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.iBsTR.icT.-The I3C spectra of twent)--one aporphine alkaloids have been analyzed 
and assigned by means of spin-spin multiplicities, coupling constant and virtual coil- 
pling da ta ,  selective and single frequency off-resonance double irradiation techniques, 
and spin latt ice relaxation times. 

The  chemical shifts of the tn-elve aromatic carbon atoms have been correlated 
Kith the  types of oxygen substitution. 

The aporphines constitute a recurring theme in isoquinoline alkaloid chemistry. 
Together n-ith the bisbenzylisoquinolines, they form the most numerous group of 
isoquinoline alkaloids. Several aporphines exhibit pronounced pharmacological 
activitJ-. In  particular, apomorphine, derived from the acid catalyzed rearrange- 
ment of morphine. is easily the most thoroughly investigated dopamine agonist 
and has been the subject of a large number of pharmacological investigations (3:  4). 
-4lthough known aporphine alkaloids presently number over 130, new members of 
this group are still being isolated from plants. The present investigation was. 
therefore, initiated TJ-ith a vien- towards establishing carbon-13 nmr spectroscopy 
as a .standard tool in the characterization arid structural elucidation of nen- 
aporphine.5. 

There have been a number of investigations of the l3C' nnir spectra of alkaloids 
(51, including several synthetic arid natural aporpliines (6). In the present study 
n-e have undertaken careful analJ-ses of the spectra of tn-ent)--one representatire 
n1eniber.q of the aporphine group. detailed description of the assignment of 
the spectruni of glaucine is first presented. n-hich n-ill serve as the archet\-pe for 
the remaining members of the group. Finally, some generalizations regarding 
the relation hetn-een cheniical shifts and various substitution patterns are presented. 

In general: the assignment of the re.qonances of the sp3 hybridized carbon atoms 
of rings B and C is trivial. being based on the multiplicities associated with one 
bond coupling constants and on 1iighl)- characteristic cheniical shifts. The more 
difficult and important problem concerns the assignments of the absorptioris of 
the tn-elre aromatic carbonc. n-hich of courae reflect the n-ide variety of os!-gena- 
tion patTerns found in this group of alkaloids. These tn-elve resonances usually 
can be cla.sified as belonging to one of three groups depending on n-liether the;\- 
arise from unsubstituted carbon atonis n-hich slion- large splittings due to one 
bond couplings. oxygen bearing carbon atoms n-hich are usual1;- strongly desliielded. 
or the fil-e carbon atoms at the ring junctions. In arriving at  assignments for the 
individual resonances within each of t h  three group.. . TI-e have made niininial 
appeal to arguments based on chemical sl correlations. Rather. we have chosen. 

4 3 i  
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wherever possible, to use the less equivocal evidence available from spin-spin and 
virtual coupling data, a variety of double irradiation techniques, and the values of 
spin lattice relaxation times (TI) (5b). 

EXPERIIIESTAL SECTIOK 
The I3C nnir spectra were obtained on either a JEOL PS-lW-FT, 1-arian CFT-20, or a 

Tarian SL-100-15 spectrometer. Where possible, spectra were obtained with solutions of the  
alkaloids in deuteriochloroform and x i t h  tetramethylsilane as an internal reference. Some of 
the  free phenols as well as  the  quaternary salts  %-ere too insoluble in this solvent and had  t o  be 
examined in dimethyl sulfoxide-de, in which case the  solvent signals were used a s  an internal 
reference. A comparison of the  chemical shifts for boldine in the  tn-o solvents is included in 
table 1. Relaxation measurements were made using the standard 180-~-90" sequence on care- 
fully degassed solutions (0.7-1RI). The PS-100-FT spectrometer used in these experiments 
has a 90" pulse width of 20 Msec. The  
relaxation times were calculated by  fitting the  two parameter equation by  the  method of non- 
linear least squares. 

The normal spectra were obtained using noise or  square wive  modulation of the  proton 
decoup1e.r. Undeconpled spectra --ere recorded by  gating off the  decoupler during da ta  
acquisition. 

Recovery times of five times the  longest TI were used. 

ASALYSES OF SPECTRA 
GLAUCISE (1).-Chemical shifts and relaxation times for the carbon atoms of 

glaucine (1) are listed in Table 1. 

TABLE 1. Chemical shifts (ppm) and spin latt ice relaxation time, 
TI (sec) for carbon atoms in glaucine and boldine. 

1 
l a  
l b  
2 
3 
3a 
4 
5 
6(CH3) 
6a 
7 
7a 
8 
9 

10 
11 
l l a  

i 
Glaucine (1) Boldine (4) 

144.2 
126.8 
127.2 
151.8 
110.4 
128.8 
2 9 . 2  
5 3 . 3  
43 .4  
62.5  
3 4 . 5  

129.3 
110.9 
148.0 
147.1 
111 . G  
124.4 

TI 

18.7  
1 5 . 1  
7 . 9  
9 . 4  
0 . 2 7  
4 . 3  
0 . 1 6  
0 . 1 5  
0 . 4 5  
0 . 3 3  
0 . 1 5  
4 . 3  
0 . 2 9  
9 . 8  
9 . 7  
0 . 2 9  
8 . 9  

142.0 
126.8 
125.9 
148.1 
113.3 
129.9 
28 .9  
5 3 . 5  
44.0 
6 2 . 5  
3 4 . 2  

130.2 
114.2 
145.1 
145.6 
110.1 
123.6 

142 .6  
126 .2  
125 .5  
149.1 
114.1 
128.7 
28 .5  
5 2 . 8  
43 .7  
6 2 . 3  
33 . 7  

129 .5  
115 .2  
145.7 
146.0 
111.8 
122.8 

TI 

7 . 3  
7 . 1  
3 . 5  
2 . 3  

1 . 9  

1 . 9  

2 . 3  
3 . 6  

Rc 

2 . 6  
2 . 1  
2 . 3  
4 . 1  

2 . 3  

2 . 3  

4 . 3  
2 . 7  

2 3  
4 . 0  i 

'CDC13. 
bnime t h?-lsulfo.ride-&. 
cTT, (glaucine) 'TI (boldine) 

With the exception of the methoxyl carbon atoms, all sp3 hybridized carbon 
atoms can be assigned either by their multiplicities in the gated noise irradiated 
spectrum or by chemical shifts. Thus, the SCH, absorption appears as a quartet 
and that of the 6a carbon as a doublet. The three methylene carbon atoms give 
triplets. of nhich one is at considerably lower field than the other two and is ac- 
cordingly assigned to C(5). Distinction between the tm-o benzylic methylene 
carbon atoms is made on the basis of the similarity of the chemical shift of C(4) 



SEP-OCT 19i9] u c n i r l s  ET AL. : 1% SPECTRA OF APORPHISE ALKALOIDS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

439 

Glaucme I OCH, ~ OCHa 
Thaliphorphmes OH 1 OCHJ 
Predicentrine ~ 0CH3 OH 
Boldmet OCH3 OH 
Isoboldlnea OH ~ OCH3 
Santenme OCH, OCHI 
Domesticinea OH 1 OCHI 
Dicentrine 0-CHI-0 
0117 endme' 0-CHI-0 

OR 
1 E=CH,  
1 R = H  

14 
15 
16 

to that (6=29.2) of the similarly constituted a-carbon atoms of tetralin. and 
because the chemical shift of this absorption remains unaltered in the i-oxygen- 
ated aporphines (see belon). Of the four absorptions due to  the methoxyl 
carbon atoms, three almost overlap (6=55.G, %.i, 55.8 ppm), whereas the fourth 
is considerably deshielded (6=GO.O ppm). This last absorption is assigned to the 
sterically hindered methoxyl carbon at C(1) since it i z  absent in the spectrum of 
thalipoi-phine (2) (table 2 ) .  

The three unsubstituted aromatic carbon atoms are identified with the three 
absorptions in the region 110-112 ppm which are doublets ( J - l G O  Hz) in the 

Pach\podanthinee 0-CH-0 
Guattermee O - C H 7 - O  
Icocori dine llethiodidei e OCH OCH, 

TABLE 2 .  Carbon-13 chemical shifts for aporphine alkaloids in CDC1, (unless otherwise s ta ted) .  

I 

H 
CHI  
CH1): 
C H a ?  

OCHI 
OH 
H 
H 

3 

OCH3 

OCH, 
m n ,  

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
OCHa 
H 
H 

H 
H 
H 
H 

OCHi 

H 
OH 

Substitution 

Ether :: I Isocoridme OCH 
Thaliphorphine .lcetateb O l c  

2 1  Boldine Diacetate OCH, 

CH; H 
CH3 H 
CHa H 
CHI H 
CHa H 
CHa H 
CHJ  H 
CHI  H 
C H ,  OH 

OCH3 
OCH, 
O i c  

CH OCH, 1 OCHa 
CH, H 1 H 
CH, 1 H H 

H 
H 
H 
H 
H 

H 
H 
OCHi 
OAC 

H H  

H H  
H H  
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TABLE 2.  Continued. 

Chemical Shifts ( 6 )  

Guatterinee . , . . . . . . 
Isocorydine hlethiodides, e ,  
Corydine Methiodidea, E . .  , . . 
-1pomorphine Dimethyl 

Compo 
Numt 

64 2 
65 1 
6i 9 

Compound S a m e  1- __ 

la 

126 8 
119 5 
126 3 
126 8 
119 6 
126 4 
119 i 
116 6 
116 3 
116 0 
126 3 
125 6 
116 5 
114 8 
110 i 
124 6 

I b  2 

151 8 
145 8 
148 2 
148 1 
146 5 
151 4 
146 6 
146 6 
146 5 
146 4 
151 4 
148 1 
146 8 
146 i 
134 9 
150 2 
149 0 

126 5 
150 8 
I50 6 
143 I 

3 3a 1 4 

128 8 29 2 
123 9 29 0 

______ 
5 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 

Glaucine . . . . . .  I 144 2 
Thaliphorphinea 1 140 i 
Predicentrine.. . . . . 142 3 
Boldine'. . . .  . i 142 
Is3boldines.. . , . .  1 140 8 
Xantenine. . . 144 0 
Domesticines . . 141.2 
Dicentrine 141 7 1 141.4 141 
O!i\-eridinee 
Olirerinee . . . 
Nuciferine . . . , . . ~ 144 6 
S-Methylasimilobine., , 1 143 0 
Oliverolinee . . . . . . . . . . 142 4 

Guatterinee . .  . . .  . . .  . 143 9 
Pachypodanthinee ~ 141 8 

12i 2 
1 2 i  2 
125 9 
125 9 
126 i 
127 0 
1 2 i  2 
126 4 
122 5 
123 5 
1 2 i  5 
126 9 
123 4 
124 i 
124 1 
121 2 
120 8 

134 9 
129 8 d  

1 2 i  4 
133 9 

110 4 
108 i 
113 5 
113 3 
109 3 
110 3 
110 0 
106 1 
106 3 
106 5 
110 9 
114 2 
10; 4 
1Oi 9 
139 5 
111 6 d  

112 1 

1 2 i  9 
110 8 
110 3 
122 0 

53 3 
53 5 
53 3 
53 5 
53 1 
52 9 
53 3 
53 6 
49 8 
52 0 
52 8 
53 2 
4R 9 
42 i 
49 3 
59 6 
59 9 

53 0 
52 4 
52 2 
52 9 

43 4 
44 0 
43 8 
44 0 
43 8 
43 6 
43 9 
44 0 
39 5 
40 i 
43 5 
43 i 
40 6 

39 0 
- 

44 0 
43 6 
42 3 
43 9 

28 i 
28 9 
28 6 
29 0 
28 6 
29 2 
23 2 
25 3 
28 9 
28 6 
22 8 
29 1 
l i  2 
23 2 
23 0 

29 2 
29 1 
2 i  8 
28 8 

129 6 
129 9 
123 1 
128 2 
123 2 
126 6 
126 9 
12i 4 
128 1 
129 6 
127 6 
1 2 i  2 
119 3 
124 5 
119 1 

131 5 
128 8 d  

130 6 
129 8 

Ieocorydine Nethiodidea, . 
Cor>-dine Methiodide., E . .  , . 
-1psmorphine Dimethl-1 

Ether . .  
Iaozorsline. . . . . . . , . . . 
Thaliphorphine Acetateb. . . 
Bcldine Diacetate . . , , . 

144 0 
143.0 

126 2 
141 i 
134 9 
1 4 i  1 

118 3 

132 6 
125 4 
1 2 i  4 
129 1 

Chemical Shifts ( 6 )  
__ 

8 

110 9 
110 9 
110 i 
114 2 
115 1 
107 8 
108 2 
110 5 
109 0 
109 3 
1 2 i  i d  

12; 8d 

123 8 
123 1 
123 6 
118 3 
123 1 

123 3 
118 6 
110 9 
122 0 

__ 

Compound Name Compound 
Xumber 

9 ' 10 11 1 l l a  1 6a 1 ' i ~ ia 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 

a 

129 3 
128 9 
129 2 
130 2 
129 2 
130 4 
130 1 
128 3 
141 3 
139 4 
135 9 
136 0 
138 8 
136 4 
138 7 
125 8 
125 8 

129 8 
129 6 d  

129 6 

148 0 
14; 6 
148 1 
145.1 
145.4d 
146.Od 
145.4 
148.2 
159.1 
1.59 0 
126. i d  

12i 2d 
12i 6d 
1 2 i . 4  
126.9 
111 2 d  
110 6 

111 4 
110 i 
148 i 
138.8 

124.4 
124.8 
124.1 
123.6 
123.6 
125 1 

123 4 
121 4 
122 2 
131 6 
131 i 
128 6 

126 n 

111.6 
112.0 
110 0 
110 1 
113 7 
108 4 
108.8 
111.2 
12i 8 
128 0 
12i.W 
127 2d 

34.5 
34.5 
34 2 
34 2 
33.9 
34 9 
34 0 
34.3 
iO.0 
81 5 
34 8 
34 i 
69 8 
83.2 
69.7 
29 8 
29 6 

34 7 
3.5 6 
33 5 

14i.4 
14i.l 
147.6 
145.6 
145.2 
145.9d 
145.3 
14i. 6 
112 5 
112.2 
126.4d 
12i.2d 
127 Rd 

12i 4 
126 9 
I48 4 
I52 0 

12i 0 
126 i 
125 i 
143. i 
144.8 

129 6 
128 i 
118 3 
124 2 

152 0 
149 0 
147 7 
149 8 

147 0 
143 6 
111 3 
112 4 

1 2 i  8 
119 8 
123 4 
130 0 33 5 129 8 

1 
'Solvent is DNEO-de. b.1cetate salt. e53 0 and 43.0 ppm. Cannot  be unequix-ccally aesigned. 
'The C-i substituent and H-6a are cis to each other. 
'The spectrum of boldine has been assigned prei-iou*!] 65 cn the tasis cf chemical shift argumfnts and the findings agree 

gChemical shifts ha\-e been reportedhb for K'-methylisocor:-dinium chlcride in CCClz, CHjOH and  fcr X-meth?-lcory- 
Significant differences frcm the values reported here for DJISO solutions are ohperred making 

with those reported here except for the 3a and i a  rescnances xhich were not assigned. 

dinium chloride in CDCI;. 
compariscna of man>- of the assignments difficult. 
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FIG. 1. Albsorptions of the  oxygenated, aromatic carbon atonis of 
glaucine in  CDCla. 
a) Soise  deconpled, vH=99,538:477 Hz.  
b) C W  decoupled, vH=DS,538,5ll Hz. 
c) 
d~ 

Gated noise irradiation, v~99,538,4T7 Hz. 
CIT deconpled, vH=99,538,8O3 Hz. ivr~:~=90:53E!124 Hzj. 
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gated irradiated spectrum. Of these, that  at  111.6 ppm arises from C(11) Jyhich 
is shonn by selective irradiation to be coupled (J=159.9 Hz) to the proton ab- 
.orbing at 6=S. l1  ppm nhicli had previously been assigned a t  H(11) (7). The 
other tn  o absorptions have veri- similar shift.. (6 = 110.4, 110.9 ppm) ; that  a t  
110 9 ppm i. also found in thaliporpliine (2) and predicentrine (3) and is there- 
fore assigned to  C(8). 

lTTe non turn to  the a,qignment of the nine qubstituted aromatic carbon atom>. 
These ma!- be divided into t u o  groups on the basis of their chemical shifts. Four 
absorb in the range 144-153 ppm and are the oxygenated carbon atoms; the re- 
maining five are more qhielded abqorbing in the region 124-130 ppm. Of the 
first group. one has the longest relaxation time of all carhen atoms in the molecule 
and is therefore assigned aq C( l ) ,  d i i c h  is more than 2.5 A a n a y  from the nearest 
proton. In  the spectrum (Figure lb)  in n-hich the methoxpl protons are qelec- 
tively decoupled, the C(1) absorption is a doublet n i t h  a characteristic meta 
coupling conqtant (6.7 Hz);  ortho constants are normally 2.5-3.5 Hz [Jc ,?) ,  H(3!’ 

2.6, Jc(gj ~ ( 8 ) = 2 . 5 ;  Jc(10) H,11,=3.2 Hz]. In  the same spectrum, the absorption 
a t  151.8 ppni exhibits no weta splitting and is therefore aqsigned to C(2). The 
remaining tn  o absorption. in thiq group both show meta and ortho couplings as 
expected for C(9) and C(l0).  Selective decoupling at  a frequency corresponding 
to 6 = G . i  ppni [H(3) and H(8)] in the proton spectrum removes the meta qplitting 
(Figure Id) from the multiplet at  147.4 ppm and the ortho coupling from that a t  
148.0 ppm. The latter also exhibits a nuclear Overhauser enhancement under 

I .  
125 130 ppm. 

FIG. 2.  Absorptions of the carbon substituted aromatic carbon atoms 
of glaucine in CDC1,. CW decoupled a t  99,538,407 Hz. 
(vnrs=99,538,121 Hz) .  



BEP-OCT 19791 JACMIAS ET AL.:  13c SPECTRA OF APORPHISE ALKALOIDS 443 

these conditions and must accordingly be assigned to C(9). The coupling con- 
sta1it.s of the metlioxyl protons to the methoxyl-bearing carbon atom are in the 
range i3.i-4.1 Hz. 

Of tlie group of five absorptions (124-130 ppni). that at 126.8 ppm corresponds 
to a nucleus n-it11 a long relaxation time and is therefore assigned to C ( l a )  since 
the nearest proton to it is-2.3 The nuclei C(3a) and C ( i a )  are each 
within approximatelj- 2 . 2  AX of three proton.; and n-ill therefore be tlie most ef- 
ficiently relaxed nuclei of the group. They therefore correspond to the ahsorptiona 
at 12S.S and 129.3 ppm. The former absorption is assigned to C(3a) since selec- 
tive decoupling of the benzylic meth\-lene protons yields a spectrum (Figure 2) 
in \T-liich this ahsorption is a singlet. in contrast to that at  129.3 ppni u-l:icli ap- 
pears a; a doublet ~vi th  a tJ-pical nieta splitting ( J = i . 3  Hz).  Tlie tu-o remaining 
absorptions i l 2 i . 2  and 124.4) are associated with nuclei having in tepedia te  
relaxation times as expected for C(1b) and C(1la)  n-liicli are n-ithin 2.2 of only 
one proTon. Tlie distinction betxeen the t\i-o cannot be readi1)- made by .selective 
irradiation experiments. Hou-ever. the ignnient of the absorption at  124.4 
ppni to C(1 l a )  is supported by the sornexliat longer relaxation time asaociated 
n-ith this absorption. Calculations haied on standard bond length  and angles 
indicate that C(1b) should he relaxed approximatel\- 105 more rapidly tlian 
C( 1 la ) .  In any event, these assignment s are uneyuivocall\- confirmed by com- 
parisons of chemical s1iift.s of aporpliines n-itli different aromatic substitution pat- 
terns. Thus in nuciferine (11) the C(1b) absorption remains virtuall\- unchanged 
at  127.5 ppni in contrast to tlie C ( l l a )  absorption wliich is shifted to 131.6 ppm 
(table 2 ) .  

THALIPORPHISE (2): PREDICESTRISE (3), BOLDISE (4) ASD ISOBOLDISE (5) .- 
I n  this series of compounds, as n-ell as other 1,2,9,10-tetrasubstituted aporphines 
discussed belon-, assignment of the five non-oxygenated, fully substituted aromatic 
carbon :itoms is greatly assisted by the characteristic splittings in spectra in u-hich 
tlie benzylic methylene. groups were selective1)- irradiated (figure 2).  Thus C(Ia)  
and C(l1a) exhibit small but characteristic splittings (3 and 1.5 Hz. respectively). 
The C(l1a) absorption also shows a meta splitting as, of course, do those of C(1b) 
and C( ia ) .  

Tlialiporpliine (2) differs from glaucine in having a hydroxyl rather than a 
methoq-1 at  position 1. Consequentlj- only the chemical shifts of the ring -4 
carbon atoms differ from those of glaucine; of these. C(1b) and C ( 3 ) ,  which are 
nieta to the hydroxyl group, are scarcely affected (tables 1 and 2).  The assign- 
nie1it.s of the C(1) and C(2) absorptions follov- from the fact that  the former is 
split by H(3) but not by an C-methyl group. The reniaining assignments of the 
ring X absorptions are based on the multiplicities referred to in the previous 
paragraph. Similar arguments lead to  the assignment of tlie ring .I resonances 
of predicentrine (3). in \\-liich the 1- and 2-substituents are reversed. In this 
s;;\-steni, tlie carbon atoms ortho and para to C(2) ( i . e .  1: 3 and 1b) are shifted 
significantly to leu-er fields relative to glaucine. A small shift of the C(I I )  reso- 
nance to  a higher field i.3 also observed. no doubt due to the proximity of tlie 1-0- 
methyl group to C(l1) in glaucine. 

Boldine (4) and predicentrine (3) differ in the sense that the former posjes5es 
a 9-lij-droxyl rather than a 9-methoxj-1 group. Of the tn-o resonances in boldine 
arising from tlie unsubstituted carbon atonis in ring D, one ( 6 =  114.2 ppm) is 
strongly shifted from the values found in glaucine and is therefore a.s.;;igned to 

distant. 

Finally, the absorption of C(3a) is a singlet. 
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C(S), n hich is ortho to the free hydroxyl group. The resonances of C(7a) and 
C(l1a) are assigned on account of their characteristic multiplicities in the spec- 
trum observed n i th  decoupling of the benzylic methylene protons (cf. figure 2 ) .  
Distinction betn een the resonance3 of the tn  o oxygen-bearing carbon atonis of 
ring D is made. in spite of their near equivalence. on the basis of their spin lattice 
relaxation times. These effects are best expressed as ratios (R) of the Ti's in 
glaucine to those in boldine (table 1). This reveal. a dramatic shortening of the 
relaxation times of C(2) and C(9) in boldine due to the proximities of the hydroxyl 
protons to  the carbon atoms in question. It is interesting that there ic an an- 
alogous. though smaller, shortening of the relaxation times of C(1) and C(l0) 
relative to that observed for the more remote quaternary carbon atoms. This 
observation indicates that the hydroxyl protons are involved in intra molecular 
hydrogen bonding to the adjacent methoxyl groups, even in such a good acceptor 
solvent as dimeth:, 1 sulfoxide-d6. Analogous results have been observed for 
1-hydroxyfluorenone (8). 

With the exception for that  of C ( l l ) ,  the shifts of the aromatic carbon atoms of 
isoboldine ( 5 )  are predicted to nithin 0.S ppm by using thaliporphine (2) and 
boldine (4) as models for rings il and D, respectively. The absorption of C(l1) 
can be uniquely assigned in the fully coupled spectra of this group of compounds 
becauqe, unlike the absorptions of C(3) and C(8), it is not broadened by weak 
coupling to adjacent niethjlene groups. I ts  anomalous shift is, as noted above, 
due to the proximitj- of the 1-0-methyl group in boldine. 

the 9- and 10-0-methyl groups of glaucine and thaliporphine by the methylenedioxy 
bridge affords nantenine (6) and domeqticine ( 7 ) ,  respectively, and results in a 
nearly symmetric shift to loner fields of all six aromatic resonances of the ring D 
carbon atoms. This effect provides the basic for their acsignment in the latter 
pair of compounds. The assignments of C(9) and C(l0)  are, however, ambiguous 
because of the near icochronicity of their resonances in both molecules. 

Comparison of the cmr spectra of glaucine and dicentrine (8) reveals no such 
symmetric change in the chemical qhiftq of the ring A carbon atoms. Evidently. 
the introduction of tlie meth? lene bridge substantially reduces the steric distor- 
tion of the biphenyl residue. The assignnient of the ring D carbons is made on 
the basis of the observed qhifts in glaucine, the agreement being excellent for the 
8,9,10- and 11-positions but slightl) vorse for C ( i a )  and C(l1a) due, presumably, 
to the difference in strain a t  the C D ling junctions in tlie t n o  systems. The a>- 
signnient of the ring A resonances is based on the shifts observed in oliveridine 
(9) (see belon) with only the l b  position being significantly affected by the pre4ence 
of the i-hydroxyl group in 9. 

OLIVERIDISE (9) 4 \ ~  OLIVERISE (10) .-The presence of the 7-hydroxyl group 
affects the chemical shifts not only of C(T) itself, but also of some of the neigh- 
boring atoms. Thus. C(Ga) exhibits a ,&shift of + 2  ppm, and the S-CH, carbon 
exhibits a &shift of -4 ppni. 

The spectrum of oliveridine (9) has four resonances a t  fields loner than 140 
ppni. That a t  159.1 is attributed to C(9) because its chemical shift is similar 
to that of the analogous carbon atom in anisole (9). The absorption a t  146.5. 
n hich is a singlet in the undecoupled qpectrum, is assigned to C(2).  The remaining 
tu-o cignals in this region must ariqe froni C(1) and C ( i a ) ,  the latter evidently 
suffering a Qubqtantial P-chift from the T-hj droxj 1 group. Both absorptions 

S A S T E X I h E  (6), DOIIEsTICIhE ( 7 ) ,  AKD DICESTRISE (8) .-The replacement Of 
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exhibit meta-splittings, but the!- could readily be distinguished from each other 
by their spin lattice relaxation times, C(‘ia) (141.3 ppm) being much more ef- 
ficiently relased than C(1) (141.6 ppm). 

The signals at  121.4 (tu-o meta splitting and 122.5 ppni (one meta splitting) 
are assigned to C(1la) and C(1b). respect el)-. from their multiplicities in the 
undecoupled spectrum. The r aining tu-o ,signals in this region are at  116.3 
and 1‘2D.9 ppm. The latter is igned to C(3a) rather than C(1a) from a coni- 
parison of the undecoupled spe m 11-it11 that obtained 11-ith selective decoupling 
of the benzylic methylene protons. 

The absorptions of the four unsubstituted aromatic carbons are, of course, 
characterized by large splittings in the undecoupled spectrum. That at  1 2 i . S  

igned. on the basis of chemical shift, to C(l1).  tlie only unsubstituted 
carbon atom which does not experience tlie shielding effect of an ortho osygen 
.substituent. The resonance at  106.3 ppm? 11-liicli eshibits no meta splitting? is 
assigned to  C(3). Finally. the distinction betn-een the resonances at  109.0 and 
112.3 ppm was achieved b>- single frequencJ-, off-resonance decoupling experi- 
ments. I t  ha.$ been shon-n (10) that ,  when the residual splitting due to the di- 
rectly attached proton is reduced to the same order as the coupling of that  pro- 
ton with those ortho to it, the observed 13C niultiplet becomes considerably more 
coniples due to virtual coupling. I n  tlie present contest, this effect is expected 
for the C(l0)  resonance? and indeed the resonance at  112.5 ppni esliibits virtual 
coupling at  Ion- decoupling pon-er. The spectrum of oliverine (10) is virtuall!. 
identical with that of oliveridine except for p.7 and 6 shifts in the direction as- 
sociated n-ith tlie replacement of tlie i-hydroxyl proton by a methyl group. 

SUCIFERISE (ll), -\--~IETH~-L.ISI\IILOBISE (E), OLIVEROLISE (13): PACHTPO- 
DASTHISE (14), .ISD GUATTERISE (15) .-This group of aporpliines is characterized 
by tlie possession of an unsubstituted ring D. I n  the spectra of nuciferine (11) 
and .\--meth>-lasiniilobine (12), the four resonances of the urisubstituted carbon 
atoms of ring D absorb within a ver!- narron- range (12i .2-12i . I ) ,  so that no 
assignment \{-as attempted. The C(S) resonances in oliveroline (13), pachypo- 
dantliine (14). and guatterine (13) eshibit a significant positive ?-shielding effect 
from the i-osygen sub.?tituent and. thus, could be assigned. 

The ring -1 carbon atonis of guatterine are assigned on account of the effect 
of the 3-met1:oxJ-1 group on those centers n-hicli are ortho and para  to it (9). 

I S O C O R I D I S E  METHIODIDE (16). COR1-DISE METHIODIDE (17), d P 0 3 1 0 R P H I S E  

DI\IETH’I-L E T H E R  (18). A S D  ISOCORYDISE (19) .-This group is Characterized b>- 
oxygen substitution at C(l0)  and C(11) and includes the only tn-o metliiodide 
ialts examined in the present study. The quaternary salts have t1i-o diastereotopic 
S-methyl groups 11-liicli differ in chemical shift by 10 ppm. These compounds 
also exhibit positive +shifts of about G ppni for C(5) and C(Ga) and negative 
r-shifts of the same niagriitude for C(1b); C(4) and C(7) .  These effects ha\-e 
been discussed more thoroughly by Marsaioli and her cou-orlcers (Gb) . 

Of the four re.5onances of tlie osygen-bearing carbon atoms of isocorydine 
niethiodide (161, that  at  150.2 ppm. \vliicli esliibits no nieta splitting. i.5 nece2sarily 
a 4 g n e d  to C ( 2 ) .  In the spectrum obtained TT-itli selective decoupling of the 
aromatic proton.?. the signal at  143. i  is a s1:arp singlet; 11-liereas, the other ahsorp- 
tioris in this region esliibit splittings due to coupling n-it11 O-nieth;\-l group.5. I t  
therefore arise.; from C(11). The remaining signals, 144.0 and 11S.4 ppm. are 
assigned to C(1) and C(l0) .  respectirely. on the grounds that the latter is a.ssoci- 
ated 11-ith a much s1:orter relasation time than the former. 
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Selective irradiation of the protons of the benzylic methylene groups affords a 
spectrum in which two resonances, 124.5 and 124.6, appear as singlets. The latter 
has a much lower intensity (longer TI) in the noise decoupled spectrum and is 
therefore assigned to C(1a) whereas the former must be associated n-ith C(3a). 
The absorption a t  118.3 arises from an orerlap of the C(8) and C(l1a) res0nance.s. 
The latter assignment is based on the observation that, in the undecoupled spec- 
trum, the absorption exhibits a meta splitting and an ad?-itional splitting due to 
a four bond coupling to the hydroxylic proton. The remaining ht-0 absorptions 
in this region both exhibit a meta splitting, but that  a t  121.2 ppm in unequivocally 
identified as arising from C(1b) since it is shown by a selective irradiation at  
8-33 ppm to be broadened b>- weak coupling n-ith H(6a). 

Of the signals associated with the unsubstituted aromatic carbon atoms, that  
at  l lS.3 ppm is assigned to C ( 8 )  n-hich is meta and para to CH3O and OH, re- 
spectively. The remaining signals (111.2 and 111.6 ppm) arise from C(9) and 
C(3) but have not been individually assigned. 

Almost identical arguments have been developed for the assignments for rings 
h and D in cor>-dine methiodide (17). In  this system, horn-ever, the resonances of 
C(9) and C(3) are well resolved and have been separately assigned. This was 
possible because the absorption (112.1 ppm) due to C(3) x-as significantly broader 
(benzylic coupling) than that of C(9) (110.6 ppm) in the spectrum obtained n-ith 
selective irradiation of the aromatic protons. 

Assignment of the resonances of the ring D carbon atoms of apomorphine 
dimethyl ether (18) is reasonably straightfomard. The two absorptions, 147.0 
and 152.5 ppm, are clearly due to the oxygen-bearing carbon atoms; the former is 
assigned to C(11) because it is associated with a much longer relaxation time. 
The resonance a t  111.4 ppm is due to the unsubstituted position C(9), the only 
such position adjacent to a methoxyl group. That at  123.3 ppm is assigned to 
C(8), since it could be shown by a comparison of the undecoupled spectrum with 
that  obtained v-ith specific irradiation of the benzylic methylene protons that it 
involves coupling to these protons, but not to meta aromatic protons. Of the 
signals for the three unsubstituted carbon atoms of ring -1, that  a t  126.5 ppm is 
readily assigned to C(2), since it does not exhibit a meta splitting. Differentia- 
tion of the other two signals, 126.2 and 127.9 ppm, is based on the observation that  
the latter is additionally split by the benzylic protons and must therefore belong 

Although the associated 
relaxation time could not be precisely determined because of the proximity of the 
signal to one of the absorptions of the unsubstituted carbon atoms, it \vas clearly 
longer than that of the other non-oxygen-bearing, fully substituted, carbon atoms. 
The resonances a t  131.3 and 129.8 ppm are due to C(3a) and C(Ta), since their 
relaxation times are in the same ratio (15:l) to those of the unsubstituted aromatic 
carbon atoms as found for glaucine (table 1) ;  the more shielded of the two has been 
ascribed to C(7a). The remaining fully substituted carbon atoms C(1a) and C(1b) 
are responsible for the signals at  132.6 and 134.9 ppm, for \vliich the associated 
TI’S relative to the unsubstituted carbon atoms are 17 and 2G, respectively. The 
latter value is as expected for C( lb) ,  but the former is considerably shorter than 
predicted for either position. K e  believe that the relaxation of C(1a) may have 
an appreciable contribution from the proton5 of the 11-methoxyl group. 

In  the undecoupled spectrum of isocor>-dine (19): the resonance of C(2) is 
readily assigned on the basis of chen~ical shift and the absence of meta splitting, 

to C(3) .  
The resonance at  127.8 ppm is assigned to C(l1a) .  
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while that of C(l1) is recognized due to the absence of splitting by 0-methyl pro- 
tons. The distinction betn-een the other two oxygenated centers C(1) and C( l0)  
is based ,solely on chemical shift. tlie former having a value close to that found in 
glaucine and the latter being somen-hat more shielded. a.3 expected (see belon-j, 
since it is ortho to a hydroxyl rather than to a methoxyl group. 

Of tlie signals of the unsubstitutecl carbon atom;. that  at  lon-est field (118.6 
ppm) is as,;igned to C(S) since it is the onlJ- one n-liicl: is not ortho to a methoxyl 
group. The resonance at  1 lO. i  ppni Tvas shon-n to arise from C(9) b!- the sanie 
argument, based on virtual coupling. as discussed above for oliveridine. Tlie 
assignment of the signal at  125.4 ppni to  C(1aj i.3 based on the absence of long 
range coupling, and that at  119.E ppni is given to C(l1a) because of its unique 
shift. The remaining three full!- substituted atoms absorb TI-ithin a very narron- 
range (128,s-129.8 ppni). and their individual assignments have not been 
attempted. 

THALIPORPHISE ACETATE (20) A X D  BOLDIXE DIACETATE (21) .-The a.ssignment 
of the spectra of these two derivatives follon-s closely arguments developed for tlie 
parent alldoicls. The additional signals introduced by the 0-acetyl groups do 
riot interfere v-ith the remainder of the spectra. 

table 2 permits some general correlation of structure to be made. Such correla- 
tions are clearly very useful in the determination of the structures of aporphines, 
and some may have even n-ider application in alkaloid chemistry. The more 
important of the correlations are now presented. 

(i) Methylaf ioi i  o j  Phenolic Hydroxyl  GrozLps:-Certain groups of aporphines 
differ only in the degree and orientation of methylation of phenolic hydroxyl 
groups. ociated with cliar- 
acteristic changes in chemical shifts of the aromatic carb nuclei of the ring 
involved. I n  deuteriochloroform, the chemical shift of the ipso carbon is de- 
shielded by 3.0-3. i  ppm. .hi unsubstituted ortho carbon atom is shielded by 3 
ppm; whereas, if it bears a methoxyl group. jt is deshielded by approximately 2 
ppni. N e t a  carbon 
atoms are .slightly shielded (1.5 ppm) if unsubstituted or aomen-hat deshielded if 
bonded to carbon. Some of these effects change quite dramatically x-hen the 
.sterically hindered 1- or 11- hydroxyl groups are involved. In  these situations, 
methylation results in large (5- i  ppm) don-nfield shifts of the ring junction carbon 
atoms n-liich are ortho or para to the hydroxyl group in question. The downfield 
shift of the ortho methoxyl-bearing carbon atom is also increased. K h e n  the 
oxygen atom is in a stericallj- crowded environment, electron release from the 
oxygen t o  the ortho and para positions is presumably sterically inhibited by 
methylation. 

(ii) 0--4 cefylatioii:-Conversion of aporphines to 0-acetyl derivatives iz ac- 
companied hy increased oxidative stabilitj- and good solubility in deuterio- 
chloroform. This tramformation is aleo associated \\-it11 c1iaracteri.stic clianges in 
chemical shifte. In this case. the ipso carbon is strongly shielded (-5 to -6 
ppm), and the ortho and para nuclei are strongly de.shielded (4-9 ppm) in relation 

These trends are summarized in figure 4. 
Tlie M e f h y l e i i e d i o x y  Groirp:--Is ~ e 1 1  as giving rise to a characteristic 

absorption at  6 = 100 ppm, the methylenedioxy group is as.>ociated Trith changes 
in the aromatic absorptions relatire to the corresponding dinietlioxj- conipound. 
The clianges for the 9,lO-group are s?-mmetrical and primarily affect the h1-o ipso 

RELATIOX O F  STRUCTURE TO CHEMICAL SHIFTS.-Consideration O f  the data in 

Conversion of phenolic liJ-droxyl to methoq-1 is 

Para carbon atoms are usuall!- deshielded by about 1 ppm. 

These various trends are summarized in figure 3. 

original phenol. 
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FIG. 3. Shifts (,60CH3-60H) associated Kith methylation of phenolic hydroxyl 

groups in aporphines. 

FIG. 4. Shifts (6ntc-6nH) associated with acetylation (R=H-COCHI) of phenolic 
hydroxyl groups in aporphine. 

carbon atoms and their ortho neighbors. 
methylenedioxy groups are shonn in figure 5 .  
are almost identical 
protoberberines (11). 
again reflecting the crov ded condition of the 1-position. 

The values for the 9,10- and 1,2- 
The shifts for the former system 

ith those observed for the 2,3-methylenedioxy group in 
In  contra3t. the shifts for the 1,2-group are unsymmetrical, 

OR OR 

FIG. 5 .  Shift differences between vicinal dimethoxy aporphines 
and the  corresponding methylenedioxy derivatives. 
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(17) ~-Os3.’aporphi~2es:-Tlie i-hydroxy alkaloids are characterized by the 10u- 
field (approx. T O  ppm) position of the 7-carbon atom x-hich now appear. % as a 
doublet in the coupled spectrum. Nethylation of the hydroxyl group causes a 
further shift of about 12 ppm to lower field. 

(vi) .Metltosyl Groups:-The niajoritj- of the resonances of the methoxyl groups: 
absorb in a very narrow range near SG ppm. The sterically cron-ded methosyl 
groups at  C(1) and C(l1). however: are deshielded by about 4 ppm. The aliphatic 
methoxyl group at  C(i)  absorbs at  55 ppm. 
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