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Ni t ra t ion of 4 -hydroxyth iocoumar in  gave 3 -n i t ro -4 -hydroxy th iocoumar in ,  which was conver ted  
to 3 -n i t r o -4 -ch lo ro th iocoumar in  by the action of phosphorus  oxychlor ide in d ime thy l fo rmamide .  
The cor responding  3 -n i t r o -4 - am i no t h i ocoumar in s  w e r e  synthes ized  by reac t ion  of 3 -n i t r o -4 -  
ch loro th iocoumar in  with ammonia  or  amines .  The 3 -n i t r o -4 -amino th iocoumar in s  were  hydroge-  
nated in alcohol  over  Raney  nickel  to give 3 ;4-d iaminoth iocoumar ins .  The f l -aminovinylcarbonyl  
f o r m  of the 4-subs t i tu ted  3 -amino th iocoumar ins  was es tab l i shed  on the bas is  of the UV, IR, and 
PM:R spec t r a .  

In con t ra s t  to the oxygen and ni t rogen he teroanalogs  - coumar in  and c a r b o s t y r f l -  l i t t le study has been 
devoted to the chemica l  p r o p e r t i e s  of the he te rocyc l ic  r ing  of 1 - th iocoumar in  and subst i tuted 1- th iocoumar ins  
[2-4], whe reas  polyfunctional th iocoumar in  der iva t ives ,  pa r t i cu l a r ly  3-subst i tu ted  4-aminoth iocoumar ins ,  may 
be of pa r t i cu la r  i n t e re s t  as  subjec ts  for chemical  and phys icochemica l  s tudies .  

We have synthes ized a number  of 3 - n i t r o - 4 - a m i n o -  (Ia-i) and 3 ,4 -d iamiao th iocoumar ins  (I/a-i): 

OH OH C1 

Ill IV 

NRR' NRR' 

la-i lla-i 

HNRR' 

1, ll: a R - R ' = H ; b  R=It ,  R ' =CHa ;c  R=H,  R'=C4Hg-m d R=H,  R '=C4Hg- t e r t ; eR=H,  
R'=CH=C6Hs; f R=I i ,  R'~C6Hs; g R=R'=C2H~; h R + R ' =  (CH2)s; 

i Rq- R'=CHL, CH2OCH~CH2 

Nit ra t ion  of 4 -hyd roxycoumar in  (11I) with fuming ni t r ic  acid in a mixture  of concentra ted  sulfur ic  and 
g lac ia l  ace t ic  acids gave 3 -n i t ro -4 -hydroxy th iocoumar in  {IV), which by the action of phosphorus  oxychloride 
in d ime thy l fo rmamide  (D]VIF) was conver ted  to 3 -n i t ro -4 -ch lo ro th iocoumar in  (V) - the key compound for  the 
synthes is  of amino  de r iva t ives  I and I I .  Compounds V were  amina ted  to I a - i  by the act ion of excess  ammonia  
or  2 moles  of amine  in absolute  benzene solution. Diamines  I ~ - i  we re  obtained by hydrogenat ion of ni tro com-  
pounds I a - i  in alcohol over  Raney  nickel .  

According  to the PMR spec t ra ,  aminon i t ro th iocoumar ins  I a - f  exis t  in the th iocoumar in  fo rm.  Thus the 
signal  of the pro tons  of the CH2N group in the s p e c t r u m  of Ie in solution in (CD3)2SO-CDC13 (1 : 2) appe a r s  
a t  4.4 ppm in the f o r m  of a doublet  due to s p i n -  spin coupling (SSC) (J = 6 Hz) with the pro ton  of the NH group, 
the broad  signal of which is found at  8.5 ppm; when CDaOD is added, the doublet is conver ted  to a s iagle t  (deu- 
t e r a t ion  and exchange p r o c e s s e s ) ,  and the signal at  8.5 ppm prac t i ca l ly  vanishes .  

Dependent  v ib ra t ions  of the C = O group a re  obse rved  at  1615 cm - t ,  i .e.,  in a longer-wavelength  region 
than in the s p e c t r u m  of th iocoumar in  i t se l f  (1640 cm-1), in the IR spec t r a  (in ch loroform)  of Ig-i  (Table 1), which 
a r e  model  compounds with a fixed amino group; in addition, t he re  a r e  cha rac t e r i s t i c  absorpt ion bands of double 
bonds of the cycl ic  s y s t e m  (1585 and 1570 c m  -1) and s t r e t ch ingv ib ra t ions  of an NO 2 group (N 1525 and N 1350 cm- l ) .  

*See [1] for  our p r e l i m i n a r y  communica t ion .  
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TABLE 1. F r e q u e n c i e s  of  the Character i s t i c  Absorpt ion  Bands of 
3-Nitro-4-amino- (Ia-i) and 3 ,4 -Diaminoth ioc (mm~rins  (ILa-i) 
~ o m -  

,ound 

Ia a 

Ib a 
Ic  a 

Ic c 
Id a 
id c 

lea  
le c 
if a 
i f  c 

Ig e 

lh e 

li c 

Nil 

3465,3400, 
3360,3245 
(~NHI640b) 

3340 
3350 

3450 
3360 
3348 

3360 
3450 
3340 

3430,3360 

v,. em,-I 
C=O, C=C 

1588,1565 

1585 
1586 

1610d, I597 
1595 

1630,1595, 
1580 
Z~85 

1610u, 1597 
1600,1590 

1630,1597, 
1580 

1610,1586, 
1570 

1615,1585, 
1572 

1620,1590, 
1582 

Corn - 
pound NII 

3385,3350, 
3310,3230- 
(6NH1650) b 
3450,3350 
3405,3340, 

3300 b 
(6NI~1615) 
3440,3360 

3480,3370 

3440,3355 

3440,3340, 
3280 

3485,3385 

3490,3380 

3450,3340. 
(6N a1608) b 
349O, 3380 

31903380 

Y~ C13] -1 

C=O, C=C 

1552,1517 

1600,1565,1530 
1592,1562,1520 

1600,1565,1530 

1590,1562,1530 

1600,1565,1530 

1596,1588,1562, 
1530 

1600,1565,1530 

1600d, 1580, 
1550d 1515 
1583,1557, 
1535,1520 
1600d 1580, 
1550d, 1515 
1600d, 1580, 
1550d, i515 

aThe IR spec tra  of  o i l  s u s p e n s i o n s  w e r e  recorded ,  bThis  band 
van i shes  when the compound i s  deuterated.  CSolution in c h l o r o f o r m  
(c 0.01 M, d 1.01 man). ~  eSolution in c h l o r o f o r m  (c 0.1 
M, d 0.16 ram). fSolutlon in c h l o r o f o r m  (c 0.01 M, d 0.6 mm).  

TABLE 2. Data f r o m  the UV Spectra of 3- 
N i t r o - 4 - a m i n o -  (1) and 3 ,4 -Diaminoth iocou-  
m a r i n s  ( ~  
Com- 
pound 

Ic 
Ig 
Ih 

IIa 
lie 
IId 
lie 

Xma x, nm 

235; 261; 317 
238; 266; 295; 353 
235; 265; 293; 352 
236; 278; 365 
237; 257; 278; 371 
235; 277; 373 
237; 279; 372 
227; 273; 364 
225; 274:366 

log  e 

4,47; 4,09; 4,07 
4,40; 3,88; 3,87; 3,87 
4,32; 3,87; 3,84; 3,87 
4,64; 3,96; 4,03 
4,40; 4,01; 4,00; 4,02 
4,54; 4,15; 4,06 
4,51; 4,07; 4,06 
4,47; 3,99; 3,97 
4,55; 4,03; 3,99 

The IR spec tra  of  minera l  oi l  s u s p e n s i o n s  of  Ib-f,  which have a secondary  amino  group, are  charac ter i zed  by 
the fo l lowing  absorpt ion frequenc ies :  3350 (VNH), N 1590 (broad intense  band, dependent vibrat ions of the car -  
bonyl  group and r ing double bonds),  N 1530 and ~ 1350 c m  -t (NO 2 group).  The trans i t ionto  solut ions  in ch loro form 
in the c a s e  of Ic, e i s  accompanied  by an increase  in the frequency of  the vibrat ions of the secondary  amino 
group (3450 c m  -1) and part ia l  r e s o l u t i o n  of the broad band in the reg ion  of the vibrat ions of the double bonds 
of  the s y s t e m  (1597 and shoulder  at 1610 cm-1) .  In analogy with the spectra  of 4 - a m i n o - 3 - n i t r o c o u m a r i n s  [5], 
the band at 3450 c m  -1 should be as s igned  to  v ibrat ions  of  a f ree  amino  group. In the c a s e  of  Id, f p a s s i n g  to 
so lu t ions  in c h l o r o f o r m  does  not have  a spec ia l  e f fect  on the absorpt ion and f o r m  of  the bands corresponding  
to  the v ibrat ions  of the NH group (an addit ional  band at 3430 c m  -1 f r o m  the  vibrat ions  of a f ree  8mino group 
appears  in the s p e c t r u m  of  th iocoumar in  If) but does  g ive  r i s e  to substantial  changes  in the reg ion  of  absorpt ion 
of the double bonds of the sys tem:  Bands are  observed  at 1630 (dependent v ibrat ions  of the C = 0  group) and 
N 1595 c m  -1 (ring double bonds).  The absence  of v ibrat ions  of a f ree  NH group in the spec trum of  a solut ion 
of  Id is  probably determined by the great  advantageousness  of  in tramolecu lar  hydrogen bonds between the NH 
and NO 2 groups due to repu l s ion  of  the bulky subst i tuent  attached to the amino  group in the 4 pos i t ion  away 
f r o m  the nitro group [5]. 

Instead of the one long-wave  absorpt ion  m a x i m u m  at 317 n m  observed  in the spectra  of I that contain a 
secondary  amino  group, the UV spec tra  of  I (Table 2) with a t er t iary  amino  group contain two max ima  at 295 
and 353 nm; th i s  is  evidently a s s o c i a t e d  with the change in the e l ec t ron ic  interact ion of the amino and nitro 
groups  with one another and with the ~ - e l e c t r o n  s y s t e m  of  the th iocouma~in  ring.  
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TABLE 3. 

Com- 

pound 

[a 
Ib 
Ic 
Id 
Ie 
If 
Ig 
Ih 
Ii 

4-A mino- 3-nJ~r othiocoumar ins fla-i) 

mp, "C 

268--269a.b 
251--252:a,c 
164--164,5 d 

144,5--145,5 e 
190,5--191c . 

218--219aJ 
125--126g 

166.5--167g 
211--212 u 

N S 

12,7 14,4 
II,6 13,4 
lO,O II,6 
I0,0 l 1,7 
9,0 10,4 
9,5 I0,8 

l 0,0 11,6 
9,5 11,2 
9,5 11,0 

Empirical formula 

CgH6NaOaS 
CIoHsN2OaS 
CI3HI4N~O3S 
ClaH14N2OaS 
CL6H~2N2OaS 
ClsHloN~OaS 
ClaH~4N~O3S 
C14HI4NaO~S 
CiaHI2N204S 

GalCn~s--N R] 

12,6 
11,9 
10,0 
10,0 
9,0 
9,4 

lO,1 
9,6 
9,6 

14,4 0,14 
13,6 0,17 
I 1,5 0,55 
11,5 0,80 
10,3 0,44 
I0,7 0,26 
11,5 0,90 
I 1,0 0,70 
l l ,0  0,71 

awith decomposit ion,  bFrom dioxane. CFrom alcohol ,  dFrom 
benzene,  eFrom b e n z e n e - h e x a n e  (1 : 1). fFrom n-butanol.  
gFrom cyclohexane.  

Yield, 
qo 

91 
56 
98 
90 
88 
97 
94 
94 
82 

TABLE 4. 
Com- 
pound 

IIa 
IIb 
IIc 
IId 
IIe 
IIf 
IIg 
IIh 
IIi 

3,4-Diaminothio coumnrins (Ha-i) 

mp, "C 

237--237.5 a 
272--273 b 

106,5-- 107~ c 
186--187 ' '  
136--138 c. 
201--203 d 
96--97d 

144--145~ 
183--184- 

N S 

14,6 16,3 
13,5 15,4 
11,2 12,9 
l 1,6 12,9 
9,9 11,3 

10,4 12,0 
1t,1 12s 
10,4 12,5 
10,6 12,2 

Empirical  
formula 

CgHsN~OS 
CmHIoN~OS 
CIaHI6N2OS 
CIaHI6N2OS 
C~6H,4N2OS 
C~sH~2N2OS 
C~aH:6N2OS 
C,4H~GN~OS 
CLaHI4N202S 

Calc. ,  ~ Yield, 
R~ qo 

,'4 S 

14,6 16.7 0,20 70 
13,6 15,5 0,21 75 
l 1,3 12,9 0,60 95 
11,3 12,9 0,80 76 
9,9 11,4 0,55 87 

10,4 11,9 0,56 74 
11,3 12,9 0,76 65 
10,8 i2,3 0,79 83 
10,7 12,2 0,59 61 

aPurffied by reprecipis from dimethylformamide by the ad- 
dition of water,  bFrom alcohol .  CFrom 70% alcohol,  dFrom 80% 
alcohol .  

The 3-NH 2 group in diaminothiocoumarins IIa-i  has basic  character,  as  a consequence of which they form 
salts  with mineral  acids.  The PMR spectrum of He [in (CDa)2SO ] is characterized by a doublet signal of the 
protons of the CH2N group at 4.4 ppm (J=7 Hz; SSC with the NH proton) and a triplet  signal of the NH proton 
at 6 5.6 ppm (J= 7 Hz); the indicated SSC is  confirmed by deuteration of a sample of the compound. Thus IIa-f 
ex is t  in the thiocoumarin form. The protons of the 3-NH 2 group give a narrow singlet  at 5 ppm; this constitutes 
evidence for rather rapid exchange of these  two magnetically nonequivalent protons.  

The IR spectra of IIb-f (in chloroform) contain two bands at 3440-3485 cm -1 ( a narrow band, probably 
v4-NH and U as3-NH2) and 3350-3385 cm -I (Us3-NH2); in the spectra of  IIg-i  the stretching vibrations of the 
3-NH 2 group show up in the form of narrow bands at 3490 and 3380 cm -1. The frequency of the stretching vi-  
brations of the carbonyl group (-~ 1600 cm -1) of diaminothiocoumarins IIb-i is  reducedby ~ 40 andl0-15 cm -1, 
respect ive ly ,  as compared with the frequency for unsubstituted thiocoumarin and Ib-i .  This phenomenon can 
be explained by conjugation of the carbonyl and 4-amino groups and by the formation of intramolecular hydro-  
gen bonds between the C = O and 3-NH 2 groups.  It is  apparent from a comparison of the UV spectra of 1I that 
a hypsochromic  shift of the long-wave absorption maximum is  characteris t ic  for IIg-i .  

EXPERIMENTAL 

The UV spectra of alcohol solutions of the compounds (c 5.10 -5 -I �9 10 -4 M) were recorded with a Perkin- 
Elmer 402 spectrophotometer. The IR spectra of mineral oil suspensions of the compounds were recorded 
with a Perkin-Elmer 457 spectrometer. The PMR spectra of the compounds on the 6 scale were recordedwith 
a Varinn T-60 spectrometer. The course of the reactions and the degree of purity of the compounds obtained 
were monitored by thin-layer chromatography (TLC) on activity IV AI203 with elution by chloroform (see Tables 
3 and 4) or benzene and also on Silufol. 

4-Hydroxythiocoumarin (I~. This compound, with nap 210~ (from o-chlorobenzene), was synthesized 
by the method in [6], IR spectrum: 1620 (C =O); 1580, 1550, and 1520 em -I (C =C bonds of the thiocoumarin 
ring).  

3 -Ni tro-4-hydroxyth iocoumarin  (IV). A mixture of 1.06 g (16,5 mmole) of fuming nitric acid (sp. gr. 
1.508) and 1.74 g (16.5 mmole) of concentrated H2SO 4 was added dropwise with st irring to a suspension of 2.67 g 
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(15 mmole) of HI in 40 ml of glacial acetic acid, and the mixture was stirred for 3 h. The resulting precipitate 
was removed by filtration and washed with cold water. Compound IV, with mp 142-143~ [dec., from benzene- 
cyclohexane (3: 1)], was obtained in 94% yield. Found: N 6.3; S 14.2%. CSI-IsNO4S. Calculated: N 6.3; S 14.4%. 
According to [4], IV has mp 139~ IR spectrum: 1650 (C =O); 1580 (C = C); 1515 and 1390 cm -1 (NO2). 

3-Nitro-4-chlorothiocoum~vin (V). A mixture of 7.3 g (0.1 mole) of absolute DMF and 15.3 g (0.1 mole) 
of phosphorus oxychloride was st irred for 30 rain, after which a solution of 22.3 g (0.1 mole) of IV in 200 ml 
of DMF was added dropwise with stirring, and the mixture was st irred for 2 h. It was then diluted with cold 
water, and the precipitate was removed by filtration and washed with water. Compound V, with mp 176-177~ 
(from alcohol), was obtained in 93% yield. Found: C1 14.4; N 6.0; S 13.2%. Cgt-Iac1No ~ .  Calculated: C1 14.7; 
N 5.8; S 13.3%. IR spectrum: 1640 (C=O), 1580 (C=C); 1540 and 1360 cm -1 (NO2). 

4-Amino-3-nitrothiocoum~'ins (In,i). A) A stream of dry ammonia was passed through a solution of 
3.63 g (15 mmole) of V in 120 ml of absolute benzene for 30 min, after which the mixture was allowed to stand 
for 5 h. The resulting precipitate was removed by filtration and washed with water to give In. 

B) A 0.02-mole sample of the corresponding amine was added dropwise with stirring to a solution o f  
2.42 g (0.01 mole) of V in 90 ml of absolute benzene, and the mixture was st irred at 20~ for 4-7 h. The re -  
sulting precipitate was removed by filtration, washed successively with benzene, 5% hydorochloric acid, and 
water, and dried to give Ib, c, e, i; the benzene-soluble Id, g, hwere isolated from the benzene solutions after 
washing with 5% hydrochloric acid and water. 

C) A solution of 3.63 g (15 mmole) of V and 3.07 g (33 mole} of aniline in 120 ml of absolute benzene 
was refluxed for 4 h, after which the precipitate was removed by filtration, washed successively with benzene, 
5% hydrochloric acid, and water, and dried to give If. The data for I are presented in Table 3. 

3,4-Diaminothiocoumarins (Ha-i). A suspension of 5 mmole of thiocoumarins Ia-i  in 100 ml of alcohol 
was hydrogenated under the usual conditions over Raney nickel until hydrogen absorption ceased. In the case 
of Ha, btheprecipitate was removed by filtration and dissolved in DMF; the catalyst was removed by filtration, 
and the products were precipitated by the addition of water (additional amounts of the products were obtained 
by evaporation of the alcohol filtrate). In the remaining cases the mixtures were filtered, and the precipitate 
was washed on the filter several t imes with alcohol and chloroform or acetone (for Hf); the combined solutions 
were evaporated, and the residue was crystallized from aqueous alcohol [in the case of Hi after trituration with 
e ther -pe t ro leum ether (1 �9 1)] to give pure Hc-i. The data for Ha-i are presented in Table 4. 
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