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Functionally substituted sulfur-containing compounds 
12.* Reactions of 2-[(organylthio)methyl]oxiranes with aliphatic alcohols 

in the presence of boron trifluoride etherate 
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Reactions of 2-[(organylthio)methyl]oxiranes with aliphatic alcohols in the presence of 
catalytic amounts of BF 3 �9 Et20 are accompanied by 1,2-migration of the organylthio group to 
give mixtures of 2-alkoxy-3-(organylthio)propan- I -ols and 3-alkoxy-2-(organylthio)propan- 
l-ols. The ratio of these isomers is significantly influenced by the structure of the alcohol and 
the nature of the o~anylthio group. The proposed reaction mechanism includes the formation 
of a thiiranium intermediate and its subsequent transformations. 

Key words: 2-[(organylthio)methylloxiranes, aliphatic alcohols, boron trifluoride etherate, 
isomers, steric factor, thiiranium intermediate. 

Epoxy c o m p o u n d s  easily react with aliphatic a lcohols  
in the presence o f  Lewis acids {e.g., BF 3 �9 Et20) to give 
c o m m o n  adducts.  In the case o f  unsymmetr ical  ep-  
oxides ,  the r e a c t i o n  yields a mix ture  o f  i somers  
(Scheme  1) in a ratio depending  on the structure o f  the 
starting reagents, z However .  reactions involving organyl-  
th iomethyloxi ranes  have not been investigated so far. 

O 

Scheme ! 

+ R 'OH 

R--CH--CH2OR" + R--CH--CH2OH 
I I 
OH OR" 

Previously, we showed that the reactions o f  such epoxy 
compounds  with acetic anhydride and acetyl chlor ide  
are accompanied  by migration o f  the o ~ a n y l t h i o  g r o u p )  
It was of  interest to find out whether  such a migrat ion is 
possible in the addit ion o f  alcohots in the presence o f  
BF 3 �9 ErgO. 

The reactions o f  2-[ (organyhhio)methyl}oxiranes  (1) 
with alcohols were carried out in a boiling a lcohol  with 
addi t ion of  BF3 " Et20, the molar  epoxide : catalyst ratio 
being 20 : I (Scheme 2). The react ion products  vmre 
isolated by distillation; their  selected characteris t ics  are 
presented in Table 1. To elucidate  the influence of  the 
nature of  the organytthio group on the react ion d i rec-  
t ion,  we used epoxy compounds  1 with different sub- 
st i tuents R S C H ;  (R = Et, n-CaH17, Bu t, C H 2 C H = C H  2, 
P h C H  2, and Ph). it was found that the react ion o f  

Scheme 2 

/CH2OH /CH2OAc 
R OH Ac20 

RSCH2CH--CH 2 B, RSCH2CHCH2OH + RSCH - RSCH2CHCH2OAC + RSCH 
\ O  / BFa" EtzO OR" \CH2OR' PY OR' \CH2OR' 

1 2 3 4 5 

I: R = Et, n-CsH17, Bu t , CH2CH=CH 2, PhCH 2, Ph 

2 - - 5  R R" 2 ~ 5  R R" 2 - - 5  R R" 

a Et Me g Bu t Me I PhCH 2 Me 

b Et Pr 4 h Bu t pr j m PhCH 2 Pr ~ 

c Et Bu t i CH2CH=CH 2 Me n PhCH 2 Bu t 

d n'CsH 17 Me j CH2CH=CH 2 Pr i 0 Ph Me 

e n-CBH17 Pr' k CH2C H=CH 2 Bu t p Ph Pr i 
f n.CsH17 Bu t q Ph Bu t 

* For Part 11, see Ref. I. 
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Table 1. Characteristics of adducts 2 and 3 and acetates 4 and 5 

Mixture of 2 : 3 Yield B_p./~ 
compounds or (%) (p/Tort) 

4 : 5  ~ C 

Found (%) 
Calculated 

H 

Molecular 
formula 

2a + 3a  

2b + 3b 

2c -,- 3c 

2d + 3d 

2e + 3e 

2f  + 3f  

2g + 3g 

2h + 3h 

2i + 3i 

2j -,- 3j 

2k + 3k 

21 + 31 

2m + 3m 

2n -,- 3n 

20  4- 30  

2p + 3p 

2q + 3q 

4a + 5a 

4b + 5b 

4e + 5c  

4d + 5d 

4e  + 5e 

4 f  + 5f  

4 g + - 5 g -  

4h + 5h 

4i ,- 5i 

4 j + S j  

4k + 5k 

41 n- 51 

1 2 

3 7 

1 7 

t 2 

3 7 

I 7 

2 3 

3 5 

2 3 

3 5 

l : 4  

2 : 3  

I : 2  

1 4 

3 2 

I 1 

2 5 

t 2 

3 7 

1 7 

1 2 

3 : 7  

1 7 

2 3 

3 5 

2 3 

3 5 

1 : 4  

2 : 3  

~.1.1_ 85 t15--1t6 {20) 47.81 ~ "~ " "~ 
47.97 9.39 21.34 

80 74--75 (2) 53.80 ~ 18.07 
53.89 10.18 17.98 

64 90--91 (3) 56.33 10,56 16.51_ 
56.21 10.48 16.67 

80 136-- 138 (2) 61.32 I L24 13,60 
61.49 11.18 13.68 

73 146--t47 (2) 6._3.93 11,5h t 2,3J. 
64.07 11,52 1222 

65 150--152 (2) 65.3~t t 1,,'5 11,42 
65.16 11.68 11.58 

62 81--82 {1) 54-Q.[ 10.10 17.86 
53.89 10.18 17.98 

56 96--97 ~2) 58.!3 10..~ I .1~,60 
58.21 10.75 15.54 

84 80--82 (2) 51.68_ ~ 19~7.1) 
51.82 8,70 19,76 

82 96--97 (2) 56.71 954 16-88 
56.80 9.49 16.85 

60 102--104 (2) 58.~7 q _~83_ .15.61 
58.79 9.87 15.69 

70 131--1_~.~ (2) 62,tQ 7_21. 15.02 
62.23 7.60 15. I0 

52 134--135 (1) 65.03 ~ 13.21 
64.96 8.39 13.34 

41 127--128 (0.2) ~ ~ 12.82 
66.10 8.72 12.60 

78 123--125 (1) 6032 ~ 16.0fi 
60.55 7.12 16.17 

14.,_ 72 130--132 (0.8) 63t46 7,97 -r~ 
63.67 8.02 14.16 

35 136--138 (1) ~4.79 8.51 13.16 
64.96 8.39 13.34 

94 b ~ 8 21 16.31 
49.97 8.39 16.68 

95 ~ 54.3_7 9.23 14.59 
54.51 9.15 14.55 

93 b 56.50 2.38 13.80 
56.37 9,46 13.68 

95 b .6Q,88 10,06 11.51 
60.83 10.21 II .60 

95 ~ ~ 10.46 t0.fiZ 
63.11 10,59 10.53 

92 b 6L96 10.85 10.21 
64.10 10,76 10.07 

-93 b 54~64 .9~.1 14.28_ 
54.51 9.15 14.55 

92 b 57.~(~ 9.82 13. I~ 
58.03 9.74 12.96 

94 L, 52.73 7.76 .1-5.88 
52.91 7.90 15.70 

95 ~' .5.Z,9_2 8.55 13.69 
56.86 8.68 t 3.80 

58.49 9.00 13.01 
95 b 6 I. 18 7,20 12.37 

61.39 7.13 12.61 

C6H1402S 

C81-1 t~O2S 

C9H2002S 

C~2H2602S 

CI4H2602S 

CI5H3202S 

CsH1sO2S 

C1oH2202S 

C7Ht402S 

C9H1802 S 

C~oH2oO2S 

C11H1602S 

C|3H2oO2 S 

CI4H2202 S 

CIoH~40:S 

CI2HI802 S 

C 131-t2002S 

CsH 1603S 

C10H2003S 

C t ~ H2203S 

CI4H2803 S 

C16H3203S 

CI7H3403S 

CqoH 2oO3 S 

CI2H2403S 

C9H1603S 

C ll H2oO'S 

C|2H2203S 

C13Ht803S 

(to be continued) 
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Table  1. (continued) 

Mixture of 2 : 3 Yield B.p./~ Found (%) 
compounds or (%) (p/Tort) Calculated 

4 " 5 t7 C H 

Molecular 
formula 

4 m  + 5m 

4n -. 5n 

4 0  4- 50  

4p  ~- 5p 

4q + 5q 

1 : 2  

1 4 

3 2 

[ : 1  

2 : 5  

95 ~ 64,04 7.74 
63.81 7.85 

96 h 64.96 8A9 
64.78 8.14 

96 h 59.77 6,84 
59.98 6.71 

94 h 62.62_ 7.66 
62.78 7.51 

90 b 63.92 7,96 
63.81 7.85 

I1.16 C15H2203 S 
11.35 
10,6~ 3 CI6H2403S 
10.82 
13.46 C12H1603S 
13.32 
l 79 C~4H2003S 
1 t.92 
11,21 C15H2203S 
I1.35 

a Molar ratio. 
b Oil. 

a l ipha t ic  a lcohols  with oxiranes  1 in the presence o f  
B F ; . E t 2 0  yields a mix ture  o f  two isomers,  namely ,  
2 - a l k o x y - 3 - ( o r g a n y l t h i o ) p r o p a n - l - o l  (2) and  3-alkoxy-  
2 - ( o r g a n y l t h i o ) p r o p a n - l - o l  (3),  whose  separa t ion  was 
not ach ieved  by e i t he r  dis t i l la t ion or  c h r o m a t o g r a p h i c  
me thods .  

The  isomeric  c o m p o s i t i o n  of  mixtures  o f  2 and  3 was 
d e t e r m i n e d  f rom the i r  IH N M R  spectra.  In add i t ion ,  
the  react ion mixtures  were t rea ted  with A c 2 0 / P y  to give 
the  co r r e spond ing  ace ta tes  4 and  5, whose IH N M R  
spect ra  were also recorded (see S c h e m e  2, Table  1). 
Spectral  pa rame te r s  are given in Tables 2 and  3. The  

Table  2. Spectral parameters ofadducts  2 and 3 

Mixture of IR. IH NMR. $ (J/Hz) 

compounds v/cm -I CH2S CHS CH2OH CH,OR CHOR'  OH R R" 
(d, (m) (d. (d, (m) (s) 

J =  7) J = 6 . 5 )  J = 6 . 5 )  

2a + 3a .3430 (OH): 2.58 2.92 3.58 3.43 3.75 2.80 1.24 (t, 3 H, CH 3, 3.30 (s. 3 H, CH30) 
1090 (C--O) J = 7.0); 2.50 (q, 2 H. 

CH2S, J = 6.8) 

3440 (OH): 2.56 2.94 3.56 3.48 3.62 2.80 1.26 (t, 3 H, CH 3, 
1088 (C--O) J = 7.0); 2.52 (q, 2 H, 

CH_,S, J = 6.8) 

3430 (OH); 2.58 2.86 3.58 3.45 3.84 2.80 1.26 (t, 3 H, CH 3, 
1088 (C--O) J = 7.0); 2.52 (q, 2 H, 

CH2S, J = 6.8) 

2d + 3d 3440 (OH); 2.56 2.86 3.72 3.60 3.73 2.80 0.87 (t, 3 H, CH 3, 
1080 (C--O) J = 7.0); 1.30 (m, 8 H, 

4 CH2); 1.42 (m, 2 H, 
CH2); 1.70 (m, 2 H, 
CH2); 2.48 (t, 2 H, 
CH2S, 7 = 6.8) 

3450 (OH): 2.60 2.91 3.63 3.48 3.84 2.80 0.88 (t, 3 H, CH 3, 
1080 (C--O) , / =  7.0); 1.30 (m, 8 H, 

4 CH2); 1.42 (m, 2 H, 
CH2K 1.70 (m, 2 H, 
CH2); 2.48 (t, 2 H. 
CH2 S . J = 6 , 8 )  

21" + 31" 2.58 2.86 3.60 3.45 3.84 2.80 0.88 (t, 3 H, CH 3, 
J =- 7.0); 1.30 (m, 8 H, 
4 CH2); 1.42 (m, 2 H, 
CH2); 1.70 (m, 2 H, 
CH2); 2.50 (t, 2 H, 
CH2S, J = 6.8) 

2b -'- 3b 

2c + 3c 

2 e  + 3 e  

3430 (OH); 
1090 (C--O) 

1.12 (d, 6 H, 2 CH:,, 
J = 6.0); 3.38 (m, 
I H. CHO) 

1.17 (s, 9 H, 3 CH3) 

3.32 (s, 3 H, CH30 ) 

1.13 (d, 6 H, 2 CH 3. 
J = 6.0); 3.38 (m, 
I H, CHO) 

1.16 (s, 9 H. 3 CH 3) 

(to be continued) 
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Table 2. (continued) 

Mixture of IR, ZH NMR, 8 (.//Hz) 

compounds v/cm -] CH2S CHS CH~OH CH~.OR CHOR'  OH R R' 
(d. (m) (d, (d, (m) (s) 

. / =  7) J = 6 . 5 1  J = 6 . 5 1  

2g * 3g 3440 !OH); 2.60 2.90 3.67 3.60 3.68 2_80 1.22 (s, 9 H, 3 CH 31 3.30 (s. 3 H, CH30) 
1090 (C--O) 

2h 4- 3h 3440 (OH): 2.60 2 91 3.62 3.50 3.70 3.55 1.23 (s, 9 H, 3 CH3) 1.12 (d. 6 H, 2 Cl-I 3, 
1080 (C--O) J = 6.0); 3.35 (m, 

1 H,  CHO) 

2i + 3i 3450 (Oit):  2.56 2.84 3.58 3.50 3.80 2.80 3.25 (t, 2 H, CH2S, 3.34 (s, 3 H, CH.;) 
3078. 3062 d = 6.5); 5.05 fro. 
(=C--H):  2 H, =CH2): 5.70 
1640 (C=C); lm, I H. =C- -H)  
1090 IC--O~ 

2j * 3j 3440 (OH); 2.56 2.87 3.58 3 50 3.80 2.60 3.25 (t, 2 H, CH,_S, 1.12 (d. 6 H, 2 CH 3, 
3078, 3062 J = 6.5): 5.05 (m, J = 6.01; 3.35 
(=C--H);  2 H, =CH~_): 5,70 (m, I H, CHO) 
I640 (C=C):  ('m. I H, =C- -H)  
1085 (C--O) 

2k -,- 3k 3440 (Ott):  2.58 2_88 3.56 3.48 3.78 2.80 3.26 (t, 2 H. CH2S, 1.17 (s, 9 H, 3 CH;)  
3078, 3062 J = 6.51; 5.05 lm, 
(=C--H) :  2 H, =CHz): 5.70 
t640 (C=C): (m, 1 H, =C- -H)  
1085 (C--O) 

21 + 31 3450 (OH), 2.45 2_80 3.52 3.35 3.70 3.10 3.68 (s. 2 H, CH2S): 3.30 (s, 3 H, CH30 ) 
3062, 3030 7.21 (m, 5 H, C6H 5) 
(C--H):  
1500, 1460 
(C--C);  
1055 (C-O.I 

2m ~ 3m 3440 (OHI; 2.44 2.78 3.60 3.43 3.78 2_73 3.70 (s, 2 H, CH2S); 1.12 (d, 6 H, 2 CH).  
3060, 3030 7.21 (m, 5 H, CsH 6) j = 6.0); 3.50 (m, 
{C--H): 1 H, CHO) 
1500, 1460 
(C--C);  
1070 (C--O) 

2n 4- 3n 3450 ( O H )  2.46 2_81 3.56 3.43 3.77 2.85 3.72 (s. 2 H. CH,_S); 1.15 (s, 9 H, 3 CH 3) 
3063. 3030 7.20 (m, 5 H, C~H 5) 
(C--H):  
1500, 1460 
( C - C ) :  
1075 (C--O) 

2o + 3o 3440 (OH); 3.09 3.43 3.80 3.62 3.65 2.43 7.25 (m, 5 H, C6H s) 3.32 (s, 3 H, CH30)  
3068, 3058 
(C--H); 
1585 (C--C): 
1090 (C--O) 

2p t 3p 3440 (OH'); 3.07 3.41 3.80 3.58 3.77 2.60 7.25 (m, 5 H. C6H 51 1.12 (d, 6 H, 2 (2H 3, 
3068. 3058 . / =  6.01; 3.52 (m, 
(C--HI: 1 H. CHO) 
1585 (C--C):  
1090 (C--O)  

2q + 3q 3450 iOH); 3.10 3.41 3.75 3.56 3.70 3,46 7.25 (m, 5 H, C6H5) 1.16 (s, 9 H, 3 CH?) 
3068. 3058 
(C--H); 
1585 (C--C):  
1080 (C--O) 
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Table 3. Spectral parameters of acetates 4 and 5 

Mixture of [R. fH NMR, 8 (J/Hz~ 
compounds v/cm -~ CH~S CHS CH,OR" CHOR" CH,OAc Ac R R" 

(d, Ira) (d, (m) (d, J =  6) (s) 
J = 7) J = 6.5) 4 5 

4a + 5a 1740 (C=O); 2.58 2,90 3.45 3.50 4.07 4.17 2.01 1.26 It, 3 H, CH 3, 3.32 (s, 3 H, 
1230 (C--O) g = 7.0); 2.48 (q. CH30) 

2 H. CHzS, 
J = 6.8) 

4b + 5b 1740 I C=O); 2.57 2.87 3.50 3.58 4,07 4.16 2.00 1.27 (t, 3 H. CH 3, 1.12 (d. 6 H, 
1230 (C--O) J =  7.0): 2.48 (q, 2 CH 3. J = 

2 H, CH2S, 6.0): 3.38 
J =  6.8) (m, I H. 

CliO) 

1.17 (s. 9 H, 
3 CH 3) 

4c + 5c 1740 (C=O): 2.58 2.88 3.45 3.80 4.05 4.20 2.01 1.26 (t, 3 H, CH 3, 
1230 (C--O) J = 7.0): 2.50 (% 

2 H, CH2S. 
J = 6.81 

4d + 5d 1740 (C=O); 2.56 2.86 3.45 3.68 4.06 4.16 2.01 0.88 (t, 3 H, CH 3, 
1230 (C--O) J =  7.0); 1.30 (m, 

8 H, 4 CH2): 
1.42 (m, 2 H, CH2); 
1.70 (m, 2 H, CH2); 
2.48 (t, 2 H, CH2S, 
J = 6.8) 

4e + 5e 1740 (C=O): 2.63 2.85 3.48 3.64 4.10 4.18 2.03 0.87 (t, 3 H, CH 3, 
1230 (C--O) J = 7,0): 1.30 (m, 

8 H, 4 CH?); 1.42 
(m, 2 H, CH2): 
t.70 i'm, 2 H. 
CH2); 2.48 (t, 2 H, 
CH2S, J = 6.8) 

4f + 5f 1740 (C=O): 2.58 2.90 3,46 3.82 4.05 4.18 2.00 0.87 U, 3 H. CH 3. 
1230 (C--O) J = 7.0); 1.30 (m, 

8 H. 4 CH2): 1.42 
(m, 2 H, CH2): 
1.70 (m, 2 H, 
CH2); 2.48 (t, 2 H, 
CH2S , . /=  6.8) 

4g + 5g 1740 (C=O); 2.47 2.82 3.40 3.48 4.06 4.18 1.95 1.25 (s, 9 H, 
1230 (C--O) 3 CH 3) 

4h + 5h 1740 (C=O); 2.50 2.85 3.47 3.64 4.07 4.18 2.00 �9 1.22 (s, 9 H. 
1230 (C--O) 3 CH 3) 

4i + 5i 3075, 3060 2.52 2.89 3.40 3.54 4.07 4.16 2.00 
(=C--H);  
1740 (C=O): 
1640 (C=C); 
1233 (C--O) 

4j q- 5j 3075, 3060 2.52 2.90 3.48 3.60 4.07 4.18 2.00 
(=C--H):  
1740 (C=O); 
1640 (C=C): 
1230 (C--O) 

3.23 (t. 2 H, CHzS, 
J = 6.5): 5.05 (m, 
2 H, =CH2); 5.70 
(m, 1 H, =C--H) 

3.25 (t. 2 H, CH2S, 
J = 6.5): 5.05 (m, 
2 H, =CH2); 5.70 
(m, I H, =C--H)  

3.32 (s, 3 H, 
CH30) 

1.12 (d, 6 H, 
2 CH 3, J = 
6.0); 3.40 
(m, 1 H, 
CHO) 

1.17 (s, 9 H, 
3 CH_0 

3.34 (s, 3 H. 
CH30) 

1.13 (d, 6 H, 
2 CI-t 3, J = 
6.0); 3.40 
(m, I H, 
CHO) 

3.32 (s. 3 H, 
CH30) 

1.12 (d, 6 H, 
2 CH 3. J = 
6.0); 3.40 
(m, 1 H, 
CHO) 

(to be continued) 
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Table 3. (continued) 

Mixture of JR, IH NMR, 8 (d/Hz) 

compounds v/cm -I CH2S CHS CH2OR" CHOR' CHzOAc Ac R R" 
(d, (m) (d. (m) (d, J = 61 (s) 

J = 7) J = 6.5) 4 5 

4k -'- 5k 3075, 3060 2.52 2.82 3.43 3,77 4 . 0 7  4.18 2.00 3.25 (t. 2 H, CH2S, 1.17 (s, 9 H, 
(=C--H): J = 6.5); 5.05 (m. 3 CH 3) 
1740 (C=O); 2 H. =CH2); 5.70 
1640 (C=C): (m, 1 H. =C--H)  
1230 (C--O) 

41 + 51 3060. 3030 2.42 2.78 3.42 3.71 4.07 4.16 1.98 3.72 (s, 2 H, CH2S); 3.34 (s, 3 H, 
(C--H), 7.18 (m, 5 H, C6H s) CH30) 
1740 (C=O) - 
1500, 1460 
(C--C): 
1240 (C--O) 

4m+ 5m 3065, 3030 2.41 2.78 3.37 3.76 4 . 0 2  4 , 2 3  2 . 0 0  3.72(s, 2 H, CH2S); 1.12 (d, 6 H, 
(C--H); 7.22 (m. 5 H, C6H5) 2 CH3, J = 
1740 (C=O1; 6.0); 3.45 
1500, 1460 (m, I H, 
(C--C); CHO) 
1240 (C--O) 

4n + 5n 3060, 3030 2.46 2.78 3.46 3.77 4.07 4.21 2.00 3.76 (s, 2 HI, CH~,S): 1.16 Is, 9 H, 
(C--H); 7.27 (rn, 5 H, C6H51 3 CH3) 
1740 (C=O); 
1500, 1460 
(C--C): 
1240 (C-O)  

40 + 50 3068, 3058 3,11 337 3.55 3.58 4.21 4.24 2.07 7.25 (m, 5 H, C6H ~) 3.38 (s, 3 H, 
(C--H); CH30) 
1740 (C=O); 
1585 (C--C): 
1244 (C-O)  

4p + 5p 3068, 3058 3.07 3.47 3.56 3.77 4.18 4.31 2.06 7.25 (m, 5 H, C6H5) 1.12 (d, 6 H, 
(C--H); 2 CH 3, J = 
1740 (C=O) - 6.0); 3.43 
1585 (C--C): (m, I H, 
1244 (C--O) CHO) 

4q ~- 5q 3070, 3055 3.17 3.41 3.52 3.55 4 . 1 2  4 . 3 0  2.05 7.25 (m, 5 H,C~H s) 1.16(s, 9 H, 
(C--H); 3 CH 3) 
1740 (C=O): 
1585 (C-C) ;  
1244 (C--O) 

ratio of  isomers 2 and 3 was found from the ratio of  the 
signal intensities for CH2S and CHS groups, while that 
of  acetates 4 and 5, from the ratio of  the signal intensi- 
ties for CH2S, CHS,  and CH2OAc groups. 

Thus, the observed t ,2-migration of the organylthio 
group seems to be a common phenomenon in the etectro- 
phitic reactions of  2-[(organylthio)methyt]oxiranes 1. 

The influence ofster ic  factors on the ratio of isomers 
2 and 3 was studied with the use of such alcohols as 
MeOH, PriOH, and ButOH. The data obtained indicate 
that, for all epoxy compounds  1, the relative content of  
isomer 3 increases in the order Me < Pr i << But: 

furthermore, the relative content  of  isomers 2 and 3 
depends on the nature of  R. Note that the greatest 
content of isomer 3 is characteristic of  aliphatic groups 
(R = Et, n-CsHl7, or But), ,,vhile the smallest one, of  
the Ph group. 

To explain the above regularities, let us consider the 
reaction mechanism. One can assume that, at the first 
stage, epoxide 1 reacts with B F 3 �9 Et20 to give adduct 6, 
which further isomerizes into thiiranium intermediate 7 
(Scheme 3). The reaction of  the latter with alcohol gives a 
mixture of compounds 2 and 3, because this stage is not 
selective and occurs through two transition states, A and B. 
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Scheme 3 
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Trans i t i on  s tate  A leads to i somer  3. while t r ans i t ion  
state B leads to i somer  2. The  nuc leophi l i c  reac t ions  o f  
t h i i r a n i u m  c o m p o u n d s  were studied in a series of  pa-  
pers. 4 -7  It was s h o w n  that ,  in the  case of  an u n s y m -  
metr ica l  t h i i r a n i u m  c o m p o u n d ,  the sire of  the  a t tack o f  
a nuc leoph i l e  d e p e n d s  on  the  stabil i ty of  the t h i i r a n i u m  
ring. The  more  s table  the ring. the closer  the rate of  
rup ture  of  the C - - S  bond  to the  rate of  fo rma t ion  o f  a 
new bond ,  and  h e n c e  a t igh ter  t r ans i t ion  state occurs .  
In this  case,  a nuc l eoph i l e  adds to the  site most  a p p r o -  
pr ia te  sterically_ This  var ian t  favors the fo rma t ion  o f  
t r ans i t i on  state A. If  the t h i i r a n i u m  ring is less s table ,  
the  rate o f  rup ture  o f  the  C - - S  b o n d  is markedly  h ighe r  
t han  that  o f  f o r m a t i o n  of  a new bond .  The  reac t ion  
follows the  c a r b o c a t i o n i c  m e c h a n i s m ,  and  a nuc l eoph i l e  
a t tacks  the  c a r b o n  a t o m  on which  the posit ive charge  is 
s tabi l ized by the ne ighbor ing  groups.  In our  case, th is  
results  in t r ans i t i on  s tate  B. 

Acco rd ing  to  the  data  ob ta ined ,  the s t rongest  s t ab i -  
l izing effect  is p rovided  by a l ipha t ic  groups,  while  the  
weakest  one  by a r o m a t i c  groups.  Allyl and  benzyl  g roups  
are i n t e r m e d i a t e  be tw een  them.  The  lower relative c o n -  
tent  o f  c o m p o u n d  3 (R = Bu t ) in the  reac t ion  mix ture  
as c o m p a r e d  to p roduc t s  der ived f rom the o the r  ox i ranes  

1 ~'R = Alk) is probably  due to the  lower s tabi l i ty  of  
in te rmedia te  7, because  of  the  des tabi l iz ing s ter ic  effect 
of  the tert-butyl  group. 

Experimental 

IR spectra were recorded on a UR-20 instrument (.thin 
film). IH NMR spectra were recorded on a Bruker WM-250 
instrument (250 MHz) in CDC13. 

Reaction of 2-[(organylthio)methyl]oxiranes (I) with 
alcohols in the presence of BF 3- Et20 (general procedure). 
Epoxide 1 (20 retool) was added to a boiling corresponding 
alcohol (12--15 mL) containing BF 3"Et20 (0.14 g, t mmol). 
The reaction mixture was refluxed lbr 30 rain and then cooled 
to 20 ~ Ether (50 mL) was added, and the resulting solution 
was washed with water, 5% KF. and water again and dried over 
MgSO 4. The solvent was removed, and the residue was dis- 
tilled. The selected characteristics of mixtures of isomers 2 and 
3 are presented in Table I. The spectral parameters are summa- 
rized in Table 2. 

Aeetylation of mixtures of adduets 2 and 3. Pyridine 
(15 mmol) and acetic anhydride (12 mmol) were added with 
stirring at 10 ~ to a solution of a mixture of isomers 2 and 3 
(10 retool) in 5 mL of benzene. The reaction mixture was 
allowed to stand overnight at -20 ~ whereupon it was poured 
into 30 mL of water. The products were extracted with ben- 
zene. The extract was washed with water, 5% HCI, and water 
again and dried over MgSO+ The solvent was removed to give 
acetates 4 and 5. Their selected characteristics are presented in 
Table I. The spectralparameters are summarized in Table 3. 
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