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Table I
Reactions of Sulfoxides with MSH
0O 0
[ CH,Cl, Il + - aq NaOH I
Rl—s—Rg -—za——> R,—S—R, 08 —_ 1—ﬁ—R2
NH, NH
la-h
Sulfoxid Sulfoximine
Ab- Optical Ab- Optical Reac-
[«]%5D, deg (e, solute purity, Registry [a]%D, deg (c, solute purity, tion Registry
R Re acetone) confign % no. acetone) confign 9%, yield, % no.

CH, p-Tolyl +145.0 (1.00) R 99 1519-39-7 —31.9 (3.00) R 98.5 80 20414-85-1
C.H; p-Tolyl +188.0 (1.10) R 100 1519-40-0 —22.9 (1.00) R 99 70  51774-51-7
CH(CH;); p-Tolyl +191.1 (1.255) R 100@ 1517-74-4 —17.1 (1.005) R 99 79  51774-52-8
(CH,);CH; p-Tolyl +193.8 (1.430) R 100° 20288-49-7 —-17.2 (1.530) R 99 77  51774-58-9
Ce¢H;CH, p-Tolyl +234 (1.00) R 93 4820-07-9 +4.7 (1.28) R 92 60 51774-54-0
C:H; p-Tolyl +21.0(1.090) R 99 .5 16491-20-6 +45.0 (1.075) R 99 19  51774-55-1
C:H; CH, —137.0 (1.20) S 94 18453-46-8 +34.1 (2.00) S 93.5 70  33903-50-3
CH, (CH,);CH, —-110.3 (1.985) R 92 51795-48-3 —5.00 (1.209) R 91.5¢ 78 51774-56-2
« Highest rotation previously reported: +176.5° (ref 9). * Highest rotation previously reported: 4+187.0° (ref 9). ¢ Assumed

based on 99.5% retention of optical purity.

g) with a 40% excess of O-mesitylsulfonylhydroxylamine in meth-
ylene chloride (25 ml) at room temperature. After 2 hr the reac-
tion mixture was poured into cold aqueous 10% NaOH (25 ml)
solution, stirred for 10 min, and extracted with methylene chlo-
ride. The extracts were then washed with two 25-ml portions of 10%
HCI solution and 5 ml of H0. If desired, unreacted sulfoxide (par-
tially racemized) can be recovered by drying (MgSO4) and concen-
trating the methylene chloride layer. Pure sulfoximine can be
isolated as a colorless liquid or white solid by neutralizing the acidic
aqueous layer with solid NazCOs, extracting with methylene chlo-
ride, drying (MgSO4), and concentrating. The solids were re-
crystallized from hexane.

Spectral data (ir and nmr) were consistent with the assigned
structures. The most characteristic spectral feature indicative of
the sulfoximine is noted in the infrared, where bands for the N-H
(3270 ecm~-1) and N=8=0 (1110 and 1218 cm~1) stretching are
observed.

Registry No.—MSH, 36016-40-7.
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The sulfonation of w«-olefins can provide a variety of
products ranging from sultones to alkanesulfonic acids!
depending largely upon the sulfonating agent chosen. The
reagents used most commonly are the sulfur trioxide-di-
oxane complex introduced by Suter? in 1938 and the sul-
fur trioxide-pyridine complex of Terent’ev,!:3 although
very nearly the entire range of ethers and amines have
been investigated. These complexes have sufficient activi-
ty to react with most organic substrates but reduce sub-
stantially the charring of products observed historically
with sulfur trioxide. Unfortunately, yields are often quite
low and serious side reactions from stabilization of inter-
mediates by the complexing agent are encountered. For
example, it has been suggested* that dioxonium ions such
as 1 are responsible for the formation of 3-substituted al-

RCHCHZbO s
EO]

kanesulfonic acids in reactions of sulfur trioxide-dioxane
with olefins. Attempts have been made to mitigate such
complications by introducing sulfur trioxide as a gas, lig-
uid, or solid® to long-chain 1-olefins with no real success.
We have found, however, that liquid sulfur trioxide intro-
duced to a dilute solution of an olefin at —78° has none of
the problems discussed and report here details of the syn-
thesis of several 1,3-sultones in high yields. We also pres-
ent evidence for the general mechanism of sulfonation of
1-olefins.

The addition of 1 equiv of liquid sulfur trioxide to 1-
butenes in dichloromethane at —78° resulted in the for-
mation of 1,3-propanesultones in at least 75% yield (Table
I, examples 1, 3, 4, 5, and 6). Minor side products were 2-
butene-1-sulfonic acids in 10-15% yield. An exception to
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Table I
Yields of Sultones and 2-Butenesulfonic Acids from
1-Butenes and Sulfur Trioxide

~—-—-Rel yield, %———

2-Butene-1-
sulfonic Absolute
Olefin® 1,3-Sultone acid® yield, %
1 1-Butene¢ 87 13 90
R1 = Rz == Ra = H
2 2-Methyl-1-butene¢ 100 90
R1=R2=H;R3=CH3
3 3-Methyl-1-butene? 89 11 73
R1 = CHg; R2 = Rs = H
4 2,3-Dimethyl-1-butene? 90 10 80
R1 = Ra = CHa, R2 = H
5 8,3-Dimethyl-1-butene? 100 83
R1 = R2 = CHa, Rs =H
6 2,3,3-Trimethyl-1-butene? 100 98

R1=R2=R3=CH3

@ Concentration of the olefin was 0.1 M in dichlorometh-
ane at —78°. » Cis—trans isomerization of the double bond is
not known. ¢ Analytical data is by gec. ¢ Analytical data is by
nmr.

predominant sultone formation was 2-methyl-1-butene,
where 2-methyl-2-butene-1-sulfonic acid is the sole prod-
uct (Table I, example 2). Careful tlc and gc¢ examination

R, R
R, . R, o A R,
v Sl e
R 0——80, R,

of the reaction mixtures showed only traces of unidenti-
fied hydrocarbons. The sultones were isolated either by
distillation or crystallization, procedures simplified great-
ly by lack of the usual acid-catalyzed decomposition. The
2-butene-1-sulfonic acids can be separated by preparative
tle but are not stable for more than several hours. The
methyl esters are quite stable and can be isolated directly
by distillation., Nmr analysis of the reaction mixtures and
the isolated acids and esters shows that only the 2-alkene
isomers are present. Brouwer and van Doorn® have found
that 6-7% 1-butene-1-sulfonic acid can be observed in 2-
butene-1-sulfonic acid; so we assume that no more than
that can be present in our reactions.

These data support electrophilic addition of sulfur
trioxide to double bonds and the intermediacy of carboni-
um ions (see Scheme I). The hydride and methide migra-
tion pattern is typical of cationic species involved in elec-
trophilic addition of olefins.” As implied by Bordwell* and
other early workers,! it is clear now that the controlling
factor in sultone vs. sulfonic acid formation is the relative
stability of the carbonium ions formed at the 8 and vy car-

Scheme I
R, 1|11
+
CHg(l}—(f=CH2 + SO, — CHBC|-——(fCHZSOg"
R, R; R, R;
2
1?1 R R R, R
+
CH3C|—(|3CHZSOB_ — CHS(E—-(,JCHZSO[ — CHgCl_CRSCHQ

2 Iy R, O—S80,
2 3
R, R, R,
l + _ R,=H ] /
CH,C—CCH,S0,” —— CH,C=C
CH,S0O:H

R, R,

Notes

bons, i.e., of 2 vs. 3. For example, 2-methyl-1-butene (2,
Ri = Re = H; R; = CHj) yields only elimination products
whereas 3-methyl-1-butene (2, R; = CHs; Rz = Rz = H)
exhibits almost complete 1,2-hydride migration and 1,3-
sultone formation. The former involves tertiary-secondary
carbonium ions (no hydrogen rearrangement) and the lat-
ter secondary-tertiary. Furthermore, unpublished work on
1-pentenes indicates that high yields of 1,4-sultones may
be obtained if the carbonium ion on the § carbon is more
stable than that on the v.

The factor(s) responsible for exclusive formation of 2-
butene-1-sulfonic acids are not so obvious and may in-
volve a facile intramolecular transfer of a v proton to the
sulfonate moiety in 2. Sulfonic acids are found only where
the starting olefin had a v hydrogen (cf. 2,3-dimethyl-1-
butene and 3,3-dimethyl-1-butene) and no 1-butene-1-sul-
fonic acids were observed (loss of an a hydrogen). Rear-
ranged carbonium ions apparently do not give rise to
elimination, as both 2,3-dimethyl- and 3,3-dimethyl-1-
butene ultimately yield the same carbonium ion after hy-
dride or methide migration (Scheme I), but only 2,3-di-
methyl-1-butene yields any trace of a butenesulfonic acid.
Indeed, the fact that no elimination is observed into a
methyl branch (e.g., 2-methyl-1-butene) may suggest that
the relative position of the proton and the sulfonate group
in the transition state leading to elimination is not too
dissimilar from that leading to sultone formation.

R H

O0—80,
\ R

/S
H
B i

0—80,

One major difference in this study from other sulfona-
tion studies is the absence of 3-substituted products. This
may be due to the lack of formation of intermediates such
as 1 or to a lack of 8-sultones, as have occasionally been
suggested? in connection with 1. We presently have no ev-
idence requiring the intermediacy of 8-sultones. Low-tem-
perature nmr of 3-methyl-1-butene and sulfur trioxide
reaction mixtures shows immediate formation of 3,3-di-
methyl-1,3-propanesultone and discounts the presence of a
stable, observable intermediate. Work is currently in
progress to determine the cyclic vs. noncyclic nature of
the initial addition of sulfur trioxide to the double bond in
an attempt to resolve this conflict.

Experimental Section

Materials and Methods. Pmr spectra were determined on a
Varian T-60 or HA-100 spectrometer. Infrared spectra were ob-
tained from a Perkin-Elmer Model 257. Melting points and boil-
ing points are uncorrected. Gc measurements were made on an
Aerograph Model 202 gas chromatograph using a 20 ft X 0.25 in.
10% Silicone SE-30 on Chromosorb P column.

Dichloromethane and sulfur trioxide were used as obtained
from commercial sources. All olefins were obtained from Chemical
Samples Co. except 1-butene (J. T. Baker Specialty Gas, 99.0%)
and used without further purification after confirmation of purity
by gc and nmr analyses.

General Procedure for the Sulfonation of Olefins. The same
general method was used for all the olefins. To a quantity of 0.02
mol of the olefin dissolved in 200 ml of dichloromethane at —78°
was added slowly from a syringe 1 equiv of liquid sulfur trioxide.
The mixture was then allowed to come slowly to room tempera-
ture and the solvent was removed on a rotary evaporator at ca.
20°. Infrared analysis at this point showed the presence of the hy-
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dronium ion [3000 (br, s}, 1700 (br, s), and 900 cm~12 (br, s)] for all
examples except 3,3-dimethyl- and 2,3,3-trimethyl-1-butene. The
sultones were isolated by distillation (1-butene) or by crystalliza-
tion from ethanol. The 2-butene-1-sulfonic acids were isolated by
preparative tle on silica gel using 50:50 chloroform-pentane.
Quantitative nmr analyses were prepared by addition of the inter-
nal standard, diphenyl ether, after the reaction mixture had
warmed to room temperature followed by the usual work-up.
Comparison of the integral at 6 7.1 (m, Ph0O) to the one at §
6.0-5.0 (olefinic hydrogens of 2-butenesulfonic acids) and 2.2
(1,3-propanesultone 8 hydrogens) provided relative and absolute
yields for entries 2-6 in Table I. Analysis for the products from
1-butene was by gc using diphenyl ether as internal standard.

The esters of 2-butene-1-sulfonic acids were prepared by addi-
tion of ethereal diazomethane to the reaction mixture at room
temperature until a pale yellow color persisted and no further ev-
olution of bubbles was noted. The esters were then separated by
tle (50:50 chloroform-pentane), by ge collection, or by distillation.
Analytical data were difficult to obtain owing to decomposition
“during isolation and insufficient amounts of pure samples were
obtained to include sulfur analysis. Where combustion analysis
was outside accepted limits, assignments were confirmed by high-
resolution mass spectra.

1-Butene. The reaction product was a dark oil from which
could be distilled 1,3-butanesultone: bp 125° (0.1 mm) [lit.8 bp
150° (12 mm)]; nmr? (CDCl3, TMS) 6 5.0 (m, 1 H, CHsCHO-),
3.3 (m, 2 H, >CH,CH2802-), 2.2 (m, 2 H, >CHCHzCH2802-),
and 1.4 (d, J = 6 Hz, 3 H, CH;CH<); ir 1350 (s), 1160 (s), 1030
(m), 920 (m), and 830 cm~1 (s). From a typical reaction mixture
treated with ethereal diazomethane, a fraction was isolated and
shown to be methyl 2-butene-1-sulfonate: bp 70-80° (0.1 mm);
nmré (CDClz, TMS) 6 5.8 (m, 2 H, CH3CH=CH-), 3.9 (m, 5 H,
CH,S03CHj); and 1.9 (m, 3 H, CHsCH=); ir 1660 (vw, 1380 (s),
820 (m), and 770 cm~* (m); mass spectrum M* m/e 150.0353
(caled for CsH10S03, 150.0351).

Anal. Caled for CsH10803: C, 39.99; H, 6.91. Found: C, 40.44;
H, 6.86.

2-Methyl-1-butene. Upon removal of the solvent from the reac-
tion mixture, a brown, unstable oil was obtained, partially puri-
fied by tlc: nmr (CDCls, TMS) 6 5.5 (m, 1 H), 3.8 (m, 2 H), and
1.5 (m, 6 H); ir 3000, 1700, and 900 cm~3, all very broad. Addi-
tion of ethereal diazomethane to the reaction mixture and subse-
quent distillation gave methyl 2-methyl-2-butene-1-sulfonate: bp
75-80° (0.4 mm); nmr (CDCl;, TMS) 6 57 (m, 1 H,
CH3CH=C<), 3.8 (m, 5 H, -CH2803CH3), and, 1.8 (m, 6 H,
CH3CH=CCHj;); ir 1650 (vw), 1360 (s), 1160 (s), 1000 (s), 830
(m), and 770 cm~1 (m). Gc analysis of the methyl ester on SE-30
or Carbowax 20 M showed only one peak. :

Anal. Caled for CgH12803: C, 43.89; H, 7.34. Found: C, 44.23;
- H,7.48.
3-Methyl-1-butene. Recrystallization of the reaction mixture
after evaporation of the solvent gave colorless needles of 3,3-di-
methyl-1,3-propanesultone, mp 72-73° (lit.1° mp 71.5-78°). Addi-
tion of ethereal diazomethane and separation by preparative tlc
afforded a small amount of methy! 3-methyl-2-butene-1-sulfo-
nate; nmr (CDCls, TMS) 6 53 (m, 1 H, >C=H-), 3.8 (m, 5 H,
-CH2S03CH3), and 1.8 [m, 6 H, (CH;3).C=CH-]; ir 1650 (vw),
1360 (s), 1000 (s), 830 (m), and 770 cm~! (m); mass spectrum M+
m/e 164.050 (calcd for C6H12803, 164.048).
Anal. Calced for CgH13803: C, 43.89; H, 7.34. Found: C, 44.58;
H, 7.25.
2,3-Dimethyl-1-butene. Crystallization of the reaction mixture
from ethanol gave colorless crystals of 2,3,3-trimethyl-1,3-propane-
sultone, mp 59-62° (lit.%c mp 61-63°). Formation of the methyl
ester with diazomethane and collection from the gc gave methyl
2,3-dimethyl-2-butene-1-sulfonate: nmr (CDCls, TMS) 6 3.8 (s, 5
H, -CH32803CHj3) and 1.8 [m, 9 H, (CH3),C=C(CHj3)-]; ir 1660
(vw), 1360 (s), 1160 (s), 1000 (s), and 830 cm~1 (m).
Anal. Caled for C7H14S03: C, 47.17; H, 7.92. Found: C, 47.55;
H, 8.00.
3,3-Dimethyl-1-butene. Crystallization from ethanol gave
2,3,3-trimethyl-1,3-propanesultone: mp 58-59°; ir 1340 (s), 1170
(s), 1050 (m), and 850 ¢cm~1! (s). The ir of the reaction solution
(CH2Cly) and of the reaction mixture after evaporation of the sol-
vent were identical with that of the sultone (CHClz or CH3Cls).
The reaction mixture did not react with ethereal diazomethane.
Tlc separation afforded only the sultone and trace amounts of a
hydrocarbon.
2,3,3-Trimethyl-1-butene. Removal of solvent immediately
gave a solid, 2,2,3,3-tetramethyl-1,3-propanesultone, recrystal-
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lized from ethanol, mp 142-143° (lit.? mp 145-146°). There was no
evidence for sulfonic acids in the ir of the crude material.

Registry No.—Sulfur trioxide, 7446-11-9; 1-butene, 106-98-9;
1,3-butanesultone, 3289-23-4; methyl 2-butene-1-sulfonate,
51774-45-9; 2-methyl-1-butene, 563-46-2; 2-methyl-1,3-butanesul-
tone, 51774-46-0; methyl 2-methyl-2-butene-1-sulfonate, 51774-
47-1; 3-methyl-1-butene, 563-45-1; 3,3-dimethyl-1,3-propanesul-
tone, 19028-67-2; methyl 3-methyl-2-butene-1-sulfonate, 51774-
48-2; 2,3-dimethyl-1-butene, 563-78-0; 2,3,3-trimethyl-1,3-propane-
sultone, 51774-49-3; methyl 2,3-dimethyl-2-butene-1-sulfonate,
51801-40-2; 3,3-dimethyl-1-butene, 558-37-2; 2,3,3-trimethyl-1-
butene, 594-56-9; 2,2,3,3-tetramethyl-1,3-propanesultone, 51774-
50-6.
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Several alkenyl- and alkynylpyridines with chain end
unsaturation are known; among them are 2-vinylpyridine,
2-allylpyridine,® (2-pyridyl)-4-butene-1, and (2-pyridyl)-
4-butyne-1. Troyanowsky® discussed these products, and,
in attempts to synthesize other members in this series,
notably 2-propargylpyridine, studied the reaction of pro-
pargylmagnesium bromide with 2-bromopyridine, and 2-
pyridylmagnesium bromide with propargyl bromide.# Re-
portedly, no new product was obtained from the first of
these reactions, whereas the second one yielded 3-(a-pyri-
dyl)hexyn-5-one-2. During studies of the preparation of
propargylpyridine, coupling reactions between 2-chlo-
romethylpyridine and sodium acetylide were investigated
in this laboratory. Reaction between equivalent amounts
of these two reagents in liquid ammonia resulted in the
formation of two new compounds,

A white solid was isolated by filtration during the work-
up. Extensive use of chromatographic techniques yielded
only one other new product in the reaction mixture, and
helped purify it as a yellow thick oil. Other products, such
as the intermediates proposed in this paper, may have
been present in trace amounts, but none of them could be
isolated by column or thin layer chromatography. The
vellow oil was analyzed by ir, uv, pmr, and cmr, and iden-
tified as 1’-ethynyl-1’,1’-di-a-picolyl-a-picoline (5). Ab-
sorbtions at 3300 and 2200 em~1 in the ir spectrum indi-
cate the presence of a terminal acetylenic moiety; uv ab-
sorption was consistent with the presence of three pyri-
dine rings in the molecule; the pmr features an acetylenic



