
325,370 nm (4.57, 3~ 3~ PMR spectrum in CHC13, 5:3.07 (N-CH3, s), 3.40 (OCH3, s), 5.79 (3'-H, d, 10 
Hz), 6.1 ppm (br. s, 5'-H + 7~-H). IR spectrum: 3400, 3320, 3215, 3075, 3040, 2935, 1660, 1630, 1615 br, 1595, 
1490 br, 1450, 1400, 1340, 1310, 124___~0, 1160, 1120, 1100, 1080, 1040, 1010, 99__00, 920, 865, 850, 825, 770, 750 
cm -1. Found: C 77.7; H 6.1; N 7.7%. C23H20N202. Calculated: C 77~ H 5.7; N 7.9%. 
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SYNTHESIS OF DIHYDROTHIENO[3,4-b]INDOLES 

N. A. Kogan UDC 547.759.3~73.07 

A new heterocyclic system - 3-imino-4-methyldihydrothieno[3,4-b] indole - was obtained by 
treatment of 1-methylindole-2-carboxylic acid thioamide with aldehydes or ketones in the pres-  
ence of hydrogen chloride, i~eactions involving saponification and acetylation of the imino group 
of the thieno ring and opening of the thieno ring by the action of LiA1H4 to give a bis(indolylphenyl- 
methyl) sulfide were carried out. A scheme is proposed in which the SH group of the thioamide 
adds to the carbonyl compound in the f i rs t  step, after which the product undergoes intramolec- 
ular cyclization in the 3 position of indole. 

An attempt to obtain dihydrothieno[3,4-b] indole by the Fischer reaction from 3-thiophanone and phenyl- 
hydrazine was unsuccessful and led exclusively to the formation of 2,3-dihydrothieno[3,2-b]indole [1]. Using 
the previously proposed principle of construction of three-ring indole-containing structures [2] we obtained 
dihydrothieno[3,4-b]indoles (H-XXI) by reaction of 1-methylindole-2-carboxylic acid thioamide in the presence 
of hydrogen chloride in alcohol, ether, or acetic acid at room temperature with aldehydes or ketones. 

Leningrad Pharmaceutical-Chemistry Institute, Leningrad 197022. Translated from Khimiya Getero- 
tsiklicheskikh Soedinenii, No. 10, pp. 1327-1331, October, 1977. Original article submitted June 4, 1976; re-  
vision submitted February 7, 1977. 
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We were unable to subject benzophenone and some complex ketones (camphor and 3-cholestenone) to the r eac -  
tion. When a mixture  of thioamide I with the carbonyl  compound is dissolved, crys ta l l iza t ion of dihydrothieno- 
indole hydrochlor ides  (U-XXI) begins af ter  5-15 min. These salts  can be converted by the action of ammonia 
to bases ,  the pK a values of which range f rom 4.6 to 5.2. The composit ion of the isolated compounds indicates 
the addition of 1 mole of the carbonyl  compound to 1 mole of thioamide I with the loss  of 1 mole of water  (Table 
1). 

The chemical  p roper t i es  and the IR and UV spectroscopic  data for  II-XXI constitute evidence for  the 
format ion of a dihydrothieno r ing ra ther  than a dihydropyrrole  ring. The la t ter  is formed when 1-methy l -2-  
carboxamide is t rea ted  with aromat ic  aldehydes [2]. The IR spect ra  of II-XXI do not contain the charac te r i s t i c  
PC = S band (1100 cm -1) but do contain a PC = N band (1610-1650 cm-1). The hydrolys is  of 3- iminodihydro-  
thieno[3,4-b]indoles (II, ]XI, and XIV) in an aqueous alcohol solution of HC1 led [according to monitoring by thin- 
l aye r  chromatography (TLC)]to dihydrothieno[3,4-b]indol-3-ones (XXVI-XXVIII, Table 2). The IR spec t ra  of 
the la t ter  differed f rom the IR spect rum of the nonhydrolyzed compounds only with respec t  to the 1600-1700 
cm -1 region,  where the band at 1615 cm -1 (PC ~ N ) vanished but an intense band prepared  at 1680 cm -1 
(PC ~ O), and also in the region of NH vibrat ions,  when a sharp peak at 3200 em -1, which is not observed after  
hydrolys is  fo r  XXVI-XXVIII, was observed fo r  3-iminothieno[3,4-b] indoles II-XXI. 

The UV spect rum of 3-iminothienoindole HI in alcohol (Fig. 1) [2, 305 nm (log ~ 4.18)] has the fo rm cha r -  
ac ter i s t ic  fo r  1-methyl indole-2-carboxyl ic  acid amide [Xmax 295 nm (log e 4.10)]; this provides  evidence for  
retention of the 2-indolyl group conjugated with a double bond. Replacement of the imino group by a keto group 
in XXVTTI leads  to a hypsochromic  shift. Because  of lengthening of the conjugation chain, acetylation of III is 
accompanied by the appearance in the UV spect rum of XXIII of a maximum at 380 nm (log e 3.48). The reduc-  
tion of thienoindole XXVI with LiA1H4, which leads to the formation of isolated indole sys tem XXIX, gives r i se  
to a hypsochromic  shift of Xmax to 288 nm (log e 3.98)o No effect of the substituents in the phenyI ring of 1- 
phenyl-3- imino-4-methyldthydrothieno[3,4-b]  indole s II-XI on  the position of Xmax i s observed;  this conf i rms 
the absence of conjugation of the phenyl ring with the indole ring. 

The PMR spec t ra  of II-XXI differed f rom one another only because of a difference in the s t ruc tu res  of 
R 1 a n d  R 2 attached to l - C .  The s p e c t r a  of aromat ic  aldehyde derivat ives  II-XI in t r i f luoroacet ic  acid contain 
a multiplet  of a romat ic  protons at 7.2 ppm, a signal of an N - C H  3 group (s, 3H; 3.7 ppm), and a charac te r i s t ic  
signal of a benzyl  proton (s, 1H; 5.7 ppm)~ 

The spec t ra  of ketone der ivat ives  XIV and XV contain, in addition to signals of aromat ic  protons at 7.2 
ppm and of an N - C H  3 group (3.71 ppm), a signal of two geminal methyl groups (s, 6H; 1.71 ppm) in the case  
of XIV and, in the case  of XV, which is the product  of condensation of methyl ethyl ketone with thioamide I, 
two groups of signals of an ethyl f ragment  in the form of a t r iplet  (3H, 0.6 ppm) and a quartet  (2 H; 1.95 ppm) 
and a C - C H  3 signal (3H; 1.75 ppm). 
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T A B L E  I. C h a r a c t e r i s t i c s  of 3 - I m i n o - 4 - m e t h y l d i h y d r o t h i e n o [ 3 , 4 - b ] i n d o l e s  

Com- 
pound 

II 
IlI 
IV 
Vb 

VI 
Vllb 

Vlllb 
IX 
Xb 

XI c 
XII 

XIII 
XIV 

XV 
XVI 

XVII 
XVIII 

X 
XXl 

Re 

H 
H 
H 
H 
H 

CHa 
CHa 

Cyclohex ylidene 
Cyclopentylidene 

CH~C~H5 
C~CHs C,H~H2-Furyl 

C6Hs 
o-CIC~H4 
p-CtC6H4 
o-NO~C~H4 
p-OCHaC~H4 
p-N (CHs) ~C~H~ 
#-OHC~H4 
o-OHC~H~ 
p-N (C~H4CI) ~Cdq4 
p-BrCsH4 
CH=CH--C~H~ 
C~H~ 
CHa 
C2Hs 

mp, mp of[ Found, % 
the ~ base a <1 N 

203 10,8 8,6 
145 20,3 8,0 
210 20,1 7,6 
118 - -  12,0 
172 10,0 8,3 
128 17,6 10,3 
206 8,3 
185 2~,8 8,3 8,4 
202 3t,7 6.4 
- -  10,0 7.6 

12,0 9,5 
1"~,9 I0,1 9.8 178 ,1,7] 8,r 
1~,0 t 9,.t 8,1 
t1,6 t 9,2 

8,6 '%11,,a 

Empirical 
s formula 

CI:Ht4N2S-HC1 
CI;HIsN2SCI. HCI 
C~rH,sN=SCI.HCI 
CIrH,aNaO2S- HCI 
C,sH~6N._,OS �9 HCI 
CIgHIgNsS-2HCI 
C,rH~N2OS" HCI 
CtzHi4N2OS" HCI 
C~,H21SCI.~.2HCI 
C,rH,sN2BrS- HCI 
C~gH~N=S. HCI 
CI~HIsN~S.HCI 
CIsHI4N.2S" HCI 
C,4H,eN.~S �9 HC1 
Ci~H,.sN,_,S - HCI 
C~sH,6N~S .HC1 
CIgHtsN~S .HCI 
CIsHI=N~OS .HC1 
C,8tt~N~S-HCI 
CuH~0N~S -HCI 

Calc., % 

c, I N 

L1,31 8,9 
,o,41 8,o 
.,0,4 / 8,o 
9,8 / 1,6 
[0.3 8.I 
18,1 l 0,7 
t031 8.5 
t0,7 / 8,~ 
.~8,4 | 8,4 
31,6 / 7,1 
10.41 8,,~ 
12,1| 9,~ 
13,4| ,01e 
12,7 / ~o,( 
1],5 / 9,1 
,2,11 9,~ 
10,31 8. 
l 1,6] 9.1 
l t . l i  8,[ 
14.8 ! 11,: 

S Yield, 

95 
93 
80 
82 
82 
90 
64 
76 
55 
81 
93 
90 
88 
52 
9O 
75 
50 
7O 
9O 
9O 

% 

a T h e  r e s u l t s  of  e l e m e n t a r y  a n a l y s i s  of t h e  b a s e s  a r e  i n  a g r e e m e n t  w i th  the  c a l c u l a t e d  
v a l u e s ,  b T h e  r e a c t i o n  w a s  c a r r i e d  ou t  i n  a l c o h o l  s a t u r a t e d  w i t h  HClo CThe  c a l c u l a -  

t i o n  w a s  m a d e  f o r  t h e  c o m b i n e d  B r  and  C1 c o n t e n t .  

T A B L E  2.  1 - A r y l - 3 - a c e t i m i d o - 4 - m e t h y l h y d r o t h i e n o [ 3 , 4 - b ]  i n d o l e s  

Com- 
pound 

XXlI 
XXIII 
XXIV 
XXV 

C~tt5 I 208 r I~ 198 
p-CIC~[I., 240 
p-OCI laC.a[ I4 195 

Found, % [ Empirical 
c! N s t formula 

9,6 9,4 
97,5 7,6 9,0 

.... 7.6 

Clg[-t ,6NeSO 
C~gH~sN2SOCI 
C~gH,sN..SOCI 
C_.,H,~N~SO2 

Calc., % 
c, l x  

l&O 8,8 
7,9 

I0,0 i 7,9 
" - I  8,0 

I Yield. 
s o1~ 

10.0] 90 
9,0 95 
9.0 90 
9. 90 

T A B L E  3 .  3 - O x o - 4 - m e t h y l d i h y d r o t h i e n o [ 3 , 4 - b ] i n d o l e  s 

Com- 
pound 

xxv,[,  
XXVI I 1 Is 

XXVtll " 

R" I mp, 
~ 

C~lls [ 197 
Ctta 115 
o-CIC,;114 164 

Found, % Empirical 
formula 

c , [ N l s  

.!.9 9.8 C,aH;aNOS C~:HI2NCIOS 

CalC.,ci[ N % S "1 Yield'% 

6,t t3.8 60 
1 , 4,4 10,0 88 

|ge 

4,5 

4tO 

3~5 

220 2eO 300 340 2180 420 

Fig. 1. UV spectra of HI 
(i), XXVm (2), X X ~  (3), 
and XXIX (4) in alcohol 
(c= 1.5"10 -4M). 
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Thioamides  a r e  widely used fo r  the const ruct ion of f ive-  and s i x - m e m b e r e d  r ings  with the inclusion of 
ni t rogen and sulfur  a toms .  At the s ame  t ime ,  we did not find examples  in the l i t e r a tu r e  of the synthes is  of a 
thieno r ing by the action of carbonyl  compounds on th ioamides .  The  successfu l  o c c u r r e n c e  of this reac t ion  in 
the indole s e r i e s  i s  evidently due to the absence  of a deact ivat ing effect  of de r iva t ives  of the carboxyl  group 
on the 3 posi t ion fo r  e lec t rophi l ic  r eagen t s .  The m e c h a n i s m  o f  the fo rmat ion  of a thieno r ing m a y  commence  
both with e lec t rophi l ic  a t tack  on the 3 posi t ion {path a) and at the sulfur  a tom (path b). The f i r s t  path (path a) 
i s  r ea l i zed  in r eac t ions  with amides  and ani l ides  of 1 -me thy l indo le -2 -ca rboxy l i c  acid during the fo rmat ion  of 
d ihydropyrro lo[3 ,4-b] indoles  [2]. The second path (path b) is  m o r e  l ikely during the fo rmat ion  of a thieno 
r ing ,  s ince the sulfhydryl  group is e x t r e m e l y  sens i t ive  to e lec t rophi l ie  agents .  The substi tut ion of chlor ine 
by  an alkylthio group,  which t akes  place  under  m o r e  s e v e r e  conditions (80~ fo r  1 h 30 min) [3] than those r e -  
quired fo r  the fo rma t ion  of a thieno r ing (0-10~ fo r  5-15 rain), s e r v e s  as  a model  fo r  the fo rmat ion  of a thieno 
r ing v ia  path  a. 

H Ar II A r  

�9 . . ~ ~ C l ~  l~ | J ~  + HS%Hs ~ ~ c~Hs 

I I 
CH 3 CH 3 

+ HCI 

Another  p iece  of evidence in favor  of path b is provided by the ease  of the fo rma t ion  of a thieno ring with 
ke tones ,  while o ther  d e r i v a t i v e s  of 1 -methy l indo le -2 -ea rboxy l i c  acid ( e s t e r s ,  n i t r i l e s ,  amides ,  and anilides) 
do not r eac t  with ke tones  under  the s ame  conditions.  The reac t ion  of 1 -me thy l indo le -2 -ca rboxy l i c  acid thio-  
amide  (I) with b romoace tone  leads  to 2 - (1 -methy l -2 - indo ly l ) -4 -methy l th iazo le  (XXX); this  con f i rms  path b as 
the f i r s t  step in the synthes is  of dihydrothieno[3,4-b]indoles.  

nCl I 
CH 3 

XXX 

E X P E R I M E N T A L *  

The UV spec t r a  of alcohol solut ions of the compounds were  r eco rded  with an SF-16 spec t ropho tomete r .  
The IR s p e c t r a  of m i n e r a l  oil suspens ions  w e r e  r eco rded  with a UR-20 s p e c t r o m e t e r .  The PMR s p e c t r a  we re  
r eco rded  with a Var ian-60  s p e c t r o m e t e r .  The homogenei ty  of all of the compounds was ver i f i ed  by TLC on 
Silufol in a c y c l o h e x a n e - e t h y l  ace ta te  s y s t e m  (3: 1). 

1 -Methy l indo le -2 -ca rboxyl ic  Acid Thioamide  (I). A 7.6-g (0.49 mole) sample  of 1 -me thy l indo le -2 -  
carboxyl ic  acid was d isso lved  in 25 ml  of pyr id ine  and 7.5 ml  of t r i e thy lamine ,  a f t e r  which a s t r e a m  of hydro -  
gen sulfide was p a s s e d  through the solution at 0-5~ fo r  30 min.  The solution was poured  over  ice ,  and the 
separa ted  c r y s t a l s  of th ioamide I we re  r e c r y s t a l l i z e d  f r o m  ethanol to give 8.38 g (91%) of I with mp 145~ 
Found: N 14.6; S 16.5%. C10H10SN 2. Calculated:  N 14.4; S 16.8%. 

1 -Phenyl -3- imino-4-methy ld ihydro th ieno[3 ,4 -b] indo le  (II). A 0.5-g (0.026 mole) sample  of th ioamide I 
was  mixed with 0.3 g (0.028 mole) of benzaldehyde,  and 5 ml  of e ther  sa tura ted  with HC1 was added at 0~ 
The c rys ta l l ine  p rec ip i t a te  of II hydrochlor ide  that  f o rmed  f r o m  the resul t ing  solution a f t e r  3-5 min  was  r e -  
moved  by f i l t ra t ion ,  washed with e ther ,  and c rys t a l l i zed  f r o m  alcohol to give 0.7 g (95%) of product .  To ob- 
tain base  II,  i ts  hydrochlor ide  was d isso lved  in 70% alcohol,  and the solution was t r ea t ed  with NH4OH solution 
until  the mix tu r e  was  alkal ine.  Base  II separa ted  immedia te ly  as an oil,  which c rys t a l l i zed  rapidly  when it 
was  t r i tu ra ted .  Workup gave 0.56 g (90%) of II.  The product  was  r e c r y s t a l l i z e d  fo r  analys is ;  TLC on Silufol 
showed one spot,  namely ,  Rfbase  0.53 (RfHc1 0.31). The same  method was used to obtain I I I -XXI (Table 1). 
The reac t ion  was  a lso  c a r r i e d  out in alcohol sa tu ra ted  with HC1. P a r a f o r m a l d e h y d e  was  used to obtain XXI. 

1 -Phenyl -3-ace t imido-4-methy ld ihydro th ieno[3 ,4 -b] indo le  (XXII). A 2.5-g (0.09 mole) sample  of ba se  II 
was  ref luxed in 20 ml  of acet ic  anhydride fo r  3 min ,  a f te r  which the mix tu re  was  cooled to p rec ip i t a te  X:XII 
(Table 2). Compound XXII was c rys t a l l i zed  f r o m  alcohol for  ana lys i s .  The s ame  method was used  to obtain 
XXIII-XXV. 

*E. P.  Chernova,  a student,  pa r t i c ipa ted  in the exper imenta l  work.  
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1-Pheny l -3 -oxo-4-methy ld ihydro th ieno[3 ,4 -b ] indo le  (XX-VI). A 0.7-g (0.0025 mole) sample  of I I - h y d r o -  
ch lor ide  was ref luxed in 20 ml  of alcohol and 5 ml  of concent ra ted  HC1 for  4 h, a f te r  which the mix tu re  was  
cooled to p rec ip i t a t e  XXVI {Table 3) with Rf 0.56. 

The s ame  method was  used  to p r e p a r e  XXVII and XXVI~. 

B i s (1 -me thy l -2 -hydroxymethy l -3 - indo ly lpheny lme thy l )  Sulfide (XXIX). A 1.4-g (0.005 mole) sample  of 
XXVI was  reduced  in e the r  with 0.40 g (0.012 mole) of LiA1H 4. Af te r  decomposi t ion  of the e x c e s s  LiA1H 4 with 
wa te r ,  the p rec ip i t a t e  was  r em oved  by f i l t ra t ion ,  and the e ther  l aye r  was dr ied with anhydrous Na2SO 4 and 
evapora ted  to give XXIX, which was  c rys t a l l i zed  f r o m  cyclohexane.  The yield of product  with mp 75~ was 
0.78 g (56%). Found: N 5.2; S 6.0%; C34H32N2SO 2. Calculated: N 5.8; S 6.0%. 

2 - (1 -Methy l -2 - indo ly l ) -4 -me thy l th i azo !e  Hydrochlor ide  (XXX). A 1.37-g (0.01 mole) sample  of b r o m o -  
acetone was added to 1.92 g (0.01 mole) of th ioamide I in 15 ml  of ethanol sa tura ted  with HC1, a f te r  which the 
=mixture was ref luxed fo r  5 min.  It was  then cooled to p rec ip i ta te  2.4 g (86%) of XXX with mp 215~ ( f rom a l -  
cohol). Substance XXX was not affected by refluxing in HClo The 2 - (1 -me thy l -2 - indo ly l ) -4 -me thy l th i azo le  
b a s e  is  incapable  of fo rming  acetyl  de r iva t ives  under  the influence of acet ic  anhydride.  Found: C1 12.6; N 4.9; 
S 11.0%. C14H10NS-HC1. Calculated: C1 12.7; N 5~ S 11.4%~ 

1. 
2. 
3. 
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D E R I V A T I V E S  O F  C O N D E N S E D  S Y S T E M S  B A S E D  ON 

P Y R I M I D I N E ,  P Y R A Z I N E ,  A N D  P Y R I D I N E  

XXXVI.* SYNTHESIS OF PYRIMIDO[4 ,5-b] - I ,4 -THIAZIN-6-ONES 

AND PYRIMIDO[4 ,5-b] -1 ,5 -THIAZEPIN-6-ONES 

A.  F .  K e r e m o v ,  M.  P .  N e m e r y u k ,  
O .  L .  A p a r n i k o v a ,  a n d  T .  S. S a t . n o v a  

UDC 547.859'869'892.07 

Py r imido [4 ,5 -b ] -1 ,4 - th i az in -6 -one  and py r imido [4 ,5 -b ] - i  ,5 - th iazep in-6-one  de r iva t ives  were  
obtained by reac t ion  of 5 - a m i n o - 6 - c h l o r o p y r i m i d i n e s  with thioglycolic  acid and 5 - a m i n o - 6 -  
m e r c a p t o p y r i m i d i n e s  with f l -bromopropionyl  chlor ide.  The IR s p e c t r a  of the compounds a r e  
p resen ted .  

We have  p rev ious ly  r epor t ed  the synthes is  of py r imido[4 ,5 -b ] -1 ,4 - th i az in -6 -ones  by reac t ion  of 5 -amino-  
6 - m e r c a p t o p y r i m i d i n e s  with ~ - h a l o  acids [2]. During a biological  study of these  compounds it was obse rved  
that  they inhibit the enzymes  of folic acid me tabo l i sm  and have ant i tumor igenie  act ivi ty  [3]. In this  connection 
we obtained a nu m ber  of new de r iva t ives  and homologs  of p y r i m i d o [ 4 , 5 - b ] - l , 4 - t h i a z i n - 6 - o n e  and invest igated 
some  of the i r  p r o p e r t i e s .  

4 -Alkoxypyr imido th iaz in -6 -ones  IV and V were  obtained by reac t ion  of 4 - a t k o x y - 5 - a m i n o - 6 - c h l o r o p y r i -  
mid ines  I and II with thioglycolic acid. In the reac t ion  of 4 ,6 -d i ch lo ro -5 -aminopyr imid ine  (IID with thioglycolic 
acid both chlor ine  a toms  a r e  r ep laced  by carboxymethyl th io  groups  to give de r iva t ive  VI. This  method fo r  the 
synthes is  of py r imido th i az in -6 -ones  [4] has  an advantage over  the method descr ibed  in [2] with r e s p e c t  to the 
number  of s teps  involved.  

*See [1] for  communica t ion  XXXV. 
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