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ABSTRACT. Studies on the specific synthesis of natural products
and their analogues, using alkoxycarbonyl- and keto-carbenes as well
as their synthetic equivalents, are surveyed. Properties of carbonyl-
carbenes such as cycloaddition to alkenes and reactions involving
intermolecular and (especially) intramolecular insertion in C—H,
N—H, and C—X (X = heteroatom) bonds have found wide scale
application. These reactions permit the stereoselective and
regioselective synthesis of a wide variety of carbon atom and
heteroatom molecular skeletons which are difficult to obtain by
other procedures.t

The bibliography includes 134 references.
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1. Introduction

The varied chemical properties of keto- and alkoxycarbonyl-
carbenes have been described in a series of reviews and mono-
graphs' ~6 and many of their reactions have been recommended as
convenient preparative methods for the construction of various
structural fragments. This review deals with the way in which these
recommendations are used in practice in the specific synthesis of
biologically active natural products and their analogues. The author
did not attempt to provide an exhaustive bibliography on this
question; the studies quoted serve merely as an illustration of the
possibility of the synthetic use of carbenes.

+ This review was intended for publication in issue No. 7 (1989)
of this journal, which was devoted to the chemistry of carbenes.

II. Synthetic equivalents of carbonylcarbenes

In the selection of a reagent for the creation of a structural
element of the target compound, the detailed mechanism of its
interaction with the substrate is of secondary importance; the
question of the limits of the applicability of the method and the
procedures for increasing the regio- and stereo-selectivity of the
reagent comes to the fore. For this reason, the differences between
free carbenes and carbenes bound in complexes and even between
their precursors are unimportant for synthetic chemists provided that
these species behave in the same way. All these compounds with

|
the aid of which it is possible to introduce the R—C—COOR or

R—C—COR synthons into the molecule, are combined in the

concept of “synthetic equivalents of carbonylcarbene”.

Diazocarbonyl compounds are a traditional source of carbonyl-
carbenes. Virtually only the catalytic decomposition of the latter is
used in specific synthesis, because the carbenes generated by the
thermolysis or photolysis of diazo-compounds are too active and
their reactions are insufficiently selective. The experiments where it
is necessary to carry out the Wolff rearrangement, which is known
to occur best under photolytic conditions, are an exception.

Various compounds are used as catalysts of the decomposition
of diazoketones and diazoesters:® copper, rhodium, ruthenium,
platinum, and tungsten complexes. In selecting a particular catalyst,
the aim is to reduce the decomposition temperature of the diazo-
compound, to alter its regioselectivity, and to increase the stereo-
selectivity of the reaction.

Bivalent rhodium salts (the acetate, trifluoroacetate, etc.) have
been used particularly frequently in the specific synthesis in recent
years. Indeed, in the presence of these compounds it is frequently
possible (but not always) to carry out the decomposition of diazo-
compounds at room or an even lower temperature and the
regioselectivity of the reaction proves to be higher than that of the
reaction using copper salts. Rhodium acetate is superior to copper
compounds as the catalyst of the reactions involving the insertion of
the carbene in a C—H bond? and its addition to arenes.!® On the
other hand, copper compounds have not lost their importance in the
catalysis of reactions involving cycloaddition to alkenes. Copper
acetylacetonate [Cu(acac),] or its hexafluoro-derivative [Cu(Fg-acac),]
are frequently used for this purpose. The employment of copper
complexes with chiral ligands (L*) as catalysts of the decomposition
of diazoacetic acid ester enabled a number of investigators'!~!° to
achieve a high degree of stereocontrol in the synthesis of
chrysanthemic and related acids.
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Communications have been recently published about new sources
of carbonylcarbenes. Thus, according to Kametani et a].,]6
carbonylcarbene arises when a substituted oxalic acid amidoester is

acted upon by triethyl phosphite:

AR .V (x\ SR
\SR P(OE(), . l I \SR +
- o N, - N S R~
A 7N
COOR COOR COOR
=X
- \—-
/LIL/( >
¢ c6orSR
929%

A carbonylcarbene, which underwent the Wolff rearrangement,
has been obtained by the reaction of a B-lactam with dimethyl-
sulphoxonium methylide:’
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A derivative of diazodihydropyrazine (I), which reacts with alkenes

with evolution of nitrogen at the instant of its formation, may be
called a synthetic equivalent of aminomethoxycarbonylcarbene:
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Acid hydrolysis of the spiroadduct led to the formation of amino-
cyclopropanecarboxylic acid.'®

The carbene generated in the presence of copper is known o
possess electrophilic properties. Nevertheless, in certain cases it has
been possible to add this species to the “‘activated” double bond of
acrylic esters. This result has been achieved ° by adding to the
reaction mixture copper sulphate and a carbene acceptor —dimethyl
sulphide. The addition of the diazoester yielded a sulphonium
ylide,?® which served as a reagent transferring the nucleophilic
alkoxycarbonylcarbene.?! A similar result was obtained in the reaction
of “activated” double bonds with dimethylsulphonium methylides,
synthesised beforehand by other methods,ﬂ‘24 which makes it
possible to regard these compounds as the synthetic equivalents of
alkoxycarbonylcarbene.

1-6 t

II1. The use of the [1 + 2]cycloaddition reaction for
the synthesis of the cyclopropane fragment of the
molecular skeleton

Fairly numerous natural products whose skeleton contains a
three-carbon ring are known. The {1 + 2jcycloaddition reactions
of carbonylcarbenes are widely used to construct this structural
fragment.

The carbene synthesis is most important for the preparation of a
wide variety of pyrethroids, which are based on chrysanthemic acid
and its derivatives.?> Various ways of synthesising acids of this
group with the aid of equivalents of alkoxycarbonylcarbene are
known:

Me
M
e>—/ \Me + N,CHCOOR (CuL*)
Me
{a
Me /Me 0
Me X / N e\ N,
e/ NN/ + MeSCHCOOR & P =/ COOR o \’/
o} ccly
3
AcO—,

0= ) (5+ Me,SCHCOOR
Et

26,27 11-14

(a) Stereoselective and asymmetric synthesis involving the
use of a bulky group in the diazoacetic ester and (or) the application
of copper complexes with chiral ligands as catalysts; (b) the stereo-
controlled intramolecular cycloaddition of the carbene C atom to a
weakly nucleophilic double bond;'>!® (¢) the use of sulphonium
ylides to convert an “activated” double bond into a cyclopropane
derivative.?2 =24

The intermolecular conversion of an alkene into a cyclopropane
derivative by diazoacetic ester has been used in the unambiguous
synthesis of artemiseole (II), a natural monoterpene having a
skeleton which conflicts with the isoprene biosynthesis rule:?’
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o
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The intramolecular cyclopropane formation reaction has been the
key stage in the synthesis of a sesquiterpene antibiotic—cyclo-
eudesmol (III). With the aid of this method, it has been possible to
introduce the quaternary C atom common to the three condensed
rings and having the necessary configuration:®

qi*km @L:Lﬂ e, @

(m)

The rigidity of the system in this instance led to the formation of
only one stereoisomer of the compound. The intermolecular
conversion of the double bond into a cyclopropane derivative with
the aid of diazoacetic ester [Cul.P(OMe); catalyst, yield 74%) has
been used in the synthesis of 23,24-dihydrocalysterol.3‘
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Aminoacids of the cyclopropane series occupy an outstanding
place among biologically active natural products.’?> Various
approaches to the synthesis of the cyclic analogue of y-aminobutyric
acid (GABG) have been demonstrated on the basis of the scheme
presented below:

>N

NEO—A——COOE: =
av) v

+
0 N,CHCOOR(CuS0,)
N=C—CH=CH,
+
. K + X
N,CHCOOEt 0 IA—COOR

N,CHCOOR + XCH,CH=CH,

e
O0R =—> NCH,CH=CH, ,

(a) The addition of diazoacetic ester to acrylonitrile, the
pyrolysis of the resulting pyrazoline, and the hydrogenation of
the nitrile (IV);*® () the alkylation of potassium phthalimide
by the halogenomethylcyclopropanecarboxylic acid ester (V).
The ester (V) can be obtained (c) by treating allyl acetate®® or allyl
alcohol® with diazoacetic ester and subsequent substitution of the
hydroxy-group in compound (V) (X = OH) by a halogen.” The
same ester can be obtained by another procedure (d) involving the
interaction of diazoacetic ester with allyl chloride in the presence of
copper sulphate.®® The ester of 2-chlorobut-3-enoic acid is then
formed as the side product as a result of the rearrangement of the
intermediate chloronium ylide.* The formation of the ylide and
hence of the unsaturated ester can be avoided if the reaction of the
diazoester with allyl chloride is performed under the conditions of
photosensitised deazotisation, i.e. with participation of triplet
ethoxycarbonylcarbene,®® or if rhodium acetate is used as the
catalyst of the decomposition of the diazoester.*! Finally, the
cyclic analogue of GABA can be obtained by converting N-allyl-
phthalimide into a cyclopropane derivative. By virtue of the
influence of the phthalimide group, the nucleophilicity of the
nitrogen atom in N-allylphthalimide is reduced and the formation of
the ylide in the insertion reaction does not therefore take place*?
(pathway e).

An analogue of glutamic acid, containing a three-carbon ring, has
been obtained® by the intramolecular cycloaddition of a diazoamide
to the double bond and the subsequent hydrolysis and oxidation of
the alcohol group:

1) H,0*

’ Me Me
HOOC
(ﬁ\n_l_m, Pd(0Ae), ———i-Ma 2) CrOg NH,
LNy V, ;?oon

IV. The use of the [I + 2]cycloaddition reaction for
the synthesis of active intermediates

Compounds with a three-carbon ring, obtained as a result of the
[l + 2]cycloaddition of carbonylcarbenes to carbon—carbon double
bonds, are frequently convenient synthons for the construction of a
wide variety of structural elements. This is associated, on the one
hand, with the ease of the formation of carbonyl cyclopropanes by
carbene synthesis and, on the other hand, by the large store of
energy in these compounds and hence the frequently high tendency

towards ring opening, which takes place regio- and stereo-selectively.

ROCH,CH==CH, + N,CHCOOR(CuS0,),

A monograph (Ref. 44, Chapter 4) and a review* have been
devoted to the use of cyclopropanecarboxylic acids, their derivatives,
and cyclopropyl ketones in organic synthesis. Here we shall quote
only individual examples.

1. The ring opening in cyclopropanes and the problem of the
reversal of the polarity of the synthons

The electron density in cyclopropanes containing the electron-
accepting carbonyl group is known* to be distributed non-uniformly
in such a way that the C—C bond of the ring lying opposite the
substituent is stronger than the bond adjoining the substituent. The
C(1)—C(2) bond is in fact dissociated when carbonylcyclopropanes
are acted upon by electrophiles and nucleophiles or, catalytically, by
excited hydrogen. The nucleophilic species always add to the second
carbon atom of the three-membered ring with inversion of the
configuration of the atom; the electrophilic species is found at the
first carbon atom. This atom usually undergoes racemisation.*’

The nucleophilic opening of the ring or the homocoupled addition
to carbonylcyclopropanes proceeds under mildest conditions if the
compound contains two electron-accepting groups at one carbon
atom, the bisecting [staggered] conformation of the two groups being

optimal. This is achieved in spiran derivatives of type (VI):*’

H '_
,\<coo
oo~
T™NOH

'H

The y-butyrolactone fragment, condensed with a larger ring,
enters into the composition of many natural products.*® Compounds
with both cis- and trans-fused rings are known. Danishefsky’s
strategy,*’ consisting in the formation of a spiro-activated cyclo-
propane and the opening of the three-membered ring of the latter
with the aid of a base, makes it possible to obtain trans-fused
lactones (see above). Conversely, the opening of the ring in cyclo-
propanecarboxylic acids in an acid medium leads to the formation
of cis-fused lactones:*>>°

NZC (COOR)z 00, R
e CO0
H
H;0* COOH

b
61%
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cis-Fused lactones can also be obtained by the intramolecular
conversion of the esters of unsaturated alcohols into cyclopropane
derivatives. The combination of this method and the vinylcyclo-

propane —cyclopentene rearrangement (see below) made it possible®!

to devise an approach to the creation of the guaiane system (VII):

0COCN,CO0Me
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If the nucleophilic centre is in the side chain of the cyclopropane
carboxylic acid or cyclopropyl ketone, then its homocoupled
addition to the activated three-carbon ring proceeds under mild
conditions under rigorous stereocontrol and, depending on the
character of the nucleophilic centre, leads to the formation of
carbocycles or heterocycles.*” The use of this reaction for the
synthesis of a precursor of the alkaloid mitomycin is illustrated
below:
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The intramolecular conversion of the double bond into a
cyclopropane derivative and subsequent homocoupled addition of
alkyl cuprate to the bicyclo[3.1.0]hexan-2-one (VIII) constitutes a
convenient method of synthesis of cyclopentanones with control of
the stereochemistry of the side chain: %

R l COOR
€00 _RMgBT
3 Cul SMe,

{viID), 57%

This strategy has found applications in the synthesis of
prostaglandins, terpenoids, and other natural products (see, for
example, Adams and Belley**).

The intramolecular cycloaddition of carbonylcarbene to the
double bond of the cyclopentene fragment and subsequent
electrophilic or nucleophilic opening of the three-membered ring of
the tricyclic compound (IX) afford a condensed system made up of
two five-membered rings having a defined stereochemistry:>®

Y  COOR
O00R _, _

@\NICOOR Culacacly @o x*y o .
0

(1X), 65% X

This reaction is of interest in connection with the synthesis of
polyquinanes and iridoid monoterpenes.>

Finally the opening of the ring in cyclopropyl ketones, also
obtained by the intramolecular cyclopropane formation reaction,
with the aid of lithium in liquid ammonia has been used in the
synthesis of the cyclic system of limonoids:*’

Me ~ Me
Me Me ! Me Me
Me [~
- Me i ’
Me
Me Me

and also in the synthesis of pentalenene.*®

The acid-catalysed ring opening in cyclopropane derivatives
obtained by the carbene synthesis®~®* is used widely in the synthesis
of sesquiterpenes, diterpenes, gibberellins, and steroids. The reaction
proceeds especially readily, frequently spontaneously, at room
temperature or on slight heating in those cases where there is an
electron-donating group at the second carbon atom of the carbonyl-
cyclopropane.

Bifunctional fragments in which the functional groups are
separated by an odd number of carbon atoms are known% to
constitute a definite problem in organic synthesis, because the usual
isohypsic reactions lead to the formation of compounds with an odd
number of carbon atoms between the functional groups. Carbonyl-
cyclopropanes are synthetic equivalents of the "C—C—C—~C=0
synthon with inverted polarity at the y-carbonyl atom. Derivatives
of 2-hydroxycyclopropanecarboxylic acids are very useful in
synthesis from this point of view.%¢

The acid-catalysed ring opening in siloxycyclopropane produces a
result equivalent to the a-alkylation of a carbonyl compound:

o  NaH OSiRy COOR o
[} 2) ReSiCI | N;CHCOOR | HyO+ i
N/ N\ Cu NN VA
. ~ |\
R,SiO V%
ROOC

Quaternary centres in the a-position in the ketone can be obtained in
this way.

The copper sulphate-catalysed addition of alkoxycarbonylcarbene
to the silyl ethers of enols and subsequent ring opening with the aid
of the fluoride ion constitutes a new strategy for the synthesis of
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1,4 -dicarbonyl compounds. In particular, it has been used to
synthesise dihydrocompactin,®’ prostaglandins,®® and related
compounds,® for example:

GOOR
R,si Nycticoor  RaSi ENF 0N OOR 4stages
—_— _— —_
R Cuso, R "
OR OR R
0% 95%
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/
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A new strategy for [2 + 3]annelation is based on the interaction
of the fluoride ion with siloxycyclopropanecarboxylic acids.”
The essential feature of this strategy consists in carrying out three
consecutive reactions: the conversion of the silyl ether of an enol
into a cyclopropane derivative, the opening of the ring in the latter
with the aid of the fluoride ion, and the trapping of the carbanion
formed in this process by electrophilic alkene.

R,Si N,CHCOOR R, P RMR ~COOR
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The reaction results in the formation of a cyclopentene derivative.

The reaction of ketocarbenes with furan and its homologues
provides a unique possibility for the stereoselective synthesis of
(Z, E)-isomers of dienealdehydes. This method has been used
successfully to synthesise isomeric hydroxyeicosanetetraenoic
acids:7' -7
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The analogous reaction with sylvan made it possible to obtain
(7E, 9Z)-dodeca-7,9-dien-1-yl acetate’*—the pheromone of one of
the pests on grapevine.

The opening of the ring in 2-alkoxycyclopropyl ketones
constitutes a pathway leading to rings of moderate size
(7-membered — 10-membered),” in particular to widdrol:
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The thermal isomerisation of the adducts of ethoxycarbonyl-
carbene with pyrimidines and isoquinolines led to the synthesis of
modified and alkaloids.”®

2. The vinylcyclopropane —cyclopentene rearrangement

The conversion of conjugated dienes into cyclopropane derivatives
affords vinylcyclopropanes, which are capable of isomerising to
cyclopentene on heating.” This rearrangement constitutes yet
another way of obtaining polycyclic systems. Examples of the
synthesis with its aid of the sesquiterpenes hirsutene (X) and
isocomene (XI) are presented below:

Me o] Me
SO b, — A0 = O =
e—- —
Me Z \j M Me’

Me
(xn

The two-stage process involving the cycloaddition of the carbene
fragment and rearrangement, which can be achieved without
isolating the intermediate vinylcyclopropane, is equivalent to
[4 + I]cycloaddition, permitting at the same time the closure of
several rings. The vinylcyclopropane —cyclopentene rearrangement
ensures an effective stereocontrol of the reaction: cis-fused rings are
formed. The reaction can be catalysed by lithium iodide.”®

In the synthesis of dicranenone A—an aliphatic acid related to
prostaglandins (XII)—the fragment containing the cyclopentane ring
and two carbonyl groups in the 1,4-positions and involving the
trans-dispositions of the ring substituents was constructed using the
methodologies described above: the vinylcyclopropane —cyclo-
pentene rearrangement, the formation of the cyclopropane derivative,
and the opening of the ring in siloxycyclopropanecarboxylic acid:®

. N,CHCOOR /OSiRs 20°C
S — ————y
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3. The Cope rearrangement of divinylcyclopropanes

The Cope rearrangement of cis-divinylcyclopropane takes place
spontaneously and leads to the formation of cycloheptadiene. The
similar reaction of compound (XIII), obtained by the conversion of
the corresponding bromovinyl ketone into a cyclopropane derivative
by means of dimethylsulphonium methylide, has been used in the
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synthesis of tricyclic and tetracyclic diterpenes, in particular phorbol
(XIV), which has interesting pharmacological properties:”

0 0 R
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4
(X110
o
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The above rearrangement allows the conversion of bicyclo[4.1.0}-
heptadienes into cycloheptatrienes and hence makes it possible to
obtain seven-membered rings via the reactions of carbenes with
mononuclear aromatic compounds. The carbene method of
synthesis of azulenes has been known for a long time. This method
has undergone a new development in studies of recent years.

It was found that the reaction can be carried out intramolecularly,
providing a new and simple method of synthesis of compounds of
this class.®®®! Ring-substituted aryldiazoketones cyclise regio-
selectively in the presence of rhodium trifluoroacetate; the bicyclic
ketones obtained can be converted into substituted azulenes or into
tetralones. McKervey et al.’? suggest that the method which they
describe be used for the synthesis of sesquiterpenes of the
perhydroazulene series.

V. The use of other cycloaddition reactions of
carbonylcarbenes

Carbonylcyclopropanes are capable of rearranging to dihydro-
furan derivatives. In certain cases, dihydrofurans are formed directly
in the reaction of a carbonylcarbene with an alkene.®*® This formal
[2 + 3)cycloaddition of the 1,3-dipolar form of carbonylcarbene has
found an application in organic synthesis. Dihydrofurancarboxylic
acid esters, having a structure similar to that of aflatoxin, have been
obtained in this way:®?

1) NyCHCOOEY(Cu) N N,CHCOCOOEt
O a) LIAIH, N I/ W S—CH.OH AZCO,3 — Cixacach .
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t
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A series of natural products containing the furan ring,84
intermediates in the synthesis of eburnamonine and certain other
alkaloids,®® as well as the monomethyl ether of hydrourushiol (XV),

a natural derivative of catechol,

method:

have been obtained by the same
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The insertion of the 1,3-dipolar form of a carbonylcarbene in the
carbon —sulphur bond of a penicillannic acid, which results in the
formation of a new antibiotic of the B-lactam group, has been
described:¥

S,
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VI. The use of reactions involving the insertion of
carbonylcarbenes in a C—H bond

The reactions involving the intramolecular insertion of carbonyl-
carbenes and their equivalents in C—H bonds have come to be
widely used synthetically in recent times. The reaction leads to the
formation of cyclopentane derivatives. The rigidity of the transition
state in the insertion reaction ensures high regio- and stereo-control.
The insertion of the carbene C atom in a tertiary C—H bond has
been used® in the synthesis of the pentalenolactone (XVI);
subsequently, the same compound was obtained® by the reaction
involving insertion in a secondary C—H bond:

0,
Me AN
H. OCOCHN
2 2 ME
> 00Me
Me .
Q Y (Xv)
Mg rut Me, :-v::,
H — COOR
Me Me
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The advantage of this method of synthesis of cyclopentanes is
evident: in contrast to other methods of ring closure, which require
the presence of two functional groups in the compound, here one is
sufficient and it is possible to achieve in one stage an appreciable
increase in the complexity of the molecule.

Bridged structures, for example hibaene (XVII), are obtained with
the aid of the reaction involving insertion in a C—H bond:***°

N;
Me Mo Me
1) NH,;NHTs
Me Cu e 2) MeLy Me
Me” “Me Me” “Me Me” “Me

~$00% (XVII}
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The intramolecular insertion of a carbonylcarbene proceeds with a
high degree of regioselectivity via a pathway leading to the
formation of five-membered rings.®*°> The insertion in diastereo-
topic C—H bonds is characterised in addition by stereoselectivity:*?

(o} (o}
O00Me  py2+ COOMe
i e
N,
R 2 B & Mo
Me 66%

A trans-3,4-disubstituted cyclopentanone is formed preferentially.

In the deazotisation of a 2-diazo-3-ketoester in the presence of
the rhodium catalyst, the insertion in a C—H bond can proceed
with retention of configuration, as happened in the synthesis of
a-cuparenone (XVIII):*

G
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Thus the reaction represents a general strategy for the enantio-
selective synthesis of carbocycles having a chiral centre.

The use of a divalent palladium complex of benzonitrile as the
catalyst of the decomposition of a diazoester makes it possible to
obtain products of insertion in C—H bonds even when the reacting
molecule contains a C=C double bond.”® The insertion proceeds
regioselectively at a decreasing rate in the sequence CH > CH, > CHs.
Allyl and benzyl C—H bonds proved to be less reactive than
the C—H bonds of saturated compounds. The insertion in aromatic
C—H bonds has been achieved successfully.”>®” In the presence of
the rhodium catalyst, the insertion in tertiary C—H bonds
predominates over cycloaddition, but secondary and primary C—H
bonds are less reactive than the C=C bonds. The replacement of
the catalyst by a copper catalyst leads to the predominance of
cycloaddition in all cases.”®

The reaction involving insertion in a C—H bond has not been
used solely for the synthesis of carbocycles; heterocycles® and
intermediates in the synthesis of analogues of thienamycin,'®

penicillin,'®! and cephalosporin'®®>1%® have been obtained by this
method:
o o]
Il Il R
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When an attempt was made to carry out the same reaction
photolytically,'®® it was found that it is insufficiently selective.

An unusual reaction has been observed for ketocarbenes
containing in the §- or e-position an aromatic ring with an alkoxy-
group in the para-position, capable of being converted into a
quinone. Treatment of these ketones with a strong acid yielded

bridged systems, which were subsequently used in the syntheses of
gibberellins and diterpenoids:'®*

CF350,H
—_—

OMe

VII. The use of reactions involving insertion of
carbonylcarbenes in a N—H bond

The insertion of carbonylcarbenes in N—H bonds is used in the
synthesis of B-lactam antibiotics:'5-106

NI, N
7
Rh*+

PN >
—NH /-—N»
N; COOR 4 \I

COOR
84—99%

Phosphorus analogues of thienamycin'®’ and nuclear analogues of
B-lactam antibiotics'®® have been obtained by the same procedure.

It is possible to synthesise pure enantiomers of B-lactams and
carbapenems by starting with a pure enantiomer of a B-lactam and a
diazoester having a bulky alcoholic group:'%®

OSiR,

e S fite
— 0

COOP\

= CH,C,4H,NO, .

The reaction involving insertion in a N—H bond has been used also
in other asymmetric syntheses, in particular for the preparation of a
pure alanine enantiomer.

The programme undertaken to synthesise aza-analogues of
B-lactam antibiotics by the insertion of a carbene in a N—H bond
led to an unexpected result:!!! tricyclic compounds were obtained as
a result of the carbene attack not on the lactam but on the amine
nitrogen atom in diazetidines and the subsequent rearrangement of
the ylide. This afforded a new group of pharmacologically
interesting compounds:

Me Me Me Me

p=gli =S mal ?OQ

, COOR



Russian Chemical Reviews 58 (8) 1989

727

At the same time, the decomposition of the diazodihydrazide (XIX)
in the presence of the rhodium catalyst was accompanied by the
almost quantitative insertion of the carbene in the amide N—H
bond:!!?

R'—CO
R’COCN,CONR"NHCOOR ” Rhu(OA), )
( XIX) —T‘—COOR .
R
o]
82—100%

R"=Bu', CH,Ph; R”=CH,Ph, COOEt; R’'=Me, OFt.

VII. The use of reactions involving the insertion of
carbonylcarbenes in C—X bonds

The interaction of carbenes with compounds containing
heteroatoms is known to entail the formation of ylides. Sulphur
ylides are formed particularly readily.?' The rearrangement of the
ylides can produce a synthetically interesting result.? The insertion
in a C—S bond at the anomeric carbon atom in pentoses opens a
pathway to the synthesis of the antitumour compound showdomycin

(xx):ll:"

CO0
Ro— o SR oon 3stages RO 0
—W + N,C(COOR), ——>

RO OR Ro OB RO OR
(XX)

The rearrangement of the ylides formed as a result of the intra-
molecular attack by a copper carbenoid on the sulphur atom in
penicillins constitutes a general method for the formation of a new
C—C bond in compounds of this class.!'* The rearrangement of the
ylides constitutes the basis of the synthesis of penems and carbo-
penems from diazopenicillin: 115,116

>

A S Me  XCH,CH~CH, S
| 1 ><M Cufacach - X—~——; ,/ NM % phs, phse.
/ —N— /—N—— \Me
6 COOR o COOR
33—66%

Another source of a carbonylcarbene for the synthesis of penems
and carbopenems with the aid of the reaction involving insertion in a
C—S bond was described above.

The reaction of diazoacetic ester with benzyl sulphides is used to
generate a quaternary centre in the benzyl position in the synthesis
of the aromatic sesquiterpene cuparene (XXI):!!'"!!8

Me._SPh 2 _
4/ NN Ncoor - A =S U
me” 5 me” >
PhS COOR Me Me
52% (XX1)
Art =p-C5H4CH3.

The same procedure has been used in the synthesis of pyrrolizidine
alkaloids trachelanthamidine, isoretronecanol, etc.:!!9~12!

N p{X/COOR CIHgOH
Rht+ /TN 2stages /TN
/\N/\xph — I!J J —_— \——I‘\‘—-/ ;
/ A
| ~ /COOR o
N

X=S (55%), X=Se (36%).

The formation of oxonium ylides proceeds with greater difficulty
than that of the sulphur ylides. Nevertheless, the rearrangement of a
tetrahydrofuran ketocarbene, which led to the bicyclic heterocycle
oxocane, apparently occurred with their participation:'??

—_—
RcN.,cocHz/Qj/ Q“ ;

0
R = H(81%), R = COOEt (67%)

Oxonium ylides of type (XXII) are intermediates in the recently
proposed '** method of synthesis of complex heterocyclic systems
encountered in various groups of natural products:

S
-y a0

(XXII)

IX. The use of other reactions of carbonylcarbenes

One of the most interesting properties of ketocarbenes—the Wolff
rearrangement—has also found an application in the specific
synthesis of natural products. This rearrangement is very widely
used in the synthesis of homologous acids by the Arndt— Eistert
method and in the ring contraction reactions for cycloalkanes and
their heterocyclic analogues. A detailed description of this problem
is outside the scope of the review and we shall confine ourselves to
several examples.

Certain B-lactam antibiotics'?* and their aza-analogues'?> have
been synthesised with the aid of the Wolff rearrangement: this
method has proved very suitable for the synthesis of a strained
B-lactam ring:

(0]
AN [¢]
R C i
>..—/ hv N\ R HX X T R
N. :\ I — {—‘Ill R el |__N_R
/—N-R o/ = /s
~ 90%

The Wolff rearrangement of a ketocarbene obtained by a non-
traditional method'” has been used, as shown above, for the
synthesis of penicillin homologues. The addition of a ketone—the
product of the Wolf rearrangement of the amidocarbene (XXIII)—to
a Schiff base affords (after the opening of the aziridine ring) new
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compounds with a B-lactam fragment which are potential
antibiotics:'?

o
1l
N. S Me /5 Me %
\__l/ \< E—‘:- "—I /\<M N ArN=CHAr
/l__N\I e )-.\\ e J T —_—
OOR
o COOR > \CooR
Me Me
(XXI1I)
Me _/COOR
Me |
Ar
AN
- |—-l/ McH=s
N_—\\
/ AN
Ar
60%

The rearrangement has also been used in the synthesis of
3-oxosilphinine (XXIV):!?’

N Me . Me Gstages Me Me
————» Me0OOC. —
o? MeOH Me
Me,
o 0 Me o 0 Me
N/ _/ O
60% (XX1IV)

The method of ring contraction with the aid of this rearrangement
has proved convenient for the synthesis of precursors of grandisol
and fragranol XXV):128

Me

N, 1 R Ho\/\_,
NN e Ry Seveml I
| l MeO,C——! stages N

/

Me
36—409% (XXV)

Finally, the vinylogue Wolff rearrangement'?® helped to obtain the
modified oestrone (XXVI):

Me ﬁ)
MeO
A Ao e
7 _d
N o (\/
f/\ ININS T AN
o]
FAVAN
o/ N (XXVT)

The same reaction can serve as a method of synthesis of angularly

substituted polycyclic compounds of type (XXVII):!%
ROOC\ /R
AR 0
O g N
oy = (L
N gle
N
Me COCHN, (XXVI),
up to 100%

One may note certain other reactions of a-diazocarbonyl
compounds, which have been used in the specific synthesis of the
structural fragments of natural products and in which either

carbonylcarbenes or their synthetic equivalents were involved. Thus
the acid-catalysed cyclisation of aromatic diazoacetamides has been
used'™! for the synthesis of isoquinolinones and benzazepinones
having the structural elements of natural alkaloids:

N °
\/\ / cricoon . R NN CFi.COOH _,
U N—R “we . NN\ l e
Me0” NN N—R*
(CHy), AV /
77—85% R (CHy),,
’ (o]
SN/ <
= 0=__ X ON-R";
/ (CHy),
R
49—80%

R’==H, OMe, n=1, 2.

The copper-catalysed decomposition of the diazoester (XXVIII)
led!32 to the 6-oxo-11-oxasteroid (XXIX) via the intermediate
formation of an isobenzofuran derivative:

X0 CulFg-aczc)y Z
| s ol —_
MeO N, Me N
COOR COOR
(XX VIIT)

Me ff

Me i
0

(XXIX)

Carbene reactions sometimes play an auxiliary role in the
synthesis of natural products. Thus the photolysis of the «-diazo-
ketone (XXX) in the presence of imidazole, leads to the formation of
nor-olefins. This method has been used in the degradation of the
side chains of bile acids:'*

2 NN
\/ \/ \/ Me (
M / \l/ N
00 e (Y
/\/ N / NN\
(XXX) 35—~55%

Diazomalonic ester has been used to remove the oxiran group
protecting a double bond, which has been used in the synthesis of
biologically important A%*-nucleosides:'>*

AcO N,C(COOR), Ac 0
OMe ——“;‘—,,—* Me

82%
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Various structural fragments of natural products, which can be
synthesised with the aid of carbonylcarbenes and their synthetic
equivalents, are presented in the scheme below:

The wide variety of these structures shows that the chemistry of
carbonylcarbenes makes an important contribution to the range of
available methods in synthetic organic chemistry.

References

1. W Kirmse Carbene Chemistry (Translated into Russian),
Izd. Mir, Moscow, 1966

2. M Jones, R A Moss (Editors) Carbenes, Wiley, New York,

1973, Vol. 1

A P Marchand, N Mac Brockway Chem. Rev., 1974, 74 431

4. A L Fridman, G S Ismagilova, V A Zalesov, S S Novikov
Usp. Khim., 1972, 41(4) 722 [English translation in Russ.
Chem. Rev., 1972(4))

5. V Dave, E W Warnhof Organic Reactions (Edited by
W G Dauben), Wiley, New York, 1970, Vol. 18, p. 217

6. S D Burke, P A Grieco Organic Reactions (Edited by
W G Dauben), Wiley, New York, 1979, Vol. 26, p. 361

7. M P Doyle Acc. Chem. Res., 1986, 19 348

w

8. M P Doyle Chem. Rev., 1986, 86 919

9. D F Taber, J L Schuchardt J. Am. Chem. Soc., 1985, 107
5289

10. A J Anciaux, A Demonceau, A F Noels, et al. J. Org. Chem.,
1981, 46 873

11. 1S Lishanskii, V I Pomerantsev, N G Illarionova, et al.
Zh. Org. Khim., 1971, 7 1803

12. T Aratani, Y Yomyoshi, T Nagase Tetrahedron Lett., 1977,
2599

13. A Demonceau, A F Noels, A J Anciaux, et al. Bull. Soc.
Chim. Belg., 1984, 93 949

14. D A Laidler, D J Milner J. Organomet. Chem., 1984, 270 121

15. K Kondo, T Takashima, A Negishi Pestic. Sci., 1980, 11 180;
Chem. Abs., 1981, 94 N 102877z

16. T Kametani, S D Chu, A Itoh, et al. Chem. Commun., 1988,
544

17. Y Maki, M Sako, N Kurahashi, et al. Chem. Commun., 1988,
110

18.

19.

20.

21.

22.
23,
24.
25.
26.
27.
28.

29.

30.
31.

32.
33.
34.
3s.
36.
37.
38.

39.

40.

41.

42.

45.

46.

417.
48.

U Schéllkopf, M Hauptreif, J Dippel, et al. Angew. Chem.,
1986, 98 187

R P Short, J-M Reval, B C Ranu, T Hudlicky J. Org. Chem.,
1983, 48 4453

V A Nikolaev, 1 K Korobitsyna Zh. Vses. Khim. Obshch. im.
Mendeleeva, 1979, 24(5) 496

B M Trost, L S Melvin Sulfur Ylides. Emerging Synthetic
Intermediates. Org. Chem. A Series of Monographs

Acad. Press, New York, 1975, Vol. 31

G A Tolstikov, F Z Galin, R G Davletov, V N Iskadarova
Zh. Org. Khim., 1983, 19 1759

B J Fitzsimmons, B Fraser-Reid Tetrahedron, 1984, 40 1279
H Mack, M Hanack Angew. Chem., 1986, 98 181

A Kh Khusid, O M Nefedov Zh. Vses. Khim. Qbshch. im.
Mendeleeva, 1988, 3(6) 653

T Matsumoto, A Nagai, Y Takahashi Bull. Chem. Soc. Jpn.,
1963, 36 481

A Demonceau, A F Noels, A J Anciaux Bull. Soc. Chim. Belg.,
1984, 93 945

M Fujita, T Hiyama, K Kondo Tetrahedron Lett., 1986, 27
2139

D V Banthorpe, P N Christou J. Chem. Soc., Perkin Trans. I,
1981, 105

E I Chen J. Org. Chem., 1984, 49 3245

J R Proudfoot, C Djerassi J. Chem. Soc, Perkin Trans. I,
1987, 1283

1 Wagner, H Musso Angew. Chem., 1983, 95 827

I V Ivanskii, V N Maksimov Zk. Org. Khim., 1972, 8 52

P D Kennewell, S S Matharu, J B Taylor, et al. J. Chem. Soc.,
Perkin Trans. I, 1982, 2563

1 A D’yakonov, O V Guseva Zh. Obshch. Khim., 1952, 22
1355

1 A D’yakonov, N D Pirogova Zh. Obshch. Khim., 1951, 21
1979

I A D’yakonov, O V Guseva Shornik Statei po Obshchei Khimii
(Collected Papers on General Chemistry), 1953, Vol. 1, p. 425
I A D’yakonov, N B Vinogradova Zh. Qbshch. Khim., 1952,
22 1349

T V Mandel’shtam, M I Komendantov Alifaticheskie
Diazosoedineniya v Organicheskom Sinteze (Aliphatic Diazo-
compounds in Organic Synthesis) (Edited by I K Korobitsyna),
Izd. Leningr. Gos. Univ., Leningrad, 1985, p. 22

W Ando, S Kondo, T Migata J. Am. Chem. Soc., 1969, 91
6516

B T Golding, S Mwesigye-Kibende Chem. Commun., 1983,
1103

T V Mandel’shtam, A V Balycheva Zh. Org. Khim., 1983,

19 232

K Yamanoi, Y Ohfune Tetrahedron Lett., 1988, 29 1181

L A Yanovskaya, V A Dombrovskii, A Kh Khusid
Tsiklopropany s Funktsional’nymi Gruppami (Cyclopropanes
with Functional Groups), I1zd. Nauka, Moscow, 1980

T V Mandel’shtam Sovremennye Problemy Organicheskoi
Khimii (Modern Problems in Organic Chemistry) (Edited by
K A Ogloblin), Izd. Leningr. Gos. Univ., Leningrad, 1987,

p. 87

A 1 Toffe, V A Svyatkin, O M Nefedov Stroenie Proizvodnykh
Tsiklopropana (The Structure of Cyclopropane Derivatives),
Izd. Nauka, Moscow, 1986

S Danishefsky Acc. Chem. Res., 1979, 12 66

H M R Hoffmann, J Rabe Angew. Chem., 1985, 97 96



730

Russian Chemical Reviews 58 (8) 1989

49.

S1.

52.

53.

54.
55.

56.

57.

58.

59.

61.
62.

63.

65.

67.
68.

69.
70.
71.
72.
73.

74.

75.

76.
77.

78.

79.

80.

81.
82.

T V Mandel’shtam, L D Kristol, L. A Bogdanova,

T N Ratnikova Zh. Org. Khim., 1968, 4 992

P F Hudrlik, D T W Chou, M A Stephenson J. Org. Chem.,
1982, 47 2987

T Hudlicky, S V Govindan, J O Frazier J. Org. Chem., 1985,
50 4166

S Danishefsky, J Regan, R Doehner J. Org. Chem., 1981,

46 5255

D F Taber, K R Krewson, K Raman, A L Rheingold
Tetrahedron Lett., 1984, 25 5283

J Adams, M Belley Tetrahedron Lett., 1986, 27 2075

P Callant, H De Wilde, M Vandewalle Tetrahedron, 1981, 37
2079

P Callant, R Ongena, M Vandewalle Tetrahedron, 1981, 37
2085

E I Corey, J G Reid, A G Myers, R W Hahl J. Am. Chem.
Soc., 1987, 109 918

T Ymanishi, F Ninbari, M Yamashita, C Iwata Chem. Pharm.
Bull., 1986, 34 2268

A K Singh, R K Bakshi, E J Corey J. Am. Chem. Soc., 1987,
109 6187

J M Hood, L N Mander, R Urech J. Org. Chem., 1984, 49
3250

G A Schiehser, J] D White J. Org. Chem., 1980, 45 1864

A R Daniewski, Kowalczyk-Przewlova J. Org. Chem., 1985,
50 2976

J Lafontaine, M Mongrain, L Ruest, et al Can. J. Chem., 1980,
58 2460

E J Corey, C Wiss, Bin Xiang Yi, A K Singh J. Am. Chem.
Soc., 1987, 109 4717

D Seebach Angew. Chem., Int. Ed. Engl., 1979, 18 239

E Wenkert Acc. Chem. Res., 1980, 13 27

J P Marino, J K Long J. Am. Chem. Soc., 1988, 110 7916

J P Marino, R F de la Prodilla, E Laborde J. Org. Chem.,
1984, 49 5279

J Ollivier, J Salaun Chem. Commun., 1985, 1269

J P Marino, E Laborde J. Am. Chem. Soc., 1985, 107 734

J Rokach, J Adams, R Perry Tetrahedron Lett., 1983, 24 5185
J Adams, J Rokach Tetrahedron Lett., 1984, 25 35

Y Leblanc, B J Fitzsimmons, J Adams, et al. J. Org. Chem.,
1986, 51 789

V M Shostakovskii, L E Saltykova, A E Vasil'vitskii,

O M Nefedov Tezisy Dokladov IV Vsesoyuznoi Konferentsii
po Khimii Karbenov (Abstracts of Reports at the IV All-Union
Conference on the Chemistry of Carbenes), Moscow, 1987,

p. 150

J Adams, R Frenette, M Belley, et al J. Am. Chem. Soc.,
1987, 109 5432

U K Pandit Heterocycles, 1977, 6 1520

T Hudlicky Organic Reactions (Edited by A S Kende), Wiley,
New York, 1985, Vol. 33, p. 247

S Hashimoto, T Shinodo, S Kegami Tetrahedron Lert., 1986,
27 2885

P A Wender, C L Hillamann, M J Szymonika Tetrahedron Lett.,
1980, 21 2205

L T Scott, M A Minton, M A Kirms J. Am. Chem. Soc., 1980,
102 6311

M Kennedy, M A McKervey Chem. Commun., 1988, 1028

M A McKervey, S M Yulander, M F Twohig Chem. Commun.,
1984, 129

83,

84.

8s.

86.

87.

88.
89.

90.
91.
92.
93.
94.

95.
96.
97.
98.
99.
100.

101.
102.

103.
104.
10s.
106.

107.
108.

109.
110.
111
112
113.

114.
115.

116.
117.
118.
118.
120.
121.

122.

M S Alonso, P Jano, M Hernandez, et al. J. Org. Chem., 1983,
48 3047

E Wenkert, M E Alonso, B L Buckwalter, et al. J. Am. Chem.
Soc., 1977, 99 4778

E Wenkert, T D J Halls, L D Kwart, et al. Tetrahedron, 1981,
37 3047

E Wenkert, M E Alonso, B L Buckwalter, E L Sanchez

J. Am. Chem. Soc., 1983, 105 2021

T Kametani, N Kanaya, T Mochizuki, T Honda Tetrahedron
Lert., 1983, 24 221

D E Cane, P J Thomas J. Am. Chem. Soc., 1984, 106 5295

B L Buckwalter, I R Burfitt, H Felkin, et al. J. Am. Chem.
Soc., 1978, 100 6445

S K Maity, D Mukherjee Tetrahedron Lett., 1983, 24 5919

G Stork, K Makatani Tetrahedron Lett., 1988, 29 2283

H J Monteiro Tetrahedron Lett., 1987, 28 3459

D F Taber, R E Ruckle Tetrahedron Lett., 1985, 26 3059

D F Taber, E H Petty, K Raman J. Am. Chem. Soc., 1985,
107 196

D F Taber, J C Amedio, R G Sherrill J. Org. Chem., 1986, 51
3382

M Hrytsak, T Durst Chem. Commun., 1987, 1150

M P Doyle, et al. J. Org. Chem., 1988, 53 1017

D F Taber, R E Ruckle J. Am. Chem. Soc., 1986, 108 7686
M P Doyle et al. J. Org. Chem., 1988, 53 3384

T C Smale Tetrahedron Lett., 1984, 25 2913

E J Corey, A M Felix J. Am. Chem. Soc., 1965, 87 2518

D H R Barton (Editor) Comprehensive Organic Chemistry
(Russian translation from English edited by N K Kochetkov,
M A Chlenov), 1zd. Khimiya, Moscow, 1986, Vol. 10, p. 361
G Lowe, J Parker Chem. Commun., 1971, 577

S K Marry, D Mukherjee Tetrahedron, 1984, 40 757

R W Ratcliffe, T N Salzmann, B G Christensen Tetrahedron
Lert., 1980, 21 31

J Fetter, K Lempert, T Gizur, et al. J. Chem. Soc., Perkin
Trans. I, 1986, 221

C-P Mak, C Mayerl, H Fliri Tetrahedron Lert., 1983, 24 347

J V Heck, M J Szymonifka, B G Christinsen Terrahedron Lett.,
1982, 23 1519

D J Hart, C. S. Lee, W H Pirkle J. Am. Chem. Soc., 1986, 108
6054

J F Nicoud, H G Kagan Tetrahedron Lett., 1971, 2065

E C Taylor, H M L Davies J. Org. Chem., 1984, 49 113

C J Moody, C J Pearson, G Lawton Tetrahedron Lett., 1985,
26 3171

T Kametani, K Kawamura, T Honda J. Am. Chem. Soc., 1987,
109 3010

1 Ernest Tetrahedron, 1977, 33 547

I Fujimoto, Y Iwano, K Hirai Bull. Soc. Chem. Jpn., 1986, §9
1887

P J Giddings, D I John, E J Thomas Tetrahedron Lett., 1980,
21 395

T Kametani, K Kawamura, M Tsubuki, T Honda Chem.
Commun., 1985, 1324

T Kametani, K Kawamura, M Tsubuki, T Honda J. Chem.
Soc., Perkin Trans. I, 1988, 193 )

T Kametani, H Yukawa, T Honda Chem. Commun., 1986, 651
T Kametani, et al. Chem. Commun., 1988, 685

T Kametani, H Yukawa, T Honda J. Chem. Soc., Perkin
Frans. I, 1988, 833

M C Pirrung, J A Werner J. Am. Chem. Soc., 1986, 108, 6060



Russian Chemical Reviews 58 (8) 1989

731

123.

124.
125.

126.

127.

128.

129.

130.

131.
132.

133.

134.

A Padwa, S P Carter, H Nimmesgern, P D Stull J. Am. Chem.
Soc., 1988, 110 2894

G Lowe, D D Ridley Chem. Commun., 1973, 328

C J Moody, C J Pearson, G Lawton Tetrahedron Lett., 1985,
26 3167

J E Elliot, M M Khalaf, V J Jepheote, et al. Chem. Commun.,
1986, 584

M Ihara, A Kawaguchi, M Chchiro, et al. Chem. Commun.,
1986, 671

U K Banerjee, R V Venkateswaran Tetrahedron Lett., 1983, 24
423

J L Mateus, VM Ceronado Rev. Latinoamer. Quim., 1975, 6
72, quoted after J. Am. Chem. Soc., 1984, 106 3995

B Saha, G Bhattacharjee, U R Ghatan J. Chem. Soc., Perkin
Trans. I, 1988, 939

G M Rishton, M A Schwartz Tetrahedron Lett., 1988, 29 2643
K Hildebrandt, T Debaerdemacker, W Friedrichsen
Tetrahedron Lett., 1988, 29 2045

R Pellicciari, B Natalini, C Cecchetti, S Santucci Tetrahedron
Lett., 1984, 25 3103

M G Martin, B Ganem Tetrahedron Lett., 1984, 25 251




