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The  types  of compounds obtainable f r o m  ace ty lenemono-  and aec ty lenediearboxyl ic  e s t e r s  with 
a va r i e t y  of pyr id ines  a r e  rev iewed.  The s t r u c t u r e s  p rev ious ly  proposed  fo r  a number  of p rod-  
ucts f o r m e d  f r o m  2-methylquinol ines  and th iazoles  have been r ev i sed  on the bas is  of x - r a y  
diffract ion s tudies .  Mechanisms  accounting for  the production of the  var ious  compounds a r e  
cons idered .  

Diels and Alder  w e r e  the f i r s t  [1] to invest igate  reac t ions  between he t e rocyc le s  and acetylene  der iva t ives .  
During 1929-1940 they examined the products  obtained f rom acety lenedicarboxyl ic  acid, and its dimethyl  e s t e r  
which often behaved differently,  with a number  of he t e rocyc l e s .  Complex mix tu res  were  often produced,  and 
as separa t ion  depended en t i re ly  on rec rys ta l l i za t ion ,  and s t ruc tu ra l  elucidation on chemica l  degradation,  it is 
r e m a r k a b l e  what p r o g r e s s  was made .  The ea r ly  exper imenta l  work  is of high quali ty and is reproducible .  
In t e re s t  in this  genera l  a r e a  of study lapsed f rom 1940 until 1954, when in te res t  began to rev ive  [2]; the f i r s t  
rev iew appea red  in 1963 [3], and s ince then v e r y  many publications concerning additions of ace ty lenes  to h e t e ro -  
cyc les  have appeared .  A comprehens ive  review is being p r e p a r e d  [4] and the p re sen t  account concerns  mainly  
work  c a r r i e d  out in Oxford with re la t ive ly  s imple  ni t rogen-conta ining he te rocyc l ic  compounds.  

By f a r  the mos t  popular  e lec t rophi l ic  acetylene fo r  these  react ions  is dimethyl  ace ty lenedicarboxyla te  
(DMAD)~ Dicyanoacetylene is much m o r e  r eac t i ve  but is difficult to obtain [5]; d iace ty lace ty lene  (3-hexyn-  
2, 5-dione) has  been li t t le invest igated because  no sa t i s f ac to ry  p repara t ion  is avai lable  [6]; and dibenzoyl-  
ace ty lene  appea r s  to be re la t ive ly  unreac t ive  [7], poss ib ly  because  of s t e r i c  h indrance.  Monosubs t i tu tedace ty l -  
enes such as methyl  propio la te  (XIV} [8] and ace ty lace ty lene  (3-pentyn-2-one)  [9] a r e  l e s s  reac t ive ,  as might 
be ant icipated.  The e l ec t ron -a t t r ac t i ng  group also fac i l i ta tes  loss  of the acetylenic  proton to yield carbanions  
[e.g., (XV)] which can lead to new types  of product .  

The products  obtained f r o m  an act ivated acetylene and a he te rocyc le  can depend enormous ly  on the p r e -  
c i se  conditions, pur i ty  of the reac tan t s ,  and the solvent .  The c leanes t  react ions  often take place in highly po- 
l a r  solvents  such as ace toni t r i le  or  d imethy l fo rmamide ,  poss ibly  because  the f i r s t - f o r m e d  zwit ter ions [e.g., 
(I)] a r e  s t rongly  solvated,  thereby  increas ing  t he i r  changes of d i sc re t e  reac t ions  r a the r  than se l f - condensa -  
t ions leading to red t a r s ,  which a re  a lmos t  inevitable "by-produc t s . "  The unintentional p r e sence  of t r a c e s  of 
water ,  o r  o ther  proton donors,  can compl ica te  the si tuation by sat isfying the negat ive cen te r  of the zwit ter ion 
(I), and at the s ame  t ime  providing an anion to r eac t  with the cationic sy s t em.  Chromatographic  separa t ion  of 
the  reac t ion  products  is a lmos t  a lways essent ia l ,  and usually e l iminates  the t a r ,  for  in only a few instances 
single compounds a re  mainly  fo rmed .  Dimethyl  fumara te ,  and the po lymers  and decomposi t ion products  of 
DMAD [10], may  also  be p re sen t .  

1 .  R e a c t i o n s  w i t h  P y r i d i n e s  I n v o l v i n g  A t t a c k  a t  N i t r o g e n  

Pyr id ine  with DMAD in aprot ic  solvents  mus t  init ially yield the zwit ter ion (I), f o rmed  by electrophi l ic  
a t tack  at t he  n i t rogen a tom (Scheme 1). If the ni t rogen a tom is insufficiently nucleophilic,  for  example,  if a 
2 -ch lor ine  a tom is p resen t ,  reac t ion  does not occur  [11]. The zwit ter ion has  been t rapped in many  ways,  one 
of the s imp le s t  being with carbon dioxide [12] at -60~  This  leads to a sepa rab le  mix tu re  of unstable (E}- 
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Scheme I 
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and (Z) -pyr id in iumcarboxyla tes  (II) which can be conver ted  to the re la t ive ly  s table  pe rch lo ra tes  (III). No di- 
r ec t  physical  evidence is avai lable  to conf i rm the exis tence  of the in te rmedia te  (I}, which could poss ib ly  cy-  
c l ize  and be in equi l ibr ium with the bicycl ic  s t r u c t u r e  (IV). The NMR spec t rum of a solution of pyridine and 
DMAD in d ichloromethane at -80~ shows [13] r e sonances  due only to the consti tuent  m a t e r i a l s .  On ra i s ing  
the t e m p e r a t u r e  to - 5 0  ~ the resonances  due to the 9all proton of (VI) appeared  and at - 3 5  ~ resonances  were  
seen  cor responding  to exact ly  those  expected fo r  all the r ing protons of the 9aH-quinolizine (VI), on the bas i s  
of those  obse rved  for  other  m o r e  s table  a lkyl -subs t i tu ted  9aH-quinolizines [14]. Although the r ing prbton a r -  
r angements  fo r  s t ruc tu re s  (IV) and (VI) a r e  the same ,  it is unlikely that the i r  chemica l  shifts  would be s im i l a r .  
The nitrogen a tom of the quinolizine (VD, by analogy with s i m i l a r  thiazole  der iva t ives  [e.g., (XLVD] [15], has 
an sp 2 configuration and bea r s  substant ia l  posi t ive  charge .  This  would not be expected of the azet ine s t ruc tu re  
(IV). The main  product  isolable f r o m  pyridine with 2 moles  of DMAD under aprot ic  conditions is the 4H- 
qu ino l i z ine - l ,2 ,3 ,4 - t e t r aea rboxy la te  (VII). The s tabi l i ty  of 9aI - I -quinol iz ine- l ,2 ,3 ,4- te t racarboxyla tes  [e.g., 
(VI)] re la t ive  to the 4 H - i s o m e r s  [e.g., (VII)] i nc reases  with substitution, and in the case  of the 7 ,9-dimethyl  
der iva t ive  the r e a r r a n g e m e n t  has been shown [16] to take place by a [1 ,5]-s igmatropic  shift .  The fo rmat ion  
of the 9aH-quinolizine f r o m  the zwit ter ion (I) could take place  by a concer ted  pathway, or  by a s tepwise  mech a -  
n i sm involving another  zwit ter ion (V). T h e r e  is, as yet,  no d i rec t  exper imenta l  evidence concerning this .  

�9 , Scheme 2 
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When pyridine is t r ea t ed  with DMAD in the p r e s e n c e  of methanol  the product  is a mix tu re  of the indoliz- 
ines (VID and (IX) which could be fo rmed  [3, 17] as shown in Scheme 2. In the case  of acr id ine  (X) the r e a c -  
tion cour se  {Scheme 3) is s i m p l e r  [2] because  the methoxide anion fo rmed  m e r e l y  adds to the he te rocyc l ic  r ing 
to give (XID. Even ni t romethane,  when used as solvent [8], is acidic enough to sa t i s fy  the carbanion (XI), 
f o r m e d  f r o m  acr idine,  and yields  {Scheme 3) a comparab le  product  {XIII). In contras t ,  pyr id ines  unde r the  same 
conditions f o r m  only 9aH-quinol iz ines  [cf. (VI)], so the in te rmedia te  zwit ter ion (D is m o r e  suscept ib le  to e lec -  
t rophi l ic  a t tack f r o m  ~nother molecule  of the acetylene than f r o m  a proton r e l ea sed  f r o m  ni t romethane .  

Scheme 3 
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1,2-Dihydropyr id ines  [e.g., (XV1)] a r e  obtainable f r o m  methyl  propiola te  (XIV) and the cor responding  
pyr idine,  p r e s u m a b l y  by a route analogous to Scheme 3, involving addition of the anion (XV) of the acetylenic  
e s t e r .  If  methanol  is employed as solvent,  then 2-methoxy  compounds (XVII) a re  fo rmed ,  while o ther  anions, 
such as those der ived  f r o m  ni t romethane ,  aeetylacetone,  and s i m i l a r  proton sources ,  add [8] at posi t ion 4 

HC~'~ CE ~ .  2NO2 

XIV 

"C -~ CE R �9 
xv 

E E 
XVl ~, XVll XVIII 

XVI R :CNCE ; XVll R=OCH 3 

yielding 1 ,4-dihydropyr id ines  such as (XVIII). The conditions employed for  the synthes is  of the d ihydropyr id-  
ine (XVI) a r e  c r i t i ca l ,  for  cycl izat ion to the indolizine (XIX) and subsequent addition of a fu r the r  mole  of the 
acetylene  (Scheme 4) to give the cycl[3.2.2]azine (or  pyrrolo[2,1,5-cd]indolizine)  (XX) can take place [18]. 

~,~...N...F,-- E 
Nu 

xv~ NJ- 

CHzE / 
- N u H , ~ B - e l i m i n a t i o n  and ~ r ~ ' T ~  E 

and Eaummeric conversion 

Nu = n u c l e o p h i l e  
XIX 

S c h e m e  4 

CHE 

CH2E 

• E ~  
-2  [H ]~ E 

XX 

2.  R e a c t i o n s  w i t h  P y r i d i n e s  I n v o l v i n g  E l e c t r o p h i l i c  A t t a c k  

a t  R i n g  S u b s t i t u e n t s  

The methyl  groups of 2 -a lky lpyr id ines  a re  usually insufficiently act ivated to yield carbanions  suscept ib le  
to a t tack  by e lec t rophi l ic  ace ty lenes ,  but this is not the case  for  2-methylquinol ines  and a number  of other  
he t e rocyc l e s  possess ing  a s i m i l a r  ac t ivated s y s t em.  The products  f rom 2-methylquinoline,  and var ious  de r iva -  
t ives ,  with DMAD have been examined in cons iderab le  detail .  Using ace toni t r i le  as solvent the main products  
a re  the quinolizine pos se s s ing  a br idgehead methyl  group [e.g., (XXD], and i somer i c  yellow adducts in which 
the original  2 -me thy l  group has d i sappeared .  Analysis  of the NMR spec t r a  of many s i m i l a r  compounds f r o m  
var ious  2-methylquinol ines ,  1-methyl isoquinol ines ,  and 6-methylphenanthr idines  [19] showed t h a t - C H  2 -  

CH ( .  groups w e r e  present ;  that the hydrogen atom presen t  or iginal ly at posi t ion 3, in the case  of the quinolines 

had moved s t rongly  downfield; that substant ia l  conjugation was p resen t  (Xma x ~ 450 nm); and that a f ragment  
cor responding  to methyl  ac ry l a t e  was lost  in the m a s s  s p e c t r o m e t e r  to give the base  peak. Two i s o m e r s  of 
this  type were  obtained f r o m  6-bromo-2-methy lqu ino l ine ,  the mos t  significant d i f ference being that  one p o s s e s s e d  

L. I1 -~.f ~.N ~ ~E  E E 

E ~ C  E /~ E 
E 

XXI XXII XXIII 

a ve ry -h igh - f i e ld  a rom a t i c  proton and a high-f ield e s t e r - m e t h y l  group in its NMR spec t rum.  S t ruc tures  (XXID 
and (XXIII) we re  put fo rward  [19] for  these  compounds,  the high-f ield a romat i c  proton being in the deshielding 
region of the l l - e s t e r  carbonyl  group, and the e s t e r  methyl  being in the shielding region of the carbocyl ic  r ing 
in the case  of (XXIII}. T r a c e r  exper imen t s  [20] using t3C-methyl - label led  quinoline showed that the t3C atom 
was a s soc ia t ed  with two hydrogen a toms in both (XXII} and (XXIII), and although the fo rmat ion  of both of these  
compounds can be accommoda ted  by a mechanis t i c  scheme involving a sp i r e  in te rmedia te  (cf. (XXVI), some  
s teps  suggested fo r  the fo rmat ion  of (XXIID were  not convincing. An x - r a y  s t ruc ture  de terminat ion  was t h e r e -  
fo r e  c a r r i e d  out [21] fo r  this compound, which actual ly  turned out to pos se s s  the r e m a r k a b l e  s t ruc ture  (XXIV) 
which includes a f o u r - m e m b e r e d  r ing.  The i somer i c  compound (XXII} mus t  be r e - f o r m u l a t e d  as (XXV}, on the 
bas i s  of the nea r  identity of i ts  lSC NMR s pec t rum with that  of (XXII), and s im i l a r  r e a s s ignmen t s  a r e  n e c e s s a r y  
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13r, BP. 

E E 

XXIV XXV 

for  many  compounds in the l i t e r a tu r e  prev ious ly  desc r ibed  as azepines on the bas i s  of analogy with ( X X I I ) .  

The hydrogen atom. cor responding  to that at  posit ion 8 of the original  quinoline is in the shielding zone of the 
9 a - e s t e r  carbonyl  group in (XXIV), but not in the geomet r i ca l  i s o m e r  (XXV)~ The format ion  of these  com-  
pounds, and the 13C data, is accounted for  by Scheme 5, which shows only par t ia l  s t r uc tu r e s .  The initial p ro -  
ton loss  m a y  be caused by a carbanion [e.g., (B] developed in a compet ing react ion,  and the fo rmat ion  of a 
sp i ro  in te rmedia te  (XXVI) is an essen t i a l  pa r t  of the s cheme .  The cyclohexadiene s y s t e m  could open by a 
concer ted  or a nonconcerted p r o c e s s .  The easy  zipping up of this in te rmedia te  to fo rm a 5 : 4 bicycl ic  r ing 
sys t em,  which has a genera l  s t ruc tu ra l  re la t ionship to the skeleton of penicillin, ts r e m a r k a b l e .  

S c h e m e  5 E .... - 
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XXVl 

Deep red i somer i c  1 : 3 m o l a r  adducts (two), along with purple (1 : 3 m o l a r - M e O H )  and deep blue (1 : 4 
m o l a r - M e O H )  a re  also obtained f r o m  2-methylquinol ines  in these  reac t ions  but a r e  be t t e r  p r e p a r e d  using 
methanol  as react ion  medium.  The deep red adducts have been formula ted  [22] as geomet r i ca l  i s o m e r s  based  

C H 3 ~  
E E E 
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XXIX X,XX 

on fo rmula  (XXVII), but an x - r a y  invest igat ion [23] of one compound of the group has shown that it p o s s e s s e s  
s t ruc tu re  (XXVIII). A s i m i l a r  study [24] of the purple  compound shows it must  be wri t ten as (XXIX), while the 
deep blue 1 : 4 m o l a r  a d d u c t - M e O H  may  well  be r ep re sen t ed  by s t ruc tu re  (XXX). These  compounds a r e  c lose ly  
re la ted  s t ruc tu ra l ly  to the yellow adduct (XXV) and could be fo rmed  by a s i m i l a r  route  (Scheme 6) not involving 
a sp i ro  in te rmedia te .  Only one of the va r ious  poss ib i l i t i es  is shown. 
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Another type of adduct, exemplif ied by (XXXI) which is obtained [19] as a minor  product f rom 2-methyl -  
quinoline and diethyl acetylenedicarboxylate ,  could be built up as in Scheme 7. 

EIC__CE~ 
and  p ro ton  

CH3 m i g r a t i o n  

E ~ = COzC2H ~ 

S c h e m e  7 

p ro ton  

J" ~ l J...+.ACH_..}migratio---~L.L... I ~  . . . , ~  v -B Z~' a 
- , . 

X X X l  

A small  number  of other  pyridines  with 2-subst i tuents  have been t rea ted  with acetylenic e s t e r s .  Methyl 
pyr idy l -2 -ace ta te  with diethyl acetylenedicarboxylate  (methyl propiolate is s imilar)  yields [11] a mixture  of 

E 

XXXll XXXIII 

the 2- (XXXII) and 4-quinolizines (XXXIII), suggesting that electrophil ic  attack by the acetylene can take place 
both at the ni t rogen and sidechain carbon atoms, respect ive ly .  Ethyl 3 - (2 -py r idy l ) - t r ans -ac ry l a t e  (XXXIV) 
with DMAD gave [25] the quinolizine t r i e s t e r  (XXXV), while another pyr idylacry la te  (XXXVI) gave [26] the 2H- 
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quinolizine (XXXVII). Although 2-acetylpyr idine  (XXXIX) with hot DMAD gives [27] only t r imethyl  indolizine- 
1 ,2 ,3- t r icarboxyla te  (XXXVIII), the cyclazine (XL) is obtained (Scheme 8) in 29% yield if hot methyl propiolate 
is employed [28]. 

S c h e m e  8 
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XXXlX 

H3C ~ H + 
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E C ~ C H  

CH3 ] CH3 
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3.  R e a c t i o n s  w i t h  A z o l e s  a n d  R e l a t e d  H e t e r o c y c l e s  

The products  f rom thiazole, and a number of derivat ives,  with DMAD were  examined in 196.4 by two r e -  
sea rch  groups, and the i r  conclusions have been co r r ec t ed  recent ly  [29, 30]. Initial react ion (Scheme 9) in di- 
methyl formamide,  takes place at the nitrogen atom and presumably  1 : 2 mola r  adducts such as (XLI) are  

R E Scheme9_ R E K E 
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XLI~ XLII XLIII XLIV~ XLV 

XLI R=H; XLII R=CH~ ~ XLIV R--.H ; XLV R=CH 3 
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fo rmed .  Ring-opening (XLIII), followed by cycl izat ion in the a l te rna t ive  mode, or  a [1,5] s i gma- t rop i c  shift of 
the sulfur  a tom to give an equivalent resul t ,  now occurs  to yield the product  (XLIV}. In the case  of 2 -me thy l -  
th iazole  the s t ruc tu re  of the product  (XLV} has been de te rmined  by x - r a y  methods [29]. S imi la r  r e a r r a n g e -  
ments  take p lace  in reac t ions  involving 4- and 5 -methy l - ,  and 2,5-dimethyl thiazole ,  and benzothiazole which 
gives (XLVIID. However,  x - r a y  studies [29] show that the product  f rom 2,4-dimethyl thiazole  is fo rmed  with- 
out r e a r r a n g e m e n t ,  and has  s t ruc tu re  (XLVI). The re la t ive  s tabi l i ty  of (XLVI}, compared  with its analogs 
which r e a r r a n g e ,  can be assoc ia ted  with inc reased  s t e r i c  hindrance to the fo rmat ion  and rotat ion of the r ing-  
opened in te rmedia te  [cf. (XLIII)], or  to the [1,5] shift .  In the case  of thiazole,  unsuccessful  a t tempts  were  
made  [13] to detect  (XLI} or  other poss ib le  in te rmedia tes  [cf. (i)] by ca r ry ing  out the react ion  using fully 
deutera ted  d imethy l fo rmamide  as solvent in an NMR s p e c t r o m e t e r .  The t e m p e r a t u r e  was ra i sed  slowly f rom 
- 4 0  ~ to +34 ~ the reac t ion  s t a r t ed  at about +5 ~ and only s ta r t ing  m a t e r i a l s  and the r e a r r a n g e d  adduct (XLIV) 
could be observed.  A minor  product  in the case  of benzothiazole,  ( isolated m o r e  eas i ly  using methanol  as r e -  

H3C E 

E E 

H.~C E 

XLV! XLV|I 

E r-- 
XLVIII XLIN 

action medium} is (XLIX), the s t ruc tu r e s  being es tabl i shed by x - r a y  diffract ion [30]. This  compound is c l ea r ly  
fo rmed  f rom the s ame  in te rmedia te  (XLVII) which leads to (XLVIII) but by a compet ing [1,5] hydrogen shift as 
in the quinolizine s e r i e s  where  (XI} r e a r r a n g e s  to (VII). In s i m i l a r  reac t ions  1-methylbenz imidazole  gives a 
mix tu re  of compounds analogous to (XLVIII} and (XLIX), while benzoxazole only yields the oxygen analog of 
(XLIX). Another compound (L} fo rmed  f rom benzothiazole and identified by x - r a y  c rys ta l lography  has been 
as soc ia t ed  with the p re sence  of wa te r  in the reac t ion  medium (Scheme 107 [30]. 

Scheme 10 
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L 

The effect of solvent on these types of reactions is particularly well illustrated by the case of 2,4-di- 
methyl thiazole  for  in d imethy l fo rmamide  (XLVI) is obtained, in ace toni t r i le  or  dimethyl  sulfoxide a mix tu re  
of (XLVI) and (LI), and using te t rahydrofuran ,  d ichloromethane,  or  n i t romethane  essent ia l ly  only (LI) is ob-  
tained [13, 31]. This  las t  compound (LI) could be fo rmed  in the s ame  way (Scheme 7) as (XXXD, and analogs 

H3c, ~ e 
L| 

have been obtained f rom 2-ethyl thiazole ,  sui tably subst i tuted benzothiazoles  [31], benzimidazoles ,  and re la ted  
he te rocyc les  [32]. 
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LII LIII LIV 
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R e a r r a n g e m e n t s  involving r ing c losure  and recycl iza t ion  s im i l a r  to that  of (XLI) to (XLIV) have been 
shown to occur  in other  reac t ions  of DMAD with he t e rocyc le s .  4-Ethoxyquinazoline with the e s t e r  [33] gives  
f i r s t  the 1 : 2 m o l a r  adduet (LID, which can be isolated provided that eve ry  t r a c e  of acid is r emoved  f rom the 
ace toni t r i le  employed as solvent .  T r a c e s  of acid cause  protonation to give (LIII), which cycl izes  in the a l t e rna -  
t ive  mode to f o r m  (LIV). In a s i m i l a r  example  [34] 1 -methy lbenzot r iazo le  (LV) yields (LVI) which undergoes 
a s i m i l a r  ac id -ca t a lyzed  r e a r r a n g e m e n t  via  (LVII) to give (LVIII). 

/ CH 3 C H 3 . 

~ N ~  N ~ / N \  N .E 

LV E 
LVI 

, cH3 C, H3 
N 0 

E 
LVII E 

LV|II 

4.  R e a c t i o n s  w i t h  S o m e  H e t e r o c y c l i c  E n a m i n e s  

Enamines  (LIX) readi ly  combine with DMAD and methyl  propiola te  to yield cyclobutenes (LX) by a s t ep-  
wise  p roce s s  (Scheme 11), and in sui table  cases  the f o u r - m e m b e r e d  ring can then open to give r ing-expanded products  

Scheme 11 

LIX LX LXI LXI I  

(LXII). Although this type of reac t ion  has not been effected with py r ro l e s ,  1-methyl indole  in pure acetoni t r i le  
gives [35] the cor responding  azepine (LXIII), along with smal l  quanti t ies of the malea te  (LXIV) and co r r e spond-  
ing fumara t e  which could be fo rmed  by a net t a u t o m e r i s m  of the in te rmedia te  zwit ter ion [cf. (LX)]. If a t r a c e  
of acid is p resen t ,  protonation of the azepine at posit ion 3 is followed by electrophi l ic  a t tack f rom position 2 

E 

I I 
CH 3 CH 3 

I 
LXlII LXlV LXM CH 3 

on another  1-methyl indole  molecule  to yield (LXV). Indole reac t s  s imi l a r ly  with DMAD to fo rm a zwit ter ion 
[cf. (LX)], but then this behaves  in a compl ica ted  fashion leading to many  products ,  14 of which have been sepa -  
ra ted  and identified [35]. 

1 ,4-Dihydropyr id ines ,  such as (LXVI), yield s table  cyclobutenes [e~ (LXVII)] with DMAD quite readi ly .  
If a 3 - e a r b a m o y l  or  carboxyl  group is p resen t ,  fu r the r  a t tack of DMAD occurs ,  leading through a s i x - m e m b e r e d  
cycl ic  t rans i t ion  s ta te  (LXVIII) to e l iminat ion of the 3-subst i tu tent  and format ion  of the dihydropyridine (LXIX}. 

~ CONPhEt 

CH2C6H 5 
LXVI 

E _ _  E._~. 

CH2C6H 5 
LXVIII 

--HNCO 

E ~ C O N P h E t  

E~--.-~ N./ 

CH2C6Hr. 
LXVII 

E only F 

i 

CH2C6H 5 
LXlX 
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This elmination only occurs if suitable proton abstraction from the 3-substituent is possible [36]. Although 
all attempts to open the four-membered rings in these compounds have been unsuccessful, 1-methyl- l ,4-di-  
hydroquinoline with DMAD gives the expected cyclobutene which [37] decomposes rapidly at room tempera-  
ture  to the azocine (LXX). In a similar way, 1-phenyl-l ,2-dihydropyridine gives the azocine (LXXII) with 
DMAD, the eyclobutene (LXXI) being detected as an intermediate by NMR spectroscopy [38]. Recently this 

CH 3 C6H5 C6H 5 
LXX LXXI LXXI! 

reaction has been applied [39] to some dihydropyrazines (LXXIII) and cyclobutene formation (LXXIV) is fol- 
lowed by ring expansion (LXXV) and recyclization in an alternative mode to form (LXXVI}. 

R 
I 

. N .  C6H 5 

LXXIII 

EC__=CE 

R 
I 

E ~  N/j 
(.;61"15 

LXXIV 

E N/~:~C6H5 -"- H5C ~ "N" ~6H5 
H5C 6 

LXX~ LXXVl 
R = AIk 
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F O R M Y L A T I O N  O F  2 - P H E N Y L -  A N D  3 - P H E N Y L - 5 -  

H Y D R O X Y B E N Z O F U R A N  D E R I V A T I V E S  

A .  N .  G r i n e v  a n d  S .  A o Z o t o v a  UDC 547.727.728 : 543.422.25 

The  V i l s m e i e r  fo rmyla t ion  of 2-phenyl-  and 3-phenyl -5-hydroxybenzofuran  der iva t ives  was 
studied. It is shown that  2 -pheny l -5 -methoxybenzofuran  is fo rmyla ted  in the 4 position, 
whereas  3 -pheny l -5 -methoxybenzofuran  is fo rmyla ted  in the 2 posit ion. 

In a previous  study of e lect rophi l ic  substi tution reac t ions  it was noted that subst i tuents  enter  p r i m a r i l y  
the benzene r ing in the brominat ion  and ni trat ion of 2(3)-phenyl-5(6)-hydroxybenzofurans .  The acetoxy d e r i v a -  
t ives  of the s a m e  benzofurans  a r e  b romina ted  and ni t ra ted only in the f r ee  posit ion of the furan r ing [1]. Con- 
tinuing our invest igat ion of e lec t rophi l ic  subst i tut ion reac t ions  in the benzofuran se r i e s ,  we studied the Vi ls -  
m e i e r  formyla t ion  of 2-phenyl -  and 3-phenyl -5-hydroxybenzofuran  der iva t ives .  It was found that in the r e a c -  
t ion of phosphorus oxychloride and d ime thy l fo rmamide  (DMF) with 3 -phenyl -5-methoxybenzofuran  [2] the 
fo rm y l  group enters  the 2 posi t ion of the molecule  to give 2 - fo rmy l -3 -pheny l -5 -me thoxybenzo fu ran  (I) in 98% 
yield.  Aldehyde I is conver ted  to the cor responding  oxime (II) on t r ea tmen t  with hydroxylaminc hydrochlor ide .  
2 -Cayno-3 -pheny l -5 -me thoxybenzofu ran  (III) was obtained by the action of acet ic  anhydride on II, and 2 - f o r m y l -  
3 -pheny l -5 -methoxybenzofuran  O-ace ty lox ime  (IV) was obtained as a side product .  Alkaline hydro lys i s  of III 
gives 3 -pheny l -5 -me thoxybenzofu ran -2 -ca rboxy l i c  acid (V). The th iosemica rbazone  (VI) was obtained for  
aldehyde I. 

c " 3 ~  N -~]- ~ c " ~ ~  c~t~5 ~ c M s ~  c~"s 

CHO CH=NOH 

CHaO~--" 'h.~- ~ CHaO CHaO 6 ; CHaO 

"~-0 ~ "C~H s ~ " - 0  f ~'{:;6Hs ~ " 0  f "COOH " ~  ~-0 f "CN 
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