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SYNTHETIC COMMUNICATIONS, 30(18), 3451-3464 (2000) 

THE USE OF tert-BUTYL VINYL ETHER IN STEPWISE 
ELECTROPHILIC ADDITION REACTIONS 

Leonid N. Koikov, Mingming Han, Dawn M. Wellman', Jim A. Kelly', and 
Irina P. Smoliakova' 

Chemistry Department, University of North Dakota, Grand Forks, NJ3 58202, USA 

Abstract tert-Butyl vinyl ether (1) reacts with pTolSCl to give 2-tert-butoxy-2- 
chloroethyl ptolyl sulfide (2). In the pmence of SnCl,, 2 reacts with silyl en01 
ethers, allyltrimethylsilane, and vinyl ethers to form a C-C bond. In the case of 
vinyl ethers, the reaction proceeds through the formation of the 5-membered 
sulfonium salt intermediate which in turn can react with H,O, TMSCN, 
allyltrimethylsilane, and Grignard reagents. 

It has been reported that vinyl ethers are excellent substrates for stepwise 

electrophilic addition proceeding through episulfonium ions (ESIs) as intennediates 

(Scheme l).' We have also described that vinyl ethers can be used as nucleophiles 

(Nu) in the reactions with ESIS.'" In this case, the reaction takes place through a 

five-membered sulfonium salt intermediate, the structure of which was established 

by X-ray crystallographic analysis.' The inmediate reacts with a number of 

nucleophiles including KO, MeOH, n-Bu,NBH,, Grignard reagent, and silyl en01 

ethers (Scheme 2).'" So far, among acyclic derivatives, only methyl vinyl ethers 

have been employed in both steps of the reaction. 

Copyright Q 2000 by Marcel Dekker, Inc. 
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3452 KOIKOV ET AL. 

episulfonium ion 
WI) 

__c Nu: silyl en01 ethers, allylsilanes, 
aromatic compounds, Grignard reagents 

Scheme 1 

R3*f" 1. 2. ArSCl Lewisacid 
R6koMe Rs R4 

R2 R3 R' 

[ 
L A '  

suhiurn satt 
i n t d i t e  

2 3 5 6  Nu: H20, M e 0 8  

Grignard reagents, 
silyl en01 ethers 

3 *Nu n-Bu4mH4, 
MeO R' R4 OMe 

Scheme 2 

tert-Butyl vinyl ether (1) is a valuable and versarile reagent for a number of 

reasons. The presence of bulky groups, e.g., the rert-butyl group, often improves 

the regio- and stemselectivity of mctions.' Also. ten-butoxy substituted 

compounds can be converted to the corresponding hydroxy derivatives by removal 

of the rert-butyl group? Compared to methyl vinyl ether, 1 is easier to handle 

because it is a liquid at mom temperam. In spite of these advantages, 1 has been 

used preferentialy in cycloaddition reactions. including Diels-Alder reactions: and 
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TERT-BUTYL VINYL ETHER 3453 

in the synthesis of a number of polymers.' The= are only limited data on 

elecmphilic addition of ethanol, bromine, and carboxylic acids to the vinyl ether.' 

In this paper, we disclose our results on the use of 1 in stepwise electrophilic 

addition TeBctioIls. 

We have found that 1 readily reacted with pTolSCl in CH,Cl, at -78 "C to 

afford 2-tert-butoxy-2-chloroethylptolyl sulfide (2) in quantitative yield ('H NMR 

data). This compound is stable in CWCl, at -78 "C for several hours, but it quickly 

decomposes at room temperature. Reaction of 2 with K O  afforded 2-(p- 

tolylthio)ethanal(3) in 78% yield. In the presence of a Lewis acid, adduct 2 was 

capable of reacting with 2-methyl-l-(trimethylsilyloxy)-l-propene and 

allylhimethylsilane to form compounds 4 and 5 in yields of 84% and 7496, 

respectively (Scheme 3). 

'OBu'] 2. TiC14 
c -  

4,84% 

* p T o l V  
2. SnC14 OBu' 

5,74% 

Scheme 3 

As expected, adduct 2 mted with vinyl ethers as well. Thus, compound 4 

was synthesized using 1-methoxy-2-methyl-1-propene as a C-Nu and H,O as a 

quenching nucleophile (Scheme 4). By analogy with the known reactions of methyl 
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3454 KOIKOV ET AL. 

vinyl ether:3 we suggest that the reaction proceeds through formation of a sulfur- 

s t a b i l i d  cyclic (6a). In the presence of SnCl,, adduct 2 also Ratted 

with 1. Ibe intemmdwe * was quenched with a number of Merent nucleophiles: 

H,O, PhMgBr, allyhagnesium bromide, BnMgCl, and TMSCN (Scheme 5). In 

contrast to the previously studied mactions of less stericauy hindered cyclic 

sulfonium salts,* Grignard reagents reacted not only with the bulky 6b but also 

with SnCl, to form Ph,SnOH or Bn,Sn. The use of 6 molar excess of Grignard 

reagents in the reactions with 6b lead to the preparation of desired compounds 8 -  

10 iu quautitative yield. When the reaction mixtures were quenched with a mixture 

of aq. NaHC03 and ether, a partial &protection of the tert-butyl groups occurred 

and the mixtures of di- and mono-rert-butyl derivatives were formed. The change of 

ether for less water miscible CH+& allowed the preparation of 8-11 in quantitah 

yield. 

1. :yo" lBue 1 HzO 
c - 4,Wh 

2 OMe 

Scheme 4 

Compounds 8, 9, and 10 were isolated as stereoisomeric mixhues of 

e m  and rhreo isomers (1.3:1, 5.4:1, and 1.9:l. respectively). In all the cases 

the isomers were separated by column chromatography. 'Ihe relative configurations 
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TERT-BUTYL VINn ETHER 3455 

p T o l T o  
OBu' 
7,88% 

B u b  OBu' 
9%b, 8a,b, R R = Ph, 100% 

10a,b, R = Bn, 99% 

p T o l m c N  
B u b  OBu' 
lla,b, 81% 

p T o l m R  

2 2. SnCI, dBu:[ Bu7+oBut] 
CJr,, 99% 

pTol 
6b 

Scheme 5 

\ 
R' 

NOE 

6 1.99 

f 61.22 

R' 

6 1.99 

Figure 1. Results of two NOE experiments for erythro-10. 

Figure 2. Results of two NOE experiments for hreo-10. 
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3456 KOIKOV ET AL. 

Nitrile 11 also was obtained as a stemisomeric mixom (1:7) with the 

major isomes (threo-11) having a lower value of R,. In a solution of CDCl,. 

erytlcro-11 and tho-11 each isomerized back to the 1:7 stemhome& mixture. 

Thus. the 1:7 mtio dects relative thennodynamic stability of the isomers in this 

solvent . 
The use of otha Lewis acids, TiCl,, CuBr,, and ZnCh. did not 

significantly improve the stemselectivity of the reactions depicted in Scheme 5. 

Synthesis of 13-diols from the di-err-butoxy derivatives turned out to be 

troublesome. The use of CF,CO,H, 5% CF,CO,H in CKCh, and FeCl, in acetone 

provided the mixhuts of 13-diols and their monoprotected derivatives which were 

unstable during chromatographic separation. T m e n t  of pure srytlro-10 and 

t h o - 1 0  with TMSI provided the corresponding erythro and zhreo 13-diols 

(erytkro-12 and tirreo-12) in a yield of 5096 for each reaction after 

chromatographic separation. Control of time and temperam of the reaction were 

important. Thus, the reaction of TMSI with erytkro-10 at -20 "C was complete 

within 10-15 min. Increased reaction time significantly reduced the yield of diols. 

When the muxion was canied out at -78 "C, only traces of the products were 

detected after one hour. Our attempt to deprotect the mixm of erythro-10 and 

t h o - 1 0  and separate the resulting isomeric diols failed because the & values of 

erytro-12 and threo-12 were the same. 

TMSI p - T o l m B n  - p T o l m B n  
Bu'O OBut HO OH 

10 12,50% 

Scheme 6 
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TERT-BUTYL VINYL ETHER 3457 

In summary, we have shown that tert-butyl vinyl ether can be successfully 

used in stepwise elecmphilic addition reactions proceeding through episulfonium- 

like or sulfonium-like! intermediates. The latter m c t  with Grignard reagents to 

afford isomeric mixtum of 1,3-di-tert-butoxyallrane derivatives in quantitative 

yield. These isomers can be easily separated and converted to the corresponding 

1.3-di0ls using TMSI. 

Experimental 

'H and 13C NMR spectra (300 and 75 MHz, respectively) were recorded in 

CDC1,. Coupling constants, 1, are reported in Hz. IR spectra (neat) were recorded 

on an ATI M a m n  Genesis Series FTIR spectrometer. XI-HRMS were obtained 

on a VG 7070 high resolution mass spectrometer. Preparative TLC were carried out 

by using glass plates, 200 x 200 mm, with an unfixed layer (2.5 mm) of Merck 

silica gel 60 (230-400 mesh). Analytical Tu3 and flash chromatography were 

performed on Whatman PE Sil GlUV plates and silica gel 60, respectively. All of 

the reactions were carried out under an atmosphere of dry nitrogen using flame- 

dried glassware and freshly distilled and dried solvents. 

pTolylsulfeny1 chloride was obtained from the corresponding thiophenol 

using S0,C12.9 Methyl vinyl ether was syntheshd from n-butyl vinyl ether and 

MeOH in the presence of Hg(OAc),." 1-Methoxy-2-methyl-1-propene was 

prepared by pyrolysis of l,l-dimethoxy-2-methylpropane using ptoluenesulfonic 

acid as a catalyst." Other reagents were supplied by Aldrich Chemical Co. 

3-tcrt-Butoxy-2,2-dimethyl-4-(p-tolylthio)butanal (4). To a 

solution of 0.317 g (2 mmo1)pTolSCl in 20 mL CQCl, at -78 "C was added 0.28 

mL (2 mmol) tert-butyl vinyl ether. Then 0.5 mL (4 -01) 2-methyl-l- 

(trimethylsilyloxy)-l-propene and 2.4 mL of 1 M solution (2.4 -01) of SnCl, in 

CH2C12 were introduced sequentially. The mixture was stirred at -78 "C for 1 h. 
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3458 KOIKOV ET AL. 

quenched with aqueous saturated NaHCO,, extracted with CH,Cl,, and dried over 

K,CO,. After solvent removal, preparative Tu3 (etherhexane, 1:7) afforded pure 

compound 4 as colorless oil (0.493 g, 84%). This compound was obtained in a 

yield of 80% following the same procedure but using l-methoxy-2-methyl-l- 

pmpene instead of 2-methyl- 1-(trimethylsily1oxy)-1-propene. In both reactions, a 

small amount (up to 5%) of 2,2-dimethyl-3-hydroxy-4-(ptolylthio)butanal was 

isolated as well. Data for 4: R, 0.36 (hexandethyl acetate, 7:l). 'H NMR (6, 200 

MHz): 1.04 (s, 6H), 1.13 (s, 9H), 2.29 (s, 3H), 2.99, 3.07 (2 dd, J,  = 3.9, J,  = 

6.3, J3 = 13.7). 3.77 (dd, lH, J,= 3.9, J,= 6.3). 7.16 (m. 4H). 9.65 (s, 1H). 13C 

NMR (6,50 MHz): 18.0, 18.6, 18.6, 27.9, 37.8,49.6, 73.8, 74.0, 129.0, 129.9, 

131.8, 135.8,203.7. IR (neat): 1716 c d .  HRMS: calcd. for c,,H,,SO, (M') m/z 

294.1653, found 294.165 1. 

4-tert-Butyl-5-(p-tolylthio)-l-pentene (5) was synthesized 

according to the procedure given for compound 4 using allyltrhethylsilane (4 

mmol) and TiCl, (2.2 mmol). Yield is 0.445 g (74%). Up to 10% of 4-hydroxy-5- 

@-toly1thio)-l-pentene was isolated as well. Data for 5: R, 0.65 (hexandethyl 

ether, 51). 'H NMR (6, 200 MHz): 1.05 (s, 6H), 1.13 (s, 9H). 2.20 (s, 3H), 

2.21 (m, 2H), 2.85, 2.87 (2 dd, 2H, J, = 5.3, J2 = 7.0, J3 = 13.2). 3.57 (m, lH), 

4.98 (m, 2H). 5.74 (m, lH), 7.16 (m, 4H). "C NMR (6, 50 MHz): 20.9. 28.5, 

39.7, 39.9, 70.0, 74.0, 117.2, 129.5, 130.0, 133.0, 134.6, 135.9, 203.7. IFt 

(neat): 1640 cm". HRMS: calcd. for C,,H,,SO (M') m/z 264.1548, found 

264.1550. 

3-tert-Butoxy-4-@-tolylthio)butanal (7). To a solution of 0.079 g 

(0.5 mmd) p-TolSCl in 10 mL CH,Cl, at -78 "C were sequentially added 1.25 mL 

of 1 M solution of felr-butyl vinyl ether (0.125 g, 1.25 mmol) and 0.6 mL of 1 M 

solution of SnCl, (0.6 mmol). The mixture was stirred at -78 "C for 3 h, quenched 

with a mixture of 5% aqueous NaHCO, and CH,Cl,, extracted with CH,Cl,, and 

D
ow

nl
oa

de
d 

by
 [

Y
or

k 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
] 

at
 0

2:
09

 1
3 

N
ov

em
be

r 
20

14
 



TERT-BUTYL VINYL ETHER 3459 

dried over K,CO,. After solvent removal, flash chromatography (hexandether, 

8.5:l) afforded p m  compound 7 as colorless oil (0.117 g, 88%). I(I 0.63 

(toluendether, 1:l). 'H NMR (6, 300 MHz): 1.09 (s. 9H). 2.27 (s, 3H). 2.60, 

2.78 (2 ddd, 2H, J I =  1.9, J2 = 2.4, J3 = 5.5, J, = 6.0, J5 = 16.1), 2.87, 3.09 (2 

dd, 2H, JI = 4.5, J2 = 8.4, J3 = 13.5). 4.09 (m, lH), 7.16 (m. 4H), 9.72 (br. t, 

1H). ',C NMR (6, 50 MHz): 20.6, 28.0, 40.7, 49.0. 63.1, 74.4, 129.4, 130.3, 

131.7, 136.2.200.6. IR (neat): 1728 cm-'. HRMS: calcd. for C,,H,SO, (M') mlz 

266.1340, found 266.1342. 

srythro- rrnd thrso-1,3-Di-tert-butoxy-l-phenyl-4-(p- 

to1ylthio)bukne (erythro-8 and thrso-8). To a solution of 0.159 g (1 -01) 

pTolSCl in 20 mL CH,Cl, at -78 "C were sequentially added 2.5 mL of 1 M 

solution of tert-butyl vinyl ether (2.5 -01) and 1.2 mL of 1 M solution of SnC1, 

(1.2 -01). After 30 min, 2 mL of 3 M solution of PhMgBr (6 mmol) diluted with 

4 mL of anhydrous ether" was added. The mixture was stirred at -78 "C for 3 h and 

then left overnight at room temperature. After cooling to 0 "C. the mixture was 

quenched with 5% aqueous NaHCO,, extracted with CH,Cl,. and dried over 

K,CO,. After CH,CI, removal, the residue was extracted with heme to remove 

Ph,SnOH as a colorless solid, m.p. 113-115 "C (lit" m.p. 118 "C). After hexane 

removal, the crude product was purified by column chromatography (hexandether, 

201) providing 0.384 g (quantitative yield) of the mixture of cryfhro-8 and 

t h o - 8  in a ratio of 1.3:1, respectively ('H NMR data). 'Ihe use of TiC1, (0.1 14 

g, 1.2 mmol) instead of SnCl, gave the mixture of erythro-8 and thrso-8 (0.179 

g, 92%) in a ratio of 2.6:1, respectively ('H NMR data). & (hexandether, 15:l) 

0.46 and 0.32, respectively. Data for crythro-8: 'H NMR (6, 300 MHz): 1.12. 

1.16 (2 s, 18H), 2.01 (m, 2H). 2.31 (s, 3H), 3.10, 3.22 (2 dd, 2H, JI = 5.1, J2 = 

Without dilution of the viPcous solutiw of the Grignard reageat with diethyl etber, q h - 8  
(0.133 g, 34%). t h o - 8  (0.103 g, 209b), and 7 (0.037 g, 14%) were isolated. 
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3460 KOIKOV ET AL. 

6.2, J3 = 13.0). 3.82" (m, 2H), 4.65 (dd, 1H. J j  = 4.8, J2 = 7.5). 7.20 (m, 9H). 

"C NMR (6, 50 MHz): 20.5, 28.1. 28.2. 40.8. 45.8, 67.4, 71.1. 73.3,' 125.6, 

127.4. 128.8, 129.6, 132.2, 135.1, 145.2, 145.6. HRMS: calcd. for C,H,SO, 

(M+) mh 400.2436, found 400.2442. Data for t h o - 8 :  'H NMR (6, 300 MHz): 

1.10, 1.11 (2 S, 18H), 1.94, 2.11 (2 ddd, lH, J j  = 3.6, Jz = 6.5, J3 = 14.1 and 

lH, J, = J2 =7.0. J3 = 14.1), 2.30 (s, 3H), 2.92, 3.01 (2 dd. 2H, Jj  = 4.8, Jz = 

6.3, J, = 12.9). 3.68' (m, 2H), 4.61 (t, lH, J =  6.7), 7.25 (m, 9H). 13C NMR (6, 

75 MHz): 21.0, 28.8, 28.9, 41.8, 46.9, 68.6, 72.2, 74.0, 74.3, 126.5, 126.9, 

128.1, 129.5, 130.2, 133.8, 135.8, 146.0. HRMS: calcd. for C,,H,SO, (M+) m/z 

400.2436, found 400.2438. 

rrythro- and tkr~o-4,6-Di-tart-butoxy-7-0,-tolylthio)-l-heptene 

synthesized Using 3 mm01 (3 mL of 1 M (8r~thr0-9 M d  t h o - 9 ) .  

solution) allylmagnesiUm bromide by the method described for 8. Yield is 0.125 g 

(84%) Of ~ ~ t h r 0 - 9  a d  0.023 g (15%) Of t h o - 9 .  & 0.35 and 0.26 

(hexadether, 15:l). respectively. Data for erytlrro-9: 'H NMR (6, 300 MHz): 

1.16. 1.18 (2 S, 18H), 1.70, 1.91 (2 ddd, 2H, J, = J2 = 5.4, J3 = 14.0, J, = Js = 

6.8). 2.23 (m. 2H), 2.30 (s, 3H); 2.94, 3.05 (2 dd, 2H. Jj  = 4.7 Hz, J2 = 6.8, J3 

= 13.0). 3.60, 3.70 (2 m, 2H), 5.02 (m, 2H), 5.85 (m, lH), 7.18 (m, 4H). 13C 

NMR (6.50 MHz): 20.9, 28.8," 41.1.41.5, 42.6, 68.5, 69.2, 73.5, 74.0, 116.6. 

129.5, 130.4, 133.4, 135.4, 136.0. HRMS: calcd. for C,H,SO, (M') m/z 

364.2436. found 364.2419. Data for firm-9 'H NMR (6,300 MHz): 1.16, 1.18 

(2 s, 18H), 1.78, 1.88 (2 m, 2H), 2.25 (m, 2H). 2.30 (s. 3H), 3.02, 3.04 (2 m. 

2H), 3.60, 3.70 (2 m. 2H), 5.02 (m, 2H), 5.85 (m, lH), 7.16 (m, 4H). "C NMR 

(6.75 MHz): 21.1, 28.9, 29.0. 41.6, 41.8, 43.5, 69.2, 69.3, 73.7, 74.2, 116.8, 

129.6, 130.3, 133.7, 135.5, 136.0. HRMS: calcd. for C,,H,SO, @El+) m/z 

365.2514, found 365.2507. 
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TERT-BUTYL VINYL ETHER 346 1 

crythro- and threo-2,4-Di-tert-butoxy-l-pbenyl-5-(p- 

toly1thio)pentane (arythro- 10 and thrso-10). were synthesized using 6 

mmol(6 mL of 1 M solution) BnMgCl by the method described for 8. Combjned 

yield of eryhro-10 and hreo-10 is 99% in a ratio of 1.91. respectively. R( 0.57 

and 0.48 (bedethe?, 7:l). respectively. 'Ihe use of 2 mmol (2 mL of 1M 

solution) BnMgQ provided 0.188 g (78%) Bn,Sn 0.75, b e d e t h e r ,  7:1, 

m.p. 40-42 "C, lit." m.p. 42-44 "C), 0.040 g (10%) of the mixture of arythro-10 

and hrso-10 in a ratio of 2 1  ('H NMR data), and 0.156 g (58%) of 7 .  Data for 

crythro-10: 'H NMR (6. 300 MHz): 1.08, 1.22 (s, 18H), 1.80, 1.99 (m. 2H). 

2.35 (s, 3H), 2.75, 2.83 (2 dd, 2H. J, = 5.4, J2 = 7.3, JJ = 13.6), 2.95, 3.07 (2 

dd. 2H, Jj = 4.5. J2 = 7.2, J3 = 13.1). 3.78' (m, 2H), 7.20 (m, 9H). '% NMR (6, 

50 MHz): 20.3, 28.0, 28.2, 41.0, 42.4, 42.6, 68.3, 69.7, 73.4, 73.8, 125.3, 

127.3, 128.9, 129.3, 129.9, 132.7, 135.5, 139.1. HRMS: calcd. for C,H,,SO, 

(M+) m/z 414.2592, found 414.2588. Data for t h o - 1 0  'H NMR (6, 500 MHz): 

1.03, 1.15 (2 s, 18H). 1.80, 1.97 (m, 2H), 2.33 (s, 3H), 2.71, 2.85 (2 dd, 2H, J, 

= 4.9951 = 7.4, J3 = 13-5)s 3-04. 3.07 (2 dd, 2H, Jj = 5.5, J2 = 5.6, Jj = 13.2), 

3.73 (m, 2H), 7.20 (m. 9H). '% NMR (6, 75 MHz): 21.0, 28.6, 28.8, 41.8, 

43.6, 44.1, 69.5, 71.2, 73.7, 74.1, 126.0, 128.0, 129.6, 129.9, 130.2, 133.6, 

136.0, 139.5. HRMS: calcd. for G,H,,SO, (M+) m/z 414.2592. found 414.2590. 

srythro- and tkreo-2,4-Di-tcrt-butoxy-5-(p - 
toly1thio)pentanenitrile (srythro- 11 and t h o - 1  1) .  were prepared using 

0.8 mmol of TMSCN by the method described for 8. Yield is 0.017 g (10%) of 

crythro-11 and 0.12 g (71%) of threo-11. & 0.47 and 0.38 (hexanelether, 7:1), 

respectively. Data for a mixture of crythro-11 and thrso-11 (ca. 2:l. 

respectively): 'H NMR (6, 300 MHz): 1.13. 1.14, 1.27," 1.29' (2 s, 18H), 1.98, 

2.13". 2.29 (m, 2H). 2.31' (s, 3H), 2.88.2.94,' 3.06, 3.09' (2 dd. 2H, Jj = 5.2. 

J2 = 7.8. JJ = 13.6). 3.79' (m, lH), 4.41' (m, IH), 7.21 (m. 4H). '% NMR (6, 
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75 MHz): 21.2.' 27.8, 27.9.' 28.7, 28.8; 40.3, 41.2.' 41.3.' 41.4. 58.1.' 58.7, 

67.1, 74.8, 76.8, 121.2.' 129.8," 129.9, 131.3.' 131.5. 132.2. 137.0. IR (mat): 

2236 cm". HRMS: calcd. for C$,SNO, (MH+) m/z 350.2154, found 350.2138. 

aryf~ro-l-Phenyl-5-(p-tolyltio)-2,4-pentanediol (sry fhro- 12). 

A solution of TMSI (0.21 mmol) in C&C& (3 mL) was added to a solution of 

eryfhro-10 (0.08 -01) in CH,Ch (15 mL) at -20 "C. The mixtm was stirred 

for 15 min and quenched with 5% aqueous NaHC03. extracted with CH,Cl,, and 

dried over &COP Column chromatography (step gradient elution, hexane : ether : 

CH,Q 10:1:2, 5:1:2, and 3:1:2) afforded 0.012 g (50%) of aryfhro-12 and 

0.001 g (3%) of a?yfh-10. & 0.65 (hexanelether, 5:l). 'H NMR (6.500 MHz): 

1.57, 1.76 (2 dt, 2H, J, = J2 = 10.0. J3 = 14.3.5, = J, = 2.4), 2.32 (s, 3H), 2.73, 

2.78 (2 dd. 2H, J, = 5.8, J2 = 7.2. J, = 13.5). 2.86, 2.99 (2 dd. 2H, 5, = 4.6, J2 = 

8.0, J, = 13.6). 3.12, 3.48 (2 s, 2H). 3.85, 4.04 (2 m, 2H). 7.20 (m, 9H). "C 

NMR (6, 83.3 MHz): 21.4, 41.6, 43.0, 44.7, 70.7, 73.6, 126.9, 129.0, 129.9, 

130.3, 131.3, 137.4, 138.4. HRMS: calcd. for C,,H,,SO, (M+) m/z 302.1340, 

found 302.0877. 

thrao-l-Phenyl-5-(p-tolyl~io)-2,4-pentenediol (thrao-12) was 

synthesized from fhreo-10 by the method described for crytho-12. Yield is 

50%. bO.65 (hexandether, 51). 'H NMR (6, 300 MHz): 1.72 (m, 2H), 2.32 (s, 

3H), 2.75, 2.89, 3.06 (3 m, 4H), 3.99, 4.15 (m, 2H), 7.25 (m, 9H). "C NMR 

(83.3 MHz): 21.4, 41.3, 42.9, 44.5, 67.4, 70.4, 127.0, 129.0, 129.8, 130.3, 

131.6, 137.4, 138.5. HRMS: calcd. for C,,H,,SO, (M+) m/z 302.1340, found 

302.1162. 
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