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power effi ciency (PE) >50 lm W −1  and low 
effi ciency roll-off at 5000 cd m −2  are still 
rare. [ 5 ]  Considering the pursuit of various 
blue emitters is still ongoing, [ 6 ]  it is also 
necessary to develop new host materials to 
test different kinds of emitting phosphors. 
Furthermore, another main application 
for blue hosts is for the high-effi ciency 
white light emission; their performances 
on large-size lighting panels are fasci-
nating but still a blank in recent litera-
ture reports. [ 6 ]  Therefore, constant efforts 
should be devoted to developing good 
host materials that can achieve high effi -

ciency and fl at effi ciency roll-off simultaneously in blue/white 
PHOLEDs. 

 The compounds with spiro-core are good candidates in con-
structing bipolar materials for the inherent orthogonal struc-
ture of two molecular halves. In addition, this approach can 
also effi ciently suppress intermolecular interaction by their 
adamant backbone, resulting in better solubility and cause 
entanglement in the amorphous state, then hinder recrystal-
lization. [ 7 ]  The development of spiro host material, however, 
is relatively slower as compared with other series of host 
materials. In 2005, the fi rst example of spiro host materials 
named SSS based on 9,9′-spirobifl uorene core is reported, 
which obtained EQE of ≈10% for red phosphorescence. [ 8 ]  In 
2008, the fi rst spiro bipolar molecule D2ACN integrated with 
electron-rich diphenylamine and electron-defi cient nitrile is 
prepared, but the EQE is just slightly improved to 10.8% with 
PE of 13 lm W −1  as red host material. [ 9 ]  To date, there are 
just several attempts on blue hosts based on spiro-structure 
and the device performances are moderate. [ 10 ]  Recently, we 
reported a blue host material SSTF based on new STF core, 
which could achieved a PE of 41.5 lm W −1  and an EQE of 
18.7%. [ 11 ]  In the STF molecular structure, a triphenylamine 
moiety is placed in vertical confi guration to fl uorene. This 
confi guration endows good hole-transporting ability to STF 
and makes it unnecessary to introduce any other arylamine 
groups on spiro backbone that always reduces the triplet 
energy (such as D2ACN). On the other hand, the fl uorene 
moiety can be further modifi ed by appending electron-defi -
cient groups to enhance bipolar property. Herein, we design 
and prepare a new spiro host material POSTF by appending 
phosphine oxide group on the fl uorene moiety. It demon-
strates very high EQE and extremely low effi ciency roll-offs 
for sky-blue (small size) and white (large size) phosphores-
cent devices.  
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  1.     Introduction 

 In recent years, phosphorescent organic light-emitting 
diodes (PHOLEDs) have drawn tremendous attention for the 
PHOLEDs can achieve theoretical 100% internal quantum 
effi ciency that is much higher than fl uorescent organic light-
emitting diodes. [ 1 ]  Up to now, the PHOLEDs have made great 
progress in high effi ciency and the progress is along with the 
development of triplet host materials, especially after the advent 
of bipolar host materials. [ 2 ]  Among these bipolar host materials, 
the blue host requires a compromise between the bipolar trans-
porting property and relatively larger band gap of the mate-
rial. Meanwhile, effi cient exciton confi nement by keeping a 
higher triplet energy level of blue host material than that of the 
emissive guest molecules is also necessary, thus, this require-
ment is sometimes diffi cult to fulfi ll. [ 3 ]  Although it is not easy, 
numerous blue bipolar host materials were designed and pre-
pared, with which the blue phosphorescent performances can 
reach high external quantum effi ciency (EQE) of ≈20%, power 
effi ciency (EQE) of ≈40 lm W −1  and show low effi ciency roll-
off at brightness of 1000 cd m −2 . [ 4 ]  However, the better host 
materials that can fabricate blue devices with EQE > 25%, 
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  2.     Results and Discussion 

 The synthesis of POSTF is straightforward ( Scheme    1  ). The 
central triphenylamine annulated fl uorene is synthesized by 
2-bromo triphenylamine and 2-bromo-fl uorenone as reac-
tants. [ 12 ]  Then the brominated spiro-structure was treated with 
n-BuLi, coupled with chlorodiphenylphosphine, and oxidized 
with hydrogen peroxide to afford the fi nal product POSTF. 
All the compounds were characterized by  1 H NMR,  13 C NMR, 
EI-MS and element analysis. Thermogravimetric analysis and 
Differential scanning calorimetry (DSC) techniques were uti-
lized to investigate its thermal stability. Benefi tted from the 
rigid spiro STF backbone, the compact molecule POSTF exhib-
ited both high decomposition temperature (356 °C) and high 
glass transition temperature (119 °C). We also notice these data 
are higher than those of SPPO1 (Scheme  1 ), [ 13 ]  the spirobifl u-
orene analogue of POSTF, indicating the introduction of tri-
phenylamine not only will possibly improve hole injection, but 
also can enhance their thermal stability.  

 The absorption and photoluminescence spectra of POSTF 
were tested in dilute toluene solutions and the phosphores-
cent spectrum was obtained at 77 K in 2-methy-THF matrix. 
The normalized spectra are depicted in  Figure    1  . Absorption 
spectrum in vacuum deposited thin fi lm was also tested and 
its optical bandgap in solid state was determined as 3.45 eV 
from the onset wavelength. The phosphorescence spectrum 
was measured in 2-methyl-THF solution at 77 K, and the triplet 
energy of POSTF was determined as 2.80 eV.  

 The oxidation cyclic voltammetry (CV) curve of POSTF was 
obtained in DCM solution. As shown in Figure S3 (Supporting 
Information), reversible oxidation process was observed cor-
responding to the oxidation/reduction of spiroarylamine. No 
obvious reduction process was found in DMF solution. From 

the CV data and optical bandgap (3.63 eV) in 
DCM solution, the highest occupied molec-
ular orbital (HOMO) and lowest unoccupied 
molecular orbital (LUMO) of POSTF in solu-
tion can be calculated as 5.34 eV and 1.71 eV, 
respectively. Considering that the other mate-
rials in the OLED normally use the energy 
level data obtained from thin fi lms, instead 
of from solutions, the HOMO level of POSTF 
was collected in solid state by ultraviolet photo-
electron spectroscopy, and then the LUMO 
was calculated using the obtained HOMO and 
the optical bandgap in deposited thin fi lm. As 
a result, the HOMO/LUMO were determined 
as 5.57/2.12 eV, respectively. The HOMO 
and LUMO distribution of POSTF was also 
investigated by density functional theory 
(DFT) calculations at the B3LYP/6–31 g(d) 
level. The optimized structure of POSTF 
shows the triphenylamine leans toward the 
PO group, suggesting a possible space elec-
trostatic attraction between the donor and 
acceptor ( Figure    2  ).  

 As expected, the HOMO and LUMO of 
POSTF are separately distributed on each 
side of the spiro backbone. The HOMO 
mainly locates on the electron donating tri-

phenylamine. And like other spirobifl uorene analogues, the 
LUMO is dispersed over the fl uorene unit with minor extension 
to the adjacent P O group due to the unconjugated linkage. 
The separated HOMO and LUMO suggest its bipolar property 
with separated hole and electron transporting channels. 

 This HOMO/LUMO separation can also be achieved by 
conjugation interruption using sp 3  atom (carbon or silicon) in 
which the donor and acceptor groups are placed at different 
sides of molecule. [ 14 ]  In a spiro system, the separation hub is 
also a sp 3  spiro-carbon, but the situation may be a bit uncer-
tain. That is because a spiro-conjugation effect may exist in a 
spiro compound, which means two orbitals in different planes 
have the possibility to overlap their orbital integral. But there are 
symmetrical requirements. General speaking, two π-networks 
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 Scheme 1.    The spiro host materials and the synthesis of new host material.

 Figure 1.    UV–Vis absorption, fl uorescence (r. t) and phosphorescent 
(77 k) spectra of POSTF.
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are joined by a spiro atom only the molecular orbitals of the 
two π-subsystems that have the same symmetry may interact, 
leading to molecular orbitals spanning the entire system. In 
other words, only those orbitals of the subsystems that are 
antisymmetric with respect to the two planes lead to a nonzero 
overlap required for intramolecular interaction. [ 15 ]  To address 
this question in our case, we dissect the STF into acridine and 
fl uorene components, and their HOMO/LUMO contours are 
showed in  Figure    3  . Compared with the contour in Figure  2 , it is 
easy to fi nd that the frontier orbitals of POSTF are combined by 
the HOMO of acridine and the LUMO of fl uorene, both of them 
are symmetric orbitals. Therefore, the HOMO/LUMO distribu-
tions in STF system should have little interaction to each other.  

 Since, the POSTF had high triplet energy for blue phos-
phorescent emitters, possessed both electron-/hole-trans-
porting moieties and exhibited suitable HOMO/LUMO levels 
for charge injection, it can be used as host materials in blue 
phosphorescent devices to evaluate its performances. Blue 
PHOLEDs based on commonly used sky-blue iridium com-
plex iridium(III) bis(4,6-(difl uorophenyl)-pyridinato-N,C′)pico-
linate (FIrpic) were fabricated. And recently, another kind of 
iridium emitters without fl uorine atom on the complexes has 
been proposed. [ 6d,g ]  Thus, we also used this new type of sky-
blue emitter named  fac- tris[(2,6-diisopropylphenyl)-2-phenyl-
1H′-imidazo[e]]iridium(III)  fac- Ir(iprpmi) 3  to assess POSTF as 
blue host, using device structure of ITO/1,4,5,8,9,11-hexaaz-
atriphenylene-hexacarbonitrile (HAT–CN) (10 nm)/1,1-bis[4-
[ N , N -di(p-tolyl)amino]phenyl]cyclohexane (TAPC) (45 nm)/
POSTF: dopant (X vol%, 20 nm)/TmPyPB (40 nm)/Liq 
(2 nm)/Al (100 nm). HAT–CN was used as hole injecting mate-
rial. TAPC, which has a high ET and carrier mobility serve as 
hole-transporting layer (HTL) and electron-blocking layer. 
TmPyPB and Liq were used to form electron-transporting layer 

and electron-injecting layer. Dopants for Device B1 and B2 are 
FIrpic (15 vol%) and  fac- Ir(iprpmi) 3  (12 vol%), respectively. 
As expected, these two devices show excellent performances. 
 Figure    4  a depicts the EQE and PE as a function of luminance. 
Figure  4 b illustrates the electroluminescent (EL) characteristics 
of the sky-blue phosphorescent devices. The detailed electrolumi-
nescence data are summarized in  Table    1  . The maximum EQE 
and PE of Device B1 (FIrpic) are 26.8% and 50.5 lm W −1  with 
the Commission International de I’Eclairage (CIE) coordinates 
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 Figure 2.    Frontier molecular orbitals (FMOs) distribution of POSTF 
(iso value = 0.02).

 Figure 3.    Analysis of frontier orbital symmetry for possible 
spiro-conjugation.

 Figure 4.    EQE and power effi ciency versus luminance a), current density 
and luminance versus voltage b) of device B1 and B2.

  Table 1.    Summary of electroluminescence data for PHOLEDs. 

Device a) V 
[V] b) 

CE 
[cd A −1 ] c) 

PE 
[lm W −1 ] c) 

EQE 
[%] c) 

B1 4.1 53.9, 51.9, 43.3 50.5, 39.5, 25.7 26.8, 25.6, 21.5

B2 3.9 58.8, 54.1, 39.2 62.9, 42.7, 22.3 25.3, 23.1, 16.7

W1 4.5 53.2, 52.4, 43.7 44.4, 36.7, 23.4 24.6, 24.1, 20.4

W2 4.3 75.7, 68.8, 51.0 64.9, 49.6, 29.2 27.2, 24.8, 18.5

W3 25.7 66.7, 62.0, — 63.9, 38.6, — 21.9, 20.3, —

W4 25.5 98.4, 118.2, — 75.9, 71.5, — 41.8, 39.7, —

    a) Blue device (B1 & B2) and white device (W1 & W2) size: 0.03 cm 2  .  Large-size 
white device (W3 without diffuser fi lm & W4 with diffuser fi lm) size: 150 ×150 mm 2 ; 
b)Driving voltage at 1000 cd m −2 ; c)Effi ciencies in the order of maximum, at 
1000 cd m −2  and at 5000 cd m −2 .   
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of (0.14, 0.33). These results are among the best results of 
FIrpic-based devices. Moreover, Device B1 also shows very fl at 
EQE roll-off: at 1000 cd m −2 , the EQE is only slightly reduced 
to 25.6%. Even at high brightness of 5000 cd m −2 , the EQE is 
still as high as 21.5%. This result is much better than that of 
previous spiro-host SSTF, indicating the bipolar design in spiro-
molecule is can make dramatically improvement in device per-
formance. As compared with Device B1, the Device B2 exhibited 
much lower driving voltage of 2.8 V at 100 cd m −2  and higher 
PE of 62.9 lm W −1 . Due to the more greenish EL spectrum of 
 fac- Ir(iprpmi) 3 , the EQE of B2 is 25.3%, slightly lower than 
B1. B2 also exhibits relatively large effi ciency roll-off than B1, 
especially at high brightness. Unlike FIrpic,  fac- Ir(iprpmi) 3  has 
very shallow HOMO of 4.8 eV, much higher than the host and 
the HTL. This makes it act as strong hole trapping sites in the 
emitting layer (EML). At low current, the high lying HOMO of 
 fac- Ir(iprpmi) 3  may facilitate hole injection, resulting in low 
driving voltage. As the current increases, injected holes will be 
slowed down by  fac- Ir(iprpmi) 3  and considerable proportion of 
holes may be trapped on the dopant, accumulating holes in the 
EML. According to the energy diagram, holes will be the pre-
dominating charge carriers in the EML despite the bipolar prop-
erty of the host. The hole-trapping  fac- Ir(iprpmi) 3  deteriorate the 
situation of unbalanced charge carriers in the EML. The exces-
sive holes and the direct combination of electron and hole on 
the dopant may be the reason of B2’s large effi ciency roll-off at 
high brightness. On the other hand, FIrpic in B1, which has a 
relatively low lying LUMO, may compensate the unbalanced 
charge carriers by increasing electron injection into the EML at 
high current. As a result, B1 shows a bit better roll-off than B2 at 
5000 cd m −2 . In general, both results exceeding 25% EQE proved 
the superiority and versatility of POSTF as effi cient blue host. 

   The good performance of both PHOLEDs qualifi ed POSTF as 
potential host materials for white PHOLEDs, and furthermore, 
it is very fascinating to use this host in large-area lighting panel. 
That means we would enlarge the active luminescent size from 
3 mm × 3 mm to 150 mm × 150 mm. It is not only a test for host 
capability but also a test for material’s uniformity. Prior to this 
study, two types of small-size WOLED were investigated to opti-
mize the device structure for large-size panel. The fi rst device 
(W1) is a three color-based PHOLED with one sky-blue EML 
and one green and red EML. This kind of confi guration can 
realize balanced properties between effi ciency and color quality. 
The other device (W2) features only one EML containing sky-
blue and yellow phosphorescent dopants. With single EML, the 
device can be simplifi ed and achieve high effi ciency (Figure S9, 
Supporting Information). The results of W1 and W2 are sum-
marized in Table  1 . Both W1 and W2 achieve EQE greater than 
24%. The maximum EQE of W2 reaches 27.2%. 

 Considering the simple structure and high effi ciency of W2, 
we choose its structure to construct large area devices. The 
lighting panel we fabricated had a size of 190 mm × 177 mm 
with 150 mm × 150 mm active area. The device structure of 
the panel is ITO/HAT–CN (10 nm)/TAPC (45 nm)/POSTF: 
15 vol% FIrpic: 1 vol% PO-01 (20 nm)/ TmPyPB (40 nm)/
Liq (2 nm)/Al, in which the concentration of orange dopant 
iridium(III) bis(4-phenylthieno[3,2-c] pyridinato-N,C2′) acety-
lacetonate (PO-01) should be lower than that of FIrpic in order 
to obtain a white emission. Besides that, in view of existing 

problem (such as IR-drop, uniformity, or local heating) of large-
size OLEDs lighting panel at the present stage, we adopted the 
method of series connection of devices which can reduces power 
loss due to series resistance. Encouragingly, excellent quality 
white OLED panel is obtained using this device structure. As 
shown in  Figure    5  a, the device (W3) without diffusers shows the 
maximum effi ciencies of 66.6 cd A −1  for CE, 63.8 lm W −1  for 
PE and 21.9% for EQE. Furthermore, by applying state of the 
art light out-coupling fi lm (Kimoto), the effi ciency of the device 
can be boosted to 98.4 cd A −1  for CE, 75.9 lm W −1  for PE. The 
inset of Figure  5 a shows the image of its working state of high 
performance white OLED panel. The EL spectra of the large area 
OLED panel with and without diffuser are shown in Figure  5 b.  

 The angular dependence of chromaticity and normalized 
EL intensity as a function of emission angle are depicted in 
Figures S12 and S13 (Supporting Information), respectively. A 
quite good spatial uniformity in chromaticity was realized by 
using POSTF host material.  

  3.     Conclusion 

 A new spiro host material POSTF is synthesized, character-
ized and fully assessed in PHOLED devices with small size and 
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 Figure 5.    a) Current effi ciency–current density–power effi ciency charac-
teristics, with devices measured in forward direction with and without 
outcoupling enhancement techniques. The inset shows the image of the 
large-area OLED lighting panel. b) The corresponding normalized EL 
spectra.



FU
LL P

A
P
ER

649wileyonlinelibrary.com© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

large size. With FIrpic as dopant, the device can achieve power 
effi ciency of 50.5 lm W −1 , EQE of 26.8%, and also presented 
low roll-off at high brightness of 5000 cd m −2 . By using another 
sky-blue emitter  fac- Ir(iprpmi) 3  with higher HOMO level, the 
POSTF showed its university and the corresponding EQE of 
device also exceeded 25%. Comprehensively considering these 
indexes, the performance of POSTF is a big leap compared 
with previous spiro host material, and it is catching up the step 
of other series top bipolar host material for both blue and white 
electrophosphorescent devices. It proved that a spiro-structure 
can be facilely modifi ed in constructing high-triplet-energy 
bipolar host material with excellent performance if suitable 
spiro backbone is sorted out. Due to its spiro-bipolar property 
and natural chemical stability, we are encouraged to fabricate 
a large-size white lighting prototype device with active area of 
150 mm × 150 mm. In this device, a PE of 63.9 lm W −1  was 
achieved. By applying state-of-the-art out-coupling technique, 
this PE can be further improved as high as 75.9 lm W −1 . This is 
also the fi rst report for bipolar host material used in large-size 
PHOLED panel.  

  4. Experimental Section 
  Measurements and Characterization:   1 H NMR and  13 C NMR spectra 

were obtained on a Bruker 400M spectrometer at room temperature. 
Mass spectra were performed on a Thermo ISQ mass spectrometer using 
direct exposure probe. Elemental analyses were performed using Vario 
EL III microanalyzer. FT-IR spectrum was obtained on a Bruker Optics 
VERTEX 70 FT-IR spectrometer at room temperature. UV–Vis absorption 
spectra were recorded on a Perkin Elmer Lambda 750 spectrophotometer. 
PL spectra and phosphorescent spectra were recorded on a Hitachi 
F-4600 fl uorescence spectrophotometer. Differential scanning 
calorimetry was performed on a TA DSC 2010 unit at a heating rate of 
10 °C min –1  under nitrogen. The glass transition temperatures were 
determined from the second heating scan. Thermogravimetric analysis 
was performed on a TA SDT 2960 instrument at a heating rate of 
10 °C min −1  under nitrogen. Temperatures at 95% weight loss were used 
as decomposition temperatures. Cyclic voltammetry was carried out on a 
CHI600 voltammetric analyzer at room temperature with a conventional 
three-electrode confi guration consisting of a platinum disk working 
electrode, a platinum wire auxiliary electrode, and an Ag wire pseudo-
reference electrode with ferrocenium-ferrocene (Fc+/Fc)as the internal 
standard. Nitrogen-purged dichloromethane was used as solvent for 
oxidation scan and DMF for reduction scan with tetrabutylammonium 
hexafl uorophosphate (0.1  M ) as the supporting electrolyte. The cyclic 
voltammograms were obtained at scan rate of 100 mV s –1 . Ultraviolet 
photoelectron spectroscopy analysis were carried out with an unfi ltered 
HeI (21.2 eV) gas discharge lamp and a hemispherical analyzer. DFT 
calculations were performed using B3LYP/6–31G(D) atomic basis set. 

  Device Fabrication and Characterization:  Organic light-emitting diodes 
were fabricated on the cleaned glass substrates precoated with 110 nm 
ITO (15 Ω � –1 ) were cleaned with detergent, acetone, alcohol, distilled 
water, and then in an ultrasonic solvent bath. After baking in a heating 
chamber at 110 °C for 4 h. The ITO-glass substrates were treated with 
UV ozone for 15 min. All layers were deposited by thermal evaporation 
under a base vacuum around 10–6 Torr (1 Torr = 133.32 Pa). The 
organic materials and metal were evaporated in the rate of 3–5 Å s –1  
and 8–10 Å s –1 , respectively. The luminance, EL spectra and the CIE 
coordinates of all devices were measured by using a PR-670 photometer. 
Current density–voltage ( J–V ) measurements were carried out using a 
Keithley 2400 Source Meter. The emitting area of the white OLED devices 
and lighting panel are 3 mm × 3 mm and 150 × 150 mm, respectively. All 
the measurements were carried out at room temperature under ambient 
conditions. 

  Time of Flight (TOF) Measurement:  The confi guration of the sample 
is ITO/POSTF (2.1 µm)/Ag (20 nm)/Ag:Mg (130 nm), where ITO was 
cleaned by ultrasonication in ethanol–acetone (1:1) and deionized water. 
The POSTF fi lm was fabricated by vacuum deposition in vacuum. The 
pressure was controlled to be lower than 1 × 10 −3  Pa. The deposition rate 
of POSTF was 0.3–0.4 nm s –1 . When fi nished, the sample was mounted 
in a vacuum chamber for the TOF measurement. A nitrogen pulsed laser 
(337.1 nm) radiated the sample from the ITO side to generate a thin 
sheet of excess carriers. The transient currents were recorded by a digital 
oscilloscope (500 MHz, 5GS s –1 ). The transit time τ corresponds to the 
cross point of the asymptotes to the current curves with distinguishing 
slopes in the double logarithmic scale. The measurement was performed 
at room temperature. 

  Syntheses of Materials:  STFBr was synthesized according to 
literature. [ 12 ]  THF was purifi ed by PURE SOLV (innovative technology) 
purifi cation system. Other reactants or reagents were used as received. 
STFBr (1.95 g, 4 mmol) was dissolved in THF under argon in Schlenk 
tube. n-Butyl lithium (2.5 mL/2.4  M , 6 mmol) was added drop wise to 
the solution under –78 °C. After one hour's stirring, diphenylphosphine 
chloride (1.77 g, 8 mmol) was added via a syringe. Then the resulting 
mixture was allowed to warm up to room temperature overnight. To 
terminate the reaction, 5 mL water was added. And the organic solvent 
was removed by evaporation under reduced pressure. The resulting 
crude product was washed with water and submitted to fl ash column 
chromatography (petroleum ether/dichloromethane: 6/1, v/v as eluent), 
affording the diphenylphosphine substituted intermediate as a white 
solid. Then the diphenylphosphine derivatives were dissolved in DCM 
at room temperature. 3 mL H 2 O 2  (30%) was added to the solution drop 
wise. After stirred at room temperature for 30 min, 50 mL water was 
added and organic layer was separated, dried, and evaporated under 
reduced pressure to afford the crude product. The crude products were 
further purifi ed by recrystallization (using hexane and ethyl acetate as 
solvent) and vacuum sublimation. The fi nal product is a white powder 
(2.04 g, 84.0%).  1 H NMR (CDCl 3 , 400 MHz) (δ, ppm): 7.85–7.82 (m, 
3H, Ar-H), 7.63–7.34 (m, 17H, Ar-H), 7.19 ( d ,  J  = 7.2 Hz, 2H, Ar-H), 
6.91 ( t ,  J  = 7.2 Hz, 2H, Ar-H), 6.56 ( t ,  J  = 7.6 Hz, 2H, Ar-H), 6.38 
( d ,  J  = 7.6 Hz, 2H, Ar-H), 6.28 ( d ,  J  = 7.6 Hz, 2H, Ar-H).  13 C NMR (CDCl 3 , 
100 MHz) (δ, ppm): 156.56, 156.54, 156.24, 142.42, 142.41, 141.33, 140.67, 
138.72, 133.22, 132.22, 132.11, 132.04, 131.81, 131.81, 131.13, 131.12, 
131.04, 129.67, 129.63, 129.50, 128.50, 128.41, 128.41, 128.02, 127.43, 
127.24, 126.34, 123.89, 120.61, 120.61, 120.11, 119.89, 114.80, 57.11. 
MS (EI): m/z calcd for: 607.21, found: 607.26. Anal. Calcd for 
C43H30NOP (%): C 84.99, H 4.98, N 2.30; found: C 85.13, H 4.87, N 
2.21; IR (KBr) 3425, 3060, 1589, 1445, 1386, 1328, 1184, 1113, 746, 694, 
543 cm −1 ; MP: 292–293 °C.  
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