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azinecarboxamide (IV). Oxidation of IV with H202 

gave the 5-mesyl derivative V, which is then easily 
converted to Via by treatment with NH3. The 5-
methylamino compound VIb was also prepared in this 
manner. 
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Pharmacology.—All of these compounds were tested 
for diuretic activity in both normal rats and hydrated 
dogs. The normal rats and hydrated dogs were given 
several doses according to the procedures of Cummings, 
et al.,w and Little and Cooper,11 respectively. Com
pounds Ila-f and VIa,b were found to be active in the 
rat. They increased the total urine volume and en
hanced the excretion of Na+ and Cl~. However, only 
one of the compounds, Ha, showed antikaliuretic 
activity. When coadministered with quinethazone, 
N-carbamoyl-3-aminopyrazinecarboxamide (Ha) 
showed a slight potentiation of the quinethazone-
induced natriuresis. All of the compounds were tested 
in the dog and found to be inactive. I la at low doses 
in combination with quinethazone again showed a 
natriuretic effect, but it was too small to be significant. 

Experimental Section12 

Methyl 3-aminopyrazinecarboxyIate (la) was prepared from 
3-aminopyrazine-2-carboxylic acid by the method of Ellingson, 
Henry, and McDonald.18 

Substituted methyl 3-aminopyrazinecarboxylates (Ib-i, III) 
were prepared following the procedure of Cragoe, et al.1 

General Procedure for the Substituted N-Carbamoylpyrazine-
carboxamides (Ha-i).—To 15 ml of dry D M F was added 0.9 g 
(0.015 mole) of urea. To the stirred solution cooled to —15° was 
added 0.7 g (0.015 mole) of NaH (50% in oil). The mixture was 
left to stir for 1 hr. To the cooled mixture was then added 0.004 
mole of the methyl substituted 3-aminopyrazinecarboxylate. 
This was left to stir for 2 hr. The reaction mixture was then 
poured onto 25 g of ice-H20 made slightly acidic with AcOH. 
The mixture was stripped to dryness and H2O was added to 
precipitate the crude product. The solid was then dissolved in 
hot 3 N HC1, filtered, and precipitated with dilute NaOH. An 

(10) J. R. Cummings, J. D. Haynes, L. M. Lipchuck, and M. A. Ronsberg, 
J. Pharmacol. Exp. Ther., 128, 414 (1960). 

(11) J. M. Little and C. Cooper, Jr., Fed. Proc, 9, 296 (1950). 
(12) Yields, physical data, and analyses are listed in Table I. Melting 

points were taken on a Mel-Temp apparatus and are uncorrected. Micro
analyses were performed by Mr. L. M. Brancone and staff; where analyses 
are indicated only by symbols of the elements, analytical results obtained 
for those elements were within ±0 .4% of the theoretical values. 

(13) R. Ellingson, R. L. Henry, and F. G. McDonald, J. Am. Chem. Soc. 
67, 1712 (1945). 
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Formula 
CHiNsOs 
CHeClNeOj 
C8HnClN602 

C10H15ClN6O2 

C12H19CLN602 

CiiH„ClN802 

C10H15CIX6O2 
C10H13ClN6O2 

CuHnClNeOj 
C7HSC1N502S 
C7HSC1N504S 
C6H,C1N602 

C7H9C1N602 

Analyses 
C, H, N 
C, H, N, CI 
C, H, N, CI 
C, H, N, CI 
C, H, N, CI 
C, H, N, CI 
C, H, X, CI 
C, H, N, CI 
C, H, X, CI 
H, N, CI, S; C« 
C, H, N, CI, S 
C, H, N, CI 
C, H, N, CI 

' Compound melts with decomposi 
, 32.6. 

analytical sample was prepared bv crystallizing the product from 
MeOH. 

N-Carbamoyl-3-amino-5-methyImercapto-6-chIoropyrazine-
carboxamide (IV).—To 15 ml of dry D M F was added 0.3 g 
(0.005 mole) of urea. To the stirred solution cooled to —15° was 
added 0.25 g (0.005 mole) of NaH (50% in oil). This was left 
to stir for 1 hr. To the cooled mixture was added 1.0 g (0.004 
mole) of methyl 3-amino-5-methylmercapto-6-chloropyrazine-
carboxylate and stirring continued an additional 2 hr. The re
action mixture was then poured onto 15 g of ice-H20 made slightly 
acidic with AcOH. A yellow solid precipitated from solution was 
filtered and washed with H 2 0 to give 0.7 g of crude product. 
Crystallization from MeOH gave 0.3 g (27%) of product, mp 
225° dec, \™ 5.77 and 5.93 M-

N-Carbamoyl-3-amino-5-mesyI-6-chloropyrazinecarboxamide 
(V).—A suspension of 1.0 g (0.004 mole) of N-carbamoyl-3-
amino-5-methyImercapto-6-chloropyrazinecarboxamide (IV) in 
40 ml of AcOH and 10 ml of 30% aqueous H202 was stirred at 
room temperature. After 110 hr an additional 3 ml of 30% H202 

was added and stirring was continued for a total of 168 hr. The 
yellow solid which precipitated was removed by filtration and 
washed with EtOAc to give a total crude yield of 0.65 g. Re-
crystallization from MeOH yielded 0.45 g (41%) of product: 
mp 215° dec; \ 1 B ; 5.80, 5.88, and 5.97 M-

N-Carbamoyl-3,5-diamino-6-chIoropyrazinecarboxamide (Via). 
—A suspension of 0.42 g (0.0014 mole) of N-carbamoyl-3-amino-
5-mesyl-6-chloropyrazinecarboxamide (V) in 2 ml of i-PrOH was 
stirred while 0.14 g of NH3 in 4 ml of i-PrOH was added and the 
mixture was refluxed for 1 hr. The solution was cooled in an ice 
bath and the yellow product that separated was removed by 
nitration. Crystallization from MeOH yielded 0.27 g (82%), mp 
260° dec, A*S'o.84 and 6.01 M-
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As part of our current study of quinuclidine deriva
tives of potential pharmacological value,1 we have 

(1) (a) J. L. G. Nilsson, J. Wagermark, R. Dahlbom, and W. M. Benson, 
Acta Pharm. Suecica, 5, 9 (1968); (b) J. L. G. Nilsson, J. Wagermark, and 
R. Dahlbom, ibid., 5, 71 (1968); (c) R. Dahlbom and J. Dolby, ibid., 6, 277 
(1969). 
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prepared a series of .S-quinuclidinyl benzhydryl ethers. 
These have been tested for specific centrally acting 
anticholinergic effect to evaluate them as antiparkin-
sonisni agents. 

Benzhydryl ethers of amino alcohols have a well-
established position in therapy as antihistaminic 
(t'-ij., diphenhydramine) or antiparkinsonism (e.r/., 
orfcnadrine, diphenylpyraline, and benztropine) agents. 
We considered if worthwhile to prepare benzhydryl 
ethers of 3-quinuclidinol, since several esters of this 
amino alcohol have been shown to have pronounced 
peripheral and central anticholinergic activity.'- :t 

The effect of substitution in the aromatic rings of 
basic benzhydryl ethers have been studied extensively 
among others by Nauta, et a/.4'' These investigators 
have demonstrated that it is possible to obtain com
pounds with either pronounced antihistaminic or 
pronounced anticholinergic activity by the introduction 
of substi tuents in the aromatic rings. The benzhydiyl 
ethers presented here consequently include compounds: 
with substi tuents in one or both of the aromatic rings 
(Table I). They were synthesized by a method pre
viously employed in the preparation of a tropinyl 
benzhydryl ether.'' 3-Quinuclidinol and the benzhydrol 
were heated with /j-toluenesulfonie acid in vacuo 
without solvent, and the ethers were subsequently 
isolated in oO 7 0 % yield as hydrochlorides. 

Compounds 2 4 have two asymmetric carbon atoms 
and can exist in two pairs of enantiomers. At tempts 
were made to isolate a second racemate through crys
tallization and chromatography (tic and glpc) but the 
compounds appeared to be homogeneous, indicating 
that, one of the racemates had been formed in pre
dominating amounts. 

Pharmacology. -The compounds were tested in riro 
in mice for mydriatic activity and antagonism to the 
motor effects of oxotrcmorine. The methods used have 
previously been described in detail.6 The "mydriat ic 
dose" is the dose required to double the pupil size 
relative to the control, and the "tremorolytic dose" is 
approximately equivalent to the dose giving twofold 

!2) 1,. O. Handa l l , W. M. Uena™, ami I'. L. Sti-fku, ./. I'),,,rmu.<»l. Kxpll. 
Them,)., 104, 284 (1952). 

CD X. W. Gahel and L. G. Abootl, ./. Med. Chern.. 8, filfi (19651. 
(1) A. V. H a r m s a n d W. T. N a u t a . ibid.. 2, 57 ( I960) . 
(5) A. H. H. F u n k e . A. !•'. H a r m s . M. C. de J u n e e , and W. T . X a u l a . 

ibid., 4, 215 ;1961). 
(6) (aj R. Dah lbon i , H. KarWn. R. George, and 1). J. J e n d e n . ibid.., 9, 

843 (1966); (b) R. D a h l b o m . B. KarWn. A. Lindi juis t , R. George, a n d D. ,). 
J enden , Acta i'harm. Suecica, 3 , 187 (1966). 
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suits were within ±0 .4 ' ' , of the theoretical value. 

protection against oxotremorinc. The results a 
summarized in Table II. 

TABLE II 
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The compounds were also tested for acetylcholine and 
histamine antagonism on isolated guinea pig ileum 
according to methods described by Wiedling,7 and 
their effects were compared to those of atropine sulfate 
and diphenhydramine hydrochloride. The results are 
summarized in Tabic III . 
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It is evident from Table II tha t 1-3 have pronounced 
central and peripheral anticholinergic activity. If the 
ratio between the mydriatic and tremorolytic doses is 
taken as a measure of the selectivity of the compounds 
for the CNS, it can be concluded tha t the}7 are some
what more selective than atropine in this respect. The 
drop in mydriatic potency and loss of tremorolytic 
effect of 4 and 5 is noteworthy, but the experimental 
evidence available is too scanty to permit any con
clusions to be drawn as to the cause of this. 

Compounds 1-3 also display strong anticholinergic 
activity when tested on the isolated guinea pig ileum. 

|7) (a) S. Wiedl ing, Acta fhnrmaeol. Toxicol, 8, 117 (1952): Co) S. Wied
ling. ibid., 9, 75 (1953). 
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Experimental Section 

Melting points were determined with an electrically heated 
metal block, using calibrated Anschutz thermometers. Micro
analyses were performed by Dr. A. Bernhardt, Miilheim, West 
Germany. Ir spectra were determined on a Perkin-Elmer 
spectrophotometer Model 337 in KBr. 

2-Methylbenzhydrol,8 2-chlorobenzhydrol,9 4-chlorobenzhy-
drol,9 and 2,2'-dimethylbenzhydrol10 were prepared as described 
in the literature. 

Preparation of quinuclidinyl ethers was accomplished as 
illustrated for 3-quinuclidinyl benzhydryl ether (1). Benzhydrol 
(7.4 g, 0.04 mole) and 3-quinuclidinol (5.6 g, 0.044 mole) were 
thoroughly mixed and heated to 70° to form a homogenous 
melt. p-Toluenesulfonic acid (8.75 g, 0.046 mole) was added and 
the flask was evacuated. This caused H 2 0 to evaporate from the 
mixture, and the melt solidified. The temperature was then 
raised to 140° when the solid melted, and the evacuated flask 
was kept at this temperature for 3 hr. After cooling, the solid 
material was dissolved in 5 X NaOH and extracted with E t 2 0 . 
The extract was washed with H 2 0 and dried (Na2SO«) and the 
hydrochloride precipitated with dry HC1. Recrystallization from 
EtOH-Et jO afforded 8.3 g (69%) of 1, mp 194-195.5°. 

The Mel derivative (6) was obtained when a solution of the 
base 1 and 1 equiv of Mel in dry Me2CO was allowed to stand a t 
room temperature for 24 hr. The quaternary salt precipitated 
in an analytically pure state, mp 193-194°. Recrystallization 
from E t O H - E t 2 0 did not raise the melting point. 

Acknowledgments.—The authors are indebted to 
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AB Astra, Sodertalje, Sweden, for carrying out the 
pharmacological tests. 
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(9) A. E. Chichibabin and A. A. Shesler, J. Russ. Phys. Chem. Soc, 66, 
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Recent papers from these laboratories have described 
the novel bioisosteric relationship between the methane-
sulfonamido group and the phenolic hydroxyl group in 
a phenethanolamine series.1 As a logical extension of 
this work, we have attempted to determine whether 
this bioisosteric relationship could be projected to other 
compounds of biological interest possessing a phenolic 
hydroxyl group. The application of this bioisosteric 
relationship to steroidal and nonsteroidal estrogens was 
of special interest because of the potential usefulness 
of these compounds as antiuterotropic and/or anti-
fertility agents.2 

The amines and diamines used as starting materials 
were prepared according to the general method of 
Scherrer for conversion of phenols to anilines.3 Applica

tion of the Scherrer method to the synthesis of meso-
3,4-bis(4-aminophenyl)hexane (II) from meso-hexestrol 
(I) required forcing conditions in order to ensure bis-
arylation of (I). The meso-hexestrol (I) was condensed 
with 2 moles of 4-chloro-2-phenylquinazoline4 in DMSO 
using KO-^-Bu as the condensing agent. The 3,4-
bis [4-(2-phenyl-4-qumazolinyloxyphenyl) Jhexane (V) 
thus formed, was heated at 330° to yield 3,4-bis[3-(4-
oxo-2-phenyl-3(4H)-quinazolinylphenyl) ]hexane (VI). 
This material was hydrolyzed in ethanolic NaOH to 
give II.5 Amines II and VII gave the respective meth
ane and butanesulfonamides III, IV, VIII, and IX. 
NaBH4 reduction of 3-methanesulfonamidoestra-l,3,o-
(10)-trien-17-one (VIII) gave the estradiol analog, 3-
methanesulfonamidoestra-l,3,o(10)-trien-17/3-ol (X). 

CH2 

CH, 
/ • 

CH;, 

I . X - O H 

II, X = NH2 

III, X = CH3S02NH 
IV, X-rc-C„H9S02NH 

06 

VII, R = NH2 

VIII, R = CH3S02NH 

IX, R = C4H9S02NH 

T h e s e a l k y l s u l f o n a m i d o a n a l o g s w e r e t e s t e d i n ou r 
l a b o r a t o r i e s for o n e or m o r e of t h e fol lowing t h r e e t y p e s 
of b io log ica l a c t i v i t y , u t e r o t r o p i c , 6 a n t i u t e r o t r o p i c , 7 a n d 
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