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Abstract- The synthetic potentialities 01 nittiles ss synthonr for a variety of 

heterocycles are surveyed. 

INTRODUCTION 

Organic eyano compounds are versatile reagents which have been extensively utilired in heterocyclic 

synthesis. Enormow number of reports on the uti l i ty of there compounds in  synthesis of heremcycler 

has been reported However, to our howledge, this subject has been efficiently surveyed only up to 

1970 by Mayers and ~ i rea r l .  After 1970, literature survey reveals a rapid development in the chemistry 

of organic cyan0 compound% Recently, the utilities of d,p-maturated nitriler, 3-oxoalkanonirriles and 

of cyanoacetic acid derivatives in  hetsmcyclic synthesis have been Also, Freeman has 

surveyed, among other topics, the utilities of malononitrile and malononitrile derivatives in heterocyclic 

5 6 synthesis ' . I t  is our intention in this article, therefore, to fill the gap  and report on the utilities of 

orgsnic cyan0 compounds which have not h e n  surveyed before. We hope that such review article would 

demo~ t ra te  the importance of nitriles as versatile reagents and intermediates in  heterocycle synthesis 

and that i t  would h of value for both researchers and inrtructors of heterocyclic chemistry. I t  should 

be pointed our here, however, that no trial to make an encyclopendic scan of the whole subject was 

made. 

i. Synthesis of Five-Membered Heterocycles: 

1. Synthesis of Five-Membered Rings with One Hetero-Atom: 

a. Synthesis of Furans: 

The reaction of d-halaketones with active methylene nitriles has extensively utilized for the synthesis of 

fu ram For example, the reaction of d-chloroacetylacetone (1) with malononirril? affords the furan 

derivative (2) in more than 60 % (cf. Eq. 1). Also, the condensation of d -hydroxyketoner (3) 

with cyanoncetic esters or malononitrile (4; X =COOEt; CN) affords the furan derivatives ( z ) ( e f . ~ q . 2 ) ~ - ~ ~ .  



v-Hydroxpitriles (6) wually eyelimd into the corresponding furanones (8) on treatment in basic media 
I2 

The reaction is believed to proceed via intermediacy of ( I )  (ef. Scheme 1) . Very similar to this is 

13 
the reported formation of the furan derivative (10) on reacting (9) with cyanide ion (cf. Scheme 1) . 
It is of interest to  note that the hydronynitrilea (5) which is capable of forming five membered rings. 

& not show any nitrils stretching band in the IR spectrum. This supports the believe that there 

14 compounds exhibit ring chain tautomerim and the equilibrium shifts towards the cyclic structure . 
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Ethyl eyanoacetate reacts with oxirans (2) to  yield a mixture of cyanolactone (g) and the enamino 

eater (11)15s16. Compound (12) could be converted almost quantitatively into (13) on treatment with 

ethanolic sodium hydroxide17-19. The reaction of oxiranes with other activated nitriles has been also 

investigated Thus, the fur- (14) were obtained an reacting the oxiranes (11) with malononitrile (cf. 
20 Scheme 2) . However, trials for synthesis of furans via the reaction of other active msthylene reagents 

with oxiranes have failed 

Scheme 12 I 

The conjugated addition of the anion of protected cysnohydrin (IS) to p-nitrostyrene giver the adduct 

(2) in good yield (55-85 X). A mild hydrolysis of the latter yields nitrocyanohydrin (g), which can be 

converted Into the furan derivative (18) (cf. Scheme 3)'*. 

Scheme I31 



h Synthais of Thiophene and Condensed Thiophene Derivatives: 
22 The m a t  extensively utilized synthesis of thiophenes fmm nitrile compounds is Gewald synthesis . Thus, 

heating the ketone, sctive methylene nitrile and elemental sulphur in the presence of base as a catalyst 

affords thiophenesZ2. For example, heating cyclohexanone, malononitrile and elemental sulphur in ethanolic 

triethylamim solutions affords 2-aminothiaphene derivative (9) (cf. Eq. 3)23-27. 

It is urvmed that d ,p-u~oturated nitriler (2) are firstly formed. The 4-carbon in these nitriles reacts 

with elemental sulphur to yield an intetmediate mercapto derivative (21, which cyclires into the final 

isolable thiopheoe derivative (22) (cf. Scheme 4)23-27. 

X-Mereaptonitriles have been reported to undergo cyclisation into thiophene derivatives in the presence of 

sm acid catalyst. For example, (11) cyclired into (24) an heating in the presence of A1Br3 (cf. 

Eq. 4?-". Another similar synthesis that affords condensed thiophene derivatives 26 utiliing a-mercapta- 

cyano c o m p a ~  a starting component is the reaction of (25) with active methylene reagents (cf. 

Eq. 5))'. Ako,  the tbioanilides of the type (27) react with active methylene reagents to yield the thio- 

32 phene derivatives (2) (cf. Eq. 6) . 2-tert-butylthioacrylonitrils (2) adds thermally to maleic anhydride 

or N-phenylmalirnide in dioxan solution to yield the corresponding fused thiophenes (30) with loss of the 

33 ten-butyl group (cf. Eq. 7) . Also the thiophene derivatives (2) are isolated in acceptable yields (30-40s) 

34 an reactin# the thirane~ (2) with ethyl cyanoacetate (el. Eq. 8) . 
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The reaction of orathiolonium derivatives (2) with malononitrile in triethylamine-chloroform solution 

affords the ami~thiophene derivatives (34). The reaction is believed to proceed via the sequence demons- 

trated in Scheme s3'. It is interesting to nore that when cyanoamlde was ured instead of malononitrile, 

the thiaurle derivatives (35) were isolated (cf. Scheme s)~'.  



Formation of thiophenes on reacting the cinnamonitriles (36) with thiogiycollie acid in pyridine has been 

38 reparted almost simultaneously by Elnagdi et d.36,37 and by Kambe et al. . While the first group 

awmed structure (11) for the reaction product, the other grqup assigned structure ( 2 )  for the product 

of reaction of ()6) where X - COPh with thioglycollic acid In our opinion, it seems odd to believe 

that ( 2 )  did not dehydrate if it was the reaction end product (cf. Scheme 6). 

r Synthesis of Pyrrole and Condewed Fyrrole Derivatives: 

r-Ami~butyronitrile (2) has long been known to eyciized into the pyrrole derivative (40) (cf. 

Scheme 7)39-43. When the nitrogen atom is tertiary as in (41) the eycliration proceed via deaikylation 

thus afford (42) (cf. Scheme 7)39-43. w-Cyanocarboxamide (43) has sufficiently basic nitrogen to cyclize 

into pyrrolane. For example, cycliration of (43) affords the pyrrolane (s) (cf. Scheme 7)39-4? 
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CF'entemnitrile (45) affords, under typical Ritter reaction conditions, 5-methylpyrralidin-2-one (2). 

The acyclic nitrilium salt (5) and the cyclic (47) can be considered as  intermediates (cf. Scheme 

It is of interest that. 2-cyclopentenone (2) derived from the eatbocation (2) did not form eventhrough 

a similar eycliration process which was reported when cyclic rings to be formed contain more than six 

atoms (ef. Scheme 8)44,45. 

Scheme I81 

Dinitriles (2) lotmed via reaction of (z) with cyanides in dimethylsulphoxide at 1 2 0 ~ ~  afford the pyrrole 

derivatives (2) (cf. Eq. 9)4f  Similarly the dinitriles o t  the type were cycliled into pyrrolidiner 

(55) through reductive cycliration step. The reaction is assumed to proceed via the sequence demonstra- 

ted in ~p 1 0 ~ ~ - ~ ~ .  



N-Toryldridine (56) reacts with ethyl cyanoacetats in sodium methoxide to afford the N-taylarnino- 
50 pyrrole derivative (57) (cf. Scheme 9) . In contrast, ~ t a r n m ~ l  reported that N-aroylariridiner (58) 

afford the acyclic derivatives (2) on treatment with ethyl alkylcyanoacetatr Moreover, cyclisation of 

51 (2) afford the cyano ketones (61) via intermediacy of (60) (cf. Scheme 9) . 

Ts 

Me ONa 
+ FH2COOEt 

CN "2 

'? 
base 5H2CHi$ -C  N ff + R-CHCOOEt - 'IJ C O O E t  

t N C O A r '  

2 
5 8 - 1 - E ~ O H  

H C O A r  
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Similarly, reaction of the tosylates (62) with the enami~esterr  (63) affords the pyrrole derivatives (64). 
The unexpected formation of (64) can be elaplained in terms af a base catalysed Beckman rearrangement 

of (62) (cf. Schema 1 0 ) ~ ~ .  

2 I 

COOEt - x-N% 
HN H2N N R ~  

H 

Treatment of benills (65) with sodium hydride in acetonitrile afford the pyrrole derivatives 168). The 

formation of (68) may bs assumed to  proceed via the reaction of 2-aminocrotonate (661, resulting from 

dimarisarian of acetonitrile, with bemilic acids (21, the latter results from rearrangement of (65) under 

49 the reaction conditions (cf. Scheme 11) . 

0 
6 0 - 

Schernell l l  

Recently, several syntheses of pyrrole derivatives utilizing organic cyano compounds as a starting com- 

ponents were reportedS3-60, the most interesting results of which are demonstrated in rhe Equations 

(cl. Eqr. 11-16), 



NC alDIBAL-H 
M C N I  H 2 0  \ - b l N a ~  POL, 
E t O H  I A  

CH-CH2-CN A 
R' "20/ a 

H 
Eq.1121 

H 

K/ 
0 C N  
II e/ 

R S ~ O  + FH2COOE( - R-CH=C-C-C I@ 
E t O H  I \ 

C N p h-CO-NH C O O E l  

P h 
E q  1151 

H - COPh 

0 
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Several indola syntheses were As a demonstrating example, heating o-nzidocimmonitrile 

(2) in dimethylsulphoxide a t  1 4 0 ~ ~  affords 2-cyanoindole (70) (cf. Eq, 17)''. The latter could also be 

72 obtained on heating o-nitroci~amonittile (z) in triethylorthophosphats at 160'~ (el. ~ q .  17) . 

2. Synthesis of Five-Membered Rings with Two Hetero-Atoms 

a. Synthesis of 1,2-Ommleo and 1,3-Oxamles: 

8-Functional nitri la and d ,8-unsaturated nitriles are extensively utilized for synthesis of ~ , ~ - o x a r n ~ e d ~ - ~ ~ .  

For example, 8-oxonitriles (72) are reprted to react with hydroxylemine hydrochloride in the presence of 

77 d i m  acetate to afford 5-amim-l,2-owales (z) (cf. Eq. 18) . In contrast to this, Elnagdi et al. 78 

md  other Italian group 79 have reported, that the arylhydramnes of p-oxonitriles or p-ketoesters (74) 
react with hydroxylamine to afford amidoximer (z), which cyclized under acidic conditions to yield 

isomeric, otherwise difficult accessible, 3-amino-1,2-axa~oles (2) (cf, Eq. 19). The Italian group has 

attributed the difference in the behaviaur of the 8-cyanoacetic esters with their arylhydrarone derivatives 

to the decrement in reactivity of the ester group due to hydrogen banding. However, Blnagdi et al. have 



attributed thir difference to protomtion in acidic media. Evidence in fawur of this p i n t  of view was the 

observed inactivity of the hydrmnes towards hydroxylamine in alkaline media and the formation of 

80 5-arnino-1,2-oxamles on wnducting the reaction in sodium methoxide . It is believed that, both factors 

discwad by both groups play s role. 

d,p-Acstylinic nitriles react with hydroxylamine to afford 5-amino-1,2-oxaroles (2) (cf. Eq. 20)". 

Other interesting examples of 1,2-oxa~ole synthesis utilizing nitriles as starting components are shown 

below (ef. Eqa 2 1 - 2 3 ) ~ ~ - ~ .  

N H 2 0 ~  
R C Z C - C N  + 

A Eq. 1201 

Cyanohydrinr w d d  be converted into amino-1,3-0xarolones. Thus, when acetonecyanohydrin (79) was 

treated with phosgen followed by aniline, the 4-(phenylamino)-1,3-o~olo-Z-ane derivative (81) was 

isolated85 and not the carbarnate derivative (80) which was claimed earlier far the reaction product 
86 

(cf. Ep 24). In a similar manner, acylated cyanohydrim (82) were converted into 1.3-owlin-4-one 

derivatives (83) (cf. ~ q .  ~ 5 ) ' ~ .  
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Me\ /OH COC12 
Me\ /OCOcl 

c PhNHl 
uo 

C M e \  /O-C, 
\EN ~ e /  \cN Me/ C ' C ~  NHPh - 

0 Me 
II I anhydrous HClO' 

R-C-0-C-CN 
I 

- 
Me b,# Eq.1251 

The condensation of ethyl mandelate (z) with dialkylcyanamides (E) were reported to afford the 1.3- 

0-1-Gone derivatives (86) (cl. Eq. ~6 )"~ '~ .  

h Synthesis of 1.2-Thiaroles and 1,3-Thi-les: 

14-Thiarola (89) are prepred via reactlng the B or 2 isomers (87) with ammonia or via refluxin8 the 

E or Z isomers of (88) with ammonium thiacy-te (cf. Eq. 1 7 ) ~ ~ ~ ~ ' .  



Other synthetic approaches of 12-thiamler utilizing nitriles as starting components are summarized below 

(CI. E* 28-31)92-96. 

Nitriles were utilized for more than a century and, up till now, for the synthesis of 1,3-thiamle~~'- '~~. 

97 Thw, Heints (1865) reported the reaction of potassium thiocyanate with ethyl chloroacetate . Although 

the reaction product wa. firstly thought to be ethyl thiocyanatoacetate (2). it proved to be pereudothio- 

hydantoin (91) (ef. Eq. 32). Recently Einagdi s t  d l2 '  successfully prepared the 2-amino-1,3-thiazole 
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derivatives (%), which are expected to be of biological and medicinal importance, via reacting the rhio- 

cyanataketones (94) with trichloroacetonitrile (cf. Eq. 33). 

0 
11 CC1.j-CN 

P 
Ar-c 

Ar-C-CHIS C N ____c 
benzene xJNH2 Eq. (331 

C'3 

Thiocy-toket- (g) were also convened into l ,3- thiwlu on tsactlon with a variety of rea- 

gents 122-127. Thus, for exampla, i t  reacted with thiaacids to afford 2-mercaptothiwnle (97); with 

aminu to afford the aminothi~oles (z), and with thiourea to afford the thiazoles (99) (cf. Scheme 12). 



Aminm~et~nitrile derivative. (1001 could be converted into 1,3-thiamles (%)-(El via the sequences 

shown in Seheme 13 128-130 

R-CH-CN R ' C O O E ~  R-CH-CN cs,  R- H-CN 
I I 
N H N"2 

5 
:OR' 

Y H  
1 3  CS-SH 

Other interesting thiarole syntheses, utilizing nitriles a. starting components are shown in the equatiow 

below (cf. Bps. 34-37)131-134. 

5' CeN 

R-CH-CN + (H2N)Z  C S  - 

C l  
€1 0, R-CH-COR 1 I 2 

C=N-CSN - 
K s' 

I 
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c Synthesis of Fyraroles and lmidaroles: 

The recent development in the synthesis of pyrazoie derivatives utilizing nitriles as starting components 

has been efficiently reviewed very recently by Einagdi s t  a~.'~'. Cmegwntiy,  in our review article, no 

mare smphas'ts on this topic will be offered 

z+Diaminodinitriie (s) ha. been recently utilized far the synthesis of imidmle derivatives. Thus, (103) 
rsaoted with formamidine to yield (c) which could be cyclired under different conditions to yield 

different imidarola derivatives (cf. Scheme 1 4 ) ~ ~ ~ - ~ ~ 4  

Scheme I 141 

Smith and yates14' have reported a useful procsrs leading to imidmle nucleosider. Thus, the adenine 

derivative (108) could be synthesised from the iminoerter (E) and D-xyiopyranosyiamine (3) via inter- 

mediacy of the cyanoimidate (107) (cf. Eq. 38). 



The reaction of o-phenylenediamine (109) with ethyl cyanoaeetare or cyanoncetar nide h s  been reportr 

to afford 2-cyanomethylkuimidarole (110) 142-143. However, the 2-nitrophenylhydra~ derivatives of 

cymoacetamide afforded the hydrazone derivative (I&) when reacted with o-phenylenediarnine (el. Scheme 

The catboxamide derivative (111) was formed when o-phenylenediamine and cyanoaeetamide 
143 

were reacted at 40-SO'C in presence of concentrated sulphurie acid (d-Scheme 15) . 
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3. Synthesis of Five-Membered Rings with Three Hetero-Atomc 

a Synthesis of 1,2,3-Triazoles and 1,2,4-Triwles: 

Elnapdi s t  a~ . '~ '  have sufficiently previously reviewed the 1,2,3-triamles syntheses via the reaction of 

acyclic and heterocyclic di- compounds with nirriles. Consequently, only few specific examples for the 

1,2,3-trimles syntheses will be demonstrated. For examples, malononitrile reacts with tosyl azide to 

afford 4-topylamino-5-cyan0-1,2,3-tri~~ole (113) (cf. Eq. 39)14'-14'. Similarly the reaction of cyanogen 

with hydrmic acid can be controlled to give the 5-cyano-1,2,3,1-tetr~101e (114) (cf. Eq. 40) 149-151. Also, 

ethyl addoacetate reacts with tetraeyanoethyiene to afford 1,2,3-triarole derivative (m) (cf. Eq. 

The uidothiophsm dsrivative (116) reacts with nitriles to yield 1,2,3-triazoles (117-119) a9 demonstrated 

in tb Schema below (cf. Scheme 16)15? 



Scheme 1161 

The utility of nitriles lot syntheses of 1,2,4-triawles has been efficiently surveyed in a monograph on 

the chemistry of 1 .2 ,4- t r i - le~~~~.  Consequently we are going here to undertake only the reported 

u a m p l a  on thh subject that were not surveyed earlier. 

The reaction of nitrile imines with nitri la has long been known to afford 1,2.4-triamlea A recent 

interested application of this synthetic approach is shown below (cf. Eq. 4 2 1 ' ~ ~ .  Also the eyclocondenra- 

156 lion of the nitrile (120) with benroylhydrarins affords the 1,2,4-triawle derivative (g) (cf. Eq. 43) . 

0 0 
lEt13N pc=N-NHph t4 & L  -[p@wph$:-&N E t O H  &,, 1 

Ph 



HETEROCYCLES, Vol. 26, No 2, 1987 

The reaction of ketone arylhydramnes (E) with potassium thiocyanate in acidic media afford4 the 

corrupndine 1,2,4-ttiarolidin-5-tN~es (123)157?. Also cyMamide reacts with ketone arylhydramnes 

to yield the 5-amino-1,2,4-triuolins hydrochloride (E) (cf. Ep 

Ar-N-NH R2 
HZN C N KSCN N-NH-Ar - 

R' 

s Eq(441 124 
e 

122 
C 123 

An example for the synthesis of condensed 1,2,4-trimles (125) utilizing nitrile* as starting components 

is shown blow (cf. Scheme l7)lS9. 

C N 

n -- 
Benzene  - ElOH 



ii. Synthesis of Six-Mentbered Heterocycles: 

1. Synthesis of Six-Membered Rings with One Hetero-Atom: 

a Synthesis of Fyrans, Coumariw and Condensed F'yrans: 

A variety of pyrans, c o u m a r i ~  and condensed pyrans were prepared recently utilizing nitrites as a start- 

ing materids160-16S. & -Cyanochalcones (=) react with active methylene reagents e.g. malononitrile 

and =thy1 cyanoacatats to yield the corresponding Michael adducts (127) 1669167. These were proved 

later by 'H NMR to exist mainly in the cyclic pyran form (128) (ef. Eq. 45)16'. Ring chain tautomerism 

war suggested to account for the conversion of (127) into (128) on reflux in ethanolic-piperidine s l u t -  

168 ions . 

/c 
ArCH=C 

\ 
COPh X Ar 

* . a  

Generally, coumarin derivatives (2, 110) are syntheaised on condensing o-hydroxysldehydes with nitrile 

containing compounds e.g. cyanoaeetamide or cyanothioacetamide. Examples are summarized below (cf. 

169-173 Eqr. 46, 47) 
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Acylacstonitrile condense. with polyhydric phenols, such as rerorcinol in the presence of concentrated 

sulphurie acid to yield the corresponding coumarin derivatives17C177. For example, Sato and ~ r n a k a s u l ~ ~  

have shown that benurylacetonitrile (4 R = Ph) or acetylacetonitrile (131; R = C H J )  undergo a carbon 

to carbon condensation with m- and p-suktituted phenols in the presence of dry hydrogen chloride gas to 

afford the corresponding imino coumarim (132) andlor coumarins (112) (el. Eq. 48). 

The cinnamo rile derivatives (2) react ari th pyrazolones (E; X = NH. NPh) or isoramlin-5-ones 

@; X - 0 )  to yield the corresponding pyranopyraroles or pyranoisoxaroles (136-138) respectively (c i .  

Scheme 18)~'~-'". 



I-Phenyl-pyr~line-3,5-dione (139) reacts with activated nitrile derivatives to yield several pyrano[2,3-el- 

pyrmles (cf. Scheme 19)"~. Similarly, 1,3-diphenylthiohydantoin, thiaurlidine-dimes, thiarolidine-di- 

thi- and isorhodanins react with cinnamonitriles to yield the corresponding pyranomle derivatives 

182 However, in some cases, ylidene group exchange took place . 

Although the reaction of 3-cyanomethylene-ratiin derivatives (+,b) with 3-methyl-2-pyrawlin-5-one 

derivatives (*,b) were reported to afford 4-~loyl-2-aminoquinolines (142)18). Recent investigations 

1 urilizing high resolution H NMR and I3c NMR Indicated that the structures of the reaction products 

184 are really the spiropyranylindolone derivatives (%-el (el. Scheme 20) . 
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b Synthesis of Thiopyrm and Thiocoumarins: 

It has been shown via chemical routes and inspection of the high resolution 'H NMR and NMR 

s p c t t a  that the thiopyrans (E) ate the products of reaction of (144) with cyanothioacetamide in etha- 

nolic-triethylamins solutions (cf. Eq. 49)"'. Compovnds (145) rearrange on heating in aqueous ethanol 

into the more stable dihydropyridines (146) (cf. Eq. 49)"'. Previously reported formation of dihydro- 

pyridoneslU seems unlikely in the light of the present evidences. 

Cyanoacetamide condensed with o-substituted benmldehyde derivative (147) to afford the thiocoumarinont! 

187 derivative (El. This is assumed to proceed via intermediacy of (148) (cf. Eq. 50) . 



9 
NCCH2C-NU,  0 ' ~ ~  PPA - 

CHO CH=,$~ 
CONH, 

c. Synthesis of Pyridines, Quinolines, lsoquinolines and Condensed Pyridiner 

Several pyridine, quinoliie, isoqui~line and candenred pyridine syntheses, utilizing nitriles as starting com- 

2-6 PmentS have been reponed However, this topic has been previously reviewed . Consequently, only 

the recent reports in thepe area will be reported here. Thus, the cinnamonitriles (150) react with eyano- 

acetic acid hydruide (151) t o  afford N-aminopyridanes. Soto et d ls8 reported the direct formation of 

(e) as sols reaction prdduet on heating (E) with (E) for 5 mi& However, Elmoghayar et al. 190 

have reported that the product previously identified as (152) is really (153) which rearranges on refluxing 

in aqueous ethanolic-triethylamine solutions into (154) (cf. Scheme 21). Evidences afforded on this problem 

are nar conclurivs and further investigations seem to be mandatory. 
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The reaction of the  dimers ( e , b )  with cinnamonitriles (E) in ethanalic-triethylamine s o l u t i o ~  affol& 

the pyridins derivatives (156, 157) (cf. Scheme 22) 191*192. Recently, this approach has been explored 

lor synthesis of several pyridine derivatives (158-162) (cf. Schemes 22, 24) 
193-196 

Scheme (231 



An intstsnted pyridine synthesis is outlined via the sequence demonstrated in Scheme 2519'. 

Scheme I251 
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The condensation of 2-acylcyclohexanone?~ (164) with eyanoacetamide in the presence of diethylamine results 

in a mixture of the i~oquinoline derivatives (165) and the quinolins derivatives (166) (cf. Eq. 51) 198-202 

A route for the synthesis of thiaraio[2,3-alpyridines (168) from the reaction of 2-functionally substituted 

2-thiaurlin-4-one (167) with c i ~ a m m i t r i ~ e s  (150) has been reported simultaneously and independently by 

Elnagdi s t  a~~~~ and Kambe et dZo4 (cf. Eq. 52). 

2 Synthesis of Six-Membered Rings with Two Hetero-Atoms: 

a Synthesis of Pyridarines and Condensed Pyridazines: 

Recently, .n inlerestlng approach for synthesis 01 pyridazines (169) h a  been achievedzos. This synthetic 

app rach  is summarized below (el. Eq. 53). 



Ci-line derivatives were also reported utilizing d-hydramnonitriles as starting components. Thus, heating 

phenylhydraronomalo~niUil~ (110) with anhydrous AIC13 affords 4-amino-3-cyanocimoline (171) (cf. 

Eq. 54)206. 

b Synthesis of Pyrimidines and Condemed Fyrimidines: 

A variety of pyrimidines synthesis, utilizing nitriles as starting components has been reported. The pre- 

viously reviewed literature reports1*4'207-211 will not be discllsred here. Enaminonitriles (172) and (E) 
react with trichlaroacetonitri!e to yield the corresponding pyrimidine derivatives (112) and (E) respecti- 

vely (cf. Scheme 26)212-214 . Although ( e , h )  has been reported to react with the same reagent to 

afford pyrimidine derivatives (E) 215*216, Gewald et al.'17 have recently shown that the product of reac- 

tion of ( e , b )  with lrichlolaaeetonitrile is really the pyridine derivatives (178) and (179) respectively. 

217 Convincing evidence from NMR in support with the proposed structures are reported (cf. Scheme 26) . 
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Another recently reparted pyrimidine synthesis is summarized in the equation below (cf. Eq. 56)"'. 



e. Synthesis of Pyrazines: 

Only few examples for 

A demonstrated example 

synthesis of pyrazines utilizing nitriles as starting materials have been reported. 

for this synthetic approach is shown below (cf. Scheme 27)219-221. 

Scheme(27) 

3. Synthesis of Six-Membered Rings with Three Hetero-Atoms: 

a Synthesis of Tria*nes: 

In the following, the most interesting 1,2,4-triazine syntheses are summarized (cf. Scheme 28)222-225 
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