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Tle of perhydrocapreomycin using 1-BAWAA revealed only
one ninhydrin-positive spot, which has the same R; value of
capreomycin. DBioassay revealed perhydrocapreomycin to be
439, as active as capreomyein itself.
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Some metal chelates have shown activity against
tumors of experimental animals.2—* We have therefore

Journal of Medicinal Chemistry, 1971, Vol. 14, No. 11 1121

ious Schiff bases. We have found that good yields of
pure compounds are obtained from the amine, salicyl-
aldehyde, and Co(OAc),. Analysis of each compound
for Co indicates that 2 molecules of ligand have com-
bined with each Co*? except for III, which has only 1
molecule of ligand for each Co?*. The properties of 12
of these compounds are shown in Table I. The metal
chelates are dark-colored solids with limited solubility
in organic solvents; 4 dissolve to a small extent in di-
oxane and in benzene. Their stabilities in aq soln were
unknown as were their mode of action in biological sys-
tems.

The toxicities of these compounds to mice were deter-
mined for 2 routes of administration: ip injection and
gavage. Postmortem examination of the animals re-
ceiving ip injections showed no drug deposit at the site
of injection although the chelates have practically no
solubility in H;O. The antitumor activities of these
chelates were evaluated against L1210 leukemia, sar-
coma 180 ascites, and the Lewis lung carcinoma using
both ip and gavage routes of administration. The re-
sults of these tests are shown in Table II. While none
of these compounds meet or exceed the CCNSC criteria
of significant activity, several of the reported activities
are sufficiently close to the borderline to be of possible
extrapolative value for further studies. This might be
done through a multiple parametric approach.

TasLe I
PREPARATION AND PROPERTIES OF COBALT DERIVATIVES OF SCHIFF BAsES
Name Formula?® Mp, °C Color Yield, %
Cobalt, bis[o-(N-phenylformimidoyl)phenolato]- C2H20CoN 20, 188-192b:¢ Reddish yellow 52
Cobalt(II), bis[o-(N-o-tolylformimidoyl)- CasH:CoN,O, 195.5-197¢ Red 95
phenolato] -
Cobalt(I1), bis[o-(V-p-tolylformimidoyl)- CysH2CoN,O, 183-184 Reddish purple 82
phenolato] -
Cobalt(II), bis[o-[N-(o-mercaptophenyl)- C26H20CoN,0,8, >300 Brown-black 51
formimidoyl] phenolato] -
Cobalt(II), [ N-salicylidenenanthranilato(2-)]- C:H,CoNO; 196 Brownish orange 68
Cobalt(II), bis[p-(salicylideneamino)benzoato]- CosH2CoN,Os >300 Mustard yellow 95
Cobalt(II), bis(salicylaldehydato), dihydrate CuH;10Co0;-2H0¢ >300 Yellow 87
Cobalt(II), bis[o-[ N-(p-hydroxyphenyl)- CisHooCoN-Oy 277-280 Red 98
formimidoyl] phenolato]-
Cobalt(II), bis[o-[N-(o-methoxyphenyl)- CysHosCoN,Oye 288-291 Reddish purple 96
formimidoyl] phenolato]-
Cobalt(II), bis[o-(V-(p-methoxyphenyl)- CasHCoN,0, 185.5-186.5 Red-purple 84
formiinidoyl] phenolato] -
Cobalt(IT), bis[o-[N-[p-(dimethylamino)phenyl]- CiH30CoN 4O, 265-267 Purple 95
formimidoyl] phenolato]-
Cobalt(I1), bis[o-[N-(o-nitro)formimidoyl]- CaH1sCoNOs >300 Light brown 70

phenolato]-

e All compds were analyzed for Co.
W. Willie, Proc. Okla. Acad. Sci., 46, 107 (1966).
Bull. Chem. Soc. Jap., 38, 1506 (1963).

prepared some Co derivatives of the Schiff bases of
salicylaldehyde and various aromatic amines and have
determined their activities against 1.1210 leukemia, as-
citic sarcoma 180, and Lewis lung carcinoma in mice.

Similar metal derivatives have been prepared by
Bailes and Calvin® as O carriers, using Co salts and var-

(1) The biological phase of this work was conducted under Grant CA-
03287 from the National Cancer Institute.

(2) E. M. Hodnett and W. Willie, Proc. Okla. Acad. Sci., 46, 107 (1966).

(3) E. M. Hodnett and William J. Dunn, 111, to be published.

(4) S. Kirschner, Y.-K. Wei, D. Francis, and J. G, Bergman, J. Med.

Chem., 9, 369 (1966).
(5) R. H. Bailes and M, Calvin, J. Amer. Chem. Soc., 69, 1886 (1947).

The Co content agreed with the theoretical value within acceptable limits.
¢ B. West, J. Chem. Soc., 3115 (1952); no mp given.
¢ R. H. Bailes and M. Calvin, J. Amer. Chem. Soc., 69, 1886 (1947).

b E. M. Hodnett and
¢ H. Nishikawa and S. Yamada,

Experimental Section

General Synthesis.—Co(OAc), (25 mmoles) was placed in a
500-ml flask equipped with an N, inlet. Solvent (generally 40
ml of EtOH) was added to the metal acetate and stirred mag-
netically until the acetate had dissolved. A primary amine (50
mmoles) and 100 mmoles of anhyd Na,CO; were added to the
flask with continuous stirring. Salicylaldehyde (50 mmoles),
dissolved in 40 ml of the solvent, was placed in the addition
funnel. The system was flushed with N3, and the soln of salicyl-
aldehyde was added with stirring to the mixt. The reaction
mixt was warmed until CO, evoln ceased and then held somewhat
below the bp of the solvent for 15-20 min. The ppt which
formed was filtered from the reaction mixt, washed with distd
H.0, and with EtOH, and dried under vacuum at room temp.



1122 Journal of Medicinal Chemistry, 1971, Vol. 14, No. 11

Com-
pound

II

III

v

VI

ViI

VIII

IX

¢ L1210 = lymphoid leukemia L1210; S180A =

R
O-CHa

p-CH3

0-CO.H

p-CO2H

p-OH

0-OCH;

p-OCH,

p-N(CH,),

0-N02

aldehydato)cobalt.

TasLe II:

Formula

CstngONzOz

ngH2400N202

CHHQCONOab

CosH2CoN:Os

CzeHgoCONzOg

Cst24CON204

Cst24CON204

CaoHaoCON402

CzeH1sCON4OG

C14H10COO4 . 2H20

ANTITUMOR ACTIVITIES OF CoBALT CHELATES

O
e

Tumor
system®

L1210

S180A

LLCa

L1210

S180A

LLCa

L1210

S180A

LLCa

L1210

S180A

LLCa

L1210

S180A

LLCa
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S180A

LLCa
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S180A
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LLCa
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S180A

LLCa

Gavage
Ip
Gavage
Ip
Gavage
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Gavage
Ip
Gavage
Ip
Gavage
Ip
Gavage
Ip
Gavage
Ip
Gavage
Ip
Gavage
Ip
Gavage
Ip
Gavage
Ip
Gavage

s
CH_N@

Dose,
mg/kg

100
400
100
400
100
300

50
50
50
50
50
50
400
50
400
50
400
50
200
50
400
a0
200

ascitic sarcoma 180; LLCa =

No. of
treat-
ments
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Nejarie N1
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Lewis lung carcinoma.

Sur-
vivors
6/6
3/5
6/6
6/6
6/6
6/6
6/6
6/6
6/6
4/6
5/6
6/6
6/6
6/6
6/6
4/6
6/6
5/6
6/6
6,/6
6/6
6/6
6/6
6/6
6/6
6/6
6/6
6/6
6/6
53/6
6,6
6/6
6/6
6/6
6/6
6,/6
5/6
6,/6
6/6
6/6
6/6
6/6
6/6
6/6
6/6
6/';6
6/6
6/6
6/6
6/6
6/6
6/6
6/6
5/6
6/6
6/6
6/6
6/6
5/6
6/6

Weight change
T/C g
—2.0/42.6
—-0.9/4+2.6
—2.5/+4.8
—-1.1/+4.8
—-1.1/+41.1
-1.1/4+1.1
—-1.0/42.6
-1.5/4+2.6
+0.2/+4.8
—1.3/+4.8
+0.4/4+1.1
—-0.9/+1.1
—0.5/+2.0
+0.2/4+2.0
—-2.5/+3.1
-3.7/+3.1
—-0.6/—0.1
—-1.8/-0.1
—-2.1/42.0
—-0.2/42.0
+2.7/+6.0
+1.6/4+6.0
—0.2/0

0/0
+1.1/+42.
—0.8/42.
+3.1/43.
—2.3/-3.
+0.3/+0.
+0.3/+0.
—-1.5/+2.
+0.2/42.
+0.8/44.
+4.0/44.
—0.8/+1.
+1.0/4+1.
—2.1/+2.
—0.7/42.
—1.8/+4.
—3.0/+4.
—0.8/+1
+0.6/4+1.
+0.7/42.
+2.5/+2.
+0.8/43.
+2.8/+3.
—0.6/—0.
—0.6/—0.
—-1.2/+2.
-1.3/+2.
+3.3/+6.
+2.8/4+6.

—0.9/0

0/
—3.8/4+2.
+1.7/42.
+2.6/4+6.
+4.8/46.
-0.2/0
-1.0/0 —

® 1:1 chelate.
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Results
T/¢.%
121
109
84
59
49
55
124
110
85
70
74
66
114
110
101
115
75
66
113
101
111
100
100
92
111
104
97
114
78
62
110
107
63
82
68
70
114
104
90
56
65
96
103
100
62
103
93
81
115
106
87
100
103
108
123
103
92
99
74
71

¢ Bis(salicyl-
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All samples were analyzed for their metal content by standard
methods. The org matter was first destroyed by oxidn with a
mixt of HNO;-H,SO,. Complexometric titrations with standard
EDTA soln were performed with murexide indicator in some cases
and in others the Hg—-EDT A electrode® was used as the indicator.

Antitumor Tests.—The methods used in this investigation
for the evaluation of antitumor activity in mice have been de-
scribed elsewhere.” The finely ground drugs were suspended in
sterile distd H,O with the addn of a small drop of Tween 80.
Doses were chosen on the basis of preliminary toxicity tests.
The drugs were given fresh daily ip or by gavage at approximately
the max tolerated dose starting 24 hr after tumor inoculation.
The index of evaluation for the ascitic tumors is 7/C [(mean
survival time of treated mice)/(mean survival time of control
mice)] X 100. For L1210 a T/C > 125 is considered positive;
for 8-180 ascites a 9%, T /C > 150 is required. In the solid tumor
Lewis lung carcinoma 9, T'/C is [(mean tumor weight of treated
mice)/(mean tumor weight of control mice)] X 100. A %T/C
value < 30 is considered pos.

Spectroscopic Studies.—Schiff bases of salicylaldehyde and
arom amines in EtOH have characteristic uv absorptions at
300-360 and at 250-290 nm.® The Schiff bases corresponding to
the 4 sol Co derivatives show absorbances in anhyd PhH in these
regions also. The Co derivatives of these compds in anhyd
PhH sabsorb in the 380- to 420-nm region in addn to the 300-
to 360-nm and 250- to 290-nm regions. However, when the
Co chelates of these Schiff bases were placed in anhyd dioxane,
the spectra changed within a few min. In the case of II an ab-
sorption peak at 390 nm decreased and in the case of I a peak at
340 nm increased in intensity. These changes, which were not
observed with anhyd PhH solns, could have been caused by
reaction with a small amt of H,O left in the dioxane or by com-
plexation with the dioxane itself.

Solubilities.—The solubilities of I, II, VII, and VIII were
detd in anhyd PhH. The other compds did not dissolve to any
measurable extent in this solvent. The solvent was dried for 5
days by passing it repeatedly through a Soxhlet extractor filled
with 4-A Molecular Sieves;® care was then taken to avoid ab-
sorption of H,O from the atm.

Solubilities in PhH (given in Table III) were detd spectro-
scopically by use of Beer’s law plots on solns of known conens.

Tasie III
SOLUBILITIES AND RATES OF HYDROLYSIS
Solubilities ~ Half-times of hydrolysis,
of chelates min
in benzene, Schiff Cobalt
Compound R 2/100 ml base deriv
I 0-CH; 0.143 7.1 5.8
II p-CH; 0.166 6.5 5.4
VII p-CH;0 0.041 17 22
VIII p-N(CHjy), 0.031 1.8 3.0

These solubilities differ widely and are related to the melting
points; the compds with the higher melting points being less
sol.

For the study of the rates of hydrolysis, each of the 4 sol compds
was dissolved in 1 ml of anhyd dioxane and at time zero this
soln was mixed rapidly with 100 ml of pH 7.0 phosphate buffer.
An aliquot of the soln was placed in a quartz cell and the uv
spectrum was scanned from 220 to 400 nm in about 4 min with a
Cary 14 recording spectrophotometer. The spectrum was re-
corded at various times until no further changes were seen.

The absorption peak at 380-390 nm, characteristic of the Co
chelates, disappeared in the first 5 min and was replaced by a peak
at 330-340 nm which is characteristic of the Schiff bases. The
latter decreased at a measurable rate and so was used for detn
of the rate of hydrolysis. A peak at 255 nm, characteristic of

(6) C. N. Reilley, R. W. Schmid, and D. W. Lawson, Anal. Chem., 80,
953 (1958).

(7) F. A, French, E. J. Blanz, Jr., J. R. DoAmaral, and D. A. French,
J. Med. Chem., 18, 1117 (1970).

(8) B. M. Krasovitskii, B. M. Bolotin, and R. N. Nurmukhametov,
Zh, Obsheh, Khim., 84, 3786 (1964).

(9) The water content can be reduced to less than 0.0005%. P. Arthur,
W. M. Haynes, and L. P. Varga, Anal. Chem., 88, 1630 (1966).
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salicylaldehyde, ™ increased slowly and was also used for studies
on the rate of hydrolysis.

The half-times of approach to equil, caled by the method of
Reeves,1t are shown in Table III for the Co chelates and the
Schiff bases. The values obtd for the Schiff bases are in agree-
ment with the values found by Reeves.!1
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Foundation of Oklahoma State University in preparing
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(10) “UV Atlas of Organic Compounds,” Vol. 3, Butterworth, London,

1967, p 35.
(11) R. L. Reeves, J. Org. Chem., 80, 3129 (1985).

Synthesis and Antifungal Activity of
Substituted Carbanilic Acid Esters
I. Lavrzart*, H. GOLGOLAB,
Department of Chemistry

AND M. Emamr

Department of Parasitology, Faculty of Pharmacy,
University of Tehran, Tehran, Iran

Recetved May 14, 1971
As part of a continuing study of the chemical and

pharmacological properties of substituted carbamate
esters,’~* new compds listed in Table I were prepared

by Curtius degradation of appropriate azides. New
azides prepared are tabulated in Table II.
TasLE I
RSOQO—NHCOZAr
Mp, Yield,
Compd R Ar °C A Formula®
1 CHa TCP® 185 32  CuHuCLNOGS
2 C.H;¢ TCP 208 41 CiH1,ClhNO4S
3 CsH; TCP 195 44 CuHClsNOS
4 HoN TCP 235 49 C1:HsC1laN048
5 (CH:uN TCP 190 44 C1:HisClaN 048
6 O(CH:4N TCP 260 52 C1:HisC1sN 2068
7 CH,; PCP4 145 45 CuHsCLENOS
8 CaHs® PCP 127 77 CisH1CsNO4S
9 p-FCesHu PCP 170 75 C1HiCEFNO4S
10 H:N PCP 230 31 CuH:CLN,0.8
i1 (CHjy)N° PCP 174 83 CisHuuCLN 2048
12 (CHuN PCP 135 80 CrH1isCLkN,048
13 O(CH2uN PCP 172 39 C1:H1isCLN 058
14 (CHy)sN*¢ PCP 180 72 CisHisClsN048
15 Cyclo CseHuNH?® PCP 155 65 C1sHiiClN048

e All compds were analyzed for C, H, and the results were
satisfactory. Ir and nmr spectra were as expected. ® TCP =
2,4,6-trichlorophenyl. ¢ Azide was prepd according to ref 1.
¢ PCP = pentachlorophenyl. ¢ Azide was prepd according to
ref 2.

All compds prepared were tested in vitro for anti-
fungal activity against Candida albicans, Aspergilus
niger, and Penicillum sp. Concentrations of 10 and 25
ug/ml of each compd in BBL Sabouraud dextrose agar
medium were used. Compds were dissolved in acetone
(1.5 mg/ml), diluted with hot culture medium to the de-
sired concn, and autoclaved at 120° for 1 hr.

(1) N. 8harghi, I. Lalezari, Gh. Niloufari, and F. Ghabgharan, J. Med.
Chem., 18, 1248 (1970).

(2) 1. Lalezari and H. Golgolab, J. Med. Chem., 14, 1017 (1971).

(3) H. Mirshamsi, I. Lalezari, M. Kamali, G. Niloufari, and N. Rezvani,

Arch. Virusforsch., 29, 267 (1970).
(4) 1. Lalezari and A. Vahdat, J. Med. Chem., 14, 59 (1971).
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