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Treatment oP-chloro-substituted (silylamino)phosphines, @88.NP(R)CI, with the trifluoromethylating agent,
[(Et2N)sPBrt](CFs™) [generatedin situ from CRBr and (E:N)sP], readily affords the corresponding-
trifluoromethylphosphines, (M8i),NP(R)CF; (4, R = Ph;5, R = n-Pr). Subsequent oxidative halogenation of
4 and 5 with X, (X = CI, Br, I) occurs with loss of MgSiX to yield the P-haloP-trifluoromethyl-N-
silylphosphoranimines, M8IN=P(R)(CR)X (6a—c; R = Ph;7a—c, R = n-Pr). The P-Br compoundsb and

7b were then converted to the-trifluoroethoxy, MeSiN=P(R)(Ck)OCH,CF; (8, R = Ph; 9, R = n-Pr), and
P-phenoxy, MgSiN=P(R)(Ck)OPh (L0, R = Ph;11, R = n-Pr), derivatives by nucleophilic substitution reactions
with LIOCH,CF; and LiOPh, respectively. Although theBeCF; systems are generally much more thermally
stable than theiP-alkyl analogs, th&-Br compound$b and7b do thermally eliminate MgSiBr to produce new
P-trifluoromethyl substituted phosphazenes §E5P=N],. The cyclic trimersif = 3; 12, R= Ph;13, R=n-Pr)
were separated from the linear polymens~ 150-500; 14, R = Ph; 15, R = n-Pr) by sublimation. These new
compounds (415) were generally obtained in good yields and were fully characterized by NMRYC, 1°F,

and?3'P) spectroscopy and elemental analysis.

Introduction

Certain types of SiN—P compound$,especially the [bis-
(trimethylsilyl)amino]phosphines, (M&i),NPR,, and some of
their oxidized derivatives, such as tNesilylphosphoranimines,
MesSIN=PR,X, are of considerable interest as precursors to
polyphosphazenes, fR=N],.2 The synthesis of many of these
Si—N—P compounds is readily accomplished by one or more
of the reactions, or variations thereof, in the following three-
step sequence (egs-B).

(1) »-BuLi

Me3S1\N_ (2) PCl3 Me381\N_P/R
7 (3) RMgBr N, M

Me3Si (4) R'MgBr Me3Si R

Br
2 @
/ - Me3SiBr
R R
M S‘—-N—ll’ B LIOCH,CF M s‘—N—IL-OCH CF

63 1 ll{' T ‘ LlBr €3 1 —1]{' D 3 (3)

As part of our ongoing efforts to greatly expand the scope of

this synthetic methodology and, hence, the range of accessiblg®d? + CFil

(1) For a general review of-PN compounds including SiN—P systems,
see: Neilson, R. H. liEncyclopedia of Inorganic Chemistging, R.

B., Ed.; John Wiley & Sons; Chichester; England, 1994; Vol. 6, p
3180.

(2) (a) Mark, J. E.; Alicock, H. R.; West, Raorganic PolymersPrentice-
Hall: Englewood Cliffs, NJ, 1992. (b) Wisian-Neilson, Bncyclo-
pedia of Inorganic ChemistrKing, R. B., Ed.; Wiley: England, 1994,
Vol 7, p 3371. (c) Wisian-Neilson, ACS Symp. Set994 572,167.

(d) Neilson, R. H.; Wisian-Neilson, Zhem. Re. 1988 88, 541 (e)
Neilson, R. H.; Ford, R. R.; Hani, R.; Roy, A. K.; Scheide, G. M;
Wettermark, U. G.; Wisian-Neilson, ACS Symp. Sef988 360,
283. (f) Neilson, R. H.; Jinkerson, J. L.; Kucera, W. R.; Longlet, J. J.;
Samuel, R. C.; Wood, C. EACS Symp. Sell994 572 232. (g)
Neilson, R. H.; Azimi, K.; Zhang, G.; Kucera, W. R.; Longlet, J. J.
Phosphorus, Sulfur, Silicori,994 87, 157.
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phosphazene polymers, we have been investigating the prospects
of incorporating perfluoroalkyl substituents (e.B-CFs) into
these systems. A long range objective is to prepare and
characterize high molecular weight poly(phosphazenes) bearing
P-CF; side groups which should enhance the thermal stability
and surface properties of the polymers. A few prior studies in
this area have dealt mainly with the &&ubstitutedcyclic
phosphazenes, [(G}zPN], (n = 3, 4)34

Methods of attaching perfluoroalkyl groups, especiallys,CF
to phosphorus have traditionally been quite limited. Preparation
of (trifluoromethyl)halophosphines, for example, involves te-
dious sealed-vessel reactions and multiple fractional condensa-
tions to obtain relatively small quantities of useful starting
materials like (CE).PCl (eq 4)2 Once prepared, this reagent
can be readily converted to (silylamino)phosphines (4,geq
5).% Nonetheless, this type of procedure is not only difficult,
but it is also greatly limited in scope. For example, it does not
provide access to mixed-substituent derivatives in which both
fluoroalkyl and simple alkyl or aryl groups are attached to
phosphorus.

I HgCly
T (CEa)pPlzg le. (CF3)pPClp @)
n=1-3
MesSi CF
- - LiCl PN 3
(Me3SiyNLi + (CF3pPCl  ———— MR (5)
Me3Si CF3

More recently, however, Ruppérhas reported a much
simpler and potentially very general method of incorporating

(3) Tesi, G.; Douglas, C. MJ. Am. Chem. S0d.962 84, 549.

(4) (a) Olms, P.; Roesky, H. W.; Keller, K.; Noltemeyer, M.; Bohra, R.;
Schmidt, H.-G.; Stalke, DChem. Ber1991, 124, 2655. (b) Roesky,
H. W.; Lucas, J.; Noltemeyer, M.; Sheldrick, G. hem. Ber1984
117,1583.
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CFR; groups into main group element compounds. The procedure,inadvertent presence of small excesses gfcGuld be respon-

which is easily carried out in ordinary glassware, involves the
in situ generation of a trifluoromethyl phosphonium species in
solution (eq 6). Treatment of appropriate element halides with
this reagent readily affords trifluoromethyl derivatives of
phosphorus, boron, and silicéf.

(Et,N),P + CF,Br — [(Et,N),P-Br] (CF,)~ (6)

We report here on the use of this reagent in the synthesis of

a series of new trifluoromethyl substituted-$i—P compounds
as well as some preliminary studies of their conversion to cyclic
and/or polymeric phosphazenes bearing €ifle groups.

Results and Discussion

(Silylamino)phosphines.Addition of 1 equiv of CEBr to a
mixture of the appropriate chlorophosphi2e¢ 3) and (EtN)sP
in THF solution afforded the new trifluoromethyl derivativés
and5, respectively (eq 7). These new bis[(trimethylsilyl)amino]-
(trifluoromethy)phosphines were obtained in ca—45% yields
as thermally stable, distillable liquids that were fully character-

sible for the thermal decomposition of these chlorophosphora-
nimines.

i R
ME3SI\ /R X, |
-—P\ - MesSi N—ﬁ‘ X ®
Messi’  CFy - Me3SX ¢F,
4: R = Ph 6: R = Ph; X = Cl(a), Br(b), I(c)
5: R = nPr 7: R = n-Pr; X = Cl(a), Br(b), I{¢)

In contrast, thérominationof the same trifluoromethylphos-
phines was a much more straightforward process (eq 8).
Treatment of4 and 5 with an equimolar quantity of Brin
benzene solution afforded the desir@ebromoN-silyl-phos-
phoranimines6éb and 7b in high yields (ca. 86-:85%) as
distillable liquids. Like their phosphine precursors, these new
compounds were fully characterized by multinuclear NMR
spectroscopy and elemental analysis (Tables 1 and 2). The
expected upfieldP chemical shifts and increases in the®-F
and P-C couplings were observed for these phosphoruse(V)
derivatives relative to their P(lll) precursdtsThe thermal
stability of the P-CEk derivatives6b and 7b is significantly

ized by multinuclear NMR spectroscopy and elemental analysis greater than that of theR-methyl analogs as evidenced by the

(Tables 1 and 2).

Me351\ /R [(EtzN)3P-Br]+ (CF3)™ Me3Sx\ /R
—P —P\ @)
MesSi©  Cl THE Messi  CFy
2: R =Ph 4: R =Ph
3: R =nPr 5. R = n-Pr

The presence of the GRgroup in these compounds was
readily confirmed by NMR spectroscopy. For example, 3t
NMR signals, which are observed at ca. 55 ppm, are split into
quartets due to spin couplindsg ~ 70—80 Hz) to the three
equivalent fluorines of the GRgroup. Doublets with the same
splittings were observed in th®F NMR spectra of these
derivatives. Moreover, in thEC NMR spectra, the GFcarbon

is found (ca. 131 ppm) as a quartet of doublets due to the one-

bond C-F coupling 0rc ~ 325 Hz) and the one-bond-&
coupling @rc ~ 60 Hz). Couplings to both fluorine and

fact that theP-CHs analog of6b cannot be distilled without
extensive decompositiofi.

The trifluoromethylphosphine$ and5 also react smoothly
with iodine (eq 8) to afford the correspondiRgiodophospho-
ranimines6c and7c. Quite surprisingly, these derivatives were
also thermally stabledistillable liquids that were readily
characterized by NMR spectroscopy (e.6c 3P NMR, o
—19.7 ppm,Jpe = 100.3 Hz; andrc, 3P NMR, 6 —9.7 ppm,
Jrr= 90.6 Hz). Unfortunately, these yellow liquids did not give
satisfactory elemental analysis, possibly due the presence of
small amounts of unreacted iodine. Further purification and
complete characterization of these compounds was not pursued
since the desired derivative chemistry and thermolysis reactions
were accomplished satisfactorily with tRebromoanalogstb
and7b. Nonetheless, the fact that thésédo compounds could
even be isolated is strong evidence of the stabilizing influence
of the trifluoromethyl substituent.

The condensation polymerization route to polyphosphazenes

phosphorus are also readily seen for two of the phenyl carbonsN@s been most generally successful wherPitefluoroethoxy

of 4 and for theP-CH, carbon of then-propyl analog 5.
N-Silylphosphoranimines.The highly electron-withdrawing
ability of the P-CF; group in compounds likéd and5 greatly
influences their derivative chemistry relative to that of their
P-methylanalogs. For example, while thékylphosphines, (Mg
Si),NP(R)Me, react violently with chlorinating agents such as
CCly and GClg, theP-CFs derivatives are inert to these reagents
and actually require the use of moleculas @ affect oxidative
chlorination (eq 8). Although there is good NMR spectroscopic
evidence for the formation of thB-chlorophosphoranimines
6a (*'P NMR: 6 —13.4 ppm,Jpr = 109.7 Hz) and7a (3P
NMR: 6 —3.5 ppm,Jpr = 100.3 Hz), neither compound could
be isolated in pure form. Attempts to distill them under reduced

pressure, resulted in thermal decomposition to inconclusively
identified phosphazene oligomers. It seems unlikely that these
chlorophosphoranimines are inherently unstable since their non-

CF; analogs can be distilled and fully characterized. The

(5) Bennett, F. W.; Emeleus, H. J.; HaszeldiheChem. Soc953 1565.

(6) Neilson, R. H.; Lee, R. C.-Y.; Cowley, A. Hnorg. Chem1977, 16,
1455.

(7) Volbach, W.; Ruppert, ITetrahedron Lett1983 24,5509.

(8) Ruppert, I.; Schlich, K.; Volbach, Wetrahedron Lett1984 25,2195.

or P-phenoxy substituted phosphoranmines are used as precur-
sors. Accordingly, in the next phase of this effort, #vdromo
compounds6b and 7b were derivatized by treatment with
lithium trifluoroethoxide or phenoxide (eq 9). These reactions
proceeded smoothly to afford the corresponding alkyo)

and phenoxy 10, 11) derivatives. Compound8—11 were
obtained in ca. 5490% vyields as distillable liquids that were
fully characerized by NMR spectroscopy and elemental analysis
(Tables 1 and 2).

R R
| iOR' |
e3Si-—N=ﬁ’~—Br ——:—% Me3Si—N=]"—OR' )
CF3 CF3
6b: R = Ph 8: R = Ph, R' = CH)CF3
7b: R = n-Pr 9: R = n-Pr, R" = CHyCF3

10: R = Ph, R" = Ph
11: R = »-Pr, R' = Ph

The NMR spectra of these new phosphoranimines were
generally straightforward and informative. For example, the

(9) Wilburn, J. C.; Neilson, R. Hinorg. Chem.1977, 16, 2519.
(10) Wisian-Neilson, P.; Neilson, R. Hnorg. Chem.198Q 19, 1975.
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Table 1. NMR Spectral Datafor P-Trifluoromethyl Compounds

'H NMR 3C NMR 3P NMR F NMR
Compound Signal o Jpu o) Jpe Jre o) é Jre
esi,  CF3 PCF3 13083 598 3249 55.7 -616  79.00
e3Si}\] -P@ Me3Si 0.12 3.93 6.8
3 ph 7.2-74¢
4 ¢ Cy 13738 194 36
Cy 12932 171 1.8
Cs 12872 39
Cq 12884 15
MeySi,  CHaCHyCHy PCF3 13178 591 326.1 53.9 2620 69.00
ey P\CF3 Me3Si 0.18 434 6.0
s PCH, 1.5-2.0¢ 2877 186 35
CHCH3 1.3-1.5¢ 1842 218
CHyCH3 098 (724 1567 151
Ph PCF3 12062 17001 3212 -23.7 ~7421 10640
Me3Si~N=fl’~Br Me3Si 0.10 235 5.4
&3 Ph 7.4-8.0¢
6b C 12927 1316
C 12901 160
C3 13280 126
Cy4 13423 37
CHyCHyCH;  PCF3 12015 1475 3217 -13.5 -746  96.0b
Me3Si—N==P—Br Me3Si -0.02 2.19 5.7
3 PCH; 2.0-2.3¢ 3795 871
Th CH3CH3 1.6-1.8¢ 15.83 65
CHyCH3 1.01 1.8 1494 199
(7.4
h PCF3 12193 1866 3179 -64 -740 10500
MC3Si—N=1|)—OCH2CF3 Me3Si 0.07 3.01 29
3 OCHy 42-4.5¢ 60.97 54 380
’ Ph 7.4-8.0¢
C 12629 1545
Cy 12004 147
o 13286 112
o 13402 3.1
CHyCF3 12309 9.0 277.5 2754 [83]€
CHyCHyCH;  PCF3 121.85 1653 3187 71 -744  96.0b
Me3Si—N=l|’—0CH2CF3 Me3Si -0.03 2.95 2.7
3 PCH, 1.7-1.8¢ 2934 1038
’ CH3CH;3 15-1.7¢ 15.41 175
CHyCH3 0.96 14 14.86 49
(744
OCHj 4.0-4.5¢ 60.72 63 37.8 S755 [82)€

CHCF3 123.16 8.7 277.5
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'H NMR 3C NMR SIPNMR  YFNMR
Compound Signal o Jpn le) Jec Jre o é Jep
h PCF3 122.09 1870 3183 -116 -734  102.5P
Me3Si—N=J>—OPh Me3Si -0.05 12 2.84 32
F3 P-Ph 7.4-8.0¢
10 Cy 12738 1559
C 12893 148
3 13335 108
Cs 133.70 3.1
O-Ph 7.0-7.5¢
Cy 15035 9.0
Cy 121.48 4.6
C3 129.76
Cy 125.36
CHCHCHy PCF3 12210 1629 3202 19 -73.1 93.4b
Me3Si—N= | —OPh Mes3Si -0.19 2.76 3.0
CF3 PCH; 1.82.0¢ 2089 1092
u CHCH3 1.6-1.8¢ 15.54 17.8
CHyCH3 1.02 704 1516 48
O-Ph 7.0-7.3¢
Cy 15043 103
C 121.712 4.1
C3 129.66 1.5
Cq 125.32 1.7
Ph>P4N\P4,Ph PCF;3 (a). 122/ 190 316 11.0 (a) -77.6 106.SZ
F3C,k.-IL lyl]”"cﬁ PCF;3 (b) 122/ 190 316 11.7 (o) -782 1045
Xp~ P-Ph 7.4-8.1¢
PE l’\CF3 C1 () 12748 146.7
12 Cy (b 12690 1456
Cy (a) 12892 147
C; (b) 12900 146
C3 (a) 13195 114
C3 (b) 132.01 1.4
C4(a) 133.94 3.1
Cy4 (b) 134.12 3.1
n_Pra\.péN\szr PCF; (a) 12249 1725 3178 24.8/ -77.11 972
F3C.‘~}|I lquuhcﬁ PCF3 (b) 12271 1740 3175 -77.58 958
Xp PCH; (a) 1.7-1.9¢ 3053 1013
s b\CF3 PCHj (b) 1.7-1.9¢ 30.25 99.7
13 CH3CH3(a) 15-1.7¢ 15.52 189
CHyCH3 (b)  1.5-1.7¢ 15.47 18.7
CHyCH3(a) 0.9-1.0¢ 13.57 5.0
CHyCH3(b)  0.9-1.0¢ 13.26 53
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'H NMR 3C NMR 3Ip NMR IF NMR
Compound Signal o] Jpn lo) Jrc Jrc bo) lo) I
}I)h PCF3 115-128¢ -15.8f -75¢ 110
—EE:NHF Ph 7.0-8.3¢
F3 Cy 126-128¢
14
Co.4 128-134¢
- (i
(|3H2 CH,CH; PCF3 123/ 178 318 2.5/ 76 96
tp=ni- PCHp 1.7-1.8¢ 30-33¢
éF3 CH,CH3 1.5-1.6¢ 14-16¢
15 CHyCH3 0.8-1.0¢ 14-16¢

a Proton and3C chemical shifts downfield from M&i; 3P shifts downfield from HPQy; 1°F shifts downfield from CFGl Solvents: CDGJfor
1H, 13C, and'F NMR; CH.CI, for 3P NMR. ® Jrp values obtained frorftP NMR spectrum® Complex multiplet.d Juy values in parenthesesJur
values in bracketd.Broad, overlapping signals.

Table 2. Preparative and Analytical Data f&-Trifluoromethyl

Compounds
analysig
compd vyield (%) bp{C/mmHg) % C % H
4 45 66-67/0.03 46.37 (46.27) 6.88(6.87)
5 64 50-52/0.7  39.69(39.58) 7.93(8.30)
6b 84 41-44/0.03 35.07 (34.90) 4.37 (4.10)
7b 80 54-55/4 27.65(27.11) 5.07 (5.20)
8 88 54-56/0.6  39.79 (39.67) 4.76 (4.44)
9 54 51-54/8 32.98 (32.83) 5.22(5.51)
10 90 76-79/0.05 53.95(53.77) 5.47(5.36)
11 72 50-52/0.07 48.22 (48.29) 6.25(6.55)
12 (40P  (177-179F 44.39 (44.00) 2.98 (2.64)
13 (80y 30.79 (30.59) 4.40 (4.49)
14 (60p 43.94 (44.00) 2.91 (2.64)
15 (20y 31.16 (30.59) 4.52(4.49)

a Calculated values in parentheseRelative percentages of cyclic
trimer and linear polymer in product mixture (B2 NMR). ¢ Melting

point in parentheses.

presence of two different GFgroups in the trifluoroethoxy
systems8 and 9 was clearly evident. While th&®F and13C
chemical shifts of thé>-CF; group (e.g.8, 1°F NMR, 6 —74.0
ppm; 13C NMR, 6 —121.9 ppm) and thé@-OCH,CF; group
(e.g.,8, 1°F NMR, 6 —75.4 ppm;13C NMR, 6 —123.1 ppm)
are very close together, the—& (PCF3;, Jpc = 318 Hz;
POCHCF3, Jpc = 278 Hz) and P-F (PCF3, Jor = 104 Hz;

PCHCF3, Jpr~ 0 Hz) coupling constants are distinctly different

but consistent with the molecular structures.
PhosphazenesThermolysis studies of phosphoranimines trans isomers, with the trans species (Table 1) greatly predomi-

8—11 were conducted in evacuated, sealed ampules over thenating.

temperature range of 17225 °C for periods of 2-12 days.

Under such conditions, tHe-methylanalogues 08—11readily

and cleanly eliminate silyl ethers M®OR (R' = OCH,CF;,

Ph) to give the expected poly(alkyl/aryl)phosphazenes, [Me-

(R)P=N], (R = alkyl, Ph). TheP-trifluoromethylderivatives

(8—11) in this study, however, were found to be much more
thermally robust and were generally recovered unchanged after
such treatment. After prolonged heating at the highest temper-

atures €220 °C), only small amounts of M&iF and some

discoloration of the liquid material were observed. Still harsher

conditions resulted in the production of more §8& and

unidentified black residues.

In contrast, thé>-halophosphoranimines such as Bxeromo
derivativesob and7b readily eliminated the expected halosilanes pcy, PhPC), n-BuLi, n-PrMgCl, Cb, Bry, |5, CFsBr, CRCH,OH, and
to afford novel trifluoromethyl-substituted phosphazeries
15, eq 10). Upon removal of M&IBr under vacuum, the

phosphazene products were isolated as off-white solids that were
soluble in a variety of organic solvents including THF and,CH
Cly. Typically, the bromophosphoranimines were heated in
sealed glass ampoules at ca. 280for periods of 6 to 10 days

to achieve complete thermolysis (ca-®B % recovery of Mg
SiBr).

*.* ) ;i
Me3 Si_N:ﬁj_ér . Me?SiBr _Pi:N%? * _'}i:N%E o
CFy F3 F3
6b: R = Ph trimer polymer
7b: R = n-Pr 12: R = Ph 14: R = Ph
13: R = n-Pr 15: R = n-Pr

Analysis of the solid products of these reaction$®/NMR
spectroscopy indicated that mixtures of trimeri?,(13) and
polymeric phosphazene$4, 15) were obtained in ratios of ca.
40/60 for12/14 (R = Ph) and 80/20 fol 315 (R = n-Pr). The
respective trimers and polymers were separated from each other
by multiple sublimations to yield fully-characterized samples
of pure compounds (Tables 1 and 2). As observed previously
for other phosphazene systems, the cyclic trimers HaRe
chemical shifts that are ca. 280 ppm downfield from the
corresponding polymers. Only trace amounts of the cyclic
tetramers and higher homologs were discernible in the NMR
spectra of the product mixtures. After purification by sublima-
tion, the trimeric products were obtained as mixtures of cis and

The remaining polymeric portions of the product mixtures
were isolated as pale yellow, amorphous solids that were readily
soluble in THF. Size exclusion chromatography indicated that
these new trifluoromethyl-substituted phosphazenes had moder-
ate to high molecular weightd4, M,, = 99 400M\/M,, = 1.4;

15, M, = 24 200;M/M,, = 1.3) and narrow molecular weight
distributions. Additional properties of these new polyphosp-
hazenes will be reported as part of another study.

Experimental Section

Materials and General Procedures.The following reagents were
obtained from commercial sources and used as received;S{sH,

PhOH. The solvents, ED, THF, benzene, and hexane were dried using
conventional procedures and stored under nitrogen atmosphere before
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use. Hexaethyl phosphorus triamide, J(tP* and the chloro- P-Bromo-P-n-propyl- P-trifluoromethyl- N-trimethylsilylphospho-
(silylamino)phosphines, (M8&i,NP(R)CI (R = Ph, n-Pr)}? were ranimine (7b) was prepared on a 54-mmol scale according to the same
prepared according to published procedures or minor variations thereof.procedure and was isolated as a colorless, distillable liquid. The
All reactions and other manipulations were carried out under vacuum analogousP-chloro 6a, 7a) and P-iodo (6c, 7c) derivatives were

or dry nitrogen. Proton, carbon-13, and fluorine-19 NMR spectroscopic prepared by treating the appropriate phosphides)(with molecular
data were obtained on a Varian XL-300 NMR spectrometer. Phosphorus-chlorine (Ch) and iodine (§), respectively.

31 NMR data were obtained on a JEOL FX-90 NMR spectrometer.  p_phenylp-trifiuoroethoxy- P-trifluoromethyl- N-trimethylsilylphos-
Elemental analyses were obtained from Schwarzkopf Analytical phoranimine (8). The phenyl(trifluoromethyl)phosphind)(was bro-
Laboratory (Woodside, NY). Size exclusion chromatography was minated in benzene to afford tfRebromophosphoraniminesb) on a
performed with a Waters GPC instrument using experimental conditions 54_mmol scale as described above. After solvent angSiBz were

desgribgd earlie‘rf: . . ) removed under reduced pressure, THF (100 mL) was added to the
[B_ls(trlmet_hyIS|IyI)am|no](phenyI)(trlfluoromethyl)phos_phme (4)_' reaction flask. In a separate flask, a solution of LIQCH; (54 mmol)

A nitrogen-filled, 100-mL, round-bottom flask, equipped with @ i tiE (75 mL) was prepared by slow addition of an equimolar amount

magnetic stir bar and a Teflon stopcock side-arm, was charged with ¢ \ Bl to CF.CH,OH at —78 °C. The LIOCHCF: solution was

THF (10 mL), the chiorophosphine, (M&):N(P)CI @) (10.0 g, 33 transferred to the additional funnel and then added dropwise to the

mmol), and (EfN)sP (8.2 g, 33 mmol). The reaction flask was attached stirred solution of5 at 0 °C.

to a vacuum system and degassed by several frqpmap—-thaw . .
Y 9 y b The reaction mixture was warmed to room temperature and then

cycles. One molar equivalent of Bt (33 mmol) was measured as a ) )

gas in the vacuum line and then condensed into a trapl&6 °C. stirred overnight. Solvent was removed under reduced pressure and
The CRBr was allowed to warm and then condense (through the side- N€Xane (200 nimL) added. The LiBr precipitate was removed by
arm) into the reaction vessel which was kept-t96 °C during the filtration and washed with hexane (50 mL). Solvents were removed

transfer. The side-arm of the flask was then closed and the contentsunder reduced pressure and fractional distillation through a 10-cm
were allowed to warm slowly to room temperature, followed by column afforded the desired p_roc_JILB:as a colorless liquid (Table_s 1
overnight stirring. The reaction flask was back-filled with dry nitrogen @nd 2). The other phosphoraniminés-(L1) were prepared according
and hexane (ca. 50 mL) was added to help precipitate the phosphoniumi® the same procedure by treatifig with LIOCH,CF; (to give 9) or

salt byproduct. The supernatant solution was decanted and the sam@Y treatingéb and 7b with LiOPh (to give10 and11, respectively).
extraction process was repeated 3 or 4 times. Solvents were removed®!! of these new compounds were isolated by fractional distillation as
under reduced pressure and fractional distillation through a 10-cm colorless liquids (Tables 1 and 2).

column afforded the desired produtts a colorless liquid (Tables 1 Thermolysis Reactions of Phosphoranimines611. In a typical

and 2). procedure, th®- bromo-P-phenyl-phosphoranimingb (ca. 20 mmol)
[Bis(trimethylsilyl)amino]( n-propyl)(trifluoromethyl)phosphine was distilled directly into a heavy-walled glass ampule (ca. 10 mL

(5) was prepared on a 33-mmol scale according to the same procedurevolume). The ampule was sealed under vacuum, placed in a metal pipe

and was also isolated as a colorless, distillable liquid. for safety, and then heated in a thermo-regulated oven atCgor
(P-Bromo-P-phenyl-P-trifluoromethyl- N-trimethylsilylphospho- 8—10 days. After cooling the contents of the ampule-t96 °C, the

ranimine (6b). A 250-mL, 3-necked, round-bottom flask, equipped ampule was opened and quickly attached to a vacuum system. The
with a magnetic stirring bar and an addition funnel, was charged with volatile Me&SiBr byproduct was removed under vacuum, collected in
the phenyl(trifluoromethyl)phosphiné (14.3 g, 42 mmol) and dry a removable trap and weighed (typically greater than 90% recovery).
benzene (100 mL), The solution was cooled tt0and bromine (8.4 The residual solid was dissolved in CRClanalyzed by NMR

g, 52 mmol) was added dropwise from the addition funnel. When a spectroscopy (Table 1), and then freed of solvent. The cyclic phosp-

pale yellow color persisted in the reaction mixture, the &ddition hazene product2 was removed from the residue by vacuum sublima-
was stopped. Analysis of the mixture B NMR spectroscopy  tion at ca. 100°C. Subsequently, the solid residue was dissolved in
confirmed' that the reaction was complete. Benzene angiewere CH,Cl, and then precipitated by pouring this solution into a large

removed under reduced pressure. Fractional distillation then afforded quantity of hexane. This sublimatiefprecipitation procedure was
the desired product 6b as a colorless, moisture-sensitive liquid (Tablesrepeated two times in order to obtain a pure sample of polyphosphazene

1 and 2). 14 (Tables 1 and 2).
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