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Supplementary Material:

Total Synthesis of Antitumor Depsipeptide (-)-Doliculide
Arun K. Ghosh,* Chunfeng Liu
Department of Chemistry, University of Illinois at Chicago,

845 West Taylor Street, Chicago, Illinois 60607

AH the moisture sensitive reactions were carried out iunder nitrogen
atmosphere. Anhydrous solvents were obtained as follows: THF, distilled frorn
sodium and benzophenohej dichlororrrethane, distilled frorrl PZOS; pyridine, toluene
and benzene, disti'lled from CaH,. All other solvents were'HPLC grade. Colurnn
Chromatography was performed with Whatman 240-400 mesh s111ca gel under low
pressure of 5- 10 p31 Thin- layer chromatography (TLC) was carried out with E.
Merck silica gel 60-F-254 plates 1H and *C NMR spectra were recordeti on

Varian 300 (300 MHz), Bruker AM 400 (400 MHz), Avance 400 (400 MHz) and
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Avance 500 (500 MHz) spectrometers.
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Allylic alcohol“AS: To a solution‘ of nitrille 4 (10.7 g, 56 mmol) in CH,Cl, (100
mL) at 0 OC was added diisobi;t'ylalumir;um hydride 1n hexanes (84 mL, 84 mmoi)
dropwise. Afte? stirring at the same térriperéture fq_f 30 min, the reaction mixfuré
was-q>uenched with MeOH'(é mL) and chhelle salts (iOO mlL), then Warmed to 23

' f’C and stirred ‘for 2 h. The erganic“ léyer waé éepafated and washed with brine,
dried over- anhydrous Na2864, concentrated and flash chromatographed to affofd
the aldehyde (9.17g, I85'% .yield):‘ [0],2-9.1.° (¢ 0.66, CHCL,); iR (neat)‘3029, , |
1723, 1494, 1453, 1362‘, 1096 cm lH NMR (CDCl,) & 9.76 (t, J=2.3 H"zz, IH),
7.32 (m, 5H), 4.49 (s, 2H), 3.42 (dd, J=4.8,9.3 Hz 1H), 3.25 (dd, J=7.6, 8.9 Hz,
1H), _2 56 (m, 1H), Q.99 (d, J=6.6 Hz 3H); ‘3C NMR (CDCl,) § 202.4, 138.4,

128.3, 127.5, 74.8, 73.0, 48.4,29.0, 17.0.

,'.ro,a miiiufe of NaH (3.13 g, 78 rpmol) in THF (100 mL):a; 0 0C‘was added
triethylpﬁéspvl.lonoacet:ate (,17.52 g,'78 mmol) in THF (10‘ mL) dropwise. The
resulting minure was warm‘ed to' 23 °C and stirred for ll‘h..The _m'ixture‘ was cooled
to 0 OC, the abéve aldehydveb (7.5 g, 39 mmol) in THF (10 mL) was added dropwise,

the mixture was warmed to 23 °C and stirred for 3 h. The reaction was quenched
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with';saturated _équeous NH,C], extracted vyith ethyl acetate, washed with brine and
dried over anhydrous Na,SO,. Evaporation of the solvent éave a residue. which
was chrdrhatographed to affdrd the estef (8.6 g, 84.%-yie1d.); [QL]D23 +O.6 0 (c 2.44,
CHCI ,); IR (neat) 3029, 1719, 1653, 1454, 1366, 1314, 1267, 1177, 1098 cm *'; 'H
NMR (CDCl,) 8 7.33 (m, 5H), 6.94 (tt, J=7..5, 15.2 ‘Hz,' 1H)‘,ﬂ;5.’82 (d, J=15.6 Hz,
1H), 4.50 (s, 2H), 4.18 (q, J=7.2 sz, 2H), 3.31 (dd, J=2.6; 6.2 Hz, 2H), 2.39 (Iﬁ,
1H), 1.91-2.12 (m,‘ 2H), 1.29 (4, J=6.9i Hz, 3H), 0:94 (d, J=6.6 Hz, 3H); °C NMR
: (CD¢13) 0 166.5, 147.5, 138.4, 128.3, 127.5, 122.6, 74.8, 73.0, 60..1, 36.3, 33.0,

- 16.7,14.2.

To a solution of the abové ester (8.6 g, 33 Iﬁmol) in CH,Cl, (100 mL) at -40
°C was adcied diisobutylalurﬁinum hydride in hexanes (69 mL, 69 mm'ol.) dropwise.
After stirring at the same temperature for 30 mih,‘ thé reaction mixture was
quenched with MeQH (2 mL), Rochelle salté (100 mL), then warmed to 23 °C and
stirred for 2 h. The organic layér was separafed, waéhéd with b‘rjne and dried over
anhydrous Na,SO,. Evaporation of the solx}ent gav.e. a Fesidue which was flash

chromatographéd to éfford the allylic alcohol 5 (6.75 g, 93% yield): [al, 2 +1.0° (¢
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1.0, CHCL,); IR (neat) 3385, 3029, 1495, 1454, 1364 1091 cm -;'"H NMR (CDCly)
§ 7.26-7.34 (m, SH), 5.64 (m, 2H), 4.50 (s, 2H), 4.07 (d, J=3.8 Hz, 2H), 3.32 (dd,
J=6.4, 9.0 Hz, 1H), 3.28 (dd, ‘J=6.2, 9.0 HZ, 1H), 2.21 (m, 1H), 1.91 (m, 2H), 1.47
(br, 1H), 0.93 (d, J=6.5 Hz, 3H5; 13C NMR (CDC13) 5 138.6, 131.0, 136.5, 128.2,

127.5.127.4,75.1,72.9, 63.6, 36.3, 33.4, 16.7; MS (APCI) [M+H-H,0]" 203.1.

Dioxaborolane 6: To a eolution of (+)7N,N,N’,N;-tetra'methyltartaric acid diamide -
(7.42 g, 36 mmol) in anhydrous toluene (50 mL) was added 1 butaneboronrc acid | ‘
(4.8 g, 47 mmol). The mixture was heated under reﬂux for 18 h (Dean- Stark) The |
reaction mixture was cooled to 40 °C and concentrated under reduced pressure.
‘The residue was dissolved in C‘H2C12,v filtered to remoye_ excess 1-butaneboronic
acid and conCentroted to produce the dioxoborolane 6 (9 g,. 92% y‘i}eld): 'H NMR
(CDC13) 0 5.46 (s, 2H),’3.13. (s, 6H), 2.92 (s, oH)', 1.23-1.33 (m, 4H), 0.77-0.83 (m,

5h); °C NMR (CDCL,) 6 168.4,75.7, 37.1, 36.0, 25.8,25.2,13.8,9.9.
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Cyclopropane 7: To é Solutioh of ZnEt, (8 .§ mL, 87 mmol) in CH,Cl, (100 mL)
and freshly distilled ethylene giy’col diinethyl ether (9.2 mL, 87 rﬁmo’l) at -1 5 °’C
was added diiodomethane (14 mL, 0.17 mol) at a fate to keep the intern_al
temperatufe‘below —-10 °C. The Zn(CHzI)szME complex solution in CH2C‘12 S0
produced was used directiy in'the next reaction.

To a mixture of dioxoboroléne 6 (4.:68 g, 17 mmol), allylic alcohol § (3.2 ¢, 15
mmol) and 4A molecular sieves (800 mg) in CH2Cl§ (100 mL) at —-15 °C w”as.added
the ﬁbove pr»eparéd so{lutio‘n of Zn(CH,I),sDME complex at a rate to keep the
internal templerature below —lQ OC. The r'¢sulting mixture was stirred at this
temperature for 8 h. Saturated aqueous NH,Cl was added and the‘ l‘ayers were
separated. The aqueous layér was washed with diethyl ether three times. The
combined organic layers were treated with 5 M-NaOH and stirred vigorously for -
12 h, and the layers were se‘parvated. The drganic léyer wés washed sugcessively
with 10% aqueous HC, s’aturated: aqueous NaHCO;, vx;at.er,. bﬁﬁe and conceritrated

under reduced pressure. The residue was chromatbgraphed over silica gel to afford

the product 7 (3.51 g, 99% yield) of a colorless oil: [o]p? 16.2° (c 0.18, CHCl, );
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IR (neat) 3387 3028, 1495, 1454, 1364, 1095, 1033 cm '; '"H NMR (CDCl,) &
7.34 (m, 5H) 4.51 (s, 2H) 3.37- 334 (m, 3H) 3.32 (dd J=6.2, 9.1 Hz, 1H), 2.21
}(br 1H), 1.87-1.95 (m, 1H), 1.37 (m 1H) 120 (m IH) O 99 (d, J=6.8 Hz, 3H)
0.82 (m, 1H), 0.61 (m, 1H), 0.38 (m, 1H), 0.32 (m, 1H); “C NMR (CDC13) o
138.6, 128.3,- 127.5,127.4,75 .4, 72.9; 66.8; 37.7, 34.1, 21.0,  1'7.4, 14.9, 10.3; MS

(APCI) [M+HJ* 235.1.

Olefin 8: To triphenylphosphine (3.54 g, 13.47 mmol) in CH,Cl, (40' mL),.
imidazole (0.92 g, 13.47 mmol) and iodine (3.42 g, 1347 mmol) were added. After
the iodine wasbompletely dissolved, a solution of al¢0h01~7 (2_.63_g, 11.22 mmol)
was added'ahd the _résulting mixture was stirred at 23 °C for 1 h. After this period,
the reactjon mixture was 'concentratédunder reduced pressure, diluted with ether
.and filtefed; The filtfaté was éoncentrated and purified by flash chromatogfaphy to
provide the iodide (3.1 g, 80% yield). The 'complound was uséd in the next step
without further identification. The fodide (28 ¢, 8 mmol) in anhydrous diethyl

ether (80 mL) was cooled to -78 °C, 4A molecular sieves (1.4 g), TMEDA (1.85
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mL, 16 mmol) and n-BuLi (10 mL, 16 mmol) were added. The resulting mixture
was stirred at -78 °C "for'3‘0 min, and water was added. The c‘ooling‘bath waé
removed and the _reactioh rﬁixture was allowgd to warm to 23 °C. Ether was then
added and th¢ orggnic layer was successively waéhed with 10% a_queous' HC1 (20
fnL), saturated aqueous. NaHCO;, water'éﬁd brine. After concentration under
reduced pressure, thé residue was chromatographed over silica gel to afford the
product 8 (1.6 g, 90% yield): [a],” -4.6 0' (c 1.3, CHCL, ); IR (neat) 3030, 1641,
1495, 1454, 13i63, 1098 cm *'; 'H NMR (CDCl,) 6 7.34 (m; 5H), 5.’5.6-5.64 (m,
1H), 4.95 (m, 2H), 4.50 (A’s, 2ﬁ), 3.29-3.32 (cid, J=6.0,9.0 Hz, 1H), 3.22-3.26 (dd,
J=6.7, 9.0 Hz, 1H), 2.24 (m, lH), 1.82 (rﬁ, 1H), 1.37-1.44 (m, IH); 1.06-1.09 (m,
1H), 0.98 (d, J=6.5 Hz, 3H), 0.93 .(d‘, J=’6.7'Hz, 3H); 1*C NMR (CDCI,) & 144.4,
138.8, 128.2, 1274 1273 112.7,76.2, 72.8, 40.7, 35.4, 31.0, 21.3, 16.9; MS (EI)

M?* 218, HRMS (EI) Calcd for C,sH,,0 218.1671, Found 218.1662.

Cyclopropane derivative 9: A solution of 8 (1.76 g, 8.1 mmol) in THF (20 mL)

was allowed to react with 9-BBN (40.4 mL, 202 mmol) at 23 °C for 10 h. The
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reaction mixture was cooled to 0°C and quenched with 3 M NaQH (8.07 mL, 242

mmol) and 30% H,0, (8:1 mL, 76 mmol)., The resulting mixture was Stirfcd at0°C

for 1 h and then diluted w1th diethy!l ether (100 mL) The "organic 1ayer was
separated, waé'héd with J'water brine, dried over+anhydrous NaZSO and
concéntrated. The residue was purifiéd by flash chromatography. to give the
alcohol ( 1.52 vg,‘ 80% yieid) .

Toa solﬁtibn of of(alyl chloride (1.4 g, 10.9 'rhmol) in CH,Cl, (iOmL) was éddéd
DMSO (0.'85> g, 10.9 mmoi) at—78 0C. After 5 fnin, alcoﬁol (1“‘.72 g, 7.3 mmél) in
CH2C12 (10 mL).was added to the solutlon and stirred at —78 °C for 45 min. To the

~ reaction mi.xture trlethylamlr.le 2. 2g 219 mmoi) was added and the resulting
mixture was stirred at the same temperature for 45 inin, then 23 °C for 30 min.
Saturated aqueoﬁs NH,CI Was‘ added to 'th¢ mixture and the layers were separated.
The aquéous layer was extracted with}CH2C12 (2x25 mL).. TheA(v:ombined organic
layers were washed with water and brine, dried over anhydrous Nast4 and
concentrated. The crude aldehyde was used in the next reagtion without further

purification.
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The ester was obtained in the same Horner-EmmonS olefination as that
described for 5 as a Coloﬂess oil (1.77 g, 80% overall yield in two steps).

The allylic alcohol was obtained using the samé Dibal-H reductioh és that
described for 5 as a colorless oil (1.38 g, 90% yield) from the a_bovg ester (1.77 g,
5.8}6 mmol). |

Cyclopro_pane 9 was obtained in the samé manner as that'déscribed for 5 as an
oil (1.2 g, 96% yleld) from the above alcohol (1.2 g, 4.55 mmol) de 91% (by 'H
NMR and 3C NMR); [oc]D23 12.0° (c 55, CﬁCl ); IR (neat) 3383, 3028, 1455,
1374, 1099, '1030 cm s 'H NMR (CDCl,) 8 7.34 (m, 5H), 4.50 (AB, J=12.3, 16.5
Hz, 2H), 3.42 (dd, J=5.6, 11.4 Hz, 2H‘), 3.31-3.35 (dd,» J=5.3,9.1 H%, 1H), 3.22-
3.26 (dd, J=6.9, 9.1 Hz, 1‘H), 1.80-1.86 (m, 1H), v1.58-1.64 (m 2H), 1.41-1.50 (m,
2H); 1.12-1.16 (m, 2H), »0.94 (m, 6H), 0.75-0,78 (m, 1H). 0.58;0.62~(n;, 1H), 0.35-
.0.40‘ (m; 1H), 0.27-0.32 (m, 1H); l‘3C NMR (CDCI3) o 138.7, 128.2, -127.5, 1274,

| ~75.8, 72.9, 670 41.1, 40.6, 31.0, 30.9, 21.1, 26.6, 18.0, 15.1, 10.3; MS .(APCI)

(M+H]" 277.1.
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Olefin deriyative 10 : Olkefin 10- was obtained in the samé manner as that
described for 8 as a éolquess oil _'(1'._66 g, 74% overall yield in two steps) from 9’
(2.4 g, 8.7 mmol): [a],” -4.7 ‘0’((_: 1.3, CHC13); IR (neat) 3029, 1640, 1495, 1455,
1374, 1101 cm’'; 'H NMR (C]‘)C13)‘v6 7.34 (m, 5H), 5.56-5.64 (m, 1H), 4.88:4.98
(m, 1H), 4.5.0 (AB, J=12.1, 16.6 Hz, 2H), 3.31-3.34 (dd, J=5.3, 9.1 Hz, 1H), 3.18- |
3.22 (dd, J=7.0, 9.0 Hz, 1H), 2.18-‘2.274 (m, 1H), 1.82-1.90 (m, 1H), 1.51-1.56 (m,
1H), 1.24-1.33 (m, 4H), 0.96 (d, J=6'.A7‘Hz,’ ?;H)7 0.92 (d, J¥6.7 Hz, 3H). 0.86. (d,
J=6.5 Hz 3H); “C NMR (CbCl3) d 144.7, 138.9, 128.3, 127.5, 127.4, 112.7,76.2,
‘73.0, 44.2, 42.2,35.7, 30.9, 27.7’, 21.6, 20.3, 18.0; HRMS (EI) ééﬂcd for C,sH,50

260.2140, Found 260.2146.

Allylic alcohol 11: Olefin 10 (900 mg, 3.44 mmol) was dissolved in dry CH,Cl,
(20 mL) and cooled to —78 °C. Ozbne was passed through the solution until a faint
blue color appeared. Triphenylphosphine (948 mg, 3.61 mmol) in dry CH2(‘312 (10

mL) was added at —78 °C, then slowly warmed to 23 °C and stirred for 4 h. The

10
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reaction mixfure was concentrated, diluted by 5% ethyl acetate/hexanes and
filtered. After removing th‘e éolvcnt, thc_ crude product was used in the same
Horner-Emmons olefination as that described for 5 to give the ester (747 mg, 65%
overall yield in two steps).

Allylic. alcohol 11 was obtained in the same Dibal-H reduction as that described
for 5 as an oil (582 mg, 90% yield) from thé above ester (740 mg, 2.23 mmol):
(o], -8.2°(c 1.5, CHC13); IR (neat) 3357, 3028, 1602, 1454, 1374, 1094 cm ";“H
NMR (CDCl,) & 7.34 (m, 5H), 5.56-5..62 (tt, J=5.9, 9.4 Hz, 1H),_}5.44-5.50 (dd,
J=8.1, 15.3 Hz, 1H), 4.50 (AB, J=12.é,.15.0 Hz, 2H), 4.07 (t; J=5.8 Hz, 2H), 3.30-
3.34 (dd, J=5.3, 9.0 Hz, 1H), ‘3.18;3.22 (dd, J=6.7, 9.0 Hz, .lH);'2A.25 (m, 1H), 1.85
(m, 1H), 1.50 (m, 1H), 1.24-1.33 (m, 3H), 0.99 (m, 1H), 0.96 (d, J4:6.§ Hz, 3H),
0.91 (d, J=6.é Hz, 3H), 0.85 (d, -J=6.5 Hz 3HA);"3C NMR (CDCl,) § 139.0, 138.3,
128.3, 127.5, 127 .4, 76.1;‘ %3.0; 63.9, 44.2, 42.0, 34 1, 309, 27.7,21.6, 20.3, 17.9,

MS (ESI) [M+H-H,0]" 273.0.

11
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Epoxrde 12: To a flask charged with 4A molecular sieves (400'mg) in CH,Cl, (20
mlL) at —23 0C were added (-)-DET (127.8 mg, 0.62 mmol) and T1(O Pr)4(146 7

mg, 0.52 mrrlol).. The resulting mixture was continued to stir at =23 °C. After 5

min, TBHP (1.29 mL, 6.45 mmol) was added dropwise.} The mixture was stirred at
~23 °C for 3() min. Ally_lic alcohol 11 (748.4 mg, 2.58 mvm‘ol) inVCHZCI2 (5 mL) .
was then added dropwise and the resulting mixture was kept at '—23 0C for 26 h.
Trle reaction miXture was quenched with 15% aduecus NaOH saturated with NaCl.
The mixture was warmed ro 0 °C and stirred for 2 h. The crganic layer was
separated and the aqueous layer was extracted with CH,Cl, (2 x 20 mL). The
combined orgauic layers were washed with brine, dried over anhydrous Na,SO,
and cohcentrated under reduced pressure The residue was chromatographed over
silica gel to afford the product 12 (0.7 g, 90% yield) as a colorless oil: [oc]D23 16.2°
(c 1 9, CHC13) IR (neat) 3438, 1525, 1454 1215 1098 cm 1 1H NMR (CDCL,) &
7.33 (m 5H), 4.50 (AB J=12.0, 15.9 Hz, 2H), 381 3.86 (dd J-25 12.4 Hz, 1H),
350356 (dd, J—48 124Hz lH) 3.28-3.33 (dd J= 5.4, 9.0 Hz, 1H), 3.15-3.21

(dd, J=6.9, 9.0 Hz, 1H) 2.83- 286(m J=2.4 Hz, 1H) 2.65-2.68 (dd, J=2.4,7.2 Hz,

12
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1H), 1.90-1.97 (m, 2H), 1.85 (m, 1H), 1.13-1.28 (m, 4H), 1.05 (m, 1H), 0.92 (d,

J=6.6 Hz, 3H), 0.87 (d, J=5.6 Hz, 3H), 0.85 (d, J=4.8 Hz, 3H); °C NMR (CDCl,) 3

138.8, 128.3, 127.5, 127.4,75.9, 73.0, 62.0, 60.9, 56.6, 42.9, 416, 32.8.30.9, 27.8,

20.9, 18.2, 16.8; MS (APCI) [M+H]" 307.1

Ethyl ester 13: Alcohol 12 (0.584 g, 1.91 mmél) was oxidized in the same Swern
oxidation as that described for 9 to givé the crude aldehyde, which was not further
pﬁrifiéd Aa‘nc-l treated with carbétho’xylide(net'ripheri)./l.phospﬁorane '(1.11 g, 3.05
mmol) at 80 °C fc;r 15 h Most‘ of the solvent was rémoyed and diluted with‘ 5%
ethyl acetate/hexanes. 4The prec;ipitate was filtered off aﬁd'thc;rOughly washevdv With
5% ethyl acetaté/hexanes. THe filtrate was conce’ntrate'd and the residue was
purified to glve the product 13 (0.6 g, 81% overall yleld in two steps): [@],?11.8°
(c 1.2, CHCLy); IR (neat) 1713, 1558, 1455, 1367, 1245 1101 cm '; '"H NMR
4(CDC1 ) & 7.33 (m, 5H), 6.34 (dd, J=1.3, 8.7 Hz, 1H)~, 4.52 (AB, J=12.1, 18 Hz,
2H), 4.22 (g, J=7.1 Hz, 2H), 3.36-3.39 (m 2H), 3. 25 (dd J—6 9, 9.0 Hz, 1H), 2.74

(dd, J=2.0, 7.4 Hz, 1H), 202(d J=1.2 Hz, 3H), 1.90 (m, 1H), 177(m 1H), 1.50-

13




| coesnssssseeeeees e

© 2001 American Chemical Society, Org. Lett., Ghosh 010100069 Supporting Info Page 14

1.60 (m, 2H) 1.35-1.40 (m, 1H) 1.31 (t, J=7.1 Hz, 3H), 110115(m 1H), 1.03 -

(m, 1H), 0.99 (d, J= 67Hz 3H), 0.96 (d, J=6.8 Hz, 3H), 094(d J 65Hz 3H); |
BC NMR (CDC13). § 167.6, 139.2, 138.7, 132.4, 128.7, 127.9, 127.8, 76.2, 73.4,
65.6, 61.2, 53.2, 43.2, 42.0, 33;8, 314, 28.2, 21.3, 18.5, 17.3, 14.6, 13.2; HRMS

(EI) Caled for C,4H, O, 388.2614, Found 388.2582.

Alcohol 14‘ To a mixturé of Pd'z(dba)30CH.Cl3 (77.3 -mg, 0.075 mmol) in dioxane
(5 mL) were added n- -Bu,P (22 4 ul, 0.09 mmol), a solutlon of formic ac1d ('413
mg, 9 mmol) and trlethylamlne (302 %ng, 3 mmol) in dioxane (2 mL) at 23 °C. The
resulting mixture was stirred for 5 mm; The alkenylox1rane 13 (580 mg, 1.5 mmol)
in dioxane (5 mL) was added to the solution, and' the mixture was stirred for 10 h.
The solution was passed over a short pad of silica ggl, and the filtrate was
concentrated. The residue wé's.pu.rified‘ over ﬂash siliéa gel to give the product 14
(524..7 mg, 90% yield): [0];21.0° (c.‘O.98, CHCLy); IR (néz&) 3483, 1708, 1454,
1367, 1278, 1251, 1097 cr# -, 'H NMR (CDCly) § 7.33 (m, 5.H),} 6.87 (td, J=1.3,

7.4 Hz, 1H), 4.52 (AB, J=12.1, 17.5 Hz, 2H), 4.21 (g, J=7.1 Hz, 2H), 3.63 (m, 1H),

14
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3.38 (dd, J=4.9,.‘9.0 Hz, 1H), 3.24 (dd, J=6.9, 9.0 Hz, 1H), 2.32 (t, 7=6.9 Hz, 2H),
1.88 (d, J=0.8 Hz, 3H), 1.73 (m, 1H), 1.‘67 (s,, 1H), 1.6 (m, 1H), 1.52 (m, 1H),
1.33-1.42 (m, 2H), 1.32 (t, J=7.1 Hz, 3H), 0.98 (d, J=7.2 Hz, 3H),‘O.94 (t, J=5.9,
6.4 Hz, 6H),, 0.85-0.99 (m, 2H); C NMR (CDCL) 8 168.4, 139.2, i3§._2, 130.3,
1287, 1279, 1278 76.0, 75.4, 73.4, 61.0, 41.5, 40.7, 36.6, 33.0, 31.4, 28.4, 217,

19.1, 16.1,.1_4.7, 13.1; MS (APCI) [M+H]* 391.1.

Epoxidve‘ 15: To a soluti(;n‘ of 14 .(240 mg, 0.6“1 mmol) in CH,Cl, (10 mL) were
added triethyl;imine (0.26mL, 1.84 mmol) and'teir"t} -bufylciifnethylsilyl triflate (0.25‘
mL, 1.1 mmol) at 0 OC. After 15 min, the _rcaCtion was quenched with saturated
aqueous NH,CI and diluted wifh diethyl ether. The organic layer was separated,
washed with brine’, dried over anhydfous Na,SO, and concentrated to give a yellow
oil, which}wit,hout further phriﬁcation, was rgduced by Dibal'—H as described f'or'S
to give the corresponding allylic alcohol (0.23 g, 80% _over:all yiéld in two steps).

The epoXide 15 was obtained in the same manner as that described for 12 asa

~colorless oil (151 mg, 91% yield) from the above "allylic alcohol (160 mg, 0.36

15
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mmol) and (-f)—DET: [a]p™-25.6 ° (c1.3, CHCl;); IR (neat) 3455, 1461, 1379,
1254, 1070 em ' 'H NMR (CDCL,)  7.33 (m, SH), 4.50 (AB, J=12.1, 145 Hz,
| 2H), 3.82 (tt, J=3.2, 9.8 HZ, 1H), 3.68 (dd, J=4.1, 12.2 Hz, 1H), 3.55 (dd, J=8.3;
| 12.2 Hz, 1H), v3.33.tdd, J=5..'3, 8.9 HZ,‘ IH)., 3;17-3'.24 (m, 2H), 1.80-1.87 (m, 3H),
1.63-1.66(m, blH), 1.55-1.56 (m, IIH), 1.42-1.47 (m, IH)’Z 1.32 (s, 3H5, 1.18-1.32
(rﬁ, 1H), 0.95 (d, J=5.7 Hz, 3H), 0.86 (d, J=6.7 Hz, 3H), 0.90 (s, 9H), 0.86-0.96 (m,
'5H), 0.07 (d, J=2.2 Hz, 6H); °C NMR (CDCly) 8_1?‘)8...2, 128.3, 127.4, 127.4, 76.0,
73.0, 72.8, 65.3, 61.3, 58.3, 41.7, 40.9, 36.3, 31;0‘, 29.7, 27.7, 25.9, 21.2, 18.3,

18.1, 14.6, 14.4; MS (ESI) [M+H]* 479.1.

TBS ether 16: To the epoxy alcohol 15 (351 mg,"0.73' mmol) in CAHzCl2 (10.mL)
at =78 °C were added triethylamine (0.51 mL, 3.5 mmol),‘ methanesulfonic chloride
(0.17 mL, 2.2 mmol) 'and DMAP. (9 rﬁg, 0.073 mmol). The reéulting mixfure was
warmed to 0 °C and stirred fdr 2h. iThe reéctiéh was quenched wjth water, diluted

with diethyl ether (50 mL), washed with 10% aqueous CuSO;, and brine. The

16
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- organic layer was separated, drigd over anhydrous N‘a2804, concentrated to give a
| yelloxy residue which was used in the next step without further identification.

To the above crude mesylaté in butanone (20 mL) were added Nal (1.1 g., 7.3 | |
mmol) and 2 drops 6f diiSOpropylethylamine; The mixtu;e was heated at 85 °C for
15 h. The solvent was removed, the residue was redissolved in ethyl acetate, -

. Washed with water, 10% aquequs. Na25203, water and 'br‘ine. The organic layer was
separated, dried over énhydrous Na,‘,_SO‘4 .and coﬂcentra’ted to giv¢ a yellow oil. The -
crude iodide was used directly in the next step without fﬁrther purification.

16 was obtained in the same manner as that described fbr opening cyclopropane
(from.7 tQ 8) as a colorless oil (285 mg, 84% overall yield in three steps): [0, -
13 % (¢ 2.0, CHCl,); IR (neat) 3472, 1650, 1496, 1461, 1377, 1254, 1076 cm ! 'H
NMR (C‘DC-13») d 7.33 (fn, 5H), 4.99 (d, J=1.0 Hz, 1H), 4.81 (sﬂ,'. 1H), 4.50 (AB,
J.=12'.1, 14.1 Hz, 2H), 4.23 (d, J=9.5 Hz, 1H), 3.86 (m, 1H), 3.68l (dd, J=4.1, 12.2
Hz, 1H), 3.35 (dci, ,J=5'1’ 9.0 Hz, 1H), 3.26 (.clld, J=7.0,8.9 Hz, 1H), 2.27 (d, ]=3.4

‘Hz, 1H), 1.78-1.90 (m, 2H), 1.71 (s, 3H), 1'55-1,°63 (m, 3H), 1.41-1.48 (m, 1H),

: 1.31-1.38 (m, 1H), 1.22-1.29-(m, 2H), 0.96 (d, J=6.6 Hz, 3H), 0.84 (d, J=6.7 Hz,

17
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3H), 0.91 (s, 9H), 0.89-0.92 (m, 3H), 0.09 (d, J=8.5 Hz, 6H); 13C NMR (CDCL,) &

148.9, 139.3, 1287, 1279, 127.8, 110.0, 763, 73.4, 73.1, 727, 42.0, 418, 36.5,

36.2,31.4,28.1,26.3,21.7,18.8, 18.5, 14.8, -3.8, -4.2; MS (ESI) [M+HJ" 463.0.

Polyketide fi;agment 2: Th’e'mixture of alkene 16 (210 mg,'0.45 rhmol) in THF
(15 mL) and Pd/C (10%, 30 rﬁg) Was treated with H2 atA2.3 °C for 6 h.. The reaction
mixtﬁre wasAthen filtered over a short pad of Celite and the fiitrate was purified to
give dioi (143 mg, 84%) as a colorless oil.

To the above diol (143 mg, 0.38 trimoi) in CH 2612 (19 mL), 4A moile.cular sieves
(200 mg), NMO (42 mg, 0.36 mmol) and TPAP (10.7 rﬁg, 0.03 mrhol) were adQed.
After stirring at 23 °C fbr 1 h, the reaction mixture was pasSed over a short silica
gel column and eluted with 5% and 12% ethyl acetaté/hexanes, successively. The'
fractions confaining the aldehyde were concentrated to give a yellow oil (105 mg),
which was dissolved in a mixture (5:1) of (-BuOH and water (10 mL). To the
resulting éolution we?e added 2—mcth?1—2-buténé (0.3 IﬁL, 2.8 mmol), NaClO2

(‘152.5» mg, 1.7 mmol) and NaH,PO,(77.6 mg, 0.56 mmol). After stirring

18
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overnight at 23 °C, the reaction mixture \yas quenéhed by phosphate buffer
solution (pH 3.5, 10 mL)'-and extracted with CH,Cl,. The combined -organicA layers
were Washed with brine, dried ovér anhydrous Na,SO, and concentrated‘under
reduced pressure to give crude acid, which was used in the next reaction without
further purification.

To a solution of the ab(’)v‘e‘ acid in t;BuOH (5_' mL)-were ‘added BOC20
(122.7 mg, 0.56 mmol) and DMAP (103 mg, 0.084 mmol), The resulting solution |
was stirred at 30°C for 15 h. The solver;t was removed under redgced pressure and
the residue was purified by siliéa gel chrométog_raphy to'proVi'de 2 (96.6 mg, 51%
overall ‘yield in 4 steps) aé_ é.'colorle_ss oil: [a]DZB 6.4 o' ( 0.7, :CHC13); IR (neat)
3521',' 1730, 1462, 1368, 1255, 1.152, 1070 cm 'IAH. NMR (CDCL) & 3.76 (m, 1H),
3.61 (m, 1H), 2.44 (m, 1H), 1.84 (m, 1H), 1.69-1;75 (m IH), 1.55-1.65 (m 3H),
1.44 (s, 10H), 1.26-1.40 (m, 2H), 1.1_0‘(d,_ -J=8‘.2v Hz, Sﬁ), 0.89—0.96 (m, 21H), 0.82
(d, J=8.5 Hz, 3H), 0.083 (d, J=11.2 Hz, 6H): °C NMR (CDCL,) 8 176.8, 80.17,
746, 738, 42.2, 413, 38.9, 357, 352, 345, 28.7, 28.5, 263, 211, 190, 189,

18.4, 18.2, 14.9, -4.0, -4.0.

19
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Tyrosine derivative 18: To the ester 17 (2.3 g, 5..46' mmol) "in DMF (30 mL) at
0°C, imidazole (1.12 g, 16.;4-mm01) and triisopropylchibrosilane (1'37, g, 7.1 mmol)
were added. The solution was then warmed to 23 °C and stiﬁed for 2 h. The
reaction mixture was diluted with Et,O .(100. mL) and washed wiAth‘ water }and brine.
The organic layer was separated, dric-;:d. over an};yarou‘s‘ Na,SO, and concentrated to
give a residu'e,_‘ which was puri.fied by flash chromatography kto give fhe
correspénding TiPS ether (3.1 g, 98%): [o]p” 35.1 ° (c 9.6, CHC‘lnl;); IR .(neat) |
3372, 1745, 1719, 1597, 1487, 1390, 1366, 1287, 1169, 1016 cm *; 'H NMR
(CDCl,) & 7753 (é, .1H),‘ 6.96 (dd,v‘J:‘_2.0, 8.3 H;z,_v-lH), 6.76 (d, 1;8.3 ﬁz, 1H), 5.02
(d, J=8.0 Hz, 1H), 4.53 (dd, J=6.2,13.8 Hz, 1H), 3.72 (s, 3H), 3.00-3.04 (dd, J=5.8,
13.9 Hz, 1H), 2.91-2.95 (dd J 6.2, 139Hz 1H), 145 (s, 9H) 131 136(m 3H)
1.14 (d, J=7.5 Hz, 18H); 13C NMR (CDCl,) & 172 6, 155.4, 155.0, 140.6, 130.5,
130.4, 118.3, 90.7, 80.4, 54.9,52.6, 37.4, 28.7, 18.5, 13.5.
To the above ester (2.86 g, 4.95..‘ mmol) in a mixture (10:1) of THF and DMF

(44 mL), Mel (1.4 mL, 24.8 mfnoi) and NaH (0.23 g, 5.7 r.nmol). were added. The

| solution was heated at 60 °C for 20 h. After this period, the mixture was cooled

20
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and then diluted with Et,0. The solution was washed with saturated aqueous
NH4C1, 20% aqueous Na,S,0; and brine. The organic layer was separated, dried
over anhydrous Na,SO, and concentrated to give the product 18 (2.93 g) which

was used in the next reaction without further purification.

Diepetide 19:

To a stirfed 'soiution of the e;bove 18 in CH2C12 (20 mL) at 0 °C, TFA (7.7
mL) was added. The solution Qés warmed to 23 °C and stirred;_for 3 h. The
reaction mixtqre was washed with 5% NaHCO; and brine. Thg organic layer was
separated, dried over anhydrous Na,SO, and concgntrated to give a resi.due which
was purified by flash Chromatography to give th.e corresponding‘ aminé (1.22 g,
50% yield from 17).

To the above amiﬁe 0.6 g, 1..22 mmol) and-‘ B_OC-Glycine-(O.Zs g, 1.71 -
mmol) in DMF at 0 °C were addéd EDC (0.33 g, 1.71 mmol) and HOBT (0.26 g
1.95 mmol). The resulting solutiqn was \;varmed to 23 °C and ‘s.‘tirred fqr 20 h. The

solution was quenched with saturated aqueous NH,CI, diluted with ethyl acetate,

21
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washed with 5% HCI, 5% NaH'CO3 and brine. The organic layer was separated,

dried over anhydrous Na2SO4 and concentrated to give a solid which was purified

by flash chromatography to give the dipeptide 19 (0.71 g, 90% yield): [oc]D23 159°
(c 2 0, CHCl,); IR (neat) 3421, 1742, 1716, 1661 1487, 1285, 1170 cm Y 'H
NMR (CDC13) o 7.55 (d J=1.8 Hz, 1H), 696 (dd J 2.1, 8.4 Hz, lHj 6.74 (d,
J=7.8 Hz, lH); 5.41 (br, lH), 5.10 (dd, J=5.4, 10.5 Hz, 1H), 3.93 (dd, J=3.9, 17.1
Hz, 1H), 3.76 (dd-like, J=3.9; 18.3 Hz, lH), 3.7?; (s, 3Hj, 3.24 (dd, J=5.7, 14..4 Hz,
1H), 2.92 (dd, J=11.2, 14.0 H'Z, 1H), 2..77 (S, 3H), l.4>3 (s, 9H), 1_.24-1.36 (m, 3H),
1.11 (d J=6.9 Hz, 18H) 13C NMR (CDCL,) 6 1706 169.0, 155.5, 1544 139.6,
130.7, 129.4, 1182 1180 90.2, 79.5, 58.9, 52.3,42.3, 33.2, 31.9, 28.3, 180 12.9;

MS (ESI) [M+H]* 648.7."

t-Butyl ester 20: To the dipeptide 19 (0.23 g, 0.35 mmol) in a mixture (2:1) of
THF and H,O0 (12 mL) was added LiOH (36.6 mg, 0.87 mmol) at 0 °C. The
resulting mixture waS stirrevd for 1 h and then acidified to pH 3.5 with aqueous

NaHSO, solutron The mixture was extracted with Et2 (2 X 25 mL) The

22
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combined organic layers were dried over anhydrous Na,SO, and éon‘éentrated to
gi»ve the érude acid which was used in the next reaction without further
purification.

~ To the stirred sélution of above acid (160 mg, 026 mmol)_»and the alcohol 2 (30 -
mg. 0.07 mmol) 1n CH,Cl, (20 mL) at -20‘ °C, DCC (64.3 mg, 0.31 mmol) and
DMAP (9.9 mg, 0.08 mmol) were added. The resulting mixtare was stirred at the
same temperature fof 20 h. After this period, the mixture was filtered over a short
silica gel column and eluted wi"th 1‘0%’Et-OAc/Hexanes‘. The organic solution was
concentrated and purified by ﬂas;h‘chromatography to give the ester 20 (70 mg,
98%) as an.oilz [0]23.1°%(c 1“.1, CHCI,); IR (neat) 3424, ‘1725,, 166'.3', 1487, 1463,
1366, 1285, 1252, 1169, 1071 cm’; 'TH NMR (CDCl,) & 7.57 (d,vv J1=2.1 Hz,, 1H), 7TO
(dd, J=2.1, 8.2 Hz, 1H), 673 (d, J=8.2 Hz, 1H), 5.45 (br, 1H), 5.17 (br, 1H), 4.93
(m, 1H), 3.87 (dd, J=3.6, 17.2 Hz, 1H), 3.;78" (dd, J=3.9, _17,'3 Hz, 1H), 3.49 (m,
1H), 3.26 (dd, J=5.2, 14._7“ Hz,‘lH)‘, 2.92 (dd, J=1_0.8,‘ 14.9 Hz, 1H), 2.79 (s, 3H),
2.40 (m, 1H), 1.88;1.93 (m,le),'1.62-1.’7‘0 (m, 2H), 1.43 (s, 19H), 1.29 (m, 4H),

1.10 (m, 23H), 0.79-0.92 (m, 24H), 0.03 (s, 6H); *C NMR (CDCl,) 8 176.6, 170.3,

23
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169.2, 156.0, 154.8, 140.0, 131.4, 129.8, 118.5, 90.7, 80.1, 79.9, 79.1, 78.4, 72.9,
59.3, 42.8, 41.6, 41.4, 38.8, 36.6, 33.6, 32.5, 32.1, 28}.9, 28.8, 28.5, 26.3, 21.1,

18.9, 18.5, 18.1,..17.9, 13.9,13.5,-3.6, -4.4.

Cycldamide 21: To a stiffed ,soluAtio.rll of the ester 20 (45 mg, 0.042 mmol) in
CH,C], (1 mL) at 0 °C, TFA (1 mL) was added. The resulting mixture was stirred
at 0°C £0‘23°C for 3 h. After-this period, the yelle solution was concentrated and
azeotropically dried with benzene to give the crude amino acid.

To thé above crlide_,amino acid in CH,Cl, (90 mL) at 0.°C were added BOP
reagent (90 mg, 0.2 'rﬁmcﬂ)_and DMAP (45 mg, 0.37 mmol). The solutionAwa's
stirred at 0 OC for 4 h; then allowed to warm to 23 °C and stirred for 20 h. The
reaction mixture was w'ashed with dilute HCl and brine. The organic layers were
driéd over anhydrous NaZSO4‘anvd concentrated to give a residue which was
purified by flash chr_omatograpﬁy to provide cycldaﬁlide 21 (254 mg, 82% yield)

and trifluoroacetate derivative 22 (3.5 mg, 10% yield). Compound 22 (crude) was

redissolved in methanol (1 mL) and treated with aqueous ammonia (2 drops) and
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stirred at 23 °C for 1 ‘h. The solvent was removed and the residue was purified by
chromatégraphy to givé.Zl (2 7 mg, 8 8% yield): ta]D23 -33.9 %(c 0.3, CHCL); IR
(n'e.atv)A3v352, 17217, .1652, 1487, 1463, 1286, 1254, 1037 cm I, 'TH NMR (CDC13) 8.
7.60 (d, J=2.1 HZ, 1H), 7.02 (dd, J=2.3, 8.4 Hi, 1H),'6.77 (d, J=8.3 Hz, 1H), 6.18
(d, J=8.3 Hz 1H), 5.44 (dd, J=4.4, 12.4 Hz, 1H), 5.06 (dd,dd, J=1.8, 5.2, 2.0, 5.2
Hz, 1H), 4.80 (dd, J%8.8, 16.9 Hz, 1_H),v'3.59 (dd J=1’3.6 Hz, 1H), 3.45 (dd, J=4.4,
15.5 Hz, 1H), 3.30 (dd, J=1.5, 16.9'Hz, 1H), 2.94 (s, 3H), 2.89 (dd, J=12.5, 15.5
Hz, 1H), 2.80-2.93 (m '1H), 2.43 (m, 1_H), 2.06 (m, 1H), 1.88 (m, IH), 1.43-1.56
(m,‘ 3H), 1.28-1.39 (m, TH), 1;14 (d, J=7.5 Hz, 2;1H), 1.0341.12;(m, 4H), 0.99 (d,
J=5.6 Hz, 3H), 0.98 (d-like, J=1.2 Hz, 3H); 0.96 (d-like, J=1.32'Hz, 3H), 0.86 (d,
- J=8.6 Hz, 3H); °C NMR (CDC13) & 178.1, 172.4, 172.0," 155.0, 139.5, 130.8,
129.2, 118.6, ‘90.9,'66..0, 58.6’, 45.4, 43.4, 40.2, 39.6, 34.7, 33..2, 31.1, 30.8, 27 .4,

19.4,18.7, 18.5, 18.4, 18.1, 14.8, 13.5.

Doliculide 1: To the TIPS ether 21 (20 mg, 0.027 mmol) in THF (1 mL) at 0 °C

was added TBAF (41 uL,v0.041 mmol). The fesulting mixture Was stirred for 15
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min. After this period, the reaction mixture was quenched with saturated aqueous

NH,C1 solution and the mixture i_;vas extracted with EtbAc (2 X 25 mL). The
combined organicz layers were washed Vwith brine, dried over anhydrous Na,SO,
varid concentrated to give a residue which.';was‘ purified hy flash chromatography to

' provide synthetic 1(16.5 mg, 98%): mp 173-174 Oé; [d]D23 -254° (c 0.28, MeOH);
IR (neat) 3395 3324, 1729, 1644, 1506, 1459, 1416, 1290, 1256 1035, 998 cm
'H NMR (CDC13) d 7.51 (d J= 20Hz .lH) 7.09 (dd, J 2.0, 8.3 Hz lH) 6.90 (d,
J=8.3 Hz, lH) 6.25 (d, J=8.7 Hz, 1H), 6.06 (br s, lH) 5.50 (dd J=4.4, 12.4 Hz,
1H), 5.07 (dddd J=1.7, 5.1 Hz, lH) 482 (dd 1=8.9, 16.9 Hz, 1H), 3.60 (dd,
J=11.3 Hz, 1_H), 3.47 (dd, J=4.4, 15.7 Hz, 1H), 3.28 (dd, J=1.8, 16.8 Hz, 1H), 2.97
(s, 3H), 2.90 (dd J=12.4, 155Hz lH) 245 (m 1H), 2.05 (m, 1H), 1.89 (m, 1H),
172 (br s, 1H), 1.46 (t J—124Hz 1H), 1.44 (ddd J= 19 11.8, 13.9 Hz, 1H), 1.31
(ddd, J=2.4, 118 13.9 Hz, 1H), 1.19 (m, 1H) 115 (d, J=6.6 Hz, 3H), 1.03-1.11
(m, 3H), 0.99 (d, J= 63Hz 3H), 0.97 (d, J-72Hz 6H) 0.86 (d J=6.9 Hz, 3H);

13C NMR (CDCl,) 8'178.2, 172.3, 172.1, 154.5, 138.3, 130.8, 130.1', 115.6, 86.0,

26
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. 778, 66.1, 58.5, 45.4, 43:5, 40.1, 39.6, 34.7, 33.2, 32.8, 31.2, 30.6, 27.4, 19.3,

18.8, 18.5, 18.1, 14.8; MS (EI) (M") 616.

27
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(-)-Doliculide 1 ( Synthetic)
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Compound 5

COCLI STANDARD PARAMETERS

i- o ot B s ek b e Bl
;_.:." I.+ "'E.'.Nuﬁ

2%

£8011395.001
HO, DATE 17-10-0
_ , SF 400.134
A . 5Y 133.0
01 6600.000
: SI 16384
T0 16384
% 4807.532
| BnO : . WL/PT (387
, PH 6.0
5 Me A0 1.000
AQ 1.704
] -]
NS 3t
e 237
] FW 5100
02 ° §500.000
0F &3L PO
L8 .100
68 0.0
cx  34.00
¢t 15.00
Fi 7.601P
F2 .754P
HZ/CH 80.609
PRM/CH  .201
- SR 4395.00

-
~
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1.5 7.0 6.5 6.0 5.5 5.0 4.3 PPMLO 3.5 3.0 2.5 2.0 1.5 W
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Compound 5

COCL3 C13 STANDARD PARAMETERS

PPH

N _ . EB011395.001

) . DATE 17-10-0
| - BnG™ SF 100614
: St 74.0

SW 23809.524
HZ/PT 1,453

ﬂ : : PY 3.4
RO 2.000

A6 go¢
NS 751

, FW 29800
| ' 02 6600.000
0P 2L PO

Le 1.000
| 68 0.0
£X 34.00
| ‘ S 6y 15.00
Ft  142.006p
[ F2 0t
: . HZ/CH 381.726
PAM/CH 3.794
SR -5118.00
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Compound 7

1ST CYCLOPAOPANATION:

o
(Y

UATE 4-11-99
, SF 400.13
SY 133.0
J 01  £§600.000
: SI 16384
0 15384
SW 4807.692
HZ/PT 587
Py 5.0 -
| AD 1.000
: A0 1.704
A6 10
NS .8
TE 297
FW 6100
02 6600.000
0F &L P4
La .100
68 0.0
€t 34.00
oY 2000
Fi 7.800P
F2 -a00P
HZ/CM 91.794
PPN/CH 229
SR 4395.00




