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Abstract

The C15-C28 portion of altohyrtins (spongistatins) was prepared in a convergent manner from 8)edhyl (
hydroxy-2-methylpropionatey-arabitol, and diacetone-glucose via dithiane couplings with epoxides as the key
segment coupling process. © 2000 Elsevier Science Ltd. All rights reserved.
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We have recently reported the synthesis of the C1-C14 (AB) spiroacetal partbraltohyrtins
(spongistatins) from the commercially-available carbohydrate, 3,4@-#tetylD-glucal, as a chiral
building block (Fig. 1)} We now report in this letter the synthesis of the C15-C28 (CD) spiroacetal
portion 2. The altohyrtins, spongistatins, and cinachyrolide A have been isolated from marine sponges
by the Kitagawa, Pettit, and Fusetani groups, respectiv@lyeir extremely potent antitumor activities
and unique, exciting structures have promoted a number of synthetic stuRently, the Evans and
Kishi groups have independently succeeded in the total synthesis of altohyrtin C (spongistatin 2) and
altohyrtin A (spongistatin 1), respectively.

We envisioned that the three consecutive stereocenters of C14, 15, and 16 should be constructed by
an aldol reaction. The C1-C14 ethyl ketdewas prepared for a candidate of the ketone segment. We
selected the C15—-C28 aldehy2las an aldehyde candidate (Fig. 1). Since stereoselectivity of the aldol
reactions between the structurally complex ethyl ketones antethyl- -alkoxyaldehydes is generally
capricious?’ it is difficult to correctly predict the influence of the C17-configuratio ion the selectivity
of our aldol reaction. Therefore, it is essential for future success to obtain both com@RZaiadd 2b.
Aldehydes2a or 2b would be obtained from the acyclic precursdgsor 4b via spiroacetal8a or 3b
(Scheme 1). It was expected thator 4b would be obtained from three segments, the C15-C17 dithiane
derivativeb, the C18-C22 diepoxidg and the C23—-C28 dithiane derivativeThe dithiane derivativé
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2a:R' = H, R? = OMPM
2b: R' = OMPM, R = H

MP = p-methoxyphenyl-

MPM = p-methoxyphenylmethyl-
TES = Et3Si-

TBS = t-BuMe,Si-

Tr = triphenylmethyl-

Altohyrtin A (Spongistatin 1)

Fig. 1.

is knowrP and can be prepared from meth§)3-hydroxy-2-methylpropionate). Diepoxide6 is also
knowrf but we prepared it fronb-arabitol @) via a new route. The dithiane derivatiVevas prepared
from diacetonen-glucose 10); the C2- and C4-hydroxy groups of the latter can be used as the C27- and

C25-hydroxy groups odaor 4b.
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Scheme 1.

To obtain diepoxid®,° we first prepared tetradll by Sakai’s procedurewith modifications (Scheme
2). D-Arabitol (9) was subjected to selective acetonization followed by deoxygenation and deacetoniza-
tion to afford tetraotl1 in 47% yield from9. Acetyl-brominatiof of 11 followed by alkaline treatment
gave the desired diepoxidein 60% yield? The dithiane derivativé was prepared from0 as follows.
Following the literature proceduf®,10 was transformed into the knowi2. Bromination of12 gave
bromide13,11 which underwent smooth addition by 2-lithio-1,3-dithiane, giviid in 93% yield from
12,
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1) Me,C(OMe),, acetone,

TsOH, DMF, r.t., 12 h
OH ?H 2) NaH, imidazole, CS,, Mel, OH ?H o O
~ THF, reflux, 2 h ~ 1) AcBr, dioxane, r.t., 16 h M
3) n-BugSnH, AIBN, toluene, 2) KoCOg, MeOH, r.t.,, 1h
OH OH OH reflux, 1 h OH OH 60% (2 steps) 6
9 4) HCI/ MeOH, r.t., 1 h 11

47% (4 steps)
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re THF, -20 °C, 1.5 h, ,
o : e Me o Me ne0 % Ioh s e Me
Me—JfO OH R e oan T 7

Me 10 LiBr, PhgP, 12:R=0OH 93% (2 steps)
DEAD, t%luene,[: 13:R=Br
THF, rt, 1h
Scheme 2.

The coupling of the anion derived froB? (1 equiv.) andh-BuLi (1.5 equiv.) with diepoxides (1.8
equiv.) affordedl4'! in 61% yield based oB (Scheme 3%2 De-dithioacetalization of4 with I, in ag.
acetoné? gave ketond5in 85% yield. The stereo- and chemoselective reduction of the carbonyl group
in epoxy-keton€l5 was next investigated. The relevant data are shown in Scheme 3. The @bf,19-
productl6 was obtained by using MBIBH(OACc)s'4 in 91% yield as the only reduction product without
any epoxide opening. In contrast, the C17si@productl7 was obtained as the only reduction product
by using EsBOMe—NaBH;1® in 98% yield. The stereochemistries 6 and 17 were confirmed by>C
NMR analysid® of their acetonides] 8! and19.1!

TBSO s(\ls OH Q TBSO O OH O

n-Buli (1.5 equiv.), THF,

r.t., 5 min, then 6 (1.8 equiv.), I, NaHCO3, aq. acetone,

5
(1 equiv.) HMPA (1 equiv.), THF, -20 °C, 0°C, 0.5 h, 85%

0.5 h, 61% based on 5 Me 14 Me 15
TBSO OH OH O TBSO OH OH O
- - + -
1719
combined ratio 17 19
conditions yield/% 16:17 Me 16 Me 17
. Me,C(OMe),, Me,C(OMe),,
8138% /5h11eOH / 78 33:67 PP%Sf CHzgzv PPTS, CH,Cly,
: rt,1h, 83% rt., 1h,73%
gHg?AeZSh/THF/ 94 39:61
°C/15
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[CIRh(Ph3P)3] / 45 20: 80 & PP . 4 PP PP
Ph,SiH, / Me ‘ Me Me l Me
rt/1h @) ™SO 0”0 O SO 000 0
Me4NBH(OACc); / 91 >98:2 H i H
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0°C/1h(b)
Et,BOMe /NaBH,/ 98 2:>98
TEMeoH / 4 Me 18 Me 19
-78°C/2h(c)
(a) See ref. 19. (b) See ref. 14. (c) See ref. 15.
Scheme 3.

The second dithiane coupling was conducted by the additiarBdLi (1.6 equiv.) to the mixture
of 7 (1.2 equiv.), epoxidd8 (1.0 equiv.), and HMPA (1.0 equiv.) in THF at20°C, giving the adduct
20 in 95% yield (Scheme 4). Methylation @0 (95%) followed by deprotection and reduction gave
21. De-dithioacetalization 021 with ammonium cerium(lV) nitrate (CANY gave, with concomitant
spiroacetalization, the unnatural spiroac@2iit and the desired spiroace®28!! in 42 and 14% yields,
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respectively. The spiroacetal configuration 2% was verified by'H NMR NOE measurements as
shown in Scheme 4. All attempts to effect isomerizatior2@finto 23 under protic and Lewis acid
conditions resulted in a ca. 1-3:1 equilibrium mixture2@&and23. Moreover, it was found that the
nextp-methoxybenzylidenation of the C15- and C17-hydroxy groups in each spirod2etati23 was
accompanied by partial isomerization at the spiroacetal center. Therefore, this equilibration was tried at
the next stage. The 3:1 mixture 82 and23 was treated witlp-methoxybenzaldehyde dimethyl acetal
and ZnCj in 10:1 THF—CHCI, at rt for 1 h to afford a separable mixture24* and25'* in 49 and 24%
yields, respectively. The spiroacetal configuratio2®fvas verified by*H NMR NOE measurements as
shown in Scheme 4. At this stage, the isomerizatio@béinto 25 was best achieved by subjectig

to the conditions of ZnGE" (5 equiv.) in CHCl, (rt, 0.5 h), giving a 2:3 mixture c24 and25in 91%
combined yield. The obtain&tbwas converted to aldehy@a by standard transformations. On the other

hand, the isomet9was also converted t2b by almost the same procedures as described above for the
case of18.1819
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Hos HO- NOE:
MeO 3 H24 — H19, 8.4%
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Scheme 4.

The convergent synthesis described herein makes available the C15-C28 (CD) spiroacetal portion of
the altohyrtins (spongistatins) in significant quantities. The aldol reaction of the ethyl Ketwitte this
aldehyde2 and the preparation of the complete C1-C28 portion are now in progress.
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