
RECENT DEVEUIPMENTS I N  THE SYNTHESIS OF HETEROCYCLES 

mox E N ~ I ~ S  m ISOTHIOCYANATES* 

Dedicated t o  Professor R.B. Woodward 

on t h e  occasion of h i s  s i x t i e t h  birthday. 

A serendipi tous synthesis  of mult i funct ional  

thiophene derivat ives i s  described. Nitroenamine- 

isothiocyanate adducts have been used t o  prepare 

3-nitrothiophenes, 4-nitroisotbiazoles, 5-nitro- 

pyrimidines and 4-nitropyrazoles. 

I Introduction 

Enamines are v e r s a t i l e  s t a r t i n g  mater ia ls  f o r  the  synthesis  

of a wide va r i e ty  of heterocycles ( 1 ) .  Especial ly useful  in ter -  

mediates r e s u l t  from the  union of enamines and isothiocyanates;  

these  adducts lend themselves t o  easy synthet ic  manipulations 

leading t o  a plethora of in t e res t ing  heterocycles ( 2 ) .  I n  t h i s  
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a r t i c l e ,  we review our own contr ibut ions t o  this f i e l d .  

Serendipi ty w a s  mainly responsible f o r  unmasking a novel 

synthet ic  route  t o  thiophenes from such enamine isothiocyanate 

adducts. Once the  r eac t ion  was brought t o  l i g h t ,  however, i ts  

scope was explored systematical ly by varying a l l  t he  cons t i tuents .  

A l o g i c a l  extrapolat ion opened the  way fo r  the  synthesis  of 

s imi la r ly  subs t i tu t ed  thiazoles.  

Nitroenamines have been u t i l i s e d  by us  f o r  t h e  first time 

f o r  the  construct ion of ni t roheterocycles.  I n  conjunction with 

isothiocyanates,  such nitroenamines have provided access t o  

novel nitrothiophenes, n i t ro i so th iazo les ,  nitropyrimidines and 

nitropyrazoles.  These synthet ic  routes  a r e  a lso  included i n  

t h i s  review. 

I1 Synthesis  of thiophenes 

The reac t ion  of thioamides with a-haloketones t o  form 

th iazo les  i s  well-known. To start with, we posed ourselves the  

question whether a seven-membered r ing  could be s imi la r ly  

constructed by reac t ion  of a vinylogous thioamide with an 

a-haloketone. We were a l s o  in t r igued by the  p o s s i b i l i t y  t h a t  

the  r e s u l t a n t  1,4-thiazepine might get  converted t o  a pyr id ins  

v ia  the  ep i su l f ide  (Scheme 1 ) .  Our first attempt t o  t e s t  t h i s  - 
i d e a  was not  well-conceived. The subs t ra te  we ohose t o  r e a c t  

with phenacyl bromide was 6-aminothiocrotonamide 1; this 

compound has a major flaw, i n  t h a t  i t  possesses a nucleophil ic  
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Scheme 1 

cent re  attached d i r e c t l y  t o  the  thiocarbonyl group - a s i t u a t i o n  

capable of leading t o  t h e  formation of a 5-membered aromatic 

r i n g ;  and t h i s  i s  exact ly  the  course the  reac t ion  preferred t o  

take  ( 3 ) .  

It w a s  obvious t h a t  f o r  our purpose, the  offending nucleo- 

p h i l i c  ni t rogen at tached t o  the  thiocarbonyl had t o  be e i t h e r  

removed o r  i t s  nucleophi l ic i ty  n u l l i f i e d .  The l a t t e r  object ive 

could be r ea l i sed  i f  i t  were attached t o  an acyl  group a s  i n  

p a r t  s t ruc tu re  2. We preferred t o  inves t iga te  the  r e a c t i v i t y  of 

such compounds first, since these a re  eas i ly  prepared by the  

r eac t ion  of enamines with acyl isothiocyanates ( 2 ) ;  f o r  example, 



p-aminocrotonic e s t e r  r e a c t s  with benzoyl isothiocyanate t o  

produce the  red  c r y s t a l l i n e  adduct 2 i n  excel lent  y ie ld .  

So, a s  t h e  second foray i n t o  our projected 1,4-thiazepine 

synthesis ,  t h i s  adduct 2 was reac ted  with phenacyl bromide i n  

ref luxing  isopropanol. Reaction was very rapid  as indicated by 

decolourisat ion and formation of a c r y s t a l l i n e  product. The 

expected course of t h e  r eac t ion  i s  shown i n  Scheme 2. The 

intermediate S-alkylated product 4 was expected t o  undergo 

cyc l i sa t ion  by l o s s  of t h e  elements of water t o  produce, hope- 

f u l l y ,  t he  tkiazepine 5 ,  o r  a s  a l e s s  probable a l t e rna t ive ,  t h e  

th i azo l ine  5. I n  e i t h e r  case the  molecular formula of t h e  

product would be C22H2$T203S. However, t h e  product ac tua l ly  

obtained ( i n  55% y ie ld )  had t h e  formula C22H,gN04S. There w a s  

no s i n g l e t  corresponding t o  =CH- i n  i t s  NMR spectrum; the  

spectrum showed only bands due t o  one CBj, one C2H5, two Ph, and 

one NH (exchangeable with D20). It  was obvious t h a t  the  in t e r -  

mediate 4 had l o s t  a molecule of ammonia ins t ead  of water; from 
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Scheme 2 

this.it was easy to deduce that the product must be the thiophene 

7. The postulated course of the reaction is shown in Scheme 3 - 
(4,5). 

A particularly interesting sequel to this was the construc- 

tion of the tbieno[2,3-dIpyrimidine ring system by two different 

routes from enamine acylisothiocyanate adducts (6). In the first, 

the 2-aminothiophene-3-carboxylic acid obtained from Z was 
converted to an oxazinone and thence to the required thienoC2.3-dl- 

pyrimidine by standard procedures. In the second approach, the 

process was reversed; a substituted pyrimidine was first formed 

by base-catalysed cyclisation of the enamine acylisothiocyanate 



adduct and t h i s  served a s  t h e  base f o r  t h e  subsequent bui lding 

of a thiophene r ing .  

Scheme 3 

- 

I n  t h e  cyc l i sa t ion  s t e p  i n  Scheme 3 t h e  carbon atom of t h e  

protonated imine group i s  a t tacked by an ac t ive  methylene. I n  

t ry ing  t o  def ine  t h e  scope of t h e  r eac t ion ,  we reac ted  t h e  

adduct 2 with p-nitrobenzyl bromide and ch lo roace ton i t r i l e .  

However, i n  both t h e  cases,  t h e  intermediate  S-alkylated 

compound l o s t  a molecule of water (not  ammonia) during cycl isa-  

t i o n ,  leading t o  products which exhibi ted two-proton s i n g l e t  i n  

t h e  NMR spectrum corresponding t o  -S-CH2-, We had therefore  no 
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doubt a b u t  the  s t ruc tu re  of the  products: t he  imino ni trogen 

had reacted with t h e  carbonyl of the  benzarnide t o  form a py-rimi- 

dine r i n g  (Scheme 4)  - a reac t ion  for  which there  i s  ample 

precedent i n  the  l i t e r a t u r e  (7 ) .  

Scheme 4 

I n  an e f f o r t  t o  suppress the  pyrimidine forniation we decided 

t o  inves t iga te  the  r e a c t i v i t y  of subs t ra tes  lacking this  carbonyl 

group, but having i n  i t s  stead an a l k y l  o r  a r y l  group attached t o  

the  nitrogen atom; t h a t  is, adducts of enamines with a lky l  o r  

a r y l  isothiocyanates. We were aware t h a t  this might only land u s  

i n  complications a r i s ing  from the  unwanted nucleophil ioi ty of the  

ni trogen attached t o  the  thiocarbonyl poup.  However, we argued 

t h a t  thiophene formation might have an  edge over th iazol ine  

formation i n  the  reac t ion  with phenacyl bromide, s ince  i n  the  



l a t t e r  event, t h e  product would not be aromatic. We hoped t h a t  

i f  t h e  nucleophil ic  a t t ack  on t h e  oarbonyl were r eve r s ib le ,  t h e  

r eac t ion  might be pushed towards the  thiophene, t h e  dr iv ing  

f o r c e  being provided by aromatisation (Scheme 5). 

Scheme 5 
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I n  the  event, t he  thiophene 2 (R=Ph) was formed i n  9@ yield.  

Moderate y ie lds  of the  thiophene were obtained when R was an 

a l k y l  group (4,5).  

We were now be t t e r  s i tua ted  t o  t r y  out  tbe  reac t ion  of o ther  

ac t ive  methylene compounds with the  subs t r a t e  2. However, 

p-nitrobenzyl bromide gave only the  uncyclised compound 2, and 

chloroacetoni t r i le  gave no c r y s t a l l i n e  material .  Apparently 

these two did  not possess s u f f i c i e n t l y  ac t iva ted  rnethylene groups. 

10 - 
We therefore invest igated the  reac t ion  of e thy l  a-chloroaceto- 

ace ta t e  with 8, hoping t o  obtain an intermediate 11 which could 

subsequently be induced t o  l o s e  an ace ty l  group and aromatise t o  

the  thiophene 12 (8) (Scheme 6 ) .  It turned out t h a t  our expect- 

a t i o n  was more than jus t i f i ed .  The product, obtained i n  5196 
1 y ie ld  a f t e r  T hr (isopropanol) w a s  i n  f a c t  the  f u l l y  aromatic 

thiophene 12 (8) - an outcome reminiscent of the  Japp-Klingemann 

react ion.  The enamino ketone - methyl isothiocyanate adduct 2 
underwent a  s imi lar  reac t ion  to produce t h e  thiophene 14 (8). 

We have so f a r  discussed changes i n  the  isothiocyanate and 

ac t ive  methylene components of the  react ion.  The t h i r d  

component, e. t h e  enamine a l so  admits of a  wide range of 



Scheme 6 

poss ib le  var ,ions. Simple unconjngated enamines have been 

successful ly u t i l i s e d  t o  produce condensed thiophenes, eg. 2 (8). 

A s  discussed above, enamines which a r e  conjugated t o  an e s t e r ,  

ketone o r  n i t r i l e  form good reac t ive  par tners ,  leading t o  t'ne 

corresponding 3-substituted thiophenes 16. 
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Thiophene-3-carboxylic acids (16, X = C02H) could be eas i ly  

prepared from the  corresponding t-butyl e s t e r s  ( 9 ) .  

Our major i n t e r e s t ,  however, was i n  the  u t i l i z a t i o n  of t h i s  

synthet ic  procedure f o r  the  preparation of 3-nitrothiophenes. 

For t h i s ,  t he  obl iga tory  s t a r t i n g  ma te r i a l  would be a n i t ro-  

enamine of the  type =. However, NMR data,  EH calcula t ions ,  and 

preliminary experiments on i t s  r e a c t i v i t y  indicated t h a t  t h i s  

was a very poor enamine, unable t o  form adducts with a l k y l  and 

a r y l  isothiocyanates (10). Fortunately, a be t t e r  s i t u a t i o n  

prevai led with nitroketeneaminals of t h e  type 13. Such compounds 

d id  r e a c t  with isothiocyanates. The r e su l t ing  adducts could be 

e a s i l y  converted t o  3-nitrotbiophenes 2 by treatment with 

a-haloketones (11,12) (Scheme 7 ) .  

Our discussion so far has centred around the  various 

possible modes of cycl i sa t ion  of the  intermediates obtained by 

S-alkylation of enamine-isothiocyanate adducts. However, it 

soon became apparent t h a t  n o t  a l l  possible pathways had been 



Scheme 7 

Scheme 8 
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ant ic ipa ted  by us ;  one more su rp r i se  was s t i l l  i n  s to re  f o r  us. 

Condensation of t h e  enamine-benzoyl isothiocyanate adduct 2 with 

phenacyl bromide had given us  the  first of the new thiophene 

der iva t ives  2 .  But, i n  t ry ing  t o  repeat  t h i s  r eac t ion  with t h e  

nitroenamine-benzoyl isothiocyanate adduct 20, we obtained a 

c r y s t a l l i n e  compound whose ana ly t i ca l  values and NPlR spectrum 

quickly proved t h a t  i t  was not the  hoped-for thiophene 21, but 

the  th ia5ole  22. The act ivated methylene i n  t h e  intermediate 

had attacked the  carbonyl of the  bensamide r e su l t ing  i n  l o s s  of 

a molecule of water (Scheme 8) (12) .  A new twist had thus been 

added t o  the p o s s i b i l i t i e s  f o r  ring-closure from such in ter -  

mediates. Note t h a t  t h i s  i s  not a product of the  conventional 

th i azo le  synthesis  i n  which atoms 4 and 5 a r e  supplied by the  

phenacyl bromide. 

111 Synthesis of thiazoles 

A t o t a l l y  d i f f e r e n t  type of th iazole  synthesis  has a lso  been 

achieve& - t h i s  time by a planned extension of the  thiophene 

cycl i sa t ion .  The s t a r t i n g  material  f o r  t h i s  was the  adduct of an 

amidine with isothiocyanate; condensation of t h i s  with an 

a-haloketone gave, a s  expected, the  th i azo le  2 (Scheme 9 )  (13). 

The reac t ion  undoubtedly proceeds a s  before through S-alkylation. 

followed by a t t ack  of the ac t iva ted  methylene on the  prctonated 

amidine. 

Presumably unaware of our p r io r  publicat ion,  Ried and Kaiser 

have r ecen t ly  reported a s i m i l a r  route  t o  th iazoles  (14). Their 
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s t a r t i n g  mater ia l s  a r e  derived from imidoyl isothiocyanates  

and m i n e s  (Scheme 10).  

I V  Synthesis  of 4-ni t roisothiazoles  

Enamine-isothiocyanate adducts have been extensively used 

by Goerdeler fo r  t h e  synthesis  of i so th i azo le s  ( 2 ) .  The 

cyc l i sa t ion  i s  effected by an oxidat ive S-M bond formation. 

Our i n t e r e s t  i n  t h i s  a rea  was mainly t o  synthesise 

4-ni t roisothiazoles  d i r e c t l y  from t h e  adducts of ni t ro-  

enmines  and isothiocyanates .  The n l t r o k e t e n e a m i n a l 4  

reacted with phenyl o r  benzyl isothiocyanate t o  produce 

t h e  adduct 3, which could be oxidised t o  t h e  i so th i azo le  

26 (Scheme 11) (15) .  But the  scope of t h i s  synthes is  - 
was severely r e s t r i c t e d  by t h e  poor nucleophi l ic i ty  of 

n i t roketene  m i n d s  o f  the  type (R-NH) 2C=CH-M02. Change- 

over t o  a more r eac t ive ,  unsyrmnetrical aminal 3, 

however, wrecked t h e  sche~oe a t  the second s tage ;  oxidat ion 

l e d  t o  a benzthiazole 8 r a t h e r  than t o  the  i so th i azo l ine  

29 (Scheme 12).  Use of benzyl isothiocyanate i n  t h e  - 
hope of preventing t h e  benzthiazole formation gave no 

c r y s t a l l i n e  product. 



Scheme 1 1  
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CH3- cH3-yN02 c 3 - N H ~ N 0 2  CH3-NH 

Scheme 12 
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The synthe t ic  scheme could be salvaged t o  some extent  by t h e  

use of more r eac t ive  isothiocyanates ,  vie. carbethcxy i sc th io -  

cyanate o r  benzoyl ieothiocyanate.  These a c y l  isothiocyanates  

were r e a c t i v e  enough t o  form adducte not only with n i t roketene  

aminals, but a l so  with nitrovinylamines. Both s e t s  of adducts 

could be e a s i l y  oxidised t o  4-ni t roisothiazole der iva t ives  

(Scheme 13) (15, 16). 

Scheme 13 

CS-NH-COR 
CH3 



V Synthesis of 5-nitroo.yrimidines 

A s  re fer red  t o  e a r l i e r ,  t he  enamine-benzoyl isothiocyanate 

adduct 3 is known t o  undergo base-catalysed cyc l i sa t ion  t o  the  

corresponding pyrimidine der iva t ive  ( I ) .  Our aim was t o  produce 

nitropyrimidines from the  nitroenamine-benzoyl isothiocyanate 

adducts. We found that such adducts (scheme 13) dissolved i n  

a l k a l i  forming the  n i t rona te  salts, and were regenerated on 

ac id i f i ca t ion .  However, the  adduct 30, on c r y s t a l l i s a t i o n  from 

ace t i c  ac id ,  cycl ised t o  the pyrimidine 2 (10). 

Synthesis of 4 -n i t ro~yrazo les  

Enamine-isothiocyanate adducts a re  known t o  r e a c t  with 

hydrazine t o  form pyrazoles (2) .  However, we were unable t o  

prepare ni tropyrazoles from the  nitroenamine-isothiooyanate 

adducts (Scheme 14). Meanwhile we discovered that the  5-benzoyl- 

imino-4-nitroisothiazolines described before underwent a novel, 

f a c i l e ,  base-promoted fragmentation t o  produce 3,3-diamino-2- 

n i t r o a c r y l o n i t r i l e s  (Scheme 15) (16) .  Such n i t r o a c r y l o n i t r i l e s  

were i d e a l  s t a r t i n g  mater ia ls  fo r  the  synthesis  of the  required 

n i t ropyrmoles .  Thus reac t ion  of with hydrazine produced 
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Scheme 14 

Me2Nx::m-Ph + H2N-NH2 
--kL, 

Me2N 
H 

Scheme 15  

the  pyrazole 2 i n  8% y ie ld  (17). Surpris ingly,  even a cycl ic  

analog 2 could be opened out by hydrazine to the  ni tropyrazole 35. 

Oonclusion 

Heterocycles with novel subs t i tu t ion  pa t te rns  can thus be 

generated from enaminesbearing su i t ab le  funct ional  groups and 

alkyl ,  a r y l  o r  acy l  ieothiocyanates. 
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