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AM-I’hc sIru;Iure of solanoforIhinc. m p X%10’. [a],, - X.6”. a neu- srcrordal alkalord irolarcd from So/unum 
.sm/onkronum Andr.. has hccn cstahlishcd as 1fi.arnmo. ~!.?h.cplmino-I~.!~.clw)x).!~oH.!!SH .cholcsr. C -en-238 
.ol3. bawd on chcmlcal and spcclroscoprc CI Klcncc and h) 11% rcducrion IO \olanocapsmc 2. another steroidal alkaloid 
cncounlcrcd in Ihc \amc spcac\ The ma\\ \pc&a of 2 and 3 arc dlxutrcd 

The K.0. Solanaccae is a well-known source of stcroidal 
alkaloids with the basic spirosolane, solanidane and 

22.26-cpiminocholestanc skeletons.’ II is remarkable, 

however. that the 3-amino function so common in Buxus 
and HolorrItena alkaloids’ has rarely been encountered in 
So/unum species. In fact, jurubidinc I, 9-hydroxy 
juruhidinc (paniculidinc) and their C-25 isomers.’ 
solanocapsine 2’ and solacasinc ( 22.S.dchydro-O-mcth!l 
solanocapsinc)’ are the only such alkaloids so far isolated 
from Solanum species. We now report a new 3-amino 

derivative, solanoforthine, from Solonurn stuforthionum 
Andr.. a plant found lo have anti-hypertensive activity.’ ,? -. ’ d 1” A 
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‘he alkalords of S. seuforthionum were found to bc 
mostly non-glycosidic in nature and were isolated without 
hydrolysis. The conventional procedure led to the 

isolation of three pairs of closely related major bases with 
molecular ions at m/t 470 and 468 (Fraction A), 456 and 

454 (Fraction R) and 430 and 428 (Fraction C). the lower 

molecular wcrght components predominating in each 
cast. Their separation proved IO be extremely difficult. 

and only the compounds having molecular weights 468 

and 428. the latter designated as solanoforthine. could be 
isolated pure by repeated chromatography and tedious 

fractronal crystallisatrons. A GC-M-computer study of 

the lotal alkaloids. however. revealed the presence of 
solasodine. solanidinc and a number of 3-amino 
derivatives yer to bc charactcrised. 

Solanoforthine 3. CnH,NzO,, showed strong IK ab- 
sorption for OH/NH group(s), and the presence of both 
was corroborated by an abundant Y-18 ion and the 
characteristic m/e 56 peak of 3-amino steroids’ in its mass 

spectrum. The general fragmentation pattern, however, 
could not be correlated with any of the known steroidal 

alkaloids. The KMK spectrum exhibited a signal for a 

vinyl proton at 6 5.31 (absent in that of its dihydro 
derivative) indicative of the presence of a trisubstituted 
double bond and a one-proton multiplet around 6 4.5 

ascribed IO a -(‘H-C& function in addition IO the expected 
signals for C-18. C-19, C-21 and C-27 methyls of a C,: 

steroidal alkaloid. 
Solanoforthine on catalytic hydrogenation yielded a 

dihydro-derivative 2 which could also be obtained by 
hydrogenation of Fraction C. Thus, the compound with 
YW 430 accompanying 3 in the mixture was proved to be 
dihydrosolanoforthine. 

Acetylation of solanoforthine yielded the N.N’di- 

acetate 4 and the 0.N.h”triacctatc 5. Both the com- 
pounds showed an abundant ion at m/t 494 in their mass 
spectra corresponding to the primary loss of a molecule of 
H&I and A&H. respectively, but the fragmentation 
patterns thereafter were quite distinct indicating that 5 
was not the simple O-acetate of 4. An additional peak at 



Scheme I 

17lOcm ’ in the IR spectrum indicated the presence of a 

&membered ring ketone in 5. Thus, a hemikctal linkage 
had to be envisaged in 3 which did not show any carbonyl 
absorption. 

Methylation of 3 and 2 afforded the respective 
/V.h’,N’-trimethyl derivatives 6 and 7 which on treatment 
with sodium borohydridc yielded the corresponding dials 
8 and 9. The mass spectra of both the diols exhibited the 
base peak at m/e I28 u hich must have been derived from 

the N-methyl-monohydroxy-mcthylpiperidine moiety 
generated by reduction of the hemiketal function. The 
mass spectra of all the compounds were consistent with a 
double bond at C-5 in 3 (Scheme I). 

All the available evidences thus led to a 3-amino-22.26 
epiminocholcstane structure for solanoforthinc with a 
hemikctal bridge between ring D and piperidinc moiety. 

+Obtaincd through ~bc courtesy of Prof. K. Schrcibcr.‘” 

At this stage it became necessary to rigorously exclude a 
solanocapsine type structure. To our surprise. the mass 

spectrum of an authentic+ sample of solanocapsine 
recorded by us proved to be quite different from the 
puhlishefl one but very close to that of solanoforthinc 
(Fig. I). We, therefore. isolated solanocapsine from 
S. pseudocapsic-urn ” and its identity with dihydrovolano- 
forthine was established by comparison of the scru- 
pulously purified compounds and their trimcthyl dcriva- 
lives. Since the structure and stereochemistry of solano- 
capsine 2 is welltstablishcd” that of solanoforthinc 3 
follows. 

The first compound to be obtained pure and inves- 
tigated was, however, the one with MW 468 cor- 
responding to C,H,N&, to which structure 10 was 
assigned based on the following evidences: The physical 
data indicated the presence of OH, -C H4 C=K and a 

I 
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Fig,. I. Mass rpec~ra of (A) \olanocapsine (2) and (B) solanoforthinc (3). 

trisubstituted double bond, and the compound on 
acetylation yielded two acetates identical with 4 and 5 

derived from 3. SeverMess, the respective molecular 

ions at m/e 512 and 554 were 40 mass units lower than 
what would normally be expected of the corresponding di- 
and tri-acetates of the compound. Sodium borohydride 

reduction of 10 furnished the tetrahydro derivative 11. 
The mass spectrum of the latter showed base peak at m/e 

114. assigned to a hydroxy-methylpiperidinium ion. 
indicating the presence of a hemiketal function in 10. II 

also exhibited an abundant ion at m/e 98 corresponding IO 
the m/e 56 ion of 3-amino steroids.’ Thus, the presence of 

a (CH,)zC=N-group could be inferred in IO, corroborated 
by a six proton signal at 6 2.16 in the SYR spectrum. 

Structure IO was finally confirmed by its hydrolysis IO 3, 
which on condensation with acetone regenerated the 
original base. 

Fraction Bon hydrolyses yielded a mixture of 2 and 3. As 
such, the compounds with MW 456 and 454 must be the 
ethylidenc derivatives 12 and 13. The structures were 
confirmed by the mass spectral comparison of the 

acetaldehydc condensation product of Fraction C. 

Since acetone was used as one of the solvents for 
crystallisation of 10 before realization of the nature of the 

compounds present and compounds I2 and 13 could not 

be isolated by extraction of the plant materials with 
aldehyde free alcohol, all these compounds are con- 
sidered IO be artefacts. 

Mass spectra of solanocapsine. solanofarthine and their 

dericarices 

It has already been pointed out that the mass spectrum 
of solanocapsine recorded by us did not correspond IO 
that published.’ the predominant feature of which is a 
peak at m/e 114. This ion is found to be insignificant in the 
spectra of 2. 3 (Fig. I) and IO. After recording the mass 

tThe tfrucnne and stereochem~s~r)- of the IWO dials wll he 
discussed elscu here 

spectrum of solanocapsmc under a variety of conditions 
we were convinced that the peak al m/e I I4 could not have 

arisen from this compound. This conclusion was cor- 

roborated as follows. Inuring the isolation of solanocap- 
sine from S. psercdorapsicum it was found to be ac- 

companied by a minor component which could be 
separated only with difficulty by repeated chromatog- 

raphy. The latter exhibited a base peak at m/e 1 I4 (Fig. 2) 
and proved IO be a mixture of two diols having gross 

structure 14.t Because of the different volatility of 
solanocapsine and the dials. the mass spectra of their 

mixtures are dependent on the recording conditions. 
However, under appropriate conditions with ap 

proximately a 9: I mixture of solanocapsine and the diols 
it was possible for us to obtain a spectrum almost identical 

with the published mass spectrum of solanocapsine. 
The mass spectra of the three compounds 2. 3 and 10 

showed the same fragmentation pattern for the D/E/F 
rings withionsat m/e 179.168,157,142.139,130,112, Ill. 
M and 70. The compositions of all these fragments were 

determined by accura~c mass measurements (Table I). 
Formulation of mechanistic pathways leading to these 

ions is difficult in the absence of labelling studies because 

multiple hydrogen transfers seem IO be involved. What is 
apparent, however, is that several of the fragments could 

be explained by assuming initial homolysis of the C&Z,, 
rather than the C&I, bond of the molecular ion. Some of 

the fragments could be best rationalised on the basis of 
their genesis from the M-H>0 ion formed either by 1.2- or 
I,4elimination (Scheme 2). 

Methylation of the secondary amino group led to a 
remarkable change of the fragmentation pattern as seen 
from the mass spectra (Fig. 3) of the trimethyl derivatives 
6 and 7. The conspicuous absence of peaks corresponding 
to the m/e I68 ions of 2 and 3 indicated that this peak 

mighr be derived from a M-HI0 ion formed by 
1.3-elimination involving the NH proton (Scheme 2). 

The trimethyl derivatives exhibit ions at m/e 171, 156, 

126.98 and 84 which had their counterpms in the spectra 



Kg 2. Mats spectrum of the mixture of dials (14) isolated from S. prrudocoprirum 

Fig. 3. Mars spectra of (A) N.N.N’-rrimelbylsola~apsinc (7) and (B) N.N.N’-rrirncthylsolanofonhine (0. 

A 

‘Tahlc I High rcsolurcc~ mass spectral data for solanefoflhmc 3 

Composirion mlr Composition nlle 
of ton 

CdC. Found 
of ion 

CdC. FCUld 

C,H.N 70.0656 70.0641 C.H,,SO, lS7.1102 157.1098 
C.HJi M.a813 84.0813 C,.H,.NO 166.1231 166.1249 

C.H,,SO, 1300.0w 130.W6 C,&IwNO 168.1388 168.1107 

C,H , ,h’O 139.0997 139.1004 CI,H,,NO 179.1310 179.1337 

C.H,,NO 142.1231 142 I220 
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of 2 and 3. The peak at m/e 128 may well be due to the 
homologue of the m/e 114 ion of solanocapsine pos- 
tulated by Budzikiewicz.’ However. the most striking 
feature in these spectra are the base peaks at m/e I1 I, 

because there were no corresponding peaks in the spectra 
of the unmethykted compounds. The most probable 
pathway of the genesis of this ion is shown in Scheme 3. 

-AL 

All m.ps were determined in open capllarks in a sulpburic acid 
bath and are unconected. IR spectra were recorded as Nujol mulls 
in an Infracord-137 spectrophotomctcr. Oprical rotations arc m 

CHCI,. measured in a Hilgcr-Watts M-511 photoelectric 
polarimeter. NMR spectra were recorded III CDCI, with TMS as 

internal standard. Low resolution mass spccfra were recorded 
mth Hitachi RMU-61. instrument (ekclron energy 80eV. direct 
inkI remp 15&19(p: source temp 18&22tF. source pressure 
-1.0x IO ‘Ton). High resolution mass spectra were recorded 
with a CEC 2I~llOH instrument.” TLCs were done on sdxa gel 
((iouri Chemicals. Calcutta) plates with the solvent system 
C.H.: Ii10Ac (!:8) uturarcd with ammoma. 

Isolaubn of the dkaloti 
Drd and powdered stem-bark (34) of So&mum ~t,/or- 

thiunvm Mr. was exrrac~ed with akcbl in a Soxhle~ apparatus 
for 30 h. be exlrac~ concentrated (150 ml) under reduced pressure 
and poured into 2N acetic acid (I I) and exrracrcd with chloroform 
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IrimeIhyl derivatives indicated both the dials IO have the gross 

SINCIUR 14. 
Prtpamrion o/ IO. A solution of 3 (SO mg) in EtOH (5 ml) and 

acetone (5 ml) was rcl?uxed for 3 h. DisIillation of the solvcnr and 

crysIallisaIion of the residue yielded 10 in quanlitative yield. 
Prepam~ion of 12 and 13 Fracrion C (10m.g) in EIOH (5 ml) 

was rclluxed for 3 h in the presence of a few drops of 
aceraldehyde. The mass SpCClNIII of lhc producl was ldenrical IO 
IhaI of Fraction H indicaring II IO be mIxlure of 12 and 13 
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