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Introduction:

The proposed research for this grant was the total synthesis of eleutherobin, Significant results
has heen achieved towards an improved synthesis of eleutherobin, which is summarized as Part | in the
report. On the other hand, at that time several efficient eleutherobin syntheses had already been
accomplished, including one from Danishefsky group. Thus it was decided that the focus of the research
was shifted to the synthesis of a pair of potent anti-tumor compounds, the CP compounds, which are
synthetically more challenging. The work on CP is summarized in Part Il

07/27/01 FRI 15:28 [TX/RX NO 7080]
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PART | Second-Generation Eleutherobin Synthesis

Eleutherobin was first isolated from the soft coral Eleutherobia sp. as a novel marine natural
product. It has a similar tumor-type selectivity mimicking Taxol, one of the best breast cancer
treatment. Moreover, eleutherobin has its own advantage that it is more water soluble and more
effective against some multiple drug resistant or Taxol-resistant cell lines. On the other hand,
elsutherobin has a very limited supply from the natural sources, thus an efficient total synthesis is
very important for producing large quantities of eleutherobin and its analegs for testing. Although the
total synthesis of eleutherobin had been accomplished in several labs including Danishefsky group,
we felt that the synthesis still could be improved, as stated below.

Scheme 1
P
H CHO
-y I I - - ==, Eleutherobin
? § Ome D’[}\Br 4 e
1 2

The above Scheme 1 oulines the initial eleutherobin synihesis developed in this lab (ref.1). It
features addition of 2-bromo-5-lithio furan 4 to aldehyde 2 to give the key intermediate 5. The C8
epimer is also isolated as a substantial side product (ca. 7:5 diastereomeric ratio). Although the
undesired epimer can be recycled, the efficiency of the synthesis certainly has a room for

improvement. Moreover, we would like to directly install a two carbon piece to avoid the steppy
homolengation of the one carbon piece {from 3 to 5).

Scheme 2
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Scheme 2 indicates the recent progress on this front, which was achieved since the last
progress report. It outlined our modified synthesis toward the intermediate 5, starting from known
compound 8 (from 7, see ref. 2). For the start, a regio- and stereo-selective Diels-Alder reaction gave
9 as the major product. Driven by the release of the ring-strain, deprotection of TMS leads to a Retro-
Henry type fragmentation to give the two-carbon side chain.,

Next, we wish to install the furan piece through a Claisen rearrangement of allylic vinyi ether
14. After a stersoselective reduction as the result of the equatorial attack of L-selectride to give 12,
esterification, Nef reaction which directly transforms the nitro group to protected aldehyde, and Tebbe

reaction gave the Claisen precursor.

During the last progress report, a synthesis toward the intermediate 17 was described so was
the conversion of 17 to 18 via the Claisen rearrangement. We hope that by the same token,
conversion of 14 o 15, then 5, could be achieved. !

N (o) &
\ & ‘. 175°C 1
B’ — v OMe
l/,,"/OMe 40% L Br
a
CMe
16
17
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PART Il. Total Synthesis of CP Molecules

CP Molecules

1: CP-225,%17
HO o
L
2: CP-263,114 & (7-fso)CP-263,114

CP compounds 1 and 2 were discovered by Pfizer from the fermentation broth of an unidentified
fungus as inhibitors for farnesyl transferase and squalene synthase. Since farnesyl iransterase is

involved in the functioning of oncogene Ras, these molecules are polential anti-tumor agents.

Farnesyl transferase has been identified as responsible for the farnesylation of ras protein, a
process that occurs in the early slages of cell division. When a ras gene is mutated, the molecular switch
for cell proliferation may be left in the “on’ position, resulting in uncontrolled cell growth {i.e. cancer). In
principle, inhibition of ras farnesyl transferase, and thus inhibition of the farnesylation could effectively turn

this switch “off”, allowing for spacific controf of cell growth through chemotherapeutic process.

CP-263,114 and CP-225,917 inhibit Ras farmnesyl transferase from rat brains with IC,, values of
20uM and 6uM, respectively. CP-263,114 inhibits SQS isolated from rat liver microsomes with an IC_,
value of 160 pM and CP-225,917 with an IC,, of 43uM. Hence, molecules of this type appear to be
reasonable candidates for the advancement of anticancer medications. With an unusual polycyclic ring
system, a densely packed array of oxygen functionalities, quarternary center, an anti-Bredt bridgehead
double bond, novel lactons-ketal arrangement and a rare maleic anhydride moiety, the CP molecules are

synthetically challenging.

07/27/01 FRI 15:28 [TX/RX NO 7080]
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Li* salt bridge: . C7 storeochomisiy same as (7+50}) CP 34 ¢

syn conformer

—= (7-is0) CP3 & 4

TBS N\
\/ [e)
|
approach from e-face
Too far for . of both gidehydes
Li* salt bridge:
/ LY /\ €7 stersochemistrty same as CP1&2

anti conformer «, !

TBS BRO(CH .

We had achieved the global structure of CP compounds (c¢f. Dongfang Meng, DAMD17-97-1-
7146), but the steric center at C7 was opposite to the natural products. During the past grant petiod, as
the following schema show, we have successfully achieved the installation of the correct C7 and
ultimately the synthesis of CP 1 and 2. We wers able to use chelafion control from a remote group to
affect the outcome of a lithio dithiane-aldehyde coupling to achieve different stereo chemistry at C7, for
the CP or 7-iso CP series. Moreover, the 7-iso CP compound was converted to the CP compounds via
the inversion of C7 hydroxyl through an oxidation-reduction strategy. Treaiment of 7-iso-CP-263114 or its
methyl ester with TMS-diazomethane gave rise to trimethyl ester. The side chain ketone was then
protected as a dioxolane using the Noyori method. Opening of the y-lactone with LiOH, followed by
treatment with TMS-diazomethane afforded ester. Dess-Martin oxidation furnished the diketone,
Treatment with LIAIH(OtBU), was able to selectively reduce the C7 ketone without affecting the C1 ketone
to give a 1:1 C7 diastereoisomers at C7. We attribute the regio- and equal face selectivity of the reduction
to the assitance of the neighboring dioxolane as it may complex with the reducing reagent to both faces of
the C7 ketone. For instance, the keto dithiane analog undergoes more rapid reduction at the C1 ketone
relative to that at C7. Finally, all four methyl esters and the dioxolane protection were removed by
hydrolysis under LiOH and TFA, respectively, to furnish the CP-225917 (2), which can be converted to
CP-263114 (1) upon treatment with MSA.

07/27/01 FRI 15:28 [TX/RX NO 7080]
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Key Research Accomplishments:

1. Critical steps have been established on an improved eleutherobin synthesis. The rest
of the strategy, i.e., Claisen rearrangement, has been validated on the model system.

2. Total synthesis of the novel anti-tumor CP compounds have been achieved.

07/27,/01 FRI 15:28 [TX/RX NO 7080]
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Reportable Outcomes:

Publications:
L. The Synthesis of CP-263,114 and CP-225,917: Striking Long-Range Stereocontrol in
the Fashioning of C7
Qiang Tan, Samuel J. Danishefsky
Angewandte Chemie International Edition
Volume: 39, Issue: 24, Pages: 4509-4511

2. Discovery Through Total Synthesis - Epimerization at C7 in the CP Compounds: Is
(7S)-CP-263,114 a Fermentation Product?

Dongfang Meng, Qiang Tan, Samuel J, Danishefsky

Angewandte Chemie Intermational Edition

Volume: 38, Issue: 21, Pages: 3197-3201
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Conclusions:

Key steps toward an improved eleutherobin syrﬁhcsis have been completed. This
is an important step toward seting the stage for the large-scale synthesis of Eleutherobin
and its analogs. On the CP project, the completion of the synthetic CP compounds not
only gives an alternative method to achieve those poteﬁt anti-turnor agents, and open the
gate for structural modifications, but also demonstrate'fhe power of the modern orgaﬁic

synthetic techniques in making such complex structures.
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Conclusions:

Key steps toward an improved eleutherobin synthesis have been completed. This
is an important step toward seting the stage for the large-scale synthesis of Eleutherobin
and its analogs. On the CP project, the completion of the synthetic CP compounds not
only gives an alternative method to achieve those poteﬁt anti-tumor agents, and open the
gate for structural modifications, but also demonstrate the power of the modern organic

synthetic techniques in making such complex structures.
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Appendices:

Attached are PI ‘s publications during the grant period.
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The Synthesis of CP-263,114 and CP-225,917:
Striking Long-Range Stereocontrol in the
Fashioning of C7**

Qiang Tan and Samuel J. Danishefsky*

During a screening exercise which was designed to target
inhibitors of Ras farnesyl transferase and squalene synthase,
Prizer scientists reported the isolation of two natural products

CP-263,114 (1) and CP-225917 (2) as fungal metabolites
exiracted from juniper twigs in Texas!¥ These compounds
have fostered a great deal of creative research from synthetic
orpanic chemists. The interest accrues from the novel and
challenging structures of the CP metabclites rather than from
compelling biological imperatives. Three total syntheses of 1
and 2 have been described ! The first of these was reported
by Nijcolaou and ca-workers?*<] When appropriately modi-
fied, their synthesis revealed the configuration of 1 and 2.
These compounds are now known to correspond to the
absolute sterzostructures shown. This finding was independ-
cotly confirmed by the groups of Shair™! and Fukuyama.?2¢!

: 7-H= e (GP-263,114) H= g (CP-225, 917)

1
3; 7-H= B (7-cpFCP-263,114) 3 {7-epi-CP-225, 917)

In our eatlier report® we disclosed the total synthesis of the
7-epi series of the CP compounds (3 and 4). We are now
confident that these 7-epi compounds are themselves less
abundant natural products, found in the fcrmentation broth,
Nonetheless, sincc the goal structures of our synthetic venture
were compounds 1 and 2, we undertook the chalienge of
reaching these natural products. In the course of this study, we

[*] Prof. S. ). Danishefsky, Q. Tan
Laboratory for Bioorganic Chomistry
Sloan -XKettering Institute for Cancer Research
1275 York Avenue, New York, NY 10021 (USA)
Fax: (+1)212-772-8691
E-mail: s-danizhefsky@ski.mskee.org
Prof. S. 1. Danizhefsky
Department of Chemistry
Columbia University
Havemeyer Hall, 3000 Broedway, New York, NY 10027 (USA)

[**] Financial support was provided by the National Institutes of Health
(Grant nos, CA-28824 and HL-25848 for SJD., CA-08748 [or the
Sloan-Keuering Institute Core Facility). Q.T. gratefully acknow]-
edges the US Department of Defense for a postdoctoral fellowship
(US. Army grant no. DAMD-17-99-1-9373). We thank the Pfizer
Corporation, partcularly Dr. T. Kaneko and Dr. T. T. Dabrah for
discussions and for providing valuable CP samples from fermentation
broth. We are grateful 1o Dr. Dongfang Meng for his major
contributions to this work., We also thank George Sukenick of the
Sloan ~ Kettering Institute Core Facility for mass spectral analyses and
assistance in NMR spectroscopic and HPLC anulyses, and Sylvi Rusli
for mass spectral analyses.

Angew. Chem. Int. Ed. 2000, 39, No. 24
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encoutiteréd some remarkable instances of stercochemical
guidance by remote functional groups arising from the novel
architectires of the pre-CP intermediates. These findings, as
well as the allainment of our synthesis gouls in rcaching 1 and
2, are described herein,

On casual inspcclion it would appcar that the synthetic
problcm could rcadily be solved by equilibration of 3 or 4, or
their precursors, at C7. However, as was dctailed in our total
synthesis “rcport,*! epimerization at C7 under apparent
thermodyriamic control only proceeds in the direction of the
7-epi diustercomer. Hoped for solutions based on kinetic
quenching: of e¢nolates derived [rom deprotonation at C7
underirréversible conditions were unsuccessful. Complicating
both of thise strategies for inverting the C7 configuration wus
the general instability of the CP systems to several inlended
deprotonation protocols. Hence it was necessary Lo retreal 1o
earlier stages of the synthesis to accomplish our objective of
r«..aching 1.and 2 through our tortal synthesis.

The ILdCllOIl that established the e¢ventual 7-epi sterco-
chem1stry arosc from the action of osmium tctroxide on the

-s1de-cham ‘allyl group of compound 5 (Scheme 1a). This

Odeatlon:; resuIted in 2 hemiacetal bearing a hydrexymethy!

rem:,
‘a !acs Y

5

(éHg)gOBn

: R, ox XHC_R
' Pathway 1 H>=CH2 Tomafaos M OXH
Ac” B_ CR'

R, 7
‘Patway2 =0 fomotams  no'

Scheme ITBS =tert-butyldimethylsilyl, Bn = benzyl.

group - at C7 The dihydroxylation was esscntially stereo-
specific, The hemiacetal was shown to have the stereochem-
istry of 6 by its eventual conversion into 3 and 4. In retrospect
this result can be explained by a-face attack of the oxidant
upon an'éxtended anri® conformation as proposed for 5
(Scheme1 é\) While this was a disappointing result at the time,
a seemmg1y workable solution virtually suggested itself. The
thought -was to gain access to the roquircd C7 side-chain
blerwchemlstry by mvemng the order of element linkage to
the achiral C7 sp® procursor (Scheme 1b). Thus, in the
dlhydroxylatlon rcaction (Pathway 1) an oxygen atom had
been ‘added to the C7 methane carbon of a terminal
mcthylcnc group. Now we hoped to reverse the stereochem-
ical outcomec by adding a carbanion equivalent to 2 C=O
hnkagb (Palhway 2).

Spcuﬁca]ly we sought to add lithio dithiane 8 to aldehyde
10 O[ course the successful realization of the scheme

1433-7851/00/3924-4509 5 17.50+.50/0 4509
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TBS
SPh
oD -0 X=CHjs (5)
NP
0 0sD4
HO\H, \| g irom e face
{CH2)50BN
—_——
: H {GHz)s0Bn
10 (CHZ)s0Bn C7 syn rotarmer

}
5 Nicolaou et al,
raf. 2]

diasteraoselectivity 11:1

Scheme 2. a) Pb(OAc),, PhMc, 0°C, 20—45 min, 90 %; b) 12, MeLi/LiBr, THF, —78°C, thc -add aldchydc at —200°C, warm to —78°C, 15 min, 70% total.

PMB = pare-methoxybenzyl.

presumed that the conformation of the reacting formyl group
of 10 would also be “extended ansi” and that the nucleaphile
would again (as with the osmium tetroxide reaction) attack
from the a-face. Indeed as we were preparing for this very
cxperiment, Nicolaou and co-workers reported that the
addition of lithio dithiane 8 10 aldehyde 7 produced 9 in an
approximatcly 11:1 ratio relative to the C7 epimer (Sche-
me 2).24 The rcsult from the Nicolaou group was consistent
with our dihydroxylation result in that opposite diastereomers
had becen produced at C7 following the opposite linkage
orders.

Notwithstanding its dominantly hemiacetal character, 6
reacted with lcad tetraacetate to afford 10 (Scheme 2). The
latter reacted smoothly with 8 (generated in situ from its 7~
butylstannyl derivative 12) to afford substantially a single
carbinol in a 10:1 ratio with the C7 diastereomer. Qur
satistaction with the result was short-lived when it was learned
that the carbinol was 11
This realization followed a
two step conversion of 11
into 13 followed by oxida-
tion of the y-Jactol and the
deprotection of the dithio-
ketal (Scheme 3). The re-
sultant 1§ had been previ-
ously encountered in our
synthesis of the 7-epi sys-
tems 3 and 4.

It seemed that a factor to
explain the massive differ-
ence (11:1 versus 1:10) be-
tween our case and that of
Nicolaou and co-workers
was the absence or exis-
tence of thc CI1 kctone.
Perhaps the presence of this
kctone in our substrate 10
occasioned a shift in either

(GHp)sOBN

4510 ® WILEY-VCH Verlag GmbH, D-69451 Weinhcim, 2000

C7 anti rotamer

1433-7851/00/3524-4510 § 17,50+ 50/0

X
o
“«~COMe o XM, OH: V= -S-{CH 2)3-5- —
14! X=0, Y= -S-{CH p)3-- a
15: X=0: Y= 0
(BHa)¢OBN

Schcmc 3. a)'l LiOH, THF, 36 h; 2. CH,N,, 60%; b) (COCI),, DMSO,
CH,Cly, EqN —-78°C, 75%, 14:15=1:1.

the nature-}.ol the reactive aldehyde rotamer or the sense of
attack om‘the corresponding rotamer. For instance, formation
of 4 local““lithio channel”, by the C1 ketone and the C7
aldchydc;: . would favor an otherwise unfavorable syn-like
rotamef as:shown in Scheme 2.

This argu.mcut was cvaluated following conversion of 6 into
16 and 11 as shown in Schcme 4, While not productive with
remect 3 bur goal, thesc studics provided striking instances

c
——

L~
s=s
8

from  face

s
- L (CHz)eOBn
16 (GHL)¢OBN wJ
diastereoselectivity 5:2
PhS

§8S  (GHpeOBn

~
C7 anti retamner 19a:18b = 2:3
BUSSHYW
S

Scheme 4. a) NaBHy, PhMe/iPrOH, 6.5 h, 70%;‘5)-1’.5(0/\!:)4. PhMe, 0°C, 20-45 min, 90 %, c) 12, McLi/LiBr, THF,
—7&°C, then add aldchyde at —200°C, warm to —78

> 15 mia, 70% toral.

Angew. Chem. Int. Ed, 2000, 39, No, 24
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of lopg-range effects. Indced, cven the two C27 epimeric
thiophenyl compounds reacted quite differently with 8. In the
case of 16, the ratio of 18 and its C7 epimer was 5:2, whereas
with 17, the ratio of 19a:19b was 2:3.5

Qualitatively at lcast, removal of the Cl ketone did
markedly shift the sense of addition of anion 8 in the
predicted scnsc. Failure to achieve the very high selectivity
described by thc Nicolaou and co-workers™ may be a
consequence of the presence of the Cl1 ketone in their
substrate 7. This ketone could wcll provide additional
guidance f{or a-face attack by the nucleophile on the rotamer
shown.

While 18 and 19a are potentially valuable precursors
toward the CP systems 1 and 2, a more rapid progress was
registered. This involved the reduction of a C7 ketone to reach

our goal (Scheme 5). Here too neighboring group influences -

MeO,C
£ MEvOZ)C—Ké

e 22; X= B -H, =OH
b :21 X= -O-(CH 2)z -0- L—E_—‘ 23; X=0

24: X=f-OH, &-H

[ ticpesstie | oHBd arcpaassry —1

Scheme 5. 2) TMSCHN,, 15min, >8)%; b) (TMSOCH,),, TMSOTY,
CH,Cl;, 51, 90%; ¢) 1. LiOH, THF/H,O, 1.21h; 2, TMSCHN,, 0.5 h,
70% overall; d) Dess—Martin periodinane, NaHCO,, CH,Cl;, 4 h, 90%;
&) LIAIH(O:Bu);, tolvene, —10°C, 5niin, 70%, 22:24=1:1; f) 1. LiOH,
THE ~H,0, 24 h; 2. TEA/CH,CL/H,O (54/4/1), 30 min, 70% overall.

are pivotal. The sequence started with the interesting reaction
of trimethylsilyldiazomethane with 3 to afford 20 and thencc
21. The latter rcacted with lithium hydroxide and then
trimethylsilyldiazomethane to give 22, which. following oxi-
dation yielded 23. Treatment of this compound with lithium
tri(rer-butoxide) hydride provided 22 and 24. We note
againP® that, in the case of 21, a “cascade”™! driven by
carboxylate participation can not be imvoked, since the
factone sapomification occurs with the C29 methylester intuct.

1t is also likcly that the regiospecific reduction of the C7

ketone relative to that at C1 is orchestrated by the proximal =

dioxolane protecting group. For instance, the correspondiog

ketodithianc analogue undergoes more rapid reduction at the -

C1 ketongc relative to that at C7. The reduction of 23 as shown
affords 24 as well as the scparable and recyclable 22. The four
methyl csters are cleaved through long-term treatment of 24
with lithium hydroxidc and reconstruction of the system was

accomplished through the action of TFA (see structure 2).-

The conversion of 2 into 1 has been reported.fd

The contrathcrmodynamic conversion of the 3, 4 minor
sexies of metabolites into the more prevalent 1, 2 family has '
been accomplished, which thus completes our file on all the '

known components of the [ermentation mixturé. Clearly the
densely funtionalized architectures of these four compounds
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ynthetic precursors give rise o quite striking

ar signaling which invites further experimenta-

. tlon zmd Tucidation.
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Discovery Through Total Synthesis— .
Epimerization at C7 in the CP Compounds: -
Is (78)-CP-263,114 a Fermentation Product?**

Dongfang Meng, Qiang Tan, and
Samuel I. Dantshefsky*

The goal of accomplishing the total syntheses-of CP-225,917

(1) and CP-263,114 (2) has attracted the active participation -

of a variety of research groups.l'* These substances inhibit
farnesyltransferase and squalene synthase activity. While the
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CP-225,917 (7A)

I 2: OP-283,114 (7R)

otential, if any, of agents that combine both
far from demonstrated, chemists have been
this challenge by the novel molecular architecture
et compounds. Elsewhere, we have described an
the synthesis of the CP series that delivered
, with the full framework to reach the target

structuiréi(Scheme 1).B¢

0350, from the

pro-S face
’ TBS
0
Z
(o) "~ Q
M&eO,C&" H
Y “GHO
(CH»)s0BN (79)
3
hesia of 3.9

that the stereochemistry we were assigning at C7
(S)* of joir synthetic structure was not the same as that
assigne he Pfizer discovery gronp to CP-263,114 (7R) .54

‘product was necessarily correct. Some preliminary

attcl;iﬁt n our part 10 epimerize aldehyde 3 were not
successfu d were atiended by extensive decomposition.
Accordingly, we undertook the instaliation of the remaining

_ jfuhctioﬁéi ty required to go from 3 to the CP compounds

question. Pentenylation of 3 [ollowed by the
the resultant carbinol afforded & (Scheme 2).
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Fortunately, we could deprotect the primary hydroxyl group

on the C4 side chain with dichlorodicyanobenzoquinone
(DDQ) to afford alcohol 5. Oxidation of § provided aldehyde
6. The direct coupling of the compouad with 1,1-diodo-
ethanel” gave rise to 7 NMR spectral analysis continued 10

suggest that our compounds had the 7S configuration.® At

this stage we were in a position to exploit the fused 2-(zert-
butyldimcthylsilyl)furan moicty. Trcatment of this compound,
as previously described in our model studies!®™ indeed pave

rise to thc hemiacetal 8 as an anomeric mixture.”) Oxidation
with tetrapropylammonium perruthenate/N-methylmorpho- -

line-N-oxide (TPAP/NMO) produced the jnternal carboxylic
anhydride 9. .

Definitive proof of the configuration of the natural seriesat
C7% would require comparison with the methyl ester of CP-

263,114, an unknown compound at the time. Of course, the

obvious possibility of hydrolyzing 9 to its corresponding acid
did mol escape our attention. However, in practice, the
altempled base-induced saponification of the methyl-cster

TBs
Q z
@o .
MeQzC- H SN g
"CHO b

|1
{CH2):0Bn
3

TBS
Q MO
MeOzG\e% e
- .g/\/\/

§;: R = (CH2)sCH20OH
8: R = (CHa)sCHO

an

A g
MaO,C- OH —

. g/\/\/

8: A - (CHz)sCH-CHMe

T

10; R = (CHp)sCH=CHMe (E)-(7H -ty ester

Scheme 2. a) Diethyl ether, —78°C (80~90% conversion); b) Dess—Mattin petiodinane,
over o steps; ¢) DO, H,O, CH.CL,, 60%; &) Dess«Martin perlodinane, CH:CL,
diivdoethane, CtCl,, THE, 70 %:; f) v, O,, rose Bengal, iPr,EN, CH,Cl,, 6°C; g) TPAF;
cit. S0% over two steps; h) CHN;, diethyl ether, >90%; i) CF,COOH or MeSOﬁOH,;G'

uperseded by other interesting chemistry (see

ble to convert small reference samples of the acid
ailable to us from [ermentation,t9 into its methyl
jgh the action of diazomcthanc under carefully
d.conditions."'! Jt was clear that the mcthy! cster 9012
 from synthesis was similax to, but not the same as that
in 2. Accordingly, we were obliged to conclude that
P-derived ester indeed corresponds (o siructurc
he 7RM configuration in accordance with the

t significant quaniities (between 5 and 30% ) of

" the sylith_. ically derived 75 system 9 in addition to the major

product 10.1 This finding raised the

possibility that the 7S product may

also be naturally occurring. We set

this question aside and probed wheth-
¢d cr cpimerization at C7 would be
possible in the ester series. Interest-
ingly, when a purified sample of 0,
prepared from the methylation of 2
with diazomethane, was subjected to
the action of various strong acids such
as trifluoroacetic acid (TFA) or, pref-
erably methanesulfonic acid (MSA),
there was clear epimerization at C7
— leading to a mixturc of 9 and 10. With
lime, the mixturc significantly favored
9. A prccise statement of the ratio is
not possible, since some side reactions
were accurring as “equilibration” was
in propress. We note that after treat-
ment with MSA. for one weck the
ratio 9:10 is approximately 3:1. How-
ever, equilibrium had not yet been
reached.

Unfortunately, atiempled equili-
bration of 9 and 10, starting with 9,
using TFA or MSA, was attended by
serious decomposition in the case of
the former acid and essentially no
reaction with the latter reagent. These
experiments show that the 75 com-
pound, 9 is substantially morc stablc
than the 7R compound 10 in the ester
scrics.d More extensive investiga-
tions of the situation at C7 in the
CP-225917 series are described be-
low.

While the full range of possible
acid-catalyzed experiments or other
epimerization strategics starting in
the manifold of the “closed” 7-epi

3198 @ WILEY-VCH Verlag GmhH, D-69451 Weinheim, 1999 1433-765U/99/3821-3198 § 175045000 Angew. Chem, Int. Ed. 1999, 38, No, 21
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serics has not yet been pursued, we posed the question as to
whether basc-catalyzed epimerization at C7 in the “open” CP
series (see structure 1; whore “closed” and “open” refer to the

presence and abscnce, respectively, of anw:‘;ther bridge -
between C7 and C28) might be possible (Scheme 3). Such .
an epimerization could be pictured in terms.of the C7-C8 |
enediols (see partial strncture 12). Clearly, this approach was
not without its own atrendant risks. In addition to C7 -
protonation to produce the two stereoisomeric alcohols at -

C7, there loomed the possibility that ketonization could occur
at C7 (partial structure 14), resulting in a new line of CP
congeners that could not readily be “rehabllltated” in our
total synthesis venture.

We fiest probed this question indirvectly by stamng thh a
specimen reference sample of the “open” CP acid 1. In.the
event, treatment of this compound with lithium hydroxide;

generated an approximate 1:1 mixture of 1 and a new acid .

15,%] which we assumed to be the 7-epimer of 1. Remarlably,

the mixture seemed to be substantially canfined to epimers at -
C704 Thus, starting with 1, crossing of the C7R~C7S -
boundary was possible without significant wandering into

the structurally isomeric ketol terrain (—14).%%) The lithium

HQ H HO ?
CPcore._X 6 R cp core\/&f,ﬂ' &
7 D I
Q

MeO,C "

18: (7R)-CP-225,917
methyl ester

a | ca. BO%,
1.7:1/1:18

10: (7R)-CP-263,114
methy! ester

17: (75-011253 114 '

2: (TR)-CP-263,114

Scheme 3. a) LiOH (0.1M):THE, 1:4; b) McSO,0OH (1 cquiv), chlg,
90%: d) MeSO:0H (15 cquiv), CDCly, ca. 90%, 17:2=8:1.

Angew. Chem. Int. Ed, 1999, 38, No, 21

‘JU% c) McSO

© WILEY-VCH vVérl.‘Lg-GmbH,;U-E‘}d'Si' Weinlielm,

s hydrox1 cxperiment was also conducted starting with the 7R
- mcthyl
. momtor

<1 10 of the nalural scrics. The process was closely
{ by HPLC and 'H NMR spectroscopy. The fastest
of cleavage of the d-lactol, which is initiated by a
pening of the y-lactone under formation of the
methyl! ester 16. Concurrently, a slower epimeri-
C7 was acconipanied by hydrolysis of the methyl
r-24 h the ester linkage had been cleaved and the
mixture of acids, somewhat richer in 1 relative to
be separated. Given the fact that the hydroxide-
onversion of 10—16 occurs much more rapidly than
sis'of the ester, the critical role postulated by Nicolaou
‘of ifree carboxylatc being a crucial element in a
cascade” proccss to achicve the opening of the
s judged by clcavage of the d-lactol, is open to
question.”! In our case, clcarly no such partic-
isiinvolved in the hydroxide-driven opening of the y-
e there arc no free carboxylatc groups.
f some attendant decomposition we cannot quote
ilibrium ratio of 1 and 15. However, we were able
nect the apen (CP-225917) and closed (CP-
tems in the 78 series by taking advantage of the
cyclization reaction with
methanesulfonic acid, initial-
ly discovered by the Pfizer
scientistsl® 7] starting with the
natural 7R isomer. Com-
pound 1 was indeed convert-
ed into 2 exactly as they
reported. Similarly, 15 was
converted into 17 the 785
a analoguce of 2. In cach casc
the cyclization reaction oc-
curred without noticeable ep-
o imerization at C7. Long-term
- R treatment of 2 with MSA did
7 'Tr result in epimerization at C7.
75)-CP-263, 114 Thus, an 8:1 mixture of 17:2
methyl ester was obtained from 2 alter one
week.1% 16 Clearly, the 75
acid is substantially more sta-
ble than the 7R acid 2, which
is in keeping with our findings
in the case of the correspond-
ing esters 9 and 10.

We now had in hand purc
samples of the natural (7R)
“open” (CP-225917) and
“closed” (CP-263,114) series
as the acids (1 and 2) and the
methy) esters (10 and 16), as
well as the corrcsponding 78
series ol closed acid (17),
closed ester (9), open acid
(15), and open methyl ester
(18). At this point it was vcry
clear that the reference sam-
ples of 2, obtained from sev-
cral fcrmentation runs, con-

(75)-CP-225,917
methyl eater

equiv), CDCIy, ca.
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tained between 5-30% of 17 Without an aufﬁcntic sample

such as we had available through total synthesis, it would be '

quite understandable for the minor 7§ version of 2 to’ be

overlooked in an isolation program. We also note that the - '

HPLC separation of 2 and its 78 epimer is quite difficalt.?

We then explored the possibility of entering the natural
scrics (7R) by base-catalyzed equilibration starting with the
7S5 epimers that could be derived from tolal synthesis.
Remarkably, treatment of 15 with lithium hydroxide followed

by acidification gave recovered starting material in additionto ..
some general decomposition. At best, we could detect only -

trace quantities (about 5 %) of 1 by HPLC. However, with the

amounts of 15 available to us, fully homogenous CP-223, 917 .

(1) was not secured from a total synthesis route.
In summary, the total syntheses of the 75-CP systems has
been accomplished. This -program, initially directed at the

total syntheses of 1 and 2, has served to broaden our -

understanding of the chemistry of the CP-225,917 (open)
and 263,114 (closed) series and 1o identily the 75 clo’spd

isomer 17 in the latter case as a very likely. [ermentation |

product. In the closed case a very powerful thermodynamic

advantage favoring the 7-epi series (9/10 and 17/2) was - .
discovered. We attribute this striking stability differential'to - :
the facl that in the epi series (9 and 17) the hexenoyl side
chain projecting from C7 15 exo with respect to the bicyclo-
[33.1]ncnanc substructurc. By contrast, in ‘the naturally

prevalent 7R series, the hexenoyl moiety is endo and

substantially more hindered (Figure 1). A similar concluamn

17
axial haxenoyl” “equatorial hexenoyl
7A serles 78 series .
Figure 1. Positioning of the hexcnoyl groups in the 78 'md in thc 75‘ serics
(for further information scc the text).

arises from cxamining the two scrics from the stcrical, '
perspective of the tctrahydropyran ring. If this ring:is in a’

chair conformation, then the hexenoyl group is cquatorial in
the 78 series while it is axial in the 7R case (Figure 1),

Alternatively, the pyran ring may adapt an energetically costly’
boatlike conformation in the 7R case, to avoid.placement of -
the large hexenoyl group in a 1,3-diaxial relationship to C17-
In any case, dynamic equilibration apparently does not lead fo,
dctcctable conversion of 75 into 7R dmstcreomcr in the cloacd o

systems.

Surprisingly, the preference for the 7S-conf1gured system
while perhaps less overwhelming, extends to the open CP- -

3200

T E90
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| intramolecular hydrogen bcmds——which favor
tereomers. Whether the preference for the 75
n extends to “open” systems that lack the array of
yoxylates, remains to be established. Such matters,
& biological propertics of the newly fashioned and
78 compounds, are the subjects of continuing
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oc; K. Takai, K. Utimolo, J. Am. Chem. Soc. 1987, 109, 551,
ESY speetrum of 3 showed a cross peak between H7 and H17
"the expected B7 and HI0. Bvery “closed” compound with
nfiguration at C7 exhibited 2 quariet at § =4.]-4.2 in their
spectra. By contrast, TR-CP-263,114 (2) and itz methy] cater
ay a triplet at 5=4.5—4.6 in the 'H NMR spcotra.
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[9] Recens examples of singlet-oxygen axidation of furans can be found in
dysidiohde syntheses: a) E. I. Cotey, B. E. Roberts, J. Am. Chem. Soc.
1997 119, 12425; b) S. R. Magnusoen, L. Sepp-Lorenzino, N, Rosen,
S. J. Danishelsky, J. Am. Chem, Soc, 1998, 120, 1615,

[LU] The authors thank Dr. T. Kancko and Dr. T.T. Dabrah of the Plizer
Cevptral Research for providing a trace sample of natugal CP-225,917
and scvcral small samples of CP-263,114 from scpa'ratc fermentartion
processca

[11] Use of trimcthylsityldiazomcthane lcads to a rnmcthy] ester ag the
product from a ring opening of the anhydride. Same diazomethanc
methylations required 2-pentenc as cosolvent to prevem side reac-
tions at the twa side-chain olefins.

12] 9: IR(film): $=2921, 1798, 1767, 1736 cm™!; ‘H NME ) (CDC[Q,
500 MHZ): 8 =5.81(s, 1H), 545-539 (m, 4H), 421 (dd, /=122,
3.0Hz, 1H),3.71 (3, 3H), 3.29 (s 1H), 3.25 (4, /= 17.5 Hz, 1 H), 3.08
(d,J=83 Hz, 1H),2.95 (0,7 =175 He, 1H), 2.64 (dd, J = 192, 2.2 Hz,
1), 2.29-2.20 (m, 3H), 2.04~2.00 (m, 3H), 1.94-1.89 (m, 3I),
1.64-1.62 (m, 6H),
CyH3OsNa [M+Na]*: 589.2413, [ound: 589.2391. -

[13] 10: IR({lm): + (
500 MHz): 6 -+ 5.66 (d,J = 1.9 Hz, 1H), 5.50-5.30 (m, 4H), 4.54 (t,/ =
8.1 He, 1H). 3.73 (5, 3H). 3.53 (s, 1H). 3.25 (d, /=174 Hz, 1 H), 3.08
(d,/ =19.5 Hz, 111),2.93 (d, /=174 Hz, 1 H),2.74-2.6% (m,3 H),2.53
(m,1H),235-2.25 (m, 4H),2.12 (dd, S = 13.6, 8.8 Hx, 1 H), 1.94—-1.91
{m, 2ZH), 1.64-1.62 (m, 6 H), 1.25—1.14 (m); HR-MS (FAR) caled fm
C HyONa [M+Na]*t: 589.2413, fonnd: 589.2415,

[14] The trace fermentation acid samples came from ‘several d1flc:cnt
sources which differed in the umount of the 78 system 17 (and
subscquently its methyl ester 11). The ratio of 2:17 did not change

following storage of thc samples in our premises f01 five months at

-78°C.

[15] Separation conditions of 1, 2, 15, and 17: Reversed-phase HPLC

columun: Metachem Inertsil § u ODS2, 0.0602% H,PO:CH;CN ¢ 4.6,

Retention time: 15 (16 min), 1 (17 min), 2 (32 min}, 17 (34 min). It is'

also crucial to injeet the sample in a 1/t mixoure of 0.1% H,PO, in

CH,CN, We note also that the chromatography per se does not effect - -

the homogeneity of the samples, Heace, we are conlident 1h.11 the 78
isomer we detected was present in the original samples.

[16] Another pathway not invoking enediol 12 would involve a reversible
C6-C7 a-ketlol shift with an intervening rotlation aboul the €6-C7 .0
bond. This step would elfectively epimerize C7 without the necessary
scrambling of the ketol. For this “'ketol-shift” pathway, as well ag the
enediol pathway, to be viable, it would be crueial that the 7-hydroxy-6-
ketone be much more stable than the 6-hydr0xy-7-kelunc isomers in
both the 7R and 7S series.

[17] Dess—Martin periodinane: a) D. B. Dess, 1. C. Man'm 1. Org. Chem.
1983, 48,4155, b) D. B. Dess, J. C. Martin, J. An. Chém. Soc. 1991, 113,
7277, ¢) S.D. Mcyer, 8. L. Schrciber, £ Org. Cheni: 1994, 59, 7549;
d) R. E. Ircland, L. Liu, /. Org. Chem. 1993, 58, 2899; rcvicw of TPAP/

NMQ oxidation: S. V. Lcy, J. Norman, W. P. C;‘rnf'hth S.P Mamdcn :

Synthesis 1994, 639.
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Elcctron Mlcroscopy Reveals the Nucleation
. Mechamsm of Zeolite Y from Precursor

Collmds*‘*

-'_Svcllan Mmtova Norman H. Olson, and

Zeohles are crystalline, porous solids whose intricate pore
and’ channel systems in the molecular size range of 0.3 1o
nm are the basis for their immense importance in

ous studies have addressed the preparation of zeolites, it has
been verydifficult to model the complex mechanisi by which

‘they assemble from framework constituent precursor species

under hydrothermal synthesis conditions.
*.An improved understanding of the synthesis mechanism is

",plvotal fa ‘ithc dCSIgn of new zcolites (only about 100

. aled by 0 uble alumlnmlllcate species.

leterent ‘mechanisms have been discussed regarding

'nucleauon and ctystallwatlon of 7eol|tes, based on exper-

. ‘X-‘ray diffraction and scattcring, solid-state NMR spectro-

scopy, atomic force microscopy, and clectron microscopy.$ 2

- These include transformation of the precursor gel phase,

aggreghtion and realignment of preassembled building blocks
contalmng template maolecule/(aluming)silicate clusters, and

‘assembly; of soluble small species from solution. Most of the

above tcgl;:;;quus give mnformation about the fnal crystalhne

‘with: parucle 51zes in the nanometer range 12323 Recently, we
. rcportcd a dctaxled study of the very early stages of zeolile A
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