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Hymenoxys grandiflora (T. & G.)  Parker yielded three new pseudoguaianolides, hymenograndin, florigrandin, 
and hymenoflorin, and the previously known pseudoguaianolide glucoside paucin. Structures and stereochemis- 
try of the new compounds were established by a combination of chemical transformations and physical meth- 
ods. In particular, the stereochemistry of hymenograndin at  C-4 was deduced by interpreting lanthanide-in- 
duced shifts using the modified McConnell equation. Structure determination of hymenoflorin and florigrandin 
which were correlated required nmr spectrometry a t  270 MHz. Hymenoflorin exhibited significant in vivo activ- 
ity against L-1210 lymphocytic leukemia, paucin against P-388 leukemia. 

The genus H y m e n o x y s  is rich in sesquiterpene lactones 
of the pseudoguaianolide and modified pseudoguaianolide 
type.3-5 In the present communication we report the isola- 
tion and structure determination of three new pseudo- 
guaianolides, la ,  5a, and 6a, which we have named hy- 
menograndin, florigrandin, and hymenoflorin, from H y m -  
e m x y s  grandiflora (T. & G.) Parker (old-man-of-the- 
mountain). This is a previously uninvestigated species 
which enjoys a brief flowering period in the alpine tundra 
of the Rocky Mountains during July and early August. 
The known3 ,4 ,6  pseudoguaianolide glucoside paucin (1  1) 
was also found.7 

Hymenograndin, CI9H2&, mp 153-154", [ a ] D  +80.7", 
the least polar constituent, had a tendency to form sol- 
vates, which complicated determination of the empirical 
formula and initially interfered with interpretation of the 
nmr spectrum. I t  was a diacetate (high-resolution mass 
spectrum, two three-proton resonances a t  2.08 and 2.03 
ppm) and had a free hydroxyl group (ir spectrum, conver- 
sion to a triacetate lb). The nmr spectrum also exhibited 
the typical doublets of an exocyclic methylene group con- 
jugated with a lactone function (H-13a and H-13b of for- 
mula I ) ,  a multiplet near 4.8 ppm, presumably the signal 
of hydrogen under the lactone ether oxygen which re- 
mained stationary during acetylation while a doublet orig- 
inally a t  3.62 ppm (hydrogen under a secondary hydroxyl 
group) moved downfield into a two-proton cluster in the 
range 4.8-5.1 ppm (hydrogens under the acetates, assign- 
ment confirmed by hydrolysis to IC which resulted in the 
expected upfield shift). Since the two esterified secondary 
hydroxyl groups, one free secondary hydroxyl group, and 
the*lactone function accounted for all the oxygen atoms of 
the empirical formula, the absence of additional double 
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bonds and the presence, in the nmr spectrum, of a methyl 
singlet a t  0.97 ppm and a methyl doublet at 1.08 ppm in- 
dicated that hymenograndin was an eudesmanolide or a 
pseudoguaianolide , 

Acid hydrolysis of hymenograndin in aqueous acetone or 
treatment of IC with acetone-toluenesulfonic acid afford- 
ed an acetonide 2 whose nmr spectrum (see Experimental 
Section) indicated that only the newly freed hydroxyl 
groups but not the hydroxyl group originally present in 
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Table I 
Nmr Spectrum of 2 a  

H-1 
H-2 

6.79 
9 .93  

H-3 15.93 J2,3 = 8 . 0  
H-4 14.68 J3,4 = 4.9 
H-6a 6.79 Jsu.6p = 14 zk 0.5, 

J ~ a , 7  = 4 f 0 .5  
H-6p 4.26 J s o , ~  = 15.5 f 0 . 5  
H-7 5.17 J i , i~& = 2 .4, J7 ,13b  = 2 .2  
H-8 6.67 Ji,8 = 8 0 . 5  
H-9 o( 4.18 J8,gu 4 f 0 . 5 ,  

Jw,gp 13.4 f 0 .5  
H9p b J 8 , g p  = 11 & 0 , 5  
H-IO 4.82 J s p , l o  5 0.7, J c p , i o  Z 6 
H-13a 4.06 J i o , i a  = 6 . 6  
H-13b 6.42 J13a.13b 0 .2  
H-14' 3.43 
H-lFic 5 .40 
Acetonide 

OH 23.7 
a Run at 90 MHz in CDCl, with TMS as internal stan- 

dard at Eu(DPM)3 concentrations of 0,0.16, 0.36, 0.41, 0.80, 
and 0.95 mol/mol of 2. Chemical shifts are those observed 
in the 0.95 M solution; coupling constants (hertz) were 
determined by direct observation or double irradiation in 
whatever solution gave the best separation of the signals 
being observed. Not determined. Three protons. 

methylsc 5.91, 7 .31  

hymenograndin had participated in acetal formation. Oxi- 
dation of 2 resulted in genesis of a cyclopentanone 3 (lac- 
tone and ketone bonds superimposed at  1760 crn-l); the 
accompanying downfield shifts of the ether signals and 
their appearance (AB system in which B but not A was 
coupled to a third proton C) suggested that  formation of 
the acetonide involved oxygens a and @ to the new car- 
bonyl function, i. e . ,  that  hymenograndin possessed partial 
structure A where the acetate functions must be cis. Con- 
firmatiop for this inference was provided by the transfor- 
mation of la with chromic acid to an a-acetoxy-a,@-unsat- 
urated cyclopentenone of type B (A,,, 240 nm, new in- 
frared frequencies at 1720 and 1610 cm-l,  replacement of 
the two-proton cluster of A near 5 ppm by a one-proton 
doublet a t  7.00 ppm) as the result of @-elimination of ace- 
tic acid. 

OH 0 
A B 

The complete structural formula of hymenograndin was 
deduced by extensive spin-decoupling studies on the ace- 
tonide 2 at various concentrations of the lanthanide shift 
reagent E U ( D P M ) ~ . ~  The results, presented in Table I, 
were obtained in the usual way; Le., irradiation a t  the 
frequencies of H-13a and H-13b permitted identification 
of H-7 and irradiation a t  the frequency of H-7 established 
the presence of an adjoining methylene group, neither one 
of whose protonic components (rendered visible a t  higher 
concentrations of shift reagent) was coupled to other pro- 
tons, and established the remaining vicinal proton as the 
proton under the lactone ether oxygen (H-8). Irradiation 
at  the frequency of the latter not only collapsed the H-7 
signal, but established the presence of neighboring H-9a 
and H-9P. The chemical shift of H-10, close to that of 
H-9a and H-9@ a t  low concentrations of shift reagent, was 
established by irradiation a t  the frequency of the methyl 
doublet; observation of H-10 and one of the H-9 protons 

(H-Scu) a t  high concentrations of shift reagent permitted 
determination, by irradiation at  the frequency of H-8, of 

Samek's ruleg that J7,13 trans 2 3 Hz 2 J7,13 cis indi- 
cated that the lactone ring of hymenograndin was cis 
fused; if H-7 is a as in all pseudoguaianolides of authenti- 
cated stereochemistry, this is in agreement with the ob- 
servation of a negative Cotton effect a t  255 nm associated 
with the n , r*  transition of a cis-fused, a,@-unsaturated 
lactone closed to C4Li1 Construction of Dreiding models 
and comparison of the observed coupling constants with 
those predicted from the dihedral angles of the models 
led to the conclusion that  the observed coupling con- 
stants are best satisfied if the seven-membered ring as- 
sumes a boat conformation in which the cis-lactone ring is 
somewhat flexible and if H-1 and C-IO methyl are a ,  as in 
all other pseudoguaianolides from Helenium and related 
species. 

The remaining problem was the stereochemistry a t  C-2, 
C-3, and C-4, which, because only the C-2 and C-3 hy- 
droxyl groups formed an acetonide, had to be either that 
shown in C or in D. Knowledge of the coupling constants 
involving H-1, H-2, H-3, and H-4 was not sufficient to de- 
cide between these alternatives. However, development of 
a method based on the quantitative prediction of lanthan- 
ide shifts13 using the modified McConnell equation14 

the values OfJa,g,, J9,,10, J9a,9~, and J ~ O J O .  

K(3  cos2 x i  - 1) 
y i3 = 

so as to determine the configuration of a hymenograndin 
derivative capable of coordinating with the ion appeared 
to have pr0mise .~5J~ The best for this purpose of the 
available derivatives of hymenograndin appeared to be 2 
because of the expectation that it would form a single 
coordination complex involving only the alcohol oxygen 
atomai7 3 AcO- . 4 f i  - 

AcO 

C)" CHi OH C H i  

C D 

To provide a basis for using the method of lanthanide- 
induced shifts to the determination of the configuration of 
hymenograndin, we decided to determine initially how 
well eq 1 correlated with the lanthanide-induced shifts of 
26 protons, not subject to contact shift, in four model 
compounds studied by Demarco and coworkersia (their 
compounds 1-4). These data were also useful for evaluat- 
ing the model necessary for the computations. 

The assumption was made that the complex formed be- 
tween Eu(DPM)3 and 2 would be similar in geometry and 
interaction kinetics to the complexes formed between 
Eu(DPM)3 and the four compounds studied by Demarco, 
et  al. I t  was also assumed that there would be either free 
rotation about the 0-C* bond of the complex or that com- 
plexes would be formed between Eu(DPM)3 and all rota- 
tional isomers of the alcohol. Since in all instances re- 
ported so far chemical exchange has been faster than nmr 
time, the mathematical treatment of both possibilities 
would be the same. To allow for easier computation, the 
rotational capability was treated in terms of two static 
models, one corresponding to closest approach of the euro- 
pium atom and the proton in question, the other to the 
greatest distance between the europium, while still coor- 
dinated, and the same proton. 
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The computer program was writtenlg such that the spa- 
tial parameters needed were the C*-0-H, angle, the 0-H, 
bond distance, and an initial estimate of both the C*-0- 
Eu angle and the Eu-0 distance. Conversion of input data 
to the two europium positions is accomplished within the 
program by trigonometric manipulation. Use was made of 
Dreiding models and other published data20 to obtain ini- 
tial estimates of the C*-0-Eu angle (125") and the Eu-0 
distance (2.50 A) in the complexes. These estimates were 
substituted in eq 1 to calculate individual values of K for 
the 26 protons, not subject to contact shift, listed by De- 
marco, et ~ 1 . 1 8  The standard deviation of an individual re- 
sult for K was calculated from the set of K's  generated 
using the initial estimates of europium angle and dis- 
tance. A small increment (0.035 radian and 0.1 A, respec- 
tively) was then added to angle and distance and a new 
set of K's was calculated. The process was continued on 
an iterative basis until a minimum standard derivation 
for K had been reached; further refinement was performed 
using incremental values of 0.0035 radian and 0.01 A. This 
process yielded 1530 as a value for K with a standard de- 
viation of 11% and values of 139" for the angle and 4.19 8, 
for the distance. 

Spectra of 2 were measured a t  90 MHz using CDC13- 
TMS solutions containing 0, 0.16, 0.36, and 0.41 mol of 
Eu(DPM)3 per mole of 2. Since exchange was more rapid 
than nmr time, the spectra contained only a single time- 
averaged set of resonances for 2 and its complexed form. 
Only a limited number of signals could be followed over 
the range of shift concentrations. These are listed in Table 
11; assignments were confirmed by double irradiation as 
discussed earlier. 

The magnitude of induced shift was measured at  each 
Eu(DPM)3 concentration and a linear least-squares fit for 
the data  was obtained. Following convention, the induced 
shift was extrapolated to a 1:l mole ratio of shift reagent 
compared with shifts calculated by using the values of K, 
Eu-0 distance, and Eu-0-C* angle obtained from the 
four model compounds and by using C(4)-0-H, angles 
and 0-H,'s measured from models of 2 (based on C, col- 
umn 3) and 2' (based on D, column 5). 

While the agreement between calculated and observed 
shifts for H-3 and H-4 is somewhat less than was hoped 
for and the differences between the two sets of calculated 
values are, on the whole, not great, one significant datum 
emerges immediately on inspection of Table 11. The ob- 
served shift of the C-5 methyl group, in close proximity to 
the hydroxyl group on C-4, is reasonably close to that pre- 
dicted for formula 2, while vastly different from the value 
predicted for formula 2'. Consequently, we feel that there 
is little doubt that the C-4 hydroxyl group of 2 is a and 
that hymenograndin is correctly represented by formula 
la. 

Contrary to our previous experience with lanthanide- 
induced shifts of a,P-unsaturated lactones, the observed 
shifts of the exo-methylene protons H-13a and H-13b of 2 
were upfield, as were the values calculated for these pro- 
tons. Although the numerical agreement was not particu- 
larly good for H-13a, the circumstance that the upfield 
shifts predicted by the method were in fact observed ex- 
perimentally lends credibility to the chosen model and to 
the assumptions that  were employed. 

Florigrandin, C20H3007, mp 173-175", and hymenoflor- 
in, C15H2005, mp 197-199", are conveniently discussed to- 
gether since treatment of the former with acetone-HC1 (or 
preparative tlc of florigrandin) resulted in conversion to 
the latter by P-elimination of a saturated five-carbon ester 
side chain. While florigrandin was a saturated ketone 
(Am,, 282 nm, t 120), hymenoflorin was clearly an a,@- 

Table I1 
Lanthanide-Induced Shifts of 2 

Proton 

H-2 
H-3 
H-4 
C-5 Me 
C-10 Me 
H-13a 

Acetonide 
H-13b 

Me 

dobad 

6 . 4  
1 2 . 8  
11 .7  
6 . 4  
2 . 7  

- 1 . 6  
- 0 . 1  

5 . 1  
5 . 2  

2 

A k o d  

6 . 8  
1 6 . 2  
1 5 . 1  
7 . 1  
3 . 1  

- 4 . 0  
- 0 . 7  

3 . 4  
3 . 5  

Dif- 
ference 

2' 
Dif- 

A8,,lcd ference 

0 . 4  
3 . 4  
3 . 4  
0 . 7  
0 . 4  
2 . 4  
0 . 8  

- 1 . 7  
- 1 . 7  

6 . 8  0 . 4  
1 5 . 6  2 . 8  
1 5 . 7  3 . 0  
1 7 . 0  1 0 . 6  
3 . 4  0 . 7  

3 . 3  - 1 . 8  
4 . 3  - 0 . 9  

unsaturated cyclopentenone of type F because of its ir 
bands at  1700 and 1574 cm-I, the uv spectrum (A,,, 
217.5 nm), and the typical nmr doublets of doublets a t  
7.76 ( p  proton) and 6.06 ppm (a proton) which disap- 
peared on catalytic hydrogenation to dihydrohymenoflorin 
(8). In the nmr spectrum of florigrandin these signals were 
replaced by a multiplet a t  5.11 ppm which represented 
the proton a t  the point of attachment of the ester side 
chain, undoubtedly at  the 0 position of the cyclopenta- 
none ring as in E (for confirmation, v ide  infra).  

OH 
G H 

The nature of the five carbon ester side chain was not 
immediately evident from the nmr spectrum of florigran- 
din, as its signals, regardless of solvent, were superim- 
posed on those of a methyl singlet and a methyl doublet 
also displayed in the nmr spectra of hymenoflorin and its 
derivatives. However, use of chemical shift reagents dem- 
onstrated that the side chain gave rise to a methyl dou- 
blet and a methyl triplet, thus identifying florigrandin as 
a 2-methylbutanoyl ester of type E. 

Florigrandin and hymenoflorin were diols (ir spectra, 
conversion to diacetates). The nmr spectra revealed an 
AB quartet near 3.6 ppm which was shifted downfield on 
transformation to the diacetates 5b and 6b. Hence the 
grouping RaC-CHzOH, where R # H, was present. The 
absence of other paramagnetic shifts as the result of acet- 
ylation indicated that the second hydroxyl group was ter- 
tiary and, because of the facility with which it underwent 
acetylation, aZ1 to the y-lactone group (ir band near 1770 
cm-I).  Hence a plausible partial structure was G. 

Confirmation for the presence of the a-glycol function G 
was provided by the formation, from hymenoflorin, of an 
ethylidene derivative 7a and a thiocarbonate 7b in whose 
nmr spectra all signals except those of the -CHzOH group 
were essentially unchanged. Moreover, periodate oxida- 
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tion of hymenoflorin and dihydrohymenoflorin resulted in 
transformation to norenol lactones of type H. This was ac- 
companied by a paramagnetic shift and simplification of a 
complex signal, previously found near 4.78 ppm, to a tri- 
plet a t  5.25 ppm. Hence the lactone ring of florigrandin and 
hymenoflorin must be closed to C-8 if these substances 
are pseudoguaianolides like hymenograndin and they can 
be formulated as 5a and 6a, respectively, exclusive of 
stereochemistry. 

This conclusion was confirmed by extensive spin decou- 

pling experiments on 6b at  90 and 270 MHz which provid- 
ed the dataz2 reproduced in Table I11 and permitted inde- 
pendent deduction of the carbon skeleton of hymenoflorin 
and thereby that of florigrandin. 

With respect to the stereochemistry, the CD curve of hy- 
menoflorin exhibited the strong negative Cotton effect 
near 325 nm characteristic of the trans-fused cyclopenten- 
one system and absolute stereochemistry (H- la ,  C-5 
methyl a )  depicted in the formula, an inference supported 
by the inversion of the Cotton effect which accompanied 
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Table I11 
Nmr Spectrum of 6ba 

H-1 2 . 2 2  m J i , i o  CZ 10* 
H-2 7 . 5 1  dd J1,2 1.5, J2,3 = 6 
H-3 6.08 dd Ji,3 = 2 . 5  
H-601 2 . 3 9  dd Jsa,ep = 15, Jca17 4 . 5  
H-6p 1 . 4 8  t J~p,7 1 3 . 5  
H-7  2 . 7 4  m J I , B  = 7 
H-8 4 . 7 7  septet JB,ga = 3 . 5 ,  Ja,np = 11 
H-901 2 . 4 5  m J g a , i a  = 0 . 8  
H-90 2 . 6 6  mc 
H-10 2 . 0 5  m J i o , i 4  = 6.5 
H-13d 4 . 3 1  bre 
H-14f 1 . 2 6  d 
H-15f 1 . 1 4  
Acetates 2 ,19, 2 . 0 9  

a Run at 270 MHz in CDCls with TMS as internal stan- 
dard. Signals are given in parts per million, coupling con- 
stants in hertz. Multiplicities are indicated by the usual 
symbols. * Estimate from line width of H-1 when H-2  and 
H-3 were decoupled. c JElpll0 and J g a , ~ p  could not be deter- 
mined satisfactorily. d Two protons. e Center of AB quartet. 

Three protons. 

reduction to dihydrohymenoflorin. Because of the large 
value of Jl,lo, the C-10 methyl group must be a as is the 
case in all other pseudoguaianolides from H y m e n o x y s  and 
related species. Hence the supposition that the C-7 side 
chain is /3 oriented as in other substances of this type is 
logical. 

Cis fusion of the lactone ring in hymenoflorin and flori- 
grandin was deduced as follows. First, the observed cou- 
pling constants for the seven-membered rings of 2 and 6b 
were astonishingly similar (see Tables I and 111). Second- 
ly, construction of Dreiding models of 6b with cis- and 
trans-fused lactone rings revealed that the observed cou- 
pling constants are satisfied if ring B of 6b is in the boat 
form of a cis-fused lactone, while several observed cou- 
pling constants are a t  variance with coupling constants 
predicted from the measured dihedral angles in the two 
chair forms of the cis-fused lactone and the somewhat 
flexible chair form and the boat form of a trans-fused lac- 
tone. 

Double-resonance experiments on florigrandin estab- 
lished J I , ~ ,  J2 , aa ,  and J2,3b  as 8, 8, and 7 Hz, respectively, 
but the orientation of the C-2 ester side chain could not 
be deduced with certainty from this information. Conclu- 
sive evidence for the existence of a cis relationship be- 
tween H-2 and the C-5 methyl group, i .e . ,  for the /3 orien- 
tation of H-2, was provided by the demonstration of a rel- 
atively strong NOE arising from the spatial proximity of 
theseqtwo groups. Irradiation at the frequency of the C-5 
methyl group produced, for 5b, a 19.6% enhancement in 
the integrated intensity of H-2, but no enhancement in 
the intensity of the H-8 signal. The absence of an NOE 
between H-8 and the C-5 methyl group can be taken as 
additional evidence for a cis-lactone ring fusion, 

The remaining problem, that of determining the stereo- 
chemistry a t  C-11, could not be solved satisfactorily. An 
attempt to use the method of Nakanishi and coworkers23 
for determining the configuration of acyclic diols failed 
when it was found that the CD curve of 6a after addition 
of Pr(dpm)s did not exhibit new maxima of opposite sign 
and equal magnitude near 310 and 280 nm. In an attempt 
to apply the dibenzoate chirality rule,24 which depends on 
the signs of two Cotton effects near 225 nm produced by 
two interacting benzoate chromophores, the dibenzoate 6c 
was prepared and exhibited the expected physical proper- 
ties. However, the CD curve could not be measured satis- 
factorily below 250 nm, although the usual minimum near 

325 nm was seen due to the n, x* transition of the cyclo- 
pentenone chromophore. 
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The title compounds were synthesized and were utilized for the identification of products of the in vitro incu- 
bation of mevalonic acid with yeast homogenates. 

In the course of studies of the biosynthesis of sterols 
from (3RS,2R)-[2-14C,2-3H]mevalonic acid (MVA) and 
(3RS, 2S)-[2-14C,2-3H]MVA in yeast homogenates, an un- 
known metabolite was obtained in a significant radioac- 
tive yield.3 Frequently the metabolite contained ca. 20% 
of the total I4C radioactivity of the nonsaponifiable resi- 
due. The acetate of the unknown on hydrogenation over 
nickel sponge in ethyl acetate4 gave 5a-cholest-7-en-3P-01 
acetate ( l ) ,  thus revealing a C27 s t r ~ c t u r e . ~  Analysis of 
the tritium content of the 7-en-30-01s (1) derived from the 
R and the S metabolites indicated the incorporation in 
each case of four isotopic hydrogens. On theoretical 
grounds the presence of a tritium atom a t  C-26 of the me- 
tabolite and in 1 was assumed a priori. We have deter- 
mined3 the distribution of the isotopic hydrogens a t  C-1 
and C-7 of 1 and have also deduced the distribution of 3H 
a t  C-15. Based on our data it became clear that the me- 
tabolite retained both the 2-pro R and 2-pro S hydrogens 
of MVA a t  C-22. This establishes that the unknown does 
not have a C-22 double bond.5 In view of the fact that the 
biosynthetic product had a C27 and not a CZS framework, 
it seemed reasonable to  assume that it still retained the 
C-24 unsaturation required for the introduction of the 24- 
alkyl moiety.6 The body of the available evidence suggest- 
ed therefore either 5a-cholesta-7,24-dien-30-01 (2a) and/or 
cholesta-5,7,24-trien-3/3-01 (3a) as the likely structure for 
the metabolite. 

bond of 3a afforded8 5a-cholesta-7,24-dien-3~-01 @a). 
Since we required somewhat larger amounts of the diene 
2a and the triene 3a, we undertook the preparation of 
these compounds and concentrated first on the synthesis 
of 5a-cholesta-7,24-dien-3@-01 (2a). We projected several 
approaches ( e . g . ,  using 4 as starting material); however, 
the availability of ergosterol (5a) influenced our decision 
on a route via 7a which we planned to couple with 

With this in mind, a benzene solution of ergosteryl ben- 
zoate (5b) was hydrogenated in the presence of tris(tri- 
pheny1phosphine)rhodium chloride catalystg to give 5a- 
ergosta-7,22-dien-3@-01 benzoate (6) in nearly quantitative 
yield. The diene 6 was dissolved in methylene chloride- 
pyridinelO and ozonized a t  -78". Following a reductive 
work-up, the aldehyde 7a was isolated and subsequently 
reduced with sodium borohydride to the alcohol 7b. The 
alcohol 7b was converted to the bromide 7c by two meth- 
ods. The less convenient, two-step procedure involved the 
preparation first of the 22-tosyl ester 36-benzoate 7d. Dis- 
placement of the tosyl moiety was then carried out by 
warming a mixture of 7d, lithium bromide, and dimethyl 
sulfoxidell to yield 7c in ca. 70-7570 yield. The preferred 
procedure consisted of treating the 22-hydroxy-3P-benzo- 
ate 7b with carbon tetrabromide and triphenylphos- 
phine .I2 

(CH3)zC=CHCHzX. 

I 

ACO FX H H 

1 2a. R = H 
b, R = CH,CO 

5a, R = H 
6, R = C,H,CO b, R = C,H,CO 

c, R = CH,CO 
d, R p-CH,C,H,SO, 

RO rHCooH 3a, R = H 4 R,O &yR2 H 

b, R = CHCO 7a. R, = C6H5CO; R3 CHO 
b. R, = C,H,CO R2 = CH,OH 
C, R, = CBH,CO; R2 = CH2Br 
d, R1 = C,H,CO; R2 = CH,C,H,SO, 

Cholesta-5,7,24-trien-3/3-01 (3a) was previously prepared 
by Scallen.? Selective hydrogenation of the 5(6) double 
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