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formula IT yield an excess of the (—)-(S)-enantiomer
of methyl p-tolyl sulfoxide. Having obtained an excess
of the latter from (+)-3-quinuclidinol,! it follows that
configuration IT where 8 = H, M = CH,N* and
I. = CH(CH,y), applies. In the RS nomenclature.
however, the snbstituent sequence in deereasing orvder

of priorities 1= HO, CH;N+CH(CH,), and H (IIl).
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Hence, (4)-3-¢quimuelidinol has the (S) configuration
and of the two enantiomerie 3-acetoxyquinuelidine
methiodides, that whiclh acts ax a substrate for AChE
and which iz the most active as a muscarinic agent!
has the (R) (—) configuration (III}). Thercfore, the
bridgehead carbon of the latter does not occupy «
position equivalent to that of the B-melhyl geoup of [
80 that one is here dealing with another case of apparent
meersion of optical specificity of the receplor and enzyme
binding sites”  The sterie relations are as shown in I
and IIT where the methyl group of the former assumes
an orientation very close to that i the eryvstal.®  The
refative orentations of the acetoxy and gnaternary
moieties in [ cannot be mamtained i (R)-(—)-8-
methylacetyleholine (the enantiomer of 1) owing to
prohibitive repulsions between the g-methyl and tri-
methylammonium gronps.

We wish to emphasize that eclipsed conformations
of this type were considered improbable! and at best
one might admit a skewed eonformation for the groups
concerned.! It can now be stuted with an inereased
degree of contidenee that sueh Ingh energy conforma-
tions appear not to be favored i the bonnd state
at the AChE and musecarinic receptor levels, We can
further conelide i the light of the present analvsis
that the musearinie agonist L-cis-2-methyl-4-dimethyl-
aminomethyl-1.3-dioxolane methiodide.” whose ervstal
structure has recently been analyzed.” probably assumes
conformation I'V at the reeeptor level.  This conforma-
tion is in fair agreement with the recent observations
of Garrison, ef al.,® on structure—activity relationships
among constrained analogs.

cof b Pelleaa vl L Paaanen, J. Ued, Chene, 6, 323 11003).

Ti ', Puoling aud T. 1. Peccleer, Chesn. Commur., 1258 (1969).

8) D, R. Garrison, M. May, M. ¥, Rilley, aud D, T, Triggle, J. Wed,
Chem.. 12, 130 (1969).
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Onr previous argnmments regarding the possible sta-
bilization of strained conformations by receptor pro-
teins! remain valid in principle, althongh our results
with the quineelidine analogs of [ give no evidence
that this is the case at the AChE and receptor levels,
bt ois sigmificant that the g-methyl gronp of T fails to
modify the biological activity of ACh only becanse
it cannot terfere with the chivality of the latter
n the bonud state.  In the (R)-(—) analog T, the
rigid ring system wonld simply serve to force the in-
aetive (f2)-(— )-g-methylacetyleholine pattern into the
proper chivality abont the acetoxy and the gnatemary
moieties  for produetive interaction with the ACh
binding sites. The present correet interpretation
strongly snpports conformation I for receptor and
enzyvie bound ACh (3-Me absent). A similar con-
formation has recently been proposed by Chothia®
on the basis of extrapolations from crystallographic
data.  However. dioxolane IV, the most active
mnscarinie agent known to date. was not disenssed
1 detail, and it i~ interesting to note that its ¢rystal
strnetire’ does not guite fit the sought-for general
patterns.”  The Xevay structure of IIT will be reported
i due eonrse by one of us (. P.).
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The munshroom Amanita muscaria contains a number
of biologically active componnds including a substance
whieh has central nervons system effects and produces
narcosis in flies,'  Thix snbstance s known as pan-
therine, pyroibotenic acid. agarin. und mn=eimol; the
latter is the preferred name.”  The isolation and eluci-
dation of the strneture of this material (I) has been
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NH.CH.

deseribed by four independent gronps of workers,* and
its svnthesis has been reported by Gagneux, et al.* In

(1) .M, Rugster, I, ifliger, R, Deass, . Givod, Helo, Chim. Acta, 41,
205, 583, 705 (1938); . F. Ylugster. Puld. Nolurforsch. Ges. Zurich, Dec 31,
1966; T. Wieland, Science. 159, 946 (1968).

(2) C.H.Euagsterand T. Takemoto, Helv. Chim. Acta., 80, 126 (1967).

13) 1a) M. Onda, 11. Fakushima, and M. Akagawa, Chem. Pharm.
Bull., 13, 751 (1964): (h) T. Takemoto, T. Nakajima, and T. Yokobe,
J. Pharm. Soe. Jap.. 84, 1232 (1964); «¢) C. H. Eugster, G. F. R. Muller,
sl R Good, Pelrahelion LA, 23, 1813 (19533 D K. Bowlen aml AL €
Drysidale, ibid.. 12, 727 (19

i4) A. R. Gagneax. V. Hifliger, (. M, Mugster, and R, Good, ibid., 35,
2077 (1963): see also Belzian Patent 656,754 (1964) and Netherlands Patent
6,414,138 (1963): Chem. Abstr., 68, 16356b (1963).




Noris

this communication we describe the synthesis of a
derivative of the “iso” analog IV and the synthesis
of the “‘aza’ analog X.

For the synthesis of “‘isomuscimol,” the reaction of
w-phthalimidoacetoacetic ester (II)5 with HONH,
was examined. This reaction would be expected to
proceed wia III, as shown, since only one reference is

0]

NCH,COCH.COOEt

0
II
NOH
RCH.CCH,COOE: — [ OH
T RCH, -0
v
0
R= N—
0

Lknown® i which an acetoacetic ester reacts with HO-
NH; to form the hydroxamic acid rather than the ox-
ime. If reaction were to proceed via the latter course,
the product would be the N-phthaloyl derivative of
muscimol.

The reaction of II with HONH, proved to be very
sensitive to reaction conditions, and gave a complex
mixture of products. When HONH,- HCI], NaOAc, and
AcOH were used, only tars were obtained; HONH,- HC1
and NaOAc in EtOH gave V and VI; on refluxing for
2 hr with HONH, -HCl in EtOH-H,0, the product
was largely VI. The reaction of IT with HONH, - HCI

NH:0H
11 ——— RCH;COCH; + RCH,C(=NOH)CH; + III + IV
\4 VI

in hot EtOH after 5 min gave mostly I11; the same solu-
tion on longer heating gave IV as the major product in
addition to small amounts of III, V, and VI. Com-
pound IV was best prepared from HONH, - HCl and
IT in EtOH at room temperature, or by treatment of
ITT with acid.

The structure assigned to IV is consistent with its
elemental analysis, with the fact that intermediates
IIT and VI can be isolated, and with the intense purple
F'eCls test it gives. Its sensitivity to nucleophilic
reagents (described below) is also consistent with the
structure, since IV in its tautomeric form (IVa) is, in

RCH.;—[I -0 ° RCHQ—EI 1|\1 o

! o)
H
IVa viI

fact, an O-acylhydroxylamine, and such compounds
are known to be highly reactive acylating agents.”
Finally, the isomeric substance, N-phthaloyl muscimol
(VII) was prepared and shown to be different from
IV. It does not give a color with FeCls.

15) S. Gabriel and J. Colinan, Ber., 42, 1243 (1909).

(6) A.R. Katrizky and S. @ksne. Proc. Chem. Soc., 387 (1961).

17) G. H. L. Nefkens and G. I. Tesser, J. Amer. Chem. Soc., 83, 1263
(1961): G.T. Young and B. O, Handford, British Patent 1,085,916 (1967).
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In an attempt to remove the phthaloyl group, IV
was heated with 1 equiv of hydrazine; the product was
IX the phthaloyl derivative of “azamuscimol.” This
product is consistent with a reaction in which highly
reactive IVa gives the intermediate VIII, which then
cyclizes to the pyrazole IX.

N.H,
Va —

NOH
[ " ; ] -NH,0H | | OH
RCH,CCH,CONHNH,] —— RCH; N’N
H
IX

Compound IX was also readily obtained by direct
reaction of II with 1 equiv of hydrazine hydrate in
EtOH. IX exists in a variety of tautomeric forms;
the form obtained varied with the solvent used for
recrystallization, but all had the same melting point.

Attempts to remove the phthaloyl group in IV by
heating with HCI led to complete decomposition; the
only products isolated were phthalic acid and NH,CI.
The phthaloyl group in IX was readily removed by
heating with hydrazine or with excess HCI, giving
azamuscimol (X).

N,;H, OH
X or HC1 I T|\I
- :N«
H

NH,CH;
X

The ease with which the phthaloyl group was re-
moved from IX is in marked contrast with the report
of Bradshaw, et al.,® who found that a phthaloyl group
could not be removed from the closely related compound,
2-phenyl-5-phthalimidomethylpyrrazolone.

Since the syntheses of muscimol described in the
literature* are lengthy, the use of II in a potential
2-step synthesis of muscimol was further investigated.
IT was converted in high yield into the ethylene ketal,
XI, using BF; etherate and ethylene glyeol in dioxane,
and into the thioketal, using BI; etherate and ethyvlene-
dithiol in CHCl;; other methods of preparing the ketals
failed.

The ketal XTI did not react with free HONH,. How-
ever, when NaOMe was added a rapid series of reac-
tions occurred. Shortly after all reagents were mixed
the solution gave a positive FeCl; test; several minutes
later the Na salt of N-hyvdroxyphthalimide precipitated
and the solution no longer gave a positive FeCl; test.
On work-up, the product isolated was the pyrrolidone
ketal XIV.

The probable sequence of reactions leading to XIV
is shown in Scheme I. Compound XII accounts for the
transient FeCl; test; 1t may be formed directly from
XT or, more likely, from an intermediate methyl phthal-
amate (this could account for the necessity of meth-
oxide). Ring closure then occurs liberating N-hydroxy-
phthalimide, which does not give a ¥FeCl; test, and the
ketal XIII which would spontaneously cyelize to
XIV.

None of the compounds IV, VII, IX| or X showed the
potent CNS depressant effects of muscimol, however,
ITI and X produced a significant lowering of blood

(8) J. Bradshaw, H. Stepben, and C. Weizinann, JJ. Chem. Soc., 803 (1915)
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pressure I the metacorticord rat preparation.’  Com-
pound X produced a lowering of the systolic blood
pressure of rats in which the control readings were 223
+ 10 mm/kg. There was a 37 and 19 mm drop 5 and
24 hr post drug administration of 48.6 mg/kg p.o. on
day 1, and a 49 and 39 mm drop post drug administra-
tion of 48.6 mg/kg p.o. on day 2. In a similar test
with ITI, using rats in which the control readings were
183 £ 15 mm/kg, there was a 15 mm drop 5 hir post
drug on day 1, and & 20 mm drop 5 hr post drug on
day 2 following administration of 80 mg/kg po. Nei-
ther of the compounds lowered blood pressure in the
neurogenic dogs!at. doses 1up to 10 mg/kg po.

Experimental Section!!

Ethyl 3-Oximino-4-phthalimidobutyrate (III).—A solution of
3.81 g of NH;OH - HCl in 20 ml of H.O was added to a suspension
of 15 g of 11511 135 ml of warm EtOH. The mixture was warmed
on a steam bath with agitation until dissolution was complete
(about 5 min). It was then chilled iinmediately in an ice bath,
and the erystalline starting material was removed by filtration.
The filtrate was diluted with 250 ml of H:O. On standing, the
product deposited. After washing with H,O and drying, 8.8 g
of erude III was obtained. Recrystallization from Cels gave
7.4 g of 111, mp 133-135°. Anal. (Ci.HuN,0;) C, H, N.

3-(Phthalimidomethyl)-5-hydroxyisoxazole (IV).? (a) From
II. A suspension of II% (5 g) and 1.27 g of NH,OH-HCl in 50 ml
of BtOH was stirred at 25° for 18 hr.  The mixture was filtered
und washed (H20, EtOH) to give 2.8 g of erude produet, mp 178~
183°.  Digestion with 80 m! of hot EtOH for 30 min gave 2.4 g
of IV, mip 187-190°.  Anal. (CiyHsN:0.)C, H, N.

(b) From III.—A solution containing 0.5 g of IIT and 1 ml of
sald EuO-HC in 25 ml of EtOH was stirred at 25° for 18 hr.

(9 ¥, Del Greco, F. Ohnstead, G, M. €, Masson, and A, €. Corcoran,
J. Eub, Clin. Med., 41, 729 (1953).

(10} K. 8. Grimson. 4rch. Surg., 43, 284 (1941).

¢11) All melting poiuts are corrected. Analyses were performed by the
Aunatydical Department of these laboratories. Where analyses are indicated
omrdy Uy =ymbols of the eleinents, analytical resalts obtained for titose ele-
penis were within £0.4% of the theoretical valaes.

(12) Compound IV was mentioned in an article by IS, Bowden, G. Crank,
and W, Ross, .J, Chem. Soc., 172 {1468) bat neitlier synthesis nor properties
were described.
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The precipitated product, 0.21 g, was izolated on dilution of the
reaction mixture with HQ. The melting point and ir spectrum
were identical with those of the niaterial obtained above.

Phthalimidoacetone (V) and Oxime (VI).—~To the ester 1l
(5 g, 0.017 mol) in 32 ml of EtOH wus added a solution of 2.3 g ol
NH:0H-HCLl and NaOAc in 7 ml of 110, avd the mixture was
lieated for 2 hr during which time the color tnurned red-brown.
Concentrated 11Cl (2.5 ml) was added and heating wus continued
for 0.5 hr. On eooling, light orange crystals precipitated and
were filtered, 2.5 g, mp 180-183.  After rvecrystullization there
was obtained 1.9 g of VI, mp 187-190°.  Anal. 1 Ca,N09 C,
11, N.

The filtrate Tvom the orange erystals was concentrated and
extracted with ITtOAce-CsHe.  Concentraiion gave an oil which
contiined a large amount of V, as shown by comparison of the ir
and tle with that of anthentic material.?

Reaction from Which III, IV, V, and VI Are Isolated. -\
solution of 1.5 g of NILOH-HCl in 30 ml of .0 was added 10 )
gol II; 27 ml of FtOH was added and the mixinre was heated
on a steam bath.  After 1.5 hr, a sample was removed which, on
cooling and dilating with H.O, gave o precipitate, np 108-140°,
eontaining 11T and IV {tde and ir).  Alter 2 hr, the solation wis
cooled, myd 3.5 g of TV precipitated, mp 145-153°, after recrystal-
hzation from EtOH, mp 188-190°. The filtrate from IV was
diluted with HoO aud extracted with CHCL;, giving 1 g of solid,
which was heated with Cglle.  The insolnble materind was filtered
aud recrysinliized from EtOAc 10 give 0.1 g of IV, mp 186-87°.
The filtrate was diluted with o large vol ol petrolemn ether avd
decanted fron the gum.  Concentration gave a solid which was re-
crystallized from PO 1o give V, tup 109-110° (it mp 12425
Anal. {CyHeNO) C I, N AlL compounds were identified by
comparison with samples prepared as described elsewhere (tle,
i, and mmp i

N«Phthaloylmuscimol (VII).-—Muscimol (1) .14 gy was
dissolved in 20 ml of H.O containing 2.9 g of N:a,CO;, then 2.2 ¢
ol N-carbethoxyphthalimide was added and the pll was adjusted
to 1.5 by the addition of dil HCL  After 1 I satd NaCl =olution
was atded and white solid 3-hydroxy-3-{ I-carboxybenzamide-
methybhisoxazole precipitated, 1.85 g, mp 192°, The melting
point was nnchauged after recrystallization from MeCN  (re-
solidifies then remelts at 225-230° dees. Anal. {CrILeN00 C,
11, N\.

The neid (V.1 g1 was suspended in PhMe 5 mly, Tdrop of BN
was dadded and the suspeusion was heated av retbix,  The sohd
slowly dissolved then o vew solid VII =eparated {70 wmg), mp
225-230° dee. 1t was rervystallized from K1OH, 40 mg, mp 232
235° Anal. (Cy:HsN:0)C, T, N

5-(Phthalimidomethy!)-2-hydroxypyrazole Dihydrochloride
IX). fa) From M. A suspension of 27.5 g (1.1 mol) of Tl
and 5.2 mbof 9700 Nally in 500 ml FtOH was stirred at 23° for 1S
hr.  After 2 hr everyvthing dissolved; after 4 hr prodiet begnn to
precipitate.  The resulting yellow solid was filtered and washed
with B0 to give 165 of IN, mp 293-295° dec. Concentration
ol the mother Hagnor gave an additional 3.6 ¢ of crude EX, mp
255-270°%0 Anal, (CITeN2Oyy C, T1, N

(b; From IV. ITlvdrazine 043 1wl of 33% solition) was
added 1o stu=pension of 1 g ol IV i a mixwure of 5 ml of IMOIL
and 5wl ol dixosne.  The solid soon transposed to a yellow =olid
After 4 dayvs this converted into o new white solid (0.5 ) whirh
was filtered.  This was recrystallized from DMSO-I10, mp 296*
dee, identical with the material deseribed above.

3-Hydroxy-5-aminomethylpyrazole Dihydrochloride (X’ a.—
INX (5 g)in 75l of 2097 HCI was heated at reflux for 3 . Afier
cooling the precipitated phthalic acld was reinoved and the
filtrote was concentrned.  The ervstalline residue was recrysist-
lized from MeOI-4-Pr.0O to give X-21CL 1.7 g, mp 240-2417,
Anal. (C4ITLCLNO) ¢ T, CL N

b.-—IX 6 ) sl |l of 8597 Nale i 60 mt of FLOTl wis
heated at veflux for 5 hr. The precipitate was filtered aud re-
dissolved in dilute HCL - The solution was concentrated and the
product isolated ax above, mp 240-241°,

Ethyl w-Phthalimidoacetoacetate Ethylene Ketal (X1). Dy
ethylene glycol (6.96 g, 0.112 im0l and 20 g of IT were dissolved i
dry dioxane avd 23.2 wl of BF~etherate was added.  After 3
days the solution was concentrated in vacuwo.  The resulting oil
was dissolved in CHoCly, washed with NaHCO; solution, dried, and
concentrated 1o give 27 ¢ of an ol which erystallized on stirrivg.
The nzterint could be purified by reervstallization from - PrO or
Ly distillation, bp 186-180¢ (0.5 1), vield 21 g, mp T+-75°.
Anal. (CsHisN D) C, 11, N
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Ethyl w-Phthalimidoocetoacetate Ethylene Thioketal.—Ester
II (5 g, 0.018 mol) and 2.7 g (0.028 mol) of ethanedithiol were
dissolved in CHCl; and 5.8 ml of BF;—etherate was added. The
solution was stirred 3 hr at 25°, then was washed with NaHCO,
solution, dried, and concentrated. After long standing it partly
crystallized from #-Pr.0, 8.1 g, mp 71-72°. Anal. (CieHiyNO.Ss)
C,H N, S.

Pyrrolidine-2,4-dione 4-Ethylene Ketal (XIV).—NaOMe (0.32
g, 0.006 mol) was added to a solution of 2 g of XT (0.006 mol) and
0.23 g (0.007 mol) of NH,OH in MeOH. The solution turned
pale yellow, then bright yellow, orange and, after 15 min, red.
Shortly afterwards a solid precipitated. After 16 hr, the solid
Nasalt of N-hydroxyphthalimide (0.6 g) was filtered, the filtrate
was diluted with a large volume of «-Pr.O and more Na salt (0.25
g) was removed. The filtrate was concentrated giving 1.5 g of
crude XIV, as an oil. This material slowly recrystallized and
was then sublimed in vacuo and recrystallized from ¢-Pr,0, to
give 0.7 g of XIV, mp 98-101°, The compound shows a typical
lactam absorption in the ir at 5.92 u.  Anal. (C:HyNO;) C, H, N.
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The potential usefulness of inhibitors of norepineph-
rine biosynthesis at the level of tyrosine hydroxylase
is widely recognized. Inhibitors of phenylalanine
hydroxylase offer a potential model for phenylketonuria.

1,2,3,4-Tetrahydronaphthyl-1-glycine hydrochloride
(3) was prepared by standard reactions as described in
the Experimental Section. 3-Nitro-4-aminophenylala~
nine (6) was prepared by standard reactions from p-

TH‘Z ON
(IIH-HCI HgN—O—CHZ(IZHNHZ
COOH COOH
3 6
. S
HN—O-CH.»?HNH)QHO O@—CHz(IZHNHg-HCI
COOH COOH
7 12

(1) (a) Supported by Fellowship 4.-F1-GM-18,614 and Grant AM-06480
from the National Institutes of Health, U. S. Public Health Service. (b)
Iu partial fulfilment of the requirements for the degree of Doctor of Philos-
ophy, University of Maryland, 1967, Present address: Merck, Sharp and
Dohme Research Laboratories, Division of Merck & Co., Inc., Rahway, N. J.
07065. (¢) Department of Chemistry, University of Northern Illinois,
Dekalb, IIl.  60115. (d) To whom inquiries should be addressed.
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nitrophenylalanine. Benzimidazole-5(6)-alanine dihy-
drochloride (7) was prepared by reduction of 6 and
cyclization of the resulting o-phenylenediamine by the
Phillips method.? The unstable intermediate o-phe-
nylenediamine analog was not isolated. 3,4-Ethylene-
dioxyphenylalanine hydrochloride was obtained by
the hydrogenation of the oxime formed from the reaction
of isopropyl nitrite with the condensation product of
3,4-ethylenedioxybenzyl chloride and sodium diethyl
malonate.

Biological Activity.—Bovine tyrosine hydroxylase was
prepared and purified by slightly modifying pre-
viously described methods.®# Tyrosine hydroxylase
inhibition was determined® using a concentration of
5 X 107% M v-tyrosine (see Table I).

Tapug I
Prr Cext InmBiTioN OF TYROSINE HYDROXYLASE®
Compd 1073 M 107« M 1078 M
3 33a 4
6 29 8
7 97 22
12 15 6

@ All values are the average of triplicate runs; iodotyrosine was
run as a standard in each run and consistently yielded inhibition
of approximately 509, at 10=* M and 109, at 5 X 1077 M.

Rat liver phenylalanine hydroxylase was prepared
by the method of Kaufman® through the first (NHy),-
S0, step and stored frozen in 200-ul fractions. Phe-
nylalanine hydroxylase inhibition was carried out as
described by Guroff and Abramowitz,” the tyrosine
produced being measured spectrophotofluorometri-
cally.? A K, of 21 X 10~* M for r-phenylalanine
was obtained by a Lineweaver-Burke® plot of this
enzyme preparation.

Compounds 3, 6, and 12 were tested at concentrations
up to 2 X 10—% J{ in a system containing 2 X 10~¢ M/
L-phenylalanine and no inhibition was noted. The
K; of 7 determined by the method of Lineweaver and
Burke, was found to be 2.1 X 10~* M and appeared
competitive,

Experimental Section®

1,2,3,4-Tetrahydronaphthyl-1-malonic acid (1) was obtained by
hydrolysis of ethyl 1,2,3,4-tetrahydronaphthyl-l-malonate;!!

(2) M. A. Phillips, J. Chem. Soc., 2393 (1928).

(3) T. Nagatsu, M, Levitt, and S. Udenfriend, J. Biol. Chem., 289, 2910
(1964).

(4) M. Ikeda, L. A, Fahien, and S. Udenfriend. ¢hid.. 241, 4452 (1966).

(5) 8. Udenfriend, P. Zoltaman-Nirenberg, and T. Nagatsu, Biochem.
Phrarmacol.. 14, 837 (1965).

(6) S. Kaufman, Methods Enzymol., 5, 809 (1962).

(7) G. Guroff and A, Abramowitz, Anal. Biochem., 19, 548 (1967).

(8) T.D, Waalkes and 8. Udenfriend, .J. Lab. Clin. Med., 80, 733 (1957).

(8) J. L. Webb, “Enzyme and Metabolic Inhibitors,”” Vol, 1, Academic
Press, New York, 1963, p 150.

(10) The melting points. all uncorrected, were determined on a Thomas.
Hoover melting point apparatus. Ir spectra were obtained on a Perkin-
Elmer Infracord, Model 137 and uv spectra on a Beckman DB spectro-
photometer., Where analyses are indicated only by symbols of elements,
analytical results obtained for those elements were within 0.4% of the theo-
retical values.

(11) Synthesized as described by M. Protiva, J. Jilek, F. Vejdelek, and P,
Finglova, Chem. Listy, 4T, 584 (1953).



