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Studies Related to  Dihydro-1.4-thiazines. Part 9.l Thermal Equilib- 
ration of Thiazine and Thiazoline S-Oxides 
By Anthony G. W. Baxter and Richard J,  Stoodley," Department of Organic Chemistry, The University, 

Newcastte upon Tyne NE1 7RU 

In boiling toluene, methyl (1 RS)-3-( 1 -methoxycarbonylvinyI)-2.2-dimethyi-A4-th~azoline-5-carboxyIate 1 -oxide 
(7)undergoes equilibration by way of the sulphenic acid (3b) with the racemate of dimethyl (1 R,2R)-3-isopropenyl- 
2-methyl-A4-thiazoline-2.5-dicarboxylate 1 -oxide (8b) ; there is no detectable concentration of the racemate of 
dimethyl { 1 S,3R)-3.4-dihydro-4-isopropenyl-2H-l.4-thiazine-3,6-dicarboxylate 1 -oxide (2b) in the mixture. 
Under corresponding conditions, interconversion occurs between the racemates of the dimethyl (1 S.3R) -3,4- 
dihydr0-2H-l.4-thiazine-3.6-dicarboxylate 1 -oxides (2a and d-h) and of the dimethyl (1 R,2R)-2-methyl- 
A4-thiazoline-2.5-dicarboxylate 1 -oxides (8a and d-h). The position of the equilibrium is dramatically dependent 
upon the nature of the N-substituent. For example, with a hydrogen atom the thiazine S-oxide (2a) is over- 
whelmingly preferred whereas with an acetyl group the thiazoline S-oxide (8h) is  favoured. 

IT is well known that sulphoxides bearing a hydrogen 
substituent a t  a P-carbon atom undergo thermolysis to 
give olefins and sulphenic acids.3 Kinetic 334 and stereo- 
chemical5 studies suggest that the reaction involves a 
sigmatropic hydrogen shift and proceeds by way of the 
coplanar transition state (1). The attainment of such a 
cyclic arrangement is, in principle, precluded when the 
functional groups are incorporated into a six-membered 
ring.6 Recently, however, we have shown that such a 
process can be realized when the migrating hydrogen 
atom is acidified by an activating group. For example, 
the thiazine S-oxide (Za) was readily racemised in 
chloroform solution at  room temperature ; the isomeriz- 
ation, which involves the species (3a), is considered to 
proceed via the transition state (4a). 

The availability of thiazolines, e.g. (6), by the base- 
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induced rearrangements of methyl 7-oxo-8-oxa-4-thia- 
1 -azabic yclo [4.3.0] non-2-ene-3-carbox ylat es ,l* prompted 
us to examine the thermal behaviour of their S-oxides. 
When heated, the derivative (7) is expected to generate 
the sulphenic acid (3b) which, in principle, may return 
to the starting material, afford the racemate of the 
thiazoline S-oxide (Sb), or yield the racemate of the 
thiazine S-oxide (2b). By analogy with the behaviour 
of the sulphenic acid (3e), which underwent exclusive 
conjugate syz-addition at  room temperature,' the 
derivative (2b) was the anticipated product. 

Oxidation of the thiazoline (6) with m-chloroper- 
benzoic acid afforded the sulphoxide (7). This derivative 
was unchanged when heated under nitrogen in boiling 
benzene but underwent equilibration within 4 h with a 
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less polar substance (1.2 : 1) in refluxing toluene. 
Spectroscopic considerations indicated that the new 
material, which was isolated pure after chromatography 
on silica gel, was the racemate of the thiazoline S-oxide 
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(8b). It underwent re-equilibration with the thiazoline 
S-oxide (7) when heated in boiling toluene. 

The foregoing result is consistent with the intervention 
of the sulphenic acid (3b), which undergoes inter- 
conversion with the sulphoxides (7) and (Sb). On the 
assumption that the reaction proceeds by way of the 
coplanar transition state, i.e. (5b), the sulphinyl and 
methyl groups of the derivative (Sb) are assigned the 
cis stereochemistry ; the stereoelectronic requirements 
of this process preclude the formation of the trans- 
isomer. The failure to detect the thiazine S-oxide (2b) 
in the reaction implies that either the conjugate syn- 
addition pathway, i .e .  (4b), is kinetically inaccessible or 
the concentration of the S-oxide (2b) in the equilibrium 
mixture of the derivatives (Zb), (7), and (8b) is low. 
The latter explanation is preferred since it has been 
shown that the thiazine S-oxide (Ze) undergoes inter- 
conversion with the sulphenic acid (3e) at  room tem- 
perature. 

In the hope of producing the thiazoline S-oxide (Sa), 
the derivative (2a) was heated for 3.5 h under nitrogen 
in boiling toluene. Although some decomposition of the 
starting material occurred there was no evidence for 
the presence of the expected product. However, when 
the thermolysis was repeated for 2 h in the presence of 
deuterium oxide, the recovered starting material (after 
re-exchange of N-D for N-H) was shown to contain 
%yo deuterium at position 3 and l5:4, deuterium at 
position 2 by n.m.r. spectroscopy; mass spectroscopy 
indicated the presence of 28y0 2H,, 51% 2H1, 19% 2H,, 
and 27(, 2H, species. This result suggests that the 
thiazoline S-oxide (Sa) is formed and that it is thermo- 
dynamically unstable with respect to the thiazine 
S-oxide (Za). 

The aforementioned observations imply that the 
thiazine S-oxide-t hiazoline S-oxide equilibrium is 
dramatically dependent upon the nature of the N- 
substituent. In accord with this hypothesis, the 
ethoxymethylthiazine S-oxide (2e)-a derivative previ- 
ously shown to undergo spontaneous racemisation at 
room temperature-afforded a 1 : 1.2 mixture of the 
starting material and the racemate of the thiazoline 
S-oxide (Se), when heated for 3.75 h in boiling toluene. 
A similar mixture was produced when the sulphoxide 
(Se), isolated in a pure state after chromatography on 
silica gel, was resubjected to the reaction conditions. 

In  order to evaluate the influence of the X-substituent 
in a regular series of compounds, the thermal behaviour 
of the methoxymethyl- (2d), isopropoxyrnethyl- (2f), and 
t-but oxyme thyl-t hiazine S-oxides (2g) was studied. 

Previously the ethoxymethylthiazine (9e) was ob- 
tained by treating the hydroxymethylthiazine (Sc), 
prepared from the thiazine (9a) and formaldehyde in 
acidified dioxan, with ethanolic hydrochloric acid.7 On 
occasions, during the attempted preparation of the 
derivative (ge), the bis(thiazinylmethy1) ether (10) was 
isolated; the formation of the latter material could be 
ensured by treating the crude product with acidified 
dioxan. The ether (10) was readily converted into the 
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required alkoxymethylthiazines (9d-g) in the presence 
of the appropriate alcohol and an acidic catalyst. 
Derivatives (9f-g) were unstable and i t  was expedient 
to transform them promptly into their S-oxides. 
Oxidation of the thiazines (9d-g) with sodium periodate 
yielded 1 : 1.6-3.0 mixtures of the (S)-S-oxides (2d-g), 
and the (R)-isomers (lld-g), which were separable by 
chromatography on silica gel. The stereochemistry of 
the (S)-S-oxides was assigned on the basis of their zero 
optical rotation, which implied that the derivatives 
underwent ready interconversion with the corresponding 
sulphenic acids (3d-g). N.m.r. spectroscopy clearly 
established that the (S)-S-oxides adopted the conform- 
ations (12d-g) and that the (R)-S-oxides favoured the 
conformers (13d-g). These findings are in complete 
accord with previous  result^,^.^ which illustrated that 
the sulphoxides exhibited a marked preference for the 
conformer possessing an axial oxide function. 

When heated in boiling toluene for 2-3 11, the 
thiazine (S)-S-oxides (2d-g) underwent equilibration 
with the corresponding thiazoline S-oxides (8d-g) . 
In each case i t  was possible to isolate the thiazoline 
S-oxide by chromatography on silica gel and to show 
that i t  underwent re-equilibration with the thiazine 
S-oxide in refluxing toluene. The results (Table) reveal 

Equilibrium concentrations (yo) of the thiazine and 
thiazoline S-oxides in boiling toluene 

Substituent 
R 

A- -0 

I 
R R 

CH,*OMe 35 
CH,.OEt 55 
CH,*OPri 75 
CH,-OBut 40 
COMe 25 

65 
46 
25 
60 
75 

that  there is no direct correlation between the size of 
the alkoxy-substituent and the equilibrium ratio. 

On the basis of the foregoing results it seems highly 
probable that the isopropenylthiazine S-oxide (2b) is 
thermodynamically unstable with respect to the thi- 
azoline S-oxides ( 7 )  and (8b). Although attempts to  
prepare the derivative (2b) were unrewarding, its thermal 
instability may be a consequence of the trigonal nature 
of the N-substituent. To investigate this possibility 
the thermal behaviour of the acetylthiazine S-oxide 
(2h) was examined. 

The acetylthiazine (9h) was readily prepared by 
treatment of the thiazine (14a) with acetyl chloride and 
triethylamine in dichloromethane. The anhydride (1411) 
is possibly an intermediate in this reaction since the 
ester (9a) was resistant to acetylation under corre- 
sponding conditions. A similar observation was noted 

by Woodward lo in the N-acylation of 2,2-dimethyl- 
thiazolidine-3-carboxylic acid with t-butoxycarbonyl 
chloride. Oxidation of the derivative (9h) with m- 
chloroperbenzoic acid yielded a 1.5 : 1 mixture of the 
(S)-S-oxide (2h) and the (R)-isomer ( l lh ) ,  which was 
separated by chromatography on silica gel. N.m.r. 
spectroscopy revealed that the derivatives (2h) and 
( l lh )  adopted the conformations (12h) and (13h), 
respectively . 

When heated for 3 11 in boiling toluene, the acetyl- 
thiazine (S)-S-oxide (2h) underwent equilibration with 
the acetylthiazoline S-oxide (8h). As can be seen from 
the Table, this example displays a high equilibrium 
concentration of thiazoline S-oxide, in accord with the 
view that when a trigonal N-substituent is present the 
thiazine S-oxide is disfavoured. 

The foregoing results emphasize that the fate of 
sulphenic acids can be temperature-dependent . Thus 
at 20 O C ,  the species (3a and d-h) undergo equilibration 
with the racemates of the thiazine S-oxides (2a and 
d-11) ; evidently at this temperature only the activation 
barrier involving the conjugate syiz-additions (4a and 
d-11) can be surmounted. At 111 "C, the sulphenic 
acids (3a and d-h) undergo rapidly interconversion 
with both the thiazine S-oxides (2a and d-h) and the 
thiazoline S-oxides (Sa and d-11) ; at this temperature 
the higher energy transition states, involving the ante- 
conjugate syn-additions (5a and d-h), are also accessible 
and the outcome of the reaction is determined by the 
thermodynamic stabilities of the products (2a and d-h) 
and (8a and d-h). 

A consequence of the proposal that the generation of 
a sulphenic acid, e.g. (3d), from a thiazine (S)-S-oxide, 
e.g. (2d), involves a syrul-elimination process, e.g. (4d), is 
that  a thiazine (22)-S-oxide, e.g. ( l ld ) ,  is incapable of 
undergoing a comparable reaction. In  accord with 
this view i t  was previously noted that the ethoxymethyl- 
thiazine (R)-S-oxide (1 le) was unchanged when heated 
for 5 h in refluxing toluene. The thiazine (R)-S-oxides 
( l l d  and f-h) were similarly thermally stable, being 
recovered without decomposition when heated for 4 days 
in boiling toluene. 

EXPERIMENTAL 

60 MHz 
N.1n.r. spectra were recorded with a Varian EM-360 
spectrometer. 

Reaction of tJhe Thiazoline (6) witJz m-Claloroperbenzoic 
Acid.-To a cooled (Me,CO-solid CO,) solution of the 
thiazoline (6) (1.20 g, 4.67 mmol) in dichloromethane 
(10 cm3), nz-chloroperbenzoic acid (0.95 g, 4.75 mol) dis- 
solved in dichloromethane (25 cm3) was added over 0.26 h. 
-4fter 0.5 h the mixture was aliowed to  warm t o  room tem- 
perature and shaken with sodium hydrogen carbonate 
solution followed by water. Evaporation of the dried 
(MgSO,) organic layer left a syrupy product which was 
purified by clironiatography on silica gel (CHC1, as eluant) 

For general esperimental details see Part l.ll 

J. Kitchin and R. J. Stoodley, Tetrahedron, 1973, 29, 3023. 
lo R. R. Woodward, Science, 1966, 155, 487. 
I1 A. R. Dunn and R. J .  Stoodley, J.C.S. Perkin I ,  1972, 2509. 
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to  give methyl ( 1RS)-3-( l-n~ettzoxyca~bonyZvinyZ)-2,2-dimeth~~Z- 
A4-thiazoZine-5-carboxyZate 1-oxide (7)  (0.91 g, 72%),  as a 
chromatographically homogeneous syrup, vmsx. (film) 1 735 
(unsat. ester G O ) ,  1695 (vinylogous urethane G O ) ,  and 
1 570 cm-l (C=C), Amas. (EtOH) 207 (E 5 600),  275sh ( 3  300), 
and 301 nm (5  700),  6 (CDCl,) 1.49 and 1.52 (each 3 H, s, 
%Me,), 3.75 and 3.78 (each 3 H ,  s, 2 CO,Me), 5.75 and 6.34 
(each 1 H ,  s, CXH,), and 7.58 ( 1  H, s ,  4 -H) ,  nz/e (base peak) 
155 (Found: M+, 273.0677. C,,H,,NO,S requires f i f ,  
273.0671). 

Eqztilibration of the Thiazoline S-Oxides (7)  and (8b).- 
( a )  The thiazoline S-oxide (7)  (0.400 g, 1.47 mmol) was 
heated in boiling toluene (20 cm3) under nitrogen for 4 11. 
Evaporation left (n.m.r. spectroscopy) a 1 : 1.2 mixture of 
the starting material and the isopropenylthiazoline S-oxide 
(8b), which was fractionated by chromatography on silica 
gel (CHC1, as eluant). 

The first-eluted material (0.134 g, 33%) was the racevnate 
of dintethyl ( 1  K,2R)-3-iso~~openyl-2-metJ~yZ-A~-tJa~~zoline-2,5- 
dicarboxylafe l-oxide (8b), m.p. 128-130" (fiom CHC1,- 
Et,O), vlmx. (KBr) 1735 (ester G O ) ,  1695 (vinylogous 
urethane G O ) ,  1645 (CXH,), and 1570 cm-l (C=C), 
Am,y. (EtOH) 215sh (E 7 800), 225 ( 8  700),  and 309 nm 
(14 200), 6 (CDCl,) 1.82 ( 3  H, s,  2-Me), 2.01 ( 3  H, s, CXMe), 
3.72 (6 H, s ,  2 CO,Me), 4.36 and 4.70 (each 1 H, d, J 1 Hz, 
CZCH,), and 7.87 ( 1  H, s ,  4-H),  mle (base peak) 155 (Found: 
C, 48.5; H, 5.5; N, 5.3%; Mf, 273. CllHl,XO,S requires 
C, 48.4; H, 5.5; N, 5.1%; M ,  273). 

The second-eluted material (0.142 g, 35%) was identical 
(t.1.c. and n .rn.r. spectroscopy) with the starting material. 

(b) The isopropenylthiazoline S-oxide (8b) (0.018 g, 
0.07 mmol) was heated in toluene as in procedure (a)  to 
give (n.m.r. spectroscopy) a 1.2 : 1 mixture of the starting 
material and the thiazoline S-oxide (7) .  

Equilibvation of the Thiazine and Thiazoline S-Oxides (2a) 
and (8a).-The thiazine S-oxide (2a) (0.231 g, 1 mmol) 
was heated under nitrogen in boiling toluene (10 cm3) 
containing deuterium oxide ( 1  cm3) for 2 h. Evaporation, 
dissolution of the residue in methanol, and re-evaporation 
left the deuteriated thiazine S-oxide (2a), which was re- 
crystallised from chloroform-ether at room temperature. 
The material (0.055 g, 24%) contained 28% ,H,, 517; 2Hl, 
19% ,H2, and 2% ,H, species (by mass spectrometry); 
n.m.r. spectroscopy established that the material was 
deuteriated a t  positions 2cc (15%),  2p (15%),  and 3 (85%). 

The deuteriated thiazine S-oxide (0.050 g) was dissolved 
in methanol ( 2  cm3) and heated under reflux for 1 h. 
Evaporation and recrystallisation from chloroform afforded 
a product (0.031 g, G2%) which contained 66% ,H,, 29% 
,HI, and 5% ,H, species (mass spectrometry); n.m.r. 
spectroscopy established that the material was deuteriated 
a t  the 2a- (12%) and 2P-positions (15%).  

Equilibration of the EthoxymetJayZ-thiazine and -thiazoZine 
S-Oxides (2e) and (8e) .-(a) The ethoxyinethylthiazine 
S-oxide (2e) (0.276 g, 0.95 mmol) was heated in boiling 
toluene (10  an3) under nitrogen for 3.75 h. Evaporation 
left (1i.m.r. spectroscopy) a 57 : 43 mixture of the starting 
material and the ethoxymethylthiazoline S-oxide (se), 
which was separated as before. 

The first-eluted material (0.098 g, 36%) was the racemate 
of dimethyl (1R,2R)-3-etJzoxyvnethyZ-2-methyl-A4-thiazoZine- 
2,5-dicavboxylate l-oxide (se), m.p. 64-66' (from CHCl, 
Et,O), yrnsx. (KBr) 1 740 (ester G O ) ,  1 690 (vinylogous 

l2 A. R. Dunn, I. ;ilIcMillan, and R. J. Stoodley, Tetrahedron, 
1968, 24, 2895. 

urethane G O ) ,  and 1580 cn1-l (C=C), Anlax. (EtOH) 214 
(E 8 100) and 287 nm (10800) ,  6 (CDCI,) 1.15 ( 3  H, t ,  
J 7.0 Hz, CH,Me), 1.84 ( 3  H, s ,  2-Me), 3.48 ( 2  H, q, J 7.0 Hz, 
CH,Me), 3.71 ( 6  H, s ,  2 CO,Me), 4.77 ( 2  H, s ,  N*CH,*O), 
and 7.85 ( 1  H ,  s ,  4 -H) ,  m/e  (base peak) 31 (Ohle) (Found: 
C, 44.9; H, 6.0; N ,  4.8%; M+, 291. C,,H,,NO,S requircs 
C, 45.1; H, 5.8; N ,  4.8%; M ,  291). 

The second-eluted material (0.113 g ,  41 yo) was identical 
(n.m.r. spectroscopy) with the starting material. 

(b) The ethoxymethylthiazoline S-oxide (8e) (0.030 g, 
0.1 mmol) was heated in toluene as in procedure (a)  t o  give 
(n.m.r. spectroscopy) a mixture of the derivatives (2e)  and 
(se), identical with that obtained in procedure (a) .  

Preparation of Bis-[(3R)-3,4-dihydro-3,6-dimethoxycarbon- 
yZ-2H- 1,4-thiazin-4-yZnzethyl_l Ether (10) (with I. MCMILLAN) . 
-A solution of the thiazine (9a) l2 (2.17 g, 10 mmol) in 
50% aqueous dioxan (20 cm3) was treated with M-hydro- 
chloric acid ( 1  cm3) followed by aqueous 407; formaldehyde 
( 4  cm3). After 24 h the mixture was diluted with water 
and extracted ( 3  times) with chloroform. Evaporation of 
the dried (MgSO,) organic layer left a residue which was 
dissolved in dioxan (10 cm3) containing hydrochloric acid 
(0.5 cm3). The mixture was diluted with chloroform after 
1 h and shaken with water followed by sodium hydrogen 
carbonate solution. Evaporation of the dried (MgSO,) 
organic layer left the bis(thiazinylmethy2) ether (10) (1.91 g ,  
73y0) ,  m.p. 174-178" (from CHC1,-Et,O), [a]:.], + 175' 
(0.75% in CHCl,), vmax (KBr) 1745 (ester G O ) ,  1685 
(vinylogous urethane G O ) ,  and 1 605 cm-l (C=C), Lx. 
(EtOH) 212 (E 8 000), 256 ( 3  600), and 309 nm (10 600), 
6 (CDCl,) 2.87 ( 2  H, dd, J z a , z p  12.8, J2a,3 2.8 Hz, 2 x 2a-H), 
3.29 ( 2  H ,  dd, J 2 a , 2 ~  12.8, J 2 f i , s  2.8 H z ,  2 x 2p-H), 3.77 and 
3.81 (each 6 H ,  s, 4 x C02Me), 4.57 ( 2  H, t, J 2 t L , 3  = J 2 ~ , 3  

2.8 Hz, 2 x 3-H),  4.72 (4 H, s, 2 N*CH,.O), and 7.61 
(2 H, s ,  2 x 5-H), m / e  (base peak) 230 (Found: C ,  45.5; 
H, 5.3; N ,  6.2%; &I+, 476.0919. C18H,,S,0,S2 requires 
C, 45.4; H, 5.0; N, 5.9%; M ,  476.0924). 

Pyeparation of the 1Vethoxy.metlzyZthiazine S-Oxides (2d)  
and ( 1  Id) .-The bis(thiazinylmethy1) ether ( 10) (2.00 g, 
4.2 mmol) was dissolved in methanol (50 cm3) and conc. 
hydrochloric acid (2 cm3) was added. After 24 h the 
mixture was neutralized with sodium hydrogen carbonate 
solution and extracted with dichloromethane. Evapor- 
ation of the dried (MgSO,) organic layer left dinzethyl 
( 3 R )  - 3,4-dilzydro-4-meth oxymethyl-2H- 1,4-thiazine- 3,6-di- 
carboxylate (Od) (1.88 g, 86y0) ,  m.p. 109-111" (from 
CH,C12-Et,O), [a]= + l O l "  (3.1% in CHCI,), vmax. (KBr) 
1 740 (ester G O ) ,  1 700 (vinylogous urethane G O ) ,  and 
1600 cm-l (C=C), Amax. (EtOH) 214 (Z 6 500), 257 ( 3  loo), 
and 315 nm (9  400), 6 (CDCl,) 2.84 ( 1  H, dd, J2a,3 3.2; 
J2a,2p 13.0 Hz, 2a-H), 3.32 ( 3  H, s ,  OMe), 3.42 (1 H, dd, 
J 2 p . 3  2.4, J z a , , ~  13.0 Hz, 2P-H), 3.76 and 3.79 (each 3 H, s, 
2 CO,Me), 4.37-4.93 ( 3  H, m, N*CH,*O and 3-H),  and 
7.71 ( 1  H, s ,  5-H), nz/e (base peaks) 261 ( M ) ,  202 ( M  - 
CO,Me), and 45 (CH,*OMe) (Found: C, 45.9; H, 5.4; N, 
5.3%; M', 261. CloHl,NO,S requires C, 46.0; H ,  5.7; 
N ,  5.4%; M ,  261). 

A solution of the methoxymethylthiazine (9d)  (1.30 g ,  
5 mmol) in methanol (30 cm3) was treated with sodium 
periodate (2.14 g, 10 mmol) in water (30 cm3). After 0.25 h 
the mixture was extracted (4 times) with dichloromethane. 
Evaporation of the dried (MgSO,) organic layer left (n.m.r. 
spectroscopy) a 38 : 62 mixture of the (1s)-S-oxide (2d) 
and the (1R)-isomer ( 1  Id). The mixture was fractionated 
by chromatography on silica gel (CHC1, as eluant). 
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The first-eluted material (0.376 g, 27%) was the racemate 

of dimethyl ( lS, 3R)-3,4-dihydro-4-methoxymethyZ-2H- l14-tJzi- 
azine-3,6-dicarboxyZate 1-oxide (2d), m.p. 99-100" (from 
CHC13-Et,O), [a], 0" (1.2% in CHCl,), vmBx (KBr) 1745 
(ester G O ) ,  1690 (vinylogous urethane G O ) ,  and 1595 
cm-l (C=C), A,,,. (EtOH) 206 (E 6 100) and 275 nm (12 800), 
6 (CDCl,) 2.73 (1 H, t ,  J 2 c r , 2 ~  = JZp, ,  = 13.2 Hz, 2P-H), 3.36 
(1 H,  dd, J z a , 2 ~  13.2, Jza.3 2.8 Hz, 2a-H), 3.37 (3 H, S, 

OMe), 3.89 and 3.92 (each 3 H, s, 2 CO,Me), 4.65 (1 H, 

N*CH,-O), and 7.97 (1 H, s, 5-H), m/e (base peak) 45 
(CH,-OMe) (Found: C, 43.6; H, 5.5; N, 5.1%; M+, 277. 
C,,H,,N05S requires C, 43.3; H, 5.4; N, 5.1%; M, 277). 

The second-eluted compound (0.692 g, 50%) was dimethyl 
( 1 R, 3R) -3,4-dihydro-4-methoxymethyZ-2H- 1,4-thiazine- 3,6-di- 
carboxylate 1-oxide ( l l d ) ,  m.p. 136-137" (from CHC1,- 
Et,O), [o], -114" (1.9% in CHCl,), vma,. (KBr) 1 755 
(ester G O ) ,  1690 (vinylogous urethane C=O), and 1590 
cm-l (C=C), A,,,. (EtOH) 207 (E 6 800) and 275 nm (13 600), 

3.43 (3 H,  s, OMe), 3.80 and 3.86 (each 3 H, s, 2 CO,Mc), 

dd, J 2 a , 3  2.8, J 2 ~ , 3  13.2 Hz, 3-H), 4.94 (2 H, ABq, J 10.6 Hz, 

6 (CDCl,) 2.67 (1 H, dd, J 2 , 7 , 2 ~  14.0, J 2 a , 3  5.2 Hz, Ba-H), 

3.98 (1 H, dd, J z a . 2 ~  14.0, J 2 ~ , 3  2.8 Hz, 2P-H), 4.67 (1 H, 
dd, J3a.3 5.2, J 2 p . 3  2.8 Hz, 3-H), 4.86 (2 H, ABq, J 10.4 Hz, 
N*CH,*O), and 8.06 (1 H, s, 5-H), m/e (base peak) 45 
(CH,*OMe) (Found: C, 43.6; H, 5.7; N, 4.9%; M+, 277). 

Preparation of the IsopropoxymethyZthiazine S-Oxides (2f) 
and ( l l f )  . T h e  bis(thiazinylmethy1) ether (10) (0.238 g, 
0.5 mmol) was warmed (ca. 60 "C) in isopropyl alcohol 
(5 cm3) containing conc. hydrochloric acid (3  drops). 
After 5 min the mixture was diluted with dichloromethane 
and washed with sodium hydrogen carbonate solution 
followed by water. The dried (MgSO,) organic layer was 
evaporated to a small volume (ca. 3 cm3) and isopropyl 
alcohol (10 cm3) was added, followed by sodium periodate 
(0.426 g, 2 mmol) in water (10 cm3). After 0.75 h the 
mixture was diluted with water and extracted (twice) with 
dichloromethane. Evaporation of the dried (MgSO,) 
organic layer left (n.m.r. spectroscopy) a 35 : 65 mixture 
of the (1s)-S-oxide (2f) and the (1R)-isomer ( l l f ) .  The 
mixture was separated by chromatography on silica gel 
(CHC1, as eluant). 

The first-eluted component (0.074 g, 24%) was the 
racemate of dimethyZ ( lS, 3R)-3,4-dihydro-PisopropoxymethyZ- 
2H-1,4-thiazine-3,6-dicarboxyZate 1-oxide (2f), m.p. 122- 
123" (from CHC1,-Et,O), [a], 0" (1.4% in CHCl,), v,,,. (KBr) 
1750 (ester G O ) ,  1690 (vinylogous urethane G O ) ,  and 
1585 cm-l (C=C), A,,,. (EtOH) 206 (E 7 400) and 275 nm 
(13 loo), 6 (CDC1,) 1.16 (6 H, d, J 6.0 Hz, CHMe,), 2.59 
(1 H, t ,  J 2 a , z ~  L- J28,,  = 13.4 Hz, 2P-H), 3.23 (1 H, dd, 
J z a . 2 ~  13.4, J2cr,3 2.8 Hz, 2a-H), 3.62 (1 H, m, CHMe,), 
3.78 and 3.82 (each 3 H, s, 2 CO,Me), 4.54 (1 H, dd, J2a,3 

N-CH,.O), and 7.84 (1 H, s, 5-H) (irradiation a t  6 3.62 
caused the signal a t  1.16 to collapse to a broad singlet), 
mle (base peak) 201 (Found: C, 47.5; H, 6.4; N, 4.6%; 
M+, 305. C,,H,,NO,S requires C, 47.2; H, 6.2; N, 4.6%; 
M ,  305). 

The second-eluted material (0.082 g, 27%) was dimethyl 
(1R,3R)-3,4-dihydro-4-iso~ro~oxymethyZ-2H-l,4-thia~ine-3,6- 
dicarboxylate 1-oxide (1 If), m.p. 103-105" (from CHC1,- 
Et,O), [a], -118" (1.3% in CHCl,), vmX. (KBr) 1755 (ester 
C=O), 1 700 (vinylogous urethane G O ) ,  and 1 585 cm-l 
(C=C), Lx (EtOH) 206 (E 6 000) and 276 nm (15 loo), 
6 (CDCl,) 1.15 (6 H, d, J 6.0 Hz, CHMe,), 2.56 (1 H, dd, 
J 2 a , 2 ~  14.2, J2cr,3 5.2 Hz, 2a-H), 3.74 and 3.79 (each 3 H, s, 

2.8, J 2 0 . 3  13.4 Hz, 3-H), 4.88 (2 H, ABq, J 10.0 Hz, 

2 CO,Me), 3.75 (1 H, m, CHMe,), 3.89 (1 H, dd, J 2 a . 2 ~  14.2, 

3-H), 4.89 (2 H, s, N*CH,-O), and 8.01 (1 H, s, 5-H) 
[irradiation a t  6 3.89 caused the signal a t  2.56 to collapse to  
a doublet (J  5.2 Hz); irradiation a t  4.66 c a s e d  the signal 
a t  2.56 to collapse to  a doublet (J 14.2 Hz)], m/e (base 
peak) 43 (CHMe,) (Found: C, 47.2; H, 6.1; N, 4.9%; 
M+, 305). 

Preparation of the t-ButoxyrnethyZthiazine S-Oxides (2g) 
and (llg).-The bis(thiazinylmethy1) ether (10) (0.231 g, 
0.5 mmol) was stirred in t-butyl alcohol (5 cm3) containing 
conc. hydrochloric acid (10 drops) a t  ca. 40 "C. When 
dissolution was complete the mixture was neutralized with 
sodium hydrogen carbonate solution and extracted with 
dichloromethane. The dried (MgSO,) organic layer was 
evaporated to  a small volume (ca. 3 cm3) and t-butyl alcohol 
(10 cm3) was added, followed by sodium periodate (0.418 g, 
2 mmol) in water (15 cm3). After 20 min the mixture was 
extracted with dichloromethane (4 times) and the extract 
was dried (MgSO,) . Evaporation left (n.m.r. spectroscopy) 
a 1 : 3 mixture of the (1s)-S-oxide (2g) and the (1R)-isomer 
(1 lg). The mixture was separated by chromatography on 
silica (CHC1, as eluant). 

The first-eluted material (0.054 g, 17%) was the racemate 
of dimethyl ( 1 S, 3R) -4-t-butoxymethyZ- 3,4-dihydro-2H- 1,4-thi- 
azine-3,6-dicarboxyZate 1-oxide (Bg), m.p. 115-1 16" (from 
CHCl,-Et,O), [a], 0" (0.7% in CHCl,), vmax. (KBr) 1755 
(ester G O ) ,  1 695 (vinylogous urethane G O ) ,  and 1 605 
cm-l (C=C), Lax. (EtOH) 207 (E 6 600) and 276 nm (14 loo), 
6 (CDCl,) 1.30 (9 H, s, CMe,), 2.69 (1 H, t ,  J2(r ,2p = J Z p , ,  = 

2a-H), 3.90 and 3.93 (each 3 H, s, 2 CO,Me), 4.71 (1 H, 

N*CH,-O), and 7.97 (1 H, s, 5-H), mle (base peak) 57 
(CMe,) (Found: C, 48.9; H, 6.9; N, 4.5%; M+, 319. 
C,,H,,NO,S requires C, 48.9; H, 6.6; N, 4.4%; M, 319). 

The second-eluted material (0.134 g, 42%) was dimethyk 
( lR,  3R)-4-t-butoxymethyZ-3,4-dihydro-2H- 1,4-thiazine-3,6-di- 
GarboxyEate 1-oxide (1 Ig), m.p. 126-127" (decomp.) (from 
CHCl,-Et,O), [a.D -93" (0.6% in CHCl,), vmaX (KRr) 1 760 
(ester G O ) ,  1 690 (vinylogous urethane G O ) ,  and 1585 
cm-l (C=C), A,, (EtOH) 209 (E 6 300) and 276 nm (16 300), 

J2a,3 5.4 Hz, 2a-H), 3.81 and 3.87 (each 3 H, s, 2 CO,Me), 

J 2 ~ , 3  2.8 Hz, 2P-H), 4.66 (1 H, dd, J2a.3 5.2, J28.3 2.8 Hz, 

13.6 Hz, 2P-H), 3.30 (1 H, dd, JZa,28 13.6, J2a.3 2.8 Hz, 

dd, J 2 p , 3  13.6, J Z a , 3  2.8 Hz, 3-H), 4.98 (2 H, ABq, J 9.6 Hz, 

6 (CDCl,) 1.25 (9 H, S, CMe,), 2.64 (1 H, dd, J2a,28 14.2, 

3.97 (1 H, dd, J 2 a , 2 ~  14.2, J 2 ~ , 3  2.6 Hz, 2P-H), 4.76 (1 H, 
dd, J z a , 3  5.4, J 2 0 , 3  2.6 Hz, 3-H), 4.95 (2 H, S, N*CH,*O), 
and 8.10 (1 H, s, 5-H) [irradiation a t  6 4.76 caused the signal 
a t  2.64 to  collapse to a doublet (J 14.2 Hz)], m/e (base 
peak) 57 (CMe,) (Found: C, 49.2; H, 6.9; N, 4.3%; 
M+, 319). 

Equijibration of the Methoxymethyl-thiazine and -thiazoline 
S-Oxides (2d) and (8d) .-(a) The methoxymethylthiazine 
S-o-xide (2d) (0.277 g, 1 mmol) was heated in boiling toluene 
(10 cm3) under nitrogen for 3 h. Evaporation left (n.m.r. 
spectroscopy) a 35 : 65 mixture of the starting material and 
the methoxymethylthiazoline S-oxide (8d). which was 
separated as before. 

The first-eluted material (0.161 g, 580/,), isolated as a 
chromatographically homogeneous syrup, was the racemate 
of dimethyl ( 1 R, 2R)-3-methoxymethyZ-2-methyZ-A4-thiazoZine- 
2,5-dicarboxyZate 1-oxide (Sd), vmX. (film) 1 740 (ester GO) ,  
1 705, 1 690 (vinylogous urethane G O ) ,  1 605, and 1580 
cm-1 (GC),  Amx. (EtOH) 208sh (E SOOO), 214 (6200), and 
287 nm (7 600), 6 (CDCl,) 1.96 (3 H, s, 2-Me), 3.47 (3 H, s, 
OMe), 3.90 (6 H, s ,  2 CO,Me), 4.91 (2 H, s, N*CH,.O), 



1976 2545 

8.09 ( 1  H ,  s, 4 -H) ,  m/e (base peak) 45 (CH,*OMe) (Found: 
M+, 277.0621. 

The second-eluted material (0.026 g, 10%) was identical 
(n. m .r. spectroscopy) with the methoxymethylthiazine 
S-oxide (2cl) . 

(b) The methoxymethylthiazoline S-oxide (8d) (0.069 g, 
0.25 mniol) was heated in boiling toluene as in procedure 
(a) .  Evaporation after 3 h left (n.m.r. spectroscopy) a 
mixture of the derivatives (2d) and (8d), identical with 
that obtained in procedure (a) .  

Equilibration of the Isopropoxywaethyl-tltiazine and -thiazo- 
line S-Oxides ( 2 f )  and ( 8 f )  .-(a) The isopropoxymethyl- 
thiazine S-oxide ( 2 f )  (0.152 g, 0.5 mmol) was heated in 
boiling tolucne (10 cm3) under nitrogen for 2 h. Evapor- 
ation left (1i.m.r. spectroscopy) a 7 5 :  25 mixture of the 
starting material and the isopropoxymethylthiazoline S- 
oxide (8f), which was separated as before. 

The first-eluted material (0.031 g, 20%) was the racemate 
of dimethyl ( lR, 2 R )  -3-isopropoxy~uzethyl-2-methyl-A4-thiazo- 
Zine-2,5-dicarboxyZate 1-oxide (8f), m.p. 81-83" (from 
Et,O-light petroleum), v,, (KBr) 1730 (ester G O ) ,  
1 690 (vinylogous urethane G O ) ,  and 1580 cm-I (C=C), 
>,mas. (EtOH) 215 (E 7 700),  and 288 nm (10 500), 6 (CDC1,) 
1.15 and 1.19 (each 3 H, d, J 6.0 Hz, CHMe,), 1.89 ( 3  H, 
s ,  %Me), 3.78 and 3.81 (each 3 H ,  s ,  2 CO,Me), 3.8 ( 1  H, 
m, CHilIe,), 4.88 ( 2  H, s ,  NCH,*O), and 7.95 ( 1  H, s ,  4-H) 
(irradiation at  6 3.8 caused the signals a t  1.15 and 1.19 t o  
collapse to a broad peak), m/e (base peak) 43 (CHMe,) 
(Found: C ,  47.5; H, 6.2; N, 4.6%; M', 305. C,,H,,NO,S 
requires C, 47.2; H, 6.2; N, 4.6%; M ,  305). 

The second-eluted substance (0.103 g, 68%) was identical 
(t.1.c. and n.m.r. spectroscopy) with the starting material 

(h )  The isopropoxyniethyl-thiazoline S-oxide (8f) (0.030 
g ,  0.01 nimol) was heated in boiling toluene as in procedure 
(a)  to give (n.ni.r. spectroscopy) a mixture of the derivatives 
(2f) and (8f), identical with that obtained in procedure (a) .  

Equilibration of the t-Butoxymethyl-thiazine and -thiazoZine 
S-Oxides (2g) and (8g) .-The t-butoxymethylthiazine S- 
oxide (2g) (0.091 g, 0.31 mmol) was heated in refluxing 
toluene (6 cm3) under nitrogen for 3 h. Evaporation left 
(n.m.r. spectroscopy) a 40 : 60 mixture of the starting 
material and the t-butoxymethylthiazoline S-oxide (8g),  
which was fractionated as before. 

The first-eluted material (0.054 g, 59%),  isolated as a 
cliromatographically homogeneous syrup, was the racemate 
of dimctliyl ( 1 R ,2R)  - 3-t-butoxymethyl-2-methyZ-A4-thiazoline- 
2,5-dicarboxyZate 1-oxide (8g),  vmx. (film) 1 740 (ester G O ) ,  
1705,  1690 (vinylogous urethane G O ) ,  and 1 5 8 0  cm-1 
(C=C), A,,,nu. (EtOH) 207 (E 8 400), 214sh (7 SOO),  and 288 
nm (10 O O O ) ,  6 (CDCI,) 1.23 ( 9  H, s ,  CMe,), 1.90 ( 3  H, s ,  
2-;\.Ie), 3.82 and 3.86 (each 3 H, s, 2 CO,Me), 4.87 ( 2  H, 
s ,  N.CH,-O), and 7.94 ( 1  H, s ,  4-H),  m/e (base peak) 57 
(Chfe,) (Found : Mf, 3 19.1106. C1,H2,N0,S requires M ,  
319.1090). 

(b) The t-butoxymethylthiazoline oxide ( 8 g )  (0.039 g, 
0.12 mniol) was heated in toluene as in procedure (a)  to give 
(n.rn.r. spectroscopy) a mixture of the derivatives (2g) and 
( l l g ) ,  identical with that obtained in procedure (a) .  

Preparation of the Acetylthiazine S-Oxides (2h) and ( l lh) .  
-The thiazine (l4a) l2 (1.218 g, 6 mmol) and triethylamine 
(0.606 g, 6 mmol) were stirred in dichloromethane (18 cm3) 
until dissolution was complete. Acetyl chloride (0.471 g ,  
6 mmol) in dichloromethane (6 cm3) was added, followed 
after 15 min by an excess of diazomethane in ether. The 

CI,HI5NO,S requires M ,  277.0620). 

(2f). 

mixture was diluted with dichloromethane, washed with 
water, and dried (MgSO,). Evaporation left a residue 
which was chromatographed over alumina [C,H,-Et,O 
(7 : 1)  as eluant] t o  give, as a chromatographically homo- 
geneous syrup (1.221 g, 79y0) ,  dimethyl (3R)-4-acetyl-3,4- 
dihydro-2H-1,4-thiazine-3,6-dicarboxylate (9h), [4, + 26" 
(3.0% in CHCl,), vmas. (film) 1 755 (ester C=O), 1 710 (acetyl 
G O ) ,  1690 (vinylogous urethane G O ) ,  and 1610 cm-l 
(C=C), Amx. (EtOH) 207sh (E 6 200), 219 (8400) ,  245sh 
( 2  600),  and 309 nm (10 loo), 6 (CDCl,) 2.46 ( 3  H, s, MeCO), 
3.03 ( 1  H ,  dd, J 2 a , 2 f i  13.4, Jza, ,  3.4 Hz, 2a-H), 3.57 ( 1  H ,  
dd, J2%,,@ 13.4, J , B , ~  3.4 H z ,  213-H), 3.82 and 3.86 (each 
3 H ,  s, 2 C02Me), 5.8br ( 1  H, t ,  3-H), and 8.14 ( I  H, s ,  
5-H),  m/e (base peak) 158 ( M  - C0,NIe - CH,CO) (Found : 
M+, 259.0462. 

To a cooled (Me,CO-solid CO,) solution of the acetyl- 
thiazine (9h) (0.873 g, 3.4 mmol) in dichloromethane 
(20 cm3) was added un-chloroperbenzoic acid (0.601 g, 
3.4 mmol) dissolved in dichloromethane (20 cm3). After 
3 h the mixture was allowed to warm to room temperature 
and washed with sodium hydrogen carbonate solution. 
Evaporation of the dried (MgSO,) organic layer left 
(n.m.r. spectroscopy) a 1.5 : 1 mixture of the (1s)-S-oxide 
(2h) and the (1R)-isomer (1 lh). The mixture was separated 
by chromatography on silica gel (CHCl, as eluant). 

The first-eluted material (0.422 g ,  46%) was the racemate 
of dimethyt ( l S ,  3R)-P-acetyl-3,4-dihydro-2H- 1,4-thiazine-3,6- 
dicarboxylate 1-oxide (Zh), m.p. 123-124" (from CHC1,- 
Et,O), [a], 0" (1.3% in CHCl,), vmaL (KBr) 1735 (ester 
G O ) ,  1720 (acetyl G O ) ,  1 7 1 0  (vinylogous urethane 
G O ) ,  and 1580 cm-l (C=C), a,, (EtOH) 205 (E 4100)  
and 276 nm (15 500), 6 (CDCl,) 2.56 ( 3  H ,  s,  MeCO), 3.02 

J2a,28 13.8, JZa,3 4.0 Hz, 2a-H), 3.89 and 3.97 (each 3 H ,  s, 
2 CO,Me), 4.99 ( 1  H, dd, JZ(w.3 4.0, J , B , ~  11.2 Hz, 3-H),  
and 8.30 ( 1  H, s, 5-H),  m/e (base peak) 43 (MeCO) (Found: 
C, 43.6; H, 4.9; N, 4.9%; M+, 275. C1,H,,NO,S requires 
C, 43.6; H, 4.7; N ,  5.1%; M ,  275). 

The second-eluted material (0.116 g, 12%) was dimethyl 
( lR, 3 R )  -4-acetyl- 3,4-dihydro-2H- 1,4-thiazine- 3,6-dicarboxyl- 
ate 1-oxide ( 1  lh), m.p. 133-134' (from CHC1,-Et20), 
[a], -77" (2.9% in CHCl,), vmx. (KBr) 1740 (ester G O ) ,  
1 730 (acetyl G O ) ,  1 690 (vinylogous urethane G O ) ,  and 
1595 cm-I (C=C), Amnx. (EtOH) 204 (E 5 400) and 276 nm 
(17 600), 6 (CDCl,) 2.61 ( 3  H, s, MeCO), 2.77 ( 1  H, dd, 
Jza , , f i  14.4, J2a.3 4.4 Hz, 2a-H), 3.78 and 3.04 (each 3 H ,  
s, 2 CO,Me), 4.04 ( 1  H, dd, JZa,,p 14.4, J2f l . 3  2.8 H z ,  2P-H), 
5.63 ( 1  H ,  dd, J2a.3 4.4, J213,3 2.8 Hz, 3-H), and 8.49 ( 1  H, 
s, 5-H), un/e (base peak) 43 (MeCO) (Found: C, 43.7; H, 
5.0; N, 4.9%; M+, 275). 

Equilibration of the A cetyl-thinzine and -thiazoZine S- 
Oxides (2h) and (8h)  .-(a) The acetylthiazine S-oxide (2h)  
(0.137 g, 0.5 mmol) was heated in boiling toluene (10 cm3) 
under nitrogen for 4 h. Evaporation left (1i.m.r. spectro- 
scopy) a 25 : 75 mixture of the starting material and the 
acetylthiazoline S-oxide (8h), which was fractionated as 
before. 

The first-eluted compound (0.069 g, 50%) was the racemate 
of dimethy2 ( 1RI2R)-3-acetyL2-methyl-A4-thiazoline-2,5-car- 
boxylate 1-oxide (Sh), m.p. 122-123" (from CHC1,-Et20), vmaX 
(KBr) 1 755 (ester G O ) ,  1 725 (acetyl G O ) ,  1 710 (vinylogous 
urethane GO) ,  and 1600 cm-l (C=C), A,,, (EtOH) 206 
(E 6 600), 224sh ( 4  600), and 283 nm (12 000), 6 (CDC1,) 
2.10 ( 3  H, s, 2-&Ie), 2.52 ( 3  H, s, MeCO), 3.89 and 3.96 
(each 3 H ,  s, 2 CO,Me), and 8.27 ( 1  H, s, 4-H),  m/e (base 

CloH,,NO,S requires M ,  259.0514). 

(1 H, dd, J z a . 3 ~  13.8, JZfi,s 11.2 Hz, 2P-H), 3.51 ( 1  H, dd, 
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peak) 43 (MeCO) (Found: C, 43.8; H, 4.0; N, 4.9%; 
M+,  275. CI,H,,NO,S requires C, 43.6; H, 4.7; N, 5.1%; 
A I ,  275). 

The second-eluted material (0.019 g, 13%) was identical 
(n.m.r. spectroscopy) with the starting oxide (2h). 

(b) The acetylthiazoline S-oxide (8h) (0.048 g, 0.17 
mmol) was heated in boiling toluene as described in pro- 
cedure (a) to give a mixture of the derivatives (2h) and 
(Sh), identical (n.m.r. spectroscopy) with that obtained in 
procedure (u) . 

T?zemzal Behaviour of the Tlziaziize (R)-S-Oxides (1 Id and 

f-h).-Solutions of the thiazine (R)-S-oxides ( l l d  and f-h) 
(0.3 mmol) in toluene (6 cm3) were heated under reflux in 
nitrogen for 4 days. In each case evaporation left a, 
residue which was identical (n.1n.r. spectroscopy and t.1.c.) 
with the starting material. 

We thank Mr. P. Kelly for the mass spectral determin- 
ations and the S.R.C. for a research studentship (to 
A. G. W. B.). 

[6/1169 Received, 18th June ,  19761 




