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Abstract: Lithiation of 2-(chloroethyl)benzothiazole la gives (benzothiazolyichloroethyl)lithium lb. 
The reaction of lb with ketones in the presence of (-)-sparteine leads to chlorohydrins 2a.c that cyclize 
to epoxides 3a..c, enantioselectively, the enantiomeric enrichment being dependent upon the solvent, the 
lithiating agent, the reaction time. The reaction with aldehydes furnishes chlorohydrins 2,d-g and then 
epoxides 3d-g diastereo- and enantioselectively. © 1997 Elsevier Science Ltd. 

An emerging methodology of asymmetric synthesis is based on the reaction of an achiral electrophile with 

a carbanion or a carbanionic species generated by using a chiral base or in the presence of a chiral ligand. The 

stereochemistry of dipole-stabilized carbanions in the presence of chiral ligands has been extensively 

investigated, 1 as well as the chiral lithium amide-mediated enantioselective aldol reaction. 2 An enantioselective 

Darzens reaction of t-butyl chloroacetate mediated by a chiral lithium amide has been recently reported by Koga. 3 

We have recently reported that certain heteroaryl ct-chloromethyllithiums behave as Darzens reagents, 

adding smoothly to carbonyl compounds and imines to give stereoselectively heteroaryl epoxides 4-6 and 

aziridines, 7 respectively. Heteroaryl epoxides are of some interest in medicinal chemistry 8 and have a potential in 

synthetic organic chemistry for the functionalization in the side chain of the heterocyclic system. Therefore, we 

considered it worth developing an enantioselective synthesis of such compounds. In this paper, we report on the 

first enantioselective synthesis of 2-benzothiazolyl epoxides, based on the reaction of a 

benzothiazolylchloroalkyllithium with carbonyl compounds under the asymmetric conditions created by the 

presence of (-)-sparteine. 

Treatment of 2-(chloroethyl)benzothiazole l a  with lithium diisopropylamide (LDA) in THF at -100 °C 

gave benzothiazolylchloroethyllithium lb ,  which was proved to be stable and could be trapped, even after hours, 

by deuteromethanol to give 1¢ (72% of deuteration) and by MeI to give the methylation product l d .  

Complexation of l b  with (-)-sparteine, followed by addition of acetone after lh and quenching with NI-I4CI, 

furnished the chlorohydrin 2a, that was subsequently cyclized to the epoxide 3a, in overall yields and 

enantiomeric enrichments which were remarkably dependent upon the experimental conditions in terms of 

reaction times, solvent and lithiating agent (Table). The best results (86% yield; ee: 67%) 9 were achieved when 

LDA was used as the lithiating agent and toluene as the solvent. Comparable results were obtained with 

cyclohexanone to give first the chlorohydrin 2b and then the epoxide 3b (ee 63%). In the case of adamantanone 

the chlorohydrin 2c could not be isolated. The epoxide 3¢ (ee 72%) was obtained directly. 
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Lithiation of l a  with LDA in THF, followed by the addition of benzaldehyde furnished the chlorohydrins 

2d as a mixture of diastereomers (synlanti : 3/7). Cyclisation of the diasteromeric halohydrins 2d gave epoxides 

3d (Z/E : 3/7) l0 which could be separated by column chromatography. The configuration of the two 

diastereomers was assigned by 13C NMR spectroscopy, ll  In the 13C-H coupled spectrum (gated decoupling) the 

3j CH3-H (1.78 Hz) of the E isomer (having the CH3 and the ring hydrogen in a cis arrangement) was found to be 

larger than that of the Z isomer (~ 0 Hz). Such a configuration assignment was confirmed by a NOE difference 

experiment.12 The same diastereomeric ratio (de) of the halohydrins 2d (synlanti : 3/7) and the epoxides 3d (Z/E: 

3/7) was observed when the reaction was performed in THF and the anion l b  was pretreated with (-)-sparteine. 

Both the E and Z epoxides, however, were racemic. This lack of enantioselection is to be ascribed, as reported in 

other cases, lk to the coordinating ability of THF which prevents lb  from complexing with (-)-sparteine. 

R Me OH ,~ Me O R1 

CI R 1 BT R 2 

l a :  R = H 2a: R 1 = R 2 = Me 3a: RI= R 2 = Me 

lb :  R =  Li 2b: RI, R2 = ) ~  3b: R1, R2 = ) ~  

I c : R = D  2 c : R  I , R  2= ~ 3c :R  l , R  2=  

ld :  R = M e  2d: R 1 = H; R 2 = Ph 3tl: R 1 = H; R 2 = Ph ~OMe ~OMe 
l e :  B T - ~ M e  2e :R  I = H ; R  2 =  3e :R  I = H ; R  2 =  

LJ 

2f: R 1 = H; R 2 = CH(CH3) 3 

2g: R 1 = H; R 2 = Me 

3f: R l = H; R 2 = CH(CH3)3 

3g: R 1 = H; R 2 = Me 

When the traction of Ib, ptrtreated with (-)-sparteine (lh), and bcnzaldehyd¢ was carried out in toluene, 

the halohydrins 2d formed in a high yield (syn/anti : 7/3). When treated with NaOH in isopropanol the 

halohydrins 2d furnished, in a stetrospecific manner, 13 the epoxides 3d (Z_/E: 7/3). It is worth noting that the de 

of both the chlorohydrins 2d and the epoxides 3d in toluene was opposite to that measured in THF. The HPLC 

inspection revealed that the E isomer was almost racemic (cc 3%) while a good cc (67%) was detected in the Z 

isomer. The cc, however, was time dependent in both tbe two diastcrcomers. Indeed, quenching of tbe traction 

after 3h led to a mixture of the halohydrins 2d which were cyclized to the epoxides 3d as a mixture of E (ec 

12%) and Z (ee 33%) in a 3 to 7 ratio. 14 Comparable results were obtained with o-anisaldchyde, 

isobutyraldehyde and acetaldehyde. It was interesting to note that the cc in the halohydrins 2e was almost the 

same as in the corresponding epoxides 3e. This seems to suggest that what keeps the ec under control is the 

halohydrin formation and not the successive cyclization to the epoxidc. 
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To  rationalize these  resul ts ,  we a s s u m e  that it is the pre formed ( - ) - spar te ine / lb  complex  15 that reacts with 

the carbonyl  c o m p o u n d  leading  to the  chlorohydr ins ,  wh ich  subsequen t ly  cycl ize  to the  cor respond ing  epoxides .  

The  ha lohydr in-epoxide  conve r s ion  is supposed  not  to be  the  enan t iode te rmin ing  step as in s o m e  cases  we have  

proved that the ee in the  epoxides  is the same  of  the  parent  chlorohydrins.  16 Therefore,  the enantioselectivi ty mus t  

be e s t ab l i shed  in the  d e p r o t o n a t i o n  s tep  o f  l a  or  in the  C - C  b o n d  fo rma t ion  s tep  o f  the  reac t ion  o f  (-)- 

spa r t e ine / lb  c o m p l e x  wi th  the  carbonyl  c o m p o u n d  to g ive  the chlorohydrin .  It is l ikely that the  enant ioselect ion 

is de t e rmined  by the  ene rgy  d i f fe rences  in the  compet i t ive  d ias te reomer ic  t rans i t ion  s ta tes  c o n s e q u e n t  to the 

nucleophi l ic  at tack o f  the  l b / ( - ) - spa r t e ine  c o m p l e x  to the  enant io topic  faces  o f  the  carbonyl  compound .  More  

work is in progress  in our  laboratory in order to rationalize the above diastereo and enantioselect ions.  

Tab le :  Lithiat ion o f  2-(chloroethyl)benzothiazole  l a  and react ions wi th  carbonyl  compounds .  

Carbonyl Chiral React. 
Comp. Base So lv .  liganda.b time b 

Me2CO LDA c THF (-)-spatteine 20 rain 

s-BuLi c Toluene 

,,c TBME 

Chiorohydrin syn/anti ee% ee% Epoxide Epoxid¢ 
(% yield) ratio syn anti (% yield) ee% 

2a (94) / / / 3a (>95) 6 

" (27) / / / 76 

" (40) / / / 70 

" (86) / / / 67 

,,c 30 min 2b (75) / / / 3b (>95) 63 

,,c,d 35 min 2c e / / / 3c (70) 72 

Z E 

~ CHO LDA c THF / 30 min 2d (60) 3 : 7 / / 3d (>95) / / 

,,c (-)-sparteine 30 rain " (57) / / 0 0 

,,c Toluene " (68) 7 : 3 / / 67 3 

-c 3 h " (60) / / 33 12 

,,c THF / 30 rain 2e (69) 5.5 : 4.5 / / 3e (>95) / / 
OMe 

,,r Toluene (-)-sparleine " (69) 7 : 3 75 37 77 39 

Me2CHCHO ,,r 20 rain 2f (63)/ 3 : 2 51 79 3f (>95) 48 78 

MeCHO ,,c 10 rain 2g {57) 5.6 : 4.4 / ! 3g (>95) 43 51 

LDA c Toluene 

b aMolar ratio of 2-(chloroethyl)benzothiazole: base: (-)-sparteine 1 : 2 : 2. Complexation time and temperature always were 
l h and -100 °C, respectively, exce~,t in the case of the reaction with adamantanone (see note d). CLithiating agent was added 
to the complex la/(-)-sparteine. The time of complexation of lb  with (-)-sparteine was in this case 2h. eNot isolated. 
fAiler 20 min it was also isolated a mixture of diastereomeric epoxides 3f (23%) with ee 45% in the E isomer and ee 24% 
in the Z isomer. 

A c k n o w l e d g m e n t s .  W e  t h a n k  the  I ta l ian  C o n s i g l i o  N a z i o n a l e  del le  R i c e r c h e  ( C N R )  and  Min i s t e ro  
del l 'Universi t~ e della Ricerca Scientifica e Tecnologica  (M URST)  (Rome)  for f inancial  support.  
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