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The photobromination of trans-f-styrenesulfonamides in acetic acid at 16—18 °C gave about 75 : 25 mixtures
of threo (cis adducts)- and erythro-1,2-dibromo-2-arylethane-1-sulfonamides (¢rans adducts). A similar photobromi-
nation of cis-f-styrenesulfonamide afforded a 33 : 67 mixture of the threo (irans adduct)- and the erythro-dibromides
(cis adduct). The diastercomers could be separated by fractional recrystallization. The ¢is adducts were shown
to be formed neither by secondary isomerization nor by (presumably) ionic addition. The trans dehydrobromina-
tion of the threo- and the erythro-dibromides with Et;N gave (Z)- and (E)-f-bromo-f-styrenesulfonamides respec-
tively, which underwent further facile dehydrobromination with aqueous 1 M NaOH at 45—50 °C to afford 2-
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arylacetylene-1-sulfonamides.
procedure.

Triple bonds are more subject to nucleophilic attack
than are double bonds.)) It was, therefore, of interest
to synthesize new 2-arylacetylene-1-sulfonic acids and
-sulfonyl chlorides and to investigate their reactions with
nucleophiles.

Rondestvedt, Jr. previously reported that the sulfona-
tion of phenylacetylene or its acetylide was unsuccessful
and the dehydrobromination of g-bromo-f-styrenesul-
fonic acid and -sulfonyl chloride gave only decomposed
products involving no sulfonyl group.?) He assumed
that the cis configuration with respect to H and Br atoms
makes the dehydrobromination difficult. Since then,
acetylenesulfonic acid derivatives have not been studied.

Since an alkali-soluble sulfonamide group would pro-
mote dehydrobromination by alkali, we attempted to
synthesize 2-arylacetylene-1-sulfonamides (5) from g-
bromo- (3) and «-chloro-g-styrenesulfonamides (4).
This paper will describe the stercochmistry of 1,2-
dibromo-2-arylethane-1-sulfonamides (2), 3, and 4, and
the synthesis of 5 from them.

Results and Discussion

Photobromination of trans- and cis-p-Styrenesulfonamides.
It is known that bromine adds to ¢rans-f-styrenesulfonyl
chloride in CCl*>% or to trans-f-styrenesulfonamide
(trans-1la, R=H) in acetic acid®® by (presumably) a

TasBLE 1.

They were also prepared from (Z)-«-chloro-g-styrenesulfonamide by an analogous

free-radical mechanism which is catalyzed by light and
inhibited by oxygen. However, the stereochemistry
of these adducts has not been estabilshed.

According to the procedure of Bordwell et al.,? trans-1
was photobrominated by sunlight irradiation at 16—18
°C for 30 min. All of the crude products was shown
by NMR spectroscopic and high-speed liquid chromato-
graphic analyses to be mixtures of the tAreo- and eryihro-2,
predominantly the threo.  On the contrary, cis-f-styrene-
sulfonamide (cis-1a) gave a mixture of the diastereomers
in which the erythro predominated. Table 1 shows the
distribution of the diastereomers and their NMR spec-
troscopic data. The stereochemical relationships are
presented in Scheme 1. As the erythro-dibromides (R =
H, CH,, and NO,) are more soluble in benzene than
the threo, the two isomers could be separated by frac-
tional recrystallization (Table 2). However, the p-
halogeno-substituted dibromides could not be separated
into their diastereomers. The threo and erythro configura-
tions were assigned to 2 on the basis of the coupling
constants (f,) and the configuration of 3 produced from
2 by irans elimination. It is known that the magnitude
of the vicinal coupling constant (J,;) depends upon
the dihedral angle involved.®) The diastereomers which
have the larger coupling constants were assigned to the
erythro-2, since it seems evident, from a consideration
of the steric repulsion by large bromine atoms, that the

ADDITION PRODUCTS OF AN EQUIMOLAR AMOUNT OF BROMINE TO trans-1 AND

cis-1la (0.0010 mol) 1N acetic acip (15 ml) At 16—18 °C For 30 min

Ratio(%)®

NMR data®

Yield
R % threo threo er, _ytl,zfo

H, Hs Jas H, Hjg Jan
He) 85 74
HO 84 33 5.54 5.89 4.0 5.73 5.88 6.5
CH,» 85 81 5.55 5.88 5.0 5.74 5.86 6.5
Cl® 89 76 5.65 5.85 5.0 5.80 5.87 6.5
Br® 86 74 5.66 5.84 5.0 5.79 5.88 6.5
NO,® 79 77 5.88 6.01 5.5 e)

a) Determined by the EMR analysis of the crude products. b) Measured in Dl\iSO-dG, with TMS as the

internal standard; chemical shifts reported in d(ppm) and coupling constants( Jag) in Hz units.

cis-la. e) The chemical shifts are ambiguous.

c) trans-1. d)
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Br Br
R _@\ H, Br, H,NO,S, Hy Hy CH R
c=C > +
/ ”
Hyp \SOZNHZ trans addition Hp CegyR  H)NO,S Hy
trans-1 Br — Br
erythro dl-2
Br Br
B H, C.H,R
O\c 502N ) _ Hy SONH, 64
7 \ [ *
HB HA trans addition H C.H,R H SO..NH
B I 64 A TN
cis-la S~
threo dl-2
Scheme 1.
TABLE 2. threo- AND erythro-DIBROMIDES 2
Found (%) Calcd (%) IR (KBr)
Compd R Mp(°C)
C H N S C H N S NH,(cm™1)
threo-2a H 158—1602 28.01 2.80 4.31 3300, 3400
erythro-2a H 122123  28.25 2.65 4.02 9.52  28.01 2,64 4.08 9.35 5305 3400
threo-2b CH, 123—124 30.02 3.12 3.92 8.72 3260, 3350
erythro-2b CH, 147—148  30.12 2.91 3.87 8.74  20-27 3.11 3.99 8.97 355y 3399
2cP) Cl 142—145 25.71 2.38 3.68 8.60 25.45 2.14 3.71 8.49 3240, 3340
3280, 3400
2dv) Br 157—160 22.92 1.96 3.05 7.66 22.77 1.91 3.32 7.60° 3240, 3340
3280, 3400
threo-2e NO, 173—176 24.69 2.07 7.14 8.42 24.76 2.08 7.22 8.26 3240, 3350

a) Lit,» mp 161—162°C. b) They are mixtures of threo- and erythro-2.

and (2d)=73 : 27.

conformers shown in Scheme 1 will contribute more
heavily to the rotational isomers of the erythro- and
threo-2. Figure 1 shows the NMR spectra of threo- and
erythro-2a in their methine-field regions. As the AB
patterns of both diastereomers could be clearly distin-
guished, the evaluation of the signal intensities gave an

Hy Ha
5.88 5.73
| |
6.5Hz 6.5Hz
erythro-2a
Hs Ha
5.89 4.0Hz 5.54 4.0Hz
1 1 1 L 1 1
6.0 5.9 5.8 5.7 5.6 5.5
¢ (ppm)
Fig. 1. NMR spectra of threo- and erythro-2a in methine

region (DMSO-dg).

threo(%) : erythro(%); (2¢)=75:25

estimate of the amounts of each isomer present. Our
conclusion, to be drawn from the subsequent discus-
sion of the configuration of 3, also supports the stereo-
chemical assignment based upon the coupling constants.
The IR spectra of threo-2b—e showed a pair of NH,
bands at a lower frequency region than the NH, bands
of the erythro isomers.

As Bordwell and Rondestvedt, Jr., reported pre-
viously,® the addition was accelerated by light irradia-
tion. Upon sunlight irradiation at 16—18 °C, the addi-
tion was completed within 5 min, but in the dark 2
was prepared in yields of less than 8%,. The influence
of the reaction time and the temperature on the stereo-
chemistry of the addition was studied in order to find
out whether the cis adducts were formed in the addition
step or whether they arose from the subsequent isomeri-
zation of the initially formed frans adducts. Under the
conditions used, the absence of isomerization between
trans- and cis-1 prior to the addition was proved by a
blank test. The results summarized in Table 3 show
that the isomerization of the products is negligible even
at high temperatures and that the addition becomes
non-stereospecific as the temperature increases. The
cis addition under sunlight irradiation is a striking
feature; however, its explanation must await the results
of mechanical studies.

Syntheses of & by Dehydrobromination. The stereo-
specific irans dehydrobromination of threo- and erythro-2
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TaABLE 3. INFLUENCE OF REACTION TIME AND TEMPERATURE
ON THE DISTRIBUTION OF 2%
R Time Temp Ratio(%)
(min) (°C) threo
5 16—18 75
30 16—18 74
60 16—18 75
H» 5 48—50 63
30 48-—50 64
5 68—70 58
30 68—70 57
5 16—18 33
30 16—18 33
Ho 5 48—50 49
5 68—70 54

a) The experiments were carried out under the condi-
tions described in Table 1. b) trans-la. c) cis-la.

trans elimination R‘< >\ /B!‘
threo-2 ——M— = c=C
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with Et;N gave Z and E isomers of 3 respectively. On
the other hand, the Z isomer of 4 was prepared by the
route described below. The results are summarized in
Table 4. The Z and E configurations were assigned
to 3 and 4 on the basis of the NMR data and the rela-
tive rate measurement of the dehydrobromination from
them. The vinyl protons of 3 and 4 resonate about
0.30 ppm upfield from the chemical shifts calculated by
the application of the NMR rules® of additivity. Since
no substituent shielding constants for the SO,NH, group
have been reported, the value for the SO,R group was
used. The error must be caused by the shield effect
of the NH, group. The dehydrobromination experi-
ments of both isomers of 3 in five equiv of aqueous 1 M
NaOH at 40 °C for 30 min revealed that not only (Z)-3
is capable of undergoing a facile f-frans elimination to

(Z)-3 : Sog(ppm)=5.25+1.38+1.164+0.55=8.34
(E)-3 : 8og(ppm)=5.25+1.38+0.45+0.93=8.01
(Z)-4 : Sy (ppm)=5.25+1.55+0.36+0.13=7.29

give 5, but, surprisingly, (E)-3 also. The only differ-

H7 NSO,NH, ence is that the cis elimination is slower than the trans
(Z)-3 process. The 5a sulfonamide was also prepared by the
— dehydrochlorination of (Z)-4 under the same conditions
trans elimination R’<_>\ /SO, NH, as held with 3. The extent of the elimination was
erythro-2 —————— = G-G measured by the increase in 5 at the expense of 3
H” \Br . . ..
and 4 in high-speed liquid chromatography. The
(E)-3 configuration and p-substituent effects on the elimina-
ool <—>\ - tion are as follows: (Z)-3; R(reaction %)=NO,(100)
{ >—C—CHZSOSNa L N="aeg” > Cl(23) > Br(22) > H(16) > CHy(5), (E)-3a; H(8),
=8 (04 \SO,Cl and (Z)-4; H(14). This order is in accord with the
- idea that electron-attracting groups facilitate elimi-
i < >\ H nation reactions.” The reason for the greater ease of
3 /
- Tt (Z)- and (E)-3
cl \SO,NH, - and (E)-3— ran & —
2NH, = R—< >-Csc-sogNH2
(2)-4 (Z)-4— Path B — ‘
5
TaBLE 4. (Z)- aAND (E)-MONOBROMIDES 3 AND (Z)-MONOCHLORIDE 4
NMR in Found(Calcd), %
Compd R Mp(°C) Crystals® DMSO-d, UV A%HsO0H (o0
CH(5) C H N S
(Z)-3a H 132—134D needles 8.01 36.38 3.13 5.07 12.26 266 (18500)
(36.65) (3.08) (5.34) (12.23)
(E)-3a H 140—142 prisms 7.60 36.50 2.96  5.12  12.32 266 (13400)
(Z)-3b CH, 135—137 plates 8.00 39.23  3.46 4.88  11.93 274 (20600)
(39.14) (3.65) (5.07) (11.61)
(E)-3b CH, 120122 columns  7.58 38.94 3.49  4.91 276 (14000)
(Z)-3¢® Cl 147—148 plates 8.05 32.69 2.37 4.56 10.91 272 (19500)
(32.40) (2.38) (4.72) (10.81)
(E)-3¢ Cl 133—135 needles 7.60 32.62 2.55 4.62 10.94 272 (14300)
(Z)-3d® Br 169—171 plates 8.01 28.43 2.16 4.14 9.39 274(21200)
(28.17) (2.07) (4.11)  (9.40)
(Z)-3e NO, 174—176 needles 8.15 31.52 2.28 8.90 10.44 298 (16700)
(31.28) (2.30) (9.12) (10.44)
(E)-3e NO, 159—161 columns 7.58 31.32 2.23 8.88 11.22 294 (14700)
(Z)-4 H 161—162 needles 7.05 44.36 3.97 6.66 14.64 251 (10300)
(44.14) (3.70) (6.44) (14.73)

a) Recrystallized from benzene.
crystal forms.

b) Lit,» mp 132—133°C, lit,» mp 130—131 °C.

c¢) They were separated by
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TABLE 5. 2-ARYLACETYLENE-]-SULFONAMIDES 5

1 0/ \a 0, o,
Compd & VA0 Mp Found (%) Caled(%) UV jemson
A B C C H N S C H N S (emax)
5a H 72 83 78 136—138 53.16 3.64 7.70 17.47 53.04 3.90 7.73 17.70 248 (19800)
5b CH; 45 40 149—152 55.16 4.36 7.10 55.37 4.65 7.18 254 (21300)
5c Cl1 86 86 162—164 44.37 2.57 6.74 14.90 44.55 2.80 6.50 14.87 256 (23500)
5d Br 84 77 168—169 36.85 2.15 5.13 12.38 36.94 2.33 5.39 12.33 258 (26800)
S5e NO, 76 74 160—161 42.61 2.64 12.44 14.44 42.49 2.67 12.39 14.17 288 (17700)

a) Yield after recrystallization from benzene.

the ¢is elimination from (E)-3a is the previous isomeriza-
tion to (Z)-3a and/or the enhanced leaving ability of
HBr from such a system when activated by an electron-
attracting sulfonyl group.® As cis-la is known to
readily isomerize to frans-la upon treatment with
aqueous 1 M NaOH,® we attempted to detect (Z)-3a
in the reaction mixture of (E)-3a by high-speed liquid
chromatography, but it could not be found. However,
this fact does not exclude the idea of the previous iso-
merization of (E)-3a if the frans elimination proceeds
more rapidly than the isomerization.

We concluded that the 3a sulfonamide (mp 132—
133 °C?» and 130—131 °C3), which was previously pre-
pared by the dehydrobromination of the 2a dibromide
(mp 161—162 °C3) and by the amidation of g-bromo-
B-styrenesulfonyl chloride,? has the Z configuration,
judging from the physical properties and the spectral
data.

The 5 sulfonamides were readily synthesized by treat-
ing 3 (Path A), (Z)-4 (Path B), or 2 (Path C) with 4—5
equiv of aqueous 1 M NaOH for 5h at 45—50 °C
(Table 5). Both sulfonamides, 2 and 3, were used
without separation into their stereoisomers. The struc-
tures of 5 were determined on the basis of the analytical
and spectral data. The IR spectrum of 5 displayed a
strong absorption band at 2180—2190 cm~! due to the
C=C bond. The 5 sulfonamides are stable enough to
be stored for a year.

Experimental

The melting points and the IR, UV, NMR, and mass
spectra were measured by the same apparatus as has been
reported previously.? The high-speed liquid chromatogra-
phic analysis was carried out using a JASCO-FLC 150 ap-
paratus on a 0.5 mXx2.1 mm column packed with JASCO-
DAGC SV-O2 (Solvent: methanol (20—40%)-water). The
melting points are uncorrected.

cis-f-Styrenesulfonamide (cis-I1a). It was prepared in
1009% purity by the method previously described by us.?
Mp 122—122.5 °C (lit,}» 96—98 °C).

threo- and erythro-7,2-Dibromo-2-arylethane-1-sulfonamides
(threo and erythro-2). General Procedure: To a solution of
trans-1 (0.0010 mol) in purified acetic acid (15 ml) we added
an equimolar amount of bromine at 16—18 °C, after which
the solution was kept in sunlight at 16—18 °C. Acetic acid in
aliquots irradiated for, 5, 30, and 60 min was evaporated in
vacuo below 30 °C to leave a residue, which was solidified by
the addition of ice water. Fractional recrystallization suc-
ceeded in separating the threo and erythro isomers except for

the p-halogeno-substituted ones. The spectral data for threo-
and erythro-2a: threo-2a: IR(KBr); 3400 and 3300 (NH,),
1360, 1320, 1160, and 1130 (SO,), 725 and 700 cm~t. NMR
(DMSO-dg) 6: 5.54 (d, 1, Hy), 5.89 (d, 1, Hg), Jag=4.0
Hz, 7.30—7.50 (m, 5, CgH;), and 7.50—7.60 (m, 2, NH,).
MS mfe: 343 (M*). erythro-2a: IR(KBr); 3400 and 3300
(NH,), 1350, 1160, and 1145 (SO,) and 710 cm~t. NMR
(DMSO-dg) 6: 5.73 (d, 1, Hy), 5.88 (d, 1, Hg), Jag=6.5
Hz, 7.30—7.50 (m, 5, G¢H;), and 7.50—7.60 (m, 2, NH,).
MS mfe: 343 (M™).

(Z,E )-B-Bromo-f-styrenesulfonamides ((Z)-3, (E)-3).
General Procedure: To a solution of threo-2 (0.00050 mol) in
benzene (100 ml) we added Et;N (0.0020 mol), after which
the solution was stirred for 1 h at room temperature. Tri-
ethylammonium bromide, which was immediately precipitat-
ed, was filtered out, and the filtrate was evaporated to dryness
in vacuo to leave (Z)-3. The yields were more than 80%.

Isomers, (E)-3, were prepared from erythro-2 by using the
technique described in the synthesis of (Z)-3. The spectral
data for (Z)- and (E)-3a: (Z)-3a: IR(KBr); 3350 and 3240
(NH,), 1330 and 1160 (SO,) cm-t NMR(DMSO-d;) d;
7.40—7.68 (m, 5, G¢H;), 7.76—7.86 (m, 2, NH,), and 8.01
(s, 1, CH). MS m/e; 262 (M*). (E)-3a: IR(KBr); 3350
and 3240 (NH,), 1330, 1170, 1160, and 1150 (SO,) cm™2.
NMR (DMSO-dg) d; 7.28—7.48 (m, 5, CgHj), 7.60 (s, 1, CH),
and 7.68 (s, 2, NH,). MS mfe; 262 (M*).

The dehydrobromination of 2¢ (threo 75%,) and 2d (threo
73%) gave 3¢ (Z 75%,) and 3d (Z 739%,) respectively. The
(Z)- and (E)-3c, and (Z)-3d could be separated by crystal
forms, but (E)-3d could not be freed of (Z)-3d.

(Z )-o-Chloro-B-styrenesulfonamide ((Z.)-4). Sodium ben-
zoylmethanesulfonate (5.0 g, 0.023 mol) was refluxed with
PCl; (18.7 g, 0.090 mol) for 10 h. The product was worked
up in a way analogous to that reported in the synthesis of §-
styrenesulfonyl chloride!» and distilled under reduced pres-
sure to give a-chloro-f-styrenesulfonyl chloride; bp 60—110
°C/3 mmHg (589, yield). Without further purification, it
was converted to (Z)-4 by treatment with a 289, ammonia
solution. The E isomer could not be detected.

2-Arylacetylene-1-sulfonamides (5). Paths A and C:
General Procedure: A solution of 3 (Path A) or 2 (Path C) in
aqueous 1 M NaOH (50 ml, 0.050 mol) was stirred for 5h
at 45—50 °C and then acidified with concd HCI under cooling
to give 5. Recrystallization from benzene afforded thin
plates.

Path B: Sulfonamide 5a was prepared from (Z)-4 and
1 M NaOH by using the procedure described for Paths A
and C.

The spectral data for 5a: IR(KBr); 3320 and 3210 (NH,),
2180 (C=C), 1330, 1180, and 1150 (SO,)cm-!. NMR
(DMSO-dg) 6; 7.55—7.60 (m, 5, CgH;) and 8.24 (s, 2,
NH,). MS mfe; 181 (M+).
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