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(+)-epolactaene (1)
(+)-Epolactaene was synthesized in 14 steps in the longest linear sequence. The synthesis is highlighted by a highly efficient preparation of
the lactone intermediate 4, which only requires three steps from the commercially available ( S)-3-butyn-2-ol. It also features a fully stereocontrolled
synthesis of the intermediate 9, which was constructed through the use of Zr-catalyzed methylalumination of alkynes and a series of Pd-
catalyzed organozinc cross-coupling reactions, such as homopropargylation, direct ethynylation, and alkenylation of the methyl ester of ( 2)-
o-iodocrotonic acid (3).

Epolactaenel) is a microbial metabolite isolated from the || A

fungal strainPenicillium sp. BM 1689-P. Because of its Scheme 1
effectiveness in promoting neurite outgrowth and arresting

H
the cell cycle at the G1 phase in a human neuroblastoma 0§ _&T’Vﬁ A
cell line, it has been considered for the treatment of neuro- ndhd INAY o0 COMe
degenerative diseases such as demértidas also been  H° N0 Gode = 4 :
found recently that epolactaene inhibits the activities of (+)-epoiactoens (1) *TBSO/YW\I
mammalian DNA polymerases and human DNA topo- 2
isomerase IF.

Epolactaene (1) has previously been synthesized by three
groups?—® We became interested in the synthesislof hoped to prepare the side chain via a Pd-catalyzed-
primarily because of the presence of a conjugated trienekenylatiorl® involving the use o and3 (Scheme 1). We
moiety featuring am-alkenylated E)-crotonic ester, and we
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also hoped to apply the Pd-catalyzed homoailblkenyl
coupling protocol developed by Ut the preparation o2.
For the construction of the ring moiety and its union with

anywhere in the synthesis d?. To develop a more
convergent route t8, 1-trimethylsilyl-6-iodo-3-hexen-1-yne
(6) was prepared via hydrozirconatieiodinolysis of 4-iodo-

the side chain, the strategy involving carbonyl addition of 1-butyne and a subsequent Pd-catalyzed alkyaikenyl

the oxiranyl anion derived from reported by S. Kobayashi

coupling* with TMSC=CZnBr. After lithiation with'BuLi

et al® appealed to us as being convergent and fundamentally(2 equiv) and zincation with dry ZnBrits Pd-catalyzed

attractive. At the time our work was started, howevenad

cross-coupling witlb led to a disappointingly low yield of

not been synthesized asymmetrically. Although their recent TMS-protected” (41%) along with byproducts containing a

reporfc described its synthesis, it required 12 steps fr§m (
lactic acid ethyl ester.

We envisioned a short synthesis 6f)(4 via F. Sato’s
Ti-catalyzed trans-hydromagnesation of propargyl alcéhol

cyclopropyl group. Evidently, metalation & must be
accompanied by metallotropy involvir@aand8b (Scheme

3) similar to that reported previously by us in a related
homoallyl—alkenyl cross-coupling reactidh.

and indeed achieved its synthesis in just three steps from For conversion o into the fully structured side chai®,

commercially availableS)-3-butyn-2-ol in 32% overall yield,

we hoped to develop an efficient and selective synthesis of

as outlined in Scheme 2. The crucial trans-hydromagnesationthe methyl ester ofZ)-a-iodocrotonic acid ) rather than

Scheme 2
(i)/BuMgCl, 3% Cp,TiCl,
{i). "BuLi (2 equiv), THF, -78°C, 1 h ether, 1t, 12 h
(i) TMSCI (2 equiv), -78 °C-rt, 12 h (i) CO, 0 °C
(i) 3NHCLTHF, i, 1h (iiiy HCI, 2 h

>%TMS

87% 71%

HO HO
Q ,TMs
TMS  NaOC, pyridine o=
—FS: 0°C, 12 h o
o ° 51% O

(-4
{>99% pure)

with 'BuMgCl in the presence of 3 mol % of ¢HCl;
followed by carboxylation with C® and lactonization

H
! ; . N ) = > (2) MnO,, hexanes, rt
proceeded in one pot in 71% yield. Epoxidation of the lactone ZOW e e
CO,Me 2%

thus obtained with NaOCI in pyridine at®@ afforded the
desired product as a single diastereoisomer in 51% vyield.
A fully (>98%) stereocontrolled synthesis & was

its a-bromo analogue, which was previously used by Kégen
for the construction of the C1C6 moiety via Stille coup-
ling'®in only 47% yield. To this end, methyl propiolate was
carbocuprated with MeCuTMEDA? and treated with,l
to give >98% pure3 in 62% yield (Scheme 4). Its cross-

Scheme 4

(i) 'BuLi (2.0 equiv), THF, -78°C, 1h

= (if) dry ZnBry, THF, -78 °C-1t, 0.5 h

Z0 ! (iii} evaporate Pd,(dba)s (2.5%)

2(Z=TBS) TFP (10%)

DMF, rt, 3h
(i) MeCu (1 equiv) 76%
TMEDA, ether, -78°C, 12 h °

(i}l THF,-78°C, 3h e

MeQ,C— 2%
COMe

3
{1) TBAF, AcOH, rt, 20 h

NG

10 COMe

9 (>98% pure)

achieved in seven steps by using the Zr-catalyzed carboalu-coupling with the zinc derivative df in the presence of 2.5

mination of alkyne¥ and the Pd-catalyzed cross-coupling
with organozinc§® as well as hydrozirconatidf with
HZrCp,Cl conveniently generated in situ by a recently
developedBu,AlH—ZrCp,Cl, protocol® (Scheme 3). Al-
though the preparation &, specifically its modest yield of

mol % of Pd(dba} and 10 mol % of tris(o-furyl)phosphine
(TFP)” proceeded smoothly and selectively to give the
desired cross-coupling produtd in 76% vyield. Noticing
that Pd-catalyzed cross-coupling of-BusSn-substituted
methyl crotonate with a related dienyl iodide was reported

55%, needs to be further improved, no delicate and poten-to give a 91% yield of the C1—C10 fragmefitye also ran
tially tedious stereo- or regioisomeric separation is required the corresponding Stille reaction 2fIn our hands, however,

Scheme 3
(1) () EtZnBr, THF, rt, 1 h

(i) MeAl, CHyCly, 1t, 14 h
cat. Cp,ZrCl,
(ii) I, THF, -78°C-rt, 1 h
HO _—

(ii) BrZn(CH,),C=CTMS
3% Pd(dppf)Cl,, THF/DMF, 11, 5 h
(2) K;CO3, MeOH, 1t

(i) BuAIH (1 equiv), THF, 0°C, 1 h
(ii) Cp,ZrCly, DIBALH, THF, 1t, 2 h

X

HO/Y\I

5

55% 74%

(iy EZnBr, THF, 1t, 1 h
(iiy BrZnC=CH, rt, THF/DMF, 5 h
3% PA(PPhs),

84%
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BuLi, ether
THF, -78°C

HO%

HOY\/E (iii) 1, THF, -78-0°C, 1h
73%

(1) (i) Me3Al, CHyCly, tt, 12 h
cat. Cp,ZrCly
(i) 1,, THF, -78-0°C, 1 h

(2) TBSCI, imidazole, DMF, rt, 3 h =

TBSO = |

63%
2 (>98% pure)
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the yield of10 has been in the 7080% range. Desilylation
with TBAF followed by oxidation with MnQ provided9 in
>98% isomeric purity in 72% yield over two steps (Scheme
4).

The final assembly of epolactaene frofnand 9 was
performed as summarized in Scheme 5 by closely following

Scheme 5

MO s () TBAF (15% ), THFhexne, , 36
_21 *OHCW (ii) HF, CHsCN, 0°C, 0.5 h
0=0 0 CO.Me 39%
4
NOE (1 5%) NOE (8%)
TFAA, DMSO

EtsN, CHoCl,, -78 °Crt
85%

0,
NOE (06%) W

o) .\/ NOE (0.9%)

PN
CO.Me

{+)-epolactaene (1)

(1) NHz, MeOH, 0°C, 0.5 h
{2) Dess-Martin reagent, CH,Cl,, rt, 2 h

53% over 2 steps

convergent, the yield over four steps has been limited to 18%,
but it is comparable to that previously reported (15%). No
efforts have been made in this study to further improve this
part of the synthesis. Clearly, such efforts are highly
desirable, and the efficient and selective synthesis of several
key intermediates including—4, 9, and10 herein reported
should significantly facilitate such efforts. Thel and*3C
NMR spectra of (+)-epolactaene obtained as a mixture of
1.8:1 epimers at C15 ¢{|*5 +36.3° (c 0.38 MeOH) lit?
[]?%5 +32° (c 0.1 MeOH)] match very well with those
previously reported:®
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the protocol developed by S. Kobayashi etf&l.The

stereochemical details have been established by a combina-

tion of NOEs and coupling constant measurements performed
on the lactone intermediatél. Although efficient and
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