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TABLE I 
F Analyses, '7' - 

B.p. Carbon Hydrogen Yield, 
OC. RZm. d %  Calcd. I'ound Calcd. Found 70 

Tetramethylene glycol bis-(ethyl sulfite) 164 5 1.183 35 .01  34.86 6.57 6 .32  8 3 . 9  
Diethylene glycol bis-(ethyl sulfite) 178 5 1.237 33.10 33.38 6 .21  6 .43  75 .3  
2-Butyne-1,4-diol bis-(ethyl sulfite) 162 3 . 5  1.219 35.56 35.90 5 . 1 9  6 .33  74.1 

Thiodiglycol bis-(p-chloroethyl sulfite) . .  
Tetramethylene glycol bis-(p-chloroethyl sulfite) . . 

The yields in these preparations vary with the 
temperature, and a t  room temperature are very 
poor. The rate of mixing also influences yields 
probably by causing local heating during rapid addi- 
tion of the ester chloride. Since the ester chlorides 
are known to decompose when warmed with pyri- 
dine hydrochloride, and since heating also causes 
some disproportionation into neutral sulfites and 
thionyl chloride, the necessity of cold working 
temperatures for good yields is explained. 

An attempt to prepare the bis-(P-chloroethyl) 
ester of ethylene glycol or the bis-(ethyl sulfite) of 
trimethylene glycol gave little or no product, prob- 
ably due to the tendency of these glycols to form 
cyclic  sulfite^.^ The possibility that these mixed 
glycol esters may be obtained by working a t  lower 
temperatures should not be excluded, however. 
The glycols which successfully gave mixed diesters 
cannot form cyclic sulfites unless 7-membered rings 
are formed. The bis-(P-chloroethyl sulfite) of di- 
ethylene glycol was prepared in a crude state and 
was not purified. The acetylenic glycol diester 
was more stable than was expected and distillation 
proved possible. 

The bis-(P-chloroethyl sulfite) of thiodiglycol, 
which was prepared in this work, shows an analogy 
to sulfur mustards in addition to a structural re- 
semblance to Timmis' disulfonates. It appeared to 
be very toxic. The ability of the sulfite ester 
group to act as a cytotoxic agent is not known, but 
dialkyl sulfites are known to have some effective- 
ness as alkylating agents, l 2  though inferior in  this 
respect to the sulfates. 

Experimental 
The ester chlorides were prepared by the methods of 

Stahler and Schirmg or Komisarov .13 As the 6-chloroethyl 
chlorosulfite is more stable than ethyl chlorosulfite, some- 
what higher reaction temperatures could be tolerated with 
the former. 

In general, 1 moIe of the glycol was mixed with 2.1 moles 
of the pyridine in chloroform or ether and a solution of 2.1 
moles of the ester chloride in the  solvent was added dropwise 
with good stirring. The reaction flask was maintained in 
an ice-bath at 5' or lower. The  mixture was left for 0.5 to  
1.5 hours in the bath and then water added and the mixture 
worked up. If the glycol was not suf3cientlp soluble in 
ether, chloroform was used as the solvent, in which case no 
pyridine hydrochloride precipitated. The preparation of 
tetraniethylene glycol bis-(ethyl sulfite) is given as an  ex- 
ample of the  syntheses, other preparations being similar. 

A solution of 24 ml. (0.236 mole) of ethyl chlorosulfite 
in 100 ml. of chloroform was added dropwise with stirring 
t o  an ice-cooled solution containing 8.9 ml. of the glycol 

(9) A. Stahler and E. Schirm, B e y . ,  44, 321 (1911). 
(10) W. Gerrard, I. Kenyon and H. Phillics, J. Chem. Soc., 153 

(1937). 
(11) W. Gerrard, ibid., 85 (1944). 
(12) W. Voss, H .  Wulkan and E.  Blanke, Ber., 70, 388 (1937); C. A , ,  

(13) Ya. F. Komisarov, J. Gen.  Chem. ( U .  S. S. R.), 3, 300 (1933); 
31, 3451 (1937) 

C. A., 28, 2324 (1934). 

35.28 6 . 5 7  
1.374 25.60 25.78 4 .27  4 .11  67 .0  
1.343 27.99 28.21 4 .66  4.80 71 .3  

(0.1 mole) and 20.5 ml. (0.256 mole) of pyridine in 150 ml.  
of chloroform. The addition took one-half hour and the 
mixture was left for 1.5 hours in the bath.  The light yellow 
solution was then shaken with water and the layers sepa- 
rated. The chloroform solution was extracted in turn with 
1 N hydrochloric acid, water, dilute sodium carbonate solu- 
tion, and finally twice with water. Most of the chlorofornl 
was removed and the residue steam distilled under a pres- 
sure of 75 mm. for 1 hour. This removes any diethyl sul- 
fite and other volatile material. A heavy oil layer was left 
which was extracted by ether or chloroform, dried and the 
solvent removed. The residue was heated in a water-bath 
for several hours under a pressure of 75 mm. The product 
weighed 23 g .  (83.9%).  This contained traces of volatile 
material and was distilled uuder a pressure of $5 inni., b.p. 
164'. There was obtained a colorless liquid which was 
somewhat oily and almost odorless. 

The bis-(8-chloroethyl sulfites) were steam distilled for 
several hours longer under vacuum, due t o  the smaller volrttil- 
ity of the by-product, di-(P-chloroethyl) sulfite. For puri- 
fication, these chloro esters can be pumped on a high vacuum 
line with gentle warming for several hours or overnight. 

The substances prepared are listed i n  Table I ,  together 
with physical constants, yields and analyses. 

High hydrogen values were obtained for the acetylenic 
glycol diester, probably due to contamination of the glycol 
with one of its hydrogenated derivatives. 
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3-Aminopyridazine (I) is a simple aminodiazine 
to which relatively little attention has been paid2-4 
and then chiefly in connection with its use in the 
preparation of  sulfonamide^.*^^^^-^ It is probable 
that the neglect has resulted from difficulties in its 
synthesis, including the instability of 3-chloro- 
pyridazine (cf. ref. 9), a key intermediate. Even 
based on the best yields, 3-aminopyridazine was 
obtainable in no more than 117, yield from either 
diethyl succinate or furoic acid as starting ma- 
t e r i a l ~ . ~ - ~ , ~  The present procedure using 3,G- 
dichloropyridazine as an intermediate renders the 
preparation of 3-aminopyridazine considerably 
more satisfactory, proceeding from maleic an- 

(1) Previous contribution: E. A. Steck, R. P. Brundage and L. T. 

(2) G. W. Anderson, H. E.  Faith,  H. W. Marson, P. S. U'innek and 

(3) C. Grundmann, Chem. Be?.. 31, 1 (1948). 
(4) Deutsche Hydrierwerke A.-G., German Patent appln., D-4544 

(1952). 
( 5 )  P. H. Bell and R. 0. Roblin, Jr., THIS JOURNAL, 64, 2905 (1942). 
(6) J. P. English, J .  H. Clark, H. W. hlarson, J. Rrapcho and  R. 0. 

(7) P.  S. Winnek and R. 0. Roblin. Jr., U. S. Patent 2,371,115. 
(8 )  J. P .  English and  J .  H. Clark, U. S. Patent 2,506,351. 
(9) R. C. Evans and F. Y. Wiselogle, THIS JOURNAL, 67, 61 (1945). 

Fletcher, THIS JOURXAL,  75, 1117 (1953). 

R. 0. Roblin, Jr., ibid., 64 ,  2092 (1942). 

Roblin, Jr., ibid., 68, 1039 (1946). 



hydride vin maleic hydra7ide, to give a yield of 48% 
of the hydrochloride of I, in four steps. Since 
maleic hydrazide (11) is available commercially, it 

hfe to cichieve the I>repar'itioli in three steps 
yield with easily accessible materials in the 

iiiaririer to he described. .A less satisfactory pro- 
cedure involving use of :~,(j-dibromopyrida7irie iq 
also given. 
1 I aleic hydrazide, the tautomer of pyridazine- 

p2,(j-(lid (111, w'as first obtained in poor yield from 
nialcic anhydride and hydra7ine," but recent irn- 
provements in method have increased thr yield to 
SliC,&.1112 Renewed interest in I1 has been the 
result of findings on its action on plant growth. 
The reaction of maleic hydrazide with phosphorus 
oxychloride has been shown'? to give 3,B-dichloro- 
pyridazine (111) in SiYc yield; in large-scale prep- 
arations, the yield suffered slightly. Reaction of 
3,6-dichloropyridazine with ammoniacal ethanol 
at 125-130" gave 3-amino-6-chloropyridazine (IVj 
in 70% yield. Hydrogenolysis of IV  with palla- 
dium-charcoal catalyst produced 3-aminopyrid- 
azine (I), which was isolated as the hydrochloride 
in 91.5% yield. The compound was further 
characterized as the base and picrate. 

The reaction of maleic hydrazide with phosphorus 
oxybromide gave a 56Vc yield of the expected di- 
bromo compound related to I11 and 4.6% yield of 
Y. It appears that  the 6-bromo-3-pyridazone was 
formed by hydrolysis of 3,G-dibromopyridazine, 
for a batch which had stood some while after 
quenchinq gave a t5.3y yield of V. 

I1  111 

TI. I \. 

Amnionolysis of 3,G-dibromopyridazine produced 
the aminobromo compound in 96% yield, and hy- 
drogenolysis of the intermediate went equally well. 
Use of the first-mentioned scheme was preferable 
for preparation of 3-aminopyridazine. 

Experimentalla 
3.6-Dichloropyridazine (111) .-The reaction of In:ileic 

hydrazide'4 with phosphorus os>-chloride (rf. ref. 2 2 )  gavc 
a n  X?70 yield of crude S,A-dichloropvridazit?e when run on :I 
3.,5-mole scale. Excellent recorcry of pure 111 was obtained 
eithcr by distillation (b.p.  89-91" (1.2 mrn.)) or crpstalliza- 
tion from hesnne, m.p.  69-70" (lit." m p .  08-iiUO). 

3-Amino-6-chloropyridazine (IV) .--k mixture of 7.5 g. 
(0.02 mole) of .?,C,-dichlorop~ridaziiie TTith 8.8 g .  (0.52 
mole) of ammonia diqqolvcrl in 100 cc. of ahsolute ethanol 
~ r n s  heated a t  12,i-130° for ten hour.: in a shnking autoclave. 
The broir-nish reqidue (3 .7  g.) froin concentration of the rc- 
action t n i x t u r ~  in w r i / n  was extracted in :i Sodilet Tvith 

( I O )  'r. Ciirtiiis anrl €7. A. I~r~crslerl ing,  . I .  ,oi.nfzt. C h r n . ,  [L),' 51, 3!)1 
(1895) 

(11) TV. D. Harris a n d  I). I.. Schoene, L. S. Patent 2,.57.5,954. 
(12) 11. 13. 3f i i . zoni  and P. 11. S p e r r i ,  l'ms JOI.RSAI. ,  7 3 ,  1879 

(13) All melting points are corrected \-:dues. T h e  :innlyses hnvc 
heen done in the .;2nalytirnl 1.nhoratories of this Institute ancl 11ncler 
the direction < i f  Xrr.  R l .  E. Auerbach and 31r. I(. D. Fleisclier. 

(14)  .2 sample of tnaleic hydrazide (I.ot N-4831) waq Irnrrhnserl 
frrim 'Snugatuck Cliemic:il I>ivision, T'nited States Ruhlier C o  n n < l  

(1951). 

1 .il: ~~ l i t : i in r i l  

ethyl acetate. Crystallization from the extraction solvent 
gave 4.52 g.  (70% yield) of 3-atnino-O-cliloropyritlaziile, 
1n.p. 210-212O tlec. An additional crystallization froni 
ethyl acetate producctl ti-hite l>lntles, iiI .1).  213-21-1" clec. 
(in 205') , 

. l i ici2.  C&tl. fur C4€laC1NI: C ,  :37.08; 1~1, 3.11; C1, 
27.37; S, :32.4.4. Found: C ,  :37.22, 37.44; 13, :3.4:3, :!.28; 
C1, X.89;  N, 32.54, 32.49. 

The r ex t ion  of 8,5-dichloropyridaziiie with ammonia 
i n  the :ibsence of solverit a t  120-125" for 15 hours produced 
o n l ~ -  7% yield of II-, together with ammonium chloride, :ind 
gum. 

3-Aminopyridazine (I) .-A suspension consisting of 5.1s 
g. (0.04 niole) of 3-amiiioA-chloropyritlnzjtie, 1.6 g. (0.04 
mole) of sodium hydroxide :ind 0.1 g.  of 
ch:ircoal catalyst in In0 cc. of absolute et  
jcctcd to hydrogenation a t  three atmosp 
The reduction was slow, but  an  additional 0 
aided completion. The  mixture was warmed, filtered and 
then excess of hydrogen chloride was added before concen- 
tration of the filtrates (5.4 g.  of residue). Two crystalliza- 
tions from absolute ethanol-pentane produced 4.8 g. 
(91 .S% yield) of 3-aminopyridazine hytirochlorirlc :is white 
microcrystals, m .p . 175.5-176.3 '. 

d m l  Calcd for C I H ~ S ~ . H C I :  S, 31 94; C1-, 2fi (!5 
Found: S, 31.70; C1-, 26 94. 

The hydrochloride was converted to  the base a n t i  the 
crude product crystallized from ethyl acetate. Transparent 
hlades were obtained, m.p .  170-171" (lit.2s3 lO8-170O; 

Annl. Calctl. for C ; H ~ N I :  S , ' b  14.73. Fountl: X,Ib 
14 . 1 . 

8-Aminopyridazine picrate separated from ethanol :is 
yellow needles, 1n.p. 249-250" dec. (lit .3 248-249' dec.). 

Anal. Calcd. for C ~ H ~ N ~ ~ C G H ~ N ~ O ~ :  C, 37.04; 1-1, 2.49; 
X,lG 12.06. Found: C, 37.20; H, 2.33; l-,IG 12. i ; .  

3,6-Dibromopyridazine.-A mixture of 23.0 g.  (0.2 mole) 
of maleic hydrazide and 400 cc. of tndted phosphorus osy- 
bromide3 ~ a s  stirred and refluxed gently for two hours. 
The excess reagent was removed iiz :'nczio and the residue 
quenched in ice, basified with aqueous ammonia, collected 
s n d  dried. X nearly black solid (33 g . )  thus obtained was 
sublimed at ZS0" ( (! .5  mm.)  to protiucc 26.6 g. (56% yield) 
of :i,ij-dihroniopyridazine, in.]). ca. 10.jo. The sample for 
:~naIpsis w a ~  twice crystallized from methanol a n t i  rcsub- 
limed; white blades, n1.p. 115-116". 

.4iza/. Calcd. for C4H?Rr2X2: Rr ,  67.18; N, 11.7%. 
Found: Br, 67.32; S, 11.47. 

The re4tiue,< from the whlimations and the crystalliza- 
tions were united and twice crystallized from methanol 
(charcoal). mid  then from berizcne to give 1.65 g .  (4.6,% 
yield) of ii-l~romo-8-pyridazonc (\') in the forin of xrhite 
I 1 cedles , m .p . 1 X .  5- I 58 3 O . 

. I tzul .  ' Calcd. for C4HBBrS10: C, 27.45; H, 1.K3; S, 
1fi.01. Found: C,27.61; 13, I . , j l ;  S, 16.13. 

3-Amino-6-bromopyridazine.--EIeven ant1 ninc-tenth5 
grains (0.0; mole) of 3,Ci-tlil)romop~-ritlnzine was sliaken 
with 28 g. (1.(?2 moles) of ammonia, dissolved in 300 cc. of 
absolute ethsnol, :it 140-145' for ten hours. The mixture 
was taken to  tlrynesi in w m ~ o ,  then Icached with water anti 

lized from ethanol to  give .5..'% g .  (9670 yicltlI of ycl- 
tablets, 1n.p. -704-20c).sjo clcc. A sairiple for analy- 

s obtained by two recrystallizations fr 
the ~-ainino-R-bromopyridnzine formed yelloi 
in .p. 20.7- 206.5' tlec. 

1720). 

S o  tlinrniilo compoiind 
. l n n l .  Calcd. for C4F14RrS?: nr, 42.92; X,l5 8.05. 

Found: Br, 40.31 ; N,'j 8.07. 


