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3-Ethoxy-2-oxobutyraldehyde bis(thiosemicarbazone) or H;KTS, a new antitumor agent which requires cop-

per(IT) for activity, has been shown to complex with at least sixteen different metals.

Complexes of Ho.KTS with

Fe(I), Fe(II1), Ni(1I), Cu(Il), Zn(I1), and Ag(I) have been isolated and formulas proposed. Copper(Il) com-
plexes of eight bis(thiosemicarbazones) related to H.KTS have also been isolated and shown to form structures

similar to Cu(IIYKTS.

The bis(thiosemicarbazones) studied are quadridentate ligands which react with mono-

valent metals in a 1:1 or 1:2 ratio, with divalent metals in a 1:1 ratio, and with trivalent metals in a 3:2 ratio

(ligand : metal).

The absorption maxima of the complexes vary in wavelength and molar absorbancy depending

upon the metal ion which is bound in the complex but are relatively unaffected by changes in the ligands. The
results of some preliminary #n vitro antitiumor tests are reported.

3-Ethoxy-2-oxobutyraldehyde bis(thiosemicarba-
zone) or kethoxal bis(thiosemicarbazone) (H,KTS)?
has been shown by several investigators to have
marked antitumor activity against a spectrum of
rodent tumors.* H,IKKTS and 3-methoxy-2-oxobutyr-
aldehyde bis(thiosemicarbazone) were found to be the
most active agents of a series of related bis(thiosemi-
carbazones) which were studied.**® Further inves-
tigations revealed that the antitumor activity of H.-
KTS, as well as its toxicity, are profoundly affected
by the nutritional intake of the animals receiving the
drug.® The greatest effects were due to variation in the
intake of copper(II), zine(IT), and cobalt(II); copper-
(IT) is required for antitumor activity, zinc(II) affects
the host toxieity without altering the therapeutie
effect, and cobalt(IT) antagonizes the action of copper-
(IT) .82

Because interaction of H.KTS with trace metals in
the environment of the animals appeared to govern the
biological activity of the drug and since bis(thio-
semicarbazones) are known metal-complexing agents,
we undertook the investigation of the interaction of
H,KTS and some related bis{thiosemicarbazones)
with a number of transition series metal ions. The
compounds studied are variations of the general
formula

R,C=NNHCSNR,

HC=NNHCSNR,

where R, is CH;CH(OC,H;), CH;CH(OCHj;), CH;CH-
<OOCCH3), CH3, or CHz(OCQHa) N and Ry is H2, H(CHa),
or <CH3)2

This report deals with the synthesis, probable
formulas, and preliminary biological testing of these
complexes. Other reports have shown the high in vivo

(1) Reported in part at the 149th National Meeting of the American
Chemical Society. Detroit, Mich., April 1965.

(2) To whom inquiries should be addressed at Kettering Laboratory, Col-
lege of Medicine, University of Cincinnati, Cineinnati, Ohio 45219,

(3) The free ligand KTS is written in this manner to designate the replace-
able hydrogens lost during chelation.

(4) (a) H. G. Petering, H. H. Buskirk, and G. E, Underwood, Cancer Res..
24, 367 (1964): (b) F. A. French and B. L. Freedlander, Cancer Res. Suppl.
VII 20,505 (1960): (e) E. Mihichi and C. A, Nichol, Proc. Am. Assoc. Cancer
Res.. 4, 44 (1963).

(3) H. G. Petering, G. J. Van Giessen, J. A. Crim, and H. H. Buskirk, J.
Med. Chem.. 9, 420 (1966).

(6) (a) J. A. Crim, H. H. Buskirk, and H. G. Petering, Cancer Res., 27.
1109 (1967): (b) H. G. Petering, H. H. Buskirk, and J. A. Crim, ibid., 27.
1115 (1967).

antitumor activity of the cupric chelate of H,KTS
[Cu(Il)KTS]” and have discussed the unique role of
copper in the antitumor activity of HoIXTS.78

Experimental Section

The synthesis and properties of the bis(thiosemicarbazone)
ligands have been described in earlier reports.ts Published
methods? for preparing complexes of thiosemicarbazones proved
tedious and inconvenient; therefore, the methods described below
were employed. The preparation of the cupric chelate of H.KTS
and its dihydrochloride are given as typical for the preparation
of the complexes studied. The elemental analyses, spectral
data, and probable formulas of the metal chelates of H,KTS are
given in Table I while similar data for the cupric chelates of the
related bis(thiosemicarbazones) are given in Table II. Absorp-
tion spectra were determined in 959, ethanol unless otherwise
indicated. Infrared spectra were determined in Nujol mulls.

Method A.—H,KTS (20 mmoles 5.52 g) was dissolved in 130
ml of boiling MeOH. To this solution was added 20 mmoles
(4.0 g) of Cu(OAc),-H;0 dissolved in 74 ml of hot water (80°)
with stirring. The temperature was held at 80° thronghont the
addition of the Cu?* solution and for 5 min after the addition was
completed. The flask was slowly cooled to room temperature
over a period of 24 hr to allow crystallization. After 3 days at
room temperature, the crystals were collected by filtration, washed
with MeOH-H,O (1:1), and air dried. A yield of 5.3 g (78%)
was obtained.

Method B.—H,KTS (20 mmoles 5.52 g) was dissolved in 180
ml of boiling MeOH. To this solution was added 20 mmoles (3.41
g) of CuCly'2H,0 dissolved in 20 ml of MeOH. The solution
immediately turned a dark green color. It was cooled under tap
water and centrifuged to remove a small amount (70 mg) of
vellow-colored precipitate which formed. The amount of this
material forming dnring the reaction is regulated by both acidity
and temperature of the reaction mixture. The amount formed
nnder the conditions described is minimal. To the supernatant
(210 ml) was added 4.0 ml of concentrated HCl and 840 ml (4
vol) of ether. A deep green crystalline precipitate formed.
After standing at 4° overnight, the precipitate was collected by
centrifugation, washed with 200 ml of ether, and air dried. A
yield of 8.10 g (989) was obtained as dihydrochloride.

Method C.—The reaction mixture of A was concentrated to a
small volume from which crystals formed.

Method D.—The reaction mixture of A was evaporated to
dryness.

Method E.—The reaction mixture of A was diluted with 2
vol of H;O and extracted (Et;0). The ether solution was dried
(NaySO4) and evaporated to dryness.

(7) J. A. Crim and H. G. Petering, ibid., 27, 1278 (1967).

(8) H. G. Petering and G. J. Van Giessen, Proceedings of the International
Symposium on Biochemistry of Copper. Academic Press Inc., New York,
N. Y.. 1966, pp 197-208.

(9) (a) G. Biihr, Z. Anorg. Allg. Chem., 268, 351 (1952); (b) ibid., 278, 325
(1953): (¢) G. Biahr and E. Schleitzer, ibid.. 378, 136 (1955).
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/7 It N S : Moetal Olher h C 11
23.8 4.0 20.9 15.9 159 Cl,17.6 23.7 3.7
2007 4.8 26.0 19.8 11.5 11,0,3.7 30.9 4.8
28.8 4.2 252 19.3 17.6 29.6 4.4
28.4 4.2 249 18.9 18.8 29.1 4.2
23.4 5.9 205 15.6 15.5 CL17.53 259 4.6
26.9 4.5 23.5 17.9 18.3 110, 5.0 27.1 4.6
32.2 50 16.2 12.3 126 1.8 5.2
23,2 38 220 155 26.0 22.5 4.5
17.4 2.7 17.7 11.6 39.0 17.5 3.4

Tnitial reacianis combined in 1:1 ratio except as noted.
¢ Only major absorbayeces given; in most eases other minor maxima and shonlders were present.
ties were experienced in obtaining consistent analyses Tor iron; however, since the other valnes were consistent, this compound wus included.
¢ Samples dissolved in 5 ml of DMSO and dilnted (o 100 ml with 95 ethanol.  The spectra ave

equivalent Lo one bis(thiosemicarbazone), in this case one-third of the acénal moleenlar weight.

directly comparable with those in 955, 15tO11.
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Amax, I0p

351
420
350
420
263
402
314
489
313
488
256
309
452
256
309
429
2040
349
2030

3554

—————— —DJltraviolet——

€

15,450
6,850
15,700/
5,800/
32,700
12,000
22,400
6,500
21,950
6,200
12,800
11,250
10,850
12,450
10,500
10,000
13,950
10,050
14,200
9,270

——-———=Infrared, 3 r—-————

3420, 3320, 3164, 1602, 1497, 1203
1150, 1104

3280, 3160, 1675, 1610, 1505, 1315,
1204, 1105

3440, 5300, 3140, 1675, 1630, 1570,
1550, 1240, 1170, 1095, 1055

3480, 5310, 3100, 1645, 1605, 1575,
1525, 1210, 1180, 1075

3850, 3570, 3240, 2660, 1615, 1550,
1210, 1100, 1060

3420, 3390, 3280, 3170, 2100, 1640,
1600, 1530, 1175, 1095

3280, 3150, 1590, 1100

3400, 55250, 3160, 1600, 1400, 1325,
1275, 1095, 1060, 1030

53400, 5270, 3160, 1600, 1485, 1310,
1095, 1060, 103

“All metal determinations werve made by ashing except copper and zine which weve determined by

4 Combined 2 mmoles of TTLCTS with 1 mmole of fervie tartrate. ¢ Diflicul-
7 e values were caleulated nsing o moleenlar weight
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TasLe I1

AnaryTicaL Dara oF SoMme Cupkic CHELATES OF Bis(THIOSEMICARBAZONES) RELATED TOo ILKTS

Ligand®— % Caled, % —Found, % ——

No. R R: Salt Metbod®  yield C I C1 Cu N S C I Cl Cu N S
1 GILOCII(CIL;)  H(CIly) A 97 32.8 4.9 17.4 23.0 17.5 33.2 5.3 17.4 23.0 18.4
GCH;OCII(CIT;)  H(CH;) 2HCL B 96 27.4 4.6 16.2 14.5 19.2 14.6 27.4 5.0 15.8 14.7 18.8 14.7
2  C,H;OCH(CHj) (CHj;), Ad 80 36.6 5.6 16.1 21.3 16.3 36.6 5.5 16.1 20.5 16.1
3 CH;OCH(CHs;) H. A 79  26.0 3.7 19.6 26.0 19.8 25.9 3.6 20.2 25.7 20.1
CIL;OCH(ClII3) I1, 2I1Cl Be 95 21.2 3.6 17.9 16.0 21.2 16.2 21.9 4.0 16.7 16.3 20.8 15.7
4 CH;CO.CH(CH;) H. D/ 78 27.3 3.4 18.1 23.9 18.2 27.5 3.7 18.6 23.6 18.5
5 HOCH(CHjs) H. 2HCI Hs 60 18.8 3.2 18.5 16.6 22.0 16.8 19.4 3.7 17.9 16.0 21.3 16.2
6 CH; . I 66 21.5 2.9 22.7 30.0 22.9 22.1 3.2 20.6 29.7 22.3
7 CH; H(CHj) J 45 27.3 3.9 20.7 27.3 209 27.3 3.8 20.9 27.0 20.5
8  C,II:0CH, II(ClL;) 2HCI B 89 25.4 4.3 16.7 15.0 19.8 15.1 25.7 4.5 16.1 14.7 19.5 15.2

¢ The number refers to the uncomplexed ligand ; abbreviations in common use for these ligands are: 1, KTSM; 2, KTSM,; 3, KMTS; 4, KATS; 5, KHTS; 6, PTS; 7, PTSM; 8, EPTSM.

Experimental Seetion. ¢ See footnote ¢, Table I.
ether as in B. Over-all yield is indicated.

4 This compound does not form a hydrochloride under these conditions (method B).

/ Initial reactants dissolved in 509, aqneous KtOH.

~—Ultraviolet®=—

Mmax, INp € Infrared, em 1

318 20,750 3360, 3210, 3100, 1600, 1570, 1525,

489 7,500 1235, 1190, 1105

318 14,850 3440, 3190, 3100, 2700, 1585, 1535

488 4,550 1505, 1275, 1220, 1110, 1035

322 18,800 1510, 1505, 1255, 1130, 1105

500 8,700

314 22,050 3440, 3400, 3280, 3180, 3060, 1630,

488 5,350 1615, 1575, 1525, 1310, 1205, 1180,
1090, 1070

313 20,900 3240, 3060, 2680, 1620, 1550, 1315,

488 5,600 1210, 1110

316 18,550 3410, 3330, 3160, 1725, 1610, 1595,

488 4,650 1585, 1525, 1240, 1055

312 19,950 3260, 3100, 2700, 1620, 1550, 1215,

486 5,200 1120, 1070

310 21,950 3390, 3280, 3100, 1630, 1590, 1535,

484 5,400 1500, 1200, 1175

314 21,200 3380, 3320, 1555, 1530, 1510, 1240,

485 7,250 1195, 1180

317 20,600 3400, 3200, 3100, 2640, 1620, 1575,

489 7,300 1505, 1275, 1235, 1115, 1040

b See
¢ Recrystallized by precipitation from MeOII-I1Cl with

8961 Ang

SILMH 40 SIXATINO)) TVIATY YONALIINY
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Method F.—The reactants were finely ground together and
sngpended in 200 ml of H,0 which was heated to 90° and held
there for 10 min. ZnKTS -H. was obtained by hot filtra-
tion.

Method G.--ZnK'I'S: 110 was dizsolved in AcOF and ponred
nto 4 vol of 13t:0) with constant agitation.  The sticky precipitate
was tritirated with diethyl ether and Skellysolve B nntil a
crystalline prodnet resulted.

Method H.-—The 2HCI of the enpric chelate of 5 was obtained
when attempts to prepare the 2HCI of the enprie chelate of 4
using method B resnlted in hydrolysis of the acetoxy gronp.  The
reaction mixture was evaporated to dryness, extraeted with warm
McOIH (50°), and erystallized by adding 10 vol of Et,O.

Method I.--Compound 6 was suspended in boiling MeOH and
a hot agqueons solntion of Cn(OAe)e- HaO was ndded.  The mix-
ture was reflnxed for 20 min and the precipitate was i=olated by
filtering the hot mixture.

Method J.---The reactants were ground together and extracted
with hot MceOH-McCO from which the complex was ervstallized
by cooling to —10°,

Determination of Metal to Ligand Ratio.——Sceparate stock =olu-
tons of metal salt and ligand were prepared at2 X 1072 3 in 95,
14O, The desired alignot of metal ion was added to 1.0 ml of
ligand solution, mixed, and diluted to 10.0 ml.  After standing
for 2-3 min to allow complete reaction, a fhirther 1:10 dilntion
was mude with 9567 EtOH and the absorption spectrmmm was .
Completeness of the reaction was checked by again running the
speetrim after a 10-13-min waiting period to see whether any
frther changes ocomrred.  With all metals studied except Ni(IT),
the reaction was complete within 2-3 min.  Changes were ob-
served in the Ni(IDKTS spectrum even after 24 hr. The
abzorption spectri were determined on a Beckman 1B spectro-
photometer equipped with a Sargent SRL vecorder. The final
coneentration aof bis(thiosemicarbazone) was 2 X 1075 A in all
cases,

I'n Viiro Antitumor Activity,—The assayv used is a modifieation
of the method deseribed by Arai and Snznki® and involves inenba-
tion of the drng with freshly isolated tumor cells in agar.  In-
hibition of cell regpiration duc to the dmg is determined visnally
by the inereased time neeessary for the cells to reduce the methyl-
ene blhiue indientor in the agar compared with nntreated control
cell suspension. ?

Results and Discussion
Metals Complexed by H,KTS and Related Ligands.—

In surveying the various metal ions readily available,
it was found that H.KXTS as well as 1-42 reacted with
many transition metal ions including most of the
biologically important metals. Metals were tested for
reactivity by adding several drops of a dilute aqueous
metal salt soliution to a dilute aleoholic solution of the
ligand. Accepted as evidence for reaction was either a
change in eolor or a distinet deepening in intensity of
the same color.

Although some slight variations in reactivity were
observed, it was found that the above ligands readily
coordinated with the following metal ions: Ag(I).
Au(I1T), Bi(III), Cd(II), Co(II), Cu(LII), Fe(IIIII).
Hg(I1), Ni(II), Pb(I), Pd{II), Pt(IV), and Sn(II).
The series of pyruvaldehyde derivatives 6-8 reacted
similarly although they were not all tested with all of
the metals listed.

Synthesis of Complexes.—Since HoKTS was of
greatest clinical interest as an antitumor ageut, a num-
ber of HoKTS complexes were prepared of those metals
having greatest biological importance. 1In addition, a
number of copper(II) complexes and/or their hydro-
chlorides were prepared of the compounds related to

(10y T. Aray and M. Suzuki, J. Antibiot. (Tokyo), A9, 169 (1956).
(11) YFurther detalils of this method are now heing prepared for pyblicacon.
{12y Sce Table 1.
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HoIKTS  and  pyruvaldehyde  bis(thiogemicarbazone).
In most cazes, the initial reaction produects were ol
suffieient purity to be nsed  for biologieal  studies
without further purification.

The complexes of HyINTS which were prepared in
aceeptable analvtic purity are shown in Table [,
together with elemental and speetral data and probable
formulas.  Table I lists the cuprie complexes which
were prepared of the related bis(thiosemicarbazones).
Analytieal data indieate that the cupric chelates of
Table IT have the same type of strueture as the cuprie
chelate of HoINTS.  The cuprie chelate of HoIN'TS in
its triclinic formi has been shown by Tavlor, ef al. '
by X-ray erystallography to have a distorted planar
strictire with o high degree of resonance.

In addition to the above compounds, the HyKTS
conmplexes of Co(1I). Cu(I), Au(IID), and Hg(II) have
been preparerl and isolated; lowever, on the basis of
elemental analvsis a probable formula could not be
assigned.  Thix i+ due primarily to the presence of
solvent ligands, sueh ax acid and water, which were
included in the coordination complex. making the
analyses diffienlt to interpret.  This was especially
true for the acid salts sinee these were all hygroscopic.
and =ometimes the final traces of water were diflienlt
to remove without also removing the acid salt.  Smilar
difficulties were reported by Gingras, ef al.* who were
able to prepare the copper(Il) chelates of several
bis(thiosemiearbazones). but were unable to identify
the produets of similar reactions with other metal ions.

All of the complexes were colored. some highly
colored, ranging from vellow (Ag), to gold (Au, Zn),
hrown (I'e), dark green (N1), and black (Co).  Copper-
(IT) formed red-brown =olid complexes with all of the
lignnds studied which changed to varving shades of
green upon formation of the dihyvdrochloride addition
salt,  The cuprie chelates of all of the ligands m
Table II readily formed dihyvdrochlorides except 2
and 4. In 2 thix was attributed to the completely
substituted amine groups which vesult 2 much
different eleetronic configuration and prevent formation
of the acid salt in the usual manner.  All astempts to
prepare the dihyvdrochloride of the euprie chelate of 4
resulted in the loss of the 3-acetoxy group and the
formation of the dihydrochloride of the cuprie chelate
of the 3-hyvdroxy compound (5).

The aecid addition salts could be prepared either
from the preformed Cn(ll) ligands, or dircetly by
treating the lignnd with cupric chloride m anhyvdrous
methanol and preeipitating with 4-5 vol of ether.
Preparation of these salts greatly inereazed their water
solubility. In dilute aqueous =olution, the dihydro-
¢hloridex tend to dissocinte to form the unprotonated
complexes which have a reddish color. The green
color is retained in concentrated aqueous sohition or in
hydrochloric acid =ohition stronger than 1 N.

Ligand:Metal Ratio.~-By calculating the deerease
in the major bis(thiosemicarbazone) maxima in the
340-350-my region and the corresponding increase in
visible maxima. the rate of complex formation wuas
followed and the ratio of metal to ligand was deter-
mined.

i13) M. R. Taylor, L. J. Gale, J. I, Glosker, 1. 3. Mipikin, and V. L.
Tatterson, J. Amer. Chem. Soc.. 88, 1845 (1466).

1) B. AL Gingras, T. Svpronebok, and €11 Bayiey, Coi, J. Chend, 40,
)0L3 (1062).
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Figure 1.—The effect of copper(1l) and zine(II) on the 347-mu
absorption maximum of H.KTS.

Figure 1 shows the effect of copper(II) and zine(II)
on the 347-mp maxima of H,KTS. The curves
indicate that H.IXTS reacts only in a 1:1 ratio with
these metals. The linear decrease in absorbance with
inereasing amounts of metal, up to a 1:1 ratio, in-
dicates that no discernible intermediates were formed.
A lack of linearity was found when cobalt(IT) was
investigated which did indicate the possibility of such
an intermediate.

Compound 1 reacted similarly with copper(II),
zine(IT), and cobalt(II). Compound 2, however,
reacted quite differently, the curves indicating a
probable stepwise reaction with copper(II) and possibly
other metals.'s The possibility of a stepwise for-
mation mechanism is supported by the fact that
silver(I) forms both 1:1 and 1:2 complexes with
H.KTS.

All of the divalent metals studied complex with
H,KTS in a 1:1 ratio. Iron(IIT), the only trivalent
metal which formed a stable complex which could be
isolated and characterized, reacted in the ratio
Fe:KTS = 2:3. The elemental analyses of the
Au(III) complex of H,KTS, although not sufficient to
completely define its formula, also showed the ratio of
Au:KTS = 2:3.%® These data support the type of
structure proposed by Bahr®e for the copper(Il) and
nickel(II) chelates of similar bis(thiosemicarbazones)
as shown by formula I. In addition, the ecompound
obtained with Fe(III) may be schematically rep-
resented by II to show the possible bonding ar-
rangements. In each example, H,KTS, being a
quadridentate ligand, supplies four bonds to the metal
and releases two protons.

This type of structure is supported by the absorption
spectra of the complexes of Table I which show that a

N=——r (fNH-z
RC=N S
NS
Cn KTS=Fe=KTS=Fe=KTS
7N
il
N CNH:
I II

(15) Further stadies with this ligand will be reported later.

(16) Anal. Caled for CaaHrnAu:CLNs078s [Au(KTS):» 2HCl-4H,0]: C,
21.2: H, 3.9: Ay, 28.9; CL, 5.2: N, 18.5: 0, 8.2: 8, 14.1. Found: C, 21.7; H.
2.53: Av, 30.8 (Ash); CI, 5.7: N, 18.7; 0, 6.2; 8, 14.5.

o Minimum level of drug which causes a 2097, reduction in the
respiratory activity of the tumor cell suspension using methylene
blue as indicator.

distinct change occurs in the structure of H,KTS upon
chelation. The spectra also suggest that the electronic
configuration of the complex is primarily dependent
upon the metal ion present and relatively independent
of the rest of the molecule. This holds true for all
of the bis(thiosemicarbazones) and bis(N4methyl-
thiosemicarbazones) studied, as well as for 2, a bis(N*-
dimethylthiosemicarbazone), which as an uncomplexed
ligand exhibits a much different ultraviolet spectrum
than do the former two types.*?

Biological Activity.—Preliminary ¢n vitro antitumor
activity was determined against freshly isolated Walker
256 rat tumor cells using the modified Arai-Suzuki
test.1%11  Tn some cases, the preformed chelates were
tested and in others the chelates were formed in situ
by treating the free ligand with ecupric ion. The
results of these tests are summarized in Table III.

The free ligands of Table IT were all inactive when
tested alone as was HoIK'TS, since all had a evtotoxicity
of >100 wg/ml.Y” However, when the free ligands
were treated with Cu?*, highly active chelates resulted
with every compound except 2. In each case, the
Cu?™ was present at a level of 0.4 ug/ml, a level which in
combination with HoIXTS was found to show maximum
activity, and which itself was not toxie to the cells.!8

When the preformed chelates of H,KTS (Table I)
were tested, only the cupric and zinc chelates had
appreciable activity and only Cu(II)KTS had high
activity.

The cupric and zinc chelates of H,IXTS have also
been tested for antitumor activity in rats. The
results correlate well with the above in witro data
since the cuprie chelate was highly active and the zine
chelate, while not active alone, did enhance the ac-
tivity of Cu(II)IXTS under certain conditions.”

Acknowledgments.—The authors wish to acknowl-
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Chemistry under Dr. W. A. Struck in obtaining the
analytical data presented in this report and particularly
the aid of P. A. Meulman for the infrared analyses and
that of T. W. Osolinski for the atomie absorption analy-
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(17) Values =1.6 ug/ml are considered highly active: 3.2-~12.5 ug/ml,
moderately active; and 25-50 ug/ml, slightly active. Anything <100 ug/m!
is inactive.

(18) Unpublished data from this laboratory.



