JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Migrastatin and Dorrigocins Are Shunt Metabolites of Iso-Migrastatin
Jianhua Ju, Si-Kyu Lim, Hui Jiang, and Ben Shen
J. Am. Chem. Soc., 2005, 127 (6), 1622-1623+ DOI: 10.1021/ja043808i « Publication Date (Web): 22 January 2005
Downloaded from http://pubs.acs.org on March 24, 2009

S. platensis
NRRL 18993

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 7 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja043808i

JIAIC[S

COMMUNICATIONS

Published on Web 01/22/2005

Migrastatin and Dorrigocins Are Shunt Metabolites of Iso-Migrastatin
Jianhua Ju,” Si-Kyu Lim,# Hui Jiang,” and Ben Shen*#$§

Division of Pharmaceutical Sciences and Department of Chemistryebity of WisconsirMadison,
Madison, Wisconsin 53705

Received October 11, 2004; E-mail: bshen@pharmacy.wisc.edu

Migrastation () has emerged as a novel natural product lead A
for anticancer drug discovery because of its potent inhibitory effect
on human tumor cell migratiok? Dorrigocin A (2) and B @) were
described as the first natural product inhibitors of the carboxyl
methyltransferase involved in the processing of Ras-related proteins,
serving as a valuable tool to study cellular signal transduétion.
Here we report that neither nor 2 and 3 are bona fide natural
products but shunt metabolites of iso-migrastad)n These findings
shed new light into the stability, stereochemistry, and biosynthetic
relationship of this family of metabolites and should now be taken
into consideration in evaluating their biological activities. B
Imoto and co-workers first isolatedl from Streptomycesp.
MK929-43F1 and revealed its structure as a 14-membered mac- c

rolide with a glutarimide side chaitt: The relative and absolute 0.0 frn DY G 4 L
stereochemistry ofl was subsequently determined by X-ray D Y 4
crystallographic analysfsKarwowski and co-workers first isolated 0.0 | /fL

2 and3 from S. platensidNRRL18993 and established their struc- o 3 2 ;

tures as glutarimide-containing linear polyketidehe stereo- E Zf\ }\ f

chemistry of2 and3 was not determined. Viewing as an acyclic o
geometric isomer (at the C-11/C-12 double bond} oficari and 125 150 17.5 20.0
co-workers reinvestigated the fermentation ®f platensisand Time (min)

confirmed that this strain also producgdn additional to2 and3, Figure 1. (A) Structures of iso-migrastatifl( and its shunt metabolites

migrastatin 1), dorrigocin A @), B (3), and 13epidorrigocin A 6) and

as well as a new analogde which could be viewed as the cyclic HPLC profiles of (B) EtOAc extract of fermentation broth in the absence

form of 3.7 The stereochemistry of was not reported. of resin, (C) MeOH eluent of XAD-16 resin harvested from fermentation
In our effort to clone and characterize secondary metabolite broth, (D) purified4, and (E) incubation o# [1 mM solution of4in H0—
biosynthetic pathways in microorganisfhaie identified multiple DMSO (9:1)] at 37°C for 2 h? (#) and (7), metabolites whose structures

glutarimide-containing polyketide biosynthetic gene clusterS.in have not been fully established.

platensis Surprisingly, inactivating one of the pathways abolished
the production of all five metabolited{5), suggesting that these
metabolites share the same biosynthetic machinery. This is unprec-
edented to polyketide biosynthesis, prompting us to further examine
the fermentation behavior of this strain. We now present evidence
supporting tha# is the only bona fide natural product biosynthe-
sized byS. platensiand 1, 2, and3 as well as a new member of
this family, 13epidorrigocin A 6) are shunt metabolites cf
(Figure 1A).

Fermentation was initially carried out as reported in the absence
of resin*HPLC and HPLC-MS analyses of the EtOAc extract of
the fermentation broth indicated the presence of minimally five
migrastatin and dorrigocin analogues (Figure 2A), four of which
were isolated for structural elucidation-§0 mg/L). Extensive
spectroscopic analyses confirmed that three of the four compounds
arel, 2 and 3, and compound is a nhew analogue that has a
molecular formula of gH4;NOg, identical to2 and3, upon HR-
MALDI-MS analysis? A series of 2D NMR experimentsH-1H
COSY, TOCSY, HMQC, HMQC-TOCSY angHMBC) for 5 and nelg&«gigm
2 a”o‘{"e(?' the full as&gnment of aliH and **C NMR signals, Figure 2. Proposed mechanism for.8-mediated rearrangement 4to
establishings as the C-13 epimer d1.° 1, 2, 3, and5 as supported by the incorporation 0 from H,180.10

['¢0}-3

# Division of Pharmaceutical Sciences. Fermentation was then performed in the presence of resin (XAD-
§ Department of Chemistry. 16) for its ability to sequester hydrophobic metabolites thereby
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increasing metabolite stability and production titeBtrikingly, subjected to HPLC-ESI-MS analysis to determif® incorpora-
HPLC and HPLC-MS analyses of the MeOH eluent of XAD-16 tion.° Two [M — H]~ ions atm/z of 488.2 and 490.3 (with a ratio
resin harvested from the fermentation broth revealed a new set ofof approximately 2:1) were observed fiy corresponding to the
metabolites (at least three) whose identities as migrastatin andincorporation of no and on€O atom. This pattern agrees with the
dorrigocin analogues are apparent upon HR-MALDI-MS and NMR  proposed mechanism, in which¥0 attacks C-1 from th&eface
analyses, but the metabolites identified from fermentation in the (path c) and the resultant tetrahedral intermediate then undergoes
absence of XAD-16 were surprisingly not detected at a significant Re face-specific rearrangement with the concomitant elimination
level (Figure 2B). We isolated the major metabolite80 mg/L) of H,'80 (path e) to yieldl with no net incorporation offO atom

and confirmed it to bel on the basis of extensive spectroscopic
analysis® The sharp difference in metabolite profiles under the two
fermentation conditions inspired us to further investigate the

(Figure 2). Incorporation of on&0 into 1 can be interpreted by
either nonspecific exchange df (at C-15) in H%0 or H,'80
attacking C-1 from théSiface (path d) followed by the sanie

biosynthetic relationship among these metabolites.

We first verified thatl, 2, 3, and5 are stable under the fermen-
tation condition, and solutions of these compounds in GHCI
DMSO, MeOH, and MeOHH,0 kept at 25°C for 90 days showed [M — H] ion atm/z of 510.2 with less than 10% of the intensity,
no detectable change upon HPLC atd NMR analyses. In representing the incorporation of one and @ atoms, respec-
contrast, while relatively stable in anhydrous solvents such as DMF tively. The former agrees with paths f, h, or i (Figure 2), while the
or DMSO, 4 undergoes rapid conversionp?2, 3, and5 in aqueous latter can result from similar additional nonspecific exchange in
solution as exemplified in Figure 2E. To verify the identity of the H,'80. Finally, both2 and5 showed two [M-H]~ ions atnvz of
shunt metabolites, purifiedl (30 mg) was incubated inJ®—DMSO 508.3 and 510.2 with a ratio of approximately 2:3, indicative of
(9:1), and the resultant products were isolated and subjected tothe incorporation of one and tw8O atoms, respectively. Again,
spectroscopic analysis. The MS dttINMR data as well as optical ~ the incorporation of oné®0 atom into5 and 2 agrees with paths
rotation data were identical to those hf2, 3, and5 isolated from a and b, respectively (Figure 2), while additional nonspecific
fermentatiorf. Taken together, these findings unambiguously exchange in K80 can account for the incorporation of tv#0D
demonstrate that is the only bona fide natural product produced atoms.
by S. platensiend1, 2, 3, and5 are shunt metabolites df

Since the absolute stereochemistryla$ known, conversion of
4into 1, 2, 3, and5 enabled us to conclude that3, 4, and5 have
the same configuration asat C-8,—9, —10, and—14 (i.e., &
9S 10R, 14Sfor 2, 3, and5 and &, 9S, 10S, 14S for 4) (Figure
1A). This leaves the stereogenic centers at C-1%fand2 and at
C-11 for 3 and 4 unassigned. While the latter are yet to be
established, the configuration at C-13 fand2 can be deduced
upon close inspection of theid NMR data? Thus, conformation
analysis by MM2 energy minimization revealed that the dihedral
angle between H14C14/C13-H13 is —48° and the—CH; group
at C-24 and the-OH group at C-13 are in approximaggnparallel
disposition (80.8) if C-13 assumesS configuration. In contrast,
the dihedral angle between H1€14/C13-H13 is —168.3, and
the —CHjs group at C-24 and theOH group at C-13 are ianti-
parallel disposition{170.9) should C-13 assunf configuration.

The former scenario would be consistent with the observed
downfield shift of the—CHjz group at C-24 ¢ 1.09) of5 by 0.26
ppm compared with the analogous signalo(83) of2, as well as
the splitting patterns and coupling constants of H13(#, 7.0 Hz

in 5andJ = 10.0 Hz in2) and H14 (quintet) = 7.0 Hz in5 and

dg, J = 10.0, 7.0 Hz in2). On the basis of these analyses, the
absolute stereochemistry @f(8S, 9S 10R, 13R, 14S) and5 (8S,

9S 10R, 13S 149 were assigned, respectively (Figure 1A).

Isolation of 3 as single diastereomer a2dand5 as a pair of
diastereomers suggests that the@bond at C-11 is intact during
the hydrolysis of4 to 3 (paths f, h, or i, Figure 2) whil@ and5
most likely result from HO attack at C-13 oft from either theRe
or Si faces in an SN2mechanism (paths a and b, Figure 2).
Similarly, detection ofl as the only diastereomer is indicative that
the rearrangement af to 1 must proceed in &e face-specific,
concerted mechanism (paths e or g, Figure 2). To provide evidence
for this mechanism, we carried out the reactiondofh H,'80—
DMSO (9:1), and the resultant products hf2, 3, and5 were

face-specific rearrangement but with the concomitant elimination
of H,O (path g) to affordJfO]-1 (Figure 2)1°In contrast3 yielded
predominantly a [M— H]~ ion atm/z of 508.3 with an additional
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