
TETRAHEDRON 
LETTERS 

Tetrahedron Letters 39 (1998) 4409-4412 
Pergamon 

REGIO- AND 8TERFA)SPECIFIC 8YITrHE818 OF (O-TIPS)-PROTECTED 2- 
H Y D R O ~ A L K Y I J ~ C R C A P T A N $  FROM EPOXIDE8 AND TRI lSOPRO OL 

Jo rge  C. J u s t o  de Pomar  ~ and  J o h n  A. Soderquist* 
D e p a r t m e n t  of  Chemis t ry ,  Universi ty  of Puer to  Rico 

Rio Piedras,  PR 00931-3346  

Received 1 December 1997; revised 9 April 1998; accepted 14 April 1998 

Abstrac t :  The regiospectflc ring-opening of both mono- and disubstituted epoxides with 
triisopr~ylsilanethiol/ DBU has been developed to provide 2-trlisopropylsilyloxyalkylthk~ (1) in high 
yields. Non-racemic I is easily prepared from optically active epoxides. Moreover, the further 
elaboration of 1, through the extx~ed mercapto functiorml~, provides controlled access to 
u n s y ~ a l  morw-protected bis-(2JujdraxyalkyU sulfides and functionalized thioesters. 
© 1998 Elsevier Science Ltd. All rights reserved. 
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The [3-hydroxyalkylpolysulflde functionality has  been  observed 

a s  an  integral  pa r t  of m a n y  bacter ia l  metabol i tes  with biological 

activity. The  m o s t  notable  of  these  are  the  leptos ins  (Fig. 1) which  

are extracted from mar ine  bacteria,  2 and  possess  a n t i t u m o r  activity. 

Moreover, verticillins, 3 a rugos in  C, 4 and  che tomlns ,  5 which  are 

extracted from mar ine  bacteria, exhibit antibiotic activity. While the  

exact  m e c h a n i s m  of act ion is not  known,  each  con ta ins  the  vicinal 

a r r a n g e m e n t  be tween  su l fur  and  the  hydroxy  functionali ty.  

Moreover, all have a /Tans  relationship between these g roups  and  for 

several ,  the  su l fur  is p r e sen t  as  a di- or poly-sulflde. We felt t ha t  a 

new methodology  b a s e d  u p o n  the  reglo- and  stereospecif ic  

nucleophil ic  r in~-opening of epoxides employing the an ion  derived 

f rom trUsopropylsflanethiol ,  ( {TIPS)SH ), would provide ready access  to th is  functionality. As a 

bonus  feature of this approach ,  the  TIPS g roups  was  found to spon t aneous ly  r ea r r ange  to oxygen, 

giving the  free m e r c a p t a n  (1) with the TiPS-protec ted  alcohol in a single step.  

~ T I P S  
(TIPS)SH R ~ , , ~ H  

R , ~  DBU " 
2 THF, 25 oc 1 

Among the  repor ted  rou tes  to ~-hydroxyalkyl  m e r c a p t a n s ,  the r ing-opening of epoxides by 
sulfur nucleophiles is rarely an  efficient processf l  The use  of H2S and  d i th iourea  is p lagued by  low 
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Table 1.2-fBiisopropylsiloxy)alkykhiols (1) from the (TIPS)SH-mediated ring-opening of epoxides. 

Entry 2 1 Yield” Entry 2 1 Yield” 

T,PSO-SH a 88 

OTIPS 
H 

c 5gb 

S-J- OTI PS 
H I d 75b 

z 

5 d aoT”’ o 65b.c 
‘SH 

g 65 

h 85 

i 64d 

“All yields are for analytically pure products. b Racemic. ’ Reaction was performed 

at &~LIX temperature (12 h). d Starting 21 (95% ee) gave li (95% ee by chiral Cc). 

regioselectivities and reaction yields. These factors, combined with the inherent inconvenience of 

working with H,S led to the development of procedures based upon triphenylsilanethiol/NEt,.’ 

Although this approach avoids the stench of H,S, the opening of styrene oxide proved to be non- 

regiospeciik the product distribution exhibiting a striking dependence on the amine stoichiometry. 

We had encountered several cases where the highly hindered triisopropylsilylthiolates are clearly 

superior to their triphenylsilyl counterparts.B This suggested that the TIPS reagent may well 

provide, for the first time, regiochemical control and synthetically useful procedures for even the 

styrene systems. We chose to submit this hypothesis to test. 

The cleavage of representative mono- and disubstituted epoxides with (TIPS)SH a was observed 

to proceed in a completely regiospecific manner (Table 1). In each case, the nucleophilic ring- 

opening occurs from the less hindered side of the epoxide. The reaction is operationally simple, 

being accomplished by the addition of the epoxide to a THF solution of TIPSSH and DBU (1: 1: 1) 

at room temperature. As expected, the reaction times vary with the epoxide substitution (e.g. 2a 

(1 h), 2c (72 h)) and the cyclopentene oxide reaction required reflux temperature (12 h). Comparative 

studies employing various thiolate sources clearly revealed that DBU is superior to NEt, as well as 
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0 16 h. 65°C 
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to KSrIPS and LiSTIPS for the prepara t ion  of I .  Isolated p roduc t  yields are range between 55-92% 

af ter  a disflUative work-up.  9 Even s tyrene oxide (2h) u n d e rw en t  exclusive r ing-opening from the 

externa l  position, a clear indicat ion of the sterically governed process.  This excellent selectivity, 

a long with the availability of non-racemic  epoxides, expands  the scope of this  react ion for the 

cons t ruc t ion  of chiral  synthons .  This is i l lustrated by  the opening of (R)-styrene oxide (21), which 

gives l i  regiospeciflcally with no  loss of s te reochemis t ry  by  chiral  GC analysis.  

Accompanying the ring-opening, the TIPS group undergoes  a facile 1,3-migration giving the 

(O-TIPS)-protected ~-hydroxyalkyl mercap t an  exclusively. Such  1,3-silyl r ea r rangement s  are well- 

documented,~° al though the related process with triphenylsflanethiolate is very inefficient, v The S~O 

r e a r r a n g e m e n t  is evidently irreversible since the  generat ion of 3 (Ib,  KH, THF, 0 °C ) gives only 

products  of S -alkylaflon (4-6) in a very efficient process (Scheme 1). Even the d isubs t i tu t ion  of 1,2- 

d ib romoethane  is easily achieved (i.e. 6, 92% as a I: 1 meso/dl  mixture). 

Taking advantage  of the stabili ty of the TIPS-protected alcohol functionaliity, 3 was allowed 

to react  with ethylene oxide (2a) producing the unsymmetr ical  sulfide 7 in which the 2-hydroxyethyl  

g roup  con ta ins  only the unpro tec ted  alcohol functionality.  This process  can  also be used  to 

introduce two hydroxyethyl groups with one TIPS-protected, and the other free, in a one-pot react ion 

us ing  2.0 equiv of the epoxide (I0). The S-acylatlon of I is also an  efficient process  th rough  the 

addition of the acid chloride to the potassium thiolates (e.g. 3) at  room tempera ture .  Both 8 and  I I 
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were isolated in excellent yields from this  procedure,  ~ Relevant to the above-ment ioned  metabol i tes ,  

we a lso  d e m o n s t r a t e d  t h a t  l b  could  eas i ly  be conver ted  t h r o u g h  3 in THF to the  co r r e spond ing  

disul f ide  (9) wi th  0.5 equ iva len t  of iodine.  Finally,  we effected the  depro tec t ion  of I f  with 

T B A F / H F / T H F  a t  ref lux t e m p e r a t u r e  which  provides  12 c l ean lyJ  2 
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