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Synthetic Studies on Natural Diterpenoid Glyceryl Esters
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Abstract—Synthesis of natural bicyclic and tricyclic diterpenoid diacylglycerols has been performed by regioselective coupling of terpe-
noid acid with glycerol at sn position. This method may be considered a general approach to obtain optically active acylglycerols. The
preparation of-3C-labelled geranylgeranoic acid glyceryl esters is also described @&@00 Elsevier Science Ltd. All rights reserved.

Introduction tricyclic isocopalang®®andentisocopalan&®***>’skele-
tons, including rearranged and functionalized structures.
Terpenoid acylglycerols represent an interesting group of
natural bioactive molecules, which could be considered Terpenoid acylglycerols are likely biosynthesized de novo
the chemical marker of marine dorid nudibranchs belonging by the nudibranch, as has been recently demonstrated in

to the related generAnisodoris Archidoris Austrodoris some Pacific dorid specié$.
Doris and Sclerodoris'~ After the first report of farnesyl
glyceryl esters from the skin ofrchidoris odhnerf* an In the course of our research on marine molluscs, in the last

increasing number of terpenoid diacylglycerols have been few years we have directed our interest towards dorid
isolated from the mantle of several dorid species in the last nudibranchs containing terpenoid acylglycerols. Several
years>®® These molecules, which are supposed to be new bicyclic and tricyclic molecules have been isolated
involved in the chemical defense of nudibranchs, shell- from different dorid species. Among these, an interesting
less molluscs apparently unprotected from predation, pair of diasterecisomeric diacylglycerols, exhibiting
display deterrent and ichthyotoxic propertfdsPromising enantiomeric terpenoid skeletons (isocgJ)alane end
physiological activities, such as the activation of protein isocopalane structure), has been also reporféte promis-
kinase C in vitro and morphogenetic effects in the ing biological activities of terpenoid diacylglycerols have
regenerative test in vivo with the fresh water hydrozoan also prompted synthetic studies with the aim of either
Hydra vulgaris, have been also reporté®i The majority confirming the proposed structures or obtaining larger
of natural terpenoid acylglycerols are structurally character- quantities of compounds for pharmacological studies. A
ized by the presence of a terpenoid acid residue esterified aseries of linear and cyclic optically active terpenoid glyceryl
C-1’ of glycerol, which is further linked to an acetyl group at ~ esters have been prepared. Accounts of this synthetic work,
C-2' or C-3. However, a few glyceryl esters with the including the assignment of the absolute stereochemistry of
terpene moiety linked to the secondary carbon of glycerol some natural sesquiterpenoid diacylglycerols, have already
have been also isolatédi’?''The S absolute configuration  been publishedf!521-23

at C-2 of glycerol has been determined for several 1,3-

diacylglycerols by using different chemical meth&ts as Herein, we report the full experimental data on the synthesis

well as by synthesis*1>Surprisingly, the oppositR stereo- of the natural glyceryl ester derivatives of bicyclic and
chemistry at C-2has been recently reported for two 1,3- tricyclic diterpenoid acids, with the aim at presenting a
diacylglycerols occurring in an Antarctic nudibranth. survey on our recent studies in this field. In particular, the

preparation of the natural diacylglycerdls, 2¢, 2i, 3eand
The terpenoid structure is quite variable. However, so far, 3i, previously isolated from some dorid species, as indicated

the mi;ority of diacylglycerols display either bicyclic inFig. 1, is described here.
labdané®® halimane!31® and copalan® skeletons, or _ . _
Furthermore, the synthesis of the mixture of diastereo-
- isomeric glyceryl derivatives ofac-isocopalic acid Za&/
Keywordsterpenes and terpenoids; glycerol; marine metabolites; labelling. 3a), obtained by superacidic cyclization of geranylgeranoic
Corresponding author. Tel+39-081-8534247; faxi-39-081-8041770;  4cid s reported. Finally, this synthetic method has been
e-mail: mgavagnin@icmib.na.cnr.it | lied | | derivati f |
T On leave from Institute of Chemistry, Academy of Sciences, MD-2028 aiso aPp |e_ to prepare_ gy(_:ery er_lvatlves 0 ge_rany-
Chisinau, Republic of Moldova. geranoic acid labelled with’C isotope, in order to achieve
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Figure 1.

suitable precursors for biosynthetic studies of diacyl-
glycerols in dorid nudibranchs. The synthesis of the mono-
glyceryl and the 1,3-diacylglyceryl esters of 3,5@,-(all
E)-geranylgeranoic acid4f) is also described here.

Results and Discussion
Synthetic strategy

All diterpenoid acylglycerols were synthesized using a

2e Ry =
2i Ry =

Doris verrucosa
Anisodoris fontaini
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Ac; Ra=H 3i Ry=Ac;Rx=H

Archidoris montereyensis
Archidoris tuberculata

a) preparation of the starting diterpenoid acid;

b) regioselective coupling of the diterpenoid acid
chloride with glycerol at sn position*

c) regioselective acetylation at C-@r C-3.22

Stepsh andc, which are common for all compounds synthe-
sized, are illustrated in Scheme 1, whereas the preparation
of the starting acids is described below. Overall yields
obtained in the synthesis of natural acylglycerols are
reported in Table 1.

The starting diterpenoid acids 14-4a) were first

general strategy, which was based on three sequential stepgransformed into the corresponding chloridd®+{4b) by

0 o)
la-4a 1b - 4b Ic-4c
i
ORy OH
R\H/O\)\/ORZ v RO OH
0 0
le - 4e Ry=H; Ro=Ac 1d - 4d
+
1f - 4f Ry=R>=Ac
lv
OAc 0Ac OH
A O OH i RTO\)\/OTBDMS v R_o_X_oteoms
fe} o
1i - 3i 1h - 3h 1g-3g
la-1iR = 2-2iR =

3a-3iR =

Scheme 1Reagents and conditions) (COCI),, CsHe, room temperature (2 h),

25 (0.5 h); (i) (—)-2,3-O-isopropylidenesn-glycerol, NaH, dry CHCI,, 0°C

(20 min), room temperature (10 min)ii § H,SO,, MeOH, room temperature (4 h)y{ N-acetylimidazole, DBU, gHg, room temperature (1 h)yY 1.1 equiv.
TBDMSCI, dry Pyr, room temperature (12 hyiX Ac,O, dry Pyr, room temperature (12 hyij ca. 1.1 equiv. PdGMeCN),, Me,CO, room temperature

(1 h).
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Table 1. Coupling scheme of terpenoid acylglycerols. Overall yields (from starting deiel3a) are reported in brackets

OH
,O OH 1d (85%) 2d (66%) 3d (70%)
ﬁ," \)\/
OH
0 OAc 1le (55%) 2e (44%) 3e (47%)
‘1.,1’ \/k/
OAc )
_0O OH 1i (56%) 2i (40%) 3i (49%)
ﬁH‘ \/K/

treatment with (COC} in dry CsHe, at room temperature  Preparation of starting diterpenoid acids

for 2 h and at 4%C for 30 min. The crude chlorides, without

purification, were immediately coupled with-§-2,3-O- Bicyclic acylglycerols. Copalic acid (& was easily
isopropylidenesn-glycerol, by NaH in CHCI,, to give obtained by hydrolysis of the corresponding methyl ester,
the acetonideslc—4c. These latter compounds were which was isolated from commercial ‘Copaiva Balsam’, as
subsequently deprotected by 0.006 M3, in CH;OH to already reported?

afford the corresponding monoacylglycerolkd—4d.*

Acetylation of 1d—4d by N-acetylimidazole (DBU, gHg) Tricyclic acylglycerols. The synthetic procedure in Scheme
yielded the 1,3-diacyl glycerol$e-4e, as main products, 1 was first carried out using as substratac)-isocopalic
along with the diacetyl derivative$f—4f (ratio ca. 3:1). acid 2a/3a) (Scheme 2), which was prepared by superacidic
The 1,2-diacyl glyceryl esterdi—3i were also synthe-  cyclization of geranylgeranoic acicb) according to the
sized by selective protection with TBDMSCI of the literature?® In order to get the diastereoisomeric pairs

primary hydroxyl group (compound&g-3g), followed 2e-3e and 2i-3i, the mixture of epimeric monoacylgly-
by acetylation of the secondary —OH (compourids- cerols 2d and 3d obtained, was submitted to different
3h) and subsequent removal of TBDMS group by chromatographic techniques. Every attempt to separate the
PdCL(CH3CN),.%? two compounds failed, so it was decided to perform the
1
| N\ “COH ' CO.H cocl
N i i
8%
5 (racs-2a/3a (rac)-2b/3b
i |
&%

8% | iv

Scheme 2Reagents and conditions) FSGH (5 equiv.),i-PrNO2,—78°C, 40 min, then EN; (ii) (COCI), CsHe, room temperature (2 h), 46 (0.5 h);
(iii) (—)-2,3-O-isopropylidenesnglycerol, NaH, dry CHCI,, 0°C (20 min), room temperature (10 min)yX H,SO,, MeOH, room temperature (4 h).
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Ref. 24

Scheme 3Reagents and conditions) FSGH (5 equiv.),i-PrNO2,—78C, 40 min, then EN.

synthesis starting from both optically active isocopalic acid [1,2-:*C,]-(E,E)-farnesylacetonel(l). This compound was
(2a) and entisocopalic acid a). Compound2a was
prepared in high yields by superacidic cyclization of natural
copalic acid {a), whereas3a was obtained in high yields
by superacidic cyclization of the bicyclic diterpene a6id

previously synthesized from sclaredf)(in five step$*

(Scheme 3).

Synthesis of 3,208°C,-(all E)-geranylgeranoic acid (4a).
The 1,3-diacylglyceryl derivative of (alt)-geranylgeranoic
acid ) was found in the Mediterraneddoris verrucosa

along with a series of bicyclic and tricyclic acylglycerols,
which were suggested to be biogenetically correlated.
Unfortunately, preliminary incorporation in vivo of labelled

mevalonaté® gave ambiguous results. Therefore, in order to
get suitable precursors for further biosynthetic studies in

vivo in D. verrucosa the synthesis of the monoglyceryl
and the 1,3-acetylglyceryl derivatives of 3,5@,-(all E)-
geranylgeranoic acid4), obtained as reported in Scheme

4, has been also planned.

According to the literaturd® for (all E)-geranylgeranoic
acid (), (EE)-farnesylbromide § was coupled with
[3,4-%C,)-ethyl acetoacetated), by Na metal in toluene,
to give [1,23°C,]-3-ethylcarboxy-E,E)-farnesylacetone
(10), which was decarboxylated by KOH/EtOH to obtain method to prepare in good yield optically active diterpenoid

Br Y CO.Et
o 9

N .
i

N 65%

1227 12/13=1:3

t132E

19
COEt
3 *

submitted to Wittig reaction with trimethylphosphono-
acetate/MeONa, in g, to afford a mixture of the two
isomeric esterd 2 (A2 Z) and 13 (A% E). Finally, the ester
mixture was hydrolyzed by KOH/EtOH to give, after
chromatographic purification on Si-gel, pure @)lisomer
4a

Labelled compound40, 11, 4a—4f were characterized by
MS and NMR data. In particularH NMR spectra were
identical with those of the corresponding natural abundance
molecules, except for the signal of the labelled methyl
which resonates as a double doubl®t(100-140 Hz and
J,~6.0-7.0 Hz) for heteronuclear geminal and vicinal
couplings (see Experimental). On the other side, NMR
spectra were characterized by the presence of two very
intense apparent doublet signals attributed to the geminal
labeled carbons, each other coupled. In addition, expected
13c13C couplings through two or three bordsvere also
detected (see Experimental).

Conclusions

In conclusion, we have described a general synthetic

lii

Scheme 4Reagents and conditions) ©, Na metal, toluene, reflux 2 hiiY KOH, aq. EtOH, reflux 2 h;iii) (MeO),P(O)CHCO,Me, MeONa, GHg, reflux

15h.
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acylglycerols. It has been reported that many of these (from petr. ether); ¢]p=+7.2 (c 0.11, CHC}); IR: vmax
natural compounds show potent PKC stimulatory effects (liquid film) 3500, 1715 cm®; *H NMR (400 MHz, selected

in vitro and PKC morphogenetic properties in vivo in the

values)éy: 0.81 (3H, s, H-18), 0.86 (3H, s, B19), 0.91

Hydratest, suggesting their use as molecular probes for cell (3H, s, H-20), 0.97 (3H, s, K17), 1.67 (3H, bs, K16),

development studies. The synthetic approach here

2.93 (1H, bs, H-14), 554 (1H, bs, H-12}°C NMR

described opens a very easily accessible way to better(100 MHz) éc: 177.1 (C-15), 128.4 (C-13), 124.4 (C-12),

investigate such interesting pharmacological activities.

Experimental

General procedures

62.1 (C-14), 56.4 (C-5), 54.2 (C-9), 41.8 (2C, C-3 and C-7),
39.9 (C-1), 37.4 (C-8), 36.4 (C-10), 33.4 (C-19), 33.1 (C-4),
22.6 (C-11), 21.6 (C-18), 21.2 (C-16), 18.6 (C-2 or C-6),
18.5 (C-6 or C-2), 15.8 (C-20), 15.5 (C-17); HRMS calcd
for CooH320, (M™) mVz 304.2402, found 304.2410.

(—)-entIsocopalic acid 3a.Using the procedure above

Melting points were measured on a Kofler apparatus and aredescribed and as already reported in Ref. 21, a&id
uncorrected. The IR spectra were taken on a Bio-Rad FTS 7(152 mg, 0.50 mmol) was dissolved inPrNO, (3 ml),

spectrophotometetH and**C NMR spectra were recorded
in CDCl; on Bruker WM 500, Bruker AM 400 and Bruker

cooled at —78C and treated with FS{BI (260 mg,
2.60 mmol) in i-PrNG, (1.5 ml), under stirring. After

WM 300 spectrometers; chemical shifts are reported in ppm 40 min, a solution of EN (3ml) in petroleum ether

and are referred to CHEhs internal standard5(7.26 for
proton andé 77.0 for carbon). Optical rotations were
measured in CHGlon a Jasco DIP 370 polarimeter, using

(1.5 ml) was added. The reaction mixture was extracted
and after removing of the solvent, the residue was chroma-
tographed on a silica gel column (2.5 g, petr. ethejOFEt

a 10-cm cell. EIMS spectra were recorded on a Carlo Erba 97:3) to give 140 mg (92%) of«)-entisocopalic acid3a:

TRIO 2000 spectrometer, coupled with an INTEL com-

colorless crystals, mp 177-1T8 (from petr. ether);

puter. HREIMS spectra of labelled compounds were [a]p=—9.1° (c 0.30, CHC}); IR, *H and *C NMR data

obtained on a VG 70-70 EQ-HF instrument with manual

peak-matching technique, using the appropriate PKF

were identical with those d?a

peaks as internal reference. Commercial Merck Si gel 60 (rac)-Isocopalic acid 2a/3aA solution of FSGQH (330 mg,

(70-230 mesh ASTM) was used for column chromato-

3.30 mmol) ini-PrNG, (1.9 ml) was added at 78°C, under

graphy, and Merck precoated Si gel plates were used forstirring, to 200 mg (0.66 mmol) of,E,E-geranylgeranoic

TLC. The chromatograms were sprayed with 0.1%
Ce(SQ), in 2N H,SO, and heated at 8C for 5 min to

acid5in i-PrNG; (4 ml), according to the above procedure.
The usual work up yielded 199 mg of a crude residue, which

detect the spots. The work-up of the reaction mixtures in was purified on a silica gel column (4.5 g, petr. ethepCEt
organic solvents included exhaustive extraction with diethyl 97:3) to give 171 mg (85%) of#c)-isocopalic acid?a/3a:
ether and washing with water, up to neutral reaction, drying colorless crystals, mp 174—1T% (from petr. ether); IR'H

over anhydrous N&O,, filtration, and removal of the
solvent in vacuo. Acid solutions were also washed with
saturated NaHC©water solutions and water, up to neutral
reaction, and dried over anhydrous S@y. [3,4-1°C,]-ethyl
acetoacetate"{C 99%) was purchased by Trimital s.r.I. Co.
(Milan, ltaly).

Preparation of starting acids

Copalic acid la. Copalic acid methyl ester (220 mg,
0.692 mmol) was isolated from commercial ‘Copaiva

and *C NMR data were identical with those of isocopalic
acid 2a andentisocopalic acid3a.

3,204%C,-E E,E-geranylgeranoic acid 4a.(a) 1,2+%C,-3-
ethylcarboxy-E,E-farnesylaceton#0: To a solution of
3,41%C,-ethyl acetoacetate9( 1.0 g, 7.58 mmol) in dry
toluene (15ml), 176 mg (7.65 equiv.) of sodium were
added, under Ar atmosphere. After complete dissolving of
sodium, the solution was treated withE-farnesylbromide

(8, 1.9 g, 6.67 mmol) in dry toluene (9.3 ml). The reaction
mixture was refluxed for 2 h and then stopped. The usual

Balsam’ as reported in Ref. 14. The ester was treated with work-up yielded 2.1 g of a crude residue, which was purified

5% ethanolic solution of NaOH (5.5 ml), and the mixture

on a silica gel column (45 g) (petr. ether-@t 97:3) to give

was heated under reflux for 1.5h. The crude product 1.45g (65%) of 1,2°C,-3-ethylcarboxyE,E-farnesylace-
(256 mg), obtained after the usual work up, was purified tone (0): colorless oil; IR: vma (liquid film) 1730,

on a silica gel column (5.5 g, petr. ether-@t 93:7) to
give 152 mg (72%) of pure copalic acitth: colorless oll;
[a]p=+7.2 (c 0.31, CHC}), lit.*® [a]p=+6.F (c 1.15,
CHCly).

(+)-Isocopalic acid 2a.A solution of copalic acidla
(35 mg, 0.115 mmol) in-PrNG, (0.7 ml) was cooled at
—78C and treated with FS® (58 mg, 0.58 mmol) in
i-PrNQ, (0.3 ml), under stirring. After 40 min, the reaction
was stopped by adding a solution of:Et(1 ml) in petro-

1684 cm % *H NMR (400 MHz, selected values),: 1.26
(3H, t, J=7.1 Hz, CHCHs), 1.58 (3H, s, H-17 or H;-18),
1.59 (3H, s, H-18 or H-17), 1.62 (3H, s, K16), 1.67 (3H,

s, H-15), 2.21 (3H, ddJcy=128 and 6 Hz, B1%), 4.17
(2H, g, J=7.1 Hz, (H,—CHg), 5.05 (3H, m, H-5, H-9 and
H-13); °C NMR (100 MHz) 6o 203.1 (apparent d,
J=42 Hz, C-2), 172.0 (C-19), 138.4 (C-6), 135.2 (C-10),
131.3 (C-14), 124.3 (C-13 or C-9), 123.8 (C-9 or C-13),
119.6 (C-5), 61.2 CH,CHs), 59.6 (dd,J=38 and 13 Hz,
C-3), 39.7 (2C, C-7 and C-11), 29.1 (apparent d,

leum ether (1 ml). The usual work up gave 35 mg of a crude J=42 Hz, C-1), 26.9 (C-12 or C-8 or C-4), 26.7 (C-8 or

residue, which was purified on a silica gel column (0.6 g)
(petr. ether—ED, 97:3) to give 28.4 mg (81%) ofH)-
isocopalic acid2a: colorless crystals, mp 176-177%

C-4 or C-12), 26.5 (C-4 or C-8 or C-12), 25.7 (C-15), 18.4
(C-17), 17.6 (C-16), 16.0 (C-18, dJ=3.8Hz), 14.1
(CH,CH3); MS, mVz (%): 336 (M", 14), 291 (9), 275 (8),
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249 (10), 212 (15), 199 (42), 175 (30), 161 (63), 155 (100),
137 (78); HRMS calcd for @=C,H3,0; (M) m/z
336.2575, found 336.2561(b) 1,2*°C,-E,E-farnesyl-
acetone 11: 1,2-C,-3-EthylcarboxyE,E-farnesylacetone
(10, 1.44 g, 4.29 mmol) was dissolved in 5.5 ml of EtOH
and 8.5 ml of 10% KOH/EtOH solution were added. The
reaction mixture was refluxed for 2 h. After the usual work-

N. Ungur et al. / Tetrahedron 56 (2000) 2503—-2512

and the solution was added to 0.11 ml (1.26 mmol) of
(COCl), in 0.8 ml of dry GHe, under Ar atmosphere. The

reaction mixture was stirred at room temperature, for 2 h
and at 48C, for 30 min. Both the solvent and the unreacted
oxalyl chloride were removed in vacuo to give 80.4 mg of
crude chloridelb, which was used in the next step without

any purification. A suspension of NaH (27 mg, 0.92 mmol,

up, 1.11 g of a crude residue was obtained and purified on a80% dispersed in mineral oil) and 0.1 ml of dry pyridine

silica gel column (23 g) (petr. ether—E, 7:3) to give
952 mg (84%) of 1,23C,-E,E-farnesylacetonel(): color-
less oil; IR: vmax (liquid film) 1675cm®; *H NMR
(400 MHz, selected valuespy: 1.58 (3H, s, H-17 or
Hs-18), 1.59 (3H, s, K18 or H:-17), 1.62 (3H, s, K16),
1.67 (3H, s, H-15), 2.13 (3H, dd,Jcy=127 and 6 Hz,
Hs-1%), 5.08 (3H, m, H-5, H-9 and H-13)*C NMR
(100 MHz) 8¢: 208.9 (apparent d}=40 Hz, C-2), 136.4
(C-6 or C-10), 133.0 (C-10 or C-6), 131.2 (C-14), 124.3
(C-13), 124.0 (C-9), 122.5 (C-5), 43.7 (dd=39 and
13 Hz, C-3), 39.7 (C-11 or C-7), 39.6 (C-7 or C-11), 29.9
(apparent dJj=40 Hz, C-1), 26.7 (C-12 or C-7 or C-4), 26.6
(C-8 or C-12 or C-4), 26.5 (C-4 or C-8 or C-12), 25.7
(C-15), 17.7 (C-16), 16.0 (2C, C-17 and C-18); M8z
(%): 264 (M", 5), 225 (40), 209 (41), 207 (88), 169 (8),
142 (422, 97 (100), 83 (26), 69 (22), 57 (68); HRMS calcd
for Ci6-°CoHaoO (M™) miz 264.2364, found 264.236%c)
3,204C,-E,E,E-geranylgeranoic acidta: A solution of
sodium methoxide in methanol [248 mg (10.78 equiv.) of
sodium metal in 6.1 ml of methanol] was slowly added to
a stirred solution of ketonél (940 mg, 3.56 mmol) and
trimethylphosphonoacetate (1.97 g, 10.82mmol) in
benzene (80 ml). After refluxing 1.5 h, the mixture was
cooled, treated with ice-water and extracted withCEt
The residue (1.11 g), obtained after the usual work-up,
contained a mixture of the isomeric estdizdand 13 and
was used in the next step without any purification. The
mixture of the esterd2 and 13 (1.11 g) was dissolved in
4 ml of EtOH and 7 ml of 10% KOH/EtOH solution (7.0 ml)

were added to a solution of-)-2,3-O-isopropylidenesn
glycerol (120 mg, 0.91 mmol) in 3.3 ml of anhydrous
CH.CI,, at OC, under an Ar atmosphere. The mixture was
stirred for 10 min and then crudke (80.4 mg, 0.25 mmol)

in 1.6 ml of anhydrous C}Cl, was added. The reaction
mixture was stirred at®C for 20 min and at room tempera-
ture for 10 min. After the usual work-up, the crude residue
(101.4 mg) was purified on a silica gel column (petr. ether—
Et,0, 93:7) to give 96.2 mg (92%) of acetonitie colorless

oil; [a]p=—10.8 (c 0.65, CHC}); IR: v (liquid film)
1723, 1382, 1228, 1145, 1066, 890, 850 ¢cm'H NMR
(300 MHz, selected values),: 0.67 (3H, s, H-20), 0.80
(3H, s, K-18), 0.87 (3H, s, K19), 1.37 (3H, s, Kaceto-
nide), 1.43 (3H, s, klacetonide), 2.16 (3H, bs,zH6), 3.75
(1H, m, H-3a), 4.09 (1H, m, H-%), 4.06—-4.22 (2H, m,
H>-1), 4.33 (1H, m, H-2), 4.47 (1H, bs, H-17a), 4.83
(1H, bs, H-17b), 5.69 (1H, bs, H-14)}*C NMR
(100 MHz) é¢: 166.5 (C-15), 162.3 (C-13), 148.3 (C-8),
114.6 (C-14), 109.9 [(QL(CHs),], 106.3 (C-17), 73.8
(C-2), 66.5 (C-1), 63.9 (C-3), 56.2 (C-9), 55.5 (C-5),
42.1 (C-3), 39.9 (C-12), 39.7 (C-10), 39.0 (C-1), 38.3
(C-7), 33.6 (2C, C-4 and C-19), 26.7 (Me-acetonide), 25.4
(Me-acetonide), 24.4 (C-6), 21.7 (C-18), 21.5 (C-11), 19.4
(C-2), 19.1 (C-16), 14.5 (C-20); MSz (%): 418 (M", 5),
403 (25), 360 (29), 345 (48), 286 (16), 271 (19), 244 (63),
169 (83), 156 (100); HRMS calcd for,gH4,0, (M™) mvz
418.3083, found 418.3075.

Compound 2c.Following the procedure above reported for

were added. The reaction mixture was refluxed for 2 h. The 1c, 27.4 mg (0.09 mmol) of isocopalic ackh were treated

usual work-up yielded 1.01 g of crude reaction product,
which was purified by Si@chromatography (petr. ether—
Et,O gradient as eluent) to give 470 mg of a mixture
containing thek,E,E-isomer acidda and theZ,E,E-isomer
acid 14, along with 280 mg of puréa: colorless oil; IR:
vmax (liquid film) 1683, 1614, 1236 cm’; H NMR
(400 MHz, selected valuesjy: 1.60 (6H, bs, H16 and
Hs-18), 1.61 (3H, bs, K19), 1.68 (3H, bs, k17), 2.20
(3H, dd, Jc4=108 and 7 Hz, B20), 5.09 (3H, m, H-6,
H-10 and H-14), 5.69 (1H, dlcy=8 Hz, H-2);°C NMR
(100 MHz) 6c: 171.7 (C-1), 162.9 (apparent d=40 Hz,
C*-3), 136.3 (C-7), 135.1 (C-11), 131.2 (C-15), 124.4
(C-14), 124.1 (C-10), 122.7 (C-6), 115.1 (d=72 Hz,
C-2), 41.2 (d,J=39 Hz, C-4), 39.7 (2C, C-8 and C-12),
26.8 (C-13 or C-9), 26.6 (C-9 or C-13), 25.7 (2C, C-5 and
C-17), 19.1 (apparent d=40 Hz, C-20), 17.7 (C-16), 16.0
(2C, C-18 and C-19). MSyVz (%): 306 (M', 6), 263 (5),
220 (5), 205 (18), 191 (12), 177 (11), 149 (21), 136 (100),
123 (95), 109 (52); HRMS calcd for,g*C,H3,0, (M¥) miz
306.2469, found 306.2447.

Preparation of acetonides 1c—4c

Compound 1c.In a typical procedure, copalic acidd,
76 mg, 0.25 mmol) was dissolved in 0.8 ml of dryHg

with 43.6 mg (0.33 mmol) of{)-2,3-O-isopropylidenesn
glycerol to give, after purification, 30.4 mg (81%) of
acetonide2c: colorless oil; f]p=—4.5 (c 0.07, CHC});

IR: vmax (liquid film) 1735, 1636, 1236, 1050, 841 cm

'H NMR (400 MHz, selected valuesy,: 0.81 (3H, s,
Hs-18), 0.86 (3H, s, B19), 0.90 (3H, s, K20), 0.94 (3H,

s, H-17), 1.37 (3H, s, Rracetonide), 1.43 (3H, s, H
acetonide), 1.60 (3H, d]=1.4 Hz, H-16), 2.94 (1H, bs,
H-14), 3.77 (1H, dd,J)=6.3 and 8.5 Hz, H-&), 4.08 (1H,
m, H-3'b), 4.10-4.18 (2H, m, K1), 4.31 (1H, m, H-2),
5.51 (1H, bs, H-7)3C NMR (100 MHz)8¢: 124.1 (C-12),
106.3 [(O}C(CHzy)4], 73.8 (C-2), 66.7 (C-1), 64.2 (C-3),
62.5 (C-14), 56.4 (C-5), 54.3 (C-9), 41.8 (C-3), 41.7 (C-7),
39.9 (C-1), 38.3 (C-10), 37.4 (C-8), 33.4 (C-19), 33.2 (C-4),
26.8 (Me-acetonide), 25.4 (Me-acetonide), 22.7 (C-11), 21.7
(C-18), 21.2 (C-16), 18.6 (C-2), 18.4 (C-6), 15.6 (C-20), 15.5
(C-17), (C-13 and C-15 were not detected); M¥; (%0): 418
(M*, 10), 403 (61), 360 (100), 345 (30), 286 (51), 271 (33),
258 (35), 192 (90), 177 (95), 156 (99); HRMS calcd for
CoeHa204 (MT) vz 418.3083, found 418.3077.

Compound 3c.See Ref. 21.

Mixture of compounds 2c+3c. Following the procedure
above described fotc, 150 mg (0.49 mmol) ofréc)-iso-
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copalic acid ga/3a) reacted with 225 mg (1.70 mmol) of
(—)-2,3-O-isopropylidenesn-glycerol to give 172 mg

2509

Et,O—petr. ether); d]p=+7.6" (c 0.36, CHCE);* IR: vrpax
(liquid film) 3421, 1730, 1636, 1390, 1166, 1050 cn'H

(83%) of an unseparable diastereocisomeric mixture of NMR (400 MHz, selected value$)y: 0.81 (s, 3H, H-18),

acetonidefc+3c.

Compound 4c.According to the procedure above reported
for 1c, 160 mg (0.52 mmol) of 3,26°C,-E,E E-geranyl-
geranoic acid 4a) were treated with 248.5mg
(1.88 mmol) of )-2,3-O-isopropylidenesnglycerol to
give 190.7 mg (87%) of acetonidéc. colorless oil; IR:
Vmax (liquid film) 1714, 1197 cm*; *H NMR (400 MHz,
selected valuesy,: 1.37 (3H, s, H-acetonide), 1.43 (3H,
s, Hs-acetonide), 1.59 (9H, bs, 16, H-18 and H-19),
1.67 (3H, bs, B17), 2.16 (3H, ddJc=134 and 6 Hz,
Hz-20), 3.75 (1H, dd,J=8.2 and 6.3 Hz, H-&), 4.11—
4.07 (2H, m, H-1a and H-3b), 4.18 (1H, ddJ=11.5 and
4.7 Hz, H-1b), 4.33 (1H, m, H-2, 5.09 (3H, m, H-6, H-10
and H-14), 5.71 (1H, dJcy=8 Hz, H-2); *C NMR
(100 MHz) 8¢: 166.4 (C-1), 161.2 (apparent d=40 Hz,
C*-3), 136.2 (C-7), 135.0 (C-11), 131.2 (C-15), 124.3
(C-14), 124.0 (C-10), 122.8 (C-6), 114.4 (d#109 and
72 Hz, C-2), 109.7 [(OX(CHa),], 73.8 (C-2), 66.5
(C-1), 63.9 (C-3), 41.0 (d,J=39 Hz, C-4), 39.7 (2C,
C-8 and C-12), 26.7 (C-13 or C-9), 26.6 (C-9 or C-13),
259 (C-5), 25.6 (C-17), 25.4 (Me-acetonide), 25.2
(Me-acetonide), 18.9 (apparent dl=40Hz, C-20),
17.7 (C-16), 16.0 (2C, C-18 and C-19); M8&yz (%):
420 (M*, 7), 405 (78), 362 (27), 293 (38), 239 (12),
225 (43), 200 (40), 171 (35), 158 (100), 136 (91);
HRMS calcd for G4°C,H.0, (M*) m/z 420.3150,
found 420.3113.

Preparation of diols 1d—4d
Compound 1d. In a typical procedure, compoundc

(83.7 mg, 0.20 mmol) was dissolved in 0.4 ml of MeOH
and 0.006 M HSO/MeOH (3.7 ml) was added at room

0.86 (s, 3H, H-19), 0.90 (s, 3H, K20), 0.94 (s, 3H, K17),
1.60 (s, 3H, H-16), 2.95 (1H, bs, H-14), 3.60-3.72 (2H, m,
H,-3'), 3.94 (1H, bs, H-2, 4.13-4.26 (2H, m, k#1’), 5.53
(1H, bs, H-12);**C NMR (100 MHz) 8c: 173.5 (C-15),
128.4 (C-13), 124.4 (C-12), 70.3 (C)265.1 (C-3), 63.5
(C-1)), 62.5 (C-14), 56.4 (C-5), 54.2 (C-9), 41.8 (2C, C-3
and C-7), 39.8 (C-1), 37.4 (C-8), 36.6 (C-10), 33.4 (C-19),
33.1(C-4), 22.6 (C-11), 21.6 (C-18), 21.2 (C-16), 18.6 (C-2
or C-6), 18.5 (C-6 or C-2), 15.7 (C-20), 15.6 (C-17); MS,
m'z (%): 378 (M", 5), 360 (10), 345 (5), 286 (27), 258 (18),
192 (85), 177 (100), 149 (63), 12; HRMS calcd o350,
(M*) m/z378.2770, found 378.2761.

Compound 3d.See Ref. 21.

Mixture of compounds 2d+3d. Following the procedure
reported forld, 100 mg (0.24 mmol) of the mixture of
acetonide®2c+3c afforded, after deprotection by 0.006 M
H,SO/MeOH (4.3 ml), 74 mg (83%) of an unseparable
diastereoisomeric mixture of diofd+3d.

Compound 4d.According to the procedure above reported
for 1d, 140 mg (0.33 mmol) of acetonidic afforded, after
deprotection by 0.006 M }$Q/MeOH (6.0 ml), 102 mg
(81%) of diol 4d: colorless oil; IR: vy (liquid film)
1707, 1197 cm® 'H NMR (400 MHz, selected values)
Sy: 1.59 (6H, bs, BH16 and H-18), 1.60 (3H, bs, k19),
1.67 (3H, bs, H17), 2.16 (3H, ddJc4=133 and 6 Hz, K
20), 3.59-3.71 (2H, m, H3'), 3.94 (1H, m, H-2), 4.17 (1H,
dd, J=6.1 and 11.7 Hz, H-/h), 4.22 (1H, ddJ=4.8 and
11.7 Hz, H-1b), 5.09 (3H, m, H-6, H-10 and H-14), 5.70
(1H, d, Jcp=7.9 Hz, H-2);’3C NMR (100 MHz)8¢: 167.1
(C-1), 162.0 (apparent d)=40 Hz, C-3), 136.3 (C-7),
135.1 (C-11), 131.3 (C-15), 124.3 (C-14), 124.0 (C-10),

temperature in Ar atmosphere. The mixture was stirred at 122.7 (C-6), 114.1 (ddJ=100 and 72 Hz, C-2), 70.4
room temperature for 4 h. The usual work up gave 77.2 mg (C-2'), 64.5 (C-Tor C-3), 63.3 (C-3or C-1), 41.0 (d,

of a crude residue, which was purified on a silica gel
column (petr. ether—ED, 1:2) to give 70.8 mg (94%)
of diol 1d: colorless oil; k]p=—9.1° (c 0.91, CHC});

IR: vmay 3410, 1711, 1390, 1224, 1150, 1050, 890,
850cm :; H NMR (300 MHz, selected valuespy:
0.68 (3H, s, H-20), 0.80 (3H, s, KB18), 0.87 (3H, s,
Hs-19), 2.16 (3H, bs, K16), 3.66 (2H, m, B#3'), 3.94
(AH, m, H-2), 4.20 (2H, m, H-1/), 4.48 (1H, bs, H-
17a) and 4.84 (1H, bs, H-17b), 5.68 (1H, bs, 1H, H-14);
13C NMR (75 MHz) 8¢ 167.2 (C-15), 163.2 (C-13),
148.3 (C-8), 114.3 (C-14), 106.3 (C-17), 70.4 (G;2
64.5 (C-1), 63.4 (C-3), 56.2 (C-9), 55.5 (C-5), 42.1
(C-3), 40.0 (C-12), 39.7 (C-10), 39.1 (C-1), 38.3 (C-7),
33.6 (2C, C-4 and C-19), 24.4 (C-6), 21.7 (C-18),
21.5 (C-11), 19.4 (C-2), 19.2 (C-16), 14.5 (C-20); MS,
m'z (%): 378 (M", 5), 363 (36), 347 (7), 305 (12), 286
(21), 271 (53), 258 (54), 244 (92), 174 (87), 137 (100);
HRMS calcd for G3H3g0, (M™) nmvz 378.2770, found
378.2778.

Compound 2d.According to the procedure above described
for 1d, 21 mg (0.05 mmol) of acetonidec afforded, after
deprotection by 0.006 M }$0O,/MeOH (0.9 ml), 15.5 mg
(82%) of diol 2d: colorless crystals, mp 132—132 (from

J=39 Hz, C-4), 39.7 (2C, C-8 and C-12), 26.7 (C-13 or
C-9), 26.6 (C-9 or C-13), 25.9 (C-5), 25.7 (C-17), 19.0
(apparent dJ=40 Hz, C-20), 17.6 (C-16), 16.0 (2C, C-18
and C-19); MSmz (%): 380 (M, 5), 288 (10), 245 (8), 219
(11), 205 (18), 191 (21), 176 (38), 136 (90), 123 (92), 81
(100); HRMS calcd for ™ *C,H350, (M™) m/z 380.2837,
found 380.2847.

Preparation of 1,3 diacyl derivatives 1le—4e

Selective acetylation of diol 1d.In a typical procedure
1,8-diazabicyclo-[5.4.0]-undec-7-ene (DBU, 3.1 mg, 0.02
mmol) and N-acetylimidazole (9.6 mg, 0.09 mmol) were
added to a solution of didld (30.3 mg, 0.08 mmol) in dry
CeHs (0.5 ml). The mixture was stirred under Ar atmosphere
at room temperature for 1 h, then the reaction was stopped
by adding 1 ml of HO. After usual work-up the solvent
was removed in vacuo and the residue (30.1 mg) was

* [o]p of compound2d was obviously opposite in sign to that of compound
ent2d (Ref. 21), but surprisingly differed also in its absolute value. This
apparent conflictual result is due to the wrong report in Ref. 21 ofdhe [
of compound ent2d: [a]p=-5.2 (€ 0.25, CHC}), reported value
—51.8 € 0.25, CHC}).
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chromatographed on SjCcolumn by elution with petr.
ether/EfO gradient giving, in order of increasing polarity,
6.9 mg (22%) of diacetat#f, 18.7 mg (64%) of 1,3-diacyl-
glycerolle which showed spectral data identical with those of
natural verrucosin-8! and 4.2 mg (14%) of starting didid.

1f. Colorless oil; f]p=—15.2 (c 0.41, CHC}); IR: vmax
(liquid filmz 1750, 1710, 1646, 1373, 1223, 1142, 1058,
888 cni :; 'H NMR (300 MHz) 8, 0.69 (3H, s, H-20),
0.80 (3H, s, H-18), 0.87 (3H, s, K19), 2.07 (3H, s,
OAc), 2.09 (3H, s, OAc), 2.15 (3H, s,sH6), 4.10-4.35
(4H, m, H-3' and H-1'), 4.49 (1H, bs,H-17a), 4.85 (1H,
bs,H-17b), 5.28 (1H, m, H2, 5.64 (1H, bs, H-14); MSy/z
(%): 462 (M, 2), 447 (4), 387 (3), 305 (3), 286 (35), 271
(49), 258 (62), 198 (92), 159 (100), 137 (98).

le. Colorless oil; j]p=—15.9 (c 0.27, CHC}); {[«lp
natural 1e —12.6 (c 0.26; CHCL}** IR: vmay (liquid
film) 3421, 1733, 1722, 1637, 1228, 1150, 888 ¢mtH
NMR (400 MHz, selected value$)y: 0.68 (3H, s, H-20),
0.80 (3H, s, H-18), 0.87 (3H, s, B+19), 2.11 (3H, s, OAC),
2.17 (3H, d,J=0.8 Hz, K-16), 2.51 (1H, d,J=5.0 Hz,
—OH), 4.12-4.22 (5H, m, W1/, H-2' and H-3'), 4.48
(1H, bs, H-17a), 4.84 (1H, bs, H-17b), 5.68 (1H, bs,
H-14); C NMR (100 MHz) 8c: 166.8 (C-15), 163.0
(C-13), 148.3 (C-8), 114.3 (C-14), 68.5 (C265.4
(C-3), 64.5 (C-1), 56.3 (C-9), 55.5 (C-5), 42.1 (C-3),
40.0 (C-12), 39.7 (C-10), 39.1 (C-1), 38.3 (C-7), 33.6
(C-4), 24.4 (C-6), 21.5 (C-11), 20.8 (OAc), 19.4 (C-2).

Selective acetylation of diol 2d.According to the proce-
dure above reported fdrd, 16 mg (0.04 mmol) of diokd
afforded, after treatment with 1.6 mg (0.01 mmol) of DBU
and 5.0 mg (0.05 mmol) doN-acetylimidazole, 15.7 mg of
crude reaction product, which was purified by $tbroma-
tography (petr. ether—ED gradient as eluent) to give, in
order of increasing polarity, diaceta® (3.3 mg, 20%),
1,3-diacylglyceroRe (9.9 mg, 65%), which showed spectral
data identical with those of naturag® and starting dioRd
(2.3 mg, 14%).

2f. Colorless oil; i]p=+54.5 (c 0.07, CHC}); IR: vmax
(liquid film) 1749, 1375, 1223 cim; 'H NMR (400 MHz,
selected values),: 0.81 (3H, s, H-18), 0.86 (3H, s, K19),
0.90 (3H, s, H-20), 0.93 (3H, s, K#17), 1.58 (3H, s, K16),
2.08 (6H, s, 20Ac), 2.93 (1H, bs, H-14), 4.16-4.32 (4H, m,
H,-1" and H-3'), 5.26 (1H, m, H-2), 5.53 (1H, m, H-12);
MS, Mz (%): 286 (M"—C;H1,0s, 77), 271 (14), 258 (15),
243 (8), 192 (85), 177 (90), 159 (100), 123 (65), 109 (48);
HRMS calcd for GgH30 (M*—C;H1,0s) miz 286.2297,
found 286.2289.

2e. Colorless oil; f]p=+13.9 (c 0.30, CHC}) {[«alp
natural2e +21.9 (c 0.22, CHC)}®; IR: vma (liquid film)
3444, 1738, 1266, 1158 ¢t *H NMR (400 MHz, selected
values)éy: 0.81 (3H, s, H-18), 0.86 (3H, s, K19), 0.90
(3H, s, K-20), 0.96 (3H, s, B17), 2.11 (3H, s, OAC), 2.96
(1H, bs, H-14), 4.12—-4.24 (5H, m,,H’, H-2" and H-3'),
5.53 (1H, m, H-12).

Selective acetylation of diol 3d.According to the proce-
dure above reported fatd, 34.8 mg (0.09 mmol) of diol
3d?! afforded after treatment with 3.6 mg (0.02 mmol) of
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DBU, and 11.0 mg (0.10 mmol) oN-acetylimidazole,
35.5 mg of crude reaction product, which was purified by
SiO, chromatography (petr. ether—BX gradient as eluent)
to give, in order of increasing polarity, diacet&g8.1 mg,
21%), 1,3-diacylglyceroBe (22.8 mg, 67%), which showed
spectral data identical with those of natua)® and starting
diol 3d (4.1 mg, 12%).

3f. Colorless oil; k]p=—42.C (c 0.13, CHC)}); IR: vmax
(liquid film) 1749, 1375, 1224 ci; 'H NMR (400 MHz,
selected valuesjy: 0.81 (3H, s, H-18), 0.87 (3H, s, K19),
0.90 (3H, s, H-20), 0.93 (3H, s, B17), 1.58 (3H, bs, Kt
16), 2.08 (6H, s, 20Ac), 2.93 (1H, bs, H-14), 4.16-4.34
(4H, m, H-1’ and H-3'), 5.26 (1H, m, H-2), 5.53 (1H,

m, H-12); MS, m/z (%): 286 (M"'—C;H;,0s, 83), 271
(23), 258 (25), 243 (9), 192 (79), 177 (89), 159 (100), 149
(39), 123 (76), HRMS calcd for £H30 (M+_C7H1205)
m/z 286.2297, found 286.2306.

3e. Colorless crystals, mp 116.5—-10 (from EtLO—petr.
ether) lit® mp 117-118C (hexane—ED); [a]p=—47.7 (c
0.21; CHCH) {[ o]p natural3e —53.7 (c 0.13, CHC})}; ® IR:
vmax (liquid film) 1738, 1266, 1158 cmt; 'H NMR
(300 MHz, selected values),: 0.82 (3H, s, H-18), 0.87
(3H, s, K-19), 0.91 (3H, s, K20), 0.95 (3H, s, B#17), 1.57
(3H, s, HK-16), 2.11 (3H, s, OAc), 2.96 (1H, bs, H-14),
4.09-4.19 (5H, m, K1/, H-2’ and H-3'), 5.53 (1H, m,
H-12).

Selective acetylation of diol 4dFollowing the procedure
described forld, 70 mg (0.18 mmol) of diokd afforded,
after treatment with 7.0 mg (0.05 mmol) of DBU, and
21.9 mg (0.20 mmol) ofN-acetylimidazole, 68.5 mg of
crude reaction product, which was purified by Sgbroma-
tography (petr. ether—ED gradient as eluent) to give, in
order of increasing polarity, diacetatf (12 mg, 16%),
1,3-diacylglycerode (43.4 mg, 65%), and starting didd
(10.1 mg, 14%).

4f. Colorless oil; IR: vnax (liquid film) 1745 (broad),
1220 cm *; *H NMR (400 MHz, selected values): 1.59
(6H, bs, H-16 and H-18), 1.60 (3H, bs, k19), 1.67 (3H,
bs, H-17), 2.07 (3H, s, OAc), 2.09 (3H, s, OAc), 2.15 (3H,
dd, Joy=118 and 6 Hz, B20), 4.14-4.21 (2H, m, H!a
and H-3a), 4.27-4.33 (2H, m, H!b and H-3b), 5.09
(3H, m, H-6, H-10 and H-14), 5.27 (1H, m, H)25.68
(1H, d, Jey=7.5 Hz, H-2);3C NMR (100 MHz) 8¢: 170.5
(CH,CO), 170.1 (CHCO), 166.0 (C-1), 161.6 (apparent d,
J=40 Hz, C-3), 136.3 (C-7), 135.0 (C-11), 131.2 (C-15),
124.3 (C-14), 124.0 (C-10), 122.7 (C-6), 114.3 (3¢73.5
and 73.9 Hz, C-2), 69.3 (C'R 62.4 (C-3 or C-1), 61.3
(C-1' or C-3), 41.0 (d,J=39 Hz, C-4), 39.7 (2C, C-8 and
C-12), 26.7 (C-13 or C-9), 26.6 (C-9 or C-13), 26.0 (C-5),
25.7 (C-17), 20.9CH5CO), 20.7 CH5CO), 19.0 (apparent
d, J=40 Hz, C-20), 17.6 (C-16), 16.0 (2C, C-18 and C-19):
MS, Mz (%): 464 (M', 8), 288 (16), 245 (10), 219 (15), 200
(28), 177 (32), 159 (100), 149 (45), 136 (98), 95 (92);
HRMS calcd for Gs-*C,H4,0s (M ') m/z 464.3048, found
464.3067.

4e. Colorless oil; IR:vmay (liquid film) 1738, 1714, 1259,
1197 cm'%; *H NMR (300 MHz, selected values),: 1.59
(6H, bs, H-16 and H-18), 1.60 (3H, bs, K19), 1.67 (3H,
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bs, H-17), 2.09 (3H, s, OAc), 2.17 (3H, dd, overlapped; H
20),4.10 (1H, m, H-9, 4.10—4.20 (4H, m, K1’ and H-3'),
5.09 (3H, m, H-6, H-10 and H-14), 5.70 (1H,&=7.9 Hz,
H-2); $3C NMR (75 MHz) 8¢: 171.0 (CHCO), 166.7 (C-1),
161.9 (apparent dj=40 Hz, C-3), 136.3 (C-7 or C-11),
135.0 (C-11 or C-7), 131.2 (C-15), 124.3 (C-14), 124.0
(C-10), 122.69 (C-6), 114.6 (dJ=73Hz, C-2), 68.4
(C-2)), 65.3 (C-3), 64.5 (C-1), 41.9 (d,J=39 Hz, C-4),
39.7 (C-12 or C-8), 39.6 (C-8 or C-12), 26.7 (C-9 or
C-13), 26.6 (C-13 or C-9), 25.9 (C-5), 25.7 (C-16), 20.8
(CH3CO), 19.0 (apparent d=40 Hz, C-20), 17.6 (C-17),
16.0 (2C, C-18 and C-19); M3z (%): 422 (M, 6), 288
(12), 245 (8), 219 (12), 205 (32), 200 (21), 177 (23), 149
(48), 136 (85), 117 (100); HRMS calcd for£°CoH 005
(M™) m/iz 422.2943, found 422.2958.

Preparation of 1,2 diacyl derivatives 1i—3i

Compound 1g.In a typical procedure;butyl-dimethylsilyl
chloride (TBDMSCI, 16.0 mg, 0.11 mmol) was added to a
solution of diol 1d (35 mg, 0.09 mmol) in dry pyridine
(2.5 ml), under Ar atmosphere. The reaction mixture was
stirred at room temperature for 12 h. Then 15 ml of 10%
aqueous solution of }0, was added. Usual work-up gave
a crude reaction product (39.6 mg), which was purified on
SiO, column (petr. ether/&ED, 97:3 as eluent) to afford
37.5mg (82%) of 1-acyl-3t{butyldimethylsilyl)-glycerol
1g: colorless oil; ]p=—24.3 (c 0.07, CHCY); IR: vax
(liquid film) 3460, 1722, 1645, 1212, 1142, 890 tin'H
NMR (400 MHz, selected valuespy: 0.07 [6H, s,
(CH3),Si], 0.67 (3H, s, H-20), 0.79 (3H, s, K18), 0.86
(3H, s, K-19), 0.90 [9H, s, C(Bly)s3), 2.16 (3H, bs, H
16), 3.63 (1H, ddJ=5.6 and 10.1 Hz, H-&), 3.68 (1H,
dd, J=4.7 and 10.1 Hz, H-®), 3.90 (1H, m, H-2, 4.12
(1H, dd,J=6.1 and 11.5 Hz, H-A), 4.17 (1H, ddJ=4.7
and 11.5 Hz, H-b), 4.48 (1H, bs, H-17a), 4.84 (1H, d,
J=0.6 Hz, H-17b), 5.68 (1H, bs, H-14)3C NMR
(100 MHz) é¢: 166.9 (C-15), 162.0 (C-13), 148.3 (C-8),
114.7 (C-14), 106.3 (C-17), 70.2 (C)264.5 (C-1), 63.8
(C-3), 56.2 (C-9), 55.5 (C-5), 42.1 (C-3), 39.9 (C-12), 39.7
(C-10), 39.1 (C-1), 38.3 (C-7), 33.6 (2C, C-4 and C-19), 25.9
[C(CHa3)4], 24.4 (C-6), 21.7 (C-18), 21.5 (C-11), 19.4 (C-2),
19.0 (C-16), 18.3C(CHg)3], 14.5 (C-20),—5.5 [Si(CHs3)2];
MS, mVz (%): 435 (M" —C,Hg, 12), 361 (7), 347 (7), 288 (30),
287 (98), 271 (62), 259 (90), 177 (61), 69 (100).

Compound 1h. A solution of 28.1 mg (0.06 mmol) of
t-butyldimethylsilylglyceryl esterlg in 1.5ml of dry
pyridine was treated with 0.06 ml of A©. The reaction
mixture was stirred at room temperature for 12 h. After
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170.4 (CHCO), 166.4 (C-15), 161.8 (C-13), 148.3 (C-8),
114.8 (C-14), 106.3 (C-17), 72.2 (C)261.8 (C-1), 61.5
(C-3), 56.2 (C-9), 55.5 (C-5), 42.1 (C-3), 39.9 (C-12), 39.7
(C-10), 39.1 (C-1), 38.3 (C-7), 33.6 (2C, C-4 and C-19),
25.9 [CCHy)3), 24.4 (C-6), 21.7 (C-18), 21.5 (C-11), 21.1
(CH5CO), 19.4 (C-2), 19.0 (C-16), 18.(CHy)4], 14.5
(C-20), —5.5 [Si(CHa3)2]; MS, miz (%): 477 (M"—C,Hg,
45), 361 (23), 287 (43), 271 (62), 231 (92), 191 (35), 177
(76), 117 (100), 95 (88).

Compound 1i. See Ref. 22.

Compound 2g.Following the procedure above reported for
1g, diol 2d (37.1 mg, 0.10 mmol) reacted with TBDMSCI
(17 mg, 0.11 mmol) to afford 42.0 mg of crude reaction
product, which, after chromatographic purification (8O
petr. ether/BO, 97:3), gave 39.4 mg (82%) of 1-acyl-8-(
butyldimethylsilyl)-glycerol2g: colorless oil; ]p=+56.3

(c 0.05, CHCY); IR: vyax (liquid film) 3460, 1745, 1251,
1166, 1112 cm*; *H NMR (300 MHz, selected values$).:
0.08 [6H, s, (®13).Si], 0.81 (3H, s, H-18), 0.86 (3H, s, K
19), 0.90 [12H, s, C(B3); and H-20], 0.95 (3H, s, B17),
1.61(3H, bs, B-16), 2.96 (1H, bs, H-14), 3.60-3.71 (2H, m,
H>-3"), 3.90 (1H, m, H-2), 4.10-4.21 (2H, m, KH1'), 5.52
(1H, m, H-12):*C NMR (75 MHz) 8¢: 173.1 (C-15), 128.8
(C-13), 124.1 (C-12), 70.1 (CR 64.7 (C-3), 63.9 (C-1),
62.6 (C-14), 56.4 (C-5), 54.3 (C-9), 41.8 (2C, C-3 and C-7),
39.9 (C-1), 37.4 (C-8), 36.6 (C-10), 33.4 (C-19), 33.2 (C-4),
25.8 [C(CH3)3), 22.7 (C-11), 21.4 (C-18), 21.2 (C-16), 18.6
(C-2), 18.5 (2C, C-6 and((CHs)3], 15.7 (C-17), 15.5
(C-20), -5.45 [SiCH3)5]; MS, m/z (%): 435 (M"—C,H,,

8), 361 (6), 287 (83), 260 (77), 259 (99), 243 (21), 191
(76), 177 (97), 135 (98), 109 (100).

Compound 2h.A solution of 26 mg (0.05 mmol) atbutyl-
dimethylsilylglyceryl esteRgin 1.5 ml of dry pyridine was
treated with 0.05 ml of Af0. The reaction mixture was
stirred at room temperature for 12 h. After usual work-up,
the crude reaction product (28.3 mg) was chromatographed
by SiO, column (petr. ether/&ED, 99:1) to give 25.8 mg
(91%) of 1,2-diacyl-34tbutyldimethylsilyl)-glycerol 2h:
colorless oil; f]p=+1.1° (¢ 0.13, CHC}); IR: v (liquid
film) 1745, 1637, 1390, 1236 cm; ‘H NMR (400 MHz,
selected valuespy: 0.05 [6H, s, (BH3),Si], 0.81 (3H, s,
Hs-18), 0.86 (3H, s, K19), 0.88 [9H, s, CCH3)3), 0.91
(3H, s, K-20), 0.93 (3H, s, B17), 1.59 (3H, bs, kt16),
2.03 (3H, s, OAc), 2.94 (1H, bs, H-14), 3.71-3.74 (2H, m,
H»>-3'), 4.11-4.35 (2H, m, K1), 5.10 (1H, m, H-2), 5.51
(1H, m, H-12); MS/z (%): 477 (M"—C,H,, 70), 361 (23),
287 (25), 259 (30), 243 (12), 231 (21), 191 (30), 177 (30),

usual work-up, the crude reaction product (31.2 mg) was 131 (42), 117 (100).

chromatographed by SiGcolumn (petr. ether/BED, 99:1)
to give 28.1 mg (92%) of 1,2-diacyl-3-butyldimethyl-
silyl)-glycerol 1h: colorless oil; f]p=—-8.5 (c 0.07,
CHCl); IR: vmax (liquid film) 1745, 1722, 1637, 1235,
890, 842 cm®; 'H NMR (400 MHz, selected values):
0.05 [6H, s, (®13),Si], 0.68 (3H, s, H-20), 0.79 (3H, s,
Hs-18), 0.86 (3H, s, K19), 0.88 [9H, s, GCH3)s], 2.07
(3H, s, OAc), 2.14 (3H, dJ=1.2 Hz, H-16), 3.74 (1H, d,
J=5.2 Hz, H-3'), 4.20 (1H, dd,J=6.0 and 12.0 Hz, H-R),
4.32 (1H, dd,J=3.9 and 12.0 Hz, H-‘b), 4.48 (1H, bs,
H-17a), 4.84 (1H, dJ=1.2 Hz, H-17b), 5.08 (1H, m,
H-2'), 5.64 (1H, bs, H-14);®*C NMR (100 MHz) é¢:

Compound 2i. See Ref. 22.

Compound 3g. According to the procedure described for
1g, diol 3d (46.9 mg, 0.12 mmol) reacted with TBDMSCI
(21.4 mg, 0.14 mmol) to obtain 55.6 mg of crude reaction
product, which was purified (SiOpetr. ether/BO, 97:3),
giving 52.3 mg (86%) of l-acyl-3tputyldimethylsilyl)-
glycerol 3g: oil; [a]p=—31.7 (c 0.25, CHC}); IR: vpax
(liquid film) 3475, 1735, 1251, 1112, 1019cMm *H
NMR (400 MHz, selected valueskpy: 0.08 [6H, s,
(CH5),Si], 0.81 (3H, s, H-18), 0.86 (3H, s, K19), 0.90
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[12H, s, C(QGH3); and H-20], 0.94 (3H, s, B17), 1.61 (3H,
bs, H-16), 2.95 (1H, bs, H-14), 3.62—3.71 (2H, m-B),
3.87 (1H, m, H-2), 4.12-4.19 (2H, m, K1'), 5.52 (1H, m,
H-12); 3C NMR (100 MHz) 8c: 174.0 (C-15), 128.8 (C-
13), 124.1 (C-12), 70.1 (CLp, 64.7 (C-3), 63.9 (C-1), 62.6
(C-14), 56.5 (C-5), 54.3 (C-9), 42.1 (C-7), 41.8 (C-3), 39.9
(C-1), 37.4 (C-8), 36.6 (C-10), 33.4 (C-19), 33.2 (C-4), 25.8
[C(CHy)3), 22.7 (C-11), 21.7 (C-18), 21.2 (C-16), 18.6 (C-
2), 18.5 (C-6), 18.3(CHy)4], 15.7 (C-17), 15.5 (C-20),
—5.5 [Si(CH3),]; MS, m/z (%): 435 (M'—C,Hs, 7), 361
(4), 287 (91), 259 (100), 243 (15), 191 (29), 177 (68), 163
(70), 135 (75), 109 (95).

Compound 3h. A solution of 35.0mg (0.07 mmol) of
t-butyldimethylsilylglyceryl ester3g in 1.5ml of dry
pyridine was treated with 0.04 ml of A©. The reaction
mixture was stirred at room temperature for 12 h. After
usual work-up, the crude reaction product (37.5 mg) was
chromatographed by Sig&rolumn (petr. ether/ED, 99:1)

to give 35.1 mg (92%) of 1,2-diacyl-3-butyldimethyl-
silyl)-glycerol 3h: colorless oil; f]p=—27.0 (¢ 0.12,
CHCL); IR: vpax (liquid film) 1745, 1382, 1236 cnt; *H
NMR (400 MHz, selected valuesky: 0.05 [6H, s,
(CHy),Si], 0.81 (3H, s, H18), 0.86 (3H, s, K19), 0.88
[9H, s, CCHS3)3], 0.90 (3H, s, H-20), 0.93 (3H, s, B17),
1.59 (3H, bs, B#-16), 2.03 (3H, s, OAC), 2.92 (1H, bs, H-14),
3.74 (2H, d,J=5.4 Hz, HK-3'), 4.17 (1H, dd,J=5.5and
11.9 Hz, H-1), 4.37 (1H, dd,J=3.7 and 11.9 Hz, H4),
5.05 (1H, m, H-2), 5.51 (1H, m, H-12); MSz (%): 478
(M™—C4Hg, 100), 435 (6), 361 (43), 287 (68), 259 (51), 231
(22), 191 (31), 177 (52), 117 (99), 109 (62).

Compound 3i. Using a procedure already reported in the
literature for synthesis dfi and2i,?? 1,2-diacylsn-tbutyl-
dimethylsilylglyceryl ester3h (21 mg, 0.04 mmol) in dry
acetone (4.5 ml) was treated with 11.1 mg (0.04 mmol) of
PdCL(CHsCN),. The reaction mixture was stirred at room
temperature for 1 h and then 7 ml o® were added. The
usual work up gave a residue (16.7 mg) which was purified
by SiO, column chromatography (petr. etherfBtgradient)
affording, in order of increasing polarity, starting esBtr
(2.1 mg, 5%), and 1,2-diacylglycerdi (13.5 mg, 86%),
which showed spectral data (MS, IB{ and °C NMR)
identical with those of naturagi.’

3i. Colorless crystals, mp 75-7® (from petr. ether);
[a]p=—41.8 (c 0.57, CHC}) {[«]p natural3i —33.C (c
0.83; CHCL)}:® IR: vmax (liquid film) 3482, 1740, 1238,
1161, 1050 cm®; *H NMR (500 MHz) 6, 0.82 (3H, s,
Hs-18), 0.86 (3H, s, B19), 0.91 (s, 3H, K20), 0.94 (3H,
s, H-17), 1.60 (3H, s, B16), 2.10 (3H, s, OAC), 2.94 (1H,
bs, H-14), 3.76 (dJ=5.5Hz, 2H, HB-3'), 4.27 (1H, dd,
J=5.1 and 12.1 Hz, H/A) and 4.34 (1H, ddJ=4.4 and
12.1 Hz, H-1b), 5.07 (1H, m, H-2, 5.53 (1H, m, H-12).
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