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parallels very well with the lipophilic character of the 
four analgeticis. Of special interest is the good agree- 
ment of the slopes of eq 9 and 11. This reflects a close 
parallelism between log (Cbra in lCplasma)  and log ( C l v e n t r l  

Ci,.) . This is additional support for the earlier findings 
that  log ( C l r e n t r / C i v )  is a measure of the different capa- 
bility of the analgetics to penetrate the blood-brain 
barrier. 

TABLE I1 
I~.WIO.~CITVELY L.IRI:LI:D AS.\LG~;TICS \\ ITH PHI.SIC.\L 

Cossraxm 
log 

(Cbrain/ (Cbrain? 
Compound Cplaama) C,I” log P 

lloiphiiie 0.046 - 1 . 3 4  -5.00 
1 )ihydromorphine 0.053 -1.28 -5.00 

Etorphitie 8.69 0.94 0.15 
Feiit any1 10.58 1.02 1.29 

The parallelism between the intraventricular activity 
and the receptor activity leads to some qualitative con- 
clusions regarding the drug-receptor interactions. Fig- 
ure 1 makes possible the comparison of the chemical 
structures of the analgetics with their relative intrinsic 
activities. It is interesting to note that  the polar com- 
pounds like hydromorphine, dihydromorphine, mor- 
phine, and normorphine have a greater activity a t  the 
receptor than the synthetic derivatives methadone, 
Betobemidone, and pethidine. Polar functions, like 
hydroxy, ether, or keto groups seem to be favorable for 

specific drug-receptor interactions. This is in accord 
with the findings of Porthogeseg that the introduction 
of an OH group in an analgetically active molecule can 
enhance analgetic activity and simultaneously change 
the mode of binding. Therefore, the high activity of 
the nonpolar synthetic analgetics follox-ing intravenous 
application can easily be explained by a good penetra- 
tion of these compounds through the blood-brain 
barrier to  the reaction site and seems not to be due to 
especially favorable drug-receptor interactions. I n  
etorphine, the most active compound in this set of 
analgetics, both favorable properties are combined 
within one molecule. 

The results of this work underline the importance of 
the passive penetration of drugs through the blood- 
brain barrier. S o  criterion %as found which would be 
in accord with a special importance of an active trans- 
port2’ through this barrier for the studied analgetics. 
I n  addition, the statistical analysis of the pharmacologi- 
cal results has shown, that the efficiencies of the drugs 
following intraventricular application parallel largely 
their receptor activities. 
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Oplical isomers of a-3,9-diethy1-2’-methoxy- ( l a ) ,  a-2,.i-dimethyl-D-ethyl-2’-hydro.uy- ( Id  ), atid 2’-hyd!n-;y- 
2-methyl-6,7-benzomorphans ( I C )  arid of .i-(m-hydroxyphenyl)-Z-methylmorphan (2) have been prepared arid 
compared with parent racemates in analgetic activity, physical dependence capacity, and antsgonistic behavior. 
Racemate IC, (+) - lc ,  ( - ) - IC and ( -  )-2 have morphine-like analgetic and nalorphine-like antagonistic 
action 

I n  continuation of our rosearch designed to effect 
fnvorable separation of morphine-like effects by optical 
resolution,2 the antipodec of a-.5,9-diethy1-2’-methoxy- 
(la),  a-2,5-dimethyl-9-ethyl-2’-hydroxy- (ld),  and 2’- 
hydroxy- (IC) 2-methy1-6,7-benzomorphans and of 5- 
(m-hydrosyphenyl)-2-methylmorphan (2) have been 
prcp:wed. Compounds (+)- and (-)-la were obtained 
by CH-N, methylation of (+)- and (-)-lb. Optical res- 
olution of IC, Id, and 2 was effected with (+)-3-bromo- 
S-camphorsulfonic acid ammonium salts,3 d-10-cam- 
phorsulfonic acid, and cl-mandelic acid, respectively. 

(1) (a) T o  vhom inquiries should be addressed: (b) Visiting Fellow from 
Tokyo. 1968-196Y. 

(2)  (a) J. €1. .Leer, A. E. Jacobson, and E. L. l f a y ,  J .  .Wed. Chem.. 12, 
288 (1969):  (b)  E. L. M a y  and S .  E. Eddy,  ibid.. 9, 581 (1966). 

(3 )  From Aldricii Chemical Company a s  d-a-bromocrtmphor-rr-sulfonic 
acid. 

R d  H d  

l a . R = M e :  R l = R L = E t  2 
b, R = H; R, = R,= Et 
C, R = R i = R , = H  
d, R = H ;  R , =  Me; R, = Et 

Pharmacology. In Table I are given analgetic ac- 
tivities as determined in the mouse hot plate method14 
and physical dependence capacities and antagonistic 

(4) (a) N.  B. Eddy and D. Leimbach. J .  Pharmncol. E x p .  T h e r . ,  107, 385 
(1953); (b) A. E. Jacobson and E. L. May. J. M e d .  Chem.,  8, 563 (1965). 
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rhloride (from 3IeOH-3Ie&O) melted at  217-220" and had 
[ G ] ' ~ D ,  +39.3". Anal. (ClsH&lNO) c, H. 

The combined filtrate and washings from the 1.1 g of precipi- 
tate above were concentrated to  5-6 ml and made basic with 
SHIOH-HZO giving 0.9 g of a mixture of CY-(-)- and (=t)-ld; 
mp 192-210'. This was digested with 12-15 ml of boiling hle2C0. 
Ilapid cooling in ice and filtration gave 0.4 g of a-+-ld, mp 213- 
210°. The filtrate was concentrat,ed to  3-5 ml (t,o the appearance 
of crystals), cooled to -sa ,  and filtered giving 0.45 g of CY-( - )-ld, 
mp 196-203'. I t  was suspended in a little 3IeOH and acidified 
with €IC1 gas. Acetone was added, and solvents were dist,illed 
n.ith periodic addit'ion of llIetCO until crystals began separating. 
Cooling to 0" gave 0.45 g (.5.imc) of a-( - )-ld.HCl, mp 218-221", 
( C Y ] ~ ~ L )  - 39.1' after recrystallization from MeOH-l\1erCO. 
dnal.  (ClbH&lSO) C, H. Treatment of this hydrochloride 
with MeOH-XH,OH gave CY-(- )-ld, prisms from MenCO; 

i+ )-5-~n-Hydroxyphenyl-2-methylmorphan [(+)-21 and the 
( - ) Isomer [i - )-21 .--d-llIaiidelic acid (0.8 g, Aldrich), 1.1 g 
o f  (*)-2,Q and 10 ml of llIe2C0 were warmed to disappearance 
of solid. On cooliiig, a sirrip separated and was dissolved by 
addition of a fen drop> of MeOH (slight varming). Crystals 

[lip 20o.i-%06O, [ C ~ ] ' ~ D  -60.8'. 

(Y)  E. L h lay  and J .  G AIiirph), J .  Org. Chem.,  20, 1197 (1955). 

separated and the mixture was cooled overnight a t  -5' to give 
1.9 g of d-mandelate salts. These were dissolved in 55 ml of 
boiling MeOH. The solution was concentrated to the appearance 
of crystals (to 10-15 ml) and left at room temperature for 1 hr 
to  give 0.9 g of the d-mandelat'e salt of (+)-2, mp 212-215'. 
Another similar recrystallization gave 0.8 g, mp 216-218". It 
was suspended in boiling HzO and treated dropwise with NHlOH 
t'o give an oil which crystallized on cooling; yield of (+)-2 
0.4 g (747,) mp 1.33-154' before and after recrystallization from 
MeOH, [ a ]  2 0 ~  +12.4". Anal. (CIIHZ~XO) C, H. The hydrochlo- 
ride (from i-PrOH-HC1 gas) melted at' 233-235" and had [ O ] ~ O D ,  

+4.4" (c 1.8). Anal. (CljH22ClXO) C, H. 
The tombined filtrates and washings from the 1.9-, 0.9-, and 

0.8-g fractions above were concentrated t o  ea. .i ml and diluted 
strongly with Hz0 and NHdOH t'o give 0.5 g of a mixture of ( -  )- 
and (f )-2. This and 0.4 g of d-mandelic acid were heated briefly 
in 5 ml of 3IeOH giving crystals immediately. Coo!ing to -5', 
filtering, and washing the precipitate with cold 3IeOH gave 0.6 g 
of ( -  )-2 d-mandelate, mp 212-214' dec. It aas converted into 
0.33 g (6j%) of (-)-2 as described for (+)-2; mp 153--134', 
unchanged by recrystallization from EtOH-HnO or LIeOH. 
I t  had [ a l Z o ~  -12.7". Anal. (CISHZ~NO) C, H. The hydro- 
chloride (from i-PrOH-HC1 gas) melted at  233-233' and had 
[ ~ ] ' O D  -4.8". Anal. (ClZH~&lr\i0) C, H. 

Tricyclic Norephedrine Analogs. The Isomeric 
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The syntheses of the 4 isomeric 9-hydroxy-l0-amino-ll2,3,4,4a,9,10,l0a-(trans-4a,l0a)-octahydrophen- 
Spectral and chemical evidence are presented for the structures of the 

Biological data are recorded for a-adrenergic receptor activity and a-adrenergic blocking 
anthrenes (1, 2, 3, and 4 )  are described. 
title compounds. 
activity 

A number of studies have been performed to aid in 
the delineation of the architectural features of adrener- 
gic receptors, each providing some evidence concerning 
the steric arid electronic requirements for analogs of 
norepinephrine to produce effects in various tissues. 
1 Iore recently studies have been directed a t  determining 
the conformational specifications of the agonist drug- 
recept'or complex. with the idea that conformational 
differences in the drug-receptor interaction of a single 
drug with diff ererit receptors may be a t  least a partial 
(.xplanation for diff ererit actions of a single drug, and/or 
different potencies of the same drug, on various tissues. 
I i t t le  has been offered in terms of the architectural 
features of this complex, although speculation, con- 
' tent with the facts, does exist, determined primarily 
or conformationally mobile  agonist^.*^^^ Adrenergic 

(1) ( a )  Presented t o  the Dirision of hledicinal Chemist 
AIeeting of the .Imerican Chemical Societj-, Xeir Tork. 
1969, 1IEnI-88; (b) taken in part  from the  dissertation presented hy D. D. 
>IiIler, .July 1969, to tlie Graduate Hchool, Cniversity of JVashington, in 
1,artial f~ilhllrnent of tl ie 1'11.1). degree; ( e )  U. 9. Public Health Service 
l ~ e l l ~ ~ ~ v s l ~ i ~ ~ ,  1-1~I-G3I-8:1.H12, lYfjfi-19GY. 

(2 )  l'ur recent revieus see (a) K. 1'. Aliilquist, J .  1'huTIlk. Yci. ,  66, 35Y 
(1966); (h)  A .  AI.  Lands and T. G .  Brown, Jr . ,  Drugs Afect ing PeripheTd 
.\'em. Suat. 1867, 1, 399 (1967); (c)  H. Belleau, Ann. N .  Y .  A c a d .  Sci . ,  1S9, 
580 (1967). 

13) (a) B. lf. Bloom and I .  h l .  Goldnian, ddcan. UTUQ. Rea., S, 121 
( l t J H 6 ) :  0)) G .  .I. Robinson, R .  T\-. Rutclier, and E. W. Sutherland, A n n .  
.\', 1 ~ .  Aciid. Scz., 139, 606 (1Y6 i ) ;  (c) L. 13. Kier, .I. PhfLrmficoZ. Exp. ?'her.. 
75, 161 (1968);  ((1) L. 1 3 ,  Kier, J .  t'hnrm. I ' h a r m u c d . ,  21, 93 (1969); (e) 
P. S .  Portoglism. J .  J l e d .  C h e m . .  10, lO5i ( lYf i7) .  

activity of a phenethylamine moiety. and a benzylic 
hydroxyl group of a given absolute stereochemistry have 
been defined. I n  addition stereochemical relationships 
between the ephedrines and $-ephedrines for agonist 
and antagonist activity have been determined.4 I n  
this nonrigid system little can be said concerning specific 
conformational requirements of the drug-receptor 
complex. Studies by Smissman and coworkers have 
shown some adrenergic activity in the 2-pheny1-3- 
xmino-ti.ans-'.'-decalols,5a although little difference is 
noted in the isomers and amine depleting activity in 
the 3-phenyl-3-hydroxy-frans-decahydroquin01ines.~~ 

I n  this study we prepared norephedrine analogs 1, 2, 
3, 4, in which 9-(e)-hydroxy-l0(e)-amino-l,2,3,4,4a,9,- 
10, loa- (tra?zs-4a, loa) -oc tahydrophenanthrene (1) , and 
the 9(n)-hydroxy-l0(a)-amirio compound, (3) represent 
threo configurations of norephedrine and the 9(a)-hy- 
droxy-lO(e)-amino compound (2), and the 9(e)-hy- 
droxy-lO(a)-amino analog (4), represent erythro con- 
figurationsa6 

(4) J. €3. LaPidus, A .  Tye, P. Patil, and  B. A .  Modi, ibid., 6, 76 (1963). 
(5) (a) E. E. Smissman and TT', H. Gastrock, ib id . .  11, 860 (1968); (b) 

E. E. Smissman and G .  H .  Chappell. ibid., 12, 429 (1969). 
(6) (a) T h e  central ring is arbitrarily assigned the  half-chair conformation 

where the equatorial ( e )  and axial (a) substituents a t  C-9 are in fact pseudo- 
equatorial and pseudo-axial respectively; (b) All materials are racemic 
althougli only a single isomer is drawn; ( e )  Consistently throughout nmr 
discussions of the 9,lO-disubstituted compounds, the proton a t  C-9 will 
be <designatPd 4, the proton a t  C-10, B, and the  C-loa axial proton, C. 


