CHEMISTRY

A EUROPEAN JOURNAL

Supporting Information

© Copyright Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim, 2007



Total Synthesisand Selective Activity of a New Class of Confor mationally-
Restrained Epothilones

Mamoun M. Alhamadsheh, Shuchi Gupta, Richard A. Hudson, Lalith Pereraand L. M. Viranga
Tillekeratne*?

[a Department of Medicinal and Biological Chemistry, University of Toledo, Toledo, OH 43606, (USA)
Fax: (+1) 419 530-7946
E-mail: Itillek@utnet.utoledo.edu

S1



Contents

General Mot OGS .o e e e S2
Synthesis of Internediates 3 and 4 ..o A4
'H and *C NWR spectra for all compounds ......ccceceveeeevieeeeeeecenenne. S7
Antitunmor ACtIVItY FOr LD e S37
Ref €r €NCES f oI Sl e e e eaan 40

Gener al net hods.

All reactions were carried out wunder an argon or nitrogen
at nosphere using dry solvents under anhydrous conditions, unless
ot herwi se noted. Tetrahydrofuran (THF) and diethyl ether were
distilled under nitrogen from sodi um benzophenone. The sol vents
used wer e ACS gr ade from Fisher. Yi el ds refer to
chromat ographical ly and spectroscopically ('H NVR) honpgeneous
materials, unless otherwi se noted. Reagents were purchased from
Aldrich and Acros, and used w thout further purification. Amano
PS-D lipase was generously provided from Amano Enzynme USA.
Reactions were nonitored by thin-layer chromatography (TLO)
carried out on 0.20 mm POLYGRAM® SIL silica gel plates (Art.-Nr.
805 023) with fluorescent indicator UVsss using WV light and 15%
sulfuric acid in ethanol solution and heat as visualizing
agents. Nornmal phase flash colum chromatography was carried out
using Davisil® silica gel (100-200 mesh, Fisher). Preparative
t hi n-1ayer chromatography (PTLC) separations were carried out on
1 mm or 2 mmE Mrck silica gel plates (60F-254). NWR spectra
were recorded on Varian |INOVA 600, Varian VXRS-400, Bruker AC-F
300 MHz, or N colet NM500 MHz (nodified with a Tecmag Libra
i nterface) i nstrunents and cali brated usi ng resi dual
undeuterated solvent as internal reference. Coupling constants
(J) were expressed in Hertz. Attached proton tests (APT) were
perfornmed to distinguish between different carbons in the *C NWR

spectra. The follow ng abbreviations were used to explain the
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multiplicities: s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, and b = broad. Optical rotations were
recorded on an AUTOPOL® |1l 589/546 polarimeter. High-resolution
mass spectra (HRMB) were recorded on a Mcromss LCT
El ectrospray nmass spect ronet er per f or ned at t he Mass
Spectronmetry & Proteomics Facility (The Chio State University).
(+)-Allyldiisopi nocanpheyl bor ane sol ution in pent ane was
prepared by an adaptation of a procedure reported by Brown et
al .Y Allyl magnesium bromide (5.82 ml of 1 m solution in ether,
5.82 mmol ) was added dropwise to a well-stirred solution of (-)-
B- net hoxydi i sopi nocanpheyl borane (1.92 g, 6.062 mol) in ether
(35 mM) at 0 °C. After addition was conplete, the reaction
m xture was stirred at room tenperature for 1h, and the solvents
were punped off under reduced pressure. The residue was
extracted with dry pentane (3 x 13 m) under nitrogen, and the
stirring was discontinued to allow the precipitation of the
MyBr (OWMe) salt. The clear pentane supernatant was cannul ated
into another flask through a filtering funnel, and used w thout
further purification.

Zinc borohydride (0.3 m solution in dry ether) was prepared by
addition of saturated solution of anhydrous zinc chloride (12 g,
88.05 mmol, oven dried at 130 °C for 8 h under vacuo) in ether
(50 M) to NaBH; (8.1 g) in ether (150 m).[23

Ceneral procedure for Msher Ester: To a stirred solution of
al cohol (1 equiv), DVAP (0.5 equiv), and triethylamne (3 equivV)
in nmethylene chloride was added (S)-(+)- or (R)-(-)-a-nethoxy-a-
(trifluoronethyl)phenylacetyl chloride (MIPACI) (3 -equiv) at
room tenperature. The resulting mxture was stirred overnight.
The solution was diluted with ethyl acetate and washed wth
water, dried, and concentrated in vacuo. Purification by silica
gel colum chromatography will furnish the Mosher Ester.
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6- Met hyl -hept-6-enoic acid (7): nBuLi (10.8 m of 2.5 wm in
hexanes, 27 mol, 1.3 equiv) was added to a solution of
nmet hyl t ri phenyl phosphonium bromde (9.7 g, 27 mol, 1.3 equiv)
in dinethyl sulfoxide (50 m) at 0°C, and the mixture was stirred
at room tenperature for 1 h. It was then added to a solution of
6- oxo- heptanoic acid 6 (3 g, 20.82 mol, 1 equiv) and nBuLi
(8.33 M of 2.5 m in hexanes, 20.82 mol, 1 equiv) in THF (30
m). The mxture was stirred at room tenperature for 48 hr.
Water was added and the mxture was acidified with 2 ~n HO and
extracted with nmethylene chloride (3 x 50 ml). The organic |ayer
was washed wth 10% aqueous sodium hydroxide solution. The
aqueous layer was acidified with 2 ~n HOJ and extracted with ethyl
acetate (3 x 60 m). The organic extracts were dried over
anhydrous sodium sul fate and concentrated in vacuo. Purification
by flash colum chromatography (10% Et OAc/ hexanes) gave pure
acid 7 (2.32 g, 78% as a colorless oil: TLC R = 0.47 (silica
gel , 25% Et OAc/ hexanes); 'H NVR (600 MHz, CDO3) d 4.69 (s, 1H),
4.65 (s, 1H), 2.34 (t, J = 7.8 Hz, 2H), 2.01 (t, J = 7.8 Hz,
2H), 1.69 (s, 3H), 1.64-1.58 (m 2H), 1.50-1.44 (m 2H): ¥C NWR
(100 MHz, CDCl3) d 180.7, 145.6, 110.4, 37.5, 34.2, 27.1, 24.4,
22. 5.

6- Met hyl - hept - 6-enoyl chloride (8): To a solution of the
carboxylic acid 7 (2.2 g, 15.5 mml) in benzene (30 m), was
added oxalyl chloride (3 m, 34.4 mol, 2.22 equiv). A drying
tube was placed on the flask and the reaction mxture was
stirred for 90 mn at room tenperature before it was
concentrated in vacuo. The crude acid chloride 8 was used in the
next step without further purification: TLC R = 0.37 (silica
gel , 25% Et OAc/ hexanes); 'H NVR (600 MHz, CDO3) d 4.69 (s, 1H),
4.67 (s, 1H), 2.88 (t, J = 7.8 Hz, 2H), 2.02 (t, J = 7.8 Hz,
2H), 1.74-1.66 (m 2H), 1.69 (s, 3H), 1.58-1.46 (m 2H); '*C NWR
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(100 MHz, CDOl3) d 173.9, 145.1, 110.7, 46.7, 37.3, 26.4, 24.8,
22. 4.

(4S)-4-1sopropyl -3-(6-net hyl - hept - 6- enoyl ) - oxazol i di n-2-one (9):
To a solution of (S)-4-isopropyl-2-oxazolidonone (1.56 g, 12.1
mmol, 1 equiv) in THF (40 nl) at -78°C was added nBuLi (4.84 ni
of a 2.5 msolution in hexanes, 12.1 mmmol, 1 equiv). After 15 mn
acid chloride 8 (2.14 g, 13.3 mmol, 1.1 equiv) was added and the
m xture was stirred for 30 nin at -78°C and for 15 mn at 0°C
Sat ur at ed aqueous anmonium chloride solution (10 m) was added
and the resulting slurry was concentrated in vacuo. The residue
was diluted with ether and washed successively with saturated
aqueous sodium bicarbonate and brine. The organic |ayer was
dried over anhydrous sodium sulfate, filtered, and concentrated
in vacuo. Purification by flash chr omat ogr aphy (10%
Et OAc/ hexanes) gave imde 9 ( 2.94 g, 96% as a colorless oil:
[a]**p = +66.7 (c= 0.6, CHd3): TLC R = 0.40 (silica gel, 25%
Et OAc/ hexanes); 'H NVR (600 MHz, CDCl3) d 4.68 (s, 1H), 4.66 (s,
1H), 4.43-4.40 (m 1H), 4.25 (t, J = 9.0 Hz, 1H), 4.19 (dd, J =
3.0 Hz, 9.0 Hz, 1H), 3.01-2.83 (m 2H), 2.38-2.32 (m 1H), 2.02
(t, J = 7.8 H, 2H), 1.69 (s, 3H), 1.67-1.61 (m 2H, 1.51-1.46
(m 2H), 0.90 (d, J = 7.2 Hz, 3H), 0.85 (d, J = 7.2 Hz, 3H); 3C
NVR (100 WHz, CDCl3) d 173.5, 154.3, 145.8, 110.2, 63.6, 58.6,
37.7, 35.6, 28.6, 27.2, 24.3, 22.6, 18.2, 14.9; HRVS (ESI): mz:
cal cd for Ci4HpsNO; + Na® 276.1576; found 276.1567 [M + Na'].

(2S)-2,6-Dinethyl -hept-6-enal (3): As reported by Schinzer et
al .[4: [a]??, = +11.8 (¢=0.5, CHd3); TLC R = 0.64 (silica gel,
25% Et OAc/ hexanes); 'H NVR (600 MHz, CDCl3) d 9.56 (d, J = 1.8
Hz, 1H), 4.66 (s, 1H), 4.62 (s, 1H), 2.34-2.28 (m 1H), 1.98 (t,
J = 7.8 Hz, 2H), 1.69-1.62 (m 4H), 1.48-1.27 (m 3H), 1.05 (d,
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J = 6.6 Hz, 3H); **C NWR (100 MHz, CDO3) d 205.3, 145.4, 110.4,
46. 4, 37.8, 30.2, 24.9, 22.4, 13.5.

(5S)-5,7-Bis-(tert-butyl-dimethyl-silanyl oxy) -4, 4-di net hyl -

hept an-3-one (4): Sodi um borohydride (570 ng, 15.4 muol, 2 equiv)
was dissolved in nethylene chloride (175 m) and dry ethanol (75
m). The mxture was cooled to -78°C for 15 mn after which a
solution of aldehyde 10 [¥ (2.2 g, 7.7 mmwl, 1 equiv) in
nmet hyl ene chloride (5 m) was added. After stirring for 1 h
water (6 nm) was added and the reaction mxture was allowed to
warm to room tenperature. Methylene chloride (400 m) was added
and the mxture was washed wth saturated aqueous sodium
bi carbonate before it was dried over anhydrous sodium sulfate
and concentrated in vacuo to give crude alcohol mxture 11 and
12. The crude alcohol mxture was dissolved in nethylene
chloride (40 m) and cooled to 0°C. Inidazole (3.14 g, 46.15
mmol, 6 equiv) and tert-butyldinethylsilyl chloride (3.47 g,
23.1 mmol, 3 equiv) were added and the reaction mxture was
stirred at room tenperature for 16 hr. Saturated aqueous
anmonium chloride (30 mnm) was added and the Ilayers were
separated. The aqueous |layer was further extracted with ethyl
acetate (3 x 30) and conmbined organic extracts were dried over
anhydrous sodium sul fate and concentrated in vacuo. Purification
by flash chromatography (1% - 5% EtQOAc/Hexanes) gave the
bis(silylether) 4 (2.5 g, 81% over two steps) as a colorless
oil: [a]?®» = -7.4 (c= 1.8, CHCO3); TLC R = 0.70 (silica gel, 20%
Et OAc/ hexanes); 'H NWR (600 MHz, CDO3) d 4.06 (dd, J = 7.6 Hz,
3.0 Hz, 1H), 3.62-3.54 (m 2H), 2.57-2.41 (m 2H), 1.56-1.42 (m
2H), 1.09 (s, 3H), 1.02 (s, 3H, 0.99 (t, J = 7.0 Hz, 3H), 0.86
(s, 9H), 0.85 (s, 9H), 0.07 (s, 3H), 0.02 (s, 3H), 0.01 (s, 3H,
0.002 (s, 3H); *¥C NWR (100 MHz, CDO3) d 215.8, 73.6, 60.3,
53.2, 37.5, 31.8, 26.3, 26.1, 22.4, 20.2, 18.5, 18.4, 7.9, -3.8,
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m z:

-5.1; HRMS (ESI): calcd for

425.2885 [M + Na'].

ETANDAND PRITON PARAMETERS

Co1HisOsSi 2 + Na*

425. 2883; found
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STANGARD PROTOW PARAMITERE
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WTAMIAKD PROTON PARAMETERS
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Figure 1S. Cytotoxicity datafor compound 1b against the NCI in vitro 60 cell line human tumor

screen (Dose Response curves).
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Figure 2S. Cytotoxicity datafor compound 1b against the NCI in vitro 60 cell line human tumor
screen (In-Vitro Activity).
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National Cancer Institute Developmental Therapeutics Program
In-Vitro Testing Results
MNSC : D - 742992 /1 Experiment |D : 0610NS24 Test Type : 08 Units : Malar
Report Date : December 29, 2006 Test Date : October 16, 2006 QNS - MG -
COMI : MA-3 (54347) Stain Reagent : SRB Dual-Pass Related SSPL : OSHE
Log 10 Concentration
Time Mean Oplcal Densilies Percent Growth
PanaliCell Line Zaro Clrl -8.8 -T.8 -6.8 -5.8 a8 -8.8 -Ta -6.8 -5.8 -4.8 GIs0 TGl LC50
Leukemia
CCRF-CEM 0.207 0.804 0.819 0.082 0131 011 0.299 BE -60 -ar 4T 13 2.70E-% 5 .
HL-GO(TE) 0.331 1.505 1539 1381 1.054 0652 057 103 Ba 62 ar 20 32TE-T > 1.50E-5 > 1.50E-5
H-562 0.154 1.069 1.085 1.054 1.023 0.913 0.388 103 98 a5 B3 26 5.62E-6 > 1.50E-5 > 1.50E-5
RPWMI-B2286 0.885 2412 2098 2176 2.005 2154 1.769 T3 a4 T3 a3 58 = 1.50E-5 = 1.50E-5 > 1.50E-5
SR 0149 0.443 0.326 0219 0177 0.135 0.074 60 24 a =10 -51 2.85E-9 4 B4E-T T44E-5
Mon-Small Cell Lung Cancer
ASAQIATCC 0.472 2076 2199 2251 2211 2208 1906 108 111 108 108 k] > 1.50E-5 > 1.50E-§ > 1.50E-§
EKWVX 0446 1.187 1.188 1250 1275 1.282 1.004 102 109 112 113 75 = 1.50E-5 = 1.50E-5 > 1.50E-5
HOP-62 0.534 1.631 1.649 1568 1.527 1539 1.7 102 a4 @/ g2 a0 = 1.50E-5 = 1.50E-5 > 1.50E-5
HOP-2Z 0.626 0.934 0.928 0.E89 0.B8E O0.E&74 0833 98 a5 a5 @ BT = 1.50E-5 = 1.50E-5 > 1.50E-5
MCI-HZ28 0841 1.926 1.983 2011 1.997 2073 1.763 105 108 107 114 BE > 1.50E-5 > 1.50E-5 > 1.50E-5
MCI-HZ23 0.442 1.183 1.154 1.208 1375 1177 1.035 95 103 126 29 a0 > 1.50E-5 > 1.50E-5 > 1.50E-5
MCI-H3Z2ZM 0.521 1213 1.215 1238 1.183 1270 1.160 100 104 ar 108 52 > 1.50E-5 > 1.50E-§ > 1.50E-§
MCI-H460 0.30% 2133 2208 2210 2238 2276 2.163 104 104 106 108 102 > 1.50E-5 > 1.50E-5 > 1.50E-5
MCI-H5322 0716 1.624 1.568 1490 1.5868 1543 1232 24 a5 96 M 57 = 1.50E-5 = 1.50E-5 = 1.50E-5
‘Colon Cancer
COLO 205 0.2890 0.741 0.735 0.683 0658 0638 0436 ] ar a2 7 3z 6.04E-6 = 1.50E-5 = 1.50E-5
HCC-2998 0.639 0887 0.918 0.988 0899 0539 0.780 78 ar 72 a4 39 B.589E-6 > 1.50E-5 > 1.50E-5
HCT-118 0.148 1472 1.318 1.472 1369 1445 0.867 ag 100 a2 98 54 > 1.50E-5 > 1.50E-5 > 1.50E5
HCT-15 0.214 1.856 2011 1.959 1.916 1.9820 1.720 03 100 98 98 5] > 1.50E-5 > 1.50E-5 > 1.50E-5
HT29 0.213 1.227 1.167 1191 1218 1211 1.083 93 1] 99 98 as > 1.50E-5 > 1.50E-5 > 1.50E-5
KM12 0.447 1511 1.667 1.587 1709 1801 1577 05 107 119 109 108 > 1.50E-5 > 1.50E-& > 1.50E-5
SW-g20 0.202 1.415 1.474 1.403 1332 1839 1175 105 99 93 138 80 > 1.50E-5 > 1.50E-5 > 1.50E-5
CNS Cancer
SF-268 0466 1.504 1.542 1465 1456 1482 1382 104 96 95 28 Ba& = 1.50E-5 = 1.50E-5 = 1.50E-5
S5F-235 0.605 2223 2276 2178 2.074 2152 2079 103 ar 4] 96 31 = 1.50E-5 = 1.50E-5 > 1.50E-5
SF-5389 0.542 1.561 1.617 1.678 1.583 1.644 1699 106 12 103 108 114 = 1.50E-5 = 1.50E-5 > 1.50E-5
SNE-13 0.795% 2.866 2782 2607 2487 2503 2167 96 ar a2 a2 66 = 1.50E-5 = 1.50E-5 » 1.50E-5
SNB-TS 0270 0.561 0.571 0.584 0.562 0.563 0.506 103 108 100 101 a1 > 1.50E-5 = 1.50E-5 > 1.50E-5
Uz 0.332 1.811 1.889 1.897 1.860 1883 1818 106 106 103 106 100 > 1.50E-5 > 1.50E-5 > 1.50E-5
Melanoma
LOX IMVI 0.301 2263 2343 2235 2236 2249 2104 104 99 99 99 82 = 1.50E-5 > 1.50E-5 > 1.50E-5
MALME-3M 0.528 0.862 0.862 0.856 0.895 0832 0777 100 98 110 " 74 > 1.50E-5 > 1.50E-5 > 1.50E-5
14 0.348 1.374 1.229 1341 1270 1.324 1259 a8 ar a0 95 B9 = 1.50E-5 > 1.50E-§ > 1.50E-§
SK-MEL-2 0.581 1.134 1181 1.148 1.158 1.116 1.116 108 103 104 a7 a7 > 1.50E-5 = 1.50E-5 > 1.50E-5
SK-MEL-28 0373 1118 1.138 1132 1101 1.086 0975 03 102 98 96 &1 > 150E-5 = 1.50E-5 = 1.50E-5
SK-MEL-5 0.280 1.310 1.378 1.416 1.286 1.304 1.084 107 10 =] 99 78 > 1.50E-5 > 1.50E-5 > 1.50E-5
UACC-257 0.929 1.858 2.021 2.098 2.014 2.006 1.840 106 14 105 105 k] > 1.50E-5 > 1.50E-5 > 1.50E-5
UACC-82 0.720 2.330 2,358 2465 2.424 2530 2.104 102 108 106 112 L] > 1.50E-5 > 1.50E-5 > 1.50E-5
‘Dwarian Cancer
IGROVT 0287 1.018 1.054 0.994 0929 1.026 0611 105 a7 aa 101 a4 1.20E-5 > 1.50E-§ > 1.50E-§
OVCAR-3 0.373 1.555 1.529 1.442 1343 1473 1.042 98 80 B2 94 57 > 1.50E-5 > 1.50E-5 > 1.50E-5
OVCAR-4 0.362 0861 0881 0918 0901 0915 0719 104 111 108 111 72 = 1.50E-5 = 1.50E-5 = 1.50E-5
OVCAR-5 0771 2104 2084 Z022 1989 1955 1652 98 24 41 aa 66 = 1.50E-5 = 1.50E-5 » 1.50E-5
OVCAR-B 0429 1.713 1.762 1.842 1.852 1808 1651 104 110 111 107 95 = 1.50E-5 = 1.50E-5 = 1.50E-5
SH-0V-3 0.753 1.202 1.182 1170 1.184 1.168 1.139 98 23 a6 g2 a8 = 1.50E-5 = 1.50E-5 » 1.50E-5
Renal Cancer
Tag-0 0.659 2611 23833 2489 2553 2E25 2526 1 a4 a7 101 a8 > 1.50E-5 > 1.50E-5 > 1.50E-5
A488 0.845 1453 1.454 1466 1457 1442 1403 100 102 1 98 a2 > 1.50E-5 > 1.50E-5 > 1.50E-5
ACHN 0.332 1741 1.726 1741 1.726 1.713 1528 93 100 99 28 B85 = 1.50E-5 = 1.50E-5 = 1.50E-5
CAKI-1 0.640 1.769 1.820 1.855 1617 1732 1.204 104 20 ar ar 58 = 1.50E-5 = 1.50E-5 = 1.50E-5
RXF 383 0.8z8 1.403 1.429 1376 1436 1393 1.303 105 96 106 28 B3 = 1.50E-5 = 1.50E-5 = 1.50E-5
SN12C 0445 1.524 1621 1640 1.682 1.659 1.524 108 11 15 12 100 = 1.50E-5 = 1.50E-5 » 1.50E-5
TK-10 0.609 1.096 1.163 1.191 1.185 1.209 1.134 114 120 120 123 108 = 1.50E-5 = 1.50E-5 > 1.50E-5
Uo-31 0288 1.336 1.344 1.269 1.264 1215 0.973 1o 94 a3 a9 65 = 1.50E-5 = 1.50E-5 = 1.50E-5
Prostale Cancer
PC-3 0.265 1.012 1.078 0.994 1006 0961 0.855 108 a7 99 a3 72 > 1.50E-5 > 1.50E-§ > 1.50E-§
DILJ-145 0190 0.782 0.808 0815 0.792 D805 0.733 105 106 102 104 82 = 1.50E-5 = 1.50E-5 > 1.50E-5
Breasl Cancer
MCF7 0.386 1418 1.319 1353 1426 1537 0939 90 94 11 112 54 = 1.50E-5 > 1.50E-5 > 1.50E-5
NCUVADR-RES 0366 1174 1201 1457 1105 1102 08995 103 98 o 3] 8 > 150E-5 = 1.50E-5 > 1.50E-5
MDA-ME-231/ATCC 0.644  1.435 1.494 1446 1453 1.524 1.382 a7 101 102 111 23 = 150E-5 = 1.50E-5 > 1.50E-5
HS 5T8T 0.381 0.819 0.784 0.799 0762 0793 0.722 92 98 ar 94 T8 > 1.50E-5 > 1.50E-5 > 1.50E-5
MDA-ME-435 0.481 2297 2260 2383 2259 2512 2303 98 105 98 112 100 > 1.50E-5 = 1.50E-5 > 1.50E-5
BT-549 0.635 1222 1.283 1.315 1321 1322 1229 112 186 17 117 101 > 1.50E-5 > 1.50E-5 > 1.50E-5
T-47D 0.609 1.0855 1.123 1.081 1.055 1.03§ 0.768 115 108 100 96 36 B.EB5E-6 > 1.580E-5 > 1.50E5

Figure 3S. Cytotoxicity datafor compound 1b against the NCI in vitro 60 cell line human tumor

screen (Mean Graphs).
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