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SYNTHESIS OF TRICHOSTATIN A, A POTENT DIFFEMENTIATION INOUCER OF
FRIEND LEUKEMIC CELLS, AND ITS ANTIPODE!
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Abstract - Both the enantiomers of trichostatic acid (1, 98% em) and trichostatin
A (2, 93% ea) were synthesized employing msethyl (R)- or (8)-)-hydroxy-2-methyl-
propancets as & starting material,

In recent years, much attention wvas paid to the phenomenon of differentiation of
cells in connection with cancer problex. In 1976, Tsuji et al. isolated trichostatin A
(2)' and ¢ (3)? from cmetabolites of Streptomyges hygroscopicus as antifungal antibiotics
(Pig. 1), In 1985, trichostatins were rediscovered independently by two qtoupo3"'5 as
very strong inducers of differentiation of Friend leuksmic cells. Although TFleming et
1}_.6 synthesized racemic trichostatin A (2), the absolute configuration of trichostatins
remained unknown. Recently Morioka et 1_1_.7 reported that the racemic form of
trichostatic acid (1) has no activity as a differentiation inducer. ¥We became interested
in the bioactivity of the enantiomers of trichostatins and also in the absolute
configuration of the natural trichostatins. We therefore started our investigation to
synthesize both of the enantiomers of trichostatin A (2) which has the strongest
differentiation inducing potency among the trichostatins. Herein is described our
results on the synthesis of the enantiomers of trichostatic acid (1) and trichostatin A
(2) from a chiral building block of microbial origin.

Trichostatic acid 2)
Trichostatin AV
: NHO-p-0-glucose Trichostatin C2

Fig.l. Structures of trichostatin A and its relatives
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Fig.2. Synthetic plan for trichostatin A.

Our synthetic plan is shown in Pig. 2. Our targets are both the enantiomers of
trichostatin A (2) with high enantiomeric purity. Trichostatin A (2) can be derived from
acid 1. To generate the chiral center activated by two carbonyl groups, the carbonyl
group at C-7 postion is thought to be attached at the final stage of the synthesis so as
to avoid possible raceaization at C-6. Trichostatic acid (1) is therefore to be derived
from the key intermediate A. A possible precursor of A {s B, which is to be prepared
from C. Methyl 3-hydroxy-2-methylpropancate D is well suited for our starting material.
Both the enantiomers with high e.e. of the ester D are commercially available., After
ssveral attempts, 2-methoxypropyl group was found to be an appropriate protecting group of
OR at the benzylic position. As this group does not hdve a chiral center, analysis and
purification of a reaction mixture becomes easy.

In Pig. 3 ie shown our successful synthesis. The starting material, methyl (R)- or
(S)-3-hydroxy-2-methylpropanoate, was converted to the corresponding (R)-a-methoxy-a-
trifluoromethylphenylacetate (MTPA onter)a. The enantiomeric excess (e.e.) of (R)- or
(6)-4 was estimated to be 99% by the HPLC analyses of their MTPA esters. After
protecting the OH group of the ester (R)-4, the resulting (R)-5 was submitted to reduction
with UiBH, to give alcohol (S)-6 in 82% yield. The alcohol (S)-6 was oxidized under
Swern's condition? to give aldehyde (R)-7, which was treated with a Grignard reagent p-
Me,NCgH MgBr'? in THP at -40 °C to give (R)-8 in 768 yield from (S)-6. The
diastereomeric ratio (syn:anti) of the resulting (R)-8 was 1:1. The diastereomers of
intermediates (R)-8 to 15 could not be separated cleanly by the ordinary TLC or column
chromatography, and therefore the mixtures were used without separation. The aloohol
(R)-8 was treated with 2-methoxypropene in the presence of PPTS followed by (n-Bu) NP in
THF to give (R)-10 in 608 yield from (R)-8. The alcohol (R)-10 was oxidized with
DMSO/SO;-CSHSN complex11 to the aldehyde (R)-11, which was treated immediately with
phosphorane I to give (R)-12 quantitatively from (R)-10. It should be mentioned that the
oxidation of (R)-10 by Swern's nethod? produced a chlorinated substance'2,

The ester (R)-12 was reduced to the corresponding alcohol (R}-13 with DIBAL-H in
toluena at -78 °C in 89% yield, and the resulting alcohol (R)-13 was oxidized in a manner
similar to the oxidation of alcohol (R)-10. The resulting aldehyde (R)-14, without
purification, was treated with phosphorane 1II to give (R)-15 in 648 yield from (R)-13.
The geometry of the double bonds of the ester (R)-15 was confirmed by analyzing its 100
MHz 'MH-NMR. The JHa-Hb W88 15.5 Az and n.O.e. was observed between H,-Me. and Hy- Ry,
which suggested the diene system to be E, E. Methyl (S)-3-hydroxy-2-methylpropancate
(S)-4 was converted to (S)-16 in the same manner as described for (R)-4. We obgerved
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Fig. 3. Synthesis of the enantiomers of trichostatic acid
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that the diastereomeric ratios of (S)-13, 14 and 15 were different from those of the
corresponding (R)- intermediatss. The deviation in the diastersomeric ratio might have
happened because the diastersomers were separated slightly by 810, column chromatography,
although its TLC analysis showved a single spot. Their (a]p values reflected the
difference in the isomeric ratio to give values different from (R)-13, 14 and 1S, The
ester (R)-15 was hydrolyzed with LiOR aq. The resulting lithium salt of the acid was
treated with 1N HCl at pR 2-4 to give hydroxy acid (R)-16 in 808 from (R)-15, The
diasterecmers of (R)-16 were separated by TLC, and an isomer could be obtained as
crystals. For the sake of convenience, however, the mixture was subjected to oxidation
with DDQ furnishing trichostatic acid (R)-1, =m.p. 88-89 °C, (a)p +138° (MeOR). (8)-
Trichostatic acid (1), m.p. 88-89 °C, {a)y -131° (MeOH), was obtained from (§)-12 in a
similar manner as above. The naturaliy occurring trichostatic acid (1) was reported to
show (a)p «3.8° (MeOH)2, By ocomparing the sign of these optical rotations, the absolute
oconfigquration of the natural 1 was concluded to bs R. The enantiomeric purities of our
acids (R)- and (S)-1 were detsrmined to be 98% by the HPLC analysis of the corresponding
Me ester (CH,Np) using a chiral stationary phase.
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(R)-1 (R)-17 CMez0Me
(R)-2 H
NOH ——» NOCMe20Me ——— NH20CMe20Me
s O g © 20

Fig. 4. Synthesis of trichostatin A

The second stage of our synthesis was the conversion of 1 to trichostatin A (2),
Pleaing et al.5 treated Me ester of 1 with NH,OH in the presence of KOH to cbtain racemic
2. Tsuji et 5.2 described the condensation of NH,OH with acyl chloride of 1 prepared
from Na salt of 1 and oxalyl chloride. But these procedures were not suitable for the
preparation of optically active 2. Our approach is shown in Pig. 4. Thus N-
hydroxyphthalimide (18) was treated with 2-methoxypropens at rooa temp without catalyst
for a week to give 19 and then 19 was deconposed with hydrasine to give 20, b.p. 70~ 73
°C/103 Torr, in 318 yield from 18. This protected hydroxylamine was to be condensed with
acid (R)-1. Pirstly, the activation by DCC or (Iud)200 of the acid 1 was tried.
However, all of our attempts were in vain because of the formation of N-acylated urea or
C-acylated imidazole. Finally the conversion was achieved successfully by treatment with
ClCO,Et in the presence of EtyN, followed by 20 in THF at 0 °C to give (R)-17, which vas
deprotected immediately using Amberlyst 15 in MeOH to give trichostatin A [(R)-2), =n.p.
146~ 150 °C (dec.), (alp +96° (MeOH), +77° (EtOH), in 27¢ yield from (R)-1. (s)-
Trichostatin A (2), m.p. 143~149 °C, (alp -82° (MeOH), was also obtained from (S)-1.
(1it. {a)p +63° (MeoM)'3, +62.8° (Eton)', m.p. 150-151 °c2, 172-174 °c'3, 180-182 °c
(rnconic)6] The enantiomeric purities of (S)- and (R)-2 were determined by the HPLC
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analysis as follows. As the hydroxamic acid 2 gave only poor-shaped elution pattern, it
vas methylated with CH,N,. The dimethylated 2 was separated by HPLC using a chiral
stationary phase column. Although the presence of (S)-isomer in the sample of (R)-2 was
not detected because of tailing of the (R) peak, (R)-iscmer contaminated in (8)-2 could be
separated. The enantiomeric excess of (S)-2 was calculated as >938. That of (R)-2 was
estimated to be >93% by comparison of [a]y values with that of (8)-2. The absolute
configuration of the natural trichostatin A (2) was determined to be R, as its CD curve
agreed with that of (R)-2.

In conclusion, we completed a chiral synthesis of both the enantiomers of
trichostatic acid (1) and trichostatin A (2) with high enantiomeric purities (98 and 93%).
The absolute configuration of naturally occurring trichostatic acid (1) and that of
trichostatin A (2) were determined to be R. The biological study on our enantiomers of 1
and 2 is now underway in Prof. T. Beppu's Laboratory of our Department. Pinally 1t is
worthy of note that Omura and his co-workers recently discoversed antitrichomonal activity
of trichostatin A (2)'4.

All bhys and mOs were uncETected, IR spectra were neasred as films for oils or Xix &isks for solids on & Jesco TR~
102 spectrometer. 1A-NMR spectrs were recorded with T™S as an internal etandard at 100 XMs oo a Jeol JWN ¥X-100
spectrometer. 1300 epuctrs were messured on the same PX-100 spectrometer at 25 MEk. Optioal rotaticme were messured on
a Jesco DIP-140 polarimetsr, @ epw were dsd on & Jasco J-X0 astomstic spectropolarisetar. UV spectss were
asasured on & fhimadms UV-160 .
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{s) G)-Teomer., To & etizred sola of asthyl (R)-I-methyl-Y-tydroxymropancats (10 ¢, 647 smolX mf “241° (0=343,
MeGl) 9% aa) and imidemcle (12.7 ¢, 183 mmol) in ONP (100 nl) wes affed t-tutyldimstiryleilyl chloride (14 ¢, 93 smol)
Te reaction mixture was stirred overnight ot room temperetme, It wes then poured (nto i0e~weter sand estracted with
sther. The ether soln was vashed with weter amd brime, dried (NgO¢) and conosntreted ip vaomo, T residos was distilled
to give 19.0 ¢ (96.50) of (R)-8 es & colorless oil, bip 108110 °C/24 Torr, nd? 1.4205; (6184 -18.4° (0=2.02, CECIgh
vaax(film) 2930 (s), 2050 (#), 1740 (e}, 1090 (s} em”1; & (CDC1y) 008 (6X, ¢), 090 (%W, ¢), 113 (3N, 4, J=6.9 Rs),
2,867 (1N, wextet, Jw6.4 Ms), 2107 (M, ), 263 (1N, 44, J=6.4 and 9.3 Ms), 173 (1N, 44, Jw€.4 and 9.3 Rs), (Pownd: C,
3643 B, 1032 Calc fer CiRyOpls G 5685 R, 10418)

{d) (8)~Toomer. In the same menner &s described sbove, (8)-4 (5.29 g, €48 amol) gave 9.50 g (91.38) of (§)-S whoee
spechral data ware idantical with those of (-3, nd® LA0N [e}f +1a8® (ov206, OK1y). (Pound: €, 3654 K 104
Qale for Ci1Ra0y8i: C, 5GBSy K, 10418)

1-3-: 1 [

(o) (B)-Isomer. To en ios~cooded saspermice of LimNg (09 g 413 mmocl) in THP (90 =), & soln of (-3 (154 g, ¢62 mmol)
in TP (90 nl) ves added over X0 min, end the alxtixe was etirred under reflex for S A Then a eoln of mt ML (1S m))
was added to the ics-cooled resction mizture and the aixture wes entracted with ether. The ether soln was washed with
weter and brine, dried (NgSO¢) snd conosntrsted in weoun, The residm ves distilled to give 111 g (L) of (86 as &
colorless oll, by 105~107 *C/17 Tormy rﬁ’ LA m;’«w.r (o"le, CGKCly); vemz 3390 Ox), 9% (s), 2990 (s),
1250 (o), 1090 (9), 1038 (a) em”!, 8 (COCly) 0,12 (6N, o), 0.88 (IW, 4, J=6.9 Rs), O.%4 (%®, o), 1,94 (IR, mw),
2.25(1%, be. OW), 3,70 (4R, m), (Pound: C, 54.3%) R, 11.7% Calo for Oygi3(0z81i: C, $8.77 N, 11.840),

(b) (R)-Iecmer. In the same msnner as Gescribed above, (8)-3 (3,0 g, 21.9 mwol) geve &0 g (77.10) of (R)-€ whoee
mactral dats were iSmticml with those of (66 nd® 14209 (084 +109° (0+213, OXIyh  (Foundt €, 9848 R, 1081
Qulec far CigiaO8i: €, MTH B, 1LBA)L

1sdil 1 1 1-1 [ ]
{a) (B)-Isomer., To & soln of amalyl chlorife (%37 g, 423 mmol) in Ary (B,Cly (40 al) was adied dropwiss a eoln of
nm(sng.na—d)mcgm,mu)n-n‘cmn,mmm-umnuaxxsmn-n'c.
aloohol (£)-6 (62 g, 30 manl) in &y (B C1; (30 m)) vee added Gropwise to the miztere st ~40~70 °C, After 13 min,
(137 ¢ 133 smal) vas afied o the mixture end then the reaction tamp wae reised to 0 °C over 30 min, The misture
stirred at 0 °C for 1S ain and than wermed to room temg O this wee adfied icedvetsr end the mistwre wes estrwsted
other, The etfmr sols wes vashed vith wetar, brine, dried (MyiDg) snd comcwptrstsd in yecwo balow 4 °C. This wes
immedistely withoot fxther purificstion. To & soln of & Grigusd respukt pregared from p-twomo-Rdissthylailine (114

[31dis
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( ) is veoun, Tw residoe was th graghed over o give 748 g (762%) of (-6 as a yellow
o’f"n&ﬂ.som [a)8¢ ~5 0¥ (ce1.14, CBC13); vasx 3430 (bx, ®), 2950::22“0 (e), 2800 (m), 1610 (s), 1520 (=),
1060 (e}, 1020 (m), 840 (s) cw™1; § (CDC13) 0.10 and 0,12 (total 68, both a), 0,72 and 085 (total 3M, both 4, J=1.0
Ne), .94 (98, 9), 1.80~2.20 (1R, m), 2.96 (6, 8), 1.50~3.90 (2), 446 {ow. OSK, 4, J=7.7 Ms), &.84 (ca, 058, 4,
3=3,7 ®3), 6,72 (2M, 4, I9.3 Mx), 7.20(2M, d, I*9.) Ba); (Pound: C, 66.79; X, 10.31) W, 436, Calc for CygqlyyOMBLs C,
66.82; B, 10,28 N, 4.I30),
&) Q8)>Isomer. In the same mermer a8 dsacrided above, (-6 (10 g, @9 mmol) grve 12 g (T6A) of (58 whose spsctral deta
1demtical with thoss of (-8, nd® L3058 ()84 +879° (ovL24, OX1y). (Ramd C, 6705 W, 1G2% K 443 Oale
Crefi3Oi: C, 6682 B, 1028 X, 4IN)

7y

1xil 1~ 1)-1 )~ 9

(o) (I)-1somex. TO & soln of alochol (M-8 (68 g, 2 mmol) in 2-methosypropans (10 ml) was added PPTS (O3 ¢) and the
airtre was stirred for J h st room tamp  To this wes sdied set M0y soln and the aixture wes extrwcted with ether.
Te other oln vas veshed vwith water, bxios, dried (WgSO,) and conosstrstad in wacag The idae was ch graghad
n%mﬂw@q(‘“)d@-’nmoﬂ.%’l&h (-)?-W‘(M oK1y vaax 2930 (s), 2870 (s),
1620 (s), 1520 (e), 1070 (e), 1030 (s), 840 (o) c-"ul(ﬂtl,) 0.00 and 0.08 (total 68, both s), 0.67 and 1.00 (totsal
»n 4 64 W), Q0 end Q95 (total M, bdoth s), LIS and LIS (total 68, both s), L7-23 (LM), 293 (GR, e), XO2
(ca. 1.58, &), )08 (ca. 1.38, #), X16( ca. O.38, 44, J=6.5 and 10 Rs), 3148 (ca. 1M, 4, J=6.2 Ms), 3.33 (ca. 0.5%,
ad, J=6.7 and 10 Bx), 4.58 (ca. O.5H, 4, J=6.7 Bs), 4469 (ca. O.5A, 4, J=6.7 Rs), 6.69 (24, 4, J=6,7 Mx), 7.15 (M, &,
J= 6.7 Bx); (Pounds C, 66.87; ¥, 10.30; W, ).67. Calc for C3384)03%81: C, 66.79; U, 10.44; N, 3.548).

0) (25)-Isomer, In the same asrwwr as dsscrided above, (5)-€ (70 g, 1 mmol) gave 78 g (908) of (5)-9, whose epactral
Gats ware idantical with thoss of (U-9, nd? 14866 ; 1e)g? +625° (cvL36, OM) (Pound: C, 6704 N, 1021 % 26%
Calec for CpROyWis C 6679 B, 10445 K 1S6)

Hean-aimsthylaainoghenyl -3 3-sethoxypropylony)-2-methyl -1 -proparcl 10

(a) (B)-Iscmer, To & soln of (M9 (523 g, 113 mmol) in Gry TWP (30 ml) was added (TBu)g® in TGP (1 X eoln, 15 ml)
and the mixture wes stirred for 4 h st 40 °C. 7o this was added sst MAC] soln and the Miztize wes extractsd with ether.
The ether soln wvas washed vith weter amd hrine, Aried (MgSO4) and conosntrated in vecuo, The idse was ch graghed
over 8i0; to give L1 g (8134) of (R-10 as an odl, rd? 15250 felf® -A7° (0v14C, ACA3) wvmax 3450 Ox), 2950 (s),
1620 (s), 1520 (s), 1070 (s), 1030 (s) cm™l; & (CDCly) 0.68 and 0,72 (total 3W, each 4, J=6.7 ms), 1.12 and 1.40(
total 68, each #), 1.,85~2.30 (1R), 295 (6M, 8), 310 (oa .LS&, ), X108 (ca. 1.5, @), 3.25-XL90 (IMeOM), 4.47 (ce.
0.5M, 4, J=6.0 fx), 480 (ca. 0,58, 4, J=4.) Mg), 6.68 (28, 4, J=8.7 mz), 7.16 (26, 4, J=6.7 Hz); (Pound: C, 67,82y W,
9.60) W, 4,99, Calc for Cyglz70;M: C, 68.29) U, 9.67; N, 4.96%).

®) (28)~Isomer, In the sams ammer &8 described abowve, (88 (60 ¢ 152 mmol) gave 34 g (B0R) of (8)-9 whose spectral
dsts were idmtical with those of (-9, nd® 13244 5 (6] +7.56 (0v2.085, BTy (Pound: C, 680% B NS4 B 508
Quc for CyghyOPl: G 6A2% B, A7) K, &IBL

Ryl 2,4-Oimethy]-5-(€-&8-Mmethylaninophenyl)-5(2-methouypropyloxy)-2 pantaccate 12

(a) (@)-Isomar. To & eoln of alochol (-10 (238 g, 8AS mmol) in dry DIEO (216 ml) and BN (1.5 al) was adied 03~
Cofigf complex (198 g, 25 amol) in OMSO (2015 ml). T™e airture vas stizxed ot room tamp for 5 min, T this wes added
icsd-watsr and this was extracted vith ether. The ether ecla vas washed with vater amd brime, dried (KgE0,) and
wgmmo'c. mpunmmmmmdmwmm To s soln
of -11 in &y BLCl; (23 ul) vas edded othyl 2~(triphenylphospharenylidens)propionets (746 @ 21 smol) in ons portion
and the aixturs was stirred undex gentls reflux for 6 h Uxiar Az. The aixthae wves then conowtrated ia veoun To it ves
adied %0 ml of 108 MROAC in hemew and the aixtizre was filtared, The grecipitats wps weshed thorowghly with the eame
solvent, The filtrate was ooncentrated in vacuo, and the reeidus was ohromatographed over 8403 to give 3¢ ¢
(quentitative) of (R)-12 as am oil, rﬁ’ L3119 [ci‘ *3L3° (07239, CECly); wmax 3000 (s), 1710 (s), 1620 (m), 1520
(s), 1080 (=), 1030 (8), 750 (=) cm™ 'y & (CDCly) 0,79 and 102 (total I8, esoh 4, J=74 #s), 107 and 1.10 {total 34,
each 8), L26 and 129 (total M, esch t, 7] fg), L3I0 snd LIS (total I&, each o), 170 sod LBS8 (total M, exch 4,
J=1.9 Rs), 2,60~2,9% (10), 2,94 and 2.96 (total 68, esch 8), 106 and 112 (total W, each s), &00~432 (28), 442
(ca. 058, 4, J*6,0 Rz), 431 (ca. O.SR, 4, J=6.0 @s), 6.,50~6.73 (1R), 6.63 (ca. 1M, 4, 3=93 Bz), 668 (ca. 1N, &,
J=9.3 Rg), 7.12 (ca. 1M, 4, J»9.) Rmg), 7.1% (ca. 1M, 4, I3=9.) Rz). (Pound: C, 69.41; R, 9.06y W, 1B8. Calc for
C21M3304M: C, 69.39) W, 9.15) N, 3.858),

(b) (48)-Isomez, In the same manner as described above, (8)-10 (4.0 ¢, 14.2 mmol) gave 106 g (39%) of (8)~12 whose
opactral data ware iGevtical with thoss of (R-12, o)® LSu12 (e}ff -31s° (o238, OK23. (Foamdi G ®ST & &A™
%, 185, Calc for Czll33°"x C, 69.3% K, 9,157 M, 3,8548),

1 1 > 1ol 13

{a) (@)-Isomer. To & soln of ester (R>-12 (A0S g, 839 mmol) in Ary tolusne (38 ml) wes added dropwise DIBALR (1 M in o~
hemana, 20 al) st 55 °C+60 °C under Ar, The aixture wes stirred for X min at -70 °C Than, to this wves added st
Rochells salt saln (20 ml) and the temp of the miztiwe wes raised to raos tsep The aixture ves filtaced through s Calite
ped o the pad with the precipitate was washed th ghly with tol e combined toluane soln wvas weshad with et
Rochelle ealt eoln, Aried (MglD,) and conomtretsd in vacuo, The residus was dh whad over 810; to give 24 ¢ (O%W)
af alochol (-13 as & very viscous ofl, nd? LSS5ty ()l -106° (232, OKX1y) vmax 3400 (bx), 29%0 (e), 1620 (s),
1520 (e), 1070 (=), 1020 (@) ﬂ"nl(@l;) 0,80 and 1.00 (total IR, 4, J» &7 8x), 100, L.10, 1.32 and 1,38(total
68, each 8), 1.52 and 165 (total I8, &, J=L6 Rs), 2.60~3.00 (1K), 2.93 and 2,96 (total &N, each s), 3.00 and 3,10
(total 3N, each s), 150 (1M,0N), 388 and 199 (total 28, 4, J=5.2 fia), ¢.40 and 442(totsl 1N, 4, Jv&.S Bs), 510
(ca. 0,58, 4, J»7.5 Rs), 519 (ca. 058, &, J=6.5 Rs), 6.63 and 6.67 (total M, 4, J=6.6 Rs), 7.10 and 7,12 (total 28,
4, I=6.6 Bx), (Pound) C, 7h.20) B, 9.57; N, 426 Calc for Ci o830y C, TO9% K, $.72; N, &I6S),

{b) (48)-Isomes. In the same manper 88 Sescribed above, (8)-12 (1,05 g, 6.39 mmol) gave 2.04 g (768) of (3)-13 whose
spactral data were identical with those of (R)-13, n}? 1Ls328 (e)f! +341° (owL3I0, CACIy)  (Founds G, 088 R, S8y
N, 4364, Calc for Cyefly) Oyl C, TO.99 K, NT2) W, &I68),

Nottyl 46-dimethyl-7-(¢-%#dimetiylaninogheeyl) (2 wethoxypropy Loy 2,4 teptatisncate 1%
Tw alochol ()-13 ( 9 S8 smol) was oxidised to the cxTesponding aldebyds (R)-14 in the same narmer
0 uxing SOyCafisi complex (2,72 g, 171 wmcl), DMEO (30 ml) ad BN (2.5 mll. The
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remtltieg aldehyde soin wes employed ta the nast resction without perificstion. 0 s soln of (R)-14 in &y OBy (30 ul)
wes aftied mettry] trighemylshosghorenylidensacetas (4 g, 12 mmol) end the miztmre wes stirred aader gastle reflux for 34 h
uniexr Ar, Oonwentional wark-up a8 dssoribed in the omss of (R)-12 geve 14 ¢ (608) of (R-13 as an odl, nd? L3364, (a)
47" (0"L77, K13} vasx 3000 (m), 2860 Ox), 1730 {e), 1630 (&), 1530 (s), 1170 @), 107 (&), 1030 (s) ™)y
§ (CDCl3) QB4 and LOL (total 3N, 4, &S M), 1OB, 110, L32 and LJ7 (totml R, each o), 169 amd 178 (total 3,
4, J=L3 Ra), L7-19 (10), .54 and 296 (total 68, each u), 305 and .08 (total M, each ¢), 3,74 aod X7 (total I,
each 8), 443 (cu. O.SH, 4, J=6.3 n), 448 (ca. 056, 4, J=6.0 Ws), 5.60 asd 5,72 (total 1R, D4, Je10.0 Bs), S.74 and
5.80 (total 18, 4, J=15.0 Bs), 6.62 and 6.65 (total 2M, 4, J=9.0 Rz), 7.07 and 7.10 (total 2%, 4, J*R0 Ms), 7.2% and
7,32 (total 1R, 4, J=15.0 @), (Pound: C, 70.18) R, %02y W, 154 Calc for Caaliy)Ogh C, TOITy B, 8.06; ¥, 1.738).
B) (6)-lecmer. In the see sssner as described abowe, (9)-13 (OS9 g, 2171 mmol) Q8 g (81%) of crode (8)-18,
whose spactral data vere. virtmally dmstical with thoss of (R-13, a)? L3392 uﬁw«m o1y Pond G
70055 B, 8.82; N, 380, Calc for CyaNgyOM: C, TO.37) 8, 8.86; W, L73%),

24-Dimethy]-7-{4- WAl mettyleninogheny) ) -bydrony-2,¢-heptatiencic ecid 16

(a) (GR)-tsomexr, 70 & soln of estar (R)-13 (14 g 173 mmol) in methmol (295 al) was sMef ag LiCOK soln (QS2 N, 988
al, 512 smol), and the mizture was etixred for 12 b at 45 °C, After edjosting the g of the mixture to 78 using IN A1,
it wes concmetratad in vacen, e resides wes acidified to (R 3¢ with I WCl, end the mixture wes stirred for 10 =in st
room temp It was than extractsd with OK23-%e0B (95:5). The argenic layer wes washef with brins, Qried (Ngsty) and
conomntreted is vamn to give Q86 g (80R) of acid (R)>-16 as & yellow amcrphous solid, The acid was used for the next step
without parificstion. A small portion of it was treared with ORC1y-EROW (23:2) to give an analytionl samipe of a single
diastarecmer of the acid as & yellow amorphous solid, R 165~167 °Cy [€)§2 +156° (0G50, 108 MeCH/ OX13); vmax 3300
(or), 2900 (x), 1660 (s), 1630 (=), 1530 (m), @10 (a) om}) ¢ (DYOCC1y119) Q8% (M, 4, 63 W), 180 (M,
4, J*L0 ng), 2.6~30 (1B), 2.97 (&R, o), &40 (1R, 4, J=7.0 Rg), S5.80 (1E, &, J= 159 Rs), 5.09 (1R, b4, J=4.5 Ms),
6.74 (28, 4, J=0.5 B8s), 7.20 (28, 4, J=6.5 Ws), 7.40 (1R, 4, =153 ng). (Pound: C, 70,19 K, 7.79) N, 4,78 Cslc for
CyqH3303M: C, 70,565 B, 8.01; N, 4.840).

M) (66)r-lsomer. In the same samer as described abowve, (815 (A7S g, 2.0 smol) gave QS8 g (Quantitative) of (8)-16,
whoss spectral data were idantical with thome of (U-16 B 196~1%9 *Q (€)1} -132° (c=QS0, 108 NedV OK13k  (Pound:
C, 70,01 R, 7.99; K, 482, Calc for CyyH3303M: C, 70,56y W, 8,01; N, 4.84%),

Trichostatic acid 1

{s) (R)-Iscmer. To & soln of (R)-16 (325 =g, 1.3 mmol) in Ary diczane (5 ml) was sd4ed DDQ (300 mg, 1.3 wmol) in dry
dicmane () al) and the aixtare ves stixred for S ain et roowm tawp under Az, It wes filtsred end the precipitate wes weshed
with diosane, mtllm-&mﬁgmdm“mmw%t&m: 2-propanol
985 :LS ~ 96:4) to give 112 mg (348) of crule (R)-trichostatic acid 1 Secrystallisstion from ethar gave a pure
sanple as slightly yellow plates, mp 8869 °C (1it. 138-140 °C2) (@) +130° (Q=(\33, MeOM) (lic, +38° (0"1.03) Meam)?
)5 v max 29% (tx), 1680 (m), 1600 (s), 1370 (m) =’1) & (oC1y) LM, 4 &8 W), 133 (M b @), 07 (6W,
e), 440 (1M, 4q, J=9.6 and 6.8 m3), S.51(1M, 4, J=15.6 Re), 6,09 (1M, br 4, J=9,6 Bx), 6&.64 (2m, &, J=6.8 Rz), 7,38
(1R, 4, J=156 Rx), 7.84 (2W, 4, 2=0.B Rz); Vc-man ¢ (CDC1y=77.0 ppm) 128, 17,7, 40.0, 40.8, 110.8, 11358, 1219,
130.6, 132.6, 142.9, 151.3, 1515, 172.2, 198.3, (Pound; C, 70,72 B, 7.50; W, 471, Calc for Cy,82,03%: C, 71.06; R,
737 R, 4B). The IR and MG spectra were identical with the reportad data$

(b) (8)-Teomer, In the same manner as described above, (8)-16 (327 wg, 1.13 amol) gave 287 mg (88%) of (8)-1, whoee
spactral data wers idstical with those of (-1, mp 89491 °Q (€)% -111° (c=Q25, MeCH) (Fourds C, 7065¢ 8, 761 ¥,
4.82. Calc for Cyqf3,03N: C, 71.06) B, 7.37) W, &B7),

Trichostatin A 2

{a) O-{Methomypropyllyydronylamine 30. A suspension of N-hydromyphthalimide 18 (1S g, 93 amol) st 2-methoxypropene (20
al, 209 mmol) in acstonitrile (X0 al) was stirvred at room temp for 7 days without any catalyst. The aixture was diluted
with est WMKD,; soln and conceotrstad in vacun, The resid wae extracted with BRUOAC. The ROAC eoln vas vashed with
water, brine, dried (XzCD3) and concentrsted in vacuo. Recrystallizatioca froa ether gave 13 g (69%) of O-(2-
ssthorypropy L -e-hy@roxyphthalinide 19 as yellow prisms, np 102-104 °C.  This protected phthalimide 19 (18 g, 64 amol)
was trested with hydrazins (64 ml, 132 mmol) in NeOB (32 ml) and CRCl; (80 ml)  After etirring st room temp for 2 h,
the reaction mixtiwe vas filtered The fil was atad in vaomo and to it wae adSed 108 WMaOR soln (130 ml)
™he nirtize was than extracted with ether. The ethar soln ves washed with water, ixine, dried (NgHO,) and comowntxeted
in weoun, The residis was distilled using s Vigrem:x column (S cs) to give 437 g (458) of O~(methoxypropyl drydroxylamine
20 a¢ & colorless oil, hup 70~73 °C/103 Torr, od! 1.4118; vmax 3330 (s), 3250 (w), 3000 (s), 2930 (s), 2850 (m),
1600 (m), 1460 (m), 1380 (s), 1220 (s), 1190 (s), 1150 (s), 1070 (), 830 (s) cm”1y & (CoCl,) 1,31 {68, ), 320
(3%, ), 4.90 (2M, br ), (Pound: C, 46.00; B, 10,513 N, 12.95, Calc for CgMy;02% C, 45.70; K, 10,55; N, 13,328),

(&) R)-Isomer. ™ an ice-cooled soln of (Ri-trichostatic acid (L, 132 mg, 116 sacl) and By (233 eg, 231 mmol) in ary
TP (Sal) vas adied C1C0R (120 mg, L27 mmol) in Gry THP (S al) . After 10 min, it wes adad O-{2-methoxypropyl)~
hydroxylamine (024 ml, 231 mmol) {n TRP (S mll, The eoln was stirred for S min at 0 °C. It was then poured into ioe~
watsr and ves axtractsd with BROAC. The orgenic layer wes weahed with wetar, brine, dried (Mg8O,) ant concwntrated in
Yacuo to give crude O-(2-sethomypropyl)-trichostatin A (350 mgl, Thw cruds esaple was purified quickly using medium
= 8107 ool ch togreghy (R fagekn Co. L, ID-22, M) to give 141 mg (3%) of the profuct, It wves
subjected to the next resction immedistaly. To & eoln of the protected hydromamete (92 mg, 025 mmol) in MeOR (S ml) wee
added Amberlywt 135 (235 mg) and the aixture was stirred at 45 °C for 1 h It was filtered and the filtrute was conoantrsted
in vexio to give 60 mg (618) of (R>-trichostatin A (2), Recrystallization from ROAC-He(E gave & pure sample as yellow
fine needles, m.p. 146~130 *Cldec.) f1it. 150~151 *C2, 172~174 °C13); (€)F2 +96° (c=0.)1, MeOM) [1it. +63° (cwO.1,
Neam)13), +77° (=023, MO (1it. +62.8° (0=1.007 ,OM!); veax (O1y eoln) 3250 (m, Ix), 1660 (s), 1600 (s), 13
(@), 1190 (s), 1170 (s), 980 (m), 620 (m) cm™1; & (CDCly: CD30D 511) 1.30 (3M, 4, J=6.8 M=), 1.91 (34, 4, J=0.9 Bs),
.08 (68, #), 4.40 (1R, 4q, J=9%2 and 6.8 Ba), 579 (1N, 4, I=155 Ra), 597 (1R, 4, J=9.2 Bx), 663 (2N, &, I=9.0 &s),
7.20 (18, @, J=155 Ms), 7.84(2R, 4, 790 Ws)y 13C WMR § (123 MRs, Bruker AN-500, CDCl3:CDyOD=5:1) 16, 17.9, 40.0,
40,9, 11L0, 118,7, 1218, 130.9, 1330, 160.3, 1453, 154.0, 16593, 1998 ; OV max(€)(nm), (c=1.7210"5, Neom) 142
(27000), 264 (24100), 230 (sh, 23000)) ¥ {O)}nm) (oGO ¢/l, 17464x1073 M/1, MeM) 340 (390 nm), O (338), -196 (310), O
(270), 98 (260}, 0 (232), ~262 (240), 0 (210). Pound: C, 67.37) R, 7.43) W, .14 Calc far Cy;8;504M5: C, 67.52; &, 7,3%
% ). e o, In-, Vloma!? and ovield gpectss ware identical with the reparted deta

(c) (5)-Iscmer, In the ssme mawer as described above, (8)-1 (191 wg, 057 mmol) geve 79 mg (B98) of (8)-2 whose spectral
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Gats wers Muntical vith those of (M2 B UMM °Cy (6])] -41° (0034, MeoH). (Found: G, 6747 B 738 R %14,
Qe for CiylyOyty G 6187 B 13N K AIN)

Detarsiration of the spptiomgric pwities of metty] 2-wettyi-) tydrosypropencete (R4

e @MW estexr of both the enentiomsrs of (R4 were sbjected to an WL amlyeis (Seia: Pack $10; 1793-% o~
DexsnayTiF: NeODE000: 100011, 1 al/min, 46 as x 230 ma, dstactad ot 254 ma), Rt was 464S ais for (K)-alothol sl 300 min
for (alochol. The enentismeric parity was 998 for both the enentiomess of &

of the smatiomeric pacitise of trichostatie acid L
To & sola of txichostatic agid 1 in NeCR vas adied enpass OJS; in ettuw and the mizthise was laft to stand fos 1 h st room
temp, The alrtxe was abjectad to an ERLC amalysie, (CEDPLON-OR, Daicml Chemionl Industrise 124, 900 W, O8 al/ainy
dstectsd st 234 rm) Rt wes 710 min for (S)-1, YA min for (-3 The emmtigeeric puritiss were aaloulsted from pesk
ares of the both enantiomers, Both the enantiomers vere estimstsd to be over 900 s

Dycermipetion of the spotiomerio purities o€ tricheptatis A 2
To & sla of trichostatin A (2) in MeON was afidsd exmcssy CH N, in ether snd the aixtive was lsft to etand for 1 h &t room

tamp The miztyre wes sbjectsd to s SRS mmalywis (CEIFALCEL~CR, o-bemansed-properol, %11, O al/mis, detectat st 234
am) 3 wes X0 ain for W-2 exd 3?7 aln for (£ The (f-form iz (0-2 ocmld oot be separsted cleary btecense of the
large tailing pesk of (R)-2 (R)-2 in (§)-2 wes separsted . e enetiomeric purity of (S-tricdhostatin A 2 vas et least
93¢ am.

e thenk Dr, B Twuji snd Or, X Kobeyushd of Shionogi and Co, Lod (Gsaka) for kindly sending ©O us the
O,

netursl trichostatic acid (1) amxd trichostatin A (2}, We are grateful to Prof, T K Toshida for Welpful
disosesi O thenks sxe Gue to Daicel Cwmioal Industries, t2d, for the chiral packing WIC ool Pinencial
auppart by Japan Tob nc, is acknowledged with thenks,
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