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Abstract 0 The synthesis of some 26 0-substituted hydroxylamine 
derivatives is described. Potent anti-inflammatory activity in the 
carrageenin-induced rat paw edema test is shown by m-nitrobenzyl- 
oxyamine hydrochloride and by p-nitrobenzyloxyamine hydrochlo- 
ride. Moreover, pnitrobenzyloxyamine hydrochloride also pos- 
sesses potent inhibitory activity when tested in vitro against the hist- 
amine-forming enzyme, specific histidine decarboxylase, thus lend- 
ing additional support to the theory linking histamine to the in- 
flammatory process. Further evidence is given for the bioisosterism 
of the nitrobenzene and pyridine moieties. The necessity of a free 
aminooxy group for anti-inflammatory activity is demonstrated. 
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Histamine, a naturally occurring amine possessing 
a wide range of potent pharmacologic effects, has been 
suggested as playing an important part in the media- 
tion of various physiologic functions (1). Histamine has 
been implicated in the cause of such human diseases 
as asthma and other allergic disorders, peptic ulcers, 
and vascular headaches (2). Histamine also has been 
proposed as a mediator of the inflammatory process 

Therefore, a drug that effectively inhibits the bio- 
synthesis of histamine in man should be of interest, 

(3-5). 

Table I-Benzyloxyamines 

both as a tool for physiologic investigations and as a 
potential therapeutic agent. 

Histamine is synthesized in mammalian tissues by 
enzymatic decarboxylation of the precursor amino 
acid, histidine. Decarboxylation, being the only enzymic 
process involved, is rate limiting. In the rat, at least, 
biosynthesis of histamine is catalyzed by a specific 
histidine decarboxylase enzyme (6). Therefore, inhibi- 
tion of histidine decarboxylase activity may result 
in a depletion of histamine from tissues. Levine and 
other investigators have reported that the histidine 
decarboxylase inhibitor, 4-bromo-3-hydroxybenzyloxy- 
amine (I), inhibits histamine synthesis in rats (6) and in 
man (7). Previous work has shown 4-thiazolylmethoxy- 
amine (11) and 2-amino-4-thiazolylmethoxyamine (111) 

U 

I 11, R = H Iv 
histamine III,R =NHz 

to be potent inhibitors, both in uitro and in uiuo, of 
histidine decarboxylase (8): In  addition, these two thia- 
zole compounds possess preliminary anti-inflammatory 
activity when tested intragastrically against carrageenin- 
induced rat paw edema (9). Whitehouse and Skidmore 

Num- Recrystallizing Yield, -Anal., %-- 
ber R Formula M.p. Solvent z Calcd. Found 

1 m-NOz C7HKINz03 161-1 66 1-Butanol 80 C, 41.09 C, 41.28 
H, 4.43 H,  4.66 
N, 13.49 N, 13.08 

C7HsClN203 209-21 1 Methanol C, 41.09 C, 41.02 
8o H, 4.43 H, 4.55 

N, 13.13 N, 13.49 

H, 4.64 H, 4.68 
N, 7.22 N, 7.03 

5 rn-CFJ CsHsClFiNO 160-1 70 OC Ethyl acetate 50 C, 42.21 C, 42.05 
H, 4.17 H, 3.99 
N, 5.98 N, 6.15 

C, 39.87 C, 40.78 6 U-CH~ONH~ CsHi,ClzNz02 222-224" dm. Chlorobenzene- 90 
H, 5.81 H, 6.14 * HCI methanol 
N, 11.63 N, 11.22 

7 WZ-CHZONHZ CsH14ClzN202 235-237" dec. Pyridine 90 C, 39.87 C, 40.16 
H, 5.91 -HC1 H, 5.81 

N, 11.63 N, 11.41 
C, 41.03 247-249 dec. Pyridine 90 C, 39.87 

.HCI H, 5.81 H, 6.09 
N, 11.63 N, 11.48 
C, 40.90 C, 41.04 

%NO2 H, 4.74 H, 4.66 
N, 11.95 N, 11.69 

2 p-NOz 

3 m-C1 C7HsClzNO 210-21 1 Ethanol 93 c ,  43.35 c ,  43.47 

4 p-c1 C7HgCl?NO 243-244"b Ethanol 75 - - 

8 p-CHzONHz CsHi 4CI2 NzO? 

9 2-OCH, CsHiKlNzOa 188-190 Ethanol 77 

a Reported m.p. 217" dec. (17). b Reported m.p. 245" dec. (15). c Sublimes. d Reported m.p. 263-264' dec. (15). 
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(10) have shown that a number of anti-inflammatory 
drugs, such as salicylate, indomethacin, and flufen- 
amic acid, are potent inhibitors of histamine formation 
through their inhibition of the histidine decarboxylase 
activity of rat pyloric stomach and fetal rat. 

The aims of the present work are the synthesis and 
structure-activity correlation of various alkoxyamines 
as histidine decarboxylase inhibitors in relationship 
to histaminergic mechanisms in inflammation. 

4-Thiazolylmethoxyamine (11) structurally resembles 
histamine (IV); the methoxyamine side chain is iso- 
steric with the ethylamine group (1 1) of histamine, 
while the thiazole ring is isosteric with the imidazole 
ring. The thiazole ring (V) is also isosteric with the 
pyridine moiety (VI) as a result of replacement of the 
sulfur atom, -S-, by the vinylene grouping -CH= 
CH- (12). However, pyridine, while showing similari- 

k0, 
V VI VII 

ties to thiazole and benzene (replacement of -CH= by 
-N=), may also resemble nitrobenzene (VII), but now 
by virtue of similar polar characteristics (13). 

Therefore, the nitrobenzyloxyamines described herein 
are isosteric with both pyridylmethoxyamines and 
thiazolylmethoxyamine. This work, as well as reporting 
the synthesis of the benzyloxyamines containing a nitro 
substituent, describes the preparation of a number of 
additional benzene derivatives containing different 
functional group substituents. These substituted benzyl- 
oxyamines may provide data toward a correlation of 
chemical structure and anti-inflammatory activity, 
along with any possible relationships to histidine de- 
carboxylase inhibitory potency. 

0 

0 0 

0 

Et,N 
I1 

CH2Br II 
qcHzBr + 2 a ; ; N - O H  - CHJN 

0 
0 
II 

\ 0 

(1) N2HiHJJ 
(2) EtOH.HC1 I 

Scheme II  

The nine benzyloxyamines synthesized are listed and 
their physical properties given in Table I. These benzyl- 
oxyamines were prepared by the method of McKay 
et al. (14) and Martin et al. (15), as modified by Drain 
et al. (16); it consists of the alkylation of N-hydroxy- 
phthalimide, followed by hydrazinolysis as shown in 
Schemes I and 11. The 13 N-benzyloxyphthalimide 
intermediate compounds thus synthesized are listed 
in Table 11. N-(3-Pyridylmethoxy)phthalimide and N-  
(2-pyridy1methoxy)phthalimide are shown in Table 111. 
Table IV lists 1-(m4trobenzyloxy)urea and 1 -@- 
nitrobenzyloxy)urea, synthesized by reacting the ap- 
propriate nitrobenzyloxyamine hydrochloride with 
potassium cyanate (Scheme 111) according to the method 

CHZO-NH- CO-NHZ 
*HC1 

CHZONHz 

n 
Anti-Mammatory Screening-Selected compounds have been 

submitted for pharmacological testing; the preliminary results 
are shown in Table V. Two of the compounds (Compounds 1 and 2 
in Table V) have displayed marked anti-inflammatory activity when 

0 
X = C1, NO2, CF,, etc. 

Scheme 1 

\ NO2 h0, 
Scheme I11 

used by Bauer and Dalalian (18) for the preparation of 
aryloxyureas (19). 

BIOLOGICAL RESULTS 

1 The authors thank Riker Laboratories, Northridge, CA 91324, 
for performing the pharmacological testing. 
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Table 11-N-Benzyloxyphthalimides 

Num- Recrystallizing Yield, ---Anal., %- 
ber R Formula M.p. Solvent % Calcd. Found 

10 

11 

12 

13 

14 
15 

16 

17 

18 

19 

20 

21 

22 

o-NO~ 

m-NOz 

m-C1 

p-CI 
m-F 

m-CF3 

2-OCH8, 
5-NO2 

2-OH, 
5-NOz 

2-c1, 43- 
Methy lenedioxy 

160-161" 

186-187" 

197-198' 

139-140" 

137-138"a 
1 30-1 3 1 

109-1 10 O 

184-1 85 

2 16-21 8 O 

242-243 O 

CznHi 6NzOe 284-285 

Acetone-water 

Acetone-water 

Ethyl acetate 

Ethanol 

Ethanol 
Ethanol 

Ethanol 

Acetone-water 

1-Butanol 

Acetone-water 

Pyridine 

238-240' Chlorobenzene 

Pyridine 

90 

75 

90 

85 

72 
81 

60 

83 

65 

90 

80 

80 

75 

C, 60.41 
H, 3.38 
N, 9.39 
C, 60.41 
H, 3.38 
N, 9.39 
C, 60.41 
H, 3.38 
N, 9.39 
C, 62.80 
H, 3.53 
N, 4.88 

C, 66.50 
H, 3.69 
N, 5.17 
C, 59.82 
H, 3.14 
N, 4.36 
C, 58.60 
H, 3.99 
N, 8.54 
c ,  57.33 
H,  3.21 
N, 8.92 
C ,  58.10 
H, 3.06 
N, 4.23 

- 

C, 67.28 
H, 3.76 
N, 6.54 

C, 67.28 
H, 3.76 
N, 6.54 

C, 67.28 
H, 3.76 
N, 6.54 

C, 60.50 
H, 3.50 
N, 9.13 
C, 60.35 
H, 3.53 
N, 9.67 
C, 60.53 
H, 3.47 
N, 8.95 
C, 62.84 
H, 3.69 
N, 4.92 

C, 66.58 
H, 3.93 
N, 5.15 
c ,  59.77 
H, 3.26 
N, 4.32 
C, 58.34 
H, 3.79 
N, 8.27 
C, 58.10 
H, 3.57 
N, 8.83 
C, H, 58.03 3.15 

N, 4.06 

- 

C, 67.43 
H, 3.98 
N, 6.38 

C ,  67.31 
H, 3.94 
N, 6.43 

C, 67.19 
H, 3.92 
N, 6.70 

a Reported m.p. 137-138" (14). 

tested intragastrically against carrageenin-induced rat paw edema 
(20). The EDso of 230 mg./kg. for m-nitrobenzyloxyamine hydro- 
chloride (Compound 1) may be compared with an EDjo of approxi- 
mately 180 for aspirin (9). Furthermore, preliminary testing has 
shown that p-nitrobenzyloxyamine (Compound 2), as well as show- 
ing anti-inflammatory activity, possesses potent inhibitor activity 
of a competitive nature when tested against the histamine-forming 
enzyme, specific histidine decarboxylase, isolated from fetal rat 
(21). 

The differences in toxicity of the disubstituted aminooxymethyl 
compounds as related to positions of the two groups on the benzene 
ring should be noted. The o-disubstituted compound (Compound 6) 
is almost three times as toxic (LDso, mg./kg. i.p. mice) as the meta- 
compound and over four times as toxic as the p-di(aminooxy- 
methy1)benzene. The anti-inflammatory activity somewhat parallels 
the LDso; that is, the ortho-compound is the most active, followed 
by the meta- and then the para-disubstituted compounds. 

Anorexigenic Screening-Several compounds have shown an- 
orexigenic activity in reducing the food intake in rats (Table V) (9). 
The o-di(aminooxymethy1)benzene (Compound 6) is the most 
active, with an ED60 of 64 mg./kg. 

Anticancer Screening-The 10 compounds shown in Table V 
have been submitted to the Cancer Chemotherapy National Service 
Center (NSC), National Cancer Institute, for screening against the 
L-1210 lymphoid leukemia test system (22), and they have the fol- 
lowing assigned NSC numbers: Compound 1 ,  TableV, NSC 121170; 
No. 2, NSC 79411; No. 3, NSC 131325; No. 5 ,  NSC 129221; No. 
No. 6, 123485; No. 7, NSC 123486; No. 8, NSC 123487; No. 9, 
NSC 132330; No. 11, NSC 120679; and No. 25, NSC 125363. 
Preliminary results show these compounds lack any significant 
antitumor activity. However, m-nitrobenzyloxyamine hydrochloride 
(Compound 1) did prolong the life of L-1210-infected mice 124% 
(compared with controls at 100%). In general, an increase in survival 
value of 125% is necessary for further experimental work by 
NSC. 

Antimalarial Screening-The 10 compounds shown in Table V 
have been submitted to Walter Reed Army Institute of Research 
for testing for antimalarial activity. Preliminary results indicate a 
lack of potency, with the exception of m-nitrobenzyloxyurea (Com- 
pound 25) which is active against the parasite (Plasmodium gaI- 
linaceum) in the mosquito (Aedes aegypti), giving 100% abnormal 
oocysts and 100% complete sporozoite suppression at 0.1 con- 
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// 
Table II-N-Pyridylmethoxyphthalimides 0 

Recrystallizing Yield, -Anal., Z- 
Number Name Formula M.p. Solvent z Calcd. Found 

23 N-( 3- Pyr idyl methoxy)- CtrHi oNzO3 153-154" Acetone-water 71 C, 66.14 C, 66.43 
H, 4.19 phthalimide H, 3.96 

N, 11.02 N, 10.95 
24 N-(2-Pyridylmethoxy)- CaHmN203 129-130" Acetone-water 50 C, 66.14 C, 65.97 

phthalimide H, 3.96 H, 4.06 
N, 11.02 N, 9.94 

Table IV-Benzyloxyureas R 

Recrystallizing Yield, -Anal., %------. 
Number R Formula M.p. Solvent 75 Calcd. Found 

~ 

25 m-NO? CsHsNaOa 1 30-1 3 1 Acetone 78 C, 45.50 c ,  45 59 
H, 4 30 H, 4 54 
N, 19 90 N, 20 08 

C, 45 67 26 p-NOi CsHsNsOc 209-21 0 Acetone-water 89 C, 45 50 
H, 4.30 H, 4 44 
N, 19.90 N, 19 56 

@Reported m.p. 206" (17). 

centration (but inactive at  0.01 concentration). However, m-nitro- 
benzyloxyurea was inactive against malaria in chicks (P. gallina- 
ceum) and in mice (P. berghei). 

DISCUSSION 

The lack of, or greatly reduced, anti-inflammatory activity of the 
m-chlorobenzyloxyamine hydrochloride (Compound 3) and the 
other nonnitro-substituted benzyloxyamines gives further evidence 
for the bioisosterism of the nitrobenzene and pyridine (and thiazole) 
ring systems. In addition, the lessened activity of m-trifluoromethyl- 
benzyloxyamine hydrochloride (Compound 5)  as compared to 
m-nitrobenzyloxyamine hydrochloride (Compound 1) is in contrast 
to reports of the biological equivalence of replacement of NOr 
with CF3 (23, 24). 

The necessity of a free aminooxy group for anti-inflammatory 
activity may be demonstrated by the essential inactivity of N-(m- 
nitrobenzy1oxy)phthalimide (Compound 11, Table V). In  addition, 
Schiff base derivatives of m-nitrobenzyloxyamine are devoid of 
anti-inflammatory activity (25). Also, whereas 4-thiazolylmethoxy- 
amine dihydrochloride (11) possesses activity versus carrageenin- 
induced rat paw edema, several nitrogen-substituted Schiff base 
derivatives are inactive (9). Furthermore, 4-thiazolylmethoxyurea 
and 1 -phenyl-3-(4-thiazolylmethoxy)urea show no in uiiro inhibi- 
tion of histidine decarboxylase (8, 19, 26). However, m-nitrobenzyl- 
oxyurea (Compound 25) and 4-thiazolylmethoxyurea (19) displayed 
moderate anti-inflammatory activity. 

These preliminary results showing histidine decarboxylase in- 
hibitory activity for p-nitrobenzyloxyamine hydrochloride (Com- 
pound 2) and marked anti-inflammatory activity for m-nitrobenzyl- 
oxyamine hydrochloride (Compound 1)  and for the para-isomer 
lend additional support to the theory linking histamine to the inflam- 
matory process. 

Further work will be directed toward synthesis of additional 
alkoxy amines as possible active site-directed irreversible inhibitors 
according to the hypothesis of Baker (27, 28). These new inhibitors 
may be highly specific for the histidine decarboxylase involved in the 
inflammatory process by virtue of the rigid positioning requirements 
imposed by: (a)  the necessity of a reversible fit within the enzyme 
activity site (formation of an aldimine bond between the aminooxy 
group and pyridoxal phosphate displacing the lysyl epsilon-amino 

group of the enzyme); (b) fitting an adjacent hydrophobic area; 
and (c) exoalkylation outside the active site. 

As additional data are accumulated, it may be possible to apply 
regression analysis (29) to clarify the exact hydrophobic, steric, and 
electronic requirements to accommodate the enzyme active site. 
Successful elucidation of the enzyme active site may enable the 
design and synthesis of extremely potent, and highly specific, histi- 
dine decarboxylase inhibitors which, hopefully, may find applica- 
tion in the treatment of inflammatory diseases. 

EXPERIMENTAL 

The syntheses of representative compounds reported in Tables 
I-IV are described here. All melting points were taken on a Fisher- 
Johns hot-stage and are uncorrected. Elemental microanalyses 
were performed by Elek Microanalytical Laboratories, Torrance, 
Calif. The IR spectra of selected compounds were determined on a 
Perkin-Elmer infracord apparatus in mineral oil mulls and are in 
agreement with the assigned structures. 

N-( rn-Nitrobenzy1oxy)phthalimide (Compound 1 l F I n  a 500-ml. 
round-bottom flask, fitted with a reflux condenser and heating 
mantle, were placed 75 ml. of acetonitrile, 10.5 ml. (0.075 mole) 
of triethylamine, and 12.4 g. (0.075 mole) of N-hydroxyphthal- 
imide.2 After heating to effect solution, 13.0 g. (0.075 mole) of a- 
chloro-m-nitrotoluene3 was added, and the solution was refluxed 
for 2 hr. Upon cooling, filtering the resultant solid, adding excess 
water to the filtrate to obtain a second crop, and recrystallizing the 
total product from acetone-water, 16.4 g. (75% yield) of a white 
crystalline solid, m.p. 186-187", was obtained. 

rn-Nitrobenzyloxyamine Hydrochloride (Compound l)4-To a 
solution of 29.8 g. (0.1 mole) N-(m-nitrobenzy1oxy)phthalimide 
(Compound 11) in 250 ml. warm anhydrous ethanol was added 5 
ml. (0.1 mole) hydrazine hydrate (9973, and the solution was re- 
fluxed for 2 hr. The reaction mixture was cooled and the precipitated 
phthalhydrazide removed by filtration. Addition of excess ethanolic 
HCl to the filtrate, followed by reduction in volume by evaporation, 

2 Aldrich Chemical Co. 
3 Eastman Organic Chemicals. 
4 Chemical Abstracts nomenclature: 0-(m-nitrobenzy1)hydroxylamine 

hydrochloride. 
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Table V-Pharmacologya 

LDso, 
Com- mg./kg. 
pound i.p., 

No. mice 

1 >800 
2 >800 
3 275 
5 588 
6 236 
7 659 
8 >800 
9 -  

1 1  >goo 
25 >800 

Carrageenin-Induced 
Rat Paw Edema, 

% Reduction, 250 mg./kg. 

64 
50 (;I) increase 176 mg./kg. 

35 
16 
13 
(4) increase 
13 
43 

Anorexigenic, % 
Inhibition, 

mg./kg., Rat 

48, 150 mg./kg. 
50, 130 mg./kg. 
22, 75 mg./kg. 
9 ,  100 mg./kg. 

50, 64 mg./kg. 
24, 100 mg./kg. 
36, 100 mg./kg. 

43, 100 mg./kg. 
34, 100 mg./kg. 

- 

a The pharmacological testing was performed by Riker Laboratories, 
Northridge, Calif. 

gave 16 g. (80%) white solid, m.p. 16W165”. An analytical sample, 
m.p. 164-166”, was obtained by three recrystallizations from 1- 
butanol. 
0,O’-(0-Phenylenedimethy1ene)bishydroxylamine Dihydrochlo- 

ride (Compound 6)-To 74 g. (0.45 mole) of N-hydroxyphthalimide, 
dissolved in 175 ml. acetonitrile and 50 ml. (0.36 mole) triethylamine 
by warming, was added 40 g. (0.15 mole) a,a’-dibromo-o-xylene,3 
followed by 4 hr. of refluxing. The chilled mixture was filtered and 
the precipitate washed with cold water to give 64 g. (80%) of the 
bisphthalimido intermediate (Compound 20), m.p. 282-284”. 
An analytical sample, m.p. 284-285 ’, was obtained by two recrystal- 
lizations from pyridine. 

To 42.8 g. (0.1 mole) of Compound 20 in 300 ml. anhydrous 
ethanol was added 10 ml. (0.2 mole) hydrazine hydrate (9973, and 
the mixture was refluxed for 3 hr. The precipitated phthalhydrazide 
was removed by filtration of the cooled reaction mixture. Addition 
of excess ethanolic HCI to the filtrate gave 21.6 g. (90% yield) of the 
desired bisaminooxy compound (Compound 6) as a white solid, 
m.p. 211-214” dec. An analytical sample, m.p. 222-224” dec., was 
obtained by four recrystallizations from chlorobenzene-methanol. 

rn-Nitrobenzyloxyurea (Compound 2 5 t T o  20.5 g. (0.1 mole) m- 
nitrobenzyloxyamine hydrochloride (Compound 1) dissolved in 
150 ml. HzO was added 8.1 g. (0.1 mole) potassium cyanate. The 
desired urea derivative precipitated out almost immediately and 
was filtered, washed with cold HzO, and recrystallized from acetone 
to give 16.5 g. (78 %) of analytically pure, white solid, m.p. 130-131 O. 

REFERENCES 

(1) G. Ungar, Fed. Proc., 24, 1293(1965). 
(2) C. F. Code, M. M. Hum, and R. G. Mitchell, Mayo Clin. 

(3) R.  W. Schayer, Ann. N. Y. Acad. Sci., 116, 891(1964). 
(4) R .  W. Schayer, Pharmacologist, 9, 247(1967). 

Proc., 39, 715(1964). 

(5) M. A. Reilly and R. W. Schayer, Brir. J. Pharmacol., 37, 

(6) R. J. Levine, T. L. Sato, and A. Sjoerdsma, Biochem. Phar- 

(7) R. J. Levine, Science, 154, 1017(1966). 
(8) D. Aures, G. H. Hamor, W. G. Clark, and S. S. Laws, Ahstr. 

(9) D. McClure, personal communication. 

489( 1969). 

macol., 14, 139( 1965). 

Int. Congr. Phurmacol., 4th, 1969, 179. 

(10) M. W. Whitehouse and I. F. Skidmore,J. Pharm. Pharmacol., 

(11) E. L. Schurnann, R. V. Heinzelman, M. E. Greig, and W. 

(12) V. B. Bogert, in “Medicinal Chemistry,” A. Burger, Ed., 

(13) Ibid., p. 84. 
(14) A. F. McKay, D. L. Garmaise, G. Y. Paris, and S. Gelblum, 

Can. J. Chem., 38, 343(1960). 
(15) D. G. Martin, E. L. Schumann, W. Veldkamp, and H. 

Keasling, J. Med. Chem., 8, 456(1965). 
(16) D. J. Drain, J. G. Howes, and H. W. R. Williams, 

British pat. 984,305, Feb. 24, 1965; through Chem. Abstr., 62, 
14572c( 1965). 

17, 668(1965). 

Veldkamp, J. Med. Chem., 7, 329(1964). 

Interscience, New York, N. Y., 1960, p. 80. 

(17) 0. L. Brady and L. Klein, J. Chem. Soc., 1927,874. 
(18) V. J. Bauer and H. P. Dalalian, J. Med. Chem., 8, 886(1965). 
(19) G. H. Hamor and A. Hudaverdi, J. Pharm. Sci., 59, 276 

(20) C. A. Winter, E. A. Risley, and G. W. Nuss, Proc. SOC. Exp. 

(21) C. Elison and J. Breeding, personal communication. 
(22) Cancer Chemother. Rep., No. 25, CCNSC, U. S. Department 

of Health, Education, and Welfare, Washington, D. C., 1962. 
(23) D. E. Welch, R. R. Baron, and B. A. Burton, J. Med. Chem., 

12, 299(1969). 
(24) D. E. Welch, H. S. Nakaue, and R. D. Vatne, ihid., 13, 

297( 1970). 
(25) G. H. Hamor and L. D. Watson, unpublished data. 
(26) D. Aures, personal communication. 
(27) B. R. Baker, J.  Pharm. Sci., 53, 347(1964). 
(28) B. R. Baker, “Design of Active-Site-Directed Irreversible 

Enzyme Inhibitors,” Wiley, New York, N. Y., 1967. 
(29) C. Hansch and T. Fujita, J. Amer. Chem. Soc., 86, 1616 

(1964). 

(1970). 

Biol. Med., 111, 544(1962). 

ACKNOWLEDGMENTS AND ADDRESSES 

Received April 27, 1970, from the Schoolof Pharmacy, University 

Accepted for publication June 17, 1970. 
Supported in part by Grant AM13552 from the National In- 

stitutes of Health, U. s. Public Health Service, Bethesda, Md. 
* 1969 Lunsford Richardson Pharmacy Awards Regional Winner 

and National Science Foundation Undergraduate Research Par- 
ticipant, GY-4456. 

t National Science Foundation Undergraduate Research Partici- 
pant, GY-5829. 

qf Southern California, Los Angeles, CA 90007 

1756 0 Journal of Pharmaceutical Sciences 


