
MAY 1959 NOTES 705 

The composition of the complexes depend, as 
shown by X and XI, on the number of phosphoryl 
groups in the molecule or, as in the case of VII, on 
steric requirements in the polyphenol. The latter 
complex, m.p. 122”, has already been encountered 
by Homerg as a product of the hydrolysis of the 
tetrachloro-o-beiuoquinone-triphenylphosphine ad- 
duct. It was formulated by him as a hydrate 
VIIA. 

satisfactory representation seems to be that of 
loosely bonded complex, probably of the hydrogen- 
bonded type. 
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IV. x = Y = c1 VI1 
V. X = C1; Y = H v1.x = Y  = E  

RO Cl ,C1 

The structural ]problems involved in the formula- 
tion of some of the compounds of the general type 
(RO),PZ5-, have been clarified by recent investi- 
gations of Lipkilllo and of Rydoi1.l’ For the par- 
ticular instance in which one R group = H, a 
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111 the course of investigations involving 0- 
halophenyl phosphorodichloridothioates, Ar- 
OPSC12,1 it became desirable to study reactions of 
these acid dichlorides with difunctional nucleo- 
philes of the structure HX(CH24,XH (X being 
oxygen or -NH-, y being zero or integer). A t  a 
constant mole ratio of l : l ,  the formation of four 
types of compound appeared possible : 

I I1 
S S S 
I/ X(CHz)nX / I  I /  hop< > O h  [ArOP.X( CH,),X-1, 

X( CHz),,X 
I11 I V  

In  order to investigate the tendencies of forma- 
tion2 of the heterocyclic structures I1 and 111, 
experiments mere carried out with hydrazine, 
ethylenediamine, and ethylene glycol as representa- 
tive dinucleophiles and with various substituted 
phenyl groups in place of Ar. 

Reactions involving hydr~xine~-~ were reported 
to produce compounds of structure 111, u i x . ,  
C6H50P(0) (NHT\TH)zP(O)OC~H~~ and CsH50P(S)- 
(NHNH)2P(S)OC6H,4. Repetition of the work 
involving C ~ H ~ O P S C ~ Z  gave a crystalline com- 
pound which melted a t  184-185” and showed 
analytical data as required for structure 111. 
The yield of this compound was found to be 16% 
of theory, when prepared in the presence of a 
water-glycerol mixture, as mentioned in the litera- 
t ~ r e . ~  The other reae.tbn prod& formed were not 
found to represent structures I, 11, or IV, but to 
consist of hydrazine salts of 0-phenyl phosphoro- 
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70G NOTES VOL. 24 

TABLE I 
I~ICTDROCYCLI(’ COMPOUNDS FROM IIYDRAZINIS 

Yield, -. - - - .- %N-- - ___ % I’ % S- Mol. Wt. 
Compound % Th. M.P. Calcd. Found Calcd. Found Calcd. - F a  Calcd. Found 

~ ~~~~ 

S 
1 )  NHNH 

NHNH 
CsIIsOP( 53.5 184-185 372.35 404= 15.05 14.80 16.64 16.20 17.22 16.71 

0 0 

CJIsO!1(N“H90C61& 
NHNH 

8 . 0  210-211 340.21 330b 16.47 16.75 18.21 18.45 

S S 
11 NHNH I 

NHNH 
CsHsP( >hC& 12.5 168-169 340.33 383‘ 16.46 16.48 18.2 17.86 18.8 18.27 

(1 In  tetrahydrofuran. * In dimethylformamide. c In methyl ethyl ketone. 

thioic acid. Anhydrous reactants in benzene were 
found to produce compounds possessing structure 
I11 in varying yields depending upon the structure 
of the dichloride employed (cf. Table I). The melt- 
ing point found for Cs&OP(O) (?Y”NfI)J’(O)- 
OCeF16, when prepared under anhydrous conditions, 
varied considerably from the value given in the 
literature (m. p. 132°).5 

The following reaction was investigated also (X 
being oxygen or sulfur) : 

x x 
iI 1 1  

tlrpOPC12 + 2( l&SNII)J’Ohr + 

This reaction required the presence of stoichio- 
metric quantities of triethylamine and gave the 
compound, CeH50P(S) (NIINII)zP(S)OC6H5, in a 
yield of 89% of theory. Reactions involving nega- 
tively substituted phenyl groups in place of Ar were 
found to produce mixtures of reaction products 
from which no heterocyclic components could be 
isolated. 

hutenrieth and Mcyer4 reported formation of an 
insoluble reaction product from O-phenyl phoepho- 
rodichloridothioate and ethylenediamine and as- 
signed structure I1 to it, although analytical evi- 
dence was insufficient. It was found that O-aryl 
phosphorodichloridothioates and ethylenediamine, 
when reacting under anhydrous conditions, a t  a 
mole ratio of 1 : 2, produced heterocyclic derivatives 
for which structure I1 could be proved. The yields 
of these compounds increased with increasing nega- 
tive substitution of their aryl group. The melting 
points also were found to increase in first approxi- 
mation with increasing negative substitution of the 
phenyl group (cf. Table 11) with the notable excep- 
tion of the derivative of C&OPSCl~ whose melting 
point was found to be almost as high as already re- 
ported (m.p. 189°).4 Contrary to statements in the 
l i t e r a t~ re ,~  these compounds were found to be ap- 
preciably soluble in acetone, dimethylformamide, 
methanol, and tetrahydrofuran. 

Reactions of O-aryl phosphorodichloridothioates 
with glycols were not described in the past. Con- 
ceivably, all four structures (I, 11, 111, and IV) 
could be formed from these reactants. The existence 
of a five-membcrcd, heterocyclic ring as present in 
structure I1 (X being oxygen, n being two) with 
aliphatic groups in place of Ar, was proved by A. E. 
Arbusov and V. M. Zoroastrova.6 

The investigation reported in the following in- 
volved reactions in the absence of I-IC1-acceptors 
and catalysts a t  temperatures of 50-60” under a 
pressure of less than 200 mm. Under these conditions 
reaction occurred readily with evolution of HC1, al- 
though O-aryl phosphorodichloridothioates have 
been reported to possess remarkable resistance t o  
attack by hydroxyl compounds.7~8 Independent of 
the mole ratio of the reactants employed, the mix- 
ture of reaction products was always found to  con- 
tain compounds representing structure 11. The yield 
of this type of component increased with increasing 
negative substitution of the phenyl group in ArOP- 
SC12. The yields were particularly good with two 
negative substituents in ortho-position (cf. Table 
111). The structure of side products formed could 
not be established with certainty but might have 
corresponded to structure I11 whose nonsulfurated, 
ten-membered ring probably  exist^.^ Compounds 
of structure I were not isolated, even at  a 1 : 1 mole 
ratio of reactants. The heterocyclic O-halophenyl 
0,O-ethylene glycol phosphorothioates obtained 
were found to  be well crystallizing compounds, 
being soluble in acetone, aromatic hydrocarbons, 
and methanol. 

It has been shown in this laboratory that reac- 
tions of O-hdophenyl phosphorodichloridothioates 
with primary monohydric alcohols and primary 
monoamines, under reaction conditions almost 
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T‘IBLE I1 
I~EThROCY(’1 ,IC COhlPOrJ\  U S  FRO% E l l I Y l A >  EI)IA\ lI  V E  

Oh 1’ % s__ Yield, - Mol. wq_ __ %” __I___ 

Compound (70  Th) R1.P. Ca1cd.-Found Calcd. Found Calcd. Found Calcd. Found 

S 
25.5 185 5-186.5 214 23 203 13.08 13 01 14 4G 14 35 14 97 14 57 

57.5 63-64 232.22 220 12.08 , 11.91 13.33 13.04 13.8 13.G 

S 
3C1.4N02.C613801’ 55.0 108-109 293.67 271 14.3 13.8 10.58 10.6 10.9 10.8 

S 
83.0 156.5-158 317.57 298 8.84 8.81 9.76 9.82 10.10 10.01 

S 

83.0 207-208 317.57 285 8.84 8.37 9.76 9.61 10.10 9.91 

S 
/ /  NHCHz 

2,4,6Br3.C&OP 51.5 222-223 450.95 463 6 .22  5.95 6.89 6.95 7.10 7.34 
<“AH* 

TABLE I11 
HETEROCYCLIC COMPOUNDS FROM ~TIIYLEKE GLYCOL 

% s- Yield, 
% -- Mol. Wt. % H a l o g e n  % P 

Compound Ratio“ Th. M.P. Calcd. Found Calcd. Found Calcd. Found Calcd. Found 

S 
1 ~ 0 . 5  32 123-124 319.54 268 33.4 33.1 9.7 9.9 10.0 10.3 

2,4,5-cl,C&O!’<r 0 Hz 1:2 30 122-123 
S 
I/ OCH2 

<O&HZ 
S 

80-81 319.54 315 33.4 33.5 9 . 7  9.87 10.0 10.2 1:2 69 2,4,6-c13c61I20P 

2,4,6-BraC&120!<CHz 1:2 44 WG5 452.92 395 53.0 53.24 6.84 6.73 7.06 6 .93  
0 b H2 

S 
I/ OCHz 

2C1.4NO2.CSI&OP 1:l 35.5 93.5-94.5 295.64 273 12.02 12.3 10.48 9 . 8  10.83 10.7 
‘Ob& 

0 Mole ratio, ArOPSCll: HOC&OH. 

identical to those employed with thc analogous di- 
nucleophiles of the present investigation, produce 
near-quantitative yields of the following types of 
compound. 10all Ilersmm and Audrieth12 have found 
that the reaction of aryl phoephonodichloridates 

(10) H. Tolkmith, E. €-I. Blair, and K. C. Kaucr, Can. 
Patent 555,938 (April 15, 1958). 

(11) E. IT. Blair and H. Tolkmith, paper presented beforc 
the Division of Orgitnio Chemistry at the 134th meeting 
of the American Cheniical Society, Srptcrriber 7-12, 1958, 
Chicago, Ill. 

(12) M. F. HrrPniati and I,. 1’. Antlrirth, J. Org. Chern., 
23, 1889 (1958). 

11.57 11.3 11.92 12.01 

and dichloridothioates with alcohols gives corn- 
pounds of a structure analogous to V. 

8 

In  view of these findings the following conelu- 
sions may be drawn: 

Phosphorodichloridothioatcs, ArOPSC12, and di- 
nucleophiles (as dcfincd) may well react with initial 
formation of compounds represcnting structure I, 
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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 

(13) W. J. Penney and G. B. B. M. Sutherlaiid, J .  Chem. 
Phys., 2, 498 (1934). 

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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Selective Hydrogenation of 
Olefins with Ruthenium 

lleceiued ;L'overnber 5, 1958 

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 

- - -  

___ 

~- 

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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