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A New, Convenient Route to Erbstatin and /V-Acetyl-1,2-didehydrodopamine
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Erbstatin dimethyl ether (12) was synthesized by Friedel-Crafts reaction of chloro(methyl- or phenyl-
thio)acetonitrile (5a or 5b) with hydroquinone dimethyl ether, followed by reduction to the amine, formylation, and
oxidative desulfenylation. By using a similar sequence of reactions, N-acetyl-1,2-didehydrodopamine dimethyl ether (13)

was prepared from veratrole and 5a, b.
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N-Acyl-f-aminostyrenes have been the subject of in-
tensive synthetic studies, since they possess a wide spectrum
of biological activities. Erbstatin (1) is an antibiotic isolated
by Umezawa and co-workers in 1986 from the broth of
Streptomyces sp. (MH435-hF3)." This compound has been
shown to inhibit the membrane-associated tyrosine kinase
activity of the human epidermoid carcinoma (A-431 cells).
On the other hand, N-acetyl-1,2-didehydrodopamine (2)
has been suggested to be one of the causative agents of
sclerotization of insect cuticle.”) The present paper de-
scribes a new, convenient synthesis of these compounds
utilizing the Friedel-Crafts reaction of a-chlorosulfides 5
with arenes® as a key step.

Erbstatin dimethyl ether (12) was synthesized by the
sequence of steps depicted in Chart 2. Thus, treatment of a
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N-acetyl-1,2-didehydrodopamine; alane; f-aminostyrene; a-chlorosulfide; erbstatin; Friedel-Crafts reaction;

mixture of hydroquinone dimethyl ether (3) and chloro-
(methylthio)acetonitrile (5a) with a stoichiometric amount
of titanium (IV) chloride (TiCl,) in dichloromethane
(CH,Cl,) at 0°C gave the Friedel-Crafts product 6a in
719, yield. Similar reaction of 3 with chloro(phenylthio)-
acetonitrile (5b) was rather sluggish at 0°C, but afforded
at room temperature the desired product 6b in 78% yield.

Reduction of the nitriles 6a, b to the amines 8a, b
proceeded poorly with lithium aluminum hydride (LiAIH,).
However, they were reduced smoothly by alane (AlH;) in
diethyl ether at 0°C. The amines 8a, b were then treated
with an excess amount of ethyl formate under reflux to
afford the formamides 10a and 10b in 84 and 82% yields
(from 6a and 6b), respectively.

Conversion of 10b to erbstatin dimethyl ether (12), which
involves oxidation with sodium metaperiodate (NalQ,)
followed by thermolysis of the resultant sulfoxide in reflux-
ing toluene (111°C), has been reported.*) Thermolysis of
the corresponding methyl sulfoxide derived from 10a was
carried out in refluxing chlorobenzene (132 °C) to afford, in
637, yield, the enamide 12 (mp 85°C, lit.*) 87—88°C).

1 2 Demethylation of 12 to erbstatin (1) with boron tribromide
Chart 1 has been described in the literature.*>
R! w3 TiCl,
+ C]—< —_— R
OMe CN 0
RZ SnC]
3:Rl:OMe, R2:H 5a:R3=Me
1 2 3 6a,b 8a,b
4:R =H, R“=OMe 5b:R”=Ph
7a,b 9a,b
NHCOR NHCOR
HCOZEt 1) NaIO BBY‘3
—_— —— 1 or 2
or Ac20—
pyridine
lOa,b:R4:H 12:R4:H
lla,b:R4=Me 13:R4:Me :
, 8, 10, 12: R'=0Me, R®=H (a: R°=Me; b: R°=Ph)
7, 9, 11, 13: R'=H, R®-OMe (a: R°=Me; b: R°=Ph)
Chart 2
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By using essentially the same method as above, N-acetyl-
1,2-didehydrodopamine dimethyl ether (13) was prepared.
Thus, the Friedel-Crafts reaction of veratrole (4) with o-
chlorosulfides 5a, b in the presence of tin (IV) chloride
(SnCl,) afforded the desired products 7a, b in 57 and 32%
yields, respectively. Reduction of 7a, b with alane followed
by acylation of the resultant amines 9a, b with acetic
anhydride and pyridine gave the acetamides 11a, b in 74
and 807, yields (from 7a, b), respectively. The amides 11a, b
were then oxidized and the resultant sulfoxides were heated
in chlorobenzene or toluene to give the enamide 13.
Conversion of 13 to N-acetyl-1,2-didehydrodopamine (2)
has been reported in the literature.®”

In conclusion, the results described herein offer a general
procedure for the synthesis of the N-acylated f-amino-
styrenes such as 1 and 2 starting from common aromatic
compounds.

Experimental

All melting points are uncorrected. Infrared (IR) spectra were record-
ed with a JASCO A-100 spectrophotometer. Proton nuclear magnetic
resonance ('"H-NMR) spectra were determined with a JEOL INM-PMX
60 (60 MHz) spectrometer, and & values are quoted relative to tetra-
methylsilane. Column chromatography was performed on Silica gel
60 PF,s, (Merck) under pressure.

2,5-Dimethoxyphenyl(methylthio)acetonitrile (6a) TiCl, (0.81ml, 7.4
mmol) was added to a stirred solution of 3 (1.02g, 7.4mmol) and 5a®
(0.9 g, 7.4mmol) in CH,Cl, (15ml) at 0°C, and stirring was continued at
the same temperature for 1 h. The reaction was quenched by the addition
of water, then the mixture was extracted with CH,Cl,, and dried (MgSO,).
The solvent was evaporated off and the residue was chromatographed on
silica gel (hexane-ethyl acetate, 7: 1) to give 6a (1.17g, 71%), mp 42.5—
43.0°C [from petroleum ether (bp 35—60°C)]. IR vEBr em 1 2240, 1595,
1500. 'H-NMR (CDCl,) &: 2.24 (3H, s, SMe), 3.75 (3H, s, OMe), 3.80 (3H,
s, OMe), 5.10 (1H, s, CH), 6.8—7.1 (3H, m, arom.). Anal. Calcd for
C11H;3NO,S: C, 59.17; H, 5.87; N, 6.27. Found: C, 58.84; H, 5.80; N, 6.42.

2,5-Dimethoxyphenyl(phenylthio)acetonitrile (6b) TiCl, (0.5ml, 3.6
mmol) was added to a stirred solution of 3 (0.6 g, 4.3 mmol) and 5b¥
(0.67 g, 3.6 mmol) in CH,Cl, (10ml) at 0°C, and the mixture was stirred at
room temperature for 1.5h. Work-up gave 6b (0.81 g, 78%), mp 61.0—
61.5°C'[from petroleum ether (bp 35—60°C)]. IR v¥Br cm~!: 2245, 1615,
1500. "H-NMR (CDCl,) &: 3.65 (3H, s, OMe), 3.86 (3H, s, OMe), 5.34
(1H, s, CH), 6.6—6.9 (3H, m, arom.), 7.2—7.6 (5H, m, arom.). Anal. Caled
for C,(H,sNO,S: C, 67.34; H, 5.30; N, 4.19. Found: C, 67.33; H, ST N,
4.16.

3,4-Dimethoxyphenyl(methylthio)acetonitrile (7a) SnCl, (770 mg, 2.96
mmol) was added to a solution of 4 (410 mg, 2.96 mmol) and 5a (360 mg,
2.96 mmol) in CH,Cl, (50ml) at 0°C and the mixture was stirred at the
same temperature for 1 h. Work-up gave 7a® (377 mg, 57%) as an oil

3,4-Dimethoxyphenyl(phenylthio)acetonitrile (7b) In a manner similar
to that described for 7a, the chloride 5b (200 mg, 1.09 mmol) was allowed
to react with 4 (151 mg, 1.09 mmol) to give 7b (100 mg, 329), mp 84°C
[from petroleum ether (bp 35—60°C)]. IR vKPr cm~': 2245, 1595, 1500.
'"H-NMR (CDCl,) &: 3.80 (3H, s, OMe), 3.86 (3H, s, OMe), 4.93 (1H, s,
CH), 6.6—7.0 (3H, m, arom.), 7.2-7.7 (5H, m, arom.). Anal. Calcd for
C,6H;sNO,S: C, 67.34; H, 5.30; N, 4.91. Found: C, 67.35; H, 5.30; N, 4.87.

N-[2-(2,5-Dimethoxyphenyl)-2-(methylthio)ethyl]formamide (10a) Al-
Cly (120mg, 0.9mmol) was added to a stirred suspension of LiAIH,
(34mg, 0.9mmol) in dry diethyl ether (2.3ml) at 0°C and stirring was
continued at the same temperature for Smin. A solution of 6a (200 mg,
0.9 mmol) in dry diethyl ether (1.8 ml) was added to the above solution of
alane at 0 °C, and the mixture was stirred at the same temperature for | h.
Water (10 ml) was added to the reaction mixture and the whole was made
alkaline with 109, NaOH solution, then extracted with diethyl ether. The
extract was dried (NaOH) and the solvent was evaporated off to give the
amine 8a (214 mg, quantitative), which was used in the next step without
further purification. '"H-NMR (CDCl;) &: 1.38 (2H, s, NH,), 1.97 (3H, s,
SMe), 3.01 2H, d, /=7 Hz, NCH,), 3.75 (6H, s, OMe x 2), 4.23 (1H, t, J =
7Hz, CH), 6.7—7.0 (3H, m, arom.). This amine was dissolved in ethyl
formate (I ml) and the mixture was heated under reflux for 2h. Excess
ethyl formate was evaporated off and the residue was chromatographed on
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silica gel (hexane-ethyl acetate, 1:1) to give 10a (192 mg, 84% from 6a),
mp 64—65°C (from hexane-cthyl acetate). IR vKBr cm™!: 3300, 1655,
1490. 'H-NMR (CDCl,) 6: 2.00 (3H, s, SMe), 3.4—3.9 (2H, m, CH,), 3.73
(3H, s, OMe), 3.77 (3H, s, OMe), 4.37 (1H, t, /=7 Hz, CH), 6.0-6.7 (1H,
br, NH), 6.7—7.0 (3H, m, arom.), 8.03 (1H, brs, CHO). 4nal. Calcd for
C,,H,;NO;8: C, 56.45; H, 6.71; N, 5.49. Found: C, 56.15; H, 6.67; N, 5.44.

N-[2-(2,5-Dimethoxyphenyl)-2-(phenylthio)ethyl]formamide (10b) Us-
ing a procedure similar to that described for 10a, the nitrile 6b (290 mg,
1.02mmol) was reduced by alane and the resultant amine 8b was
formylated with ethyl formate to give 10b (266 mg, 82% from 6b), mp 80—
81°C (from hexane—ethyl acetate), lit.) 84—86°C. IR vKBr cm~!: 3250,
1655, 1500. '"H-NMR (CDCly) é: 3.6—3.9 (2H, m, CH,), 3.70 (3H, s,
OMe), 3.76 (3H, s, OMe), 4.78 (1H, t, J=7Hz, CH), 5.5—6.2 (1H, br,
NH), 6.77 (3H, s, arom.), 7.1-—7.5 (SH, m, arom.), 8.05 (1H, brs, CHO).

N-[2-(3,4-Dimethoxyphenyl)-2-(methylthio)ethyl Jacetamide (11a) Us-
ing a procedure similar to that described for 8a, the nitrile 7a (200 mg,
0.9 mmol) was reduced by alane to give the amine 9a, which was used in
the next step without further purification. '"H-NMR (CDCly) 6: 1.7—2.1
(2H, br, NH,), 1.92 (3H, s, OMe), 2.6—3.1 (2H, m, CH,), 3.52 (1H, t, J=
7Hz, CH), 3.84 (6H, s, OMe x 2), 6.5—7.1 (3H, m, arom.). This amine was
dissolved in a mixture of acetic anhydride (0.5 ml) and pyridine (1 ml), and
the mixture was allowed to stand overnight at room temperature. CH,Cl,
(15 ml) was added to the reaction mixture, and the whole was washed with
109 HCl, saturated NaHCO, solution, and water. The organic layer was
dried (MgSQ,), the solvent was evaporated off, and the residue was
chromatographed on silica gel (benzene-ethyl acetate, 5: 1) to give 1la
(179mg, 74% from 7a), mp 99°C (from benzene-ethyl acetate). IR vKBr
cm ' 3360, 1660, 1590, 1510. 'H-NMR (CDCl,) 8: 1.93 (3H, s, COMe or
SMe), 1.96 (3H, s, SMe or COMe), 3.3—4.0 (3H, m, CHCH,), 3.86 (6H, s,
OMe x 2), 5.7—6.2 (1H, br, NH), 6.7—6.9 (3H, m, arom.). Anal. Caled for
Ci3H;4NO,S: C,57.96; H, 7.11; N, 5.20. Found: C, 57.66; H, 7.14; N, 5.55.

N-[2-(3,4-Dimethoxyphenyl)-2-(phenylthio)ethyl]acetamide (11b) Ac-
cording to the same procedure as that described for 11a, the nitrile 7b
(100 mg, 0.35 mmol) was reduced by alane, and the resultant amine 9b was
treated with acetic anhydride and pyridine to give 11b (93 mg, 809 from
7b), mp 89 °C (from hexane-ethyl acetate). IR vKBr cm~1: 3350, 1665, 1515.
'"H-NMR (CDCly) 3: 1.83 (3H, s, COMe), 3.5—3.8 (2H, m, CH,), 3.77
(3H, s, OMe), 3.80 (3H, s, OMe), 4.32 (1H, dd, /=8, 6.5 Hz, CH), 5.75—
6.25 (1H, br, NH), 6.73 (3H, s, arom.), 7.0—7.5 (5H, m, arom.). Anal.
Caled for C;gH,,NO,S: C, 65.23; H, 6.39; N, 4.23. Found: C, 64.93; H,
6.50; N, 4.46.

(E)-N-[2-(2,5-Dimethoxyphenyl)ethenyl[formamide (12) A solution of
NalO, (161 mg, 0.75mmol) in water (3.4ml) was added dropwise to a
solution of 10a (192 mg, 0.75 mmol) in methanol (2.3 ml), and the mixture
was stirred at room temperature for 15h. Water (10 ml) was added to the
reaction mixture and the whole was extracted with CH,Cl,. The extract
was dried (MgSO,) and the solvent was evaporated off to give N-[2-(2,5-
dimethoxyphenyl)-3-(methylsulfinyl)ethyl}formamide (202 mg, quantita-
tive). This sulfoxide, without further purification, was dissolved in chlo-
robenzene (5ml) and the mixture was heated under reflux for 4h. The
solvent was removed in vacuo and the residue was chromatographed on
silica gel (benzene-ethyl acetate, 5: 1) to give 12 (105 mg, 639 from 10a),
mp 85°C (from ethyl acetate), lit.*) 8788 °C. IR vKB* cm~!; 3280, 1670,
1520. 'H-NMR (CD,COCD,) 8: 3.74 (3H, s, OMe), 3.77 (3H, s, OMe), 6.50
(1H, d, J=15Hz, ArCH=C), 6.7—7.1 (3H, m, arom.), 7.65 (1H, dd, J=
15, 10Hz, NCH=C), 8.23 (1H, brs, CHO), 8.9—9.6 (1H, br, NH).

(E)-N-[2-(3,4-Dimethoxyphenyl)ethenyl]acetamide (13) a) Using a
standard method, the sulfide 11a (170 mg, 0.63 mmol) was oxidized with
NalO, to give N-[2-(3,4-dimethoxyphenyl)-2-(methylsulfinyl)ethyl]acet-
amide, which was used in the next step without further purification. This
sulfoxide was dissolved in chlorobenzene (10ml) containing a small
amount of NaHCO;, and the mixture was heated under reflux for §h.
Inorganic material was filtered off, the filtrate was concentrated in vacuo,
and the residue was chromatographed on silica gel (benzene-ethyl acetate,
1:1) to give 13 (113 mg, 81% from 11a), mp 180—182°C (from ethyl ace-
tate), lit.* 176-—178 °C. IR vXBr cm~': 3250, 1650, 1605, 1510. '"H-NMR
(CDCly) 0: 2.10 (3H, s, COMe), 3.88 (6H, s, OMex2), 6.00 (1H, d,
J=14Hz, ArCH=C), 6.7—6.9 (3H, m, arom.), 7.35 (IH, dd, J=14,
10Hz, NCH=C), 7.4—7.8 (1H, br, NH).

b) Using a standard method, the sulfide 11b (93 mg, 0.28 mmol) was ox-
idized with NalQ, to give N-[2-(3,4-dimethoxyphenyl)-2-(phenylsulfinyl)-
ethylJacetamide, which was used in the next step without further purifica-
tion. A solution of the sulfoxide in toluene (3 ml) was heated under reflux
for 7h, the solvent was removed in vacuo, and the residue was chromato-
graphed on silica gel (benzene-ethyl acetate, 1:1) to give 13 (75mg,
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quantitative from 11b), mp 176—177°C (from ethyl acetate), lit.*) 176—
178°C.
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