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ANTIINFLAMMATC YUY ACTIVITY?

Dose” [nhib )

Na. meg ke of edemsa’ Toxicity”
1 2.5 2708 —
10 4G.1 -
0 544 -
200 Gy 1 -
2 200 ~ 0 -
3 200 0.7 -
4 200 0 —
) 200 5.0 —
0 H0 —
100 -
200 +
5 ol -
100 -
200 -
8 200 ST -
9 200) 0 —

10 200 33.0 4+
1 200 197 -
Indomethacin 2.0 31.3 -

10 6.0 ++

20 RYI + 4+
Phenvlbutazone A 30 .4 -
100 1.6 -

* Antiinflammatory activity was evaluated by the mhibitory
effect on rat paw edema induced by injection of 0.05 ml of 19,
carrageenin in sterile 0.9¢; NaCL? ?® Test compounds were ad-
mini=tered orally 1 hr before the injection of carrageenin. At
eaclt dose level, three to six rats were used. * Foot volume was
measured at 3, 4, and 5 hr after the carrageenin injection and the
meun nf three measurements was caleulated i each rat. Inhibi-
tion of edema is expressed as {1 — TC) X 100, where T is mean
edemin volume of treated group and C ix the mean volume of
control group. ¢ —, no blood i feces, body weight gain normal;
+, 1o blood in feces, body weight decreased; 4+, blood in
feces, body weight decreased: +44, symptoms of 4+ but
some animals died during the 4 days after administration.

6 ml of AcOH was heated a 90-100° for 1 hr.  After cooling,
the renction mixture was poured into 60U ml of cold HyO. A
resultiutt oily substance was extracted (Et,0), and the etheral
layer was washed (H;O) and dried (Na,30,). The solvent was
removed by distillation to give 3.2 g of an oily residue, which
was cliromatographed on silica gel and elured with CHCl;.
Recrystallization (MeOH) gave 1.1 g (31701 of vellow needles of
exter, mp 8S6-%6.3°.
Ethy! 1-cinnamoyl-5-methoxy-2-methyl-3-indolylacetate (6;

was prepared analogously, mp 68-69° (from EtOH-H.0).

Pharmacological Tests.—Antiinflammatory uactivity of these
compounds was tested i1 carrageenin-induced foot edema of
rat=.?  Test materials were suspended in 0.5%% solution of sodinm
carhoxymethyleellulose and given by stomach tube 1 hr before
the injection of carrageenin. For toxicity tests of these com-
pounds, blood in feces was determined the day after the carru-
geenin test and the body weight of each rat was recorded daily for
1he following 4 days. These rexulis are expressed as percentage
of the inhibition in Table IT.

Acknowledgments.—The authors are indebted to
Messrs, Yasushi Nakamura, Seitetsu Arasaki, and
Tsuyoshi Kobayashi for technical assistance, Messrs. C.
Saito and H. Awata for the pharmacological screening
data, and Mr. Iwai and coworkers for the elementary
analytical data.

{2y C. A. Winter, E. A, Risley, and G. W. Nuss, Proc. Soc. Exptl. Biol.
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The anulgetic potency of several 6,7-benzomorphan
derivatives 1 is influenced both by the relative con-

HO

la.R=Me
b.R={CH.1.,Ph
¢. R=CH.CH=CMe,
d.R=CH.--C;H.
e.R=H
f. R=CH(H=CH.

figurations of the 5.9-dimethyl substituents (8 diasterco-
1somers are more potent than « forms) and by absolute
configuration within a particular enantiomorphic pair
(in all casex examined, the activity of both @ and 8 race-
mates largely resides in the levo antipode).™* Inrelated
derivatives that are analgetic antagonists (e.g., 1¢ and
d). activity differences between (=£) diagtereoisomers
are insignificant, but pronounced potency variations
among enantiomers are still found.®  The relative 5,9-
dialkyl configurations of several benzomorphan diaste-
reolsomers are known (a-cis and g-trans with respect to
the hydroaromatie ring) from rates of guaternization
and pmr data,* and a vecent X-ray analysis of the
a-N-allvl derivative (1f)* supports these assignments.
Inowledge of absolute configuration is confined to the
a-(—)-5.9-diethyl analog of 1a which has been shown to
share conumon geometry with (—)-morphine throngh
its synthesis from an intermediate derived from natural
thebuine.® although there is evidence by the method of
stereoxeleetive adsorbents” that a-(—)-metazocine (1a)
and phennzoeine (1b) are both related to morphine.
Ord data are now presented which (along with some
chemieal transformations) firmly establish the abgolite
configurations of benzomorphan cnantiomers of both
the @ aml 8 type.

Numerienl characteristies of ord curves recorded for
a-{ =)= and 3-(+)-la (metazocine), levorphanol. and
related compounds in EtOH or HyO are shown in Tuble
I.  All samples exhibit Cotton effects attributed to the
phenotie chromophore because the midpoints between

(1) N. B. biddy and E. 1. May, “Synthetic Analgesics, Part 118, 6,7-
Benzomorphans,” PPergamon Press, Ltd., Oxford, 1966.

{2) J. Peail and I.. X. Harris, J. Pharmacol. Fxptl. Therap., 164, 319 {1966).

(3) B. F. Tullar, 1.. 5. Harris, R. L. Perry, A. K. Pierson, A. E. Soria.
W. F. Wetterau, and N. F. Albertson, J. Med. Chem., 10, 383 (1967).

(4) 8. E. Fullerton, I2. L. May, and E. D. Becker, J. Org. Chem., 27, 2144
(1962,

(3) W, Fedeli, 5. Giacomello, 8. Cerrini, and A. Vaciago, Chem. Commun.,
608 (1966)

(68) Y. K. sawa and J. lrivawa, Tetrakedron, 21, 1129 (1965).

{(7) A. H. Beckett and P. Anderson. J. Pharm. Pharmacol., 12, 228T
{1960).
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TasrLe I
NuMmericaL CHarAcTERISTICS OF ORD CURVES OF a-(—)-
AND B-(+)-2’-HYDROXY-2,5,9-TRIMETHYL~0,7-BENZOMORPHAN
AND OF LEVORPHANOL

Amax, Mol rotation,
No. Isowner Form mu ], deg
1 a-(—)-1a Base 293 trough —40,425
275 peak +8,800
244a —-6,125
2 HBr 289 trough —31,225
276 peak +31,820
273 +20,605
260° +6,240
247 trough 7,175
3 Mel  288trough —39,910
272 peak +32,095
269° +16,875
263° +10,440
4 B-(+ )-la Base 294 peak +37,975
272 trough —3,675
240 peak +7,360
5 HBr 290 peak +34,500
270 trough —6,240
245 peak +6,240
6 Mel 290 peak +33,370
268 trough —8,390
253 peak Near zero
7 Levorphanolc (2)  Base 290trough —40,460
288P —33,050
268 peak +16,190
8 HCI 291 trough —45,320
268 trough 418,880

e Limit of measurement. ? Fine structure. ¢ A. F. Casy and
M. M. A. Hassan, J. Pharm. Pharmacol., 19, 132 (1967).

trough and peak wavelengths are close to the uv maxi-
mum range of simple phenols. The sign of Cotton
effects is governed chiefly by the immediate stereochem-
ical environment of the chromophore® and will therefore
reflect C-5 rather than C-9 geometry in the benzo-
morphans since the latter asymmetric feature is further
removed from the phenolie function. The identity of
Cotton effect sign and the similarity of peak and trough
characteristies of the ord curves of (—)-metazocine and
levorphanol (2) (Table I, 1, 7) establish the configura-
tional identity of their corresponding C-5 and C-13
centers, while the identity of 1-9 and 9-14 centers
follows from established relative configurations. Sinee
the absolute configuration of levorphanol is known,®
that of a-(—)-metazocine is IR:5R:9R. The virtual
mirror-image relationship of the a-(—)- and g-(+)-
metazocine ord curves (Table I, 1, 4) establishes the
C-5 configurational identity of a-(—) and 8-(—) iso-
mers and demonstrates the negligible influence of C-9
geometry upon ord characteristics of the benzomor-
phans in the 240-350-mu region. Hence the absolute
configuration of 8-(—)-metazocine is IR:5R:98S.

Since variations in ord properties have proved a
sensitive probe for the detection of conformation
changes in appropriate cases,® hydrohalides and meth-
iodide salts were included in this study (pmr evidence
of conformational differences between a- and S-benzo-
morphan bases and salts will be given elsewhere),
Ord curves of the 8-base-HBr-Mel 1a trio showed only

{8) P. Crabbé, ""Optical Rotatory Dispersion and Circular Dichroism in
Organic Chemistry,"” Holden-Day, Inc., San Francisco, Calif., 1965; D. L,
Robinson and D. W. Theobald, Quart. Rev. (London), 21, 314 (1967).

19) H. Corrodi, J. Hellerbach, A. Just, E. Hardegger, and O. Schnider,
Helr. Chim. Acta, 42, 212 (1959).
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minor differences, the most notable being a progressive
depression and shift to longer wavelengths in the salt
curves of the 240-myu peak of the base (Table I, 4-6).
The conformational significance of this change is
doubtful, however, because curves of the a-trio (com-
pounds in which marked conformational differences
are unlikely) also showed small differences (the broad
275-mu peak of the a-base became sharper and de-
veloped fine structure on its lower wavelength shoulder
in the salts) (Table I, 1-3). The absence of conclusive
ord data of conformational change in the 8-benzomor-
phans further reflects the lack of influence of asymmet-
rie portions of the molecule more than one earbon atom
removed from the phenolie chromophore upon ord char-
acteristies.

It follows that C-5, rather than C-9 geometry has the
predominant influence upon activity in diastereoizo-
merie benzomorphans since both analgetic or analgetic-
antagonist properties of the (=) derivatives la-d reside
largely in the a-(—) or 8-(—) enantiomers, all of which
have a 5RE configuration.!'=? Stereochemical correla-
tions follow from the facts that a~(—)-1b derives from
a-(—)-1a'® which is formed by reductive methyla-
tion of a-(—)-le (this work); the same zecondary base
yields a-(—)-1c and -1d'* while 8-(+)-1e yields 8-(+)-1¢
and -1d"! and la (this work).

Configurational influences upon activity in beuzo-
morphan and prodine diastereoisomers provide evidence
of comparative drug-receptor uptake modes in the two
classes, the C-3 and - asymmetric centers of the pro-
dines being analogous to those at C-9 and -3, respec-
tively, of the benzomorphans (see 3 and 4). The

_.OCOEt
Me

N

|

Me
3 4

configurations of a-(4+)- and g8-(+)-prodine have re-
cently been assigned as 3R:4S(a) and 38:4S(8).}?
These results establish the governing influence of C-4
stereochemistry (as found for C-5 in the benzomor-
phans) but also show that the more active enantiomers
of the prodines and metazocines bear a mirror-image
relationship with reference to the piperidine ring as
shown in 5 for the « isomers drawn in their most favored

conformations. This finding lends further support to
Me P Me Me/N Me
Ph Me
OCOEE
OH
3

(10) E. L. May and J. H. Ager, J. Org. Chem., 24, 1432 (1959).
(11) N. F. Albertson, private communication.
(12) P. S. Portoghese and D. L. Larson, J. Pharm, Sci., §7, 711 (1968).



180 Nores

the view of diffcring uptake modes for 4-phenylpiperi-
dine analgeties and fused-ring derivatives containing
the same structural feature, already advanced on the
basis of comparative strueture- activ ity relationships.'®

Experimental Section

Where walyzes are indicated ouly by the symibols of the ele-
ments, aalyvtical results obtained for those elements were within
#0.4¢ of the theoretieal valnes. Melting points, determined
witl a Fishor Johns apparatus, are uneorrecied.  Ord eurves were
recorded w lth a Cary Model 60 photoelectric spectropolarinieter
using 0.1-0.2 ¢ =olntions i ItOH or 11,0 (we thank Mr. K. O,
Otkawz, 1 niversity of Alberta, for thix data).  Supply of a-(— -
and g-(+-1e by Dr. N F. Albertson of the Sterling Winthrop
lexeurch Institnte, Rensselaer, i= gratefnlly acknowledged.

Isomeric 1.5, 9—Tr1methylbenzomorphans (1a) and Derivatives,
——A mixtinre of o= —)-1e (1.7 g), 407 CILO =olution (0.45 ml),
HCC Pd-C o3y gy and GO (25 ml) was shaken with H,
{ntmospheric pressure, room {emperatre} nntil gas absorption
censed. The prodnet was fltered nnd the filtrate was concen-
tred (o give o= —)-1a, mp IR4-186° (lic 5 183-184.5°). It
give o1 hydrobromide, mp 248-250° (1.1 238-241°),  Reductive
methylation of 3¢+ )-le gave 3-(-+1-la, mp I1K1-183° (lig.©
IN3-184.07 5 Ivdrobroniide mp 274-276° dee (lit 1 238-242°),
e CCHHLBENOY € T A mixane of a~f — )-la (0.2 g),
Mel (1 mly and CHCL (300 ml) was stirred at 38° nnder reflux
for 5 davs, concentrated to 25 ml, and dilnted with Et,0. The
solid whiel =eparnted was recryvstallized from tOH-Et0 1o
give - — -1a methiodide, mp 240-245°  Auwl. {CeH2INO)
C, 11, N. 3= +i-la methiodide wa= prepared =ihmilarly, mp
S12-3106°. el QL

113y s Porcoghiese, J. Med, Chem., 8, 609 (19685); AL 1. Casy, A B.

Shmuonds. and 1. Reaniforth, J. Phaem. Pharmacol,, in press.
(b L1 May and N B, Eddy. J. O, Chens., 24, 1435 {1959),

A Racemic Form of
5-Ethyl-5-(3-hydroxy-1-methylbutyl)barbituric
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The availability of the racemic form of 5-ethyl-3-
(3-hydroxy-1-methylbutyl)barbiturie acid (II), recently
synthesized by Dickert, Shea, and MeCarty,? prompts
us to report the isolation of this compound from the
urine of dogs given anesthetic doses of pentobarbital
(I).  Following the removal of the (+) and (—) dia-
stereoisonmers in the reported manner,? the new metabo-
lite separated from the filtrate as long, blunt needles.
Elementary analysis, the uv spectrum, and a positive
iodoform test suggested its probable structure. The
melting points of the pnre compound and its acetate
derivative differed from those of the optically active
Isomers. However, the chromatographic behavior and
ir spectrun of the racemic product were identical with
those of the (4) enuntiomorph. The new metabolite
did not depress the melting point of the synthetie
compound.

{17 This work was supported Ly U. 8. Public Healtlh Service Research
Grany NB-06288, Technical assizstance 1;3 Mrs. Dorothy Lang is gratefully
acknowledged.

(21 Y. J. Dickert. 1. J. Shea, and 1.. P. McCarty, J. Med. Chem., 9, 249
(19661,

21 K. WL Maynert and J. M. Dawson, .J. Biol. Chem., 195, 389 {1952).
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The discovery of the racemie aleohiol in urine in-
creases the probability that all four enantiomorphs of
5-ethyl-3-(3-hydroxy-1-methylbutyl)barbituric acid are
involved in the metabolism of pentoburbital.  Isotope
dilntion experiments with the optieally active dinstereo-
isomers®* have mndoubtedly given an crronconsly low
estimate of the quantitative importance of the urinary
excretory produets derived from penultimate oxidation
of the drmg. In dogs the two unconjugated aleohols
accounted for abont 509 of the excreted isotope.’
Inasmuch as the usual chromatographic methods do not
distinguizh between the corresponding optically active
and racemic furmns, the estimates of Titns and Weiss
probably inclide the unknown enantiomorphs.  Their
data indicated that the unconjugated penultimate aleo-
hols accounted for 629 of the recovered isotope.

Inasnmeh as the sum of the conjugated and uncon-
jugated optically active forms of 5-ethyl-5-(3-hy-
droxy-1l-methylbutyl)barbituric aecid exceeds 509 of
the dose of pentoburbital »® these metabolites must be
formed from different optical isomers of the drng.
The strongly dextrorotatory (la]®p +26.6°) alcohol
may be 1)10»111110(1 to be derived from the d cnantio-
morph of pentobarbital by the addition of another d
center. The weakly levorotatory {|ea ]'—’51) —5.0°%)
metubolite wonld then involve the [ form of the drug
and the =ame d center introduced by hydroxylation.
On this basiz the new metabolite may be designated as
dd + /. Since this substance depressed the melting
point of the dd form, it 1s probably a racemic compound
rather than a racemic mixture,  An attempt to race-
mize the i aleohol did not siceeed.

Experimental Section’

Optically Active Isomers of 5-Ethyl-5-(3-hydroxy-1-methyl-
butyl)barbituric Acid (II).-—The 24-hr urine from 15 dogs given
12.5 g 150 mg, kg) of =odium pentobarbital by moutlh was brought
to pH 6.5 and extracted continuously with ether for 48 hr.  The
combined extracts 1750 ml) were shaken ten times with 150-ml
portions of H,0. After evaporation in vacuo to 15 ml and brief
storage at 4°, the aqueoux extract deposited 612 mg of the crude
dextrorotatory aleohal. Reduection of the volume of the filtrate
to 3 ml vielded 1460 mg of the crude levorotatory aleohol.  Both
alcohols were purified as described previously.?

No evidence of racemization was detected when a saturated
aqueous solution of the pure dextrorotatory aleohol was heated in
a sealed tube at 100° for 24 hr.

(4) E. W. Maynert, J. Pharmacol. Eeptl, Therap., 150, 118 (19641,

(5) E. Titus and H. Weiss, J, Biol. Chem., 214, 807 (1955).

{6) E. W. Maynert, unpublished observations.

(7) Melting points were determined on a Fisher-Johns block and not
further corrected. Where analyses are indicated only by symbols of the
elements, results ohtained were within :£0.4% of the theoretical valaes.



