Case 3:07-cv-05408-JAP -JJH Document1 Filed 11/09/07 Page 1 of 45 PagelD: 1

IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF NEW JERSEY

William J. O’Shaughnessy, Esq.
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Newark, New Jersey 07102
(973) 622-4444

Of Counsel:

Robert L. Baechtold, Esq.

Dominick Conde, Esq.

William E. Solander, Esq.

FITZPATRICK, CELLA,
HARPER & SCINTO

30 Rockefeller Plaza

New York, New York 10112

(212) 218-2100

Attome‘ys for Plaintiffs,
SANOFI-AVENTIS U.S. LLC,
SANOFI-AVENTIS and DEBIOPHARM S.A.

SANOFI-AVENTIS U.S. LLC,
SANOFI-AVENTIS,
DEBIOPHARM S.A,,

Plaintiffs, CIVIL. ACTION NO.:

V.

PHARMACHEMIE B.V.

TEVA PARENTERAL MEDICINES, INC.,

TEVA PHARMACEUTICALS USA, INC,,

TEVA PHARMACEUTICAL INDUSTRIES, LTD., and
SICOR DE MEXICO, S A.DE C.V.

Defendants.
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COMPLAINT FOR PATENT INFRINGEMENT

Plaintiffs Sanofi-Aventis U.S. LI.C, Sanofi-Aventis, and Debiopharm S.A.
(hereinafter “Plaintiffs™), by way of Complaint against Pharmachemie B.V., Teva Parenteral
Medicines, Inc., Teva Pharmaceuticals USA, Inc., Teva Pharmaceutical Industries, Ltd., and

Sicor de Mexico, S.A. DE C.V. allege as follows:

THE PARTIES

1. Sanofi-Aventis is a corporation organized and existing under the laws of
France, having its principal place of business at 174 avenue de France, Paris, France. Sanofi-
Aventis is a global innovator healthcare company whose core therapeutic areas are oncology,
diseases of the central nervous system, cardiovascular disease, and internal medicine.

2, Sanofi-Aventis U.S. LLC is a U.S. subsidiary of Sanofi-Aventis and is a
company organized under the laws of the state of Delaware, having commercial headquarters at
55 Corporate Drive, Bridgewater, New Jersey 08807.

3. Debiopharm S.A. (“Debiopharm™) is a corporation, existing under the
laws of Switzerland, having its principal place of business at Forum "aprés-demain" Chemin
Messidor 5-7, Case postale 5911, CH - 1002 Lausanne, Switzerland. Debiopharm develops
innovative and life-saving pharmaceuticals.

4. On information and belief, Pharmachemie B.V. is a corporation, existing
under the laws of The Netherlands, having its principal place of business at Swensweg 5, 2031
GA Haarlem, The Netherlands.

5. On information and belief, Teva Parenteral Medicines, Inc. (“Teva
Parenteral”) is incorporated under the laws of the State of Delaware, having an office and

conducting business at 2050 Springdale Rd., Cherry Hill, NJ 08003.
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6. On information and belief, Teva Pharmaceuticals USA, Inc. (“Teva
USA”) is a corporation incorporated under the laws of the State of Delaware, conducting
business from facilities at 18-01 River Road, Fair Lawn, New Jersey 07041, and having its
principal place of business at 1090 Horsham Road, North Wales, Pennsylvania 19454.

7. On information and belief, Teva Pharmaceutical Industries, Ltd. (“Teva
Israel”} is a corporation organized and existing under the laws of Israel, having its corporate
headquarters at 5 Basel Street, P.0.B. 3190, Petach Tikva 49131, Israel.

8. On information and belief, Sicor de Mexico, S.A. de C.V. (“Sicor”) is a
corporation organized and existing under the laws of Mexico, having its corporate headquarters
at Av. San Rafael No. 35 Parque Industrial Lerma, Lerma 52000, Mexico.

9. On information and belief, Teva Parenteral is a wholly owned subsidiary
of Teva USA. On information and belief, Teva USA is a wholly owned subsidiary of Teva
Israel.

10.  On information and belief, Pharmachemie BV is a subsidiary, affiliate or
division of Teva Israei.

11.  On information and belief, Teva Parenteral is an affiliate and agent of
Pharmachemie B.V.

12, On information and belief, Sicor holds a Drug Master File (“DMF”) for
oxaliplatin and manufactures and sells oxaliplatin to Pharmachemie B.V., Teva Parenteral, Teva
USA, and/or Teva Israel for use in oxaliplatin drug products.

13, On information and belief, Pharmachemie B.V. is in the business of
developing and manufacturing generic pharmaceutical products, which are copies of products

invented and developed by innovator pharmaceutical companies.
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14, On information and belief, Pharmachemie B.V. assembled and caused to
be filed with the United States Food and Drug Administration, pursuant to 21 U.S.C. § 355()),
Abbreviated New Drug Application (“ANDA) No. 78-820 concerning proposed drug products,
Oxaliplatin Injection Smg/mL in both 10 mL and 20 mL doses and an amendment to ANDA No.
78-820, concerning a proposed drug product, Oxaliplatin Injection, Smg/mL in a 40 mL dose.

15. On information and belief, Teva USA, Teva Parenteral, and Teva israel,
acting alone or in concert, caused, actively encouraged, and/or directed Pharmachemic B.V. to
file ANDA No. 78-820 and an amgndment to ANDA No. 78-820 with the FDA, and/or
participated in the work related to the submission of ANDA No. 78-820 and an amendment to
ANDA No. 78-820.

16. - Pharmachemie B.V., Teva Parenteral, Teva USA, and Teva Israel are

referred to hereinafter, collectively, as “Pharmachemie.”

JURISDICTION AND VENUE

17.  This action arises under the patent laws of the United States of America.
This Court has jurisdiction over the subject matter of this action under 28 U.S.C. §§ 1331 and
1338(a). Further, this Court has jurisdiction over the subject matter of this action under 28
U.S.C. §§ 2201 and 2202.

18.  Pharmachemie B.V. is subject to jurisdiction in New Jersey because it
manufactures pharmaceuticals and pharmaceutical products that are sold and used, throughout
the United States, including within New Jersey and has acted in concert with Teva Parenteral and

Teva USA, which have offices and conduct business in this district.
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19.  Teva Parenteral and Teva USA are subject to personal jurisdiction in New
Jersey because they regularly and systematically conduct business within New Jersey and have
offices within New Jersey.

20.  Teva Israel is subject to personal jurisdiction in New Jersey because it
manufactures pharmaceuticals and pharmaceutical products that are sold and used, including by
Teva USA, throughout the United States, including with New Jersey.

21. Sicor is subject to personal jurisdiction in New Jersey because, inter alia,
it conducts business within New Jersey and manufactures and selis oxaliplatin drug substance to
Pharmachemie with the knowledge that such drug substance will be sold and marketed
throughout the United States, including within New Jersey.

22.  Inthe alternative, Sicor is subject to jurisdiction in the United States under
principles of general jurisdiction, and specifically in New Jersey pursuant to Fed. R. Civ. P.
4(k)(2). Sicor has contacts with the United States by, iater alia, its having filed a DMF with the
FDA and its sale of pharmaceutical substances to Pharmachemie.

23.  Venue is proper in this Court pursuant to 28 U.S.C. §§ 1391(b), (c), (d)
and 28 U.S.C. § 1400(b).

COUNT 1:
INFRINGEMENT OF U.S. PATENT NO. 5,338,874

24.  Plaintiffs repeat and reallege paragraphs 1-23 above as if fully set forth
herein.

25. Sanofi-Aventis U.S. LLC holds approved new drug applications (“NDA™)
21-492 and 21-759 for Eloxatin®, the active ingredient of which is oxaliplatin. Eloxatin® is
approved for the treatment of colorectal cancer. There are no generic oxaliplatin products

approved by the FDA for sale in the United States.
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26. Debiopharm is the owner of United States Patent No. 5,338,874 (“the ‘874
patent”) (attached as “Exhibit A”). Sanofi-Aventis is the exclusive licensee of the ‘874 patent.

27. On information and belief, Pharmachemie submitted to the FDA ANDA
No. 78-820 and an amendment to ANDA No. 78-820 under the provisions of 21 U.S.C. § 355(j),
seeking approval to engage in the commercial manufacture, use and sale of Oxaliplatin Injection,
5 mg/mL (50mg/10ml, 100mg/20ml, and 200mg/40ml) formulations,

28. On information and belief, Pharmachemie submitted ANDA No. 78-820
and an amendment to ANDA No. 78-820 to the FDA for the purpose of obtaining approval to
engage in the commercial manufacture, use or sale of its generic oxaliplatin formulations before
the expiration of the ‘874 patent.

29, On information and belief, Pharmachemie made, and included in ANDA
No. 78-820 and an amendment to ANDA No. 78-820, certifications under 21 U.S.C. §
355()(2)(A)(vii)(IV) that, in its opinion and to the best of its knowledge, the ‘874 patent is
invalid and not infringed. On May 24, 2007, Pharmachemie sent Plaintiffs notice of those
certifications pursuant to 21 U.S.C. § 355()(2)}(B).

30. On July 6, 2007, Plaintiffs filed suit against Pharmachemie for patent
infringement in the United States District Court for the District of New Jersey (docket no, 3:07-
cv-03144-FLW-JJH).

31, On information and belief, on September 27, 2007, Pharmachemie filed
with the FDA an amendment to ANDA No. 78-820 for the new dosage strength of Smg/ml —
40ml, included with that amendment new “Paragraph IV” certifications under 21 U.S.C. §

355()(2)AX(vii)(IV), and sent Plaintiffs notice of the certification pursuant to 21 U.S.C. §

3550X(2)(B).
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32. By filing its ANDA No. 78-820 and an amendment to ANDA No. 78-820
under 21 U.S.C. § 355(j) for the purpose of obtaining approval to engage in the commercial
manufacture, use or sale of its proposed drug products before the expiration of the ‘874 patent,
Pharmachemie committed acts of infringement under 35 U.8.C. § 271(e)(2).

33. Further, the commercial manufacture, use, offer for sale, sale and/or
importation of the generic oxaliplatin products for which Pharmachemie seeks approval in its
ANDA No. 78-820 as originally filed or as amended will infringe one or more claims of the ‘874
patent under 35 U.S.C. § 271.

34.  Further, the supply of oxaliplatin or the commercial manufacture, use,
offer for sale, sale and/or importation of oxaliplatin by Sicor will directly infringe the ‘874 patent
and will induce or otherwise contribute to acts of infringement of the ‘874 patent by
Pharmachemie.

35.  Plaintiffs are entitled to the relief provided by 35 U.S.C. § 271(e)(4),
including an order of this Court that the effective date of any approval of ANDA No. 78-820
relating to Pharmachemie’s generic oxaliplatin products be a date which is not earlier than the
expiration date of the ‘874 patent plus any other regulatory exclusivity to which Plaintiffs are or

become entitled.

COUNT 2:
INFRINGEMENT OF U.S. PATENT NO. 5,420,319

36.  Plaintiffs repeat and reallege paragraphs 1-35 above as if fully set forth

herein.
37.  Debiopharm is the owner of United States Patent No. 5,420,319 (“the ‘319

patent™) (attached as “Exhibit B”). Sanofi-Aventis is the exclusive licensee of the ‘319 patent.
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38. On information and belief, Pharmachemie submitted to the FDA ANDA
No. 78-820 and an amendment to ANDA No. 78-820 under the provisions of 21 U.S.C. § 355()),
seeking approval to engage in the commercial manufacture, use and sale of Oxaliplatin Injection,
5 mg/mL (50mg/10ml, 100mg/20ml, and 200mg/40ml) formulations.

39. On information and belief, Pharmachemie submitted ANDA No. 78-820
and an amendment to ANDA No. 78-820 to the FDA for the purpose of obtaining approval to
engage in the commercial manufacture, use or sale of its generic oxaliplatin formulations before
the expiration of the ‘319 patent.

40. On information and belief, Pharmachemie made, and included in ANDA
No. 78-820 and an amendment to ANDA No, 78-820, certifications under 21 U.S.C. §
355G 2)(AXvii)(TV) that, in its opinion and to the best of its knowledge, the 319 patent is
invalid and not infringed. On May 24, 2007, Pharmachemie sent Plaintiffs notice of those
certifications pursuant to 21 U.S.C. § 355()(2)B).

41.  On July 6, 2007, Plaintiffs filed suit against Pharmachemie for patent
infringement in the United States District Court for the District of New Jersey (docket no. 3:07-
cv-03144-FLW-JJH).

42. On information and belief, on September 27, 2007, Pharmachemie filed
with the FDA an amendment to ANDA No. 78-820 for the new dosage strength of Smg/ml —
40ml, included with that amendment new “Paragraph IV” certifications under 21 U.S.C. §
355G X 2)(AXviiXIV), and sent Plaintiffs notice of the certifications pursuant to 21 U.S.C. §
355G)(2)(B).

43. By filing its ANDA No. 78-820 and an amendment to ANDA No. 78-820

under 21 U.S.C. § 355(j) for the purpose of obtaining approval to engage in the commercial
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manufacture, use or sale of its proposed drug products before the expiration of the ‘319 patent,
Pharmachemie committed acts of infringement under 35 U.S.C. § 271(e)(2).

44,  Further, the commercial manufacture, use, offer for sale, sale and/or
importation of the generic dxaliplatin products for vﬁn'ch Pharmachemie seeks approval in its
ANDA No. 78-820 as originally filed or as amended will infringe one or more claims of the ‘319
patent under 35 U.S.C. § 271.

45.  Further, the supply of oxaliplatin or the commercial manufacture, use,
offer for sale, sale and/or importation of oxaliplatin by Sicor will directly infringe the ‘319 patent
and will induce or otherwise contribute to acts of infringement of the ‘319 patent by
Pharmachemie.

46.  Plaintiffs are entitled to the relief provided by 35 U.S.C. § 271(e)(4),
including an order of this Court that the effective date of any approval of ANDA No. 78-820
relating to Pharmachemie’s generic oxaliplatin products be a date which is not earlier than the
expiration date of the *319 patent plus any other regulatory exclusivity to which Plaintiffs are or

become entitled.

COUNT 3:
INFRINGEMENT OF U.S. PATENT NO. 5,290,961

47.  Plaintiffs repeat and reallege paragraphs 1-46 above as if fully set forth
herein.

48.  Debiopharm is the owner of United States Patent No. 5,290,961 (“the ‘961
patent”) (attached as “Exhibit C”). Sanofi-Aventis is the exclusive licensee of the ‘961 patent.

49, On information and belief, Pharmachemie submitted to the FDA ANDA

No. 78-820 and an amendment to ANDA No. 78-820 under the provisions of 21 U.8.C. § 355(),
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seekiﬁg approval to engage in the commercial manufacture, use and sale of Oxaliplatin Injection,
5 mg/mL (50mg/10ml, 100mg/20ml, and 200mg/40ml) formulations.

50. On information and belief, Pharmachemie submitted ANDA No. 78-820
and an amendment to ANDA No. 78-820 to the FDA for the purpose of obtaining approval to
engage in the commercial manufacture, use or sale of its generic oxaliplatin formulations before
the expiration of the ‘961 patent.

51. On information and belief, Pharmachemiec made, and included in ANDA
No. 78-820 and an amendment to ANDA No. 78-820, certifications under 21 U.S.C. §
355()(2)(A)(vii)(IV) that, in its opinion and to the best of its knowledge, the ‘961 patent is
invalid and not infringed. On May 24, 2007, Pharmachemie sent Plaintiffs notice of those
certifications pursuant to 21 U.S.C. § 355(G)(2)(B).

52. OnJuly 6, 2007, Plaintiffs filed suit against Pharmachemie for patent
infringement in the United States District Court for the District of New Jersey (docket no. 3:07-
cv-03144-FLW-JJH).

53. On information and belief, on September 27, 2007, Pharmachemie filed
with the FDA an amendment to ANDA No. 78-820 for the new dosage strength of 5mg/ml —
40ml, inciuded with that amendment new “Paragraph IV” certifications under 21 U.S.C. §
355()2¥AYvii)(IV), and sent Plaintiffs notice of the certifications pursuant to 21 U.S.C. §
355(X2)B).

54. By filing its ANDA No. 78-820 and an amendment to ANDA No. 78-820
under 21 U.S.C. § 355()) for the purpose of obtaining approval to engage in the commercial
manufacture, use or sale of its proposed drug products before the expiration of the ‘961 patent,

Pharmachemie committed acts of infringement under 35 U.S.C. § 271(e)(2).

10
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55. Further, the commercial maﬁufacture, use, offer for sale, sale and/or
importation of the generic oxaliplatin products for which Pharmachemie secks approval in its
ANDA No. 78-820 as originally filed or as amended will infringe one or more claims of the ‘961
patent under 35 U.S.C. § 271.

56.  Further, the supply of oxaliplatin or the commercial manufacture, use,
offer for sale, sale and/or importation of oxaliplatin by Sicor will directly infringe the ‘961 patent
and will induce or otherwise contribute to acts of infringement of the ‘961 patent by
Pharmachemie.

57.  Plaintiffs are entitled to the relief provided by 35 U.S.C. § 271(e)(4),
including an order of this Court that the effective date of any approval of ANDA No. 78-820
relating to Pharmachemie’s generic oxaliplatin products be a date which is not earlier than the
expiration date of the ‘961 patent plus any other regulatory exclusivity to which Plaintiffs are or

become entitled.

COUNT 4:
DECLARATORY JUDGMENT OF INFRINGEMENT
OF U.S. PATENT NO. 5,290,961

58.  Plaintiffs repeat and reallege paragraphs 1-57 above as if fully set forth
herein.

59. The commercial manufacture, use, offer for sale, sale and/or importation
of the generic oxaliplatin products for which Pharmachemie seeks approval in its ANDA No. 78-
820 as originally filed or as amended will infringe one or more claims of the ‘961 patent under

35U.S.C. § 271.

11
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60. Further, the supply of oxaliplatin or the commercial manufacture, use,
offer for sale, sale and/or importation of oxaliplatin by Sicor will directly infringe the ‘961 patent
and will induce or otherwise contribute to acts of infringement of the 961 patent by
Pharmachemie.

61.  Plaintiffs are entitled to a declaration of infringement against
-Pharmachemie and Sicor and an order of this Court that Pharmachemie and Sicor are enjoined
from engaging in the commercial manufacturing, use, offer for sale, sale, and importation of

generic oxaliplatin products before the expiration of the ‘961 patent.

' COUNT 5:
DECLARATORY JUDGMENT OF INFRINGEMENT
OF U.S. PATENT NO. 5,959,133

62.  Plaintiffs repeat and reallege paragraphs 1-61 above as if fully set forth
herein.

63.  Debiopharm is the owner of United States Patent No. 5,959,133 (“the ‘133
patent”) (attached as “Exhibit D”). Sanofi-Aventis is the exclusive licensee of the ‘133 patent.

64. The commercial manufacture, use, offer for sale, sale and/or importation
of the generic oxaliplatin products for which Pharmachemie seeks approval in its ANDA No. 78-
820 as originally filed or as amended will infringe one or more claims of the €133 patent under
35U.S.C. § 271.

65.  Further, the supply of oxaliplatin or the commercial manufacture, use,
otfer for sale, sale and/or importation of oxaliplatin by Sicor will directly infringe the ‘133 patent
and will induce or otherwise contribute to acts of infringement of the ‘133 patent by

Pharmachemie.

12
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66.  Plaintiffs are entitled to a declaration of infringement against
Pharmachemie and Sicor and an order of this Court that Pharmachemie and Sicor are enjoined
from engaging in the commercial manufacturing, use, offer for sale, sale, or importation of

generic oxaliplatin products before the expiration of the ‘133 patent.

PRAYER FOR RELIEF

WHEREFORE, Plaintiffs respectfully request:

A. Judgment that Pharmachemie B.V., Teva Pharmaceuticals USA, Inc.,
Teva Parenteral Medicines, Inc., and Teva Pharmaceutical Industries, Ltd. have infringed one or
more claims of the ‘874, ‘961, and ‘319 patents by filing ANDA No. 78-82( and the amendment
to ANDA No. 78-820 relating to Pharmachemic’s generic oxaliplatin products;

B. Judgment that Pharmachemie B.V., Teva Pharmaceuticals USA, Inc.,
Teva Parenteral Medicines, Inc., Teva Pharmaceutical Industries, Ltd., and Sicor de Mexico,
S.A. de. C.V. will infringe one of more claims of the ‘874, ‘961, ‘319, and °133 patents by
engaging in the commercial manufacture, use, offer for sale, sale, or importation of generic
oxaliplatin products before the expiration of those patents,

C. A permanent injunction restraining and enjoining Pharmachemie B.V.,
Teva Pharmaceuticals USA, Inc., Teva Parenteral Medicines, Inc., Teva Pharmaceutical
Industfies, Ltd., and Sicor de Mexico, S.A. de C.V, and their officers, agents, attorneys and
employees, and those acting in privity or concert with them, from engaging in the commercial
manufacture, use, offer to sell, or sale within the United States, or importation into the United
States, of generic oxaliplatin products as claimed in the ‘874, ‘961, ‘319 patents or made by the

processes as claimed in the ‘961 and ‘133 patents;

13
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- D. A declaration that the effective date of any approval of ANDA Nos. 78-
820 relating to Pharmachemie’s generic oxaliplatin formulations be a date which is not earlier
than the expiration date of the ‘874, ‘961, or ‘319 patents plus any other regulatory exclusivity to
which Plaintiffs are or become entitled;
E. A declaration that this case is exceptional within the meaning of 35 U.S.C.
§ 285 and an award of reasonable attorney fees, expenses, and disbursements of this action; and

F. Such other and further relief as the Court may deem just and proper.

Dated: November 8, 2007 Respectfully submitted,

By: L\JJM&A:/W\ 3. O/WM

William J. O’Shaughnessy, Esq.
Nicole Corona, Esq.
McCARTER & ENGLISH, LLP
Four Gateway Center

100 Mulberry Street

Newark, New Jersey 07102
(973) 622-4444

Attorneys for Plaintiffs,
SANOFI-AVENTIS U.S. LLC, SANOFI-
AVENTIS, and DEBIOPHARM S.A.

Of Counsel:

Robert L. Baechtold, Esq.

Dominick Conde, Esq.

William E. Solander, Esq.

FITZPATRICK, CELLA, HARPER & SCINTO
30 Rockefeller Plaza

New York, NY 10112-3801

Phone: (212) 218-2100

Facsimile:; (212) 218-2200

FCHS_WS Pharmachemie Complaint (ANDA Amendment - Sicor DJ and _F33_ 961} (2)4.DOC
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EXHIBIT A
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[54] CIS OXALATO (TRANS
1-1,2—-CYCLOHEXANEDIAMINE)} PT(I)
HAVING OPTICALLY HIGH PURITY

[75] Inventors: Chibiro Nakanighi; Yuke OQhuichi;
Junji Ohnighi; Junichi Taninchi; Koji
Okamoto; Takeshi Tozawsa, all of
Kanagawa, Japan
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1315-1318 (1978).

Primary Examiner—JoseACU @, Dees
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[57] ABSTRACT

Disclosed herein is cis-oxalato (trans-1-1,2-cyclohex-
anediamine) Pt(IX) optically high purity. Becaunse of its
complete optical purity, the compound is effective as
raw material of such a medicine as a carcinostatic agent.
The complete optical purity of the above compound
may be proved by comparing the respective melting
points of the cis-oxalato (trams-1-1,2-cyclohexanedia-
mine).

2 Claims, 1 Drawing Sheet
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U.S., Patent Aug. 16, 1994 5,338,874
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5,338,874

1

CIS OXALATO (TRANS
1~-1,2—-CYCLOHEXANEDIAMINE) PT(I) HAVING
OPTICALLY HIGH PURITY

BACKGROUND OF THE INVENTION

The present invention relates to cis-oxalato {(trans-1-
1,2-cyclohexanediamine) Pt(II) of optically high purity
which can be employed as raw material of a carcino-
static agent.

‘While a platinum (II) complex of 1,2-cyclohexanedia-
mine as a platinum (II) complex exhibiting a carcino-
static activity is knmown, the complex is a mixture of
isomers synthesized from a mixture of isomers {cis,
trans-d and trans-I} existing in 1,2-cyclohexanediamine
the starting material thereof.

The trans and ¢is isomers of the 1,2 cyclohexanedia-
mine may be optically resoluted by means of a metal
complex utilizing the difference of solubilities between
the two isomers. For exampie, in Japanese patent publi-
cation No. 60-41077, while the cis-isomer is precipitated
by adding a nickel (I} salt to such a nonagueous solvent
such pure methanol containing the two isomers, the
trans-isomer is precipitated by adding the nickel salt and
hydrochlioric acid and aqueous sodium hydroxide.
Since the trans-isomer of the nickel complex is slightly
soluble in water and easily soluble in an organic solvent
and the cis-isomer is slightly soluble in an organic sol-
vent and easily soluble in water, the optical resolution
can be conducted. .

Although cis-oxalato (trams-1-1,2-cyclohexanedia-
mine) Pt(II) was synthetically obtained through a reac-
tion between the trans-1-1,2-cyclohexanediamine ob-
tained in accordance with the above method and
K7PtCly (Japanese patent publication No. 60-41077).
This was also found to be the mixture with cis-oxalato
(trans-d-1,2-cyclohexanediamine) Pt(II). No data are
presented in the Japanese patent publication No.
60-41077 which confirm the optical purity of the cis-
oxalato (trans-1-1,2-eyclohexanediamine) Pt({I) and
relate to circular duchroism (CD) exhibiting its steric
configuration and to an angle of rotation ([a]p) exhibit-
ing its optical activity. No differences can be distin-
guished between their respective elemental analysis
values, infrared spectra and electron spectra of the iso-
mers mentioned in the Japanese patent publication No.
60-41077.

In the cis-oxalate (trams-1-1,2-cyclohexanediamine)
Pi(1I) conventionally reported, the isolation of the com-
plex consisting of two trans-dl isomers is insufficient so
that the question of the purity of the isolated Pt(IL)
complex remains.

Large differences in connection with a carcinostatic
activity and a secondary effect between isomers of
many optically active medicines, and their optical pu-
rity is especiatly important when they are employed as
medicines.

SUMMARY OF THE INVENTION

The present invention has been made in view of this
standpoint.

An object of the present invention is to provide a
platinum complex compound having optically high
purity.

Another cbject of the invention is to provide a plati-
num complex compound which is useful as raw material
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of a pharmaceutically active agent because of its high
purity.

The present invention is cis-oxalato (trans-1-1,2-
cyclohexanediamine) Pt(II) of optically high purity
having a general formula of Formula (1).

O (1)
=
NH: 0—C
A/
Pt
L\
NH, 0—Cy,

The cis-oxalato (trams-1-1,2-cyclohexanediamine)
PyII) of optically high purity of the present invention
may be prepared by completely and optically rescluting
the Pt(II) optical isomers by means of a process of opti-
cally resoluting an optically active platinum complex
compound disclose in an application of the same Appli-
cant of the same date.

Since the complex compound of the present inven-
tion contains no cis-oxalato (trans-1-1,2-cyclohex-
anediamine) Pt(AI) of optically isomer thereof, the ex-
cellent results of acute toxicity can be obtained in com-
parison with cis-oxalato (trans-1-1,2-cyclohexanedia-
mine) PHII) conventionally obtained contaminated
with an optical isomer so that it is effective for provid-
ing medicines on higher safety.

The boiling point of the cis-oxalato (trans-1-1,2-
cyclohexanediamine) Pt(IL) is, becanse of the absence of
impurities, lower than of that of conventionally pre-
pared cis-oxalato (trams-1-1,2-cyclohexanediamine)

Pt(I0).
BRIEF DESCRIPTION OF THE DRAWING

FIG. 11s a chromatogram obtained in HPLC of cis-
oxalato (trans-1-1,2-cyclohexanediamine) Pi(II) before
optical obtained in Example 1, Example 2 and Example
3. The upper portion shows an amount of elution per
unit time as a relative absorption amount of ultraviolet
ray at 254 nm, and the lower portion 1 shows an amount
of elution per unit time as a relative degree of rotation.

FIG. 2 is a chromatogram of trans-dl-1,2-cyclohex-
anediamine obtained in (1) of Example 2.

DETAILED DESCRIFTION OF THE
INVENTION

The cis-oxalato (irans-1-1,2-cyclohexanediaming)
Pt(I) of optically high purity represented by Formula
(1) of this invention may be prepared in accordance
with a following illustrative method.

Commercially available 1,2-cyclohexanediamine (for
instance, trans-1-1,2-cyclohexanediamine made by Ald-
nch, ¢is and trans-dl mixed l,2-cyclohexanediamine
made by Tokyo Kasei K.K.) may be employed. The
compounds made by Aldrich and Wako Junyaku were
employed without further treatment because of their
relatively high purity, and the geometrical isomers of
cis and trans that made by Tokyo Kasei may be reso-
luted and purified in accordance with such a known
process as that disclosed in Japanese patent publication
No. 61-4827. The optical resolution of the trans isomer
may be conducted by forming a diastereoisomer in ac-
cordance with a normal method by means of tartaric
acid and employing a recrystallization method.

A crystal of cis-dichloro{trans-1-1,2-cyclohexanedia-
mine) Pt{Il) represented in Formula 2 may be obtained
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3
by a reaction between the trans-1-1,2-cyclohexanedia-
mine previously obtained and an equivalent weight of
potassium tetrachloroplatinate [KpPtCly] dissolved in
water at room temperature over 10 hours.

2
MNH: Cl
A/
Pt
A
NH, ¢l

After the compound represented in Formula 2 is
suspended in water foliowed by the addition of two
equivalent weights of an agueous sclution of silver ni-
trate, the reaction is allowed to proceed over 24 hours
in the dark followed by the removal of silver chloride
by means of filtration to produce an aqueous solution of
cis-diaquo(trans-1-1,2-cyclohexanediamine) Pi(IT) ni-
trate represented in Formula 3. After potassium iodide
is added to this solution followed by the removal of the
excess silver ion as silver iodide by means of filtration
and the decolorization and purification by active car-
bon, an equivalent weight of oxalic acid in respect to the
potassivm tetrachloroplatinate is added to produce a

10

15

20

crude crystal of cis-oxalato(trans-1-1,2-cyclohexanedia-

mine} Pt(II) after the two hours’ reaction. Cis-oxalato(-
trans-1-1,2-cyclohexanediamine) Pt(Il) obtained by the
recrystallization of the said crude crystal from hot
water is a mixture with cis-oxalato(trans-d-1,2-

cyclohexanediamine) Pt(II) which is an optical isomer 20

thereof,

" 2+ @)

NH. (8]

At
Pt

A

“NH; OHz

ANO3)~

Then, the recrystallized crystal is completely isolated
as cis-oxalato (trans-1.1,2-cyclohexanediamine) Pt(IL) in
accordance with the process of resoluting and purifying
the optically active Pt(II) isomers after the crystal is
dissolved in water. That is, the cis-oxalato(trans.1-1,2-
cyclohexanediamine) Pt(IT) contaminated with no opti-
cal isomers can be obtained by freeze-drymg an aqueous
solution separately eluted by means of high peformasce
liquid chromatography (hereinafier referred to as
“HPLC"), for example, under the following conditions.

Separation column: 4.6 mm of inner diameter and 25
em of height packed with OC of Daicel Chemical In-
dusteies, Ltd. _

Mobile phase: othanol/methancl=30:70 (volume
ratio)

Flow rate: 0.2 ml/min.

Column temperature: 40" C.

Detector:

ultraviclet ray 254 nm

optical rotation 580 nm.

the cis-oxalato{trans-1-1,2-cyclohexanediamine)
Pt(I¥) having the high optical purity in accordance with
the present invention is active against 2 tumor “leu-
komia L.1210" and effective as a carcinostatic agent.

EXAMPLES

Then, a representative process of preparing the cis-
oxalato (trans-1-1,2-cyclohexanediamine) P{(IL) of this
invention, its properties and biological activities will be
described in Examples. Further, in fact, that compound
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prepared by a conventional method is a mixtere of opti-
cal isomers will be shown contrary to a known fact.

EXAMPLE 1

@ Preparation of cis-dichloro(trans-1-1,2-cyclohex-
angdiamine) Pt(II)

A reaction between 46.8 g of trans-1-1,2-cyclohex-
anediamine made by Aldrich ([a]¥p=-—35.6°, 4%
H;C) and 170 g of potassium teirachloroplatinate (made
by Tanaka Kikinzokn Kogyo K.K.) in an aqueous solu-
tion at room temperature over 10 hours yielded needles
of cis-dichloro(trans-1-1,2-cyclohexanediamine) Pt(II).
Yield: 99%.

Preparation of cis-diaquo(trans-1-1,2-cyclohex-
anediaming) Pt(If} nirtrate

The cis-dichloro(trans-1-1,2-cyclohexanediamine)
Pt(II) obtained above was suspended in 1.6 liters of
water to which was added two molar volumes of silver
nitrate for proceeding a reaction in the dark over 24
hours, and the sitver chloride produced during the reac-
tion was filtered off. After 4.8 g of potassivm iodide was
added to this filtrate followed by the precipitation of the
excess silver ion as silver iodide produced during the
reaction of over 12 hours, 1 g of active carbon for purifi-
cation and decolorization was added which was then
filtered off together with the silver iodide.

Preparation of cis-oxalate(trans-1-1,2-cyclohex-
anediamine) Pt(II)

To the filtrate obtained above was added 48 g of
oxalic zcid dihydrate to yield 90 g of a white crude
crystal after a two hours’ reaction.

Then, 80 g of this crude crystal was recrystallized
from three liters of hot water, and 45 g of the obtained
erystal was dissolved inio 9 liters of water. HPLC was
conducted employing the solution under the following
conditions to obtain a chromatogram of FIG. 1.

Column for optical resolution: Column having a
fength of 50 cm and an inmer diameter of 5 cm packed
with OC (Daicel Chemical Industries, Lid., a filler pre-
pared by adsorbing z cellulose carbamate derivative to
silica gel} )

Mobile phase: ethanol/methanol=30:70 (volume ra-
tio)

Flow rate: 2.0 mi/min.

Column temperature: 40° C,

Detection:

ultraviolet ray 254 nm

optical rotation 589 nm.

The upper portion of FIG. 1 shows an amount of
elution per unit time as a relative absorption amount of
ultraviolet ray at 254 nm, and the lower portion of FIG.

. 1shows an amount of elution per unit time as a relative

degree of rotation. At a retention time (tg) of 25 min-
utes, cis-oxalato{trans-d-1,2-cyclohexanediamine) Pt(IT)
was found to be contaminated. The optical purity of the
cis-oxalato(trans-1-1,2-cyclohexanediamine) PH{II) pre-
pared by employing the trans-1-1,2-cyclohexanedia-
mine made by Aldrich ([a]%p=—35.6", 4% H;0) was
calculated in accordance with a below equation to be
88.5% of an epantiomer excess rate {Table 1). Then,
cis-oxalato(trans-1-1,2-cyclohexanediamine)} PifIl) of
1009 of an optical purity (e.e.) was obtained by collect-
ing an aqueous solution eluted in fractions from 15 min-
utes to 22 minutes (ix) followed by freeze drying. Yield:
39.8 g 509 {based on the crude crystal).
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[Equation for calculating optical purity]
Optical purity (%) . . . ¢.e (%) =

{{[content of cis-oxalsto(trans-1-1,2-cyclohexanediamine) PID] —

[content of [cis-oxalatoftrans-d-1,2-cyclohexanediamine) Pr(IDj)/

(fcomtent of cis-oxalato(trans-1-1,2-cyclohexanediamine) P{ID] +
[comtent of [cis-oxalato{trans-d-1,2-

cyclohexanediamine) PN} X 100
{g-c.: enantiomer excess rale)

EXAMPLE 2

(@) Resolution of ¢is and trans geometrical isomers

To a solution prepared by dissolving 100 g of cis,

trans-dl-mixed-1,2-cyclohexanediamine into 640 mi of
methanol was added a solution prepared by dissolving
104 g of nickel chloride [NiCl;.6H20] into 1760 mi of
methanol which was then reacted at room temperature
for 2 hours under stirring. A precipitated yellow crystal
[Ni(cis-1,2-cyclohexanediamine)Cls (31.6 g) was filtered
and washed with methanol and air-dried. To this crystal
was added 140 ml of 6-normal hydrochioric acid and
then its pH was adjusted to 4.2 ~4.5 with a 15% sodinm
hydroxide aqueous solution. After a precipitated royal
purple crystal [Ni(trans-dl-1,2-cyclohexarediamine)-
A120)2C13] (72.0 g) was filtered and washed, 120 ml of
6-normal hydrochloric acid was added thereto. It was
concentrated under a reduced pressure followed by
~addition of 600 ml of ethanol and 600 mi of acetone to
obtain colorless precipitate  [trans-dl-1,2-cyclohex-
anediamine. 2HC.] (42.54 g) after filtration which was
then wased with ethanol-acetone. After this was ex-
tracted with chloroform and dried with potassium car-
bonate, a colorless liquid [trans-dl-1,2-cyclohexanedia-
mine (35.5 g)] (fa]'®p=0", 4% H0) was obtained. A
single peak appeared on a gas chromatogram at
1x=3.043 minutes.

FIG. 2 is a gas chromatogram of trans-dl-1,2-
cyclohexanediamine,

The gas chromatography was conducted under the
following conditions.

Column: CP-Cyclodextrin-B-236-M-19 50 mX0.25
mm (inner diameter) df=0.25 pm

Column temperature: 200° C.

Carrier gas: N3, 2 kg/cm?2

Injector temperature: 200° C.

Detector: FID (200° C.)

Sample volume: 1 pl .

Optical resolntion of trans-dl-1,2-cyclohexanedia-
mine

To 35.5 g of the trans-dl-1,2-cyclohexanediamine
previously obtained was added 671 ml of water for
dissolving under heating at 90° C. The standing thereof
for 12 hours after the gradual addition of 22.10 g of
d-tartaric acid and 13.4 ml of glacial acetic acid pro-
duced 1623 g of a diasterecisomer (trans-1-1,2-
cyclohoxanediamine (1) tartaric acid, This was recrys-
tallized from water twice. No further change of the
rotation of angle was observed after the repeated re-
crystallization as shown in FIG. 2.

After 9.23 g of the diastereoisomer obtained was
dissolved into a small amount of water followed by the
addition of 5.64 g of sodium hydroxide, it was extracted
with ether and was distilled under a reduced pressure to
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6
obtain 3.20 g of a colorless lquid, trans-1-1,2-cyclohex-
anediamine.
Preparation of cis-dichloro(trans-1-1,2-cyclohex-
anediamine} Pt{IT)

In accordance with the same procedures as those of
@ of Example 1 except that the trans-1-1,2-cyclohex-
anediamine obtained in (2) of Example 2 was employed
as raw material in place of the trans-1-1,2-cyclohex-
anediamine made by Aldrich of (1) of Example 1, 9 gof
the corresponding Pt(II) complex was abtained.

Preparation of cis-diaquo{trans-1-1,2-cyclohex-
anediamine) Pt(IT) nitrate

In accordance with the same procedures as those of
@ of Example 1 except thai the Pt{I) complex ob-
tained in of Example 2 was employed in place of
cis-dichloro{trans-1-1,2-cyclohexanediamine} Pt(II) ob-
tained in of Example 1, an aqueous solution of the
desired Pt(Il} complex was obtained.

Preparation of cis-oxalato(trans-1-1,2-cyclohex-
anediamine) Pt (IT)

In accordance with the same procedures as those of

of Example 1 except that the agueous solution of the
Pt (IT} complex obtained in of Example 2 was em-
Ployed in place of the agueous solution of the Pt{Il)
complex obtained in @ of Example 1, 7 g of a crude
crystal of cis-oxalato(irans-1-1,2-cyclohexancdiamine)
Pi(II) was obtained. After the recrystallization of this
crude crystal from hot water was conducted, 4 g of the
recrystallized crystal was dissolved into 800 ml of wa-
ter. Th HPLC of this solution under the same condi-
tions of those of @ of Example 1 revealed that cis-
oxalato(trans-d-1,2-cyclohexanediamine) Pt(II) which
was an optical isomer was apparently contaminated at
tr=25 minutes as shown in FIG. 1.

The optical pority of the cis-oxalato(trans-1-1,2-
cyclohexanediamine) Pt{IT) synthesized by employing
the raw material isolated in accordance with a process
of resoluting and purifying isomers {Japanese patent
application No. 61-4827) was e.e.=%0.0% in accor-
dance with the equations of (3) of Example 1 as shown
in Table 1. Then, cis-oxalato(trans-i-1,2-cyclohex-
anediamine) Pt{IT) of 100% of an optical purity (e.e.}
was obtained by collecting an aqueous solutioneluted in
fractions from 15 minutes to 22 minutes (tg) followed by
freeze drying. Yield: 3.6 g, 51% (based on the crude
crystal).

EXAMPLE 3

@ Preparation of cis-dichloro(trans-1-1,2-cyclohex-
anediamine) Pt{II)
In accordance with the same procedures as those of
of Example 1 except that the trans-1-1,2-cyclohex-
anediamine made by Wako Junyaku KK,
([a]¥9p=34.9°, 4% H20) was employed in place of the
trans-1-1,2-cyclohexanediamine made by Aldrich of
of Example 150 g of the corresponding Pt(I[) complex
was obtained.
Preparation of cis-diaquo(trans-1-1,2-cyclohex-
anediamine) Pt(II) anitrate
In accordance with the same procedures as those of
of Example I except that the Pt{II} complex ob-
tained in of Example 3 was employed in place of
cis-dichioro(trans-1-1,2-cyclohexanediamine) Pt(II) ob-

tained in of Example 1, an aqueous solution of the
desired cis-diaquoftrans-1-1,2-cyclohexanediamine)
Pt(IT) nitrate was obtained.

Preparation of cis-oxalato(trans-1-1,2-cyciohex-
anediamine) Pt(I)
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In accordance with the same procedures as those of
of Example 1 except that the aqueous solation of the
P+(ID) complex obtained in of Example 3 was em-
ployed in place of the aqueous solution of the Pi({II)
complex obtained in @ of Example 1, 90 g of a crude
crystal of cis-oxalato(trans-1-1,2-cyclohexanediamine)
Pt(II} was obtained. After the recrystallization of this
crude crystal from hot water was conducted, 45 g of the
recrystallized crystal was dissolved into 9 liters of wa-
ter. The HPLC of this sohrtion under the same condi-
tions of those of (3) of Example 1 revealed that cis-
oxalato(trans-d-1,2-cyclohexanediamine) PT(II} which
was an optical isomer was apparaently contaminated at
tr=25 minutes as shown in FIG. 1. The optical purity
of the Ccis-oxalato(trans-1-1,2-cyclohexanediamine)
Pt(I) synthesized by employing trams-1-1,2-cyciohex-
anediamine made by Wako Junyaku K.K. as raw mate-
1ial was e.e.=86.8% in accordance with the equation of
of Example 1 as shown in Table I. Then, cis-
oxalato(trans-1-1,2 cyclohexanediamine) PH{IT) of 100%
of an optical purity (e.e.} was obtained by collecting an
aqueous solution eluted in fractions from 13 minutes to
22 minwtes (tg) followed by freeze drying. Yield: 30.1 g,
43% (based on the crude crystal).

COMPARATIVE EXAMPLE

For comparing and evaluating the optical purity, the
physicochemical properties and the biological proper-
ties obtained in accordance with the preseat invention,
the cis-oxalate(trans-1-1,2-cyclohexanediamine} Pt(II)
was synthesized as Comparative Example by employing
the raw material made by Tokyo Kasei K.K. in accor-
dance with the following procedures disclosed Japanese
‘patent publication No. 60-41077.

To 3 g of cisdichloro(trans-i-i,2-cyclohexanedia-
mine)} Pi{II) was added 500 ml of water followed by the
boiling thereof for dissolution. After two moles of
AgNoj (2.6 g) were added and was stireed for 2 to 3
houss in the dark, the filirations were repeated until the
filtrate became transparent. After the filtrate was con-
centrated under a reduced pressure to 100 ml, 1.3 g of
potassinm oxalate was added to the concentrated solu-
tion followed by standing for 8 hours at room tempea-
ture. The solution was again concentrated at a reduced
pressue to produce white crystalline precipitate. The
precipitated was recrystallized from water.

The comparisons of the optical purity between the
cis-oxalato(trans-1-1,2-cyclohexanediamine) PHII) of
Examples and Comparative Example, that of the physi-
cochemical properties and that of the biclogical proper-
ties are shown in Table 1, Table 3 and Table 4, respec-
tively.

No difference is recognized between the compounds
of Examples and Comparative Examples in connection
with their properties, elemental analysis (C;H,N) and
infrared spectra in Table 3. However, the melting points

of the compounds of Examples 1 to 3 are lower than-

that of Comparative Example. This fact indicates that
while the cis-oxalato(trans-1-1,2-cyclohexanediamine)
Pt(II) conventionally cbtained is contaminated with
such an impurity of its optical isomes, the cis-oxalato(-
trans-1-1,2-cyclohexanediamine) Pt(II) obtained in Ex-
amples of the present invention is contaminated with no
impurities.

Table 4 shows an acute toxicity test (LDeo} aund a
resistance against a tumor of L1210 of cis-ozalato(trans-
1-1,2-cyclohexanediamine) Pt(II). The test was com-
ducted by presctibing 1.1210 in a peritoneal cavity of six
CDF mice/one group (the number of transplanted cells
is 107 per mouse and prescribing the medicine in the
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poritoncal cavity on a first day, a fifth day and & ninth
day.

TABLE 1
Optical Purity of Cis-Oxalato(Trans-i-1,2-Cyclohexanediamine)
Pe(dn
Optical Purity (. ¢. %)
Raw Before Resolution —  After Resolution
Experiment Material By E¥LC By HPLC
Example 1 Aldrich B85 . - 00
Example 2 Tokyo 0.0 — 100
Kaset .
Example 3 Waka 86.8 — 10
Junyaku
Com. Ex, Tokye 90.0 - 100
Kasel
TABLE 2
Angle of Rotation of trans-1-1,2-cyclohexanediamine-(+)-
tartaric acid
Tokyo Kasei [
(Lot No, FBZ01) - (1% Ha0)
Before Recrystallization +120+ = 0.1°
After One Recrystallization +12.1° &£ 0.1°
After two Recrystaflizations +12.1° £ 0.1°
TABLE 3
Physicochemical Propertics of

cis-oxalata(trans I-1,2-cyclohexanediamine) Pt(IT)
Experiment  Melting Point CD (A€} fl2® (059, Ha0)

Example 1* 1983~ 255 nm
Example 2¢* 2917 C, +0.67 £ 0.19 »>745 C.
Example 3* 324 nm

+0.61 % 0.10
Comp. Ex. >300" C. not not mentioned
{JP Publi. mentioned
No. 60-41077)

*High Purity Sample Prepared by HPLC

TABLE 4

Acute Toxicity Test and Tumor Resistance Against L1210 of
Cis-Oxalato(Trans-1-1,2-cyclohexamediamine) Pt{Il}

Acute

Toxicity Tumor Resistance T/C (%) (m,
Experiment TestLDsp 25 125 625 312 156 078

Example 1* 18.2~20.8

T
Example 2* mouse IP  129P 280P 311F 207P I58P 132P
Example 3* 276y (359
Comp. Ex. 143190 T8l 308P 253P 19IP 158P
mouse [P 4/6) (1/6)

*High Purity Sample Prepared by HPLC

P: Effective (Qver 125%)

T: Toxic (Large Weight Loss)

{3/6); This means that threg out of six was curad.

What is claimed is:

1. Optically pure cis-oxalato (trans-1-1,2-cyclohex-
anediamine) Pt(IT) having a general formula of Formula
).

o W
-
NH, [O—C
A/
Pt

NH; O_C"‘n".-

2. Cis-oxalato  (trans-1-1,2-cyclohexanediamine)
Pt(ID) as claimed in claim 1, wherein the melting point
thereof is between 198° C. and 292° C.

* ¥ % % =
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Disclosed I8  cis-oxalato(trans-1-1,2-cyclohexanedia-
mine) Pt(II) corplex having high optical purity and no
toxicity and exhibiting anticancer performance, as
shown in the below Formula.
Cis-oxalato(trans-1-1,2-cyclohexanediamine) P10
complex of the invention possesses high optical purity
or 99.94% or more e.e. and a melting point of 198.3° to
199.7° C. The complex is synthesized employing as
starting material trans-1-1,2-cyciohexamediamine or a
derivative of the trans-1.1,2-cyclohexanediamine opti-
cally resoluted by means of a high performance liquid
chromatography.
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Y A
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CIS-OXALATO(TRANS-1-1,2-CYCLOHEXANEDIA-
MINE) PTAD COMPLEX HAVING HIGH OPTICAL
PURITY AND PROCESS OF PREPARING SAME

BACKGROUND OF THE INVENTION

The present invention relates to cis-oxalato(trans-1-
1,2cyclohexanediamine) Pt{(II) complex having high
optical purity which may be employed as starting mate-
rial of carcinostatic substance and a process of prepar-
ing same,

Trans-1-1,2-cyclohexanediamine can be obtained by
reacting trans-dl-1,2-cyclohexanediamine with tartaric
acid to form diastereomers and optically resoluting the
respective diastereomers by means of a recrystallization
method utilizing the difference of solubilities of the
respective diastereomers. However, this method pos-
sesses a limitation because the solubility difference is not

3

—
th

large so that it is reported that opiical purity of 95.5 % 2

or more cannot be industrially attained.

Accordingly, in order to obtain a platinum complex
represented by Formula 1 having high optical purity,
after the resolution of cis-trans stereoisomers of 1,2-
cyclohexanediamine which is starting material for the
preparation of the platinum complex in accordance
with a resolution refining process

O\‘Nﬂz\m /0 CJ;O
'NHz/ \0— Q
(Japanese patent publication No.61-4827), the optical
resolution of the trans isomer is conducted by, in accor-
dance with a normal process, forming a diastereomer by
means of tartaric acid followed by its recrystallization.
A platinuin complex prepared by employing this reso-
lated isomer is further optically resoluted by means of
high performance liquid chromatography (bereinafter
referred to as “HPLC method”) to produce the plati-

[Foymula]

num complex (Formula 1) having the high optical pu-

rity (U.S. patent application Ser. No. 08/043,901 and
European patent application No.93830160.3). The opti-
cal resclution of the final product is conventionally
required because the resclution and refining of the
trans-1-1,2-cyclohexanediamine is insnfficient. Since the

" trans-1-1,2-cyclohexanadiamine is the important start-

ing material of cis-oxalato{trans-1-1,2-cyclohexanadia-
mine) Pt(IT) complex which is the starting material of a
carcinostatic agent, the trans-1-1,2-cyclohexanediamine
having stably higher optical purity has been required.

The platinum complex (Formula 1) has been synthe-
sized in accordance with a preparation process shown
as the below equation (Formula 2).

Many optically active pharmaceuticals may have a
considerable difference in carcinostatic activities and
their side effects due to their isomerism so ’

Ny [Formula 23

K
._3;%

NHa

25

30

35

0

o

5

55
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2
-continued
NH» cl
AgNOC:
(IRC 2=
NHz C
Qo
=
N om HO
>Pt< Moz ———2>
NHz OHz

that their optical purity is important when they are
utilized as the pharmaceuticals.

SUMMARY OF THE INVENTION

In these viewpoints, an object of the present inven-
tion is to provide cis-oxalato(trans-1-1,2-cyclohex-
anediamine) Pt{If) complex having high optical purity
through complete optical resolution and iis preparation
process. . :

_Another object of the invention is to provide the Pt
{II) complex having the optical purity of 99.94 % or
more and its preparation process.

Tile cis-oxalato(trans-1-1,2-cyclohexanediamine)
Pi(IT) complex having the high optical purity repre-
sented by Formula 1 of the invention can be obtained in
accordance with one of the following processes.

Commercially available 1,2-cyclohexanediamine (for
example, trans-1-1,2-cyclchexanediamine made by Ald-
rich, cis, trans-dl-mixed-1,2-cyclohexanediamine made
by Tokyo Kasei K K., and trans-1-1, 2-cyclohexanedia-
mine made by Wako Junyaku K.K.) is employed. After
the cyclohexanediamine made by Tokyo Kasei is reso-
Tuted into its cis and trans-sterecisomers in accordance
with the above resolution refining process, trans-1-1,2-
cyclohexanediamine having the high optical purity can
be obtained employing the trans-isomer through one of
the below three processes of optical resolution.

@ The trans-1-1,2-cyclohexanediamine is reacted
with L-(-+)-tartaric acid to form a diastereomer. A filler
prepared by, for example, chemically bonding (1R,2S)-
2-carboxymethylamino-1,2-diphenylethanal to silica gel
to which a metal ion (Cu?+) is coordinated is packed in
2 colummn having, for example, an inner diameter of 4.6
mm and a height of 25 cm which is then employed as a
resolution colummn. The resolution may be carried out
by employing the column through which the diastereo-
mer passes in accordance with the HPLC method. The
mobile phase may be water and the detection may be
performed by employing a polarimeter detecting 589
nam as a detector. An alkaline solution is added to the
aqueous solution eluied to obtain the trans-1-1,2-
cyclohexanediamine completely resoluted.

The trans-1-1,2-cyclohexanediamine is reacted
with a benzoyl derivative, preferably orthophthalalde-
hyde, to form a diastereomer. As a resolution column,
ULTRON ES-OVM having an inner diameter of 4.6
mm and 2 height of 15 cm made by Shinwa Kako K.K.
is, for example, employed. The resolution may be car-
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ried out by employing the column through which the
diastereomer passes in accordance with the HPLC
method. The mobile phase may be 20 2M of potassium
dihydrogen phosphate (pH 5.6) and ethanol in a volume
ratio of 100:7, and the detection may be performed by
employing ultraviolet ray at 220 nm. Then, 1-N hydro-
chloric acid is added to the aqueons solution eluted to
obtain the trans-1-1, 2-cyclohexanediamnie completely
resoluted.

(3) The trans-1-1,2-cyclohexanedizmnie is dissolved
in water. A filler prepared by, for example, chemically
bonding L-proline to silica gel to which a metal ion
(Cu?+) is coordinated is packed in a column which is
then employed as a resolution column. The resclution
may be carried out by employing the column through
which the diastereomer passes in accordance with the
HPLC method. The mobile phase may be water and the
detection may be performed by employing a polarime-
ter detecting 589 nm as detector. The water is removed
from the aqueous solution eluted to obtain the trans-1- 20
1,2-cyclohezanediamuie completely resoluted.

Al the cis-oxalato(trans-1-1,2-cyclohexanediamine)
P(II) represented as Formula ! obtained by employing
the trans-1-1,2-cyclohexanediamine having the high
optical purity obtained in the above respective proce-

1 = O

319
4

. NE,
b
“NH; Cl
Then, water is added to the compound of Formula 3
for suspending to which is added 2 silver nitrate (2 mols)
agqueous solution. The both are allowed to react in dark
for over 24 hours and silver nitrate is removed by filtra-
tion to obtain an aqueons solution of cis-diaguo(irans-1-
1,2-cyclohexanediamine} Pt{II) nitrate. After potassium
jodide is added to this agqueous solution for removing
the excess silver ion as silver iodide by mean of filtration
and the aqueous solution is refined and decolorized with
active carbon, equimolar oxalic acid in respect of the
potassium tetrachloroplatinate is added to the aqueous
solution to obtain the crude crystal of cis-oxalato{trans-
1-1,2-cyclohexanediamine) Pi(I¥) after a two hour reac-
tion, By recrysiallizing this crude crystal from kot wa-
ter, the cis-oxalato(trans-1-1,2-cyclohexanediamine)
Pi(IT) having high purity can be obtained.
The preparation process of this invention is as fol-
lows.

[Formula 3]

AgO, 0 [Formulz 4)
[s]
j_{‘ NH; 0
AgO a) > Pt (
NH2 o "\"0

[Formula 51

NH;
M >R<x .....__39__.__..> O‘ >P:(
"~ NH -
AgO. O
(X = Cl, B, I}
1) AzO
2) reduction

55
dures (1), (2) and (3) possesses high optical purity so
that the optical resolntion thereafter described in U.S.
patent application Ser. No. 08/043,901 or European
patent application No. 93830160.3 can be omitted. The
preparation process of the cis-oxalato(trans-1-1,2- 60
cyclohexanediamine) Pt{If} described therein is as fol-
lows.

Trans-1-1,2-cyclohexanediamine and equimolar po-
tassium tetrachloroplatinate [KoPtClLy] are dissolved in
water and reacted for over 10 hours at room tempera-
ture to produce the crystal of the cis-dichloro(trans-1-
1,2cyclohexanediamine) PY(II) represented as Formula
3. )

65

According to the present invention, cis-oxalato(trans-
1-1,2-cyclohexanediaming) Pt(I¥) having high optical
purity represented by Formula 1 is provided. Since this
isomer contains no cis-oxalatof{trans-d-1,2-cyclohex-
anediamine) Pt(II) which is an optical isomer, the for-
mer exhibits remarkably excellent results in connection
with acute toxicity compared with that of the prior art
and effective for providing pharmacenticals having
safety.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a chromatogram of isomers obtained by
optical resolution of di-1,2-cyclohezanediamine-L-(+-)-
tartaric acid by means of an HPLC method in Example
1 which shows a volume of elution at 589 nm of angle of
rotation;

FIG. 2 is a chromatogram of isomers obtamed by
optical resolution of trans-dl-1,2-cyclohexanediamine-
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D-(—)-benzoyltamnc acid by means of an HPLC
method in Example 2;

FIG. 3 is a chromatogram of isomers obtained by
optical resolution of a trans-dl-1,2-cyclohexanediamine
orthophthalaldehyde derivative by means of an HPLC
method in Example 3 which shows a volume of elution
as its relative absorption volume of ultraviolet ray of
angle of rotation at 220 nm of angle of rotation;

FIG. 4 is a chromatogram of isomers obtained by
optical resolution of trans-dl-1,2-cyclohexanediamine
by means of an HPLC method in Example 4;

FIG. 5 is a chromatogram of isomers obtained by
optical resolution of trans-dl-1,2-cyclobexanediamine
by means of an HPLC method in Example 5; and

FIG. 6 is a chromatogram of isomers obtained by
optical resolution of the mixture of cis-oxalato(trans-1-
1,2-cyclohexanediaming) Pt(Il) which is a standard
sample and cis-oxalato(trans-d-1,2-cyclohexanedia-
mine) Pi(II) which shows 2 volume of elution as its
relative absorption volume of uliraviclet ray of angle of
rotation at 254 nm of angle of rotation.

DETAILED DESCRIPTION OF 'I‘HE
INVENTION

The preparation process of this inventior will be
described more iz detail.

The  cis-dichloro(trans-1-1,2-cyclohexanediamine})
Pt(II) (Formula 3) obtained by reacting the trans-1-1,2-

clohezanedizmine obtained in the above procedures
é (@) and (3) with potassium tetrachloroplatinate.
[K2PtCly] is suspended in water and equimolar silver
oxalate is added thereto and reacted at a temperature of
0" to 100° C., preferably in a range of 20° to 60° C. for,
‘generally, 0.5 to 4 hours. After silver chloride is re-
moved by filtration and the filtrate is concentrated
under a reduced pressure, a precipitated product is
washed to obtain cis-oxalato(trans-1-1,2-cyclohex-
anediamine) Pi(II) represented by Formula 1.

The cis-tetrahalogeno(trans-1-1,2-cyclohexanedia-
mine) Pt{IV) (Formula 6) obtained by reacting the
trans-1-1,2-cyclohexanediamine obtained in the above
procedurezgc(v.i) and @ with a platinim (IV) acid
salt is suspended in water and two moles of silver oxa-
late is added thereto and reacted at a temperature range
of 60° to 100° C. for, generally, 1 to 2 hours.

After silver halogenide is removed by filtration and
the filtrate is concentrated under a-reduced pressure, a
precipitated product is washed to

NHzI'I( x
it
NH; X *

obtain the cis-oxalato(trans-1-1,2-cyclohexanediamine)
Pi(II) represented by Formnia 1.

[Forpmia 6]
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added thereto for proceeding the reaction. The result-
ing aqueous solution of the compound of Formuls 7 is
passed through a column packed with such anion ex-
change resin as Amberlite IRA-400, Dowex I and Di-
gion SA-10A. to obtain the compound of Formula 8. By
reacting this with oxalic acid to obtain the cis-oxalato{-
trans-1-1 chclohexanedlamme) Pi(IX) represented by
Formula 1.

[Formula 71
NH3 OH>
\ /S
Pt A
N AN A:(NO3p or
Nz OHy SOy
NH> oH [Formula 8]
\?:/
NI-!;/ \OH
EXAMPLES

Then, a typical preparation process of the cis-
oxalato(irans-1-1,2-cyclohexanediamine) Pi(IE} of the
present invention and its properties will be described in
Examples, and Comparative Examples will be aiso pres-
ented which show that the compound is the mixture of
optical isomers though it is well known. These Exam-
ples are not construed to Hmit f.he scope of the present
invention.

EXAMPFLE 1

Optical Resolutior of Trans-dl-1,2-cyclohexanedia- -
mine-L-(4)-Tartaric Acid by Means of HPLC

After 6.71 ml of water was added to 3.55 g of trans-dl-
1,2-cyclohexanediamine to dissolve it under heating at
90° C. and then 2.21 g of L-(- )-tartaric acid and 1.34 ml
of glacial acetic acid were gradually added and stirred,
an agueous solution of trans-dl-1,2-cyclohexanedia-
mine-{+ )-tartaric acid which was a diastercomer was
obtained. The HPLC separation procedure was con-
ducted under the following conditons employing the

: above solution.

50
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After, on the other hand, the intermediate obtained |

above, the cis-tetrahalogeno(trans-1-1,2-cyclohex-
anediamine) PH{IV) (Formula €) is suspended in water
and equimolar silver oxalate is added thereto for pro-
cwding the reaction, it is reduced with a suitable reduc-
ing agent to also obtain the cis-oxalato(trans-1-1,2-
cyclohexanediamine) Pt(IT).

The cis-dihalogeno(trauns-1-1,2-cyclohexanediamine)
Pt(II) synthesized employing as starting material the
trans-1-1,2-cyciohexanediamine obtained in the sbove
procedures and @ having high optical purity is
suspended in water and silver nitrate or silver suliate is

60

65

Column: Filler prepered by chemically bonding
(lR,ZS}Z-ca:boxymethy]amino-l,2-diphemylethanol to
silica gel to which a metal fon (Cu?+) was coordinated.
Inner diameter: 4.6 mm Height: 25 cm Mobile phase:
Water Column temperature: 40° C. Flow rate: 1.8
mil/min. Detector: Polarimeter 589 nm

As shown in FIG, 1, the retention time (tg) of trans-1-
1,2-cyclohexanediamine.(4-)-tartaric acid was 15 min-
uies and the retention time (tz) of trans-d-1,2-cyclohex-
anediamine-{+)-tartaric acid was 20 minutes so that
both were completely isolated. After sodium hydroxide
was added to the respective dinstereomers to make its
pH alksline, the diastereomers were extracted with
ether and distilled under reduced pressure to produce as
colorless liquid trans-1-1 chclohexaned:amme and
trans-d-1,2-cyclohexanediamine,

EXAMPLE 2

Optical Resolution of Trans-dl-1,2-cyclohexanedia-
mine-D-(-}-Benzol-Tartaric Acid by Means of HPLC

An aqueous solution of trans-dl-1,2-cyclobexanedia-
mine-D-(—)-bonzoyltartaric acid was obtained in ac-
cordance with the procedures of Example 1 except that
D-{—)-benzoyltartaric acid and ethanol were employed
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in place of the L-{-)-tartaric acid and the water of
Example 1, respectively. The HPLC separation proce-
dure was conducted under the following conditions
employing the above solution.

Column: Octadecylsilane Inner diameter: 4.6 mm
Height: 25 cm Mcbile phase: Water:Methanol=3:7
(volume ratio) Column temperature: 40° C, Flow rate:
1.0 ml/min, Detector: Polarimeter 589 nm

As shown in FIG. 2, the retention time (ig) of trans-1-
1,2-cyclohexanediamine-D-{—)-benzoyitartaric  acid
was 30 minutes and the retention time (tg) of trans-d-
1,2cyclohexanediamine-D-(—)-benzoyltartaric  acid
was 70 minutes so that both were completely isolated.
After the isolation procedures the same as those of
Example 1, trans-1-1,2-cyclohexanediamine and trans-
d-1,2-cyclchexanediamine were obtained.

BEXAMPLE 3

Optical Resolution of Trans-dl-1,2-cyclohexanediamine
‘Orthophthal-Aldehyde Derivative by Means of HPLC

After 11.4 mg of trans-dl-1,2-cyciohexanediamine
was dissolved in 44 ml of phosphoric acid buffer (pH 7)
and 20.1 g of orthophthalaldehyde was added thereto,
the reaction was allowed to proceed at room tempera-
ture for 2 whole day and night to produce a solution of
a trans-di-1,2-cyclohexanediamine orthophthalaldehyde
derivative. The HPLC separation procedure was con-
ducted under the following conditions empioying the
above solution.

Column: ULTRON ES-OVM made by Shinwa Kako
K.K. (filler prepared by chemically bonding acidic
glycoprotein to aminated silica gel) Inner diameter: 4.6
mm Height: 15 cm Mobile phase: 20 mM potassiom
dihydrogen phosphate (pH 5.6):ethanol=100:7 (volume
ratio) Column temperature: 40° C. Flow rate: 2.0

_ml/min. Detector: UV 220 am

“° As shown in FIG. 3, the retention time (tg) of the
trans-1-1,2-cyclohexanediamine  orthophthalaldehyde
derivative is 5.3 minutes and that of the trans-d-1,2-
cyclohexanediamine orthophthalaldehyde was 3.7 min-
utes so that both were completely isolated. After 1-N
hydrochloric acid was added to the respective deriva-
tives and reacted at room temperature for 30 minutes,
the derivatives were extracted with ether arnd distilled
under reduced pressure to produce as colorless liguid
trans-1-1,2-cyclohexanediamine = and  trans-d-1,2-
cyclohexanediamine.

EXAMPLE 4

Optical Resolution of Trans-dl-1,2-cyclobexanediamine
by Means of HPLC

In 100 ml of water was dissolved 1.00 g of trans-dl-
1,2-cyclohexanediamine. The HPL.C separation proce-
dure was conducted under the following conditions
employing the above solution.

Colurnn: Filler prepared by chemically boading L-
prolin to silica gel to which a metal ion (Cu2+) was
coordinated. Inmer diameter: 4.6 mm Height: 25 cm
Mobile phase: Water Column temperature: 40° C. Flow
rate: 1.8 ml/min. Detector: Polarimeter 589 nm

" As shown in FIG. 4, the retention time (tz) of the

20

50
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trans-d-1,2-cyclohexanediamine was 20 minutes and .

that of the trans-1-1,2-cyclohexanediamine was 24 min-
utes so that both were completely isolated.

8
EXAMPLE 3

The HPLC separation procedure was conduocied
under the following conditions employing the solution
of Example 4, :

Colamn: Filler prepared by adsorbing cellulose tris-
phenyl carbamate to silica gel Inner diameter: 4.6 mm -
Height: 25 cm Mobile phase: Ethanol:Methanol =50:50
{volume ratio) Column temperature: 40° C. Flow rate:
2.0 ml/min, Detector: Polarimeter 389 nm-

As shown in FIG. 5, the retention time (tg) of the
trans-d-1,2-cyclohexanediamine was 30 minutes and
that of the trans-1-1,2-cyclohexanediamine was 35 min-
utes so that both were completely isolated.

Comparative Example 1

The diastereomer obtained in Example 1 was opti-
cally resoluted by means of recrystallization in place of
the HPLC method. That is, when 67 ml of water was
added to 35.5 g of trans-di-1,2-cyclohexanediamine to
dissolve it ander heating at 90° C. and thern 22.10 g of
L-{-+)tartaric acid and 13.4 ml of glacial acetic acid
were gradually added and stirred, an aqueous solution
of trans-1-1,2-cyclohexanediamine-L-(+ )-tartaric acid
which was a diastereomer was obtained. After 9.23 g of
this diastereomer was dissolved in a small amount of
water, 5.64 g of sodium hydroxide was added, extracted
with ether and distilled wnder reduced pressure to pro-
duce as colorless liquid 3.2 g of trans-1-1,2-cyclohex-
anediamine.

Comparative Example 2

The trans-1-1,2-cyclohexanediamine was obtained in
accordance with the same procedures as those of Com-
parative Example 1 except that D~{-)}-benzoyl tartaric
acid and ethancl were employed in place of the I-{+)-
tartaric acid and the water of Comparative Example I,
respectively.

EXAMPLE 6

Comparison of Optical Purity of Trans-1-1,2-cyclohex-
anediamine

The cis-oxalato(trans-1-1,2-cyclobhexanediamine)
Pt(I) was synthesized from the respective trans-1-1,2-
cyclohexanediamine prepared in Examples 1,2, 3, 4 and
5 and Comparative Examples | and 2 in accordance .
with a conventional method. The optical purity of the
cis-oxalato(trans-1-1,2-cyclohexanediamine) PH(II} after
the below HPLC procedures was compared with an
aunthentic sample.

Column: OC made by Daicel K X. (filler prepared by
adsorbing a cellulose carbamate derivative to silica gel)
Inner dismeter: 4.6 mm Height: 25 em Mobile phase:
FEthanol:Methanol=30;70 (volume ratio) Column tem-
perature: 40° C, Flow rate: 2.0 ml/min, Detector: UV
254 nm

The determination of the optical purity was con-
ducted as follows. From an authentic sample, cis-
oxalato{trans-1-1,2-cyclohexanediamine) PY(II) (1009
e..), a calibration curve was prepared. The mixed ratio
of the' optical isomer of the cis-oxalato(trans-1-1,2-
cyclohexanediamine) Pt(IT) obiained in Examples 1, 2,
3, 4 and 5 and Comparative Examples 1 and 2 was mea-
sured referring to the calibration curve and the optical
purity was determined in accordance with the follow-
ing equations.
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Optical pu.nty (%) = ce. (%)

= [cis-oxala -1,2-cyclok diamine) Pt{II) content}

- {cls-oxalato(ms-d 1,2-cyclohexsnediamine} PH{EI) content}/
{cis-oxalato{trans-1-1,2cyclohexanediamine} Pe(II) content}

+ {cis-oxalatoftrans-d- 1,2cyclohexanedinmine) Pr() content}] X 100

{c.c.: cnantiomer excess)

As shown in FIG. 6, while the relative retention time
of the cis-oxalato (trans-1-12-cyclohexanediamine}
Pi(Il) was 1.00 minute, that of the cis-oxalato(trans-d-
1,2cyclohexanediamine) Pi(IT} was 1.21 minutes. The
relative standard deviation of the repeated HPLC injec-
tion precision was satisfactorily 0.04% or less.

‘The resuits of the determination of the optical pu.nty
are as shown in Table 1. The cis-oxalato(irans-1-1,2-
cyclohexanediamine) Pt(IT) synthesized from the trans-
1-1,2-cyclohexanediamine optically resoluted by means
of the HPLC method possesses higher optical purity

10

15

than that of the cis-oxalato (trans-1-1,2-cyclohexanedia- 20

mine) Pt(ID) obtained through the recrystallization. .

TABLE 1
Optical Purity c.¢. (%)
Example 1 100.0 25
2 100.0
3 100.0
+ 100.0
5 1000
Comparative Example | 99.0
320 30
EXAMPLE 7
@ Preparation of cis-dichioro(trans-1-1,2-cyclohex-
anediamine) Pt(II) 35

After 46.8 g (0.41 mol) of the trans-1-1,2-cyclohex-
. anediamine obtained in Examples 1 to 5 was reacted
with 170 g (0.41 mol) of potassium teirachloroplatinate
in an agueous solution at room temperature over 10

hours, 154.1 g (yield: 99%)} of yellow needles of cis- 40

dichloro(trans-1-1,2-cyclohexanediamine} Pt(II} were
recipitated.

Preparation of cis-oxalato(trans-1-1,2-cyclohex-
anediamine) P1{Il)

After 10,00 g (26.3 mmol) of the cis-dichloro{traps-1- 45

1,2-cyclohexanediamine) Pt(I[}) cbtained above was
suspended in 800 ml of water, 7.99 g (26.3 mmol) of
silver oxalate was added thereto and stirred for 2 hours
at room temperature, After the precipitated silver chlo-

ride was removed, the obtained solution was concen- 50

trated to 100 ml. The deposited crystal was collected by
filtration to obtain 8.3 g of crystals of cis-oxalato(trans-
1-1,2-cyclohexanediamine) PY(IT) {yield: 809). Cptical
purity: 100% e.e. Melting point: 198.3° to 199.7° C.

35

EXAMPLE §

@ Preparation of cis-tetrachloro(trans-1-1,2-cyclohex-
anediamine) PH(IV)
After 45.7 g (0.40 mol} of the trans-1-1,2-cyclohex-

anediamine obtained in Examples 1 to 5 and 194.4 g (0.4 60

mol) of potassium hexachloroplatinate {IV) were dis-
solved in water and reacted for over 10 hours, 1714 g
(yield: . 95%) of cis-tetrachloro(trans-1-1,2-cyclohex-
anediamine) Pt (IV) was obtained.

Preparation of cis-oxalato(trans-1-1,2-cyclohex- 63

anediamine) Pt(IT)
After 451 g (10.0 mmol) of the cis-tetrachloro{trans-
1-1,2-cyclohexanediamine) Pt(IV) obtained (1) of Ex-

ample 8 was suspended in 800 ml of water, 6.08 g (20.0
mmol) of silver oxalate was added thereto and reacted
for 1 hour under reflux. After insoluble substance was
removed, the obtained solution was concentrated to 80
m} under reduced pressure, the deposited crystal was
collected by filiration to obtain 3.18 g of cis-oxalato(-
trans-1-1,2-cyclohexanediamine) Pt(II} (yield: 80%).
Opucal purity: 100% e.e. Melting point: 198.3° to 199.°

@ Preparation of cis-oxalato{trans-1-1,2-cyclohex-
anediamine) P(II)

After 4.51 g (10.0 mmot) of the cis-tetrachloro(trans-
1-1,2-cyclohexanediamine) Pt{IV) obtained (1) of Ex-
ample 8 was suspended in 800 ml of water, 3.04 g (10.0
mmol) of silver oxalate was added thereto and reacted
for 10 hours under reflux. After insoluble substance was
removed, 3.40 g (20,0 mmol) of silver nitrate was added
to the obtained solution. After, further, 250 mg (§
mmol) of hydrazine hydrate was added thereto and
reacted for 3 hours at room temperature, 20 ml of an
aqueous solution of 1-N sodium hydroxide was added
and reacted for 1 hour. After insoluble substance was
removed, the obtained solution was concentrated to 80
m] under reduced pressure, the deposited crystal was
collected by filtration to obtain 1.59 g of cis-oxalato(-
trans-1-1,2-cyclohexanediamine) Pt(II) (yvield: 40%).
Optical purity: 100% e.c. Melting point: 198.3° t0 199.7°
C.

EXAMPLE 9

(@ Preparation of cis-diaquoftrans-1-1,2-cyclohex-
anediamine) Pt(II)

After 4.00 g (10.5 mmol) of the cis-dichloro(trans-1-
1,2-cyclohexanediamine) Pi(II) obtained in of Ex- .
ample 7 was suspended in 100 m] of distilled water, two
moles of silver nitrate was added and reduced in dark
for over 24 hours and silver chloride produced in the
reaction was removed by filtration. After 0.12 g of
potassium jodide was added to the filtrate and reacted
for over 12 hours for precipitating excess silver ions as
silver jodide, 10 mg of active carbon was added thereto
for refining and decolorizing which was then removed
by filtration.

Preparation of cis-oxalato(trans-1-1,2-cyclohex-
anediamine) Pi(IT)

A solution of a nitrate of cxs-dxaqao(trans-l 1,2-
cyclohexane-diamine) Pt(IL} thus obtained was passed
through 2 column packed with 160 ml of Amberlite
IRA-400 and eluted with distilled water, After 1.32 g
(10.5 mmol) of oxalic acid dihydrate was added to this
solution and reacted for 2 hours to obtain 3.33 g of
cis-oxalatodtrans-1-1,2-cyclohexanediamine) PH(IT)

-(yield: 80%) was obtained. Optical purity: 100% e.e,

Melting point: 198.3° to 199.7° C.

‘What is claimed is:

1. Cis-oxalato{trans-1-1,2-cyclohexanediamine) Pt(IT}
complex having high optical purity represented by For-
muta 1 which possesses optical purity of 99.94% or
more and a melting point between 198.3° C. and 199.7°
C. .
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O—C—O [Foruda 1]

Cfm‘
2. I'n a2 process for the preparation of cis-oxalato(-
trans-1-1,2-cyclohexanediamine) P4(TY) complex of high
optical purity aud 2 melting point between 198.3° C. and
199.7° C., the improvement which comprises utilizing as
the starting material for the synthesis of the complex
trans-1-1,2-cyclohexanediamine or a derivative thereof
which has been optically resoluted by high performance

liquid chromatogrephy, said complex being represented
by the Formula:

T
o—c=0

3. The process of claim 2 wherein the optically reso-
Iuted trams-1-1,2-cyclohexanediamine or derivative
thereof is dissolved in water and reacted with a tet-
rahalogenoplatinum (IV) acid salt to produce cis-tet-
rahalogenoftrans-1-1,2-cyclohexanediamine) PH(IV).

4. The process of claim 2 wherein the tetrahalogeno-
platinum (TV) salt comprises potassium tetrachloroplati-
nate and the cls-tettatetra.halogeno(tmns -1-1,2-
cyclohexanediamine) Pt(IV) comprises cis-tetrachloro(-
trans-1-1,2-cyclohexanediamine) Pt{I'V).

5. The process of claim 4 wherein the cis-tetra-
chloro(trans-1-1,2-cyclohexanediamine) Pt(IV) is re-
acted with 2 moles of silver oxalate per mole of cis-tet-
rachloro{trans-1-1,2-cyclohexane-diamine)- P(IV) to
produce  cis-oxalato{trans-1-1,2-cyclohexane-diamine)
P(Il) complex.

6. The process of claim 4 wherein the cis-tetra-
chloro(irans-1-1,2-cyclohexanediamine) PH{IV) is re-
acted with equimolar sitver oxalate and thereafter re-
duced with a snitable reducing agent to produce cis-
oxalato(trans-1-1,2-cyclohexanediamineg) Pt(II} com-
plex.

7. The process of claim 2 wherein the optically reso-
luted- trams-1-1,2-cyclohexanediamine or derivative
thereof is dissolved in water and reacted with potassium
tetrachloroplatinate to produce cis-dichloro(trans-1-

- L,2-gyclohexanediamine) Pt(IV).

O""C-—O
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8. The process of claim 7 wherein the cis-dichloro(-
trans-1-1,2cyclohexanediamine) Pt{FV) is suspended in
water and reacted with equimolar silver oxalate to pro-
duce cis-oxalato(trans-1-1,2-cyclohexanediamine) Pt(II}
complex.

9. The process of claim 7 wherein the cis-dichloro(-
trans-1-1,2-cyclohexanediamine) Pt{IV) is suspended in
water and reacted with silver nitrate or silver sulfate
followed by ¢lution with an anion exchange resin (OH
form) to produce cls-dihydmxy(trans-l-l 2-cyclohex-
anediamine) Pi(IV) which is thereafter reacted with
oxalic acid to produce cis-oxalato(trans-1-1,2-cyclohex-
anediamine) Pt(i) complex.

10. The process of claim 2 wherein the high perfor-
mance liguid chromatography is carried out in a column
packed with a filler comprised of 2 material selected
from the group consisiing of cellulose, a cellulose ester
derivative, a cellulose carbamate derivative, an amylose
carbamate derivative, a polymethacryl acid ester, 8-
and y-cyclodextrin, 2 polymethacrylamide derivative,
an acidic glycoprotein, L-proline, hydroxyproline, L-
valine, & material prepared by adsorbing or binding
(1R,28)-2-carboxy-methylamino-1,2-diphenylethanot to
silica gel, a material prepared by coordinating a metal
ion to one of the aforesaid materials, a material prepared
by adsorbing or binding a protein to aminated silica gel,
a crown ether, 2 urea derivative chiral to silica gel
treated with (3-aminopropyl)triethoxysilane, N(3,5-
dinitrobenzoyl)-(R)-phenylglycine, a materizl chemi-
cally bonded to DINB-L-leucine and (S)-1-{a-naphthyl)-
ethylamino-(S)-2-(4-chlorophenyl)isovaleric acid, an
octadecylsilane and a silica gel.

11. The process of claim 2 wherein the optically reso-
Iated trans-1-1,2-cyclohexanediamine derivative is pre-.
pared by reacting 1,2-cyclohexanediamine with 2 com-
pound selected from the group consisting of T-(+)-tar-
taric acid, D-(—)-tartaric acid, L{+)-benzoylariaric
acid and D-(—)-benzoyltartaric acid to form the diaste-
reomer and optically resoluting the diastéreomer by
high performance liquid chromatography.

12, The process of claim 2 wherein derivative utilized
as the optically resoluted trans-1-1,2-cyclohexane-dia-
mine derivative is selected from the group consisting of
an isoindolin derivative, a benzoyl derivative, an acetyl
derivative, a 3,5-dinitrobenzoyl derivative and a para-
nitrobenzoyl desivative.

13. The process of claim 2 wherem the high perfor-
mance liquid chromatography is carried out by utilizing
a colume packed with a chiral filler and a polarimeter as
a detector,
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[57 ABSTRACT

Disclosed herein are a platinum compound employed as
raw material of medicines having carcinostatic effects,
and a process of preparing the platinum compound. The
platinum compound () substantially free from impuri-
ties can be prepared through a reaction between the
corresponding dihalogen compound and an organic
dibasic acid employing an jodine compound utilizing
the difference of solubilities between the desired com-
pound and the lodine compounds.
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. This tendency becomes worse when the bromide is
PLATINUM COMPOUND AND PROCESS OF employed.
PREPARING SAME ' Many platinum compounds may possess physiologic
activities such as cytotoxicity, and the contamination of
BACKGROUND OF THE INVENTION 5 the above unreacied compound (1) and the by-pro-

The present invention relates to a platinum com-
pound and a process of preparing the same.

Heretofore, compounds (I} and (IT) have been known
as platinum compounds having carcinostatic effects,
The compound {I) has been obtained by means of the
following procedures. At first, the compound (II) is
prepared by reacting KoPIIIX, (X is Cl or Br) with a
1,2-cyclohexanediamine isomer. A silver nitrate solu-
tion of two equivalents in respect to the compound (II)
is added to a solution prepared by dissolving the com-
pound (X1} into water under boiling to precipitate chlo-
rine or bromine as silver chloride or silver bromide
which is then filtered off. To the filtrate is added an
organic dibasic acid to obtain the desired compound (I). 20

NHy Rt
\PI(H/
RN

NEz Ra

25
NH; X n
A4
/PI(IIK 3p
NHz X
Nz % 1111
. \P n/
y it k 25
NH; OH3
NHg ® v
\P:(u/
V2N 40
NH; OH

However, this preparation process possesses a disad-
vantage that many impurities such as the unreacted
compound (I}, compounds (E1I) and (AV) which are
by-products of the compound (II) and an unreacted
silver ion remain in the compound (T) prepared accord-
ing to the above process.

One of the reasons the impurities are contaminated in
the desired compound (I} is the Jow solubility of the
compound (II) in water. For example, when the com-
pound (II) is a chloride of a trans-1 isomet, its consider-

~ ably low solubility in water is about 0.26 mg/ml and
oven if dissolved under boiling, only about 0.5 mg/mlof .
the compound (11} dissolves. Because of the low solubil-
ity of the compound (Il), it is quite difficult to com-
pletely dechlorinate the compound (II) from the view-
point of its characteristics resulting in the contamination
of the above impurities. _ )

A remarkable problem also remains in the removal of 60
the silver chloride formed as a result of the above reac-
tion. The solubility of the silver chloride is refatively
low so that almost all the silver chloride formed can be
removed in ordinary conditions. However, in the above
reaction, a large amount of water is required due to the
Jow solubility of the compound (II) so that the complete
removal of the silver chloride may be impossible in such
a reaction employing a large amount of water.

435

50

55

ducts (111} and (IV) is not allowed in the raw material
for medicines having carcinostatic effects even if a trace
amount. The unreacted silver ion which may exist in the
medicines is regulated in 2 heavy metal test method, but
no satisfactory value in connection with the silver ion -
has been obtained in conventional methods.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
process of preparing a compound (T) which can be em-
ployed for raw material of a medicine having carcino-
static effects.

Another object of the invention is to provide a pro-
cess of preparing a compound (I) which is not contami-
nated with such impurities as the above compounds (ID),
(II1) and {IV) and an unreacted silver ion.

A further object of the invention is to provide the
compound (1) substantially free from the above impuri-
ties.

The present invention has been made to overcome
the above-mentioned drawbacks of the prior art. The
objects can-be attained by adding to a compound (II) a
silver ion solution containing not less than two equiva-
lents of silver in respect to the compound (If), removing
silver chloride and/or silver bromide formed, adding to
the solution sodium iodide and/or potassium iodide to
covert the unreacted compound (II), the by-products of
the compound (II) and an unreacted silver ion into their
iodine compounds followed by the removal thereof and
thereafter adding an organic dibasic acid thereto to
form the platinum complex (I).

DETAILED DESCRIPTION OF THE
INVENTION

In the above preparation process, after the removal,
preferably the filtration of the silver chloride and/or the
silver bromide, such impurities as the unreacted com-
pound (II), the compounds (1T} and (IV) are converted
into the corresponding iodine compounds by adding
sodium iodide-and/or potassium iodide thereto. Since
the solubility of these iodine compounds in water is
remarkably low so as to meke a large difference be-
tween the said solubility and that of the desired com-
pound {I), the iodide compounds can be completely
removed, for example, by filtration to provide the final
desired compound (I) contaminated with substantially
no impurities.

In the formula ¢I), R) and Rz form with each other a
circular group selected from the formulae (V), (V1),
(VIL), (VII), (IX) and (X). In other words, Ry and Ry
form with each other an aliphalic dibasic acid residue.
Almost all the platinum compounds shown in the for-
mula {I) and prepared in accordance with the process of
the present invention possess carcinostatic effects
which are not depressed because of ne contamination
with impurities.
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-continued
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EXAMPLE

- 3
A preferred Example of this invention will be herein-

after described. Although a process of preparing ois-
oxalate (trans-1-1,2-cyclohexanediamine) platinum (1)
as a representative of the compound (I) will be illus-
trated, the Example dées not intend to restrict the pres-
ent invention.

EXAMPLE

562.5 g of potassium chloroplatinate and 154.8 g of
trans 1-1,2-cyclohexanediamine were dissolved and
mixed in 3.5 liters of water to obtain cake-like cis-
dichloro (trans-1-1,2-cyclohexanediamine) platinum (II)
without recrystallization with a yield of 96%. This
compound was suspended in 5.7 Hters of water to which
was added 2 solution which had been prepared by dis-
solving 386.4 g of silver nitrate in 2.8 liters of water.
After this solution was stirred in the dark at a room
temperature for three days, most of the precipitate of
the silver chloride was removed by filtration. After the
filtrate was concentrated under a reduced pressure,
solution consisting of 45 ml of water and 3.85 g of potas-
sium iodide dissolved therein was added followed by
one hour stirring, and then active carbor was added.
Sitver fodido and iodine compounds of (II), GIT) and
(IV) then formed and the active carbon were com-
pletely removed by filtration. To the remaining filtrate
was added 146.3 g of oxalic acid which was allowed to
stand for two hours to obtain crude crystal of desired
cis-oxalate (trans 1-1,2-cyclohexanediamine} platinum
(1) with a vield of 80%. Then, 70 g of this crude crystal
was dissolved under heating in 2.7 liters of water, fil-
tered and cooled to a room temperature. The platinum
crystal precipitated was collected by filtration and

10

4

COMPARATIVE EXAMPLE

After the cakeldike cis-dichloro (trans-1-1,2-
cyclohexanediamine) platinum (11} was obtained under
the same conditions as those of Example, this cake like
substance was dissolved in 5.7 liters of water under
boiling to which was added a solution consisting of 2.8
liters of water and 386.4 g of silver nitrate dissolved
therein, the solution being stirred in the dark for three
hours. The reaction solution was filtered after cooling
and the filirations were repeated until the filtrate be-
came transparent. After the concentration of the filtrate
under a reduced pressure, 140.3 g of oxalic acid was
added and the solution was allowed to stand overnight
at & room temperature to obtain cis oxalate (trans 1
1,2-cyclohexanediamine) platinum (11} with & yield of
80% by means of the concentration under a reduced
pressure. These experiments were repeated five times of
which yields were 300 g, 280 g, 310 g, 290 g and 300 g.

The purity test for detecting the impurities contained
in the cis-oxalate (trans-1 1,2-cyclohexanediamine) plat-
inum (1) prepared in Example and Comparative Exam-

" ple was carried out by means of a high performance

25

35

40

liquid chromatography (HPLC) method. The results
are shown in Table I.

The purity test was carried ont in accordance with an
absolute analytical curve method.

In other words, an analytical curve was prepared by
stepwise introducing standard known amounts of the

0 unreacted components supposed to be impurities, mea-

suring the peak areas of the respective chromatograms
and plotting the amounts of the components on the
abscissa axis and the peak areas on the ordinate axis.
The contents of the cis-oxalate (trans-1-1,2-cyclohex-
anediamine) platinem (II) in the sampies respectively
prepared in the sbove Example and Comparative Ex-
ample were measured under the same conditions em-
ploying HPLC and calculated by determining the
amounts of the components to be tested from the peak
areas referring to the analytical curve.

The operation conditions of the chromatography
were as follows.

TABLE 1

Purity Test,
Relative ___Comtent (%)
Retention Comp. Chromat.
Component Time 'R Example Example Condition

cis-oxalate 1L 100.0 98.0 1.2
(trans-1-1,2-cyclo-

hexanediamine}

platinum (11)

cis dichloro 0.92 ] 05 1
(1rans-I-1,2-cyclo-

hexanediamine)

platinam (11}

cissmonochloro- 0.87 [v] 0.3 2
monoaquo {trans- .

1-1,2-cyclohexzne-

diatine) platinum

133}

cis-diagquo (trans- 0,82 0 0.3 3
1-1,2-cyclo-

hexanediamine)

platinum (11} nitrate

cis-diiodo (trans- 173 0 0 2
1-4,2-cyclo-

hexanediamine)

washed with a small amount of water. The crystal ob- gg platinum {II) -

tained was dried to obtain the desired platinum com-
plex. These experiments were repeated five times of
which yields were 49 g, 45 g, 50 g, 48 g and 47 g.

Chromatography Operation Conditions 1:
Detector: Ultraviolet absorption photometer: 220 nm
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Column: Stainless tube having an inner diameter of
about 4.6 mm and a length of 15 cm packed with oc-
tadecylsilicated sifica gel having a particle size of 5to 10
pm

Colurnn Temperature: 40° C.

Moving phase: Mixed solution of water and methanol
(97:3)

Flow rate: 0.7 ml/min.

Chromatography Operation Conditions 2;

Moving phase: Mixed solution of water and methanol
{85:15)

The other operation conditions were the same as
those of Conditions 1. - '

Chromatography Operation Conditions 3:

Moving phase: Mixed solution of water and methanol
(85:15)

The other operation conditions were the same as
those of Conditions 1.

The purity test of sitver impurities contained in the
cis-oxalate trans-1-1,2-cyclohexanediamino) platinum
(I1) prepared above was carried out in accordance with
an atomic absolute method. The results are shown in
Table 2.

Operation Conditions of Atomic Absorption:

Employed gas: .

Combustible gas: Acetylene

Combustion supporting gas Air

Lamp: Hollow sitver cathode lamp

Wavelength: 328.1 nm.

TABLE 2
Example ° _Comparative Example
Silver Halogen Silver Halogen
Lot Neo. (ppm) {ppm) {ppm) {ppm}
1 03 2.2 31.6 50
2 0.6 3.5 1.3 . 282
3 09 2.2 362 7.3
4 0.3 29 0.9 65.3
5 0.7 22 254 10.3

The purity test was performed in accordance with a
standard addition method. Three sample solutions were
taken and 2 standard solution was added to each of the
solutions in which the concentrations of the elements to
be detected were stepwise distributed to which was
added a solvent to make the volumes of the solutions
identical. The absorption was measured for each of the
solutions for plotting the amounts {concentrations) of
the added standard element on the shscissa axis and the
values of the absorption on the ordinate axis. The
amount of the element to be detected (concentration of
silver atom) was determined, after extending a regres-
sion Iine obtained by the plotting, by a distance between
the intersecting point with the abscissa axis and the
origin.

The conceniration of halogen impurities was mea-
sured in accordance with a potentiometric titration
method employing a flask in which oxygen burns. The
results thereof are shown in Table 2.

Potentiometric titration employing flask in which
oxygen burns

Flow rate of oxygen: 200 ml/min.

Flow rate of argon: 250 ml/min.

Temperature of electric furnace: 830° to 950° C.

Final Potential: 293 mV

Titration Current: 1.0 mA.
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The halogen conmtent was determined as chlorine

concentration in accordance with the following equa-
tion.

Halogen content = Chlorine concentration (ppm} —

{Measured value {g) X 1000)/{Ssmple amount (mg) X
Recovery Rate]

As apparent from the Tables 1 and 2, no impurities
were contained in the cis-oxalate (trans-1,1,2-cyclohex-
anediaming) platinum (IT) prepared in Example.

What is claimed is:

1. A process of preparing a cis-platinum (1) complex
of a 1,2-cyclohexanediamine isomer designated by a
general formula (I)

NH 1

2 R
\H(II)/
N

NH;z Rz

X 1)

Pi(Il}
NH; X

NHz
N
/7

N

(in the formula, the comformation of 1,2-cyclohex-
anediamine is cis, trans-d or trans-1-isomer, and R) and
R form with each other a circular group selected from
the group consisting of the formulae V), VI, (VII),
(VIID), (IX) and (X)) )

o v
VRN
?0
co
N
o
0—C0 VI
CH3
0o—Co’,
QO VIl
e
CHCH;3
AN
0—Co
o Vi
PR
(i*.o
CH3
N /7
o
0—Co X
e
N
o—co
0—Co, CooHd *
7
N
0—Cco

which comptises adding to a dihalogen compound of a

cis-platinum (II} complex of 2 1,2-cyclohexanediamine - -

137
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isomer designated by a general formula (3), wherein X
is a halogen, a silver ion solution containing not less
than two equivalents of silver in respect to the com-
pourd (I1), removing silver chloride and/or silver bro-
mide, adding to the solution sodium iodide and/or po-
tassium iodide to convert the unreacted compound (1),
" the by-products of the compound (1I) and an unreacted
silver ion to their iodine compounds followed by the
removal thereof and thereafter adding the correspond-
ing organic dibasic acid of the formulae (V}, (VI), (VII),
(VIID), @X) and (X) to the remaining platinum complex.
2. A platinum compound (I}

NH;z R
N 7
Pt(in}
N
NH3 Ry
NH, X
N
4
NH;

7
M)
N
X
{in the formula, the conformation of 1,2-cyclohex-
anediamine is cis, trans-d or trans-l-isomer, and Ry and
R; form with each other a circular group selected from

the group consisting of the formulae (V), VD, (VID),
and (X))

I
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8
(o] A%
SN
tl:o
co
N/
o}
O-CO v
7 N
CH
AN
0—COo
Q=-CO vl
CHCH3
O—CO
by

0—-CO0 COOH
e
T
0O
substantially free from impurities prepared by reacting a
dihalogen compound of 2 cis-platinum (II) complex of a
1,2-cyciohexanediamine isomer (II) with a silver com-
pound to form silver iodide and/or silver bromide
which is then removed, converting the unreacted com-
pound (T1), the by-products of the compound the corre-
sponding organic dibasic acid of the formulae (V), (VI),
(VID), and (X) and an unreacted silver to their corre-
sponding iodine compounds by adding sodivm iodide
and/or potassium iodide which are then removed, and

reacting the remaining platinum complex with an or-
ganic dibasic acid.
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[57] ABSTRACT

A process for the preparation of cis-platinum(II) complexes
af 1,2-cyclohexanediamine isomers, represented by formula
I, containing subslantially no dihydroxoplatinum(IV) com-
plex as an impurity.

NH; R
N R
P
Fd Rs
NH;

Deoxygenated water is used in all steps of the process, from
charging of the starting materfals; i.e., potassium tetrachlo-
roplatinate and trans-(-)-1,2-cyclohexanediamine, to the
acquisition of target complexes, In addition, a low-oxygen
content atmosphere is applied as an operational environment
to prevent deoxygenated water from degradation through
oxygen absorption and to eliminate the possibility of direct
oxidation of a platioum compound due to atmospheric

OXygen.

M

3 Claims, No Drawings
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PROCESS FOR THE PREPARATION OF
PLATINUM COMPOUNDS

This application is the national stage of PCT/JP$7/02332
filed Jul. 4, 1997. '

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a process for the prepa-
ration of cis-platinum(II) complexes of 1,2-
cyclohexanediamine isomers that serve as active compo-
nents of carcinostatic drugs.

2. Background Art

Platinum compounds represented by formula I

o
NH,
O R
P
R
NI, 2

are generally known to have carcinostaticity. They have
conventionally been prepared by the following steps: react-
ing K,P(II)X, (X is Ci1 or Br) with a 1,2-
cyclohexanediamine isomer to form an intermediate com-
pound represented by formula II

(1)
NI
N
A
NH;

dissolving the intermediate compound in water under boil-
ing; adding thereto a sofution of AgNO; in an amount of
twice the mol equivalent of the intermediate compound
represented by formula II so as to cause chlorine or bromine
conlained in the compound to precipitate in the form of
silver chloride or bromide; separating the precipitates
through filtration; and adding a dibasic organic acid to the
filtrate.

However, the platinum compounds represented by for-
mula I obtained through the customary process contain as an
impurity about 0.1-5% of a dihydroxoplatinum(IV})
complex—a platinum compound represented by formula
II—which is produced through oxidation of the platinom
compounds represented by formula I

(Im

SUMMARY OF THE INVENTION

In view of the foregoing, a general object of the present
invention is to provide a process for a preparation of
cis-platinum(1T) complexes of 1,2-cyclohexanediamine iso-
mers that contain substantially no dihydroxoplatinum(IV)
complex as an impurity.

To achieve the above object, the inventor of the present
invention has conducted careful studies of a process for a
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preparation of cis-platinum (II) complexes of 1,2-
cyclohexanediamine isomers lo overcome the aforemen-
tioned problems and has developed a process which does not
produce the aforementioned impurity, i.e.,
dihydroxoplatinum(IV) complex, by satisfactorily eliminat-
ing factors that cause oxidation during the preparation.

According to the present invention, the target compounds
which serve as active components of carcinostatic drugs,
i.e., cis-platinum(I) complexes of 1,2-cyclohexanediamine
isomers, are prepared from potassium tetrachloroplatinate
and trans-(-)-1,2-cyclohexanediamine, and oxidation of the
target complexes is prevented by the process described
below.

The preparation steps of the present invention have two
characteristics. Firstly, deoxygenated water is used to pre-
vent oxidation caused by dissolved oxygen in the solution
where cis-platinum(I{) complexes of 1,2-
cyclohexanediamine isomers are being formed. Secondly,
the oxygen content in the operational atmosphere involved
in the preparation of the platinum compounds is reduced in
order 1o eliminate possibility of direct oxidationt of cis-
platinum(IT) complexes of 1,2-cyclohexanediamine isomers
due to atmospheric oxygen as well as to prevent degradation
of deoxygenated water. Deoxygenated water degrades as it
absorb oxygen.

The process of the preseat invention provides cis-
platinum(Il) complexes of 1,2-cyclohexanediamine isomers
which contain substantially no physiologically active
dihydroxoplatinum(IV) complex as an impurity.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

According to the process of the present invention for
preparing platinum{iI} complexes of 1,2-
cyclohexanediamine isomers represented by formula I, there
is employed deoxygenated water in all steps of preparing a
platinum compound from the starting materials, i, potas-
sium tetrachloroplatinate and trans-(-)-1,2-
cyclohexanediarnine, and substituting nitrogen or an inert
gas for air of the operational environment or alternatively
degassing under vacuum to thereby produce a low-oxygen
content atmosphere so as to prevent degradation of deoxy-
genated water and to eliminate a possibility of direct oxi-
dation of a plativum compound due to oxygen contained in
air of the operational envirenment.

In the process, deoxygenated water is consistently used in
all steps from the placement of the starting materials, ie.,
potassium telrachloroplatinate and trans-(-)-1,2-
cyclohexanediamine, io the target cis-platinumy(Il) com-
plexes of 1,2-cyclohexanediamine isomers. Therefore, oxi-
dation due o oxygen dissolved in the deoxygenated waler is
prevented, and dihydroxoplatinum{(IV) complex, an
impurity, is not formed.

It has empirically been determined that the oxygen con-
tent in an operational environment should be adjusted to 5%
or less in order to prevent deoxygenated waier from absorb-
ing oxygen and being degraded by atmospheric oxygen. To
attain this oxygen content, air of the operational environ-
ment is preferably evacuated through degassing under
vacuum or replacement with nitrogen or an inert gas.

The best mode of the embodiments of the present inven-
tion will now be described. In the process of the preseni

invention for the preparation of platinum(ll) complexes of

1,2-cyclohexanediamine isomers, deoxygenated waler was
used consistently as water participating in the reactions, and
the almosphere of operational chamber baving the oxygen
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content level of 1% adjusted through nitrogen-substitution
was provided during all steps of preparing cis-platinum(IT)
complexes of 1,2-cyclohexanediamine isomers—active
components of carcinostatic drugs—from the starting
materials, ie., potassium tetrachloroplatinate and trans-(-)-
1,2-cyclohexanediamine.

Potassium teirachloroplatinate (562.5 g) and trans-{-)-1,
2-cyclohexanediamine {154.8 g) were dissolved and mixed
in deoxygenated water (3.5 1) to thereby obtain cis-dichloro
(trans-(-)-1,2-cyclohexapediamine)platinum(ll) without
recrystallization (cake-like, yield 96%). The resultant mate-
rial was suspended in deoxygenated water (5.7 1) and the
resulting suspension was mixed with a solution of silver
nitrate (386.4 g) dissolved in deoxygenated water (2.8 I).
This solution was stirred in the dark at room temperature for
three days, then silver chleride that precipitated was mostly
removed through filtration. The filtrate was concentrated
under reduced pressure, and subsequently, a solution of
potassium iodide (3.85 g) dissolved in deoxygenated water
(45 ml) was added thereto. The resultant solution was stirred
for one hour, after which activated carbon was added
thereto. Formed precipitates and activaled carbon were
completely removed through filtration. Oxalic acid {146.3 g)
was added to the filtrate, then the solution was allowed to
stand for 2 hours to thereby obtain cis-oxalato(trans-(-)-1,
2-cyclohexanediamine)platinum(ll) (crude crystals, yield
50%). The crude crystals (270 g) were dissolved in deoxy-
genated water (12 I) with heat, then the solution was filtered
and cooled to room temperature. White crystals that pre-
cipitated were collected by fltration, washed with a small
amount of deoxygenated water, and dried to thereby obtain
the target complex, cis-oxalato(trans-(-)-1,2-
cyclohexanediamine)platinum{II) {160 g).

In a comparative example, the same procedure as
described above was performed except thalt oxygen-
containing water was used during all steps until the target
cis-platioum(1l} complexes of 1,2-cyclohexanediamine iso-
mers are obtained from potassium tetrachloroplatinate and
trans-(-}-1,2-cyclohexanediamine as starting materials, and
that the reactions were carricd out in the atmosphere.

A purity analysis was carried out for cis-oxalato(trans-
(-)-1,2-cyclohexanediamine)platinum(Il) obtained from the
working example of the present invention and for the
cortesponding complex obiained from the comparative
example, through high-performance liquid chromatography
(HPLC) (ODS column length, 50 cm; mobile phase, water-
acetonitrile mixture; Aow of eluent, 5 ml/min}.

From the results of the HPLC purity analysis, a
dihydroxoplatinum(I'V) complex was detected in an amount
of 1.5% in the cis-oxalato(lrans-(-)-1,2-
cyclehexapediamine)platinum(Il) prepared in the compara-
tive example, whereas no dihydroxoplatinum(I'V) complex
was detected in the corresponding compound prepared in the
working example of the present invention.

‘What is claimed is:

1. A process for a preparation of a platinum(il) complex
of a 1,2-cyclohexanediamine isomer represented by formula

®

NH.
\2 - Ry
Pl
NH, Re

wherein the steric configuration of 1,2-cyclohexanediamine
is cis, trans-d, or trans-1 and R, and R, form a cyclic
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structure with Pt(II) o represent a group of formula IV,
formula V, formula V1, formula VII, formula VEI, or for-
mula I¥; the process comprising use of deoxygenating water
in all steps for obtaining a platinum compound from potas-
sium tetrachloroplatinate and trans-{(-)-1,2-
cyclohexanediamine serving as starting materials, and sub-
stituting mitropen for air of an operational environment to
thereby produce a low-oxygen content atmosphere so as to
prevent degradation of deoxygenated water and to eliminate
a possibility of direct oxidation of a platinum compound due
to oxygen contained in air of the operational environment

{aIv)
/0\(IJO
0
\o/
(44}
o0—co
/
CH,
N/
0-CO
o—Co vn
/ 0\
/cncn3
\o—oo
(VID
~ O\CO
|
CH.
\0/ 2
0—Co (VI
No-ed
)
0= 0 COOH

0-C0

2. A process for a preparation of a platinum(II} complex
of 2 1,2-cyclohexanediamine isomer represented by formula
I

()]
NH.
\2 4 RI
/Pt(lr) -
Ry
NH,

wherein the steric configuration of 1,2-cyclohexanediamine
is cis, trans-d, or trans-l, and R, and R, form a cyclic
structure with PT(II) to represent 2 group of formula IV,
formula V, formula VI, formula VII, formula VIII, or for-
mula EX; the process comprising use of deoxygenaling water
in all steps for obtaining a platinum compound from potas-
sium tetrachloroplatinate and trans-{-)-1,2-
cyclohexanediamine serving as starting materials, and sub-
stituting an inert gas for air of an operational eavironment to
thereby produce a Iow-oxygen content atmosphere so as to
prevent degradation of deoxygenated water and to eliminate
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a possibility of direct oxidation of a platinum compound due
to oxygen contained in air of the operational environment

{Iv)
<0
|
o
\0/
v
o—~aK
/ i
N/
0-CO
0—CO (VD
/
CHCH,
N/
0~ CO
(VID)
e
|
-t
(vIg
0—<c0
X0
\O"CO
(9}
0=CGC COoH
0=CO

3. A process for the preparation of a platinum(Il) complex
of a 1,2-cyclohexanediamine isomer represented by formula

]
NH.
\2 ~ R
/PI(II) -
R
NH, 2

wherein the steric configuration of 1,2-cyclohexanediamine
is cis, trans-d, or trans-l, and R, and R, form a cyclic
structure with Pi(IT) 1o represent a group of formula IV,
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formula V, formula VI, formula VII, formula VIII, or for-
mula IX; the process comprising use of deoxygenating water
in all steps for obtaining a platinum compound from potas-
sium tetrachloroplatinate and trans-(-}-1,2-
cyclohexanediamine serving as starting materials, and
degassing under vacuum air of an operational environment
1o thereby produce a low-oxygen content atmosphere so as
to prevent degradation of deoxygenated water and to elimi-
nate a possibility of direct oxidation of a platinum com-
pound due to oxygen contained in air of the operational
environment

aw
5
I
(09]
~ o~
vy
O—CO
/
CH,
AN
0-CO
0= CQ VD
/
CHCH;
N/
o-co
(vry)
(]
-~ \To
CH
\\o” 2
(VIIE)
OCO
/
\‘o—c; :
{0
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