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Abstract-Ten new 5a,lOacisclcrodane-type diterpcne lactoncs were isolated from the aerial parts of Gurienezio 
rexma Using NMR techniques and some chemical transformations, the structures were cstablishcd as 6z18- 
dihydroxy-eisclcroda-3,13(14)diene-15.16-ohde; 18.19dihydroxy-cisclcroda-3.13(14)-diene-15.16-olidc; cisckroda- 
3,13(14)dicnc-15.16: 18.19diolide; 18,19cpoxy-19z-hydroxy-cisclcroda-3.13(14~ienc-15,16-ol~de; 3~4: 18.19- 

dicpoxy-18/?,IYxdihydroxy-&cleroda-13( lQ)-cne-15.16-olidc; 3~4~poxy-19~-hydroxy-ciscleroda-l3(14)_em- 
15.16: 18.19-diolide; 32.4: 18,19dicpoxy-19~-hydroxy-cisclcroda-l3(14~nc-15,169lidc; 3z,4fi,19a-trihydroxy-18.19- 
cpoxy-cisdcroda-13(l4~ne-l5,l~lide; I9-O-a-t.-arabinopyranosyl-cisckroda-3.3.13( 14)dienc-I 5.16-olidc-I9-ok 
ester and 2~.6xdihydroxy_cisckroda-3,13( 14Micne-15.16: 18.6adiolide. One of the structures was also confirmed by 
X-ray crystallographic analysis. 

Ih-lRODLCllON 

We previously reported furano-enr-IaIxtane-type ditcr- 
penoids from Gutierrezia grandis (Compositae) [I] and 
some diterpcne glycosidcs from G. sphaerocephalo [2] 
while Cruu and James reported a novel chloro- 
diterpcnoid lactonc from G. drocunculoides [3]. Here, we 
report from an annual Gurierrezio specks native to Texas, 
G. texwta, 10 new h.l0z-cisckrodanc-type diterpcne 
kctoncs (I IO). 

itEsUl.TS AND DlSCUSSlON 

The IR spectrum of compound 1 (mass spectrum: 
mjr 334 for C2cH,,,01, [a];’ - 6.4”) indicated the prcs- 
cncc of hydroxyl group(s) (v= 34tXtcm. ’ ). A 
/?-substituted butenolidc moiety was evident by IR peaks 
at 1780, 1750 and 164Ocm ‘, ‘H NMR signals at 65.82 
(br s. IH) and 64.73 (br s. 2H) and a fragment in the 
ekctron impact mass spectrum at m:‘: 111 

[CH,CH,&& 1’. In the ‘HNMR spectrum of 1, 

signals for a carbmol group attached to a double bond 
were present [broadened AB pattern at 64.28 and 4.10. set 
Table 1, and the vinylic proton signal at 65.59 (br f, J 
Q 3 HI IH)]. The presence of three methyl groups in 1 
was confirmed by the two thra-proton singlets of 61.31, 
0.81 and a three-proton doublet at 60.79 (/ = 7 Hz). In 
the “C NMR spectrum (Table 6) of 1. a /I-substituted 
butcnolidc group was indicated by the characteristic 
signals at 6171.1 (s. C-13). 115.0 (d, C-14), 174.2 (s, C-15) 
and 73.0 (I, C-16). The prcscncc of another pair of sp’ 

carbon signals at 6 129.4 (d. C-3), 14 I .4 (s, C-4) and a tripkt 

l Pcrmanrnt addras: South China Institute of Botany. 
Acadcmu Suma. Guangzhou. Chum 

at 667.6 indicated an &unsaturated carbinol function in 
1. The doubkt signal at 679.7 supported a secondary 
hydroxyl group in 1. The formation of the diaatate 1 I was 
in accord with the prcsena of the two hydroxyl groups. 
All the above data suggestal a ckrodane-type skeleton for 
1[&9]. In the ‘H NMR spectrumof 1. thedoubkdoubkt 
signal at 63.42 (1 H. dd. I = 4.11 Hz) (Tabk 1) indicated a 
secondary hydroxyl group which could only be attached at 
C-6 judging from the coupling pattern; moreover, the 
coupling constants (4 and 1 I Hz) suggested an equatorial 
orientation of this hydroxyl group. In order to assign the 
stereochemistry at the C-5 and C-IO positions, 1 was 
correlated with the reported compound 26. In the AB ring 
portion of the structure, while the ‘H NMR data of 1 were 
very similar to thox of 26 except for the coupling pattern 
of H-6, they exhibited opposite optical rotation, - 6.4 and 
+ 23”. rcspoctively [8]. When I wasconverted into 21 (25 
was also obtained) and one then comparcd the ‘H NMR 
data and the optical rotation of 21 with those of the well 
cstablishcd structure 27 [8, lo]. the chemical shift (6 1.25) 
of H-19 in 21 appeared at lower tkld than the H-19 in 27 
(6 1.15) and 21 and 27 again exhibited opposite optical 
rotation, - 22.4 and + w, rcspcctively [R]. These in- 
dicatcd most probably that the C-5 methyl was a- 
orientated, that is, opposite to that of 27. The AB ring cis- 
fusion was correlated with 3 and 4 which were deduced 
from NOE results outlined below. Therefore, I was 
assigned as 62,18dihydroxy-h,lOa-ci+cleroda-3.13( 14b 
dime-1 5.16-olidc. 

The IR spectrum of 2. one of the major components in 
the extract. was similar to that of I cxapt that the 
hydroxyl absorptions WCrC broader at KBr 

vim 
320@34OOcm-‘, thus indicating hydrogen bonding. In 
the ‘H NMR spectrum of 2. signals were observed for a 
/t-substituted butcnolidc and an z&unsaturated carbinol 
group as obscrvc<l for I (Tabk I). Instead of a downfield 
signal for a C-5 methyl as in 1 a sharp AB quartet appeared 
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at63.6O(d.J = IO Hz)and63.24(d.I = 10 Hz)which was 
unambiguously assignable to a C-19 primary hydroxyl 
group. In the mass spectrum, a fragment for an cthyl- 
butenolidc was also present. The “CNMR data of 2 and 
that of its diacctate supported the structure of 2, a 
compound which could be easily converted into the 
natural diolide 3 discussed below. 

The ‘HNMR spectrum of 3 (C,,H,,O,. 3% [a]: 
+41.4”) again indicated the presence of a butenolide 
group. While an AB system was also indicated. both the 
coupling constants and the chemical shifts (Tabk 1) were 
different from those for both AB systems in 2. A signal for 
H-18 as exhibited by 2 was not observed. The H-3 vinylic 
proton was dahieldcd (A6 = 0.99) when compared with 
those in 2. These data indicated a second lactonc function 
at C-18.19 in 3 as opposed to 2. A 2D Cosy spectrum 
(500 MHz) established the signal assignments. A long 
range coupling between H-68 and H-19a was observed in 
the 2D Cosy spectrum; inspection of Dreiding models 
indicated a W-coupling. The same couplings were ob 
served for kcrlin and kcrlinolidc, structures which have 
been confirmed by X-ray analysis [ 1 I]. In the “C NMR 
spectrum of 3, the C-18 carbonyl group was confirmed by 
a signal at 6170.9. Other “CNMR signak and all the 
spectral data were in accord with 3 being a 15,16: 18.19- 
diolide. It is noteworthy that 3 could bt prepared in 
quantitative yield from 2 by Jones reagent (see 
Experimental). The transformation of 2 into 3 strongly 
supported all thcabovc structural assignments. In order to 
establish the stereochemistry, NOE experiments were 
conducted at 500 MHz on 3. Irradiation of the signal at 

Tabk I. ‘H NMR data of compouadt I-5 (raordcd II 5tXl MHz. CDCI,. TMS). 

H 1 2 3 4 5 

I1 

v 
2a 

28 
3 

6u 

68 
7s 

‘8 
8 

IO 

I1 

II’ 
I2 

12 

14 

l6t 

17: 
I8 
I8 
I9 

1Y 

20: 

- 
- 
- 

5.59 br I (3) 
- 

3.42 dd (4. 11) 

- 
2.23 - 

2.13 - 

5.82 br 

4.73 bs 

0.79 d (7) 

4.28 bd (12) 
4 IObrd 12) 

I.31 s: 
- 

0.81 s 

1.87 m 
- 

2.18 brm 

2.18 brm 

5.80 
- 
- 
- 
- 

I.4Obrm 
1.49 - 

- 
- 

2.26 - 
2.26 - 
5.80 
4.72 d (1.2) 
0.76 

4.20&d (II) 
3.93 brd (I I) 

3.60 d (IO) 

3.24 d (IO) 
0.75 

I .92 

1.72ddd 
2.11 I) 

2.38 m 

6.79 

1.67 brs 

I.56 bS 
1.93 - 

l.42ddd (3.7.14) 

I.60 

1.37dd(2,lI) 

l.5oddd (3.14.14) 

1.5Oddd (5.14, II) 
2.33 ddd (3.14.14) 

233&fd(S.IJ.l4) 
5.80 

4.72 

I .05 
- 

- 

3.7216 (1.8) 

4.54 d (8) 
0.97 

l79brm 
I66 
207 
202 
5.6)km (wl/2:8) 
I .60 ddd (4.14.14) 
1.52 1 (4.4.14) 
I.91 m 
I.33 
1.53 
I 65 
I .87 
1 37 
251 
2.30 
5.77 
4.69 brr 
I.04 
4.23 brd (II) 
4.37 ddd (3. 5. I I) 

5.44 d (4) 
- 

0.93 

I.45 
1.45 

1.58 

2.W brd (14) 

3.52 brs 

I .77 

1.60 

I 78 
1.32 

I 45 

1.62 

1.60 

I .45 
2.40 

2.27 

5.79 
4.71 

0.9 I 

5.18 brr 
- 

5.51 b?s 
- 

0.80 

*Coupling pttan and oouplingconstant, (value in Hz in prcnthaes) ue not repeatal if identical with the 

PWCWdin8 column. 

tlntcnsity for two protons. 

$ Intensity for three protoor 
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63.72 (H-192) markedly enhanced the signal at d 1.37 (H- 
lo), and ahso some enhancement of H-II (al.Kt), H-16 
(64.72) and H-12 (62.33) was observed. This evidence 
indicated that the A-B ring was c&fused and that the 
lactonc side chain at C-9 should have an z-orientation. 
Irradiation of the signal at 64.54 (H-19@) enha& the 

l Ttus SIKXXS~UI reaction is noteworthy because ark at- 
tempts to oxidize a similar hamaatal group ml0 a corresponding 
hctonc were not ruaxssful [S]. 

signal for H-7a (d 1.93) and also to some extent the signal 
for H-16 (64.72). Irradiation of the signal at 61.05 (H-17) 
gave NOE on the signals for H-6& H-78 and H-I/?. 
Irradiation of the signal for H-20 (60.97) dramatically 
enhanced the signal at 6 1.92 (H-la) and also the signal for 
H-IO (6 1.37k models indicated spatial proximity of H-l& 
and the C-98 methyl group. All these results suggested the 
A-B ring cis-fusion and the C-8/3 and C-9@ methyl groups. 
From biogenetic considerations, compounds l-4 should 
be closely related to each other. But while I. 2 and 4 had 
negative optical rotation, 3 exhibited positive optical 
rotation. Therefore, NOE experiments were also con- 
ducted on 4 and the NOE results proved that the AB rings 
in 4 were also c&fused. Thus, we assigned the stcrcochcm- 
tstry for 1 and 2 to be the same as that for 3 and 4 based 
on NOE results for the later two compounds. The k, 1% 
configuration was also proposed for 2 IO based on the 
arguments for I and the biogenetic origin. 

Compound 4 was the major constituent. Its ‘H NMR 
spectrum, in which a total number of 28 proton signals 
were unambiguously obsetved. indicated tbc prcscncc of 
a butcndidc group and an AR system wtth allylic coupling 
(Table 1). In addition to the vinylic proton signal at 65.64 
(ht m, IH) for H-3, two doubkt signals with the same 
coupling constants of 4 Hz appeared al 6 5.44 and 6 3.44. 
Upon addition of D,O, the signal at 63.44 disappeared 
and the signal at 85.44 became a singlet. A 2D Cosy 
spectrum (SOOMHz) clearly indicated that the signal at 
65.77 (H-14) was coupkd with the signal at 64.69 (H-16), 
and the signal at 65.64 (H-3) was coupkd with that for H- 
21 at 62.07. The AB quartet (m actually) showed further 
coupling with H-3 and H-2a. Moreover. the downfield 
part of the AB system was also coupled wtth H-Z/l at 62.02. 
The signal at 65.44 was coupled only with the hydroxyl 
signal at 63.44. Intensive spin decoupling experiments 
supported the above assignments. Accordingly. a 
hemiacctal group could be tentatively assigned to C-19. A 
C-19 hcmiacctal function was confirmed by the Jones 
oxidation* of the hemiacetal group in 4 into the cor- 
responding lactonc function in 22. the C- 18,C-19 struc- 
turd1 isomer of 3. Moreover, 23 and 24 were produad 
along with 22 in the oxuiation. Normal acetylation of 4 
yielded, in addition to a normal acetylation product 13, a 
by-product 14, all in accord wtth a C-19 hemiacetal 
function. In the “C NMR spectra of 4. the hcmiaatal 
function was unambiguously indicated by the resonance 
at 6101.3 (d). The above evidence plus the “C- ‘H 
chemical shift correlations (500 MHz), which confirmed 
the chemical shift assignments, all supported the structure+ 
of 4. The stereochemistry of 4 was also deduced from 
NOE results (500 MHz). Irradiation of the doublet methyl 
signalald1.04enhanads1gnalsat61.66(H-1/I), 1.33 (H- 
78) and 1.52 (H-6/7). Irradiation of the methyl singlet at 
60.93 enhanced signals for H-12.I2.11’ and H-IO. 
Irradiation of the signal at 64.37 (H-188) enhanced the 
signal for H-6a. All these results supported 4 having the 
same A,B ring c&fusion as 3. For a final proof, compound 
4 was submitted for X-ray crystallographic analysts and 
the results [W. H. Watson er al.. personal communication] 
confirmed that A&-ring is cis-fused, the hydroxyl group at 
the C-19 position is a-located and the other chiral antrcs 
arc as depicted. 

Spectral data for 5 indicated that it had a similar 
skekton as 4; however, in the ‘H NMR spectrum of 5, the 
C-3 vinyhc proton signal exhibited by 4 was replaced by a 
broadened singkt at 6 3.52 which did not disappear upon 
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addition of D,O. This cvidencz suggested a C-3.C-4 epoxy 
function, a conclusion which was also supported by spin 
decoupling experiments. In the ‘HNMR spectrum, in 
addition lo the H-19 signal at 65.51 (s) similar to the one 
exhibited by 4. another broad singkt at b 5.18 su 

88” 
tcda 

second hem-1 group at C- 18. In the ’ C NMR 
spectrum, the “C-‘H chemical shift correlations 
(!iOO MHz)eatablished the signal assignments whik the C- 
18,C-19 dihcmiacelal groups and the C-3,C-4 epoxy 
system wereconfirmed by the signalsat 697.8 (d), 102.7 (d) 
and 657.3 (d), 70.6 (3). The stereochemistry at C-3 and C-4 
is tentatively assigned based on the following arguments. 
Firstly, from biogenetic considerations. compound 5 
should have the s~mt 5x,1&x-A,B -ring c&fusion system 
as 3 and 4 had, and thus, the C-kc-4 epoxy, a kss 
hindered position. should be favoured. Secondly. the 
‘H NMR data of H-3 (b3.52. br s, W, 12 < 2 Hz) were 
more similar to those reported for a hqoxide rather 
than those (d, I = 5.5 Hz) for a 3&cpoxidc [83. Thirdly, a 
3a-hydroxy analoguc, 8, which was most likely derived 
from the k-epoxy compound by epoxy ring opening, was 

also isolated from this extract. The hydroxyl group at the 
C-19 position in 5 (and also in 6.7 and 8) was correlated 
with that in 4 in which a C-19 hydroxy was confirmed by 
X-ray analysis. However. the b-hydroxyl groupat the C- 18 
position was assigned on the basis of NOE experiments 
sina irradiation of the signal at b 5.18 enhanced only the 
signal for H-3 a1 63.52. This indicated a C-18s hydroxy 
group since if irradiation of C- 18s proton signal enhanced 
the H-3 signal, inspection of mokcular models indicated 
that it should also enhance a signal for H-6. As expected, 
irradiation of the signal at 65.51 (H-19) did not enhance 
the H-3 signal. These NOE results, together with the 
“C-‘Hchcmicalshiftcorrelations,alsohclpcd toconfirm 
the “CNMR and ‘HNMR signal assignments 
(Tabks l-3 and 6) at the C-18 and the C-19 positions in 
S8. As expected, 5 readily gave the diacctatc 15 on 
aatylation. Therefore, we assigned compound 5 as 
3a,4: 18,19dicpoxy-18&19udihydroxy-cisckroda-13(14). 
ene- 15. I6-olidc. 

‘H NMR data for compound 6 were similar to those for 
S except that one of the two singkt signals for the 

Tahk 2. ‘H NMR daIa of compounds 6 8,lblS (200 MHz CDCl,, TMS)* 

6 f6 7 17 8 18 

H-3 X(11 brr 3.65 3.29 3 33 3.74dd (5.11) 4.9 I 

H-14 5.84 &r (1.5) 5.80 5.81 5 79 5 85 5.85 

H-lbt 477d (1.7) 4.71 4.75 4 70 4.17 4.82 

H-17: 0.99 d (7) 0.92 1.00 0.92 1.03 097 

H-18 -. __. 4.00d (10) 394 429d (11~ 4 33 

- - 3.83 d (10) 3.88 3.99d (11) 3.96 
H-19 5.92 br s 6.70 s 5S5 brs 642s 5.50 brs bSt s 

H-20: 0.88 5 0.86 0.87 0.85 094 0.92 

Ok: 2.17s - 2.09 f .- 2.05 s 

Ok: - 199s 

*Coupling pttcrn and coupling conr(rnIs (value in Hz In prcnkscs) are not repeated il 
denIvA wlIh Ihc prnacdmg column 

t InIcnsiIy for Iwo proIons 

$lnIcruiIy for Ihrcc protons 

Tahk 3. ‘H NMR data of compounds IClS and W (MO MHz. CDCl,, TMS)* 

H 10 20 II 12 I3 14 15 

2 4.U ddd (3.9.9) 5.64 - - - - 

3 6.72 d (3) 6.66 5.71 6rl (3) s.91 5.65 br m (wl;2:8) b.lSbrr (3) 3.54 brr 
6 432dd (7.11) 4.32 4 6-4.9 -. - - 

14 5.88 ?Wr (1.5) 5.87 5.86 5.86 5.78 5 85 5.79 

lbt 4.76d (1.7) 4.75 4.76 4.77 4.70 4.75 4.70 

17: 0.86d (7) 0.87 0.83 0.80 1.04 096 091 

I8 - - 4.649 4.62 br s 4.24 d&f (2.3. 1 I) 4 58 ks 6.19s 

- _ . 4 b-4.9 4.62 brs 4.43&+(3.5. II) 4.58brs - 
19 t .38 s: 1391 1.16: 3.Wd (It) 6.39s 9.38 6.44 

- - 3.87d (11) - -_ - 

20: 0.75 s 0.8 I 0.87 0.83 0.w 091 085 
Ok: - 2.10s 207 2.07 2.01 2.04 2.07 
OAcf -- - 2.08 5 208 - 2.1t s 

l Coopting pttan d coupling axwants (vduc in Hz in prcn~hacs) arc no1 repeated If idcn~ial MIh the 

pfooacding column 
t lnknsiry for Iwo protons. 
$ InIensiIy for three proIons 
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hemiaatal groups observed for 5 was not present. The 
“C NMR data for 6 werealsosimilar lo those for Sexapt 
for some dtffcrcnas for C-18, C-4, C-3 and C-19 (Table 6). 
Instead of IWO doubkt hemiaatal signals as in 5. 6 
exhibited only one hcmiaatal doublet signal at 6 101.3 but 
another singkt al 6 175.6 was observed. This evidence 
suggested that one of the hcmiaatal groups in 5 was 
oxidized into a carbonyl group to yield 6. That C- 18 was 
oxidized IO a carbonyl group was cvtdcnt from the 
following data. In the “C NMR spectrum, the C-5 signal 
(645. I) in 6 remained almost unchanged when compared 
with the C-5 signal (645.9) in 5. In contrast. the C-4 signal 
was greatly shielded (A69.9) and the C-3 signal was 
slightly dcshicldcd (A62.2). As expected. 6 gave only the 
monoacetate 16 on aatyktion. By comparing all the 
available data, 6 could be dcductd IO be 3a,4qoxy- 19~ 
hydroxy-cisclcroda-l3( 14)lne-15.16: 18.19diolide. 

Spectral properties of 7 were similar IO those for Sand 6. 
One hemiacetal group was dcduad based on the signals at 
65.55 (ht s) and the AB quartet (64.00 and 3.83, two d. J 
= IO Hr) in its ‘H NMR spectrum and this was also 
supported by spectral properties of the monoaatate 17 
derived from 7. That the hemiaatal group was attached at 
the position of C-19 rather than C-18 followed from the 
following evidence. The chemical shift for the hcmiaatal 
signalat 65.55 wascloser to thevaluc for the H-19signal at 
65.51 rather than the value for the H-18 signal at 65.18 in 
5. Moreover. the “C NMR data (Table 6) indicated that 
the C-5 and C- 19 signals were not shifted in comparison IO 
the data for S and 7, while the C-4 signal shifted upfkld 
from 670.6 in 5 IO 67.2 in 7 and the C-3 signal shifted 
down-field from 657.3 in S to 660.2 in 7. Furthermore, 
NOE results (500 MHz) were in good agreement with the 
above analysis sina irradiation of the epoxy signal at 
63.29 dramatically enhanced part of the AB quartet at 
64.00 (and also the H-2 signals ar 62.10 and 1.65); the 
rcctprocal irradiation of the signal at 64.00 enhanced the 
signal at 63.29; irradiation on the signal at 65.55 did nor 
enhance the signal at 63.29. Therefore. 7 was deduced to 
be 3~4: 18,19-diepoxy-192-hydroxy-cisckroda-l3(14)- 
cnc- 15,l&olide. 

‘H NMR data of 8 indicated that it should be closely 
related IO 7 (Tabk 2). While a hcmiacetal signal at 65.50 
was similar to that (6 5.55) exhibited by 7, the signal for H- 

3 (63.29) for 7 shifted downfield IO 63.74 in 8. Moreover, 
the coupling pattern of this signal changed from a br s in 7 
to a dd (J = 5, 11 Hz) in 8. Obviously. the signal at 63.74 
was attributable to a proton attached IO a carbon atom 
bearing a free hydroxyl group; this was confirmed by the 
formation of the diaatate 18. Consequently, a C-3C-4 
dihydroxy functton could lx proposed. In the “C NMR 
spectrum, a hcmiaatal doublet signal was prcscnt at 
6 104.1. Two free hydroxy-bearing carbon signals (one d 
and ones) wereobserved at 672.7and 85.1. II wasdear that 
the dcshiclding effect on C-3 and C4 was due to the 
epoxy-ring opening on the basis of comparing the data for 
8 with those for 7. A 3.x-hydroxyl group followed from the 
H-3 coupling (J Q 5. I I Hz) and a C+hydroxyl group 
could only be assigned based on the A,B ring &-fusion 
and the C- 18.C- 19 five-member ring construction. This is 
probably due to the epoxy ring opening of 7 to form a 
rranrdiol system found in 8. Similar rransdiaxial open- 
ings of this type ofepoxidc were previously reported [S]. 7 
and 4 are the likely precursors of 8 and, therefore, we 
prypscd the stereochemistry of 8 as depicted. 

C NMR data of 9 indicated that it was a pcntosidc ofa 

ckrodane-butcnolide (an anomcric doubkt at 695.2, a 
tripkt at 666.9 and three other oxygen-bearing doubkts at 
668.1. 73.3 and 70.4). ‘H NMR data of 9 at 500 MHz 
showed clearly all signals of the pentosyl moiety. The 
coupling pattern and coupling constants (Tabk 4) were in 
accord with those of other arabinopyranosidcs isolated 
from Gurierrezio [2]. Moreover, acid hydrolysis of 9 
yielded arabinosc and an aglyconc 19. The a-I.-arabinosyl 
linkage was deduced based on J(1’,2’) = 7.5 Hz. The 

vinylic methyl signal al 6 1.59 (br s, 3H) kft only position 
C- 19 for the arabinosyl group. All spectral data, including 
those for the aglycone 19. supported rhe structure of 9 
as 19-O-a-I_-arabinopyranosyl-cis-ckroda-3,13( 14)- 
dkne-I 5,16-olidc-19-oic ester. 

Compound 10 was a minor constituent. The ‘H NMR 
signals at 64.32 (dd. J = 7, I1 Hz) and 6.72 (d, J = 3 Hz) 
suggested that a C-18&a lactone was present when these 
data were compared with rckvant data for I. One 
secondary hydroxyl group in 10 was confirmed by the 
formation of a monoaatatc 20. The C-2 hydroxyl group 
followed from the signal for H-3 (d, I = 3 Hz) and spin 
decoupling cxpcrimcnts on 10: irradiation on the signal 
for H-3 (66.72) collapsed the signal at 64.64 into a triplet 
(I = 9 Hz). Irradiation of the signal at 64.64 collapsed the 
doublet at 66.72 into a singkt. That the C-2 hydroxul 
group should have a /?-orientation was indicated by 
inspection of models and consideration of coupling 
constants. 

EXPEJNMENTAL 

Gwmr:io UXUM (DC) T. and G. var. WXUM was colkztcd by 

M. Letdig and F. Gao on 3 Sep. 1984 in Travis Co.. TX. off 

Highway 183. near the brids over Cottonmouth &cl;. The 

material was identified by Mcndith A. Lane, Department of 

Botany, Cntvcrsity of Colorado. Bouider. A votbshrr qxcimcn 

(MAL2UO9) is on deposit in the Hcrbrtum of the Untvenity of 

Texas at Austin. 

Iwlor~on oj compounds. Aerial parts (529 g) of G. I~XMO were 

extracted with CH,Cl, (IO I., 30 min x 2). Tlte combined extract 

when evapd allbrded a residue whtcJt was dissolved in Mc,CO 

(1.4 I.); the soln wzu stored in a refrigerator overnight After 

Tabk 4 ‘HNMR data of compounds 9 (rc- 

cordedat SO0 MHz)and 19(raordalat 200 MHz) 

(CDCI,. TMS) 

H 9 19 

3 556&m 5.63 brm 
14 5.88 brr 5.84 &f (1.5) 
16 4.77dd (1.5.17) 4.74 d (1 7) 

472dd (1 5.17) 4.74 d (1.7) 
179 0.92 d (7) 0.93 d (7) 
18. I59b?r 1.73 brs 
20. 0.89s 091 s 
Arabinoayl 
- _.. 

1’ 5.32 d (7.5) - 

r 3.76 dd (7.5, 9) - 
3’ 3.64 hl (3.9) -_ 

4 3.94 lws -. 

J’a 3.60 kd (12) - 

5’b 3.90 dd (2.12) - 

l ltttauity for tbrcc protons, 



214 F GA~I and T J MACIRY 

Tabk 5 ‘H NMR data of compounds 21-25 (90 MHz. CDCI,. TMS)* 

H 21 22 23 24 25 

3 6.86 I (3) 

6 4.31 dd (7. I I) 

14 5.86 br f(l.5) 

16t 4.73 d (1.5) 

17: 081 d (6) 

In - 

19: 

20: 

- 

125s 

0.75 s 

5.85 691 70366 (3.6) 6.91 I (3) 
- -.. - 

5 a5 5 a2 5.82 5 74 

480brs 4 76 4 73 4 71 

098 IO8 097 0.85 

447brd (IO) IO.12 brs 9.40 

4.95 d (IO) -. - 

-.. 598brs 9.28s I 25 

098 I.00 0.94 0.93 

Vouphng pattern and coupling constants (value m Hz in prenthesu) are not 

repeated if rdentml fwlth the prauhng column 

+ Intensity for two protons 

: Intensity for three protons 

TaMe 6. 1JCNMRdataofcompoundsl-9[22.6MHr(4and5atI258MHzAC~~. 

TMS]* 

CNo I 2 3 4+ St 6 1 a 9 

I 1701 17.2 24.4 

2 35 I I 31.1 272 

3 l294d 1310 1366 

4 141.4s 1398 135.2 

5 424s 41 5 43 6 

6 79.7d 2791 2s 7 

7 2191 219 25.5 

8 36.0 d 36.9 35.8 

9 4001 39.9 3R 8 

IO 45.5d 406 45.3 

II 3751 348 400 

I2 23 5 I 23 6 226 

I3 I71 Is 1714 I71 I 

I4 llS.Od 114.8 II57 

I5 174.2s 1743 1744 

I6 730r 73.1 76.6 

I7 l55q I57 I83 

IR 67.6 r 75 2 I 70 9 J 

I9 3lOq 64Xr 770 

20 l76q I72 22 7 

Arrbmosyl 
--- 

l’ - ..- .- 

2’ 

3’ 

4’ 
5’ - - - 

23.0 i 7.8 p 1791 I83 I72 219 

26.2 26.4~ 26.2 r 27.0 30.4 26 5 

119.6 573n 595d 602 72 7 125.7 

1409 70.6~ 607s 67.2 85. I 135.3 

49 I 459p 45.1s 45.4 54 7 51 4 

237 198~ 19.6 r 19.8 26.2 260 

25.9 25.2 p 24.5 r 25 5 25 I 25.5 

37 I 35In 345d 357 36.8 35.0 

37.8 37.4~ 373s 376 39 2 38.9 

38 5 379n 36.7d 38.0 403 42.9 

39 9 39.0~ 388r 39.2 414 374 

238 236~ 235r 23.9 236 23 3 

I73 I 1729s 172.8s 1731 171.4 1732 

II43 ll43n ll4Sd II45 II52 II45 

I75 I 1753~ 1742s 1753 1747 1758 

73 5 7368 738r 73 7 73 5 73.9 

I77 l67n l64q I70 I70 I6 8 

674r l027n 1756s 66.71 667 l94q 

IO1 Id 97.8n IO1 36 l026d 1041 1765s 

22 3 ?lRn 214q 222 23.6 210 

- - - 
- - - - 

95.2 d 
6816 

7336 

7046 
66.9 r 

l Multiplntta arc not reputed if &n&al wth the p&ins column. 

+Aurgnments for 4aod 5 waeconhrmat by “C-‘H chenucal shift corrclat,on and for 5 

also by attached poton tat The APT results are @ven at the right within the column for 5. 

p - por~ttve SI& (two protons or no proton rttacbedk n - negative ~gnal (one or thret 

protons) 

filtering through cclite, the soln was evapd to y=ld 28.2 g ofa dark 

brown syrup which was applied onto a slliat gel column. The 

column was eluted with a hexant EtOAc gradient to yield. after 

further separation and purifkatlon over a Scphadcx LH-20 

column packed in cyclohexane CH,Cl,-MeOH (7:4. I). com- 

pounds 3. 4 and 7. Funher elution of the silica gel column wtth 

MeOH-EtOAc (9: l)ywkkd a complex mixture. The mixture war 

firs- through a Sephadex LH-2Ocolumn. Final xparatlons 

were achieved by HPLC wing the followmg conditions semi 

prep sibca gel column (IO mm x 25 crnk RI detector; EtOAc as 

eluting solvent; flow rate: 2.8 ml:min. Compounds I (60 mg). 2 

(MO mg). 5 (300 mg). 6 (26 mg). 8 (39 mgb 9 (I IO mg) and IO 

(IO mg) were obtatned. 

~18-Dihydrox~cis~/~~a-3.13(14~inv-15,lbo/i (1). 
[z&‘-64:‘(CHCl,.c I.~).IRv~~~‘:~~~~(OHL~I~~.U)M. 

1780. 1640 (C-Q 1750 (C-0). 1030. 1010. 760. EIMS (probe) 





216 F. GAO and T J. MADRY 

4cid hydrdysir oj 9. Compound 9 (12 mg) was dtssolvcd in 

0.5 ml McOH and 1.5 ml S”,: HCI was added. The mixture was 

stirred at 80” for 2 days. The reaction mtxturc was then exlmctcd 

wtth EtOAc to yield an EtOAc extract and a H,O layer. The 

EtOAc extract yichkd an aglyconc I9 (8 mg). IRvE cm-‘: 

34tXI 2600 (COOH), 178&1680 (2 x CIO). !630 (C-c). 1180. 

1130. IOU), 750. EIMS (probe) 70eV. m/r (ml. int.): 332 [Ml’ 

(C,,HI,O,) (7). 302 [M-2xMe]’ (3k 288 [M-CO,] (4Ok 

287 [M-COOH]’ (39). 175 (100). 111 [C,H,O,]’ (81) The 

H,O layer y~&d one sugar. arabinosc (identiftcd by allulosc 
TLC, in pyriditt+EtOAc-HOAc-H,O. 36:36:7:21. Hydrogen 

antline phthalate was used for virtition). 

2~.6a-Dihydroxy-c~s-clrrodo-3.13(14)-di~~-15,16: 18,6a- 

diolidt (lg). IRvzcm-‘: 3420 (OH). 3120.1780.1640 (C-C), 

1750 (C-O), 1030.970,770.760. EIMS (probe) 70 cV. m:r (ml. 

mt.): 346 [Ml’ (C,,H,,O,) (I). 331 [M-Me]’ (88k 313 [331 

-H,O]’ (45). 119 (100). 111 [C,H,O,]’ (93) 

Actrylolion o/ lg. Compound 10 (IO mg) was acetybtal with 

Ac,@pyndinc m the usual manner to grve 9 mg monoacetate 20. 

EIMS (prot~)70 cV,m,z (ml. mt.): 346[M - MeCOO]’ (38),331 

[346-Me]’ (13). 313 [331 -H,O]’ (19) 43 [M&O] (100). 
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