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Synthesis of Nucleophilic Adducets of Thiols (V). Addition of Thioglycolic Acid to

o, o=Diacetylstyrene Derivatives
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The addition reactions of thioglycolic acid to w, w-diacetyistyrene derivatives were investigated. e, w-Diacetylstyrene
derivatives easily undergo addition reactions with thioglycolic acid to form s—<(2, 2-diacetyl-1~phenylethyl)-thiogycolic
acid, s-[2,2-diacetyl-1-(methyl) phenylethyl}-thioglycolic acid, s{2,2-diacetyl-1-(p-methoxy) phenylethyl}-thioglycolic
acid and s{2, 2-diacetyl-1-(p—chloro) phenylethyl}-thioglycolic acid, respectively. The structures of these compounds were
identified by neutralization equivalent, UV, IR, and NMR spectral data.

Introduction

The Michael type addition, defined as the nucleophilic
addition of an anion to the carbon-carbon double bond of
o, f~unsaturated ketone, aldehyde, nitrile, or carboxylic
acid derivatives, has been extensively used as an effective
method for carbon-carbon bond formation.1-?

The addition of thiols to @, S-unsaturated compounds is
interesting because much information has appeared in the
literatures®=7 concerning the antiviral and antitumor activi-
ties of their adducts,

As a part of the series on the syntheses of nucleophilic
adducts of thiols, the addition of cysteine? and thioglycolic
acid® to g-nitrostyrene derivatives has been described
recently.

We report here our investigation into Michael addition of

thioglycolic acid to w,w—diacetylstyrene derivatives.

Results and Discussion

The w,w—diacetylstyrene derivatives were attempted to

prepare by Kohler’s method.l!

To a stirred solution of sodium hydroxide in ethanol and
water was added benzaldehyde and acetylacetone. After
stirring for 2 hours at 20-30°C, the mixture gave yellow preci-
pitate, whose recrystallization from ethanol afforded yellow
crystal (I). UV (330nm: %70 282nm), IR (1640cm=1: /is.10
1690cm™1), NMR (no-COCHj; peaks) and Mass (MW 234)
spectral data revealed that (1) was not ®,w-diacetylstyrene,
(I) was identified as dibenzylideneacetone, C;H;—CH=
CH—C—CH=CH—CzH; (mp 112 °C, £2.12 113 °C).

I
O

oH NaOH
—C +CH;CCH,CCHy ———— (I
@ o i CHORHO
c O
_piperidine
no solvent
0—-10°C°
_piperidice
no eolvent
10-~15°C

(ID

(IID)
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So other method!® was tri ed. To a stirred mixture
of benzaldehyde and acetylacetone was added piperidine. The
mixture was allowed to stand at 0—10°C for 3 days. The
resulting vellow precipitate was washed successively with
ether, diluted' HCI solution and water. Recrystallization
from ethanol gave white crystal (I). In view of the presence
of the sharp peak at 3440cm™! (OH stretching) and
the absence of the peak at 1600 cm™ (C=C stretching),

(I was identified as 2,2-diacetyl-1-phenyl-1-¢thanol,
CSH_;—CI‘.H—CH('COCH;Qg
OH

As the third trial, the mixture of benzaldehvde, acetylace-
tone and piperidine was allowed to stand at 10-15 °C for
3 days. The resulting precipitate (I1I) was identified as the
desired product.

Then the nucleophilic adducts were prepared by the typical
Micheal type reaction of thioglycolic acid to o.w~diacetyl-
styrene derivatives.

0
 C—CH;
X—©—0H=C\c oy, HSCH,COOTH

1
0

0
C—cH
—> x-{O)—cr—ci ’
c—cir;

O

SCH,COOH

X=H. Me, McO, Cl

Since the conjugated system of w, w—diacetylstyrene disap-
pears by forming adduct, the products were easily confirmed
by UV, IR and NMR spectra. The maximum absorption at
282nm was not observed at the adduct. The absorption at
1600cm™! (C=C stretching) disappeared and broad band at
2500-3300cm™! (carboxylic OH stretching) appeared. A
singlet at 7.30ppm (-CH=C-) was replaced by two doublets
at 4.30 and 4.80 ppm{(-CH—CH-). And two singlets at 3.06
(§-CH,-) and 9.00 ppm (—-COOH) were observed in the

0

adduct, The integral ratio of the peaks was 3(—C—CHy):
0

1l
3(C—CHjy): 2(SCH,): I(CH-CH): I{CH-CH): 5(Ar):
1{COOH) which is well in consistent with the structure,

Experimental

Melting points were determined on a Fisher-Johns appara-
tus. Ultraviolet spectra were recorded on a Beckman Model
26 spectrometer. Infrared spectra were obtained on a Hitachi
EPI-G2 or Perkin Elmer 710B spectrometer and are reported
in wave numbers(cm™1). Proton magnetic resonance spectra
were recorded with a Varian Model EM. 360 (60 MHz)
spectrometer and are reported in parts per million (6) down-
field from tetramethylsilane.

Neutralization equivalents were determined by a potentio-
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metric tilration with 0.092N sodium hydroxide solution.

w,e—Diacesyisiyrenc®, To a stirred mixture of benzaldehyde
(10.6g, 0.1mo!} and acetylacctone (10.0g, 0.1mol) was added
piperidine (1m/) at 10-15 °C. After standing at the same tem-
perature for 3days, the mixture was extracted with ether.
The extract was washed successively with dilute hydrochloric
acid, dilute sodium hydroxide solution and swater. After
drying (Na,S0,) and removal of solvent, @,w-diaceylstyrene
(bp 168—170 "C/760 mmHg) was obtained. (12.5g, 35.5¢)
Table | shows the physical data of o), w—diacetylstyrene der-
ivatives.

§=(2,2-Dicetyl-1-phenvicthy)-thioglycotic  Acid. To a
stirred solution of w,w-diacetyvlstyrene (8.0g, 0.043mol) and
thioglycolic acid (8.0g, 0.086mol} in actone (20im/) was added
triethylamine (2.0g, 0.02mof) at room temperature. After
stirring for 2 heurs at the same temperature, cold diluie hy-
drochloric acid was added {o the solution. The mixture was
allowed to stand in refrigeralor overnight. The resulting
precipitates were collected by filtration. Recrystallization
from CCIy gave white crystal of s-(2,2-diacetyl-1-phenyl-
ethyl)-thioglycolic acid (8.1g, 68%): mp 108-109°C: UV
(CH,OH) A,.. 294nm: IR (KBr disc) 1690, 2500-3300cm™!:
NMR (CDCly) 1.93(3H, s), 2.40 (3H, s), 3.06 (2H, s), 4.30
(IH, &), 4.80(1H, d), 7.40 (5H, s), 9.00 (I1H, s).

Neutralization cquivalent. Calculated for CyH;0,S:
280.36. Found: 276.47. Anal. Caled for 3 Hi50,5: C,
60.01 95; H, 5.71 9 Found: C, 59.83 % ; H, 5.67 %

s-[2,2-Diacetyl- 1 p-mcthyphenyiethyll-thioglycolic Acid.
To a stirred sofution of p-methyl-w, w-diacetylstyrene (2.0g)
and thioglycolic acid (1.8g) in acetone (20m{) was added
tricthylamine (0.5g) at room temperature. Work—up as above
gave white precipitate, whose recrystallization from CCly
afforded s-[2,2-diacetyl-1--( p-methyl)~-phenylethyil-thiogly-
colic acid (2.8g, 95.2%): mp 97-98 °C: UV(CH,OH) 1,..
294nm; IR(KBr disc) 1690, 2500-3300cm™1: NMR (CDCi;)
1.9003H, 5), 2.33(3H, 5), 3.00(2H, 5), 4.30(1H, d), 4.80
(LH, &), 7.20(4H, ), 9.70(1H, s).

Neutralization equivalent. Calculated for C)5Hjg0,S:
294.39. Found: 291.55. Anal. Calcd for C;sH;0.8: C,
61.23 9% H, 6.12 % Found: C, 61.12 % ; H, 6.28 &

s-[2,2-Diacetyi-1-(p-methoxy) phenylethyll-thioglycolic
Acid. To a stirred solution of p-methoxy—w, w—diacetylstyre-
ne {1.1g) and thioglycolic acid (0.9g} in acetone (20m/) was
added tricthylamine (0.25g) at room temperature, Work-up
as above gave white precipitate, whose recrystaliization from
CCl, afforded s-[2,2~diacetyl-1-(p-methoxy) phenylcthyl]-
thioglycolic acid (0.4g, 128 %):mp 111-112°C: UV(CH,4
OH) 2. 318nm: IR(KBr disc) 1705, 1720, 2500-3300cm=!:
NMR (CDCly) 1.90(3H, s), 2.35(3H, s), 3.00(2H, ), 3.85
(3H, s), 4.20(1H, &), 4.80(1H, 4), 7.10(4H, ).

Neutralization equivalent, Calculated for C)sH)g058:
310.39. Found: 317.28. Anal Caled for C;sH;30s8: C,
53.08 % ;H, 5.80 ¢ Found: C, 59.26 %; H, 594 %
5-2.2-Diaceryt-1-(p- chloro) phenylethyvil - thioglyeolic Acid.
To a stirced solution of p-chloro-w,w—diacetylstyrene (2.2g)
and thioglycolic acid (1.8g) in acetone (20mf) was added
triethylamine (0,5g) at room temperature, Work—up as above



Crystal and Molecuar Structure of Phthalylsulfacetamide

TABLE 1: Physical and Spectral Data of o, a-Diacetylstyrene
Derivatives

Derivaties mp{°C) max(nm) IR {cm™) NMR (ppm)
H 168-170 282 1690 2.10 (s)
1940 2.30(s)
1600 7.25 (s5)
1.30 (5)
pCH; 4142 294 1690 233 (s)
t6do 240 (@)
1600 7.25 (s)
7.45 (s)
7-CH,0 67-68 318 1690 230 (d)
1640 3.85(s)
1580 6.90 (s)
7.40 (d)
p-Cl 72-73 286 1700 2.30(d)
1640 7.35(8)
1600 740 (s)

gave white precipitate, whose recrystallization from CCl,
afforded s-{2,2-diacetyl-1-{chloro)-phenylethyl}-thioglycolic
acid (2.4g, 78.8 %): mp 115-116 °C: UV(CH,OH) A,.,
286nm; IR(KBr disc) 1670, 2500-3300cm™: WMR (CDCly)
1.90(3H, s}, 2.35(3H, 5), 3.00(2H, 5), 420(1H, 4), 4.80(1H, d),
7.30(4H, 5).

Neutralization equivalent. Calculated for CyHis04
SCl: 314.78. Found: 308.2t, Anal. Caled for CyH;s0SCl:
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C,5344 9% :H,4.77 % Found: C, 53.12 %; H,486 %
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The crystal structure of phthalylsulfacetamide, one of the long-acting ‘sulfa’ drugs, has been determined by the X-ray
diflraction methods. The crystal is monoclinic with cell dimensions of ¢ = 7.980(3), b = 12.784(2), ¢ = 18.0647) A and B=
112.94(2)°, space group P2;/c and Z=4. The structure was solved by the direct methods and refined to R = 0.048. The
sutfonylacetamide moiety is folded with respect to the central phenyl ring and the benzamide and benzoyl planes are nearly
perpendicular to each other. This conformation is consistent with those of the relevant molecules containing the correspond-
ing moieties. Al of the molecules in the crystal lattice are connected by a three-dimensional hydrogen bonding network.

Introduction

Phthalylsulfacetamide (PSA), Nl-acetyl-N4-phthalylsul-
fanilamide, is one of the long-acting ‘sulfa’ drugs where both
N! and N* of suifanilamide (I) are substituted.!

Although numerous crystal structures of ‘sulfa’ drugs usuatly
designated for the Nl-substituted sulfanilamide derivatives

have been determined,” only one crystal structure of an NI,

0
|
N'H,—§
!II
0

—N'H, D

Nf-substituted ‘sulfa’ drug, succinylsulfathiazole (SST), has
been determined to date.? We now report the first crystal struc-
ture of an Né-phthalyl derivative of a ‘sulfa’ drug.



