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theoretically possible to  determine equilibrium con- 
stants from intensity measurements, we find the 
intensity perplexingly sensitive to experimental condi- 
tions (v ide  znfra) and also we have not been able to  
isolate solvent-coordinated species; accordingly, such 
studies have not been pursued as yet. 

Although our data are readily explained in terms 
of the formation of a solvent-coordinated species 
SPtC12(CO) with a lower frequency Y ~ - ~ ,  the forma- 
tion of a dimer and resulting trans to cis isomerization 
cannot be completely ruled out. It is known that  
strong trans-directing groups facilitate dimer fornia- 
tions and such a dimer could be the precursor to a 
cis isomer. However, the platinum carbonyl dimer 
(PtC1,CO)Z has been reported to have v c E o  a t  2152 
em-' in mulllo and such a high-frequency band has not 
been observed in our solution work. 

Finally, certain difficulties with respect to the deter- 
mination of spectra of these complexes were encountered 
and should be mentioned. When the complexes were 
mulled with halocarbon oil, the resulting spectra were 
crratic. The extent of mulling and grinding seemed to 
affect the spectra. The spectra showed broad and split 
bands in many cases. Solution spectra of the pyridine 
complexes taken in IiBr cells and S a C l  cells differed. 
Although the values of v c E 0  and the effect of Z were 
similar in each type of cell, the relative intensities of 
the two carbonyl bands were affected, the lowfrequency 
band increasing and the high-frequcncy band decreasing 
in intensity in changing from S a C l  to  KBr cells. The 
I iRr  pellet technique also gave erratic results possibly 
because of bromide incorporation into the complex." 
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The reactions of organoaluniinum compounds with 
some hydrazines,'f2 bipl~osphines,~ and aniinophos- 
phines3 have resulted in formation of adducts in which 
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the aluminum atom is believed to be pentacoordinate 
by virtue of its attachment to  two adjacent electron 
donor centers. The various hydrazinophosphines afford 
a variety of possibilities for such "pentacoordination," 
since such compounds contain adjacent nitrogen atoms 
as well as phosphorus and nitrogen atonis in adjacent 
positions. We were, therefore, interested in examining 
the products of the reactions of aluminum triethyl with 
2 ,3 ,5 ,6  , 7 , 8- hex a in e t  h y l-2 , 3,5 ,6 ,7 ,8  -hex aa z a-  1 , I - 
d i p h o s p h a b i c y c 1 o [ 2 . 2  .2 ]  o c t a n e ,  w i t h 2 , 3 , 5  , G - 
t e t r a m e t  h y 1 - 2 , 3,5,6-  t e t r a  az  a - 1 , 4  - d i p h e n y l -  1 , 4  - 
diphosphacyclohexane, and with 1,2-bis(diphenylphos- 
phino)-1,2-dimethylhydrazine. These products have 
been prepared and studied, and the results are reported 
below. 

Experimental Section 

Materials.-Toluene, hexane, benzene, and petroleum ether 
(bp 20-40") were obtained as reagent grade materials and were 
dried and stored over calcium hydride. Triethylaluminum x-as 
obtained from the Ethyl Corp. and was distilled under nitrogen 
a t  66" (0.4 mm). Phosphorus trichloride, obtained from the 
J. T. Baker Chemical Co., v a s  used as received. Diphenylchloro- 
phosphine and phenyldichlorophosphine were obtained from 
the Victor Chemical Co. These reagents were distilled under 
nitrogen and fractions boiling at  212-214" (760 mm) and 110" 
(0.5 mm), respectively, r e r e  kept for use. 1,2-Dimethylhydra- 
zine dihydrochloride. obtained from the -ildrich Chemical Co. 
was used as obtained. Dimethyiamine was obtained from the 
Matheson Co. Inc. Tris(dimethy1amino)phosphine was pre- 
pared by the reaction of dimethylamine n.ith phosphorus tri- 
chloride according to standard procedure.4 The 2,3,5,6,7.8-hexa- 
methy1-2,3,5,6, T,8-hexaaza-l, 4-diphoephabicyclo [2.2.2]  octane,  
P[(CH,)XS(CH,)] ,P,  was 5)-nthesized by the method of Payne, 
So th ,  and Henniger.5 

General Methods.-Triethylaluininum, phosphines, and 
hydrazinophosphorus compounds x-ere handled in a n  atmosphere 
of nitrogen. A S'acuum Atmospheres IIodel H E 4 3  inert- 
atmosphere box equipped with a Model HE-93B Dri-Train or a 
typical high-vacuum line was used for manipulation and storage 
of all reagents. Infrared spectra were obtained using a Bcclcman 
IR-10 spectrophotometer. The proton magnetic resonance 
spectra were recorded using a T'arian -1-60A nmr spectrometer. 
Tetramethylsilane \vas used as an internal reference when it 
was possible and as an external reference in all other cases. 
The phosphorus nuclear magnetic resonance spectra m r e  
obtained using a Varian high-resolution spectrometer, Model 
V-4300-2, equipped with a field homogeneity control, magnet 
insulation, and field stabilizer. These spectra were recorded a t  
19.3 Mc using 857c phosphoric acid as an external referenee. 
Fine splitting \\-as not observed on some of the 31P spectra since 
the sample tubes could not be spun. Elemental analyses x e r e  
done by Galbraith Laboratories, Inc., Knoxville, Tenn. and by 
Schwarzkopf 1Iicroanalytical Laboratory, Woodside, 5. Y. 

Preparation of 1,2-Bis(diphenylphosphino)-l,2-dimethylhydra- 
zine.-The (C,H,),P(CH,)KS(CH,)P(CsHs)z was prepared as 
follow. 1,2-Dimethylhydrazine (2.58 g, 0.0431 mol) was added 
to a solution of diphenylchlorophosphine (19.1 g, 0.10i mol) in 
200 ml of benzene. The solution \vas stirred as the hydrazine 
was added. The resulting mixture x a s  allowed to stand for 
12 hr. The mixture vas  then filtered and the solvent was 
removed under vacuum to yield 16.8 g of a clear liquid. This 
liquid was crystallized by dissolving it in boiling hexane and 
alloTving the solution to cool. The resulting n-hite crystals \?ere 
filtered; after drying, they melted a t  82-84". The yield of 
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recrystallized material was 10.1 g (56% of theory based on the 
amount of hydrazine used). 

The infrared spectrum obtained for Kel-F and Kujol mulls of 
the solid supported between XBr disks contains peaks a t  3040 
(m), 2960 (w), 2905 (w), 2780 (w), 1940 (vw), 1870 (vw), 1800 
(vw), 1750 (vw), 1645 (vw), 1575 (w), 1460 (m), 1455 (sh), 
1425 (s), 1305 (m), 1220 (m), 1175 (m), 1150 (s), 1100 (sh), 
1080 (s), 1060 (s), 1020 (m), 990 (m), 960 (m), 530 (s), 490 (s), 
480 (s), and 440 (s) cm-'. 

The 1H nmr spectrum obtained using CsDe as a solvent and 
tetramethylsilane as an internal standard consists of a complex 
peak a t  7 2.61 (average) assigned to phenyl protons and a dis- 
torted triplet a t  7 7.32 ( J  = 1.0 cps) assigned to methyl protons. 
These peaks are in the ratio of 3.37: 1.00. The 31P nmr spectrum 
exhibits a single peak a t  -62.5 ppm relative to 85y0 phosphoric 
acid. 

Anal. Calcd for (CeH5)zP(CH3)NN(CH3)P(CsHs)~: C, 
72.88; H, 6.12; P, 14.45; K, 6.55. Found: C, 72.82; H,  6.20; 
P, 14.21; N, 6.41. 

Preparation of 2,3,5,6- tetramethyl-2,3,5,6- tetraaza-1,4-di- 
phenyl-l,4-diphosphacyclohexane.-A benzene solution of 
phenyldichlorophosphine (35.7 g, 0.161 mol) and a benzene solu- 
tion of 132-dimethylhgdrazine (9.10 g, 0.149 mol) were added 
simultaneously over a period of 6 hr to a stirred solution of 100 ml 
of triethylamine (72.3 gr 0.716 mol) in 1200 ml of benzene. The 
resulting mixture was allowed to stand 48 hr and then filtered. 
After the solvent was evaporated, a mixture of white crystals and 
yellow oil remained. This mixture was dissolved in hot benzene 
and allowed to cool. A cr>stalline product resulted which melted 
a t  222-223" after drying. The molecular weight determined 
cryoscopically in benzene was 332 (calculated for (C6Hs)P[(CHa)- 
KN(CH,)]zP(CsH,), 333). The yield of product was 3.77 g of 
recrjstallized material (15% of theory based on the amount of 
hydrazine used). 

The infrared spectrum obtained for Kel-F and Kujol mulls of 
the solid contains peaks a t  3060 (w), 3040 (w), 2960 (m), 2920 
(m), 2880 (m), 2850 (in), 2780 (w), 1960 (w), 1900 (w), 1830 (w), 
1735 (w), 1675 (w), 1580 (w), 1560 (%), 1460 (m), 1430 (s), 
1400 (w), 1300 (w), 1215 (sh), 1200 (m), 1175 (w), 1140 (m), 
1115 (m), 1090 (s), 710 (vs), 680 (w), 670 (sh), 615 (w), 590 (m), 
570 (s), 490 (s), and 430 (s) cm-l. 

The lH nmr spectrum obtained using CDCI, as a solvent and 
tetramethylsilane as an internal standard consists of a complex 
peak a t  7 2.44 (average) assigned t o  phenyl protons and a doublet 
a t  T 6.96 (J  = 14.5 cps) assigned to methyl protons. These 
peaks are in a ratio of 1.00: 1.22. The 31P nmr spectrum exhibits 
a single peak a t  -29.9 ppm relative to 85% phosphoric acid. 

Anal. Calcd for (CsH,)P[(CH,)~'IV(CH3)l2P(C,Hs): C, 57.83; 
H,  6.67; P, 18.64; K, 16.86. Found: C, 58.00; H ,  6.78; P, 
18.46; N, 16.64. 

The Reaction of P[(CH3)NN(CH3)],P with A ~ z ( C ~ H ~ ) O . - I ~  a 
typical reaction, P[(CH3)NN(CHa)],P (0.66 g, 2.8 mmol) was 
added to a toluene solution of A1z(CzHs)~ (0.64 g, 2.8 mmol) a t  
-78". The resulting mixture was stirred a t  room temperature 
for 2 hr. The solid material dissolved as the temperature 
approached room temperature. The toluene was distilled out of 
the reaction flask on the vacuum line leaving a white solid. 
After recrystallization from hexane, this solid melted a t  153-155". 

The infrared spectrum obtained for a Nujol mull of the adduct 
consists of peaks a t  2780 (s), 2700 (m), 1400 (m), 1300 (sh), 1220 
(w), 1180 (s), 1085 (m), 1040 (m), 970 (m), 920 (s), 770 (m), 
755 (sh), 715 (w), 640 (s), 590 (s), 495 (m), and 475 (sh) cm-1. 

The 'H nmr spectrum obtained using C6Ds as a solvent and 
tetramethylsilane as an external standard consists of a doublet 
which encloses a broad peak a t  T 7.95 ( J  = 14.7 cps) assigned to 
the methyl protons as well as a triplet a t  7 9.23 ( J  = 7.6 cps) 
and a quartet a t  7 10 37 (J  = 7.6 cps) assigned to the ethyl 
protons. These peaks are in the ratio 3.0 :3.2 : 2.0. The 3lP 

nmr spectrum consisted of a single peak a t  -11.8 ppm relative 
to 85% phosphoric acid. 

Anal. Calcd for P[(CH3)NN(CH3)13P. [AI(CzH5)3]2: C, 46.54; 

H, 10.41; N, 18.09; P, 13.34; AI, 11.62. Found: C, 46.30; 
H,  10.67; N,  17.81; P, 13.13; Al, 11.87. 

This reaction was also carried out with 2 : 1 and 2 : 3 mole 
ratios of P[ (CH3)NN(CH3)I3P to A ~ z ( C Z H ~ ) ~ .  Both reactions 
resulted in isolation of the adduct described above. 

The Reaction of (C6Hs)P[(CH3)NN(CH3)]zP(C6H5) with 
Alz(CzH5)6.-In the same manner as described above, (C6Hj)- 
P[(CH3)NK(CH3)lzP(CoHs) was allowed to react with A12(C2H5)6 
in 2 : 1, 1 :  1, and 2 : 3 mole ratios. I n  each case, (CsH5P[(CH3)- 
"(CH~)]ZP(C&IS) . [AI(CzH5)3]z was isolated. This solid, after 
recrystallization from hexane, melted a t  181-184". 

The infrared spectrum obtained for a Nujol mull of the solid 
contains peaks a t  3090 (w), 3070 (w), 2800 (m), 2730 (w), 
1980 ( V W ) ~  1920 (vw), 1835 (vw), 1790 (vw), 1580 (vw), 1445 (s), 
1415 (m), 1305 (w), 1235 (m), 1185 (m), 1145 (w), 1115 (sh), 
1105 (m), 1095 (m), 1030 (w), 990 (sh), 965 (s), 950 (s), 920 (w), 
850 (w), 770 (s), 750 (vs), 710 (s), 640 (s), 625 (sh), 610 (m), 
570 (s), 495 (s), and 440 (m) cm-l. 

The 'H nmr spectrum obtained using C ~ D G  as a solvent and 
tetramethylsilane as an external reference consists of a complex 
peak a t  T 2.54 (average) assigned to phenyl protons, a doublet a t  
T 7.02 ( J  = 13.0 cps) assigned to methyl protons on nitrogen as 
well as a triplet at T 8.75 ( J  = 7.7 cps), and a quartet a t  T 9.86 
( J  = 7.7 cps) assigned to the ethyl protons. These peaks are in 
the ratios 1.00 : 1.19 : 1.78 : 1.10. The 31P nmr spectrum con- 
sisted of a single peak a t  -79.2 ppm relative to 85% phosphoric 
acid. 

Anal Calcd for ( C6H5)P[ ( C H , ) N S  ( CH3)]zP ( C6H5)'[ A1 (CzH5) 312:  

C, 59.96; H,  9.35; K, 10.00; P, 11.05; AI, 9.64. Found: C, 
59.65; H, 9.03; PI', 10.33; P, 11.56; AI, 9.27. 

The Reaction of (C6Hs)zP[(CH3)NN(CH3)]P(C&)z with 
Alz(CzH5)6.-using the same technique as described above, 
(c,H6)zP[(cH3)r\r~(cH3)1P(C6H5)2 was allowed to react with 
A12(CzH6)6 in 1 : 1 and 2 : 3 mole ratios. I n  each case, (C6&)2- 
P[(CH3)NN(CH3)]P(C6Hs). [A41(CzH5)3]z was isolated. This coni- 
pound melted a t  79-80" after recrystallization from hexane. 

The infrared spectrum obtained as Kel-F and Nujol mulls of 
the solid contains peaks a t  2910 (m), 2880 (m), 2850 (m), 1475 
(w), 1430 (m), 1400 (vw), 1360 (vu.), 1310 (w)) 1225 (w), 1180 
(w), 1090 (s), 1025 (m), 995 (w), 965 (w), 950 (m), 920 (sh), 
840 (vw), 745 (s), 730 (s), 695 (s), 645 (s), 635 (sh), 620 (s), 
540 (s), 510 (m), and 465 (m) cm-'. 

The 'H nmr spectrum obtained using C6Ds as a solvent and 
tetramethylsilane as an external reference contains a complex 
peak a t  T 2.60 (average) assigned to phenyl protons, a distorted 
triplet a t  T 7.40 (J  = 6.5 cps) assigned to methyl protons as well 
as a triplet a t  7 8 70 ( J  = 7.9 cps) and a quartet at T 9.65 ( J  = 7.9 
cps) assigned to the ethyl protons. These peaks are in the ratios 
3.59 : 1.00 : 3.33 : 2.00. The 3lP nmr spectrum consisted of a 
single peak a t  -61 2 ppm relative to 85% phosphoric acid. 

Anal. Calcd for (C6Hs)zP[(CH3)NN(CH3)]P(CsH,)21 . 
[AI(CzH5)3]2: C, 69.49; H,  8.59; IT, 4.27; P, 9.43; Al, 8.21. 
Found: C, 69.90; H, 8.25; N ,  4.59; P, 9.44; AI, 8.30. 

When this reaction was carried out with a 2 :  1 mole ratio of 
(C 8 1 1 5 )  zP[ ( CH3)NN (CH3)]P( C&) z to (C&) 6, a n  oil 
resulted. Attempts a t  crystallization of this oil were unsuccessful. 
The 31P nmr sppctrum of this oil consists of a single peak a t  -61.8 
ppm relative to phosphoric acid. The 'H nmr spectrum of the 
oil is similar to that observed for the 2 : 1 adduct described above, 
except for the difference in the area ratios of the peaks. 

Discussion 

The preparation of (C,H,)P[(CH,)K?J(CHB)]~P- 
(CsH5) illustrates that  the general synthesis of hydra- 
zinophosphorus coinpouhds by the reaction of chloro- 
phosphines with hydrazines can be extended to  cyclic 
compounds. Assuming staggered methyl groups on 
the hydrazino bridges, there are two possible geometrical 
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isomers of this compound in which the phenyl groups 
are cis or [runs relative to each other. The relatively 
sharp melting point and the single methyl doublet 
observed in the 'H nnir spectrum indicate this material 
is probably not a mixture of isomers. 

The doublet assigned to  the methyl protons observed 
in the 'H nnir spectrum of (C6H5)P[(CH3)SN(CH3)1,- 
P(C6Hj) is in contrast to the distorted triplets assigned 
to the inethyl groups of P[(CH3)NN(CH3)]3P5 and 
(C6Hj)~P[(CH3)NS(CH3)]P(C~Hj)2. The observed 
"triplets" may be explained by virtual coupling if the 
phosphorus nuclei are strongly coupled. Molecular 
models of P[ (CH3) SK (CH,)] 3P and (C6H6) ,P;(CH3)- 
NPU'(CH3)]P(C6H~)2 indicate the 31P nuclei are or could 
be in close proximity. Therefore, strong phosphorus- 
phosphorus coupling could occur through a mechanism 
not involving the bonding system as well as through 
the bonds. The fact that  only a doublet is observed 
for the methyl protons of (c,H,)P[(cH3)r;r;(cH,)!2- 
P(C6H6) can be explained by the fact that  the bond 
angles may not be such as to allow coupling of the 
protons with both 31P nuclei. The effect that  bond 
angles may have on the phenomenon of virtual coupling 
has been observed in the 'H niiir spectra of some 
transition metal complexes having phosphine ligands. 
Virtual coupling was observed in trans-square-planar, 
octahedral. and trigonal-bipyraniidal complexes, but 
not in czs isomers of these Alternatively, 
direct coupling could explain the observed triplets if 
the coupling constants of the two 31P nuclei are nearly 
the same relative to the given methyl group. I n  this 
case, an overlap of peaks would result in the formation 
of a triplet. 

When the hydrazinophosphorus compounds were 
allowed to react with triethylaluminum in 1 : 1, 2 : 1, and 
3 : 1 mole ratios, only adducts having a 2 : 1 mole ratio of 
Al(C2HS) 3 to the hydrazinophosphorus compound were 
isolated. The stoichiometry of these adducts and the 
fact that  these adducts exhibit single peaks for inethyl 
groups on the nitrogen atoms in the 'H nnir spectrum 
and single pealis for phosphorus in the 31P nnir spectrum 
suggest that aluininuni is bonded to phosphorus and is 
tetracoordinate. It should be noted that in the case 
of benzene solutions of (CGHj) zP[ (CH,) NN ( CH3)]- 
P(C&fj)2 and ( C B H ~ ) Z P [ ( C H ~ ) N S ( C H ~ ) ] P ( C ~ H ~ ) ~ .  [Al- 
(CzH,)3]2 single peaks a t  -62.5 and -61.2 ppni are 
observed in the 31P nmr spectrum. The fact that  these 
peaks have nearly the same shift suggests that  there is 
a large degree of dissociation of this adduct in benzene 
solution. Also, the fact that  the peaks observed in the 
'H niiir spectra were nearly independent of the con- 
centration of triethylaluminuni supports this supposi- 
tion. In  this case, therefore, the ninr data probably 
do not indicate the bonding of the solid adduct. 
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Relatively little attention has been paid until very 
recently to the reaction of trialkylphosphincs with 
chlorophosphines. Recent work in this laboratory's2 
and in others3-6 has indicated that reactions of tertiary 
alkylphosphines JT-ith halophosphines or haloarsines 
result in either (1) adduct formation or (2) halogen 
abstraction with the concurrent formation of P-P or 
As-As bonds and dihalophosphoranes. The objective 
of the present study was systematically to investigate 
a number of reactions of the above type in order to 
determine which reaction, if either, is the generation 
reaction. to investigate the possibility of extending the 
synthetic method of chlorine abstraction by tertiary 
phosphines to new systems, and to investigate the 
possible relationship of the chlorine-abstraction be- 
havior of tertiary phosphines t o  adduct or phos- 
phonium halide formation. 

Experimental Section 

Reagents.-Triethylphoephine and diethylchlorophosphinc 
were obtained from K B: I< Laboratories. Methyldichloro- 
phosphine was obtained from the FMC Co. and was distilled at  
79-83". Tri-n-butylphosphine was obtained from the Carlisle 
Chemical Korks ,  Inc., and the fraction boiling at  40" (0.05 mm) 
was retained for use. Tri-n-octylphosphine was obtained from 
the Matheson Coleman and Bell Co. Bis(dimethy1amino)- 
chlorophosphine $vas prepared by the method of Evleth, e2 al.' 
Tri-n-propylphosphine was prepared in a manner similar to  that 
reported by Davies, et a1.8,9 Dimethj-lchlorophosphine was 
prepared by the method of Parshail.10 

Procedures.-.& Vacuum htmospheres Model HE-43 inert- 
atmosphere box equipped with a Model HE-93B Dri-Train was 
used for manipulation and storage of all reagents. Aill solvents 
were dried and stored over calcium hydride except acetonitrile. 
A&cetonitrilc Tvas distilled from phosphorus(V) oxide. Infrared 
spectra were obtained using a Ileckman In-IO spectrophotom- 
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