60 . J. Marsuarr, M. V. Siar, Jr., H. R. Stiuivay, C. Cesnig, anp M. A. Roor

Vol. 6

Further Studies on N-Arylsulfonyl-N’-alkylureas

By Freperick J. Marsmavn, Max V., Sican, Jr., Hven R, SuLnivas
CHARLENE CEsN1K. aND Mary A. Root

The Lilly Research Laboratories, [ndianapolis , [ndiana

Recetved August 7, 1962

Three new series of N-arylsulfonyl-N‘-alkylureas, where the aryl group is alkylinercapto-, acyl-, or triftuoro-

methylphenyl, have been prepared for evaluation as hypoglycemic agents.

Pharmacological testing of the

compounds showed that high activity is possessed by members of each series and that, in general, the highest
activity is found where the N-alkyl substituent is cyclohexyl or cycloheptyl.

The previously reported studies in these laboratories
on N-arylsulfonyl-N'-alkylureas! as blood sugar
agents have now been extended to an investigation of
the structure—activity relationships of three series of
substituted phenyl compounds. The preparation of
the alkylmercaptophenyl derivatives in which both the
S-alkyl and N-alkyl substituents were varied was based
on the promising activity of N-(4-methylmercapto-
phenylsulfonyl)-N’-cyclohexylurea.! The 4-acetyl com-
pounds were prepared since there appeared to be two
possible routes? for their detoxication by the mam-
malian organism involving either oxidation or reduction
of the acetyl moiety. The former route would lead to
a carboxyl group as has been found in the case of N-
(+ - methylphenylsulfonyl) - N’ - n - butylurea (tolbut-
amide),? while the reductive path would vield hydroxy-
alkyl derivatives which will be discussed later. The
third series investigated contained a trifluoromethyl
substituent. The metabolic stability of this group in
various compounds? suggested the inclusion in these
studies of a sulfonylurea having this group as a sub-
stituent in a phenyl ring,

The compounds were prepared either by (A) reaction
between an arylsulfonylamide and an alkyl isocyanate
or (IB) reaction of an arylsulfonylcarbamate with an
amine.  The procedure used for the latter reaction was
modified from that reported in our earlier work.!
It was found to be advantageous to carry out the re-
action in toluene using a 1097 excess of the amine rather
than pyrolyzing the amine salt of the carbamate after
its formation in a three- to four-fold excess of the amine.
In some cases using method B, the product seemed to
be contaminated with some of the amine salt of the
product. This could be eliminated easily by acidifying
the first dilute ethanol crystallization with 59 hydro-
chloric acid. In subsequent crystallizations the use
of ethanol was either avoided or the amount of heating
in the presence of ethanol was kept to a minimum.
This was based on the finding that in the purification of
a large run’ of N-(4-methylmercaptophenylsulfonyl)-
N'’-cyclohexylurea, two hours of heating in ethanol
converted almost half of the material to the carbamate.
This may have been due in part to some residual
Liydrochloric acid, but a definite deterioration of purity

(1) F.J. Marshall and M. V. Sigal, Jr., J. Org. Chem., 23, 927 (1958).

(2) R. T. Williams, “Detoxication Meclhanisms,” 2nd ed., J. Wiley and
Sons, Inc., New York, N. Y., 1959, p. 321 and pp. 336-338.

(3) L. II. Louis, 8. 8. Fajans, J. W. Conn, W, A. Struck, J. B. Wright
and J. L. Johnson, J. Am. Chem. Soc., T8, 5701 (1956).

(4) Yor a general discussion see H. L. Yale, J. Med. Pharm. Chem., 1,
121 (1959).

(5) Unpublished studies, these Laboratories.

of the product was noted after prolonged heating with
ethanol in the absence of any acid.?

The sulfone of N-(4-methylmercaptophenylsulfonyl)-
N’-cyclohexylurea was prepared readily when the
sulfide was treated with hydrogen peroxide. Attempts
at preparation of a sulfoxide in a similar manner using
the theoretical amounts of sodium periodate or hy-
drogen peroxide were unsuccessful and only starting
material was isolated. It was found, however, that
one equivalent of hydrogen peroxide converted 4-
methylmercaptobenzenesulfonamide to the sulfoxide
in 759, yield. The sulfonylurea then was prepared by
reaction of this amide with ecyclohexyl isocyanate. The
resulting N-(4-methylsulfinylphenylsulfonyl)-N’-cyclo-
hexylurea was of special interest because it was shown®
to be identical with a metabolite of the methylmercapto
compound isolated after the latter hud been admin-
istered to dogs.

Catalytic reduction, using 59 palladium on carbon,
converted N - (4 - acetylphenylsulfonyl) - N’ - cyclo-
hexylurea to the corresponding a-hydroxyethyl deriva-
tive in 749, vield. It was mentioned earlier that this
conversion of the ketone to an aleohol was one of the
possible metabolic routes for the acetyl derivatives.
The e-hydroxyethyl compound was shown® to be the
same as the metabolite isolated after administration of
N-(4-acetylphenylsulfonyl)-N’-cyclohexylurea to dogs.
It is puzzling that application of a similar catalytic re-
duction procedure to N-(4-acetylphenylsulfonyl)-N’-
n-hexylurea led to complete reduction of the acetyl
to an ethyl group. There is no ready explanation for
this variation in results.

The hypoglycemic activity of the compounds in
Tables IT, III, and IV was determined by administering
the substances to normal, fasted rats and mesasuring
blood glucose at intervals up to seven hours after ad-
ministration. Activity was calculated as a hypo-
glycemic score as previously described by oot
TFor the purpose of this paper the mean hypoglycemic
score for a dose of 100 mg./kg. administered to cach of
six rats was determined. The scale of activity used
here would give N-(4-methylphenylsulfonyl)-N'-n-
butylurea a value of +-4 and N-(4-chlorophenylsul-
fonyl)-N'-n-propylurea (chloropropamide) a value of 4
plus. The compounds in Table I were not tested for
hypoglycemic activity since studies of other sulfon-
amides had shown them to have no effect on blood
glucose levels.

{6y J. 8 Welles, M. A. Root. and R. C. Anderson, roc. Soc. Erp. Biol.
Med.. 107, 583 (1961).

Ty M. A Root, M. V. Sigal, Jr., and R. C. Audersou, Diabetes, 8, 7
(1959,
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TasLe 1

ARYLSULFONAMIDES R /@— SO.NH,

Yield,

Analyses, %

M.p.. Recryst. Caled. Found —_
R % °C. solvent Formula C H N C H N
3-CH;CO 27 135-138 Dil. ethanol CsHoNO;S 48.23 4.55 7.03 48.34 4.65 7.14
4.C,H;CO 33 127-129 Water CeHnNO;S 50.69 5.20 6.57 50.96 5.25 6.43
4-n-C;H,CO 17 105-108 Dil. ethanol CioH1i:NOsS 52.84 5.77 6.16 53.52 5.63 6.22
44-C;H,S 7 112-113.5 Benzene-pet. CoH;3NOSS, 6.06 6.11
ether (b.r. 60-71°)
Tasrg 11
4-ALKYLMERCAPTOPHENYLSULFONYLUREAS, RSC:H,:SO.NHCONHR'
Analyses, % Hypo-
Yield, M.p., Recryst. ——Caled.——~ ~——Found—— glycemic
R R’ A °C. solvent Formula C H C H activity ¢
CH, 3-CH,O(CH:): 68 109-111 Dil. acetone Ci;HieN2O.S, 45.25 5.69 45.52 5.65 + 4
CHs 'ﬂ,—CﬁHu 57 106-108 Dil. ethanol ClaHzoN 20382 49.30 6.37 49.76 6.67 -+
N, 8.86 N, 8.76
CH;; 2-05H11 70 114—1 16 Dll. acetone CwI‘Im.\Yzo.?,s~ 2 49. 30 6.37 49.00 7.03 + +
N, 8.86 N, 9.03
CH3 n-CgHu 80 132-133 Dil. acetone C“H22N20?S2 50.89 6.41 51.34 6.61 -+
CH;, cyclo-C;Hs 89 177-179 Dil. acetone Ci:Hi1sN-05S; 49.67 5.77 50.10 5.96 + 4+ 4+
N, 8.91 N, 8.91
CH, cyclo-C:Hys 73 166-168 Dil. acetone C1:H2N,0,S, 52.58 6.48 52.67 6.29 + 4+ +
CH; 0@ 67 210-211 Dil. acetone Ci3HisN:0,S; 47.25 5.48 47.40 5.45 + 4+
o a
CH;, (xgn” 40 132-134 Dil acetone  CyHnN,08:  50.25 6.18 50.31 6.08 ++
C.H; n- CsHgb 47 117-119 Dil. acetone C13HoN20s5S: 49.30 6.38 49.24 6.49 + 4+
Csz CyClO-CsHub 70 182—184 Dil. acetone 015H22N20382 52.63 6.47 52.72 6.73 "l‘ "l‘ "l‘
i‘CaH7 'n-C4H9” 35 138.5~139.5 Dll. ethanol 014H22N203S2 5088 6.71 51.06 6.29 4 4-
’i-CaH7 CyClO-—CeHub 20 187 .5-188. 5 Dll. acetone 015H24N20382 53 .92 6. 79 54 .23 6.70 + + -+

¢ 1-Aminomethyleyclohexanol was prepared in 549, yield by lithium aluminum hydride (2 moles) reduction of e¢yclohexanone cyano-

hydrin (1 mole) in ether.

other compounds in this Table were prepared by method B.

The preparation of this compound has been reported previously by M. W. Goldberg and H. Kirchensteiner,
Help. Chim. Acta, 26, 288 (1943), by catalytic reduction of the cyanohydrin,

Their yield was 309,. ° Prepared by method A. All

¢ For explanation of symbols, see text.

TasLe 111
N-TRIFLUOROMETHYLPHENYLSULFONYLUREAS

@— SO, NHCONHR'
R

Yield, M.p..

R R’ %o °C.* Formula
4CF3 n-03H7“'b'd 81 140—'142 011H13F3N20;;S
4-CF3 n—C4Hg”-° 40 120-122 012H15F3N203S
4-CF3 CyClO-CsHub'c 40 166-169 014H17F3N2OSS
3- CF;; cyclo CeHu 71 128-131 014H17F3N203S
4- CF;; cy ClO-C7H13 69 149-151 ClongFgl\IzOgS

e Prepared by method B. The other compounds were prepared by method A.
pounds have been reported by Y. G. Perron, M. H. Pindell, L. B. Crast, and L. C. Cheney, J. Med. Pharm. Chem., 4, 41 (1961).
reported by H. L. Yale and F. Sowinski, J Org. Chem., 25 1824 (1960).

J. Org. Chem., 26, 1551 (1961).

In all three series, when the aryl substituent was in
the para position, the N'-cyclohexyl or N’-cycloheptyl
derivatives gave good activity. From the activities
observed with these substituents, it is obvious that the
presence of the trifluoromethylphenylsulfonyl group
does not necessarily produce poor activity. This
finding made it all the more surprising that the tri-
fluoromethyl analog of N-(4-methylphenylsulfonyl)-
N’-n-butylurea and of the very active N-(4-chloro-
phenylsulfonyl)-N’-n-propylurea showed considerably
lowered potency. The importance of the position of

¢ All compounds were recrystallized from dilute ethanol

Analyses, % Hypo-
Caled. Found glycemie
C H N c H N activity/
42.58 4.22 9.03 42.33 4.23 9.42 ++
44 .44 4.66 8.64 44.63 5.37 8.75 +
47.99 4.89 8.00 48.19 4.89 8.38 +4+++
47.99 4.89 8.00 48.16 4.61 7.76 +
49 .44 5.26 7.69 49 .44 5.26 7.79 ++++
b Since completion of this investigation these com~
¢ Since

4 See B. Blank, F. A. Farina, J. F. Kerwm and H. Saunders,
/ For explanatlon of symbols see text.

the substituent in the benzene ring was demonstrated
by the greatly decreased activity found when the tri-
fluoromethyl or acetyl group was shifted from the para
to the meta position.

Some interesting results were obtained when the
metabolites,  N-(4-methylsulfinylphenylsulfonyl)-N'-
cyclohexylurea and N-[4-(a-hydroxyethyl)phenylsul-
fonyl]-N’-cyclohexylurea, were tested for hypoglycemic
activity after oral administration to rats. The former
was only 409, as active as the parent methylmercapto
derivative. In the second case, reduction of the ketone
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TasLe IV

ACYLPHENYLSULFONYLUREAS

0
J

|
@—SO:NHC~NH—R’

62 17 J. Manrsnarn, M. V.
0]
It
RC
1-RCO Yield, M.p.,

R R’ % o Formula
CH; C.H; 43 161-1628 CuHiaN048
CH n-CsH:e 19 167-168 CraHgNoO6S
CH;; IZ—C4H9“" 69 147-149 013H18N204S
CH; 2-C,H, 40 155-156"  CisHisN,0,8
CH; -C,H, 39 130-141 CisHieN-043
CH; -CyH, 3 150-151 CisHisN,0.3
CH; 3-CH;-2-C.H;, 89 148-149 CisHN 0,8
Clle ’/L-CaHu 61 156-1 578 014H20N204S
CH; 2-C;Hy, 44 151-152 CrsHaoN 0
CH; 3-C;Hyy 90 168-169 CrHooNoO4S
CH; -C;H,, 48 127-129 C1sHyN-O S
CIL (‘)’(ZIO—C:,HQ 62 171—] 72 C14H18N204S
CI‘I;} 4-CH3-2-CEH10 72 185—‘186 015H22N204S
CH:;; /L-CGHJ;; 51 ]60—161 ClaHggz\-g()qS
CH; 2-CsHys 69 154-155 CisH,N-0.8
CH; 3-CeHys 79 154-155 Ci:HaoN: 0.8
CHg C.\V'CIO-CsHu” 46 175-1 77 Cngng();S
CH, 5-hexen-2-yl 65 149-150/ CisHaoN 2048
(11{3 ('}’UlO-CeHuCH: 82 140—150 C]sH22N204S
CH:( ’II-C7H1;. 60 166-1 67 CJSH24N204S
CH, 3-C:H;s 90 152-133 CisHagNoO,3
CH; 4-C7H;; 88 163-165 CiHaN,043
(\Hg C)’ClO-C;Hw 77 155-1 56 C]sH29N204S
CH, n-CsHypr 00 143-144  CiHuNL08
CH; 3-(CH;O(CHa)s 68 141-143 C.sH1sN2O5%
CH; 2,2-(C,H;0),C:H., 9 115-1167  CisHy2N,065
CH, A H - 41 187-188  CuHN,08
CH, CeH:CHs: 23 149-151  CuHueNy0.8
CzH5 7lr-C4H9“ 57 144146 CmHegNzOgS
CQI'L, (')'ClO-CgHu" DY 177-179 C15H22N204S

'n-C3H~, (')'CIO-CQ;HUH 80 172-174 (\/]GH%Ng()‘;.\'
3-RCO

C}{;; 71-(),(}{3" 8 146-148" (/‘12H18N2()‘S

CH;; CA\'CIO-Can“ 59 152-154 CMHQONQOAS

@ Prepared by method A. All other compounds in this table were prepared by procedure B.

ether (b.p. 60-71°).
and H. Saunders, J. Org. Chem., 26, 1551 (1961}.
ethanol, / Recrystallized from dil. acetone.
sec text.

to the alcohol did not result in any loss of activity.
More detailed pharmacological and clinical reports
have been published elsewhere.®

Experimental

Sulfonamides (Table I)—The acyl- and trifluoromethylben-
zenesulfonamides were prepared from the sulfonyl chlorides ob-
tained by treatment of a diazonium chloride with sulfur dioxide
in essential accordance with the procedure of Meerwein and co-
workers.® Benzene was used as an immiscible solvent in the
preparation of the sulfonyl chlorides.

The alkylmercaptobenzenesulfonamides were prepared as in
our carlier work! by chlorosulfonation and addition of the re-
sulting crude sulfonyl chloride to concentrated ammonium hy-
droxide. The isopropylmercapto compound was prepared in

(8) For a preliminary report on ome of the compounds, N-(4-acetyl-
phenylsulfonyl)-N’-cyclohexylurea (acetohexamide), see G. E. Maha,
W. R. Kirtley. M. A, Root, and R. C. Anderson, Diabetes, 11, 83 (1962).
See also R. 8. Radding, L. R. Kern, and J. C. Owens, Metabolism, Clin. and
Ezptl., 11, 411 (1962).

(9) H. Meerwein, G. Dittmar, R. Géllner, K. Hafner, F. Mensch and
Q. Steinfort., Chem. Ber., 90, 841 (19537).

s = ee —=e—— A nalyses, (pr-mr——mm————~ Hypo-
-Caled. Found glycewic
C H N C I& ! N activity”
48.87  5.22 10.37 49.04 5.21 10.34 +
50.69 5.68 9.8 51.13 5.52 9.91 +
52.33 6.08 939 52.06 6.01 9.39 ++
52.33 6.08 9.39 52,43 35.98 9.20 +
52.33 6.08 9.39 52.58 6.15 9.26 +
52.33 6.08 9.39 52.41 6.13 9.24 ++
S, 10.27 8.97 S, 10.30 8.83 +++
53.83 6.44 8.97 54.08 6.72 8.74 + 4+
53.83 6.44 8,97 53.61 6.26 8.80 ++++
S, 10.27 8.97 S,10.29 §.82 +
53.83  6.44 897 53.8 6.44 8.70 - o
5417 5.84 9.03 54.34 6.04 9.08 +++
55.19  6.79 8.58 55.14 6.67 8,25 + +
55.19 6.79 8.58 55.61 6.87 8.28 +
S, 9.82 8.58 S,9.76 8.31 +
55.19  6.79 8.58 55.23 6.66 8.49 +
55.534 6.21 8.64 55.66 6.58 8.31 ++++
S, 0.80 8.64 S, 10.00 8.77 4+
8. 9.46 8 .28 S, 0.19 8.7 444
56.44 7.11 823 56.59 7.35 8.28 0
56.44 711 823 56.24 7.43 8.18 0
56.44 7.11 8.23 56.83 7.23 8.26 +
8,9 .46 8.28 $,9.08 8.54 + 4+
S, 9.04 7.02 g 8.61 8.04 +
49.64 577 8.91 50.14 5.85 8.71 +
50.28 6.18 350.27  6.34 -+
51.52  5.56 8.59 51.81 5.63 8.38 +
5781 4.85  8.43  58.35 4.9 835 +
53.83 6.45 807 54.28 6.37T 8.7z ++
56.78 6.35 8.28 57.16 6.27 8.05 ++++
57.93  6.86 T7.95 57.86 6.65 7.68 +++
52.33  6.08 9.39  55.20 6.06 .19 +
55.54  6.21 8.64 55.50 6.33 8.6l +

® Recrystallized from 1tOAc—pet.

¢ Since completion of this work these compounds have been reported by B. Blank, F. A. Farina, J. F. Kerwin
¢ Unless otherwise noted, recrystallized from dil. ethanol.
7 Recrystallized from CHCly—pet. ether (b.p. 60-71°).

¢ Recrystallized from
% For explanation of symbols,

very poor yield by this method and when benzyl phenyl sulfide
was used, no sulfonamide was obtained.

Ethyl N-arylsulfonylcarbamates were prepared by the proce-
dure given in the report of our previous investigation.?

Ethyl N-(4-acetylphenylsulfonyl)carbamate was obtained in
929, yield and was crystallized from dilute ethanol to m.p. 124~
126°.

Anal. Caled. for C;H;;NOsS: C, 48.70; H, 4.83; N, 5.1¢.
Found: C, 48.88; H, 4.96; N, 5.44.

Ethyl N-(4-trifluoromethylphenylsulfonyl)carbamate
at 91-93° (from benzene-petroleum ether; h.p. 60-71°).
vield was 43%.

Anal. Caled. for C H,o)FsNOS: €, 40.44; H,3.39; N,4.71.
Found: C,40.71; H, 3.60; N, 5.02.

N-Arylsulfonyl-N’-alkylureas. Method A.—A mixture of 0.05
mole of 2 sulfonamide and 0.15 mole of anhydrous potassium car-
bonate in 100 ml. of dry acetone was stirred and refluxed for 1.5
hr. At this temperature there was then added at a dropwise
rate, a solution of 0.075 mole of the appropriate alkyl isocyanate
in 20 ml. of dry acetone. After stirring and refluxing overnight,
the mixture was cooled and filtered. The solid residue was dis-
solved in 375 ml. of water. The crude product wasisolated by
acidification with coned. hydrochloric acid and was purified as
indicated in the tables.

melted
The
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Method B.—To a warm solution of 0.02 mole of an ethyl N-
arylsulfonylecarbamate in 75 ml. of toluene was added, dropwise,
with stirring, a solution of 0.022 mole of the desired amine in 25
ml. of toluene. The mixture was refluxed for 3 hr. and cooled.
If the product crystallized, it was isolated by filtration; other~
wise, the toluene was removed under reduced pressure. The
product was crystallized from dilute ethanol, with acidification
with 59 hydrochloric acid just prior to cooling.  Further purifi-
cation was carried out as indicated in the tables.

4-Methylsulfinylbenzenesulfonamide.—To a solution of 12 g.
(0.05 mole) of 4-methylmercaptobenzenesulfonamide in 200 ml.
of acetic acid was added, portionwise, 5.7 g. (0.05 mole) of 309,
hydrogen peroxide. After heating at about 60° for 24 hr.
the mixture was taken to dryness under reduced pressure and the
residue was crystallized 3 times from dilute ethanol to give 8.3 g.
(75%9) of product melting at 177-179°.

Anal. Caled. for C:HoNOsS;: C, 38.34; H, 4.15. Found:
C, 38.10; H, 4.34.
N-(4-Methylsulfinylphenylsulfonyl)urea.—Six grams (0.027

mole) of 4-methylsulfinylbenzenesulfonamide was converted to
the sulfonylurea by Method A. Purification from dilute acetone
gave 5 g. (549, of product melting at 173-175°
Anal. Caled. for Ci HaoN:048.: C, 48.82; H, 5.85; N, 8.13.
Found: C, 49.20; H, 5.93; N, 8.00.
N-(4-Methylsuifonylphenylsulfonyl)-N’-cyclohexylurea.—A
mixture of 2 g. (0.006 mole) of N-(4-methylmercaptophenyl-
sulfonyl)-N'-cyclohexylurea and 15 ml. of 309, hyvdrogen per-
oxide in 10 ml. of acetic acid was warmed for 30 min. on a steam
bath. The crystalline material which separated on cooling
weighed 1.7 g.. Crystallizations from dilute ethanol gave 1.3 g.
(59%) of product melting at 196-198°.
Anal. Caled. for CisHyN:0:8:: C, 46.65; H, 5.59; N, 7.77.
Found: C, 46.96; H, 5.74; N, 7.35.
N-[4-(a~Hydroxyethyl)phenylsulfonyl]~-N'-cyclohexylurea.—
A solution of 20.0 g. (0.616 mole) of N-(4-acetylphenylsulfonyl)-
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N'-cyclohexylurea, 100 ml. of absolute ethanol and 150 ml. of
dioxane was reduced catalytically using initially 2.0 g. of 5%
palladium on carbon under an initial hydrogen pressure of 2.8 kg./
cm.? As the reaction proceeded the adsorption of hydrogen
became quite slow. At this point an additional 2.0 g. of catalyst
was added and the reaction then proceeded to completion. The
catalyst was removed by filtration and the filtrate evaporated
to dryness in vacuo. The product, after three recrystallizations
from dilute ethanol, melted at 136-137°, yield 14.7 g. (74%).

Anal. Caled. for C;HuN:08: C, 55.19; H,6.79; X, 8.58.
S,9.86. Found: C, 55.16; H, 6.86; N, 8.09; S, 9.16.

N-(4-Ethylphenylsulfonyl)-N’-n-hexylurea.—Hyvdrogenation

of 2 g. (0.006 mole) of N-(4-acetylphenylsulfonyl)-N'-n-hexylurea
was carried out in 200 ml. of ethanol using 1 g. of 59 palladium
on carbon as a catalyst with an initial hydrogen pressure of 2.8
kg./em.2. Hydrogen uptake was complete in 15-20 min,,
and, after filtering, the ethanol was removed under reduced pres-
sure. The residue crystallized on standing and two crystalliza-
tions from dilute acetone gave 5 g. (299;) of product melting at
107-109°. An analytical sample melted at 108-110°. Infrared
analysis did not show the presence of an OH and was consistent
for an ethyl substituent.

Anal. Caled. for Ci:HaN0s5: C, 57.65; H, 7.75; N, 8.96;
0, 15.35. Found: C,57.64; H,7.57; N,9.04; O, 15.59.

Acknowledgment.—The authors are grateful to W. L.
Brown, G. M. Maciak, H. L. Hunter, and R. M. Hughes
for the microanalyses, to Dr. H. E. Boaz and D. O.
Woolf for physical-chemical data, and to Z. Frank,
T. Lenahan, D. Caldwell, and P. Williams for their
technical assistance in the biological testing of the
compounds.

Monoamine Oxidase Inhibitors.

The Synthesis and Evaluation

of a Series of Substituted Alkylhydrazines
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A series of aryloxy-, arylthio-, and arylaminoalkylhydrazines has been prepared and evaluated as in vitro and

7n vivo inhibitors of monoamine oxidase.
(1-methyl-2-phenoxyethyl)hydrazine.

In 1952, Zeller and co-workers! found iproniazid to
be a powerful and specific inhibitor of the enzyme mono-
amine oxidase and much suggestive evidence has been
subsequently presented to support the thesis that the
pharmacological and clinical effects of this drug may
be explained in terms of monoamine oxidase inhibition.
An exhaustive study by Zeller’s group of the structural
features necessary for monoamine oxidase inhibition
led to the discovery that simple alkylhydrazines were
considerably more potent than iproniazid.? This,
together with the reported high activity of a-methyl-
phenethylhydrazine® led us to examine some related
aryloxyalkylhydrazines as potential inhibitors of mono-
amine oxidase.

2-Phenoxyethylhydrazine and  3-phenoxypropyl-
hydrazine were first prepared by Gabriel in 1914 by
reaction of the appropriate phenoxyalkyl bromide with

(1} E. A, Zeller, J. Barsky, J. R. Fouts, W. F. Kirchheimer and L. 8. Van
Ordern, Ezperientia, 8, 349 (1952).

(2) E. A. Zeller, J. Barsky, J. R. Fouts and J. C. Lazanas, Biochem. J., 60,
V (1955).

(3) J. H. Biel, A. E. Drukker, P. A, Shore, S. Spector and B. B, Brodie,
J. Am. Chem. Soc., 80, 1519 (1958).

Many of the compounds are powerful inhibitors, the most active being

hydrazine.* 2-Phenoxyethylhydrazine was examined
and found to be a potent inhibitor of monoamine oxi-
dase whereas 3-phenoxypropylhydrazine was much less
active. It was thus of interest to investigate the re-
lationship between structure and activity in this class
of compound, and this paper describes the synthesis
and evaluation as monoamine oxidase inhibitors of a
series of substituted hydrazines of general formula Ar-
X(CH,),CH(Y)NHNH,, in which variations are made
in the aryl group, the alkyl chain (n and Y varied) and
the linking group X.

Experimental

Chemistry,—The substituted hydrazines were prepared by
the method of Gabriel* from the corresponding bromide by re-
action with hydrazine in boiling ethanol. In most instances they
were colorless liquids which, on a small scale, could be distilled
under reduced pressure in a nitrogen atmosphere with only slight
decomposition.  Occasionally, however, complete decomposi-
tion occurred during distillation, a hazard which appeared to be
somewhat dependent upon batch size. The bases were rather

(4) 8. Gabriel, Ber., 47, 3029 (1914).



