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" Antiinflammatory activity was evaluated by the inhibitory 
effect on rat paw edema induced by injection of 0.05 ml of \'"0 

carrageenin in sterile 0.9C} XaCl.2 b Test compounds were ad­
ministered orally 1 hr before the injection of carrageenin. At 
each dose level, three to six rats were used. •' Foot volume was 
measured at 3, 4, and 5 hr after the carrageenin injection and the 
mean of three measurements was calculated in each rat. Inhibi­
tion of edema is expressed as (1 — T C) X 100, where T is mean 
edema volume of treated group and C is the mean volume of 
control group. d —, no blood in feces, body weight gain normal; 
+ , no blood in feces, body weight decreased; + + , blood in 
feces, body weight decreased; + + + , symptoms of + + but 
some animals died during the 4 days after administration. 

<> ml of AcOII was heated at 90-100° for 1 hr. After cooling, 
the reaction mixture was poured into 600 nil of cold H 2 0. A 
resultant oily substance was extracted (Et-jO), and the etheral 
layer was washed (HsO) and dried (XajtjOj). The solvent was 
removed by distillation to give 3.2 g of an oily residue, which 
was ehromatographed on silica gel and eluted with CHCls. 
IJecrystallization (MeOH) gave 1.1 g (31r7.0 of yellow needles of 
osier, mp 86-86.5°. 

Ethyl l-cinnamo}'l-5-methoxy-2-methyl-3-irido]j'lacetate (6; 
was prepared analogously, mp 68-69° (from EtOH-H 2 0) . 

Pharmacological Tests.—Antiinflammatory activity of these 
compounds was tested in carrageenin-induced foot edema of 
rats.- Test materials were suspended in 0.5% solution of sodium 
carboxymethylcellulose 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 carra­
geenin test and the body weight of each rat was recorded daily for 
ihe following 4 days. These results are expressed as percentage 
of the inhibition in Table I I . 
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T h e a n a l g e t i c p o t e n c y of s eve ra l ( ) , 7 - b e n z o m o r p h a n 
d e r i v a t i v e s 1 is in f luenced b o t h b y t h e r e l a t i ve con-

R = Me 
R = (CE,),Ph 
R = CHJCH=CMe 
R = CH,-r-C,H, 
R = H 
R = CH,CH=CH. 

(2) C. A. Winter, E. A. 
Med., I l l , 544 (1962). 

Kisley, and G. W. Xuss, Proc. Soc. Exptl. BioL 

figurations of the -3.9-dimethyl substituents (fi diasterco-
isomers are more potent than a forms) and by absolute 
configuration within a particular enantiomorphic pair 
(in all cases examined, the activity of both a and /3 race-
mates largely resides in the leva antipode).''-' In related 
derivatives that are analgetic antagonists {e.g., lc and 
d), activity differences between (± ) diastereoisomers 
are insignificant, but pronounced potency variations 
among enantiomers sire still found.3 The relative 5,9-
dialkyl configurations of several benzomorphan diaste­
reoisomers are known (a-cis and fi-trans with respect to 
the hydroaroinatic ring) from rates of quaternization 
and pmr data,4 and a recent X-ray analysis of the 
a-X-allyl derivative (If)5 supports these assignments. 
Knowledge of absolute configuration is confined to the 
a-( — J-o.u-dicthyl analog of la which has been shown to 
share common geometry with ( —)-morphine through 
its synthesis from an intermediate derived from natural 
thebaine.'* although there is evidence by the method of 
stereoselective adsorbents7 that a-( — )-metazocine (la) 
and phenazocine (lb) are both related to morphine. 
Ord data are now presented which (along with some 
chemical transformations) firmly establish the absolute 
configurations of benzomorphan enantiomers of both 
the a and ,3 type. 

Numerical characteristics of ord curves recorded for 
«-(—)- and /3-(-f)-la (metazocine), levorphanol, and 
related compounds in EtOH or H20 are shown in Table 
I. All samples exhibit Cotton effects attributed to the 
phenolic chromophore because the midpoints between 

(1) X. B. Eddy and E. L. May, "Synthetic Analgesics, Part 1IB, 6,7-
Benzomorphans," Pergatnon Press, Ltd., Oxford, 1966. 

(2) J. Pearl and L. S. Harris, J. Pharmacol. Exptt. Therap., 154, 319 (1966). 
(3) B. F. Tullar, I... S. Harris, R. L. Perry, A. K. Pierson, A. E. Soria. 

W. F. Wetterau, and N. F. Albertson, J. Med. Chem., 10, 383 (1967). 
(4) S. E. Fullerton, E. L. May, and E. D. Becker, J. Org. Chem., 27, 2144 

(1962). 
(5) W. Fedeli, G. Giaeomello, S. Cerrini, and A. Vaciago, Chem. Commu.11., 

608 (1966) 
(6) Y. K. Sawa and J. Irisawa, Tetrahedron, 21, 1129 (1965). 
(7) A. H. Beckett and P. Anderson, .7. Pharm. Pharmacol., 12, 228T 

(1960). 
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TABLE I 

NUMERICAL CHARACTERISTICS OF ORD CURVES OF a-{ — ) -

AND /?-( + )-2'-HYDROXY-2,O,9-TRIMETHYL-6,7-BENZOMORPHAN 

AND OF LEVORPHANOL 

N o . I somer F o r m 

1 <*-( — )-la Base 

2 HBr 

3 Mel 

4 0 - (+ ) - l a Base 

5 HBr 

6 Mel 

7 Levorphanol" (2) Base 

8 HCl 

Xmax, 
m^i 

293 trough 
275 peak 
244" 
289 trough 
276 peak 
2736 

260" 
247 trough 
288 trough 
272 peak 
269" 
2636 

294 peak 
272 trough 
240 peak 
290 peak 
270 trough 
245 peak 
290 peak 
268 trough 
253 peak 
290 trough 
2886 

268 peak 
291 trough 
268 trough 

» Limit of measurement. b Fine structure. " A 

Alol ro ta t ion , 
[•/>], deg 

- 4 0 , 4 2 5 
+ 8 , 8 0 0 
- 6 , 1 2 5 

- 3 1 , 2 2 5 
+ 31,820 
+ 20,605 

+ 6,240 
— 7,175 

- 3 9 , 9 1 0 
+ 32,095 
+ 16,875 
+ 10,440 
+ 37,975 

- 3 , 6 7 5 
+ 7,360 

+ 34,500 
- 6 , 2 4 0 
+6 ,240 

+ 33,570 
- 8 , 3 9 0 

Near zero 
- 4 0 , 4 6 0 
- 3 3 , 0 5 0 
+ 16,190 
- 4 5 , 3 2 0 
+ 18,880 

. F. Casv an 
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 chromophore8 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 phenolic function. The identity of 
Cotton effect sign and the similarity of peak and trough 
characteristics 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. Since 
the absolute configuration of levorphanol is known,9 

that of a-( — )-metazocine is IR-.5R.9R. The virtual 
mirror-image relationship of the <*-( — )- and #-(+)-
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-ixui region. Hence the absolute 
configuration of /3-( — )-metazocine is IR:5R:9S. 

Since variations in ord properties have proved a 
sensitive probe for the detection of conformation 
changes in appropriate cases,8 hydrohalides and meth-
iodide salts were included in this study (pmr evidence 
of conformational differences between a- and /3-benzo-
morphan bases and salts will be given elsewhere). 
Ord curves of the /3-base-HBr-MeI la trio showed only 

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

(9) H. Corrodi, J. Hellerbach, A. Just, E. Hardegger, and O. Schnider, 
Helv. Chim. Acta, 42, 212 (1959). 

minor differences, the most notable being a progressive 
depression and shift to longer wavelengths in the salt 
curves of the 240-m,u 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-rmx 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 /3-benzomor-
phans further reflects the lack of influence of asymmet­
ric portions of the molecule more than one carbon atom 
removed from the phenolic chromophore upon ord char­
acteristics. 

It follows that C-5, rather than C-9 geometry has the 
predominant influence upon activity in diastereoiso-
meric benzomorphans since both analgetic or analgetic-
antagonist properties of the (±) derivatives la-d reside 
largely in the a-( —) or /3-( —) enantiomers, all of which 
have a oR configuration.1_3 Stereochemical correla­
tions follow from the facts that a-( — )-lb derives from 
a-( —)-la10 which is formed by reductive methyla-
tion of a-( — )-le (this work); the same secondary base 
yields a - ( - ) - l c and -Id11 while /3-(+)-le yields 0-( + )-lc 
and -Id11 and la (this work). 

Configurational influences upon activity in benzo-
morphan and prodine diastereoisomers provide evidence 
of comparative drug-receptor uptake modes in the two 
classes, the C-3 and -4 asymmetric centers of the pro-
dines being analogous to those at C-9 and -5, respec­
tively, of the benzomorphans (see 3 and 4). The 

OCOEt 
Me 

configurations of «-(+)- and /3-(+)-prodine have re­
cently been assigned as 3#:4£(a) and 33:4303).12 

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 a isomers drawn in their most favored 
conformations. This finding lends further support to 

OCOEt 

(10) E. L. May and J. H. Ager, / . Org. Chem., 24, 1432 (1959). 
(11) N. F. Albertson, private communication. 
(12) P. S. Portoghese and D. L. Larson, J. Pharm. Sci., 87, 711 (1908). 
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the view of differing uptake modes for 4-phenylpiperi-
dine analgetics and fused-ring derivatives containing 
the same structural feature, already advanced on the 
basis of comparative structure-act ivi ty relationships.13 

Experimental Section 

Where analyses are indicated only by the symbols of the ele­
ments, analytical results obtained for those elements were within 
± 0 . 4 ' ( of the theoretical values. Melting points, determined 
with a Fisher Johns apparatus, are uncorrected. Ord curves were 
recorded with a Cary Model (SO photoelectric spectropolarimeter 
using 0.1-0.2' , solutions in EtOH or 11,0 (we thank Mr. K. 0 . 
Oikawa, University of Alberta, for this data). Supply of a-(— )-
and ,d-( J- '-le by Dr. X. F. Albert son of the Sterling Winthrop 
Iieseareh Institute, Hensselaer, is gratefully acknowledged. 

Isomeric 1,5,9-Trimethylbenzomorphans (la) and Derivatives. 
—A mixture of «-: — )-le (0.7 g), 40'',' Cli .O solution (0.45 nil), 
•")'( Pd (' Ml.Hi g), and Hi Oil (2.1 ml) was shaken with ll2 

(atmospheric pressure, room temperature) until gas absorption 
ceased. The product was filtered and the filtrate was concen­
trated to give « K - ) - l a , m]) 1S4--1S(>° (lit.1- 183-184..")°). It 
gave a hydrobromide, mp 248-2o0° (lit.14 2.'iS~24lc'). Reductive 
methylation of d-{ + )-le gave ,d-( + )-la, mp 181-18:i° ( l i t ." 
1S:S-IS4..">=,, hydrobromide mp 274-270° dec (lit.11 288-242°). 
Anal. .-(V.lI-BrXO) C, II. A mixture of a-( - )-la (0.2 g), 
Mel (1 mC, and Cl lCk MiOO ml) was stirred at 3S° under reflux 

concentrated to 2.1 ml, and diluted with Eu>0. The 
separated was recrystallized from EtOH-EtaO to 

•la methiodide, mp 240-24.1°. Anal. ( C I J I M I X O ) 
II, X. 3 - : + ) - l a methiodide was prepared similarlv, nip 
-:-il()c. Anal. C, II. 

CH.tCrl^CHtCH,) COXH 

CO 

for .1 days 
solid whic 
give «-i — 
C, 
: ; i : 

<1:1) P. S. Portujiliese, J. iltct. Chem., 8, 009 (1965); A. F. Casy, A. H. 
Simmonds. and D. Stanifortb, ./. 1'hartn. Pharmacol., in press, 

il 1} IC. I.. May and X. B. Eddy. ./. Org. Chem., 24, 1435 (19S9.J. 
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The availability of the racemic form of 5-ethyl-o-
(3-hydroxy-l-methylbutyl)barbituric acid (II) , recently 
synthesized by Dickert, Shea, and McCarty , 2 prompts 
us to report the isolation of this compound from the 
urine of dogs given anesthetic doses of pentobarbi tal 
(I). Following the removal of the ( + ) and ( —) dia-
stereoisomers in the reported manner,3 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 pure compound and its acetate 
derivative differed from those of the optically active 
isomers. However, the chromatographic behavior and 
ir spectrum of the racemic product were identical with 
those of the ( + ) enantiomorph. The new metabolite 
did not depress the melting point of the synthetic 
compound. 

c li­

en CHOHCHCHeH 

s / 
eoxH 

.COXH 

CO 

(',11 

11 

COXH 

The discovery of the racemic alcohol in urine in­
creases the probability that all four enantiomorphs of 
o-ethyl-o-(3-hydro.\y-l-mcthylbutyl)barbituric acid are 
involved in the metabolism of pentobarbital . Isotope 
dilution experiments with the optically active diastereo-
isomers3 '4 have undoubtedly given tin erroneously low 
estimate of the quanti ta t ive importance of the urinary 
excretory products derived from penult imate oxidation 
of the drug. In dogs the two unconjugated alcohols 
accounted for about r>0% of the excreted isotope.3 

Inasmuch as the usual chromatographic methods do not 
distinguish between the corresponding optically active 
and racemic forms, the estimates of Titus and Weiss"' 
probably include the unknown enantiomorphs. Their 
data indicated that the unconjugated penultimate alco­
hols accounted for 02% of the recovered isotope. 

Inasmuch as the sum of the conjugated and uncon­
jugated optically active forms of o-ethyl-">-(3-hy-
droxy-l-methylbutyl)barbituric acid exceeds 50f;< of 
the dose of pentobarbital,5 '6 these metabolites must be 
formed from different optical isomers of the drug. 
The strongly dextrorotatory ([a]'i8i> +26.6°) alcohol 
may be presumed to be derived from the d enantio­
morph of pentobarbital by the addition of another d 
center. The weakly levorotatory ([a]'->8D — 5.6°) 
metabolite would then involve the / form of the drug 
and the same d center introduced by hydroxylation. 
On this basis the new metabolite may be designated tis 
(hi + //. Since this substance depressed the melting 
point of the <h\ form, it is probably a racemic compound 
rather than a racemic mixture. An at tempt to raeo-
mize the dd alcohol did not succeed. 

Experimental Section7 

Optically Active Isomers of 5-Ethyl-5-(3-hydroxy-l-methyl-
butyl )barbituric Acid (II).—The 24-hr urine from 1.1 dogs given 
12.-1 g f.10 mg/'kg) of sodium pentobarbital by mouth was brought 
to pH 6..1 and extracted continuously with ether for 48 hr. The 
combined extracts (7.10 ml) were shaken ten times with 110-ml 
portions of H 20. After evaporation in vacuo to 1.1 ml and brief 
storage at 4°, the aqueous extract deposited 612 mg of the crude 
dextrorotatory alcohol. Reduction of the volume of the filtrate 
to 3 ml yielded 1490 mg of the crude levorotaton- alcohol. Both 
alcohols were purified as described previously.3 

Xo evidence of raeemization was detected when a saturated 
aqueous solution of the pure dextrorotatory alcohol was heated in 
a sealed tube at 100° for 24 hr. 

(1) Tins work was supported l,y U. S. Public Health Service Research 
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(2.) Y. J. Dickert. P. J. Shea, and L. P. McCarty, J. Med. Chem., 9, 249 
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r.\) V.. \V. Maynert and J. M. Dawson, ./. Biol. Chem., 195, 389 (1952). 

(4) E. W. Maynert, ./. Pharmacol. Exptl. Therap., ISO, 118 (1965). 
(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 obtained were within -JrO.4% of the theoretical values. 


