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ABSTRACT

H
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The intramolecular vinylogous Morita—Baylis—Hillman reaction was explored to access the central cyclopentane ring of FR182877. The reaction
manifold and product distribution is strikingly solvent and substrate dependent.

The importance of antimitotic drugs in cancer chemotherapy Our strategy calls for thes-indacene ring system of
prompted screening of a strain freptomyceby scientists FR182877 to be generated by the intramolecular vinylogous
at Fujisawa Pharmaceutical Co., resulting in the isolation of Morita—Baylis—Hillman cyclizatiorf of 1 (Figure 1). Inter-

a new antimitotic agent FR182877FR182877 exhibits  mediatel, in turn, would be assembled by an intramolecular
potent antitumor activities against a broad range of cancerDiels—Alder/macrolactonization sequence. We report herein

cells, promoting microtubule assembly in vitro and inducing
G,/M phase arrest in the cell cycle. _
FR182877 possesses an unprecedented hexacyclic structure
containing a strained tetrasubstituted olefin, which readily
oxidizes in the presence of oxygen to give a stable bioinactive
epoxidel® Combining both high biological activity and an
unusual architecture, FR182877 has attracted considerable
synthetic interestThus far, two total syntheses of FR182877
have been achieved, both of which feature an elegant tandem
transannular DielsAlder/hetero-Diels—Alder reaction se-
qguence’.
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Scheme 1. Synthesis o6
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our studies of the key MoritaBaylis—Hillman event, which
shows that success of this reaction is highly solvent and
substrate dependent.

We began by studying model enone-endatevhich was
prepared by an intramolecular Dielglder reactio and
Horner—Wadsworth—Emmons olefinatfof aldehyde5
(Scheme 1). Aldehydés, in turn, was prepared as an
inseparable 4:E/Z mixture at C(9) via Stille couplingof
vinylstannane and bromodienoné, followed by oxidation
of the allylic alcohol by MnQ.2

Vinylogous Morita-Baylis—Hillman cyclization studies
with 6 are outlined in Table 1. Conditions optimiZédor
cyclization of10, specifically that involving trimethylphos-
phine catalysis intert-amyl alcohol, resulted in a slow

cyclization of6 (entry 1).
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A large excess of trimethylphosphine was required to
consume the starting material. Nucleophilic attack of the
phosphine onto C(13) of enoné is likely slowed by
nonbonded interactions of PMavith the nearby C(11)
methyl group in the transition state. Examination of models

suggests that the enone must rotate about the C(12)—C(13

bond to allow for phosphine addition at C(13) from the top

or bottom faces. Either rotation, however, increases the

ground-state nonbonded interaction between the G(13)
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C(14) enone and the C(11) methyl group and/or the C(3)-
enoate. These problems conspire to slow the rate of;PMe
addition to C(13) ob such that competitive addition of the
catalyst to C(3) initiates the cyclization to the undesired
regioisome®. Indeed, mixtures of the desired tricyclic enone
7 and undesired regioisomé&rwere obtained under many
of the conditions examined. As expected on the basis of
allylic strain consideration®,single diastereomers @fand

9 were produced.

Itis well-established that the choice of solvent has dramatic
effects on the BaylisHillman reaction, since highly polar-
ized intermediates are involvéd? Thus, a survey of various
solvents was undertaken to increase the selectivity and
efficiency for formation of the desired tricyclé. When
methanol was used as a solvent, we observed transesterifi-
cation, with olefin migration produd formed as a single
diastereomer (entries 3 and 4). While reactions in ethanol
behaved similarly, use of 2-propanol as a solvent gave a 1:1
mixture of 7 to 8 (entries 5 and 6). We were pleased that
the cyclization in 2,2,2-trifluoroethanol was considerablely
faster, due presumably to the hydrogen-bonding ability of
this solvent, but were surprised that regioison®ekvas
formed as the sole product in this case (entry 7).

Reactions in the polar aprotic solvents NMP and HMPA
gave olefin migration produd@ as the major product with
better conversion occurring in the latter solvent (entry 9).
Oddly, 9 was the major product in MeCN and a mixture

)was obtained in DMSO (entries 10 and 11).

Since olefin migration leading t® was prevented itert-
amyl alcohol, and formation of undesired regioisoi@eras
minimal in HMPA, we considered combinations of these
solvents (entries 12 and 13); however, mixture8 aind 9
were obtained. No reaction was observed in,Ckor THF
either at room temperature or at reflux. Mild Brgnsted and
Lewis acid acceleration has been reported for intermolecular
Morita—Baylis—Hillman reactions using phenol in THF
and EtAl in CH,Cly;* however 6 did not react under these
conditions.

Given the established rate acceleration of the Baylis
Hillman reaction by watet? it was gratifying that in 3:1
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Ashimine, |.; Shoji, M.Tetrahedron Lett2002,43, 8683.
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(11) Imagawa, T.; Uemura, K.; Nagai, Z.; Kawanisi, 8nth. Commun.
1984,14, 1267.
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Table 1. Intramolecular Vinylogous Morita—Baylis—Hillman Reactions @®f

CO,Et
conditions
below
entry catalyst (equiv) solvent? (concn) time (h) recovered 6 (%) yield of 7 + 8 + 9 (%) ratio of 7:8:9
1 PMejs (10) t-amyl-OH (0.04 M) 18 11 71 58:8:34
2 PMes (2) t-amyl-OH (0.15 M) 18 10 64 50:6:44
3 PMes (10) MeOH (0.03 M) 1 0 63° 0:67:33
4 PMes (1) MeOH (0.03 M) 1 30¢ nd 0:75:25
5 PMes (10) EtOH (0.03 M) 1 6 74 0:67:33
6 PMejs (2) i-PrOH (0.03 M) 18 0 60 50:50:0
7 PMes (10) CF3;CH,0H (0.03 M) 1 0 78 0:0:100
8 PMes (10) NMP (0.03 M) 18 46 24 0:90:10
9 PMej3 (10) HMPA (0.05 M) 18 0 65 0:90:10
10 PMe;s (10) MeCN (0.03 M) 18 9 74 0:25:75
11 PMe;s (10) DMSO (0.03 M) 18 13 49 38:38:24
12 PMe;s (10) 1:1 HMPA/t-amyl-OH (0.03 M) 18 nd nd 0:50:50
13 PMes (10) 10:1 HMPA/t-amyl-OH (0.03 M) 18 nd nd 0:75:25
14 PMes (2) 3:1 THF/H20 (0.04 M) 8 0 74 100:0:0
15 PMes (1) 3:1 THF/H20 (0.1 M) 8 7 68 100:0:0
16 PMejs (10) 3:1 THF/t-amyl-OH (0.03 M) 18 nd nd 45:10:45
17 NEt; (20) HMPA (0.03 M) 16 23 47 0:100:0
18 PhSLi (1) THF (0.02 M) 12 0 55 0:100:0

aThoroughly degassed by the freezgump—thaw method? Isolated as methy! esterlsolated as a 3:1 mixture of ethyl/methyl esters.

THF—water, the rate of cyclization & was dramatically ~ and PhSLi (entries 17 and 18). A third possibility for the
increased. Most rewarding was that desired produatas generation of5 involves a Hofmann elimination of the
obtained exclusively (entries 14 and 15). Furthermore, we intermediate phosphonium sdl2!® In protic solvents, the
were able to lower the phosphine loading to 1 eddiv. enolate derived from phosphine attack may be used to
Replacing the THF/water mixture by THEft-amyl alcohol generate alkoxide, which in turn may behave as a general
(entry 16) gave the same product distribution as observedbase'®

in tert-amyl alcohol alone.

The stereoselective formation of olefin migration product CO,Et
8 is intriguing. A reasonable first guess is that phosphine- § o
mediated olefin migration of the BayliHillman product? W

occurs as soon as it is formed, yet treatmen? ofith 20

equiv of trimethylphosphine in HMPA gave only a 30%

conversion taB after 2 days. H 11
A more likely possibility would be an olefin migration of

: Sty .
the precusor enorto undetected intermediald ™ a rapid We next turned our attention to studies of a model system

Michael cyclization would then lead t8. This path is i, the substitution pattern present in FR182877 (Scheme
supported by the use of more basic reagents such ag NEtZ)_ We were pleased that the MoritBaylis—Hillman

. 17 ) )
(12) (a) Byun, H.-S.; Reddy, K. C.. Bittman, Retrahedron Letiooa,  'caction of13"in tert-amyl alcohol, 3:1 THF/water, and
35, 1371. (b) Auge, J.; Lubin, N.; Lubineau, Aetrahedron Lett1994, 2,2,2-trifluoroethanol all gave the desired prodaidtwith

55, 79517-Z(ﬁ) Yu, g.: Hu, 13-: lju. LJ-kOrg- C\R/emmgl,gﬁy 5C4hl3- (d)J o between 4:1 and 6:1 diastereoselectivityAgain, allylic
uo, S.; Zhang, B.; He, J.; Janczuk, A.; Wang, P. G; eng, J.-P. . - .
Tetrahedron Lett2002,43, 7369. (e) Keck, G. E.; Welch, D. Org. Lett. strain between the C(2)C(3) olefin and the bicycle governed

2002,4, 3687. (f) Cai, J.; Zhou, Z.; Zhao, G.; Tang, @rg. Lett.2002,4, the stereochemical course of the cyclization. Neither the

4723. (g) Aggarwal, V. K.; Dean, D. K.; Mereu, A.; Williams, B. Org. ; ; ; : ;
Chem.2002.67, 510. olefin migration product nor the product of ester cyclization

(13) A puzzling shift in reaction diastereoselectivity was observed by

Yang and Chen in an intermolecular Bayliditman catalyzed by DABCO (15) Cope, A. C.; Trumbull, E. ROrg. React.1960,11, 317.
in THF/water versus DMSO: Yang, K.-S.; Chen, ®rg. Lett. 2000, 2, (16) Stewart, 1. C.; Bergman, R. G.; Toste, F. D.Am. Chem. Soc.
729. 2003,125, 8696.

(14) Molecular modeling using Spartan (Monte Carlo search with (17) Our synthesis of3 will be reported elsewhere.
MMF94) estimates a 5 kcal/mol preference for tBg-¢lefin geometry as (18) Tricycles7, 14, and15 are readily oxidized in the presence of air;
shown with11. see Supporting Information.
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Scheme 2. Vinylogous Morita—Baylis—Hillman Reactions with a More Advanced System
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10 equiv PMe,, 0.03 M t-amyl-OH, 20 h:  56% (14:15 = 6:1) plus 20% 13
4 equiv PMeg, 0.08 M 3:1 THF/H,O, 12 h:  84% (14:15 = 6:1)
10 equiv PMeg, 0.03 M CF,CH,OH, 12 h:  62% (14:15 = 4:1)

onto the ketone were observed; the latter was likely inhibited ~ Acknowledgment. Financial support provided by the
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slows the rate of PMgaddition to C(3) of13. ship to J.L.M. (CA 96376) and by a research grant to W.R.R.
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an instructive target for further development of the intramo-
lecular vinylogous Morita-Baylis—Hillman reactiort®<The
remarkable solvent effect on the reaction manifold discovered
with 6 expands our insight into the factors that control this
cyclization. The successful intramolecular cyclization of
enone-enoaté3 is promising for our planned synthesis of
FR182877. 0L0357550

Supporting Information Available: Experimental pro-
cedures and tabulated spectroscopic date3fe®, 14, and
15. This material is available free of charge via the Internet
at http://pubs.acs.org.
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