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F-N-0-S-F bond and space system. X somewhat related sys- 
tcm, F-C-0-S-F, in C2FSOSFj has been studied by Merrill and 
co-morkers,22 who found coupling constants to be 3 and 10 C.P.S. 

(22) C hfernll, S Williamson, G H Cady, and D Eggers, Jr  , 17zoyg 
Citeln , 1, 215 (1962) 

between the -CF2- group fluoriiies and the A and B fluoriiies, 
respectively, of the pentafluorosulfur group. 
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Decaboranyl sodium arid diphenylchlorophosphiiie reacted in ether solution to form diplieti~-lpliospliinodecaboraiie-l~ 
( (  C6H5)2P-BiOH13), the first phosphine substituted decaborane-14 with trivalent phosphorus. B” n.m.r.  spectral investiga- 
tion proved the substituent to be at the 6-position. Unlike monomeric phosphinoboranes (RZP-BRT), i t  is unreactive 
toward Lewis acids, oxidation, and quaternization, but  undergoes partial degradation with alcohols to form B9Hl3-( ( C6HB)?- 
PH). Its  reactions with amines and phosphines resulting in salts containing the ( C~HL)?PB~OHIZ anion are described. 

The original instance of the formation of a decabor- 
ane-phosphine compound occurred when decaborane-14 
was found to react with triphenylphosphine to form 
bis- (triphenylphosphine) -decaborane, a compound of 
the BlaHlz(ligand)z type in which the ligands donate 
electrons to the BI0Hl2 units. Recently two other 
such compounds with pentavalent phosphorus, bis- 
(tri-n-butylphosphine) -decaborane and bis- (diethylphos- 
phine) -decaborane, have been reported. The present 
investigation was undertaken with the objective of 
synthesizing phosphinodecaboranes (R2P-.Bl0HI3) with 
trivalent phosphorus, to  study their properties, and 
thus to gain additional insight into the character of 
phosphorus-borane bonding. No examples of higher 
phosphinoboranes had been reported, and only a few 
monomeric phosphinoboranes (R2P-BR2) have been 
described.4 

To this end, decaborane-14 was treated with di- 
phenylphosphine, diphenylchlorophosphine, and ethyl 
diphenylphosphinite. Substitution involving the elini- 
ination of hydrogen, hydrogen chloride, or ethanol, 
respectively, did not occur; rather the correspond- 
ing B1CH12((C6H5)2P. R)2 compounds were obtained : 
bis-(diph.eny1phosphine)-decaborane (I), bis- (chlorodi- 
phenylphosphine) -decaborane (11) , and bis- (ethoxy- 
diphenylphosphine) -clecaborane (111). B10H12 ( (CeH5) *- 
P.Cl)s was the subject of a conprehensive study of 
nucleophilic chlorine substitution, also the ligands of 
I1 and I11 were proved to  be attached a t  the 6,9 
positions of the decaborane nucleus. 

More promising for the desired purpose appeared to 
(1) Preceding communication: H. Schroeder, J. R .  Reiner, and T. L. 

Heying, Iworg. Cltem., 1, 618 (1962). 
(2) M. F. Hawthorne and A.  R. Pitochelli, J .  A m  Cltel-n. Sac., 80, 6685 

(1958). 
(3) G. W. Parshall, U. S. Patent 3,033,949 (1962). 
(4) (a) A.  B. Burg and R .  I.  Wagner, J .  A m .  Chem. Soc., 75, 3872 (1953); 

( c )  (b) G. E. Coates and J. G. 1,ivingstone. J .  Chem. Sac., 1000 (1961); 
H. Noeth and Tt‘. Schraegle, Z. A”alz~?’favsch., 16b, 473 (1981). 

be the application of an established reaction for the 
preparation of substituted decaboranes, namely, the 
interaction of a metallodecaborane and a halogenide 
as exemplified by the synthesis of benzyldecaborane 
from decaboranyl sodium5 or decaboranyl magnesium 
chloride6 and benzyl bromide (or chloride). Treat- 
ment of BI0H13Ka with diphenylchlorophosphine in ether 
solution resulted in the desired substitution ; diphenyl- 
phosphinodecaborane (IV, m.p. 147”) m a s  recovered 

PH$ CsH: 

+ SaCl  + Bl(,H3{-P 
/ 

\ 
BIOHlaSa + C1P 

\\ 
C ~ H S  CsHj 

11- 

in 56.5% yield.6a Compound IV is readily soluble in 
organic solvents except petroleum ether. It was of 
particular interest to determine whether the lone pair 
of electrons would be available for additional reaction, 
Appropriate reactions were attempted, but BloHla- 
P(C6HS)2 was found not to form adducts with Lewis 
acids such as borine (from diborane), trirnethylborane, 
boron trifluoride, or boron trichloride, i t  could not be 
oxidized (e.g., with sulfur in hot benzene), and quaterni- 
zation attempted with methyl (and ethyl) iodide in 
ether as well as in benzene solution did not occur. 
This markedly contrasts the behavior of tertiary phos- 
phines or monomeric phosphinoboranes, 2nd clearly 
indicates that  the unshared electron pair a t  the phos- 
phorus atom has been absorbed into the electron-defi- 
cient decaborane nucleus. 

( 5 )  R. J. F. Palchak. J. H. Norman, and R. E. Williams, J .  A m .  Chem. 
Soc., 83, 3380 (1961). 

(6) B. Siegel, J. L. Mack, J .  U. Lowe, J r . ,  and J. Gallaghan, ibid., 80, 
4,523 (1958). 

NOTE QnDED I N  PROOF.-After this paper was accepted for publica- 
tion, E. L. Muetterties and V. D. Aftandilian reported the reaction between 
BioHAlgI and (CoHdPCI to  give BlaH>aP(CsHa)n, m.p .  136-137’ [ I m v g .  
Chem., 1, 731 (1961)). 

(Ga) 
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Evaluation of the Bll magnetic resonance spectrum of 
BloH13-P(C6H5)2 led to the conclusion that the diphenyl- 
phosphino group is attached to the boron 6 atom of the 
decaborane n ~ c l e u s . ~  The high field part of the spec- 
trum exhibited two doublets which were decoupled by 
exciting the protons a t  60.0 Mc. These doublets 
were due to the coupling interaction of the apex borons 
2 and 4 with their terminal proton and prove the absence 
of the diphenylphosphino group a t  the apex borons. 
Substitution on boron 1 would affect the chemical 
shifts of the apex borons 2 and 4 equally because of the 
relative position to these atoms, therefore the shift 
observed between those doublets rules out such sub- 
stitution. Since a substitution on boron 5 does not 
affect the apex borons, as shown by the example of 5- 
e thyldecab~rane,~,~ 6-substitution is established by 
exclusion of the other possibilities. lo 

Of special interest appeared to be a study of IV re- 
garding its behavior toward solvolysis. BloHlz (ligand)2 
compounds recently have been converted into ligand 
derivatives (BgH13X) of nonaborane (BgH15) by solvo- 
lytic (alcohol) degradation with removal of either the 
6 or 9 boron atom,11112 but there is no reported in- 
stance where decaborane or a simple substituted de- 
rivative has been partially solvolyzed. Additional 
interest engendered when the conversion of (CH&B- 
PH2 into methoxydimethylborane with methanol was 
considered. 4a 

(CH3)2B-PH? 4- CHaOH + (CH3)zBOCHa + PH3 

An analogous course of reaction of B L ~ H L ~ - P ( C ~ H ~ ) ~  
would provide a new method of alkoxylation in the 
decaborane field. 

When IV was treated for a few minutes with hot 
ethanol or methanol, a compound (V, m.p. 169”) was 
isolated, the analysis of which was in good agreement 
with the formula of a diphenylphosphinonon aborane, 
believed to be either a BgH15 (6330 topology) or a B9H13 
(2702 topology) l3 derivative. However, the infrared 
spectrum of V showed a weak absorption a t  4.25 p 
which indicated the presence of a P-H bond, and its 
Bll n.m.r. spectrum was remarkably similar to the 
ligand compound BgH13(S(C2H&) (VI) which was 
recently reported by Hawthorne, et aZ.l1Il2 Since they 
further reported that the ethyl sulfide could be replaced 
by other electron-donor compounds, e.g., CH3CN, 
B9H13(S(C2H5)2) was treated with diphenylphosphine 
and B9H13( (C6H6)&’H) (m.p. 168-169’) resulted. Ele- 
mental and instrumental analyses, especially the chemi- 
cal shifts of its Bll n.m.r. spectrum, as well as the phys- 
ical properties of this compound, were identical with 

(7) For structure and B11 assignments of decaborane and derivatives 
refer t o  R. I,. Williams, J. Dunstan, and N. J. Blay, J .  Chem. Scc., 5009 
(1960), and the references cited therein. 

(8) N. J. Blay, J. Williams, and R. L. Williams, ib id . ,  424 (1960). 
(9) J. Dunstan, R. L. Williams, and N. J. Blay, ib id . ,  5012 (1960). 
(10) A detailed treatment of B11 n.rn.r. spectra of BmHir derivatives will 

(11) B. M. Graybill, A. R. Pitochelli, and M. F. Hawthorne,lnorg. Chem., 

(12) B. M. Graybill, J. K. Ruff, and M. F. Hawthorne, J .  Am.  Chem., 

(13) W. N. Lipscomb, Proc. Nail. Acad. Sci. U.S., 47, 1791 (1961). 

be published by Dr. C. Naar-Colin. 

1, 626 (1962). 

Soc., 83, 2669 (1961). 

those of compound V, which, therefore, must also be 
BgH13((C,jH6)2PH). The course of the conversion of 
the diphenylphosphino group to the diphenylphosphine 
ligand has not been explained as yet but i t  could be 
possible that there is an equilibrium between two 
tautomeric forms of B10H13-P(C6H5)2, where in one 
form one proton appears in the normal bridge position 
of the decaborane nucleus while in the other i t  acts as 
phosphine hydrogen. 

The apparent inclusion of the lone-pair of phosphorus 
electrons in the electronic system of the, normally, 
electron-deficient decaborane nucleus suggested the 
possibility that  IV might not react further with elec- 
tron-donor compounds, and thus prompted a study of 
the reaction of IV with amines and phosphines. Treat- 
ment of I V  with an equimolar amount or with an excess 
of triethylamine in ether converted i t  quantitatively 
into the triethylammonium salt (VII), which is analo- 
gous to the conversion of decaborane into its triethyl- 
ammonium derivative.14 The presence of a ( C C H ~ ) ~ N H  
cation was clearly shown by the presence of the charac- 
teristic NH infrared absorption a t  3.15 p.  The forma- 
tion of a BloHlJ?(C6H&- anion was proved by treating 
VI1 with triphenylethylphosphonium iodide in acetone 
to give the respective triphenylethylphosphonium salt 
VI11 in 90% yield. As expected, no reaction was ob- 
served upon treatment of VI1 with triphenylphosphine, 
which should have resulted in a typical ligand replace- 
ment reaction if VI1 was simply an addition compound 
of IV and triethylamine. 

B~oHIsP( C6H6)2 + N( C2H6)3 ----f 
(( C:Hs)aNH) +BioHi?P( C6H6)2- (1-11) 

1 (CsH5)3PC:HiI 

(( C ~ H ~ ) ~ P C Z H S )  +BIoHI.IP(CBH~)?- (VI I I )  

In a comparison of the ultraviolet spectra, i t  is of inter- 
est to note that the characteristic absorptions of the 
B10H13- anion a t  267 and 335 mp14 are not exhibited by 
compounds VI1 and VI11 or by ((CH3)4N)BloH12CN,15 
which is believed to be of the same general structure 
(BlOHlzX-), although the points of attachment of the 
anion substituents might be different. The recently 
described CsBloH,3-(CH3)2S, however, is reported to 
have ultraviolet maxima a t  265 and 335 mpL.I6 To 
demonstrate that  R B I ~ H ~ ~  compounds in general can 
be converted into their respective anions, benzyldeca- 
borane5 also was treated with triethylamine to give 
(C2H5)3NH+BioHizCHzCsHs- (IX). 

Since triphenylphosphine,2 and in our studies di- 

(14) M. F. Hawthorne, A.  R. Pitochelli, R. D. Strahm, and J. J. Miller, 

(15) V. D. Aftandilian, H. C. Miller, and E. L. Muetterties, ibid. ,  83, 

(1H) W. H. Knoth and E. L. Muetterties, J .  Inorg. Nucl. Chem., 20, 66 

J .  A m .  Chem. Soc., 82, 1825 (1960). 

2471 (1961). 

(1961). 
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phenylphosphine and diphenylchlorophosphine, had 
been found to react with decaborane with bis-ligand 
formation and elimination of hydrogen, excess quanti- 
ties of these phosphines therefore were allowed to react 
with B10H13-P(C6H5)2 in ether or benzene solution. 
Whereas in the reaction with triphenylphosphine a 
diadduct X ( ( C ~ H & P B ~ O H ~ ~ .  Z(CP,H~)~P) was formed, 
the other phosphines gave adducts having the molecular 
ratio 1 : 1, ( C ~ H S ) Z P B ~ ~ H ~ ~ .  (C&)zPH (XI) and (CeH6)zP- 
B10H13. (C6H5j2PC1 (XII). In no case was hydrogen 
evolution observed. 

Since Knoth and Nluetterties16 recently had pre- 
pared decaborane-monobase complexes of the type 
BloHlz(ligand), and since no report of the formation 
of a phosphonium ion from the reaction of decaborane 
or a decaborane derivative and phosphines had been 
made, i t  originally was suspected that XI  and XI1 were 
of a structure such as BlaHl3R(ligand). However, when 
the Bll n.m.r. spectra of the salts VI1 and VI11 were 
compared with that of compound XII ,  they were found 
to be identical. This indicated the presence of a 
(C6H5)2P-BloH12 anion in compound XI1 which was 
confirmed by the reaction of XI1 with (C6H6)3PC&I 
to give a product which was identical, in all respects, 
with the salt VIII. This unprecedented displacement 
of one phosphonium ion ((C6H5)2P+C1H) by a second 
( ( C ~ H ~ ) ~ P + C Z H ~ )  proves that XI  and XI1 are salts of 
the structures as indicated below. 

(CE")aPBioHi2- (CIP(C&)2H)+ (XI11 

J. (CsHs)3PC&I 

(C&)?PBILHI:- ((C6H6)&'C&s) (s'III) 

Due t o  the poor solubility of X in suitable solvents, 
clarification of its structure by Bll n.m.r. treatment has 
not been established as yet, but based on the preceding 
results i t  is suspected to be of the form ( C O H ~ ) ~  - 
B ~ o H ~ z P ( C ~ H ~ ) ~ -  ((C&)3PH) although here formu- 
lated as a substituted BloHI4 dianion, it should be noted 
that its infrared spectrum shows, besides a PH band 
a t  4.21 p, three terminal BH peaks a t  3.98, 4.12, and 
4.32 p which are aImost identical with those reported 
by DuPont and Hawthorne" lor a B10H16 anion. 

ExperimentallS 

Starting Materials.-Decaborane was sublimed prior to use. 
Diphenylchlorophosphine was obtained from T-ictor Chemical 
Company and used as received; it also served for the preparation 
of diphenplph~sphine.'~ 
B" N.m.r. Spectra.-A Varian high-resolution n.m.r. spec- 

trometer was used a t  19.3 Mc.p.s. The spectra were obtained in 
acetone solution ; the line positions were determined with an 
accuracy of A5 C.P.S. using trimethylborate as an external 
standard. 

(17) J ,  A.  DuPont and M. F. Hawthorne, Chem. I n d .  (London), 406 

(18) Melting points are uncorrected; micro analyses were by R .  Rittner 

119) I>. Horner, P. Beck, and H. Hoffmann, Chem. Bel . ,  92, 2098 (195.9). 

(1962). 

and R .  Culmo of the Olin Mathieson Microchemical Section. 

Decaboranyl Sodium.--A solution of decaborane (6.1 g., 0.05 
mole) in ether (80 ml.) was added, with stirring, through a 
dropping funnel within 5 min. to  a suspension of sodium hydride 
(4.5 g.) in ether (70 ml.). After stirring for another 45 min., 
the mixture was filtered by suction (glass-fritted funnel, medium 
porosity) to give a clear yellow filtrate. 
Diphenylphosphinodecaborane (IV) .-To a solution of deca- 

boranyl sodium (0.05 mole) in ether (150 ml.) was added a solu- 
tion of diphenylchlorophosphine (11 g., 0.05 mole) in ether (50 
ml.) a t  30". After stirring for 2 hr., the reaction mixture was 
filtered by suction, and the filtrate was evaporated to dryness. 
The residue was recrystallized from petroleum ether (b.p. 60- 
110') to give 8.65 g. (56.5%) of Is', m.p. 147' dec. 

Anal. Calcd. for C12H23Bd' (306.5): C, 47.02; H, 7.56; 
B, 35.30; P, 10.11. Found: C, 46.96; H, 7.59; B, 35.32; 
P, 9.90; mol. wt. (cryoscopic in benzene), 298. 

Reactions of IV with Lewis Acids.-Boron trichloride was con- 
densed onto Is.' a t  - 196". While stirring, it was permitted to  
warm to  0" over 3 hr. Then the BC13 was evaporated, leaving 
pure IV. Boron trifluoride was passed into a solution of I V  in 
benzene a t  10' for 2 hr. S o  reaction was observed and IV was 
recovered. Trimethylborane was bubbled through a solution 
of IV in ether a t  0'. Compound IV was recovered unchanged. 
Diborane was passed into solutions of Is' in ether (a t  0") and in 
benzene (at  10") for 2 hr. 

Diphenylphosphine Nonaborane (V). (a )  From Diphenyl- 
phosphinodecaborane (IV).-Addition of anhydrous ethanol ( 16 
ml.) to diphenylphosphinodecaborane (IV, 1 g.) caused a slightly 
exothermic reaction. Upon refluxing the mixture for 2 min. 
(oil bath heating) almost ccmplete solution was effected. After 
hot filtration 470 mg. (48.8y0) of V, m.p. 166-168" dec., was ob- 
tained from the ice-cooled filtrate. For analysis a specimen 
(100 mg.) mas recrystallized from ethanol (10 ml.), m.p. 168- 
169" dec. 

Anal. Calcd. for C ~ Z H ~ ~ B ~ P  (296.7): C, 48.75; H, 8.08; 
B, 32.94; P, 10 48 Found: C, 48.95; H, 8.13; B, 32.70; 
P, 10.40. 

Refluxing for 2 niin. of 20 ml. of methanol with 1 g. of IV 
followed by filtration yielded 150 mg. of V from the filtrate and 
310 mg. of \- as filter residue, m.p. 166-167" dec. X mixture 
melting point of this product with the product obtained from the 
ethanol reaction did not show a depression. 

(b)  From Diethylsulfide Nonaborane (VI).-X mixture of 
diphenylphosphine (2.24 g., 0.0012 mole), diethylsulfide nona- 
borane (TI, 2.4 g., 0.0012 mole), and benzene (30 ml.) vias re- 
fluxed for 1 hr. under nitrogen. After evaporating the benzene a 
quantitative yield of diphenylphosphine nonaborane (\-, m.p. 
166-168') mas obtained. A specimen was recrystallized from 
ethanol (m.p. 168-169') and was identical n i th  the material 
prepared by the two preceding procedures. 

Triethylammoniumdiphenylphosphinodecaborane (V11).-*4 
solution of triethylamine (1.4 g., 0.014 mole) in ether (30 ml.) mas 
added drop73 ise, with stirring, to a solution of diphenylphosphino- 
decaborane (IT-, 2.14 g., 0.007 mole) in ether (100 ml.) a t  am- 
bient temperature. X heavy precipitate formed immediately. 
After the addition vias complete, efficient stirring was maintained 
for 0.5 hr., then the reaction mixture was filtered by suction. 
The filter residue was washed with ether and dried zn tacuo, 
m.p. 205" (2.8 g., 98Vo). Recrystallization from ethanol gave 
pure s'II, m.p. 209O, which was soluble in acetone and ethyl 
acetate. 

Anal. Calcd. for C18H3*B1&P (407.7): C, 53.03; H, 9.40: 
B, 26.54; K, 3.44, P,  7.60. Found: C, 53.21, H, 9.99; 
B, 25.86; S, 3.44; P, 7.20. 

For exact measurement of hydrogen possibly evolved in the 
reaction, the evperiment was repeated by maintaining the tem- 
perature a t  25' (external bath) and connecting the outlet to a 
gas trap. The reaction again gave a quantitative yield of L'II, 
but no hydrogen was collected. 

Triphenylethylphosphoniumdiphenylphosphinodecaborane 
(VIII). (a) From Triethylammoniumdiphenylphosphinodeca- 
borane (VII).-Solutions of VI1 (1.02 g., 0.0025 mole) in acetone 

Again no reaction occurred. 
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(15 ml.) and triphenylethylphosphonium iodide (1.05 g., 0.0025 
mole) in acetone (35 ml.) were mixed and refluxed for 0.5 hr., 
then evaporated to dryness in wacuo. The solid residue was 
thoroughly washed with water and, after drying, recrystallized 
from a mixture (3: 1) of acetone and ethyl acetate to give pure 
VI11 (1.28 g., 86%), m.p. 242'. It was soluble in acetone and 
acetonitrile. 

Anal. Calcd. for C ~ Z H ~ ~ B L O P Z  (596.8): C, 64.40; H, 7.09; 
B, 18.13; P ,  10.38. Found: C, 64.28; H ,  7.51; B, 18.20; 
P,  10.10. 

(b)  From Diphenylchlorophosphoniumdiphenylphosphino- 
decaborane (XII).-A solution of XI1 (1.32 g., 0.0025 mole) 
and triphenylethylphosphonium iodide (1.05 g., 0.0025 mole) in 
anhydrous acetone (90 ml.) was refluxed for 0.5 hr., then evapo- 
rated to dryness in vacuo. The solid residue was extracted with 
45 ml. of hot chloroform; the undissolved product (0.91 g., 61%) 
was pure VIII,  m.p. 242". Anal. Found: P ,  10.18. The 
infrared spectrum was identical with that of the above product. 
Triethylammoniumbenzyldecaborane (IX).-A solution of 

ethylamine (0.5 g., 0.005 mole) in ether (10 ml.) was added 
slowly to a stirred solution of benzyldecaborane6 (0.53 g., 0.0025 
mole) in ether (20 ml.). The reaction product separated as a 
viscous liquid, Solidification was achieved by replacing the 
ether with petroleum ether (b.p. 3040" )  and rapid 
stirring of this mixture; yield of crude IX:  0.71 g. (91%); 
m.p. 94-95'. A sample was recrystallized from CC14, m.p. 95". 

Anal. Calcd. for C I ~ H ~ ~ B I O N  (313.6): C, 49.78; H ,  11.25; 
B, 34.50; N, 4.47. Found: C, 49.48; H,  11.94; B, 34.20; 
N, 4.18. 

Triphenylphosphoniumtriphenylphosphine Diphenylphosphino- 
decaborane (X).-A solution of triphenylphosphine (1.73 g., 
0.006 mole) in ether (10 ml.) was added with stirring to a solution 
of diphenylphosphinodecaborane (IV, 1 g., 0.0033 mole) in 
ether (40 ml.), The reaction product started precipitating im- 
mediately, but the mixture was refluxed for 3 hr. Filtration 

gave 2.3 g. (92%) of product, m.p. 130-146'. Upon washing 
with a small amount of acetone, the m.p. was raised to 149- 
151'. 

Anal. Calcd. for C ~ ~ H S ~ B L O P ~  (831.0): C, 69.37; H ,  6.43; 
B, 13.02; P ,  11.18. Found (washed product): C, 70.46; 
H ,  6.75; B, 13.40; P ,  11.10. 

Diphenylphosphoniumdiphenylphosphinodecaborane (XI).-A 
solution of diphenylphosphine (1.23 g., 0.0066 mole) in benzene 
(10 ml.) was added with stirring to a solution of diphenylphos- 
phinodecaborane (IV, 1 g., 0.0033 mole) in benzene (20 ml.); 
the system was kept under nitrogen. After 10 min., a precipitate 
started to form which dissolved upon heating. After refluxing 
for 3 hr. and standing for 12 hr. a t  room temperature, some 
insoluble product (m.p. < 300') was removed by filtration and 
the filtrate was evaporated to dryness. The residue was re- 
crystallized from CCL to give 1 g. (6lY0) of X I ,  m.p. 114-117'. 

Anal. Calcd. for C~~HWBIOPZ (492.7): C, 58.51; H, 6.96; 
P, 12.58. Found: C,60.18; H,6.99; P,  12.60. 

Diphenylchlorophosphoniumdiphenylp hosphinodecaborane 
(XII).-To a solution of diphenylphosphinodecaborane (IV, 1.22 
g., 0.004 mole) in ether (45 ml.) was added a t  20" a solution of 
diphenylchlorophosphine (1.76 g., 0.008 mole) in ether (25 ml.). 
Upon refluxing for 1 hr., a viscous oil separated which solidified 
after standing for 20 hr. at room temperature; yield of crude 
XII:  2 g. (95%), m.p. 173-177'; after washing with a small 
amount of acetone, m.p. 182-184'. 

Anal. Calcd. for CZ~HJJBIOCIPI (527.1): C, 54.67; H ,  6.31; 
B, 20.53; C1, 6.73; P, 11.75. Found: C, 54.54; H ,  6.81; 
B, 19.60; C1, 6.85; P, 11.60. 
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Under basic conditions BloHl2( ( C ~ H S ) Z P * C ~ ) Z  and BloH1?( ( C~HK)~P*OH)Z were found to enter into a condensation polymeriza- 
tion with elimination of hydrogen chloride to form a P-0-P linked polymer, (-OP( CBHK)ZBIOHIZP(C~H~)Z-)~. A study of 
the pyrolysis of this polymer and monomeric compounds of the type BloHlz( ( CBHF,)ZP*R)Z was conducted. BloHlz( (CeH&- 
P.N3)2 and diphosphines reacted in refluxing benzene with evolution of nitrogen to give P=N-P linked polymers of high 
thermal stability, e.g., (=P( CeHs)z-CeH4-P(CeHs)z=N-P( CBHK)ZB~OHLZP( CeHs)zN=),, dec. >340'. 

In the first paper of this series, the syntheses of bis- 
(chlorodiphenylphosphine)decaborane-14 (I) and vari- 
ous derivatives were described.2 Interest in this class 
of compounds had been stimulated by the possibility 
that  some members of this series might serve as starting 
materials for the preparation of unusual boron based 
polymers. The original impetus for the present work 
arose from an observation made during an attempt to 
prepare bis-(diethylaminodipheny1phosphine)-decabor- 

(1) Preceding communication: H. Schroeder, Inovg. Chem., 2, 390 
(1963). 

(2) H. Schroeder, J. R. Reiner, and T. L. Heying, {bid., 1, 618 (1962). 

ane (11) by treating BloHl2( (C6H6)2P Cl), with triethyl- 
amine hoping to split out ethyl chloride and thus obtain 
B I o H ~ ~ (  (C~H&PN(CZH~)Z)Z. Several experiments of this 
type using commercial benzene and technical grade 
triethylamine gave no indication of proceeding as de- 
sired. 

BmHiz((CeH~)zPC1)z + 2(CzHa)aN ----f 
B10Hi*((CBHB)zPN(CzHs)z)z + 2CzHsC1 

Instead, the bistriethylammonium salt of bis-(hydroxy- 
diphenylphosphine)-decaborane, Bl0H12( (CaH&P - OH)z. 
2(CzHs)aN (111), and a very insoluble and high melting 


