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Perfluoroalkyl hypofluorites react with difluoramine in the presence of alkali-metal fluorides to produce the corresponding
—ONF,-substituted perfluoroalkanes. This method was used to prepare the prototype compounds CF;ONF,, (CF;),CFONF,,
CF,(ONF,),, and FOCF,0ONF,. Physical and spectroscopic properties are reported for these compounds including vibrational
assignments for CF;ONF,, the simplest member of this class of compounds.

Introduction

Although the existence of NF;0 has been known for more
than 20 years,? only a few RONF, compounds have been
reported, e.g. CF;ONF,, FC(O)ONF,, SFsONF,, and FS-
O,ONEF,, usually prepared by the combination of NF, and RO
radicals generated from N,F, and the corresponding peroxides
or hypohalites, respectively.’ In 1964 studies at Rocketdyne
showed that the low-temperature reaction of alkali-metal
fluoride~—difluoramine adducts with fluorocarbon hypofluorites
provides a new synthetic route to -ONF,-substituted fluoro-
carbons. However, except for a brief and incomplete de-
scription of some of the results in a U.S. patent,* these data
remained unpublished. In this paper, we present a full account
of this and some subsequent work in our laboratory.

Experimental Section

Caution! Difluoramine is highly explosive,’ and protective shielding
should be used during handling operations. The compound was always
condensed at —142 °C, and the use of a —196 °C bath for condensing
HNF, should be avoided.5 Furthermore, the CsF-HNF, adduct
invariably explodes before reaching 0 °C.

Materials and Apparatus. Volatile materials, except for HNF,,
were manipulated in a passivated (with CIF;) stainless-steel vacuum
line equipped with Teflon FEP U-traps and 316 stainless-steel bel-
lows-seal valves and a Heise Bourdon tube-type pressure gauge.
Difluoramine was handled in either a Pyrex glass or an all-Teflon
PFA vacuum system. The hypofluorites CF;0F, (CF;),CFOF, and
CF,(OF),3? and difluoramine® were prepared by literature methods.
The alkali-metal fluorides were dried by fusion in a platinum crucible
and then cooled and powdered in the dry N, atmosphere of a glovebox.

Infrared spectra were recorded in the range 4000-200 cm™ on a
Perkin-Elmer Model 283 spectrophotometer calibrated by comparison
with standard gas calibration points,!%!! and the reported frequencies
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Table 1. Reaction of Perfluoroalkyl Hypofluorites with HNF, in
the Presence of KF¢

starting materials (mole ratio) product yield, %
CF,OF, HNF, (1:1) CF,ONF, 10
(CF,),CFOF, HNF, (1:1) (CF,),CFONF, 10
CF,(OF),, HNF, (1:2) CF,(ONF,), 10~-20
CF,(OF)ONF, 5-10
CF,(OF)ONF,, HNF, (1:2.5) CF,(ONF,), 20-100°

4 In all reactions, except for that indicated in footnote 5, HNF,-
KF was performed at —78 °C with use of using a large excess of
KF; the perfluoroalkyl hypofluorites were added at ~126 or ~142
°C, and the mixtures were allowed to warm slowly to —80 °C over
a period of several hours. ° The quantitative yield of CF,(ONF,),
was achieved by cocondensation of the starting materials over KF
(see text),

are believed to be accurate to £2 cm™!. The spectra of gases were
obtained by using a Teflon cell of 5-cm path length equipped with
AgCl windows. The spectra of matrix-isolated CF;ONF, were ob-
tained at 6 K with an Air Products Model DE202S helium refrigerator
equipped with CsI windows. Research grade Ar (Matheson) was used
as a matrix material in a mole ratio of 300:1.

The Raman spectra were recorded on a Cary Model 83 spectro-
photometer using the 488-nm exciting line of an Ar ion laser and a
Claassen filter'? for the elimination of plasma lines. Quartz tubes
(3-mm o.d.), closed by a metal valve, were used as sample containers
in the transverse-viewing, transverse-excitation technique. A previously
described!® device was used for recording the low-temperature spectra.
Polarization measurements were carried out by method VIII as de-
scribed by Claassen et al.!2

The 'F NMR spectra were recorded at 84.6 MHz on a Varian
Model EM 390 spectrometer. Chemical shifts were determined relative
to the CFCl, solvent with positive shifts being downfield from CFCl;.!4

Mass spectra were recorded with a CEC21-103C mass spectrometer
modified with a metal inlet system, CEC Part No. 285400.

Syntheses of R{ONF, Compounds. Most reactions between the
perfluoroalkyl hypofluorites and HNF, were carried out according
to the following general procedure. Finely powdered dry KF (2 g)
was loaded in the drybox into a 300-mL Pyrex reactor. Difluoramine
(4 mmol) was added from the glass or Teflon line to the reactor at
-142 °C. The mixture was warmed briefly to =78 °C and then
recooled to —142 °C. The reactor was transferred to the metal line,
and a slightly less than stoichiometric amount of perfluoroalkyl hy-
pofluorite was added at =142 °C. The mixture was allowed to warm
slowly over several hours to =78 °C. The volatile products were
separated by fractional condensation through a series of cold traps
kept at appropriate temperatures. The amounts of material were
determined by PVT measurements and identified by spectroscopic
techniques. Typical reaction conditions and yields are summarized
in Table 1.

Synthesis of F;C(ONF;), in a Flow System. In a vacuum line, 2
U-trap filled with glass beads coated with KF was kept at ~112 °C;
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on either side, U-traps were kept at ~142 °C to condense products.
A mixture of F,C(OF), (6.70 mmol) and HNF, (6.70 mmol) was
passed through the system. The reactants were condensed at ~142
°C allowed to pass through the cold traps and KF trap by warming,
and recondensed at —142 °C. The operation was repeated several
times. The products were separated by fractional condensation through
traps kept at —142 and —196 °C. The -142 °C trap contained 0.45
mmol of a mixture of F,C(ONF,), and FOCF,ONF,. In the -196
°C trap, there was left 6.52 mmol of a mixture of F,C(OF),, N,F,,
and NF,.

Results and Discussion

Syntheses of R{ONF, Compounds. Perfluoroalkyl hypo-
fluorites react with alkali-metal fluoride-HNF, adducts at low
temperatures to produce the corresponding ~ONF,-substituted
perfluoroalkanes:

-142 to =78 °C
_——

R,OF + MF.HNF, RONF, + MF-HF

The generality of this reaction was demonstrated by the syn-
thesis of a primary (CF,ONF,), a secondary [(CF,),CFON-
F,}, a geminal bis-substituted [CF,(ONF,),], and a geminal
—OF-substituted (FOCF,ONF) N,N-difluoro-O-perfluoro-
alkylhydroxylamine. It was found important to preform the
alkali-metal fluoride—difluoramine adduct because in the ab-
sence of alkali-metal fluorides most of these hypofluorites react
uncontrollably and sometimes explosively with HNF, to give
zero yields of the desired -ONF,-substituted products. A study
of the effect of different alkali-metal fluorides showed that
KF-, RbF-, and KF-NaF mixtures were all equivalent; CsF
afforded only traces of the desired compounds and is also less
desirable because of the tendency of its HNF, adduct to ex-
plode before reaching 0 °C.” Sodium fluoride alone and LiF
were not examined because they do not form an adduct with
HNF,.

The yields of RONF, in these reactions were generally low
and were in the 10-20% range, except for the reaction of
CF,(OF)ONF, with HNF,. When this reaction was carried
out with preformed KF-HNF,, the yield of CF,(ONF,), was
low, but it was found that CF,(OF)ONF, and HNF, could
be premixed without reaction and after cocondensation over
KF at -142 °C and slow warm-up to -78 °C produced
CF,(ONF,), in quantitative yield. The generally low yields
and the nature of the main products (COF,, CF;CFO, CF;-
COCF,, CF,, N,F,, NF,, etc.) suggest a free-radical mech-
anism for these reactions. For CF,(OF), and HNF, a flow
reaction was also studied by repeatedly passing an equimolar
mixture of the starting materials over KF at —-112 °C. Al-
though CF,(ONF,), and CF,(OF)ONF, were formed, their
yields were considerably lower than those obtained in a static
system.

Since for CF;ONF, the synthesis from CF;OF and N,F,
under the influence of UV radiation!*!é is clearly superior to
the method reported here, we examined the analogous reaction
between CF,(OF), and N,F, under the influence of water-
filtered UV radiation. However, no evidence could be obtained
for the formation of either CF,(OF)ONF, or CF,(ONF,),.
The only ~ONF, compound formed was a small amount of
CF;ONF,, with COF, and FNQO being the major products.
Therefore, the KF-catalyzed reaction of HNF, with CF,(OF),
represents, presently, the only known method for the syntheses
of CF,(OF)ONF, and CF,(ONF,),.

Properties of CF;ONF,. This compound is well-known and
has been well characterized,!*!¢ and the properties observed
in this study were in good agreement with the literature data.
However, since CF;0ONF; is the simplest member of the class
of N,N-difluoro-O-perfluoroalkylhydroxylamines and since
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Table II. Vibrational Spectra of CF,ONF,

r——0bsd freq, cm']. and intensa—.—\ Assfgnment 1n pofnt

—— Infrared ————y Raman group Cs
gas Ar Matrix 1iquid
2605 vw 2\,‘
2530 vw MIRAY)
2485 vw 291
2433 vw 2\,2
2340 vvw v tvg
2280 vvw vy tupp
2245 vw vy *vg
2180 sh v tug
2157 w vy +y,
2020 vw oty
1875 sh Vg vy 0T Vgt
1936 w RV I T T T
1905 sh AT
1842 vvw VAT
1808 ww 2y or Yt g
1792 sh ¥ ot ovg
1733 vw 2\;5 or vy + vg
1661 vvw Mot Vg OF V3t Vg or vt g
1568 vw Yyt g OF vt Vg
1502 vw I R-La TR
1420 vw up PN OF vyt My OF Vgt oy
1340 sh 1341 mw gt g OF Vet vy
1303 vs 1302 vs 1308 (n.2)p w
1292 mw Vgt Mg Or Vgt Yy
1268 w Vo " M3
1251 w 2y,
1247 vs 1242 vs 1248 (0+4) W,
1230 w o+ g
1221 vs 1218 vs 1214 (0+) v,
1216 sh %t g
1207 sh Bty
1186 w Moty
1076 mw 1060 sh LI TOCLE S T
1034 ms 1035 m 1032 (10)p iy
942 ms 942 ms 939 (1.4)p %
901 s 908 s 906 (1,2)dp Y3
870 vs 866 vs 860 {1.2)p %
853 vw Y5 * Mg
EAL-R 122 8 718 (9.8)p %
710 vw 708 (0.7)p va
628 mw 629 mw 625 (1.3) dp Ny
573 w 568 w 566 (4.2)p Yy
528 vw 614 w 510 (0+)p %
480 w 480 mw 476 {0.2)dp W Vg
368 (2.3)dp Vig
51 (7.3)p Vig
201 (1.8)p vyy
75 (0+) Vy7s Vig

(a) Uncorrected Raman intensities representing relative peak helght.

only a partial infrared spectrum had previously been report-
ed,!316 it was desirable to obtain complete vibrational spectra
(see Figure 1 and Table II). Assignments were made for
CF;ONF, by assuming symmetry C, with the F-C-O-N part
of the molecule being located in the symmetry plane. These
assignments are summarized in Table III and were made by
comparison with the spectra of similar molecules such as
CF3OF,17 CF3NO,18 CF3N3,19 CF3NF2,20 SF50NF2,16 and

(15) Shreeve, J. M.; Duncan, L. C.; Cady, G. H. Inorg. Chem. 1968, 4, 1516.
(16) Hale, W. H.; Williamson, S. M. Inorg. Chem. 1965, 4, 1342.

(17) Kuo, J. C.; DesMarteau, D. D.; Fately, W. G.; Hammaker, R. M,;
Marsden, C. J.; Witt, J. D. J. Raman Spectrosc. 1980, 9, 230.
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Table [Il. Vibrational Assignments of CF,ONF, Compared to Those of Similar Molecules
approx
assignt descripn of -1
in point mode for obsd freq, cm
group C, CF,ONF, CF,ONF, CF,N,% CF,0F® CF,NO° CF,NF,¢ NF,¢ HNF,” SF,ONF,¢

a' v vg(CF )1 1303 1284 1294 1291 1290
v, vas(CF ;)" 1218 1168 1222 1175 1221
vy vg(NF,) 1034 1018 1070 972 1029
v, »(C-0) 942 947
Vg v(0O-N) 866 858
Vg 65(CF,) 720 730 678 730 721
v, 645(CF3) 567 513 585 533 576
vy §(NF,) 512 525 573 500
vy amck(CFs) 478 402 429 428
Vio rock( 2) 351
vy 5(CON) 205 179 278

a’ vy, vag(CF, )P 1245 1254 1261 1230 1240
vy vg(NF,) 907 951 931 888 928
vy, 6a5(CF3) 627 556 607 551 600
Vs 8rock(CF3) 478 450 431 428
Vis 8yock(NF,) 368
v, 7(C-0) 75 127 [50]
Vig 7(0-N)

@ Reference 19. Y Reference 17.

CF;, NF,, and CN stretching modes indicates strong mixing of the corresponding symmetry coordinates.
Comeford J. J.; Mann, D. E.; Schoen, L. J.; Lide, D. R. Ibid. 1963, 38, 461.

Chem. Phys. 1962, 37, 636.
ments given in this table for the CF, stretching modes are tentative.
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Figure 1. Vibrational spectra of CF;ONF,: traces A and B, infrared
spectra of the gas recorded in a 5-cm path length cell with AgCl
windows at pressures of 300 and 8 torr, respectively; trace C, infrared
spectrum of Ar-matrix-isolated CF;ONF, (mole ratio 300) at 6 K;
traces D, E, and F, G, Raman spectra of the liquid in a quartz tube
at ~80 °C recorded at two different sensitivities with incident po-
larization parallel and perpendicular.

other —-ONF,-substituted perfluoroalkanes.?! Most stretching
modes and the v, v;, and »4 deformation modes can be as-
signed with confidence. The assignment for the remaining six
deformation modes and for the CF, stretching modes are more

(18)

(19)
(20

Demuth, R.; Biirger, H.; Pawelke, G.; Willner, H. Spectrochim. Acta,
Part A 1978, 344, 113.

Christe, K. O.; Schack, C. J. Inorg. Chem. 1981, 20, 2566.

Atalla, R. H.; Craig, A. D. J. Chem. Phys. 1966, 45, 427. Bjork, C.
W.; Craig, N. C.; Mitsch, R. A.; Overend, J. J. Am. Chem. Soc. 1968,
87, 1186. Oberhammer, H.; Giinther, H.; Birger, H.; Heyder, F.;
Pawelke, G. J. Phys. Chem. 1982, 86, 664.

(21) Christe, K. O., unpublished results.

¢ Reference 18. ¢ Reference 20; the potential energy distribution of the fundamentals assigned to the

€ Harmony, M. D.; Myers, R. J. J.
8 Reference 16. ! The assign-

or less tentative. In all the > CONF, compounds studied in
this laboratory, the > CONF, group exhibits a very charac-
teristic band pattern at about 860, 910, 940, and 1030 cm™!
of almost constant frequencies and intensities and therefore
is well suited for the identification of a > CONF, group. In
particular, the symmetric NF, stretching mode at about 1030
cm! is very useful for diagnostic purposes due to its high
Raman intensity and the absence of other bands in this fre-
quency region.

Properties of (CF;),CFONF,. This compound had previ-
ously been prepared by the reaction of (CF,),CO with N,F,
and N,F, in a platinum tube at 100 °C and 1000 atm external
pressure and identified by its infrared and mass spectrum.??
The infrared spectrum of our product (frequency (cm™), in-
tensity: 1327, s; 1264, vs; 1215, w; 1176 s; 1121, 5; 1064, ms;
985, s; 910, ms; 849, s; 804, vw; 740, m; 725, m) was identical
with that previously reported.?> The identity of the compound
was confirmed by its "F NMR spectrum, which showed the
following shifts, multiplicities, coupling constants, and area
ratios:

1,91 Hz
I 22 Hz ‘
(CF3), CF ONF,
doublet of triplets septet broad triplet with partially resolved NF

spin-spin coupling

¢ -79 ~140 +131
area 3 : 1 : ’ 2

Properties of CF,(ONF,),. CF,(ONF,), is the first known
example of geminal (ONF,),-substituted compound. It is
colorless as a solid, liquid, and gas. A sharp melting point was
not observed for CF,(ONF,), due to its tendency to form a
glass at low temperature. The liquid boils at -9 °C. . The vapor
slowly passes through a —112 °C trap but stops at ~126 °C.
Vapor density measurements (M, found 187, calcd 186)
showed that in the gas phase the compound is not associated.
The compound is completely stable at ambient temperature.
Drop-weight tests performed on the liquid at about 0 °C were

(22) Smiley, R. A,; Sullivan, R. H. “Synthesis of High Energy Polymers and
Solid Oxidizers”, Summary Report, Contract AF04(611)-8169; 1962.
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Table IV. Vibrational Spectra of CF,(ONF,),

obsd freq, cm™!, and intens

Inorganic Chemistry, Vol. 22, No. 5, 1983 813

IR Raman 8.
gas liquid, —80 °C ~ assignt E
1306m 1310 (0+) £
1274 s 1274 (0+) vag(CF,) and combination 2
1250s 1248 (0+) bands in Fermi resonance g
1226 ms 1223 (0+) =
1189 vs 1185 (0+) vg(CF,)
1042 sh p
1038ms 1035 (10)p } vs(NF,) | . '
949mw 949 (0.4) p ®C-0) i | g |
916 s 909 (1) dp pas(NF,) )Mﬁ | || '
877s 870(1)p }V(N-O) > ‘\ } ‘i i
849 vs 835(1) Z ' - H
752mw 749 (0.7) 4 il ‘ L
729 mw 2 B L T
669 w 670 (7) p = M \M”fﬁj
624 w 621 (0.5) D] o P I ,
571 vw 570 (M p 1400 1200 1000 800 600 400 200 O
517 vw FREQUENCY, em~1
458 (0.4) o
391 (2.5 p Figure 2. Vibrational spectra of CF,(ONF,),: traces A and B, infrared
358(2.2)p spectra of the gas in a 5-cm path length cell at 60 and 7 torr, re-
34119 0p spectively; traces C, E and D, F, Raman spectra of the liquid at -80
31725 p °C at two different sensitivities with incident polarization parallel
270 (0.6) p and perpendicular.
260(3.2) p
241 (1.6) dp Table V1. Vibrational Spectra of CF,(OF)ONF
217 () p i 2
166 (0.6) dp obsd freq, cm™!, and intens
IR Raman
Table V. Mass Spectrum? of CF,(ONF,), gas liquid, ~100 °C assignt
mfe  abund ion mfe abund ion 1305 m 1305 (0.2)
118 215 CF,ONF,* 50 22 CFf 2s 1270 ng)) P | ,,4(CF,) and combination
99 1 CF,ONF* and CFONF,* 47 443 CFO* bands in Fermi resonance
2 2 12205 1216 (0.3)p
69 0.64 CF, 33 14.7 NF*
. 1182 vs 1184 sh
68 1 NF,O 31 <0.5 CF*
2. 1171 (1. p vg(CF,)
66 <0.5 CF,0 30 70.5 NO* 1050 sh 1045 sh s
¢ Recorded at 70 eV. 944 m {950 @B)p v(C-OF)
939 (7.3)p v(C-ONF,)
all negative at the 115 cm kg level, compared to a 50% point gé‘; s 351"17 (g)sdp ”agng)
at 6.1 cm kg for ethyl nitrate. These tests indicate that iy (7.5)p »(OF)
. .7 . o 854 vs 855 sh N
CF,(ONF,), is surprisingly stable and is much less sensitive 845 (3.5) p }V(O )
than the analogous CNF, derivative, CF,(NF,),, which under 753 m 751 (2.5) p §(CF,)
the same conditions gave a positive test at 23 cm kg. 689 mw 690 (8.2) p
The structure of CF,(ONF,), was established by its vi- 668 vw 667 (4.4)p
brational (see Figure 2, Table IV), mass (see Table V), and g’g; v ggi (g'g) p
F NMR spectra. The latter showed the following parame- i 520 20'63 gp
ters: 463 (0.5) dp
2.3 Hz 450(1.2) p
; | 371 (3.3) dp
CFz (ONF32)2 359 (7.3)p
348 (8.8) p
) i ) 296 (2.8) p
quintet broad partially resolved triplet 258 (3.2) P
199 3.1) p
. 146 (2) dp
¢ 69.3 +124.6 131 (2.2) dp
area 1 : 2

As expected, CF,(ONF,), is an oxidizer liberating iodine
from a KI solution. Unlike fluorocarbon ethers, CF,(ONF,),
does not readily hydrolyze in concentrated H,SO, at 25 °C.
After a 40-h contact time with agitation, 95% of the CF,(O-
NF,), was recovered unchanged. In CH,0H after 40 h at
25 °C, 90% of CF,(ONF,), was recovered; however, in 1 M
sodium methoxide in methanol, slow reaction was observed.
Similarly, it slowly reacted with acetic acid. The nature of
the reaction products was not investigated.

Properties of CF,(OF)ONF,. Like CF,(ONF,),, this com-
pound had not been prepared previously. It is colorless as a

solid, liquid, and gas and also shows a tendency to form a glass
at low temperature. From experimental data (temperature
(°C), vapor pressure (mm): —94.8, 11; -78.4, 41; —64, 101;
—57.5, 141; 47, 228), the vapor pressure-temperature rela-
tionship was found to be

log [P (mm)] = 7.31997 - 1116.029 /[T (K)]

with an index of correlation of 0.9997. During fractional
condensation, the compound slowly passes through a 126 °C
trap but stops at =142 °C. The extrapolated boiling point is
-21.8 °C, and the derived heat of vaporization is AH,,, = 5105
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Figure 3. Vibrational spectra of CF,(OF)ONF,: traces A and B,
infrared spectra of the gas recorded in a 5-cm path length cell with
AgCl windows at pressures of 42 and 15 torr, respectively; traces C
and D, Raman spectra of liquid CF,(OF)ONTF, at —100 °C recorded
at two different sensitivities.

cal mol™t. The Trouton constant (20.3) and the molecular
weight of the gas M, found 153, caled 153) indicate little or
no association in both the liquid and the gas phases.

The structure of the compound was established by vibra-
tional (see Figure 3, Table VI) and '°’F NMR spectroscopy:

30.5 Hz 2.8 Hz
f 11 1
FO CFp ONF
L. 1]
~1.5 Hz

doublet of triplets broad triplet

Niay_ 19,7 10 Hz

triplet of triplets

¢ +156.6 -79 +125

area : 2 : 2

The compound is stable at ambient temperature and liberates
iodine from KI solution.

Conclusion. Complexing of HNF, with alkali-metal fluoride
has successfully been used to moderate the otherwise explosive
reaction of HNF, with hypofluorites. The general applicability
of this method for the syntheses of N,N-difluoro-O-per-
fluoroalkylhydroxylamines has been demonstrated, and
CF,(ONF,),, the first known example of a geminal-disub-
stituted —ONF, compound, has been prepared by this method.
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Synthesis of (Silylamino)phosphines with P-H Bonds!
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The reactions of several [bis(trimethylsilyl)amino]chlorophosphines, (Me;Si),NP(R)CI, with i-PrMgCl generally yield
mixtures of the isopropyl substitution products (Me,Si),NP(R)(i-Pr) and the unexpected reduction products (Me,Si),NP(R)H
(R = i-Pr, t-Bu, CH,SiMe;, N(SiMe;),, and Ph). The P~H phosphines appear to be formed by a process in which i-PrMgCl
acts as a reducing agent with elimination of propylene. The reaction is catalyzed by magnesium salts, and the relative
yield of reduced product increases with the steric bulk of the phosphorus substituents. In a more direct synthesis, these
P-H substituted phosphines are prepared by the reduction of the chlorophosphines with LiAlH, in ether. Proton, *C,
and 3P NMR data are reported for both series of new phosphines.

Introduction

Silicon—nitrogen—phosphorus compounds, especially the
(silylamino)phosphines such as (Me,Si),NPMe,, are becoming
increasingly important as synthetic reagents. Areas of active
investigation include their use as precursors to new classes of
phosphazene polymers®? as well as novel organic*® and or-
ganometallic’'® phosphorus compounds. Many of the most

(1) Presented in part at the International Conference on Phosphorus
Chemistry, Durham, NC, June 1981, Abstr. 177, and at the 183rd
National Meeting of the American Chemical Society, Las Vegas, NV,
March 1982, INOR 146.

(2) Wisian-Neilson, P.; Neilson, R. H. J. Am. Chem. Soc. 1980, 102, 2848.

(3) Neilson, R. H.; Wisian-Neilson, P. J. Macromol. Sci., Chem. 1981,
Al6, 425.

(4) Neilson, R. H. Inorg. Chem. 1981, 20, 1679.

(5) Morton, D. W_; Neilson, R. H. Organometallics 1982, 1, 289.

(6) Morton, D. W.; Neilson, R. H. Organometallics 1982, 1, 623.

(7) Keim, W.; Appel, R.; Storeck, A.; Kruger, C.; Goddard, R. Angew.
Chem., Int. Ed. Engl. 1981, 20, 116.

(8) Scherer, O. J.; Jungman, H. Angew. Chem., Int. Ed. Engl. 1979, 18,
953.

(9) Scherer, O. J.; Konrad, R.; Kruger, C., Tsay, Yi-H. Chem. Ber. 1982,
115,414,

(10) Cowley, A. H.; Kemp, R. A,; Wilburn, J. C. Inorg. Chem. 1981, 20,
4289.

0020-1669/83/1322-0814801.50/0

useful (silylamino)phosphines are prepared from commercially
available reagents by a simple “one~pot” synthesis (eq 1) first
utilized by Wilburn.!1!2 The complete preparative details of
this process have recently been reported.!?

(1) n-BuLi , 2RMgX
(2)—1’C13> {(Me,Si),NPCl,)

(Me,Si),NPR, (1)

In attempting to further generalize this useful synthetic
method, however, we find that reduced (P-H) or coupled
(P-P) products are sometimes obtained. We report here the
isolation and characterization of several new (silylamino)-
phosphines containing P-H bonds from such reactions. An
independent, high-yield synthesis of the same series of com-
pounds is also described.

Results and Discussion

Initially, we were interested in using the Wilburn method
(eq 1) to prepare (silylamino)phosphines containing bulky alkyl

(Me;Si),NH

(11) Wilburn, J. C. Ph.D. Dissertation, Duke University, Durham, NC, 1978.
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© 1983 American Chemical Society



