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,lccurcliiig t o  t tic escclleiit revioivh o i i  tlic chciiiisiry 
of 1 (2H)-~)htlialuxiiic)~ies~ compouids with e le~t~ro i i -  
withdrawing aiid cloctron-do1iati~ig grouiw t i t positioii h 
112i.r.c riot been clstcnsively studied. Sitt cr :tiid Sell4 
studied the mechanism of the closclJ- rcl~itccl re:ictioii 
betwxii pht,halaldehydic acid and I)he:iiylhytli 
They succeeded in isolating an intermediate 1iydr:tzoiir~ 
and characterized it 1)rior to cyclization to  th(1 2-lihc>tiyl- 
1 (.'H)-1-'hthalaairionc. Since jve ass~inicd that t Iic 
reactions reported Iiere followed a similar niechaiiisiii, 
we made xio effort' to trap an intermediate. 

(1) ,I. I'inkeistein, 1'. \\.iIliaiii>, V. Toome, ani1 S. 'Trailnun [ J .  0r .u .  ( 
32, 3229 (1867) I estahlished 1 tie cosrect striwturc's of these colripounilr. 

Heatii, and ' 

,, 68, 131 I (1046) .  
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4b 
4c 
4d 
4e 
4f 
4g 
4h 

TABLE I, 
SYNTHETIC CONDITIDSS,  PHYSICAL PROPERTIES, AND 

I (2H)-Phthalazinone Medium Time, hr % yield 

4-Methyl-8-ni tro- Hz0 10 83 
4-lIe th yl-8-nitro-2-phenyl- AcOH 2 60 

8-Ar~iino-4-methyl-~ HzO 1 .57.1 
8-Amino-4-methyl-2-phenyl- AcOH 2 71.1 
S-Amino-2-benzylii-me thyl- AcOH 2 66 

8-Hydroxy-4-methyl-Z- AcOH 2 76.7 

2 Benzyl-4-methyl-8-nitro- CsHjCHa’ 2 71.2 

8-Hydroxy-4-met hyl- HzO 1 43.7 

AKALYTICAL DATA 
Solvent” 3Ip.  ” C  

A-W 280-287 
31 146-148 
B 163-16.5 
AcOH 277-280 
E 120-131 
E 124-125 
E 228-230 
E 158-1 60 

phenyl- 

methyl- 
4i 2-Benzyl-8-hydroxy-4- AcOH 35 67.6 B 170- 1172 C16HiiN10z 

Q A-W, ;\Ie2CO-H1O; 11, AIeCJH; B, C6H6; E, EtOH. Refluxed with a Dean-Stark trap until no more water eeparated. 
All compounds showed a correct analysis c Also obtained by reducing 4a in ethyl acetate under 3 atm pressure of HP (Raney Nil. 

for C, H, S. 

We also demonstrated that 4-methyl-8-nitro-1 (2H)- 
phthalazinone (4a) could be reduced in the presence of 
Raney nickel to 8-amino-4-methyl-1 (2H)-phthalazinone 
(4d), identical in all respects with the compound ob- 
tained from the reaction of 2a -vvith 3a. 

Pharmacology.-The compounds were completely 
atoxic a t  levels of 2000 mg/kg p o  and ip in mice and 
showed no pharmacological activity in screening tests 
for cardiovascular, renal, and central nervous system 
effects. The relative lack of solubility may account 
for the absence of biological activity. 

Experimental Section; 

Preparation of 1( 2H)-Phthalazinones.-Conipo~uid~ 1, Za,’ 
and 2b1 were allowed to react at  reflux with 1 mole equiv of the 
indicated hydrazine (3) .  The reaction conditions and other 
pertinent data are reported in Table I. 

Acknowledgment.--We are indebted to Dr. A1 
Steyermark and his staff for the microanalyses, to 
Dr. T. Williams for nmr spectra, t’o Dr. V. Toome 
for the ultraviolet spectra, and to Mr. S. Traiman for 
the infrared spectra as well as the fruitful discussions 
with them. The pharmacological data were obtained 
under the direction of Dr. L. 0. Randall, Director of 
the Pharmacological Laboratories. 

( 5 )  All melting points are corrected and were taken on a Uni-1Ielt 
Thomas-Hoo\.er capillary melting poinl apparatus. I r  were taken on 
a Beckman I R 5  double beam spectrophotometer x i t h  NaCl optics as KHr 
pellets. T h e  uv spectra mere taken in i-PrOH on  a Cary spectrophotometer 
(Model 1411). S m r  spectra (10-15c70 w/w DMSO-de solutions, T N S )  
were obtained on a Varian A-60 spectrometer. .Iccuracy limits are about 
1.0.025 for  chemical shifts. Absorption bands (or  peaks) of spectra (uv, 
i r ,  nmr) mere as expected. 

Stability OP Pyruvaldehyde 
Bis(thiosemicarbazone) and Its Copper Chelate’ 

J.\~uEY G. C.\PPUCCISO, X ~ s s . \ o  ARAICAWA, A X D  :\I. EIRL BALE 

Division of Biological Chemistry, 
Sloan-Kettering Institute f o r  Cancer Research, 

Sloan-Kettering Division of Cornell University Medical College, 
.Yew York 21, hrew York 

Received J u n e  12, 1967 

The tumor-inhibitory properties of pyruvaldehyde 
bis(thiosemicarbazone) (PTS) are increased by the con- 
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Cancer Institute, Kational Institutes of Health, U. S. Public Health Service 
(Grant No. Ca-08748). 

current administration of copper.2 The copper chelate 
is still more active.2 Studies of the fate of 35S-labeled 
PTS showed that the distribution of the compound is 
altered at  least quantitatively by copper13 and those 
studies showed that PTS is not eliminated in the urine 
as either PTS or the chelate. The antitumor activity 
of the chelate was variable and suggested a possible in- 
stability. The possible significance of decomposition 
of the chelate is the subject of this study. 

Experimental Section 

The PTS and the 3%-labeled PTS were generously supplied 
by Dr. Phyllis D. Oja of the Dow Chemical Co., Walnut Creek, 
Calif. The 2-mercaptoethanol (LICE) was obtained from the 
Eastman Organic Chemical Co., Rochester, N. Y. 

Preparation of Chelate.-All material and glassware used in 
t,he preparation of, and work with, the copper-PTS chelate 
CurlPTS were washed meticulously in deionized glass-distilled 
HzO in order to minimize trace metal contamination. The chelate 
was prepared by dissolving the PTS in 1 S IrlaOH (12 mg/0.3 
ml) and diluted with HzO to 20 ml. A sattirated aqueous solution 
of CuS04.5H20 was added dropwise. The mixture was stirred 
constantly. Chelate formation was considered complete when 
no further precipitation occurred following the addition of satu- 
rated CuSOa to an aliquot of the supernatant solution. The 
addition of concentrated YH40H to another aliquot of the super- 
natant produced a deep blue color indicating the presence of 
excess copper ions. The reddish brow precipitate was washed 
repeatedly with 1 1 2 0  (ten times) and EtOH and Et20 (five times) 
and air dried. When radioactive chelate was required, the above 
procedure was followed except that 35S-labeled PTS was diluted 
with unlabeled PTS. 

Heating Procedures.-Both PTS and CLII~PTS were studied 
in air and in vacuo. They were dissolved iri DMF and placed in 
screw-cap tubes (2 ml/lO-ml tube) for examination in air and 
evacuated and sealed in ampoules ( 1  ml/3-ml ampoule) for study 
in the absence of air. Samples were maintained at 4, 23, 37, 
and 65’. 

Paper Chromatography and 3SS Assay.-Ascending paper 
chromatograms were run on Whatman KO. 1 paper. The solvent 
system, 707, D l IF  and 307, n-BuOH, was freshly prepared each 
time. The chromatograms were examined under uv light. 
When radioactive materials were examined, the strips were cut 
into 20 equal parts and measured in 13 ml of toluene-PPO- 
POPOP scintillant in a Packard Tri-Carb liqliid scintillation 
spectrophotometer at, 9.570 gaiu and a window setting of 40-1000. 
The uv spect,ra of PTS  and CurrPTS nyere determined in H20 
and IIAIF. PTS showed A::: 325 mp ( A  47,000) and Ai;: 270 
mp ( A  27,000) and A,”;:” 345 mp ( A  47,000) and X:?” 290 mp 
(-4 27,000). The values for CuIIPTS were A::: 300 mp ( A  

(2)  J. G. Cappuccino, 9. Banks, G. Brown, 11. George, and G.  S. Tarnow- 

(3) J. G. Cappuccino and 11. E. Ealis unpublished data. 
ski, Cancer Res., 27, 968 (196i). 


