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Abstract Ten new abnormal Eryrhrina alkaloids. rsococculidine. rsococculine. coccuvine. coccuvmine, 
cocculitinc. cocculitinine, coccudinone. cocculimine, coccudienonc. coccoline and coccolinine have been 
Isolated from the leaves of Coccu/u,s luurifblius D.C. and their structures and stereochemrstry is assigned by 
chemical transformations and spectral studies. The known proaporphine alkaloid stepharine and the 
morphinandienone alkalord. sebiferine have also been Isolated for the first time from the plant. 

Cocculus /aur~/uliu.s D.C. (menispermaccae) an 
evergreen shrub grows in tropical and subtropical 
regions of the world and has been extensively 
investigated for its alkaloidal constituents.‘-‘” 
Confirmation of hypotensive and neuromuscular 
blocking activities in the SO”,, ethanolic extract of C. 
/aurijiiliu.s’ ’ during a programme aimed at screening 
Indian plants over a wide range of biological activities 
prompted its reinvestigation which resulted in the 
isolation of several abnormal Er.rrhrina, dibenz [d, f] 
azonine. proaporphine. quaternary aporphinc. 
morphinandienone and simple I-benzyltetrahydroiso- 
quinoline alkaloids. Preliminary reports on the 
structures, of some of these bases have been 
communicated earlier. A fuller account of the work 
leading to these structures and information regarding 
the structures of other alkaloidal constituents of the 
plant are now presented. 

The alkaloids from the alkaloidal mixture, obtained 
from the ethanolic extract of stems and roots of C. 
laur[&diu.s were isolated by acid-alkali treatment, 
solvent fractionation, extensive column and prepara- 
tive tic on. The isolated abnormal Eryrhrina alkaloids 
are: cocculine’ (I), cocculidine’ (2). dihydro- 
erysodine’ (3). isococculidinc” (5). isococculine’” (6), 
coccuvine’” (7). coccuvinine’s (8). cocculitine” (9), 
cocculitininc (10). cocculidinone (I I ). cocculimine 

(12). coccoline” (13). coccolininc” (14) and 
coccudienonc (IS). The dibenz (d, f) azonine alkaloids 
laurifoninc’” (19). laurilinei” (20) and laurifinine’x 
(21). the morphinandienone alkaloid, sebiferine” (16). 
the proaporphine alkaloids stepharinc” (17) and N- 
methylstepharine’” (18). the quaternary aporphine 
alkaloids magnoflorine.’ laurifoline,” chlorides 
isocorydine, 0-methylisocorydine,2’ and boldine, 
methochlorides and the simple I-benzyltetrahy- 
droisoquinoline alkaloids coclaurine. N- 
methylcoclaurine, reticuline and laudanidine. Of the 
isolated bases the Er~rhrha alkaloids, cocculine’ (I), 
cocculidine’ (2). dihydroerysodine’ (3), the quater- 
nary aporphine alkaloids magnoflorine4 and 
laurifolinc’ and the simple benzylisoquinoline 
alkaloids coclaurine’, N-methylcoclaurinei, re- 
ticuline2, and laudanidine have been isolated earlier 
from c‘. ~aurijdius. The alkaloids isolated from other 
sources but isolated for the first time from the plant are 
sebiferine” (16). stepharinc2’ (17) and N-mcthyl- 
stepharine” (18). 

Cocculine (1) and cocculidine (2) the first member of 
abnormal Eryrhritru alkaloids were isolated by 
Yunusov.’ The structure and configuration of these 
bases have been established unequivocally by spectral 
and X-ray crystallographic data and confirmed by 
chemical studies.‘2 The Spiro structures of 1, and 2, 
was shown by formation of the NO-diacetyl derivative 
(4) with acetic anhydride. The NMR spectra of 1 and 2 
showed that these bases are related to the cis series of 
Ai”’ Errrltrirra alkaloids.23 

The abnormal Erdwitra alkaloid isococculine (6) 
on treatment with diazomcthane gave isococculidine. 
Isococculidine was thus the O-Me derivative of 
isococculine. The IR and UV spectra of these bases are 
very similar to that of l,2-diene type of ErJ~thritla 

alkaloids.24 The NMR spectrum of isococculinc (6) 
was almost identical with isococculidine (5) except 
that a signal for an aryl OMe function present at 6.2 in 
the NMR spectrum of5 was absent in the spectrum of 
6. A three proton signal for an aliphatic OMc group in 
6 resonated at r 6.76. Of the three aromatic protons one 
rnetu-coupled proton was centred at 3.26 (1 H. J 
= 2.00 Hz) and one mertr- and orrho-coupled proton 

appeared at 7 3.33 (1 H. dd. J, = 8; Jz = 2.0 Hz) and one 
orrho-coupled proton was centred at ~2.3 (I H, d. J 
= X Hz). Two olefinic proton multiplets are at r 3.92 
and 4.17. Double resonance cxpcriments gave the 
couplingconstantsforthering’D’protons(J,,, = 10.5; 
J 2.3 = 1.5; J3.48 = 10.0; J,.,, = 6; J4u,4e = 12: J,,, 
= 1.5; J,., = 3.5 and J2,h = 1.5 Hz). Assuming the 
basicerythrinan structure for isococculine the coupling 
of the proton r- to the OMe group (H-3) to an olelinic 
proton fixed the position ofthe double bond at l(2) and 
the magnitude (J2,3 = 1.5 Hz) indicated the 4-axial 
conformation of H-3. The OMe group must, therefore, 
be equatorial as in the previously characterised 
alkaloids. The coupling of H-3 to H-4a (IO Hz) and H- 
4e (6 Hz) confirmed this assignment. A value for C,,, of 
3.5-4 Hz indicated a equatorial orientation for H-6. 
The OH group present in isococculine was placed at 
position S 15 as follows: irradiation at T 7.10 (benzylic 
region)sharpened a low field doublet at r 2.92 due to an 
orrho-coupled aromatic promn. There was no effect on 
the other aromatic protons, irradiation 10.0 Hz either 
side T 7.12 had no elfect. 

The mass spectra of isococculidine (5) and 
isococculine (6) are in complete agreement with the 
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Scheme I. Mass spectral fragmentation of isococculidrnc (5) and wcocculmc (6). 



proposed structures. The prominent ions in the spectra except that the methylenedioxy group of erythratine 
wercattnirM’.M- - 15.M’ -31 (basepeak).M+ was replaced by an aromatic OMe group signal at 
- 59. MM’ - 73 and M + - 85. A rationale of ~6.24. In the spectrum of cocculitinine there was no 
fragmentation pattern of isococculidinc and isococ- signal for an aromatic OMe group. An aliphatic OMe 
culine is given in Scheme I. group present in both the bases resonated at about 

The IR and LV spectra of coccuvine (7) (I*,,,: 3450 T 6.72. The aromatic region had signals for 3 protons. 
and 1610cm ’ and imax: (EtOH) 228 and 284nm: The orientation of these protons was the same as that 
i,,,: (EtOH -NaOH) 308nm) and coccuvinine (8) of other abnormal Eryfhrrw alkaloids. The signal at 

(\.m.,. : I603 cm ’ and i,,, (EtOH) 228 and 282 nm. no T 4.36 due to an olefinic proton was rather complex but 
change in NaOH) were suggestive of aromatic ErJlrh- 
rim alkaloids having a 1.6-diene system.24 The NMR 

on irradiation at I 5.70 it gave an ill defined triplet 
splitting and irradiation at r 7.75 gave a sharp doublet 

spectra ofcoccuvine (7), and coccuvinine (8) are almost 
identical with erysotrineZJ and erythraline.24 The only 

with J,,2 = 3.0 Hz. The small triplet splitting was due 
to allylic coupling between the C-l and C-7 protons. 

apparent difference being in the number of signals for Of the three oxygen functions in cocculitine (9) two 
OMe and methylenedioxy groups. In coccuvine (7) were involved in ether linkages and the remaining one 
there was no signal for an aryl OMe function. In the was engaged in an alcoholic group as was shown by the 
spectrum of coccuvinine (8) the signal for an aromatic formation of mono acetyl derivative. One proton 
OMe group was at ‘I 6.72. In the spectra of both the signal at T 5.64 present in the spectrum of cocculitine 
bases, there were signals for 3 aromatic and 3 olefinic moved to ~4.50 in the spectrum of its acetyl derivative 
protons. One morn-coupled aromatic proton was confirming that it was due to the proton on the carbon 
centrcd at r3.22 (I Ii. S, J = 2.0HL). one IPIC~U- and carrying an OH function. The relative stereochemistry 
orrho-coupled proton was at r 3.30 (I H. dd. J, = 8. JZ at different centers in cocculitine as shown in 9 was 
= 2.0 Hz)and oneorrlro-coupled proton wascentred at established by double resonance technique and by 
r 2.96 (I H.d. J = 8 Hz). The 3 olelinic protons forming comparison of the NMR data with that of 
an ABX system appeared at r 3.45 (I H. dd. J, = 10.0 erythristcmine.25 the X-ray structure of which has 
and J2 = 2.0 Hz), 4.04 (I H. dd. J, = 10.0 and J1 been determined and with erythratineZn of known 
= 0.5 Hz) and at 7 4.28 ( I H. S). Irradiation at r 6.50 (x- stcreochcmistry. The C-2 and C-3 protons showed a 
tooxygen)causedacollapseofthesmall(2 Hz)splitting frcJIt.s-diaxia) coupling (J2. 3 = 8.5 Hz). The mass 
oftheolcfnicprotonsat s3.45.lcaving thcABsystcm(J fragmentation of cocculitinc (9) and cocculitininc (IO) 
= 10 Hz) of the two lower ficld olefinic protons. This confirmed the position of the ethylenic bond at A”“’ 
infers a ci+orientation of the double bond. The since a major peak in the mass spectra of these bases 
irradtation also sharpened the signal at r 4.02 of thc’A’ were at nr:‘e M - 58 corresponding to reverse 
part of the system indicating 0.5 H7 allylic coupling. Diels Alder type of fragmentation. A rationalisation 
Theseresultsareaccommodated by the3-methoxy-l.6- of the formation of other prominent ions based on 
dienc system of the Er~~hrinu alkaloids and imply a 3 4 cstablishcd precedent ” IS given in Scheme 2. 
equatorial conformatton for the mcthoxyl group. as is 
present In the previously characterised Erj,thrirlrr 

alkaloids “.” 
Trcatmcnt of coccuvtnc (7) wtth CH?N? eavc 

coccuvinine (8). Whtch IS therefore an OMc derivative of 
7. The aryl OMc group in coccuvininc (8) was placed at 
position I5 as follows: irradiation at r 7.09 (bcnzylic 
region) sharpcncd a lowhcld doublet at T 2.96 due to an h-l 

orrho-coupled aromatic proton. There was no effect on 
theorther aromatic protons. Irradiation 10.0 Hzcithcr - 

side of r 7.12 had no effect. 
The mass spectra of coccuvmine (8) and coccuvinc 

(7) arc in complete agreement with the proposed 
Rn 

structures. The prominent tons in the spectra were at 
m’e M -, M’--15.M’-3l(bascpeak).M’-58. 
M ’ - 60, M - 7 I and M- - 84. A rattonalization 
of this based on the established precedent’- is given in 

- 1 
+ 
B 

(V). 
Reduction of coccuvinine (8) and coccuvsinc (7) 

separately in methanol with IO”,, Pd.‘C afforded 
dihydro derivatives identical in all respects with 
cocculidinc” (2) and cocculinc” (I) of established 
stereochemistry. 

The IR spectrum (I.~_: 3460cm-‘) of cocculitinine 
(IO) indicntcd the prcsencc of an OH group. CV 

spectrum (i.,,, 2X3; i,,, (EtOH-- NaOH) 307nm) 
suggested that the OH group in the base is phcnolic in 
nature. Treatment of cocculitininc (IO) with CHIN, 
gave an OMc derivative identical wsith cocculitine (9). 
The trcatmcnt of9 with Ac20.:pyridine formed a mono (viii) (ix) 

acctatc. NMR spectra of cocculitmc and cocculitininc __ Scheme 2 Mass spwral Cragmcntatlon of cocculitlne (9) 
wcrc comparable with that rcportcd for crythratine’” and coccuhtininc (IO). 
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Oxidation of cocculitine (9) gave coccudmone (I I ) 
which was reduced to give a mixture of cocculitine (9) 
and epicocculitine. The JR spectrum (dilute Ccl4 
solns) of epicocculitine and cocculitine showed OH 
absorption bands at rmlX 3558 and 3609cm-’ 
respectively. The strong H-bonding in epicocculitine is 
consistent” only with cis-arrangement of the OH and 
OMcgroups. Cocculitinc must, therefore, be the truns- 

isomer. The stereochemistry at the Spiro-centre in the 
base was defined by conversion of cocculitine with 
methanesulphonyl chloride in pyridine into 
coccuvinine (8). Application of Mills rule”’ to the 
optical rotations of cocculitine and epicocculitine 
confirms the configuration of cocculitine as in 9. 

The IR (I’,,,: 1662 and 16lOcm- ‘) and UV spectra 
(&: 230 and 282 nm) of cuccudinone (11) was 
suggestive of the presence of an enone system. In the 
NMR spectrum of the base there were signals for an 
aromatic and an aliphatic OMe groups at r 6.24 and 
6.67 respectively. The trisubstituted olefinic proton at 
C,-H was coupled with C,-H and C3- H and forming 
an quartet. There were three protons in the aromatic 
region and their orientation was that of other 
abnormal Er~‘rhrina alkaloids. 

The mass fragmentation of coccudinone (1 I) is in 
complete agreement with the proposed structure. The 
characteristic ions were mie 299 (M ’ ). 284 (M ’ 15). 
255 (M’-44), (base peak), 241 (M’-58), 240 
(M’-59). 231 (M’ 86) and 185 (M’ -114). A 
number of these peaks were related by metastable 
ions. A mechanistic interpretation of the formations of 
these ions based on initial retro- Diels- Alder type 
fragmentation ” is given in Scheme 3. 

Reduction of coccudinone (1 I ) gave a mixture of 
cocculitine (9) and epicocculitine. Treatment of the 
mixture of epimeric alcohols with methanesulphonyl 
chloride afforded coccuvinine (8) albeit in poor yield. 
The stereochemistry at the Spiro centre in coccudinone 
(I I ). was thus correlated with that of coccuvinine (8). 

The IR (rmar (KBr) 3468 and 16OOcm-‘) and UV 
spectra (i,,,, : 230 and 284nm and i,,,,, 
(EtOH--NaOH) 240 and 298 nm) of cocculimine (12) 
were very similar to that of l,2-diene type of Ervrhrinu 
alkaloids.‘2 Cocculimine formed an acetyl derivative. 
The NMR spectrum of the base was almost identical 
with that of isococculine’3 (6) except that it had an 
additional signal for an aliphatic OMe group at T 6.70 
and a multiplet at ~6.06 for a proton. The aliphatic 
OMe group at C-3 appeared at T 6.76. Of the three 
aromatic protons one meta-coupled proton was 
centred at I 3.24 (I H, d, J = 2.00 Hz) and one mera- 
and ortho-coupled proton was at T 3.28 (1 H, dd, 
J, = 8; J2 = 2.0Hz) and one ortho-coupled proton 
was centred at T 2.96 (I H, d, J = 8 Hz). Two olefinic 
proton multiplets were at T 3.94 and 4.20. Double 
resonance experiments gave the coupling constants for 
the ring ‘D’ protons as: (J,,> = 10.5; J2.3 = 1.5; J,,,, 
= 10.0; JJ,ac = 6; Jl,,de = 12.0. J,,.s = 1.5: J,., = 3.5 
and J2.h = ISHz). Assummg the basic erythrinan 
structure for cocculimine the coupling of the proton z- 
to the OMe group (H-3) to an olefinic proton fixed the 
position of the double bond at 1.2 and the magnitude 
(J2,J = 1.5 Hz) indicated the 4-axial conformation of 
H-3. The OMe group must, therefore, be equatorial as 
in the previously characterised alkaloids.“.‘4 The 
coupling of H-3 to H-4a (IOHz) and H-4e (6 Hz) 

hi) We 241 

(dti) m/e 213 

(xiv) a/e 269 

Scheme 3. Mass spectral fragmentation of coccudinone (I I) 
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worked up to gwc O-ucer!/cocculimiue (25 mg): v,,,.. 1660 and 
12lOcm-‘; m!e 343 (M-). 328,311, 310.296 and 280 (base 
peak), : 7.8 (3 H. S, OCOMe), 6.75 (3 H, S, 3-OMe). and 6.72 

(3 H. S. I I-OMe). 
0-Merhylcocculrne (2). To a soln of 1 (69mg) in MeOH 

(I ml) was added an excess of ethereal CH,N2. The resulting 
mlxturc was kept at ambient temp for 60 hr and worked up m 
the usual way to gave 2 m.p. 86-87”. identical with cocculidme 
(2) (m.p., mxd m.p., Co tic, IR and NMR). 

0-Mrrh?/i.soc,occlrlr,lr (5). To a soln of 6 (58 mg) in MeOH 
(1 ml) was added an excess of ethereal CH,NI to give O- 
merh~/l.so~occu/i,Ip (34 mg) m.p. 95-96”. identical with 5 (m.p.. 
mxd m.p.. Co-tic. IR and NMR). 

o-!Mrr/r~/c0c~c O/,flC, (131. Coccollne (14) (71 mg) in 
MeOH (I ml) was treated with an excess of ethereal CHzN2 
to give 13 (49mg) m.p. 174 175. identical with coccolmme 
(m.p.. mxd m.p.. Co tic. IR and NMR). 

/)c+rdrtrr/ot~ o/ cocc~r,/irine. <‘occulLtine (9) (I 10 mg) in dry 
pyrldlne (Zml) was treated with mrthancsulphonyl chlorldc 
(0.5 ml) in dry pyridlne (1 ml) at 0” during I hr. The mixture 
was dkluted with water. adJusted to pH 8 with Na>CO,aq and 

cxtractcd with CHCI, (5 x 10ml). The extract was washed 
with water, dried Na?SO,) and solvent removed. The crude 
product. so obtamed. was SubJected to plc to give (in minor 
amount) 8 (identical with authcntlc sample, Co tic). 

Rrducrwm o/ coccudinone. To a soln of I I (220 mg) in 
MeOH (5 ml) was added NaBHJ (350 mg) during 2.5 hr. The 
solvent from the resulting mlxrurc was removed after 4 hr. 
water added. the product extracted wnh CHCI,. washed with 
water. dried (Na2S0,) and solvent removed. The crude 
product. so obtamcd. was subjected to plc on alumina GF 
plates to give 9 (IlOmg) m.p. 141 142” and cplcocculitine 
(42mg) m.p 70 72”. 

O\rt/ur~~~r~ 01 c~~~cc~r~/~r~m,. C’occulitinc (9) ( I20 mg) in CHCI, 
(5ml)was shaken wath act~vc .MnO, (2lOmg). The resulting 
mixture was worked up after 3 hr. The crude product. thus. 
obtained was purlficd on plc on silica gel plates (solvent: 
CHCI, MeOH. 90: IO) to give 1 I. (identical with authentic 
sample Co tic. IR and NMR). 

N-Mc,rh~/.\tephurrrte (18). A mixture of I7 (110 mg). HCHO 
(Zml) and HCOOH (2 ml) adjusted to pH 4-5 wnh NazCO, 
was heated on a steam bath for I hr. The volatile reactants 
were removed and the residue extracted with 2”,, HCI. The 
acidic soln was extracted with ether, basified with Na*CO, 
and the liberated base extracted with CHCI,, washed with 
water, dried (NalSO,) and solvent removed. The crude base 
thus obtamed was purified by plc on slhca gel plates to give I8 
(39mg) mp. 125 127” (lit” 127 120)). 

Eutrucrron o/ .stem.s umi roo~.~. Air dried stems and roots 
(3 kg) of C lauri/i>/iu.\ wcrc pulverised and percolated with 
EtOH (4 x 4 I) The solvent from the combined percolate was 
removed under reduced pressure and the viscous mass, so 
obtained, was extracted with 5’2, HCI (6 x 25Oml). The 
aqueous acidic soln w’as defatted with light pctrolcum ether, 
basified (pH 9 10) with NaHCO, and extracted with CHCI, 
(6 x 250ml). Removal of the solvent from the CHCIX extract 
gave the alkaloidal mixture (16g). 

C‘hromctro)~raph~ I)/ the alkalordal misrure. The alkaloidal 
mixture (log) was chromatographed over a column of 
neutral alumina (4oOg). The colurpn was eluted with hcxane, 
hcxanc-C,H, (1.1). C,H,. C,H,-EtOAc (3:l. I:I, 1:3). 
EtOAc and EtOAc-- McOH containing an increasing 
proportion ofthe polar solvent. Elution was monitored by tic. 
Thccarly fractionscontalned mostly the bases isolatedearlier 
from leaves. 

~-,Merh,,l~oc/auri,le. Elutlon of the column with 
EtOAc MeOH (98:2) gave a mixture which was subjected to 
nlc on silica nel nlatcs (solvent: CHCI1-MeOH. 85: 15) to 
bivc N-merh~k&aurinr (25 mg) m.p. 177- 178” (lit”’ 178”). 
identical with authentic sample (m.p. mxd. mp, Co-tic, IR, 
NMR and MS). 

Raricu/me. The mixture obtained from the middle fractions 
of EtOAc MeOH (98:2)elution when apphcd on plc on silica 
gel plates (solvent: CHC’I, McOH. 88: 12) gave rc,riculimJ 

(22 mg). as amorphous powder; base picrate, m.p. 189- 190” 
(lit41 190-192”). identical with an authentic sample (m.p., 
mxd m.p.. Co- tic. IR, NMR and MS). 

Cocluurine. The mixture obtained from EtOAc-MeOH, 
(9614) elution when subjected IO plc on silica gel plates 
(solvent: CHCI,:MeOH, 85: 15) gave co&urine (78 mg), 
[xl,, + 13” (c. 1.02 in MeOH): base hydrochloride m.p. 
245-247” (lit .+’ 247-248”). 
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