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INTRODUCTION

Transihon-metalimido (or mtrene. LM-NR) complexes
have been of continuous interest."* Metal chlorides have
lrequently been emploved o prepare imido complexes
by reactions with priman amines (RNIL) or lithium
amides (LLINIR). We tned 1o prepare Rh-imido com-
plexes by treating rhodium(I) chlonde (RhCI(PPh;);) and
lithium amide (1LiNI--13u). I'rom this reaction. how-
ever. we asolated  diphenyl(fers-butylanuno)phosphine
oxide. O~PPhy(NH--Bu). three molecules of which are
linked through the N-H:- O hydrogen bonding to form
a tnmerie structure. Herein we repont the structure of
{O~PPh.(NH-+-Buyi..

EXPERTMENTAL SECTION

Unless olherwise stated. all reaclions have been per-
Tormed with standard Schlenk line and cannula tech-
niques under argon. Air-sensitive solids were manipu-
lated m a glove box filled with argon. Glassware was
soaked in KOH-saturated 2-propanol for about 24 h and
washed with distilled water and acetone betore use. and
it was cither flame-dried or oven-dnied. Hydrocarbon
solvents were stirred over concentrated H:SO, for about
48 h. neutrahized with K.CO,. stirred over sodium metal.

and distilled by vacuum transfer. Diethy] ether, letra-

hyvdrofuran (THE) were stirred over sodium metal and
distilled by vacuum transter. The NMR solvent (CDCL)
was degassed by freeze-pump-thaw eveles betore use
and stored over molecular sieves under argon. Chlorotris
(triphenvlphosphine)rhodium(l) (RhCI{PPhy);). teri-butyl-
amine (NI L=z-13u). and n-butvllithium (#-13ul 1) were pur-
chased [rom Aldrich company. Lithum n-butyl amide
(LiNII-n-13u) was prepared by treating rers-butylamine
with s-butyllithium in THE.

'"H- and ""C{IH}-NMR specta were recorded with a
Varian Unity Inova 500 MHz spectrometer with reter-
cnee to internal solvent resonances and reported relative
to tetramethylsilane, ¥P-NMR spectra were also record-
ed with a Varian Unity Inova 300 MHz spectrometer
with reterence to external 83°0 H,PO,. IR spectra were
recorded with a Nicolet 205 I'T-IR spectrophotometer.

Isolation of O=PPh,{NH-t-Bu) (1). lo 3 ml. of
THE containing (.10 g (0.25 mmoly of RhCI(PPh;); was
added 0.08 g (1.0 mmol) of LiNII-+-Bu. The resultant
solution was stirred for 1 hat O°C and then filtered. Dur-
mg stirnng. a dark red solution tumed to a black-red one.
The solvent was removed under vacuum to give black-
red sohds. The resultant solids were extracted with
pentane (20 mL 2). and then dried under vacuum to
give 0.094 g (0.75 mmol. 32%) of O~PPh(NH-+Bu)
(1). The product was reerystalhzed from pentanc at room

temperalure.

- 264



N=1k-0 2 7232 & d73%] 38l Diphenyl(zert-butylamino) phosphine oxide. §O-PPh(NH-+-Bu)}.2| 7%

NI-NMR (CIDCLY: 8 7.41 (1011 m. Ph). 2.78 (111, s.
NI, 129 (911 s, £130). PCHLE-NMR (CDCLY 8 132.53.
32.46. 132.06. 120.07. 128.98 (Ph). 33.04 (+-Bu). *'P-
NMR (CICL): 820025, IR (KI3r): 3204 (NIH). 2954
2922, 2855, 1461, 1426, 1384, 1225, 1184 (P-O). 1111.
1039. 1018, 835, 723, 694. 567. 524 em™,

X-ray structure determination. All X-ray data were
colleeted with use of a Sicmens P4 diffractometer
cquipped with a Mo X-rav tube and a graphite-crystal
moenochromator. The orientation matrix and  unit-cell
parameters were delermined by least-squares analvses of
the setting angles of 24 reflections in the range 10.0 - 28
- 25.0° Three check-reflections were measured every 101
reflections throughout data collection. Intensity data were
corrected for Lorenz and polarization effects. Decav cor-
rections were also made. The intensity data were empiri-
cally corrected with y-scan data. All calculations were
carricd out with use of the SHELXTL programs.’

A ycllow crystal of 1. shaped as a block of approxi-
mate dimensions 044 0.34 0.32 mm’". was used tor
crystal and imtensity data collection. The unit-cell param-
cters indicated a tnelime wnit cell with the two possible
space groups: 21 and 1. A statistical analvsis of reflec-
tion inlensities  suggesied a  cenlrosymmelric  space
group. and the structure analysis converged only in /1. The
structure was solved by direet methods. All non-hvdrogen
aloms were refined anisotropically. N-11 hvdrogen atoms
were Jocaled and refined isotropically. The remaining
hvdrogen atoms were generated i deal positions.

Details on ervstal data and mtensity data are given in
Table 1. Final atomic positional parameters tor non-
hydrogen atoms are shown in Zable 2. The sclected bond
distances and bond angles arc shown in Table 3.

RESULTS AND DISCUSSION

A phosphine oxide compound O-PPhy(NI1--Bu) (1)
was isolated from the reaction of RhCI(PPh;); and
(LiNT1-213u) in moderale vield (52%s) (eq 1). The oxy-
gen atom in compound 1 has probably been incorporated
by air-oxidation dunng reerystalhzation. However. we
cannot rule out the possibility that the trace amount of
water. present in the erystalhization solvent (pentanc). has
reacted with the reaction product to give the title com-

pound. Unfortunately. we camot give reasonable expla-
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Table 1. X-rav data callection and structure refinement

empinical fonmula CH; NOP
fiv 273.30
tfemperature, K 293(2)
crvstal svstem triclinic
spRIce group 1

a A 9.993(4)
b A 16.812(7)
o A 16.969(6)
. deg 119.15(2)
B. deg 90.57¢2)
Y. deg 105.62(1)
[ 2364(2)
7 6

doy. g om! 1.152
Homm! 0.167
F(000) 876

Tin 0.7102

T s 09179
28 range (") 3.5~30
scan tvpe ®

scan speed variable
No. ot reflns measured 8176

No. ol rellns unique 7694

No. ol rellns with £ 26({) 3631

No. ol params relined 527

Max. in Ap (¢A™) 0.185
Min. in Ap (eA™) -0.203
GOF on £° 1.007

R 0.0440
wR,? 0.1044

RO NG A | G e

nations for these unusual observatons: (1) P-N bond

formation and (2) the unusual stoichiometry.

RICI(PPhs); + LINH-+-Bu — O~PPhy(NH-#-Bu). 1(1)

Compound 1 has been characterized by NMR ('I1-,

BC - and YP-NMR). IR spectroscopy. and X-ray
difiraction. In the '1-NMR spectrum. rerr-buty] protons
appear as a singlet al § 1.29 ppm. As expecled. the *'P-
NMR spectrum shows a singlet tor PPh, at § 20,03 ppm.
In the IR spectrum. the P=O bhand appears at 1184 ¢m™
and the N-H band at 3204 cm™.

The structure of the hvdrogen-bonded trimer with the
atom-numbering scheme 1s shown in Fig. 1 and that of
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Table 2. Atomic coardinates ¢~ 104

displacement parameters (A7 10°)

and cquivalent isotropic

HICE -

X N z {ieqy
I BYS8(1}) 38381 24841} 46(1)
1(2) 5865(1}) 1516(1)  —1005(1} 48(1)
I’(3) 7708(1}) 244101 =-3385(1) 47(1)
oD 9420(2} 4924(1) 2956(1} 2(1}
o) 6879021 1836(1)  —180(1}  64(1)
(O/E)! 6825(2) 2268(1)  -2948(1) 63(1)
(1 92012} 32552) 14281} S6(1)
N(2) ST95(2) 2291¢1)y =131 53
N(3) 9529(2) S156(2) -3185(1) S3(1)
c(h 9818(2) SSTI2) 316712} 49 1)
e 9665(3)  25642) 28932} 76(1)
Ce3) 1032504 2337(3) 34422y 9«
Cidy 11139(4) 305013 4256(2) 88¢ 1)
(5 11298(4) 39573 4538(2) 103¢1)
Cio 10634(3) 2072 4001{2) 77 1)
Cth F080(2) 33822 242442y 32¢1)
C(& 6338(3) 403 1(2) 2836(2) Tl 1)
C% 4908(3} 37143 2860(2) 92¢ 1)
ClI0y 4219(3) 27643) 2487(2) 95¢ 1)
Iy 49303} 20073 2083({2) 95¢ 1)
C12) 6355(3) 2408(2) 2039(2) 79 1)
C(13) 1034442} 3292¢2) 1054¢2) Sy
Clldy 10821{4) 23533(3) T40(3) [y
Ci15) LI775(3) 4124(3) 1767(2) 95¢ 1)
C(16) 10365(3} 3443(3) 255(2}) 98(1)
C(17 6212(5}) 3552y -202142) S
C(18} 74675} 393(2)  —1989(2) S0(1)
C(19) 77514y =371(3)  -2726({3} 124(2)
C(20) 6775(4) =973(2)  -3491{2) 99 1)
C21) 5520(4) —8535(2) -3544{2) S0( 1)
C(22) S5228(3}) —-6%2) -2814{2} 781
C(23) 4092(5}) 979(2) —899(2) S6(1)
C(24) 2895(3}) 89(2)  —1404({2) 76(1)
C25) 1560(3) 408(2)  —1560(3} 99 1)
Ct26) 1594{d} 5(3) —835(3} 107(1)
2N 2546(5} 72(3) =334{3} 10% 1)
Ct28) 3902(3} 568(2 =334{2} 81t
C29) S636(3)  3268(2)  —T32)  S6(1)
C30) 43234y 33553y —1256(3) 112¢1)
G S2725) 343321 1862 1S
C(32) 7032(3) 4003(2) —598(3) 100 1)
C(33) 7773(3) 1300(2y  —43525(2) 33
TG 0833(4)  465()  —6662)  88(1)
C35) 6834(5) 4162y 54043 119(])
C(36) 7749(5) —467(2y  —399142) 99 1)
C(37 8706(5) 348(3y  —38472) LLO(1)
C(38) 871 1{d} 123002y =5127(2) 921

ST

fabie 2. (continueed)

X ¥ . Lieq)
Ci3M 6924(2) 29692y  -4102(2) 4800
Ctdn 744003 31322y —479002) 66(1)
Cidn 6739(3)  3481(2)  -5196(2) 7601
Cid) SE3UB 0 3690(2)  —4919(2) 77(1)

43 SO 3342(2)  —4244(2) 86(1)
Cdd ST00(3) 342 —3845(2) 69(1)
C(45) 104793 3T12)  =2639(2) 59(1)
C(46) 17383 3I38(3)  —3140(2) 93(1)
C(48) 10836(4)  3991(2)  —1696(2) 86(

"Equivalent isotropic £ defined as one third of the trace of
the orthogonalized Ui tensor.

Fig 1. ORTEP drawing ol {O-PPh{(NH--Bu)}. showing
the atom-labeling scheme and 350% probability thermal
ellipsoids.

Fig. 2. ORTEP drawing of O=PPh:(NIH--[Bu).

the constituent molecule (or formula unit) in Fig. 2. One
asymmetric unit contains three molecules linked by
hydrogen bonds. and therefore the unit cell has Z=6
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Table 3. Selevted bond distances (A) ind bond angles (°)

P1-0O1 1.489(2) P2-02 1.490(2) 1’3-03 1.489(2)
P1-N1 1.634(2) I2-N2 1.637(2) I’3-N3 1.632(2)
P1-C7 1.811(3) 12-C23 1.814(3) 13-C39 1.813(2)
P1-Cl 1.825(2) 12-C17 1.817(2) 13-C33 1.821(2)
NI1-C13 1489%(3) N2-C29 1.49d(3) N3-Cd45 1.490(3)
01-P1-N1 118.6(1) 02-P2-N2 119.1(1) 03-P3-N3 119.1(1)
01-P1-C7 110.9(1) 02-p2-C23 110.3(1) 03-P3-C39 110.7(1)
N1-P1-C7 103.8(1) N2-12-C23 107.3(1) N3-P3-C39 103.4(1)
01-P1-ClI 108.3(1) 02-P2-CI7 L 03-P3-C33 109.5(1)
NI-PI-ClI 108.1(1) N2-P2-CI7 103.6(1) N3-P3-C33 107.2(1)
C7-P1-ClI 106.3(1) C23-P2-C17 104.0(1) C39-P3-C33 L06.1(1)
CI3-NI-PI 128.9(2) C29-N2-P2 128.3(2) C45-N3-F3 128.6(2)
Table 4. [ydrogen bonding parameters (A

Rond DH H-A DrH-A DA Position of A
NI-HNI1-02 0.741 2.284 167.59 3012 intramolecular
N2-HN2++03 0.823 2.153 166.37 2939 intramolecular
N3-HN301 0.823 2.160 161.06 2953 x12y Lz

instead of Z-2. All threc molecules constituting the
asymmetne unit have essentiallv the same bonding
paramelers (7able 3). The geometry ol each molecule
can be deseribed as a tetrahedron, in which the phos-
phoms atom is a central atom and the four atoms (N1,
01, C1. C7) oceupy the letrahedral sites (f9g 2). All
bond distances and bond angles are chemically reason-
able. Tor example. the average P-O bond distance ol
L489(2)A is typical of a P~ double bond®

All three NH hyvdrogen atoms are mvolved m hydrogen
bonds of the tvpe N=H'--O. There are two intramolecular
and one intermolecular hvdrogen bonds (Zable 4). The two
imtramolecular hydrogen bonds link three molecules of
compound 1 to generate a trimene structure. The inter-
molecular hvdrogen bond participates in the ervstal packing.

In summary. we have isolated diphenyvi(Zers-butvlamine)
phosphine oxide. O=PPhy(N11-~13u). (1) from RhCPPh,),
and LiNTI-~13u. The siructure of compound 1 shows that
three molecules are linked through N—H:--O hvdrogen

bonding to form a trimeric structure.

SUPPLEMENTARY MATERIAL

Tables of tull bond distances and bond angles. amso-

tropic thermal parameters tor non-hyvdrogen atoms. and
atonic coordinates of hvdrogen atoms are available trom
the author Soon W. Lee.
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