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ABSTRACT

The introduction of substituents other than nitrogen into the 6-
position of penicillins and the 7-position of cephalosporins is reviewed
and particular attention given to the applications of diazo compounds for
these reactions.

Diazotization of a model a-aminoamide has been explored and an
efficient synthesis of 6-diazopenicillanate esters has been developed.

Cyclopropanation reactions of benzhydryl 6-diazopenicillanate have
been carried out with styrene and with cyclohexene. With thiophene, in
addition to the expected cyclopropanation product a further adduct was
obtained which provides a unique example of carbenoid ring expansion to
a 2H-thiopyran. The stereochemistries of the carbenoid adducts have been
established by means of 1H n.0.e. difference spectroscopy.

Reactions of benzhydryl 6-diazopenicillanate with various
alcohols have been shown to give rise to mixtures of 6-alkoxypenicillanates
and alkoxythiazepines. The latter, and possibly the former, are formed
via oxonium ylide intermediates. A different set of oxonium ylides are
responsible for alkoxythiazepine formation in the reactions of the diazo
compound with orthoesters. With anisole, spiro-cycloheptatrienyl adducts
were obtained by Buchmer ring expansion. The positioﬁ of the methoxyl
group in the adducts was determined by n.0O.e. difference spectroscopy.

Addition of benzhydryl 6-diazopenicillanate to furan gives rise to
products containing a conjugated dienal side chain at C-6, in
quantitative yield. The potential of this method for the synthesis of
b-alkylated penicillanate derivatives has been explored and is
exemplified by a variety of reduction, oxidation, and carbonyl group
condensation reactions. Studies of the NaBH, reduction of the dienals has
led to the discovery of a unique, selective, pH-dependent 1,6-reduction.
This afforded 6-=(alk-l-enyl)penicillanates which provide the first examples

of isosteric replacement of the side chain NHCO group in penicillins by

vii



a trans C=C bond.

Deprotection of all of the significant new penicillanate esters
described in this thesis has been accomplished. None of the compounds
showed antibacterial ac{ivity.

The applications of preparative HPLC to the purification of steroid
esters, of a cephalosporin, and of some of the penicillin derivatives

synthesised ‘in this work, are described.
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CHAPTER ONE LITERATURE REVIEW

1.1. Introduction

The penicillins were discovered over 50 years ago and still
occupy a prominent position in antibacterial chemotherapy. Together
with the closely-related cephalosporins, they continue to be first-
line drugs in the treatment of bacterial infections. Today, B-lactams
account for over half of all medically prescribed antibiotics.

Despite this fact, they suffer from a number of drawbacks. Firstly,
not all bacteria are susceptible to penicillins and new compounds

with wider and different antibacterial spectra are always needed.
Secondly, bacterial strains have developed which are resistant to the
traditional penicillins and new antibiotics are needed to combat these.
Other desirable properties which one might hope to see in the B-lactam

drugs are less allergenicity and greater metabolic efficiency.

It has been well established that penicillins and cephalosporins
inhibit bacterial cell wall synthesis by interfering with the final
cross-linkage process, which has been termed transpeptidation, and
which involves an amino group in one peptidoglycan molecule and the
D-alanyl-D-alanine end of the acetyl-muramyl-pentapeptide fragment in
another. It has been suggested that the chemical structures of both
penicillins and cephalosphorins can mimic this D-alanyl-D-alanine re-
sidue and thereby inhibit the enzyme - transpeptidase — which is
responsible for the cross-linkage. However, there also appears to
be a role for B-lactams in triggering the destructive activity of
autolytic enzymes (murein hydrolases) and Tomasz has suggested that

the situation is a complex one in which there may be a number of



mechanisms for loss of viability and/ or 1ysis.4

Resistance to B-lactam antibiotics is mainly caused by form-
ation of enzymes, the f-lactamases, which are capable of opening the

4

R-lactam ring common to these antibiotics, thereby inactivating them.

The introduction of the 7a-methoxy group into the cephem ring
system was found to give compounds with considerable antibacterial
activity and with a high resistance to many B-lactamases. The first
medically useful outcome of this finding was the semisynthetic compound,

cephoxitin (1).5

A new B-lactamase inhibitor with low antibacterial activity

was reported in 19?6.6

This substance, named clavulanic acid (2),
contains a f-lactam ring,with no side chain,fused to an oxazolidine

ring.

Almost at the same time, a Japanese group discovered the
nocardicin (3), a completely different type of B-lactam antibiotic.
It is unusual in containing an unfused f~lactam ring, as well as a
novel side chain, and in showing activity against many gram-negative
bacteria.?
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The discovery of 7a-methylcephalosporins as natgral products
possessing activity against some penicillin- and cephalosporin-resistant
species, and the hypothesis that 6n-methylpenicillins might possess
increased activity have led to the development of a wide range of
methods for functionalising the penicillin or cephalosporin molecule

in the 6a- or 7a-position.3

A further impetus to research in this area has come from the

recent discoveries ’

of thienamycin (4) and olivanic acid (5).
Although lacking the 6-amino group, thienamycin is a powerful and
broadly active antibiotic and olivanic acid is an effective B-lactamase

inhibitor.

NHCOCH
T
-~
COZH

(5)




There has consequently been considerable interest in the

last few years in the synthesis of penicillin analogues carrying a

.
carbon side chain at the C-6 position. At the same time, intensive

synthetic efforts have been directed to the synthesis of penem

systems.1’2’3’7

1.2. Alkylations and Other Substitution Reactions of Penicillins

at C-6 and of Cephalosporins at C-7

It has been reportedlo’11 that treatment of methyl 6-amino-

penicillanate (6) with benzaldehyde gave the imine (7), which was
reacted with one equivalent of sodium hydroxide and excess methyl

iodi de in dimethoxyethane at 0° to afford a mixture of epimeric 6-
methyl derivatives (8a: 90%) and (8b: 5%). Hydrolysis of (8a) provided
amine (9), which was acylated with phenoxyacetyl chloride to furnish
the 60-methylpenicillin V methyl ester (10). 7-Alkylcephalosphorins

were reported to be obtained in the same manner.
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Phenyl lithium can be used in place of sodium hydroxide for
generation of the carbanion,12 and in addition to condensation with Z
alkyl halides it is also possible to obtain products of Michael addition
and aldol condensation.13 The Schiff's base (11) reacted with acrylo-
nitrile using N,N-diisopropyl ethylamine as catalyst to give not only
the Michael addition product (12) but also small amounts of the iso-
meric spiro-pyrmlidines (13). The imine (11) could also be alkylated

with formaldehyde, acetaldehyde and ethyl chloroformate.

R
1 = g
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H

% |
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Cl,tly ">co,CH,Ph
(11) Ar = p-NO,CgH,, R =H
(12) Ar = p-NO»CeH,, R = CH,CH,CN

(13)
(14) Ar =Ph, R=H

(15) -Ar'= Ph, &R = Br

(16) Ar = Ph, R = OMe

Cama and Christensen14 showed that the Schiff's base (14)
could be transformed upon reaction with phenyl lithium and N.B.S.
into the 6-bromo imine (15), which was treated with methanol contain-
ing silver oxide (to neutralise the HBr) to give 6o~ methoxy-6-
benzaliminopenicillanate (16). Hydrolysis of the imine (16) with
PdCl, gave the corresponding 6-methoxy-6-aminopenicillanate, which
could then be acylated. Essentially identical conditions were used

for introduction of a 7c-methoxy group into a cephalosporin.



A number of 6o-methylthiopenicillins and 7a-methylthiocepha-
iosporins have been prepared using the Schiff's base approach.15’16’17
Direct alkylthiolation was accomplished by reaction with methyl
methanethiosulphonate (CH3SSO2CH3) or methanesulphenyl chloride
(CH3SCl). 1In an alternative procedure, the Schiff's base (17) was
fluorinated, using perchloryl fluoride, to give (18) which was then
solvolysed with methanethiol under acidic conditions. The resulting
methylthio-imine (19) was converted to the amide (20) and it was shown
that mercuric acetate would catalyse the replacement of the methylthio
group in (20) either by methanol or by acetic acid, depending on the

choice of solvent (Scheme 1). 6a-Substituted penicillins were pre-

pared in a parallel fashion.
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A Japanese groupls have developed a related method in which
7-aminocephalosporanate was converted to the phosphoramidate (22)
with bis-(2,2,2-trichloroethyl)-phosphorochloridate in the presence of
pyridine. Reaction with t-butyl hypochlorite and lithium methoxide

then gave the 7o-methoxy derivative (23).

H
| 2
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I
2
0 U,/ o
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(22) R=H
(23) R = 0OMe

Baldwin et.al.19 demonstrated that methanol added to the
acylimine (25), derived from sulphoxide (24) by a halogenation-
dehydrohalogenation process using t-butyl hypochlorite, to produce
the methoxyamide (26). This was reduced to the corresponding 60—
methoxypenicillanate (Scheme 2). The method is amenable only to
penicillins protected as the sulphoxide or sulphone, Because the
sulphur atom of penicillin reacts vigorously with the electrophilic
reagent t-butyl hypochlorite. However, by carrying out the
halogenation - dehydrohalogenation in stages, the need to employ the
sulphoxide is avoided and Firestone and Christensenzo were able to

prepare a series of 6a-substituted penicillanates (Scheme 3).



+

N
S
PhO/Y T
e
Me(OH

Me ,COC1 s
s S e I
i Co,Me gy ie
(24) (25)
gt 4 B oMe
ey N
i S ! S
o YT E L T
0 o N v ——N
g 0
co,Me CO,Me
(26)
Scheme 2.
Cl H
By e
T S L SN Phi Pl LN i
O S l 0 Y O
5 b2 — & t-BuOC e =17
CO,CH, Ph CO,CH,Ph
s
J
Ph/\]/N\-—rS HX Ph At B P
\ = I
0 N 0 —
& 5 & 2
Cozcﬂzph e COZCHZPh
Scheme 3, o
et 0CHO



A further modification, reported by Koppel and Koehler,Zl

involves treatment of the amide (27) with 3.5 equivalents of lithium

methoxide in THF at -78°, followed by addition of t-butyl hypochlorite.
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The use of 6-isocyano penicillins to introduce 6a-substituents

was demonstrated by Bentley et.al.22’23

Treatment of benzyl 68—
formamidopenicillanate (28) with phosgene at -40% in the presence of
triethylamine provided a mixture of benzyl 6a~isocyan6penicillanate
and the 6B-epimer in a ratio of 55:45. When the isonitrile mixture
was treated in the presence of potassium carbonate with alkylating
agents (benzyl bromide, phenacyl bromide or methyl bromoacetate) or
with Michael acceptors (benzyl acrylate) or other electrophiles
(acetone, methyl methoxycarbonyl disulphide), the 6o-substituted 6B-
isocyano derivatives (29) were obtained. The isonitrile group in (29)
was readily hydrolysed either to the formamide (with formic acid),
or to the amine (with tosic acid), or to the urethane (with thallic

trinitrate in methanol).
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25 developed a completely different route

Sheehan and Lo
to C-6 alkylated penicillanates. Benzyl 6a-hydroxypenicillanate (30)
was prepared from 6-aminopenicillanic acid by the method of Hauser
and Sigg.26 Oxidation of the alcohol (30) using diisopropylcarbo-
diimide in DMSO gave benzyl 6-oxopenicillanate (31) which was reacted
immediately with liquid hydrogen cyanide to give a crystalline
cyanohydrin (32). Reduction of the ketone (31) by potassium boro-
hydride gave the 6B-hydroxy epimer (33), which was phenoxyacetylated
to give the ester (34). Further analogues were prepared by Wittig
reaction on the ketone (31) with phenoxyacetylmethylene triphenyl-
phosphorane, the resulting isomeric mixture of olefins (35) being
reduced over platinum oxide to penicillanates (36) and (37). It

was claimed that the free acid derived from (36), a carbon analogue

of penicillin V, still retains appreciable antibiotic activity.
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In an analogous reaction,27 the ketone (31) was used to

prepare the N-acyl imine (38), which was then reacted with methanol

or liquid hydrogen cyanide to afford the 6a-substituted penicillanates

(39).
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(31)
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The 6-oxopenicillanate (31) has also been condensed with the
anion of nitromethane.28 The hydroxyl group in the product (40) could
be removed either by the hydrogenolysis (Wilkinéon's catalyst),
affording 6B-nitromethyl penicillanate (41), or by dehydration to the
nitroolefins (42). However, attempted catalytic reductions of the

nitromethyl compound (41) to aminomethyl penicillanate was unsuccess-

H
ful. CH,NO

]
i

)
“CH_No HORLS s OZNCHz‘“‘-——I/S
(31) —————Ji——gli —_— -———N~HH4:><:
. e 65j
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‘coZCHZPh ~c02cuzph

(40) (41)

0 NCH=

2
RS
o ¢
CO.CE.Ph

(42) 22

DiNinno et al.29 have reported the hydroxyethylation at
C-6 of penicillanatesand C-7 of cephalosporanates. They exploited
the idea that enolates derived from penicillanates and cephalos-
poranates by metal-halogen exchange can react with acetaldehyde
to yield the aldol. Treatment of anhydrous THF solution of
6,6-dibromopenicillanate (43) with one equivalent of either

butyl lithium in hexane or methylmagnesium iodide in ether

12



gave, after reaction with excess acetaldehyde, a mixture of three
bromohydrins (44a-c). Removal of the bromine from (44) with zinc-—
silver couple in methanol provided the mixture of isomers (45).

These could also be obtained directly from the reaction of 6-iodo-
penicillanic ester with methylmagnesium bromide and acetaldehyde.

The free acids derived from the isomers (45) were found to be notably

less active than benzylpenicillin.

Me Br
Br HO .
\ S S
g e JREE <
N. ij P :
*~CO0.CH.Ph *~CO.CH.Ph
(43) 2772 (VIR S
+
M
CH, HO~ __Me
\ S
Ho_fl\hf-———T”’ Br
G o )
1 CH_Ph SCO.CH,.Ph
Bce i (44b,c) 2 2

(45)

Aimetti and Kelloggo noted the importance of solvent effects
on the stereochemistry of the aldolisation reaction. When the
dibromide (43) was reacted with sec-butyl or t-butyl lithium followed
by acetaldehyde, the orientation of the hydroxyethyl groups in the
resulting products (44) was mainly a when the solvent used was
toluene (o : B= 6 :4), but mainly B when the solvent used was THF
(ax: B=1:4). Solvent effects were also noted in protonation
studies: the anion generated from dibromide (43) with t-butyl lithium
in toluene produced, upon treatment with acetic acid, a 3 :2 mixture

of o— and B-bromopenicillanic esters. The same reaction conducted

13



in a mixture of THF and toluene (3 :1) yielded less than 10% of the
B-epimer. In later work,31 it was also shown that tri-n-butyl tin
hydride reduction of 6-halogeno-pencillanates leads to stereoselective
producﬁion of 6B-substituted penicillanates in moderate to excellent
yields. It was claimed that, regardless of the stereochemistry of

the bromine prior to reduction, hydrogen atom transfer takes place

preferentially from the less hindered side of the molecule.

The high stereoselectivity of tri-n-butyl tin hydride was
also observed in the reduction of 6a—alky1—6B-isocyanopenicillanates.32
The isonitriles (46) were treated with Bu3SnH in refluxing benzene
in the presence of a catalytic amount of azobisisobutyronitrile to
give, in each case, a 50-70% yield of the pure 6B-alkylpenicillanate

(47) .

H
\
—E ; Bu, Sa # "'__l_'l/
CN — u
(¢—\‘\)<

/ “~CO.CH.Ph

“cozcazPh- 9 %9

(46) R = CH,Ph (47)
CH(OH)M&Z
CH,CO2Me
CH2CH2COzMe

Since the discovery of the potent B-lactamase inhibiting

43,34 which was prepared either

activity of 6B-bromopenicillanic acid,
by epimerisation of 6a-bromopenicillanic acid or by Bu3SnH reduction
of the 6,6= dibromide. 6B-halogenopenicillanates have received con-

siderable attention. Kemp35 has demonstrated that 6o-hydroxylpenicil-

14



lanic esters can be reacted with trifluoromethanesulphonyl chloride
to furnish triflates. The triflate group can then be displaced with
iodide, bromide, chloride, azide and thiocyanate ions, affording the
corresponding 6B-substituted penicillanates. 6f-Iodopenicillanic

acid was reported to be a powerful inhibitor of several B-lactamases.

1.3. The Chemistry of 6-Diazopenicillanates and 7-Diazocephalosporanates

Apart from the methods described in the previous section, one
of the most important routes for the introduction of substituents is
to use the 6-diazopenicillanate or 7-diazocephalosporanate. These
offer a versatile and easy pathway for the introduction of alkyl and

other substituents.

The study of diazo derivatives was initiated by Cignarella,
Pifferi and Testa36 in 1962. They diazotised 6-aminopenicillanic acid
with NaNO; in the presence of HCl or HBr to produce a crude product
containing the respective 6a-halogenopenicillanic acids. The formation
of the 6a—chloro compound was investigated in more detail by McMillan
and Stoodley,B? who considered three alternative pathways (Scheme 4).
The intermediacy of 6-diazopenicillanic acid was established by
showing that extensive incorporation of deuterium occurred when the

deamination was carried out in DCl solution.
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Clayton38 observed that deamination of 6-aminopenicillanic
acid by nitrous acid in the presence of sodium bromide or iodide,
followed by esterification with diazomethane, led not only to the
corresponding 6a-halogeno ester but also to the 6,6-dihalogeno ester.
This appears to result from oxidation of the halide ions to halogen
by the nitrous acid. Deamination of 6-aminopenicillanic acid in -
the presence of added bromine and without external cooling gave, in
addition to the 6,6-dibromide, two further products which were iden-

tified as the isomeric sulphoxides (Scheme 5).
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The dibromide is a useful intermediate for conversion into
other 6-substituted penicillins. Partial reduction by palladium
gives the 6a-bromide, complete reduction affording penicillanic acid.38

By contrast, reduction with Bu3SnH allows selective formation of the

6B-bromide§4

In an attempt to carry out replacement of the halogen, the

6-chloropenicillanate (48) was reacted with sodium azide in THF.37

Unexpectedly, the thiazine (49) was obtained. Similarly, the reaction

with sodium methoxide gave the thiazine (50). These reactions are

H 0

Cl—nj___T”S K/J
P/ l <
: ~C0,.Me H

N &
2 H co ZMe

(48) (49) x
(50) =

N,
OMe

7
considerei to involve initial cleavage of the B-lactam by the

nucleophile, followed by ring-expansion of the derived thiazolidines.

3



Deaminations of 6-aminopenicillanic acid have been carried
: : 2 26 { 4
out in the presence of a variety of acids. Treatment with sodium
nitrite in 907 acetic acid gave a poor yield of 6a-acetoxypenicillanate.
60-Hydroxypenicill anate has been obtained by deamination in 1IN toluene-

p-sulphonic acid.

By careful control of the reaction conditions, it is possible

to isolate 6-diazopenicillanic esters from the diazotisation of 6-
aminopenicillanates. The diazo esters have proved to be versatile
intermediates for further transformation. For example,Bg benzyl 6-
diazopenicillanate (50) has been catalytically hydrogenated over
palladium to give benzyl penicillanate. Reaction of the diazo com-
pound (50) with triphenyl phosphine in wet ether gave the hydrazone
(51), which could be acylated with acetic anhydride or phenylacetyl
chloride and then further reduced with sodium borohydride to furnish

the 6B-acylhydrazino penicillanates (52).

R : %U—rs
™ co,CH,Ph (51) "E0,CH, PR
(50) B
13.x-f'\1§3
: —N
0 H 04 L BN
Il ! CO0.CH_.Ph
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gl \E 1 e
S e
07" \‘\‘CO e MeOH
2 2 OMe
)
! S
(52) N, ___]/
R=Me . /
54 5
CHzPh A (54) cozcazph



Reaction of the diazoester (50) with bromine azide and excess
triethylammonium azide resulted in a mixture of epimeric 6-bromo 6-
azido compounds (53), both of which gave the 6B-azido-6o-methoxy-
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penicillanate (54) upon reaction with AgBF, in methanol. The azido
group was then reduced (H,/Pd-C) and the resulting amine acylated to
furnish 6g-methoxypenicillins. A further variation of this method
involves reaction of benzyl 6-diazopenicillanate (50) with NBA in the
presence of methanol, giving the 6B-bromo-6a-methoxy ester (55). The
bromide was then displaced from this with azide ion, furnishing the

6a~azido-6R-methoxy compound (56), from which the 6f-methoxy-epi-

penicillin series could be derived.

OMe N

'
: s \
Br Br NT MeO ———J———T”’
(302 -—_2___-— . N
e
MeOH, CH,Cl, . oF S
> “c0.CH,_Ph
(553 > Gl GReED (56) 2

The synthetic potential of the diazo-B-lactams has been
further emphasised by Sheehan and his co-workers. 6o-Hydroxypenici=-
llanate and 7a-hydroxycephalosporanate esterswere prepared by acid
hydrolysis of the corresponding diazo esters.al The 6-diazopenici-
llanates (50357) could be transformed directly into 6-ketopenici

llanates by treatment with aqueous NBS followed by nitrous acid,az

the keto compounds being key intermediates for further transformation

(See Section 1.2).
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(50) R=CH2Ph
(57) CH,CCL,

Reaction of the trichloroethyl diazopenicillanate (57) with
H2S led to reduction to the corresponding hydrazone.43 On the other
hand, irradiation of (51) in the presence of thicacids led to mixtures
of the BP-and a-substituted penicillanates (58) and (59), with the
former greatly predominating. Similar results were also obtained

with thiophenol and benzyl mercaptan.

H H
: S \
L(% e RS_..._-d——I 2 RS I
4 (y” 5 o~ 2
~ C0,CH,CCl, C0,CH,CCl, €o,CH,CC1,
(57) (58) (59)

R = PhCO, PhCH,CO, PhOCH,CO, Ph, PhCH,

When the diazoester (57) was irradiated in chlorothiolacetic
acid, the isomeric products (58; R = C1CH2C0) and (59; R = ClCH,CO)
were again obtained. Methanolysis of (58; R = CLCH,CO) gave the
mercaptan (58; R = H), which could then be acylated to give a variety

of acylthiopenicillanates.

In reactions with olefins, Sheehan et .al{'4 observed that the

diazo group took part in 1,3-dipolar additions, giving rise to isomeric
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pyrazolines in which the major product (60) resulted from addition

to the sterically less hindered a-face.

R . H

|
: 7~ —k

I
\—CH-Z N\ i S R‘--...__/ \‘ S
H/ Nom"| | o
SO e 7 I
e 0 .
~C0,CH,CCL, €0, CH,CCL,

(60)

t
R=CN, CO,Et, CO,Bu", CO,Ph.
The same type of reaction was also effected in the opposite
sense, with the dipolarophile as part of the penicillin molecule.
Thus, the unsaturated esters (61) reacted with diphenyldiazomethane

to give 'A-pyrazolines (62) and these were pyrolysed to give the

spirocyclopropylpenicillanates (63).

2

Ph, /oy
PhCH, 0, CCH R b ; ’
—]' _EhCeN, ok

o PhCHZOI T gy 3
co CH,CCl, 0 ~Co0,CH,CCL,

{61) Ph Ph

’VVW2/ .
]
PhCH..OC '
2 j
0

——

A

.
COZCH2C013

(63)

Campbell, Harcus and Ray45 have also examined the reactions of
diazo B-lactams with olefins. Benzyl 6-diazopenicillanate reacted

. with ethyl vinyl ether in the presence of Cu(acac), to give a mixture
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of four isomeric ethoxycyclopropanes (Scheme 6). In agreement with
Sheehan's work, condensation of the diazoester with acrylic derivatives,

with or without Cu(acac)z catalysis, afforded pyrazolines (64).

Similarly, the 7-diazocephem (65) afforded four isomeric
ethoxycyclopropanes with ethyl vinyl ether. However, in the reaction
with acrylate  a mixture of isomeric pyrazolines was obtained re-

sulting from attacks on both faces of the B-lactam ring.

N
Et0 S
NS 5
K} EtO—/
| e —
& / : 0 5
“COZCHZPh COZCHzPh
COR

COR

e st N

N\N/-“/ ‘ ?%__. (s

A N
" 05?_—”N o =
(64) ‘COZCHZPh (65) co But
R=0Me 2
NHZ Scheme 6.

Reaction44 of trichloroethyl 6-diazopenicillanate with
acetaldehyde or phenylacetaldehyde at 0° gave the epoxides (66).
At 10-25° , reaction with acetaldehyde also afforded the 6-acetyl-
penicillanate epimers (67). These decomposed on chromatography to

give the rearranged thiazepine (68).
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Sheehan's group46 has also investigated reactions with
sulphenyl chlorides. Treatment of the diazo ester (57) with carbo-
methoxysulphenyl chloride in CH2Cl, containing an excess of methanol
gave 6a-methoxy ester (69) along with a small amount of 6a-chloro ester
(70) . The latter was also obtained from the reaction with the sul-
phenyl chloride in the absence of methanol. A diazonium ion inter-
mediate was proposed for these reactions,with replacement of the
nitrogen by methanol or chloride ion occurring from the less hindered

a-face of the f-lactam (Scheme 7).
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Similar results were obtained in the reaction of benzyl 6-
diazopenicillanate with 3,3,3-trichloroethoxycarbonyl sulphenyl
chloride and methanol. The resulting 6a-methoxy thiol ester (71) was
reduced with Zn-HOAc to give methoxy-mercaptan (72) which could then
be re-acylated to furnish a variety of new thiol esters. Similar
results were also obtained in the cephalosporin series.

QMe
; S

RS

€0,CH,Ph

(71) R=CI3CCH20C0—

(72) R=H

Borane reagents have been used for the introduction of alkyl
substituents at C-7 of cephalosporins.é? The 7-diazoester (65) reacted

under very carefully controlled conditions, with trialkyl boranes
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to give the 7-alkylated cephem esters (73). With bis-(Z—adamantyl—-
methyl)chloroborane, a mixture of alkylated (74) and chlorinated (75)
products was formed. The mechanism suggested for the alkylation re-
actions involves coordination of the boron with the diazo compound

to produce the quaternary boron intermediate (76), followed by loss
of nitrogen and (possibly concerted) migration. The final product is
derived by hydrolysis of either the triorganoborane (77) or the

alternative enol borinate form (78).
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BF3.Et,0 catalysed decomposition of 6-diazopenicillanates in
alcohols, thiols and related compounds has been desaribed.z’8 Alcohols
gave the 6a-alkoxypenicillanates, thiols gave the 6o—~alkylthiopenicil—
lanates and acids and thioacids gave the corresponding 6a-esters and
thioesters (Scheme 8). Decomposition of Ehe diazoester (57) in
dioxan led to the formation of a dioxan ring cleavage product (79)
and it was similarly observed that diethyl ether was cleaved to form

some ba-ethoxypenicillanate.

3 H
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S e0.CH_ Cc1
(57 co CH,CCl, o U, 001 4
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HO RCOO
\/\0/\/

S
—]/ RCOS

o
S~ 00,.CH,.CC1

3
(79) Rk
Scheme 8.

Extending this work, Thomas' groupag examined the reactions
of 6-diazopencillanates with allylic sulphides, selenides and bromides.
In the presence of BF3.Et:0, allyl thioethers gave rise to the products
of 2,3-sigmatropic rearrangement (80). Similarly, phenyl allyl se-
lenide afforded the corresponding 6-allyl-6-phenylselenylpenicillanate
(81), together with 6a-phenylselenylpenicillanate (82). It was noted
that formation of the latter could be avoided by using Cu(acac), as

catalyst, Oxidative eliminations on the phenylseleno-allyl

26



penicillanates could be effected, providing a new synthesis of the
diene (83). The 6-diazopenicillanate (57) was also reacted with
allyl bromide in the presence of Cu(acac), to produce the 6p-allyl-
6B-bromopenicillanate (84). This was unstable and was reduced with
tin hydride to 6f8-allylpenicillanate (85).
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(84) o3 (85) &2 ar 10
It was similarly shownso that the phenylselenides (86) and

(87), formed by reaction of benzyl 6-diazopenicillanate with PhSeCl
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and PhSeSePh respectively, were selectively reduced by BuzSnH to
give 6B-substituted penicillanates. The stereoselectivity was
explained in terms of capture of an intermediate penicillanate radical

by BuzSnH from the less hindered a—face,

N X

- S
NN S PhSe-—-———I/
PhSeX
& : o A )
~CO_.CH.Ph o8z

(50) 2 (86) X=Cl
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H l :
x-—-—“/

t N
dzﬁr——-

-

¥ €0, CHyPh
Solvent effects were found to be important in the reaction

of 6-diazopenicillanate (57) with phenylselenol in the presence of

BF3.Et;0. Using dichloromethane as solvent, only the 6a-phenylselenyl

penicillanate (82) was obtained, whereas addition of THF afforded a

mixture of 60~ and 6B-phenylselenides, with the latter predominating.

It was proposed that the THF participates by formation of an oxonium

ylide (88) which then undergoes displacement with phenylselenol.

/-l-

-~

A

-

COZCHZCCI3

(88)
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CHAPTER TWO

SYNTHESIS OF 6-DIAZOPENICILLANATES

2k Introduction

Synthesis of 6-diazopenicillanate has been described in
the literature by two methods. In the first, penicillins were
converted into N*nitrosoamidesl using NZOA, and these were treated
with pyridine in refluxing dichloromethane to give modest yields

of the 6-diazopenicillanic ester2 (Scheme 1).
NO

H | H
l I N : S
R, Ay 8 el \\“—-—-T”’
] : !
e 7
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¢ ~ co.R!
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2::Q =9
N
& L :
= E0-R
Scheme 1. 2

The second method involves diazotisation of 6-amino
penicillanic esters by nitrous acid. In early work, this was carried
out in aqueous solution, resulting in low yields. Later, the method
was modified by using two phases (CH2Clz/H20) leading to a higher

yield and purer productB’a.

Since, at the outset of this work, there was very little in
: : 7 F 5,6 5
the literature on a-diazo amides in general , we have carried out
some model studies on the diazotisation of an g-aminoamide. We

have also adopted some experimental modifications of the two-phase
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technique which allows the synthesis of 6-diazopenicillanic esters
to be accomplished in very high yield. The results of these

investigations are presented in this chapter.

2,2, Studies with a model compound: N,N-dimethyl-2-diazo-

3-phenylpropionamide.

D, L-Phenylalanine-N, N-dimethylamide (3) was prepared in
three steps via the Leuch's anhydride (2) using the 'literature
method'7’8 (Scheme 2). The amide (3) was obtained as a colourless

olil after distillation.

0

CO,H cmocu Ph CoH socl
/\/ T e S W S e

0 Ph
H/N 8 O .7
0
(1) (2)
i
| Me Me
e Bl S rh | N/ Ph g
= N N
Me N Me
2 2
(3) (4)

Scheme 2.

Attempts to diazotise the amine to obtain the diazoamide
(4) were made by several procedures. 4-Nitrobenzenediazonium
tetrafluoroborate (5) and 2,4-dinitrobenzene- diazonium tetra-—
fluoroborate (6) have been reportedg’lo to be very successful
reagents for the diazotisation of a-amino-esters (Scheme 3). However,
reaction of either reagent with the amino-amide (3) only produced

trace amounts (ca.lZ) of the desired diazo-amide (4).
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Takamura et al.ll described an alternative route for
the preparation of a-diazo esters, employing isoamyl nitrite as the
nitrosating reagent. Applying this method, reflux of the c~amino
amide (3) with 1.2 Eq. of isoamyl nitrite in chloroform containing
0.3 Eq. acetic acid for 15 minutes gave, after work up, a yellow
0il which was submitted to chromatography on neutral alumina. This
afforded the diazoamide (4) as an oil in a yield of 20%Z. No
further effort was made to improve the yield of this reaction, but
it appears to have some potential as a general route to the little-
known, acyclic a-diazo amides. The chemistry of these compounds awaits
exploration: it was observed that compound (4) was rather labile and

acid-sensitive, decomposing even on silica gel chromatography.

2.3 Benzhydryl 6-diazopenicillanate

Having available 6-aminopenicillanic acid, it was
first required to protect the acid group. This is necessary to
facilitate subsequent handling of reaction products, and to avoid
acid-catalysed decomposition of the diazo group. Initially, the
benzhydryl protecting group was chosen, because (i) it can conveniently
be introduced in one step without need for protection/deprotection of
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the amino group (ii) it provides a good chromophore, facilitating
chromatography and (iii) it can be removed under mild conditions e,g.
by hydrogenolysis.

Diphenyldiazomethane was prepared by the literature

method with some modificationslz’l3

and was used to esterify 6-
aminopenicillanic acid. The yield, based on unrecovered acid, was
85% . The ester (7) was immediately converted into the crystalline
hydrochloride salt (8) by careful reaction with dry HCl in ether.
This salt was found to be indefinitely stable on storage in the

refrigerator and liberates the free amine by brief contact with

aqueous NaHCO3, as required.

cl
NHZ\“ NHZ\\ % HCL §H3\s s"/S
Rt W e X C ol
i g £ 0% S ¥ Mepiogl
T co,H “CO,CHPh, C0,CHPh,
(7) (8)

The isoamyl nitrite method described above was applied
to the diazotisation of the amine (7). Refluxing with 1.2 Eq. of
isoamyl nitrite in dichloromethane containing 0.4 Eq.of acetic acid
for 35 min. furnished, after work-up and chromatography, the 6-—

diazopenicillanate ester (9) in a yield of 65% (Scheme 4).
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In optimising the reaction conditions for the

diazotisation of the amine (7), the influence of temperature,

reaction time and amount of acid catalyst were studied. The
results are shown in Tables 1-3.
Solvent Conditions Yield (%)
CH,C1, reflux at 40° for 35-45 min 60
CHC1 , reflux at 61° for 20 min 42
PhH. reflux at 80° for 25 min 17

Table 1 Diazotisation of amine (7) with excess'isoamyl

nitrite in the presence of 0.3 Eq. AcOH.
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Temperature(oc) Time (min) Yield(Z)
20° 240 16
40-45° 20 35
40-45° 30 53
40-45° 35-45 60
40-45° 70 42

Table 2 Diazotisation of amine (7) with excess isoamyl

nitrite in CH3Cl; containing 0.3 Eq. AcOH.

Eq. AcOH Yield 7
0.2 42
0.3 62
0.4 65
0.5 46
0.7 40
1.0 26

Table 3 Diazotisation of amine (7)
with excess isoamyl nitrite in CHzCl;

for 40 min,

The optimum procedure provides a satisfactory yield of
the diazoester (9) and was used throughout the early stage of our
work. However, the method has one major drawback, namely, the
requirement for reflux with an acid catalyst. The acid also
reacts with the diazo compound, producing side-products, but to

some extent these cannot be avoided. As will be clear from Table 3,
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the reaction fails to proceed to completion if too little acid
is used, but gives increasing quantities of side products as
more is used. Thus, a yield of 65% appears to be the maximum
attainable, and chromatographic clean-up of the crude product

is essential.

Later in the course of this work, attention was turned
to the two-phase procedures mentioned above. It was found that,
by manipulation of the reaction conditions an extremely efficient
synthesis of benzhydryl 6-diazopenicillanate could be achieved.
The amino ester (7) was stirred in dichloromethane and dilute
perchloric acid with sodium nitrite for 2 h. under ice-cold
conditions affording, after work-up, crystalline benzhydryl 6-
diazopenicillanate (9) in a yield of >95%. The purity of this
crude diazo ester is >957 and the material can be used for most

purposes without any further purification.

The diazo ester (9) was found to be remarkably stable
and can be stored in the freezer (-200) for long periods without
considerable decomposition. In one case, a sample stored under
these conditions for two years was examined by 'H n.m.r. and found

to have undergone very little decomposition.
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2.4, p-Nitrobenzyl 6-diazopenicillanate

In a few instances, it was found to be difficult or
impossible to remove the benzhydryl protecting group from
penicillin derivatives prepared in this work. Consequently,
the p-nitrobenzyl protecting group was also adopted, since this
also provides a good chromophore for detection and offers convenient

alternatives for deprotection.

p-Nitrobenzyl 6-aminopenicillanate was diazotised by
the two-phase procedure described above. The diazoester (10) was

obtained in 907 yield as a low-melting solid.

e L

(10)
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2.5. Experimental

N-Carbobenzoxy-D,L-phenylalanine (1). Benzyl chloro-

formate (9.76g; 0.057 mol) and 0.8N aqueous NaOH (80 ml) were
added separately and slowly to a stirred mixture of D,L-phenyl-

alanine (8.3g; 0.05 mol).

After 2 h stirring, the reaction mixture was washed with
Et,0, then acidified with 2N hydrochloric acid (35 ml). The white
precipitate was filtered and washed with water until all chloride
ions had been removed. The solid was then dissolved in absolute
ethanol (75 ml) and the ethanol removed under reduced pressure at
75° to azeotropically remove water. Recrystallisation from
EtOAc-Pet. Ether (60-800) gave white crystals, yield 10.5g, 70%.
M.p. 98-100° (Lit:lozo)la‘gmax (nujol): 3320, 1695 cm-l.

t(dg-acetone): 2.65(10H, m, aromatic H), 4.92 (2H,S, C,-H),

5.50 (1H,m, C,-H), 6.84 (2H, m, Cs=H).

N-Carboxy-D,L-phenylalanine anhydride (2). A mixture of carbobenzoxy-D,

L-phenylalanine (50g; 0.16 mol) and thionyl chloride (100g; 1.37 mol)
was stirred for 1 h at room temperature, 20 min. at 40°C and 15 min.
at 60°C. Removal of the excess thionyl chloride under vacuum gave a
yellow solid which was recrystallised from benzene to afford shining
ctystal flakes, yield 19.4g, 63%. M.p. 126-128° (Lit: 127-8%)".
vmax(nujol): 3390, 1880, 1750 cmﬁl. T(CDCla): 2.65 (5H,m), 3.98(1H,b),

5.48(1H,m), 6.68(1H,dd, J = 15 Hz, 3.6Hz) 7.00 (IH,dQ, J = 15Hz, 8Hz).

D,L-phenylalanine N,N-dimethylamide (3). A mixture of N-carboxy-D,-

L-phenylalanine anhydride (19.4g; 0.1 mol) and anhydrous dimethylamine

(250 ml) were stirred in an ice bath for 18 h. Removal of the excess
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dimethylamine under vacuum gave an oily residue which was distilled

at 145o /0.5mm to afford a clear, colourless oil. Yield 7g (367%).

v (film): 3360, 1640 cm '. T(CDCl,): 2.80 (SH,m), 6.08 (lH,t,7.2Hz),
7.10(14,dd,1582,7.2Hz), 7.12(3H,s), 7.28(3H,s), 7.28(1H,dd), 8.39(2H,s).

Adding D,0 removed the singlet at 78.39.

N,N-Dimethyl-2-diazo-3-phenylpropionamide (4). A solution of D,—

L-phenylalanine N,N-dimethylamide (192mg; 1 mol) and isoamyl nitrite
(140mg; 1.2 mmol) in chloroform (6ml) was warmed to boiling and a

solution of acetic acid (18mg; 0.3 mmol) in chloroform (ca. 1 ml) added.
The ﬁixture was refluxed for 15 min, then cooled and washed successively
with cold sulphuric acid (IN), water, cold saturated sodium carbonate
solution, water and was dried over anhydrous sodium sulphate. Evaporation
under vacuum gave a crude yellow oil which was chromatographed (A1,0,:
acetone-Pet. Ether, 4:6) to afford a golden yellow oil. Yield 4Omg (20%).
Apax(ECOH) 266, 217 mm. v (CGHCl;), 2060, 1620 cm . T(CDCL,):

2.72(5H,m), 6.28 (2H,s), 7.00 (6H,S).

Benzophenone hydrazone. A mixture of hydrazine hydrate (15ml; 0.3 mol)

and benzophenone (36.4g; 0.2 mol) in n-butanol (40 ml) was refluxed for
24 h at 130°C. On cooling in ice, colourless crystals separated and

were crystallised from ethanol. Yield 28.2g (72%). M.p. 98—99°(Lit:97—98°)13

Diphenyl diazomethane. A mixture of benzophenone hydrazone (4g: 0.02 mol),

anhydrous sodium sulphate (4.6g; 0.32 mol) yellow mercuric oxide(llg:
0.049 mol) and ethanol saturated with potassium hydroxide (1.5 ml) in
diethyl ether (62 ml) was stirred or shaken vigorously at room
temperature for 75 min., then filtered and the filtrate evaporated

at room temperature under reduced pressure. The resulting dark red
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0oil was dissolved in Pet. Ether (40—600) and again filtered.

Removal of the solvent gave diphenyl diazomethane as an oil, yield

3.32g (85%), which could be crystallised, M.p. 31-32%; (Lit:29-32°)12'

A =1
umax(nujol) 2040 cm .,

Benzhydryl 6-aminopenicillanate hydrochloride (8). A mixture of

6—-aminopenicillonic acid (30.7g; 0.14 mol) and diphenyl diazomethane
(27.4g; 0.14M) in dichloromethane (236 ml) and methanol (94 ml) was
stirred in an ice bath for 3-4 h, then at room temperature for 15 h,
until gll the purple colour of the diphenyl diazomethane had dis-
appeared. The reaction mixture was diluted with Na-dried ether

(700 ml), then the unreacted 6-aminopenicillanic acid (13g; 42%) was
filtered off. The filtrate was kept in an ice bath and stirred as

a saturate solution of HCl in dry ether was added dropwise to give a
white precipitate which was filtered off and washed with ether.

Yield 29.1g (85%Z). M.p. 150-155°. vmax(nujol) 3500, 1770, 1725 cm—l.
t(CDClz): 2.60 (10M, m, aromatic H), 3.00 (1H, s, C,,-H), 4.43 (1H,d,
4Hz, Cg-H), 5.44(1H, d, C.-H), 5.46 (1H,s, C,-H), 8.15 (2H,S,NH),

8.40 (3H,S, C4-H), 8.72 (3H,S, Cg-H).

Benzhydryl 6-aminopenicillanate (7). The hydrochloride salt was

shaken with a mixture of dichloromethane and 5% aqueous sodium bi-
carbonate solution. The organic layer was washed with brine and water

and used immediately for diazotisation.

Benzhydryl 6-diazopenicillanate (9)

a, Diazotisation with sodium nitrite To an ice—cold mixture of

benzhydryl 6-aminopenicillanate (2.18g; 5.6 mmol) in dichloromethane

(400 ml) and water (400 ml) containing sodium nitrite (0.93g; 13 mmol)
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was added IN perchloric acid (12 ml) with rapid mechanical stirring.
The mixture was stirred in an ice bath for 2 h, the organic layer
separated, washed with cold, saturated brine, then water, and dried
over anhydrous sodium sulphate. Removal of the solvent under
reduced pressure gave benzhydryl 6-diazopenicillanate (2.15g; 98%).
The 'H n.m.r. spectrum indicated >957 purity. The compound can be
recrystallized from ether-Pet. Ether (40-600), M.p. 85-87°. v ek
(nujol): 2080, 1760 cm ~. A (CH,OH), 5.14 nm(Log €5.14), 218 nm
(log €5.08), 256 nm (loge€ 4.72).'H n.m.r.T(CDCl;) : 2.60 (10H, m,
aromatic H), 3.00 (1H,s, C,,-H), 3.77 (1H,s4C4-H), 5.50 (1H, s, Cy-H)
8.38 (3H, s, Cg-H), 8.78 (3H,s,Cqy-H).

b. Diazotisation with isoamyl nitrite. A mixture of benzhydryl

6-amino penicillanate (75 mg; 0.196 mmol), isoamyl nitrite (32mg;

0.27 mmol) and acetic acid (3.5mg; 0.059 mmol) in dichloromethane

(2 ml) was refluxed for 35 min. Removal of solvent under reduced
pressure gave an oil which was chromatographed (Si0,, CH,Cl,) to
afford benzhydryl 6-diazopenicillanate as a yellow solid, M.p. 99-100°.

Yield 48 mg (62%).

p-Nitrobenzyl 6-diazopenicillanate (10). Using the same procedure as

method (a) aforementioned, p-nitrobenzyl 6-aminopencillanate (519 mg;
1,48 mmol) was converted with sodium nitrite (234mg; 3.39 mmol) and 1IN
perchloric acid (3 ml) to p-nitrobenzyl 6-diazopenicillanate (10) as
a yellow solid, M.p. 39-42°.

Yield 450 mg (90%). Amax(CH013): 2080, 1750, 1610, 1525,
1350 cm ©.  T(CDCl): 1.80 (2H, d, 9z, Cy,, C, -H) 2.45 (2H, d,
C,3-H, Cy,-H), 3.84 (1H,s, Cs-H), 4.72 (2H,s, CII-H)’ 5.56 (1H, s,

C,-H), 8.35 (3H, s,Cy-H), 8.58 (3H, S, CB—H).
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CHAPTER THREE. CYCLOPROPANATION REACTIONS WITH 6-DIAZOPENICILLANATES.

3.1, Literature Review of Cyclopropanation Reactions

The reactions of 6-diazopenicillanic esters with acrylates

15 and

and with ethyl vinyl ether have been reported in the literature
were reviewed in Chapter 1. Since the most detailed and pertinent
studies of cyclopropanation reactions reported in the literature have

concerned o-diazoacetic esters, this topic will now be reviewed before

discussing our own experimental results with benzhydryl 6-diazopenicillanate.

.The copper-catalysed decomposition of diazoesters is an old
reaction which has been the subject of considerable investigations,
e.g. Skell and Etterl reported that the reactive intermediate from
the CuSO4 catalysed deéomposition of ethyl diazoacetate converts
cyclohexene into cyclopropanes but does not appear to undergo insert-
ion into carbon hydrogen bonds, and its stereoselectivity in cyclo-
propane formation is quite different from that of the carbene

obtained by photolysis of ethyl diazoacetate.

H Et02C
“*COzEt H
NZCHCOZEt : 3 .
CH2002Et
hv : 167 10% 217
Cu : 69Z(Exo) 4% (Endo) 0%

Thus, it had been proposed that an intermediate formed in
copper-induced reactions is different from the free "carbene" thought

to be produced in photolysis.
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The view that a carbene-copper complex is involved in the
catalysed reactions gained strong support from the observation that
the decomposition of ethyl diazoacetate by the chiral complex bis—
[ﬁ-(R)—a—phenethylsalicylaldiminato]copper(II) (2) in the presence of
styrene, give a mixture of the optically active ethyl-2-phenylcyclo-

propanecarboxylate (3a) and (3b) (Scheme 1)?

It was postulated that the open coordination site of the
square planar copper chelate wouldundergo electrophilic attack on the
carbon atom of diazoalkanes yielding a complex (4) (Scheme 2). The
subsequent elimination of nitrogen molecule would furnish a carbene-
copper complex (or an inverse ylide) (5), in which the carbene moiety
is coordinated to the copper atom as the fifth ligand. The possible
back-donation from the metal atom to the vacant Pz orbital of the
carbenic carbon may help to stabilize the complex. Furthermore,
Nozake et al% pointed out that they could not rule out an alternative
possibility that the initially formed complex (4) directly reacts
with the substrates. Assuming that the term "copper carbenoid" in-
volves both species (4) and (5), it was thought to be safe to conclude
that a chiral carbenoid is responsible for the accomplishment of

asymmetric induction mentioned above.

A similar olefin-metal carbene complex mechanism had been
discussed by Moserg. The (trialkyl and triaryl phosphite) copper (I)
chloride catélysed decomposition of ethyl diazoacetate in cyclohexene
afforded exo and endo cyclopropanes (6) and (7) as major products,

together with a trace amount of insertion adduct(8).

46



l 3
H=N, 0
NZCHCO2Et + PhCH=CH2 + Cu"
0 "1|¢=GH
Ph—CH— CHB
*
(2)
Ph Ph C02Et
COZEt
(3a) (3b)
Scheme 1.
RR—C—N
2
R - + Xomm = X— —4— —2
) I I !
>c-—-N=N + f\Cu 1 IR s e Tl €
R v N Py
X=0
Y=0 or N (4)
it
| \Cu :
]
YR
(5)
Scheme 2.
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COEt

H 2
02Et
(RO%PCuCl
+ _
NZCHCOZEt 5 m mol g ¢
(o]

30 CHZCOZEt
20 m mol 500 m mol
(6) (7 (8)
EXO ENDO
Photolysis 1 1.89 2.36
Thermolysis 1 7.14 0.25
Catalysis 1 9.66 0.05
= il
S

Relative Ratio °

The exo and endo isomers are not isomerized under the reaction
conditions, and are extremely slow to isomerize under equilibrating
conditions. A tenfold change in the amount of catalyst employed

afforded only 27 change in the observed ratio of the exo/endo products.

Moser's conception of the most reasonable transition state

stereochemistry is depicted in Scheme (3).

=-N2 olefin N~
N,CHCOzELt + [(RO) 3P .CuCl|—# 3(RO)3P.CuCl === 3(RO) 3P CuCl®
P o
(9)
(9) + NaCHCO,Et _712_.,\0 =
. / } Q\
(RO3)P —-—Cliu-CHCOQEt
C1
L
-
A
[R03]3 P\ lr "p\/
—> //C\ ! —_ Product

Scheme 3
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Moser revealed that systematic changes in the isomeric
cyclopropane product distribution occurred as a function of the
steric bulk and electronic effects of the ligand in the homogenous
catalysed addition of ethyl diazoacetate to olefins employing (trialkyl

phosphite) copper (I) chloride complex.

Asymmetric induction was also observed when an optical active
catalyst of [(=) tribornyl phosphite] copper (I) chloride (10) was

utilized to decompose ethyl diazoacetate in styrene (Scheme 4).

0+ P-CuCl
H Ph Ph
A ke | N\ &/c&)zm
- _—
NZCHCOZEt + PhCH CH2 ' *
1
Co,Et
optical yield 37
SCHEME (4)

The postulated mechanisms described above received a rather
cold response from Wulfman.4 He criticized that the whole copper
carbenoid concept was "built upon a house of cards" in which the
foundation was the assumption that various thermolyses and photolyses
of diazoalkanes led to the generation of free carbenes. Therefore,
the choice of a carbenoid pathway of catalysis of diazoalkanes was
more a reflection of an emotional bias than empiricism, and he
emphasized that some unsensitized photolyses of diazo compounds in
alkene do not react solely by a "free carbene" path but rather react

predominantly via some other species.
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5 . o . 3
Wulfman's group™ published a series of papers on this topic.
The reaction of the dimethyl diazomalonate with cyclohexene in the

presence of Cu(acac), again gave mainly cyclopropanes.

T CH(CO,Me), co e
u(acac), (CO Me)2
_—
* MoClcd e, c(co JMe),
CO Me
Yield 5.92% 78.1% 12.4%

They suggested that the apparent role of copper was to act
as a Lewis acid and demonstrated that copper (II) was either the
actual catalyst or, at least, a far more active catalyst then either
elemental copper or copper (I). The key features of copper (II) were
stronger acid strength but weaker back-bonding than related copper (I)
species. The copper salt catalysed addition of bis(methoxy carbonyl)
carbene to olefins was highly regioselective and was stereospecific
for cyclopropanation. Insertion into carbon-hydrogen bonds was of
increasing importance as the degree of substitution increased and as
the reaction temperature was decreased. Cyclopropanation became more
important as the operating temperature was increased with all olefins.
Wulfman interpreted this temperature effect as indicating that the
processes were not of a free radical nature. The best catalyst for

cyclopropanation was copper fluoroborateoperating in homogenous mode.

In examining the relationship between catalyst concentrations

and product yields, two maxima for cyclopropanation and allylic C-H
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insertion and other important features were observed in the plot of

product yield versus catalyst concentration.

On the basis of these observations, it was concluded that
there must be at least three paths to cyclopropane formation. Two
of these involve a single common intermediate which is formed before
product partitioning between allylic C-H insertion and cyclopropanation
and involves a single molecule of catalyst. A third process involving
two molecules of catalyst must be occurring at high catalyst con-

centrations. Alternative pathways were given. (Schemes 5-1 to 5-3)

In addition to copper complexes, several group VIII transition-
metal derivatives recently received great attention in catalysed

decomposition of diazocompound in olefins.

Paulissen, Hubert and Teyssie6 reported the palladium acetate
catalysed cyclopropanation of olefins which can be practically quan-

titative even under very mild thermal conditions.
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Ph GO Bt Ph

Pd(Oﬁ‘u::)2

i 3 +
PhCH CH2 + N2CHCOZEt -—-———.'250

COEt

(96%) 1

..
=

Armstrong? described the decomposition of ethyl diazoacetate
by the m-allylic palladium chloride‘complex (11) at low temperature
(0-10° ) and the possible mechanism of this reaction which appeared

to involve a carbene or related intermediate. (Scheme 6)

S \/\/\

cit Pd + N,CHCOEt o
\ / \ / 2 £
CH, (11) 2
ﬁz\ /coz}zt.
ch :CHCO, Et
)
cn/ \ /_ N CH/ \ /
“\\ \\ 2 2
CH2/ <2 \CHZ/ \
\R"Rz /
R, —C— C—R,
CHCOzEt Scheme 6.

Smeets, Thijs and Zwamerﬂ:mrg8 published the cyclopropanation
reactions with & fS-epoxy diazomethyl ketones (12) in the presence

of palladium acetate.



)
|
Ph 0 C\\\
>£ L C]"“\ —_— > s S
Eh H Pd(OAc)
83° 5 h
(12) 53.5%
9,10
Hubert et al. have published the application of another group
VIII transition metal derivative, rhodium carboxylate, in catalytic

decomposition of alkyl diazoacetates.

The high efficiency of rhodium (II) carboxylate in the
cyclopropanation of alkenes substituted at ethylene group had been
described, which included almost any kind of alkenes (mono or poly-
_olefins,,substituted or not). The lack of reactivity of electron-
poor olefins (e.g. methyl maleate) is a notable exception. In most

cases, the yields were claimed to be higher than 80-90%.

0, R

r> Rh, (0-c0-R®), R} g2 )

Rl /
=CEH 5 g
] >E:::\\\ : + N,=CECO,R 5 L4(3)
R R

R

(13) (14) LR
The efficiency of rhodium (II) derivatives depends strongly
on their solubility; therefore soluble rhodium (II) carboxylates
such as the butanoate and the pivalate effect high improvements in
yields of cyclopropanation products. The yields of product (15) also

depends strongly on the alkyl diazoacetate (1l4) used. The best yields

are obtained with butyl diazoacetate in the presence of rhodium acetate.
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This fact may be explained by the increased solubility and stabilization
of the intermediate carbenoid species. As in all coordination reactions,
the influence of the electronegativity and geometry of the counter-anion
are significant. Steric hindrance at the carboxylate group does not
show any major effect on the yield. Moreover, the oxidation state of
rhodium plays an important role (possible by controlling the overall
geometry of the complex); rhodium I and rhodium'III gave very low

yields of cyclopropanation products.

Rhodium carboxylate can also be used to catalyse the cyclo-

propanation of acetylenes.ll
H 002CH
Rh, (0 CRB)
1 2 272 4 ~ N
R"C=CR" + N.CHCO,CH —_ 2
2 2.3 1 2
R R

(16)

Steric hindrance of substituents R on the triple bond of (16)
does not significantly influence the overall yields of cyclopropenes
whereas polar groups decrease it drastically. An increase in the
electronegativity of the counter ions of the catalyst drastically
lowers the yields. Since rhodium (II) carboxylates have only one
vacant coordination site per metal, a simultaneous coordination of
the olefin and diazoester (or carbene) seems unlikely. The reaction

was believed to follow the pathway of an intermediate. (Scheme 7)

N
NZ S

2
Mo * NZCHR—-—F'[M—" —_— M=CHIE| —» P + M
CHR

S=sutstrate, P=product
SCHEME 7
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3.2. Reactions with Styrene and Cyclohexene: Results and Discussion

The investigation of the behaviour of benzhydryl 6-diazo-

penicillanate (1) was initiated with its cycloaddition to styrene.

Thermolysis of benzhydryl 6-diazopenicillanate (1) in styrene
was carried out by refluxing the reaction mixture in benzene overnight.
After rapid conventional chromatography on silica, a mixture containing
four possible isomeric cyclopropanes (17) to (20) was isolated in a
very low yield (87 total) (Scheme 10). No further attempt was made to
separate these four isomers. However, their structures were proved
from the i.r. spectrum, showing f-lactam absorption at 1775 cm-l, ester

A and their 'H n.m.r. spectrum, exhibiting a

absorption at 1745 cm~
singlet for Cs-H at Tt 4.48, 4.60, 4.70 and 4.92 respectively, together
with an overlapping A.B. system for the cyclopropyl C;g-H at T 7.00

to 7,30,

Copper (II) bis(acetylacetonate) decomposition of 6-diazo-
penicillanate (1) in styrenme in the presence of dichloromethane led to
the formation of three products, which were separated by conventional
chromatography on silica, and identified as the two isomers of 6-( 1-
phenylcyclopropano) penicillanates (17) and (18) in the ratio 1: 1.5
(overall yield 327%), together with a product which is considered to be
a 3:1 isomeric mixture of spiropyrazolines (21) in a yield of 87 (Scheme 10).
The isomeric purity of the isolated compounds (17) and (18) was confirmed

by analytical HPLC, each showing mainly one component only.

The structure assigmment for spirocyclopropanes (17) and (18)

was based on their spectroscopic properties, Compound (18), with the
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phenyl group below the plane of the B-lactam ring and pointing near
Cs—-H, was first recognised in these two isomers. Since in its

'H n.m.r. spectrum the chemical shift of Cs-H appeared at higher

field (T 4.96) (Table 1) due to the influence of the shielding effect
of the ring current of the phenyl group, The structure (19) was
believed to be unlikely. If it formed, in the 'H n.é.r. spectrum of (18)
the chemical shift of one of its C,,-H would be expected to move to
higher field than the (19) does due to shielding effect of thiazoline
sulphur upon one of C,4~H of the compound (18) , which was not observed

in the present experiment (Table 1).

COMPOUND
(17) (18)
™M nam.r T | Cs-H(s) 4.55 4.96
Cyg-H(d.d.)J=7.5,9.8Hz 7.24 7.07
Cyo=H (m) 8.20 8.20
130 nam.x. 8| €z 137.109 | 136.846

Table 1 Part of 'H and 'Y n.m.r. data of compounds (17)

and (18). 1In CDCl,.T.M.S. is internal standard.

Similarly, a compound with structure (20) was also considered
unlikely, since providing (20) is produced, in its 'H n.m.r. the
chemical shift of its Cj;g-H would only vary slightly from compound
(18) due to the analogous magnetic enviromment of C;g-H in compounds

(18) and (20). This did not match the recorded data. (Table 1)

The remaining candidate is the compound with the structure

(17). 1In its 'H n.m.r., the C,-H should resonate to lower field due
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to the absence of shielding effect of phenyl group and the C;s-H
should resonate tohigher field due to the absence of the deshielding
effect of carbonyl group of the R-lactam, which is identical with the
observations. Further evidence was obtained from the '°C n.m.r. data
of both isomers (Table 1), where the spirocyclopropyl phenyl carbon
(C20) of compound (17) was found to resonate to lower field than

(18) due to the deshielding influence of carbonyl function of B-lactam.
This structural assigmment is in agreement with the earlier work of
Sheehan proposing that the preferred mode of addition is from the
stericaliy less hindered o side in the reaction of 6-diazo-f-lactams

with dipolarophiles.12

Completely unambiguous assigmnment of the structure of (17) was
achieved by employing the latest nuclear Overhauser enhancement -
difference spectroscopy technique on a 400 MHz instrument, as developed

by Hall and Sanders}3

Although the traditional n.0O.e. experiment is very powerful,
it is limited in scope both because the signal to be observed must be
resolved and because the minimum observable effect using integration
is ca. 5%. In n.0.e. difference spectroscopy, a control spectrum
without n.O.e. is substracted from the spectrum with n.O.e. so that
only spectral changes should appe;r. The signal of interest need no
longer be resolved in the complete spectrum and the lower limit of
observable n.0.e. is determined only by instrument stability. The
whole experiment is controlled by computer. It was claimed that

n.0.e.s are observable in the range of 0.5-57 with the new technique.
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Inspection of molecular models shows that the distance
between Cs-H and Cyg=H in (17) is shorter than in the other three
isomers. Therefore, one can only expect an appreciable n.0.e. in
the isomer (17). Irradiation of the Cs-H of (17) at T 4.35 gave an
n.0.e. on Cg-H only. Furthermore, irradiation of Cjg-H of (17) at
T 7.35 gave the expected n.0.e.s on Cs-H and Cyg-H in which the
Cig-H(a) exhibited a negative n.0.e. These results are shown in

Figures 1 and 2.

Use of this technique afforded unequivocal assigmments of

all the proton chemical shifts of (17). Table 2.

Proton irradiated Observed n.0.e

3 5, 8

5 18

8 3y 9

9 3: 5, 8,1%1
11 12
12 =

18 5, 19b, 20
19a 18, 19b, 20
19b 18, 19a

Table 2 Proton-Proton nuclear Overhauser

enhancement in (17).
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Figure 1.

Normal IH n.m.r. 400 MHz spectrum of (17) in CDCl

3°




DRSPS LT

Figure 2, Partial 400 MHz spectra of ( 17 ) in CDCl=,

(2a) Normal spectrum, (b) n.C.e, difference spectrum with
ore-irradiation of Cs-H, (c) n.0.e. difference spectrum

with pre-irradiation of Cyg-H.

(e)

! (b)

18 19;9C
L e N L_q__
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The possible isomeric mixture of spiropyrazolines (21) was
found rather unstable; it decomposed either on the process of chroma-
tography or upon storage, probably to give spirocyclopropanes (17)
and (18) with some unidentified components ( judging by analytical
t.l.c.). Owing to this instability, it was difficult to fully
characterize this possible isomeric mixture of spiropyrazolines.
However, the assigmment gained support from the spectroscopic data.
The i.r. spectrum showed absorptionbands at 3400 em™t (NH), 1775 cm™1
(B-lactam), 1745 cm~l (ester) and the 'H n.m.r. spectrum exhibited
a typical A.B.system (J = 18 Hz) of gem-methylene protons of a
pyrazoline at T 6.22 and 6.56 respectively and two singlets in the

ratio of 3:1 at T 4.62, 4.71 corresponding to Cs-H of two isomers.

The catalysis of decomposition of 6-diazopenicillanate (1)
in styrene was also conducted in the presence of Cu(acac); by re-
fluxing the reactants in benzene for 3 hours, yielding the spiro-
cyclopropanes (17) and (18) in much lower yield (137 total), but in
the identical proportion of 1:15. However, no pyrazoline was

obtained from this reaction mixture.

The decomposition of 6-diazopenicillanate (1) in styrene
was discovered to occur faster and furnish higher yields with a
catalyst of rhodium acetate, which gave spirocyclopropanes (17) and
(18) in the ratio of 1:1.2 (total yield 53%) together with a possible

isomeric mixture of spiropyrazolines (21) in a yield of 14%.

Photolysis of 6-diazopenicillanate (1) with styrene in dried

carbon tetrachloride was carried out by irradiating the reaction
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mixture in a quartz vessel with an Hanovia medium pressure lamp

under an atmosphere of dried nitrogen. After rapid chromatography,
neither spirocyclopropanes nor spiropyrazolines were obtained from
this reaction. Strikingly, the only isolated B-lactam was 60~
chloropenicillanate (22) in a yield of 15%. 1Its i.r. spectrum showed
absorption bands at 1790 em™1 (B-lactam), 1740 cmﬂl (ester) and its

'H n.m.r. spectrum exhibited two doublets (J = 1.5 Hz) at T 4.68,

5.28 for the trans Cs-H and Cg-H respectively. It is believed that
the prodpct is formed by chlorine abstraction from the carbon tetra-
chloride during photolysis} the hydrogen presumably came from moisture

present in the reaction.

Deprotection of the spirocyclopropanes (17) and (18) was
achieved by palladium black atmospheric hydrogenolysis, resulting in
corresponding carboxylic acids in the yield of 75% and 437 respectively.
Both of these were found to be devoid of antibacterial activity against

a standard series of laboratory strains.

The results presented here clearly indicate that in the re-
action with olefins the 6-diazo-f-~lactam is less reactive than
analogous materials, e.g. ethyl diazoacetate, and also that the
reaction produces a relatively lower yield. The fact that only two
isomers of the four possible ones were obtained from the metai
catalysis of 6-diazopenicillanate addition to styrene also showed

the stereoselectivity of this reaction.

Gilchrist and Reesl4 mentioned in their book that in the

copper and other transition-metal catalysis of reactions of diazo

64



compounds, the intermediates are more selective than are free carbenes

and the cycloaddition to olefins is stereospecific.

It is interesting to compare our results with those of
Campbell et al.]'5 Benzyl 6-diazopenicillanate (23) was reported to
react with ethyl vinyl ether (29) in the presence of copper(bis-—

acetyl acetonate) to give in 737 total yield a mixture of four

isomers of the ethoxysubstituted spirocyclopropane (24 a-d).

N o
S
EN CH, =CHOE E,0 ~—r
N
N o
‘G X 0~ S
(23) -~ COzcnzPh COZCHZPh
(24 a-d)

The difference in behaviour observed in the two cases may
result from steric effects (the bulkier styrene approaching only from
the a-face), or from electronic effects (the vinyl ether being more

reactive), or from a combination of such factors.

The formation of pyrazolines (21) in the diazopenicillanate
reaction with styrene is explained by an initial 1,3-dipolar cyclo-
addition followed by a prototropic rearrangement. Pyrazolines were
also observed in the additions of diazopenicillanate esters to
acrylic acid derivatives, reported by Campbell15 and by Sheehan.l2
It is not clear whether 'A-pyrazolines are necessary intermediates
in the cyclopropanations of styrene and of acrylates, or whether

there are two competing pathways (Scheme 11).
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Scheme 11;

Another important characteristic of a carbene or carbenoid
is its ability to insert into a C-H bond. As seen in the introduction
to this Chapter, diazoacetate reacts with cyclohexene to give a

cycloaddition product together with an insertion product .

Addition of benzhydryl 6-diazopenicillanate (1) to cyclo-
hexene in dichloromethane in the presence of copper (II) bis (acetyl-
acetonate), resulted in the rapid evolution of nitrogen and led to
the formation of two major products in a total yield of 607%.

After rapid conventional chromatography on silica, they were separated
individually as oils and identified as 6-(bicyclo—[4,1,0]heptane)
penicillanates (25) and (26) in the ratio 1.1 : 1. The i.r. spectra
of samples (25) and (26) were slightly different, exhibiting

f~lactam absorptions at 1760 and 1770 em~l respectively.

The 'H n.m.r. data of both isomers showed an envelope of

signals of T 89, corresponding to bicyclo [Q,I,Q]heptanyl protons.

3 6 . . . o
The *3C n.m.r. spectra were more informative, showing signals correspond-

ing to carbons of bicyclo [4,1,6] heptane in various positions.
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: €0, CHPh, +

(1)

H

(26)

.fhe configuration of isomers (25) and (26) were tentatively
deduced from their spectroscopic properties. In their 'H n.m.r.,
the Cs-H singlet was found at lower field in (25) than in (26)
(Table 3), which is presumably caused by the effect of the cyclo-
hexyl ring facing toward the Cs-H in compound (26). A further
indication of validity of this assumption may be found in '®C
n.m.r. data where the bicyclo [4,1,0] heptane carbons (C,s) and
(C19) appeared at lower field in sample (26) than in (25) (Table 3)
presumably due to the deshielding effect of carbonyl function of
f-lactam upon Cjs and C;s was weakened by the cyclohexyl ring

facing toward the carbonyl group in (25).

COMPOUND
Chemical Shift
(26) (25)
M onmr. T Cs-H 4 .90 4.72
¥enm.r. 6 Gk 25.976 21.354
Cyo 24 .780 20.507

Table 3. Part of 'H and '3C n.m.r. data of compounds (25) and (26).

In CDCls, with T.M.S. as internal standard.
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The influence of the concentration of the catalyst Cu(acac) ,,
upon the products of decomposition of 6-diazopenicillanate (1) in
cyclohexene was briefly investigated. The results, shown in Table 4,
indicated that the outcome of this reaction is relatively insensitive

to a wide range of catalyst concentrations.

Mole Ratio of Catalyst Product and Yield*
to 6-Diazopenicillanate (25) (26)
0.02 31% 287
0.2 31% 247
Table 4. Effect of amount of Cu(acac), upon the product yield

on reaction of 6-diazopenicillanate (1) in cyclohexene.

* Product was actually isolated and characterized.

It is noteworthy that the quality of the Cu(acac), catalyst
profoundly affects the outcome of this reaction. Utilizing a poor
quality of catalyst substantially reduced the yield of this reaction.
Synthesis of the Cu(acac), is a simple process involving addition
of the 2,4-pentanedione to aqueous copper (II) chloride. Problemg
appeared to occur in the subsequent purification procedure if re-

crystallization was carried out with halogen-containing solvent.

Peace and Wulfman16 have observed that in preparation of
copper catalysts, if halogen-containing solvents are employed in
recrystallization, either singly or with co-solvents, appreciable

destruction of the catalyst can occur. This involves reaction
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between the ligand and the halogenated solvent and leads to pre-
cipitation of some copper (I) salt. Catalysts resulting from this
type of treatment contain varying amount of uncomplexed salt and

are less effective than pure material.

The m.p. of the catalyst Cu(acac),, obtained from different
sources and synthesized by various persons frequently showed
appreciable deviation from the literature value, reflecting the

validity of this explanation.

The catalysis of 6-diazopenicillanate (1) decomposition in
cyclohexene was also carried out with rhodium acetate instead of
Cu(acac) , which surprisingly gave a lower yield (total 9% only)
of both isomers (25) and (26) in the ratio of 1.4 : 1. No C-H bond

insertion product was detected in either case.

Removal of the benzhydryl group from samples (25) and (26)
by palladium black hydrogenolysis at room temperature provided the
corresponding carboxylic acids as white solids in yields of 757 and
50% respectively. Both of these were found to be biologically

inactive.

The absence of any C-H bond insertion product in the metal
catalyzed reaction of 6-diazopenicillanate (1) with cyclohexene
should not be regarded as surprising. It is well documented that,
for the reaction of diazoacetate and cyclohexene, photolysis favours
C-H bond insertion products whereas cycloaddition predominates in

the metal catalysis.
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3.3'

The fact that two isomers were formed in the same proportion
reflects the indiscriminate addition across the carbon-carbon double

bond of cyclohexene by 6-diazo-B-lactam.

Review of reactions between diazo compounds and sulphur compounds

The reactions between diazo compounds and alkenyl sulphides
have been extensively investigated by Ando. The photolysis of
diazomalonic ester in n-butyl allyl sulphide afforded the principal
product (27-i) in 577 yield and the minor product (27-a) in 117%
yield.l7 The carbene formed by irradiation attacks the sulphur
atom more rapidly than the carbon-carbon double bond, leading to an
ylide intermediate (28), from which the "insertion" product (27-i)
is generated by a 2,3-sigmatropic rearrangement.

L0, Me = Pogte
=C + BuS-CH,-CH=CH, —#»-BuS-C-CH, -CH=CH + BuS-CH-CH—CH
o 2 2 |, 2 N L
COZMe ¢0 Me C

7w
2 Meozc COZMe

N

¥\ (271) (272)
Bu-—f (_
Me0..C
2 N — (271)

MeOZC‘/

(28)

The copper sulphate catalysed decomposition of diazomalonate
in allyl sulphides also yields insertion products in high yields,
and no addition product is observed.l7 Thus, the reaction with
but-2-enylphenyl sulphide (29) gave the rearranged insertion product
(30-i) in 927 yield and no trace of Y-methylallyl thiomalonate

could be detected in the reaction mixture.
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Since the reaction gave the insertion product exclusively and no
addition product, it was thought that the carbenoid species derived
in this reaction has more electrophilic nature than that generated
in photolysis. The possible structure of such a carbenoid might be

represented by X*CG—C+(C02CH3)Z.

M302?
N.C(CO.CH.), + PhSCH,.CH=CH ———#» PhS-C-CH-CH=CH
2 VI ) 2 i N p)
CH MeO.C CH
3 2 3
(29) (301)

‘Ando, Higuchi and Migita also reported the copper-catalysed
thermal reaction of acetylenic sulphides with methyl diazoacetate.18
The formation of compound (31) may involve attack of methoxycarbonyl
carbene on sulphur to form the acetylenic sulphonium ylide followed
by a cyclic elimination of ethylene. (Scheme 13). The relative
reactivity of the sulphur atom in the acetylenic sulphide compared
with various other sulphides was investigated. The result showed
that the acetylenic sulphide is the most reactive, probably owing to
the contribution from the resonance structure R-C*=C=5—Et, which is

possible because sulphur can expand its valence shell.

Cuso, H H
RCS CSEt + N,CHCOMe — g  RCEZCSCH,COMe + X=(
60° H H
R=Ph,Me,or SEt (31)
+
RC=C -—?/ K\/C\{
\H —» (31
- 4
Co,Me
Scheme 13.
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In the reaction of dimethyl diazomalonate with cyclic
sulphides, the corresponding sulphonium ylides were obtained,

although yields varied depending on ring size.lg (Scheme 14).

= Orn O Q50
+
)
-
R

R = CO,Me CR,
237 90% 617 687

Scheme 14.
With thietane (32), dimethyl diazomalonate gave a ring

expansion product (33), resulting from a facile rearrangement of

the intermediate sulphur ylide.

CuS0

4 “‘__—] COzMe
\ + NC(COMe), 1 #L VRS
(32) (33) 267

With the three-membered ring episulphide (34), ethyl diazo-
acetate yielded exclusive the cis-olefin (36). The episulfide
probably formed ylide (35) as an initial intermediate and then
decomposed stereospecifically by fragmentation into olefin (36)

and thioglyoxalic ester (3?)?2

Cu (acac) l '
2
+ N_CHCO_Et = \ e —— e A S—CHCOzEt
S

2 2 110
4]

CHCOZEt

(34) (35) (36) @37
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Appleton, Bull, J.McKenna,J.M.McKenne and Walley £0 also

gave some complementaryresults on the formation of sulphonium ylides.

Reaction of 4-t-butylthiacyclohexane (38) with the carbenes

1 <
CR2 (R1= COMe, COz2Me, or CO2Et), photochemically generated from the
corresponding diazo-compounds, gave in each case a single sulfonium

ylide formulated as the product (39) of equatorial addition of the

carbene.
+ =1
. CR;NZ prstly
L
hv (350 nm)
(38) (39)

An analogous result (one product, (39); R! =C02Me) was
obtained from the Cu(II) catalysed decomposition of diacetyl-diazo-

methane in.4-—t-buty1thiacyclohexane.21

A study of the reaction of carbenes with cyeclic allyl sulphides
was also carried out by Andozzﬁﬁaigave particularly interesting results,
Photolysis of dimethyl diazomalonate in ﬁa-dihydrothiopyran (40) gave
a white solid which was characterized as sulfonium ylide (41). It
was claimed that the ylide (41) was stable enough to be isolated
and rearranged only at high temperature to give(42)while the ylide
derived from the open chain allylic sulphides could not be isolated,
perhaps being easily converted into rearranged product at room tem-

perature.
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=3 X C(co,Me),
N,C (CO,Me), + S-——I- ', S/

(40) (41) (42)
hv 307
(110°)Cus0, 687
In contrast to the six membered cyclic sulfide, 2,5-dihydro-
thiophene was found to give rise to 2,2-bis(methoxycarbonyl)thio=
pyran (43) and an adduct (44), but the corresponding sulfonium
ylide (45) could not be isolated. The product (43) was suggested
to be derived from the intermediate sulfonium ylide (45), which may
be unstable and therefore undergo Stevens type rearrangement, because
it would inevitably have an eclipsed conformation, and the inter-
action between the -C(CO0,CHj3)2 group and neighbouring methylene
carbon atom will promote C-S bond fission by either concerted or
radical-pair processes. Only ring-expansion product (43) was isolated
(51% yield) from the CuSOy-catalyzed reaction of dimethyl diazo-

malonate in 2,5-dihydrothiophene.
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C (CO Me)

+ N ("(CO ME)___.O
s (co Me)

43) (44)
E/\g —C (COZMe) 9

(45)

All the reactions discussed above are assumed to occur by
conversion of the diazo compound into an electrophilic singlet car-
bene which attacks the non-bonding electron pair of a sulphur atom
giving a sulphur ylide. (Scheme 15). Thermolysis of diazo compound
in the presence of a copper salt probably involves a carbene-copper

complex which also exhibits electrophilic character.

MeO,.C R
MeO,.C ‘/_\ R 2
2 o A

T S
—_— /C —y S\
c'\
He020 R HeOZC R
Scheme 15.

It has been clearly demonstrated that a carbene attacks a

sulphur atom more rapidly than a carbon-carbon double bond.
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Repetition of reaction of dimethyl diazomalonate and dimethy sulfide
in the presence of cyclohexene indicated that the sulphide was

about six times as reactive as the olefin towards biscarbomethoxy-
carbene. Similar high reactivity of sulphide towards carbenes was

. i : : 2
also observed in other competitive experiments carried out by Anc.’to.;;'l

It was shown that vinyl sulfides, thiophene and dibenzothio-
phene in which the lone pair of sulphur is highly delocalized, are
efficient traps for carbemes and form the corresponding stable
sulphonium ylides on reaction with dimethyl diazomalonate under

either thermal or photochemical conditions.

R
Mg
Me\c ; 7 SR fhahee Me\c : /S—C (COZMe)
— e — =
p i 2 " 272 TR
Me H Me H
] + -
' l = S—C (CO Me)
2D
: + NZC(COZMe)Z e
+ NZC (C02Me) — ©
S ?*'
! (COZI“IE)2
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The reactions of diazo compounds with thiophene to give
cyclopropanated products are well documented processes, e.g. Muller,
Kessler, Fricke and Suhr24 reported the catalysis of diazomethane
addition to thiophene, which gave 2-thiabicyclo [3, 1,Q]hex—3—ene
(46) in 227 yield.

' | i)

—_—
S CuBr S

(46)

Irradiation of ethyl diazoacetate in thiophene leads to 2-
thiobicyelo [3,1, 0] hex-3~ene-6-carboxylic acid ethyl ester (47),

: ; : . ; : 25
which was characterized by transformation into its amide.

N,CHCOEt + | I el CO.Et

(47)

Since the recent introduction of rhodium acetate as a
catalyst, there has been growing interest in its application to the
decomposition of diazo compounds in different reactants. GCillespie,
J.M. Rust, P.M. Rust and Porterz6 revealed the utilization of
rhodium acetate on addition of dimethyl malonate to thiophene and
substituted thiophenes. Reaction of dimethyl diazomalonate and
thiophene in the presence of Rhz(0Ac)y at room temperature produces

an ylide (48) in quantitative yield.
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ha (0Ac) 4

| + N2C (COzMe) by > l ]

S +S

MeO,

Las
(o OMe
TG

(48)

The same reaction was found to be impractically slow in the
presence of a copper catalyst. When thiophene carries substituents
with a +I or + M effect, ylides are formed in high yields (e.g. 2,5-
Cl,, 2-HOCHp, 2-Br, 3-Me, 2-Me, 2-Br). When substituents with a
-M effect are present then no reaction occurs, as typified by the
failure of 2-acetyl, 2-cyano-, and 2-formyl-thiophene to undergo
reaction, presumably due to the reduced availability of the lone
pair of electrons on the ring sulfur atom as a consequence of meso-

meric interaction with the substituent,

Other systems which are capable of stabilizing ylide struc-
tures do not form thiophenium ylides. Ethyl diazoacetoacetate, ethyl
diazoacetate, and diazoacetophenone under the same condition give

rise to the corresponding cyclopropanes.

Thermolysis of thiophenium bis(methoxycarbonyl)methylide
(49) results in a ready rearrangement to dimethylthiophene-2-

malonate (50).2?

Lo ol
B — [

N CO_Me e
*g ¢ 2 S C (€O Me)
‘:E" (]:0 M S
e H
MeO C// \\CO Me 2.
2 2
(49) (50)
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Pyrolysis of 2,5-dichlorothiophenium bismethoxycarbonyl
methylide results in an alternative pathway, in which dissociation
occurs into dichlorothiophene and carbene (51), which was trapped
with a number of olefins. 2,5-Dichlorothiophenium bismethoxycarbonyl-
methylide has been recommended as a convenient source of bis-
methoxycarboxylcarbene, which can react with a number of olefins,
pyrrole and activated aromatic substrates to yield the corresponding

cyclopropanes and aryl malonates in good to excellent yields.

? cl |
C T , + c

£ 1 s Cl MeO C// \\EO Me

MeOZC COZMe Cl e0, 9

(51)

In the synthesis of 2—thiobicyclo[3, 1,0:]hex—S-enecarboxylates
(53) from the reaction of thiophene and n-butyl diazoacetate (52),
a rhodium (II) catalyst was shown to be far superior to a copper
catalyst. In the case of the copper (I) chloride, only 17.2% yield

was obtained, whereas the rhodium II catalyst give 71% yield.29

+  N,CHCO,C, Hy > 2749

[ I Rh, (0Ac) , co_C H

(52) (53)
Both dimethyl diazomalonate and diethyl diazomalonate give

stable ylides under the same conditions, but the rhodium II-
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catalysed reaction of the Meldrum's acid diazo derivative (54) with
thiophene proved to be an exception. Addition of the diazoacetoacetate
(55) to a refluxing solution of the rhodium catalyst in thiophene
results in the 2-substitution product (56) (67%) together with a
product claime