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Abstract: Vinylbenzothiazoles 2 were stereoselectively prepared through 
isomerization of allylbenzothiazoles 1. Oxiranes 5 and 8 were synthesi- 
zed from 2 and 1 via cyclization of thz correspondTng bromohydrins 2, 4, 5 -- 
and 2. 

2-Vinylbenzothiazoles (vinyl BT's), known masked a,$-unsaturated 

carbonyl compounds1 and ideal Michael acceptors,2 can be prepared by con- 

densation of 2-lithiobenzothiazole with carbonyls or by the reaction of 

2-trimethylsilylmethylbenzothiazole with carbonyls followed by Peterson 

olefination. 2 Such strategies were mainly concerned with endocyclic vinyl 

BT's. A more recent route to vinyl BT's was based on the Wittig-type reac- 

tion of benzothiazolylmethyltriphenylphosphorane.3 The epoxidation of such 

vinyl BT's on the other hand has never been reported so far. 

The present paper deals with a high yield and stereoselective route to 

vinyl BT's based on the allylation of 2-heterosubstituted benzothiazoles 

and subsequent isomerization. The stereospecific conversion of the vinyl- 

and allyl-BT's to the corresponding oxiranes has also been successfully 

carried out. 

2-Ally1 BT's 1, readily available by cross-coupling of 2-chlorobenzo- 

thiazole with allylic Grignard reagents,4 were converted to vinyl BT's 

2 upon treatment with bases. The isomerization A-->2 could be made satis- 

factorily stereoselective depending upon the experimental conditions in 

terms of solvent and base (see table 1). Indeed, while the reaction of 2-al- 

lylbenzothiazole & with Et3N in CH2Cl2 gave a 1:l mixture of the E and Z 

isomers 2 and 2b, treatment of the same alkene la with MeONa in MeOH af- - 
forded almost exclusively compound &. Similarly, 2-ally1 BT's lb-d were 

isomerized to 2-vinyl BT's 2c_a (See Table 1). Vinyl BT's 2 were fully 
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2: R1=R2=H 
R* 112: R1=Me;R2=H 

BT a: R1=H;R2=Me 

Id: R1=Ph;R2=H 

BT R 

3a: - 
B: 

3: - 
3d: - 
&: 

3f: - 
a: 

&: 

e: 

4f: - 
&: 

&: 

&: 

2: 

a: R=R2=H;R1=Me 

R Sb: R=R1=H;R2=Me - 

R’ x: R=R1=Me;R2=H 

x: R=R2=Me;R1=H 

&: R=H;R1=R2=Me 

R* 

2: R1=R3=H;R2=Me 
z: R1=R2=H;R3=Me 

g: R1=R2=Me:R3=H 

&fl: R2=H;R1=R3=Me 

2: R1=H;R2=R3=Me 

zf: R1=Ph;R2=Me;R3=H 

&l: R1=Ph;R2=H;R3=Me 

R=R1=H;R2=Me;R3=Br;R+H 

R=R2=H;R1=Me;R3=~r;R&H 

R1=H;R=R2=Me;Rbr;R&H 

R=R1=Me;R2=H;R3=Br;R+H 

R=H;R1=R2=Me;R3=OH;R4z~r 

R=Ph;R1=H;R2=Me;R3=Br;R4=CH 

R=Ph;R1=Me;R2=H;R3=Br;R4=GH 

R=R1=H;R2=Me;R3=CH;R4=Br 

R=R2=H;R1=Me;R3=GH;R4=Br 

R=Ph;R1=H;R2=Me;R3=CH;R4=Br 

R=Ph;R1=Me;R2=H;R3=CHtR4=Br 

R=R1=R3=H;R2=CH2CH;R4=Br 

R=R3=H;R1=Me;R2=CH2CH;R4=Br 

R=R1=R3=H;R2=CH2Br;R4=CH 

R’ &: R=R1=H 

BT 

+ 

8b: R=H;Rl=Me - 

P 

5f: R=Ph;R1=Me;R2=H 

z: R=Ph;R1=H;R2=Me 

characterized by lH-NMR spectroscopy and CG-MS spectroscopy. The confi- 

guration E or Z of olefins 2 was assigned on the basis of the coupling 

constants between the vinylic protons and/or the chemical shift of the me- 

thyl group 0 to the BT moiety. The trans isomer 2a shows a larger coupling - 
constant between the vinylic protons (J = 15.5 Hz) than the cis isomer 2b - 
(J = 11.6 Hz). The chemical shift of the methyl group in & which lies svn 

to the benzothiazolyl group resonates downfield with respect to the methyl 

group _ of 2a which is anti to BT, probably due to the deshelding effect of 

the BT group. Similarly in Z isomers a and 2 the methyl group ~vn to 

the BT moiety resonates downfield with respect to that of the corresponding 
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E isomers & and r. 

Several attempts to convert vinyl BT's 2 to the corresponding 

oxiranes 3 and s with m-chloroperbenzoic acid were unsuccessful. We may 

suppose, according the literature,5 that the oxidation of the heterocyclic 

moiety giving benzothiazole N-oxides occurs instead of the epoxidation of 

the C-C double bond. In view of the significant synthetic potential of the 

above mentioned epoxides 2 and g,not described so far, we looked for an in- 

direct approach to them and we were pleased to find that a stereospecific 

synthesis of benzothiazolyl substituted oxiranes can be performed by cy- 

clization of the halohydrins of alkenes 2. 6 Indeed, the reaction of vinyl 

BT & with N-bromosuccinimide (NBS! furnished a mixture of the regioiso- 

merit bromohydrins 3a and 4a which, - - without isolation, were directly cycli- 

zed to give the sole epoxide 5a - upon treatment with NaOH in isopropanol. 

Taking into account the stereochemical features of the halohydrin formation 

by using NBS under protic conditions, the bromohydrins 3a and 4a obtained - - 
from 2a should have erythro configuration. - Similarly, vinyl BT's 2b, zf and 

& were stereospecifically converted into epoxide 5b, Sf and a via regio- - 
isomeric bromohydrins a (three), j& (three), If (erythro), r !erythro), 

2 (threo) and & (three) respectively. Reactions of vinyl BT's 2c, a, 

and 2e with NBS led exclusively to the bromohydrin & !erithro), a (three) - 
and 3e respectively, which were isolated, characterized and, upon treatment - 
with NaOH in PriOH, gave the epoxide 5c, 5d, and & (see table 2). All the 

epoxides 2 were fully characterized by lH-NMR, 13C-NMR and GC-MS spectros- 

copy. The assignment of the configuration E or 2 to the epoxides a and 5b - 
was made on the basis of the lH-NMR coupling constants between the protons 

on the two ring carbons which turned out to be lower in the E isomer 2 

(J = 1.9 Hz) with respect to that of the 2 isomer 2 (J = 4.2 Hz). The 13C- 

-NMR spectrum of 5a and Sb confirms the assignment made on the basis of the - - 
proton spectrum. Indeed, in the 13C-H coupled spectrum the 3JCH3_H2 (1.98 

Hz] of epoxide & (having CH3 and H-2 cis with respect to the ring) was 

larger than that of s (3JCH3_H2 d 0 Hz). 

Similarly, the long-range 3J Cl-H3 ( 1.75 Hzl of 2 (putting the BT 

group and H-3 on the same side of the ring) was larger than that of the ep- 

oxide 2 (3JCI_H3 ,U 01. 
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The assignment of the configuration to the epoxides If and 5s could be 

made only on the basis of the 13C-NMR proton coupled spectra. The epoxide 

If showed a long-range I.3 C-H coupling constant larger than that correspon- 

ding to the isomer 2 (3JC1_H3 = 1.69 Hz for If and 3JCl_H3 w 0 for a). 

By analogy, to the epoxide x was assigned the E configuration on the 

basis the vanishingly small long-range 13C-H coupling constant (3JCH -H2 
ry 0). 

Similarly, 2-ally1 BT's 1 could be converted to oxiranes g, through 

the corresponding halohydrins 5 and 2. Indeed, the reaction of 2-methallyl 

BT & with NBS gave exclusively bromohydrin @ which was promptly cyclized 

to epoxide E. The reaction of 2-ally1 BT & afforded low yields of bromo- 

hydrins & and 2 which, without isolation, were cyclized to epoxide & 

still in low yield. 

Table 1: Isomerization of 2-ally1 BT's 1 to 2-vinyl BT's 2. 

2-ally1 BT 1 Base ) Solvent } Temp. 1 Reaction 1 Reaction products 1 

time h (yield %) 

lb - 
11 

,, 

IC - 

II 

Id - 
rqa 

Et3N 

MeONa 

DABCO 

t-BuOK 

Et3N 

MeONa 

t-BuOK 

MeONa 

NaH 

MeONa 

CH2C12 R.T. 96 2a - 
MeOH II 24 2a - 
THF 11 72 

THF -780 24 

CH2Cl2 R.T. 96 2c - 

61) + a (36 

91) + 2b (9) - 

1 

MeOH II 6 & (98) + a (2) 

THF 11 72 

MeOH II 6 & (100) 

THF ,t 72 

MeOH 9, 12 zf (100) 

2f (70) + a (30) 

a) The isomerization was achieved by keeping the ally1 derivative at RT 

for a long period of time. 2f and 2s were then separated by column 

chromatography. 
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In conclusion, synthetically useful diastereoisomeric 2-vinyl BT's can 

be easily prepared by isomerization of promptly available 2-ally1 BT's. 

Moreover, so far undescribed and potentially very useful epoxides 5 and 8 

can be easily achieved by cyclization of bromohydrins of 2 and 1. 

The study of the reactivity of epoxides 2 and E is underway and re- 

sults will be published in due course. 

Table 2: Epoxidation of 2-vinyl BT's 2 and 2-ally1 BT's 1 to epoxides 5 

and 8 via -- reaction with NBS and cyclization with NaOH/PriOH at R.T. 

Alkene 1 Reaction 1 Bromohydrins 1 Epoxide 

time h yield 1%) 

2a - 

2b 

2c - 
2d - 

2e 

2f - 

&Z 
la - 
lc - 

9 

8 

6 

3 

6 

6 

18 

5 

3 

3a + 4a (erythro) -- & !97) 

3b + 4b (three) -- 2 (93) 

3c [erythro] - 2 (86) 

g (three) sa (95) 

3e Se - - (84) 

zf + a (erythro) 5f (90) 

& + & (three) z (88) 

- 1 6a + & (28) 

6b - 8& (88) 

EXPERIMENTAL 

lH-NMR spectra were recorded on a Varian XL-200 or EM 360-A; chemical 
shifts 
couoled 

fse reported in parts per million (6) from internal Me4Si. Proton 
C-NMR spectra were recorded on a Varian XL-200 operating at 50.1 

MHz: Melting points were determined on a Electrothermal apparatus-and are 
uncorrected. IR spectra were recorded on a Perkin-Elmer 598 spectrophoto- 
meter. Flash chromatographies were done with Merck 230-400 mesh silica gel. 
GC/mass spectrometry analyses were performed on a Hewlett-Packard 589OA 
Gas chromatograph equipped with SE-30 capillary column, 30 m, and Hewlett- 
Packard Mass Selective Detector MSD 5970B operating at 70 eV (E.I.). 

Materials: - Tetrahydrofuran (THF) and diethyl ether of commercial grade 
(RS, Carlo Erbal were ourified by distillation (twice) from sodium wire in 
a N2 atmosphere. Petroieum ether (RS, C.E.) refers to the 40-60° boiling 
fraction. CH2C12, 1,4-dioxane and isopropanol were commercial grade. 
2-Chlorobenzothiazole, allylic halides and N-Bromosuccinimide were commer- 
cial grade (Fluka) and used without further purification. 2-Allylbenzothia- 
zole a, 2-a-methylallylbenzothiazole lb, 2-methallylbenzothiazole lc and 
2-a-phenylallylbenzothiazole &d were prepared as reportede4 

- 

Isomerization of allylic benzothiazoles 1 to vinvlic benzothiazoles 2. 

General procedure. - The isomerization A-->2 was carried out on treating 
the ally1 BT's 1 with the appropriate base following the diseappearance of 
the starting material by TLC or GC. Here is described as an example the 
isomerization of & to & and a. 
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To a solution of la (1 g, 5.71 mmole) in 10 ml of CH2C12 1.5 ml of Et3N 
was added and the zxture was kept at RT for four days. Evaporation of the 
solvent left a residue that was a mixture of two components which were sepa. 
rated by column chromatography on silica gel (petroleum ether 8.5, ethyl 
acetate 1.5). The first eluted compound, 
-l-propene a. The second eluted compound, 

0.36 g, was a-2-benzothiazolyl- 
0.61 g, was trans-2-benzothiazo- 

lyl-1-propene a. Yields are reported in table 1. All the new vinylic ben- 
zothiazoles 2 showed the data reported below. 

2a: - - 

a: - 

2c. - -* 

2d: - - 

2: - 

2f: - - 

a: - 

oil. lH-NMR (200 MHz, CDC13): 6 1.63 (d, 3H, J = 5.2 Hz), 6.36-6.51 
[ (m, 2H; when the signal at 1.63 ppm was irradied the multiplet was 
transformed in two doublets: 6.47 (d, lH, J = 15.5 HZ], 6.37 !d, 1H, 
J = 15.5 Hz), 6.96-7.16 (m, 2H), 7.45-7.49 (m, 1H); 7.66-7.71 (m, 
1H). MS m/e (rel. int.): 175 (M+, loo), 174 (64), 149 (60), 108 
(15), 69 (45), 39 (46). 

oil. lH-NMR (200 MHz, 
6.02 (dq, lH, 

CDC13):6 1.99 (dd, 3H, J = 1.8 Hz, J = 7.4 Hz), 
J = 7.4 Hz, J = 11.6 Hz), 6.56 (dq, lH, J = 1.8 Hz, 

J = 11.6 Hz), 7.07-7.28 (m, 2H), 7.60-7.65 (m, lH), 7.79-7.84 (m, 
1H). MS m/e (rel. int.): 175 (Mf, loo), 174 (6f), 149 (55), 108 (12), 
69 (25), 39 (15). 

m.p. 52-53OC (ether-petroleum ether). 
1.85 (dq, 3H, J = 1.1 Hz, J = 6.1 Hz), 

lH-NMR (200 MHz, CDC13): 8 
2.20-2.21 (m, 3H), 6.58 (qq, 

lo, J = 6.1 Hz, J = 1.4 Hz), 7.23-7.43 (m, 2H), 7.72-7.77 (m, 
7.95-8.00 (m, 1H). MS m/e (rel. int.): 189 (M+, loo), 188 ,iy!: 
174 (32), 173 (48), 162 (13), 149 (87), 109 (14), 69 !25), 39 (17). 

oil. lH-NMR (60 MHz, CC14): 6 2.22 (d, 3H, J = 8.0 Hz), 2.28 (s, 3H), 
6.15 (dq, lH, J = 1.2 Hz, J = 7.0 HZ), 7.3-7.7 (m, 2H), 7.8-8.2 (m, 
2H). Ms m/e (rel. int.): 189 (M+, loo), 188 !47), 174 (30), 173 
(46), 162 (19), 149 (go), 109 !17), 69 !27), 39 (20). 

m.p. 78-79OC (ether-petroleum ether). lH-NMR (60 MHz, CC14): 6 2.06 
(s, 3H), 2.32 (s, 3H), 6.5-6.7 (m, lH), 7.3-7.7 (m, 2H), 7.8-8.2 
(m, 2H). MS m/e (rel. int.): 189 (M+, lOO), 174 !98), 173 !4l), 
149 (57), lo9 (ll), 69 !22), 39 (18). 

oil. lH-NMR (200 MHZ, CDC13); 6 1.85 (d;3H, J = 7.2 Hz), 7.15 !a, 
lH, J = 7.2 Hz), 7.25-7.50 (m, 7H) 7.70-7.80 !m, lH), 8.0-8.10 (m, 
1H). MS m/e (rel. int.): 251 (MI, loo), 250 (77), 236 (18), 149 
(81), 115 (44). 

oil. lH-NMR (200 MHz CDC1 ): 6 2.15 (d, 3H, 
7.$1-7.5g.(m, 7H) 

J = 7.2 Hz), 6.41 !q, 
lH, J = 7.3 Hz), 7.84-7.89 !m, lH), 8.10-8.15 (m, 
1H). Ms m/e (rel. int.): 251 (M+: loo), 250 !75), 236 (18)) 149 
(87), 115 (45), 77 (8). 

Epoxidation of alkenvl benzothiazoles 2 and 1. General orocedure. - 

The epoxidation of alkenyl benzothiazoles was performed in two steps. In 
the first step the alkenyl BT's were transformed, on treatment with NBS in 
dioxane/water (7:3), into the corresponding bromohydrins. In the second 
step the bromohydrins were epoxidized upon treatment with NaOH in isopropa- 
nol. In the case of vinyl BT's la, a, 2b, 2f and & treatment with NBS led 
to mixtures of regioisomeric bromohydrins wnch were then epoxidized witho- 
ut separation. In the case of vinyl BT's lc, 2c, 2d, 2e, only one bromohy- 
drin was obtained. Yields are reported in Table 2. As an example here is 
described the epoxidation of & to a: to a solution of & (0.41 g, 2.34 
mmole) in 14 ml of 1,4-dioxane and 6 ml of H20 was added portionwise NBS 
(0.5 g, 2.81 mmole). After 9h the reaction mixture was poured into water, 
extracted with Et20 (3x15 ml), washed with H20 and dried over MgS04. Eva- 
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ooration of the solvent under reduced pressure gave a residue that was a 
mixture of bromohydrins a and 4a (0.65 g). 0.61 g of such bromohydrins in 
8 ml of isopropanol were added xth a few drops of phenolphthalein and ti- 
trated with aqueous 1M NaOH. Then the solution was diluted with water, ex- 
tracted with Et20 and worked up as usual to give almost pure epoxide 3.97% 
yield. ~H-NMR data for new bromohydrins 2, 4, 5 and 1 and all new epoxldes 
2 and 8 are given below: 

3a+4a: - oil. lH-NMR (60 MHz -- 
4.6-5.5 (m, lH), 

7.5-7.8 ?m, (fi CDCl /D20): 6 1.2-1.9 (m, 3H), 3.3-3.8 
lH), 2H) , 7.8-8.4 (m, 2H). IR: 3320 cm 
(OH). 

3b+4b: -- - oil. IH-NMR (60 MHz, 6 1.4-2.1 (m, 3H), 3.5-4.2 c~cl~/D~o): (fi 
lH), 4.8-5.6 (m, lH), 7.4-7.9 (m, 2H), 7.9-8.4 (m, 2H). IR: 3340 cm 
(OH). 

&: - oil. lH-NMR (60 MHz, CDCl3/D 0): 6 1.70 (d, 3H, J = 7.0 Hz), 1.94 (s, 
3H), 4.94 (q, lo, J = 7.0 Hz 7 , 7.4-7.8 (m, 2H), 7.9-8.3 (m, 2H). IR: 
3375 cm-l (OH). 

x: - oil. lH-NMR (60 MHz, CDC13/D 0): 6 1.78 (s, 3H), 1.82 (d, 3H, J = 6.0 
Hz), 4.92 (q, lo, J = 6.0 Hz 5 , 7.4-7.8 (m, 2H), 7.9-8.3 (m, 2HIi IR: 
3380 cm-l (OH). 

3e: - oil. lH-NMR (60 MHz, CDCl 6 1.45 (S, 3H), 1.54 (s, 3H), 5.43 
- 4 /D20!: Cm-' (s, lH), 7.4-7.8 (m, 2H), .9-8.3 (m, 2H). IR: 3405 !OH). 

lH-NMR (60 MHz, 6 1.88 (d, 3H, J = 7.1 Hz), 5.50 J = 7.1 Hz), 7.2-7.6 (m, 7H), 7.8-8.3 (m, 2H). IR: 3360 cm I?, CDC13/D20): 

3J: - oil. lH-NMR (60 MHz, 
lH, J = 7.3 Hz), 

7.2-7. 2 (m, 7H), 7.8-8.2 (m, 2H). IR: 3370 cm (gi CDCl /D20): 6 1.89 (d, 3H, J = 7.3 Hz), 5.50 

(OH). 

-. 4f. - = oil. lH-NMR (60 MHz, CDCl 2 /D20): b 1.85 (d, 3H, J 6.5 Hz), 3.55 (gi 
lH, J = 6.5 Hz), 7.2-7. (m, 7H), 7.8-8.2 (m, 2H). IR: 3360 cm 
(OH). 

9: - oil. lH-NMR (60 MHz 
lH, J = 6.7 Hz), 
(OH). 

6a+7: - oil. lH-NMR (60 MHz, 6 3.3-4.2 (m 4H), 4.7-4.9 (m, 
-- CDC13/D20): Cm-' lH), 7.3-7.8 (m, 2H), 7.8-8.3 (m, 2H). IR: 3360 (OH). 

a: - oil. lH-NMR (60 MHz, (s, 2H), 7.3-7.8 (m, 2H), 7. 3 -8.3 is, CDC13/D 0): 6 1.50 (s, 3H), 3.50 2H), 3.75 
(m, 2H). IR: 3390 cm- (OH). 

5a: - oil. lH-NMR (200 MHZ CDCl ): 6 1.22 (d, 3H, J = 5.2 Hz), 3.03 (dq, 
- lH, J = 1.9 Hz, J = 3.82 (d, lH, J = 1.9 Hz) , 7.04-7.23 (m, 5.2 HZ?; 

2H), 191 
(M+, 

7.53-7.58 (m, lH), 7.70-7.75 (m, 1H). MS m/e (rel. int.1: 
271, 176 (161, 174 (91, 162 (111, 135 (1001, 109 (12). 3c-NMR 

(CDC13): 6 17.5 (qdd, CH 
(dqd, C-3, J =182.7, 
J = 5.6, J = 2.2 Hz), 
(dd, C-l, J = 7.2, J = 1.8 Hz) 

5b: - oil. lH-NMR (200 MHZ, CDCl 
? 
): d 1.12 (d, 3H, J = 5.4 Hz), 3.27 (dq, 

- lH, J = 4.2 Hz, J = 5.4 Hz , 4.16 (d, lH, J = 4.2 Hz), 7.09-7.28 (m, 
2H), 7.60-7.65 (m, lH), 7.76-7.80 km, 1H). MS m/e (rel. int.): 191 
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x: 

5e: - 

5f: - 

+ 13C-NMR 26), 176 (17), 174 (9), 162 (lo), 135 (loo), 109 (14). 
: 6 13.0 (qdd, CH a:3,JJ==1:8io;Iz) J = 6.4, J = 0.5 Hz), 56.0 

J = 181.2, J= 56.4 (dqd, C-2, J = 175.0, 
J = 5.5, J = 1.7 Hz), 121.6, 122.9, 125.3; 126.3, 134.5, 153.4, 167.6 
(dd, C-l, J = 6.1, J = 0.6 Hz). 

oil. lH-NMR (200 MHz, CDC13): 6 1.38 (d, 3H, J = 5.4 1.80 Hz), (s, 
3~), 3.20 (9, lo, J = 5.4 HZ), 7.21-7.41 (m, 2H), 7.71-7.76 (m, lH), 

7.90-7.95 (m, 1~). MS m/e (rel. int.): 205 (M+ 52), 190 (100) 1::: (7), 176 (3), 162 (47), 135 (68), 109 (32). '%-NMR 6 
;:dj)CH&.2 J (C-2), = 127.3 151.8, J = 6.1 122.8, Hz), 125.1, 15.5 126.0, (q, CH3, J = 128.9 (CDC13): Hz), 175.1 60.5 

(m, Cll). 
134.7, 153.6, 

oil. lH-NMR (60 MHz, CDC13): 6 1.32 (d, 3H, J = 5.4 1.91 Hz), (s, 
3~), 3.42 (q, lH, J = 5.4 HZ), 7.3-7.8 (m, 2H), 7.9-8.3 (m, 2H). 

- m.p. 57-59OC (ether-petroleum ether). lH-NMR (60 MHZ, CDCl ): 6 1.39 
(s, 3~), 1.58 (s, 3~), 4.30 (s lH), 7.3-7.8 (m, 2H), 7.3-8.3 (m, 
2H). MS m/e (rel. int.): 205 (M', 46), 190 (63), 188 (29), 176 (lo), 
162 (12), 135 (loo), 109 (27). 

- oil. lH-NMR (200 MHz, CDC13): 6 1.22 (d, 3H, J = 5.3 Hz), 3.89 (q, 
lH, J = 5.3 Hz?, 7.26-7.54 !m, 7H), 7.70-7.79 (m, lH), 7.99-8.06 
(m, 1H). MS m/e rel. int.): 267 !M+ 70), 252 (47), 250 (77), 238 
(73), 135 (5). 11 C-NMR (CDC13): 6 14.8 (qd, CH3, J = 127.7, J = 6.2 
Hz), 64.2 (dq, c-2, J = 175.9, J = 5.5 Hz), 77.2 (C-3), 121.6, 123.4, 
125.2, 126.1, 128.1, 128.2, 128.4, 128.5, 128.6, 132.6, 153.5, 173.0 
(d, C-l, J = 1.7 Hz). 

- oil. lH-NMR (200 MHz CDCl ): 6 1.41 (d, 3H, J = 5.4 Hz), 3.57 !q, 
lH, J = 5.4 Hz), 7126-7.24 (m 7H) 7.70-7.80 (m, lH), 7.81-8.06 
(m, 1H). 13c-NMR (CDCl ): 6 i4:7 (qd, CH3, 
64.8 (dq, C-2, J = 17 .l, J = 5.3 Hz), 77.2 (C-3), 121.6, 123.3, 2 

J = 127.8, J = 6.1 Hz), 

125.2, 126.5, 128.1, 128.2, 128.4, 128.6, 135.1, 153.6, 168.7 (C-l). 

- oil. lH-NMR (60 MHz, CDCl ?H), I: 6 3.43 (d, 2H, J = 4.4 Hz), 3.58 (d, 2H, 
J = 5.6 Hz), 4.2-4.7 (m, 7.3-7.8 (m, 2H), 7.8-8.3 (m, 2H). 

ab: - oil. 3.42 - lH-NMR (60 MHz, CDC13): 6 1.47 (s, 3H), 2.7-3.0 (m, 2H), 
(s, 2H), 7.4-7.8 (m, 2H), 7.9-8.3 (m, 2H). 
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2a - 

2b - 

2e - 

2f - 

2g - 

5a - 

5b - 

Elemental Analyses for compounds 2a-2g and Sa-5g 

Formula Calc. Found 

(MI C% Ii% N% C% H% N% 

%oHgNS 

(175.3) 

C10H9NS 
(175.3) 

CllHllNS 
(189.3) 

CllHllNS 
(189.3) 

CllHllNS 
(189.3) 

C16H13NS 
(251.4) 

C16H13NS 
(251.4) 

CIOHgNOS 

(191.3) 

CIOHgNOS 

(191.3) 

68.5 5.1 8.0 68.7 5.3 8.2 

68.5 5.1 8.0 68.6 5.3 7.9 

69.8 5.8 7.4 69.6 5.9 7.5 

69.8 5.8 7.4 69.7 5.7 7.6 

69.8 5.8 7.4 69.7 5.8 7.5 

76.4 5.2 5.6 76.5 5.2 5.7 

76.4 5.2 5.6 76.4 5.3 5.8 

62.7 4.7 

4.7 

7.3 

7.3 

62.5 4.6 

62.7 62.6 4.8 

7.4 

7.5 
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5c - CllHllNoS 
(205.3) 

sa CllHllNoS 

(205.3) 

e CllHllNoS 

(205.3) 

Zf C16H13NoS 

(267.4) 

5g - C16H13NoS 

S. Fmuo et 01. 

64.3 5.4 6.8 64.5 5.5 6.9 

64.3 5.4 6.8 64.5 5.2 6.7 

64.3 5.4 6.8 64.2 5.5 

71.8 4.9 5.2 

71.8 4.9 5.2 

71.9 

71.7 

4.8 

4.7 

6.9 

5.3 

5.4 

Microanalyses were performed on a Carlo Erba 1106 elemental analyser. 


