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We already described!,2 a synthesis of analogs of (E)-topostin B-1 and (Z)-topostin B-1, the latter of
which was easily converted to the lactone form, and these (E) and (Z)-topostin B-1 analogs and its derivatives
have weak activity as DNA topoisomerase 1 inhibitors.3 However, because this synthetic route needs many

eps for the synthesis of (F) and (Z)-topostin B-1 analogs, it is difficult to apply to the preparation of many

other tonncetin R-1 analnoc
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We now wish to report a new convenient synthesis of topostin B-1 analogs from the terminal alkyne 6
according to the retrosynthetic route, shown in Scheme 1.  This new synthetic route requires shorter steps (18
steps) for the synthesis of topostin B-1 analogs than the previous route (21 steps). 1,2 Because the absolute
stereostructure of topostin B has not been fully clarified yet, we adopted a stereorandom strategy to synthesize
topostin B-1 analogs.

An obvious cleavine noint for the asvnthesis of analoos of (F)-tonostin B-1 (1) and (Z)-tonostin B-1
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Emmons reaction of the aldehyde 4 with the phosphonate 3. e
the halide 7 and the terminal alkyne 6 which would be obtained through the aldol reaction of the aldehyde 9
with methyl acetate (10).  The left fragment 3 would be produced by alkylation of the phosphonate 5 with the
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halide 8. According to this retrosynthetic scheme, we started the synthesis of 1 and 2 (Scheme 1).
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Preparation of the Terminal Alkyne 6

The aldol reaction of the aldehyde 9, which was obtained by oxidation of the alcohol 11,4 with methyl
acetate (10) afforded the B-hydroxyester 12, as shown in Scheme 2. Reduction with lithium aluminum
hydride followed by selective protection of the primary alcoholic function of the diol 13 with tert-
butylchlorodimethylsilane (TBSCI) afforded the mono-alcohol 14, which underwent the TPAP (Pr4N+Ru03")
oxidation? to give the ketone 15,  The Wittig methylenation smoothly afforded the exo-methylene compound
ion of the exo-methylene function to the 1,2-diol one pro
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trimethylsilyl (TMS) group were smoothly cleaved with tetrabutylammonium fluoride (TBAF) giving the

required terminal alkyne 6.
HO/\/\ Swern oxidation qug” T~ T LDA
11 TMs 9 \TMS AcOMe (10)
O OH OH TBSCI, EtsN
oo et e s — P Lo~ ) o= o s D MAP: CHoCh
(CH,)o,C=CTMS ——— HO” " (CH,),C=CTMS
12 93% (2 steps) 93% 13 quant.
QH TOAD NIRAN L‘f Ph'lP=Cl_*9
1 FAF, NIVID /\/\ - hd <
=TBSO (C C=CTMS
TBso/\i\(ng)zo_oTMS CH,Cly, MS 4A is Ho) THF
o 93% A’// 86%
GHa . <o TBAF
/\/IK _ i) 0sO, oxidation . /\X’ IBAI
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First, alkylation of the lithium acetylide, which was generated by lithiation of the terminal alkyne 6 with
butyllithium in THF-HMPA at -30°C, with the halide 7a6 at 0°C or room temperature failed to give the
compound 18a. However, the addition of the halide 7a followed by evaporation of hexane, a solvent of
butyllithium, afforded the alkylated alkyne 18a in low yield. Furthermore, the alkyne 18a was obtained in
good yield by replacement of THF with diethyl ether through evaporation of the volatiles in vacuo, followed by
reaction at room temperature. Alkylation of the halide 7 b6 also smoothly proceeded under the analogous
conditions.  Catalytic hydrogenation of the alkynes 18a and 18b over 5% Pd-C, respectively, furnished the

=

saturated compounds 19a and 19b without removal of the benzyl group. Swern oxidation of the primary

alcohol 19a easily afforded the nght fragment 4a, while TPAP oxidation of the alcohol 19b afforded the right
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The left fragments 3a~f of topostin B-1 analogs was prepared by alkylaton of the phosphonate § with
the alkyl halides 8 by either method A7 or BS, analogously to our former procedure, 1.2 a5 shown in Table 1.
The method A seemed to be superior in the alkylation with the alkyl halides having a shorter alkyl chain while

the method B seemed to be suitable for the alkyl halide having a longer alkyl chain.

/
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t_::m.=1.4in.=1,1. 46 % b:m=19,n=6 24 % Scheme 4

c.m=14,n=11 36 %

Synthesis of Topostin B-1 analogs
With two kinds of the left fragment 3 (m = 14, 19) and two kinds of the right fragment 4 (n =6, 11) in
hand, we accomplished the synthesis of topostin B-1 analogs, as shown in Scheme 4. The Horner-Emmons

reaction of the phosphonate 3 with the aldehyde 4 afforded a mixture of the (£) and (Z)- isomers 20a~¢ in a



H. Fujiwara et al. / Tetrahedron 54 (1998) 551-564 555

ratin of A ~ 64 + 16 Their cterenchemictry wace nnambionnncely determined hv the meacnrement of tha
AMAMALY WA WU A NV a4 A IS JWiAWWVWEiW IIJI.I: Y T &8 lwllul&uuua‘) ALV L0 e i UJ AN LHINAT LA A RANrE AL WJA MW
A Ffas- a RINE NRAMD  ocnmantea Calantiva Aahanaviaman ~Af tha anunling nreadinte P0a_~ ke o fae
UUACLCHLC AN INIVIIN apCLu WJCICLLLYL UL U llLy‘auU Il uilc buupll ls Pl uUduu &Ud v Uy uaiidici

=

hydrogenation, respectively, afforded the alcohols 21a~c, in which trisubstituted olefin remained intact.
Oxidation of the alcohols 21a~c with pyridinium dichromate (PDC) afforded the carboxylic acids 2Za~c,
which afforded the amides 23a~c via the mixed anhydrides. Removal of the acetal and #-butyl functions with
90% aqueous trifluoroacetic acid (TFA) afforded the (E)-topostin B-1 analogs 1a~c and the lactones 2a~c, the
latter of which were the cyclized products of (Z)-topostin B-1 analogs.

Thus, we have succeeded in synthesizing three kinds of topostin B-1 analogs in a convenient way (18

steps), which will be useful for detailed investigation of biological activity of topostin B-1 9

General.

Melting points were determined on a YAMATO MP-21 apparatus or a YANAGIMOTO micro melting
point apparatus.  Distillation was carried out by a Kugelrohr apparatus. Infrared (IR) spectra were measured
with a SHIMADZU FT IR-8100 spectrometer. 1H NMR spectra were recorded on a JEOL EX-270 with
tetramethylsilane or chloroform as an internal standard. Silica gel (BW-820 MH) was used for column
chromatography. Methyltriphenylphosphonium bromide and molecular sieves 4A (MS 4A) powder were
dried at 80°C for 12 h and 140°C for 24 h before use, respectively. '

Methyl 3-Hydroxy-7-trimethylsilyl-6-heptynoate (12). To a stirred solution of (COCI)2

(27 NNl AR e /I'\ 2 (MOLIAM A (&0 el 11700 adAdad rlvwl\'\ sriga TMMACN /124 O b §90 v AN at 790N sanAdar arann
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was added and the mixture was stirred for 30 min at -78°C.  After additon of Et3N (20.2 ml, 1.45 M), the
whole was warmed to room temperature and stirred for 1 h. The mixture was quenched with H20, and
extracted with Et2O (80 ml x 2). The extracts were washed with H2O and saturated brine, dried over MgS(O4,
and concentrated in vacuo to give the aldehyde 9 (50 g) as a yellow oil, which was used for the next step
without further purification.

To a stirred solution of lithium diisopropylamide (LDA), prepared from (i-Pr)aNH (42 ml, 300 mM)
and n-BuLi (1.64 M in hexane, 183 mi, 300 mM) in THF (300 ml) was added dropwise methyl acetate (24 m],

300 mM) at -78°C, and the mixture was stirred at -78°C for 30 min under argon. After a solution of the
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aqueous NH4CI, and extracted with Ei2O (300 mi x 2). The extracts were washed with H2O and saturated
brine, dried over MgSO4, and evaporated in vacuo. The residue was purified by silica gel column
chromatography (BW-820 MH, 400 g, hexane:EtOAc = 3:1) to give 12 (61.6 g, 93 %) as a colorless oil. IR
vmax (neat): 3473, 2176, 1738, 1439, 1410, 1374, 1250, 1198, 1157, 1075, 1051, 843, 760 cm-l. 1H
NMR 8:0.14 (9H, s), 1.68 (2H, m), 2.39 (2H, t, J=7.10), 2.50 (2H, m), 3.72 (3H, s), 4.13 (1H, m). Anal.
Calcd for C11H20038i : C, 57.86; H, 8.83. Found: C, 57.50; H, §.80.

7. Trimethvulcilvl.6 . hentvne.1 3.dial (13) To a solution of 12 (2.02 ¢. 8 853 mM) in Er O (8(Q
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en 1N aqueous HCI were added to the mixture at 0°C and the mixtur
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overnight, EtOAc and
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with EtQAc (1 mlx 2). The extracts were washed with H2Q and saturated brine. dried over MeSQ4. and
vith BIOAC (100 mix Z).  1he extracts were washed with H20) and satur ated prine, aried over MgosU4, ang
concentrated in vario Thea racidy as purified by silica gel column chromatogranhy (BW-820 MH. 100
CULIVULIU AtCAL l’l vatuu. 1 110 UL wad pu ILRAL UY dlita BDI LULULHT LHTw lldlusl l}‘ y A\ YY-O4&LUV iVviil, 1IW 5,

hexane:EtOAc = 1:2) to give 13 (1.64 g, 93 %) as a colorless oil. IR vmux (neat): 3366, 2957, 2901, 2176,
1449, 1250, 1169, 1086, 1061, 1005, 999, 843, 760 cm-!. 1H NMR &: 0.15 (9H, s), 1.73 (4H, m), 2.36
(2H, t, J=6.77 Hz), 3.86 (2H, m), 4.03 (1H, m). Anal. Calcd for C1oH2002Si : C, 59.95; H, 10.06.

Found: C, 59.78; H, 10.19.

1-t-Butyldimethylsilyloxy-3-hydroxy-7-trimethylsilyl-6-heptyne (14). To a stirred
solution of 13 (25.3 mg, 126 mM) in CH2Cl2 (200 ml) was added EN (21 ml, 150 mM), 4-
dimethylaminopyridine (DMAP) (616 mg, 5.0 mM) and then tert-butylchlorodimethylsilane (TBSCI) (20 9 mg,

M) at ro perature.  Af 1 ratur h, th as diluted with
AN and averantad sth DendY (2000 el v~ DN Tha avétrantao ora iraohad h LIAM nnd ontrrvatad hetna Aeiad
110 dlld CAUALAL WILLL LUV \JUU UL A &) LTHU VAU AL WLIL WAdNHITU WL T'1 /W dlll ddluldlivdl vilie, WicuUl
..... RA_CY 1 1

OvVCar IVlgDU4 dn(.l concentraiea m VAcuo. mc rc:smue was leI'lIlB(l Dy blllCd ge1 Coxumn Cnromatograpny
(BW-820 MH, 100 g, hexane:EtQ = 3:1) to give 14 (39.6 g, 100 %), as a colorless oil. IR vpax (neat):
3400, 2176, 1472, 1464, 1431, 1408, 1389, 1362, 1306, 1250, 1186, 1094, 1005, 959, 938, 839, 814, 777,
760, 731 cm-1.  INMR §:0.08 (6H, s), 0.14 (9H, s), 0.91 (9H, s), 1.67 (4H, m), 2.37 (2H, t, J=7.26 Hz),
3.85 (3H, m). Anal. Caled for C16H3402Si2: C, 61.08; H, 10.89. Found: C, 61.12; H, 11.14.

1-t-Butyldimethylsilyloxy-3-0x0-7-trimethylsilyl-6-heptyne (15). To a mixtre of 14
(39.6 g, 126 mM), N-methylmorpholine-N-oxide (NMO) (22.1 g, 189 mM) and MS 4A (63 g) in CH2CI?
(700 ml) was added tetrapropylammonium perrutenate (TPAP) (2.2 g, 6.3 mM) at 0°C.  After being stirred at

ranm tamnaranira far 1 l—\ tha mivtiira ng Filtratad and tho fillvaia ag roneantrotad T e Tha ragidina
11UV ivapuiatuly 1l 1 1, UIL HTHALULTY wad Liluaicu, aliua ul g au wad Lo ILC aaicu i7e vuiuo ALIC 1UDIUUG

3 Voamdio L rTINVIJ QAN AMATT AN . a P -2L V4
was purlIleu Dy blu(.«d gel column cnromatograpny (b “GZ.U , 4UU g, ﬂf:xdne E[Uh = 4] l) (6) glve 13 (50.0

g, 93 %) as acolorless 0il. IR vmax (neat): 2957, 2930, 2859, 2178, 1717, 1472, 1469, 1410, 1389, 1362,
1252, 1217, 1094, 1061, 1007, 968, 939, 841, 812, 777, 760 cm-1, INMR &:0.05 (6H, s), 0.13 (9H, s),
0.87 (9H, s), 2.47 (2H, dd, J=5.94 Hz, 2.64 Hz), 2.61 (2H, t, J=6.27 Hz), 2.71 (2H, dd, J=5.74 Hz, 2.64
Hz), 3.89 (2H, t, J=6.27 Hz). Anal. Caled for C16H3202S12 : C, 61.48; H, 10.32. Found: C, 61.32 H,
10.58.

1-t-Butyldimethylsilyloxy-3-methylene-7-trimethylsilyl-6-heptyne (16). To a stirm

2=2 L13.Lv8 3 | 181 Fa i gt 3 L

ty P
suspension of methyltriphenylphosphonium bromide (4.97 g, 13.9 mM) in THF ( ml) was added dropwxse
n-Buli (1.66 M in hexane, 8.40 ml, 13.9 mM) at -10
temperature for I h. A solution of 15 (3.63 g, 11.6 mM) in THF (10 mi) was added dropwise to the mixture
at -10°C and then warmed to room temperature.  After being stirred at room temperature for 2 h, the mixture
was quenched with H20 and extracted with Et20 (50 ml x 3). The extracts were washed with H20 and
saturated brine, dried over MgSO4, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (BW-820 MH, 100 g, hexane:EtOAC = 2:1) to give 16 (3.09 g, 86 %) as a colorless oil. IR
vmax (neat): 2957, 2930, 2897, 2859, 2118, 1472, 1464, 1435, 1408, 1389, 1362, 1327, 1250, 1159, 1102,

1059, 938, 924, 885, 839, 812, 776, 760 cm-l.  INMR &:0.05 (6H, s), 0.14 (9H, s), 0.89 (9H, s), 2.30

(6H, m), 3.70 (2H, t, J=6.93 Hz), 4.79 (2H, br). Anal. Calcd for C17H3401Si2 : C, 65.73; H, 11.03.
(6H, m), 3.70 (2H, t, }=6.93 Hz 21 al. Caled for C17H24018 C, 3; H,
ThriinAd M £ 82. LI 1N 7Q

rouna: «, 05.05; 11, iv./ >
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1-f-Rutvidimethvicilvloxv-3.(5.gniro-2.2-dimethvl.1 Y.dioxacvelonentvD .7 _trimethvl.

1-f-Butvidimethyvisiivioxy-3-(3-shiro-Z,Z-dimefhyl-1 3-dioxacyciopentyl) frimeiny
cilvl_A_hanfuna 177\ T o m;vhirn nfF 1K (N A & QQ AN\ W AaLlall 'RI'\/ 1IN 2 & 204 AN\ Y Al
SHYISUSHCPLYIIC (&7 ). PO 4 HRAWIC UL 20 (Ow.S g, J0 HVL), DriuiNg \(Juv.o g, 475 d1ivi), DJUUY

t ({

(40.6 g, 294 mM) and Me2SO2NH2 (9.38 g, 98.0 mM) in -BuOH-H20 (300 ml-300 ml) was added
dropwise OsO4 (0.1 M in toluene, 19.6 ml, 1.96 mM) at 0°C.  After being stirred at 4°C for 15 h, the mixtre
was diluted with saturated aqueous NaHSO3 and extracted with EtOAc (500 ml x 2). The extracts were
washed with H20 and saturated brine, dried over MgSO4, and concentrated in vacuo to give 1,2-diol (26.2 g)
as a colorless oil, which was used for the next step without further purification. IR vmax (neat): 3440, 2957,
2930, 2859, 2176, 1472, 1464, 1408, 1391, 1362, 1250, 1092, 1049, 1005, 974, 939, 887, 839, 810, 777,
760 cm-1.  IH NMR &: 0.09 (6H, s), 0.14 (9H, s), 0.90 (SH, s), 1.79 (2H, t, J=7.43 Hz), 1.77 (2H, m),
2.34 (2H, t, J=7.43 Hz), 2.89 (1H, t, J=7.67 Hz), 3.49 (2ZH, m), 3.70 (1H, br), 3.87 (2H, m). Anal. Caled
for C17H36038Si72 : C, 59.25; H, 10.53 Found: C, 58.98; H, 10.50.

U v 21 ar e, 78,
T a gtirrad enlnrnn nf tha 1 2_d4inl in OHAMA 20 ] ae adAdad ? Y _Adimathavonranana 17 a1 0OQ

QA SHHIVAL SUIUUUEL UL WV 1 LTV AL LR AN L\ OV llll} Wdd AUULU &y 4 IIU llUl\yPlUPall lL 111, 70

oy W 2y am e aees At —~1 10 L /TATYTON Y n NN 3
111V ) na pyrndimium pg-toiucnesiondic (rerlojiLs Iﬂg, U.uy lel) at room lcmpera(ure /'\I[er DClng Surrea
at room temperature for 4 h, the mixture was diluted with E©2O. The ethereal solution was washed with H2O

and saturated brine, dried over MgSO4, and concentrated in vacuo. The residue was purified by silica gel
column chromatography (BW-820 MH, 60 g, hexane:Et20 = 10:1) to give 17 (26.8 g, 71 %) as a colorless oil.
IR vmax (neat): 2986, 2957, 2930, 2859, 2176, 1472, 1464, 1379, 1370, 1252, 1213, 1159, 1096, 1061,
1007, 980, 939, 895, 841, 812, 776, 760, 735 cm-1. 1H NMR &: 0.05 (6H, s), 0.14 (9H, s), 0.89 (9H, s),
1.36 (3H, s), 1.39 (3H, s), 1.86 (4H, m), 2.30 (2H, m), 3.70 (2H, t, J=6.27 Hz), 3.85 (2H, ABq, J=8.90
Hz). Anal. Calcd for Co0H4103Si2 : C, 62.28; H, 10.70 Found: C, 62.55; H, 10.60.

2.(85.Cnirg-2.2-dimethvi_1 1. dioxacvelopentyD.6.hantvne. 1.6 (6) A ivtra ~f 17

JENI=S PiTU-4,y, 4=GIMCUNIYI1-1, 7-GIUXACYCIOG PeENity1)-0-ncprLynic-1-061 (V). A iXiur UL 17/
Ve ] L'- TN A 1 TDAT /77T QA 20 R AN TTYYTT N mn A L.
(5.00 g, 1U Mivl) dNld I BAI (/.84 g, HU IMivi) in THF ouimi) was b[lITCCl at room tempcramrc for2 h. After

diluted with H20, the mixture was extracted with Et20 (50 ml x 2).  The extracts were washed with H20 and
saturated brine, dried over MgSOy4, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (BW-820 MH, 20 g, hexane:EtOAc = 3:1) to give 6 (1.78 mg, 90 %) as a colorless oil. IR
vmax (neat): 3445, 3293, 2088, 2882, 2118, 1383, 1372, 1252, 1213, 1157, 1084, 1053, 980, 868 cm-1,
IH NMR 8: 1.41 (3H, s), 1.43 (3H, s), 1.95 (5H, m), 2.27 (2H, m), 2.32 (1H, br), 3.85 (2H, m), 3.89 (2H,
ABq, J=8.75 Hz). Anal. Caled for C11H1803 : C, 66.64; H, 9.15. Found: C, 66.35; H, 9.21.

10-Benzyloxy-3-(5-spiro-2,2- dlmethyl 1,3-dioxacyclopentyl)-6-decyne-1-o0l (18a).

Tn ml\ wing oddad Avrasizios

& 1 ADA el A n. 31 AQ AL G
J g, 4.V miv 1) 11 I1IVIE A A\J \<£ 1 mi~-4 m 1) wad aaaea ulvpw IBC "‘l)u.&dl \1.U7 ivi 11
A

hexane, 2.6 mi, 4.4 mM) at -30°C under argon, and the mixture was stirred at -10°C for 1.5 h. After a
solution of 7a (551 g, 2.4 mM) in EtpO (2 ml) was added dropwise, hexane and EtQO were evaporated in
vacuo and the mixture was stirred at room temperature for 24 h. The mixture was quenched with saturated
aqueous NH4Cl, extracted with E120 (60 mix 2). The extracts were washed with H2O and saturated brine,
dried over MgSO4, and concentrated in vacuo to give the alkyne 18a (534 mg) as a colorless oil, which was
used for the next step without further purification. IR vmax (neat): 3400, 1497, 1478, 1455, 1381, 1370,
1252, 1211, 1156, 1103, 1055, 1028, 980, 911, 870, 824, 737 cm"l. 1H NMR &: 1.26 (2H, t, J=7.10 Hz),
1.40 (3H, s), 1.43 (3H, s), 1.90 (4H, m), 2.17 (4H, m), 2.57 (1H, m), 3.46 (2H, t, J=6.60 Hz), 3.80 (4H,

TV (oS4 dy T LAy =12 U 112)

m), 4.50 (2H, s), 7.30 (5H, m).
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described for 7a to give the alkync 18b (316 mg) as a pale yellow oil, which was used for the next step
without further purification. IR vmax (neat): 3455, 1496, 1455, 1435, 1379, 1370, 1331, 1252, 1211, 1156,
1096, 1057, 1028, 980, 939, 911, 872, 824, 737 cm-l. IH NMR &:1.23 (8H, m), 1.40 (3H, s), 1.43 (3H,
s), 1.90 (8H, m), 2.15 (4H, m), 2.61 (1H, brs), 3.55 (2H, 1, J=6.41 Hz), 3.80 (4H, m), 4.51 (2H, s), 7.32

(5H, m).

10-Benzyloxy-3-(5-spiro-2,2-dimethyl-1,3-dioxacyclopentyl)-1-decanol (19a). A
mixture of the alkyne 18a (534 mg) and 5% Pd-C (130 mg) in EtOAc (390 ml) was stirred for 30 min at room

temperature under H2 amosphere. The mixture was filtratered, and the filtrate was concentrated in vacuo.
Lo o T T - LY. T TN J TR T L AV ¥4 AALT LovamaTToMAA~ — Do1Y en
1NC I1CHIUUC h 1ICA LIUJAL = 4.1) W

as

mg, 73 %) as a colorless oil. IR vmax (neat): 3417, 2928, 2855,
1254, 1215, 1159, 1094, 1061, 1007, 895, 837, 812, 776 cm-l. 1H NMR &: 1.30 (10H, m), 1,40 (3H, s)
1,43 (3H, s), 1.52 (2H, m), 1.86 (2H, m), 2.50 (1H, br), 3.46 (2H, t, J=6.60 Hz), 3.75 (4H, m), 4.50 (2H,
s), 7.35 (5H, m). Anal. Calcd for C21H3404 : C, 71.96; H, 9.78. Found: C, 71.67; H, 9.87.

UJ
[e T =
.’—\
O

15-Benzyloxy-3-(5-spiro-2,2-dimethyl-1,3-dioxacyclopentyl)-1-pentadecanol  (19b).
The alkyne 18b (316 mg) was reduced as described for 18a to give 19b (314 mg, 68 %) as a colorless oil.
IR vimax (neat): 3455, 2928, 2853, 1497, 1456, 1379, 1368, 1254, 1213, 1157, 1102, 1059, 1028, 984, 872,

=% YIMIAax =% [0 W R0 140 A&Ll)0, 223 a2/ AVSQ,; 70

820, 735 cm-l. 1H NMR &: 1

1.30 (20H, m), 1,40 3H, s) 1,43 3H, s), 1.54 (2H, m), 1.85 (2H, m), 2.69
(1H, brs), 3.46 (2H, t, J=6.60 Hz), 3.75 (4H, m), 4.50 (2H, ), 7.33 (5H, m). Anal. Calcd for
C26H4404 : C, 74.24; H, 10.54. Found: C, 73.92; H, 10.56.

t-Butyl 2-Butyl-2-diethylphosphonoacetate (3a). To a stirred suspension of NaH (60% oil
dispersion, 132 mg, 3.3 mM) in THF (3.3 ml) was added dropwise a solution of § (828 mg, 3.3 mM) in THF
(3.3 ml) at 0°C under argon, and the mixture was stirred at room temperature for 2 h. A solution of 8a (904
mg, 6.6 mM) in THF (6.6 ml) was added dropwise and the mixture was refluxed overnight, then quenched
with saturated aqueous NH4Cl.  The mixture was extracted with ErO (50 ml x 2), washed with H20 and

distillation to give 3a (712 mg, 70 %) as a colorless oil; b.p. 120°C / 1.0 mmHg (Kugelrohr). IR vmax
(neat): 2930, 2859, 1732, 1480, 1256, 1393, 1370, 1337, 1254, 1154, 1131, 1097, 1055, 1026, 968, 905,
853, 791, 752, 712 cm-1.  1H NMR &: 0.90 (3H, ), 1.33 (10H, m), 1.48 (9H, s), 2.00 (2H, m), 2.84 (iH,
dquint, J=3.96 Hz, 7.16 Hz), 4.15 (4H, m). Anal. Calcd for C14H2905P : C, 54.53, H, 9.48. Found: C,

54.23; H, 9.30.

t-Butyl 2-Heptanyl-2-diethylphosphonoacetate (3b). The phosphonate § (252 mg, 1.0 mM)
was alkylated with the alkyl halide 8b (358 g, 2.0 mM) as described for 8a to give 3b (1.06 g, 75 %) as a
colorless oil; b.p. 140°C / 1.0 mmHg (Kugelrohr). IR vmax (neat): 2930, 2859, 1732, 1445, 1393, 1368,

1333, 1256, 1154, 1117, 1098, 1053, 1026, 968, 847, 791, 752 cm~l. IH NMR &: 0.89 (3H, t, J=6.44
Hz), 1.30 (16H, m), 1.47 (9H, s), 1.90 (2H, m), 2,82 (1H, m), 4.15 (4H, m). Anal. Caled for
C17H3505P : C, 58.27; H, 10.07. Found: C, 57.97; H, 9.84
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t-Rutvl 2_Decanvl.2.diethvinhocnhonoacetate (3¢) 0 a stirred suspension of NaH (60%, gil

yi 2-Decanyl-zZ-gieinyinphosphongacetate (3¢) 10 a strred suspension of INan (V% ol
Adienarcion AN mo 1 DM in FTME ) & m) wag addad drn o alntian of & MI8) mao 1 0 AN i DIME
dispersion, 40 mg, 1.0 mM) in DMF (2.5 ml) was added dropwise a solution of 5 (252 mg, 1.0 mM) in DMF

(2.0 ml) at 0°C under argon, and the mixture was stirred at room temperature for 1 h. A solution of 8c (414
mi, 2.0 mM) in DMF (i mi) and 15-Crown-5 (20 pi, 0.1 mM) was added dropwise and the mixture was stirred
at 50°C overnight, then quenched with saturated aqueous NH4Cl, The mixture was extracted with Et20 (50

3

ml x 2), washed with H2O and saturated brine, dried over MgSO4, and concentrated in vacuo. The residue
was purified by Kugelrohr distillation to give 3¢ (260 mg, 66 %) as a colorless oil; b.p. 150°C / 1.0 mmHg
(Kugelrohr). IR vmax (neat): 2926, 2858, 1732, 1468, 1458, 1446, 1393, 1368, 1337, 1258, 1150, 1117,
1100, 1055, 1028, 967, 843, 791, 752, 722 cm~l. 1H NMR &: 0.89 (3H, t, J=6.60 Hz), 1.25 (22H, m),

1.47 (9H, s), 1,85 (2H, brd, J=34.97 Hz), 2.82 (1H, dquint, J=3.79 Hz, 7.55 Hz), 4.15 (4H, m). Anal.
Caled for C20H4105P+1/2H»0: C, 59.83; H, 10.54. Found: C, 59.85; H,10.45.

Qi LAY B4R 12 Y) oy JA00, IR, 1UO5. LRSI Ny

t-Butyl 2-Pentadecanyl-2-diethyiphosphonoacetate (3d). The phosphonate § (757 mg, 3.0
mM) was alkylated with the alkyl halide 8d (1.52 g, 4.5 mM) as described for 8¢ to give 3d (958 mg, 69 %)
as a colorless oil. IR vmax (neat) 2926, 2855, 1732, 1464, 1456, 1393, 1368, 1337, 1256, 1152, 1188,
1098, 1055, 1028, 968, 843, 793, 756, 722 cm~l. 1H NMR &: 0.88 (3H, t, J=6.60 Hz), 1.24 (32H, m)
1.47 (9H, s), 1.84 (2H, brd, J=33.7 Hz), 2.82 (1H, dquint, J=3.63, 7.46 Hz), 4.14 (4H, m). Anal. Calcd
for C25H5105P : C, 64.90; H, 11.11. Found: C, 64.67; H, 11.20.

t-Butyl 2-Icosanyl-2-diethylphosphonoacetate (3e). The phosphonate § (1.26 g, 5.0 mM)

was alkylated with the alkyl halide 8e (3.62 g, 10 mM) as described for 8¢ to give 3e (1.91 g, 72 %) as a

white waxy solid; m.p. 60-61°C. IR vmax (CHCI3): 2926, 2855, 1732, 1468, 1393, 1368, 1337, 1258,

11 A 1191 11NN 1Ns & 1NNY0 N«£& QA" 7)1 LA 1IN \4--1 11' AIRATY . N OO0 7ATY Y_ L ™17 YT N 1 Nr

1104, 1121, 11UYU; 1UDD, 1ULD, YOI, 04/, /7L, 104, 1LLZCIM *, i INIvK 00 UL oo (01, L, J=0./7 11Z), 1,40

(42H, m), 1.47 (SH, s), 1.80 (2H, brd, J=32,33 Hz), 2.82 (1H, dquint, J=3.79 Hz, 7.42 Hz), 4.14 (4H, m)
1 11.

Anal. Calcd for C30Hg105P : C, 67.63; H,

t-Butyl 2-Docosanyl-2-diethylphosphonoacetate (3f). The phosphonate 5 (151 mg, 0.60

mM) was alkylated with the alkyl halide 8f (280 mg, 0.72 mM) as described for 8c to give 3f (168 mg, 50 %)

as a white solid; m.p. 70-71°C.. IR vmax (CHCI3): 2980, 2953, 1728, 1470, 1456, 1393, 1368, 1337, 1256,

1154, 1119, 1098, 1055, 1026, 968, 845, 791, 752, 721 em-l. 1H NMR &: 0.88 (3H, t, J=6.60 Hz), 1.26
(

IAAT—T m\ 1.47 (QH . ), 1. 84 (2H br
TXE O\ /11, O - dw A vi

At Jy 2.0

Anal. Calcd for C32Hg505P : C, 67.45;

t-Butyl 12-Benzyloxy-2-pentadecanyl-5-(5-spiro-3,3-dimethyl-1,3-dioxacyciopentyl)-
2-dodecenoate (20a). To a stirred solution of (COCI)2 (64 ul, 0.75 mM) in CH2Cl2 (3 ml) was added
dropwise DMSO (64 pl, 0.9 mM) at -78 °C under argon, and the mixture was stirred for 30 min. A solution
of 19a (175 mg, 0.50 mM) was added, and the mixture was stirred for 30 min.  After addition of Et3N (349
ul, 2.5 mM), the whole was warmed to room temperature and stirred for 1 h.  The mixture was quenched with
H70, and extracted with Et2O (30 ml x 3). The extracts were washed with H20 and saturated brine, dried
over MgSO4. and concentrated in vacuo to give 4a (170 mg) as a colorless oil, which was used for the next
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To a stirred solution of lithium diisopropylamide (LDA) (prepared from (i-Pr)2NH (85 pl, 0.61 mM)
el . DT £1 £0 A . b nn AL 1 N L1 a1 TY - '
and n-BuLi (1.69 M in hexane, 361 i, 0.61 mM) in THF (1.5 ml)) was added dropwise a solution of 3d (254

mg, 0.55 mM) in THF (1.5 ml) at 0°C, and the mixture was stirred at 0°C for 2 h under argon. A solution of
the aldehyde 4a in THF (1.5 ml) was added at 0°C. The mixture was stirred at room temperature for 2 h and
quenched with H2O. The mixture was extracted with Et20 (30 ml x 2), successively washed with saturated
aqueous NH4Cl, H20, and saturated brine, dried over MgSO4, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (BW-820 MH, 50 g, hexane:EtOAc = 15:1) to give 20a (197 mg,
60 %) as a colorless oil. IR vmax (neat): 2979, 2926, 2855, 1709, 1646, 1456, 1393, 1368, 1252, 1213,
1156, 1115, 1103, 1061, 1028, 976, 870, 833, 818, 735cm"l. 1H NMR &: 0.88 (3H, t, J=6.60 Hz), 1.39

(3H, s), 1.41 (3H, s), 1.44 (38H, m), 1.48 (9H, s), 2.24 (2H, m), 2.43 (1.28H, d, J=7.59 Hz), 2.67 (0.72H,
Hz), 3.76 (2H, s), 4.50 (2H, ), 5.80 (0.36H, t, J=7.10 Hz), 6.66 (0.64H, 1, J=7.43

2 45 A
y JeTVT \&dhliy Ly o VN Lddefy Jed U (& S/ Teow 1k, 3 ~ UV VeIV L)y, VLU
)7 29 (SET o) Anal Calad for CAALTIAAN - O T4 7Q. 1T e 1
nzj /,52 o, imj. Anan Caica1or L42n7205 : L, /6 78; H, 11.05. Found: C, 76.59; H, 11.00.

t-Butyl 12-Benzyloxy-2-icosanyl-5-(5-spiro-3,3-dimethyl-1,3-dioxacyclopentyl)-2-
dodecenoate (20b). The phosphonate 3e (293 mg, 0.55 mM) was coupled with the aldehyde 4a, which
was obtained by oxidation of alcohol 19a (175 mg, 0.50 mM), as described for 19a to give 20b (347 mg,
95 %) as a colorless oil. IR vmax (neat): 2979, 2926, 2855, 1709, 1646, 1497, 1466, 1456, 1391, 1379,
1368, 1252, 1213, 1156, 1103, 1061, 1028, 870, 853, 818, 733 cm’l. 1H NMR &: 0.87 (3H, m), 1.31
(48H, m), 1.39 (3H, s), 1.41 (3H, ), 1.48 (9H s), 2.34 (2H, m), 2.43 (1.20H, d, J=7.59 Hz), 2.68 (0.80H,
m), 3.46 (2H, t, J=6.60 Hz), 3.74 (2ZH, 5.80 (0.40H, t, J=7.26 Hz), 6.66 (0.60 Hz, t, 1=7.43 Hz), 7.29

(5H, m). Anal. Calcd for C47Hg20s5 : C, 77.63, H, 11.37. Found: C, 77.42; H, 11.45.
t-Butyl 17-Benzyloxy-2-pentadecanyi-5-(5-spiro-3,3-dimethyi-1,3-dioxacyclope
2-heptadecenoate (20c¢). To a mixture of 19b (200 mg, 0.475 mM), NMO (88 mi, 0.75 mM)
(250 mg) in CH2ClI2 (5 ml) was added terrapropylammonium perrutenate (TPAP) (8.8 mg, 0.025 mM) at 0°C.
After being stirred at room temperature for 30 min, the mixture was filtrated, and the filtrate was concentrated in
vacuo to give the aldehyde 4b (200 mg) as a colorless oil, which was used for the next step without further
purification.
To a stirred solution of lithium diisopropylamide (LDA) (prepared from (i-Pr)2NH (80 ul, 0.57 mM)

and n-BuLi (1.69 M in hexane, 337 ul, 0.57 mM) in THF (1.5 ml)) was added dropwise a solution of 3d (242
mg, 0.52 mM) in THF (1.5 ml) at 0°C, and the mixture was stirred at 0°C for 2 h under argon. A solution of

the aldehyde 4b in THF (1.5 ml) was added at 0°C.  The mixture was stirred at room temperature for 2 h and
quenched with H2O. The mixture was extracted with Et20 (30 ml x 2), successively washed with saturated
aqueous NH4Cl, H720, and saturated brine, dried over MgSO4, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (BW-820 MH, 120 g, hexane:EtOAc = 15:1) to give 20¢ (250
mg, 72 %) as a colorless oil. IR vmax (neat): 2979, 2926, 2855, 1709, 1644, 1495, 1456, 1391, 1379, 1368,
1252, 1213, 1156, 1061, 1028, 853, 733 cm-l.  1H NMR &:0.88 (3H, t, J=6.60 Hz), 1.35 (48H, m), 1.39
(3H, s), 1.41 (3H, s), 1.48 (9H, s), 2.23 (2H, m), 2.43 (1.28H, d, J=7.26 Hz), 2.68 (0.72H, quint, J=7.59
Hz), 3.48 (2H, t, J=6.60 Hz), 3.76 (2H, s), 4.50 (2H, s), 5.81 (0.36H, t, J=7.10 Hz), 6.66 (0.64H, t,
J=6.43 Hz), 7.47 (5H, m). Anal. Calcd for C47Hg20s5 : C, 77.63; H, 11.37.  Found: C, 77.36; H, 11.61.

USTD LhLjy 1771 \Jiidy ux/. ...... RN YAV D]

t-Butyl 12-Hydroxy-2-tetradecanyi-5-(5-spiro-3,3-dimethyl-1,3-dioxacyclopenty
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dodecenoate (21a). To a mixture of 20a (110 mg, 0.167 mM) and 5% Pd-C (110 mg) in ErnO-MeOH
M A& el 10 e wae added dAranwice FHOMHE /1 N s ot N0 yndar aronn Aftar haing ctirrad at s
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e ot Lo Y L S PV S, SIS w4 PUVDRPRNpS | nem ol ale o Lilomnnan A ranteatrad ;5 Py T n cmnesrdezn
WCINPCIAIUIC 10T £ I1, UIC ITACUON ITHATUIC wWds 1HUdICU, ditd UIC LHUAIC wWadd CONCCNualcl in vacuo 1 0C ITHMIUUC

was purification by silica gel column chromatography (BW-820 MH, 50 g, hexane:EtOAc = 5:1) to give 21a
(73 mg, 71 %) as a colorless oil. IR vmax (neat): 3426, 2980, 2926, 2855, 1709, 1646, 1456, 1391, 1379,
1368, 1252, 1213, 1156, 1061, 868, 853, 818, 722 cm-l.  1H NMR &: 0.88 (3H, t, J=6.60 Hz), 1.39 (3H,
s), 1.41 (3H, s), 1.43 (38H, m), 1.48 (9H, s), 2.21 (2H, m), 2.43 (1.28H, d, J=7.26 Hz), 2.61 (0.72H, m),
3.64 (2H, t, J=6.60 Hz), 3.76 (2H, s), 5.81 (0.36H, t, J=7.10 Hz), 6.66 (0.64H, t, J=7.43 Hz). Anal
Calcd for C35He60s5 : C, 73.90; H, 11.82. Found: C, 74.15; H, 11.73.

t-Butyl 12-Hydroxy-2-nonadecanyl-5-(5-spiro-3,3-dimethyl-1,3-dioxacyclopentyl)-2-
dndoronnatae (7 1h) Tha hanzul athar 20h (14N mo N 10 MmM) wae dahanrulatad ae Aacrrihad far 2Na tn
MUUVLLIIVAaLY (aary). AW UVILILY L VHIMVE LU LTV IR, V. 1/ 11LYL) wWas UVUUIIL]AQL\JU ad ULodLlIIUWAL 11Ul aVva W
atie M1l 700 oo T I\ Ao T nslaae ~31 m fnmnsds DAADNY ANON NONZL NQOEE 171NN 1ZLAL 1ALA
BIVC L4100 \0O0 IHE, /& 70) d> a4 COIVIICSS Oll 1IN vmax UICdL). O0994L, LY0U, LTFLO, LOJJ, 1/UY, 1040, 1404,
Amrs 1ANtT 1 AmA ArO aAZA iAen - 4 ~ orn o1 ~ 1 Tvy wveavs © n o0
1456, 1361, 1379, 1368, 1252, 1213, 1157, 1061, 976, 918, 870, 8533, 8 Z 4 1H NMK 0: U.83

2.16 (2H, m), 2.45 (1.20H, d,
J=7.26 Hz), 2.65 (0.8H, m), 3.63 (2H, m), 3.75 (2H, m), 5.80 (0.4H, t, J=6.60 Hz), 6.65 (0.60H, t,
J=7.43 Hz). Anal. Caled for C40H7605 : C, 75.42; H, 12.02. Found: C, 75.07; H, 11.84.

t-Butyl 17-Hydroxy-2-tetradecanyl-5-(5-spiro-3,3-dimethyl-1,3-dioxacyclopentyl)-2-
heptadecenoate (21c). The benzyl ether 20¢ (73 mg, 0.10 mM) was debenzylated as described for 20a to
give 21c (46 mg, 72 %) as a colorless 011_ IR vimax (neat): 3400, 2926, 2855, 1709, 1644, 1464, 1393,

______ L 3 02 RN wildl s, LA2LY; LOJDD 222

1379, 1368, 1252, 1213, 853, 722 cm-l.  IH NMR &: 0.88 (3H, t, J=6.
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3,64 (2H, t, J=6.44 Hz), 3.76 (2H, s), 5.71 (0.36H, t, J=7.10 Hz), 6.56 (0.64H, t, J=6.43 Hz). Anal
Caled for C40H7605 : C, 75.42; H, 12.02. Found: C, 75.39; H, 12.14.

t-Butyl 12-Hydrogen 2-pentadecanyl -5-(5-spiro-3,3-dimethyl-1,3-dioxacyclopentyl)-
2-dodecenedioate (22a). To asolution of the alcohol 21a (62 mg, 0.11 mM) in DMF (0.5 ml) was added
pyridinium dichromate (PDC) (290 mg, 0.77 mM) at room temperature. After being stirred at room
temperature for 2.5 h, the mixture was diluted with Et2O. The ethereal solution was washed with H20 and

satrated brine. dried over MoSQu4, and concentrated in vacuo The residue was purified by silica gel column
saturated brine, dried over MgsO4, and concentrated acuo 1he resigue was purtied silica gel column
chromatoeranhy (BW_R20 M 10 o hevane EtOA 1:1Y 15 eive 22a (47 me. 74 %) as a colorlass oil IR
vinulnalugLa; ll)" AL YY~0LU IViL1, 1V g, HVAANCLWWVAL = 1.1 ) WU RLIYV Lea 7/ Ly, /7 /U] Ad a VUIULIVDDS Ul FEAN

vmax (neat): 3240, 2924, 2855, 1740, 1709, 1644, 1462, 1390, 1379, 1368, 1258, 1213, 1157, 1063, 803
em . 1H NMR 8:0.90 (3H, t, J=6.93 Hz), 1.25 (37H, m), 1.39 (3H, m), 1.41 (3H, s), 1.48 (9H, s), 2.21
(2H, m), 2.35 (2H, m), 2.43 (1.32H, d, J=7.59 Hz), 2.67 (0.66H, m), 3.76 (2H, m), 5.81 (0.34H, t, J=7.43
Hz), 6.66 (0.66H, J=7.43 Hz). Anal. Calcd for C35He40g6 : C, 72.37; H, 11.10. Found: C,72.55; H,

11.87.

t-Butyl 12-Hydrogen 2-icosanyl-5-(5-spiro-3,3-dimethyl-1,3-dioxacyclopentyl)-2-
dodecenedioate (22b). The alcohol 21b (90 mg, 0.14 mM) was oxidized as described for 21a to give

17k (72 me 80 94\ ac a enlarlece ail IR Vinay (neat): 3200 ’7076 2855, 1738, 1709, 1640, 1466, 1391
d ke WF O\ F MR, UV /U A QG VVIVLIIVIS Vi LN VITax ivdar). LU, Lty LU0y 4100, PV, AUV, 28V0, 2275,
1270 1340 1787 1912 1184 10£1 074 Q19 Q&89 ©1Q T22 ~m-1 lLa v 8N Q1 AT ¢ T—-6 Q2 )
1373, 1300, 1404, 1415, 1100, 1UVL, /0, 710, 004, 010, /o0 Ll ~. 01 INIVIN UL UL 71 \OX1, L, J=U.70 114),
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1.25 (47H, m), 1.39 (3H, s), 1.41 (3H, s), 1.48 (9H, s), 2.25 (2H, m), 2.35 (2H, t, J=7.42 Hz), 2.43
(128H 4 I=7.50H2 2640 72H m)Y 376 12H m) S R0{0 EH + T-7 26 Hz\ 6§ 65 (0 FAH ¢ T=7 42
Lo keUhdy Uy W=/ /7 KAEJy s VT Ve 1 &ddy MIJ; Jo PV \&LERy 53y J.OUN\UL.JULL, Ly J—J.4U L14LJ, U UJ \V.UTLL, 4 J=T.77
Hz). Anal. Calcd for C40H740¢ : C, 73.80; H, 11.46. Found: C, 73.71; H, 11.42.

t-Butyl 17-Hydrogen 2-pentadecanyl-5-(5-spiro-3,3-dimethyl-1,3-dioxacyclopentyl)-
2-heptadecenedioate (22¢). The alcohol 21¢ (15 mg, 0.023 mM) was oxidized as described for 21a to
give 22¢ (10 mg, 67 %) as a colorless oil. IR vmax (neat): 3000, 2926, 2855, 1738, 1711, 1646, 1559,
1541, 1507, 1464, 1456, 1418, 1393, 1379, 1368, 1252, 1213, 1157, 1061, 976, 870, 853, 818, 722 cm-1.
IH NMR &: 0.88 (3H, t, J=6.60 Hz), 1.25 (47H, m), 1.39 (3H, s), 1.41 (3H, s), 1.48 (OH, s), 2.24 (2H, m),
2.34 (2H, t, J=7.42 Hz), 2.42 (1.28H, d, J=6.93 Hz), 2.68 (0.72H, m), 3.77 (2H, s), 5.81 (0.36H, t,
J=6.80 Hz), 6.66 (0.64H, t, J=6.43 Hz). Anal. Calced for C40H740¢ : C, 73.80; H, 11.46. Found: C,
3.90: H. 11.63

s & Ay

"\I

t-Butyl 16-Carbamoyl-2 pentadecanyl-5-(5-spiro-3,3-dimethyl-1, 3-di0xaCyclopentyl)-
2-hexadecenate (23a). To a stirred solution of 22a (72 mg, 0.125 mM) and Ex3N (20 pl, 0.14 mM) in
THF (1 ml) was added dropwise CICO2Et (13 ul, 0.14 mM) at 0°C. The mixture was stirred at 0°C for 30
min and then 28% aqueous NH4OH (25 ul, 140 mM) was added dropwise.  After being stirred at 0°C for 30
min, the mixture was quenched with H20, and extracted with EtOAc (30 ml x 3). The extracts were washed
with H20 and saturated brine, dried over MgSO4, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (BW-820 MH, 10 g, hexane:EtOAc = 1-1) to give 23a (42 mg, 73 %) as a

colorless oil. IR & mayx (near): 3410, 3200, 1705, 1669, 1635, 1456, 1367, 1252, 1213, 1157, 1061, 853
em-l. 1H NMR §: ﬂ_527 (3H, 1, J=6.60 Hz), 1.25 (36H, m), 1.40 (6H, s), 1.48 (OH, s), 2.22 (4H, t
em- i, NMR §: 0.87 (3H, 1, J=6.60 Hz) 1.25 (36H, m), 1.40 (6H, s), 1.48 (9H, ), 2.22 (4H, ¢,
I—T7 1N =Y D AD 1 DALY A 1—7 Y98 e D AT /M TALT Y 2 T4 ML o\ & A ML o\ & 70 /N ALELT a)
J=7.1U 1), .42 \1.2010, G, J=7.43 112}, £.07 (\U. /411, M), 5./0 \ar1, 5, 3.45 \&r1, i), J./7 (U, o0r1, iy,
6.64 (0.64H, t, J=7.45 Hz). Anal. Caled for C35Hg505N : C, 72.49; H, 11.30; N, 2.42. Found:
C,72.32; H, 11.39; N, 2.28.

t-Butyl 16-Carbamoyl-2-icosanyl-5-(5-spiro-3,3-dimethyl-1,3-dioxacyclopentyl)-2-
undecenoate (23b). The carboxylic acid 22b (78 mg, 0.12 mM) was amidated as described for 22a to
give 23b (59 mg, 76 %) as a colorless oil. IR vmax (neat): 3410, 3350, 3200, 2924, 2853, 1709, 1670,
1646, 1464, 1456, 1368, 1257, 1213, 1157, 1061, 853 cm-l. 1H NMR §:0.88 (3H, t, J=6.27 Hz), 1.25

(46H, m), 1.39 (3H, s), 1.41 (3H, s), 1.48 (OH, s), 2.22 (4H, t, J=7.10 Hz), 2.42 (1.2H, d, J=7.25 Hz),
7 AR5 (N0 R mY R 75 (? m) SAE2H mYy SROMAH 17 A2 H2Y 6 80 (0 6H t I=7 42 H2) Anal
L.Ud \(WU.G BMLfy ol \&dldy 1)y JoeIdVU \&Liy 1), LOU \VL.THL, o= T4 L14), UUTZ \ULULL, 4y 9= 0.50 1idy. fgiitein
Colnd Cae O ARIT=cNeN - 7Y AQ- LT 11 20N 9 172 Topd: (O 77 7Q. 0 11 A1. N 1 A7
CAaIca 1or C40n75USIN T, 72.47, 11, 11.0U; IN, 2,15, round: <, /2.7/0, 1, 1141, IN, 2.4/,

t-Butyl 16-Carbamoyl-2-pentadecanyl-5-(5-spiro-3,3-dimethyi-1,3-dioxacyciopentyi)-
2-hexadecenate (23c¢). The carboxylic acid 22¢ (17 mg, (.026 mM) was amidated as described for 22a to
give 23¢ (15 mg, 89 %) as a colorless oil. IR vmax (neat): 3706, 3456, 3199, 2926, 2855, 1707, 1675,
1641, 1456, 1450, 1368, 1250, 1264, 1213, 1156, 1059, 851 cm-1, 1H NMR 8: 0.88 (3H, t, J=6.60 Hz),
1.25 (46H, m), 1.41 (3H, s), 1.43 (3H, s), 1.49 (9H, s), 2.22 (4H, m), 2.43 (1.28H, d, J=7.26 Hz), 2.64
(0.72H, m), 3.76 (2H, m), 5.35 (2H, m), 5.79 (0.36H, t, J=7.42 Hz), 6.66 (0.64H, t, J=7.59 Hz). Anal

Caled for C40H7505N " 1/2H20: C, 72.90; H, 11.62; N, 2.13. Found: C,73.03; H, 11.63; N, 2.38.
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(E)-16-Carbamoyl-5-hydroxy-5-hydroxymethyl-2-pentadecanyl-2-undecenoic Acid
(1a) and :=l|l=f‘n-§|amnv|hov¢:‘nv|\=:=|1wt|mvvmnfh|1|=‘7=nt;ntqtlnnnnul,"=nnnlnn=(=n|=dn {Ya)
A XY GERENE -t 145 \t“lu“lll\l.’ IR AEyE l:l’ -t IIJ ulvl\J lll\,‘ll‘y BT e FLII‘““\\.“IIJ BT b IJ\'.III.CII TR ‘b“[.
A mix of 23a (42 mg, 0.073 mM) and 90% aqueous TFA (0.5 ml) was stirred at room temperature for 2

c'lays The mixture was added to H20 and concentrated in vacuo. The residue was purified by preparative
thin layer chromatography (Merck Art 5717, 20 cm x 20 cm, CHCI3:EtOH = 4:1) to give 1a (10 mg, 29 %) as
a colorless oil and 2a (10 mg, 30 %) as a colorless oil.

Compound 1a. IR vmax (CHCI3): 3340, 3200, 3019, 2928, 2855, 1682, 1641, 1466, 1414, 1260,
1071, 1049, 928, 669 cm"l. 1H NMR 8: 0.88 (3H, t, J=6.3 Hz), 1.25 (32H, br), 1.49 (2H, br), 1.60 (2H,
br), 2.28 (6H, m), 3.70 (2H, m), 5.55 (1H, br), 6.32 (1H, br), 6.77 (1H, br). FABHRMS Calcd for

C28H5205N (M-H)- : 482.3843.  Found: 482.3872.

Compound 2a. IR vinax (CHCI3): 3451, 3240, 2917, 2849, 1675, 1661, 1642, 1459, 1428, 1260,
1167, 1111, 1025. 810. 722 em-l. 1H NMR 8: 0.86 (3H. t J=6.93 Hz). 1.25 (30H. br). 1.46 (2H., m)
4 4 Y AAAiy AWy ULIUy 1 &wé Wil 44 INIVUIN UL VLOU \(Jaay, Ly, J Ve s LAy 1. & \JURLy Ul Jy L1.77U \ &Ll Ry 111),
1 &N ALY Y 1 Q&8 A1LT L) ) D& (KXY wma) D T2 LTI Y 2 8L 1LY ) 2 £8 (11T aY & 20 /1T LY £ AL
1.0V \&In, M), 1.060 (151, OT), £.£3 (o1, M), £./3 ({111, M), 5.30 (ir1, My, 5.03 (111, My, J.36 (£, 0Tj, 0.4
(1H, br). FABHRMS Calcd for C2gH5004N (M-H)™ : 464.3737. Found: 464.3721

(E)-16-Carbamoyl-5-hydroxy-5-hydroxymethyl-2-icosenyl-2-undecenoic Acid (1b) and
5-(11-Carbamoylhexanyl)-5-hydroxymethyl-2-icosenyl-2-penten-5-olide (2b). The compound
23b (30 mg, 0.046 mM) was treated as described for 23a to give 1b (11 mg, 43 %) as a white waxy solid;
m.p. 57-59°C and 2b (6 mg, 24 %) as a white waxy solid; m.p. 89-90°C.

Compound 1b. IR vmyx (CHCI3): 3350, 3200, 3015, 2928, 2855, 1682, 1638, 1466, 1414, 1261,

1071, 1049, 928, 669 cm~1. 1H NMR 8: 0.88 (3H, 1, J=6.6 Hz), 1.25 (42H, br), 1.47 (2H, br), 1.63 (2H,
5.68 (1H, br), 6.30 (1H, br), 6.77 (1H, br). FABRHRMS Calcd for

72
2 1, , H, br (1H, ABHRMS
AN AN (RA _TIN- E&E) ARDK Ehnnds S50 ALKQ2
\/JJIIOLL}DIV \lVl'l 1) JJL.2UL 1I'UuUuliul,. J24L.9000.
N Ty oo FANT TN . NATAN b la W V4 ~NY 1 mNO AN b Wk ¥~ 171 1 A0 14 AN 1NN ‘Iif—'
Compound 2b. IR vmax (CHCI3): 3453, 3246, 2917, 2849, 1675, 1661, 1468, 1430, 1260, 1167,
1111, 1028, 803, 722 cm-!.  1H NMR 8: 0.87 (3H, t, J=6.6 Hz), 1.25 (40H, br), 1.46 (2H, m), 1.60 (4H,

m), 1.85 (1H, br), 2.25 (SH, m), 2.74 (1H, m), 3.53 (1H, m), 3.70 (1H, m), 5.35(2H, br), 6.45 (1H, br).
FABHRMS Calcd for C33HE0O4N (M-H)~ : 534.4519.  Found: 534.4522.

(E)-16-Carbamoyl-5-hydroxy-5-hydroxymethyl-2-pentadecanyl-2-hexadecenoic Acid
(1c¢) and 8-(11-Carbamoylundecanyl)-5-hydroxymethyl-2-pentadecanyl-2-penten-5-olide (2c).
The anpmmd 23¢ (41 mg, 0.063 mM) was treated as described for 23a to mve 1c (16 mg, 46 %) as a white

LS A T [ SA N ZWERS L a3 VLol &I ve 2

waxy solid; m.p. 57-59°C and 2¢ (12 mg, 36 %) as a white waxy solid; m.p. 89-90°C, which were identified

5 GG R TS A e A o txatbh o el et e aa

Uy SPCCITOSCOPIC COMPArison witll UIC auticnuc bc‘ullplc -~

\.)

Compound 1c. IR vyax (CHCI3): 3351, 3204, 3019, 2928, 2855, 1682, 1645, 1466, 1415, 1261,
1069, 1049, 928, 673 cm-l.  IH NMR &: 0.87 (3H, t, J=5.9 Hz), 1.25 (42H, br), 1.47 (2H, br), 1.63 (2H,
br), 2.24 (4H, br), 2.42 (2H, d, J=5.9 Hz), 3.50 (2H, br), 5.63 (1H, br), 6.30 (1H, br), 6.80 (1H, br).

Compound 2¢. IR vmax (CHCI3): 3353, 3187, 2917, 2849, 1684, 1667, 1638, 1469, 1430, 1387,
1215, 1161, 1134, 1111, 955, 720, 669 cm-1. IH NMR &:0.87 (3H, t, J=6.6 Hz), 1.25 (40H, br), 1.46
(2H, m), 1.70 (4H, m), 185(1H br), 2.22 (2H, t, J=7.6 Hz), 2.31 (3H, m), 2.74 (1H, d, J=8.1 Hz), 3.53
(1H, d, J=11.9 Hz), 3.70 (1H, d, J=11.9 Hz), 5.51(2H, br), 6.44 (1H, br).

i35 114) 111



564 H. Fujiwara et al. / Tetrahedron 54 (1998) 551-564

Acknowledgment : This work was supported in part by Grant-in-Aids for Scientific Research from the
Ministry of Education, Science, Sports and Culture, Japan. The authors thanks Professor Toshiwo Andoh of

Soka University for biological assay.

References and Notes
1. Noguchi, H.; Aoyama, T.; Shioiri, T. Tetrahedron 1995, 51, 10531.
2. Noguchi, H.; Aoyama, T.; Shioiri, T. Tetrahedron 1995, 51, 10545.
3. (a) Suzuki, K.; Yamaguchi, H.; Miyazaki, S.; Nagai, K.; Watanabe, S.; Saito, T.; Ishii, K.; Hanada, M.;

Sekine, T.; Ikegami, Y.; Andoh, T. J. Antibior. 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.;
ntnmanl... © ©..Zs T ) A 1Y) A2 1£0
VY Alanaoe, 5.; >aito, 1 FU, 43, 1J0.

. J. Antibiot. 19
. Pattenden, G.; Teague, S. J. J. Chem. Soc. Parkin Trans. I 1988, 1077

. Griffith, W.P.; Ley, S.V.; Whitcombe, G.P.; White, A. D. J. Chem. Soc. Chem. Commun. 1987, 1625

(a) Smith, L.I.; Sprung, J.A. J. Am. Chem. Soc. 1943, 65, 1276. (b) McDougal, G.; Rico, G.; Imoh,
Y.; Condon, D. J. Org. Chem. 1986, 51, 3388,

. Hammond, G.B.; Cox, M.B.; Wiemer, D.F. J. Org. Chem. 1990, 55, 128.

8. Tius, M.A; Fauq, A.H. J. Am. Chem. Soc. 1986, 108, 1035.

9. Some of the synthesized compounds proved to show inhibitor activity against mammalian DNA

[ A S

~3

topoisomerase I by Prof. Andoh (private communication).



