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Alkaloids of Ocotea acutangula 

By Vittorio Vecchietti,’ Cesare Casagrande, and Giorgio Ferrari, Simes Research Laboratories, Via Bellerio 

Bruno Danieli and Giovanni Palmisano, lstituto di Chimica Organica della Facolt3 di Scienze, UniversitB 
41, 201 61 Milano, Italy 

degli Studi d i  Milano, Via Saldini 50, 201 33 Milano, Italy 

The leaves of Ocotea acutangula (Mez) contain, in addition to the known (S)-(-)-pal l idhe (5) and its new 
derivative (S) - (-)-0-methylpall idine ( 6 ) ,  the new 8,14-dihydromorphinandienone alkaloids (S) -  (- )pall idinhe 
(7) and (S)-( -)-0-methylpall idinine (8) which possess a B/C trans-junction. 

MORPHINANDIENONE alkaloids are widely distributed in 
many plants of the Papaveraceae and Menisperniaceae 
families. They play an important role as biosynthetic 
intermediates in the format ion of pharmacologically 
active morphinanes and several reports concerning 
their chemical behaviour and occurrence have appeared.2 
Furthermore, the ready in vitro conversion of morphinan- 
dienones into aporphines may strongly suggest their role 
as in vivo precursors of aporphine alkaloids3 On the 
other hand, the corresponding 8,14-dihydromorphinan- 
dienones, whose importance and formation have yet to be 
clarified, are a small class of compounds found only 
rarely in nature, namely, 8,14-dihydrosalutaridine (1) in 
Croton d i s c ~ l o v , ~  Croton l i n e a ~ i s , ~  and Croton @wnieri,6 its 
nor-derivative (2) in Croton l i n e a ~ i s , ~ ?  isosinomenine (3) 
in Sinomenium a ~ u t u r n , ~ * ~  ocobotrine (4) in Ocotea 
brachybotra,1° and the not fully elucidated delavaine in 
Stephania delavayi.ll 

In  our studies on the South American Lauraceae of 
the genus Ocotea, we have found that leaves of Ocotea 
acutangula (Mez) contain only morphinandienones and 
8,14-dihydromorphinandienones, namely the known (S) -  
(-) yallidine (5),12 the unreported natural (S)-(-)-0- 
metliylpallidine (6), l2 and two new compounds for which 
we have established the structures of (S)-(  -)-pallidinine 
(7) and (S)-( -)-0-methylpallidinine (8). 

From the chemotaxonomic point of view, isolation of 
rnorphinandienone alkaloids from Ocotea acutangula is 
of interest since this type of alkaloid has been pre- 
viously found only in Cassytha pubescens,13 Litsea 
s ~ b i f e r a , ~ ~  and Ocotea brachybotra.15 

After the usual extraction and chromatographic 
separation, (S)-pallidine was isolated in a crystalline 
solvated form from acetonitrile, and identified by direct 
comparison with an authentic sample. 

The second alkaloid (6), C,,H,,NO,, crystallized from 
dietliyl ether as colourless needles and its spectroscopic 
data corresponded to those of a 2,3,6-trimethoxymor- 
phinandienone already isolated as a racemate from Litsea 
sebqera l4 and Rlaigiocarya raccmifcva,l6 and as the lacvo- 
isomer from Nemuaron viei1la~di i . l~  

The absolute configuration of (6), i.e. (S), is establislied 
by means of c.d. measurements, being closely related to 
that for (S)-(-)-pallidine (5).18 In addition, (6) is 
obtained by methylation of (5) with dimethyl sulphate 
and potassium t-butoxide.? 

As regards the two other alkaloids (7) and (8), they 
are structurally related since crystalline (7), ClgHlgNOg, 
on methylation gives rise to a product identical in all 
respects to 0-methylpallidinine (8). This was a solid 
which did not crystallize and was characterized as the 
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hydrochloride. The U.V. spectrum of the base was 
cliaracteristic of a 8,14-dihydromorphinandienone ; this 
was confirmed by the i.r. spectrum which showed the 
presence of a conjugated enone system (see Experi- 
mental section). Apart from the stereochemistry of the 
B/C ring junction, supporting evidence for the structure 
(8) is furnished by the IH n.m.r. spectrum which exhibits 
inter a h ,  seven singlets for nine U-methyl protons, three 
A’-methyl protons, and three isolated protons for H-1, 

i Kametani et al. obtained (6) as a syrup by 0-methylation of 
(-)-pallidine using diazomethane (refs. 11 and 18). 
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H-4, and H-5. The appearance of aromatic protons as 
singlets assists in fixing the positions of the aromatic 
substituen ts. 

The remaining problem of determining the stereo- 
chemistry in (8) is approached by analysis of the mass 
spectrum, which, besides the intense molecular ion peak 
at  m/e 343 (lOOyo), displays significant fragments a t  m/e 
328 ( A t k *  - Me), 300, and 192 and only a weak peak at  m/e 
59 (C,H,N) (Scheme). As N-methyl compounds in the 
B/C cis series show a strong peak at mle 59 whereas, in all 
cases, B/C trans compounds give no peak or only a very 
weak peak at mle 59, (8) may be assumed to possess a B/C 
trans junction. The striking difference in the mass 
spectra of the morphine-morphinane series as a function 
of the stereochemistry a t  C-14 is attributed to the 
spatial arrangement of 14-H and the nitrogen-containing 
side-chain that rearranges in the key fragmentation 
step.lg This attribution is inferred by the 13C n.m.r. 
specfrum and unequivocally supported by chemical 
correlation. The 13C n.m.r. spectrum of (8) may be 
compared with that of ocobotrine (4) whose structure, 
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including the B/C trans-junction, has been previously 
reported by some of us.lo In the spectrum of (4) a 
triplet a t  6 32.15 p.p.m. is attributed to C-15 because its 
broadening and additional splitting due to second-order 
effectsm provide evidence that it is adjacent to C-16. 
The aliphatic pattern of the 13C n.m.r. spectrum of (8) 

closely resembles that of (4) : the shifts of C-8, -10, -14, 
and -16 are almost identical, showing that (8) has the 
same steric arrangement of carbon atoms as in (4).* 

The proposed structure (8) and its absolute con- 
figuration ( S )  are corroborated by chemical correlation 
with (6). Catalytic hydrogenation of (8) over 10% 
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Pd-C in ethyl acetate at room temperature gives a 
mixture of dihydro-derivatives epimeric a t  C-6 which, 
after base-induced epimerization, affords the thermody- 
namically stable isomer (10) having an equatorial 6-OMe 
group. This last compound is different (t.l.c., lH n.m.r.) 
from the tetrahydro-derivative (11) obtained from (6) by 
a similar reduction-quilibration sequence. The cata- 
lytic reduction of morphinandienones requires the close 
approach of both C-8 and C-14 to the surface of the 
catalyst. This can only occur on the least hindered side 
of the molecule, i.e. i t  results in addition of hydrogen to 
C-14 on the same side as the nitrogen-containing 
bridge 5921 to  give a B/C cis-fusion. Thus (8) has a B/C 
trans-fusion. 

Finally, the absolute configuration (S) of (8) was con- 
firmed by dehydrogenation to (6). Thermodynamically 
controlled bromination of (8) in trifluoroacetic acid-HBr 
gave the a-bromo-ketone (12) which possesses a cis- 
pseudo-equat orial-axial relationship be tween its 8p-Br 
and 14p-H atoms, as confirmed by the magnitude of the 
8-H-14-H coupling constant (3J 13 Hz). Dehydro- 
bromination of (12) in neat 1,5-diazabicyclo[5.4.O]undec- 
5-ene (DBU) at  room temperature provided a single 
product which was identical in all respects to (6). The 
elimination probably proceeds through a base-catalysed 

* Details of the 13C n.m.r. spectra of compounds (4) and (8) arc 
available as Supplementary Publication No. S U P  22906 (2 pp.) 
(see Notice to Authors No. 7, in J.C.S. Perkin I ,  1979, Index 
issue). 
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isomerization 8@-Br(eq) - 8~-Br(ax) since the C-14- 
hydrogen and the 8P-bromine atoms are unable to adopt 
a 180" trans relationship to allow concerted elimination. 

Turning now to pallidinine (7), this alkaloid could, at 
least a priori, possess the same aromatic substitution 
pattern as flavinantine (13) (OMe and OH in positions 2 
and 3 respectively) or pallidine (5). The 100-MHz lH 
n.m.r. spectrum of pallidinine was obtained and extensive 
spin-spin decoupling experiments carried out to deter- 
mine the substitution at C-2 and -3. The spectrum 
exhibits complex unresolved signals spread between 6 
1.8 and 3.8 due to the aliphatic protons, three singlets a t  
6 2.36, 3.70, and 3.90 for NMe, 3-OMe, and 6-OMe, and 
three slightly broad singlets a t  6 6.38, 6.71, and 6.86 
which we assign to 1-H, 4-H, and 5-H, respectively. In 
fact, irradiation at  6 3.70 and 3.90 caused the signals a t  
8 6.71 and 6.86 to collapse into sharp singlets due to 
vanishing of long-range couplings. * Furthermore, ir- 
radiation of the aliphatic region near 6 2.70 (benzylic 
protons) simplifies only the 6 6.38 singlet, so that the 
methoxy-group on the aromatic ring of pallidinine must 
be located at  C-3 as depicted in (7). 

EXPERIMENTAL 

Analytical and preparative t.1.c. was performed on 
Kieselgel 60 F,,, ; column chromatography was carried out 
on Kieselgel G. 1.r. spectra were recorded for KBr discs 
on a Perkin-Elmer 257 instrument ancl U.V. spectra for 
solutions in methanol on a Perkin-Elmer 124 instrument. 
lH N.m.r. spectra were run with NEVA 14 or XI,-lOO 
spectrometers operating a t  60 and 100 MHz, respectively, 
with CDC1, as solvent and tetramethylsilane as internal 
standard. Pulsed Fourier-transform I3C n.m.r. spectra 
were recorded with a Varian XL- 100 spectrometer operating 
a t  25.2 MHz. Chemical shifts are expressed in p.p.tn. down- 
field froni tetramethylsilane. Electron-impact mass spectra 
were obtained on a Varian Mat CH-7 spectrometer operating 
at 70 eV. Optical rotations were measured with a Perkin- 
Elmer spectropolarirneter ant1 circular tlicliroisni curves on a 
Roussel- Jouan diclirograph. 

Extvaction and Isolution.--L)rietl finely ground leavcs of 
Ocotea acutangula (28.8 kg) were extracted with 95(,!4, 
ethanol (80 1; x 4). The alcoholic extracts were con- 
centrated in ' U ~ G U O  (T < 35 "C) and the aqueous layer was 
acidifie(1 with acetic acid to pH 4. After filtration, tlie 
extracts were basified with concentrated ;Lninioni;i and 
estracted ( x 4) n.ith cliloroform (5 1).  Tlie conibinecl 
chloroform es  tracts were dried (MgSO,) and evaporated 
under reduced pressure to give the crude alkaloids (40.5 g, 
0.147;)) wliicli were cliromatogrriplie~l on silica gel (500 a) .  
Gradient el 11 tion with clich loroni ethane antl nic t 1 ianol 
afforded four niain fractions. 'llic fraction obtainetl with 
clichloronietliane-i~~etliariol (98 : 2 v/v) gave pure 0- 
snetliylpallidinine (8) as  a gnnl ( 3 . 2  g) ; Al,l:,y. (log E) 206 (4 5 I ) ,  
228 (3.98),  antl 262 nni (3.99) ; v,,~:,,, 1 690 antl 1 (i2O cin l ;  

8H (80 MHz) 2.37 ( s ,  3 H, N-Me), 3.(iO (s, 3 H, OMe), 3.85 ( s ,  
3 H, Ohle), 3.89 ( 5 ,  3 H, OMe), 6.32 (s, 1 H,  1-H), (3.02 (s, 
1 H, 4-H), and 0.85 (s, 1 H, 5-H); in / e  343 (lOO(;/o, PI") ,  
328 (go), 313 (9),  300 (30), 257 (15), 232 ( l o ) ,  215 (lo), 

* For long-range couplings l)c>twcen thc ORIc inethyl protons 
and  the ovtho ring protons or (5-protons 111 rnc+liyl cnol-cbtlic.rs see' 

ref. 22. 

203 (lo), 192 (45), 165 (lo), and 59 (2.5). The hydrochloride 
had m.p. 195-200 "C (from acetone) ; [olID20 - 50" (methanol) 
(Found: C, 60.0; H, 6.9; N, 3.35; C1, 8.65. C,,H2,N04* 
H,O*HCl requires C, 60.37; H ,  7.09; N, 3.52; C1, 8.91%). 

The fraction obtained with dichlorornethane-methanol 
(97 : 3 v/v) gave a mixture (9 g) of O-unethylpallidinine (8) 
and (6), which on further chromatography gave additional 
(8) (1.7 g) and O-nzethylpallidine (6) (1.8 g), m.p. 118-120 "C 
(irom diethyl ether) ; [olIn20 + 25.2" (chloroform) ; A,,,. 
(log E) 208 (4.49), 238 (4.19), and 280 nni (3.82); vlnaX, 1 660, 
1 640, and 1 615 cm-l; 811 (60 MHz) 2.45 (s, 3 H, N-Me), 3.75 
(s, 3 H,  OMe), 3.81 ( s ,  3 H, OMe), 3.86 ( s ,  3 H, OMe), 6.25 
(s, 1 H, 8-H), 6.33 (s, 1 H, 1-H), 6.59 (s, 1 H, 4-H), and 6.78 
(s, 1 H, 5-H); m/e  341 (loo%, Mt'), 326 (40), 313 (30),  
298 (40), 282 (30), 270 (20), and 256 (20); c.d. (methanol) 
[oI,,, 0, [el,,, + 3  760, [81,10 + 3  640, PI,,, 1 5  580, [el,,, 0, 
[e],,, --2 230, iei,,, 0, Le]265 $880, ~ 3 1 ~ ~ ~  0, [el,,, -750, 
[ O ] , , ,  -450, [O],,, -32 370 [the c.cl. data agree with tliosc 
reported by Kanietani for synthetic (6) 11, la]. 

The fractions obtained with clichloroniethane-metlianol 
(95 : 5 v/v) (3.2 g) after further chromatography, were 
subjected to preparative t.1.c. on silica gel to yield pal& 
dinine (7), (180 mg), m.p. 234-236 "C, [oljD20 -80" (chloro- 
form, c 0.5) ; A,,,. (log E) 205 (4.45), 228~11, and 260 nm (3.09) ; 
v,,,,. 1 688, 1 685, and 1 620 cm-l; 6H (100 MHz) 2.36 ( s ,  
3 H,  NMe), 3.70 ( s ,  3 H, OMe), 3.90 ( s ,  3 H, OMe), 6.38 ( s ,  
1 H, 1-H), 6.71 (s, 1 H, 4-H), and 6.86 ( s ,  1 H, 5-H); m / e  
329 (100%, M"), 314 (loo), 286 (50), 243 (15), 218 (15), and 
192 (60) (Found: C, 66.65; H ,  6.2; N, 4.1. C,,H,,NO,- 
H,O requires C, 66.46; H, 6.16; N, 4.08%). 

Finally from the fractions eluted with 20'34 methanol, 
fiallidine (5) (1.2 g) was obtained, m.p. 120-122 "C (from 
acetonitrile); [olIDZ0 -39.3" (methanol, c 1); (log E) 210 
(4.51), 240 (4.20), and 286 nni (3.91) ; 1 670, 1 650, and 
1 620 cm-l (Found: C, 68.1; H,  6.45; N, 7.0. C,,H,,N04* 
MeCN requires C, 68.46; H ,  6.57; N, 7.11%); c.d. (meth- 
anol) [OI,,, 0; [el,,, + 3  850; [81,,, + 3  710; [OI,,, t 5  670; 
[O]288  0; [el279 -2 320; [el268 O ;  re1263 -k450; [01260 O ;  [0I25, 
-2 250; [el,,, -1 800; [O] , , ,  -31 800 (i.r., u.v., and c.d. 
data agree with those reported by Kametani for amor- 
phous pallidine 12). 

Methylation of pallidine (5) to (6) .-The hydrochloride of 
(5) (1 g) was suspended in anhydrous t-butyl alcohol (15 nil) 
antl heated with dimetliyl sulpliatc (630 mg) and potassium 
t-butoside (870 nig) a t  35 "C for 4 11. The reaction mixture 
was diluted with water and estractetl with chloroform. The 
organic extract was chrornatographed on silica gel (20 g) with 
tlicliloromethane-iiietlianol (99 : 1 v/v) giving (6) (400 mg), 
1n.p. 120-122 "C (from diethyl ether) ; + 23" (chloro- 
form, G 0 .5 ) ,  identical in all respects to tlie natural product. 

Convevsion of O-Methyll5allidilzine ( 8 )  into O-iWetliyll5al- 
lidine (6) .---The liydrochloride of (8) (300 m g )  in trifiuoro- 
acetic acid (0.25 nil) was treatcci at 0 "C successively with 
307/, HHr in acetic acid (0.5 uil), acetic acid (7 nil), acetic 
;uiliyclricle ( 3  nil), antl bromine (0.044 nil). 'llie solution 
was stirred a t  0 "C for 2 h, left at room temperature for 
15 11, and then evaporated to dryness in ziacuo (T < 25 "C). 
I l i e  residue was chroinatographed on silica gel (6 g) with 
cliclilorometh;~ne-metlianol (90 : 1 v/v) giving amorphous 
(12) (120 ing); arr (60 MHz)  2.41 ( s ,  3 H, N-Me), 3.72 (s ,  
3 H, OMe), 3.85 (s, 3 H, OMe), 3.89 (s, 3 H, OMe), 6.58 ((1, 

and 0.83 (s, 1 H ,  5-H); ?n/e 423/421 (IO':(); Art'), 408/40(i 
(8),  343 (.to), 342 ( I O O ) ,  328 ( I s ) ,  314 ( I O ) ,  31.3 ( n l ) ,  ancl 
298 (10). 

1 H, ' J  13 Hz, 8-H), 6.46 (s, 1 H,  1-H), 6.63 ( s ,  1 H, 4-H), 
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The broiiioniorpiiinarie ( 1  2) (30 mg) in neat 1,5-diazabi- 
cyclo~5.4.0~untlec-T>-eiie (DBU) (0.2 nil) was stirred for 15 h 
a t  room temperature, then the solution was diluted with di- 
chloronietliane (10 nil) and filtered through silica gel (2  g). 
‘The eluate was concentrated and the residue purified on 
preparative t .1 c. eluting with cycloliexane-tlietli).larnine 
( 1  : 1 v/v) to give O-methylpallidine (8 nig), identical (t.l.c., 
i.r., and c.d.) l v i t h  the natural product. 

ni/L~’dro-O-nzet/iylpallidinine ( 10) .-The hyclrochloride of 
(8) (200 nig) in ethyl acetate (50 ml) was hydrogenated a t  
1.6 kg cni-2 for 8 11 in the presence of 10% Pd-C (100 nig). 
The catalyst was filtered off and the filtrate evaporated to 
dryiiess. The residue was taken up in methanol (5 nil) 
containing 5% potassium hydroxide in methanol (2 .2  ml) 
and stirred a t  room temperature for 48 h. The brown solu- 
tion was evaporated and the residue purified by preparative 
t.1.c. eluting with cyclohexane-diethylamine (3  : 2 v/v) 
(RF 0.45) to yiel(! amorphous dihydro-O-methylpallidinine 
(10) (50 mg); (60 MHz) 2.38 is, 3 H, NMe), 3.58 (s, 3 H, 
OMe), 3.84 ( s ,  3 H, OMe), 3.86 ( s ,  3 H ,  OMe), 6.65 (s, 1 H, 
1-H), and 6.75 ( s ,  1 H, 4-H); m/e 345 (1O0yo, Aft’), 330 (30), 
317 (15), 314 (20),  286 (20), 253 (35), 238 (50) ,  244 (40), 
194 (35), and 166 (20). 
TetraAydro-O-melhylpallidine ( 1 1) .-0-methylpallitline (6) 

(200 mg) was hydrogenated and equilibrated as for (8) 
giving , after prepsrat ive t .l. c. [c yclohexane-cliethy laniine 
(3  : 2 v/v)] amorphous (11 )  (RP 0.35) (47 mg); (60 MHz) 
2.45 (s, 3 H, N-Me), 3 . 4 i  (s, 3 €1, OMe), 3.93 (s, G I-I, 2 OMe), 
G.72 (s, 1 H, l -€3) ,  and 6.97 (s, 1 H, 4-H);  m/e 345 (80cl/, 
A f t ’ ) ,  330 (15).  28G ( I n ) ,  and 194 (80). 
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