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Carbon-13 chemical shifts were measured for 25 morphine, 14-hydroxyrnorphine, and 6,14-endo-etheno- and 
6J4-endo-ethanotetrahydrothebaine compounds. The signal due t o  each carbon was assigned. T h e  13C assign- 
ments o f  the protonated carbons were aided by single frequency off-resonance decoupling experiments and were 
confirmed in questionable cases by deuterium labeling experiments. Substi tuent effects were used t o  assign chern- 
ica l  shif ts t o  nonprotonated as wel l  as protonated carbons. Comparison o f  the  chemical shifts o f  the morphine and 
14-hydroxyniorphine systems t o  those of  the 6,14-endo- etheno- and 6,14-endo- ethanotetrahydrothebaine systems 
showed t h a t  the spatial configuration o f  rings A, B, and D o f  the two systems was similar. T h e  lH and I3C NMR 
data for the various compounds were compared. 

I t  has been demonstrated that natural abundance car- 
bon-13 nuclear magnetic resonance ( 13C NMR) spectrosco- 
py is an extremely useful physical method for the structure 
elucidation of alkaloids. Although several papers have pre- 
sented correlations of structure with 13C NMR spectra for 
many classes of  alkaloid^,^ only limited studies have been 
reported for the physiologically and sociologically impor- 
tant morphine series of  alkaloid^.^!^ 

As a result of the continuing interest in the chemistry 
and pharmacology of the morphine class of alkaloids, we 
have synthesized many of the more active morphine type 
narcotics and narcotic antagonists as well as several of their 
biotransformation products. In this paper we present a 
study of the 13C NMR spectra of the morphine alkaloids 
1-11 shown in Chart I. The structures shown in Chart I are 

planar representations of the various morphine systems 
and illustrate the numbering used throughout this paper. 

X-ray analysis of morphine (la) hydriodide has shown 
that ring B is rigidly held in a distorted half-chair form and 
that rings C and D possess a boat and a chair form, respec- 
tively, with the 6a substituent in a bowsprit orientation.6 
lH NMR studies have shown that morphine as well as 
other A7-morphine type alkaloids including 14-hydroxy an- 
alogues possess a similar c~nformat ion .~  In contrast the 'H 
NMR data7 and chemical behaviors show that ring C of the 
(2-7, C-8 saturated compounds such as 2a, 2b, 7a, and 7b 
exists in a chair conformation in which the 6a substituent 
is axial. The absolute stereochemistry of 19-propylthevinol 
(9c) hydrobromide has been established by an x-ray crys- 
tallographic study and shown to be as represented in struc- 
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Chart I 

la, R = R’=H 
b, R = CH,; R’ = H 
c, R = R’ = CH,CO 
d, R = H; R’ = CH,CO 

2a, R = R ’ = H  
b, R = CH,; R’= H 

0% N - CH, 

0 
3 4 

5a, R = R ’ = H  
b, R = CHi R’ = H 
c, R = R’ = CH,CO 
d, R = CH,; R’ * CHFO 

6a, R = H; R’ = CHPCH=CH2 
b, R * H R’ = CH,-c-C3H, 
c, R CH,; R’ = H 

R 
7a, R’-OH; R = H  
b, R-OH; R‘=H 

CH,CR~ 
I 
OH 

21 2a a, 
94 R = H; R’ = CH2CH2CHs 
b, R=R’=CH, 
c, R = CH,; R’ CH2CH2CH, 

I 

CH,$OH 
21 I 

CH3 
11% R = H; R’ - CHZ.c-C3& 

b, R = R’ = CH, 
c, R = CH,; R’ = CN 

10 

ture The stereochemistry of 9c as well as several other 
6,14-endo-etheno- and 6,14-endo-ethanotetrahydrotheba- 
ine derivatives such as 10 and 11 has been confirmed by lH 
NMR studies.1° 

Results and  Discussion 
The structural and stereochemical information available 

from the x-ray and lH NMR studies described above was 
considered along with the application of 13C NMR chemi- 
cal shift theory,3bJ1 single frequency off-resonance decou- 
pling (sford) experiments, deuterium labeling experiments, 
and comparisons to structurally related corn pound^^^^^^^^ to 
arrive a t  the complete 13C NMR chemical shift assign- 
ments of compounds 1-11 listed in Tables 1-111. 

Morphine Systems (Table I).14 The two aromatic pro- 
tonated carbons, C-1 (d)I5 and C-2 (d), of morphine (la) 
and codeine (lb)16 were easily differentiated from the ole- 
finic carbons C-7 (d) and C-8 (d) by the upfield shift of the 
latter resonances on reduction of the double bond. Carbon 
1 and C-2 were distinguished by the larger ortho effect 
from the C-3 hydroxyl substituent compared to the para ef- 
fect from the C-4 0-alkyl moiety. Likewise, the even larger 
ortho effect of the C-3 methoxyl substituent caused the C-2 
resonance in l b  (and 2b) to appear upfield relative to that 
in la (and 2a). Carbon 7 and C-8 of la (and l b )  were dif- 
ferentiated by the upfield shift of the C-7 resonance on 
going from la to either 3,6-diacetylmorphine (IC) or 6-ac- 
etylmorphine ( ld) .  The upfield shift was due to the y effect 
of the C-6 acetoxyl gr0up.l’ 

The assignment of the C-3 (s) and C-4 (s) resonances was 
accomplished by comparing the compounds possessing a 
C-3 hydroxyl group to those containing a C-3 methoxyl 
group. On changing the hydroxyl group to the methoxyl 
group, substituent constants for methine carbons in substi- 
tuted benzenes predict that the C-3 resonance should be 
shifted downfield by ca. 3-4 ppm while the C-4 resonance 
should go upfield by ca. 2 ppm owing to the larger ortho ef- 
fect of the C-3 methoxyl substituent.l* This was observed 
not only in going from la to l b  but also in going from la 
and 2a ((2-3 hydroxyl) to  dihydrocodeinone (3) and the- 
baine (4) (C-3 methoxyl). In addition, the C-3 resonance in 
heroin (IC) was upfield relative to la and l b  owing to the 
expected smaller a effect of the C-3 acetoxyl group.ls In all 
the compounds the C-5 (d) signal appeared as a downfield 
resonance due to oxygen substitution. The C-6 signals of 1 
and 2 appeared in the sford spectra as doublets in the 66- 
68-ppm range (due to hydroxyl substitution) that were re- 
placed by a downfield singlet in the spectrum of 3 (C-6 car- 
bonyl). 

In compounds 1-4 the C-9 (d) and C-16 (t) resonances 
were downfield due to nitrogen substitution and easily dis- 
tinguished from the carbons not attached to a heteroatom. 
In going from compounds 1-4 to the 14-hydroxy series (see 
Table 11)) the C-9 resonances were shifted downfield 2-4 
ppm due to the additional /3 effect. Carbon 16 was distin- 
guished by its consistency throughout the series. Carbon 10 
(t) and C-15 (t), the two remaining methylenes, were dis- 
tinguished by the fact that c-15 possessed more CY and /3 
substituents and fewer y substituents than C-10 and thus 
appeared at lower field. (These assignments were also sup- 
ported by the deuterium labeling experiments described 
below.) The C-10 methylene is at unusually high field in all 
the compounds except 4. This is due to the combined y ef- 
fects from (2-8, C-16, and the NCH3. In the case of 4, the 
skew relationship between C-8 and C-10 is prevented by 
the C-ring diene system.lg Carbon 11, C-12, and C-13 all 
gave singlets in the sford spectra. The C-13 singlet was dis- 
tinguished from the c-11 and c-12 signals by its high field 
position. Differentiation of the C-11 and C-12 singlets was 
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Table I. Carbon-13 NMR Chemical Shifts of Morphine Systemsatb 

Identification 
of carbonc lad l b e  1 ce 1 de 2ad 2be 3e 4e 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
14 
15  
16 

NCH, 
3 OCH, 
6 OCH, 
3 CH,CO 
3 CH,CO 
6 CH, CO 
6 CH,CO 

118.60 
116.36 
138.45 
146.30 
91.49 
66.38 

133.43 
128.50 

58.09 
20.20 

125.53 
131.04 
42.97 
40.63 
35.56 
46.05 
42.83 

119.39 
112.81 
142.12 
146.17 
91.15 
66.18 

133.39 
127.83 

58.76 
20.38 

126.71 
131.10 
42.90 
40.33 
35.40 
46.28 
42.76 
56.18 

119.10 
121.63 
132.02 
149.14 
88.47 
67.89 

129.24 
128.21 

58.67 
20.435 

131.48 
131.24 
42.57 
40.38 
34.92 
46.28 
42.77 

20.43 
168.16 

20.43f 
170.20 

119.34 
117.20 
138.41 
145.53 

87.88 
68.27 

129.78 
128.02 

58.62 
20.33 

125.09 
129.29 
42.62 
39.94 
34.71 
46.33 
42.38 

20.67 
170.36 

118.08 
116.77 
138.03 
146.08 

90.04 
66.19 
25.71 
19.61f 
59.02 
19.61f 

125.30 
130.13 
42.10 
38.24 
37.27 
46.10 
42.83 

118.75 
112.90 
141.18 
145.97 

90.22 
66.86 
26.72 
19.70b 
59.40 
18.92b 

126.70 
130.02 
41.88 
40.08 
37.06 
46.48 
42.66 
56.08 

119.73 
114.63 
142.82 
144.75 
90.95 

207.26 
39.21 
25.21 
59.40 
19.70 

125.02 
126.12 
45.60 
40.33 
34.61 
46.83 
42.30 
56.58 

118.85 
112.26 
142.45 
144.40 

88.81 
152.15 

95.59 
111.19 

60.47 
29.17 

127.33 
131.96 

45.70f 
132.94 

36.73 
45.705 
42.09 
56.09 
54.58 

a Chemical shifts are in parts per million relative to  tetramethylsilane. b Signals in any one column may be reversed. C Num- 
bering of carbons is shown in Chart I. d In dimethyl sulfoxide-d, solution. e In chloroform-d solution. f These resonances 
were twice as intense as those of other similar carbons. 

Table 11. Carbon-1 3 NMR Chemical Shifts of 14-Hydroxymorphine Systemsa# b 

Identification 
of carbonc 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12  
1 3  
14 
15  
16 

NCH, 
OCH, 

14 CH,CO 
14 CH,CO 

3 CH,CO 
3 CH,CO 

NCH, 
CH, =CH 
CH,CH 

'I"s CH, 

5ad 

119.54 
117.45 
139.15 
142.91 
86.57 

194.80 
132.81 
150.61 

62.92 
22.05 

124.08 
130.86 
46.38 
67.70 
28.92 
45.12 
42.33 

5be 5ce 5de 6ae 6be 6ce 7 ae 7be 
119.33 
114.80 
142.47 
144.06 

86.89 
194.00 
134.37 
147.29 

63.93 
22.22 

124.79 
130.25 
46.42 
67.57 
29.74 
44.95 
42.37 
56.64 

119.50 
122.97 
132.13 
147.35 

87.66 
192.29 
134.07 
145.94 

58.05 
22.74 

130.48 
131.07 
46.77 
76.56 
28.73 
45.13 
42.54 

169.91 

168.03 
21.50b 

20.56b 

119.38 
114.86 
144.23 
146.41 

87.01 
193.05 
133.84 
145.94 

57.93 
22.28 

125.61 
129.90 
46.65 
76.73 
28.86 
45.24 
42.54 
56.58 

169.79 
21.45 

119.65 
117.895 
138.81 
143.45 
90.21 

209.67 
35.97 
31.04 
62.00 
22.57 

123.76 
128.82 

50.78 
70.53 
30.27 
43.20 

57.48 
117.89.f 
134.98 

119.70 
117.92 
138.77 
143.41 

90.36g 
209.86 

36.02g 
31.20 
61.87 
22.51 

123.85 
128.84 

50.88 
70.27 
30.443' 
43.48j 

59.05 

9.23 

3.88 
3.65 

119.21 
114.63 
142.65 
144.65 

90.13 
208.21 

35.90 
31.20b 
64.34 
21.69 

124.67 
129.14 
49.94 
70.10 
30.26b 
45.01 
42.48 
56.58 

118.94 
117.63 
137.37 
145.57 
90.51h 
66.77 

28.64 
61.94 
22.69b 

125.23 
130.84 
47.26 
69.89 
33.22 
43.07 

22.97b~h 

59.40 

9.18 

3.82 
3.62 

118.89 
117.53 
139.81 
142.30 
95.78i 
72.62 
26.00i 
30.53 
62.14 
22.63 

123.72 
131.38 
47.28 
70.38 
29.56 
43.90 

59.06 

9.23 

3.91f 

a-f See footnotes to Table I. g The I3C NMR spectrum of a sample of naltrexone which was partially deuterated in the 5 
and 7 positions showed reduced intensities for the 90.36 and 36.02 ppm resonances. h The "C NMR spectrum of a sample 
of 6a-naltrexol which was partially deuterated in the 5 and 7 positions showed reduced intensities for the 90.51 and 22.97 
ppm resonances. iThe I3C NMR spectrum of a sample of 6~-naltrexol which was partially deuterated in the 5 and 7 positions 
showed reduced intensities for the 95.78 and 26.00 ppm resonances. I The I3C NMR spectrum of a sample of naltrexone 
which was partially deuterated in the 15,16 position showed reduced intensities for the 30.44 and 43.88 ppm resonance. 

accomplished by comparing la to  IC. As shown in Chart I, 
C-11 is para to  C-3 while C-12 is meta to  C-3. Consequent- 
ly, on changing the C-3 substituent from hydroxyl to  ace- 
toxyl, the C - l l  resonance should be shifted downfield by 
ca. 5-6 ppm while that of C-12 should remain unchanged.ls 

This type of shift was noted in going from la to IC as well 
as from 5a to  5c (Table 11). In addition, C-12 is bonded to 
C-13, a tertiary carbon, while C-11 is bonded to  C-10, a pri- 
mary carbon. Consequently, the C - l l  singlet was broader 
than that of C-12 owing to long-range coupling to  the 



13C NMR Spectra of Morphine Alkaloids J. Org. Chem., Vol. 41, No. 6, 1976 999 

Table 111. Carbon-13 NMR Chemical Shifts of 6,14-endo-Etheno- and 6,14-endo-Ethanotetrahydrothebaine Systems, b 

Identification 
of carbonc 8e 9ae 9be 9ce 1 oe l l a e  l l b e  lice 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15  
16  
17 
18 
19 
20 
21 
22 
23 

3 OCH, 
6 OCH, 

NCH, 
NCH, 

DH 

'T> CH, 

N-CN 

119.15 
113.39 
141.59 
147.76 

95.00 
81.02 
50.47 
29.74 
59.76 
22.21 

127.96 
133.78 
47.24 
43.01 
33.26 
45.24 

125.73 
135.66 
208.68 

30.23 

56.46 
53.24 
43.31 

119.44 
116.27 
137.58 
146.60 

98.81 
83.98 
46.43 
30.42 
59.83 
22.13 

127.19 
133.73 
47.20 
42.67b 
33.31g 
45.40g 

124.60 
135.14 

75.25 
23.89 
42.87b 
15.65 
14.53 

55.06 
43.35 

119.05 
113.69 
141.58 
147.92 
98.61 
83.98 
48.48 
30.86 
59.83 
22.09 

128.22 
134.12 

47.01 
42.71 
33.40 
45.35 

124.71 
135.05 

73.25 
25.16b 
28.57b 

56.72 
55.06 
43.40 

119.00 
113.63 
141.53 
147.87 

98.61 
83.93 
46.52 
30.43 
59.79 
22.04 

128.22 
134.12 
46.94 
42.62 
33.40 
45.30 

125.00 
134.99 

74.67 
23.89 
43.06 
15.70 
14.58 
56.62 
54.92 
43.35 

119.05 
113.83 
141.63 
146.60 

94.47 
77.40 
49.40 
30.23 
61.21 
21.84 

128.56 
132.31 
45.60 
35.41 
35.02 
45.06 
17.36 
28.46 

210.54 
33.60 

56.62 
52.09 
43.36 

119.34 
116.66 
137.58 
145.60 

97.05 
80.42 
47.69 
32.14 
58.33 
22.77 

127.54 
132.17 

47.06 
35.94 
35.35 
43.70 
17.50 
29.55b 
74.57 
24.77b 
29.79b 

52.52 

59.79 
9.11 

3.99 
3.31 

118.95 
114.03 
141.49 
146.80 

96.76 
80.18 
47.65 
32.23 
61.16 
21.75 

128.61 
132.32 
46.04 
35.89 
35.36h 
45.01h 
17.41 
29.75 
74.18 
24.72b 
29.75b 

56.77 
52.57 
43.35 

119.59 
114.76 
142.22 
147.05 

96.22 
79.64 
47.45 
31.45b 
59.40 
28.87 

125.73 
130.22 
45.60 
35.30 
33.30 
41.35 
17.02 
31.55b 
73.89 
24.72b 
29.55b 

56.67 
52.67 

117.88 
a-f  See footnotes to  Table I. g The I3C NMR spectrum of etorphine which was partially deuterated in the 15,16 positions 

showed reduced intensities for the 33.31 and 45.40 ppm resonances. h The 13C NMR spectrum of a sample of diprenorphine 
which was partially deuterated in the 15,16 positions showed reduced intensities for the 35.36 and 45.01 ppm resonances. 

methylene protons of C-10. In the case of codeine Wehrli 
has shown that C-11 had a smaller T1 value than C-12.20 
The C-14 resonance was a doublet in the sford spectrum 
which shifted downfield in the 14-hydroxy derivatives 
(Table 11). The N-methyl and 0-methyl resonances ap- 
peared in the expected regions as quartets in the sford 
spectra. 

Dihydromorphine (2a) and dihydrocodeine (2b) differ 
from la  and lb  only in having the C-7, C-8 double bond re- 
duced. The resulting methylenes were differentiated by 
comparing the spectra to the data obtained on alkylcyclo- 
hexanes.21 The rather large shift difference between the 
C-7 (t) and C-8 (t) signals was due to the y effect of the 
axial C-6 a-hydroxyl substituent as well as C-10 methylene 
on C-8. Dihydrocodeinone (3) possesses a C-6 carbonyl 
function in addition to the C-7 and C-8 methylenes. The 
C-6 singlet was easily identified as the lowest field reso- 
nance in the spectrum. The C-7 (t) and C-8 (t) of 3 were 
now differentiated by comparison to alkylcyclohexa- 
nones.22 In this case, the C-8 and C-12 signals were further 
upfield than expected. This is probably due to conforma- 
tional changes in ring C of 3. Except for C-6, C-7, C-8, C-10 
(see comments above), and C-14, the chemical shifts for 
thebaine (4) were essentially identical with those of 2. In 
the sford spectrum C-6 and C-14 appeared as singlets in 
the expected low-field region. Carbon 7 and C-8 gave dou- 
blets in the olefinic region. The C-7 doublet was upfield 
from the C-8 doublet owing to the y effect of the C-6 meth- 
oxy1 substituent and the electron-donating effect of the 
oxygen a t  C-6. 

14-Hydroxymorphine Systems (Table 11). All of the 
compounds in Table I1 were characterized by possessing a 
C-14 singlet at  67-77 ppm due to the C-14 hydroxyl or ace- 

toxyl substituent, These substituents also caused a down- 
field shift (@ effect) of the (2-8, C-13, and C-9 resonances 
and an upfield shift (y effect) of C-7 and C-15 resonances 
relative to similar compounds in Table I that  do not con- 
tain a C-14 substituent. The aromatic carbons followed a 
pattern similar to the compounds in Table I. The larger 
downfield shift for C-2, (2-4, and C-11 in the case of 5c was 
due to the larger ortho and para effects of the C-3 acetoxyl 
function compared to the hydroxyl or methoxyl groups.18 
The C-3 resonance of 3,14-diacetoxymorphinone (5c) was 
again upfield relative to the other compounds owing to the 
expected smaller a effect of the C-3 acetoxyl group.ls As 
before, C-5 (d) appeared at low field owing to oxygen sub- 
stitution. Surprisingly, there is only a small y interaction 
between C-5 and the C-14 hydroxyl substituent. In the case 
of naltrexone (6b), the fact that  the 90.36-ppm resonance 
was reduced in intensity in the spectrum of a naltrexone- 
5,7,7-d3 confirms this assignment for C-5. 

The carbonyl carbon ((2-6) of 5a-d and 6a-c was easily 
identified as the lowest field resonance in the spectra. The 
C-6 singlet of 5a-d appeared at  higher field relative to 6a-c 
owing to the conjugation of C-6 with the C-7, C-8 double 
bond of 5a-d. This downfield singlet (sford) was replaced 
by a doublet in the 66-73-ppm region in the case of 6a-nal- 
trexol (7a) and 6P-naltrexol (7b). The C-6 doublet of 7a, in 
which the hydroxyl group is axial, appeared a t  a higher 
field than that of 7b, which possesses an equatorial hydrox- 
yl group. The C-8 (d) resonance of 5a-d was a t  considera- 
bly lower field than the C-7 (d) resonance owing to conju- 
gation with the C-6 carbonyl 

In 6a-naltrexol (7a) and 60-naltrexol (7b) the assign- 
ment of the C-7 and C-8 resonances was confirmed by ex- 
amining the spectra of samples containing deuterium on 
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C-5 and (2-7. In these compounds, the C-7 signal now ap- 
peared upfield from the C-8 signal, in contrast to their rela- 
tive positions in dihydromorphine (2a) and dihydrocodeine 
(2b). This shift is due to the effect of the axial C-14 hy- 
droxyl substituent. In addition, the C-8 signal of 7a ap- 
peared a t  higher field relative to  7b. This was attributed to 
the larger y effect on C-8 from the axial C-6 hydroxyl group 
of 7a. 

Compounds 5a-d and 612, all of which possess NCH3 
groups, showed similar resonances for C-16 (t). Naloxone 
(6a), naltrexone (6b), and the naltrexols (7a and 7b), all of 
which contain a larger N-alkyl substituent, showed reso- 
nances a t  slightly higher field for C-16 owing to the addi- 
tional y effects. The N-methyl, 0-methyl, and acetyl meth- 
yl groups appeared as quartets (sford) in the expected re- 
gion. The chemical shifts of the methylene carbon (t) and 
the two olefinic carbons (d) of the N-allyl group of nalox- 
one (6a) were assigned by comparison to other allyl com- 
p o u n d ~ . ~ ~  The chemical shifts for the cyclopropyl groups in 
6b, 7a, and 7b appeared a t  very high field. The cyclopropyl 
methine (d) came at ca. 9 ppm and the cyclopropyl meth- 
ylene (t) appeared a t  ca. 3-4 ppm. 

6,14-endo-Etheno- and  6,14-endo-Ethanotetrahydro- 
thebaine Systems (Table 111). The assignments for C-1- 
C-5, c-9-C-13, C-15, C-16, and the N-methyl, N-cyclopro- 
pylmethyl, and 0-methyl followed the same reasoning pre- 
sented for the compounds listed in Tables I and 11. In the 
case of etorphine (9a) and diprenorphine (lla) the correct- 
ness of the C-15 and C-16 assignments was verified by 
demonstrating that 9a and l la  which were partially deu- 
terated in the 15,16 position showed reduced intensities for 
these resonances. These results combined with the con- 
stancy of the C-15, C-16 resonances in all the compounds 
listed in Tables 1-111 support the C-15 and (2-16 assign- 
ments in these cases as well. Carbon 6 and C-14 appeared 
as singlets (sford) which were shifted upfield on reduction 
of the C-17, C-18 double bond. Carbon 7 gave a new down- 
field doublet in the sford spectrum not present in the first 
two classes of compounds. The C-8 signal was the only re- 
maining triplet in the case of thevinone (8), 19-methylthev- 
inol(9b), and dihydrothevinone (10). I t  was also noted that 
the chemical shift of C-8 was affected by changing the sub- 
stituent on the nitrogen which is y to C-8 (compare l l b  to 
l l c ) .  Carbon 17 (d) and (2-18 (d) were easily recognized by 
their low-field positions in the case of 8 and 9. These dou- 
blets (sford) were replaced by two new triplets in the case 
of 10 and 11, in which the C-17, C-18 double bond had been 
reduced. The C-17 and C-18 atoms are comparable to the 
C-8 and C-7 atoms, respectively, in the morphine systems. 
Thus, C-17 in compounds 8-11 was shifted upfield by a 
large y interaction with C-IO similar to C-8 in the case of 
the morphine compounds listed in Tables I and 11. Reduc- 
tion of the C-17, C-18 double bond also resulted in a large 
downfield shift of C-14 and a smaller downfield shift of C-9 
and C-8. Fulmor and co-workers1° have noted that the C-9 
and C-8 protons are also affected by reduction of the C-17, 
C-18 double bond. Carbon 19 was a singlet in all the com- 
pounds. In the case of 8 and 10 this resonance appeared a t  
very low field owing to the oxo group, and in the case of the 
other compounds it was observed as a new peak in the C-0 
region. In compounds 8 and 10, C-20 gave a quartet which 
appeared in the region expected for a methyl next to a car- 
bonyl group. In the case of 9 and lla-c, C-20 and C-21 
were nonequivalent methyl groups that were easily distin- 
guished by their multiplicities. The (2-20, (2-21, C-22, and 
C-23 carbons of 9a and 9c could be assigned by comparison 
to the assignments of 2-pentanoLZ5 The C-21 and C-22 res- 
onances were at slightly lower and higher field, respective- 

3) 

ly, in our compounds owing to  the additional 6 and y ef- 
fects in these compounds. 

41.9 19.4 

4 . 1  
24.3 + CH3CHCH2CH2CH, +- 14.3 

I 
OH 

The x-ray crystallographic studied of van den Hende 
and Nelsong on the 6,14-endo-etheno analogue 9c indicat- 
ed that the spatial configuration of rings A, B, and D of this 
compound resembled that of codeine and morphine. Owing 
to the added C-7, C-8 bridge, ring C had a different confor- 
mation. The close similarities of the chemical shifts of 
C-10, C-16, and the aromatic carbons of 8-11 to compara- 
ble compounds listed in Tables I and I1 showed that the 
conformations of rings A, B, and D of the 6,14-endo-ethe- 
no- and 6,14-endo-ethanotetrahydrothebaine systems were 
similar to the simple morphine systems in CDC13. 

The chemical shift of C-5 in 8 and 10, which possess a 
C-19 keto group, was upfield ca. 3 ppm relative to 9 and/or 
11 derivatives which contain a C-19 hydroxyl substituent. 
Apparently the conformation of the methyl of the C-6 me- 
thoxy group, which is y to (2-5, was different in the two 
cases. This arises from the fact that  the C-19 hydroxyl pro- 
ton of 9 and/or 11 can form an intramolecular hydrogen 
bond to the oxygen of the C-6 methoxyl group.g 

Experimental Section 
Morphine (la), dihydrocodeine (2b), thebaine (4), and 6c were 

obtained from S. P. Penick and Co., Lyndhurst, N.J. Codeine ( lb )  
was purchased from Merck Chemical Co., Rahway, N.J. Naloxone 
(6a) and naltrexone (6b) were supplied by Endo Laboratories, Inc., 
Garden City, N.J. 

3,G-Diacetylmorphine ( I C )  was prepared from la by acetylation 
with acetic anhydride.26 6-Monoacetylmorphine (Id) was synthe- 
sized in three steps from la using procedures described for the cor- 
responding N-nor compound.27 Catalytic hydrogenation of l a  af- 
forded dihydromorphine (2a). Dihydrocodeinone (3) was obtained 
in two steps from 4 by literature  procedure^.^^^^^ 

Treatment of 4 with rn-chloroperbenzoic acid in acidic media af- 
forded 14-hydroxycodeinone (5b),30 which was acetylated to get 
14-acetoxycodeinone (5d).31 0-Demethylation of 5b by the method 
of we is^^^ gave 14-hydroxymorphinone (5a), which was subse- 
quently acetylated to get 3,6-diacetoxymorphinone ( 5 ~ ) . ~ ~  6a-Nal- 
trexol (7a) was obtained by reducing 6b with either NaBH4 in 
T H F  or  selectri ride.^* The 66-alcohol 7b was prepared by the for- 
midinesulfinic acid reduction of 6b.35 

The Diels-Alder reaction of thebaine (4) with methyl vinyl ke- 
tone afforded 7a-acetyl-6,14-endo-ethenotetrahydrothebaine (the- 
vinone, Treatment of 8 with the appropriate Grignard reagent 
afforded 19-methylthevinol (Sb) and 19-propylthevinol (Sc), while 
catalytic hydrogenation of 8 gave dihydrothevinone ( Addi- 
tion of MeMgI to 10 provided dihydro-19-methylthevinol ( l lb) .37  
3-0-Demethylation of Sc with KOH a t  210 "C yielded 7a-(l-hy- 
droxy-l-methylbutyl)-6,14-endo-ethenotetrahydrooripavine (etor- 
phine, N-Demethylation of l l b  with CNBr gave N-cyano- 
7a-( l-hydroxy-l-methylethyl)-6,14-endo-ethanotetrahydronorthe- 
baine ( 1  l ~ ) . ~ ~  Subsequent treatment of 1 IC with KOH a t  225-230 
"C removed the N-cyano group and effected 3-0-demethylation. 
The resultant N-nor compound was N-alkylated in DMF with cy- 
clopropylmethyl bromide in the presence of excess NaHC03 to get 
N-cyclopropylmethyl-7a-( l-hydroxy-l-methylethyl)-6,14-endo- 
ethanotetrahydronororipavine (diprenorphine, 1 la). 

Naltrexone-5,7,7-d3 was prepared by heating 6b at 80 OC in a 
sealed tube with potassium ter t -  butoxide and DzO-DMF.~' Re- 
duction of naltrexone-5,7,7-d3 provided samples of Ga-naltrexol- 
5,7,7-d3 and 6P-naltrexol-5,7,7-d3 Naltrexone-15,16-d2, etorphine- 
15,16-d2, and diprenorphine-15,16-d2 were obtained by reducing 
the corresponding 15,16-didehydro compounds with deuterium gas 
over a 10% Pd/C catalyst. The 15,16-didehydro compounds were 
prepared by oxidation of the respective bases with Hg(0Ac)z in 
H O A C . ~ ~ , ~ '  
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T h e  13C NMR spectra were determined a t  25.03 MHz o n  a mod-  
i f ied JEOL JNM-PS-100 FT NMR interfaced w i t h  a Nico let  1085 
Fourier-transform computer system. T h e  samples were spun in 10 
mm 0.d. tubes. T h e  spectra were recorded a t  ambient temperature 
by using the  deuter ium resonance o f  the solvent as the  in ternal  
lock signal. Chloroform-d or d imethy l  sulfoxide-de were used as 
the solvent and a l l  6 values reported in the tables were in parts per  
mi l l ion  downfield f r o m  MedSi: dMerSi = 6CDC13 + 76.91 = 6MezSO-de 
+ 39.56. Al l  p ro ton  lines were decoupled by a broad h a n d  (-2500 
Hz) i r rad iat ion f rom a n  incoherent 99.538-MHz source. Interfero- 
grams were stored in 8K o f  computer memory (4K outpu t  data 
points in the transformed phase corrected real spectrum), and 
chemical shif ts were measured o n  5000 Hz sweep w i d t h  spectra. 
Typica l  pulse widths were 12.5 fis (45O flip angle), and the  delay 
t ime between pulses was f ixed a t  1.0 s. Normal ly  1012 (twice as 
many fo r  single frequence off-resonance experiments) da ta  accu- 
mulat ions were obtained o n  a 100 mg/2 ml o f  solvent sample. T h e  
precision of  the chemical shifts is f0.05 ppm. 
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T h e  structure o f  the dimeric alkaloid vincathicine is  deduced f rom physical and chemical methods. T h e  conver- 
sion o f  leurosine t o  vincathicine under acidic conditions is described. 

Vincathicine ( l ) ,  a dimeric indole alkaloid showing mod- 
erate oncolytic activity in experimental animals, was first 
isolated by Svoboda and Barnes.2 On the basis of ultravio- 
let, infrared, and IH nuclear magnetic resonance (NMR) 
spectroscopies, these authors suggested that vincathicine 

included an oxindole moiety. Since this initial report, no 
further work on the structure of vincathicine has been pub- 
lished. The more recent discovery that vincathicine is 
chemically related to leurosine3 has rekindled interest in 
this alkaloid. 


