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(54 DERIVATIVES OF VINBLASTINE AND RELATED VINCA
ALKALOIDS AND THEIR USE IN PHARMACEUTICAL
COMPOSITIONS

20 We, ELI LILLY AND COMPANY, a corporation of the State of
Indiana, United States of America, having a principal place of business at 307 East
McCarty Street, City of Indianapolis, State of Indiana, United States of America,
do hereby declare the invention, for which we pray that a patent may be granted to )

5 - us, and the method by which it is to be performed to be particularly described in - 5

and by the following statement:—

This invention relates to derivatives of Vinca alkaloids, useful as anti-tumor
agents and as intermediates, and to a process for their preparation.

The present invention provides a dimeric mdoledrhydromdole of the formula
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wherein '
R s H, C,—C, alkyl, C3—C. alkenyl, CH —CHX—CH or CH,——CH,X wherein
X is Br or Cl

R! is OH



Ris H5 or [err], taken together, forman epoxide ring and R3 is [err]
5 taken singly, is Hand[err], taken singly, is [err] or [err] and R,

t aken toget singl e bond between err and [err]; and

phar maceutical | y-accept abl e 'salts thereof. - . The invention al so
provi des a process of.preparing a dineric |ndoled|hydro 10 i ndol e+
conmpound of~ the fornul a 10
[err] Formu@l}l !l [err] 0 mhereln R, [err] are as defined above; R7 is 15
[err] O wh\Lly conprises reacting a dinmeric |ndoled|hydr0|ndole of the
formul a . 1, 590, 649 - 3 [err] 14 H
Formula I [er rl wherein [errl have the Qhﬁ?ﬂﬁ‘mﬁanL ng...as. hereinabove: and 2

[err] is OH or: “Wth an |socyanate(DiCLMEIB@[ﬁu&a%ﬁ&KE}mhereln R-ha$ the
sane neanng as above. In accordance | th the ilhvention-there is provrded a - C::
process for preparrng a splrooxazollglnedlone %f the fornula [err] Fornula o

vV 10 “RE CH, or CHO;
10 [err] [ err ] ar e aﬁﬁgdaffr a1 éd aﬁJDRV avien taker Ethily, 1§HQr|0H and the other C.‘.I-l5 and
18 : N
or R* and R' taken ‘together, form - an p oxlde ring and R’ is. C,H,, o o L 5 .
‘RS, taken' smgly, is H and R?, taken singly, is. ' o
“R® and RY, taken together, are a single bond between C4"“and N’" '
and pharmaceutlcallf-acceptable _salts thereof.” :
. 7 The invention also-provides a process of preparmg a dlmenc mdolednhydro-
10 indole compound of the formula e _ o 10
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' §7 R?%, R?, R4 R® R® and R’ are as defined above
5 , | o—ﬁ-__.—NH—R or o-_l(-l:-cn,; - - 5

0

‘which comprises reacting a.di:mer'ie-"-'inQ}edihydroindole of the formula
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4 1, 590, 649

4 conprising reacting a dineric indol edi hydroindole of the fornula [err]
[err] Formula IV [err] O wherein 5 _lerr] have the sane meani ng as
her'ei nabove; 5 with dimethyl carbonate in the presenceof
sodi um hydri de. The invention further provides a pharnmaceutical conposition
for the inhibition of tunors or prolongation of the life of the host nannal
comprising a carrier and as active ingredient a compound of fornula
10 i In the above fornulae the term"C -C4 al kyl" includes
al kyl oups as net hyl, ethyl n- pr.o i sobutyl, n-butyl, isopro
sec- bu??] and 1 - puty—-and th-Leié&xﬂﬂr alkenyl_ |ncludes allyl
nethallyl and crotyl. Several nasu %Ily occurring al Kalordos ohtarrabl e
FY8m Vi nca rosea have been found; ive in the treatnment of experlnenta
.malignancies in aninals.1’ ng 5 +¥- —-R*hese are | eurosine (U.S. Patent
‘Speci fication No. 3, 3%9’&53‘ ’?/E/a‘eﬂiﬂobl asti-ne .15 (vinblastine) to be

referred to hereinaf ‘(U'S. Patent SpeC|f|cat|on No. 3,097, 137),
ﬁ.leurofornlne (Belglan /, ificdtion 811,110); | eurosidine.
~(vinrosidine) and Ieurqcrls |h eiagki stine) (both in U S, Patent
Speci fication No. 3,205, 220 deofy VLB "A" aFimu@n Tetrahedron Letters,
783 -(1958); 4-des- 20 aceﬂoxyV|anastbne (U.-S. Patent Specification

No. 3,954,773, 4-desacetoxy-3' 20 hydre _|nblast|ne (U. S. Patent
-Specification No. 3,944, 554); heuno&? i neg?(U. S. ‘Pat ent Specification No.
3,890, 325) and vi ncadi ol i ne (U a Ci fication No. 3,887,565). Two
of these al kal oi ds, VLB and Vi a¥%e- nowwagLket ed as drugs for the
t reat ment: of nallgnan0|es deeukem as 25 and rel at ed
di seases in humans. V'ncrlstlne1 _ re active and useful agent in 25
the treatnment of |eukenias but i's alko- the | ess abundant of the
anti-neopl astic al kal oi ds of Vinca rOsea-ocihese al kal oi ds are custonarlly
admini stered by the i.v. route. Chenical' nodification of the Vinca
al kal oi ds. %?aemeen limted. In“the first 30 . pl ace, the nol ecul ar
st ruct ur es RERPORY evdld e aeXthé nd chem cal 30 reactions which
affect a sPesiQHerfuncti onal ﬁﬁoﬁ%&o %%m’m YEA" wit hout changing ot her
groups are difficult to devel op._ Secondly, alkal oids |acking desirable
chenos therapeutic properties h s recovered or produced from Vinca
rosea-fractions or aIkaIOidS and g determ nation of their structures has

led to the, csu3|on t& 35. . these conpounds are closely relfated to
the acti vedgfj: [Fgivaeate af,the fPFé‘b‘ﬂﬂ BNEOCwhzedin Ri hag tha&nﬁaﬁéﬁsmgqs be limted to

very speci f.i dnatdortahéd with theedt ances,. of. obtaining nmore active drugs by
modi fi cat |%H°%ﬁzdlmgwnesfnhm§iﬁ§§ tl\%gulls BrYs P PEPopE foriArepariog svmong t he
successful nDdlflcatlons of physgologlcally actlve aIkaI0|ds has been t he
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gs , sRO l-ll{ :rnd Rli are as def' ned above and



5 1, 590, 649

5 paration of dihydro VLB (U. S. Patent Specification No. 3,352,6868)-and the
repl ace-_nment of the acetyl group at G4 (carbon 4 of the vinca al kaloid
-ring systemsee the nunbered structure below) with a higher al kanoyl ,grqup
or with unrel ated acyl groups. (See U. S. Patent Specifi-cation No.

3,392,173 )y~Several of these derivatives 5 are capabl e of prol ongi ng

the life i ce inoculated with P1534 | eukem a. One of 5 the derivatives
in which g'chloracetyl group replaced the C4 acetyl group of VLB was al so ‘4'
a useful |ntepned|ate for the: preparatlo

conmpounds i'n -w ;-”;, c g .

of VLB (See U.S. Patent SpeC|f|cat|on NG HZ 001) C—3 carboxan1de:
derivatives 10 - of VLB, vincristine a V|ncad|ollne have al-so been ;:_
prepared -and found to be 10 active anti -t unor agents (Bel gi an Pat ent L

Speci fication 813, d@@)ising hexstingcodipwti teloladibydeoitdobef] the fartelnest i ng because,
for exanple, the 3-carboxam des of VLB are, nore active agai nst R dgeway
ost eogeni ¢ sarcoma and Gardner |ynphosagtc ma than is VLB from which they
are derived.-Certain of the am de "der|°S/a‘t\1 vegR.act ual ly 15 - approach the
activity of vincristine againstig esejtu One of these amides, 4- 15

desacetyl VLB C 3 car boxam 'd _ a mp(é_ S currently on clini caI trial
i n humans and has been foumgéct

ertain leukemas. In humans,
vi ndesi ne appears to have I? *tity than does vincristine. One of

the maj or nedical problens s, .H%’fVea mand care of neoplastlc 20

di seases in humans. There is a varj et y og t hese “di E8RWAVand there is
consi derabl e .20 specificity in conpoqnds t hat haye activity against the
different diseases. Mnor. nodificatian.in strugfuxe of the conpound may
af fect. both specificity and activity. 'Thesg ne V‘dba deri'vatives are

wel cone new weapons.in the arsenal of: phﬂ\gbﬂ\ ‘heraplst seeklng for new:
met hods of treatnent of neoplastic di ¢§sg g‘ unds of the:
above formula | can be described §rferc ?vatlves 25 of VLB
where R is acetoxy, R2 is nethyl, [err: s hVﬁtoxyI [err] is ethyi and R
is H of vincristine where [err] is acetoxyRsRQ‘ls fornyl R3i s hydroxyl S
R4 is:ethyl. and Ris H, as derivatives of desnﬁ?ﬁyl VLB (also known as-
desfornylvincristine) where [err] is. acetoxy, [err] is hydrogen, R3 and R4 -
are hydroxyl and et%xl respectlvely and R is 30 H, of | eurosidine

where [err] i acetRexy; Rb R dnd | 1 HABL ¥ ls i s hydroxyl - and
30 [err] is I—TS é&;&m%nate%ﬁéﬁ: nﬁ%ﬁlﬁn eésmaem %’eis nethyl; R3 arfd-
[err] ‘are H and [err]Thes mte n, fuythe eVLthYhB'mavmpélw nfpositidn, fmth;nd R .

are the sane as m“EJ&B‘%y "' \Or 1] §’ﬁd‘° 4“4'%‘“%?&]"868‘153 of .
| eur osi ne whiggein fé’l“ﬁﬁm““ ““"%%4 ﬁgcom&ﬁﬁ%ky” I.Essﬁamk Al &1 1] gnd
[err] ‘taken toget herethfypemylamp oyl otﬁm,mdmylnsapg)pms u 5andt-bu ;gumd)fharm ne, -

t he corr.espondi ng M mﬁ&al%l’@h‘“ %%&Wﬂ% g’g‘,?i%c}nia“i”‘”%g pounds
of this invention \?‘\3 i
derivatives @f theuﬂeerirewk@rne ap&ie oAt 5%) ercaliloblasthe 15

oxazol i di ne-- di one(vidtastired tof beorefevfied t ldafbeamﬁhﬁwasPatent Specification No.

rmine (Belgian Patent Specification 811,110); leurosidine. -
3- descar borret hoxy- ?vmrosuf]h/ ?‘anc? {z rocristine (vincristine) (both in U.S. Patent Specification No.

3,205,220); deoxy VLB “A» and “B™, Tetrakedron Letters; 783 (1958); 4-des-- -

20 acetoxyvmblastme (U.S. Patent Spec:ficatlon No. 3,954,773, 4-desacetoxy-3'- 20 :
hydroxyvinblastine (U.S. Patent Specification No. 3, 944 554), leurocolombine ' S

(U.S. Patent Specification No. 3,890,325) and vincadioline (U.S. Patent ' '
Specification No. 3,887,565). Two.of these alkaloids, VLB and vincristine, are now
marketed as drugs for ‘the treatment of mahgnancnes, pamcularl -the leuketmas _

25 ‘and related diseases in -humans. Vincristine is the more active and useful agéntin - 25 ¥
the treatment of leukemias but is also the less abundant of the anti-neoplastic :
alkaloids of Vinca rosea. These alkaloxds are customarlly admxmstered by the i.v.
route.

Chemical modification of the Vmca alkalo:ds has been limited. In'the first
30 place, the molecular structures involved are extremely complex, and chemical . 30
© reactions which affect a specific functional group of the molecule without changing -
* other groups are difficult to develop. Secondly, alkaloids lacking desirable chemo-
therapeutic properties have been.recovered or produced from Vinca rosea fractions
. or alkaloids, and a determination of their structures has led to the conclusion that :

35 these compounds are closely related to the active alkaloids. Anti-neoplastic activity 5 35

seems to be limited to very specific structures, and the chances of obtaining more . :
- active drugs by modification of these structures would seem to be slight. Among
the successful modifications of physnologlcally-actlve alkaloids has been the pre-




VLB 3-spiro-5"-oxazolidine-2",4"-dione. According to the. above nane, a
spiro 40 conpound is fornmed in which the spiro carbon atomis carbon 3
of the vinca 40. alkaloid ring systemand carbon 5" of the
oxazol i di nedi one ring system |In nam ng the conpounds of thrs 1nvention
systematically, the terns "3- descar bonet hoxy- 3- deshydroxy" have been used
to indicate that the carbomethoxy group and the hydroxy group at 3 have
been repl aced by. (or i ncorporated into) the oxazoljdine 45.
order to sinmplify the naming of the conpounds of thi's invention,

45 thegterm "3-descar bonet hoxy 31%@ xdroxy" will be omtted since the

rese SE S TE OZAZ20 C T ra-e—at—tfe

understood 2t ,E Pflps at carbon 3
the vi nq%ag"élgﬁ Zzggﬁglg each nane
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" but yne- 1, 4Thkisoaee, Vltnextg:eatm%are dvedmtne nebe\mpatsem thh bsermbehtheat e,

met hélsbenzﬂlfﬂgmeﬁﬁpﬁ ¥

t
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oL rlf;sulf at e,

ate, of \iLQ!r hyl an

. chl or obenzdnaitite vzt R, is aeyi’oey)m ulfémau{e;s hparrexyylkacsetlﬁta&m Rphenyl 65 6

: 1,-590, 649 as denvatlves of desmethyl VLB (alsg 5? T @N@Ht e, Citrate
I act 2
s pr OpaneSU| ﬂ?&/ %ﬁ ’eMerEJ;‘g gm ﬁ':@xﬂ&h ;&‘F E’% dSU| fd’ﬂat e

“salts. In R‘hrse boemowfvuﬂﬁ‘i‘l}:’ wlmréle‘ cm aadmmnhesamedoireﬂedx dr oi ndol e

al kal oi d hXW“ " gyrosine; wheesin Rijs acetonyi Ry extracti on of
he’l e &%ﬁ@.@m R

- nodi fi catl ﬂﬂmdeﬂfof &Hﬁ NinGdnkibK Hﬁvé?(!ﬁbn ﬁﬁhi SaSOI-s -5C QbifFolidigedion® nMon ric
i ndol es ordeaiwﬁ (vmrsulatsalkéaéthetdd wbq &2 Wammuﬂj@m&] to yield an
i nter nEdI & %r;e% 01dn —g}l - lgr;l c rd P‘W’ :bogy;;mgiyemyw is Hand
[ errl4ois- [ & und i hE Spidl Eurbonl sorh Yo barbdah bERL Gndd) adit

o

or di nary raﬂammd oug sysem alcedawoa§"9ﬂmhoxaa¢ﬂndﬁﬁdn&ﬂd)ﬁ aystent. qatiandwpge to t he spiro-
10 the compounds of this invention systematically, the terms *3- escarbomethoxy-3- '
-deshydroxy” have been used to indicate that the carbomethoxy group and the -
hydroxy group at 3 have been replaced by (or incorporated into) the oxazolidine
45 ring. In order to simplify the naming of the co }i:ounds of this invention, however, 45
the term “3-descarbomethoxy-3-deshydroxy” will be omitted since the presence of :
the ozazolidine ring in each of the compounds will be understood to have replaced
-the hydroyéy and carbomethoxigroups at carbon 3 inthe vinca alkaloid. It will be
understood, thérefore; that each name herein of an oxazolidinedione will 1mphc1tly :
50 contam the terms “3-descarbomethoxy-3-deshydroxy” : 50 .

" Non-toxic acids useful for formmg pharmaceutlcally-acceptable acld addmon-
salts of the compounds of this -invention include inorganic acids such: as:
hydrochloric acid, nitric acid, phosphoric acid, sulfuric acid,” hydrobromic acid,
hydroiodic acid, mt.rous ‘acid and 10sphorus’ acld as well as salts of non-toxic

S5 organic acids mcludmg aliphatic mono and dlcarboxyllc acids, phenyl-substituted. 55
alkanoic acids, hydroxy alkanoic and alkandioic acids, aromatic acids and aliphatic :
and aromatic sulfomc acids. Such pharmaceutically-acceptable salts thus include -

-the sulfate, pyrosulfate, bisulfate,: sulfite, bisulfite, nitrate, phosphate, mono-
hydrogenphosphate, . dihydrogenphosphate, . metaphosphate, f'rophosphate,-

60 chloride, - bromide, iodide, acetate, propionate, decanoate, caprylate, acrylate, 60
formate, 1sobutyrate, ‘caprate, heptoanate, proplolate, oxalate, malonate,
succinate, suberate, sebacate, fumarate, maleate, butyne-1 4-dloate, hexyne-1, 6-
dioate, benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, hydroxy-
benzoate, methoxybenzoate, phthalate, . térephthalate, benzenesulfonates,

65 toluenesulfonate chlorobenzenesulfonate, xylenesulfonate, phenylacetate, phenyl- 65
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anhydride under’ mlld reaction condmons yields a compound accordmg to formula

I above wherein R: is H,and: R' is acetoxy.
Ifa 4-desacetyl alkaloid.such. '_as..4-:dcsacctyl VLB or 4-dcsacetyl vmcrlstmc is;

employed as'a starting: material, the product of the lsocyanate reaction is a 3-spiro-- -
55 ".oxazolidine-2"; 4"-d|onc-4-carbamate ( HR). These 4-carbamate 55
antl-tumor agents as well ‘as intei-"

" oxazolidinedione . derivatives are also active
mediates for the. preparatlon of compounds in whlch R' is.OH or, ultlmately,

acetoxy
Compounds w1th the structurc of formula 1i in whlch R‘ is OH'are prepared by ;
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0 acldlc hydrolysis “of for
hydrochloric ‘acid.- These: compounds in which RYis. OH can be reacted with an_:
1soc_yanate (RNCO) to. yleld compounds in whlch R1 is | CT oo
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animals. The G 3 carboxani des. of | ur05| ‘ne and of | euroformne, which

al kal oi ds are lncluded in the scop®  of formul.a Il t'herei"n' are al so active

anti -35 °  The 4-desacetyl compound can be reacetylated if desired at C—4 by the procedure 35

<t

of Hargrove, Lioydia, 27, 340 (1964) or by acetylation under mild conditions usin g
mole of acetic anhydnde Starting materials represented by: formula II'whén R?j
H or formyl, except for vincristine, N-desformyl leurocristine; N-desformyl-
leuroformine and leuroformine, all of which are obtained from leaves of Vinca
- 40 rosea, are préepared as follows. The 1-methyl group of Deoxy VLB-“A” or “B”, etc. 40
: can be oxidized with chromium oxide in glacial acetic acid at —60°C to yleld a
mixture of compounds in which R? is H or formyl according to the procedure set
forth in U.S. Patent Specification 3,899,493. The compounds in which R?is H can
be fortylated or compounds in. whlch R? is formyl can be deformylated.

45 : Thls mventlon is further 1llustrated by . the followmg specific. examples .

_ Example v . o .
Preparatlon of VLB 3"-methyl-3-spn‘o-5"-oxazohdme—Z" 4"-dlone
' A solution was prepared containing 2.84 g. of VLB free base in 40 ml. of
anhydrous: benzene. 15 ml. of methylisocyanate were added thereto and the
50 resulting mixture heated'to reﬂuxmg temperature for about 6 hours. The reaction -50
mixture was cooled and the volatile constituents removed by evaporation. The
residue comprising VLB 3"-methyl-3-spiro-5"'-oxazolidine-2",4"-dione formed in
the above reaction was purified by chromatography over 200g. of silica (activity I).
“The chromatogram was developed with 1 liter of 4% methanol in benzene followed
" 55 by 2.5 liters of 6% methanol in benzene which eluted VLB 3"'-methyl-3-spiro-5"*- S5
. " oxazolidine-2"",4"-dione; weight = 9764 g.; molecular ion weight at 835; nmr'$ at
0.17, .88, 2.0, 260 2.74,2.78,2.81, 308(newNCH,)358 3.60, 379 4.52,5.18,541,
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3" n-butyl -3-spiro- 443, 3 i'me, 4- dIOJ@ to for”‘VLB
material). Mss spectrun1|on peaks e (41 IS pur|f|ed ; o
5 747, 650, 543, Fodparaion 13@ metg%é-desgg,éyl - gil%rl&ﬁ;amo 3@) 31|.§ 81-8 792
135 and 6, 172, 121Ky ""‘:g%%f Vo u:‘éifmo 21f7 ¢ bdepmgtyjed '
1. 3- a ; f7am Vi
VLB ]':L r 7, é 9@ 2. Qlere fea vﬁtl%l ‘mli3.of Qnetla'hmya m%][o prﬁth . g‘
ee base was midtitine dimhiqnlde 3 eyt iz e, 1Dk thy24-8 :
methylcarbamoyloxy) VL ﬁm i’nBJZ’f/h'Bdee fored - 3-
in the above reaction was 1solated by the procedure of Example 1 and purified by _
40 preparatlve thin-layer chromatography. using a methanol solvent system 5.5 mg 40
purlfled product). The, compound had the following physrcal characteristics, Nmr
n deuterochloroform); & at 2.75, 2.79, 3.08, 3.59, 3.76, 3.84, 4. 76,5.35, 5.19, 5.86,
6 26 6.68. Infrared spectrum in, chloroform showed a new peak at 1818 <:m’1 and
_ increased absorption at 1740 ‘em™' and at 1130 cm™ comipared with’ starting
45 rlr:‘%terral Mass spectrum ion peaks at 836 834, 779 771, 368, 256 241 213,135, and 45
k : Example 4 ' ' o
Preparatlon of VLB 3" (p-chloroethyl) 3-sp1ro-5' -oxazohdme-2" 4"-d10ne
* Following the procedure. of. Example 1,1, 20 g. VLB was reacted with 15 ml. _ '
50 of p-chloroethyhsocyana ¢ in 100°nil. of anhydrous benzeiic. The reaction-mixture 50 i
was stirred for 16 hours at room temperature followed by 2 hours heating at reflux T
temperature.’ A precipitate comprising a water-soluble complex of VLB and p-
chloroethylisocyanate’ separated and was recovered from the cooled solution by
filtration.. The precipitate. (1.692 g.) was dissolved in about 30 ml; of water'and the _
.55 aqueous solution stirred at room temperature for about 16 hours. The solution was 55
‘then made basic by the addition of di ute sodium hvdroxrde and VLB 3" (ﬁ-chloro- “
ethyl)- 3-sp1ro-5"-oxazohdme-Z" 4"-dionie, formed in the above. reaction, being
insoluble in basic solution, separated and was exttacted into methylene dichloride.
. The .methylene dichloride . ‘extracts were’, combmed and the solvent removed :
60 therefrom by evaporation. The residue comprising VLB 3"'- (ﬁ-chloroethyl)-’.}-splro- _ 60
g.-of silica -

5''-oxazolidine-2'" 4''-dione.

was purified by
(activity T) (1.127 2. purlfied materlal) Thec

chromatography over 150

hromatogram was developed wrth 6 A,
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(784), 650, 543, 520, 380 and 1, 355, 295, 273, 242, 154 149, 143, 136 135
122, 121, 107. Infrared spectrumin chborofornl peéks at 3440,
1810 1740 1610 [err] [err] at .66, .88, .1.98, 2.41, 2.80,3.57, 3.60,
3.79, 4.14, 5.1-5.3, 5 43,. 5. 7-5 95, 6.08, 6.63: 15 _
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Example AT
_ Preparatlon of 4-desacetyl-4-N-methylcarbamoyl-VLB 3”-methy1 3-splro-5"-oxa- B
45 * zolidine-2" 4¢-dione. 45
_ A solution was prepared containing 304 mg of 4-desacetyl VLB in 10 ml. of
-anhydrous benzene. 5 ml. of methylisocyanate were added thereto and the resulting
solution réfluxed for about 6 hours. The solvent was removed by, evaporation in
vacuo to leave a residue we:ghmg 444.4 mg. Thin layer’ chromatography indicated
50 that 2 materials were present in the residue and these were - separated by 50
preparative thin-layer chromatography using a 3:1 ethyl acetate-methanol solverit i
system. This procedure yielded purified 4-desacetyl-4-N-methylcarbamoyl-VLB
3"-methyl- 3-spiro-5"'-oxazolidine-2",4""-dione .having - the following physical
- characteristics; Mass spectrum ion ‘peaks at 850, 807, 793, 775, 762, 734, 452, 355,
55, 154, and 135. Ultraviolet spectrum in ethanol; peaks at 215-and 268 ‘with shoulders 55
_at 290 and 298 microns. Infrared spectrum (m chloroform); maxima at 3700, 3460,
1816, 1743, 1600 cm™'. Nmr in deuterochloroform; & at .67, .88, 2.78, 2. 81 3,07,
3.60, 3.70, s, 0, 5.25, 5. 30 5.84, 6.08 and 6.03. This compound showed metaphase
arrest actlwty ina standard mitotic mhlbmon test at concentrauons as low as 10‘3 :
60 'mmg/m . ) : _ . _ , : 60
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VLB 3-N-[err]- Cﬁ?3 r; 8 ectlgu lvdaﬁ-laennéal -tditlose i Exp'my 8) and - :

had the fol | d‘cﬁfo 8al .89’ 880225 2.1, a@9p6013|q 3192393 P80 d -
WM Ngs, mcaid 6d3ar- act eristi.cs; mass - - 20 spectrum i onnpgél&gks *

ggl(ggé) 2235 13;1 190 763, 692, 591; ghas 480, 409, 353, "295, 293, 283,
o4, 1&%;,& flvlfnrﬁr ssmabnmmz"m"cqm., r of or. howed
(208.0 mep/\bf ARG hydgids 5otk -
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25 Exanpl tuy in
3" - et m| 6363 Pr epn'gl?l’éfg thdﬁ e&QS aakiEnt kemfeBature for 4. 5 hours after ‘which time.the
pi  0- anl@%ﬂ@liued’ls n&te'i'emoirttd 8y gpgporatmn ‘Water was:.added and the’
. aqueous solution acidified with dilute hydrochloric acid.. The acidic layer was . )
40 * extracted three times with methylene: dlchlonde and the. methylene ‘dichloride . = 40
extracts were discarded. The-aqueous layer was then made basic with 109 percent
aqueous sodium hydroxide. VLB 3-sp1ro-5"-oxazohdme-2" 4".dione,  being
- insoluble in the basic layer separated and was extracted with 4 portions of
methylene dichloride. The methylene. dichloride extracts were combined and the _
45  solvent removed by evaporation.: The’ residue weighing 98.4 mg. was subjected to 45
' . preparative ‘thin-layer chromatography over silica using a1 1 ethyl acetate- ' =
methanol solvent system, 4 bands were seen, the’ fourth band compnsmg 4- - '
desacetyl. VLB 3-sp1ro-5"-oxazohdme-2" 4'-dione. The band. was- separated
' meehamcal_ly._a_n__(_lj: eluted from'the silica. Evaporation of the eluting solvent yielded ,
50 - a'residue weighing 10.9 mg.. with the- following physical characteristics. Nmr in. 50 ;
deuterochloroform; 8 at 190, 2.87, 3. 57,3.65,3.84,3.95, 5. 5—6.0,6.08, 8.5. Infrared
spéctrum, maxima at 3680, 3470,,1.8_10, 1735,--16_20, 1505, 1460, 1435, 1335 1010, 910°
cm™. Molecular spectrum, ioris at 807, 793, 763, 749, 718, 706 692 690 634, 434
422, 408, 355, 351, 325, 323, 297, 295, 269, 268, 187 167 154, 149 and 135 Fleld
35 desorption ‘molecular ions; 779, 753, 735. ' 55
o Oxazolrdmedlones lacking .a substltuent oft the rmg mtrogen can_ exist-in o
_ tautomenc forms-in which the. hydrogen on ‘the ring nitrogen. can enolize with '
either of the carbonyl groups present in the ring'to form an hydtoxy. oxazolinone.
More. specnfically, an oxazolidine-2,4-dion¢ can tautomerize to either a 2-hydroxy-
60 2-oxazoline-4-one or a 4-hydroxy-3-oxazolme-z-one It is believed that the product 60
of the above reaction contams at least two of such tautomeric forms if not all three. :
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99.7 My. of VLB 3"-nethyl-3-spiro-5"-oxazolidine-2",4"-dione were refluxed
in 0.5 N aqueous hydrochloric acid for about 1.5 hours. The aqueous

sol ution was 30 made basi c and 4-desacetyl VLB

3"-met hyl - 3- spi ro-5"-oxazol i di ne-2", 4"-di one, 30 berng 1nsoluble Tn
base; . Separated and was extracted |nto net hyl ene di chl oride. The nethyl ene
dichloride extracts were conbi ned and the sol vents evapor at ed there min
vacuo The residue was subj ected to preparative thin-layer chromat hy
over silica gel using a 3:1 ethyl acetate-nethanol solvent m xtur

to develop the chronatogram The main band conprised 4-desacetyl VLB 3"-
35 net Hvt-’% spiro-5"--oxazol i dine-R390#49 di one- (32.3 nAy. -purified material).
The conpound was single spot - maggiiphd 11N three ot her chromatographic
systems It -had the follomnn Mrépasdtionlof gaitar act eri stics: mass spectrum i on

peak s at 80 gllg‘sg:ones and of the 3-carbamates a];: Tpgl;ﬂ_[é%;ed %'f,‘ollows
762,749, 7344 % eﬁ g 355 IE 7 £ , 135,122 121,
40 103etertn eﬂaym ifgREEdrop! mlqégg q % @w%, toTRXl. Wf(i)th&t'atg , 3446 1815,
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~chr omat ogr§ dﬁ‘d ging tragyplanted ttwagrszwggmn

1735, 1615thpredeterminiad tMTle mn#eajpﬁrmthd dhefaoidiv] ethaoli¢ selotion3®, . 88, 2. 70,

- 2.81, 2. 90"""“8""6t togirygss. Shezgsidus dQ‘QPTEF"‘EGh"' syifageysal tGa‘B‘B‘ “‘EXS&%% . Preparation

from metha or.€ ha esu'e

of 41693 ace y‘i‘he 0 p@fﬁﬁi tﬁl@{ etion hta%l-b@eéshomim acavesa%hl'ﬁﬂ trans OX?-' 1& 5

zol i di ne- 2plasted tlinotidn mice in vivo and to induce metaphase arrest in Chinese hamster

this VLB in 10 ni.
of anhydrom gﬁedd,fsu { “é%%? 2ped hereto and the
resuligi ng ﬁ ﬂ1mmonﬁ ahee shnb&lat p gﬁ;s solven was r? ved by.
evapor ati on |The\ieltmmgttablb eatw:lal regivaithe vesulig lof segerdﬂeﬂ;gﬁh nepts uT h1 n [aye

in the
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Fesidue an 1o e T
chr ozat ogrlaﬂ-tnyangsmgtha an redf ldylys tBe @dsageOraita ms&t-edsednmﬂm thy St emyg Thi s
procedure lyu%tde\gg %ﬁg@qgi;g}ﬁﬁaﬁcéﬁ&émtmhmu ¢fdam h-ow| B
3" - net hyl E; %& fol |l owi ng
oy onl Rk e e BER bl M BP 55”‘7‘9 b o8 s,
762, 734, 452, 355, 55 154 and 135. ‘U travi ol et spectruntln et hanol ;
peaks at .215 and 268 with shoulders 55 at 290 and 298 microns. Infrared
spectrum (in chloroform; maxi ma at 3700, 3460, 1816, 1743, 1600 [err]. Nnr
in deuterochloroform 8 at .67, .88, 2.78, 2.81, 3.07, 3.60, 3.70, 5.0,

»5.25, 5.30, 5.84, 6.08 and 6.03. This conpound showed netaphase arrest

"act|V|ty in a standard mtotic |nh|b|t|on test at concentrati.ons as |ow as

[err] 60 mrg/ m . 60 10: ;' : 1, 590 649
10 Exanpl e 8. Preparation of 4- desacetyl VLB 3 :

-[err]-chl oroet hyl - 3-spiro:5"-oxzaol i di ne-2"4" dione. 25 M. of dry
nmet hanol saturated with hydrogen chloride at [err] was added to 5 96.9 ngy.
of VLB 3"-[err]-chloroethyl-3-spiro-5-o0xazolidine-2',"4"-di one. The m xture



was allowed to warmto roomtenperature and stirred for 18 hours. The

sol vent was evaporated therefromin vacuo. Water was added to the residue
along with ice. The sol ution was nmade basic w th amoni um hydroxi de and
extracted four times with nethylene dichloride. The nethyl ene dichloride
extracts were conbined and the sol vents evaporated therefromin vacud. -The~
residue (88.6 ngy.) was subjected to 10 preparative thin-Iayer

chr omat.o hy over silica gel using a 3:1 ethyl acetate-'nethanol solvent _

m xture gégéevelop the chronmatogram The band running Tf = .4 was eluted

wWth a ynégl f 14.3 ny. Physrcal char a &{ trcs mass spectrunrpeaks t:

841 (parent +ER=—846—7B2—b653—543- = -

125. 15 o N ' ' : Exanple 9

15 Al ternate preparatron of 4- desalcetyl VLB, " -
-[err]-chl oroet hyl - 3- 4p|ro 5": oxazoli di-ne- 2", 4": di oney 25. M ~of " - Bt

[err] chl oroethyl isocyanate was added ‘to 9. 86 g . of VLB free base in 200 :
m . dry benzene. Thé¢ reaction nmixture was_Stirred overnight pt room
tenperature 20 nd' t hen refluxed for 2.5 hours. -The prec|. prtate was
filtered. The 3,15 ¢. filtrask was = 20 dissolved in 300" -m .| O.IN aqueous
hydr ochl ori ¢ acﬁ@ hd reflumeg 0, &rnrght The reaction 'sol ut on was cool ed,
and' nade basr@m& annonrumEhydgoxrde and extracted with ngthyl ene

di chl ori de. The_eg; acts werg i"ned - and: the sol vent -evapoy at ed 't heref rom
in vacuo Ieavrng-eEuesrdue oo 2'% ~g.. The residue conprrsrng 25 ¢

4- desacetyl VLBea:'E - c4l (E&Qi hylv3 §§t\l’30§5 - oxazed it di ne- -dione .was
purified - 25 by ehr drat GEaFhy cﬁ'eggplqgg; gel . ®hi's chE tgr am was

devel oped with benz¢ne i th an idciedsi nglmet hand) gr adge!pt Yi el'd was _
192.0 ng. Physical ¢har &cteftstikss Vass Spectrufhion p€8ks Mere identical
to those in-Exanple|8. Nnr in deuterochloroform [err] at .8y, 88 ' :

2.25,2.71,2.99, 3.60¢, -3.76, 3.79, 3:93, 5.61, 30. '5.88, 6|00, and 6. 63.
30 Exanple 10. Pr rat qf VB 3:-spigeeh" - 0xa O dr ne; &-,-4". -dione. A
suspensi on of 208. 'ng.E%$&$0d|unrﬁ?drfde“(as a 50%i | - ﬁPspe.Sion) was

f tetrahydrofuran. 200.9 -ng. of vindesihe (VLB C-3 35
ded thereto. After the solution had been|stirred at.
ure for 25 mnutes, 4.0 m. of dinethylcprbonate were
m xture was g hen,stirr at arfbient ?enpe ature for 4.5
me t he ﬁ?lat Ie‘;gnstrtuents“mere reane by :
s theaaquﬁﬁhs sol @t ion agidiff ed with drlute :
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sol vent renoved by8¢vapgy at |;pn Jhe m§sr;ju,e wer ghi ng 98,4 ng.. was. subj ect ed-
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desacetyl VLB 3-spiro-5"-oxazolidine-2",4"-dione. The band was- separated
mechanically and eluted fromthe silica. Evaporation of the eluting sol vent
yi el ded 50 a residue weighing 10.9 ng with the foll owi ng physical
characteristics. Nnt in 50 deuterochloroform[err] at .90, 2.87, 3.57,
3:65, :3.84, 3.95, 5.5-6.0, 6.08, 8.5. Infrared spectrun1 maxi ma at 3680,
3470,1810, i735, 1620, 1505, 1460, 1435, 1335,1010,910 [err]. Mol ecul ar
spectrum ions at 807, 793, 763 749, 718, 706, 692, 690, -634, 434,//4%2.
408, 355, 351, 325, 323, 297,'295,269, 268, 187, 167, 154, 149, an 5.
Fi el d . 5 ‘ desor pt| on rml ecul af 9%3‘9 .779 753 735.
- 55 Oxez th- - = . - an exi st
in tautonerlc forns in mhlch the hydrogen on the rlng nltrogen can enolize
wi t h either of “the carbonyl groups ‘present in-the ring to forman hydroxy
-®xazol i none. More, specifically, an oxazblldlne 2, 4- 'di one ‘canh tautonerize to

either a 2-hydroxy 60 . 2-oxazoline-4-one or a 4-hydroxy-3-- :
—ovaollne 2{one. It i s believed that the product - §0-of- the above reaction
contains at|teast two qf such*tautonerlc forms if fot-all three.
1,590, 64¢ | . o% E%'. 243 "~ .11 Exanpl ¢ 11 Preparation. of
>salts. § g4 of. th& oxé&alldﬁg edi ones and of- the 3-carbamates are prepared
as fol | 8w | The Faéb base |s§% i ssol ved ina mnimll quantity of ethanol
The pH .Eg"s vveredr:tio 575 4. 0.2 by dropwi se additi-on of w2 percent
sulfurlgzagld in®@thang . Thd pH is 5 -determned Qy taking a 2-drop
~aliquot ,..a-dﬁl Wi Q@t:% op t@ | vmth wat er ang then;de&ermrﬁag ‘the pH
usi ng an-crbH R e T Em di &et hanol i c_solution i |evap mEé’tﬁ;g@‘dryness
The residué |ebBigrési ndgthe shifat & sal® cantbe rebrystaﬁlgngéidhﬁr # et hanol
or ethanol ﬁf ‘desired. 10 .. . “The “tonpotinds &t {thi s By &E BQhzhave been
shown to be active agai nst t.rans- - 10 planted tungrs i ®73§ %afg’-s.rf.%l vo and
to i nduce pwtaphase arrest in-Chinese hamster ovary cel E& ha Bed in
ti ssue cul o€, Sldd tratd,ng agtl Vit y ofgat he drugs.of:, , :ﬁi_?s_g §nti on
agai nst -t refpsplante “Thmors Tn nice,: - & protOcol . wag ‘use@ Jv ﬁgﬂsquolved t he
adm nistratijon of the drug, usually by the mtraperitoneagg,r':oslte(ggat a
gi ven dose 15 | evel for 7-10 days af ter innoculjati OE g/\n,_@;‘ggéhaemtunor
* 15 Tle fol gwing table - Table | - gives the resultfs of:%?ﬁgg_h_eiperlnents
in wich ng eﬁe: aki ngst ranspl ant ed tunors were tredted %E%gi@fy with a
conpgiind ok [thE&TnveRtd on. Fn the table, -colum T |gi vegi-ge.s-aog_gof t he
*conp@ndg_& EriTag sy g 4 Re trar@pl anted twunor; «col um |3, tlmeﬁg‘_ésg_gl' Fel or
dose 20 S |IPa&iIrangd and The nunber< of days tNe [dosages Rep@gditni st er ed;
col ugp 4, Bpe&dS2Sr MEE of ddni ni st raldon, “Frid c@y m155§§e?§r§m
inhigtion ¢f tunor growth or percent prolongatlon of sgggﬁgg g@;ﬁe, e.g.
B 16%nd P388. (ROS is an abbreviation for Ri dgevvay ost@am"ﬁg@gcon&, GSs
for Gardner [l ynphosarcoma; P1 534(J) and P388 aré lleukeffiz8 €88 ¥55 is an
adenocar Ci Edoma.,, sand B ;6 i's a nelanmoma) . 288 5E<ES
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12 1, 590, 649
12 [err] 13 1,590,649 . [err] 1,590, 649 the
|ntraper|toneal route) conparable tunor i nhi bition or prol ongation of life
i s showm at the 0.5-0. 75 ng/ Kg. dose Tevel sf or- oxazolidi ne diones and at
dose levels of 0.4-0.45 ng./kg for VLB and 0.2-.25 for vincristine. tn "’
utilizing the novel conpounds of this innvention as anti-tunor agents in 5
manmal .S, either the parenteral or oral -route of administration may be -
enpl oyed., For oral dosage, a SU|tabIe quantlty of a ' o
forn?P

phar maceyt Dl | y- accept abl e salt of a hasé
w th' anox /oMi ¢ aci.d.i.s. Jd.xed. it b si-arfe 649,

m xture placed i Nyt eltRSERBEADIR) aémﬂm{bmsmbemhfbamh om:omkmgmqngaf fllfsolm 7.5-50
ng. of active |ngmw}n§a|§;h505—80ﬁ$mm oselpy é’ﬁ’!“n‘l milpvsaa%ﬂ?sa "&slo '
salt can be mni xedof f°'v . aml_taﬂg, Q&Qtsn‘hxt ure

Hov oF
conpr essed I N n#‘g}bﬁlﬁge rﬁér%t(ﬂloﬂil Ftﬂltdﬁdf(iﬂintnlik&at Honbmdyberegwployef. sal t s
The tablets ﬁy bl;élornszﬁﬂrdﬁ ¢, b sﬁln&numltmfuPMamga@m 3{ glils aﬁltwéabgs ed. Wth

parenteral adm ni a;tcpding@m nélallfﬂfm l%ﬁgﬁﬁ eggh with

smal | er mamal s* s H” _g@ §é %é:ﬂq Fscﬂ,ﬁfﬁﬁ; mlbca] abeutically 366Eptable

parenteral a msﬁﬁémaﬁﬁhﬁldnﬂﬂmbﬁcatdﬁthem1x sed ;-: S [ I
cont ai ni.ng 1w1no ﬂﬁnt:)"‘T:Ejblereadl saitdiniog framdbm'i ﬂ d‘ﬁﬂ‘n{ g? if@;{ : '
conmpounds are admmr@tl@ﬂ%ﬂ'% W&‘eﬁélfr altht' Eg“‘mlq_ 1} a’l‘jl“ mkm‘“‘s' the
preferably from O:nf;“t a%%;f@ux'g sed Fo !

week or everys twoemkl 100ing. bt df i fals Qﬁ@tqompp da?fgfbtm}éa-!-- eci ty 18f

the drug. An al tecmmtaun@almdmdstmdﬁragﬂvpﬂ 00 °1 %ﬁ‘f{"ﬁ os based -

on body-surface apé dl% eactm pee %Eo Nl cAtveet er

squared of mamal i r@eeﬁcyd % Blbaskd on Baliyciarface akbblATth WEO€L Al M

1S:- 1. A dipericid mamn ;odnmgdnheﬂeesqgired bm4rematigh aovéﬂﬁce%q*hﬁ?hlﬂ 14 20
[err] o days. -

- WHAT WE CLAIM IS:—
- 1..A dimeric 1ndoled1hydr01ndole of the formula

'ccordl ng to forrrula I

Formula I

) . . . .
£ __ - CHe-CHs
R1
g a 01 ') CE e
|Gk Ly
1 N R
) é@'-‘Rs : ";e : s
i
_ ] 0
-. 25 wherein 25
R isH, C,—C. alkyl C,—C. alkenyl CI-I,—CI-IX—CI-I3 or CH,——-CHZX wherem S
-thBrorCl - A
R' is OH ' _ : E
' O—ﬁ:—CH 50T O—ﬁ?—NH—R
30 R? is H, CH, or CHO; _° | o o 30
S exthelr one of Reand R‘ when taken singly, is H or OH and the other C,H; and

R®is H;
"~ or R* and R‘ taken together, form an epoxide ring and R? is C,Hs,



0 25 - wherein R is H, [err] alkyl, C3-C4 alkenyl, [err] or [err]

wherein Xis Br or d; R is OH [err] Q cL30 R2is H [err]
or CHQ, ' 30 either one
of [err] and [err], when taken smglmnm lluimnm&!l the other [err] and
[err] is H or [err] and [err], taken n' epoxi de ring and
[err] is [e 1, 590, 649

of life is $fhown at the 0.5-0 75 ny./kg. dose |evels for oxazolidine diones
and at dose- lsof O-4.0.45 nglkg fodSM69and Q2.0 25 for vincristibe,

In utilizing the nwmtram.meur}d&ep:foxﬂpbtameltﬁ\mmm@ﬂmaar prolongdtion@F ligent s i n
mamal s, ei tsmn at the Oferr (T Htreg /K. ¢ selw!aforrommhdxm‘dm@mndlasmsaﬂqvein may be

enpl oyed. 5 For ;gq‘ﬁngeﬁ: .,g: S SR NIS cnsumor age €
phar maceut i cak| y- E RN ik s é’dorrred s

Wi th a non-toxic &ororal daosagexaihtumé d{uaah@rocbplmmmﬁt&ml}eaeeemawltandbats e )
m xture placed in %“é’lf ??bﬂ"e cedﬁhﬁiﬂ i%“t!’t?ﬁtva‘ihm grother 7. 5

ng. of active ingf ﬂj’ '? ot :ﬂ Bo m&xu ’gﬁg&g 10
salt can be moxed syu& With saleh d,er, 1abricd ah@ﬂi&fmn& prem:d(turem
conpressed 10 i ntlUOttdmte:@hsanﬂammrftm 5(bm;$ o€ sak. S‘hé@b smaypbe sal t .

The tabl ets may b % f@vo‘:lfsygnqt efe@gdmr&tx it m&%ﬁ#&n ssu tra Wt h
arenteral adm ni Shtrapkditoheal B B DA it ok AL eigh wi
nmamméd s smmlploaed tontnif e—ﬂmfnrg ebﬁ i caleat oﬁmd of bemdla IEThe 15

gt eral adni ni 9mmqnéﬁare P@m@m ag t% Goﬁﬂ@llisslkg a“@ ‘Bgsﬁ"’m

14 the int rgﬁerl toneal r out e) conpar abl e tunor i nhi bition or prol ongati on F

cont aining 1-10 lgh‘;d f]kﬁl gﬁtﬂﬁt?

conpounds are_adniniutid Rk afa théta@eudt dbsk W ,g{"gv- uﬁa&gz{rkegwn

preferably f2&m O.irthe cange ﬁ{l]ﬁd(@ mmnetmmteldaﬁmbmniyhaxmowsurf@cmevﬂ otr\M ce a20
week or every t wo deks dependi ng on both the activity and the toxicity of
the drug. An alternawyer wat bpdigmfisacri ving at a therapeutic dose is based
on body-surface arealwh idimeticdadtediiydroindble of ke foamndge 0.1 to 10 ny/ neter
squared of manmmual i an body surface every ,/ or 14 20 days. WHAT VE CLAIM a
IS:- 1. A dineric indol edi hydr0| ndoI eSO the formula [err] Formula | [err]
25 wher ei n '

11

12 < \1 ° \2/
/ S
\/ T—E-O—CH Formula I

1 ——-9/.\ ?
1:\ OI\JQ /ﬁs
’3 CH2=-CHa

CHs-D—\ .\/a 4L—R

3/

1e 0 ——C*=0
2 ] F !
Rz i ”3 R
Lallpe ée
"
0
- 25 wherein ' ) 25
R is H, C,—C, alkyl, C,—C, alkenyl, CH,—CHX—CH, or CH,—CH,X wherein
X is Br or Cl;
R' is OH, .
()—ﬁf—-CH3 or O—?IZ—NH—R;
_ 0]
30 R? is H, CH, or CHO; 30
1thellisonei_c{)f R? and RY, when taken singly, is H or OH and the other C,Hg and -
is

or R* and R®, taken together. form an epoxide ring and R?* is C,H;:



R is [err] alkyl, [err] alkenyl, [err] wherein 25 [err] is OH [err]
0 0 30 [err] is H [err] or CHO
30 either one of [err] and R4, when taken singly, is Hor OH and the other

[err] and [err]is H, or [err] taken together. forman epoxide ring and

[err] .* 15 % oo 1,5“” 649

15 [err], t aken singly, is Hand R taken R a ,
—taken together, are a single bond between ,mﬂnﬁﬂ I"H"I,””", _ @R

phas maceut i cal I y-acceptabl e salts thereof W
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and R7 is ~25 14. A process of preparing a difnerid fdoledihydroindole compound of the
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- %7 R2, R’ R*, R‘ R and R' are ‘s defined in clalm 1 and o
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which comprises reacting a qlg_ng_ric indoledihydroindole of the formula-



1, 590, 649 16 Formula Il [err] 17 O

wherein [err] have the sanme neaning as hereinabove; and [err] is OHor 5
[err] 5 with an i socyanate of the
formua RNCO wherern R has the sane nmeani ng as above. 15. The process of

G ai m 14 wherei-nthe dineric indol edi hydroi ndol e dione and the |socyanate

are mxed and heated to a tenperature from30 to 110[err]. to forma 10

spi r ooxazol | d| ne ﬂl’ ml ' 1.1 wherein R and R together are a bond
10 bet m H)"Elmlm: process of Claim 14 or 15 for prepari ng "
VLB 3"-\q¥t yI1753 $pi rb-5¢- Moxazokl di ne- 2590’-1549d| one which conprises heatiyg a
m xt ure of’ VCB™TTEE Dase and et hyT - d
anhydrous reaction nedium 15 = ¢ -
preparing VLB 3"-n-butyl -3-'spiro~5" s
conprises heating a m:xture gf JEB
the presence of a liquid an
G aim 14 or 15 for prepard'fig
zol i di ne-2", 4"-di one whi thecd

-+ The: pI’OCGSS of Clal m-14 or 15 for
oxazol i'di ne-2",.4"-di one which - ™
&e, asé and and.n-butyl" isocyanate in =
AT R medium 18. ‘The process of '_ .

{ yl-3-spiro- 5":oxa- . - ' o
e‘atl ng a mxture of. VLB free base and

allyl 20 . isocyanate in & s w2 a | iquid anhydrous reaction. o
medi um - 20 19..The prépcess bt CI ai m 14 kormulg Ik.or preparing - 7
vi ncri-stine 3"-nethyl-3- sprro- oxazol i.di ne- 2H 4".~di one*whi-ch conpri ses

heating a m xture of vincristine. free base an thyI |socyanate in the .
presence of a Ilqur d anhydrous reactu am - U la'\qfi The process of Caim 14
or 15 for preparrng 4- desacetyl - 4- Nt hy Ps 25 7 carbamoyl -VLB

3"-net hyl - 3- spi ro-5"-oxazol i di.ne- 2" {48 - d wh'ch CCﬁ’f’p‘F"I“SeS 25 heatl ng a
m xture of 4-desacetyl VLB and eHstoRsal® i ADat e L
|'i qui d anhydrous reaction nmedi.um. 21.. Bygess: of .any .one of d ai ns 16 .
to 20 wherein the reaction nmediumis anhy(ﬂxous benzene .30 - - 22. The.
process of ‘Claim 14 or 15 for prepari ng desﬁ'@ﬁal yl - 4- desacetyl 4- (N 30
net hyl carbanoyl) VLB 3"-nethyl - 3-spi ro- 5"-05azo| idi ne-22",4"-di one which
conpri ses heati ngwa xture of | -desnethyl-4-desacetyl VLB and met hyl -

I socyanate in the mrgsqncgldqis Havé ﬂ{auh.de;ya ﬁl,h‘érdilﬁg&kl; @ medi um  23. The
process of Claim RisQHraein the reaction nediumis. anhydrous 35

ggt hyl ene. di chI ori de. _ _ : O—C—CII Hs, . . s

: wt:th an 1socyanate of the formula RNCO wherem R has the same meaning as -
above. -
~15. The process of Claim 14 wherein the dlmenc indoledihydroindole dione and
the isocyanate are mixed and heated to a temperature from 30to 110°C. toforma
- 10 spirooxazolidine dione of Formula III wherem R' and R‘ together are. a bond 10
© ' between C* and N?". o
16. The process of Clalm 14 or 15 for preparmg VLB 3"-methy1-3-sp1ro-5" '
oxazolidine-2'",4""-dione which comprises heating a mixture of VLB free base and
. methyl isocyanate inthe presence of a liquid anhydrous reaction medium. - :
15 17. The process of Claim 14 or 15 for preparing VLB 3'*-n-butyl-3-spiro-5"'- 15
oxazolidine-2" 4" -dione which comprises heating a mixture of VLB free base and -
" and n-butyl isocyanate in the presence of a liquid anhydrous reaction medium.
18. The process of Claim 14 or 15 for preparing VLB 3"-allyl-3-spiro-5"-oxa-
_ - zolidine-2",4"'-dione which comprises heating a mixture of VLB free base and allyl .
20 isocyanate in the presence. of a liquid anhydrous reaction medium. .20
19. The process of Claim 14 or 15 for preparing vincristine 3"”-methyl-3-spiro- -
5"-oxazolidine-2",4"-dione which comprises heating a mixture of vincristine.free
base and methyl 1socyanate in the presence of a liquid anhydrous reaction medium:’
: 20. The process of Claim 14 or 15 for preparing 4-desacetyl-4-N-methyl- :
25 carbamoyl-VLB 3'"-methyl- 3-sp1ro-5"-‘oxazohd1ne-2" 4”.dione which comprises 25 -
S heating a mixture of 4-desacetyl VLB and methyl isocyanate in the: presence ofa | _ *
liquid anhydrous reaction medium. - )
21. The process of any one of Claims 16 to 20 wherem the reactlon medlum is
.- anhydrous benzene. o
30 " "22. The process of Claim 14 of 15 for | preparmg 1 desmethyl—4-desacety1—4-(N- 30
' methylcarbamoyl) VLB 3”-methyl-3-spiro-5''-oxazolidine-2" 4'"-dione ~which .
comprises heating a mixture of 1-desmethyl-4-desacetyl VLB and methyl-
isocyanate in the presence of a liquid anhydrous reaction medium.
23. The process of Claim 22 wherein the reaction medmm is anhydrous o
35 ~ methylene dichloride. 35
: 24, The process of Claim 14 for preparing VLB 3"-(p—chloroethyl) 3-sp1ro-5"
oxazolidine-2" ,4""-dione which comprises stirring a mixture of VLB free base and g;
_chloroethyl 1socyanate is anhydrous benzene at room temperature, heating the

A



24. The process of Claim14 for preparing VLB
3"-([err]-chloroethyl)-3-spiro-5"- oxazolidine-2",4"-di one which conprises
stlrrlng a mxture of VLB free base and [err] chl oroethyl i socyanate is

—anhydrous—benzene at room t enper at ure, meating t he 17
- 1,590,649 : .- _-llstlrred—m—ﬂ—ufe at refl ux

t enperiat ur'e¢, Sseparating the conplex of VLB and. [err]-chloro- :

i socyanate thus forned and di ssol ving theconmmfm i’“ﬂﬁ r“{l!kS Thess
of\ Claim 14 for preparing yLB 3"-([err]-chlo | 5"

oxazol i di he-2", 4"-di one and VLB 3- N—S er__r]-thoroet"hyI) car bamat g,W

S conpriséds 5 mxing VIB free ha : e and

heating the sgired rurxﬁxrait reflu® tdfanefamtets nathur:enpl@@f Vtﬁ@n b-ederes of any of

Cai ms 14 t ctigbisedyauite thy ﬁ@olrmsfﬁ c_r(é{ggl rfge |5ng a dimeric
I igol e- di hydro|2 g{élfgf Eige MB NUIE Jé bamite wh prlst to acid

@

hydrol ygi s topy wlgdqéee el j-EKIHraEHy1 Q)cfan aew ngdhaes nmaurarae 5 10
27. A proce&SﬂlfoEmpwrapau ng a spl [00xaz hlc one of d rrrul a [err]
Fornul a v subjectmg a grt& TIC in ole-dl omgﬂiesol% [gglgfjﬁ] T{ &rsf 8 is CHor 15
[err] rrsrng reacting a di meric

izndol edi hydror ndol e of the. forrrul—a)—C—IRI

1, 590, 649 - g) 18[err] Formula IVH 017
[err] O wherein [err] and. [err] have“t he same meani ng as herei nabove;
10 to acid hydrolysis to provide the correspondmg 4-desacetyl derivative, 10

27. A process for preparing a splrooxazohdmedrone of the formula

- Formula V.

R?, R? and R* are as defmed in claim 1 and .'
R’ is OH or T
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comnprising reacting a dimeric indoledihydroindole of the formula -



wi th di methyl carbonate in the presence of sodium hydride. 5 '
process of Caim1l for preparing VLB 3-spiro-5"-oxazolidine-2",4"-

of sodi um hydride. 29.° A phariaceutical composition for the TnhortTomof—
tunors or prolongation of the life of the host manmal ng K
and as active ingredient a 10 conpound of formula.l according td Cdaim
_ .- .. 10 30. A.nethod of inhibiting a tunmor
or prolfopdkng the life. of the host non- human manmal by t he adm ni stration_/
Y tunor effective dose of a dimeric -
;:330:64%3s defined in_any-one of ~dsai ns -
se- di.hydr-oi-ndol e cormpound -of t he '
ubst-anti al | y:asher ei-nbef.or e-descri bed., -
f-#tanples. 1 to 10. 32. A - = ' :
g% -Ct ai m 29 substantially as .
3. A process.for preparing a-dineric
.. 20 Formul-a |”as defined i'n Claimi14
bed.Wi th parti‘cul ar reference to any of

1.

to a ny
i ndol e
1to 14 15

Fornula | as defined in 157CLaLngdg§
wi th particular reference o, eay-
conpositi.g -§§'daﬁ
her ei. nbef ore descri beqg-¢ O_&aj_,._
i ndol e di hydroi ndol e oegpougd of th
substantial |y ‘as her ei nbaEe¥5dessA | _ _ e t
Exanples | to 5 and 7. 34* A procgss for prepaorfladySpi rooxazol i di ne
conpound of the Formula V as ¥Wefine® in daim 27 substantially as

phar maceuti cal

28. The
5 di one

whi ch conprises reacting vindesine with dimethyl carbonate in the presence

conprising a carrier .

31 A dineri ci-ng

her ei nbefore described with partiktular 25 . S creference to Exanple 10.

25 35. A nethod of inhibiting a tungr e
non- human manmal as defired in A gm'
described. P. G STRINGER, Chart
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R?, R? R* R® and R® have the same meaning as hereinabove;

. with dimethylcarbonate in the presence of sodium hydride.

28. The process of Claim 1 for preparing VLB 3-spiro-5"-oxazolidine-2",4"'-

- _dione which com(PriSes reacting vindesine with dimethy! carbonate in the presence
e. S o

of sodium hydri _ P : .
* 29, A pharmaceutical composition for the inhibition of tumors or prolongation
of the life’ of the host’ mammal comprising a carrier and as active ingredient a

compound of formula I according to-Claim 1. - S
30. A method of inhibitinig a tumor or prolonging the life of the host non-

human mammal by the administration to a mammal host of a tumor of an anti-
tumor éffective dose of a dimeric indole dihydroindole compound of Formula I as.

defined in any one of Claims 1 to 14, _ o
- 31. A dimeric indole-dihydroindole comgound of the Formula I as defined in
Claim 1 substantially as hereinbefore described with particular reference to any
one of Examples | to 10, - = .7 Ton ' - ' :
32. A pharmaceutical composition as defined in Claim 29 substantially as
hereinbefore described. T . o : ‘

33. A process for preparing a dimeric i'n_;"i:oi_e dihgdrpindole compound of the .

Formula:I as ‘defined in Claim ‘14 substantially as hereinbefore described with
particular reference to any of Examples 1 to'5 and 7, T

34. A process for preparing a spirooxazolidine compound of the Formﬁla Vas -
defined in Claim 27 substantiallyas h_ereinbe_fore described with particular -

reference .to Example 10 _ : : S
35. A method of inhibiting a tumor or prolonging the life of the host non-.
human mammal as defined in Claim 30 substantially as hereinbefore described.
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