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FOREWORD

-~  This report was prepared by Dr. Roger A. Bsldwin, American Pobash &
Chemical Corporation, Research Department, Whittier, California, wunder USAF
Contract No. AF 33(657)-11129. This contract was initiated under Project
No. 7340 "Nonmetallic and Composite Materials”, Task No. 73400k, "New
Chemicals and Methods®. The report was administered under the direction of
Polymer Branch, Nonmetallie Materials Division, AF Materials Lsboratory,
Resesrch and Tec}mo}.cgy Blvzs:.on, with Sr. . L. Lehn acting as project
engineer. . . .

. This report covers research conducted from 1 April 1965 through
31 March 1966. The manuseript was released by the authors in April 1965
for piblication as an RTD technicsl report. The work at American Pobtash
& Chemical Corporation was carried out, under the supervision of
Dr. K. R. Eilar, Manager, Research, by Dr. Roger A. Baldwin, who acted as

project leader, Mmg P, Cheng, C. C. W:.lson} Jdr., and, in part Robert J.
Mitchell. : :
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WE/%.%

- - Willdam E. Gibbs

" -Chie?, Polymer Branch

- Nommetalilic Mgterisls Division
Air Forece Materials Laboratory

|
[ ]



A new route to bis tertiary phosphines, utilizing n-butyllithium, has

- been developed and has resulted in the improved syntheses of these vital

‘ intermediaste compounds. As a result, the new bis-tertiary phosphine,

L,h s vis(diphenylphosphino )diphenyl ether, has been successfully prepared
and converted to the corresponding bis-azidophosphorane. The further
polymerization of uhls bis-azidophosphorane has resulted in the first
polyphosphorane from which long flexible fibers could be drawn. Other
polyphosphoranes havg been shown to have molecular Welghts of anprox:_mately
. 12,000 to 20,000. :

= Two new bis phosgphlnlc acids, p-phenylene- and 4,47 -bn_phenyleneb:.s-
*(phenylphosphinic acids) have also been synthesized via this n-butyllithium
'{route. These compounds. will be used in preparing a new type of poly-
._fphosphorane

S The new metnylpnenylphosphln:.c azide and its trlphenylphosphlne
%‘phosphorane were readily prepared and shown to be equally as stable to

heat and to hydrolysis as were the fully phenylated homologues. Based

on these results, a shortened route to the corresponding p-phenylenebis-
(methylphosphinic acid) derivatives was successfully worked out. This series
of compounds should result in more soluble polyphosphoranes. '

It has been found'that alkyl p-toluenesulfonates can be 'su'bstluuted for
alkyl halides in certain of the Mlchaells-Arbusov ree.ct:.ons and give high
ylelds of pure dlallwl alkylphosphonates. . , o
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. ' I, - INTRODUCTION

As a2 result of exploratory research partially supported by the Alr Force
wnder Contracts AF 33(616)-6913 and -T810, it was discovered that a variety
of stable organometalloid azides could be prepared. Furthermore, these
organometalloid azides were found to react with tertiary phosphines to yleld
a series of metallo-nitrogen-phosphorus compounds generally having a high
order of thermzl and hydrolytic stabilities. A nuwber of new compounds
having -the following bond systems were prepared and characterized:

0 0 0 0 )
I . t t 1 ' t t : + 1

-P-Ns -Si-Ny  -5-Ns -P-N=P- = -Si-N=P- - -S-N=P-
1 1 l A 1 4 $ ? l

0’ 0

This promising combination of'chemical and phyéical properties'suggested
that polymers based upon these bonding systems would have hydrolytlc,
oxidative, and thermal stablllules . . .

The chemlstry of this resesrch program is then based upon the reactions
of metalloid azides with tertiary phosphines to yield phosphoranes and an
equivalent of nitrogen gas. This is 1llustrated in the following equation
which demonstrates the reaction of phosphonic azides and tertiary phosphines.

0 o ) _
Rn;P(l\Ts)a-n + (3-D)R’GP e Ré(m.PR's)o-n -‘-(B-n)l\T (1)

Initial work designed to exploit these bhasic discoveries demonstrated
that polyphosphoranes could indeed be synthesized via the reaction of
phenylphosphonic diazide and wvarious bis~tertiary phosphines although the
initial molecular weight values were low.t In addition, preliminary thermal
studies on a variety of prototypes of and on polyphosphorane polymers
indicated thermal stabilities to about 100-L50°C.

Further research resulted in an improved syhthesis of phosphonic azides
which has resulted in the preparation of a new class of phosphorane
intermediate, the bis-azidophosphoranes. Utilization of these bis-azido-
phosphoranes in polymer preparsgtions resuloed in polyphospporanes from Whlch
brlutle fibers and discs could be formed.Z

This report describes continuing work to extend and improve the chemistry
and properties of a variety of phosphoranes and polyphosphoranes, In
addition, the synthesis of various intermediate materials necessary for this
program is also preseated.




II. DISCUSSION

" A. Xomenclature

In order %o attempu 0 provide more unifom and acceptable names for the
vane‘ty of complex phosphorus-nitrogen compounds prepared in this investi-
gation, the Chemical Abstract nomenclature will now be used when complete
names are required. Thus Chemical Abstract names compounds conbaining more.
than one phosphorus atom by extension of the ACS rules for monophosphorus
compounds [Chem. Eng. News, 30, 1;53.5-22(3.952)} or as derivatives of regularly
named inorganic parents. The fellmng examples w:.ll illugtrete this
changeover:

(cefis) 2P (0} R 2 O1L

01d: Diphenylphosphonyl azide ' Phenylphosphonyl diazide
CA: Diphenylphosphinic azide " Phenylphosphonic -diazide
. Q ) N . . .

(Cefis)2P-1=B (Colls )

01d: Blphenylphosphonm&otrzghevy}.phosphome :
CA: P,P-Dipbenyl-N- (tmphenylghosphsranyllﬂene}}ghasphlmc amide

0
i
CeBsP-N=P(CgHs )a
, .
o 4
CA: P-Phenyl-T- (triphenylphosphoranylidene )phosphonamidic acid
s | | s |

(oo )2§-1v=z>(csas )aytcsz;s a5 (e

CA: N,N‘- {B-Phenylenebzs(&ghenylphos‘ahcranylz&;me)3-
bzs[_,?-&lphenylphospb.mcthcm amide]

In the Chemical Abstract indexes the above names would be inverted at
phosphinic amide, ghosphonamlélc a.c:16., and phosph:;ncthozc em:.&e 3
respectlvely.
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'B. Preparation of’Intermediates

1. Bis Tertiery Phosphines’
. a.  Via DiGrignard Reagents

The recent observatlon, that a s:ngnlflcant amount of
isophthalic acid had been formed on carbonation of the monoGrignard reagen‘b :
prepared from meta dibromobenzene as weéll as recent synthetic results by .

s other workers,% shows that the diGrignard reagents of meta dibromobenzene

and of 3,3’-dibromobiphenyl can be prepared and successfully utilized.

- Although previous efforts in our work had only been successful with para-
- dibromobenzene, these new data suggested re-examination of the use of -

- @iGrignard reagents for the synthesis of bis terl:ia.ry phosphines. This
' reactlon is illustrated in Equation 2,

| -i.'Br-X-.'Br + 2Mg -—-—-»- [Bng-x-MsB.] M(Ceﬂs_)zf’-x-?(ceﬂé )2 (2)
: el .
R ORO;
a. X =

Accordingly, b,4’-bis(diphenylphosphino)biphenyl (Ib) has now .‘
been successfully prepared from the diGrignard reagent using tetrahydro- '

furan-benzene as the reaction solvent. In this synthesis the crude,

viscous reaction product was solidified and partially purified by digestion

" with methanol to provide roughly 50% yields of crude Ib. The preparation .
. of 1,4-bis(diphenylphosphino)benzene (Id) in the mixed tetrahydrofuran-

benzene solvent mixture was also 1nvest1ga:bed in an effort to increase the
yield of Id. However, the yield was only 2k. 6%, almost 50% less than 'bhe
pre'v:.ous yields obtained using tetrahydrofuran alone,

Unfortunately, addltlona.l attempts 'bo prepare both 1,3-bis-

- (diphenylphosphino )benzene (Ia) and 4,4 ’-bis(diphenylphosphino)diphenyl ether

(Ic) using tetrahydrofuran or_'betra.hyd.rofuran-benzene"' mixture as the

.
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reaction solvent have resulted in amber-cclore& viscous gm&uc‘ts. Attempts
to c?ystal_z.ze end/or purify these materials have.been unsuccessful.-
Examination of the infrared spectra of these materials has revealed the

" expected absorptions in addition to many extraneous absorptions due to PO,
POP, and even PH. A possible source of this oxidation, peroxide containing
tetrahyé.rafwan , Was ruled out when all tetrahydrofuran in use was found to
be peroxide free (starch-iodide method).

From the methanol extrscts of Ib there was subsequently
- recovered éighenyl‘-if-@y&rmb&tylphosphine oxide. This material results
‘from the interactionjof the tetrahylrofuren solvent, diphenylchlorophosphine,
and unreacted magnesiwm.® Thus while it appears that this diGrignard route
can result in the successful §re§arat3.on of certain of the desired bis
ﬂ,:ertz.azf}r phosphines, the low yields of contaminated products make it a
enerally unattractive synthesis. However, a recent modification of this
Qaﬁrlgnwé. preparation in tetrahydrofuran has been described by Chantrell
838. covorkers.® After the diGrignard reagent had been prepared by refluxing
mamemmn and p-dibromobenzene in tetrahydrofuran for 18 hours, the
insoluble diGrignard was filtered to remove the tetrahydrofuran and other
§alub3.e products. The spontaneously inflarmable diGrignard was then slurried
in low boiling petroleum ether for further use. Since this technique is
reported to give a T5% :y:.el@. of W,N,N/,N’-tetraethyl.p-phenylene~bis-
{ghos;_}honeus diemide),® this appears to be 2 more useful synthesis for use
in the preparation of bis tertiary phosphines.

b. Via Dilithioaromatics

" The difficulties encountered in the syntheses and attempted
syontheses of the polymer intermediates, the bis tertiary phosphines, have
been described sbove and in detail in previous reports.” Since both
diGrignard reagents and lithium diphenylphosphinide reagents had fziled to
yield bis tertiary phosphines other than 1,4-bis{diphenylphosphino)benzene
(Ia) 2nd more recently L :‘-;*’-b:.s(&1phenylphosnh3ﬂo)‘s1phenyl (Ib) and since
yields of L lL*'-'b:f.s(dzghenylphcsphme)thhenyl (Iv) via commercial 4,k’-
dilithicbiphenyl were variable, an investiggtion of the preparation of the
appropriate dilithium aryl derivatives from the corresponding dibromoarcmatic
compounds and n-butyliithiuvm was bégun. The potential wbtility of lithium .
aryls was demonstrated when it was found that L-bromophenyldiphenylphosphine
(IT) could be first converted to the corresponding L-lithio derivetive III
with n-butyllithium and then on to the knowmn 1 L-bls{&lphenylghcsphzno}- ,
benzene (Ea. 3) (see below). :

Br P (CsEs }2 n-:;l El?{caﬁs )% e CsHs }2?@P (Cegs )é.

II- o Im | ‘m (3)




The':fn.i'sb attempt to extend this technique was directed toward
an improved synthes:.s of L )+’—'b:.s(dlphenylphosphlno)'b:.phenyl (Ib). The

%Q +enmas T e (O)] 2l (e (@Y @

v b

exothermic preparation of the dilithio intermediate IV was conveniently .
carried out by adding a hexane .solution of n-butyllithium to the 4,4/-.
dibromobiphenyl in tetrahydrofuran at =60 to -T0°C. After being allowed
to warm to 0°C and then being cooled back to -T0°C, the addition of two.

; 'equivalents of diphenylchlorophosphine to IV was begun. It was found that
the highest yield of high purity Ib (9L%) was obtained by using two
equivalents only of n-butyllithium per mole of 4,L’/-dibromodiphenyl. Any
excess of n-butyllithium apparently subsequently competed for the diphenyl-
chlorophosphine and caused a decrease in yield. Thus a 250 g stock of

4 ,L 7 bis(diphenylphosphino)biphenyl was prepared for further polyphosphorane
studies. - In addition to the high yields of pure product obtgined viz this
technique, a considerable saving of time is affected when compared with the
time consuming diGrignard method since a run can be completed in 8 hours or
less.

An additional quan‘b:z.ty of 4, Lt -bis(diphenylphosphino )biphenyl
(Ib) was then prepared by this same general technique (Eg. 4). One slight
change, however, in the reaction procedure was made, After the n-butyl- .
lithium had been added at -66°C to the k,k’-dibromobiphenyl,.the diphenyl-
chlorophosphine was added immediately. Previously the reaction mixture had
been allowed to warm to 0°C and then recooled to -66°C before the introduction
of the diphenylchlorophosphine. This slight change in the reaction
conditions resulted in only a 64% y:.eld of somewhat impure Ib instead of a
ok yleld. of pure Ib. .

In view of the gbove promising results, it was anticipated
that a variety of new intermediates such as 4,4 ’-bis{diphenylphosphino)-
diphenyl ether (Ic) and 1,3-bis{diphenylphosphino)benzene (Ia) ‘could now be
synthesized. Such new bis tertiary phosphines should result in phosphorane
polymers having improved solubilities and physical properties such as fiber

,and disc-forming capabilities. Thus using this dilithio method, the ether- .
linked bis tertiary phosphine Ic was successfully synthesized in a survey

r 0 _.L':T-LFTI—» 1-‘0%%@» (CS;HS)eP,_.

oo
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~experiment in 75% vield when four equnalen‘ts of n-bﬂtylllthlum were
employed. Other experiments under slightly altered reaction conditions
and also with only two equivalents of n-butyllithium generally resulted in
oils which either failed to crystallzze or which were crystallized only
after many triturations with methyl alcohol ana./cr isopropyl alcohol.
Reactions carried out in ether as the reaction solvent have also resulted ‘ S
in both oils.and Ic. Thus while k4,k’-bis(diphenylphosphino)diphenyl ether o
(Ic) can now be prepared in yields ranging up o 50-‘?5% in various ‘ o
preparations, this synthesis, however, still is not readily reproducible C ey
and requires additional study. ‘ ‘ ‘

As a result of the syntheses of Ib and Ic via the dilithio-
aromatic intermediates, an attempt to also prepare 1 l4—-?::3.3(6.::.;;:,‘rieny}.phf:ss;_:&:x:*.:m}-
benzene (Id) via this new and facile method was initiated. However, under
the same conditions that had g::ven such hs.gh yxelés of 11- Lt -“bzs (ﬁpheny}.-

1) oBuli/THF “ N o
Br'-. - 2) 2(5635}2961 - ,(GB,%)ZP P‘(Ga;ﬁ,s)?.

. ‘I&
' (Cetis )2931‘
IT

phosphino )biphenyl (Ib), none of the expectéd bis tertiary phosphine Id was
isolated. Instead the product was L-bromophenyldiphenylphosphine (IT) -
resulting from the reaction of only one of the bromine atoms of the starting:
material, 1l,4-dibromobenzene. The yield of readily recrystallized II was a . -
. surprising 57%. The monobromo product ms identified by comparison with
autbhentic II o‘ntazne& in earlier studies.® .

Beeause of th:.s unexpected result, a study of the reaction

of n-bubylliithium and p-dibromobenzene in ether and in tetrahydrofuran was
wndertaken. The details of this study are contained in Table I. From the
results of the various experiments, it is evident that the replacement of
one of the bromine atoms of p-dibromobenzene takes place under a wide range .
of reaction conditions, i.e., -66°C to +32°C in either tetrahydrofuran or
ether, However, subsequent replacement of the second bromine stom is
difficult at best. This difficulby is readily reflected by the generally
low yields of 1,k-bis(diphenylphosphino)benzene (Id), par“sz.cularly when
compared with the high yields of k,4k’-bis (diphenylphosphino Joiphenyl
. cbtained via this same reaction, Table I, thus, clearly demonstrates the
marked effect of reaction condl ions on the outcome of the reaction, i.e.,
mono- or 5.1sunst1tu+10n.

Since the yields of Id obtained from preparations in ether ' .
as the reaction solvent and using only two equivalents of n-butyllithium

6



approached 50%, these data sugges‘bed that half of. the n-'buuylllth:.um vas
being lost in. some manner. Subsequent investigations ut:.l:.zlnv four
equivalents of n-butyllithiwm in refluxing ether for two and three-quarter

‘hours gave & 58% yield of Id end en additional 11% of less pure product.

Longer reflux lowered the y:.eld of Id to 50%. - ' : :

‘Whlle the y:.elds of Id ob'bamed thus far via the n—butylllth::.um
route can be- egual to those via the diGrignard route , this newer route does
have several advantages over the diGrignard route. Thus the reaction times
are greatly reduced and the product is much more easily purified since it is
not contaminated with the yellow oils and solids usually obtained from .
Grignard-phosphorus chloride reactions.

In view of the excellent yield and ease of synthesis of
lx--bromophenyldlphenylphosphlne (IT) via the n-butyliithium route shown
below in Equation 12, the further reaction of II with a second equivalent
of bubtyllithium and of diphenylchiorophosphine to yield 1 L-bls(dlphenyl-
_phosphmo )benzene vas suogested (Eq. ’() Again reaction conditions greatly

= _ | Ia

influenced the yields of Id. Attempted preparations in ‘tetrahydrofuran at
5-15°C.failed to yield any Id. The addition of a hexane solution of n-butyl-
lithium to II in-tetrahydrofuran at -66°C, and su'bsequent addition of the -
diphenylchlorophosphine also at -66°C resulted in a 64% yield of Id. The -
reversal of the initial addition sequence increased the yield of pure Id to
80%. The problems encountered on using tetrahydrofuran and n-butyllithium

at or near room temperature may be due 1n part to the reported instability.

of the n-butyllithium in this solvent.® Since on the one hand each of the
steps leading to h-—bromonhenyldmhenylnhosph:.ne (II) and thence to 1,L-bis-
(diphenylphosphino Ybenzene (Id) were found to readily give 80% yields, and.
since on the other,-the direct preparations of Id via the dilithio intermediate
were only moderately successful, it was of interest to attempt the two-step
route without the intermediate isolation of II. Thus II was prepared in the
usual manner and then dropped immediately into additional n-butyllithium at
-66°. Subsequent addition of the second equivalent of diphenylchlorophosphine
and workup gave 51.5 and 56.5% yields of slightly impure I& (Eq. 8).

B @ Br _1) Buli 5 'P - 1) Buli
'. 2) (CGHE;)QPCJ:;. * r (6 s)2 2) (caﬂs)grcigp

(Ceﬁs )2P @P (Ceﬁs )a




While the vields were not as high as ha& been &esz.reé.} 'I:hey were not too far

out of line when one considers that both steps & and b of Equation 8
individually result in only a 64% overall yield.

- ~¢c. Via Mono@'ri’gnar&é

An additional synthesis of the new bis terb:.ar’y rhosphine,
1,4-bis(@imethylphosphino )benzene (VI), was prepared as illustrated in
Equation 9. TUnfortunately, the yield of this compound in z preliminary

) ' ) OO . ! o -
ClzP PClo +-¥CE3MgBr —_E_Tr ({333)2?_ P(CH3}2 (9)
v , B o VI ‘

scalg;up was very poor. Since the azide functions of the bis-azido-
phosphoranes, now being used in the polyphosphorane preparations, have

- considerably diminished reactivity toward tertiary phosphines, it is

expected that VI will react with the bis-zzidophosphoranes more rapz.dly and.
completely than do the previously prepared bis tertiary phosphines
containing diphenylphosphino functions, i.e., compounds Ia-d. The synuhesls
of the novel tetrachloro compound is described below in Section II.B.3.Db.

2. Monosu'bstltute& Trzphenylphcspb:mes

The successful preparations of. 3- an& h—brmonhenyl&:.ghenyl—

' phosphines via the inverse Grignard formation method® have provided compounds

for conversion to a variety of novel and useful intermedistes for use in

- preparing polyphosphoranes. Such intermediates are mixed bis tertiary

phosphines, tertiary nhosphme-phcsph:.nlc acids, s.na. even tris tertlary
phcspb:nes.

In an initial attempt o trtz.l:.ze these compounds, II was 'treatea.

-

- with magnesium in tetrahydrofuran-benzene in an attempt to form the mono-

Grignard reagent ITIa, no reagent was formed. From the reaction mixture,
there was subseguently recovered nearlt;)r all ef the star‘tzng material IT

(Ecs. 10). , A o ) L
Br P(Ceis)z ———s MP(dsHs)g Lz, soocy(‘csﬁs)g_ (10)
= S oIm P S
a.” M = -MgBr ' ‘
b, M=-Ii .

Previously Gilmen and Brc"**-‘} reporteé. that II could 'be prepared as
shown in Equation 1l. Treatment of II with n-hu“ylhthlm followed ‘by




. Mels, Buli ‘
BrCeHs 2lls p-BrCgH4PClo -—C-sﬁ-‘s——ma— II. ———Tom VIT (11)
T PCls , 0z P

VIII

carbonation was reported then to give a 57% yield of the carboxylic acid
VII. < That the Friedel-Craft reaction in Equation 11 should yield pure para
. isomer VIII seems fortuitous in view of several recent studies concerning
. isomer distribution resulting from this reactiont'’?2 In order to gain
‘insight into the preparation of this potentially useful lithio derivative
IITb and to confirm:the identity of Gilman's para acid VII, the interaction
of IT and n-butylllthlum vas studied. .

The preparation of VII as described by Gilman was repeated and none
of the desired acid was obtained. However, when the reaction was carried -
s out in tetrahydrofuran at -40 to -60°C, the yield of crude p-carboxyphenyl-
udlphenylphosnhlne (VII) was 49% Recrystallization from glacial acetic acid
‘gave the acid VII with a melting point of 157°C, the same as had been -
“previously reported by Gilman. However, comparison of the infrared spectrum
of this acid with those of 3- and 4-bromophenyldiphenylphosphine failed to
clearly confirm that product acid was the para isomer., Thus the two bromo
derivatives contained strong para and meta absorptions at 12.35 and 12.85u,
respectively, while the acid contained only wegk, apparently para, absorption
at 12.27y in addition to other weak absorptions at 11,75 (para?) and 13.1y
(meta?) not present in either of the bromo compounds. Examination of the
infrared spectrum of the meta acid may resolve this dilemma.

Since the earlier preparations® of L bromophenyld phenylphosphine
(II) had resulted from the slow addition of aliquots of magnesium to 1, ho
dibromobenzene in tetrahydrofuran at ambient temperature, it was also of
interest to evaluate the use of diethyl ether in place of the tetrahydrofuran.
The monoGrignard reagent was prepared by refluxing a mixture of one gram-
atom of magnesium with one mole of l,h-aibromobenzene in ether for three
hours (Eg. 12). After the usual workup,.a T3. 6p yield of pale yellow-colored

BrBr + Mg ET2° Bng'Br (067{5)23‘1 (CSPS)QP@BI‘ (12)

solid II' which required additional ourification, was obtained.

- It was inadvertently demonstrated in the previous cer‘t:.on I7.B.1l.b.,
that n-butyllithium in tetrahydrofuran at -65°C will readily replace only one
of the bromine atoms of p-dibromobenzene.” Thus it appeared that the :
deliberate synthesis of h-bvomonhenyldlp henyliphosgphine (II) via this route -
should be facile and should result in a greau improvement over the earlier
Grignard route.

The results of severazl experiments in tetrahydrofuran and in ether
again reflect the effect of reaction conditions on the yield of II. The best
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results (81% y:.eld of high purlty) were obtained by adé'z.ng the p-dibromo- .
_ benzene dissolved in!tetrahydrofuran to the n-butyllithium at -66°C Ffollowed
. by the ime&zate mtra&uctzcn of the &phetiylchloraphosyhne (Eq, 13).

. 4 n—B‘;}}—Jl + BI' Br ——é-s—c—-)" @-BI‘} . (13}

[Li@»zﬂ + gceﬁs)gP01 -—_W "(Gsﬁs‘)?PBr,
. , e ,

A comparison éf the three routes to II, i.e., monaGrignaré in ether,;' in-
tetrahydrofuran, or via n-butyllithium, clearly shows that the n-butyl-
lithium approach results in the lt’aghest yvields of more pure gro&uct.

A small quam:ity of p-bromophenyldi nhen}rlphosghlne (IT) was
oxidized by both hydrogen peroxide and potassium permanganate in acetone to:
provide the reference compound p-bromovhenyldiphenylphosphine oxide (IX).

The use of permanganate in acetone appeared to be the more facile synthesis -
for this phosphine oxide. The infrared spectrum of this compound was
similar to that of the tertiary phosphine II with the exception of new, ‘
strong absorptions at 8,145y (P-0) and at 9.0p(Ar-FO). THe combination of
these two strong ebsorpbtions can be used as g gualibative identification

of the presence of tertiary phosphine oxide impurity in a tertiary
phosphine. Thus, sbsorptions at & to 8.5 thought to be due to P-O groups
must be accompanied by the second strong a?nsorpt:.on at 8.9 'tc 9. 3.;_;,, at o
least in trzaxylphosphme oxides.

An additional qua.ntlty of 3-bromophenyldiphenylphosphine was
obtained by the inverse addition of magnesium to meta-dibromcbenzene in
tetrahydrofuran., The apparently quantitative crude vield was reduced to
only a 31.2% yield after distillation at reduced pressure.. Conversion of
this compound to the lithioderivative and then to the l;B-bls(é.:.;ghenyl- '
phos;sb;no)’benzene (I2) will be stu&:.eé. as time permits.

. This meta~bromo &erlvatlve has been isolated as a high boiling
liquid which has not crystallized on standing for several months. Further-
more, since the para isomer IT has been cbtained as & solid melting at
75-T7°C and since the product thought to be II prevared by Gilman and Brown
was reported to be liquid, it would now appear reasonsble that the Friedel-
Craft preparation of VIII did indeed yz.eld an isomeric mlx"ure of products

(Eq. 11).
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3; Phosphinfc Acids

a. Bis Phenylphosphinic Acids

. Previous differential thermal analysis data® have suggeéted
© -that polyphosphoranes linked via phosphinic-based phosphoranes may be more
thermally stable than phosphonic-based phosphoranes, i.e.,

0 0

? N b
~P-Ni=P > P=N-P-N=P
b 1

Necessary for the syntheses of polyphosphoranes having such phosphinic
linkages are linked bis phosphinic acids, chlorides and azides. To this
end, syntheses directed toward several arylenebis(phosphinic acids) were
andertaken. Since the use of n-butyllithium to prepare dilithiocaryls for
conversion to bis tertiary phosphines had been relatively successful (see
agbove, Section IL.B.L. ) the approach was via these same organomeualllc
intermediates.

X - In the initial investigation, excess n-butylliithium was
reacted at about -60°C with 1,h-dibromobenzene in an effort to insure a -
high conversion to 1,4k-dilithiobenzene (X). Subsequently X was added to a
slight excess of the phosphonic chloride XI at 0°C in order to minimize . -
possible P-N cleavage instead of the desired reaction with the P-Cl. No
attempt was made at this time to 1sola e the 1ntermed1aue bls-pnosnhlnlc'
amide. :

The crude bis phosphinic amide was then dissolved in isopropyl
alcohol and hydrolyzed with 6N hydrochloric acid. The resulting crude bis
phosphinic acid XIT was purified by repeated solution in base and charcoal
treatment to yield a small quantity of a white powder which was further
extracted with methanol. The acid XIT thus isolated has a melting point
above 300°C and appears to have limited solubility in organic solvents.
These properties are parallel to those of terephthalic acid. Analytlcal
data Iully agree with the calculated values.

0

, | R - = - E S
B&B‘i + 2Bl — [Li@Li'l NcHa)z, ¢, "‘1‘1
N i R 1 N(CFs)a

[Li@ ] . ' o l? /ROH/
o g ?
i
; 1) CgEgPCl XTI . . CsHSP@PCGHs
H . H H
| _ _

N(CHs)2 . . OH OH
o 12) '**/ROH/Hgo XII

CSH—P@BI'
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Since the yield of p-phenylenebis (phenylphosphlmc acid) (EI)

. was very low in the initisl preparation, sdditional experiments have now

© been investigaled under a variety of conditions in an effort to improve

this yield., Again, a;S had been encountered during the synthesis of

-1,k4-bis(diphenylphosphino)benzene (Id), replacement of both bromine atoms

was difficult. For example, after the n-butyllithium and p-dibromcbenzene

. pxchange was carried out in tetrehydrofuran at -66°C and the phosphonic
ghloride XTI was added to this reaction mixture, acid hydrolysis gave a

hase and me thanol soluble product. Further investigation revealed that this -

-methanol soluble acid was h-‘sromophenvlphenylphospmmc acid (XIII} instead .
of the bis acid XIL. :

An increase in yield to 33% was obtained by allowing the
exchange reaction mixture to warm to 32°C prior to adding it to the
phosphonic chloride XI. Reactions carried out in ether yielded both XIT
and XITI, The infrared spectrum of the new bis phosphinic ac:.é‘. X171 was
- difficult to obtain in a clear, sharp manner.

: This line of 1nvest1gat10ﬁ was also extended to the preparatz.on
of 4,4’ -biphenylenebis(phenylphosphinic acid) (XIV). Since other recent
data have shown that 4,4 /-dibromcbiphenyl can-be converted to the dilithio-

- derivative nmuch more eas:.ly than p-dibromobenzene (see Section II.B.1.

' a'bove}‘, it was anticipated that XIV should be more accessible than the
phenylene-linked acid XII. Following the same procedure used for preparation
of the L,4/-bis(diphenylphosphino)biphenyl (Ib), the 4,4’-dilithicbiphenyl
was prepared in tetrahydrofuran at -66°C, warmed to +3.T°C before being
recooled to -66° and then added to an excess of the phosphonic chloride at
-66°C. After acid hydrolysis, the new biphenylene-linked acid XIV was

. ) : 0 O ’

. “RTS 1 7 : :

/ 2) Caﬁs}?({}){}l o C:!E 63‘ N :

: ' 3(053)2 : XIv o

3) H /ROH/H0
XIv

isolated as a white powder, melting at about 195°C, 'in 32% yield. The
identity of this powder was confirmed by analysis, neutralization
eguivalent and infrared anzlysis. The infrared gpectrum of XIV was much-
more sharp and distinct than the phenylene gcid XII. This new acid is,
as expected, considergbly more soluvble in organic solvents and of =& lcwer
melting pom‘t than the p-phenylene homologue. »

b. Bis I-Eethylphos*ainmc Acids

Concurrent with the gbove investigaltions of the syntheses
of arylenebis phenylphosphinic acids, were a series of experiments designed
to evaluate the potentisl ubtility of the methylphenylphcosphinic grouping
in phosphoranes. A part of this study was the syntheses of several methyl-
phosphinic derivatives as shown in Equation 16.
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o 0

2 _ . o -
CsHsT’H _‘-—.O_]_.,.. CeHsP-OH —S-OEE?—»- Csﬁsl?Cl | (16)
CH;:, - . CHg 'CHg '

XV Xvi | XVII

: Methylnhenylphosphlne (xv) , on hand in abundant supply, vas
oxi ..1ze6. by means of iodic acid to methylphenylphosphinic acid (XVI)(Eg. 16).
The method .was conslﬁ.ered inadequate in that removal of the by-product.
iodine by agueous dlgulua‘clon was extremely laborious and the yield of XVI
was only 48%, As a pesult, the oxidation of the phosphine XV by means of
hydrogen peroxide waé undertaken in order that this oxidation be as facile .
and give as high a yield as possible so as to prevenv undue loss of -the

" hard-to-come-by bis g?hosphine XXI in the proposed route of Equations 19-20.

‘ Ox:matlon of XV by means of 10% hydrogen peroxide in acetone
sulted in the isolation of a product having the same melting point as the
e;;pec‘bed phosphinic acid XVI. However, further examination by infrared,
utra.l:.za‘blon equivalent, and mixture melting point revealed that the
olated material was not XVI.

Apparently, the oxidation of methylphenylphosphine in 10%
hydrogen peroxide is a two-step process in which methylphenylphosphine .
oxide (XVIII) is the first product (Eq. 17). Then the rate of addition of
he -P-H function of the oxide XVIII to the carbonyl group of the solvent,

Acetone

CeHsPH + Ho0p ———"""5- CgHsP-H + Hx0 (a7
sHs ™ Ceflst | :
CHs 5 CHs -
XV N  XVIIT

0.

-

. . [}
acetone, .i1s greater than the rate of the desired oxidation of the -P-H -

function to give the acid XVI (Eq. 16). Thus, P-methyl-P-phenyl-P-2-propanol-

0 o O :
' ? /CHS ’ L
csHSPH + CHSCCHS ————pm CglsP-C - OH = (18)
t
0113 o A CHs CHs .
XVIII ‘ XX

2-phosphine oxide (XIX), having a molecular weight of 198, appears to be
the major product of this reaction. An infrared spectrum of this product
indicated the presence of an alecchol O0-H stretching band. Other dats were
obtained to indicate that this tType of reaction occurred and efforts to

- confirm the identity of this product are in progress. Support for this
hypothesis is a paper by Buckler and Epstein which describes the similar
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regetion-of primary nhcsphine oxides and car’bcnyl compcun&s. 14

‘ The methyl;;henylphosphlnlc acid (XVI) was then eomaertec’i in
carbon tetrachloride to the chloride XVII by reaction with thionyl chloride.
The yield was an unexpectedly low 35%. Previous conversions of diaryl-
phosphinic acids to the chlorides with thionyl chloride have, generally,
resulted in much higher yields, Alternative routes to th:.s methylphenyl-
phosghznzc chloride will be investigated in order that the planned conversion

T XXII to the bls(methylnhcs;ghiﬂic chlcrz.ée) XXIiT mB. be as efficient as
possz'nle (Eq. 23.)

The second part of this investigation was concerned with an
improved. synthesis for p-phenylene bis(methylphosphinic acid) (XXII) via the
. sequence of reactions shown in Equations 19 and 20. It was anticipated that
this method of synthesis of XXII would result in at least a 20-fold increase

(csﬂs )QP.P(csHs) Foop C1POSHECL, e HoRCOHPE: - (19)

v
,Egmggﬁ Iy%ﬁﬁs HPCH,PE —ighb.mm am  (=20)
}CHS : ! : ‘ . :
CHs " CHa ' : :
XX - XXI o XXTT o ;
XXII + S0Cls or PCls ————ee—p— 91-:913-31 (21)
. . 1 1 . .
: : : CHs =~ CHEs -
XXIIT

-in the yield over the meéthod of Eveleth and coworkers.® This improved
reaction sequence to compound XXI had been previously developed to provide

. intermediates for the preparation of thermoset polyborophane resins under
Air Force Contract 33(657)-11296.1€ Furthermore, it is also anticipated that
the presence of methyl groups attached to the phosphorus atoms may result ‘
in severszl beneficial properties for the bis(phosphinic azide) of XXIT.
First, since the methyl groups are less bulky, greater polymer chain length
might be realized due to less steric hindrance in the formation of the P=N
bonds. Second, the bis(methylphosphinic azide) may have increased reac tivity
due to the inductive effect of the methyl group. In addition, the resulting
polyphosphoranes may thus have modified physical and chemical properties.

’ The first step in this sequence, the preparation ¢of p-phenylene-
bzs(dzchlovcghcsgm& V has been sccomplished. On hand vwere seversl hundred
grams of p-phenylenebis(diphenylphosphine) (Id 'gzhlch wers mixed with a large



excess of phosphorus trichloride in a large, heavy wall tube and sealed
under a slight pressure of nitrogen. Benzene, having about the same
critical pressure as phosphorus trichloride, was used as the pressure-
equalizing medium within the steel reactor. The thermal reorganization

- reaction of Id to V was conducted at 300°C for 30 hrs. Although for some
reason the tube ruptured, a quantitative yield of the by-product phenyl-
dichlorophosphine was obtained indicating that the reaction proceeded
satisfactorily. The crude tetrachloro compound was not isolated but was
held in reserve for subseguent reaction staps.

However, with the avallab1+1ty of this new bis dichloro-
phosphine V, an alternate and shorter route to the bis(methylphosphinic

- chloride) XXIITI was suggested This route is outlined in the following
equatlons. '

0123?.’?012 + l}CHgOH + L (CoHs )al —

v ; (CHg0 )aPP(OCrzs )2 + )4-(0235 )sN HCL

XXIV

(22)

‘ - t N\ ! :
XXIV + CHgl ————o CHSOPPOCHs. - (23)

o) 0 -
XXV + PCls/CCly, ———= CHg PCHg o (2k)
ot H . :
- o1~ ¢c1 | :
XXIII

In order to survey this new reactlon sequence, approx1mate1y
one-third of the crude tetrachloro 1ntermed1ate V was reacted with methanol.
in the presence of triethylamine. The initial yvield of XXIV was only 21%.
This low yield for a reaction expected to give at least 70-80% yields can be
easily rationalized. The explanabion could be that durlng the preparstion of
"V'as a result of the breakage of the glass reaction tube in the steel pressure
chamber that secondary reactions of the Friedel-Craft type took place on
exposure of the phosphorus-chlorine compounds to the steel, The infrared spectrum
-of XXIV contained the expected absorptions, particularly a very strong
abSOfptlon due to the presence of the methoxy group.

A higher boiling fraction was obtalned following the distil-
lation of the tetramethoxy product XXIV. This material had an infrared




péctm which ccﬁtaﬁ.ne& a strong P-0 absorption. The P-0 absorption
suggeste& that 'bh:.s Was simply the oxidized material XXVI. However, thls

N (CHSQ )29"”((3033 )2

is nst supported by phosphorus analysis which was only about two-thirds of
that reguired for XXVI.

‘The szﬁssequent step » the Mlcnaelz.s-ﬁrbusov reaction of the
h;s(dmethylghcsphcmte) XXIV with methyl iodide (Equation 23), was extremely
axothemc vhen carried out in the gbsence of a solvent. When only one -
milliliter of methyl iodide had been added to neat XXIV, a ragpid exotherm
occurred which blew out both the thermomefter and stopper in the condenser
even though the system was attached to a mercury bubbler for pressure
relief, However, a small quantity of a solid material was recovered from
the reaction flask and isolated as a white powder. The infrared spectrum

" of this material was changed as expected with the principal development of
. absorptions due to P-0 at 8.15 and 8. 9u. Further, the analytical data are

in good agreement with the calculated values for the expected Michaelis-
Arbusov product dimethyl p-—phenylene’bzs(meth;lphosnhmate) XXV,

In spite of the initiaily low yield of }Q{ﬁ? and the uncontrolled

. excthemc nature of the initial Michaelis-Arbusov reactz.on,, the use of more’

pure tetrachloro compound XX and more controlled reaction conditions are
expected to meke the reactions of Equations 22 and 23 an extremely attractive
route to p-phenylenebls(meﬂwl;shosnhlmc acid) and its derivatives. The’ :
conversion of the remaining two-thirds of the crude tetrachloro compound XX
to XXIV is underway and this 1nvestzgatzcn will now be extended o the
preparation of the p-phenylenebis (methylphosphinic azide).

e. Tertiary Phosphine—?hosphinic Acid

: As a result of the sbove studies (Section II.B.2) which
demonstrate the ease with which L-bromophenyldiphenylphosphine (II) can be
converted to the lithium derivative III, the study of the preparation of the’
novel, mixed tertiary phosphine-phosphinic acid XXVII was begun (Eq. 25). -

(csma. 'Lz — [l ) P-csﬁs -

N (chs)
XXVITT | . (25)
t j
(CeHs)2P P-CgHs
_ gg OE

s 00 XA




Such an acid as XXVII will lead to a phosphinic azide which will immediately
polymerize in a head-to-tail fashion to yield a hew type of polyphosphorane. .
No attempt was made'at this time to isolate the intermediate phosphiniec
amide XXVIII. The crude XXVIIT was hydrolyzed in alcoholic hydrochloric
acid to yield a white, crystalline solid which was rather surprisingly

- insoluble in sodium hydroxide solution. However, Iinfrared examination of
this material revealed all of the expected absorptions in a very sharp
_spectrum, P-O at 8.33y and 8.85,, POH at 10.45, and para substitution at
'12.2. Anezlyses for carbon and hydrogen were also in fair agreement with

the theoretical valyes for XXVIII. Investigation of this novel tertisry
phosphine—phosphiniq acid is continuing. ' : ’ :

4.  Dialkyl Alkylphosphonates

_ Previous studies leading to arylenebis(phosphinic acids) via the
correspondlng diGrignard or dilithiwm reagents have been with the amine-
?locked phenylsubstituted phosphonic chloride XI. In. order to obtain
similar methyl substituted phosphonic derivatives, several potential routes
were surveyed. . One approach is shown in Equation 26. The yield of ester XXIX

0 - .0 0
1 o1 5 '
Ne + HP(OCsHs)p = NaP{OCoHs )o -—C-}-Iéjrz-a,- casé(ocaHs = (26)
S --:!-_Hg . -2, L . )
s XKTX

was only 3k4.8% Apparently not g1l of the by-product sodium iodide had been
removed and, as & result, caused decomposition during the distillation.”
The more direct Michaelis-Arbusov reaction of methyl iodide and trimethyl-
phosphite resulted in an 81% yleld of the homologous methyl ester XXX

(Bq. 27). .

. t ' |
CHsI + P(OCHg)s -—jzr—'*P' CHzP(0CHg )2 + CHsI _ (1)

XX

These esters can be next converted to methylphosphonic dichloride by
an initial hydrolysis to methylphosphonic acid followed by reaction with - -
thionyl chloride. Then the dichloride will be treated with two equivalents
of dimethylamine to obtain N,N-dimethyl methylphosphonamidic chloride to be
used in preparing new methylphosphinic acids. - ternatively, the esters may -
be reacted directly with phosphorus pentachloride to obtain methylphosphonic
dichloride. These routes will be surveyed to ascertain the best route with
respect to both yield and reaction difficulties. (See Egquation 30 below). _
This information will have added importance in that it may suggest the best
way to convert dimethyl p-phenylenebis{methylphosphinate) (XXV) to p-pherylene-

" bis(methylphosphinic chloride) (XXITII).

In reviewing the use of alkyl halﬂdes in the Michaelis-Arbusov

reactloh, it was considered to be of interest to evaluste the use of alkyl
p-toluenesulfonates (tOSJ*ateS> in place of the alkyl helides. 4s a part of

,,lT




this study, methyl and ethyl tosylates were reacted with trimethyl- and
‘ tr:.ethy}.nhosphltes 3 respectwely (Eq 28). 1In these react;.ens » The mole

R-Tos + P(0R)s ———s— EB(OR)2 + R-Tos (28)
where Tos = ‘;3802@933

ané

R = methyl (:m:) or ethyl (m)

‘ratio of phosphite to tosylate was 10:1.

The reacta.nts were mz:eceﬂ u:zder n:.trosen » samplea for an infrared
sPectm, and heated rather rapidly., The result was a vigorous, exothermic.
" reaction which subsided in 5-10 minutes. Infrared spectra of the reaction .
mixtures were now significantly changed and contained a strong P-O sbsorption
indicative of the formation of the desired phosphonates. The reaction
mixtures were then cooled and fractionally distilled at 18 mm pressure. .No
foreruns of unreacted phosphite were o'bserveé‘. and the yield of distilled .
products XXX and XXXI were 98.8% and 92%, respectively. Infrared and vapor:
bhase chromatographic comparisons of the dimethyl methylphosphonate obtained
via Equation 28 showed that the product was identical to that obtained via -
the classical Michaelis-Arbusov reaction of Equation 27.  That the esters
vere obtained in high purity was confirmed also by the vapor phase chromato-
grams. Methyl benzenesulfonate also yielded quantitative ylelds of XX, In
addition, the alkyl sulfonates were also recovered in high yields on :
distillation of residues remaining after the removal of the dialkyl alkyl- -
phosphonates. Furthermore, it was found that as little as one mole ;_}ercent
of alkyl tosylate will catalyze this reaction.

However, while these results were extremely encouraging, attempts
to carry out a mixed reaction, i.e., methyl tosylate and triethylphosphite
resulted in an extremely complex mixture of reaction proé.ucts (Eq. 29).

ﬁsa%a@css, P(0cams)s ———= . (o)
3 0 ’ o ’ ,

ki ; ) } |
CHsP (OCzHs )2 + CEESP(GCES)a -z-_ CzHsP(OC2Hs )2 + CHsP(OCH3 )2
. :
In an attempt to insure only formation XXIX, a 1:1 ratio ‘Wés employed.
T was Tfound that the best reazction correlations were cobtained by not using
excessive heating. This was achieved by carefully controlling the heat

applied to the reaction and the subsequently fractionating the reaction
products under high vacuurm. During the gradual heating of the reactants, no
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reaction was roted before the pot temperature reached 105°C. As scon as it
reached 105°C, the reaction mixture began to reflux, and within 3 minutes
the pot temperature had reached 210°C, accompanied with vigorous refluxing.
The reaction, however, subsided irmmedistel; ATter cooling to room
. temperature, the reaction mixture was fractwonatea under vacuwn to yleld
29.7 ¢ (91 1% of theory) o; colorless llcula boiling at 5h°C/2 5 mm.

, nhﬁs broduct however, was found by vepor.phase chromatography to
contain only 7h of XXTX and tentatively, 21. 5% of the unexpected product
dimethyl ethylphosphonate. A more likely by-product, d‘ethyl etnylpnospnonaue
(XxxX1), was present in only 2. 7p. '

Similarly, trlmetnyleOSDhlte and ethyl tosylate gave a mixture of
products identified as containing 43.5% Gimethyl ethylphosphonate and L2.1%
dimethyl ethylphosphonate as well as several minor components. Thus, the

. use of alkyl tosylates to prepare mixed dialkyl slkylphosphonates, where the
alkyl groups are different, is not practﬂcal due to the scrambling of the
aikyl groups of the reactanus.

ttempts to further extend this reaction to other types of esters
were not successful. Thus, ethyl diphenylphosphinate and methyl toluate =
. failed to react with triethylphosphite and trimethylphosphite, resvectively,
and were quantitatively recovered. Qﬁmilar¢y; an attempt to transier a
phenyl group from phenyl tosylate to triethylphosphite also failed. Since
aryl halides also fail to undergo the Michaelis-Arbusov reaction,t® the failure
of this latiter reaction is not too surprising.

Subsegquent reaction of direthyl methylphosphonate (XXX) with
phosphorus pentachloride in carbon tetrachloride resulied in a T8% o yield
.of methylrhosphonic dichloride. (Ec. 30) which readily solidified into

) : ] t
CHzP(OCHg )o + PCls : Cil‘* 3= CHgPCls, + CHaCl + OPCls - (%0)
XX XXXIT

beautiful crystals. The EEuhlenOSpﬂOﬂlc dichloride (XXXTI) will next be
treated with two equivalents of dimethylamine to give the monoamino
compound XXXTIT which will in turn be used to prepare bls(meuhylphosnnlnlc
acids) such as XXXIV. Such acids as XXXIV are not current tly availgble via
the new Michaelis-Arbusov route of Equations 22 and 23. Work on this series
of compounds as illustrated in Eqguation 31 is underway.

S '3
. : H(CP )2 _ H

'd—)O

-CHg (51)

On'

TXKTT H

WXIIT - ‘ XXXV




5. Organometalloid Azides

a. Phosphinic Azides

As a part of the program to prepare and evaluate the potential
utility of the methylphenylphosphinic group in a prototype phosphorane, the
synthesis of methylphenylphosphinic chloride (XVII) from wethyiphenyl-
phosphine (XV) has been described in an earlier section of this report
(Section II.B.3). Furthermore, since alkyl-zrylphosphinic azides had not
been previously investigated, it was also considered prudent from a safety
point of view to determine the thermal and shock stabilities of methylphenyl-
phosphinic azide (XTV).

Nethylp;.eﬁy}.nhosphm_c azide (XXXV) was prepared from the
?Eﬂ. :uie XVII by simply stirring the chloride with sodiur azide in pyridine
Egq. 32 IR ) . o

C 0

e e e Pyridine e e e et
ColsgPCl + Naly —oio=m o 055 57is + Rell 32,
H ’ i . ’
a T
Cﬁg . g
Xvit XV

: A gmzll guantity of this new azide, the first e}:emnle of a .
mixed glkyl-zrylphosphinic agide, was distilled gt low pressure without
incident to give g high yield of V. t was also found to not be
detonated in a drop-weight test and to burn only slowly in air. Thus, this
mixed phosphinic gzide appears to be as stable as the previously prepared
disryiphosphinic azides, 19 The azide asymmetric streiching sbsorption was
found at sbout 4,684, also the same as observed for the diaryl homologues.
Therefore, approximately 10 grams of pure XXXV were isolated by means of the
low pressure distillstion. The azide was then used to prepare the new
phosphorane XXXIX (see Section IL.C.1).

b. Sulfonyl Azides

 Barlier s«uﬁles of su._fcnyl azides and. sulfonméophcsphcranes
were both encouraging and discouraging.©® While. several monosulfonimido-
phosphoranes were easily prepared and showed promising thermal stebilities,
attempts to form a bis-phosphorane from 1;5-‘senzene-d1(sulfonyl azzé.e) were
completely unsuccessful. : . .

. To further znvestz.gate this arez, the syntheses of the two
&(sul.oﬂyl chlorides) XXXVI and XXXVII. from the corresponding aromatic
hy&roearbons and excess c‘zlorosulfonlc ac:.o. vas carr:.e& out. Eswever, only

XXVI XKXVII



the diphenyl ether derivative XXXVII was readily sbparaued and purified;
undoubtedly XXXVII was cbt aﬁned as an 1soner1c mixture.

_ The isomeric mixture of XXXVII was subsequently allowed to stir
with sodium azide in tetrahydrofuran for 2L and 64 hours before two equiva-
lents of triphenylphosphine was added. In both runs, the nitrogen evolutions
vere very low and medium azide ebsorptions were still observed in the reaction
mixtures. The addition of a third equivalent of triphenylphosphine to the
Bhi-hour run resulted in additional nitrogen evolution. Thus these results
are similar to the erratic data obtained in the earlier studies and appear
to rule out completely this system for use in po yphosphorare formation.

c. Tin Azides

It had been observed in earlier works that triphenyltin azide
& not react with triphenylphosphine to liberste nitrogen or form the
sphorane,2*’22 In an additional survey reaction, dimethyltin dlchlorﬂde
vas reacted with sodium azide in pyridine to form the tin diazide XTIVIIT
(E d. 33). It had been expected that the presence of methyl groups in XXHVIII
might change the chemistry of the azide groups attached to tin so that they
mlgh enter into reaction with triphenylphosphine. In addition, the

(CHs )2SnCls —%1;?4 (CHg)aSn(Na)s —CeES)SP_ 1o peoction (33)

2 kS O
£ b
o

XXVITIT

presence of two azide groups was also expected to result in enhanced react*vity
a5 had been noted previcusly as being true for the bhospnonlc diazides. 1’22
However, no nitrogen was liberated after 2L hours at the reflux temperature

in pyridine with triphenylphosphine and the infrared spectrum of the mixture
still contained a strong azide absorption. Thus, these data are in agreement
with the earlier findings; organotin azides do not react with triphenyl-
vhosphine. At the present, there is not any ready explanation for this lack -
of reactivity of the tin azides with triphenylphosphine.

6. Tris Phosphines .

In view of the ease with vhich h»bromopnenjla"bhenylp osphlne (II)
can be converted:to its lithium derivative IIT, investigation of the
syntheses of a new series of phosphines, the tris tertiary phosphines, has -
been initiated (BEq. 3L4). The new tris terulary phosphine XXkIXa will be used

CsH=PC1
eBsPCle , (CesHs)zP@ @P(Ceﬂ-s

XXXIXa

(ésﬁs )210 Ii (34)

11T

. s (CgH
CeEsP(0)C1s -
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to crosslink the polyphospbcranes while the mixed bz.s tertiary phosphine-
phosphine oxide XXXTXb will provide an additional compound for preparing
‘linear polyphosphoranes. In addition, it is expected that XXIXb will
impart added flexibility to the linear polyphosphoranes and thus provide
better fibers than are currently being drawn from the p-phenylene and
p-biphenylene linked polyphosphoranes. Isolation 'and characterization of
these new compounds are in progress. R ‘

C. Preparation cf Phosphorane Prototypes

43., Phcsphoranes

The new and stable methylnhenylphosphlmc azide {X}Q{? ) was reacted
with triphenylphosphine in pyridine to yield the prototype phosphorane XL
{Eg_. 35). This new prototype was éegz.re& in order to compare its thermal,

. g . . (}. :
csHsP—ws + (csﬁs )< — csHsD N=P(Cefis)s | (35)
Cﬁs . . : . Gﬁg ‘ ‘ .

hydrolytic, and solubility properties with those of the fully nheny}.-
substituted probotype and thus evaluate the potential of the methylphenyl-
phosphinic group in polyphosphoranes. Further evidence of the stability
of the ney azide XXXV was obtained when it was found that the resction
mzh $riphenyliphosphine proceeded. ver:}r slowly at ?'oom tempersture.

A q_uengez.uaa ive yield of mtrogen gas was cotame& from tfxe reaction
at reflux in pyridine, and the solid product was analyzed and proved to be
~The expecte& P-methyl phosphorane XL, ‘While the molecular weight value was
found to be 395 instead of the theoretical 415, this low value nHay be
- related to our limited use of chloroform as the solvent in the Neumeyer
rolecular weight apparatus. In spite of a wide melting range, other

anslytical data were in good agreement with the calculated values. This
wide melting range for an otherwise, essentially pure product might be
related to the presence of an enantiomeric mixture due to the presence of an
asmetrzc-phas;ghorus atom in XL, A small-scale reaction was carried out in
a sealed tube at 125°C for several hours and the nitrogen was measured ’
quantitatively on the vacuum line. This sealed tube reaction vacuum line
.analysis technigque is the basis for the qnan‘b:,tatlve analyses of the bis< -
azz&cphos;hcraﬂes (see below).

) éttemn‘seé. recrystallization of }E was made d_ff:culz: by its general -
tendency to "oil out™ from alcohol-water mixtures which had previously been

useful for the recrystallization of the phenyl-substituted phosphoranes. .

It would seem then that the substitution of a methyl group for a phenyl group

~ in XL certainly changed the solubility characteristies. While the solubility

- of the P-diphenyl compounds in polar solvents like ether had proved to be
very limited, the P-methyl phosphorane XL, seems to have considerzble
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solubility in ether) indicating possibly a change in the position of
electronic charge within the molecule. Benzene or toluene, relatively
nonpolar solvents, proved to be suitable for use as reecrystallization media
for the alkyl-aryl compound. In addition, thermcgravimetric analysis data
for XL indicate that it is also qualitatively as thermally stable as the
Fully nheryl—subs*ﬁtuted prototype. Thus, the methylphenylphosphinic system
appears to be a po tential linking unit for polyphosphoranes. As a result,
investigation of the route to and the prooertles of p-phenjleae-bls(methyW-
phosphinic azide) vill be continued.

Two exploratory experiments expected to provide a new class of
phospheranes having a reactive functional group, a P-H, were briefly surveyed.
In this survey, diphenylphosphinic azide (XLI) was reacted with diphenyl-

phosphine (XLII) in reéfluxing pyridine to yield varying guantities of
nitrogen (Eq. 36). Although infrered examination of the reaction mixture

0 : 0
t . 1 . .
(Cefis )2Pla + (Cefis)aPE —Y—sm  (Cglis )2PN=P(Cells )2 + Nz (36)
XTI XLIT pAFIRNA

indicated that most of the azide had reacted, as evidenced by the extremely
weak azide ebsorption, it also revealed no absorption due to P—F

A second run at room temperature was also inconclusive since only a
small guantity of nitrogen was collected and the infrared spectrum of the
reaction mixture also failed to show either azide or PH absorptions. These:
results were somewhat surprising in view of ease with which most azide runs
are monitored by means of infrared spectroscopy and nitrogen evolution.
However, in view of the number of other conceiveble reaction routes, perhaps
these results.are then not too surprising. No further study of this
interesting reaction system is planned for the present.

2. A21dopnosphoranes

It has previously been pointed out that in order to fully characterize

and thus to tgke advantage of the potential of the recently discovered bis-

azidophosphoranes, it would be necessary to develop an analytical technlqpe
which would distinguish between the azide and imido nitrogen of these
compounds. 24 TInitially, the use of the standard Kjeldahl method resulted in
nitrogen analyses which did not readily relate to the total nitrogen content
or to any proportion of it (i.e., one of four nitrogen atoms preeenoz_etc.). :
As a result, it was not clear then whether the difficulty was due to
cimpurities in the samvle or to incomplete analysis.

As was pointed out in Section II.C.1 abovc, the sealed tube reaCulon
of methylphenylphosphinic gzide and triphenylphosphine and sdbseqpe _
quantitative measurement of the by-product nitrogen on the vecuun line -
suogested a convenient method for the anal JSlS of the bls-uzidophosphoranes.
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A guantity of the azi'éophcsphorane XLIV, which has been well characterized
nremcuslyfs vas yreparea to provide material developing an analytical
~method for the azide nitrogen {Eq, 37). ‘This krown azidophosphorane XLIV
was then submitted for analyszs by 'Di}uh the seale& tibe-vacuum line

5 : 0 0
CeHsPCla + 2Naly ———s= [CeHsP(Nz)2] Mssﬁslg-ﬁa?(csﬁs )a (37)
- XLIV

technigue and by 2 combination cf wet chemical methods. Thv.s » Tthe vacuunm
line technigue messured 98. 6% of the 'theeret:t_ca}. nitrogen gas and the wet
cnemcal methods yielded 106% of the azide, 101% of the total nitrogen, and
_;;@ -of the phosphorus content, Therefore, either method will give a useful
assay of the azidophosphoranes; however, in view of the simplicity of the
sealed tube-vacuum line technique, it will usually be the method of choice in
the future. Thus this vacuum-line technique appears t¢ be & facile and
- reliable technigue for assayling the azide content of azidophosphoranes and
also of phosphinic azides. It shculd lead to bet‘te“ control of stoi c..zometry
in future polymer grenarablens‘ .

A&ﬁltlona_ quantlm es of‘ the bzs-azldophosnhcrapes }I:Va azl& b were
prepared for use in polymer preparations. Examination of these two bis-
azidophosphoranes by the vacuum-line technigue indicsted XiVa and b go he.ve '

0 T 0
' 1 - , + S
CaHisP-Hi=P(Celis )2-X~P(Colis ) o=-BCels
. 3§ ¥
I TR

I

88—89‘“' and 100% of the theoretical azide content, respectively. .

o
M
0

c. X

|

As a result of the successful synthesis of L4,L’-bis(diphenylohosphino)-
diphenyl ether (Ic), it was also possible to prepare the new ether-linked =
bis-azidophosphorane XiVe. This new intermediate was rezdily isolated as a
vhite powder which melted over the range 120-125°C. It was anticipated that
this new ether-linked compound would impart more flexibility to polyphosphoranes
prepared from it than had the p-phenylene and biphenylene-linked intermediates
XLVa and b. : )
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D. Preparation of Phosphorane Polymers

1 Reactlon of. Phenylphosphonlc Dlaz1de
‘and 1,4- Bis(dimethyiphosphlno)benzene '

The 1nteract10n of phenylphosphonic dla21de and ‘1 h-bls(dlmethyl-
phosphlno)benzene (VI) in dimethylformamide was ‘carried out at TO°C in view
of the anticipated increase in reactivity of the new bis(tertiary phosphine )VI.

o R -
Ceisb(a)z + (cns>21.=r(cns)2 —_— N_-%-w(crxa)ar(ma) (58)

. ) i . - x
XL Vi . mvi S

The volume of nitrogen collected was approximately 89% of theory after only
four hours. The resulting crude polymer XLVII was found to have a low
melting range of only €0-T0°C, considerably below the melting ranges
observed for the fully phenylated polyphosphoranes. The infrared spectrum
of XLVII contained the expected sbsorptions in the region of 7 to 9¥; no
azide absorption was observed and only a weak absorption at 10. 5w due to

possible POP was observed. Attempts to pull fibers from XLVII in water at
60-T0°C were not successful. .

2. Reaction of 4,4 /-Big(diphenylphosphino)-
biphenyl and the Bis-Azidophosphorane XIVb

The reaction of 1,4k-bis({diphenylphosphino)benzene (Ia) and the
bis-azidophosphorane XLVb to yield a polyphosphorane from which the first
, fibers and disks were formed has been described.®® 1In an extension of this
work, the biphenylene homologues were reacted under similar conditions in
refluxing dimethylformamide as shown in Equation 39. The reaction had

0
CeisP-1=P (Cafis )2 CeHs )2P e - (39)
EVb' . ‘ A'— :
=N-P-N=P(CeHls )2 - P(Celis )a=F

2 o=x
XLVIIDb
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approached completzozz after T hours at the reflux temperature. After the -
usual workup long (4-5 £t), brittle fibers were pulled from the crude

polymer XLVIII in water at sbout 65°C. An attempt to determine the viscosity
' of this material in chlorobenzene was. apparently not successful as no increase
in the observed viscosity of chlorobenzene solutions were noted. These
viscosity measurements will ’be contmued with other sa;aples of the various
gclyphaspharanes.

A sample of this P-ghenylene-hnked yelyphosyhorane which haé. beezz
prepared via the bis-azidophosphorane XLVa and which yielded the first
brittle fibers of this study, was submitted to thermalgravimetric analysis.
 Examination of the data revealed that there was no difference in the thermal
properties of this sample of the polyphosphorane; i.e., 10% weight lcss and
a 38% residue which was then stable from zbout 600-825 c.

Tndependent molecular weight values for the p-phenylene (XLVIIIa)
and 4,4 /-biphenylene (XLVIIIb) linked polyphosphoranes have now been

Cellsi
e : -
XLVIIT
' a n = 1

&
’33

"

o

determined at the U, S. Rubber Company.Z? These samples are reported to
- have molecular weight values, by light scattering, of 20,000 and 13,000,
respectively. - These values correspond to degrees of polymerization of about
33 and 20. This is very encouraging data. Furthermore, since these

. polymers were not prepared by our newer bis (azz&ophosphcrane} route which
_is now yielding flexible fibers, we can infer that our more recent pol;ymers
have even higher degrees of polymerization. The preparation of new samples
for aéé:‘smnal molecular wez.ght determinations is underway.

The two new, diphenyl ether linked ;oolymer components Zc and XLVe

were reacted in refluxing dimethylformamide to yield the diphenyl ether
linked polyphosphorane XLIX (Eq. 40). The polyphosphorane XLIX was isolated
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| , 0 |
(CoBis )2P 0+ CSHSP-N=P(06H5‘)2 —=2l . (w)
2

e XLve ‘

as a yellow-colored tacky material. Long, flexible fibers were drawn from
both the neat polymer and from the polymer in warm water. Although a
molecular weight value, via the Neumayer thermistor method,2® of only 1185
was obtained which represents a degree of polymerization of two, the fiber
forming characteristics suggest a somewhat higher degree of polymerization.
These new fibers retained their flexibility in air for at least a week., This
flexibility of XLIX is in marked contrast to the previously prepared o
phenylene and biphenylene linked polyphosphoranes from which only brittle
fibers and discs have been formed. It is of considersble interest to
speculate about the possible properties of polyphosphorane copolymers in .
which the bis(azidophosphorane) and the bis(tertiary phosphine) contain
: _ different linking groups, especially the case in which only one is a
. . diphenyl ether linked unit. Considerably more work is now plamned for the
B polyphosphorane preparation and evalustion phase of this investigation.

3.  Prepolymerization Study

A preliminary expern.ment d.es:.gned to study the effect of preparing

a phosphorane prepolymer was investigated. A mixture of 1,4-bis(diphenyl-

phosphino)benzene (Id) and the bis-azidophosphorane XLVa was reacted in 2

refluxing benzene-dimethylformamide solvent. After 24 hours, only 43.5% .
~ of the nitrogen had been evolved and the phosphorane prepolymer was isolated

as a.flaky, white solid which softened at &°, foamed at 125° and melted at

about 140°C. The infrared spectrum contained, as expected, a medium strong

azide gbsorption at L, 65p, .

When placed in hot water long fibers, stilld brlttle however, vere
drawvn out from the tacky ball of prepolymer. The remaining white solid now
softened at 115°, foamed at 125°, and now did not melt wmtil about 250°C.
When a sample of this water-treated material was placed in an aluminum die
and heated at 125°C and 520 psi, a hard; yellow disk was obtained. This disk
had more structural :.ntegrlty than had prev:.ous disks. Infrared examination
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- of the disk showed that the intensity of the azide sbsorption at 4.65u had
. decreased considerably. Now the polymer softened at 150°, foamed at 165°,
" gnd showed only & trace of melting to 260°C. This appears to be a possibly
. revarding area of study and will be continued. . Perhaps laminate’ composites
.can be fabricated from this phosphorane yrepalymer‘. ) : 4

L, Phosphorane ?olymer Fractzcn

In an effort to ga:.n mszght into possible chain 3.ength distri-
butions in both p-phenylene and b ,4’-biphenylene-linked polyphosphoranes .
prepared thus far, fractionation of these materials using chlorgbenzene and
n-hexane was undertaken. The sample was dissolved in boiling chlorobenzene
and n-hexane was added to the cloud point. -The mixture was then cooled,
- the solids removed, and the filtrate was again brought to reflux before”

" additional hexane was added. This was repeated five to six times. The
preliminary data on these various fractions are shown in Tables IV, ¥V, and VI.
- Infrared examination of the fractions showed all 1o be essentislly identical.
Attempts to determine the molecular weights of the various fractions will
now be made. To this end, calibration of the molecular weight ap;z«ara"sus
with chloroform and/or chlorobenzene is underway.

E. Miscellanecéﬁs ;

Recent investigations by Rose and Block have demonstrated that linear
polymers can be readily prepared from ,phssphlmc acids and metal ions such
as cobalt (II), zinc (II), and beryllium (II).2® Since a variety of .
phosphorane-phosphinic acid compounds can be readily prepared, it was of -
interest to briefly investigate the reaction of one of these phosphorane- -
phosphinic acids L an& cobalt (II) acetate te‘brahyérate. If successful

Q .
CSHSP-}I—?(CBHS s + Ce(Ac)g hggs ———» Blue powder (k1)

GH
L

- such a reaction could be used to crosslink ﬁneaﬁ: polyphosphoranes having.

phosphinic acid groups. Initially, rose-colored powders were obtained which

then were converted to bright blue-colored powders on exposure to air and
heating. In a melting point capillary tube the blue powder- appeared to

be stable to about 280°C at which point a gas was noted to be evolving.
Thermal gravimetric analysis data for the blue powder indicate about: L%
weight loss at 300°C, lfif-% loss at 400°C, and then a gradual loss to yield a
residue of L% at 80°C. .. This appears to be a pstentlally rewar&zng area of
investigation and may be -continued as tme permits. .
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P. Experimental

CAUTION! - Certain of the phosphonic diszides used in this study are
.extremely sensitive to heat and shock and should be handled with care, 1’23
All azide and organolithium reactions were carried out under a dry, inert

atmosphere a.nd in a.nhydrous solvents.

Infrared spectra of liquid samples were determined on a Beckman IRS

spectrophotometer as thin films, - The spectra of solids were determined -

as potassium bromide pellets on a Perkin Elmer Model 21 spectrophotometer.

- Molecular weights were determined using the Neumayer thermistor method.28
Nitrogen ges volumes are always corrected unless otherwise noted. Boiling
and melting points are not corrected. Vapor phase chromatography was done
on a Perkin Elmer 801 gas chromatograph using 6-foot glass columns packed
with 10 percent tr:.cresolphospha’ce on 60-8 mesh Gas Pack F.

1. Prepa.ratlon of Intermediates

8. C‘ommercial Intermediates

Severa.l comercial phosphorus-—chlorlne compounds ang, -
other mtemedlates were purified by distillation or by recrysta]l:.zatlon .
‘as was approprla‘be. ‘Oxygen and water sensitive compounds were sealed in
glass vials in varying quantities to provide uniform samples as needed. . .
Pertlnent data for compounds pur:.f:.ed are listed below: :

m.p. °C o Becrystallized from
Triphenylphosphine ' 8&.5-82 + Isopropyl Alcohol
4,4 /-Dibromobiphenyl . 162-164 . Benzene .
},) /-Dibromodiphenyl Ether 57-59 - ~ Ethanol
'. Bepe >
Diphenylchlorophosphine 76-89° C/O 3 i C L6362
Phenylphosphonic Dichloride  140-142°C/20 mm 1.5580-1.559% -

Dlphenylphosphln:.c Chloride 128-132° C/0.1 mm 1.6100

‘b. - p-Phenylenebis (phosphonous d:.cnlorlde) (V) (W-1893- 121)

to a heavy wall glass tube (cap. about 2;00 ml) were
‘placed 378 g (0.849 mole) of pephenylenebis(diphenylphosphine) (Id) and
2602 g (18.9% moles, Thh% excess) of phosphorus trichloride. The tube was
sealed under about 20 mm dry nitrogen gas. Then the tube was submerged in
gbout 2 liters of benzene within a large high pressure steel reactor which
© was sea.led and heated for 30 hrs at 300°C.

For some reason the glass tube ruptured during ‘bhe
heating cycle. Nevertheless the benzene solution containing the products
was subjected to fractional distillation first at atmospheric pressure ‘o
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remove the benzene and excess phosphorus trichioride. ?he residue was then
subjected to vacuum distillation and 465.0 g (3.396 moles, 100.0%) of
phenyldichlorophosphine was removed, b.p. 91°C/13 mm. Based on the yield of
this by-product the conversion was quantitative; the liguid residue presumably
containing 0,85 mole of p-phenylenebis(phosphonous dichloride) was held in
reserve for subsequent conversions to other intem&zates.

e. P- (N,N-Emethylamno}-?—phenyl— ~
phosphonic Chloride (XI) (19145-9’4,95)

. Into a solution consisting of a cne-mole quantity (195 &,
162 ml) of phenylphosphonic dichloride and one mole of pyridine (79 g,
80 ml) dissolved in 40O ml of dry toluene was slowly distilled 45 g (1 mole,
65 ml) of dimethylamine. 'The reaction temperatiure was held at 5°C or Iess
by means of an ice-salt bath. The by-product pyr:.&ine ‘hydrochloride was
removed by filtration through a fme glass-smtered funnel ana. washed
thsrcughly with toluene.

The combined 'I:aluene salxxbmns vere cencen'brate& gt reduced
- pressure to give a yellow oil-which was then fractzanany distilled., The

- forerun yielded 20.6 g (.106 mole, 10,6%) of unreacted phenylphosphonic

dichloride. The product, obtained as a colorless- h@n&. distilling at
87-93°C and 0.2 mm, weighed 120.% g (0.589 mole, 65, 9% yz.e}.d based on
consumed @ichloride) and was sealed in small vz.als. S

A second smlar greparatzon carrze&, out in 683 ml of dlethyl
ether and using two moles of dimethylamine resulted in the isolation of 134 g
(0.657 mole, 89.9% yield based on consumed dichloride) of P-(N,N-dimethyl-
amino )-P-phenylphosphonic chloride.. The product was‘&lstz.}le& into small
- storage vials and sealed for storage unt:.l nee&ea“.. ;

4. Ethyl Bz.}_shenyl;hosghlnate {1%5-138}

. A mixture of 16.2 g (0. 206 mo}.e) of pymame, 9.5 g (&2@6 mole)
of ethanol, and 250 ml of ether was cooled to 10°C before slow addition of .
48.6 g (0.206 mole) of diphenylphosphinic chloride was begun. After stirring
overnight, the pyridine hydrochloride was carefully removed by filtration
through a fine glass-sintered fumnnel. The ether filtrate was concentrated
and distilled through a short Vigreau column at 0.3 mm of pressure to yield
9.3 g (of° 1.5719) boiling at 139-141°C and 29 58 (nD 1.5726) boiling at
140-141°C. The combined yield was T6.5%.

The second fraction sch&:f:.eﬁ on stanémg overnight to give a
s0lid melting at 35-37°C (1it®° m.p. 165). ~ Kosolapoff has previously
questioned this older, high melting point for ethyl éiphenylphosphznate

Anal. caled. for CMH;_SGEP: P, 3258 ,,szmd: P, 12.7.
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e. Phenirl p-Toluenesulfonate (Phenyl Tosylate) (1972-195)

To 103.2 g (0.5 mole) of p-toluenesulfonyl chloride and
11-7.)+ g (0.6 mole) of pyridine slurried in 350 ml of ethyl ether was slowly
added 56.4 g (0.6 mole) of phenol in 200 ml of ether. After 4 hrs at the
reflux temperature the reaction mixture was cooled and allowed to stand for
48 hrs. The ether was decanted from the mixture of white crystals and
tan solids and the solids were then washed with cold water to yield a white
erystalline material., The ether was removed at reduced pressure and the
resulting solids were also washed with cold water. The combined solids
weighed 118 g (0.476 mole, 95.2% yield) and melted at 93-95°C.

£, Prepa,ration of Arylene-di(sulfonyl chlorides)

(l) Diphenylether-l, h’-dl(sulfonyl chlor:.de) (3XVII)
(1945-93)

Into a 3-neck flask fitted with a stirrer, condenser,
addlt:.on funnel, and thermometer were added 200 ml of chloroform and %0 g
(0.235 mole) of diphenyl ether. The flask and its contents were then cooled
to 0°C by means of an ice-salt bath. The chlorosulfonic acid, 200 g
(2.72 mole, 113 ml), was slowly added over 1 hr while maintaining the
: react:.on temperature at 0°C. -

After 1 hr at room temperature, the clear reaction
mixture was poured into ice-water. The chloroform layer was separated with
~ difficulty and subsequently washed with water, dilute sodium carbonate, and
water until neutral. The still cloudy chloroform was dried over anhydrous
sodium sulfate, decanted, and concentrated at reduced pressure to yield
76.2 g6(0 .208 moles, 88, 5%) of & white powder melting mcompletely at
120-126°C. '

A sample recrystalllzed from chloroform-hexane melted.
over the range 110-129°C. Anal, calcd. for C;zHgCls0sS»: C1, 19.18,
S, 17.48%. MW., 366.7. Found: Cl, 19.8; s, 1T7.%; M.W., 373.5. ,
Reczysta].‘l.lzat:.on of the remaining produc«. from - cnloroform-hexane gave two .
crops of crystalline powder: (a) 21.9 g having a melting range of 112-128°C,
and (b) 7.5 g which softened at 100°C and melted at 105- 113°C. The infrared
spectra of these fractions were essemtially identical. However, fraction b
con’cz.lnid some impurity as Was :Lnd.icated by its analysis (found Cl, 20.5;
S, 16.9 '

(2) Attempted Synthesis of Biphenyl-
L L7_gi(sulfonyl chloride) (mm) (1945-91)

Tn a similar fashion, 30.8 g (0.2 mole) of biphenyl
dissolved in 200 ml of chloroform was reacted at 0°C to 5°C with 116 g
(0.8 mole) of chlorosulfonic acid. However, after the reaction was completed
and poured into ice-water, an emulsion formed. It was therefore extremely
difficult to separate the aqueous phase. The solids subsequently isolated
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were largely insoluble in glacz.al acetic acid whlch is reported to e a
solvent suitable for the recrystallization of the @i{sulfonyl chlorié.e) 82

- As a resﬁt s this experiment was discontinued for the present.

2. Preparatz.en of Bis Ter{::.ary Ehosphlnes

& 4,14’ Bis(diphenylphosphino)biphenyl (Ib)

‘ (1) Via DiGrigzaré. Reagent (19«1:-5-6}. 6L, and 89)

' The élGrlgnard reagent was formed from 31.2 g (0.1 mole}
of 4 ,4/-dibromodiphenyl and 4.8 g (0.2 g-atom) of magnesium turnings in
125 m1 of ftebrahydrofuran and 50 ml of benzene, The reflux period was
13 hrs.  The subsequent addition of 44.1 g (0.2 mole) of diphenylchloro-

" phosphine in 30 ml of tetrahydrofuran was initially exothermic. The

reaction mixbure was further refluxed for 1.5 hrs.

Hydrolysis by means of 55 ml of saturated ammonium
chloride solution, separation of the yellow-colored organic phase, and
subsequent concentration of the organic phase yielded a bright yellow=
colored, tacky residue. Digestion with methanol yielded 22.9 g of crude
L,k pis (élphenylphcsphmo)blphenyl, havmg a wide melting range. -

Similar yields were obtained from two additional runs
with only. minor procedural modifications., From the methanol extracts was
recovered a yellow ¢il which precipitated some white solids., Infrared
examination of the yellow oil indicated it to be the same cleavage graé.uct
of the tetrahydrofuran which had been previously identified by Garner and-
Tedeschi® to be diphenyl-lk-hydroxylbutylphosphine oxide. Exhaustive
purification of these impure fractions of Ib by recrystallization from
-e¢thylene glycol dimethyl ether an&/or tetrahyﬁrefurm—me‘bhanal was necessa:y
in order to obtain Ib melting at 191-193°C. ,

(2) Via n-Butyllithium’ (19'{2-3293132,136 138 1&3,152,, a‘:ﬁ
1997-35)

' A Th.5 g (0.24 mole) gquantity of h,h—-ﬁi‘&roma}}iphenyl and -
200 ml of tetrahydrofuran were cooled to -66°C before 0.48 mole of n-butyl- -
Jithiwn in 300 ml of hexane was added slowly through an addition funnel.
After warming to 0°C and recooling to -66°C, 105.4 g (0.48 mole) of neat
diphenylchlorophosphine was added. The reaction mixture was warmed to room
temperature and filtered to remove the majority of the prcduct After wvashing
with water and digestion with methanol, 13."{ g (o. 22}4 mole, 93; yield) of Ib

‘melting at 190-191° was recovered.

Several runs using a 20% excess of n-butyllithium resulted
in average yields of Ib of 82% while one experiment employing a 30% excess of

" the n-butyllithium gave a T}.S% yield of L lr-‘-'s:.s(&ghenylphosphlno)bzphenyl

The following experiment was studied in order to determine
the Fesszhle effect of eliminating the warm-up '€:-e G“G before adding the
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_diphenylchlorophosphine.

Thus, to 39.0 g (0.125 mole) of kL ’-dibromobiphenyl
dlssolved in 150 ml. of tetrahydrofuran which was held at -66°C by an
external Dry Ice-acétone bath, was slowly added 160 ml of a hexane
solution of n-butylliithium (0.25 mole). Immediately after the addition of the
. n-butyllithium had been completed, 55.2 g.of diphenylchlorophosphine was
slowly added so as to maintain the reaction temperature at or below -62°C.
The reaction mixture was allowed to warm to ambient temperature and:the
vhite solids were removed by filtration. The solids were washed with water
and with methanol to yield 19.7 g of crude k,4’-bis(diphenylphosphino)-
biphenyl melting at 185-190°C. The filtrate was concentrated and similarly
~worked up to yield an addrblonal 22 g of somewhat less pure product. ‘The
combined yield was 63. 8% :

. In one further study, only the addition sequence for the
reactants was altered. Thus, the addition of 31.2 g (0.1 mole) of k,k’-
d:.'bromodlphenyl dissolved in 200 ml of tetrahydrofuran to 125 ml (0. 2' mole)
of n-butyllithium held at -66°C was followed by warming to 0°C. . Subsequent
addition of 4% g (0.2 mole) of diphenylchlorophosphine and the usual workup
'rggulted in isolation of only 35 g (O 067 mole, 6T7% yield) of Ib melt:n.ng at
188-191°¢C. -

In a comparison run, 0.05 mole of 4 h’-dlbromo'blphenyl
0.2 mole of n-butyllithium, and 225 ml of ether were held at reflux for
two and three-fourths hours before 0.2 mole of diphenylchlorophosphine was - |
introduced. After the usual workup, a 65% yield of Ib melting at 185-188. 5 C '
. Was obtained. :

b, 1,L-Bis( diphenylphosphino )benzene (Id)

(1) vVia n-Butyllithium and p-Dibromobenzene

A number of experiments have been carried out under a
variety of reaction conditions in an effort to .improve upon the yield
1,4-bis(diphenylphosphino )benzene (Id) obtained directly from p-dibromo- °
benzene and n-butyllithium. The pertinent data for most of these experiments
are shown in the following table.. Three runs in tetrahydrofuran over the
temperature range -66° to +32°C are not included since only traces of
4 -bromophenyldiphenylphosphine (II) were isolated.

33

..{:[S~v»..<\n RN



i b i

LY R

gﬁﬂ%ﬁﬁﬁhPﬁﬁLQ 09 ..@.@.@g &G@NQ&&QEQ.H&,_“Q.

i

< . SUSZUSQOWOXGTP 0F PIPPe uMTyTTTAING-u °¢

@35..03 osT® gonpoxd emdut Jo 42 TT TRUOFIFPPE Wy °Z

duexey UF ST WATYITTTAINQ-U ouf T
- N-mm 30 ﬂ.ﬁ m\cﬂi.ﬁ ’ . .
|99~ %' ¢fe | 0 0% 99~ JHE - 2'0[5%0°0 | Lotr-Sg6T
LS - §*0 o003 99- JHT, 8LH°O|pH2 0 | THT-2L6T
- | e S0 00 03 99~ JHT, 2°0|gS0°0 | L6-SChT
- G2 50 0 03 99~ HT T°0[gS0°0 | g6-5¢6T
=] o8 S xmTIed Toysd 2+o| o0 | T6-5¢6T
- %.R . wfe-z Ty ESUEL:§ 2°0} S0°0 | e2ST-SH6T
- ¢ly | ¢ xnigey TeYg | 9¢°0} 8T°0'| SoT-2L6T
- 1 % 9 UL QU a9ug 9¢°0] gT°0 | £91-2Ll6T
- o ¢ qUaTquY Jeu3d - 9€°0] 8T°0 | T9T-2L6T
He | ST T JUSTquUY a8yay 7120} 2110 | QST-2L6T
B I =yt aangexadusy .npsg.ﬂom q B *ON
7 PToTK SUEL UoTgoR ~F0 SeToN o
“IT PI q B.

Eﬁzﬁﬁoﬁﬁmoﬁﬁzggv STE-1T ,,,_.8 NOLIVNVIEId

“

.

- I THEVE

mﬁm%oz.@é + mﬁmmmoz O ...Hmﬁm%ov i,ﬁommam%sm . TI8HYO-U + ..5@5

3k

L TP TP R R I S P—



(2) vVia n-Butyllithium and 4-Bromo-
‘phenyldiphenylphosphine (II)

(a) Tetrehydrofuran at 10° (1945-113 and 11h)

. A mixture of 50 ml of 1.6M n-butyllithium in hexane
and 50 ml of tetrahydrofuran was cooled to 10°C before beginning the
addition 27.3% g (0.08 mole) of L-bromophenyldiphenylphosphine dissolved in
50 ml of tetrahydrofuran. The reaction mixture soon became dark-brown or
black in color, was stirred at 10°C for 1-1/2 hrs and then stirred at 18°C

' for another 30 min. The addition of 17.6 g (0.08 mole) of diphenylchloro-

~ phosphine at 18-20°C resulted in a gradual color change from black to yellow.
After the addition was completed, the mixture was first held at 50°C for

'~ 30 min and then concentrated at reduced pressure to yield a yellow-colored,

oily residue. The oil failed to solidify on treatment with methanol and was
soluble in ethanol and 2-propanol., The expected product, 1 h-b:.s(d:.phenyl-
- phosphino)benzene, would have not been soluble in these solvents and would
have solidified on treatment with the methanol.

v ' In a second experiment, a 14.7 g (0.0431 mole)
quantity of L4-bromophenyldiphenylphosphine was dissolved in 100 ml of tetra-
hydrofuran and cooled to 5°C before beginning the addition of 27 ml (0.0431
mole) of n-butyllithium in hexane. The temperature was held at 5-10°C during
the 20-minute addition during which the mixture color slowly changed to black.
After stirring at 5°C for 5 minutes, the addition of 9.5 g (0.0431 mole) of
‘diphenylchloxrophosphine was completed in 10 minutes. The color of the
reaction mixture sgain changed from black to yellow, The concentration of

the mixture, after 1-1/2 hours at 4°C, yielded a yellow-colored oil which was
‘largely soluble in methanol. None of the expected bis-tertiaty phosphine
could be separated.

(b) Tetrahydrofuran at Low Temperature (1945-115 and 116,
S .1972- 83 and 1T77)

. In a preliminary survey experiment, to 0.023 mole

of n-butyllithium and 25 ml of tetrahydrofuran at -66°C, was slowly added
0.01 mole of L-bromophenyldiphenylphosphine (II) dissolved in 25 ml of

tetrahydrofuran. After 1 hour at -66°C, 0.01 mole of diphenylchloro-
phosphine was slowly introduced. The reac‘hlon mixture was slowly warmed to
room temperature, treated with methanol to destroy unreacted n-butyllithium
and/ or diphenylchlorophosphine, and concentrated to give a yellow, gummy
residue, Digestion with methanol then gave 2.0 g (140"' yleld.) of impure Id
melting at 155-160°C. .

In this experiment, 19 g (0.0557 mole) of L-bromo-
phenyldlphenylphosphlne and 100 ml of tetrahydrofuran were cooled to gbout
-T4°C prior to the addition of a deficiency of n-butyllithium, 27 ml of a

hexane solution of n-butyllithium containing 0.043 mole of the n-butyllithium, |

The reaction temperature was held below -66°C. during the 25-minute addition
period by means of an external Dry Ice-acetone bath. ."'.‘;The ‘nmixture slowly
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turned black in cclcr and was then stirred at -TL°C for 1 hour.

' The subsequent e.é.d.:tz.cn of 12.3 g (0.056 mole} of

éiphenylchlorophcsphiae and 10 ml of tetrahydrofuran was completed in

6 minutes. The color of the reaction mixture was brown at the end of the
addition but turned to yellow on warming to -25°C. After warming at
50-60°C, 10 ml of methanol was added with no observsble reaction. Concen-
‘tration of the reaction mixture yielded a white s0lid and a yellow oil.
. Digestion with methanol resulted in the recovery of 9.8 g (0.022 mole) of
erude 1,4-bis(diphenylphosphino)benzene melting over the range 152-162°C,
The yield based on n-butyllithium wvas 51% but only 39. 5% vhen based on the
“bromophosphine,

A second experment was carried out at -T0°C by
adding 18.3 ml {o 0293 mole) of n-butyllithium solution to 10 g (0.0293
mole) of 4-bromophenyldiphenylphosphine. After only 5 minutes at -70°C 3
6.5 g (0.0293 mole, 5.3 cc) of diphenylchlorophosphine in 10 ml of tetra-
hydrofuran was added over a 4-minute interval. The resulting mixture was
allowed to warm to room temperature (18°C), heated at 50-60°C for 15
minutes, and then was treated with 10 ml of methanol. Concentration at
reduced pressure ylelded a semi-solid residue which was then digested with
50 ml of methanol and filtered. After an ether wash on the filter, 8.k g
(0.0188 mole, 6k4.2% yield) of free-flowing, granular 1,4-bis{diphenyl~
phos;ﬁnno)’nenzene (I&) melting at 160-164°C was isolated.

In a third similar run, to 18.3 ml (0.029 mole) of
a hexane solution of n-butyllithium at -66°C was added 10 g (0.029 mole) of -
4 bromophenyldiphenylphosphine dissolved in 100 ml of tetrahydrofuran.
Without further delay or warming, 6.5 g (0.29 mole) of diphenylchloro-
phosphine was slowly added, On warming to room temperabure, white solids
. separated and were removed by filtration under nitrogen. After washings of
the solids with methanol arnd with water, 10.L g (0.233 mole, &.3%) of
l,ir--bls(ﬁphenylphesphme)benzeae (Id.) melting at 161-162°C was recovered.

(3) Via Two Step in Situ Reaction (1935-84 and 88)

. The following experiments describe attempts to effect the
two conversions of p-dibromocbenzene to l§h-bls(dlphenylphosph1nc)benzene
_gz&g without the intermediate isolation of h-brmphenyl&i;_}henylphesghme

IT

In the first step, 4-bromophenyldiphenylphosphine (II) was -

fomeé 3.:1 s reaction flask fitted with a bottom take-off, Thus, to 0.15
mole of n-butyllithium in hexane at -66°C was added 35.4 g (0.15 mole) of
p-dibromobenzene in 100 ml of tetrahydrofuran. Without further delay, 11 g
((} 05 mole) of neat ézpheny}.chlorophosphme was introduced.

The cooling bath was remcve& and g second reaction flask

was att achec'i to the bottom take-off of the original reaction flask. The
solution of II was then dropped into a second equivalent of n-butyllithium
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and 30 ml of tetrahydrofuran at -66°C. A viscous brown-colored material v

 quickly formed and made magnetic stirring of the reaction mixture impossible.
- Subsequent addition df the second equivalent of diphenylchlorophosphine '

“iresulted in s clear, yellow-colored reaction mixture which was. concentrated
to give a yellow, semisolid residue, Digestion with methanol and ether
resulted in the isolation of 34,5 g (approximately 51.5% yield) of Id

- melting over the range 159- 170° C. :

' ' A second, essent:.a.lly identical run except for mechanical
stirring of the second flask resulted -in a 56.5% yield of Id melting over the
range 163-172°C. :

(lL) Via DiGrignard Reagent (1972-1L7)

Into a dry 500-ml, 4-neck Morton flask fitted w:n.th a
'brogen inlet and a condenser, high speed mechanical stirrer, thermometer,
 &nd an addition funnel were placed magnesium turnings, 4.86 g (0.2 g-atom), and
100 ml of tetrahydrofuran. p-Dibromobenzene, 23.6 g (0.1 mole), in 50 ml of
benzene was added slowly through the addition funnel to the reaction mixture,
; After the addition was completed in 15 minutes, the reaction mixture was
~ heated at reflux with stirring for a total of 23 hours.

‘#‘.

The react:.on mixture was cooled to room temperature and
dlphenylchlorophosphme , U5.8 g (0.208 mole), was added. After one hour at
reflux, the system was cooled to ambient temperature, and 60 ml of saturated
ammonium chloride solution was introduced. The tetrahydrofuran-benzene layer
was decanted from the white solid and concentrated at reduced pressure to
yield 40.0 g of crude product. The solids were digested with methanol and
filtered to yield 23.0 g of white solid which was then recrystallized from.
toluene and methanol to yield 11.0 g (2h.6%) white powder with a melting
point of 164-166°C as compared to a melting point of 166-168°C for the known
1 h-‘bls(dmphenylphosphlno)benzene. _

e. 1, L-Bis (Dimethylphosphino )benzene (vI) (1972-22 )

Into a 3-liter, 4-neck Morton flask fitted with a mechanical
stlrrer , addition funnel, condenser, and thermometer and well flushed with
dry nitrogen was transferred, by nitrogen pressure, 398 g (3.34 mole) of
methyl magnesium bromide in 1200 ml of 'ether. Approximately 234 g (0.836

mole) of 1,4-bis(dichlorophosphino)benzene (V) dissolved in 300 ml of
anhydrous ether was placed in the addition funnel and slowly added to the
Grignard reagent held at 0-5°C. After one hour at reflux, the reaction was
cooled and treated with about 200 ml of saturated ammonium chloride solution.

. The ether was decanted from the solids which were subsequently broken up

under nitrogen and further extracted with additional ether., The combined ether

was concentrated to yield a small quantity of a black-colored liquid residue.
It was fractionated at 0.0l mm pressure to yield only 11 g of colorless

product 'bo:Ll:Lng at 66-70°C and n]2)4 1. 5890 o
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| Anal. lcaled, for CioH;ePa: P, 3..62; M.W., 198.2, Fowmd - - - [
P, 29.2; M.W., 193. i The infrared .spectrum did not contain any P-0 ahsarp— . B
_tionms in the 8.5-9.0}, region. T

4. Attempted Preparation of 1,3-Bis- ,
(éiphenylg_hosphino)henzene (1a) (1945-59,62, and 67) s

% I?n&er an atmosphere of mtrcgen, L, 8 g (0.2 g-atom) of
magnesium turnings were slowly added over two hours to 23.6 g (0.1 mole) of - i
meta-dibromobenzene in 100 ml of anhydrous tetrahydrofuran. The initial o
reaction was exothermic, After the magnesium addition was completed, the
mixture was heated to reflux and the formation of a yellow-brown colored 4
insoluble material was observed. After approximately 17 hours at the reflux ' B
temperature, 44.0 g (0.2 mole) of diphenylchlorophosphine was quickly added B
to0 the sispension of the diGrignard and the reaction mixture was held at the Lo B
reflux temperatare for an additional two hours to complete the reaction,

) The addition of 50 ml of saturated smmonium chloride solution . L
“co the reactlcn mixture at ambient temperature resulted in the formation of i
a gelatinous precipitate. The yellow tetrshydrofuran phase was decanted, ’ s
the precipitaste washed with two 50 ml portions of tetrahydrofursn, and the
combined organics were concentrated to yield a tacky, smber-colored residue.
Attempts to induce this residue to crystallize were unsuccessful. A small
* quantity of the residue was dissolved in benzene and eluted through a column
of activated alumina with 1:1 benzene-hexane, Concentration of the elutrate
resulted in the isclation of white, tacky residue which did not crystallize.
This residue had n%l of 1.6618 which is close to that observed for p-bromo-
phenyldiphenylphosphine (II),n§° 1.6680, before it solidifies. However,
infrared examination of this material shows strong absorptions at 8.4 and ST
8.95u which are associated with aromatic phosphine oxides. Coupled with the g
strong sbsorption at 12.7u sssigned to & meta substituted benzene, one ’
concludes that this material is probably an oxide of the desired 1,5-bis-
(élphenylphosyhlnc)benzene or even meta-hremophenyldzphenylphosphzne.

-

Additional efforts to effect the purification an&. solidification
of this material by means of extraction of the tertiary phosphine by means of .
concentrated hydrochloric acid also resulted in the isolation of the same
tacky residue. This technique had prencusly worked well for the purification
of k,4 -'bls(élphenylphosghlna)thmnyl. e

A second experiment was carried under similar conditions, except
that the reflux period for the diGrignard formation was only 12 hours. After
the usual workup, the residue was the same tacky, amber-colored material as ..
had been obtained previously. Infrared examination surprisingly indicated a -
P-H absorption at 4.38u in addition to absorptions due to P-0 at 8,48 and S
meta-stbstituted phenyl at 12, '}'i&. This residue was set aside for further study
at a later date. : S S S i
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The fﬁ;ird experiment was carried out on the same scale and in

' a similar manner to the previous attempted preparations. The only changes

- were the addition of {50 ml of benzene to the tetrahydrofuran used in the

' Grignard formation end a longer reflux period (k5 hrs) for this formation,
‘Workup again yielded the tacky, brown.residue af'ter the ammonium chloride
,hydrolys:.s.

e. L,kh’-Bis(diphenylphosphino )diphenyl Ether (Ic)

(l) Attempted Preparation Via the DiGrignard Reagent
(1915 66, 72, 73, and 90)

: After only five hours at ireflwc, a mixture of 32.8 g

" (0.1 mole) of 4,k’-dibromodiphenyl ether, 4.8 g (0.2 g-atom) of magnesiim
turnings, 50 ml of benzene and 50 ml of tetrahydrofuran contained only a
trace of the magnesium. In this system, the diGrignard reagent was soluble
in contrast to all previous diGrignard preparations. Addition of 4k g

(0.2 mole) of diphenylchlorophosphine in 25 ml of tetrahydrofuran was
exothermic and the reaction temperature was held at 20°C by means of an ice
water bath., After 1 hour at reflux and the usual workup, concentration of

. the tetrahydrofuran-benzene phase yielded a clear, amber-colored residue.

Infrared examination of the crude product revealed the expected a'bsorpt:.ons
- for the expected product.

Solution of a sample of the crude product in concentrated
hyd:rochlor:.c acid followed by filtration through charcoal and dilution with
ice water precipitated at white solid. However, on exposure to the air or
on vacuum drying, the material became extremely tacky and impossible to
handle. Digestion with methanol failed to cause the oil to solidify. Similar
- products were obtained from addrblonal prepa.ratlons under varylng reaction
conditions,

(2) via n-Butyllithim

’ A nunber of experiments were run under varying reaction
conditions in attempting to.obtain a high yield of pure 4,4’-bis(diphenyl-
phosphino )diphenyl ether (Ic). Pertinent details of these investigations

are given in Table II. S .

The crude reaction products are solidified by digestion

with methanol or by solution in ether, filtration to remove insolubles,
 concentration and digestion in methanol depending on the purity of the crude
reaction product. Analytical samples, melting at 115-116°C, were obtained
by recrys‘ba]llzat:.on from benzene-methanol and/or ethyl acetate.

Anel. celed. for CasHpedPz: P, 11.50; M.W., 538. 8.
Found: P, 11.30; MW., 513. -

For further cha.ractern.zatlon ‘of Ic, a 5-g sample of ‘bhe
semipure Ic was dissolved in acetone and titrated with potass:.mn permanganzte
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in acetone until a faint pink color was maintained. The manganese di-
oxide was washed well with acetone and benzene and the organics were
concentrated to give a white semisolid, Further digestion with ether
solidified the product and 2.8 g (about 53%) of the bis oxide of Ic was
recovered. Recrystallization from ethanol-water gave a white crystalline
bis oxide melting at 191-193°C. The infrared spectrum contained strong P-0
gbsorptions at 8. 1+ and 8, 96y, aromatic ether at 8,0, and para substitution
at 12. lp,. 4

Anal, caled, for cssngsoarégz, P, 10.86. Found: P, 10.8.

% Preparé,tion of Monosubstituted Tr:‘phenylphosphineé

‘a.  3-Bromophenyldiphenylphosphine - (1945-52)

To 100 g (0 L2k mole) of m-chbromo'benzene d:.ssolved in 750 ml

. of tetrahydrofuran was slowly added, over a 6-hr period, increments of = .

10.3 g (0.424 g-atom) of magnesium turnings. The temperature of the reaction

- mixture which increased exothermically to 42°C during the initial additions

- was then held at 34°C by means of a water bath. The diphenylchlorophosphine,
- 93.5 g {0.424 mole), was added without dilution with solvent. The resulting

clear, yellow-colored solution was refluxed for 1 hour to complete the

reaction before the mixture was cooled and 60 ml of saturated ammonium

chlor:.de was added.

The clear tetrahydrofuran solutlon was decanted from the tacky,
;white- colored residue and then concentrated to yield 102.5 g of a tan,
‘viscous residue. Distillation at reduced pressure gave the following fractions:

'b.p.‘ (°c) Press. (zm) _Wt, S )

3 to ho° ~ 0.01

TL _ 8.4 - 1. 6034 at 24°
2. Lo-113 0.01 . 2.5 , _ ‘
3, -113-142 . . 0.01 16.6 White solid in-distillate
k, 1h42-157 0.01 11.1 E 1.674h at 22°
5. 157-162 . 0.001 ok, 7 "1.6754 at 21. 8
6. 157-165 0.001-0.1 5.3 1.6736 at 21

a.nd a dlstll_'l.a:blon res:Ldue of 21.2 g.

Anal. caled. for' ClaﬁléBrP, Br, 23.4; P, 9.08. Found~ ‘
Fraction 4 Br, 23 T; P, 9.27, and Fraction 5 Br, 23 'T, P, 9.27. "Fraction 1

was unreacted m—dn.'bromo'benzene (0.0356 mole, 8,4%). Fractions 4, 5, and 6-

represent a 31, 2,o yield based on consumed m-dibromobenzene.

a




. 4-Brcmcphe_g}.a1§henwh03§hme (1x)

(1} Via n-Butyllithium (19?2-1&1, 169, 172, and 1?&)

., - Into a l}-neck, l-llter Morton flask fitted with a
thermometer, condenser, stirrer, and an addition fumnel was placed 300 ml

of a hexane solution containing 0.478 mole of n-butyllithium. This vas

 cooled to -66°C prior to the slow addition of 56.4 g (0.2% moles) of 1,k-

dibromobenzene dissolved in 200 ml of dry tetrahydrofuran. By means of an

external Dry Ice-acetone bath and vigorous stirring, the reaction temperature

was held at -60°C or less throughout the addition. .

~ The reaction mixture was allowed to warm to 0°C and then
‘was recooled to -66°C before the addition of 105.k4 g (0.0478 mole) of diphenyl-
- chlorophosphine was begun. After the addition was completed, the reaction ‘
mixbture vwas warmed to ambient temperature and filtered to give 1%.5 g of
lithiuwm chloride. The solvents were removed from the filtrate to give 70.0 g
of solids melting at T4-78°C. These were further recrystallized from ethanol
to yield 47.0 g (0.137 mole, 57; yield) of pure L-bromophenyldiphenylphosphine
{I} melting at ?5-?6.5 c. _

L , Anal, caled. for cmﬁlésP C, 63.38; H, 4.13; Br, 23.42;
P, s.ss, Found: C, 63.95; H, L4.70; Br, 22.5; P, 9.3%0. :

The following procedure appears to be the best route to II:

To 0.30 mole of n-butyllithium in hexane which had been prechilled to -66°C
was slowly added 70.T g (0.30 mole) of p-dibromobenzene dissolved in 200 ml
. of tetrahydrofuran. The reaction temperature was held at -60°C or less
“throughout this addition. As soon as the p-dibromobenzene had been added,
66.1 g (0.3 mole) of diphenylchlorophosphine was slowly introduced from a
second addition funnel. The reaction mixture was allowed to warm to room
temperature and then filtered under nitrogen to remove salts. The filtrate
was concentrated at reduced pressure to yield a semisolid residue which was-
triturated with methanol to yield a white, crystalline solid (quantitative .
crude y:.el&) After two additional washings with methanol, 83 g (0.243
~mole, 81% yield) of 4 _bromophenyldiphenylphosphine melted at 75-T7T7°C. The
znfrare& spectrum of this material was identical to that of previously .
- prepared II, Using this rozrbe s 500 g of II has been prepared fsr ‘use 1:1
future research.

In a second duplicate experiment, only the sddition
sequence was changed with the n-butyllithium in hexane being added to the
p-dibromobenzene in tetrahydrofuran at -66°C. Following the usual workup,
only 46 g (0.135 mole, ?-1-5% yield) of p—'bremephenyléiphenylghcsphine vas
1se}.ate&, ‘

.
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(2) V:La Grignard Reagen'b in Ether (19?+5 97) o o

' A‘ ll8-g (0.5 mole) quantity of p -dibromobenzene was
dissolved in L4OO ml of diethyl ether and a small portion of the magnesium
,'tm'n:.ngs (12 g, 0.5 mole) was added in an effort to initiate the reaction.
.However, the reaction was begun by adding Grignard which had been prepared
externally in tetrahydrofuran. The remaining magnesium was added over two

“hours to the refluxing reaction mixture. After the reaction had been at
reflux for 3 hours, it was cooled to 5°C by means of an ice-water bath

' before the addition of 110.3 g (O 5 mole) diphenylchlorophosphine was begun.
After the addition was complete, the reaction mixture was a.].'l.owed to st:.r

. overmgh‘b a’c ambient temperature

" The subsequent addition of 75 ml of saturated ammonium
hydrox:.de solution was exothermic and required external cooling. The
resulting yellow ether phase was decanted from the white solids which were
subsequently washed with 50 ml of ether, 50 ml of tetrahydrofuran, and a
second 50 ml of ether. The organic phases were conbined and concentrated to
yield a yellow-colored viscous oil. After.the oil had been heated at 100°C
and 0.1 mm until no further p-dibromobenzene sublimed from the oil, a yellow-
colored residue was stored under nitrogen and slowly crystallized over two

" weeks. The solid was then broken up and digested with methanol to yield
125.4 g (0.368 mole, T3.6% yield) of pale yellow-colored L-bromophenyldi-
phenylphosphine, melting at 65-69°C. The use of ether, then, results in
better yields than were originally obtained using tetrahydrofuran,3? but less
than 'bhe newly developed route utilizing n-butyllithium (see above).

e, p-Bromqphenyldlphenylphosphlne Oxide (IX) (19145-70,71)

Approximately 2.0 g (0.0059 mole) of p-’bromophenyld:.phenyl—
;phosphlne was dissolved in 20 ml of acetone, Subsequent addition of 50 ml ,
-.of a 3% solution of hydrogen peroxide in acetone was weakly exothermic. The
acetone was allowed to boil off on a water bath to yield an oil which was.
redissolved with more acetone. This procedure was repeated three times.
After the final boil off and standing for 2 days, the residual oil had
solidified. After a thorough washing with water, filtration, and vacuum
drying, the sol:.d melted at 140-1k46°C. :

To a second 2-g sample dissolved in 20 ml of acetone was slowly '
- added an acetone solution of potassium permanganste. The dark-purple color
immediately disappeared and a brown precipitate formed. It was necessary to
remove this solid twice during the oxidation by filtration. When one drop of
the permanganate solution gave a pink coloration, a small crystal of the
phosphine was given a colorless solution. After removal of the last of the
brown precipitate, the acetone solution was concentrated to yield a semi- '
solid residue. The crysta.ls were washed well with ether to yield 1 g of oxide
melting at 151.5-153.5°C. Infrared examination of the crystals revealed
strong absorptions at 8.45 and 9.0p due to the P-0O as well as a strong.
absorption at 12,29% assigned to the para-substitubed benzene.

/




Anal. ca}.c&. for 61331431'53? Br, 22. 39; P, 8. 6‘?, MW., 357.2.
Fownd: B, 2175; P, 8.8.

" h-carbc@henyldiphemhosphine (vir)

(l} Via the Grignard Reagent (19'{2-1;11»)

. Into a 250 ml s 3=-neck Iﬁorton flask fitted with s cen&enser,
high speed stirrer, and addition funnel were placed 0.486 g (0.02 g-atom) of
magnesium turnings and 15 ml benzene. The system was flushed with nitrogen
gas for 5 minutes and a mercury bubbler was connected to the condenger to
assure an air-free system. p-Bromophenyldiphenylphosphine, 6.82 g (0.02
mole), in 15 ml of tetrahydrofuran was added slowly at room tempersture.

After the addition was completed the reaction mixture was held at its reflux
temperature for a total of 15 hours. No Grignard reagent was formed and all
of the p-bromophenyldiphenyliphosphine was recovered after filtrstion %o

remove the unreacted magnesium and concentration of the filtrate. .

(2} Via n-Butyllithium (1972-56)

Into a 300 ml, B-neck flask fitted with a condenser,

thermometer and rubber septum was placed 25 ml of dry tetrahydrofuran. The

system was flushed with nitrogen gas for 5 minutes to remove traces of oxygen.
n-Butyllithium, 1.92 g (0.03 mole), in 18.7 ml of n-hexane was introduced
through the septum., Under nitrogen abmosphere, the sepbum was replaced by an
addition funnel in which p-bromophenyldiphenylphosphine, 6.4 g (0.02 mole),
in 25 m1 of tetrahydrofuran had been placed. The n-butyllithium solution

was cooled to -40°C with stirring by means of a Dry-Ice-acetone bath before
the p-bromo compound was added slowly. The addition was thus completed in

30 minutes. The color of the reaction mixbure changed from yellow 'I:o red. B
The stirring was continued at -340“0 for one additional hour.

Under nitrogen atmosphere an excess guantity of Dry Ice
powder was added. The carbonated reaction mixture was warmed up fo room
temperature and the solvent was removed under reduced pressure to yield a
sticky, yellow material, Water was added and filtered to obtain a red-
colored alkaline aqueous solution. Dilute hydrochloric acid solution was
slowly dropped in to precipitate a gumny, white solid. The color of the

© . solution twrned fo¢ light-yellow as soon as it became acidic. The crude solid, '

3.0 g (49%), was recrystallized from glacial acet:.c acid to yield white
crystals with a melting point of 157°C (1it. ,* m. p. 157°C).

Anal. caled. for ngﬁlsﬁgP P, 10.09. Found: P, 10.5% -

~ A weak para gbsorption was noted at 12.27p while no meta absorption was

observed at 12.85u. Comparison with 3- and 4-bromophenyldiphenylphosphines
shoved & strong para sbsorption at 12.35 and a strong meta absorption a'b '
12.85., respect:.vely. .
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4, Preparation of PhosEhinic Acids

a. Methylphenuhosphlnlc Acid (XVI) (1893 122 and 157)

(1) Via Iodic Acid Oxida‘blon

A mixture of 98.0 g (O 79 mole) of methylphenylphosphine

(XV) and 100 ml of sbsolute ethanol was put into a 1000-ml flask equipped

with 2 magnetic stirring bar. To the stirring solution immersed in an ice
bath was added an aqueous solution containing 115.0 g (0.65 mole, 3.5%
excess) of iodic acid dissolved in about 600 ml of water. The product-iodine
was removed from the reaction mixture very laboriously by repeated distil-
lation of the water-iodine mixture and replenishment of the water. Finpally,
the light-brown solution was treated with charcoa.l to yield a colorless
solution, . ;

" The agqueous residue was reduced in volume and on cooling
yellow crystals precipitated. The product, 58.7 g (0.38 mole, 48.1%), was
recrystallized from ethanol as white needles, m.p. 136.2-137.0°C. An infrared
spectrum showed an a'bsorptlon pattern whlch was expected for methylphenyl-

, phosph:n.nlc acid.

. In a second larger preparation, the crude methylphenyl-
phosphine (XV) was purified by distillation in a spinning band apparatus,
b.p. 90.6°C/50.4 mm, From this distillate, 154.9 g (1.248 moles) of the
pure methylphenylphosphine was dissolved in 300 ml of absolute ethanol and
added dropwise to a solution of 195.2 g of iodic acid dissolved in 750 ml of

"distilled water. The exothermic reaction produced iodine immediately and was

controlled by means of an ice bath placed around the reaction flask. o

A voluminous amount of iodine was removed when first the
ethanol-water mixtiure was removed by distillation at 85-99°C. The addition
of more water (about 6 1.) was followed by additional distillation until the
iodine was removed. The resulting yellow solution was treated with bone
charcoal and the first crop of product was allowed to crystallize. This
product, which was recrystallized as white needles from gbsolute ethanol,
mp. 135.5-137.0°C, weighed 58.0 g (0.372 mole 5. 50. O%) and was determined to

be me'bhylphenylphosphlmc acid.
Anal, ca.lcd. for C;HgPO2: N.E., 156, Found: N.E. 154,

(2) via Attempted Hydrogen Peroxide Oxidation (1893-11;7)

In a l-liter flask were mixed 172.1 g of 30% hyd.rogen N

. peroxide (51.6, 1.518 moles) and 334.5 g of acetone to form a 10.2% solution.
‘A second solublon consisting of 99.1 g (0.798 mole) of methylphenylphosphine
dissolved in 100 nl of acetone was added dropwise to the oxidizing agent

maintained at or near 0°C. After addition, the reaction mixture tested
Ppositive for the presence of excess peroxide by the iod.lne-starch method.
The reaction mixture then was refluxed for 1.5 hou.rs.




- of CJ_QE;QPGE vas obtained. An infrared spectrum showed a strong band at

Acetone and water were removed by distillation and
replacement water was added until the head temperature was 100°C. The Lol
aqueous solution containing the product was reduced in volume, and the i
first crop of a white powder was crystallized, washed with absolute ethanol . b
and dried, m.p. 134-135°C. Three other crops of products were collected and g
trezted in the same fashion and were found to have melting points of 134- s
135°C, 133-136°C, and 138-1%0°C, respectzvely. A total of 72.5 g of the -
white solid was collected.

e

A portion of the higher melting fourth crop was examined
for its equivalent weight value by titration with standard base. It was . R
found to have very little acid character, an equivalent weight of 5.00. A »
check by infrared analysis revealed gross differences when a comparison was
- made with the standard spectrum for methylphenylphosphinic acid. A mixed E
melting point was checked with a sample of the pure acid and the melting . P
point range was lowered from 135.5-137°C to 3.09-13&“ C. Thus, this product ‘
was not methylphenylphosphinic acid. :

o g w‘:..?w,.“;j

A molecular weight value of 238 was obtained (Neumeyer,
chloroform), and an elemental analysis gave values of 62.75% C, 9.39% H,
- 15.8% P, and 12.06% 0 (by difference). By calculation an empirical formula

3200 cm~1 which might be interpreted as the 0-H stretching bond of an aleohol
function. Additional efforts are underwsy in order to identify this unknown.

-
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b, Methylphenylphosphimic Chloride (XVIT) (1893-121) ~ . . L

To a slurry of 58 4 g (0. 3’{ mnle} of me‘bhylphenylphasphzmc
acid and 300 ml of carbon tetrachloride was added in small increments 104.6 g
(0.88 mole, 138% excess) of thionyl chloride. Evolution of sulfur dioxide
and hydrogen chloride was detected by litmus paper and odor. The resultant N
solution was refluxed for several hours. -

, The reaction mixture was distilled at atmospheric pressure over B A
2 temperature range of T3-T76°C to remove the carbon tetrachloride and =
unreacted thionyl chloride.

‘ Then the mobile yellow resi&ue » noticeably viscous, was Lo
subaecteé. to distillation under reduced pressure. The first product to distil, :
 b.p. 85° C/}. 5 mm, turned to a low-melting solid in the water-cooled receiver
and as yet has not been characterized, The second fraction remained s liquid,

22.9 g (0.131 mole, 35.0%), b.p. 95°C/< 1 mm. An infrared spectrum displayed
the expected absorption bands for methylphenylphosphinic chloride.

‘ ~ Anal. caled. for C,HgPOCl: Cl, 20.31l; Found: 19.64
(Volhard). . e . : '
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¢.  p-Phenylenebis(phenylphosphinic acid) (XII)

(1) In Tetrahydrofuran (1945-88 and 105)

In a. survey exper:.ment , under an atmosphere of dry

. nitrogen, 4.8 g (0.02 mole) of p-dibromobenzene dissolved in 10 ml of
tetrahydrofuran was slowly added to a solution of 50 ml of n-butyllithium
in hexane. (0,08 mole s 100% excess) and 25 ml of tetrahydrofuran. The
reaction temperature was held at -60°C or less during the addition. The
reaction mixture was stirred at -TO°C for one hour, warmed to room temper-
ature, and then transferred under nitrogen to a dropping funnel attached to
a flask containing 8.1 g (0.04 mole) of P-(N,N-dimethylamino)-P-phenyl-
phosphonic chloride (XI) dissolved in 50 ml of tetrahydrofuran., During the
transfer, a white solid formed in the te'bralwdrofuran conta:.n:.ng the dilithio-
benzene.

After the addition of the dilithiobenzene to the phosphonlc
chloride which was only mildly exothermic at -50°C, the reaction mixture was
allowed to stir at ambient temperature. The addition of 10 ml of methanol,
to react with any unreacted lithium compounds, resulted in the separation of
. two phases. The solvents were removed at reduced pressure and the resulting
~clear, yellow oil was dissolved in a mixture of 100 ml of isopropyl alcohol,
25 ml of water, and 10 ml of concentrated hydrochloric acid. After 18 hours ,
at the reflux temperature, the volatile products were removed at reduced
bressure, the residue dissolved in dilute sodium hydroxide, treated with
charcoal and filtered, and subsequently acidified with concentrated hydro-
chloric acid. The resulting white powder weighed 4.0 g. Digestion of the
powder with methanol or ethanol resulted in the recovery of a white powder,
melting point above 315°C, which was identified as the desired p-phenylene- -
bis (phenylphosphinic acid). Anal. caled. for C181{1604P2. C, 60.3h;

H, 4.50; P, 17.29; Neut. Eq., 358.2. Found: C, 60.19; H, L.82; P, 17.3;
Neut., Eq., 365.6. :

In a similar experiment but with the order of the addition
reversed, ‘bhere was added to 15 g (0.064 mole) of p-dibromcbenzene in 100 ml
of tetrahydrofuran under a dry blanket of nitrogen and in a flask fitted with .
a bottom take-off, 80 ml (0.128 mole) of n-butyllithium in hexane. The
addition, carried out at -60 to -68°C, required 45 minutes. After stirring
at -68°C for 15 minutes, the cooling bath was removed to allow a second flask
to be attached to the bottom take-off by means of a rubber stopper. During
the 15 minutes required for this attachment and purging with nitrogen, the
temperature of the dilithio solution rose to +32°C and the solution became
yellovw in color., The dilithio solution was added over 24 minutes to 26.1 g
(0.128 mole) of P-(N,N- d:.me‘bhyla:nlno)-P-phenylphosphonlc chloride (XI)

dissolved in 100 ml of tetrahydrofuran.:

After stirring at amwbient temperature for 2 hours, the
react:.on mixture was refluxed for 1 hour before being cooled. Removal of
solvent at reduced pressure yielded a yellow-colored residual syrup. The
syrup was dissolved in a mixture of 150 ml of methanol, 40 ml of water, and

it




15 ml of concentrated hydrochloric acid. The mixture was refluxed for

2.5 hours, cooled, and stirred overnight at room temperature. Forty ml of
water and 10 ml of hydrochloric acid were added before resumption of the
reflux, After T hours, the mixture was cooled and the solvents were
removed ab reduced pressure to yield a tacky, yellow-colored residual
maberial and a clear agueous phase.

The colored residual layer was separated, dissolved in
methanol and treated with charcoal. Addition of water then precipitated an
oil. The methanol and water were decanted from the oil which twrned green-
brown and did not dissolve in agueous sodium hydroxide. On standing, the

methanol-water layer, which had been decanted from the gbove oil, precipitated

4,1 g of white solids (some crystalline rosettes noted) melting at 2’{3-285"
which are mpure bis(phosphinic acid).

On partzal neutralization of the first agueous phase to-

a pE of about 3, a white solid precipitated. The solids, 3 g, were fllterea;

washed well with water, and vacuum dried. The melting point was above 310°C

as expected for the bis{phosphinic acid). The yield of crude p-phenylenebis-

(phenylphasgmmc acid) was about one-third of theory.

¥

(2) In Ether (1945-118 and 178)

To a 66-ml (0.106 mole) quantity of an n-hexane solution of
n-butyllithium at 20°C was slowly added 11.8 g (0.05 mole) of p-dibromo-
benzene dissolved in 100 ml of diethyl ether. The reaction mixbure was
allowed to stir for 1—1/2 hours at ambient temperature before being slowly
added to a solution of P-(N,N-dimethylamino)-P-phenylphosphonic chloride
dissolved in 100 ml of ether and 50 ml of tetrahydrofuran, and held at -5°C
by means of an ice-salt bath. The reaction mixture, now containing a brown-
colored, tacky substance was first stirred at -5°C for 2 hours and then at
Lo°c fer an additional hour. ‘

" .. The clear liquid phase was then decanted and concentrated at

reduced pressure to yield a colorless oil (A). The colorless oil (A) and
brown residue (B) were dissolved in isopropyl alcohol and hydrolyzed by
refluxing with.dilute hydrochloric acid for 8 hours. On cooling, both
hydrolyzates precipitated white solids., These mixtures were subsequently
concentrated and the resulting solids washed well with water and partially
dissolved in sodium hydroxide solution, The base insoluble materials were
washed with water and vacuum dried to give a2 material which did not melt to
300°C. An. infrared spectrum suggested that this unknown was a phosphorus
acid or amide. However, analysis for bromine, nitrogen, and phosphorus were
not definitive except for the lack of nitrogen, i.e., this unknown is not a
phcsyhonam&e.

Anal, Found: Br, 1L.5; N, <0.1; P, 3.1.3’.' P/Br = 2.5k,

The ’ba,se soluble materisl obitained from the hyﬁrolysis of the
celorless oil (A) precipitated a yellow oil on acidification with hydro-
chloric acid., -On standing, the oil solidified to yield L4.6 g of impure
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p-bromophenyl-phenylphospmmc acid, melt:.ng at 160-168°¢.

: From the base soluble fraction obtained from the l'wdrolysis
‘of B wa.s recovered alwhite solid after acidification and digestion with’
"ethanol. This material melted above 300°C and had an infrared similar to
that obtained for the p-phenylenebis(phenylphosphinic acid) prepared
irev:.ously. Approximately 9.4 g of crude bis (phenylphosphlnlc acid) was
: ecovered. _

A second run in ether was ca.rned out in exactly the
manner as the preceding experiment, except there was no stirring period
after the p-dibromobenzene had been added to the n-bubyliithium, The ether
solution thought to contain the dilithiobenzene was immediately added o the
solution of P- (N,N-dlmethylam:mo)-P-phenylphosphonic chloride. e

_ Ai‘ter hydrolysis in 1sopropyl alcohol with hydrochloric
»ac:.d, only a‘bout 0 5 g of the bis(phenylphosphinic acid), 2.3 g of p<bromo-
phenyl-phenylphosphinic acid melting at 175-176°C (see also below) and 1.5 g

of mixed acids were isolated.

'd.  L-Bromophenyl-phenylphosphinic Acid (XTIT) (1945-102)

A tetrahydrofuran solublon expected to con'ba:.n l,h-dlllthlo-

: -benzene was formed by slowly adding 15.1 g (0.064 mole) of p-dibromobenzene
dissolved in 125 ml of tetrahydrofuran to a solution of 80 ml of 1.6M
n-butyllithium in hexane and 50 ml of tetrahydrofuran at -64°C. The reaction
mixture was allowed to warm to 10°C over a 25-m1nute pexriod before being
recooled to -70° C.

The addition of 26. 1 g (o 128 mole) of P- (N,N-d:.methylam:.no)-
P-phenylphosphonic chloride in 50 ml of tetrahydrofuran to the dilithio-
benzene at -54 to -T0°C required 22 minutes. A black gum formed which made
. it impossible to stir the reaction mixture. When the temperature of the

.black reaction mixture had increased to -30°C, 15 ml of water and 10 ml of
‘concentrated hydrochloric acid was added to the mixture, This addition
caused the black color to dissipate and an orange layer to separate to the
“bottom of the reaction flask. After 2 hours at reflux, the mixture was
cooled to ambient temperature and three phases were noted in the mixture.

After standing overnight, an additional 50 ml of wgter and 10 ml
of concentrated hydrochloric acid were added and the mixture was further
heated at the reflux temperature for 3 hours. After cooling and removing
the volatiles at reduced pressure, the residual oil was dissolved in methanol.
_ After standing for several hours, crystals were observed. The addition of
water precipitated an oil which slowly solidified to an off-white solid-
melting at about 168-1T70°C. The solid was dissolved in methanolic sodium
hydroxide, treated with charcoal and carefully filtered. Acidification of
the filtrate with concentrated hydrochloric acid precipitated white solids.
Recrystallization of the solids from methanol and wa.ter yielded rosettes of
short needles melting at l'{h l’(6° c. . ,
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The above solubility of the acid in methanol and the low T
melting point are to be contrasted with the insolubility of the p-phenylene- B
bis{}_}henyigh;«sphinic acid) in methanol and with the high melting point,
sbove 315°C, of the bis-acid, Furthermore, an infrared spectrum of the new ‘
acid was very sharp and detailed in contrast to the very poor spectrum o
obtained for the bis-acid. Thus, it was clear that the desired bis-acid

had not been obtained. The new acid was found to have a neutralization
equivalent of 289 which was very close (97.3% of theory) to the value for

© p-bromophenyl-phenylphosphinic acid., The melting point was essentizlly the
same as that previously obtained for this acid by Davies and Mann®5 using

an alternate route. The identity was further confirmed by analysis. The
2.9 g (0.00976 mole) of p-‘bremaphenyl—phenylphosphmm acid (XIII) recavereé. '
re;;resen’ts only a 15.3% yield. ,
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4nal, caled. for 0123103162? C, 48.51; H, 3.39; Br, 26,90;
P, 10.42; ana MW., 297. Found: C, 48.75; H, 3.45; Br, 26.6; and M.W., 289.
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e. L 54*-szhenylene‘nls(phenylphcsphinic aci&) (xIv) (1945-109)

The addition of lGG ml of 1.6M ‘butyil:.thlm in hexane to 25 g
- (0.08 mole) of L4,h’-dibromobiphenyl dissolved in 200 ml of tetrahydrofuran :
at -62 to -64°C required 25 minutes. The gelatinous reaction, which could C ©
not be stirred too well, was then allowed to warm to +17° (50 min) before ;
being recooled to -68°C for 1 hour. The mixture again was allowed to warm CE
to 16°C during the attachment of the second reaction flask to the bettem ‘ S
take-off of the first reaction flask. : B
Addition of the 4,4/-dilithiobiphenyl solution to 45.5 g

(0.223 mole) of P-N,N-(dimethylamino)-P-phenylphosphonic chloride dissolved
in 75 ml of tetrahydrofuran was over a 45-minute period. Some dark spots
appeared during this addition and stirring again became difficult. After
completion of the addition and stirring at -68°C for 1 hcnr,, the reaction

. mixture was warmed to room temperature

The clear, pale, yellow-colored top layer was decanted from a
+tacky residue and concentrated at reduced pressure to yield additional oil.
The two oils were dissolved in 150 ml of isopropyl alcohol, 35 mi of water, ) .
and 15 ml of HC1l and then refluxed for 6 hours. At the end of this point,
white precipitates were noted in both mixtures. The solids were filtered -
off, washed with water, and partislly dissolved in dilute sodium hydroxide.
Acidification yielded 10.5 g (32.1% yield) of crude bis(phosphinic acid)
melting at 175-178°C. A sample of this material was used without further
" purification for the determination of the neutralization equivalent., The
experimental value of L4U49.8 was very close to the theoretical value of L3L.k,
This neutralized sample was acidified with concentrated hydrochloric acid to
¥ield a white gum which soon solidified. After a thorough washing with .
water and vacuwm drying, the meltmg point was 192-195’3. , , :

Anal, calcd. for CasHaglsPa: c, 66 36 53 n.sa, and P, 1l+ 26, e
Found: C, 66‘68 H, 5. 39§ and P, 13.85. o . “ o
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: A seq:ond ‘sample of the crude acid was dissolved in ammonium '
hydroxide solu‘b:.on, treated with charcoal, filtered, and vacuum d.rled to,
prov:.de a second a.dﬁ:.t:.onal analytical sam_ple.

Found: c, 65. 8k; H, 5.29.

: The infrared spectra of these samples were identical and
contalned the expected absorptions: - 2750-2000, 1600, 1438, 1224, 1130, 956,

813, 728-725, and 69L-692 cm™2.

f. A‘ctemp’ced Synthesis of 4,4’/-Biphenylene-
bis(phenylphosphinic. Acid (XIV) (19%5-75 and 76)

A slurry of L h'—d:n.llth:.oblphenyl (thhlmn Corporation of
America) thought to contain 0.12 mole of reagent.was slowly added, under
nitrogen to 49.6 g (0.24 mole) of N,N-dimethylamino-phenylphosphonamidic
chloride dissolved in 150 ml of toluene. The reaction was only mildly
exothermic, the reaction temperature increasing to 40° during the half-hour
addition period. After an additional hour at reflux the mixture was cooled
to ambient temperature and stirred overnight.

The liquid phase was decanted from the brown-colored solids
and concentrated at reduced pressure. The residual liquid, 20.T7 g, was-
treated with 100 ml of water and 50 ml of concentrated ammonium hydroxide
which caused a tacky, green residue to form. After stirring overnight, the
basic aqueous phase was decanted from the solids and acidified with
concentrated hydrochloric acid. Only a small quantity of a brown, tacky
substance precipitated. o S :

The reaction solids were further extracted with 125 m1 each of
benzene and ether., Concentration of these extracts also yielded only a trace
of yeJ_low, tacky residue. .

Then T.5-g samples of the brown reaction solids were partially
dissolved in isopropyl a.lcohol and dilute sodium hydroxide or hydrochloric
acid and then heated at reflux for 8 hours. While the alcohol was being
distilled from the basic hydrolysate, a white solid was noted in the
Whitmore-Lux distillation head. This solid was subsequently identified by
odor, infrared spectrum, and melting point as biphenyl. The residual solid-
"liquid mixture was filtered and the filtrate was acidified to give no -
_phosphinic acid.

: An acidle hydrolysis of the brown solids was similarly carried’
out. However, during the distillation of the isopropyl alcohol ni biphenyl
was observed, The residual solid-liguid mixture was first basified and
filtered before reacidification with hydrochloric acid precipitated a
voluminous off-white material. Attempts to crystallize this material were -
unsuccessful. Infrared examination of these solids, melting range 150-225°,
not all melted, showed only the gross spectrum expec‘bed for this type of
compound..
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The mgjor fraction of the hrm—cc}.area reactzan solids were
subsequently hydrolyzed under the acidic conditions to yield: '17.8 g of off-

¢ white colored sal:.ds%. Again considersble base insoliuble fractions had to

e

be removed before the scidification of the hy&rclysa'be. The further work-up

, of these yhcsphlmc acid fractions is underway.

: A secan& similar run was carried out using benzene as the
reaction solvent. The addition of the dilithiobiphenyl at 20-40°C resulted
in the formation of an extremely viscous, black reaction product, Similar
work-up gave 18.9 g crude bis-phosphinic acid XIV.

g k- {Bz.;henylyhosphzne)phenyl—
phenylphosphinic Acid (XXVII)  (1945-124%)

A solution of 17 g (0. {}5 mole) af &-brmphenyl&pheny}.phosghme
(II) in 100 ml of tetrahydrofuran was cooled, under dry nitrogen, to -60°C
before 31 ml (0.05 mole) of n-butyllithium in hexane was slowly introduced.
The cooling bath was removed and a second flask was attached to a bottom
take-off of the first reaction flask, In the second flask, a solubtion of
22.8 g (0.112 mole, 124% excess) of P-(N,N-dimethylamino)~P-phenyl-
phosphonic chloride (XI) and 75 ml of tetrahydrofuran was cooled to -45°C
before beginning the addition of the aryl lithium solution., The resulting
dark-colored reaction mixture ’became light-yellow in color on warming to
roon temperature.

 After standing overnight, the solvents were removed at reduced
pressure to yield a viscous, pale, yellow-green oil. The oil was first
dissolved in 100 ml of isopropyl alcohol and then 20 ml of water and 10 ml
of concentrated hydrochloric acid were introduced. The mixture was then
vigorously refluxed for 6 hours. On cooling, a significant amount of
white solids was noted. A small gquantity of these solids was removed,
filtered, and washed with water. After vacuum drying, these solids melted -
at 168-173°C and had all of the infrared absorptions expected for the half-
tertiary phosphine-phosphinic acid XXVII. However, quite surprisingly these
solids were not soluble in agqueous sodium hydroxide. Analyses of crude
XXVII without further ymfzcation are in fair agreement with the calculated
values.

Anal, calcd. for CpsHaO2P2: C, T1.64; H, 5.01; P, 15.4;
MW., hsa.h "Fowmd: €, 70.35; H, 5.81. ~ o

Tnvestigation of this material is continuing,

5. - Preparation of Dialkyl Alkylphosphonates

a. Dimethyl-Methylphosphonate (XXX)

~ {1) Via Methyl Iodide (19&5-13@}

A solution of 12k g (l mole) of trmetl‘quyhcsphzte and
3.L 2 g (0. 1 mole) of methyl iodide were-quickly. hea:beé to reflux. The
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- resulting exothermi¢ reaction caused the reaction flask to separate from the
attached Vigreau column and resulted in some loss of materials, Distil- v
lation of the residue through the Vigreau column yielded 100.T7 g (0.811

 mole, 81.1% yield) of dimethyl methylphosphonate boiling &t 72-73°C/18 mm

and nf° 1.14128-1.4135.

(2) Via Methyl p-Toluenesulfonate (1945~ 129)

Under a nitrogen blanket 12k g (l mole) of tr:.me‘bhyl—
phosphite and 18.6 g (0.1 mole) of methyl p-toluenesulfonate were mixed
and sampled for an infrared spectrum. The absence of any absorption at 8p
made the following of the reaction easy since the product phosphonate would
contain a P-O absorption at or close to 8y. The mixture was then slowly
heated and at about 100-110°C a vigorous reaction occurred, and the
temperature in the Whitmore-Lux distillation head reached 100°C. The
temperature dropped after 15 minutes and no further reflux was observed.
The reaction mixture was allowed to heat for an additional hour, then cooled,
and sampled for an infrared spectrum. A strong -PO absorption was readily
noted which was indicative of reaction to the desired phosphonate.

Distillation at 18 mm yielded four frac‘blons of dimethyl
methylphosphonate (XXX) bo:.l:.ng at T0-73°C (nf° 1.4128-1.4132) which weighed
122.7 g (0.988 mole, 98.8% yield). Distillation of the residual methyl
_p-toluene-sulfonate yielded 16.9 g (0.0907 mole, 90.7% yield) of slightly
impure material having an 3.ndex of refraction at 20°C of 1.5100 ( starting
methyl p-toluene-sulfonate, ng° L 5172).

(3) Via Methyl Benzene qu_fonate ' ( 1945-135)

In a similar experlment , 62 ¢g (0.5 mole) of trlmethyl—
phosphite and 8.6g (0.05 mole) of methyl benzenesulfonate (n§° 1.5151) ,
ylelded 62 g (0.5 mole, 100% yield) of dimethyl methylphosphonate boiling at
75-77°C at 19 mm and nf° 1.L4136. LoThe distillation residue was slightly
impure methyl benzenesulfonate nD 1.5088.

The infrared spectra of these three preparations were
superimposable. Vapor phase chromatography showed that these products were
98-99% pure and had the same retention times.

b. Diethyl Methylphosphonate (XXIX) (1945-125)

Diethylphosphite, 110.4 g (0.8 mole) was slowly added to 18.L4 g
(0.8 mole) of sodium, which had been cut into small pieces, in 100 ml of
benzene. The reaction was vigorous with the temperature of the benzene .
increasing to 60° during the 1.5 hours' addition period. After 1.5 hours
at reflux, all the sodium had reacted and the addition of the methyl iodide,
113.L4 g (0.8 mole), was attempted at 30°C. However, the reaction was too
vigorous at this temperature and the addition was completed at 10°C.
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The salts were removed by filtration and the benzene was
volatilized at reduced pressure. The resulting brown-colored liquid was ;
‘distilled at 18 mm to give only 42,2 g (0.278 mole, 3k.8% yield) of diethyl
methylphosphonate, nf° 1.4154-1.4150. The distillation residue was & white
solid. ‘ .o '

c. Diethyl Ethylphosphonate (3XXI). (1945-134)

Following the same general tosylate procedure, 83 g (0.5 mole)
of triethylphosphite and 10 g (0.05 mole) of ethyl p-toluenesulfonate were
heated together under nitrogen.until an exothermic reaction took place. .
Fractional distillation of the reaction mixture yielded 76.1 g (0.L58 mole,
91.6% yield) of XII boiling at 90-92°C/18 mm and nf° 1.4156-1.4160, Ten
grams (100% recovery) of ethyl p-toluenesulfonate, b.p. 108-110°C/0.75 mm and
n§° 1.5100, were also recovered. : :

d. Mixed Tosylate-Trialkylphosphite Reactions

In these reactions, equal molar quantities of triethylphosphite
-‘were reacted with methyl tosylate and trimethylphosphite was reacted with
ethyl tosylate in the same manner as described above. The reaction products:
. were distilled at about 18 mm and samples were submitted for vapor phase
 chromatography. The results of these analyses are shown in Table ITII.

, ‘ That the mixed dialkyl alkylphosphonates obtained were mot |
artifacts formed in the VPC columns was shown by analyzing a known mixture-
of dimethyl methylphosphonate and diethyl ethylphosphonate in the same '
colum. There was not any evidence for mixed esters in the chromatogram
obtained and the percentage of the components were not changed. Diethyl-
phosphite, an impurity in the triethylphosphite, was also readily analyzed.
and identified on the same column used for the phosphonates.

. e.  Attempted Reaction of Trimethyl- :
~ phosphite and Methyl p-Toluate (1945-142)

‘A mixture of 7.5 g (0.05 mole) of methyl p-toluate and trimethyl-

- phosphite was mixed together under nitrogen and sampled for infrared
examination. The mixture was slowly heated over two hours to a pot temper-
ature of 114°C at which time there was a gentle reflux in the attached

Vigreau column., After 30 minutes, the reaction mixture was cooled and again. ‘

sampled for infrared examination., Comparison of the two spectra showed that
no P-0 had formed in view of the absence of the expected strong absorption

at 8.1p. Both reactants were subsequently recovered in nearly a gquantitative

amount.

f.  Attempted Reaction of Triethylphosphite
and Ethyl Diphenylphosphinate - (1945-139)

In 2 similar manner, 41.5 g.'(E}.ES mole) of technical grade
triethylphosphite and 6.6 g (0.027 mole) of ethyl diphenylphosphinate were

54

AR et o Y vt 3 g




98 op cmpqsoem.mpﬂsmmozm wcﬁpnwpm woxy Agranduy

Al

Hwﬁhmpwe Supgxegs

9

‘q

msv aom hpﬂnsmsﬁ wpﬁsmwosaﬁhspmﬁ@ suwos spnTout Lew omﬁ<
mmoAAHHUVYNOWOa = SO mamgs B
- - oL 16 - d®(0Su®)) | sox SH®D
- - - 636 d%(0°Wd) | so%.®HD
Lz 12 oL - a®( 0%H%0) S0LHD
- g.m i - T°2q d®( o%uo) SOLSHSD
F(Su%00) (0)aSu®0 | Z(®H00)(0)daSHe0 | (SHS00)4®HO | Z(SHD0)a®Hd | esTudsoug | e9eTdsog
sTefreuy DA £q udjUO) 9

SNOLIOVEY HLTHISOHA-HEVIASOL J0 SIdNdo¥d

III TV

25




mixed, ‘sampled for infrared examination, and heated to gentle reflux over
an eight and one-half hour period. Distillation of the reaction mixture
resulted in a 92% recovery of triethylphosphite. The distillation residue
was impure ethyl. diphenylphosphinate, n%Q 1.53%02., . .

g. Attempted Reaction of Triethyl-
phosphite and Phenyl Tosylate (1972-197)

Two-tenth mole quantities of triethylphosphite (33.2 g) and
 phenyl tosylate were heated to 173°C over a S5-hour period, cooled, and
distilled to yield 30.T g of triethylphosphite, boiling point, 27°C at
0.75 mm, which is a 92.5% recovery of the starting material, Recrystal-
lization of the distillation residue yielded 11-5 g of white, crystallme
. phenyl 'tesy}.ate (90% recovery).

h. ‘ Te‘hramethy}. p-Phenylenebisphosphonite (XXIV) (191;5-11;1; and 149)

A quantity of crude, black-colored p-phenylenebzs(ghcsghcnous
hch}.oné.e) thouvght to contain zbout 0.3 moles of the tetrachloro compound
- and 122 g (1.2 moles) of triethylamine was dissolved in a mixture of ether

- and tetrahydrofuran and cooled to 10° prior to the slow addition of 38.7 g

(1.2 moles) of methanol. During the exothermic reaction, a thick, white
;reczpz.tate formed which was very daifficult to stir.

The trlethylamlne hydrochloride was filtered from the reaction.
mixture in an enclosed fine glass-sintered funnel under nitrogen pressure.
The filter cake was thoroughly washed with ether prior to the concentration -
of the solvents. The black reszé.usl liguid was fracticnally distilled to
give the fallcmng fractions:

Boiling Point ° Veignt, ¢ D"
1 .t0 97° /0.1 m 5.8 - 1.550T
2. 9h-o7°/0.2-0.3 m 11.0 15479
3. 97-129°/0.2-0.3mm 0.k ' -
L. 130-133° /0.2 mm L7 s |

Fractions 1 and 2 had similar infrared specitra with fraction 2
appearing to be more pure., Absorptions associated with the phosphonite
ester gt 9.7 and 9.9L as well as para substitution at 12.2M were noted..
Only very weak ahsorptmns associated with P-0 were gresent. Fractions 1
and 2 represent a 21.2% yield of XXIV. . -

Anal. caled. for Crofye0sPa: C, 1;5,81;. H, 6.15; P, 25.63.
~ Fownd: C, 15-5 ®©; H#, 6.00; P, 22.6. .. ‘ o
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Fraction 4 contained extremely strong infrared absorptions
due to P-0 at 8. 2 a.nd 8. 9. :

» A second preparat:.on yielded about 31.8 g (~ 22. l% yield) of
XXIV. In addition, 15.3 g of higher boiling material containing strong
P-0 infrared absorptions was also recovered. Red:.stl]_'l.atlon at 0.075 mm gave
12.7 g of pa.le , yellow-colored oil boiling at 115-130°C, o8 1.5820.

. Anal. calcd. for CloHJ_sOng[(CHaO)gP(O)'P(O)(O(:Ha)g]
P, 21.06. Found: P, 1kh.2.

i. Dimethyl p-Phenylenebis- o
nmethylphosphinate (XXv) (1945- 11;8)

A To 15.1 g {~ 0.576 mole) of tetra:methyl p—phenyleneb:.sphosphom.te
(XXIV) was added 1 ml of methyl iodide. The reaction nixture quickly exothermed
and blew out the thermometer and a stopper in the condenser, It was, however,.
possible to obtain a small amount of a white solid from the reaction flask.
. After several washings with ether, the sample melted largely at 104-106°C.
The infrared spectrum was similar to that of the starting material except
that strong P-O absorptions were now present at 8.15 and 8.85.

) Anal caled, for CloH1604P2. C, 45.81; H, 6.15; P, 23, 63
Fowd: C, LS. 61; H, 6.44; P, 22.k,

: A second experiment was carried out initially in ether.
However, infrared monitoring indicated that the reaction was very slow at
the reflux temperature. Benzene was added and ether was distilled from
the reaction flask. After I hours at the reflux temperature in benzene, a ,
small amount of white solids was removed by filtration prior to concentration
- of the filtered reaction mixture. The semisolid was washed with ether to
yield 6.0 g (~ 58% yield) of slightly impure XXV.

j. Methylphosphonic Dichloride (xxxn) (1935-111)

. A slurry of 229 g (1.1 mole) of phosphorus pentachloride and
gbout 160 ml of carbon tetrachloride was warmed to a gentle reflux before
“slowly introducing 68.5 g (0‘. 55 mole) of dimethyl methylphosphonate. After -
refluxing overnight, the carbon tetrachloride and by-product phosphorus
oxychloride were removed via distillation through an 18-inch Vigreau column.
Subsequent distillation of the residual liquid at 18 mm yielded 57.5 g

(0.433 mole, 78.7% yield) of colorless crystals. On standing only a short
time, most of the distillate had crystall:.zed into beautiful hexagonal plates.

6. Preparation of Tris Phosphines

a. L,k Bis(diphenylphosphino)-
triphenylphosphine Oxide (XXIXb) (1997 -l)

A 500-ml, 4-neck Morton flask f:.'l;ted with a condenser, '
rubber septum, mechanical stirrer, and addition fumnel:was flushed with
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m.tregen gas for 5 iinutes. n-Butyllithium, 4.8 g (0.07k mole) in 50 ml
* n-hexasne, was introduced into the flask through the septum and was cooled to
-*TG"S by means of a Dry Ice-acetone bath. To this cold solution L-bromo-
, diphenylphenylphosphine (II) was slowly added 25.2 g (0.0T4 mole) in 150 ml
: tetrahydrofuran (THF), The reaction temperature was held at below -62°C.
{ Immediately after the addition was completed, phenylphosphonic dichloride,
i7.2 g (0.037 mole) in 150 ml tetrahydrofuran, was slowly added and the
‘temperature was held at -64°C., The mixture was then slowly warmed to room
‘"'I:emgeratuz'e ;> 20 ml of methanol was added, and then concentrated at reduced
pressure to yield 30.0 g of a light-yellow solid.- Washing with diethyl ether
gave a white solid melting at 90-120°C. The infrared spectrum showed strong
P - 0 zbsorptions at 8.45 and 8.95u as well as para-substitution at 12,25,

b, 4,47-Bis(diphenylphosphino)tri- .
phenylphosphine (XXXIXa) (1997-8)

Ina smlar ex_perment ) i;-bremc;shenyl&zphenylghosphme (1)
was first reacted with n-butyllithium at -66°C in tetrahydrofuran and then
half an equivalent of phenyldichlorophosphine was added. Workup as abowve
vielded a yellow-green oil which did not solidify. The infrared spectrum

. had the expeete&. gbsorptions and 4id not have the P-0 absorptlcn of m '

) ?he investigation of these two novel tris phosphines is
continuing.

7. Preparation of Organometalloid Azides

s, Methylphenylphosphinic Azide (X0GXV) (V-1893-136 and 5)

A solution of 16.5 g (0.09: mole) of methylphenylghesphlnzc
chloride dissolved in 40 ml of pyridine was added to g sluwrry of 7.7 &
(0.118 mole, 2k4.8% excess) of sodium azide in 200 ml of pyridine. The
regetion mzxture was stirred at ambient tempersture overnight and turned
slightly pink. By infrared analysis ’ the presence of the azide group was
confirmed.

Exactly one-fifth of the pyridine solution was transferred to

‘a distilling flask and the pyridine was removed under reduced pressure. A
drop of the residue was subjected to a shock sensitivity test (2 Kg at 50 cm);
no detonation occurred. Distillation of the residue resulted in the isolation
of 1.881 g (0.010 mole, quantitative) of methylphenylphosphinyl azide, b.p. -
65° C/G 3 micron., An infrared spectrum revealed the absorption bands o

. expected, azide asymmetric sbsorption at L.68u and no a‘bsorptlons due to
mpurztzes. . }
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The dist:..'Lled, neat azide was also submitted to:a shock
~ sensitivity test (50 cm with 2 Kg) and again no sens:.tiv:.ty was found.
© Additionally, it burned slowly in open air.

As a quantitative test for the presence of azide, & mixture
of 104.5 mg (0.577 mmole) of methylphenylphosphinic azide, 265.k% mg
(1.052 mmoles, 82.3% excess) and 3 ml of pyridine was sealed at -T8C
under vacuum in a tube and heated at 112°C for two days. The evolved
nitrogen gas was measured in a Sprengl pump as 13.1 cc (O. 87 mmole , J.Ol. 7%) '
(See also below).

. The remainder of the reaction mixture has now been freed of
the pyridine by vacuun distillation at 0.2 micron and a bath temperature of
70-80°C. The azide XXXV 9.3 g (0.05 mole, 68%), was collected in a U-trap
" at -3°C and the pyridine at -78°C. Its infrared spectrum showed the

expected azide absorption band at 2165 cm-*,

- Anal. caled, for C‘qHaPONs. M.W., 181.1; N, 23.20. . Found:
M.W., 185; N, 23.62, ‘

" b. Diphenyle’bher—l; ,h /.3i(sulfonyl azide) (1945-98 and 100)

A slurry of 1.3 g (0.02 mole) of sodium azide in 30 ml of
tetrahydrofuran was stirred at ambient temperature with 3.7 g (0.01 mole)
of diphenylether-k,k’-di(sulfonyl chloride) for 24 hours. The azide
_ formation was followed by the increase in the absorption at about 2118 em-i,
The addition of 5.2 g (0.02 mole) of triphenylphosphine in 8 ml of tetra-

hydrofuran resulted in the evolution of roughly half of the expected _
nitrogen, even after several hours at reflux. Infrared inspection of the
reaction mixture revealed a strong azide sbsorption at 2118 em~*. The
addition of 2.6 g (0.01 mole) more of triphenylphosphine dissolved in 5 ml
of tetrahydrofuran caused the evolution of additional nitrogen. However,
 in spite of the use of a 50% excess of triphenylphosphine, the total
uncorrected nitrogen evolution was less than theory.

' In a second survey experiment, a similar slurry of sodium
azide and di(sulfonyl chloride) was allowed to stir in tetrahydrofuran over
the week end. The azide absorption then was almost twice as strong as in
the first experiment. Again the addition of two equivalents of triphenyl-
phosphine failed to liberate all of the expected nitrogen. A strong azide
absorption was still present in the reaction mixture. The solvent was
removed. at reduced pressure and the solid residue was retained for further
examination as time may permit. :

c.  Dimethyltin Diazide (mw:rn) (191;5 86)

To a mixture of 25 ml of pyridine and 1.3 g (0.02 mole) of
sodium azide was added 2.2 g (0.0l mole) of dimethyltin dichloride. There
was an immediate formation of the white pyridine-dimethyltin dichloride
complex. A 20-ml quantity of benzene was then added to gid in the
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s‘szrnng of the m:cture After 24 hgurs stirring at gmbient temperature, .
the azide absorptmn at 2085 cm-* was very strong and the insoluble complex
- had dissolved to yzelé. a clear solution.

. ‘ The se}.utz.en of the tin diazide was brought to the reflux

- temperature prior to the addition of 5.2 g (0.02 mole) of tr:phenylphcsphme

. dissolved in 20 ml of pyridine and 5 ml of benzene. There was not any .
- nitrogen evolved after 2 hours at réflux and then stirring overnight. An

additional infrared spectrum of the reaction mixture showed that the azide -

absorption at 2085 cm~* was unchanged. This investigation was discontinued.

8. Preparation of Azidophosphoranes

" ] a. P-Phenyl-N-(triphenylphosphoranylidene)- -
. phosphonamidic Azide (XLIV) (1874-67)

Following the previously described procedure,Z3 phenylphosphonic
diazide was reacted with one equivalent of triphenylphosphine to liberate
nitrogen (89.7% of theory) and form the azidophosphorane XLIV, The reaction
mixbure was poured inbo ice-water, filbtered, and washed with dilute ammonium
 hydroxide and with cold methanol to yield 12.7 g of & white, crystalline
powder, m.p. 146-149°C, Further extraction with ether gave 12.0 g (76%

- yield) of XLIV melting at 148-149°C. This material was used to develop an -
analytical method for éetemmng the gzide content of the azzdophosphcranes
(see below). .

-b. E,H*‘-{l} 4 ¢_Dpiphenylene ether bis(diphenyl- '
phosphoranyll&yne) Jbis-P-phenylphosphonamidic Azide (XLVc)

{19'{2-:9&} |

, Into a 3-neck, 200-ml flask fitted with a rubber septz}m,

, conaenser , and gas outlet were placed 3.38 g (0.052 mole of sodium azide,

4O ml of benzene, and 3.55 ml of pyridine. After stirring the slurry for

10 minutes, 5.6 g (0.0287 mole) of phenylphosphonic dichloride was added

and the resulting reaction mixture was alloved to stir at ambient temperalbure
for 24 hours. Without removing the salts from the mixture, 5.38 g (0.01
mole) of 4,k ’-bis(diphenylphosphino)diphenyl ether {Ic) in 50 ml of benzene
was added at room temperature. In 3 hours, approximately 93% of the nitrogen
had been evolved. The mixture was filtered to remove salts, and the

solvents removed from the filtrate under reduced pressure to yileld 9.0 g

- of a sticky, white residue, After washings with dilute ammonium hydroxide
and with ether, 7.5 g (84% yield) of a white, flaky solid, melting over the
-range 120-125°C was recovered.
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Ce Quanti‘ba'bive Analyses of Azidophosphoranes

(l) Sealed Tube-Vacumn L:.ne Ana.lys:.s (1893-161)

: Into & 90-ml tube were placed 0. 8816 g (1.995 mioles) of
* +the azidophosphorane XLIV and a solution of 0.9805 g (3.738 mmoles, 87.6%

. _excess) of triphenylphosphine dissolved in 5 ml of toluene. While held at

- -T8°C, the tube containing the reactants was sealed under high vacuum, The
tube was then heated at 110-120°C for 27 hours. When the tube was opened on
a vacwm line, 4.0 cc (1.965 mmoles, 98. 6%) of the nltrogen gas was '
measured in a Sprengel pump.

(2) Wet Chemicel Analysis (1835-23)

(al) Friedrich-Modified Kjeldahl (I\T:Ltrogen)

: A nitrogen determingtion was made by the Frledrlch
mod:.flca'b:.on of the Kjeldahl method, which uses a pretreatment with red '
- phosphorus and hydroiodic acid to decompose the azido group. This
determination yields all of the amino mtrogen and one-third of the azido

- mtrogen, since

(v) Azide Determination

The sample is treated with aqueous sodiwum hydrox:.de 3

- and the solut:.on is then transferred to a steam-distillation apparatus and.

acidified with sulfuric acid. The hydrazoic acid is steam-distilled into
dilubted sodium hydroxide. Upon completion of the distillation, the sample
is made acidic to phenolphthalein with glacial acetic acid, and excess 0.1N
. ceric ammonium nitrate solution is added, followed by 5 ml of concentrated
sulfuric acid., The excess ceric solution is back-titrated to the ferroin '
endpoint with 0.1N ferrour ammonium sul:r:‘ate solu'tlon.

Calcu_'lat:.on The Friedrich-modified Kjeldahl result is -
corrected for the azide component by subtracting one-third of the latter to
yield the amino nitrogen. To the amino nitrogen is added the azido nitrogen
" to yield the total nitrogen. This technique then gave the following data:

for the azidophosphorane XLIV: calcd. for CosHooN 0Ps: N3, 9 50; Neot
12,66; Namino, 6.32; P, 14,00. Found: N, 10.06; Niotal, 12.5; Nam:.no’a%
P, 14,05. Thus, the two methods agree well.

d. Quantitative Analyses for Active ,
Azide in Various Phosphoranes (l893-lhl)

(1) Determination of Azide in N,N’-
. [p-phenylenebis(diphenylphosphoranylidyne )- A
bis-P-phenylphosphonamidic Azide1(XLVa) (W-1972-2)

A 70 ml tube containing 2.2008 g (2 T3 mmoles) of
N ,N ’ [p-phenylene‘b:.s (dlphenylphosphora.nylldyne )bls-P-phenylphosphonam:.dlc
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azide, 2; 573 'g (9.7% mmoles, 78. 2% excess) of triphenylphosphine ard 5 ml
of pyridine was sealed at -T8°C and placed in an oven at 110°C overnight.

‘ . “The evolved nitrogen gas wes measured in a Sprenél pump
“as 109 cc (k. 88 mmole, 89.4%). o

- In a second experiment as a check on the amount of
availsble azide in the phosphorane 2,1258 g (2.63 mmoles) of the same
compound was mixed with 5 ml of pyridine in a 70 ml tube. While the tube
‘was held at -T&C a solution of 1.6751 g (6.63 mmoles, 26.0% excess) of
triphenylphosphine dissolved in 5 ml of pyridine was added. - The tube then
‘was sealed under high vacuum and heated at 110°C for four days.

: o When opened the evolved nitrogen gas was measured in a
. Sprengl pump as 104 cc (4. 64 mmole, 88.2%). : '

(2) Determination of Azide in N,N’-[p,p’-biphenylene- |
‘ bis(diphenylphosphoranylidyne Jbis-P-phenyl- ‘
phosphonamidic Azide (XLVb) (1972-61)

, Into a tube was placed 2.1583 g (2.4% mmoles) of
N,N’-[p,p’-biphenylenebis (diphenylphosphoranylidyne )bis-P-phenylphosphon-
-emidic azide] and a solution of 2.5130 g (9.96 rmoles, 204% excess) of

- triphenylphosphine dissolved in 5 ml of pyridine. The tube was sealed .

under vacuum at -78°C and heated in an oven at 110°C for three days.
, - —— The nitrogen gas evolved was measured in a Sprengl pump
as 111 ce (k.93 mmoles, 101.0%). : '

e. = Hyarolysis of N,N’-[p-phenylene-bis(diphenyl-
. phosphoranylidyne)]-bis(P-phenylphosphonamidic
Azide) (XIVa) to its Acid (19%3-157)

. When 5.0 g of crude bis-azidophosphorane XLVa was recrystal-
lized from pyridine-ethanol-water solvents system, only 1.5 g (30%) of pure
. XIVa was recovered. The remsinder was converted in part to the phosphinic
acid, This crude acid was purified by treating it with dilute aymonium
 solution to form a soupy ammoniuvm salt solution. This salt was filtered and

- the Piltrate acidified to yield a white solid which was washed thoroughly
with water and dried. The melting point was 240-243°C, The molecular weight
determined by titration was found to be 756 as compared to the calculated
value of T755.9. ' o o

, Anal. caled. for Co-Hse0sNzPa: P, 16.3; N, 3.7. Fownd:
?} 163}'{’; ﬁ} 3CEC . M , . : . .
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£. -Me'bhyl-P-phenyl-N—tr:.phenyl— :
phosphorylldlnepho sphinic Amide (XL) (1893-163)

;o Into & 100 ml, 2-neck flask were dropped, from a syringe,

,_”6 9#36 g (0.038% mole) of methylphenylphosphinic azide and 30 ml of

- toluene. -A solution consisting of 10.0489 g (0.0383 mole, stoichiometric)

- of triphenylphosphine dissolved endothermically in 20 ml of toluene was
~added through a small addition funnel to the azide solution at 50°C over a
‘period of 1.5 hours. The evolved n:.trogen gas displaced the water from two .
500-ml graduated cylinders. The reaction mixture was refluxed for 2 hours

. to insure complete evolution of the gas. After corrections were made for

" the presence of water vepor, system warm-up, barometric pressure, and
anbient tempera'bure , the m.'brogen gas measured 846 cc (0.0378 mole, 98.T7%).

_ The solvent » toluene s Was removed under red.uced pressure unt:.l

& viscous yellow residue remained. The bound toluene then was removed under
high vacuum with a bath at 63°C surrounding the flask holding the residue,
which turned to a solid chunk. The solid was broken into smaller chunks
and triturated. An infrared spectrum of the crude phosphorane, m.p. 111-117°C,
displayed a few minor variabtions among the absorption bands as compared to the
previously prepared sample. '

The resultant powder was washed first with 40 ml of ether to
remove umreacted triphenylphosphine. Then the white powder was slurried in
40 ml of dilute ammonium hydroxide and stirred for oné hour to remove any
methylphenylphosphinic acid that may have been produced from hydrolysis of
. unreacted azide. When a final ether wash was pubt upon the wet cake from.
filtration of the ammoniacal slurry, the solid partially dissolwved to form a
slimy semisolid on the Buchner fumnel. All washes were combined and the
solvents removed to isolate again the solid which was triturated & second
time. An infrared spectrum showed that no hydrolysis of the phosphorane had
occurred and that it was not appreciably different from the solid before
washing, This time the triturated powder was washed with methylcyclohexane s
and when dried gave a melting point of 116-119°C. The total ‘y::.eld of :
phosphorane melting at 110-118°C was only about 611-10.

A small portioxi' of the crude phosphora.ne 'weighing 0.7492 g
- was slurried in 50 ml of dilube ammonium hydroxide. At first, a globule _
- formed but dispersed into a flocculent white powder during a stirring period
of two days. The resultant powder weighed 0.6873 g, representing a loss of
0.0599 g which formed oil globules in the ammoniacal mother liquor. The
" dried white powder melted at 119-121°C, but the cloudiness of the melt
remained to a high temperature, clearing at about 280°C. Its infrared
. spectrum showed typical absorpt:.on 'bands for a phosphora.ne.

Anal. calcd. for CasHagNP20: M.W. 1415.389; C, 72.28; H, 5.58;

" N, 3 37; P, 14,91, Found: M.W.. 395 (Neumeyer, chloroform, 0. OBM)
C, T2.35; H, 5. 54, l\T, 3.22; P, 14.8

63




' phosphine dissolved in 10 ml of pyridine failed.to yield any apprecisble - . -

L

H
£. A‘stempteé Reaction of szhenylphosphmzc
Azide (XLI) and mphen@phosphme (LII) (1945-8% and 85)
[
: Eiphepylphcsphinic gzide was fsrmeé. :.:: 25 ml of pyridine
. solution by stirring.together 2.4 g (0.01 mole) of diphenylphosphinic
‘ chloride and 0.65 g (0.0l mole) of sodium azide for 4 hours et ambient
- temperature. The subsequent addition of 1.9 g (0.01 mole) of diphenyl-

quantity of nitrogen. A yellow solid was observed to have formed afier
. stirring for 18 hours. Infrared examination of the supernatant pyridine ‘
failed to show absorptions due to the azide, P-H, or phosphorane groups.

, -~ A second similar experiment was carried out except that the
phosphinic azide was refluxed for two hours prior to the addition of the
diphenylphosphine. The nitrogen evolution was approximately two-thirds of :
* ‘theory. Infrared examination again was inconclusive as gbsorptions due to B

azide, and Phcsyhorane were observe&; sgain no P-BH absorption was present.

’» 9. - Freparatlon of Phasphorane Polymers

a. Pcl;ymer:.zatlon of K,R’ l%p-phenylene-‘s:.s (ézpheny}.-

: ghcspheranyhﬁyne)]-‘bzs P-phenylphosphonamidic
Azide) (XIVa) and 1, -bls(é_lmethylphosphmo)-
benzene (‘?I) {3.9?2-1;2)

Into a 300-ml, 3-neck flask, flushed well with nitrogen and
frbte& with a condenser, thermometer, and addition fumnel was placed 50 ml
. of dimethylformamide. Under nitrogen atmosphere, 2.7 g (0.013 mole) of
© 1,4-pis(dimethylphosphino)benzene (VI) was added. The solubion was heated
to 70°C under static nitrogen pressure. As soon as the reaction temperature . L
stayed steady, the bis-azidophosphorane XIVa, 10.48 g (0.013 mole) in 50 ml ' P
dimethylformamide was slowly added with vigorous stirring. The nitrogen gas Cd
. evolved from the reaction was collected, measured and calculated to approach - ‘ i
89. 5?5 conversion in four hours. The solvent was removed under vacuum to ko
yield 15.0 g of light-brown-colored solid. The melting point range was only :
. 60-65°C. No fibers could be drawn from this pslmhosphorane when placed in

© warm (SS-?G"C} water.

. Anal. caled. for C eﬁscoazw : P, 19.58; N, 5.%. Found: '
B, 17.6; N, 5.4% s & & | :_

b. - Reaction of L h*‘-Ba.s{ézphenylghospmna)alphenyl '
Ether (Ic} and the st-azzdephasphorane (}&Vc) (1972-115)

: Into a B-neek 500-ml flask frtteé. with a con&enser, themometer} o
and addition funnel was placed 2.5 g (0.0046 m) of k4,4’-bis(diphenylphosphino)- B
diphenyl ether (Ic) in 100 ml of dimethylformamide and then heated to the reflux T

- temperature. To this hot solution was added, slowly with stirring, 4.16 g L

- (0.0046)m of the bis-azidophosphorane XLVc, suspen&ea in 40 ml DMF. The ‘ Co
nitrogen gas evolved from the reaction was collected and measured. After ER
the reaction was- considered to be completed, the reaction mixture was cooled -
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“to room temperature and filtered under nitrogen pressure. The solvent was ; .
‘removed from the flitrate under reduced pressure to yield 6.3 g of a yellow-

colored sticky residue. Long flexible fibers were drawn when the residue

was treated with hotiwater. Other fibers were drawn dlrectly from the
- residual polyphosphorane XLIX. An average molecular weight determined by
: the Neumeyer method in chloroform was found to be only 1185. :

c. Partial Polymerization of N,N’-[p-phenylene-
: ' bis(diphenylphosphoranylidyne ) ]-bis-P-phenyl-
i - phosphonamidic Azide) (XLVa) and 1,4-bis-
diphenylphosphino Ybenzene (Id) - (1972-70)

Into a 200-ml, 3-neck flask fitted with a condenser,
thermometer and addition funnel were placed 2.23 g (0.005 mole) of 1,k-bis-
,(dlphenylphosphlno Jbenzene, in 25 ml of benzene, and 2 ml of d:.methyl— '
. formamide. The system was first flushed with nitrogen gas and then heated
" 10 the reflux temperature at T4°C. To this hot solution bis-azido phosphorane,
4.03 (0.005 mole) in 25 ml of benzene and 2 ml of DMF, was slowly added.

- Nitrogen gas evolved from the reaction was collected and measured. After

2L hours the conversion was calculated to be L3. 5% Solvents were removed
under reduced pressure to yield 6.5 g yellow, flaky solid which softened at
8&°, foamed at 125° and melted at 140°C. Infrared spectrum showed medium
strong azide absorption at L.64p. When it was treated with hot water fibers
up to 2-3 feet long could be drawn. The hot water 'treated solid softened at-
115°,. foamed at 125° and melted at 250°C. When this wa‘l;er-trea.ted solid was
heated to 125°C under 520 psi, a yellow-colored, br:.'btle disc was formed. -
Infrared examination showed considerable decrease in intensity of azide :
" gbsorption at 4.64K, It now softened at 125° ’ foamed at 165° and showed only
sign of melting at 260° c. _

d. Fractionation of‘ Phosphorane Polymers (1972-72 »T3 and %)

Into a 250-ml, 3-neck flask fitted with a condenser, addition
fumnel and thermometer was added a weighed quantity of the phosphorane
polymer and 20 ml monochlorobenzene. This mixture was heated to reflux and
to this hot solution was added n-hexane until the solution became cloudy.
After cooling to room temperature the solids were removed by filtration.

The filtrate was again heated to reflux and n-hexane again added to the ,
cloud point., The same procedure was repeated several times for each polymer
system. The individual fractions of solid collected were dried over hot
water in vacuum. The melting point range and infrared spectra were taken
for comparison’'and are shown in Tables IV-VI. This investigation is being
continued. : :

10. Miscellaneous

a. Reaction of P-phenyl-N-(triphenylphosphoranylidene )~ '.
phosphonamidic Acid (L) and Cobalt (II) Acetate - (1945-82) .

: A slurry of 2.1 g (0.005 mole) of the phosphonamidic acid L
and 1.25 g (0.005 mole) of cobalt (II) diacetate tetrahydrate in so ml of
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. .
TABLE V -

FRACTIONATION OF PHOSPHORANE POLYMER
7" " (Prepared in HPT)

Fract.

. No. . e

‘Reflux
 Temp

o
Hexane
ml‘.

Wt
1 4dded |

| viela

m.p.

Range

Soften

‘Foam

Melt

132
-

.0
10

2.0
0.7
0.5

. 100

35

25

110
5

v’

&

s,

 i5o

105 

18
210

115 -

)

0

t

t
L N -P -N=
Cells *

67.
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TAELE VI

2

MCTIQMIGN OF PEGSPHQW PQI:YT*ER
(Prepare& in Ebﬁ‘}

Fract. .

Reflux Hexane

Temp | ml Wt % - n.p. Range

I+ Added | g Yield | Soften Foam

Melt

W M e O

-0 0 Lo | 00 | 105 . 130
132 0 | 21525 | 130 15
8 2 |oslis | & 15
& | =25 0.6 |15.0 | T5 15

1%

185
140
1o

f
&
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~F

. ethanol were Warmed and swirled briefly on e steam bath with the formation
.of violet-colored solids. The violet-colored solution was decanted and

concentrated at reduced pressure to yield a tacky violet-colored residue.
The violet solids were washed with ether, air dried, end found to melt at
134 136" C. The melt became dark-blue in color and appeared to be stable to

'300°C in the. meltn.ng point capillary, “Infrared examination of these sollds

revealed a complex spectrum which suggested a, mlxture.

A small amoun‘b of the v:Lolet solids were further d:.gested m.'bh

'~ ethanol to y:Leld a bright-blue ethanol phase above the violet-colored solids.

The mixture was left to stand, exposed to the atmosphere, over the week end.
Blue crysta.ls vere then observed and additional reflux resulted in the whole
mixture becoming bright-blue in color. The solids were removed by filtration,

‘washed with ether, and vacuum dried to give a fine, blue-colored powder

. melting at sbout 275-280°C. At almost 300°C the blue melt was observed to

be giving off wolatile ma.ter:.al. The infrared spectrum of this fraction was
notably changed from that of the violet-colored solids. There were no longer .
a'bsorpt:.ons due to the phosphonam:.d:.c acid at 2500-2000 cm~t and 950 cm-t.

Anal. caled. for 1:1 compound: Co, 12.7; N, 2.9%; P, 13.3
(CoNP 1:1:1 5 Found: Co, 20.6; N, 1.66; P, T.71 (Co:N:P = 213)




. " intermediates and has resulted in the ready syntheses of several bis

R ——

| III SUMMARY AND CONCLUSION

The transmetallation reactien between n-bwbyllrbhmm and aryl halides . L
has been extended to use with arylenedihalides to prepare arylenedilithium o ‘

tertiary phosphines Ib-d required for this program. The ether-linked bis - ' ?
tertiary phosphine Ic has been converted into its bis-azidophosphorane - R

S (csﬁs‘)a?-x-?{ésss}z‘

T VX‘ = ;

o -derivative XLVe which on further Felmerizatiaﬁ ’résr&te&. in the first
- polyphosphorane (XLIX) from which long,- flexible fibers could be drawm.

0 ’ .
1 )
-N-P-N-P(Celis }a.P(csss )2

’ X

LIX

C.

s
¥

a X

- A polyphosphorane prepared from 1,4-bis(dimethylphosphino)benzene (VI) and

- phenylphosphonic diazide failed to yleld fibers on attempted drawing from ‘ L

- warm water., However, light scattering measurements have suggested that : ‘ P
" the p-phenylene and the biphenylene-linked polyphosphoranes have molecular IR Y

weights of 20,000 and 12,000, respectively. These values correspond to . : o
- @pproximate &egrees of polymerization of 33 and 20, » respectively.” Aﬁ.&ltlcnal
polymerization studies uné.er more rigorously controlled conditions are :
planne&. - :

Further utilization of the arylenedllzthum intermediates has rest&teé. .
- in the preparation and characterization of the bis phosphinic acids XII .
- and XIV. These acids are expected to provide polyphosphoranes which will

0




g 8
" CeHsP - X - PCgHs
. . 1 t

OE 1 OH -
XII X =
. "

XIV X =

have increased thermal stablllt:.es.

_ 'l‘he syn’ches:Ls of the first: exa.mple of an allqu-axwlphosph:.nlc
azide, methylphenylphosphinic azide, was also carried out. This azide -

: "~ XXXV was found to be stable to shock and heat. The phosphorane XL prepared

from this:azide was found to be stable to hydrolysis and to oxidation and
to be more soluble than the fully phenylated homolog. As a result of these

- promising results, a new and shortened route to p-phenylenebls(methyl-”

phosphinic acid) and related compowmds was successfully developed.
" Investigation of these p-phenylene bis(methylphosphinic a.cid)_ derivatives
- will be continued and is expected to yield more soluble polyphosphoranes.

A further benefit derived from the use of n—-butylllth:.um
‘has been an improved synthesis of 4 -bromophenyldiphenylphosphine (II).

. This compound as well as its 3-bromophenyl.isomer will provide intermediates .

for conversion to a variety of tris tertiary phosphines and mixed tert:.ary
phosphine-phosphinic acids. This promls:.ng area w:.ll be more fuJ_'Ly
. explo:.ted during the next year. :

. During the syntheses of dialkyl alkylphosphdnates required as

- intermediates for the preparation of certain methylphosphinic compounds, it -
- was found that alkyl p-toluenesulfonates could successfully replace alkyl

. halides in certain Michaelis-Arbusov reactions. Thus, high yields of pure -
‘dialkyl alkylphosphonates were obtained by this modified Michaelis-Arbusov
.reaction if the alkyl groups of the p-toluenesulfonate and the trialkyl-
phosphite were the same. If a mixed reaction vas undertaken, a complex
mixhure of reaction product was o'bta:.ned. . : :

.,'Tl




o

"IV, ' BEFERENCES

1. R A. Bal&m.n anc'i F. A. Billig, Tec}nncal }:tocmenta:y Report , S
| No. ML-TDR-64-181, Part I, July, 196k L B B
2. R. A Baldwinand M. T. Cheng, (Technical Report: ML-TDR-64-181, . - . - b
. Part II, June, 1965. - : | S
3. Did., ». 9. o 7 ' oo o - o
k. M. Bemnett, N. B. Sunshine, and G. F. Woods, J. org. Cbem., 28, . S
T 251(1963). |
5. A Y. Gamer and A A Teéeschi, J. Am Ghem. Sac., o, 2;'{34(1962}. -
' 6. P. G. Chanmtrell, C. A. Pearce, C. R. Toyer, and Twalts, J. Appl. .
. Cnem., 2k, 565(i96h). | o
7. R A Baldwin and M. T.,Cheng loc. cit., p. 9. -

8. Ibid., p. 6. ‘

H. Gilman and B. J. Gaj, J. Org. Chem., 22, 3-1-&'{(195?), and

. H Gilwen and G L. Schwebke, J. Grganome’bal. Chem. , 2;83(1965)
-~ 10, H G:.Eman and G. E. Brown, J. Am Chem. Soc., 67, 82&(191;5}
i1, R, A Balﬂmn, K. A, Smltheman, and R. M ﬁashbm, &‘. Grg. Chem., ’
. 26, 35&7(1961) N ‘ :
12, R. Schmtzler, J. Inorg. Nucl, Chem., 25, 335(1963). B R
15. R. A. Beldwin and B, A. Blll}.g, loc. cite, p. b '
© 1k, S. A, Buckler and M. Epstein, Tetrahedron 18, 1221{1962)
- 15. E. M Evele'bh L. D. Freeman, and R, I. Wagzer, J. Grg. Chemn, ; g,,
O 2se(asee). - ~ a
3.6 €. 0. Wilson, Jr. and F, X Ma.gg;.o, Technzcal Bocmentary Regort
" ) ﬂO. 3&-@3-6&--1833 Parts I ana II. R
7. G M Kosclapoff, Grgaﬁoj@hosghorus Compounds, J'ahn Wiley & Sons s Ine. 3 : ’
New York, 1950, p. 12%. .
118, Ibid., p. 122, . .f S
19, R. A Beldwin and R. M. Washburn‘, J. ozg. Ghem., X0, 3860 (3.965} S
T2




22.

23,
2.

25.

26.

R, I. Wagner, R. M. Wa.sh’burn, and A, B, Burg, Technical
Documentary Report No. WADC-TR-5T7-126, Part VI, July 1962, p.

W.
R'

B.

R.

'Ro

H'

T.
A.
A,
A,
A,

Romeyn, Jr. , Quarterly Progress Report (May 15, 1965-

REFERENCES (CONT)

“R. A. Beldwin end F. A. Billig, loc. cit., p. 20ff. .

Reichle, Inorg. Chem., }_, )+02(l96lt-)
Baldwin, J. Org. Chem., 30, 38655(1965).
Baldwin and M. T. Cheng, loc. eit. , p.‘-2.8.
Baldwin and F. A, Billig, loc. cit., p. b3.

Baldwin and M. T. Cheng, loc. cit., p. 25.

- August 15, 1965), Contract No. AF 33(615)-2345, p. k.

28,
29.
. G M Kosolapoff, loc. c:.‘b. 3 p. 170..
5L

3.

o5
o
35,

S. H. Rose and B. P. Block, J. Am. Chem. Soc., 87, 2075(1965)

Beilstein's "Handbuck der Organlschem Chexm.e » J. Springer, Ber.h.n,
- Germany, II,.219; I, 50; and II, 12k,

3. J. I\Teumayer, Anal. Chim. Acta, 20, 519(1959)

‘G M. Kosolapoff, loe. cit., . 361. -

"R. A. Baldw:.n and. M. T. Cheng, loc. cit., p. 33.

Ibld. s D. WL

W. C. Davies and F. G. Mann, J. Chem. Soc., 276(191;4)

hE

.
%3



" APPENDIX

L:.sted in Teble VII are. the new compounds prepared. dur:.ng the per:.od ’
1 April 1965 and 1 April 1966 under Air Force Contract No. AF 33(657)-1]129
References :.nd:.ca.te page nubers of th:.s report. .




 Name (Text tﬁuz.a‘ner-) :

S‘bructural Fomula

1k hf-szs(aaphenylphespmno}&zphenyl Ether

(Ic) .

4,h7.Bis (&ghenylphosphlns )ﬁphenyl
B e'ther Bisoxide

1&-Bz?henylphosphinaphenyl—phenyl.4 . B

ghesphinic Acid (m)

p-Phenylenebis (ghenyiphcsphmic ~
Acid) (}{II) »

Iy i:—*‘-Ea.phenylene‘ozs(pheny}.phosphime
- Acid (m)

| Tetramethyl p-phenylenebisphosphonite .
L(xxIv) - ' - '

Dimethyl p-phenylenebismethyl-
phosphinate (XXV) -

Methylphenylphosphinic Azide (XXXV)

(csasm.a’r(cexsk |
| ‘(5'635 >2P'0@-P(ceﬁs)a

((3335)2?@?-{}3 j o
? -0

cezspécsﬁs-

o~ om
0 o
T S

- " OH =" O0H" - .

(08:0)224 O Y (00 )z
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Melting . - .-Boiling . .
Point, °C Point °C/mm Remarks Reference
1h-116 | 3,5, 39
L1
Incompletely' characterized} 16, 52
>.300 ° Insoluble most organlc 11, 47
A solvents
195 12,5 |
{ok-T° /02 nm Viscous l:.quid, no P - O 15, 56°
a'bsox:pt:.on :
104-106 Strong P - 0 absorption ' 15, 57
65° /0.3 micron| Strong Nz absorption;

stable to heat and
shock




Name (Text Number)

Methylphenyl—N -trxphenylphesphowlz&ene-
phosphlmc Amide (ﬁ;) '

ﬁ,nf [k,L4*-Diphenylene ether h:.s(é.lyhenyl—
phosphoranylidyne ) Jois(P-phenyl-
- ;ahcsphonamzéz.c Azzé.e) (}E:Vc) ~

-,
S

A Structural. Fomula

o . -

? |
CeHsP-N=P(CgHs )3

" CEs

0

Ng

GsEs%—Ké (CeBs );

T

,.,,...V-I.m-:.{.,ﬂ.,.r..".‘..,.V..q‘;,,1..‘.,’,: T R I B S U ) T e




Boiling

. Melting - | . |
. Point °C/mm Point °C/mm Remarks . 'Reference:
| 119-12) 22, 63

120-123 - 2k, &
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