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1. 
This invention relates to a new and improved 

process for obtaining thiosemicarbazide. Thio 
semicarbazide, which has the formula 

S 

NE-NE-C-NH 

is a valuable intermediate in the preparation of 
pharmaceuticals and other organic productS. 
Thiosemicarbazide was prepared by Freund and 

Schander in 1896 and reported in vol. 29 of the 
Berichte on page 2501. It is usually obtained by 
the reaction of hydrazine sulfate with potaSSium 
thiocyanate in aqueous solution and rearranging 
the thiocyanic acid salt of hydrazine so formed 
by heating the reaction mixture in aqueous Solu 
tion at the boiling point. Although we are not 
certain of the intermediate formed during this 
rearrangement, it would seem that this reaction 
might follow the steps indicated below: 

eras 

SE 

NHNE- =NE 

l 
S 
II 

NINE-C-NE 

NH,NHis CN 

At the temperature of reaction, the hydrazine Salt 
may decompose into free hydrazine and thiocy 
anic acid which may recombine as indicated 
above. The thiosemicarbazide so formed is much 
less soluble in water than the hydrazine Salt and 
may therefore be separated by crystallization. 
Only a small percentage of the hydrazine Salt 
can be rearranged in aqueous Solution at the boil 
ing point and it was considered necessary to filter 
off the product which separated out of the reac 
tion mixture 6 or 7 times, and add additional 
water, in order to obtain satisfactory yields of 
thiosemicarbazide. 
An even greater disadvantage of the earlier 

method of preparing this product was due to the 
fact that the rearrangement involved was strongly 
exothermic, difficult to control, frequently formed 
worthiess by-products and potentially explosive 
if large amounts of material were heated at one 
time, 
One of the objects of this invention is to pro 

vide a process which can be used to prepare com 
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mercial amounts of thiosemicarbazide without, 
the explosive hazard. . 

It is an advantage of my invention that the re 
arrangement to thiosemicarbazide can be readily 
controlled with the production of fewer undesir 
able by-products and uniformly good yields of 
the desired product which can be easily isolated. 

I have found that the temperature range for 
efficient rearrangement is critical and that the 
above objective may be realized by carrying out 
the rearrangement step within a particular tem 
perature range under reduced pressure and in the: 
Substantial absence of solvents; these three con 
ditions being required for the optimum yield. In: . 

15 my process, dihydrazine sulfate is reacted with 
an alkali-metal thiocyanate in water and the re 
action product smoothly rearranged under re 
duced pressure within a specific temperature 
range. I have observed that when the rearrange 
ment takes place under these specific conditions, 
no difficulty is experienced in controlling the re 
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action, regardless of the the quantity involved. 
In practicing this invention, hydrazine sulfate 

is first converted to the dihydrazine salt in aque 
ous medium by means of an alkaline agent such 
as caustic soda or soda, ash. An alkali-metal 
thiocyanate such as sodium or potassium thio 
Cyanate is then added and Solution heated for a 
short time at 80°-90° C. Upon partial cooling, 
alcohol is added and the slurry cooled to room 
temperature, at which point the sodium sulfate 
is removed by filtration. The filtrate, which is a 
Solution of hydrazine thiocyanate, is then dis 
tilled at low temperature under reduced pressure 
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until no more Water distills over. This distilla 
tion under reduced pressure automatically as 
Sures that the temperature of the reaction mass 
Will not reach dangerously high temperatures so 
long as solvent is present. After the water has 
been removed, the residual mass is heated under 
reduced pressure within the range of about 
90°-105° C., during which latter time the rear 
rangement occurs without decomposition of the 
desired product. 
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It should be noted that no rearrangement takes 
place during the stage of vacuum distillation of 
the alcohol and Water. This rearrangement, oc 
curs only at temperatures above 68° C., and at 
the operating pressure this temperature will not 
be obtained until the solvents have been removed. 
Whereas I have expressed an operating range 

of from 90 to 105 C., it will be found that in 
Working With small batches the upper limit may 
be exceeded somewhat. Subsequent examples will 
show, however, that 90° C. is a practical lower 
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limit, as the yield is unsatisfactory when the re 
action is carried out below this temperature. Fo: 
optimum yield combined with Satisfactory co 
trol of the explosion hazard, the temperature 
range is very critical and I prefer to carry out 
the reaction at between 95 and 100° C. at a pres 
sure of approximately 10 imm. to 30 mm. of mer 
Culy. . . . 
Other hydrazine salts and other alkali thiocy 

anates may be Substituted for dihydrazine Sulfate 
and Sodium thiocyanate Without impairing the 
yield. 
The thiosemicarbazide obtained by the process 

O 

illustrated in the following exazaples is of excei 
ient quality as indicated by the melting point of 
the product obtained. It will be recognized, how 
ever, that the melting point may vary a few de 
grees from batch to batch. 

Eacample 1 

A solution of dihydrazine Sulfate was prepared 
by adding 130 g. Of hydrazine Sulfate to 300 
ml. of water and then adding 55.5 g. of Soda ash. 
The pH of the solution was now approximately 
5.0–5.4. 99.7 g. of sodium thiocyanide was then 
added and the solution heated at 95° C. for 30 
minutes. On cooling to 65-70° C., 200 ml. etha 
nol was added and the slurry taken to 5 C., 
Where it was filtered and the filter cake Washed 
With 100 ml ethanol. The filtrate Volume WaS 
approximately 325 ml. The pH of the Solution 
was adjusted to 3.0-6-0 with mineral acid, and 
then the water and alcohol were distilled off 
under it) aii. Vacuun at low temperature. The 
heel was then heated under Vacuum at 100 
C./10 mm. for 3/2 hours and then taken up 
in 500 ml. Water. After a Darco treatment with 
filtration, the filtrate was cooled to 0° C. and 
the product filtered off and dried. Yield: 60.6 
g., VI. P. 181-182 C. 
. By distilling the nother liquor from Fiaction 
1 under vacuuni and rearranging under vacuum 
for 3 hours at 95-100° C. and then taking up 
in 350 ml. water and purifying as above, an ad 
ditional 5.0 g. of product was obtained, M. P. 
179-i80° C. Total yield 72.2% of theoretical. 
The thioseinicarbazide obtained from both 

fractions was of sufficient purity to warrant its 
direct use in the preparation of pharmaceuticais. 

Eacd.imple 2 

The critical nature of this rearrangement even 
when dealing with laboratory quantities was 
forcibly demonstrated by a repetition of Ex 
ample 1, using three times that quantity of re 
actants. he hydrazine thiocyanate was heated 
under 10 nm. Vacuum above 105 C. At 08 
C. the temperature rise became uncontrollable 
and in an additional 18 minutes rose 14 degrees 
to 122° C. Seven minutes later the temperature 
had risen to 175 C. External cooling failed to 
check this rapid rise in teinperature. During 
this rapid rise in temperature, there was a simul 
taneous drop in vacuum until the vacuum was 
finally released at 130° C. Large amounts of 
H2S gaS Were given off and no attempt Was made 
to Salvage any product from this reaction mix 
ture. 

Eacample 3 

A.Solution of dihydrazine Sulfate was prepared 
by adding. 390. g. . of hydrazine Sulfate to 900 
nil. Water and then adding 158 mill. Of 50% Caustic, 
the resulting pH being 4.7. 299 g. of sodium 
thiocyanate Were then added and the Solution 
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4. 
heated at 95° C. for 30 minutes. Upon cooling 
to 60, 400 ml. of ethanol were added and then 
the reaction mixture was cooled at 15° C. at 
which tenperature the Glauber's Salt was filtered 
off. The pH of the filtrate was adjusted to 
3.0-6.0. The alcohol and water were then dis 
tilled off at low temperature at 20 mm. vacuum 
and the heel was heated at 100-E2° C. and 10 
mm. pressure for 3/2 hours. The heel was then 
taken up in 1500 ml. water and given a Darco 
treatment and filtration. The filtrate was 
cooled to 0° C. and the thiosemicarbazide filtered 
off. Yield: 160 g., M. P. 180° C. A second crop 
from Fraction 1 mother liquor was obtained by 
distiiling off the Water under vacuum and by 
heating the heel under vacuum at 98 C. for 3 
hours. Yield: 3.5 g. or 70.25% of theoretical. 

Eacample 4 

Example 3 was repeated except that the re 
arrangement was carried out at 80-85° C. for 
6 hours under vacuum. The yield was 47.5 g. 
(17.25% of theoretical), M. P. 179° C. 

Eacample 5 
Example 3 was repeated except that the re 

arrangement was carried out at 93° C. for 4 
hours. 

Yield: - 

Fraction 1, 138.3 g., M. P. 180°, 50.7% 
Fraction 2, 68.0 g., M. P. 179, 24.8%. 

Eacample 6 
75.5% 

Example 5 was repeated except that the re 
arrangement was carried out at atmospheric 
pressure after the water and alcohol had been 
distilled off. All of the solvent distilled over 
under 68. C. at 30 mm. The vacuum was then 
broken and the rearrangement carried on at 
95-99° C. for 8 hours at atmospheric pressure. 
The yield of Fraction 1 was only 44.5% of theo 
retical. No Second fraction was isolated. 

Eacample 7 
Example Was Similar to Example 3 except 

that for Fraction 1 the rearrangement was rural 
at 85-90° C. Yield: 54.5 g., M. P. 180-181° C., 
equivalent to 20% of theoretical. The water 
was removed at low temperature under vacuum 
from Fraction -1 mother liquor and a second 
rearrangement was carried out at 96-100° C., 
the yield of product melting at 180-181 C, being 
39% of theoretical. 
This demonstrates that the yields obtained at 

temperatures less than 93° C. are greatly in 
ferior to those obtained when the rearrange 
Irent Was Carried out between 93-105 C. (See 
Example 3.) 

Eacample 8 
Example 3 was repeated except that the 

Sodium thiocyanate was replaced by an equiv 
alent amount of potassium thiocyanate. The 
total yield (Fractions 1 and 2) of thiosemicar 
bazide inelting at 180° C. was 190 g. 

Eacample 9 
Following the directions given in Example 3. 

a plant batch gave a yield of 149 pounds Frac 
tion 1, equivalent to 51.4%, M. P. 179-180° and 
Fraction 2, 32 pounds equivalent to 11.7%. This 
material Was used Satisfactorily in the produc 
tion of a pharmaceutical. 
When the temperature during. rearrangement 

reached 100° C. cooling water was run through 
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the jacket for one minute and instantly there which comprises rearranging the thiocyanic acid 
was a sharp drop in temperature. This dem- Salt of hydrazine in the substantial absence of 
onstrated the ease of control of reaction tem- any solvent by heating to a temperature between 
perature in large scale operations. 90° C. and 105 C. at reduced pressure. 
This invention is not limited to the exact de- 5 

tails shown and described for obvious modifica- JOHN CHRISTIEPATERSON. 
tions will occur to persons skilled in the art. 
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