
The cha rac t e r  of the conjugation of the phenyl ring with the amidine sys tem of bonds changes in this sor t  of 
solvated molecule, and this may  lead to a dec rease  in the intensit ies in the maxima in the UV spec t ra  [8, 9]. 
The formation of the indicated hydrogen bonds can be considered to be a p roces s  that p recedes  complete 
protonation.  

EXPERIMENTAL 

The IR spec t ra  of minera l  oil pas tes  and solutions (CHC13, CC14, dioxane, and C2H5OD ) of the compounds 
were  recorded  with a P e r k i n - E l m e r  recording spec t romete r .  The UV spec t ra  of solutions of the compounds in 
dioxane, hexane. 95~ hexane + 5~ dioxane, alcohol, aqueous alcohol mixtures ,  and aqueous and alcoholic 0.1 N 
HC1 and 0.1 N NaOH were  obtained with an EPS-3 spect rophotometer .  The PMR spec t ra  of CD3OD solutions 
were  recorded  with a JNM-C-60HL spec t rome te r  with te t ramethyls i lane  as the internal  standard. 
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B E N Z O X A Z I N E S  AND R E L A T E D  C O M P O U N D S  

V. * SYNTHESIS OF 2,4, 4- TRISUBSTITUTED 4H- 1,3-BENZ OTHIAZ INES 

V. A.  Z a g o r e v s k i i .  K.  I~ L o p a t i n a ,  
T .  V. S o k o l o v a ,  a n d  S. M. K l y u e v  

UDC 547.869.1 + 547.895 

The react ion of 2 -mercapto  (and benzylthio)-c~, a-dia lkylbenzyl  alcohols with n i t r f les  under the 
influence of acids se rves  as a method for  the synthesis of 2,4. 4- t r isubst i tuted 4H-1.3-benzothiazines.  

It has been shown that the react ion of 2 -hydroxy-a .a -d ia lky lbenzy l  alcohols with n i t r i les  in the p re sence  
of acids leads to substituted 4H-1, 3-benzoxazines [1, 2]. 

We have found that rep lacement  of the 2-hydroxy group by a 2-mercapto(and benzylthio) grouping (alco- 
hols IIa-d) leads to the previous ly  unknown 2-substi tuted 4,4-dialkyl-4H-1,3-benzothiazines {IIIa-e) under s imi-  
l a r  conditions. 

* See [11] for  communication IV. 
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II a R=C2Hs, R'=H, b R=C~Hs, R'=CH2C6H~, c R=n-C3HT, R'=CH2C6Hs, d I~=CH~, 
t~=CH2C6Hs; III a t~=C2H5 I~'=CHz, b R=n-C~HT, ~'=CH~, c I~=C2Hs, f~'=C6Hs. 

d R=R"=CH~, e R=C2H~, R'=CHeC6Hs; IV R=C2Hs 

Spontaneous splitting out of a benzyl radical ,  as was also observed in the cyclization of substituted 
3-benzyl - l - th iopropanols ,  occurs  in alcohols IIb-d with a protect ive mercapto  group. 

Benzothiazines III have basic cha rac te r  and give salts with acids ~ ic ra t e s  and dihydrochlorides were 
obtained). 

The IR spec t ra  of III contain only VCH bands at 2400-3650 cm -I .  Intense v C =N bands a re  found at 1645- 
1660 cm -1 in the spec t ra  of IIIa, b, d- these frequencies differ f rom the anomalously high (1700 cm -1) frequen- 
cies in the spec t ra  of the oxygen analogs - 2-a lkyl-4 ,4-die thyl-4H-1,3-benzoxazines  [1, 2] - and are  found in the 
region of ~C=N vibrations of thioimino ethers [4]. The mass  spectrum of III is charac te r ized  by intense peaks 
corresponding to p rocesses  involving the formation of M +, (M-  C2H5) +, (h/I- N ~ C-CH3) +, ( M -  2C2H5) +, 
(M--C2H 5, - N ~  C-CH3) +, and (M-  2C2H5, -HCN)+ions with masses  of 219. 190. 178, 161. 149, and 134, respec-  
tively. The UV spect rum of benzothiazine IIIa contains absorption maxima at 214-216 and 270 nm, and their 
intensities are  considerably higher than in the spec t rmn of thiophenol [5]. 

The formation of benzothiazine IHa is accompanied by conversion of IIa to 7 ,7 ,8 ,8- te t raethyl-7 ,8-dihydro-  
dibenzo[c.g]thiathiocine (IV). probably as a resul t  of a redox process .  The s t ruc ture  of IV is confirmed by its 
IR spect rum:  vOH and vSH vibrations a re  absent, and there  is intense absorption at 485 cm -1. which can, with 
a cer tain amount of caution [6], be assigned to ~S-S- The molecular  ion (m/e 356) of IV formed under the in- 
fluence of e lectron impact  undergoes symmet r i ca l  fragmentation to a f ragment  ion with m / e  178, and this is 
accompanied by a metastable t ransi t ion (m*/e 89). Nonequivalence of the CH 2 (and CH3) groups is observed in 
the PMR spectrum, and this is in terest ing in connection with the conformational analysis of e ight -membered 
r ings with two sulfur  atoms. 

Alcohols IIb-d do not form IV: olefin V was isolated in the case of the react ion with IIb. According to the 
PMR spectral  data, olefin V consists of two geometr ical  i somers  with predominance (70~c) of the t rans i somer  
(Va). The configuration of the i somers  can be established on the basis  of an evaluation of the allyl and homo-- 
allyl constants.  In the t rans  isomer ,  4Jeis_al 1 = 1.5 Hz and ~Jtrans-homoall  = 1.5 Hz. in the cis isomer,  these 
constants are  less  than 0.8 Hz. There are  data [7, 8] that indicate that t rans-homoal ly l  constants are  higher 
(1.59 Hz [7]) than the c is -homoal ly l  (1.12 Hz [7]) constants. The c i s -a l ly l  constants are  usually higher than the 
t rans  constants (for example, see [9, 10]). Spin-spin coupling between the ~ C ~ C H - C H  3 vicinal protons was 
established for  both i somers  by the double-resonance method. 

/ 

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

The IR spect ra  of the pure compounds or mineral  oil suspensions of the compounds (in the case of the 
p ic ra tes  and hydrochlorides)  were recorded  with DS-301 and UR-10 spec t romete rs .  The UV spectra  of ethanol 
solutions of the compounds were recorded  with an SF-4 spectrophotometer .  The PMR spect ra  of CC14 solutions 
were obtained with Varian T-60 or  Bruker  WN-90 spec t rometers .  The mass  spectra  were recorded with an 
MKh-1303 spec t romete r  with a sys tem for  direct  introduction of samples into the ion source  at an ionizing volt- 
age of 30 V. The course  of the react ions and the pur i ty  of the compounds were monitored by means of th in- layer  
chromatography (TLC) on the alkaline form of activity II aluminum oxide in an e the r -pe t ro l eum ether sys tem 
(1 : 2). Compound IIIa was also charac te r ized  by gas- l iqu id  chromatography (GLC) (with a Khrom-2 chromato-  
graph remodeled with a glass  column 2 m by 3 ram; the s tat ionary phases  were Chromaton-N-AW-HMDS 
treated with 2% KOH and 10% Apiezon L). 

Methyl 2-(Benzylthio)benzoate (I). An 8.4.g (50 mmole) sample of methyl thiosalicylate and 5.7 g (45 
mmole) of benzyl chloride were added with s t i r r ing  and cooling to a solution of sodium methoxide (from 1.15 g 
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of sodium and 23 ml of methanol), after which the mixture was s t i r red  at 
40 ~ for  30 min. The methanol was then removed by distillation, 200 ml of 
water  was added, and the mixture was extracted with benzene�9 The ben- 
zene extracts  were washed with water and vacuum evaporated,  and the 
residue was washed on the fi l ter  with pet ro leum ether  and recrys ta l l i zed  
f rom ethanol to give 11.8 g (92%) of es te r  I with mp 63-63.5 ~ and Rf  0.49�9 
Found %: C 69.6. H 5.5: S 12.3. Ci6Hi402S. Calculated %: C 69.7. H 5.5: 
S 12.4. PMR speetrtnn, 5, ppm: 4.2 (2H, s, CH2) and 4.0 (3H, s, CH3). 

2-Mereapto-~,ez-diethylbenzyl Alcohol (IIa). A solution of 60 g 
(0.31 mole) of methyl thiosalieylate in 400 ml of dibutyl ether was added 
dropwise at 20 ~ to a solution of ethyl magnesium bromide (from 44 g of 
magnesium and 198 g of bromoethane) in 600 ml of absolute dibutyl ether 
at 20 ~ after which the mixture was heated at 80 ~ for 12 h. It was then 
cooled and decomposed with 800 ml of saturated NH4CI solution. The di- 
butyl ether was decanted, and the residue was extracted with dibutyl ether. 
The organic solutions were combined and dried with MgSO 4, and the sol- 
vent was removed by distillation. The residue was dissolved in 200 ml of 
NaOH, and the alkaline solution was extracted with heptane (extract 1). 
Extract 1 was cooled with ice water, acidified to pH ~ 7 with HC1 (1 �9 1), 
and extracted with heptane. The heptane was removed thoroughly by dis- 
tillation to give 34.7 g (60~) of quite pure oily alcohol IIa with Rf 0.10. 
Found ~. C 66.8: H 8.2: S 16.3. CiiHi6OS. Calculated o~: C 67.3: H 8.2: 
S 16.3. PMR spectrum, 6, ppm: 0.7 (6H. t, two CH3 groups), 1.5-2.4 (5H, 
group of signals: OH and two CH 2 groups of the AB portion of the ABX 3 
system), 3.7 (1H, s, SH). A small amount of bis[o- (3-hydroxy-3-pentyl)]- 
phenyl sulfide with mp 71-72 ~ (from heptane) and Rf 0.10 was isolated 
from extract 1 by evaporation. Found %: C 67.9: H 7.9: S 16.2. C22H3002S2. 
Calculated %: C 67.7: H 7.8: S 16�9149 IR spec t rum (in oil), cm- l :  3200- 
3500 (broad ~OH) and 482 (possibly vS_S). The PMR spect rum was simi-  
l a r  to the spec t rum of IIa with respec t  to the chemical  shifts and the ~orm 
of the signals of the ethyl group�9 

2-Methyl-4.4-diethyl-4H-1,3-benzothiazine (IIIa). A) A solution of 
7.6 g (30 mmole) of I in 30 ml of absolute toluene was added dropwise at 
20 ~ to a solution of ethylmagnesium bromide {from 2.2 g of magnesium 
and 9.8 g of bromoethane) in 90 ml of absolute dibutyl ether, af ter  which 
the mixture was heated at 70-80 ~ for  7 h. It was then cooled and decom- 
posed with 60 ml of saturated NH4C1 solution, and the organic layer  was 
decanted. The residue was extracted with dibutyl ether.  All of the or -  
ganic solutions were combined, and the solvent was removed by disti l la-  
tion. The residual  crude IIb was dissolved in 12 ml of acetonitrile,  the 
solution was heated to 70 ~ and 13 ml of 85% H2SO4was added dropwise at 
such a ra te  that the tempera ture  of the react ion mixture remained at 85- 
90 ~ After 24 h, the mixture was poured over  ice, and the aqueous mix- 
ture  was extracted with ether (extract 2). The acidic aqueous solution 
was cooled with ice, made alkaline to pH ~ 10 with 40% NaOH solution, 
and extracted with ether�9 The ether  was removed by distillation to give 
(without distillation) 5�9 g of IIIa. PMR spectrum, 6, ppm: 0.7 (6H, t, 
two 4-CH 3 groups), 1.95 (4H, q, two 4-CH 2 groups with a lmost  equivalent 
protons of the AB port ion of an ABX 3 system),  2.3 (3H, s, 2-CH3), and 6.9- 
7.3 (4H. group of C6H4 signals). UV spectrum, )~max, nm (log e): 216 
(4.31) and 270 (3.60). Evaporation of extract  2 yielded 1.3 g of V with mp 
61-62 ~ (from alcohol) and Rf  0�9 Fotmd %, C 80.8: H 7.6: S 11.7. 
C18H20S. Calculated ~c: C 80�9 H 7�9 S 11.9�9 IR spectrum: 1660 cm -1 
(very weak. ~C=C)" PMR spec t rum of Va, b. 6. ppm: 0.78 (CH3CH 2 in 
Vb, t. 3j = 7.5 Hz), 0.88 (CH3CH 2 in Va, t, 3j = 7.5 Hz), 1.32 (CH3CH=C in 
Va, 3j = 6�9 Hz, 5j = 1.5 Hz), 1.64 (CH3CH=C in Vb, 3j = 6�9 Hz), 2.0-2.6 
(CH2CH 3 in Va, b. six lines of two overlapped quartets  with 3j = 7.5 Hz: 
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the components  of Va with a m o r e  exp re s sed  fine s t ruc tu re  a r e  found at r e la t ive ly  s t ronge r  fields). 4.0 and 3.97 
(SCH 2 s i n g l e t  of Va, b, respect ively) ,  5.22 (C=CHCH 3 in Vb, 3j = 6.5 Hz), 5.48 (C=CHCH 3 in Val 3j = 6.5 Hz, 
4j = 1.5 Hz), and 6.7-7.4 (9H. a rom a t i c  protons) .  In an a t tempt  to subject  Va, b to f ract ional  c rys ta l l iza t ion  it 
was  found that  the mix tu re  did become  somewhat  enr iched in Vb but mel ted  over  a r a t he r  na r row  t e m p e r a t u r e  
range.  

B) A 4-ml  sample  of 70~c HC104 was added with s t i r r ing  and cooling to a mix tu re  of 3.6 g (18 mmole)  of 
IIa  and 5 ml  of ace toni t r i le  at such a r a t e  that the t e m p e r a t u r e  r ema ined  at 20-30 ~ After  24 h, the mix ture  was 
poured  over  ice, and the aqueous mix tu re  was made  alkaline with ammonium hydroxide and ext rac ted  with ether.  
The e ther  was r emoved  by disti l lation, and the res idue  was f rac t ionated  to give 1.25 g of IIIa. According to its 
m spec t rum and Rf  value, the produc t  was identical  to a sample  obtained by method A. The p i c r a t e  had mp 
162-162.5 ~ (from alcohol), and i ts  IR spec t rum was identical  to a sample  obtained by method A; no melting-point 
depress ion  was obse rved  for  a mix tu re  with it. The pot res idue  f rom the dist i l lat ion was t r i tu ra ted  with p e t ro -  
l eum ether,  and the resul t ing solid was r e c r y s t a l l i z e d  f rom heptane to give 1.45 g of IV with mp 88-89 ~ and R f  
0.83. Found ~.. C 74.1,. H 8.0: S 17.7. C22H22S2. Calculated ~:  C 74.1: H 7.9: S 18.0. 

2 -Methy l -4 ,4 -d ip ropy l -4H-1 ,3 -benzo tMaz ine  {IHb). A solution of 6.4 g (25 mmole)  of I in 50 ml  of abso-  
lute toluene was added gradual ly  to a solution of p ropy lmagnes ium b romide  (from 1.8 g of magnes ium and 9.3 g 
of 1 -bromopropane)  in 50 ml  of absolute dibutyl ether ,  a f te r  which the mix ture  was worked up by method A and 
subjected to reac t ion  with 10 ml  of acetoni t r f le  in 11 ml  of 85% H2SO 4 at  80-90  ~ to g ive  IIIb (oil): the product  
was pur i f ied  with a column fil led with act ivi ty  IV A1203 with elution by e the r -pe t ro l eum ether  (1 �9 1) to give 2.5 g 
of product .  PMR spec t rum,  6, ppm- 0.6-1.4 (10H. group of s ignals  of two 4-CH2CH 3 groups).  1.4-2.0 (4H. group 
of two methylene s ignals  of 4-CH2C2Hs), 2.2 (3H, s, 2-CH3), and 6.8-7.3 (4H, group of C6H 4 signals).  

2 -Pheny l -4 .4 -d ie thy l -4H-1 ,3 -benzo th iaz ine  {IIIc). A total of 6 ml  of 70% HC104 was added with s t i r r ing  
and cooling (to 20-30 ~ to a mix tu re  of 7.0 g (35 mmole)  of IIa and 7.3 g (70 mmole)  of benzonitr i le ,  a f te r  which 
the mix tu re  was worked up by  method B, and the oily IIIe was conver ted  to the hydrochlor ide .  The hydrocblo-  
r ide  was conver ted  to the base  with sodium b icarbona te  solution, and the b a s e  was ex t rac ted  with e ther .  The 
e the r  was r emoved  by dist i l lat ion to give 1.9 g of IIIc.  PMR spec t rum.  6, ppm- 0.8 (6H, t, two 4-CH 3 groups),  
2.0 (4H, q, two 4-CH 2 groups),  and 7.0-8.1 (9H, C6H 4 and C6H5: the mult iplet  at 8 ppm is p robab ly  re la ted  to the 
two or tho pro tons  of the C6H 5 group). 

2 ,4 ,4 -Tr ime thy l -4H-1 ,3 -benzo th iaz ine  (IIId). A solution of 6.4 g (25 mmole)  of I in 30 ml  of absolute 
toluene was added gradual ly  to a solution of a Gr ignard  reagent  obtained f r o m  1.8 g of magnes ium and 10.6 of 
methyl  iodide in 40 ml  of absolute dibutyl ether ,  a f te r  which the mix tu re  was worked up by method A and sub- 
jec ted  to reac t ion  with 10 ml  of ace toni t r i le  in 12 ml  of 85% H2SO 4 (80-85c). The mix tu re  was then poured over  
ice, and the aqueous mix tu re  was made  alkaline with ammonium hydroxide and ex t rac ted  with benzene.  The 
benzene was r emoved  by  distillation, and the res idue  was f ract ionated to give 3.6 g of IIId. PMR spect rum,  6, 
ppm: 1.4 [6H, s, 4-(CH3)2] , 2.2 [3H, s, 2-CH3), and 6.9-7.4 (4H. group of C6H 4 signals) .  

2 -Benzy l -4 ,4 -d ie thy l -4H-1 .3-benzo th iaz ine  (IIIe). A solution of 5.2 g (20 mmole)  of I in 50 ml  of absolute 
toluene was added gradual ly  to a solution of e thy lmagnes ium b romide  (from 1.5 g of magnes ium and 6.5 g of 
bromoethane)  in 50 ml of absolute dibutyl ether ,  a f t e r  which the mix tu re  was worked up method A, and the oil 
was  dissolved in 8 g of benzyl cyanide. The solution was t r ea ted  with 8 ml  of 85% H2SO 4 (90-100~ After  24 h, 
the mix tu re  was poured over  ice, and the aqueous mix tu re  was made  alkaline with 40% NaOH and ext rac ted  with 
ch lo roform.  The ch lo ro form was r emoved  by disti l lation, and the res idue  was t r ea t ed  with heptane. The hep- 
tane was evaporated,  and the res idue  was conver ted  to 3.3 g of the hydrochlor ide  in absolute ether .  
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