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H;0-NaBr in fine needles, mp 308° dec. Anal. (CyHaCl-
N;O0-2HBr)C, H, N.

7, R = NO,;.—Scarlet needles were obtained from EtOH-H,0-
HCl, mp > 360°. Anal. (CuyH»N:;-2HCl) C, H, N, CL
Attempted drying of this salt at elevated temp in vacuo caused
loss of HCI and analyses showing a Cl~ content between 1 and 2
moles of Cl were obtained for samples so dried. For analysis a
sample was dried at room temp n vacuo.

2-Amino-4 - [p - (p - nitrophenylcarbamoyl)anilino}-6-methyl-
pyrimidine.—4-(p-Nitrophenylcarbamoyl)aniline (2.57 g) was dis-
solved in hot 2-ethoxyethanol (60 ml) and the soln cooled to 60°.
2-Amino-4-chloro-6-methylpyrimidine (1.58 g) was added, the
mixt was boiled till homogeneous, coned HCI(0.95 ml) was added,
and the clear soln was heated on the water bath for 0.5 hr. After
a few minutes a product started to crystallize. After thorough
cooling the chunky pale yellow prisms of the hydrochloride were
collected, suspended in EtOH (15 ml), and stirred with coned
NH,; (10 ml) for 0.5 hr. The deep yellow base sepd from DMF-
H,0-NH; as fine needles, (3.2 g), mp 334-335°. Anal. (Cy-
H,sN¢0:) C, H, N.

2-Amino-4-[p-(p-aminophenylcarbamoyl)anilino]-6-methyl-
pyrimidine was prepd by Fe!® reduction of the preceding nitro
compound in 659 DMF-H,0. The pure compound sepd from
EtOH-H:O-NH; as colorless needles, mp 280-281°. Anal.
(C1sHisNO) C, H, N.

8,—A sample of the above primary amine (0.98 g) and 9-chloro-
acridine (0.64 g) were dissolved in 659 EtOH (80 ml) by boiling.
HCI (12 N, 0.52 ml) was added to the clear soln, yellow crystals
of product-2HCI started to sep shortly afterwards. The reac-
tion mixt was thoroughly chilled after a further 0.3-hr heating
on the water bath. The sepd crystals were recrystd from DMF-
H;0-HCI-NaCl. The fine yellow needles of dihydrochloride
(1.48 g) had mp 338° dec. Anal. (CyHaN;0-2HCI) C, H,
N, CL

Biological Testing.—The routine screening test consists of
ip inoculation of 10° L1210 cells into 18.5-22.5 g of C;H-DBA,
F, hybrids on day 1 with drug treatment initiated 24 hr later and
continued for 5 days. All dosage was in 0.2-ml vol in Hz0 sus-
pension. Groups of 6 animals/dose level were used with one
control group for every 5 tests. The wt change column in Table
V records the difference between initial wt and that at day 8
for survivors. The number of animals surviving as long or longer
than controls is listed under survivors. Doses have been rounded
off to two significant figures. Details of testing of inactive
compds have not been given.
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TasLE V

Dose. Average survival, days

mg/kg Sur- Wt T/C,

Drug per day vivors change Treated Control %

5, R = CHg, as 150 4 —4.2 15.9 10.2 156
dibromide 100 6 —-1.8 19.2 10.2 192
67 6 —0.2 18.2 10.2 178

44 6 +0.6 15.1 10.2 148

29 6 +1.1 13.7 10.4 132

20 6 +3.2 12.8 10.4

6, R = CH; as 75 4 -3.9 14.4 10.1 142e
bis(p-toluene- 50 6 —1.8 29.5 10.1 2926
sulfonate) 33 6 -2.2 21.7 10.1 215
22 6 —0.8 18.3 10.1 181

15 6 +0.3 15.8 10.1 156

10 6 —0.9 14.0 9.8 143

6.7 6 +3.0 12.2 9.8 125

6,R = H, as 225 6 -3.8 14.5 10.2 142
monochloride 150 6 +0.8 17.8 10.6 168
100 6 +2.9 17.2 9.8 172

67 6 +2.4 13.4 10.1 135

44 6 +3.5 12.7 10.4 132

7, R = NO,, as 60 5 —2.4 14.8 10.4 142
dihydrochloride 40 6 —1.2 16.8 10.4 162
27 6 +0.8 14.0 10.2 143

18 6 +4.0 13.1 10.1 132

12 6 +3.8 12.3 10.1 122

8, as dihydro- 350 6 —5.2 14.4 9.8 141
chloride 230 6 —2.8 16.5 10.2 168
155 6 +0.2 14.8 10.4 154

100 6 +2.4 13.7 10.4 143

70 6 +4.2 12.3 10.1 124

¢ Not including one 100-day survivor. ® Notincluding two 100-
day survivors.
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Forty-three analogs of 4-stilbazole were synthesized and evaluated as inhibitors of choline acetyltransferase

from rabbit brain.

The most active inhibitor found for the acetyltransferase was 3’,4'-dichloro-4-stilbazole (23)

which complexed to the enzyme 910 times more effectively than the substrate choline and 230 times more effec-

tively than 4-stilbazole.

Other highly effective derivatives of choline acetyltransferase were the 3'-Cl (11),

3'-CH; (12), and 3’-CH,;0 (13) derivatives of 4-stilbazole which complexed 80- to 130-fold more effectively to

the enzyme than choline.

Compounds 11-13 and 23 were poor inhibitors of the AChE from rabbit brain; for

example, 11 was complexed 130-fold more tightly to choline acetyltransferase than AChE.

The major enzyme in nerve endings involved in nerve
impulses is acetylcholinesterase (AChE).? The order
of events appears to be (a) active transport of choline
through the nerve membrane,* (b) acetylation of

(1) This work was generously supported by Grants CA-08695 and NS-
09544 from the U, S. Public Health Service.

(2) For the previous paper in this series see B. R. Baker and M. Cory.
J. Med. Chem., 14, 119 (1971).

(3) L. 8. Goodman and A. Gilman, "The Pharmacological Basis of Thera-
peutics."” Macmillan Co.. New York, N. Y., 1960, p 422,

choline to ACh with acetyl-CoA mediated by choline
acetyltransferase, (¢) hydrolysis of ACh to choline
and aeetate by AChE during the nerve impulse,® and
(d) reacetylation of CoA.! A tremendous amount of

(4) L. T, Potter in "The Interaction of Drugs and Subcellular Com-
ponents in Animal Cells,”” P. N. Campbell, Ed., J. and A. Churchill, Ltd.,
London, 1968, p 293.

(5) (a) Reference 3. p 408;: (b) D. Nachmansohn in "Cholinesterases and
Anticholinesterases,”” G. B. Koelle. Ed., Springer-Verlag, Berlin, 1963, p 41,

(6) D, Nachmansohn in " Handbuch der Experimentellen Pharmakologie,"'
G. B. Koelle, Ed., Vol. 15, Springer-Verlag, Berlin. 1963, p 40,
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research has been done on inhibition of AChE,” but
practically nothing of significant use was done on in-
hibition of choline acetyltransferase® until 1967.

In 1967 Cavallito, et al., reported the first® of a series
of exciting papers®—!? on inhibition of choline acetyl-
transferase by derivatives of 4-stilbazole (1); when the
enzyme was assayed with 5 mM choline, 1 showed

Q) ¥
@ C\EI ——<:/\N~RX

1 2.RX =H(l
3,RX = CH.I

O
O

509 inhibition at 0.6 mM.® Activity was enhanced
24-fold with the l-naphthyl derivative 2; this activity
could be further enhanced 53-fold by quaternization of
2 to 3, that is 3 had Iy, = 0.47 ud.1° Replacement of
the phenyl moiety of 1 by 5-indanyl, 4-biphenylyl, or
4-pyridyl led to decreased binding to the enzyme.®

If a choline acetyltransferase inhibitor is to be effec-
tive on a brain enzyme, at least three criteria must be
met: (a) the compound should be highly potent (I <
10 udM), (b) it should be able to pass the blood-brain
barrier and penetrate other membranes, (¢) it should be
a relatively ineffective inibitor of AChE. For exam-
ple, 2 was >100 times as potent an inhibitor of choline
acetyltransferase than the cholinesterase, whereas 3
was about 400 times as potent against the acetyltrans-
ferase. Turthermore, 2 could pass the appropriate
membranes to the brain since it could enhance the
behavioral-stimulating effects of amphetamine in
trained rats, but 3 showed no aetivity,!* indicating
that 3 with its cationie group could not eross the appro-
priate membranes,

In spite of the difficulty of membrane passage with
quaternary compounds of type 3, Cavallito, e al., per-
formed the remainder of their studies with quaternary
compounds;*~1° the latter type such as 3 certainly have
two advantages over compounds of type 2 in that type
3 are more water soluble and are more potent inhibitors
of choline acetvltransferase in broken cell systems where
the membrane transport problem has been deleted.®=1°

Since Cavallito, ef al.,®~1 assaved only 5 compounds
without a quaternary group, we decided to make an
extended study of 4-stilbazole (1) analogs without a
quaternary group with the expeetation that each 10-
fold increase in potency would approximately compen-
sate for a 10-fold loss in solubility. The results are the
subject of this paper.

Enzyme Results.—Choline acetyltransferase and
AChE were isolated from rabbit brain acetone powder

(7) J. A, Colhen and R. A, Qosterbaan in "Clolinesterases and Anti-
cholinesterases,”” G. B. Koelle, Ed., Springer-Verlag, 1963, p 300-362.

(8) J. C. Smith, C. J. Cavallito, and F. ¥. Foldes, Biochem. Pharmacol..
16, 2438 (1967).

(9) C.J. Cavallito, H. 8. Yun, J. C. Smith, and F. F. Foldes. J. Med.
Chem., 12, 134 (1969).

(10) C.J. Cavallito, H, & Yun, T. Kaplan, J. C. Smith, and F. F. Foldes,
ibid., 18, 221 (1970).

(11) H., L. White and C. J. Cavallito, Biochim. Biophys. Actu, 206, 242
(1970).

(12) H. L. White and C. J. Cavaillito. i&td., 206, 343 (1970).

(13) M. E. Goldherg and V. B. Ciofalo. Psychopharmacologic, 14, 142
(1969).
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by the method of Potter, et al.'* Choline acetylirans-
ferase was assayed with 1 mM choline bromide and
0.05 mM [“Clacetyl-CoA by suitable modifiention of
the method of MeCaman and Hunt!® as deseribed m the
Ixperimental Seetion. AChL was assaved by modi-
fication of the method of Potter!® using 1 wmd/ [H(C7)-
ACh-Cl—, asdescribed in the xperimental Section.

The reported inhibition of choline acetviiransferase
by 4-stilbazole (1)%? was confirmed; 1 had Iy = 470 udf
(Table I) and was complexed to the enzvine about
twice as strongly as choline under our assay couditions,
No inhibition of AChE was shown by 1, although solu-
bility was a imiting factor. That the benzeue ring was
essential for inhibition of choline acevyltransferase was
shown by the lack of inhibition by 3000 x A7 4-vinyvipyr-
idine,

A study of substituent effects on binding of the PPh
ring of 4-stilbazole (1) to choline acetyvltransferase was
thenmade. Cavallito, ef al.,®? had studied only four an-
alogs of the Ph moiety of 4-stilbazole where the paridine
N was not quatermized; these compounds had the Ph
moiety of 1 replaced by a-naphthyl (2), H-indanyl
4-biphenylyvl, and 4-pyridvl.  The most active com-
pound was 2 with Ly = 25 8 and [S/ 105 = 200.

The effects of single small substituents were first
investigated. Introduction of 4-C1 (5) or 4-Me (6)
gave 3-fold and 9-fold inerements in binding to choline
acetyltrausferase. Iutroduction of the more polar
CH;0 (7), NH, (8), AecNH (9), or NO. (10) led 10 2
decrease in binding. Thus the effect of the 4-C1 and
4-CH; ean be accounted for by hvdrophobie bonding,
Introduction of a 2-C1 (17) or 2-CH;0 (18) led to no
change in binding.

The most dramatic effeets on binding were secu with
3 substituents.  The 3-Cl (11) gave a 60-fold inerement
in binding and the 3-Me (12) and CH;0 (13) a 40-fold
increment in brinding. Sinee the maximum nerement
in hydrophobic bonding that can be cxpected from Cl,
CH;, or CH;O (7 = 0.71, 0.56, —0.02, respectively)??
from hydrophobic bonding is ouly 10-fold, ¥ other modes
of binding such as electronic effects, point donor-uccep-
tor binding, or conformational ehange in the enzyvime
must be playing arole.!®  Aswe shall show Iater, these 3
substituents all bind to the same locus on the cnzyine,
that 1s, the benzene ring is not turned over so that
there are two possible loei for binding a meta substitu-
ent; since CH; canmot bind by donor—nceeptor point
complexing, it follows that the 3 substituents have a
pronouneed electronie effeet on binding by the benzene
ring of the 4-stilbazole system. Although the NH,
group of 14 is stronglyv electron releasing, it is =0 polar
(m = —1.23)"7 that it would be repulsed from a hydro-
phobic locus.  The polar and electron-withdrawing CN
(15) and NO. (16) groups are detrimental to binding to
choline acetvltransferase supporting the argument that
nonpolar, eclectron-releasing groups give the best en-
hancement in binding at the meta positioln; these wrgu-

(14) L.T. Potter, V. A. & Glover, amd J. IX. Saelens, /. sl Chent., 243
3864 (1968).

(15) R. ¥. McCaman and J. M. Nuant, J. Newrocken,, 12, 2535 (L0iA:

116) L. T. Potter, J. Phroomccol. Exp, Ther., 166, HOO (19675,

(17) T. Fujita, J. Iwasa, and C. Hanach, J. Amer. Chem. Soc., 86, )15
(1664),

(18 D. R. Daker, “Design of Active-Site-Directed Irreversible Kuzyiae
Inhibitors,” Wiley, New York, N. Y., Chapter 2.

19) B. R. Baker, B. 1. o, and D. V. Santi, J. I'barn. Sei., 54, 1115
(1965},



IrRrREVERSIBLE ENZYME INHIBITORS. 181

Journal of Medicinal Chemistry, 1971, Vol. 14, No. 4 317

TasLe I

INHIBITION® OF CHOLINE ACETYLTRANSFERASE AND ACETYLCHOLINESTERASE FROM RABBIT BRAIN BY

H

R

O

H
— —Choline acetyltransferase® Acetylcholinesterase®——————
Inhib, % I50.9 Inhib, % Iso. @

No. R uM inhibn uM {8/1]o.s® uM inhibn uM {8/110.5¢
1/ CeHs 470 2.1 125¢ 0 >500 <2
4r H 3000 0 >12,000 <0.08
5 4-CICeH, 170 6.1 2507 20
6 4-CH;CeH, 55 18 304 11
7 4-CH;0C:H, 500 0 >2000 62¢ 0
8 4-NH,C.H. 629 0 >250 31¢ 0
9 4-AcNHCH, 250 0 >1000 125¢ 0

10 4-NO,CeH, 300¢ 14 377 16

11 3-CICeH, 7.8 130 5009 33 1000¢ 1.0

12 3-CHsCeH, 12 83 609 0 >240 <4

13 3-CH;0C.H, 13 7 2509 20 1000¢ 1.0

14 3-NH.C:H, 1000 37 1700¢ 0.59 2500 10 >1000 <1

15 3-C:H.LCN 500 19 ~2500 100 10

16 3-NO.CeH, 500 13 >1500 <0.7 180 5.6

17 2-CICeH, 640 1.6 610 1.6

18 2-CH;0C:H, 500 2 5000 0 >2000 <0.5

19% 4-Pyridyl 1000 0 >4000 <0.25 1700 0.59

204 3-Pyridyl 5009 0 >2000 <0.5 500¢ 36 900¢ 1.1

21 2-Pyridyl 1000 9 >4000 <0.25 5009 31 1100 0.91

22 2,4-CLCsHs 5009 0 >2000 <0.5 629 16 >300 <3

23 3,4-CL.C¢Hs 1.1 910 304 0 >120 <8

24 B-Naphthyl 52 19 509 0 >200 <5

25 3,4-Methylenedioxyphenyl 5000 30 1200¢ 0.83

26 3,4,5-(CH:0):CeH, 2509 0 319 12 >120 <8

27 4-EtOC:H, 2507 16 >1000 <1

28 4-C.H:;CH,0C¢H, 509 0 >200 <5 3¢ 0 >12

29 4-CeH;(CH,)sOCeH, 50 17 >200 <5 209 0 >80

30 4-EtCeH, 350 2.9 637 12 >240 <4

31 4-CH:CH,C¢H; 2009 0 >800 <1.2

32 4-C;H;CH=CHCH, 100¢ 0 >4006 <2.5

33 4-CH:(CH,):CsH,4 1000 18 >400 <2.5

34 3-EtOCeH, 240 4.2 5009 0 >2000 <0.5

35 3-(3-CsHunO)CeH 167¢ 0 >670 <1.5

36 3-CeH:CH0OCsH, 1337 0 >540 <2

37 3-CeH;0(CH;);0C:H, 500 0 >200 <5

38 3-CsH;CH,CeH, 100¢ 22 780¢ 1.3

39 3-CsH;(CH2)«CesH, 67¢ 0 >270 <4

407 C¢H;CH=CH 629 0 >250 <5

41 3-CHs-3-CH;0CeHs 530 1.9 500 0 >2000 <0.5

@ The technical assistance of Julie Beardslee and Janet Wood is acknowledged.
¢ Assayed with 1 mM [“C]ACh:Cl~ as described in the Experimental
¢ Ratio of substrate to inhibitor giving 50% inhibition.
i Estimated from inhibition at maximum soly.

[1¢Clacetyl-CoA as described in the Experimental Section.
Section. ¢ Conen for 509 inhibition.
soly. * Aldrich Chemical Co.
series.

ments are further supported by the decrease in inhibi-
tion when the benzene ring is replaced by the more
polar, electron-deficient pyridine ring (19-21).

The requirement for binding to AChE is just the
opposite, that is, binding is enhanced by polar, electron-
withdrawing substituents such as NO,, CN, or aza
(of the pyridyl), but not be electron-releasing groups
whether polar (NH:) or nonpolar (CH;, C).

The effect of two substituents on the benzene moi-
ety of 4-stilbazole was then studied. Introduction of
4’-Cl (22) on 2’-chloro-4-stilbazole (17) led to a loss in
binding, probably beecause of poor steric fit. In con-
trast, introduction of 4’-CI (23) on 3’-chloro-4-stilbazole
(11) gave a 7-fold increase in binding; 23 was the best

b Assayed with 1 mM choline bromide and 0.05 mM

/ Eastman Kodak Co. ¢ Maximum
i See B. R. Baker and M. H. Doll, paper 183 of this

inhibitor in Table I, binding to the enzyme 910-fold
better than choline; in fact, 23 is the most potent non-
quaternary inhibitor yet known for choline acetyltrans-
ferase.

4-(8-Naphthylvinyl)pyridine (24) might be expected
to be as good an inhibitor as 3’,4'-dichlorostilbazole
(23), but it is actually far less effective by a factor of
45; the reason for this discrepancy became appar-
ent when bulk tolerance studies at the 3’ and 4’ posi-
tions were made, as described later, since even an Et
group (30) at the 4’ position leads to a 6-fold loss in
binding compared to CH; (6). Introduetion of a 3’,4'-
CH,0, moiety (25) led to a nearly 3-fold loss in binding
compared to the parent 4-stilbazole (1), and a 900-fold
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loss compared to 3’-methoxy-4-stilbazole (13); this loss
is attributed primarily to the repulsion of an ether O
at the 4’ position with additional secondary steric ef-
fects on fit.

An ncrease i size from 4’-CH; (6) to 4'-C,H; (30)
led to a 6-fold loss in binding. Similarly increase in
size from 3’-CH;0 (13) to 3'-C:H;0 (34) led to an 18-
fold loss in binding. Such results indieate a decreased
bulk tolerance for the larger groups within the enzyme—
inhibitor complex. However, it is sometimes possible
to force an energetically unfavorable couformational
change in the enzyme if by such a change net binding is
increased.!* Therefore larger groups at the 3’ and 4’
positions (28-40) were synthesized for enzymic evalua-
tion; unforfunately binding was not increased by any
of these large hydrophobic groups.

The question arose earlier whether inereased binding
by 3'-Cl (11) and 3'-CH;O0 (13) was due to a point
donor—acceptor interaction as previously seen with a
p-CH;0 group on binding of 9-phienylguanine to guanine
deaminase.?® If such were the case then it is possible
that Cl and CH;0 would bind in one conformation and
CH; in a second conformation as shown by structures
42A and 42B; therefore 41 was synthesized for evalua-

Lo |
C G
Yo Ph-o
R
H H
42A 42B
CH OCH, T
O+
C—CN C N
OCH, | O CH, I@
H H
41A 41B

tion as an inhibitor of choline acetyltransferase whieh
might bind in either conformation 41A or 41B.

One of 3 results could be anticipated, any one of
whiceh has a strong bearing on the enzymic environment
of the Ph moiety. If there were separate binding loci
for Me and MeO (41A or 41B), then 41 should be o
better inhibitor than either 3’-methyl-4-stilbazole
(12) or 3’-methoxy-4-stilbazole (13). If the 3'-CH,,
CH;0, and Cl were all bound to the same locus then
the 5 substituent could be in a noncontact area of the
enzyme if the Ph group interacted flatly with the enzyme
or wag in a slot on the enzyme with one face of the ben-
zene ring pointing away from the enzyme surface;! in
such a case, 41 would be equal to 12 or 13 as an inhibitor.
Or the Ph moiety might fit into a pocket on the enzyme;
if there were bulk tolerance on both sides of the Ph ring,
but binding by a group on only one side of the benzene
ring, then the compound (41) would be equal to 12 or
13 as an inhibitor. However, if the benzene ring would
fit into a pocket where there was bulk tolerance for a
small group ou only one side of the benzene ring, then
41 would be a mwuch poorer inhibitor than 12 or 13.

(20) B. R. Baker and W. F. Wood, J. Med, Chem., 11, 644 (1968).
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That the latter tight fit in an enzymie pocket was the
case was shown by the 40-fold loss in binding by 41 com-
pared to 13.

Thus the Ph moiety of 4-stilbazole binds in a flut
pocket where there is room for small 37 or 47 substitu-
ents such as Clor CHj, but there is not room for both
37 and 57 substituents.  Whether or not there is room
for Iarge substituents at the 27 (6') position that would
reside outside the pocket remains to be determined in
future work. However, it 1s clear that the probability
of finding appreciably better binding at the 3,47 and
57 positions than the 37,4’-dichlorophenyl substituent of
23 is negligible.

The most potent compound in Table T was 3',4'-
dichloro-4-stilbazole (23) with I, = 1.1 wid/; 23 was
complexed 1o choline acetvitransferase 910-fold better
than choline. At its maximum solubility of 30 uli/,
23 showed no inhibition of AChE; since 2057 inhibition
1z readily detectable, the Iz > 120 udf. Thus the
selectivity of inlubition by 23 between the two cuzymes
1s >110.

Iu their elegant studies on the binding of 4-stilbazole
(1) to choline acetyvhiransferase,’=1 Cavallito, ¢l al.,
made the following strong pomts.

(a) The vinyl group was neeessary to transniit
electron-donor properties from the benzene ring to a
nonquaternized pyridine ring; this transmission could
also be accomplished by an acetylenie bridge, but an Et
bridge destroved the activity.

(b) A trans-vinyl bridge was essential since the
cis-vinyl bridge caused loss of activity.

(¢) 2-Stilbazole was also active indicating that the
pyridine N did not interact in a point donor-aceeptor
complex, but the basic ring svstem interacted with some
cleetron-donor locus on the enzyme.

(d) Quaternization of 1 led to a 40-fold enhanced
acuvity, but also increased activity towards AChIL.

The activity of 2-stilbazole (43, Table IT) wag con-
firmed, but it was only about 0.25 as active as 4-stilba-
zole (1); 3-stilbazole {44) was cven less effective.  Sinee
the Ph moiety of 4-stilbazole appears to be complexed
to the euzyme by hvdrophobic bouding and since the
pryridine ring can be votated in its binding locus, it
follows that the pyridine moiety will rotate to allow the
Ph to have maximum hydrophobic interaction.  Such
rotation of a basie ring to allow maximum hydrophobic
bonding by 2 hyvdrophobie side chain has been previ-
ously observed with inhibitors of dihvdrofolate redue-
tase. !

Although Cavallito, ¢f al.,® showed that activity was
decreased when the vinyl group of 1 or 2 was redueced to
It. the extent of this deerease could not be ascertained
due to lack of solubility of the reductioun produets;
however, it was clear at least a 33-fold loss occurred on
reduction of 2. Therefore, 3’-methyl-4-stilbazole (12)
was reduced to 45 (Table II) and evaluated. Since
12 had Lo = 12 w2 and 45 had I;e = 2000, the apparent
loss in binding was 170-fold. However, this same in-
hibitiou by 45 would be observed if 45 contains 1 part
in 170 of 12, an undetectable amount ; therefore, the loss
in binding is equal to or greater than 170-fold when the
vinvl group of 12 is reduced to Et (45).

When the substituent effeets on 4-stilbazole (1)
(Tuble TIT) were compared with the substituent effects

2D DL R Baker wund H. S, Shayiro, J. Pharm, Set., 65, 308 (1966).
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TasLE 11
INHIBITION® OF CHOLINE ACETYLTRANSFERASE AND ACETYLCHOLINESTERASE FROM RABBIT BRAIN BY

O

—————Choline acetyltransferase’

R
Inhib. %%
No. R uM inhibn
1/ 4-C.H;CH=CH
43k 2-CsH;CH=CH 1000 35
44 3-C¢H;CH=CH 1000 0

45 4—(m—CHacsH4CHchz)
46 4-(m-CH;C:H,CH,CH,) methiodide

=t See Table I.
H. G. Wippel, and G. Klahre, Chem. Ber., 92, 2499 (1959).

on 4-stilbazole methiodide (47) observed by Cavallito,
et al.,' the differences were startling. Note that Cl or
CH; substituents (48-51) on the methiodide (47) gave
less than a 7-fold enhancement in binding whereas the
substituent effects on 4-stilbazole (1) were as large as
430 with the 3,4-Cl; substituents (23).

The substituent effects on 4-stilbazole methiodide
(47) of less than 10-fold could readily be accounted for
by simple hydrophobic bonding with no electronic
effects on binding; in contrast, substituent effects on 4-
stilbazole must involve both hydrophobie bonding and
strong electronic effects. One possibility was that the
substituent(s) increased the basicity of the pyridine
ring, thus enhancing its binding, since the quaternary
salts are already such strong bases that substituents
could not possibly make them stronger. This possi-
bility did not seem probable since halogen substitution
makes aniline a weaker base, whereas Me substitution
makes aniline a slightly stronger base. Nevertheless,
the pK.’s of the substituted 4-stilbazoles were deter-
mined (Table IIT). The substituents had little effect
on basicity of the pyridine N, showing electron trans-
mission through the vinyl bridge did not occur. This
lack of correlation of pK, and binding indicates that
the effect of substitution on the benzene ring is much
more likely on binding of the styryl moiety and not the
pyridine moiety of 4-stilbazole.

Cavallito, et al.,*~!? have emphasized throughout
their work that the most important features of the bind-
ing of trans-4-stilbazole to choline acetyltransferase
were the electron-donor properties of the benzene ring,
the electron-acceptor properties of the pyridine ring,
and the easy transmission of electrons through a trans-
vinyl or an acetylenic group; this they pictured as in
52 where A was an electron-poor pyridine or quinoline
ring and D was an electron-rich benzene or naphthalene
ring. They stated that the main binding could be

charge—transfer complexing of A and D to the enzyme,
augmented by hydrophobic bonding of the nonpolar
donor (D) ring. Such an argument has the drawback
that charge—transfer complexing to an enzyme will
have less than 1 kecal/mole of energy for each inter-
action,'® whereas hydrophobic bonding by a benzene

Acetylcholinesterase®

In. @ Inhib, % Is.¢
uM (S /1 ]0.5° uM inhibn uM {S/Ilo.s
470 2.1 1259 0 >500 <2
1800¢ 0.65 2500 15 >1000 <1
>4000 <0.25 5000 0 >2000 <0.5
2000 0.50
430 2.3

i Prepared by method A in 239, yield, mp 80-82°; mp 80-81° has been recorded by L. Horner, H. Hoffmann,

TasLE IIT
COMPARISON OF SUBSTITUENT EFFECTS ON INHIBITION
OF CHOLINE ACETYLTRANSFERASE BY 4-STILBAZOLE
AND ITs METHIODIDE

@—CH=CH—©N-RX

RI
Lso. Increment

No. R/ RX uM by R/ pKa

1o H Base 470 5.6¢f

1® H Base 600 5.7°
47¢ H CHsI 15

59 4-Cl Base 170 2.8 5.8¢
48 4-Cl CHsI 7 2.1

62 4-Me Base 55 8.6 5,5¢
49° 4-Me CHsI 20 0.75
11 3-Cl Base 7.8 60 5.6¢
500 3-Cl CHal 2.3 6.5
232 3,4-Cl, Base 1.1 430 5.5¢
51¢ 3,4-Cly CH:I 3.7 4.1

24 2,3-Benzo Base 25 24 5.5¢

3¢ 2,3-Benzo CHsI 0.47 32
12e 3-Me Base 12 39
13 3-OCHs Base 13 36 5.8
24s 3,4-Benzo Base 52 9.0 5.8¢

@ Data from Table I. ¢ Data from J. C. Smith, C. J. Cavallito,
and F. F. Foldes, Biochem. Pharmacol., 16, 2438 (1967). ¢ Data
from C. J. Cavallito, H. 8. Yun, T. Kaplan, J. C. Smith, and
F. F. Foldes, J. Med. Chem., 13, 221 (1970). ¢ Data from C. J.
Cavallito, H. 8. Yun, J. C. Smith, and F. F. Foldes, ibid., 12, 134
(1969). ¢ Determined by pH of half neutralized 0.1 mM soln in
109, DMSO. / 2- and 3-stilbazole had pK. 5.9 and 5.1, respec-
tively; pyridine has pK, = 35.2. ¢ Data from H. L. White and
C. J. Cavallito, Biochim. Biophys. Acta, 206, 242 (1970).

ring could have as much as 6 kcal/mole of binding
energy;!® therefore the charge-transfer characteristics
of the two rings 52 could only aceount for a minor con-
tribution to binding to the enzyme.

At this point another paper by Cavallito, et al.,??
appeared where Hiickel MO and Hansch #—o calcula-
tions'” were made to try to gain further insight into
the mode of binding of the quaternarized styryl pyri-
dines to choline acetyltransferase. Their conclusions
were then modified. It was proposed that these com-
pounds were complexed to the enzyme by hydrophobie
and electron-donor contributions of the aryl moiety
and electron-aceeptor interaction of the pyridinium
moiety; no specific binding contribution could be as-
cribed to the vinyl bridge other than transmission of
electrons between the two rings and facilitation of co-

(22) R. C. Allen, G. L. Carlson, and C. J. Cavallito. J. Med. Chem., 18,
909 (1970).
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planarity of the inhibitor. We have already shown
that the transmission of electrons from one ring to the
other is of little consequence (see discussion of Table
II1). Although Cavallito, et al.,®® did show that the
ethylenic bridge was essential for binding by styrylpyri-
dines, they did not show that the ethylenic bridge was
essential for binding of the quaternized derivatives.
Therefore, 46 was prepared for assay (Table IT). A
large loss in binding occurred compared to 12 and 50
(Table IIT). It seems unlikely that the difference in

Oty

- CH,

CH,
46

ground-state conformation between 4-stilbazole and
4-phenethylpyridine could account for this large loss in
binding; probably less than 1 keal/mole of energy would
be required to move the two rings of 46 from parallel
planes to the coplanarity of a 4-stilbazole such as 52.
Therefore the vinyl bridge is most probably involved in
direct binding to the enzyme.

A number of possibilities for direct binding of the
vinyl bridge are feasible such as direct = bonding or by
partial polarization of vinyl group with a partial minus
charge on the pyridine side and partial plus charge on
the benzene side of the vinyl bridge. TFurther studies
are underway to distinguish between the possible modes
of binding of the styryl moiety of 4-stilbazole to choline
acetvitransferase.

Of considerable practical importance is the emergence
from this current study of several potent inhibitors of
choline acetyltransferase that are nonquaternized and
should therefore be able to pass the blood-brain bar-
rier and other membranes; these are the 3’,4'-Cl, (23),
3'-ClL (11), 3’-OCH,; (18), und 3’-CHj; (12) derivatives of
4-stilbazole which bind to the enzyvme 910-, 130-, 77-, and
83-fold better than the substrate, choline (Table I).
Tfurthermore these compounds are poor inhibitors of
AChE, thus showing good selectivity between these
two enzymes in the nerve ending.

Chemistry.—Three general methods for synthesis
of the 4-stilbazole derivatives (55) in Table IV were
employed. Two of these methods involved the Wittig

N©>CHO + (C.H;)P*CHArX" bBN
53 54

55
NaOM%‘ \ACZO

HCEN O)CHZP+(C6H5)3~CI_ + ArCHO NO}CHB + ArCHO

56 57 58 57

reagents 54 or 56;2° the choice of method depended
primarily upon the relative availability of the arylalde-

(23) B. R. Baker and M. H. Doll, submitted for publication, paper 183 of
thiis series.

BaxER anD GIBSON

hyde (57) or benzyl halide precursor to 54. The Wittig
reaction usually gave a mixture of ¢is- and trans-stilba-
zoles (55) which were separated. The trais-stilbazole
of a pair was identified by its uv absorption; the ratio
of the height of the long wavelength peak (~310 mgu)
to the height of the short wavelength (~220 myu) is
greater than one in the trans isomer and less than one
in the cis isomer. **

Experimental Section

Melting points were taken in capillary tubes o » Mel-Temp
block and are uncorrected. Each analytical sample had an ir
spectrum compatible with its structure and moved as one spot
on tle on Brinkmann silica gel GF with EtOAc. All anal,
samples gave combustion values for C, H, or C, H, and N within
0.49 of theoretical.

3-Chlorobenzyltriphenylphosphonium Chloride (60).—A mixt
of 11.97 g (74.8 mmoles) of «,m-dichlorotoluene, 19.6 g (74.8
nimoles) of triphenylphosphite, and 100 ml of xyleite were re-
fluxed for 15 hr. The mixt was cooled and the white crystals
collected. Two recrystns from EtOH-petr ether (bp 65-110°)

gave the anal. sample; yield, 23.0 g (72%7), mp 326-328°. Anal.
(Ce:HuCLP) C, H.
3'-Chloro-4-stilbazole (11) Hydrochloride. Method A.—A

mixt of 3.0 g (27 mmoles) of 4-pyridinecarboxaldehyde, 11.4 g
(27 nimoles) of 3-chlorobettzyltriphenylphosphouium chloride,
and 1.67 g (30 mnmoles) of NaO\e in 100 ml of MeOH wax stirred
at room tentp for 20 hr. The mixt was poured into 100 ml of 4 N
HCL.  The acidie solit was washed with three 50-ml portions of
CHs and basified with 5097 NaOH and the product extd with
three 50-ml portious of CsHg. The CeHe layer was washed with
three 50-ml portions of HyO and dried (Na,SO.) aid the solvent
wag removed (n vacwo. The crude oil was dissolved in 100 nl of
Et,0 and the product was pptd with dry HCl gas. The IICl salt.
was collected by filtration and recrystd from EtOH-petr ether
{(bp 65-110°). For additional data see Table I'V.

Crystalline free bases were recrystd from the appropriate s0l-
vent (see Table IV)., Oils were isolated as either the HCI salt
from Et,0 or the T<OH salt from Et,0.

2'-Methoxy-4-stilbazole (18) Picrate. Method B.—Ilo a
stirred solit of 3.15 g (7.4 mmoles) of 4-picolyltriphettylphos-
phonium chloride hydrochloride? and 1.0 g (7.4 numoles) of o-
anisaldehyde in 50 il of DMF was added 1.86 g (14.8 mmoles) of
1,s-diazabicyclo[4.3.0lnouenre (DBN). After 15 hr the ixt
was poured hitto 50 ml of H,O.  After acidification with 4 N HCl,
the extu procedure described it methiod A was followed. The
beuzeune was retnoved in vacuo. The residue was then taken
up in 25 nil of F{OH and added to 0.5 g (2.1 mmoles) of picric
actd i1 25 ml of EtOH. The salt was collected and two recrystits
from EtOH-H:O gave the anal. sample. See Table IV for addi-
tional data.

4'-Acetamido-4-stilbazole (9). Method C.—A mixt of 10 g
(61 mmoles) of 4-acetamidobenzaldehyde, 5.67 g (61 mnioles) of
4-picolitte, and 30 wml of Ac:0 was refluxed overnight. The
cooled mixt was poured into 100 rul of 2 N HCl and extd with two
50-ml portions of CeHes. The HCI layer was cooled and then
basified with 5067 NaOH. The crude product was collected by
filtration and recrystd twice from EtOH-H.0. See Table IV for
additional data. HCI and TsOH salts were prepared as de-
=cribed it method A.

4'-Amino-4-stilbazole (8).—A mixt of 4.0 g (16.8 mmoles) of 9,
300 ml of EtOH, 30 ml of couned HCl, and 50 utl of TI,O was
heated ott a steam bath for 2 hr, cooled, and basified with 509,
NaOTl. The yellow ppt was collected by filtration and recrystd
from EtOH. See Table I'V for additional data.

3'-Amino-4-stilbazole (14).—A mixt of 2.0 g (S.8 mmoles)
of 3/-1itro-4-stilbazole (16) and 50 mg of 109% Pd/C in 200 ml of
abs IStOT was shaken under 2-3 atm H, until the caled quantity
of T, was taken up. The filtered solu was evapd in vacuo.
Tle of the crude reduction product with n-BuOH-HOAc-H:0
(4:1:5) showed 3 spots. The anal. sample was obtained by 2
recrystus from tOH-H;0. The uv spectrum in MeOH showed
a peak at 310 my characteristic of a 4-stilbazole. See Table IV
for additional data.

(24) G. Cauzzo, G. Galiazzo, M. NMazzucato, and N, Mongiat, Tetra-
hedron, 22 (2). 689 (1966).
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TasLE IV
PHYsICAL PROPERTIES OF
1
RN
(O
R H
No. HX Method %, yield® Mp, °C Formula®
5 4-Cl TsOH A 11 267-2684
6 4-CH; Base A 64 150-151¢
7 4-OCH; Base C 17/ 134-136¢
8 4-NH, Base Exp 72k 279-281 dec CisHi2N,
9 4-NHAc Base Ci 31 218-219 Ci:HiN,O
10 4-NO, Base C 37 171-1727
11 3-Cl HCI Ak 62! 229-230 CisHicCIN -HCI
12 3-CH; TsOH Ac 18™ 201-202 CisHisN - C;H;0s8
13 3-OCH; Base C 217 61-63 Ci.HxNO
14 3-NH. Base Exp 4 191-192 CisHpNe
15 3-CN Base Ae 2i 148-149 CieH1oN»
16 3-NO, TsOH Ac 21¢ 151-152 Ci1sHiiN20: - C1H:0:8
17 2-Cl HCI A» 4,5¢ 227-230 dec CisHioCIN - HCI
18 2-OCHs Picrate B 17 168-170 Ci1:HisNO - CsH:N:Oy
22 2,4-Cl, Base Ar 10¢ 70-71 CuH,ClLN
23 3,4-Cl, TsOH A 6.3 267-268 CisHyCLN « CiHs048
24 3,4-Benzo Base C 4,748 162-163 CyHeN
25 3,4-Methylenedioxy Base C 35% 95-100 CuHuNO,
26 3,4,5-(0CHa)s Picrate B 4.7t 247-248 CiH 1N O;s - CeHaN;04
27 4-OCH.CH;, Base C 30e 150-151 CisHi:NO
28 4-OCH.C¢H; Base C 57¢ 184-185 CyHiyNO
29 4-O(CH.):CeH. TsOH Cv 7.8 194-195 CHyNO- C7H; 048
30 4-C,H; Base Cw 23¢ 96-97 CisHisN
31 4-CH,C¢H; Base Ce= 15¢ 105-106 CyxHuyN
32 4-CH=CH—C¢H; HCl Cv 8.3 265-266 CuHiyN-HCI
33 4-(CH,):Ce¢H, Base Ce 31% 127-130 CyuHuN
34 3-0C,H; TsOH Cv 7.47 158-159 CisHi:NO - C7H 058
35 3-0C;Hu-¢ HCl Cv 40h 193-194 CisHaNO-HCI
36 3-OCH,CsH; Base C 31e 78-81 CyHpNO
37 3-0(CH,):0C¢H; HCI Cv 50t 169-171 CpuHuNO,-HCI
38 3-CH,CeH; Base Ce 7.8¢ 91-92 CyoHpN
39 3-(CH,)C¢H; Basez.z Bae 14 51-54 CyuHuN
41 3-OCH;-3-CH; HCI A* 418 235-238 Ci:Hi:NO-HCI

@ Yield is of anal. pure material and is minimum.

starting Wittig reagent (54) see C. E. Griffin and M. Gordon, J. Organomet. Chem., 8 (5), 414 (1965).
lit. [A. R. Katritzky, D. J. Short, and A. S. Boulton, J. Chem. Soc., 1516 (1960)} mp 113°.
» Recrystd from EtOH.

¢ Reerystd from EtOH-petroleum ether (bp 65-110°).
° For starting Wittig reagent (54) see B. R. Baker and E. H. Erickson, J. Med. Chem., 12, 408 (1969).
starting Wittig reagent (54) see B. R. Baker, B. T. Ho, and G. J. Lourens, J. Pharm. Sci., 56, 737 (1967).
" For starting Wittig reagent (54) see W. P. Keaveney and D. J. Hennessey, J. Org. Chem., 27, 1057 (1962).
¢t Recrystd from hexane after chromatography on silica gel with PhH~hexane (1:4).
» Starting aldehyde (57) made by alkylation of the appropriate hydroxybenzaldehyde in DMF-K,COs
by the general method of B. R. Baker and E. H. Erickson, J. Med. Chem., 11, 245 (1968).
MgBr and (EtO);CH by the general method of M. H. Klouwen and H. Boelens, Recl. Trav. Chim. Pays-Bas, 79, 1022 (1960).
ing aldehyde made by method D. ¥ See Experimental Section for starting aldehyde.
Red-Al; see B. R. Baker and E. H. Erickson, J. Med. Chem., 12, 408 (1969).

fied, then converted into free base. ¢ Lit.¢ mp 135.5-136.5°.
172°. * See Experimental Section for Wittig reagent.
» Recrystd from EtOAc.

EtOH.
petr ether (bp 65-110°).
petroleum ether (bp 65-110°).

EtOH, gave the base on evapn. ® Recrystd from EtOH~CqHs.

4-(4-Phenylbutyl)benzaldehyde, Method D.—To a cooled
(5°) soln of 7.2 g (30 mmoles) of 1-(4-cyanophenyl)-4-phenyl-
butane® in 150 ml of PhH was added dropwise a soln of Na[Al-
(OCH.CH.OCH;):H,! (Red-Al) prepd by diln of 8.83 g of a 709,
soln in C¢Hg with 40 ml of C¢H;. The temp was maintained
below 10° during the addition. After 15 min, 50 ml of 4 ¥
HCl was added dropwise. The org layer was sepd and the acidic
layer extd with two 50-ml portions of CsHs. The combined C¢Hs,
exts were washed free of acid and dried (Na;S0;) and the solvent
was removed in vacuo. Tle of the crude oil showed one major
and two minor spots. One of the minor spots was identified as
starting material. Ir and nmr were consistent with the structure
of 4-(4-phenylbutyl)benzaldehyde. The crude prodact was
used without further purification.

(25) B. R. Baker and E. H. Erickson. J. Med. Chem., 12. 408 (1969).

¢ Anal. for C, H, N within 0.49, of theory where empirical formulas are given.

°For
4 Free base had mp 111-112°;

e Lit. mp 150-151°. / TsOH salt was puri-
¢ Recrystd from EtOH-H,O. 7 Lit.9 mp 171-
m Recrystd from H,0.
? For
¢ Recrystd from EtOAc—
s Recrystd from
» Recrystd from EtOAc—

» Starting aldehyde prepared from p-EtC¢H.-
* Start-
z Aldehyde prepd from m-C¢H;(CH,):CeH.CN by
e Isolated as picrate; treatment with Dowex (Cl™) in

3-Methoxy-5-methylbenzytriphenylphosphonium Bromide
(59).—A mixt of 10 g (73.5 mmoles) of 3,5-dimethylanisole, 13 g
(73.5 mmoles) of NBS, 500 mg of benzoyl peroxide, and 150 ml
of CCly was refluxed for 1 hr. The mixt was cooled and filtered.
The filtrate showed a single spot on tle which gave a positive test
for active halogen. The CCl; was removed in vacwo. To the
residue was added 150 ml of xylene and 19 g (72.5 mmoles) of
PhsP, then the soln was refluxed for 90 min. The product was
collected by filtration from the hot reaction mixt; two recrystns
from EtOH-H.0O gave white crystals suitable for further trans-
formation, yield 20.5 g (39%). An additional recrystn from
ItOH-H,0 gave the anal. sample, mp 277-277.5° dec. Anal.
(CszsBI‘OP) C, H.
4.Stilbenecarboxaldehyde.—To a mixt of 3.22 g (23.7 mmoles)
of 1,4-phthalaldehyde and 0.43 g (8§ mmoles) of NaOMe in 25 ml of
MeOH was added dropwise a soln of 3.1 g (7.9 mmoles) of benzyl-
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triphenylphosphouium chloride it 15 ml of MeOH. After 2 hy
of stirring at ambieut temp, the mixt was poured into 300 ml of
H,0. H.0 was decanted from the yvellow solid which was di-
gested in 100 ml of hot H,O.  After 2 digests, the yellow solid was
collected by filtration and recrystd from EtOH-H.0 to give 1.75
g (919) of light yellow needles, mp 115-116°; lit.» mp 116°,
prepd by an alternate route.

4-(3-Methylphenethyl)pyridine (45) p-Toluenesulfonate.—A
mixt of 2.0 g (10.3 mmoles) of 12 as the free base and 50 mg of
10¢ Pd/C was reduced as described for 14. After filtrationt of
the catalyst and evapn of the solveunt, 2.0 g (10.4 mmoles) of
TxOH in 100 ml of Et,0 was added to the residue. The salt
was collected and recrystd twice from EtOAc; yield, 3.46 ¢
(92%0), ip 112-113°.  Anal. (CaHuNOsS) C, H, N.

4-(3-Methylphenethyl)pyridinium Methiodide (46).—A mixt of
.14 g (31 mmoles) of 45 and 10 ml of Mel was heated ou a steam
bath for 30 sec whet it solidified. The solid was heated 5 min
more, than recrystd from Me,CO-petr ether (bp 65-110°)-
MeOH; yield, 8.37 g (819%), mp 166-167°. Anal. (Ci;:HsIN) C,
1, N.

Preparation of Enzyme and Assay Methods.—The enzyme
prepu was a modification of the method of Potter, e al.,’* used
for rat brainr. A mixt of 2.0 g of rabbit brain Me,CO powder and
40 ml of ice-cold 0.1 m} Versette was homogenized inn a pre-

t26) G. Drefahl and H. Luckert, J. Prakt. Chem., 9, 302 (1959).
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cooled head of a Waring blender for 2 min.  After the addition of
50 wl of 1 3 NH:OH and 0.45 nl of n-BuOH, the mixt was
blended an additional 30 sec. It was centrifuged at 20,000 rpin
for 20 min in a No. 40 rotor of a Spinco L centrifuge. Tle super-
natant was sepd and adjusted to pH 5 with 1 3 HHOAc (about 0.2
ml). The mixt was centrifuged at 20,000 rpnt for 15 min and the
supernatant rejected. The pellet was carefully rinsed with 5
ml of tce-cold H.O, then stirred for 20 min with 0.2 37 KCI at (°
for 15 min. The mixt was centrifuged at 20,000 rpu for 20 min.
The supernatattt (18 ml) was stored at 3°.  Chollue acetyltrans-
ferase activity gradually decreased, but was sutficiently active up
to storage for 1 month. The AChE activity was stable over sev-
eral months,

Cholinte acetyltransferase activity was measured by modifica-
tion of the method of McCaman annd Hunt; the assay was run
in the preseuce of 109z DMSO, and inthibitors were added in this
solventt, The assay mixt coutained 1 mM choline, 0.1 mM
eserinte, 0.1 M KCI, 0.025 M Tris buffer, and 0.1 m acetyl CoA
5 mCi/mmole). The final Reinecke salt in Me,CO was spotted
ot a glass filter paper, dried, and counted it PhMe coutaining
0.4 PPO and 0.01¢7 dimethyl POPOP.

ACHI activity was measured by modification of the tethod of
Potier;® the assay was ruu in the preseuce of 2,55, MeOEtOH
and inthibitors were dissolved in 239, MeOEtOH since 109
DMSO completely ithibited the reactiont. The assay coutained
1 mM ACh-Cl- (0.9 niCismmole), 0.05 M Tris buffer, and 0.02 3/
‘.\IgCh.

Inhibition of Phenethanolamine N-Methyl Transferase by Ring-Substituted
a=-Methylphenethylamines (Amphetamines)

Ray W. FrLLeRr,* Jack Minns, axp Max M. MarsH

The Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, Indiana

Recewed September 28, 1970

Phenethanolamine N-methyl transferase (PNMT) transfers a Me group from S-adenosylmethionine to phen-
ethylamines with an OH group 8 to the N. Phenethylamines (including a-methylphenethylamines) without

such a 8 substitution combine with and inhibit the enzyme.

Amphetamines with various aromatie substituents

were studied as inhibitors; there was greater than a 1000-fold range in their inhibitor potency. The inhibitor
activity of these compounds showed a correlation with the Hammett ¢ and = (a lipophilic parameter derived

from the partition coefficient) associated with the aromatic substituent.

inhibitors than ! izomers of amphetamines.

The d itomers were more active as

d-3,4-Dichloroamphetamine was the most active inhibitor in the

series and is the most potent inhibitor of PNMT reported to date; its inhibition was reversible and competitive.
Iunhibitors of PNMT that are effective tn vivo should be of pharmacological importance.

Phenethanolamine N-methyl transferase (PNMT)
transfers a Me group from S-adenosylmethionine to a
Me acceptor, which apparently has to be either a phen-
ethanolamine or a phenylethvlenediamine.!=3 The
physiologieal role of PNMT is to eonvert norepine-
phrine into epinephrine, primarily in the adrenal me-
dulla.*  Although the physiological effects of norepine-
phrine and epinephrine are qualitatively similar in
general, there are numerous differences in the responses
of various target organs to these two eatecholamines.>~’
Thus an inhibitor of PNMT which altered the ratio
of epinephrine:norepinephrine in the adrenal gland
ought to be an interesting pharmacological tool and at
least potentially useful as a drug. However, few stud-
ies on PN MT inhibitors have been published. PNNMT

(1) J. Axelrod. J. Biol. Chem., 287, 1657 (1962),

2) R, W. Fuller and J. M. Hunt, Biochem. Phurmacol., 14, 1896 (1963).

(3) R. W, Fuller, B. J. Warren, and B3. B. Molloy, Biochim. Biophys. Actu,
222, 210 (1970).

1) R.J. Wurtman and J. Axelrod, J. Biol. Chem., 241, 2301 {1966).

) G. B. West, J. Pharm. Pharmacol., T. 81 (1955).

6) J. A. Wilkens and N. Sapeika, J. dtheroscler. Res., 4. 346 (1964),

(7) M. W, Scott, D). H. Riddell, and S. K. Brockman, Surg. Gynecol.
Obatet., 120, 707 (1965).

is inhibited by sulthydryl binding agents.!®¢ Fuller
and Hunt? reported that some phenethylamines strue-
turally related to substrates but lacking the 3-OH esgen-
tial for substrate activity were inhibitory to PNMT.
Krakoff and Axelrod!® reported the inhibition of PNAMT
by several amines, among which the monoamine oxidase
inhibitor tranyleypromine was one of the most potent
inhibitors.

Both the reports by Fuller and Hunt and by Krakoff
and Axelrod showed that amphetamiue was a relatively
weak PNAMT inhibitor. We describe here the inhibi-
tion by a series of substituted amphetamines, the most
active of which represent the most potent PN MT inhibi-
tors reported up to this time.

Experimental Section

The enzyme prepn and the method of enzyme assay were as
reported previously.’*  An (NH):SOs fraction of the high-speed

(8) A. E. Kitabehi and R. II. Williams, Biochim. Biophys. Acta, 178, 181
(1969).

(9) R.J. Connett and N. Kirshiner, J. Biol. Chem., 348, 329 (1970).

(10) L. R. Krakoff and J. Axelrod, Biockem. Pharmacol., 16, 1384 11967).

‘11) R. W. Fuller and J. M. Hunt, Anal. Biochem.. 16, 349 (1966).



