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somewhat stronger bands a t  2560 em.-* (mercapto group) 
and 1440 cni.-l (carboniethoxy group). 

Dimcthyl 11 ,I1 '-dithiodizmdecanoate. When the ethanol 
solutioii from the iodine titration of methyl 1 l-mercapto- 
undecanoate was cooled to 0", a crystalline precipitate 
formed. This solid crystallized from petroleum ether as 
transparent plates, m.p. 56". 

Anal. Calcd. for C21H4601S1: C, 62.3; H, 10.0; S, 13.9. 
Found: C, 62.7; H, 10.1; S, 13.7. 

Analytical and physical data. The mercapto compounds 
described in this paper were analyzed by titration with 0.1N 
iodine in ethanol. Water was added during the titration in 
case of slow decolorization as the end point was approached. 

With mercapto acids, the sample was first titrated in 
ethanol with 0.1N aqueous sodium hydroxide to the phenol- 
phthalein end point. Following this determination of the 
carboxyl group, the pink color was just discharged with a 
few drops of 0 1N hydrochloric acid and the solution was 
then titrated with 0.1N iodine in ethanol to a faint per- 
manent, yellow color, The solution was titrated once again 
with 0 .W sodium hvdroxide solution until the vellow color 

group, and checked on possible impurities that merely 
absorbed iodine. With pure mercapto acids analyeis showed 
equivalent amounts of carboxyl and mercapto groups and 
liberated hydriodic acid. 

Infrared absorption spectra were obtained on thin liquid 
films or on carbon disulfide solutions with a Perkin-Elmer 
Model 21 spectrophotometer, using sodium chloride optics. 
In  a few instances, solid compounds were examined as 
pressed potassium bromide disks or as nujol mulls. Ultra- 
violet absorption spectra were recorded on met,hanol solu- 
tions with a Carey Model 11 recording spectrophotometer. 

Acknowledgment. The carbon, hydrogen, and 
sulfur analyses were carried out by C. L. Ogg and 
associates and by Huffman Microanalytical Labora- 
tories. Carl T. Leander, Jr., and Anne M. Smith 
obt,ained the infrared and ultraviolet spectra, re- 
spectively. The authors thank John s. Showell for 
helpful discumions. 

began bo turn pink. The latter titration measured hydriodic 
:%rid liflernted by the reaction of iodine with the niercapto PHILADELPHIA 18, PA. 
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Gevcd wxwbalkoxyalkoxysilanes were prepared by tho reaction of ethyl lactate or methyl a-hydroxyisobutyrate with 
a nieth>rl- or phenylchlorosilanc in the presence of a tertiary amine, or by interchange with the corresponding ethoxysilane. 
When these substances react with glycols, either the ester bond or the silicon-oxygen bond may be attacked. This competi- 
tion was studied, particularly as affected by the structure of the reactants. 

Alkoxysilanes derived from alcohols containing 
a second functional group are of interest because 
they offer an opportunity to carry out subsequent 
reactions with relative ease and thereby to  arrive 
a t  new organo-silicon compounds. Among repre- 
sentatives of these classes of compoundp. only the 
,8-hnlogenoalkoxysilanes1 and the P-alkoxyalkoxy- 
silanes2 are as yet reasonably well known. Recently 
Henglein and coworkers3 described trimethylsiloxy 
derivatives of lactic and tartaric acids and their 
ethyl csters. 

a-Carbdkoxyalkoxysilanes can be prepared 
readily from the appropriate chlorosilane and an 
a-hydroxy ester in the presence of a tertiary amine; 
or they can be prepared from the corresponding 
methouy- or ethoxysilane in the presence of an 
ester interchange catalyst. The former method, due 

(1) T i .  I. Patnode and R. 0. Sauer, U. S. Patent 2,381,138 
(.lug. i ,  1945). R. 0. Sauer and W. I. Patnode, J .  Am. 
Chem. :be., 67, 1548 (1945). 

( 2 )  C'. A. Burkhard, J .  Org. Chem., 15, 106 (1950). H. 
Gilman, G. E. Dunn, H. Hartzfeld, and A. G. Smith, J. 
Am. Chem. Sac., 77, 1287 (3955). 

(3) F. -4. Ifenglein, G. Abelsnes, H. Heneka, K. Lein- 
hard, a i d  I<. Schcinost, Die Maleromolekz~lar Chem., 24, 5 
(1957). 

to Martin* was discussed at some length by the 
present author and L. S. N e l ~ o n . ~  a-Carbalkoxy- 
alkoxysilanes based on ethyl lactate or methyl a- 
hydroxyisobutyrate as the alkoxy component and 
methyl- or phenylchlorosilanes as the organo- 
silicon component were prepared and their subse- 
quent reaction with a diol or a dibasic acid were 
studied. 

The a-carbalkoxyalkoxysilanes prepared are di- 
and triesters, and should be convertible to poly- 
meric esters by normal reesterification procedures. 
However, a competing reaction is always possible- 
a reaction that is formally the reverse of that by 
which the ester was prepared. A diol can attack 
such a molecule either a t  the terminal ester function 
or a t  the interior silicon-oxygen bond. The first 
mode of attack produces a poly(si1oxy ester); 
the second liberates the hydroxy ester and pro- 
duces a poly(alkylenesi1ane) instead. These relations 
are shown, for the case of a difunctional reactant, 
in the following scheme. 

(4) R. W. Martin, J. Am Chem. Soc., 74, 3024 (1952)., 
(5, M. M. Sprung and L. S. Kelson, J .  Org. Chem., 20 

1750 (1955). M. M. Sprung, J .  Org. Chem., 23, 58 (1958). 
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RzSiXz + HOCRz'COOR'-+ 
R2Si(OCRz'COOR% -5 2HX 

HO(CHdn0H 
a l b  

[RzSiO( CHz)nO-]n + HOCRZ'COOR" 

[RZSiOCl&'COO( CH&O- Jn + R"OH 
I 

For a trifunctional silane route a leads to  a cross- 
linked carbalkoxyalkoxysilane polymer, while route 
b leads to  a cross-linked alkoxysilane polymer, 
devoid of the carbalkoxy component. Some factors 
that affect the course of the reaction were studied. 
These include the structure of the organo-silicon 
component, that of the hydroxy ester, and that of 
the diol; the choice of catalyst and of experimental 
conditions. It was found that the polyesterification 
reaction is favored over attack a t  the silicon-oxygen 
bond when the silicon atom bears three rather than 
two methyl or phenyl substituents, when the 
substituents are phenyl rather than methyl, when 
the a-carbon atom in the ester bears two methyl 
substituents rather than one, and when the glycol 
used is of relatively short chain length. There are 
some exceptions to  these generalizations. A some- 
what surprising result was that a highly branched 
glycol (pinacol) reacted almost exclusively a t  the 
Si-0 bond to produce a five-membered-ring al- 
kylerie dioxysilane. A second rather unexpected 
observation was that some dephenylation oc- 
curred during reactions involving bis( a-carbalkoxy- 
a1koxy)diphenylsilanes. Gelation occurred in the 
course of these reactions, and a small amount of 
benzene was found among the volatile products. 

Carbalkoxy substituted alkoxysilanes might be 
useful ab components of polyester type resins. 
When the initial functionality is greater than 2, 
these resins normally contain free hydroxyl groups, 
free carboxyl groups. or both. It was therefore of 
some interest to investigate the reaction of poly- 
basic acids as u-ell as that of diols, and succiiiic acid 
wns chosen as a typical representatil-e. This re- 
agent always attacked the silicon-oxygen bond, 
liberated the a-hydroxy ester and formed a poly- 
(acyloxysilane) or its thermal decomposition prod- 
ucts. 

EXPERIMENTAL 

Preparation of a-carbalkoxyalkoxysilanes from chlorosilanes 
and 0-hydroxy esters (Method A ) .  The preparation of bis(w 
carbethoxyethoxy)diphenylsilane serves to  illustrate this 
method of preparation. A solution of 236 g. (2 moles) of 
ethyl lactate (Distillation Products, White Label) in 174.2 
g. (2.2 moles) of reagent grade pyridine was stirred me- 
chanically and cooled in an ice bath to  5". Redistilled di- 
phenyldichlorosilane (253 g., 1 mole) was added dropwise 
during 45 min. The temperature wm not allowed to rise 
above 35". A very heavy precipitate of pyridine hydro- 
chloride was formed. Rapid stirring was maintained, and a t  
the end of the addition of the chlorosilane 300 ml. of dry 
ether was added to  loosen this precipitate. The ealt was 

rapidly filtered on a coarse sintered glass funnel and washed 
several times -4th dry ether. The filtrate and washings were 
combined, refiltered through fluted paper, and concentrated 
a t  atmospheric pressure until the vapor temperature reached 
75". The pressure was then reduced and the remaining sol- 
vents and low boiling by-products were removed as the 
pressure was gradually reduced from 80 mm. to  1.5 mm. The 
major product (293 g., 70% yield) then distilled over a t  180- 
197"/1.0-1.5 mm. Redistillation gave 262.5 g., b.p. 193- 
5"/1.5 mm., ny 1.5098. A somewhat purer sample had the 
constants shown in Table I. 

Preparation of a-carbalkoxyalkoxysilanes .from ethoxysilanes 
and a-hydroxy esters (Method B) .  The preparation of methyl- 
tris(a-carbomethoxy-a-methylethosy)silane will serve as 
an illustration. One mole (178 9,) of purified methyltri- 
ethoxysilane, 389.4 g. (3.3 moles) of methyl a-hydrox)r 
isobutyrate (Distillation Products, Practical Grade), and 
3.6 g. of (+)-camphorsulfonic acid were stirred and heated 
under a 12" Vigreux column. Ethanol began to distill over 
when the temperature reached 125'. The reaction was, 
however, very sluggish. After 13 hr. at 120-160", 142 g. of 
impure ethanol (containing some unreacted methyltrieth- 
oxysilane was collected. Unreacted methyl a-hydroxy iso- 
butyrate and triethoxysilane (160 ml., b.p. 110-137') were 
removed by distillation and the residue was fractionated un- 
der vacuum. After a small fore-run, an intermediate fraction 
(84.5 g., b.p. 140-145'/10 mm., ny 1.4229) that appeared 
to be the partially reacted product, bis(0-carbomethoxy-a- 
methy1ethoxy)ethoxymethylsilane was obtained. (Sapon. 
equiv.: Calcd. forClsHzeSi07, 161.2; found, 157.1). The 
completely reacted product (118 g.) boiled a t  17%174'/10 
mm., n'$O 1.4312-1.4319. (Sapon. equiv.: Calcd., 131.5; 
found, 133.8- 134.4). 

Yields, properties, and analytical data are summarized in 
Table I. 

Reaction with diols. The carbalkoxyalkouysilane was 
heated with an equivalent weight of the glycol in a small 
reaction flask to  which a small Vigreux column and water- 
cooled condenser were attached. Usually either 0.1 or 0.2 
mole of the carbalkosyalkosysilane was used, and 0.2-0.5 
g. of sodium methylate or lead acetate u-as added to  catalyze 
the reaction. Volatile reaction products were collect etl and 
identified by physical constants (boiling point, refractive 
index, and density). The resinous reaction procliicts varied 
from viscous oils to  gelled solids. These results are sum- 
marized in Table 11. 

Polymeric reaction products were obtained in all cases 
except that involving lk+(a-carbethouyethoxy)-dimethyl- 
silane and pinacol, where the products were eth) 1 lactate 
and dimethyl(tetramethylethy1enedioxy)silane. The two 
volatile products appeared as an azeotrope that was not 
resolved (observed b.p. 148-149", ny 1.4185-1.4188). For 
identification, the previously unknonm cyclic allrylenediouy- 
silane was prepared from dimethyldiethoxysilane and 
pinacol. It has b.p. 153", ny 1.4170. The hoiling point and 
molecular weight showed that the cyclic monomer was 
formed, rather than the dimer, as in some similar cases.6 

Anal. Calcd. for C8H18Si02: C, 55.1; H, 10.4; mol. wt., 
174.3. Found: C, 55.4; H, 10.8; mol. wt., 164 (in benzene). 

Reaction with succinic acid. Either 0.1 or 0.2 mole of the 
or-carbalkoxydkosysilane was heated directly with an 
equivalent quantity of succinic acid in the type of apparatus 
described above and volatile products were again collected 
and identified. These results are also summarized in Table 
11. 

The reaction of succinic acid (0.2 mole) with bis(or-carbo- 
methoxy-wmethy1ethoxy)dimethvlsilane (0.2 mole) is illus- 
trative of one in which essentially complete formation of 
low-molecular weight products was observed, in accordance 
with the equation, 

(6) R. H. Hrieble and C. A. Burkhrtrd, J. Ani. Chem. Soc., 
69, 2689 (1947). 
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nMezSi(OCMe&OOMe)2 + nHOOC( CH2)2COOH+ 
(Me&iO),, + 2nMezC(OH)COOMe + nCO(CHz)2C0. 

after crystallization from benzene or toluene]. The n-hexane 
solution was concentrated, filtered from a little more suc- 
cinic anhydride, and then the remaining solvent was dis- 
tilled. The limpid oil that remained (12.6 g., 85% of the 
theoretical amount) was identified as an immire mixture of 

ioJ 

* ,  

needles that sublime readily above lOO", m.p. lis0 (uncorr.) SCHENECTADY, N. Y. 
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Imidazo[4,5-d]pyridazines. I. Synthesis of 4,7-Disubstituted Derivatives' 
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Eleven new imidazo [4,5-d]pyridazines were prepared. These include the 4,7-disubstituted compounds: dichloro , mono- 
chloromonohydroxy-, diamino-, dimercapto-, and various substituted mercaptans. The adenine analog, 4aminoimidazo [4,5- 
dlpyridazine has been prepared. In  addition, methyl 4(5)-imidazolecarboxyiate-5 (4)-phenylhydrazide and imidazole-4,s 
dicarboxylic acid bismethplhydrazide were prepared. Attempts to  prepare 4,5-diamino-3-pyridazone resulted in mixtures of 
5-amino-khloro-3-pyridazone and 4-amino-5-chloro-3-pyridazone. 

The antitumor activity of 8-azaguanine (5- 
amino-7-hydroxy-v-triazolo [dlpyrimidine), A3, en- 
couraged the present authors t o  prepare the imidazo- 
[4,5-d]pyridazine ring system, B, in which the two ni- 
trogen ahoms are adjacent in the six-membered ring 
with the five-membered imidazole ring remaining 
the same as in the parent purine ring, C. The work 
of Robins et aL4 has resulted in additional active 
compounds. 

A H 
1 

H c 
B 

After 4,7dihydroxyimidazo [4,5-d]pyridazine, IV, 
was prepared, the work of Baker,6 Jones,6 Gardner, 
et CLZ.,~ ceme to our attention. Compound IV is the 
only imidazo [4,5-d]pyridazine reported here that 

(1) Supported in part by the National Institutes of 
Health, grant number C-2653. 

(2) In partial fulfillment of the requirements of the 
Master of Science degree in chemistry at the University of 
New Mexico. 

(3) G. W. Kidder, V. C .  Dewey, R. E. Parka, Jr., and G. 
L. Woodside, Science, 109, 511 (1949). 

(4) R. K. Robins and G. H. Hitchings, J. Am. Chem. SOC., 
77,2256 (1956); 78,973 (1956); R. K. Robins, F. W. Furcht, 
A. D. Grauer, and J. W. Jones, J .  Am. Chem. Soc., 78, 
2418 (1956); R. K. Robins, J. W. Jones, and H. H. Lin, 
J .  Org. Cliem., 21, 695 (1956); R. K. Robins, J .  Am. Chem. 
Soc., 78,784 (1956). 

-- 

(5)  B. R. Baker, private communications. 
(6) R. G. Jones, J.  Am. Chem. Soc., 78, 159 (1956). 
(7) T. S. Gardner, F. A. Smith, E. Wenis, and J. Lee, 

J .  Org. Chem., 2 1,530 (1956). 

has been previously described. 4,7-Dichloroimidaxo- 
[4,5-d]pyridazine, V, was obtained only in low yield 
by treatment of IV with phosphorus oxychloride in 
dimethylaniline. Attempts to  prepare compound V 
under a variety of other chlorinating conditions 
mere unsuccessful. Very small amounts of 4(7)- 
chloro-7(4)-hydroxyimidazo [4,5-d]pg-ridazine, Va, 
were sometimes obtained. 

In  view of the difficulties in obtaining V it ap- 
peared desirable to  obtain 4,7-dinmiiioimidazo [4,5- 
dlpyridazine from the 4,f-bismethylmercaptoim- 
idazo [4,5-d]pyridazine. Compound VI1 was ob- 
tained from 4,7-dimercaptoimidazo [4,5-d]pyrida- 
zine, VI, by methylation in alkali. Compound VI 
was obtained from compound IV by thiation u-ith 
phosphorus pentasulfide in dry pyridine in good 
yield. When compound VI was treated with one 
mole of methyl iodide in alkaline solution 4(7)- 
methylmercapto - 7(4) - mercaptoimidazo [4,5 - dlpy- 
ridazine, IX, was obtained in good yield. Compound 
IX when dethiated with Raney nickel gave 4- 
inethylmercaptoimidazo [4,5-d]pyridazine, X. Com- 
pound X was converted to the adenine analog, 4- 
aminoimidazo [4,5-d]pyridazine, XXTV, n ith etha- 
nolic ammonia in a bomb at  ZOO". 4(7)-Ethylmer- 
capto-7 (4)-mercaptoimidazo [4,5-d]pyridazine, XI, 
was obtained from VI by treatment with equal mo- 
lar proportions of ethyl iodide in alkaline solution. 
However, when VI was treated with excess ethyl 
iodide in limited alkaline solution 4,7-bisethylmer- 
capto-l-ethylimidazo [4,5-d]pyridazine hydrogen io- 
dide, XII, was obtained. Compound XI1 upon 
treatment with sodium hydroxide solution pro- 
duced the free base, XIII. 


