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A compar ison of the IR and UV spec t ra  of 2-alkyl (aralkyl)amino-4H-1,3-thiazines with the 
spec t ra  of model compounds showed that the amino form of the aminothiazines predominates .  
The basic i t ies  of the synthesized compounds were  determined,  and the s t ruc ture  of the cation 
formed on protonation is d iscussed.  

In [1] we repor ted  the in t ramolecular  r ea r r angemen t  of substituted 1 ,2 ,3 ,6- te t rahydropyr imidine-2-  
thiones (I), which leads to a previously unreported c lass  of compounds - substituted 2 -amino-4H-1 ,3 - th iaz -  
ines.  In this communicat ion we discuss  the s t ruc tu res  and tau tomer i sm of 4 ,4 ,6- t r imethyl -2-a lkyl  (aralkyl)- 
amino-4H-1,3- th iaz ines ,  which a re  capable of existing both in the amino form (IIA) and in the imino form 

H3C N~, r~h /C  H3 H3CN~/CH3 llaC\~/Cll3 
" G L  - 1 = 4 b .  . . . .  % . , ,  

N ~ / S  I IN~ 'S  C R;- n.(:4119; d R =i'G411,j; n y  \R i ~ e . ,, 
S N A N I; R =; ell C(}I~ 

I H/NR \ R  
i l a - e  II 

GIB): 

We made the ass ignment  of amino or  imino forms to I Ia-e  on the basis of a compar ison of the spec-  
t ra l  cha rac te r i s t i c s  of I Ia-e  and those of model compounds,  viz., 4 ,4 ,6 - t r imethy l -2-d imethy lamino-4H-1 ,3-  
thiazine (IV) and 3 ,4 ,4 ,6 - te t ramethy l -2 -methy l imino-4H-2 ,3 -d ihydro- l ,3 - tMaz ine  WI) (see Table 1). The 
s t ruc ture  of IV and VI is unambiguously determined by the s t ruc ture  of the s tar t ing mater ia ls ,  viz.,  N-(2-  
me thy l -4 -oxo-2 -amyl ) -N '  ,N ' -d imethyl th iourea  flU) and 1 ,3 ,4 ,6 ,6-pentamethyl-1 ,2 ,3 ,4- te t rahydropyr imid-  
ine-2-thione (V), which are  conver ted to IV and VI, respect ively ,  in hydrochlor ic  acid (see scheme).  

IR Spectra.  A band at 1660-1668 cm -1, which we assigned to the valence vibrations of the C = C  bond 
on the basis of the proximity of the frequencies of this band to those of II and those in the s tar t ing I [1,2], 
is observed in the IR spec t ra  of minera l  oil suspensions of I Ia-e .  The lower- f requency  band at 1630-1635 
cm "l cor responds  to the valence vibrations of the C = N  bond. The IR spec t ra  of model compounds IV and 
VI contain v C = C  bands at 1656 and 1667 cm -l, respect ively ,  while the frequencies that cor respond  to the 
vibrat ions of the endocyclic C = N  bond in IV and to the exocyclie C = N  bond in VI are  substantially di f fer-  
ent: 1620 cm -I for  the amino fo rm and 1588 cm -1 for the imino form.  These data make it possible to a s -  
sume that I Ia-e  exists in amino form IIA in the pure s tate .  
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Fig. I. UV spectra: I) IIa in hexane; 
2) IVc in hexane; 3) VI in hexane; 4) 
IIa in methanol; 5) IV in methanol; 6) 
VI in methanol. 
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Fig. 2. UV spectra in 0.I N hydro- 
chloric acid: I) Ila; 2) IV; 3) Vl. 

T A B L E  1. S p e c t r a l  C h a r a c t e r i s t i c s  of 4 , 4 , 6 - T r i m e t h y l - 2 - a l k y l -  
( a r a l k y l ) a m i n o - 4 I I - 1 , 3 - t h i a z i n e s  

Comp. 

lIa 
ll*b 
IIc 
IId 

IIe 

IV 
VI 

IR spectr~ UV spec~a, X m@ PMR spec~a in CC14, 6, ppm 
pR~i~ , c m - l |  nm, (logs), " - ~  --]~--- 
CH~OH[----~[ ........ ]---- 4-(CH3hl6-CH~t 5-H [N--H other protons 

[ C=C C=N I hl CH3OH I in C6Hu 

7,31 [ 16651163512t0 (4,10) 210 (4,08) I 1,t7 
7,46 1660l 16301210 (4,10) 21O (4,09) 1,18 
7,38 16631 16621210 (4,14) 210 (4,07) 1,18 
7,35 16631 16351210 (4,14) I - 1,17 

6,98 1668t 1638i210 (4,28)]210 (4,31) I 1,19 

7,12 1667[ 16201210 (4,14)]210 (4,09) 1 1,17 
7,84 16561 15881242 (3,87)1247 (3,66) 1~ 1,19 

t,91 
1,92 
1,85 
1,92 

1,91 

1,96 
1,97 

5,45 4,30 
5,4214,32 
5,40 14,60 
5,37 1 4,34 

5,45 4,07 

5,43 --  
5,35 --  

N-CH3 2,70 
N-CH2 3,32 
N-CH2 3,13 
N-CH2 2,90 
NC-CH 1,4 
NCH~ 4,43 
H:arom. 4,23 
N(CHa)~ 2,91 
NCHa (endo) 2,90 
NCHa (exo) 2,71 

UV S p e c t r a .  A s  s een  f r o m  the da t a  in T a b l e  1 and F i g .  1, the  UV s p e c t r a  of hexane  so lu t i ons  of I I a - e  
and IV a r e  a b s o l u t e l y  ana logous  (loge210 4 .10 -4 .15 ) .  At  the  s a m e  t i m e ,  an a b s o r p t i o n  band  a t  242-247 n m  
(log g 3 .7 -3 .9 )  i s  o b s e r v e d  in the  UV s p e c t r u m  of  VI, which  has  a d i f f e r e n t  e l e c t r o n i c  s t r u c t u r e .  Thus ,  i t  i s  
c o n f i r m e d  tha t  a l l  of the  i n v e s t i g a t e d  I I a - e  e x i s t  p r i m a r i l y  in the  a m i n o  f o r m  in a l c oho l  and hexane  s o l u t i o n s .  

The UV s p e c t r a  of H, IV, and  VI in 0.1 N h y d r o c h l o r i c  a c i d  and in 0.1 N p e r c h l o r i c  a c i d  b e c o m e  e x -  
t r e m e l y  s i m i l a r  (F ig .  2), wh ich  a t t e s t s  to a m o n o t y p i c  e l e c t r o n i c  s t r u c t u r e  for  the  m e s o m e r i c  c a t i o n s  
f o r m e d  (VII and  VII I ) .  Th i s  i s  p o s s i b l e  on ly  in the  c a s e  of p r o t o n a t i o n  of VI at  t he  e x o c y c l i c  n i t r o g e n  and 
p r o t o n a t i o n  of IV a t  the  r i n g  n i t r o g e n  (VII and VIII ) :  

HN~SII HaC/ 
N N 

H.C/\CH~ H/\CH~ 
V t l  ~ V I I I  

O t h e r  h e t e r o c y c l i c  a m i n e s  of s i m i l a r  s t r u c t u r e  [3-5] d i s p l a y  s i m i l a r  b e h a v i o r .  

PMR Spectra. Narrow signals of the six protons of the ring geminal methyl groups, doublets of the 
protons of the CH 3-C group, and unresolved broad signals of the protons attached to the ring double bond 
(see Table 1) are observed in the spectra of carbon tetrachloride solutions of all of the compounds. A 
singlet of the six protons of the two methyl groups bonded to the exocyclic nitrogen is observed in the spec- 
trum of VI. Similar PMR spectra were obtained in benzene solution. 
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The ass ignment  of one of the fo rms  to IIa on the basis of a compar ison of the signals of the protons 
of the CH 3 groups attached to the exocyclic ni trogen in IIa, IV, and VI is unreliable because of the proximity 
of the signals in comparable  compounds.  

Splitting of the signal of the protons of the CH3--N group is absent in the spec t rum of IIa, which at-  
tes ts  ei ther  to the imine s t ruc ture  of IIa (E) or  to rapid in termolecular  exchange of protons in IIa (A). Con-  
s ider ing the cha rac t e r  of the signal of the N - H  proton ~aarrow singlet) and the UV spectra l  data regarding 
the predominant percentage of the amino form in nonpolar  solvents,  the second assumption is apparently 
valid. 

To conf i rm the data on the direction of protonation of II, IV, and VI, we obtained the PMR spect ra  of 
t r i f luoroacet ic  acid solutions of these compounds.  A single singlet of protons of the (CH3)2-N group (2.87 
ppm) is observed in the spec t rum of IV, which at tests  to protonation of the ring nitrogen (5 H - -N 6.45 ppm). 
In the spec t rum of VI, on the other hand, the signal at 2.68 ppm is split (J 4.5 Hz) as a consequence of in ter -  
action with the adjacent proton, which makes it possible to assume protonation at the exocyclic nitrogen. 

Splitting of the signal of the protons of the CH3-N group (2.78 ppm) is also observed in the spec t rum 
of IIa in t r i f luoroacet ic  acid; this can be explained either by protonation of the endocyclic nitrogen of the 
amino form (IIa) and interaction of the protons of the H - ~ - C H  3 group under conditions of flow exchange in 
t r i f luoroacet ic  acid [6] or  by protonation of the imino form of IIa at the exocyclic ni trogen.  A tr iplet  single 
should have been observed in the case  of protonation of the amino form of IIa at the exocyclic nitrogen.  

We determined the basici t ies  of the compounds by potentiometric t i tration in methanol using p e r -  
chlor ic  acid as the t i t rant  (see Table 1). A compar ison  of the pK a values of IV and VI shows that VI has a 
higher  basici ty and, consequently, higher energet ic  favorabil i ty of the amine form for the investigated 
tautomeric  compounds {IIa-e) [7]. This is apparently explained by the more  favorable electronic configura-  
tion of the amino form in which overlapping of the p orbi ta ls  of the exocyclic nitrogen with the ~ orbitals of 
the ring C = N bond is possible.  

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

Compounds I Ia-e  were synthesized by the method descr ibed in [1]. The IR spec t ra  were recorded  
with a UR-10 spec t rophotometer .  The spec t ra  of minera l  oil suspensions or thin layers  of the compounds 
were  recorded .  The UV spec t ra  in methanol, hexane, 0.1 N HC1, and 0.1 N HC104 solutions (5 �9 10 -5 M) 
were  recorded  with a Hitachi spec t romete r .  The PMR spec t ra  in carbon te t rachlor ide,  benzene, and t r i -  
f luoroacetic  acid solutions were recorded  with an RS-60 spec t romete r  with an operating frequency of 60 
MHz; the internal s tandard was hexamethyldisi loxane.  The potentiometric t i tration was ca r r i ed  out with an 
LPU-01 potent iometer  in anhydrous methanol using 0.1 N perchlor ic  acid in methanol as the t i t rant .  The 
pK a values were  calculated in accordance  with [8]; the e r r o r  in determining the pK a value did not exceed 

=~ 0.02, 

N-(2-Methyl-4-oxo-2-amyl)-N',N'-dimethylthiourea (IH). A mixture of 10 g (0.055 mole) of 2-iso- 
thiocyano-2-methyl-4-pentanone [9] and 3,08 g (0.068 mole) of dimethylamine as a 25% aqueous solution was 
held at 20 ~ for 24 h. The aqueous solution was extracted with ether, and the extract was dried with mag- 
nesium sulfate. The ether was removed by distillation, and the residue was chromatographed on silica with 
elution by petroleum ether-ether (2:1) to give 9.4 g (75.5%) of HI as a yellow oil. The 2,4-dinitrophenyl- 
hydrazone ofIIIhad mp 214-214.5 ~ Found %: C 46.9; H 5.7; S 8.3. CIsH22N604 S. Calculated ~: C 47.1; H 
5.8; S 8.4. 

1 ,3 ,4 ,6 ,6-Pentamethyl - l ,2 ,3 ,4- te t rahydropyr imid ine-2- th ione  (V). Mes ityl oxide [8.44 g (0.086 mole) ] 
was added gradual ly  with vigorous s t i r r ing  at 0-5 ~ to 2.67 g (0.086 mole) of methylamine as a 25~c aqueous 
solution. The mixture  was s t i r red  for 30 rain at 20-22 ~ and the 2-methylamino-2-methyl -4-pentanone  was 
extracted with ether .  The ether  extract  was vacuum evaporated to a volume of 100 ml, and 4.9 g (0.067 
mole) of methyl isothiocyanate in 30 ml of ether was added at 5 ~ The precipitate that formed after  1 h was 
fil tered, washed with ether,  and dried to give 8.2 g of a mixture of 4-hydroxy- l ,3 ,4 ,6 ,6-pentamethylhexa-  
hydropyr imidine-2- th ione  and V. The mixture was dissolved in 100 ml of acetic anhydride and heated for 
20 rain on a boi l ing-water  bath. The excess  anhydride was removed by vacuum distillation, and the residue 
was t rea ted  with sa turated potassium carbonate solution. The organic layer  was extracted with ether,  and 
the extract  was dried with magnesium sulfate.  The ether was removed by distillation to give 7.4 g (60.0K) 
of V with mp 78-78.5 ~ (from alcohol) and R f  0.78 (activity II A1203 with elution by chloroform).  Found ~ :  
C 58.6; H 8.9; N 14.8. C9H16N2S. Calculated %: C 58.7; H 8.8; N 15.2. 
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4 ,4 ,6 -Tr ime thy l -2 -d ime thy l amino -4H-1 ,3 - th i az ine  (IV). A mix tu re  of 4.2 g (0.023 mole) of III and 50 
ml  of concent ra ted  HC1 was heated  at 100 ~ for 15 rain. The acid was r emoved  by vacuum dist i l lat ion,  and 
the res idue  was neu t r a l i zed  at 5 ~ with sa tu ra ted  po tass ium carbonate  solution. The organic port ion was ex-  
t r ac t ed  with pe t ro leum e ther ,  the e ther  was r e m o v e d  by dist i l lat ion,  and the res idue  was ch romatographed  
on s i l ica  with elution by pe t ro leum e t h e r - e t h e r  (95 : 5). The eluate  was dist i l led to give 3.8 g (91.1~) of a 
yel lowish oil with bp 69-70 ~ (2.5 mm) .  Found %: C 58.7; H 8.8; N 14.9. CgH16N2S. Calcula ted %: C 58.7; 
H 8.8; N 15.2. 

3 , 4 , 4 , 6 - T e t r a m e t h y l - 2 - m e t h y l i m i n o - 4 H - 2 , 3 - d i h y d r o - l , 3 - t h i a z i n e  (VI). A mix tu re  of 3 g of V and 100 
ml  of concent ra ted  HC1 was hea ted  at  100 ~ for  30 rain. The acid was r emoved  by vacuum dist i l lat ion,  and 
the res idue  was neu t ra l i zed  at 0 ~ with po tass ium carbona te  solution. The mix tu re  was ex t rac ted  with e ther ,  
and the e ther  was r em oved  by dist i l la t ion.  The res idue  was vacuum dist i l led to give 0.6 g (20.0~c) of VI 
with bp 91-92 ~ (2 ram) and R f  0.3 (activity II A1203 with elution by ch loroform) .  Found ~ :  C 58.8; H 8.8. 
C9Ht6N2S. Calcula ted %: C 58.7; H 8.8. 
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