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The reacti ons of cycl i c and polymeric2 fluorophosphazenes with organol i th l um

reagents have proved to be a valuable method for producing a variety of organophos—

phazene derivatives . The reactions of alkyl-36 , alkynl- 7 and aryl llthfum2
~

8
~~

0

reagents have been explored in detail , but , with the exception of a brief report of

the synthesis of vinylpentafluorocyclotriphosphazene , the reactions of alkenyl

lith ium reagents have not been reported. An Investigation of the reactions of

alkeny l lithium reagents with hexafluorocyclotriphosphazene (P3N3F6
) would be of

interest In order to establish the factors which are si gnificant in the control of

the substitution pathway of the organolith i um - fluorophosphazene reaction. Further-

more, the alkenylphosphazenes would be va luable precursors to a wide range of organo-

phosphazenes derived from reactions at the olefinic center. These synthetic trans-

formations would complement those which one could accomplish through reactions of

phosphazenes with ketonic functions in the exocyclic group.11 Therefore, we wish

to report the synthesis and characterization of propenyl derivatives of P3N3
F6.

Hexachlorocyclotriphosphazene (Ethyl Corp.) was converted to hexafluorocyclo-

triphosphazene 12 which In turn was converted to phenylpenta fluorocyclotrlphosphazene8

by previous ly reported procedures. Diethyl ether was distilled from sodlum/benzo-

phenone. A mixture of cis and trans 1-broinopropene i somers (Aldrich) was distilled

and stored over molecular sieves prior to use. The 2-bromopropene (Aldrich) was used

w i thout further purification . All reactions were carried out under anhydrous con-

dit ions and a nitrogen atmosphere. Lithium wire containing 1* sodium (PCR) was

hamered into thin sheets and cut into small pieces. Concentrations of organolithium

reagent solution were determined by quench i ng a 1 ml aliquot with water and titrating

with O.lm MC) to the methyi red sndpolnt. NMR spectra ln (CDC1
3
) were obtained on a
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JEOL C60—HI. spectrophotometer at 60 MHz ( 1H) or 56.5 MHz ( 19 F). Tetramethy lsilane

OH) and fluorotrichloromethane (19F) were used as interna l standards. Infra red

spectra were obtained on thin films using a Beckman IR-20A spectrophotometer with

sod i um chloride or polyethylene disks . Mass spectra were obta i ned on a Perkin-

Elme r RMU-6D spectrometer operating at 80 eV. Samples were Introduced through the

liquid inlet. Analytica l samples were purified by preparative VPC using a Gow Mac

69— 100 chromatography equi pped with a DC 200 Chromsorb column . Elemental analyses

were performed by Robertson Laboratories.

In a typ i cal experimen t , 2.1 g. (0.3 moies)of lithium was placed in 100 ml. of

diethy l ether followed by the slow addition of 17.0 g. (0.11* moles) of 1-bromo-

propene.13 Following the metal-halogen exchanged reaction , the solution is allowed

to sit for twelve hours at 0°C. in orde r to a l l ow  the LiBr to settle. After standard-

izat ion , a sufficient amount of solution to provide 0.085 moles of the propenyl

lithium was withdrawn by syringe and then added dropwise to a well-stirred solution

of 19.0 g. (.076 moles) of P
3N3F6 

In 50 ml. of diethy l ether. A cold water bath

was used to cooi the reaction . After addition of the lithium reagent, the solution

was allowed to ref lux for one hour. Pentane was then added to effect precipitation

of the LIF and LIBr salts and the rema4ning solution was filtered . The solvent was

removed under aspirator pressure and the resulting oil distilled (b.p. 41° —45°C. ~

l.5nvi.) to give 10.5 g. (52~ of theory) of product. Since the initial metal-halogen

exchange reaction also produces small amounts of 1-propy nyl-llthium ,13 there is a

small amount of alkyne impur ity in the product . The pure alkene may be obtained by

preparative vapor phase chromatography . Anal. Calcd . for P
3
N
3
F
5
C
3
H
5
: C, 13.29;

H, 1.86; N, 15.51; mol. wt., 271. Found: C , 13.71; H, 1.71; N, 15.64; mol. wt.,

271 (mess spectrum).
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1414R: I4~~5 19F 6(PF2)63(14F ,J(PF) — BlOHz),6(pFR)52(’IF,J(PF) —8 30 Hz.).lR: 16

2980(m), l630(m,CC str), l 280(s,PN str), 1 070(w), l000(s,Pf essym) , 930(s,PF assym),

830(s,PF sym), 790(s,PF syrn), 520(m), 470(m). Mass spectrum : 271(lOO%,P3N3F5C3H5
”),

27O(25*,P3N3F5C3H4
’
~), 256(5%, P3N3F5C2H2~), 252(6%,

P
3N3

F4C3H5
’
~), 21*5(I0%,P3N3F5CH3

’),

242(3%,P
3N3F5

C~”), 23l(75%,P3N3
F
5
H”), 230(’*5%,P3N3

1
5
’), 2l6(23%,P3N2F5~

), 212(11%,

P3P43F4H~), 211 ( lo% ,P3N3F4~ ), 197(l8% ,P3N2 F4~), 171 (l3% ,P2w F5~
”), 167 (7% ,?) 152(8% ,

P2NF4~), l33(4% ,P2NF3
’~), 114( I1e% , P2NF 2

’), )07 (6% ,PN 2F’2 ’) , 69(30% , PF and/or P2N~ ).

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ In a typ ical

experimen t, 0.06 moles of 1-propeny l-lithium in 80 ml of diethy l ether was added

dropwise, to a well stirred solution of 8.5 g (.03 moles) P3N3F6 In 30 ml. of ether

at 5°—lO°C. After the addition was complete , the solution was allowed to reflux for

three hours. Pentane was t~ien added and the lithium salts filtered . The solven t

was then removed under aspirator pressure to give an oil. The oil was distilled

(b.p. 65°-70°C. ~ 1.5 mm.) to give 5.0 g (1*8% of theory) of product. The compound

was i dentified as geinina l P
3N3

F4[CH CHCH
3)2 on the basis of its mess spectrum

(mol . wt.: Calcd .: 293, Found: 293 (mass spectrum) and its 191 nmr spectrum.

Attempts to prepare an anal ytica l sample by VPC , resulted in compound decomposition.

The material also decomposes slowl y under ambiant conditions .

NMR: 
14 ,15 l9F 6(PF2)64(4F ,J (PF) 840Hz) . IR: 16 2950(m) , l630(m,CC str) , 1280

(s,PN str), 1070(w), l000(s,PF assym), 930(s,PF assym), 830(s), 790(s), 530(m), 490(m),

470(m). Mass spectrum : 17 293(70%,P3N3
F4C6H10~), 29l(l9%,P3N3F4C6H8

4), 278(46%,

P3N3F4C5H7~
), 253(57%,P3N3F4C3Ii6

’), 252(44%,P3N3F4c3H5
4), 251 (24%,P3N3F4C3H4~), 212

(33%,P3pi
3
r4H~), 21l(lo0%,P3N3F4~

”), l97(41%,P3N2F~
’).

In a

typi cal experIment , .025 moles of l-prop enyl-llthium in 30 ml of diethyl ether was

added, dropwise , to 6.0 g (.02 moles) P3N3F5C6H5 in 30 ml . of ether. After the
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in itia l exothermic reaction had subs i ded , the solution was allowed to reflux for 21*

hours. The solut i on was then worked up as above to give 5.0 g of crude product. The

crude product was shown by 1
~ F NMR to contain approximately 60% of the gem i nal compound

the remainder being P
3
N
3F5C6H5. 

The mixture was red isti lled carefully at 50° and

1 mmHg7 to remove the P
3N3

F
5C6H5. 

The purified materia l (mol. wt. Calcd. : 329, Found

329 (mass spectrum 16)) retained a t race of starting materia l . The ‘9F NMR spectrum

did not show any of the non-gemina l derivatives to be present.

NMR: 14,15 5(PF2)62(1*F,J(PF) = 840Hz). iR: 16 2980(w), l635(rn,CC str), 1600

(rn ,CC str), l270(s,PN str) , 940(s,PF assym), 81*O(s,PF sym), 580(m), 510(m), 490(m),

460(m). Mass spectrum :~
8 329(100%,P3N3

F4C9H 10~), 3l4 (21%,
P
3N3F4C8H7

’), 288(87%,P3
N3F4C6H5

’), 252(7% ,P3N3 F4C 3H5
’), 22 1* ( l 7 %,P3N3F4CH ’ ) , 2 12 (15% ,P3N3F4H4 ), 21 l( l%, P3

N3F4~ ), i97(69% ,P3Pl2F4~ ), 167(12% ,?) ,  l52 (24% , P2NF4’), 14 9(18% ,?); 141 (8% ,?) ,  133

(l%, P211F3
’), ‘* (2o% ,P2NF2~), 1o7(9% ,PNF 2

4 ), 9 1(7% ,C 6H5N~), 77(57% ,C6H5~).

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
i n  a typica l ex-

periment , 100 ml. (.07 moles) of a previously prepared solution 19 of 2-propeny l-

lithium in diethy l ethe r was added , dropwise , to a cool ed , well stirred solution

containing 18.0 g (.071 moles) P3N3F6 in 50 ml of diethyl ether. The solution was

• allowed to reflux for one hour and worked up as before. The resulting oil was then

distilled (b.p. 30°-32°C. ~ 1.5mm) to give 6.0 g (32% of theory) of product. Anal.

Ca l cd. for P
3
N3F5C3H5: C, 13.30; H, 1.36; N , 15.51; mol. wt., 271. Found : C, 13.89;

H, 1.76; N, 15.57; mol. wt., 271 (mass spectrum).

NMR 14 6(PF2)62(4F ,J(PF) — 835Hz), 6(PFR)57(1F ,J(PF) — 870Hz); ~Ii: 6(PClltrans)

6.2(lH,J(PH) — 2Hz), tS (PCHcIs)5.8(lIf,J(PH) — 55Hz), 5 (CH3)2.o(3H,J(PH) — 18Hz) .

2980(w), 1650(w,CC str), l270(s,PN str), T 000(s,PF assym), 930(s,PF assym), 830(s,PF

sym), 710(m ,CH bend), 540(m), 500(m), 1*50(m). Mass spectrum: ~7l (69%,P3N3F5C3
H5
’),

256(4%,P3N3F5C282
’), 252(Se%,P3N3F4C3H5

’), 21*5(3%,P3N3F5CH3~), 231 (l00% ,P3N3
F5

14~
’) ,230

(18% ,P3N315
4 ), 2 l6 (7% ,P3t42F5

4 ), 2)2 ( 12 %, P3N3F4H’), 2) l (6 % ,P3N3F,,~), 197 (6%,P3N2F4’),
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171 (7* ,P2N F
5~), 167(6% ,?),  l52 (4% ,P2NF4~), l33 (3% ,P2NF

3~ ), l l4 (7% ,P2NF2~ ), 107

(3%,PN2F2~), 69(14*, PF2~ and/or P2N~).

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A solution of I in diethy l ether

was treated with an equimolar amount of pheny l lithium in diethy l ether. The re-

action was allowed to proceed as above but only insoluble residues were obtained .

The

reaction of 2-propeny l lithium with P
3
N3F6 on a 2:1 molar basis resulted only In

the formation of insoluble residues.

Bot h I and II form the

expected derivatives upon hydrogenation (H2/Lind lar catalyst) or bromination (Br2).

The i dentity of the products was established by 1H NMR spectroscopy.

~~% D y ~sJpj~.

The reaction of one equivalent of l-propeny l lithium with one equivalent of

P
3N3

F6 results in the production of the olefinic phosphazene , P3N3
F
5CH— 

CHCH3 
(I).

The fluorine-l 9 nrnr data indicate the presence of the P
3
N3F5 moiety and the expected

phosphorus—nitrogen , phosphorus—fluorine and olefln 2° stretch i ng frequencies are

found in infrared spectrum. The molecular ion is the most intense ion in the mass

spectrum. There are low intensity peaks which results f rom olefin fragmentation

and loss of fluorine but the most si gnificant fragments are rn/c — 230 and 231 resulting

from phosphorus-carbon bond cleavage . The latter peak may arise from hydrogen atom

transfer to a ring nitrogen atom concomitant with the elimination of the organic

fragment. The predominance of phosphorus-carbon over phosphorus-fluorine bond cleavage

and the intensities of the P2NF~
+ linear ions is comparable to the behavior of the

corresponding aryl derivatives )0’21 Whereas doubly charged Ions are significant in

the ary l derivatives ,20 they are not observed in the mass spectra of the propeny l

derivatives .
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The reaction of one equival ent of 2-propeny l-lith ium with P3N3F6 proceeds,

as expected, to give P3N3F5
C(CH3)=CH2(IV) . The yield of this compound is some-

what low, as compared to the previous reaction , and may be due to the fact that

2-propeny l-lithiurn is a more bulky nucleop hile as compared to l—propeny l-l ithium

or it may reflect the reactivity of the oief inic center in II. The i dentity of

the product is confirmed by the nmr (fIuorine- 19 and proton), infra red and mass

spectra . The mass spectra of I and IV are comparable in terms of the observed

fragments but it is of inte rest to note that the most abundant species is now the

P
3N3F5H~ 

(rn/c = 231) ion and the intensity of the P
3N3

F
5~ is substantive ly reduced .

A reasonable pathway for the formation of the P3N3F5H
+ in the spectrum of IV involves

a McLafferty rearrangement 22 of the molecular ion with the elimination of allene .

CH 2
F
\

+ CH 2— C— CH 2
N N-H

rn/c — 27 1 m/e = 231

The reaction of two equivalents of 1-propeny l- l i -t hium with one equiva l ent of

P3N3F6 results in the production of gemina l P3N3F4(CH—CHCH 3
)2(II). In addition ,

the reaction of one equiva l ent of 1-propeny l- l ithiu m ~:!th one equivalent of P3N3F5C6
H5

also gives the geminally substituted mixed organo tetrafluorocyclotriphosphazene ,

P3N3F4(C6H5) (cH—cH—cH 3) (Iii).

The Infrared spectra of both II and III indicate the presence of olefin ic

(II and III) and ary l (III) groups . Note that there is no significant change in

the C—C stretching frequency of II as compared to I.

The mass spectrum of II is interesting in that the hi gh intensity ions result

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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from the successive cleavage of the propenyl substi-tuents from the phosphazene ring.

in fact, the 100% ion Is the P3N3F4~ moiety wh i ch Is different from the usua l case

where the molecular ion k the most intense. In the ary l analogs , this sort of

21behavior is typ i ca l of a geminal dispo sition of substituents. The mass spectrum

• of III is also ind icat ive of a gernina lly substituted material because of the high

intensity of the ions resulting from loss of the organic substituents. The large

relative abundance of the P3N3F4C6H5~ 
ion vs the P

3N3
F
4C3H5~ 

ion is suggestive of

a more facile cleavage of the propenyl-phosphorus than the phenyl-phosphorus bond .

The question of the origin of this effect remains unclear. It could reflect either

an i nherent difference in carbon-phosphorus bond strengths or a differential in the

ability of the two organic moiet ies to stab ili ze the resulting positive ion .

The geminal assignments for II and Illare confirmed on the basis of the 19F nmr

spectra which allow s one to assign geminal versus non-gerninal structures unambigu-

ous ly.8 In gemina? derivatives , onl y EPF2 resonances are observed, while in non-

gerninal derivativ es both ~PF2 and ~PFR resonances are observed .

From this and previous data (Table I), it appears that geminal substitution

is favored over nort-gem i na l substitution in the reactions of organolithium reagents

•ii th P3N3F6. Intu itively, one would expect a non-geminal pathway to be favored, at

least on a steric basis. Furthermore , one would predict that a phosphorous atom

earing two fluorine atoms would i.~ more positive than one bearing one organic

~ubst Ituent and one fluorine atom. The more positive atom would be more prone

~ o nucleophiHc attack , hence non—geminal substitution should result. This does not

•~ppear to be the case for organophosphazenes . The phosphorus atom bearing onl y one

fluorine atom carries a larger partial positive charge due to the fact that the

organic substituent can donate electron density to the phosphorus atom via and in-

ductive mechanism. This causes the phosphorous d orbitals to expand in size . The

______ - -
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expanded d orb itals , however , can no longer have effective overlap with the small

nitrogen lone pair orb i tals , hence the phosphorous atom bears a partial positive

charge while the nitrogen bears a partial negative charge . An example of this type

of behavior is observed in the relative basic ty of ri ng nitrogen atoms in P3N3
C1 6

and P
3
N
3
(CH

3
)6. While the equM ib riurn constant for protonat on of the former is

too low to be measured , the latter acts as a strong base towards a variety of Lewis

acids .24 Smi l ar l y, the -N—P(C 6H)2 bond length in 2,2—P
3
N3

F4(C
6H5
)2 is significantl y

longer than the remaining phosphorus-nitrogen bond in the ring. 25

If gemina l substitution is electro staticall y favored , why does non-gem inal

substitution predominate when one equiva l ent of P
3
N
3
F6 is reacted with two equiva-

len ts of pheny l— l ithium (5* gemina l , 95* non-geminal)
8 or two equivalents of o—toly l-

lithium (1QO ~ non—gem inal)? It is believed tha t ary l- li thium reagents are in assoc i-

ated form in dieth y l ether. One can thus rationa lize non-geminal substitution

as ~ result of a steric bulk of the attacking nucleophi le. As evidence for this

p roposal , the reaction of one equivalent of P
3
N
3
F6 with two equivalents of C6H5

MgBr ,23

wh i ch is monomeric in TI-IF, gives the gem i na l compound. Furthe r support for this

model is found in the reaction of one equivalent of P
3
N3

F
5
C6H5 

wi th  one equiva l en t

of l-pro penyl-lith ium , wh i ch results in the productio n of the gemina l compound. If

the ary l group were exerting a direc tive effect , one would expect non-gem i na l sub-

stitution , hence , the stereochemistry of the reaction would be independent of the

incoming nucleoph ile. It therefore seems reasonable to conclude that gemina l sub-

stitution is the most favored process and is controlled primar Ily by the incoming

reagent. Non—geminal substitution will predominate only in cases where the incoming

organo-metallic reagent s excessively bulk y . Stereochem ica l con t rol of phos phazene

substitution reactions by the Incoming nuc l eophile has previously been demonstrated

for severa l reactions of amines with chlorocyclophosphazenes. 26
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Severa l attempts were made to synthesize P
3
N
3
F4( C ( CH

3
)—CH 2)2, however , onl y

insoluble residues could be Isolated . Appa rently, addition of the second equiva l ent

of 2—propeny l- l i thium serves to in i t ia te  an ionic attack on the o lef inic  center in

IV. This type of behavior could a lso  be the cause of the decreased yields of IV and

of the insoluble residues observed in the reaction of I with phenyl lithium.

The reactions of I and IV w i t h  molecular hydrogen and bromine demonstrate the

potential for the t rans format ion of o le f in ic  phosphazenes into a var iety  of new

organophosphazenes .

This work was supported in part by the Office of Naval Research. 
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