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ABsTRacT.-The leaves and roots of R ~ z ~ Q  strzctn (Apocynaceae) yielded four 
indole alkaloids. Three of these isolates, vallesiachotamine (l), seNarine (3) and 
tetrahydrosecamine (41, displaj ed cytotoxic ac th i t> - ;  polj-neuridine (2) was not 
reported previously from this species. Tetrahydrosecaminediol ( 5 ) ,  its acetate 6, 
and didemethoxycarbonyl-tetrahydrosecamine (7)  were prepared from tetrahydro- 
secamine (4) by chemical reactions. 

The genus Rlruzya, in the indole alkaloid-rich family Xpocynaceae, is comprised 
of only t n o  species (l), Rhazyu strictu Decsne., a small erect shrub growing in 
the north west of the Indian subcontinent ( 2 , 3 ) ,  and Rlzuzyu orieiitalis A D C . ,  
native to northn estern Turkey and Western Thrace. 

KO medicinal uses of R. orieiifalis have been reported, but R. strictu is a reputed 
bitter tonic and curative for chronic rheumatism (4-7). 

The presence of alkaloids in R. strictu was first detected by Hooper ( 8 ) ,  and 
by 1945 its rich alkaloid content n a s  established. Since then the total number 
of indole alkaloids isolated from Rlzuzyu species has risen to more than fifty, and 
this nork has been summarized by Chatterjee and eo-workers (9). 

Indian workers, in 19'72, demonstrated that extracts of R. strictu showed a 
marked leucopenic effect in rats when given orally (20 mg kg) and that a single 
i.p. injection (15 mg'kg) significantly reduced the white blood cell count for 
7-10 days (10). K e  were intrigued by this activity, and this paper reports some 

The  diol 5 was highly cytotoxic. 
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of our preliminary work on the isolation of a number of biologically interesting 
alkaloids from this plant. 

EXPERINESThL' 
PLAST xaTERIaL.-The Rhaqii stricfa Decsne. i.ipoc>-naceae) leaves and roots used in 

this study were obtained from India bl- the Economic Botany Laboratory,  UPD-4, and a sample 
has been deposited in the herbarium of the  Sa t iona l  .irboretnm, Beltsville, 51D. 

PREPARITIOS OF ALKALOID FRACTIOSS FROM R.  s tr ic to  LEAVES.--;\ sample of coarsely milled 
leaves <4.5 kg) was extracted continuously for 24 hr.  in a percolator with petroleum e ther  
(40-80";. The  estract  was concentrated and removed from the extractor, and a fresh charge 
of solvent was added. Pooling of the  four con- 
centrates followed by evaporation in i'(icz(v afforded 15.7  g of Fraction 1. 

The  extracted R.  strictu leaves wwre air dried, macerated with methanol, and exhaustively 
es t  racted by repeated maceration and percolation. The  combined percolates (ea. 20 l i ters),  
when concentrated, afforded 41.7 g of Fraction 11. 

When the  residual methanol was removed from the  leaves of the plant and estracted with 
chloroform, 13.1 g of Fraction I11 was obtained. 

This procedure was repeated four times. 

TABLE 1. Cytotoxicity of Riicii.~o stricto fractions. 

Fractions KB 
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3An active fraction is one tha t  exhibits EDscS20 pg ml 
(12). 

GR.4DIEST PH SEPARATIOS OF FRACTIOS n-Fraction 11 was subjected to  a gradient p H  
separation according t o  the  method of Svoboda (11) with only minor modifications. Fraction 
I1 (41.7 gl was dissolved in a minimum volume of ethylene dichloride and estracted into 2 
l i ters 01'0.2 51 tar ta r ic  acid solution b y  gentle warming on a steam ba th  and removal of ethylene 
dichloride in vacuo.  Extraction of this acidic filtrate (pH 2 . 7 )  was effected x i t h  three separate 
volumes of benzene, and the  aqueous layer was adjusted t o  p H  3.0 with ammonium hydroside 
solution followed by  three extractions with benzene. This procedure was continued to  increas- 
ing p H  with additions of ammonium h>-droxide solution until a final p H  9.0 was attained. 
Benzene es t rac ts  at  each p H  level were combined and taken to  dryness, and the  groupings 
&-ere made  according t o  table 2.  

TABLE 2 .  

Group I PH  ' Wtig)  1 KB results" 
1 (EDsopg ml) 

Gradient pH separation of Fraction 11. 
I 

II-.1 3 0  I 3 1  1 18 0 
11-B ' 3 5  I 
11-c 4 0  
11-D 
11-E 

2 7  26 0 
14 0 I 3 2 ;  I 15 0 I E l  3 6  I 11 0 

11-F 6 7  3 4  0 97 
11-G 9 0  1 2 3  57 0 

'An active fraction is one tha t  exhibits EDAaZ20.0 pg ml (12). 

PREPARATIOS OF ALKALOID FRACTIOSS FROM R .  siricin RoOTs.-The dried, milled R.  siricta 
roots (22.5 kg) ,  when extracted with petroleum e ther  (40-80"), yielded Fraction IT- (15.7 9) .  

Wel t ing  points were determined by  means of a Kofler hot plate and are uncorrected. The  
u v  spectra were obtained with a Beckman model DB-G grating spectrometer. The  i r  spectra 
were determined on Perkin-Elmer, model 710 spectrometer. Proton nmr spectra were recorded 
in CDCl,, CDSCOCD, and 2 5  DCl-DtO on a 1-arian model T-GO A instrument with a Sicolet  
TT-7 Fourier Transform attachment and a 270 5IHz Bruker instrument. Tetramethylsilane 
was used as  an internal standard and chemical shifts  are reported in &units (ppm). High 
resolut,ion mass spectra %-ere obtained with a T-arian X i T  112s double focusing spectrometer 
operating a t  70 ev .  
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After being air  dried, the  defatted roots were exhaustively extracted with methanol (150 
l i ters).  The  extract was concentrated i,: ;'nc:to to  a syrupy consistency and was partitioned 
between distilled water (1 l i ter)  and chloroform (5  l i ters).  The  chloroform soluble fraction 
was dried (SazS04)  and concentrated in w c i i o  at 40", and the  residue was tr i turated with 2 5  
tartaric acid (2 l i ters).  The acid 
solution x a s  chilled and rendered alkaline (pH 8.5) with a saturated solution of sodium car- 
bonate. The  alkaline solution was then extracted with three 1 liter volumes of chloroform. 
The  chloroform extracts, when pooled, washed with water, dried over S a z S 0 4 ,  filtered and 
taken to  dryness in x c i t o  yielded 60.2 g of crude tert iary bases of Fraction 1.1. 

Fraction 1-11 (20.5 g) was obtained from the aqueous alkaline solution after it was made 
neutral and the  n a t e r  was removed through lyophilization. 

CYTOTOXIC EVALUATIOS OF ALIiALOID Fn.~cTIoss.-Fractions I-T-I1 were evaluated for 
cytotoxicity against Eagle's KB carcinoma of the  nasopharynx in cell culture according to 
established protocols (12). The  results are presented in table 1. Further separation was 
made on the  basis of the activity of the fractions. 

(3.4 g) was chromatographed over a colun~n containing silica gel2 fl00 g) packed in chloroform. 
A toral  of 15 fractions (50 ml each) was collected from the column and combined on the basis 
of their  tlc patterns.  

Fractions 7-9 from the  column were combined and subjected to  preparative tlc with 
methanol as  the  eluent. The  band of Rf 0.76, when purified, 
afforded an amorphous gum (13.0 mg),  mp 241'; ir,  vmax (KBr) 3440 (br s, K H  or OH) ,  2960 
(w), 2840 (w), 1690 (s), 1610 (s), 1450 (m) ,  1430 (m) ,  1340 (m) ,  1300 (m),  1190 (m),  1105 (m) ,  
1045 (m),  and 750 (s) em-'; uv, Xmas (EtOH) (log e )  220 (4.55) and 290 (4.90) nm: pmr, 6 (CDCI,) 
2.19 and 2.11 (each d ,  J = 8 . 1  Hz, 3H, lS-CHa), 3.64 (s, 3H, lG-COzCHj), 4.48 and 4.24 (each d,  
J=10 Hz,  lH,  3-H), 6.68 and 6.56 (each q,  J=8.1 Hz,  lH,  19-H), 7.50-7.10 fm, i H ,  9, IO, 11, 
12-H), 7.76 and 7.08 (each s, lH,  17-H), 8.02 and 7.98 (each s, l H ,  indole S H ) ,  10.29 and 9.37 
ieach s. 1H. 21-H): ms. d e  fS,) 11- 350 (49). 322 139). 321 110,. 319 i l l ) .  318 i l l ) .  307 

The neutral fraction I-, after processing, weighed 43.7 g.  

CH.4R.4CTERIZATIOS Oi' TALLESIACHOTAJIISE (1) - 4 S D  FOLI-SECRIDISE (2) .-Fractior! 11-F 

Two bands were removed. 

(24), 291 (38) ,  280 (14), 279 (59), 2G5 (26). 264 (20), 263 (65), 219 (16), 247 112). 223 f l i ) ,  222 ( l l ) ,  
221 (54)) 219 (lo),  209 (22), 208 ( l i ) ,  184 (11)) 170 (161, 169 120), 168 (13j, 167 i12), 150 (14), 
155 (]I) ,  154 (16), 144 (13), 143 ( lo) ,  130 (11), 129 ( l5) ,  128 ( l i) ,  and 115 (14). These ph\sical 
da ta  are in accord with those reported for vallesiachotamine (1) (13). 

Fractions 12-15 from the  column, when combined and taken to dryness i ~ i  I ' N C U O ,  yielded 
a solid which on crj-stallization from methanol afforded needles 111.9 mg),  nip 242": uv, Xmas 
(JleOH) (log e )  228 (4,51), and 275 (3.74) nm: pmr, 6 (CDSCOCDZ) 1.05 (d,  J = 7  Hz, 3H, 18- 
CHI),  2.92 (s, 3H, 17-COZCHi), 5.35 (q, J = i  Hz,  I H ,  19-H), and 7.38-6.94 ini, 4H, 9, 10, 11, 
12-H); ms, nz/e (%) M+ 352 (79), 351 (45), 337 (15), 335 ( l o ) ,  322 (lo),  321 (46), 29: (17)) 2 F  
(19)) 249 ( i 7 ) ,  238 (18), 235 (12j, 221 i l l ) ,  182 (17), 170 (14), 169 (79), 168 ( 5 7 ) ,  1Gi ( l i ) ,  lo6 
( l G ) ,  154 (IS), 143 (lo),  130 (111, 129 (12), 128 (12), 126 (13), and 115 (19). These physical da t a  
are in agreement m-ith those reported for polyneuridine (2) (14). 

CHARACTERIZATION O? SEIY.4RIKE (3).-Fraction 11-G (2.3 9) was chromatographed over a 
column containing silica gel (50 g) packed in chloroform. -1 total  of 15 fractions was collected 
and combined on the basis of their  tlc patterns.  Fraction 10 from the  column Tvas taken t o  
dryness iiz 'i'nczto. Trituration with a little methanol gave an amorphous solid (10.7 mg),  
mp 241-2": ir,  vmax (KBr)  3360 is, N H  and OH) ,  2940 (IT), 2860 (w), 1660 ( s j ,  1600 (s), 1480 (s), 
1440 im) ,  1200 i s ) .  1180 i s ) .  1100 im) .  1050 iml.  870 i w ) .  840 fw). 850 fwl. and 760 im)  rn1-l: 
uv, Xmax (JIeOH) (log e )  220 (4 0 ) ,  311 12 3) and 340 (3 0) nm, Xmax (3IeOH+SaOH) 230, 318 
and 358 nm: pmr, 6 ( 2 5  DCl-D,O) 1 5 4  (d, / = G  H7, 3H, 18-CH3), 3 78 (s, 3H, lG-COZCHs), 
5 74 (m, I H ,  19-H), 6 73 (d, J = 8  Hz, l H ,  12-H), G 82 id, J = &  Hz, lH,  ll-H)> and 6 94 (br s, 
1H. 9-H) ms. 711 e (5) JIf 338 (go) ,  323 f12), 307 (151, 305 1101, 279 (22). 268 (16).  263 1181. 
251 (11),'250 i l 5 ) ,  23d (19)) 232 (11); 224 (11); 223 (1G); 222 123); 210 (10); 209 (18); 208 (14); 
199 (20), 197 ( l l ) ,  196 (15)) 183 (151, l i 2  i l l ) ,  170 (19), 169 (lo),  121 ilOO), 107 (18), 1OU (21) and 
92 (21). These physical da ta  are in accord with those reported for sewarine (3) (15). 

CHAR.4CTERIZATIOS O F  T E T R A H l ~ D R O S E C A \ I I S E  (4) .-Fraction 1- (43.7 g) Was chromatographed 
over a column of silica gel (1.5 kg) packed in chloroform. total  of 50 fractions (500 ml each) 
was collected as the  solvent n-as progressively changed to  increasingly polar mixtures of 
benzene-chloroform, chloroform and chloroform-methanol. Fraction 13 (8.0 g) obtained from 
the  above column by elution with chloroform was rechromatographed on a column of silica gel 
(400 g) .  Elution n-ith chloroform yielded a crude solid xhich ,  on precipitation from ethyl 
acetate,  afforded tetrahydrosecaniine (1.1 g) ,  ir, vmax (BBr) 3120 ibr, S H ) ,  2950 (m),  1735 
is,  CO), 1160 (s), 1335 (IT), 1200 (m),  1180 (ni), and 750 i s )  em-'; uv, Xmas (EtOH) (log e l ,  225 
(5.83), 272 (5.18), 285 (5.23) and 294 (5.18jnni: pmr, 6 1CDC1,) 1.254.86 (m, GH, CHS) ,  3.34- 
1.97 (m, 35H, CH2 and CH),  3,.83 is,  3H, C O I C H ~ ,  3.67 ( s ,  3H2 COZCHS), 7.8G-6.30 (m, 8H, 
aromatlc) and 9.65 (br s, l H ,  indole S H ) :  ms, rile (5) 680 ( l . ~ ) ,  126 1100). These physical 
da ta  are in agreement with those of tetrah!-drosecaniine (4) (16, l i ) .  

L ih lH,  REDUCTIOS OF TETRAHTDROSECAJ(ISE (4).-Tetrah>-drosecamine (1, 70 nig) was 
treated with LiAlH4 (500 nig) in dr>- diethyl ether (15 ml) under reflux for G hr.  Standard 
work-up procedures afforded a gumml- mass f5, 18.1 mg),  ir,  vmax (KBr) 3400 (br S H  and OH) ,  
2940 (s), 1450 is),  1330 (w), l l G O  ( w ) ,  1050 (w) and i4O ( 6 )  em-'; uv,  Xmas (EtOH) (log e )  230 

*E. J le rck ,  Darmstadt ,  W.  German>-. 
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14.78), 284 (4.20) and 290 (4.17) nm:  pmr, 6 (CDCla) 1 .254 .85  im, GH, CH,) ,  3.1-2.0 (m, 37H, 
CH, and CH:, 4.40 (m, 4H) C H  and OH) and 7.3-6.70 (m, 8H,  aromatic).  

( 5 ,  15.0 mg)  in pyridine-acetic anh>-dride ( 3  ml, 12) m-as kept at  room temperature over night. 
The  reaction misture, when poured into cold water and estracted with chloroform 13 s 10 ml) ,  
dried over Xa,RO, and concentrated, gave tetrahydrosecamine diol diacetate 16, 12.0 mg) ,  ir, 
vmas G B r )  3400 ibr S H ) ,  2940 i s ) ,  1745 (m, CO) 1710 im, CO), 1470 im) ,  1380 (w) ,  1330 (w), 
1040 iw, and 750 fR-1 em-': uv. Xmas (E tOH)  (log t )  224 f4.77),  286 (4.16) and 292 (4.11) nm;  
pmr, 6 fCDC11J 1.25-0.89 im, GH, CH, , ,  2.01 ( s ,  3H, OCOCH,, 2.06 ( s ,  3H, OCOCHs), 3.27- 
2.153 im, 35H, CH, and C H ) ,  4.79 (br s, 2H, CH?OCOCH,), 5.44 (br s, 2H, CH,OCOCH?) and 
7.57-G.&7 1m, SH, aromatic).  

secamirie (4: 110 mg) in ethanol (2 ml I a saturated solution of sodium hydroside ( 5  ml)  was 
added: the  mistnre was refliised for 4 h r .  H>-drochloric acid (5s) vias added to  acidify the  
solution which was then refliised for 24 hr .  The  reaction misture was poured into ice cold water 
and rendered neutral by the addition of a saturated solution of sodium bicarbonate. The  
solution, xhen  estracted with chloroform 13 s 100 ml) ,  washed with water,  dried over Sa&O, 
and concent rated,  afforded a gummy mass (7G.l mg) of didemethosycarbonyl-tetrahydro- 
seramine ( 7 1 .  ir .  b'max iKBr1 2900 f d .  1640 f m ) .  1450 i m , .  960 iw and 720 i s )  em-': uv. Xmas 

.kETTL. \TIOS OF TETRAHTDROSECA~IISE  DIOL ( 5 )  .--q solution O f  tetrahJ-drosecamine diol 

DII)E\IETHOXTC.~RDOS~LATIOS O? TETRAHTDROSEC.4JIISE (4 J .-To a solution O f  tetrahydro- 

tEtOH 228 ( 5  2 2 1 ,  286 (-1 5 5 )  and 292 i 4  5 2 )  nm pmr, 6 (CDCl,) 1 2 j - 0 9 3  im, GH, CH?) ,  
2 BT-1 73 fni, 37H, CH, and CHI ,  7 G7-G 7 5  (m, 8H, aromatic) and 9 GO (br s, l H ,  indole 1 H ) .  

DISCUSSIOS 
Riiarya strictu roots and leaves of Indian origin xvere studied in this investigation. 

The total crude alkaloids (0.6%) nere  separated into seven fractions, and three 
of the-e were found to  be cytotoxic against Eagle's KB carcinoma of the naso- 
pharynx in cell culture. Tetrahydrosecaniine (1. 0 .OO6 i5 ) ,  a dimeric indole 
alkaloid previoucly reported from R. sfricta leaves (16) n-as isolated from Fraction 
T- b j  column chromatography and n a s  shown to be responsible. at lead in part, 
for the cytotoxicity of this fraction. Additional alkaloids could not be isolated 
from other chromatographic cuts of this fraction, each of nhich was extremely 
complex. 

Fraction I1 15 as subjected to a gradient p H  separation, vallesiachotamine 
(1. 2.0 x 10-6Gc) arid polyneuridine (2, 2.6 x 10-6cc) nere isolated from the p H  
6 . i  fraction: senarine (3, 2.4 x nas  obtained from the p H  9.0 fraction. 
The remaining pH fractions of Fraction I1 n ere complex and did not yield alkaloids 
by conventional techniques. 

TABLE 3. Cytotoxic activit? of alkaloids of Rhaz ja  sfricta 

I i n  r i t ro  
1 

1 KB results8 ' P-388 results" Alkaloid 

1. 1-allesiachot amine. . . . . . .  
2 .  Polyneuridine.. . . . . . . . . . . .  
3. Sewarine. .  . . . . . . . . .  
4.  Tetrahydrosecamine. . . . . . . .  
5 .  Tetrahgdrosecamine- 

G .  Tetrahgdrosecamine- 

i .  Didemethoxycarbonj-1 

diol. . . . . . . . . . . . . . . . . .  

diol d iace ta te . .  . . . . . . . . . .  

tetrahydrosecamine. . . . . . . . .  

3.56 ' 1.1 

2 . i  
> 100 j >loo 
- 

0 40 

0 0038 

2 40 1 GO 

0 50 0 29 I 
8.4 compound is considered active if it  displays an EDsoS4.0 I 

(12) .  

Tetrahydrosecamine (4) was reduced by LXH 'ether to 
spectrum confirmed the absence of carbonyl absorption; this 1r-8 
by the absence of characteristic signals a t  6 3.83 and 3.67 fc 
signals in the pmr spectrum of tetrahydrosecamine. 

Treatment of tetrahgdrosecamine diol (5 )  with acetic 
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for 24 hr. yielded a gummy mass, shown to  be its diacetate (6) by spectral data. 
It exhibited absorptions a t  223, 284, 292 nm in its uv spectrum, while in the ir 
spectrum the bands a t  1745 and 1710 cm-l were indicative of two ester carbonyls. 
The pmr spectrum showed two singlets, each integrating for three protons a t  
6 2.06 and 2.01 attributable to two acetylmethyl protons. 

Spectroscopic examination of the product from the treatment of tetrahydro- 
secamine (4) with ethanolic alkali and subsequent heating with 5N hydrochloric 
acid a t  100' for 24 hr. indicated the presence of didemethoxycarbonyl-tetra- 
hydrosecamine ( 7 ) .  

Polyneuridine, previously isolated from Aspidosperma polyneuron (1 I), was 
observed in R. strictu Leaves for the first time. 

BIOLOGICAL ACTIVITY OF THE rsotATEs.-The anticancer activity data for the 
isolated alkaloids of R. strictu described here are summarized in table 3.  Tetra- 
hydrosecamine diol has surprisingly good activity in the KB carcinoma of naso- 
pharynx test system in vitro, and additional studies of related derivatives are 
underway. 
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