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A series of new (silylamino)phosphines that contain sterically bulky silyl groups on nitrogen were prepared by
deprotonation/substitution reactions of the hindered disilylamines t-BuR,Si(Me3Si)NH (1, R = Me; 2, R = Ph) and
(EtsSi)o,NH (3). Sequential treatment of the N-lithio derivatives of 1-3 with PCl; or PhPCl, and MeLi gave the
corresponding (silylamino)phosphines t-BuR,Si(MesSi)NP(R")Me (5, R = Me, R" = Ph; 6, R = Ph, R" = Me) and
(EtsSi),2NP(R)Me (11, R = Me; 12, R = Ph) in high yields. Two of the P-chloro intermediates t-BuR,Si(Me;Si)-
NP(Ph)CI (7, R = Ph; 9, R = Me) were also isolated and fully characterized. Hydrolysis of 7 afforded the crystalline
PH-substituted aminophosphine oxide t-BuPh,SiN(H)P(Ph)(=O)H (10). Thermal decomposition of 7 occurred with
elimination of Me;SiCl and formation of a novel P,N, four-membered ring system (36) that contains both P(lIl) and
P(V) centers. Reactions of the N-lithio derivatives of amines 1 and 2 with phosphorus trihalides afforded the thermally
stable —PF; derivatives t-BUR,Si(MesSi)NPF, (13, R = Me; 14, R = Ph) and the unstable —PCl, analogue 17 (R
= Ph). Reduction (using LiAIH,) of the SiPh-substituted dihalophosphines 14 and 17 gave the unstable parent
phosphine t-BuPh,Si(Me;Si)NPH, (15). The P-organo-substituted (silylamino)phosphines underwent oxidative
bromination to afford high yields of the corresponding N-silyl-P-bromophosphoranimines t-BuR,SiN=P(R")(Me)Br
(18, R =R'" = Me; 19, R = Me, R' = Ph; 20, R = Ph, R" = Me) and Et;SiIN=P(R)(Me)Br (23, R = Me; 24, R
= Ph). Subsequent treatment of these reactive PBr compounds with lithium trifluoroethoxide or phenoxide produced
the corresponding PO derivatives t-BuR,SIN=P(R')(Me)OR"" (25 and 26, R"" = CH,CF;; 28-30, R"" = Ph) and
Et;SIN=P(R)(Me)OR’ (31 and 33, R" = CH,CF;; 32 and 34, R = Ph), respectively. Many of the new compounds
containing the bulky tert-butyldiphenylsilyl group, t-BuPh,Si, were solids that gave crystals suitable for X-ray diffraction
studies. Consequently, the crystal structures of three (silylamino)phosphines (6, 7, and 14), one (silylamino)phosphine
oxide (10), one N-silylphosphoranimine (30), and the cyclic compound 36 were determined. Among the (silylamino)-
phosphines, the P-N bond distances [6, N-PMe,, 1.725(3) A; 7, N-P(Ph)CI, 1.68(1) A, 14, N-PF,, 1.652(4) A]
decreased significantly as the electron-withdrawing nature of the phosphorus substituents increased. The
N-silylphosphoranimine t-BuPh,SiN=PMe,OPh (30), which is a model system for poly(phosphazene) precursors,
had a much shorter P=N distance of 1.512(6) A and a wide Si-N—P bond angle of 166.4(3)°. A similar P=N
bond distance [1.514(7) A] and Si-N-P angle [169.9(6)°] were observed for the exocyclic P=N—Si linkage in the
ring compound 36, while the phosphine oxide 10 had P-N and P=0 distances of 1.637(4) and 1.496(3) A,
respectively, and a Si—-N—P angle of 134.3(2)°.

Introduction oxidation state or coordination number at phosphorus, such
compounds are useful precursors to cyclic and polymeric
poly(phosphazenes) as well as various low-coordinate phos-
phorus systems. The most useful synthetic entry teNstP
systems is the Wilburn methédeqs 1-3) in which
phosphorus halides are successively substituted with silyl-

During the last two decades, the chemistry of compounds
containing the StN—P linkage has been extensively de-
veloped! Depending on the substituent pattern and the
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amides and organometallic reagents. This is generally a
convenient, one-pot synthesis of a wide variety of both
symmetrical A) and unsymmetrical§ and C) diorgano-
substituted (silylamino)phosphines. In cases with R groups
more sterically demanding than methyl or ethyl, it is possible
to isolate the monosubstituted chlorophosphibe’s

Within the realm of phosphazene chemistry, the (silylami-
no)phosphineé&—C are routinely converted t-silylphos-
phoraniminesE by sequential oxidative halogenation and
substitution reactions (eq 4Bubsequent thermolysis of these
N-silylphosphoraniminest readily affords poly(alkyl/
arylphosphazenesl via a condensation polymerization
process (eq 5).This general process complements other
synthetic routes to poly(phosphazefeahd significantly
extends the overall scope of phosphazene chemistry.

Messiy, R
\ (1) Bry or CoCl,
- Me3Si—N=P—OR" @
Me3Si R @ LiOR R
A-C E
A i
Me3Si—N=P—OR" —————= Nzlﬁ— ®)
3 i'_ - Me;SiOR" T 10

E F

R, R'=alkylaryl; R"=CH,CF3, Ph

The steric and electronic effects of varying the substituents
(R, R) and the leaving groups (e.g., ORon phosphorus
have been studied both for the polymerization process and
also in the fundamental reactivity of the-9\—P precursors.
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In contrast, relatively little is known about the effects of
changing the nature of the silyl group on nitrogen. Toward
that end, we report here on the synthesis and reactivity of a
variety of new (silylamino)phosphines derived from the more
sterically demanding silylamingls-3. During the course of
this study, a number of crystalline-SN—P derivatives were
obtained and studied by X-ray diffraction as well, thus
providing valuable structural and stereochemical information
about these important classes of phosphazene precursors.

#-BuRgSi,
—H

Et3Si,

—H
Me3Si Et3Si
1:R=Me 3

2:R=Ph

Results and Discussion

Synthesis of (Silylamino)phosphinedn the initial phase
of this study, the general Wilburn method (egs3) was
used to prepare a series of new (silylamino)phosphines
derived from the sterically crowded disilylamings 3. One
such compound, the dimethylphosphiheontaining theert-
butyldimethylsilyl group, had been previously prepared by
this method® We found, however, that the reaction occurs
faster and affords higher yields upon changing the solvent
from EtO to THF and using MelLi instead of MeMgBr in
the final step of the process (eq 6). In the case oPtpienyl
analogueb, these reaction conditions are, in fact, required
to replace the PCI group.

_ (1) n-BuLi '
#-BuMepSiy ()PClyorPhypCl  -BuMeaSiy P/R ©
_y _BFChorPhoPdl | _
R \
Me3Si (3) MeLi Me3Si  Me
1 4:R=Me
5:R=Ph

Phosphined and5 were obtained in good yields (ca. 75%)
as colorless, thermally stable, distillable liquids that were
fully characterized by multinucleatH, 13C, and®!P) NMR
spectroscopy and elemental analysis. The asymmetric center
at phosphorus ib (3P NMR 6 39.9) is evident from the
observation of two sets of doublets for the diastereotopic
SiMe groups in both théH [0 0.26 (d,Jpy = 1.8 Hz), 0.44
(d, Jpy=1.8 HZ)] and*C [6 0J0.14 (d,Jpc =54 HZ), 0.08
(d, Jpc = 6.1 Hz)] NMR spectra.

A similar strategy, starting withert-butyldiphenysilyl-
(trimethylsilyl)Jamine 2), was employed in attempts to
prepare the analogous (silylamino)phosphifemd8 (eqs
7—9). The dimethylphosphiné was obtained in ca. 50%
yield as a very high boiling point liquid that solidified on
standing. Recrystallization from hexane/&H, afforded
X-ray-quality crystals (see below). Synthesis of Baphenyl
analogue3, however, was not successful. The reaction always
stopped at the chlorophosphine stage (i/¢.as indicated
by the downfield signald 143) in the3!P NMR spectrum.
The use of MeLi, TMEDA, and prolonged stirring under
reflux did not bring about methylation of the intermediate
chlorophosphing. Compound? decomposed during distil-
lation, producing MgSICl as a volatile byproduct. A more

(8) Wilburn, J. C.; Neilson, R. Hinorg. Chem.1979 18, 347.
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(1) n-BuLi A liquids that were readily characterized by NMR spectroscopy
@) PCL N . . .
o)_ME-—' -k ) and elemental analysis. The increased steric hindrance of the
+BuPhySi, . MesSi . Me triethylsilyl groups (as compared to M&i) required the use
u S_)N—H ] of MeLi (instead of MeMgBr) to effect substitution at
>, (ynBuLi  "BuPhSi  Ph phosphorus. In these cases, however, the reactions proceeded
@PhpCl, Me3Si/N_P\Cl ® to completion in EO solution rather than THF as was
. 7 required for thetert-butyl-substituted silylamine% and 2.
FRuSy y Meli © Since the stabilizing influence of these bulky silylamino
MesSi Me groups was apparent from some of the reactions described

above, we decided to investigate the possible synthesis of

controlled thermolysis o7 was also carried out, and the other, potentially more reactive, (silylamino)phosphine de-
results are discussed below. Prior to distillation, recrystal- rivatives. As had been reported previously in the case of the
lization of the chlorophosphing gave analytically pure  bis(trimethylsilyl)amino analogue (M8i),NPF,° we found
crystals that were suitable for X-ray diffraction (see below). that theN-lithio derivatives of silylamined and?2 reacted

For comparative purposes, after chlorophosphingas smoothly with phosphorus trifluoride to give the desired
prepared as above, we repeated the Wilburn process with—PF, phosphinesl3 and14 (eq 13).
tert-butyldimethysilyl(trimethylsilylyamine ) and PhPGJ

stopping at the PCl stage (eq 10). In this way, the analogous RS\ _eBui | CRRSK T .
' ) Messi” ) PF3 Me3Si}\I ‘F
t-BuMezSn\ (1) n-BuLi t-BuMe251\ /Ph
- —_— —R, 10 1 R=Me 13:R=Me
Messi () PhFCly Me3si Y 2:R=Ph 14:R=Ph
1 9

chlorophosphin® was obtained in 83% yield as a thermally ~The difluorophosphine$3 and14 were obtained in good
stable, distillable liquid that had a characteristically low field Yields (ca. 70%) and were readily identified by NMR
signal @ 146) in the3!P NMR spectrum. Like th@-methyl spectroscopy. In particular, théfiP NMR spectra consisted
derivative 5, compound9 exhibited diastereotopic SiMe Of triplets with characteristically large one-bond-P
groups in its'H and3C NMR spectra. coupling constants of ca. 1200 Hz. Whild was a distillable
As expected, the chlorophosphirieand9 were sensitive liquid, thetert-butyldiphenylsilyl analogud4 was a crystal-
to atmospheric moisture, and some hydrolysis was evidentline solid that was studied by X-ray diffraction.
during initial attempts to recrystalliz§. In a separate The fact thatl4 readily crystallized led to the question of
experiment, a sample afwas stirred at room temperature Whether it might be possible to obtain stable, crystalline
overnight in THF solution containing a small amount of —PH, or —PCk analogues. Neither of these derivatives are
water (eq 11). Solvent removal left a gummy white solid stable enough to distill when simple b8 groups are present
which, after recrystallization, was identified as the PH- on nitrogert® A number of attempts were made to prepare

substituted phosphine oxidio. the —PH, derivative 15 by reducing the difluorophosphine
14 with lithium aluminum hydride (eq 14). The reaction,
N W o however, always gave an inseparable mixture of products
Me3Si)\I Yo H’N i— including the desired-PH, derivativel5 (3P NMR ¢ —21,
7 10 Jry = 191 Hz) and unreacted starting matefidl(*'P NMR

0 165,Jpr = 1,228 Hz). Attempts to isolate5 in pure form

by recrystallization led, instead, to formation of a hydrolysis
product that was subsequently identified as the phosphorus-
(V) derivative 16 (eq 15). Although it was isolated in low

The hydrolysis productOwas conclusively identified by
NMR spectroscopy and a single-crystal X-ray diffraction
study. The NH ¢ 4.42, br) and PH{ 8.08) groups were
clearly observed in théH NMR spectrum, with the latter

occurring as a doublet of doubletslfy = 528 Hz,3Jyy = RS, F g GBS,

9.2 Hz). The same large, one-bonet? coupling constant MR — ;N-P\ a4

({Jpn = 528 Hz) was observed in tHél-coupled3’P NMR Mo e | Mgt

spectrum ¢ 16.0) along with a three-bond coupling to the +BuPhySi,  Q 10

NH proton fJey = 11.5 Hz). H/N—E_OH a3
We also used the Wilburn method for the synthesis of 16

(silylamino)phosphines derived from the symmetrical disi-
lylamine 3 (eq 12). These reactions proceeded smoothly andyield (ca. 10%) and its crystals were not suitable for X-ray

(1 nBuli diffraction, the structure ol6 was readily apparent from

st _2PCl orPHPCy Et3Si P)‘ , NMR spectral data. For example, the phosphorus(V) oxida-
) R —— [— 1 . . . . .
P Gy MeLi Bus? M @ tion state was confirmed by the relatively high fiél® NMR

11: R=Me

12:R=Fh (9) Neilson, R. H.; Lee, R. C.-Y.; Cowley, A. Hnorg. Chem1977, 16,

1455,
afforded ca. 70% yields of phosphintkand12 as distillable (10) Niecke, E.; Rger, R.Angew. Chem., Int. Ed. Engl982 21, 62.
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Table 1. Crystallographic Data for the (Silylamino)PhosphinéduPhSi(MesSi)NPMe (6), t-BuPhSi(MesSi)NP(Ph)CI 7), and

t-BuPhSi(MesSi)NPF, (14)

6 7 14
empirical formula 61H34PSi2 C25H33NPSEC| CmHngPSEFz
fw 373.65 470.14 395.58
cryst size (mm) 0.45& 0.350x 0.225 0.380x 0.330x 0.280 0.430x 0.400x 0.330
cryst syst monoclinic monoclinic monoclinic
space group P2:/n (No. 14) P2;/a (No. 14) P2;/c (No. 14)
a(A) 10.880(6) 16.500(8) 9.484(2)

b (R) 9.438(5) 15.021(6) 14.106(2)
c(A) 22.930(19) 22.638(8) 17.054(2)
o (deg) 90.00 90.00 90.00

p (deg) 104.47 111.10 105.31

y (deg) 90.00 90.00 90.00

V (A3) 2280(3) 5235(7) 2200.4(6)
z 4 8 4

w(cm™?) 2.24 3.06 2.46

2 (A) 0.71069 0.71069 0.71069
D. (g/cn?) 1.130 1.193 1.194
T(K) 298 298 298

R2 0.0533 0.088 0.058
Ru° 0.0495 0.114 0.068

AR = 3||Fol — IFdll/Z|Fol. ® Ry = [TW(IFo| — [Fe)¥TwWFoY2

chemical shift § 1.2) and the large one-bond-P coupling
constant (652 Hz) observed in both tHé and 3P NMR
spectra.

An alternate route to the PH, derivativel5 via the—PChL
intermediatel? (egs 16 and 17) was also investigated. In
this case, the dichlorophosphid& was obtained in crude

#-BuPhySi, (ynpuLi  FBUPBSL - C
B 2) PCl MR 9
MesSi @¥cl3 MesSi cl
2 17
+BPhySi,  H .
\ LiAIH
)\[_ p\ 4___4| (]7)
MesSi H

15

form as a yellow liquid. Althoughl7 decomposed upon
attempted distillation, it was of sufficient purity for subse-

bisecting the PFangle. This gauche relationship of the lone
pair orbitals of nitrogen and phosphorus is favored from
Coulombic considerations. The-N bond distances were
found to be 1.684 A (R= Me) and 1.661 A (R= H) in the
vapor phase. These distances are much shorter than the
generally cited PN single bond distance of 1.77 &.
Furthermore, electron diffraction and IR studies of (silyl-
amino)difluorophosphine, $$iN(H)PR,*€ indicated a planar
geometry at nitrogen with PN and Si-N bond distances

of 1.657 and 1.720 A, respectively. Such studies have
conclusively shown that the nitrogen atom is planar, and thus
sp? hybridized, with some degree of multiple bond character
in the P-N linkage.

Within this context, it is interesting to examine the
structural data obtained here on the new (silylamino)-

quent reactions and was characterized by NMR spectroscopyPNosphiness, 7, and 14. All three compounds crystallized

The 3P NMR signal was far downfield)(189), and théH
and®*C NMR spectra contained the expected peaks for the
t-BuPhSi and MgSi groups.

Subsequent treatment af7 with LiAIH 4 produced the
—PH, derivative 15, isolated as a gummy white solid after
solvent removal, that was easily identified by NMR spec-
troscopy as noted above. Unfortunately, compoilfidould
not be purified by distillation without thermal decomposition
or by recrystallization without significant hydrolysis (to yield
16).

Structures of (Silylamino)phosphines.The molecular
structure and stereochemistry of aminophosphihage been
studied by various techniques including X-ray and electron
diffraction and IR and NMR spectroscopy:? The possibility
of (p—d)r bonding between the lone pair orbital on nitrogen
and the vacant 3d orbitals of phosphorus and, in the case o
the (silylamino)phosphiné$,also silicon has been proposed.
For example, electron diffraction studies conducted on

various SiN compounds have shown that nitrogen has a

planar geometry* Similarly, X-ray'® and electron diffrac-
tion'® studies of RNPF, (R = H, Me) have shown the
geometry at nitrogen to be planar, with theNRplane

7116 Inorganic Chemistry, Vol. 41, No. 26, 2002

in the monoclinic crystal system (Table 1) and exhibited
planar geometries at the nitrogen center (Table 3). In
comparing the structural data (Table 3) for the (silylamino)-
phosphiness (Figure 1),7 (Figure 2), andl4 (Figure 3),

f

(11) Corbridge, D. E. C.The Structural Chemistry of Phosphorus

Elsevier: Amsterdam, 1974.

(12) (a) Crutchfield, M. M.; Dungan, C. H.; Letcher, J. H.; Mark, V.; Van

Wazer, J. R. InTopics in Phosphorus Chemistrgrayson, M.,

Griffiths, E. J., Eds.; Wiley-Intersience: New York, 1967; Vol. 5,

Chapter 4. (bPhosphorus-31 NMR Spectroscopy in Stereochemical

Analysis Verkade, J. G., Quin, L. D., Eds.; VCH: Deerfield Beach,

FL, 1987.

For X-ray structures of some-SN—P systems, see for example: (a)

Pohl, S.; Niecke, E.; Krebs, BAngew. Chem., Int. Ed. Engl975

14, 261. (b)Niecke, E.; Flick, W.; Pohl, $A\ngew. Chem., Int. Ed.

Engl. 1976 15, 309. (c) Scherer, O. J.; Puettmann, Mhgew. Chem.,

Int. Ed. Engl.1979 18, 679. (d) Niecke, E.; Kroeher, R.; Pohl, S.

Angew. Chem., Int. Ed. Endl977, 16, 864. (e) Scherer, O. J.; Walter,

R.; Sheldrick, W. SAngew. Chem., Int. Ed. Endl985 24, 525.

(14) Robiette, A. G.; Sheldrick, G. M.; Sheldrick, W. S.; Beagley, B.;
Cruickshank, D. W. J.; Monaghan, J. J.; Aylett, B. J.; Ellis, 1.JA.
Chem. Soc., Chem. Commui968 909.

(15) Morris, E. D., Jr.; Nordman, C. Enorg. Chem.1968 8, 1673.

(16) Holywell, G. C.; Rankin, D. W. H.; Beagley, B.; Freeman, J. M.
Chem. Soc. A971, 785.

(17) Cruickshank, D. W. JActa Crystallogr.1964 17, 671.

(18) Arnold, D. E. J.; Ebsworth, E. A. V.; Jessep, H. F.; Rankin, D. W. H.
J. Chem. Soc., Dalton Tran&972 1681.

(13)
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Table 2. Crystallographic Data for the (Silylamino)phosphine Oxide the N-Silylphosphoranimin&0, and the Cyclic Compound6

10 30 36
empirical formula QszeN PSiO Q4H30NPSiO Q]_HegNngSiaClzC
fw 379.51 407.57 1061.35
cryst size (mm) 0.20& 0.200x 0.300 0.500x 0.325x% 0.275 0.200x 0.150x 0.120
cryst syst monoclinic monoclinic monoclinic
space group P2:/c (No. 14) P2:/n (No. 14) P2;/a (No. 14)
a(h) 12.65(2) 12.12(3) 19.361(4)

b (A) 10.09(3) 9.72 (1) 13.943(2)
c(A) 16.11(3) 19.38(3) 23.638(2)
a (deg) 90.00 90.00 90.00

S (deg) 99.8(1) 101.9(1) 113.656(9)
y (deg) 90.00 90.00 90.00

V (A3) 2026(3) 2235(5) 5845(3)

z 4 4 4

u(cm) 1.99 1.90 24.58

A (A) 0.71069 0.71069 1.54178
De (g/cn) 1.244 1.220 1.224
T(K) 298 298 298

Ra 0.051 0.092 0.078
RuP 0.050 0.124 0.071

aR = Y||Fo| — |Fc|l/3|Fo|. PRy = [SW(|Fo| — |Fc|)¥SWF4Y2 ¢Includes one molecule of Gigl,.

Table 3. Selected Bond Distances (A) and Angles (deg) for the
(Silylamino)phosphines-BuPhSi(MesSi)NPMe (6),
t-BuPhSi(MesSi)NP(Ph)CI ), andt-BuPhSi(MesSi)NPF; (14)

atoms distance atoms angle
Compounds
Si(1)-N 1.756(2) Si(1yN—Si(2) 124.5(1)
Si(2-N 1.758(3) Si(1yXN—-P 110.8(1)
P—-N 1.725(3) Si(2yN-P 124.7(1)
P—C(20) 1.822(5) N-P—C(20) 107.5(2)
P—C(21) 1.823(4) N-P—C(21) 104.3(2)
Si(1)—C(13) 1.920(4) C(20yP—C(21) 99.5(2)
Compound?
Si(1)-N 1.77(2) Si(1»N-Si(2) 122.6(8)
Si(2-N 1.80(1) Si(1yN-P 112.0(7)
P-N 1.68(1) Si(2XN-P 125.0(8)
P—Cl 2.110(8) N-P—CI 107.4(5)
P—C(20) 1.85(2) N-P—C(20) 105.6(8)
Si(1)-C(13) 1.94(2) C(20yP—Cl 98.8(7) Figure 1. ORTEP representation of compouidThermal ellipsoids are
Compoundl4 drawn at the 50% probability level.
Si(1)-N 1.788(4) Si(1»N-Si(2) 120.9(2)
Si(2-N 1.796(5) Si(1yN—P 117.0(3)
P—N 1.652(4) Si(2yN—P 122.1(2)
P—F(1) 1.542(5) N-P—F(1) 101.1(3)
P—F(2) 1.585(5) N-P—F(2) 101.6(3)
Si(1)-C(13) 1.889(6) F(LyP—F(2) 91.0(3)

two trends are readily apparent. First, the-NP bond
distances decrease markedly and systemati@@IN+PMe;,
1.725(3) A;7, N—P(Ph)Cl, 1.68(1) A14, N—PF,, 1.652(4)

A]. Second, the bond angles at phosphorus decrease cor-
respondingly in the same orde8, [C—P—C, 99.5(2); 7,
C—P—Cl, 98.8(7Y; 14, F—P—F, 91.0(3}]. Both trends are
consistent with an increase i bond order due to the
increasing electron-withdrawing nature of the groups on
phosphorus.

An X-ray structural analysis of the phosphine oxide g
10 (Figure 4) was also obtained. Like the (silylamino)- Figure 2. ORTEP representation of compouidThermal ellipsoids are
phosphines, 7, and14, this compound crystallized in the  drawn at the 50% probability level.
monoclinic system (Table 2), and its molecular structure
revealed a planar geometry at nitrogen (Table 4). It exhib- €xamination of the crystal packing diagram and the inter-
ited a P-N bond distance of 1.637(4) A and-M, N—H, molecular distances.
and P=0O distances of 1.37(3), 0.85(3), and 1.496(3) A,  Synthesis of N-Silylphosphoraniminesin this phase of
respectively. The possibility of intermolecular H-bonding the study, the objective was to convert some of the
(e.g., N—H----O=P) in this structure was ruled out by (silylamino)phosphines described above to mésilylphos-
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Table 4. Selected Bond Distances (A) and Angles (deg) for the
(Silylamino)phosphine Oxid&0, the N-Silylphosphoraniming0, and
the Cyclic Compoun®6

atoms distance atoms angle
CompoundlO
Si—N 1.746(4) S+N—-P 134.3(2)
N—H(7) 0.85(3) SEN—H(7) 114(2)
P—N 1.637(4) P-N—H(7) 111(2)
P—0 1.496(3) N-P—O 113.9(2)
P—H(1) 1.37(3) N-P—H(1) 102(1)
P-C(1) 1.788(4) N-P-C(1) 109.4(2)
Si—C(19) 1.883(5) G-P—H(1) 111(1)
Si—C(13) 1.889(5) OG-P-C(1) 111.0(2)
Si—C(7) 1.875(7) C(1yP-H(1) 109(1)
Compound30
Si—N 1.686(6) S+N—-P 166.4(3)
P P—N 1.512(6) N-P-0O 115.1(3)
Figure 3. ORTEP representation of compoubd Thermal ellipsoids are P-0O 1.584(4) N-P—C(17) 116.4(4)
drawn at the 50% probability level. P—C(17) 1.784(7) N-P—C(18) 116.1(3)
P—C(18) 1.765(8) G-P-C(17) 98.2(3)
Si(1)-C(13) 1.844(5) OG-P-C(18) 103.5(3)
0—-C(19) 1.413(7) C(1HP-C(18) 105.2(4)
Compound36
P(1)-N(1) 1.765(6) N(13P(1}-N(2) 84.0(3)
P(1)-N(2) 1.752(7) N(1)y-P(2y-N(2) 87.0(3)
P(2)-N(1) 1.689(7) P(1yN(1)—P(2) 95.0(3)
P(2-N(2) 1.730(6) P(1)N(2)—P(2) 94.0(3)
P(1)-C(17) 1.83(1) P(2yN(3)—Si(3) 169.9(6)
P(2-N(3) 1.514(7) P(1yN(1)-Si(1) 126.3(4)
P(2)-C(55) 1.81(1) P(2yN(1)-Si(1) 138.7(4)
N(1)-Si(1) 1.752(7) N(1yP(2)-N(3) 118.8(4)
N(2)-Si(2) 1.751(7) N(2)-P(2)-N(3) 120.8(4)
N(3)—Si(3) 1.681(8) P(EyN(2)-Si(2) 128.1(4)
Si(1)-C(13) 1.91(1) P(2yN(2)-Si(2) 137.2(4)
Si(2)—C(35) 1.91(1) N(2)P(2)-C(55) 105.9(4)
Si(3)—-C(51) 1.89(1) N(1yP(1)y-C(17) 102.3(4)
N(2)—P(1)-C(17) 106.6(4)
Figure 4. ORTEP representation of compoub@ Thermal ellipsoids are N(1)—P(2)-C(55) 105.7(4)
drawn at the 50% probability level. N(2)—P(2)-C(55) 114.7(4)

phoranimines of typd& (eq 4). Such compounds not only Bromination reactions of thB-chlorophosphineg and9

are potential phosphazene precursors but are also of interestvere also studied (egs 19 and 20). In the case of the
as mechanistic probes for the polymerization process anddimethylsilyl-substituted (silylamino)phosphi@gthe prod-
other reactions. Thus, we initiated a study of the oxidative

Co . . . : h
bromination reactions of these sterically hindendesi- _R=Me ,_BuMezSi_N=+l?_B, 9)
lylphosphoranimines. +BuRySi h Br
. . . . . 2N F B | 21
The bromination reactions of the unsymmetrically substi A S vier

tuted (silylamino)phosphines-6 (eq 18) proceeded smoothly MeSi @ R ph Th

in benzene solution at 6C. Proton NMR spectra of the i S @0
volatile components indicated that the less sterically hindered ’ n @

MesSi group was selectively eliminated as §8&Br, leaving

the bulkyt-BuR,Si group on the imino nitrogen uct was a fully characterized, distillable liquid that was

identified as the dibromophosphoranimia&by NMR and
RS R B R mass spectroscopy. For example, the mass spectrizt of
NR v;m’ -BuRgSi—N=Pp—Br as contained a weak molecular ion peakmale 397 and several

MegSi - Me Me more intense fragmentation peaks that showed intensity
#RZR=Me 18R =R'=Me patterns consistent with the presence of two bromine atoms
5:R=Me,R'=Ph 19:R=Me, R'=Ph )

6:R=Ph,R' = Me 20:R = Ph, R' = Me In contrast, the diphenylsilyl analoge upon bromina-
tion, appeared to give a mixture of the dibromo- and
Phosphoranimines8 and19 were obtained in high yields  bromochlorophosphoranimin@® as indicated by the pres-
as thermally stable, distillable liquids and were fully ence of two signals§ —35.3 and—59.3) in the3!P NMR
characterized by NMR{, 13C, and3'P) spectroscopy and  spectrum of the crude product. Rather than attempts to
elemental analysis. The diphenylsilyl analo@@however, separate the mixtur@2 was converted directly to the bis-
was a gummy solid that decomposed on attempted distillation (trifluoroethoxy)phosphoranimine derivative as described
and could not be completely purified by recrystallization. below.
All three compounds were subsequently converted to more The bis(triethylsilyllaminophosphinekl and 12 reacted
stable derivatives as described below. smoothly with bromine under similar conditions to afford
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the expected bromophosphoranimi@8and24, respectively

(eq 21). These products were distillable liquids, characterized
by NMR spectroscopy. Like all of th@-bromophosphor-
animines reported here, thélP NMR chemical shifts occur
ca. 25-35 ppm upfield from those of the parent (silylamino)-
phosphines.

i R
EtSSI\N P/R 5 Et3Si—N ﬁi’ B
- ——— > EySi—N=P—Br @
AR N
Ensii Me - MesSiBr Me
11: R=Me 23:R=Me
12:R=Ph 24:R=Ph

All of theseP-bromophosphoranimines exhibited reactivity
toward nucleophiles similar to those of thei-SiMe;
counterparts. For example, when ttest-butylsilyl-substi-
tuted compound48—20 were treated with LIOCKCF; or
LiOPh (egs 22 and 23), the desirBerifluoroethoxy @5—
27) andP-phenoxy 28—30) derivatives were formed in good
yields. Similarly, theN-SiEt; analogues31—34 were also
prepared (eq 24) as part of this study.

LiOCH,CF3
— O

#-BuRySi—N=P—OCH,CF
_LiBr 2! i 253 @)
Me
25:R=R'=Me
26:R=Me,R'=Ph

+-BuRgSi—N=P—Br —
27:R=Ph,R'=Me

Me

18:R=R'=Me R
‘R= = LiOPh |
19:R=Me,R'=Ph |20 -BuR,Si—N=F—OPh @3)
20: R=Ph,R'=Me - LiBr
Me
28:R=R'=Me

29:R=Me,R'=Ph
30: R=Ph,R'=Me

LiOR'

Et3Si—N=P—Br
3 T - LiBr

Me
23:R=Me
24:R=Ph

Et3Si—N=P—OR (24)

Me
31: R=Me, R'= CH)CF3
32:R=Me,R'=Ph
33:R=Ph, R'= CH)CF3
34:R=R'=Ph

Compound5, 26, and28—34 were all obtained in high
yields (70-95%) as thermally stable, distillable liquids and
were fully characterized by NMR?, 13C, and 3'P)
spectroscopy and elemental analysis. #ReNMR chemical
shifts were ca. 2630 ppm for the trifluoroethoxy derivatives
and ca. 1425 ppm for the phenoxy analogues. The
Siphenyl derivative27, however, could not be purified by
distillation due to some thermal decomposition. The silyl
ether byproduct-BuPhSiOCH,CF; was detected by NMR
spectroscopy in the distillate obtained from that reaction.
Consequently, no further attempts were made to p@ity
The N-tert-butyldiphenylsilylP-phenoxy analogu80, how-
ever, solidified on standing and was recrystallized to give
X-ray-quality crystals (see below).

The dihalophosphoraniming? was treated with 2 equiv
of LIOCH,CF; to give the bis(trifluoroethoxy) derivativés
(eq 25). The crude product from this reaction was contami-

'h
t-BuPhy Si—N=P—Br
Br(Cl)

h
t-ButhSi—N=]l’—OCH2CF3
OCH,CF3

LiOCH,CF;
———
~LiBr @5

22 35

Figure 5. ORTEP representation of compoudd Thermal ellipsoids are
drawn at the 50% probability level.

nated with other, unidentified materials, and fractional
distillation gave35 only in low yield (ca. 20%). Although

the distilled product was readily identified 8 by NMR
spectroscopy, a satisfactory elemental analysis could not be
obtained. This compound also showed some tendency to
crystallize on standing, but crystals suitable for X-ray analysis
were not formed.

Structure of an N-Silylphosphoranimine. Among the
new N-silylphosphoranimines prepared in this study, com-
pound30 (Figure 5) is probably the most significant. This
t-BuPhSiN-substituted?,P-dimethylP-phenoxyphosphora-
nimine was obtained in 60% yield as a colorless, high-
boiling-point liquid that crystallized on standing. The X-ray
diffraction study of30 (Tables 2 and 4) is the first for an
N-silylphosphoranimine that is suitably functionalized to be
a phosphazene polymer precursor (eq 5). Moreover, com-
pound 30 is a rare example of a simple acyclic=R
compound that crystallized without the assistance of metal
complexationt-13

The X-ray analysis 080 revealed a very short=FN bond
distance of 1.512(6) A, a SiN distance of 1.686(6) A, and
a P-0O distance of 1.584(4) A. The SN—P bond angle of
166.4(3}, while far from linear, is considerably larger than
that expected for a formally $fwybridized nitrogen center.
The average NP—C(17,18) bond angle was 116 2%vith
the N—=P—0O and P-O—C19 bond angles being 115.1{3)
and 121.6(4), respectively. Many of these distances and
angles are markedly different from those in the precursor
(silylamino)phosphin&. For example, the PN distance is
dramatically shortened from 1.725(3) &)(to 1.512(6) A
(30), the Si-N distance is shortened from 1.756(2) &) o
1.686(6) A @0), the S-N—P angle is opened from 110.8-
(1)° (6) to 166.4(3y (30), and the C-P—C angle is widened
from 99.5(2} (6) to 105.2(4} (30). Such differences are
consistent with the absence of lone-pair repulsions in going
from the P(lll) to the P(V) oxidation state and with the relief
of steric crowding due to loss of the SiMgroup from
nitrogen. Stereochemical changes are also noted within the
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bulky t-BuPhSi group itself. In the phosphir& the planes
of the phenyl rings are nearly orthogonal to each other,

whereas, in the less sterically congested phosphoranimine

30, such twisting of the rings is not observed.

Thermolysis of a P-Chlorophosphine Since the crystal-
line chlorophosphine7 (Figure 2) decomposed upon at-
tempted distillation, a more controlled thermolysis was
carried out to identify the decomposition products (eq 26).

#BuPhpSi,  Ph
—PR

o
200 C [I-ButhSi—N=P—Ph]
\Cl - Me3SiCl

7
- (PhP
Ph . ,SiPhy(-Bu) n

/N—-T=NSiPh2(t-Bu)
Ph

Me;Si

(26)

+-BuPhySi
36

Thus, a neat sample @fwas heated in a sealed ampule at
200°C for several days. After the sample was cooled to room

Samuel et al.

Figure 6. ORTEP representation of compoud@ Thermal ellipsoids are
drawn at the 50% probability level.

temperature, three distinct products were observed in the Conclusion. A series of new (silylamino)phosphines

reaction tube: a colorless liquid, a waxy brown solid, and a
powdery orange solid. The liquid was easily removed under
reduced pressure and was identified as®4€l by 'H and

13C NMR spectroscopy. The orange product was insoluble
in all common solvents and, on the basis of its physical

containing the sterically bulky disilylamino group8uR,-
Si(MesSi)N— (R = Me, Ph) or (EfSi),N— have been
prepared and characterized. In addition to severalkyl/
aryl derivatives, two-PF, phosphines were isolated as stable
products, and evidence for aPH, derivative was also

appearance and insolubility, was presumed to be the cyclicoptained. Oxidative bromination of theBuR,Si(MesSi)N-

polyphosphines (PhRYn = 5, 6)1° This also accounts for
the apparent stoichiometry of the thermolysis reaction.
The brown solid was readily soluble in GEl,, which
facilitated its complete separation from the orange powder.
The 3P NMR spectrum of the soluble product was strongly
suggestive of the cyclic structus since two doublets for
the P(lll) and P(V) centef8were observed at 96.8 and 1.66
ppm, respectively, with a-PP coupling constant of 48.9 Hz.
Although the'H and'3C NMR spectra contained complex
multiplets in the phenyl antdBu regions, the relative peak
intensities were consistent with the proposed structure.
Recrystallization from a minimal amount of hexaneACH
afforded white crystals that were suitable for X-ray diffrac-
tion. The analysis (Tables 2 and 4) confirmed the cyclic
structure of36 and the P(llI}-P(V) arrangement (Figure 6).
The average endocyclictN bond distance i86is 1.734
A, while the exocyclic B-N bond distance is only 1.514(7)
A, similar to the formal double bond in the phosphoranimine
30. The SN bonds for the Si atoms attached directly to
the ring have an average length of 1.752 A, while thel$i
distance in the exocyclicPN—Si linkage is 1.689 A. The
P—N-—Si bond angle within the same moiety is quite large
[169.9(6F] and also comparable to that in the acyclic
analogue30. The P-bonded phenyl groups are arranged on
opposite sides of the four-membered ring itvansrelation-
ship to each other with an average-® bond distance of

substituted aminophosphines occurred with selective cleavage
of the SiMe group, giving exclusively the-BuR;SiN-
substituted\-silylphosphoranimines. In addition to providing
enhanced thermal stability relative to the §8eanalogues,

the bulkyt-BuPhSi group, in particular, imparted crystal-
linity to many of the products. Consequently, X-ray crystal
structures were obtained on a series of three of the title
compounds as well as some of their oxidation and thermoly-
sis products. The results of a more systematic study of the
thermal decomposition of the neMtsilylphosphoranimines,

as possible phosphazene precursors, will be reported else-
where.

Experimental Section

Materials and General ProceduresThe starting disilylamines
t-BuR;Si(MesSi)NH (1, R = Me; 2, R = Ph) and (E§Si),NH (3)
were prepared according to published proced&é&The reagents
PCk, PR, PhPC}, CRCH,0OH, PhOH, LiAlH, (1.0 M in EtO),
MeLi (1.4 M in Et,0), andn-BuLi (2.5 M in hexane) were used as
received from commercial sources. Hexane,CEtCH,Cl,, and
TMEDA were distilled under N from CaH and either used
immediately or stored over molecular sieves. Tetrahydrofuran (THF)
was distilled under Nfrom Na/benzophenone immediately prior
to use. Proton'3C{'H}, and®'P{1H} NMR spectra were obtained
on a Varian XL-300 spectrometer using CDQit C;Dg as a lock
solvent. PositiveH and13C NMR chemical shifts and'P NMR
shifts are downfield from the external references,Seand H-

1.82 A. The X-ray analysis also revealed the presence of PO. respectively, with coupling constants) (given in hertz.

one molecule of the crystallization solvent @, (not
shown in Figure 6) per ring molecule.

(19) Cowley, A. H.Chem. Re. 1965 65, 617.
(20) Appel, R.; Halstenberg, Ml. Organomet. Chenl975 99, C25.
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Elemental analyses were performed by E&R Microanalytical
Laboratory, Inc., Corona, NY. GC/mass spectrometry was done

(21) Bowser, J. R.; Neilson, R. H.; Wells, R. Inorg. Chem.1978 17,
1882.
(22) Fessenden, R.; Fessenden, XCIsem. Re. 1961, 61, 361.
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using a Hewlett-Packard 5890 gas chromatograph and 5989A mass\MR: 6 35.4. Anal. Calcd for @H3,NPSp: C, 65.07; H, 8.84.
spectrometer system. All reactions and manipulations were carriedFound: C, 64.82; H, 9.05. Crystals @& suitable for X-ray
out under a nitrogen atmosphere and/or by using standard vacuundiffraction were obtained by recrystallization from a minimal
line techniques. amount of hexane/Cil, (1:1 by volume).

X-ray Crystallography. Diffraction data of compounds, 7, 11 (R= Me). The same procedure (0.250 mol scale), using the
10, 14, 30, and36 were collected at room temperature on a Rigaku disilylamine 3, PCk instead of PhPG) and MeLi (2 equiv) gave
AFCG6S diffractometer. Crystallographic data are summarized in productll as a colorless liquid. Yield: 73%. Bp: 780°C (0.01
Tables 1 and 2. The structures (Figures6) were solved using mmHg). 'H NMR: 6 0.63 (g, M&H,Si, Juy = 7.7), 0.83 (t,
direct method® and refined using the Texsan program packidge. MeCH,Si, Juy = 7.8), 1.24 (d, Me, Joy = 6.3).13C NMR: 6 7.60
All non-hydrogen atoms were refined anisotropically, while H atoms  (d, MeCH,Si, Jr.c = 8.3), 7.93 (sMeCH,Si), 20.6 (d, Me, Jpc =
were constrained with a riding model. Selected bond distances and22.8).3P NMR: ¢ 31.1. Anal. Calcd for @H3zeNPSh: C, 55.03;
angles are listed in Tables 3 and 4. Further details regarding theH, 11.87. Found: C, 54.55; H, 11.75.
crystal data and refinement as well as full tables of bond lengths 12 (R = Ph). The same procedure (0.250 mol scale), using the
and angles for these structures have been deposited with thedisilylamine3, PhPC}, and MeLi (1 equiv) gave produd as a

Cambridge Crystallographic Data Center. colorless liquid. Yield: 70%. Bp: 108117°C (0.01 mmHg)H
Preparation of (Disilylamino)phosphinest-BuR,Si(Me3Si)NP- NMR: 6 0.62 (q, M&CH,Si, Jyy = 7.7), 0.86 (tMeCH,Si, Juy =
(R)Me (5, 6) and (E&Si)NP(R)Me (11, 12). 5 (R= Me, R' = 7.7), 1.60 (d, ®e, Jppy = 6.5), 7.2-7.3 (m, Ph). 13C NMR: ¢

Ph). A 1L, three-neck flask, equipped with a magnetic stir bar, N 7.82 (d, M&H,Si, Jpc = 7.5), 8.15 (sMeCH,Si), 18.2 (d, Mle,
inlet, and 250 mL addition funnel, was charged with the disilazane Joc = 27.2), 147.5 (d, Ph, Jpc = 22.7), 128.9 (dp-Ph Joc =
1(50.8 g, 0.250 mol) and THF (250 mL). The flask was cooled to 16.0), 128.1 (dm-Ph Jpc = 3.0), 126.9 (dp-Ph Jpc = 2.0).3P
0 °C, andn-BuLi (0.250 mol, 100 mL, 2.5 M solution in hexane) NMR: 6 36.2. Anal. Calcd for GH3sNPSh: C, 62.07; H, 10.42.
was added dropwise from the addition funnel. Following the Found: C, 61.84; H, 10.30.

addition, the funnel was rinsed with THF (ca. 10 mL) that was In the preparations of compounii$ and12, EtO could be used
added to the reaction mixture. The reaction was allowed to warm as the solvent instead of THF with no significant difference in
to room temperature while it was stirred for ca. 1.5 h. The flask product yield.

was then cooled te-78 °C, and PhPGI(0.250 mol, 33.9 mL) was Preparation of Phenyl(chloro)phosphinest-BuR,Si(MesSi)-
added dropwise to the stirred reaction mixture. The mixture was NP(Ph)CI (7, 9) and the Hydrolysis Productt-BuPh,Si(H)NP-
allowed to warm to room temperature while it was stirred for ca. (=0)(Ph)H (10). 7 (R = Ph). A 250 mL, three-neck flask,

2 h. The addition funnel was again rinsed with THF (ca. 10 mL) equipped with a magnetic stir barNlet, and 50 mL addition
that was added to the reaction mixture. The flask was cooled to O fynnel, was charged with the disilaza®€16.4 g, 0.050 mol) and
°C, and MeLi (0.250 mol, 179 mL, 1.4 M solution in &) was THF (125 mL). The flask was cooled to°€, andn-BuLi (0.050
added dropwise to the stirred reaction mixture &0The mixture mol, 20.0 mL, 2.5 M solution in hexane) was added dropwise from
was then allowed to warm to room temperature and stirred the addition funnel. Following the addition, the funnel was rinsed
overnight. Solvents were removed under reduced pressure, andyith THF (ca. 10 mL) that was added to the reaction mixture. The
hexane (ca. 600 mL) was added to extract the product from the reaction was allowed to warm to room temperature while it was
salts. The mixture was filtered under reduced pressure, the saltSstirred for ca. 1.5 h. The flask was then cooled-@8 °C, and
were washed with hexane (4 50 mL), and the washings were  phpc} (0.050 mol, 6.8 mL) was added dropwise to the stirred
combined with the filtrate. Solvent was removed under reduced reaction mixture. The mixture was then allowed to warm to room
pressure, leaving a viscous, oily residue. Fractional distillation gave temperature and stirred overnight. Solvents were removed under
Sas acolorless liquid. Yield: 73%. Bp: 16004°C (0.01 mmHg). reduced pressure, and hexane (ca. 100 mL) was added to extract
'HNMR: ¢ —0.02 (s,MesSi), 0.26 (dMeSi, Jpn=1.8), 0.44 (d,  the product from the salts. The mixture was filtered under reduced
Me;Si, Jpy = 1.8), 0.97 (sMesC), 1.64 (d, Me, Jpy = 6.6), 7.1 pressure, the salts were washed with hexane (46 mL), and the
7.4 (m,Ph). °C NMR: 6 6.00 (s,Me;Si), —0.14 (d,Me;Si, Jpc = washings were combined with the filtrate. Solvent was removed
5.4), 0.08 (dMe;Si, Jpc = 6.1), 17.3 (d, Rle, Jpc = 27.2), 20.5 under reduced pressure, leaving a white solid. Recrystallization from
(s, M&C), 28.3 (d,MesC, Jpc = 6.3), 147.3 (d, Ph, Jpc = 23.6), hexane/CHCI, (1:1 by volume) gave produdt as white crystals
128.7 (d,0-Ph Jpc = 15.4), 128.2 (dm-Ph Jpc = 2.4), 126.8 (S, that were suitable for X-ray diffraction. Yield: 65%4 NMR: ¢
p-Ph). 3P NMR: 6 39.9. Anal. Calcd for GH3,NPSp: C, 59.03; —0.07 (s,MesSi), 1.48 (sMexC), 7.7-8.4 (m,Ph). 3C NMR:
H, 9.91. Found: C, 58.71; H, 9.91. 5.13 (s,Me;Si), 22.0 (d, MgC, Jpc = 7.0), 28.8 (dMesC, Jpc =

6 (R = Ph, R = Me). The same procedure (0.250 mol scale), 9.3), 127.8-142.5 (m,Ph). 31P NMR: ¢ 143.4. Anal. Calcd for
using the disilylamin@, PCk instead of PhPGJand MeLi (2 equiv) CosH33CINPSE: C, 63.87; H, 7.08. Found: C, 64.03; H, 6.94.

gave product as a colorless liquid that solidified on standing. 9 (R = Me). The same procedure (0.050 mol scale), using the
Yield: 50%. Bp: 146-160°C (0.01 mmHg)!H NMR: 6 —0.18 disilylamine1 and PhPG] gave produc® as a colorless, distillable
(s, MesSi), 1.06 (sMexC), 1.45 (d, Me, Jpy = 7.1), 7.2-7.6 (m, liquid. Yield: 83%. Bp: 107-110°C (0.01 mmHg):H NMR: 6

Ph). 13C NMR: 6 6.43 (s,Me;Si), 19.8 (d, e, Joc = 24.0), 21.6 0.09 (s,MesSi), 0.04 (d,Me;Si, Jpy = 2.9), —0.42 (d,Me;Si, Jpi

(d, M&sC, Jpc = 5.7), 29.4 (dMexC, Jpc = 11.9), 138.3 (d, $th, =2.2), 1.07 (dMesC, Jpiy = 1.3), 7.3-7.7 (m,Ph). 3C NMR: 6

Jec = 6.4), 136.3 (sp-Ph), 127.5 (sm-Ph), 129.2 (s,p-Ph). 3'P 5.41 (s,MesSi), —0.07 (d,Me;Si, Joc = 14.7),—0.82 (d,Me,Si,

(23) Sheldrick, G. M.SHELX86 P for the Solution of Crystal  Jre." 19:9), 204 (s, Me), 27.8 (d,M&C, Jec = 6.6), 128.5-
eldrick, G. M. rogram for the Solution of Crysta 31 . :
Structures University of Gatingen: Gitingen, Germany, 1986. 145.4 .(.m,Ph). P NMR: o 145'9' Anal. C?dk:d for G
(24) Texsan-Texray Structure Analysis Packagersion 1.701; Molecular CINPSh: C, 52.07; H, 8.45. Found: C, 51.94; H, 8.73.
Structure Corp., March 1995. Hydrolysis of 7. Some hydrolysis was observed during the initial

(25) X-ray crystallographic data for compoun@ls7, 10, 14, 30, and 36 ;
have been deposited with the Cambridge Crystallographic Data Centerattempts to recrystallize the phenyl(chloro)phospfiirie a separate

and are available as Deposit Numbers 158850158353 {), 158352 experiment, a small sample @f(0.010 mol) was stirred at room
(10), 158354 (4), 158351 80), and 157316 36). temperature overnight in THF (10 mL) solution containing about
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0.5 mL of water. Solvent was removed under reduced pressure,from the salts. The mixture was filtered under reduced pressure,
leaving a gummy white solid. Recrystallization from hexanef/CH  the salts were washed with hexane{20 mL), and the washings
Cl, (1:1 by volume) gave produdO as white crystals that were  were combined with the filtrate. Solvent removal [gTtas a viscous
suitable for X-ray diffraction. Yield: 15%H NMR: ¢ 1.15 (s, liquid that decomposed upon attempted distillatiin. NMR: ¢
MesC), 4.42 (br, NH), 7.2—7.7 (m,Ph), 8.08 (dd 2Jpy = 528,33 0.17 (s,MesSi), 1.13 (s,MeC), 7.5-7.9 (m, Ph). 13C NMR: ¢
= 9.2).13C NMR: 6 19.1 (d, MgC, Jpc = 3.2), 27.1 (sMesC), 5.33 (s,Me;Si), 21.6 (d, MeC, Jpc = 7.5), 28.4 (dMe&sC, Jpc =
127.9-136.1 (m,Ph). 3P NMR: 6 16.0 (dd,PH, Jpy = 528,3Jpy 14.8), 134.2 (d, $th, Joc = 6.6), 136.3 (sp-Ph), 128.0 (sm-Ph,
= 11.5). 130.3 (s,p-Ph). 3P NMR: ¢ 188.8.

Preparation of Difluorophosphinest-BuR,Si(Me;Si))NPR (13, —PH; Compound 15.The dichlorophosphiné7 (0.039 mol),
14). 13 (R= Me). A 250 mL, three-neck flask, equipped with a Prepared as just described, was dissolved 4OH60 mL) in a
magnetic stir bar, Minlet, and 25 mL addition funnel, was charged 100 mL, three-neck flask that had been purged withThe flask
with the disilylaminel (7.73 g, 0.038 mol) and ED (50 mL). The was equipped with a gas inlet, magnetic stir bar, and 25 mL addition
center neck of the flask was attached to a standard glass vacuunfunnel. The flask was cooled to"€, and LiAlH, (0.020 mol, 19.5
line by way of a Teflon stopcock. The flask was cooled tQ) mL of a 1.0 M solution in EfO) was added dropwise to the stirred
andn-BuLi (0.038 mol, 15.3 mL of a 2.5 M solution in hexane) reac.:tlion mixture. The mixture, which became turbid during.the
was added dropwise from the addition funnel. The reaction mixture addition, was allowed to warm to room temperature and stirred
was allowed to warm to room temperature and stirred for ca. 1 h, Overnight. Solvents were removed under reduced pressure, and
The addition funnel was replaced by a glass stopper, and the flask"€Xane (ca. 100 mL) was added to extract the product from the
was cooled to-78°C and degassed. Gaseous RF040 mol) was salts. The mixture was filtered under reduced pressure, the salts

measured on the vacuum line and condensedl&6 °C in one of

the U-traps of the vacuum manifold. The reaction mixture was then

cooled to —196 °C, and the Pk was allowed to warm and
recondense into the reaction flask. The flask was warmed7®

°C, allowing the contents to melt. The mixture was then allowed
to warm slowly to room temperature with stirring. As the reaction

mixture warmed, a green, gel-like precipitate formed. The reaction
mixture was then stirred overnight. Solvents were removed under

reduced pressure, and hexane (ca. 100 mL) was added to extract X ; .
d hexane/CHCI, resulted in the formation of small amounts of a white

the product from the salts. The mixture was filtered under reduce
pressure, the salts were washed with hexane (6 mL), and the
washings were combined with the filtrate. Solvent was removed
under reduced pressure, leaving a thick yellow liquid. Fractional
distillation gavel3 as a colorless liquid. Yield: 76%. Bp: 500

°C (0.01 mmHg).'H NMR: 6 0.31 (s,Me;Si), 0.32 (s,Me;Si),
0.95 (s,Me5C). 13C NMR: ¢ —0.48 (br,Me;Si), —0.24 (br,Me,-

Si), 4.47 (dMe&sSi, Jpc = 2.2), 19.4 (s, MeC), 27.2 (d,MesC, Jpc

= 4.8).3P NMR: ¢ 165.8 (t,PF,, Jpr = 1238). Anal. Calcd for
CoH4F,NPSE: C, 39.82; H, 8.91. Found: C, 39.82; H, 9.35.

14 (R = Ph). The same procedure (0.038 mol scale), using the
disilylamine 2, gave productl4 as a white solid after solvent
removal. Recrystallization from hexane/gH, (1:1 by volume)
gave productl4 as white crystals that were suitable for X-ray
diffraction. Yield: 70%.1H NMR: ¢ —0.03 (s,Me&sSi), 1.07 (s,
MesC), 7.5-7.9 (m,Ph). 13C NMR: ¢ 4.1 (s,Me;Si), 20.9 (d, MeC,
Jpc= 5.1), 28.2 (dMe?,C,Jpc: 13.5), 135.2 (d, Fh, Jpc= 39),
136.1 (sp-Ph), 128.0 (sm-Ph, 130.0 (sp-Ph). 31P NMR: 6 164.8
(t, PFZ, JpF - 1228)

Preparation of Dichlorophosphine t-BuPh,Si(MesSi)NPCl,
(17), the —PH, Derivative 15, and the Hydrolysis Product 16.
—PCl, Compound 17.A 250 mL, three-neck flask, equipped with
a magnetic stir bar, Ninlet, and 50 mL addition funnel, was
charged with the disilazan2 (12.8 g, 0.039 mol) and ED (100
mL). The flask was cooled to €C, andn-BuLi (0.039 mol, 15.6
mL, 2.5 M solution in hexane) was added dropwise from the
addition funnel. Following the addition, the funnel was rinsed with
Et,O (ca. 10 mL) that was added to the reaction mixture. The
reaction was allowed to warm to room temperature while it was
stirred for ca. 1.5 h. The flask was then cooled-{@8 °C, and
PCk (0.039 mol, 3.4 mL) was added dropwise to the stirred reaction

were washed with hexane (8 20 mL), and the washings were
combined with the filtrate. Solvent removal lef6 as a gummy
white solid that decomposed upon attempted distillatiéid.
NMR: 6 —0.06 (s,Me;Si), 1.18 (s,MesC), 5.17 (d, M, Jpy =
191), 7.3-7.8 (m,Ph). 3C NMR: ¢ 1.44 (sMe;Si), 20.9 (d, MeC,
Jpc = 5.5), 28.8 (dMesC, Jpc = 9.1), 137.4 (d, Fth, Jpc = 3.9),
135.8 (sp-Ph), 127.7 (sm-Ph, 129.4 (sp-Ph). 3P NMR: 6 —21.0
(t, PH2, JPH = 191)

Hydrolysis of 15. Attempts to recrystallize product5 from

solid, subsequently identified as the hydrolysis prodi&tYield:
10%.*H NMR: 6 1.00 (d,MesC, Jpy = 10.6), 2.97 (d, M, Jpy =
6.4), 7.2-7.7 (m,Ph), 7.06 (dd, ™™, 1JpH = 652,3JHH = 1.8).13C
NMR: 6 18.8 (d, MeC, Jpc = 4.3), 26.8 (dMesC, Jpc = 39.3),
128.0-136.1 (m,Ph). 3P NMR: ¢ 1.2 (dd,PH, *3Jpy = 652,3Jpy
=7.3).

Preparation of P-Bromophosphoraniminest-BuR,SiN=P(R')-
(Me)Br (18—20), t-BuR,SiIN=P(Ph)Br, (21, 22), and EtSiN=
P(R)(Me)Br (23, 24). 18 (R= R' = Me). A 250 mL, three-neck
flask, equipped with a magnetic stir bar, let, and 50 mL
addition funnel, was charged with the (silylamino)phospHiiie3.2
g, 0.050 mol) and benzene (100 mL). The flask was cooled to 0
°C, and a solution of Br(0.050 mol) in benzene (30 mL) was
added slowly to the stirred reaction mixture. The addition of Br
was stopped when a faint yellow color persisted in the solution.
The mixture was then allowed to warm to room temperature. The
solvent and MeSiBr were removed under reduced pressure. The
residual liquid was then stirred under a dynamic vacuum for ca. 2
h to completely remove any M8iBr. Distillation gave product8
as a colorless liquid. Yield: 87%. Bp: 4@8°C (0.1 mmHg)1H
NMR: 6 —0.09 (s,Me&:Si), 0.75 (s,Me;C), 2.00 (d, Re, Jpn =
13.6).13C NMR: ¢ 2.30 (d,M&;Si, Jpc = 4.8), 18.3 (d, MeC, Jpc
= 6.2), 26.4 (sMeC), 29.3 (d, Re, Jpc = 80.0).31P NMR: ¢
6.4. Anal. Calcd for @H»:BrNPSi: C, 35.56; H, 7.83. Found: C,
35.58; H, 7.80.

19 (R= Me, R' = Ph). The same procedure, using (silylamino)-
phosphine5, gave productl9 as a colorless, distillable liquid.
Yield: 71%. Bp: 88-94°C (0.01 mmHg)!H NMR: ¢ —0.09 (d,
Me,Si, Jpry = 4.7), 0.93 (sMesC), 2.27 (d, Rle, Jpy = 13.9), 7.4~
7.9 (m,Ph). 13C NMR: 6 2.10 (d,Me&;Si, Jpc = 4.3), 18.5 (s, MeC),
26.6 (s,Me;C), 29.5 (d, Re, Jpc = 81.1), 137.8 (d, Ph, Jpc =

mixture. The mixture was then allowed to warm to room temper- 121), 128.6 (do-Ph Jpc = 14.6), 130.4 (dm-Ph Jpc = 12.0),
ature and stirred overnight. Solvents were removed under reduced132.1 (d,p-Ph Joc = 3.1).31P NMR: 6 0.2. Anal. Calcd for GHos
pressure, and hexane (ca. 100 mL) was added to extract the producBrNPSi: C, 46.99; H, 6.98. Found: C, 46.72; H, 6.87.
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20 (R=Ph, R = Me). The same procedure, using (silylamino)-
phosphine6, afforded a gummy yellow solid after removal of

19.4 (d, mMe, Jpc = 938), 59.4 (dq, QHy, Jpc=5.2,Jc= 366),
123.9 (dg,CFs, Joc = 7.4, Jrc = 278).3%P NMR: 6 30.0. Anal.

benzene and M&IiBr. This material decomposed upon attempted Calcd for GoH,3FsNOPSI: C, 41.51; H, 8.01. Found: C, 41.63;
distillation. Further purification and characterization was not H, 8.00.

attempted. Instead, it was used directly for the synthesis of the

P-OCH,CF; (27) or P-OPh 30) derivative as described below.
21 (R = Me). The same procedure, using thechloro-
(silylamino)phosphin®, gave produc®las a colorless, distillable
liquid. Yield: 68%. Bp: 105-110°C (0.01 mmHg)!H NMR: o
Ph). 3C NMR: 6 —3.16 (d,Me;Si, Jpc = 6.2), 18.4 (d, MeC, Jpc
= 8.8), 26.3 (sMesC), 140.4 (d, Ph, Jpc = 159), 128.6 (dp-Ph,
Jpc = 18.9), 130.3 (dm-Ph Jpc = 13.3), 133.2 (dp-Ph Jpc =

4.2).31P NMR: 6 —10.9.
22 (R= Ph). The same procedure, usifgchloro(silylamino)-

26 (R= Me, R' = Ph). The same procedure, using tRdromo-
phosphoraniminel9, gave produc26 as a colorless, distillable
liquid. Yield: 56%. Bp: 66-70 °C (0.01 mmHg).*H NMR: ¢
—0.05 (s,Me;Si), 0.84 (sMesC), 1.59 (d, Me, Jpy = 14.3), 3.7
4.3 (m, @CHyp), 7.3-7.7 (m,Ph). 3C NMR: ¢ —1.18 (d,Me,Si,
Jpc = 4.5), 18.7 (d, MeC, Jpc = 5.1), 26.6 (sMesC), 18.9 (d,
PMe, JpC: 952), 59.6 (m, @Hz, JpC: 49), 123.9 (mCFg, JFC
= 272), 133.9 (d, Ph, Jpc = 134), 128.7 (dp-Ph Jpc = 13.2),
131.4 (d,m-Ph Jpc = 10.7), 131.9 (dp-Ph Jpc = 2.6).31P NMR:
0 20.9. Anal. Calcd for @H.sFsNOPSi: C, 51.27; H, 7.17.
Found: C, 51.22; H, 7.20.

phosphiner, afforded a yellow solid after removal of benzene and 28 (R = R' = Me). The same procedure, using tRebromo-
Me;SiBr. This material decomposed upon attempted distillation. phosphoranimind8and LiOPh (prepared from PhOH aneBulLi
Further purification and characterization was not attempted. Instead,as described above) instead of LIO&HF;, gave produc28 as a
it was used directly for the synthesis of tReOCH,CF; derivative colorless, distillable liquid. Yield: 85%. Bp: 5%8 °C (0.01
35 as described below. mmHg).*H NMR: ¢ —0.21 (s,Me&;Si), 0.74 (s,Me;C), 1.49 (d,
23 (R = Me). The same procedure, using the (silylamino)- PMe, Jpyy = 13.6), 7.6-7.2 (m,Ph). 3C NMR: 6 —1.42 (d,Me,-
phosphinell, gave produc3 as a colorless, distillable liquid.  Si, Joc = 2.7), ca. 19 (MgC, obscured by Kle signal), 26.6 (s,
Yield: 76%. Bp: 46-42 °C (0.01 mmHg).*H NMR: ¢ 0.41 (q, MesC), 19.3 (d, e, Jpc = 95.7), 151.8 (d, ®h, Jpc = 9.4), 121.6
MeCH;,Si, Jyn = 7.9), 0.84 (t MeCH,Si, Juy = 7.9), 2.00 (d, Rle, (d, 0-Ph, Jpc = 4.5), 129.5 (sm-Ph), 124.2 (sp-Ph). 3P NMR:
Jpy = 13.6).13C NMR: 6 6.75 (d, M&CH,Si, Jpc = 5.4), 7.53 (s, 0 24.8. Anal. Calcd for @H,6NOPSI: C, 59.33; H, 9.25. Found:
MeCH,Si), 29.6 (d, Me, Jpc= 80.7).3'P NMR: 6 5.8. Anal. Calcd C, 59.39; H, 9.40.
for CgH,1BrNPSI: C, 35.56; H, 7.83. Found: C, 35.36; H, 7.64. 29 (R = Me, R" = Ph). The same procedure, using the
24 (R = Ph). The same procedure, using the (silylamino)- P-bromophosphoraniminkdand LiOPh (prepared from PhOH and
phosphinel2, gave produck4 as a colorless liquid that decomposed n-Buli as described above) instead of LIOgEF;, gave product
slightly during distillation. Yield: 75%. Bp: 107115°C (0.01 29 as a colorless, distillable liquid. Yield: 92%. Bp: 16015°C
mmHg). 'H NMR: 6 0.52 (q, M&H,Si, Juy = 7.9), 0.91 (t, (0.01 mmHg).*H NMR: 6 —0.13 (d,Me;Si, Jpyy = 1.3), —0.14

MeCH,Si, Jyny = 7.7), 2.22 (d, Me, Jpy = 13.9), 7.4-7.8 (m,Ph).
13C NMR: 0 6.98 (d, M&H,Si, Jpc = 5.2), 7.65 (sMeCH,Si),
29.6 (d, MMe, Jpc = 82.0), 137.8 (d, Ph, Jpc = 119.7), 128.5 (d,
0-Ph Jpc = 14.6), 130.4 (dm-Ph Jpc = 11.9), 132.1 (dp-Ph,
Jpc = 3.0).3P NMR: § —2.8.

Preparation of P-Trifluoroethoxy- and P-Phenoxyphosphor-

(d, M&Si, Jpny = 1.2), 0.81 (dMesC, Jpny = 1.3), 1.70 (d, Rle, Jpy
= 13.9), 6.9-7.9 (M, Ph). 3C NMR: 6 —1.22 (d,Me&;Si, Jpc =
1.8),—1.34 (d,Me;Si, Joc = 2.1), 18.7 (d, MeC, Jpc = 5.6), 26.7
(s, MesC), 19.8 (d, RMe, Joc = 97.4), 135.2 (d, Ph, Jpc = 138),
128.5 (d, Pe-Ph Jpc = 13.2), 131.5 (d, RA-Ph Jpc = 10.6), 131.5
(s, Pp-Ph), 152.0 (d, ®h, Jpc = 8.6), 121.3 (d, Co-Ph Jpc =

5.1), 129.4 (s, Gn-Ph, 123.9 (s, Op-Ph). 31P NMR: ¢ 15.6. Anal.
Calcd for GgHogNOPSI: C, 66.05; H, 8.17. Found: C, 65.96; H,
7.94,

animinest-BuR,SiN=P(R')(Me)OCH,CF; (25, 26), t-BURSiN=
P(R)(Me)OPh (28-30), ESIN=P(R)(Me)OR’ (31—34), and
t-BuPh,SIN=P(Ph)(OCH,CF3), (35). 25 (R= R’ = Me). A 250
mL, three-neck flask, equipped with a magnetic stir barjniet, 30 (R = Ph, R = Me). The same procedure, using the
and 125 mL addition funnel, was charged with fiddromophos- P-bromophosphoranimin20 and LiOPh (prepared from PhOH and
phoraniminel8 (13.5 g, 0.050 mol), freshly prepared as described n-Buli as described above) instead of LIOGEF;, gave product
above, and THF (100 mL). The solution was cooled ts@ 30 as a colorless, distillable liquid that solidified on standing.
Another 250 mL, three-neck flask, equipped with a magnetic stir Recrystallization from hexane/GHI, (1:1 by volume) gave crystals
bar, N> inlet, and 50 mL addition funnel, was charged with.CF  of 30 that were suitable for X-ray diffraction. Yield: 71%. Bp:
CH,0H (3.6 mL, 0.050 mol) and THF (50 mL). From the addition 140-162°C (0.01 mmHg)H NMR: ¢ 0.97 (s,Me;C), 1.47 (d,
funnel, n-BuLi (0.050 mL, 20.0 mL, 2.5 M solution in hexane) PMe, Jpoy = 13.8), 7.6-7.6 (m,Ph). 3C NMR: 6 19.7 (d, MeC,
was added slowly to the stirred solution at®@. The mixture was  Jpc = 4.4), 27.7 (sMesC), 19.2 (d, e, Jpc = 96.0), 139.8 (d,
allowed to warm to room temperature while it was stirred for ca. SiPh, Jpc = 2.1), 135.6 (s, S6-Ph), 129.6 (s, Sm-Ph, 127.2 (s,

1 h. This solution of LIOCHCF; was transferred via cannula to  Si-p-Ph), 151.6 (d, ®h, Joc = 9.2), 121.7 (d, G3-Ph Jpc = 4.3),
the addition funnel on the other flask and was then added slowly 124.3 (d, Om-Ph Jec = 1.5), 128.4 (s, G3-Ph). 3P NMR: ¢ 25.0.

to the stirred solution of8 at 0°C. The mixture was then allowed  Anal. Calcd for G4HsoNOPSI: C, 70.73; H, 7.42. Found: C, 68.08;
to warm to room temperature and stirred overnight. Solvents were H, 7.35.

removed under reduced pressure, and hexane (ca. 125 mL) was 31 (R = Me, R' = CH,CF3). The same procedure, using the
added to extract the product from the salts. The mixture was filtered P-bromophosphoranimin@3, gave product3l as a colorless,
under reduced pressure, the salts were washed with hexaxe (3 distillable liquid. Yield: 95%. Bp: 4855 °C (0.1 mmHg).H

20 mL), and the washings were combined with the filtrate. Solvent NMR: ¢ 0.36 (q, M&CH,Si, Juny = 7.9), 0.82 (t MeCH,Si, Jyy =

removal, followed by fractional distillation, afforded produz®
as a colorless liquid. Yield: 90%. Bp: 4@t7 °C (0.8 mmHg).1H
NMR: 6 —0.09 (s,Me;Si), 0.80 (s,MesC), 1.41 (d, Re, Jpy =
13.9), 4.17 (dg, GHy, Jpy = 10.0,Jry = 8.7).23C NMR: 6 —1.33
(d, MesSi, Jpc = 24.3), 18.5 (d, MeC, Jpc = 4.9), 26.5 (sMesC),

7.9), 1.38 (d, Rle, Jpy = 13.9), 4.12 (m, @H,, Jpy = 9.0).13C
NMR: 6 7.68 (s, MEH,Si), 7.71 (sSMeCH,Si), 19.5 (d, ®le, Jpc
= 93.7), 59.4 (M, @H,, Jpc = 5.2), 123.9 (dqCFs, Joc = 7.8,
Jrc = 278).31P NMR: d 30.3. Anal. Calcd for GH.3FsNOPSI:
C, 41.51; H, 8.01. Found: C, 41.63; H, 7.88.
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32 (R = Me, R" = Ph). The same procedure, using the
P-bromophosphoranimin2g3 and LiOPh (prepared from PhOH and
n-BuLi as described above) instead of LiOgHR;, gave product
32 as a colorless, distillable liquid. Yield: 60%. Bp: 684 °C
(0.01 mmHg)*H NMR: 6 0.32 (g, M&H,Si, Jyy = 7.8), 0.78 (t,
MeCH,Si, Jyy = 7.9), 1.49 (d, Me, Jpy = 13.8), 7.0-7.2 (m,Ph).
13C NMR: 6 7.61 (d, M&H,Si, Jpc = 3.3), 7.69 (sMeCH,Si),
19.4 (d, Me, Jpc = 95.7), 151.9 (d, ®h, Jpc = 9.0), 121.4 (d,
0-Ph Jpc = 4.5), 124.1 (dm-Ph Jpc = 1.5), 129.5 (sp-Ph). 3P
NMR: 6 24.8. Anal. Calcd for &H,¢NOPSI: C, 59.33; H, 9.25.
Found: C, 59.25; H, 9.62.

33 (R= Me, R" = CH,CF3). The same procedure, using the
P-bromophosphoranimin@4, gave product33 as a colorless,
distillable liquid. Yield: 89%. Bp: 6467 °C (0.01 mmHg).tH
NMR: 6 0.48 (g, M&H,Si, Juy = 7.8), 0.91 (tMeCH,Si, Jyn =
78), 1.62 (d, ®e, Jpy = 143), 3.7-3.9 (m, (I:Hz, Jrn = 84),
4.1-4.3 (m, QCH,, Jry = 8.5), 7.5-7.8 (m, Ph). 13C NMR: ¢
7.86 (d, M&CH,Si, Jpc = 2.8), 7.75 (sMeCH,Si), 19.1 (d, e,
Jpc = 96.0), 59.6 (M, @H,, Jpc = 4.9), 123.9 (dqCF3, Jpc =
10.4,Jec = 278), 134.1 (d, Ph, Jpc= 135), 128.6 (dO-Ph, Jpc=
13.3), 131.4 (dm-Ph Jpc = 10.7), 131.8 (dp-Ph Jpc = 2.8).31P
NMR: ¢ 20.1. Anal. Calcd for GH,sFNOPSi: C, 51.27; H, 7.17.
Found: C, 51.14; H, 7.35.

34 (R = Me, R" = Ph). The same procedure, using the
P-bromophosphoranimin24 and LiOPh (prepared from PhOH and
n-BulLi as described above) instead of LiOgHR;, gave product
34 as a colorless, distillable liquid. Yield: 81%. Bp: 11819°C
(0.01 mmHg).*H NMR: 6 0.42 (g, M&CH,Si, Jyy = 7.9), 0.86 (t,
MeCH,Si, Jyy = 7.9), 1.72 (d, Me, Jpy = 13.6), 6.9-7.9 (m,Ph).
13C NMR: 6 7.68 (d, M&H,Si, Jpc = 3.3), 7.76 (sMeCH,Si),
19.9 (d, Me, Jpc = 98.3), 135.2 (d, Ph, Jpc = 136), 128.5 (d,
P-0-Ph Jpc = 13.3), 131.5 (d, M-Ph Jpc = 10.6), 131.5 (s, B-
Ph), 152.0 (d, @®h, Jpc = 8.8), 121.2 (d, G-Ph Jpc = 4.9), 129.3
(s, OMm-Ph, 123.8 (s, Op-Ph). 3P NMR: 6 14.3. Anal. Calcd for
C19H2eNOPSI: C, 66.05; H, 8.17. Found: C, 65.81; H, 8.55.

Compound 35.The same procedure, using tRebromophos-
phoranimine22 and LIOCHCF; in a 1:2 mole ratio, gave product
35 as a colorless, distillable liquid. The product contained small
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amounts of unidentified impurities. Yield: 20%. Bp: +1030°C
(0.01 mmHg).*H NMR: 6 1.35 (d,MesC, Jpyy = 2.1), 4.42 (m,
OCHy, Jrn = 8.2), 7.5-8.2 (m,Ph). 3C NMR: 6 19.8 (d, MeC,
Jpc=4.4), 27.6 (sMesC), 62.0 (dg, @H,, Jpc = 5.2,Irc = 37.4),
125.0 (dq,CF3, Jpc = 10.7,J.c = 278), ca. 135 (obscured by other
signals, Ph), 128.8 (d, Pe-Ph Jpc = 16.2), 131.8 (d, M-Ph
Jrc = 10.8), 132.8 (s, B-Ph), 138.1 (d, SPh, Jpc = 2.2), 135.4
(s, Sio-Ph), 129.1 (s, Sim-Ph, 127.7 (s, Sk-Ph). 31P NMR: ¢
5.9.

Preparation of the Cyclic Compound 36.A freshly prepared
sample of theP-chlorophosphine7 (9.4 g, 0.020 mol) was
transferred under Nto a heavy-walled glass ampule (ca. 25 mL)
that was then evacuated and sealed. The tube was placed in a
protective metal pipe and then heated in an oven at°Zér 7
days. After being cooled to room temperature, the pipe was opened.
The ampule contained a colorless liquid, a waxy brown solid, and
an orange, powdery solid. The tube was coolet 196 °C, opened,
and quickly attached to a standard vacuum line. As the contents
warmed to room temperature, the volatile product was collected in
a U-trap and subsequently identified asdSi€! (2.05 g, 94% yield)
by 1H and13C NMR spectroscopy. After the tube was filled with
N2, CH,CI, (5 mL) was added and appeared to dissolve all except
the orange solid. The Gi&l, solution was removed via syringe
and added to a large volume (ca. 300 mL) of hexane. After the
insoluble material was allowed to settle, the supernatant liquid was
decanted and the solvent was removed under reduced pressure,
leaving a white solid (ca. 50% yield). Recrystallization from a
minimal amount of hexane/GiEl, (1:1 by volume) gave product
36 as white crystals that were suitable for X-ray diffractidhl.
NMR: 6 0.75 (s,Me&C), 0.97 (s,MeC), 6.4-8.3 (m, Ph). 1°C
NMR: 6 20.1 (m, MgC), 28.5 (m,Me;C), 126.8-145.0 (m,Ph).
31P NMR: 6 1.6 [d,P(V), Jpp= 48.9], 96.8 [dP(Ill), Jpp= 48.9].
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