
IlEACTION OF HETEROAIIOMATIC COMPOUNDS 

WITH CARBENES (REVIEW) 

A.  E .  V a s i l ' v i t s k i i ,  V. M.  S h o s t a k o v s k i i ,  
a n d  O. M.  N e f e d o v  

UDC ~47.7/s 

The l i te ra ture  data on the reac t ions  of he te roa romat ie  compounds of various c lasses  with halo-,  
a lkyl- ,  alkoxy-,  and ketocarbenes  are  examined. The mechanisms of these react ions  and the 
effect of the methods used to generate  the earbenes and the ~ature of the heterocyele  on the di- 
rec t ion  of the react ion and the s t ruc tu res  and yields of the final products are discussed.  An 
est imate  of the possibi l i t ies  of the prepara t ive  utilization of the indicated react ions is given, 

The intensive development of the chemis t ry  of carbenes is associated with the involvement of d iverse  
c lasses  of organic  compounds, including he te rocyc l ic  compounds, in carbene react ions .  A number of reviews 
have been previously devoted to this problem [1-4]. However, new voluminous experimental  data that require  
additional considerat ion for purposes  of cor re la t ion  and systemat izat ion have since been published. 

The principal react ions  of carbenes  include cycloaddition to multiple bonds and insert ion in single chemi-  
cal bonds. 

The addition of singlet carbenes  to double bonds is a concerted one-s tep  process  and, according to cal-  
culated data [5], proceeds  through unsymmet r i ca l  t ransi t ion state I, which ar i ses  as a resul t  of electrophil ic  
attack of the vacant p orbi tal  of the carbene on the rr sys tem of the olefin. 

R - 

R~_ +/- 

! I !  

The effect iveness of s tabil izat ion of the partial  positive charge that develops on the olefin carbon atom 
by the substituents attached to this atom and the ease of localization of the electron pair on the newly formed 
c a r b e n e - o l e f i n  C - C  bond determine  the activity of this olefin in react ions  with carbenes.  Thus substituents 
that are capable of s tabil izing earbonium ions (Alk, Ar,  C1, OR) increase  the activity of the olefin, while de- 
stabil izing substituents (COIl, COOIl, NO2) decrease  it. At the same time olefins in which the formation of a 
cyelopropane adduet r equ i res  considerable  localization energy are  inactive in reac t ions  with carbenes as a 
consequence of disruption of the conjugated sys tem of double bonds (polyene and aromat ic  compounds) (for 
example, see [6]). Aromat i c  compounds of the benzenoid se r ies  are inactive for the same reason  and are often 
even completely inert  in reac t ions  with earbenes that do not have sufficient eleetrophil iei ty.  Benzene, for 
example, r eac t s  with methyIene and monochlorocarbene but is inert with respec t  to dichloro-  and di f luoroear-  
benes [7]~ 

The insert ion of earbenes  in single bonds occurs  pr imar i ly  if the substrate  contains a labile hydrogen 
atom or a he teroa tom that has an unshared pair  of e lectrons.  In the f i rs t  ease the react ion may proceed either 
via a synchronous t h r e e - c e n t e r  mechanism [8] or via a diradical  de t achmen t - r ecombina t ion  mechanism [9]. 
When a he teroa tom that contains an unshared pair  of e lectrons is present  in the substrate,  the react ion with 
singlet carbenes takes place pr imar i ly ,  according to [10], at the free e lectron pair  of the heteroatom to give 
corresponding yields II, the stabil i ty of which is determined by the s t ructure  of the reagents ,  and their  sub- 
sequent t ransformat ions  may proceed via different pathways [10, 11]. 
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R e a c t i o n  of  F i v e - M e m b e r e d  H e t e r o c y c l e s  w i t h  C a r b e n e s  

G e n e r a t e d  f r o m  A l i p h a t i c  D i a z o  C o m p o u n d s  

Aliphatic  diazo compounds a r e  highly r eac t i ve  compounds that  a re  quite eas i ly  deazot ized to give c a r -  
benes:  

RR'CNr---~RR'C: 

As a consequence of the access ib i l i ty  of these  compounds and the re la t ive  ease  of the i r  carbene  decomposi t ion,  
which usually t akes  place under mild conditions, they a re  cur ren t ly  the pr incipal  sources  of ca rbenes  such as 
methylene,  a lky lcarbenes ,  ke toca rbenes ,  a lkoxycarbony lca rbenes ,  b i s (a lkoxycarbonyl )ca rbenes ,  a ry l -  and 
d i a ry l ca rbenes ,  etc.  The carbenoid  decompos i t ion  of diazo compounds can be r ea l i zed  photochemical ly ,  
t he rma l ly ,  or  cata lyt ical ly .  Whereas  the f o r m a t i o n  of kinet ical ly  independent ca rbenes  in the f i r s t  two cases  
can be r ega rded  as proved [12-14], in the ca ta ly t ic  r eac t ion  the t rue  r eac t ing  par t ic le  is evidently a c a r b e n e -  
ca ta lys t  complex r a t h e r  than a f r ee  ca rbene  [15]. It has been  noted [16] that the d i f fe rences  in the r eac t iv i t i e s  
of f r ee  carbene  and a ca rbene  modified by the ca ta lys t  a re  absolutely  dis t inct  but not fundamental  in cha rac t e r ,  
and this makes  it poss ible  to examine the i r  r eac t ions  s imul taneous ly .  

F u r a n  and i ts  de r iva t ives  in r eac t i ons  with a l iphat ic  diazo compounds f o r m  ei ther  products  of addition 
of the carbene  f r ag m en t  to the double bond of the furan  r ing  or acyci ic  subst i tuted dienic ketones (or aldehydes).  
Thus d iazomethane  r e a c t s  with furan  [17] and 2 -me thy l fu ran  [18] to give, in both ca ta ly t ic  and photolytic r e -  
act ions,  subst i tuted 2 - o x a b i c y c l o [ 3 . 1 . 0 ] h e x - 3 - e n e s -  products  of addition of the methylene  f r agmen t  to the 
double bond of the furan  ring: 

r " ~  CH2N2/CuCI ' hV-- R ~ O  ~ ,§ R~"~s 

R=H ' 50"1. 
R=CH 3 44~ 

An adduct involving addition to the unsubstituted double bond (in a ratio of 1.5 �9 1) is primari ly formed 
in the r eac t ion  with 2-methyl furan ;  this  is explained by the s t e r io  effect  of the subst i tuent  [18]. The yields  of 
adducts are  higher in the ca ta ly t ic  r e ac t i on  than in the photochemical  react ion;  this is probably due to the low 
stabi l i ty  of the b icyc l ic  adduct with r e s p e c t  to UV i r rad ia t ion .  The use of excess  d iazomethane  led to the 
fo rmat ion ,  in addition to monoadducts ,  of 2-oxatricyclo[4.1.0'%5.01.6]heptane in low yield: 

Under photo ly t ic -decompos i t ion  conditions, methyl  and ethyl d iazoace ta te s  r e a c t  with furans in the s ame  
way as d iazomethane  to give e s t e r s  of b ieye l ic  ea rboxyl ic  acids [19-22]: 

A O r ~  NICHcOORt'/h V ~ C O O R "  
r R' ~ R"~O ")<'R' 

R~R'=H~cH3~ R% CH3~ C2H=; 15-33 ~ 

Cyanovinylcarbene genera ted  photolyt ical ly f r o m  isobutenyld iazoaeetoni t r i le  also r e a c t s  s i m i l a r l y  with 
furan  [23]: 

N2CH (CN) CH =C(CH3)2/hV ~ CH3 
-- m ~O / H ~ C H  3 

42"I, 

In con t ras t  to photolysis ,  in t he rm a l  o r t h e r m o o a t a l y t i o  r eac t ions  methyl  and ethyl d iazoaee ta tes ,  like 
d iazoaeetone,  in mos t  cases  f o r m  products  of opening of the furan  r i n g -  de r iva t ives  of doubly unsaturated 
ketones  (or aldehydes) [22, 24-27]: 

R R' " ~. ~ RCOCH~CHC#~-~-CHCOR" 
III 

IV 

R=H, CHa, C(CH3)a, COOCHa, (CH2)4COOC=Hs, R'=H; R=R'=CH3 R"=CH3 43--56% 
R'=OCH3 14--55% 
R" = OCaH~ 16--48 % 

The fo rma t ion  of s i m i l a r  a c y e l i c p r o d u c t s  V is also obse rved  in t he rmoca ta ly t i c  r eac t ions  of al iphat ic  
r e a c t i o n s  of al iphatic  diazo compounds with 2-a lkenyl furans  [28-33]; the reac t ion  pathway that  favors  the fo r -  
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mation of V or  VI depends substantially on the presence of a substituent in the fl position of the vinyl group 
of the s tar t ing 2-alkenylfuran [31-33] (see Table 1). 

Rlq 
~' ^, /(-~YK~R"'I--~RRrC=--CHCOCH~CHCH~-CR"R"~ 

�9 = ~ r ,  "0" _J 

R R I C = C H / ~  N2CRIIRIII ~ IV R II R Ill V 

:'r 
vI 

R, R ' = H ,  CHa 
R"=H, R"'=COCHa, COOC=H5 
R" = R" = COOCH3 

The bicycl ic  adduct initially formed in these react ions is probably unstable under the react ion eonditions 
and undergoes r e a r r a n g e m e n t  with r ing opening. In fact, as shown in [21], ethyl 2-oxabicyelo[3.1.0]hex-3-ene-  
1-carboxyla te  undergoes r ea r r angemen t  to ethyl 6-oxohexa-2,4-dienecarboxylate  when it is heated to 160~ 
In the presence  of CuSO 4 this r ea r rangement  takes place at 80~ [29]: 

~ -COOC2H 5 ~, ~ OHCCH.=CHCH =CHCOOC2H 5 

A s imi lar  mechanism of the format ion of doubly unsaturated keto compounds in reac t ions  of aliphatic 
diazo compounds with furan der ivat ives  is also confirmed by the fact that coumarones in thermal  or the rmo-  
catalyt ic  reac t ions  with ethyl diazoacetate  or  diazoacetone fo rm bieyclic adducts, which remain  unchanged 
under the react ion conditions, since this sor t  of r ea r r angemen t  is impossible fo r them [24, 34-36]: 

R R" v "O 
~20~ 

R = H ,  CI, Br, CFa, CHa, OCHa; R ' = C H a ,  OC2Hs 

As in the case of diazomethane,  substituted furans reac t  with aliphatic diazo compounds to give pr imar i ly  
adducts involving the unsubstituted double bond of the furan r ing [21, 22, 26, 27]. Only in t ramolecular  react ions ,  
in which addition to the unsubstituted double bond is hindered for s te r ic  reasons ,  constitute an exception [37- 
39]: 

~CH2CH2COCHN 2 Cat. ~ o 

R =H ~ COOC2H 5 

The reac t ion  conditions have the p r imary  effect on the stability of the adducts formed in the react ions 
of diazo compounds with furans;  an increase  in the tempera ture  promotes  the format ion of an acyclic product 
[27]. In addition, the res i s t ance  to r ea r r angemen t  of the resul t ing bicycl ic  adduct depends on the electronic 
effect of the substituent in the 3 posit ionof the bicycl ic  system; e lec t ron-aceep tor  substituents increase  the 
res i s tance ,  while e lec t ron-donor  substituents decrease  it. Thus, whereas  furan in react ions  with ethyl diazo- 
acetate is capable of forming stable bicycl ic  adducts [27], 2 - te r t -buty l furan  and 2,5-dimethylfuran [22] reac t  
only with opening of the bicycl ic  sys tem.  However, in the ease of the react ion of ethyl diazoaeetate  with ~ -  
methylfuran,  of the two resul t ing i somer ic  bicycl ic  adducts, only the adduct containing a methyl group in the 
3 position undergoes r e a r r a n g e m e n t  [22]= 

TABLE 1. Yields of the Ketotriene (V) and Cyclopropane (VI) 
Products  in the Reactions of 2 -Alkewlfurans  with Aliphatic Diazo 
Compounds 

N2C(COOCHa)=/CuSO~, N2CHCOOC~HdCuSO4, 
N2CHCOCHJC4SO4, 100 ~ 100__130 ~ 80__130 ~ 

R R' 

H 
H 
CHa 

H 
CH~ 
CH~ 

V VI 

44 
32 

12 34 

V VI 

6,2 
11 6,7 

V VI 

6.4 52 
4 26 
47 29 
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C H 3 ~  N2CHCOOC2H5/Cu~, f /7--'~"'/--COOC2H5~cH3~o/. v J -t- ~ COOc2H5~.O/.CH 3 

CH3COCH=CHCH=CHCOOC2H 5 8"/* 

However, if an eleotTon-acoeptor group is found in the 3 position of the bicyclic system as a result of 
the reaction of a 2-substituted furan with earbene, this sort of rearrangement may not oeeur [22]: 

C H3OOC/~ N2CHCOOC2Hs/Cu~" CH3OOC~--~-C OO C2 H5 "O" 

10 ~ 

In react ions  with diazomethane both furan itself and 2-methy l -  and 2,5-dimethylfurans,  as we have already 
noted, fo rm stable bicycl ic  adducts that undergo r ea r r angemen t  only at t empera tu res  that considerably exceed 
the reac t ion  tempera ture .  However, furans that contain a s t ronger  ~ donor such as the cyclopropyl group in 
the 2 position reac t  to give doubly unsaturated ketones [33]: 

R = H, cyclopropyl 

The mechanism of the thez'mal i somer iza t ion  of bieycl ic  adducts to acyelic compounds was investigated 
in the ease of 2-oxabicyelo[3.1.0]hex-3-enes [40], during which it was assumed that the r ea r r angemen t  is a 
[2s § 2a + 2a]-concerted process  involving opening of the bieyel ic  system.  In conformity with the assumption 
of a concerted mechanism,  this sor t  of r e a r r angemen t  is not observed in the ease of photolytic react ions by 
virtue of the ru les  of al ternative prohibition [41]. The only exception is the react ion of furan with anthralidene 
generated photochemieally f rom diazoanthrone,  as a resul t  of which aldehyde VII is formed [42]: 

-I- hv O -- CHO 
- -  N z 

C~ 
VII 

This r ea r r angemen t  in all likelihood is due to the fact  that anthralidene reac t s  in the tr iplet  state, in which 
case the intermediately formed diradical  VIII is stabilized to a considerable degree by delocalization of one of 
the unpaired e lect rons  over  the conjugated aromat ic  sys tem,  as a consequence of which opening of the furan 
r ing occurs  more  rapidly than the format ion of a t h r e e - m e m b e r e d  ring: 

~ 0 ~ 0  ~- Vll 

VIII 

As compared with furan, thiophene and its der ivat ives  are  considerably less active in react ions  with 
aliphatic diazo compounds; this is in agreement  with the more strongly expressed aromat ic  charac te r  of the 
thiophene ring.  In contras t  to furan, thiophene and its der ivat ives  virtually do not fo rm products of opening 
of the thiophene ring. Thus the thermal ,  thermocata ly t ic ,  and photolytic reac t ions  of ethyl diazoacetate with 
thiophene and 2-methyl -  and 2,5-dimethylthiophenes lead to the format ion of stable cyclopropane adducts [19, 
20, 22, 43, 44]: 

R /~ R ,/~ S/~ N2CHCOOC2H5/~ ~Cat,lhv~.~ R/~,~S/~.R~/~COOC2H5 

6 - 33 ~ R=R' = H ICH 3 

The same thing is also observed in the case of diazomethane [17]. However, diazoacetone and diazo- 
malonate r eac t  with thiophene to give products of formal  inser t ion in the s - C -  H bonds of the thiophene r ing 
[19, 20, 35, 45]: 
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N/CRRI/CaE" ~. ~--~CHRR ~ 

R=H, R'=COCH~, 11% 
R~R'=COOCH~, 36% 

When rhodium acetate was used as the catalyst  in the reac t ion  of thiophene with dimethyl diazomalonate,  
it was .poss ib le  to lower  the react ion tempera ture  f rom 80~ to 20~ and to isolate stabIe sulfonium 
ylid IX, which upon heating underwent r ea r r angemen t  to a product of formal  insert ion of bis(methoxycarbonyl)-  
carbene in the c~ -C-H bond of the thiophene r ing [46]. On the basis of these resul ts  it has been assumed [461 
that this mechanism is also common to other react ions  of thiophenes with aiiphatic diazo compounds. 

N2C(COOCH3)2/Rh(OAc)2'2OO @ -- 8 0 ~  ~7-~CHCCOOCH3)2 

I_ C 
CH3OOC / \COOCH 3 

IX 

We have recent ly  observed the formation of stable ylids in the react ion of dimethyl diazomalonate with 
2-alkenylthiophenes that have a shielded double bond such as 2-isobutenylthiophene [47]: 

~ CH 3 N2CHCCOOCH3 )2 /RhCOAc )2 ~,.,..~ /CH3 

CH3OOC / \COOCH 3 
40~ 

Opening of the thiophene ring is observed only in the react ions  of thiophene with carbenes  generated 
f rom quinone diazide and diazoanthrone [48, 49]: 

N2 L x~_z/ 

O @ @ O  

As in the case of furan, the anomaly in the occur rence  of this react ion is evidently due to the tr iplet  state 
of the reac t ing  carbene and also to the effective resonance stabil ization of the intermediately formed diradicals .  

In contras t  to e s te r s  of pyromueic  acid, e s t e r s  of thiophenecarboxylic  acids do not reac t  with ethyI di-  
azoacetate under identical conditions [22]. In the ease of thionaphthenes the lower activity of the thiophene ring 
is manifested in the fact that adduets involving the benzenoid r ing are formed in up to 35% yields along with 
products  of addition to the double bond of the thiophene r ing in react ions  with ethyl diazoaeetate [50, 51]. It was 
recent ly  found [52] that a product of formal  inser t ion of e thoxycarbonylcarbene in the ~ - C -  H bond of the s tar t ing 
thionaphthene is also formed in addition to adducts involving the double bonds of thionaphthene in this reaction;  
r ea r r angemen t  of the cyclopropane adduct to give the insert ion product does not occur  under these conditions. 

Both products are  consequently obtained in parallel  react ions .  This conclusion has aIso been extended 
by Ernes t  and co-workers  [52] to other react ions  of thionaphthenes with diazo compounds. 
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- - ~ "  ~ C H 2 C O O C 2 H  5 

In contrast to furan and thiophenes, pyrroles  do not form stable bieycl ic  adducts in reactions with ali-  
phatic diazo compounds. The only products of these compounds are products of formal insertion of carbene 
in the C - H  bond of the pyrrole ring [53-58]: 

_ _  N2 cRsRI) ~ ~CHRIR  It 
I I R R 

R=H, CHa; R'=H, R"=COCHa, COOC2H~; R'=R"=COOCHa 

Until recently it was assumed that substituted pyrroles  in reactions with ethyl diazoacetate form only 
products of insertion in the C -  H bonds in the unsubstituted ~ positions of the pyrrole ring, while insertion 
in the C--H bonds in the fi positions occurs  only when substitaents are present in the 2 and 5 positions [55, 58]: 

C H 3 ~  cH3 N2CHCOOC2H,/Cato, ~ C H 3 ~ l  CC}4~ 2 CO O C2H 5 

R R 
CHICOOC2H G 

C H 3 ~ I  CH3 N2CHCOOC2Hs/CaL' A C H 3 ~ [  -CH a 

R R 
R:H~CH 3 

However, it was recently shown [57] that pyrrole and N-alkylpyrroles  in thermal and thermocatalyt ic  
reactions with ethyl diazoacetate always form products of insertion of ethoxycarbonylcarbene in both the a and 
fl positions: 

CHICOOC2H5 
/~N ~ N2CHCOOCzH'/Cat"t~' ~--~N~ c + ~ - ~  

H2COOC2H 5 
I I I R R R 

It was found that the regiose lect iv i ty  of the thermocatalytic  reaction in this case depends substantially 
on the nature of the catalyst; the ratio of the yie lds  of products of insertion in the a and/7 positions of the 
pyrrole ring when various catalysts are used may range from 1.5 to 16.9, while their overal l  yield ranges from 
20 to 50%. 

Electron-aeceptor  C substituents of the pyrrole ring do not affect either the direction of the reaction or 
the yields of final products [53]: 

(CH3)2CH ~ N2C H COOC2H5/Cat, 
"N" COOCH 3- H 

C2H5OOC 
3 H ~ C  N2CHCOOC2H5 

CH H 3- -N 2 

(CH3)2CHA~-- ~ 

C2HsOOCCH2 "~'l" COOCH3 
59~  

46~ 
However, when there is an e lectron-acceptor  substituent attached to the nitrogen atom, bicycl ic  and tr i -  

cyc l ic  adducts - products of addition, respect ive ly ,  of one and two carbene fragments to the double bonds of 
the pyrrole r i n g -  are formed in low yields [59]: 

I I I 
C O O C H  3 C O O C H  3 C O O C H 3  

14 ~ 5 ~ 
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This anomaly in the course  of the reac t ion  is associated with the fact that the e lec t ron-accep tor  sub- 
stituent attached to the nitrogen atom dearomat izes  the conjugated v sys tem of the pyrro le  r ing,  as a resul t  
of which this sor t  of pyrrole  r eac t s  like an ordinary diene. 

Up until now, the difference in the behavior  of pyrro les  in react ions  with aliphatie diazo compounds f rom 
that of other f i ve -membered  he te rocyc les  has been explained by the fact that the initial product in these r e -  
actions is a bicyel ie  adduct, which in the course  of the react ion undergoes r e a r r a n g e m e n t  via two nonequivalent 
pathways [4]: 

:CRR I R II i I I  

I ~ C H R  R 
R 

I 
R 

However, in our opinion, the assumption of the intermediate format ion of a bicycl ic  adduct in these r e -  
actions is not necessary .  It is known that singlet carbenes have a f ree p orbital  and display weak electrophil ic  
proper t ies  in their  reac t ions .  In addition, pyrro le  is one of the s t rongest  a romat ic  nucleophiles, inasmuch 
as it r eac t s  with the bromine cation 5 �9 106 t imes  fas te r  than furan, 6 �9 108 t imes  fas te r  than thiophene, and 
3 �9 1018 t imes  fas te r  than benzene [60]. In addition, it is known that indole is capable of forming cha rge - t r ans fe r  
complexes (CTC) with e lec t ron-accep tor  reagents  such as iodine, t r ini t robenzene,  etc. [61]. All of this makes 
it possible to assume that the inser t ion of singlet carbenes in the C -  H bond of pyrrole  occurs  through initial 
attack on the vacant p orbital  of carbene by the ~ sys tem of pyrrole .  This attack is accompanied by localization 
of the e lec t ron  pair on the resul t ing p y r r o l e - c a r b e n e  C - C  bond and the format ion of a t ransi t ion state (or, 
possibly,  a metastable  (r complex), as in the case of electrophil ic  a romat ic  substitution react ions  with subse-  
quent (and, possibly,  synchronous) migrat ion of a proton to the nonbonding a pair  of carbene: 

H H H 

Indoles reac t  with aliphatic diazo compounds in the same way as pyr ro les ,  except that insert ion takes 
place pr imar i ly  in the 3 position of the indole r ing [62-66] ra ther  than in the 2 position, as in the case of 
pyr ro les .  Inser t ion in the 2 position of iadole occurs  only when substituents are present  in the 3 position [66]: 

[ ~  N;'CHCOOC2H5/CuX 
X :C11Br~CN 

H 

~ H  CH3 N2CHCOOC2H$/CuSO4 

~ C H 2 C O O C 2 H 5  

H 
30 - 45 ~ 

[ ~  CH3 

CH2COOC2H 5 H 

This change in the reac t ion  pathway is in agreement  with the mechanism proposed above, since it is 
known that e lect rophi l ic  substitution react ions  in indoles take place pr imar i ly  in the 3 position of the indole 
r ing  [67]. Inasmuch as it is a weak electrophile,  earbene displays grea te r  select ivi ty than other electrophiles .  
This is expressed  in the fact that in react ions  with indoles insert ion takes place in a single direction.  Another 
piece of evidence in favor of the proposed mechanism is the fact  that 2,3-dimethylindote proved to be inert 
under the same conditions for which indole reacted  with ethyl diazoacetate to give an inser t ion product [62], 
although in the case of rea l iza t ion  of a mechanism that assumed initial addition of carbene to the double bond 
of pyrro le  one should have expected the format ion of a stable bicycl ic  adduct. 

R e a c t i o n  o f  F i v e - M e m b e r e d  H e t e r o c y c l e s  w i t h  

H a l o c a r b e n e s  

As compared with other carbenes ,  probably the grea tes t  number of methods of prepara t ion have been 
proposed for  halocarbenes;  the fo rma t iono f f r ee  carbenes in most cases  can be regarded  as proved [68]. How- 
ever ,  the method of generat ion often has a substantial  effect on both the pathway and the s t ruc tu res  and yields 
of the final products  by virtue of the ambiguity of the react ion and the possibil i ty of the occur rence  of fur ther  
t r ans fo rmat ions  of the initially formed adducts, par t icular ly  in s trongly bas ic  media. 

551 



F u r a n  and methyl furans  r e a c t  with d ich lorocarbene  to give products  of addition to the double bond of 
the furan  r ing,  which, however ,  were  not isolated,  s ince at the instant  they were  fo rmed  they underwent r e -  
a r r a n g e m e n t  to dichloro de r iva t ives  of 2H-pyran  [69, 70]. The la t ter ,  like 3 - c h l o r o - 2 H - p y r a n s ,  upon heat ing 
undergo i somer i za t i on  with r ing  opening to give doubly unsatura ted  chloro aldehydes (or ketones):  

. ~ . ~  CI Cl 
CI 

:CC'2 / ~ . _ ~ C ,  S R R CI R 
CI - - - ~  CI 

R=H~CH3 H3C~ ~ NCH 3 

X 

The m e c h a n i s m  of the fo rmat ion  of monochlorodienone X in this  r eac t ion  is unclear .  

Only e the r s  of 3 - c h l o r o c h r o m e n e -  products  of hydro lys i s  of the init ially fo rmed  2 , 3 - d i c h l o r o - 2 - c h r o -  
m e n e -  were  isolated in the r eac t ions  of d ich lorocarbene  with coumarone  [71-73]: 

c ~ c  H 2 r ~ / ~  K c, 
, , , ,  

In con t ras t  to the reac t ions  of furan  and its analogs,  ve ry  l i t t le  study has been devoted to the reac t ion  
of thiophene with dihaloearbeneso It is known only that  the thiophene r ing  is more  inert  with r e spec t  to di-  
ha loea rbenes  than the furan  r ing  [73]. 

The r eac t i on  of py r ro l e  with ha loca rbenes  p roeeeds  with expansion of the pyr ro le  r ing and the fo rmat ion  
of pyridine de r iva t ives .  Thus in 1881 it was  obse rved  that  py r ro l e  under alkaline conditions r e a c t s  with ch loro-  
f o r m  to give 3 -ch loropyr id ine  in low yield [74]. Since it was l a t e r  es tabl i shed that the alkaline hydro lys i s  of 
ch lo ro fo rm proeeeds  through the fo rma t ion  of d ich loroearbene  [75], it was assumed  [2] that the r eac t ion  p ro -  
eeeds through an in te rmedia te  unstable b ieyel ie  adduct of d ieh lorocarbene  with the double bond of the pyr ro le  
r ing,  which under the reac t ion  conditions undergoes  r e a r r a n g e m e n t  with spl i t t ing out of HC1 to give 3 -ch lo ro -  
pyridine:  

E :'I c TM :COl 2 

H 

Ouinoline with a labeled earbon atom in the 3 position of the quinoline system is formed in the reaction 
of indole with b r o m o c a r b e n e  with a labeled carbon a tom [76], and this  s e r v e s  as a conf i rmat ion  of the proposed 
mechan ism:  

CH2Br 2 Jr CH3LI '- :CHBr + CH 4 + LiBr 

:CHBr ~ H 
B -HBr 

H 

This r eac t ion  was subsequent ly  extended to a number  of other  ha locarbenes ,  and both pyr ro le  i tself  
and var ious  meta l  de r iva t ives  of py r ro l e  we re  used as the acceptor  [77-81] (see Table 2). The effect  of the 
method of genera t ion  of the  ha loca rbenes  on the yie lds  of final products  was also studied [82] (see Table  2). 
The yie lds  of 3-subs t i tu ted  pyr id ines  in the case  of genera t ion  of the ha loca rbenes  under alkaline conditions 
r ema ined  low (-< 32%). 2 - F o r m y l p y r r o l e s  we re  also fo rmed  in some cases  in addition to 3-ha lopyr id ines  in 
the ease  of genera t ion  of d iha locarbenes  under the conditions of the R e i m e r - T i e m a n n  reac t ion  (by heating 
solutions of the p y r r o l e s  in ch lo ro fo rm with aqueous alkali  at 65-70~ [83, 84]. It is apparent  f r o m  Table 2 
that  the highest  yield of 2 -ch loropyr id ine  was obtained in the g a s - p h a s e  r eac t ion  of py r ro le  with d ich lorocarbene  
genera ted by pyro lys i s  of ch lo ro fo rm at 550~ 2-ch loropyr id ine  was isolated in 2-5% yield in addition to 3- 
chloropyr idine  [79]. The yie lds  of 3 -ch loropyr id ine  and 2-ch loropyr id ine  were  inc reased  f r o m  33% to 58% 
and f r o m  5% to 28%, r e spec t ive ly ,  by p r io r  heating of the ch lo ro fo rm introduced into the reac t ion  to 250~ [80]. 
In the opinion of Bu rke r  and c o - w o r k e r s  [80], the format ion  of 2 -ch loropyr id ine  may be the r e su l t  of initial 
at tack of d ich lo roca rbene  on the ni t rogen a tom or the a - c a r b o n  a tom of the s t a r t ing  py r ro le .  However,  s ince 
2 ,5 -d ime thy lpy r ro l e  f o r m s  only 2 ,6 -d ime thy l -3 -ch lo ropyr id ine  (with the complete  absence  of 2 - ch lo ro -3 ,6 -  
dimethylpyridine in the products)  under these  conditions,  Bu rke r  and c o - w o r k e r s  [80] excluded the possibi l i ty  
of initial a t tack on d ich lo rocarbene  by the ni t rogen a tom of the py r ro l e  r ing.  
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T A B L E  2. Y i e l d s  of 3 - S u b s t i t u t e d  P y r i d i n e s  in the  R e a c t i o n  

CY ~ :____CXY . + MX 

I 1'4 

~itera- 
M X Y Source of carbene: CXY Yield,% ture 

H 
H 
Li 
Li 
Li 
Li 
Li 
Na 
Na 
Na 
K 
K 

CI 
CI 
CI 
Br 
C1 
I 
CI 
C1 
Br 
I 
CI 
Br 

C1 
Cl 
CI. 
Br 

C1 
Br 

CClzCOONa (80 ~ 
CHCIa (550i) 
CHCla 
CHBra 
CHPhCI= J 
CH2I~ 
CH2C12 
CHCla [ 
CHBr~3 
CHBrC12 
CHCI~ 
CHBra J 

The alkaline agent in 
all cases was the 
correspoading 
N-pyrrylm etal 

3 7 

12 
8,6 
1,a 

32 
1,6 
0.5 
0,5 
7,2 

10 

82 
81 
78 
78 
78 
78 
=79 
78 
78 
78 
78 
78 

CH3"~H CH3 CHCh/~50C Hf"~:'H~ 
In our  op in ion ,  the  f o r m a t i o n  of 2 - c h l o r o p y r i d i n e  f r o m  u n s u b s t i t u t e d  p y r r o l e ,  as  in the f o r m a t i o n  of 3-  

c h l o r o p y r i d i n e ,  t a k e s  p l a c e  v i a  i n i t i a l  a d d i t i o n  of d i c h l o r o c a r b e n e  to  the  double  bond of the  p y r r o l e  r i n g  to give 
b i c y c l i c  adduc t  XI,  wh ich  u n d e r g o e s  f u r t h e r  r e a r r a n g e m e n t  not only  wi th  r i n g  e x p a n s i o n  but a l so  wi th  open ing  
of the  b i c y c l i c  s y s t e m  to g ive  a doub ly  u n s a t u r a t e d  imine ;  the  l a t t e r  t hen  u n d e r g o e s  va l e nc e  i s o m e r i z a t i o n  to 
g ive  1 , 2 - d i h y d r o - 2 , 2 - d i c h l o r o p y r i d i n e ,  which  s p l i t s  out  HCI to  give 2 - e h l o r o p y r i d i n e :  

A s i m i l a r  r e a r r a n g e m e n t  was  s i m i l a r l y  o b s e r v e d  in the  2 - a z a b i c y e l o [ 3 . 1 . 0 ] h e x a n e  s e r i e s ,  and a m e c h -  
a n i s m  w a s  p r o p o s e d  fo r  i t  on the  b a s i s  of a s tudy  of the  b e h a v i o r  of d e u t e r i u m - l a b e l e d  s a m p l e s  [61]: 

285~ . ~ D 

D 
i I 
COOCH 3 COOCH3 

It  w a s  r e c e n t l y  shown [85] tha t  indole  r e a c t s  w i th  c h l o r o f o r m  under  s i m i l a r  cond i t ions  to g ive  2 - c h l o r o -  
qu ino l ine  in l e s s  t han  2% y i e l d  v i s - a - v i s  3 - c h l o r o q u i n o l i n e  in 38% y i e l d .  Such a low y i e l d  of 2 - c h t o r o q u i n o l i n e  
is  e x p l a i n e d  f r o m  the  a s s u m p t i o n s  of the  p r o p o s e d  m e c h a n i s m  by the  f ac t  tha t  d i s r u p t i o n  of the  a r o m a t i c  s y s t e m  
of the  b e n z e n e  r i n g  is  n e c e s s a r y  in th i s  c a s e  fo r  i t s  f o r m a t i o n :  

~ 3  CHCI3/555~ 

H 

N e i t h e r  2-  nor  3 - m e t h y l i n d o l e s  f o r m  2 - c h l o r o q u i n o l i n e  d e r i v a t i v e s  at  a l l  in th i s  r e a c t i o n ,  w h e r e a s  the  
c o r r e s p o n d i n g  3 - c h l o r o q u i n o l i n e s  w e r e  ob t a ined  in 40-55% y i e l d s  [85]. 

In c o n t r a s t  to p y r r o l e  i t s e l f ,  m e t h y l p y r r o l e s  in l i q u i d - p h a s e  r e a c t i o n s  wi th  d i h a l o c a r b e n e s  f o r m  not only 
3 - h a l o p y r i d i n e s  but  a l so  2 - d i h a l o m e t h y l p y r r o l e n i n e  d e r i v a t i v e s  [82, 86]. It i s  a p p a r e n t  f r o m  T a b l e  3 t ha t  the  
r e a c t i o n  to  f a v o r  the  f o r m a t i o n  of one o r  the  o t h e r  p r o d u c t  in th i s  c a s e  d e p e n d s  s u b s t a n t i a l l y  on the  cond i t ions  
unde r  which  the  d i h a l o c a r b e n e  is  g e n e r a t e d  [86]. 
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TABLE 3. Compositions of the Reaction Products  

N I 
I i '  i i 

R / ~ A ~  ! ~' ~, . CCI2 CHCl 2 
R / ~N" "R R" "N ~ "R 

' H R ~ " N  / "R 

CH3 
CH3 
CHz 
CHz 
Ph 
Ph 

R' 

CHz 
CHa 
CH3 
CH3 

Yield of 3- Yield of 2-di- 
Source of the dichlorocarbene chloropyridine chloromethyl- 

% pyrrolenine, 
% 

CHCla + C2H~ONa 
CCI~COONa (80 ~ 
CHCI~+C~HsCOONa 
CCI~COONa (80 ~ 
CHCIs+ C~HsONa 
CCIaCOONa (80 ~ 

9 
70 
5 

55 
1 

90 

6 
0 

12 
0 
8 
0 

It is apparent f rom Table 3 that alkaline media substituted pyr ro les  give both pyrrolenines and 3 -ch lo ro -  
pyridines but in low yields,  whereas  in neutral media pyridines are formed in high yields,  while pyrrolenines  
are  not obtained at all. Although it is known that 2-halomethylpyrrolenines  can undergo r ea r r angemen t  to 3- 
halopyridines under alkaline conditions [87], it is extremely unlikely that this r ea r r angemen t  takes place in 
neutral media [76, 86, 88]. The absence of pyrrolenines in neutral media is probably associated with the fact 
that pyridines are formed in these react ions  as a resul t  of the addition of dihalocarbene to the neutral pyrrole  
molecule,  whereas  pyrrolenines  are the resul t  of electrophil ic attack of dichloroearbene on the pyrry l  anions, 
which in alkaline media  are  in equil ibrium with the s tar t ing pyrrole:  

R I R' I- R' R' -1 , R' 

R" "H N~ -R - ~ - ~  R Cl _HCl = R / ~ N / ' R  

C2H57-1 l H+' FR' R' ~ R' R' 
R / ~  :CC'2 / ~ ( / C C , ; . /  H+ I ~ / C H C ,  2 

""" ~ L ~ ' ~ " ' ' "  _1 " ~ " " "  -R 

The low yields of the products of these react ions when they are  car r ied  out in alkaline media are due to 
paral lel  solvolysis  of the generated dichlorocarbene [86]-" 

HZO 
:CCI2 OH- ~ CO + HCO~ 

Alkylindoles reac t  with dihalocarbenes in the same way as pyrro les ,  except that 3-dichloromethyl indolen-  
ines are formed instead of the 2-dichloromethylpyrrolenines  that are formed in the case of pyr ro les  [89-91]. 
Electrophil ic  attack of the carbene in the 3 position of the indole a romat ic  sys tem is evidently preferable  on 
passing f rom pyrrole  to indole; according to the resul ts  of quantum-chemical  calculations [92], this is due to 
the higher energy of local izat ion of the e lectron pair  on the newly formed bond in the 2 position of indole than 
in the 3 position, whereas  the situation is the opposite in the case of pyrrole :  

' ~ i  "CCI2 j" 

H 

- - - ~ i  :CCI2 " 

R 

N.~<R -c, j "'- H C, 

R -I CHCl2 

As in the case of a lkylpyrro les ,  the react ion to favor the format ion of der ivat ives  of 3-haloquinolines or 
3-halomethylindolenines depends substantially on the conditions under which the dihaloearbenes are  generated 
(see Table 4) [90]. 

Fo r  the format ion  of 3-dihalomethylindolenines in the react ion of dihalocarbenes with iadoles the presence  
of an alkyl substituent in the 2 position of the s tar t ing indole is necessary  in addition to a strongly bas ic  r e -  
action medium. In fact,  despite numerous attempts,  diehloromethylindoleneines have not yet  been identified 
in the react ion of indole and 3-methylindole with dichlorocarbene under alkaline conditions [90]; according to 
[91], this is explained by the following scheme for the format ion of indolenines: 
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TABLE 4. Composi t ions  of the Reac t ion  P roduc t s  

CH3 CH 3 

H R --c/ " N "  ~R 

Yield of Yield of indo- 
x R Source of dichlorocarbene quinoline, % lenine, % 

C1 
C1 
C1 
CI 
Br 
Br 
F 

H 
CHe 
CH,a 
CH~ 
CH3 
CH~ 
CH,~ 

CClaCOOC2H6 + CHaONa 
CCIaCOOC2Hs + CH~ONa 
CHCIa+C2HsONa 
CCI3COONa (80 ~ 
CHBr3+C2HsONa 
CBr3COONa (80 ~ 
CC1F2COONa (80 ~ 

6,3 
9,6 

11,3 
24 
8,8 

20,8 
0 

0 
4,6 

13,1 
9,2 
6,9 
3,2 
6,4 

. ~ . ,  R n R n _ R II 
r~ . . . . .  B ~ I [ ; - - ~  . . . .  

H -- H 

R u ~CCl21 R u 

H 

This  p r inc ip le  is evident ly  a lso  extendable  to the p y r r o l e  s e r i e s .  Thus in the ease  of p y r r o l e s  the p r e s -  
ence of an alkyl  subs t i tuent  in the 2 pos i t ion  of the p y r r o l e  r i ng  is a lso  n e c e s s a r y  for  the fo rma t ion  of d i ch lo ro -  
m e t h y l p y r r o l e n i n e s  in the r e a c t i o n  with d iha loca rbenes .  In fact ,  in c o n t r a s t  to 2 , 5 - d i a l k y l p y r r o i e s ,  p y r r o l e  

i t se l f  and 3 , 4 - d i m e t h y l p y r r o l e  do not f o r m  d e r i v a t i v e s  of d i c h l o r o m e t h y l p y r r o l e n i n e s  in the r eac t i on  with d i -  

c h l o r o c a r b e n e  in a lka l ine  media .  However,  in our opinion, the m e c h a n i s m  proposed  in [91] to explain this  
p r inc ip le  has  not been  adequate ly  subs tan t ia ted .  Thus,  on the one hand, th is  m e c h a n i s m  a s s u m e s  t r a n s f e r  of 
a proton f r o m  the ~ - a l k y l  group of indole to the n i t rogen a tom of the indolyl  anion, which is unlikely cons ider ing  
the c o n s i d e r a b l y  more  "ac id ic"  c h a r a c t e r  of the indole N -  H bond as compared  with the a l ly l  C -  H bond. On 
the other  hand, it is known that  under the condit ions of the  R e i m e r - T i e m a n n  r e a c t i o n  (heating a mix ture  of 
c h l o r o f o r m  and the s u b s t r a t e  with aqueous a lkal i  at 65-70~ both p y r r o l e  [84] and indole [82, 92] f o r m  2 - p y r r y l -  
and 3 - t ndo l eny l ca rba ldehydes ,  r e s p e c t i v e l y ,  in addit ion to 3 - c h l o r o p y r i d i n e  and 3-ch loroquino l ine .  

In addit ion,  it is known that  me thy l - subs t i t u t ed  phenols under the s ame  condit ions fo rm d ich lo rome thy t -  
phenols (the s o - c a l l e d  anomalous  R e i m e r - T i e m a n n  reac t ion)  in addi t ion to a ldehydes  [93]: 

OH OH o 

CH 3 CH 3 C HCI 2 

On the b a s i s  of these  fac ts  i t  is na tura l  to a s sume  tha t  the r e a c t i o n s  of me thy l - subs t i t u t ed  p y r r o l e s  and 
indoles  and the r e a c t i o n s  of me thy l - subs t i t u t ed  phenols have s i m i l a r  m e c h a n i s m s  and that  the carbonyl  and 
d i ch lo rome thy l  d e r i v a t i v e s  in these  r e a c t i o n s  a r e  fo rmed  through common i n t e r m e d i a t e  XII: 

R ~ ~N"  "R R=CH 3 CH 3 " N "  "CH 3 

H Xl-I C I -  1 R = H 
y 

+",~ . C- c.o 
N 

The fo rma t ion  of 2 , 5 - d i m e t h y l p y r r o I e - 3 - e a r b a l d e h y d e  in the r e a c t i o n  of 2 , 5 - d i m e t h y l p y r r o l e  with d i eh lo ro -  
ca rbene  genera ted  by a lka l ine  so lvo lys i s  of eh l o r o f o r m  is an addi t ional  conf i rmat ion  of th is  [82]: 

7 5 .  F U  + 2 -;ccHc'  c.o 
CH 3 "HN" CH 3 C~3"~NC"~'CH 3 e l l  3 "N" "CH 3 4- �9 CH CH 3 

1,2,3-Trimethylindole reacts with dihalooarbenes in neutral media to give exetusivety 3-hato-1,4-dimethyl- 
2- methyle he- 1,2-dihydroq uinotine [90]: 
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~ 1  cH3 CX3COONQ/~_ 

CH3 ..... 

CH 3 

X=Cl lBP 

] ~ CH3 ] 
CH 3 X ' l  

x- 
CH 3 

CH3 J L OH3 J 

CH 3 / 

~N" ~CH z 

CH 3 
5 8 ~176 

Only 1 ,3-dimethyl -2-methylene-3-dichloroindolenine  is formed,  on the other hand, under conditions of 
alkaline generation of carbene [90]. The role  of the base in this case reduces  to transfer of a proton from the 
a - m e t h y l  group to the negatively charged dichloromethyl  group: 

+ ~ CH 3 c" ,  + .  . 

+ " ~L.~../~.~ N .I~:~ C H 2 " CH 3 - H  ~ "N" "CH 2 
I I 

CH 3 CH 3 CH 3 

Imidazoles  and pyrazoles  react  with dichlorocarbene under neutral conditions via the same pathways as 
pyrroles ,  and the presence of C = C  and C = N  bonds in these sys tems  leads to halo derivat ives  of the correspond- 
ing heterocycles .  Thus the reaction of imidazoles  with dichloroearbene obtained by pyrolys i s  of chloroform 
at 550~ gives a mixture of 5-chloropyrimidine and 2-chloropyrazine  in a ratio of 10 : 1 [94], which indicates 
greater activity with respect  to dichlorocarbene of the C = C  bond as compared with the N - - C  bond: 

N 1 
c.o_,3I 5o ~ . 3 0 .  

3 ~ 

2,4,5-Trimethylimidazole reacts  with diehlorocarbene under both alkaline and neutral eonditions only at 
the C = C  bond to give 2,4,6-trimethyl-5-ehloropyrimidine [95]: 

r CH 3 -I 
C H3N)';--, N CHCl /555 ~ Cl N 

6-12 "1, 

At the same time, pyrazole  and C-methylpyrazoles  react  with dichlorocarbene in the gas phase exclu- 
s ive ly  at the N --C bond to give derivat ives  of 2-ehloropyrimidines  [96]: 

I ' D RII ' 

R R , I~N~L.. .. CHC.13/555 o R N 

R Cl 
H 

3 ,5 -D imethy l - l , 2 , 4 - t r iaz o l e  reacts  with diehlorocarbene to give t r i s ( 3 , 5 - d i m e t h y l - l , 2 , 4 - t r i a z o l - l - y l ) -  
methane, which is formed through the N - d i c h l o r o m e t h y l t r i a z o l e -  the product of insert ion of dichlorocarbene 
in the N -  H bond [95]: 

:cr  2 r  

CH 3 N / "~"C H 
XI I I  C H C I 2  C H 3  / 3  

Thus the primary pathway of the reaction of halocarbenes with f i ve -membered  heteroeycles  is addition 
to the double bond of the heterocyc l ic  ring, which leads to the formation of b icye l ic  adducts. Such adducts 
are usually unstable and undergo rearrangement with ring expansion during the reaction.  In the case  of furan 
derivat ives  the rearrangement gives  compounds of the pyran s er i e s ,  which, in turn, in the case of gentle heating 
(often even under the reaction conditions) undergo valence i somer izat ion  with opening of the heterocyc l ic  s y s -  
tem to give unsaturated earbonyl compounds, Stable pyridine derivat ives  are formed as a result  of this r e -  
arrangement in the case of nitrogen-containing heterocyc les .  It should be noted that the reactions of pyrrole 
derivat ives  with dihaloearbenes generated in alkaline media lead not only to r ing-expansion products but may 
also take place with retention of the pyrrole ring and the formation of formyl  and dichloromethyl  derivatives  
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of pyrro le  due to the par t ic ipat ion in the reac t ion  of the pyr ry l  anion, which exists in equil ibrium with the 
s tar t ing pyrro le  in alkaline media. 

l ~ e a c t i o n  of S i x - M e m b e r e d  H e t e r o c y e l e s  w i t h  C a r b e n e s  

f r o m  D i a z o  C o m p o u n d s  

In contras t  to f i ve -membered  a romat ic  he te rocyc les ,  as well as benzene derivat ives,  pyridine in react ions  
with carbenes does not f o r m  products  of addition of the carbene f ragment  to the double bond of the a romat ic  
ring. Thus it r eac t s  with diazomethane and ethyl diazoacetate  under conditions of photochemical decomposi t ion 
of the lat ter  to give exclusively products  of insert ion of the carbene f ragment  in the a - C -  H bond [97, 98]: 

O __ C H2N21W~ ~ I~.'~/CH 3 
83~ 

2 N2CHCOOC2H 5/h~@)~ ~ / ~  

O C2H5OOCCH2 " ~-N ~ ~CH2COOC2H 5 

On the one hand, this may be associated with the more  strongly expressed a romat ic  charac te r  of pyridines 
as compared with f i ve -membered  he te rocyc les .  On the other hand, the absence in the react ion mixture of fi - 
and y - i n s e r t i o n  products  led to the conclusion [97] that this react ion proceeds through initial attack of the 
carbene on the nitrogen atom of pyridine to give an unstable ylid, which undergoes r ea r r angemen t  under the 
react ion conditions to a -p ico l ine :  

0 ,- 
The real i ty  of this mechan i sm is confirmed by the fact  of the format ion of a stable ylid in the react ion 

of isoquinoline with ethyl d iazoaceta te  [99]: 

N2cHc~176 

-N2 ~H2COOC2H5 

Other reactions of pyridine derivatives with carbenes such as the reduction of N-oxides of pyridines 
[100, 101] and the formation of ethers in the reaction of 2-pyridone with ethyl diazoacetate [102, 103] also evi- 
dearly have an ylid mechanism:  

NzCHCOOC2HJA j, ~ N - - O C  HC OOC2H 5 ~ ~N+CHOCOOC2H 5 

The the rmal  reac t ion  of 4-azaf luorene  with ethyl diazoacetate  leads to XIV, which is evidently formed 
as a resu l t  of initial addition of carbene to the double bond of the pyridine r ing with subsequent r ing expansion 
and dehydrogenation, the mechan i sm of which, however,  is unclear [104]: 

N2CHCOOC2Hs/13OO ~ C O O C 2 H ~  
-kl 2 

XIV 

P y r r y l i u m  cations r eac t  with ethyl diazoacetate  to give derivat ives  of 4 -methy lene-4H-pyrans ,  which 
are  probably formed via a noacarbene mechanism,  viz., as a resul t  of nucleophilic attack of the ethyl diazo-  
acetate molecule in the 4 posit ion of the s tar t ing cation with subsequent splitting out of nitrogen and the fo rma-  
tion of a double bond [105]: 

. 
. N~-N CHCOOC2H 5 

--COOC2H 5 
~ N2CHCOOC'HB/L 

Ph" "O / "Ph |Ph ~ ~O ~ "" Ph Ph Ph 
c,o7 L tic; xv 

8-14 ~ 

The same compounds, however ,  are  formed in reac t ions  of ethyl diazoacetate  with pyran-4- th iones  via 
a completely different mechan i sm (through direct  attack of carbene on the C = S bond) [105]: 
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Sj~C OOC2H5 
( N2CH COOC2Hs/CuSO4 i'" I XV 

The examined data  show that  the r eac t ions  of h e t e r o a r o m a t i c  compounds with ea rbenes  differ  substant ia l ly  
f r o m  the r eac t i ons  of the i r  benzenoid analogs.  Thus, in pa r t i cu la r ,  as a consequence of the l ess  s t rongly  ex-  
p r e s sed  a roma t i c  c h a r a c t e r  of the double bonds, h e t e r o a r o m a t i c  compounds,  in con t ras t  to benzenoid com-  
pounds, a re  capable of r eac t ing  with ca rbenes  that  have low e lec t rophi l ic i ty .  The adducts fo rmed  in these  r e -  
actions a re  unstable and readi ly  undergo r e a r r a n g e m e n t  with r ing expansion,  which s o m e t i m e s  leads to a new 
a roma t i c  he te rocyc le .  In addition to th is ,  r e a r r a n g e m e n t s  with opening of the b icycl ic  s y s t e m  and the f o r m a -  
tion of functionally subst i tuted polyenes - r e a r r a n g e m e n t s  that v i r tual ly  do not occur  in the a roma t i c  s e r i e s -  
a re  c h a r a c t e r i s t i c  for  adducts of a number  of he te rocyc l i c  compounds.  Moreove r ,  the he t e roa tom in the h e r e to -  
r ing  not only has an indirect  effect  on the reac t iv i ty  of the deuble bond in this compound but i tself  may s e rve  
as the r eac t ion  center  to which the at tack of the carbene  is d i rec ted ,  as a r e su l t  of which ylids a re  fo rmed .  In 
addition, according to the exis t ing ideas [10], this  pathway should preva i l  if the he t e roa tom contains a f r ee  pair  
of e lec t rons .  Such ylids may be sufficiently s table  for  isolat ion in f r ee  fo rm.  However,  if they are  unstable,  
the i r  in te rmedia te  fo rma t ion  neve r the le s s  has a substant ia l  effect  on the reac t iv i ty  of this he te rocye le  in r e -  
actions with ca rbenes  and on the d i rec t ion  of these  reac t ions ,  which also makes  the reac t ions  of ca rbenes  with 
he te rocyc l i c  compounds fundamental ly  d i f ferent  f r o m  the reac t ions  with the i r  benzoid analogs.  All of these  
chemical  pecu l ia r i t i es  open up g rea t  synthet ic  poss ib i l i t ies  of the r eac t ions  of he te rocyc l i c  compounds with 
ca rbenes  and make the i r  fu r the r  study p r o m i s i n g  f r o m  both a theore t ica l  and synthet ic  point of view. 
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K I N E T I C S  OF O P E N I N G  OF T H E  R I N G  OF 5 - A R Y L - 2 , 3 -  

D I H Y D R O F U R A N - 2 , 3 - D I O N E S  U N D E R  T H E  I N F L U E N C E  

OF M E T H A N O L *  

Y u .  S.  A n d r e i c h i k o v ,  Y u .  A .  N a l i m o v a ,  
M.  I .  V a k h r i n ,  S.  P .  T e n d r y a k o v a ,  
a n d  A.  P .  K o z l o v  

UDC 547.724:542.92 + 
541.127 

The kinetics of the opening of the ring of 5 -a ry l -2 ,3 -d ihydrofuran-2 ,3 -d iones  under the influ- 
ence of methanol,  which leads to the format ion of methyl e s t e r s  of aroylpyruvic  acids, were  
studied by PMR spect roscopy.  A mechanism is proposed for the react ion.  

It is known that the furan r ing of 5 -a ry l -2 ,3 -d ihydrofuran-2 ,3 -d iones  [1] is readi ly  opened under the in- 
f luence of nucleophilie reagents .  Thus lower aliphatic alcohols r eac t  with [ to give e s t e r s  of aroylpyruvic  acids 
when the r eac t ion  mix tures  are  heated at 60-70 ~ for  3 rain [2]. The react ion of I with amines,  hydrazines ,  
and hydroxylamines  is used as a method for the prepara t ion  of the corresponding der iva t ives  of aroylpyruvic  
acids [3]. 

* Communicat ion 26 f rom the s e r i e s  "Chemis t ry  of oxalyl der iva t ives  of methyl ketones ."  See [1] for  Commu- 
nication 25. 
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