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the I'y, and loss of tails in the Iy generation of Sprague-
Dawley strain rats.?

(londensation of 7-methoxy-8-tetralone with ethyl
cyanoacetate in the Guareschi reaction? gave II in
low yield (20-35%) and the ammonium salt of JI was
obtained only after the addition of a large excess of ether
to the reaction mixture, Attempted hydrolysis of 11
by the usual procedure, employing 60-709; sulfurc
acid, to the corresponding gemn-diacetic acid III gave
largely  decomposition and intractable tars. How-
ever, 1t was found that prolonged refluxing of the imide
[T with a large excess of concentrated hydrochlorie
actd smoothly hyvdrolyzed II to III in fair yield. The
desired  gem-diacetic acid 111 was converted to the
corresponding  anhiydride IV, which was  obtained
ax o glass: without further purification I'V was con-
verted divectly to the imide V. The imide V was 1s0-
lated 1o pure state by vacuum distillation,  Reduction
of V with lithium aluminum hydride in the usual manner
gave the desired base VI which was solated as the di-
hvdrochloride.,

A compartson of the two compounds for inhibitory
offoets (EDj, it wg ml) on the growth of IxB cells n
culture gnve the following results: T, <1.0. 2.8, <1.0,
0.63: VI. 2.5, 2.6, The inhibitory cffects on the
growtl of thix cell line were of the same order of magni-
tude. although T seems to be the more potent. The 7-
methoxytetraline analog (VI) of T 1= at present under-
gonlg test= to determine its effects, if any, on the fer-
tility and offspring of Sprague-Dawley rats.  Thesc
results will be published later.

Experimental Section

Flemcntal microanalyzes were performed hy  Schwarzkopr
Micronnalyieal Laboratory, Woodside 77, N Y., and the Micro-
sialytical Laboratory of the National Tustitntes of Heahlw
All welting pointx were determined o o Thomas-Hoover eapil-
larv-type nielting point apparati= aud arve corrected.

3,4-Dihydro-7-methoxynaphthalenespiro-2(1H ),4 '-piperidine-
3',5'-dleyano-2',6 '-dione {II).—A =olution of 125 g (1.68 male)
of T-methoxy-g-tetralone, of Q6.5¢, purity by o vapor phasc
cliromatogrant, in 160 g of ethyl evanoncetate was prepared and
cooled to 0% Thix solntion was mixed with 450 ml of ab=olute
aleohol that had previonsly been =uturated with anhydrous NH;
at 0% After the mixture had been allowed to stand in the
refrigerator for 3 week= av 5%, 1t wux diluted with 1500 ml of
anhyvdrons ether aud allowed v =tand an additional 2 days,
The precipitate was filtered, washed with anhydrons ether, aind
dried. 1t was diz=olved in Dboiling water approximmely 5 1o,
filtered, and ucidified with 400 ml »f concentrated HCL The
mixture was placed v the refrigeratne overnight and the precipi-
tate was filtered, washed with water, and dried at 90° for =everal
davs. Tt weighed 41.5 g 12077« Recery=tallization from ethy!
neetate gave analyries] material, mp H=234.5°,

dpat, Caled for CpHNGO, CO 66,00 H, 48300 N B3O
Fonnd: €, 66.26: 11, 4403 N, LioN.

7-Methoxytetralin-2,2-diacetic Acid (III).--The tmide 1I
(25w, OIS mole) was vefluxed in o 51 flask with 1500 ml of
coveentiated HCT for 52 hr,  After 36-40 hr of refluxing the
imide ind all dixzolved and o clear =olution was obtained.  On
eooling, » first evop of 11 g wos obtained.  The filtrate wax con-
centrated o 40t ml ond, on cooling, vielded an additional crop
of 4 2. Both crops melted at 198-201°. The combiuned crops=
D g, 609 were dissolved in KHCOy =olution, decolorized
three tines with carbon and acidified with 10¢; HCL  The
produrt (13 2 mebted ar 208-202°, unchanged on reerystalliza-
thm from water.

5 CL 1L Cesehiekber, 8ty Annnal Clhinieal Conference on Cancer, 1Uni-
versi(y of Texas, M. ). Anderson Huspital and Tumor Institnte, Honston,
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dagl, Caled for G005 Fonnd: .
64.71: 11, 6.43.
Examination of the infrared xpectrnu showed e OI absorp-
tion aud indicaied that the methoxyl group wax ntact.
3,4-Dihydro-7-methoxynaphthalenespiro-2(1H ),4 '-piperi-
dine-2’,6’-dione-1’-(3-dimethylaminopropyl) (V).—The diacetic
acld TIT (11 g, (L04 mole) was refluxed for 5 nin with 25 ml of
acetic anhydride. The acetic anhydride was <tripped off /o
vacto and the ¢rude anhydride cooled. 1t became a1 viseons
glas<y material. J-Dimethylaninopropylamine (5 g) wix added
and the mixture refluxed until a clear melt was obtained. The
melt was hented ar 180° for 1 ohre and vacunm distilled. The
produet was obtained as a glass, hp 226-233° 0.1 mm) (7 2.
5147 Y hased on the diaeid TT1.
Anat. Caled for CwHaNaOy: O, 69274 110 8019 N S B
Found: €, 69.52; 11, 8.47; N, .
The imide methiodide was formed in alcoliol and mdlted @i
200-208°, and at 211-213° after recrvstallization from aleohol.
dnad. Caled for Cyll,INOy: 1, 26,000 Found: 1 26,3,
3,4-Dihydro-7-methoxynaphthalenespiro-2(1H ),4 -piperidine-
1'-(3-dimethylaminepropyl) Dihydrochloride (V1).-—The imide
V(3 g 0,014 mole), dissolved in 0 ml of tetrahydrofuran (THF 2,
wis added iy n solution of 3 g of LiAIH, in 250 ml of THEF and
stirred and retluxed 6 bl After decomposition with water.
filtering, aud =iripping the =olveut, 1t was apparent that part
of the produet was conained in the ivorganie eake.  The eoke
wits extridetod twice with boiling ethyl neetate.  These oxtriaers
and the orginal filirate were rombined and dried (Nau=O),
Abhter filtering the NawSOy, the sddition of aleoholic HCT precipi-
tied e produet o g 71O mp 205-279°, Two reervealliza-
tons from ethapal-methanol-cther raized the meling pane oo
I84-2877 dee.
ool Caled for CollCLNGO: CothoR: 11, 8500 CL sy
Nl Pomd: Coab460 T s CLOESE9 N 7030

C. 64.74; TI, 6.5,
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The inhibition of specifie histidine deearboxyluse.®
or other less specific enzymes which decarboxylate
histidine ax a source of ntracellular histamine®-=* has
long been regarded us a potentially favorable alterna-
tive to the therapeutic competition with histauumne by
listanune antinietabolites,  Among inhibitors of spe-
cifie histidine decarboxylase, which have been found ot
particular interest, are e-hydrazinohistidine.? 4-bromo-
3-hydroxybenzyloxyamine? and  e-methylhistidine.
It had previously been observed, in other pharmaco-
dynamic tvpes. that replacement of a nietabolically

i1f a) Supported sn par( w Granr GM-01-001882 from (he Insoine of
Cieneral Melivine, National Insbtntes »f Health, U. 2. Dnblie Meal(c
Service, (L Thy Dont Teaching Fellnw, 1963-1964; NANA trainec, 1055~
1966.

i21 R..L Levine, T. L. Som, and A, Sjoerdsing, Biockem. 'haemacol.. 14,
139 (19857,

3y R. W. Scehayer, J. Bid, Chem,, 199, 245 (1952).

(41 L. Kameswaran and G. 3. West, [ntern. drch. Allevgy A ppl. Intnovant.,
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169, 467 (196%).
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blocking methyl group by eyclopropyl™® or ethynyl®
groups alters the biochemical profile of the o-methyl-
substituted compound in an interesting manner, and
therefore the synthesis and evaluation of l-amino-2-
(4-imidazolyl)cyelopropanecarboxylic acid (I) was un-
dertaken.

An attractive pathway to I appeared in the addition
of diazomethane to 4-[(1-acetyl-4-imidazolyl)methy!-
ene]-2-phenyl-2-oxazolin-3-one (II) followed by hy-
drolytic cleavage of the oxazolone ring. The choice
of this route was justified by the findings of Awad,
et al.,'* and of Mustafa, ef al.,'! that carbon-to-carbon
double bonds exocyclic to certain hetero rings, including
oxazolones, react with diazomethane to give cyclo-
propane derivatives. Moreover, Awad, ef al.,'® had
cleaved the azlactone, 1,5-diphenyl-6-oxa-4-azaspiro-
[2.4]hept-4-en-7-one, to 1-benzamido-2-phenyleyclo-
propanecarboxylic acid, and it appeared probable
that the N-benzoyl group could be hydrolyzed under
conditions which would not affect the cyclopropane
ring. However, the formation of the spirooxazolone
structures was by no means a foregone conclusion.
In one case, .e., +-ethylidene-2-phenyl-2-oxazolin-5-one,
C-alkylation with resulting methylene insertion had
been observed.!' The considerable variation of strue-
tures around the reactive double bond did not permit
elaboration of rules as to when one of these two types
of reaction with diazomethane would be favored.

Compound II was treated with diazomethane in
chloroform-ether and a colorless spirooxazolone (III)
was obtained. the structure of which was verified by
its analysis and spectra (see Scheme I). In addition
to III, an equal amount of a yellow compound was ob-
tained to which structure I'V was assigned based on its
spectral properties (see Experimental Section). The
analogous case of the 4-ethylideneoxazolone mentioned
above!! exhibited a similar methylene insertion.
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Acid hydrolysis of 111 led directly to I. The struc-
ture of I was supported by its analytical and spectral
data, particularly its nmr spectrum which is in agree-

(7) C. L. Zirkle, C. Kaiser, D. H. Tedeschi, R. E. Tedeschi, and A,
Burger, J. Med. Phurm. Chem.. B, 1265 (1962).

(8) C. Kaiser and C. L. Zirkle, Belgian Patent 648,020 (1964): Chem.
Abstr., 63, 14979 (1965).

(9) A. Burger, & E. Zimmerman, and E. J. Ariéns, J. Med. Chem., 9, 469
(1966).

(10} W. I. Awad, A. K. Fateen, and M. A. Zayed, Tetrakedron, 20, 891
(1964).

(11) A. Mustafa, W, Asker, A, H. Harhash, and A. M. Fleifel, ¢bid., 21,
2215 (1963).
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ment with three-membered ring systems,!® revealing
an ABX pattern in the region 2.0-3.5 ppm, with the
observed constants Jax = Jax = 9 cps and Jap =
7.5 cps. The stereochemistry of I has not been de-
termined in the absence of a second isomer which would
serve for comparison.!?

Compound I, as the dihydrochloride, was assayed by
Professor Victor H. Cohn for its ability to inhibit the
activity of fetal rat liver histidine decarboxylase by
the general procedure of Burckhalter,!? except that histi-
dine-'*COOH was used as a substrate and the evolution
of *CO, was measured. At 10—% A/, I inhibited the
enzyme approximately 309,. This compares with an
inhibition of approximately 509 by 10~% M 4-bromo-3-
hydroxybenzyloxyamine dihydrogen phosphate.2 The
amino acid I did not inhibit imidazole N-methyltrans-
ferase,

Experimental Section

Melting points were taken 1 a capillary melting point appara-
tus preheated to about 15° below the reported values and are cor-
rected. Infrared spectra were determined ou a Perkin-Elmer
Model 337 spectrophotometer as KBr pellets. TUltraviolet
spectra were recorded on a Beckman DU spectrophotometer.
Nmr spectra were run with a Varian A-60 spectrometer and are
reported as parts per million units downfield from tetramethyl-
silane nsed as an internal standard unless indicated otherwise.
Analyses were performed by Galbraith Laboratories, Inec.,
Knoxville, Tenn.

4-{(1-Acetyl-4-imidazolyl )methylene]-2-phenyl-2-0xazolin-5-
one (II), prepared by the method of Pymai, !¢ had mp 188-190°
(lit."* mp 191°); infrared, 1790, 1770, 1760, and 1740 (vc=o
oxazolone and N-acetyl), 1660 ecm~! (voc=x oxazolone); ultra-
violet (CHoCl), 392 mp (£ 20,900), 374 (28,700), 359 (sh) (23,300),
271 (17,700), and 247 (sh) (11,400); nmr (CF;CO:H), §9.50 (1 H,
doublet, J = 2 cps, imidazole H), 8.40 (1 H, doublet, J = 2 eps,
imidazole H), 7.85 (6 H, multiplet), 2.90 (3 H, singlet, NCOCHj).

Addition of Diazomethane to II.—A solution of 25.7 g (0.0915
mole) of IT in 2 1. of chloroform was treated with a dry solution
of diazomethane i1 2.5 1. of ether prepared from 48 g (0.466 mole)
of N-nitroso-N-methylurea. The mixture was stirred for 4 hr
at room temperature and filtered to yield 5.26 g (199) of 4-
[1-(1-acetyl-4-imidazolyl)ethylidene]-2-phenyl-2-oxazolin - 5 - one
(IV), mp 223-228°. An analytical sample prepared by recrystal-
lization from ethyl acetate consisted of yellow cryvstals: mp
230-232°; infrared, 1785 (vc=0 oxazolone), 1730 (vc=0 N-acetyl),
1635 cm ™! (vo=x oxazolone); ultraviolet (CH:Cly), 392 mu (sh)
(e 17,800), 375 (25,200), 359 (sh) (21,900), 272 (19,900), 247
(sh) (11,700); nmr (CF;CO:H), § 9.60 (1 H, doublet, J = 2 cps,
imidazole H), 8.46 (1 H, doublet, J = 2 cps, imidazole H), 7.85
(5 H, multiplet), 2.77 (3 H, singlet, CH3), 2.60 (3 H, singlet,
CHj).

Anal.  Caled for CigHisN3;03:  C, 65.08; H, 4.44; N, 14.23.
Found: C, 64.82; H, 4.49; N, 14.34.

(12) The Erlenmeyer-Pléchl oxazolone synthesis usually yields only one
compound: in those cases in which hotli geometrical isomers have been
synthesized, the less stable isomer could be transformed into the more stable
one under mild conditions [H. E. Carter and W. C. Risser, J. Biol. Chem.,
139, 255 (1941); R. E. Buckles, R. Filler, and L. Hilfman, J. Org. Chem.,
17, 233 (1952); T. Kaneko, K. Oizumi, and H. Katsura, Nippon Kagaku
Zasshi, 79, 91 (1958); Chem. Abstr., 54, 5485k (1960): R. Filler, K. B.
Rao, and Y. S. Rao, J. Org. Chem., 27, 1110 (1962)]. The second governing
factor, the mechanism of the addition of diazomethane to the double bond
and the stereochemistry of cyclopropane formation, is equally uncertain.
The experiments of Awad. et al.,1 and of Mustafa, e al.,!! shed no light on
this question, although it has been suggested that pyrazolines are probable
intermediatesl® based on the isolation of such compounds when diazometh-
ane reacts with other ethylenic derivatives [W. I. Awad, S. M. Abdel, R.
Omran, and M. Sobhy, J. Org. Chem., 26, 4126 (1961)]. The formation of
the same cyclopropane derivative III (and of IV) in the presence or absence
of catalytic amounts of copper powder does not prove or disprove a carbene
mechanism. Indeed, the results of the latter experiment may point to the
operation of more than one mechanism (W. Kirmse, ‘‘Carbene Chemistry,**
Academic Press Inc., New York, N, Y., 1964, p 12).

(13) A. Burckhalter, Biochem. Pharmacol., 11, 315 (1962).

(14) F. L. Pyman, J. Chem. Soc., 109, 186 (1916).
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The filtrate from IV wax returued to the reaction flusk and
=tirred overnight (~12 hr) at 26°. The clear vellow =olution
wis concentrated /m racio to 125 ml aud cooled, and the cry=talx
were filtered and washed with ether to give 5.75 g (214} of
nearly colorless 1-{1-acetyl-4-imidazolyl)-5-phenyl-G-oxa-d-nzi-
spiro]2.4]hept-4-en-r-one (IIT), mp 167-1068°. teerystalliza-
tion from ethyl acetate gave colorless material:  mp 170.5-171°:
irared, 1813 {ve=n oxazolonej 1735 (ve=o N-acetyl), 1645
(7Y {pe=y oxazolone): ultraviolet (C1L.Clay, 203 mp e IS 100G
nmr (CFCO.I15 6 9.48 (1 1, donblet, J = 2 ¢p~, imidazole 11
S 6 11, multiplet, imidazole 1 and phenyl 11y 3.25 1 11
maltiplet, exclopropane I1), 2.75 (5 11, singlet superimposced on o
multipler, NCOCH, and eyclopropane CH.L

AlHll{. (‘.‘11(‘(1 for (\Jf,;gN;();,: (‘, 65‘1)‘\'1 ”. 444
C, 0656 11, 4.4,

1-Benzamido-2-(4-imidazolylcyclopropanecarboxylic acid
wox obtained by alkaline hydreolysix of the azlactone TIL A
mixture of 1355 g (4.6 mnoles) of ITI1 and 0.64 ¢ 16 mmeles) of
NiCOy 1 10 ml of water wax heated on a steqmn bath nntil o
clear solution vesulted (~15 min).  The hot =olution wax tremnted
with activined charcoal (Darco), filtered, and nentralized 1)
pH 35 by dropwise addition of glacial acetic aeid. On enoling
01 4° for 48 hr and filtering, (0.5 g (40, 1 of prodiet was obtained.
Leervetallization from HaO and deving vn racvo over Pof), gave
colotles= ervatals, mp 26:43-264°,

Al)lll/. (‘r:ll('d f(ll' (‘)z“(:y‘.\v:)():)f (‘. 1.4 11. 4,80,
¢, 61.82; 11, 290

1-Amino-2-(4-imidazolyl)cyclopropanecarboxylic Acid (I} Di-
hydrochloride.-—A xolution of 1.35 g of IIT i1 3D ml of 187
HCL wax refluxed for 12 hr.  Ou cooling 0.3 g of benzoic acid
(12 shown by its infrared =pectrnm and mixture melting point
sepuriated.  Thiz was removed by filtration aud the filtrate was
extracted with three 50-ml portions of benzene to vield an addi-
tional 0.15 g of benzole aeid (total SO,

The vellow agueons layer wax conceuntrated 1o dryness in rarno
and the residue dissolved i1 the minimunt amount of warm abxo-
lute methanol.  The yellow =olution was dilnted with anhydrons
acetone until it became turbid and then allowed to =tand at —17°
for 48 hr. The nearly colorless crystals were filtered, wu<hed
with acetone, and air dried to give 0.6 g (54%7) of 1. Careful
recrystallization from methanol-acetone gave cry=tulx of mp
102° after sintering and =oftening at 186°: umr (12,0), 8 (velative
to =odinm 3- (trimethylsilyl}-1-propanesulfonate ax internal =tand-
dard) 8.93 (1 H, singlet, imidazole H), 7.74 11 H, singlet, iniida-
zole H), 9.30 (1 T, tripler, X portion of ABX syxtem, Jax =
Jux = 9 cps, evelopropane T, 2.23 (2 H, eight-line multiplet.
AB portion of ABX svstemn, Jauy = 7.5 ¢px, evelopropane CH,).

Anal.  Caled for C:HiCLN;O: €, 35.02; H, 4,62, Found:
. 34.00, 35.10; H, 4.90, 4.75.

Foand:

Pornd:
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Our research? on those aspects of picrotoxinin’s
structure which are important to its activity as a com-
petitive antagonist at inhibitory synapses has made
necessary the synthesis of various model lactones.
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Bridged lactones, especially those with o degree of
mternal stran as 1= characteristic of pierotin and piera-
toxinin, are difficult to synthesize.  One recent and
reqsonably promising route to compounds ol the de-
<ired type mvolves the photolyvtic internal ehlorinting
ol N-chloro-N-acetylanides® and  N-chlorommides, t»
The products of thix reaction may be converted to
lactones by hvdroly=ix and cyelization,  To test apph-
cability of thix <cheme ta the production ol cogent
lactones we synthesized the nmides reported i Table
1. These compounds were prepared by conventinial
routes whiclt nwvolved either the neat reaction o a
<ultable cimde with excessacetylating agent® or nectvla-
tion of e aonide i pyridine solvent. The Tormer
procedure adways gave rise to varving quantities o
mtrile, ind reaction times in exeesx< of T 1o pave nitnle
ax nrjor product. Work currently in progress mdi-
cates mitrile formation to imvolve mtrunolecular olimo-
nation by the product imide and not dehvdratian of
the starting quide. The reaction 1= =trongly subjcect
ta sterie effects ind ix viewed as involving an enol-ypie
faur-centered transition state,

When the first four members of Table 1 were tested
for acute toxicity and general biological wetivity N-
acetyleyelobutanecurboxamide  wius found  to cxert
an unusunl sedative effeet. This depressant action
wax peculinr to the derivative of eyclobutunecarboxylhie
acid, adthough =cveral other imides i1 the series were
quite toxic, In view of this apparent sclectivity in
action the several other imides in Table T were prepared
and tested. In oaddition to 1 those showing central
depressant properties were 7 and 10-12, The only
compound derived from  cyclobutanecarboxylic acid
which did not show the effect was 5. This substanee is
also unique in having low toxicity, whereas the other
derivatives of eyclopropancearboxylic weid have LD,
vilues of 250 mg ke (8) and 350 mg kg (9).

The depressant effect produced by these compounds
was striking duc to the speed with which it developed.
Intraperitoncal doses of 300 mg, kg and higher ciusel
loxs of the righting reflex in from 30 to 60 sec.  Lawoer
dosex produced i hnuniediate and marked  lowering
of spontancous activity.  Preliminary pharmacody-
namic data for these =ubstances are given in Table 11
The LDy for ¢ach of these compounds is =o high tluu
doses of 1000 mg kg produced no deaths although the
totul period of depression tsudly excecded 10 Tir.

It i< well known that imides are hydrolyzed with
ense, I deading with the biological activity of =ueh
compounds it i important to know whether they are
serving only ns a pro-drug. To test this possibility
evelobutanecarboxnmide  and — evelobutanecrboxylic
seid, the hydrolysis products of dicvelobutanecubox-
imide, were evalusted for depressant properties.  The
amide was found to be netive. However, even at a
dose of 300 mg kg the los= of spontaneous activity
took 10 min to develop. lor this reason the rmte-
limiting step in the responsce of the rapidly acting com-
pounds 1s not associnted with hydroly=ix to the wmde.

i3t WL L Pethason and A Wambsgans, J. 1o Ol Soc. 86, 1648
14641,

A1 DL R Barten, 8 Lo 4 Terkuih, and AL Gossen, . Cleo, Sue,,
181 11905,

Ay AL Lo Theekwirn and LI Goodenely, Jliesteoicue J. Chepe, 18, 71T
VB

D D 1AL Darkes, ond .16 Polyo, Fee. Tear, Chine, T1, G705
1052,
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