dropwise over 20 min to a stirred
mixture of the phenol ester (43) (0.427g, 2.20 mmol) and zinc chloride
(0.45g, 3.30 mmol) in nitromethane (3 ml) and dichloromethane (3 ml)
under nitrogen. After lh the reaction mixture was processed as before
to give the crude product (1.1l1g) as a yellow oil. The ir spectrum
indicated that very little lactonisation had occurred and t.l.c. showed

that the major component was unreacted phenol ester (43).

3, 5-Dimethyl-2(3H)-benzofuranone (45)3%>3

A solution of methyl 2-chloro-2-(phenylthio)propionate (44) (2.35g)
0.010 mol) in carbon tetrachloride (12 ml) was added dropwise over 15
min to a stirred mixture of p-cresol (lg, 0.009 mol) and zinc chloride
(1.90g, 0.014 mol) in nitromethane (15 ml) and dichloromethane (10 ml)
under nitrogen. After lh the reaction mixture was poured into ice-water
(100 ml) and processed as before. The product (2.76g) was dissolved in
glacial acetic acid (70 ml), activated zine powder (6.7g, 0.049 mol) was
added, and the reaction mixture was refluxed for 8h while stirring under
nitrogen. The product was isolated as before with purification by
radial chromatography on silica with gradient ethyl acetate-hexane as
eluant to give the lactone (45) (1.08g, 72% yield) as a colourless

viscous oil (Found: C, 73.80; H, 6.10. C 0, requires C, 74.05;

1010
H, 6.220); v__ (film) 1797 em = (CO); 8,(CDC1,) 1.52(3H, d, J = 6.6%z,
Ci,CH), 2.36(3H, s, Cd,-Ar), 3.60(1H, q, J = 6.6Hz, CHCH3), and 6.80-
7.20(3H, m, Ar-H); GC(CDC13) 15.92(q, CHCHa), 21.05(q, CH3AI), 38.46(4,
CH), 110.26(d), 124.62(d), 128.71(s), 129.17(d), 133.85(s), 151.52(s),
(Ar), and 178.35(s, CO). The spectral characteristics were in agreement

with the reported values.39
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1-Methylnaphthol 2, 1-b ) furan-2(1H)-one (58)%°

A solution of methyl 2-chloro 2-(phenylthio)propionate (44)
0.007 mol) in carbon tetrachloride (9 ml) was added dropwise over 20 min
to a stirred mixture of B-naphthol (1g, 0.007 mol) and zinc chloride
(1.42g, 0.010 mol) in nitromethane (10 ml) and dichloromethane (15 ml)
under nitrogen. After lh the product was isolated as before (2.76g),
and was dissolved in glacial acetic acid (30 ml). Activated zinc powder
was added (6.58g, 0.10 mol) and the mixture was refluxed for 4h while
stirring under nitrogen. The product was isolated as before. Purifica-
tion by radial chromatography on silica with gradient ethyl acetate-
hexane as eluant gave the lactone (58) (0.89g, 65Z yield) as a white
crystalline solid, m.p. 125-127°C (1it.,%0 121-124°C)  (Found:
c, 78.78; H, 5.16. 013H1002 requires C, 78.77; H, 5.092Z); vmax(KBr)
1783 c:m_1 (co); 6H(CDC13) 1,69(3H, d, J = 7,2Hz, CE3), 3.91(1H, q, CH),
and 7.10-7.90(6H, m, Ar-&); 6,(CDC1,) 16.70(q, CH,), 38.53(d, CH),
111.50(d), 121.50(s), 122.47, 124,68, 127,48, 129,43, 129,82, 130.86(s),

150.93(s), (Ar), and 178.55 (s, CO).

Hydrolysis of lactone esters (59) and (60)25

The lactone mixture (8.00g, 0.034 mol; 60:40 ratio of (59):(60))
and sodium hydroxide (6.94g, 0.174 mol) in water (200 ml) was refluxed
for 1 min while stirring under nitrogen, then was stirred for 20h at

room temperature. The solution was washed with ether (2 x 40 ml) and was
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cautiously acidified with conc. hydrochloric acid. The product was
extracted with ether (3 x 60 ml)., The combined organic extracts were
washed with brine (50 ml), dried, and concentrated at reduced pressure
to give the hydroxy acids (62) and (63) (7.96g, 98% yield) as a yellow
solid which was relactonised without purification; vmax(KBr) 3600-2200
(max. 3190, COOH and OH) and 1704 em & (br, CO); &, (acetone-d.) 2.22(3H,
s, Ar-CHB), 2.30-3.00(4H, sym m, CHZCHZ)’ 3.52, 3.70(2H, 2 x s, CHZCOOH

of minor and major isomers respectively), 6.60-7.10(2H, m, Ar-H), and

9.20(3H, brs, 2 x COOH and OH).

Regeneration of lactone ringzs

The mixture of hydroxy acids (62) and (63) (10.71g, 0.045 mol) was
dissolved in dichloromethane (150 ml) and ether (20 ml) containing
p-toluenesulphonic acid (0.10g). The solution was refluxed for 22h
while stirring under nitrogen, then washed with water (2 x 100 ml) and
brine (100 ml), dried, and concentrated at reduced pressure to afford the
lactone acids (64) and (65) (9.50g8, 95.9% yield) as a yellow solid;
v___(KBr) 3600-2400(max. 2945, COOH), 1801 (CO, lactone) and 1705 cm '
(CO, carboxylic acid); 6H(CDC13/DMSO—d6) 2.15(3H, s, Ar-CH3), 2.30-3.00
(4H, sym m, CHZCHZ)’ 3.58, 3.75(24, 2 x brs, CHZ of lactone of minor and

major isomers respectively), and 6.90-7.20(2H, m, Ar-H).

Trituration of the mixture with ether gave the less soluble major
isomer (4.32g), with no detectable trace of the minor isomer, as yellow
plate-like crystals, m.p. 188-191°¢ (from methanol) (Found: C, 65.33;
H, 5.47. °12H12°4 requires C, 65.44; H, 5.47%7); v___(KBr) 3600-2400

max
(max. 2930, COOH), 1800 (CO, lactone), and 1704 cm.1 (CO, carboxylic acid);
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6,,(CDC1,/DMSO~d ) 2.19(3H, s, CH,-Ar), 2.40-3.00(4H, sym m, CH,CH,),
3.81(2H, brs, CHZ in lactone), and 6.80-7.30(2H, ABq, Ar-H);
6C(DMSO-d6) 15.46, 27.42, 32,22, 34.57, 107.27, 123.51, 128.26, 132.61,

134.50, 152.17, 173.67, and 174.32.

Acid chloride (71)

Lactone acid (64) (0.20g, 0.91 mmol) was stirred under nitrogen
at 0°C in dichloromethane (1.5 ml). N,N-Dimethylformamide (1 drop)
was added followed by oxalyl chloride41 (0.128g, 1.0 mmol). The
mixture was stirred for 90 min while the insoluble acid slowly dissolved.
Attempts to isolate or characterise the acid chloride (71) resulted in
its immediate hydrolysis. Therefore the acid chloride was treated with

diazoethane without isolation.

Diazoketone (35)

A freshly prepared and distilled solution of diazoethanez6 (0.25¢g,
4,55 mmol) in ether (6 ml) was stirred under nitrogen at -29°¢
(nitromethane-liquid nitrogen slush) while the freshly prepared solution
of the acid chloride in dichloromethane was added dropwise over 5 min.
The residual acid chloride solution was rinsed through with ether (1 ml),
The reaction mixture was stirred for 3h while slowly returning to room
temperature. Excess diazoethane and ether were evaporated at reduced
pressure. Chromatography of the residue on silica with 50% ethyl
acetate, 507 hexane as eluant gave the diazoketone (35) (0.115g, 49%
yield from the acid (64) as a yellow crystalline solid, m.p. 93-95°C
(Found: C, 64.82; H, 4.93; N, 10.62, 014314N203 requires C, 65.10;

H, 5.46; N, 10.857); vmax(KBr) 2070 (CNZ)’ 1794 (CO, lactone), and
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1628 cm ! (CO, diazoketone); 6,(CDC1,) 1.93(3H, s, CH,CN,), 2.19(3H, s,

CH3Ar), 2,50~3.10(4H, sym m, CHZCHZ), 3.53(2H, brs, CH, of lactone), and

2
6.80-7.30(2H, ABq, Ar-H); 6,(CDC1,) 8.06(q, CH,CN,), 15.85(q, CHy-Ar),
27.48(t), 32.42(t), (CH,CH)), 38.27(t, CH, of lactone), 62.44(s, CN,),
107.99(d), 122.99(s), 129.04(d), 132.87(s), 134.82(s), 152.69(s), (Ar),

174.26(s, CO lactone), and 193.36(s, CO diazoketone).
Cyclisation of a~diazoketone (35)

a-Diazoketone (35) (0.15g, 0.58 mmol) in dichloromethane (20 ml)
was added dropwise over 20 min to dichloromethane (200 ml) containing
the catalyst (0.5mg) while stirring under nitrogen (at 0°C with
rhodium(II) mandelate, at reflux with rhodium(II) trifluoroacetate).
Stirring was continued for lh after which concentration at reduced
pressure gave the cycloheptatrienone (34) (0.1383,'quantitative yield)
as a pale yellow flocculent solid; vmax(film) 1803 (CO, lactone), 1743
(CO, cyclopentanone), and 1711 cmfl (w, CO, norcaradiene); GH(CDC13)
0.89(3H, s, CH3 bridgehead), 1.93(3H, s, CH3—C-), 2.10-3.00(4H, m,
CHZCHZ)’ 3.49(2H, brs, CH2 of lactone), 5.14(1H, d, J = 10.2Hz, C(8)H),
and 6.22(1H, d, J = 10.2Hz, C(7)H). An impurity, tentatively identified

as dimer, was responsible for the signal at GH 7.02, By integration, the

trienone was approx. 90% pure. Product quality was similar with each

catalyst.
Attempted reduction of trienone (34)

Trienone (72) (0.142g, 0.62 mmol) in ether (5 ml) and THF (1 ml)
was added dropwise over 10 min to lithium tri-tert-butoxyaluminohydride

(0.157g, 0.62 mmol) while stirring in ether (10 ml) at 0°C under nitrogen.
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Stirring was continued for lh, then water (5 ml) was added and the
layers were separated. The aqueous layer was washed several times
with dichloromethane and ether. The combined organic extracts were
dried and concentrated at reduced pressure to afford tetralone (72)25
(0.08g, 56.3% yield) as a yellow crystalline solid; vmax(melt) 1800
(CO, lactone) and 1711 cm-1 (CO, ketone); GH(CDC13) 1.46(3H, d,

J = 7.8Hz, CH3CH), 2.29(3H, s, Ar-CH3), 2,.50-3.10(5H, m, CHZCH2 and
CHCH3), 3.63(2H, s, CH2 of lactone), and 6.93(1H, s, Ar-H). These

spectral data were in agreement with the reported values.25
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5.3 XONIUM YLIDE FORMATION AND REARRANGEMENT

Allyl o-allyloxybensoate (1)

A mixture of salicyclic acid (20g, 0.145 mol) and potassium
carbonate (50g, 0.362 mol) in acetone (300 ml) was refluxed while
stirring under nitrogen for 45 min then cooled to room temperature.

A solution of allyl bromide (43.80g, 0.362 mol) in acetone (250 ml)
was added over 10 min and heating was continued for 37h. The cooled
mixture was filtered and concentrated at reduced pressure to an oil
which was shaken in dichloromethane and water (200 ml of each). The
organic layer was separated, dried, and concentrated at reduced
pressure to give the ester (1) (21g, 66.5% yield) as a clear, pale
yellow o0il which was used in the next experiment without purification;
v, (film) 1721 (CO), 1672 (C=C), and 1643 em = (C=C); 6,,(CDCL,)
4.53(2H, d, J = 4,8Hz, CHZO), 4,75(2H, d, J = 6Hz, CHZOCO), 5.00-5.70
(4H, m, 2 x CHZ-), 5.80-6.30(2H, m, 2 x OCH=), and 6.80-8.00(4H, m,

At-ﬂ ) .
o0-Allyloxybenzoic acid (2).

Allyl o-allyloxybenzoate (1) (17.89g, 6.082 mol) and sodium
hydroxide (10.02g, 0.251 mol) in ethanol (100 ml) and water (50 ml) were
refluxed for 5h while stirring under nitrogen, then concentrated at
reduced pressure. The residue was shaken in dichloromethane and water
(100 ml of each) and the layers separated. The aqueous layer was
acidified cautiously with conc. sulphuric acid at 0°C then extracted

with dichloromethane (4 x 50 ml). The combined organic extracts were
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dried and concentrated at reduced pressure to furnish a yellow solid
which was recrystallised from ether-hexane to give the acid (2)
(12.316g, 84.3% yield) as pale yellow crystals, m.p. 62-65°C (lit.,42
64-65°C) (Found: C, 67.90; H, 5.61, C10H1003 requires C, 67.40;

H, 5.667); v___(KBr) 3500-2120 (COOH), 1689 (CO), and 1661 em * (C=C);
GH(CDC13) 4.,77(24, d, J = 7.8Hz, CHZ)’ 5.20-5.80(2H, m, =CH2), 5.80-6.50
(1H, m, =CH), 6.90-8.20(4H, m, Ar-H), and 10.50(1H, brs, COZH);
GC(CDCI3) 70.50(t, CHZ)’ 113.31(d), 117.99(s), 119.74(d), 121.89(d),

131.31 (¢, =CH2), 133.33(d), 135.02(d), 157.56(s), and 166.72(s, CO).
\ 42
o-Allyloxybenzoyl chloride (3)

o-Allyloxybenzoic acid (5.0g, 0.028 mol) in thionyl chloride
(20 mls, 0.27 mol) was heated at 74°C for 2h while stirring under
nitrogen, then concentrated at reduced pressure to a brown oil which
was purified by distillation in a Kugelrohr apparatus (oven temp. 94-95°C
at 0.05 mmHg) to afford acid chloride (3) (4.16g, 75.4Z yield) as a white
crystalline solid, m.p. 15°%C approx. (Found: C, 60.74; H, 4.36.
C10H902C1 requires C, 61.08; H, 4.61Z); vmax(film) 1775 (CO) and
1646 ca - (c=C); 6H(CDC13) 4.62(2H, d, J = 4.8Hz, CHZ), 5.10-6.40(3H,

m, CH=CH2), and 6,90-8.10(4H, m, Ar-H).
. 43
a~-Allyloxy-(diazoacetyl)benzene (4)

o-Allyloxybenzoyl chloride (3.50g, 0.018 mol) in ether (20 ml) was
added dropwise over 15 min to a freshly prepared and distilled solution
of diazomethane6 (3.0g, 0.071 mol) in ether (200 ml) while stirring at
0°C under nitrogen. Stirring was continued for 16h allowing the reaction

mixture to return slowly to room temperature. Evaporation of excess
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diazomethane and ether at reduced pressure gave a yellow oil which

was purified by chromatography on silica with dichloromethane-hexane

as eluant to give diazoketone (4) (1.179g, 337 yield, major loss due

to decomposition on silica) as a yellow crystalline solid, m.p. 56-57°C
(Found: C, 64.87; H, 4.99; N, 13,58, C11H10N202

H, 4.99; N, 13.852); v__ (KBr) 2095 (CN,) and 1590 em b (CO);

requires C, 65.34;

GH(CDCIB) 4,62(24, 4, J = 5.4Hz, CHZ)’ 5.00-6.50(3H, m, CH=CH2),
6.34(1H, s, CHNZ), and 6.90-8.00(4H, m, Ar-H); 6C(CDCI3) 57.96(d, CHNZ),
69.59(t, CHZ)’ 112,08, 118.57, 120.98, 136.31(s), 130.34, 132,42, 133,33,

157.24(s), 185.31(s, CO).
43
2-Allyl-(2H)-benzofuran~3-one (§)

Diazoketone (4) (0.10g, 0.495 mmol) in dichloromethane (10 ml) was
added dropwise over 10 min to dichloromethane (100 ml) containing a
rhodium(II) carboxylate catalyst (0.5 mg) (see Table 5.15 for list of
catalysts used) at reflux while stirring under nitrogen. Within 10 min
t.l.c. showed complete decomposition of the diazoketone. Evaporation of
the solvent at reduced pressure gave an oil which was purified by p.l.c.
on silica with dichloromethane as eluant to give the benzofuranone (5)
(0.063g, 73.5% yield) as a clear colourless oil; vmax(film) 1710 (CO)
and 1608 cm 1 (C=C); 8,(CDCL,) 2.40-2.80(2H, m, CH,), 4.57(1H, dd,

J= 4.2Hz, J,= 7.2Hz, C(2)Hd), 5.00-6.20(3H, m, CH-CHZ), and 6.90-7.80
(4H, m, Ar-H); &,(CDCl,) 35.48(t, CH,), 84.60(d, CH), 113.57(d),
118.96(t), 121.04(s), 121.95(d), 124.29(d), 131.77(d), 138.07(d),
172.76(s), and 201.28(s, CO). Table 5.15 shows the catalyst dependency
of the asymmetric induction observed in the rearrangement leading to (5).
Attempted purification of the crude product on alumina gave almost total

decomposition.
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Table 5.15: Effect of catalyst on the decomposition of

o-allyloxy-(diazoacetyl)benzene (4)

o] ) 0
Rh,|O0,CR
L S o VS
CH,CI, o S
0\
(4) (5)
Catalyst [algo (crude)? [a]ﬁo (after chromatography)
o )
(c, CH2012) (c, CHZCIZ)
RhZ(OAc)4 (¢} (]
1 +3.1 (8-9) , <1 (6.3)
4 -14.2 (10-12) <l (8.0)

The specific rotation reported was the average obtained

in several reactions.
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2-Allyl-2, 3-dihydrobenzofuran-3-ol (6)

The benzofuranone (5) (0.130g, 0.746 mmol) in ether (10 ml) was
added dropwise over 30 min to lithium tri-tert-butoxyaluminohydride
(0.59g, 2.32 mmol) in ether (10 ml) while stirring at 0°C under
nitrogen. Stirring was continued for 20h at room temperature, then
the reaction mixture was cooled to 0°C and water (5 ml) was added
cautiously., The layers were separated and the aqueous layer was
extracted with ether (3 x 10 ml1). The combined organic extracts were
dried and concentrated at reduced pressure to an oil which was
purified by p.l.c. on silica with 60 ethyl acetate, 40Z hexane as
eluant to give the alcohol nixturg.(G) (0.036g, 27.4% yield) as an

0il; v___(film) 3370 (OH) and 1610 cm !
max

(C=C); GH(CDC13) 1.90(1H, brs,
0H), 2.20-2.80(2H, m, CHZ), 4.30-4.70(1H, m, C(2)H), 4.90-6.30(4H, m,
CHOH and CH-CHZ), and 6.70-7,.30(4H, m, Ar-H); 6C(CDC13) 32.81/37.68(t,
CHZ)’ 72.45/76.54(d, C(2)H), 86.22/89.99(d, CHOH), 110.59(d),
117.73/118.38, 121.04, 125.85/125.59, 128.97/127.93, 130.79, 134,24/
132.81, and 159.77(s). The pairs of peaks indicated in the 130 n.m.r.
spectrum suggested the formation of a 60:40 pair of diastereoisomeric

alcohols. 1Hn.m.r. studies with chiral shift reagents did not provide

any further information on the composition of the mixture.

The benzofuranone (5), derived from diazoketone (4) by a rhodium(II)
N-benzenesulphonyl-L-prolinate catalysed decomposition, had a specific
rotation [algo -10.5% (c 12.9 in CHZCIZ). The benzofuranol mixture
produced on reduction had [ulgo -2.1% (¢ 9.3 in CH,C1,) (crude),

[u]%o ~3.5% (c 3.6 in CH 012) (after p.l.c.).

2
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APPENDIX

Preparation of Rhodium(II) Carboxylates

The rhodium(II) carboxylate catalysts were prepared1 from the
sodium salt of rhodium carbonate and the appropriate acid by a simple
displacement reaction.2 The carbonate, Na4Rh2(CO3)4.2§H202, was
prepared from rhodium(II) acetate in >907% yield,3 which was in turn

prepared from rhodium(III) chloride.4

The N-protected L-amino acids were prepared by standard procedures.5
The sulphonyl derivatives of L-proline and L-phenylalanine were
generally prepared by treatment of a basic solution of the amino acid
with the appropriate sulphonyl chloride. The carboxylic acids were
characterised spectroscopically and were analytically pure when used

in the catalyst preparation.

Rhodium(II) (S)-mandelate.2H20

Rhodium carbonate (25 mg, 4.29 x 10 >

mol) and (S)-mandelic acid
(52 mg, 3.43 x 10-4 mol) in water (2 ml) was heated at 80-100°C while
stirring for 30 min. The precipitate was collected by filtration and
washed with wafer to give rhodium(II) (S)-mandelate.2H20 (31 mg, 90%
yield) as blue-green crystals. (Found: C, 45.22; H, 3.87.

. -1
C32H28012Rh2.2320 requires C, 45.39; H, 3.78%); vmax(KBr) 1601 ecm ~ (CO).

The rhodium(II) mandelate obtained was identical to that obtained
following Cotton's procedure,6 except that the ethanol ligands were

replaced by water ligands.



The rhodium(II) carboxylates in Table 5.16 were prepared following
the procedure given for rhodium(II) mandelate from rhodium carbonate
(25 mg) and the appropriate carboxylic acid (8 equivalents). The
carboxylates were obtained as green or blue-green precipitates except
for those derived from lactic acid and tartaric acid, which were water
soluble and were isolated in crude form by concentration of the
reaction mixture. Several of the rhodium(II) carboxylates gave very
poor microanalyses, possibly due to uncertainty about solvent of

crystallisation.

Catalyst (22), rhodium(II) a-methoxy-a-phenylacetate, was prepared

following Cotton's procedure.6’7

2 8
ha(mand)z(phen)2C12.4H20 , and (24), ha(OAc)z(thPC6H4)2.2AcOH , were

prepared by literature procedures. Catalysts (25), RhZ(OAc)Z(dppe)ZC12’

Catalysts (23),

and (26), ha(OAc)z[(R)-(+)-BINAP]2012, were prepared as orange solids

by a modification of the literature procedureg in which diphenylphosphino-

methane was replaced by diphenylphosphinoethane and (R)-(+)-BINAP to

give (25) and (26), respectively.

Rhodium(II) trifluoroacetate was prepared from rhodium(II) acetate

following the literature procedure.10




Table 5.16 : Preparation of rhodium(II) carboxylates from Naaha(CO

3)4.2§H20

v
RCOOH Catalyst Yield mi? Elemental Analysis
cm
Found: C, 45.22; H, 3.87.
OH . % 1601 C32H28012Rh2.2H20 requires
5 C, 45.39; H, 3.78%
(s)- Pn” > COOH
\ COOH
H Pale green powders
only
COOH
L-Ph Y 3 - - -
NH, .
Found: C, 43.40; H, 4.39;
L- Q\ COOH 4 90 | 1601 | N» 4:25. C, H,80,(N,S,Rh,.
' 2EtOH requires C, 43.84;
SO,Ph H, 4.60; N, 4.26Z.
L & Found: C, 49.07; H, 4.18;
N~ COOH N, 3.81.
lSoz 5 85 1596 C60H56N434016Rh2 . 2H20
requires C, 49.39; H, 4.12;
N, 3.84.
Found: C, 43.44; H, 6.03;
L- COOH 6 77 | 1687,] N» 3:05. € oHg,N,0,RN,.
: Boc 1593 | 2H,0 requires C, 43.88;
H, 6.22; N, 5.12.
L]
L- Q Found: C, 45.49; H, 5.85;
bl
¢ 1598 | Ce0figaN4S4020RN, - 2H,0

requires C, 46.33; H, 5.66;
N, 3.60%.




Table 5.16 contd.

Me Me

3;

30
Hooc.KCt7 Me <jtfw°°°“
L-

L- Q COOH
SO,

Me Me
Me
L-Z:;&~COOH
SO,
L- Ph COOH
NH¢-Boc

L-ph~y COOH
NH

|
SO,

Me
L-Ph COOH
0 (o]

10

11

12

13

69

80

62

92

1599,
1726

1593,
1686

1591

1708,
1598

Found: C, 40.48;
H, 4.84; N, 4.62,

C76H96N888032Rh2.2H20

requires C, 42,82;
H, 4.51; N, 5.26%.

Found: C, 53.99;
H, 6.08; N, 4.46.

Cs6llyoN,0 RN,y

requires C, 53.26;
H, 5.71; N, 4.44Z.

Found: C, 48.70;
H, 4.20; N, 3.57;
S, 8.46.

c64H64N684016Rh2'2H20

requires C, 50.70;
H, 4.49; N, 3.70;
S, 8.46%.

Found: C, 55.97;
H, 3.67; N, 4.01.

Cogll,gN, 01 gRN, - 28,0

requires C, 57.70;
H, 3.68; N, 3.96%.




Table 5.16 contd.

Ph,,\‘,COOH
- NH

{
SO,

L

pn~y O
NH

0.
(o)

L

L-

COOH

Cl

(R)-CH(l\COOH

¢l
(s)-cny SCOOH

Tartaric acid

Lactic acid

COOH
COOH

14

15

16

17

18

19

20

21

65

27

85

52

63

80

1588

1572,
1739

1588

1688,
1566

Found: C, 52.93; H, 6.18;
N, 2.87.

C26H96N454020Rh2.2H20

requires C, 52.00; H, 5.47;
N, 3.197.

Found: C, 47.58; H, 5.55.

040H52012Rh2.2H20 requires

C, 49.69; H, 5.79%.

Found: C, 23.03; H, 2.52;
C1, 22.02.

012H1601408Rh2.2H20

requires C, 22.65; H, 2.52;
Cl, 22.33%.
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Abbreviations

The following are a list of abbreviations used in this thesis.

1H n.m.r.
8 singlet
d doublet
t triplet
q quartet

m multiplet
dd doublet of doublets

Prefix br broad

ir
br broad
w  weak
t.l.c. thin layer chromatography
p-l.c. preparative thin layer chromatography
EDA ethyl diazoacetate
THF tetrahydrofuran
DMSO dimethylsulphoxide
acac acetylacetonato
hfacac hexafluoroacetylacetonato
TFA trifluoroacetic acid
Eu(tfc)3 tris[3-(trifluoromethylhydroxymethylene)=-(+)-camphorato]-

europium(III) derivative.
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ORGANIC SYNTHESIS WITH a-CHLOROSULPHIDES. CONVERSION OF PHENOLS INTO X-~LACTONES USING
METHYL-2-CHLORO~2-(ALKYL OR ARYLTHIO) CARBOXYLATES

Michael Kennedy. Anita R. Maguire., and M. Anthony McKervey

Department of Chemistry, University College. Cork. Iretand.

Summary Aromatic ¥-lactones can be synthesised from 4-substituted phenols in a single step by
zinc chloride-catalysed alkylation with methyl-2-chloro-2-(butylthio or phenylthio)propionate or

acetate.

Recent work has established that a-chloroalkyl sulphides are useful electrophiles for alkylation
of aromatics!*2, alkenes®, alkynes*, silyl enol ethers® and ketene (bis-trimethylsilyl)acetalsS,
and in the preceding paper we have shown that they are also readily transformed into a wide
variety of (phenylthio)acetals’*®. In connection with a problem in sesquiterpene synthesis we
required a method of transforming phenolic acid (1) into the J-lactone (4). A quick solution to
the problem was forthcoming when we examined the reaction of (1) with methyl-2-chloro-(butylthio)-
propionate (2)? in the presence of Lewis acids. The reaction has proved to be quite general for
phenols bearing para substitution, offering a convenient route to aromatic ¥ -lactones.

Although zinc chloride and stannic chloride were both efficacious catalysts, the latter was less

satisfactory in practice due to its tendency to promote side reactions.

Addition of (2) (.017 mol) to a 1:1 dichloromethane:nitromethane solution of (1) (.016 mol)
and anhydrous zinc chloride (.032 mol) at room temperature (reaction time ca. 1 h) gave the sul-
phenylated lactone (3) in 44% yield?. Desulphurisation of (3) with zinc dust in glacial acetic
acid furnished the desired lactone (4)%, m.p. 150-152°C, in essentfally quantitative yield. The
lactonisation step was much more efficient with the methyl ester rather than the free carboxylic
acid, (5) furnishing (6) in 70% yield. Whilst examining the scope of the reaction we found that
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Me e e
OR me_ C! OR
* ;Xi;,()me o —
BuS
Me Me
SBu H
@

(Rr=H ® B)R=H

(5)R=Me (6)R=Me

the a-(butylthio) substituent was sufficiently activating to permit alkylation of phenols with
sulphenylated electrophiles derived from a-chloroacetate also. Thus treatment of phenolic
cinnamate (7) with methyl-2-chloro-2-(butylthio)acetate (8) in the presence of zinc chloride,
followed by desulphurisation with zinc-acetic acid, furnished lactone (9)%, m.p. 67-68°c. in

@ ® ®

58% overall yield. However, in terms of regioselectivity the sulphenylated a-chloroacetate s
less discriminating than the corresponding a-chloropropionate. Thus whereas (5) gave a single
alkylated product (6) with chlorosulphide (2), a similar reaction with chlorosulphide (8) gave,
after desulphurisation, a 40:60 mixturel® of lactones (10) and (11) in 35% yield.

)
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This aromatic lactonisation is most successful with phenols in which the para position
is blocked. When we applied the procedure to phenol itself and the ethyl ester of chlorosulph-
ide (2), the phenolic ester (12) was the major product (60%)!! with less than 10% of lactone
(13) which was not isolated. p-Cresol and 2-naphthol, on the other hand, underwent smooth
Jactonisation withichIOro-(pheny1thio)propionate (14) giving, after reductive desulphurisation,

lactone (15)% (80%) and (16)!2 (82%), respectively. An attempt was made to extend the process

0

Me
Me'sa, SBu Me” spn

() (139 ()

%,___ o OO =

\

o

(5) | (M) (1)

to the synthesis of §-lactones using benzyl alcohols as substrates. However, p-methylbenzyl
alcohol.produced less than 15% of a lactone presumed from n.m.r. and i.r. data to be (17),thou-
gh it was not isolated in a pure state. In summary, this aromatic lactonisation is most succ-
essful with p-substituted phenols. Furthermore, the thioether substituent in the product is
nicely placed for other functional group manipulations, e.g. production of a-methylene lactones

via sulphoxide elimination.
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