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efficiently synthesized from 1,10-decanediol (S\ in 11 and 13 steps, respectively, involving

an asymmetric hydrogenation of the B-keto ester 14 using (R)-BINAP ruthenium bromide
and a peptide coupling using diethyl phosphorocyamdate (DEPC, (EtO),P(O)CN) as key
steps. © 1998 Published by Elsevier Science Ltd. All rights reserved.
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and was reported to be most active. Their structures have been tentatively assigned to be 1a for topostin B-
and / or 1b for topostin B-2, shown in Fig. 1.2 To establish the structure of topostin B, we synthesized”
topostin B analogs having the proposed structures 1a and 1b. Although some of them proved to exhibit an
inhibitory action against mammalian DNA topoisomerase I,sb’3C

.o-)r-

spectral comparisons of our synthesized
compounds with natural topostin B have revealed that they are different from each other even in their carbon

skeletons.
OH H
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HOQWH H020>_“11>£H
Me(CHz)m (CH2)nCONH2 HoNCO(CHo)m (CHz)nMe
Topostin B-1 (1a) m+n = 25 and/or 26 Topostin B-2 (1b)
Fig. 1
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analogs named topostins D, D640 (3a) and D654 (3b), as shown in Fig. 2. Among them, the gross structure
of topostin B567 was found to be identical with that of cytohpm5 isolated from Cytophaga johnsonae while
topostin D654 was identical with WB—3559D6 isolated from Flavobacterium sp. No. 3559 and ﬂavolipin7
isolated from Flavobacterium meningosepticum. Furthermore, the western fragment of topostins B567 (2b)
and D654 (3b), the (3R)-15-methyl-3-(13-methyltetradecanoyloxy)hexadecanoyl group, was found to be quite

0040-4020/98/$ - see front matter © 1998 Published by Elsevier Science Ltd. All rights reserved.
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similar to the wesiern ragment Of § acin A (4, 1lavocristamiae b ). we now wish to report the
synthesis of topostins B567 and D654. Our synthesis of D654 proved to be much more efficient than

6.7
previous efforts. ™
O
1L topostin BS53{2a):R=H
)—(CHz)u/ o o0 . !
i H topostin B567 (2b) : R = Me
\ (CH)- AN N/\n/o {(=cyclolipin)
/ Whem H H d
R 0o
0]
ANEPNR ,)L- . ) topostin D640 (3a) : R= H
/_ (LH2) 14 O 0 0 )
I 1l N \/H\ topostin D654 (3b) : R = Me
>— (CHQ)“ /\ﬂ/ : OH (= WB-3559D = flavolipin)
O ~oH
SOqH

CH sulfobacin A (4)
>—(CH2)11 ﬁ ( 2)114<

(= flavocristamide B)

- FEEEEEEEEE =7

The synthesis started from 1, 10-decanediol (5), which was benzylated to give the monobenzyl ether 6
accompanied by a small amount of the dibenzyl ether 7, as shown in Scheme 1. Swern oxidation of 6 or
oxidation with tetra-n-propylammonium perruthenate (TPAP, Pry,NRuO,) and N-methylmorpholine-N-oxide
(NMO) smoothly proceeded to give the aldehyde 8, which underwent the Wittig reaction with the ylide derived

from isoamyltriphenylphosphonium bromide (9) to give the olefin 10, Catalytic hydrogenation of 10 over

nalladinm-carbon auantitativelv affarded the caturated aleohol 11 which wae avidized with either Tanec reacent
patiacium-carbon quantianvely aitorded e saturated alconol 11, wiicn was oxidized with either Jones reagent
e murmiAdiniin dicheasmanta (DY) 4 aiva tha ravhAavolin anid 19 Aftne nnmmerneninm ~F 1TV tn tha nnemacmnedie o
OF pyriaimum aicnromate (riR_) 10 give Ule Carooxyiic acid 1< Alter CONnversion oI 1« 10 e Corresponaing

imidazolide with 1,1’-carbonyldiimidazole (CDI), the reaction with the magnesium enolate 13 of ethyl
hydrogen maionate afforded the [3-keto ester 14 in good yield. " Asymmetric hydrogenation of 14 smoothly
proceeded by use of the ruthenium (II) catalyst 15 having (R)-2,2’-bis(diphenylphosphino)-1,1’-binaphthyl
((R)-BINAP, Ln) as a ligand‘2 to give the required hydroxy ester 16, which was saponified to give the
corresponding acid 17, whose spectral data and the specific rotation were identical with those reported,6b
proving its absolute configuration to be R. The enantioselectivity of the asymmetric hydrogenation was
determined by conversion of 17 to its (5)-o-methoxy-o-trifluoromethylphenylacetyl (MTPA) derivative 19 via
the methyl ester 18 and measurement of the NMR spectrum, revealing that the carboxylic acid 17 was almost

Nl ND. LI 200
-Uly-uUDi® *frivl, 4V
rd

J
)~ m the presence of

YT Fa s ¥ o\t n(n

smoothly proceeded by use of diethyl phosphorocyanidate (DEPC, (EiO),P
triethylamine (TEA) to give the amide 21, which underwent the O-acylation with the carboxylic acid 12 using
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI'HCI) in the presence of 4-(N,N-
dimethylamino)pyridine (DMAP) to afford the ester 22. Final acidic deprotection of 22 with trifluoroacetic
acid (TFA) produced topostin B567 (2b).  Furthermore, coupling of topostin B567 (2b) with L-serine benzyl
ester trifluoroacetate (H-L-Ser-OCH,Ph*TFA, 23) by use of DEPC furnished the benzyl ester 24 of topostin
D654, which underwent the removal of the benzyl group by catalytic hydrogenolysis to give topostin D654
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THF/DMF 6 : 50%
5 i, 4h N ° * DMSO, (COCl),, TEA, CH,Cl,
PhCHO(CHy)160CH,Ph n, 1 h; quant.
. or
PhsP 7o TPAP, NMO, MS 4A, MeCN
MeCN o . .
>.. (CH2)2BI' >_ (CH2)2P+PhaBr- 0 C, 10 min; rt, 20 min; 90%
reflux, 120 h 9
81%

\
) (CHz)oP"PhgBI 9

PhCH,0(CH,)sCHO
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Jones reagent, acetone

o O
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CH,CH=CH(CH,)qOCH,Ph

' 10 1

topostin D654 (3b)
Scheme 1
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us synthesized were identical with samples derived from the natural
source.”

In summary, we have achieved an efficient synthesis of topostins B567 and D654 in 11 and 13 steps,
respectively. Most of the synthetic steps, except the preparation of the monobenzyl ether 6, proceed in greater
than 90% yield. Our syntheses of topostins B567 and D654 are equivalent to the syntheses of the compounds
having the gross structure of cytolipin and WB-3559D (hence flavolipin), respectively. The synthetic method
is quite straightforward and will be useful for the synthesis of topostin analogs.

Melting points were determined on a YAMATO MP-21 apparatus. Distillation was carried out using a
Kugeirohr apparatus. Al meiting and boiling poinis were uncorrected. Infrared (IR) spectra were measured
with a SHIMADZU FTIR-8100 spectrometer. 'H and BC Nuclear magnetic resonance (NMR) spectra were
recorded on a JEOL EX-270 or a-500 spectrometer with tetramethylsilane (TMS) or CHCl; as an internal
standard. Mass spectra were obtained on a JEOL SX 102A or AX 505HA spectrometer. Optical rotations
were measured on a JASCO DIP-1000 automatic polarimeter. Silica gel BW-820MH or BW-200 (purchased
from Fuji Silysia Chemical Co., Ltd.) was used for column chromatography. Tetrahydrofuran (THF) was
dried by distillation from sodium benzophenone ketyl. Diethyl ether (Et,O) was dried by distillation from

lithium aluminum hydride. Other solvents were distilled and stored over molecular sieves MS 4A.  MS 4A
ﬂl\\!ll"ﬂf A 74X} ";Qf‘ ot Qn °r‘ Ff\" 1 f) anr‘ fl’lﬂﬂ ot ‘ An p Mr ,‘)A h 1, or mr‘-:nnr‘ mMracolira "\ﬂ MATO 1100
VY ULLd YW Ad ulivaL 4aL ov e AVW/E 1 4w B Q1ML WML A 17TUY N AU LT AL WML D vAduUILLAL }JI\JDDUI W UNAULA O

i0-Benzyioxy-1-decanoi (6). To a stirred suspension of NaH (60% oil dispersion, 1.61 g, 40.3
mmol) in DMF (30 ml) was added dropwise a solution of 1,10-decanediol (5) (6.99g, 40.1 mmol) in THF-
DMF (40 mi-20 ml) at 0 °C under argon. The mixture was stirred at 0 °C for 2 h, and benzyl bromide (5.00
ml, 42.0 mmol) was added dropwise to the mixture at 0 °C.  After stirring at room temperature for 4 h, water
(100 ml) was added to the mixture at 0 °C, and the mixture was extracted with Et;O (2X100 ml). The
extracts were washed with saturated aqueous NaCl, and dried over Na,SO,4. Concentration in vacuo gave the
crude product, which was punﬁed by silica gel column chromatography (BW-820 MH, 330 g) with hexane-

EtOAc (5 : 1—1 : 1) to give the monobenzylated product 6 (5.33 g, 50%) as a colorless oil and the dibenzylated
meadnat 7T (1 Y7 o QN ae a snlarlace Al Fanar tha manahanzulatad nradust & hnn 10 °0C R mmHo R
FlUuu\/l ' \l.UI 5, O J/U} Ad a4 VULIULILOD ULl 14Ul uiw lllUllUUUllbylal\du yluuuut o, Ul} 10 N j O BRI 1IN
. L1\ L 3TN ANNQ 1 AN 1AZE 173L£A 1101 1NT7E 1NET 1NN 7128 ,__'l 111 AIRAD 7TV & 1 70
Vnax (M) 2 3370, 2928, 1497, 1455, 1564, 1101, 1075, 1057, 1026, /35cm . 0 NMR (CLX13) 6 1.25
(12 H, brs), 1.49-1.64 (5 H, m, 1 H exchangeable with D,0), 3.46 2 H, t, J=6.6 Hz), 3.63(2H, t, J = 6.6
Hz), 4.50 (2 H, s), 7.27-7.38 (5 H, m). Anal. Caled for C;7H,40, : C, 77.22 ; H, 10.67. Found : C,

76.99; H, 10.80.
The dibenzylated product 7, mp 27 °C. IR v, (nujol) : 2926, 1455, 1364, 1120, 733 cm. 'H NMR
(CDCly) 8: 1.27 (12 H, brs), 1.34-1.63 (4 H, m), 3.46 (4 H, t, J = 6.6Hz), 4.50 (4 H, s), 7.25-7.37 (10 H,
m). Anal. Caled for C,4H3,0, : C, 81.31 ; H, 9.67. Found ; C, 81.27 ; H, 9.90.

10-Benzyloxydecanal (8). (method a) To a solution of oxalyl chloride (3.45 ml, 39.5 mmol) in

ML M (DK waal) ne addad AvAmoarica MAMCN (2 2D ml AA & mmaly in CH M1 (1D M at 7% O and the
Lilgllp (&0 Uiy w QUCU UTOPWIBE L/IVIDSU (J. 33U dik, 0.0 IO U1 Xipli) BV dby at =73 ., alild uiv
e at k] . ~Q oy 1 1 oA L (Y EN i o Bis NSNS AURIRY ol & B o | Véo X4
mixture was siirred at -78 “C for 0.5 h. The monobenzylated product 6 (3.50 g, 13.2 mmol) in CH,Cl, (35

ml) was added at -78 °C, and the mixture was stirred -78 °C for 0.5 h.  After TEA (9.40 ml, 67.4 mmol) was
added, the mixture was stirred at room temperature for 1 h.  Water (70 ml) was then added, and the mixture
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was exiracied with CHCl; (2X 150 ml). The extracts were washed with saturated aqueous NaCl, and dried
over Na,50,. Concentration in vacuo gave the crude product, which was purified by silica gel column
chromatography (BW-820 MH, 400 g) with hexane-EtOAc (5:1) to give the aldehyde 8 (3.50 g, quant.) as a
colorless oil, TR v, (film) : 2930, 1725, 1455, 1364, 1102, 735cm”’. 'H NMR (CDCly) & : 1.29 (10 H,
brs), 1.37-1.61 (4 H, m), 2.41 (2H, dt, J=7.3, 2.0 Hz), 3.64 2 H, t, J = 6.6Hz), 4.50 2 H, s), 7.22-7.38
(5H, m),9.76 (1 H, t, J =2.0 Hz). HRMS Calcd for C,;H,¢0, : 262.1933. Found : 262.1932.
(method b) To a mixture of 6 (4.045 g, 15.3 mmol), NMO (3.515 g, 30.0 mmol) and MS-4A (5 g) in
MeCN (100 ml) was added TPAP (351 mg, 1 mmol) a

atluicil iy, 4 HIRIN

en at room temperatur fnr 20 miin The mixture wac filter:
ANV I\Il.ly ‘A LAL ANJR 4w \J AiMAAR. A AW (357 S %3

vacuo. The residue was purified by silica gel column chromatography (BW-82OMH, g) with hexane :

n

EtOAc (5: 1) to give 8 (3.58 g, 90%) as a pale yeliow oil.

Isoamyltriphenylphosphonium bromide (9). A mixture of 1-bromo-3-methylbutane (0.605 g,
4.00 mmol) and triphenylphosphine (1.10 g, 4.19 mmol) in MeCN (11 ml) was heated at reflux for 120 h.
After removal of the volatiles, a mixture of benzene and Et,O (10:1, 11 ml) was added. The resulting white
solid was collected and washed with Et,O to give the phosphonium salt 9 (1.35g, 81%) as a white solid, which

was used for the next reaction without further purification but dried at 80 °C for 12 h and then at 140 °C for 24
ey

h under reduced pressure before use. IR v,.. (nujol) : 2922, 1586, 1435, 1377, 1111, 995, 743, 722 cm
T NMR (CDCLYS: 095 (6 H. d. T =6.6 Hz). 1.42-1.54 (2 H. m). 1.95-2.04 (1 H. m). 2.68-3.79 (2 H. m)
\\.4“\.415} A e 7 \\J LL, \.l’ o AV R V) LLLA/, A Thw Ladd™T \‘l AL’ lll’, i S o) hua TV \l LL, lll}, PO PR VLS L P Vg \h i s FY 11 l’,

14-Benzyloxy-2-methyl-4-tetradecene (10). To a stirred suspension of the phosphonium salt 9
(8.16 g, 19.7 mmol) in THF (140 ml) at -10 "C under argon was added dropwise a solution of n-butyllithium
(1.68 M in hexane, 15.6 ml, 26.2 mmol). The reaction mixture was stirred at -10 °C for 1 h, and then the
aldehyde 8 (4.27 g, 16.3 mmol) in THF (35 ml) was added. After the mixture was stirred at -10 °C for 10
min and at room temperature for 1 h, ice water (100 ml) was added, and the mixture was extracted with Et,O (2
X150 ml). The extracts were washed with saturated aqueous NaCl (100 ml), and dried over MgSQ,.

Concentration in vacuo gave the residue, which was purified by silica gel column chromatography (BW-200,
Am IY\ ‘Il‘f"\ nvqnn=|-\nnvnna (A - 1‘-‘;1 - 1\ "l’\ n;‘lﬂ ""'\D f\ID m 1 " (A '2 o Qqq’\\ ng a nnlnr sQQ f\;] h“ f,nn °r‘ l <
U s’ YV Id 1A I T UL \_I' . 1 1 . AI w7 EIV\/ AW \JINiill A U \T-Jl 5’ (S o IU, A0 A WUIAVEIWwOo O uu, Ull At NI\ N | W
U, ) g T} V4 RN INYL 1AL 11NN 1NM0 T2 .. ‘] 1U ANIRAD /OTWVM Y S N oN 7r£ 1LY A T — & £
I l.l'lg 1N Vmax (LILII) LITLO, 100, 11VL, 1UL0O, /D0 CliL Il INIVLIN \\./IJ\./I:‘,} Q. VU, 07\ I1, 4, J = yU,0
Hz), 1.28 (10 H, brs), 1.52-1.64 (5 H, m), 1.86-2.02 (4H, m), 3.46 2 H, t, J = 6.6 Hz), 4.50 (2 H, s),
5.31-5.45 (2 H, m), 7.27-7.35 (5 H, m). HRMS Calcd for C,,H350:316.2766. Found : 316.2768

13-Methyl-1-tetradecanol (11). A mixture of the olefin 10 (1.91 g, 6.02 mmol) and 5% Pd-C
(10.54 g) in EtOAc (100 ml) under an atmosphere of H, was stirred at room temperature for 3 h. The mixture
was filtered through a pad of celite and the ﬁltrate was concentrated in vacuo to give the alcohol 11 (11.4 g,

quant. ) as colorless crystals, mp 26-27 °C (ht *26-28 °C). IR v, (film):3338, 2924, 1466, 1377, 1366,
-1

1057, 722 cm . HNMR (CDCl;)8:0.86 (6 H, d, ] = 6.6 Hz), 1.26 (20 H, brs), 1.47-1.59 (4H, m, | H,
avalhanaoankhla with NM PaAMH + T— A A ) (13t 14 2 A4 (D t T=6A5 H>\) Anal (aled for
CALH.CI.UBC(I.LUC v i IJ2U}, ST L LRy by J — UL L14L), AR S Lo JaIT \& 11y Ly J T Ul LRL) ). LMIGE. oAdwA BV
ral 1y MM 70 QQ 1r 14 17 k PR | 70 TN T 14 10
LIS %2U:L, /0.00 , 11, 14.14 rounda ., /o./u,rn, i«4.10

13-Methyltetradecanoic Acid (12) (method a) To a stirred solution of the alcohol 11 (404 mg,



—
[9)]

706 1. Shioiri et al. / Tetrahedron 54 (1998) 1570115710

.77 mmol) in acetone (7 mi) at 0 °C was added dropwise Jjones reagent (1.92 mol /L, 1.70 mi, 3.26 mmoi).
After stirring at room temperature for 1 h, water (50 ml) was added, and the mixture was extracted with Et,O
(80 ml). The extracts were washed with saturated aqueous NaCl, and dried over MgSO,. Concentration in
vacuo gave the crude product, which was purified by silica gel column chromatography (BW-200, 75 g) with
hexane-EtOAc (2 : 1) to give the carboxylic acid 12 (411 mg, 96%) as a white solid, mp 46-47.5 °C (lit.”' 44-
46 °C). IR v, (nujol) : 2918, 1700, 1408, 1286, 932, 750 cm™". (lit."* 1700). 'H NMR (CDCl) & :
0.86 (6 H, d, ] =6.6 Hz), 1.26 (18 H, brs), 1.43-1.66 (3H, m), 2.35 2H, t, J=7.4 Hz). (lit. 14 235 (2H,

ey
~]
o Y
T
N
N’
S
=
@)
=R
=
-
=
@]

6 Hz)). Ar aled for C, :H.,0, : C, 74.33 ;: H, 12.47. Found :C, 73.94 : H, 12.36
127703U™~ 4 ? ’ .
{mothad h) miviiranf 1T (AR ma 7 & mmanl) and PTY (1 A5 o 2 mmal) in DME (40 m wac
VIRCnUh Gy A ITNRWUIT OF 11 (\WUSG6 IHE, 4.0 T, anl i uweud g, 26 TGy i1 aAvin \—r Iy was

stirred at room temperature for 4.5 h. The mixture was made alkaline with 1 N aqueous NaOH and washed
with Et;0. The aqueous layer was made acidic with 1 N aqueous KHSO, and extracted with EtOAc. The
extracts were dried over MgSO, and concentrated in vacuo. The residue was purified by silica gel column

chromatography (BW-820 MH, 70 g) with hexane : EtOAc (3 : 1) to give 12 (649 mg, 96%) as a white solid.

Ethyl 15-Methyl-3-oxohexadecanoate (14). To a solution of the carboxylic acid 12 (270 mg,
1.11 mmol) in THF (6 ml) was added CDI (221 mg, 1.34 mmol) and the mixture was stirred at room
temperature for 6 h to form the imidazolide. Magnesium ethoxide (77 mg, 0.673 mmol) was added to a

solution of ethyl hydrogen malonate (180 mg, 1.36 mmol) in THF (3 mli), and the mixture was stirred at room
toammarahiira Nnr 1 “D onlunnf w}ag I‘an‘lﬂ(‘ IIT‘IAD" "DI“III‘D{" NroQolIro fl'\ ﬂ'l‘ID "l’\ﬂ maqnnn;nm Bﬂf\]‘l"ﬂ 1 2 agQ o
Wllll.l\al GLAiw 1VUE 1 12 AR DWEIVLALIL VY GO TNALRY WAL ULEUVE T VAAUILVAAS PIDDDMIU ws 51 Y Wi Rk REAWADARALEL VAIUIAW Ry A G4

yellow amorphous solid, which was used for the next reaction directly. To the magnesium salt 13 was added
the above solution of the imidazolide in THF. Afier stirring at room temperature for 18 h, Et;O (60 mi) was
added, and the mixture was washed with 1N HCI (30 ml), water (30 ml), and saturated aqueous NaHCO; (30
ml), and dried over MgSO,. Concentration in vacuo gave the crude product, which was purified by silica gel
column chromatography (BW-820 MH, 35 g) with hexane-EtOAc (10 : 1) and then EtOAc alone to give the -
keto ester 14 (311 mg, 89%) as a pale yellow oil. IR v, (film) : 2924, 1748, 1717, 1418, 1235, 1159,
1034 em™. 'HNMR (CDCly) 6:0.86(6 H, d, J = 6.6 Hz), 1.16-1.25 and 1.25 (21 H, m and brs), 1.47-
4.57 (3H, m), 2.53 2 H, t, J = 7.3 Hz), 3.43 (2 H, s), 420 2 H, q, ] = 7.3 Hz). Anal. Caled for
CioH3605:C, 73.03 ; H, 11.61. Found :C, 72.77 ; H, 11.55.
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(IR )=yl O=InYUroxy-io-iKuy lllCKduchllUdlC L1v). 10 a strrea SUDPCHDIUU 01 U\ J-DUINATD

(41 mg, 0.066 mmol) and Ru(l,5-cyclooctadiene)(2-methylallyl); (21 mg, 0.066 mmol) in anhydrous acetone
(10 ml) under argon was added methanolic HBr (0.60 ml of a 0.29 M solution, 0.17 mmol).  After stirring at
room temperature for 0.5 h, the solvent was evaporated under vacuum to give the catalyst 15 as a brown solid.
To the solid 15 was added a solution of the B-keto ester 14 (998 mg, 3.20 mmol) in EtOH (6.5 ml) under
argon. The mixture was stirred at reflux for 4.5 h under H, atmosphere, and then filtered through a pad of
celite. The filtrate was concentrated in vacuo to give a brown oil, which was purified by silica gel column
chromatography (BW-200, 100 g) with hexane-Et,O (2 : 1) to give the B-hydroxy ester 16 (957 mg, 95%) as a

colorless oil, (o] -12.5° (¢ 1.02, CHCL). IR v__. (film) : 3450, 2926, 1736, 1466, 1374, 1302, 1181,
NASANL AT S URRy [N i - A 1 37 max ~3 ~9 3 3 3
1N m'l IU NMR//OITWTYR - NQKIEAEH d T—FAAH2Y 1 1681 WNand 1 26 M3 H m and hre) 1 3462
1V o Ll I ANV AL LA UL VLOU U I, Uy, J = VU L4/, L IUTILJV AU 14U Lo 11, 111 @I VIS )y LeJVY
1. g0 /Y .\ A AN £1 0T 4.3 T . 9 £ 1£ & 1T\ " &1 /1 1Y A1 T . 1£ & 2 12 LI~ 20" /1O ) N
1.0 (o ", m), 239y (I n, 4aq, J = 6.0, 10.0 NZj, £.51 {1 1, 44, J = 10.5, 2.5 11Z), & 74 (4 11, Uis,
exchangeable with D,0), 3.99-4.00 (1 H, m), 4.18 (2 H, q, J = 7.2 Hz). Anal. Calcd for C;oH330; : C,

72.56 ; H, 12.18. Found :C, 72.43 ; H, 12.28.
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(3R)-3-Hydroxy-15-methyihexadecanoic Acid (17). To a solution of the J-hydroxy ester 16
(820 mg, 2.61 mmol) in EtOH (3.5 mi) at 0 °C was added dropwise 1 N aqueous NaOH (7 ml, 7.00 mmol).
The mixture was stirred at 0 °C for 0.5 h, and then at room temperature for 1 h.  After concentration in vacuo,
the residue was acidified with 1 N HCl and extracted with Et,O (10 ml). The extracts were dried over

Na,SO,, and concentration in vacuo gave the B-hydroxy carboxylic acid 17 (712 mg, 95%) as a white solid,
23.1 6b . 231

mp 4647.5°C. [al”'p-12.0°(c 1.00, CHCly). M1t [a]'-12.0°( 1.0, CHCL)]. IR Vg (nujol :

3560, 2922, 1715, 1171 em’. [1it°" IR v, (CHCI,) : 3100, 2920, 2830, 1700, 1460, 1380, 1360cm’].
'H NMR (CDCly) 8:0.86 (6 H, d, ] = 6.6 Hz), 1.14-1.26 and 126 (20 H, m and brs), 1.44-1.56 (3 H, m),
2.47(1 H, dd, J = 16.5, 8.4 Hz), 2.58 (1 H, dd, J = 16.5, 3.0 Hz), 4.00-4.03 (1 H, m). [L.® 'H NMR
(CDCly) 8:0.87 (6 H, d, J =7 Hz), 1.17-1.60 (23 H, m), 2.50 (2 H, d, J = 6 Hz), 4.00 (1 H, m)]. Anal
Calcd for C;;H; 405+ 1/2H,0: C, 69.11 ; H, 11.94. Found : C, 69.38 ; H, 11.92.

(3R)-Methyl 3-Hydroxy-15-methylhexadecanoate (18). To a solution of the PB-hydroxy
carboxylic acid 17 (100 mg, 0.349 mmol) in DMF (0.6 ml) was added KHCO; (70 mg, 0.7 mmol), followed
by methyl iodide (0.04 ml, 0.642 mmol). The mixture was stirred at room temperature for 16.5 h. Water
(20 ml) was added, and the mixture was extracted with EtOAc-benzene (2 : 1, 30 ml). The organic extracts
were washed with water, 5% aqueous sodium sulfite, and saturated aqueous NaCl, then dried over NaSQ,.
Concentration in vacuo gave the crude product, which was purified by silica gel column chromatography (BW-

820 MH, 10 g) with hexane-EtOAc (10 : 1) to give the B-hydroxy methyl ester 18 (105 mg, quant.) as a
colorless oil, [a]**"-12.9°(c 1.00, CHCL) [ it ™ [0’p -12.6° (¢ 1.00, CHCL)]. IR Vipg, (filim) : 3455,
2024, 2855, 1740, 1466, 1439, 1198, 1171 em”. {1t " IR Vpy(film) : 3550, 2920, 1720, 1460, 1440,
1175 cm_l.] H NMR (CDCl;) 8:0.87 (6 H, d, J = 6.6 Hz), 1.14-1.21 and 1.26 (18 H, m and brs), 1.43-

1.54 (5H, m) 2.41 (1 H, dd, J=8.9, 16.5Hz), 2.52 (1 H, dd, J = 3.6, 16.5 Hz), 2.84 (1 H, d, J = 3.6 Hz,
exchangeable with D,0), 3.27 (3 H, s), 3.99-4.00 (1 H, m) [lit.~ H NMR (CDCl;) 8: 0.85(6 H, d,J =7
Hz), 1.00-1.80 (23 H, m), 2.40 (2 H, d, J = 6 Hz), 2.80 (1 H, br), 3.67 (3 H, s), 4.00 (1 H, m)].

(3R)-Methyl 3-((S)-a-Methoxy-a-trifluoromethylphenylacetoxy)-15- methvlhexadecan-
ate (19). (S)-MTPA ester was nrenm‘f-d hy the method rennrted hv D. E. Ward and C. K. l:{_h_@f;=

8L A1 AL S § il v U = L340, L=} i

Oxalyl chloride (0.08 ml, 0.917 mmol) was added to a solution of (§)-MTPA (33 mg, 0.136 mmol) and DMF
mg, 0.243 mmol) in he: m temperature.  After being stirred at room temperature for 1 h,

(i8 mg, U..245 Ml 1) in hexane (2 uu) at 1ooImn e
the mixture was fiitered and concenirated to give (§)-MTPACL o a soluiion of above (5)-MIFPACI in
CH,Cl, (0.3 ml) was added dropwise the B-hydroxy Me ester 18 (20 mg, 0.067 mmol) in CH,Cl, (0.4 mi)
and then TEA (0.14 ml, 1.00 mmol) and DMAP (11 mg, 0.090 mmol) at 0 °C.  After being stirred at 0 °C for
1 h and then at room temperature for 1 h, the reaction mixture was diluted with CHCl; (30 ml). The organic
layer was washed with saturated aqueous NaHCO;, water, and saturated aqueous NaCl, and dried over
Na,S0,. Concentration in vacuo gave the crude product, which was purified by silica gel column
chromatography (BW-200, 11 g) with hexane-Et,0 (3 : 1) to give the MTPA ester 19 (35 mg, quant.) as a

0 . The enantiomeric excess was determ 1e two H NMR signals of the methoxycarbonyl
group at 3.59 ppm (R-form) and 3.66 ppm (S-form) in aratio of 98 : 2. IR v, (film) : 2926, 2855, 1750,
1271, 1171, 1019, 717 em” . 'H NMR (CDCl3) 6:0.86 (6 H, d, J=6.6 Hz), 1.16-1.25 and 1.25 (18 H,
m and brs), 1.43-1.65 (3 H, m), 2.59-2.64(2 H, m), 3.53 (3 H, d, J =0.99 Hz), 3.59 (for (R)-aicohol, s) and

1-15710 15707
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Racemic-Ethyl 3-Hydroxy-15-methylhexadecanoate (rac-16). To a solution of the P-keto
ester 14 (156 mg, 0.499 mmol) in EtOH-THF (1 : 2, 1.5 ml) at 0 °C was added NaBH, (15 mg, 0.397 mmol).
After the mixture was stirred at O °C for 1 h, 10% aqueous citric acid (10 ml) was added. After the ethanol
was evaporated, the residue was basified with saturated aqueous K,CO; and extracted with Et,O (60 ml).

The extracts were dried over MgSQO,, and concentration in vacuo gave the residue, which was purified by silica
rap hv (BW-820 MH, 10 g) with !

bl o/

5
and dd, J = 3.3, 16.5 Hz), 2.91 (1 H, brs, exchangeable with DzO) 3.99-
4.00(1H, m), 4.18(2H, q,J=7.3Hz). Theester 16 was converted to the corresponding MTPA ester 19
as described for the (3R)-isomer for reference of the 1H NMR measurement. Analysis of the MTPA ester,
Calcd for C,3H43F,05 : C, 65.10 ; H, 8.39. Found : C, 64.79 ; H, 8.49.

N-[(3R)-3-Hydroxy-15-methylhexadecanoyllglycine tert-Butyl Ester (21). To a solution
of the carboxylic acid 17 (679 mg, 2.37 mmol) in DMF (30 ml) was added H-Gly-OBu? *HCI (20) (486 mg,
2.9 mmol), DEPC (0.43 ml, 2.9 mmol) and then TEA (0 6 ml, 5.8 mmol) at 0 °C, and the mixture was stirred

A L1 Uit AL VY iLdL l2 <Ll a YY AAoix vy AYA m.iuwua ANi L \.I4,
over MgSO Uy and concenirated in vacuo. The residue was ‘pi.ii'iﬁed b'y' silica g“l columi “F‘GT*t“graphy {(BW-
. rv122  an noy
200, 100 g) with hexane : EiOAc (2 : 1) to give the amide 21 (913 mg, 96%) as a white wax, [&] ,-10.2°(c

1.00, CHCl;). IR v, (CHClL;) : 3350, 2926, 2855, 1730, 1651, 1556, 1468, 1370, 1215, 1157, 758 cm .
'H NMR (CDCl13) 6:0.86 (6 H, d, J=6.6 Hz), 1.16-1.59 (31 H, m), 2.27 (1 H, dd, J = 8.9, 15.2 Hz), 2.42
(1H, dd, J = 2.6, 15.2 Hz), 3.50 (1 H, brs, exchangeable with D,0), 3.86-4.03 (3 H, m), 6.29 (1H, brs).
Anal. Calcd for C,3H,sNO, : C, 69.13 ; H, 11.35; N, 3.51. Found:C, 68.90 ; H, 11.13 ; N, 3.22.

N-[(3R)-15-Methyl-3-(13-methyltetradecanoyloxy)hexadecanoyl]glycine tert-Butyl
Ester (22) To a solution of the carboxy vlic acid 12 (201 mg, 0.83 mmol) in CH Cl, (5 ml) was added
1

LAY (&££&5). 4 S L ule LA ac. JLY,

EDCI-HCI (230 mg, 1.2 mmol), DMAP (10 mg, 0.08 mmol) and the hydroxy amide 2

PR, 4 N M o &L Tha tivtiea wae Aihitad ol T M nnd

at N %M PRSI [ =, e | Qrim~an oYy r
ai U v, 4diia ine mixiure was bu.llw at v o 10r o i, 1NE€ MmiXfife was aiuied wim L\ ana SULLTHdIVELY
Q

washed with H,O, saturated aqueous NaHCO;, and saturated brine, and then dried over MgSO, and
concentrated in vacuo. The residue was purified by silica gel column chromatography (BW-200, 50 g) with
hexane : EtOAc (5 : 1) to give 22 (454 mg, 90%) as a colorless oil, [0&]26D +0.96° (¢ 1.00, CHCl;). IR
Vmax(neat ) : 3320, 2924, 2855, 1738, 1732, 1651, 1468, 1367, 1159, 848 em™. THNMR (CDCl3) 8: 0.86
(12 H, d, J = 6.6 Hz), 1.13-1.29 (38 H, m), 1.47 (9H, s), 1.47-1.70 (6H, m), 2.31 (2H, t, J = 7.3 Hz),
2.49-2.52 2 H, m), 3.92 (2 H, d, J = 5 Hz), 5.12-5.21 (1 H, m), 6.21 (1 H, brs). Anal. Calcd for
Cy3H43NO5-1/2H,0:C, 72.10 ; H, 11.78 ; N, 2.21. Found :C, 71.85 ; H, 11.65 ; N, 2.18.

N-[(3R)-15-Methyl-3-(13-methyltetradecanoyloxy)hexadecanoyllglycine (topostin B567
2b). To a solution of 22 (454 mg, 0.72 mmol) in CHCl; (3 ml) was added dropwise TFA (3 ml) at 0 C and

the mixture was stirred at room temperature for 5 h.  After addition of toluene, the mixture was concenirated in

vacuo. This work-up was repeated three times to remove the excess of TFA completely. The residue was
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powder. The powder was dissolved in CHCl; and the insoluble materiais were filtered. T‘ne fiitrate was
concentrated in vacuo to give topostin B567 (2b) (397 mg, 97%) as a colorless powder, [a] b +0.72°(c 0.4,
CHCly), (Lit.* []*°, +1.9° (c 0.25, CHCL,)). IR vy, (CHCL) : 3427, 2928, 2855, 1732, 1667, 1531,
1468, 1215, 758 cm'.  'H NMR (CDCl;) 8 : 0.86 (12 H, d, J = 6.6 Hz), 1.11-1.16 (4 H, m), 1.25 (34 H,
brs), 1.49-1.63 (6H, m), 2.31 (2 H, t, J = 7.6 Hz), 2.47-2.61 (2 H, m), 4.07 (2 H, d, J = 5.0 Hz), 5.16 (1 H,
m), 6.44 (1H, t, ] = 5.0 Hz). "C-NMR (CDCL,) & : 22.6, 24.9, 25.2, 27.4, 27.9, 29.27, 29.31, 29.49,
29.54,29.7,29.9, 34.1, 34.5, 39.0, 41.1, 41.4, 71.2, 171.2, 172.5, 174.0. Anal. Calcd for C3,H,sNO
12H,0 : C, 70.79 ; H, 11.53 ; N, 2.43. Found: C, 70.70 ; H, 11.31 ; N, 2.43. HRMS Caled.

C34HgsNOs : 567.4863. Found : 567.4856.

A

I~

r

N-IN-[(3R)-15-Methyi-3-(13-methyitetradecanoyioxyjhexadecanoyijgiycyij-L-serine
Benzyl Ester (24). To a suspension of Zb (267 mg, 0.47 mmol) in DMF (6 ml) was added H-L-Ser-
OCH,PhTFA (23) (139 mg, 0.71 mmol), DEPC (84 ul, 0.56 mmol), and then TEA (156 pl, 1.12 mmol) at 0
°C, and the mixture was stirred at room temperature for 20 h. The mixture was diluted with Et,O and washed
with 1 M aqueous KHSQ,, dried over MgSO, and concentrated in vacuo. The residue was purified by silica
gel column chromatography (BW-200, 30 g) with hexane : EtOAc (1 : 2) to give 24 (275 mg, 81%) as a
+15.0°(c 0.50, CHCL). IR v_..(CHCl;) : 3360, 2953, 2926, 2855, 1738, 1732,
Hz), 1.13-

24
colorless wax, [o]

)

N-[(3R)-15-Methyl-3-(13-methyltetradecanoyloxy)hexadecanoyljglycyl-L-serine
(topostin D654, 3b). A mixture of 24 (262 mg, 0.36 mmol)) and 5% Pd-C (400 mg) in EtOH (18 ml)
was stirred at room temperature for 5 h under H,. The mixture was filtered through the pad of celite, and the

precipitates were washed with EtOH. The combined filtrate was concentrated in vacuo. The residue was

purified by silica gel column chromatography (BW-200, 20 g) with CHCl; : MeOH (3 : 1) to give a colorless
nn I"DI" ’n\D nr\ulr‘rxr wrag I’IIC COIT O ;n "pl,_ Qﬂf‘ "I‘\P ;ncn 11 ]A muh‘aﬁalc ware ﬁl ﬂfﬂ(‘ T"\P F;]"TQ"P wag
PU Y uii E ey IJV YYNLL VY OO WID0oVIY WG 11l o A\vls GRAR v MIAOUVIUMUIL XA AAID VY Ld W LIl AL, A RN LARM Qv VY O

\ ac a e modon Te1203 40 400
o) a8 a COI0riess puwuc;l, 1] p T18.4°(C

Py |

concenirated in deuu io gwc topo ostin D654 (3b) (15
0.40, CHCl;), (Lit. [OL]“2 +17. 1"( 2 00, CHCL)). IR vmax(CHC|3) 3345, 2953, 2926, 2855, 1728,

1651, 1531, 1468, 1215, 762 cm . H NMR (CDCly) $:0.86 (12H,d, J = 6.6 Hz), 1.13-1.16 (4 H, m),

1.25 (34 H, brs), 1.46-1.59 (6 H, m), 2.29 2 H, t, J = 7.3 Hz), 2.51 (2H, brs), 3.91-4.07 (4 H, m), 4.59 (1
H, brs), 5.18 (1 H, m), 7.15 (1 H, brs, exchangeable with D,0), 7.63 (1 H, brs, exchangeable with D,0).
Pc NMR (CDCly) : 22.6, 25.1, 25.3, 27.4, 27.9, 29.2, 29.4, 29.5, 29.6, 29.8, 30.0, 34.3, 34.6, 39.0, 41.2,
42.8, 54.9, 62.2, 71.3, 169.8, 171.6, 173.0, 174.1.  Anal. Calcd for C3;H,,N,0; - 122 H,0:C, 66.93 ; H,

10.78 ; N, 4.22. Found :C, 66.78 ; H, 10.65 ; N, 4.28. FABMS : 655 [M + HI".

Aobnawladagmante - Wa thank Drafacenr Malkata Diilka af Naogava IInivercity for diccnccinne and the oift nf

ACRKNTWICGEINENW vv € uldllk " TOICSSOI VidgkCiC Ujlna O1 ivaglya wiivarshly 107 GISCUSSIONS anl uic e

ke e 5 ¥ _ e wssest mden: o b bt DELT Lnd TWCA I/n alon thaal D £ PRy L
1{ Id Ol U pUh 15 DOV/ AU LA O, YW AU Ulalin ¢ 1 WUdILIWOU



15710

| Y S

Minisiry of Education, Science, Sp

T. Shioiri et al. / Tetrahedron 54 (1998) 15701~

[
I~
A
~
~
>

References and Notes

1.

W N

4. Nemoto, T.; Ojika, M.; Takahata, Y.; Andoh, T.; Sakagami, Y. Tetrahedron 1998, 54, 26

oo

10.

b
o =

14.
15.

(a) Suzuki, K; Yamaguchi, H.; Miyazaki, S.; Nagai, K.; Watanabe, S.; Saito, T.; Ishii, K.; Hanada, M.;
Sekine, T.; Ikegami, Y.; Andoh, T. J. Antibiot. 1990, 43, 154, (b) Ikegami, Y.; Takeuchi, N.; Hanada,
M.; Hasegawa, Y.; Ishii, K.; Andoh, T.; Sato, T.; Suzuki, K.; Yamaguchi, H.; Miyazaki, S.; Nagai, K.;
Watanabe, S.; Saito, T. J. Antibiot. 1990, 43, 158.

Private communication from Professor Toshiwo Andoh.

(2) Noor
(a) No

guchi, H.; Aoyama, T.; Shioiri, T. Tetrahedron 1995, 51, 10531. (b) Noguchi, H.; Aoyama, T.;
Shioiri, T.; Tetrahedron 1995, 51, 10545. (c) Fujiwara. H.; Aoyama T.; Shioiri, T. Tetrahedron 1998,

o4 £ 7 PR, WYy Ry g

54, 551. (d) Fujiwara, H.; Egawa, S.; Terao, Y. f-\()yd"ld, T.; Shioin, T. Teirahedron 1998, 54, 565.
o a
3

>

Kawazoe, R.; Okuyama, H.; Reichardt, W.; Sasaki, S. J. Bacteriol. 1991, 173, 5470.

(a) Yoshida, K.; Iwami, M.; Umehara, Y.; Nishikawa, M.; Uchida, I.; Kohsaka, M.; Aoki, H.; Imanaka,
H. J. Antibiot. 1985, 38, 1469. (b) Uchida, I.; Yoshida, K.; Kawai, Y.; Takase, S.; Itoh, Y.; Tanaka,
H.; Kohsaka, M.; Imanaka, H. J. Antibiot. 1985, 38, 1476.

Shiozalki, M.; Degucji, N.; Mochizuki, T.; Wakabayashi, T.; Ishikawa, T.; Haruyama, H.; Kawai, Y.;
ma, M. Tetrahedron in press. We thank Dr. Masao Shiozaki for private communication on the

(a) Kamiyama, T.; Umino, T.; Satoh, T.; Sawairi, S.; Shirane, M.; Ohshima, S.; Yokose, K. J. Antibior.
1995, 48, 924. (b) Kamiyama, T.; Umino, T.; Itezono, Y.; Nakamura, Y.; Satoh, T.; Yokose, K. J

Antibiot. 1995, 48, 929.

Kobayashi, J.; Mikami, S.; Shigemori, H.; Takao, T.; Shimonishi, Y.; Izuta, S.; Yoshida, S. Tetrahedron
1995, 51, 10487.

(a) We have completed the total synthesis of sulfobacin A : Irako, N.; Shioiri, T. Tetrahedron Lert. 1998,
39, 5793. (b) Sulfobacin B, an analog of sulfobacin A, was also synthesized : Irako, N.; Shioiri,T.
Tetrahedron Lertt. 1998, 39, 5797.

Cf. Brooks, D. W,; Lu, L. D-L.; Masamune, S. Angew. Chem. Int. Ed. Engl. 1979, 18, 72
V.: Cafio de Andrade, M .C.; Pfister, X.; Guerreiro, P.;

QUG, Y2 RERIEE, ey WILLRICAALS sy

.
Cf. Genét, J.-P_; Ratovelomanana-Vid

Takuma, S.; Hamada, Y.; Shioiri, T. Chem. Pharm. Bull. 1982, 30, 314

Grezeszczyk, B.; Konowal, A.; Zamojski, A. Polish J. Chem. 1992, 66, 1627.
Ward, D. E.: Rhee, C. K. Tetrahedron Lett. 1991, 32, 7165.

3
.
3



