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I
The reactions of aryl lithium reagents containing electron donating

substitutents in the para position with hexafluorocyclotriphosphazene, P3N3
F6,

have been e~ tW (1~ed. These reactions yield the appropriate inonoaryl pentafluoro—

cyclotriphosphazenes, P3N3F5C6E4X (X F , Cl, OCR3, CE3) in moderate yields.

The monoaryl phosphazenes are converted to the geminally substituted mixed
- 

aryl /phenyl derivatives, 2 ,2—P 3N3 F4 (C6E5)C6R4X (X — F , Cl , OCR~ , CR3) ,  by

the Pniedel—Crafta reaction Tb. infrared and nmr spectroscopic data along

with the sass spectrometry data are discussed in terms of perturbations of

the aryl system by both the phoaphazene and electron donor substitu.nts. - 
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Introduction‘VWIWWIJW~
The reactions of aryl lithium reagents with cyclic1’4 and polymeric

pbospbazenes5 have proved to be of value for the preparation of aryl—

phosphassnes. To date pheny]~
’3 tolyl~’

3 p—dimetbylaminophenyl~ fluorophenyl4

and perLluorophenyl4 derivatives have been synthesized. In addition to aryl

- I species , a wide variety of other organolithium reagents- have been shown to

-r undergo reactions with cyclophosphazenes.6 1 1  This investigation involves

the extension of this synthetic technique to the preparation of any]. phosphazenes

with a variety of electron donating functional groups in the para position of
- :

, 

the aryl ring. Interest in this type of compound is related to two topics of

continuing interest in our studies of organophosphazenes . We have previously

shown that the p—dimethylaminophenyl group functions as an effective electron

donor to the strongly electron accepting fluorophosphazene moeity. ’2 Consequently

it was of interest to prepare aryl phosphazenes with a range of electron donating

groups on the aryl ring in order to probe the manifestations of these electronic

effects on basic spectroscopic properties . We also have been developing

organofunctional phosphazenes in order to provide starting materials for the

preparation of new organophosphazenes ~~~ synthetic transformations of the

exocyclic group~
0’1t”3 Organofunctional. arylphosphaz enes would provide another

possible source to new organophosphazenes.

Materials and Measurements Rexachlorocyclotniphosphazene (Ethyl Corp.) was

converted to hexafluorocyclophosphazene (P3N 3F6) 14 which in turn was converted

to paratolylpentaf luorocyclotnip~osphazene2 by previously reported procedures .

B.nzene15 and diethylether were distilled over sodium. Triethylamine was

distilled from potassium hydroxide. The following reagents were used without

I ~_ii~~~~~~~uu. ~~. ~~~~~~~~~~~~~~~~~~~ . _~~~~~~~~~~~ _ •_ ~~~~~~~~~~~~~~~~~~~ _. T~~T T T T L ~~
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further purification: n—butyl lithium (Alfa) , 1—bromo—4—chlorob enzene (Adrich) ,

1—b romno—4—fl uorobenzene and 4—bromo—anisole (Eastman Kodak) . Nmr Spectra were
- - 

obtained on a JEOL C—6ORL spectrophotoseter as fifteen percent cyclohexane

- -
- solutions. Further dilutions did not produce any change in chemical shifts !~

6

Second order spectra simulated with the LACOON III Program. Infrared spectra

were obtained on thin films or nujol mulls using a Beckman IR—20A spectro—

photometer with sodium chloride disks and were calibrated with polystyrene

bands. Mass spectra were obtained on a Perkin—Elmar RMU—6D spectrophotoweter

-, - at 80eV. In certain cases ionizing vo lt ages were varied from 80 to 15 .V

with the lower limit taken as approaching the appearance potential . Calibration

was accomplished using perfluorokerosene. Elemental analyses were performed

-• 
by the Robertson Laboratories.

Preparation of Mono (p—fluoropbenyljpentafluorocyclotriphosphazene. The

procedure discussed here is a modification of those r.ported for the preparation

of phenyl3 and p—fluorophenyl fluorocyclotriphosphazenes
1
~ A three—necked round—

bottomed flask changed with 200 ml. of diethyl ether, a stirring bar and 6.88 al

(0.06 mole) of p—FC6B4Br was fitted with a nitrogen inlet , a pressure—equalizing

dropping funnel and a reflwc condenser attached to a mercury bubbler. The flask

was cooled to _780 and flushed with nitrogen for 10 m m .  A solution of n—butyl.

lithium in hsxaue (25 ml, 0.06 mole) was admitted ’to the - dropping f unnel

through a s.ptum cup with a syringe. The butyl lithium solution was added to

the p—FC6R4Br solution dropvise ovef a period of 30 mm with constant stirring.

Th. solution was allowed to come to room temperature and stirring was continued

for 45 minutes. A second three—necked flask was charged with a solution of

15.0 g (0.06 aol.) of P3N3F6 in 70 ml of diethy]. ether and fitted with a

nitrogen inlet and a ref Lux condenser attached to a mercury bubbler. An angled

tube with 24/40 outer joints at each end was fitted to a pressure—equalizing

_ _ _  _ _ _ _
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dropping funnel at one end while the other end replaced the ref lux condenser

on the flask containing the p—FC6R4Li solution, thus allowing transfer of the

organometailic reagent • The dr~~ping funnel was fitted to the flask containing

the phosphazene solution. The assembled system was flushed with nitrogen at

—78° and then the p— FC6R4Li solution was added at 00 over a period of 90 min.

The mixture was allowed to stir for an additional 2 hours at room temperature.

After the solvent was removed , 100 ml. of medium boiling petroleum ether was

added and the solution was stored overnight at 10°. Repeated filtrations

through filter aid were required to remove all of the lithium halides. The

• clear solution was treated with activated carbon. After removal of the carbon

and solvent , the oily residue was distilled through a vigreaux col umn at 0.6 mm ,

and the fractions boiling at 66—68° were collected; yield 6.2g (32% of theory17)

of a water white liquid. Anal. Calcd for P3N3F5C6H4P: C, 22.17; H, 1.24;

aol wt , 325. Found: C, 22.26; H, 1.32; mol wt 325 (mass spectrum) .

• Using procedures identicte to those described above , para substituted

w.onoaryl pentafluorocyclophosphazenes with the formulae P3N 3F5C6H4X (X — Cl ,

OCR3) were prepared. These compounds were identified by ir and nmr spectroscopy

and mass spectrometry.

Preparation of Geminal (p—methoxyphenyl) (phenyl) tetrafluorocyclotriphos—

phazene. In a typical reaction , 20 ml of benzene’5 was distilled into a 50 ml ,

three—necked , round—bottomed flask containing 1.04 ml (0.007 mole) of

triethylamine and a stirring bar. The flask was charged with 6.0 g (0.023 mole)

of aluminum chloride and fitted with a ref lux condenser attached to a mercury

bubbler and a pressure—equalizing funnel containing 1.9 g (0.005 mole) of

P3N3F5C6R4OcH3 in 5 ml. of freshly distilled benzene. The flask was heated

to ref lux with constant stirring. After 30 minutes, the P3N3F5C6R40C113 solution

was added dropwise. The reaction was allowed to continue for 24 hours . After

allowing the reaction mixture to cool, it was poured into a 150 ml. beaker

---
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which was one—third filled with cracked ice and contained 0.5 ml. of

concentrated hydrochloric acid. The layers were separated and the water

layer was extracted with benzene. The benzene layers were combined ,

extracted with water, aquous sodium bicarbonate and water. The benzene layer

was th*n dried over magnesium sulfate and treated with activated carbon.

The solids and solvent were successively removed and the resulting oil was

heated in a sublimation apparatus at 1500 and 0.5 mm. A white crystalline

solid, 1.1 g (53% of theory) , mp 102—103° was obtained . Anal. Calcd for

P3N314(C6R5)C6E40CR3: C, 39.49 ; U , 3.03; mol wt 395. Found: C, 37.53;

U, 2.95 ; aol wt 395 (mass spectrum) .

Using procedures identicle to those described above, mixed phenyl,

parasubstituted any]. tetraf luorophosph azenes with the formulae 2 ,2—P3N3F4 (C6R5)—

C6R4X (X — ca3, F, Cl) were prepared. These compounds were identified by

ir and nmr spectroscopy , and mass spectrometry.

Results and Discussion
~~NVW~ ~~~~ ~ WVVVW~~

This investigation, when combined with previous investigations, demonstrates

the broad scope of the organolithium reaction for the preparation of monoaryl—

P3N3F6 + Li c~ —x — P 3N3F5 (3)~x + LiP

X — U3, CR~ , Cl18, F18’4 , OCH1
3~ N(CR 3) 2

1

pentafluorocyclotriphosphazenes. Furthermore, all of these species may

effect ively converted to the mixed phenyl/aryl tetrafluorocyclotriphosphazenes

the Friedel—Crafts reaction .

P 3N315 ~~~~—X + C6R6 (~~~~~~~~~~~~N
1 2 ,2—P 3N 3F4 (C6R5) &J—x +

X R 19
~ CM3 ,  Cl.18, ~~~ oCR~

8, N(CH 3) 2
1

Thus , the organolithium reaction represents a good route to the synthesis of 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~ - - - - - --~~~~~~~~~~~ -- — _ _ _ _ _ _ _ _ _ _ _ _
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arylphosphazene. with electron donating subetituents on the any]. ring.

Since any]. lithium reagents with electron withdrawing substituents are

only stable at significanti. reduced temperatures2
~ aryl phosphazenee with

electron withdrawing eubstituents are expected to be difficult to prepare .

The infrared spectra of the any]. fluorocyclotripho.phazenes are reported
in Table I. The VNPN ring vibration of the monosubstituted phosphazenes

—1occurs between 1260—1263 cm . The replacement of a fluorine atom by a phenyl

group leads to decrease of 8—10 cui1 in vNPN. It is of interest to observe

that a variat ion of para substituents on the aryl ring produces small variations

in the phosphazene ring vibrational, frequency. A further discussion of the

origin of this effect is not warrented due to broad band width (even after

successive dilution) and the complex nature of the transmission of aryl.

electronic effects to the phosphazene12. Th. magnitude of the decrease in

VPNP on going to the disubsticuted derivative is consistent with geminal rathe r

than non—ge~{na]. substitution ’9. The geminal nature of the disubstituted

derivative may also be demonstrated by the absence of a strong bend which

occurs in the region of 760 cm~~ in non—geminal phenylfluorocyclotriphosphazenes.21

The ‘U nmr data for the any]. protons of the monoaryl pentafluorocyclotri—

phosphazenes is reported in Table II. The spectra are of the AA’BB ’X type

(with the exception of the para fluoro derivative which is AA’BB’MX) . Although

it was tempting to treat the ortho protons as a first order case , it was found

that simulation of the spectra using the LACOON III program was necessary in

order to obtain a consistent set of parameters. A combination of unresolved

resonances and quadrupole broading due to nitrogen gave relatively broad lines

so that values for the long range hydrogen—hydrogen coupling constants

and 
~~~~~ 

could not be obtained. 

--•- —4
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The chemical shifts of the protons ortho to the phosphazene ring are

— 
essent ially constant for the para substituent being CR3, Cl or OCR3. Since

the geometry of the system stays constant through the series, the ortho shifts

are controlled by a combination of the anisotropic and electronic effects of

the phosphazene ring. The ortho shif t for the para fluoro derivative is

significantly removed f rom th. others in the series suggesting a stronger

involvement of the para subatituent in perturbation of the any]. ring electronic

structure in this case. In para disubstituted benzene derivatives, one
- 

~ generally observes that the combination of a strong electron donor and strong

electron acceptor produces a large difference in the ortho and maca chemical

shifts (Aom) while is cases where -the descrimination between the groups is

less dramatic, the value of ~om is smaller. In the molecules under considera—

tion in this investigation , the strongly electron withdrawing effect of the

p.ntafluorocyclotriphospbazene moiety’2 ”6’22 combined with good it donors

(e.g. F, OCR3) results in significantly larger values of Aom than when the

phosphaz ene is combined with weak electron donors (e.g. CM3, Cl) . The phosphorus—

ortho hydrogen coupling constant (J~~0) is of the same order of magnitude 
as

previously reported for any]. phosphorus (v) compounds~
6’23 The better it

donors (1, OCR3) exhibit lower coupling constants while the poorer electron

F donors (Cl , CM3) exhibit higher values of .,T~~0. The more electron density

in the aryl ring, the lower the effective charge on the ortho hydrogen atom

and hence one observes a reduction in the value of 
~PHo~ 

In keeping with

previous observations24, the small variation is the hydrogen—hydrogen coupling

constant, 
~Ro~~’ 

is related the substituant group el.ctx’onegativicy values.

The mass spectra for the monoaryl pentafluorocyclotriphosphazenes are

reported on Table III. The basic fragmentation process observed is the same

as previously established for the monopb.nyl derivativs~
5 

This consistency

throughout a series of compounds is important in the application of mass 

- 
- —• --- - -— -- ——~~~---- — -- - -- ~~~~ --- -~~~~~~ -  -4



- - -
~~~~~~~~~~ 

- —‘

spectrometry to the identification of new compounds. Features which are

unique to individual molecules can usually be related to the known fragmentation

tendencies of the organic moiety e.g. loss of the methyl group in the para

methoxy derivative and tropyllium ion format ion in the para tolyl derivative.

The mass spectra of the mixed aryl/phenyl tetrafluorocyclotriphosphazenea

(Table IV) are also understandable in terms of the basic process established

for phenyl fluorocyclotriphosphazenee25 with perturbations reflecting para

substituent fragmentation. Organic group substituent decomposition makes

significant contributions to the mass spectra of the diorgano derivatives,

particu],arily in the para methoxyl and tolyl derivatives . The basic phosphazene

fragmentation route observed is the successive cleavage of the aryl groups
25which is characteristic of geminally substituted derivatives. Thus , the

mass spectrometry data confirm the infrared results in the assignment of the

geminal configuration to the disubstituted derivatives (the expected product

in a Friedel—Crafta reaction19). It is of particular interest to compare the

intensity of the ion resulting from the loss of the phenyl group (P
3N3

F4C6R4X
+)

compared to the ion resulting from the loss of the para substituted any].

group (P3N3F4C6R5
’
~
’). Previously, we have shown that a phenyl group is lost

in preference to a para dimethylaminophenyl group in gamm a]. phenyl/par a—

dimethylaminophenyl fluorocyclotriphazenes and this observation was attributed

to higher bond strength in the phosphorus—paradimethylaminophenyl unit than

in the phosphorus—phenyl. bond~
5 The tendency to lose a phenyl group in

preference to the any]. group with an electron donating substitutent is

observed in most of the mixed aryl /phenyl derivatives in this investigation.

The apparen t reversal of this tren d in the pare chloro derivative relates

to the fact that the re are two possible precursors to the P 3N3F4C6R5
+ ion i.e.

P 3N314 (C6R5)C6R4C1+ and P3N3 (C6R5)C 6H4
+. The mass spectrum of P 3N3F4 (C 6U5)—

C6R4CM3 is rathe r complex with no P 3N3F4C6U5
+ ion and a very intense ion

Li 
—- - -~~~~- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- ~~— —~ - ---- --~~• -



_ _  T TIIT~~~ ~~~~ ~

associated with tropyllium derivat ive. In order to insure that the observed

intensity dif ferences are related to thermodynamic parameters , the spectra

of the two derivatives with strong electron donors (fluoro and methoxy) were

run at successively lower ionization energies until the region approaching

the appearance potential was reached (approximately 15 to 18ev) . In the

para methoxyl derivative the intensity difference between the P3N3F4C6R50
+

and the P3N 3P4C6H5
+ ions increases at lower ionization energies. While in

the case of the para fluoro derivat ive, the ratio of the P3N3F4C6H4F+ to the

P3N375C6H5
4 
ion intensities approaches unity at lower ionization energies.

Thus in the paramethoxy case , phosphorus—carbon bond entha].py is greater in

the bond to the pare substituted any]. group . In the para fluoro derivative ,

there is no preferential phosphorus—carbon stabilization in the appearance

potential region consequently the intensity difference at higher ionization

energies is related to kinetic effects. Two of most probable kinetic effects

which are reasonable for this system are stabilization of the developing

positive ion by the electron donating para—fluorophenyl moiety and the superior

leaving group ability of the phenyl group .

This work was supported , in part , by the Office of Naval

Research.
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TABLE LI.lB N1~ Data for Aryl psntafluorocyclotriphosphuenes, P3N3P~~~)_X

- 

x 6Ho 6Bm ~on 3HoUm 3PHo 3PVa

0cM3 7.80 6.94 0.86 9.1 15.5 4.0

F 7.96 7.17 0.79 9.0 15.0 4.0

ca3 7.80 7.28 0.52 8.2 16.2 4.5

Cl 7.82 7.46 0.36 8.3 15.7 3.5

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE III. Mass Spectrometry Data for 1 pentafluoro—
H cyclotriphosphazenes, P3N3F5 0 X 8

~ I
i Relative abundance — -)

- ~
- Assigpm nt F cH3O c1b

P3N3F5C6R4X + 100% 100% 100% 100%

CP 3N3F5C6H4X_R]+ 3.8 3.0 2.3 28.5

P3N3F5C6H40 + 12.6

P3N3F3C6114
+ 2.6 4.4 4.1 1.1

- P3N3F5C5U4 
+ 19.7 0.5

I n/s — 248 1.1 1.1 24.3

P3N3F5C+ 5.2 2.8 6.8 3 5

- 
P3N375H+ 2.3 2.6 3.6 2.0

P3N3F5 
+ 10.5 8.2 11.6 9.6

I P3N2F5 
+ 34.1 14.2 50.0 13.2

P3N3F4R+ 1.3 1.6 3 9  2.0
- 

- 
P3N3F4

4 
0.9 0.8 3.3 1.1

-. p~7 4 p + 4.9 6.8 4.5 9.8
- 

P2NF5H
+ 

4 3

P2NP5
+ 6.8 6.3 8.2 8.6

P3N3P5C6H4X~~ 2.7 3.3 2.7 4.1

-~ P3N3P5C8B6
2
~ 6.7

- - P2NP4~ 3.9 3.8 4.5 5.3

P2NF3
+ 1.1 1.2 1.8 1.7

- P2NF2
+ 3.9 3.0 5.0 0.6

~~2~2 1.7 4 .9  2.3 2.1

NC6H4X
+ 4.6 2.8 3.6 5.0

C H 3.9 4.9 3.0 18.0

-

~ 
~~

- a. Obtained at 80ev b. based on 35C1.
1 -~~~~ -

- - -— _
___

~ _
~~~_ L - _

~ - - - - ~~~~~~~~~~~ ----- - -
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TABLE IV. Selected Mass Spectrometry Data for Aryl pbsnyl atetrafluorocyclotriphoephazenes, P3N IF& (C6B;)C8HAX

Relative Abundance

Assignment F CH3O

[P3N3F4 (C6H5)c6U4x + HJ+ 93 26

P3N 3P4 (C6H5)C6a4x~ 100 34 97 4

CP 3N3F4 (c6a5)C604x — 17.2 100 7

P
3N3F4

(C6H5)C
6R5O~ - 100

-
- ~~ 

P3N374 (C6H5)C6H40+ 100

P3N3F4 (C6H5)C6B4
+ 24.7

P3N314C6H4X+ 31 39 52

P3N314C7H7
+ 100

P3N3F4C6U50+ 
. 56

P3N374C6H5
+ 

10.5 18 48 0

P3N31,7 13.7 8.9 24.7 11

P N F + 
8.7 4.3 32.5 15.2

a. Obtained at 80ev; only ~gns relevant to the discussion
reported. b. based on Cl

c. complex spectrum, possibly due to impurity peaks .

— . - - -~~ ~r~ ’- -~-~ - -  ~~~~~~~~~~~~~~~~~~~~~~ 
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