
T H R E E - D I M E N S I O N A L  S T R U C T U R E S  

OF S O M E  P E R H Y D R O - 1 , 4 - T H I A Z I N E  D E R I V A T I V E S  

B .  A.  A r b u z o v ,  G. G. B u t e n k o ,  
A .  B.  R e m i z o v ,  a n d  E .  N. K l i m o v i t s k i i  

UDC 547.869.2 + 543.422.4 + 541.67 

A number of perhydro-l,4-thiazine S-oxides and S,S-dioxides were synthesized. TheirlRand 
PMR spectra were studied, and their dipole moments were determined. The latterwere com- 
pared with the calculated values f o r  the chai r  conformation wi thvar ious  orientat ions of the sub-- 
sti tuents.  Conclusions were drawn regarding the configuration and conformation of the inves-  
tigated compounds. 

Despite a large number  of eonformational  investigations devoted to sulfur-  and nitrogen-containing 
he terocyeles  [1], there  is no information in the l i tera ture  regarding the s t ructure  of thiazan compounds. 
Using the method of dipole moments  and  IR and I~MR spectroscopy,  we investigated the s t ruc ture  of p e r -  
hydro- l ,4 - th iaz ine  S-oxides and S,S-dioxides (I-VII). 

/-(~o R--N___/ 
X 

I~lll IV-VII 

1 R=CH3; II R=i-C3tfT; Ill R=C6Hll; IV R=CH3, X~H; V R=C6H11~ X=H; 

VI R=CH 3, X=Br; VII R-CGHIbX=Br 

A pecul iar i ty  of I - I I I  is the presence  of two he teroa toms with unshared pa i rs  of electrons,  in connec- 
tion with which, the problem regarding the relative three-d imensional  orientation of the unshared pai r  and 
the substituent at tached to the he teroatom ar i ses .  It seemed of in teres t  to evaluate the inductive in te rac-  
t ions of the dipoles for  VI-VII and to compare  them with the experimental  resul ts .  

In view of the absence of fac to r s  that destabil ize the stable chair - l ike  conformation and promote the 
p resence  of flexible fo rms  in the eonformational  equilibrium, we assumed that the chair - l ike  conformation 
is the most  probable ring conformation.  

The dipole moments  (DM) were  calculated via an additive vec tor  scheme using the bond moments,  va-  
lence angles, and bond lengths presented  in [2]* and C - S  1.81 A and CSC 99 ~ [3] for  the "nitrogen portion." 
The DM of the unshared pai r  of e lec t rons  of the sulfur a tom (2.19 D) was taken into account in the calcula-  
tion of the moments  of S-oxides  I-III ,  with an S=O bond moment  of 3.76 D and a C - S  bond moment  of 0.44 D 
[3]. The DM of the C--SO2--C group (from the experimental  DM of thiacyclohexane S,S-dioxide [4]),which is 
4.44 D, was calculated for  the computation of the DM of sulfones IV-VII, with r n c _  S = 0.66 D. 

The calculated DM for  the cha i r  conformation with axial and equatorial  orientations of the substituents 
at tached to the heteroatoms a re  presented in Table 1. 

* In view of the absence of a reliable value for  the moment  of the unshared pair  of e lec t rons  of the nitrogen 
atoms,  the la t te r  was included in implicit  fo rm in the moment of the N - C  bond, calculated via an additive 
vec tor  scheme. 
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TABLE 1. Calculated and Exper imenta l  DM of N-Alkylperhydro-  
1,4-thiazine S-Oxides and the Corresponding S,S-Dioxides 

Compound 

I 
II 

Ill 
IV 
V 

Calc., DM, D 

N - -  R(a) N - -  l~(e) 

S=O(a) S=O(e) 

3,90 3,35 
3,90 3,35 
3,90 3,36 

3,90 
3,90 

S=O(a) S=O(e) 

3,7'5 4,5 
3,75 4.5 
3,75 4,5 

4,66 
4,66 

Exptl. DM, D 

3,60 
3,54 
3,76 
4,40 
4,75 
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Fig. 1. IR spectra,  a) N-me thy lpe rhydro - l , 4 -  
thiazine S-oxide; b) N-cyc lohexy lpe rhydro- l ,4 -  
thiazine S-oxide (0.2 M solutions inCC14, euvette 
thickness 0.1 re_m). 

A study of the ax i a l - equa to r i a l  equilibrium of the alkyl groups attached to the nitrogen atom in p iper i -  
dine and piperazine sys tems  [5, 6] demonstrated that the equatorial  position is p re fe r red  for  the N-alkyl 
group; in part icular ,  the f ract ion of the equatorial  conformer  for  the methyl group is 85 *5%, according to 
the data in [6]. The predominant conformation for  N-subst i tuted pe rhydro - l , 4 - th i az ines  should therefore  
be a chai r  with N - R  (e). A compar ison  of the DM calculated for  the N--R (e), S=O (a) and N--R (e), S=O (e) 
fo rms  with the experimental  value makes it possible to assume that the fo rm with an axial sulfoxide group 
is  the most  probable one. 

In addition to the DM, we examined the IR spect ra  of I - I I  (Fig. 1). The very  s trong band at ~ 1050 em -1 
in the IR spect ra  of the sulfoxides is affiliated with the S = O stretching vibrat ions [7]. Our calculations of 
the frequencies and f o r m s  of the normal  vibrations of dimethyl sulfoxide demonstra te  that both the S = Obond 
and the SCH angles change with the vibrat ion at 1050 era-i; i.e., this vibration is not a highly charac te r i s t i c  
one. One may therefore  fully expect that the magnitude of ~S = O will change as a function of a change in the 
orientation of the S = O bond relative to the remaining portion of the molecule.  Only the band at 1070 cm -~ 
in the IR spec t rum of a solution of III in CC14 can be affiliated with the stretching vibrat ions of the S = O bond, 
while the weak bands at 1045 and 1035 cm -1 can be assigned to the vibrations of monosubsti tuted cyclohex- 
ane [8]. Thus the presence  of conformations that differ with respec t  to the orientation of the S = O bond is 
not observed in the IR spec t rum of III. Since, according to the DM data, III has the chair  fo rm with an axial 
orientat ion of the S = O bond, the s trong band at 1070 em -1 can be  assigned to the S = O stretching vibrations.  

Two very  intense bands are  observed at 1030 and 1070 era -1 in the lit spectra  of solutions of I and II 
in CC14. The ratio of the intensities of these bands does not change as the solution concentrat ion changes 
f rom 0.1 to 0.01 M but does change as a function of the solvent polarity.  The intensity of the band at 1030 
em -1 increases  relative to the intensity of the band at 1070 cm -1 on passing to a more  polar solvent (from 
n-hexane to dichloroethane). For  II, t rans i t ion  f rom the liquid phase to a gas is accompanied by an increase  
in the intensity of the band at 1070 cm -1. It seems to us most  probable to interpret  the presence  of the in- 
tense bands at 1030 and 1070 cm -1 in the IR spect ra  of I and II as being due to the existence of an equilib- 
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TABLE 2. CalculatedandExperimentalDMof N-Methyl- and N-Cy- 
clohexyl-3,5-dibromoperhydro-l,4-thiazine S,S-Dioxides (VI, VII) 

Position 
of the 
halogen 
atoms 

a a  

ee 

a e  

g exp, D 

Calc DM, D 
N - R(a) N - -  R(e) 

disregarding 
induction 

4,2 
6,34 
4,74 

allowing for 
induction 

2,7~ 
5,15 
3,98 

VI 4,90 

disregarding 
induction 

5,56 
6,70 
5,60 

allowing for 
induction 

3,80 
5,53 
4,55 

VII 5,34 

TABLE 3. 

Compound 

I 

II �9 H20 
II 

tII �9 H20 
III 
IV 

IV. HBr 
V 
VI 
VII 

Perhydro-l,4-thiazine S-Oxides and S,S-Dioxides 

Mp, ~ 

57--58 a 
40 
b 

70--72 
68 82c~ 
150- 

84~86 
130 

103,--104 

Empirical formula 

CsHnNOS 
CTHIs,NOS �9 HeO 
CTH~sNOS 
CIoHIgNOS �9 H20 
CIoHmNOS 
CsHuNO2S 
CsHuNOzS �9 HBr 
C10HmNO2S 
CsHgBr2NO2S 
CIoHI7Br2NO2S 

46,3 
47,3 
52,0 
54,7 
59,6 

25,9 
56,4 
19,5 
32,1 

Found % 

8,4 
9,7 
9,3 
9,5 
9,6 

5,0 
8,6 
3,0 
4,4 

23,9 
17,6 
19,9 
14,7 
16,0 

14,2 

Calc., % __ 
H S 

45,1 8,3 24,1 
46,9 9,5 17,9 
52,2 9,3 19,8 
54,8 9,60 14,6 
59,7 9,40 15,9 

26,1 5,2 
55,3 8,7 14,7 
19,5 2,9 
32,0 4,5 

aMp 52 ~ [201. 
bBp 150 ~ (10 ram).  
eMp 82 ~ [201. 
dWith decompos i t i on .  

TABLE 4. Dipole M o m e n t s  of P e r h y d r o - l , 4 - t h i a z i n e  S-Oxides  and 
S ,S-Diox ides  

Compound Solvent e, ~ B pz~op DM, D 
I 

1 

II 
III 
IV 
V 

Vl 

VII 

C~I-I6 
C6II6 
CGtt6 
CCI4 
C6H8 
C~H6 

Dioxane 
C6H6 

2,27B0 
2,2860 
2,2060 
2,22~y0 
2,2690 
2,2720 
2,9110 
2,2740 

I0,244:t 
9,3413, 
7,8210 

'25,4~90 
1'2,2280 
8,5606 

11,13'86 
8,53~4 

0,b812 
0,0976 
0,0,898 
0,4,858 
0,7,890 
O,l'2fiO 
O,Y2t27 
0,8083 

2t~1,2342 
256,3943 
'280,6000 
3~4,392 
4rj6,9011 
4~87,0391 
545,4274 
5~7,1130 

3,50 
3,54 
3,76 
4,40 
4,75 
4,90 
5,17 
5,36 

rium between two conformations of these molecules that differ with respect to the orientation of the S =0 
bond.  In c o n f o r m i t y  wi th  the DM data,  the ex i s t e nc e  of a n  e q u i l i b r i u m  be t w e e n  the two c ha i r  f o r m s  with a 
and e o r i e n t a t i o n s  of the S = O group  can  be a s s u m e d  f o r  I and  II. As  a l r e a d y  noted  above,  the band  at 1070 
c m  -1 p e r t a i n s  to the S = O (a) s t r e t c h i n g  v i b r a t i o n ,  so tha t  the band  at  1030 c m  -1 can  be a s s i g n e d  to the S = O 
(e) s t r e t c h i n g  v i b r a t i o n .  A c c o r d i n g  to the DM data  (Table 1), the S = O (e), N - R  (e) f o r m  is  m o r e  p o l a r  than  
the S= O (a), N - R  (e) fo rm,  which exp l a in s  the a b o v e - i n d i c a t e d  change in  the r e l a t i v e  i n t e n s i t i e s  of t h e b a n d s .  
The IR s p e c t r a  a r e  p r e s e n t e d  in  [9] a long wi th  a n u m b e r  of o the r  c o n s t a n t s  of the cyc l i c  sulfoxide u n d e r  in -  
ve s t i ga t i on ,  but  these  data a r e  so m e a g e r  that  t h e i r  u s e  and c o m p a r i s o n  with our  r e s u l t s  i s  diff icul t .  

The IR s p e c t r a  of so l id  I - I I I  and so lu t ions  in CHCI~ at  1000-1100 c m  -1 a r e  m o r e  complex,  which may  
be exp la ined  by the a p p e a r a n c e  of a s s o c i a t e d  f o r m s  and  a shif t  in the S = O band.  It should be noted that the 
IR s p e c t r u m  of I c o n t a i n s  a s t r o n g  band  at  2805 em -1, which is  a b s e n t  in  the IR s p e c t r a  of II and III. It  has  
b e e n  a s s u m e d  [1] that  th i s  s o r t  of a b s o r p t i o n  is  c h a r a c t e r i s t i c  fo r  the p r e s e n c e  of a t  l e a s t  two C - H  bonds  
in  the t r a n s  pos i t i on  r e l a t i v e  to the u n s h a r e d  p a i r  of the n i t r o g e n  a tom.  However ,  the a b s e n c e  of a band  at  
2800 e m  -1 in the LR s p e c t r a  of II and  III a p p a r e n t l y  does  not a g r e e  with th i s  a s s u m p t i o n .  A s i m i l a r  dev i a -  
t ion  was  a l so  noted  fo r  4 - m e t h y l q u i n o l i z i d i n e s  [1]. 

The e s t a b l i s h m e n t  of the g e o m e t r y  of the  compounds  ob ta ined  is  of def in i te  i n t e r e s t  in s tudying the 
t h r e e - d i m e n s i o n a l  s t r u c t u r e  of the p r o d u c t s  of the add i t ion  of m e t h y l a m i n e  and c yc l ohe xy l a mi ne  to a, a ' - d i -  
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bromodivinyl  sulfone. I t  is known that  the DM of the bonds in molecu les  with s e v e r a l  s t rong dipoles depends 
not so much on the number  of bonds that  s epa ra t e  these  dipoles as  much as  on the mutual  or ienta t ion of the 
dipoles in space [10]. The spat ia l  p roximi ty  of s e v e r a l  s t rong dipoles ( C - B r ,  C - S ,  and S = O) should affect  
the DM of these bonds. The DM calcula ted fo r  VI and VII with al lowance fo r  and d i s regard ing  the inductive 
in te rac t ion  of the dipoles,  which is  de te rmined  by  the f ield effect,  a r e  p resen ted  in Table 2. The C - B r  bond a 
length is 1.91 A, and m c _ B r  is 2.01 (from the exper imen ta l  DM of cyelohexyl  bromide)  [4]. The induction 
was  taken into account  a s  in [10]. A knowledge of the local izat ion cen te r s  of the dipole and of the cen te r  un-  
dergoing polar iza t ion  is n e c e s s a r y  for  the calculat ion of the induced moment  (mi). We local ized the point 
dipoles of the C - S ,  S =O, and C - B r  bonds in accordance  with [11, 12]. Proceeding  f r o m  the bond r e f r a c -  
tions, we calculated the ave r age  bond polar izabi l i t ies :  ~ C - B r  3.72 [13], aS=  O 1.705 [14], and ~ C - S  (in 
sulfones) 0.28. (R D of the C - S  bond in sulfones is equal to R D of the C - S  bond in sulf ides minus  the R D 
values  of the unshared  p a i r  of sulfur  [14].) A compar i son  of the exper imen ta l  DM of VII (5.34 D) with the 
DM values  calculated d i s regard ing  induction makes  it poss ib le  to a s sume  that the mos t  probable  s t ruc tu re  
is  e i ther  one with a c i s -d iax ia l  or ienta t ion  of the halogen or  a t r ans - (ae )  s t ruc ture .  E s t imat ion of the di -  
p o l e - d i p o l e  in teract ion energy  f r o m  the K e e s o m  fo rmula  [15] and taking into account  the energy  of the v a n  
d e r  Waals in te rac t ion  by means  of the Hill method [1] fo r  a U  of the poss ib le  s t r u c t u r e s  demons t r a t e  the en-  
ene rge t i c  d isadvantageousness  of the diaxial con fo rmer  (AEaa_e e = 5 kca l /mole ) .  

A compar i son  of the expe r imen ta l  DM of VII with the theore t ica l ly  calculated values,  with al lowance 
for  induction, conf i rms  the imprac t i cab i l i ty  of the aa and ee fo rms .  The value calculated for  the ee f o r m  
with an equator ia l  or ienta t ion of the substi tuent a t tached to ni t rogen p roves  to be c loses t  to the exper imen ta l  
DM af te r  al lowance fo r  induction. The predominant  equator ia l  or ientat ion of the cyclohexyl  rad ica l  a lso  fo l -  
lows f r o m  an ana lys i s  of the DM of IV and V (see Table 1). 

Consider ing the p re f e r ab i l i t y  of the N - C H  3 group in the equator ia l  posi t ion [6], the N - R  (e) f o r m  with 
diequator ia l  or ientat ion of the halogens should a lso  be a s sumed  to be the mos t  p rac t i cab le  f o r m  for  VI. The 
lower  expe r imen ta l  DM for  the N-methy l  der iva t ive  is  apparen t ly  due to the insignificant contr ibution of 
other  s t r u c t u r e s  with lower  DM to the eonformat ional  equi l ibr ium. 

To conf i rm what has  been  s tated above, we made a thorough ana lys i s  of the PIVIR spec t ra  of VI and 
VII. The mo lecu l a r  s t r u c t u r e s  can be es tab l i shed  f r o m  an ey~amination of the s p i n -  spin coupling constants  
of the vic inal  protons  at tached to 2-C and 3-C and 6-C and 5-C, which f o r m  two ABX sys t ems .  The 3 -H an d  
5-H protons  a r e  shifted to weak f ield by the effect  of the C - S  and C - B r  bonds and r e p r e s e n t  the X port ion 
of the ABX sys t ems ,  the AB por t ions  of which a r e  f o r m e d  by geminal  protons  at tached to 2-C and 6-C. An 
ana lys i s  of the ABX s y s t e m  make  it poss ib le  to de te rmine  J aegem = 13 Hz, Jae  v ic=  6.5 Hz, and Jan =9.5 ttz, 
and a lso  made it poss ib le  to calcula te  the nonequivalency of the geminal  protons  at tached to 2-C and 6-C 
(A6 = 0.18 ppm). The magni tudes of the in teract ion constants  co r r e spond  to the JAX and JBX values  that a r e  
c h a r a c t e r i s t i c  fo r  a cha i r  conformat ion  with a diequator ia l  or ienta t ion  of the halogens [16]. 

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

Compounds I -VII  were  synthes ized  as  in [17]. A 0 .02-mole  sample  of the appropr i a t e  amine in 10 ml  
of 95% ethanol was slowly added dropwise  with cooling to 0.02 mole  of divinyl sulfoxide [18], divinyl sulfone 
[19], o r  ~ , ~ ' - d i b r o m o d i v i n y l  sulfone [18] in 15 ral of 95% ethanol. The reac t ion  mix ture  was heated on a 
w a t e r  bath  and al lowed to stand f o r  s e v e r a l  days.  The solvent was removed,  and the res idue was repea ted ly  
r e c r y s t a U i z e d  f r o m  pe t ro l eum e the r  (I-HI) or  f r o m  95% ethanol (IV-VII). The cor responding  monohydra tes  
we re  i so la ted  f r o m  the reac t ion  mix tu re  in the case  of II and III; vacuum drying for  8 h enabled us to obtain 
the anhydrous fo rm.  The yie lds  of reac t ion  products  ave raged  ~ 50%. The physica l  constants  of the c o m -  
pounds obtained and the r e su l t s  of ana lyses  a re  p resen ted  in Table  3. 

The DiVi were  de te rmined  a s  in [2] a t  25 ~ The r e su l t s  of the m e a s u r e m e n t s  a r e  p resen ted  in Table 4, 
where  el is  the d ie lec t r ic  pe rmeab i l i t y  of the solvent and ~ and fl a r e  the coeff ic ients  in the Guggenhe im-  
Smith equation. The IR spec t r a  we re  r eco rded  with a UR-20 s p e c t r o m e t e r .  The PMR spec t ra  were  r e -  
corded  with a J E O L  s p e c t r o m e t e r  (60 MHz). 

The authors  s ince re ly  thank S. G. Vultfson and I. I. Saidashev fo r  the i r  a s s i s t a n c e  in p e r f o r m i n g  the 
r e s e a r c h .  

1o 

2. 

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

E. Eliel ,  N. All inger ,  S. Angyal, and G. Morr i son ,  Conformat ional  Analysis ,  Wiley (1965). 
B. A. Arbuzov,  G. G. Butenko, and A. N. Vereshchagin ,  Dokl. Akad. Nauk SSSR, !72., 1323 (1967). 

378 



3. 

4. 
5. 

6. 
7. 
8. 
9. 

i0. 
ii. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

L. K. Yuldasheva, R. P. Arshinova, and S. G. Vul'fson, Izv. Akad. Nauk SSSR, Ser. Khim., 555 (1969). 
O. A. Osipov and V. I. Minkin, Handbook of Dipole Moments [in Russian], Moscow (1965). 
R. J. Bishop, L. E. Sutton, D. Dineen, R. A. J. Jones, A. R. Katritzky, and R. J. Wyatt, J. Chem. Soc., 
B, 493 (1967). 
J. L. Imbach, R. A. J. Jones, A. R. Katritzky, and R. J. Wyatt, J. Chem. Soc., B, 499 (1967). 
L. Bellamy, Infrared Spectra of Complex Molecules, Methuen (1958). 
A. B. Remizov and L. M. Sverdlov, Izv. Vuzov, Fizika, No. 6, 150 (1968). 
C. A. Johnson and D. McCants, J. Am. Chem. Soc., 87, 1109 (1965). 
A. N. Vereshchagin and S. G. Vul'fson, Teor. i ]~ksperim. Khim., 1, 305 (1965). 
L. Meyer, Z. Phys. Chem., 8_, 27 (1930). 
S. G. Vul'fson, Dissertation [in Russian], Kazan (1969). 
B. V. Ioffe, Refractometric Methods in Chemistry [in Russian], Leningrad (1960), p. 328. 
M. J. Aroney, R. J. W. Le Fevre, and J. D. Faxby, Austral. J. Chem., ~ 253 (1965). 
W. Kauzmann, Quantum Chemistry: An Introduction, Academic Press (1957). 
N. Bhacca and D. Williams, Applications of NMR Spectroscopy in Organic Chemistry (1964). 
A. C. Bellaart, Rec. Tray. Chim., 81, 157 (1962). 
A. H. Ford-Moore, J. Chem. Soc., 2437 (1949). 
C. G. Overberger, J. Org. Chem., 19, 1486 (1953). 
T. Lanson, J. Am. Chem. Soc., 47, 2828 (1925). 

379 


