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Abstract: The syntheses and immunosuppressive activity of ruthenium complexes are described. One of the
complexes (1a) was shown to be a potent inhibitor of human T-lymphocyte proliferation with an IC,, of 5 nM.
The activity of these complexes compares favorably to the well known immunosuppressants Cyclosporin A and
Rapamycin. © 1998 Elsevier Science Ltd. All rights reserved.

The investigation of new drugs in the immunosuppressive field represents a very active area of research since
current therapy has not sufficiently addressed the important issues of toxicity and efficacy! We have sought to
discover new classes of compounds that target the T-cell in order to provide therapeutic alternatives to current
approaches. Recently, utilizing a T-cell screening program, we have discovered a new class of compounds that
specifically inhibits the proliferation of human T-lymphocytes in vitro in the low nanomolar range. Here, we
report the synthesis and preliminary in vitro data of ruthenium complexes that may provide a new therapeutic class
for the treatment of autoimmune diseases and for the prevention of graft rejection in transplantation.

Complexes 1la—c and 2a-b were prepared according to Scheme 1. Reaction of RuCl,-xH,0 in boiling Im or
1-Melm afforded [Ru(Im),JCl, (1a)* and [Ru(1-Melm)]Cl, (1b),> respectively, as the main products.®
Oxidation of complexes 1la-b with hydrogen peroxide in the presence of chloride afforded [Ru(Im),]Cl, (2a)
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Scheme 1: (i) neat, reflux; (i) H,0,, HCI (0.25 M); (iii) imidazole, MeOH, reflux.
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and [Ru(l- Melm)(Cl; (2b). The triflate salt of complex 1a, [Ru(Im).(CF,S0,), (1¢). was prepared by
reaction of [Ru(DMF)](CF,S0,) ;s with excess imidazole in boiling methanol.

Immunosuppressant drugs such as CsA, FK506, and Rapa are known to inhibit the proliferation of human and
animal T-lymphocytes in response to a variety of stimuli. The immunosuppressive activity of new compounds is
typically determined by measuring the inhibition of proliferation of T-cells that have been exposed to antigens
(e.g.. tetanus toxoid)* Complexes 1a—-c and 2a-b exhibit a typical dose-response curve for the inhibition of
antigen-dependent lymphocyte proliferation’ in response to TT as shown in Figure 1. Complexes 1a—c and 2a—
b are potent inhibitors of human T-cell proliferation with IC,,'s in the low nanomolar range (1a, 5+ 3; 1b, 60 +
30: 1c, 41 6; 2a, 5% 3; 2b, 80 £ 70 nM) and are comparable to other known potent immunosuppressants such
as CsA (60 £ 40 nM) and Rapa (0.5 + 0.7 nM).*
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Figure 1. Inhibition curve of human T-lymphocyte proliferation after exposure to tetanus toxoid.

The data suggest that the activity of these complexes may be independent of the oxidation state of the metal
center and the nature of the counterion. For example, the inhibitory activities of the Ru(II) and Ru(Ill) hexakis-
imidazole complexes 1a and 2a (5 and 5 nM, respectively) and 2a and 2b (60 and 80 nM, respectively) are the
same within experimental error. The solubility® of the complexes could be modulated by changing the counterion
without deleterious effects on the activity. For example, the chloride salt 1a and the wriflate salt 1¢ demonstrated
nearly identical activity (5 and 4 nM., respectively) within experimental error.

In summary, we have identified a novel series of ruthenium complexes that are potent inhibitors of human T-
cell proliferation. They are synthesized in a straightforward manner in good yield and are easily prepared in
multigram quantities. Preliminary biological data suggest that these complexes are specific inhibitors of T-cells,
though the mechanism of action is currently unknown.'® Lack of drug sensitivity in several cell lines suggests that
the compounds are not generally cytotoxic." We are continuing our study of the synthesis and the activity of other

homoleptic ruthenium complexes, as well as their mechanism of action. These complexes possess the potential to
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serve as a new class of drugs for the treatment of autoimmune diseases and for prevention of allograft rejection in
organ transplantation.

Experimental Section:

[Ru(Im)/]Cl, (1a): A mixture of RuCl,xH,0 (15.93 g, 76.9 mmol) and Im (89.29 g, 1.31 mol) was
refluxed for 1 h. The mixture was cooled to room temperature, dissolved in warm water (55 °C, 1.5 L) and
filtered over celite. The solvent was removed to dryness, the solid was redissolved in water (500 mL) and acetone
(400 mL) added. The solution was filtered, the solid washed with acetone (2 x 50 mL) and then dried under
vacuum. The solid was redissolved in a warm aqueous solution (55 °C) of imidazole (10 g in 850 mL H,0), and
then cooled slowly to 4 °C. The solid was filtered, washed with cold water (3 x 20 mL) and acetone (3 x 25 mL),
and then dried under vacuum. The product was obtained as a greenish gray solid (13.952 g, 31% yield) after
triple crystallization from a warm aqueous (55 °C) solution of imidazole. Anal. Calcd. (found) for
RuC, H,,N,,Cl,: C, 37.25 (37.35); H, 4.17 (4.11): N, 28.96 (29.07); Cl, 12.22 (12.26); Ru, 17.41 (17.73).
MS (FAB") m/e caled. for RuC ;H,,N,, (M*) 508, found 508.

[Ru(1-Melm),]C1,:3H,0 (1b): A mixture of RuCl,xH,0 (10.043 g, 48 mmol) and 1-MeIm (70 mL, 0.88
mol) was refluxed for 1 h. The mixture was cooled to room temperature, and acetone (1 L) was added to the
mixture. The mixture was filtered and the solid was dried under vacuum. The product was redissolved in MeOH
(80 mL) and filtered over celite to remove a black impurity. The product was obtained as a light-yellow solid
(19.58 g, 56.8% yield) after multiple crystallizations from MeOH/Ether.  Anal. Calcd. (found) for
RuC, H,N,Cl,-:3H,0: C, 41.11 (41.31); H, 5.89 (5.71); N, 23.39 (23.91); Cl, 9.87 (10.04), Ru 14.06
(13.85), % H,0 7.52 (7.82). MS (FAB*) m/e calcd. for RuC,,H,,N,-22H,0 (M*) 630, found 630.

[Ru(Im)/J(CF,SO,), (1c): A mixture of [Ru{DMF)(CF,S0,), (0.1880 g, 0.191 mmol) and Im (0.2763
g, 4.06 mmol) was dissolved in anhydrous methanol (10 mL). The mixture was degassed and then refluxed
overnight. The mixture was cooled to room temperature, and the solvent removed to dryness. The product was
obtained as a crystalline solid (0.121 g, 76% yield) after crystallization from MeOH/ether. Anal. calcd. (found)
for RuC, H,,N,FS,0, 1/2MeOH: C, 29.89 (30.22); H, 3.18 (2.97); N, 20.41 (20.42).

[Ru(Im),]JCI;H,0 (2a): H,0, (0.5 mL, 30%) was added to a solution of 1a (0.206 g, 0.355 mmol) and Im
(0.557g. 8.19 mmol) in HCI (0.25 M, 30 mL). The mixture was stirred at room temperature overnight, filtered
and acetone (1 L) was added. The solution was centrifuged and the solid was dried under vacuum. The product
was obtained as a crystalline solid (0.144 g, 64% yield) after crystallization from MeOH/ether. Anal. Calcd.
(found) for RuC,H,,N,,C1,-H,0: C, 34.11 (34.08); H, 4.13 (4.26); N, 26.51 (26.41); Cl, 16.78 (16.81).

[Ru(1-Melm)/]Cl,-2H,0 (2b) was prepared in a similar manner as 2a. It was obtained as a crystalline
solid (62% yield) after crystallization from H,Ofacetone. Anal. Calcd. (found) for RuC,,H, N ,C1,-2H,0: C,
39.18 (38.90): H, 5.48 (5.57): N, 22.83 (22.71); Cl, 14.45 (14.51).
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