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Figure 2--r-A curves for Copolymer 735. Key: A, water subphase; 
0, subphase containing p-hydroxybenzoic acid, I g.11.; and 0, sub- 
phase coritainirrg berizoic acid, 0.5 gJI. 

of the area occupied by each polymer unit and resulted in a surface 
pressure above that exhibited by the monolayer containing polymer 
only. 

Figure 1 shows that Copolymer 335 is .penetrated by benzoic acid 
but that the effect of p-hydroxybenzoic acid is quite small. Copoly- 
mer 735 interacts with both substances (Fig. 2); once again, benzoic 
acid is more strongly adsorbed than is p-hydroxybenzoic acid. 
Although both of these substances are bound by polyvinylpyr- 
rolidone in bulk solution, p-hydroxybenzoic acid is more strongly 
bound than benzoic acid (14,15); the opposite is true in the mono- 
layer experiments. It is possible that this difference is due to 
the more highly organized and spatially oriented structure which 
polymers assume at an interface (11). Benzoic acid, with a single 
hydrophobic group located at one end of the molecule, can assume 
an orientation in which the polar group is immersed in the subphase 
and the benzene ring extends above it in contact with nonpolar 
polymer groups. p-Hydroxybenzoic acid is not as easily accom- 
modated at the interface, because this molecule has a polar group 
at each end. 

Based on the results reported here, one may conclude that orienta- 
tion in a polymer monolayer may be a determining factor in mono- 
layer penetration by dissolved molecules. Furthermore, it is danger- 
ous to extrapolate data obtained in bulk solution studies to  condi- 
tions at interfaces or membranes. 

REFERENCES 

(1) H. W. Fox, P. W. Taylor, and W. A. Zisman, Ind. Big. 

(2) N. L. Jarvis, J. Phys. Chem., 70,3027(1966). 
(3) J. Glazer, J. Polym. Sci., 13,355(1954). 
(4) L. E. Nielson, R. Wall, and G. Adams, J. Colloid Sci., 13, 

( 5 )  H. E. Ries, Jr.,and D. C. Walker, ibid., 16, 361(1961). 
(6) F. MacRitchie and N. F. Owens, J. Colloid Interface Sci., 

29, 66(1969). 
(7) W. D. Stein, “The Movement of Molecules Across Cell 

Membranes,” Academic, New York, N. Y., 1967, pp. 281-295. 
(8) L. Vroman and A. L. Adams, J. Colloid Interface Sci., 

31, 188(1969). 
(9) D. W. Blois and J. Swarbrick, paper presented before the 

Basic Pharmaceutics Section, APHA Academy of Pharmaceutical 
Sciences, San Francisco meeting, Mar. 1971. 

(10) J. L. Zatz, N. D. Weiner, and M. Gibaldi, J. Pharm. Sci., 
58, 1493(1969). 

(11) J. L. Zatz, N. D. Weiner, and M. Gibaldi, J. Colloid biter- 
face Sci., 33, l(1970). 

(12) J. L. Zatz and B. Knowles, J. Pharm. Sci., 60, 1731(1971). 
(13) J. L. Zatz, ibid.,59,117(1970). 
(14) T. Higuchi and R. Kuramoto, J. Amer. Pharm. Ass., Sci. 

(15)  P. Molyneux and H. P. Frank, J.  Amer. Chem. Soc., 83, 

Chem., 39,1401(1947). 

441( 1958). 

Ed., 43, 398( 1954). 

31 69( 1961). 

ACKNOWLEDGMENTS AND ADDRESSES 

Received September 9, 1971, from the Department of Pharmacy, 
Rutgers Uniwrsity, Uniwrsify Heights, New Brurrswick, NJ 08903 

Accepted for publication March 7,1972. 
Supported by a Rutgers University Research Council Grant and 

by a Merck Grant for Faculty Development. 
The author thanks Miss Beverly Knowles for competent technical 

assistance. 

New Compounds: Amides Derived from 
[ (10,1l-Dihydro-5H-dibenzo[a,d]cyclohepten-5-yl) thiolacetic Acid 

R. V. SAENZ’ and J. W. SOWELL* 

Abstract 0 Synthesis of sulfide amides from [( lO,ll-dihydro-5H- benzo[a,~cyclohepten-5-yl)thio]acetic acid, pharmacological screen- 
dibenzo[a,~cyclohepten-5-yl)thio]acetic acid is described. Pre- ing 0 [( 10,ll -Dihydro-5H-dibenzo[a,~cyclohepten-5-yl)thio]acet~c 
liminary pharmacological results are reported. acid-used as a starting material for synthesis of sulfide amides, 

products tested for pharmacological activity 0 Antihistamines, 
Keyphrases c] Amides-synthesized from [( lO,ll-dihydro-5H-di- potential-synthesis of sulfide amides, pharmacological screening 

Many compounds of diversified chemical structure modic, sedative, local anesthetic, sympathomimetic, 
have been found to  possess histamine-antagonizing and antiacetylcholine actions (7). Studies have at- 
activity (1-6). In addition to this activity, many possess tempted to find a more selective antihistaminic activity, 
other pharmacological activities including antispas- including analogs possessing the sulfide linkage (8). 
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Hence, it appeared that the preparation of appropriately 
substituted sulfide amides might possess some de- 
gree of histamine-antagonizing ability. Thus, three sul- 
fide amides, [( 10, I l-dihydro-5H-dibenzo[u,~cyclo- 
hepten-5-yl)thio]-N,N-diethylacetamide, 1-( [( 10,l l-di- 
hydro - 5H- dibenzo[u,d]cyclohepten - 5 - yl)thio]acetyl}- 
piperidine, and 1- ([(10,1 l-dihydro-5H-dibenzo[u,d]- 
cyclohepten-5-yl)thio]acetyl) -4-methylpiperazine meth- 
iodide were prepared (Scheme 1) and tested. 

EXPERIMENTAL 

5-Chloro-lO,ll-dihydro-5H-dibenzo[a,d]cycloheptene (11)-10,11- 
Dihydro-5H-dibenzo[a,~cycloheptene-5-one (I) (20.0 g., 0.096 

Table I-Survival Ratios of Guinea Pigs after 30 min. 
Unprotected and Protected with Test Compounds when 
Exposed to Histamine Diphosphate Aerosol (1 2) 

Compound 

Propylene glycol 
Compound VI 
Compound VI 
Compound VI 
Diphenhydramine 

hydrochloride 
Compound V 
Compound V 
Compound V 
Diphenhydramine 

hydrochloride 

Dose 

1 ml./kg. 
100 mg./kg. 
200 mg./kg. 
300 mg./kg. 
20 mg./kg. 

100 mg.'/kg. 
200 mg./kg. 
300 mg./kg. 
20 mg./kg. 

Number 
Died/Number 

Tested 

3/4 

:i: 

mole) was dissolved in ethyl alcohol (200 ml., 95%). To this was 
added sodium hydroxide pellets (20 9.) and zinc dust (30 g.). The 
system was refluxed for 1.5 hr. 10,l l-Dihydro-5H-dibenzo[a,d]- 
cycloheptene-5-01 was isolated by filtering off the solid, removing 
the ethanol by distillation, adding water, and allowing thesolution to 
precipitate in the cold overnight. Recrystallization from ethyl 
ether-petroleum ether gave the desired product, m.p. 92-93". 
The alcohol (16.5 9.) was then suspended in anhydrous toluene, 
and hydrogen chloride was bubbled through. After 30 min., the 
toluene was distilled under reduced pressure and hexane (100 ml.) 
was added to the residue. The desired chlorinated compound ( 1  1.0 
g.), recrystallized from hexane, was obtained, m.p. 104-105" 
[lit. (9) m.p. 105"]. 
[(lO,ll-DihydrodH-dibenzo[a,d]cyclohepten-5-yl)thio]acetic Acid 

(111)-To Compound 11 (2.29 g., 0.01 mole) in anhydrous isopropyl 
ether was added mercaptoacetic acid (1.84 g., 0.02 mole), and the 
reaction mixture was allowed to  react for 2 hr. The reaction mixture 
was then extracted with 10% sodium hydroxide (4 X 20-ml. por- 
tions) and the combined extracts were acidified. Recrystallization 
from alcohol-water of the precipitate thus formed yielded a product 
with a melting point of 154-154.5". 

And-Calc. for CI7Hl6O2S: C, 71.80; H, 5.67. Found: C, 71.77; 
H ,  5.63. 

1- { [( 10,ll-Dihydro-5H-dibenzo[a,d]cyclohepten-5-yl)thio]acetyl} - 
piperidine (V)-To Compound 111 (8.5 g., 0.03 mole) in anhydrous 
ether was added thionyl chloride (3.6 g., 0.03 mole) in anhydrous 
ether (25 ml.), and the reaction mixture was allowed to  reflux for 12 
hr. At this time, piperidine (5.1 g., 0.06 mole) in anhydrous ether 
was added and allowed to stir for 6 hr. The ethereal solution was 
washed with distilled water (50 ml.), 10% hydrochloric acid (3 X 
50-ml. portions), 10% sodium hydroxide (2 X 50-ml. portions), 
and a saturated solution of sodium chloride. It was then dried over 
anhydrous sodium sulfate and concentrated under reduced pres- 
sure. The residue thus obtained was chromatographed on alumina, 
using petroleum ether, isopropyl ether, and ethyl ether (10-25-ml. 
fractions each, 50/50 v/v mixtures) and characterized by IR spec- 
tra and analytical analysis. 

Anal.-Calc. for C22HzBNOS: C, 75.17; H, 7.17. Found: C, 
74.95; H, 7.02. 
[(lO,ll-Dihydro-5H-dibenzo[~,dJcyclohepten -5 -yl)thio] - N,N-  di- 

ethylacetamide (V1)-This compound was prepared and character- 
ized analogously to the piperidine analog. 

Anal.-Calc. for C P , H ~ ~ N O S :  C ,  74.29; H, 7.42. Found: C, 
74.38; H, 7.41. 

Table 11-Comparison of the Spasmolytic Activities of 
Diphenhydramine Hydrochloride and Compound VII against 
Histamine-Induced Spasm in the Isolated Guinea Pig Ileum 

Millimolea Compound Milligrama 

Diphenhydramine 0.01 3.43 x 10-6 
hydrochloride 

VII 0.18 34.8 x 

Required to block, to the same extent, the spasm caused by 0.045 
mg. of histamine diphosphate. 
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1- ( [( l0,11-Dihydro-5Sdibenzo[a,d]cyclohepten-5-yl)thio]acetyl} - 
Cmethylpiperazine Methiodide (VI1)-The acyl halide was prepared 
as previously described. To this was added 1-methylpiperazine 
(6.0 g., 0.06 mole) dissolved in anhydrous ether, and the mixture 
was allowed to react for 8 hr. Extraction of the ethereal solution 
with 10% sodium hydroxide (4 X 50-ml. portions) followed by 
10% hydrochloric acid resulted in a gummy precipitate in the 
aqueous layer. The aqueous layer was made alkaline and extracted 
with ether; the ether was washed with distilled water (6 X 50-ml. 
portions) and filtered and dried over anhydrous sodium sulfate. 
The desired sulfide was characterized as the methiodide salt pre- 
pared by conventional methods (lo), IR spectra, and analytical 
data. 

Arml.-Calc. for Cs3HdN20S. l/2H20: C, 53.37; H, 5.84. 
Found: C, 53.75; H, 6.40. 

PHARMACOLOGICAL METHODS 

Compounds V and VI were administered intraperitoneally to 
guinea pigs 20 min. before subjecting them to  atomized histamine 
under conditions previously described (11). Because of the low 
solubility of the test compounds in propylene glycol, 0.05 ml. of 
polysorbate 201 was added to each milliliter of propylene glycol. 
Diphenhydramine hydrochloride2 was used as the standard. 

Compound VII as the methiodide salt was tested for its spas- 
molytic effects on spasms induced by histamine diphosphate on 
isolated guinea pig ileum. 

Tables I and I1 give the results from the preliminary pharma- 
cological testing. 

Tween 20, Atlas Chemical Co., Wilmington, Del. 
Benadryl, Parke-Davis and Co., Detroit, Mich. 

C O M M U N I C A T I O N S  

REFERENCES 

(1) D. Bovet and F. Bovet-Nitti, C .  R. SOC. Biol., 124,547(1937). 
(2) B. N. Halpern, Arch. Zrrt. Pharmacodyn. Ther., 68, 339 

(3) B. Idson, Chem. Reu., 47,307(1950). 
(4) R. 0. Mayer, Scierice, 102,93(1945). 
( 5 )  D. W. Adamson and J. W. Billinghurst, J. Chem. Soc., 

(6) P. Truitt, D. Mark, L. Long, and J. Jeanes, J.  Amer. Chem. 

( 7 )  D. Bovet and F. Bovet-Nitti, “Medicaments du Systeme 

(1942). 

1950,1039. 

SOC., 70,4214(1948). 

Nerveux Vegetatif,” Karger, Basel, Switzerland, 1948, p. 741. 
(8) H. Weidmann and P. V. Petersen, J.  Phnrmacol: Exp.  Ther., 

124,347(1958). 
(9) V. Mychjlyszyn and M. Protiva, Collect. Czech. Chem. 

Commrtn., 24, 3950(1959); through Chern. Ahstr., 54, 8766( 1960). 
(10) R. L. Shriner and R. C. Fuson, “The Systemic Identification 

of Organic Compounds-A Laboratory Manual,” 4th ed., Wiley, 
New York, N. Y., 1956, p. 229. 

(11) E. R. Loew, M. E. Kaiser, and V. Moore, J. Pharmacol. 
Exp. Ther., 86, 1( 1946). 

(12) E. R. Loew, M. E. Kaiser, and M. Anderson, ihid., 86, 
7( 1946). 

ACKNOWLEDGMENTS AND ADDRESSES 

Received July 6. 1971, from the School of Pharmacy, Northeast 

Accepted for publication February 16,1972. 
*Present address: University of Georgia, School of Pharmacy, 

A To whom inquiries should be directed. 

Loirisiarra Urriuersity. Monroe, LA 71201 

Athens, GA 30310 

Multiple-Dose Kinetics of Pharmacological 
Effects of Indirect Anticoagulants 

Keyphrases 0 Anticoagulants (warfarin and dicumaro1)-mathe- 
matical derivation of multiple-dose kinetic equations, pharmaco- 
logical effects 0 Pharmacokinetics, multiple-dose and pharma- 
cological effects-calculations regarding behavior and optimal 
regimen for indirect anticoagulants 0 Multiple-dose kinetics- 
pharmacological effects, indirect anticoagulants 

Sir: 

The pharmacological effects of hypoprothrombine- 
mic anticoagulant drugs vary widely between individ- 
uals and preclude a predictable response to a fixed 

dose of these agents. A given dosage schedule may be 
totally inadequate to prevent thrombosis in one in- 
dividual but may cause hemorrhage in another (1). 
In addition, the effects of the drugs can be appreciably 
influenced within individuals through interactions with 
other concurrently administered drugs (2-5). These 
facts, as well as a need to readjust therapeutic levels of 
activity during the course of therapy (I), obviously 
necessitate patient individualization of dosing regimens 
for these drugs and clearly emphasize the need for pre- 
dictive interrelationships between dosage regimens 
and the magnitudes of their drug response. The purpose 
of the present communication is to describe the deriva- 
tion of theoretical relationships which, provided ade- 
quate data in the form of blood coagulability and plasma 
drug levels are collected, could be useful for the char- 
acterization of multiple-dosing pharmacokinetic be- 
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