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The syntheses of heterocycl ic  compounds by react ions of carbenes with c a r b o n - h e t e r o a t o m  
multiple bonds, i somer iza t ion  of unstable adducts of carbenes to c a r b o n - c a r b o n  bonds, and 
the incorporat ion of carbenes in C - H ,  C - N ,  and C - O  bonds are  examined. 

The branch of organic chemis t ry  that is concerned with the study of the behavior of unstable derivatives 
of divalent carbon has been undergoing intensive development in recent  years  [1, 2]. Carbenes have received 
pract ical  application in the syntheses of various c lasses  of organic compounds [3-5]. 

The possibi l i t ies  of the application of react ions of carbenes for the prepara t ion  of heterocycl ic  systems 
are  examined in the present  review. The following types of react ions that yield heterocycles  can be singled 
out; 1) the addition of carbenes to c a r b o n - h e t e r o a t o m  multiple bonds, 2) the addition of carbenes to c a r b o n -  
carbon multiple bonds accompanied by opening of the t h ree -ca rbon  ring with the formation of a heteroring,  
3) in t ramolecular  incorporat ion of carbenes in C =C bonds or  in C - H ,  C - N ,  and C - O  single bonds. 

The high heat content of carbene par t ic les  explains the i r  high reactivity and their  possibil i ty of giving 
s t ruc tures  that have a large supply of potential energy, for example, in the form of angular s t ra in  energy. 
The addition of carbenes to multiple bonds leads to the formation of t h r ee -membered  rings.  These reactions 
are  charac ter ized  by a low activation b a r r i e r  (less than 5 kcal /mole)  and low exothermicity.  In connection 
with the fact that the heat effect for the addition p rocess  is high (up to 90 kcal /mole) ,  the formation of products 
of i somer iza t ion  of the "hot" cyclic adducts is observed to an appreciable extent when the react ion is car r ied  
out in the gas phase.  As a rule. i somer iza t ion  does not occur  in the liquid phase as a result  of effective "cool- 
ing" of these adducts by solvent molecules .  

Skell [6] has proposed that the mechanism of the react ion of a carbene with a multiple bond depends on 
the multiplicity of the par t ic le  - a singlet carbene adds in one step and s tereospecif ical ly ,  whereas a triplet  
carbene adds in two steps and nonstereospecif ical ly .  The presence  of a sextet of electrons on the carbene C 
atom is responsible for the electrophilic proper t ies  of carbenes.  In fact, those unsaturated compounds that 
contain e lec t ron-donor  substituents attached to a multiple bond give products in highest yields and at highest 
relative react ion ra tes  on react ion with carbenes .  

T h e  A d d i t i o n  o f  C a r b e n e s  t o  C a r b o n - H e t e r o a t o m  M u l t i p l e  B o n d s  

In contras t  to the c a r b o n - c a r b o n  bond, the c a r b o n - h e t e r o a t o m  multiple bond is polar, and the hetero-  
atom is the negative end of the dipole, and the carbon atom is the positive end of the dipole. When unshared 
electron pai rs  are  present  on the heteroatom, the react ion of carbenes with these bonds may lead to the f o r -  
mation not only of heteror ings but also to isoelectronic acyclic molecules - ylids.  The la t ter  can subsequently 
undergo ring c losure  to a heteror ing or  undergo a 1,3-cycloadditioa reaction. In addition, the reactions of 
carbenes with c a r b o n - h e t e r o a t o m  multiple bonds sometimes are  complicated by paral lel  p rocesses  associated 
with the ability of these bonds to add nucleophilic reagents,  for example carbene p r ecu r so r s  - aliphatic diazo 
compounds and tr ihalomethyl  anions. 

Addition to the C a r b o n - N i t r o g e n  Bond. The react ion of carbenes with the C =N bond, which leads to 
aziridines,  has been investigated in grea tes t  detail. It was first  studied in the case of the react ion of dichloro- 
carbene with benzylideneanilines [7]. The react ions  of more  than 15 r ing-subst i tuted benzylideneanilines and 
a l iphat ic-aromat ic  azomethines with dichlorocarbene,  generated by the action of potassium or  sodium alkoxides 
on chloroform,  hexachloroacetone,  or  ethyl t r ichloroaceta te ,  were subsequently studied in [8-18]. Theyields 
of 3 ,3 -d ich lo ro - l ,2 -d ia ry laz i r id ines  dependnot only on the experimental  conditions but also on the nature of 
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subst i tuents  at tached to the C =N bond. The az i r id ines  a r e  fo rmed via the ca rbene  pathway [10, 17] r a the r  
than by addition of the t r t ch lo romethy l  anion, which is the d ich lorocarbene  p r e c u r s o r  to the C = N bond with 
subsequent  c losing of the anion to a he te ror ing .  The introduction of donor subst i tuents  into the a romat i c  r ing 
i nc rea se s  the r a t e  of fo rmat ion  of the azir idine,  whereas  the introduction of accep to r  subst i tuents  reduces  
the ra te .  However ,  the p r e p a r a t i v e  yields  of az i r id ines  with donor subst i tuents  in the r ing a r e  lower  then 
expected f r o m  a c o m p a r i s o n  of the re la t ive  reac t iv i t i e s  of the azometh ines .  This is assoc ia ted  with the fact  
that  gem-d ich lo roaz i r id ines  that contain e l ec t ron -donor  groups attached to the ring readi ly  undergo t h e r m a l  
i somer i za t i on  or  r eac t  with nucleophilic reagen ts  (water, alcohol) with ring c losure .  

R2C 6HI" ~ C N C6H4 R3 ".CCI 2 R2C6H4 ~ "3 
1 /  "~- -- =" R 1 --C6H~'R 

R 
Cl Cl 

R 1 = H ~AIk tAr  30-90"1~ 

Rather  than an azir idine,  its hydro lys i s  product  - 1 ,3 -d i - te r t -bu ty laz i r id inone  - was obtained in the r e -  
action of d ichlorocarbene ,  fo rmed  f r o m  ch lo ro fo rm and po t a s s ium ter t -butoxide ,  with N-neopen ty l idene- te r t -  
butylamine [19]. Under these  conditions, o ther  aliphatic Schiff bases  give only condensat ion products .  

A two-phase  method for  the synthesis  of gem-d ich lo roaz i r id ines ,  which includes genera t ion  of the c a r -  
bene f rom ch lo ro fo rm and 50% aqueous sodium hydroxide in the p r e sence  of qua te rna ry  sal ts  of ammonium 
bases ,  was recent ly  extended [20-23]. Azir idines  containing a ni tro group in one of the a roma t i c  r ings [21, 22] 
and 1 - i sop ropy l -2 - t e r t - bu ty l -3 ,3 -d i ch lo roaz i r i d ine  [21] were  obtained in higher  than 70~ yields by this method.  

1- (2-Chloroethyl)-3,3-diphenyloxindoles ,  the fo rmat ion  of which was shown to occur  through the azi r id ine  
[24], were  isolated in the reac t ion  of benzophenone anils with d ichlorocarbene,  obtained f rom ch lo ro fo rm and 
ethylene oxide in the p r e s e n c e  of a t e t r a l ky l ammon ium salt .  

At tempts  to obtain an az i r id ine  f rom a romat i c  and aliphatic azomethines  and dichlorocarbene,  formed 
by heating t r iha lomethyl  der iva t ives  of m e r c u r y  [25] (the Seyferth method) or  sodium t r i cb lo roace t a t e  [19], 
were  unsuccessful ,  and this was linked with the t he rma l  instabi l i ty of dihaloazir idines  [12-14, 26, 27]. 

:CCl ,  R _ ~ / - ~ N _ _ _ ~  C6H 5 
p - RC6Hz.N-----C (C6H5) 2 ~ ~ ~ ' C 6 H  5 

CI CI 

. • O  R , ~ y ~ r ~ _ _ ~  c6H5 

| 
CH~CH2CI 

R "1. ~H 44 ~ CH 3 33 

N-(1-phenyl -1-propenyl )d ich loroazomethane  (60%), p robably  fo rmed by t he rma l  i somer i za t ion  of the in te r -  
media te  azabicyclobutane as in the case  of butadienes f rom bicyclobutanes [29], was isolated i n t h e  reac t ion  
of 3 -me thy l -2 -pheny laz i r ine  and d ichlorocarbene ,  genera ted  f r o m  pheny l t r i ch lo rome thy lmercu ry  [28]. 

The Seyferth method [30] is sui table  for  the s y n t h e s i s  of az i r id ines  that  contain no less  than th ree  chlo- 
rine a toms at tached to the ring. Thus the cor responding  az i r id ines  were  obtained in the reac t ion  of phenyl-  
d i ch lo rob romomethy lmercu ry  with carboimidoyl  d ichlor ides .  

:CCI 2 CI 
R--N-----CCI 2 R - - N ~ c  I 

Ci CI 

R=I-C3HT(43"1.)~C6Hll(2goI.) ~ C6H5(53~ ;p-CH3C6Hz(78"/o) ; 

" o -  CIC6H4(54"1.) 31 ; (C2H502C) 2 N(25=1.) 32T33 

The reac t ion  of azoarenes ,  azoxyarenes  [31], and a ry l  i socyanates  [34] with phenyld ich lorobromomethy l -  
m e r c u r y  init ially gives N-a ry ld ich lo ro imines ,  which a r e  subsequently conver ted to N-a ry l t e t r ach lo roaz i r i d ines .  

Dibromocarbene ,  fo rmed  f r o m  b r o m o f o r m  and po ta s s ium ter t -butoxide ,  adds to benzyl ideneani l ines  to 
give 3 ,3 -d ib romo-  1 ,2-d ia ry laz i r id ines  [27, 35-37]. 

At-- CH----- N-- Ar' : C BP 2 P Ar  N--Ar' 

30 - 60 "1. 

The addition of chlorobromo-, fluorochloro-, and fluorobromocarbenes, generated by the action of bases 
on t r iha lomethanes ,  to benzyl ideneani l ines  p roceeds  s t e r eose l ec t i ve ly  to give, in the ca se  of c h l o r o b r o m o c a r -  
bene, a mix tu re  of i s o m e r s ,  whereas  one s t e r e o i s o m e r  is  fo rmed  in the case  of f luor ine-containing ca rbenes .  
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The thermodynamical ly  l ess - s tab le  aziridine s t e r eo i somer  in which the lower halogen atom is oriented in the 
syn posit ion relative to the unshared pa i r  of ni t rogen is preferably  formed [37]. Bromine-  and f luorine-con- 
taining azir idines are  thermal ly  less  stable than the corresponding chloroazir idines ,  and the i r  yields are  
therefore  lower than those of the lat ter .  

C6H 5 CI C6H 5 Br C6H 5 F C6H 5 F 

C6H s 6H5 C6H 5 6H5 
Br CI Br CI 

34 ~176 24 ~'I, 55 ~176 30 ~ 

According to the data in [10], chlorocarbene also reacts  s tereoselect ively  with benzylideneaniline to 
give c is-  3 -ch loro-  1,2-diphenylaziridine. 

F luorochloro-  and f luorocarbethoxycarbenes ,  obtained by heating the corresponding o rganomercury  
compounds, add to N-phenyldichloroimine to give fluorine-containing aziridines [38, 39]. 

CBH5-- N=CCI2 CGH5Hg CFBrX CGH5__N..__ F x "I, 
X Cl 74 

CI Cl CO2C2H 5 55 

Thermal  catalytic and thermal  and photochemical decomposit ion of diazoacetic es te r  in the presence  
of imines lead to carbethoxyazir idines  only in the f i rs t  case [40]. 

(CH2)_~C. CO~C2H 5 C~H 5 CO: C2h 5 

I I 
CH., C(CH3) 3 

~5~ 30"/o 
C6H 5 

15~ 

in the case of the react ion with benzylideneaniline, 3-anilinocinnamate, which was previously isolated as the 
only product  of the same react ion [41], was obtained along with the aziridine,  it was also established that the 
aziridine is not converted to the einnamate under the react ion conditions. In all cases  the azir idines have the 
most  stable t rans  configuration for 1,3-diphenyl-2-carbethoxs, aziridine,  whereas they have the cis configura- 
tion in the remaining cases .  

An imidazolidine was isolated in 40% yield in the react ion of diazoacetic es te r  with N-benzylidenemethyl-  
amine [40]. The imidazolidine is formed through the intermediate aziridine, which undergoes ring opening on 
heating to the azomethine ylid, which then reac ts  as a 1,3-dipole with the polar ized C =N bond of the start ing 
az omethi he. 

C6H=C H---N--C H~ N~CHCO2C2H5 C6H5"--~-~'7-CO ~C2H 5 
" Cu IB5 ~ \~i I " 

CH 3 
4. C6H5 

CH 3 CH. 

The f o r m a t i o n  of  a l l enes  w i t h  the f o l l o w i n g  s t r u c t u r e  was es tab l i shed  in  the  r e a c t i o n  of  the s i m p l e s t  

d i c a r b e n e  - the  C 3 m o l e c u l e  - w i t h  i m i n e s  [42] : 

R ,, N/R 

C6H R i 

R=/'-C3H ? , C3H 7 ; R I=H~CBH 5 

The photolysis  of diphenyldiazomethane in the p resence  of phenyl isocyanate leads to 2,2-diphenylindoxyl 
(in 15% yield) [43]. The authors propose  that the diphenylcarbene obtained during the photolysis of the diazo 
compound adds to the C =N bond, after  which the ~- lac tam undergoes two [1, 7] s igmatropic shifts. The c o r r e -  
sponding 3-phenylbenzoxazolone was obtained in 32% yield as a result  of 1,3-cycloaddition to the C =N bond of 
phenyl isocyanate of a ketocarbene obtained f rom 3,4,5,6-tetrachloroquinone diazide [44]. 

(C6Hs) 2 C: C6H~" 
C6H~NCO - ~" 

L C6H5 C6HU 
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The pyrolysis of 1,2,3-triazoles, which proceeds with the formation of iminocarbenes, may lead, depend- 
ing on the nature of the substituents and the experimental  conditions, to 2H-azir ine,  indole [45], and isoquino- 
line [46] de r iva t ives .  

R 1 R I R3 

N-R 3 J' N C6H ~ 
R - -  R Z EL 

o O H 
I 1 4 ~  , , / k ~ , , ~  R 1 R 2 "/. R 2 "lo 

R ..,1t/N% A R ~.to / r~ = - - r ~ x ~ / j ~  C6H 5 C6H 5 SO . C6H 5 >90  
N - " '~  " /'1 H H z / /  / - N  2 ] -  , o % s c  3 30 CH 3 40 

R N,, R N \ c o o  o CH3 c6Ho2o 
R R 3 ~.~ �9 " 

R 3 CH2 R4~ C6H 5 ~ ~ C,H 5 O ~ . ~ C 6 H  5 

RI=R2=C6H5 ~1| - ~ ' Y ~  -I-- I II I 
,.6H/~N~f... R z . ~I.~../;L,.~ N IR 4 ~ . . ~  N 

4 
R =H 19~ 12~176 

R4 = CH3 6"/= 13~ 

Photolysis of 3-a]ly]-2H-aziridines gives iminoearbenes, which undergo intramoleeular cyclization to 
2-azabieyclo[3.1.0]-2-hexane derivatives [47]. 

According to the data in [48], dimethoxycarbene reacts with al3rl isocyanates and a~ !  isothiocyanates 
to give 5,5-dimethoxy-l,3-diarylhydantoins and thiohydantoins, respectively (in 30-50?0 yields). 

Z 
Z . / j L ~ o c  H3 

(CH30) 2 C: II 
Ar- -N=C=Z Ar--N--C--C+(OCH3) 2 Ar'NCZ Ar--N I 'OCH 3 

~}I/N'.Ar 
Z=O~S Z 

[ndolenines a r e  formed in the r eac t ion  of me thy l - subs t i tu t ed  phenyl i s o n i t r i l e s  with d iha locarbenes ,  
apparen t ly  as  a r e su l t  of ~ addit ion of the carbene  to the i s on i t r i l e  and subsequent  t r a n s f o r m a t i o n s  of the 
i n t e r m e d i a t e  ke tene imine  [49]. 

Cbl 3 CH 3 

~ ~ N ~ x  R X "/" "X 
R N=C :CX2 J-- H CI 40 

CH 3 R ~  H Br 27 

H 3C ~ r / C  H3 CH 3 CI 20 

Huisgen and co-workers [50, 51] have shown that 5-ethoxy-2-phenyloxazole (30-4070) is obtained in the 
thermal and thermal-catalytic decomposition of diazoacetie ester in benzonitrile. According to the data in 
[52], the s ame  reac t ion  during t he rmo lys i s  and photolysis  leads,  in addition to the oxazole,  to an azir ine,  and 
in the la t ter  case  the yield reaches  5%. The formation of an oxazole can be considered to be a p rocess  in- 
volving 1,3-cycloaddit ion of the carbene,  whereas  the fo rmat ion  of the az i r ine  can be cons idered  as a p r o c e s s  
involving 1,1-cycloaddit ion.  

C H O / ~ O C  H 
C2HsO2CCHN ~ + C6HsCN ~ 6 S '~ '  2 S_i" I CO2C~H= 

N C$H 

The cor responding  oxazole (31~o) is a lso  obtained in the t he rma l - ca t a ly t i c  (80 ~ Cu) decomposi t ion  of 
diazoaeet ic  e s t e r  in ace toui t r i le  [51]. The oxazole is fo rmed  in only ~ yield during photolysis  [53], whereas  
ethyl 2 -me thy l -5 ,5 -d ipheny loxazo l ine -4 -ca rboxy la t e  (9%) is obtained during i r rad ia t ion  in the p r e s e n c e  of 
benzophenone.  

It has recent ly  been shown [54] that oxazoles are  obtained in 30% yield f rom diazoacetic es te r  and ac ry lo -  
ni t r i le  o r  me thac ry lon i t r i l e  in the p r e s e n c e  of pa l lad ium ace ta te  as the ca ta lys t .  

The photolysis  of d iazomalonani la te  with light with a wavelength of 253.7 nm in ace tonl t r i le  leads to the 
cor responding  oxazole,  whereas  sens i t ized photolysis  leads to the i soxazole ,  it has been es tabl i shed that  the 
l a t t e r  is obtained f r o m  the oxazole,  which is the p r i m a r y  reac t ion  product  [53]. 
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H 3 C  H3r. , 

= x --o - 

OC-2 ~ H5"NHC6H5 C6HsHN" I CzH5 

35"1, 

Oxazoles formed as a resul t  of 1,3-cycloaddit ion of c~-ketocarbenes to the C =- N bond have been obtained 
by the rmal -ca ta ly t i c  or photolytic decomposit ion of diazoacetophenone [50], derivat ives of 2-diazoindazone 
[55], o-quinone diazide [50. 55], and diazotr i f luoroacetoacet ic  e s t e r  [56, 57] in ni tr i les .  

Cl CI R 140 ~ ,~V 

Cl :' RCN C6H 5 36"1. 25"1o 

- >  R 1 -  C10H 7 23~ - -  
C~" ~ f  ~"O Cl CH3 -- 16"h, 

Ci Cl  
CO2C2H 5 9~ 

F3C ..,/O--.,.C H 3 
CH3CN 'hv I I  ~JN 

F , c _ f , _ c - c ~  ~ - _- 
O ~2 "OR RO2C" 

~S- 6 0 %  

Oxazole derivat ives  are  formed as a resul t  of formal  1,4-cycloaddition of dichlorocarbene to a con- 
jugated sys tem of N=C-C- - -O  bonds [58, 59]. 

N__.(/CO2 C2H5 
.CO2C~H5 C6H5HgCCI2Bp ~ 0 ~ / ~  

RO2C__N=C. " " ~ //' 
CO2C2H 5 El OC2H 5 

20 - 35 "1o 

The react ion of phenyltr ihalomethyl derivatives of me rcu ry  with es ters  of azodicarboxylic acids leads 
to hydrazonohalomethanes [32, 33]. A detailed study of this p rocess  showed that 1,3,4-oxadiazoline is obtained 
in an intermediate  step. Thus the product  of formal  1,4-cycloaddition of dibromocarbene - 2-methoxy-4-  
carbomethoxy-5 ,5-d ibromo-AL1,3 ,4-oxadiazo l ine ,  which is converted by heating to the corresponding hydra-  
zone - was isolated in 30% yield when the react ion of phenyl t r ib romomethylmercury  with dimethyl azodicar-  
boxylate was ca r r i ed  out at room tempera ture .  

:CX z 
RO2CN=NCO.R 

[ RO2C.-~_~ RO2C,.+ -l 

i o  , 
( RO2C)2NN=CX z - RO2CxN__ N 

X=Cl,l~r ; R=CH3?C2H 5 ~ ;'-C4H 9 ~ C6HsCH2yC6H5 

In the case of azodibenzoyl, the final react ion products  were 1,3,4-oxadiazoles ra ther  than hydrazones 
[58, 59]. 

c o . . c . = . c c . . .  
v ~110 O11 ~ o X O C6H5 

• (80%) 

Addition to the C a r b o n - O x y g e n  Bond. 2,2-Dimethyloxirane (8%), methyl ethyl ketone (23~), and higher 
ketones (12%), which are  products  of methylene incorporation,  respectively,  into the C = O and C - H  bonds, 
are  obtained in the react ion of diazomethane with acetone in UV light [60, 61]. Small amounts of 2,2,4,4- 
tetramethyldioxolane and 2-methoxypropene,  which, in the opinion of Bradley and Ledwith [61], a re  formed 
f rom the intermediate  ylid, a re  simultaneously formed.  

O 

CH3C CH 3 ~ [(CH92 
H 3 C ~ O  =C 3 CH3 

The catalytic react ion of diazoacetic es te r  with acetone, cyclohexanone [62], andbenzaldehyde [55] does 
not lead to oxiranes but ra ther  to products  of convers ion of the intermediate carbonyl ylid, including dioxolanes. 
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N ~C H CO'.C~H ~; Cu,80 ~ r .i. _ "1 
C6HsCHO . . . . .  LCsH5 CH--O--CHCO2C2HsJ C6H5CH O / O ~  

C' - '~-~ '~ H 5/~O _..,~CO 2C2 H S 
C6H 5 

Tr i f luoroace ty lea rbe thoxycarbene ,  obtained by photolysis  of the cor responding  diazo compound, r eac t s  
with acetone via a 1,3-cycloaddit ion scheme  to give a 1,3-dioxolene der iva t ive  [57, 63]. The ke tocarbene  
fo rmed f r o m  3,4 ,5 ,6- te t rachlorobenzoquinone diazide behaved s imi l a r ly  [44]. 

C F~- C- -  C - -  CO~ C~H = 
O N~ 

(CH3) 2 CO 7 h~ 

CI 

CI I ~ N 2  

c t / J ~ / / L O  
CI 

m_ C H3 ~)~'O ~"Tr" c F3 

CH3" "XO,~CO2C2 H 5 50=J~ 

CI 

CI ~ O CH 3 

C I ~ o ~ C H 3  30"/ .  

CI 
CI 

C I " T ~ O ' ~  C6 H5 50 "/. 

C l ~ y  O / "C5H 5 
CI 

The t he rma l  decomposi t ion of 2 ,6 -d i - t e r t -bu ty l -p -benzoquinone  diazide leads to a carbene ,  which in the 
p r e s e n c e  ofketones  gives epoxysp i ran  compounds [64]. 

O O R e R j ~ 

R R R;~CO ~ ~ CH 3 CH 3 74 

R ~ C3H 7 C3H 7 ~7 
N 2 -- (CH~) 5 -- 49 

R = ( C H3)3 C 

1,3-Dioxolanes [65], the fo rmat ion  of which evidently takes  place through the in te rmedia te  methy lene-  
oxiranes ,  a r e  obtained in low yields in the reac t ion  of f luorenyl idenemethylene with acetone and some alde-  
hydes.  

Seyferth and c o - w o r k e r s  have studied the reac t ion  of phenyl t r ihalomethyl  der iva t ives  of m e r c u r y  with 
some  carbonyl -conta in ing  compounds.  It was found that phosgene,  benzophenone, ethyl propyl  ketone, hexa-  
chloroacetone,  and sym-d i f luo ro te t r ach lo roace tone  do not r eac t  with PhHgCX 3 [66]. 

At the s ame  t ime,  perha loace tones  containing m o r e  than two fluorine a toms give products  of addition 
of d ich lorocarbene  to the carbonyl  group (in 33-74% yields)  [66, 67]. Adducts of the s ame  ketones with ch loro-  
b r o m o -  and d ib romocarbenes ,  fo rmed  by heating PhHgCC1Br 2 and PhHgCBr 3, respec t ive ly ,  a r e  a lso  obtained 
(in 25-48% yields) .  

CF(3 n) Cln-C--CF(3_m)CI m C6HsHgCXYBrpA ClnF(3 n ) C / ~ _ ~ X  
O J' Clm F(3"m)C" \O/ Y 

n=Ot l  ; rn=Orl~2 ; XtY=Cl,vBi" 

sym-Te t r a f luo rod ich lo roace tone  reac t s  with pheny l f luo rod ib romomethy lmercury  at room t e m p e r a t u r e  
to give the cor responding  gem - f l uo rob rom oox i r ane  (74%) [68]. Chloral  and perf luorobutyla ldehyde also give 
oxt ranes  on reac t ion  with pheny ld i ch lo rob romomethy lmercu ry .  The act ion of the s ame  reagent  on t r i ch lo ro -  
aeetyl  and t r i f luoroace ty l  ch lor ides  leads to the fo rmat ion  of oxi ranes  and perha loace tones  [67, 69]. A more  
complex mix tu re  of r eac t ion  products  is obtained in the reac t ion  of d ich lorocarbene  with oxalyl chlor ide.  In 
the opinion of Seyfer th and c o - w o r k e r s  [67], the ketones a re  the products  of incorpora t ion  of d ich lorocarbenes  
at the c a r b o n - h a l o g e n  bond. 

Oxiranes a r e  obtained in the reac t ion  of d i f luorocarbene,  genera ted  by py ro lys i s  of pe r f luoropropy lene  
oxide, with f luorinated ketones  [70]. 

X3C Cl O 
X3CC~2I C6HBHg CC'2 BP, A ~ II 

J" Cl El 4- X3C_C~CCI3 

X = F 8 ~ 26 ~ 
X = C I 17 =lo 33 ~ 

Bis ( t r i f luoromethyl)carbene,  obtained by t h e r m a l  decomposi t ion  of bis ( t r i f luoromethyl)diazi r ine ,  gives an 
oxirane f r o m  dif luorophosgene in 40% yield [71]. The low yie lds  of oxi ranes  in the reac t ion  of ca rbenes  with 
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with carbonyl  compounds containing an e lec t ron-accep tor  group attached to the C = O bond can be explained 
both by stabil izat ion of the t rans i t ion  state and by an increase  in the stability of the oxirane ring by the in- 
dicated groups [66]. 

Addition to the Ca rbon-Su l fu r  Bond. Little study has been devoted to the react ion of carbenes with 
compounds containing a C =S bond. It has been established tha t tMiranes  [72-75] are  formed in the reaction 
of thicketones with diphenyldiazomethane and diazoacetic es te r  and that 1,3-dithiolanes [74, 75] are  formed 
in the react ion with diazomethane. However, in the opinion of a number of invest igators  [72, 76-78], these 
reactions do not proceed through intermediate  carbenes  but ra ther  through thiadiazolines.  At the same time, 
the carbene pathway for the formation of thi i ranes is proposed [79] in the react ion of diazofluorene, diazo- 
xanthene, diazothioxanthene, and diphenyldiazomethane with sulfur or  with thioketones. 

R R 
R2C: 

R2CN 2 S ~ R2C= S - R R 

90"1o 

Perchloro th i i rane  was isolated in 96% yield in the react ion of thiophosgene with phenyldichlorobromo- 
me thy lmercury  [80, 81]. The same thiirane is obtained in the react ion of carbon disulfide with the same re-  
agent [34]. 

CI. CI S=C----S :CC[2 :CCI2 , > ~  
612C---- S JL CJ CJ 

30 o1,~ 

2,2-Dichloro-3,3-diphenyl thi i rane is obtained in 75% yield when CGHsHgCC12Br is heated with thiobenzo- 
phenone [80, 81]. The same method was used to obtain thi iranes f rom thiobenzophenone and chlorobromo-  
and d ibromocarbenes .  Bromine-containing thi i ranes are  converted on heating to benzothiophene derivatives.  

CSHS'C=S CsH 5 HgCX Br 2 C6H5~ --- S BO~ ~ CBHs 
/ ~ C6 H 5"k~ "~ L 12 IJ. C6H5 ~ "5" -X 

X B r  

'< = CI ~ Br  75 - 9 0  ~ 5 0 -  75 ~ 

The format ion of thi i ranes is postulated in a number of react ions of carbenes with the C = S bond, but 
thi i ranes are  unstable under the react ion conditions and undergo subsequent t ransformat ions  [38, 82, 83]. 

A carbene obtained f rom 3,4,5,6-tetrachloroquinone diazide reacts  with the C = S bond of carbon disulfide 
and phenyl isothiocyanate via a 1,3-cyclo-addi t ion scheme [44]. 

CI CI IR 

CI N2 S----C=R y A ~ R NC6H 5 57 ~ 

cr-y~-o c, o I%% 
El El ~ OCzH5 5S ~ 

A 1,3-dithiolene derivative - t h e  product of 1,3-cycloaddit ion of the thiocarbene to phenyl thioketene - 
is obtained in the photolysis of 4-phenyl- l ,2 ,3~thiazole  [84]. A thioketocarbene formed in the thermolys is  of 
1,2,3-benzothiazole reacts  s imi lar ly  with carbon disulfide [85]. 

$ /  

R e a c t i o n s  o f  C a r b e n e s  w i t h  t h e  C a r b o n - C a r b o n  M u l t i p l e  

B o n d  A c c o m p a n i e d  b y  O p e n i n g  of  t h e  T h r e e - C a r b o n  R i n g  

to  G i v e  a H e t e r o r i n g  

Those react ions in which the carbene reac ts  with the C =C bond to give a heteror ing as a result  of the 
fact that a) the result ing adduct of the carbene with the C =C bond is unstable and i somer izes  under the reac-  
tion conditions with opening of the cyclopropane ring and b) the carbene contains a heteroatom and is capable 
of react ing via a 1,3-cycloaddit ion scheme are  analyzed in this section. 

Format ion of Heterocycles  Containing Nitrogen, Sulfur, and Arsenic .  Mono- and diadducts are  obtained 
in the react ion of pyr ro lecarboxyl ic  acid e s t e r  with diazomethane in the presence  of cuprous chloride [86]. 
When the monoadduct is heated to 290 ~ it is i somer ized  to a dihydropyridine derivative.  
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Chlorocarbene  genera ted  f rom methylene  chlor ide and methyl l i th ium r eac t s  with py r ro l e ,  indole, skatole,  
and 2,3-dimethyl indole  to give,  respec t ive ly ,  pyr id ine  (32%), quinoline (13%) [87], lepidine [88], and 2 ,4 -d imethy l -  
quinoline (6~) [89]. S imi la r  r esu l t s  were  obtained [90] during a study of the reac t ion  of d ib romocarbene  with 
indole and skatole .  An adduct of ca rbene  with the C =C bond, which subsequently is r ea r r anged  with split t ing 
out of hydrogen halide, is fo rmed  in an in te rmedia te  step in the above examples  [88]. 

The reac t ion  of d ihalocarbenes  with p y r r o l e  and its de r iva t ives  also takes  place  with ring expansion to 
give halopyr idines .  3-Halopyr idines  a r e  obtained in 10-12% yields  when p y r r o l e p o t a s s i u m  is heated with chlo- 
ro fo rm or  b r o m o f o r m  [91, 92]. 

O 
H 

X=CI ~ BP 

[ ~ J  

React ion of p y r r o l e  with d ich lorocarbene  in the gas  phase  (pyrolysis  of ch lo ro form at 550 ~ makes  i t  
possible to raise the yield of 3-ehloropyridine to 33-58% [93, 94]. From 2 to 28% 2-ehloropyridine is obtained 
along with 3-ehloropyridine [93, 94]. 

2 ,5-Dia lky lpyr ro les  reac t  with d ichlorocarbene ,  genera ted  in an alkaline medium,  to give 2 ,5-d ia lkyl -2-  
d i ch lo rome thy l -2H-py r ro l e s  and 2 ,6 -d ia lky l -3 -ch lo ropyr id ines  [95, 96]. The 2H-pyr ro l e s  a r e  not converted 
to pyr id ines  under the reac t ion  conditions, although this t r an s fo rma t ion  can a lso  be rea l ized  under the influence 
of butyll i thium [96]. 

Like p y r r o l e s ,  [ndoles a r e  conver ted  to 3-haloquinolines in yields of up to 10% under  the conditions of 
the R e i m e r - - T i e m a n n  reac t ion  [89, 97]. 2 ,3-Dimethyl indole r eac t s  with d ichloro-  and d ib romocarbenes  to 
give a mix tu re  of 3-halo-2 ,4-dimethylquinol ine  and 3-dihalomethyl-2 ,3-dimethyl indolenine ,  the rat io between 
which depends on the conditions under which the reac t ion  is c a r r i ed  out [89, 98, 99]. Thus, for  example,  in 
the react ion  with d ich lorocarbene  the quinoline/indolinine ra t io  changes f rom 0.4 fo r  ethyl t r i ch lo roace ta te  
and po t a s s ium te r t -bu tox ide  to 2.6 for  decomposi t ion  of sodium t r i ch lo roace ta t e  in dimethoxyethane.  A s imi -  
l a r  dependence is observed  for  the reac t ion  of d ib romocarbene  with the same  [ndole. These  data made it 
poss ib le  to a s s u m e  that the quinoltne der iva t ive  is fo rmed  as a resu l t  of the addition of the ca rbene  to the 
C =C bond in the 2,3 posi t ion of the py r ro l e  ring with subsequent opening of the t h r e e - m e m b e r e d  ring andthat  
the indolenine is fo rmed  by e lect rophi l ic  a t tack by the d[halocarbene at the 3 posi t ion in the m e s o m e r i c  indolyl 
ion, which is p r e sen t  in s t rongly alkaline media  [89, 100, 101]. 

CH 3 

~ . _ ~ C H 3  :CX 2 ~ /CH  3 ~ X  
" 

It CH 3 CH 3 

",~.,/ ~ C H  3 v "N" "CH 3 v "N"  "CH 3 

The cor responding  3-chloroquinol ines (in 26-42% yields)  a re  also obtained in the reac t ion  of indole and 
its methyl  der iva t ives  with d ich lorocarbene  in the gas phase  [~_02]. 

R 2 

CHCI 3 Cl 

R I 5 5 0  ~ R 1 
H 

R2= R17 H 9 CH3 

The d ich lorocarbene  f r o m  pheny l t r i ch lo rome thy lmereu ry  r eac t s  with 2 ,3-polymethyleneindoles  to give 
3-chloro-2 ,4-polymethylenequinol ines  and 4-chloro-2 ,3-polymethylenequinol ines  in ra t ios  that depend on the 
length of the polymethylene  chain [103, 104]. 

H 
m = 10 70"1. 
rn = B 5=; "lo 
m= 6 4g~ 3 %  
m = s - -  12~ 
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Substituted 4 , 4 - d i c h l o r o - l - a z e t i n e s  a r e  obtained by heating the products  of the reac t ion  of d ich lorocar -  
bene with unsa tura ted  azides  [105]. 

The reac t ion  of 1 - t e r t -bu ty l -2 ,5 -d ipheny la r sacyc lopen tad iene  with d tchloro-  and phenylchlorocarbenes  
leads to a r s abenzene  der iva t ives  [106]. 

5•S 
R CCI 5 . . ~ R  R "1,, 

L CI 24 
C6H C6H5 C6H C6H5 C6H 5 4 

t e r t -  ~4H9 

Dihydropyran  r e a c t s  with ch loro-  and d ich lorocarbenes  to give adducts that a r e  converted to 2,3-dihydro- 
oxepine and 3-chloro-6 ,7-d ihydrooxepine ,  respec t ive ly ,  [107] on heating with quinoline. According to the data 
in [108], the reac t ion  of d ich lorocarbene  with benzofuran gives an adduct, the s t ruc tu re  of which was not es -  
tabl ished;  however ,  bis ( 3 - ch l o ro -3 - ch rom ene -2 -y l )  e ther  was isolated in 15% yield f rom the reac t ion  mixture  
a f te r  t r e a t m e n t  with water .  

Photolysis  of subst i tuted diazocyclopentadienes  in the p r e s e n c e  of 2,6-1utidine or  2,5-dimethylthiophene 
leads to 3-azabicyclo[5.3 .0]undecapentaene or 3- th iabicyclo[4.4 .0]decate t raene der iva t ives ,  respec t ive ly  [109], 
fo rmed  by 1 ,5 - s igmat rop ic  r e a r r a n g e m e n t  of the adducts of the ca rbene  with the C =C bonds of the s tar t ing 
he te rocyc les .  

C6H5 CH3 

7 s 

30 "1= 

Format ion  of He te rocyc les  Containirg. Oxygen. 3 -F luoro -2 -pheny l fu rans  a r e  obtained by the rma l  de- 
composi t ion  of sodium di f luorochlorace ta te  at 216 ~ in t r ig lyme  in the p r e s e n c e  of 2-benzylidenecyclohexanone.  
In the opinion of Derenberg  and Hodge [110], the p r i m a r y  product  of this reac t ion  is cyclopropyl  ketone, which 
at high t e m p e r a t u r e  undergoes  i somer i za t i on  to a 2 ,3-dihydrofuran der ivat ive ,  a f t e r  which f luoride is split 
out. In fact,  the ketone obtained f rom chalcone and di f luorocarbene is conver ted to 3- f luoro-2 ,5-diphenylfuran  
(76~ yield) a f t e r  heating at 216 ~ for  1.5 h. 

C 6 H ~  P ")7--'~ 

- - C 6 H 5  F,,~F "C6H 5 C6H 5 "~O" C6H 5 

Substituted 2 ,3-dihydrofurans  a r e  isolated by reac t ion  of t he rma l ly  genera ted  di f luorocarbene with 2- 
methoxymethylene  ketones [ 111]. 

Fo rma l  1 ,4-cycloaddi t ion of ca rbe thoxycarbene  to 2-methoxymethylene  ketones,  which leads to furan 
der iva t ives  [112, 113], a lso  takes  p lace  through 2 ,3-dihydrofurans ,  obtained by cycl iza t ion of the in termedia te  
ca rbene  ylid at the carbonyl  oxygen a tom.  

OCH 3 

J, CO2C2H ~ ), CO2C2H 5 
~ O  Cu SOt. ) 160 ~ ~ O" 

According to the data in [114], a 1,3-dioxolane der iva t ive  is obtained as a resul t  of 1,4-cycloaddition of 
benzocyclohexadienonyl idene to 3 ,4 ,5 ,6- te t rachlorobenzoquinone.  

The rma l  decomposi t ion  of 3 ,4 ,5 ,6- te t rachloroquinone diazide in the p r e s e n c e  of unsaturated compounds 
leads  to adducts involving 1,3-cycloaddit ion to the in te rmedia te  ke tocarbene  to the C =C b o n d -  2,3-dihydro- 
benzofuran  de r iva t ives  [115]. The reac t ion  of this ca rbene  with acetylenes  p roceeds  s imi l a r ly  [116]. 
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Cl R R' el, 

CI . ~ . ~ . ; . 1 _ ~ / R  H C6H S 21 

C' R C H =  ~ 14 R' " C I ' ~ I  " O"~'~"R' I I I C6H 5 C6H $ 18 
CO2CH 3 CO2CH 3 57 

CI 2 130 o CO2C2H5 C 61"15 14 

cr  ~ - o  \ ' c ~  R R t "1. 

CI RC.~.C R ~ " ~  C I ~ T ~  R H C6H 5 3g 

C6H 5 C6H 5 2e, 
CI '~T'~""  O ~  R f CO2CH3 CO2CH 3 4S 

CI 
CO2CH 3 C~H 5 38 

The react ion of carbenes with acetylenes is widely used for the synthesis of cyclopropene derivat ives.  
It has been established that not only cyclopropenes but also i somer ic  2-alkoxyfurans are  formed when the 
reaction of diazoacettc es te r  with acetylenes is car r ied  out in the presence  of copper salts used as catalysts  
[117]. The yields of the furans increase  as the amounts of the substances used as catalysts  are  increased.  
A thorough study of this react ion shows that the furans are  obtained as a result  of thermal  catalytic i somer i za -  
tion of the p r ima ry  products  - es te rs  of cyclopropenecarboxyl ic  acid [118]. 

R 
:CHCO2C2H 5 R - - ~ R  A 'Cu :  ~ O  R--C------C--R ~, 

R C 2 HS 
CO2C2H $ 

R :CsH5,t C3H 7 ~ C 4Hg 

The react ion of acetyl-  and benzoylcarbenes with acetylenic hydrocarbons gives the corresponding acyl-  
cyclopropenes,  which also undergo thermal  catalytic i somer iza t ion  to fur.an derivatives [119]. 

According to the data in [120], cyclopropene derivatives are  obtained by direct  photolysis of dimethyl 
diazomalonate in the p resence  of acetylenes,  whereas 2-a lkoxy-3-methoxycarbonylfurans  are  produced by 
sensit ized photolysis.  

R e a c t i o n s  I n v o l v i n g  I n c o r p o r a t i o n ,  I n t r a m o l e c u l a r  

A d d i t i o n s ,  a n d  O t h e r  T r a n s f o r m a t i o n s  o f  C a r b e n e s  

In this section p rocesses  in which carbenes  are  incorporated at C - H ,  C - N ,  C - O ,  and other  bonds with 
the simultaneous format ion of a heterors a change in the c lass  of heteroring,  or  a change in the substituents 
attached to it will be analyzed. 

Format ion of Nitrogen-Containing Heterocycles .  f l -Lactams are  obtained in the in t ramolecular  incor-  
porat ion of ~-carbamidocarbene  containing an a-CH bond at the grouping attached to the nitrogen atom. The 
photolysis of diazoacetic acid diethylamide leads to azetidine and pyrrol idine derivatives;  the yields of the 
la t ter  decrease  as the dielectr ic  permeabi l i ty  of the solvent increases  [121]. The diallyl amide of the same 
acid gives both products of in t ramolecular  incorporat ion at the CH bond and products  of addition to the C = C 
bond in a ratio of 1 : 3, respect ively [121]. 

0 

HCCN (C2H5) 2 ~ '-b" 
I! H3C C2H5 2 HS 
N 2 

dioxatle  57 ~ 43 r 
m e t h a n o l  43 ~ 5 010 

The thermolys i s  of o rganomercury  compounds of the s t ruc tures  indicated above [122-124] or  photolysis 
of N,N-pentamethyleneamides of phenyldiazoacetic [125, 126] and methoxycarbonyldiazoacet ic  [127] acids 
leads to carbamidocarbenes ,  which give 3-substituted bicyclic azet idin-2-ones  in 50-60% yields; the t rans  
configuration is p re fe r r ed .  The react ion has found application in the synthesis of analogs of penictllic acid 
[127]. 

X 

0 

R 

"-oM-O N 2 0 

R = C6HstCO2CH 3 

1 2 0 0  



The synthes is  of indoline s y s t e m s  is rea l ized  by i n t r amolecu l a r  cycl iza t ion of a ry l ea rbenes  containing 
an o-d ia lky lamino  group [128]. 

o2N 

4 0 ~  

Incorpora t ion  at the C - N  bond is obse rved  in the reac t ion  of ca rbe thoxycarbene  with N-phenylethyl-  
azet idine.  N-Phenyle thy lpyr ro l id ine  is iner t  in the s a m e  react ion,  where  as N-phenylethylazi r id ine  gives 
ethylene and azomethine .  

LI_CHzCH2C6H 5 NzCHCO2C2H5 ~ Cu ~ 8 0 ~  N - - C H 2 C H 2 C 6 H 5  

C O 2 C  2 H 5 

g 6 " l .  

Forma t ion  of Oxygen-Containing He te rocyc les .  The photolysis  of d iazomethane or  ketene with t e t r a -  
hydrofuran  in the gas phase  leads to a mix tu re  of var ious  products  of incorpora t ion  of methylene containing 
up to 20% t e t r ahyd ropy ran  [130]. Carbe thoxycarbene  is incorpora ted  at the C - O  bond of 2-phenyloxetane [131, 
132], methylenedihydroxybenzene  [133], and the e thyleneaceta ls  of benzaldehyde and acetophenone [134] to give 
the cor responding  t e t r ahydro fu ran  or  1,4-dioxane der iva t ives .  

~O __L_ C6H= N2CH CO2C2H5 'Cu2§ " k / " ~  c6H5 . 
_ NO/ CO2C2H 5 

85 ~ 

( ~ . - C  6 H 5 N2C HCO2C2H5 ' 1500 ,,= ~"O'~ c6H5 

~0 "  "CO2C2H 5 

50 ~ 

Expansion of the he te ro r ing  is also observed  in the reac t ion  of 3 ,5 -d i - t e r t -bu ty lcyc lohexad ienonylcar -  
bene with cycl ic  e thers ,  which, in the opinion of Nikiforov and c o - w o r k e r s  [135], p roceeds  through an in te r -  
media te  ylid.  

0 

N 2 

O Z "I= t l  
1 O O  ~ ( C H 3 ) 3 C ~ C ( C H 3 ) 3  ~ ( C H 2 )  4 - -  5 B  

~ --(CH2)20(CH2) 2- 88 

O/~Z -- (CH2) 30 CH;,-- 6B 

The fo rmat ion  of 2 - t r ime thy l s i l y l -3 -p rop io l ac tone  in the py ro lys i s  of methyl  t r ime thy l s i ly ld iazoace ta te  
has been es tabl ished [136]. Carbenes  genera ted  by the rma l  and photochemical  decomposi t ion  of diazoacet ic  
[137] and diazomalonic  [127, 138, 139] acids give products  of i n t r amolecu la r  i n c o r p o r a t i o n -  substi tuted a -  
bu tyro lac tones .  It has been es tabl ished [139] that the incorpora t ion  of ca rbene  takes  p lace  with complete  r e -  
t endon  of configurat ion at the reac t ion  cen te r .  

C2H~CH CH,j OCCCO~C H 
" ~ " If II " 3 
CH 3 ON 2 

Cu, 130 = 
HsC 2 CO2CH 3 

s,. H 3 C ~ o ~ O  

62 ~ 

Subst i tu ted3-oxabicyclo[3.1 .0]hexanes  have been synthesized [140] by incorpora t ion  of in te rmedia te  
ca rbenes  obtained f rom 2 ,2 -d ib romo- l - a lkoxyme thy l cyc lop ropanes  and methyl l i th ium.  

8r. Br 4 0 
~ C H 2 O C H  R1 R2 CH3L; .m R 2 ~ 7  ~ -35~ R 

R 3 R 3 
R ~ = R2= R 3 = C H 3 (63"1= , )  ~ R 1 = R;=  H ,, R3= C H3( 53 =/,,) ; R 1 = R 2 = C H 3 ~, R3= H ( 61 ~ ) ; 

RI=cH =CH2, J R2= R3=H(80"Io) 

1-Methoxyisobenzofuran [141], which subsequently adds the alcohol used as the solvent,  is formed in the 
t he rma l  ca ta ly t ic  decomposi t ion  of o-methoxycarbonylpher~yldiazomethane [141]. 

o-Al ly loxyphenylcarbene  f rom the cor responding  diazo compound gives products  of both in t ramolecu la r  
incorpora t ion  at the allyl  C - H  bond and addition to the C =C bond of the allyl group [142] in a rat io of 2.5 : 1. 
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CHN2 hV ~ [ ~  

{~OCH~CH=CH 2 ]" -+- 

Bicyclic and polycycl ic  oxygen-containing s y s t e m s  a re  obtained in 40-50~ yields  as a resu l t  of in t ra -  
mo lecu l a r  cycl iza t ion  of a lkenyloxycarbenes  [132, 143-145]. 

0 
co so, ~ o  

N2CH COCH2CH=CH 2 ,,, ~, 
O 

The t h e r m a l  cata lyt ic  decomposi t ion of benzyl e s t e r s  of diazomalonic acid gives bicyel ic  lactones con- 
taining a cyc lohepta t r iene  ring [146, 147]. 

R 1 R 1 R 1 R 2 %,',, 

N~ CO2CH 3 Cu,130 ~ ~ H H 20 
"~/C " "" 2 ~ . ~  H CH 3 45 

RR 2/ ""  ~ "/C~o' R ;'~O,~L"OR OCH3 H 50 

Triphenyl i soxazole  and smal l  amounts  of t r iphenyl isoxazol ine ,  which is the p r e c u r s o r  of the isoxazole,  
a re  fo rmed  in the photolysis  of 2-diazo-2-phenylacetophenone O-benzyloxime [148]. 

F -2HCH 1 C h ~,H, h, C'H'~--~ "ce"5 " 

C6H 5 \O / N 2 

Format ion  of Sulfur- and Sil icon-Containing He te rocyc les .  Products  of [n t ramolecu la r  incorpora t ion  
and r e a r r a n g e m e n t ,  the t he rmo lys i s  of which gives products  of i n t r amolecu la r  addition of carbene,  a r e  ob- 
tained in the photolysis  of diazo compounds containing allylthiol groups [149]. 

H3C, ~ ,C6H5 H3C. / - - <  c6H5 

H ' 3 C ~ 5 " ~ ' ~  C6H5 hv " H 3 C  CH3N 2 H 3 C ~ ' s ' ~ C H 3 +  H 3 C ~ ' ~ . s ~ C H 3 .  

17 ~ 21 ~ 

l lgOO H 3 C .~....~C 6H 5 
. H3C" i I ~'--'CH 3 

S,v f  
44 ~ 

The t h e r m a l  decomposi t ion  of o-diazomethylsulfonyldiphenyl  leads to a mix tu re  of sulfones,  fo rmed  as 
a resu l t  of incorpora t ion  of ca rbene  at the C - H  bond or addition to the C =C bond [150]. 

SO2C H N 2 
23 ~ 26 ~ 

Phenyl t r imethy l s l ly lca rbene ,  fo rmed  f rom the cor responding  diazo compound, is incorpora ted  [n t ra-  
molecu la r ly  at the C - H  bond of the phenyl group to give 1 ,1 -d ime thy l - l - s i l a indene  [151, 152] or  undergoes 
r e a r r a n g e m e n t  to a s i la  olefin, which readi ly  undergoes  the diene synthesis  [153]. 

550~ R (CH3) 2 S[ CC.H. II o.~ R;CH 3 
N 2 

H3C,,,r~Si R "I, 

(c.9~si=:<R H c l ' l ~  R cH~ 8 
C6H5 3 C6HsCBH s 33 

According to the data in [154], t r ime thy l s i l y l ca rbene ,  genera ted  f r o m  the diazo compound at 440 ~ under -  
goes rearrangement  to a s i la  olef in and is  subsequently d imer ized  to c i s -  and t rans -  1 ,1 ,3 ,3 - te tramethy l -  1,3- 
d is i lacyclobutanes  (38%). 

Dich lorocarbene  [155-157] and carbomethoxy-  and d icarbomethoxycarbenes  [158] react  with substituted 
s i l a -  and 1 ,3-d is i laeyc lobutanes  to g ive  products  of incorporat ion  at both the C - H  and S i - C  bonds.  
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I R  

CH 3 

:CCI 2 
R 

H3C\ /......(fir F ~  CHC| 2 
�9 . /S i )  + 

H3C ~ H3C--Si--J 
CI C$ CI..t 3 

R : H 58~ 12~ 

R =CH 3 23~ 3g'~/o 

,Format ion  of He te rocyc les  by R e a r r a n g e m e n t  of Carbenes .  2 ,3 ,6 -Tr ipheny la r sabenzene  is obtained in 
77% yield as a resu l t  of migra t ion  of the 2-C a tom i n t h e l - a r s a c y c l o p e n t a d i e n y l c a r b e n e  f rom the a r sen ic  atom 
to the ca rbene  ca rbon  a tom [159]. 

C6H C6H 5 -- ~ C6H5 C6H 5 
I 

c6Hrc-c= 
CO, No L c ~  

[ • T  ~C6H5 
- - - "  L - - . ~  " 

C6Hs~AS C6H 5 

Ketoca rbenes  fo rmed  f r o m  diazoketones a r e  capable  of undergoing d iverse  reac t ions ,  pa r t i cu la r ly ,  the 
Wolff r e a r r a n g e m e n t  [160]. In this case ,  r ing cont rac t ion  occurs  in a number  of cyclic ca rbenes .  This meth-  
od has been used to synthes ize  p y r r o l e - 2 -  and p y r r o l e - 3 - c a r b o x y l i c  acid and substi tuted indole-3-  and aza-  
indo le -3 -ca rboxy l i c  acids [161-163]. 

O 
hV ~ 40~ H2O CO2H 

R R 
H 

R :CI ~CH31 C6H 5 ~ CO2H 50-BO~ 

Methyl 2H-benzo th ie te -2 -ca rboxy la te  is obtained, in addition to the cor responding  methoxy der ivat ive,  
in the photolysis  of 3-diaz o- 2-oxo-  2,3- dihydrobenzo[b]thiophene in methanol [ 164]. 

N 2 OCH 3 

40 ~ 30 ~ 

When the Wol f f  r e a r r a n g e m e n t  is c a r r i e d  out in  an ap ro t i c  m e d i u m ,  the resu l t i ng  ketenes undergo 1,3- 
c y c l o a d d i t i o n  w i th  the ca rbene  to g i ve  m e t h y l e n e d i o x o l e s  [165-167]  o r  ~2 -bu teno l i des  [168, 169]. 

A study of  the pho to l ys i s  of  cyc l i c  ketones [170, 171], s i l ake tones  [172], and c~-diketones [173, 174] showed 
t ha t  t he  e o r r e s p o n d i n g  h y d r o x y c a r b e n e s  a r e  f o r m e d  in th i s  e a s e  and a r e  c a p a b l e  of unde rgo ing  addi t ion ,  in-  
c o r p o r a t i o n ,  and d i m e r i z a t i o n  r e a c t i o n s .  P h o t o i s o m e r i z a t i o n  o c c u r s  m o s t  r e a d i l y  in t he  c a s e  of c yc lobu t anones ,  
1 , 2 - c y c l o b u t a n e d i o n e s ,  and c y c l o p e n t a n o n e s  wi th  an  ~ - c y c l o p r o p y l  g roup .  When  a l c o h o l s  a r e  used  as  so lven t s ,  
c y c l i c  a c e t a l s  a r e  ob ta ined .  The  ef fec t  of a so lven t  on the  c o m p o s i t i o n  of the  r e a c t i o n  p r o d u c t  i s  ev iden t  f r o m  
the  da t a  in  [ 173] ob ta ined  in the  p h o t o l y s i s  of b e n z o c y c l o b u t e n e - 1 , 2 - d i o n e .  

0 

O 
C5H12 
CH2Ci2 ~ O 

2,5 Ol0 
OC2H 5 

O O 

H2C~Cx R ~ O ~  

O 
R=H,~CH 3 ,40 - 65 '='1= 

0 

0 
5"/ .  
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The data p resen ted  in this  rev iew i l lus t ra te  the g r ea t  synthetic  poss ib i l i t i es  of the reac t ions  of ca rbenes  
for  the p r e p a r a t i o n  of he te rocyc l ic  s y s t e m s .  React ions  leading to ni t rogen-  and oxygen-containing he t e ro -  
cycles  have been subjected to a re la t ive ly  detailed study. The invest igat ion of methods for  the synthesis  of 
o ther  he te rocyc l ic  s y s t e m s  by means  of ca rbenes  is only beginning. 

The m o s t  extensive appl icat ion of the ca rbene  reac t ion  is found in the p r e p a r a t i o n  of t h r e e - s i x - m e r e  - 
bered  he t e rocyc le s .  The types  of reac t ions  of ca rbenes  that  can be used for  the fo rmat ion  of a he te ror ing  
with a ce r t a in  r ing s ize  a r e  l is ted br ief ly  below. 

T h r e e - m e m b e r e d  he te rocyc les :  in t e r -  and in t r amolecu la r  addition of ca rbenes  to a c a r b o n - h e t e r o a t o m  
mult iple  bond. 

F o u r - m e m b e r e d  he t e rocyc le s :  i n t r am o lecu l a r  incorpora t ion  of ca rbenes  and the i r  r e a r r a n g e m e n t .  

F ive- ,  s ix - ,  and s e v e n - m e m b e r e d  he te rocyc les :  in t e r -  and in t r amolecu la r  incorpora t ion  of carbenes .  
1,3- o r  1 ,4-cycloaddit ion of ca rbenes ,  and i s omer i za t i on  or  other  reac t ions  of p r i m a r y  adducts of ca rbenes  
with c a r b o n - h e t e r o a t o m  and c a r b o n - c a r b o n  mult iple  bonds. 

Bicyclic,  sp i rocycl ic ,  and polycycl ic  he te rocyc les :  in t e r -  and in t r amolecu la r  addition and incorpora t ion  
of carbene .  

In conclusion, it should be noted that the study of reac t ions  of ca rbenes  that lead to the fo rmat ion  of 
new he te rocyc l ic  s y s t e m s  is also of g rea t  theore t ica l  in te res t  for  es tab l i shment  of the re la t ionship between 
the reac t iv i t i e s  of organic molecu les  and the i r  s t ruc tu re s .  
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