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polymers will be the subject of a future publica- 
tion. Vanadium Linkage' 

Systems Containing a Silicon-Oxygen- 

Experimental 

Oxidation of 1-Ethynylcyclohexanol. General Proce- 
dure.-To a 250-ml. wide-mouthed Erlenmeyer flmk in a 
water bath a t  28' was added 135 ml. of acetone, 1 g. (0.01 
mole) of copper(1) chloride and 1.2 g. (0.01 mole) of &-,Ar,- 
N',N'-tetramethylethylenediamine. Oxygen was bubbled 
into the solution which was vigorously stirred by means of a 
"Vibromixer" stirrer. Over a 15-min. period, 25 g. (0.20 
mole) of 1-ethynylcyclohexanol was added in a dropwine 
manner to the reaction mixture. The temperature rapidly 
rose to 4"". After the addition was complete, the reaction 
was continued for 20 min., then the acetone was evaporated 
and there was added 20 nil. of water containing 1 ml. of 
concentrated hydrochloric acid. The colorless solid was 
filtered in a Buchnw funnel, washed with a small amount of 
water, and dried in vacuo. There was obtained 22.9 g. 
(0.093 mole, 93y0 yield) of I ,I/-butadiynylenedicyclo- 
hevanol,6 m.p. 177' (lit. 173-174'). 

The following acetylenes were oxidized in an identical 
fashion (yield of the coupled product and melting point of the 
coupled product in brackets): phenylacetylene (97 .O%, 
87-88'); 3-hydroxy-3-methyl-1-butyne (85.07,, 138'); 
3-hydroxy-3-methyl-1-pentyne (82.3 x, 93-95" ) ; l-ethynyl- 
cyclopentanol (89.5%, 138-140'). 

Determination of Rates.-The quantitative rate experi- 
ments were performed in a 100-ml. reactor equipped with an 
oxygen inlet tube, vibromiver stirrer, and a dropping funnel 
in a water bath a t  30". Oxygen was supplied to  the reactor 
a t  atmospheric pressure by means of a 100-ml. gas burette 
and leveling bulb. The catalyst, mas preoxidized and when 
the system reached equilibrium the acetylen~ was added and 
the progress of the reaction was followed by the change in 
volume in the gas burette. Table I outlines the experi- 
ments. 

TABLE I 

(M x -fx (min.)- 
[CUI 

10 -8) R C S C H a  A b B C 

15 1-Ethynylcyclo- 420 360 13 
5 Phenylacet ylene 270 !I6 IOc 

hexanol 
60 Hexyne-1 550 950 55 

5 The concentration of the acetylene in all cases is 0.4 Jf 
and all the reactions were run a t  30". In  A the catalyst 
is copper(I1) acetate hydrate in pyridine solvent; B is 
copper(1) chloride in pyridine solvent; C is copper(1) 
chloride plus an equivalent amount (moles) of A',N,LV',AY'- 
tetramethylethylenediamine in isopropyl alcohol solvent. 
Acetone, which was used in the larger scale preparative 
examples, could not be used here because of its high vapor 
pressure a t  30". The half-times iw-e reproducible within 
=!=370. c In  this example Methyl Cellosolve was t,he 
solvent. When isopropyl dcohol was used, some phenyl- 
nthpnylcopper( I )  depositccl giving crratic results. 

Acknowledgment.-It is a pleasure to  acknowl- 
edge the very capable assistance of Mr. R. J. 
Flatley. The distillations were performed under 
the direction of Mr. E. M. Hadsell. 

15) Yu. S. Zalkind and M. Aieikovich, .I .  Gem. Chem. ( U S S R ) ,  7,  
227 (1937): Chem. Abstr.. 31, 42838 (1937). 

M. M. CHAMBERLAIN, G. A. JABS, 
AND B. B. WAY LAND^ 

Morley Chemical Laboratory, 
Westein Reserve University, Cleveland 6 ,  Ohio 

Received Febrziary l S ,  1962 

In  1958 Orlov, et ~ l . , ~  reported the preparation of 
tris(triphenylsilyl)vanadate(V) by reaction of 
tris(n-butoxy)vanadate(V) and triphenylsilanol. 
Cohen and Dessy4 have reported the preparation of 
tetrakis (triphenylsiloxy) vanadium (11') by reac tioii 
of sodium triphenysilanolate and vanadium(1V) 
chloride. As part of our work in the preparation of 
inorganic macromolecules containing a silicon- 
oxygen-metal linkage, we have developed new 
methods for the preparation of tris(triphenylsily1) 
vanadate(V) and have modified the reported 
methods to  give high yields of the vanadium(ITT) 
product. Further, we have prepared the previously 
unreported compound tris(triphenylsily1)thio- 
vanadate(T7) and have developed a quick and ac- 
curate method for the quantitative determination of 
silicon and vanadium in these esters. 

Experimental 

Preparation of Tetrakis(triphenylsiloxy!vanadium( IV) .- 
Tetrakis( triphenylsiloxy)vanadium( IV) was prepared 1)p 
t,he reaction of sodium triphenylsilanolate and vanadium(1V) 
chloride in anhydrous henzene. 

In  a t,ypical preparation 10.2 g. (0.037 mole) of tripheiiyl- 
silanol was dissolved in 100 ml. of anhydrous benzene and an 
excess of clean metallic sodium added. The reaction niis- 
ture was stirred for 5 hr. a t  room temperature, the un- 
changed sodium metal separated, and the solution of sodium 
triphenylsilanolate used immediately. 

The vanadium( IV) chloride was prepared by the reaction 
of ferrovanadium (74'3 vanadium content) and chlorinc gas 
a t  350' in a tube furnace. The crude vanadium(1V) chlo- 
ride was purified by distillation and the portion boiling 147- 
148' a t  1 atm. pressure used (lit., b.p. 147.5'). 

One millilit,er (0.094 mole) of the purified vanadium(1V) 
chloride was dissolved in 75 nil. of anhydrous benzene and 
added slowly with vigorous stirring t o  the freshly prepared 
solution of sodium triphenylsilanolat(~. The reaction mix- 
ture was kept a t  15' with an ice bath and protected a t  all 
times by a blanket of dry nitrogen or natural gas. A purplc 
precipitate formed immediately. 

After addition of the vanadium( IV) rhloride solution, thc 
reaction mixt,ure was stirred vigorously for a. few miiiutw 
and thp mixture of t e t r ak i s ( t r iphe~~y l s i lo~y)va~~~~l iu in ( IV~  
and sodium rhloride removed by f i l t rahn.  The filter rak(n 
was washed, first, with cold water until no trace of chloridts 
ion appeared in the wash water, then with benzene to re- 
move traces of triphenylsilanol and the by-product t&( tri- 
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phenylsilyl)vanadate(V). A final washing with cold di- 
ethyl ether removes traces of hexaphenyldisiloxane. 
Tetrakis(triphenylsiloxy)vanadium, prepared in this 

fashion, was a pale blue-green solid melting a t  264-268'. 
Yield is 6370 based upon triphenylsilanol when nitrogen is 

used as an inert atmosphere and 86% when natural gas is 
used as a reducing atmosphere. 

Calcd. for [(c&,)~Sio],\~: C, 75.06; H, 5.26; V, 
4.42; Si, 9.75. Found: C, 75.21; H, 5.20; V, 4.36; Si, 
9.71. 

Preparation of Tris( triphenylsilyl)vanadate(V) .-Tris- 
(triphenylsily)vanadate( V) is prepared by the reaction of 
triphenylsilanol and vanadium oxytrichloride in the pres- 
ence of ammonia. 

For a typical preparation, a solution of triphenylsilanol 
was prepared by dissolving 13.8 g. (0.05 mole) of triphenyl- 
silanol in 160 ml. of anhydrous benzene. Vanadium oxy- 
trichloride was prepared bv boiling anhydrous vanadium( V)  
oxide with an excess of thionyl chloride until evolution of 
sulfur dioxide ceased. The crude vanadium oxytrichloride 
was distilled and 2.75 g. (0.0159 mole) of the sample boiling 
a t  126-127O (lit., b.p. 126') dissolved in 60 ml. of anhy- 
drous benzene. 

The solution of triphenylsilanol was put in a 500-ml. three- 
neck round-bottom flask fitted with a condenser protected 
by a barium oxide drying tube, a separatory funnel fitted 
with a delivery tube long enough to dip below the level of 
the solution, and an inlet tube for the admission of dry am- 
monia.6v6 The solution of vanadium oxytrichloride in ben- 
zene was added slowly from the scparatory funnel. Im- 
mediately after the first few drops of vanadium oxytrichloride 
solution was added, dry ammonia was allowed to  bubble 
through the solution. A magnetic stirrer provided additional 
agitation. There was only a slight heat of reaction and ex- 
ternal cooling was not necessary in order to keep the reaction 
vessel a t  room temperature. 

A white flocculent precipitate of ammonium chloride, 
which may have been contaminated with a small amount of a 
purple, unidentified, ammonolysis product of vanadium 
oxytrichloride if vanadium oxytrichloride were in excess, 
was removed by f i lh t ion  and the orange-yellow filtrate was 
concentrated by distillation at  reduced pressure. 

A large quantity of very pure tris(triphenylsily1)vana- 
date(V) appeared by the time the solution was concentrated 
to 140 ml. Product contaminated with trace amount>s of 
triphenylsilanol appeared on concentration to 70 ml. Final 
evaporation to dryness gave a mixt,ure of product and un- 
changed triphenylsilanol. The impure material was washed 
thoroughly with ether and water to remove contaminating 
triphenylsilanol and ammonium chloride. The over-all 
yield was 95y0 based upon vanadium oxytrichloride; m.p. 
2 2 5 2 2 6 " .  Mol. at.: calcd., 802 g./niole; found, 886 and 
860 g./mole. K e  have uscd this reaction to prepare up- 
wards of 125 g. of pure product. in one run. 

Anal. Calcd. for [(CsH6)aSi0]3VO: c, 72.57; €1, 5.04; 
V, 5.71; Si, 9.41. Found: C, 72.77; H, 5.21; V, 5.56; Si, 
9.37. 

Quite unexpectedly, i t  was found that tris( triphenylsily1)- 
vanadate(V) could also be prepared by air oxidation of a 
solution of vanadium( IV) chloride and sodium triphenyl- 
silanolate. The solutions were prepared and the reaction 
run as described for the preparation of the vanadium(1V) 
product, but without the use of an inert or reducing atmos- 
phere. 

The vanadium(\-) compound was recovered in 95% yield. 
Tlie melting point was 226"; a mixed melting point with the 
tris( triphenylsilyl)vanadate( V) prepared by the previous 
method was 224'; the infrared spectra and X-ray powder 
patterns were identical. 

Anal. Calcd. for [(CeH6)3SiO]aVO: C, 72.57; H, 5.04; 

Anal.  

(5) A. D. English and L. H. Sommer, J. Am. Chsm. SOC., 77,  170 
(1956). 

(6) D. C. Bradley and W. Wardlaw, J .  Chsm. Soc., 280 (1051). 

Si, 9.42; V, 5.71. Found: C, 72.43; 11, 4.97; Si, 9.23; 
and V, 5.64. 

Preparation of Tris( triphenylsilyl)thiovanadate( V )  .- 
The oxidation of vanadium( IV) t o  vanadium( V )  during the 
reaction of sodium triphenylsilanolate and vanadium( I V )  
chloride in the presence of air suggested that the new coni- 
pound tris( triphenylsilyl)thiovanadate( V) might be ob- 
tained if the reaction were to be done in the presence of ele- 
mental sulfur. 

A solution of 1.8 g. (0.0094 mole) of vanadium(1V) chlo- 
ride in 75 ml. of anhydrous benzene was added dropwise 
with stirring to a slurry of 1.2 g. (0.0375 mole) of sulfur and 
7.5 g. (0.0262 mole) of sodium triphenylsilanolate in 100 ml. 
of benzene. The solution was blanketed with dry nitrogen 
at  all times. After the vanadium(1V) chloride solution was 
added, the solution was stirred vigorously for 1 hr. and al- 
lowed t o  stand overnight. The mixture of sodium chloride 
and an unidentified vanadium-containing product was re- 
moved by filtration and the filtrate evaporated to dryness 
in vacuo at room temperat,ure. The crude product (5.5 
g . )  was washed thoroughly with dry diethyl ether and thcn 
recrystallized three times from warm but not boiling anhy- 
drous diethyl ether. The pale yellow material melted 
sharply a t  200-202". 

The compound did not decompose in cold water, but 
after four recrystallizations from wet acetone was found t o  
be converted quantitatively to tris(triphenylsily1)varla- 
date( V). 

Anal. Calcd. for [(C6FIS)3Si0laVS: C, 71.3; €1, 4.95; 
S, 3.50; Si, 9.25; and V, 5.61. Found: C, 70.4; 11, 4.99; 
S, 3.49; Si, 0.14; and V, 5.24. hlol. wt.: calcd., 908; 
found, 862. 

Analytical Procedures.-Usual techniques for determining 
vanadium and silicon in these compounds are somewhat 
laborious. We find the following method both convenient 
and accurate. 

A weighed sample (0.3 to 0.4 6.) of the silosy vanadium 
ester was slurried with 50 nil. of 6 JI sodium hydroxide 8 0 1 ~ -  
tion and hydrolyzed to a soluble inorganic vanadium com- 
pound and insoluble hexaphenyldisiloxane by digesting for 
3 hr. a t  YO". After the digestion, the solution was adjusted 
t o  about pH 0 with sulfuric acid and heat,ed a t  00' for an- 
other 10-15 min. The hot solution was filtered through a 
tared Gooch crucible and the crucible then dried to constant 
weight a t  110'. The silicon was weighed as hexaphenyl- 
disilosane. 

Best results were obtained if the sample size were chosen 
so as to contain between 0.03 and 0.06 g. of silicon. The 
conditions for hydrolysis were quite crit,ical; excessive boil- 
ing gave low results due to decomposition of the hcsaphenyl- 
disilosane and insufficient reaction time gave high results 
due to  incomplete hydrolysis of the V-0-Si system. 

Vanadium may be determined by analysis of the acidified 
filtrate from the sodium hydroxide hydrolysis. 

The vanadium must be in the +5 oxidation state. In the 
analysis of the tetrakis( triphenylsiloxy )vanadium(IV) ma- 
terial, complete conversion of the vanadium(1V) t o  vana- 
dium(V) was ensured by addition of a little hydrogen per- 
oxide to the solution and boiling. 

The solution containing the vanadium(V) was buffered to 
pH 4.5 by adding 20 ml. of 20% ammonium acetate soh- 
tJion and then either dilute ammonia or acetic acid. Fifteen 
milliliters of a 2% solution of 8-quinolinol in 5% acetic acid 
was then added slowly with rapid stirring. A dark green 
precipitate formed immediately. The slurry was heated to 
boiling for 5-10 min. The precipitate turned from green to 
black. The slurry was then filtered through a tared Gooch 
crucible, washed with two 10-ml. portions of 5Y0 ammonium 
acetate solution, and dried to constant weight at 120'. 

Gooch crucibles with medium fiber acid-washed asbestos 
mats of medium thickness are ideal for collecting both the 
hexaphenyldisiloxane and the vanadium-8-quinolinol com- 
plex. Retention is excellent and filtering is rapid. Scintered 
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glass crucibles clog easily and are not too useful in these de- 
terminations. 

AE a check on our analytical procedures, samples of the 
tris-(triphenylsilyl)vanadate(V) and tetrakis(tripheny1- 
siloxy)vanadium( IV) were analyzed by a commercial 
laboratory. The results were: 

Commercial 
Sample Calcd. lab This lab 

[(CsHs)SiO]sVO V 5.71 5.64 5.62 
Si 9.42 9.23 9.46 

Si 9.75 10.00 9.56 
[( C&I&SiO] 4V V 4 .42 4 .7  4.33 

Synthesis of 2-Anilinoethanethiol by 
Hydride Reduction 

C. W. SCHIMELPFENIG 
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Since the discovery that several classes of com- 
pounds protected organisms from otherwise lethal 
doses of ionizing radiation,l a great deal of effort has 
been directed toward the synthesis of homologs 
of the protective compounds. Among the func- 
tional groups in protective molecules are the amino 
and mercapto groups. Our investigation concern- 
ing mercaptoethylation of amines has led to novel 
syntheses of 2-anilinoethanethiol and to  an un- 
expected reaction of 3-phenylrhodanine. 

By reducing 2-mercaptoacetanilide with lithium 
aluminum hydride, 2-aililinoethanethiol mas pre- 
pared. By treating 2,2”-dithiobisacetanilide in the 
same manner, the same aminothiol was prepared. 

Incidental to this work, we had occasion to at- 
tempt the reduction of 3-phenylrhodanine with the 
thought that a substituted 2-aminoethanethiol 
might be produced in such a reaction. Hou-ever, 
there were produced X-methylaniline and a number 
of products which could not be separated by frac- 
tional distillation. The formation of N-methyl- 
aniline undoubtedly involves a complete removal of 
sulfur from C-2 and a cleavage of the nitrogen-to- 
carbonyl amide bond. Examples of hydrogeriolysis 
of sulfur during reduction by metal hydrides have 
been found by others,2 as have examples of amide 
c l ea~age .~  While there is no way of knowing which 
bonds are broken first, a pertinent comparison 

(1) Summarized by A. Pihl and L. Eldjarn, Pharmacal. Reo., 10, 
437 (1958). 

(2) R. C. Arnold, A. P. Lien, and R. M. A h ,  J. Am. Chem. Sac., 
72, 731 (1950); H. Barrera and R. E. Lyle, J .  Ow. Chem.. 27, 641 
(1962); M. W. Cronyn and J. E. Goodrich, J.  Am. Chem. SOC., 74, 
3936 (1952): T. L. Cairns, G. L. Evans, A. W. Larchar, and B. C. 
McKusick, ibad..  74, 3982 (1952); W. Carpenter, M. S. Grant, and 
H. R. Snyder. tbzd. ,  82, 2739 (1960); N. G. Gaylord and D. J. Kay. 
ibid. ,  78, 2167 (1956); 0. Hromatka. G .  Stehlek, and F. Sauter, 
Manatah. Chem., 91, 107 (1960); A. Mustafa and M. K. Hilmy. J .  
Chsm. Soc., 1343 (1952); W. Ried and F. Muller, Chem. Ber.. 86, 470 
(1952). 

might be made with the reductive cleavage of N -  
methylanilides. * 

Experimental 

Materials.-2-Mercaptoacetic acid (trademark “Thio- 
vanic Acid”) was a gift of Evam Chemetics, Inc. Dithio- 
diacetic acid (dithiodiglycolic acid) waa purchased from 
Aldrich Chemical Co. and recrystallized from ethyl acetate- 
benzene. 2-Mercaptoacetanilide waa prepared by a modi- 
fication of the method of VanAllan6 in which water was re- 
moved with a Dean-Stark water separator instead of being 
removed by distillation through an esterification column. 

2,2f’-Dithiobisacetanilide.-A mixture of 54.6 g. (0.3 
mole) of dithiodiacetic acid, 55.8 g.  (0.6 mole) of aniline, 
and 600 ml. of benzene waa heated in a 1-1. flask equipped 
with a Dean-Stark water separator surmounted by a reflux 
condenser carrying a calcium chloride drying tube. After 4 
days, 9.6 ml. of water had collected. The contents of the 
flmk were poured into an equal volume of hexane. The re- 
sulting suspension was filtered. The precipitated 2,2”- 
dithiobisacetanilide, after recrystallization from acetone, 
weighed 42.8 g. (43%) and had m.p. 161-163’ (reported,’ 
165-166’). 

2-AnilinoethanethioL-To a dry 1-1. f lak,  flushed with 
nitrogen, carrying a calcium chloride drying tube, and 
equipped for stirring magnetically, were added 500 ml. of 
tetrahydrofuran, 19 g. (0.5 mole) of lithium aluminum hy- 
dride, and 50.2 g. (0.3 mole) of 2-mercaptoacetanilide. After 
stirring for 3 days a t  room temperature, the reaction mix- 
ture was treated with 50 ml. of water and filtered. The 
filtrate consisted of tetrahydrofuran and water. To  a sus- 
pension of the precipitate and 1 1. of water waa added 43 ml. 
(0.5 mole) of concentrated hydrochloric acid. This suspen- 
sion waa extracted with ether. After evaporation of ether 
from the dried extract, there ww obtained 16.8 g. (37%) of 
2-anilinoethanethiol, b.p. 110-112’/3 mm., @D 1.6041 
(reported,’#* b.p. 95-97”/2.5 mm., TPD 1.6040, TPD 1.6022). 
The product was further characterized by the N-acetyl 
derivative with m.p. 64.5-65.5” (reported,’ 65-66’). ’ 

When 39.8 g.  (0.12 mole) of 2,2”-dithiobisacetanilide waa 
treated with lithium aluminum hydride in the same way, 
22.3 g. (61%) of 2-anilinoethanethiol was produced. 

Reduction of 3-Phenylrhodanine.-In a manner similar 
to that described above, 20.9 g. (0.1 mole) of 3-phenyl- 
rhodanineo was treated with 11.4 g. (0.3 mole) of lithium 
aluminum hydride in tetrahydrofuran. After hydrolysis, 
the mixture was filtered. After removing water and tetra- 
hydrofuran from the filtrate, there remained 4.62 g. of a 
yellow liquid. This liquid was dibtilled through a spinning 
band column. There was obtained 3.12 g.  (30%) of N- 
methylaniline, b.p. 187-191’/752 mm., whose infrared 
epectrum was identical with that of authentic N-methyl- 
aniline and whose p-toluenesulfonamide waa identical with 
the derivative prepared from the authentic amine. 

After adding hydrochloric acid to the precipita%water 
suspension, the mixture was extracted with ether. The ex- 
tract was dried and the ether waa removed by distillation. 
The residual red liquid, 3.2 g., distilled over the range 
54-90°/10 mm. Infrared spectra of various fractions indi- 
cated the presence of amino, hydroxyl, mercapto, and mono- 
substituted benzene groups, but none waa superimpoaable 
UPOR the spectrum of 2-anilinoethancthiol. 

(3) Summarized by N. G. Gaylord, “Reduction with Complex 
Metal Hydrides.” Interscience Publishera, Inc., New York, 1956, pp. 
575-590. 

(4 )  F. Weygand and G. Eberhardt, Angew. Chem.. 64, 458 (1952). 
(5) J. A. VanAllan, J .  Am. Chem. Sac.. 69, 2914 (1947). 
(6) B. Holmberg. J .  prakt. Chem., [Z l  84, 634 (1911). 
(7) H. R. Snyder, J. M. Stewart, and J. B. Ziegler. J .  Am. Cham. 

(8) D. D. Reynolds. D. L. Fields, and D. L. Johnson, J .  Or& Chem., 

(9) B. Holmberg, J .  prakl. Chem., [2] 79, 253 (1909). 

Soc., 69,2672 (1947). 
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