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Figure l.-P31 n.m.r. spectrum of a P&brotnitiz reaction mixture 
(pure liquid). 

The bromo iodides can also be detected in PBr3- 
PI3 mixtures. A 2 :  1 mole ratio mixture of PI3 and 
PBr3 undergoes an endothermal reorganization reaction 
within a few minutes to yield a product with P31 
n.m.r. and mass spectra that are very similar to those 
of the P214-bromine reaction product. The rate of 
reorganization seems to increase along the series 
F < C1 < Br < I. Thus, the PBr8-PC13 systemlo 
requires 1.5 hr. for equilibration while the PBrzF- 
PCl, systemlo requires 60 hr. Further evidence for 
the relative lability of the bromo-iodo system is our 
study of the mass spectra of the PJ4-bromine reaction 
product a t  various temperatures. Upon raising the 
temperature of the heated inlet system in steps of 30 
to 40' one finds that the PI:, and PBrIz peaks increase 
in intensity a t  the expense of the PBrzI and PBr, 
peaks. The lability of the system, plus its lack of 
volatility, has precluded a separation of the reaction 
mixture into its components. 
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Further Studies in the Chloramination 
of Some Aminophosphines 

sa1ts.l All the previously reported chloraminations 
were, however, concerned with phenylphosphino deriva- 
tives and none of them contained alkyl-phosphorus 
bonds. Furthermore, with the exception of 1,l-bis- 
(diphenylphosphin0)-2,2-dimethylhydrazine,~ none of 
the previously chloraminated nitrogen-phosphorus 
derivatives contained more than one phosphorus atom 
attached to a nitrogen atom. 

The present work was undertaken to determine if, 
as in the case of the previously studied' aminophenyl- 
phosphines, chloramination of aminoalkylphosphines 
and of bis(diphenylphosphin0) amines occurs on the 
phosphorus atom(s) rather than the nitrogen atom. 
The results have established that this is indeed the case 
and that the chloramination of the bis(dipheny1phos- 
phino) amines occurs in accordance with the equation 

RN[P(CsH,)?]2 + 2SHzC1 f r*;Hz---t 

L S H 2  J 
This work has further shown that if the R group on the 
nitrogen atom in the bisphosphinoamines is a hydrogen 
atom the compound obtained on chloramination is 
[ (C6H&P(NHz)NP(NH2) (C6Hj)2]C1, which has been 
synthesized by the ammonolysis of diphenyltrichloro- 
phosphorane3 and by the ammonolysis and chloramina- 
tion of diphenylchlorophosphine. 

Experimental 
Materials.-Solvents used were dried over calcium hydride. 

The anhydrous amines were obtained from The Matheson Cotn- 
pany, Inc., and were used as received. Diphenylchlorophos- 
phine was provided by the 1-ictor Chemical Works. Tributyl- 
phosphine was obtained from Food Machinery and Chemical 
Corp. Dibutylchlorophosphine was prepared by the pyrolysis 
of tributyldichlorophosphorane .; 

Analyses .-Elemental analyses were done by Galbraith Micro- 
analytical Laboratories. Melting points were obtained in wax- 
sealed capillary tubes in a Thomas-Hoover capillary melting 
point apparatus and are uncorrected. 

Infrared Spectra.-The infrared spectra were recorded on a 
Perkin-Elmer Model 137 spectrometer using sodium chloride 
optics. The spectra of the solids were obtained from Nujol 
mulls. 

Nuclear Magnetic Resonance Spectra.-Nuclear magnetic 
resonance spectra were obtained on a Yarian high-resolution 
spectrometer, Model V-4300-2, equipped with field homogeneity 
control, magnet insulation, and field stabilizer. A summary 
of the data is found in Table 11. 

Preparation of Aminophosphines.-Some of the aminophos- 
phines used in this work have been reported p r e v i o ~ s l y . ~ ~ ~  Using 
similar methods two new aminophosphines have been prepared. 
These are ethylaminodibutplphosphine, C*HjSHP( C ~ H Q ) ~ ,  and 
bis( diphenylphosphino)amine, HN[P( C G H ~ ~ P ] ~ .  -4nalytical and 
melting point data are listed in Table 111. 

Procedure for Chloramination Reactions .-The procedure out- 

&+i summary of the data is found in Table I. 
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It has recently been shown that chloramine reacts 
with aminophosphines to form aminophosphoniurn 
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TABLE I 
INFRARED ABSORPTION ( C M . - ~ ) &  

NOTES 1223 

(CH3)2XP(CH3)2, neat 
3030 (vs), 2960 (vs), 2900 (sh, vs), 2840 (vs), 1470 (sh, s), 1450 (s), 

1430 (s), 1420 (sh, m), 1290 (s), 1270 (s), 1190 (vs), 1140 (m), 
1100 (vw), 1060 (s), 971 (vs), 936 (vs), 889 (vs), 845 (s), 
811 (m), 692 (s) 

[(H2N)( (CH3)?N}P(CH3)2]Cl, Nujol 
3250 (sh, vs), 3170 (oh, vs), 2940 (vs), 2650 (m), 2170 (vw), 

1630 (vw), 1570 (m), 1460 (vs), 1420 (s), 1380 (m), 1310 (vs), 
1270 (s), 1180 (s), 1080 (s),  987 (b, vs), 951 (s), 899 (m),  
856 (s), 793 (m), 752 (s) 

CZH~NHP(  C ~ H Q ) ~ ,  neat 
3450 (sh, w), 3390 (w), 2940 (vs), 2900 (sh, s), 1460 (s), 1400 (m), 

1370 (s), 1340 (w), 1290 (w), 1260 (w), 1180 (b, w), 1120 (vs), 
1090 (sh, m), 1060 (s), 1030 (b,  sh, w), 1000 (w), 966 (w), 
935 (m), 897 (m), 810 (b,  sh, w), 781 (sh, m), 725 (b, m) 

[ ( H ~ N ) ( ( C Z H ~ ) H N } P ( C ~ H ~ ) Z I C ~ ,  Nujol 
3190 (s), 3120 (sh, s), 2940 (vs), 2760 (sh, w), 1560 (w), 1460 (vs), 

1380 (s), 1310 (vw), 1270 (vw), 1230 (w), 1190 (vw), 1130 (s), 
1100 (m), 1080 (sh, m), 1060 (w), 1020 (b, sh, w), 1000 (sh, m), 
988 (s), 957 (m), 901 (b,  w), 846 (b, w), 802 (w), 781 (b, sh, w), 
720 (b,  m )  

C&K[P( COHL)ZI 2,  Nujol 
3110 (sh, m), 2960 (vs), 2900 (sh, vs), 1970 (vw), 1890 (vw), 

1820 (vw), 1590 (w), 1460 (s), 1430 (s), 1370 (s), 1300 (w), 
1180 (vw), 1150 (m), 1090 (s), 1060 (s), 1030 (m), 998 (w), 
966 (w), 924 (m), 879 (s), 854 (w), 766 (m), 749 (s), 742 (s), 
738 (sh, s), 695 (b, s) 

C&r\T[P(CsH5)2]2, Nujo l  

3110 (sh, VS), 2990 (vs), 1960 (vw), 1890 (vw), 1820 (vw), 
1650 (vw), 1580 (m), 1470 (vs), 1430 (vs), 1420 (sh, m), 
1380 (s), 1310 (m), 1270 (m),  1170 (m),  1160 (sh, m), 1090 (vs), 
1070 (vs), 1020 (m),  998 (m),  966 (vw), 917 (d, w), 851 (vs), 
743 (vs), 695 (vs) 

3210 (sh, s), 2940 (vs), 1980 (vw), 1890 (vw), 1820 (vw), 1590 (m), 
1560 (sh, vi), 1470 (sh, m), 1460 (vs), 1430 (vs), 1370 (s), 
1280 (b,  sh, s), 1250 (sh, s), 1220 (vs), 1180 (sh, s), 1160 (sh, m),  
1120 (vs), 1090 (m) ,  1070 (m), 1030 (w),  99& (m), 969 (s), 
937 (m), 861 (m), 850 (w), 798 (w), 765 (m),  746 (s), 727 (s), 
719 (vs), 690 (b, v s )  

L NH? 1 
3180 (sh, s), 3100 (sh, vs), 2970 (vs), 1910 (vw), 1820 (vw), 

1680 (vw), 1580 (d, m),  1480 (sh, m), 1470 (s), 1450 (vs), 
1420 (sh, m), 1380 (m), 1270 (b, vs), 1180 (d, m), 1160 (sh, m), 
1120 (vs), 1090 (s), 1030 (m), 1000 (s), 947 (s), 907 (w), 862 (m), 
849 (sh, w), 781 (w), 756 (s), 724 (vs), 691 (b,  vs) 

3250 (m), 3080 (sh, m), 2960 (vs), 2880 (sh, s), 1960 (vw), 
1890 (vw), 1810 (vw), 1480 (sh, s), 1460 (s), 1430 (s), 1380 (s),  
1300 (vw), 12iO (vw), 1250 (m),  1160 (b, vw), 1100 (s), 
1070 (qh, w) ,  1020 (m), 997 (w), 916 (sh, m), 905 (sh, s) ,  
897(vs), 794 (m), 749 (s), 736 (vs), 692 (b,  vs) 

HN[p(ceHa)z]~, NU.bl 

[(CgH&P( NH2)NP( NHz)( C ~ H S ) ~ ]  Cl.HCC13, Nujol 
3250 (sh, m), 3130 (sh, s), 2990 (vs), 1590 (w) ,  1570 (sh, w), 

1470 (vs), 1440 (sh, s), 1380 (s),  1280 (d, vs), 1250 (sh, s), 
1180 (w), 1130 (s), 1120 (sh, s), 1030 (w), 998 (w),  952 (b,  m), 
922 (sh, w), 747 (b ,  VS), 724 (vs), 690 (vs) 

a s, strong; m, medium; w, weak; sh, shoulder; d,  doublet; b, broad, 

TABLE I1 
NUCLEAR MAGNETIC RESONANCE DATA 

--1H shifts in approximate 7 valuesn--------------- 
Compound cBnab NH N H ~  NCHi iYCH3 PCHi CH2 CHa 

( C H ~ ) Z N P ( C H ~ ) Z  7 .00  8 .34  
(d10 .1)  ( d 5 . 7 )  

[(CH3)2NP(CH,),(r\rH,)1c1 3 .70  7.08 7.80 
(d 11.1) (d 14.5) 

C*Hr,NHP( C ~ H Q ) ~  7.34 
[CnHjNHP( C4Hv)z( NHz)] C1 4 .19  6 .85  

C2H5~[P(C6Hs)212 2 .97  6 .79  9 .30  
4.46 

( 9 7 . 5 )  ( t  7 .5)  

2 .07  3 .31  4 .48  7.29 
2 .53  

2 .78  

2.32 3 .46  4 .49  
2 .79  ( t 4 . 6 )  

T.60 
(d  5 . 0 )  

(d  14 .4)  

8 . 8 5  
(t) 

8lP 

shifts , 
p.p.m. 
from 

H3P04 

- 39 

- 54 

-37 
- 54 

-61 

-21 
150 C.P.S. 

broad 

- 72 

- 24 
150 C.P.S. 

broad 
- 20 

a The chemical shift values were obtained by sweeping through the field slowly and interchanging a reference sampk, acetaldehyde, 
The chemical shift and the sample being studied. 

values of the phenyl peaks were obtained by measuring to the highest part of the peak. 
Coupling constants in C.P.S. are in parentheses; d,  doublet; t ,  triplet; q,  quartet. 
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TABLE I11 
ASALYTICAL AND MELTING POINT DATA 

B.p.  OC. 
(mm.)  or -- % C--- 7 %  H--- --% N-- ---% Pi---- ---% Ci--- 
m.p,,"C. Calcd. Found Calcd. F o m d  Calcd. Found Calcd. Found Calcd. Found 

T j ( 2 . 0 )  63.45 63.27 12.78 12.86 7.40 7.24 16.37 16.20 
145-146 i 4 . i 9  i 4 . 8 8  5.49 6.48 3.64 3.62 16.08 16.03 
190-193 30.67 30.66 9 .01  9.20 17.89 18.06 19.78 19.89 22.64 22.27 
103-104 49.88 49.71 10.89 11.02 11.64 11.49 12.87 12.67 14.73 14.41 

i70dec .  65.06 65.03 5 8 8  6 .02  8.76 8 .92  12.91 12.93 7.39 7.60 

166-168 64 44 64 34 5 63 5 57 9 02 8 85 13 30 13.25 7.61 7.72 

I 
L NHS 2 

[( C6Hj)2?!NHzjxP( SH2)( CsHs)2] C1,HCClj' 52.56 52.59 4 . 4 1  4.39 i . 3 6  7.43 10.85 11.21 
Decomposes to  yield the material [( C6Hj')?P( SH2)NP(hTH2)( CBHL)Z] C1 which melts a t  245-246'. 

TABLE I V  
CHLORAUISATION REACTION COXDITIONS 

Chlor- 
amina- 

tion 
time a t  
soom 
temp.,  
min. 

6 
11 

15 

10 

10 

Standing 
time a t  
room 
temp., 

hi.. 

4 
12 

3 

36 

24 

NH2 J 

r NH 1 
I 

1.75 g., 647, 

1 .31  g., 5855 

L IVHz J 

[( CsH5)2P( KHp)NP( NHo)( CEHL)?] Cl.HCClde 
1.74 g ,5351, 

a Rccrystdhzeti from benzene-hexane. Recrystallized from chloroform-hexane, c Washed rapidly with sinal1 portions of mater 
followed by ether d Recrystallized from benzene e Recrystallized from chloroform-benzene. 

lined in ref i wCi3 followed. The effluent gas from the chlor- Discussion 
amine generator yielded about 0.1 mole of chloramine per hour. 
The experimental details from the various chloraminations are 

The infrared, n.m.r., and hydrolytic data for the 
various chloramination products reported herein con- oiitlinprl in Table IT-. ~ . _  - _. . 

Hydrolysis of Aminodimethylaminodimethylphosphonium firm the fact that  the chloramination occurs on the 
Chloride.-~iriodimethylaminodimethylphosphonium chloride 
was hydrolyzed with aqueous sodium hydroxide in a calibrated 
vacuum systerri. The volatile products were separated by frac- 
tional condensation and identified as arrimoriia arid dimethyl- 
amine. 

The Isolation and Identification of [( CsH5)?P( NHz)NP( NH2)- 
( CsHs)2]C1-HCCls.-The reaction products from the chloramina- 
tion of HN[P(CtiHj)a]2 were extracted with hot chloroform to 
separate the  phosphonium salt from the  ammonium chloride 
which is also formed in the reaction. The chloroform adduct' 
was then precipitated from the extract by the addition of benzene. 
Warming this adduct, under vacuum, to  $5' for 2 hr. resulted in 
the  removal of the chloroform yielding [(C&)2P( XHZ)NP(NHZ)- 
( CGHj)2] C1. Idzntification was carried out by comparing the  
infrared spectrum, the n.m.r. spectrum, and by obtaining a mix- 
ture melting point with a known sample. 

phosphorus rather than the nitrogen atom. For ex- 
ample, hydrolysis of the chloramination product of 
dimethylaminodimethylphosphine yields only di- 
methylphosphinic acid, ammonia, and dimethylamine 
with no trace of a hydrazine derivative. This hy- 
drolysis may be represented by the equation 

[( HzN) (( CH1)zN] P( C H S ) ~ ]  C1 + HzO + OH- ----f 
(CHa)zP(O)(OH) + KH3 -t (CH3)zNH 4- c1- 

A comparison of 31P n.m.r. chemical shift values from 
Table I1 of the aminophosphines having alkyl-phos- 
phorus bonds and their chloramination products shows 
that the phosphorus peaks have been shifted downfield 
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in the phosphonium salts relative to the starting mate- 
rial. This change in the chemical shift value is evi- 
dence that the environment of the phosphorus atom has 
changed considerably. If the chloramine had at- 
tacked the nitrogen atoms, the change in chemical shift 
values would probably have been small. Further, the 
infrared spectra of the chloramination products which 
contain P-phenyl bonds all exhibit the strong peak a t  
about 1120 ctii.-l which has been assigned to a tetra- 
coordinate phosphorus atom having a P-phenyl bond1 

Analytical, n.m.r., and infrared data show clearly 
that  the chloratnination of compounds of the type RN- 
[P(C6H6)z]z results in the combination of the bis- 
phosphinoarnine with 2 moles of chloramine in ac- 
cordance with the equation 

RI\’[P(CsHs)o\z + 2NHsCl + NH3 --f 
NH 

A reasonable rationalization of this result would in- 
volve the assumption that the initial monochloramina- 
tion product undergoes dehydrohalogenation and thus 
remains in solution and available for the second chlor- 
amination step. 

r NHs 1 

This scheme is analogous to that  previously postulated 
by our laboratory for the chloramination of 1,l-bis- 
diphenylphosphino-2,2-dimethylhydrazine, [(CsH&P]2- 

In  the case of the compound HN [P(C6H6)2]2 the chlor- 
amination product obtainable according to this reac- 
tion scheme, via. 

NN(CH3)z. 

is a tautomer of the previously prepared compound 
1 (C6Hj) ZP (NH2) N P ( NHz) (CoHb) 2 ] C14 and would be 
expected to  rearrange to  yield that  compound. Analyti- 
cal, infrared, and n.m.r. data show that  this is indeed 
the case and provide further evidence of the preference 
of the chloramine molecule for attack on the phos- 
phorus rather than the nitrogen atom. 
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Tetraborane, p-Deuteriotetraborane-10’ 
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Isotopically labeled boranes are convenient com- 
pounds for studies of interconversion and other re- 
action mechanisms of boron hydrides ; however, only 
two reports of specifically labeled tetraboranes have 
appeared. Schaeffer and Tebbe reported a reaction 
in which labeling of either the boron atom or the hy- 
drogen atoms a t  the 2 position2 could be e f f e ~ t e d . ~  
Koski and co-workers have also presented some evidence 
for 1,3-dideuteriotetraborane-l0 obtained during ex- 
change reactions between tetraborane-10 and deute- 
rated d i b ~ r a n e . ~ , ~  Recently, by substituting deuterium 
oxide for water in the pentaborane-11 water reaction 
described by Boone and Burg,6 we have prepared the 
first monodeuterium labeled tetraborane, p-deuterio- 
tetraborane- 10. 

Experimental 
Preparation of Starting Materials.-All operations and 

manipulations performed in these investigations involve standard 
high-vacuum techniques described elsewhere.’,* 

Pentaborane-11 used in these preparations was obtained by 
the pyrolysis of diborane in a hot-cold reactor in which the hot 
and cold surfaces were maintained at  155 =!= 5” and -80”, 
respectively.9 Carrying out the pyrolysis a t  a pressure of ap- 
proximately 1 atm. for a 6- or 7-hr. period resulted in conversion 
of 30 to 407, of the diborane to tetraborane-10 and pentaborane- 
11. Final purification of pentaborane-11 was carried out by 
repeated fractionation a t  - 98 to - 101 O using a low-temperature 
fractional distillation column.I0 Pentaborane-11 was obtained 
in 70 to 757,  yield based on the amount of diborane converted. 

Deuterium oxide (isotopic purity stated a t  >99.8%) obtained 
from the Atomic Energy Commission was used without further 
purification. 
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