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HUMBERTO RUBIO CAMACHO, mayor de edad, domiciliado en Bogota, D.C., con la
Oficina 506 de la Carrera 7 No. 74-64 de ésta ciudad, Abogado en Ejercicio, portador de
la Tarjeta Profesional No. 50.007 expedida por el Consejo Superior de la Judicatura,
actuando en caracter de apoderado de la sociedad IMMUNOGEN, INC., domiciliada en
830 Winter Street, Waltham, Massachusetts, Estados Unidos de America; reconocido
por su despacho y encontrandome dentro de la debida oportunidad procesal, por
medio del presente escrito interpongo RECURSO DE REPOSICION contra la Resolucién
No. 63571 de 29 de Octubre de 2012, notificada por fijacién en lista de 6 de Noviembre
de 2012 y desfijada el 6 de Diciembre de 2012; con el propdsito que sea revocada y en
su lugar proferir otra, en que se OTORGUE el privilegio de la Patente de Invencién
denominada: “AGENTES CITOTOXICOS MEJORADOS QUE COMPRENDEN NUEVOS
MAITANSINOIDES”, conforme a lo siguiente:



HUMBERTO RUBIO & CIA.
ABOGADOS - LAWYERS
www.rubiolawyers.com

MOTIVOS DE INCONFORMIDAD.-

Base de la Negativa

1.1.

1.2.

1.3.

Mediante la Resolucién No. 63571 objeto del presento recurso, su
despacho niega el privilegio de patente de invencién denominada:
“AGENTES CITOTOXICOS MEJORADOS QUE COMPRENDEN NUEVOS
MAITANSINOIDES”, solicitado por mi representada la sociedad
IMMUNOGEN, INC.; al considerar que no cumple con los requisitos
dispuestos en la legislacién comunitaria vigente.

La Divisién de Nuevas Creaciones decidi6 negar el derecho de patente de
invencion por no cumplir con el requisito de nivel inventivo, y que. de
conformidad con el estado de la técnica, la solicitud de estudio resulta
obvia. Considera el examinador que los documentos D1 & D3
representan el estado de la técnica porque ensefia conjugados de
maintansinoides agentes de enlace celular alternativos para el
tratamiento del cancer. El examinador concluye que una persona versada
en la materia podria modificar estos compuestos para obtener el
resultado de la presente solicitud. Se puede establecer con la simple
lectura de la Resolucién que esa divisiéon de ninguna manera considera la
inversidn, la importancia y el alcance del objeto de la presente solicitud y
a pesar de tener novedad y nivel inventivo decide negarla, efectuando
una interpretacion equivocada.

Nos permitimos respetuosamente indicar que no compartimos la
interpretaciéon realizada por el examinador con respecto a los
documentos citados, en los cuales se fundamento el rechazo de la
presente solicitud, interpretacion equivocada teniendo en cuenta los
siguientes argumentos:
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Primero, el examinador manifiesta que una persona versada en la materia
tomaria cualquiera de los compuestos de D1 a D3 y mediantes sus
conocimientos usuales en sintesis quimica, obtendria los conjugados
reivindicados y modificaria los maitansinoides que tienen tioles
stéricamente impedidos que se ensefian en la técnica anterior mediante
la introduccién de uno o dos grupos metilo en el carbono adyacente al
grupo tiol para llegar a los maitansinoides reivindicados. No hay ninguna
ensefianza en la técnica anterior que sugiere para un experto en la
técnica realizar tales modificaciones. De hecho, no habria ninguna
motivacion en absoluto para modificar los conjugados que se ensefian en
D1 a D3. Segun lo declarado por el examinador, D1 a D3 revela que los
conjugados que comprenden maitansinoide con tiol impedidos tienen
actividad anticancerigena. Por lo tanto, en vista de la buena actividad
anti-cancer, no habria ninguna motivacién para que un experto en la
técnica modificara los conjugados maitansinoides ensefiados en D1 a D3.
Ademas, incluso si la persona experta estuviera motivada a hacer tales
modificaciones, no habria ninguna expectativa de que los
maitansinoides estéricos impedidos de la invencién reivindicada
proporcionara una mayor actividad anti-cancerigena para los conjugados
resultantes. Nada en la técnica anterior se ensefia o se sugiere con tales

propiedades inesperadas.

El examinador afirma ademas que, aunque la aplicacién demuestra un
efecto de los conjugados reivindicados en comparaciéon con los
conjugados DM1, no hay comparacidén con compuestos descritos en el
arte anterior que son los mas cercanos en términos estructurales a los
compuestos reivindicados. En primer lugar, el examinador no
proporcioné una explicacién de lo que el examinador considera como los
compuestos descritos en el arte anterior que son los mas cercanos en
términos estructurales a los compuestos reivindicados.
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Ademais, DM1 se debe considerarse como el compuesto de la técnica mas
préximo porque D1-D3 sélo revela conjugados especificos que
comprenden DM1 y su actividad anti-cancer. D1 ensefia el compuesto
enlazador-DM1, que pueden reaccionar con un agente de unién celular,
tal como un anticuerpo, para hacer un conjugado que comprende DM1.
Los compuestos ensefiados en D1, sefialados por el examinador que
poseen caracteristicas esenciales de D1, comprenden DM1 modificado
con un enlace que tiene un grupo éster reactivo que puede reaccionar con
un agente de unidén celular, enlazando asi DM1 al agente de unidn a
células para hacer un conjugado que comprende DM1. D2 ensefia nuevos
maitansinoides y conjugados de los mismos. Sin embargo, D2 solo
describe tres conjugados y su citotoxicidad in vitro (véase el Ejemplo 5
de D2). Los tres conjugados comprenden el compuesto 7b maitansinoide,
que es DM1. D3 revela huN901-DM1 y conjugados huC242-DM1 y sus
actividades antitumorales (ver los ejemplos de D1, en particular la
estructura de la férmula en la pagina 32). Por lo tanto, D1, D2 y D3 sélo
demuestran la preparacion de conjugados que comprenden DM1 y sus
actividades anti-tumorales. Por tanto, DM1 seria considerado como el
compuesto de la técnica mas cercano a la presente solicitud. Mediante la
respuesta a la Accién Oficial, se ha demostrado que los conjugados
reivindicados comprenden conjugados maitansinoides con tiol
impedido que tienen una mayor actividad anti-cdncer en
comparacion con los conjugados que comprenden DM1.

Por otra parte, suponiendo que el examinador considera que los
compuestos mas cercaos a la técnica es la que tiene una cadena de tres
carbonos entre tiol y el anillo maitansinoide, que se demuestra como la
férmula estructural indicada mas abajo, hemos presentado datos
comparativos en nuestro caso EP (véase el Anexo 1), que muestra que los
conjugados que comprenden el maitansinoide cadena de tres carbonos
(DM2 ") tienen conjugados similares que comprenden DM1 in vitro y las

actividades in vivo. Como los conjugados de maitansinoides reivindicados
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tienen una mayor actividad anti-cincer en comparaciéon con los
conjugados que comprenden DM1; estos conjugados también tienen una
actividad mejorada en comparacion con los conjugados que comprenden
DM2".

b) Insistimos en los argumentos expuestos en la respuesta a la accién

oficia, v solicitamos al examinador realizar un examen cuidadoso de

estos ejemplos, los cuales demostraran el nivel inventivo _de la
presente solicitud, asi como los datos que muestran propiedades
inesperadas de los conjugados reclamado como comparaciéon con
conjugados con DM1

El Ejemplo 5a demuestra la citotoxicidad inesperadamente superior de DM3,
DM3-SMe y DM4-SMe en comparacion con DM1. En este ejemplo, diferentes
lineas celulares se incubaron con diferentes concentraciones de DM3, DM3-SMe,
DM4-SMe o DM1. Los resultados de las mediciones de la citotoxicidad in vitro de
los nuevos maitansinoides de la presente invencién, se muestran en las figuras
4a a 4d, los cuales se reproducen a continuacion. Los nuevos maitansinoides 4c
y 4e que llevan enlaces disulfuro impedido, son altamente citotéxicos hacia las
dos lineas celulares ensayadas, SK-BR-3 y A-375, con valores de 1C50 que van
desde 7 x 10-12 M a 2,5 x 10-11 M. Asi, la incorporacién de sustituyentes alquilo
en el carbono que lleva el resto disulfuro, conservd la elevada potencia
citotéxica. Los maitansinoides 4a que contienen tiol estéricamente impedido de

la presente invencién, son entre 30 y 50 veces mas potentes que los
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maitansinoides correspondiente descritos anteriormente sin impedimento. Por
lo tanto, la incorporacion de sustituyentes alquilo en el 4tomo de carbono que
lleva el resto tiol, de forma totalmente inesperada, mejora en gran medida la

potencia.

FIGURA 4

a) Citotoxicidad in vitro hacia las células A-375
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d) Citotoxicidad in vitro hacia células SK-Br-3
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El Ejemplo 6 demuestra la eficacia inesperadamente superior in vivo de los
conjugados de anticuerpos y maitansinoides de DM3 y DM4, en comparacion
con los conjugados de DM1 contra xenotransplantes de HT-29 en ratones
SCID. Se inocularon ratones con células de carcinoma de colon y los tumores se
cultivaron durante 11 dias hasta un tamafio promedio de 100 mm3. Los animales
entonces se dividieron aleatoriamente en cuatro grupos. El primer grupo recibié
el conjugado huC242-DM1. El segundo grupo recibié el conjugado huC242-DM3.
El tercer grupo recibié el conjugado huC242 DM4. Un cuarto grupo de animales
sirvié como control y recibié PBS usando el mismo programa de tratamiento que
en los grupos 1-3.

El tamafio de los tumores se midi6 dos veces por semana y el volumen de los

tumores se calculé mediante la formula: volumen del tumor = % (longitud x
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ancho x alto). El peso de los animales también se midi6 dos veces por semana.

Los resultados se muestran en la Figura 7, la cual se reproduce a continuacién.

Como se muestra en la Figura 7, los tumores en el grupo de control de ratones
crecieron hasta un tamafio de casi 1000 mms3 en 35 dias. El tratamiento con
huC242-DM1 resulté en un retraso del crecimiento tumoral de 18 dias,

mientras que los conjugados hechos con los maitansinoides 4a y 4b de la

presente invencién fueron significativamente mas eficientes y prolongaron

inesperadamente el retraso del crecimiento tumoral de 28 dias y 36 dias,

respectivamente.

FIGURA 7

Eficacia in vivo de los conjugados del maitansinoide huC242- (xenotransplantes

de HT-29)
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El Ejemplo 7 demuestra la inesperada super eficacia in vivo de los
conjugados de anticuerpos con los maitansinoides DM3 y DM4, en
comparacion con los conjugados de DM1 contra xenotransplantes de COLO
205 en ratones SCID, de una manera andloga a la del Ejemplo 6. Los resultados
se muestran en la Figura 8, que se reproduce a continuacién. La Figura 8
muestra que los tumores en el grupo de ratones de control crecieron hasta un
tamario de casi 900 mms3 en 24 dias. El tratamiento con huC242-DM1 resulté en
un retraso del crecimiento tumoral de 20 dias, mientras que el conjugado
preparado con el maitansinoide 4a de la presente invencién fue
considerablemente mas eficaz y caus6 la regresiéon tumoral completa duracién
de 45 dias. Inesperadamente, el tratamiento con el conjugado preparado con los
maitansinoides 4b de la presente invencién fue incluso mas eficaz, lo que
resultd en la cura de todos los animales tratados.

FIGURA 8

Eficacia in vivo de los conjugados del maitansincide-huC242 (xenotransplantes
de COLO-205)
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De manera similar, el Ejemplo 8 demuestra la super eficacia inesperada in
vivo de conjugados de anticuerpos con los maitansinoides DM3 y DM4, en
comparacién con los conjugados de DM1 contra los xenotransplantes de
HL-60 en ratones SCID. Los resultados se muestran en la Figura 9, la cual se
reproduce a continuacién. La Figura 9 muestra que los tumores en el grupo de
control de ratones crecieron rapidamente hasta un tamafio de casi 1600 mm3
en 21 dias. El tratamiento con MY9-6-DM1 resulté en un retraso del
crecimiento tumoral de alrededor de 5 dias, mientras que los conjugados
hechos con los maitansinoides 4a y 4b de la presente invencién fueron
significativamente mas eficaces, prolongando el retraso del crecimiento

tumoral hasta mas de 20 dias.
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FIGURA 9

Eficacia de los conjugados del maitansinoide MY-9-6 (xenotransplantes de
HL60)
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El Ejemplo 11 demuestra la inesperada super eficacia in vivo de los
conjugados de anticuerpos con los maitansinoides DM3 y DM4, en
comparacion con los conjugados de DM1 contra los xenotfansplantes de
tumores humanos HL-60 en ratones SCID. La eficacia de huMy9-6-DM4 se
comparé con la de huMy9-6-DM1. Como se muestra en la Figura 11, la cual se
reproduce a continuacion, se encontré de manera inesperada que huMy9-6-DM4
fue mas eficaz que huMy9-6-DM1. HuMy9-6-DM4 mantiene a los animales en
remision completa (CR) durante cerca de sesenta dias, mientras que los
animales tratados con huMy9-6-DM1 tuvieron una recaida después de

aproximadamente 20 dias en CR.
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FIGURA 10

Andlisis de citotoxicidad in vitro: Actividad de HuMy9-6-DM4 hacia las células
HL-60 positivas para el antigeno y hacia las células Namalwa negativas para el

antigeno.
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Lo anteriormente expuesto demuestra que las reivindicaciones 1 a 35 contienen
materia patentable que no ha sido descrita en los documentos D1 & D2, si
resultan lo suficientemente novedosas, cumpliendo las exigencias dispuestas en
los articulos 14 y 18 de la Decisién 486 de la Comunidad Andina y por tanto ha
debe ser extendido el privilegio de patente a la presente solicitud.
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Teniendo en cuenta lo anteriormente expuesto, consideramos que la decisién
contenida en la resolucién, motivo de la actual impugnacién, resulta equivocada
e injusta, se puede establecer que dicha resolucién de ninguna manera
considera la importancia y el alcance del objeto de la solicitud en referencia, su
Despacho tampoco considero la invencion en su conjunto lo que permite
concluir, que la presente solicitud cumple con lo estipulado en los Articulo 14 y
18 de la Decisién 486, y se refiere a una invencién patentable a la luz de lo
dispuesto por la mencionada norma comunitaria. Todo lo aqui demostrado nos
estd indicando que la presente solicitud cumple con los presupuestos sefialados
en la Decisién 486 de la Comunidad Andina, para que sea otorgada como
Patente de Privilegio de Invencién.

PETICIONES.-
a) Pretension Principal.

De acuerdo a lo sefialado en el transcurso de este recurso, solicito
respetuosamente a su despacho, tener en cuenta los argumentos
anteriormente propuestos y con base a ello, proceder con la concesion de
la Patente de Privilegio de Invencién, denominada “AGENTES
CITOTOXICOS MEJORADOS QUE COMPRENDEN NUEVOS
MAITANSINOIDES”.

b) Pretensiones Subsidiarias.

1).- REVOCAR la Resolucién No. 63571 de 29 de Octubre de 2012,y en
su lugar proferir otra en la que otorguen en forma parcial las
reivindicaciones solicitadas, todo de conformidad con los

documentos que hacen parte esencial del tramite.

2).- REVOCAR la Resolucién No. 63571 de 29 de Octubre de 2012, y en
su lugar proferir otra en la que si su Despacho, no obstante la
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claridad de la invencion, considera que es necesaria alguna
precisién, se requiera a mi representada para que presente las
explicaciones pertinentes, pues reiteramos que la invencién
solicitada encaja dentro de las normas vigentes, por lo tanto en
aras de los principios de equidad y justicia debera ser otorgada,

como respetuosamente lo solicito.

PRUEBAS.-

3.1. Todosy cada uno de los documentos que reposan en el expediente citado
en la referencia.

3.2. Datos comparativos del caso EP.

3.3. Resolucion No. 63571 de 29 de Octubre de 2012.

3.3. Laactuacién surtida.

FUNDAMENTOS DE DERECHO.-

Las disposiciones legales que invoco como fundamento para promover el
presente recurso son los articulos 14, 16, 18, y 34 y demas aplicables de la
Decision 486 de la Comunidad Andina, Articulo 51, 52 y demdas normas
aplicables del Cédigo Contencioso Administrativo, y en las demas disposiciones
vigentes.

OPORTUNIDAD.-

La Resolucidn recurrida fue notificada por fijacion en lista de 6 de Noviembre de
2012, desfijada el 6 de Diciembre de 2012, por lo tanto me encuentro dentro de
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la debida oportunidad legal, consagrada en el Cddigo Contencioso

Administrativo.
NOTIFICACIONES.-

Mi representada y el suscrito recibiremos notificaciones en la Secretaria de su
Despacho o en mi Oficina de Abogado, situada en la Carrera 7 No. 74-64 de
Bogota.

Atentamente,

f Do
HUMBERTO RUBIO CAMACHO
C.C. 17'192.062 de Bogota
T.P. 50.007 Consejo Superior
de la Judicatura

COD. 4134
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Semisynthetic Maytansine Analogues for the Targeted Treatment of Cancer

Wayne C. Widdison, Sharon D. Wilhelm, Emily E. Cavanagh, Kathleen R. Whiteman, Barbara A. Leece, Yelena»Kovt‘un,
Victor S. Goldmacher, Hongsheng Xie, Rita M. Stecves, Robert J. Lutz, Robert Zhao, Lintao Wang, Walter A. Bliittler, and

Ravi V. ). Chari*

ImmunoGen, Inc., 128 Sidney Street, Cambridge, Massachusetts 02139

Received March 20, 2006

Maytansine, a highly cytotoxic natural product, failed as an anticancer agent in human clinical trials because
of unacceptable systemic toxicity. The potent cell killing ability of maytansine can be used in a targeted
delivery approach for the selective destruction of cancer cells. A series of new maytansinoids, bearing a
disulfide or thiol substituent were synthesized. The chain length of the ester side chain and the degree of
steric hindrance on the carbon atom bearing the thiol substituent were varied. Several of these maytansinoids
were found to be even more potent in vitro than maytansine. The targeted delivery of these maytansinoids,
using monoclonal antibodies, resulted in a high, specific killing of the targeted cells in vitro and remarkable

antitumor activity in vivo.

Introduction

Maytansine (1) was originally isolated from the bark of the
African shrub Maytenus ovatus by Kupchan and colleagues'
and is the first compound of a class of benzoansamacrolide
antibiotics named maytansinoids.? Maytansinoids arc antimitotic
agents that bind to tubulin and inhibit microtubule assembly.’
They bind to the sanie site on tubulin as the Vinca alkaloids
do, and similar inhibitory constants were measured for both drug
classes.* However, many maytansinoids arc 100 to 1000-times
more cytotoxic than vincristine and vinblastine toward cancer
cell lines in vitro® Maytansine was extensively tested in
preclinical and clinical settings.® Several phase | and phase 11
clinical trials that were performed with patients suffering from
diverse types of cancers established the toxicity profile in
humans, but failed to demonstrate therapeutic benefits at
tolcrable doses. Further development stopped. and maytansine
became once of the many cytotoxic agents that were discontinued
for the lack of a sufficiently large therapeutic window.

Although, maytansine was not effective in human clinical
trials, the unusually high cytotoxic activity of the maytansinoids
makes them attractive candidates for tissue-specific delivery.
Tumor-reactive monoclonal antibodies are large proteins that
bind with high affinity to receptors that are selectively expressed
on (he surface of cancer cells. Although these antibodies display
high specificity for the tumor, a majority of them are not potent
enough to be therapeutically useful. Imaging studies with
radiolabeled antibodies have demonstrated the localization of
antibodies at the tumor site in cancer patients; however, the
concentration of antibodics achicved at the tumor was quite Tow.”
The in vitro cytotoxic inhibitory concentrations (ICso values)
of maytansinoids arc cven lower thau the antibody concentra-
tions achieved at the tumor, making them suitable candidates
for targeted delivery using antibodies. The sclective delivery
to tumor tissue has the effect of changing the in vivo distribution
and pharmacokinetics of the cylotoxic agent. Humanized
monoclonal antibodies typically have a circulation half-life of
about two weeks in humans and are largely found in the vascular
and extravascular plasma space. Thus, linking a small drug
molecule to the antibody will prevent penetration into healthy

* Corresponding awthor, Tel: (617) 995-2500. Fax: (617) 995-2510.
E-mail: ravi.chari@immunogen.com.

10.1021/m060319F CCC: $33.50

tissue and can exiend the in vivo half-life of the drug (lypically,
minutes to a few hours for the unconjugated drug) to as long
as two weeks, thereby accumulating a proportionally larger
amount at the malignant tissue than at the healthy tissues.® Thus,
this method of delivery should effectively contribute to a wider
therapeutic window for the maytansinoids and make them
effective anticancer agents. Preclinical evaluations of the first
set of antibody —maytansinoid conjugates have demonstrated that
this targeted delivery approach greatly improves the tumor
specificity and the antitumor activity of the maytansinoid.%'0
On the basis of this promising preclinical data, the first
antibody—maytansinoid conjugate has undergone a phase |
clinical evaluation in patients with colorectal and pancreatic
cancers.' -2

Delivery of the maytansinoid by a monoclonal antibody
requires that the maytansinoid is stably linked to the antibody.
However, once the antibody has bound to the antigen on the
cancer cells and the antibody—antigen complex is internalized
into the cell, the cytotoxic agent needs to be released inside the
cell to enable it to efficiently arrive at the target and inactivale
it. If one considers that the cytoplasm of célls contains
millimolar concentrations of the thiol-containing tripeptide,
glutathione, whereas the concentration of glutathione in human
blood is about 1000-fold lower (generally in the micromolar
range), then a disulfide bond appears to have ideal chemical
characteristics.'? It is thermodynamically very stable (bond
energy of about 65 kcal/mol) but kinetically labile in the
presence of sulfhydryl groups. The strength of the disulfide bond
can be manipulated to achieve maximal stability during circula-
tion in the blood stream, while allowing for efficient cleavage
inside the target cell. This is achieved by the introduction of
methyl substituents on the carbon atoms geminal to the disulfide
link, conferring varying degrees of steric hindrance. We,
therefore, set out (o synthesize maytansinoid analogues that
contained sulfhydryl groups and showed equal or enhanced
cytotoxic activity relative to that of the parent compound,
maytansine. Some of these maytansinoids were finked to a
menoclonal antibody, and the effect of disulfide bond strength
correlated with antitumor activity.

Structure—activity studies with maytansinoids had identified
the C3 N-acyl-N-methyl-L-alanyl ester side chain, the C4-C5

epoxide moicty, the C9 carbinol function, and the 'position of
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Figure 1. Structures of maytansine and disulfide-containing maytansi-
noid.

the conjugated C11 and C13 double bonds as critical elements
for activily.'? This left the phenyl ring and the N"-acyl group as
chemically modifiable entities. Although the N-acyl group is
required for biological aclivity, studies by Kupchan et al.'* have
shown that the nature of the acyl group can be varied without
a significant loss in activity. Thus, we initially replaced the
N-acetyl group in maytansine (1) with a 3-methyldithiopropionyl
group, thus producing disulfide-containing maytansinoid 2b
(DM1SMc), (Figure 1). On the basis of the promising in vitro
potency data of this compound, we then synthesized a variety
of disulfide and thiol-containing maytansinoids bearing different
N-acy!-N-methyl-L-alanyl ester moieties at the C3 position. A
representative set of these maytansinoids were then conjugated
to monoclonal antibodies to provide conjugates with varying
disulfide bond strengths. The synthesis of these new maytansi-
noids and the results from their biological testing in free form
or as conjugates of monoclonal antibodies is reported herein.

Biosynthetically, maytansinoids are complex polyketides.
Conscquently, soon after the initial isolation from plants, a
bacterial actinomycetes slrain Actinosynnema pretiosum was
isolated, which produces ansamycin antibiotics called ansami-

Scheme 1. Synthesis of Maytansinol®
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tocins that are maytansinoids with C3 alkanoic acid esters.'¢!7
Because ansamitocins lack the C3 N-acyl-N-methyl-L-alanyl side
chain, they have diminished cytotoxicity; however, they con-
stitute a ready starting material for the preparation of maytansi-
noid analogues with novel C3 side chains.

Results and Discussion

Chemistry. The chemistry followed the scheme originally
designed by Kupchan at al.,>'3 who first reported the chemical
conversion of maytansine to the C3 hydroxy compound,
maytansinol, and its subsequent conversion to different C3
esters. Esterification of maytansinol with alkanoic acids gave
the bacterial ansamitocins. Kawai et al.,'® have described the
esterification of maytansinol with a variety of N-acyl- N-methyl-
L-alanyl compounds to produce highly active C3 ester analogues
of maytansine.

The synthetic route for the preparation of disulfide-containing
maytansinoid esters is shown in Schemes | and 2. Maytansinol
(4) was synthesized from ansamitocins (3), which in turn were
obtained from the fermentation of the microorganism Actino-
synnema pretiosum. Ansamitocins were isolated as a mixture
of C3 esters of maytansinol, including propanoate, butyrate,
isobutyrate, and pentanoate esters. The predominant species
(~80%) was the C3 isobutyrate ansamitocin P-3. Because the
C3 ester group in maytansinoids is susceptible to elimination
under mild basic conditions (pH >9) to give the ¢, -unsaturated
maylansinoid maysine,'? cster hydrolysis was achicved through
a reductive cleavage process. The previously described method'
for the reductive cleavage of the C3 ester used lithium aluminum
hydride and gave low yields of maytansinol with several side
products. Several other reducing agents, including DIBAL,
NaBHj4, Red-Al, or Red-Al -+ 1 eq methanol, gave poor yields

ClL N\ L N\ H
MeO a,b MeO
—>
S o ”io
meo 1O 1 MeO
3 4
R = mixture of
Et, i-Pr, n-Bu, i-Bu d
Cl N\
N
MeO
o X
O
= # ” (o)
MeO
Al 4c
MeO OMe
. 4a J c

+ HOAI(OMe),

N ~/

@(a) LiAIH(OMe)3, THF, —30 to —40 °C; (b) pH 12, 30 min (c) pH 6—7, (d) pH 2, 2 h or pH 12, 30 min.
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Scheme 2. Synthesis of Disulfide-Containing Maytansinoids®
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and multiple side products. Attempted enzymatic cleavage of
the ester using a wide panel of commercially available esterases
and lipases was also unsuccessful, with no detectable hydrolysis.
However, the csler group in the ansamitocing was efficiently
cleaved using the mild reducing agent lithium trimethoxyalu-
minum hydride, under controlled temperature (—30 to —40 °C),
to give maytansinol in good yiclds. Higher reaction temperatures
led 1o cpoxide opening, whereas colder reaction temperatures
resulted in a high proportion of unreacted starting material.
Maylansinol was obtained after quenching (he reaction mixture
at =40 °C with water, which resulted in a pH of about 12, and
holding at this pH for 30 min, followed by subsequent
neutralization with formic acid. Interestingly, when the reaction
mixture was neutralized with acid to a pH between 6 and 7, the
very stable acetal intermediate 4¢ (presumably formed via 4a,
4b) was obtained. This intermediate could be isolated and stored.
It was converted to maytansinol (4) either by acidification and
holding at pH 2 for 2 h or by adding a base and holding at
basic pH (~11) for 30 min (Scheme 1).

Mercaptocarboxylic acids of varying linear chain lengths were
converted into methyldithio or aryldithio carboxylic acids by

reacting with methyl methanethiolsulfonate or aryl disulfides,
respectively (Scheme 3). The dithio-carboxylic acids were
converted into their N-hydroxysuccinimide esters, followed by
reaction with N-methyl-L-alanine to form the desired C3 N-acyl-
N-methyl-L-alanine side chains for reaction with maytansinol
(4). The two enantiomeric 4-(methydithio)pentanoic acids
(compounds 13 and 18) were prepared from the corresponding
optically pure 1,3-dihdroxybutanes as shown in Schemes 4 and
5. The conversion of the 1,3-dihdroxybutanes to the ditosylates,
followed by the displacement of the primary tosyl group by
cyanide, and the substitution of the secondary tosyl group with
a xanthate moiety gave compounds 12 and 17. Base hydrolysis,
followed by disulfide exchange with methyl methanethiolsul-
fonate gave compounds 13 and 18, which were then converted
1o their respective N-hydroxysuccinimide esters 14 and 19,
Acylation of N-methyl-L-alanine with the N-hydroxysuccinimde
ester of S- and R-4-(methyldithio)pentanoic acids gave the two
diastereomeric acyl N-methyl-L-alanyl side chains 5g and Sh
for condensation with maytansinol. To synthesize a maytansi-
noid ester bearing a sterically hindered thiol substituent, the
N-acyl-N-methyl-L-alanine compound 5i, bearing two methyl

\Q
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. Scheme 3. Synthesis of N-Acyl-N-methyl-1-alanines®
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hydroxysuccinimide, EDC; (c) N-methyl-L-alanine, tricthylamine,

Scheme 4. Synthesis of
N-Methyl-N-[(4-(S)-methyldithio)- -oxopentyl]-S-alanine?
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? Reaction conditions: (a) TsCl. Py; (b) NaCN; (c) KSSCOE; (d) NaOH;
(¢) CH3SSO,CH3; (f) N-hydroxysuccinimide, EDC; (g) N-methyl-L-alanine,
tricthylamine.

substituents on the carbon bearing the disulfide bond, was
synthesized from isobutylene sulfide using the steps shown in
Scheme 6. Ring opening of episulfide 20 with lithiated aceto-
nitrile gave nitrile 21. The hydrolysis of the nitrile, followed
by disulfide exchange with methylmethanethiolsulfonate gave
carboxylic acid 23. The condensation of 23 with N-hydroxy-
succinimide in the presence of EDC gave hydroxysuccinimide
ester 24, followed by the reaction with N-methyl-L-alanine to
give Si.

Disulfide-containing maytansinoid esters (2a—i), in which
both the chain length and degree of branching in the acyl group
were varied, were prepared by condensing maytansinol (4) with
the N-acyl-N-methyl-L-alanyl derivatives described above in the
presence of the coupling reagent 1,3-dicyclohexylcarbodiimide
(DCC) along with catalylic amounts of zine chloride (Scheme
2). In all cases, two diastereomeric products (2a—i and 6a—i)
containing the L- and pD-aminoacyl side chain, respectively, were
obtained, despite the fact that enantiomerically pure acylamino
acids were uscd in the reaction. This indicates that epimerization
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at the a-carbon of the N-methyl-L-alanine moiety takes place
during the reaction. In addition, unreacted maytansinol (typically
10—20%) was also recovered. The addition of another aliquot
of the carboxylic acid, DCC, and ZnCl; did not result in any
further reaction. Several other coupling ageots, solvents, and
reaction conditions were tried but generally gave poorer yields.
Of the Lewis acids investigated, zinc chloride gave the best
yields. The substitution of zinc chloride with acyl transfer
catalysts such as (dimethylamino)pyridine or hydroxybenzo-
triazole gave litlle or no product. The diastereomeric maytansi-
noid esters were readily separated by normal phase HPLC, using
a cyano-bonded silica column. On this column, the two
diastereomers had retention times that were about 10 min apart,
enabling a facile separation. In some cases, the diastercomers
could also be separated by preparative TLC on silica gel. In
one case, the maytansinoid ester could not be isolated in a
reasonable yield. In this case, the maytansinoid DM2SMe (2¢e)
was found to be unstable under the reaction conditions and
underwent rapid decomposition, presumably because of facile
B-climination of the methydithio substituent to give the substi-
tuted alkene, which is the thermodynamically favored product.

Because maytansinoids are sensitive to bases, nucleophiles,
and strong reducing agents, the reduction of disulfide-containing
maytansinoids to the thiol compounds had to be achieved using
very mild and disulfide-specific reagents. The reduction of the
disulfide-containing maytansinoids (2b,c,e,fi) proceeded smoothly
upon treatment, in neutral buffered aqueous solution, with a
small excess (2—3 cquiv) of dithiothreitol (DTT), a.reducing
agent commonly used by biochemists for the scission of
disulfide bonds in proteins (Scheme 7). Initial attempts (o obtain
pure thiol-containing drugs by reverse phase HPLC using a
water—acetonitrile mobile phase resulted in a considerable loss
of product because of the rapid oxidation of the thiols to dimeric
maytansinoids that had low solubility in aqueous solutions. The
thiol-containing maytansinoids could be cfficiently purified
using nonaqueous solvents on a normal phase cyano-bonded
HPLC column to provide mercapto-L-aminoacyl-maytansinoids
25a (DM1), 25b (DM3), and 25¢ (DM4) (Scheme 7). Similarly,
the reduction of the disulfide-containing-p-aminoacyl maytansi-
noids (6b,¢,f,i) gave the thiol-containing maytansinoids 26a—
c. The water soluble reducing agent tris-(2-carboxyethyl)-
phosphine (TCEP) could also be used instead of DTT with
similar results. Once purified, using nonaqueous solvents, the
thiol-containing drugs were stable upon extended storage in dry
form. For a subsecquent reaction with antibodies, the thiol-
containing maytansinoids had to be reconstituted in a water-
miscible solvent that would keep the drug in solution in the
predominantly aqueous milieu (<5% organic solvent) and also
compatible with proteins, Dimothylacctamide (DMAY) was
found to be the ideal solvent, once it was re-purified and freed

Scheme 5. Synthesis of N-Methyl-N-[(4-(R)-methyldithio)- 1 -oxopentyl]-S-alanine®
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Scheme 6. Synthesis of
N-Mcthyl-N-[4-methyl-(4-methyldithio)-1-oxopentyl)-S-alanine?
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“Reaction condmons: (a) CH3CN, “Bu-Li; (b) NaOH; (c) CH1SSO,CH3;
(d) N-hydroxysuccinimide, EDC; (€) N-methyl-L-alanine.

Scheme 7. Synthesis of Thiol-Containing Maytansinoids®
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ol metal ions. This was achieved by the careful glass-distillation
of high-grade commercial DMA.

Maytansinoids 2j (DMI-TPA) and 2k (DM4-TBA) were
sometimes obtained as byproducts of the conjugation reaction
of thiol-containing maytansinoids with antibodies. To determine
the potency of these compounds, they were independently
synthesized from the corresponding thiol-containing maytansi-
noids 25a and 25c¢, respectively, by a disulfide cxchange with
the appropriate pyridyldithicalkanoic acids. The disulfide dimers
25d and 2Se of DMI and DM4, respectively, were also
sometimes obtained as byproducts of the conjugation reaction.
These two dimers were synthesized either by disulfide exchange
or by metal-ion-catalyzed oxidation of the parent thiol-contain-
ing maylansinoids 25a and 25¢, respectively (Scheme 8).

Antibody Conjugates. The antibody used in this study was
huC242, a humanized version of the murine monoclonal
antibody C242? that binds to the CanAg antigen that is highly
expressed on the surface of several human solid tumors,
including colon, pancreatic, gastric, and some lung tumors. This
antibody displayed limited cross-reactivity with human normal
tissucs. The conjugation of the maytansinoid to the monoclonal
antibodies was accomplished in two steps (Scheme 9). First,
the monoclonal antibody was modified cither with N-succin-
imidyl 4-(2-pyridyldithio)pentanocate (SPP, 27) or with N-

“ Abbreviations: DMA, dimethylacetamide; SPP, N-succinimidyl 4-(2-
pyridyldithio)pentanoate; QI’DB N-succinimidyl 4- (2-pyridyldithio)bu-
tanoatc.

Widdison et al.

Scheme 8. Synthesis of Maytansinoid Dimers®
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Scheme 9. Preparation of Antibody—Maytansinoid Conjugates”
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succinimidyl 4-(2-pyridyldithio)butanocate (SPDB, 28) to intro-
duce an active disulfide-containing group. The treatment with
these bifunctional cross-linking agents resulted in the formation
of stable amide bonds with the e-amino group of lysine residues
to generate a modified antibody bearing, on an average, four to
five linked pyridyldithio groups per antibody molecule. Modi-
fication with SPP results in the introduction of a sterically
hindered center on the carbon atom bearing the disulfide moiety,
whereas the treatment with SPDB resulls in the introduction of
a nonhindered disulfide. In the second step, the treatment with
a thiol-containing maytansinoid led to disulfide exchange with
the pyridyldithio group 1o give antibody conjugates containing,
on the average, three to four maytansinoid drugs linked via the
newly formed disulfide bonds. The strength of the disulfide bond
was varicd by using maytansinoids 25b and 25¢ that bear
sterically hindered thiols or by utilizing the SPP cross-linker,
which would introduce a methyl substituent on the antibody
side of the disulfide link. For example, the huC242—DM]
conjugate cantuzumab mertansine contains onc methy! substitu-
ent on the antibody side of the disulfide link. The huC242—
DM3 conjugate bears one methyl substituent on the drug side
of the disulfide link, whereas the huC242—DM4 conjugate bears
two methyl substituents on the drug side of the disulfide link.
A structural representation of these conjugates is shown in
Figure 2. The conjugates were monomeric, soluble in neutral
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Figure 2. Structural representation of maytansinoid conjugates with
the huC242 antibody. The differences in the linker region are shadowed.

buffered aqueous solution, and stable for up to two years upon
storage at 4 °C.

Biological Studies. Free Drugs. The disulfide-containing
maytansinoid drugs and thiol-containing maytansinoid drugs
were cvaluated for their ability to suppress the proliferation of
human tumor cell lines in vitro. KB (human epidermoid
carcinoma) and SK-BR-3 (human breast tumor) cells were
cxposed to the compounds for 24 or 72 h, and the surviving
fractions of cells were measured using a clonogenic plating
cfficiency assay. The 1Cs values were then caleulated from these
data. The L-aminoacyl maytansinoid 2b (DM 1SMe), bearing a
methyldithio-propanoy! substituent in the C3 ester side chain,
was found to be highly potent with [Csy values of 0.029 and
0.014 nM toward KB and SK-BR-3 cells, respectively (Table
1). This methyldithio-maytansinoid displayed cytotoxicity simi-
lar to that of the parent drug maytansine toward KB cells and
increased potency compared to that of maytansine toward SK-
BR-3 cells. The potency of 2b was then compared to that of
maylansine on a wider pancl of human tumor cell lines (see
Table 1). Compound 2b was potent toward SW-620 (colon
adenocarcinoma) with an 1Csg value of 0.040 nM, about 3-fold
more potent than maytansine. Both 2b and maytansine were
Iess poten( toward HCT-15 (colon carcinoma) cells with 1Csq
values of 0.13 and 0.75 nM, respectively. The lower potency
of these drugs toward HCT-15 cells line can be explained by
the reported expression of the multidrug resistance gene (mdrl/
P-glycoprotein) in this cell line.?! Compound 2b was about twice
as cytotoxic (ICso = 0.05 nM) as maytansine against the ovarian
cancer line OVCARS3. Thus, the replacement of the acetyl group
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Table 1. Comparison of the in Vitro Potency of Maytansiiie (1) and
Disulfide-Containing Maytansinoid, DM1SMc (2b) after 72 h of
Exposurc to the Drugs

|C50 (I'IM)
cell line maytansine (1) maytansinoid 2b
KB 0.034 & 0.005 0.029 4= 0.003
Sk-Br-3 0.030 =+ 0.005 0.014 3- 0.006
A-431 0.040 <0.030
A-549 0.160 2= 0.040 0.120
SW-620¢ >0.100 0.040 & 0.004
Ovcar-3¢ 0.100 £ 0.020 0.050 £ 0.010
HCT-15 0.750 0.130
MCEF-7 0.044 3 0.002 <0.03
A-375 0.037 0.030 £ 0.015

“24 h exposure.

Table 2. Cytotoxicity of Various Maytansinoids in Vitro toward Tumor
Cell Lines (72 h of Exposure)

1Csp (nM)

compd KB cells SK-Br-3 cells
4 >3 1.2
1 0.034 0.030
2a 0.190 nd
2b 0.029 0.014
2c 0.100 nd
2d 0.0085 0.038
2f 0.011 0.0042
2g 0.040 0.032
2h 0.042 0.027
2i 0.0011 0.0032
2j 1.80 3.40
2k 23.0 7.10
6b 3.0 6.0
6d 2.0 nd
6f 1.20 0.22
6g >3.0 >3.0
6h 2.40 220
6i >0.30 >0.30
25a 1.10 1.10
25b 0.077 0.031
25¢ 0.290 0.120
25d 0.140 0.100
25¢ 0.0016 0.0012
26a >3.0 >3.0
26¢ >1.0 33

in the C3 side chain of maytansine with a methyldithigpropanoyl
group not only preserved the cytotoxic activity of maytansine
but, in some cases, even enhanced its potency toward cancer
cell lines.

We then examined the cffect of the chain length of the acyl
group on potency (Table 2). Maytansinoid 2d, bearing the
methyldithiobutanoyl side chain (one methylene longer than 2b),
displayed similar potency to that of 2b. In contrast, the
methyldithioacetyl maytansinoid 2a (one methylene unit shorter
than 2b) was about 10-fold less cytotoxic than 2b, suggesting
that a minimum of two methylene groups are required in the
N-acyl side chain to achieve high potency. The phenyldithio
analogue 2c¢ was also about 10-fold less potent than the
corresponding  methydithio-maytansinoid 2b. Maytansinoids
bearing a branched L-aminoacyl side chain, incorporating one
methyl substituent (DM3SMe, 2f,g,h) or two methy] substituents
(DM45Me, 2i) on the carbon atom bearing the methydithio
substituent, were highly potent, with 1Csq values ranging from
0.0042 1o 0.011 nM for 2f and 0.011 to 0.0032 nM for 2i.
Maytansinoid 2f bears a new chiral center in the acyl side chain,
Maylansinoids 2g and 2h bearing the R and S configurations in
the acyl side chains, respectively, were found to display
potencies similar to that of 2f, which bears the racemic acyl
side chain. Although the stercochemistry in the acyl side chain

2l
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was not important for activity, the stereochemistry of the
N-methylalanyl moiety had a dramatic influence on potency.
Thus, the maytansinoids 6b,d,f,g,h,i bearing the unnatural
N-methyl-p-alanyl moiety were about 100-fold less cytotoxic
than their corresponding L-epimers toward both cell lines.

In all cases, the mercapto-containing maytansinoids were less
potent than their corresponding methydisulfide analogues. Thus,
maytansinoid 25a (DM1), bearing the mercaptopropanoyl side
chain, had an 1Csy value of 1.1 nM toward KB and SK-BR-3
cells, rendering it about 30- and 100-fold less potent than 2b
toward these cell lines. This decrease in potency may be
attributed to the instability of thiol-containing maytansinoids
such as 25a under cell culture conditions wherein the oxidation
of 25a (o its disulfide dimer 25d was observed. However, dimer
25d was independently synthesized and found to be only about
3- to 10-fold less potent than 2b, suggesting that 25a might be
inactivated additionally by some other mechanism. For example,
the thiol group could react with a cell culture component such
as cysting to provide a charged maytansinoid carboxylate, which
is incapable of internalization into the cell, resulting in
diminished potency. Maytansinoids 25b,¢c bearing sterically
hindered thiols were 3- to 12-fold more potent than 25a, which
is consistent with the predicted lower reactivity and conse-
quently, the greater stability of these compounds in the cell
culture milieu. The dimer (25e) of DM4 was the most potent
maytansinoid tested, with 1Csq values of 0.0012 and 0.0016 nM
toward the two cell lines tested. Maytansinoids 2§ and 2k bear
a terminal carboxyl group that renders them at least 100-fold
less potent than the parent compounds 2b and 2i, suggesting
that the charged carboxylate residue might interfere with the
internalization into cells, resulting in diminished potency.

Antibody—Drug Conjugates. Cytotoxicity in Vitro. The
conjugation of the huC242 antibody, via disulfide bonds, with
thiol-containing maytansinoids DM1 (25a), DM3 (25b), and
DM4 (25¢) gave the conjugates labeled huC242—~DM 1, huC242—
DM3, and huC242—DM4, respectively (Figure 2). In these
conjugates, the anlibody modifying agent and the maytansinoids
were chosen with the goal of producing conjugates of varying
disulfide bond stability. All three conjugates displayed high
potency in vitro toward the antigen-expressing COLO 205 cell
linc, with 1Csq values (in protein concentration) of 1.1 x 10~1",
1.3 x 107", and 3.8 x 10~"" M for huC242—DM4, huC242—
DM3, and huC242—DM1, respectively. Thus, the disulfide bond
strength does not appear to play an important role in determining
the magnitude of in vitro potency toward target cells. impor-
tantly, all three conjugates were about 200-fold less eytotoxic
toward antigen-negative A-375 cells, demonstrating the specific-
ity of the cytotoxic effect. Figure 3 shows an example of how
an antibody can confer target specificity to an otherwise
nonspecifically cytotoxic drug. Both the COLO 205 and A-375
cell lines were killed equally well by the nonconjugated
maytansinoid 2i (DM4SMe). In contrast, the conjugated may-
tansinoid huC242—DM4 kills the target COLO 205 cells at a
1000-fold lower concentration than the nontarget A-375 cell,
establishing (hat the linkage to antibodies confers tumor
specificity to the otherwise indiscriminately toxic maytansinoid
drugs.

Antitumor Activity in Vivo. The antitumor activity of

the three huC242—maytansinoid conjugates, huC242—DM],
huC242-DM3, and huC242~-DM4, were compared in human
colon tumor xenograft models established with COLO 205 cells.
We have previously shown!? that C242—-DM1 is curative in
this model and that the free DM1 and the unconjugated €242
antibody show little or no antitumor cffect. To compare the
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Figure 4. Comparison of the antitumor activity of huC242—maytansi-
noid conjugates in a human colon tumor xenograft model established
subcutaneously with COLO 205 cells,

relative efficacy of the three conjugates, we selected a treatment
regimen that used a low dose of the conjugate (~20% of the
maximum tolerated dose) that would result in a delay in tumor
growth but would not be curative. The results are shown in
Figure 4. The tumors in the control group of mice grew to a
size of nearly 900 mm? in 24 days. The treatment with huC242—
DM (linked maytansinoid dose of 75 ug/kg, qd x: 5) resulted
in a tumor growth delay of 20 days, whereas the treatment with
huC242—-DM3, at an equivalent dose, resulted in a greater
therapeutic effect and caused complete tumor regressions lasting
45 days. Treatment at an equivalent dose of the huC242—DM4
conjugate was even more efficacious, resulting in cures of all

of the treated animals. Interestingly, the antitumor activity of

huC242-DM3 is superior to that of huC242~DM], although
both conjugates would have been predicted to display similar
stability in vivo. The huC242—DM3 conjugate bears one methyl
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group on the carbon atom bearing the disulfide bond on the
drug side of the conjugate, whereas huC242~DMI bears one

methyl substitucnt at the carbon atom on the antibody side of

the disulfide link. However, cleavage of the disulfide bond in
huC242—~DM3 releases the thiol-containing maytansinoid DM3,
which is about 10-fold morc potent than DM, the active
component released from huC242-DM1, which could explain
the greater efficacy observed with the DM3 conjugate.

The greater antitumor activity of huC242—DM4 compared
to that of huC242—DM1 can be attributed 10 at least two
factors: (a) the greater stability of the disulfide bond between
the antibody and the drug in huC242—DM4, which results in a
longer circulation time of the intact conjugate and thus
potenlially greater accumulation at the tumor site, and (b) the
greater stability of the released DM4 drug, which bears a thiol
substituent at a tertiary carbon center. Studies to determine the
paramelers contribuling to the different in vivo activities of the
conjugates arc ongoing.

Conclusions

To hamess the potent cytotoxic activity of maytansinoids for
the treatment of cancer, we prepared analogues of maytansine
that can be covalently finked to monoclonal antitumor antibodies
for (argeted treatment. Such analogues not only have to maintain
the activily of maylansine but also have 1o be able to readily
form a stable chemical bond with a protein in aqueous solution.
For manufacturing reasons, bond formation must be efficient
and occur in high yield. Sulfhydryl groups or their respective
thiolate anions react readily in aqueous solutions with maleimido

moieties in a Michacl-type addition reaction to form thiocthers -

and with disulfide groups in a disulfide exchange reaction to
form new disulfide bonds. We, therefore, prepared and tested
maylansinoid compounds with reactive sulfhydryl groups, which
during synthesis and for some biological testing were protected
in the form of simple disulfide compounds.

Thus, we have synthesized a series of new maytansinoids
bearing a disulfide or thiol substituent. The series was chosen
80 as to cvaluate the influcnce of the chain length of the ester
side chain and the degree of steric hindrance on the carbon atom

bearing the thiol substituent on in vitro cytotoxicity. Several of

these maytansinoids were found to be even more potent than
the parent drug maytansine in killing human tumor cells in vitro.
Antibody conjugates bearing varying degrees of steric hindrance
around the disulfide link between the maytansinoid and antibody
were shown (o be highly active in selectively kilting target cells
to which the antibody was capable of binding. Nontarget cells
were nol affected even at a 100-fold higher concentration,
demonstrating that the high potency of the maytansinoids could
be directed toward the specific killing of target cells. Remarkable
antitumor efficacy was observed in a xenograft model. These
studics, in part, have led to the development of huC242—DM4
for evaluation as an antitumor agent in human clinical trials in
patients expressing the antigen for C242.

Experimental Section

All reagents were obtained from the Aldrich Chemical Co., unicss
otherwise stated. Maytansine (NCI 158358/26/0) was obtained from
the National Cancer Institute. Ansamitocin P-3 was produced by
fermentation of an Actinosynnema pretiosum strain derived from
several rounds of mutagenesis of the parent ATCC 31565 strain.
Human tumor cell lines used in biological assays were obtained
from the American Type Culture Collection (ATCC). Melting points
were determined on an electrothermal melting point apparatus.
Proton magnetic resonance ('H NMR) spectra were obtained on a
Bruker Avance spectrometer operating at 400 MHz. The chemical

Journal of Medicinal Chemistry, 2006, Vol. 49, No. 14 4399

shifts are reported in § values relative to that of an internal
tetramethylsilane (Me,Si) standard. UV spectra were recorded on
a Beckman DU-640 spectrophotometer. The optical rotations were
determined using a Rudolph AUTOPOL 'IV }polarimctcr. Mass
spectra were obtained on a Bruker Da a
Waters QTOF-API-US spectrometer. Llumntal analyses were
performed by Atlantic Microlabs, Atlanta, GA. High performance
liquid chromatography (HPLC) was performed on a Beckman or
Varian instrument (analytical or preparative %ale) equipped with
a diode array detector.

Synthesis of Maytansinol (4). To a 200 mL iﬂasl\ was added a
I M solution of lithium aluminum hydride (45 mmol 45 mL) in
THF. The solution was placed under an '\rg)n '\lmosphcrc and
cooled to —40 °C. A mixture of anhydrous mcthanol (5.4 mL, 135
mmol) in THF (25 mL) was added dropwise. Thg temperature was
maintained between —30 and —40 °C. After the addition was
complete, the reaction mixture was stirred at thls temperature for
an additional period of 10 min to give lithium 11nm.thoxyalummum
hydride (LiAIH(OMe);). In a separate 250 mL flask, ansamitocin
(3.2 g, 5.0 mmol) was dissolved in anhydrous THF (30 mL), and
the solution was placed under an argon atmoqphcrc and cooled in
a dry ice—acetone bath to —40 °C. The solution ol LiAIH(OMe);
was transferred via a cannula over 10 min into thc chilled solution
of ansamitocins. The reaction temperature was mamlamcd between
—30 and —35 °C under argon and stirred for 2 h. Deionized water
(22 mL) was added dropwise while the reactidn mixture was
maintained at =30 and —35 °C. After 30 min, 88% formic acid
(1.8 mL) and cthyl acetate (50 mL) were added. The mixture was
allowed to warm up to room temperature. The precipitate was
removed by vacuum filtration, and the filtrate was concentrated
under vacuum. The residue was dissolved in a minimum volume
of dichloromethane and loaded onto a silica gel column packed in
dichloromethane. The column was eluted with dichloromethane/
methanol (93:5, v/v). The fractions containing the desired product
were pooled and evaporated under reduced pressuré to give 2.3 g
of maytansinol (81% yield) as a white solid: mp 205—207 °C; 'H
NMR (CDCly) d 0.82 (3H, 8), .28 (3H,d,J= 6 H7), 1.52—1.54
(FH, m), 1.67 (3H, s), 1.80 (br s s), 2.07-2.29 (4H,'m), 2.56 (IH,
d,J = 11 Hz), 2.95 (br s), 3.10 (1H, d, J = 12 Hz)] 3. 19 (3H, s),
3.41 (3H, s), 3.44-3.51 (3H, m), 3.97 (3H, 8), 4.34 (1H, t,J = 11
Hz), 5.50 (1H, dd, J = 9 and 15 Hz), 6.13 (1H, d,J = 11 Hz),
6.37 (1H, s), 6.42 (1H, dd, J = 11 and 15 Hz), 6.79 (1H, d, J =
1.5 H/_). 7.02 (]H d, J=15 HZ); HRMS calcd for ngH:;j;ClNsz
M + H)* m/z = 565.2317; found, 565.2329. H'ﬁPLC’analysis was
performed on a Kromasil analytical C-8 column (length: 100 mm,
i.d.: 4.6 mm), at a flow rate of 1 mL/min, cluting with a gradient
of water and acetonitrile (30% to 45% CH;CN over "50 min). Under
these conditions, maytammol etuted as a sharp peak wnh a rctention
time of 11.15 min.

Acetal 4¢. A solution of ansamitocins (3.0 g, 4.72 mmol) in THF
(15 mL) was cooled to —35 °C, and a solution of 0.67 M LiAl-
(OMe);H (56 mL, 37.7 mmol) in THF was added dropwisc by
syringe using a syringe pump. The temperature of the reaction was
maintained between —30 and —40 °C throughout the addition. After
addition was complete, the reaction was stirred for 2 h at between
—34 and =37 °C. A solution of 88% formic acid (1.85 mL, 2.16
g, 41.5 mmol) in deionized water (23 mL) was added dropwise to
the flask at a rate that did not produce excessive frothing, followed
by the addition of ethyl acetate (60 mL). The cooling bath was
removed, and the mixture was allowed to warm up to room
temperature. The pH of the mixture was checked wnth pH paper
and found to be approximatcly 6. Precipitated aluminum-based
byproducts were removed by vacuum filtration, and the solvent
was removed from the filtrate by rotary evaporation 1111clér vacuum.
Butyl acetate (10 mlL) was added to the residue, and the solvent
was then evaporated to remove the residual water, The residue was
purified by silica chromatography using dichloromethane/methanol
95:5 (viv), giving a later eluting band (maytansinol) and an carly
cluting band. The maytansinol band was collected, and the solvent
was removed by rotary evaporation to give 1.55 g of maytansinol
(58%). The solvent was removed from the earlier cluting band,
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and the matcrial was dissolved in a minimum volume of acctonitrile
and then purified by preparative reverse-phase HPLC. The solvent
was removed by rotary evaporation to give 440 mg (15% vyield) of
4c, R = —CH(CH;)y; 'H NMR (CDCl3) 6 0.78 (s, 3H), 0.97 (d,
3H,J = 6.9), 1.04 (d, 3H, J = 6.7), 1.23 (m, 1H), 1.28 (d, 3H,
J=6.4), 1.54 (m, 1H), 1.66 (s, 3H), 1.72 (m, 2H), 2.03 (dd, 1H,
J=14,3.6 Hz), 2.3 (d, 1H,J = 14), 2.49 (dd, 1H,J = 11.7, 14),
2.92(d, IH,J=9.5Hz), 3.14 (s, 3H), 3.12 (m, 1H), 3.37, (s, 3H),
3.52 (m, 3H). 3.65 (m, 1H), 3.75 (m, 1H), 3.97 (s, 1H), 4.31 (m,
2H), 5.52 (dd, IH, J = 16, 8.7 Hz), 6.13(d, 1H, J = 11 Hz), 6.34
(s, 1H), 6.45 (dd, 1H, J = 16, 11 Hz), 6.80 (d, I1H, J = 1.5 Hz),
6.92 (d, 1H, J = 1.5 Hz); MS m/z 619.3 (M +H)+.

3-(Methyldithio)propanoic Acid (8b). To a stirred solution of
3-mercaptopropanoic acid (7b) (5.00 g, 0.047 mol) in water (150
mL) cooled in an ice bath was added methy! methancthiolsulfonate
(6.54 g, 0.052 mol) in absolute ethanol (75 mL). The reaction
mixture was stirred overnight at room temperature. The mixture
was then diluted with saturated aqueous NaC! (400 ml) and
extracted with ether (3 x 150 mL), and the combined ether extracts
were then washed with saturated NaCl. The solution was dried over
NapSO,, concentrated, and then distilled to afford a colorless liquid
(6.47 g, 90%); bp (I mm) = 105 °C; '"H NMR (CDCl3) § 2.32
(3H, 5), 2.80 (4H, m), 11.20 (1H, s).

4-(Methyldithio)butanoic Acid (8c). To a stirred solution of
bis-(3-carboxypropyl)disulfide (1.00 g, 4.20 mmol) in methanol (20
mL) was added a solution of dithiothreitol (0.647 g, 4.20 mmol) in
H,0 (20 mL). A solution of 10 M NaOH (0.842 mL, 8.42 mmol)
was then added and the mixture was allowed to stir overnight at
room temperature to effect complete reduction. Methyl methane-
thiolsulfonate (1.17 g, 9.24 mmol) was added, and the reaction
mixture was stirred for another 3 h. The mixture was then diluted
with saturated aquecous NaCl (150 mL), acidified (aqueous HCI),
and extracted with cthyl ether (3 x 100 mL). The combined organic
layers were washed with saturated NaCl, dried (Na,SQy), concen-
trated, and chromatographed on silica gel, eluting with dichio-
romethanc/cthyl acctate to give 0.867 g (56%) of a colotless liquid:;
"H'NMR (CDCly) ¢ 2.12 (2H, m), 2.40 (3H, 5), 2.74 (2H, m), 11.18
(1H, s).

3-(Phenyldithio)propanoic Acid (8d). To a stirred solution of
dipheny! disulfide (3.0 g, 13.8 mmol) in a mixture of cther (10
ml) and methanol (20 mL) under a nitrogen atmosphere at room
temperature was added a solution of 3-mercaptopropanoic acid (7b)
(0.49 g, 4.6 mmol) in ether (5 mL), followed by a solution of 10
M NaOH (0.46 mL, 4.6 mmol). The reaction mixture was stirred
at room temperature for 20 h and then stripped of the solvents under
reduced pressure. The product was purified by column chroma-
tography on silica gel, cluting with ethyl acetate/hexane. The
product was obtaincd as a white solid (0.56 g, 56.6%); mp 57—59
°C; "M NMR (CDCl3, TMS) § 2.6—3.0 (4H, m), 7.12—7.60 (5H,
m), 10.6 (1H, s).

R-1,3-Di-O-(para-toluenesulfonyl)butane (11). A solution of
R-(=)-1,3-butanediol (10, 2.00 g, 22.22 mmol) in a mixture of dry
pyridine (40 mL) and dry toluene (60 mL) was treated with
p-toluencsulfonyl chloride (12.70 g, 66.84 mmol) under argon at 0
°C. After stirring at 0 °C for 5 min followed by stirring at room
temperature for 2 h, the mixture was evaporated under vacuum,
redissolved in cthyl acetate, and washed with 0.1 M aqueous
NaHCO;, followed by saturated aqueous NaCl. The organic layer
was dried over MgSQ, and filtered, and the solvent was evaporated.
Purification by chromatography on silica gel, eluting with 1:2
(v/v) ethyl acetate/hexanc gave 6.51 g (74%) of the title compound
(Rr=0.40, 1:1 EtOAc/hexance) as a white solid; mp 56—58 °C; 'H
NMR (CDCly) § 7.76 (dd, 4H, .J = 1.0, 8.0 Hz), 7.35 (dt, 4H, J =
0.4, 8.0 +8.0 Hz), 4.70 (m, 11), 4.03 (m, 1H), 3.94 (m, 1H), 2.46
(s, 6H), 1.92 (m, 2H), 1.26 (d, 3H, J = 6.3 Hz); '3C NMR 145.17,
133.00, 130.11, 128.12, 127.91, 76.28, 66.21, 36.08, 21.86, 21.06;
MS: m/z 420.99 (M + Na)*.

S$-4-(0-Ethylxanthic)pentanenitrile (12). A solution of R-1,3-
di-O-p-tolucnesulfonyl-butane (11, 4.80 g, 12.06 mmol) in dry
DMSO (50 mL) was treated with NaCN (0.65 g, 13.26 mmol).
Afier stirring at room temperature under argon for 18 h, the reaction
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mixture was diluted with ethyl acetate, washed successively with
cold 1.0 M NaH,PO, at pH 7.5, water, and 1.0 M aqueous NaH,-
PO, at pH 4.0. The organic layer was separated and dried over
MgSQ,, filtered, and then cvaporated to give 2.63 g of crude R-3-
O-p-toluencsulfonyl-pentanenitrile, MS: m/z 275.80 (M + Na)*.
The product was vsed directly without furthet purification. To the
solution of crude of R-3-O-p-toluenesulfonyl-pentanenitrile (2.63
g) in cthanol (15 mL) was added potassium O-cthylxanthate (4.55
g) in ethanol (50 mL). After stirring overnight under argon, the
mixture was concentrated, diluted with cthyl acetate, and filtered
through a short silica column. The eluant was concentrated and
purified by chromatography on silica gel, eluting with 1:4 (v/v)
EtOAc/hexane, to give 1.54 g (63%, 2 steps) of the title compound
(Rr = 0.40 (1:4 EtOAc/hexane)) as a colorless oil. 'H NMR (CDCls)
A 4.67 (dd, 2H, J = 7.1, 14.2 Hz), 3.86 (ddd, IH, J = 7.0, 14.0,
21.9 Hz), 2,50 (t, 2H J = 7.3 + 7.6 Hz), 2.06 (m, 2H), 1.44 (m,
6H); C NMR 213.04, 119.16, 70.28, 44.57, 32.10, 20.20, 15.21,
13.93; MS: m/z 226.51 (M + Na) *, 242,51 (M + K) *.

8-(+)-4-(Methyldithio)pentanoic Acid (13). To a solution of

$-4-O-Tithylxanthic-pentanenitrile (12, 1.95 g; 9.6] mmol) in a
mixture of ethanol (10 mL) and water (150 mL) was added NaOH
(5 g). The reaction mixture was refluxed overnight under argon,
The mixture was cooled to room temperature and diluted with water
(150 mL) and extracted with |:1 EtOAc/hexane (2 x 100 mL).
The aqueous layer was acidified with HaPQq to pH 2.5—3.0 and
extracted with EtOAc (6 x 75 mL). The organic layers were
combined, dried over MgSOs,, filtered, and evaporated to dryness
to give the crude S-4-mercaptopentanoic acid. This crude product
was used directly in the next step without further purification. To
a solution of crude S-4-mercaptopentanoic acid (1.2 g) in a mixture
of ethanol (50 mL) and 0.5 M NaH,PO; buffer (75 mL) at pH 7.0
was added dropwise methyl methancthiolsulfonate (1.47 g, 11.65
mmol) in dry THF (5 mL) over 45 min at 0 °C. After stirring under
argon at 0 °C for 30 min followed by stitring at room temperature
for 2 h, the mixture was concentrated and extracted with dichlo-
romethane (2 x 50 mL). The aqueous layer was acidified with Hs-
PO, to pH 2.5-3.0 and extracted with EtOAc (4:1x 100 mL). The
organic layers were combined, dried over MgSOQs,, filtered, and
evaporated. The residuc was purified by chromatography over silica
gel, eluting with 1:100:400 HOAc/EtOAc/hexane to give 1.43 g
(83%) of the desired product (Ry = 0.32, 1:100:400 HOAC/TEtOAc/
hexane) as a white solid; mp 290—293 °C (dec); 'H NMR (CDCl;)
0291 (ddd, 1H, J = 6.8, 13.7, 20.5 Hz), 2.53 (t, 2H, /= 7.7 +
7.4 Hz), 2.42 (s, 3H), 1.94 (m, 2H), 1.36 (d, 3H, J = 6.8 Hz); 1*C
NMR 179.18, 45.35, 31.58, 30.73, 24.70, 21.05; MS: (m/z) 202.92
(M + Nayt; [o]*; = +41.35 (¢ = 2, CH;0H).

$-1,3-Di-O-(para-toluenesulfonyhbutane (16). A solution of S-
(—)-1,3-butanediol (15, 2.00 g, 22.22 mmol) in a mixture of dry
pyridine (40 mL) and dry toluene (60 mL) was trcated with
p-toluenesulfonyl chloride (12.70 g, 66.84 mmol) under argon at 0
°C. After stirring at 0 °C for 5 min followed by stirring at room
temperature for 2 h, the mixture was cvaporated under vacuum.
The residue was redissolved in ethyl acetate and washed with 0.1
M aqueous NaHCO; and saturated NaCl. The organic layer was
separated, dried over MgSOy, filtered, and evaporated. The residue
was purified by chromatography over silica gel, eluting with 1:2
ethyl acetate/hexane to give 6.25 g (71%) of the title compound
(Re = 0.40 (1:1 EtOAc/hexane)). Recrystallization from ether/
hexane afforded a white solid; mp 56-58 °C; '"H NMR (CDCls) §
7.76 (dd, 4H, J = 1.0, 8.0 Hz), 7.35 (dt, 4H, J = 0.4, 8.0 +8.0
Hz), 4.70 (m, 1H), 4.03 (mn, 1H), 3.94 (m, 1H), 2.46 (s, 6H), 1.92
(m, 2H), 1.26 (d, 3H, J = 6.3 Hz); 3C NMR 145.17, 133.00,
130,11, 128.12, 127.91,76.28, 66.21, 36.08, 21.86, 21.06; MS: m/z
420.99 (M + Na)*.

R-4-O-(Ethylxanthic)pentanenitrile (17). A solution of $-1,3-
di-O-(p-toluencsulfonyl)butane (16, 6.25 g, 15.70 mmol) in 60 dry
DMSO (50 mL) was treated with NaCN (0.85 g). The reaction
mixture was stitred under argon for 18 h at room temperature. The
reaction mixture was then diluted with ethyl acetatc, washed
sequentially with cold 1.0 M NaH,PO, buffer at pH 7.5, water,
and 1.0 M NaH,PO, buffer at pH 4.0. The organic layer was dried
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over MgSQy, filtered, and evaporated to give 3.62 g of crude S-3-
O-(p-toluenesulfonyl)pentanenitrile. The product was used directly
without further purification. To a solution of crude $-3-O-p-
tolucnesulfonyl-pentanenitrile (3.62 g) in cthanol (50 mL) was
added potassium O-cthylxanthate (5.72 g) in ethanol (100 mL).
After stircing overnight under argon, the mixture was concentrated,
diluted with ethyl acetate, and filtered through a short column of
silica gel. The cluant was concentrated, and the residue was purified
by chromatography over silica gel, eluting with 1:4 EtOAc/hexane
to give 2.0 g (62%, 2 steps) of the title compound (R = 0.40 (1:4
EtOAc/hexane)) as a colotless liquid. '"H NMR (CDCly) 6 4.67
(dd, 2H, .= 7.1, 14.2 Hz), 3.86 (ddd, 1H,.J = 7.0, 14.0, 21.9 Hz),
2.50 (t, 2HJ = 7.3 + 7.6 Hz), 2.06 (m, 2H), 1.44 (m, 6H); *C
NMR 213.04, 119.16, 70.28, 44.57, 32.10, 20.20, 15.21, 13.93,
MS: mlz 226.51 (M + Na) *, 242,51 (M + K) .

R-(—)-4-(Methyldithio)pentanoic Acid (18). A solution of R-4-
O-(ethylxanthic)pentanenitrile (17, 2.0 g, 9.85 mmol) in a mixture
of cthanol (10 mL) and water (200 mL) was treated with NaOH
(6.0 g). The reaction mixture was refluxed overnight under argon.
The mixture was diluted with water (150 mL) and extracted with
F:1 EtOAc/hexane (2 x 100 mL). The aqueous layer was acidified
with H3PO, to pH 2.5—3.0 and extracted with EtOAc (6 x 75 mL).
The organic layers were combined, dried over MgSQq, filtered, and
cvaporated to dryness to give crude R-4-mercaptopentanoic acid.
This crude product was used directly in the next step without further
purification. To a solution of 1.60 g of the crude R-4-mercapto-
pentanoic acid in a mixture of ethanot (50 mL) and 0.5 M NaH,-
PO, buffer at pH 7.0 (75 mL) was added dropwise a solution of
methyl methanethiolsulfonate (1.96 g, 15.53 mmol) in dry THF (7
mL) over 45 min at 0 °C. The reaction mixture was stirred under
argon at 0 °C for 30 min and then at room temperature for 2 h.
The mixture was concentrated and extracted with dichloromethane
(2 »x 50 mL). The aqueous layer was acidified with H;PO, to pH
2.5—3.0 and extracted with EtOAc (4 x 100 mL). The organic
layers were combined, dried over MgSQ,, filtered, and evaporated.
The residue was purified by chromatography over silica gel, eluting
with HOAc/EtOAc/hexane (1:100:400) to give 1.65 g (93%) of
the title compound (R = 0.32 (HOAc/EtOAc/hexane, 1:100:400).
Recrystallization from cther/hexanes afforded a white solid; mp
157—160 °C; "H NMR (CDCly) 6 2.91 (ddd, IH, J = 6.8, 13.7,
20.4 Hz), 2.53 (1, 2H, J = 7.7 + 7.4 Hz), 2.42 (s, 3H), 1.96 (m,
2H), 1.36 (d, 3H, J = 6.8 Hz); *C NMR 179.46, 45.67, 31.91,
31.07,25.02, 21.36: MS: 202.9 (M + Na)*, 203.9; [a]*, = —39.16
(¢ = 2, CH;0R).

4-Mercapto-4-methylpentanoic Acid (22). Compound 21 was
prepared by the method previously described.?? A 500 mL flask
was equipped with a stir bar and a 150 mL addition funnel. The
system was placed under an argon atmosphere, and anhydrous THF
(150 mL) and #-BuLi (2.5 M, 75 mL, 18.7 mmol) in hexanes were
added via a cannula, and the solution was cooled in 2 =78 °C dry
ice/acetonc bath. Acetonitrile (9.4 mL, 18 mmol} was added
dropwise via a syringe over approximately 5 min. The reaction
mixture was stirred for 30 min, while a white precipitate of lithiated
acetonitrile was formed. Tsobutylenc sulfide (15.0 g, 17 mmol) was
dissolved in anhydrous THF (100 mL) and added dropwise over
approximately 30 min via the addition funnel. The cooling bath
was removed, and the reaction was allowed to stir at room
temperature for 3 h. The flask was cooled in an ice/water bath as
0.5 M HCI (38 mL) was added dropwise. The THF layer was
retained, and the aqueous layer was washed twice with 75 mL of
cthyl acetate. The THF and ethyl acctate layers were combined,
dricd over approximately 20 g of anhydrous sodium sulfate, and
transferred to a 250 mL flagk. The solvent was removed by rotary
cvaporation under reduced pressure to give crude 21. Tithanol (30
mL) was added, and the contents were stitred. A solution of NaOH
(8 g) in water (30 mL) was slowly added. The flask was equipped
with a reflux condenser and placed under an argon atmosphere.
The reaction was refluxed overnight and then cooled to room
temperature. Water (60 mL) was added, and the mixture was
extracted twice with 25 mL portions of a 2:1 mixture of ethyl acetate
and hexane. The aqueous layer was acidified to pH 2 with
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concentrated HCI and then extracted with ethyl acetate (3 x 75
mL). The organic layers were dried over anhydrous Na,SQq, and
the solvent was removed by rotary evaporation under vacuum to
give 10 g of product 22 (39% yicld). The material was used without
further purification.'"H NMR (CDCly) § 1.38 (GH, s), 1.87—1.93
(2H, m), 2.08 (1H, s), 2.51—2.57 (2H, m).

4-Methyl-4-(methyldithio)pentanoic Acid (23). A solution of
4-mercapto-4-methylpentanoic acid (22) (6.0 mL, 40 mmol) was
dissolved in deionized water (50 mL) in a 250 mL flask. The
solution was magnetically stirred as sodium carbonate (6.4 g, 60
minol) was added to the acid at a rate that would not cause excessive
frothing. The flask was equipped with a 100 mL addition funnel,
which was charged with a solution of methyl methancthiolsulfonate
(7.5 g, 60 mmol) dissolved in absolute cthanol (30 mL). The flask
was cooled in an ice/water bath, and the system was maintainced
under an argon atmosphere. The methyl methancthiolsulfonate
solution was added dropwise to the flask as rapidly as possiblc but
without causing excessive frothing. The cooling bath was removed,
and the reaction mixture was allowed to stir at room temperature
for an additional 3 h. The solvent was removed by rotary
evaporation under vacuum, until approximately 20 mL remained.
Then, saturated sodium bicarbonate (10 mL) and deionized water
(30 mL) were added. The mixture was washed with cthyl acetate
(3 x 25 mL), and the aqueous layer was separated and adjusted to
approximately pH 2 with 5 M HCI and then extracted with ethyl
acetate (2 x 120 mL). The organic layers were combined and
washed with a solution composed of saturated NaCl (16 mL) and
1 M HCI (4 mL). The organic layer was then dried over 14 g of
anhydrous sodium sulfate and filtered, and the solvent was removed
by rotary evaporation under vacuum to give 5.4 g of product 23
(70% vyield) as a white solid. "H NMR (CDCly) 0 1.54 (6H, s),
2.15-2.21 (2H, m), 2.64 (3H, s), 2.69—2.72 (2H, m); MS: m/z
217.1 (M + Na) *.

General Method for the Synthesis of N-Hydroxysuccinimide
Esters 9a—d, 14, 19, and 24. (Mcthyldithio)-alkanoic acid (15
mmol) was dissolved in dichloromethane (20 mL) and stirred
magnetically as N-hydroxysuccinimide (2.65 g. 23 mmol) was
added followed by 1-[3-(dimethylamino)propyl]-3-cthylcarbodiim-
ide hydrochloride (EDC, 4.4 g, 23 mmol). The mixture was stirred
under an argon atmosphere for 2 h. The reaction mixture was poured
into a 125 mL separatory funnel, 40 mL of ethyl acetate was added,
and the solution was washed with 50 mM potassium phosphate
buffer at pH 6.0 (2 x 20 mL) and saturated sodium chioride (20
mL}. The organic layer was dried over anhydrous Na;SOy, and the
solvent was removed by rotary evaporation under vacuum to give
the desired product, which was used without further purification,

General Method for the Synthesis of N-Acyl-N-methyl-L-
alanines (Sa—i). N-Mcthyl-L-alanine (18.0 mmol) was dissolved
in a mixture of dimethoxyethanc (25 mL) and deionized water (25
mL) in a [25 mL flask equipped with a magnetic stir bar.
Triethylamine (6.9 g, 36 mmol) was added, and the solution was
vigorously stitred as the N-hydroxysuccinimidyl ester (9a—d, 14,
19, 24) (18 mmol} dissolved in 40 mL of the same solvent mixture
was added dropwise over approximately 5 min. After 2 h, the
reaction mixture was concentrated to approximately 40 mL by rotary
cvaporation under vacuum. Deionized water (10 mL) and | M HCI
were added to give a pH of approximatety 2. The mixture was
poured into a separatory funnel and extracted with ethyl acetate (2
x 50 mL). The organic layers were combined and washed with
saturated sodium chloride solution (10 mL). The organic layer was
dried over 8.0 g of anhydrous Na,SOy, and the solvént was removed
by rotary evaporation under vacuum. The residuc was taken up in
aminimam volume of cthyl acctate and purified by chromatography
on silica (silica: 40 micron flash grade, silica bed: 24 x 3.0 cm,
mobile phase: hexanes/ethyl acetate/acetic acid, 50:48:2). The
fractions containing the desired product were combined, and the
solvent was removed under vacuum. Residual acetic acid was
removed by dissolving the residue in a minimum volume of ethy!
acetate and precipitating the product by the rapid but dropwise
addition of hexane with stirring. Hexane was added until the product
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was no longer detected in the supernatant by TLC analysis. The
precipitate was vacuum-dried for 4 h to give the desired products
Sa—i.

N-Methy)-N-[(2-methyldithio)-1-0xoethyl]-L-alanine (Sa). Pale
yellow solid (19% yield); '"H NMR (CDCl3) & 1.458 (3H, d, J =
7.6), 2.446 (3H. s), 3.069 (3H, s), 3.666 (2H, s), 5.185 (I1H, m);
MS: miz 246.0 (M + Na)*.

N-Methyl-N-[(3-methyldithio)-1-oxopropyl]-L-alanine (5b).
White solid (60% yicld); mp 103—104 °C; 'H NMR (CDCl,) §
1.449 (3H, d.J = 7.6), 2.422 (3H. 5), 2.821 (2H, m), 2.989 (2H,m),
3.017 (3H, s), 5.194 (1H, m). Anal. (CgH15NOsS,) C, H, N. MS:
mlz 259.9 (M -+ Na)*,

N-Methyl-N-[(3-phenyldithio)-1-oxopropyl]-L-alanine (5¢).
White solid (60% yield); mp 9697 °C; 'H NMR (CDCl5) § 1.42
(2H, d), 2.7-3.0 (TH, m), 5.24 (IH, q), 7.24—7.60 (5H, m).

N-Methyl-N-[(4-methyldithio-1-oxobutyl]-1.-alanine (5d). White
crystals (44% yield); mp 92—93 °C; 'H NMR (CDCly) & 1.439
(3H, d,J = 7.2),2.089 (2H, t,.J = 7.2), 2.405 (3H, 5), 2.517 (2H,
t,J=72),2.779 (2H, m), 2.989 (3H, s), 5.123 (1H, m); MS: m/z
290.0 (M + K)*.

N-Methyl-N-[(4-(R,S)-methyldithio-1-0xopentyl)] -L-alanine
(51). White solid (60% yield). '"H NMR & 1.35 (3H, d, /= 7), 1 41
(3H,d,J =17), 1.94-2.03 (2H, m), 2.43(3H, s5), 2.50—2.55 (2H,
m), 2.83-2.93 (1H, m), 2.98 (3H, s), 5.14 (1H, q, J = 7). MS:
miz 288.1 (M -+ Na)*,

N-Mecthyl-N-|(4-(S)-methyldithio)-1-oxopentyl]-S-alanine (5g).
White solid (62% yicld); '"H NMR 6 1.36 (3H, d, J = 7), 1.42
(3H,d,J=17), 1.93-1.98 (21, m), 2.40 (3H, 5), 2.50~2.53 (2H,
m), 2.90—2.95 (1H, m), 2.99 (3R, ), 5.14 (I1H, q, J = 7), MS:
miz 288.1 (M + Na)*

N-Methyl-N-[(4-(R)-methyldithio)-1-0xopentyl]-S-alanine (5h).
White solid (60% yield); 'H NMR 6 1.35 (3H, d, J = 7), 1.42
(3H.d, J = 7), 1.93-2.00 (2H, m), 2.43 (3H, 5), 2.50~2.55 (2H,
m), 2.88—2.95 (IH, m), 3.00 (3H, s), 5.14 (1H, q, J = 7), MS:
miz 288.1 (M + Na)*.

N-Methyl-N—[‘4-mcthyl-(4-mcthyld‘ithi0)-l-oxopentyl)-l.,-ala-
nine (5i). White solid (51% yield) mp 77—79 °C; 'H NMR (CDCl5)
4 132 (6H, s), 1.42 (3H, d, J = 7 Hz), 1.90—97 (2H, m), 2.40
(3H, 5), 2.42-2.49 (2H, m), 2.9 (3H, 5), 5.15 (1H, q, J = 7 Hz).
MS: m/z 302.0. (M + Na)*.

General Procedure for the Esterification of Maytansinol to
Give Maytansinoids 2a—i and 6a—i. In a typical experiment,
maytansinol (4, 25 mg, 0.044 mmol) and carboxylic acids Sa—i
(0.264 mmol) were dissolved in dichloromethane (3 mkL) and stirred
under an argon atmosphere. A solution of dicyclohexylcarbodiimide
(DCC, 57.2 mg, 0.277 mmol) in dichloromethane (0.7 mL) was
added. After 1 min, a solution of 1 M ZnCls in dicthyl ether (0.055
mL, 0.055 mmol) was added. The mixturc was stirred at room
temperature for 2 h, then ethyl acetate (5 mL) was added, and the
mixture was vacuum filtered through course filter paper. The filtrate
was washed with a solution of saturated aqueous sodium bicarbonate
(2 mL) followed by a saturated sodium chloride solution (1 mL).
The organic layer was separated, dried over anhydrous sodium
sulfate, and filtered, and the solvent was removed under reduced
pressurc. The residue was purified by silica chromatography using
a mixture of dichloromethane and methanol to remove the unreacted
maytansinol. The fractions containing the desired product were
combined, and the solvent was removed under vacuum to give a
mixture of diastereomeric maytansinoids bearing the N-methyl-N-
acyl-L- and p-alanine caters. The residue was taken up in a
minimum volume of ethyl acetate and purificd by one of three
ways: (1) preparative TLC on silica, (2) HPLC on an analytical
Kromasil cyano-bonded silica column (4.6 mm x 250 mm), using
an isocratic clution at a flow rate of 1 mL/min, with hexane/ethyl
acetate/2-propanol (68:24:8, v/v/v), or (3) HPLC using a preparative
(50 em x 250 cm, 10 micron) Kromasil or Diazem cyano-bonded
silica column using as mobile phase a 68:8:24 mixture of hexane,
2-propanol, and ethyl acctate. The flow rate was 118 mL/min. Under
cither HPLC condition, typically, the desired product L-aminoacyl
maytansinoid (2a—i) eluted about 810 min before the correspond-
ing p-aminoacyl isomer (6a=i).
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Nz'-‘l)eacetyI-Nl'-l2-(meth_yldithio)-'l_-ox()_ethy]]maytansine -
MO0SMe, 2a). Maytansino) (4) was reacted with N-methyl-N-[(2-
methyldithio)-1-oxoethyl]-r.-alanine (5a) as.described above. The
desired maytansinoid 2a, and the corresponding p-aminoacyl isomer
6a were isolated by purification using preparative TLC, chuting with
5% methanol in ethyl acetate to give a whité solid. 6a 'H NMR ¢
0.796 (3H, s), 1.252 (1H, m), 1.306 (3H, d, J = 6.4 Hz), 1.322
(3H, d, J = 6.8 Hz), 1.344 (3H, d, J = 10.8 Hz), 1.414 (2H, m),
1.553 (1H, d, J = 14.4 Hz), 1.640 (3H, s), 2.182 (IH, dd, J =
12.4, 2.8 Hz), 2.416 (3H, ), 2.624 (1H, dd, J = 12, 2.4 Hz), 2.914
(3H, 5), 3.022 (1H, d, J = 9.6 Hz), 3.099 (IH, d, J = 12.4 Hz),
3.210 (3H, 5), 3.357 (3H, 5), 3.499 (1M, d, J = 9.2 Hz), 3.571 (I H,
d, /=14 Hz), 3.980 (3H, 5), 4.266 (1H, dt, J = 12, 1.6 Hz), 4.787
(1H, dd, J = 9.2, 2.8 Hz), 5.379 (IH, m), 5.674 (1H, dd, J = 9.2,
6 Hz), 6.287 (IH, 5), 6.422 (IH, dd, J = 11.2, 4 Hz), 6.678 (1H,
d, /= 1.6 Hz), 6.691 (1H, d, J = 8.8 Hz) and 6.822 (IH, d, J =
1.6 Hz). HRMS caled for CisHasCIN;OgS,Na (M + Nay*t,
792.2367; found, 792.2350.

6a. 'H NMR ¢ 0.861 (3H, s), 1.273 (1H, m), 1.275 (3H, d, J =
6.4 Hz), 1.428—1.478 (2H, m), 1.519 (3H, 4, J = 7.6 Hz), 1.689
(3H, 5), 1.765 (1H, d, J = 13.6 Hz), 2.214 (1M, dd, J = 11.2, 3.2
Hz), 2.487 (3H, s), 2.667 (1H, dd, J = 12, 2.4 Hz), 2.856 (1H, d,
J=9.6 Hz), 3.114 (3H, s), 3.168 (3H, 5), 3.203 (11, d, J = 13.2
Hz), 3.340 (3H, s5), 3.458 (1H, d,J = 9.2 Hz), 3.508 (I1H. d, J =
12.8 Hz), 3.636 (2H, ./ = 6 Hz), 3.995 (3H, ), 4.293 (1H, 1), 4.888
(1M, dd, J = 8.8, 3.2 Hz), 5.126 (11, m), 5.869 (1H, dd, J = 9.6,
6 Hz), 6.230 (1H, d, /= 10.8 Hz), 6.331 (1H, 5), 6.423 (IH, dd,
J=11.2,4 Hz), 6.801 (1H, d, J = 1.2 Hz) and 6.852 (1H, d, J =
1.6 Hz). HRMS caled for C3sHeCIN3O10S;Na (M + Na)™*,
792.2367; found, 792.2350.

N¥-Deacetyl-N?-(3-methyldithio-1-oxopropyl)-maytansine
(DM1SMe, 2b) and Tts p-Alanyl Isomer p-DM1SMe (6b).
Maytansinol (4) was reacted with N-methyl-N-[(2-methyldithio)-
I-oxopropyl]-L-alanine (5b) as described above. Purification by
column chromatography over silica gel, eluting with a mixturc of
dichloromethane/ethyl acetate/methanol to give a mixture of
DM1SMe (2b) and the p-aminoacyl isomer D-DM1SMe (6b). The
two diasterecomers were separated by HPLC on a Kromasil cyano
preparative HPLC column (250 mm x 50 mm, 10 micron particle
size). The column was equilibrated in a mixture of hexanes/2-
propanol/ethyl acctate (17:2:6, v/v/v) at a flow rate of 150 mlL/
min. Under these conditions, the desired 1-DM1SMe (2Db) had a
retention time of 42 min, whereas the D-DM1SMe isomer (6b)
clutes at 56 min. Optically pure products were obtained by this
method (ee >99.9%). HPLC analysis using a Vydac analytical C-18
column (length: 100 mm, i.d.: 4.6 mm, particle size: 3 microns)
at a flow rate of 1 mL/min, eluting with a gradient of water and
acetonitrile (0—3 min, 35% CH.CN; 3—13 min, 35—65% CHx-
CN). Under these conditions -DMISMe (2b) cluted with a
retention time of 10.76 min.

DM1SMe (2b). White solid (32% yield); '"H NMR (CDCly) 6
0.84 (3H, s), 1.11-1.23 (I1H, m), 1.31 (3H, d, J = 6 Hz), 1.35
(3H, d, /= 7 Hz), 1.46—1.52 (1H, m), 1.68 (3H, s), 1.97 (1H, d,
J =9 Nz),2.24 (1H, dd, J = 12, 15 Hz), 2.30 (3H, s), 2.65 (1H,
dd, J = 12, 15 Hz), 2.73-2.86 (2H, m), 2.90 (3H, ), 2.92—3.03
(2H, m), 3.08 (1H, d, J = 9 Hz), 3.14 (1M, d, J = 12 Hz), 3.28
(3H, ), 3.39 (31, 5), 3.54 (1M, d, J = 9 H=z), 3.72 (IH, d, J = 13
Hz), 4.02 (3H,5), 431 (1H, t, /= 11 Hz), 4.82 (1H,dd, /=3, 12
Hz), 545 (14, o, J = 7 Hz), 5.69 (I1H, dd, 7 = 9, 15 Hz), 6.25
(1H,s), 6.47 (11, dd, J = 11, 15 Hz), 6.67 (1M, d, J = 1.5 Fz),
677 (1H, d, J = 11 Hz), 6.85 (1H, d, J = 1.5 Hz). HRMS caled
for CyHsiCIN3O1S; (M + H)*, 784.2704; found, 784.2693;
extinction coefficient eag0 o (¢thanol) = 5545 M~! cin™, a5y um =
25700 M~" em™!,

p-DM18Me (6b). White solid (30% yield); mp 170—171 °C;
'H NMR (CDCl3) ¢ 0.85 (3H, s), 1.11—=1.20 (1H, m 1.22—1.29
(3H,m), 1.49 (3H, d, J = 7.5 Hz), 1.69 (3H, 5), 2.20 (1H, dd, J =
3, 14 Hz), 2.40 (3H, 5), 2.65 (11, dd, J = 12, 14 Hz), 2.79-2.84
(3H, m), 2.92—-2.96 (2H, m), 3.04 (3H, 5), 3.15 (3K, 5), 3.33 (3H,
8), 3.43 (1H, d, J = 9 Hz), 3.50 (I1H, d, J = 12 Hz), 3.98 (3H, 5),
4.28 (1H, m), 4.90 (1H, dd, J = 3, 12 Hz), 5.17 (I1H, q, ./ = 7 Hz),

T
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5.88 (1H, dd, J = 9 Hz), 6.22—6.26 (2H, m), 6.41 (I1H, dd, J =
11, 15 Hz), 6.78 (1H, d, J = 1.6 Hz), 6.84 (I1H, d, / = 1.6 Hz).
HRMS caled for CygHs CIN3O19Sy (M + Na)*, 806.2524; found,
806.2518.

NY-Deacetyl- V2 -[2-(phenydithio)-1-oxopropyljmaytansine
(DMISPh, 2¢) and Its n-Alanyl Isomer p-DM1SPh (6¢). May-
tansinol (4) was reacted with N-methyl-N-[(2-phenyldithio)-1-oxo-
proyl]-L-alanine (S¢) as described above. The product was purified
by preparative TLC of the residue on silica gel, and eluting twice
with 5% MeOH/CHCL; gave two strongly UV absorbing bands
with Ry = 0.5 and 0.6. The two products were isolated by extraction
with cthyl acetate. The higher Ry band was found to be the
p-aminoacyl ester 6¢ of maytansinol, and the lower band was the
L-aminoacyl ester 2¢. The products were separated and further
purified by HPLC on a Waters Radialpak C-18 column, cluting at
a flow rate of 1.5 mL/min with a lincar gradient of acetonitrile/
water (70—90% acctonitrile/10 min). Under these conditions, both
isomers had an identical retention time of 6.0 min.

DMISPh (2¢). "H NMR (CDCl3) 6 0.82 (3H, s), 1.11—1.25 (1H,
m), 1.33 (3H, d, ./ = 3 Hz), 1.6] (3H, s), 1.63 (3H, d, /= 14 Hz),
2.19 (1H, dd, J = 3, 15 Hz), 2.61 (1H, dd, J = 12, 15 Hz), 2.78
(3H, s5), 2.68—3.03 (2H, m), 3.07 (1H, d, /= 9 Hz), 3.20 (3H, 5),
3.38 (3H,5),3.53 (1M, d,.J= 9 Hz), 3.63 (1H, d, /= 13 Hz), 3.68
(3H, 5), 4.0] (3H, ), 430 (IH, t, J =11 Hz), 4.79 (IH, dd, J =
3,8 Hz),5.43 (IH, q,J =7 Hz), 5.68 (1H, dd, J =9, 15 Hz), 6.23
(1H, 5), 6.45 (11, dd, J = 12, 15 Hz), 6.60 (1H, d, J = 1.5 Hz),
6.75(VH,d,J=12Hz), 6.77 (I1H, d,J = 1.5 Hz), 7.22—7.40 (5H,
m). HRMS cacld for Cy\H5;CIN;O9S,Na (M +Na)*, 868.2680;
found, 868.2670.

p-DM1SPh (6¢). 'H NMR (CDCl3) § 0.89 (3H, s), 1.31 (3H, d,
J = 6.4 Hz), 1.48—1.53 (m, 1H), 1.51 (3H, d), 1.72 (3H, s), 2.10
(1 H,d,J=6MHz), 215 (1H, dd, J = 3, 15 H2), 2.69 (1H, dd,
J=12,15 Hz), 2.81-2.89 (2H, m), 2.96 (3H, s), 3.02 (1H, d,/ =
7 Hz), 3.20 (3H, 5), 3.36 (3H, 5), 3.47 (1H, d, /= 9 Hz), 3.55 (1H,
d,.J= 13 Hz), 3.68 (3H, s), 4.04 (3H, s), 4.31 (1H, t,J = 11 Hz),
4.93 (1H, dd, J =3, 12 ¥lz), 5.20 (1H, q, J = 7 Hz), 5.90 (1H, dd,
J=9,15Hz),6.25 (IH, s), 6.27 (1H, d, J = 12 Hz), 6.45 (1H, dd,
J=12,15Hz), 6.83 (11, d,J= 1.5 Hz, 6.89 (I1H, d, J = 1.5 Hz),
7.27-7.49 (5H, m). HRMS cacld for Cy4HsCIN;O4S;Na (M
+Na)*, 868.2680; found, 868.2672.

N"-l)cacety]-N"-[3-(methyldithio)-‘l-oxol)utyl]maytansine (D-
M2'SMe, 2d). Maytansinol (4) was reacted with N-methyl-N-3-
(mcthyldithio)-1-oxobutyl]-L-alanine (5d) as described above. The
rcaction mixturc was purificd by preparative TLC on silica gel,
eluting twice with 7% MeOH in CHCIl;. Two new UV absorbing
bands (R = 0.65, 0.75) were obtained. The products were isolated
by cxtraction with ethy] acetate. The higher R band was determined
to be the p-aminoacyl ester 6d (31%), whercas the lower Ry band
was the desired L-aminoacyl ester 2d (44%). Both isomers were
further purified by HPLC using a Waters Radialpak C-18 column,
cluting at a flow rate of 2 mL/min with a lincar gradient of
acetonitrile/water (50—80% acetonitrile/10 min). Under these
conditions, the D-aminoacy! ester had a retention time of 7.4 min,
whereas the L-aminoacyl isomer had a retention time of 7.6 min.
The diastereomeric purity of 2d and 6d were determined by HPLC
analysis using a Kromasil cyano column (250 mm x 4.6 mm, 10
micron particle size) at a flow rate of 1.50 mL/min, eluting with
an isocratic mixture of cthyl acetate/hexane/2-propanol (24:66:10/
v/v). Under these conditions, 2d cluted with a retention time of
11.96 min, and its D-alanyl 6d isomer eluted with a retention time
of 17.30 min,

2d. '"H NMR (CDCly) § 0.803 (3H, ), 1.265 (2H, m), 1.280
(3H,d,J=24Hz), 1.309 (3H, d,J = 2.4 Hz), 1.638 (IH, d,J =
13.6 Hz), 1.643 (3H, 5), 1.760 (1H, m), 2.05]1 (2H, m), 2.179 (IH,
dd, /= 11.2,2.8 Hz), 2.318 (3H, ), 2.365-2.536 2H, m), 2.611
(1M, dd, /= 12.4, 2 Hz), 2.719 (2H, m), 2.852 (3H, ), 3.033 (IH,
d,.J = 9.6 Hz), 3.110 (IH, d, J = 12.4 Hx), 3.219 (3H, s), 3.355
(3H, 5), 3.498 (111, d, J = 10.8 Hz), 3.657 (1H, d, J = 12.4 Hz),
3.983 (3H, 5),4.284 (1H, 1), 4.872 (1H, dd, J = 8.8, 2.8 Hz), 5.660
(IH, dd, J = 8.8, 5.6 Hz), 6.197 (1H, s), 6.430 (1H, dd, J = 11.2,
4 Hz), 6.648 (1H, d, J = 2 Hz), 6.740 (1H, d,.J = 11.6 Hz) and
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6.820 (IH, d, ./ = 2 Hz). HRMS caled for Ci7H;5,CIN;O4S;Na
(M + Na)*, 820.2680; found, 820.2667.

6d. 'H NMR (CDCl3) 6 0.874 (3H, s), 1.193—1.429 (3H, m),

1.290 (3H, d, J = 6.4 Hz), 1 3!4(3H d,J = 6.8 Hz), 1.696 (3H,
8), 1.777 (1H, d, .J = 13.6 Hz), 2.058 (2H, m), 2.209 (1H, dd, J =
1.2, 3.2 Hz), 2.420 (3H, s), 2.529 (2H, m), 2.662 (IH, dd, J =
12, 3.6 Hz), 2.727-2.801 (2H, m), 2.826 (1H, d, J = 9.6 Hz),
3.044 (3H, s), 3.167 (3H, 5), 3.204 (11, d, J = 11.2 Hz), 3.342
(3H, s), 3.439 (1H, d, J = 9.2 Hz), 3.514 (IH, d, J = 7.6 Hz),
3.999 (3H, 5), 4.351 (1H, 1), 4.933 (1H, dd, J = 8.8, 3.2 Hz), 5.082
(1H, m), 5.844 (1H, dd, J = 9.6, 5.6 Hz), 6.231 (IH, d, /= 8.8
Hz), 6.242 (1H, s), 6.434 (1R, dd, JI=11.2, 4.4 Hz), 6.799 (1H,
d,J=2Hz)and 6.851 (1H, d, J = 2 Hz). HRMS caled for C37Hs-
CIN;0408:Na (M + Nay*, 820.2680;! found, 820.2658.

N?-Deacetyl-N?-[4-(R,S)-(methyldithio)-1-oxopentyl| may-
tansine (DM3-SMe, 2f). Maytansinol (4) was reacted with N-meth-
yI-N-[(4-(R,S)-methyldithio-1-oxopentyl)]-S-alanine  (51) as de-
scribed above. The reaction mixture was purified by silica
chromatography using a mixture of dichloromethane and methanol
to remove unreacted maytansinol. Thc fractions containing the
desired pnoduu: were combined, and tho solvent was removed under
vacuum to give a mixture of the diastercomers 2f and 6f. The
residue was purified on a 50 cm x 250chm, 10 micron Diazem CN
column using as mobile phase a 68:8:24 mixture of hexane,
2-propanol, and ethyl acetate. The flow rate was 118 mL/min. The
desired product 2f eluted with a retention time of 11 min, and the
undesired diastereomer 6f had a retention time of 19 min.

2f. White solid (36% yicld). "H NMR (CDCl,) 6 0.80 (3H, s),
1.19~1.23(1H,m), 1.28~1.36 (9H, m),11.42—1.46(1H, m), 1.53—
1.63 (2H, m), 1.64 (3H, s), 1.80—1. 89 (1H, m), 1.90-2.09 (1H,
m), 2.18 (1M, dd, /= 3 and 14 Hz), 2.32 (3H, s), 2.33—2.42 (1H,
m), 2.49—2.62 (2H, m), 2.88 (3H, s), 304(IH d,J=9Hz),3.11
(1H,d,J = 11 Hz), 3.23 (3H,s), 3.35 (3H,5), 3.49 (1H, d,J =9
Hz), 3.63 (I1H, d, J = 12 Hz), 3.98 (3H, s), 4.27 (IH, t,J = 10
Hz), 4.79 (1H, dd, /= 3 and 12 H7), 541 (1H, q, /= 7 Hz), 5.66
(IH,ddJ =9 and 15 Hz), 6.21 (1H, 5),'6.42 (1H, dd, /= 11 and
15 Hz), 6.65 (1H, d, J = 1.5 Hz), 6.73 (1H, d, J = 11 Hz), 6.8]
(1H, d, J = 1.5 Hz). HRMS calcd for CigHssCIN;OS:Na (M +
Na)", 834.2837; found, 834.2819.

6f. White solid (30% yield) 'H NMR:J 0.869 (31, s), 1.200—
1.315 (2H, m), 1.283 (3H, d, J = 6.8 Hz), 1.373 (3H, dd, J = 5.6,
1.2 Hz), 1.498 (3H, d, J = 7.6 Hz), 1.600 (1H, d, J = 14.4 Hz),
1.691 (3H, ), 1.772 (1H, m), 1.929 (2H, m), 2.203 (1H, dd, J =
11.6, 3.2 Hz), 2.421 (3H, s5), 2.518 (2H, m), 2.654 (1H, 1), 2.814
(IH, dd, J =8, 1.6 Hz), 2.902 (1H, m), 3.038 (3H, d, /= 3.2 Hz),
3.164 (3H, s), 3.200 (1H, d. J = 13.2 Hz), 3.339 (3H, s), 3.436
(1H, d, J = 8 Hz), 3.507 (1, d, J = 12.8 Hz), 3.996 (3H, s),
4309 (1H, 1), 4.936 (1H, dd,J = 4.8, 4 H7) 5.093 (1H, m), 5.851
(TH, m), 6.233 (1H, d, J= 11.2 H2), 6269(IH s), 6.429 (1H, dd,

J =10.8, 44 Hz), 6.792 (1H, s) and 6. 848 (1H, s). HRMS calcd

for CagHs4CIN;0,48;Na (M + Na)*, 834, 2837 found, 834.2830.

N¥-Deacetyl-N¥-[4-(S)-(methyldithio)-1-oxopentyl)maytan-
sine (2g). Maytansinol (4) was coupled with N—melhyl N-{(4- (S)
mcthyldlthlo) 1-oxopentyl}-S-alanine (5;,) using DCC and zinc
chloride in dichloromethane as described db()VL for the synthesis
of 2f. A mixture of 2 diastereomers bcaunb the N-methyl-L-alanyl
moiety (2g, S.5) and the N-methyl-p-alanyl moiety (6g, R,S) were
obtained. The diastereomers were scpaaatcd by HPLC on a Kromasil
cyano column (4.6 mm x 250 mm), using an isocratic clution at a
flow arte of 1 mL/min with hexane/ethyl acuatc/2 propanol (68:
24:8, v/v/v). Under these conditions, the isomer 2g (S,S) cluted at
24.5 min. The peak for the other i lsomcn 6g (R §) was well scparated
and cluted at 34.6 min. ‘

2g. '"H NMR (CDCIl3) d 0.798 (3H, s), 1.197—1.267 (2H, m),
1.292 (3H, d, J = 7.2 Hz), 1.283 (3H, d,J = 2 Hz), 1.300 (3H, d,
J=12Hz), 1.462 (1H, m), 1.536 (1H,d, J =8 II7), 1.640 (3H,
s), 1.834—2.020 (2H, m), 2.176 (1H, dd, J = 11.6, 2.8 Hz), 2.326
(3H, s), 2.373—2.522 (2H, m), 2.603 (lH dd, J = 12.4, 2 Hz),
2.847 (3H, s), 2.871—-2.903 (1H, m), 3.028 (IH d, J= 9.6 Hz),
3.108 (IH, d, J = 12.4 Hz), 3.223 (3H, s),13.351 (3H, 5), 3.499
(IH, d, J = 9.2 Hz), 3.639 (IH, d, J = 12.8 Hz), 3.983 (3H, s),
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4279 (IH, t), 4.627 (1H, dd, J = 8.8, 3.2 Hz), 5388 (1H, m),
5.658 (1H, dd, J = 8.8, 6.4 Hz), 6.207 (1H, 5), 6.426 (1H, dd, J =
11.2, 44 H2), 6.639 (1H, d, J = 1.6 Hz), 6.737 (IH, d, J=11.2
Hz) and 6.818 (1H, d, J = 2 Hz). MS: m/z 834.2 (M + Na)".

6g. "H NMR (CDCl;) § 0.867 (3H, s), 1.251—1.383 (3H, m),
1.284 (3H, d, J = 6 Hz), 1.374 (3H, d, J = 6.8 Hz), 1.498 (3H, d,
J=17.6Hz), 1.691 (3H,s), 1.763 (1H, d, J = 14 Hz), 1.932 (2H,
m), 2.206 (IH, dd, J = 11.2, 3.2 Hz), 2.421 (3H, s), 2.518 (2H,
m), 2.653 (1H, dd, J = 12.4, 2.4 Hz), 2.817 (I1H, d, J = 9.6 Hz),
2911 (1H, m), 3.034 (3H, s), 3.165 (3H, s), 3.200 (1H, d, J =
13.2 Hz), 3.339 (3H, 5), 3.438 (1H, d, /= 9.2 Hz), 3.508 (1H, d,
J=12.8Hz), 3.996 (3H, s), 4.311 (1H, ), 4.929 (IH, dd, J = 8.8,
3.2 Hz), 5.095 (1H, m), 5.856 (1M, dd, J = 9.2, 6 Hz), 6.236 (I1H,
d,J = 13.2 Hz), 6.253 (1H, s), 6.428 (I1H, dd, J = 11.2, 4 Hz),
6.794 (1H, d,J= 1.6 Hz) and 6.849 (11, d,J = 1.2 Hz). MS: m/z
834.2 (M + Na)*,

N¥-Deacetyl-NY-(4-(R)-methyldithio-1-0xopentyl)maytan-
sine (2h). Maytansinol (4) was coupled with N-methyl-N-{(4-(R)-
methyldithio)-1-oxopentyl]-S-alanine (Sh) using DCC and zinc
chloride in dichloromethane as described above. A mixture of 2
diastcrecomers bearing the N-mcthy!-S-alany! moicty (2h, S.R) and
the N-methyl-R-alanyl moiety (6h, R,R) were obtained. The
diastereomers were separated by HPLC on a Kromasil cyano
column (4.6 mm x 250 mm), using an isocratic clution at a flow
rate of § mL/min, with hexane/cthyl acetate/2-propanol (68:24:8,
viviv). Under these conditions, isomer 2h (S.R) eluted at 23.9 min.
The peak for the other isomer 6h (R,R) was well separated and
cluted at 33.7 min.

2h. '"H NMR (CDCl3) § 0.796 (3H, s), 1.230 (2H, m), 1.290
(3H, d,J=5.6Hz),1.297 3H,d,J = 1.2 Hz), 1.305 (3H, d,J =
6.4 Hz), 1.447 (1H, m), 1.575 (1H, d,J = 13.6 H7), 1.637 (3H, s),
1.815-2.002 (2H, m), 2.170 (IH, dd, J = 11.2, 3.2 Hz), 2.303
(3H, ), 2.357—-2.547 (2H, m), 2.606 (1H, dd, J = 12, 2.4 Hz),
2.846 (31, 5), 3.027 (I1H, d, J = 9.6 Hz), 3.108 (1H, d, /= 12.8
Hz), 3.215 (3H, s), 3.350 (3H, s), 3.494 (1H, d, J = 9.6 H2), 3.648
(IH, d,J = 12.8 Hz), 3.978 (3H, s), 4.273 (1R, 1), 4.775 (1H, dd,
J =92, 2.8 Hz), 5384 (1H, m), 5.665 (1K, m), 6.227 (IH, s),
6.634 (1H, d, J = 1.6 Hz), 6.734 (1H, d, J = 11.2 Hz) and 6.816
(1H, d, J = 1.6 Hz). MS: m/z 8342 (M + Na)™.

6h. "M NMR (CDCl;) ¢ 0.867 (3H, s), 1.280 3H, d, J = 6.4
Hz), 1.359 (2H, m), 1.384 (3H, d, J = 6.4 Hz), 1.446 (1H, m),
1.495 3H, d, J = 7.2 Hz), 1.689 (31, ), 1.780 (1H, d, J =134
Hz), 1.886—1.964 (2H, m), 2.200 (1H, dd, J = 11.6, 2.8 Hz), 2.419
(3H, ), 2.470—2.564 (2H, m), 2.651 (1A, dd, J = 12, 2.4 Hz),
2.808 (1H, d, J = 9.6 H2), 2.893 (1H, m), 3.040 (3H, s), 3.161
(3H, s), 3.196 (1H, d, J = 13.2 Hz), 3.338 (3H, s), 3.432 (IH, d,
J=92Hz),3.504 (1H, d, J = 12.8 Hz), 3.993 (31, 5), 4.303 (I H,
1), 4.938 (1M, dd, J = 8.8, 3.2 Hz), 5.091 (1H, m), 5.842 (1H, m),
6.234 (IH, d, J = 12.8 Hz), 6.250 (1H, s), 6.428 (IH, dd, J =
10.8,44 Hz), 6.788 (IH,d, /= 1.6 Hz) and 6.847 (1H, d, J= 1.6
Hz). MS: m/z 834.2 (M + Na)*.

N¥-Deacetyl-N?-(4-methyl-4-(methyldithio)-1-oxopentyl)may-
tansine (DM4-SMe, 2i) and Its p-Alanyl Isomer p-DM4SMe.
Maytansinol (4) was reacted with N-methyl-N-[4-methyl-4-(imeth-
yldithio)-1-oxopentyl]-L.-alaninc (51), as described above. The
reaction mixture was purified by silica chromatography using a
mixture of dichloromethane and methanol to remove the unreacted
maytansinol. The fractions containing the desired product wete
combined, and the solvent was removed under vacuum to give a
mixture of diasterecomers 2i and 6i. The residue was taken up in a
minimum volume of ethyl acetate and purified on a 50 cm x 250
cm, 10 micron Diazem CN column using as mobile phase a mixture
of hexane, 2-propanol, and ethy! acetate at a ratio of 68:8:24. The
flow rate was 118 mL/min. Under these conditions, the desired
product 2i cluted with a retention time of 11 min, and the undesired
diastcrcomer 6i had a retention time of 19 min.

2i (DM4SMe). White solid (36% yield); "H NMR (CDCl3) ¢
0.80 (31, ), 1.28—1.36 (13H, m), 1.42—1.46(2H, m), 1.53—1.63
(2H, m), 1.64 (3H, s), 1.75-1.85 (1H, m), 1.90—2.10 (1H, m),
2.8 (1H, dd, J = 3 and 14 Hz), 2.31 (3H,s), 2.40~2.49 (IH, m),
2.50—2.65 (1H, m), 2.85 (3H, s), 3.04 (1H, d, J = 9 Hz), 3
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(1H,d,J = 11 Hz), 3.23 3H,5), 3.35 (3Hs), 349 (IH,d, /=9
Hz), 3.63 (1H, d, J = 12 Hz), 3.98 (3H, §), 427 (IH, t, J = 10
Hz), 4.79 (1H, dd J=3and 12 Hz), 541 (IH,q, /= 7H7) 5.66
(1H, dd J =9 and |5 Hz), 6.21 (1H, 5), 6.42 (1H, dd, J =11 and
15 Hz), 6.65 (IH, d, J = 1.5 Hz), 6.73 (lll d, J= i Hz), 6.81
(1H, d, J = 1.5 Hz). HRMS (M + H)* caled fou C19H357CIN;O48a.
(M + H)*, 826.3174; found, 826.3150; .extinction coefficient
(cthanol) €80 am = 5140 M~ em™', €357 py = 24 700 M~ em™".

6i (p-DM4SMe). White solid; mp 165—167 °C; 'H NMR
(CDCl3) § 0.869 (3H. s), 1.265 GH,d,J= 7 2 Hz), 1.327 (6H, 5),
1.495 (3H, d, J = 7.6 Hz), 1.590 (2H m)1 1.690 (3H, s), 1.785
(TH, m), 1.915 (2H, m), 2.201 (1H, dd, J = 17.6 and 11.6 Hz),
2.422 (3H, s), 2.452 (2H, m), 2.646 (1H, d, U =26.8 and 2.4 Hz),
2.800 (1H, d,J = 9.6 Hz), 3.041 (3H, 5) 3. 165 (3H, s), 3.195 (1H,
d,J = 13.2 Hz), 3.340 (3H, ), 3.431 (1H, d, J = 9.2 Hz), 3.508
(IH, d, J = 12.8 Hz), 3.995 (3H, s), 4.313 (I H, 1), 4.960 (1H, dd,
J =152 and 8.8 Hz), 5.117 (IH, g, J = 7.6 Hz), 5.838 (IH, dd,
J =244 and 6 Hz), 6.233 (IH, d, J = 10 Hz), 6.246 (1H, s),
6.428 (1H, dd, J= 26 and 4 Hz), 6. 785 (1H,'d, J = 1.6) and 6.847
(1H,d, J = 1.6 Hz). ARMS caled C3old56CINO 1S, Na (M + Na)*,
848.2993; found, 848.2975.

N?-Deacetyl-N?~(3-mercapto-1-oxopropyl)-maytansine (DM1,
25a). A solution of N?'-deacetyl-N?- (3 mcthyldlthlo 1-oxopropyl)-
maytansine (2b) (1.95 g, 2.5 mmol) in a ml)\tmc of cthyl acctate
(140 mL) and methanol (210 mL) was Qturcd at room temperature
under an argon atmospherce and treated with'a solution of dithio-
threitol (0.95 g, 6.2 mmol) in 0.05 M potassmm phosphate buffer
(140 mL) at pH 7.5 containing 2 mM c,thylcncdnmmctctlaaccnc
acid (EDTA). The progress of the reaction qu monitored by HPLC
and was complete in three hours. The reaction mixture was treated
with a solution of 0.2 M potassium phosphatc buffer (250 mL) at
pH 6.0 containing 2 mM EDTA and then cxtrdctcd with cthyl
acetate (3 x 600 mL). The organic layers WCIC combined, washed
with brine (100 mL), and then dried over sodium sulfate. Evapora-
tion of the solvent gave a residue of crude thiol- containing3
maytansinoid 25a. The crude residue was puullcd by HPLC using
a preparative Diazem cyano HPLC column (250 mm x 50 mm,
10 micron particle size) that was equilibrated in a mixture of
hexanes/2-propanol/cthy! acetate (78.0:5.5:16.5, v/v/v) and run at
a flow rate of 150 mL/min. The desired product 25a cluted as a
peak centered at 16 min. The fractions containing the product were
evaporated to give 25a as a white solid (76% yield); mp 190—192
°C (dec); "H NMR (CDCl;) § 0.84 (3H, s), 1.33 (3H, d,/ = 5 Hz),
1.35 (3N, d, J = 5 Hz), 1.60 (3H, s), 1.68 (3H, s), 2.22 (1H, dd,
J =3 and 14 Hz, 2.60—2.82 (2H, m), 2.88 w(3l| s), 3.08-3.20
(2H, m), 3.25 (3H, s), 3.39 (3H, ), 3.55 (1H, d,J =9 Hz), 3.7
(1H, d, J = 12 Hz), 4.02 (3H, s), 432 (1H, G J= 10 Hz), 4.81
(1H,dd,J =3 and 12 H7)} 5.45 (1H, g, . =7 Hz), 5.67 (I1H, dd
J=9 and 15 Hz), 6.25 (1H, 5), 6.47 (1H, dd, J = 1] and 15 Hz),
6.70 (I1H, d, J = 1.5 Hz), 6.75 (1H, d, J = 11 Hz), 6.86 (1H, d,
J= 1.5 Hz). HRMS calcd for C;sF4CIN;O,S (M + H)* 738.2827;
found, 738.2820; {a]*p = —113.2, (¢ = 0.306, ‘CIlCl;), extinction
cocf’r’cncnt (methanol): €xr0 om = 5472 M- (,m‘ , €252 nm = 25 800
M~ em™!.

HPLC Analysls HPLC analysis was puform(.d using a Waters
symmetry shicid analytical C-8 column (fength: 150 mm, i.d.: 3.9
mm, patticle size: 5 microns) operating at 40 °C and at a flow
rate of I mL/min, eluting with a lincar gradient of water (containing
0.05% TFA) and acctonitrile (containing 0. 05% TFA) from 35%
to 45% acetonitrile over 30 min. Under these condmons DMI (25a)
eluted with a retention time of 12.13 min. The dmtucomulc purity
of 25a was determined by HPLC analysis using a Diazem cyano
column (length: 250 mm, i.d.: 4.6 mm, patrticle size: 5 microns)
ata flow rate of 1 mL/mm eluting with a |socmt|c mixture of cthyl
dcctatc/hcmnc/Z-plopanol (24:68:8 v/v rwpcctlvdy) Under these
conditions, 25a eluted with a retention time of 13.70 min. There
was no detcctablc signal for the n-isomer 26a, which clutes at 17.3
min,

0-DMT1 (26a). A solution of P-DM1SMe (6b) (20 mg, 0.027
mmol) in a mixture of ethyl acetate (0.5 mL) and methanol (1.0
mL) was stirred at room temperature under an argon atmosphere

l
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and trcated with a solution of dithiothreitol (6.1 mg, 0.039 mimol)
in 0.05 M potassium phosphate buffer (0.5 mL) at pH 7.5 containing
2 mM cthylencdiamine-tetraacetic acid (EDTA). The progress of
the reaction was monitored by HPLC and was complete in 2 h.
The reaction mixture was then extracted with ethyl acetate (3 x 1
mL). The organic layers were combined and dried over sodium
sulfate. Evaporation of the solvent gave a residue of crude thiol-
containing maytansinoid 26a. The crude residue was purified by
HPLC using a semipreparative Diazem cyano HPLC column (250
mm x 10 mm, 10 micron particle size) that was equilibrated in a
mixture of hexancs/2-propanol/ethy] acetate (65:10:25, v/v/v) and
run at an initial flow rate of 2 mL/min. After 2 min, the flow rate
was increased to 4.5 mL/min for the remainder of the run. The
desired praduct cluted as a peak centered at 15 min. The fractions
containing the product werc evaporated to give 26a as a white solid;
mp 187—192 °C (dec); 'H NMR (CDCly) & 0.85 (3H, s), 1.26—
1.29 (4H, m), 1.50 (3H, d, J = 7.6 Hz), 1.69 (3H, 5), 2.21 (1H, dd,
J=13and 14 Hz), 2.65 (1H, dd, J = 12 Hz and 14 Hz), 2.79—2.84
(3H, m), 2.92—-2.96 (6H, m), 3.03 (3H, ), 3.16 (3H, ), 3.34 (3H,
$), 345 (1H, d, J = 9 Hz), 3.51 (IH, d, J = 12 Hz), 4.00 (3H, s),
4.04 91H, m), 4.29 (1H, m), 4.88 (1H, dd, J =3 and 12 Hz), 5.20
(IH, q, J = 7 Hz), 590 (1A, dd, J = 9 and 15 H7), 6.23—6,27
(2H, m), 6.43 (1H, dd, J = 11 and 15 Hz), 6.80 (IH, d, J = 1.6
Hz), 6.85 (1H, d, J = 1.6 Hz). HRMS caled for C35HyCIN;O\q-
SNa mfz: 760.2647 (M + H)*; found, 760.2637; [a]*p = —135.0,
(¢ = 0.294, CHCI;). HPLC analysis: The diastereomeric purity of
26a was determined as described above for 26a. The isomer 26a
cluted with a retention time of 17.25 min, There was no detectable
signal for the L-isomer, which clutes at 13.7 min,
NY-Deacetyl-N¥-(4-mercapto-1-oxopentyl)maytansine (DM3,
25b). DM3-SMe (2f, 12 mg, 0.015 mmol) was dissolved in 1.0
mL of a 1:1 mixture of cthyl acetate and methanol. A solution of
dithiothreitol (18 mg, 0.117 mmol) in 0.50 mL of 50 mM phosphate
buffer at pH 7.5 was then added. The reaction solution was
magnetically stirred under an argon atmosphere for 3 h, then 1 mL
of 200 mM phosphate buffer at pH 6.0 was added, and the mixture
was extracted three times with 2 mL portions of ethyl acetate. The
organic layers were combined and washed with | mL of saturated
sodium chloride solution and then dried over 1 g of anhydrous
sodium sulfate. The solvent was removed under vacuum, and the
residuc was taken up in a minimum of ethyl acetate and purified
on a 50 cm x 250 cm, 10 micron Diazem CN column using as
mobile phase a 70:8:22 mixture of hexane, 2-propanol, and ethyl
acctate. The flow rate was 22 mL/min. The desired product cluted
with a retention time of 10 min. The fractions containing the pure
product were combined, and the solvent was removed under vacuum
to give 11 mg of product 25b (97% yield). '"H NMR (CDCl3) &
0.80 (3H, s), 1.19-1.23(1H,m), 1.28~1.36 (9H, m), 1.42—1.46-
(H, m), 1.53—1.63 (2H, m), 1.64 (3H, 5), 1.80—1.89 (1H, m),
1.90-2.09 (1H, m), 2.18 (1H, dd, J = 3 and 14 Hz), 2.33~-2.42
(1H, m), 2.49- -2.62 (2H, m), 2.88 (3H. s), 3.04 (1H, d, .J = 9 Hz),
301 (1Hd,J = 11 Hz), 3.23 (3H,s), 3.35 (3H,8), 3.49 (11, d, J =
9 Hz), 3.63 (IH, d, /= 12 Hz), 3.98 (3H, s), 4.27 (IH, t, /= 10
Hz), 4.79 (IH, dd, 7 = 3 and 12 Hz), 5.41 (IH, q, J = 7 Hz), 5.66
(1M, dd J = 9 and 15 Hz), 6.21 (11, s), 6.42 (1H, dd, / = 1] and
15 Hz), 6.65 (1H, d, /= 1.5 Hz), 6.73 (IH, d,J = 11 Hz), 6.81
(1H, d, J = 1.5 Hz). HRMS caled for C37H5,CIN;OpSNa (M +
Na)*, 788.2960; found, 788.2957.
N*Deacetyl-NY-(d-mercapto-d-methyl-1 ~oxopentyhymaytan-
sine (DM4, 25¢). DM4SMe (2i) (12 mg, 0.015 mmol) was dissolved
in 1.0 mL of 1:1 ethyl acetate/methanol. A solution of dithiothreitol
(18 mg, 0.117 mmol) in 0.50 mL of 50 mM phosphate buffer at
pH 7.5 was then added. The solution was magnetically stirred under
an argon atmosphere for 3 h, then 1 mL of 200 mM phosphate
buffer at pH 6.0 was added, and the mixture was extracted three
times with 2 mL portions of ethyl acctate. The organic layers were
combined and washed with 1 mL of saturated sodium chloride
solution and then dried over 1 g of anhydrous sodium sulfate. The
solvent was removed under vacuum, and the residue was taken up
in a minimum of ethyl acetate and purified on a 50 cm x 250 cm,
10 micron Diazem CN column using as mobile phase a mixture of
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hexane, 2-propanol, and ethyl acetate at a ratio of 70:8:22. The
flow rate was 22 mL/min. The desired product cluted with a
retention time of 10 min. The fractions containing product were
combined, and the solvent was removed under vacuum to give 11
mg of 25¢ (97% yiceld) as a white solid; mp 185—187 °C (dec): 'H
NMR (CDCl3) 6 0.80 (3H, ), 1.19—1.23(1H,m), 1.28—~1.36 (12H,
m), 1.42—1.46(2H, m), 1.53—1.63 (2H, m), 1.64 (3H, s), 1.75—
1.85 (1H, m), 1.90—2.10 (1H, m), 2.18 (1H, dd, J = 3 and 14 Hz),
2.40-2.49 (1H, m), 2.50—2.65 (2H, m), 2.88 (3H, s), 3.04 (1H, d,
J=9Hz),3.11 (1H,d.J = 11 Hz), 3.23 (3H,s), 3.35 (3H,s)., 3.49
(1H,d, J=9Hz), 3.63 (I1H,d,J= 12 Hz),3.98 (3H, 5), 4.27 (1H,
t,J =10 Hz), 479 (1H, dd, J = 3 and 12 Hz), 5.41 (1H, q,J =
7 Hz), 5.66 (1H, dd ./ = 9 and 15 Hz), 6.21 (1H, ), 6.42 (1H, dd,
J=11and 15 Hz), 6.65 (1H, d, J= 1.5 Hz), 6.73 (1H, d, J =11
Hz), 6.81 (1H, d, J = 1.5 Hz). HRMS caled for C3sHs54CIN;O -
SNa (M + Na)*, 802.3101; found, 802.3116. [a]*p = —106.7,
(¢ = 0.057, CHCl,), extinction coefficient (ethanol): €gq o = 5180
M~tem™, e257 gy = 26 200 M~ e ™! HPLC analysis: purity was
determined by HPLC analysis using a Vydac analytical C-18
column (250 mm x 4.6 mm, 3 micron particle size) at a flow rate
of 1.00 mL/min in a gradient of water and acetonitrile, cluting with
37—58% acetonitrile over 25 min. Under these conditions 1-DM4
(25¢) cluted with a retention time of 11.8 min. The purity of 1.-DM4
was 98.8%. The diastercomeric purity of 25¢ was determined by
HPLC analysis using a Diazem cyano column (50 mm x 4.6 mm,
5 micron particle size) at a flow rate of 1.00 mL/min, eluting with
a isocratic mixture of ethyl acctate/hexane/2-propanol (20:75:5
viviv). Under these conditions, 25¢ cluted with a retention time of
4.52 min. There was no detectable signal for the p-alanyl isomer,
which elutes at 5.42 min, indicating that 25¢ was a diastercomeri-
cally pure compound.

D-DM4 (26¢). A solution of D-DM4SMe (6i) (40.0 mg, 0.048
mmol) in a mixture of ethyl acetate (0.2 mL) and methanol (0.5
mL) was stirred at room temperature undér an argon atmosphere
and treated with a 0.50 mL solution containing dithiothreitol (59.7
mg, 0.387 mmol) in 0.050 M potassium phosphate buffer (0.5 mL)
atpH 7.5 and 2 mM ethylenediamine-tetraacetic acid (EDTA). The
progress of the reaction was monitored by HPLC and was complete
after stirring overnight. The reaction mixture was treated 0.05 M
potassium phosphate buffer (1.0 mL) at pH 6.0 containing 2 mM
EDTA, and the product was extracted with ethyl acetate (3 x |
mL). The organic layers were combined and dried over sodium
sulfate. Evaporation of the solvent gave a residue of crude thiol-
containing maytansinoid 26¢. The crude residue was purified
by HPLC using a preparative Diazem cyano HPLC column
(250 mm x 10 mm, 10 micron particle size) that was equilibrated
in a mixture of hexanes/2-propanol/ethyl acetate (65:10:25, v/v/v)
and run at an initial flow ratc of 118 mL/min, The desired product
26¢ cluted as a peak centered at 12.0 min. The fractions containing
the product were evaporated to give 26¢ as a white solid.

"H NMR (CDCls) ¢ 0.866 (3H, 5), 1.282 (3H, d, J = 6.4 H2),
1.409 (6H, s), 1.500 (3H, d, J = 6.4 Hz), 1.625 (2H, m), 1.689
(3H, s), 1.766 (1H, m), 1.875 (2H, m), 2.205 (1H, dd, J = 17.6
and 11.2 Hz), 2.578 (2H, m), 2.646 (1H, dd, ./ = 26.8 and 2.8 R7),
2.811 (IH, d, J= 9.6 H2), 3.168 (3H, s), 3.196 (1H, d, ./ = 12.4
Hz), 3.341 (3H, s), 3.431 (I1H, d,J = 9.2 Hz), 3.511 (1H,d, J =
13.2 Hz), 3.995 (3H, ), 4.300 (1H, ), 4.946 (1H, dd, J = 15.2 and
8.8 Hz), 5.156 (1H, q, J = 7.6 Hz), 5.836 (1H, dd, J = 24.4 and
6 Hz), 6.243 (1H, d, .J = 10.4 Hz), 6.246 (1H, 5),6.426 (1H, dd,
J = 26.4 and 4 Hz), 6.790 (11, d, J = 1.6 Hz) and 6.848 (1H, d,
J=1.6 'H'Z). HRMS caicd for C33H$4C]N3010SNO (M + Na)"',
802.3101; found, 802.3099; [a)*p = ~90.4, (¢ = 0.052, CHCl3).
HPLC analysis: purity was determined by HPLC analysis using a
Vydac analytical C-18 column (250 mm x 4.6 mm, 3 micron
particle size) at a flow rate of 1.00 mL/min with a gradient of water
and acetonitrile, cluting with 20—50% acctonitrile over 30 min.
Under these conditions, n-DM4 (26¢) cluted with a retention time
of 17.85 min. The purity of 26¢ was 97.8%. The diastercomeric
purity of 26¢ was determined as described above for DM4 (25¢).
The isomer eluted with a retention time of 5.42 min. There was no
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detectable signal for the 25¢ isomer, which clutes at 4.52 min,
indicating that 26¢ was a diastercomerically pure compound.

Synthesis of N¥-Deacetyl-N'-{3-(3-carboxy-1-methyl-propyl-
dithio)-1-oxopropylj-maytansine (DM1-TPA, 2j). A solution of
4-(2-pyridyldithio)pentanoic acid (24 mg, 0.10 mmol) and DMI
(25a, 30 mg, 0.041 mmol) in glass distilled methanol (5 mL) was
vigorously stirred, and 3 mL of an aqueous buffer (200 mM KH,-
PO4, 2 mM EDTA at pH 7.6) was added dropwise. The reaction
was strirred overnight, and the product was purified by HPLC using
a Vydac C-18 column (10 x 250 mm) operating at 30 °C and a
flow ratc of 4.75 mL/min, eluting with a linear gradient of
acetonitrile (15% to 85% over 30 min) in 40 mM ammonium acetate
buffer at pH 7.2, DM1-TPA (2j) cluted with a retention time of 12
min. The product was collected as the ammonium salt was taken
up in ethyl acetate (15 mL). The solution was washed with 1 M
HCI (4 mL) followed by saturated sodium chloride (3 mL). The
organic layer was dricd over anhydrous sodium sulfate, and the
solvent was removed under vacuum to give 15 mg (37% yield) of
product 2j. 'H NMR (400 MHz, CDCl;) § 0.81 (3H, s), 1.21—
137 (11H, m), 1.44—1.48 (1H, m), 1.61 (IH, m), 1.65 (3H, s),
1.77—-1.93 (3H, m), 2.20 (1H, d, ./ = 12 Hz), 2.39—2.49 2H, m),
2.60 (IH, d, J = 12 Hz), 2.70 (1H, t, J = 9 Hz), 2.78—3.00 (7H,
m), 3.12 (IH, d, /= 14 Hz), 3.22 (3H, s), 3.36 (3H, s), 3.48 (IH,
d,J =9 Hz), 3.64 (11, d,.J = 12 Hz), 3.98 (3H, s), 4.31 (iH, t,
J =10 Hz), 4.82 (1H, d, J = 12 Hz), 5.15—=5.20 (1H, m), 5.63
(IH, dd /=9 and 15 Hz), 6.39—6.45 (2H, m), 6.59 (1H, ,J = 12
Hz), 6.67 (1H, d, J= 9 Hz), 6.82 (1H, s). HRMS caled for CyyHss-
CIN:O438;Na (M + Na)*, 892.2891; found, 892.2955. HPLC
analysis was performed using a Vydac analytical C-18 column
(length: 100 mm, i.d.: 4.6 mm, particle size: 3 microns) at a flow
rate of 1 mL/min, cluting with a gradient of water and acetonitrile
as follows: 0 min: 5% CH3CN, 5 min: 5% CH;CN, 5—65 min:
5—95% CH;CN. Under these conditions DM 1-TPA eluted with a
rctention time of 23.75 min.

Synthesis of N?-Deacetyl-N*-[4-methyl-4-(3-carboxy-propyl-
dithio)-1-oxopentyl]-maytansine (DM4-TBA, 2Kk). A solution of
4-(2-pyridyldithio)butanoic acid (41.1 mg, 0.179 mmol) and DM4
(25¢, 70.0 mg, 0.09 mmol) in glass distilled methanol (7 mL) was
vigorously stirred, and 5 mL of an aqueous buffer (50 mM KH,-
POy, 2 mM EDTA at pH 7.5) was added dropwise. The reaction
was monitored by HPLC and was complete after 3 h. The solvent
was cvaporated, and the residue was purified by column chroma-
tography over silica gel, cluting with a mixture of dichloromethane/
methanol (97:3, v/v containing 0.1% glacial acetic acid) to give 45
mg (57% yicld) of the purified product DM4-TBA (2k). "H NMR
(CDCly) 0.800 (3H, s), 1.239 (6H, s), 1.302 (3H, d, J = 2 Hz),
1.303 (3H, d, J = 15.6 Hz), 1.414—1.513 (1H, m), 1.601 (2H, m),
1.642 (3H, s), 1.813—1.991 (2H, m), 1.932 (2H, ¢), 2.188 (1H, dd,
J=17.2and 11.2 Hz), 2.346~-2.530 (2H, m), 2.415 (2H, 1), 2.636
(IH, dd, J = 18 and 12 Hz), 2.667 (2H, t), 2.875 (3H, s), 3.001
(1H, d, J = 9.6 Hz), 3.121 (1H, d, J = 12.4 Hz), 3.219 (3H, ),
3.356 (3H, s), 3.492 (1H, d, / = 8.8 Hz), 3.641 (1H, d,J = 12.8
Hz), 3.981 (3H, s), 4.293 (1H, 1), 4.791 (1H, dd, J = 15.2 and 8.8
Hz), 5.324 (1H. q, J = 6.8 Hz), 5.667 (1H, dd, J = 24.4 and 6.4
Hz), 6.399 (1H, s), 6.421 (IH, dd, J = 26.4 and 4 Hz), 6.500 (1H,
d,/J=1.6Hz), 6674 (1H,d,J = 11.2 Hz) and 6.826 (IH, d, J =
1.6 Hz). HRMS caled for CyHeCINO3S;Na (M 4+ Na)*,
920.3186; found, 920.3192. HPLC analysis was performed using
a Vydac analytical C-18 column (length: 100 mm, i.d.: 4.6 mm,
particle size: 3 microns) at a flow rate of 1 mL/min, eluting with
a linear gradient of 40 mM ammonium acetate buffer at pH 7.2
and acctonitrile as follows: 0 min: 5% CH3CN, 5§ min: 5% CH;-
CN, 5-35 min: 5-35% CH3;CN, Under these conditions DM4-
TBA ecluted with a retention time of 18.40 min.

Synthesis of N*-Deacetyl-N-(3-mercapto-1-oxopropyl)-may-
tansine dimer (DM dimer, 25d). A solution of 25a (26.4 mg,
0.035 mmol) in a 1:1 (v/v) mixture of ethanol and 0.05 M potassium
phosphate buffer at pH 7.5 (5 mL) was treated with a solution of
2,2'-dithiodipyridine (3.9 mg, 0.017 mmol) in ethanol (1 mL). The
reaction mixture was stirred at room temperature for 2 h. Most of
the ethanol in the reaction mixture was removed by evaporation
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under reduced pressure. The resulting aguéous layer was extracted
with ethyl acetate (3 x 5 mL), and the combined organic layer
was washed with saturated sodium chloride solution (1 x § mL)
and then dried over sodium sulfate and filtered. The solvent was
evaporated under reduced pressure, and the residue was purified
by HPLC using a Metachem Inertsil ODS column, eluting with a
gradient of water and acetonitrile to provide dimer 25d as a white
solid (13.7 mg, 52% yield). 'H NMR (CDCly) 4 0.75 (3H, 5), 1.23—
1.26 (1H, m), 1.28 (3H, d, J = 6 Hz), 1.30 (3H, d, J = 7 Hz),
1.42—1.52 (1H, m), 1.66 (3H, s), 2.15 (1H, m}), 2.59 (1H, dd, J =
6 and 14 Hz), 2.71-2.82 (2H, m), 2.84 (3H, s), 3.00 (IH, d, J =
9 Hz), 3.09 (IH, d, ./ = 12 Hz), 3.18 (3H, s), 3.35 (3H, s), 3.48
(IH, d,J=9Hz), 3.61 (1H, d, J= 13 Hz), 3.97 (3H, 5), 4.26 (1H,
t,J=11Hz),476 ({H,dd, J =3 and 12 Hz), 533 (IH, q, J =
7 Hz),5.61 (1H, dd, J= 9 and 15 Hz), 6.28 (1H, s), 6.41 (1H, dd,
J=11and 15 Hz), 6.61 (JH, d, J= 1.6 Hz), 6.65 (1H, d, J = 11
Hz), 6.81 (1H, d, J = 1.5 Hz). HRMS: calcd for C7pH94CI3NgO20-
S;Na (M + Na)*, 1495.5239, found 1495.5242; extinction coef-
ficients (methanol): €xg0 oy = 11 195 M7 cin™'| €257 am = 68 035
M~ em™'. HPLC analysis was performed using a Vydac analytical
C-18 column (length: 100 mm, i.d.; 4.6 mm, particle size: 3
microns) at a flow ratc of 1 mL/min, cluting with a gradient of
water and acetonitrile as follows: 0 min 40% CH;CN, 5 min 40%
CH;CN, 5—30 min 40—60% CH;CN. Under these conditions, DM
dimer eluted with a retention time of 13.69 min.

Synthesis of N¥-Deacetyl-N*-(4-mercapto-4-methyl-1-oxopen-
ty)-maytansine Dimer (DM4 Dimer, 25¢). A solution of 25¢
(100.0 mg, 0.128 mmol) in a 1:1 (v/v) mixture of dichloromethane
and ethyl acetate (4 mL) was treated with a solution of CuCl, (85.76
mg, 0.640 mmol) in 0.50 M HCI (3 mL). The reaction mixture
was stirred at room temperature for 2 h. The product was extracted
with cthyl acetate (5 mL), and the aqueous phase was separated.
An additional extraction of the aqueous phase with ethyl acetate
(3 mL) was combined with the original mixture and washed with
brine (2 mL) and dried over anhydrous Na,SO4 and filtered. The
solvent was evaporated under reduced pressure to give the L-DM4-
dimer 25e (11.7 mg, 12% yield). 'H NMR (CDCl) & 0.796 (6H,
s), 1.136 (6H, d, J = 4 Hz), 1.227 (2H, m), 1.298 (12H, s), 1.299
(6H, d, J = 12 Hz), 1.463 (2H, m), 1.633 (6H, s), 1.670—1.842
(4H, m), 2.171 (2H, dd,.J=17.2 and 11.2 Hz), 2.262—2.456 (4H,
m), 2.596 (2H, dd, J = 26.4 and 2 Hz), 2.842 (GH, s), 3.028 (2H,
d,J= 9.6 Hz), 3.105 (2H, d, J = 12.4 Hz), 3.209 (6H, s), 3.353
(6H, s), 3.489 (2H, d, J = 8.8 Hz), 3.634 (2H, d, J = 12.8 H2),
3.966 (6H, s), 4.277 (2H, 1), 4.766 (2H, dd, J = 14.8 and 9.2 Hz),
5.366 (2H, q, J = 6.8 Hz), 5.644 (2H, dd, J = 24.4 and 6.4 Hz),
6.346 (2H, s), 6.417 (2H, dd, J = 26.4 and 4 Hz), 6.623 (2H, d,
J=16Hz),6.708 (2H, d, /= 11.2 Hz) and 6.816 (2H,d,J= 1.6
Hz). HRMS caled for Cs6H,0¢ClNO2S2Na (M + Na)*, 1579.6178;
miz: found, 1579.6180. MPLC analysis was performed using a
Vydac analytical C-18 column (length: 100 mm, i.d.: 4.6 mm,
particle size: 3 microns) at a flow rate of 1 mL/min, eluting with
a gradient of water and acetonitrile (0 min: 5% CHaCN, § min:
5% CH;CN, 5—65 min: 5—95% CH;CN. HPLC analysis was
performed using a Vydac analytical C-18 column {length: 100 mm,
i.d.: 4.6 mm, particle size: 3 microns) at a flow rate of 1 mL/min,
elating with a gradicnt of water and acctonitrile (37—58% CH;CN
over 25 min). Under these conditions, the DM4 dimer eluted with
a retention time of 22.48 min.

N-Succinimidyl 4-(2-pyridyldithio)pentanoate (SPP, 27). A
solution of 2.2’-dithiodipyridine (300 g, 1.36 mol) in a mixture of
ethanol (1 L) and glacial acetic acid (42 mL) was placed in a flask
and stirred under an argon atmosphere. A solution of 4-mercapto-
pentanoic acid (101.8 g, 0.76 mol) in ethyl acetate (400 mL) was
added dropwise over 15 min, and the reaction was stirred for an
additional 2 h. The solvent was removed by rotdry evaporation,
and the residue was purified by column chromatography over silica
gel, eluting with a mixture of hexanes/ethyl acetate/acetic acid (4:
1:0.1) to give 4-(2-pyridyldithio)pentanoic acid (40 g, 21.4% yield).
"H NMR in CDCI; § 1.34 (3H, d, J = 7.0 Hz), 1.72—1.95 (2H,
m), 2.52—2.63 (2H, m), 2.91-3.02 (I1H, m), 7.08=7.13 (1H, m),
7.62—7.77 (2H, m), 8.46—8.49 (IH, m), 11.5 (IH, br s).

2\



Semisynthetic Maytansine Analogues

A solution of 4-(2-pyridyldithio)pentanoic acid (30 g, 123 mmol)
in dichloromethane (525 mL) was treated with N-hydroxysuccin-
imide (14.3 g, 124 mmol) and }-[3-(dimethylamino)propyl]-3-
cthylcarbodiimide (EDC, 31.8 g, 165 mmol). The contents werce
stirred at room temperature for 2 h after which cthyl acetate (750
mL) was added. The solution was washed with 0.5% aqueous acetic
acid (3 x 300 mL) and then with saturated aqueous NaCl (150
mL). The organic layer was separated and dried over anhydrous
sodium sulfate and filtered, and the solvent was evaporated. The
residue was purified by column chromatography over silica gel,
cluting with hexanes/ethyl acetate (1:1). The fractions containing
the pure product were combined, and the solvent was removed by
rotary evaporation. The resulting oil (31 g) was taken up in a
minimum volume of warm cthanol and stirred as cthyl ether (350
mL) was added, followed by hexanes (100 mL). The resulting
precipitate was collected by vacuum filtration and dried in a vacuum
oven at 30 °C for 12 h, to give SPP (27) as a white solid (18.7 g,
45% yicld); mp 48—9 °C; "H NMR (CDCl3) 6 1.36(3H, d, J= 7.0
Hz), 1.97-2.8 (2H, m), 2.73—2.86 (2H, m), 2.84 (4H, br s), 3.02—
3.11 (1H, m), 7.08=7.13 (1H, m), 7.62—7.77 (2H, m), 8.46—8.49
(J1H, m); Anal. (C14B1sN204S2) C, H, N, S.

N-Succinimidyl 4-(2-pyridyldithio)butanoate (SPDB, 28). A
solution of 2,2"-dithiopyridine (3.8 g, 17.3 mmol) in a mixture of
acetic acid (0.5 mL) and ethyl alcohol (20 mL) was stirred under
an argon atmosphere. A solution of 4-mercaptobutyric acid (7¢,
1.39 g, 11.6 mmol) in ethyl acetate (10 mL) was added dropwise
over approximately 2 min. The contents were stitred for 2 h, and
the solvent was evaporated under reduced pressure. The residue
was taken up in a minimum volume of ethyl acetate and purified
by column chromatography on silica gel, eluting with a mixture of
hexanes/ethy! acetate/acetic acid (65:33:2). The fractions containing
the pure product were combined, and the solvent was removed under
vacuum to give 1.5 g (6.55 mmol, 56% yield) of 4-(2-pyridyldithio)-
butanoic acid. '"H NMR (CDCl3) 6 2.0—2.1(2H, m), 2.505(1H, t,
J=TH2),2508 (IH,t,J=17),2.74 (11, t,J = 7 Hz), 2.86 (1H,
t,.J = Hz), 7.10—=7.13 (11, m), 7.67 (1R, dt, /= 1,J=15), .73
(1H, d,J =8 Hz), 849 (1H, dd, /= 0.7,J = 5 Hz), 1 1.8} (1H,
br s).

A flask containing a stir bar was charged with 4-(2-pyridyldithio)-
butanoic acid (1.1 g, 4.8 mmol) in dichloromethane (20 mL).
N-Hydroxysuccinimide (0.64 g, 5.6 mmol) and 1-[3-(dimethylami-
no)propyl)-3-cthylcarbodiimide (EDC, 1.1 g, 5.6 mmol) were then
added. The contents were stirred at room temperature for 2 h after
which cthyl acetate (35 ml.) was added. The reaction mixture was
washed with 0.5 M HCI (3 x 10 mL) and then with saturated
aqueous NaCl (1 x 10 mL). The organic layer was separated and
dried over anhydrous sodium sulfate and filtered. The solvent was
evaporated, and the residue was purified by column chromatogtaphy
on silica gel, cluting with a mixture of hexanes/ethyl acetate/acetic
acid (71:28.8:0.2). The fractions containing the pure product were
combined, and the solvent was removed under vacuum. The
resulting oil was taken up in @ minimum volume of warm reagent-
grade ethanol and stirred while ethyl ether (30 mL) was added,
followed by hexanes (9.0 mL). The resulting precipitate was
collected by filtration and dried in a vacuum oven at 30 °C for 12
h to give 0.50 g of SPDB (28) as a white solid (~31% yicld); mp
47—-48 °C. 'H NMR in CDCI; 8 2.16 (2H, tt, J = 7,.J = |5 Hz),
2.795 (2H, t, J = 7 Hz), 2.83(4H, br s), 291(1H, t, J = 7 Hz),
7.09 (11, m), 7.65—7.67 (2H, m), 8.48 (I1H, d, / = 5 Hz); Anal.
(C13H1N048,) C, H N, S,

Preparation of Antibody Conjugates with Maytansinoids 25a,
25b, and 25¢. A solution of huC242 antibody (8 mg/mL} in aqueous
buffer (50 mM potassium phosphate, 50 mM sodium chloride, 2
mM cthylenediaminetetraacetic acid disodium salt) at pH 6.5 was
incubated for 2 h with a 7- to 10-fold molar excess of either
N-succinimidyl 4-(2-pyridyldithio)pentanoate (SPP, 27, or N-suc-
cinimidyl-4-(2-pyridyldithio)butanoate (SPDB, 28). The reaction
mixture was purificd by passage through a Sephadex G25 gel
filtration column to remove Jow molecular weight material. The
concentration of the antibody was determined spectrophoto-
metrically using the known extinction coefficients for the antibody
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E0am = 217 560 M™' em™!. The number of pyridylthio groups
introduced per antibody molecule was determined using a spec-
trophotometric assay. An aliquot of the modified antibody was
treated with an excess (=20 equiv) of dithiothreitol and the relcase
of pyridine-2-thione determined using the known extinction cocf-
ficients of €343 un = 8080 M™! cm™" and €350 g = 5100 M~ em™!
for pyridine-2-thione. '

The modified antibody was diluted to 2.5 mg/mL in aqueous
buffer (50 mM potassiuvm phosphate, 50 mM sodium chloride, 2
mM ethylenediaminctetraacetic acid disodium salt) at pH 6.5. The
SPP-modified antibody was treated with 1.7 equiv of DM1 (25a),
whereas the SPDB-modified antibody was treated with a 1.7 equiv
of either DM3 (25b) or DM4 (25¢) dissolved in glass-distilled DMA
(final concentration of DMA was 3% v/v). The reaction mixture
was incubated for 18 h at room temperature. The reaction mixture
was purified by passage through a Sephadex G25 gel filtration
column to remove the unconjugated drug and.other low molecular
weight species. The concentration of the conjugate was determined
spectrophotometrically vsing the known extinction cocfficients for
the antibody (eagn wm = 217 560 M~! em™" and €253 ym = 80 062
M~' em™") and the drugs. The resulting conjugate was monomeric
and contained, on the average, 3.2—3.5 maytansinoid molecules
linked per antibody molecule.

Cytotoxicity Assays in Vitro. The cell lines used in cytotoxicity
assays were (1) KB (ATCC CCl-17), a cell ling of human epithclial
origin, (2) SK-BR-3 (ATCC HTB-30), a cell linc established from
a human breast adenocarcinoma, (3) COLO 205 (ATCC CCL-222),
a human colon tumor cell line, and (4) A-375 (ATCC CRL 1619),
a human melanoma ccll line. The celi lines were grown in
Dulbecco’s modified Eagles Medium (DMEM, Biowhittaker,
Walkersville, MD) with L-glutamine supplemented with 10% fetal
bovine serum (Hyclone, Logan, UT) and 50 ug/mL of gentamycin
sulfate (Life Technologies, Rockville, MD). The cells were
maintained at 36—37.5 °C in a humidified atmosphere that
contained 6% COs,.

The cytotoxicity study was performed using a clonogenic assay
as previously described.?? The test cell linés were plated into
6-well culture dishes at a constant number of 1000 cells per well.
The cells were incubated with varying concentrations (0 to 3 nM)
of the various maytansinoids (free or conjugated to antibodies) for
72 h. The medium was then aspirated from theiplates and replaced
with fresh medium. The cultures were allowed to grow and form
colonies for a total of 7—10 days after plating. The cultures were
then fixed and stained with 0.2% crystal violet in 10% formalin/
PBS, and the colonics were counted. Plating efficiency of nontreated
cells (medium alone) was determined by dividing the number of
colonies counted by the number of cells plated. The surviving
fraction of cells exposed to the drugs was determined by dividing
the number of colonies in wells that were exposed to the drug by
the number of colonies in the control wells.

Antitumor Activity in Vivo. The in vivo efficacy of conjugates
of maytansinoids DM (25a), DM3 (25b), and DM4 (25¢) with
the huC242 antibody was cvaluated in a human colon tumor
zenograft model established with COLO 205 cells. Five-week-old
female SCID mice (20 animals) were inoculated subcutancously
in the right flank with COLO 2035 human colon carcinoma cells
(1.5 x 108 cells/mouse) in 0.1 mL of scrum-free medium. The
tumors were grown for 11 days to an average size of 100 mm?.
The animals were then randomly divided into four groups (5 animals
per group). The first group of mice served as the control group
and were treated with the phosphate-buffered saline vehicle. The
remaining three groups were treated with cither huC242—DM1
(DM1 dose of 75 ug/kg, qd x 5), huC242—-DM3 (DM3 dosc of
75 ug/kg, qd x 5), or huC242—DM4 conjugate (DM4 dose of 75
ug/kg, qd x 5), administered intravenously. Tumor sizes were
measured twice weekly, and the tumor volumes were calculated
using the formula tumor volume = 1/2(length x width x height).
The weight of the animals was also measured twice per week.
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«  Supporting Information Available: Analytical data (clemental
analysis and HRMS and HPLC purity data) for target compounds.
This matcrial is available free of charge via the Internet at http://

» pubs.acs.org.
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