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A series of bis(hydroxymethyl)-substituted heterocycles were synthesized and converted to the corresponding 
bis(methylcarbamate) derivatives. The heterocyclic systems studied were based on 2-phenyl-3-methylfuran (2-4), 
1-phenylpyrazole (5-7), l-phenyl-5-methylpyrazole (9-11), l-phenyl-5-methylthiophene (13), l-phenyl-l,2,3-triazole 
(14), 3-phenylisoxazole (15), 3-phenylisothiazole (16), 2-phenylthiazole (17), and 2-phenyloxazole (18). None of the 
bis (carbamates) prepared was active against murine P388 lymphocytic leukemia. Pyrrole bis (carbamates) 20 and 
21, which exhibited antileukemic activity, also showed reactivity toward 4-(p-nitrobenzyl)pyridine while the inactive 
bis(carbamates) were unreactive in the 4-(p-nitrobenzyl)pyridine assay. 

We have recently reported the synthesis and antineo
plastic activity of a series of pyrroles and pyrrolizines.2 

The significant reproducible activity that selected agents 
in these classes have shown against several experimental 
murine leukemias and solid tumors as well as against hu
man tumor xenografts in the nude mouse has provided a 
major impetus for continued studies with this group of 
compounds.3 

All of the compounds that we have described to date 
have been based on the pyrrole and pyrrole-fused nuclei 
where two adjoining pyrrole carbon atoms were substituted 
with potentially reactive (acyloxy)methyl groups while 
other positions in the pyrrole nucleus were substituted by 
groups that could either control the reactivity of the 
(acyloxy)methyl groups or retard the oxidative decompo
sition of the pyrrole. This report focuses upon the het-
eroaromatic nucleus and describes the preparation and 
antileukemic evaluation of "lead" structures based on fu
ran, thiophene, and azole nuclei. 

Chemistry. The furan diesters 2 were prepared from 
the ylides 1 by treatment with dimethyl acetylenedi-
carboxylate (DMAD).4 Reduction of 2 with lithium alu
minum hydride gave the diols 3, which were converted to 
the bis(methylcarbamates) 4a and 4b by treatment with 
methyl isocyanate. 

The pyrazole diester 5 was prepared from 3-phenyl-
sydnone by a 1,3-dipolar cycloaddition reaction with 
DMAD.5 The diesters 9 were prepared from the appro-

la , X = H 
b.X'Cl 

2, R = C02CH3 

3, R-CH20H 
4 , R=CH20C0NHCH3 

priate anilines by conversion to the imino chlorides 8, using 
the Japp-Klingmann reaction, and subsequent treatment 
of 8 with the sodium salt of ethyl acetoacetate.6 The 
bis(methylcarbamates) 7 and l la-d were prepared from 
the corresponding diesters 5 and 9a-d, respectively, by 
reduction (lithium aluminum hydride) and acylation of the 
resulting diols (6 and lOa-d) with methyl isocyanate. 

(2) 

(1) (a) Vinylogous Carbinolamine Tumor Inhibitors, 13. (b) For 
part 12 in this series, see: Anderson, W. K.; McPherson, H. L., 
Jr.; New, J. S.; Rick, A. C. J. Med. Chem. 1984, 27, 1321. 
(a) Anderson, W. K.; Corey, P. F. J. Org. Chem. 1977,42, 559. 
(b) Anderson, W. K.; Corey, P. F. J. Med. Chem. 1977,20,812. 
(c) Anderson, W. K.; Corey, P. F. Ibid. 1977, 20, 1691. (d) 
Anderson, W. K.; Halat, M. J. Ibid. 1979, 22, 977. (e) Ander
son, W. K.; Halat, M. J.; Rick, A. C. Ibid. 1980, 23, 87. (f) 
Anderson, W. K.; New, J. S.; McPherson, H. L., Jr. J. Heter-
ocycl. Chem. 1980, 17, 513. (g) Anderson, W. K.; New, J. S.; 
Corey, P. F. Arzneim.-Forsch. 1980, 30(1), 765. (h) Anderson, 
W. K.; McPherson, H. L., Jr. J. Med. Chem. 1982, 25, 84. (i) 
Anderson, W. K.; Chang, C.-P.; McPherson, H. L., Jr. J. Med. 
Chem. 1983, 26, 1333. 
(a) Anderson, W. K.; Chang, C.-P.; Corey, P. F.; Halat, M. J.; 
Jones, A. N.; McPherson, H. L., Jr.; New, J. S.; Rick, A. C. 
Cancer Treat. Rep. 1982, 66, 91. (b) Anderson, W. K. Cancer 
Res. 1982, 42, 2168. 

(4) Higo, M.; Mukaiyama, T. Tetrahedron Lett. 1970, 2565. 

8a, X-3,4-CI 2 

b, X-4-CI 
c, X = H 

9, R-C02CH3 

10, R-CHgOH 
11. R=CH20C0NHCH. 

(3) 

5, R»C02CH3 

6, R»CH20H 
7, R'CH2OCONHCH3 

The pyrazole 7 was prepared in order to compare it with 
11a and evaluate the steric effect of the 5-methyl group. 
The UV spectra of 7 and 11a showed absorption maxima 
at 268 (e 25300) and 255 nm (e 18000), respectively. The 
shift to lower wavelength and the reduction of the ex
tinction coefficient of 11a, compared to 7, is consistent with 

(5) (a) Huisgen, R.; Grashey, R.; Gotthardt, H.; Schmidt, R. An-
gew. Chem. 1962, 74, 29. (b) Gotthardt, H.; Reiter, F. Chem. 
Ber. 1979,112,1193. (c) Huisgen, R.; Gotthardt, H.; Grashey, 
R. Ibid. 1968, 101, 552. 

(6) (a) Shapiro, D.; Segal, H.; Flowers, H. M. J. Am. Chem. Soc. 
1958,80,1194. (b) Ibid. 1958,80, 2170. (c) Phillips, R. R. Org. 
React. 1959, 10, 143. 
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a reduced coplanarity of the biaryl system in 1 la; the steric 
barrier posed by the C-5 methyl group in 11a apparently 
retards coplanarity. 

The thiophene 13a was prepared in a 1,3-dipolar cy-
cloaddition reaction between DMAD and 12.7 The 
deep-purple colored mesoionic l,3-dithiol-4-one 12 was 
synthesized from sodium dithiobenzoate (prepared from 
benzyl chloride by treatment with sodium methoxide and 
sulfur) by treatment with a-bromopropionic acid in sodium 
carbonate solution followed by treatment with acetic an
hydride and triethylamine. The bis (carbamate) 13c was 
prepared in the usual manner through the intermediacy 
of 13b. 

Ph K Ph 

13a, R=C02CH3 

R-CHgOH 
R-CH2OCONHCH3 

The triazole 14a,8 isoxazole 15a,9 and isothiazole 16c,90'10 

were prepared in 1,3-dipolar cycloaddition reactions with 
dimethyl acetylenedicarboxylate using phenyl azide, ben-
zonitrile oxide, and benzonitrile sulfide, respectively. 
Reduction to the respective diols (14b, 15b, and 16c) 
followed by carbamoylation led to the desired bis(carba-
mates) (14c, 15c, and 16c). 

R R R \ R R R R R 

*/Q° Ph/Vs 
Ph' 

.NS|^N 
Ph' 

14 15 16 

^ 

Ph 

17 

o, R-C02CH3; b, R'CH2OH| e, R-CH2OCONHCH3 

The thiazole 17a was synthesized from thiobenzamide 
by condensation with diethyl a-chloro-/3-ketosuccinate.u 

Reduction of 17a gave 17b and carbamoylation gave 17c. 
The corresponding oxazole 18a could not be prepared in 
a similar manner from benzamide. The oxazole 18a was 
prepared from the imino ether 19, derived from benzo
nitrile (ethanolic hydrogen chloride) by successive treat
ment with ethyl glycinate, potassium ethoxide, diethyl 
oxalate, and acetic acid.12 

Results and Discussion 
All of the bis(carbamates) prepared in this study were 

tested for antileukemic activity against murine P388 lym
phocytic leukemia. None of the compounds was active. 
The chemical reactivity of the bis(carbamates) was studied 

(7) (a) Gotthardt, H.; Weisshuhn, M. C.j Christl, B. Chem. Ber. 
1976, 109, 753. (b) Ibid. 1976, 109, 740. 

(8) (a) Michael, A. J. Prakt. Chem. 1893,48, 94. (b) Huisgen, R.; 
Knorr, R.; Mobius, L.; Szeimies, G. Chem. Ber. 1965, 98, 4014. 
(c) Khetan, S. K.; George, M. V. Can. J. Chem. 1967,45,1993. 

(9) (a) Quilico, A.; Speroni, G. Gazz. Chim. Ital. 1946, 76,146. (b) 
Quilico, A.; D'Alcontres, G. S. Ibid. 1950, 80, 140. (c) Franz, 
J. E.; Black, L. L. Tetrahedron Lett. 1970, 1381. 

(10) (a) Senning, A.; Kelly, P. Acta Chem. Scand. 1967, 21, 1871. 
(b) Shapiro, D.; Segal, H.; Flowers, H. M. J. Am. Chem. Soc. 
1958,80,1194. (c) Ibid. 1958,80, 2170. (d) Howe, R. K.; Franz, 
J. E. J. Chem. Soc, Chem. Commun. 1973, 524. 

(11) (a) Wislicenus, W. Chem. Ber. 1910, 43, 3528. (b) Vernin, G. 
"Thiazole and its Derivatives", Part 1, Metzger, J. V., Ed.; 
Wiley: New York, 1979; Part 1, p 165. 

(12) (a) Gornforth, J. W.; Cornforth, R. H. J. Chem. Soc. 1947, 96. 
(b) Cornforth, J. W.; Huang, H. T. Ibid. 1948, 1969. (c) 
Cornforth, J. W.; Cornforth, R. H. Ibid. 1953, 93. (d) Soma, 
N.; Nakazawa, J.; Watanabe, T.; Sato, Y.; Sunagawa, G. Chem. 
Pharm. Bull. 1967, 15, 619. 

R R 

Ph 

18a, R=C02Et 
b, R-CH20H 
c, R-CH2OCONHCHj 

with use of 4-(p-nitrobenzyl)pyridine.35 None of the com
pounds prepared in this study alkylated 4-(p-nitro-
benzyl)pyridine. The two pyrrole bis(carbamates) 20lc and 
21ld were used as positive controls in the alkylating test. 
Both 20 and 21 are active against murine P388 lymphocytic 
leukemia in vivo and both compounds reacted with 4-(p-
nitrobenzyl)pyridine. 

OCONHCH3 

{ /—0C0NHCH3 

OCONHCH* 

A V 
H 3 C-^V^-CH 3 

OCONHCH, 

Ph 

20 

The rates of reaction of 20 and 21 with 4-(p-nitro-
benzyDpyridine depended on the conditions of the assay. 
The rates of alkylation increased as the solvent was 
changed from dimethoxyethane to water-dimethoxyethane 
(1:1) to water-dimethoxyethane-acetic acid (20:20:1). 

The heterocycles examined in this study differ from one 
and other in several respects—aromaticity, pXa, lipo-
philicity, dipole moments, charge-transfer donor/ 
acceptor—but the most critical difference would appear 
to be the ability of the heterocycle to stabilize developing 
positive charge in a reaction transition state. The ability 
of the pyrrole system to stabilize these kinds of reaction 
transition states is reflected in reactivity toward electro-
philic substitution; of the heterocycles prepared in this 
study, pyrrole is most reactive toward electrophilic sub
stitution.36 A conclusion that can be drawn from this study 
is that electrophilic reactivity is one requirement for an
tineoplastic activity in these bis(carbamates). It is also 
evident that the bis(carbamates) are not functioning as 
carbamoylating agents since so many of these nonpyrrole 
bis (carbamates) are inactive. 

Experimental Section 
Melting points (uncorrected) were determined in an open ca

pillary with a Thomas-Hoover Unimelt apparatus. UV spectra 
were determined for acetonitrile solution with a Cary 118 UV-vis 
spectrophotometer. IR spectra were determined for potassium 
bromide pellets (unless otherwise specified) with a Perkin-Elmer 
727B or a Nicolet FT-IR spectrophotometer. NMR spectra were 
determined with a Varian T-60A or a Varian FT-80 spectrometer 
for deuteriochloroform solutions (unless otherwise specified) 
containing ~ 1 % tetramethylsilane as the internal standard. 
Microanalyses were performed by Atlantic Microlab, Atlanta, GA. 

2-Methyl-3,4-bis(hydroxymethyl)-5-phenylfuranBis(rae-
thylcarbamate) (4a). Phenyl 1-bromoethyl ketone was prepared 
in 88% yield by a modification of an earlier procedure13 as a pale 
yellow lacrimatory oil [bp 75.5 °C (0.16 torr) [lit.14 bp 110-112 

(13) Reed, W. T. J. Am. Chem. Soc. 1922, 44, 1746. 
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°C (4 torr)]; NMR 8 1.90 (d, J = 6 Hz, 3 H), 5.30 (q, J = 6 Hz, 
1 H), 7.4-7.7 (m, 3 H), 7.9-8.1 (m, 2 H); IR (neat) 1687 cm"1 

(KC-O)I' 
In a modified literature procedure,16 a solution of phenyl 1-

bromoethyl ketone (33 mL, 0.222 mol) and dimethyl sulfide (16.3 
mL, 0.22 mol) in reagent-grade acetone (50 mL) was allowed to 
stand for 1 week at 23 °C. The white crystalline sulfonium salt 
was collected, washed with acetone, and dried. The combined 
filtrate was concentrated in vacuo to a volume of 75 mL, dimethyl 
sulfide (8 mL) was added, and the above procedure was repeated 
to give a combined yield of 55.6 g (91%) of the sulfonium salt: 
mp 128-129 °C (from ethanol-acetone) (lit.4 mp 138-139 °C); 
NMR (deuterium oxide) of the keto-enol mixture, 8 1.85 (d, J 
= 7 Hz, 3 H), 1.85 (s), 3.02 (s, 3 H), 3.07 (s, 3 H), 5.72 (q, J = 7 
Hz, 0.5 H), 7.4-8.1 (m, 5 H); IR 1677 cm"1 (j>c=o). 

The sulfonium salt was converted to the ylide according to the 
method of Payne.16 Thus the salt (20.1 g, 0.0729 mol) was treated 
with potassium carbonate-sodium hydroxide to give the crude 
hygroscopic ylide. In a modified literature17 procedure, freshly 
distilled dimethyl acetylenedicarboxylate (7 mL, 0.057 mol) in 
dimethyl sulfoxide (150 mL, freshly distilled from calcium hydride) 
was added dropwise to a vigorously stirred suspension of freshly 
prepared ylide in dry dimethyl sulfoxide (250 mL) cooled on an 
ice bath and maintained under a steady stream of nitrogen. 
Dimethyl sulfide was evolved and the reaction mixture darkened 
during the addition. The mixture was stirred for 4 h and poured 
into ice-water (800 mL), and the cloudy-brown mixture was 
extracted with diethyl ether (three 200-mL portions). The aqueous 
phase was heated at 49 °C for 3 h and was allowed to stand at 
room temperature for 72 h. A brown oil separated and slowly 
solidified. The solid was collected and crystallized (90% ethanol) 
to give 2a (7.07 g, 32% based on the sulfonium salt): mp 62 °C 
dec (lit.4 mp 62.7-63.7 °C); NMR 8 2.60 (s, 3 H), 3.85 (s, 3 H), 
3.88 (s, 3 H), 7.1-7.8 (m, 5 H); IR 1725 cm"1 (i-c-o). 

A solution of 2a (5.96 g, 0.0217 mol) in anhydrous ether (35 
mL) was added dropwise to a vigorously stirred suspension of 
lithium aluminum hydride (1.94 g, 2.3 equiv) in anhydrous diethyl 
ether (55 mL) heated under reflux. The mixture was heated under 
reflux for 1.5 h after addition was completed; it was cooled, and 
with continuous stirring, water (2 mL), 15% aqueous sodium 
hydroxide (2 mL), and water (6 mL) were added dropwise with 
a 5-min pause between each reagent. The mixture was filtered, 
the residue was washed with diethyl ether, the combined filtrate 
was concentrated in vacuo, and the dark-yellow syrupy residue 
was dissolved in dichloromethane and dried over anhydrous so
dium sulfate for 20 h. The mixture was filtered, the residue was 
washed with dichloromethane, the combined dichloromethane 
solution was concentrated to dryness in vacuo, and the residue 
was dried under high vacuum for 18 h to yield 3a (4 g, 85%): mp 
71.5 °C (from chloroform-hexane); NMR 8 2.23 (s, 3 H), 4.36 (s, 
2 H, exchanged by deuterium oxide), 4.44 (s, 2 H), 4.62 (s, 2 H), 
7.2-7.7 (m, 5 H). 

A solution of 3a (3.48 g, 0.0159 mol) in dichloromethane (45 
mL) containing dry triethylamine (0.9 mL) as a catalyst was 
treated with methyl isocyanate (5.2 mL, 0.0886 mol). The stirred 
mixture was heated under reflux for 17.5 h (anhydrous conditions), 
the solvent was removed in vacuo, and the slightly reddish residue 
was crystallized from ethyl acetate to give 4.79 g (85%) of 4a as 
a white powdery solid: mp 148-149 °C; NMR 8 2.37 (s, 3 H), 2.78 
(d, J = 4 Hz, 6 H), 4.7-5.3 (br s, 2 H), 5.03 (s, 2 NH), 5.17 (s, 2 
H), 7.20-7.72 (m, 5 H); IR 1685 cm"1 (Vc=0). Anal. (CnHsoNA) 
C, H, N. 

2-Methyl-3,4-bis(hydroxymethyl)-5-(3,4-dichlorophenyl)-
furan Bis(methylcarbamate) (4b). 3,4-Dichlorophenyl 1-
bromoethyl ketone [mp 50-51 °C (absolute ethanol); NMR 5 1.92 
(d, J = 7 Hz, 3 H), 5.20 (q, J = 7 Hz, 1 H), 7.47-8.08 (m, 3 H); 
IR 1685 cm-1 (vc—o)] was prepared in 80% yield by treatment 
of a mixture of 2-bromopropionyl chloride and aluminum chloride 

(14) Higginbotham, L.; Lapworth, A.; Simpson, C. J. Chem. Soc. 
1924,125, 2339. 

(15) Mukaiyama, T.; Hagio, K.; Takei, H.; Saigo, K. Bull. Chem. 
Soc. Jpn. 1971, 44, 161. 

(16) Payne, G. B. J. Org. Chem. 1967, 32, 3351. 
(17) Mowry, D. T.; Renoll, M.; Huber, W. F. J. Am. Chem. Soc. 

1946, 68, 1105. 

in 1,1-dichloroethane with o-dichlorobenzene at 20 °C (followed 
by heating at 50 °C for 3 h). 

The ketone was converted to [l-(dimethylsulfonio)ethyl 3,4-
dichlorophenyl ketone] bromide [mp 124 °C; NMR (D20) 8 1.97 
(s, 3 H), 3.17 (s, 3 H), 3.30 (s, 4 H), 7.52-8.05 (m, 3 H); IR 1680 
cm"1 (J<C—o)] m 89% yield. The salt was converted to the hy
groscopic ylide which, after drying, was used to prepare 2b (72% 
yield from the sulfonium salt): mp 72.5-73.5 °C (95% ethanol); 
NMR 8 2.62 (s, 3 H), 3.87 (s, 3 H), 3.92 (s, 3 H), 7.37-7.38 (m, 
3 H); IR 1710 and 1730 cm"1 (yc=0). 

Reduction of 2b, as described for 2a, gave 3b in 95% yield as 
a white crystalline solid: mp 124.5-125.5 °C (chloroform-hexane); 
NMR 8 2.33 (s, 3 H), 2.78 (br s, 2 H, exchanged by D20), 4.52 (s, 
2 H), 4.65 (s, 2 H), 7.18-7.73 (m, 3 H); IR 3320 cm"1 (broad 
hydroxyl absorption). Treatment of 3b as described for 3a (except 
chloroform was used as the solvent) gave 4b in 74% yield: mp 
151-153 °C dec; NMR 8 2.37 (s, 3 H), 2.79 (d, J = 5 Hz, 6 H), 
4.67-5.20 (br s, 2 NH), 5.03 (s, 2 H), 5.15 (s, 2 H), 7.45 (br s, 2 
H), 7.70 (br s, 1 H); IR 3320, 1705, 1695 cm"1. Anal. (C17H18-
N205C12) C, H, N. 

Dimethyl l-(3,4-Dichlorophenyl)pyrazole-3,4-di-
carboxylate (5). A mixture of 3,4-dichloroaniline (19.6 g, 0.117 
mol) was heated on a steam bath for 2 h and allowed to stand 
at room temperature for 14 h. The mixture was reheated, water 
(200 mL) and then potassium hydroxide (24 g) were added, and 
the heating was continued for 45 min. The hot solution was 
extracted with toluene (3 X 75 mL) and the aqueous phase was 
acidified with concentrated HC1 to pH <2 to give a thick white 
precipitate of iV-(3,4-dichlorophenyl)glycine. The mixture was 
diluted to a volume of 600 mL with water, cooled to 0-2 °C, and 
slowly treated, with constant stirring, with a solution of sodium 
nitrite (6.4 g, 0.093 mol) in water (30 mL) such that the tem
perature never rose above 5 °C. The stirred mixture was allowed 
to warm to room temperature over 14 h, and the solution was 
acidified with concentrated HC1 to pH <2 and was tested for 
excess nitrite with potassium iodide-starch paper. The brown 
precipitate that formed was collected, washed with cold water, 
and dried (60 °C, vacuum) to give 16.7 g (76%) of JV-nitroso-
iV-(3,4-dichlorophenyl)glycine as a light brown solid, mp 109-110 
°C. 

The nitrosoglycine prepared above (16.7 g, 0.067 mol) was 
heated in acetic anhydride (75 mL) for 4 h at 55 °C with stirring. 
The mixture was then stirred at room temperature for 19 h, 
warmed to 55 °C, and treated with a solution of dimethyl acet
ylenedicarboxylate (8.6 mL, 0.07 mol) in xylene (25 mL). The 
mixture was heated at 120 °C for 4 h and concentrated to dryness 
in vacuo, and the residue was crystallized from methanol-benzene. 
The pyrazole 5, obtained as colorless needles in 36% yield from 
the aniline, had the following: mp 156 °C; IR 1740,1700,1540, 
1470,1440,1290,1270,1240,1230,1200,1170,1090 cm"1; NMR 
8 3.88 and 4.00 (2 s, 6 H), 7.40 (d, 2 H), 7.89 (t, 1 H), 8.35 (s, 1 
H). Anal. (C13H10N2O4Cl2) C, H, N. 

l-(3,4-Dichlorophenyl)-3,4-bis(hydroxymethyl)pyrazole 
(6). A solution of 5 (10 g, 0.03 mol) in anhydrous ether (25 mL) 
and anhydrous dichloromethane (150 mL) was added slowly to 
a stirred mixture of lithium aluminum hydride (2.7 g, 0.07 mol) 
in anhydrous ether (160 mL) heated under reflux. The stirred 
mixture was heated under reflux for 2.5 h after the addition was 
completed and the reaction was worked up as described for 10 
to give, after crystallization from ethyl acetate-petroleum ether, 
6.4 g (77%) of 6: mp 121-123 °C; IR 3275, 2850, 2800,1600,1570, 
1490,1430,1390,1350,1240,1130,1020,1010, 870, 810, 780 cm'1; 
NMR (Me2SO-d6/acetone-d6, Me4Si) 8 4.69 (d, J = 3 Hz) and 
4.5-5.0 (br, 6 H), 7.53-8.03 (m, 3 H), 8.27 (s, 1 H). Anal. (Cn-
H10N2O4Cl2) C, H, N. 

l-(3,4-Dichlorophenyl)-3,4-bis(hydroxymethyl)pyrazole 
Bis(methylcarbamate) (7). The diol 6 was converted to 7 in 
84% yield as described for 11. The diol 6 had the following: mp 
180-181 °C (ethyl acetate-petroleum ether); IR 3425, 3375,1710, 
1600, 1550, 1490, 1289, 1270, 1140 cm"1; NMR (Me2SO-d6/ 
CDCl3/Me4Si) 8 2.70 (d, J = 1 Hz) and 2.79 [(d, J = 1 Hz) 6 H 
total for two signals], 5.10 (s), 5.22 (s), and 5.1-5.5 (br, 6 H), 7.48 
(d, J = 2 Hz), 7.47-7.83 (m, 1 H), 7.95 (s, 1 H); UV 218 nm (<; 
19500). Anal. (C16H16N404C12) C, H, N. 

A General Procedure for the Synthesis of the (Phenyl-
hydrazino)chloromethylenecarboxylates 8. A stirred solution 
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of the appropriate aniline (0.11 mol) in concentrated HC1 (28 mL) 
and water or ethanol (28 mL) was cooled below 5 °C (additional 
90% ethanol was required in some instances to keep the salt in 
solution) and treated with a chilled solution of sodium nitrite (8.2 
g, 0.12 mol) in water (38 mL) by slow addition, 2-3-mL aliquots, 
such that the reaction temperature never rose above 10 °C (note: 
the outlet of the addition funnel was kept below the surface of 
the reaction mixture). The addition of sodium nitrite solution 
was discontinued when the reaction mixture gave a sustained 
positive test for nitrite with potassium iodide-starch paper. The 
stirred, cooled reaction mixture was then treated with a chilled 
solution of ethyl chloroacetate (15.2 mL, 0.11 mol) and sodium 
acetate (1.5 equiv) in ethanol-water (9:1, 300 mL) by addition 
of 10-mL aliquots. The reaction mixture was cooled in an ice bath 
and stirred for 4 h after the addition was completed. It was then 
poured into water (4 L) and allowed to stand for 18 h. The mixture 
was filtered, and the precipitate was washed with water and 
crystallized from ethanol-water. The imino chlorides thus pre
pared were 8a (mp 154-155 °C, 86%), 8b (mp 144-145 °C, 92%), 
8c (mp 78-79 °C, 87%) and 8d [mp 104-105 °C (methanol), 68%; 
the initial diazotization of distilled anisidine was conducted at 
-4 °C under a nitrogen atmosphere]. 

The spectral characteristics of ethyl [(3,4-dichlorophenyl)-
hydrazino]chloromethylenecarboxylate (8a) were typical: IR 3275, 
1720,1570,1480,1250,1230 cm"1; NMR 6 1.38 (t, J = 7 Hz, 3 H), 
4.38 (q, J = 7 Hz, 2 H), 6.9-7.5 (m, 3 H), 8.28 (br s, 1 H). 

A General Procedure for the Synthesis of the Pyrazoles 
9 from the Imino Chlorides 8. A solution of ethyl acetoacetate 
(2.8 mL, 0.021 mol) in anhydrous benzene or anhydrous ethanol 
(20 mL) was added to a solution of sodium metal (0.48 g, 0.021 
mol) in absolute ethanol (8 mL) and the mixture was stirred for 
1.5 h. The powdered imino chloride 8 (0.021 mol) was added (if 
benzene cosolvent is not used, then additional ethanol may be 
required to keep 8 in solution) and the mixture was stirred for 
22 h at room temperature and then it was heated under reflux 
for 10 min. The mixture was concentrated to dryness in vacuo, 
water (10 mL) was added, and the mixture was heated for 30 min 
on a steam bath. The mixture was cooled and the oil was extracted 
with dichloromethane, and the organic solution was treated with 
activated carbon, dried over magnesium sulfate, and concentrated 
in vacuo. Subsequent purification was effected by chromatography 
and/or crystallization. The pyrazoles thus prepared were 9a [mp 
68.5-69.5 °C; purified by silica gel chromatography with elution 
by hexane-ethyl acetate (10:1 to 4:1), crystallization from etha
nol-water (9:1), silica gel chromatography (chloroform), and 
crystallization from ethyl acetate-petroleum ether; 79% yield; 
anal. (C16H16N204C12) C, H, N], 9b [mp 106-107 °C (from aqueous 
methanol, twice, then ethyl acetate); 47% yield; anal. (C16H17-
N204C1) C, H, N], 9c [mp 47-49 °C (lit.18 mp 51.5 °C); bp 194 
°C (0.8 torr); purified by silica gel chromatography (chloroform) 
and then crystallized from ethyl acetate-petroleum ether; 91% 
yield; anal. (C16H18N204) C, H, N], and 9d [bp 184-186 °C (0.21 
torr); neutral alumina chromatography (chloroform) and then 
distillation; 81% yield; anal. (C16HieN204 + 0.05% CHC13) C, H, 
N]. 

The spectral characteristics of diethyl l-(3,4-dichloro-
phenyl)-5-methylpyrazole-3,4-dicarboxylate (9a) were typical: IR 
1710,1480,1440,1400,1360,1310,1270,1200,1120,1110,1090, 
1010 cm"1; NMR S 1.35 (t, J = 7 Hz) overlapped 1.39 (t, J = 7 
Hz) for a total of 6 H, 2.52 (s, 3 H), 4.38 and 7.1-7.7 (m, 3 H). 

A General Procedure for the Reduction of 9 to 10. A 
solution of the pyrazole diester 9 (0.012 mol) in anhydrous ether 
(30 mL) was added slowly to a mechanically stirred mixture of 
lithium aluminum hydride (1.13 g, 0.03 mol) in anhydrous ether 
(50 mL) which was heated under reflux. The mixture was refluxed 
1 h after the addition was completed, cooled, and worked up by 
slow addition of water (1.1 mL), 10% aqueous hydroxide (1.1 mL), 
and then water (3.3 mL). The mixture was filtered, the salts were 
washed with ether (75 mL) and then boiling tetrahydrofuran [75 
mL (except that 10a and 10b were poorly soluble and required 
repeated extraction with boiling tetrahydrofuran and then with 
boiling ethyl acetate)]. The organic solution was concentrated 

(18) Fusco, R. Gazz. Chim. Ital. 1939, 69, 344; Chem. Abstr. 1940, 
32, 86097. 

to dryness in vacuo and the residue was purified by crystallization. 
The diols thus prepared were 10a [mp 155-156 °C (ethanol-ether), 
85%; anal. (C12H12N202C12) C, H, N], 10b [167-169 °C (ethyl 
acetate), 80%; anal. (Ci2H13N2OCl2) C, H, N], 10c [mp 95 °C (ethyl 
acetate-petroleum ether), 81%; anal. (C12H14N202) C, H, N], and 
lOd [mp 105-106 °C (ethyl acetate), 74%; anal. (C13H16N202) C, 
H,N] . 

The spectral characteristics of l-(3,4-dichlorophenyl)-5-
methyl-3,4-bis(hydroxymethyl)pyrazole (10a) were typical: IR 
3400, 3200,1610,1590,1500,1459,1440,1380,1320,1150,1100, 
1020,890,850 cm"1; NMR (Me2SO-d6/Me4Si) S 2.35 (s, 3 H), 3.60 
(OH), 4.50 (t, J = 5 Hz, 4 H), 4.98 (m, 2 H), 7.37-7.87 (m, 3 H). 

A General Procedure for the Carbamoylation of 10. A 
solution of the diol 10 (0.0045 mol), methyl isocyanate (0.53 mL, 
freshly distilled, 0.009 mol), and anhydrous triethylamine (5 drops) 
in anhydrous dichloromethane (20 mL) was heated under reflux 
for 24 h. The reaction mixture was concentrated to dryness in 
vacuo and the residue was crystallized to yield 11. In the cases 
of 10a and 10b, the diols were not completely dissolved; even in 
a larger volume of dichloromethane also, the reaction was carried 
out as a stirred suspension. The bis(carbamates) thus prepared 
were 11a [mp 168.5-169.5 °C (ethyl acetate-petroleum ether); 
67% anal. (C16H18N404C12), C, H, N], l ib [mp 180-181 °C (di-
chloromethane-hexanes); 93%; anal. (C16H19N404C1) C, H, N], 
l i e [mp 136-138 °C (ethyl acetate-petroleum ether); 84%; anal. 
(C16H20N4O4) C, H, N], and l id [mp 151-152 °C (ethyl ace
tate-petroleum ether); 85%; anal. (C17H22N406) C, H, N]. 

The spectral characteristics of l-(3,4-dichlorophenyl)-5-
methyl-3,4-bis(hydroxymethyl)pyrazole bis(methylcarbamate) 
(11a) were typical: UV 251 nm (c 18600); IR 3350,1700,1560, 
1510,1380 cm"1; NMR & 2.33 (s, 3 H), 2.78 (d, J = 5 Hz, 6 H), 
4.6-5.1 (br), 5.07 (s), 5.20 [(s) 6 H total for 4.6-5.2], 7.1-7.6 (m, 
3H). 

Dimethyl 2-Methyl-5-phenylthiophene-3,4-dicarboxylate 
(13a). Freshly distilled benzyl chloride (43 mL, 0.37 mol) was 
converted to sodium dithiobenzoate by treatment sodium 
methoxide and sulfur.7b'19 The red oily product was partially 
purified by acidification of the reaction mixture, extraction with 
ether, and extraction of the ether with 8% aqueous sodium 
carbonate (500 mL). The aqueous sodium carbonate extract was 
cooled (ice bath) and treated portionwise with a-bromopropionic 
acid (20 mL) in ice water (75 mL). When the pH rose above 6 
during the addition of the acid, the pH was adjusted to 6 by 
addition of sodium carbonate. The mixture was stirred for 14 
h at 5 °C, acidified to pH 2 (50% aqueous HC1) with cooling, and 
extracted with ether. The ether extract was dried and concen
trated in vacuo to give 64 g of the air-sensitive dithioester as a 
red liquid, which was used directly in the cyclization. 

Dry, cold (0 °C) triethylamine (120 mL) was added portionwise 
to an ice-cooled solution of the crude dithioester in acetic an
hydride (120 mL) which was maintained under a nitrogen at
mosphere. The mixture was stored at 5 °C for 1 h and at -20 
°C for an additional hour. The fine violet needles that arose were 
collected and washed well with ice-cold cyclohexane-ether (1:1) 
to give 26.7 g (27% yield, based on benzylchloride) of crude 
5-methyl-2-phenyl-l,3-dithiolium 4-oxide (12): mp 134-135 °C 
[(dec) 172-175 °C] (lit.7b mp 149-150 °C dec); NMR 8 2.35 (s, 
3 H), 7.35-7.67 (m, 5 H) [1.48 (t, J = 7 Hz, 9 H), 3.21 (q, J = 7 
Hz, 6 H), EtaN]; IR (KBr) 1578,760,684 cm"1. From NMR data, 
the crude product was a 4:1 mixture of 12 and triethylamine salts. 
Attempts to remove the contaminant resulted in decomposition 
of the unstable heterocycle so the impure material was used 
directly in the cycloaddition reaction. 

Crude 12 (19.6 g) from the previous step (containing 15.8 g, 
76 mmol of 12) and dimethyl acetylenedicarboxylate (20 mL, 163 
mmol) in xylene (80 mL) were heated under a nitrogen atmo
sphere. Gas evolution became extremely vigorous at 85 °C, ne
cessitating temporary removal of the heat source. After 10 min 
at 105 °C, the solvents were removed under vacuum, the black 
residue was cooled, methanol was added to give a volume of 125 
mL, and the solution was filtered to give colorless or light tan 
crystals (13.06 g), mp 74-75 °C (lit.7" mp 78-79.5 °C). An ad
ditional 2.78 g was obtained from the concentrated mother liquor 

(19) Ger. Pat. 1274121; Chem. Abstr. 1969, 70, 3573v. 
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for a total yield of 72%. Compound 13a had the following: NMR 
5 2.65 (s, 3 H), 3.77 (s), 3.83 [s, 6 H (total for two singlets)], 
7.27-7.53 (m, 5 H); IR (KBr) 2959,1719,1707,1475,1435,1382, 
1376,1309,1225,1201,1195,1159, 983, 977, 787, 764, 759, 738, 
696 cm"1. Anal. (C16H1404S) C, H, N. 

2-Methyl-5-phenyl-3,4-bis(hydroxvmethyl)thiophene(13b). 
The thiophene diester 13a (13 g, 45 mmol) in anhydrous ether 
(175 mL) was added dropwise to a refluxing, vigorously stirred 
solution of lithium aluminum hydride (4.9 g, 110 mmol) in an
hydrous ether (100 mL). The reaction mixture was heated at 
reflux for 4 h after the addition and then cooled. It was worked 
up by the sequential addition of water (4.9 mL), 10% aqueous 
sodium hydroxide (4.9 mL), and water (14.7 mL). The resulting 
white sludge was extracted in a Soxhlet apparatus with ether for 
14 h; concentration of the extract gave the diol (10.03 g), mp 
99-107 °C. This was crystallized from ethyl acetate/ligroin to 
give diol 13b (7.0 g), mp 100-102 °C; concentration of the mother 
liquor gave a second crop of 2.5 g (91% yield). Compound 13b 
had the following: NMR 8 2.45 (s, 3 H), 3.57 (t, J = 5 Hz, 2 H), 
4.60 (d, J = 4 Hz, 4 H), 7.42 (s, 5 H); IR (KBr) 3279, 2954,1477, 
1443,1423,1261,994, 984,972, 756, 745, 707, 701, 696,662 cm"1. 
Anal. (C13H1402S) C, H, N. 

2-Methyl-5-phenyl-3,4-bis(hydroxymethyl)thiophene 
Bis(methylcarbamate) (13c). The diol 13b (7 g, 30 mmol), 
methyl isocyanate (5.4 mL, 90 mmol), and dry triethylamine (0.5 
mL) were heated at reflux in dry dichloromethane (250 mL) for 
24 h. The white solid, resulting from vacuum removal of the 
volatiles, was crystallized from ethyl acetate and vacuum dried 
to give 6.88 g of carbamate, mp 169-170 °C. An additional 1.88 
g was obtained from the concentrated mother liquor (84% yield). 
Compound 13c had the following: NMR 5 (s, 3 H), 2.78 (d, J = 
5 Hz, 6 H), 4.8 (br), 5.08 (s), 5.12 [s, 6 H (total for the three 
absorptions)], 7.40 (s, 5 H); IR (KBr) 3333,1686,1551,1421,1281, 
1151,1142,1136, 976,966, 757, 700 cm-1. Anal. (C17H20N2O4S), 
C, H. N. 

Dimethyl l-Phenyl-l,2,3-triazole-4,5-dicarboxylate (14a). 
Dimethyl acetylenedicarboxylate (27 mL, 0.22 mol) was added 
to an ethereal solution of phenyl azide [prepared by treatment 
of diazotized aniline (0.22 mol) with sodium azide, extraction with 
ether (4 X 75 mL) and drying (CaCl2)]

20-21 and the volume of the 
solution was reduced to ca. 175 mL in vacuo. The concentrated 
reaction mixture was then heated under reflux for 66 h. The 
precipitated white crystalline triazole was filtered, giving 41.8 g 
(73% yield) of crude product. This was crystallized from ethyl 
acetate to give 14a: mp 123-127 °C (lit.22'23 mp 126-127 °C; 127 
°C); NMR 5 3.92 (s), 4.02 (s) [6 H (total for both singlets)], 7.57 
(s, 5 H); IR (KBr) 1720,1560,1500,1470,1450,1440,1380,1310, 
1290,1240,1200,1180,1090,1070, 770 cm"1. Anal. (CuHnNA) 
C, H, N. 

l-Phenyl-4,5-bis(hydroxymethyl)-l,2,3-triazole (14b). 
Triazole diester 14a (10 g, 38 mmol) was placed in the extraction 
thimble of a Soxhlet apparatus over a 500-mL flask containing 
3.8 g (96 mmol) lithium aluminum hydride in 300 mL of refluxing 
anhydrous ether. After 9 h the mixture was cooled and stirred 
at room temperature an additional 15 h, at which point TLC [silica 
gel, methanol-chloroform (1:9)] showed only diol and decompo
sition products. The reaction was worked up by the sequential 
addition of water (3.8 mL), 10% sodium hydroxide solution (3.8 
mL), and water (11.4 mL). The resulting salts were extracted 
in a Soxhlet apparatus using ether (24 h) and then tetrahydrofuran 
(24 h) to give 7.2 g of crude product. Crystallization from 
methanol-ether-petroleum ether afforded 14b (3.75 g): mp 
153-135 °C (lit.22 mp 161-162 °C). A second crop of 0.51 g was 
obtained from the mother liquor (54% yield). The diol 14b had 
the following: NMR (Me2SO-d6/Me4Si) S 4.64 (d, J = 5 Hz), 4.72 
(d, J = 5 Hz, 4 H total for both doublets), 5.53 (t, J = 5 Hz, 2 
H total for both triplets), 7.53-7.82 (m, 5 H); IR (KBr) 3429, 3260, 
1590,1499,1463,1407,1365,1245,1153,1132,1027, 801, 780, 696 

(20) Smith, P. A. S.; Boyer, J. H. "Organic Syntheses"; Rabjohn, N., 
Ed.; Wiley: New York, 1963; Collect. Vol. IV, p 75. 

(21) Lindsay, R. O.; Allen, C. F. H. "Organic Syntheses"; Horning, 
E. C, Ed.; Wiley: New York, 1955; Collect. Vol. Ill, p 710. 

(22) Mugnaini, E.; Grunanger, P. AM Accad. Naz. Lincei, Rend., 
CI. Sci. Fis., Matt. Nat., Rend. 1953,14, 275. 

(23) Dimroth, O. Ber. 1902, 35, 1036. 

cm"1. Anal. (C10HuN3O2) C, H, N. 
l-Phenyl-4,5-bis(hydroxymethyl)-l,2,3-triazole Bis(me-

thylcarbamate) (14c). A mixture of triazole diol 14b (5.8 g, 28 
mmol), methyl isocyanate (6.7 mL, 114 mmol), and triethylamine 
as catalyst was heated at reflux for 15 h in dry dichloromethane 
(250 mL). The suspension clarified as the reaction proceeded. 
The volatiles were removed in vacuo, and the residue crystallized 
from dichloromethane-hexanes to give 7.2 g (79% yield) of 14c: 
mp 134-135 °C; NMR 8 2.72 (d, J = 5 Hz), 2.76 [d, J = 5 Hz, 6 
H (total for both doublets)], 5.2 (br), 5.22 (s), 5.35 (s, 6 H total 
for the three absorptions), 7.52 (s, 5 H); IR (KBr) 3228,3089,2952, 
2765,1695,1596,1563,1461,1419,1248,1158,1152,989, 767,692, 
656 cm'1. Anal. (C14H17N604) C, H, N. 

Dimethyl 3-Phenylisoxazole-4,5-dicarboxylate (15a).24 26 

Benzaldoxime24 [21.7 g, 0.18 mol (prepared from benzaldehyde 
by treatment with hydroxylamine hydrochloride and sodium 
hydroxide followed by carbon dioxide: bp 123 °C (28 torr); mp 
28-231 °C)] was dissolved in 8.3 M ethanolic HC1, cooled to 0 
°C, and treated with chlorine until the blue solution turned yellow. 
The excess chlorine was removed (nitrogen gas and slight water 
aspirator vacuum), the mixture was concentrated in vacuo, and 
the residue was extracted with dichloromethane. The organic 
solution was dried (CaCl2) and concentrated in vacuo and the light 
brown syrup was solidified by treatment with ether. The ether 
was removed to give 20 g (74%) of chlorobenzaldoxime,26,26 which 
was used immediately in the next step (the solid, dried under high 
vacuum had mp 43-49 °C). 

Anhydrous triethylamine (44.7 mL, 0.321 mol) was added to 
a stirred, cooled (-78 °C in a dry ice-acetone bath) solution of 
freshly prepared chlorobenzaldoxime (20 g, 0.128 mol) and di
methyl acetylenedicarboxylate (15.8 mL, 0.128 mol) in anhydrous 
ether (200 mL). The mixture was stirred for 30 min at -78 °C, 
allowed to warm to room temperature over 4 h, and stirred at room 
temperature for 12 h. The precipitated triethylamine hydro
chloride was removed by filtration and the collected solid was 
thoroughly washed with anhydrous ether. The filtrates were 
combined and concentrated in vacuo; 2-propanol (200 mL) was 
added to the maroon residue and 23.1 g of the crystalline diester 
was obtained. The mother liquor was concentrated and an ad
ditional 3.4 g of diester was obtained for a total yield of 79%. The 
product was recrystallized from 2-propanol to give 15a as a white 
crystalline solid: mp 63-64 °C; NMR 5 3.90 and 4.00 (two singlets, 
6 H), 7.40-7.80 (m, 5 H); IR (KBr) 2960,1730,1620,1460,1440, 
1420,1320,1300,1280,1230,1180,1130,1060, 980, 930, 820, 810, 
790, 710, 690. Anal. (C13HnN05) C, H, N. 

3-Phenyl-4,5-bis(hydroxymethyl)isoxazole (15b). A mixture 
of sodium borohydride (20.8 g, 0.55 mol) and lithium bromide 
(47.9 g, 0.55 mol) in anhydrous tetrahydrofuran (1200 mL) was 
heated under reflux for 1 h. Dimethyl 3-phenyl-4,5-isoxazole-
dicarboxylate (15a; 48.0 g, 0.184 mol) was added and the mixture 
was heated under reflux for 20 h [progress of the reaction was 
monitored by TLC, silica gel with methanol-chloroform (1:9), after 
20 h the starting material had been completely consumed and 
three major products, along with several other minor products 
were seen on the TLC]. The reaction mixture was concentrated 
in vacuo and the tarry yellow residue was suspended in a mixture 
of water (800 mL) and ether (350 mL); the suspension was 
thoroughly mixed and the organic layer was removed; the process 
was repeated two more times. The ether extracts were combined, 
dried (anhydrous Na2S04), and concentrated in vacuo to yield 
16.4 g of a viscous orange oil. 

An aliquot of the mixture (10.4 g) was purified by rapid linear 
gradient chromatography on silica gel (500 g; E. Merck, 63-200 
mesh) using dichloromethane as the nonpolar solvent and 6% 
methanol in dichloromethane as the polar solvent. The crude 
diol (6.86 g; 66% of the applied mixture which corresponds to 
a 25% yield in the reaction) was obtained as an oil which was 
crystallized from ethyl acetate-ligroin to give white needles: mp 
58-61 °C; NMR (Me2SO-d6/Me4Si) S 4.48 (d, J = 5 Hz), 4.70 [d, 

(24) Vogel, A. I. "Practical Organic Chemistry"; Longman Group 
Ltd.: London, 1974; p 719. 

(25) Von Reiche, F. V. K.; Perold, G. W.; Steyn, A. P. J. Am. Chem. 
Soc. 1957, 79, 462. 

(26) Benn, M. H. Can. J. Chem. 1964, 42, 2393. 
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J = 6 Hz, 4 H (total for both doublets)], 5.22 (t, J = 5 Hz, 1 H), 
5.58 (t, J = 6 Hz, 1 H), 7.48-7.98 (m, 5 H); NMR 6 4.20 (br s, 1 
H), 4.52-4.70 (m, 5 H), 7.20-7.75 (m, 5 H); IR (KBr) 3475, 3250, 
2975, 2925,1640,1590,1480,1460,1430,1370,1290,1240,1190, 
1010, 930, 770, 730, 700 cm-1. Anal. (CnHnNOg) C, H, N. 

3-Phenyl-4,5-bis(hydroxymethyl)isoxazole Bis(methyl-
carbamate) (15c). A mixture of 15b (6.0 g, 29 mmol), dry tri-
ethylamine (0.5 mL), and methyl isocyanate (5.3 mL, 88 mmol) 
in dry dichloromethane was heated under reflux. The reaction 
was monitored by TLC [silica gel, methanol-chloroform (1:9)]; 
after 6 h the diol had been consumed and two, higher Rf products 
were observed on the TLC; after 24 h of reflux, one of these two 
new spots had disappeared and only a single spot remained on 
the TLC. The volatiles were removed from the reaction mixture 
in vacuo and the oily residue, which slowly solidified on standing, 
was crystallized from benzene-hexanes to give, after high vacuum 
drying, 8.23 g (88%) of 15c: mp 100-106 °C; NMR 5 2.76 (d, J 
= 5 Hz), 2.78 [d, J = 5 Hz, 6 H (total for both doublets)], 5.12 
(s), 5.37 (s), 5.2 [br, 6 H (total for the three signals)], 7.35-7.85 
(m, 5 H); IR (KBr) 3350,1730,1710,1670,1630,1580,1560,1530, 
1450,1420,1360,1280,1150,1120,970, 910,770,660 cm-1. Anal. 
(C1BH17N306) C, H, N. 

3-Phenyl-4,5-bis(hydroxymethyl)isothiazole (16b). 5-
Phenyl-l,3,4-oxathiazol-2-one27 [28 g, 156 mmol (prepared from 
benzamide by treatment with perchloromethyl mercaptan: mp 
65-67 °Q] and dimethyl acetylenedicarboxylate (26 mL, 223 
mmol) heated at 130 °C in chlorobenzene (100 mL) for 22 h. The 
mixture was concentrated to dryness in vacuo and the black 
residue was crystallized from methanol to yield 29 g (67%) of 16a, 
which was recrystallized from methanol-water: mp 70-72 °C (lit.28 

mp 72-73 °C). Anal. (C13HuN04S) C, H, N. 
The diester 16a (31.7 g, 0.11 mol) in anhydrous ether (400 mL) 

was added dropwise to a refluxing, mechanically stirred suspension 
of lithium aluminum hydride (10.8 g, 0.29 mol) in anhydrous ether 
(200 mL). The mixture was stirred under reflux for an additional 
45 min after the end of the addition. The cooled reaction mixture 
was carefully treated with water (10.8 mL), 10% aqueous sodium 
hydroxide (10.8 mL), and finally water (32.4 mL). The resulting 
salts were extracted 16 h in a Soxhlet apparatus with ether, the 
ether removed in vacuo, and the residue crystallized from ethyl 
acetate/ligroin to give 11.3 g of 16b (45%). Recrystallization gave 
9.1 g of 16b: mp 111-113 °C; NMR (Me2SO/Me4Si) 5 4.50 (br 
s, 2 H), 5.00 (br s, 2 H), 5.25 (br, 1 H), 5.95 (br, 1 H), 7.35-7.88 
(m, 5 H); IR (KBr) 3375, 3175,1540,1460,1430,1410,1390,1350, 
1230, 1150, 1070, 1050, 1020, 990, 980, 860 cm"1. Anal. (Cn-
HnN02S) C, H, N. 

3-Phenyl-4,5-bis(hydroxymethyl)isothiazoleBis(methyl-
carbamate) (16c). The isothiazole diol 16b (9 g, 41 mmol), methyl 
isocyanate (12 mL, 0.2 mol), and triethylamine (0.5 mL) were 
refluxed 26 h, in dry dichloromethane (250 mL). The mixture 
was concentrated to dryness in vacuo and the residue was crys
tallized twice from ethyl acetate/ligroine to give, after drying under 
high vacuum, 10 g (75%) of the carbamate: mp 115-124 °C; NMR 
« 2.72 (d, J = 2 Hz), 2.80 [d, J = 2 Hz, 5 H (total for both 
doublets)], 5.1 (br), 5.13 (s), 5.47 [s, 6 H (total for the three 
signals)], 7.27-7.72 (m, 5 H); IR (KBr) 3350, 3000, 2875, 1700, 
1550, 1430, 1280, 1140, 990, 940, 820, 780, 750 cm"1. Anal. 
(C15H17N304S) C, H, N. 

2-Phenyl-4,5-bis(hydroxyrnethyl)thiazole (17b). A solution 
of diethyl a-chloro-0-ketosuccinate [44.5 g, 200 mmol; bp 127-130 
°C (9 torr) (lit.29 bp 150-152 °C (56 torr)), prepared from diethyl 
oxalate and ethyl chloroacetate] and thiobenzamide (21.5 g, 157 
mmol) in anhydrous toluene (25 mL) was heated briefly to initiate 
the slight exothermic reaction. The mixture was stirred at room 
temperature (2 h), heated to 75-80 °C (1.5 h), and then allowed 
to stand at room temperature (15 h). The solid mass was melted 
on a steam bath and poured into ice water. The mixture was 
extracted with dichloromethane and the organic phase was washed 
with 5% aqueous sodium carbonate (3 X 100 mL) and saturated 
sodium chloride solution 100 mL). The organic solution was dried 
(sodium sulfate) and concentrated to dryness in vacuo, and the 

(27) Senning, A.; Kelly, P. Acta Chem. Scand. 1967, 21, 1871. 
(28) Franz, J. E.; Black, L. L. Tetrahedron Lett. 1970, 1381. 
(29) Wislicenus, W. Chem. her. 1910, 43, 3528. 
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residue was crystallized from dichloromethane-hexanes and then 
from ethyl acetate-ligroin to give 18.9 g (40%) of 17a: mp 92-95 
°C (lit.31 mp 104 °C). Anal. (C16H15N04S) C, H, N. 

A stirred suspension of lithium aluminum hydride (3.75 g, 98 
mmol) in anhydrous ether (200 mL) was heated to reflux and a 
solution of thiazole diester 17b (12.0 g, 39 mmol) in anhydrous 
ether (500 mL) was added rapidly. The stirred mixture was heated 
under reflux for 3.5 h after the addition. The cooled reaction 
mixture was worked up by the sequential addition of water (3.7 
mL), 10% aqueous sodium hydroxide (3.7 mL), and then water 
(11.1 mL). The resultant salts were extracted with ether in a 
Soxhlet apparatus for 24 h and then extracted again with tetra-
hydrofuran to give, after crystallization from ethyl acetate-hex-
anes, 7.61 g (81% yield) of 17b: mp 121-123 °C; NMR 
(Me2SO-d6/Me4Si) 8 4.73 (d, J = 6 Hz, 1 H), 4.93 [d, J = 6 Hz, 
4 H (total for both doublets)], 5.30 (t, J = 6 Hz, 1 H), 5.75 (t, J 
= 6 Hz, 1 H), 7.47-8.12 (m, 5 H); IR (KBr) 3326, 2878,1464,1438, 
1311,1045,1029,1015,1001, 989, 767, 756, 686, 621 cm'1. Anal. 
(CnHuN02S) C, H, N. 

2-Phenyl-4,5-bis(hydroxymethyl)thiazole Bis(methyl-
carbamate) (17c). Thiazole diol 17b (5.07 g, 22.6 mmol), methyl 
isocyanate (5.3 mL, 90 mmol), and dry triethylamine (1 mL) as 
catalyst were heated at reflux in dry dichloromethane (250 mL) 
for 28 h. The mixture was concentrated to dryness in vacuo and 
the residue was crystallized from ethyl acetate/ligroin and dried 
under high vacuum to give 7.0 g (92% yield) of 17c: mp 139-141 
°C; NMR 5 2.78 (d, J = 5 Hz, 6 H), 4.90 (br), 5.28 (s), 5.40 [s, 6 
H (total for the three absorptions)], 7.27-7.98 (m, 5 H); IR (KBr) 
3328, 2946,1710,1699,1566,1550,1542,1464,1269,1148,1134, 
985, 766, 687 cm"1. Anal. (C16H17N304S) C, H, N. 

2-Phenyl-4,5-bis(hydroxymethyl)oxazole (18b). Benz-
iminoethyl ether hydrochloride33,34 [100 g, 0.54 mol (prepared from 
benzonitrile by treatment with hydrogen chloride: mp 131-132 
°C dec; lit.34 frothing at 118-120 °C and then melting at 125 °Q] 
was suspended in ether (540 mL) at 5 CC with vigorous mechanical 
stirring and treated with potassium carbonate (86 g, 0.622 mol) 
in water (76 mL) for 10 min. The organic phase was separated 
and added to a vigorously stirred solution of ethyl glycinate 
hydrochloride (75.7 g, 0.542 mol) in water (45 mL). The mixture 
was stirred at 35 °C for 1.5 h, and the organic phase was separated 
and dried (sodium sulfate) and concentrated in vacuo. The residue 
was distilled to give 54.4 g of benziminoethyl ether, bp 45-50 °C 
(0.055 torr) and ethyl [(ethoxyphenylmethylidene)amino]acetate 
(38.46 g, 30%), bp 103-105 °C (0.11 torr) [lit.32 bp 115-123 °C 
(0.06 torr)]. 

Potassium metal (5.82 g, 0.149 mol) was dissolved in absolute 
ethanol (25 mL) and anhydrous ether (100 mL) and then cooled 
to -7 to -10 °C. Additional ether (500 mL) was added, followed 
by a solution of ethyl [(ethoxyphenylmethylidene)amino]acetate 
(35 g, 0.149 mol) and diethyl oxalate (21.74 g, 0.149 mol) in ether 
(160 mL). After 13 h at 0 °C, the ether was removed under 
vacuum, and boiling acetic acid (125 mL) was added. The mixture 
was cooled, water (760 mL) was added, and the mixture was 
neutralized with saturated aqueous sodium carbonate (900 mL). 
Chloroform (100 mL) was added; the organic layer was removed, 
dried (sodium sulfate and then magnesium sulfate), and con-

(30) Robba, M.; LeGuen, Y. Bull. Soc. Chim. Fr. 1969, 5, 1762. 
(31) Meyer, R. "The Chemistry of Heterocyclic Compounds"; 

Metzger, J. V., Ed.; Wiley: New York, 1979; Vol. 34, Part 1, 
pl65. 

(32) Soma, N.; Nakazawa, J.; Watanabe, T.; Sato, Y.; Sunagawa, G. 
Chem. Pharm. Bull. 1967, 15, 619. 

(33) Glock, G. Chem. Ber. 1888, 21, 1650. 
(34) Pinner, A. Chem. Ber. 1883, 16, 1654. 
(35) (a) Bardos, T. J.; Datta-Gupta, N.; Hebborn, P.; Triggle, D. J. 

J. Med. Chem. 1965,8,167. (b) Mattocks, A. R. J. Chem. Soc, 
Perkin Trans. 1 1974, 707. (c) Mattocks, A. R. Ibid. 1978, 896. 

(36) (a) Albert, A. "Heterocyclic Chemistry", 2nd ed.; The Athlone 
Press: London, 1968. (b) Ridd, J. H. In "Physical Methods in 
Heterocyclic Chemistry"; Katritzky, A. R., Ed.; Academic 
Press: New York, 1971; Vol. 4, p 55. (c) Clementi, S.; Marino, 
G. Tetrahedron 1969, 25, 4599. (d) Joule, J. A.; Smith, G. F. 
"Heterocyclic Chemistry"; Van Nostrand Reinhold: New York, 
1972. (e) Paquette, L. A. "Principles of Modern Heterocyclic 
Chemistry"; W. A. Benjamin: New York, 1968. 
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centrated. The residual red oil slowly crystallized and was re-
crystallized from methanol to give 17.7 g (41%) of the diester. 
A second crystallization from methanol gave pure 18a: mp 54-58 
°C (lit.32 mp 59 °C). Anal. (Ci6H1BN05) C, H, N. 

The oxazole diester 18a (11.7 g, 40 mmol) in anhydrous ether 
(150 mL) was added dropwise to lithium aluminum hydride (3.84 
g, 101 mmol) in refluxing anhydrous ether. The reaction was 
refluxed 1 h and cooled and then water (3.8 mL), 10% sodium 
hydroxide (3.8 mL), and water (11.4 mL) were added. The re
sulting salts were extracted with ether for 26 h in a Soxhlet 
apparatus, the ether was removed, and the residue was crystallized 
from ethyl acetate to give 3.3 g (40%) of 18b: mp 127-129 °C; 
NMR (Me2SO-d6/Me4Si) S 4.52-4.70 (m, 4 H), 5.27 (br s, 3 H), 
7.50-8.07 (m, 6 H); IR (KBr) 3575, 3425,1650,1630,1580,1500, 
1460,1030, 720 cm"1. Anal. (C nH nN0 3 ) C, H, N. 

2-Phenyl-4,5-bis(hydroxymethyl)oxazole Bis(methyl-
carbamate) (18c). The oxazole diol 18b (3.18 g, 15.5 mmol), 
methyl isocyanate (5.6 mL, 94.9 mmol), and triethylamine (1 mL) 
were heated at reflux for 3 h in dichloromethane (125 mL). The 
suspension cleared after 10 min, and within 40 min, a precipitate 
occurred. The reaction was stirred an additional 9 h at room 
temperature. The precipitate was filtered and dried under a 
stream of nitrogen and then under high vacuum to give 3.93 g, 
mp 190-192 °C. The filtrate was concentrated and crystallization 
of the residue from ethyl acetate gave an additional 0.63 g for a 
total yield of 18c of 92%: NMR (Me2SO-d6/Me4Si) 8 2.57 (s), 
2.65 [s, 6 H (total for both singlets)], 5.03 (s, 2 H), 5.22 (s, 2 H), 
7.1 (br, 2 H), 7.47-8.03 (m, 5 H); NMR (CDCl3/Me4Si) & 2.77 (d, 
J = 1 Hz), 2.84 [d, J = 1 Hz, 6 H (total for both doublets)], 4.9 
(br, 2 H), 5.16 (s), 5.29 [s, 4 H (total for both singlets)], 7.40-8.10 
(m, 5 H); IR (KBr) 3350,2975,1700,1550,1490,1470,1450,1430, 
1350,1290,1270,1260,1140,1070,990,960, 780, 720 cm"1. Anal. 
(C16H17N306) C, H, N. 

A possible role of the superoxide anion radical (02
_) in 

the pathology of rheumatoid arthritis has been proposed.2 

Experimental evidence indicates tha t excess superoxide 
generates a chemotactic factor tha t perpetuates the in
flammatory process.3""6 Treatment of affected joints with 
polymer-stabilized bovine superoxide dismutase greatly 
lowers the activity of the inflammatory process and allows 

(1) Taken from the Ph.D. Dissertation of J. R. Maxwell, Univer
sity of North Dakota, 1983. 

(2) McCord, J. M.; English, D. In "Enzymes as Drugs"; Holcen-
berg, J. S., Ed.; Wiley: New York, 1980; Chapter 12. 

(3) Perez, H. D.; Weksler, B. B.; Goldstein, I. M. Inflammation 
(N.Y.) 1980, 4, 313-328. 

(4) McCord, J. M. Agents Actions 1980, 10, 522-527. 
(5) Petrone, W. F.; English, K. W.; McCord, J. M. Proc. Natl. 

Acad. Sci. U.S.A. 1980, 77, 1159-1163. 
(6) Salin, M. L.; McCord, J. M. J. Clin. Invest. 1975, 56, 

1319-1323. 
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healing of the damaged tissue to ensue.7 Stabilized su
peroxide dismutase was also found effective in both the 
reverse passive Arthus reaction and carrageenan-induced 
foot edema.2 In lieu of isolating and modifying and enzyme 
from living tissue, a low molecular weight chemical agent 
was sought as a scavenger of superoxide and hence an 
antiinflammatory agent. Molecules containing gallic acid 
and catechol moieties are known to scavenge superoxide8 

and exhibit some antiinflammatory activity.9 The selec
tion of a proper carrier molecule into which these poly-
phenolic moieties could be incorporated is the subject of 
this paper. 
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Synthesis of 5-Aryl-2J2"-tetrazoles, 5-Aryl-2Jf -tetrazole-2-acetic Acids, and 
[(4-Phenyl-5-aryl-4If-l,2,4-triazol-3-yl)thio]acetic Acids as Possible Superoxide 
Scavengers and Antiinflammatory Agents1 
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A series of 5-aryl-2ff-tetrazoles, 5-aryl-2ff-tetrazole-2-acetic acids, and [(4-phenyl-5-aryl-4rY-l,2,4-triazol-3-yl)thio]acetic 
acids were synthesized and tested in vitro for superoxide scavenging activity, in vivo in the carrageenan-induced 
rat paw edema assay, and in the reverse passive Arthus reaction. The hydroxy-substituted compounds were effective 
as in vitro scavengers of superoxide but were not effective as in vivo antiinflammatory agents. 
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