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Abstract-The structure of a new wlthanohde was elucidated as 38,14a,2@+,27-tetrahydroxy-l-oxo-20R,22R-wltha- 
5,24-dlenohde using chemical and spectroscopic methods The structure was corroborated by comparative studies with 
known closely related wlthanohdes Sitosterol-/?-D-glucoside was ldentdied through chemical and spectroscopic means 

INTRODUCTION 

A chemical exammatlon of the fruits of Wkhanza 
coagulans has been reported m a previous paper which 
describes some new biogenetic precursors of wlthanohdes 
[l] Further studies of the extract furnished a new 
wlthanohde la along with sitosterol+D-glucoside (stig- 
mast-5-en-3fi-ol-j?-D-glucoslde) m mmor quantmes The 
structure of compound la has been elucidated as 
38,14a,20a,,27-tetrahydroxy-l-oxo-20R,22R-wltha-5,24- 
dlenohdet or 3b-hydroxy-2,3-dlhydrowlthanohde H 

RESULTS AND DISCUSSION 

Compound la analysed for C2sH4007 and showed m 
the UV spectrum an absorption at A,,,,, 218 nm (E 9800) 
The slzeable blue shift compared to the charactenstlc 
absorption (225 nm) of the usual dlmethyl substituted a,/?- 
unsaturated d-lactone of the wlthanohdes, indicates its 
presence with an a-hydroxymethyl substltutlon [2] The 
IR spectrum showed the presence of several hydroxyl 
groups (3580 and 341Ocm-‘), a six-membered rmg 
ketone (1705 cm- I), an a$-unsaturated d-lactone 
(1690 cm-‘) and double bond (1650 cm-‘) 

The ‘H NMR spectrum (Table 1) had the general 
features of wlthanohdes Four singlets at 6 1 06, 1 30, 1 33 
and 2 05 accounted for four methyl groups The upfield 
signal at 6106 was assigned to the 18-Me with a 14a- 
hydroxyl substltutlon and a 17B-oriented side chain by 
comparison with similarly substituted wlthanohdes, hke 
wlthanohde H (2a) and related compounds [3-6] The 
low field singlet at 62 05 was assigned to the 28-Me bemg 
attached to the unsaturated &lactone The absence of a 
second signal correspondmg to the 27-Me and the 
presence of a broad two protons signal at 6 4 37 implied 
that this position 1s substituted with a hydroxymethyl 
group The signals at 6 1 30 and 1 33 were thereby assigned 
respectively to the 21-Me (adjacent to a hydroxyl) and the 

t Semi-systematic nomenclature used ‘wlthanohde refers to 
22-hydroxyergostan-26-olc actd &lactone 

19-Me (vlcmal to the 1-keto group) m conformity with 
slmllarly substituted wlthanohdes The characteristic 
double doublet at 6 4 28 was related to the 22-H of the 
17/%onented side chain In the lowfield, the one proton 
broad doublet at 6 5 66 was assigned to the 6-H of the A5- 
bond A broad multlplet at 63 87 was for the proton 
adJacent to the secondary hydroxyl group No signals 
could be seen for the characterlstlc A2-en-l-one system of 
the wlthanohdes, and therefore a 1-keto-3-hydroxyl sub- 
stltutlon was indicated for rmg A This system was also 
supported by observing a clean double doublet at 6 2 74 
and 266 for the axial 28-H and the equatorial 2a-H 
respectively 

Further evidence for the presence of the primary 27- 
hydroxyl and the secondary 3-hydroxyl was adduced by 
the analysis of the ‘H NMR spectrum of the acetate lb It 
displayed two additional singlets at 6 2 05 and 2 07 for the 
two newly formed acetoxyl groups Here also a double 
doublet at 6 4 27 for 22-H, and a broad singlet at 6 5 70 for 
6-H were present The two 27-methylene protons adjacent 
to the acetoxy group shifted down field by 0 52 ppm, and 
an expected slmllar shift of 100 ppm for the 3a-H took 
place, when compared to the original compound The 
latter downfield shift and Its multlphclty confirmed the 
presence and equatorial orlentatlon of the 3/l-hydroxyl 
Two neat double doublets at 6 2 75 (J = 13 4,6 2 Hz) and 
6 2 67 (J = 13 4, 5 4 Hz) were assigned to the 2/?-H,X and 
2a-H, respectively Also a double doublet at 6 2 65 (J 
= 13 4 and 8 4 Hz) was well seen for the 4j?-HaX Indeed, 
upon lrradlatlon at the location of the 3a-H signal (64 88) 
all three double doublets collapsed into three clear 
doublets, confirming their respective assignments The 
UV absorption was 1,, 216 nm for the 27-acetoxylated 
product, showing a slight hypsochromlc shift [2] The IR 
spectrum, showed two additional bands at 1730 and 
1710 cm- 1 for the dlacetate lb 

Pyrldme IS known to form weak hydrogen bonding and 
colhslon complexes with hydroxyl groups, and thereby 
produces shielding and deshleldmg cones and influences 
the chemical shift of the nelghbourmg protons [7] The 
shift differences observed are then useful m locating 
positions of hydroxyls and nelghbourmg groups [S] The 
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differences (A = KDCl,-6 C,D,N) m compound la, for 
18-Me (- 0 3 ppm), 21-Me (- 0 19) and 22-H (- 0 22) 
were measured due to the Influence of the 20aF-hydroxyl 
group Remarkably, m pyndme-d, the 27-methylene 
protons separated Into a neat pau of doublets and 
appeared at 64 83 and 4 70, recording a difference of 
-046 and -0 33 ppm respectively The 3/Ghydroxyl 
induced shift differences m 3a-H,, of - 0 30, 2fi-HaX of 
- 0 29 and 2a-H, of - 0 28 Interestingly, the 27-hydro- 
xyl induced m this case an upfield shift of + 0 16 for the 
28-Me The 19-Me was not much affected (A = 
-008 ppm) since it 1s located fairly far from the 3/L 
hydroxyl A slmllar type of shift differences was also 
observed m lb, as presented m Table 1 

Trlchloroacetyl lsocyanate (TAI) 1s presently a well 
known reagent reacting with hydroxyl groups to form a 
carbamate ester (-0 CO NH CO CC13, OTAC) m 
which the unlde protons could easily be located at lowfield 
68-9 in the ‘H NMR spectrum [4, 8, 9) Compound la 
was found to be an interesting case contammg prunary, 
secondary and tertiary alcohol functions Therefore the 
use of TAI could provide Interesting observations and 
contribute m determining unequivocally the respective 
posltlons of the hydroxyl groups It has been previously 
reported that the 14a-carbamate seems to be very labde 
and readily ehmmates to form a 14/15 double bond [4] 
On these grounds a ‘H NMR monitored time experiment 
was carried out on compound la by adding a few drops of 
TAI to a solution m the NMR tube, and rapidly measur- 
mg spectra at predetermined tune intervals The rapid 
formation of the lowfield lmlde protons was observed 
together with the appearence of the vmyhc 15-H and the 
respective shifts of the Me-signals involved m the reaction 
During the first 3 mm, TAI reacted completely with the 
3/?-,14a- and 27-hydroxyls and showed three lmlde pro- 
tons (lc) The ester formation obviously influenced the 
methyl slgnal posltlons A downfield shift of 0 10 ppm was 
observed for 18-Me and of 0 16 ppm for 28-Me The 20- 
OTAC (lc) was found to form only to an extent of 30 % 

since two methyl signals were seen at 6 134 and 186 m a 
relatlonshlp of 7 to 3 for the 21-Me, reflecting the 20- 
hydroxyl and 20-OTAC respectively Even durmg the first 
3 mm, 35 “/, of 1COTAC had ehmmated to form the A14- 
bond, showmg a small signal at 6 5 26 for the 15-H The 
presence of the partial 18-Me slgnal at 6 1 12 (upfield by 
0 04 ppm) compared to that with 14-OTAC was a good 
sign of the influence of the 14/15 double bond on the 
location of the 18-Me signal After 5 mm, 1COTAC had 
completely eliminated, as indicated by the total disappear- 
ance OF the 6 1 16 signal, whereas the new signal at 6 1 12 
had reached its maxunum size, as had the 15-H vmyhc 
proton for the A14-bond During this time, the 20-OTAC 
had already formed to an extent of 70 %, as mdlcated by 
the respective mtensltles of the 6 1 86 and 1 34 signals for 
the 21-Me In about 30mm 20-OTAC (ld) was com- 
pletely formed and only one full slgnal at 61 86 was 
present After two days, a slmdar spectrum was obtained 
to that for the 30 mm product 

In order to detect the influence of the carbamate ester 
on the 28-Me, a slmllar TAI reactlon was carried out on 
the dlacetate lb However, the 28-Me did not shift 
downfield as had happened in compound la Slmllar 
observations were noticed concermng 14a- and 20-hy- 
droxyls, producmg le and finally If, and their ‘H NMR 
data are aven m Table 1 

To corroborate these observations, wlthanohde H (Za), 
obtained from previous work [S], havmg close structural 
resemblances with la was studied under slmllar con- 
dltlons with TAI and ‘H NMR momtormg The same 
behavlour was observed, whereby a trlcarbamate 2b was 
formed first within 3 mm followed by gradual ehmmatlon 
at C-14 to produce finally the A’4derlvatlve 2c ldenttied 
by a full one proton signal at 6 5 26 for 15-H (Table 1) The 
‘H NMR data for wlthanohde H (2a) are now being gven 
since they were previously reported only for its acetate 
[3,41 

For the “CNMR signal assignments of la and lb 
(Table 2), the data were compared with those previously 

Table 2 ‘“C NMR spectral data of compounds la, lb and 2n 

Carbon la* lb 2at Carbon la* lb 2at 

1 2122 2103 2042 17 494 49 5 494 
2 529 440 1280 18 174 173 175 
3 68 7 700 1455 19 19 1 184 190 
4 410 372 33 5 20 75 2 754 75 3 
5 1349 1343 1352 21 21 1 210 21 1 
6 1260 1265 1250 22 820 813 817 
7 256 256 253 23 319 323 319 
8 359 363 352 24 1547 1569 1537 
9 34 1 340 363 25 1255 1220 125 6 

10 513 530 509 26 1669 1645 1664 
11 209 209 222 27 566 580 57 1 
12 32 1 29 7 325 28 20 1 207 20 1 
13 47 5 47 7 474 Me 
14 849 849 85 1 Me - 

CO 1 at - 1709 - 
CO C-27 - 212 - 

15 319 323 319 Me - 1702 - 
16 208 208 207 && 

Cp 1 at 
CO C-3 - 212 - 

*A few drops of MeOH were added to Improve solubhty 
tData from ref [lo] 
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gven for the carbons of wlthanohde H (2n) and its A’- 
isomer [lo] For easier comparison, the values reported 
for 2a have been included m Table 2 It can be seen that 
except for the signals ofcarbons C-l (sp’), C-2, C-3 and C- 
4 respe-ctlvely 6 212 2, 52 9,68 7 and 410, all other values 
are alike In the acetate lb, the 3-acetoxyl induced a slight 
upfield shift of the C-l carbonyl carbon, probably due to 
the absence of interaction befween the 3-hydroxyl and the 
C-l oxygen, and the lack of the more polar 3/?-hydroxyl 
Similar shielding effects were also observed for C-2 and C- 
4 The 27-acetoxyl has increased the polarity of the 24/25- 
double bond and thereby caused a downfield shift by 
2 2 ppm for the 24- and an upfield shift by 3 5 ppm for the 
2%~~ carbons The assignments for the A/B rmg carbons 
for compound la and its acetate lb are further supported 
by the slmllantles found with the data provided for 
38,14a,178,20cl,-tetrahydroxy-l-oxo-20~,22R-wltha-5,2~ 
dlenohde and its acetate, reported m the preceding work 
on this plant [l, compounds la and lb m that paper] 

The mass spectra of compound la and its acetate lb 
under electron impact have not shown the molecular ion 
peaks Nevertheless, the fragmentation pattern described 
for compound la (Scheme 1) and compound lb 
(Experimental section) 1s m agreement with the general 
features of mass fragmentation of wlthanohdes For 
instance, the side chain cleavage at C-l 7 to C-20 and C-20 
to C-22 producing different fragments, as well as a new 
cleavage of rmg A and its further fragmentation by 
subsequent loss of water molecules and methyl groups 
were observed 

The presence of a 1-keto-3-hydroxyl system m com- 
pound la, IS the second case for the occurrence of such a 
system in our studies on W cougulans To the best of our 
knowledge, only once before has such a system been 
referred to m a plant [6] Presently, a precursor for the 2- 
en-l-one system of the wlthanohdes 1s being fully de- 
scribed both for compounds having the side chain a- 
oriented [l] and here for a regular /?-oriented side chain 
Once again the presence of 1-keto-3-hydroxyl system, 
follows the biogenetic sequence described m the preceding 
paper [l] Furthermore, it 1s our present belief that the 
ehmmatlon of 3-hydroxyl (as H20) can take place along 
two lines one by ehmmatlon towards C-2 to produce the 

2-en-l-one system, forming wlthanohde H (2a) or sec- 
ondly, towards C-4 to produce the 3-en-l-one system 
(conjugated to As) producing the A’-isomer of wltha- 
nohde H (compound 2 m ref [6]) The presence of the 
latter system was also found m other wlthanolrdes, 
isolated from W somnrferu [3, 41 

The other minor compound analysed for CJsHsoOs 
and gave a positive Mohsch test for glycosldes Upon 
acetylatlon it formed a tetraacetate The ‘H NMR spec- 
trum of the acetate accounted for all the signals for 
sitosterol-j?-D-glucoside tetraacetate (see Experimental) 
The chemical shift values of the aglycone methyl groups 
are m conformity with the reported values for sltosterol 
[11] The signal assignments for the sugar protons are 
supported by appropriate spm decoupling expenments 
and correct integration The mass spectrum of the glyco- 
side did not show the molecular peak, but the glycoslde 
link cleavage and aglycone and sugar fragmentations were 
observed Finally, the acid hydrolysis of the glycoslde 
furnished sltosterol and D-glUCOSC, which were identified 
through authentic samples via mmp and co-TLC Mp and 
calD values of the glycoslde are identical with those 
reported for sltosterol-B-D-glycopyranoside [ 121 

EXPERIMENTAL 

Mps were measured on a Fischer-Johns apparatus and are 
uncorr UV spectra were measured for EtOH solns ‘H NMR 
and 1 %J NMR spectra were determmed with Bruker WH270 and 
WH90 (operating at 22 63 MHz) instruments respectively for 
CDCI, solns with TMS as internal standard AnalytIcal TLC was 
carried out using chromatoplates (50 x 75 mm, s~hca gel FzS4) 
MS were determined under the dlrectlon of Dr Z Zaretskn, and 
microanalyses were carned out by Mr R Helter of the Welzmann 
Institute of Science 

Isolation procedure The procedure described earher for 
Withma coaguians Dunal [l], usmg 5 kg of dned powdered 
fruits, was further continued to examme the umdentdied mmor 
compounds present m the EtOAc and EtOAc-MeOH fractions 
obtamed by CC The former fractions on evaporation to dryness 
under vacuum gave a gummy residue, which was purified by 
passmg through a second short column of s111ca gel H, using 
EtOAc as eluent The fractions contammg the same compound 

RO 6 

b R=R’=R2=H 
lb R=Ac,R’=R’=H 
IC R=R’=RZ=TAC 
Id A” R=R’=TAC 
le R:A‘, R’=R’=TAC 
If A”,R=Ac,R’=TAC 

2a R=H 
2b R=TAC 
% A”,R=TAC 

TAC = -CO NH CO CCL, 
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(momtored by TLC) were combmed and upon evaporation gave 
a sohd substance, which was punfied by several crystalhzatlons 
from Me,CO-EtOAc, yleldmg compound la (6Omg) The 
EtOAc-MeOH fractions were evaporated under vacuum and the 
residue followmg several crystalhzations from absolute EtOH 
ylelded sltosterol-fi-D-@ucoslde (65 mg) 

4 59 (lH, d, J = 7 9 Hz, I’-H anomenc), 4 96 (lH, dd, J = 9 7, 
79 Hz, 2’-H), 508 (lH, t, J = 9 5 Hz, 4’-H), 5 21 (lH, t, J 
= 9 5 Hz, 3’-H), 5 37 (lH, br, WI,, 10 6 Hz, 6-H) (Found C, 
6930, H, 924 &HS801,, requires C, 6932 H, 9 19%, MW 
74500) 

3~,l4u,20aF,27-Tetrahydroxy-1-oxo-20R,22R-wrtha-5,2~~en~ 
hde (la) Mp 19&192” (crystalhzed from EtOAc-MeOH), [cc]D 
+64 7” (c 0 34, CHClo-MeOH, 4 1), TLC R, 0 22 
(EtOAc-MeOH, 19 l), UV & 218 nm (E 9760), IR v;i cm-’ 
3580,3410,1705,1690,1650 and 800 (Found C, 68 76, H, 8 30 
C28H4007 reqmres C, 68 83, H, 8 25 %, MW 488 6 ) 

38,27-Dlacetoxy-14a,20a~-dthydroxy-20R,22R-l-oxowltha- 
5,24-dlenohde (lb) Compound la (40 mg) was acetylated with 
Ac,O and pyrldme at room temp for 24 hr and after usual work- 
up compound lb was obtamed m 90% yield Mp 172-173” 
(crystalhzed from CHCl,-EtOAc), [aID + 50” (c 0 83, CHCI,), 
TLC R, 0 66 (EtOAc-MeOH 19 l), UV L,, 216 nm (E 11070), 
IRvEcm -I 3450, 1730, 1710, 1705, 1690, 1650 and 810, MS 
m/z (rel mt) 327 (2) [M-H,O-227]+, 311 (3) [M-H20 
-AcOH-183]+,293(3)[M-2xH,O-AcOH-183]+,267 
(4) [M - HZ0 - AcOH - 227]+, 252 (3) [M - HZ0 - AcOH 
-227-CHB]+, 249 (lo), [M -2 x H,O-AcOH-227]+, 225 
(ll),[M-2xHIO-183-128]+,224(2)[M-H20-AcOH 
- 227 -CHJ -CO]+, 209 (4), [227 (cleavage of C-17 to C-20) 
-H20]+,199(2),[M-H20-227-128(cleavageofrmgA)]+, 
183 (6) [cleavage of C-20 to C-22]+ (Found C, 67 09, H, 7 82 
C32H4409 requires, C, 67 11, H, 7 74 “/,, MW 572 7 ) 

Acrd hydrolysu of sltosterol+D-glucoslde The glucoslde m 
EtOH was refluxed with dd HCl (2 N) for 6 hr The reaction 
mixture was added to HZ0 and extracted with Et,0 The EtOH 
soln was successively washed with aq NaHCO, and H20, and 
dried over dry MgS04 Upon evaporation, a white mass sep 
arated, which crystalhzed from MeOH It was ldentlfied as 
sltosterol through mmp 137-138”, and TLC with an authentic 
sample and Its acetate 

The aq soln was neutrahzed with Amberhte IR-45 (OH), 
filtered and evaporated to dryness tn uacuo The substance thus 
obtamed was Identified as D-glucose with an authentic sample 
through TLC R, 0 28 (n-BuOH-AcOH-H,O, 4 1 2 2, spray 
reagent ammomcal AgNOs and heatmg to 1lOq and co-PC R, 
0 17 (n-BuOH-AcOH-H,O, 4 1 5, spray with amhne hydrogen 
phthalate prepared from 0 93 g andme and 166 g phthahc acid m 
lC!Oml of n-BuOH saturated with HZ0 and heating the paper to 
1000) 
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Sttosterol-B-o-glucosrde Mp 257-258” (becomes brown), 
280-283” (dec) (crystalhzed from absolute EtOH), [aID -42 1” 
(c 0 57, pyndme) [12], TLC R, 045 (EtOAc-MeOH, 19 1, spray 
5 7” cone H,SO, m MeOH, pmk spot on heatmg at 1 lo”), 
IR YE cm-’ 3370, 2930, 2860, 1655, 1640 and 810 UV no 
strong absorption, MS m/z (rel mt ) 414 (3) [M - 163 (cleavage 
of anomenc C-O aglycone, C6H1 105) + H]+, 399 (2) [M - 163 
+H-CH3]+, 398 (5) [M-163-CHB]+, 397 (19), CM-179 
(cleavage of glucoslde &C-3 aglycone, C,H,,O,)]+, 396 (31), 
CM-180 (glucose)]+, 382 (18) [M-179-CH,]?, 161 (10) 
[C6Hi106-H20]+, 145 (13) [C6H1,05-H20]+, 85 (12) 
[cleavage of C-22 to C-23]+ (Found C, 72 61, H, 1053 
C3sHS006 reqmres C, 72 87, H, 10 48 %, MW 576 85 ) 
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