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Abstract~ !pimricl 24—hyf!§oxycthy1 and 24-carboxymethyl steroids were
synthesized, their "H and ~C-NMR spectra recorded and the signals assigned.
Based on those assignements information regarding the stereochemistry of the
C-24 carbon of the steroids under study was obtained.

Since the isolation of the oogoniols (1) from the water mold Achlxal and the elucidation of their

a4 number of marine stervid glycosides have been isolated with the aglycone moiety

structure,
'3. To determine

containing a hydroxyethyl substituent at position 24 of the choleatercl side chainz
the structure of these steroids it was necessary to interpret spectral data and to effect some

chemical transformations. In particular in order to assign the 24-configuration of the

24-hydroxyethyl substituent of the oogonicls by 1&1 NMR spectroscopy the synthesis of the model
epimers 29-hydroxyclionasterol (2a) and 29-hydroxysitosterol (2b) was necessary so as to compare

their 1" NMR spectra with those of the oogoniols."

HO

2

R= (a‘lalzw, CHBCilzCO. CH3CO, H a 1 24R; b s 248

Noreover 24-hydroxyethyl substituted steroids were required as key intermediates in synthetic
studies on v.'ch»'uca.l6 and on plant growth promoter hrunlnolidel.7 Bince wea observed that 1!! NMR
alone did not permit an unambiguous differentiation between 24R and 248 epimers we undertook a
1l‘l and 1"0 NMR spectroscopy of a series of 24R- and

systematic investigation on the
regiospecifically and stersospecifically

248-hydroxyethyl and carboxymethyl steroids (3-6)
synthesized. Our aim was to indicate which technique would be of the greatest diagnostic utility to

define the configuration at this position in unknown ateroids with the same side chain. This paper
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reports the results of this study.

RESULTS AND DISCUSSION
1
H _NMR studies: The chemical shifts of the methyl protons of C-24 epimeric pairs of steroids

(3-6) having at C-24 a carboxymethyl or an hydroxyethyl substituent are listed in Table 1.

1
Table 1. 250 MHz H NMR data of (24R)- and (248)-24-scbatituted sterols’

0 .Y 0 0 [
Stercol and Stereochemistry c-26,27 Cc~26,27 c~21 c~19 Cc-18
_~COOEL
. s, 248 a 0,83, 4 0.87 0.04 d1l.01 s 0.81 s 0,53
~ (6.9, 6.5) (6.6)
3 b, 248 4 0.85, a 0,88 0.03 4 0.99 s 0.8 s 0,53
(6.9, 6.5) (6.5)
HeOH
- a, 24R d 0,83, 4 0.88 0.05 d1.04 s 0.81 s 0,56
N {7.0, 6.5) {6.8)
4 b, 248 4 0,86, 4 0,88 0.02 d1.03 s 0.81 s 0,56
(2.0, 6.5) (6.1)

COQEt

a, 24R 4 0.82, 4 0.88 0.06 d 0.92 s 0.81 s 0,53

~ (7.0, 6.5) 6.1)
b, 248 d 0.85, 4 0.66 Q.01 4 0.92 s 0.8 g 0,53

- (6.9, 6.5) (6.1}
~CH O a, 24R 4 0.83, 4 0.86 0.03 4 0.93 s 0.80 & 0,54

. (7.0, 6.5) (6.2)
N b, 248 a4 0.85, d 0.86 a.01 4 0.93 s 0.80 g 0.54

8 (6.9, 6.5) 6.2 —

2 Coupling constants (in parentheses) are in Hz,
Differences in chemical shifts (Ad) for C-26,27 N
mathyl protons are in ppa. “Ro

Rach epimeric couple of oxygenated compounds (3-6) showed identical chemical shifts for c-18,
C-19 and C-21 methyl signals (the C-21 methyl signal being different only in the case of the
epimeric couples (3 and 4) with an unsaturated side chain). However the differentiation of the
oouples (3-6) appeared possible on the baais of a different chemical shift difference (Ad) observed
betwesn the C-26 and C-27 methyl signals in the 24R- and 245-izomers. The observed values ahow that
in the case of 24R carboxymethyl and hydroxyethyl isomers such a difference ranges between 0,06 and
0.03 ppm, while in the case of the 248-isomers the difference is always under 0.03 ppw. In
addition, in the case of the 24R-epimer the doublet of the less deshielded isopropyl methyl group
is constantly centersd at higher field than the corresponding mathyl group of the 248 epimer (Ad =
0.02-0,03 ppm). Buch behaviour is also observed to a minor extent (44 = 0,01 ppm) for the same
methyl groups of chondrillasterol and lpmlurola having a simple ethyl group at C~24, These data
show that in the 24-ethyl substituted steroids a 29~oxygenated function enhances the magnetic non
equivalence of the C-26 and C-27 methyl protons and chamical shift differences provide a method of
distinguishing between 24-spimers, or of estimating the composition of epimeric mixtures. But a
rigorous assignment of the C-24 configuration is possible only in the presence of both epimers.

130 NMR Studies: The assignment of the chemical shifts to the carbons of A-"“’2 compounds was
facilitated using (22E,24R)- and (225.245)-Sa-.zqo-u-'l,zzvdun-:ig-oh as model compounds while

resonances for the alkyl-side chain carbons of A’-lumls were assigned by direct comparison with

the data reported for clionasterol and litoltcm1.9 The couples of the 24R- and 24S-epimers showed
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strikingly similar chemical shifts for all carbons C-1 to C-21 of the nucleus and for those of the
side chain (see experimental), apart from the signals attributed to the C-26, and C-27 carbon
resonances reported in Table 2.

Table 2. Carbon chemical shifts of (24R)- and (248)-24-gubstituted sterols in ppe

) .Y
Sterol and St hemt
erol an ereoc] stry c-26,27 c-26,27
/COOEt
- a, 24R 1.8, 20.4 1.6
b, 248 19.0, 20,5 1.5
3
HyOH
SR a, 24R 19,0, 20.7 1.7
o b, 248 19.1, 20,7 1.6
COOE
s a, 24R 18.6, 19,7 1.1
5 b, 248 19.2, 19.3 0.1
_-CH,0H
* a, 24R 10.3, 19.7 1.4
N 6 b, 248 18.9, 19.3 0.4

Examination of the obtained resonances shows that in the presence of a C-29 oxygenated
function the difference in the chemical shifts of the isopropyl methyl carbons of the steroids with
a saturated side chain offers an useful information on C-24 gtereochemistry. In fact the difference
in chemical shift (Ad) observed between the C-26 and C~27 carbon resonances ranges between 1.1-1.4
ppm in the case of 24-R isomers, while it ranges between 0.1 and 0.4 ppa for 24S-isomers. Thus 13c
NMR spectroscopy permits an unambiguous assignment of the C-24 stereochemistry of 29-oxygenated
steroids with a saturated side chain. This is possible aven in the presence of a single epimer. In
ths case of A"‘2 unsaturated steroids the chemical shift difference between the same carbon signals
is too small and the °C MMR fails to differentiate 24R- and 245-isomers. However the assignment is
still possible examining the spectrum of the compound deriving from a simple reduction of the

g: double bond.

In conclusion the 1H NMR spectroscopy allows the differentiation batween couples of epimers
but only when comparing the spectra of both compounds. In fact the differences in the positions of

the C-26 and C-27 methyl doublets even if small, when compared to the invariant C-18 and C-19
methyl singlets, give rise to significantly different peak patterns. 1'-’C NMR spectroscopy on the

contrary permits an unambiguous assignment of the 24 stereochemistry and does not require the
presence of both epimers when the sterol possess a saturated side chain.

EXPERIMENTAL 1 13

NMR spectra: spectra ('H and C) were recorded with a Brilker WN-250 Purier Transform
Spectromer. All samples (3 to 10 mg) were dhlolr’d in ca 0.4 ml of CDC1, and analysed in 5 am o.d.
tubes at probe ambient tesmperature of 27°C. Tha C WR g spectra wers r.cgrdod at 62.9 Miiz, spectral
width 15000 Hz, first in broad band “"H dscoupling lodo1 The degree of substitution of each carbon
was then determined by DEPT pulse saquence experiments using a polarization transfer pulses of
90° and 135° obtaining in the first case only signals for CH groups and, in the other case,
positive signals for CH and cu3 and negative ones for CIi2 groups. Polarization transfer deslays werse
adjusted to an average CH coupling of 135 Hz. Mass spectra were recorded on a Varian 112-8 by
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direct inlet. TIC wan performed on precoated silice gel G plates (R, Merck, “’25 }, visualized by
spraying with 708 sulfuric acid followed by heating. GIC analyses were mads w&nq a Carlo Erba
Fractovap 2400 T unit uaing either 3% OV-17 or 1% §E-30 on Gas Chrom Q (100-120 mash) columns
operating at 220~240°C. All compounds gave satisfactory {+ 0.2%} elemsntal analyses.

22k, 24R) ~Sa ~Brgosta~-7,22-dien~B-01 { =.p. 174-1?;3::) was obtained from thaatoroln.
(228, 24S)-5a~ B ta- 7,22-dien-36-01 { m.p. 158-160°C; "°C WMR (idantical for ths 24R- and 248
isomer): 37.1 {C-1}, 31.4 {C-2), 70.8 (C-3), 37.9 {C-4), 40.2 (C-5), 29.6 {C-6), 117.1 {C-7), 139.0
(C-8), 49,9 (C-9), 34.1 (C-10), 21.5 (C-11), 39.4 (C-12), 43.1 (C-13), 55.0 (C-14), 22.9 (C-15),
28.1 (C-16) 55.8 (C-17), 12.1 (C-18), 13.0 (C-19), 40.4 (C-20), 21,3 (C-21), 135.2 (C-22), 131.4
(C-23), 42,7 (C-24), 33.0 (C-23), 17.6 (C-28}.
{228, 24R) - and (22®,248)-3 ~acetoﬁf5 —stigmasta-7, 22-dien-29-0ic acid ethyl esters (3a, m.p.
125-126°C; and 3b, m.p. 118-120°C; ~ C KMR (identical for 3a and 3b): 37.0 {C-1), 27.6 (C~2)}, 73.5
(C-3), 34,0 {C-4), 40.3 (C-5), 29.7 {C-6), 117.4 (C~7), 139.5 (C-B), 49.5 (C-9), 34.4 (C-10), 21.6
{C-11), 39.6 (C~12), 43.4 (C~-13), 55.2 (C-14), 23.0 {(C-15), 28,0 (C-16), 56.0 {(C~17), 12,1 (C-18),
12.8 (C-19), 40.3 (C-20), 21.0 {C-21), 138,6 (C-22), 127.9 {C-23), 45.5 (C-24), 31.8 (C-2%), 38.5
(c-283, 172.9 {C~29), $0.0 {CH,0), 14.2 {CH,}, 21.2 (Ac), 170.4 {CO), were prepared according to

Anastasia and Fiecchi™™,

(22%,24R) -3, 29-Dibydroxy-Sa ~stigmasta~-7,22-diene (4a). The 24R-ester (3a) (200 mg; 0.39 mi)
wvas dissolvad in anhydrous diethyl ether {15 ml) and lithiom aluminium hydride (300 mg) was slowly
added, After stirring at 25°C for 6 hr, the mixture was coclesd to 0°C and ice was cautiously added
to destroy the unreacted hydride. Usual work-up afforded a residue (380 »g) which P \saaind wrystallized
from methanol to give cowpound (4a} (170 mg), m.p. 194-195°C, (a] 0°. IR om "¢ 3600, KS: 428
{33\, M), 413 (108, N-CH,), 273 {428, M=8C}, 271 {(1008), 255 (43w, ﬂ-ac-n O}, 229 (37w},

¢ NMR: 37.3 (C-1), 31.5 (C-2), 71.1 {C=3}, 38.1 (C~4), 40.4 (O-~5), 29.7 (C-8), 117.6 {(C-7), 139.6
{c-8), 49.6 (C-9), 34,4 (C-10), 21,6 (C-1)), 39.6 (C-12), 43.4 (C~13), 55,2 (C-14), 23,1 (C-15),
28,4 (C-16) 55.9 (C-17), 12.1 {C~18), 13,0 (C-19}, 40,7 (C«20), 21,2 (C=-21), 138.6 (C-22), 129.4
{C=23), 46,4 {C~24), 32.4 (C~25), 36,6 (C-28), 62.0 {C-29).

(22!&2‘8%—3&l29«-!):[&16:0&-5«:-“&1&-&»1,22~d£§ne (4b}. The 248-ester {(3b) {200 mg: 0.39 wM)
was reduced with lithium aluminium hydride (200 mg) as described for the 2‘3-1%5&0 yield, atsrx

crystallization from ethyl acetate, compound 5b {175 mg), m.p. 179-181°C. |[a «1%, IR om "1
3600, "fj 428 (218, M), 413 (3138, N-CH ), 273 (328, M~-8C), 271 (100%), 283 (QZR, !6'-&0-820). 229
{37%}. "TC NMR: The valuss were identical to those rsported for {(4a} apart from those reported in

Table 2.

24R-3p-Acetoxy~Sa-stigmant-7-sn-29-0ic_Acid Ethyl Ester (5a). The 24R-nster (3a) (200 wy;
0.39 s}, dissclved in freshly diatilled ethyl acetate (20 ml), was stirred with Nickel-Raney (200
»g} in a hydrogen atmosphers at xoom temperature and pressure for 1 hr. t{etion and rwval of
the solvent afforded compound (5a) {190 wmg), w.p. 88-90°C from nthanol.fu 5, IR om ": 1735,
MS: 514 (318, M), 499 (14w, l—-ﬂ! ). 454 (828, M-ACOH), 439 (36%, M-CH -&cﬂﬂ% 315 (238, M-8C), 255
(978, M-SC-ACOH), 213 (100%). *-C MMR: 37.0 (C-1), 27.6 (C~2), 73.5 (C23), 34.0 (C-4), 40.3 (C-5),
29,7 (C~6)}, 117.4 (C=7), 139.6 (C-8), 49.5 (C-9), 34.4 (C-10), 21.6 (C-11), 39,7 (C-12), 431.5
{C~13), 55.1 {C-14), 23.0 (C=15), 27.9 (C-16) 56,3 (C~17}, 11.9 (C-18), 12,9 (C-19), 36.5 (C-20),
18,9 (C~21), 33.5 {C=22), 27,9 (C-23), 41.5 {(C-24}, 29.9 (C-258}, 36,4 (C-28), 172.9 (C~-29), 60.0

(01{20), 14.3 (Cﬂa), 21.3 (Ac), 170,58 (0O},

248-3-Acetoxy-Sa-stiguast-T-en-29-oic Acid Ethyl Rster {5b}. The 245-cater (3b) (200 myy 0.39
i} was hydmc”ted as it 24R-isomer to give compound ({5b} (190 mg}, m.p. 91-92°C frowm
mothanol, [a} 3% IR cm 1 1735, NS: 514 (268, M), 499 (148, M-CH 1, 454 (BOS, M-ACOR), 439
{368, M-CH -Aa&), 318 {308, RN-8C), 255 (95%, M-SC-AcOH), 213 (100w}, C NMR: The values were
identical €o thoss reported for (5a) apart from those reported in Table 2.

24R-33,29~-Dihydroxy~-Su-stigmast-7-ene (6a). The 24R-uster (5a} (200 mg; 0.39 wM) was dissolved
in snhydrous diethyl ether (15 mi] and lithiuw sluminium hydride (30C mg) was slowly added. After
stirring at 25° C for 6 hr, the mixturs was cooled to 0° C and ice wan cautiously added to destroy
the unreacted hydride. The mixture was poured into a saturated NaCl soclution anmd thoroughly
sxtracted with sthyl acetats. The combined extracts were daried over anhydrous MNa 80‘ and the
solvant was evaporated undsr reduced pressure to yield a white residue (2 ﬂﬁ) which vy
orystallized from ethyl acetate to give compound {6a) (175 mg), m.p. 175-176°C. (a 0%, IR em s
3600, MS: 430 {1008, M), 415 (348, N-CH ),1!12 {as, N—uzO), 397 (B, H-G!‘-ﬁzo), 3 (288, M-B0),
255 {708, M-S8C-H,0), 231 (29%), 213 (30%). C WMR: 37.47(C~1), 31.7 (C-2}, 71,1 {C~3}), 38.2 (C-4),
40,5 {c-3), 29.3 {¢-6), 117.6 (C-7), 139.6 (C-8), 49.7 {(C~9), 34.4 (C-10), 21,7 {(C-11), 39.8
{C-12), 43,5 {C-13), 55.2 (C~14), 23.0 (C~15), 28.0 (C-16} 56.3 {C~17)}, 11,9 (C-18}, 13.0 (C-19),
36,7 (C-20), 19.0 {C-21), 34.0 (C~22), 27.6 ({C-23}, 41.1 (C-24), 29,7 (C~25), 34.3 {c-28), 62.2

(C~29} .

248-33 , 29-Dihya Sa-stigmast-7-sne (6b). The 245-ester (5b} {200 mg; 0,39 wM) was reduced
with lithium aluminium hydride as described for its 24R-isomer (sse above] to yield a white residue
{200 wg) “M“’ho vas c:yutg_liuud from ethyl acetate to give compound (6b) (185 wmg) m.p.
167-169°C, |a «1%, IR om- "+ 3600, MS: 430 (1008, M), 415 (328, W-CH )}, ‘133(10\, M-4,0}, 397
(Bs, M-CH -R20 s 273 (308, M=BC), 255 (708, N-BC-H,0), 231 (3a8), 213 (30!), C MR: Ths valuas
ware idcnetcnl to those reported for (6a) apart !rc: those reported in Table 2.
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