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Functionally substituted sulfur-containing compounds
12.* Reactions of 2-[(organylthio)methyl]oxiranes with aliphatic alcohels
in the presence of boron trifluoride etherate

V. E. Kalugin* and V. P. Litvinov

N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
47 Leninsky prosp., 117913 Moscow, Russian Federation.
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Reactions of 2-[{organylthic)methyljoxiranes with aliphatic alcohols in the presence of
catalytic amounts of BF; « E1;0 are accompanied by 1,2-migration of the organylthio group 1o
give mixtures of 2-alkoxy-3-(organyithio)propan-1-ols and 3-alkoxy-2-(organylthio)propan-
I-ols. The ratio of these isomers is significantly influenced by the structure of the alcohol and
the nature of the organylthio group. The proposed reaction mechanism includes the formation
of a thiiranium intermediate and its subsequent transformations.

Key words: 2-{(organylthiojmethyljoxiranes, aliphatic alcohols, boron trifluoride etherate,
isomers, steric factor, thiiranium intermediate.

Epoxv compounds easily react with aliphatic alcohols
in the presence of Lewis acids (e.g., BF;* Et,0) to give
common adducts. In the case of unsymmetrical ep-
oxides, the reaction vields a mixture of isomers
{Scheme 1) in a ratio depending on the structure of the
starting reagents.> However. reactions involving organyl-
thiomethvloxiranes have not been investigated so far.

Scheme 1

R—CH—CH, + R'OH —
N/ -

Previously, we showed that the reactions of such epoxy
compounds with acetic anhydride and acetyl chloride
are accompanied by migration of the organylthio group.3
It was of interest to find out whether such a migration is
possible in the addition of alcohols in the presence of
BF3 i EI_»O.

The reactions of 2-[(organylthio)methyl}joxiranes (1)
with alcohols were carried out in a boiling alcohol with
addition of BF; - Et;O, the molar epoxide : catalyst ratio
being 20 : | (Scheme 2). The reaction products were
isolated by distillation; their selected characteristics are
presented in Table 1. To elucidate the influence of the
nature of the organyithio group on the reaction direc-
tion, we used epoxy compounds 1 with different sub-

> RTQH-CH,0R" + R—CH—=CHOH stituents RSCH, (R = Et, n-CgH 7, Buf, CH,CH=CH>,
OH OR’ PhCH,, and Ph). It was found that the reaction of
Scheme 2
CH,OH CH,0AC
R'OH 7 Ac,0 4
RSCH,GH—CH, U275 RSCH;CHCH,OH + RSCH ~a~ RSCH,CHCH,0Ac + RSCH
P OR’ CH,OR’ OR’ CH,OR"
1 2 3 4 5
1: R = Et, n-CgHyy, Bu', CH,CH=CH,, PhCH,, Ph
2-5 R R’ 2--5 R R 2-5 R R
a Et Me g But Me I PhCH, Me
b Et pr h Buf Pr m PhCH, Pr
[ Et But i CH,CH=CH, Me n PhCH, Bu!
d n-CoHy7 Me j CH,CH=CH, Pri o Ph Me
e n-CgHyz P K CH,;CH=CH, But p Ph Pri
f n-CgHyp But q Ph But

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

Mixture of 2:3 Yield B.p./°C Found (%) Molecular
compounds or (%) {p/Torn) Calculated formula
4:57 C H S

2a + 3a 1:2 85 115—116 {20 47.81 9.53 IR R CeH 4058
47.97 9.39 21.34

2b + 3b 3.7 80 7475 (2) $3.80 10.24 18.07 CgH 0,5
53.89 10.18 17.98

2¢c + 3¢ 1:7 64 90—91 (3) 56.33 10.36 16.51 CyH,00,5
56.21 10.48 16.67

2d +3d 12 80 136—138 () 61.32 11.24 13.60 Ci:H2055
61.49 11,18 13.68

2Ze + 3e 3:7 73 146—147 (2) 63.93 11.56 1231 C4H60,8
64.07 11.52 12.22 ’

2f + 3f t:7 6S [50--152 (2) 65.31 1175 1.4 C,sH3,0,8
63.16 11.68 11.58

2g + 3g 2:3 62 8182 (1) 5401 10,10 17.86 CgH 50,5
33.89 10.18 17.98

h + 3h 3:5 36 96—97 (2) 58.13 1081 15.60 CoH220,8
58.21 10.75 13.54

2i + 3i 2:3 84 3082 (2) 51.68 §.89 19.70 C-H ;0,5
31.82 8.70 13.76

2j + 3j 3:3 82 96—97 (2) 56.71 954 16.88 CgH 50,8
56.80 9.49 16.85

2k + 3k 1:4 60 102104 (2) 58.87 983 13.61 CygH130,S
58.79 9.87 15.69

21 + 31 2:3 70 131132 (2) 62,10 171 15.02 C H 0,5
62.23 7.60 15.10

2m + 3m 12 52 134—135 () 63.93 845 13.21 Cy3H50,5
64.96 8.39 13.34

Zn + 3n 1:4 41 127128 (0.2) 66.28 R.57 12.82 Cy4H2 0,8
66.10 8.72 12.60

20 + 30 3:2 78 123125 (D) 60.32 718 16.06 CipH 40,8
60.55 7.12 16.17

2p + 3p 11 72 130—132 (0.8) 63.46 1.97 1422 C,,H 30,8
63.67 8.02 14.16

2q + 3q 2:3 35 136—138 (1) 64,79 8.51 13.16 C3H505S
64.96 8.39 13.34

d4a + 5a t:2 94 6 M 8_2_[ ﬁ 31 CgH|6O3S
49.97 8.39 16.68

4b + 5b 3:7 935 4 54.37 9.23 14.39 CioH39048
54.51 9.15 14.55

4c + 5S¢ 1:7 93 4 36,50 9.38 13.80 CHHIZO}S
56.37 9.46 13.68

4d + 5d 1:2 95 b 60.88 10.06 131 Ci4Hp5053
60.83 10.21 11.60

4e + Se 3:7 93 5 6£3.28 10.46 10.67 C1sH;3,058
63.11 10.59 10.53

4f + 5f -7 92 b 63.96 10.83 10,21 C7H3405S
64.10 10.76 10.07

4g-+ 3g- 2.3 g3 b, 34.64 921 14 28 CipH»03S
54.51 9.15 14.55

4h + Sh 3:3 92 b 37.90 9.82 3.1 Ci2H24055
58.03 9.74 12.96

4i + 5 2:3 94 b 52.73 1.76 15.88 CgH 4058
52.91 7.90 13.70

4j + 5j 3:3 95 b 7.02 8.53 13.69 CyH»058
56.86 8.68 13.80

4k + 5k 1:4 91 b 38.66 S 1347 Cy3H»0;8
58.49 9.00 13.01

4] + 51 2:3 95 b §L._l§ lZQ 1_2_-.31 Cl}ng();S
61.39 7.13 12.61

(1o be continued)
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Table 1. (continued)

Mixture of 2:3 Yield B.p./°C Found (% Molecular
compounds or (%) {p/Torr) Calculated formula
4:57 C H S

4m + Sm 1:2 93 b 64,04 1.74 1116 CysH:0,8
63.81 7.85 11.35

4n + Sn 1:4 96 b 4.96 8.19 10.63 CoH240:8
64.78 8.14 10.82

40 + S0 3:2 96 b 59.77 6.84 13.46 Cy3H 058
39.98 6.71 13.32

4p + Sp [ 94 b 62.62 1.66 119 Ci3H»0;8
62.78 7.51 11.92

4q + Sq 2 . 5 90 b 6}92 ZJSQ llle Clezzo:;S
63.81 7.85 11.35

@ Molar ratio.
b0l

aliphatic alcohols with oxiranes 1 in the presence of
BF;: Et;0 vields a mixture of two isomers, namely,
2-alkoxy-3-(organylthio)propan-1-ol (2) and 3-alkoxy-
2-(organylthio)propan-1-ol (3), whose separaiion was
not achieved by either distillation or chromatographic
methods.

Table 2. Spectral parameters of adducts 2 and 3

The isomeric composition of mixtures of 2 and 3 was
determined from their 'H NMR spectra. In addition,
the reaction mixtures were treated with Ac,O/Py to give
the corresponding acetates 4 and 5, whose {H NMR
spectra were also recorded (see Scheme 2, Table I).
Spectral parameters are given in Tables 2 and 3. The

Mixture of IR.

"H NMR. 3 (J/Hz)

compounds v/cm™! CH,S CHS CH;OH CH,OR CHOR" OH R R’
{d, {m) (d. «d, (m) (s)
J=T7 J=6.3) J=63)
2a + 3a 3430 (OH): 238 292 3.58 3.43 375 280 1.24 (r, 3 H, CHj, 3.30 (s. 3 H, CH;0)
1096 (C—0) J=17.0); 250 (q. 2 H.
CH,S, /= 6.8)
b + 3b 3440 (OH): 256 294 3.56 3.48 362 280 1.26 (t, 3 H, CH;, 1.12(d, 6 H, 2 CH;,
1088 (C—0) J=70)2352(q,2H, J=60);338(m,
CH.S. /= 6.8) I H. CHO)
2c + 3¢ 3430 (OH); 258 286 3.58 343 3.84 280 1.26 (t, 3 H, CH;, 117 (s, 9 H, 3 CHy)
1088 (C—O) J=70),252(q, 2 H,
CH,S, J = 6.8)
2d + 3d 3440 (OHy; 256 286 an 3.60 373 280 087 (1. 3 H. CH;, 3.32 (s. 3 H, CH;0)
1080 (C—0) J=70);1.30 (m, 8 H,
4 CH,); 1.42 (m, 2 H,
CH,); 1.70 (m, 2 H,
CH;): 2.48 (1, 2 H,
CH,S, J=6.8)
2e + 3¢ 3430 (OH): 260 291 3.63 348 3.84 280 088 (1, 3 H,CH;, 1.13(d, 6 H, 2 CH;.
1080 (C—~0) J=70) 130 (m 8 H. J=6.0); 338 (m,
4 CH,); 1.42(m, 2 H, 1 H, CHO)
CHy; 1.70 (m. 2 H,
CH,;); 2.48 (1, 2 H.
CH,S. /= 6.8)
2f+ 3f 3430 (OH); 258 2.86 3.60 3.45 3.84 280 0.88(r, 3 H, CHj, 1.16 (s, 9 H. 3 CHjy)
1090 (C—0) J=7.0) 1.30 (m, 8 H,

4 CH,); 1.42 (m, 2 H,
CHy); 1.70 (m, 2 H.
CH»); 2.50 (1, 2 H,
CH,S, J=46.8)

(to be continued)
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Table 2. (conrinued)

Mixture of IR.

'H NMR. 8 (J/Hz)

compounds v/em™! CH,S CHS CH,OH CH,OR CHOR' OH R R’
d. (m) (d. (d, (m) (s)
J=1 J=6.35) J=6.5)
28 + 3g 3440 (OH); 260 290 3.67 3.60 368 280 1.22(s,9H,3CHy 3.30 (s. 3 H, CH;0)
1090 {C—0)
Zh ~ 3h 3440 (OH): 260 291 3.62 3.50 370 335 1.23(s, 9 H, 3 CH3y) 1.12 (d. 6 H, 2 CH,,
1080 (C—0) J=6.0); 3.35 (m,
I H. CHO)
2i + 3i 3450 (OH); 256 284 3.38 3.50 3.80 280 3.25 (1. 2 H. CH,S, 3.34 (s, 3 H, CH}))
3078. 3062 4 =6.3); 5.65 (m,
(=C—H). 2 H, =CH,): 3.70
1640 (C=C); {(m, 1 H, =C—H)
1090 (C—0)
2j ~ 3j 3440 (OH): 256 287 3.58 3.50 380 260 3.25(1, 2 H. CH,S, 1.12 (d. 6 H. 2 CH;,
3078. 5062 J=163);:5.05(m J = 6.0); 3.35
(=C—-Hy; 2 H, =CH.): 5.70 (m. 1 H, CHO)
1640 (C=C): {m, | H. =C—Hj)
1085 (C-0)
2k — 3k 3440 (OH): 258 288 3.56 3.48 378 280  3.26 (1. 2 H, CH,S, 1.17 (s. 9 H. 3 CH;3)
3078. 3062 J=6.5), 3.05 (m
(=C—H): 2 H, =CH;): 5.70
1640 (C=C): (m, 1 H, =C—H)
1085 (C~Q)
21+ 31 3450 (OH) 245 280 3.32 3.35 3.70 3.10 3.68 (s. 2 H, CH,S): 3.30 (s, 3 H. CH;O)
3062, 3030 7.21 {m, 3 H, C¢Hys)
(C—H).
15300, 1460
(C—C):
1055 (C—-0O)
2m + 3m 3440 (OH): 244 278 3.60 3.43 378 273 3.70 (s. 2 H. CH,S8); 1.12(d, 6 H, 2 CH,;.
3060, 3030 7.21 {m, 3 H, C5Hg) J = 6.0); 3.50 {m,
(C—H): 1 H, CHO)
1500, 1460
(C-Cy;
1070 (C-0)
20 + 3o 3430 (OH): 2.46 281 3.56 3.43 377 285 3.72(s. 2 H. CH.S); 1.15 (s, 9 H. 3 CHjy)
3063. 3030 7.20 (m, 5 H. C¢Hs)
(C—H):
1300, 1460
(C-C).
1075 (C—O)
20 + 30 3440 (OH); 309 343 3.80 3.62 365 243  7.25(m, 3 H.C¢Hs) 3.32 (s. 3 H, CH,0)
3068, 3038
(C—H);
1385 (C—C).
1090 (C~0)
2p + 3p 3440 (OH); 3.07 3.4l 3.80 3.58 377 260  7.25 (m, 3 H. C¢Hs) 1.12(d, 6 H, 2 CH;,
3068. 3058 J = 6.0); 3.52 (m,
(C—H): | H. CHO)
1383 (C—-C):
1090 (C—QO)
2q + 3qg 3450 (OH); 310 34 3.75 3.56 370 346 7.25(m. 5 H. CgHs) 1.16 (s, 9 H, 3 CHy)
3068. 30358
(C—HY;
15385 (C—C):

1080 (C—-0)
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Table 3. Spectral parameters of acctates 4 and §

Mixture of  [R. 'H NMR. 8 (J/Hz)
compounds v/cm™! CH,S CHS CH,0R" CHOR’ CH,0Ac Ac R R’
(d, tm) (d. {(m) d, J=06) (s)
=7 J=6.5) 4 3
4a + Sa 1740 (C=0); 258 290 3.45 350 407 417 201 1.26 (¢, 3 H. CH;. 332 (s, 3 H,
1230 (C—0) J=7.0); 2.48 (q, CH;0)
2 H. CH.S
J=638)
4b + 5b 1740 (C=0y; 257 287 3.50 358 407 446 200 1.27 (x, 3 H. CH;., 1.12 (d. 6 H,
1230 (C—-0) J=7.00; 248 (q 2CH; J=
2 H, CH,S. 6.0): 3.38
J=6.8) {(m, 1 H.
CHO)
4c + 5S¢ 1740 (C=0): 2.58 288 3.45 3.80 405 420 201 1.26 (t, 3 H, CH;, 1.17 (5. 9 H,
1230 (C~-0) J=7.0); 2.50 (q. 3 CHy
2 H, CHaS,
J =63
4d + 5d 1740 (C=0; 256 2.86 3.45 368 406 416 2001 083( 3 H.CH 3.32(s,3 H
1230 (C~-0) J=7.10); 1L.30 (m, CH;0)
§ H, 4 CH,):
1.42 {m, 2 H. CH3)
1.70 (m, 2 H, CH;);
2.48 (1. 2 H, CH-S
J=6.8)
4e + Se¢ 1740 (C=0): 265 283 348 3.64 410 418 203 087 (r. 3 H, CH;, 112 (d. 6 H.
1230 (C—-O) J=7.10); 1.30 (m, 2CH, /=
8§ H, 4 CH,); 1.42 6.0); 3.40
{m, 2 H, CHyx {m, 1 H,
1.70 {m, 2 H. CHO)
CH;): 2.48 (1, 2 H,
CH,S, /=16.8)
4f + 51 1740 (C=0): 258 2.90 346 382 405 418 200 087 (1, 3 H, CH;, 1.17 {s. 9 H,
1230 (C—0) J=17.0); 1.30 (m, 3CHy
8 H. 4 CH,): 1.42
(m, 2 H, CH,):
1.70 (m, 2 H,
CH;); 2.48 (t, 2 H,
CH.S, /= 6.8)
4g + 5g 1740 (C=0); 247 282 3.40 348 406 418 1985 1.25¢(s,9H, 3.34 (s, 3 H.
1230 (C—~0) 3 CHy) CH,0)
4h + 5h 1740 (C=0y, 2.50  2.85 3.47 364 407 418 200 0 1.22(.9H. 1.13 (d, 6 H,
{230 (C~0) 3 CHjy 2CH;, /=
6.0); 3.40
{m, 1 H,
CHO)
4i + 5i 3075, 3060 252 2.89 3.40 354 407 416 200 3.23(t. 2 H. CH,S, 3.32 (s. 3 H,
(=C—H). J = 6.5): 5.05 (m, CH;0)
1740 (C=0): 2 H.=CH,); 5.70
1640 (C=C); (m, ! H, =C—H)
1233 (C—-0)
4j + 5j 3075, 3060 2352 290 3.48 360 407 418 200 3.25(. 2 H, CH,S, 1.12 (d. 6 H,
(=C—H): J=6.5); 5.05 (m, 2CH;5. /=
1740 (C=0); 2 H, =CH;); 5.70 6.0): 3.40
1640 (C=C): (m, t H, =C—H) (m, 1 H,
1230 (C—0y CHO)

(10 be continued)
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Table 3. (continued)

Mixture of R,

'H NMR, § (J/Hz)

compounds v/cm™! CH,S CHS CH,0R® CHOR’ CH;0Ac Ac R R’
(d. (m) (d. (m) (d. /= 6) (s)
J=17 J=6.5) 4 5

4k + 5k 3075, 3060 2,52 282 3.43 377 407 418 200 3.25(t. 3 H., CH,S, 1.17 (s. 9 H,
(=C—H); J = 6.5), 3.05 (m. 3 CHy)
1740 (C=Q) 2 H. =CH;); 5.70
1640 (C=C) (m, 1 H. =C~H)
1230 (C—~0)

41 + 51 3060, 3030 242 278 342 371 407 416 198 3.72(s, 2 H, CH,S); 3.34 (s, 3 H.
(C—H): 718 (m. 5 H, C¢Hs)  CH;0)
1740 (C=0);
1500, 1460
(C~Cx:
1240 (C—0)

4m + Sm 3065, 3030 241 278 3.37 376 402 423 200 3.72(s, 2 H, CH)5); 1.12 (d, 6 H,
(C—H); 722(m. 5 H,CiHs) 2CH;, J=
1740 (C=0y; 6.0); 3.45
1500, 1460 (m, I H,
(C—C); CHO)
1240 (C—-0)

4n + 5n 3060, 3030 246 278 3.46 3.77 407 4.21 200 3.76 (s, 2 H, CH,S): 116 (s, 9 H,
(C—H); 7.27 tm, 5 H. C¢Hy) 3 CHy)
1740 (C=0y;
1500, 1460
{C~—C):
1240 (C—O)

40 + 50 3068, 3038 EN T 3.37 3.55 3.58 421 424 207 7.25 (m. 5 H, CgHys) 3.38 (s, 3 H,
(C—H): CH;0)
1740 (C=0);
1385 (C—-C):
1244 (C-0)

4p + Sp 3068, 3038 307 347 3.56 377 448 431 206  7.25(m. 3> H, C¢Hy) 1.12 (d. 6 H,
(C—H): 2 CHy, /=
1740 {C=0); 6.0); 3.43
1585 (C—C); {m, 1 H,
1244 (C—~O) CHO)

4q + 5q  3070. 3053 3.17 341 3.52 355 412 430 205 7.25(m,5 H, C.Hs) 1.16 (s, 9 H,
(C—H); 3 CHy)
1740 (C=0):
1383 (C—C);
1244 (C—~0)

ratio of isomers 2 and 3 was found from the ratio of the
signal intensities for CH,S and CHS groups, while that
of acetates 4 and 5. from the ratio of the signal intensi-
ties for CH,S, CHS, and CH,0QAc groups.

Thus, the observed 1.2-migration of the organylthio
group seems to be a common phenomenon in the electro-
philic reactions of 2-[(organylthio)methyljoxiranes 1.

The influence of steric factors an the ratio of isomers
2 and 3 was studied with the use of such alcohols as
MeOH, PriOH. and Bu'OH. The data obtained indicate
that, for all epoxy compounds 1. the relative content of
isomer 3 increases in the order Me < Pri <« 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-CgH,,, or Bu'), while the smallest one, of
the Ph group.

To explain the above regularities, let us consider the
reaction mechanism. One can assurme that, at the first
stage, epoxide 1 reacts with BF;- Et;0 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

BF;-Et,0
RSCH,CH—CH, —=—=
N/

-Et,0
1
R
- | B
N l
7N = | R'OH
= |RSCH,GH—CH, —= CH;~CH—CH,0~BF; ——
i Q 7
BF,
6
CH,0H
—> RSCH,CHCH,0H + RSCH
OR’ CH,OR’
2 3
R'\O.-}i H H H
W [EseR AN
O—BF, LA _0-6F,
H H H
A B

Transition state A leads to isomer 3. while transition
state B leads to isomer 2. The nucleophilic reactions of
thiiranium compounds were studied in a series of pa-
pers.4=7 It was shown that, in the case of an unsym-
metrical thitranium compound. the site of the attack of
a nucleophile depends on the stability of the thiiranium
ring. The more stable the ring. the closer the rate of
rupture of the C—S bond to the rate of formation of a
new bond, and hence a tighter transition state occurs.
In this case, a nucleophile adds to the site most appro-
priate sterically. This variant favors the formation of
transition state A. If the thiiranium ring is less stable,
the rate of rupture of the C—S bond is markedly higher
than that of formation of a new bond. The reaction
follows the carbocationic mechanism, and a nucleophile
attacks the carbon atom on which the positive charge is
stabilized by the neighboring groups. In our case, this
results in transition state B.

According to the data obtained, the strongest stabi-
lizing effect is provided by aliphatic groups, while the
weakest one by aromatic groups. Allyl and benzyl groups
are intermediate between them. The lower relative con-
tent of compound 3 (R = Bu') in the reaction mixture
as compared to products derived from the other oxiranes

1 (R = Alk) is probably due to the lower stability of
intermediate 7, because of the destabilizing steric effect
of the rerr-butyl group.

Experimental

IR spectra were recorded on a UR-20 instrument (thin
film). '"H NMR spectra were recorded on a Bruker WM-250
instrument (250 MHz) in CDCl;.

Reaction of 2-[(organylthio)methyl]oxiranes (1) with
alcohols in the presence of BF;-«Et;O (general procedure).
Epoxide 1 (20 mmol) was added to a boiling corresponding
alcohol (12—13 mL) containing BF; - Et2O (0.14 g, | mmol).
The reaction mixture was refluxed for 30 min and then cooled
to 20 °C. Ether (30 mL) was added, and the resulting solution
was washed with water, 3% KF, and water again and dried over
MgSO,. The solvent was removed. and the residue was dis-
tilled. The selected characteristics of mixtures of isomers 2 and
3 are presented in Table 1. The spectral parameters are summa-
rized in Table 2.

Acetylation of mixtures of adducts 2 and 3. Pyridine
{15 mmol) and acetic anhydride (12 mmol) were added with
stirring at 10 °C to a solution of a mixture of isomers 2 and 3
(10 mmol) in 5 mL of benzene. The reaction mixture was
allowed to stand overnight at ~20 °C, whereupon it was poured
into 30 mL of water. The products were extracted with ben-
zene. The extract was washed with water, 3% HCI, and water
again and dried over MgSO,. The solvent was removed 1o give
acetates 4 and 5. Their selected characteristics are presented in
Table 1. The spectral parameters are summarized in Table 3.
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