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(BH3)z] with NaB(CsH& in Water.-An approximately 0.6- 
mmole sample of the appropriate salt in 3 ml of HzO a t  0' was 
treated with an equimolar quantity of NaB (CsHa)* contained in 
15 ml of ice water. The white precipitate which formed was 
filtered off in about 3 min, washed with ice water, and dried a t  
100". The theoretical amount of [RzNHz] [B(CsH6)?], R = H or 
CH3, was obtained from the filter (X-ray powder pattern identi- 
fication). iTaHzP(BH3)z was identified in the filtrate by nmr. 

The Hydrolysis of [NH,] [HZP(BHa)z] .-A 0.500-mmole sample 
of [NH?] [H2P(BH3)2] was placed in a reaction tube; the tube 
was evacuated, then 3-4 ml of 8 N HCl was frozen in. After 
sealing the tube and allowing it to warm to +85" overnight, the 
contents were cooled to -196" and the tube opened to the 
vacuum line. The noncondensable gas recovered corresponded 
to 3.01 mmoles of Hz; the remaining volatile products were dis- 
tilled through traps held a t  -78, - 112, and - 196". A 0.332- 
mmole sample of PH3 was recovered in the -196" trap (when 
necessary the PH3 was separated from HC1 by forming an  azeo- 
trope with HzO and distilling off the free PH3). The solid re- 
maining contained KHhCl and B(OH)8 (X-ray powder pattern). 
Boron present in the products was determined by titration in the 
presence of mannitol as described elsewhere:I3 experimental, 
27.5%; theoretical based on equation, 28.77,. The equation 
which is consistent with all of the observation is 

M[HqP(BH3)2] + 6Hz0 + HC1 --+ 
HIP + MC1 + 6Hz + 2B(OH)3 

The Reaction of [ (CH3)2NHz] [H*P(BH&] with NaNHz.--A 
1.07-mmole sample of [ (CH~)ZXHZ] [HzP(BHa)?] was mixed in a 
vacuum line reaction tube with a 1.74-mmole sample of NaNH2I4 
in a drybox. Immediate evolution of ammonia required rapid 
transfer of the tube to the vacuum line and freezing of the con- 
tents to -196'. After evacuation of the air, the system was 
allowed to warm to Bo, held for 30 min, and then raised to 
100" for 45 min. Gaseous products which were evolved were 
fractionated and identified by vapor pressure measurements as 
NH3 and (CH3)zNH. The white solid which remained was iden- 
tified by infrared spectroscopy as Na[H2P(BH3)z] . 

a sample (0.88 This reaction was also run in formamide; 

(13) F. J. Foote, Ind. Eng. C h e m . ,  Ind. Ed., 4, 39 (1932); T. C. Bissot, 

(14) W. L. Jolly, "Synthetic Inorganic Chemistry," Prentice-Hall, Inc., 
Doctoral Dissertation, University of Michigan, 1955. 

Englewood Cliffs, K.  J., 1960, p 153. 

mmole) of [ (CH~)ZNHZ] [ H ~ P ( B H ~ ) z ] ,  1.00 mmole of NaNH2, and 
2 ml of formamide were mixed. The iTaNH2 was added to a 
frozen solution of [ ( C H ~ ~ Z N H T ]  [HzP(BHa)z] by rapidly removing 
the nitrogen-filled reaction tube from the line, adding solid 
NaNH2, then rapidly replacing the reaction tube and evacuat- 
ing the system. A sample (0.92 mmole) of gas was identified 
as NH3 and a 0.84-mmole sample of gas was identified as 
(CHa)zNH. Formamide could not, however, be removed from 
the solid product. 

Attempted Preparation of Na[HzP(BH&] by the Reaction of 
NaPHz and B2H6.-A solution of NaPH? in liquid NH3, prepared 
by the reaction of Na with PH3 in iTH3,l6 was filtered in the 
vacuum filtration apparatus. The volatiles were then removed 
a t  -78" (12 hr); then the Na-filled, stoppered tube was trans- 
ferred to the drybox where a sample (0.238 mmole) of NaPHz 
was weighed into a vacuum line reaction tube. After evacuation 
of the tube on the vacuum line, a 1.36-mmole sample of B z H ~  
was distilled into the system. The BzHs was allowed to melt and 
held in contact with the solid phase for about 1 hr; the system was 
then warmed to room temperature and held for 12 hr. All but 
0.07 mmole of was recovered from the system. Wo evi- 
dence for NaHzP(BH3)z was found in the solid. 

Attempts to dissolve NaPHz in diethyl ether and diglyme were 
unsuccessful. When NH3 was used as a solvent, only [(HaN)z- 
BH?] BH4 was detectable as a solid product [nmr in liquid NH3 a t  
-45"]. 

Physical Measurements.-Infrared spectra were obtained 
using a Beckman IK-12. h'mr spectra for llB and 31P were ob- 
tained with a Varian Associates H-R 100 instrument operating a t  
94.1 and 40.4 Mc, respectively. Chemical shifts were deter- 
mined by tube interchange. Proton nmr spectra were obtained 
with a Varian Associates HA-60 instrument. 
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The new hydrazino phosphine derivatives P[K( CH3)iY( CH3)*] and CsH,P[N(CHa)N( CHI)*] were prepared. The chlorami- 
nations of CaH,P [N( CH3)N( CH3j2] 2 ,  [( CeH;),P] ,XN( CH3)2, and [( CaHi)zP]~NN[P( C6Hj)s] (CH3) mere carried out in both the 
presence and absence of ammonia As found in previous studies of P-N compounds, the phosphorus atoms are the sites of 
the chloramination reaction In  the absence of ammonia no dehydrochlorination occurs and multiply charged complex 
aminophosphonium ions are obtained from the chloramination of the bis- and trisphosphinohydrazines. 

Recent work has shown that hydrazinophosphines 
can be prepared by allowing chlorophosphines to react, 
in the presence of an HCI acceptor, with hydrazines 
containing an N-H gr0up.l We have used this method 

The reactions of chloramine with hydrazinophos- 
phines and aminophosphines have indicated that the 
hydrazino or amino nitrogens apparently are inert to 
attack by chloramine;2-5 it is rather the phosphorus 

to prepare tris(l,2-trimethylhydrazino)phosphine and (2) R. P. Nielsen, J. P. Vincent, and H H Sisler, ibzd , 2, 760 (1963) - -  
bis (1,2,2-trimethylhydrazino) phenylphosphine. 

( 1 )  R.  P. Nielsen and H. H. Sisler, Inoug. Chem., 2,  753 (1963). 

(3) H. H. Sisler and J. Weiss, ibid., 4, 1514 (1965). 
(4) W. A.  Hart and H. H. Sisler, ibid., 3 ,  617 (1964). 
( 5 )  D. F. Clemens and H. H. Sisler, ibid., 4 ,  1222 (1966) 
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atom that is the site for amination by the chloramine 
molecule. Furthermore, if bis(dipheny1phosphino)- 
hydrazines or amines are allowed to  react with chlor- 
amine in the presence of ammonia dehydrohalogenation 
occurs,2*B as indicated by the equation 
RX[PICsH0)2]a + 2KH2C1 f S H Y  + 

Infrared Spectra.--Infrared spectra were obtained on a Beck- 
iiian IR-10 spectrophotometer. The spectra of the crystalline 
solids were obtained in Halocarbon oil-Kujol mulls, those of the 
liquids as films between potassium bromide disks. The principal 
bands in the spectra of the various conipounds are listed in 
Table I, 

[R-KkXH2 IC1 f NHlCl 

P ( G H ,  )P 

In the present study, we have also carried out the reac- 
tion of ammonia-free chloramine6 with 1, 1-bis(dipheny1- 
phosphino)2,2-dimethylhydrazine. A double chlorami- 
nation product which does not undergo dehydrohalo- 
genation results. I ,  1,2-Tris(diphenylphosphino)2- 
methylhydrazine 11-as allowed to react with chloramine 
both in the presence and in the absence of ammonia 
yielding two products. ITith ammonia present, the 
expected dehydrohalogenated product was obtained 
as a chloroform adduct. In the absence of ammonia, 
however, a doubly chloraminated product appears to 
have resulted, with no dehydrohalogenation occurring. 
\Ye have also carried out the reaction of chloramine 
with (CGHj)P[T\;CH3N(CH3)2]2 and found it  to yield the 
expected aminophosphonium chloride, [C6H6P(NH2)- 
[NCH3N(CH3),],]Cl. 

Experimental Section 
Material.-Phosphorus trichloride was obtained from J . T. 

Eaker Chemical Co. and was distilled under nitrogen prior to use, 
bp 75.5' (760 mm).  Phenyld.chlorophosphine, 1-ictor Chemical 
Co., was vacuum distilled, bp 65' (2 mm).  l,l ,l-Trimethyl- 
hydrazine vias prepared according to the method of Class, et al.,? 
and was distilled from calcium hydride, bp 59.6-61.0" (760 
mm). Triethylamine, obtained from the Eastman Kodak Co., 
was refluxed over potassium hydroxide for 18 hr and then dis- 
tilled, bp 88-89" (760 mm).  

The hydrazinophosphines, l,l-bis(diphenylphosphino)2,2-di- 
methylhydrazine, mp 13i-39', and 1,1,2-tris(diphenylphos- 
phino)2-methylhydrazine, mp 155.5-157.0°, were prepared ac- 
cording to the procedures given by Nielsen and Sisler.' 

The gaseous mixture of ammonia and chloramine was produced 
by the reaction of chlorine and ammonia in a generator accord- 
ing to the Sisler-Mattair p r o c e s ~ . ~ ~ ~  The rate of production of 
chloramine was 0.1 mole/hr. Ethereal chloramine solutions 
were freed from ammonia by passing the solutions over anhy- 
drous copper sulfate.6 The chloramine contents of the solutions 
were determined by allowing aliquot samples of the chloramine 
solution to react with acidified potassium iodide solution, the 
iodine released being titrated with a standard sodium thiosulfate 
solution. 

Manipulations and reactions were carried out in an atmosphere 
of nitrogen. 

Analyses .-Elementary analyses were performed by Schwarz- 
kopf Microanalytical Laboratory, Woodside, X .  Y .  Melting 
points were determined using sealed capillary tubes and are 
corrected. 

(6) L. T. Gilson and H. H. Sisler, Inorg.  Chem.,  4 ,  273 (1965). 
( 7 )  J. B. Class, J. G. Aston, and T. S. Oakwood, J .  Ani. C h e m .  Soc., 76, 2937 

(1953). 
(8) R. Mattair and H. H. Sisler, ibid., 73, 1619 (1951). 
(9) H. H. Sisler, F. T. Neth, R. S. Drago, and 1). Yaney, ib id . ,  76, 3906 

(1954). 

TABLE I 
INFRARED .~BSORPTIOS FREQUESCIES ( ~ h i - l ) ~  

P[ NCHaN( CH;I)~]  3 (pure liquid between KBr disks) 
2970 (s ) ,  2920 (s) ,  2840 (s),  2780 ( s ) ,  1450 (s) ,  1395 (m) ,  1225 (m),  

1145 (m) ,  1090 (sj, 1060 (m) ,  1015 ( m ) ,  985 (m) ,  840 (s),  815 (s ) ,  
640 (s) ,  625 (sh), 540 (m),  490 (sh),  480 (m) ,  450 (s) 

CaHiP [XCHaN( CH8)?]2 (pure liquid between KBr disks) 
3060 (w, db), 2980 (m) ,  2940 (s) ,  2880 (sh), 2850 (s),  2830 (sh), 

2770 ( m ) ,  1585 (w), 1480 (m) ,  1450 ( m ) ,  1445 (s),  1400 (sh), 
1300 (w), 1260 (w), 1225 (m) ,  1180 (w), 1150 (w) ,  1115 (m),  
1090 (s), 1030 ( w ) ,  1015 (m) .  985 (m),  970 (m) ,  920 (w, br), 
845 (s), 750 (s), 705 (s) ,  650 (m), 620 (w, db), 540 (m),  500 (sh) ,  
475 (m) 

[CsHjP( SHa)[SCH1S( CHa)?I2] C1 (halocarbon oil-Kujol mull) 
3080 (m),  3050 ( m ) ,  2980 (sh), 2940 (s), 2895 (sh), 2790 (w, db) ,  

2560 (w,  br), 2250 ( w  br), 1950 (157, br) ,  1880 ( w ) ,  1820 ( w ) ,  
1590 (m) ,  1560 (m),  1530 (sh), 1510 (w) ,  1455 (s), 1435 (s), 
1410 (w, db) ,  1260 (w), 1230 (m) ,  1210,(w), 1185 (w),  1150 (w),  
1130 (s),  1105 (m) ,  1090 (sh), 1080 (m) ,  1020 (m),  995 (m) ,  965 
(m) ,  8 i 0  (s), 850 (m) ,  745 (s),  730 (m) ,  690 (m) ,  6iO (sh), 650 
(w), 520 (s) ,  505 (s), 470 (w),  445 (w)  

I [(CsHa)2PKH2]?NS( CHB)2] C1, (halocarbon oil-Nujol mull) 
3150 (s), 3040 (s),  2980 (sh), 2820 (sh),  2300 (w, br), 1900 (w, br), 

1810 (w,  br), 1590 (m) ,  1560 (m) ,  1540 (sh), 1480 (m),  1475 
( w ) ,  1435 (s) ,  1370 (sh), 1290 (sh), 1250 (s, br). 1180 (w), 1160 
iw) ,  1120 (s) ,  1070 (w), 1025 (w), 995 (m),  970 (m) ,  935 ( w ) ,  
920 (sh), 850 (m), 750 (s), 720 (s),  690 (s) ,  670 (sh), 550 (sh), 
525 (s), 510 (sh),  450 (w) 

[[(CeHs)Pr\"~][(C~Hj)2PSH]~NCHa[H2NP(CsHj)z]]Cln.CHClp 
(halocarbon oil-hTujol mull) 

3160 (s), 3050 (s),  2550 (IT, br), 2250 (w, br), 1950 (w, br), 1880 
(w, br), 1805 (w),  1760 ( w ,  br), 1655 (w, br), 1585 (m),  1565 (s), 
1475 (m) ,  1435 (s),  1370 (sh), 1300 (sh), 1250 (s),  1185 (w),  
1120 (s) ,  1010 (w), 995 (w), 965 (s) ,  945 (m),  745 (s) ,  720 (s), 
685(~) ,67O(sh) ,535(sh) ,  5 2 0 ( ~ ) , 5 0 0 ( m ) , 4 4 0 ( w )  

[ [ ( CsHs)aPNHz] 2hXCH3 [ P( CGH6)2] ] C1 (halocarbon oil-Sujol 
mull) 

3150 (s'I, 3050 (s), 2960 (s), 2860 (sh),  2520 (w), 2280 (w, br), 
1900 (w, br) ,  1820 (w,  br), 1760 (w,  br), 1665 (w, br) ,  1590 (s),  
1565 ( m ) ,  1540 (sh), 1480 (m) .  1435 (s), 1380 (w), 1300 (sh), 
1250 (s),  1180 (s),  1155 (sh). 1120 (s),  1100 (sh), 1070 (w), 
1025 (m) ,  995 (m) ,  975 (m) ,  935 (sh), 880 (w), 850 (w), 780 (m),  
750 (s) ,  725 (s),  690 (s),  670 (sh), 560 (s, db) ,  530 (s),  510 (s) ,  
450 (w). 
a s, strong; m, moderate; w, weak; br, broad: sh, shoulder: 

db, doublet. 

Nuclear Magnetic Resonance Spectra.-Proton nuclear mag- 
netic resonance spectra were obtained on a Varian Model A-60-A 
nmr spectrometer. For the 31P resonance spectra, a Tarian high- 
resolution Model \--4300 nmr spectrometer was used. The 
chemical shift values are listed in Table 11. 

Preparation of Tris( 1,2,2-trimethylhydrazino)phosphine .- 
With stirring, cooling in an ice bath, and under a dry nitrogen 
atmosphere, 20.6 g of phosphorus trichloride (0.15 mole) in 25 
ml of dry toluene was slowly added to a solution of 33.3 g of 1,1,- 
2-trimethylhydrazine (0.45 mole) with 54.7 g of triethylamine 
(0.54 mole) in 75 ml of dry toluene. Upon completion of this 
addition, the mixture was allowed to warm to room tempera- 
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Chemical shift, ppma 
1 Hb aipc 

7 .63  
7 .57  
7.55 

7.66 
7.60 
7.52 
3.00 

7.57 
7.02 
7 .17  
3 .13  d 
2.38-2.60 
1.64-1.87 

-101.5 

-80.2 

-39.9 
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TABLE I1 
NUCLEAR MAGNETIC RESONANCE DATA 

Coupling 
Assignment constants, cps 

P [N(CHs)N(CHs)z1ad 
N-Methyl JPNCH = 4 . 5  
N-Dimethyl 
N-Methyl 

C ~ H ~ P [ N C H ~ N ( C H ~ ) Z ] ~ ~  
N-Dimethyl JPNCH = 5.0 
N-Methyl 
N-Methyl 
Phenyl 

[CeHsP("z) [NCHsN(CHa)zlzl Cle 
N-Dimethyl JPXCR = 9 .0  
N-Meth yl 

Amino 
Phenyl 
Phenyl 

N-Methyl JPNH = 6 . 0  

[[(C6Hs)zPNHz]zNN(CH3)21 C1z1 
7 .38  Methyl 
7 .28  Methyl 
3 .63  Amino 
2 .83  v br Amino 
2.51 cm Phenyl 

-1.51 + 1 . 3  

Peak-area ratios--- 
Assignment 

Phenyl : methyl 

Phenyl : amino 
N-Methyl: 

N-dimethyl 

Phenyl: amino 

[ [(  CeHs)zPNH] 1 (CaHs)zPNHz] NNCHs[H2NP(CoHs)z] ] Clz * CHCl3'vf 
4 .02  Amino Phenyl: amino 
2.47 cm Phenyl 

-12 6 f 2 . 6 v b r  
[ [ (C6Hs)zPNHz]zNrSCHg[P(CbHs)z1 1 Cl?' 

7.32 Methyl JPNCH = 10 .5  Phenyl : amino 
7.07 Methyl 
6 .42 Amino 
3 .85  w, br Amino 
2 .53  Phenyl 

- 3 6 . 7 &  2 68 

Theory 

1:3.60 

2 . 5 : l  
3:6 

5: 1 

30:4 

5: 1 

Found 

,1:3.52 

2 .92 : l  
3 . 0 : 6 . 6  

1 2 . 4 : l  

30: 5" 

4 . 7 5 : l  

a b,  broad; cm, complex multiplet; d ,  doublet; v,  very; w, weak. 
solutions. Pure liquid, T M S  external standard. 
protons not observed due to undeuterated dimethyl sulfoxide present. 
with that from the phenyl proton, which is a complex multiplet. 

T value. Referred to H3P04. saturated dimethyl sulfoxide 
f Methyl 

The proton resonance signal attributable to CHCla is mixed 
e Saturated deuteriodimethyl sulfoxide solution, TMS internal standard. 

Two signals appear to be present. 

ture and refluxed gently for several hours. The white solid 
reaction product, triethylammonium chloride, was filtered off 
and washed with small portions of toluene; weight 38.9 g (93.5% 
of theory), mp 252-254' (lit. 254'). The solvent was removed 
from the combined filtrate and washings yielding 31.1 g of a yel- 
low oil (83% of theory based on Pels). This oil was then frac- 
tionated a t  0.45 mm, the fraction distilling between 82.5 and 
83.0' being collected; yield 10.0 g (26.7y0 of theory) of a color- 
less liquid. Anal. Calcd for CsHnN6P: C, 43.18; H, 10.87; 
N, 33.57; P, 12.37. Found: C, 41.96; H ,  10.58; N, 31.52; 
P,  12.10. The method of preparation and analytical data indi- 
cate this product to be P [ N C H ~ N ( C H ~ ) Z ] ~  but not of high purity. 
The infrared and nmr spectra are also consistent with this formu- 
lation. 

Preparation of Bis( 1,2,2-trimethylhydraziho)phenylphosphine. 
-In a reaction procedure similar to that  described above, a 
solution of 11.1 g of l,l,Z-trimethylhydrazine (0.15 mole), 
21.7 g of triethylamine (0.22 mole), and 25 ml of dry benzene 
was slowly added to 13.4 g of phenyldichlorophosphine (0.075 
mole) in 50 ml of dry benzene. Stirring, cooling at  0-5", and 
a nitrogen atmosphere were maintained throughout the proce- 

dure. Upon completion of the addition of the hydrazine-amine 
solution, the reaction mixture was stirred several additional hours 
a t  room temperature. A quantitative yield of triethylam- 
monium chloride was obtained upon filtration. The solvent was 
removed from the filtrate yielding 16.5 g of a yellow oil (86.5% 
of theory based on C ~ H ~ P C ~ Z ) .  The oil was fractionated a t  0.5 
mm, the fraction distilling between 120 and 133" being col- 
lected; yield 6.0 g (36.3y0 of theory) of a colorless liquid. Anal. 
Calcd for C ~ ~ H Z ~ N ~ P :  C, 56.67; H ,  9.12; N, 22.02; P, 12.18. 
Found: C, 56.77; H, 9.21; E, 21.90; P ,  12.32. The analytical 
data, method of preparation, and infrared and nmr spectra are 
consistent with the formula C ~ H ~ P [ N C H ~ N ( C H B ) Z ] Z  for this 
product. 

Reaction of Bis( 1,2,2. trimethylhydrazino)phenylphosphine 
with Chloramine .-Bis (1,2,2-trimethylhydrazino)phenylphos- 
phine (2.64 g, 0.0104 mole) in 100 ml of dry diethyl ether was 
allowed to react with the effluent gases of the chloramine generator 
a t  0' for 30 min (0.05 mole of chloramine). The reaction mixture 
was then allowed to remain a t  room temperature for 4 hr, thed 
vented through a KOH-filled drying tube. The solid reaction 
product, containing ammonium chloride, was recrystallizen 
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from benzene, yielding 4.41 g (21.6y0 of theory) of a white 
crystalline solid, mp 161" dec. Anal. Calcd for CI2HZ5N5PC1: 
C, 47.13; H ,  8.24; N,22.91; P, 10.13; C1, 11.59. Found: C, 
47.66; H, 8.72; K,21.74; P, 10.13; C1, 11.35. 

Reaction of l,l-Bis(diphenylphosphino)2,2-dimethylhydrazine 
with Ammonia-Free Chloramine.--A 100-mi sample of an am- 
monia-free ethereal solution of 0.022 mole of chloramine was 
slowly added to 1.5 g of 1,1-bis(diplienylphosphino)2,2-dimethyl- 
hydrazine (0.0035 mole) in 50 ml of ether. Stirring, cooling in 
an ice bath, and a blanket of nitrogen were maintained during the 
procedure. The reaction mixture was stirred an additional 1 hr 
a t  room temperature after the addition of the chloramine solu- 
tion a t  this point, indicating that chloramine was no longer 
present. The solid reaction product, containing ammonium 
chloride from the decomposition of chloramine, was filtered from 
the solution, weight 2.18 g.  This mixture was recrystallized 
from a chloroform-ether mixture yielding 1.09 g of a pale yellow, 
crystalline solid. The product begins to decompose a t  65" 
with frothing; a t  135" i t  is a deep yellow viscous liquid. Anal. 
Calcd for CzsHaoR'*P2Cl?: C, 58.76; H, 5.59; R', 10.54; P, 
11.66; C1, 13.34. Found: C,58.84; H,5.91; N1,9.73; P, 11.40; 
Cl, 13.53. The analysis and infrared and nmr spectra show this 
product to be a double chloramination product or dichloride salt. 

Reaction of 1,1,2-Tris (diphenylphosphino)2-methylhydrazine 
with the Gaseous Mixture of Ammonia and Chloramine.-1,1,2- 
Tris(diphenylphosphino)2-methylhydrazine (0.00312 mole) in 
100 ml of dry ether was alloned to react with the effluent gases 
of the chloramine generator for 2 hr (0.2 mole of chloramine) a t  
0". The reaction mixture was then kept a t  room temperature 
for 18 hr vented through a KOH-filled drying tube. The solid 
reaction product, containing ammonium chloride, was re- 
crystallized from a chloroform-ether mixture; 0.55 g of a white 
crystalline solid, mp 236.5-240.5' dec, was obtained. Anal. 
Calcd for C38H39NSP3Clj: C, 54.59; H, 4.70; N, 8.38; P, 11.11; 
C1, 21.23. Found: C, 53.62; H ,  5.05; S, 8.24; P, 10.86; C1, 
22.50. 

Reaction of 1,1,2-Tris(diphenylphosphino)2-methylhydrazine 
with Ammonia-Free Chloramine .-An ammonia-free ethereal 
solution of 0.022 mole of chloramine was added with stirring, ice- 
bath cooling, and under a blanket of nitrogen to 1.50 g of 1,1,2- 
tris(diphenylphosphino)2-methylhydrazine (0.00257 mole). Upon 
completion of the addition of the chloramine solution, the reac- 
tion mixture was stirred for 1 hr a t  room temperature. The 
solvent, when tested with an acidified potassium iodide solution, 
gave no reaction, indicating that all the chloramine had been 
consumed. The solid reaction product, after filtration (weight 
2.09 g ) ,  was recrystallized from a chloroform-ether mixture to 
remove the ammonium chloride present. One gram of a white 
crystalline solid which begins to decompose a t  65" was obtained; 
as the temperature is raised the material froths. At 170' a 
viscous yellow liquid is formed. Anal. Calcd for CsiHsiN4- 
PaCI2: C,63.34; H,5.32; K,7.99; P, 13.24; CI, 10.11. Found: 
C, 62.00; H ,  6.64; N, 7.50; P, 12.89; C1, 9.82. Theanalytical 
data, though obviously imperfect, indicate that  the product iso- 
lated from this reaction probably results from double chloramina- 
tion. 

Discussion 
The hydrazinophosphines prepared by the hy- 

drazinolysis of halophosphines include P [NCHBIV- 
(CH3)*I3 and CGHjP [NCH3K(CH3),]?. It is interesting 
to note that for each of these compounds, three IH nmr 
signals for methyl hydrogens are observed. The sig- 
nal resulting from the N-methyl hydrogens adjacent 
to the phosphorus atom presumably is split because of 
coupling with the phosphorus atom. Peak-area ratios 
were not obtainable since the signals were close to- 
gether and overlapped somewhat. The 'H nmr signal 
for N-methyl protons in the product of the chloramina- 

tion of CaHjP [NCH,N (CHJ2I2> which the analytical 
and spectroscopic data indicate to have the structure 
[CsH;P(NHz) [NCH3N(CH3)s]2]Clj is also split. In 
this case the various signals were sufficiently separated 
from each other to allow determination of the peak- 
area ratio for the N-methyl and N-dimethyl hydrogens. 
This ratio was found to be approximately 1:2, as pre- 
dicted from the formula. 

The products of the chloramination reactions de- 
scribed indicate that the phosphorus atom, and not 
the hydrazino nitrogens, is the site of attack of the 
chloramine. The infrared spectra of all the chlor- 
amination products contain strong bands a t  or very 
near 1120 cm-1 showing the presence of tetracoordi- 
nate phosphorus atonis with P-phenyl bonds. The 
relatively low yields of chlorarnination product may 
result from chloramine exerting a destructive action 
on the hydrazinophosphine. However, the large ex- 
cess of chloramine required to carry the reaction to 
conipletion arid the major amounts of ammonium chlo- 
ride found may be attributed to catalytic decomposi- 
tion of the chloramine by the hydrazino group. 

The ammonia-free chloraniination of 1,l-bis(di- 
phenylphosphino)2,2-diinethylhvdrazine was shown to 
result in double chloramination yielding. a dichloride. 
This is in contrast to the product obtained by Nielsen, 
et al.,  when the same hydrazinophosphine was chlor. 
aminated in the presence of ammonia. In the latter 
instance, dehydrohalogenation occurs, resulting in the 
formation of 

Similar products were obtained with bis (diphenylphos- 
phino)amines when allowed to react with the gaseous 
ammonia-chloramine 1nixture.j In the absence of 
ammonia, dehydrohalogenation does not occur. 

Structures that can be suggested for this product 
include 1 and IT. Structure I would result Jroni the 

I 
I1 

J 
I 

direct chloramination of each phosphorus atom. An 
intense absorption in the infrared spectrum a t  1250 cn1-l 
is consistent with the presence of a P=N group. Thus, 
structure I1 in which a proton has transferred to one of 
the hydrazino nitrogens is probable. 

It may be assumed in these reactions that chlor- 
amination on the phosphorus atoms occurs first, fol- 
lowed by loss of a proton from an NH2 group if  a pro- 
ton acceptor is present. If ammonia is present, it  
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(H ,Ce)>I’ 
I 

would act as a proton acceptor; however, in the ab- 
sence of ammonia, or other base, the hydrazino nitrogens 
could be the proton acceptor sites, thus giving struc- 
ture 11. The lH nmr spectrum does show signals at- 
tributable to the NH group a t  values of 2.83 and 3.63 
ppm, but the peak-area ratio of phenyl to amino hydro- 
gens does not agree with the theoretical value for two 
NH2 groups. The hydrogen resonance signals due to 
H-N=P and N-NH groups are not clearly observed 
and may not be observable because of the complexity 
of the phenyl hydrogen signals. 

The chloramination of 1,1,2-tris(diphenylphosphino)- 
2-methylhydrazine in the presence and in the absence 
of ammonia clearly results in the formation of two dif- 
ferent products. The data indicate that dehydro- 
halogenation occurs in the presence of ammonia. In 
similar cases i t  was postulated that one phosphorus 
atom is initially chloramiiiated, then dehydrohalo- 
genated by ammoiiia. This is followed by chloramina- 
tion of the second phosphorus atom resulting in the 
final product.2 The compound [ ( C ~ H ~ ) ~ P ] Z N N C H ~ P -  
(C0HS)z contains three phosphorus atoms as sites for 
attack by chloramine. All three of the phosphorus 
atoms are chloraminated in the presence of ammonia, 
followed by the loss of one mole of hydrogen chloride 
resulting in the formation of a =NH group. The data 
given do not allow a decision as to which phosphorus 
atom has the =NH group. The data obtained sug- 
gest that the product has crystallized with one mole of 
chloroform. Structures I11 and IV are possible. 

NH2 KHs 

C12. CHClj 

I11 

other chloramination products, the infrared spectrum 
shows the presence of the quaternized phosphorus atom 
with a P-phenyl bond. Furthermore, a strong ab- 
sorption in the infrared a t  1250 cm-’ indicates that  a 
P-N group may be present. The IH nmr spectrum 
shows two signals which can be attributed to N-H 
hydrogens and the 31P nmr spectrum shows two signals 
close together. These data indicate that two different 
N--H groups and two different phosphorus atoms are 
present in the product. Feasible formulations are 
V-VII. The available data do not discriminate be- 

r l 

I 1 
v I 

L KHz _I 
1711 

tween them. It is true that formulas VI and VI1 have 
three nonequivalent phosphorus atoms. However, in 
the absence of more definitive information concerning 
31P chemical shifts in such compounds as these, it is not 
safe to eliminate these possible structures. In  fact, 
rapid exchange of protons would result in two of the 
phosphorus atoms in VI1 becoming equivalent. 
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