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ABSTRACT

HO

2 R=Me (0]
3 R =CH,CH,S03Na

The absolute stereochemistry of the heptaprenoids didemnaketals B (2) and C (3), isolated from a Palauan ascidian, was determined using a
combination of degradation and derivatization experiments, chiral shift methods, and comparison of fragments to known compounds.

In 1991, Potts et al. reported that an undescribed Palauarduring prolonged storage in MeOH by mechanisms involving
ascidian of the genuBidemnumcontained two polyiso-  oxidation and methanolysis, respectively. Unfortunately,
prenoids, didemnaketals ALY and B @), both of which didemnaketal CJ) did not inhibit HIV-1 in a peptidolysis
inhibited the activity of HIV-1 proteask.Although the assay?

didemnaketals were of limited interest as protease inhibitors We then turned our attention to determination of the
due to the instability of esters under physiological conditions, stereochemistry of didemnaketals B) @nd C 8), each of

we made a fresh collection of the organism in 1993. The which contain 13 chiral centers. The relative stereochemistry
new sample did not contain ketdland2. Instead, the major ~ of the bicyclic ketal region from C-12 to C-20 had been
secondary metabolite was the isoethonic ester, didemnaketaestablished by interpretation 6H NMR data! but the

C (3), which was hydrolyzed in MeOH to obtain didemna- relative stereochemistry of the eight remaining centers and
ketal B (2)2 It was therefore assumed that didemnaketals A the absolute stereochemistry of the molecules remained to

(1) and B @) had been produced from didemnaketal3} ( be determined. In this paper, we report the complete
stereochemistry of didemnaketals B (2) and3L 4s 5,6S,
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didemnaketal C3) of >80% purity, contaminated primarily
with polar lipids. Aliquots of the semipurified material were
then treated with sodium methoxide in MeOH at room
temperature for 320 h, depending on the desired product
mixture, to obtain didemnaketal B (2), iso-didemnaketal B
(4), two isomeric triolss and6, and the tetraal, all of which
were purified by HPLC. The locations of the ester groups

were determined by analysis of the chemical shifts of the
—CHOR-— protons, and in the case of isodidemnaketal B
(4), the identity of each ester group was determined by
analysis of HMBC data. The triols and 6 and tetraol7

were characterized by analysis of spectroscopic data and then
used in reactions designed to determine the relative or
absolute stereochemistry at each center.

Isodidemnaketal B4) was an isomer of didemnaketal B
(2) that had the molecular formulass015 (M/2973.5864
[M + NaJ*). The'H NMR spectrum of iso-didemnaketal B
(4) was very similar to that of didemnaketal B, but careful
analysis of the COSY experiment allowed assignment of all
signals from H-3 to H-12. Thé3C NMR spectrum was
assigned by interpretation of the HMQC spectrum. HMBC
correlations between the isovalerate carbonyl signab at
172.8 and both the H-5 protow @.75) and the isovalerate
methine signal ab 2.05 and between the propionate carbonyl
signal até 173.3 and both H-845.18) and the propionate
methyl signal atd 1.06 revealed that the isovalerate and
propionate esters had switched positions in isodidemnaketal
B (4) with respect to didemnaketal B (2).

The triols5 and 6 both had the same molecular formula
C47HgoO13, Which required the loss of the acetate and
propionate esters from didemnaketal B (2) and iso-didem-
naketal B (4), respectively. Analysis of the COSY spectra
of 5 and6 allowed the determination of the position of the
esters. The tetradl had the molecular formula &H7,0:2
(m/z791.4921 [M+ NaJ"), which corresponds to the loss
of the acetate, propionate, and isovalerate ester functions at
C-5, C-7, and C-8, respectively. The position of the remain-
ing isovalerate ester group at C-11 was determined by
analysis of theH NMR chemical shift data and ultimately
confirmed by degradation af to the acidl6, the structure
of which was determined by X-ray analysis.

Scheme 1. Degradation and Derivatization of Didemnaketé&l B
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a Reaction Conditions: (a) NalpPH,O/CH;CN; (b) NaHSQ; (c) NaBH,, MeOH; (d) 2,2-dimethoxypropanp; TSA/DCM; (e) TMSCI,
NEts, DCM; (f) LIAIH 4, THF; (g) DMAP, DCC, R)- or 8)-MTPA, DCM; (h) OsQ, NalOy, H,O/CH;CN.
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Oxidative Degradation of Tetraol 7. Oxidative cleavage  (+4 and+56 ppb) for the protons at C-12 therefore indicated
of the 7,8-diol of tetraol7 with sodium periodate in 1:1 the absolute stereochemistry at C-12 (corresponding to C-20
acetonitrile—water, followed by the quenching of excess in didemnaketal B) to bé&.
reagent with sodium bisulfite and reduction of the resulting  7,8-Acetonide of Tetraol 7.The tetraol7 was treated with
aldehyde groups with sodium borohydride, gave the diol ester dimethoxypropane in dichloroethane containing a catalytic
9 and diol diestefl0, which were easily separated by HPLC amount ofp-toluenesulfonic acid to obtain a single five-
(Scheme 1). The diol estérwas treated with 2,2-dimethox- membered acetonide8, in which the 2,3-olefinic bond had
ypropane and a trace gftoluenesulfonic acid in DCM to  partially isomerized to give a 1:3 mixture d¢& and Z
obtain the acetonid&l (Scheme 1). A coupling constant of geometrical isomers. While annoying, this result did not
Js6 = 12 Hz indicated that H-5 and H-6 were trans-diaxial interfere with the determination of the absolute stereochem-
and that the relative stereochemistry at C-5 and C-6 in theistry at C-5. The two remaining hydroxyl groups at C-5 and
didemnaketals was 5S*,6S*. C-21 were sufficiently far apart to allow simultaneous

A subsample of the diol diestetO was treated with determination of the absolute stereochemistry at both centers
trimethylsilyl chloride and triethylamine in DCM at room using the modified Mosher method. Comparison of tHe
temperature to obtain the bis-TMS eth&?, which was NMR chemical shift differences between the 5,21-bis-MTPA
reduced with lithium aluminum hydride in THF to obtain estersl9R and19S, which were prepared from the acetonide
the diol 13 (Scheme 1). An aliquot of didl3 was esterified 18 under the standard conditions reported above, revealed
with (R)- or (S)-methoxytrifluoromethyl-phenylacetic acid that the absolute configurations at C-5 and C-21 were both
(MTPA) in an attempt to obtain th&}- and §-MTPA esters S Having previously determined the relative stereochemistry
(14)# However, during esterification, the terminal TMS of the acetonidd 1, the absolute stereochemistry at C-6 must
group was hydrolyzed, resulting in the formation of the tri- beS. Furthermore, analysis of the ROESY correlations about
MTPA derivativesl5R and15S (Scheme 1). Although some  the 7,8-acetonide ring of either MTPA esi&Ror 19S(see
caution is necessary in analyzing the proton shift differences Figure 1) provided strong evidence for th®,8R stereo-
when two MTPA esters are relatively close together, chemistry.
comparison of the'H NMR chemical shifts of protons

adjacent to the C-11 MTPA ester group indicated that the || IGcNE

absolute stereochemistry at C-11 of the didemnaketals was

0
H Ph

OMe

18 R=H

19R R =(R)-MTPA

19S5 R = (5)-MTPA

8A values (ppb) for MTPA esters are shown next to protons

178 17R

Further oxidation of a portion of the diol diest&® with
osmium tetroxide and sodium periodate resulted in an initial
oxidation of the C-22 olefinic bond followed by oxidative
cleavage of the C-21/C-22 bond to form the ab{Scheme
1). A single crystal of acid 6 was obtained from isopropyl
ether/hexane solution, and its structure was determined by
X-ray crystallography. The relative stereochemistry resulting
from the X-ray crystallographic study, coupled with the
known absolute stereochemistry at C-11, required that the
didemnaketals possess the 10S,11S,12S,14S,16S,18R,20:!
absolute stereochemistry. The absolute stereochemistry of
acid 16 could also be determined by derivatization of the
acid group with R)- and §)-phenylglycine methyl esters
(PGME) to obtain the amidek/S and17R, once it had been
realized that the resulting amides adopt an anomalous
conformatior® Molecular modeling using PC Model sug-

gested that the amide-NH proton is strongly hydrogen bonded  \oshers Esters Prepared from Triol 6. Treatment of
to the oxygen of the adjacent pyran ring. A positivé value the triol 6 with (R)- or (S)-MTPA using the standard
@ ontani 1 K —— e B Am Ch conditions gave mixtures of esters. The mixtures were
ani, |.; Kusumi, T.; Kashman, Y.; Kakisawa, Bl. Am. em. . .
S0c.1991 113, 4092—4096. separated to optaln the S,Zl—bls—MTPA gstéIR and21S',
(5) Nagai, Y.; Kusumi, TTetrahedron Lett1995,36, 1853—1856. which were major constituents of the mixtures. Analysis of

Figure 1. ROESY correlations of acetonide methyl protons.
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the chemical shift differences for relevant protons in MTPA analogues of C-2C-11 containing three chiral centers and
esters21R and21Sconfirmed the & absolute stereochem- found that the 5S,7R,8&®halogue was
istry.

Absolute Stereochemistry at C-26Since there has been
some concern expressed regarding the reliability of using
the chiral amide method to determine the absolute stereo- Q OH O" 9

chemistry at the carbofi to a carboxylic acid, we decided ;
to use model compounds to confirm the signs of the chemical

COOMe

+237 +310,,

shift differences predicted by employing molecular modeling. 21'; Ef ((SR))-:A/'TTFF)’: RO »
The model compounds employed were racemic citronellic 54 values (ppb) are shown near protons

acid (22R,S) and ®)-citronellic acid 22R), both of which HH
are commercially available. Reaction of acR%R S and22R \MOH MN ?(SF)’h
with (§-PGME, PyBOP, 1-hydroxy-benzotriazole (HOBT), R O R O COOMe
andN-methyl-morpholine in DMF solution gave a mixture 22R R = oMe 23R R = a-Me (5 0.87)
of enantiomer®23R,Sfrom the racemic aci®2R,Sand a 225 R=p-Me 238 R = p-Me (5 0.92)
pure amide3Rfrom (3R-citronellic acid 2R). In the NMR
spectrum of amid@3R, the 9-methyl signal was at0.83
(d, 3 H,J = 7 Hz), whereas the mixture of enantiomers
contained two methyl signals t0.87 (d, 3 H,J = 7 Hz)
and 0.92 (d, 3 HJ = 7 Hz). Mild hydrolysis of tetraol’ in
1 N sodium hydroxide solution at room temperature for 3 h Ho'
. . . 24R=0H

gave, after chromatography, the a4, which was in turn 25R R = (R}NHPGME (5 0.68)
converted into theR)- and G)'PGME amide®5Rand?25S. 255 R = (S)-NHPGME (5 0.93)
The signals for the secondary methyl groy® the amide
were located by analysis of the HMQC spectra and found to the most potent with &; value of 2.1uM, comparable to
be atd 0.93 (d, 3 HJ =7 Hz) in25Sand 0.88 (d, 3 HJ that of didemnaketal Alnterestingly, our assignment of the
= 7 Hz) in 25R, thus defining the stereochemistry at C-26 didemnaketals in that regiorB¥ R8Ris opposite at the C-8
asS. The complete stereochemistry of didemnaketals B (2) center and would correspond to the analogue with af
and C @) is 55 6S7R8R10S11512514516S18R20S- 10 uM, which is exactly the activity reported for didemna-
21S,26S. ketal B. Knowledge of the complete stereochemistry of the

The determination of the absolute configuration of the didemnaketals will aIIow. further .development of stable
didemnaketals is an important step toward understanding the2nalogues that may provide a unique and potent mode of
structure—activity relationship of the compounds as potent HIV-1 protease inhibition.
protease inhibitors. Didemnaketal A and B were found to  Acknowledgment. We are grateful to the Republic of
be active against HIV-1 protease withsfalues of 2 and ~ Palau for collection permits and to the National Institutes of
10uM, respectively: Although the lability of the esters under Health (CA-49084) and the ARCS Foundation (graduate
physiological conditions precluded further development as fellowship for C.E.S.) for financial support.
a clinical drug, several synthetic studies of the didemnaketals
have been conducted to determine the structural componentg
necessary for activityFan et al. synthesized eight pentaester f
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