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The reactions of cyclic and polymcrlc2 fluorophosphazenes with organollthium
reagents have proved to be a valuable method for producing a variety of organophos-

3-6 7 and aryl Tithium?*810

phazene derivatives. The reactions of alkyl- , alkynl-
reagents have been explored in detail, bbt, with the exception of a brief report of
the synthesis of vlny!pentafluorocycIotriphosphazene.h the reactions of alkenyl
lithium reagents have not been reported. An investigation of the reactlons of
alkenyl lithium reagents with hexafluorocyclotriphosphazene (P3N3F6) would be of
interest in order to establish the factors which are significant in the control of

the substitution pathway of the organolithium - fluorophosphazene reaction. Further-

more, the alkenylphosphazenes would be valuable 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. Therefore, we wish

to report the synthesis and characterization of propenyl derivatives of P3N3F6.

RRRsrARRRiR L Rt ion

Hexachlorocyclotriphosphazene (Ethyl Corp.) was converted to hexafluorocyclo-
triphosphazeneIz
by previously reported procedures. Diethy! ether was distilled from sodium/benzo-

phenone. A mixture of cis and trans l-bromopropene isomers (Aldrich) was distilled

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

without further purification. All reactions were carried out under anhydrous con-

ditions and a nitrogen atmosphere. Lithium wire contalining 1% sodium (PCR) was

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

reagent solution were determined by quenching a 1 ml aliquot with water and titrating

with 0.Im HC] to the methylred endpoint. NMR spectra in (Cbcfs) were obtained on a

which in turn was converted to phenylpentafluorocyclotr!phosphuene8

i




JEOL C60-HL spectrophotometer at 60 MHz (IH) or 56.5 MHz (‘SF). Tetramethylsilane
(]H) and fluorotrichloromethane (ISF) were used as internal standards. (Infrared
spectra were obtained on thin films using a Beckman IR-20A spectrophotometer with
sodium chloride or polyethylene disks. Mass spectra were obtained on a Perkin-
Elmer RMU-6D spectrometer operating at Bo.ev. Samples were introduced through the
liquid inlet. Analytical samples were purified by preparative VPC using a Gow Mac
69-100 chromatography equipped with a DC 200 Chromsorb column. Elemental analyses
were performed by Robertson Laboratories.
RERRRLRAAARRARE A A RARRRRAARE AR HRARRX AR ARRRARRAR SRS AR -

In a typical experiment, 2.1 g. (0.3 moles)of lithium was placed in 100 ml. of
diethyl ether followed by the slow addition of 17.0 g. (0.14 moles) of 1-bromo-

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

to sit for fwelve hours at 0°C. in order to allow the LiBr to settle. After standard-

ization, 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 P3N3F6 in 50 ml. of diethyl ether. A cold water bath
was used to cool the reaction. After addition of the lithium reagent, the solution
was allowed to reflux for one hour. Pentane was then added to effect precipitation
of the LiF and LiBr salts and the remaining solution was filtered. The solvent was

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

1.5mm.) to give 10.5 g. (52% of theory) of product. Since the initial metal-halogen

13 there is a

exchange reaction also produces small amounts of 1-propynyl-1ithium,
small amount of alkyne impurity in the product. The pure alkene may be obtained by
preparative vapor phase chromatography. Anal. Calcd. for P3N3FSC3H5: 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 (mass spectrum).




nur: V4015 19p §(PF,) 63 (LF,J(PF) = 810Hz) ,5 (PFR)52(1F,J(PF) = 830 Hz.). IR: 16

2980(m), 1630(m,CC str), 1280(s,PN str), 1070(w), 1000(s,Pf assym),'930(s.PF assym),

830(s,PF sym), 790(s,PF sym), 520(m), 470(m). Mass spectrum: 271(1002,P3N3F5C3H5+),
% + +
270(25z.P3N3F5c3H4 ), 256(5%, PaN3FsCoH, ¥ 252(6%.93N3Fh63H5 )

+ -
242(3%.P3N3F5C ¥s 23'(75%.P3N3F5H ), 230(45%,P

+ +
P3NgF M 3, 21)(102,P3N3Fb ), 197(,8%,,,3_.,2,_-'4

+
: 2‘65(102.P3N3F5cu3

+ +
), 216(232,P3N2F5 Y, 212(11%,

M35
L 17103%,P,NF ), 167(73,2) 152(82,

.

PNFLT) . 133008, P NFLT), 114(14%,P,NF, ), 107(6%,PN,F,*), 69(302, PF, and/or P,N').

RABRAAERRR ARV RIRIA AL RSN RARUIRARARRRAARAL) - I @ typical

experiment, 0.06 moles of 1-propenyl-lithium in 80 ml of diethyl! ether was added
dropwise, to a well stirred solution of 8.5 g (.03 moles) P3N3F6 in 30 ml. of ether
at 5°-10°C. After the addition was complete, the solution was allowed to reflux for
three hours. Pentane was thien added and the lithium salts filtered. The solvent
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 (48% of theory) of product. The compound
was identified as geminal P3N3FQICH = CHCH3]2 on the basis of its mass spectrum
(mol. wt.: Calcd.: 293, Found: 293 (mass spectrum) and its 19F nmr spectrum.
Attempts to prepare an analytical sample by VPC, resulted in compound decomposition.
The material also decomposes slowly under ambiant conditions.

nr: 15 19f §(PF,)64(4F,J(PF) = BUOHZ). IR: "6 2950(m), 1630(m,cC str), 1280
(s,PN str), 1070(w), 1000(s,PF assym), 930(s,PF assym), 830(s), 790(s), 530(m), 490(m),

17

470(m). Mass spectrum: 293(702.P3N3F“C6H‘°+), 291(193,P3u3r“c6u3*). 278(h6%,

+ + + +
PaN3FyCoHy ), 253(57%,P3NgF\CoHg™), 252 (LU, PoNSF CoHoT), 251 (208,PoNSF CoH, ™), 212
+ + +
(333.P3N3Fbﬂ ), 211(100%,P3NF,7), 197 (41%,P N, F )
=-1]= -2= ] . Ina
typical experiment, .025 moles of 1-propenyl=lithium in 30 ml pf diethy! ether was

added, dropwise, to 6.0 g (.02 moles) P3N3F5C6H5 in 30 ml. of ether. After the
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initial exothermic reaction had subsided, the solu;ion was allowed to reflux for 24

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

crude product was shown by ]9FNMR to contaln approximately 60% of the geminal compound

the remainder being P3N3F5C6H5. The mixture was redistilled carefully at 50° and

1 mmHg7 to remove the P3N3F5C6H5. The purified material (mol. wt. Calcd.: 329, Found

329 (mass spectrum‘G)) retained a trace of starting material. The 19¢ MR spectrum

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

14,15 6(PF2)62(hF,J(PF) = 840Hz). IR: 16 2980(w), 1635(m,CC str), 1600

NMR:

(m,CC str), 1270(s,PN str), 940(s,PF assym), 840(s,PF sym), 580(m), 510(m), 490(m),
18 +

460(m). Mass spectrum: 329(100%,P3N3FAC9Hl0 ), 314(21%,P

=1 252(7%,P N

+
3N3FhC8H7 ), 288(87%,P

+ +
3F463H5 e 22#(172,P3N3FQCH ), 2!2(15%,P3N

3
N3F,CeHs JFHT), 21131%,P,
N3Fy '), 197(69%,PoN,F, "), 167(12%,7), 152(24%,P,NF, "), 149(18%,2); 141(8%,7), 133
(1,7 N7, %), 114(208,PNF, "), 107(9%,PNF,"), 91(7%,CoHN"), 77(57%,C s 1)
Dol Rl A R R Rt LI TR S IRL LIRRSSRAZZ RSN - I @ typical ex-
periment, 100 ml. (.07 moles) of a previously prepared solution'9 of 2-propenyl-
lithium in diethyl ether was added, dropwise, to a cooled, 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.
Calcd. for P3N3F5C3H5: €, 13.30; H, 1.86; N, 15.51; mol. wt., 271. Found: C, 13.89;
H, 1.76; N, 15.57; mol. wt., 271 (mass spectrum).

NMR Th 6(PF2)62(uF,J(PF) = 835Hz), 6(PFR)57(1F,J(PF) = 870Hz); ]H: 6(Pcﬁ;rans)
6.2(1H,J(PH) = 2Hz), §(PCHcis)5.8(1H,J(PH) = 55Hz), §(CH3)2.0(3H,J(PH) = 18Hz). iR:'6
2980(w), 1650(w,CC str), 1270(s,PN str), 1000(s,PF assym), 930(s,PF assym), 830(s,PF
sym), 740(m,CH bend), 540(m), 500(m), 450(m). Mass spectrum: 271(692,P3N3F5c3ns*).
256 (4%, P4NsFcCH, "), 252(4%,PoNsFuCoH "), 2U5(3%,PoNsFeCH "), 231 (100%,P N FH') 230

+ + + + +
(lsz.P3N3F5 | 18 2!6(7%.P3N2F5 ), 2\2(\2%.P3N3Fhﬂ ) 2\1(6I.P3n3r“ j R 197(6%.P3N2F“ ),

e e - - e A




+ + + +
171(72.P2NF5 ), 167(6%,7), ISZ(QZ.PZNFQ j A 133(3%..P2NF3 A 11“(7Z,P2NF2 }s 107

(32,PN,F, "), 69(14%, PF,* and/or PN").
:::2:i::m::N:%:éi2:22éiila:i::m::::zlmliitizz. A solution of I in diethyl ether
was treated with an equimolar amount of phenyl lithium in diethyl ether. The re-
action was allowed to proceed as above but only insoluble residues were obtained.
Attempted I is-12- 1 fl lotrli azene. The
reaction of 2-propeny! lithium with P3N3F6 on a 2:1 molar basis resulted only in
the formation of insoluble residues.

ti -pr ) tafluorocyclotriph azenes. Both I and II form the
expected derivatives upon hydrogenation (Hz/Lindlar catalyst) or bromination (Brz).
The identity of the products was established by lH NMR spectroscopy.
RARUAAARGRIASHEARR

The feaction of one equivalent of l-propenyl lithium with one equivalent of
P3N3F6 results in the production of the olefinic phosphazene, P3N3F5CH- CHCH3 (1).
The fluorine-19 nmr data indicate the presence of the P3N3FS moiety and the expected
phosphorus-nitrogen, phosphorus-fluorine and oleflnzo stretching 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 from olefin fragmentation
and loss of fluorine but the most significant fragments are m/e = 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 intenslties of the PZNFn+ linear ions is comparable to the behavior of the

10,21

corresponding aryl derivatives. Whereas doubly charged ions are significant in

the aryl derlvatives.zo they are not observed in the mass spectra of the propenyl

derivatives.




The reaction of one equivalent of 2-propenylflithium with P3N3F6 proceeds,
as expected, to give P3N3FSC(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-propenyl-lithium is a more bulky nucleophile as compared to 1-propenyl-1ithium
or it may reflect the reactivity of the olefinic center in II. The identity of
the product is confirmed by the nmr (fluorine-19 and proton), infrared and mass
spectra. The mass spectra of I and IV are comparable in terms of the observed
fragments but it is of interest to note that the most abundant species is now the
P3N3F5H+ (m/e = 231) ion and the intensity of the P3N3FS+ is substantively reduced.

A reasonable pathway for the formation of the P3N3FSH+ in the spectrum of IV involves

il a McLafferty rearrangement22 of the molecular ion with the elimination of allene.

CH

=

‘\\P 771’ By CH F\\‘+' c
—_— P + CH,=C=CH

| 2N i 2 2
| e N N-H
si R | |
;

m/e = 271 m/e = 231

The reaction of two equivalents of l-propenyl-lithium with one equivalent of
P3N3F6 results in the production of geminal P3N3FQ(CH-CHCH3)2(II). In addition,
the reaction of one equivalent of 1-propenyl-lithium «with one equivalent of P3N3F5C6H5
also gives the geminally substituted mixed organo tetrafluorocyclotriphosphazene,
P3N3Fy (CgHg) (CH=CH-CH,) (IIT).

The infrared spectra of both II and III indicate the presence of olefinic
(II and III) and aryl (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 high intensity ions result




from the successive cleavage of the propenyl substituents from the phosphazene ring.
In fact, the 100% ion is the P3 3Fy molety which'is different from the usual case
where the molecular ion is the most intense. In the aryl analcgs, this sort of
behavior is typical of a geminal disposition of substltuents.2| The mass spectrum
of III is also indicative of a geminally substituted material because of the high
intensity of the ions resulting from loss of the organic substituents. The large
relative abundance of the P3 3F4C6H5 ion vs the P3N3F4C3 5 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 inherent difference in carbon-phosphorus bond strengths or a differential in the
ability of the two organic moieties to stabilize the resulting positive ion.

The geminal assignments for IT and IIIare confirmed on the basis of the ‘SF nmr
spectra which allows one to assign geminal versus non-geminal structures unambigu-
ously. fn geminal derivatives, only EPFZ resanances are observed, while in non-
geminal derivatives both EPF2 and =PFR resonances are observed.

From this and previous data (Table I), it appears that geminal substitution
is favored over non-geminal substitution in the reactions of organolithium reagents
4ith P3 3 6 Intuitively, one would expect a non-geminal pathway to be favored, at
least on a steric basis. Furthermore, one would predict that a phosphorous atom
bearing two fluorine atoms would be more positive than one bearing one organic
substituent and one fluorine atom. The more positive atom would be more prone
to nucleophi)ic attack, hence non-geminal substitution should result. This does not
appear to be the case for organophosphazenes. The phosphorus étom bearing only 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 orbitals, however, can no longer have effective overlap with the small
nitrogen lone pair orbitals, 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 basicity of ring nitrogen atoms in P3N3C16
and P3N3(CH3)6. While the equilibrium constant for protonation of the former is

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

S ol : - L
acids. Simitarly, the -N-P(CsH)2 bond length in 2,2-P3N3F4(C6H5)2 is significantly
25

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

If geminal substitution is electrostatically favored, why does non-geminal

substitution predominate when one equivalent of P3N3F6 is reacted with two equiva-
lents of phenyl-lithium (5% geminal, 95% non-geminal)8 or two equivalents of o-tolyl-
lithium (100% non-geminal)? It is believed that aryl-1ithium reagents are in associ- |
ated form in diethyl ether. One can thus rationalize non-geminal substitution

as 2 result of a steric bulk of the attacking nucleophile. As evidence for this

23

proposal, the reaction of one equivalent of P3N3F6 with two equivalents of C6H MgBr,

5
which is monomeric in THF, gives the geminal compound. Further support for this
model is found in the reaction of one equivalent of P3N3F5C6H5 with one equivalent
of 1-propenyl-lithium, which results in the production of the geminal compound. |If
the aryl group were exerting a directive effect, one would expect non-geminal sub-
stitution, hence, the stereochemistry of the reaction would be independent of the
incoming nucleophile. It therefore seems reasonable to conclude that geminal sub-
stitution is the most favored process and is controlled primarily by the incoming
reagent. Non-geminal substitution will predominate only in cases where the incoming
organo-metallic reagent is excessively bulky. Stereochemical control of phosphazene

substitution reactions by the incoming nucleophile has previously been demonstrated

for several reactions of amines with chlorocyclophosphazenes.26




10

Several attempts were made to synthesize P3N3FQ(C(CH3)-CH?)2, however, only

insoluble residues could be isolated. Apparently, addition of the second equivalent

of 2-propenyl-lithium serves to initiate anionic attack on the olefinic center in
IV. This type of behavior could also 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 with molecular hydrogen and bromine demonstrate the
potential for the transformation of olefinic phosphazenes into a variety of new
organophosphazenes.

Q&kggx&ggggmgn&. This work was supported in part by the Office of Naval Research.
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