N4 B. Logv, In. Macxo, axv 1. M. ey

VT erystallized, mp 09° e mp 99°), vield 200 mg (24%,,
based on VIb), nel. (CoHuNOO C, 1, N.
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Clertain alkyvlarylmalonamates were found to possess sedwiive and tranguilizing activity in animals,

of synthesis, some chemical transformatios, and structare—activity relationships of these componnds are de-

scribed.
mate (1), is discnssed.

The pharmacology and metabolic fute ol the mo=t interesting coanpoand, vethyl ethylphenyvhnalona-
This compound shares many of the pharmacological properties of phenobarbital, mepr.-

bamate, and glutethimide, but does not possess barbiturate-like physinlogical dependeice capacity in barbital-die-

pendent dags.

When diethyvl ethylphenylmalonate was left in con-
tact with methanolic NH; for an extended period of
time, in addition to the anticipated diamide II, a small
quantity of the transesterified monoamide, methyl
ethylphenylmalonamate (I), was obtained and found to

(1T,
T NHy
( '51 ldG(COOCzl 15)3 —
CH;OH
(Tlal 15 (.r.BHIl
(
CH;OCOCCONHy + NH,COCCONH:
Cll CoHy
1 11

have an iuteresting profile of CN'S depressant activity in
animals. A more conveldent synthesis was then devel-
oped, and a number of related compounds were prepared
and tested in order to study the effeet of struetural
changes on the CNS activity,

Most of the compounds (Table 1) were prepared ria
the aevlal intermediates ITI, employing the route shown
w1 Scheme I The aeylals were generally erystalline sol-
ids, prepared in good vield by condensation of the ap-
propriately substituted malonie acid with acetone in the
prescence of acetic anhydride and sulfurie acid.! Reac-
tion of the aevlals with alkoxides gave the malonice
monoesters IV tertiry alkoxides did not veaet with the
acylals,

The half-esxters IV were converted to the aeid ehlo-
rides with SOCL and then to the amide by reaction with
aqueous NH; or amine.

Attempts to prepare ethyl phenylmalonamate by
thix route failed. Evidently the acylal formed a salt of
the enol form, for the acylal was recovered unchanged
after aqueous hydrolysis of the reaction mixture.

Another route to T eonsisted of converting the acylal
IT1 to the malonamic aeid V by reaetion with agueous
NH;: no renction ocenvred when ethereal or methanolic
NEHL wis nsed. Estenficdion of Vowith CHLN. pro-
ceeded smoothly 1o give 1.

Renetion of the malonamic sad Vowith acctone under
the conditions used for the preparation of the aevluls

11 P Sehwner amd 80 G, Coleenn, L oD Cheon, Soe., 80, Y33 (1038,

gave a nitrogen analog VIL This is the first example of
a 4.6-oxazinedione.

Another =vuthesi< of malonamates, particularly con-
venient for large-scule preparations, utihzes carbonation
of an appropriately substitited acetonitrile (Seheme 11).
Methyl diphenyhnalonamate was preparved by a =timilar
procedure exeept that the amon prepared from diphen-
vlacetonitrile wax diveetly converted to the esrer (VI
R = C¢H,) with methyl chlovoformate.

The enantiomers of T were obtained as follows. The
nitrile acid VII was resolved using quinine to give the
levo rotating acid.  Esterification gave the levo rotad-
ing ester VITIL, and hydvolysis gave the dextra rotating
product I. 1o the enriched filtrates, the dextro vo-
fating acid was isolated nsing 3-phenyl-2-propyliimine
and converted to I by the same vonte.  {The relation-
<hip between the sign of votation of the oplically aetive
izomers and the stretires arve indicated by The 4 and
— =vinbols m Scheme 110)

Some chemieal reactions of 1 ave illustrated inSehemne
I1I. Merhylethylphenyimalonamate reactswith chloral
to give a hemiacetal-type conden=ation product 1X.
Heating 1 with Pb(OAc¢); in MceOH gives a Hofmann-
type rearrangement? with formation of the carbamate
X. Il the lead tetraacetate reaction 1= carnied ont in
AcOH # the N-acetyvl derivative X1 of the rearranged
produet i obtamed.

Attempts to convert I o the N-aeetyl denvative by
refluxing with Ac.O), or to the thioamide by reaction
with TS5, led, i hotl cases, to the dehvdration product
methyl 2-phenyl-2-cvanobutyvate (VIID).

Structure-Activity Discussion.—-Iu general. the inalon-
amates have o profile of sedative and‘or tranquilizing
activity as determined by gross observations in the yat.
Some of the data «n biological activity of these com-
pounds are summarized in Table I. A more detailed
description of the activity of one of these compounds (1]
i< given further onin this paper.

Ioxamindion ol the data veveals that relatively minor
climnges in the stroeinee of the parvent eompound 1 xg-

v Ihueetiee of T Nenne A LG Beekwiohe s Hassawadi, woed LWL Red-
wieand, Tetrukvdrun Lelfers, 23U 106501

3y Procetre of 3 Avan aud AL Lo, Deckwidh, Chew, Campree., 1G]
L1DEAL
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TaBLE I
ProrERTIES OF MALoNAMIC ESTERS
R,
RsOCOlCCOX
R,
Overt
Yield,® effects? ED:o, mgikg po
Cowmpnl R R: Rs X % Mp. °C inrat Anti-met®  MES? Formulal
I Cell; Me Me NH, 50 95-96 300 NSAA 8 ChHiNO;
2(V) CesHs Et H NH, 37 118-120¢ >300 NSA NSAX
3D CeH; Et Me NH, 91 90-100.5 50 24 76 Ci.HisNO;
4 CesHa Et Me NHMe 60 f 300 NSA NSA Ci3Hi:NO;
5 CeH, Et Ale NMe, 70 51-32 300 NSA NSA CiaHisNO;
6 CeH: Et Et NH, 75 73749 50 52 35 Ci3HsNO;
7 CGH,] Et ~Pr NH: 50 111.5-114 300 NSA Lo C14H19NO3
8(VID) CeHs Et ~-C(CH;),NH~ ) 153~154 >300 NSA NSA CiHsNO;
9 CsH; Bu Me NH, 45 131-132 >300 NSA NSA C1sHisNO;
10 CsHj Cel; Me NH, 50 192-193 .5 >300 NSA NSA CisH 3NO;
11 (CH;),CHCH,CH, Et Me NH, 60 96-97 >300 NSA NSA CHuNO;
Meprobamate 125 47 120
Phenobarbital 50 33 24

* Based on III or immediate preciirsor.
zol-indiiced convulsions in rats.

cant activity at a dose of 50 mg/kg po.
dose of 100 mg/kg po.

ScaeEME I
SyYNTHESIS OF MALONAMATES via THY. AcYLAL RouTE

¥ OOH
! l\~C/L/OU acetone
yd N Ac,0
R, COOH .50,
0
R
R o CH, ‘
NaOR
>< == ROCOCCOOH
R, T© CH, b
O o
m v
(1) SOQY,
l NH,0H (2)NH,OE
CeH; R,
CH,N, 1
HOCOCCONH, —= ROCOCCONH,
C.H, R,
v
Ac,O
acetone HQSO‘
Q
CH, \_ CH;
CQHSO 11‘{1 CH,
\%i

nificantly decreases CNS depressant activity as mea-
sured by gross observation in the rodent. Substitution
on the amide N (4 and 5) was found to eliminate most
of the CNS depressant activity. Cousequently, sub-
sequent studies were done with unsubstituted amides.

The ethyl ester 6 at the ED;, dose produced only weak

» Minimum dose (mg/kg po) at which overt effects are produced.
4 Protection against maximal electroshock seizires in mice.
and L. Mariani [Helv. Chim. Acta, 42, 2370 (1959)] reported mp 112-113°.
i All compounds were analyzed for C, H, and N except 2, a known compound.

¢ Protection against metra-
¢ E. Testa, L. Fontanella, G. F. Cristiani,
/ Bp 122° (0.025 mm). ¢ Lit.emp 78-79°. * No signifi-
7 Active at a

Scueme 11
SyNTHESIS 0F MALONAMATES vig THE NITRILE RovTE

C.H, CiH;

CoH,CHCN —£—> HOCOC(CN)C,H,

VI, ()
lCHUNg
CH, CH,
(C4H,),CHON m CH,0COCCN —2%4, CH,0COCCONH,
R
+)

VIII. R=CH;, C;H;(—)

protection against the clomc convulsion induced by in-
travenously administered metrazol. Higher esters are
much less active and the free acid is inactive in our test
procedures. Activity for CNS depressant action re-
quired one aryl and alkyl group, since diaryl (10) or di-
alkyl (11) compounds produced little overt CNS de-
pressant activity in the rodent. There was little signif-
icant difference in the activity of d-, I-, or dl-L.

Pharmacology of Methyl Ethylphenylmalonamate
(I).—In animals methyl ethylphenylmalonamate (I, 3
in Table I) has sedative and tranquilizing activity.
It produces overt signs of CNS depression in all species
of animals tested, sharing many of the pharmacological
properties of phenobarbital, meprobamate, and glute-
thimide.

Methyl ethylphenylmalonamate, phenobarbital, and
glutethimide produce ataxia in the mouse at approx-
imately the same minimal dose levels of 50 mg/kg or-
ally. These studies showed that 1 differs from pheno-
barbital in that it exhibits a fuster onset of action, n
shorter duration of action, and s much less toxic in an-
imals. In addition, this agent does not produce the
marked degree of excitement, hypersensitivity, confus-
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TanvLe I

CoOMPARATIVE EFFECTS ON SPONTANEOTS MoToR Acriviry iy Mice

Doxe, R e
Lirng g kg o 0 O
Methyl ethylphenyl- 20 n T 1914
malonamate (I) a4 28 39
D 2 29
[l 20 a0
200 I nd
Phenobyurbited 20 i 14
30 4 il
(1010 S 142
Glntethimide: 25 13 1
S0 27 PR
1 o7 1 256
200 s 1 * 236

? NS = not significant. * = significant 1o P (0.05) or greater, !

entl groups of mice per various pretreatment times,

Semean TH
PEACTIONS OF MALON AMATES

CH, OH
CH,0COCCONHCHCCH,

C.H,

IX

C.H.
CCLCHO

CH,0COCNHCOOCH,

C.H,

FICOAC L, T
m X
CH- C.H.

PbtOAr).

CH.OCOCCONH, —

CH,OCOCNHCOCH,
CH. CH.

! N
C.H

CH.0COCCN

C.H,
Vit

lon, or increase iu spontaneous motor activity in mice
that is produced by phenobarbital or glutethimide.
Experiments were carried out using the measurement
of spontaneous motor activity in mice as an indicator of
the depressant action of compounds on the CNS.4  The
data in Table II show that I produces only decreased
motor activity after administration of 150 or 200 mg/kg
pu. It causes either very slight increases or decreases in
spotitaneous motor activity, depending on the time of
recording after drug treatment, at doses of 25, 50, or 100
mg/kg. The maximum increase in motor activity is
only 549, following a dose of 100 mg/kg. On the other
haud, phenobarbital causes an increase in motor ac-
tivity after administration of doses ranging from 25 to
100 g kg po. It should be further noted that a dose of
100 mg/kg of phenobarbital produces an increase in
spoitaneous motor activity of 1879, over the control

1y L. Cook, EF. Wenldley, R, W, Morews, and 1 AL Mawis, J. Fhorpo-
vol, Frpel. Thernp., 113, 11 (1955).

Av ¢ rhanyge relative 1o controls®
I'retreatuent thne, min®

titt 120 18 dn
[ S l
! 574 e Il
I
i NS Ns | Ns
24 114
1o sEp
TG 4 * TS INT IBRR
31 it
Tt .
1ox to# 1444
ineressed mor activicy, | = decres<ald notoraedvice, 7 Differ-

valites 3 o after treatment.  Glutethimide, a nonbarbi-
turate sedative, produces, like phenobarbital, a marked
lnerease in spontanieous motor activity. Doses of 100
and 200 mg/kg produce a maximum inerease of 2369
at a 30-min pretreatment time.  Methyl ethylphenyl-
malonamate has a depressant dose (DDgg) of 128 mg/kg
42-392 mg ‘kg) and w prostrating dose (PD;g) of 220
mg kg (186- 260 mg/kg). On the other hand, DD;y's
could not be caleulated for phenobarbital or glutethi-
mide using the dose vegimen shown in Table I since de-
creases il spolutuneous motor activity could be achieved
only at dosc levels which caused prostration in the mice.

The general profile of overt effects such as ataxia, de-
creased motor activity, hypotonia, and prostration seen
after treatment by I in animals resembles those seen with
clinically useful CNS depressants such as phenobarbital,
glutethimide, or meprobamate.  As shown in Table 1T,
methyl ethylphenylmalonamate produces a diphasic
effeet on motor activity, with relatively littie excitatory
action in animals at dose levels causing CNS depression
or ataxia.  In this respeet, I resembles the minor tran-
quilizer, meprobamate. In contrast, phenobarbital or
glutethimide cause excitement, restlessness, hypersen-
sitivity, and irritability prior to and in coujunction with
depression 1 amnals.

A good correlation has been demonstrated between
pentylenetetrazole antagonist activity in rats and minor
tranquilizing aetivity.®  In this test procedure in which
pentylenetetrazole 1= rapidly administered intrave-
nously to rats, I has an ED;g of 24 mg/kg (17--34 mg/kg)
orally in preventing 5 sec or more of uninterrupted
clonic zeizure activity. l'or comparison, meprobamate
has an EDjg of 47 mg kg (36-61 mg,/kg) in protecting
against intravenous pentylenetetrazole-induced cou-
vulsions.  Thus, in this experimental procedure, T ap-
pears to be approximately twice ax potent as meprob-
amate as 4 minor tranguilizer.

Many psyechotherapeutic drugs such as chlovpron-
azine, meprobamate, and phenobarbital have broad
spectrums of neurological activity (Table IIT).  Methyl
ethylphenylmalonamate is similar to phenobarbital or
meprobamate in its neurologieal profile, and these :ac-
tivities may indeed be important in the management ol
the less severe behavioral disorders. [ inhibits the con-

) 1A Pooo . A Viowlerwerf, soud D)1 Tedesebt, . Med, Cheme, 10,

2o L1BeTY
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TasLe I
OraL EDjy VaLUES 1IN SEVERAL PHARMACOLOGICAL THSTS
pm ——EDso, mg/ kg ———————
Methyl
etliviphenyl- Sodium
malonamate pheno-
T est, (1) harbital Meprobamaie
Pentylenetetrazole
antag (rat) 24 (17-34) 26 (18-38) 47 (36-61)
CAR-" (rat) 66 70 340
Fighting behavior
{monse) o (25-735) 44 (34-36) 84 (56-126)
Max electrnshock
(mouse) 76 (65-89) 24 (18-25) 132 (122-143)
Strychnine antag 135 (82-223) 111 (79-157) 300 (99-906)
(mouse)

o Estimated valnes,

ditioned avoidance response (CAR) in rats.* The in-
hibition of the CAR appears to be nonselective since
blockade of the conditioned response is accompanied by
a block of the unconditioned response. In mice this
compound also prevents the foot shock induced fighting
behavior,® prevents the convulsions produced after max-
imal electroshock? and subcutaneously adminstered
strychnine,® and potentiates hexobarbital sleeping time,

Methyl ethylphenylmalonamate is well tolerated by
the animals. Daily oral administration of 100 mg/kg
of the drug fails to produce cumulative toxic effects; re-
peated daily administration does not produce appreci-
able tolerance as determined by using the incidence and
duration of ataxia.

I does not influence autonomic standard test agents
when tested intravenously in the anesthetized dog (1—
20 mg/kg). It has no effect on mean arterial blood
pressure in the anesthetized dog in doses up to 10 mg/kg
1v. A dose of 20 mg/kg iv causes only a transient de-
pressor response, slight respiratory depression, and a
slight decrease in the heart rate. In the unanesthetized
dog, this compound fails to show any electrocardio-
graphic evidence of toxicity after acute doses of 100 mg/
kg orally.

The EDsy values for I, meprobamate, and phenobar-
bital in a number of pharmacological tests are presented
in Table III.

Since it 1s well known that phenobarbital is capable of
stimulating microsomal enzyme activity, I was eval-
uated for possible similar action. Groups of rats were
treated orally with doses of 100 mg/kg of phenobarbi-
tal, 100 mg/kg of barbital, or 150 mg/kg of I daily for
4 consecutive days. On day 4, hexobarbital was admin-
istered. Sleeping time was markedly reduced in those
rats which received phenobarbital or barbital. On the
other hand, sleeping times of the I-treated rats were es-
sentially the same as those of the control rats which re-
ceived hexobarbital alone. Thus I does not resemble
phenobarbital in its ability to stimulate microsomal
metabolism of hexabarbitol, as indicated by its lack of
effect on hexobarbital sleeping time.

(6) R. E. Tedeschi, D. H. Tedeschi, A, Muclha, L. Cook, P. A. Mattis, and
E. J. Fellows, J. Phurmucol. Exptl. Therap., 128, 28 (1959).

(7) J.E. P. Toman and L. 8. Goodman, Proc. Assoc. Res. Nervous Mental
Disease, 28, 141 (1947).

t8) M. J. Orloff, H. L. Williamns, and C. C. Pfeiffer, Froc. Soc. Ezptl.
Biol. Med., 70, 254 (1949).
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Deneau and coworkers® tested I in beagle dogs made
physically dependent on a dose of 100 mg/kg of sodium
barbital, orally, once daily. Dogs on this dose of sodi-
um barbital will show convulsions and delirium during
withdrawal. Substitution of I for sodium barbital in
the above protocol resulted in delirium and severe trem-
ors at 30 hr. It was concluded that I does not possess
any barbiturate-like physiological dependence capacity.

Metabolism.—Analysis of the urine of rats dosed
acutely with 100 mg/kg of I orally, showed the presence
of some unchanged drug and some ethylphenylmalon-
amic acid (V). No decarboxylated material, o~
phenylbutyramide, could be detected in the urine.

Because of certain structural similarities to pheno-
barbital, the urine of these animals was also analyzed for
the presence of phenobarbital and its metabolites, but
none were found. For the same reason, the urine of
rats dosed with phenobarbital was analyzed for the pres-
ence of I or its metabolite, ethylphenylmalonamie acid,
but no traces of either were found.!

Summary.—Methyl ethylphenvlmalonamate (I) may
be characterized as a sedative with a component of
tranquilizing properties; it shares properties with both
phenobarbital and meprobamate. In addition, pre-
liminary studies indicate that I differs from the bar-
biturates in that it does not appear to stimulate micro-
somal activity in the liver and does not possess any
barbiturate-like physiological dependence capacity.

Experimental Section!!

Substituted Malonic Acids. General Procedure.—A solution
of 1.5 moles of NaOH dissolved in 100 ml of H,O was added
slowly to a stirred solntion containing 0.2 mole of the malonic
ester in 40 ml of MeOH. The reaction was usually exothermic;
a white precipitate soon formed. The stirred suspension was
heated for 2-4 hr, then put under vacnum to remove most of the
MeOH. The solution was cooled and extracted once with Et,O,
then the aqueous layer was cooled and acidified with dilute HCI,
and the malonic acid separated as a solid and was filtered or as an
oil which was isolated by extraction with Et:O. The acids can
be used in the following steps without purification. All of the
acids were known compounds.

2,2-Dimethyl-5-phenyl-5-alkyl-4,6-dioxo-1,3-dioxane (Ace-
tonides, III). General Procedure.!—A suspension of 0.033 mole
of the malonic acid in 10 ml of Ac;O was cooled to 15°, then 0.5
m] of concentrated HoSO4 was added. To the resulting solution
was then added 10 ml of dry Me,CO dropwise over 5 min while
maintaining the temperature at 15°. The solution was stirred
1 hr then kept at 0° overnight. In most cases the solid acetonide
separated in pure form and was filtered and rinsed with ice water.
An additional quantity of product was obtained by pouring the
organic filtrate into ice water. An oil separated and then crys-
tallized on stirring. The acetonides can be recrystallized from
1-Pr,0 or used without further purification. The acetonides
show a characteristic doublet at 5.63 (m) and 5.78 4 (s) in the ir;
they also show strong absorptions at 8.2-8.3 and 9.3-9.4 u
(mullg). The following new acetonides were prepared: 3-
phenyl-3-methyl-, mp 144-146° (70¢; vield): 5-phenyl-5-butyl-,
mp 77-79° (846 yield); 5-ethyl-5-ixoamyl-, bp 94-102° (0.2 mim)
(85% yield). Anal. (CoHi04) C, H. For 3-phenviacetonide

(9) G. A. Deneau and M, Wilson, Addendum to Annual Report, Problems
of Drug Dependence, 31st Meeting of Committee on Problems of Drug De-
pendence, National Academy of Sciences, National Research Council, Feb
24-26, 1969, Indianapolis, Ind. Compound 1 is referred to as SKF 24298
and NIH No. 8248,

(10) Weareindebted to E. L, Haines, A. Posl, and M. Eisele of our labora-
tories for these chromatographic studies.

(11) All melting points (Thomas-Hoo ver apparatus) are correctet!; analy-
ses were performed by the Analytical Department of these laboratories.
Where analyses are indicated only by s ymbols of the elements, analytical re-
sults obtained for those elements were within £0.4%; of thie tlhieoreiieal
values.
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we obtained mp 147-47.5° (955 vieldi; the literatare! reports
np 133-134°  Anal. 1CLHROL C, .

Alkyl Hydrogen Malonates (IV). General Procedure.- A
su=pension of the aceronide i1 MeOH was added t, 0 solntion of
an equimolar nuantity of NaOMe in MeOlT, and the resnlting
clear soluthne was sirred vt rovm temperature for 13 min.
The vellow solaiivn was comcentrated to dryness, /i raceo, main-
tainity the temperntnre bhelow 40°0 The residae was treated with
H.O and extracted with 160 1o remove murcacted aceronide,
then the agqueons layer wias cooled and acidified.  "The mioivesier
sepiated s a solid or an oil and was extracred with 1,O; the
<olation dried, and the ~olvent was removed to give the monoesier
as 4 pale yellow oil e solid. The cride muaterials may be nsed
withial further parifieation; they can be reerv=tallized from 1960
hexadie.

Whet the acetonide ol phenylmalonde acdid was similarly
treated, the acetonide wus removed anchanged afier acidifieation
ol the agueons sedation.

The following new monomethyl esiers were prepared of nethyl-
plienyimalonic arvid, mp 74-76° (70¢, vields; of bimyviphenyl-
malonie acid) oil (70C7 viekdy: and of -amylethyhinalonic acid, oil
(X34, vield .

Ethy! Phenylmalonamic Acid (V1. <a) The wcetonide of ethyl-
phenvimadonic acid 1150 g, 0.06 mole) was added with stirring
1o 375 ml of eoncentrated N1H,OH and the mixtare was =ilired ut
oot remnperatire for 3.5 e A siall amoant of insolnble nia-
terinl was filtered, and the filtrate was conecentrated to remove
niosl af the Ny, The aqueotis <udntion was then chilled to 10°,
and made sirongly acid with concentrated HCL A pgreenish
vellow oil =eparated and was extracted with B0 the 1960 sola-
tien was dried and conceraraced to give 1709 g af asemisolid. O
stirring with Celle o eryvsialline solid separated qaid was filtered:
.4 ¢, mp LI 1109°,

The reactiom was also varried oat by adding NHLOL (0 a solu-
Gouoof aeetordde inaa FoOH-dinxae mixtare and then satrating
with N The yield was aboat the same.  No yeaction oe-
curred asing ethereal N1 A <ample of the maloiennic aeid was
reeryvstallized from evelaliexane =Pr.O, mp 1194-120° ¢ mp
PE2-TEsc

(b thylphenyvimalonie acid (385 @, (L IN mde) was suspended
i 200 il of dry 150 and 25,7 g (0,216 mole of SOCL was atlded.
The mixtare was reflaxed with stirring for 1% hr and then cou-
centrded at S0° i e, The resalting semisolid was stirred
with hexane and the insoluble =olid wax filtered.  The filrrate was
enticendrded at 35°, Ju vweno, giving the acid chloride (22 wias a
pale vellow oil. A solution of 22 @ @.0497 moled of this acid
chloride 1o 10 ml of CHCL was coaed and saturated with N1
The mixtare wis stivred for 3 hr, wawd the resalting precipitiate wis
Hiltered and dissolved in 0. On scidificaton of the aquenus
solution o wam separated aud was extracted wich CHoCL.,  After
removinge the vrganie sulvent, a =olid wax obiained which was
stirred with luxane and fltered, giving 6.5 g of produet identieal
with the material deseribed above.

2-Phenyl-2-cyanobutyric Acid :VII; - 2-Phenvibutyroniirile
tAldrich Chemieal Coo) €100 g, 0.7 mole) in dry THE was added
over I to s suspension of KH 070 g of a 400 dispersion in oil }
in THET The wemperatare gradually rose 1o 40° and the sns-
pension turteed vellow,  The mixtare was heated a1 gentle reflux
For 1.5 Ly then was conded to 20° and drey CO, was babbled 1o
the suspetsione fir 20 mite. Cooling was reqaired 1o maintain the
temperiture helew 23°0 The viseous suspension was stirred an
additiomed 1 e, then most of the solvent wias renioved by warm-
ing, o vacoa. Water 1500 mly was adiled, then the mixtare was
extracted wich 0. The agueons layer was chen made stvongly
seid with HCTand o pale yellow oil separated, which was extracted
with CH.CL: on comeentratiom the extract gave 1144 g (860
viehl ol VI asa vellow oil, w250 Fan2 1 it e a%ip 151700, The
~trieCare of tis nederinl was eondirmed by die I spectrnm and
Fowtnniione ol salts = desecibed under the resolation experimetts
Isee later .

Thix procedurve was Toand to be far more eonvenient, and to give
Detter vields than the use of NaNHy in lignid N Hy,# which in oar
haweds gove a 525 vield,  Nall in THE gaven 746 vield.

Methyl 2-Phenyl-2-cyanobutyrate 1 VIII. R = Et). (a) An
10O solutino of CHLNG was cadded 1o an 900 solation of ethyl-
phevvlevinecde aeid 17 g, .00 nacder at 5102, antib a permee-
Tan! _\'I'Ilu\’\‘ voluer I>|-|‘>i<1l'|l. Thee Sllg}ll exrvess ol (."Hz-‘.\':f Was
212 Spe fotmeee 20 T de 1.

dL DL Cyape atad 16 HaGerfield, o, . Chane, Sme., 88, 20454 (1951

Vol. 12

destroyed by the addition of alittle AcO11, chen ihe 12,0 sohitinn
wax washed with 3¢, NaHCO, solution, dried, abd conenndrided
Lo give g ool methyl 2-phenyvl-d-cyvauwbatvrate, n%n 1022,
A portivar of this material (3.6 g2 was dizdlled, bp 00 962 a3 n
S, n P 1O,

th) A sudition or 2 g of T 30 1l ol A wis hetued oy ve-
floex for 3 Lir, the volatile materials were removed 5 caewo anel the
rexidhnal ol wes distilled at 70-93° 3000 nn) o give 0.0 g of
VTR = it w1 FOo42, identieal with that deseribed above.

fei N mixture of 2 g (024 maded of 1, 205 w o001 e
of Pexicand 34 ml ol dey divane was heated at reflax Tar 15 min.
The solution was poared into H.0, and the resuldug oil wis ex-
tracted with 19,00 The IO solution was dried, and che solvend
was removed leaving 4.2 g ol o vellow oil whivly was disdlled, bp
S2-100° s mmy giving 3.1 2 of pale vellow oil, a*n 1.3050),
identical wirth the macerials obdabied alwve, Jhid . (CL LN O
¢, H, N

Alky!l Alkylphenylmalonamates. ia) From the Alkyl Hvdrogen
Malonates (IV1. General Procedure. - A =olution of the alkyl
hydrogen malonates i exeess SOCL was heated at rellax ior 1.5
lir, then the exvess SOCL was retuoved by hieating v caewo.
The resalting crade aeid ehloride was dissolved 0 B0 ol
chilled in ancive bath, and NHy or aimine wis habbled i anail the
solation was =atnrated. The mixtare was kept at room tempera-
tare for 15 hre, then the volatile imaterials were removed by lwsti-
ing oo, The residue was stivved with 1,0, and the 11,0-
insoluble prodact wax Rltered o extracted with 12,0y, The
120 sedation was then dried, the solvent wis removed 7 coewo,
and the residue cevstallized and was recrystallized.

ibt Mpdivl 2-plhenvi-Z-cyanobarveate VI o0 o was
hyvdiolvzed with 180, by the procedhare of Testag o6 ol 0% 1o give
Aol erade producet. Tleerystadlization e PraO gave 505 g oof
methyl ethivipheovinuilorginnate, mp 98 100°, identieal with that
prepared by the other roates,

fe) EFthylphenyhuadopamie aeid was vonverted o e methyl
exter witlh CHeNy i deseribed Tormethyl 2-pheayl-2-evanobaty e
are. A D0 vield of T was obrained.

tdy  Diethyl cdivipherylmadoted e 550 g) was added 100000 1l
of satarated N1y MeOH, then T ol NuOMe was added. After
4 months at rocn temperiatare the solveat was removed (v vaevo,
and the residual oil was <Grred with ), ad o =olid separated,
A8 e Thissolid was recrystallized Tronn FtOAe 1o give 102 gof «
solid, mp 112 120° Beaystallization fromn MeNO, pave 6 g ool
ethylphenylmalondinmide, mp IS 121° 5t bmp 12425 ool
|(7|111H_\'-_-()~_11 (7., “ N

The 1tOAv lilorae froma the above merystallization was von-
ventrated (o w <raall viduie and cooled, depositing 14.7 @ ol a
<olid, mp 80 06° This was revryvstallized from /-Pr.Q to give 10
g of methyl ethyvlphenyimalonamate, mp 99-100°, identicd in el
respect= with the nuederials prepared by the other roaies.

Methyl Diphenyleyanoacetate (VIII, R = CiH:l.- -Onc-hall of
sosedntion eontaindng 21 g ¢0.19 mole ) of PhCL 200 g (0013 niole) o
diphervliccetonitrile, and 30 ml of dry Cylly was added <lowly teoa
stirred swspension o 9.5 g (0,41 g-atom: of Na in 70 ml ol dry
CoHy maintained w4790 A <Bght exothermie reaction was vh-
served.  The piixtare was stirred at room temperature (or 18 hey
then the mixtare, which now eontained a yvellow solid, was heated
to 40°, and the halanee of the original sohution was added.  Afier
stirring Tor an additional Ehr, the mixtare wax heated at 607 Jor |
I then eonded 10 107 and o scdation of 181 g o 1) medes of
nethyl chloratormate wis wdded dropwise.  Aleer the adidin
was coanplete, the saspepsion wax heated 1o 80° foe | ohr wial
filcored, and the tiltvote was concentrated i vacwea. The residual
nil @80 @) ervstatlized on sdrring with hexane, giving 21 g of solid,
mp 60-75°, which was reerystallized from hexane, BLG g, mp
727N A sample was again reerystallized from 7-PrO, wp st
R3¢ e (CalHaNOY) G HL N

Methy! Diphenylmalonamate.- Methyl diphenylevawaertaie
(VIHL, 4.0 g, 0.016 maler was added yapidly 1o 35 ml of con-
centrated 180y preheated (o 90°, The dark brown solution wies
kept at 951002 Tor 5 iu then potred onto ice. The resuldng
<olid was filtered aud dissolved e CTHCly, and the organic =otation
wit Chen washed witle dilate aquenas NedlCOy The organic
layver was dried aial die sodvent wis cemoved, giving 3.7 g of sulid
which wies veervstallized feon = PrOH 1o give 1O g oot peoadwet,
{O0-- 19557,

i ~ )-2-C'vano-2-phenylbutyric Acid. A nwoditication o dee
prowethire af Cram aiat Haberfield ' was ased. J22-Cyane-2-
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phenylbutyric acid (VIL, 100 g) was added to a solution of 100 g of
quinine in 200 ml of MeOH. The solution was cooled in an ice
bath and stirred vigorously until a precipitate formed. The
suspension was then further cooled in a Dry Iee-NMe CO bath and
then filtered. The solid was stirred with -PrOH and filtered,
then stirred with EtO und filtered again, yielding 87 g of xalt,
partially melting at 125-135°, with the balance metiing at 145~
147°, [a] D —119° (in MeOH; all rotations are of 14 concentra-
tion solution). A 2-g sample was couverted to the free acid by
dissolving in dilnte HC, extracting the agueons mixtire and INt0,
and concentrating the EwO layver 1o give 0.8 g of the a«d as a
colorless vil, n¥n 14008, (a]%p —13° (in CHCly). The quinine
salt was recrystallized three times by rapidly dissolviug in CHCl;
and precipitating with -Pra0, to give 60 g of salt. Samples froin
the three recrystallizations gave the following rotatons: [«]®D
—120, — 121, and —121° (in MeOH). DBecrystallization from
MeOH did not chunge the rotation.  Hyvdrolysis gave the acid
{a]®p —10° (in CHCL), n%p 15150,

Methyl (— )-2-Cyanophenylbutyrate.—( — )-2-Cyano-2-phen-
vibutyrie acid (17 g) was covbveried to the methyl ester (14 g)
with CH.N,, by the procedire described earlier, [a]%p —39.2°
(in CHCly). Anal. (C:HsNOs) C H, N.

Methy! (-+)-Ethylphenylmalonamate.—Mlethyl (—)-2-cyano-
2-phenylbutyrate (14 g) was hydrolyzed with Hi8O; by the pro-
cednre described previously, to give 5 g of prodiicet, [a] %¥p 439.3°
(in CHCly), mp 18-049°.  Anal. (CeH:NO,) C) H, N,

(+)-2-Cyano-2-phenylbutyric Acid.—The conbined filirates
from the recrystalbzation of the gninine salt prepared from di-2-
cyano-2-phenylbatyric acid (above) were concentrated and hydro-
lyzed to the acid. (—)-3-Phenyl-2-aminopropane (14.5 g) was
added to 29 g of this acid dissolved in 200 ml of Et,0. A solid
soon separated, 12.5 g, mp 91.5-92.5°,  After three recrystalliza-
tions from CHCL-121,0, 7.8 g of sult was obtained, mp 95-95.5°,
with the following rotations: [a«]®p —40.75, —43.3, —43.7°
(in CHClLy). Hydroly«is of 5.5 g of the salt gave 3.3 g of the acid,
[@] %D +18.5° (in CHCL).

Methyl (— )-Ethylphenylmalonamate.—(+ )-2-Cyano-2-phen-
vilbntyric acid was eouverted to methyl (—)-ethylphenylmalona-
mate, (a]%p —40.9° (in CHCly), mp 98-100°, by the same proce-
dure ax described above for the dextro rotating isomer. Anal.
(CLHWNO;) G, H N

2,2-Dimethyl-4,6-dioxoe-5-ethyl-5-phenyltetrahydro-1,3-oxa-
zine (VI).—Concentrated H.80; (0.5 ml) was added to a sis-
pension of 6.5 g (0.03 mole) of ethylphenylmalonamic acid in 19
ml of AeQ, and a clear solntion resilted.  The solntion was cooled
to 5° and 7.3 ml of Me.CO was added over 3 min, then the solution
was allowed to warm to room temperatiire and was stirred for an
additional 2 hr.  The resnlting orange-brown sohition was diluted
with H,0, the oil that separated was extracted with Et,0, and the
organic layer was washed with dilute NaHCO;. After drying
and concentrating the organic solution, 1.8 g of an orange oil was
obtained. Ou addition of 7-Pr,0, a solid separated, 0.5 g, mp
147-149°, Recrystallization from CgHg gave 0.4 g of product:
mp 153-154°; ir (mull) 3.1 (w), 5.74 (3), 5.98 (s), 7.9 (s), 8.7 (s),
8.8 (s),13.2 (s), and 14.4 (s) u.
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Methyl N-(1-Hydroxy-2,2,2-trichloroethyl)ethylphenylmalon
amate (IX).—A solution of 3.6 g (0.016 mole) of I and 2.69 g
(0.016 mole) of chloral hydrate in 30 ml of CsHs was refluxed for
1.5 hr. The solittion was diluted with CH,Cl: and extracted with
H.0. The organic layer was dried (MgSQy) and concentrated to
dryness, in vacuo, to give 5.3 g of a yellow oil. The oil, when
triturated with hexane, crystallized to give a white solid, mp 89~
115° 4.6 g. The solid was recrystallized from #Pr,0 and then
from CCly and CHCl; to give 0.6 g of produet, mp 141-143.5°.
_—l'nal. (CHI{WCI;;I\'OO C, I‘I, N,

Methyl «-Phenyl-a-(N-carbomethoxyamino)butyrate (X).—
Pb(OAe), (2.2 g,0.05 mole) was added to a solution of I in MeOH.
The system was flished with N, aid the solntion was then heated
at reflux for 1 hr while N; was bubbled through the system. The
color first became bright vellow, then later disappeared. Dilute
aqueoits NayCO; was added, the mixtitre was extracted with Et.0,
and the Et4O extracted was dried and conecentrated to give 10.5 g
of an oil that crystallized on stirring with a little &~Pr.O, mp 60~
62°. 'T'he material was pirified by “dry column' chromatogra-
phy?® on an alumina colimun, 58.6 X 3.8 cm, using CHyCly as
solvent. By this means 5 g of an oil that crystallized, mp 72-
74° was obtained. Recrystallization from hexane gave 3.9 g of
produet, mp 73-75°.  Anal. (Ci3H7NO4) C, H, N.

Methyl 2-Phenyl-2-acetamidobutyrate (XI).—Pb(OAc), (40
g, 0.09 mole) was added to a solution of 20 g of I in 400 ml of
AcOH. The solution was heated at refiux for 4 hr, then diluted
with H,O and extracted with CH,Cli, Concentration of the
organic layer gave 18 g of a dark oil. Five grams of this oil was
chromatographed by the “dry column" procedure® on a column
73.8 X 3.8 ¢m1 nsing CHuCly as solvent, to give 0.9 g of solid, mp
150-152°.  This was then vacunm snblimed to give the proditet,
mp 153—1540 _‘17’Lal. (Clng:NO.‘{) C, H, N

Metabolic Studies.—The nrine of rats dosed with 100 mg/kg
po of methyl ethylphenylmalonamate was collected for 5 hr
following administration. The urine was chromatographed®
on silica gel G plates nsing a CsHe-dioxane-AcOH system
(90:25:4), and spots were located 1sing a Hg(OAc),~diphenyl-
carbazone spray reagent. In this svstem, the following Rs's and
colors are obtained: ethylphenylmalonamic acid (V, R; 0.45,
purple color), methyl ethvlphenylmalonamate (I, R; 0.74, pirple),
and phenobarbital (R; 0.8, blue). The nrine of control rats was
chromatographed and showed no interfering substances. The
urine of the rats which had been dosed with methyl ethylphenyl-
malonamate showed only a single spot at R: 0.45 (purple) cor-
responding to ethylphenylmalonamic acid. The urine of the
rats treated with phenobarbital showed a major spot (R: 0.80,
bliie) corresponding to nnchanged phencbarbital and a minor
spot (R 0.55, blue) unidentified.
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