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An efficient synthesis of rac-trichostatic acid (1) and its analogues is reported starting from a commercially available aldehyde. Further
manipulations of rac-1 led to rac-trichostatin A (TSA). Construction of the desired molecular architecture entails a two-component union,
achieved through an in situ hydroboration followed by a Suzuki—Miyaura coupling with 2. The requisite homopropargyl alcohol was synthesized
by exploiting allenylindium chemistry. This new protocol paved the way for the synthesis of analogues of trichostatic acid and hence TSA.

(R)-(+)-Trichostatic acid (1) wasfirst isolated from the culture
fluid of Sreptomyces sioyaensis and showed differentiation
inducing activity in Friend leukemia cells® Apart from its
biological activity, the greater importance of trichostatic acid
isthat it is both a hydrolysis product of (R)-(+)-trichostatin A
(TSA)? and an advanced precursor for its synthesis.® (R)-(+)-
TSA is one member of a potent class of histone deacetylase
inhibitors (HDACI's). These compounds have recently emerged
as promising therapeutic agents for treating severa diseases,
including many forms of cancer.® (R)-(+)-TSA has shown
activity in studies of several cancer cell lines, rare genetic
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diseases, and malaria.® It aso has promise for ex vivo expansion
of stem cells® The lack of efficient synthetic procedures for
the preparation of the trichostatic acid system prompted us to
develop a general route to prepare trichogtatic acid and its
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analogues.” These compounds could then serve as direct
precursors of new HDACI' s The synthesis of the (4)-trichotatic
acid system presented here provides a shorter, more efficient
route to this series of compounds than the previous reports.
In our retrosynthetic analys's, the formation of the trichostatic
acid (1) backbone was envisaged to arise from the correspond-
ing ester, which can be assembled via Suzuki—Miyaura cross-
coupling between avinyl bromide 2 and avinylborane, derived
from ahomopropargyl acohol (Scheme 1). Further analysis of

Scheme 1. Retrosynthetic Analysis of (+)-TSA

o}
o W

R = Me; trichostatic acid (1)

Suzuki Miyaura
o coupling

/@)J\m/\/COZMe
aIIenyllndlum chemistry
4
6 ="  Br
N /@)\ K . \/\COzMe:> /©)‘\
OMs

P = protecting group R =H, Me, Et
R = Me, Et, Bn, Ph

this advanced intermediate revealed a convergent approach,
whereby the corresponding aldehyde can be coupled with a
propargyl mesylate, using alenylmetal chemistry as described
by Marshall et a2

Aromatic aldehydes have rarely been documented as sub-
grates in the Marshall alenylmetal chemistry.®® We expected
electron-rich aromatic aldehydes, as would be implemented in
atrichodtatic acid system, to be especialy chdlenging substrates.
Ininitia model studies (Table 1), using an dlenylzinc reagent,

Table 1. Preparation of Homopropargylic Alcohols?
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entry product R R’ method yield (%) anti/syn®

1 3 H Me A 40 56/44
2 4 NO, Me A 48 54/46
3 5 Me;N  Me B 94 48/52
4 6 Me,N Et B 86 44/56
5 7 Me,N H B 80 52/48

aMethod A: Pd(OAC),, PPhs, Et,Zn, THF, —78 °C to rt, 1 h. Method
B: PdCl,(dppf) (5 mal %), Inl, THF—HMPA, rt, 10 min. ® Determined by
H NMR.

benzaldehyde and p-nitrobenzaldehyde functioned well as
substrates (entries 1 and 2), whereas 4-(dimethylamino)benzal -
dehyde failed to provide any product. Undeterred, we adopted
amodified protocol employing an alenylindium reagent.®
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Gratifyingly, a stoichiometric amount of Inl and cataytic
PACI(dppf) furnished the desired compound 5 in excdllent yield
(94%, entry 3). The poor anti/syn selectivity observed was of
Nno consequence in our synthesis as we planned to remove the
newly generated benzylic stereocenter in due course. Most
importantly from a generd perspective, the success of this
reaction demonstrates the usefulness of this propargylation
procedure even with an electron-rich aromatic adehyde.
Interestingly, exposure of other homologues of the mesylate,
containing an ethyl or a hydrogen moiety at the termina
acetylene, yielded the corresponding homopropargy! acohols
(6 and 7) asprecursors of trichodtatic acid andoguesin comparable
yields and diastereosdectivities (Table 1, entries 4 and 5).

Having prepared the rac-homopropargylic acohol 5 in
good yield, the free alcohol was protected as a methyl ether
under solvolytic condition to provide 8 in excellent yield
(90%) (Scheme 2). Following asimilar protocol as described

Scheme 2. Synthesis of rac-Trichostatic Acid and TSA
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by Roush et al.,® in a one-pot procedure, hydroboration was
performed using diisopinocampheylborane. After completion,
the reaction was quenched with MeOH followed by a
sequential addition of the coupling partner 2, Pd catalyst,
and TIOEt at room temperature to furnish the desired coupled
product 9 (81%) as a single isomer (E,E). Hydrolysis of the
ester was effected using a 0.5 M aqueous solution of LiOH
to provide the free acid 10 in quantitative yield. The crude
acid 10 was subjected to oxidation without further purifica-
tion using DDQ to provide rac-trichostatic acid (1) (94%).

Next, we turned our attention toward the preparation of a
variety of analogues’ of trichostatic acid (1) using the modified
propargylation product 6 and 7. The choice of analogues was
based upon the consideration of the multiple hydrophobic
regions present in the 11 A channel of histone deacetylase-like
protein (HDLP) complex of TSA as reveded by X-ray
crystallographic analysis (Figure 1).1° Among several amino
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Figure 1. (Top) X-ray structure (yellow) and the best docked
structures (green) of the HDLP—TSA complex.*

acid residues, we were particularly interested in the two paralle
phenyl groups of residues Phel41 and Phel98 near the middle
of the channe that leads to the active site™ In order to take
advantage of these aromatic groups to increase favorable
interactions with analogues, we planned to replace the C-4
methyl group present in trichostatic acid with an ethyl, benzyl,
or phenyl group. The stronger binding of these analogues to
the active ste may be expected to reduce the need for
incorporaing the hydroxamic acid group of TSA. Short
physiological lifetime and undesired side effects may be
attributed to this reactive functional group and therefore use of
aternative binding groups may be desirable.

The synthesis of the racemic C-4 ethyl anadogue 11 com-
menced from compound 6 (Scheme 3). Following a protocol
similar to the previous scheme, 11 was obtained in excellent
yield (53% overall) and selectivity. For the preparation of the
racemic C-4 benzy! (12) and phenyl (13) andogues, ingtdlation
of the benzy!*? and phenyl™® groups at the terminal alkyne group
of 7 was achieved using literature procedures.Gratifyingly, the
in situ hydroboration of the protected homopropargyl acohols
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Scheme 3. Synthesis of Various Anaogues of Trichostatic Acid
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16 and 17 with Ipc,BH was again regiosdective, and Suzuki
coupling with 2 furnished the unsaturated esters 19 and 20 as
single E,E isomersin moderate yields. Hydrolysis of the esters
followed by DDQ oxidation of 22 and 23 provided the
corresponding rac-trichostatic acid derivatives 12 and 13in 30%
and 26% overdl yields, respectively. All the compoundsin this
series can potentially be converted into hydroxamic acid
derivatives (which we have aready confirmed in the converson
of (&)-trichogtatic acid itself to provide rac-TSA; see the
Supporting Information) or to aternative Zn-binding ana ogues.

In conclusion, we have developed a cost-effective and
scalable route for the preparation of rac-trichostatic acid and
analogues starting from a commercialy available aromatic
aldehyde by a shorter route and in higher yields (overall 61%
for 1) than the previous reports. Minor modifications of our
route led for the first time to the ethyl (11), benzyl (12) and
phenyl (13) analogues of rac-trichostatic acid. An enanti-
oselective version of this route is currently being studied in
our laboratory. The modified route and the HDACI activities
of the analogues will be reported in due course.
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