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ionic species), maximum at 264 m/x, €max 12020; minimum at 232 
m,u, emi„ 1470; at pH 6.50 (neutral species), maxima at 219 and 
272 m/i, «max 7720 and 14890, respectively; minima at 206 and 
242 mju, «min 5940 and 510, respectively; at pH 12 (anionic 
species) maximum at 265 rmi, emax 8370, shoulder at ca. 225 m/., 
minimum at 243 m/j, em;n 2,280. 

Anal. Calcd. for CHaFXaO: C, 37.22; H, 3.12; X, 32.55; 
F, 14.72. Found: C, 37.35; H,3.15; N, 32.28; F, 14.70. 

4,6-Diamino-2-pyrimidone (XVI) from XV.—XV (100 mg.) 
was heated with alcoholic ammonia in a sealed tube for 6 hr. at 
140°. After cooling, the solid was filtered and recrystallized from 
hot water, 60 mg. (62%), no m.p. <300°. The product demon­
strated the same ultraviolet absorption spectra and the same 
Ri by paper chromatography in several systems when compared 
with an authentic sample18 of XVI. 

2,4-Dimethoxy-6-fluoropyrimidine.—2,4,6-Trifluoropyrimidine 
(6.7 g., 0.05 mole), dissolved in a mixture of 50 ml. each of 
anhydrous methanol and dry benzene, was cooled to 15°, 
and a solution of sodium (2.3 g., 0.10 mole) in 50 ml. of anhydrous 
methanol was added, keeping the temperature below 20°. After 
standing several hours, the suspension was filtered through a 
Celite Pad and the filtrate evaporated in vacuo at ca. 30°. The 
residue was taken up in ether and washed with water; the ether 
solution was dried over sodium sulfate and evaporated in vacuo. 
The oily residue was purified by dissolving in dioxane, decolorizing 
the solution with Xorit, and reprecipitating by addition of water. 
The product, 5.8 g., m.p. 51-53°, exhibited ultraviolet absorption 
maxima in water at 212 and 246 m/i. An aliquot sublimed at 
100° (20 mm.) yielded prisms, m.p. 54-55° (lit. l4m.p. 54-56°, 
absorption maximum at 245.5 mfi). 

Anal. Calcd. for C6H7FX20?: F, 12.01. Found: F, 12.23. 
5-Chlorocytosine.—Cytosine (1 g., 0.009 mole) was dissolved 

in 20 ml. of warm glacial acetic acid. To the yellow solution was 
added 1.3 g. (0.01 mole) of N-chlorosuccinimide (XCS) and the 
temperature held at 105° for 1.5 hr. The NCS dissolved within 
5 min.; gradually thereafter, precipitation of product began. 
After cooling, the suspension was filtered and the precipitate 
washed with water. The crude product was suspended in water 
and brought to pH 11 with ammonium hydroxide. The resulting 
solution was treated with glacial acetic acid and the precipitated 
product recrystallized from water, 0.9 g. (69%), browns at 285°, 
m.p. 291-292° dec. Ultraviolet absorption properties: in 0.1 N 
HC1 (cationic species), maxima at 217 and 293 m,u, emax 11,340 
and 8250, respectively; minimum at 248 m^, emin 760; at pH 7.6 

The synthesis of possible cancer chemotherapeutic 
compounds based on differences in the distribution of 
enzymes between normal and cancer cells is one of the 
promising areas of cancer chemotherapy. Previously, 
we reported the synthesis of several series of alkylating 
compounds2-4 which had been designed to take ad­
vantage of the low esterase6,6 or high phosphoramidase7 
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(neutral species), maxima at 216 and 282 m,u, emax 12,460 and 
4940, respectively; minima at 212 and 257 m«, fmin 12,340 and 
2850, respectively; at pH 12-14 (anionic species), maximum 
at 296 m/», emax 6850; minimum at 256 m,u, emin 920. 

Anal. Calcd. for C4H4C1X30: C, 33.01; H, 2.77; X, 28.87; 
CI, 24.36. Found: C, 33.15; H, 2.84; X, 28.60; CI, 24.05. 

5-Chloroisocytosine.—Isocytosine was chlorinated by a pro­
cedure identical to that used for 5-chlorocytosine. Yield of 
recrystallized product was 43%, m.p. 306-307° dec. Ultraviolet 
absorption properties: in 0.1 Ar HC1 (cationic species), maxima 
at 223 and 272 m/i, emax 8370 and 6260, respectively; a t p H 5.61 
(neutral species), maximum at 299 mjit, emax 4270, shoulder at 270-
280 m,u; minimum at 253 m,u, emin 1870; at pH 11 (anionic 
species), maxima at 232 and 286 m^, emax 6910 and 5730, respec­
tively; minima at 222 and 256 rmi, em.n 6320 and 1480, respec­
tively. 

Anal. Calcd. for C4H4CIX3O: C, 33.01; H, 2.77; X, 28.87; 
CI, 24.36. Found: C, 33.00; H, 2.84; X, 29.09; CI, 24.62. 

Spectrophotometric Studies.—Ultraviolet absorption data were 
determined with a Cary recording spectrophotometer, Model 15, 
using buffers and techniques previously described.22 The ap­
parent pKa values are accurate to ±0 .05 pH unit and were deter­
mined spectrophotometrically by methods previously em­
ployed.22.37 

Paper Chromatography.—Chromatographic analyses were 
performed by the ascending method using Schleicher and Schuell 
597 paper in the following systems: (a) butanol-water (86:14); 
(b) ethanol-water (85:15); (c) 2-propanol-water (70:30). The 
compounds were visualized on the paper chromatograms under 
ultraviolet light. 

Key to Charts.—The structures of all "hydroxypyrimidines," 
e.g., V, X, XII , etc., are drawn in the carbonyl (lactam) form. 
It is understood that such representation need not necessarily 
reflect the true tautomeric state. 
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content of tumor cells. The present paper reports our 
initial attempt to design and synthesize new chemo-
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Synthes i s of Possible Cancer Chemotherapeut ic Compounds 
Based on Enzyme Approach. V. Tetrazo l ium Nitrogen Mustards1 

K. C. Tsou AND HELEN C. F. SU 

Central Research Laboratories, The Borden Chemical Company, Philadelphia, Pennsylvania, Harrison Department of Surgical Research 
and the Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania 

Received June 20, 1963 

Several tetrazolium salts (I) and formazans (II) that bear a nitrogen mustard group have been synthesized. 
The introduction of a tetrazolium ring into an aromatic nitrogen mustard drastically reduces its toxicity. The 
tetrazolium nitrogen mustards can be reduced to the more toxic f ormazan nitrogen mustards. For certain types of 
cancer with dehydrogenase activity these tetrazolium salts are of interest as possible chemotherapeutic agents. 
Furthermore, if in vivo reduction did take place beyond the formazan stage, a potent nitrogen mustard, X,X-bis-
(2-chloroethyl)-p-phenylenediamine, lethal to tumor cells, would be liberated. The synthesis, preliminary toxicity, 
and antitumor activity in animal screening of these new nitrogen mustards and related tetrazolium salts are 
discussed. 



694 K. C. Tsou AND H E L E N C V. Su Vol. (i 

\rc( 

TABLE. 1 

KoifMAZAXS 

N—NH<^ \n 

N = N ( )NICH2CH2CI)2 N \ _ / r 

-Analyses" 

Empir ica l 
formula 

M. 

:>t 
(SO 

Color of 
No. 1! H' formula c rys ta l s °(". 

1IA II II C a s l f a C h N i - H C l Dark reddish 200-201 
I Hi II NOs C.aHreChNtOs Dark reddish 184-180 

with «reen 
lus ter 

11C N O : NO* CuH-Cl- jNrOi Dark violet 2IJ1 . . j -233 :i2 o 2 . 0 8 r,->.->:j : . ) . ' . I l l 1 

" Analyses were done by Dr. S. M. Nagy, MitTochemii-al Laboratory, Belmont, Massacliusett 

(ialcd. Found Calcd . Found Calcd. F o u n d Calcd . Found 

r,7 .'.<••', ")7.78 "i (IT 1.1(7 11. fill 11.80 22,;i() 22 21 
5(i »:i ."/(> CI I. oh' I -11', 17..'12 16 1)1) II (il M !C', 

therapeutic agents tha t may be useful in certain types 
of cancer with different dehydrogenase activity. 

I t is well known tha t the reduction of colorless tetra­
zolium salts to colored formazans is useful for the 
demonstration of dehydrogenase activity." I t is also 
well known tha t introduction of an electron-withdrawing 
group on the benzene ring of an aromatic nitrogen must­
ard reduces the basicity of the amine, and consequently 
reduces the rate of formation of ethylenimmonium ion. 
Therefore, tetrazolium salts bearing a nitrogen mustard 
group (I) have a low rate of hydrolysis or ethylenim­
monium ion formation and lower toxicity because the 
tetrazolium ring can exert a strong electron-withdraw­
ing influence on the aromatic amine. However, when 

N-N 

N=N—<1 j>N(CH2CH2Cl)2 

(Hi 

(O) 

N - N H 
Y/ 

IA, R = R' = H 
IB, It = H; I t ' = NO, 
IC. R = R ' = NO., 

N = N — 4 ^N(CH2CH2C1)2 f 

11 A, It = I t ' = H 
IIB. It = H; I t ' = NO, 
IIC. R = R' = NO-, 

affected by high succinic dehydrogenase activity, such 
as known in uterine9 and other types of cancer10 they 
could be reduced to the formazans (II) in which the 
electromeric effect of the 3-X would impart an increase 
in electron density on the nitrogen atom of the mustard, 
and thereby increase the basicity of the amine and the 
toxicity of the nitrogen mustard. The correlation of 
toxicity of nitrogen mustard and the basicity of the 
amine has been substantiated by Ross.11 Fur ther en­
couragement to this rationale was provided by an 
early report of Siegert, ct a/.,'2 in which they dem­
onstrated tha t ascites tumor cells could actually reduce 
the tetrazolium salt beyond the formazan state. Thus, 
if similar in vivo reactions were to take place in our 
designed compounds, an even more potent nitrogen 
mustard, X,X-bis(2-chloroethyl)-p-phenylenediamine 
( I I I ) , lethal to tumor cells, would be liberated. 

(8) K. K u h n a n d I). .Ferchel, Be/-., 74 , (Ml (11141). 
ill) See .1. T. Velardo ami C. Rosa, in ' I l a r idbuch der I l is toel ie inic ," 

Vol. 7. P a r t ,'!, ( l u s t a v Fischer, S t u t t g a r t , G e r m a n y . 1<)(W. 
(10) M . J . Mossakowski , ./. Neuropathol. Exptl.. Neurol, 21 , K-S7 ( 11(112). 
(11) W. C. ,T. Ross, Ativan. Cancer /res., 1, :i97 (19oo). 
(12) R. S. Siesrert. K. W. Bruckel , and W. Keid, Z. ,/rs. ixpll. Med.. 117. 

(i2(i 119.-/1). 

After exploring numerous approaches to the syn­
thesis of these compounds, the successful route was that 
start ing from the hydrochloride of X,X-bis(2-chloro-
ethyl)-p-phenylenediamine ( I I I ) , which could be pre­
pared readily by the method of Everet t and Ross.13 

This compound is a potent vesicant and must be han­
dled with extreme care. Diazotization of I I I to its 
diazonium salt (IV) and coupling to the corresponding 
phenylhydrazone yield the formazans (II) . The intro­
duction of nitro groups in the formazan has been 
shown14 to improve the substant ivi ty of formazan and 
the ease of reduction of the tetrazolium salts in 
tissue.1516 The purification of the dinitro substituted 
formazan was quite difficult as the s tal l ing dinit.ro-
phenylhydrazone formed a weak complex with the 
formazan. The plrysical properties and analyses of the 
formazans are summarized in Table I. 

The oxidation of the formazan to the tetrazolium 
salt was accomplished in a dry tetrahydrofuran solution 
of the formazan by the. use of isoamyl nitrite as the 
oxidizing agent. The, physical properties are sum­
marized in Table 11. The absorption spectra of the 
ormazans and tetrazolium salt are summarized in 

Table I I I . The tetrazolium salts are very water-
soluble and were found to be reduced by liver or kidney 
succinic dehydrogenase preparations to the insoluble 
colored formazans, in the presence of sodium succinate. 
liven though only one formazan nitrogen mustard was 
synthesized in each case, it is theoretically possible to 
form two formazans from the reduction of a tetrazoliuin 
salt. The isomeric form (II ' ) would, however, be 
expected to be more toxic than II, and therefore its 
formation will strengthen the rationale in an in rirn 
stud v. 

N = N R 

ir̂  N-NH -NtCH2CH2CH, 

It might be necessary to mention here tha t in con­
junction with the synthesis of these compounds, the 
ant i tumor activity of several tetrazolium salts including 
2,3,")-triphenyl-2H-tetrazolium chloride (TTC), 3-(p-

! Hi) ,1. I . . E v e r e t t a n d W . ( ' . J . R o s s . . / . Chem. Sue.. 1H7: 

(14) K . C. Tsou, ("'. S. a „ . „ K . M. M . Vachlas . anil 
Am. Chem. So,-.. 78 , liFSO (IlloO), 

(13) M. M . Xachlas , K. V. Tsou. E. de Sonzn. ('. S. 
Human. ./. Hkloehem. Ciftoehrm.. 5, 120 ( 111A7). 
; 1'il C O . Rosa l ind K . C . T.sou. Xiiluri. 192. 1)00 (ID'il J 

( 11)4!)). 
A. M. 

dinit.ro-
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No. 
IA 
II! 
IC 

R 
H 
H 
N02 

R' 
H 
N O 2 

N O 2 

Empirical 
formula 

CaiHiiChNi 
CsiHnCUNaOj-HsO 
CMHJOCIJNVOI 

" Analyses were done by Dr. S. M. 

K-Q 

Color of 
crystals 

Yellow 
Orange 
Orange-red 

TABLE II 

TETRAZOLIUM CHLORIDES 

= \ ^~ _M 
N= 

M.p., 
°C. 

117-120 
151-151 
175-177 

-N-Q* 
/==\ 

= N _ / j>N(CH2CH2Cl)2-Cle 

Yield, . Carbon . 
% Calcd. Found 
75 58.16 57.94 
30 51.36 51.61 
37 48.88 48.76 

* .. . i .., . a 
A rial y scs 

. Hydrogen . Nitrogen—* 
Calcd. Found Calcd. Found 
4.67 4.92 14.76 14.27 
4.31 4.22 15.63 15.30 
3.57 3.86 17.37 17.01 

Nagy, Microchemical Laboratory, Belmont, Massachusetts. 

-—Chlorine • 
Calcd. Found 
22.41 22.07 
19.78 20.05 
18.84 18.55 

TABLE I I I 

ABSORPTION SPECTRA OF FORMAZANS AND TETRAZOLIUM 

CHLORIDES" 

' Absorption maxima, iiî i 
C o m p o u n d Amax fmax Xma.x Cmax 

IA 
I B ' 
IC 
ILV 
IIB 
IIC 

405 1,481 
445 7,020 
455 6,026 
400 12,000 500 20,500 
390 19,800 525 31,400 
400 30,000 535 33,500 

" Water solution in concentrations of IA, 2.6 X 10~4 M; IB, 
1.44 X 10~4 31; IC, 1.21 X 10~4 M. Acetone solution in con­
centrations 10"5 .1/ for IIA, I IB, I IC. b Monohydrate. ' Hy­
drochloride. 

even though at a slightly toxic dose, nitro-BT does show 
activity in Sarcoma-180 and Carcinoma-755 systems. 
While there is no a priori reason to correlate this differ­
ence in activity to nitro substitution, this finding 
strengthened our interest in the preparation of these 
nitro substituted tetrazolium nitrogen mustards in the 
present work. Further screening data are still needed 
to complete the assessment of antitumor activity of the 
tetrazolium nitrogen mustards synthesized in this work. 
Interestingly, at the same nontoxic dose, the formazan 
IIA does show higher activity than the tetrazolium 
chloride IA in the Walker 256 system (Table V). The 
mononitrosubstituted compounds have only been 
screened in the Dunning Leukemia system, and neither 

TABLE IV 

ANTITUMOR ACTIVITY OF SOME TETRAZOLIUM SALTS" 

Compound 

TTC 

I N T 

XT 

Xitro-BT 

BT 

Tumor 

Sa-180 
Ca-755 
L-1210 
Sa-180 

Ca-755 
L-1210 
Sa-180 
Ca-755 

L-1210 
Sa-180 

Ca-755 

L-1210 
Sa-180 
Ca-755 
L-1210 

Dose, 
mg./kg. 

2.0 
1.4 
1.6 

40.0 
25.0 
32.0 
32.0 
12.5 
11.3 

5.5 
11.3 
6. 
3 . 
1. 
1. 
1. 
1. 

20.0 
9.0 
9.0 

5/6 
6/6 
8/10 
5/6 
6/6 
4/10 

10/10 
6/6 
3/6 
3/6 
5/6 
9/10 
9/10 
6/6 
6/6 

10/10 
6/6 

Wt. chang 
27 C* 

- 1 . 3 / - 0 . 6 
- 1 . 3 / - 0 . 1 
0 .2 /2 .4 

- 1 . 2 / 0 . 9 
- 0 . 4 / - 0 . 8 
- 1 . 1 / 2 . 4 
2 .3 /2 .5 

- 1 . 0 / 0 . 9 
- 1 . 7 / - 0 . 8 
- 1 . 9 / - 0 . 6 
- 1 . 2 / - 0 . 8 

1.3/2.4 
0 .1 /2 .5 

- 1 . 1 / 2 . 6 
- 1 . 3 / - 1 . 3 

2 .0 /2 .0 
1.9/2.0 

" Screening data obtained through the generous cooperation of CCNSC. 
Leiter for these data. b T/C = test/control. 

Tumor wt., or 
survival days, 

T/C 

496/825 
497/455 

1411/1855 
7 .6 /8 .3 
889/855 
656/1855 

1082/1545 
7 .5 /8 .3 
247/770 
380/825 
757/855 
912/1855 

1156/1545 
7 .8 /9 .4 
761/672 

1622/1545 
10.2 /9 .3 

lue to Drs. H. 

Per cent 
TIC 

78 
111 
100 
60 

110 
76 
91 

100 
35 (toxic) 
70 
90 
33 (toxic) 
46 (toxic) 
89 
49 
74 
85 

110 
104 
109 

Bond, R. B. Ross, and 

iodophenyl) -2- (p-nitrophenyl) -5-phenyl-2H-tetrazolium 
chloride (INT), 3,3'-(4,4'-biphenylene)-bis(2,5-di-
phenyl)-2H-tetrazolium chloride (NT), 3,3'-(3,3'-dime-
thoxy-4,4'-biphenylene) - bis(2,5-diphenyl)-2H-tetrazo-
lium chloride (BT). and 3,3'-(3,3'-dimethoxy-4,-
4 '-biphenylene) -bis [2-(p-ni t ropheny l ) -5-p h e n yl ]-2H-
tetrazolium chloride(nitro-BT) were submitted by us to 
the Cancer Chemotherapy National Service Center (CC­
NSC) and were examined in a preliminary manner. The 
results are summarized in Table IV. It was found that 

activity nor toxicity was noticed with 1.0-100.0 mg./kg. 
doses when administered subcutaneously in oil. 

Preliminary toxicity data of these compounds were 
determined by Dr. S. P. Kramer of the Department of 
Surgery of Sinai Hospital, Baltimore, Maryland. In 
general, the formazans are found to be more toxic than 
the tetrazolium salts, even though as nitrogen mus­
tards, they are both relatively low in toxicity. For 
example, at a 40 mg./kg. (or 77 /xmoles/kg.) dose of IB, 
no toxic symptoms were observed, and animals were 
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found to be healthy when sacrificed. The low toxicity 
of these tetrazolium salts became even more evident 
in the CCXSC primary ant i tumor screening. Pre­
liminary findings to date indicate that the LD5U of these 
tetrazolium salts is a t least "JO TOO nig., kg., which 
makes them a class of low toxicity nitrogen mustards. 
The diniti'o compounds were found to be only slightly 
more toxic, than the mononitro compounds. 

T A B L E Y 

C O M P A R I S O N O F A N T I T U M O R A C T I V I T Y O F T E T R A Z O L U M 

X L T K O O E X . M C S T A K U I A A M ) T H E ( ' O R R E S R O X D I N G F O H M A Z A X 

X I T R O G E X .Mr.sTAuu I IA ix W A E K E R - 2 5 0 S Y S T E M 

Dose, 

i s ' . ' k j ; . 

5 (1 . 

25 
1 2 .5 

t.i.27, 

50 . 

2 5 . 
12 5 
<;,25 

S u r v i \ !.!• 

l i . ' G 

(! . '<> 
0/(i 
) > • • • ( ) 

0 / 0 
(i •'(; 

G/() 
(i/ii 

W t . 

I - I . ; U I » C . 

s T C 

33 11 

3o 4 1 

-13/41 
44.'4 1 

3u/3s 
-12/3s 

41 / 3 s 
5 2 / 3 8 

T u m o r 

wt., 

r/c 
ti. ()/;">.!) 
4 7/5 . ! ) 
( > . ! l / 5 , ! l 

ti . 1 / 5 .!) 
5 . 0 / H . 4 

5 1 A) 4 
( i . 5 ' < ) 4 

14 .S / ! ) .4 

IVr 

cenT 

7' • C 

1 1! 

70 

] Hi 

103 
53 

54 

(ill 
157 

In reference to the rationale just presented, we did 
submit compound I I I for toxicity and ant i tumor screen­
ing. I t was found to be almost 10 times more toxic 
than the tetrazolium salt I A. Furthermore, I I I was 
also found to be active in the Dunning Leukemia sys­
tem and curative at 8 mg. /kg. (Table VI). It. was, 
however, only slightly active in the Ca-7oo system 
(T/C = m% at 0.05 m g . / k g j . 

In spite of the difficulty in synthesis, the low toxicity 
of these new tetrazolium nitrogen mustards and the1 

increase in activity of the formazans and X,X-bis(2~ 
chlorocthyl)-p-ph enylenediarnine (III) validate our 
initial design of this class of compounds for possible 
cancer chemotherapy. I 'urther studies of their be­
havior in enzymatic reduction by normal and neoplastic 
cells are. in progress. 

Experimental 

Preparation of the Formazans. —X,X-bis(2-chlornethyl)-/v-
plienylenediamine hydrochloride (13.05 g., 0.048 mole) was 

T A B L E VI 

Y v r r n M o n A C T I V I T Y OK 
\ . X - B I s i 2 - 0 ] I L o re, > E T H Y E ' - / J - P I i E ,\ "i I. E \ E1) IA MI X E 

II YUKoeiiLoHiDE ' I I I / ' o \ l i r w i M , L E U K E M I A S Y S T E M 

H 2 N / \NCH,CH,CI )., • HCI 

I h i l l y • ; l u c r e 

. l o s e , \\ t . i-lmuL-l', - M S T ' '.<I;i>>', in l ife 

m . , k > o S ; 1 i 'Mv«, i> T '(''' IK'.'' T.'C >i m i 

Admin i s t e red s.e. in oil qd X 12 

10.11 
s.o 
i\ (1 

4.0 
3 .(1 

2 5 

2 . 0 

1 (1 

1 2 

4 . 4 
t 0 

-1/1) 

3/t i 
li ti 
(i.e. 
(i o 
t i •(> 

- 1!).' 15 
- 2 2 / 1 5 

- 3 / 1 1 
- 2 / 1 2 
10/12 
S /14 

15; 1 1 

i . n :s 4 - 1 0 i d i t ; 3 / 1 2 . 0 20 
1 0 4 1 - 7 / 1 3 15.N'13.-1 IS 

0 75 0 '(> - 10 10 15.7.-42 ti 25 
0.511 1 1 It. 13 13 0 / 1 3 . 1 - 3 

" Screening da t a ob ta ined t h rough the generous cooperat ion ol 
C C X S C . '' 7 ' / ' ' •= t e s t / c o n t r o l . c M S T = mean surv iva l t ime . 

.suspended in 50 ml. of wa t e r and (it) ml. of c o n c e n t r a t e d h y d r o ­
chloric acid a t 0 ° . I ) iazot iza t ion was carr ied out wi th a sod ium 
n i t r i t e solut ion (4 g.. 0.058 mole, in 20 ml. of w a t e r ) in 30 inin. 
Kxcess n i t r i t e was des t royed by t h e add i t ion of 0.3 g. of u rea . 
T h e diazot ized solut ion was then a d d e d d r o p w k e to a pv r id ine 
solut ion !35 ml . ! of b e n z r l d e l i y d e p h e n y l h y d r a z o n e (8.4 g., 
0.048 mole) at 0°, followed by 100 ml. of t r i e t h y l a m i n e . After 
s t i r r ing a t room t e m p e r a t u r e ove rn igh t , the da rk solut ion was 
d i lu ted wi th an equa l v o l u m e of i c e - w a t e r . T h e d a r k reddish 
p r ec ip i t a t e was collected a n d washed t ho rough ly with wa te r and 
m e t h a n o l . Recrys ta l l i za t ion from a c e t o n e - m e t h a n o l yielded 
the pu re formazan as g l is tening red needles . T h e o the r two 
fo rmazans were p r epa red by s imilar p rocedure , tiding the corre­
spond ing / j -n i t ropheny lhydrazones . T h e physical c o n s t a n t s and 
ana lyses are s u m m a r i z e d in T a b l e I. 

Preparation of the Tetrazolium Chlorides .—A dry t e t r a h y d r o -
furan solut ion (20 ml.) of the fo rmazan (0.5 g.) was s a t u r a t e d 
with dry gaseous, hydrogen chlor ide at 5 ° . I soamyl n i t r i t e ' I 
ml.) was a d d e d . T h e mix tu re was s t i r red at 5 -10° for 2 hr.. 
t hen at room t e m p e r a t u r e ove rn igh t . T h e o range -b rown solu­
t ion was c o n c e n t r a t e d in r:\cno to its smal les t vo lume . T h e 
residue was r e c r y s t a l i z e d from t o t r a h y d r o f u r a n - e t h e r to ob ta in 
the t e t r azo l ium sal ts as l ine yellow or oraicie crys ta ls . '1 !»' 
physical c o n s t a n t s and ana lyses are s u m m a r i z e d in T a b l e II 
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