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One of the  m o d e r n  me thods  fo r  the  s y n t h e s i s  of c y c l i c  and l i n e a r  i s o p r e n o i d s  is  to bui ld  up the  c a r b o n  
c h a i n  in two s t a g e s ,  which  inc lude  a l k y l a t i o n  of an a l l y l  c a r b a n i o n  s t a b i l i z e d  by  an  a d j a c e n t  S - c o n t a i n i n g  f u n c -  
t i ona l  g roup  fo l lowed by r e d u c t i v e  e l i m i n a t i o n  of  the  l a t t e r  [2-4] .  The  i s o p r e n o i d  syn thones  used  fo r  th i s  p u r -  
pose  c o n t a i n  a t r a n s - t r i s u b s t i t u t e d  C = C bond,  s i n c e  the e i s - s y n t h o n e s  needed  fo r  the  s y n t h e s i s  of a whole  
s e r i e s  of  n a t u r a l  s u b s t a n c e s  a r e  p r a c t i c a l l y  i n a c c e s s i b l e  [4]. The p u r p o s e  of the  p r e s e n t  i n v e s t i g a t i o n  was  to 
d e v e l o p  a me thod  fo r  ob t a in ing  s e v e r a l  e i s - C s - s y n t h o n e s  on the  b a s i s  of i s o p r e n e  5 - s u l t o n e  I ,  which  we d e -  
s c r i b e d  in  [5]. 

The p o s s i b i l i t y  of u t i l i z i n g  d e r i v a t i v e s  of c y e t o s u l f o n a t e  I fo r  the  t w o - s t e p  bu i ld ing  up of a r e ~ , f l a r  i s o -  
p r e n o i d  cha in  con t a in ing  one c i s  l i nkage  with  a t e r m i n a I  a l l y l  a l c oho l  g roup  r a i s e s  the  n e c e s s i t y  of  c l e a v a g e  of  
the S - O  bond in I fo l lowed by  a p p r o p r i a t e  c o n v e r s i o n  of  the  s u l f o n a t e  g roup ,  f o r  e x a m p l e ,  into the  s u l f o n a m i d e s  
and su l fones  c o n s i d e r e d  be low.  At  the  s a m e  t i m e ,  the  h y d r o l y s i s  of I m u s t  r u l e  out the  p o s s i b i l i t y  of the  f o r -  
m a t i o n  of  a f r e e  su l fon ic  a c i d ,  s i n c e  we have  p r e v i o u s I y  found [51 tha t  the  d i s s o l u t i o n  of I in aqueous  : rHF y i e l d s  
a m i x t u r e  of g e o m e t r i c  i s o m e r s  (II). As  i t  was  found,  the  c o n t r o l l e d  (pH 7-9)  s a p o n i f i c a t i o n  o f s u l t o n e  I, which 
g u a r a n t e e s  the  c o n s t a n t  n e u t r a l i z a t i o n  of the  ( Z ) - h y d r o x y  ac id  (II) a c c u m u l a t e d ,  in the  0-50~ r a n g e  q u a n t i t a -  
t i v e l y y i e l d s  a m i x t u r e  of su l fona t e  III  and a l l y l  a l c o h o l  IV in an  ~2:1 r a t i o .  The r a t i o  i n d i c a t e d ,  as  we l l  a s  the  
n a t u r e  of  a l coho l  IV, fo l low f r o m  the  PMIR s p e c t r u m  of the  m i x t u r e ,  which  con ta in s  c h a r a c t e r i s t i c  m u l t i p l e t s  
of the  p r o t o n s  of  the  v iny l  g roup  (6 5 .87-6 .37  ppm) and s i n g l e t s  of  the  m e t h y l e n e  (3.07 ppm) and m e t h y l  (1.43 
ppm) g r o u p s  (in CD3OD ). 
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NR2=N(CH2)a (VII), (IX); NR2=N(CH2)~O (VIII), (X). 

The s t a n d a r d  t r a n s i t i o n  f r o m  the s u l f o n a t e  to  the  su l fony l  c h l o r i d e  r e q u i r e d  p r e l i m i n a r y  p r o t e c t i o n  of the  
HO g roup  in the  e a s e  of III ,  s i n c e  the  d i r e c t  t r e a t m e n t  of a m i x t u r e  of  I I i  and IV with POC13 and then  with  p y r -  
r o l i d i n e  p r o d u c e s  a m i x t u r e  of su l tone  I and d i ene  VI in an  ~1 : 1 r a t i o ,  a c c o r d i n g  to the  d a t a  f r o m  the  PM1R s p e c -  
t r u m .  B e n z o a t e  was  s e i e c t e d  as  the  p r o t e c t i v e  g r o u p ,  s i n c e  the  a c e t a t e  of  t ype  V r e a d i l y  u n d e r g o e s  an a l l y l i c  

�9 r e a r r a n g e m e n t .  In add i t i on ,  i t  was  found tha t  u n d e r  the  cond i t ions  adopted  t e r t i a r y  a l coho l  IV is not  b e n z o y l -  
a ted  and tha t  i t  is  d e s t r o y e d  in the  s u b s e q u e n t  r e a c t i o n  with  POC1 a. The  amoun t  of the a m i n e  t a k e n  for  b ind ing  
the HC1 is  of  d e c i s i v e  i m p o r t a n c e  in the  b e n z o y l a t i o n  s t e p .  F o r  e x a m p l e ,  wi th  an  e q u i v a l e n t  amoun t  of  p y r i d i n e  
o r  Et3N as  c a l c u l a t e d  f o r  III  the  b e n z o a t e  f o r m s  s m o o t h l y ,  s i n c e  a s m a l l  e x c e s s  c a u s e s  u n c o n t r o l l a b l e  s e c o n d -  
a r y  c o n v e r s i o n s .  The  y i e l d  of ac id  c h l o r i d e  V with  t he  u se  of POC1 a a t  25 ~ is  ~90% as  c a l c u l a t e d  r e l a t i v e  to  III  
and does  not  e x c e e d  2-3% in bo i l i ng  SOC12. 

* F o r  the  p r e l i m i n a r y  r e p o r t  s e e  [1]. 
D e c e a s e d .  
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Acid ch lor ide  V was next used as the s t a r t i n g  compound for  obtaining sulfonyl de r iva t ives  IX, X, XVI, 
XVII, and XX. Fo r  example ,  i ts t r e a t m e n t  with two equivalents  of py r ro l i d ine  o r  morphol ine  under  mild con-  
di t ions produces  the co r r e spond ing  su l fonamides  (VII and VIII) in a lmos t  quant i ta t ive  y ie lds .  The benzoate  
p ro tec t ion  in the l a t t e r  was s t ab le  dur ing many hours  of boil ing in 10% KOH. In hydroa leohol ie  a lka l i  at 80~ 
benzoate  VII is conver ted  a f t e r  20 h to a 30% extent  into (E)-diene  VI, c l e a r l y  as a r e su l t  of the deprotonat ion  
of the C 1 cen t e r  in VII followed by 1 ,4  e l imina t ion  of the leaving group,  which has been d e s c r i b e d  for  re la ted  
t r a n s - l , 4 - b i f u n e t i o n a l  d e r i v a t i v e s  of the i sop rene  s e r i e s  [3]. The s t e r e o c h e m i s t r y  of VI follows f rom the 
p re sence  in its PMR s p e c t r u m  of a d iagnos t ic  [6] s ignal  of H - C  3 at 5 6.38 ppm and a c o m p a r i s o n  with the s p e c -  
t r a l  c h a r a c t e r i s t i c s  of s t r u c t u r a l l y  s i m i l a r  d e r i v a t i v e s  of (Z ) - i sop renesu l f in i e  acid [6]. The hydr ide  reduct ion  
of benzoates  VII and VIII at -20~ produces  the co r r e spond ing  a l ly l  a lcohols  IX and X. An i n c r e a s e  in the r e -  
duction t e m p e r a t u r e  causes  hydrogeno lys i s  of the a l ly l  C - O  bond. Then, for  example ,  the known [5] sul fon-  

amide XI was obtained f rom VIII. 
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It is known [7] that Grignard reagents react with sulfonyl chlorides to form sulfones and sulfinates. In 

the case of V, the reaction with PhMgBr in ether produces sulfinate XII with an almost quantitative yield. The 

structure of the latter was confirmed spectrally and by obtaining sulfones XIII-XV from it withhigh yields un- 

der the action of CH31, prenyl chloride, and PhCH2Br, respectively, in a DMF medium at 50~ The benzoate 

protection was removed with the formation of alcohols XVI and XVII precisely as inthe case of the sulfonamides. 

Azide XVIII was obtained with a satisfactory yield by reacting NaN 3 with V, and its treatment with tri- 
phenylphosphine p roduces ,  as in a number  of acyl  az ides  [8], y l ide  XIX. The s t r u c t u r e s  of the l a t t e r  and the 

product  of its hydr ide  reduct ion (XX) were  conf i rmed s p e c t r a l l y .  

The Z conf igurat ion of the key or ig ina l  hydroxysul fona te ,  III,  and the a l ly l  alcohols  obtained f rom it 
without affect ing the g e o m e t r y  of the t r i subs t i t u t ed  double bond (IX, X, XVI, XVII, and XX) follows r e l i a b l y  
f rom the da ta  f rom t h e i r  PMR s p e c t r a ,  in which the CH3 s ignal  is a broadened doublet  with a s p i n - s p i n  coup-  
l ing constant  o r a l . 5  Hz, while this  constant  exceeds  2 Hz for  the known re la ted  (E)-olef ins  [9]. In addit ion,  
the chemica l  shif t  of the e a s i l y  ident if ied qua r t e t  s ignal  of CH3C = C  in the 13C NMR s p e c t r a  of a lcohols  X and 
XVI amounts to 24.6 and 24.1 ppm, r e s p e c t i v e l y ,  and exceeds  the value of the shif t  of the s ame  s igna ls  in the 
s p e c t r a  of the known re la ted  E i s o m e r s  by ~ 7 ppm [10, 11]. F ina l ly ,  the chemica l  shif t  of the _CH 3 s i g n a l i n  

the s p e c t r u m  of I has  a value of 22.6 ppm. 

Thus,  the d i r ec t ed  t r a n s f o r m a t i o n  of i sop rene  5-su l tone  I has  y ie lded a number  of i ts c i s - l , 4 - b i f u n c -  
t ional  d e r i v a t i v e s ,  which contain  a c a r b a n i o n - s t a b i l i z i n g  sulfonyl group that  can be removed  by reduct ion.  
Among them the a l ly l  a lcohols  IX, X, XVI, and XX may be cons ide red  as potent ia l  synthones which a r e  su i t -  
able for  the c i s -Cs -homolog i za t i on  of p reny l  ha l i de s ,  acco rd ing  to the exis t ing  da ta  for  the r e l a t ed  t rans  com-  

pounds [2]. 

E X P E R I M E  NTA L 

The IR s p e c t r a  were  obtained on a UR-20 ins t rumen t ,  and the PMR s p e c t r a  were  obtained on T e s l a  BS- 
497 (100 MHz) and Var ian  D A - 6 0 - J L  s p e c t r o m e t e r s  r e l a t ive  to TMS in CDC13 solut ions .  The 13C NMR s p e c t r a  
were  obtained on a Bruke r  WH-80 in s t rumen t  in CDC1 a so lu t ions ,  and the mass  s p e c t r a  were  obtained on a 
Var ian  MAT CH-6 ins t rument .  The TLC was c a r r i e d  out on p la tes  with an at tached l a y e r  of SiC 2 (Silufol). 

P o t a s s i u m  Salt  of ( Z ) - 4 - H y d r o x y - 2 - m e t h y l b u t - 2 - e n e - l - s u l f o n i c  Acid (III). A 50-ml  por t ion  of 2 N KOH 
was added to an in tense ly  s t i r r e d  emuls ion  of 14.8 g (0.1 mole) of I in 150 ml of H20, which was placed in the 
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cell of a pH-mete r ,  at 40~ Evaporat ion in a vacuum yielded 20.4 g of a powdered mixture of salts III and IV 
in an ~ 2:1 rat io (PMR). IR spec t rum (v, cm-1): 770, 800, 925, 1050, 1080, 1190, 1225, 1300, 1420, 1645, 
3400 (KBr). PMR spec t rum of III (CD3OD, 6, ppm): 2.12 d (J = 1~ Hz, 3 H, CH3), 3.45 s (2 H, CH2S) , 4.13 d. 
d (J = 1.5 and 7 Hz, 2 H, CH20) , 5.76 br.  t (J = 7 Hz, 1 H, C=CH) .  

(Z) -4 -Benzoy loxy-2-methy lbu t -2 -ene- l - su l fony l  Chloride (V)0 A suspension of 10.2 g {0.05 mole) of a 
mixture of salts  III and IV was s t i r red  for 5 rain at 20~ in 40 ml of PhCOC1 and then for another 2 h af ter  the 
addition over  the course  of 2 rain of 2 ml (35 mmole) of pyridine. The mixture was extracted with ether ,  and 
the residue was suspended in 40 ml of I ~ C I  3, s t i r r ed  for 30 rain at 20~ and then evaporated in a vacuum. The 
residue was treated with 250 ml of ether.  The ethereal  solution was washed with water  and then wit/h a solution 
of K2CO 3 to a pH of the aqueous l ayer  equal to 8-9 and dried with MgSO4, the ether was evaporated,  and the 
residue was chromatographed on 80 g of SiO 2 (180-210 mesh). Gradient elution by a h e x a n e - e t h e r  mixture 
with e ther  contents f rom 5 to 50 vol. % yielded 6.8 g of V in the form of a light yellow oil, Rf 0.66 (1:1 e t h e r -  
hexane). IR spec t rum (~, cm-1): 530, 610, 720, 960, 1030, 1075, 1110, 1180, 1280, 1380, 1460, 1'725, 3000 
(film). PMR spec t rum (5, pprn): 1.99d (J = 1.5 Hz, 3 H, CH3), 4.60 s (2 H, CH2S), 4.84 d. d (J = 1.!5 and 7 Hz, 
2 H, CH20), 5.87 br.  t (J = 7 Hz, 1 H, C = C H ) ,  7.5-8.0 m (5 H, C6H~). 

N-[ (Z) -4-Benzoyloxy-2-methy lbu t -2-ene- l - su l fonyl ]pyr ro l id ine  (VII). A 1.5-g portion (21 mmole) of 
pyrrol idine was added over  the course  of 5 rain to a s t i r red  solution of 2.9 g (10 mmole) of V in 60 ml of ether  
at 25~ The precipitate formed was filtered and washed with CH2C12, the fi l trate was evaporated,  and the r e -  
sidue was crys ta l l ized  f rom an e t h e r - h e x a n e  mixture.  This yielded 2.95 g (~ 95%) of VII in the form of co lor -  
less needles with mp 64-64.5~ IR spec t rum (~, cm-1): 710, 775, 805, 950, 1020, 1080, 1115, 1145, 1270, 
1320, 1455, 1725 (KBr). PMR spec t rum (5, p p m ) : 2 . 0 m ( 7  H, CH2CH 2 and CH3), 3.39 m (4 H, CH2~,  3.89 s 
(2 H, CH2S), 4.9 d (J = 7 Hz, 2 H, CH20), 5.82 br.  t (J = 7 Hz, 1 H, C =-CH), 7.4-8.0 m (5 H, C~Hs). Found: 
C 59.29; H 6.51; N 4.26; S 9.90%; M + 323. Calculated for CI~H21NO4S: C 59.43; H 6~ N 4.33; S 9.92%; mol .wt .  
323.4. 

N-[ (Z) -4-Benzoyloxy-2-methy lbu t -2-ene- l - su l fonyl ]morphol ine  {VIII). In a s imi la r  manner  3.05 g (~90%) 
of VIII was obtained in the form of color less  needles with mp 113-114~ f rom 2.9 g (10 mmole) of V and 1.6 g 
(21 mmole) of morpholine. IR spec t rum (~, cm-1): 730, 760, 855, 950, 1080, 1115, 1160, 1260, 1270, 1330, 
1345, 1455, 1720 (KBr). PMR spec t rum (5, ppm): 2.01 d (J = 1.5 Hz, 3 H, CH3), 3.34 m (4 H, CH2N), 3.88 m 
(4 H, CH2OCH2), 4.0 s (2 H, CH2S), 4.89 d (J = 7 Hz, 2 It, CH20) , 5.84 br.  t (J = 7 Hz, 1 H, C =CH),  7.5-8.0 
m (5 H, C6H~). Found: C 56.12; H 6.44; N 4.47; S 9.48%; M + 339. Calculated for C16H2tNOsS: C 56.62; H 6.24; 

N 4.13; S 9.45%; mol. wt. 339.4. 

N- [ (E) -2 -Methy lbu ta - l , 3 -d iene - l - su l fony l ]pyr ro l id ine  (VI). A solution of 3.2 g of VII and 0.5,3 g of KOH 
in 50 ml of 50% ethanol was boiled for 20 h, neutralized with HC1, concentrated in a vacuum, and extracted 
with ether.  The extract  was dried with MgSO 4 and evaporated,  and the residue (3 g) was chromatographed on 
150 g of SiO 2 (200 mesh). This yielded 0.65 g of VI in the form of color less  needles with mp 48-50~ ( e t h e r -  
hexane). IR spectrum (~, cmJ) ~. 930, 1015, 1080, 1160, 1200, 1335, 1590, 2980 (CC14). UV spectrum (~max, 
nm): 243 (e = 16,200) (EtOH). PMR spectrum (CC14, 5, ppm): 1.85 m (4 H, CH2CH2), 2.18 d (J = 1.3 Hz, 3 H, 
CH3) , 3.22 m (4H, CH2N), 5.33 br. d. d (J =1.5 and 10.5Hz, 1 H, HC4), 5.58 br. d. d (J = 1.5 and[ 17 Hz, 1 H, 
HC4), 6.07 br. q (J = 1.3 Hz, 1 H, HCI), 6.38 br. d. d. d (J = 0.5, 10.5, and 17 Hz, 1 H, HC3). Found: C 53.90; 
H 7.27; N 6.89; S 15.61%; M + 201. Calculated for CgHtsNO2S. C 53.76;H 7.41;N6.96; S 15.94%; tool. wt. 201.1. 

N-[(Z)-4-Hydroxy-2-methylbut-2-ene-l-sulfonyl]pyrrolidine (IX). A stirred solution of 3.2 g (i0 mmole) 
of VII in 50 ml of THF at -25~ was given an addition of 12 ml of a 0.5 M solution of LiAIH 4 in THF (6 mmole) 
over the course of 2 rain, stirred for 40 rain at -20~ and decomposed by H20 in the presence of ether. The 
aqueous layer was neutralized and extracted with ether, the organic layer was dried with MgSO 4 and evaporated, 
and the residue (3.05 g) was chromatographed on 80 g of SiO 2 (200 mesh). Elution with ether yielded 1 g of 
PhCH2OH, and elution with a 3:1 ether-acetone mixture yielded 2.0 g (~85%) of IX in the form of a colorless 
oil, Rf 0.25 (4:1 ether-acetone). IR spectrum (v, cm-l): 630, 920, 980, 1145, 1200, 1240, 1330, 3500 (CHCI3). 
PMR spectrum (5, ppm): 1.94 m (7 H, CH2CH 2 and CII3), 3.34 m (4 H, CH2N), 3.84 s (2 H, CH2S), 4.14 d. d 
(J = 1.5 and 7 Hz, 2 H, CH20), 5.72 br. t (J = 7 Hz, 1 H, C----CH). 

N-[(Z)- -4-Hydroxy-2-methylbut -2-ene- l - su l fonyl ]morphol ine  (X). In a s imi lar  manner  2.1 g (N90%) of X 
in the form of color less  needles with mp 111-112~ ( T H F - e t h e r - h e x a n e )  was obtained from 3.4 g (10 mmole) 
of VIH. IR spec t rum (v, cm-1): 715, 760, 850, 945, 1020, 1035, 1075, 1110, 1160, 1275, 1330, 1345, 1450, 
3400 (KBr). PMR spec t rum (5, ppm): 1.99 d (J = 1.5 Hz, 3 H, CH3), 3.34 m (4 H, CH2N), 3.74 m (6 H, CH2S, 
CH2OCtt2) , 4.14 d (J = 7 Hz, 2 H, CH20), 5.88 br.  t (J = 7 Hz, 1 H, C = C H ) .  13C NMR spec t rum (ii, ppm): 
24.6 (CH3) , 45.9 (CH2N), 50.9 (Ct), 58.9 (C4), 66.5 (CH2OCH2) , 126.2 (C3), 132.9 (C2). Found: C 45,.97; H 7.25; 
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N 5.98; S 13.65%; M + 235. Calculated for CgH17NO4S: C 45.94; H 7.28; N 5.95; S 13.63%; mol.wt.  235.3. 

N-[ (Z)-2-Methylbut -2-ene- l - su l fonyl ]morphol ine  (XI). A s t i r red  solution of 1.7 g (5 mmole) of VIII in 
30 ml of THF at 0~ was given an addition of 6 ml of a 0.5 M solution of LiA1H 4 in THF (3 mmole) over  the 
course  of 2 min, s t i r red  for 1 h at 0~ and decomposed by H20 in the presence  of ether.  The aqueous layer  
was neutralized and extracted with ether ,  the organic layer  was dried with MgSO4 and evaporated, and the r e -  
sidue (1.5 g) was chromatographed on 30 g of SiO 2 (200 mesh). Elution with a 1:1 e t h e r - h e x a n e  mixture yielded 
0.45 g of PhCH2OH, and elution with e ther  yielded 0.95 g (~ 90%) of XI in the form of color less  p r i sms  with mp 
70-71~ (e the r -hexane) ,  which is identical to the specimen of XI descr ibed in [5]. 

(Z) - l -Methylsu l fonyl -4-benzoyloxy-2-methylbut -2-ene  (XIII). A s t i r red  solution of 2.9 g (10 mmole) of 
V in 60 ml of e ther  at -50~ was given an addition of 22 ml (22 mmole) o r a l  M solut ionof PhMgBr in ether over 
the course  of 10 rain. The precipitate was fi l tered,  washed with ether ,  and dried in a vacuum to constant 
weight. This yielded ~ 5 g of sulfinate XII in a mixture with Mg sal ts .  PMR spec t rum (CD3CN , 5, ppm): 1.97 
hr. s (3 H, CH3) , 3.42 s (2 H, CH2S), 5.06 d (J = 7 Hz, 2 H, CH20), 5.75 br. t (J = 7 Hz, 1 H, C =CH),  7.5-8.0 
m (5 H, C6H5). 

A solution of XII and 3 ml of MeI in 15 ml of DMFwas s t i r red  for 4 h at 50~ diluted with H20, and ex- 
t racted with ether.  The usual t rea tment  of the extract  yielded ~ 2.6 g of a substance,  which was ch romato -  
graphed on 80 g of A1203 (activity level I-II).  Elution with e ther  yielded 2.02 g (~ 75%) of XIII, which, when 
crysta l l ized f rom a CH2C12-hexane mixture,  yielded an analytical sample in the form of needles with mp 71.5- 
72~ IR spec t rum (v, cm-1): 715, 760, 810, 975, 1120, 1260, 1270, 1290, 1450, 1720 (KBr). PMR spect rum 
(5, ppm): 1.98 br.  s (3 H, CH3), 2.92 s (3 H, SO2CH3), 3.96s (2 H, CH2S), 4.84 d (J = 7 Hz, 2 H, CH20), 5.84 
br. t (J = 7 Hz, 1 H, C =CH),  7.5-8.0 m (5 H, CGHd). Found: C 58.30; H 6.09; S 11.82%; M + 268. Calculated 
for C13H1604S: C 58.19; H 6.01; S 11.95%; mol .wt .  268.3. 

(Z ) - l - (3 ' -Me thy lbu t -2 ' - en - l ' - y l ) su l fony l -4 -benzoy loxy-2 -me thy lbu t -2 -ene  (XIV). In a s imi la r  manner 
2.2 g (N80%) of XIV in the fo rm of needles with mp 59-60~ (e ther -hexane)  were obtained f rom 2.9 g of V and 
5.5 g of prenyl chloride.  IR spec t rum (v, cm-1): 960, 990, 1030, 1070, 1115, 1280, 1295, 1450, 1715 (KBr). PMR 
spec t rum (6, ppm): 1.74, 1.82, and 2.0 br.  s (9 H, CH3), 3.75 d (J = 7 Hz, 2 H, CH2S), 3.9 s (2 H, CH2S), 
4.38 d (J = 7 Hz, 2 H, CH20), 5.32 br.  t (J : 7 Hz, 1 H, C = C H ) ,  5.86 br.  t (J = 7 Hz, 1 H, C = C H ) ,  7 .4 -8 .0m 
(5 H, CGHd). Found: C 63.25; H 6.82; S 9.59%. Calculated for C17H2204S: C 63.33; H 6.88; S 9.94%. 

(Z) - l -Benzy lsu l fony l -4 -benzoy loxy-2-methy lbu t -2 -ene  (XV). In a s imi la r  manner  2.7 g (~ 80%) of XV in 
the form of needles with mp 104-105~ (CH2C12-hexane) was obtained from 2.9 g of V and 8.5 g of PhCH2Br. 
IR spec t rum (~, cm-1): 710, 785, 950, 1110, 1120, 1270, 1315, 1720 (KBr). PMR spect rum (5, ppm): 1.92 br.  
s (3 H, CH3), 3.82 s (2 H, CH2S), 4.25 s (2 H, CH2Ph), 4.72 d (J = 7 Hz, 2 H, CH20), 5.84 br.  t (J = 7 Hz, 1 H, 
C = C H ) ,  7.3-8.0 m (10 H, C6H5). Found: C 65.79; H 5.73; S 9.47%. Calculated for  C19H2004S: C 66.25; H 5.85; 
S 9.31%. 

(Z)-4-Methylsulfonyl-3-methylbut-2-en-l-ol (XVI). A solution of 2.7 g (i0 mmole) of XIII in 50 ml of 
THF stirred at -25~ was given an addition of 12 ml of a 0.5 M solution of LiAIH 4 in THF (6 mmole), stirred 
for 40 rain at -20~ and treated as described above. The ethereal solution was dried by MgSO 4 and evapor- 
ated, and the residue (2.55 g) was chromatographed on 80 g of SiO 2 (200 mesh). Elution by ether yielded 1.05 
g of PhCH2OH, and elution with a 4:1 ether-acetone mixture yielded 1.57 g (~ 90%) of :~VI in the form of a 
colorless oil, Rf 0.21 (4:1 ether-acetone). IR spectrum (v, cm-1): 970, i010, 1130, 1140, 1245, 1310, 1415, 
3030, 3500 (CHCI3). PMI~ spectrum (5, ppm): 1.92 d (J = 1.5 Hz, 3 H, CH3), 2.94 s (3 H, CH3S), 3.87 s (2 H, 
CH2S), 4.12 d. d (J =1.5 and 7 Hz, 2 H, CH20), 5.9 br. t (J = 7 Hz, 1 H, C=CH). 13C NMR spectrum (5, ppm): 
24.1 (CH3) , 40.2 (CH3S), 56.7 (C4), 58.1 (CI), 125.2 (C3), 133.1 (C2). M + 164. Calculated for C16H1203S: tool. 

wt. 164.2. 

(Z)-4-(3'-Methylbut-2'-en-l'-yl)sulfonyl-3-methylbut-2-en-l-ol (XVII). In a similar manner 1.98 g 
(~ 90%) of XVII in the form of needles with mp 41-41.5~ (ether-hexane) was obtained from 3.2 g of XIV. IR 
spectrum (v, cm-1): 970, 1020, 1080, 1130, 1245, 1420, 3450 (KBr). PMR spectrum (6, ppm): 1.76, 1.85, 
and 1.98 br. s (9H, CH3), 3.73d (J =7 Hz, 2 H, CH2S), 3.80 s (2 H, CH2S), 4.08 d (J = 7 Hz, 2 H, CH20), 
5.32 br. t (J =7 Hz, 1 H, C-~CH), 5.95 br. t (J = 7 Hz, 1 H, CzCH). Found: C 55.03; H 8.03; S 14.76%. Cal- 

culated for  C10H1803S: C 55.02; H 8.31; S 14.69%. 

(Z) -4 -Benzoy loxy-2-methy lbu t -2 -ene- l - su l fony l  Azide (XVIII). A mixture of 2.9 g (10 mmole) of V and 
1.3 g (20 mmole) of NaN3 in 40 ml of MeCNwas s t i r red  for 20 h at 25~ the fi l trate was evaporated,  and the 
residue was chromatographed on 100 g of SiO 2 (200 mesh). Elution with a 1:1 e t h e r - h e x a n e  mixture yielded 
1.98 g (70%) of XVIII in the fo rm of a color less  oil, Rf 0.52 (1:1 e the r -hexane ) .  IR spec t rum (v, cm-1): 900, 
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950, 1035, 1080, 1115, i170, 1280, 1370, 1455, 1715, 3050 (CHCI3). PMRspectrum (5, ppm): 2.04 hr. s 
(3 H, CH3), 4.26 s (2 H, CH2S), 4.86 d (J = 7 Hz, 2 H, CH20), 5.92 br. t (J = 7 Hz, i H, C=CH), 7.5-8.0 (5 H, 

C6H5). M + 295. Calculated for C12HI3N304S: tool. wt. 295.3. 

(Z)-Triphenylphosphazosulfonyl-4-benzoyloxy-2-methylbut-2-ene (XIX). A solution of 1.32 g (5 mmole) 

of PPh 3 in 15 ml of THF was added over the course of 3 rain to a solution of 1.48 g (5 mmole) of XVIII in 30 ml 
of THF stirred at 25~ After cessation of the evolution of N 2 (~ 15 min), the solution was evaporated, and the 
residue was chromatographed on 50 g of SiO 2 (150 mesh). Elution with ether yielded 2.52 g (95%) of XIX in the 
form of a viscous colorless mass, Rf 0.65 (ether). IR spectrum (~, cm-1): 500, 530, 610, 715, 725, 1030, 

1115, 1180, 1280, 1715 (CHCI3). PMR spectrum (6, ppm): 1.74 s (3 H, CH3), 3.66 s (2 H, CH2S), 4.63 d (J = 
7 Hz, 2 H, CH20), 5.48 hr. t (J = 7 Hz, 1 H, C = CH), 7.50 m (20 H, C6H5). M + 529. Calculated for C30H28NO4- 

PS: tool. wt. 529.6. 

(Z)-Triphenylphosphazosulfonyl-4-hydroxy-2-methylbut-2-ene (XX). A solution of 1.05 g (2 mmole) of 
XIX in 25 ml of THF stirred at -25~ was given an addition of 2 ml of a 0;6 M solution of LiAIH 4 in THF (i .2 
mmole) over the course of 2 rain, stirred for 40 rain at -20~ and treated as described above. The ethereal 
solution was dried with MgSO 4 and evaporated, and the residue (0.87 g) was chromatographed on 50 g of SiO 2 
(200 mesh). Elution with a 3:1 ether-acetone mixture yielded 410 mg (48%) of XX in the form of colorless 
needles with mp 134-135~ (THF-ether-hexane). IR spectrum (~, cm-1): 530, 560, 610, 730, I000, 1030, 
1120, 1150, 1270, 1340, 3070, 3430 (liBr). PMR spectrum (5, pprn): 1.72s (3H, CH~) , 3. 54 s (2 H, CH2S),3~ 
(J =7 Hz, 2H, CH20), 5.56 br. t (J=THz, IH, C=CH), 7.5 m(iSH, Cells). Found:C65.08;H5.72;N3.39; 

S 7.48%; M + 425. Calculated for C23H24NO3PS: C 64.94; H 5.68; N 3.29; S 7.53%; tool. wt. 425.7. 

C O N C L U S I O N S  

The s tereospeci f ic  t ransformat ion  of a ~, ~/-unsaturated 6-sultone into derivat ives  of (Z) -4 -hydroxy-2-  
methy lbu t -2 -ene- l - su l fon ic  acid has been car r ied  out. 
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