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The electrochemicat reduction of 2-phenyt-EH-1,3-thiazines carried out at a mercury 

cathode in acetate buffer + ethanoZ cl:11 has been studied : 

- In the case of compounds monoactivated at carbon 5 (R5 = CHO or COCH3) either hydrodimers 

(resulting from coupting at C-21, 3.6-dihydro-ZH-1,3-thiazines (reduction of the imine bond) or 

tetrahydrothiazinea can be obtained. 

- Diactivated 6H-1.3- thiazinea (R4 = C02Et, R5 = CHO or COCR31 successively Zead to 

5,6-dihydro-4H-1,3-thiazinea (reduction of the ethylenic bond) and tetrahydrothiaeinea. 

- The reduction of a GH-1,3-thiazine bearing only one vitho!rawing group at carbon 4 gives rise to a 

ring opening. 

At the aame time, the action of various chemical reducing agents has been examined : 

the reduction of the imine bond is performed using NaBH3CN while NaBH4 or LiAZH4 Zeads to the 

reduction of the subatituenta on the heterocycte. 

Many applications of hydrogenated derivatives of 6H-1,3-thiazines 1 have been 

reported : 2,3-dihydro compounds 2 have been used in cephalosporine synthesis’ : some 4.5-dihydro 

derivatives 2 exhibit herbicid properties2 while tetrahydrothiazines 0 have been used in 
3 

radioprotection . 
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Generally, these compounds are not prepared by reduction of the corresponding 

thlazines. However we have recently observed4 that regioselective reduction can be achieved by 

controlled potential electrolysis. 

- The present paper is devoted to the study of 2-phenyl-GH-1,3-thiazines (compounds e 

to r). selected to investigate the influence of R4 and R5 substituents on the electroactivity 

'6"5 

la R4 = H R5 = CHO - 

lb R4 =H - R5 = COCH3 

lc R4 - 

ld R4 

= CH3 R5 = COCH3 

R5 = CHO - 

le R4 

= C02Et 

- = Co2Et R5 = COCH3 

If R4 = C02Et R5 = - CH<;;[; 

2 

of the heterocyclic structure. The results of electrolytic reductions will be compared to those 

obtained with various chemical reducing agents : aluminium amalgam, lithium aluminium hydride, 

borohydrides or triethylsilane. 

The studied compounds have been prepared by cyclocondensation 4+2 between a 

N'-thioacylformamidine and methylvinylketone or acroleine : 
l-- 

(R 
5 

.s COZH, or CHO ) 

As a logical extension of our work. investigation of 6H-1,3-thiazines bearing a 

heteroatomic group at C-2 will be reported in a future publication. 

ELECTROCHEMICAL BEHAVIOUR OF 2-PHENYL-6H-1,3-THIAZINES 

l- PRELDIINARY STUDY : STABILITY OF THE SUBSTRATES IN PRUTIC yQ)IA 

During the polarographic study in an acidic hydroalcoholic medium, we have observed a 

degradation of 2-phenyl-6H-1,3-thiazines : 

- This instability is important in a mixture of 0.5 W sulphuric acid and ethanol (1:l V/V) ; for 

compound I_f, it begins by a deprotection of the aldehyde group. 

- In a mixture of 0.5 W acetate buffer and ethanol (l:l), this instability gets slower, specially 

when R4 is a carbethoxy group ('), leading to a compound that gives ,a two-electron cathodic wave 

at -1.2 V vs.SCE and an anodic wave at -0.4 V VS. SCE. 

I" order to explain this phenomena the behaviour of 5-acetyl-2-phenyl-GH-1,3-thiazines 

in sulphuric acid has been observed : 2 and 2 yield linear enamides e (55% yield) and e (75%) 

while Ic gives a linear thioester 1 (75%). - 

(0) Ye have controlled that the wbstrate evolution can be neglected during preparative electrolysis, specially when the 

experiments a?c carried out at OOC. 
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( R4=H,C0,C,H5) 

/ 

3 

m3 la : - R4=C02C2H5 

6b R4=H - ; e U4S02C2H5 7 

Taking account of these results, the polarographic measurements and the preparative 

electrolysis have been carried out in acetate buffer only. 

2 - POLAROGBAPHIC STUOY IN ACETATE BU?-FEB + ETHANOL (l:L) 

The half-wave potentials, recorded in dilute solutions. are given in table I. showing 

three classes of 6H-1,Sthiazines : 

TABLE I 

Half-rave potential, recorded for Z-phenyl-6H-1.3 thiezlnes in a mixture of acetate buffer and 

ethanol (1:l). 

Substrate concentration C, = 5.10 
-4 

M 

Drop period T . 3s. 

I 

/- 

I 

I I 
6H-1.3 hiarine I First W.VC (2e) 1 second wave (‘&I 

1 EX (V.vs.SCE) 

- 0.67(‘) 

- 0.67(*) 

- 0.72 

- 0.48 - 1.05 

- 0.52 - 1.15 

- 0.79 

(.I Splitting 1n tY0 aama1ectronic r.ve. for Cm, 5.10-3 1. 
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- In the case of &, G? and E* monoactivated at carbon 5, a two-electron wave 

(EY= - 0.7 V vs.SCE) is observed. For the two first compounds, it splits in two monoelectronic 
z 

waves in more concentrated solutions ; separation between these two waves increases with the 

substrate concentration and the mercury drop period. Such a behaviour is characteristic of the 

duplication of the first reduction step 
5 . 

- Polarograms of e and &, diactivated at C-4 and C-5 are peculiar since they present two cathodic 

waves, each one corresponding to a two-electron reduction. 

- At last, for If, E, 
4 

is about -0.8 V vs.SCE in dilute solution and becomes more cathodic as the 

substrate concentration increases or the drop period falls. 

3 - VOLTAWETRIC STULW IN APRDTIC MBDIUM 

As will be seen further, the above classification corresponds to three kinds of 

different behaviour in preparative electrolysis. In order to get more informatlons about reduction 

mechanisms, we have performed a voltammetric study in aprotic medium, studying one compound of each 

class (thiazines 18, 2 and l_fJ6. Experiments were carried out at a hanging mercury drop in DMF. 

6H-1,3-thiazine l_b (see figure 1) 

The voltammogram of 2 shows a capacitive peak followed by a one-electron irreversible 

peak corresponding to the formation of an anion-radical. Then a two-electron reduction peak 

appears at a 0.55 V more cathodic potential. 

I -143 -1.5 
E/V v8 SCE 

Fig-l: Cyclic voltatmogrem of 2.10s3M thiarine 2: Hg electrode; 

dry DHF + B",N+ClO;,; 25.Y; Sweep rate= 0.050 V-8 
-1 

. 

The anion-radical resulting from the monoelectronic reduction of 6H-1.3-thiazine 2 is 

stable but disappears owing to a chemical dimerization that will be described later. 

6H-1,3-thiazine g (see figure 2) 

Again two cathodic peaks appear but the separation is now 0.30 V. The first 

monoelectronic peak is reversible : the anion-radical resulting from 2 does not dimerize quickly 

and consequently differs from the one formed by reduction of lb. - 
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E/VvsSCE 

Fig.P:Cyclic voltammograa of 2.10m3Y thiezinc 2 (conditions see fig.1). 

GH-1.3~thiazfne l_f (see figure 3) 

A different cyclic voltammetric curve is obtained. By comparison with Figs. 1 and 2. we 

notice that the first irreversible peak corresponds to a two-electron process. It is followed by 

another irreversible reduction at very negative potentials. 
/\ 

Fig.3 : Cyclic voltamogrsm of 2.10w3U thiazins 1-r (conditions see Fig.1). 

-1.s - 2.0 “2.5 
WY vs SCE 

The anion-radical is there unstable and leads to an intermediate, more easily reducible 

than the substrate, giving rise to a ring-opening reaction that will be detailed further. 

REDUCTION OF 2-PHENYL-6H-1,3-THIAZINES 

1 - GH-1,3-THIAZINgS MONOACTIVATED AT CARBON 5 (compounds l_a. E and E) 

i) Electrochemical reductions 

In the concentration range used in preparative electrolysis (5.10-' Ml, compounds k 

and E show two well-separated monoelectronic waves. 

- When carried out at the foot of the first wave (working potential E = -0.65 V vs.SCE for 2 and 

-0.80 v vs.SCE for El, reductions lead to hydrodimers z(70 % yieldland 2 (80 %),resulting from 

coupling at C-2 (see Scheme 1). A comparable behaviour has already been reported for thiaoinium 

cations, 
7 

whose reduction also afford dimers resulting from coupling at C-6 position . 

- When performed at the plateau of the two-electron wave (E = -1.15 V vs.SCE for la and 

-1.40 V vs.SCE for l&j, electrolysis yield the 2,3-dihydro conpounds 2a(70 Xl and b(75 %j 

resulting from hydrogenation of the imine bonda. 
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Electroreduction of $ is a two-electron process, leading to the dlhydro-2.3 derivative 

& (60 %) (E = -1.15 V vs.SCE). Even at high concentration, no splitting of the wave can be 

observed, probably because the lifetime of the intermediate anion-radical is not long enough. 

According to the informations resulting from voftammetry in DMF, the following 

mechanism cnn be suggested : monoelectronic reduction of these GH-1,3-thiezines lead to an 

anion-radical which either dimerises (lack of reversibility for the first reduction peak) or adds a 

proton and gives a radical whose reduction, followed by another protonation, furnishes the 

dihydro-2.3 compound. 

Note f The dihydro compounds 2 are reducible in a more acidic mediwn t sulphuric acid 0.5 M + 

ethanol (l:ll. Thus, etectroreduction of 2 at -1.1 V vs.SCE is a tw-electron process and a 

mzkture of the tetrahydro diastereoisomers 4b (see Scheme II is obtained. - 

*hors 1 : Haluctlon or 6(*-1.3-thl.‘if”a*. -ctir.tm‘l at Cartw” 5. 

ii) Chemical reductions 

The dihydro compounds 28 and g can also be prepared by reaction of the corresponding 

GH-1.3-thiazines with : 

- borane in THF (20 % yield) 

- sodium cyanoborohydride in ethanol with controlled acidic pH (e:40 % ; 2b:70%) - 
- aluminium amalgam in methanol 1%:50 96 ; %:90 %I. 

Selective reduction of the carbonyl group st C-5 that leads to the alcohols IJ and J~J 

can be performed using : 
- sodium borohydride in THF c&:85 96 : l&:55 %I 

- lithium aluminium hydride in ether at -15OC (lh:75 9). - 

Nevertheless if selective reduction of the imine bond or of the carbonyl group at C-5 

is possfble, we never have observed regioselective reduction of the ethylenic bond for this class 

of GH-1,3-thiazines. 



Regiosclccfive elcctrorcduction of 6H-1.3~thiazines 2715 

2 - DIACYIVAW 6H-1,3 THIAZIHES (co=pounds ld and e) 

i) Electrochemical reductions 

These thiazines give two well-separated polarographic waves. Electroreduction at the 

plateau of the first one (E = -0.60 V vs.SCE) is a two-electron process and electrolysis yields an 

isomeric mixture of the respective 5.6-dihydro-4H-1,3-thiazines (compounds g (75 96 yield) and 2 

(60 96) (cis:trans 3:l) see Scheme 2). 

The second electron withdrawing substituent at C-4 decreases the electronic density of 

the ethylenlc bond which is then more easily reducible than the imine bond. The stereochemistry of 

this electro-dihydrogenation is probably induced by the adsorption of the substrates (an adsorption 

peak is observed on polarograms in concentrated solutions) ; as a result, coperiplanar approach of 

protons is then favoured. 

A preparative electrolysis carried out at -1.30 V vs.SCE (plateau of the second wave) 

affords the tetrahydro derivative s (75 9). 

The electroactivity of the heterocycle is modified by the introduction of a carbethoxy 

group at C-4 : moreover. the imine bond of 5.6-dihydro-4H-1.3-thiazines 2 is more difficult to 

reduce (E:, = -1.1 V vs.SCE) than the one of GH-1,3-thiazines 1. 
2 

Different compounds can be obtained by chemical reductions : 

- The cat-bony1 group of the substituent linked to C-5 is reduced by in situ generated borane in 

THF (reaction of sodium borohydride with EF3 O(C,H,),)’ or by triethylsilane in the presence of 

trifluoroacetic acid. The intermediate alcohols cyclise to lactones g (40 X yield) and 

62 (50 X). It is worth noting that reaction of triethylsilane with ?( - 
P 

ethylenic ketones 

generally leads to selective reduction of the ethylenic bond 10 . 



2716 B. BUJOLI er al. 

- The imine bond can be reduced by sodium cyanoborohydride in THF 
11 . For 2 a selective reduction 

of this function is observed that yields e (75 %I. For fi a simultaneous reduction of the 

aldehyde group occurs and 4-carbethoxy-5-methyl-2-phenyl-3,6-dihydro-2H-l,3-thiazine a is 

obtained (50 %I. 

Concerning this class of 6H-1,3-thiazines, chemical and electrochemical reductions are 

complementary methods : they allow regioselective hydrogenations of the reducible bonds with 

preservation of the heterocyclic structure. 

Note : The potarogram of derivative & shows a two-electron reduction wave (E+ =-0.90 V vs.SCE) ; 

preparative electrolysis leads to the tetrahydro compound g (75 X); by comparison with the 6H-1.3- 

thiazine &, the ethylenic bond is more difficult to reduce ilr 3,6-dihydro-2H-l,3-thiazines. 

3 - GH-1,3-THIAZlNE MONOACTIVATED AT CARBON 4 (compound lf) 

Protection of the aldehyde group of compound g is performed with ethyleneglycol in the 

presence of small amounts of p-toluenesulfonic acid12.13 and leads to GH-1.3-thiazine Lf 

(70 % yield) bearing only one withdrawing substituent at C-4 (see Scheme 3). 

SC- 3 : R.dwtion or. 2-phenyl-6n-1.3-*‘.~ilu anoact,r.wd .t earbcm . 

i) Electrochemical reduction 

The linear thioamide 9 (80 % yield) (see Scheme 3) is obtained when an electroreduction 

is carried out at the plateau of the two-electron wave (E =-1.25 V vs.SCE) ; in this case a ring 

opening occurs. It is worth remembering that the voltammetry in DMF of lf gives a two-electron 

irreversible peak indicating instability of the anion-radical. The following mechanism may there be 

suggested : the first electronic transfer involves a cleavage of the S-C-6 bond (see Scheme 4) ; 
the resulting anion-radical is then immediately reduced. Such a cleavage of a carbon-heteroatom 

bond from the ally1 position has already been noticed in the electroreduction of cephalosporine 

derivatives14. It is followed by a migration of the double bond, the negative charge of the 

carbanion being located o( to the carbethoxy group. 
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ii) Chemical reductions 

Deprotection of the aldehyde group is observed during chenical reductions In acidic 

medium and unreliable results are obtained. 

An aluminium amalgam reduction, in methanolic solution, leads to the same result as. 

the electrochemical path (60 % yield). 

The regioselective reduction of the ester function into alcohol (compound & : see 

Scheme 3) is performed using sodium borohydride in THF or lithium aluminlum hydride in 

ether 75 %(yield) ; BS expected, the reduction is faster rith LiAiH4 and gaves better yields. 

CONCLUSION 

The reductions of 2-phenyl GH-1,3-thiazines in various conditions afford different 

results. the behaviour of the substrates being drastically dependent on the heterocyclic 

substitution. 

Electrochemical reductions occur either at the imine bond or at the ethylenic bond but 

can also lead to a ring opening. 

Chemical reductions are complementary with the former method as they allow selective 

reduction of the imine bond (sodium cyanoborohydride) or of the ring substituents (sodium 

borohydride OF lithium eluminium hydride). 

These first results prompt us to investigate other GH-1,3thiazines bearing other 

substituents at C-Z. 
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EXPERIMENTAL 

ElECWOCtlEIIISIRY 

i) Polarography 

Polrrograna NW recorded with l thres eLectrode IIPOL TACUSSCL polwograph. lhc substrate concentration 

"8% 5.10 -' 11 in a l ixturc of agucous acetate buffer (CH3COOH 0.5 II and NaCH3C02 0.5 II) and ethanol (!:l). 

ii) Voltameetry 

Voltaeperoaetric curves were registered with i UAP 4 1AC~~SEL unit. coupled with an X-Y recorder. The 

working electrode yam a hanging mercury drop and solutions (ICPI 2.10 11 in OMF. containing tctracthylamaoniun as 

supporting l lcctrolytc. 
iii) Macroscale electrolysis 

PEtlIER'S. 

Preparative electrolysis YCPC carried out at a l crcury pool clcctrodc in the cell described by ROIIET and 

A TACUSSEL PRl potrntiostat2uaa usr_$and the amount of electricity ~a$ esasured with r31ACUSSEL IGS couloetcr. 

For a typical run. 10 to 10 nola of the substrate alas dissolved in 150 c* of catholytc (of f&w 

cospotition as in polarogr~phic investigations). Electrolysis IWP then performed under a continuous nitrogen flow. An 

auxiliary polarographic device was used : polarograes were rrcordcd during electrolysis in order to control tdvanctwnt of 

the reduction or to detect evolution of the reduced compound. 

After complete electrolysis, work-up of the catholytc "as made as follows : dccantation of mercury. removal 

of ethanol under reduced pressure. neutralization of the residual solution and extraction with dichloromcthanc. The 

organic layer YII then dried on 8rgneriw sulphatc and the reduced compound collected after evaporation of the organic 

solvent. 

2 - SPEClROSCO~ 

.- H HWR spectra were obtained on a PERKIY ELWER R 24 B spcttrowtcr (60 HWz) or d CAllECA rprctroattcr 

(250 IHI). ‘JC WRR spectra were taken on a BRIJKER rptttroetter (90 I1Hz). III spectra (as KBr prllcts unless otherwise 

stated) were recorded with a UlICAN SP 1000 Spectrometer. #lass $pcctromctry studier YCW carried out with a VARIAR RAT 112 

unit (70 cV). 

3 - SUBSTRAIES SYllHESIS 

Reltino points aivcn in the follouina were obtained on a REICHEAI apparatus. Chromatooraphicr were carried _ _ 
out on silica gel columns (95 I 2.5 cm, Kieselqel 60 MERCK. ZaOi&40 mesh ASIN). lhe preparation procedure for 

BH-1.3-thiazinrs 2, 2, E, rd. le and IJ has been already reported l . - 
Coepound if 

6%i.3-thiazint g (C l mol) and cthylencqlycol (12 ~011 YWC rcfluxcd together in benzene (50 cm3) containing ~~11 

amounts of p-tolucns rulfonic acid during 6 hrs. The water resulting from reaction was removed with a Oran and Stark 

separator. The l ixturc was then washed with a IIaHCO saturated solution and the aqueous layer rxtracttd with ethyl 

acetate. The resulting organic layers were dried be ore ? solvent removal under reduced pressure. Purification of the 

residual oils by chromatoqraphy (elution with 40 2 ethyl acctatr/hcranc~lgav~ c, m.p. 77*C. Calculated for Cl H,+O S 

(found) : C 60.17 (59.49) : Ii 5.37 (5.32) ; s 10.04 (10.01). IR : 1735 c. . H NIIR (COCI )d 5.4 (lH, I. O-W-8). L.&I 

(2H. 9. J - 7 Hr. ester). 4.0 (LH. s, acstal), 3.5 (2H. s. C-6). 1.40 (3H. t. J - ? Hz. e?tcr). Higher *ass recorded in 

IS : l Ir - 319 (a"). 
Compound Ih 

6H-1.3Sthiazine & (2 l molf in dry tt20 (20 cs3f was added dropvise to a stirred suspension of LiAlH4 (4 ~01) in dry Et20 

(30 cm 1. cooled at -15% under nitrogen. After 1 hr the reaction mixture "as poured into a 10 X water/ether mixture. 

Extraction (11s carried out rith CH2C12 and the organic layer wad washed with rater and dried over )IpSO 

', 

. 
under reduced Prcsrurs led to an 011 uhich after chromatography (clution rith 50 z% ethyl acetatc/hexrnc 

Solvent rflovrl 

qaw 2h. H MR 

(COCL 

a 

1 d 7.0 (IH, I. vinylic CH). 4.b (IN. 9, J - 6 H?), 3.b (2H. s. C-6). 1.3 (3H. d. J I 6 Hr. CH3)_ Hipher l ass 

~CCOC cd in KS : m/r - 219 (W"). 

Cospormd Ii 

The above procedure xas applied. starting with 6%1,3-thiazinr If. Chromategraphic purification (tlution with bf f ethyl 

l cctattlhtxanc) led to 2. Crystallization from ethanol gavr "ct. cryrttlr : s.p. I06-108%. Calculated for C,4H *#Cl S 

(found) : C 60.63 (60.07). H 5.45 (5.19), N 5.05 (5.05). IA : 3430 cm-' . 
I. CH2 alcohol). 4.0 (4H. I* a&al), 3.45 (2H. I. C-61, 3.05 (lH, s. OH). 

H HIIR (COC13JS 5.7 (IW. GJ, 0-CH-0). 4.2 (?a, 

17 
4 - O@lEllIOl AMD CHARACTERIZAllOll OF IHE REUJCTIOl COWUMOS 

i) Reduction of the inine bond 

S-forryl-2-ph*nyl-3,kdihydro-2n-l.Ethi~tin~ (2) and S-rc~tyl-2-ph~nyl-3,&dihydro- 2H-1.3-thlarinc (2) 

Efcctroreduction of ISH-1.3-thiarinrr 11 and j) "1% prrformcd, at 0%. at -1.15 V vr.SCE for & and -1.40 V rr.SCE for 2. 

Ihe corrtsponding 2.3-dihydrothiazints were obtained and crystallized (sthanot) straight after extraction. 

These compounds havf rlrtady been prepared by reduction of the starting thirzinrr uith either sodium 
cyanoborohydridc or trirthylsilane _ 

S(CR312) (4 uol) is addr 
4 

They can as well be obtained using the followinq Procedure : (Bf3, !HF) OP (6~~. 

to a stirred solution of thiazinc !a_ or lb (3 l aol) in dry IHF at OOC. under 

24 hrs. acetic acid (1 cm ) is added to the reaction mixture and sol&t is rewovid under reduced pre%sure. 

nrtroqcn. After 

TO l freshly prepartd l lueiniu~ a&pa* (6 aeel) (an AI Gil is stirred in an aqueous 5 t mercvric chloride solution until 
gar evolution is observed : the solution it drcanted and the foil washed with water yd ethanol and irw$iatcly used) was 
added, at POO. ttaperature, a solution of thiszinc If (2 ~011 in aethanol (20 E* ) containing 0.5 ca of utter. Under 

stirring, a gild cxothtwic reaction occured and the Al foil dissolved within 2 hrr. The nixturr "as then filtered and the 

solid residue washed with methanol. Solvent removal gave a brow oil which was crystallized from ethanol as white crvrtalr 

nf 3. ..p. ! 153-154QC. 

Electrorcduction of Ic at -1.15 V vs.SCI and 0°C also led to 2~. Ill : 3260. 1660 CI -I. 
- I. Hz. YH), 5.6 (ltt. d. 1. 

'Y MR (DHSO) S 7.6 
(IH. d. J b Ht. C-2). 3.3-3.6 (?H, AB quartet. 7. 15 Hz, C-6). 2.2-7.4 (6H. ?r. methyl and 
#ethyl of acctyl). Higher sass recorded in WS : n/r - 233 (W'). 
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5_6~otyl-k~rbothoxy-Z-ph~nyl-5.bdihy~ro-~-f.3-thi~zine (9) 
Sodium CYanPborohYdrijc (4 mmo') and browxrrsol Qrccn as pH Indicator YCW added to a stirred solution of 6H-I,)-thiazine 
lc in dry lt# (30 cm ). The acidity was kept constant by dropwisr addition of a p-to'ucnctu'fonic so'ut'on (1 Q in 

20 ce3 THF) to maintain the solution yellow coloorcd. The solvent was rcooved under reduced Prcsrure. the residue Mashed 

with water and extracted with ethyl acetate. After drying the organic 'aycr (RgSO4). thr solvent "as removed and the 

residual purified by chrosatoprrphy (clution with 30 X cthyi rcotate/heranel to give 2~. Rccryrtalliratioo fro* ether Q*W 

rhits crystals. m.p. '16-1'7oC. Calcul!$cd,for C H NO S (found) : c 61.83 (sl.s;;j. H 5.68 (5.64), s 11.00 (10.99). 

N 4.81 (4.90). iR : 3330, 1735. 1660 c. . H NNRfiD?' j6 6.10 (IN. d. J . 4 Hz. NH). 5.4 ('H. d, J . 4 HZ. C-2). 4.3 

(2H. 9. $3- 7 HI, ester). 3.2-3.7 (ZH. A6 quartel. J 2 16 Hz, C-6), 2.1 (3H, 3. methyl ketone). 1.3 (3H. t. J - 7 HZ. 

cstrrl. C NNR (CDCi )$ 195.0 (ketone), 144.4 (vinylicl, 106.4 (vinylic), 

in 15 : w/x . 291 (It"). 

$8.4 (C-Z), 26.1 (C-6). Higher aa31 recorded 

4-C~rbrthoxy-kethyI-Z-phcnyl-3.bdihydro-ZH-l.3-thi8zinc (2~9) 
The above procedure VII applied startinq with 6H-I,3-thiazinc Id. Purification by chromatopraphy 

rcetatc/hcxme) gave 3 1% a colourlrrr oil. 1R (thin film) : -3300. 1720 c:'. l 

(elution with IO 2 ethyl 

ti NNR (COC' ) 6 5.35 (IH. d. J . 4 Hz. 

C-2). 4.35 (3H. . . CH2 ester and NH). 3.25-3.70 '?y, A8 quartet. J . 17.5 Hz, C-6). 2.2 (3H, ?, methyl), 1.3 (3H. t, J. 

7 Hz. ester). Higher l ff recorded : r/z - 263 (I 1. 

ii) Reduction of the cthylcnic bond 

The following 5.6-dihydro-4H-1.3-thiazines MCPC obtained by electrolysis of Wl.3thiazintr Id and IC at - - 
-0.8 V vr.SCE. 

4-Carbcthoxy S-forryl Z-phony1 S.S-dihydro 46-1.3 thiarinr (3d) 
Coicur!crr oil after chroertogrrphic Purification (clotion zth 30 Y ethyl acttatelhexane). 

1 
H CNR (ELK1 >69.8 (I#, f. 

CHO). 5.0 tIH, d. J . 7 Hr. C-4). 4.35 (2% il. J - 7 WI, cater). 3.0-3.45 (3H, . . C-6 and C-S), 1.35 (3d, t, J . 7 Hz. 

ester). Higher mass recorded : m/z - 277 (It"). 

S-Acrtyl 4-carbcthory 2-phrnyl 5.6-dihydro 4H-1,3-thiazine (2) 

1‘ 
hlte crystals. ..p. 46-47oC. Calculalcd for C H NO S (found) : C 61.63 (61.721, H 5.86 (5.78). S 11.00 (10.87). 

H RNR (&DC1 )$5.2 (1H. d, J . 3 Hz. C-4 tranr , '5 1~.93(l", d, J - 9 Hz, C-4 cis), t.35 (2H. q. J - 7 Hz, ester). 3.0-3.45 

(3H, "* C-6 .3.d C-5). 2.4 f3H, I, methyl ketcnr). 1.35 (3H. t. J . 7 Hz. ester). Higher *ass recorded : sir - 291 (U”). 
iii) lctrahydro corpounds 

5-Acrtyl-2-phcnyl-3,4,S,6-t~trahydro-ZH-l,~thi~zin~ ($1 

Electrorrduction of 2b was carried out at -1.3 V vr.SCL. 4b ~1% purified by chromatography cluting uith 50 Z ethyl - 
acctate/hcrrnt. CrystTlization frm ether grvs uhitc crystals, m.p. 

(64.42). H 6.83 (6.ji)i N 6.33 (6.25). S 14.49 (14.14). 

89-91%. C~lculrtcd for C,2H15NOS ('ound) : C 65.!2 

IR : 3290, '705 co- . H NNR (CD' 155.15 (1H. f, C-2). 3.5-3.9 (W, m. C-4, C-S and C-6). 2.25 (38, s. *ethyl kefonc), 

1.6 (lli, br. I. NH). "C NNR (&13),$ 207.3 (ketone). 

recorded : n/z . 221 (I('*). 

63.5 (C-2). 47.2 (C-4). 41.3 (C-5). 29.1 (C-6). Higher aas5 

5-Acctyl-4-crrbrthoxy-Z-phooyl-3,4,5,6-t~tr~hydro-2N-l,3-thia~ine (e) 
tlcctrorcduction OF 15 was carried out at -1.3 V vs.SCf. g Y~Z purified by chroma~ogrrphy, clutinq with 30 2 e:ayl 

acetatc/htxane. Crystallization from ether gave white crystals, l .p. 

61.41 (61.09). H 6.53 (6Lt6)1 N 4.77 (4.80). 

135-136oC. Cafculatcd for C15H19N03S (founo: : C 

IR : 3320. 1735. 1710 cm 

C-6). 2.25 (3H. 5. methyl ;ctoee). 2.1 (?H. br.r, NH). 

H NNR (COC' 1s5.15 (IH, ~~~c-2). 3.9 (IH, d. J . 10.5 HI, C-4). 2.95-3.00 (3H. . . C-5 and 

C NMR (COC131~20S.9 (ketone). 62.1 and 65.2 (C-2 and C-4). 50.3 

(C-5). 31.6 (C-6). Higher *ass recorded : a/z - 293 (I'*). 
iiii) Other reduction compounds 

hydrodimrr (Sa and 5b) 
EIrctroreduct% of bH-l.3-thiazincs k and z was performed at 0°C and E . -0.65 V YS SCE (la) OP C . -0.80 V rr.SCE 

(g). Hydrodimers completely precipitate in the clccirolysis cell as white solids isolated by fixration 51 and z. 

Compound 52. : ..p. 212-2lboC. IR : 3280, 1590 c. . H NNR (Cf COOO)$S.SO (lH, I. CHO). 6.60 (1% I. I(H). 2.90-3.90 (ZH, 
16 quartet. J . 16 Hz, C-6). Higher l d$s recorded : l / 508 II”). t 
Compound 5b : ..p. -1 5.‘ 

2!8-220%. IR : 3300, 1590 C. . H NNR (Cf COOO)$ 8.80 (IH. I, 

J - 16 HayC-6). 2.55 (Xi, I. oethyl ketone). Higher 8x1 recordc d 

NH), 2.85-3.95 (?H, llB quartet, 

: m/r - 436 (a"). 

Lactono (iId and k) 

6H-l.3-thizinc ldor lc (4 aaol) was stirred in dry THF (20 cm3) at -ZOoC, under nitroqrn. BF 

next a suspensionof NZH (4.1 mmolf in IHF ( 20 cm3) was added. The resulting l ixturc 
ethcrate (4.1 ml! and 

at room terpcraturt for 34hrs. *s 
I stir&d at O'JC for 1 h 

Ihe solution was poured on to a mixture of water (20 cm ) 

5, then 

and acetic acid (10 cm 1. Ihc 

VueouS 'aYW *a* extracted rith CR Cl and the organic layer washed with water and dried (NgS04). The solvent was rtwved 
2 2 

under reductd prtssurc and the restdue chroortographied (elution with 60 X ethyl acrtate/hcxanr) to yield 6d and Be 15 

uhite crystals (ethyl acetate). 
- - 

Compound 8d : a.~. 184-186eC. Calculated for C H NO S (found) : C 62.32 (62.06). H 3.92 (3.75). N 6.06 (6.10). JR : 
1765 cm-':'H llNR ~DNSOf~S.1 (2H. 5, Iactone), t2 1 3 .2 ( H. 1. C-6). Higher sass recorded : a/z - 231 (I‘+). Conpound 8e : 
S-P. '4Qrf50;C. Cz'culrtrd for C R~,~O2S~fo"nd) : C 63.63 (63.68). H 4.52 (4.47). N 5.7' (5.54). s 13.07 (13.73). %j3: 
1770 C. . H NNR (O~SO)~ 5.3 tjH. q. J . 6.5 *z. Iactonc). 4.25 (2H. 3. C-6). 1.3 (3H. d. J . 6.5 Hz. .ethy'). C 
NNR (DNSO) 168.3 and 164.1 ( C-2 and ketone), 

(CH3). Highi?? ~5% recorded : m/z - 245 (I'*). 
139.7 (viny'ic), 133.6 (vinylie). 76.5 (CH lactonr), 22.9 (C-6). II.6 

Linear thismida (j) 
Ihis coopound ~a* PWDW@d 0n trcatm@nt of 6H-1,3-thiazint If with aluriniua amalgam in the saa yty p,s prtVioU%ly 

described (Preparation Of 2~). After chroaatogrrphic purificati; of the crude reaction mixture [s'utiDn sith 40 t ethyl 

acetatelhtxane). 9 "as obtzntd 

Calculated for C- H NO S (found) 
, ..P. 79-81“C. Elrctrorcduction of If at -1.25 V vr.SCE also led to cpmpoynd 9. 

: c 59.79 (60.06). H 5.96 (5.99). N <36 (4.32). IR : 3280. 1755 c,- . 
(C00_3)$8.S0 IlH. , 'g '9 -‘8 Hz, NH), 6.10 (lli, d. J 

H NiiR 

- 8 "2. allylie CM), 5.70 (ZH, I, 
4.30 (2H, q, J - 7 RZ, ester). 4.0 (4H, *. CH 

124.0 (vinylic EliI). 104.6 (8" 
occtrlf, 1.30 13H, t, J . 7 Ht. ester). 

t41.4 (vinylif), acrta'f. 60.6 fCHf. HiQhar l ass 
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5 - EVOLUlIOn OT WI-1,s1ImZIIL II DILUlL SuLPnUKIC ACID 
Z-Ac~tyl-l-benz8~ido-~~rc~ptoprop*n~ (Ab) 
Ml-1.3-thiazinc lb (5 n mol) YIP stirrrd E 1 mixture of ethanol and aqucops sulphuric acid 0.5 N (1:I r/v. 60 cm3) at 500'2 

during 3 hrr. Th~solvcnt ~1s removed under reduced prosure and the residue artrxted with CH Cl 

? 2 

. Ih* orgmic lryers 

Y~C mashed with rater. dried (RqSO,) md the solvent VI) remred. The resulting oil YM chrom ographied (elution vith 

50 K ethyl rc@tatr/hcrrne) to yield e 1s white crystals (ather) :-lb.?. 102-103@C. Calculated for C H NO S 

(found) : C 61.25 (61.29), H 5.57 (5.59), II 5.95 (5.94). IR : 1690. 1660 C. . H NNR (COCl ) 6 12.7 (1H. d. J2.'a H?, 

NH). 139 (1H. d. J I 9 Hz. vinylic CH). 3.55 (2H. d. J - 7 Hr. CH S). 2.4 (3H, s, methyl k&w), 1.6 (1H. t, J 

SH). C HNR (COCl )S 202.1 (ketone), 165.0 (amide), 136.6 (viny\ic CH). 

. 7 Hz. 

.ass rccordtd : .I; - 235 (I'*). 

116.0 (vinylic C). 26.6 (allylic CH2). Higher 

2-Acctyl-l-bcnz~~ido-l-c~rb~thexy-~~~rc~topr~pen~ (fi) 
lhc raw procedure was applied starting with 6H-1.3-thiarinc lr. Ihe snaPid@ 6e was obtained II white 

crystals (ether) : . p. 69-7OoC. Calculated for C H 

1650. 1660. 1720 c.-*. ' 

NO S (fou;) : C 56.62 (56.60). H 5.56 (5.50), N 4.56 (5.37). IR : 
H WNR (COCl )5 13.3 ('H.'~,'~H)~ L.55 (2H. q, J - 7 Hz. ester), 3.50 (213 d. J - 7 Hz, allylic 

CH2). 2.55 (3H. s, methyl ketone). '2.05 (1H. d. J I 7 HI. SW). 1.05 (3H. t. J - 7 Hz. ester). C NRR (Cot1 )b 203.2 

(ketone). 164.5 and 163.5 (amide and ester). 141.0 and 114.6 (rinylic Cl. 23.0 (allylic CH2). Higher Pass rccord3ed : m/z - 
307 (II'*). 

5(2-Ac~tyl-3-hydrory-2~ut~nyl~)-thieb~n~o~t~ (7) 
Same procrdurc starting with &. PurificatTon by chrobatoqraphy (elution with 30 2 ethyl rcrtrtc/hrr~nc) and 

crystallization from ethyl w.ctate pwc 7 as rhite crystal1 : ~.p. 69-70%. Cslculatcd for C H NO S 

(found) : C 62.37 (62.35). H 5.64 (5.70). 019.19 (19.24). S 12.61 (12.97). H NNR (COCl )6 16.55 (IH. s, OH). 3!a5't2H: 

s. allylic CH2). 2.10 (SH, br. s, allylic bcthyl and methyl ketone). Higher Pass recorde a : m/z - 250 (a"). 
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