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ABSTRACT

~ 1(R=R2R"= OCHg) 1a (R =R? R'= OCHy)
o 3(R=R? R'=0H) 3a(R=R%*R'=0H)
(3} OH 4(R=R?R'=H) da (R=R§, R:=H)
17 5(R=R3R'=0OCH 5a (R=R% R'= OCHj,)
m\ ®Y 6 ER =R3 R'=OH) ) 6a (R=R% R'=0H)
= o - 7(R=R%R'=H) 7aR=R%R'=H)
8 (R=R* R'= OCHjy) 8a (R=R* R'= OCHj,)

Thermolysis of isomigrastatin (1) under neat heating conditions afforded migrastatin (1a). The reaction is proposed to proceed via a concerted
[3,3]-sigmatropic rearrangement by which ring expansion is achieved regio- and enantiospecifically. The general applicability of this reaction

was demonstrated with six additional isomigrastatin congeners (3 —8), providing a new route to the synthesis of migrastatin analogues
(3a—8a).

Migrastatin (1a), a 14-membered macrolide with a gluta- of 2aand2b was not reportedViewing 2aand2b as acyclic
rimide-containing polyketide side chain, was first isolated geometric isomers dfa, Licari and co-workers reinvestigated
by Imoto and co-workers from the culture broth $frep- the fermentation o8. platensisand confirmed in 2002 that
tomycessp. MK929-43F1 in 2000 1ts relative and absolute  this strain indeed producekh, in addition to2a and2b, as
stereochemistry was subsequently determined by single-well as isomigrastatinl), which could be viewed as the
crystal X-ray analysis of ittN-p-bromophenacyl derivative  cyclic form of 2b.* The stereochemistry df was also not
in 20022 Dorrigocin A (2a) and B 2b), glutarimide- reported. We have recently shown tHat, 2a, 2b, and1
containing linear polyketides, were first isolated by Kar- ) (2) Nakae, K., Yoshimoto, Y.. Usda, M. Sawa, T.. Takahashi, Y.
wowski and co-workers from the culture broth $frepto- Naganawa, H.; "rak.éuchi, T.; Imyoto.,’ N. Ant’ibic;’t.ZOOO,'53,.‘122871230‘. h

myces platensiSRRL 18993 in 1994, but the stereochemistry (b) Nakamura, N.; Takahashi, Y.; Naganawa, H.; Nakae, K.; Imoto, M.;
Shiro, M.; Matsumura, K.; Watanabe, H.; Kitahara, JI Antibiot. 2002,

T Division of Pharmaceutical Sciences. 55, 442—444,

* University of Wisconsin National Cooperative Drug Discovery Group. (3) Hochlowski, J. E.; Whittern, D. N.; Hill, P.; McAlpine, J. Bl

§ Department of Chemistry. Antibiot. 1994,47, 870—874.

(1) Nakae, K.; Yoshimoto, Y.; Sawa. T.; Homma, Y.; Hamada, M.; (4) Woo, E. J.; Starks, C. M.; Carney, J. R.; Arslanian, R.; Cadapan, L.;
Takeuchi, T.; Imoto, MJ. Antibiot.2000,53, 1130—1136. Zavala, S.; Licari, PJ. Antibiot.2002,55, 141—146.
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were produced by single biosynthetic machinery dad?a,
2h, as well as 13pidorrigocin A @2¢) are in fact shunt
metabolites ofl in S. platensisnd subsequently established

the thermolysis ofl under neat heating conditions to afford
1a, presenting a biomimetic synthesisltafrom 1 in modest
yield. We propose that the reaction would proceed via a

the relative and absolute stereochemistry of all these concerted 3,3-sigmatropic rearrangement by which ring

metabolite®® (Figure 1).
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Figure 1. Structures of migrastatinlg), dorrigocin A (2a),
dorrigocin B @b), 13-epi-dorrigocin AZc), isomigrastatin), and
lactimidomycin (9).

expansion of the 12-membered macrolileto the 14-
membered macrolidéa is achieved regio- and enantiospe-
cifically. The general applicability of this reaction was
demonstrated with six additiondlcongeners3—8), provid-
ing a new route to the synthesis dfanalogues (3a—8a).

We have reported early thatand its congeners such as
3,4,5, 6,7, and8 could be readily produced in substantial
guantities by fermentation @treptomyces platensighey
were produced and isolated according to our reported
procedures and utilized as starting materials for the synthesis
of 1la and its analogue8a, 4a, 5a, 6a, 7a, and8a in this
study.

We started withl to optimize conditions for its thermal
rearrangement tba. Numerous attempts to hehtn various
solvents (such as toluene, DMF, DMSO, mineral oil) at
temperatures ranging from 100 to 22D were made initially.
However, under all conditions tested, HPLC analysis of the
reaction showed a complex mixture with the bulk of the
starting materiall decomposed or isomerized (data not
shown). Surprisingly, when we resorted to thermolysis of
neatl in a sealed glass tube, we observed the formation of
la as the sole product as monitored by HPLC (Scheme 1).

Migrastatin (1a) has shown the ability to inhibit the || NG

migration of several human tumor cell lines in vifr&ince

Scheme 1. Thermolysis of Isomigrastatirlf To Afford

the development of metastatic lesions remains the predomi- Migrastatin (1a): HPLC Analysis of (@) as a Substrate (1) and
nant cause of death for most cancer patients, and cell 1a(4) as a Product upon Heatirigin a Sealed Glass Tube at

migration is essential for invasion of the extracellular matrix 135°C for 2.5 (Il) and 4 h (lll)

and for cell dissemination during metastasis, inhibition of

tumor cell migration represents a potential therapeutic Re=
approach for the treatment of tumor metasté&sitws, 1a o

has served as a potential lead for the development of{ m;\
therapeutic agents for treating tumor metastasis. Total o
synthesis ofLla has been achieved and a focused library of

migrastatin analogues has been made by Danishefsky and

R

co-workers? Strikingly, the macrolide core dfaas well as 100 _AUat250nm

its two analogues, macroketone and macrolactam, have been ! °
found to show improved biological profiles (by ca. 3 orders L
of magnitude) in inhibiting tumor cell migration in vitro and 0.0

in vivo in comparison withia° 100— .

Previously we have shown thdt undergoes a rapid J\A °
rearrangement in an aqueous solution to fdray 2a, 2b, O
and2c in quantitative yielc. This finding has prompted us 1%8: " .
to further explore the chemical reactivity bfHere we report J\A

(5) Ju, J.; Lim, S.-K.; Jiang, H.; Shen, B. Am. Chem. So2005,127, 0.0 — R
1622-1623. I . . [

(6) Ju, J.; Lim, S.-K.; Jiang, H.; Seo, J.-W.; ShenJBAm. Chem. Soc. 5 10 15 20
2005,127, 11930—11931. Time (min)

(7) Takemoto, Y.; Nakae, K.; Kawatani, M.; Takahashi, Y.; Naganawa,
H.; Imoto, M. J. Antibiot.2001,54, 1104—1107.

(8) Woodhouse, E. C.; Chuaqui, R.; Liotta, L. Bancer1997, 80, 1529~
1537.

(9) Gaul, C.; Njardarson, J. T.; Shan, D.; Dorn, D. C.; Wu, K. D.; Tong,
W. P.; Huang, X. Y.; Moore, M. A.; Danishefsky, S.J.Am. Chem. Soc.
2004,126, 11326—11337 and references cited therein.

(10) Shan, D.; Chen, L.; Njardarson, J. T.; Gaul, C.; Ma, X.; Danishefsky,
S. J.; Huang, X.-YProc. Natl. Acad. Sci. U.S.£005,102, 3772—3776.
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We then optimized the reaction conditions by subjecting
multiple aliquots of neal (1 mg) in identical sealed tubes

to thermolysis under various temperatures and duration, and
the reactions were monitored by HPLC. The best yield was
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obtained when thermolysis df was carried out at 13%C s

for4 h ungier neaF condition. We subsequently scaled up thetgpie 1. Thermolysis of Isomigrastatirlf and Congeners
thermolysis reaction of (35 mg), and the resultant product  (3_g) to Migrastation {a) and Congener8¢—8a) via a
lawas purified by silica gel chromatography in a modest 3 3-Sigmatropic Rearrangement
yield of 62%. It should be pointed out that, even under the R-
optimized reaction conditiort, still suffered from decom- _
position or polymerization, which accounted for the modest ,E;;/\L;\ ®
yield obtained. ThéH and*C NMR spectral data of the &
purified lawere determined, and they are identical with those ©
of la isolated directly fromS. platensisfermentation or
obtained from HO-mediated rearrangementhfconfirming o oH
its same stereochemistry. W
We propose that the reaction would proceed through a= ¢ -
concerted 3,3-sigmatropic rearrangement, presumably via a
chairlike transition state as depicted in Scheme 2. This

substrates substitution products yield,* %

1 R =R? R!'= OCHj; la 62

3 R=R? R'=O0H 3a 57

. . . 4 R=R%R'=H 4a 38

Scheme 2. Proposed I_\/Iechan_lsm of 3,3?S|gmat_rop|c 5 R =R, R' = OCH 5a 34
Rearrangement of Isomigrastatin (1) to Migrastafia)( 6 R=TR% R' = OH 6a 45
7 R=R3,R'=H 7a 39

8 R =R*% R'= OCHj; 8a 35

5a 12

a|solated yield.

lacking an 8p-substitute and a C-16/C-17 double bond are
tolerable to this reaction, whiteanalogue with 17-OH group

is also tolerable but suffers from dehydration at high
temperature. The presence @F8ubstituent in thé scaffold

1a appears to favor the rearrangement tothecaffold, while

the presence of C-16/C-17 double bond in thecaffold
correlates to low yield for the desired product. Regardless

p[)op(lastal r;rowdehs a ptlaufzblfe ratllor:?_le forttr;et %b;]er:/ed of the substitution, the yields for this reaction remain modest
absolute stereochemistry hafrom 1. 1t 1S postulated that (34—62%) mainly due to the decomposition of starting
the C-14 stereocenter, which possesses chiral bulk substit-

. i materials under the heat conditions.
uents, may induce asymmetry in the new@ bond forma-

tion, resulting in the 138onfiguration anccis C-11/C-12 ar(fi\rgg\r;rl] thhcir:sagég:n%ggqu%%) (?giuﬁtgil)lyﬁ:fﬁeﬁ;s
double bond in the 14-membered prodaet Y g ’

We next subjected six additional congeneds 8) of 1to first |splgted by _Sugawalrla anq co-workers erﬂn; ptomypes
. ) . . . amphibiosporusn 199211 We isolate® and subjected it to
thermolysis to further investigate the generality of this . . . o o
) . thermolysis under identical conditions as optimizedifand
reaction. Indeed, thermolysis of compourgis8 under the . o o
. S . . : its congeners. Surprisingly, no dinstinct products were
optimized condition all yielded their corresponding rear-

34% to 57% (Table 1). poly '

Not surprisingly, compounda—7, which possess or lack with the proposed model: the presence of the C-8/C-9 double

an 8@-substitute and/or C-16/C-17 double bond, exhibited 2°"d IN9 may decrease the flexibility of the 12-membered
. . L ring, hence making it difficult to form the transition state
the same diastereofacial selectivity at C-13 of the resultant

. . flavoring the desired 3,3-sigmatropic rearrangement. Fur-
products3a—7a, each of which was produced essentially as
. ) ) ; thermore, the presence of the C-8/C-9 double bond enables
a single diastereoisomer. Compouidbearing a 17-OH

group, was the only exception that afforded two products, 910 possess ais-diene system, which may be prone to react

the expected product of 17-hydroxymigrastaga) and its with other dienophiles intra- or intermolecularly, leading to
further dehydrated product 16.17-didehydromigrastaa),(  PClymerization.
in 3:1 ratio as judged by HPLC. The resultant products !N Summary, we reported here thitcan undergo ther-

3a—8awere each purified by silica gel chromography, and molysis in neat condjtion to afforda, a_nd this reaction
their IH and3C NMR spectra, as measured, were identical 2PPears to proceed via a 3,3-sigmatropic rearrangement by

with those obtained via JD-mediated rearrangements, which ring expansion was achieved regio- and enantiospe-
confirming that they have the same stereochemistry. — : :
(11) Sugawara, K.; Nishiyama, Y.; Toda, S.; Komiyama, N.; Hatori, M.;

Th,ese examples support the genera'l appllcablllty'of this Moriyama, T.; Sawada, Y.; Kamei, H.; Konishi, M.; Oki, J. Antibiot.
reaction and illustrate thdt analogues either possessing or 1992,45, 1433—1441.
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Application of combinatorial biosynthesis methods 1o
biosynthesis inS. platensispromises the production of
additional novel congeners df thereby further expanding
the library of 1a by the current methodology. It is hoped
that an expanding library ofa will greatly facilitate the
development of therapeutic agents for treating tumor meta-
stasis. OL062470P
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