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but a t  temperatures of a t  least ' L O O ,  these interme- 
diates undergo dehydrochlorination of reaction 
rates evidently faster than the rates of formation of 
the intermediates themselves. Such dehydrochlorin- 
ation reactions produce heterocyclic phosphorus 
compounds predominantly, with formation of fivc- 
and six-mcmbered heterorings and, possibly, ten- 
membered rings (structures I1 and 111). The forma- 
tion organic, five-membered rings (structure 11) 
evidently is favored by increased electron-attracting 
power of the halophenyl group as well as by increas- 
ing nucleophilicity of the dinucleophile participat- 
ing. The formation of inorganic, six-membered 
1'--N rings appears to be hindered by increasing 
electrophilicity of the Ar group. Electron withdrawal 
by this group from the hydrazine nitrogens may de- 
crease the extent of hydrogen-hydrogen repulsion, 
which is considered to be the cause for fixation of 
the hydrazine molecule in trans po~it ion. '~  With 
acquisition of free rotation about the N--N axis, 
hydrazine becomes more likely to form nonhetero- 
cyclic polycondensation products instead of hetero- 
cyclics of structure 111: 

EXPERIMENTAL 

Thc 0-ai yl pliosphorodicliloridothioates employed were of 
a q i d i t y  as described previously,' while the dinuclcophiles 
were anhydrous, commercial grade products. 

Hydrazine derivatives. Anhydrous hydrazine ( 1.5 gram 
moles) was added dropwise over a period of 3 hr at room 
temperature to an agitated solution prepared from 500 cc. 
of benzene and 0.5 gram mole of C6HsOPSC12, C~H~OI'OCl~, 
or CoH6PSC12, respectively. After completed reaction the 
reaction mixture was filtered and the solid thus isolated 
was dissolved in ethanol. Addition of water to this solution 
gave the crude main product which was recrystallized from 
methanol. The products obtained showed yields, melting 
points and analyses as given in Table I. The molecular 
weights were determined ebullioscopically as indicated in 
this table. 

The compound, c,H~oPS(NHNH)~PS.Oc,~f~, was also 
prepared by dropwise addition of triethylamine (0.225 gram 
mole) to an agitated solution of C~H~OPSCIZ (0.1 gram 
mole) and C~FljOPS(NHIV'I-1~)~ (0.1 gram mole) in 400 cc. 
of toluene. After completed addition the mixture was blOW1Y 
heated to reflux over a period of 5 hr., cooled to room twn- 
periiture, and trcated with 400 cc. of watcr. Separation of 
the solid phase from this mixture gave 36 grams of :t white 
solid which was recryYtallized from aqueous et hanol. Ob- 
tained was 33 grams of desired compound, melting a t  184- 
185". Ik infrared analysis showed identity with thc coin- 
pound obtained from CeII,OPSClz arid mihydrous hydrminc. 

Reactions involving ethylenediainine. Oiie fourth of a gram 
niolc of ethylenediamine was added dropwise to an agitated 
solution of one tenth of a gram mole of ArOPSCI, in 500 cc. 
of ethylene dichloride a t  such a rate that the reaction mix- 
ture maintained a temperature of +L5 to t 2 5 '  when 
cooled with ice water. After completed reaction the mixture 
was washed twice with 200 cc. of water in  order to remove 
ethylenediamine hydrochloride formed. The ethylene di- 
chloride layer was separated and evaporated. The evapora- 
tion residues were recrystallized from methanol and gave 
main products with yields, analyses, and melting points as 
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given in Table 11. The molecit1:ir \wight P of thcsc products 
were determind ot~i~llioscopically in mcthanol. 

Readions irivolcing ethylme glycol. Mixtures of one-half 
gram mole of 0-aryl phosphorotfichloridothioatc \vi t,h on('- 
fourth to one gram mole of ethylene glycol, as indicated in  
Table 111, wcrc hosted with agitation for oight hours at, 55" 
under t i  pressure of about loll mmn. The react,ion mixtiircs 
were taken up with benzene and wished wit,h watcr in order 
t,o remove unrcact~ed glycol. Tho honzene layers were sepa- 
rated : ~ n d  cvtiporattd. The cv:y)or:btiori residues were re- 
crystdlized from moth:rnol to give main products with 
yields, analyses, and mcMing points :is shown in Table IV. 
The molecular weights of t,hese products werc determined 
cryoscopically in benzene. 
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In  common with the other platinum rnctaIs, 
ruthenium can be a very active hydrogellation 
catalyst, but its use has been limited, so far, 
mainly to carbonyl reductiori,' to ring hydrogeiin- 
tion, especially where hydrogenolysis is to be 
avoided,2 and to reduction of acids to  alcohol^.^ 

We examined ruthenium catalysts for the hydro- 
genation of olefins and discovered the catalyst was 
very selective. Monosubstituted olefins were re- 
duced preferentially in the presence of di- and tri- 
substituted olefins, as shown in the following 

COXPETITWE I-~YDROGUKATION O F  OLKFINS BY 13 CTMENIUM 
ON CARBON 

4-Methyl-1-pcntene and fJ-niethpl-2-pentene 
4-Methvl-1-nc~ntcne arid 2-niethvl-l-uentxiie 

-_ 

2-Methyl-2-pentenc and %met hyl-l-pcnttbnc 
2-Methyl-2-pint ene and 2-octc~x 
2-nIethyl-2-pentt.rie arid 1-octcne 
'L-~fet~iyl-2-peiitcrie and ryclohrwm~ 
9-Mcthyl-l-peritciie and 2-oct enc 
2-Methyl-1 -ptm terie :ml  1 -ocf (vie 

2-~lethyl-l-penteiic : ~ n d  cycloltexenu 
2-Octcne and l-octene 
2-Octenc and cyclohexene 
1-Octene and cyclohexene 

- - -  

___ 
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Selective 
Selcc tive 
Selective 
Selective 
Not solwtivc! 
Not selective 
Select ive 
Not, sclectiv'! 
Not, sclcc:tiv(? 
Sclccbive 
Sot, selective 
Selective 
Not, sclectiva 
Selectivc 
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table. In  each case the uriderliiied olefin was com- 
pletely reduced before any reduction of the other 
olefin. The catalyst showed no proriouriced specifi- 
city toward mixtures of di- and tri-substituted ole- 
fins or toward mixtures of symmetrically and asym- 
metrically disubstituted olefins. 

lluthenium hydrogenated acetylenes readily 
but showed no selectivity. S?/m-diphciiylacetyleii(! 
gave, on absorption of one inole of hydrogen, a 
mixture of starting material and dipheiiylethanc. 

In  all of these experiments water was used a5 
a solvent. Solvents for ruthenium hydrogenations at 
low pressure and room temperature seem to be 
virtually limited to water, water-acetic acid, or 
mater-alcohol mixtures. Occasiorially methanol or 
ethanol may be used satisfactorily. Ruthenium 
hydrogenations usually show a xwiable, arid 
sometimes lengthy, induction period. This induction 
period can usually be eliminated entirely by shak- 
ing the catalyst and solvent together with hydro- 
gen at room temperature arid atmospheric pressure 
for ari hour or two before adding the substrate. 

E>XPERIRIENTAL 

Competilive hydroyenution. One hundrcd ml. of watcr, 500 
riig. of 5'% ruthenium on carbon, arid 10.0 ml. (0.064 mole) 
each of 1-octene and 2-octene were shaken a t  32" and 42 
p.s.i.g. After an induction period of 2 hr. during which time 
no hydrogen was absorbed, 0.064 mole of hydrogen was 
taken up in 20 min. The temperature rose from 32" t b  35". 
The shaker was stopped, t,he mixture filtered, the aqueous 
layer saturated with Rodirim chloride, and the organic layer 
separated and dried over sodium sulfate. The infrared spec- 
trum of the product was identical with one of an equimolar 
mixture of 2-octcnc and octane. All other hydrogenations 
followed the same procedure, except that frequently the 
catalyst was shaken with hydrogen for 1 hr. hefore adding 
the substrates. 

The catalyst was a commercial prttparation, manufuct,ured 
by Engelhard Industries, of 5$: rcduccd rnctal on Korit. 

(~J fEMICAL I ~ E S I C A R C I I  IIABOKA~'OI~IES 
ESWLISARD Ixi)wmms,  Isc. 
NEWAIIK, N. J. 

'l'hc cthylation of butyrophenone enolate gives a 
90% yield of a-ethylbutyrophenone but no a.a- 
diethylbutyrophenoiie. Two factors contribute to 
this result: t,he relative rates, lc1 and k2, for the 
alkylation of the two enolates and the equilibrium 
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constant, K, for the rcactioii of butyrophciioiic 
ciiolatc with ~-ethyl~~utyropheiion(~. 

kl 
I'hCOCHEt . + IStX + l'hCOCIIL':t? + X 

K 

PhCOCllrl5t + 1'hCOCl~;t~- 
I'hCOCIIRt- + PhC0C'tll~:tr 

k 
I'hCOCICtA- + FtX + l'hCX)CI':t? + S-  

In excess ethyl iodide, independeiit measurements 
of specific rates for the alkylations gave lcl/kz = 
3.5.  Also, a preliminary experiment indicated 
that the reaction of sodio-butyrophenone with a- 
ethylbutyrophenonc occurred to only a small 
extent in 26 hr. in ether solution.3 There was some 
doubt as to whether equilibrium had been estab- 
lished in this time, for the reaction of this ketone 
with sodium triphenylmethide was known to be 
slow. 

The equilibrium has now been approached from 
both directions and the butyrophenone anion has 
been studied when paired with both sodium and 
lithium cations. Equilibrium mixtures were 
quenched in deuterium oxide and the concentr a t '  ,loris 
of the resulting four ketones ddermined by in- 
frared spectroscopy. The reactions of both ketone- 
enolate pairs in equal initial concentrations gave 
product mixtures with almost identical absorption 
curves. The equilibrium as written is a t  least 90% 
to the left. The concentratioii equilibrium constant 
(K) a t  30" in ethyl ether is 70.02, avalue which cor- 
responds to a t  least two pK units difference in 
acidity for thc txo  ketones. This value was not 
changed within the limits of the expcrimeiital 
error when lithium was substituted for sodium 
in the enolate. 

These results are in accord with the acid-weaken- 
ing effects of alkyl groups in other weakly acidic 
organic  compound^.^ The effect of the a-ethyl 
group in lowering the acidity of butyrophcnoiie is 
essentially the same as thc 50-1 00-fold lowering 
fouiid for this group whcri in the alpha- position of 
rriitloriic ester in ethanol solutioii.6 

EXPK ItIMIml'AL 

A l l  opt~r:~t.ioiis irivolviiig oii~lat(:s w t i ~ ~  cariiwl out, zrt 
:W.OU f 0.05' undw nitrogcvi iii :LII al)p:-rratus (It: 
I)rcviously.s 

: l /oh ia ls .  .Inhytlrorrs cthctr was h1:rlliiic.krodt :bndytiv:d 
reagent distilled from (:thy1 (>rignard rewent :tiid stored 
iiritfcr a slight positive pressure of iiitrogcri. The prepara- 
tions of sodium triphc:nylmcthide, butyrophenonc and a- 
c?thylbut3.rophenoIle have becn dc~rr i t )ed.~ Iithirim hydride 
WBB obtained from Maywood Cheniiral Co. and ground to 
a powder in a nitrogen atmosphere. Deuterium oxide 
(>!19.5y0) was obtained from the St,uart Oxygeu Co. 
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