J. Am. Chem. Soc. 1991, 113, 6321-6322 6321

cyclization between enol ether 2 and salt 9, prepared from py-
rido[3,4-g]isoquinoline (3)'® and 2-bromoethanol (CH,CN, 82
°C: 84%), in the presence of the acid scavenger CaCO," and
concomitant intramolecular interception® of the resultant iminium
jon by the N-tethered oxygen nucleophile?® gave adduct 10 as a
diastereomeric mixture arising from endo and exo addition.??
Careful spectroscopic analysis revealed no regioisomeric products.
Although separable chromatographically, in practice, the crude
mixture was directly transformed to aldehyde 11 by selective von
Braun cleavage? of the mixed azaacetal using methanolic cyan-
ogen bromide, mild acidic hydrolysis, and subsequent in situ
aromatization.'” A second Bradsher cyclization of the 2,4-di-
nitrophenyl (DNP) salt!” of 11 with 4 in methanol yielded adduct
12, also as a mixture of diastereomers. Acidic hydrolysis/aro-
matization as above smoothly evolved anthracene 13 containing
the complete carbon framework of the target molecule. The
residual aldehydes were profitably exploited for introduction of
the phenolic oxygens by subjecting 13 to modified Dakin oxida-
tion.?* Singlet oxygen addition across the central aromatic ring2®
with reductive workup and aerial oxidation during isolation
generated anthraquinone 14. Pyridinium dichromate (PDC)
oxidation of the primary alcohol in dimethylformamide (DMF),
diazomethane esterification of the resultant carboxylate, and
selective hydrogenolysis?’ of the BMP protecting groups led to
1, mp 183-184 °C (lit.” mp 183-184 °C), spectrally and chro-
matographically comparable to authentic material.

The foregoing synthesis highlights the potential of polar [4*
+ 2] cycloadditions for the construction of complex polycyclic
systems containing highly functionalized appendages and expands
the repertoire of aza aromatics capable of Bradsher annulation.
Extensions of the scope and preparative applications of this
methodology will be reported in due course.
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(Zb) Generally, S-endo-trigonal ring closures are disfavored (ref 21).
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Replication of human immunodeficiency virus (HIV) entails
expression of several viral polyproteins which require the presence
of a virus-specific protease for their maturation. Inhibition of this
enzyme results in immature viral particles and inhibition of viral
replication in vitro.! HIV-1 protease is therefore an exciting target
for mechanism-based natural product screening in order to identify
candidates for development of chemotherapeutics for AIDS. The
magenta ascidian Didemnum sp. was collected by hand (-1 m)
at Auluptagel Island, Palau. The sample was stored at =20 °C
for several years until the HIV-1 protease inhibition assay? revealed
bioactivity in a crude extract. Using bioassay-guided fractionation,
the hexane-soluble material from a 1:1 methanol-dichloromethane
extract (15 g) was chromatographed on Sephadex LH-20 (5:5:1
CH,C1,-MeOH-H,0) to obtain two active fractions, which were
further purified by reversed-phase HPLC to obtain didemnaketals
A (1,4 mg) and B (2, 12 mg). Inhibition of HIV-1 protease by
didemnaketals A (1, ICsy = 2 uM) and B (2, ICs; = 10 uM) was
measured by using a peptidolysis assay.2

4

1 R = COCH; 2R=

Didemnaketal A (1), [a]p = =11.0° (¢ 0.8, CHCl,), was isolated
as a clear oil. The molecular formula, C44H,0,4, was deduced
from the 13C NMR data and the (M + H)* peak at m/z =
825.5030 in the HRFABMS spectrum. The IR spectrum con-
tained bands at 3490, 1735, and 1712 cm™! that were assigned
to hydroxyl, ester, unsaturated ester, and ketone groups. The 1*C
NMR spectrum (Table I) contained signals assigned to a ketone
carbonyl, five ester carbonyls, two olefinic carbons, a ketal carbon,
seven ~CH(OR)- carbons, a methoxy group, six aliphatic methine
carbons, nine methylene carbons, and 12 methyl carbons. From
these data it was concluded that 1 was a bicyclic ketal with no
other rings present.
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Table I. Didemnaketal A: 'H and '*C NMR Data

C BC ppm 'H ppm long-range
no. (mult) (mult, J (Hz)) TH-1C correlations
1 168.1 (s)
2 130.2 (s)
3 136.1 (d) 6.71 (ddd, §, 7, 2) Cl1,C2,Cs5,C24
4 30.8 (t) 2.49 (ddd, 16, S, 5) C2,C3,C5
2.53 (ddd, 16, 7, 7) C2,C3,Cs5
5 722 (d) 4.83 (m) C3, C6, C30
6 36.7 (d) 2.09 (m) C5
7 72.9 (d) 5.16 (dd, 9, 2) Cs, C6, C8, C25, C33
8 70.6 (d) 5.22 (brt, 10) C7, C9, C10, C35
9 322(1) 1.24 (m)
1.61 (m)
10 29.4 (d) 1.84 (m)
11 782 (d) 4.78 (dd, 6, 6) C9, C10, C12, C26, C40
12 69.2(d) 3.69 (m) C10, C11, C14, C16
13 345 (t) 0.81 (ddd, 12, 12, 12) C12, C27
1.45 (br d, 13)
14 249 (d) 1.93 (m)
15 439 (t) 098 (br m)
1.67 (dd, 14, 3) C13, C16,C17
16 98.4 (s)
17 40.0 (t)  1.45 (br d, 13) C16, C19
1.59 (br d, 13) Cl15, C16, C18, C28
18 243 (d) 1.99 (m)
19 318 (t)  1.34 (br dd, 14, 3)
1.71 (ddd, 14, 11, 5) C18, C20, C21, C28
20 67.5(d) 3.89(ddd, 11, 5,3)
21 79.1 (d) 4.14 (dd, S, 5) C19, C20, C22
22 209.3 (s)
23 28.1(q) 232(s) C21,C22
24 125(q) 1.82(s) C1,C2,C3
25 9.8 (q) 0.98 (d) Cs
2 16.1 (g) 0.98 (d)
27 220(q) 0.86(d, 7) Cl13, C14, C15
28 206 (q) 1.08 (m) C17,C18,C19
29 518(q) 3.72 (s) Cl
30 173.8 (s)
31 27.5(t)  2.28 (br m) C30, C32
32 83(q) 1.08 (m) C30, C31
331702 (s)
34 20.8 (q) 1.98 (s) C33
35 1724 (s)
36 43.1(t) 213 (m) C35
37¢ 252(d)  2.04 (m)
388 22.3(q) 0.93 (d)
398 224 (q) 093 (d)
0 1727(6)
41 436 (1) 224 (m) C40
42¢ 25.5(d) 2.08 (m)
43 225(q) 098 (d)
44 225(q) 098 (d)
O-H 3.34(d, 5) C21,C22

2bSignals are interchangeable.

The 'H and '>C NMR data were assigned as shown in Table
I by interpretation of the 'H-'H COSY, HMQC (J = 135 Hz),
and HMBC (J = 8 Hz) experiments. The unsaturated ester at
the head of the isoprenoid chain was defined by the HMBC cross
peaks [3.72 (OMe): 168.2 (C-1)], [6.71 (H-3): 168.2], and [6.71:
12.3 (C-24)], and the E geometry was assigned on the basis of
the chemical shifts of C-24 (6 12.3) and H-3 (5 6.71). The COSY
data revealed two contiguous carbon chains from C-3 to C-15 and
C-17 to C-21 with branching methyl groups at C-6, C-10, C-14,
and C-18. Both the chemical shift values and HMBC data re-
quired ester functionality at C-5, C-7, C-8, and C-11. Since the
H-21 signal was coupled to a hydroxyl proton signal, the oxygens
attached at C-12 and C-20 must both be joined to the ketal carbon
at C-16. This proposal was supported by HMBC cross peaks at
[3.69 (H-11): 98.4 (C-16)], [1.45 (H-15): 98.4], and [1.59
(H-17): 98.4]. The terminal methyl ketone was assigned on the
basis of the HMBC cross peaks at [2.32 (H-23): 209.3 (C-22)]
and [2.32: 79.1 (C-21)]. The remaining 'H and 1*C NMR signals
were assigned to one acetate, one propionate, and two isovalerate
esters, although the signals for the two isovalerate groups could
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not be differentiated into two sets. The positions of the acetate
and propionate groups were defined by HMBC cross peaks at [1.98
(H-34): 170.2 (C-33)] and [5.16 (H-7): 170.2] and [1.08 (H-32):
173.8 (C-30)] and [4.83 (H-5): 173.8]; the isovalerate esters are
therefore at C-8 and C-11. The stereochemistry of the substituents
about the pyran rings was determined by interpretation of 'H
NMR coupling constants and the observation of two nuclear
Overhauser enhancements between H-20 and Me-28 and between
H-12 and H-20.

Didemnaketal B (2) is a clear oil of molecular formula Cs,-
HgO,5. Comparison of the 'H and 1*C NMR spectra* of ketal
2 with those of ketal 1 revealed that the compounds were identical
in the C-1 to C-20 region. The differences in NMR spectra are
consistent with the proposed structure 2 in which the additional
carbon atoms constitute an extension of the polyisoprenoid chain
such that oxidative cleavage of the C-22 olefinic bond of di-
demnaketal B (2) produces didemnaketal A (1). In the 'H COSY
spectrum of 2, the additional olefinic signal at 6 5.48 (t, 1 H, J
= 6.9 Hz) is coupled to methylene signals at ca. 2.1 and shows
long-range coupling to the methyl signal at 1.61 (s, 3 H) and the
H-21 signal at 4.05 (d, 1 H, J = 3.5 Hz), which was in turn
coupled to the H-20 signal at 3.86 (overlaps with H-12). The
methyl signal at § 1.61 was correlated with a 1*C NMR signal
at 13.3 (q), the chemical shift of which indicated the 22F geom-
etry. After locating the '*C NMR signals for all carbons attached
to the C-1 to C-23 portion of the molecule, the remaining signals
at 6 173.5 (s), 51.3 (q), 41.5 (t), 36.5 (t), 30.0 (d), 24.9 (t), and
19.6 (q) were assigned to an isoprenoid carbon chain terminating
at the methyl ester.

Didemnaketal B (2) is a linear heptaprenoid, which is a very
rare terpenoid class. The isolation of terpenoids from ascidians
is unusual since most ascidian metabolites are amino acid derived.’
Although didemnaketal A (1) is probably an oxidation product
of didemnaketal B (2), it was not among the decomposition
products of ketal 2, which did not survive prolonged storage. The
well-established lability of esters under physiological conditions
precluded further development of these compounds as drug can-
didates.
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(4) Didemnaketal B (2): IR (CHCly) 3500, 1735, 1710 cm”!; 'H NMR
(CDCl;) 6 6.69 (t, 1 H,J =7Hz),548 (t, 1 H,J =7 Hz), 523 (dd, | H,
J=9,8 Hz),5.13 (dd, 1 H,J = 8, 3 Hz), 483 (m, | H), 477 (dd, 1 H,J
= 6, 5 Hz), 4.05 (d, | H, J = 3 Hz), 3.87 (m, 1 H), 3.85 (m, 1 H), 3.73 (s,
3 H), 3.66 (s, 3 H), 2.51 (dt, | H, J = 16, 5 Hz), 2.47 (dt, L H, J = 16, 7
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Hz), 2.35 (m, 2 H), 2.29 (dd, 1 H, J = 7, S Hz), 2.25 (d, 2 H, J = 7 Hz),
213(d, 2 H, J = 7Hz), 2.13 (m, 1 H), 2.12 (m, 1 H), 2.08 (m, 2 H), 2.06
(m, 2 H), 2.00 (m, 1 H), 1.98 (s, 3 H), 1.96 (m, 1 H), 1.91 (m, 1 H), 1.90
(m, 1 H), 1.84 (s, 3 H), 1.67 (m, 1 H), 1.66 (m, 1 H), 1.64 (m, 1 H), 1.62
G, 3H) 1.58 (br d, IH J 14 Hz), 1.54 (brd, 1 H, J = 14 Hz), 144 (m,
1 H), 1.38 (m, 1| H), 1.25 (m, 1 H), 1.22 (m, 1 H), 1.12 (m, 1 H), 1.09 (t,
3H,7=17Hz),1.07 (d, 3H, J = 6 Hz), 1.00 (d, | H, J = 7 Hz), 0.99 (d.
6 H,J=7Hz), 098 (d, 3 H,J =7 Hz), 097 (d, 3 H, J = 7 Hz), 0.9 (d,
3H,J=7Hz),0.94(d,6H,J=6Hz),086(d,3H,J=7Hz),0.80(,
1 H,J = 14 Hz); C NMR (CDCl,) 5 173.7 (s), 173.5 (s), 172.7 (s), 172.3
(s) 170.1 (s), 1680(s),1359(d),1330(),1303(5), 126.3 (d), 98.3 (s),
78.6 (d), 78.0 (d), 72.7 (d), 72.3(d), 70.6 (d), 69.1 (d), 66.6 (d), 518 (q),
51.3 (q), 44.3 (1), 43.7 (1), 43.1 (1), 41.5 (1), 40.7 ) 37.0 (d), 36.5 (t), 35.1
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(1), 32.9 (t), 30.9 (1), 30.0 (d), 30.0 (t), 29.5 (d), 27.6 (t), 25.6 (d), 25.3 (d)
24.9 (), 24.8 (d), 24.5 (d), 22.6 (2 q), 22.5 (2 9), 22.1 (q). 20.8 (q), 20.7 (q)
19.6 (q), 16.2 (q), 13.3 (q), 12.6 (q) 9.9 (q), 8.9 (q); HRFABMS obsd. m/z
933.5951, C5;Hgs014 (M — OH)* requires m/z 933.5939.

[®)] For recent reviews, see: Faulkner, . J. Nai. Prod. Rep. 1991, 8, 97
and previous reviews in this series.



