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FUNCTIONALLY SUBSTITUTED SULFUR-CONTAINING COMPOUNDS.

9.% REACTIONS OF 2-[(ORGANYLTHIO)METHYL]OXIRANES WITH ACETIC
AMHYDRIDE AND ACETYL CHLORIDE

V. E. Kalugin and V. P. Litvinov UDC 542.91:547.422.22-31:547.292-312

Reaction of 2-[(organylthio)methyl]oxiranes with acetic anhydride gives a mix-
ture of 3-(organylthio)-1,2-diacetoxypropane and 2-(organylthio)-1,3-diace-
toxypropane, and with acetyl chloride a mixture of 2-chloro-3-{organylthio)-
l-acetoxypropane and 3-chloro-2-(organylthio)-l-acetoxypropane. In both
cases, the ratio of the isomers depends on the nature of the organylthio

group and on the nature of the electrophile.

In the course of a study of the reactivity of 2-[{organylthio)methylloxiranes [2, 3],
their reaction with electrophiles — acetic anhydride and acetyl chloride — was examined.

It is well known that acetic anhydride and acetyl chloride react with epoxycompounds
tc form the corresponding diacetoxy and chloroacetoxy derivatives [4]

S AeX N e
G o——r (= C

~

/1):‘\(' }\ \
X - AcO, Cl. ‘

A reaction of this type has not been reported for sulfur-containing epoxides. We
have established that the reaction of 2-[(organylthio)methylloxiranes (I) with acetic an-
hydride for 4 h at 130°C and molar ratio 1:1.5 gives a mixture of 3-(organylthioj-1,2-di-
acetoxypropane (II) and 2-(organylthio}-1,3-diacetoxypropane (III} (Table 1).

CHy0AC
Av ) KOH
RASCHL,CH—Cly — RSCHL,CHCH,0Ac 2 RSCH ———
N 1
Q OAc CH,0A¢
(D (I (1Y)
CH,OH
/
s RSCILCHCH, 01 5 RSCH
‘ ~
OH CH,0H
(1V) (V)
R = Et(a), Bu{by t-Bu(¢), Callyz (d)s Crollzs ), PhClig (f), CH2=CHCH; (8), Ph ).

It follows that 1,2-migration of the organylthio group takes place in the course of
the reaction in a similar way to the reaction of 2-[(alkylthio)methyl]oxiranes with car-
bexylic acids [5].

*Yor previous communication, see [1].

N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR, Mos-
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1578, July, 1991. Original article submitted June 8, 1990.
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TABLE 1. Physicochemical Characteristics of Products of Reac-
tion of Epoxysulfides (I) with Ac,0

Found s o,
Product Ratio [Yield] Bp, °C Calculated Empirical
an:ami % (p, mm Hg) c l . ’ o | formula
(T1a)+ (111a) 2:3 | 84 | 80-82(0.7) | 4901 | 737 | 1431 |  CoHu0,8
49071 T7.32 14,56

(1) + (111b) 23 87 | 100(0,5) 53411 809 | 12,96 | Ciillpe0,3
» 5320 | 812 | 1281

(IIc)+(I11c) 1:2 80 102-104(2) 5345 | 826 | 12.84 Ciilz0008
5320 | 8142 | 1201
(TId)+(I11d) 2:3 73 141--142(05) | 59.38 | 945 | 10,72 CraHas Oy S

59,18 | 9,27 10,53
(IIe)+(1Ile} 2.3 70 1 162-184(05) | 61.63 | 9.87 0.55 Crallaa08
61,411 9.70 9,64

(IL)4(IITE) | 2:2 | 72 | 158 160() | 5970 | 655 | 14.61 | CullnO.s
5055 | 6,43 | 11.35

(IIg)+(IIIg) | 2:3 | 75 | 108—110CH | 50581 6.87 | 13.95 |  Culli08
5170 | 664 | 1380

(ITh)+(IITh) | 11 | 75 | 18- 15008 | 53.08 | 595 | 1221 | Cyalye0,s

SR19 601 11.95

TABLE 2. Physicochemical Characteristics of Diols (IV) and

(v)
or bp, Found .
Compound °C (p, mm Hg); Calculated Empirical
! [ n ; s formula
(1vbj; 120-121(2) i 50.97 9.03 19,61 CH10,8
¢ 5118 9.82 19.52
(I\ve) 104-105(3) I 5125 .47 19.76 Cilha0)as
X ETRTS 9.82 19,52
(1vay » 30-31
(tver T 4243
HIVE) . 152165 (2) 60.68 7.2 16,00 Croll 0.5
- . 60.57 7.12 16.17
(\b) o214 5138 0.71 P 19,72 Crll60s%
? 51,15 .82 1952
Vel i 78-74 51.28 9.0% 19.32 CiH0:5
; 51.18 9,82 19,52
(Vs 1 h2- 40 IR 10,87 14,40 CriHa0u8
: 59.95 10.98 14.55
tVe) ! 54-55 o G300 11.38 12.8: Ciallza0an
| 62,85 11.36 12,91
(VE) | 84-85 | 6071 7.01 16.37 CioH150:3
o L | 0T 712 ) 1647
Vgl |47
*cf., [6].
tef. [77.
*cf. [8].

Deacylation of the mixture of diacetates (II) and (III) with alcoholic alkali solution
yields a mixture of the corresponding diols (IV) and (V) from which one or both isomers
can be isolated by fractional crystallization (Table 2). It is characteristic for the
1,3-diols (Vb-f) to have higher melting points than the corresponding 1,2-diols (IV), but
for (Vh) the reverse is the case.

The ratio of the isomers (II) and (III) in the reaction mixtures was determined from
their PMR spectra and is almost independent of the nature of the substituent R (Table 1).
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TABLE 3. Physicochemical Characteristics of Products of Reac-
tion of Epoxysulfides (I) with AcCl

Ratio Found ..
Product (VI): ¥ield, Bp, °C (p, mm Calculated ' Empirical
(Vi) | % Hg) c ‘ - l s o | formula
(Vla)+(VIla) 1:1 80 85-86(:) 4270 | 6.62 [16.56 (18,331 CyH;ClO.S
4274 | 6,66 116,30 {18.03
(VIh) 4 (VIIb) 1:14 77 1 108—=110(3) 48,04 | 756 |14.37 115,88 | CoH,;ClO.S
4810 | 7.62 |14.26 | 15,77
{(Vic) +(VIlg) 2:3 75 91-02(2) 4827 | T.85 [14.24 |15.77 | CeH;Cl0O:S
4840 | 7,62 |14,26 | 15,77
(Vid) + (VITd) 1:1 70 1128 130(0.8) | 55.72 | 943 | 11.27 [ 1245 | Cuilf:ClO.S
55,50 | 897 1114211262
(Vier+(Vile) 1:1 72 | 148 150(0.7) | 5841 | 038 1102911137 | CpllwClO.S
58,02 | BAG | 10,38 | 11,48
(VIf) + (VIIf) 1:1 65 | 125 127(1) 55.02 | 6010 11286 11358 | Crllitloes
55,70 | 584 1230 | 13.70
(Vg)y+(Vilg)| 1:3 7001 104 105(2) 46,01 | 620 1145.23 [16,91 1 CI1,000.8
46,04 | 6.27 15,36 [ 16,08
(Vi +(VIlh 2:3 75 1 117-118(1) 5440 | 546 1297 114331 Cullia€l0.8
5308 | 5.5 {13.10 [ 1448

A mixture of two isomers — 2-chloro-3-(organylthio)-1-acetoxypropane (VI) and 3-
chioro-2-(organylthio)-1-acetoxypropane (VII) — is also formed in the reaction of the
epoxysulfides (I) with acetyl chloride in molar ratio 1:1.5 at 70-100°C (Table 3).

CHLOAC
Acdl /
RSCHyCH—Cll; —— RSCILCHCHL,0A -+ RSCH
o cl “CILCL
) (V1) (V1)

- Et(a), Bu(b), &=Buc), Cdiy (), Cillz (e)y PhCHs (), Gy =CHCH; (g), Ph(n)

The ratio of the isomers (V1) and (VII) was determined from their PMR spectra. In
this case, the nature of the substituent R has a greater effect on the isomer composition
of the product (Table 3) than in the reaction of the epoxides (I) with acetic anhydride
(Table 1).

The most probable mechanism for this reaction is the formation of an episulfonium
intermediate (EI) which is decomposed by the anion X- to form a mixture of isomers.

CHy0AC
AcX R e
RSCH.CH— CHy; ——> | —s RSCH,CHCHOAc-+ RSCH
AN // S X~ l \
o} N\ X CH,X
CH,*—CH—CH,0Ac
6] (11), (VI) (111), (V11)
W EI
¥l
LRS(I}IZCHCIIQOAC’ — RSCH,CHCH,0Ac
X- |
OCF

X = AcO(11), (111), C1(VI), (VII).

The influence of the organylthio group on the isomer composition of the reaction
products can be explained in terms of the different stabilizing effect of R on the epoxy-
sulfonium intermediate (VIII) which determines the equilibrium between EI and the open
chain form OCF, the latter giving only the isomers (II) or (VI). Hence, the greater the
stabilizing effect of R the greater the relative concentration of isomers (III) or (VII)
in the reaction mixture. It is well known that the greatest stabilizing effect for such
a system is shown by groups with a positive induction or mesomeric effect. In fact, in
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both cases the greatest selectivity is shown for R = t-Bu and CH,=CHCH, (Tables 1 and 3)
which have the greatest positive induction and mesomeric effect for this series.

The electrophilic reagent also has some effect on the ratio of the isomers. It is
characteristic that for reactions of epoxysulfides (I) with acetic anhydride the selectivity
is higher if R = alkyl and for reactions with acetyl chloride the selectivity is higher if
R = CH,=CHCH, and Ph.

EXPERIMENTAL

IR spectra were obtained on a UR 20 instrument as thin films for liquids or as KBr
disks for solids, and PMR spectra on a Bruker WM 250 in CDCl,.

Reaction of 2-{(Organylthio)methylloxirane (I) with Acetic Anhydride. A mixture of
50 mmole epoxide (I) and 75 mmoles Ac,0 was heated 1 h at 130°C (4 h for Ig), cooled, and
the product isolated by distillation (Table 1). IR spectra (v, cm™?): 1740 (C=0), 1230
(C-0), 1640 (C=C for CH,~CHCH,), 1595 (C—Capom for Ph), 1500, 1460 (C—Capom for PhCH,).
PMR spectra (6, ppm): for ((Ila-g) + (IIIa-g)): 2.60-2.68 d (CH,S), 3.00-3.04 m (CHS),
4.25 m (CH,0Ac) and 5.05-5.07 m (CHOAc), for ((IIh) + (IIIh)): 3.15d (Cst), 3.54 m (CHS),
4.25 m (CH,0Ac), 5.06 m (CHOAc).

Deacetylation of Reaction Products. To a solution of 50 mmoles diacetates (II) and
(III) in 15 ml MeOH was added a solution of 75 mmoles KOH in 15 ml MeOH and the mixture
stirred 20 min at 25-30°C. The solvent was evaporated, the residue diluted with water
and the product extracted with ether. The extract was dried over MgSO,, evaporated, and
the residue fractionally crystallized from a hexane—ether mixture to separate the diols
(IV) and (V) (Table 2). IR spectra (v, ecm™?): 3600-3100 (OH), 1050 (C-0); 620 (C-S),
1590 (C—<Czpom for Ph). PMR spectra (&, ppm) (IV): 2.67-2.70 d (CH,S for (IVb-f)), 3.00
d.d (CH,S for (IVa)), 3.54 d (CH,0), 3.73-3.80 m (CHO), 3.80-4.00 s (OH); (V): 2.78-2.81
m (CHS), 3.67-3.70 4 (CH,0), 3.35-3.90 s (OH).

Reaction of 2-[(Organylthio)methyl]oxiranes (I) with Acetyl Chloride. A mixture of
50 mmoles of epoxide (I) and 75 mmoles of AcCl was heated from 70 to 100°C and held at
this temperature for 15 min (40 min for Ig). It was then cooled and the product separated
by distillation (Table 3). IR spectra (v, em™%): 1745 (C=0), 1230 (C-0), 750 (C—Cl),
620 (C-5), 1590 (C—Cyyqop for Ph), 1500, 1460 (C—Cypom for PhCH,), 1640 (C=C for CH,=~
CHCH,). PMR spectra (&, ppm) (VIa-g) + (VIIa-g): 2.80-2.88 d (CH,S), 3.00-3.08 m (CHS),
3.64-3.72 m (CH,Cl), 4.05-4.12 m (CH,0Ac), 4.27-4.34 m (CHOAc); ((VIh) + (VIIh)): 3.30
d.d (CH,S), 3.52 m (CHS), 3.73 d (CH,C1), 4.12 m (CH,0Ac), 4.40 m (CHOAc).
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