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Synthesis of C-29-phosphonium derivatives
of 3,28-diacetoxylup-20(29)-en-30-oic acid*
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3P,28-Diacetoxylup-20(29)-en-30-oic acid (obtained via oxidation of betulin diacetate)
enters the addition reaction with P—H-phosphonium salts (triarylphosphonium trifluoroacetates)
under mild conditions to afford B-carboxyalkylphosphonium salts. Structure and composition
of the resulting compounds were confirmed by NMR and IR spectroscopy, mass spectrometry,

and elemental analysis.
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Introduction of phosphorus-containing substituents
into the structures of practically important substances is
widely used to improve their solubility in water and
physiological medial, to increase the current level of their
biological activity and to impart them new activities2-3, to
provide fire retardancy to materials?4, ezc. As demonstrated
by numerous examples, delocalized lipophilic cations,
among which phosphonium ones3:% occupy a special place,
display membranotropism and enable mitochondria-
targeted drug delivery. Dysfunctions of mitochondria, the
main functions of which include supplying cells with
energy, control of the reactive oxygen species and launch-
ing of the programed cell death,” to a greater or lesser
extent contribute to various neurodegenerative disorders,
cardiovascular diseases, diabetes, obesity, malignant tu-
mors, etc.8—10 that make mitochondria the most important
target in therapy of the above diseases. The presence of
a positive charge delocalized over aromatic or hetero-
aromatic rings promotes the penetration of phosphonium
conjugates across cellular and mitochondrial lipid mem-
branes and the formation of a significant concentration
gradient in the cytosol—mitochondrial matrix system.11—13
The latter effect is particularly manifested in tumor cells
and cardiomyocytes enabling to reach high selectivity in
drug delivery exactly to mitochondria of these cells thereby
lowering the required therapeutic concentration.5:6,14—17
There are numerous examples where functionalization of
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various natural and synthetic compounds with triphe-
nylphosphonium moiety improved their pharmacological
properties.>18—20 Such an approach has also been widely
applied to derivatives of lupane-, oleanane- and ursane-
type triterpenoids representing available biologically active
compounds isolated from plant raw materials. Among
lupane derivatives, phosphonium conjugates of betu-
1in21=25_ betulinic26—28 and betulonic28:2% acids and their
dihydro derivatives3? were obtained. Most often, triterpe-
noid scaffold is modified at the ring A (positions C(2) and
C(3)), as well as on positions C(28) and C(19) of isopro-
pylene group.21—32

In the present study, a convenient procedure for the
preparation of triarylphosphonium derivatives of lupane-
type triterpenoids functionalized at the position C(29) has
been proposed (Scheme 1). This approach is based on the
reaction of stable P—H-phosphonium salts29-33:34 with
diacetoxylup-20(29)-en-30-oic acid 3 as a Michael ac-
ceptor, under mild conditions. Using P—H-phosphonium
salts obtainable from triarylphosphines and strong proto-
lytic acids makes it possible to retain triterpenoid lupane
scaffold, which is labile in acidic media.

To synthesize acid 3, a two-step procedure has been
elaborated based on initial allylic oxidation of diacetoxy-
betulin (1) with selenium dioxide in aqueous solution
followed by complete oxidation of the resulting diacetox-
ylup-20(29)-en-30-al 2 with sodium chlorite. The total
yield of acid 3 related to the starting diacetoxybetulin 1 is
55—60%. Unsaturated acid 3 reacts with P—H- phospho-
nium salts (as exemplified by triphenyl- and tri(m-tolyl)-
phosphonium trifluoroacetates) under mild conditions to
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Scheme 1

4: Ar = Ph (a), 3-MeCgH, (b)

N
29_PAr3
209R/s  CF3C0O0~
0 “,

Reagents and conditions: i. SeO,, EtOH, H,O0, A; ii. NaClO,, KH,PO,4, H,0,, Bu'OH, H,0; iii. ArHP*CF;C0O0~, CH,Cl,.

afford derivatives 4a,b as mixtures of epimeric forms in
a 1.6 : 1 ratio. The formation of diastereomers in this case
is due to appearance of an additional stereogenic center
at the C(20) carbon atom.

In the 3'P-{!H} NMR spectra, phosphonium salts 4a,b
are characterized by signals in the range of dp 23—24. In
their 13C—{!H} NMR spectra, there are signals of the
C(29) carbon atom in the range of 8- 24—25 appearing
as a doublet with 1JP’C = 51.0 Hz, that along with the shape
(doublet) of the signals of the P—C,, carbon atom and
the value of lJP’C = 86.0 Hz confirm the phosphonium
nature of the obtained compounds. Structures of all com-
pounds were additionally confirmed using two-dimensional
homo- (!H—'H COSY) and heteronuclear (13C—!H
HSQC, HMBC) correlation NMR experiments.

As reported in the literature, triphenylposphine can
react with a,B-unsaturated carboxylic acids to give beta-
ines.35:36 In the course of additional experiments we have
found that diacetoxylup-20(29)-en-30-oic acid 3 hardly
entered the reaction with triphenylphosphine in the ab-
sence of strong acids. Hence, prolonged stirring of the
mixture of acid 3 with triphenylphosphine provided less
than 8% of phospho betaine (according to the 3!P—{!H}
NMR data of the reaction mixture).

To summarize, the present study proposes a convenient
introduction of triarylphosphonium moiety into lupane-
type triterpenoids based on the reaction of diacetoxylup-

20(29)-en-30-oic acid, a Michael acceptor, with P—H-
phosphonium salts. It was shown that the latter compounds
do not promote isomerization of the triterpenoid lupane
scaffold.

Experimental

NMR spectra were recorded on a Bruker Avance-400 (1H,
400 MHz; 13C—{'H}, 100.6 MHz; 3'P—{1H}, 162.0 MHz)
spectrometer at 25 °C. IR-spectra were obtained on a Bruker
Tensor 27 apparatus for the sample pellets in KBr. MALDI mass
spectra were recorded on a Bruker MALDI-TOF Ultraflex 111
using 2,5-dihydroxybenzoic acid matrix. Melting points were
determined on a Boetius hot-stage. Elemental analysis was
performed on a EuroEA 3028-HT-OM Eurovector S.p.A high
temperature CHNS-O-analyzer. Compounds were purified
and separated using Sepacore X50 (Biichi) flash system. Solvents
were purified and dried according to the standard proce-
dures. Betulin diacetate 1 was obtained according to a known
procedure.3’

38,28-Diacetoxylup-20(29)-en-30-al (2). A mixture of com-
pound 1 (0.5 g, 0.95 mmol) and SeO, (0.26 g, 2.37 mmol),
ethanol (25 mL), and water (3 mL) was stirred at 100 °C for 6 h.
The resulting solution was decanted from the precipitated elemen-
tal selenium. Alcohol was evaporated in vacuo (15 Torr), the
residue was diluted with ethyl acetate and washed with water.
The organic layer was dried over anhydrous Na,SOy, and then
evaporated to dryness. The yellow residue was purified by column
chromatography using petroleum ether—ethyl acetate mixture
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(5:1).Yield 0.30 g (58%), m.p. 139—141 °C (chloroform). IR,
v/em~1: 2946, 2873, 1737 (C=0), 1693 (CH=0), 1636 (=CH,),
1458, 1391, 1366, 1245 (CH;CO), 1031, 979, 943, 901 (=CH,),
753. 'TH NMR (CDCls), 8: 0.72—2.25 (23 H), 0.76 (d, 1 H, H(5),
3JH’H = 9.4 Hz); 0.82 (br.s, 9 H, H(23)—H(25)); 0.93 (3 H,
H(27)); 1.01 (3 H, H(26)); 2.04 (s, 3 H, CH;C(0)OC(3)); 2.07
(s, 3 H, CH3C(0)0C(28)); 2.80 (m, 1 H, H(19), 3JH’H =11.7 Hz,
3JHH 4.3—4.5 Hz); 3.86 (d, 1 H, HA(28), 2JHH— 11.0 Hz);
4.27 (d, 1 H, Hg(28), 2-’1—11—1 = 11.0 Hz); 4.45 (dd, 1 H, H(3),
3JHH— 10.6 Hz, 3JHH—55HZ) 5.93 (s, 1 H, HA(29)); 6.28
(s, 1 H, Hg(29)); 9.50 (s, 1 H, H(30)). 3C—{'H} NMR (CDCl5),
81 194.73 (C(30)), 171.48 (CH3C(0)0OC(28)), 171.02 (CH3C(0)-
0C(3)), 156.46 (br.s, C(20)), 133.45 (br.s, C(29)), 80.84 (C(3)),
62.38 (C(28)), 55.32 (C(5)), 51.35 (br.s, C(18)), 50.04 (C(9)),
46.55 (C(17)), 42.54 (C(14)), 40.79 (C(8)), 38.33 (C(1)), 37.76
(C(4)), 37.18 (C(13)), 36.99 (C(10)), 36.90—37.10 (br.s, C(19),
overlapped with the signal of C(10)), 34.46 (C(22)), 34.07 (C(7)),
31.98 (br.s, C(21)), 29.69 (C(16)), 27.93 (C(23)), 27.42 (C(12)),
26.94 (C(15)), 23.64 (C(2)), 21.32 (CH;C(0)0OC(3)), 21.04
(CH;C(0)0C(28)),20.77 (C(11)), 18.13 (C(6)), 16.49 (C(24)),
16.10 (C(25)), 15.97 (C(26)), 14.57 (C(27)). Found (%): C, 75.44;
H, 9.78. C34H5,0s5. Calculated (%): C, 75.52; H, 9.69.

3(,28-Diacetoxylup-20(29)-en-30-oic acid (3). Enal 2 (0.3 g,
0.55 mmol) was dissolved in fert-butyl alcohol (15 mL). To this
solution, 15% H,0, (10 mL), 15 mL of a solution of KH,PO,
(1.5 g, 11.02 mmol) in water was added followed by NaClO,
(0.20 g, 2.22 mmol). After stirring for 8 h, fert-butyl alcohol was
distilled in vacuo. To the residue, saturated NH4Cl solution (100 mL)
was added and the mixture was extracted with ethyl acetate
(3x30 mL). The organic layer was washed with water, dried over
Na,S0y, evaporated to dryness in vacuo (15 Torr). Yield 0.29 g
(95%), m.p. 233—235 °C (tert-butyl alcohol). IR, v/cm~!: 3448
(OH), 2947, 2874, 1737 (C=0), 1716 (COOH), 1625 (=CH,),
1459, 1391, 1367, 1245 (CH;CO), 1031, 979, 945, 902 (=CH,),
750. 'H NMR (CD;0D), &: 0.73—2.26 (23 H); 0.77 (d, 1 H,
H(5), 3JH7H = 9.7 Hz); 0.84 (br.s, 9 H, H(23)—H(25)); 0.95
(3 H, H(27)); 1.03 (3 H, H(26)); 2.04 (s, 3 H, CH5C(O)-
0C(3)); 2.08 (s, 3 H, CH3C(0)0C(28)); 2.78 (m, 1 H, H(19),
3JHH 11.3 Hz, JHH 5.5 Hz); 3.86 (d, 1 H, Hx(28),
2JHH— 11.0 Hz); 4.27 (d, 1 H, HB(28),2JH g = 11.0 Hz); 4.46
(dd, 1 H, H(3),3JHH—102HZ JHH—56HZ) 5.69 (s, 1 H,
HA(29)); 6.24 (s, 1 H, Hg(29)). 13C— {IH} NMR for compound
4 (CD;0D), 6: 173.27 (CH3C(0)0C(28)), 172.85 (CH;C(O)
0C(3)), 170.59 (C(30)), 148.50 (br.s, C(20)), 124.07 (br.s,
C(29)), 82.43 (C(3)), 63.59 (C(28)), 56.74 (C(5)), 52.18 (br.s,
C(18)), 51.49 (C(9), 47.80 (C(17)), 43.78 (C(14)), 42.06 (C(8)),
39.51 (C(1)), 38.84 (C(4)), 38.64 (C(13)), 38.22 (C(10)), 35.31
(C(7)), 35.17 (C(22)), 33.20 (br.s, C(21)), 30.81 (C(16)), 28.61
(C(12)), 28.46 (C(23)), 28.19 (C(15)), 24.66 (C(2)), 22.00
(C(11)), 21.15 (CH5C(0)OC(3)), 20.84 (CH;C(0)0OC(28)),
19.26 (C(6)), 16.98 (C(24)), 16.69 (C(25)), 16.53 (C(26)), 15.18
(C(27)). Found (%): C, 73.19; H, 9.32. C34H5,04. Calculat-
ed (%): C, 73.35; H, 9.41.

Synthesis of phosphonium salts 4a,b (general procedure). To
a solution of a phosphine (0.36 mmol) in CH,Cl, (2 mL), triflu-
oroacetic acid (82 puL, 1.08 mmol) was added dropwise, the re-
sulting mixture was stirred for 1 h under Ar atmosphere. Then,
a solution of compound 3 (0.1 g, 0.18 mmol) in CH,Cl, (8§ mL)
was added to the reaction mixture. The resulting solution was
stirred under Ar atmosphere for 6 h. The solvent was distilled
in vacuo (15 Torr), the residue was dissolved in CHCI; (1 mL)

and precipitated with petroleum ether. The solid was filtered off
and dried in vacuo (15 Torr).

[3B,28-Diacetoxy-30-hydroxy-30-oxolup-29-yl]triphenyl-
phosphonium trifluoroacetate (4a). Yield 0.16 g (95%), diastereo-
mer ratio 1.6 : 1. IR, v/cm~!: 3448 (OH), 3065, 2949, 2874, 1729
(C=0), 1686 (COOH), 1589, 1485, 1440, 1392, 1250 (CH;CO),
1197, 1137, 1112, 1030, 998, 979, 945, 902, 798, 747, 722, 691,
608, 541, 506. "H NMR for epimer 4 'a (CD;0D), §: 0.73—2.22
(m, 24 H); 0.86 (br.s, H(27)); 0.87 (br.s), 0.88 (br.s), 0.90 (br.s,
9 H, H(23)—H(25)); 1.05 (br.s, 3 H, H(26)); 2.03 (br.s, 3 H,
CH;3;C(0)0C(3)); 2.05 (br.s, 3 H, CH3C(0)0C(28)); 2.16
(m, 1 H, H(19)); 2.98 (m, 1 H, H(20)); 3.53 (dd, 1 H, H,(29),
3Jyp = 149 Hz, 2Jp g = 14.9 Hz); 3.76 (br.d, 1 H, Hx(28),
2JH u=11.1Hz);3.93 (m, 1 H, Hp(29), overlapped with a signal
ofHB(29) of epimer 4”a); 4.33 (d, 1 H, Hg(28), 2JH p=11.0Hz,
overlapped with a signal of Hg(28) of epimer 4”a); 4.44 (m, 1 H,
H(3), overlapped with a signal of H(3) of epimer 4”a); 7.70—7.96
(m, Ph). BC—{'H} NMR for epimer 4’a (CD;0D), &: 174.58
(C(30)); 173.17 (CH3C(O)OC(28)) 172.85 (CH;C(0)OC(3));
162.05 (q, CF3COO JFC = 32.1 Hz); 136.45 (p-C,,), 134.98
(d, 0-Cpy,,s JPC IOOHZ) 131.50 (d, m-CAr, 3JPC— 12.6 Hz);
119.50 (d, ipso-Cy, J])C = 86.3 Hz); 117.77 (q, CF;COO,
'JF c = 292.0 Hz); 82.36 (C(3)), 63.01 (C(28)), 56.62 (C(5)),
51.08 (C(9)), 49.99 (C(18)), 47.51 (C(17)), 45.79 (d, C(19),
3JP,C = 11.9 Hz); 43.98 (C(14)), 43.09 (d, C(20), overlapped
with a signal of C(20) of epimer 4”a); 42.05 (C(8)), 39.46 (C(1)),
38.81 (br.s, C(4)); 38.29 (C(13)); 38.12 (br.s, C(10), overlapped
with signals of C(10) and C(13) of epimer 4"a); 35.24 (C(22)),
34.99 (C(7)), 30.81 (C(16)), 28.45 (C(23)), 27.91 (C(12)), 27.87
(C(195)), 25.83 (d, C(29), 1JP,C = 51.2 Hz); 24.63 (C(2)), 23.70
(C(21)),21.77 (C(11)), 21.17 (CH3C(0)0OC(3)), 20.79 (CH;C(0)
0C(28)), 19.18 (C(6)), 16.98 (C(24)), 16.61 (C(25)), 16.46
(C(26)), 14.99 (C(27)). 3'P—{'H}NMR for epimer 4 a (CD;0D),
Op: 23.7.

'H NMR for epimer 4”a (CD;0D), 6:0.73—2.22 (m, 24 H);
0.86 (br.s, H(27)); 0.87 (br.s), 0.88 (br.s), 0.90 (br.s, 9 H,
H(23)—H(295)); 1.05 (br.s, 3 H, H(26)); 2.03 (br.s, 3 H, CH;C(O)
0C(3)); 2.05 (br.s, 3 H, CH;C(0)0OC(28)); 2.16 (m, 1 H, H(19));
2.98 (br.m, 1 H, H(20)); 3.32 (m, 1 H, H4(29), overlapped with
asolvent signal); 3.76 (br.d, 1 H, H,(28), 2JH’H =11.1Hz); 3.93
(m, 1 H, HB(29), overlapped with a signal of Hg(29) of epimer
4’a), 4.33 (d, 1 H, Hp(28), ZJH,H = 11.0 Hz, overlapped with
asignal of Hg(28) of epimer 4a), 4.47 (m, 1 H, H(3), overlapped
with a signal of H(3) of epimer 4’a); 7.70—7.96 (m, Ph).
13C—{!H} NMR for epimer 4”a (CD;0D), &: 175.55 (C(30));
173.05 (CH; C(O)OC(28)), 172.94 (CH;C(0)0OC(3)); 162.05
(q, CF3;COO0, JFC 32.1 Hz); 136.45 (s, p-C);135.32 (d, 0-C,
2JPC = 9.9 Hz); 131.54 (d, m-C, JPC = 12.6 Hz); 119.45
(d, ipso-C, Jpc 86.3 Hz); 117.77 (q, CF;COO, 1JFC 292.0 Hz);
82.39 (C(3)); 63.15 (C(28)); 56.65 (C(5)); 51.00 (C(9)); 49.90
(C(18)); 47.75 (C(17)); 45.79 (d, C(19), 3Jp’c =11.9 Hz); 44.13
(C(14)); 43.20 (d, C(20), overlapped with a signal of C(20) of
epimer 4°a); 41.94 (C(8)); 39.67 (C(1)); 38.81 (C(4)); 38.14
(br.s, C(10), overlapped with signals of C(10) of epimer 4'a and
C(13) of epimer 4”a); 38.12( br.s, C(13), overlapped with signals
of C(10) and C(13) of epimer 4'a); 35.24 (C(22)); 35.06 (C(7));
30.28 (C(16)); 28.45 (C(23)); 27.81 (br.s, C(12), overlapped
with a signal of C(15) of epimer 4”a); 27.81 (br.s, C(15), over-
lapped with a signal of C(12) of epimer 4”a); 25.83 (d, C(29),
'JP’C = 51.2 Hz); 24.63 (C(2)), 23.70 (C(21)), 21.69 (C(11)),
21.17 (CH;3C(0)0C(3)), 20.79 (CH;C(0)OC(28)), 19.18 (C(6)),
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16.98 (C(24)), 16.53 (C(25)), 16.41 (C(26)), 15.53 (C(27)).
3Ip—{1H} NMR for epimer 4”a (CDCl5), 8: 24.5. MALDI MS,
m/z: 819.8 [M — CF;COO0]".

[3B,28-Diacetoxy-30-hydroxy-30-oxolup-29-yl]tris(3-me-
thylphenyl)phosphonium trifluoroacetate (4b). Yield 0.16 g (91%),
diastereomer ratio 1.6 : 1. IR, v/cm™!: 3394 (OH), 2947, 2873,
1730 (C=0), 1686 (COOH), 1596, 1482, 1457, 1391, 1248
(CH;CO), 1202, 1133, 1030, 996, 979, 945, 901, 874, 800, 782,
756,719, 690, 608, 556, 461. 'H NMR for epimer 4 b (CD;0D),
9: 0.73—2.23 (m, 24 H); 0.86 (s, 3 H, H(27)); 0.88 (br.s), 0.88
(br.s), 0.91 (br.s, 9 H, H(23)—H(25)); 1.06 (s, 3 H, H(26)); 2.03
(brs, 3 H, CH3C(0)0OC(3)); 2.05 (s, 3 H, CH;3C(0)OC(28));
2.14 (m, 1 H, H(19)); 2.47 (s, 3 H, C¢H,CH; )’2 94 (m, 1 H,
H(20)); 3.46 (dd, 1 H, HA(29), 3JH u=149Hz, .Ip u = 14.9 Hz);
3.75 (br.d, 1 H, H(28), .IH p=11.0Hz); 3.91 (m, 1 H, Hp(29),
overlapped with a signal of H B(29) of epimer 4”b); 4.33 (br.d,
1 H, Hp(29), 2JH’H = 11.3 Hz); 4.44 (m, 1 H, H(3), over-
lapped with a signal of H(3) of epimer 4”b); 7.50—7.76 (m, Ar).
13C—{'H} NMR for epimer 4’b (CD;0D), &: 174.68 (C(30)),
173.17 (CH3C(0)0OC(28)), 172.84 (CH;C(0)0OC(3)), 162.27
(q, CF3;CO00, 2JFC = 34.6 Hz); 142.10 (d, m- CAr(2) JPC

=12.6 Hz); 137.11 (p- CAr) 134.90 (d, 0-C,(2), Jpc 9.9 Hz);
132.14 (d, Cu, (1), 2Jpc = 9.9 Hz); 131.34 (d, m-Cx,(1),
3Jp c=13.6 Hz); 119.50 (br.d, ipso-Cy,, JPC 85.6 Hz); 117.91
(q, CF;COO0, 1JF c = 291.1 Hz); 82.34 (C(3)), 62.99 (C(28)),
56.60 (C(S)) 51.10 (C(9)), 49.99 (C(18)), 47.50 (C(17)), 45.79
(d, C(19), .Ip’c = 11.9 Hz); 44.02 (C(14)), 43.08 (d, C(20),
overlapped with a signal of C(20) of epimer 4”b), 42.06 (C(8)),
39.49 (C(1)), 38.81 (C(4)), 38.17 (br.s, C(10), overlapped with
signals of C(10) and C(13) of epimer 4"b), 38.13 (C(13)), 35.25
(C(22)), 35.01 (C(7)), 30.81 (C(16)), 28.44 (C(23)), 27.90
(C(12)), 27.81 (br.s, C(15), overlapped with a signal of C(12) of
epimer 4”b), 25.86 (d, C(29), 1Jp’C = 51.4 Hz); 24.63 (C(2)),
23.69(C(21)),21.93(C(11)), 21.42 (C¢H4CH3), 21.17 (CH3C(0)-
0C(3)), 20.79 (CH;C(0)0C(28)), 19.18 (C(6)), 16.99 (C(24)),
16.62 (C(25)), 16.46 (C(26)), 15.01 (C(27)). 3'P—{'H} NMR
for epimer 4’b (CD;0D), &: 23.5.

"H NMR for epimer 4”b (CD3;0D), 8: 0.73—2.23 (m, 24 H);
0.83 (s, 3 H, H(27)); 0.88 (br.s), 0.88 (br.s); 0.91 (br.s, 9 H,
H(23)—H(25)); 1.04 (s, 3 H, H(26)); 2.03 (br.s, 3 H, CH;C(O)-
0C(3)); 2.05 (s, 3 H, CH;C(0)0OC(28)); 2.14 (m, 1 H, H(19));
2.46 (s, 3 H, C¢gH,CH5); 2.94 (m, 1 H, H(20)); 3.18 (m, 1 H,
HA(29), 3JH,H = 14.8 Hz, ZJP’H = 14.8 Hz); 3.75 (br.d, 1 H,
H,A(28), 2JH,H = 11.0 Hz); 3.91 (m, 1 H, Hg(29), overlapped
with a signal of Hg(29) of epimer 4°b), 4.33 (br.d, 1 H, Hg(28),
2JH’H =11.3 Hz); 4.47 (m, 1 H, H(3), overlapped with a signal
of H(3) of epimer 4"'b); 7.50—7.76 (m, Ar). 3C—{!H} NMR for
epimer 4”b (CD;0D), 8: 175.69 (C(30)); 173.05 (CH;C(0)-
OC(28)) 172.95 (CH;C(0)OC(3)); 162.27 (q, CF5C0O0, 2Jg c=
= 34.6 Hz); 142.13 (d, m- CAr(Z) JPC = 12.5 Hz); 137.14
(r-Cyp); 135.25(d, 0-Cp(2), Jpc 9. 9Hz) 132.43 (d, 0-Cp (1),
Z.IPC 9.9 Hz); 131.39 (d, m-C,(1), Jpc— 13.3 Hz); 119.50
(br d lpSO CAr’ JP,C =85.6 HZ) 117.91 (q, QF3COO 'IF,C =
= 291.1 Hz); 82.41 (C(3)), 63.15 (C(28)), 56.75 (C(5)), 51.10
(C(9)), 49.91 (C(18)), 47.67 (C(17)), 45.79 (d, C(19), 3JP,C =
= 11.9 Hz); 44.02 (C(14)), 43.16 (d, C(20), overlapped with
a signal of C(20) of epimer 4b); 41.96 (C(8)), 39.75 (C(1)), 38.81
(C(4)), 38.21 (br.s, C(10), overlapped with signals of C(10) of
epimer 4b and C(13) of epimer 4”b); 38.17 (br.s, C(13), overla-
pped with signals of C(10)), 35.25 (C(22)), 35.15 (C(7)), 30.33
(C(16)), 28.44 (C(23)), 27.81 (br.s, C(12), overlapped with

a signal of C(15) of epimer 4'b); 27.76 (C(15)), 25.86 (d, C(29),
p ¢ = 51.4 Hz); 24.63 (C(2)), 23.74 (C(21)), 21.76 (C(11)),
21.51 (C4gH4CH3), 21.17 (CH;C(0)OC(3)), 20.79 (CH;C(0)
0C(28)), 19.18 (C(6)), 16.99 (C(24)), 16.53 (C(25)), 16.40
(C(26)), 15.44 (C(27)). 3'P—{'H} NMR for epimer 4"b (CD;0D),
d:24.2. MALDI MS, m/z: 861.9 [M — CF;COO]*.
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