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2-Aminothiophenes are readily formed as a result of various cyclizatton reactions. The method 
of preparation of derivatives of 2-aminothiophene-3-carboxylic acids and 2-amino-3-acylthio- 
phenes from carbonyl compounds, nitriles that have an active methylene group, and sulfur is 
particularly simple and rich in possibilities. The aminothiophenes can be converted to other 
thiophene derivatives and used primarily for the preparation of condensed thiophenes such as 
thionaphthenes, thienopyrroles, thienothiazoles, thienoisothiazoles, thienopyrimidines, thieno- 
pyridines, and thienodiazepines. 

S y n t h e t i c  M e t h o d s  

2-Aminothiophene  was f i r s t  obtained by S tad le r  by reduct ion of the ni t ro der iva t ive ,  but the f ree  base 
proved to be unstable  [ i ] .  In addit ion to methods involving reduct ion ,  c leavage  of az ides ,  r e a r r a n g e m e n t  of 
oximes and amino lys i s  of ac t iva ted  2 -ha lo -  [2, 3] or 2 -mercap to th iophenes  [4], cyc l iza t ion  r eac t ions  that lead 
d i r ec t ly  to 2-aminoth iophene  have r ecen t ly  been used [3, 5, 6]. It was found that 3- or 2-aminothiophenes  that 
have e l e c t r o n - a c c e p t e r  groups in the 3 or 5 posi t ion (for e•  2 ,5 -d iamino-3 ,4-d icyanoth iophene ,  obtained 
from t e t r acyanoe thy lene  and H.~S [7]) a r e  ex t r eme ly  s tab le .  Thus cycl iza t ion  of t e r t i a r y  amides  of phenyl thio-  
acet ic  acid with phenacyl  b romides  leads to subst i tu ted d ia lkylaminothiophenes  [8]. The l a t t e r  a r e  a l so  obtained 
f rom d ia lky lamides  of 2 ,4 -pen tad ieneca rboxy l i c  acid [9]. N-Subst i tu ted or  N-acy la ted  2-aminothiophenes  [I0, 
11] a r e  a l so  formed from c~.-halo ca rbony l  compounds and N-subs t i tu ted  ~,-cyanothioamides [10, 11] or  enamino-  
th ioamides  [12, 13], as well  as by i n t e r m o l e c u l a r  cyc l i za t ion  of ~ , -ch loro th ioace tan i l ides  [14]. Another  elegant 
method for the syn thes i s  of n i t rogen-unsubs t i tu ted  2-aminoth iophene  cons i s t s  in the r e a r r a n g e m e n t  of ~ -cyano-  
subs t i tu ted  5 -e thy l idenerhodan ines  [15], and, f inal ly,  the paren t  compound i t se l f  of the s e r i e s  is formed as a 
r e s u l t  of acid cyc l i za t ion  of ~ / - (benzylmercap to)c ro tononi t r i l e  [16, 17]. The r e a r r a n g e m e n t  of rhodanines  men- 
tioned above a lso  includes cyc l iza t ion  of the n i t r i l e ,  and 2 -amino th iophene -3 ,5 -d i ca rboxy l i c  ac ids  or the i r  e s t e r s ,  
as well  as 2 - a m i n o - 3 - b e n z o y l t h i o p h e n e - 5 - c a r b o x y l i c  acids;  compounds re la ted  to the I type ur]der d iscuss ion 
here ,  have become a c c e s s i b l e  by means of it. 

As we obse rved  s o m e t i m e  ago [18, 19], an eas i ly  modif iable  method for the synthes i s  of 2-aminoth io-  
phenes I that have an e l e c t r o n - a c c e p t o r  grouping in the 3 posi t ion cons is t s  in the b a s e - c a t a l y z e d  reac t ion  of o,- 
mercap to  ketones and a ldehydes  with n i t r i l e s  with an aet ive methylene group in the ~, posi t ion.  The f i r s t  step 
in the reac t ion ,  which gives the products  in good y ie lds  even at room t e m p e r a t u r e ,  is p robab ly  addition to the 
n i t r i l e  g-roup, a f te r  which Knoevenagel  condensat ion follows. Alcohol  is usual ly  employed as the solvent ,  but the 
r eac t ion  of ma lonon i t r i l e  with mercap toace tone ,  for example ,  can a lso  be c a r r i e d  out in water .  It is important  
that thiophenes I with f ree  4 and 5 pos i t ions  can a lso  be obtained by this method, in some cases  compounds of 
the I type a r e  a lso  formed from T-ha loc ro tonon i t r i l e s  II [18, 19], but in a p r e p a r a t i v e  r e s p e c t  this method is of 
i n t e re s t  only in c e r t a i n  spec ia l  c a s e s .  

1 
RI-- C= 0 J- -}" ~H~X R t X R--C~---C--X 

(R2NH) 2 ~  H2S R2---ICH I CN R2-.-- ~., H CN J 
I R NH 2 SH Hal  

I II 

R = H ,  alkyl ; • fCO2R ~CONH 2 ~COAr ~C6HtNO 2 -p ~ SO2R 
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Somewhat later  it was found that thiophenes of the I type can be obtained by a considerably s impler  
methbd: carbonyl  compounds with a sufficiently react ive  C =O group that have a methylene grouping in the a 
position reac t  with the appropriate  nitr i les and sulfur in the presence  of bases and also give 2-aminothiophenes 
I [20-22]. Morpholine, diethylamines,  and t r ie thylamine can be used as the bases.  Sometimes one initially 
specially prepares  alkylidene derivative III, which is then subjected to react ion with sulfur [20, 21]. However 
this method must  be used only in the case of aryl  ketones (Rt=Ar) with low react iv i t ies ,  since in general  it 

I R--C:O 
2 I 

R--CH 2 

ra re ly  has any advantages. 

+ ~H~--X 

CN 

s (amine) $ 

R2~NH2 
l a -e  

RI-- C.~C--X 
"~ 2 I I 

R -- CH 2 CN 
i iir a-r 

= s I(amine) 

I R = alkyl, aryl ,H ; RI-R2=--(CH2)n - ) R2=H, alkyl, aryl ,c0% 
CO2C2H 5(R ~= R ~ ~H ) 

I~III a X=CN } b X=CO2R ; c X=CONH2 ; d X=COAr ; e X=SO2R 

This react ion,  which has been confirmed [23, 24] and expanded (for example, see [25-32] in the r e sea rch  
of other invest igators ,  is s imi lar  to the Asinger  react ion [33]. Although ~ -mercap to  carbonyl  compounds or 
f l -mercapto  enamines > N - C - - C - S H  could also be formed here as intermediates ,  we nevertheless  propose [34] 
that the react ion proceeds through a step involving the formation of nitri le [II: 

x \  /CN x \  /CN 

(f / \ x  S B/B ] [  -s  x-s e 
--CH / \ C H ~ - - - ' ~  / ~ C H - -  

i 

I r r eve r s ib l e  eyclization follows revers ib le  "thiolation" as a resul t  of which the react ion does not stop even 
in the case  of a negligible earbanion concentration.  

The corresponding enamines [35] can be used in place of carbonyl  compounds, and this facili tates the con- 
densation step leading to the formation of nitr i le III. This somet imes  may prove to be useful in a prepara t ive  
respec t ;  for example, desoxybenzoin can be converted to an aminothiophene of the I type by this method. Cyclo-  
hexanethione has also been used .in place of cyclohexanone in this reaction [36]. 

Alcohol is the most  convenient solvent, whereas  dimethylformamide (DMF) is the most  convenient solvent 
in the case  of aldehydes. The optimum react ion t empera tu re  is 25-50~ whereas the optimum tempera ture  for 
less react ive  components such as cyanoacetamide and ~-diearbonyl  and aryl -subs t i tu ted  compounds III (R 1 =At)  
is 70-90~ in the lat ter  case  the yields reach  85% (the yields indicated in [20, 21] can be substantially ra ised in 

a number of cases) .  

The s t ruc ture  of the carbonyl  compound can be widely varied. The only thing of importance is that it 
shouldbe ableto  undergo (intermediate) Knoevenagel condensation, during which isolation of the product of con-  
densation of III is entirely unnecessary  in each case.  For  example, this occurs  in the case  of acetonylacetone 
[37], which additionally gives dithienyl IV [38] (the p r ima ry  react ion pathway here is thiolation ra ther  than the 
other basecatalyzed r#actions).  Yet another limitation is i l lustrated by the fact that acetaldehyde does not reac t  
to give thiophene I nor through a step involving nitri le III, but ra ther  undergoes aldol condensation, which in 
this case  turns out to be the dominant pathway. Acetone or its ylidene derivative III undergoes bisthiolation, as 
a resul t  of which disulfide V was obtained [39] [nevertheless ,  aminothiophenes I (R2=H) are  formed from aryl  
methyl ketones as well as, for example, f rom isopropyl methyl ketone]. 

The methylene groups are  preferably  thiolated, so that pract ical ly  only 4,5-dimethylthiophene I (R I =R 2= 
CH 3) was isolated in the case  of methyl ethyl ketones. To obtain 4-alkylthiophenes I with R2=H, however, 
removal  of the 5-carbethoxy groups (see next page) is used in additionto a react ion proeeedingthrough a step invol- 
ving the formation of oxomercaptans .  

1 0 7 8  



CH3\ /x 
C C 

CH3 / "CN 

S / amine 

C2H502C CH 3 

H2N N 

3 2 2 5 

IV 

X = CN ~ CO2C2H 5 

HS - -  CH2\ /X  
C-~'C 

HS ~L- CH2 / ~ \CN 

X. CH 3 CH3, " , X 

H 2 N ~ S - - S ' ~ S  "* -NH2 

V 

The limitations of the synthetic method with respect to the nitrile component are not determined only by 
the activity of its methylene group. It is known that ylidene malononitriles Ill are inclined to undergo base- 
catalyzed dirnerization [40], which in this case completes with thiolation. Aldehydes, as well as aryl ketones, 
therefore do not form thiophenes la on reaction with malononitrile and sulfur, whereas in the case of methyl 
ethyl ketone the competitive reaction can be suppressed at 20-30 ~ by maintaining the amine concentration con- 
stant. (However, eyclohexanone, acetoacetic ester, and benzylacetone, for example, are smoothly converted to 
o-aminonitriles la [40]). 

CH 3 

amine C H 3 ~ C N  
C H 3 ~ ' ~ C N , :  S/amine2cH~-~ --O-I- 2 CH2(CN'2 ~ CH3"~ L 2 

CH3" "S" "Nrl 2 C2H5 C 2 H~/C../~C N N H2 

Up to now, cyanoacetic acid derivatives, acylacetonitriles, sulfonylacetonitriles [31, 34], and (2-thiazolyl)- 
acetonitrile [41] have been used as the nitrile component. Benzyl cyanide does not react through a step involving 
the formation of nitrile Ill. The electron-aeceptor X grouping Ill that is necessary for successful cyclizatlon 
can be located not only in the 2 position but also in the 4 position. Thus nitrile V I -  the product of condensation 
of cyanoacetic acid with acetoacetic ester - is smoothly converted [42] to thiophene VII with a free 3 position. 

C H 3 

C2H502C-- C H2--~ -~-cH-CN S/amine 
CH 9 C2HsO2C NH 2 

VI VII 

Fur the rmore ,  aminothiophenes can also be obtained f rom those compounds of the I I I  type that are formed 
by a method that d i f fers  f rom Knoevenagel condensation. Malonon i t r i le  d imer  reacts to give 2,4-d iaminoth io-  
phene V I I I  [43], whereas substituted y -n i t roc ro tonon i t r i l es  give 2-amino-5-n i t ro th iophenes IX [44]. 

H2N \ /CN 
C~-----C 

NC--CH~ \CN 

S/amine 

CH3S \ ./ 
C C - 

O2N--CH ~" \CN 

IX X=CO2C2H 5 t CONH 2 

S/amine 

H2N. CN 

J" N C ~ N H 2  

VIII 

CH3S X 

"~ O 2 N ~ N H  2 
IX 

The react ion of cinnamaldehyde with ni tr i les  and sulfur [45, 46] which leads to 2-amino-5- th ioaroyl th io-  
phenes X, has been described.  Compound XI is considered to be an intermediate.  It might be assumed that 
sulfur initially enters  the 2/position, and the resul t ing thione (or enethiol) immediately undergoes ce-thlolation 
to give dithiol XI. 

X S/amine  ~. / ~ _ _  x 

A r ~  Ar ~rr - = ' N H 2  
l CN S X 

S/amine  l 
A r . / ~ % / / C  H~- O -F X-- C H2--- CN 

SH 
BI-~ x x s/amine [ x 

- j s - - sx - -Sz§  CN S CN SH CN 
X : CO2C2H5 y COAl" X] 
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R e a c t i o n s  w i t h  R i n g  C l e a v a g e  

2-Amino-5- thioaroyl thiophenes  X are  cleaved even under mild conditions by alkoxide to give enedithiol 
XI, methylation of which leads to stable bis(methylthio)cinnamylidenecyanoacetic es ter  XII [45, 46]. 

[ T - - ~  cO2C2H5 NaOR Xl CH 3 I ~ SCH 3 

A r ' ~ S X N H  2 A r . ~ ~  cO2C2H5 

S CH3S CN 
XI! 

R1 CO2C2H 5 R 1 CN 

R 2 ~ N H 2  NoOR ~- R 2 ~ O  H 

I b Xll l  a - d  
1 = RI Xlll a R :CH 3 ; R2:H ; b R t CBH 5 7 R2:H ; c :CH3 t 

R2:COCH3 ; d R 1 :CH 3 ~ Ri:CO2CiH5 

Under more  severe  conditions sodium alkoxide also cleaves o-amino es ter  Ib, but here the product easily 
undergoes recycl iza t ion  to give 2-hydroxy-3-cyanothiophene XIII [47]. The react ion proceeds smoothly only if 
the 5 position is f ree  or substituted by an e lec t ron-acceptor  grouping. Thiophenes of the XIII type with a f ree 
nucleophilic 5 position can be used for subsequent react ions.  Phenylmagnesium bromide also cleaves o -amino-  
nitr i le Ia [Rt-R 2= (CH2)I- ] to give, a s  a resul t  of additionto the eneamino group, mercapto  dieneamine XIV [48]. 
The lat ter  is stable in the crys ta l l ine  state, but undergoes cyclizat ion in solution or at high tempera tures  to 
give an aminothiophene or, with splitting out of hydrogen sulfide, to give a pyrrole .  Finally, desulfuration, which 
is widely used for other thiophenes [49], can be used for the preparat ion of es ters  of c~-substituted fi-amino 
acids XV from aminothiophenes Ib (prel iminary acetylation is recommended here) [34]. The thiophene ring was 
cleaved by an analogous method [50-52] in the synthesis of some pyrimidines from condensed sys tems obtained 
on the basis of compounds of the I type. 

CN 

CN ~ S H  NHPh [ ~  NH i Ph - l'Ig Br ''~ 2 H2 N J ~I"~C H"" C O2 C2 H 5 (~H- -  R I 

I 2 CH2-- R 
XIV XV 

D e c a r b o x y l a t i o n  o f  2 - A m i n o t h i o p h e n e c a r b o x y l i c  A c i d s  

Although es ters  Ib, in contras t  to anthranilic acid es te r s ,  under normal  conditions do not undergo aminol- 
ysis  or  hydrazinolys is ,  they can be saponified to stable 2-aminothiophene-3-carboxyl ic  acids XVI. The lat ter  
are  decarboxylated in the presence  of oxalic or hydrochloric acid to give 2-aminothiophenes XVII, during which 
one observed initial precipitat ion of stable sal ts ,  from which, however, the free bases can be readily isolated 
[42, 53, 54]. F ree  aryl-subst i tuted amines 'XVII are  stable, whereas the alkyl-substi tuted amines undergo de- 
composit ion after a cer ta in  t ime even when they do not have access  to air  (2-aminothiophene itself still could 
not be obtained in acceptable yield bythis  method). Amine XVII can also be condensed to give an oxazine (see 
below). 

R I ' " ~  cO2c2H5 RRIT~cOOH H X R I 

R2-"'~" S ~''. N H ~ NH 2 
I b XVl  XVll 

R t R 2 , = H, alkyl, aryl 

X 

Another variant  of decarboxylation is based on the use of N-acylamino acids XVIII, which lose CO 2 only at 
240 ~ [55]. 

Saponification (partial) of es ter  XIX leads to thiophenes with a free 5 position, which are  also formed as a 
resul t  of thiolation of acetoacetic es ter  [34]. 

R ~ C O O H  240 ~ R ~  

R / "5" "" NHAc R NHAc R = alkyl, aryl 

XVIII XVIII o 
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X I X  

_-- C H 3 " ~  x 

-$- -NH 2 

X = CN y CO 2 C2H 5 't COC6H5, 

Reactions at the A m i n o  G r o u p  

Thiophenes of the I type are weak bases and upon protonation, which occurs in the 5 position to give XX, 
behave like enamines [56]. Despite this, the}- undergo, although with a certain amount of difficulty, the usual 

reactions of amines, including the addition of carbon disulfide [57]. Up until now, many reactions have been 
used only as intermediate reactions for the construction of 2,3-condensed systems (see below). A number of 
acylation reactions have been realized in order to obtain pharmacologically active preparations ; in particular, 
the acylation of 2-amino-3-aroylthiophenes Id has been developed [58-67]. 

Diazotization naturally occupies a special position; it proceeds with a certain amount of difficulty in the 
case of nitriles Ia but takes place smoothly in the case of esters Ib. hi this case, aminothiophenes with a free 
5 position immediately undergo self-coupling to give azo derivatives XXI (this is also observed when the 3 
p o s i t i o n  is free) [38]. 

XX XXl 
R = C H 3 'T C6H S 

N i t r o s a t i o n  a l so  o c c u r r e d  in the  c a s e  of a m i d e  Ie (R I = CH3) , s i n c e  o x i m e  XXIIa was  ob ta ined  a f t e r  h y d r o l y -  
s i s  [68]. If the  a m i n o  g~-oup of e s t e r  Ib (R 1 = C~Hs) is a c y l a t e d ,  C - n i t r o s a t i o n  is a l s o  r e a l i z e d ,  and o x i m e  X-XIIb 
is f o r m e d  in good y i e l d  a f t e r  h y d r o l y s i s .  

,~ R_ X C6H 5. CO2C2H 5 

XXl l  a - b 

XXll a R=CH3$ X=CONH 2 ; b R=C6H 5 , X=CO2C2H 5 

H o w e v e r ,  when the 5 p o s i t i o n  is occup i ed ,  d i a z o t i z a t i o n  with subse que n t  " s e l f - c o u p l i n g "  is  i m p o s s i b l e .  Thus  
azo dyes  with high f a s t n e s s  to l ight  that  con ta in  an amino th iophene  I r e s i d u e  as  a d i azo  c o m p o n e n t  have been  
d e s c r i b e d  [69, 70]. The  r e d u c t i v e  d e a m i n a t i o n  of the  d i a z o t i z e d  a m i n o  e s t e r  in d ioxane  l e a d s  to t h i o p h e n e - 3 -  

.1 07, c a r b o x y l i c  ac id  e s t e r  XXIII in o0-60,.b y i e l d  [71]. 
t h iophenes  XXIV [72]. 

1 CO2C2 H5 dmxane 

XxIll 

R 1 = H ~ alRyl, aryl 

F i n a l l y ,  s o m e  d i a z o n i u m  s a l t s  can  be r e d u c e d  to 2 - h y d r a z i n o -  

R I C 0 2 C2H 5 R 1 CO2C2H ~ 

XXlV 

; R2=alkyl, aryl ,CO2C~5 

The r e d u c t i o n  of e t h o x y m e t h y l e n e a m i n o  d e r i v a t i v e s  with sod ium b o r o h y d r i d e  has been  r e c o m m e n d e d  for  
the  m o n o m e t h y l a t i o n  of a m i n e s  of the  I type  to  s e c o n d a r y  a m i n e s  XXV [73. 7~]. M o n o a l k y l a t i o n  can  a l3o  be 
r e a l i z e d  by r e a c t i o n  of N - a c y l a m i n o t h i o p h e n e s  with halo d e r i v a t i v e s  [75-77] .  Up unt i l  now, r e p l a c e m e n t  of the  
a m i n o  group  has  been o b s e r v e d  only in the  e a s e  of Ib (R=C~Hs) , which  r e a c t s  with an i l i ne  h y d r o c h l o r i d e  at 180 ~ 
to g ive  a m i n e  XXVI [38]. 

;~ X C6H 5 CO2C2H 5 C6H 5. CO2C2H 5 
C6H5NH2) 

R ~ N H C H  3 " ~  NH 2 "S" "NHC~-{ 5 
XXV XXVI 

XXV X=CN ~ CO2C2H5 
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R e a c t i o n s  in  t h e  T h i o p h e n e  R i n g  

Aminothiophenes I with a f r ee  5 posi t ion undergo the electrophi l ic  substi tution reac t ions  no rma l  for a r o -  
matic  compounds and known for  other  thiophenes;  in the genera l  case ,  pro tec t ion  of the amino group is not 
obl igatory (for example ,  see  [31, 69]). In addition to the read i ly  occur r ing  acylation,  iodination, and V i l s m e i e r  
reac t ion ,  m e r c u r a t i o n  to give 5 - c h l o r o m e r c u r i  and 5 - a c e t o m e r c u r i  de r iva t ives  XXVIIa can be effected [20, 34]. 
F r e e  amines  can also be vinylated by te t racyanoethylene  to give XXVIIb and can also be oxidatively thiocyanated 
to give der iva t ives  of the XXVIIe type [78]. The ability of thiophenes I (R2=H) to undergo diazo coupling to give 
azo dyes XXVIIe was subsequently studied in detail  [79]. 

R X 

y ~ ' ~  NH 2 
XXVII a- e 

R=alkyl, a~yl ; X=CO2C2Hs~ CN~CONH 2 tCOAr 

a Y=HgAc ; b Y=C(CN)=(CN) 2 ; c Y= SCN 

d Y=CH2NR 2 ; e Y=ArN=N 

Cationic dyes XXVIII were  obtained as a r e su l t  of Hunig coupling. Like dialkylaminothiophenes [80, 81], 
compounds of the I type (R 2= H) undergo the Er l ich  reac t ion  to give violet  th ienylary lmeth ines  XXIXa. In the 
p r e s e n c e  of A1C13, 3-chlorodi thiol ium sa l t s  [82] also r e a c t  to give XXIXb r a the r  than products  of reac t ion  at 
the amino group [38]. 

~ / ~ N C 6 : 5 ~ S - S ~ : R  C2H5 p_(CH3)2 N--CBHz~CH=CH-)-~-n C : ' ~ N X + H 2  

CH 3 
XXVIII XXIX a 

S - - S  C6H5 CO2C2H5 

X• b 
XXVlll R:HtC6H5 ; XXlX a n : O t l  ; R:HtCH3~C6H 5 ~ X:CO2CzH5~CN 

XXIX b RI=C6H5yCI ; R2=HtC6H5; R 3= H 7C6H 5 

As expected,  the f r ee  3 posit ion in thiophenes VII, XVII, and XVIIIa is less  nucleophilic.  However  (when 
the 5 posi t ion is occupied), they can be formyla ted  to give aldehydes XXXa [83], oxidatively thiocyanated to give 
der iva t ives  XXXb [38, 84], and aminomethyla ted  to amines  XXXc [85]. Sulfur chlor ides  r eac t  with N-ace ty la ted  
amines  XVIIIa to give sulfides and disulfides [86] and with sulfenyl chlor ides  to give sulfides X ~ d  [87]. 3- 
Arylazothiophenes  XXXe, formed as a r e su l t  of diazo coupling, can be reduced in the p r e s e n c e  of acet ic  anhy- 

R NHAC 
Zn ~ 

Ac20 
Ft NHAc 

XXXI 

dride to 2 ,3-di(acetamido)thiophenes  XXXI [88]. 

NH R 3 XXX e 

XXX a- e 

R I :H,  alkyl, aryl ; R2- - alkyl, aryl , CO2C2H 5 

XXX a R3:Ac,Y=CHO ; b R3=HtY=SCN) c R3:Ac,Y=CH2NR2 ; 

d R3=Act Y=ArS ; e R3= H , Y = A r N = N  

The abili ty of thiophenes I with a f r ee  5 posit ion to undergo oxidation is re f lec ted  in the appearance  of the 
violet  color  of solutions containing oxygen. The very  f i r s t  s tudies showed that dehydrodimer iza t ion  to give a 
C - C  bond occurs  during oxidation [38] : 2-anil inothiophene XXVI is oxidized in analogy with the cor responding  

! 

thiazole [89] to give bis(A 5'5 -3 - th io lenon-2- imine)  XXXIIa, whmh gives dithienyl XXXIII on reduct ion or d is -  
propor t ionat ion with s ta r t ing  XXVI. N-Bromoimino  der iva t ive  XXXIIb was obtained f rom f ree  amino e s t e r  Ib 
(RI=CGHs) and b romine  in glacial  acet ic  acid, whereas  the format ion  of imine XXXIIc was proved in the oxida- 

tion of Ib (RI=CH3). 
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C2HsOzC R 2 I C2H502C ~ C6H 5 
X'F~SvNR XXXiIa ~,- XXVl " 2 x1~ ZSvNHC6H~ 

R2~CO2C~Hs C6H; c%czHs 
XXXII a-c XXXlll 

XXXll a RI=R2=C6H5 ; b RI=Br'~ R2=CBH5 ; C R~=H pR2=CH3 

4 , 5 -  a n d  3 , 4 - C o n d e n s e d  2 - A m i n o t h i o p h e n e s  

4 ,5-Condensed 2-aminothiophenes  a r e  obtained f rom cycl ic  ketones.  Not only carbocycl ic  ketones [20, 27, 
90], pa r t i cu la r ly  t e t ra lone  [26, 34], but also he terocycl ic  ketones,  including 4-piper idone  [90, 91], quinuclidone 
[92], 4- th iacyclohexanone [26, 90, 93], and di thiacycloheptanone [94. 95], have been subjected to the reac t ion  in 
o rde r  to obtain pha rmaco log ica l ly  act ive  p repa ra t ions  such as,  for example ,  "t inoridin" XXXV ("nonflamin," 
Yoshi tomi,  Japan) (see [96] and the l i t e r a tu re  cited therein) ,  lndenothiophenes XXXVI were  obtained f rom 1- 
indanone [34, 97]. Some of these  s y s t e m s  can be a roma t i zed  by dehydrogenation (for example ,  with s u l f u r ) o r  
dehydrohalogenat ion.  Thus thieno[2,3-b]thiophene XXXVII was synthesized f rom cycIopentanethione [98], and 
benzo[g]thionaphthene XXXVIII was synthesized f rom f i - te t ra lone  [98]. 4 ,5 -Te t ramethylene th iophene  XXXIX is 
dehydrogenated in dimethyl  phthalate to give benzo[b]thiophene XL in 85/% yield, f rom which f r ee  2 -amino th io-  
naphthene XLI was obtained [100, 101]. 

~ N H  2 
XXX IV 

CO2C H 3 

~ ' ~ N  H 2 

XXXVII 

CO2C2H5 

220 ~ 
NHAr 

XXXIX 

-- CO2C2H 5 X 

C 6 H s C H ~ / ~ N ~ ~  NH2 ~ N H  2 
XXXV XXXVI 

CN ~ NH 2 

XXXVIII 

g "S" "NHAr NH 2 
XL XLI 

Up until now, 3 ,4-condensed 2-aminothiophenes  have been synthesized only as a r e su l t  of thiolation of the 
appropr i a t e  components .  3-Aminothieno[3,4-c][1]benzopyran-4-one (XLII) was obtained f rom 4 -me thy lcoumar in -  
3 -ca rbon i t r i l e ,  synthes ized f rom o-hydroxyacetophenone and cyanoacet ic  e s t e r  in the p r e s e n c e  of sulfur  at 60 ~ 
At lower t e m p e r a t u r e s ,  the 1 ,1 ' -d isul f ide  is formed along with it as a r e su l t  of dithiolation [102]. 2 -Cyano-4-  
n i t robenzyl  cyanide r eac t s  with sulfur  to give substi tuted 1-aminobenzo[c]thiophene XLIII  [103]. 

0 CN 

0 S ~ S 

O2N CN O2N 
NH 2 

XLll XLIII 
2 , 3 - C o n d e n s e d  T h i o p h e n e s  

Aminothiophenes of the I type are  o -aminoca rbony l  compounds that, like the i r  benzene analogs,  can be 
used for the p repa ra t ion  of numerous  2 ,3-he teroeondensed  thiophenes by known methods.  Many of the syntheses  
that have been descr ibed  up until now have been c a r r i e d  out in o rder  to s ea r ch  for  new pharmacolog ica l ly  and 
biologically act ive compounds (see also [6]). 

A 2 ,3-condensed compound can be formed even if the carbonyl  der iva t ive  undergoes a secondary  react ion 
under mild condit ions.  Thus in the reac t ion  of cyanoace ty lhydraz ide  with sulfur  and cyclic ketones one observes  
the immedia te  fo rmat ion  of dihydrothieno[2,3-d]pyridone der iva t ive  XLIV, f rom which the f r ee  hydrazide (XLV) 
of 2 -amino th iophene-3 -ca rboxy l i c  acid is obtained by hydrolysis  [10, 14] (the hydrazide is not obtained as a 
r e su l t  of hydrazinolys is  of e s t e r  Ib). Cyanoth ioace tamide  also r e a c t s  s imi l a r ly  with cycl ic  ketones and sulfur 
to give, for  example ,  d ihydrothienopyrimidinethione XLVI with cyclohexanone [34]. 
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~ C = O  CH~'CO~NH--NH 2 
3 (CH2) n J -J- 

~ C H 2  CN 

S 

XLVI 

O 

~ ~ ( C H 2 ) n  s, mi   c.4 

n= 1-3 XLIV 

H20 (H4-) 1 J~_NHNH2 

( C H 2 ~  
~S" -NH 2 

XLV 

The cycl izat ions discussed below are  s imi lar  to the known react ions in the benzene ring, but one must 
take into account the fact that the react ivi t ies  of carbonyl  compounds of the I type are  generally lower than those 
of benzene derivat ives.  Thus nitr i les Ia add hydrogen sulfide only under p r e s su re  [42] to give thioamides 
XLVII, which can also be obtained from a,-oxo mercaptans  and cyanothioacetamide [105]. o-Aminothioamides 
XLVII ara  smoothly oxidized to 3-aminothieno[2,3-c] isothiazoles  XLVIII [42, 106]. The isomeric  2-aminothieno-  
[2,3-d]thiazoles XLIX were synthes ized by the above-mentioned oxidative thiocyanation th rough a step involving 
the formation of compounds of the XXXb type, which undergo part ia l  cycl izat ion during the synthesis or upon 
acid cata lys is  [41, 44, 84]. 

H 

XLVII 

XXX~- 

oxidizing agent 

(H +) 

R 1 NH 2 

XLVIII 

R I 

R NH 2 
XL]X 

3-Amino-  and 3-hydroxythieno[2,3-b]pyrroles  L were obtained as a resul t  of alkylation of N-acylated or 
N-tosylated thiophenes Ia, b with s -ha lo  earbonyl  compounds and subsequent Thorpe cyclizat ion o r  Dieckmann 
condensation [76, 77]. Thieno[2,3-b]pyrrol inediones LI are  formed from N-acetylated thiophenes XVIIa and 

oxalyl chloride [107]. 

1 1 I 
R X R Y RL , 0  

Ar ITs) Ac(Ts ) AC. 
L LI 

RI= 3 
L Y=NH 2 ~OH ; alkyl ~C6H5; R2=Hw alkyl ; R =OC2Hfi~N(C2H5) 2 

LI R 1 = H ~ a l ky l ,  a ry l  ; R2= a l ky l ,  a ry l  , CO2C2H s 

Thieno[2,3-d]pyrimidines are  readily obtained from aminothiophenes Ia-d (see also the above). 4-Amino-  
thieno[2,3-d]pyrimidines LII* were synthesized f rom o-aminoni t r i les  by various methods: LIIa was synthesized 
f rom amine Ia and formamide  [34] or by success ive  t rea tment  with an ortho es te r  and ammonia [30, 40, 79, 
108] (hydroxyamine LI[b is also known in the form of its N-substituted derivat ives [30, 108]). If hydrazine is 
used in place of ammonia in this case,  one obtains LIII, which, being an o-diamine,  can be subjected to subse-  
quent condensation [74]. In addition, 2-substi tuted 3-N-oxides of the LIIa type can be synthesized from N- 
acylated amines Ia and hydroxylamine [109]. Hydroxy amine LIIb is formed from Ia and urea [40], whereas the 
react ion of Ia with formamidine hydrochloride leads to diamine LIIc [26, 27, 90]. Thienopyrimidinethione LIVa 
was obtained f rom amine Ia and thioamides [40, 110], whereas dithiones LIVb were obtained from xanthates and 

Ia [Iii]. 
NH S 

R NH2 N R , ~ , ~ N / N H  2 R ~ , , J ~ N  H 

LII a-c LIII LIV a ,  b 

R' LII a =H i b RI=oH ; C R' =NH 2 
LIVa Rl=alkyl ; b R==SH 

* Here and subsequently, the s t ruc tures  of substituents R in the formulas  a re  the same as in s tar t ingthiophenes I. 
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An easy route to thieno[2,3-d]pyrimidones on the basis of 15, c has been par t icu lar ly  intensively devel- 
oped. Thieno[2 ,3-d]-4-pyr imidones  LVa are obtained from amines Ib, e and formamide  or f rom amines Ic and 
formic acid or or thoformates  [34, 112-117], whereas LVb is obtained by condensation of N-acylated amides Ic 
[117-119]. Thienopyrimidone LVb was also obtained from es ter  Ib and imido es ters  or other derivatives of 
carboxylic acid [120, 121]. 2 ,3-Tr imethylene-subs t i tu ted  compounds of the LV type are  formed in the conden- 
sation of lactams in the presence  of PC13 [52, 122]. Ethoxy derivative LVc can be obtained from amino ketone 
Id and ethyl chlorocarbonate  under special  conditions [123]. The react ion of N-acylated amino es ters  Ib with 
hydrazine leads to 3-aminothienopyrimidones LVd [124]. The react ion of amine Ib with dimethylformamide 
chlor ide [sic] and amines has been used for the preparat ion of derivatives of the LVe type [125], which are  also 
formed from thieno[2,3-d]oxazinones LVI and arylamines  [126-128]. Unsubstituted LVI can be obtained ex- 
t remely  simply by in t ramolecular  condensation of es ters  of 2-acetamidothiophene-3-carboxyl ie  acid XVIII in 
acetic anhydride [129, 131]. 4-Chlorothienopyrimidines ,  which are  formed from LVa, b and phosphorus chlorides 
give 4-substi tuted thienopyrimidines LVII as a resul t  of nucleophilic substitution of halogen [132-135]. The r e -  
action of ~-chlorothienopyrimidines  with sodium azide or of hydrazines LVII (Y = NHNH2) with formic acid or 
or thoformates  leads to 3,4-condensed thienopyrimidines LVIII [114, 116, 136]. Amides of o-amino carboxylic 
acids Ic react  with urea [112] or with phosgene [123] to give thienopyrimidine-2,4-diones LIXa. Aryl-subst i tuted 
LIXb were obtained by a two-step synthesis  f rom compounds of the Ib type and isoeyanates;  the initially formed 
substituted thienylurea undergoes cycl izat ion in the p resence  of a base [137, 138]. Thienopyrimidinediones LIXb 
can also be synthesized as a resul t  of success ive  t reatment  of amides Ic with ethyl chlorocarbonate  and aniline 
[123]. Like acylated mustard  oils [139], thiourea reac ts  with aminothiophenes 15, to give th ieno-4-pyr imidone-  
2-thiones LXa [140]. N-AryI-subs t i tu ted  compounds of the LXb type are  readily formed from amino es ters  15 
and aryl  isothiocyanates [141-144], during which the initially formed 2-thienyl(aryl)thiourea undergoes cyc l iza-  
tion in the presence  of alkali. Other heterocondensed sys tems  are  also access ib le  on the basis of pyr imido-  
nethiones LX. For  example, the react ion of LXa with a,-halo ketones gives thiazolo[2,3-b]thieno[2,3-d]pyrimi-  
dones LXIa, along with the i someric  thiazolo[3,2-a]thieno[2,3-d]pyrimidones LXIb, [145-147]. The heterocyclic 
LXIb sys tem is also formed direct ly from o-amino es te r s  Ib and thiocyanatoacetone [14~, 148]. Pseudosacchar in  
chloride condenses with both es te r  ib and amide Ic to give, as a resul t  of a two-step p rocess ,  thieno[2,3 : 4,5]- 
pyrimido[1,2-b][1,2]benzoisothiazole derivat ive LXII [141]. 

O O 

R " F ~ I / R  R O 

R CH 3 
LV a - 6  LVI 

LV a RI:R2=FI ~ b RI:H i R2:alkyl, aryl ; c RI:H,tR2:OCzHs, 

d RI=NH2, R2:alkyl ; e al=alkyl, aryl ,R2--H,alkyl 

Y N - -  N 

~ N / / L ,  I II 1 POCI 3 R R ~ . ~ , ~ N  jX 
LV a,b ~- 

LVII LVIll 
LVli Y=ORy $Rt NR 2 ~ NHNH2~,alkyl ; LVlII X:N~CH 

O O O 
R , ~ N / R '  R ' , , ~ N / R '  R , , ~ , ~ N  _ ~  R' 

H H 
L I X  LX LXL a 

0 0 0 

R~ S.~.d'----~-~ 
R RI"~-~" L R 2 
LXlb LXII 

I RI= RI =-HtCH3yCEHs ; F(" :H ,OH 3 LIXtLX a R = H ~ b aryl ~ LXI 

Final ly,  2-amino-3-aeylthiophenes Id and XXXa can also be used for the construction of 2,3-heteroeon- 
densed thiophenes. The Bischler reaction with 2-amino-3-formylthiophene ( X ~ a )  gave thieno[2,3-d]pyrimidines 
LXlIIa [83, 149]. Thienopyrimidines LXIIIb can also be s imi la r ly  synthesized from aminothiophene Id [115, 150, 
151]. The 3-N-oxides  of compounds of the LXIIIb (1R 2 = alkyl) type were also prepared by intramolecular  con- 
densation of oximes acylated at the amino group - acylthiophene derivatives Id [109, 152]. 
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Thieno[2,3-b]pyr idines  LXIVa can be synthes ized f rom o-amino  ketones Id by means  of F r i ed laender  
reac t ion  [153]. However ,  they can a lso  be obtained f rom aminothiophenes VII and XVII with a f r ee  3 posi t ion 
by means  of the Doebner -Mi l l e r  reac t ion ,  as demons t ra ted  for 2-aminothiophene i tself  (see [154] and the l i t e r a -  
t u r e  cited therein) .  The synthes is  of th ieno-4-pyr idones  LXIVb is based on the reac t ion  of 2-aminoth iophene-  
3 -ca rboxyl ie  acids with e thoxymethylenemalonic  e s t e r  [155]. 2-Aminothieno[2,3-b]pyr idines  LXWc a re  formed 
as a r e su l t  of condensat ion of 2 - amino -3 - fo rmy l th iophenes  XXXa with cyanoacet ic  acid der iva t ives  [156] (see 
[157] regard ing  1,2-condensed thienopyridines  of the LXIVc type). 

Thieno[2 ,3-d] t r iaz in-4-ones  LXV a re  formed by diazot izat ion of o -amino  amides  Ic [38, 68]. 

Dihydro th ieno[2 ,3 -b] - l ,3 -d iazabor ines  LXVI were  obtained by condensation of amide  Ic with phenylboric  
acid der iva t ives  [5, 158]. 

R 1 R 1 

R N R ~ S A N~-""~ R 3 
R ~ N / ~ - ~  R 2 R ~ ~ I / R 2  

t.XIII a, b LXIV a-c 

LXIII ,3. R I =H, R2= alkyl  ,CBH s ; b R ~ : a ~ l  , R 2 : OH, alkyl  

LXIV a R1, R2, R3:alkyl,,C6H5 ; b RI:oH, R2=CO2E ,R3=H ; 

C RI=Hv R2=CN ,CO2C2H 5 ,~ R3= NH2 

O O 

R-'I~. S -~  N #N R..~S ~ . N ,  B ~CsH 5 
H 

LXV LXVI 
LXV RI= H yCH~ 

Thieno [2 ,3 - e ] - l , 4 -d i azep in -2 -ones  of the LXVII type, which a r e  potent ial  p sychopharmaceu t i ca l  p r e p a r a -  
t ions,  a re  readi ly  obtained f rom o-amino  ketones Id; a good l ist  of s tudies in this a rea  was compiled in [6]. 
The usual  synthetic  method cons is t s  in reac t ion  of aminothiophene Id with ch loroace ty l  chlor ide  or with the 
b romides  of a - b r o m o  carboxyl ic  acids and subsequent  ammonolys i s  [28, 29, 159-162]. However,  in te rmedia te  
r e p l a c e m e n t  of chlor ine  by iodine is,  as a rule ,  n e c e s s a r y ,  s ince o therwise  deacetylat ion occurs  under the 
influence of ammonia  [159-161]. In this connection,  reduct ive  az idolys is  of the ch loroace ty l  der iva t ive  is a lso  
used [29, 163, 164]. If hydroxylamine is used in place  of ammonia ,  4 -N-oxides  of compounds of the LVII type 
a r e  obtained [29]. Thienodiazepinones LVII were  also synthesized f rom the phthal imidoacetyl  der iva t ives  of 
aminothiophene Id [29, 165, 166] or as a r e su l t  of d i rec t  cycl izat ion of aminothiophene Id by means of benzyl-  
oxycarbonylaminoace ty l  chlor ide  [28] or  oxazol ine-2 ,5-d ione  [167, 168] (direct  condensat ion of Id with glycine 
e s t e r  has also been mentioned [163, 164]). Enamine  XIV, which initially undergoes  cycl izat ion to give the 
imine of 2 -amino-3 - th ieny l  phenyl ketone [48], a lso condenses  with glycine e s t e r  hydrochlor ide  to give thieno-  
diazepine LVII [R '=  H, RR = (CH2),~,  Ar = C6H5]. Secondary reac t ions  have a lso  been descr ibed  for  t h ienodiaze-  
pinones LXVIh for example ,  see  [169-171] for  the p repa ra t ion  of 2 ,3- t r iazolo th ienodiazepinones ,  [172] for the 
ni trat ion of compounds of the LXVII type with a f ree  ~ posit ion, and [173, 174] for reac t ions  involving the 
diazepine ring. 

Tet rahydrothieno[2 ,3-b]azepinone LXVIII was synthes ized by Dieckmann condensation f rom o-amino  e s t e r  
Ib, which is initially success ive ly  N-ace ty la ted  and N-alkylated by ~ -b romoprop ion ic  acid e s t e r  [32]. 

1. 
2. 
3. 
4. 

Ar 
I A r  O 

R c% . R 

R ~ ~S" "N--C~CH2Hal 
�9 , .  ,o 

LXVII LXVIII 
uxvu R'=H, alkyl, aryl, acyl ; At-- phenyl, substituted phenyl, pyridyl 
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