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The synthesis of a number of substituted 4-hydroxyhexahydropyrimi- 
dine-2-thiones has been effected. The prototropic ring-chain tautom- 
erism of compounds of this type in chloroform solution has been 
investigated by IR spectroscopy. The dependence of the relative stabil- 
ity of the cyclic tautomeric forms on the structures of the compounds 
studied has been elucidated. 

In p reced ing  communica t ions  [1, 21 we have de-  
s c r ibed  the r eac t ion  of some f l - i so th iocyanatoketones  
with ammonia  and p r i m a r y  and secondary  amines .  In 
view of the fac t  that the 4 -hydroxyhexahydropyr imid ine -  
2- th iones  so f o r m e d w e r e  found to pos se s s  the capaci ty  
for  p ro to t rop ic  r i ng -cha in  t a u t o m e r i s m  [2], i t  appeared  
n e c e s s a r y  to study this phenomenon in m o r e  detai l  in 
o rde r  to de t e rmine  the Iaws connect ing the s t ruc tu re  
of the compounds synthes ized  with the i r  capaci ty  for  
t au tomer ie  convers ions .  

This paper  d e s c r i b e s  the synthesis  and a study of 
the s t ruc tu re  of the products  of the r eac t ion  of the 
f l - i so th ioeyanatoaldehydes  I - I I I  and some of the p r e -  
v i o u s l y - d e s e r i b e d  f i - i so th ioeyanatoketones  IV-VIII  
with various primary amines. 
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The synthesis  of the f l - i so th iocyanatoaldehydes  
I - I I I  was ef fec ted  by the addition of thiocyanic acid 
at the moment  of i ts  l ibera t ion  to ac ro le in ,  m e t h a c r o -  
lein, and crotonaldehyde.  

The addition of p r i m a r y  amines  to the f l - i so th io-  
cyanatocarbonyl  compounds I -VI I I  in the absence  of 
m ine ra l  ac ids  takes  place in a s i m i l a r  manner  to that 
desc r ibed  before  [1], leading to the c rys t a l l i ne  sub-  
s t i tuted 4 -hydr  oxyhexahydr opy r imid ine -2 -  thione s 
(XI-XXV), the condit ions of the synthes is  and the p rop-  
e r t i e s  of which a re  given in the table. 

In addition to these  compounds a number  of N-oxo-  
a lky l -N ' ,  N ' -d i subs t i tu t ed  th ioureas ,  XXVI-XXIX, w e r e  
synthes ized  f r o m  the f l - i so th iocyanatoketones  I V - V I  
and secondary  amines  (dimethylamine,  p iper idine,  

methylani l ine) .  F o r  compar i son  with the compounds 
IX-XXV invest igated,  the prev ious ly-known [3] 3, 4, 6, 
6 - t e t r ame thy l -1 ,  2, 3, 6 - t e t r ahyd ropy r imid ine -2 - th ione  
(XXX) and 3-e thy l -4 ,  6, 6 - t r i m e t h y l - 1 ,  2, 3, 6 - t e t r ahy -  
d ropyr imid ine -2 - th ione  (XXXI) w e r e  obtained f r o m  
the f i - isothiocyanatoketone VHI. 

In o rde r  to e lucidate  the s t ruc tu re  of the compounds 
XIX-XXXI  synthesized,  we studied the i r  IR absorpt ion 
spectra~ The p r e s e n c e  in the IR spec t ra  of all  th ree  
c l a s s e s  of compounds of the absorpt ion band of a thio-  
amide group at 1520-1560 cm -1 (amide II) and 3200-  
3400 cm -1 (NH) and the absence of absorpt ion in the 
f requency r anges  2500-2600 cm -I (SH group) and 1600-  
1650 cm -1 ( C ~ N  group) shows the thione s t ruc tu re  of 
these compounds.  

A cons idera t ion  of the IR spec t ra  of compounds 
IX-XXV (typical spec t r a  a re  g iven in Fig.  1) shows 
that in the c rys t a l l i ne  state they all  pos ses s  the cycl ic  
s t ruc tu re  B, which is evident  f r o m  the absence of 
absorpt ion  bands of carbonyl  groups in the 1680-  
1730 cm -1 region.  The bands at 3200-3500 cm -1 cha r -  
a c t e r i z e  i n t e r m o l e c u l a r  hydrogen bonds of the types 

- -  OH . . . .  N / - -OH . . . .  O ~ / , = N H  . . . .  N 
/ 

In view of the A ~- B r ing -cha in  t a u t o m e r i s m  that 
we have obse rved  [2], we have made a detai led study 
of the behavior  in solutions of both the newly-syn the-  
s ized  compounds IX-XXV and also the i r  homologs 
desc r ibed  in the p reced ing  paper  [1]. 

In the 1700-1720 cm -1 reg ion  of the IR spec t ra  of 
solutions of the ma jo r i ty  of the compounds studied, 
taken in ch lo ro fo rm or CC14 at concent ra t ion  c of 
3 -5  �9 10 -3 M, soon af te r  d issolut ion the absorpt ion  
band of a C = O  group appears  the intensi ty of which 
r i s e s  with t ime,  reaching  a constant  value a f te r  a 
ce r t a in  in terval .  This phenomenon is connected with 
the passage  of the cycl ic  f o r m s  B into the acyc l ic  
t a u t o m e r s  having the s t r uc tu r e s  of subst i tuted N-oxo-  
a lky l -N ' - a lky l ( a ry l ) t h iou rea s  A. The i nc r ea se  in the 
intensi ty  of the C = O  band co r r e sponds  to an i nc r ea se  
in the content  of the acycl ic  fo rm A in the t au tomer i c  
sys tem,  and the ces sa t ion  of the growth of the intensi ty 
of this  band shows the ach ievement  of the A ~- B tauto-  
m e r i c  equi l ibr ium.  Depending on the s t ruc tu re  of the 
compound, the equ i l ib r ium in ch lo ro fo rm is es tab l i shed  
in 6 -15  hr.  

Fig.  2 g ives  typical  IR spec t r a  of solutions of IX-  
X.XV taken 2 - 3  days af ter  the d issolu t ion  of the samples .  

The mutual  r e v e r s i b i l i t y  of the t au tomer ic  t r an s i -  
t ions A ~- B is  shown by the d i sappearance  f r o m  the 
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Fig. 1. IR spectra:  1) XXV; 2) XIV; 3) 
XX; 4) NII; 5) X; 6} 4-hydroxy-3 ,4 ,5- 
trimethylhexahydropyrimids -2 -thione. 
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Fig. 2. IR Spectra: 1) XXV; 2) XIV; 3) XVIII; 
4) XX; 5) XII; 6) IX. Solvent: chloroform, 

c 0o001 M d 0~ mm. 
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spec t rum of a c rys t a l l i ne  sample of 4-hydroxy-3 ,  4, 5- 
t r ime thy lhexahydropyr imid ine -2 - th ione  (XXXII) [1], 
obtained af ter  the e l imina t ion  of the solvent,  of the 
C-~-O band observed in a solution of this  compound. 
The IR spec t ra  of the in i t ia l  XXXII af ter  d isso lu t ion  
and that obtained af ter  the e l imina t ion  of the chloro-  
form proved to be completely  ident ical  (curves  6 and 
6' ,  Fig.  1). 

In o rder  to e lucidate  the co r re l a t ion  between the 
s t ruc tu r e s  of IX-XXV and of the i r  homologs [1] and 
the posi t ion of the tau tomer ic  equi l ibr ium,  using I1R 
spectroscopy we have made an approximate  evaluat ion 
of the content  of the t au tomer s  A in the equ i l ib r ium 
sys tems  A ~- B. As the working p a r a m e t e r  for  de te r -  
mining  the content  of t au tomer ic  forms ,  we selected 
the a r ea  of the absorpt ion  bands of the carbonyl  group 
in the 1705-1715 cm -t region,  which is  propor t ional  
to the in tegra l  in tens i ty  [4]. Compounds of authentic 
acyclic s t ruc tu re - -N-oxoa lky l -N ' ,  N ' -d i subs t i tu ted  
th ioureas  XXVI-XXIX--were  used as r e f e r ence  m a -  
t e r i a l s .  

F r o m  m e a s u r e m e n t s  of the a reas  of the C~O absorp-  
t ion bands recorded  for  severa l  concent ra t ions  of dif-  
fe ren t  r e f e r ence  samples  we cons t ruc ted  a ca l ib ra t ion  
graph in the coordinates  concent ra t ion  ve r sus  a r ea  of 
the absorpt ion  band of the C-~-~O group. The fact that 
the max imum of the absorpt ion  band and i ts  a r ea  are  
independent of the subs t i tuents  at N' and in the oxoalkyl 
par t  of the molecule  was shown by the cor respondence  
of the f requenc ies  and a reas  of the bands recorded  for 
model  compounds differing in the number  and posi t ion 
of the subs t i tuents  in the molecule  (at equal concen t ra -  
tions). The amount  of acycl ic  tau tomer  A i n t h e  equi l ib-  
r i um sys tems  A ~- B was de t e rmined  f rom the c a l i b r a -  
tion graph on the assumpt ion  that the a r ea  of the 
absorpt ion  band in the C~O group of the model com-  
pounds cor responded  to the a rea  of the same band for  
the completely  open fo rm of a tau tomer ic  compound 
(at the same concentra t ions) .  

In spite of the approximate  evaluat ions of the con-  
tents  of the t au tomers ,  we succeeded in deducing some 
laws connecting the s t ruc tu r e s  of the subs tances  studied 
with the posi t ions  of the tau tomer ic  equi l ibr ium.  

It follows f rom the r e su l t s  obtained that the s tabi l i ty  
of the cyclic fo rms  B in solutions is  de te rmined  by 
the following s t ruc tu r a l  factors :  a) by the subs t i tuents  
on the C(5) and C(6) carbon atoms (in the o~ and fl pos i -  
t ions with r e spec t  to the hydroxyl  group); b) by the 
subst i tuent  at C(4) par t ic ipa t ing  d i rec t ly  in the tauto-  
me r i c  tr iad;  and c) by the subs t i tuent  attached to the 
NG) n i t rogen atom respons ib le  for the t au tomer i sm .  

Depending on the number  and pos i t ions  of the CH 
groups on the C(5) and C(6) atoms, the cyclic fo rms  B 
can be subdivided into five types and a r r anged  in the 
following sequence cha rac t e r i z ing  the re la t ive  s tabi l i ty  
of the r ings:  

H 3 C \ ~ / C f i 3  H 3 C \ ~ / C H  3 
"3c/t I x'o" 1 I\o.  

HN~-"N--R 5 HNVN--R. 
II 

S S 
type I type 2 

CH~ 
! / e l l  3 H a C ~ / C H  a Cffa 

H N ~ N  --R5 HNvN--R5 l t N v N  --R5 
[L II II 
S S S 

type 3 type 4 type5 

The g rea tes t  tendency to t r ans i t ion  into the acyclie 
tau tomer ic  fo rm is shown by the compounds of type 5 
[1] with a methyl  subs t i tuent  in the a -pos i t i on  with 
r e spec t  to the hydroxyl group. In solutions of com- 
pounds of type 5 in chloroform,  the opening of the r ing  
B begins only a few minu tes  after  dissolut ion,  and 
after  6 - 8  hr the A ~ B equ i l ib r ium with 85-95% of 
the acyclic form A in the t au tomer ic  sys tem has be-  
come establ ished.  

An inc rease  in the e lec t ron-dona t ing  p rope r t i e s  
and effective volume of the subs t i tuent  F~ 5 attached to 
the N(3 ) n i t rogen of the tau tomer ic  t r iad  is accompanied 
by an inc rease  in the ra te  of opening of the cyclic fo rms  
B and by an inc rease  in the content  of the l inear  fo rm 
A(85% f o r R  5 =CHa, 90%for  R~ = C2H5, and 95% for 
R5 = C3H7). 

The opposite behavior  is exhibited by compounds of 
s t ruc tu ra l  type 1 with gem-d imethy l  groups in the fl 
posi t ion with respec t  to the C(4)~OH group. A study of 
the IR spectra  of solut ions has shown that compounds 
XI-XIII  r e t a in  their  cyclic s t ruc ture  in chloroform for 
48 hr  (curve 5 of Fig.  2). In addition to this,  in the 
spectra  of XI-XIII  absorpt ion bands at 1685 cm -1 ( C : C )  
cha rac t e r i s t i c  for the products  of the i r  dehydration 
(XXX-XXXI) appear after  3 days or more  and inc rease  
in in tensi ty  with t ime.  The I~ spec t rum of a c rys ta l l ine  
sample  obtained after  the e l imina t ion  of the solvent 
20 days af ter  the dissolut ion of XII is  a proof of the 
dehydrat ion of compounds XI-XIII  taking place in chloro-  
form solution, this spec t rum proving to be identical  
with that of XXXI, which has a known s t ruc tu re  [3]. 
Thus, the p resence  of gem-d imethy l  subst i tuents  in 
the f i-posi t ion with r e spec t  to the hydroxyl group in-  
hibi ts  the t r ans i t ion  of the cyclic forms  B into the 
t au tomers  A but favors the spontaneous dehydrat ion of B. 

Chloroform solutions of compounds XIV-XVI of 
type 2 show the s imul taneous  occur rence  of both pro-  
eesses ,  as is conf i rmed by the p re sence  in the IR 
spectra  of solut ions of bands at 1710 em -1 (C==O) and 
1685 cn~1 -j (C~C). This fact does not permit any kind 
of reliable evaluation of the content of the tautomers 
in equilibrium systems of compounds of type 2. 

At the same time, the spectra of solutions of com- 
pounds XVITI-XX and XXV, of types 3 and 4, have only 
symmetrical bands at 1710-1712 cm -~, which shows 
the predominance of the ring-opening process. 

In these compounds, the tautomeric equilibrium is 
established more slowly than in the corresponding 
homologs of type 5 (after 12-15 days) and the content 
of the aeyclic tautomer A in the equilibrium mixture 
does not exceed 75%; the passage f rom XVIII to XIX 
and XX is accompanied  by an inc rease  in the content  
of the tau tomer  A in the sys tem (52, 57, and 75%, r e -  
spectively). 

The r ep lacemen t  of a CH 3 group on the C(4) atom 
by hydrogen marked ly  i nc r e a se s  the stabil i ty of the 
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c y c l i c  f o r m s  B:  in  c h l o r o f o r m ,  no  r i n g  o p e n i n g  w a s  

f o u n d  20  d a y s  a f t e r  t h e  d i s s o l u t i o n  o f  IX a n d  X ( c u r v e  

6 o f  F i g .  2) .  

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

The IR spectra were taken on a UR-10 (Zeiss) double-beam spec- 
trophotometer using LiFprisms in the 3700-2000 cm -~ region and an 
NaC1 prism in the 1800-700 em -1 region. 

The IR spectra of crystalline samples of the compounds were taken 
in the form of mulls  in paraffin oil and the spectra of solutions in dis- 
mountable liquid cells with layer thicknesses of from 0.998 to 4.036 ram. 

8-Isothiocyanatopropanal (I). In an atmosphere of nitrogen at 
0 -3  ~ C with vigorous stirring, a solution of 16.1 g (0.21 mole) of 
ammonium thiocyanate in 15 ml  of water and a 50% solution of 10.6 
g (0.15 mole) of H2SO a were added simultaneously to 12 g (0,215 mole) 
of acrolein, after which the mixture was stirred at 20* C for 1 hr. The 
oily product forming the upper layer was extracted with ether and the 
ethereal extracts were washed with 5% potassium carbonate solution 
and then with water to neutrality. Then they --ere dried with mag-  
nesium sulfate, the ether was driven off, and the residue was distilled 
in vacuum, giving 5.5 g (52.5%) of I. Colorless liquid with a sharp 
smell, rapidly oxidizing on storage, with bp 95-98" C (10 ram), 
d~ ~ 1.1983; n~  1.5498. Found, %: C 41.61; H 4.44. MR D 30.54. Cal- 
calculated for C$~IsNOS, %: C 41.75; H 4.40. MR D ao.5a. 

a-Imthiocyanatobutanal (II). Similarly, 10.6 g (0.152 mole) of 
crotonaldehyde, 17.3 g (0.152 mole) of 50% aqueous ammonium thio- 
cyanate, and 7.45 g (0.076 mole) of 50% HzSO4 gave 11.7 g (68%) of 
II with bp 87-90 ~ C (10 ram); d~ ~ 1.1032; n ~  1.5533. Found, N: 
C 46.56; H 5.76. MR D 35.33. Calculated for C~HTNOS, %: C 46.60; 
H 5.47. MR D 35.20. 

3-Isothioeyanato-2-methylpropanal (III). Similarly, 16.4 g (0.23 
mole) of methacrolein, 22 g (0.29 mole) of 50% aqueous alnmonium 
thiocyanate, and 14.4 g (0.15 mole) of 50% HzSOa gave 9 g (30.2%) 
of HI with bp 95-97 ~ C (10 ram), d~ ~ 1.1360; n ~  1.5276. Found, %: 
N 10.45; MR D 34.95. Calculated for CsHTNOS, %: N 10.83; MRD 
35.20. 

3-gthyl-4-hydroxy-4,  6, 6-tt lmethylhexahydropyrimidine-2-thione 
(XII). With vigorous stirring at 5 -8  ~ C, 4.5 g (0.077 mole) of n-  
propylamine was added to 10 g (0.064 mole) of VIII in 20 ml of water. 
The reaction mixture was stirred at 10-13 ~ C for 3 hr. 

The white crystals that separated out were filtered off, washed 
with water, and dried to give 10.2 g of XII in the form of white aeic- 
ular crystals moderately soluble in water, ethanol, and acetone. 

4-Hydroxy-4, 5, 6. tr imethyl-3-phenylhexahydropyrimidine-2- 
thione (XXI). A solution of 3.6 g (0.038 mole) of aniline in 5 ml of 
ether was added dropwise at 10-12 ~ C to a solution of 6 g (0.038 mole) 
of VII in 15 mI of dry ether. The solution was kept at 18-20 ~ C for 
48 hr. The white crystals that had deposited were filtered off and dried 
to give 6.16 g of XXI in the form of white crystals soluble in ethanol 
and chloroform and insoluble in water. 

Compounds IX-XI, XIII-XX, and XXII-XXV (table) were ob- 
tained similarly. 

N,N-Dimethyl-N'-(2-methyl-3-oxobutyl)thiourea (XXVl). At 

8-10 ~ C, 6 g (0.04 mole) of V in 20 ml of dry ether was mixed with 

a 25% ethereal solution of 2.7 g (0.06 mole) of dimethylamine. The 

solution was left at 18-20 ~ C for 72 hr. The oil that had separated out 

was removed from the ethereal solution and the ether was driven off, 

giving 3.66 g of crystals, while trituartion of the oil in petroleum 

ether yielded an additional 1.56 g of crystals. The total yield was 
5.16 g (62.9~ of snow-white aeicular crystals of XXVI with mp 36-  
37 ~ C (from petroleum ether) soluble in ethanol, acetone, and chloro- 
form. R2c 0.34 (A120 s of activity II, benzene-e ther ,  2 : 1). Found, %0: 
N 14.6; S 17.11. Calculated for CeH1e/q2OS, 90: N 14.89, S 17.00. 

N-(3-Oxobutyl)-N'-pcntamethylenethlourea (XXVII). At 15 ~ C, 

a solution of 11.2 g (0.132 mole) of piperidine in 20 ml of ether was 
added to a solution of 17 g (0.132 mote) of IV in 30 ml of dry ether. 
The reaction mixture was heated to the boil for 3 hr 30 rain. On 
cooling, the lower oily layer rapidly crystallized. After drying, 22.1 g 
(75.6%) of XXVII with mp 96-97.5 ~ C (from petroleum ether) was 
obtained in the form of white acieular crystals soluble in ethanol, 
chloroform, and acetone. Found, %: C 56.32; H 8.51; N 14.90. Cal- 
culated for CletttsNzOS, %: C 56.04; H 8.48; N 14.93. 

N-(2-Oxopent.4-yl)-N'-pentamethylenethiourea (XXVIII). Simi- 
larly, 11.3 g (0.079 mole) of VI and 7.4 g (0.08 mole) of piperidine 
in 25 mI of dry ether gave 12.5 g (72.6%) of XXVIII with mp 67-68 ~ C 
(from petroleum ether). Found, %: C 57.88; H 9.18; N 11.90. Cal- 
culated for CnHz0N2OS,%: C 57.85; H 8.84; N 12.27. 

N-Methyl-N'-(2-oxopent-4-yl)-N-phenylthiourea (XXIX). Simi- 
larly, 13.7 g (0.095 mole) of VI and 10.3 g (0.095 mole) of methyl- 
aniline in 40 ml of ether gave 11.5 g (48.2%) of XXIX with mp 108-  
109.5 ~ C (from ethanol). Rf 0.44 (AlzOa of activity grade II, ben- 
zene-e ther ,  3:1) .  Found, %: N 11.20; S 12.92. Calculated for 
CI~tlsNzOS, %: N 11.19; S 12.78. 
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