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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 at 270 MHz. Hymenoflorin exhibited significant in vivo activ-
ity against L-1210 lymphoecytic leukemia, paucin against P-388 leukemia.

The genus Hymenoxys 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, 1a, 5a, and 6a, which we have named hy-
menograndin, florigrandin, and hymenoflorin, from Hym-
enoxys 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 known?®:4.6 pseudoguaianolide glucoside paucin (11)
was also found.”

Hymenograndin, C19H2607, mp 153-154°, [a]p +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. It was a diacetate (high-resolution mass
spectrum, two three-proton resonances at 2.08 and 2.03
ppm) and had a free hydroxyl group (ir spectrum, conver-
sion to a triacetate 1b). 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 1), 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 at 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 le which resulted in the
expected upfield shift). Since the two esterified secondary
hydroxyl groups, one free secondary hydroxyl group, and
thelactone 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 at 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 le 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 22
H-1 6.79 Jiw = 11.5
H-2 9.93 Ji,2 = 6.6
H-3 15.93 Jas = 8.0
H-4 14 .68 Jie = 4.9
H-Ga 6.79 JG(x,G/S = 14 =+ 05,
ba,7 = 4 i 05
H-63 4.26 Jeg,r = 15.5 - 0.5
H-7 5.17 Jrsa = 2.4, Jr = 2.2
H-8 6.67 Jis =8 £0.5
H-9¢« 4.18 Js, 00 =4 + 0,5,
Joa8 = 13.4 £ 0.5
H9s b Jsog =11 £ 0.5
H-10 4.82 Jgﬁ,lo = 07, Jnﬁ 10 =6
H-13a 406 J10,14 = 6.6
H-13b 6.42 Jizazn £ 0.2
H-14¢ 3.43
H-15¢ 5.40
Acetonide
methylse 5.91,7.31
OH 23.7

¢ Run at 90 MHz in CDCl; with TMS as internal stan-
dard at Eu(DPM); 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.

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 cm~1); 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 « and 8 to the new car-
bonyl function, i.e., that hymenograndin possessed partial
structure A where the acetate functions must be cis. Con-
firmation for this inference was provided by the transfor-
mation of la with chromic acid to an a-acetoxy-a,8-unsat-
urated cyclopentenone of type B (Agpax 240 nm, new in-
frared frequencies at 1720 and 1610 ecm~32, replacement of
the two-proton cluster of A near 5 ppm by a one-proton
doublet at 7.00 ppm) as the result of 3-elimination of ace-
tic acid.

AcO oo H i
AcO —
H AcO
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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 Eu(DPM)3.8 The results, presented in Table I,
were obtained in the usual way; i.e., irradiation at the
frequencies of H-13a and H-13b permitted identification
of H-7 and irradiation at the frequency of H-7 established
the presence of an adjoining methylene group, neither one
of whose protonic components (rendered visible at 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-9«
and H-98. The chemical shift of H-10, close to that of
H-9« and H-98 at low concentrations of shift reagent, was
established by irradiation at the frequency of the methy!
doublet; observation of H-10 and one of the H-9 protons
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(H-9a) at high concentrations of shift reagent permitted
determination, by irradiation at the frequency of H-8, of
the values OfJg,ga, Jgayl(), Jga,gﬁ, and JQB,:[O.

Samek’s rule® that J7,13 trans > 3 Hz = J7,13 cis indi-
cated that the lactone ring of hymenograndin was cis
fused; if H-7 is « as in all pseudoguaianolides of authenti-
cated stereochemistry, this is in agreement with the ob-
servation of a negative Cotton effect at 255 nm associated
with the n,7* transition of a cis-fused, «,3-unsaturated
lactone closed to C-8.1 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-10 methyl are «, as in
all other pseudoguaianolides from Helenium and related
species.

The remaining problem was the stereochemistry at 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 shifts?3 using the modified McConnell equationi*

AH K(3 cos’y, — 1)
(71_) - o (1)

5o as to determine the configuration of a hymenograndin
derivative capable of coordinating with the ion appeared
to have promise.!3.16 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
atom.17

AcO H

AcO

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 coworkersi® (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); and the four compounds studied by Demarco,
et al. It was also assumed that there would be either free
rotation about the O-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 written!® such that the spa-
tial parameters needed were the C*~O-H; angle, the O-H;
bond distance, and an initial estimate of both the C*-O-
Eu angle and the Eu-O 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 data2? to obtain ini-
tial estimates of the C*-O-Eu angle (125°) and the Eu-O
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 al.18 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 A
for the distance.

Spectra of 2 were measured at 90 MHz using CDCl;s-
TMS solutions containing 0, 0.16, 0.36, and 0.41 mol of
Eu(DPM); 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
II; assignments were confirmed by double irradiation as
discussed earlier.

The magnitude of induced shift was measured at each
Eu(DPM); concentration and a linear least-squares fit for
the data was obtained. Following convention, the induced
shift was extrapolated to a 1:1 mole ratio of shift reagent
compared with shifts calculated by using the values of K,
Eu-O distance, and Eu-O-C* angle obtained from the
four model compounds and by using C(4)~O-H; angles
and O-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 II. 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 « and
that hymenograndin is correctly represented by formula
la.

Contrary to our previous experience with lanthanide-
induced shifts of «,3-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, C20Hs007, mp 173-175°, and hymenoflor-
in, C15H2005, mp 197-199°, are conveniently discussed to-
gether since treatment of the former with acetone-HC] (or
preparative tlc of florigrandin) resulted in conversion to
the latter by B-elimination of a saturated five-carbon ester
side chain. While florigrandin was a saturated ketone
(Amax 282 nm, ¢ 120), hymenoflorin was clearly an «,8-
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Table 11
Lanthanide-Induced Shifts of 2

Dif- Dif-
Proton Agbed Abeaied ference Abcaled ference
H-2 6.4 6.8 0.4 6.8 0.4
H-3 12.8 16.2 3.4 15.6 2.8
H-4 11.7 15.1 3.4 15.7 3.0
C-5 Me 6.4 7.1 0.7 17.0 10.6
C-10 Me 2.7 3.1 0.4 3.4 0.7
H-13a —-1.6 —4.0 2.4
H-13b —-0.1 -0.7 0.8
Acetonide 5.1 3.4 -1.7 3.3 ~-1.8
Me 5.2 3.5 -1.7 4.3 -0.9

unsaturated cyclopentenone of type F because of its ir
bands at 1700 and 1574 em~3, the uv spectrum (Amax
217.5 nm), and the typical nmr doublets of doublets at
7.76 (8 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 at 5.11 ppm which represented
the proton at the point of attachment of the ester side
chain, undoubtedly at the 8 position of the cyclopenta-
none ring as in E (for confirmation, vide infra).

CH,0

Ht‘ 3
/CH2 0 /CHJ 0
0 — 0
S5
OH
Hy CH,0H 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 RsC-CHo0H, 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, a2 to the vy-lactone group (ir band near 1770
cm~1). 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 ~-CH2;O0H 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 at 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-

EXPERIMENTALES

Extraction of Hymenoxys grandifiora, -~ 4) Drisd ard grouna Hymersiys

grana*flora (T, & 6.} Parker, wt, 1.1 kg, collected by Sr. B, H. Braur cn

August 2, 962 on the tundra off Trail Riage Drive, Rocky Mountair Hatfosal Park,
with sermission of tre National Park Service, was extracted mith chlerofom and
worked up 1n the ususl way.S The crude qum, we. &7 g, was cnromategraphed over
500 3 of sitcic actd Malifnckradt 100 mesh), 363 ml “ractions beiry collecrad.
Eiution with benzene to benzene-3KC1, (1:3; “rections 1-7) gave 2,5 g of gumy
mixtara. Elution with berzens-CHC1y (1:3) to HCy (fracticns 8-23) gave 10.5 g
of crude hy-enogranc’n {1a) waich was recrystall®zed from ecetone-etner, mp 149-
180°, [wly +80.7° {C 1.48). hymonograndin formed solvates witn etny] acetate
and acetone whick iritially cemplicated interpretatior of the smr spectrum. -ow
ever, repeated recrystallization from metranol -water eliminated the problem ang
furnished crystals whicn meltec at 163154, wv 3 213 am (¢ 14002), ir bands

at 3450 (hydrexyl), 1780 (y-lactenaj, 1734, 1712 (ester) ard 1650 ™! (doune
pord), nmr signals (90 Huz, COC1,) at 4.53-3.08 pp~ {2 over apping protons, H-2
and H-3), 3.62d (5.0, 4-4), 3.1dm (k-7), 4,77m (M-8}, 5.62d (2.0} and 5.27¢ (2.3,

H-'\S)’. 1.08d°(6.5, H~14), 0.37 (H-15), 2.03 and 2.03 {acetates}, 0 curve (0.7

mgrmi}y (31306
-17305

[3lgy; ~1550; iS1peq =2790; [91p55 -3450 (min)s (8],

l8ly56 0t [8]9¢ 4920 (ast reading).
fral. Caled for Cygipglyi C, 62,68 H, 7.15; DU, 3C.57; My 366.
Found: ©, 62.88; A, 7.1

50, 30,715 Md {cnemical fonization), 366,

The nign resolution mass spectrum of hyrencgrandin tacked e oeak corress
sonding to tre moieculzr don, but exnibited signi<icant peaxs at 324.1387 (2,64,
KeCHp0) s 306,1436 (base oea<, H-CpM,0p), 264.1354 (78R, M-Cydy0-C,olp0) and
245,128 (88,25, M-20K,0,).

Elution witn CHC1y-NeOH {9931, frastions 24-27) gave a qummy =ixtave.

Elutton with ENC?z-MeDH (973, fractions 28-23) gave 1.67 g cf crude florigrandin

Treatoient of )¢ with sceione-tolueneslonic actd gave a quantitetive

yield of the acstenide 2 e infra).

Preparatior, of 2. == A soiuston of C,316 g of 3 in 4 =1 of acstone-water

(1:1) and 10 m of cenc. ACl mas allosed te stand at raom te-serature ovarnight,
dilutes with woter and extracted with ethyl scetate, The wasaed and dried sol-
vent was evapovated; the residue (2) was recryszallized from ethyl scetate, -
160,5170%, [a] +69.9° (¢ 1.05), fr bancs {CHC1,) ot 3640, 3986 (<), 1754 ard
1658 on”t {eonjugatec v-lactone), am~ signals (9C Wz, c0e1yl 4.26dd (6.5, 8, K-2),
4.61dd (8, 5, F=3), 3.76d (5, He8), 3.2ir {H-7), 4.77m (43}, 6.26d (2.8, H-i3a),
5.594 (2,2, H-130), 1.13d (6.5, 4-14), 0,92 (F-16), 1,43 and 1.29 (scetonide
methyls).

Anal. Caled for CpghpeOsi €, 67.06; H, &13; 0, 24,81, Fourd: G, 66.78;
¥, B.25; 0, 26,18,

Oxidaticn ¢f 6,096 g ¢f ¢ tn 1 ml of oyridine by treatrent wizs 0,086 g of

on witr water, extraction

EVCS in 1 ml of pyridine overnignt followea by dii

witn etnyl acetate and concertration of tne washed and dried extract in yacdo

gave 0,087 ¢ of 3 which wes recrystallized from etny) acesate, =3 '76.5-180°
[w); +58.3° {C 1.235), ir bards (GHCl,} at 1760 (strong, lactane and cyclopenta-
rone) and 1661 co*!, mmr signals (32 Mz, GB01,) at 4,58t (8,9, K-2), 4.89d
(8.0, H-3), 3.10n (H-7), 4.80w (K-8}, 5.71d {2.0) ard 6.27d (2.5, H-13), 1,254
(6.5, H-14), 1.09 (H-5), 1.36 and 1.48 (metayls of acetonide).

Anal. Calcd for Gy Ogt G, 67.68) A, 7.85; 0, 2497, foandi G, 66,96,
Ey 7,275 0, 2481

Oxidation of hymenograndin, -- A soluticn of 0.25 g of la 1n & ml of

pyridine was allowed to stand at room temperature wita 0,23 g of Cr0y i L5 m
0% pyridine “or 2 days. The work-up cescribed in the previous pavegrash gave a
gum waich was caromatographed over 5 g of sflica gel, Elution witn bénzeve-

chiorofors (4:1) gave crystalline 4 wrich was recrystallized frem ethyl acetate,

-32-7
quartet, Ha13), 1,278 (6.0, H-14), 1,27 (F-15), 5.20q {5.0, methinyl o ethyli-
dene}, 1.49c (5.0, methyl of ethylidene}.
Anal. Caled for CpjHpp0p: €, 66,655 W, 7.24, 3, 26.°1
sounes C, 86.25; H, 7.27; C, 26.30.

-- Thionyl cnlorice (2.5 =1} was acded dropeise witn

preparation of 7|

stirring to a selution of 3.71 g of 62

“n 1,5 1 of cyridine at 3°. After an

adeitional ten minutes, the ~ixture was poured ntc fce aazer anc extracied with
etnyl aceiate, Tne washed and dried extracts were evaporatec; the residual gum
wes enronstographed over 5 g of s1lics gel.  3enzene-CHCly (1:1) eluted soi*d 7

shich was recrystellized from ether-etiy] acetate, wp 146-1¢8", [a]; -55.6° (C

.90, fr banos at "793, 1710 anc enl, e signals (50 Mz, £3CT ) &t 7.45dd
(6.0, 2.0, A«2}; 6.02¢d (6.0, 2.5, 4-3), 4.77m {H-8), 4,70 (2p, center cf A3
quartet of 4-13), 1.27d (5.0, He-14), 1.22 (+-35}.

Anal. Caled for Oy5H1o0g5,: €, 55,205 H, 5.36; Q, 29,41

Found: C, 34.80; &, £.60; 0, 29.47

-- b salution of 0.32 g of fa in 20 ml of EtGAC
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pling experiments on 6b at 90 and 270 MHz which provid-
ed the data?? reproduced in Table III 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

methy! «) depicted in the formula, an inference supported

which after vezrystallization from acetoreesner had =p 178-176°, [3]; 18;:C .
(C 1.46), tr bands at 33€0, 3235 (cydvonyis), 1768 (¥slactone) and 1734 cn™!

262 nm (120), nvr signals
,H-38), 2.01dd

(double intensity, ester and cyclopentancne, uv kg,
(90 Wz, €521, at 8.11td (877,627 797, he2), 3,230 (19%7 687
(1577 727 -3b), £,74r [H-8], 3.75br {29, H-13, sp1it inta AB quartet centered
ot 6,26 pp= in pyridingsdg), 1,164 {7, K341, 1.0 (4-15), 1.194 (7) ane 0.91¢
{7 methyls of ester side chain),

fral, Caled for 520H3007: C, 62.81; H, 7.9y C, 2.28; MW, 382,

Foun: <, 65.64) 1, 7.67; 0, 29.09; MW (mess soectrometryj, 362,

Otrer significant peaks fn the mass spectrum of flarigrandin wera 364
(Kbg0), 382 (M-CH,0), 323 (M-CyHy), 28O (M-ghioD,), 266 (MeCehi)q0p=CHyl, 262
{MeHgd=Colto0y)

Fractien 30 (CHC1;-Hek, 97:3) gave a qumy mixture. Further elution with
1@ seme solvent {fractions 31 and 32} gave 8.2 g ¢f crude hymenoflorin which was
recrystallizes from acetone ana taen had mp 1971987, [al; -54.3° {¢ .92}, ir
bands st 3540-37G0 (oroac sydroxyl}, 1772 (y-lactone), 170G end 3574 cn” {cyclo
pentenone), uv k. 217.6 am (¢ 9050}, Cb curve (0,49 mg/ml), [edygy 03 [6]359
-2850;. [8]gp5 -5420 (min); [0lagn -2650; [2l,;x -670 (max}; [8lpgq -2090
(Tast reading}, nur signals (S0 M4z, DMSO0-dg) at 7.76dd (6.0, 1.5, H-2), 6.06dd
(6.0, 2,8, 4-3), ¢.78~ (H~8), 3,90v {2p, H«13), 1.23d (6.8, F=14}, 1.08 (H-15],
© (6.0, ~CHy0H, disappears on D0 sxchange), 5.07 (3° O4, disappears on 0,0

exchange) .

64.27; H, 7.°8y C, 28.64; MW, 28C
found: €, 68,22, d, 6.90; O, 28.29; MW, 280,

Anal, Caled “or Cigha0% .
Otnar significant peaks {n tne mass spectrum were 268 (M'CHZ)' 250 (4=
CNEC). 243 [N-CHZM), 233 (MvEHa-EHZOJ and 232 [P‘-CHZO-HZOL.
Furthe= elution witn CHC'\E-WEDH {93:7 ané 19:1, fractions 33-36) gave a

gumy mixture, HeOH~CHS1 5 (19:1, fractions 37-40) gave 2. g of crude paucin

08C=3-3
~p A-146%, [w] $19,2° {C 3,628}, ir 776D and 1655 {ursaturatad Sactone}, 1720

{acetate), 1726 and 1610 en™" (cyclopentenone], by 214 a0 266 nm (= 11000
anc 3420),nrr signels (60 Mrz) at 7,00 (i.5, d-2) 3,32m (H-7}, .75 m (H-8],
5,554 (2,0) and €,16d (2.5, H-13), 1.23d (6., H-14), 1,23 (H-15}, 2.21 pm
(acetaie),
Anal. Saled far & oHpgds: €, 67.003 F, 6.62;
Found: C, 67.12; [, 6,645 D, 26.26; M, 304.7332.

0, 26.28; M4, 34,7310

Otner sigrificant pesks in the mass spsctrun were at 262.1210 {base peak,
MeCof,0), 2461087 (11,55, M-C,4,0,) and 2361245 (28.5%, #C4150-C0).
o

Diacetylflorigrandin (3 - Acety“ation 0% 0.1 g ¢f §a fa 1m cf

pyeidine witn 0.6 ml o ecei’c annydride ot room temperature cvernignt and work-
up in the usual way afovdec 0.12 g of crude b which was vecryssallized fram
etfyl acetete, mp 161°, Taly 475° (¢ 1.00), mr signel (90 MHz, CXC1,), ot §.12td
(8, 8, 7, H-2), 5.25dd (19,8, 8, ¥-3a}, and 2,08n (+-3b), 2.6m (F-7}, 4.74m (H-8),
4,34 {centar 0% AB cuartat, J = 11, #-13), 1.17c (6.5, H-14), 1.1 (K-13), 1.20d
and 0,32t (rethyls of side chain),
fnat. Celad for Cueha gt €, 61734 K, 735, 9, 30.86; W, 466
Found: €, 67.02; H, 7.44; 0, 30.35; "W, 465,
Ouner significant peeks in the mass spectrum were 451 (4-CHj), 437 (-

Colghs C24 (M-CHy0), 409 (H-CyHad, 406 (M-CoHi0,), 33¢ (M-CH,0-CH D), 382

23,0100, 364 (M-Cglly50p3 s 346 {F-2UoHy0p3, 322 {M-Cghlg0p=Coliz0), 304 (1=
Loty 0g-20,H50), 262 (M-C Fa g Co0-Clg05), 244

csnwoz-cznﬁog), 280 (b

(M-Coh, 105-20,H,0,0 -

Zonversion of Fiorigrandin To Diagezylnymenoflerir, -- A solutlon of 0,045

of 53 in 2 m1 of MeQH end 0.6 ml o® comc HC1 was allowed to staad at room temoer-
ature overaight, diluted with water and extracted with ethyl acetate. The washed
and dried extract was evaporeted in vacup ané the residue was acetylated with

acetic anhydriee-pyridine in the usual mawner, Purification by preparative tic

9.8

was hydrogenates fn the presence of 0.'2 g of 10% Pd-G 3t roow temperature and
atrospheric pressure until hycroger uptake cezsec, Filtratios ol cwed oy evap~

ovation at veduced pressure gave solic, §, wt. 0,218 g, which was recrystallizec

fron acetane, mp 192-193°, [a]) =72° (€ 1,36}, ir bands at 3450, 5365 (nydroxyls),
1770 (v="actons) ard 1735 ¢=! (cyclopentancne}, e signals (60 bhz ir DHSO-dg)
at 4.75m (n-8}, 3.50 (20, AB quartet o° k=13 after dditien of L,0}, ©.08d (5.0,

4-14), 0.88 (H-15}, 5.33t (6.0,

imemy OH1, 5.7% (tevtiary OH), {3 carve (0.3

mg/mi}, [9155, (31555 +563 (85 -536 {max); 275 *237, [€l5 +13 (min)

L2157 92 {rax}, [83y5 € (Tast veasing;,
anel, Sa'cd for Crgip0gi C. 63,815 H, 7.85; 0, 20.33; M, 282
Found: C, BL.06; H, 7.5%; 0, 28,30; M, 262
Quner stgnificant peaks ir tre =ass spectrum were at'z52 (base peak, M-
CHyD) and 233 (MetHy-CHy0).
The gammy acetonice c3uld not be inducec to crysallize,

Periodate Oxidations. -« A} A sclution of €17 g of 52 1n Z ml of MeDH anc

0.1 g of sodius retaperfodeze 1n 1 m of mathanol zad 0.3 ml cf water was allcwed

by the inversion of the Cotton effect which accompanied

COUa12nd
whicn was recrystallized fro~ aceone, mp 177-173°, fdentical in all respects

witn materfal previcusly isolated from Aymenoxys gdorata 3¢.°

5} Revetition of the extrection Wiz 9 kg of H. grandiflora ccllected by
Professor F, R. Stermitz on July 6, 1972 fn Rocky Mountain Natfonal Park 1/2 mile
Off Trail Ridge Road at an altitude of 11000 f2 with sermission o the Nattoma)
Park Service {FRS-42 on ceposit in herbaria of Colorade State University and
Flerfda State University) cave 200 g of cruce gum which partial’y ceystallized on
staading. Crromatcgraphy over 3.4 kg of silicic acid cave 80 g of rymenogrardin,
3.2 g of florigranain, 6.2 g of hynenoflerin and 3.2 g of paucin.

Hydrolysis of Hymenograndin. -- A solution of 0.2 g of 1z 1n 1.6 ml of
metnanol and 5 ~1 of water contafning 0.3

5 9 of Nayf0y was allowad to stand ot
room temperature for 20 ~in, diluted with water, acidified with cil, HC1 anc ex-
tracted with athyl acetate. Tne washed and driec extrast was concentrated and
the residue vas chromatograpned over sflica ged, Elution with CHCl -HeOH (3:1)
gave J¢ as 2 coloriess gun which could not be crystallized, mol, wt. (mass spee-
tran) 282, calad for Cglp0p, 2827 nor deaks (60 Mz, acetore~c;), complex
systan of 3 protons {n range 4.35-3.40 ppm (H-2, H-3 and H-4}, 3.07m (H-7), 4.72n
(H-8), 5.52d (2} and 5.97 (2.5, #=13), 1,184 (6.0, H-14}, 2.83 (H-15),

Acetylasion of 0.21 g of 1g with pyridina-acatic annydride at room temper-

atire and work-up in the usua’ Wiy gave a gum wh:cn was cavomatograpned cver 3 g
of silice gel. Elution with benzene-chloraform [1:1) gave a triacetate Ib, wt.
0.185 g, which could not be induced to crystallize anc was identfcal with materis
1 prepared by direct acetylation of 13, [q}D +76.9 (¢ 1,30}, ir pands (ercly) at
1768, 1750 {very streng) and "668 cu”' (double bonc}, amr signals (60 Mz, €ety)
compiex system of 3 protons in range 4.90-5,30 ppm (H-2, H-3 and Hed}, 3,17 (H-7),
4.73m (H-8), 3,50¢ (2.0) and 6.17d (2,5, #-13], 1,07 (£.5, H-14), 1,00 (d-15},
1.97, 2,03, 2,08 (acetates).

fnal. Calod for CoqpgOps €, €1.76; W, &.91; 0, 31,34, Found: G, 61,62
n, 6.98; 0, 31,50,

206-20-6
yielded a gumy procuct which was fdentica’ i everyrespect with authantic 6b,
Oiacety hymenpfiorin (60}, -- Acetylation of G.1 g of B¢ nith 0.4 M of
acetic anhydride ana 1.5 m] of oyridine in the usual wey followed by preparative
tlc of the crude product gavs a gum which could not be incuced to crystallize, rmr
signals (27C #z) in Table 111, ir bands at 1760 (y-lactone}, 1735 (ester), 1680
\
and 1675 e’
fgal, Celed for CughyyDys C, 62,635 ¥, 6.64; 0, 30.73
Found: C, 62.08; H, 6.68; 0, 30.73,

(cycloperterone; .

Diberzoylhymenoflorin({6g). -- Banzoylatior. of 0,1 g of €8 with 0,16 g of
tenzoyl chlorice in 2 m. of pyridine at 0° overnight follomec by the usual work-
up gave & gu- Whica mas purified by preparative tlc and nsd rmr

signals (36 Mz, COC1,} at 7.6n (4-2, partially suserinposed or 1C avomatic gro-
tons), 6,03dd {6.0, 2,5, H-3}, 2,52dd (18, 4.5, H-6), 1.56t (15
(He7), 4.86n (H-8 partially suparimposed on 4-13), 4,69 (canter of A8 quartet,

) 13.5, H-6), 3.06m

J = 11, 4-13), 1.17d (4-14), 1,04 ppn (H-15), CO curve {0,28 rg/ml, VeQH), lelyzs
05 [elgs 21905 [91gp5 4720 (minjs [slypy ~2180; [slpgy 05 [8dp5 -1980
(Tast reading).
Aral. Salcd for Coglpghy & C, 71.30; M, 5.78; 2, 22,92; M, 488.1
Foued: C, 72051 H, 5.85; D, 22,71; MJ, 488,1635,
Other significant peaxs 1n the mass spectrum were at 36€.1C31 (M-C,He0,)
and 24,1046 (M-zc7d502),

Pregaration of 7a

2inc chloride r & =1 of acetaldenyde mes Teft overright at room temperature,

-« & mixture of 0.075 g of 62 and 6,15 ¢ of annydrous

cancentrated i1 vacuo and eatracted with ethyl acetate, The washed and dried
axtracts weve avaperated and the soi1d resioue of 72, wi. 0.07 g, was recrystal
Ttza¢ from sthyl acetate, mp 190-193°, [al ~57.8° (C 0.64], {* vands at 1783
(+-lactane), 1706 ond 1584 cn”' {cyc:cpentenone), mmr sigrals (60 Mz} at 7,56dc

(6.0, 1,5, 4-2}, 6.18cd (6,0, 2,C, H-3), 4.8'm (H-8), 4.06 (2p, center of A3

3749
to stand overnight, diluted with water and extracted with ethy’ acetate, The
waseed anc dried extract was evadsorated anc tne sol'd residue (9) was recrystal-

Tized from acetone, yte'd 9.105 g, mp 247-249%, [a]p -110° T.82), ir bands at

3230 (rydroxy1), 1760 {3,2-unssturated lactone, 1686 and 1675 cn”  [a,A-unsaturated

cyciopentanone] , uv g, 231 nn (s 21300), ame signats (60 Mz, JMSO-d) at 8,004

e
(5.0, 2,0, H-2), .324d (6.0, 2.5, H-3}, $.25t (7.5, 6.3, 4-8}, 1.320 (6.0, ¥-14},
1.00 (H-15), 9.88>+ (enolic-0k).

Anal. Calea for Cog g0 C, 67731 H, 6.5%; 0, 25.78

Found: C, 68.26; H, 5.2%; O,

B} Oxication of 0.11 g of § with sodfum metaperiodate in tie same manrer
and recrystall-zation from acetore affordea the enal lactore 13, mp 217-219°,
[52- +61° (C 1,09}, ir bands at 343G, 3370 {hycroxyl], 1760 (insaturated lactone)

and 173¢ cn”! {cyclopentanona), uv k.. 237 nm (¢ 224000, nar sigrals (S0 Mz,

ma
SMS0-cg) at 3.2¢d (15,2, 4-6a), 4.94¢ {7, H-8) 1.20d (6.0, H-14), 0,98 [EREIN
, 7,250 0, 25.57

Anal, Talze for Cppd 040 Co 67,18

Found: C, 67.34; M, 7.27; C, 26,36



Antileukemic Pseudoguaianolides

Table III

Nmr Spectrum of 6be
H-1 2.22m J1,1o = ].Ob
H-2 7.51 dd Jie = 1.5,Jy; = 6
H-3 6.08 dd Jis = 2.5
H-6« 2.39 dd JGa.ﬁﬁ = 15, Jear = 4.5
H-68 1.48 % Jeg,r = 13.5
H-7 274m J7,s =7
H-8 4 .77 septet Jsoa = 3.5, Js,08 = 11
H-9« 2.45m Joa0 = 0.8
H-95 2.66 m°
H-10 2.05 m Jige = 6.5
H-13¢ 4.31 bre¢
H-14/ 1.26d
H-15/ 1.14
Acetates 2.19, 2.09

e Run at 270 MHz in CDCI; 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. ¢ Jss,10 and Jsa,9s could not be deter-
mined satisfactorily. ¢ Two protons. ¢ Center of AB quartet.
/ Three protons.

reduction to dihydrohymenoflorin. Because of the large
value of J1,19, the C-10 methyl group must be « as is the
case in all other pseudoguaianolides from Hymenoxys and
related species. Hence the supposition that the C-7 side
chain is 8 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 III). 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 at 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 /1,3, J2,34, and Jo 3, 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 8 orien-
tation of H-2, was provided by the demonstration of a rel-
atively strong NOE arising from the spatial proximity of
these ‘two 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 at 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,2* which depends on
the signs of two Cotton effects near 225 nm produced by
two interacting benzoate chromophores, the dibenzoate 6¢
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
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325 nm was seen due to the n, #* transition of the cyclo-
pentenone chromophore.
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Synthesis of 5«¢-Cholesta-7,24-dien-33-0l and Cholesta-3,7,24-trien-33-0l1
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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,25)-[2-14C,2-3H]MVA in yeast homogenates, an un-
known metabolite was obtained in a significant radioac-
tive yield.® Frequently the metabolite contained ca. 20%
of the total 1*C radioactivity of the nonsaponifiable resi-
due. The acetate of the unknown on hydrogenation over
nickel sponge in ethyl acetate* gave 5a-cholest-7-en-33-ol
acetate (1), thus revealing a Cg7 structure.® Analysis of
the tritium content of the 7-en-33-ols (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 at C-26 of the me-
tabolite and in 1 was assumed a priori. We have deter-
mined3 the distribution of the isotopic hydrogens at C-1
and C-7 of 1 and have also deduced the distribution of 3H
at 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 at C-22. This establishes that the unknown does

not have a C-22 double bond.? In view of the fact that the ‘

biosynthetic product had a Ca7 and not a Cgg framework,
it seemed reasonable to assume that it still retained the
C-24 unsaturation required for the introduction of the 24-
alkyl moiety.® The body of the available evidence suggest-
ed therefore either Sa-cholesta-7,24-dien-38-0l (2a) and/or
cholesta-5,7,24-trien-33-0l (3a) as the hkely structure for
the metabolite.

A
AcO i RO I
H H
1 2a, R=H
b, R = CH,CO
. COOH

RO HO

. R=H 4

, R = CH,CO

Cholesta-5,7,24-trien-38-ol (3a) was previously prepared
by Scallen.” Selective hydrogenation of the 5(6) double

bond of 3a afforded® b5«-cholesta-7,24-dien-36-0l (2a).
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-36-o0l (2a). We projected several
approaches (e.g., using 4 as starting material); however,
the availability of ergosterol (5a) influenced our decision
on a route vie 7a which we planned to couple with
(CH3)2C=CHCH.X.

With this in mind, a benzene solution of ergosteryl ben-
zoate (5b) was hydrogenated in the presence of tris(tri-
phenylphosphine)rhodium chloride catalyst® to give 5a-
ergosta-7,22-dien-33-0l benzoate (6) in nearly quantitative
vield. The diene 6 was dissolved in methylene chloride-
pyridine!® and ozonized at —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 7¢ by two meth-
ods. The less convenient, two-step procedure involved the
preparation first of the 22-tosyl ester 33-benzoate 7d. Dis-
placement of the tosyl moiety was then carried out by
warming a mixture of 7d, lithium bromide, and dimethyl
sulfoxide! to yield 7e¢ in ca. 70-75% yield. The preferred
procedure consisted of treating the 22-hydroxy-38-benzo-
ate 7b with carbon tetrabromide and triphenylphos-
phine.12

x X
RO RO :
H
R=H )
52: R = CH,CO 6, R = CH,CO
¢, R = CH,CO
d, R = p-CH,C.H,S0,
R,
RO : AcO ;
H H
7a, R, = C;H,CO; R, = CHO 8
b, R, = CH,CO; R, = CH,OH
¢, R, = CH,CO; R, = CH,Br
d, Rl = CSHQCO, R2 = CH,;CGH;SOZ



