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The molecular  weights, dipole moments ,  and infrared spec t ra  of alkyl N-acyl th iocarbamates  
in the range 3500-80 cm -1 (in the crysta l l ine  state and in solution in CC14) have been meas -  
ured. In the solid state and part ly in solution, the RSCONHCOR' molecules  are  associated by 
hydrogen bonding N H . . .  ~ .  In dilute solutions, the nonassociated molecules  are  apparent-  
ly present  in two conformations:  the planar  c i s - t r ans  form and an i somer  with a nonplanar 
s t ruc ture  for  the CONHCO group. 

RESULTS AND DISCUSSION 

We previously proposed [i, 2] methods for the synthesis of alkyl N-acylthiocarbamates and prepared the 

compounds RSCONHCOR', where R = C2H 5, CsHz, C6Hi3, or C6HsCH2, and 2' = CH3-C6HI3. There is no pub- 
lished information on the physicochemical properties of these compounds. 

Alkyl N-acylthiocarbamates are colorless crystalline compounds having an odor of onion or garlic, 
readily soluble in water and in polar and nonpolar organic solvents. 

Table 1 gives the melting points, molecular weights, and dipole moments of RSCONIICOR'. The melting 
points decrease with increase in the size of the group R' (Nos. 1-6); the compounds with R' = CH 3 (Nos. i, 9, 
and 11) or CH2C6H 5 (No. 12) melt at higher temperatures than the other analogs. The experimentally deter- 
mined values of the molecular weights of the alkyl N-acylthiocarbamates in benzene (concentration range 
0,020-0.230 mole in 1000 g) are greater than the formula values even at low concentrations. With increase in 
the concentration of RSCONHCOR' in the solution, the molecular weight approaches the value for the dimer. 
This indicates that the equilibrium dimer ~-~ 2 monomer is established in the solution. 

\ 

The dipole moments of the alkyl N-acylthiocarbamates, measured in benzene at 20 ~ lie in the range 
1.93-2.26 D according to Srivastava [3] or 2.05-2.34 D according to Halverstadt [4]. It can be seen from Table 
1 that the dependence of the dipole moments on the length of the groups R and R' does not show any regular 

features. 

TABLE 1. Melting Points,  Molecular  Weights, and Dipole Mo- 
ments of RSCONHCOR' 

No. R 

i 
2 
3 
4 
5 
6 
7 
8 
9 

i0 
ii 
t2 

CsH~ 
C~H5 
CsH~ 
C=H~ 
CtH~ 
CsHs 
CsH 7 
CsH~ 
CeHla 
C,H~s 
C4H~CH, 
C,H~CH~ 

R' 

CHs 
CsH5 
CsH 
iso-C4H~ 
CsHii 
CsHza 
C=H. 
CsH7 
CHs 
C2Hs 
CHs 
CsH~ 

M 

MP, conc, limits, 
"C mole/lO00 g 

i02 
84 
69 
54 
5i 
5t 
66 
66 
91 
65 

i46 
i09 

0,028--0,t30 
0,020--0,230 
0,045--0,213 
0,031--0,190 
0,023--0,098 

0,029--0,130 
0,024--0,170 
0,025--0,130 
0;020--0,130 

limits of 
changeinM 

t92--235 
t80--260 
257--290 
2t8--284 
263--303 

227--266 
2t5--290 
278--318 
250--335 

Formu- 
laM of 
~lOnO- 

147 
t6t 
175 
t89 
203 
2t7 
t75 
t89 
203 
2t7 
2it 
225 

~ , D  

from from 
[8] [4] 

2,25 2,34 
2,07 2,i7 
2,t3 2,25 
i,99 2,05 
2,2i 2,33 
2,i0 2,t9 
2,00 2,i0 
2,i2 2,2i 
2,ii 2,2i 
2,00 2,1i 
1,93 2,O5 
2,00 2,ii 
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Fig. 1. I n f r a r ed  absorp t ion  spec t r a  (400-3500 cm-: )  in liquid p a r a f -  
fin (the absorp t ion  bands due to liquid paraf f in  a r e  m a r k e d  with 
a s t e r i sks ) :  1) C2HsSCONHCOOCHs; 2) C2HsSCONHCOC2Hs; 3) C2H 5- 
SC ONHC OC4H 9 (iso). 

Fig. 2. Infrared absorption spectra of C2HsSCONHCOC~Hsin CCI 4 in 
the range  3500-3100 cm -1 and 1800-1600 c m - l :  1) C = 0.05 M, 2) 
C = 0.001 M. 

We studied the in f ra red  s p e c t r a  of the alkyl N-aey l th ioca rbama te s  in the c rys ta l l ine  s ta te  and in solution 
(in CC14) in the range  3600-400 cm -1, and fo r  some  compounds in the low-frequency range  (400-80 cm-1). 
Tables  2 and 3 give the c h a r a c t e r i s t i c  f requenc ies  fo r  al l  the compounds,  and Fig. 1 g ives  as an i l lus t ra t ion 
the spec t r a  of C2H5SCONHCOCH3, C2HsSCONHCOC2Hs, and C2H5SCONHCOC4Hg-iso (in liquid paraff in) .  Since 
the in f ra red  s p e c t r a  of RSCONHCOR', fo r  which there  a r e  no published data, a r e  in many r e spec t s  s i m i l a r  to 
the s p e c t r a  of al iphatic N-acy l - subs t i t u t ed  amides  RCONHC OR',  we used the a s s ignmen t  published fo r  the 
l a t t e r  [5-13]. The bands belonging to the C - S  bond were  ass igned f r o m  [13'16]. 

The s p e c t r a  of the solutions of all  the compounds in CC14 in the range  corresponding to the s t re tching 
v ibra t ions  of the N - H  and C = O  bonds a r e  s i m i l a r  to one another .  Severa l  absorp t ion  bands a r e  obse rved  in 
the range  3500-3000 cm -1 (Fig. 2). The range  3420-3390 cm -1 contains two bands, the re la t ive  intensity of 
which i nc rea se s  with d e c r e a s e  in the concentra t ion of the alkyl N-acy l th ioca rbamate  in the solution. The 
range  3300-3110 cm -1 contains broad  bands with poorly  reso lved  peaks  {3280, 3240, 3200, 3160, 3110 cm-1),  
the re la t ive  intensity of which d e c r e a s e s  with dilution of the solutions.  The spec t r a  of very  dilute solutions 
(C ~ 1 �9 10 -3 M) do not contain the broad  bands,  and show only the two h igh-f requency bands at  3420-3410 
cm -1 and 3400-3390 cm -1, which we ass igned  to s t re tch ing  v ibra t ions  of NH groups  not involved in h y d r o g e n  
bond format ion ,  and the bands in the range  3300-3110 cm -1, ass igned to the VNH vibra t ion  of assoc ia ted  mole -  
cules  and combinat ion v ibra t ions .  In the range cor responding  to the s t re tching v ibra t ions  of the C = O  bond 
there  a r e  f ive intense absorp t ion  bands,  at  1730, 1707, 1680, 1667, and 1640 cm -1. With dec rea se  in the con- 
cent ra t ion  of the solut ions,  the re la t ive  intensity of the bands at 1640 and 1680 cm -1 d e c r e a s e s ,  and that  of the 
bands at 1730, 1707, and 1667 cm -1 i nc r ea se s .  The spec t r a  of the solution with C = 1 �9 10 -S M contain only 
th ree  intense Imide  I bands at 1730, 1707, and 1667 cm -1. We the re fo re  in te rp re t  t aese  bands as ~CO v i b r a -  
tions in the m o n o m e r i c  molecules ,  and the low-frequency bands at  1680 and 1640 cm -1 as due to the a s s o c i a t e s .  

Thus the in f ra red  s pec t r a  of the solutions in the ~NH and v C = O  range indicate the fo rmat ion  of a hydro-  
gen bond C O . . .  NH and ag ree  with the c ryoscop ic  m e a s u r e m e n t s ,  which indicate that an equi l ibr ium is e s t ab -  
l ished in the solution between assoc ia ted  and monomer i c  molecules  of the a lkyl  N-acy l th ioca rbamates .  

The compounds containing the CONHCO group a re  cha r ac t e r i z ed  by the p r e sence  in the spec t rum of two 
Imide  I absorpt ion  bands,  due to the s y m m e t r i c  and a n t i s y m m e t r i c  v ibra t ions  of the bonds of two C = O  groups 
undergoing resonance  in terac t ion  [15, 17, 18]. The p r e s e n c e  in the spec t r a  of very  dilute solutions of alkyl N- 
acy l th ioca rbamates  of three  intense absorp t ion  bands in the v(C=O) range,  together  with two bands due to the 
~NH vibra t ions  of f r ee  NH groups  (the ra t io  of the i r  intensi t ies  r ema ins  approximate ly  constant  for  solutions 
of di f ferent  concentrat ions)  is probably  due to the p r e s e n c e  in solution of not only a s soc ia t e s  but also mono- 
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Fig.  3. I n f r a r ed  absorpt ion  spec t r a  in 
the range  80-400 cm -1 in liquid p a r a f -  
fin: 1) C2HsSCONHCOC2Hs; 2) C3H?SC- 
ONI-IC OC9H5. 

m e r i c  molecules ,  in the f o r m  of two rotat ional  i s o m e r s .  Other  authors  [19-21] obse rved  the appea rance  of 
two vN'H (free) bands and an i nc rea se  in the number  of Amide I bands,  due to the rotat ional  i s o m e r i s m  o f t r i a l -  
kyl -subst i tu ted  de r iva t ives  of u rea ,  and secondary  amides  and thioamides .  

The in f r a red  s p e c t r a  of the alkyl N-acy l th ioca rbama tes  in the solid s ta te  show only two o r  three  fa i r ly  
intense absorpt ion  bands in the range  3280-3160 cm - l .  In the range  cor responding  to the s t re tching v ibra t ions  
of the C ~ O  bonds we obse rved  not only a d e c r e a s e  in the number  of absorpt ion bands but also a change in 
the i r  intensity. 

The spec t r a  of compounds 1 and 9 show an intense  band at  1660 cm -1, and two bands of medium intensity 
at about 1720 and 1700 cm -1. In the s pec t r a  of compounds 2, 3, 7, 8, and 10, the band of h igher  f requency at 
1730 cm -1 is ve ry  intense,  the band at  1685 cm -1 is l e s s  intense,  and the absorpt ion  at 1660-1650 cm - i  e i ther  
is nonexistent  o r  ap pea r s  as a shoulder  of med ium intensity.  F o r  the o the r  subs tances ,  all  three  bands a r e  in- 
tense.  The long-wave d i sp lacement  of the vNI-I band to 3280-3160 cm -1 re la t ive  to the band fo r  the f r ee  NH 
group, and also the posit ion, intensity,  and number  of v C ~ O  bands,  indicate that i n  the c rys ta l l ine  s ta te  the 
molecules  of alkyl N-acy l th ioca rbama tes  a r e  joined by a hydrogen bond N I I . . .  O~C and a r e  p r e s e n t  as var ious  
confo rmers ,  which will  be d i scussed  la te r .  The spec t r a  of all  the c rys ta l l ine  alkyl N-acy l th ioca rbama tes  show 
a fa i r ly  intense broad band a t  1540-1500 cm -1 (Imide II - V a s C - N - O  and 6NH), which is d isplaced by 20-50 
cm - I  towards lower  f requencies  in the s p e c t r a  of the solutions.  The  p r e s e n c e  o f  this band shows that in the 
molecules  RSCONHCOR', at  l ea s t  one of the CO--NII groups  has  the t rans  configurat ion [5-12]. In the range  
1300-1100 cm -1 the s p e c t r a  of the solid subs tances  and the i r  solutions show a number  of intense bands, due to 
the s y m m e t r i c  and a n t i s y m m e t r i c  s t re tching v ib ra t ions  of the C - N  bonds in the C - N - C  group,  5NH, and 
v C - C  (hnide HI), and also the bending v ibra t ions  of the CH 2 groups  adjoining the sul fur  a tom [13]. The in- 
tensi ty of these bands is g r e a t e r ,  and they a r e  displaced by 30-40 cm - I  towards longer  wavelengths compared  
with the s a m e  bands in the s p e c t r a  of al iphatic  d iacy lamines  RCONHCOR' [22], and this can be at t r ibuted to the 
influence of the sulfur  a tom on the C - N  and C - C  bonds [13, 23]. The s t re tching v ibra t ions  of the C - S  bond 
fo r  BSCONHCOR' appear  in the f o r m  of bands of medium intensity in the range  700-640 cm-1; the i r  posi t ions  
r e m a i n  unchanged in the s p e c t r a  of the solut ions.  The low-frequency range of the s p e c t r a  (400-80 cm -1) con-  
tains intense absorp t ion  bands,  which mus t  be ass igned to the bending vibra t ions  of the groups C - C - ~ O ,  
C - C - S ,  C - C - N ,  S - C - N  and the rotat ional  v ibra t ions  of the groups  C - N - C ,  C - C ,  C - S - - C  [15, 24] {Table 
3 and Fig.  3). The accumula ted  data obtained indicate the analogy and at  the s ame  t ime ce r t a in  d i f fe rences  in 
the s t ruc tu r e s  of RSCONHCOR' and acycl ic  d iacylamines .  Alkyl N-acy l th ioca rbamates ,  l ike the d iacylamines  
RCONHCOR', can exis t  in the f o r m  of s eve ra l  con fo rmer s ,  differing in the spat ia l  a r r a n g e m e n t  of the N - H  and 
C ~ O  bonds in the CONHCO group*:  

H H 

~ s-" ~c' \g \c',, \g,, 
11 ~-R 0 0 , . , ~  o 

~, Cis-traus If. Trans-cis HI. Trans- 
form A fc~m A ' 0 .~C/S-R tza~ 
= 2.04D ~ = 3.90D I I f~cm B 

H R\ /N\ ~ = 4.75D 
' c ., 

II 
HNN/C\Rt 

IV. Cis-c~ V. C~.tral~s non- i VI. Dime~ 
fc~m C p~.AP f~m A" a S/0 of form A 
= 2.16D p =2.37D - ~0 ~ = 0D 

* F o r  s t r u c t u r e s  I-VI,  the values  of the dipole moments ,  calculated by the vec to r  additive scheme,  a r e  given. 
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Examinat ion of the g e o m e t r y  of the molecu les  shows that the s t e r i c  hindrance should be l eas t  in s t r u c t u r e s  I, 
l/I, and V, so that the alkyl N-acy l t h i oca rbam a te s  probably  have one of these s t ruc tu res .*  In fact ,  the in f ra red  
s p e c t r a  of compounds 1, 9, and 11 in the solid s ta te  a r e  s i m i l a r  (par t icular ly  in the VNH and v C ~ O  range) to 
the spec t rum of d iace tamide  in the c i s - t r a n s  configurat ion (form A) and the spec t r a  of the o the r  compounds 
r e s e m b l e  the s p e c t r u m  of d iace tamide  molecu les  having the t r a n s - t r a n s  s t ruc tu re  (form B) [5,9].  

The s p e c t r a  of solutions of RSCONHCOR' in CC14 a re  s i m i l a r  to one another  and in many r e s p e c t s  r e -  
s emble  the spec t rum  of d iace tamide ,  which in solution adopts the s table  configuration A, p r e s e n t  in equi l ibr i -  
um with cycl ic  d i m e r s  [22, 25]. 

The s p e c t r a  of very  dilute solut ions of the alkyl N-acy l th ioca rbamates ,  however ,  in addition to the vCO 
and VNH bands of f o r m  A (1730, 1707 cm -1 and 3400-3390 cm -1, respec t ive ly) ,  contain additional absorp t ion  
bands at 1667 cm -1 (vC~O) and 3420 cm -1 (VNH free) ,  which a re  not obse rved  in the s p e c t r u m  of solutions of 
d iace tamide  with the s a m e  concentra t ion.  The p r e s e n c e  of thse bands probably  indicates  that the solution of 
RSCONHCOR' in CC14 contains a second c o n f o r m e r  in addition to i s o m e r  I. This may  be the nonplanar  c i s -  
t r ans  f o r m  A" (s t ruc ture  V), s ince the vC~--O band at  1667 cm -1 l ies  at  lower  f requencies  than the Imide I 
band fo r  s t r u c t u r e s  having a p l ana r  imido group [5, 17, 18]. Rotation of the COSR group through 90 ~ re la t ive  
to the plane of the CO--NH group should lead to breakdown of the configurat ion in the imido group and a d is -  
p l acemen t  of the Imide  I bands towards  lower  f requencies ,  and a d i sp lacement  of the VNH bands towards  
shor te  r wavelengths .  The ra t io  of the intensi t ies  of the vNH bands at  3420 and 3400-3390 cm -1 r e m a i n s  con- 
stunt fo r  different  solution concent ra t ions  (~ 1 :2)  and evidently indicates  that molecu les  with the p lana r  s t r u c -  
ture  I p redomina te  in the solut ions.  

The exper imen ta l  va lues  of the dipole momen t s  of the alkyl N - a c r y l t h i o c a r b a m a t e s  in benzene (Table 1) 
ag ree  with the ca lcula ted  values  fo r  s t r u c t u r e  I and V, and apparent ly  conf i rm the above conclusion regard ing  
the s t r u c t u r e s  of these  compounds.  

Thus we a s s u m e  that unlike RCONHCOR', the alkyl N-acy l th ioca rbama te s  can ex is t  not only in the f o r m  
of c o n f o r m e r s  I and III but also in the f o r m  of c o n f o r m e r  V. 

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

The alkyl N-a cy l t h i oca rbam a t e s  we re  synthes ized  by the method developed e a r l i e r  [1, 2] by the act ion of 
the carboxyl ie  acids on the complexes  of tin(IV) chlor ide  with the alkyl thiocyanate SnCl 4 �9 2RSCN. 

Compounds 1, 2, 7, 9, 10, l l ,  and 12 w e r e  pur i f ied  by r ec rys t a l l i z a t i on  f r o m  a mix tu re  of CCl 4 and 
pe t ro l eum ether ,  and compounds 3, 6, and 8 f r o m  pe t ro l eum ether .  

The m o l e c u l a r  weights and dipole momen t s  we re  de te rmined  by the published methods [22], and the in- 
f r a r e d  spec t r a  w e r e  r eco rded  on a UR-20 s p e c t r o m e t e r  in the range 3600-400 cm -1 and on an FIS-3 s p e c t r o m e -  
t e r  in the range  400-80 cm -1. The spec imens  were  p r e p a r e d  in the f o r m  of suspens ions  in liquid paraf f in  and 
in solution in CC14. The s p e c t r a  of the sol ids w e r e  r eco rded  between KRS pla tes ,  and the s p e c t r a  of the solu-  
t ions,  with concen tra t ions  of 0.1-0.001 M, w e r e  r eco rded  in NaC1 and LiF cel ls  with path length 0,1-10 mm (6 
nm range) and 0.5-20 m m  (3 nm range) .  

1. 
2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 

L I T E R A T U R E  C I T E D  

T. N. Sumarokova and R. A. Slavinskaya,  USSR Patent  355,162 (1972); ByuI1. Izobr . ,  31, 79 (1972). 
T. N. Sumarokova,  R. A. Slavinskaya,  T. A. Tember ,  and A. V. Mironenko, Zh. Org. Khim.,  11, 2520 
(1975). 
S. C. Sr ivas tava  and P. Charandas ,  J .  Chem. Phys . ,  30, 816 (1959). 
J .  F.  Ha lve r s t ad t  and W. D. Kumler ,  J .  Am. Chem. Soc., 64, 2988 (1942). 
J .  Kuroda,  Y. Saito, K. Machida, and T. Uno, Spectrochim.  Acta, 27A, 1481 (1971). 
J .  Kuroda,  Y. Saito, K. Maehida, and T. Uno, Bull. Chem. Soc. Japan,  45, 2413 (1972). 
J .  Kuroda,  Y. Saito, K. Machida, and T. Uno, Spect rochim.  Acta, 29A, 411 (1973). 
J.  Kuroda,  K. Machida, and T. Uno, Speetroehim.  Acta, 30A, 47, 125 (1974). 
T. Uno, K. Machida,  K. Handi, and Y. Saito, Bull. Chem. Soc., Japan,  42, 619 (1969). 
C. Jo se  and P. R. Rabra i ,  Indian J .  Chem.,  7, 594 (1969). 
Y. Mido, Spectrochim.  Acta, 29A, 1 (1973). 

* Structure  V has  not been desc r ibed  for  d iacylamines .  

237 



12. T. Uno and K. Machida, Bull. Chem. Soc. Jpn., 42, 1539 (1969). 
13. N.B. Colthup, L. H. Daby, and S. E. Wiberley, Introduction to Infrared and Raman Spectroscopy, New 

York- London (1964). 
14. F.E. Bentley and L. D. Smithson, Infrared Spectra and Characteristic Frequencies 700-300 cm -I, New 

York- London- Sydney (1969). 
15. L.J. Bellamy, Advances in Infrared Group Frequencies, Halsted Press, New York (1969). 
16. O. Musaru, Bull. Chem. Soc. Jpn., 48, 707 (1975). 
17. N.N. Bessonova and I. M. Ginzburg, in: Spectrosoopy, Methods and Appllcations [inRussian]~Nauka, Mos- 

cow (1973), p. 141. 
18. E.M. Popov, A. M. Khomenko, and P. P. Shorygin, Izv. Akad. Nauk SSSR, Ser. Khim., _I, 51 (1965). 
19. Y. Mido and T. Gohda, Bull. Chem. Soc. Jpn., 48, 2704 (1975). 
20. C.N. Rao, K. G. Rao, A. Goel, and D. Salasnframanian, J. Chem. Soc., A, 3077 (1971). 
21. W. Walter and H. P. Kuberskya, J. Mol. Struet., 11,207 (1972). 
22. T.N. Sumarokova, R. A. Slavinskaya, A. T. Vladul, and T. A. Tember, Zh. Obshch. Khim., 42, 1789 

(1972). 
23. B.V. Kurgane, A. K. Grinval'd, Ya. P. Stradyn', M. T. Brakmane, and S. A. Giller, Zh. Org. Khim., 10, 

2306 (1974). 
24. A. Bjorseth, Acta Chem. Scand., 28A, 113 (1974). 
25. T. Uno and K. Machida, Bull. Chem. Soc. Jpn., 35,276, 1226 (1962). 

DIELECTRIC PROPERTIES OF HYDRAZINE AND ITS 

AQUEOUS SOLUTIONS 

E. S. V e r s t a k o v ,  Yu.  M. K e s s l e r ,  
A. P .  T a r a s o v ,  V. S. K h a r ' k i n ,  
a nd  P .  S. Y a s t r e m s k i i  

UDC 541.67 

The complex dielectric constant of aqueous solutions of hydrazine in the centimeter range of 
wavelengths in the temperature range 5-50~ has been measured by the wave guide method. 
The complex dielectric constant of the mixtures studied is described by the Debye equation. 
The concentration dependence of the relaxation time has a maximum corresponding to the 
composition NzH 4 �9 H20. The static dielectric constant of aqueous solutions of hydrazine has 
been determined; its concentration dependence shows a negative deviation from additivity. 
the energy character is t ics  of the dielectric relaxation processes have been calculated. On 
the basis of the experimental data obtained, suggestions have been put forward regarding the 
nature of the molecular motion in hydraz ine-wate r  mixtures. 

The electrical  propert ies of pure hydrazine and its aqueous solutions have been insufficiently studied, 
since "at a platinum electrode, hydrazine decomposes rapidly as a result  of the catalytic activity of platinum" 
[1]. It was of interest  to study hydrazine and its aqueous solutions by electrical  methods, particularly since 
many physical constants of hydrazine (particularly those characterizing the dielectric properties) are close to 
the corresponding values for  water .  

Water Hydrazine 

Static DC 80.1(2 0~ 52.9(2 0~ 
Dipole moment 1.84 D 1.83-1.90 D 

The present  paper gives the results of a study of the dielectric properties (the complex dielectric con- 
stant (DC)~*) of hydrazine and its solutions, obtained by the wave guide method [2] at frequencies of 3, 9.4, and 
14 GHz in the tempera ture  range 5-50~ The uncertainties in the measurement of the real (s and imaginary 
~") parts of the complex dielectric constant were 1.5-2 for s and 2.5-3% for s The apparatus was calibrated 
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