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Abstract—Reaction of 3,4-epoxy-1-butene with dichlorocarbene is accompanied by deoxygenation and yields
a mixture of 1,1-dichloro-2-vinylcydpropane, 2,2,/2'-tetrachlorobicyclopropyl, and 2,2-dichlorocyclo-
propyloxirane. Arenesulfenyl chlorides react with 3,4-epoxy-1-butene to afford both Markownikoff and anti-
Markownikoff addition products, whereas vinylethylene carbonate gives rise exclusively to the anti-Markow-
nikoff adducts.

The high and versatile reactivity of large-scaleMakosza procedure). According to the GLC data, the
unsaturated epoxy derivatives determines their greagaction mixture contained a number of products
synthetic potential. Reactions of nucleophilic reagenttogether with unreacted 3,4-epoxy-1-butene. By frac-
[1] with 3,4-epoxy-1-butene, which involve openingtional distillation we succeeded in isolating three
of the oxirane ring, have been studied in sufficienfproducts: 1,1-dichloro-2-vinylcyclopropang),(mese
detail. Much less information is available on reaction2,2,2,2"-tetrachlorobicyclopropyl I(), and diastereo-
of 3,4-epoxy-1-butene with electrophiles. It is knownisomeric 2,2-dichlorocyclopropyloxiranedli()
that chlorine, bromine, and methyl hypochlorite addScheme 1). The overall yield of the identified prod-
across the double bond of 3,4-epoxy-1-butene and thatts was 39%.
methyl hypochlorite gives rise to a mixture of adducts The structure of Compounds_||| was confirmed
formed according to and against the Markownikoffhy the 'H and3C NMR spectra (Table 1). As a rule,
rule [2]. Reactions of 3,4-epoxy-1-butene with dihalo-dichlorocarbene reacts with olefins through addition at
carbenes and sulfenyl chlorides were not studied.  the double bond. In our case, substituted oxirdhe

The present communication reports on the resultsan be regarded as such a common addition product.
of our study on reactions of 3,4-epoxy-1-butene andhe formation of compound$ and Il may be ex-
vinylethylene carbonate (which is readily accessiblglained in terms of the known ability of carbenes to
from 3,4-epoxy-1-butene and carbon dioxide [3]) withdeoxygenate oxirane ring [4]:
dichlorocarbene and arenesulfenyl chlorides. We also

endeavored to compare the effects of the oxirane and - :CCly . :CCly .
2-ox0-1,3-dioxolane fragments on the reactivity of _cocl,

the double bond in 3,4-epoxy-1-butene toward electro-

philic reagents. In fact, treatment of both oxirank! and dichloro-

The reaction of 3,4-epoxy-1-butene with dichloro-cyclopropanel with excess dichlorocarbene leads
carbene was carried out in the system chlorofermto formation of diastereoisomeric tetrachlorobicyclo-
agueous sodium hydroxide in the presence of benzypropylsl ; only the mesoform of Il was isolated in
triethylammonium chloride (following the known the pure state.

Scheme 1.
‘cCly CH,—CH—CH—C CH,—CH—CH—C
CHy=CH—CH—CH, ——— CH,=CH—CH—CH + H,—CH—CH—CH + H,—CH—CH—CH
’ N ’ N N4 N N4 N
o CCl, cCl, CCl, cCl, o

I II III
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340 MANNAFOV et al.

Table 1. H and 3C NMR spectra of dichlorocyclopropane derivativeslll in CDCly

5 4 3 2 2 3 3 2 2 3 4 5
CH2=CH—CE;CH2 C§27CH—CE—/CH2 C§27CH—CE—CH2
1 1 1
CCl, CCl, CCl, CCl, 0

Compound

o IH NMR spectrum,3, ppm @, Hz)

| 1.42 d.d (LH, CHCCl, 23, 5= 7.0, %ans., 37 =7.8), 1.79 d.d (LH, CHCCly, 23, 5= 7.0,%0igp 3= 10.4),

2.28 d.d.d (1H, CHCGl 3Jep 5= 10.4, Jrans2,3.= 78,34 = 7.9), 5.25 d.d (1H, Chk=, 2J55—12
33(3,5,45-100) 5.32 d.d (1H, Chk, 235 5= 1.2,%)4ne4,5 = 17.0), 5.58 d.d.d (1H, CH, 33064 5=

17.0, 3Jgea 5 = 10.0, 335 , = 7.9)

I erythra 1.51 m (4H, 2CH), 1.86 m (2H, 2CH)
threa 1.49 m (4H, 2CH), 1.85 m (2H, 2CH)

i erythro 1.45 d.d (1H, CHCCl,, 2.J2 =71, .Jtran52 3 = 7.5), 1.55 dd (1H CIZCCIZ, ZJZ =71,
3JC,52 3,7 =10.3), 1. 79 d.d.d (1H, CHC@I JC|s-2 3 =10.3, Jtrans-z 3=17.5, J3 1=3.5), 2. 58 d.d (1H,
CHZO .J55— 4.9, Jtran%45— 2.6), 2.85 d.d (1H CKD, J55=49 JC,S45—42) 3.08 d.d.d (1H,
CHO, Jtran_'~‘r45 = 2.6, JC|s-45 = 4.2, 2‘334 - 35)

threa 1.50 m (2H, cn—icmz) 1.88 m (1H CHCG)), 2.67 d.d (1H, CHO, 235 5 = 4.7,%)4ns4.5 = 2.6),
2.84 d.d (1H, CHO, 255 = 4.7, 3Jgs 5 = 4.7), 291 m (1H, CHO)

13C NMR spectrum,3c, ppm #c 1y, Hz)

Compound
no ct c? c? ct c5
I 60.86 s 27.70 t 34.05 d 134.00 d 118.96 t
Il -erythro 59.65 s 27.42 t (165.8) 31.12 d (166.6) - -
(meso
Il -threo 58.40 s 26.43 t (163.2) 30.71 d (166.0) - -
Il -erythro | 58.50 s 23.10 t (166.9) 31.46 d (166.0) | 49.12 d (177.1) | 45.96 t (176.4)
Il -threo 58.62 s 24.36 t (166.4) 31.76 d (166.0) | 51.46 d (177.0) | 45.64 t (176.4)

Under similar conditions, the reaction of dichloro- Reactions of 3,4-epoxy-1-butene and vinylethylene
carbene with vinylethylene carbonate afforded a comearbonate with arenesulfenyl chlorides were more
plex mixture of products. Only two of them were selective.p-Toluenesulfenyl chloride readily adds to
isolated in the pure state by distillation. These were,4-epoxy-1-butene in carbon tetrachloride, affording
compoundsl and Il which were identical to those the corresponding 1:1 adduct (according to the data
obtained by reaction of 3,4-epoxy-1-butene withof elemental analysis) in high yield (Scheme 3). Gas
dichlorocarbene. The overall yield was as low as 27%ghromatographiamass spectrometric analysis of the
Presumably, the reaction is accompanied by decomproduct showed that it is a mixture of four isomers
position of the 2-oxo-1,3-dioxolane ring (decarboxyla-with close retention times. Their mass spectra were
tion and deoxygenation) by the action of alkali andalso very similar. Each isomer showed in the mass

dichlorocarbene (Scheme 2). spectrum strong molecular ion peak][ with m/z
228/230. The spectra of two isomers contained frag-
Scheme 2. ment ion peaks wit'z 179 [M—CH,CI], which were
:CCly, NaOH absent in the spectra of the two other isomers.

—Na,CO; r+n In the 13C NMR spectrum (Table 2) we also ob-

served four sets of signals (total of 16) belonging to
CHO and CHO groups (4 signals per group) and

CH2=CH—C|H—C|H2
o 0
N/
co
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Table 2. 13C NMR spectra &, ppm, X3¢, Hz) of oxiranesIV-VI in CDClg

1 2 3 4
X—CH,—CH—CH—CH,
N,/

Y (6]
CO”r‘]'gO“”d X Y cl c2 c3 o CH,
v p-CHyCgH,S cl 3868 t | 6107 d | 5447 d | 4692t | 21.18 q
(1440) | @55.0) | (177.0) | (17700 | (127.0)
4075t | 6011 d | 5394 d | 4822t | 2118 q
(1440) | @155.0) | (177.0) | (17700 | (127.0)
Va cl p-CHCH,S | 454 t | 5271 d | 5252d | 4832t | 2130 g
(155.0) | (144.0) | (177.0) | (17700 | (127.0)
4451t | 5327 d | 5271d | 4721t | 21.30 g
(165.0) | (144.0) | (177.0) | (17700 | (127.0)
v 0-NO,CeH,S cl 3710 t | 6011 d | 5439 d | 4650 t _
3803t | 5910 d | 54.02 d | 47.42 t -
Va cl oNO,CeH,S | 4462t | 51.98 d | 5050 d | 47.75 t -
4419 t | 5254 d | 50.82 d | 4650 t _
via p-CHyCeH,SO, cl 6357t | 5540 d | 5530 d | 4696t | 21.54 q

& Aromatic carbon signalsy., ppm: 142.30 s, 139.99 s, 130.33 d, 124.18 d.

CHCI, CH,CI, CHS, and CHS groups (2 signals per benzenesulfenyl chloride reacted with 3,4-epoxy-1-
group). Taking into account published data on carbobutene, yielding two diastereocisomeric patandVa
chemical shifts of addition products @Ftoluenesul- (Scheme 3, Table 2).

fenyl chloride to 3,3-dimethyl-1-butene [5], we came Oxidation of mixturelV/IVa with hydrogen per-
to the conclusion that the obtained mixture of fouroxide in acetic acid resulted in formation of a complex
1:1 adducts consists of two diastereoisomeric pairgixture of products from which only one pure dia-
formed by addition ofp-toluenesulfenyl chloride to stereocisomer, sulfon&| (Table 2) was isolated in
3,4-epoxy-1-butene according to the Markownikoff12.4% yield.

rule (V) and against it I[¥a). Our conclusion was Vinylethylene carbonate also readily takes up
based on the signal multiplicities and experimentahrenesulfenyl chlorides in carbon tetrachloride or
direct coupling constantsJe ,, typical of the oxirane chloroform. According to théH and **C NMR data
ring [6], as well as on the known carbon chemical(Table 3), in this case only anti-Markownikoff adducts
shifts of substituted oxiranes [7]. Likewise;nitro- VII and VIII were formed, each being a mixture

Scheme 3.

ArSCl + CH,=CH—CH—CH ArS—CH,—CH—CH—CH, + ArS—CH—CH—CH
’ N ’ N N

0 ol 0 cH,c1 9
IV,V IVa,Va

IV, IVa, Ar = p-CH,CiH,; V, Va, Ar = 0-O,NCgH,.

Scheme 4.

ArSCl + CH2=CH—C|H—C|H2 ArS—CH—CH—CH,
CICH, O O
A4
co

VII, VIII

(0] O
N/
CO
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342 MANNAFQOV et al.
Table 3. IH and 13C NMR spectra of ethylene carbonate derivatives —X

1 2 3 4
Cl—CHZ—CH—CH—ClHZ

RCgHX O 0O
N3/

CO
Compound no{ X R IH NMR spectrum,s, ppm @, Hz)
VIl -thred® S |p-CH; [3.22 d.d.d (1H, CHS3J; , = 10.6,3); , = 5.0,3J, 5 = 2.3), 3.82 d.d (1H, CkLCl,

2), 1= 114, J12—106) 387 d.d (1H, ChCl 2311_1143312_50) 4.58 d.d
(IH, CH0, 2J, 4 = 8.5, 3Yyane34 = 6.7), 4.62 dd (1H, CbD, 2J, 4 = 8.5,
®Jgisa 4 = 8.5), 5.32 d.d.d (1H, CHO s 3 4 = 8.5,%)yans3.4 = 6.7, 3232 3)

VIl -erythrg® S |pCH; (340 m (1H, CHS), 3.78 m (2H, CJ), 4.34 d.d (1H, CHO, 2344 8.6,%)ans3.4 =
7.3), 460 d.d (1H, CHD, J44=86 %Jgisa 4 = 8.6), 4.83 d.d.d (1H, CHO,
3JCIS—3,4 = 8.6, Jtran_'~‘r34 =173, J23 = 70)

VIl -thred S |o-NO, [4.02 d.d (1H, CHCI, 2311_ 1143.)12: 13.2), 4.05 d.d (1H, CkCI, 2J; ; = 11.4,
3, , = 1.6), 4.16 d.d.d (1H, CHSJ, ,=13.2,3); ,= 16, 323_32) 4.59 d.d
(IH, CH0, 2J, 4 = 8.8, 3Yyane34 = 6.6), 4.83 dd (1H, C, ), 4 = 88,
3JCIS—34_86) 553ddd(1H CHO;YJCIS-34 8.6, Jtrans34 6.6, JZ 332)
Vil -erythrd® | S |0-NO, [4.10 d.d (1H, CHCI, 2J; ; = 11.4,%), , = 7.6), 4.11 d.d (1H, CKLCI, 2311_ 11.4,
3, , = 2.6), 4.35 d.d.d (1H, CHS3J12—76 J12—26 323-70) 4.50 d.d
(1H, CH,0, %, , = 8.8, J34—66) 478dd(1H ChD, J44—88 3sis3.4 =
8.6), 5.24 d.d.d (1H, CHOane3.4 = 6.6, Jgeg 4 = 8.6, 3, 53 = 7.0)

IX -thred® SO, |p-CHz |3.73 d.d.d (IHCHSO, 3312=733312=47 323_33) 3.86 d.d (1H, CiLl,
2), 1= 121, 312_73) 401dd(1H ChCl, 23, 1 =12.1,%), ,= 47), 4.69 dd
(LH, CHO, 2y 4 = 9.4, 3 anes 4 = 6.7), 4.73 dd (1H, ChD, J44—94
®Jgisa 4= 10.1),5.37 d.d.d (1H, CHG ) ans3 4= 6.7,3Jgis3 4 = 10.1,33; 5= 3.3)
X-thred SO, |0-NO, 410 m (2H, CHCI), 4.20 m (1H, CHSOZ) 4.89 dd (1H, CHO, 23, , = 9.1,
Jtram“_ee) 498dd(1H ChD, 344_91 gisa 4 = 8.1), 551ddd(1H
CHO, Jtran_'~‘r3,4 = 6.6, JC|s-3,4 = 81, J2,3 - 61)

13C NMR spectrum,8., ppm

Compound no|

ct c2 c ct c®
VIl -thred? 43.58 54.95 74.25 67.18 154.37
VII -erythrd® 44.21 54.26 74.69 67.97 154.38
VIl -thred® 44.43 52.68 75.76 68.20 154.79
VIl -erythrd® 45.31 52.52 76.02 68.20 154.83
IX -thred® 37.05 72.62 66.52 66.18 154.41
X-thred® 37.51 75.36 68.34 64.22 154.82

2 In CDCl,.
® |n acetoneds.

of diastereoisomers (Scheme 4). We succeeded in Comparison of the behavior of 3,4-epoxy-1-butene
separating a part of thiéareo isomers, and they were and vinylethylene carbonate in electrophilic addition
characterized as individual compounds (Tables 3, 4yeactions with arenesulfenyl chlorides leads us to con-
pure erythro isomers were not obtained. Oxidation of clude that the 2-oxo-1,3-dioxolane group is a stronger
threo-sulfides VII and VIII  with 30% hydrogen acceptor that the oxirane moiety. According to [8],
peroxide in acetic acid smoothly yields sulfonesthe oxiranyl group is assumed to be a fairly weak
IX and X (Scheme 5). n-donor.
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Scheme 5. 2,2-Dichlorocyclopropyloxirane (Ill) (a mixture
.0 of diastereoisomers). Yield 15.2 g (20%). bp-78°C
VIL, VIII 202 ArSO,—CH—CH—CH, (12 mm), n? 1.4831. Found, %: C 39.62; H 3.61.
adm &b CsHcCl,0. Calculated, %: C 39.25; H 3.95.
’ 4 Reactions of oxirane Il with dichlorocarbene.
X, X The reaction was carried out following the above

procedure with 7.65 g (0.05 mol) of compouiidl,
0.3 g (1.3 mmol) of BTEAC, 15 ml of chloroform,
and a solution of 12 g (0.3 mol) of sodium hydroxide
in 12 ml of water. We isolated 9.3 g (85%) tf as
EXPERIMENTAL a mixture of diastereoisomers (Table 1). bp-94°C

1 13 (22 mm). On cooling, 3.1 g (28%) anesell was
The "H and “C NMR spectra were recorded on geparated. mp 7g9°C (from hexane).

a Varian-200 spectrometer in CDLCbr acetone-gl
using HMDS as internal reference. The mass specttPh
were run on an INCOS-50 G®IS system.

Reaction of 3,4-epoxy-1-butene with dichloro-
carbene.To a solution of 35 g (0.5 mol) of 3,4-epoxy-
1-butene and 2 g (8.8 mmol) of benzyltriethylammo-

nium chioride (BTEAC) in 140 ml of chloroform we a mixture of diastereoisomers (Table 1). On cooling,

added dropwise with stirring a solution of 142 g
(3.55 mol) of sodium hydroxide in 142 ml of water %r%n% (ﬁg).(ion/cg)ofrnesell was separated. mp 7BF°C

over a period of 2 h, maintaining the temperature a _ _ _ _
35-40°C. The mixture was then stirred for 10 h at Reaction of vinylethylene carbonate with di-
40°C, the precipitate was filtered off, and the organicchlorocarbene. The reaction was carried out follow-
phase was separated and dried over magnesium silg the above procedure with 11.4 g (0.1 mol) of
fate. Products—Ill were isolated by fractional dis- Vvinylethylene carbonate, 0.8 g (3.5 mmol) of BTEAC,
tillation. 80 ml of chloroform, and a solution of 40 g (1 mol)
1,1-Dichloro-2-vinylcyclopropane (1). Yield of sodium hydroxide in 40 ml of water. We isolated

6.17 g (9%). bp 122124°C, n 1.4730. Found, %: 17 g (125%) of compound, bp 123124°C, ng’

C 43.94; H 4.64. CHCl,. Calculated, %: C 43.83; 14733, and 3.1 g (14%) afmesell, mp 78-79°C
H 4.41. (from hexane).

2,2,2,2"-Tetrachlorobicyclopropyl (Il) (a mixture (1-Chloro-2-p-tolylthioethyl)oxirane (V) and
of meso and threo isomers). Yield 27.5 g (25%). (2-chloro-1-p-tolylthioethyl)oxirane (IVa). To a so-
bp 90-94°C (12 mm). On cooling to @, 11.2 g lution of 7 g (0.1 mol) of 3,4-epoxy-1-butene in 50 ml
(10.2%) of themesoform precipitated. mp Z&®C  of carbon tetrachloride we added dropwise (with
(from hexane); published data [9]: mp “T& Found, stirring and cooling by water) a solution of 15.8 g
%: C 33.18; H 2.80. @H4CIl,. Calculated, %: (0.1 mol) of p-tolylsulfenyl chloride in 30 ml of
C 32.77; H 2.75. The liquid obtained after separatiorcarbon tetrachloride. The solvent was removed under

VI, IX, Ar = p-CHCH,; VI, X, 0-NO,CiH,.

Reaction of compound | with dichlorocarbene.

e reaction was carried out following the above
procedure with 11 g (0.08 mol) of compouhd0.32 g
(2.4 mmol) of BTEAC, 15 ml of chloroform, and
a solution of 3.3 g (0.082 mol) of sodium hydroxide
in 3.4 ml of water. We isolated 15.7 g (89%) ibf as

of mesell was a mixture ofmesell andthrecll, reduced pressure, and the residue was distilled. Yield
the latter prevailing (Table 1). 20.1 g (88%), bp 135138°C (1 mm), n® 1.5740.
Table 4. Yields, melting points, and elemental analyses of compouvitla —X
Compound Found, % Calculated, %

ng Yield, % mp, °C Formula

' C H C H

Vila 32 78-79 52.99 4.40 Cy,H15CIO05S 52.84 4.80

Villa 35 134-135 43.58 3.24 C;1H1oCIOsNS 43.51 3.32

IX 75 145-147 47.41 4.20 C;,H15CI0sS 47.29 4.29

X 69 148-150 (decomp.)| 39.19 3.10 C;1H;CIONS 39.35 3.00
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Found, %: C 57.40; H 5.71. GH,,CIOS. Calculated,
%: C 57.46; H 5.73.
(1-Chloro-2-o-nitrophenylthioethyl)oxirane (V)
and (2-chloro-1-o-nitrophenylthioethyl)oxirane
(Va). To a solution of 19 g (0.1 mol) ob-nitroben-
zenesulfenyl chloride in 80 ml of chloroform we

MANNAFOV et al.

4-(2-Chloro-1-o-nitrophenylsulfonylethyl)-1,3-
dioxolan-2-one (X). The reaction was performed in
a similar way with 0.9 g (3 mmol) of compoundl
and 4 ml of 30% hydrogen peroxide. The product was
recrystallized from benzenacetonitrile.

The yields, melting points, and elemental analyses

added 7 g (0.1 mol) of 3,4-epoxy-1-butene. Afterof compoundsVila, Vllla, IX, and X are collected
2 days, the solvent was removed under reduced presr Table 4.

sure to leave an undistillable oily liquid. Found, %:
C 45.70; H 3.48. GH,,CIO3NS. Calculated, %:
C 46.24; H 3.88.
(1-Chloro-2-p-tolylsulfonylethyl)oxirane (VI). 1
To a solution of 2.29 g (0.01 mol) of a mixture of
sulfideslV andlVa in 100 ml of acetic acid we added
10 ml of 30% hydrogen peroxide. After 2 days, the
mixture was diluted with water and extracted with
chloroform (2<30 ml). The extract was washed with
water, dried over magnesium sulfate, and evaporated
under reduced pressure. The precipitate was filtered
off and recrystallized from benzene. Yield 0.32 g2.
(12.4%). mp 135C. Found, %: C 50.47; H 5.12.
C,;H;sCIO;S. Calculated, %: C 50.67; H 5.02.
(2-Chloro-1-p-tolylthioethyl)-1,3-dioxolan-2-one
(Vlla). A solution of 7.93 g (0.05 mol) op-toluene- 3,
sulfenyl chloride and 5.7 g (0.05 mol) of vinylethylene
carbonate in 40 ml of carbon tetrachloride was kepj
for 4 days. The solvent was removed under reduced
pressure, and the precipitate was filtered off and
recrystallized from hexane. The crystalline product

and the liquid phase were characterized %Y and
13C NMR spectra (Table 3).
4-(2-Chloro-1-o-nitrophenylthioethyl)-1,3-dioxo-
lan-2-one (VIlla). A solution of 5.79 g (0.03 mol)
of o-nitrobenzenesulfenyl chloride and 3.42 96
(0.03 mol) of vinylethylene carbonate in 100 ml of
carbon tetrachloride was kept for 7 days. The precip-
itate was filtered off and recrystallized from aceto-
nitrile. The filtrate was evaporated under reduced
pressure to obtain an oily liquid. The solid and liquid /-
products were characterized byd and *C NMR
spectra (Table 3).
4-(2-Chloro-1--tolylsulfonylethyl)-1,3-dioxolan-
2-one (I1X). To a solution of 0.97 g (3.56 mmol) of
compoundVIl in 50 ml of acetic acid we added 4 ml 8-
of 30% hydrogen peroxide. After 2 days, the mixture
was diluted with water, and the precipitate was filtered.
off and recrystallized from benzermcetonitrile.
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