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tensity). All organic layers after extractions were dried with 
Na2S04. Except as noted, all reagents and solvents were used 
as obtained from the supplier. Tetrahydrofuran was distilled from 
sodium ketyl. 

7-Acetyldihydrocodeinone (4a). A solution of dihydroco-
deinone (2a; 996 mg, 3.3 mmol), morpholine (2.5 mL, 28 mmol), 
and p-toluenesulfonic acid monohydrate (5 mg) in benzene (50 
mL) was heated at reflux through 3 A molecular sieves for 3 days. 
The mixture was then concentrated in vacuo to afford crude 3a 
as a solid. 

To a stirred, cooled (ice bath) solution of this crude enamine 
(600 mg, 1.6 mmol) in trichloroethylene (50 mL) was added se­
quentially triethylamine (0.35 mL, 2.5 mmol) and acetyl chloride 
(0.6 mL, 8 mmol). A fine white solid precipitated from the 
solution, and after 15 min, the solution was removed from the 
ice bath and heated at reflux for 6 h. During this time, the color 
changed to orange and then to red. Water (25 mL) was added, 
and the mixture was heated at reflux for 1 h. After cooling, the 
mixture was made basic with 50% NH4OH, extracted with 
chloroform, dried, and concentrated. The resulting oil was column 
chromatographed to afford 4a (300 mg, 55% yield) and recovered 
2a (170 mg, 27% yield). Recrystallization (MeOH) afforded pure 
4a: mp 195-196 °C; NMR S 2.10 [s, 3 H, C(0)CH3], 2.45 (s, 3 H, 
NCH3), 3.88 (s, 3 H, OCH3), 4.93 (s, 1 H, H-5), 6.73 (AB q, J = 
8 Hz, 2 H, aryl); IR (KBr) 1620 (br) cm"1; MS, m/e 341 (100, M+), 
326(13,M+-CH3),298[18,M+-C(0)CH3]. Anal. (CaoH^NOJ 
C, H, N. 

The other diketones of structure 4 were prepared by essentially 
the same procedure, starting with either 2a or 2b.8 One change 
which was made was to stir a methanol solution of the crude 
product (i.e., prior to chromatography) with 1 g of K2C03 for 3-5 
h. This solution was then concentrated, diluted with water, 

The search for opioid analgesics of the mixed agon­
ist/antagonist type continues to be of intense interest to 
medicinal chemists. Pentazocine, a benzomorphan de­
rivative, was the first analgesic belonging to this class of 
compounds to be introduced to the market. Since then, 
others, such as nalbuphine, butorphanol, and buprenor-
phine, have followed with the main clinical objective of 
decreasing the incidence of undesirable side effects and 
increasing the efficacy.2 

As part of our program directed toward this goal, we 
have studied 7-acyldihydromorphinones.1 These com-

(1) For paper 4, see Quick, J.; Herlihy, P.; Razdan, R. K.; Howes, 
J. F. J. Med. Chem., preceding paper in this issue. 

(2) See, for example, "Narcotic Antagonists"; Braude, M.; Harris, 
L. S.; May, E. L.; Smith, J. P.; Villarreal, J. E., Eds.; Raven 
Press: New York, 1973. Jaffe, J. H.; Martin, W. R. In "The 
Pharmacological Basis of Therapeutics"; Goodman, L. S.; 
Gilman, A., Eds.; Macmillan: London, 1980; p 521. 

extracted with CHC13, dried, concentrated, and then chromato­
graphed. 

Isolation of the Enol Isobutyrate, 5. A trichloroethylene 
solution of 3b (2.95 mmol), triethylamine (0.5 mL, 3.6 mmol), and 
isobutyryl chloride (1.3 mL, 12 mmol), prepared as above, was 
heated at reflux for 9 h. After hydrolysis and the usual workup, 
an oil was obtained which contained a substantial amount of 5. 
After several chromatographs, 100 mg (7% yield) of 5 was ob­
tained: NMR 5 0.2 and 0.6 (m, 5 H, c-C3HB), 0.93 [d, J = 7 Hz, 
6 H C(CH3)2], 1.22 and 1.25 [doublets, J = 7 Hz, 6 H, C(CH3)2], 
3.88 (s, 3 H, OCH3), 5.20 (s, 1H, H-5), 6.72,6.75 (AB q, 2 H, aryl); 
IR (film) 1755 (s), 1700-1610 (several) cm"1; MS, m/e 479 (9, M+), 
408 [8, M+ - C(0)C3H7], 392 [1, M+ - OC(0)C3H7], 43 (100). 
Treatment of a methanol solution of a mixture of 4g and 5 with 
K2C03 (as above) for 2 h afforded only 4g. 

AT-(Cyclopropylmethyl)-7-acetyldihydronormorphinone 
(6d). To a stirred solution of distilled BBr3 (0.3 mL, 3 mmol) 
in CHC13 (6 mL) was added, dropwise, 4d (100 mg, 0.26 mmol) 
in CHC13 (1 mL). After 0.5 h, the mixture was poured onto a 1:1 
ice-NH4OH mixture and stirred for 1 h. The layers were then 
separated, and the aqueous layer was extracted with CHC13. The 
CHC13 layers were combined, dried, and concentrated. Column 
chromatography afforded 6d (80 mg, 84% yield): mp 135 °C 
(MeOH); NMR S 0.2 and 0.6 (m, 5 H, c-C3H6), 2.17 (s, 3 H, Ac), 
4.4 (br s, OH), 4.88 (s, 1 H, H-5), 6.67, 6.65 (AB q, J = 8 Hz, aryl); 
MS, m/e 367 (30, M+), 55 (100). Anal. (C22H25NO4-0.5CH3OH) 
C, H, N. The other compounds of structure 6 were prepared in 
a similar fashion. 

Acknowledgment. This work was supported under a 
joint development program with Miles Laboratories, Inc., 
Elkhart, IN. 

pounds were prepared on the basis of our interest in de­
termining the effect of 7-substitution on the analgesic 
activity of less rigid nonbridged compounds. To extend 
these studies, we prepared the 7-carbethoxy derivatives 
of morphinan-6-ones. During the course of this work it 
became apparent that the corresponding isomorphinan-
6-ones were also easily accessible. This provided us an 
opportunity to study the effect of 7-carbethoxy substitu­
tion on analgesia in both the cis- and the £r<ms-morphi-
nan-6-ones. Recently, the influence of 7-alkyl substitution 
on analgesia in cis- and trans-morphinanones has been 
reported.3 Further chemical elaboration of the carbethoxy 
group to give novel compounds was attempted; however, 
except for a few limited cases, the chemistry proved to be 
unrewarding and was not pursued. Our findings in this 
area are described in this paper. 

(3) Leland, D. L.; Kotick, M. P. J. Med. Chem. 1980, 23, 1427. 

Novel Opiates and Antagonists. 5.1 

7-Carbethoxy-iV-(cycloalkylmethyl)-3-hydroxymorphinan-6-ones and 
-isomorphinan-6-ones 

Patricia Herlihy, Haldean C. Dalzell, John F. Howes, and Raj K. Razdan* 
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A direct conversion of deoxydihydrothebaine-(/> (1) to 3-methoxymorphinan-6-one (3Ca) and its trans isomer 3Ta 
was achieved in excellent yield by the catalytic reduction of 1 in AcOH containing CF3COOH. Treatment of 3Ca 
or 3Ta with NaH and diethyl carbonate formed the corresponding 7-carbethoxy derivatives 4a which, on O-de-
methylation, furnished the 3-hydroxy compounds 4b. The analgesic iV-methyl compounds 3 were converted to the 
17-(cyclopropylmethyl) or 17-(cyclobutylmethyl) derivatives 6-8. Two of these compounds, one in the cis (7Ca) 
and the other in the trans (7Ta) series, showed mixed agonist/antagonist activity in the pentazocine range. 
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Scheme I a 
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3Ca 3Ta 
a For C, B/C ring junction cis; for T, B/C ring junction 

trans. 

Chemistry. In 1961, Sawa and co-workers4 described 
the synthesis of 4-deoxydihydrothebaine-0 (1) from the-
baine. They also reported6 that treatment of 1 (Scheme 
I) with 25% HC1 gave 3-methoxy-6-oxo-17-methyl-A7-
morphinan (2C), which on catalytic reduction over Pd/C 
formed 3-methoxymorphinan-6-one (3Ca, i.e., a B/C-cis 
ring junction, the same as in morphine). However, hy­
drolysis of 1 with 10% HC1 gave a mixture containing 43% 
2T (B/C-trans ring junction) and 14% 2C (cis isomer). 
Separation of the trans isomer 2T, followed by reduction 
(Pd/C), provided the 3-methoxyisomorphinan-6-one 
(3Ta).6 

We have found that catalytic reduction (Pd/C) of 1 in 
AcOH containing CF3COOH directly formed 3a (mixture 
of 3Ca and 3Ta), which on column chromatography af­
forded the two isomers 3CaB (54%) and 3Ta6 (33%) in 
excellent yield (Scheme II). Reaction of 3Ca or 3Ta with 
NaH and diethyl carbonate in refluxing C6H6 formed the 
corresponding 7-carbethoxy derivatives 4a (diastereoiso­
meric mixture), which on treatment with BBr3 in CHC13 
furnished the 3-hydroxy compounds 4b. Conversion of 
3Ca or 3Ta to the AT-(cycloalkylmethyl) compounds 5c and 
5d was carried out via the AT-cyano compound 5a and the 
nor compound 5b, followed by alkylation with the appro­
priate alkyl bromide as reported by us earlier.7 These were 
then converted to 6a and 6b and demethylated to 7a and 
7b, respectively, as described above. 

To prepare 17-(cyclopropylmethyl)-7-(l-hydroxy-l-
methylethyl)morphinan-3,6-diols (8C and 8T), the ketone 
group in 7a was reduced with NaBH4 in C2H5OH. It gave 
a mixture of 6-ols (a and 0), which without further puri­
fication, was treated with CH3Li in THF. After column 
chromatography, the diols 8C and 8T (diastereoisomeric 

(4) Sawa, Y. K.; Tsuji, N.; Maeda, S. Tetrahedron 1961,15,154. 
(5) Sawa, Y. K.; Maeda, S. Tetrahedron 1964, 20, 2247. 
(6) Sawa, Y. K.; Horiuchi, M.; Tanaka, K. Tetrahedron 1965,21, 

1133. 
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mixture of 6-ols) were isolated as their hydrochlorides. 
Attempts to prepare other analogues of 8 were not pursued, 
since reaction with other alkyllithium compounds gave 
complex mixtures. Compounds 9 and 3b have been re­
ported7 by us earlier. 

Pharmacological Results 
The compounds were tested for analgesic activity in the 

acetic acid mouse writhing assay.8 Narcotic antagonist 
activity was determined against an EDgo dose of morphine 
using the rat tail-flick assay.9 These procedures have been 
described by us previously.10 The compounds are listed 
in Table I, and the appropriate 7-unsubstituted iV-methyl 
or iV-(cycloalkylmethyl) precursors are also included for 
comparative purposes. 

Since the number of examples in each class is limited, 
only trends in SAR are discussed. Both the cis- and 
trans-iV-methyl-3-hydroxy compounds 4Cb and 4Tb are 
fairly potent analgesics (same as morphine) but are 
somewhat weaker than the parent 7-unsubstituted com­
pounds (3Cb and 3Tb). This is more pronounced with the 
corresponding 3-methoxy analogues, particularly in the 
trans series (compare 4Ta and 3Ta). 

In the case of iV-(cyclopropylmethyl) compounds, in the 
cis series both the 7-substituted compound 7Ca and the 
parent unsubstituted compound 9Ca were mixed agon­
ist/antagonists. In the trans series, the 7-substitution gave 
compounds with a stronger agonist component. Com­
pound 7Ta showed a mixed agonist/antagonist profile, 
whereas the parent 7-unsubstituted compound 9Ta had 
moderately potent antagonist activity only. When the 
N-substitution was cyclobutylmethyl, only the cis series 
was examined and there 7-carbethoxylation decreased the 
agonist activity considerably (compare 7Cb and 9Cb). The 
diol analogues 8 did not show interesting activity. 

The apparent effect of 7-carbethoxy substitution on 
analgesia is substantially very similar to that observed for 
7-methyl substitution.3 It is noteworthy that two com­
pounds, one in the cis (7Ca) and the other in the trans 
(7Ta) series, showed mixed agonist/antagonist activity in 
the pentazocine range. 

Experimental Section 
Melting points were determined on a Thomas-Hoover melting 

point apparatus and are uncorrected. NMR spectra were recorded 
on a Varian T-60 spectrometer, using tetramethylsilane as an 
internal standard. Infrared spectra were obtained on a Perkin-
Elmer 700 spectrometer. HPLC analyses were performed on a 
Waters Associates A 202 chromatograph (^-Porasil column). 
Microanalyses were performed by Atlantic Microlab, Inc., Atlanta, 
GA. Mass spectra were obtained from the Mass Spectrometry 
Facility, Cornell University, Ithaca, NY. Where analyses are 
indicated only by symbols of the elements, analytical results 
obtained for those elements were within ±0.4% of the theoretical 
values. All compounds showed appropriate NMR spectra. Except 
as noted, all reagents and solvents were used as obtained from 
the supplier. THF was distilled from sodium ketyl. Benzene was 
passed through a neutral alumina column and stored over mo­
lecular sieves. 

3-Methoxy-17-methylmorphinan-6-one (3Ca) and 3-Meth-
oxy-17-methylisomorphinan-6-one (3Ta). A solution of 1 (20.0 
g, 0.067 mol) and CF3COOH (8.1 mL, 0.011 mol) in 15 mL of H20 

(7) Polazzi, J. O.; Schut, R. N.; Kotick, M. P.; Howes, J. F.; Os­
good, P. F.; Razdan, R. K.; Villarreal, J. E. J. Med. Chem. 1980, 
23, 174. 

(8) Whittle, B. J. R. Br. J. Pharmacol. 1964, 22, 246. 
(9) Harris, L. S.; Pierson, A. K. J. Pharmacol. Exp. Ther. 1964, 

143, 141. 
(10) Manmade, A.; Dalzell, H. C; Howes, J. F.; Razdan, R. K. J. 

Med. Chem. 1981, 24, 1437. 
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Table I 

compd 
% yield of 
free base m p , C formula anal.° 

analgesic and narco t ic an tagonis t ac t . : b ED 5 0 , 
mg /kg (95% CL) 

agonist ,0 mouse wr i th ing antagonist,** ra t tail flick 

a. 

3Ca 
3Cb 
3Ta 
3Tb 
4Ca 
4Cb 
4Ta 
4Tb 
5Cc 
5Cd 
5Tc 
5Td 
6Ca 
6Cb 
6Ta 

7Ca 
7Cb 
7Ta 

8C 
8 T 
9Ca 
9Cb 
9Ta 

54 

33 

3 8 
100 

86 
89 

3 1 
6 1 
69 

66 
9 0 ' 
64' ' 

39 
14 

morphine sulfate 
nalorphine 
pentazocine 

gum 
foam 
1 5 4 - 1 5 7 e 

1 8 6 - 1 8 8 

f o a m e 

f o a m e 

f o a m e 

f o a m e 

f o a m c 

215-220 e - f e 

f o a m > 2 0 0 e 

180 f e 

C 2 1 H 2 7 NO 4 0 .75H 2 O 
C 2 0 H 2 5 NO 4 H 2 O 
C 2 1 H 2 7 N 0 4 H C 1 C 2 H S 0 H 
C 2 0 H 2 S NCy0.5H 2 O 

C M H 3 1 ]5I0 4 -2Ha 
C 2 5 H 3 3 NO 4 1 .5HC10 .75H 2 O 
C ^ N O ^ H C l 

C 2 3 H 2 9 N 0 4 H C M . 5 H 2 0 
C M H 3 1 N 0 4 - H C M . 5 H 2 0 
C 2 3H 2 9NO 4-HC10.75H 2O 

C 2 3 H 3 3 N0 3 HC1- 0.5CHC13 

C2 3H3 3NO3-0.5H2O 

C , H , N 
C, H, N (MS) 
C, H , N , C\f 

C, H , N 

H, N ; C h (MS) 
C, H, N, CI (MS) 
(MS) 

C, H, N 
C, N;H>" 
C, H, N 

C, H, N (MS) 
C, H, N (MS) 

0.49 ( 0 . 2 6 - 0 . 9 2 ) 
0 . 1 5 ( 0 . 1 0 - 0 . 2 2 ) 
1 . 5 8 ( 1 . 1 4 - 2 . 1 9 ) 
0 .23 ( 0 . 1 5 - 0 . 3 5 ) 
4.6 ( 3 . 6 - 6 . 0 ) 
0 . 7 2 ( 0 . 4 6 - 1 . 1 3 ) 

> 1 0 . 0 * 
0 . 6 ( 0 . 3 0 - 1 . 2 1 ) 
0 .24 (0 .07 -0 .861 
0.22 ( 0 . 0 8 - 0 . 5 9 ) 

> 1 0 . 0 
6 . 9 ( 3 . 6 4 - 1 3 . 1 ) 

> 1 0 . 0 * 
> 1 0 . 0 * 
> 1 0 . 0 * 

4 . 9 ( 1 . 7 6 - 1 3 . 6 ) * 
1.15 ( 0 . 5 0 - 2 . 6 6 ) * 
3 . 7 ( 1 . 0 1 - 1 3 . 5 2 ) * 

6.9 ( 2 . 9 - 1 6 . 4 ) * 
> 1 0 . 0 

1 . 0 2 ( 0 . 4 0 - 2 . 6 1 ) 
0 .017 ( 0 . 0 0 2 - 0 . 1 2 4 ) 

> 1 0 . 0 

0 . 8 ( 0 . 4 - 1 . 5 ) 
1 . 2 2 ( 0 . 1 9 - 7 . 4 6 ) 
3 . 7 0 ( 2 . 4 5 - 5 . 5 8 ) 

> 3 . 0 
> 1 0 . 0 

1.3 ( 0 . 5 7 - 2 . 9 8 ) 
> 1 0 . 0 

> 3 . 0 
> 3 . 0 

> 1 0 . 0 

3 . 1 2 ( 1 . 4 5 - 6 . 6 9 ) 
> 1 0 . 0 

2 .54 ( 1 . 4 0 - 4 . 6 2 ) 

> 1 0 . 0 
> 1 0 . 0 

2.3 ( 1 . 2 8 - 4 . 1 2 ) 
> 1 0 . 0 

0 . 7 8 ( 0 . 3 7 - 1 . 6 4 ) 

0 . 8 6 ( 0 . 1 6 - 4 . 7 1 ) 
10 .4 ( 3 . 9 - 2 8 . 7 ) 

S!* 
3 
V£ 

l-~* 

& 9° 
• < 

£ 
NS 
Ox 

i p 
0 0 

a MS indicates that the molecular weight has been confirmed by high-resolution mass spectrometry, AEI-MS-092, and results are within 3.0 mmju error. These compounds 
have a strong tendency to retain solvents. b Compounds that were prepared as salts were administered in distilled water; free bases were dissolved by the addition of 1 N HC1 
and then further diluted. c The drug was injected subcutaneously.8 d The drug was injected intraperitoneally and the ED80 {lose of morphine was given subcutaneously.9 e The 
HClsalt. f H : calcd, 7.78; found, 7.10. * The compound was tested as the HC1 salt. h C: calcd, 61.27; found, 60.80. N: calcd, 2.98; found, 3.46. ' Yield after 
purification by chromatography (Florisil; MeOH/CHCl3). ] H: calcd, 7.65; found, 7.13. k Decomposition. 
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Scheme II a 

3Ca, R = CH3 
b, R = H 

3Ta, R = CH3 
b, R = H 

N C H , 

'COOC2H5 

4a, R = CH3 
b, R = H 

C H 3 0 CH,0 

5a, R' = CN 
b, R' = H 
c, R' = CH2-c-C3H5 
d, R' = CH2-c-C4H, 

N R1 
N — R 

COOC2H5 

a, R' = CH2-c-C3H5 

b, R' = CH2-c-C4H, 

COOC2H 2H5 

7a, R' = CH2-c-C3H5 
b, R' = CH2-c-C4H7 

.N C H 2 - C - C 3 H 5 

For C, B/C ring junction cis; for T, B/C ring junction trans. 

N R 

CH2 -c-C3H5 
CH2-c-C4H, 

and 150 mL of glacial AcOH was stirred at room temperature 
under N2 for 0.5 h. Palladium (10%) on charcoal catalyst (0.57 
g) was added, and H2 was bubbled through the solution for 6.5 
h; the reaction mixture was then left stirring at ambient tem­
perature overnight. The catalyst was removed by suction filtration 
through Celite and washed thoroughly with H20. The filtrate 
was made basic (pH 8) by adding solid KHCO3 and was then 
extracted with CH2C12 (4 times). The organic fractions were 
combined, dried over Na2S04, and concentrated under reduced 
pressure to give 23.2 g of a mixture. The cis and trans isomers 
were separated from the crude product by column chromatography 
on Florisil with graded MeOH/CHCl3 as eluant to give 10.41 g 
(54%) of the cis isomer 3Ca and 6.3 g (33%) of trans isomer 3Ta, 
identical in all respects with those reported by Sawa and co­
workers.5,6 

General Procedure for 7-Carbethoxylation. This is illus­
trated by the conditions used for the preparation of 7-carbeth-
oxy-3-methoxy-17-methylmorphinan-6-one (4Ca). NaH (50% 
oil dispersion; 3.5 g, 84 mmol) was introduced into a reaction flask, 
under a N2 atmosphere, washed twice with hexane to remove 
mineral oil, and then suspended in 100 mL of dry C6H6. Diethyl 
carbonate (6.62 g, 56.1 mmol) was added, and the mixture was 
heated at reflux. A solution of 3Ca (4.0 g, 14 mmol) in 60 mL 
of dry C6He was added dropwise to the hot slurry over a period 
of 2 h; it was stirred for an additional 3 h at the reflux temperature 
and then left at ambient temperature overnight. The reaction 
was quenched by the addition of AcOH, followed by H20, and 
was then extracted with C6H6 (3 times), dried over Na2S04, and 
concentrated in vacuo. The residue was taken up in CH2C12, 
washed twice with 5% NaHC03 and twice with H20, dried over 
Na2S04, and concentrated under reduced pressure to 4.8 g of crude 
4Ca. Purification by chromatography on Florisil using graded 
MeOH/CHCl3 as eluant provided 1.9 g (38%) of product as a 
brown gum, which was homogeneous by TLC: NMR (CDC13) 5 
1.2 (t, J = 7 Hz, 3 H), 2.42 (s, 3 H, NCH3), 3.75 (s, 3 H, OCH3), 

4.1 (q, J = 6 Hz, 2 H), 6.65-7.12 (m, 3 H, aromatics); IR (smear) 
1650, 1720, 1750 cm"1. 

Compounds 4Ta, 6Ca, 6Ta, and 6Cb were similarly prepared 
and were homogenous by TLC (Table I). The hydrochlorides were 
prepared from the free base (dissolved in CHC13) by treatment 
with ethereal HC1. 

General Procedure for Demethylation of the 3-Methoxy 
Group. This is illustrated by the conditions used for the prep­
aration of 7-carbethoxy-3-hydroxy-17-methylisomorphinan-
6-one (4Tb). To a stirred solution of distilled BBr3 (1.1 mL, 10.5 
mmol) in 10 mL of CHC13 as added, dropwise, a solution of 4Ta 
(312 mg, 0.87 mmol) in 10 mL of CHC13. After 0.5 h the reaction 
mixture was poured into an ice/NH4OH mixture and then stirred 
at 0 °C for 1 h. The layers were separated, and the aqueous phase 
was extracted twice with CHC13. The organic fractions were 
combined, washed once with H20, dried over Na2S04) and con­
centrated in vacuo. Purification by column chromatography over 
Florisil using graded MeOH/CHCl3 as eluant provided 267 mg 
(89%) of 4Tb as a white solid, mp 186-188 °C. 

Compounds 4Cb, 7Ca, 7Ta, and 7Cb were similarly prepared 
and were homogeneous by TLC (Table I). The HC1 salts were 
prepared from the free base, which was dissolved in CHC13, by 
treatment with ethereal HC1. 

17-(Cyclopropylmethyl)-7-(l-hydroxy-l-methylethyl)-
morphinan-3,6-diol (8C). Solid NaBH4 (765 mg, 20.21 mmol) 
was added in small portions to a stirred solution of 7Ca (1.55 g, 
4.04 mmol) in 50 mL of EtOH. After the addition was complete, 
the reaction mixture was stirred at ambient temperature under 
a N2 atmosphere for 4 h. The reaction was quenched by the 
addition of 10 mL of glacial AcOH; this mixture was stirred at 
room temperature for 1 h. The solvents were removed in vacuo; 
the residue was taken up in H20 and made basic with concentrated 
NH4OH. The solid obtained was extracted 3 times with CHC13. 
The organic fractions were combined, washed once with H20, dried 
over Na2S04, and concentrated in vacuo to give 0.89 g of 7-car-
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bethoxy-17-(cyclopropylmethyl)morphinan-3,6-diol. It was used 
in the next reaction without further purification. 

CH3Li (1.84 M, 6.14 mL, 11.3 mmol) was added to a cooled (ice 
bath) solution of the above diol (792 mg, 2.05 mmol) in 45 mL 
of THF. The brown reaction mixture was stirred at ambient 
temperature under N2 overnight. The reaction was quenched by 
pouring it into 25 mL of cold 20% NH4C1 and stirring it in an 
ice bath for 15 min. The layers were separated, and the aqueous 
phase was extracted twice with CHC13. The organic fractions were 
combined, washed once with H20, dried over Na2S04, and con­
centrated in vacuo. Purification of the product by column 
chromatography over Florisil using graded MeOH/CHCl.3 as 
eluant afforded 295 mg (39%) of 8C: MS, m/e (relative intensity) 
371 (M+, 70), 330 (M+ - CH2-c-C3H6,100), 313 (M+ - CH3COCH3, 
23), 272 (330 - CH3COCH3) 30); NMR (CDC13) 8 0.13-0.53 (br 
m, 4 H), 1.18 (s, 3 H), 1.28 (s, 3 H), 4.48 (br s, 1 H, exchangeable), 

Since the discovery of therapeutically useful dopamine 
(DA) agonist activity in hydroxylated aporphine deriva­
tives, such as apomorphine,3 considerable interest has 
developed in delineating the portions of the aporphine 
molecular structure responsible for dopaminergic prop­
erties and the interactions with DA receptors.4 '5 The 
process of drug design could be considerably improved if 
receptors and their mode of interaction with active sub­
stances were known in precise molecular detail. Such 
information could then be used to design conformationally 
defined structures in which pharmacophoric groups are 
oriented in the appropriate spatial arrangement for optimal 
receptor interaction. Since DA is an achiral and confor­
mationally flexible molecule, little information concerning 
interactions with DA receptors can be obtained with this 
neurotransmitter. Apomorphine [(-)- l , (-)-APO], the 
enantiomer obtained by the acid-catalyzed rearrangement 
of morphine, was reported by Saari et al.6 to be the active 
enantiomer for dopaminergic and emetic activity. The 
S{+) enantiomer of apomorphine was shown to be inactive 
in producing postural asymmetries in unilaterally cau-
date-lesioned mice.6 Despite the complexities of inter­
actions of apomorphine with presumed DA receptors and 
the status of apomorphine as a possible partial agonist or 
mixed agonist/antagonist in DA systems, including those 
in the central nervous system,7-10 the apomorphine mole­
cule has served as a good starting point for the study of 
DA receptor interactions. This proposal is supported by 

f Northeastern University. 
1 McLean Affiliate of Massachusetts General Hospital and 

Harvard Medical School. 

4.75 (br s, 1 H, exchangeable), 6.58-7.03 (m, 3 H); IR (smear) 1610 
cm"1. Treatment with ethereal HC1 gave the hydrochloride salt 
as a brown solid, mp foams >200 °C. 

17-(Cyclopropylmethyl)-7-(l-hydroxy-l-methylethyl)iso-
morphinan-3,6-diol (8T). The compound was prepared ac­
cording to the same procedure as used for 8C. It was obtained 
as an off-white solid which begins to decompose at 180 °C (Table 
I): NMR (CDCl3/MeOD) 6 0.08-0.58 (m, 4 H), 1.3 (s, 3 H), 1.37 
(s, 3 H), 4.1 (br s, 2 H, exchangeable), 4.57 (br s, 1 H, ex­
changeable), 6.53-7.02 (m, 3 H); IR (CHC13) 1610 cm"1. 
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(-)-l [(-)-apomorphine, 
APO], R = H 
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(+)-l [(+)-apomorphine], 
R = H 

(+)-2 [(+)-2-hydroxy-
apomorphine, (+)-THA], 
R = OH 

the facts tha t the catechol ring and the amino group 
analogous to those of DA are held in rigid conformation 
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The enantiomers (6afl and 6aS) of 2,10,11-trihydroxyaporphine (THA) were synthesized from thebaine and bul-
bocapnine and evaluated pharmacologically in vitro in comparison with (-)-apomorphine [(-)-APO] and dopamine 
by competition with tritiated apomorphine, ADTN, and spiroperidol for binding to a membrane fraction of calf 
caudate nucleus, as well as for ability to stimulate adenylate cyclase. In all four tests, the rank order of potency 
was (-)-APO > (-)-THA » (+)-THA. Thus, these results extend the impression that the 6afl configuration for 
hydroxyaporphines is preferred for interactions with putative dopamine receptors and that 2-hydroxylation reduces 
potency in comparison with 10,11-dihydroxyaporphines. 
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