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SULFOXYLATES AND ALKYL BROMIDES R'CH,Br

EBERHARD WENSCHUH and MATHIAS KERSTEN*

Institut fiir Chemie der Humboldt-Universitit zu Berlin, Fachinstitut fiir
Anorganische und Allgemeine Chemie, Hessische Strafle 1-2,
D-10115 Berlin, Germany

Dedicated to Professor Kurt Issleib on the occasion of his 75th birthday.
(Received June 28, 1994)

A variety of a-functionalized alkyl methanesulfinates could be obtained in good yields via Thio-AR-
BUZOV-Reactions of dialkyl sulfoxylates with different organic bromides. The new sulfinic esters have
been characterized by their physical and spectroscopic data. Further experiments were carried out to
study the influence of the substituent R' on the reactivity of the halide towards Thio-ARBUZOV
transformations which led to some general conclusions concerning the demands on the electrophile.

Key words: Thio-ARBUZOV-Reaction, dialkyl sulfoxylates, organic bromides, a-functionalized alkyl
methanesulfinates, 'H- and *C-NMR data.

INTRODUCTION

Conversions of A*-alkoxysulfanes Y-S—OAIlKkyl into A*-sulfinyl derivatives caused
by electrophilic attack of organic halides at the sulfur atom were named Thio-
ARBUZOV-Reactions and thoroughly studied in our group during the last few
years.'~* These transformations proceed via tri-coordinated quasi sulfonium inter-
mediates followed by dealkylation and S—O bond formation and are facilitated
by strong acceptor solvents like nitromethane; Equation (1).

CHgNO, + -
Y—S—OAky + R—CH,—X Y—?—OAIkyi X Tk Y—%—CH",--FK1
CHz_R,
(1)

Y = OAlkyl, Ph, >N R! = H, Alkyl, Ph, Allyl etc. X=Cl, Br, |

Thus the Thio-ARBUZOV-Reaction represents a facile synthetic route to sulfinic
esters,” unsymmetric phenylsulfoxides' and sulfinamides® starting from dialkyl sul-
foxylates, methyl benzenesulfenate and aminosulfenates, respectively.

We now report about the results of our systematic investigations on the reaction
behaviour of a large number of modified halocarbons R'-CH,-X towards dialkyl
sulfoxylates. The electrophilicity of the halogen bonded carbon atom is strongly
influenced by variation of R'. The interaction of a large number of halocarbons
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with dialkyl sulfoxylates was examined.* It appears that the number of suitable
organic halides for a Thio-ARBUZOV-Reaction is considerably lower than in the
MICHAELIS-ARBUZOV-Reaction. In the course of the experiments carried out
with dialky! sulfoxylates successful Thio-ARBUZOYV transformations yielding sul-
finic esters were only achieved with those organic halides containing a sp?- or sp-
hybridized carbon or nitrogen atom neighbouring the —CH,—X group.

Even the introduction of strong electron withdrawing substituents R' like CF,
or CN which were expected to enhance the electrophilic properties of the halogen
bonded carbon atom did not lead to Thio-ARBUZOV-Reactions.

In this paper we report about five groups of halocarbons which were found to
react with dialkyl sulfoxylates yielding the expected Thio-ARBUZOYV products.
18 new a-functionalized methanesulfinic esters were prepared by use of the fol-
lowing halogen components:

—3-bromo-1-propyne (propargyl bromide)

—substituted allyl bromides

—substituted benzyl bromides and 1-bromomethylnaphthalene

—derivatives of bromoacetic acid (bromoacetic esters, amides and methyl 4-bro-
mocrotonate, i.e. a vinylogous bromoacetic ester)

—N-bromomethylphthalimide

RESULTS AND DISCUSSION

The Thio-ARBUZOV-Reactions proceed according to Equation (2), the obtained
new sulfinates (2—-10) are collected in Table I.

RO-S-OR + RLCHpBr 2, R‘—cu‘,-g-on + RBr
)

(1) (2-10)

Thus via Thio-ARBUZOV-Reactions a number of modified new sulfinates are
easily available in good yields.

2-Propyne-1-sulfinates (2a—b)

The reactions of propargyl bromide (3-bromo-1-propyne) with dialkyl sulfoxylates
yield unsaturated sulfinic esters containing a C—C triple bond. In contrast to the
analogous MICHAELIS-ARBUZOV-reaction® no isomerization of the propargyl
group was observed. This is confirmed by the infrared and n.m.r. spectra of the
sulfinates.

Allylsulfinates (3a—c)

The Thio-ARBUZOV-Reaction offers a comparatively simple route to substituted
allylsulfinates (see Reference 6). For the isolated propyl 2-buten-1-sulfinate 3a an
E/Z-ratio of 5.33:1 was found by analysis of the integrals in the 'H-n.m.r. spectrum.
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TABLE 1
a-functionalized alkyl methanesulfinates R'-CH,-S(O)OR 2-10 (* = new compound)

Rl= R= yield compd. Ri= R= yield compd.
E(O-ﬁ—
HCaC- "Pr o 70% 2a © "Pr 53% Ta_
iPr  60% 2b iPr  47% b
2
R \@c M EI\N-if
\ e
R3/ g
R2=Me;R3=H  "Pr 85% 3a, "Pr  43% 8a,
RZ=Me;R3=Me "Pr 71% 3b Pr  40% 8b

R2=Ph;R3=H Pr  91% 3¢

MaO—E H
\ /7
A Rt
Z=pFyC "Pr  44% 4a "Pr 44% 9a
Z=pF "Pr o 74% 4b iPr 51% 8b
Z = p-MeO "Pr 90% d4c,
Z=m-F,C "Pr  85% 4d
F, (o]
Sas o
FF "Pr 73% § O rpr 92% 10a"

iPr 95% 10b°

8 "Pr 52% 6

In the case of propyl 3-phenyl-2-propen-1-sulfinate 3c only the E-isomer was
separated according to the 'H (*J,.,,, = 15.9 Hz for the allylic protons) and '*C
n.m.r. data and the infrared absorption at 970 cm ~' [8 (C—H)-""out of plane”].

Substituted Benzyl- and 1-Naphthylmethanesulfinates (4a—6)

The number of new alkyl benzylsulfinates prepared via Thio-ARBUZOV-Reaction
was extended by 4a—d and 5 and the first alkyl 1-naphthylmethanesulfinate 6 could
be isolated.

Alkoxy- and N,N-Diethylaminocarbonylmethanesulfinates (7-8)

The reaction of esters and amides of bromoacetic acid with dialkyl sulfoxylates
yields methanesulfinates containing an a-alkoxycarbonyl or a-N,N-diethylamino-
carbonyl substituent. The use of nitromethane as a solvent was shown to enhance
the yield of 7a (see Reference 7). The Thio-ARBUZOV-Reaction offers a direct
way to sulfinates of the general formula R'O-C(0)-CH,-S(0)-OR? (R! #
R?) which are not available by the method described by DePree® and is an alter-
native route to Harpp and Back.®
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4-Methoxycarbonyl-2-butene-1-sulfinates (9a—h)
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Reacting methyl 4-bromocrotonate with dialkyl sulfoxylates the sulfinates 9a—b
could be isolated which represent red oils. Analysis of IR and n.m.r. spectra
confirmed E-configuration for both products.

N-Phthalimidomethanesulfinates (10a—=b)

The first a-functionalized alkyl methanesulfinates containing a nitrogen atom neigh-
bouring the CH,-S(O) group were prepared in excellent yields by reaction of
N-bromomethylphthalimide with the dialkyl sulfoxylates 1. They represent white,
crystalline compounds and are expected to be good precursors for further deri-
vatization.

EXPERIMENTAL

All Thio-ARBUZOV-Reactions were carried out in dry nitromethane under anaerobic conditions.

TABLE II
Analytical data of 2-10
compd. mp.[CYy molecular Mlg/mol] nog analysis (caled.) found [%]
b.p.[°C] formula [+ H N
2 62 (2.7 mbar) CgH10025 14621 1.4722 (49.20) (6.89) - (21.93)
48.98 6.91 - 21.94
2» 65 (4 mbar) CgHy0028 14821 1.46684 (49.29) (6.89) - (21.93)
49.03 8.81 - 21.87
3a 64-86 (0,7 mbar) C,H.40,8 16225 1.4653 (51.82) (8.70) - (19.76)
51.59 8.89 . 19.49
% 52:53 (0,07 mbar) CgHyg05S 17627 14718 (54.51) (9.15) - (18.19)
5345 9.09 - 18.12
3 121124 CgHyg058 22432 15584 (64.25) (7.19) - (1429
(0.02 mbar) 6342 698 - 14.09
™ 50 (m.p.) CyqH1gF30,8 26628 - (49.62) (4.92) - (12.04)
49,88 5.04 - 11.81
4b 118-119 CyoH 13F025 21627 15152 (65.54) (6.08) - (14.82)
(2.7 mbar) 5574 6.05 - 1448
4 110112 Cq1H1g038 22831 15387 (57.87) (7.08) - (14.04)
(0.01 mbar) 67.88 712 - 13.68
“ 120 (0,007 mbar) CqqH4gFg0oS 26828 14828 (49.62) (4.92) - (1204)
[Kugelrohr) . 4908  4.92 - 11.94
5 7576 C4oHgF502S 28823 1.4655 (41.67) (3.15) - (11.12)
(0.007 mbar) 41.39 3.14 - 11.62
s 141143 C14H18028 24834 1.6025 67.71) (8.49) (1291)
(0.008 mbar) 87.70 6.69 - 12.95
a 7578 CyH14048 18424 14484 43.28) (7.27) - (1850)
(0.13 mbar) 43.09 742 - 16.70
™ 85-87 C7H 4048 19424 1.4500 (43.28) (7.27) - (18.50)
(2 mbar) 43.18 7.43 - 16.84
8a 100-104 CgHygNO3S 22131 1.4839 (48.84) (8.685) (6.33) (14.49)
(0.008 mbar) 4823 853 653 14.78
% 116-120 CgH1gNOgS 22131 1.4839 (48.84) (885) (6.33) (14.49)
{0.007 mbar) 47.58 8.64 8.51 13.99
% 100-101 CgH14048 20626 1.4808 (48.59) (8.84) - (1554)
(0.007 mbar) 45.37 8.72 - 1441
% 100-103 CgH1404S 20626  1.4902 (46.69) (6.84) - (16.54)
(0.007 mbar) 45.23 6.54 - 15.83
10a  63(mp) CioHigNO,S 299368 - (53.92) (4.90) (524) (11.99)
54.04 485 528 11.83
10b 98-99 (m.p.) CyoH3NO4S 289.36 - (53.92) (4.90) (5.24) (11.99)
53.79 4.98 5.37 11.98
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General Procedure: 30 mmol (RO),S (10% excess in case of 10a, b) and 30 mmol of the bromide are
dissolved in 15 ml nitromethane and stirred at 65—70°C for 8— 10 hours. The reaction with p—MeOC,H,CH,Br
must be carried out at 35°C for 22 hours to avoid side reactions of the benzyl bromide. The reaction
mixtures are then allowed to cool down to room temperature and the solvent is removed in vacuum.
In case of 4a, 10a and 10b the formed sulfinates precipitate after addition of n-pentane and can be
filtered off. The crystalline products are washed with cold n-pentane, 4a is purified by recrystallization
from ethanol. All other sulfinic esters can be obtained after fractionated vacuum distillation and re-
present pale yellow or red (9a—b) liquids or oils with unpleasant onion like odours.

Starting Materials: Dialkyl sulfoxylates RO-S-OR (R = "Pr, ‘Pr) (1) were prepared according to
Thompson by alcoholysis of sulfur dichloride in CH,Cl, at —78°C using triethylamine as HCl acceptor.'”
All alkyl bromides with exception of p-MeOCH,CH.Br and Et,N-C(O)-CH.Br are commer-
cially available. p-Methoxybenzylbromide was prepared by refluxing p-methylanisol and N-bromosuc-
cinimide in dry CCl,; and AIBN as radical starter according to Reference 11; N,N-diethyl-a-bromo-
acetamide was obtained from bromoacetyl bromide and diethylamine in 1,2-dichloroethane.'?
All analytical and spectroscopic data for 2—10 are summarized in Tables II and III.
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