
TWO NEW IRIDOIDS FROM POSOQUERIA LA TIFOLIA 

P. D. L. CHAO 

China X e d i c a l  College,  Tuiciiicng, Taiwan, R.O.C. 400 
and 

G.  H. STOBODA~ 

-iB;TRICT.-From the leaves of Posoqiieria liiflfolzii two new iridoids, posoquenin 
1 and latifonin 4, were isolated and their structures determined. Structural assign- 
ments rrere based mainly upon the pmr spectra of the parent compounds and their 
acetates as xel l  as their benzj-lidene derivatives. The stereochemistry of the com- 
pounds rras partially determined. 

Posoqzwia latifolia Roem & Schult (Rubioceae) (1) is also knon-n as Tocoyena 
lati folia Lam. (2) or Omyairflms isfhmia Hort. (3). It is one of some 13 species 
among the genus Posoqueria and is indigenous to  tropical Anierica and the West 
Indies (4). Although no medicinal uqes have been reported for this genus, the 
total absence of any phytochemical studies on Posoqzieria species prompted a phyto- 
chemical investigation of this plant. In  the course of isolation, two iridoids were 
encountered and their structural assignments are presented here. 

RESULTS ASD DISCCSSIOS 
The plant material was extracted by percolation with ethanol to exhaustion. 

After removal of ethanol, the extract was partitioned between chloroform and m t e r  
to afford Fraction A (chloroform). The aqueous layer was further partitioned 
with ethyl acetate to afford Fraction B (ethyl acetate) and Fraction C (water). 
Chromatography of Fraction A and Fraction B over a silicic acid column yielded 
posoquenin 1 and latifonin 4. respectively. 

The occurrence of iridoids in Rubiaceous plants is rather common, and they 
usually are found in the glucoside form (5). The two iridoids described in this 
paper are not glycosides. Latifonin 4 does not have a double bond bemeen C-3 
and C-4 where unsaturation is common in naturally occurring iridoids (6). Several 
iridoids lacking the typical double bond between C-3 and C-4 have been re- 
ported (i) (8) (9) (10). 

The first iridoid. posoquenin 1 (C11H1407), (mass spectrum AI+ at m/e 258) 
was isolated as optically active, colorless crystals. It showed an absorption 
maximum at 248 nm in the uv spectrum and bands at 3440, 1740, 1688 and 1622 
cm-' in the ir spectrum, indicating the presence of a hydroxyl group and two 
types of carbonyl functions of u-hich one is a saturated ester and the other could be 
conjugated in an enone-type chromophore. The pmr spectrum of 1 exhibited a 
singlet a t  61.54 (3H), which was assigned to a tertiary methyl group attached to 
a carbinol center, and a singlet at  63.65 (3H) attributable to a carbomethoxy 
function. h singlet at 6i.31 (1H) is characteristic of the C-3 proton for iridoids 
11-hich bear a carbonyl function at C-4 (5). 
pyridine) yielded the diacetate 2 u-hose pmr spectrum showed two acetyl groups 
at 62.04 (3H) and 62.06 (3H). A singlet appearing at 63.22 (2H) was assigned to 
the protons attached to secondary carbinol centers (11). These were seen as 
doublet. at 63.83 (IH,  J=GHz) and 63.99 ( lH,  J=GHz) in 1. The ir spectrum 
of 2 showed the presence of a hydroxyl function n-hich resisted further attempts 

-1cetylation of 1 (acetic anhydride 
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at  acetylation. The preceding evidence indicated that the basic skeleton of 1 
was methylcyclopentanomonoterpene and the three hydroxyl groups apparently 
are on the cyclopentane ring. 

Concerning the stereochemistry of posoquenin 1, configurational similarity of 
1 with most other iridoids was assumed; the C-5 proton and C-9 proton were thus 
placed in /3-positions (12), although there is one naturally occurring iridoid where 
the bridge head stereochemistry is trans (8). The configurations around the 
three carbinol centers need to  be determined. The consistently low values of 
J5,6(OHz) in 1, 2 and 3 demand a dihedral angle close to 90" betxeen the C-5 
proton and C-6 proton, necessitating a trans relationship of these protons (13). 
As to the position of the hydroxyl group a t  C-7, the J6,7 of 1 and 3 is 6 Ha and is 
compatible with a cis as lye11 as a trans relationship betiyeen the C-6 proton and 
C-7 proton (13). Other means were, therefore, sought to settle the stereo- 
chemistry at  this chiral center. Treatment of 1 ryith benzaldehyde and zinc 
chloride yielded only one benzylidene derivative 3 which was found rather resistant 
to acetylation (acetic anhydride'pyridine) even at  80" for 6 hours (14). Pro- 
longed treatment at  80' resulted in decomposition. This fact indicates that the 
t1T-o hydroxyl groups involved in acetal formation are secondary and, therefore, 
on C-6 and C-7. Consequently, the C-6 proton and C-7 proton are cis to  each 
other and both are in P-positions. Finally, the configuration at C-8 cannot be 
conclusively determined since no other benzylidene derivatives have been isolated. 
However, it could be suggested that the hydroxyl group may be in the a-position; 
otherwise, more than one benzylidene derivative should be obtained in significant 
amount (14). More positive evidence is necessary for the determination of the 
configuration of this chiral center. For the comparison with latifonin 4, reduc- 
tion of the double bond betm-een C-3 and C-4 Ti-as attempted by catalytic hy- 
drogenation with PtO, ('7) (13) or 107, Pd, C (16) being used as a catalyst and by 
chemical hydrogenation according to  Cortese's method (17) but, unfortunately, 
the attempt failed. The resistance of this double bond to hydrogenation may be 
due to two troublesome characteristics-conjugation xyith a carbonyl function and 
part of an enol ether. A shortage of starting material precluded further work. 

The second iridoid, latifonin 4 (C11H160i), which differed by H, from 1, n-as 
isolated as optically active, colorless crystals. The mass spectrum of 4 shon-ed 
AI+ at m/e 261; however, elemental analysis indicated no nitrogen content. The 
peak at  mle 261 was, therefore, considered as a P+1  peak. Further confirmation 
of the molecular weight of 4 was gained by the mass spectrum of its trimethylsilyl 
derivative (AI+ a t  m/e  4'76=260+72X3). The uv spectrum of 4 showed only 
end absorption; the ir spectrum shon-ed bands at  3480, 3313 and 1720 cm-', in- 
dicating the presence of hydroxyl and ester carbonyl function. The pmr spectrum 
(DI\ISO-d6) exhibited a singlet a t  61.33(3H) assignable to a methyl group at- 
tached to  a tertiary carbinol center and a singlet at 63.63(3H) attributable to a 
carbomethoxy function. The characteristic doimfield peak for the C-3 proton of 
most iridoids Tyas not seen in this compound. Instead, a multiplet between 64.30 
and 64.50(2H) TTas seen and can be accounted for by the tn-o non-equivalent pro- 
ton3 on C-3. Signals at 6&.67(1H. d, J=8Hz) ,  4.79(1H. d, J=4Hz)  and 
4.98(1H, s) disappeared on the addition of DzO, which indicated the presence of 
three hydroxyl groups. Acetylation (acetic anhydride /pyridine) of 4 at room 
temperature afforded the diacetate 5 whose ir spectrum shon-ed the presence of an 
unreacted hydroxyl function (3400 cm-l) n-hich resisted further attempts a t  
acetylation. The pmr spectrum of 5 exhibited signals for tii-o acetyl groups a t  
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61.9i(3H, s) and S%.O9(3H, s). The signals at 65.0i(1Hq d, J=4Hz)  and 5.55(lH, 
q. J=4Hz)  shifted donnfield for 1.646 and 1.41~3~ reqpectivelj-, when 4 was con- 
verted into 5 .  This shift indicated that there are t n o  secondary alcoholic func- 
tions vicinal to  each other (11). The preceding evidence suggested that the 
skeleton and also the hydrosj-lation pattern of 4 were similar t o  that of 1. The 
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similarity of the pmr spectra between 1 and 4 can be seen in table 1. As to  the 
assignments of the stereochemistry around the six chiral centers, the C-5 and C-9 
protons were first assumed t o  be in the P-positions, as in posoquenin (12). The 
coupling constants J5,G and J6,7 are 4Hz, which is compatible with cis a< well as 
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trans relationships (12). Benzylidene derivatives were, therefore, prepared in 
order to determine the relative configuration of the three hydroxyl functions. 
TKO benzylidene derivatives, 6 and 7 ,  were isolated from the reaction mixture and 
their structural assignments n-ere further confirmed by acetylation (acetic an- 
hydride, pyridine) , Tyhich afforded 8 and 9, respectively. These results indicated 
that all three hydroxyl groups are on the same side of the cyclopentane ring. Hmv- 
ever, whether they are in cy- or /%positions cannot be determined here. 

1.44;s  
1.53,s 
1.62,s 
1.53,s 

TABLE 1. Pmr data of compound 1-9 (GOhIHz, int. ref. M e 8  

3 .  74;s 
3.67,s 
3.71,s 
3.61,s 

Solvent 1 3-H ' ~ 6-H 

1 CD30D 
2 CDC13 
3 CDC1, 
4 CD3OD 
4 DRISO-d6 
5 CDCl3 
6 CD,OD 
7 CDSOD 
8 CDC1, 
9 CDC13 

7.31,s 
7.31,s 
7.33,s 
4 . 4 5 ,  m* 
4.30-4.50,m 
4.37-4.64,m 
4.30-, m* 
4.46-, m* 
4.47-4.73,m 
4.33-1.73,m 

3,99,d,J = 6 
5.22,s 
4.43,d,J = 6 
4.27,q,J = 4 
3.93-4.30.m 
5.55,q,J ='4 

5.48,q,J =4 
5.59,q ,J = 4 
5,72,q,J = 4  

4 .57,q,J = 4  

7-H 

3 ,83, d,J = 6 
5.22,s 
4.13,d,J=6 
3.56,d J = 4 
3.41;q;J = 4  
5 .Oi,d,J = 4 
5,22,d,J = 4  
4 .00,d,J=4 
5 ,  22,d,J = 4  
5,26,d,J = 4  

J in Hz). 

1.54,s 3.65,s 
1.54,s 1 3.65,s 
1. 66,s 3.66,s 
1.48,s ~ 3.72,s 
1.33;s 3.83;s 
1 .50,s  I 3 . 6 7 . ~  

*Partially overlapped with solvent peak. 

EXPERIXIESTAL2 
PLAKT ifaTERIaL.-The leaves of P.  lntqolia (Rubiaceae) were used. The plant was identi- 

fied by F. J. Simmonds, and a voucher specimen is on deposit at  Eli Lilly and Co., Indianapolis, 
I N  46206. 

EXTRACTION .ASD FRhcTIO?.J.ITIO~..-Leaves of Posoquerie latiyolie (Rubiaceae) (3.3 kg) 
were percolated with ethanol to exhaustion. After evaporation of the ethanol, the residue 
was dissolved in water (2 liters) and the aqueous fraction was partitioned with chloroform 
(2 x 2 liters) to  afford Fract,ion A (chloroform, 7.4 gm). The aqueous fraction was further 
partitioned with ethyl acetate (2 s 2 liters) to afford Fraction B (ethyl acetate, 29.0 gm) and 
Fraction C (water, 200 gm). 

ISOL.ATIOK OF POSOQUESIS 1.-Fraction A was chromatographed on a silicic acid column 
(5  cm x GO cm) and eluted with solvent in a discontinuous gradient going from petroleum ether 
to  benzene to  chloroform. The fraction eluted n-ith chloroform afforded posoquenin 1 (650 
mg) which was recrystallized several times from ethyl acetate. It gave mp 160-151"; [cx]";D 
-7.4" (c 1.0, hIeOH); uv: X max (MeOH) 248 nm (log t 4.04); ir :  'i' mas (KBr) 3440, 1740, 1688 
and 1622 rm-1: nmr iCD,ODI: 6 1.54 i3H.s) 3.02 (1H. d. J=4Hz) .  3.31 i1H.d. J=4Hz) .  3.65 ~~ ~.~~ .~.. . ~ ~. ~~ " . ~  ,, ~ ~ ~~ 

(3H,s), 3.83 (1H,d, J=GHz),  3.99 (1H,d, j=GHz),'7.31 (lH,s); msl nile  258 (hi- for C I I H I L ~ ;  
19%), 240 (21, 227(7), 22G(6) and 153(100). 

ACETYLATIOY OF 1.-Compound 1 (32 mg) was treated overnight with acetic anhydride 
(1 ml) and pyridine (1 ml) at  room temperature. rlfter the usual work-up, an oily liquid was 
obtained and then purified by preparative t l c  (silica gel G: ethyl acetate:chloroform= 1:3). 
Crystallization of this oil has not been accomplished. The following data were obtained: 
pmr (CDCl,): 6 1.56 (3H,s), 2 04 (3H,s), 3.12 (lH,d, J=4Hz),  3.47 ( lH,d,  J=4Hz) ,  3.65 (3H,s), 
5.22 (2H,s), 7.37 ( l H , s ) .  

2.111 mps mere taken on a Thomas-Hoover Unimelt Capillary Apparatus or a Yanaco Micro 
Melting Point .4pparatus and are uncorrected. I r  spectra were determined in KBr discs on a 
Perkin-Elmer model 267 Spectrometer or a Shemadru IR-400 Spectrometer. Optical rotations 
were determined in methanol solutions on a Perkin-Elmer model 202 Spectrometer. Pmr  
spectra (GO NHz) n-ere recorded on a JKM-PMX 60 PAIR Spectrometer or on a Hitachi Perkin- 
Elmer R-21 instrument. chemical shifts are reported in 6 values. Routine mass spectra were 
determined on an LKB-9000 Spectrometer, by either direct probe or g1c:ms technique I n  
the latter case. the glc column (2 x 0.004 m, glass) was packed 111th 3% OT-17 on 80-100 mesh 
Supelcorport (Supelco Inc., Bellefonte, Pa . ) .  Folloning sample Injection, the temperature of 
the glc oven was held a t  130" for 1 min., then raised by 10"/min. to 270" where i t  was held for 
30 mm. 
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PREPARATIOS OF BESZTLIDESE DERIT-ATIVE OF 1.-Compound 1 (200 mg) was stirred with 
freshly distilled benzaldehyde (10 ml) and anhydrous zinc chloride (0.5 gm) for 3.5 hrs  a t  
room temperature (6).  The reaction mixture was poured into saturated sodiqm bicarbonate 
solution (40 ml) and extracted with n-hexane ( 3  x 40 ml) ,  which was then discarded. The 
aqueous solution was extracted n-ith ethyl acetate (3  x 60 ml) which, after drying, was con- 
centrated i ? ~  vacuo. The residue obtained was subjected to  column chromatography (silicic 
acid, 1.5 em x 20 em) and eluted with chloroform to  yield 3 (90 mg).  I t  gave the follom-ing 
data:  mD 166-16R': ir: 1, m a s  M B r )  3100. 1710. 1665 and 1615 cm-1: iiv: X mas iNeOH) 241 nm 
(log e 3.?8), pmr-(CDCI8): 6 1.66 (3H7s), 3 20 i iH,d,  J = 4 H z ) ,  3 56 (1H,d, J = 4 H z ) ,  3 66 13H.s17 
4 13 ( lH,d,  J=GHz), 4.43 ( lH ,d ,  J=GHz),  5 53 ( lH,s)  and 7 33 (GH, br s) ms ni e 346 (31- 
for CI,H1,O-, lo?), 315(17), 241(12), 240(77), 222(31), 207(39) and 197(100). 

ATTEMPTED .~CETTLATIOS OF 3.-Compound 3 (72 mg) was treated overnight m-ith acetic 
anh-dride 13 mi) and pyridine ( 3  ml) at room temperature. After the usual work-up, 3 was 
recovered unchanged. Aicetylation n-as then attempted at  80" with stirring for 6 hrs.  ,\gain, 
the start ing material was obtained. Prolonged treatment a t  80" for 30 hrs resulted in 
decomposition. 

I ~ O L ~ T I O S  OF LATIFOSIS 4.-Fraction B was chromatographed on a silicic acid column 
(7 cm x 70 em) and eluted in a discontinuous gradient going from petroleum ether t o  benzene to  
chloroform t o  methanol. The frartionn eluted with chloroform-methanol 192% afforded ~ ~ ~~~. ~~ ~~. ..... ~ . ~ ~ -  .~~ .... ~.~~ ~ . . ~ . . ~ ~ ~ . ~ ~ ~  ~~ ~ 

latifonin 4 (810 mg), which was recrvstallized from ethyl acetate t o  give mp 157-159": ;a]"D 
+7.2" (e 1.2, MeOH): uv: X mas (MeOH) 210 nm (log e 2 . 2 6 ) :  i r :  v mas (KBr) 3480,3315 and 1720 
ern-': pmr (DMSO-d6): 6 1.33 (3H,s), 2.60-3.00 (3H,m), 3.41 i l H , q ,  J = i H z ) ,  3.63 I3H,s), 
3.93-4.30 ( l H , m ) ,  4.30-4.50 I2H.m). 4.67 i1H.d. J = 8 H z ) .  4.79 I1H.d. J = 4 I I z )  and 1.58 ( lH , s ) ;  
ms: nz 'e 261(p+l, 0.5%), 242(2), 224(9) and' 199(lOO). 'Elemental  analysis: Found: C, 50.32; 
H ,  6.32:,, (CllH,60; requires: C, 50.76; H,  6.155). 

ACETYLATIOX OF 4.-Compound 4 (28 mg) was treated overnight with acetic anhydride 
(1 ml) and pp-idine (1 ml) a t  room temperature. .%iter n-ork-up, 18 mg of crystals of 5 were 
obtained. These were recrystallized from a petroleum ether-benzene mixture to give mp 
141-143': ir :  [ 'mas  (KBr) 3400,1753,1733 and 1712 cm-1:pmr (CDC13): 6 1.50 (3H,si, 1.97 (3H,s), 
2.09 (3H,sj, 2.70-3.80 (3H,m), 3.67 (3H,s), 4.37-4.64 ' (2H,m), 5.07 (1H,d, J = i H z )  and 5.55 
( lH ,q ,  J = 4 H z ) ;  ms: n2 ' e  345 (p+ l ,  0.55), 242(19), 241(100) and 236(36). 

PREPARATIOS OF BESZTLIDESE DERIVATIX-ES OF 4.-Compound 4 (700 mg) was stirred with 
freshly distilled benzaldehyde (23  ml) and anhydrous zinc chloride (1.2 g) for 3 hrs a t  room 
temperature (9). The reaction mixture was poured into saturated sodium bicarbonate solution 
(100 ml) and extracted n-ith whesane (3 s 100 ml),  which vias then discarded. The aqueous 
solution was extracted with ethyl acetate (3 x 1-50 ml) n-hich, after drying, was concentrated 
zn i'aczio. The residue was chromatographed over a silicic acid column ( 3  em s 50 em) and 
eluted q-ith chloroform-ethyl acetate ( 1 : l ) .  The faster running compound was recrystallized 
from petroleum ether-eth-1 acetate mixture to  yield 6 (82 mg) mp 1Ti-179c: i r :  i' mas IKBr) 
3450, 1720, 1590, 1575 and 1440 cm-l;pmr (CD,OD): 6 1.44 (3H,s): 2.83-3.17 (3H,mj,  3.74 (3H,s), 
4.57 ( lH ,q ,  J = I H z ) ,  5.22  ( lH,d,  J = 4 H z ) ,  7.40-7.67 (3H,m) and 7.93-8.20 (2H,m): ms: nzie 
366 (for C1SH2C07*HP0,  0.5%), 365(2), 348(1), 33314), 303(33), 242(16), 224(60), 95(100). The 
slower running compound eluted as a mixture with 5 .  Further separation was achieved by 
rechromatography on another silicic acid column (1.5 cni s 20 em). Elution with chloroform: 
ethyl acetate (1:l) yielded i (31 mg) as an oil which resisted all at tempts a t  cq-stallization. 
The compound showed pmr (CDSOD): 6 1.53 (3H,s), 2.83-3.13 (3H,m) 3.67 IXH,s), 4.00 (1H,d, 
J=4Hz),  5.48 (1H,q, J = 4 H z ) ,  7.23-7.67 (3H,m) and 7.53-8.20 (2H,m). 

ACETI-LITIOS 0~6.-Compound 6 140 mg) mistreated with acetic anhydride (1 ml) andpyri- 
dine (1 ml) overnight a t  room temperature. After the usual n-ork-up, an oil (38 mg) was ob- 
tained: attempts a t  crystallization failed. Further purification done on preparative t l c  plates 
(silica gel G :  ethyl acetate:chloroform=l:l)  afforded a homogeneous8. The componndshom-ed 
ir: :' max iCHClj) 3400, 1715, 1600, 1585, 1460 and 1440 ern-]: pmr (CDCl,): 6 1.62 13H,s), 1.93 
(3H,sl, 2.73-3.40 (3H,m), 3.71 (3H,s),  4.47-4.73 (2H,m), 5.22 ( lH,d,  J=4Hz),  5.E9 ( l H , q ,  
J=4Hz) ,  7.33-7.60 (3H,m) and 7.80-8.07 ('?H!ni). 

ACETI-LATIOS or i.-Compound 7 (31 mg) was treated overnight at room temperature with 
acetic anhydride (1 ml) and pyridine (1 ml).  ;Ifter work-up, the mixture, n-hen subjected to  
further purification on preparative tlc plates (silica gel G :  ethyl acetate-chloroform=l:l) ,  
yielded 9 (25 mgi mp 204-205': i r :  1' mas (KBr) 3440, 1730, 1720, 1600, and 1580 pmr 
(CDC1,): 6 1.53 i3H,s), 2.07 (3H,s): 2.83-3.47 (3H,s), 3.61 (3H,s), 4.33-4.73 (2H,m), 5.26 i lH,d,  
J= iHz) ,  5.72 ( l H ,  q, J = I H z ) ,  7.27-7.60 (311,m) and 7.i3-8.03 i 2 H p ) ;  ms: n7;e 408 (for 
CZOH,,O,.H~O, 0 . 2 5 ) ,  407(0.5), 375(3j, 315(5) and 303(50). 
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