252
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIRECCION DE NUEVAS CREACIONES

2020
Bogota, D.C.,
Abogado i
ALVARO CORREA ORDONEZ
ASUNTO Radicacion 08 125 426
Tramite 011
Evento 378
Actuacion 519
Oficio Bil12g i
Folios 10
Patenie de Invencion iz] Patente de Modelo de Utilidad
Via Nacional
Via PCT (Fase Nacional) i Capitulo | v Capitulo Hl
No. Solicitud Internacional PCT/US2007/0B9736
Fecha de Presentacién Internacienal 25/Mayo/2006

Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45
de la Decision 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcidn: Folios 109 a 220 25/Noviembre/2008
Reivindicaciones: Folios 221 a 223 25/Noviembre/2008
Prioridad: US 60 808 366 25/05/2006

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486} y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: “Compuestos de Aziridinil-Epotilona”.

El problema planteado en esta solicitud consiste en la necesidad de proporcionar
compuestos que pueden utilizarse en el tratamiento del cancer para ia preparacion
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de conjugados para administrar un farmaco dirigido, especialmente folatos.

Para resolver este problema técnico la solicitud en estudio proporciona un
compuesto de la formula (X) y composiciones que Io contienen

Heme—e K——A

El objeto de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): C 07 D 491/04, A 61 K 31/427 // 31/396, A 61 P 35/00.

4. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)

El uso de las reivindicacion 9 no es patentable, de acuerdo con el Art 14.
5. De la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

« lareivindicacién 1 no es concisa porque emplea términos como alquilo, alquenilo
y cicloalquilo para estos sustituyentes se solicita establecer el nimero de atomos
que los componen, por otra parte, es necesario aclarar cuéales son los
heteroatomos y cuéntos atomos son los que hacen parte de los radicales
heterocicloalquilo y heteroarilo.

 En la reivindicacién 2 se solicita aclarar cudles heteroatomos y de qué tamafo
son los sustituyentes heteroarilo descritos y definir el nimero de atomos de
carbono del radical alquilo inferior.

* En la reivindicacién 10 se describe un procedimiento pero este no se define
mediante caracteristicas como alguna etapa 6 alguna condicién especifica en que
debiera realizarse. Se sugiere, entonces, definir la invencién por sus caracteristicas
esenciales como son ias etapas y condiciones fisicoquimicas bajo las que se lievo a
cabo.

6. Determinacion del Estado de ta Técnica
El Estado de la Técnica se determind con base en la fecha de Presentacion de la

Solicitud de Prioridad: Mayo 25 de 20016 y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:
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item Documento Titulo Fecha de Publicacion®
D1 US2005002942 Vitamin receptor binding 06/01/2005
drug delivery conjugates
D2 US6399638 121 3"20".'“9." epothilone 01/06/2002
erivatives
D3 W002095868 Epothilone Derivatives 121212002
Organic Letters Synthesis and Biological
D4 2001, Vol. 3, No. 17, Activity of 13/06/2001
Pag. 2693-2696 Nove! Epothilone Aziridines

D1

http://worldwide. espacenet com/publicationDetails/originalDogument?CC=US&NR=2005002842A1&KC
=A1&FT=D&ND=8&date=20050106&DB=&locale=en EP

Divulga (Pag.24, Parrafo 0205, lineas 9-11) la combinacion de vitaminas conjugadas
con folatos y describe la aplicacion de epotilones para el tratamiento del cancer junto

con otros compuestos (Pag. 24, parrafo 0208, 1in.19).

D2
http:/’worldwide. espacenet.com/publicationDetails/oriqinaiDocument?CC=US&NR=6399638B1&KC=B1
&FT=D&ND=8&date=20020604&DB=&|ocale=an EP

Divulga (Col 8, estructura 1G) derivados de epotilones - aziridinas

Rs
RN

Ry

D3
hitp:/iworldwide espacenet.com/publicationDetails/originalDocument?CC=WO&NR=02098868A1&KC=
A1&FT=D&ND=&date=20021212&DB=8&locale=en EF

Divulga (Pag. 31, figura 18F) derivado de epotilones - aziridinas

D4

http:/Aww.sinab yunai edu.co:2139/action/doSearch?action=search&searchTexi=Synthesis+and+biglogi
cal+activityrof+novel+epothilone+aziridines&qsSearchArea=search Text

Divulga (Pag. 2695, Tabla 1) estudios in vitro de derivados de aziridina, analogos de

epotilona A.
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7. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)

La reivindicacidn 1 consiste en derivados de

Herssss K ommeme B,

Utiles para el tratamiento del cancer.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de ia Técnica:

; Caracteristicas esenciales | D1 D2/D3/D4
 Derivados  de  Aziridind - Derivados de Aziridinil - Epotilonas
Epotilonas S

QOH

Conjugacién de
vitaminas, como el
folato para la
Conjugacion de los Folatos liberacion de
farmacos (Pag.24,
Parrafo 0205, lineas
7-11).

Los documentos D1y D2, D3, D4 se consideran el estado de la técnica cercano ala
invencion definida en la reivindicacion 1 porque divulgan el producto
Rs

Rag™

[&] Ol [§]

La diferencia entre la invencion, definida en la reivindicacion 1y el producto de D2,
D3, D4 consiste en que en D1 se menciona de manera general el uso de epotilones
(Pag. 24, parrafo 0208, lin.19) junto con vitaminas, por ejemplo acido félico (Pag.23,
parrafo 204, linea 1) para mejorar la liberacion del medicamento (Pag.24, parrafo
205, lin.6-11).
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La diferencia entre la invencion, definida en la reivindicacion 1 y el producto de D2
consiste en que en D2, D3, D4 se describen derivados de epotilones — aziridina,
moléculas similares al taxol y empleadas en el tratamiento del cancer pero no se
menciona el uso de combinaciones que puedan mejorar su efectividad,
adicionalmente en el documento D4 se evalua el efecto sobre la actividad por la
modificacién de radicales sobre el “N” de la aziridina’.

El efecto que logra el incluir folatos es que aumenta la permeabilidad de fas células
sobre las cuales actla el agente anti cancerigeno, por lo cual incrementa su
actividad.

Por lo tanto, el Problema Técnico Objetive que pretende resolver esta invencion se
puede formular asi: “como modificar las composiciones de epotilones — aziridina,
conocidos en D2 para incrementar la actividad del medicamento”,

Sin embargo, la utilizacién de los folatos para aumentar la actividad, ya estéa
divulgada en el documento D1 que se refiere a las combinaciones de vitaminas,
como el folato para mejorar la actividad de una gran variedad de principios activos,
entre ellos los epotilones (Pag. 24, Parrafo {0205}, lin.7-11; parrafo {0208}, lin.18).

En consecuencia, |la persona del oficio normalmente versada en la materia, incluiria
folatos de D1 en {a composicién de D2 para llegar asi al objeto de la reivindicacion 1
y 10 de la solicitud. Por lo cual se considera obvia.

Conclusion:
La reivindicacion 1 cumple el requisito de novedad (Art. 16}, pero no cumple con el
requisito de nivel inventivo (Art. 18).

8. Conclusioén

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

item Documento Rel\::eilé‘a:jc;gnes Requisito que afecta
D1 US2005002942 (A1) 1-11 Nivel inventivo
D2 US6399638 (B1) =11 Nivel Inventivo
D3 w002098868 (A1) =11 Nivel Inventivg
D4 Organic Letters 2001, Vol. 3, 111 Nivel Inventivo
L No. 17, P4g. 2693-2696 ]

En cumplimiento del articulo 45 de la Decisidon 486 de la Comision de ta Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesién, se denegara la patente.

""Synthesis and biclogical activity of novel epothilone aziridines”, Organic Letters 2001, Vol. 3, No.
17, Pag. 2695, table 1.
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Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante para (60} dias y presentarla por escrito.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capituio quinto del titulo primero de la Circular Unica No. 10 de 2001.

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacién en lista, de fecha

= \

W, T

Elaborado por: Juan Pablo Ramos Pifieros {f/
Revisado por: Consuelo Leguizamén Leguizamén
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Synthesis and Biological Activity of
Novel Epothilone Aziridines’

LETTER§ 2

2001
Vol. 3, Na. 17
26932696

Alicia Regueiro-Ren," Robert M. Borzilleri, Xiaoping Zheng, Soong-Hoon Kim,
James A, Johinson, Cratg R. Fairchild, Francis Y. F. Lee, Byron H. Long, and

Gregory D. Vite

Livisions of Discovery Chemistry and Grcolugy Drug Discovery,

The Bristol-Mvers Squibh Pharmacentical Research Instinute,

P00 Box 4000, Princeion. New Jersev 08343-4400)

alicia.regueirorenid:bms, com

Raceived June 13, 2001

G OH O
1: epothiione A

A series of 12e,13a-aziridinyl epothilone derivatives were synthesized in an efficient manner from epothilone A. The final semisymhetic route
involves a farmal double-inversion of steraachemistry at both the €12 and €13 positions. All aziridine analogues were tested for effects on
tubulin binding polymerization and eytotoxicity. The results indicate that the aziridine maiety is a viabte isosteric replacement for the epoxide

in the case of epothilones.

Epothilones are cytotoxic macrolides first isolated by Héfle
and co-workers from myxobacterium Sorangium cellulosum
strain 90." This new class of microtubule-stabilizing natural
products exhibits the same mechanism of action as pacli-
taxel.” More importantly, in cell culture, the epothilones are
active against paclitaxel-resistant cell lines that express
P-glycoprotein. Furthermore, epothilones have better solubil-
ity in water than paclitaxel. These features make them
attractive complements to paclitaxel in the search for
effective cancer therapics.

The ability of epothilanes A and B to competitively inhibit
[*H}-paclitaxel binding to microtubules sirongly suggests the

existence of a common binding site.” Several publications’
have appeared that attempt to define a common pharma-
cophore model to explain the similar biological activities
observed for these two different classes of natural products.
Of particular interest is the role of the epoxide in the
epothilone family, The structure—activity relationship data
generated trom known synthetic epothilone derivatives®
suggesls that the cpoxide moictly plays a conformational role
by maintaining the structural rigidity necessary for interacting
with the tubulin protein. The fact that the desoxy-epothilones
3 and 4 are only slightly less active than epothilones A (1)

" Dedicated 10 Protessor Gilbert Stork on the oceasion of his 80th
birthday.

*Current address: Unstol Myers Squibb, Pharmmaceutical Research
Institute. 5 Research Parkway, Wallingford. CT 06492,

i1)ia) Gerth. K. Bedort, N Hétle. G [rschitk. H.: Reichienbach. H. /.
Snnelsion 1996, 49, 560, (b1 Héfle, G Bedorf, N Sieimmetz, H.: Schomburg,
Do Gerthe Koo Reichenhach, H. dngew. Chem. Tne. Ed Engl 1996, 35,
1567, Angew. Clrem. 1996, [08, 1871

(2110 Bollag, 12 M MeQueney, P, AL Zle )L Hensens, O Koupal,
L.t Liesch. L Goetz, M Lazarides, B Woads €. M, Cancer Res. 1998,
J3, 232500 Kewalski, R ) Glannakakou, P Hamel. E. 4L Biol. Chem,
1997, 272, 2334, (o) Walff, A Technau, A Brandner. G. far S Oncel.
1997, /1. 123,

10.1021/0/016273w CCL: 2000
Published on Web 07/26/2001

L2000 American Chemical Society

(3) 10} Giannakakon, P Gussio. R Nogales. Eo Downing. Ko H
Zaharevitz. D.: Bollbuck. B Poy. G\ Sackent. D0 Nicolaou. . C; Fojo.
I Proc, Netl lead Seio LS 20000 972904, {hy He, L2 Jagtap. P. G:
Kingstom, T Go L Shen, H -0 O G A Torwitz, S0 BL Biochennsny
2000, 3¢, 3972 1oy Ojtma, L Chakravarte, S0 [noue, T Ling 5 Hel L
Horwitz, 5. B Koduk, S, L3 Danishefsky, S0 Proc, Aerl, dead Sor
LS A 1999, 94, 4256, (dy Wang, M. i, No Kim. Yo Hhwang. D Jansen,
LM Borta, Moo Liotta, D C Snvder. P Grg Lewr, 1994 () Minena,
T Javenda, ) W Woollirey, ) R Buolamwini. 1o Ko Mitchell, M. AL
ID-OSAR Studies of Taxoids and Analogues. In Jhsiacts of Papers. 21T
National Meeting of the American Chemucal Society. Anaheinn AL March
2125 1999 American Chemical Sociely: Washinglon. OC. 1999 no,
135,



and B 2y together with our own results for the related
[ 2.1 3ee-cx cloprepyt analogues.” prompted us to investigate
other bioisosteres for the epoxide (Figure 1). Hence. we set

the desired parent aziridine 7. Qur attention was thus directed
toward the svithesis of the diastereomeric 1273, 135-epoxide
5 (Scheme 1) Epoxidation of 3 with methyl({trifluoromethyh)-

LOH

QO OH O OOHIEJ

R = H, epothilona A
R= Me opothliono B

3: R = H, epethilons C
4: R = Me, epothflone D

1:
2

Figare 1. Epothilones A—D.

out Lo synthesize 120, 1 3a-aziridinyt analogues of epathilone
A Lo determine if these new compounds would maintain
twological activity and perhaps provide advantages over the
anirany | analogues. In addition, the parent aziriding 7 would
permil iccess to a varety ol N-substituted derivatves, which
may aid in the understanding ot drug—tubulin interaction
and assist in the rational design of more potent chemothera-
peutic agents.”

We initially attempied to prepare the 1200 30-azividinyl
analoguies by direct aziridination of the corresponding

C12.C13-olefin via o nitrene cycloaddition to the a-face of

3. Unfortunately, when epothiione C (3)° or its bis-silvl ether
protected derivative were subjected to standard aziridination
procedures.” only trace amounts of the corresponding aziri-
dines were detected.

Alternatively,
the sterenchemistry at C12 and Ci3 of | would also fumish

4rim Meng, D2 Sw, D Balog, AL Bertinato, P Sorensen. E )
Danishefsky, S, E: Zheng, Yo Chou 10 He | Horowiz, S84 s
Chem. Soc. Y997 1792733 () Nocelaou, K. C Winsainger. N Pastor,
I Ninkovig S Sarabia, 170 He, ¥, Vourfoumis, 1 Yang, 2 L. T
Giannakakou. P Hamel I+ Saswee 1997347268 (0) Su, 13 Meng, 13
Bertinate. ¥ . Balog. AL Sorensen. I 1L Danishelshy, §0 L0 Zheng. YV
Chou. T He L Horowiwe, 8§ B dngew Chem b Ed Engl 1997, 36,
FAT Awpew Chem 1997, 009775, () Balez, Al Bertinate, 170 N, I)
Meng, T Sorensen. [0 Damshelske, 8.0 Zhene, Yo Chou, T Hel
Horwitz, 5 B Tetrahedron Len, 1970 380 4529 ) Nicolaon, K O
Vourloumis, 110 04, 10 Pastar, L Wipssimger, N0 Heo Yo Ninkovie, S
Saratma, Vo Vallberg, 1 Roschangar, FooRmg P W Pislay, RO\
Cinmakakou, P, Vardier-Piard. P oobiamet 1 Aogen Chem o Fd
gl 1997 56207 Tugevs ¢ henn 19977090 2IRTL (P Nicolaon k.
Nmhovie 5 O bmlay OMOR OV Surabia FooEO Y Clhem, Commun, 1997,
2343 (g Nwelanu, & L0 Roschangan, 1L Voarleunus, D Aogew Chem.,
e bd kgl PRORC 2T 2U0L Japew Clens, 1998 710, 2120

(S dehnsum, boA L Kime s oH G Balane, M DN aree, 1 Paireluld, O
Giougoutas, |2 Lee F o Long, B2 Tokarski | Vite G g, Lenr 2000, 2,
15337

16y Fora prehmiinary aecount of the work described hereiv and additional
studics on the epothitones, see (a) Vi, G Borzilleri. R.: Fooks. C
Johnson, J, A kim, S-HL Leavatt, Kz Mt |z Regueiro-Ren, AL Schimidi.
R.: Zheng. P Lee T Epothilones A and B Springboards [os (e synthests
of promusing antumitntic agents  In Afsieaers of Papers. 219th National
Meeting of the American Chemical Society, San Francisco, CA, March
26—310. 2000 Amertcan Chemical Sociely. Washington, DU 2000 no.
286 (b Borzdleri. R M. Kim. S -H. Regueiro-Ren. AL Vile, (. D PCT
nl. Appl. WOORS787, 2001

(7Ha FEvans, 1), A Bilodenw, ST Faelo MM e Chem Soc
1904116, 2742 by Banks, M. R Cadogan, ) 1L G Fm\nw 1.: Hodgson,
P ok G langride-Smuth, PR R Midar, )0 R0 As layler, AL 1L
Tetrahedvon Lo 1994, 35 9067 Sene, Mo Namba, T Kise, HLJ g,
Chem. 1978, 43, 3343,

2694

Scheme 1. Synthesis of Epmhllone A Aziidine 7 via

Diastereomeric Epoxide 8¢

%\J\).,.,m

_<\J\),.

OH O oH O
3 5

|

By

j\) H J O c__\ j\) g/\ o LOH
PN P
O OH O 0 OH O
7 6

2(ay CF:COCH. oxone. WaHCO. EDTA, CHLON, 200 (b
NaN; NHCL FtOH. 65 °C. 35%: (¢} Phel. THF. 640 °C. 75%.

we envisioned that a double-inversion of

dioxirane gave the desired 12/3.13f-epaxide 5 and epothilone
A (1yina I3 ratio and a combined vield of §0%. Atlempts
to alter and improve this ratio in favor of desired epoxide 5
were unsuccessful.® Nevertheluss, nucleophilic ring opening
of & with NaN:NHCl in ethanol afforded azido aleohol 6
regioselectively in 55% vield. Triphenviphusphine reduction
of the azide moiety of 6 follomed by 1 situ ring closure
provided the desired aziridine 7 in 70% yield.!"

Because our objective was to synthesize several V.
substituted aziridinyl anzlogues, we devised a modified
svnthetic route that would avoid the nonselective epoxidation
reaction and provide access to gram quantities of aziridine
7. Thus. 1 was converted to the bis-triethvisilvl ether by
treatment with TESC] in the presence of Hunig's base
(Scheme 2} Epoxide opening using MgBr--OFt: at low
temperature { —20 10 —5 "C) atforded predominantly bromo-
hydrin 8. ajong with miner amounts of the C1248-Br 1
OH in 45% vield (67 vield based on recovered starting
mraterial) and -~ 2001 regioselectvin.'! Nucleophilic substitu-
tion of the bromide by azide in DM gave azido alcohol 9

18) Other reaction condmons atempled:  low wemperatie, snhem
variation (THF. CHCls SMeOdH): and aliernatn e disarane source 1in-
fluoroacerane) had o offcet on the dinsierenselectiviny. Other avudation
methods, such as m-CPBA and DML, genevated the v-ovxide andor the
Cla—C17 epuxide as side products.

(91 Istah. Y Sasson, Y. Shahak. 1:
1978, 43, 4271,

Li0} Analyiieat data for asindme 70 "H NMR 400 MHA CDCL 0 6 84

(s, TEN 632 ¢ 1D 346334 (nm T 408 d0d om 1 H), Fe9-3 68
(L P HL 320317 m P HL 2570, 300, W 3B (m, | ), 2 230
. 1T 151893 (br s 4 ]l]. L2178y, 200, 1711 83 em, 2 I[).
146-1.31 tm. 4 Hs 127 s S HL L 23—=1 00 tm 2 1) 0% d 3 1.
6.9 He) 000 (5. 3 HY OX1 (d. 3 H.J — 009 Hay 20 NNIR (300 ‘v1H1
CDCIEA 2203 I?I.”’. TS 1 ES24, (368 92 1S 0 5 6001 754,
S2Z3,430 38501 346 342 30,299, 261 240 220 193 170, la g,
Pasi M3 VS TSIy 4932 (M + Hy' o

(11 [igher reaction empensores aflonded o 11 vain of the bromoe-
vdring atong with other side produects

Tsereom, S Blam, | J iheg ¢hem
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Scheme 2. Svithesis o Bpothilone A Axiridine 7 via

Rromohyvdrin 87

O OR O

” (d)TESC] DIPEA. DMT. 90%: (b} MgBr-—Et-0. CH-C1-. =20
W0 53°C, 458% (<2% ol the C128-Br.C13a-O11 regioisomer): (¢)
.\'a.\_. DMEF. 48 h, 42 °C, 80%: (d} p-NBA. DEAD. Ph,P. 99%:
(€) NH; MeOH, 88%: (1) MsClL EGN, CHClLa. 98%: {2) Mg, P,
THEH.0. 98%: (h) 10% TFAJCH-Cl-. =10 <C. 90%.

in 60% vield, Inversion of the stereochemistry at the €32
pesition was carried out usimg penitrobenzoie acid under
Mitsunobu conditions." kster hvdrolysis provided 184 in
guantitative vield. Azido aleohol 10 was converted to the
correspending mesylate, and subsequent reduction with
trimethyviphosphine and in situ cyclization afforded the

2o 3e-azividing 11 in 96% vield.Y Remaoval of the TES
groups using trifluoreacetic acid in CHCh: fumished 7 in
0% yield.

The A-alkyl aziridinyl analogues 12a and 12b were
prepared either from 7 or 1 using methyl sutfate/proton
sponge™ or benzyl bromide K .CO-. respeciively (Scheme
3). Removal of the silvl ether profecting groups in the case

Svnthesis of A-Alkvlaed Epothilone A Aziridines

Scheme 3.
12a.b*
MM,
- : 7
“N]\)n,, wop 3 jv m
5 aorb ]>\,1:k
a OrP O 0o OR O
T P=1 12a; R = Me
11 P=TES b R=28n

“fa) P =H: Mea 50, proton sponge. THY. 31%. (b1 P = TES:
BnBr. K00, 18-crown-fi. THIY then 180% TTFA in CH.Cl. 66“’
aver Iwo steps,

13a-e: R= COR' {50-85%)

14a-b: R= CO,;R? (€5-75%)

15a.¢c: R= SO,R¥ (70-50%)

16a-d: R= SO,NR*R (50-60%)
47: R= CONHE! (§6%)

Figure 2. N-Acyl (13a—e) A-carbony) (T4a.b). A-sulfony! (15a—
¢l Assulfonyvlureas {16a—d) and N-carhamoevl (17) aziridine
derivatives of epothilone A,

of 12h was carried our using standard TFA/CH,Cl> condi-
tiuns,

The N-acyt 13a—e). Mulkoxyearbonyl (1da.b). N-alkv]-

sulfonv] {(18a—e), and A-sulfonviureido (F6a—d) derivatives
were synthesized uneventfully from uaprotected azindine 7
using Hunig's base and the comesponding acid chlorides
(Figure 2%, Urea 17 was prepared by treatment of 7 with

ethy] isucyanate in ethy 1 acetate.

Table I, In Vitre Data tor Aziridine Analogues of
Epothilone A

tubulin? HTC-116"

X R ECon M) TCs0 (nM)
taxol 4.6 2.3
1 Q H 2.0 4.4
2 O Me 1.8 0.8
7 NH H 14 2.7
12a NCH; H 2.6 D13
12 NCHCgH; H 35 23
13a NCOCHZCH{CH3)» H 3.5 41
13b NCOCHZN(CHa3); H = 1000
13c NCOCH; H 1.2 0.9
13d NCOCgHs H k.4 3.0
13e NCO-(2-thiophene) 11 1.2 1.6
14a NCOOCHCH4 H 1.2 7.7
14h NCOOQCxHs H 1.1 1.8
15a NSQ:ClH; 11 14 2.1
15 NSO:CH>CHaCH, H 9.4 G4
153¢ NSOz-(2-thiophenel H 4.0 30
16a NSONH, H 28 3G
16h NSQNHCH; H 2.3 7.8
16c  NSONICHz): H 1.0 0.2
16d  NSONCHCH:0  H 460 160
17 NCONHCHRCH3» H = 1000

@ Agsay performed using method described in ref 1da, P HCT-116 cell
Hie eytoloxicity assay performed using methad described n ref j4b.

Org. Leit, Vol. 3. No. 17, 2001
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The biclogical activity of selected compounds are shown
in Table 1.1 The 12a.13w-aziridiny! epothilone A analogues
were tested for effects on tubulin polvmerization and
cytotoxicity. The evtotoxicity of the parent aziridine 7 (1Cx
= 2.7 nM) is comparable to that of epothilone A (1} (ICsn
4.4 nM). although 7 is less efficient in the tubulin
polymerization assay. Some of the novel analogues, e.g..
methylaziridine 12a and dimethylsulfonvlurea Toe, show
inproved in vitro activitv over epothilones A (1Y and B {2).
N-Alkylaziridines 12a.b, amides 13a - ¢ N-sulfonylamides
15a -c, and M-sulfonviureas T6a- d present diverse binding
affinity and cvtotoxicity depending on the N-substituent. In
general, aryl and small alky1 substituents appear to have
favorable effect on botl: binlogical activities when compared

() Martin, S0 4o Dodge, oA Fewahedran Ler, 1991, 32, 317

(13 Aziridine 11 could alvo be prepuied dietly tiom szide aieuhel 160
kv reduction ane 1y situ ring closure with timeihyIphosphine. but enly in
3% vield.

(143 Chon D Yo, B Colson KL Martin GE L Kohe, 107 Org
Cheme 1995 601 139]

(150 Tubufm pelvmernzapon assavs were perfened as deserihed m
Swindell C oy Rrimss ™ o Tlomvze s B Wangel T Aed £ he
1991 54 1176 Fffective concentimtion (401 s defined as the interpolated
eoncentration capable of mducing an inmnal <lope of 0,61 ONmun rare and
s valewlated wsing the formula FUe o= concannstion®lope. FCogy values
ale expressed ns the mean with standasd devintion ohiained from three
chiferent concentrations. by Cyvloxicity wag assessed in HCL-116 homan
colon wincinoma cells by MTS (3-(4 Sadimethylthiazal-2-vD-S-{ 3-cur-
boxymethoxypheny!)-2-(¢-sulphenvhi-2 H-tetrazolimm, inner salty assay as
reported m Riss, 1, L, Moraves, R AL Vol Sief, Celf 1992, 2eSuppl).
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with the parent aziridine 7. Compounds such as 13b and t6d
with basic substituens show poor activinn in the tubuiin
polvmerization assay. Interestingly. carbamates 14a,b are
well tolerated. but the related urea 17 is not

In summary. we have described the efficient synthesis of
a 120, 13-aziridingl epothilone via double inversion of

stereochemistiy at both CI12 and C13 centers. Further
substitution on the nitrogen allows access 10 a diverse group
of substituted aziridinyl analogues that have beun evatualed
for in vitro biological activity, The results demonsirare that
the aziridines arc viable isosteric aliernatives lor the epaxide
in the epothilone family, The comparable activities of these
analogues indicate that the role of the epoxide in the context
of tebulin binding is largety conformational. Impartantly . the
tubulin hinding site can accommeodate a variety of substit-
vents at the C12--C13 position. Changes in the size and or
lipophilicity of the V-substituent produce substantial variation
in the biological activities of these derivatives. and tine-
wning of these physicochemical parameters is necessan o
improve both tubulin-binding affinity and cviotoxicity.

Supporting Information Available: Experimental pro-
cedure for the preparation of compounds 7—11 and charae-
terization data Tor all new compounds. This muterial 18
available free of charge via the Internet at httpz/pubs.acs.org.
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