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/Following is translation of an article by Hans

Beyer and Theodor Pyl in the German-Language Journal
Chemische Berichte (Chemical Reports) Vol. 87, 1954,
No. 10, pp 1505-1511.7

ON THEAZOLES

24th Communication: On CN-diphenyl-N'-thiazolyl-(2)-formazane and-- ~its Tetrazolium S alts(*

The preparation of C, N-diphenyl-N' -thiazolyl-(2) -formazanes
which are substituted in the 4th and/or 5th position of the thia-
zolyl ring, is effected either by coupling of diazotized aniline
with benzaldehyde-thiazolyl-(2)-hydrazone or by coupling of diazo-
tized 2-amino-thiazoles with benzaldehyde-phenyl hydrazones. The
second procedure presupposes the diazotability of the substituted
2-amino-thiazoles.

The individual formazanes can be converted through cyclodehy-
dration by means of N-bromo succinimide into the corresponding tetra-
zolium salts used as indicators for biological reduction processes,
and light-proof in contrast to presently known indicators.

The action of isoazmyl nitrite on C,N-diphenyl-N'L-phenyl-
thiazolyl-(2)7-formazane does not produce a tetrazolium salt but a
nitroso-compound.

The formazanes discovered by H. von Pechmann (1) and E.
Damberger (2) independently of each other as well as the tetrazo-
lium salts produced from them through cyclodehydration and the
importance of the latter as reduction indicators and vital stains
have been summarized by W. Ried (3). Sometime ago, Ried, Gick and
Oertel (4) have described thq preparation of CN-diphenyl-N' -thia-
zolyl-(2)-formazane from benzaldehyde-phenyl-hydrazone and diazotized-
2-amino-thiazole. Since we have been occupied, in connection with

(* Note: 23rd Comnication: H. Beyer and H. Drews, Chemical
Reports, Vol. 87, page 1500, 1954 (above); cf. Th. Pyl, Disser-
tation, Greifswalde, 1954.)
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the investigation of thiazolyl-(2)-hydrazone (5), for sometime also
with the synthesis of substituted N'-thiazolyl-(2)-formazanes and
N,N'-dthiazolyl-(2)-formazanes as well as their tetrazolium salts,
we are here publishing our first findings.

Starting from the benzaldehyde-thiazolyl-(2)-hydrazones des-
cribed in the 12th (5) and the 15th (6) Commnication, some of which
contained in the 4th and/or 5th position of the thiazole nucleus me-
thyl or phenyl groups, we obtain, by coupling them with phenyl dia-
zonium acetate in pyridine methanol (1:1), the following formazanes:
C N-diphenyl-N'-thiazolyl- (2)-formazane (I-a); the corresponding N'-
*i-methyl-thiazolyl-(2)7 (I-b); N' -! -phenyl-thiazolyl-(2)7(I-c);
and N'-L.5-diphenyl-thiazolyl-(2)formazane (I-d). These crystal-
lize from acetone in black needles with a greenish or bluish surface
sheen. They dissolve in organic solvents with an intensively blue-
violet color and form complex compounds (7) of intense color with
the addition of Cu2  or Co2+.

On the other hand, it should have been possible to obtain
the same formazanes also through courling of benzaldehyde-phenyl
hydrazones with diazotized-2-amino-thiazoles, provided that the

*2-amino-thiazoles substituted in the 4th and/or 5th position can be
diazotized in the standard manner. 2-amino-, 2-amino-5-methyl- and
2-amino-4.5-dimethyl-thiazole prove to be relatively easily diazo-
table. By contrast, only very little formazane I-b was obtained
from 2-amino-4-methyl-thiazole and experimentation with 2-amino-4-
phenyl-thiazole was unsuccessful. This variant behavior of 2-amino-
4-methyl- and 2-amino-4-phenyl-tliazole in "diazotization" has already
been described in the preceding communication (*). Attempts at dia-
zotization for 2-amino-4.5-diphenyl-thiazole were unsuccessful be-
cause of the low basicity of this compound. Through the second pro-
cedure indicated above, it was therefore possible only to prepare
the following formazanes: C, N-diphenyl-N' -thiazolyl-(2)-formazane
(I-a), the corresponding -N' -L1!-methyl-thiazolyl-(2 (I -N' - -
met yl-thiazolyl-(2g7 (I-e); and -N' -. 5-dmethyl-thiazolyl-(2yg-
formazane (1-f).

The identity of the formasanes (I-a and I-b) prepared in
different ways, is explained by the formation of a hydrogen bridge
between the hydrazone and the azo groups which involves an intra-
molecular bonding equilibrium in the formazyl group (8). Accordingly,
the same formazane is also created by an exchange of the substituents
in the N- and N'-atom. Cyclic dehydration of the above formazane
to the corresponding tetrazoliums salts was carried out initially
with isoamyl nitrite in acetic acid. However, when treating the
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yelloish-brown solutions thus obtained with 4 times the volume of
ether, there were not precipitated the expected acetates but the
free bases. Only after dissolving the bases in methanol bromo-
hydracid, is it possible to nrecipitate the tetrazolium bromides with
ether; depending on the basicity of the thiazole derivate, occasionally
there becomes attached here 1 additional mol of hydrogen bromide which
produces tetrazolium dihydrobromide. The relatively insoluble pic-
rates serve for further characterization of the salts. J

It was thus possible to obtain, from the formazane I-a already

produced by Ried et al (4), the C,N-diphenyl-N'-thiazolyl-(2)-tetra-
zolium base (II-a) and/or the -tetrazolium dihydrobromide in crystal-
line form.

The method of dehydration with isoamyl nitrite, however, was

a failure for I-b and I-c as well as for the formazanes where the
thiazole component also reacted in another manner under diazotization.
When treating a solution of I-c in acetic acid with isoamyl nitrite,
there was precipitated, even without the addition of ether, quanti-
tatively a water-insoluble compound crystallizing in red needles which
could not be reduced to the original formazane by sodium dithionite.
Analysis showed that a nitroso group had entered the molecule. Ana-
logous to the nitrosification of 2-amino-4-phenyl-thiazole described
in the preceding 23rd co-mnication (*), I-c is probably also nitro-
sified in the 5th position of the thiazole nucleus. Since the nitro-
so compound is soluble in lyes, it must have the constitution of an
isonitroso-thiazolone derivative III so that simultaneously the for-
mazane structure is broken up.

For further clarification of this question, we have treated

as a simpler example benzaldehyde-T-phenyl-thiazolyl-(2)7-hydrazone
in the same way with isoamyl nitrite and obtained an easily crystal-
lizing, yellow, very stable nitroso compound. The latter is also
soluble in alkalis and the potassium salt is precipitated under cold
in thin red needles. From the fact that this S-nitroso compound did
not furnish any formazane when coupled with diazotized aniline, we
may conclude on the existence of the isonitroso-thiazolyl structure
IV because coupling always starts in the NH-group of the hydrazone
(3) which no longer exists in IV.

After it had been thus shown that isoamyl ntrite cannot
always be employed for cyclodehydration of thiazolyl-substituted
formazanes, we utilized N-bromosuccinimide in ethyl acetate accord-
ing to R. Kuhn and W. MUnzing (9). We were thus able to convert
the formazanes I-a to I-f into the corresponding slight to intense

0
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yellow tetrazolium bromides Il-a Il-f and/or their hydrobromides.
The solubility in water amounts to 1% max. but decreases with in-
creasing magnitude of the substituents in the thiazole ring.

* N-C -R
N- C -'R, I I
C C-R' *iBr C C-R1'

-2H -
S ~t Br
-HBr C6 H5"C

N C6,H 5  1a-f

Ia-f

a: R'nR"=H, b: R'*CH3 , c: R'uC6 Hs, R"H', d: R'=R"-C 6Hs, e: R'-H,

R"=CH3 , f: R'R"=CH3

N C-C6 H5

N-NCCuNOH N =- CC6H

-6 -'** N-C5 CH--N -\s /  NH

/ IIIV

We further investigated in detail whether the above tetrazo-
hlum salts are capable of being used as test substances of biological
reduction processes. They seem especially suitable for the follow-
ing r~asons:

1. The intensity of color of the N'-thiazolyl-(2)-formazane
is greater than that of CoNN'-triphenyl-formazane. The ex-
tinction coefficients of equimolecular solutions have ratios
of 4:l to 5:1. The staining produced in colibacteria was a,
deep black under the microscope (10).
2. The N'-thiazolyl-tetrazolium bromides are insensitive to
light as compared to triphenyl-tetrazolium chloride (TTC).For comparison, 0.1% solutions of TTC and II-e treated with
sodium bicarbonate wre absorbed an filter paper and exposed
to sunlight after drying. NhrA red triphenyl formazane
=aformed immediately in the first m~ep the paper saturated
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with IT-e did not assume any color. In this case, no dis-
proportioning of the tetrazolium salt can take place (11).

The investigations on thiazolyl-(2)-formazane and -diformaz-

ane are being continued.

Description of Experimentation

C,N-diphenyl-N' -thiazolyl-(2)-formazane (I-a):

a) 4 g Benzaldehyde-thiazolyl-(2)-hydrazone (1/50 mol) are
dissolved in 50 ccm pyridine and 100 ccm methanol. A solution of
phenyl diazonium acetate produced from 1.9 g aniline (1150 mol) and
buffered with sodium acetate is added at once under external cooling(sodium chloride and ice) to the foregoing solution already cooled

to -50. The internal temperature rises to 5-70 (but must not exceed
100). This is stirred for 15 minutes with the addition of 100 ccm
water and then left in the refrigerator for 2-3 hours. The amor-
phous black product is re-crystallized twice out of a large amount
of boiling acetone. We obtain black needles with green surface
sheen which melt at 1370; yield 3.8 g (66% of the theoretical amount).

C16H13N5S (307.4); calculated N 22.79; found N. 23.07

b) The same formazane is obtained from coupling benaldehyde-
phenyl hydrazone with diazotized (2)-amino-thiazole. Fusion point
1370. The fusion point of 158-1590 indicated by Ried et al (3) could
not be reached, in spite of repeated re-crystallization by us.

C,N-diphenyl-N'-thiazoly-(2)-tetrazolium base:

0.3 g I-a are mixed drop by drop with isoamyl nitrite in 6
ccm acetic acid until the intense color of the formazane has dis-
appeared. From the yellowish-brown solution, the base is precipi-
tated by the addition of 30 ccm. of ether in the form thin yellowish
prisms which melt after re-crystallization from very little methanol
or precipitation from acetic acid/ether at 2030. Yield 0.24 g ( 4%
of theoretical amount).

C16H130N53 (323.4); calculated N 21.661 found N 21.65

If the base is dissolved in methanol and treated with an

alcoholic solution of picric acid, the picrat. is precipitated in
yellow needles. Fusion point 1080.

C-6 2NeSOC 6 OTN (535.5)1 Calculated N 20.93; Found N 21.23
6 7
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C,N-diphenyl-N' -thiazolyl-(2) -tetra z olium-bromide-hydrobr omide

0.62 g of I-a (1/500 mol) are dissolved in 20 ccm of ethyl
acetate with the addition of a solution of 0.36 g N-bromosuccinimide
(1/500 mol) in 20 ccm of ethyl acetate. After adding a few drops
of concentrated hydrobromic acid, this precipitates thin yellow prisms
which are washed in ice-cold ethyl acetate. After re-crystalliza-
tion from a great deal of 14 methanol hydrobronic acid, the substance
melts at i90. Yield 0.8 g (85% of theoretical amount).

Cl6Hl2N5BrS'HBr (467.2); Calculated N 14.99; Found N 15.36

The same produce is obtained from the above tetrazolium base

in hot alcohol with hydrobromic acid.

C,N-diphenyl-N' -/!-methyl-thiazolyl-(2)17-formazane (I-b):

a) 4.4 g benzaldehyde- -methyl-thiazolyl-(2)17-hydrazone
(1/50 rol) are dissolved in 50 cc. of pyridine and 10O ccm of
methanol and, as described above, mixed with a solution of phenyl

0 diasonium salts prepared from 1.9 g aniline (1/50 rol). Processing
is effected in the same manner. Thin black needles are obtained
from acetone. Fusion point 1660. Yield 3.2 g (50% of thiasolyl).

CH,4 N58 (321.4); Calculated N 21.80; Found N 21.95

b) 2.3 g 2-amino-4-methyl-thiazole (1/50 mol) are dissolved
in 40 ccm. of 4nHC1 and diasotized in the usual manner with 1.4 g so-
dium nitrite. A solution of 3.5 g benzaldehydephenyl hydrasone
(1/50 rol) in 300 ccm. of alcohol and 20 g of sodium hydroxide is added
to the diazonium-salt solution previously cooled to -lOo. After
separation of the tar products, the red solution is highly concen-
trated over the water bath and extracted with chloroform after cool-
ing. After evaporation to about 3 cc. of chloroform, the solution
is treated with 3 times the amount of methanol. After being left
to stand for several days, small black needles are precipitated.
Fusion point 1660. Yield 1-3% of theoretical amount.

CIN-dihenyl-N' -/I-mthl-thiasoly1-( 2)7-tetrasolium bromide (IU-b):

0.32 g of 1-b (1/1000 aol) are mixed in 10 cc. of ethyl
acetate with a solution of 0.2 gram N-bromo succinimide in 10 cc.
ethyl acetate which inmediately precipitates orange-colored prism
which r4lt after re-crytallisation frm a small amount of methanol
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at 1170. Yield 0.3 g (80% of theoretical amount).

C1 7H14N5BrS (400.3); Calculated N 17.49; Found N 17.26C,-d yenil- 'iT-pbenyl-th laz oIyI- (2)7- f r ma za ne (1-c):

5.6 g benzaldebyde-g-phenyl-thiazolyl-(2)7.hydrazone (1/50
mol) are dissolved under heat in 50 ccm pyridine-and 100 ccm methanol
and after cooling to -50, mixed with 1/50 mol phenyl diazonium ace-
tate as above. After 24 hours, about 4-5 g of raw product has been
precipitated. This is dissolved in 60 ccm of boiling pyridine,filtered, mixed with 5 ccm of hot water and left to cool slowly.
On the following day, the crystalline precipitate is drawn off and
recrystallized from acetone. We obtain black needles with a greenish
sheen. Fusion point 189-190?. Yield 2.8 g (38% of theoretical amount).

C2 2Hl7N5
$ (383.4); Calculated N 18.27; Found N 18.59

CN-diphenyl-N' -§-phenyl-thiazolyl-(27-tetrazolium bromide (IT-C):

0.4 g of I-c (1/1,000 mel) are mixed in 10 ccm ethyl acetate
witb 0.2 g N-bromosuccinimide (111,000 mol) in 10 ccm ethyl acetate.0Immediate discoloration and precipitation of orange-colored prismswhich melt at 1720 after re-crystallization from methanol.

C2 2HI6H5BrS (462.3); Calculated N 15.15; Found N 15.07

C,N iphenyl-N,-/-nitroso. .2heMl-thiazol.(2)7.formae (13,

0.4 g of I-c (1/,000 mol) are mixed in 20 ccm acetic acid
with isoamyl nitr-ite drop by drop until discoloration. Red-orange
colored needles are precipitated which melt at 1740 (decomposition?)
after re-crystallization from acetone. The substance dissolves vith
a red color in diluted lyes.

C22H160N6s (L12.4); Calculated N 20.38; Found N 20.34
N-Denzaldehyde-,' -L5-ieonitroeo.i-phenyl-thiaoone-(2)7.azine (V):

5.6 g bensaldehydeL-phe ln.thiaoly .(2)7.. rason (i/5Orol) are mixed in 250 ccm of alcohol and 5 cc. of 4nCl at room
temperature with a solution of 1.5 g sodium nitrit4 jAder stirring.

e yellow needles precipitated are re-crystallised out of a large
amount of acetone. Fusion point 2080 (decompoition?).

C16 1 20N48 (308.3); Calculated N 18.1; Found N 18.01 i~

7 _ I
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The azine dissolves easily in a 5-% solution of hot potassium
lye; when cooling, the potassium salt crystallizes into long orange-
colored needles which crumble rapidly on exposure to air with the
abrorotion of carbon dioxide. If the aqueous solution of the potas-
sium salt is mixed with a few drops of a silver nitrate solution,
the non-soluble silver salt is precipitated in small scarlet-red
needles.

Monoacetyl compound of IV:

1 g of IV are heated in 10 ccm acetane hydride and red-orange
colored rhombi are isolated. Fusion point 2110.

C101O2NS (350.3); Calculated N 16.00; Found N 16.37

C,N-diphenyl-N, -/.5-diphenyl-thiazolyl.(2)7-formazane.(I.d):

7 g benzaldehyde-g.5-diphnyl-ti;-•Iaolyl.(2)7-hydra
z one

(1/50 aol) are dissolved in 100 ccm each of pyridTn and methanol
and mixed as above at -50 with a solution of phenyl diazonium ace-

O tate prepared from 1.9 g aniline. Initially a tar-like product is
precipitated which solidifies after a few hours. It is dissolved
in a little chloroform, evaporated, and mixed with 50 ccm of alcohol.
After 24 hours in the refrigerator, black needlea with a blue sheen
are precipitated. Fusion point 172-174o. Yield 1.8 g (22% of theo-
retical amount).

Better ields are furnished b the followls Processn othe raw prouct: It is issolved In 50 cam or setic acid an ddrop by aop with isoaml nitrite until the violet color has dis-

appeared. Four volume of ether are added to the yellovish-brown
solution when the tetrasollum salt fl-d is precipitated in yellw
prisms. This is dissolved in acetone and reduced to formasane 1-d
with a calculated amount of sodium dithiomite. Yield 60-70% of
theoretical aeunt.

C2H21NOS (459.5)1 Calculated N 15.2 1i; Found IN 15.69

C4 1-dipbez~l*'M -/..ipeyftisly .-tetraolium-bromide

0.5 g of 1-d are mixed in acetic acid as above with 0.2 g 1.
bromouccinimide. Upon addition of an alcoholic solution of plaric

cid, the plarate Is precipitated In orange-colored needles.

CML%&-OS3.CION3 (687.6);1 Calculated 9 16.30; Found 3 16.00C0
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C,N-diphenvl!-N'-! -ethyl-thiazolyl-(2)7-formazane (I-e):

h.7 g 2-amino-5-methyl-thiazole (1/25 mol) are dissolved in

30 ccm of 5riCl and diszotized as customary with 3 g sodium nitrite.
The diazonium salt solution is mixed at -100 with a solution of 6 g
benzaldehyd-phenyl hydrazone (1/25 mol) in 100 ccm of pyridine and
100 ccm of methanol with the addition of 10 g sodium acetate under
stirring. After 10 minutes, 100 ccm of water are added and the pre-
cipitate created is drawn off after two hours. The raw product is
re-crystallized from a large amount of acetone. It forms black
needles with a greenish sheen. Fusion point 1600. Yield 6.4 g
(68% of theoretical amount).

C 7Hl5N5S (321.); Calculated N 21.80; Found N 21.31

C, -dip anyl-N' - . ,thyl-thiazolyl-( 2)7-tetrazoliu-dihydrobroide

0.65 g of I-e (1/500 mol) are dissolved in 10 ccm of ethyl
acetate under slight heat and 0.36 g N-bromosuccinimide in 15 ccm
of ethyl acetate are added to the blue-violet solution which producesOimmediately strong discoloration. Upon adding of concentrated hydro-
mic acid, faintly yellow needles become crystallized. Fusion point
1780. Yield 0.7 g (87% of theoretical amount).

C17l NSBrS.HBr (481.2); Calculated N. 1L.56; Found N U .75

CqN-diphenyl-K' -L.5-dimethyl-thiazolyl-(2)7-formatnae (I-f):

4 g benzaldehyde-phenyl hydrazone are dissolved in 50 cen
pyridirne and 100 cc. methanol with the addition of 10 g sodium
acetate and mixed at -100 and under stirring with a solution of dia-
sonium salt from 4 g 2-amino-u.5-dimethyl-thiaole-hydrobromide in
50 ccm of 4hHCl. After 15 minutes, 100 ccm of water are added and
the precipitating raw product is left to stand for three hours at
00. e-crystallixed from acetora, we obtain black needles with a
blue sheen. Fusion point 16h0 . Yield 4.8 g (69% of theoretical
amount).

CI8X1?NSS (335.0 ); Calculated N 20.88; Found N 21.03

COn-d en:. .'. ... -... 5.di. thyl-thiazolyl-(2g-tetraoliu-brode

0.35 g of 1-f (1/1,00o mol) ae aixed in ethyl acetate with

0
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0.2 g N-bromo succininmide. We obtain yellow needles with a melting
point of 1710. Yield 0.35 g (85% of theoretical amount).

8HI6NsBrS (414.3); Calculated N 16.91; Found N 16.94

4
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D. Jerchel u. R. Kuhns Chem. Bar. 82, 195 4948.

00

.. .. . . . . a l .. . . _L . . . . . ..10 -.. . . . .. . ..

." i ... , ..._- __ ..... .. .,,," .i'= _- -= .-1_ ..."}" ; , i .. ... ..... ... ... .. ... ... T.. ... .... " " _ ... ' 'r '"-.. .-"I


