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Abstract: The title thlazolyl phosphorane is a stable yet 
quite reactive Wittlg-type reagent which upon reaction with 
var Ious a I dehydes affords vlnylthiazoles, mainly or 
exclusively as E-isomers, in very good yields. Also the 
benzothiarolyl phosphorane derivative, unlike a Ilterature 
report, prove to react with aldehydes. Vinylthlazoles 
subjected to formyl deblocklng from thiazole nucleous afford 
two-carbon homologated satured aldehydes. As an example, one 
of these vlnylthiaroles, viz. the fl-phenyl derlvatlve 8f, 
proves to add E-butyl I ith i urn cuprate to give after the 
formyl deblocking 3-phenylheptanal. 

Formyl phosphoranes 1,2 1 are precious tools III the arsenal of the Wittlg 

reagents since they perform a tactical useful operation in synthesis such as the 

conversion of an aldehyde tnto Its Q,fl-unsaturated vinylogue. ’ SynthetIcal ly 

useful variants of phosphoranes 1 are the formyl protected derivative 2e4 and 

the masked formyl equivalent 2b. 
5 . Wlttig reacttons with these phosphoranes lead 

to protected a, fl-unsaturated aldehydes which are suitable for carbon-carbon 

double bond elaborations wlthout interference of the carbonyl group. 
6 

Closely 

related entries to masked equivalents of U,fl -enals in the form of vinyl- 

benzothiazoles and vlnyloxarlnes employ the Homer” 7 [reagent, 

YCH P(O)(OC H ) 
2 2 5 2 

] or the Peterson 8 ( reagent, YCH TMS) 
2 

oleflnatlon methodologies. 

These approaches overcome the low yield syntheses of U,fl-ena I s 9, rom Wlttig 

reactions with 1 and/or the quite often necessary formyl group protection 
10 

Ph3&R)CH0 

1 

Ph,‘,-iHY 

2 

a; 8 = H 

b; R = CH3 

a; Y = CH(OC2H5)2 

b; Y = 4,4-dimethyl-2-oxazinyl 

c; Y = 2-thlazolyl 

d; Y = 2-benzothlarolyl 
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4 HCH=CH-CHO 

RCHo d__L .,,!,,, 
pruor to their s)nthat,r rlaboratlons. Fol lo~lng our recent korl. “” the 

stereoaalertl\e one-carbon chain-extrnslon of vhlrdl a-hydroxya I dvhkdcs’ ’ 

wh I cl) 1-5 ranrerrd on the t h I a=o I e-form! I cqul\alrncc, KC ha\e des I ynrd tt1c* 

synthesis of t h I a=~ I > I met tr, t rnetr I phenr I phosphorane f 2c I and Ita ,,sr Jb J 

WI tt lg-type reagent with aldrhbdes to gi\e the I,. protrctrd U, p -unsaturated 

*In> IoyuPs. We report hercln some results showing the scope and I Imltatlons of 

this methodology. 

1 ” 
2-H>dro\>methylthlarole - 15cl anti ~-chIoromett~~I+h~~=oI~l’J”~ (6~1, he? 

IntermedIates to the ant 1 c I pated phosphorane 2c (Scheme I 1 WPI’Z read, I! 

3 c.d 
NdiH,,/YoOH 

Cr I? 
S CHO 

4c 

OH Cl 

5c.d 6C,d 

I 

PPh3 

h 

2c.d 7c,d 

SCHEME I 
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suspensuon of 7c in benzene was treated with potassium tert-butoxide and stirred 

for 2 h at room temperature, a deep ye I I ou solution of the phosphorane 6c was 

obtalned. Appropriate work-up gave a solId (m.p. 177-180” C) whose nmr 

spectrum 17 In CDCI 
3 

showed in addition to the signals of thlazole and phenyl 

rungs, a broad slgnal at b 3.37 attributable to the methine proton of 2c. This 

nmr signal dlsappeared after 24 h. On the other hand, in the solid state, 

compound 2c could be stored for three-five days wlthout precaution still 

malntalning Its reactivity with aldehydes. However, for preparative scale Wlttig 

reactions, 2c was generated In benzene or tetrahydrofuran and then reacted in - 

situ ulth the appropriate aldehyde under selected standard conditions (Equation 

1). As Illustrated In Table I, 2c exhibited a good degree of reactlvlty and 

E-stereoselectlvity with var lous a I dehydes affordlng the corresponding 

vinylthlazole 8 In very good yield. In some cases however (entries 4, 5, 9 and 

111, the Z-Isomer formed In comparable amount to & and the overall yield was 

low. Nevertheless, a quite general olefinatlon methodology of the thlarole ring 

at C-2 IS at hand. Thus is per se slgniflcant In view of the use of 

vlnylthiazoles as sources of polymeric materials whilst their syntheses lie on 

undisclosed patented procedures. 
18 

R 

PPh:, + R-CHO - 

ih 

Th = 2-Thlarolyl E-(8) 

R 

+ L \ Th 
Eq. 1 

r-(8) 

Encouraged by the above results with 2c, we prepared the benzo der 1 vat Ive 2d 

(Scheme I) although thus phosphorane was reported to fail as Wlttig reagent. 7 

The phosphonlum salt 7d was obtalned In very good overall yield through the same 

sequence as for 7c starting from 2-(trlmethylsllyl)benzothlarole. 19 The 

phosphorane 2d generated an situ on treatlng 7d with potassium tert-butoxide in 

benzene proved to react with three selected aldehydes (Equation 2) to give the 

R 

p+ph,+ R-CHO - 

\ 

R 

\ + BTh 

2d i3Th 
Eq. 2 

BTh = Bonrothlaxolyl E-(Q) r-(Q) 
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corresponding vlnylbenzothiazole 9 In decent y leld and doml nant 

E-stereoselectlvtty (Table IJ. Hence, although the scope of 2d as Wittig reagent 

was not further aramlned, It IS evident that the edrl ler rla,m7 about the 

inertness of thts phosphorane has to be reconsidered. 

TABLE I. Vlnylthldzoles (8) and k’lnylbenzothlazoles (9) from Wlttlg Reactlonsd 

of Phosphorenes 2c and 2d with Aldehydes (RCHO). 

entry aldehyde phosphorane t Ime/h product \ leld 
b 

E/ZC -- 

R 8 or 9 

1 I-C3”7 2c 4s 8a, 

2 PhCHMe 2c 4s 8b, 

3 CH3(CH2J5 2c 43 8c, 

4 c-3 I 
0 

2c 24 8d, 

5 I_-C3H7CH=CH 2c 48 8e, 

6 Ph 2c .tP 8f, 

7 

8 

9 

10 

11 

12 

13 

14 

J-CH30-C6H4 (An) 2c 48 89, 

a-Nsphtyl (a-NAP) 2c 4% 8h, 

2-Thlazolyl ( Th) 2c 24 8i, 

2-Th , eny I f Tn 2c 48 Ki, 

2-Fury I t Fu) 2c 24 8kt 

14~“~ 2d 45 9at 

2-Thlazolyl (Th) 2d 24 9b, ThCH=CHBTh 56 --- 

2-Fury I f Fu) 2d 24 9c, FuCH=CHBlh 70 --- 

a Carried out at r.t. in benzene or THF wtth 1.5 molar equlb of aIdehyde. 
h 

I-C3H7CH=CHTh 

PhCHMeC=CHTh 

CH3i CH,) 5CH=sHTh 

8b --- 

97 

2j 

CH=CHTh 43 

--- 

l.P 

4.3 

_-- 

i-C H CH=CH-iH=CHTh 
- 37 

80 

PhCH=CHTh b@ 

An-CH=CHTh 95 --- 

a-NAP-CH=CHTh 74 

ThCH=CHTh 100 2.3 

TnZH=CHTh 7s 

FuCH=CHTh 9c 9.0 

+C;H7CH=CHBTh Y2 _-- - 

Weight yield of isolated mIxed or separated alkenes. c PetermIned on Isolated 

products sfter chromatography; omltted values refer to ratto L 95c (nmr). 
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Since the synthetic utlllty of vinylbenzothiazoles as protected a,/?-un- 

saturated carbonyl compound has been sufficiently demonstrated, 
8 

we addressed 

our attention to vinylthlaroles 8. The aldehyde release from compounds 8b, 8f, 

and 89 by our standard procedure 
11 

(N-methylation, reduction, hydrolysis) 

afforded the saturated derivatlves 14b, Uf, and 149 instead of the 

corresponding a,fl-enals. Each of these arose from the C-2 alkyl substituted 

thiazolidine 12 which IS formed by the reduction of the heterocycl ic ring and 

side-chain carbon-carbon double bond In the corresponding N-methyl quaternary 

salt 10 (Scheme II). The elaboration of 8b [R = Ph(Me)CH] gave, in addition to 

14b, the B,y-unsaturated aldehyde 15b as main product. This was later proved to 

be due to the tautomerlc equilibrium between the N-methyl quaternary salts lob 

and llb (1:l ratio by nmr) which, upon reduction, gave the thiazolidines 12b and 

13b, VIZ. the precursors of the individual aldehydes 14b and 15b. Presently, 

because of the overreduct ion2’ of the Ij-methy I th 1 azol i urn salt 10 to 

thlarol ldine 12, vinylthiazoles 8 cannot be consldered as actual IntermedIates 

for aldehyde vinylogatlon. However, their value in synthesis as protected 

(L,p-enal s can be foreseen from the Michael-type addltlon of n-butyl lithium 

E-(8b,f.g) 

b; R= Ph(Yo)CH 

f:R=Ph 

g; R= 4-YoOC4H4 

I NaBId 

I 
NdlH4 

MaOH MoOH 

Me 

12 b,f,g 

11 b 

13b 

14 b,f,g lbb 

SCHEME I I 
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cuprate to the fl-phenyl derlbatlve 8f to give the alhylthla:ole 16 which upon 

the formyl deblocklng afforded 3-phenylheptanal (17) (Equation 3). This is 

noteable. since a,fi-unsaturated aldehydes tend to react klth C-nuclrophtles, 

lncludlng cuprates, as carbonyl rather than Michael acceptors. 
h 

81 18 

Ph 

17 

Eq. 3 

In conclusion, it has been proved that the phosphorane 2c serves, \~a the - 

appropriate protocols, as auxiliary for the two-carbon homologatlon and/or 

longer chsln-eztenslon of aldehyJes to upper saturated terms. 

Experimental Section 

General Methods. All melting points are uncorrected. 
1 
tl NUT? spectra were 

recorded in chloroform-d solution, unless otherwlse stated, on a 90-MH: Bruker 
WP-80 spectrometer. Chemical shifts are guyen III b downfIeld from tetramethyl- 
SI lane. IR spectra were obtalned on a Perkln-Elmer Mode I 397 grat I ny 
spectrometer. Elemental analyses were performed on a Carlo Erba elemental 
analyzer Model 1106. All experiments here cart-led out under N, d with freshly 
dlstll led and dried 

9 
vents. 2-(Carboethouy)thiazole ( 

xy)benzothlarole (3d), and 2-thlazolecarboxaldehyJr h$C,~~ 
f, 75 2-i carboetho- 

were prepared as 
descrlbeJ. 

2-(HydroxywthyI)thiatoIe (SC) and its Benro Derivative 5d. General 
Procedure. To a stlrred solution of the ethyl ester 3 125 mmol) In methanol (60 
mLT was added portlonwise ( 2 h) sodium borohydrlde (2.15 g, 56 mmol). After 3 h, 
the react ion mlxtura was concentrated unJer racuum and br Ine was aJdeJ (30 mL) 
to the residue. After neutrallratlon with hydrogen chlorlcie 5%, the mlxt.uro has 
extracted with ethyl acetate. The organ Ic I ayer was dr led ober anhbdrous Na.,SC , 
the solvent was ekaporatcd In \acuo and the residue kas chromatographed LsTIi$a 
gel, 8:2 petroleum ether-0th) I acetate) to gl\r the hydrotymrthy I JerlCdtl\e 5. 

2-(Hydroxymethy I )thld- _fle (5~) (2.5 g, 
1.’ 

86%): bp 75-76“ C (0.2 mmHgT [I It. _ 
bp 70-80” C CC.2 mmHgT]; H NMR 6 4.59 (s, 2 HI, 5.1 l.br, 1 H), 7.21 (d, 1 H, J 
= 3.5 Hz), 7.63 (d, 1 H, J = 3.5 Hz). 

3-(Hydroxymethyl)be?iothlalole (5d31(3.4 g, gjl,T: mp lOL\-102” LJ (from dlethyl 
ether-n-hexane) ; (I It. 
(d, 2 Fi, 

mp 101” 2); H NMR 6 3.11 It, 1 H, J = 0.0 Hz), j.04 
J = 6.0 Hz), 7.35 (m, 2 HT, 7.95 (m, 2 HI. 
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2-(Hydroxymethyl)thl.szole (5~) was also obtalned by reduction of 
2-thlazolecarboxaldehyde (4c) (5 g, 44 mmol) with sodlum borohydride (2 g, 53 
mmol ) in methanol ( 100 mL) at room temperature. Usua I work-up gave 4.2 g (85%) 
of SC. 

2-(ChIorowthyI)thiezoIe (6~) and its Benzo Derivative 6d. General Procedure. 
A solution of the alcohol 5 (24 mmol) In carbon tetrachloride (40 mL) and 
benzene (50 mL) was added to triphenylphosphlne (9.68 g, 37 mmol ) and the 
mixture was refluxed with stirring for 2 h. After cooling and flItratIon through 
Cel Ite, the solvent was evaporated In vacua. Chromatography of the residue 
(s111ca gel, 9:l petroleum ether-ethyl acetate) gave the chloromethyl derivative 
6. 

2-(Chloromethyi)th iazole (6~) (3 g, 95%): bp 63-64’ C (5 mmllg) [lit. 
12a, 13 

bp 
62” C (5 mmHg)] ; H NM? b 4.72 (s, 2 H), 7.19 (d, 1 H, J = 3.5 Hz), 7.55 (d, 1 
H, i = 3.5 Hz)). 

bp llO” 

C); 

2i(Chloromethyl)benzothlazole (6d) (4 g, 92%): bp 108-110~ C (Iit.22 
H NMR b 4.86 (s, 2 H), 7.32 (m, 2 H), 7.82 (m, 2 H). 

2-Thiazolylrethyltriphenylphosphoniua Chloride (7~) and its Benzo Derivative 
7d. Genera I Procedure. The chloromethyl derivative 6 (14 mmol) and 
trlphenylphosphine (4.15 g, 15 mmol) In toluene (6 mL) were refluxed for 18-20 
h. The crude phosphonium salt 7 was filtered and washed several times utth cold 
benzene and then ulth petroleum ether. 

2-Thiazolymethyltrlphenylph~sphonium chloride (7~) (5.2 g, 95%): mp 350” C 
(from ethanol-diethyl ether); H NMR (CD OD) d 5.52 (d, 2 H, J = 14.5 Hz), 7.74 

(m, 17 H). Anal. Calcd for C22 l9 H CINPS:3C, 66.70; H, 4.84; F, 3.54. Found: C, 
66.71; H, 4.82; N, 3.53. 

2-Benzothiazolylmethyltriphenylphosph~nlum chloride (7d) (5.52 g, 86%): mp 
270-272O C (from ethanol-diethyl ether); H NMR (CD 00) b 6.22 (d, 2 H, 2 = 14.0 
Hz), 7.3 (m, 
4.75; N, 

2 H), 7.75 (m, 17 H). Anal. Calcd fc?r C26H21CINPS: C, 70.10; H, 
3.14. Found: C, 70.06; H, 4.77; N, 3.16. 

2-Thiazolymethylenetriphenylphoaphorane (2~) and its Benro Derivative 2d. 
General Procedure. To a stlrred solution of the phosphonium salt 7 (2.7 mmol) 
was added potassium s-butoxide (0.33 g, 2.9 mmol). After 3 h, the yellow 
orange solution was filtered through Cellte and the solvent was evaporated under 
vacuum to give, after crystallization, the phosphorane 2. 

2-Thlazolylmethylenetrlpheny\phosphorane (2~) (0.87 g, 90%): mp 177-180° C 
(from benzene-petroleum ether); H NMR 6 3.77 (br, 1 H), 6.25 (t, 1 H), 7.0 (d, 
1 H), 7.45 (m, 33 H). Anal. Calcd for C22H18PNS: C, 73.52; H, 6.86, N, 3.90. 
Found: C, 73.54; H, 6.84; N, 3.91. 

2-Benzothlarolylmethylenetrlphenylp~osphorane (2d) (0.94 g, 85%): mp 164-165” 
C (from benzene-petroleum ether) (I It. mp 163” C). 

Reactions of the Phosphoranes 2c and 2d with Aldehydes. General Procedure. To 
a stlrred suspension of the phosphonium salt 7 (5 mmol) In benzene (50 mL) was 
added potassium e-butoxlde (0.64 g, 5.5 mmol). After 3 h at room temperature, 
a solution of the aldehyde (7.5 mmol) In benzene (30 mL) was added dropwise and 
stirrlng was continued for the time lndlcated In Table I. The reactlon mixture 
was filtered through Cellte, the solvent was removed under vacuum and the 
restdue was chromatographed (SI Inca gel, 8:2 petroleum ether-ethyl acetate) to 
give the alkenes 8 or 9. 

3-Methyl-l-(2-thlarolx/)-flE)-butene E-(8a) (0.66 g, 86%): 011; IR (ftlm) 
3050, 1680, 1530, 1500 cm . H NMR b 1.12 (d, 6 H), 2.52 (m, 1 H), 6.68 (m, 2 
H), 7.15 (d, 1 H, J = 3.4’ Hz), 7.7 (d, 1 H, J = 3.4 Hz). Anal. Calcd for 
C8H11NS: C, 62.70; H, 7.24; N, 9.14. Found: C, 62.73; H, 7.20; N, 9.16. 

3-Phenyl-1-(2-thlazolyl)-(lL)-butene r-(8b) (1.04 g, 97%): oil; IR (film) 
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2960, 1680, 1630, 1600 -1 cm ; 'H NMR d I.47 (d, 3 H), 3.67 (m, 1 H), b.bY Im, 2 
H), 7.03 (d, 1 H, J = 3.5 Hz), 7.23 (m, 5 HI, 7.hb (d, 1 H, J = 3.5 Hz). Anal. 
Calcd for C13H13NS: C, 72.52; H, h.09; N, h.51. Found: C, Fl.53; H, b.07; N, 
6.54. 

_ll-(~-Thiazol\l)-(lE)-octene r-t&) (0.24 g, 25%): 011; IR (film) 296@, 1060 
cm . H NMR d 0.9 (m, 3 HI, 1.35 (m, Y H), 2.25 (m, 2 Hj, b.h5 (m, 2 Hj, 7.15 
(d, ; H, J = 3.0 Hz), 7.71 Id, 1 H, J = 3.C Hz). Anal. Calcd for L,, l7 - H NS: C, 
67.64; H,:9.77; N, 7.17. Found: C, h7.bh; H, 3.75; N, 7.19. 

011; 
l-(?-Thiazol~)-Z-l2-(3,4-dlhydFop~ran~l)~-(~)-ethene &-(8d) (O.lb g, 27%): 
IR (film) 2930, lb60 15@@ cm . H NMR b 2.0 (m, 4 H), 4.57 Im, 2 H), b.40 

(d, 1 H, J = b.0 H:), 6.65 (d, 1 i, 2 = 4.0 Hz), 6.$5 (d, 1 H, J = 1h.O Hz), 
7.18 (d, 1 H, J = 3.5 Hz), 7.71 (d, 1 H, i = 3.5 Hz). Anal. Calcd for CIOH1lNOS: 
C, 62.15; H, 5.74; N, 7.25. Found: C, 62.13; H, 5.71; N, 7.X. 

011; 
1-(2-Th~azolyl)-2-~2-(3,4-dihvd_rlop~ranylJ~-(~)-cthene L-(8d) (0.15 g, lb'%): 
IR (fclm) 2930, 1660, 1500 cm . H NMR b 2.01 (m, 4 H), 4.71 (m, I H), 5.4 

(m, 1 H), 6.@ (dd, 1 H, J = 12 Hz, J'= 7.9 Hz), b.37 (d, 1 H, 
(d, 1 H, i = 12 Hz), 7.27 (d, 

J = h.0 Hz), 6.62 
1 H, J = 3.5 Hz), 7.77 (d, 1 H, J = 3.5 Hz). Anal. 

Calcd for CIOHllNOS: C, hY.15; H, 5.74; N, 7.25. Found: C, 62.14; H, 5.73; N, 
7.26. 

j-Methyl-l-(2-th~az~l>l)-(lE,3E)-exadlene :-(8e) (0.5s g, 65%): 011; IR 
(fIlmI 2950, lb45 cm * H NMR b 1.05 (d, 6 H), -.42 (m, 
7.17 (d, 1 H, J = 3.5 A=), 7.75 cd, 1 H, J z 3.j H:). 

1 H), 5.5-7.1 (m, 4 H), 
Anal. Calcd for <l,,H13NS: 

C, 66.99; H, 7T31; N, 7.81. Found: C, 6b.57; H, 7.33; N, 7.h4. 

5-Methyl-l-(2-th_l~zollyl)-(1~,3~)-exadlene I-(80) 10.13 g, 152): 011; IR 
(film) 3975, 1690 cm . 
6.45 (m, 3 HI, 7.25 (k, 

Ii NMR b 1.05 (d, 6 H), 2.45 (m, 1 H), b.l (m, 1 H), 
2 HJ, 7.$2 (d, 1 H, J = 3.2 Hz). Anal. Calcd for 

C10H13NS: C, 66.99; H, 7.31; N, 7.5;1. Found: i, 61.01; H, 7.34; N, 7.79. 

1-Phenyl-2-l2-thia=olyl)-(E)-ethene I-(??) iO.75 g, PO?): mp 57-59" C (from 
dlethyl ether-E-hexane); IR (CHCI 1 1625 cm . H NMR b 7.5 lm, 3 H), 7.86 (d, 1 
H, J = 3.2 Hz). Anal. Calcd for 
70.52; 

(311~9~~: c, io.55; H, 4.84, N, 7.4s. Found: C, 
H, 4.Yl; N, 7.35. 

l-(4-Methoxyphenylj-2- (2-thlazolyl)-IE)-ethene &\8g)l(l.3 g, 055:): mp b4-65“ 
C (from dlethyl ether-n-hexane); IR (KBr) 1610 cm . H NMR b 3.X5 (s, 3 H), 
6.85-7.55 (m, 7 H), 7.77 (d, 
66.33; H, 5.10; N, 6.45. 

1 H, J = 3.3 Hz). Ana;. Calcd for 2,2HllNOS: 2, 
Found: C, 6b.3C; H, 5.08; N, b.47. 

1-(1-Naphtyl)-2-(2-thla=olyl)-tL)-ethene E-LHhIl IO.87 CJ, il_%l: mp Q7-Q9" C 
(from dlethbl ether-n-hetane); IR (KBr) lhO@ cm . H NMR b 7.27 (m, 1 H), 7.52 
(m, 4 HI, 7.$2 (m, 4-H), S.25 cm, 2 H). Anal. Ca;cd for C H 

lj 11 
NS: C, 7q.91; H, 

4.67; N, 5.90. Found: i, 7S.U; H, -i.bs; N, 5.Q2. 

_ll,f-do-(2-ThlarolyI)-(I)-ethene E-(8iI (0.63 g, 70:;): 011; IF IC'CI ) 1590 
cm . H NMR b 7.33 (d, 2 H, i = 3.5-H=), 7.61 Is, 2 H), 7.50 (d, 2 H, 3 7 3.5 
Hzj.'Anal. Calcd for C H N S : C, 49.46; H, 3.11; 

kb?2 
N, 14.42. Found: 5, 49y43; H, 

3.08; N, 14.44. 

_11,2idI-(2_Thlaru I>l)-tZ)-ethene Z-(8i) (C.3Q g, 30%)): "11; I): (Ccl 1 lj9j 
cm * H NMR 
Hz).'Anal. 

6 7.0 (Y, 2-H), 7.4 C;i, 2 H, 2 = 3.5 H:), 7.90 id, :! H, j = 3.5 
Calcd for CYH6N.,S,: C, 49.36; H, 3.11; N, 14.42. Found: C, 49T27; H, 

3.14; N, 14.40. 
tic 

l-(Z-Thla~olyl)-2-l2-th~en~ll-(~)-rthene E-(~J] (r).j5 9, ;si;): mp 7$+-jQo c 
(from dlcthyl ether-n-hexane); IR (NuJoI) lb15 cm . H NMR b 7.2 (m, 5 H), 7,0 
(d, 1 H, 2 = lb H:L 7.S (d, 1 H, J = .3.2 Hz). 'Anal. Calcd for CqH7NS,: C, 
55.92; H, 3.65; N, 7.25. Found: C, 55.00; H, 3.6b; N, 7.24. 

1-(2-Fur~l~-2-(?-th~~zolylI-i~)-cthene E-(8k) IQ.72 9, >I*:!): 011; IR lt_'Hil 
lh30 cm-l; ' 

) 
H NMR b 6.42 (m , 2 Ii), 7.15 (m, 3 HI, 7.37 (s, 1 HI, 7.7X Id, 1 H,3J 
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= 3.2 HZ). Anal. Calcd for C H NOS: C, 60.99; H, 3.98; N, 7.90. Found: C, 61.01; 

H, 3.96; N, 7.93. 
9 7 

I-(Z-[urfl)-2-(2-thlazolyl)-(Z)-ethene Z-(8k) (0.079 g, 90%): oil; IR (CHCl f 
1620 cm- ; H NMR d 6.5 (m, 1 Ii)-: 6.52 (s,-2 HI, 7.28 (d, ltl, J 3.2 Hz), 7.5 (i, 

2 HI, 7.84 (d, I H, J = 3.2 Hz). Anal. Calcd for C9H7NOS: C, 60.99; H, 3.98; N, 

7.90. Found: C, 60.95; H, 3.94; N, 7.92. 

3-Methyl-l-(2-benzothiazolyl)-(lE)-butene E-(9a) (O,q3 9 82%): mp 53-55” C 
(from dlethyl ether-n-hexane); IR (‘XI ) 2960, 1640 cm . H NMR d 1.15 (d, 6 

HI, 2.25 (m, 1 HI, 6.7 (m, 2 HI, 7.37 em, 2 HI, 7.87 (m,’ 2 H). Anal. Calcd for 

C,2Hi3NS: C, 70.89; H, 6.45; N, 6.89. Found: C, 70.91; H, 6.43; N, 6.86. 

1-(t-Benzothi IO yl)-2-(2-thiaroiyl)-fEf-ethene f-(9b) (0.68 g, 56%): oil; IR 

(CHCI ) 1610 cm-‘; ‘H NMR d 7.37 fm, 3 H), 7.65 (s, 2 H), 7.92 (m, 3 HI,. Anal. 
3 

;;I;; for C12H8N2S2 : C, 58.99; H, 3.30; N, 11.47. Found: C, 58.96; H, 3.31; N, 

* * 

1-(2-Benzothjazplyl)-2-(2-furyI)-(E)-ethene I-(9~) (0.79 g, 70%): oil; IR 

(CHCI ) 1640 cm- ; H NMR d 6.45 (m, 2 HI, 7.35 (m, 5 H), 7.85 (m, 2 HI. Anal. 

Calcd3for C13H9NOS: C, 68.70; H, 3.99; N, 6.16. Found: C, 68.73; H, 3.96; N, 

6.12. 

&UothyIation of Vinytthiazoies 8b, 8f, and 89. General Procedure. A solution 

of the vinylthiarole 8 (1.6 mmolf and methyl iodide (2.28 g, 16 mmol) in 

acetonitrile (30 mL) was refluxed for the required time (5-24 h), as determined 

by t.1.c.. The solvent was removed under vacuum and the crude thiazoltum salt 10 

was crystallized from ethanol-dlethyl ether (yield 92-97%). The reaction of 

vtnylthtazole 8b gave a mtxture (I:1 ratio, nmr) of the salts lob and tautomer 

llb which were further elaborated wlthout separation. 

lob: ‘H NM8 (CD30D) (selected): b 1.57 (d, 3 H, J = 7.0 Hz), 4.15 (8, 3 HI. 

’ H NMR (CO 00) (selected): d 2.2 (d, 3 H, J = 1.5 Hz), 4.2 (8, 3 HI, 
6.o:':;t, 1 H, _r = 23.5 Hz, J =7.0 Hz). 

10f: ‘H NMR (CD OD) d 4.25 (a, 3 HI, 7.42-8.0 (m, 6 HI, 8.06 (d, 1 H, i =4.0 

Hz), 8.22 (d, 1 H,3J = 4.0 Hz). 

H).lFy;O 

lH NMR (CD OD) d 3 90 ( 3 HI, 4.20 (8, 
(d, 1 H, 3 = I~.O’HZ~,~~.~S (m, 5 HI. 

3 HI, 7.07 (d, A2B2 system, 2 

Reduction of Vinylthieroliur Salts lob, lOf, lOa, and llb. General Procedure. 
A solution of thiarollum salt (1.4 mmol) In methanol (30 mL) was cooled at -10” 

C and sodium borohydride (0.05 g, 1.6 mmol) was added portionwtse. After 20 min, 

the reaction mixture was neutralized with hydrogen chloride 5%, the solvent was 
partially evaporated under vacuum and, after additton of brine (20 mL), the 

residue was extracted with dichloromethane. The organic layer was dried over 

anhydrous Na2SOqs i ;y,“, “,t; solvent removed in vacua. The residue was 
chromatographed 7:3 petroleum ether-diethyl ether) to give the 

thiazolldlne 12 and eventually 13b. 

The mixture of lob and llb gave the thlezolldines 12b and 136 respectively 

which were were separated by chromatography (see above). 

The thtazolidine 12b (0.12 g, 36%): oil; ‘H NMR d 1.25 (d, 3 HI, 1.62 (m. 4 

HI, 2.2 (d, 3 H), 2.62 fm, 1 HI, 2.92 (m, 4 HI, 4.1 (m, 1 HI, 7.2 (m, 5 H). 

Anal. Calcd for C14H21NS: C, 71.43; H, 8.99; N, 5.95. Found: C, 71.40; H, 8.95; 

N, 5.94. 

The th;arolidine 13b (0.23 g, 72%): or I; IH NMR d 2.05 (d, 3 H, J = 3.0 Hz), 

2.32 (s, 3 H), 2.58 (m, 2 HI, 3.05 (m, 4 HI, 4.3 (m, 1 HI, 5.77 (qt, 1 H, _I = 

3.0 Hz, J = 7.0 Hz), 7.2 (m, 5 H). Anal. Calcd for C 

N, 6.00.-Found: C, 72.07; H, 8.19; N, 6.03. 

14H19NS: C, 72.05; H, 8.21; 

The thiazolidlne 12f (0.21 g, 75%): 011; ‘H NMR d 1.97 (m, 2 HI, 2.27 (9, 3 
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H), ‘2.87 cm, 6 H), 4.17 (m, 1 H), 7.2 (s, 5 H). Anal. Calcd for C1,,H17NS: C, 

69.51; H, 8.26; N, 7.76. Found: C, 69.54; H, 8.24; N, h.78. 
& 

The thlazol IdIne 129 IO.35 g, 84%): 011; 1H NMR d 1.83 lm, 1 HI, 2.27 Is, 3 

H), 2.67 (m, 1 HI, 3.02 (m, 2 H), 3.80 (s, 3 H), 4.15 (m, 1 HI, 

system, 4 HI. 

i.O Lm, A26 

Anal. Calcd for C13HIYNOS: C, b5.C30; I-I, .?.1\7; N, 5.90. Found: CF 

65.75; H, 8.10; N, j.94. 

Hydrolysis of Thiarolidines 12b, 12f, 129, and 13b. General Procedure. A 

solution of the thlarol,dine (1 mmol) In 4:l acetonltrrle-hater I.3 mL) was added 

to a stlrred solution of Hgil (0.35 g, 1.2 mmoll In the same solbent (Zr) ml). 

After 15 min, the react Ion m,?turc was FI ltered through Gel Ite, the solbent kas 

parttally evaporated and, after addition of brine (23 mL), the mlxturr has 

extracted with dlethyl ether. The organ,= layer kd~ dried o\‘er anhydrous Na 50 

the solvent was removed 1 n bacuo, 
2 4’ 

and the rest due was chromatogrophed (s I I ICd 

gel, 1:1 petroleum ether-dleth\l ether) to gobe the corresponding aldchydes 14 

and eventually 15b. 

-1 
4-Phenylpentandl (14b) (C.15 g, 96%): 011; IR (fllml 1732 cm . 1H NMR cl 1.23 

(d, 3 HI, 1.96 (m, 2 H), 2.31 fm, 2 II), 2.68 (m, 1 H), 7.2 lm, 5 ‘HI, 9.tih It, 1 

Ii, J = 1.46 Hz). Anal. Calcd for C,,H140: C, 81.44; ii, 3.70. Found: C, ql.-lG; H, 

3.74. 

4-Phenyl-(3E)-pentenat (15b) (0.06 g, 37%): unstable 011; ‘H NMR 6 2.37 lm, .3 

H), 3.34 (m, 2 H), 5.96 (m, 1 HI, 7.34 (m, 5 H), Y.76 It, 1 H, 2 = 1.s). Anal; 

Calcd for CllHl,,O: C, .82.46; II, 7.55. Found: 82.40; Ii, 7.00. 
_ 

3-Phenylpropanal (14f) IO.13 g, !‘C?j;li bP llC!-113’ C IIn mmHg) [I It. ’ 
‘)3 bp 

104-105” C (13 mmHg)]; IR (CCl4) 1730 cm ; H NMR 6 2.37 lm, 4 H), i.25 lm, j 

H), 9.81 It, 1 H, i = 1.22 Hz). 

3-(4-Methoxyphenyl)-propanal (149) (3.11 g, 70%): 011; IR lftlm) 17L’C cm-1, 

‘H NMR d 2.31 (m, 4 H), 3.73 (s, 3 H), 6.s-7.12 (m, A,R, system, J HI, 9.70 It, 

1 H, J = 1 Hz). Anal, Calcd for 2 

7.32.- 
1~HL1Q C, 73.14; H: 7.37. Found: 2, 73.17; H, 

- _ 

Reaction of l-Phenyl-2-(2-Thiazolyl)-(E)-ethene (Sf) with E-Butyl Lithium 

Cuprate. A solution of c-BULI (8 mmol) has added dropklsr to a stlrrrd and 

cooled (0’ C) suspension of Cul (0.76 g, 4 mmol 1 In Jlethyl etlrcr I33 mL). 4Fter 

30 min, the reactton mixture was cooled at -20” C and then the alhene 8f to.7 g, 

3.7 mmoll In dlethyl ether (20 mL) was added dropwise. After 2 h stIrrIng, the 

reactlon was washed but-h saturated NaHCO , the organic layer kds Jr Ied oler 

anhydrous Na,SO 4, filtered and the sol\cnt3was removed under \dcuum. The res 1 due 

was chromatographed IsilIca gel, 9:1 petroleum ether-e hyl acetate) to glvc 0.3 

g (33%) OF 2-phen~l-l-l2-th~azolyl)-he*ane (16): oil; 
! 

H NMR d I\.’ It, .1 HI, 1.2 

(m, 4 HI, 1.7 (m, 2 HI, 3.1 It, 1 HI, 3.3 (m, 2 H), 7.0b Id, 1 H, 1 = 3.2 H:I, 

7 3 lm+ 5 H), 7.6 (d, 1 H, J = 3.2 Hz); ._ mass spectrum mj’e freldtl\e Intensltb) 

245 IM , 30), 302 l20), lY$-(l.‘o, 147 (121, 9s (75), qr 710~‘1. Anal. Calcd for 

C15H19NS: C, 73.44; H, 78.51; N, 5.71. Found: C, 73.43; H, 7.\h; N, j.60. 

Compound I6 (0.14 g, 0.56 mmol) was subjected to formyl deblorhlng ds 
descr 1 bed abob e for \ln) lthldzoles IN-methylatlon, reJuctlon, hydrolysIsI 
*Ithout lsolatlon of the IntermedIates. ihe crude a I dehydc has chromatographrd 

:~~b~~~h~~:;n,“,‘~( 17) 
? petroleum ether-ethyl acet?\e)lto gl\e C.035 g lb$?l of pure 

4 H),‘1.63 (m, 2 H), 

: 011; II; (film) 1730 cm . H NMR b G.i (t, 3 HI, 1.23 lm, 
2.63 [m, 2 H), 3.10 Im, l’li), 7.30 ( 

(M, 
5 Ii), 0. 195 ( t , 

= 2.0 HI); mass spectrum m/e \reIatlve Intensttyl 190 
1 H, 2 

5” I -- 1.73 IYb), lC5 
(87), ?1 I 100). And!. Calcd for C13H1yC: 2, w2.@(1; H, 9.54. F,Fuid: i, SZ.11; H, 
9.55. 
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