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Synthesis and Structural Characterization of Main Group 15 Organometallics
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New group 15 organometallic compounds, M(phenanthrenyl)3 (M = P (1), Sb (2), Bi (3)) have been prepared
from the reactions of 9-phenanthrenyllithium with MCl3. A reaction of 9-(diphenylphosphino)phenanthrene
with 2,6-diisopropylphenyl azide led to the formation of (phenanthrenyl)(Ph)2P=N-(2,6-iPr2C6H3) (4). The
crystal structures of 2 and 4 have been determined by single-crystal X-ray diffractions, both of which crystallize
with two independent molecules in the asymmetric unit. Compound 2 shows a trigonal-pyramidal geometry
around the Sb atom with three phenanthrenyl groups being located in a screw-like fashion with an
approximately C3 symmetry. A significant amount of CH---π interaction exists between two independent
molecules of 4. The phosphorus center possesses a distorted tetrahedral environment with P-N bond lengths of
1.557(3)Å (P(1)-N) and 1.532(3)Å (P(2)-N), respectively, which are short enough to support a double bond
character. One of the most intriguing structural features of 4 is an unusually diminished bond angle of C-N-P,
attributable to the hydrogen bonding of N(1)-H(5A) [ca. 2.49Å] between two adjacent molecules in crystal
packing. The compounds 1-3 show purple emission both in solution and as films at room temperature with
emission maxima (λmax) at 349, 366, and 386 nm, respectively, attributable to the ligand-centered π → π*
transition in phenanthrene contributed by the lone pair electrons of the Gp 15 elements. Yet the nature of
luminescence observed with 4 differs in that it originates from π (diisopropylbenzene)-π* (phenanthrene)
transitions with the pπ-contribution from the nitrogen atom. The emission maximum of 4 is red-shifted ranging
350-450 nm due to the internal charge transfer from the phenanthrenyl ring to the N-arylamine group as
deduced from the ab initio calculations.
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Introduction

Luminescent organic and organometallic compounds are

currently of intense research interest due to their potential

applications in sensor technologies and photochemical and

electroluminescent devices.1-3 In particular, special emphasis

has recently been focused on the development of phosphors

based on transition metals and main-group complexes for

applications in organic light-emitting devices (OLEDs)

because they are known to enhance overall device efficiency

through the use of phosphorescence due to MLCT transition,

in contrast to the emissions of most organic compounds

dominated by fluorescence.4 Heavy metal centers introduced

into the organic ligands play a key role in singlet-triplet state

mixing and, hence phosphorescent emission (the heavy atom

effect).4 The most representative organotransition metal

complexes are cyclometalated Ir(III) and Pt(II) complexes of

the types (C^N)3Ir, (C^N)2Ir(diketonate), and (C^N)Pt(di-

ketonate), where C^N represents cyclometalating aromatic

chelates (e.g., 2-arylpyridine).4,5 Here cyclometalation has

become an attractive synthetic prototype to enhance confor-

mational stability and rigidity thus minimizing the energy

loss by thermal vibrational decay.6 A serious drawback of

these transition-metal ions, however, is that they very often

quench the emission from the ligand due to the presence of

the incomplete 5d shell.

An alternative approach to overcome these difficulties is

the use of heavy main-group elements, since they not only

exhibit strong spin-orbital coupling but also do not interfere

with the electronic transitions of the ligand due to the closed

shell electronic configuration: (n-1)d10ns2npnnd0. Further-

more, the availability of the unoccupied nd orbitals of the

heavy main-group elements allows valence expansion and

the accommodation of multidentate ligands. These advan-

tages have fully been exploited for the first time by Wang's

group, consequently resulting in a great number of blue

phosphorescent groups 13-15 organometallics that contain

terminal aryl ligands functionalized by 7-azaindolyl or 2,2'-

dipyridylamino groups.7 The same group has demonstrated

that the heavier main-group elements drastically enhance

phosphorescent emission of the ligands. 

These results encourage not only further investigation of

the use of other luminescent aryl ligands but also the

development of new types of organometallics comprising
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heavier main-group elements. Intrigued by the work of
Wang described above and motivated by our continued
effort on the design and the synthesis of novel luminescent
organometallic complexes for applications in OLEDs,8 we
have investigated a series of organometallic compounds of
group 15 of the types R3M and RPh2M(=N-Ar) (M = P, Sb,
Bi; R = 9-phenanthrenyl; Ar = 2,6-iPr2-C6H3) as potential
application to OLED. In connection with the investigation of
the latter type compound incorporating the P=N-Ar unit, it is
worth mentioning that phosphorus has become an attractive
candidate for replacement of carbon in pπ-pπ conjugated
materials due to its similar electronegativity; indeed,
phosphorus has often been referred to as a “carbon copy”,9

and calculations predict similar conjugative abilities for
phosphorus and carbon in olefinic type bonds.10 Recently,
poly(p-phenylenephosphaalkene)s have been prepared and
shown to exhibit properties expected for conjugation.11

Herein we report their synthesis, characterization, and
photophysical properties. 

Results and Discussion

Synthesis and Characterization. Scheme 1 shows the
preparative methods leading to the formation of our target
compounds 1-4. Namely, addition of MCl3 (M = P, Sb, Bi) to
phenanthrenyl lithium, prepared from the reaction of 9-
bromophenenthrene with n-BuLi, gives 1-3 as off-white
solids after standard workup and crystallization from a
mixture of dichloromethane and hexane. A pale yellow
crystalline solid of 2 suitable for X-ray diffraction analysis
was grown by slow diffusion of hexane into the dichlor-
methane solution of 2. Although all compounds are stable
indefinitely in the solid state, yet decompose slowly in
solution over a period of several days. The preparation of an
iminophosphorane 4 requires initially the synthesis and
isolation of 9-(diphenylphosphino)phenanthrene, followed
by treatment with 2,6-bis(diisopropyl)benzoyl azide. Again
yellow single crystals suitable for X-ray diffraction analysis
were obtained by slow diffusion of hexane into the dichlor-
methane solution of 4. 

Structural confirmations of new compounds come from

spectroscopic (NMR & GC/MS) and micro-analytical
techniques. For instance, the formation of 1 can be easily
recognized by the characteristic down-field singlet (−28.7
ppm) on 31P NMR, in addition to the signals assignable to
the phenanthrenyl protons on 1H NMR. As for 2 and 3,
virtually the same 1H NMR patterns as for the aromatic ring
protons are observed, which makes their structural identifi-
cation quite straightforward. The formation of the imino-
phosphorane bond in 4 can be confirmed by the presence of
a low-field 31P NMR singlet (−4.04 ppm) appearing from the
phosphorane group. Further, its 1H NMR shows a typical
doublet (0.66 ppm, J = 6.6 Hz) arising from the twelve
equivalent protons of a pair of isopropyl groups. 

The structures of 2 and 4 were unambiguously established
by single-crystal X-ray diffraction analyses. Selected bond
lengths and angles are presented in Table 2; refinement and
structure-solution data can be found in the experimental
section. Interestingly, both compounds crystallize with two
independent molecules in a unit cell. For compound 2, the
overall geometries of two molecules do not differ signifi-
cantly, nor exhibit short intermolecular contacts such as π-π
stacking. The central Sb atom adopts a trigonal-pyramidal
coordination geometry as shown in Figure 1. The three
phenanthrenyl groups are located in a screw-like fashion to
reveal an approximately C3 symmetry. Both the Sb(1)-C
bond lengths of 2.154(4) Å–2.165(3) Å and the C-Sb(1)-C
bond angles of [94.12(12)o–98.12(12)o] are within the range
reported for related organophosphorus(III) compounds with
phenyl moieties. The sum of bond angles around Sb(1) is
290.34o, while the value is slightly reduced in the case of
Sb(2) which gives rise to 286.79o. Unusually small angles
such as these as compared with those found in the
phosphorus analogues P(aryl)3, represent a well-documented
observation that the C-M-C bond angles in the M(aryl)3
series (M = P, Sb, Bi; R = aryls) decrease as going down in
the same group of the periodic table.7 Such a trend as
mentioned above has been explained in terms of the
increased s-orbital character in the hybrid orbitals of heavier
elements such as SbR3 as compared with PR3. The phos-
phorus center in 4 possesses a distorted tetrahedral geometry
with an average bond length (P-C) of 1.815 Å and an aver-

Scheme 1
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age bond angle (C-P-C) of 110.17. The P-N bond lengths at
P(1) and P(2) are 1.557(3) Å and 1.532(3) Å, respectively.

These values are sufficiently short to support a double bond
character. Interestingly, a significant amount of CH---π
(C18H60 : 2.802 Å and C18H60 : 2.873 Å) interaction exists
between two adjacent molecules of 4. A further interesting
structural feature of 4 is that the bond angle of C(27)-N(1)-
P(1) [125.6(2)o] is considerably smaller than that of C(65)-
N(2)-P(2) [147.8(3)o]. The diminished bond angle can be
ascribed to the hydrogen bonding of N(1)-H(5A) [ca. 2.49
Å] between two adjacent molecules in the crystal packing as
shown in Figure 2. Finally, in connection with 4, one might
expect a cyclometallation reaction involving the =N-Ar
group and the C-10 atom of phenanthrene.12 To our dis-
appointment, however, many attempts to obtain such cyclo-
metallated products employing various transition metal
complexes proved futile, leading only to the formation of
unidentified black precipitates. 

Photophysical Properties. The UV/Vis absorption spectra
of 1-4 were taken in CH2Cl2 and their λmax values collected
in Table 3. In Figure 3 are also shown absorption and
emission spectra of 2 and 4. All compounds except 4 have
two characteristic absorption bands in common: intense
bands at shorter wavelengths (λmax 246-265 nm; ε = 180080-
499330 M−1cm−1) are attributable to the phenanthrene-based
π-π* transitions, and weaker shoulders at longer wave-
lengths (λmax 297-303 nm; ε = 44740-126330 M−1cm−1) to
the charge transfer from the lone pair electrons to the
phenanthrene ligand.13 The absorption maxima move toward

Table 1. Summary of crystallographic data for 2 and 4

2 4

empirical formula C42H27Sb•0.5CH2Cl2 C38H36NP

fw 695.85 537.65

T (oK) 173(2) 173(2)

radiation, λ (Å) Mo Kα 0.71073 Mo Kα 0.71073

crystal system triclinic monoclinic

space group P-1 C2/c

a (Å) 9.6229(4) 38.6653(18)

b (Å) 17.8748(7) 9.8651(5)

c (Å) 19.6841(8) 31.7316(14)

α (deg) 87.3800(10) 90

β (deg) 76.0890(10) 97.8460(10)

γ (deg) 76.1940(10) 90

V (Å3) 3191.3(2) 11990.3(10)

Z 4 16

Dcalcd (g cm−3) 1.448 1.191

μ (mm−1) 0.978 0.119

F(000) 1404 4576

cryst size (mm3) 0.50 × 0.30 × 0.20 0.3 × 0.2 × 0.1

2θ range (deg) 2.14-56.58 2.12-56.62

data collected: h; k; l −12, 12; −23, 19; −24, 25 −41, 50; −12, 10; −42, 41

reflections collected 20487 37759

independent reflections 14326 [R(int) = 0.0173] 14190[R(int) = 0.1203]

completeness to θ  = 28.29ο 90.4% 95.0%

GOF 1.072 0.977

R indices (I > 2σ(I))a R1 = 0.0359; wR2 = 0.0984 R1 = 0.0747; wR2 = 0.1789

largest diff. peak and hole (e/Å3) 2.277, −1.047 0.681, −0.764

Table 2. Selected bond lengths (Å) and angles (deg) for 2 and 4

2

Sb(1)-C(1) 2.165(3) Sb(2)-C(43) 2.162(3)

Sb(1)-C(15) 2.154(3) Sb(2)-C(57) 2.157(3)

Sb(1)-C(29) 2.151(4) Sb(2)-C(71) 2.158(3)

C(1)-Sb(1)-C(15) 98.10(12) C(43)-Sb(2)-C(57) 97.77(12)

C(1)-Sb(1)-C(29) 94.12(12) C(43)-Sb(2)-C(71) 93.89(12)

C(15)-Sb(1)-C(29) 98.12(12) C(57)-Sb(2)-C(71) 95.13(12)

4

P(1)-N(1) 1.557(3) P(2)-N(2) 1.532(3)

P(1)-C(15) 1.806(4) P(2)-C(53) 1.807(4)

P(1)-C(21) 1.810(3) P(2)-C(59) 1.829(4)

P(1)-C(1) 1.830(3) P(2)-C(39) 1.830(4)

N(1)-C(27) 1.427(4) N(2)-C(65) 1.387(4)

N(1)-P(1)-C(15) 109.14(16) N(2)-P(2)-C(53) 109.72(18)

N(1)-P(1)-C(21) 113.81(16) N(2)-P(2)-C(59) 117.35(17)

C(15)-P(1)-C(21) 107.56(16) C(53)-P(2)-C(59) 106.23(16)

N(1)-P(1)-C(1) 117.38(15) N(2)-P(2)-C(39) 115.14(17)

C(15)-P(1)-C(1) 102.86(15) C(53)-P(2)-C(39) 104.67(16)

C(21)-P(1)-C(1) 105.19(16) C(59)-P(2)-C(39) 102.61(16)

C(27)-N(1)-P(1) 125.6(2) C(65)-N(2)-P(2) 147.8(3)
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short wavelengths (blue shift) as going down in the same

group from 1 to 3, which is in agreement with the fact that

the change of the reducing strength and the extent of sp

mixing at the central atoms.14 The red shift (15-20 nm) in the

absorption maximum found in 4 can be explained in terms of

the smaller band gap energy as a result of the conjugation of

the phosphorus atom with the N-arylamine group through

the –P=N-Ar bonds. Moreover, π-electrons on the phen-

anthrenyl group are partially shifted onto the vacant 3d-

orbitals of the phosphorus atoms.15 The compounds 1-3

show purple emission both in solution and as films that were

prepared by spin casting methods at room temperature with

emission maxima (λmax) at 373, 366, and 366 nm, respec-

tively, attributable to the ligand-centered π → π* transition

in phenanthrene perturbed by the lone pair electrons of the

Gps 15 elements. Yet the nature of luminescence observed

with 4 differs in that it originates from π (diisopropyl-

benzene)-π* (phenanthrene) transitions with the pπ-

contribution from the nitrogen atom. The emission maxi-

mum of 4 is red-shifted ranging 350-450 nm due to the

internal charge transfer from the phenanthrenyl ring to the

N-arylamine group as deduced from the ab initio calcu-

lations.

The so-called heavy-atom effect have recently been

observed with some main group organometallic complexes

as well incorporating Sb(III) or Bi(III) to reveal efficient

phosphorescent emission at low temperature.7c In this

regard, one would expect that compounds 2 and 3 exhibit

enhanced phosphorescence as compared with 1, although

the measurements could not have been performed due to

instrumental limitation. The photoluminescence quantum

efficiency were determined relative to 9,10-diphenylanthra-

cene (Φr = 0.95), and found to decrease in the following

order: 2 (0.03) > 1 (0.02) > 3 (0.01) > 4 (0.002). Thermal

Figure 1. Molecular structure of 2 along with atom labeling schemes and 50% thermal ellipsoids. Solvent molecule has been omitted for
clarity. 

Figure 2. Top: Two molecular structures of 4 along with atom
labeling schemes and 30% thermal ellipsoids. All hydrogen atoms
have been omitted for clarity. Bottom: Crystal packing diagram of
4 showing the presence of hydrogen bonding between two adjacent
molecules. 

Table 3. Photophysical Data for 1-4a

UV: λmax/nm (ε/M−1cm−1) Em: λmax Φ(PL)
b

1 254 (476030), 301 (124290) 373 0.0252

2 250 (499330), 302 (126330) 366 0.036

3 246 (302790), 297 (73540) 366 0.0153

4 265 (180080), 303 (44740) 373 0.002

aCH2Cl2 solvent at RT with the [M] = 1.0 × 10−6. bThe relative quantum
yields of PL for all compounds were determined relative to 9,10-
diphenylanthracene (Φpl = 0.95) as the standard in CH2Cl2 at 298 K. A
range of concentrations of solution of all compounds and standard were
measured such that absorbances were less than 0.10 at the excitation
wavelength (λex = 302 nm). The quantum yield was then measured by
previous known process (ref : Demas, J.N.; Crosby, G. A. J. Phys. Chem.
1971, 75, 991).
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vibrations caused by Gp 15 elements seem to further induce

the loss of energy from the central ions around phen-

anthrene, thus resulting in such low efficiencies.16 Of four

compounds, the lowest efficiency found with 4 is probably

due to the presence of N-arylamine which can act as a

luminescent quencher. 

Molecular Orbital Calculations. To gain a deeper insight

into the electronic and luminescent properties of 1-4, we

performed ab initio molecular orbital calculations (level of

calculation B3LYP/3-21G**) on 2 and 4 employing a

Gaussian 98 package.17 The geometric parameters employed

in the calculations were taken from their crystal structural

data. A diagram showing the surfaces of HOMO and LUMO

along with the orbital energy for each level is depicted in

Figure 4. In compound 2, the HOMO involves π orbitals

localized on the phenanthrenyl groups with the contribution

from the lone pair orbital of antimony. The LUMO,

however, is dominated by the π* orbitals of phenanthrenyl

rings with little contribution from the same central metal.

The band gap between HOMO (−5.74 eV) and LUMO

(−1.18 eV) is 4.56 eV (271 nm), which is in good agreement

with the optical band gap obtained from the corresponding

UV/Vis spectrum (270 nm).18 Judging from these obser-

vations, the luminescence of 2 is believed to originate from

ligand-centered transitions (LC) perturbed by the central Sb

atom. Such a lone-pair orbital contribution from the central

atom in 4 is expected to be negligible, however, where

phosphorus is fully oxidized. In fact, the HOMO level of 4

involves π orbitals based on 2,6-diisopropylbenzene with a

great contribution from the pz orbital of nitrogen atom. The

band gap between HOMO (−4.95 eV) and LUMO (−1.42

eV) in the ground state of 4 is about 3.53 eV. It can be

observed that compound 2 exhibits a wider band gap with

lower HOMO and higher LUMO levels relative to 4. The

nature of luminescence observed with 4 originates from π
(diisopropylbenzene)-π* (phenanthrene) transitions with the

pπ-contribution from the nitrogen atom.

Conclusions

We have prepared a series of new group 15 organometallic

compounds of the types M (phenanthrenyl)3 (M = P (1), Sb

(2), Bi (3)) and (phenanthrenyl)(Ph)2P=N-(2,6-iPr2C6H3) (4).

Compounds 2 and 4 crystallize with two independent

molecules in the asymmetric unit. The compounds 1-3 show

purple emission attributable to the ligand-centered π → π*

transition in phenanthrene contributed by the lone pair

electrons of the Gp 15 elements. The nature of luminescence

observed with 4 differs in that it originates from π (diiso-

propylbenzene)-π* (phenanthrene) transitions with the pπ-

contribution from the nitrogen atom. The red shift observed

in the emission maximum of 4 is due to the internal charge

transfer from the phenanthrenyl ring to the N-arylamine

group as deduced from the ab initio calculations. 

Experimental Section

General Remarks. All reactions were carried out under

an atmosphere of nitrogen using the standard Schlenk

Figure 3. Absorption and emission spectra of 2 ( △ ) and 4 ( □ ) in
CH2Cl2.

Figure 4. Diagrams of the surfaces and energies of HOMO and LUMO for 2 (left) and 4 (right).
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techniques. Solvents were dried using standard procedures.
All commercial reagents were purchased from Aldrich and
used as received. 2,6-bis(isopropyl)benzoyl azide was
prepared according to the literature method.19 

Measurements. The 1H and 13C NMR experiments were
performed on a Bruker Advance 400 or 500 Spectrometer by
Korea Basic Science Institute (KBSI). The 31P NMR spectra
were recorded on a Varian Unity Invova 300 WB Spectro-
meter. Chemical shifts were given as d values with reference
to tetramethylsilane (TMS) as an internal standard. Coupling
constants are in Hz. GC-Mass spectra were obtained by
using a Micromass QUATTRO II GC8000 series model with
electron energy of 20 or 70 eV. IR spectra were run on a
Mattson FT-IR Galaxy 6030E spectrophotometer by KBSI.
UV/Vis and photoluminescent spectra for all samples with
concentrations in the range of 10-50 μM were obtained with
a Lambda 900 UV/Vis spectrometer and a Perkin-Elmer
Luminescence spectrometer LS 50B. All solutions for
photophysical experiments were degassed with more than
three repeated freeze-pump-thaw cycles in a vacuum line.
Elemental analyses were performed by Center for Instru-
mental Analysis, Kyungpook National University. 

X-ray Crystallographic Analyses. Single crystals of 2

and 4 suitable for X-ray diffraction analyses were obtained
by slow diffusion of hexane into a dichloromethane solution
containing each compound. The crystals of 2 or 4 were
attached to a glass fiber and mounted on a Bruker SMART
diffractometer equipped with a CCD-1000 detector and a
graphite-monochromated Mo-Kα (λ = 0.71073 Å) radiation,
operating at 50 kV and 30 mA; 45 frames of two-dimen-
sional diffraction images were collected and processed to
obtain the cell parameters and orientation matrix. All data
collections were performed at 173 K. The data collection
range over 2θ is 2.14–56.58o for 2 and 2.12–56.62o for 4,
respectively. No significant decay was observed during data
collection. The raw data were processed to give structure
factors using the SAINT program. Each structure was solved
by direction methods and refined by full-matrix least squares
against F2 for all data using the SHELXTL software
(version 5.10).20 All non-hydrogen atoms in compounds 2

and 4 were anisotropically refined. All other hydrogen atoms
were included in the calculated positions and their
contributions in structural factor calculations were included.
There are two independent molecules in the asymmetric unit
of both compounds. For compound 2, the half of a solvent
molecule (CH2Cl2) was found and modeled successfully.
Their contribution was also included in the structure factor.
The crystals of 2 belong to triclinic crystal system of space
group P  while the crystals of compound 4 belong to
monoclinic space group C2/c. Crystallographic data for 2

and 4 are depicted in Table 1. The ranges of selected bond
lengths and angles are given in Table 2. The crystal
structures of 2 and 4 along with the atomic-numbering
schemes used in refinement are presented in Figures 1 and 2,
respectively. Detailed crystal and experimental data are
available in Supporting Information. 

Quantum Efficiency Measurements. Emission quantum

efficiency of compounds 1-4 were determined relative to
9,10-diphenylanthrecene in THF or CH2Cl2 at 298 K (Φpl =
0.95). 

(Phenanthrenyl)3P (1). To a solution of 9-bromophen-
anthrene (1.0 g, 3.9 mmol) in hexane (20 mL) in a Schlenk
tube at −78 oC was added n-BuLi (3.8 mL, 5.8 mmol). After
stirring 30 min at −78 oC, the reaction mixture was warmed
to room temperature and stirred for an additional 3 h. An
ethereal solution (5 mL) of PCl3 (0.11 mL, 1.3 mmol) was
then added through a pressure-equalizing dropping funnel.
The resulting suspension was further stirred for 3 h and
hydrolyzed with water. The organic layer was extracted, and
solvents removed to leave an oily residue. Chromatographic
separation on silica gel with a mixture of hexane and ethyl
acetate (9 : 1) followed by crystallization from CH2Cl2 and
hexane afforded a white solid (0.48 g, 66%). 31P NMR
(CDCl3, H3PO4): δ −28.7 (s). 1H NMR (CDCl3): δ 8.80-8.64
(m, 9H), 7.87-7.44 (m, 18H). MS (EI, m/z): Calcd for C42H27P:
562.19. Found: 562.20. Anal. Calcd for C42H27P•(1/2)CH2Cl2:
C, 84.36; H, 4.66. Found: C, 84.65; H, 4.58.

(Phenanthrenyl)3Sb (2). This compound was prepared in
the same manner as described above replacing PCl3 with
SbCl3 as a reagent. Yield: 0.58 g, 68%. Off-white single
crystals suitable for X-ray structural determination were
grown by slow diffusion of hexane into a solution of 2 in
CH2Cl2. 1H NMR (CDCl3): δ 8.80 (d, J = 9, 3H), 8.88 (dd, J
= 9, 3H), 7.77 (s, 3H), 7.68-7.37 (m, 15H). MS (EI, m/z):
Calcd for C42H27Sb: 652.12. Found: 652.10. Anal. Calcd. for
C42H27Sb•(1/2)CH2Cl2: C, 73.31; H, 4.06. Found: C, 73.51;
H, 3.87.

(Phenanthrenyl)3Bi (3). This compound was prepared in
the same manner as described above replacing PCl3 with
BiCl3 as a reagent. Yield: 0.61 g, 63%. 1H NMR (CDCl3): δ
8.83 (d, J = 9, 3H), 8.70 (d, J = 9, 3H), 8.39 (s, 3H), 8.22 (dd,
J = 9, 3H), 7.68-7.32 (m, 15H). MS (EI, m/z): Calcd for
C42H27Bi: 740.19. Found: 740.20. Anal. Calcd. for
C42H27Bi•(1/2)CH2Cl2: C, 65.18; H, 3.60. Found: C, 65.41;
H, 3.61.

(Phenanthrenyl)(Ph)2P(=N-2,6-iPr2-C6H3) (4). To a
stirring solution of 9-(diphenylphosphino)phenanthrene (1.0
g, 2.8 mmol) in THF (15 mL) was added 2,6-diisopropyl-
phenyl azide (1.1 g, 5.5 mmol). The mixture was stirred for
5 h, after which all volatiles were removed under vacumn.
The remaining oily yellow solid was washed several times
with hexane and dissolved in a mixture of CH2Cl2 and
hexane (1 : 4) for crystallization. The product was obtained
as yellow single crystals suitable for X-ray structural
determination. Yield: 1.2 g, 87%. 31P NMR (CDCl3, H3PO4):
δ −4.04 (s). 1H NMR (CDCl3): δ 0.66 (d, J = 6.6, 12H), 3.25
(m, 2H), 6.75 (br, 1H), 6.86 (d, J = 6.0, 2H), 7.26-7.75 (m,
17H), 8.59 (d, J = 8.1, 1H), 8.70 (d, J = 8.1, 1H). MS (EI, m/z):
Calcd for C38H36NP: 537.67. Found: 537.65. Anal. Calcd.
for C38H36NP: C, 84.89; H, 6.75. Found: C, 84.73; H, 6.79.
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