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| ABSTRACT

~ An improved method for the synthesis of phosphonyl azides has resulted
in the synthesis of a new class of phosphorane 1ntermed1ate, the bis-
'az1dqphosphorane. Subsequent reaction of these bis-azidophosphoranes with
.bls-tertlary phosphines has resulted in polyphosphoranes from which, for the
first time, flbers and disks (brittle, however) could be formed.

A Thermal grav1metr1c analy51s studles contlnue o 1ndlcate that the
biphenylene linking unit provides phosphoranes (prototypes as well as
'polymers) which are more thermally stable than are those with p-phenylene
units. An initial thermal evaluation of polyphosphoranes indicated thermal
'stabgélty to hOO°C and a residue of 40-45 percent whlch was then stable to
TOO O°C. ' o

- . Additional synthetic effort has resulted in the preparation of two new
ahd useful interxmediates, the 3- and h-bromophenyldlphenylphosphlnes as well
as two bls-phosphonlc a01ds,;2_5_.m

A survey of 51ly1 azides and phosphoranes was conducted and the promlslng

"results suggest additional studies. An attempt to prepare a triborophane
diazide was unsuccessful,
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I. INTRODUCTION

As a result of exploratory research partially supported during 1960 and
' 1961 by the Air Force under Contracts AF 33(616)-6913 and -7810, several
new chemical reactions were discovered. A nwiber of new compounds having
the following bond systems were prepared and characterized:

0 - s 0 S g 0
2t 1 1 1 t 1 o 1 1
-P-Ng “P-Ng " -P-N = P- -P-§ = P- -5i-N = P-  '8-N = P-
4 l - 1] 1 . 1 1 ’ l 1
o . S .0

, In general, these ‘compounds showed a hlgh order of thermal and hydrolytlc
-stablllty. In addition, polymerization reactions based largely on these
compounds were discovered. This promising combination of chemical and

L physical properties suggested that polymers based upon these bondlng systems

" 'will have hydrolytlc, oxidative, and thermal stability. -

The chemistry of this research program is then based upon the reactions
of metalloid azides with tertiary phosphines to yield phosphoranes and an
equivalent of nitrogen gas. This is illustrated in the following equation

vhich demonstrates the reaction of phosphonyl azides and tertiary phosphines.

0 : o : 0
1 SR v , ,
RnP(N3)s-n + (3-n)R’gP ——— R P(N=FR'z)z-n * (3-n)Nz (1)

Initial work designed to exploit these basic discoveries demonstrated

- that polyphosphoranes could indeed be synthesized via the reaction of .

- phenylphosphonyl diazide and various bis-~tertiary phosphines although the
initial molecular weight values were low.' In addition, preliminary thermal
studies on a variety of prototypes of and on polyphosphorane polymers

’ 1nd1cated thermal stabilities to about h00-450°C. ;

This report descrlbes contlnuing work to extend and improve the chemistry .
~and properties of a variety of phosphoranes and polyphosphoranes.' In
-~ addition, the syntheses of varlous 1ntermed1ate maxerlals necessary for this
: ‘_program are also presented. ‘ : ‘. : . . ,




II. PHOSPHORANE POLYMER CHEMISTRY

A. “Preparation of Intermediates

1. 3Bis -Tertialj’ Phosphine S

As a result of the high approxmmate beginning of decomposition,
estimated by DTA to be about 460-475°C.,2 for the polymer prototype bis-
phosphorane XLVIII prepared from 4,4 ’-bis(diphenylphosphino)biphenyl (II)
‘and diphenylphosphonyl azide, considerable effort was devoted to the
attempted synthesis and, finally, to the synthesis of II. Since L,4’-
_dibromobiphenyl (I) needed in several possible syntheses of II was no longer
 readily available cormercially, the synthesis of a guan’cluy of this dibromide

vas carried out using a previously described method® (Eq. 2). However, on

Cells - Cells + 2Bra ——— BrBr + 2HBr (2)

I

using sllghtly la.rger quantities than those descrlbed, longer reaction times
““and lower yields were encountered.

: Three methods for the synthesis of II were investigated (Eq. 3a,
b, and ¢). Of these methods, only the reaction of 4,k’-dilithiobiphenyl and

| 2(C6H5 )2PCL + Li“Li ‘B_z__\ . . _ (3a)

2(CSH5)2P L1 + BrBr - (Celis )2P©- (3b)

2(CSH5)2PCl + Bng"MgBr ——-—-/‘ A L i (3¢)
1T

O
Q

O

O
Q

) diphenylchlorophosphine (Eq. 3a) proved to be useful. Even then the yields

. were low and varied somevhat as a result of the difficulty encountered in the
purification of the crude product as well as the problem of obtaining uniforn
slurries of the dilithiobiphenyl. In order to remove oxides and other non-
basic irpurities encountered in some preparations, it was necessary to
dissolve the crude yellow-colored bis-tertiary phosphine II in concentrated
hydrochloric acid, filter through a glass wool mat on a glass sintered funnel,
and then pour the solution into ice-water. The resulting solids were further
washed extensively with water, dilute ammonium hydroxide, end ethanol before
being vacuum dried. In other experiments, purification of II was readily

L2




effected by recrystallization from tetrahydrofuran-methanol or from ethylene
glycol dimethyl ether. However, when using the latter solvent, care must be
taken to insure that it is peroxide free as the peroxide contaminated solvent
will oxidize the bis-tertiary phosphine to the corresponding bis-oxide (IIa).

o o
, (Cleﬁs).zg’QlT’(CsHs )2

I1Isa

The bis-oxide was further 1den‘t1f1ed by ox:.dlzlng the bis-phosphine II with

3% hydrogen peroxide in acetone, The two ox:.des had identical 1nfrared
spectra and similar’ meltlng po:t.nus. .

A number of attempts to prepare II by the reac’clon of lithium

dlphenylphosphlde and 4,4’/-dibromobiphenyl (Eq. 3%b) gave varying results.

In one run, a small a.moun‘b of crude II was obtained; in a second, starting

‘material L,4’-dibromobiphenyl was recovered; while in a third preparation,

only a varlety of impure fracta.ons having wide melting ranges were obtained.

Although this method has been repor‘ced to work with p-dibromo-
benzene! » it is difficult to assess the actual yield of 1,4-bis(diphenyl-
phosphino)benzene (IVa) since it was the ‘corresponding bis-oxide which was
actually isolated. Furthermore, it was also reported that gas-liquid

- partition chromatography at 320°C. indicated that while the crude reaction
“'mixture contained only one bis-tertiary phosphine, the corresponding monoxide

and bis-oxide were also present. This suggests that it may be difficult to
obtain good yields of aromatic bis-tertiary phosphines by this method as a
result of considerable oxidation at some as yet undetermined stage before
the prod.uc’c is 1solated.

Similar results were obtained in the third method (di-Grignard)

shown in Equation 3c. In several preparations, high recoveries of k,4’-di-

bromobiphenyl were o'btalned indicating that the formation of the dl-Gr:.gna.rd
had not taken place. This was observed with both tetrah,ydrofura.n and

“p-dioxane as the reaction solvent. These results are to be contrasted with
"-the facile preparation of l L-bis (hphenylphosph;no)benzene (IVa.) by this

method ( see below).

A small quantity of the new bls-‘certlary phosphine, 1,4-bis-

(d:.me’chylphosphmo)benzene (III) nas been prepared and isolated as shown in
‘Equation ha.. The starting compound, 1,4-bis (dichlorophosphino Jbenzene, for

this synthesis was prepared via a high temperature and pressure dispro-
portionation of excess phosphorus trichloride and 1,k-bis(diphenylphosphino)-
benzene (IVa) 5 Since the azide functions of the bis- azidophosphoranes

i Cig?Péié +:1;CH3Mg_Br —_— (-CH;;‘)gPP(CH:;;-)é (k)

3




M'(see Section II. B.1) have considerably diminished reactivity toward tertiary

" _'f Addltlonal quantities of 1 h-bls(dlphenylphosphlno)benzene (1va)
were prepared as shown iq Equation 5. It was found that purification of IVa

toa relatively oxide-free condition could be effected by recrystallization

:Zsynthe31s of 1,3-bis(diphenylphosphirio)benzene (IVb) by the method shown in

‘similar to that of the crude bis-phosphine. -The apparent oxidation of IVb
"~ 1s difficult to explain at this point since the reaction had been carried out

- |

III + 2BBrg . ———p— BraB: (_CH3)2PP(CH3)2:_BBI'3 (kp)

phosphines, it is expected that III will react more rapidly and completely
than do the previously prepared bis-tertiary phosphines containing diphenyl-
phosphino functions, i.e.,. II and IV. Basis for this hypothesis is the fact
that diphenylphosphonyl azide reacts smoothly at 0°C. with phenyldimethyl-
phosphine.® This new bis-tertiary phosphine was further characterized by
means of the stable bis{tribromoborane) adduct.” The synuhe31s of an
aﬁdltlonal quantity of III is planned

.- 2(CeHs)2PCL + Brifg MgBr ———= (CgHs)2P P(Cels)2  (5)
IVa
from a benzene-methanol mixture or by means of column dbsorption chromato-
graphy on alumina (see Sectlon I A.2), =
o Consmderdble tlme and effort were also devoted to the attempted
Equations 6a and b. The successful preparation of IVb would hopefully ¥
provide a bis-tertiary phosphine for use as a phosphorane polymer intermediate

which might be expected to yield somewhat modified polyphosphoranes when
compared with the para homologs II and IVa. Unfortunately, neither

w0
2(‘céﬁs:)éz‘>"1.'i"’ +Bz.'--Br ~——>'{061{5‘)2P~©—P(06H5)2 (6v)
1w

1 3-bls(dlphenylphopphlno)benzene (Ivb) nor its dloxide could be isolated
or identified. Analytical data provided surprisingly high phosphorus values
(15.8 vs. 12. 94% P theory) while molecular weight determinations by either

. the Neumeyer® or Rast camphor method were low. - Furthermore, infrared

examination of the crude bis-phosphine reaction product indicated a
significant P-0 and related sbsorptions at 8.45 and 8.95u. The infrared
spectrun of the crude material oxidized with hydrogen peroxide was very

L



under an argon atmosphere. Thls dlffrculty is to be conurasted v1th the
facile preparation of -the para homolog, 1 h-bls(drphenylphosphlno)benzene
(Iva) using this or the diGrignard method. ,

. , Further workup of the res1dues remaining from g previous attempted
synthesis of IVb via the meta diGrignard resulted in the isolation and
~identification of diphenylphosphine., The diphenylphosphine apparently
" resulted from an initial hydrolysis of unreacted diphenylchlorophosphine to
. diphenylphosphine oxide [(CgHs)oP(0)H] which was subseqpently thermalized to
"d;phenylphosohlne and drphenylphosphonlc acld.

' ‘The difficulties encountered in the synthe51s of 4, A -bls(dlphenyl-
phosphlno)blphenyl (II) have been described sbove. Since it has been
reported that substituted phenyl tertiary phosphines could be prepared via
‘diazonium fluorcborates (Eq. 7), it was thought that a modlrlcatlon of this

' ~'.x2)MgorA_1"' o - \ .
X . a v . ‘ X . ’ X ' .

V

technique might offer an additional route to bis-tertiary phosphines such as
II. In this modification, phosphorus trichloride would be replaced with
diphenylchlorophosphine (VII) in an effort to circumvent the intermediate
phosphorus dichloride V and its subsequent reaction with the Grlgnard. This

' procedure is summarized in the follOW1ng eqpatlons _ ' -

HéNNHg + HBF,;‘-&- NaNog — F‘;B'szi\rz*BF; &)

o 2(C6H5)2PC1 _ﬂg____ (CsHs)aPP(Csﬁs)a | v (‘9)‘ o .
o II

- However, nitrogen evolutlon was only 50% of theory ‘and workup failed to yield
any of the desired bls-tertlary phosphlne 1L,

. Attempts were also made to'react two moles of dlphenylchloro-
phosphlne with hydroguinone and with resorcinol, in the presence of pyridine,
to obtain the: additional new bis-tertiary phosphines VIIIa.and b. However,




OP(CsHs )2

OP(CeHs )2

VIII a. -para
“b. meta

dlfflcult:.es in readJ.ly separa.tino' identifiable products and other more
pressing a.reas of 1nvest1gation resulted in the temporary dlscontlnuation
of thls work .

"2 Mono Substltu’ced Triphenylphosnhlnes

- The above dla.zonlum fluoro'borate technique was also inwvestigated as
part of a uwo-pronged approzch (Eqs. 10 and ll) to p-bromophenyldiphenyl-

Br@l\ma —_ Br@NgBF4 s Br@PClg (10)

X
CelisMgBr

S 'BrP<CeHs>a
BrO—Br e BI‘-@MgBr (Ceﬁs )2PCJ_ | . . (ll)

Tphosph’me (1) which is a necessary 1ntermed1ate for the synthesis of a
mixed tert:.a.ry phosphlne-phosphonyl azide such as XIII (Eg_. 12).

', | o C . 0
,Br@P(ceHg)a — BI‘M&-QP(CSHS).a E'S—Ee—pf’fR-f’@P(CsHs)a (12)

Ns l XITT
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Examination of some of the recent llterature 10 concerned with the
preparation of p-bromophenyldichlorophosphine (XI) from the fluorcborate (X)

cindicated that the phosphorus itrichloride had always been added to the
diazonium fluoroborate and that the yields of the ArPCly compounds were low

(33% or less). These low yields are not. ‘surprising when one considers that
under these reactlon conditions any ArPCl, compound initizlly formed could

react further with the excess dlazonium fluoroborate to yield ArpPCl and even

ArgP, Therefore, the reaction illustrated in (Equation 10) was carried out
under "inverse" addition conditions; that is, the diazonium fluorcborate was
added as a slurry to an excess of the phosphorus trichloride. The yield of
XI, while only a disappointing 12.8p, vas a sllgh increase over the 8% yield

- reported in the literature.** , s

C Reactlon of p-bromophenyldlchlorqphosphlne (XI) with phenylmavne51um
bromide (Eq. 10) which was expected to give the tertiary phosphine IX gave
instead a white solid melting at 141-143°C., This material was not soluble in

_base and had an infrared spectrum which contained absorptlons associated with
" P-0 at 8.45 and 8.95u as well as the 1,k-aromatic substitution at 12.25p.

These results and a molecular weight value of 354 tentatively identified the

white solid as the phosphine oxide XIV (M. W., 357) 1nstead of the expected

p-bromophenyldlphenylphos_ph.lne (x).
' 0 .
1
BrP(CsHs )z
XIV

In the seeohd phase of this two-pronged. 1nVest1gatlon, as illustrated

in Equation 11, a more pronounced effect of the addition sequence for the

reactants was observed. If during the preparation of p-bromophenylmagnesium
bromide (XII), the usual technique of adding halide to all of the magnesium
was followed, a significant amount of di-Grignard was formed, even on

:‘.addltlon of excess p-dibromobenzene, and only 1,4-bis(diphenylphosphino)-

benzene (IV) was isolated. However, with the inverse addition, magnesium to

fep dibromobenzene, & viscous liquid product was obtained. Distillation at
. 1074 mm. resulted initially in the sublimation of unreacted p-dibromocbenzene

and then at an oil bath temperature of 165-175° C., a colorless, viscous

-distillate was obtained. After standing for 24 hrs., the oil solidified to
-a white, waxy-appearing solid which was identified as the desired p-bromo-
- phenyldiphenylphosphine (IX). Relatively pure product was subsequently -

obtained by dissolving the crude material in éther and fllterlng to remove

'insolubles followed by concentration and sublimation to remove p-dibromo-

benzene. This material solidified to a yellcw-colored semi- crystalllne nass
after standlng for several days.‘

Attempts to further purlfy the yellow, semi-golid IX by recrystal-

‘lization as well as by solution in concentrated hydrochlorlc acid, a technique
which had been sqeeessfully used. to purify tertlarybphosphlnes prev1ously ‘

f'.




(see Sectlon II. A. l), resulted in the recovery of only oils. However, it
~ was found that adsorption chromatography on alumina resulted in the recovery
of a colorless oil which quickly crystallized. The infrared spectrum of
this product was sharp and indicated the absence of any absorptions due to
P-0. This solid now could be crystallized from methanol.

. The utlllty of this purlflcatlon by adsorpulon on alumina was
A‘further demonutrated during the partial purification of bis-tertiary
phosphines and by the separation of triphenylphosphine from its oxide and
- sulfide. For example, crude, yellow-colored II,melting range 152-172°C.,
was recovered (84%) as a white powder melting at 186-191°C. after one pess
through the column. The~further utility of this technique vas demonstrated
by the fact that the triphenylphosphine can be quantitatively separated from
" triphenylphosphine sulfide or oxide and from diphenylphosphonimidotri-
phenylphosphorane. .In the runs with the oxide and sulfide, these compounds
vere subsequently recovered from the colum by means of elution with benzene
or tetrahydrofuran. Unfortunately, the phosphorane could not be recovered
- from the column. It was further demonstrated that the alumina could be
regenerated by washing it successively with benzene, tetrahydrofuran, and
acetone followed by two hours in an oven at 130°C. A preliminary evaluation
of silica gel for this purpose indicated that 1t was not as useful as the
alunina.” (See Table III for details).

As an extension of the ebove work, a small amount of the isomeric

5-bromophenyldlphenylphosphlne (XV) has been prepared by the same inverse
Grignard technique (Eq. 13). Purification and final characterization of XV

Br ' R P(Cels )2

a 1) Mg R .
Br., | : 2) (CsHs)aPCl—— Br O , <l3)

XV

were hampered by the contlnued contamination by the starting materlal,
_m-dibromobenzene vhich was not removed on the attempted purification by
~eolumn chromatography. A more pure fraction of XV was obtained in low yield
after distillation at 10~2 mm through a short Vigreau column resulted in

- the removal of m~dibromobenzene. A large distillation residue, as well as
the lov yield of XV, suggested considerable diGrignard formation with m-

- dibromobenzene as the starting material. In addition to providing an
intermediate for the preparation of the meta isomer of the tertiary phosphine-
" phosphonyl azide XIII, XV will also be converted to the 1,3-bis(diphenyl-
phosphlno)benzene (IVb) vhich has not previously been avallable via more

. : P(06H5)2
XV + Mg or CoHeli (Celis)oPOL (csﬂs)eP / A\ (24)

8 - Ivb




dlrect synthetic methods, i.e., m—phenylene lerlwnard or llthlum dlphenyl-v
phosphide (see Section II. A.l and Equation 3). In view of synthetic
problems in the formation of a Grignard reagent from p-bromophenyldlphenyl-~
phosphine (IX) (see Section II. A.3),an investigation of the reaction of
—butyl llthlum and the bromophenyldlphenylphosphlnes is planned (Eq. k).

‘ In an_effort to gain some 1ns1ght into the actual ratlo of the mono-

and diGrignard reagents resulting from this inverse addition method, two
similar preparations were made from meta~ and pars-dibromobenzene dissolved

- in tetrahydrofuran. The magnesium additions resulted in exothermic reactions. -

 The resulting Grignard reagents were treated with pieces of Dry-Ice as soon
as magnesium was no longer v1sible (Eq. 15) ‘ The crude aclds were dlSSOlVEd ‘

_ ‘ 002 ' ‘ ‘ (15)
N - MgBr “‘ . COOH
T e JXNIT_ : fiee wir
8..- para ‘a. Dpara

b.‘ meta b. meta

in base, treated with charcoal, filtered, and reacidified to yield an obvious

- mixture of the acids XVI and XVII. The yield of meta-substituted acids was
only 50% while a yield of 78% was obtained for the para-substituted acids. -
‘Attempted separation of the iso- and terephthalic acids (XVII) from the meta-

-~ and’ para-bromdbenz01c acids (XVI) by ether extraction met with only limited

- success, being more useful in ‘separating the para compounds. Qualitatively
these yields are similar to the yields obtained for the bromophenyldiphenyl-

- phosphines XI and XV. At this point, this inverse addition method appears to -

.be considerably more practical for use with para-dibromobenzene than with the

' meta-dibromobenzene. However, the significantly high yield of isophthalic
acid obtained from meta~-dibrcmobenzene suggests that a reinvestigation of the
direct formation of the meta-lerlgnard reagent appears 'to be worthwhile.

‘ Pertlnent data for these experlments are glven in Tdbles I and II.

3. Phosphonyl Azides

; The successful preparatlon of 5- and h-bromophenyldiphenylphosphlnes
(X and XV) has opened the way for the possible synthesis of a mixed phosphonyl
azide-tertiary phosphine such as XIII which would then react in a. head-to-tail
fashion to give the polyphosphorane as shown in Equation 16. In the initial

- gttempt to develop this approach, the attempted synthesis of the intermediate

(ce,H5 ) ZP’PR

CE N2 (26)
U xIII Né'""""""' B
CeHg- or CHS- :




e

.phosphonamide XVIII vas underteken as illustrated in Equation 17. However,
- 0 ‘

R | 06H5§01
Br @P(csﬂs)e —Tﬁ,—»— BTM8C6H4P(CsH5 )2 N(CHo)a CsHsPCSHtsP(CsHs )o (17)
o o : R N(CH3)2
X E XX
- | - ' © XVIII

- difficulty was encountered in the formation of the Grignard intermediate XIX
and neither the phosphonamide XVIII nor the corresponding phosphonic acid
could be isolated and identified after hydrolysis of reaction product of
Equation 17, Sincé the hydrolysis product was largely insoluble in base, it
- would appear that the formation of the Grignard reagent XIX had not taken
place to any significant extent. In view of the potential utility of this
epproach, this Grignard reaction will be further investigated. In addition,
the use of n-butyl lithium to prepare the corresponding lithium aryl XX

(Eq. 18) for subsequent conversion to XVIII will also be investigated. An

BrCGH4P(CsH5 )2 + c4ﬁgLi ————-—LiC6I{4P(CsH5)2 ——p=  XVIII (18)

. alternative method for the synthesis of XX may be via the direct reaction of
IX and lithium metal.?2 However ,» since aryl-phosphorus bonds can be readily

cleaved by lithiwm® in tetrahydrofuran, this alternative method would appear

to be of llmlted ;po»entla.l for tha.s partlcular appllcatlon.

c A prev:Lousls comparlson of the thermal stabilities of a varlety of

. phosphoranes indicated that phosphoranes based ' upon the (C6H5 )sP(0)-~ unit

- .are somevhat more stable than those based upon the CSH5P(O)— unit., These
“results then suggested that phosphorane polymers and polymer prototypes

synthesized from bis-phosphonyl aezides such as XXI would have increased

XXI
thermal stebilities.

In the first step toward the ;preparat:.on of such a bis-phosphonyl
. azide, phenyl-N,N-dimethylaminophosphonyl chloride (XXII) was reacted with
4,4 ’_dilithiobiphenyl (XXIII) (Eq. 19) to yield the. 'bis-phosphonamide XXIV.
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2CSH5PCl ¥ LlLl — CsHsPPC5H5 + 2Lic1 (19)

N(CHs)z o N(CHa)z - N(CHs)ai

xxn - XXIII - , . L OXXIV

though infrared examination of the cfudé product showed all of the expected
absorptions, attempted isolation of pure XXIV resulted in only tacky materials

which resisted erystallization. Therefore, the crude bis-phosphonamide was

hydrolyzed under both basic and acidic conditions (Eq. 20) in an effort to

,

: . o N | . 1 L
XXIV + H or OH~ JH20 -CGHSP'P'CESHS -~ (=20)
Lo | JOH . OH

 determine the best method for this conversion. At present it eppears that
-~ the acidic hydrolysis is more rapid and gives a solid product which is more

easily purified. During the various workups of both XXIV and XXV, v1scous,

. yellow-colored products were éncountered which would not erystallize. -

However, after hydrolysis and subsequent repeated purification of the acid
by treating it in basic solution with activated charcoal, a relatively pure

-.sample of XXV was isolated. The preparation and isolation of an additional

quantity of the bis-phosphonic acid XXV will be made and this will be used
for studying the conversion to the bis-phosphonyl chloride and then to the
correspondlng bis-phosphonyl azide as 1llustrated in Eqpatlon 21 :

9 9 9 9
‘ ' e | B

Cl o Né ‘ . Ns

In addition to the synthetlc routes outlined above, the oxlaatlon

of approprlate bis(secondary phosphlnes) to the necessary bis(phosphonic

acids) was also- investigated. Previous work% had shotm that it was p0351ble'

. to partially cleave 1 h-bls(dlphenylphosphlno)benzene (Iva) with lithium

metal in tetrahydrofuran so.as to yield 1,4-bis(phenylphosphino)benzene (XXVI)

v ;(Eq. 22) 0x1datlon of the crude bls(secondary phosphine) w1th 1od1c acid

(CsHs)aPQP(CsHs)a L——T;ﬁ—v— CeH-sPQPCeHS —["-l--c Hspl%céﬁs (22)




gave only & tacky brown re51due. Oxidation of 1,k-bis(methylphosphino)-
benzene (XXVIII) by means of hydrogen peroxide and iodic acid yielded only
a small quantity of the bis(methylphosphonic acid) which was tentatively
“identified by infrared comparison with authentic acid. 15  gince an improved

H

H 0 0
- ? 1
01{31'=I'>CH3 L1, CH3P©PCH3 -  (23)
A L : . . ' 4 " -
| A . 0H _ oH ‘
XXVIII |
XXTX

.

 method for the synthesis of the 1,lL-bis(methylphosphino)benzene (XXVIII) is
" now available,’® additional experiments in this area are planned.

The investigation of the potential usefulness of other solvents,
 such as dimethylformamide (DMF) and hexamethylphosphoric triamide (HPT),
[(cH3)2N]3PO, for the preparation of phosphonyl azides and phosphoranes was
continued. This work was initiated in part, since certain of the phosphorane
prototypes such as XXXI have limited solubilities in the usual reaction
"solvent pyridine, It was hoped that any nev solvents would then lead to
”polyphosphoranes of increased molecular weights. Since it had been prev1ously17
observed that DMF was not suitable for use in the initial preparation of
’,dlphenylphosphonyl azide, it and phenylphosphonyl diazide were then first
‘prepared in pyridine. Then DMF or HPT was added and the pyridine was removed
at reduced pressure. ; . -

, In the resultlng study of d;phenylphosphonyl azide (XXX) in DMF,

no difficulty was encountered in the synthesis of the azide (Eq. 24) in

. pyridine agnd then adding DMF before removal of the pyridine. Reaction with
1,4-bis(diphenylphosphino)benzene (IV) resulted in an 83% yield of nltrogen
(Eq. 25). ~The yield of XXXI was 97.9%.

o o '

1)
(cens )2PCl + NalNj 5’)‘%&‘—", (CeHs )2P\I3 | : (24)
xxx‘

e el o e
o (c'sns)zp@lo<cens>a —-’1‘9- <cens)2ﬁm-r" e (25)




Hovever, when the DMF was added to the pyrldlne and phenyl-

Aphosphonyl diazide, which is needed to prepare a polyphosphorane, it appeared

that a gas (nitrogen) was being evolved during the removal of the pyridine.
Infrared examination of the resulting mixture subsequently indicated a
complete loss of the azide absorption at 4.65u. At present there is no
explanation for these different characteristics of diphenylphosphonyl azide
(XXX) and of phenylphosphonyl diazide in the solvent DMF. However, this
unexpected decomposition appears to rule out the possible use of DMF in

: polyphosphorane preparatlons 1nvolv1ng phenylphosphonyl dlaz1de.

The use of hexamethylphosphorlc trlamlde (HPT) as the reaction

‘solvent for use with both phosphonyl azides and the phosphorsnes was also

investigated. While no nitrogen was evolved during the formation of diphenyl-
phosphonyl azide, the rate of formation (v1a infrared spectroscopy) was =
slower than had been observed previously. in pyrldlne.ls Subsequent reaction
of the dlphenylphosphonyl azide formed in HPT w1th triphenylphosphine resulted
in only a 41.5% evolution of nitrogen and a 23% o recovery of very impure '
phosphorane. These results do not indicate much promlse for HPT as an
improved solvent for these reactlons.

In the - continuing evaluation of potential new and better reaction
solvents, several pyridine derivatives, @- and y-picoline and 3,4~ and
2,6-1lutidine, were also investigated. If these pyridine derivatives would
malntaln the same rate of formation of the phosphonyl azides as was found in
pyridine, then the higher reaction temperatures possible with these new

 solvents would be expected to speed up and/or force the polyphosphorane

formation to completion., In similar experiments, diphenylphosphonyl chloride -
and sodium azide were allowed to stir at ambient temperature and the progress
of azide formation was followed by monitoring the increase of the azide
gbsorption at 4.65u. The infrared data for this study are shown in Table IV.

'Azide Tormastion in @- and y-picoline was found to be rapid, with no

- dinecrease in the azide absorption gfter six hours which is similar to the rate
,in pyridine. An 89.6% yield of brown-colored diphenylphosphonimidotri-

phenylphosphorane was obtained from the azide prepared in o-picoline. These

~ - results suggested then that the picolines appear to be potentlal reaction
'solvents for polyphosphorane preparations. The apparent rates of formation
“of diphenylphosphonyl azide (XXX) in the lutidines were very slow and the

yield of phosphorane from 2,6-lutidine was -only 6h. 6%. These results would,
on the other hand, appear to rule out the use of the luuldlnes in these =

'reactlons.

Althdugh there was no evidence for'the‘fofmétion of phbéphbnyl’”'

~ azides in benzene, an additional solvent study us1ng varying ratios of
‘ pyrldlne o dlphenylphosphonyl chloride in an excess of benzene was under-

" taken. Molar ratios of Pyridine to diphénylphosphonyl chloride of 1: 1, 2:1,
3:1, and k:1 were studied, as described above, by infrared upectroscopy.
-.In order to further define this system, the resulting phosphonyl azide was
" then dlrectly reacted with triphenylphosphine to yield nitrogen and diphenyl-
- phosphonlmldotrlphenylphosphorane. The’ restlts shown in Table V show that ‘

the 2: 1 ratio gave results whlch were approx1mate1y equal to those obtained
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~ previously in pyridine alone and further suggest possible utility in

" phosphonyl -azide-phosphorane preparations. In addition, workup of the
‘reaction mixtures was found to be more facile than in pyridine alone.
has, indeed, been showr to be the case for’ the syntheses of bls azido-
phosphoranes, see Section IT. B.1.

This

h, Silyl Az1des

In a survey to further define the chemlstry of silyl azides and
silylimidophosphoranes, the following sequence of reactions was briefly
investlgated (Eq, 26).  This investigation was readily followed by infrared

L NeNa - . (CgHs )aP o
) (06H5)25101e -—59&37 -(CeHs ) 281C1 -S-sléiklﬁ' (CeHs ) 281iN=P(CeHs )3
) . ‘ . I | =2 t
. Ng c1
XTI x'xxIII XKIV

Nali5 (26)

(Cetls )281N-P(Cells )

X : :

(CsHs)2§iN=P(CsH5)3
N3
' . XXXV
X = -OR, NHR, etc
‘ -Nz | (CeHs )P

(Cells ) 281 [N=P(CeHs )32
| - XXVI

spectroscopy and by nitrogen evolution where appropriate. After stirring
“overnight at ambient temperature, the conversion of diphenylsilyl dichloride
(XXXII) to %he chloroaz1de XXXTII had been accomplished as was confirmed by
a strong azide asymmetrlc stretching at k.64p and a medium azide symmetric
stretching absorption at 7.5Tu. Reaction of the silyl chloroazide with one
eqpivalent of triphenylphosphine to yield the chlorophosphorane XXXIV was
followed by both nitrogen evolution and infrared.- In addition to the
. nitrogen evolution of 921 cc (102. 6% of theory), there was an almost complete
loss of the azide gbsorptions and the development of the broad, medium P=N
due to phosphorane formation at 7.38 and T.TOw. = An aliquot was removed at
this point for use in studying the chemistry of the chlorophosphorane XXXIV
and of its derivatives XXXVII. An initial hydrolysis of XXXIV resulted in
the formation of an oily gum from which white crystals grew. These crystals
vere subsequently identified as trlphenylphoophlne oxide. This preliminary
result 1mp11es a complete hydroly51s of* XXXIV as opposed to the more desired

1k




hydrolysis .of only the chloro function. Tt is hoped that controlled
hydrolysis may lea;d't_o a siloxy compound such as }QQCV.‘LII. Such a $i-0-8i

(eets );'siN=P(c6H_g o
(Celis 28112 (Celi )a

XXXVIII

'comp‘ound would then suppdrt the possibility of cross-linking linear
-~ phosphorane chains by means of the Si-0-Si llnkage to yield an even more

stable system.

The reacﬂioh' of sodium azide with the chlorophosphorane XXXIV was

‘also followed by infrared examination. This technique showed that there
‘was no significant increase in the azide absorption at 4.68u after only

four hours. This facile displacement resembles similar results obtained
previously with phosphorane chlorides.*® The phosphorane gbsorptions were
unchanged after this displacement reaction. Another aliquot was removed to

- allow comparison of the chemistry of the a.zn.dophosphora.ne XXV with tha.t of

the chloro_phosphorane XXXIV.

The remalnlng az:.dophosphorane was reac'bed mth a second

’equ:Lva.lent amount of triphenylphosphine to yield the known silyl bis-

phosphorane XXXVI. 20 phe nitrogen evolution of )-!-50 ce. corresponded to a

yield of 10l 8% for this last step.. Again, :Lni‘ra.red examination showed the
loss of the azide sbsorption at 4 68y (2137 em~'). In view of these v
preliminary but encou:faglng results further studies on “the’ s:.lyl az:.des are

,-planned. - Dol

5 Tribdrbphané Azideé

. A ”br:.ef :anestlgatlon of the poss:.'blllty of prepar:.ng az:Ldes from |
the cycl:x.c triborophane XXXIX was also carried out. A quantity of the

' dibromotriborophane XL prepared as shown in Equat:z.on 27 and obtained in 99%
- purity by repeated recrystallization from methanol was treated with two
" equivalents of sodium azide in pyridine, first at ambient temperature and

later at reflux. . Unfortunately, frequent 1nfra.red observations indicated

that no azide was being formed as expected in Equation 28.
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éFHa)e 'éFHa)a
T S : H 3
Vs
i’ me -° 1287 3] A° (21)
| + CHz - C_ ‘ [ Br + CHp - €Z
(CH3)2P\B/P(CH3)2 2(IJH ’ 'C/N = BY —— (CH3)2P\B/P(CH3)2 ('3H i
2 - ' . L 2 - C
Hz No E Br 0
. XXX XL
g (CHz)2_ -
. H,B7 P\B/ :
' idin :
XL + aNa‘NS Pyr e‘r/ll.f I l NS (28)
| (Cﬁs)aP /,P(CH3)2
| H/ N

XLI-

Furthermore, evolution of a gas and formation of an orange-colored solid were
observed during the reflux period. -In view of these negative results, this

o investigation was discontinued and no attempt wes made to identify the
‘products of the reat:tion of XL, and soaium azide.

Preparation of Phosphorane Prototypes’

B.

- L. B:Ls-Azidophosphoranes

Since arylphosphonyl d:.az:Ldes have been shown to be extremely heat
and shock sensitive,2! the purification of larger gquantities of these vital
polyphosphorane intermedistes has not been possible., The chemicel and
thermal stability®2 of the azidophosphorane XLII, however, suggested that the
synthesis and purification of similar bis-azidophosphoranes would be

o
-
CeHsPN=P(CeHs )a
] L L
Ng
XLII

feasible, Separation and i)urification of such bis-azidophosphoranes would
then result in the better control of the stoichiometry in polymer
preparsgtions and hopefully in polymers of higher molecular weight.

16
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successful preparaulon of such an 1ntermedla$e depends upon the greatly

- decreased reactivity of the remaining two azide functions of the azido-
phosphorane . toward tertiary phosphlnes which suppresses potentlal polymer
formation. i o EEETN , S DR . _

' , Reactlon of two equlvalents of phenylphosphonyl dlaz1de (XLIII) and .
, l h-bls(dlphenylphosphlno)benzene (Iva) in pyrldlne at amblent temperature

. 20eHsB(Na)z + (Cets )2?P(06H5 )

B S N ST
QsHsle=‘P(°eHs')a(csHs)aP=mjcsH5 + Mat

Coxv : | , : o
| a X =-Ng :
b, X =-OH

 resulted in qpantltatlve evolutlons of nltrogen and the 1solat10n of- whlte

e and yellow powders which appeared t0 be the desired bis-azidophosphorane

. XLIVa. One fraction having a melting point of 136-138C. was found to have

‘a molecular weight of 821 (806 theory). . The infrared spectrum of this -
material contained a strong azide absorption at 4.72p as well as the typical .
phosphorane absorptions in the region 7-9u.  Isolation of XLIVa by simply

- pouring the pyridine reaction mixture into water, as had been possible with - ©

.- XLII,®2 resulted in the separation of mostly tacky materials. -Like the azido- = =

~,,f‘;»phosphorane XLII, the crude bis(azidophosphorane) XLIVa is relatlvely stable .
" toward hydroly51s as only small absorptions associated with hydrolysis e

products were observed in verious fractions 1solated Comparison with the

1nfrared spectrum of the prev1ously'prepared acld phosphorane XDV conflrmed; }jfe”

L R T

‘f.‘CeHsf-N?P(CsHs)s‘f;fn

Coom
Txawv

the presence of 'some hydfOlysis'pfodncﬁ.




- Purification of the crude, yellow-colored XLIVa was initially
accomplished by means of a complex, tedious, and prolonged crystallization
from a pyridine-water-ethanol systen. However, the yields of the crystal-
lized product were only epproximately 30%. From the residues remaining

- after this purification, ‘a considerable quantity of the corresponding acid
XLIVb was recovered. Since the product was obviously not this impure before
recrystallization, it will be necessary to develop a better, nonprotonic if
at 2ll possible, purification technique for future use.

, Similar results were encountered in the initial synthesis of the

: homologus bis-azidophosphorane XLVI in pyridine. Again, the crude reaction
product had a tendency to gum and contained absorptions due to hydrolysis
products.” Concurrent with the synthesis of XLVI in pyridine was an

»

0 0

t o t
carz-n-2lcgts)e (| )-ploat)w-rors
 Ns : . Ny

XLVI

- additional preparation using the new benzene and 2:1 ratio of pyridine to
‘phosphonyl chloride method (see Section II.A. 3.). In view of the promising
results dbtained via this method (see below), the ebove pyridine investigation
was terminated :

Slnce previous studies had shown that & 2:1 ratio of pyrldlne to
phosphonyl chloride in benzene resulted in a rapid and high conversion to
phosphonyl azide and subsequently to phosphorane, the use of this technique
for the syritheses ‘of the bis-azidophosphoranes XLIVa and XLVI was studied.
“Initial preperations have resulted in almost qpantitative vields of
-considerably more pure products in both cases. Particularly encouraging
- have been the increased rates of reaction in this mixed solvent system of
phenylphosphonyl diazide and the appropriate bis-tertiary phosphines. The
product bis-azidophosphoranes XLIVa and XLVI are now off-white to white
.powders instead of yellow, gummy residues. Infraréd examination of both
XLiVa and XLVI obtained via this new method showed that hydrolysis products
were no longer present as had been the case in the previous preparations
and purifications carried out in pyridine. These bis-azidophosphoranes were
subsequently used in further polyphosphorane studies (see Section II. C.1).

However, in order to fully characterize and to teke advantage of
these new bis-azidophosphorane