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ABSTRACT

Stereospecific synthesis of the pair of natural macrolides, trans- and cis-resorcylide, was performed using ring-closing metathesis on dienes
3 and 4, which lack or feature an intramolecular H-bond, respectively. An effective Stille carbonylative coupling of benzyl chlorides 11 and 15
was employed for their preparation. The influence of intramolecular H-bonding on the interconversions of resorcylides was also studied.

Trans andcis-resorcylide are both natural macrocyclic plant
growth inhibitors, isolated independently from different
Penicilliumspecies.Along with zearalenonélasiodiplodin?
and the important antitumor agent radiciéohey constitute
an important class of bioactive resorcylic macrolides. Fur-

metathesiS(RCM), no study has been disclosed so far toward
the stereoselective preparationtrdns- or cis-resorcylide,
although this pair of double-bond isomers consists an ideal
substrate for exploration of the selectivity of medium-sized
RCM cyclizations® They possess a rather unigue structural

thermore, they are structurally closely related to the new classmark: the cis isomer is characterized by a strong H-bond

of anticancer compounds salicylihalamitlasd oximidine$
(Figure 1).

Despite the great number of reports regarding the synthesis

of all aforementioned natural products using ring-closing
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Figure 1. Structures of resorcylic and salicylic macrolides.

ing second-generation catalysts proceed under thermo-
dynamic controf, it was anticipated that these two intermedi-
ates could provide access to eitliems- orcis-resorcylide,
stereoselectively. Thus, diedewas expected to feature an
intramolecular H-bond, making it a potential precursor for
the cis isomer, whereas its protected analoguéevoid of

this property, might lead to the trans isomer. This assumption
is further strengthened by the prevailing aspect that the
stereochemical outcome of RCM cyclizations is substrate-
dependent, and even a subtle structural difference at a remote
center of the molecule substantially influences the isomeric
ratio of the product$? In diene4, H-bond “locks” a coplanar
conformation between the aromatic moiety and the carboxy-
late plane, which is sterically forbidden in benzylated
analogue3. This essential structural difference, being by far
more severe than a mere alteration in a remote position, is
expected to dramatically influence the behavior of the two
precursors under RCM conditiofs.

To complete the retrosynthetic scheme, one has also to
consider the problem of the enolizable benzylic methylene
groupo.- to the enone moiety. Under basic conditions, it tends
to isomerize toward the related isocoumabifFigure 2), a
complication already encountered toward the syntheses of
related natural product&!? This issue was addressed with
a straightforward disconnection employing a carbonylative
Stille couplindg®to secure the formation of diei@from ester
6 in one step under neutral conditions. Aromatic estaray
in turn be prepared from the known alcoltét and the easily
accessible benzoic acid derivati® using Mitsunobu

the observed thermodynamic preference for the cis isomerprotocol®

is associated with the H-bond, whereas the H-bond-free

conformation favors the trans isomer.

In practice, benzoic acid0 (Scheme 1) was readily
prepared within two steps from commercially available 3,5-

The above association of the stereochemistry of the alkenedibenzyloxybenzyl alcohd. Sincel0is prone to phthalide
moiety with the existence of the H-bond, as well as with the formation under classic Mitsunobu conditions, coupling with

differences in relative thermodynamic stability of the two
isomers, leads to diene® and 4 as synthetic precursors
(Figure 2). Taking into account that RCM reactions employ-
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Figure 2. Retrosynthetic analysis dfans- andcis-resorcylide.
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alcohol 7 was achieved applying Danishefsky’s modified
protocol® to furnish esterll in high yield® Successful
carbonylative coupling of the latter with vinyl stannane
afforded the designed diei@dn acceptable yield” Subject-

ing the above diene to RCM conditions employing second-
generation Grubbs cataly%{l), we were pleased to isolate
the desiredrans-alkenel2 as a sole isomer and in relatively
high yield.

Unfortunately, all attempts to cleave the benzyl ethers were
unsuccessful. To overcome this problem, a three-step se-
guence was employed. Michael acceptor enone moiety was
masked by means of diphenyldiseleniland the resulting
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X S Soph aReagents and conditions: (a) BBthSMe, DCM,—78°C, 30
1: trans-Resorcylide 14 min, 85%; (b) 0-BuprSnCH=CH, CO, Pd(PP},, P(2-furyl),
HMPA, 80 °C, 90 min, 74%; (c) (2 mol %), CCECHjs (dilution
aReagents and conditions: (a) PQADMF, 90°C, 3 h, 90%; 0.5 mM), reflux, 1 h, 40% (along with 29% of dim&e6).
(b) NaClG;,, HoNSOsH, Acetone/DMSO/HO (5:2:5), 0°C, 30 min,
95%; (c) DIAD, P(2-furyly, benzene, rt, 15 min, 73%; (d)

(n-Bu)SNCH=CH, CO, Pd(PP§4, P(2-furyl, HMPA, 80°C, 2 . . . s
h, 60% (two cycles): (€) (10 mol %), DCM (dilution 1 mM), Despite the low yield, the obtained stereospecificity was

reflux, 30 min, 67%: (f) PkSe, NaBH,, EtOH, AcOH, THF, rt, by far beyond our most optimistic expectations. Head-to-
10 min, 79%; (g) BB¥PhSMe, DCM,—78 °C, 30 min, 72%; (h) tail dimerizations as well as lower cyclization yields of
H20; (30%), AcOH, THF, HO, 0°C, 1 h, 90%. similar electron-deficient alkenes such as acrylic acid deriva-
tives have also been reported by Grubbs and FurdtAé.
However, to the best of our knowledge, this is the first
afford free diphenoll4 in good yield. The latter, after example of RCM cyclizations employing enolizable enones
oxidation to the corresponding selenoxide and concomitantSUCh_ as3 or 4. ) ]
in situ kinetically stereocontrolled syn-eliminati&hfur- With both natural products available, we then decided to
nishedtrans-resorcylidel in high yield. cast some light on their interconversions and thermodynamic
The encountered serious deprotection problems led us toSt@Pility. Thus, synthetitansresorcylidel, upon exposure
reconsider the original strategy toward the cis isomer. Thus, [© light or under acidic (HCI) conditions, was readily
dibenzyl ethefl1 was first deprotected by means of BBo isomerized to the thermodynamically morel Staluis-
afford free resorcinoll5 in high yield (Scheme 2), which  resorcylide2, in accordance to previous repdfts'(Scheme
subsequently underwent Stille carbonylative coupling with 3)- Furthermore, upon treatment with second-generation
vinyl stannane to form targeted intermediate didneery Grubbs catalyst and due to secondary metathetical isomer-
) o i ization22 idlv i i i
effectively. Cyclization of dienet, however, was rather iZation?* 1 was rapidly isomerized to the same isonZgr
problematic compared to that of dieBeOnly the combina- Whlch_was further @menzed to _macrolldé. One remaining
tion of extremely high dilution, elevated temperature {0 guestion was the influence of intramolecular H-bonding on
trichloroethane), and low catalyst loading enabled us to the behavior of these natural products. To address this

isolatecis-resorcylide2 in reasonable yield, along with the ~ duestion, protection and subsequent isomerization under
RCM conditions was schedul&8.Surprisingly, cis-resor-

(17) The bromide originally designed is readily converted to the Cylide 2 spontaneously isomerized during acetylation, result-
corresponding phthalide. The observed reactivity of the alternatively used jng in trans-diacetatel 724 This result is in accordance to
benzyl chlorides11 and 15 under Stille conditions is impressive and
unprecedented.

(18) Presence of an electron-deficient double bond directly suggests this  (21) Takahashi, T.; Minami, |.; Tsuji, Jetrahedron Lett1981, 22, 2651.
catalyst selection. For related examples, see: (a) Furstner, A.; Thiel, O. (22) Lee, C. W.; Grubbs, R. HOrg. Lett.2000,2, 2145 and references
R.; Ackermann, LOrg. Lett.2001,3, 449. (b) Furstner, A.; Thiel, O. R.; therein.

selenidel3 was subsequently treated with BB*hSMe to

Ackermann, L.; Schanz, H.-J.; Nolan, S.POrg. Chem2000,65, 2204. (23) cis-Resorcylide, not surprisingly, proved to be very difficult to
(c) Chatterjee, A. K.; Morgan, J. P.; Scholl, M.; Grubbs, RJHAM. Chem. protect. The H-bonded hydroxyl resisted reaction with benzylbromide or
Soc.2000,122, 3783. t-butyldimethylsilyl trifluoromethane-sulfonate (TBSOTf), whereas use of
(19) Miyashita, M.; Yoshikoshi, ASynthesisl980,8, 664. K2CGO;s or 2,6-lutidine, respectively, led to the formation of isocoumarins.
(20) Reich, H. J.; Reich, I. L.; Renga, J. Nl. Am. Chem. Sod.973, It also proved to be inactive under Mitsunobu conditions or against
95, 5813. Schmidt’'s reagent (BnOC(=NH)CglI
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s Thus, in retrospect, we realized that the three-step protocol

Scheme 3. Interconversions of Resorcylides used to synthesizmans—rgsorcyllidel should indeed be the
HO only way to construct this relatively unstable isomer, since
7 deprotection in the presence of the double bond results in
HO o spontaneous isomerization and restoration of the H-bond. The

observed “on—off” triggering effect of the H-bond on the
stereochemistry of the double bond in this system is quite
impressive.

In conclusion, a short and convergent total synthesis of
trans andcis-resorcylide was accomplished for the first time
supporting the originally assigned absolute configuration.
The enone functionality was efficiently constructed using
Stille carbonylative coupling. Ring closing was achieved
using second-generation Grubbs cataly@cheme 1), while
the stereochemistry of the resulting double bond was secured
by altering the diene precursor conformation through control
of the intramolecular H-bond.
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Note Added after ASAP Posting. There was an error
in the structure of Ru cataly$t(Scheme 1) in the version

our original hypothesis that the i.ntramolecular H-bond is the posted ASAP February 14, 2004 the corrected version was
stereocontrolling element of this pair of natural products. posted March 2, 2004.

Moreover, contrary to the apparent rapid isomerizatiofh of
under RCM conditions, the dimethyl analogig did not
isomerize even under prolonged reaction time and high
catalyst loading, whereas it did “switch back” to the more
stable cis form20 upon BCj-induced partial deprotection!
The isolation of adduc®l out of this reaction mixture
indicated that the observed isomerizations occurred mostOL0400037
propably through reversible Michael-type additiéhs.

Supporting Information Available: Detailed descrip-
tions of experimental procedures and characterization data
for compoundsl—4 and10—16. This material is available
free of charge via the Internet at http://pubs.acs.org.

(25) Greater reactivity of the trans isomer towards nucleophiles has also
(24) Attempted deacetylation Gf7 was also troublesome because of the been mentioned before; see: Sassa, T.; Manabu, N.; Michimasipplon
formation of isocoumarins. Kagaku Kaishi1981,5, 883.
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