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ί COMMONWEALTH OF AUSTRALIA >τ51·0
ί DECLARATION IN SUPPORT OF A
J , . CONVENTION APPLICATION FOR A PATENT
ΐ In support of the Convention Application made for a
ί e patent patent for an invention entitled:
J SYNTHESIS OF CISPLATINUM ANALOGS
ί I/ife ALPHONSE R. NOE
I I; I of 47C Haviland Road, Stamford, State of Connecticut,{ j United States of America
j

j do solemnly and sincerely declare as follows:~
j 1. I AMAWE-AR-E authorised by
i AMERICAN CYANAMID COMPANY

ί J ■ ■ ■
J the applicant (-s-) for the patent to make this
'1 declaration on itsA&e4.a· behalf.
■| 2. The basic application ί-s) as defined by Section 141 of
μ the Act Has/wese made .

in the United States of America 
on June 23, 1987
ov JOSEPH

ι ί'■ IM
J■'(
ri

^e£©jPEed-to-i»-s.hti_fa3iJi,c-3ppa,i<3a4;ipaA4si
3. PANAYOTA BITEA, JOSEPH JOHN HLAVKA and YANG-I LN 

citizens of the United states of America,

of 287 Treetop Circle, Nanuet, State of New York 10954; 
Tower Hill Read, Tuxedo Park, State of New York 109*37; 
and 35 Constitution Drive, Tappan, State of New York 
10983; United States of America respectively
-is/are the actual inventor (s) of the invention and the 
facts upon which the applicant (.s) is/are entitled to 
make the application are as follows: 1 Assignment(s) 
dated June 18, 1987 assigning said invention from the 
said inventors to the said company.
The basic application (-s) referred to in paragraph 2 of 
this Declaration was/-war-e the first application (-s) made 
in a Convention country in respect of the invention (-s) 
the subject of the application.

z// 1 Signed at Stamford, Connecticut U.S.A, this *
day of _________ ·. (_____________________ 1988.

AMERICAN CYANAMID COMPANY
BY: pep

Alphonse R. Noe, Manager
Patent Law Department

To: Commissioner of Patents
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1. A process for producing a compound of the
formula:
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CH„-
I 2-

or Civ ; and L and L' are monobasic carboxylates
I 2Co­

consisting of acetate, hydroxyacetate and 'txopionate,
or L and L' taken together are a dibasic carboxylate

R. COQ-
consisting of 1 , where R. and R are

R2 COG- 1 2

hydrogen or lower alkyl- ) , or Rx and R2 taken
together is (CH ) ' where n is 2 to 5,

4 if *
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which comprises reacting sulfinylbismethane, compound 
with platinum chloride with mono- or dicarboxylic acid 
in aqueous solution, protected from the light, giving a 
carboxylic acid-bis[sulfinylbis[methane]-S] platinum

compound of the formula where L and

L'are as described above, which is then reacted with an
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amine of the formula γ , where Y is as describedx
nh9

above, in a hot aqueous solution.
2. A process for producing a compound of

the formula:

L'

wherein Y,I· and Lz -.je as defined in Claim 1, which 
comprises reacting a carboxylic acid-bis[sulfinylbis
[methane]-S]platinum compound of the formula

0

^3}2~S\ /
Pt

where L and L'
aqueous

(CH3)

are as defined in Claim 1,
solution with an amine of the formula

in warm

z , where Y is as defined in claim 1, giving a
NH2

compound of the formula:

S-(CH3)2 -L.0

Γ

which is further reacted in a hot aqueous solution.
3. A compound of the formula:

o
W(CH3)2-S\

Pt
L

L1(CH3)
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wherein L and L1 are as defined in Claim 1.
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Title: SYNTHESIS OF CISPLATIN ANALOGS
DESCRIPTION OF THE INVENTION

ABSTRACT OF THE DISCLOSURE
This disclosure sets forth a novel process 

for producing cisplatin analogs which possess antitumor 
activity.

>4
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Title: SYNTHESIS OF CISPLATIN ANALOGS
DESCRIPTION OF THE INVENTION

This invention is concerned with a process for 
producing compounds of The formula I:

NH L/ 2\ /Y PtX / X
NH2 a l·

Formula I

wherein Y is selected from the group consisting of
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or CH- ; and L and L' are monobasic carboxylates consist 
( z

ch2-
ing of acetate, hydroxyacetate or propionate, "or L and L'
take.n together are a dibasic carboxylate consisting of



R1 J200-'"'χ/ > wherein and R2
COO- alkyl (C^-C,.) or R 

is (CH2) , herein n is 2 to 5,

are hydrogen or lower 
and R^ taken together
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The compounds described in Formula I are highly 
active antitumor agents. Their activity as such has been 
disclosed in the following South African patents 87/0714, 
issued September 30, 1987 and 87/0713, issued January 1, 87.

€
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ί

concerned,
The process,with which 
is described below by

the current invention is 
flowchart and text.

10
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In accordance with flowchart A, dimethyl sulfox­
ide 2 is reacted with potassium tetrachloroplatinate 2 in 

aqueous solution to produce sulfinyl bismethane, compound 

with platinum dichloride (2:1) 3. compound 1 is then 

reacted with a mono- or dicarboxylic acid silver salt (L, 

L' or L + L') £ in aqueous solution, protected from light, 

giving carboxylic acid-bis[sulfinylbis[methane]-S]platinum 

derivative 5. Compound 5 is then reacted with an amine 6 

giving the final, 

(Formula I).
pharmacologically active product 2

Flowchart B
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In accordance with Flowchart B, a Carboxylic 

acid-bis[sulfinylbis [methane]-S ]platinum derivative 5 is 

reacted with an amine 6, giving an amine, carboxylic acid 

(sulfinylbis[methane]-Sjplatinum derivative jb which on 

heating in aqueous solution gives the biologically active 

derivative 7.
The intermediates 5. and 8 are unknown in the

art and since they are integral in the preparation of
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pharmaceutically useful products, they will be claimed as 

new compounds as a part of this inventic

The invention will be descrio^ »her in con­

junction with the following specific examples.

5 Example 1
fl, 1-Cyclobutanedicarboxylato(2-) -O.O'^lbisrsulfinylbis-

Γ methane!-S1 platinum

To a solution of 41.5 g of potassium tetrachloro­

platinate in 330 ml of water was added 21.3 ml of dimethyl
10 sulfoxide. The mixture was allowed to stand 12 hours, then 

the solid was collected, washed with water, ethanol and 

ether, giving 38.0 g of sulfinyl bismethane, compound with 
platinum chloride (2:1), mp 222°C (dec.).

A mixture of 12.66 g of the above compound,

10.74 g of the disiiver salt of 1,1-cyclobutanedicarbox- 

ylic acid and 900 ml of water was stirred in the dark for 

22 hours and then filtered. The filtrate was concentrated 

to 40 ml and the precipitate collected, giving 12.4 g of
. 1 .[1,1-cyclobutanedicarboxylato(2-)-0,0 ]bis(sulfinylbis(me- 

20 thane]-S]platinum, mp 208°C (dec.).

This compound (494 mg) in a hot solution of 12 ml 

of water, was reacted with a hot solution of 114 mg of 

trans-(-)-1,2-cvclohexandiamine in 3 ml of water. The mix­
ture was kept at l()0°C for 6 hours, then cooled, giving

25 360 mg of biologically active trans- (-)-1,2-cvclohexahedia-

mine, compound with (1,1-cyclobutanedicarboxylato (2-)- 
0,01)platinum (1:1).

Example 2

Preparation of Fl,1-Cyclobutanedioarboxvlato (2-) -
30 0,01](1,3-dioxane-5,5-dimethanamine-N,N')platinum

A suspension of 26.2 g of 2,2-bis(br.omomethyl)-

1,3-propanediol, 50 ml of concentrated hydrochloric acid
and 50 ml of 38% formaldehyde was stirred in a 50°C oil

bath overnight, then cooled to room temperature and fil­

tered. The filtrate was extracted with three 100 ml por­

tions of ether. The ether extracts were combined, washed
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with water, dried and evaporated to an oil. A small amount 

of solid which formed was removed by filtration and washing 

with ether. The combined filtrate and wash was evaporated 

under reduced pressure, giving 26.9 g of 5,5-bis(bromometh- 

5 yl)-1,3-dioxane as a clear oil.

A suspension of 2.69 g of 5,5-bis(bromomethyl) - 

1,3-d.ioxane, 3.8 g of sodium azide and 50 ml of diiflathyl- 
formamide was heated at 13 0°C in an oil bath overnight, 

then cooled and filtered. The filtrate was evaporated to

10 an oily suspension which was diluted with 30 ml of water.

The oily phase was extracted with three 25 ml portions of 

ether. The ether extracts were combined, dried and evapor­
ated, giving 1.95 g of 5,5-bis (azidon.ethyl) -1,3-dioxane.

A mixture of 1.95 g of 5,5-bis(azidomethyl)-

15 1,3-dipxane, 0.5 g of 1C'% palladium on calcium carbonate 

and 40 ml of ethanol was reduced for 2 hours and then fil­

tered. The filtrate was evaporated, giving 1.41 g of 1,3- 

dioxane-5,5-dimethanamine as an oil.

A 1-97 g portion of [1,1-cyclobutanedicarboxyl-
20 atoi?.-) •■O,O1]bis(sulfinylbis [methane]-S]platinum was dis­

solved in <8 ml of hot (100°c) water. To this was addtd a 

solution of 585 mg of 1,3-dioxane-5,5-dimethanamine in 
12 ml of water. The mixture was stirred at 100°C for 6 

hours and then evaporated to dryness. The residue was
25 dissolved in 2 ml of hot water and filtered. The filtrate 

was cooled, then refrigerated for 2 hours and the solid 

collected, giving 606 mg of biologically active [1,1-cyclo- 
butanedicarf nxylatc(2-) -0,01] (1,3-dioxane-5,5-dimethana- 

mini -Ν,Ν')platinum»
30 Example 3

. . 1 1Preparation of Γ1,1-Cvclobutanedicarboxylato(2-)-O ,0 1- 

(tetrahydro-4H-pyran-4,4-dimethanamine-N,N’) platinum

A mixture of 28.6 g of dichloroethyl ether,

13.2 g of malohonitrile, 55.28 g of potassium carbonate and

800 ml of acetonitrile was refluxed on a steam bath for 24

hours, then filtered while hot. The filtrate was
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evaporated and the residue crystallized, with charcoal 
treatment, from 100 ml of ethanol, giving 9.5 g of tetra- 
hydro-4_H-pyran-4,4-dicarbonitrile as colorless plates, 
mp 110-112°C.

5 A 180 ml portion of IN borane in tetrahydrofuran
was added rapidly, dropwise to a solution of 8.18 g of 
cetrahydro-4H-pyran-4,4-dicarbonitrile in 150 ml of tetra­
hydrofuran. This mixture was warmed, then cooled to room 
temperature in ,'an ice bath and then stirred for 64 hours

10 at room temperature. A 100 ml portion of ethanol was added 
dropwise, then the mixture was stirred 4 hours and evapor­
ated to dryness. The residue was taken up in 100 ml of 
water, acidified with 50 ml of 6N hydrochloric acid and 
extracted three times with ( cher. The remaining aqueous

15 layer v/as evaporated to dryness. The residue was boiled 
in 30G ml of methanol and filtered while hot. The filtrate 
was treated with 200 ml. of ether and cooled. TH resulting 
solid was collected, washed with ether and dried, giving 
8.31 g of tetrahydro-4H-pyran-4,4-dimethanamine, dihydro-

20 chloride.
An ion exchange resin (Dowex, 1-X4) was slurried 

in 10N sodium hydroxide and then packed into a 3/4 inch 
column. The column was washed with water until the pH was 
neutral. An aqueous solution of 2.17 g of tetrahydro-4H- 

25 pyran-4,4-dimethanamine, dihydrochloride was added to the 
column at a slow flow rate. The column cut containing the 
free base was evaporated, giving 1.48 g of tetrahydro-4H- 
pyran-4,4-dimethanamine as a colorless oil.

A 4.9 g portion of [1,1-cyclobutanedicarboxylato- 
1 . . . . .J (2-)-0,0 ]bis [sulf mylbis [methane]-SJplatmum was dissolved 

in 129 ml of water at 100°C. A solution of 1.4 g of tetra- 
hydro-4H-pyran-4,4-dimethanamine in 30 ml of water was 
added and the mixture was heated at 100°C for 6 hours. The 
mixture was filtered and the filtrate evaporated to dry-

35 ness. The residue was slurried in 30 ml of water, heated 
to 95°C and filtered. The filtrate was concentrated to 
about 10 ml and the resulting solid collected, washed with
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water and dried, giving 1.34 g of biologically active [1,1- 
cyclobutanedicarboxylato (2-) -0^,01] (tetrahydro-4_H-pyran-
4,4-dimethanamine-N,N' ]platinum.

Example 4
Preparation of Γ2,2-Bis (aminornethyl)-1,3-propanediol- 
N,N'][1,l-cyclobutanedicarboxylato(2~)-01,01]platinum

To a solution of 1.0 g of [1,1-cyclobutanedicar- 
boxylato(2-)-0,01]bxs[sulfinylbis[methane]-SJplatinum in 
25 ml of water at 100°C was added a solution of 272 mg of 
2,2-bis(aminomethyl)-1,3-propanediol in 5 ml of water. The 
mixture was heated at 100°C for 6 hours and then filtered. 
The filtrate was evaporated to about 3 ml and the resulting 
solid collected, giving 100 mg of biologically active [2,2- 
bis(aminomethyl)-1,3-propanediol-N,N'][1,l-cyclobutanedi- 
carboxylato(2-)-Ο1,01]platinum.

Example 5
Preparation of 2,2-Dimethvl-l,3-propanediamine, compound 

■ > 1 .with Γ1.1-cyclobutanedicarboxvlato(2-)-Ο ,O Iplatinum
To a warm solution of 1.24 g of [1,1-cyclobutane- 

dicarboxylato(2-)-0,01]bis[sulfinyIbis[methane]-S]platinum 
in 60 ml of water was added 0.26 g of 2,2-dimethyl-l,3- 
propanediamine. The mixture was kept at 100°C for 20 hours 
and then evaporated under reduced pressure. The residue was 
recrystallized from 10 ml of water, giving 510 mq of bio­
logically active 2,2-dimethyl-l,3-propanediamine, compound 
with [1,l-cyclobuldnedicarboxylatc(2-)-Ο,01]platinum.

Example 6
Bis (Acetato-0)bis FsulfinvlbisΓmethane)-S1 platinum

A 20,75 g portion of potassium tetrachloroplat­
inate was added to 165 ml of water, stirred for a few min­
utes and then filtered. To the filtrate was added 10.65 g
of dimethyl sulfoxide. The suspension was allowed to stand
for 14 hours, then the crystals were collected, washed with
water, ethanol and ether and dried, giving 18.57 g of sul­
finylbismethane, compound with platinum chloride.

30

I
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A suspension of 1.27 g of sulfinylbismethane, 
compound with platinum chloride, 1.0 g of silver acetate 
and 70 ml of water was stirred in the dark overnight, then 
filtered and the filtrate evaporated to dryness. The resi­
due was slurried in methanol, diluted with ether and the 
solid collected and dried, giving 1.2 g of bis(acetato-O)- 
bis[sulfinylbis[methane]-S]platinum.

Example 7 
. 1 3 .[Propanedroato(2-) -0,0 lbis[sulfinylbis fmethane]-

S1 platinum
A suspension of 1.27 g of sulfinylbismethane., 

compound with platinum chloride, 953 mg of the disilver 
salt of malonic acid and 70 ml of water was stirred in the 
dark overnight, then filtered and the filtrate evaporated 
to dryness. The residue was slurried in methanol, diluted 
with ether and the· solid collected and dried, giving 1.15 g 

1 3of [propanedioato (2-)-0 ,0 ]bis[sulfinylbis[methane]-S]- 
platinum.

Example 8
trans- (-)-(1,1-Cyclobutanedicarboxy  la to (2-) -0,0* 1]-(1,2- 
cyclohexanediamine-Ν,Ν') [sulf inylbis [methane] -SJplatinum

To a solution of 1.24 g of [ 1,1-cyclobutanedi- 
carboxvlato(2-) -0,01]bis [sulf inylbis [methane] -S]platinum 
in 40 ml of water at 40°C was added 285 mg of trans- (-) - 
1,2-cyclohexanediamine. The mixture was heated at 40°C for
1 hour, then evaporated at 4 0°C under reduced pressure. 
The residue was triturated with ethanol and ether, giving 
1.15 g of trans- (-)-[!, 1-cyclobutanedicarboxylato(2-) - 
0,01] (1,2-cyclohexanediamine-N, N') [sulf inylbis [methane] -S ] - 
platinum.

A 200 mg portion of the above compound in 5 ml
of water was heated at 100°C for 6 hours, then cooled and
the solid collected and dried, giving 130 mg of biologic­
ally active trans-(-) -1,2-cyclohexanediamine, compound with
[ 1,1-cyclobutanedicarboxylato (2-) -0,01]platinum.

35
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We-olai-iH-:The claims defining the invention are as follows:
1. A process for producing a compound of the 

formula:
5

Y
NH2 L'

10 wherein Y is
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CH_-
I 4

or CH2 ; and L and L' are monobasic carboxylates 
A-

25 consisting of acetate, hydroxyacetate and propionate,
or L and L' taken together are a dibasic carboxylate

R-ι C00-
consisting of ·*· ''·><' , where R, and R„ are

R2 COO- 1 2

hydrogen or lower alkyl-(C -Cg), or and R2 taken 
together is <CH2)n' where n is 2 to 5,
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which comprises reacting sulfinylbismethano, compound
with platinum chloride with mono- or dicarboxylic acid
in aqueous solution, protected from the light, giving a
carboxylic acid-bis [sulf inylbis [methane] -S] platinum

-14-

hi

10
compound of the formula pt , where L and

<CH3>2-SC

0
L'are as described above, which is then reacted with an

15
amine of the formula where Y is as described

NH

20

above,- in a hot aqueous solution.
2. Ά process for producing a compound of 

the formula:

25

L

wherein Y,L and L' are as defined in Claim 1, which 
comprises reacting a carboxylic acid-bis [sulfinylbis 
[methane]-S]platinum compound of the formulao Z

(C1I3>2"SX
Pt

iCt>2-Zo
where L and L' are as defined in Claim 1,. in warm
aqueous solution fith an amine of the formula

35
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compound

which is

wherein L

, where Y is as defined in Claim 1, giving a

of the

further
3.

and L *
4 .

formula:

zQ

r

reacted in a hot aqueous solution. 
A compound of the formula:

L
X

are as defined in Claim 1.

[1,1-Cyclobutanedicarboxylato(2-)-
0,01 Ibis [sulf iny Ibis [methane ] — S ] platinum.

Bis (aceto-0)bis[sulfinyIbis[methane]-S]-5 .
platinum.

[Propanedioato(2-),-O1,O3]bis-

[ sulf inylbist methane J-S] platinum.
6.
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7. ..pound of the formula :

NH s-(ch3)2

L

wherein Y, L and L' are as defined in Claim 1.

8· Trans-(-)-[ 1', 1-cyclobutanedicarboxylato-
(2-)-0,01](1,2-cyclohexanediamine-N,N')[sulfinylbis- 

[methane] —S ]platinum.

9. The product of the process of any one of 
claim 1 or claim 2.

10, A process for synthesis of cisplatin 
analogs substantially as hereinbefore described with 
reference to any one of the Examples.

DATED this TWENTY-SIXTH day of APRIL 1988

American Cyanamid Company

Patent Attorneys for the Applicant 
SPRUSON & FERGUSON


