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Synthesis of 2-Pyrenylphosphines via Phospho-Fries Rearrangement

Lan, Xinchan Wang, Lili* Duan, Zheng* Mathey, Frangois
(International Joint Research Laboratory for Functional Organophosphorus Materials of Henan Province, International
Phosphorus Laboratory, Green Catalysis Center, College of Chemistry, Zhengzhou University, Zhengzhou 450001)

Abstract The planarity and high fluorescence quantum yield of pyrene make it an important building block in organic
optoelectronic material. But 2-pyrene based conjugated materials are less developed due to the intrinsic low reactivity of
2-position. A series of (1-hydroxy)-2-pyrenylphosphine derivatives were synthesized from pyrenyl phosphates via phos-
pho-Fries rearrangement under mild conditions. The pyrenyl phosphate precursors could be easily obtained from the reaction
of 1-pyrenol with H-phosphonates or phosphine chlorides. Several pyrenyl phosphates were converted into new pyrene fused
1,3-oxaphospholes from the further reactions with N-arylimide chlorides. This research provides not only a convenient method
for the funcationalization of pyrene at 2-position but also new organophosphorus based m-conjugated molecules. The

absorption and emission properties of these new pyrene fused molecules were studied.
Keywords phospho-Fries rearrangement; 2-pyrenylphosphine; 1,3-oxaphosphole; functionalization

1 Introduction

Pyrene is an important fluorophore, and the incorporation
of pyrene moiety is a simple and efficient method to syn-
thesize new fluorescent molecular with unique electronic
and photophysical properties.'! Pyrene substituted phos-
phines attract considerable attention in coordination chem-
istry,”) luminescent materials,””) fluorescence probe and
switch," and organic light emitting diodes (OLED).”” It
should be noted that all the afore-described results are based
on 1-pyrenylphosphines because of the synthetic difficulty
of 2-pyrenylphosphines. The development of the synthetic
method for 2-pyrenylphosphines not only produces new

* Corresponding authors. E-mail: wanglili@zzu.edu.cn; duanzheng@zzu.edu.cn

fluorophores but also provides a useful supplement to un-
derstand the structure-property relationship of pyrene based
materials.

Very recently, our group!® developed a novel method to
2-pyrenylphosphines through a migration reaction of
1-pyrenylphosphine (Scheme 1, a). But the harsh reaction
condition and inconvenient purification process promoted
us to look for new methods to synthesize 2-pyrenylpho-
sphine derivatives. The anionic phospho-Fries rearrange-
ment of readily available arylphosphate is facile access to
various o-hydroxyarylphosphine derivatives (Scheme 1,
b)."" To our surprise, this well-developed chemistry has
never been utilized with 1-pyrenylphosphate to synthesize
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2-pyrenylphosphine derivatives, and the presence of a hy-
droxyl group may provide a chance for further functional-
ization and application.

(a) Our previous work
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Scheme 1  Synthesis of 2-pyrenylphosphine derivatives

Herein, we report a convenient procedure to prepare
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2-pyrenylphosphine derivatives from 1-pyrenylphosphates
by phospho-Fries rearrangement and their application to
synthesize pyreno-1,3-oxaphospholes (Scheme 1, c).

2 Results and discussion

The starting 1-pyrenylphosphates 1a~1d were prepared
from the reaction of 1-pyrenol with H-phosphonates
HP(O)(OR),, (PhO),P(O)Cl or Ph,P(O)CI in good yields
(80%~93%)."*) Under N, atmosphere, 1- pyrenylphosphate
1a reacted with the fresh-prepared Lithium diisopropyla-
mide (LDA) to give the migrated dimethyl (1-hydroxy-
pyren-2-yl)phosphonate 2a in a 56% yield. Similar results
were obtained with P(O)OR, and P(O)Ph, substituted 1b~
1d, the desired migrated products 2b (53%), 2¢ (50%) and
2d (52%) were obtained in moderate yields, respectively
(Scheme 2). These results demon- strated that phos-
pho-Fries rearrangement could provide facile access to
functionalize the 2-position of pyrene derivatives.

It should be noted that the dual phospho-Fries rear-
rangements are also possible. Dipyrenylphosphonate (1e)
was converted into bis(1-hydroxypyren-2-yl)(phenyl)phos-
phine oxide 2e in a yield of 55% after treatment with LDA
(Scheme 3). The potential application of this compound as a
new tridentate ligand is underway in our group.
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Scheme 3 Synthesis of 2e by dual phospho-Fries rearrangements
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To further develop the chemistry of these new pyrene
substituted phosphonates, 2a was used to synthesize the
unknown pyrene fused 1,3-oxaphospholes 4. Reducing with
LiAlH,, 2a was converted into (1-hydroxypyren-2-yl)-
phosphine 3, and the following reactions with N-arylimide
chlorides®'” produced a series of 1,3-oxaphospholes 4
(Scheme 4). It should be noted that all these oxaphospholes
are quite stable under air in solid states, and their structures
were fully characterized by multinuclear NMR spectros-
copy and high-resolution mass spectrometry (HRMS). The
structure of 4c¢ was unambiguously established by X-ray
crystallographic analysis (CCDC: 2006728). As shown in
the crystal structure (Figure 1), 4¢ has a highly planar an-
nulated oxaphosphole moiety. The structure of 4c gives
valuable insights into the degree of communication between
the pyrene annulated oxaphosphole and the p-tolyl substit-
uent. The tolyl group is twisted out of the oxaphosphole
plane by only 6.6°, which allowing sizable conjugation
between the two units. The solid structure of 4c¢ shows her-
ringbone packing with a slipped n-n overlap, the distance
between the adjacent molecules is 0.3736 nm.

Ultraviolet-visible light (UV-Vis) absorption and fluo-

?
MeO—-P—-OMe

PH,
OH OH R ©
O LiAIH, O F’h_N_ﬁ'/Cl ‘O
B ——
,‘O ’QO &
2a 3

rescence spectra of these new pyrene derivatives were ob-
tained in CH,Cl, solution (Figure 2 and Table 1). Com-
pounds la~1d had similar UV-Vis and fluorescence
spectra shapes. Compared with 1-pyrenol, compounds
1a~1d showed blue shifts in both absorptions and emis-
sions, with enhanced molar absorption coefficients. The
absorption profile of 1-pyrenol showed a low-energy fea-
ture at 364 and 384 nm with low oscillator strength, which
was attributed to intramolecular charge transfer along with
two much more intense absorptions at higher energy
(Amax=335 and 347 nm, respectively), but only two higher
energy absorptions (Ay.=326 and 342 nm) were observed
with 1a~1d. A significant intramolecular excimer emis-
sion was observed with le, which contained two pyrene
groups.*!!

After phospho-Fries rearrangement, the resulting 2-
pyrenylphosphines 2a~2e had red-shifted UV-Vis absorp-
tions relative to 1-pyrenol, which indicated that the an-
choring phosphonyl group at the 2-position of pyrene moi-
ety improved the m-conjugation. It is interesting to see that
the intramolecular excimer emission of le disappeared

Figure 1 Stacking diagram of single crystal structure of 4¢ (hydrogen atoms are ignored)
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Figure 2 UV-Vis absorption spectra of 1-pyrenol, 1a and 1e (a); 2a~2e (c); 4a~4c (e); and fluorescence spectra of 1-pyrenol, 1a and
1e (b); 2a~2e (d); 4a~4c (f) in CH,Cl, at r.t.

Table 1 Photophysical data

Compound Aabs /MM Aex/M Aem’/Mm /ns DF
1-Pyrenol 335, 347, 364, 384 280 385, 405, 428 14.0 0.38
la 326, 342 280 378, 398, 418 25.1 0.23
1b 326, 342 280 379, 398, 418 23.8 0.19
1c 326, 342 280 378,397, 417 27.0 0.23
1d 329, 345 280 380, 399, 419 16.9 0.23
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Continued
Compound Aabs /MM Aex/nM Aem’/MM /ns &fF
le 328, 344 280 379, 398, 462 24.8 0.16
2a 335,351, 383, 405 280 411, 433, 456 9.1 0.39
2b 335, 350, 384, 405 280 385, 408, 431, 457 10.6 0.39
2¢ 335,351, 387, 408 280 415,438, 463 9.1 0.40
2d 338, 354, 385, 407 280 397,418, 439 7.8 0.004
2e 338, 355, 386, 409 280 386, 418, 439 2.0 0.10
4a 254,342 310 471 7.7 0.04
4b 252,348 330 461 2.7 0.11
4¢ 249, 345 310 463 3.4 0.13

“ Measured in CH,Cl, (1 X 107 mol/L), 4a, 4b and 4c¢ measured in CH,Cl, (1 X 10°° mol/L). ® Measured in CH,Cl,. © Absolute quantum yields measured in CH,Cl,

with an integrating sphere £5%.

after migration, and the resulting 2e only has a weak emis-
sion with shorter life and lower efficiency.

The fused pentacyclic oxaphospholes 4a~4c¢ have sim-
ilar UV-Vis absorption profiles. Compared with 1-pyrenol
and 2, the fluorescence spectra of 4 are red-shifted due to
the extended m-systems. 4a has the longest fluorescence
lifetimes and lowest quantum yields among these three
oxaphospholes.

3 Conclusions

In summary, a facile method through phospho-Fries re-
arrangement to synthesize 2-pyrenylphosphine derivatives
from readily available precursors was developed. Several
new pyrene annulated oxaphospholes were obtained from
the resulting phosphates. This research provides not only a
simple way for pyrene’s functionalization but also access
to understand the structure-property relationship of pyrene
based materials. The further applications of these new py-
rene based phosphine derivatives in material and coordina-
tion chemistry are currently underway in our group.

4 Experimental section

4.1 General information

'P NMR, 'H NMR and ">C NMR spectra were recorded
on a Bruker 300 MHz spectrometer. 'H NMR and *C NMR
chemical shifts were reported relative to TMS as external
standard. *'P NMR chemical shifts were expressed relative
to external 85% H;PO4. HRMS were obtained on an Agilent
1290~6540 Q-Tof spectrometer by electrospray ionization
(ESI). X-ray crystallographic analyses were performed on
an Oxford diffraction Gemini E diffractometer. Melting
points were obtained on an X-4 micro-melting point appa-
ratus. UV-Visible spectra were recorded at room tempera-
ture on a VARIAN Cary 5000 spectrophotometer. The
emission spectra were recorded on a Hitachi Fluorescence
spectrophotometer F-4600 or F-7000. All reactions except
noted especially were routinely performed under an inert
atmosphere of nitrogen by using standard Schlenk tech-
niques and dry deoxygenated solvents. All commercially
available reagents were used without further purification.
n-butyl lithium (1.6 mol/L in hexane) was purchased from
J&K Scientific Ltd. Silica gel (200~300 mesh) purchased

Chin. J. Org. Chem. 2021, 41, 1153~1160
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from Qingdao Haiyang Chemical Industry Co. Ltd. And
was used for chromatographic separations.

4.2 General procedure for synthesis of pyren-1-yl
phosphate 1

1-Pyrenol was dissolved in tetrachloromethane and
cooled to 0 C in a 100 mL round bottom flask. Triethyl-
amine (1.2 equiv.) was added, followed by a slow addition
of dimethyl H-phosphate (1.10 mL, 12 mmol, 1.2 equiv.) or
diethyl H-phosphate (1.55 mL, 12 mmol, 1.2 equiv.) or
diphenyl chlorophosphate (1.24 mL, 6 mmol, 1.2 equiv.) or
diphenylphosphinyl chloride (2.29 mL, 12 mmol, 1.2
equiv.) or phenylphosphonic dichloride (0.20 g, 1 mmol,
0.5 equiv.). The reaction mixture was stirred at 0 ‘C for 1 h
then warmed to room temperature and stirred overnight.
The reaction was monitored by *'P NMR spectroscopy.
Dichloromethane (DCM) was added and the resulting
mixture was washed three times with saturated aqueous
sodium chloride solution. The organic phase was dried over
anhydrous magnesium sulfate and the solvent was removed
under reduced pressure. The residue was purified by col-
umn chromatography [W(ethyl acetate) : V{(petroleum
ether)=1 : 5] to yield the desired product.

Dimethyl pyren-1-yl phosphate (1a): 2.74 g, 84% yield.
White solid, m.p. 75.6~76.2 “C; 'H NMR (300 MHz,
Chloroform-d) J: 8.36 (d, J=9.2 Hz, 1H), 8.14 (dd, J=
14.4,7.9 Hz, 4H), 8.06~7.96 (m, 4H), 3.93 (d,J=11.3 Hz,
6H); °C NMR (75 MHz, Chloroform-d) J: 144.15 (d, J=
7.3 Hz, C), 131.20 (s, C), 131.06 (s, C), 128.64 (s, C),
128.09 (s, CH), 126.95 (d, J=4.0 Hz, 2CH), 126.43 (s, CH),
125.71 (s, C), 125.42 (s, CH), 125.21 (d, J=1.5 Hz, CH),
125.16 (s, CH), 124.43 (s, C), 122.37 (d, J=6.7 Hz, C),
120.38 (s, CH), 117.26 (d, J=2.4 Hz, CH), 55.19 (d, J =6.1
Hz, 2CH;); *'P NMR (121 MHz, Chloroform-d) : —3.36;
HRMS (ESI) caled for C;sH;;O,P [M+H"] 327.0781,
found 327.0794.

Diethyl pyren-1-yl phosphate (1b): 1.75 g, 80% yield.
Brown liquid. '"H NMR (300 MHz, Chloroform-d) ¢: 8.37
(d, J/=9.2 Hz, 1H), 8.21~7.95 (m, 8H), 4.36~4.23 (m,
4H), 1.35 (td, J=7.1, 0.9 Hz, 6H); *C NMR (75 MHz,
Chloroform-d) ¢: 144.38 (d, J/=7.4 Hz, C), 131.23 (s, C),
131.11 (s, C), 128.49 (d, J=1.1 Hz, C), 127.91 (s, CH),
127.04 (s, CH), 126.83 (s, CH), 126.39 (s, CH), 125.71 (s,
C), 125.34 (s, CH), 125.21 (d, J=1.5 Hz, CH), 125.09 (s,

http://sioc-journal.cn/ 1157
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CH), 124.48 (s, C), 122.42 (d, J=6.8 Hz, C), 120.63 (s,
CH), 117.41 (d, J=2.5 Hz, CH), 64.88 (d, J=6.1 Hz,
2CH,), 16.19 (d, J=6.7 Hz, 2CH;); *'P NMR (121 MHz,
Chloroform-d) ¢: — 5.69; HRMS (ESI) caled for
CaoH004P [M+H ] 355.1094, found 355.1102.

Diphenyl pyren-1-yl phosphate (1¢): 2.06 g, 91% yield.
White solid, m.p. 92.4~93.0 ‘C; 'H NMR (300 MHz,
Chloroform-d) ¢0: 8.43~7.81 (m, 9H), 7.38~7.14 (m,
10H); "*C NMR (75 MHz, Chloroform-d) d: 150.56 (d, J=
7.6 Hz, 2C), 143.97 (d,J=7.8 Hz, C), 131.16 (s, C), 131.01
(s, C), 129.97 (s, 4CH), 128.96 (d, J=1.3 Hz, C), 128.22 (s,
CH), 127.15 (s, CH), 126.96 (s, CH), 126.49 (s, CH), 125.77
(s, CH), 125.54 (s, CH), 125.28 (s, CH), 125.18 (d, J=1.6
Hz, CH), 124.34 (s, C), 122.52 (s, C), 122.42 (s, C),
120.35(s, CH), 120.28 (d, J=4.9 Hz, 4CH), 117.41 (d, J=
2.5 Hz, CH); *'P NMR (121 MHz, Chloroform-d) o: —
17.75; HRMS (ESI) caled for CpsH,O.P [M+ H ']
451.1094, found 451.1100.

Pyren-1-yl diphenylphosphinate (1d): 3.90 g, 93% yield.
Yellow solid, m.p. 203.2~203.8 ‘C; "H NMR (300 MHz,
Chloroform-d) d: 8.37 (d, J/=9.2 Hz, 1H), 8.17~7.85 (m,
12H), 7.49~7.43 (m, 6H); "C NMR (75 MHz, Chloro-
form-d) 0: 145.07 (d, J=8.3 Hz, C), 132.62 (d, J=2.8 Hz,
2CH), 131.85 (d, J=10.5 Hz, 4CH), 131.23 (s, C), 131.10
(s, C), 130.12 (s, C), 128.75 (d, J=13.5 Hz, 4CH), 128.06
(s, C), 127.82 (s, CH), 127.06 (s, CH), 126.55 (s, CH),
126.32 (s, CH), 125.27 (s, CH), 125.15 (d, J=97.7 Hz, 2C),
124.98 (s, CH), 122.40 (d, J=6.0 Hz, 2C), 120.64 (s, CH),
117.85 (d, J=3.9 Hz, CH); *'P NMR (121 MHz, Chloro-
form-d) J: 31.33; HRMS (ESI) calcd for C,3H,,OP [M—+
H']419.1195, found 419.1202.

Di(pyren-1-yl) phenylphosphonate (le): 0.46 g, 82%
yield. White solid, m.p. 173.6~174.0 C; "H NMR (300
MHz, Chloroform-d) J: 8.26~8.17 (m, 4H), 8.09~7.96
(m, 8H), 7.95~7.83 (m, 8H), 7.60~7.41 (m, 3H); "°C
NMR (75 MHz, Chloroform-d) ¢: 144.24 (d, J=8.2 Hz,
2C), 133.55 (d, J=3.1 Hz, CH), 132.49 (s, CH), 132.35 (s,
CH), 131.15 (s, 2C), 131.00 (s, 2C), 128.95 (d, J=15.8 Hz,
2CH), 128.62 (s, 2C), 128.47 (d, J=23.1 Hz, C), 127.97 (s,
2CH), 126.99 (s, 2CH), 126.87 (s, 2CH), 126.36 (s, 2CH),
125.77 (s, 2C), 125.36 (s, 2CH), 125.21 (d, J=1.2 Hz,
2CH), 125.09 (s, 2CH), 124.37 (s, 2C), 122.65 (d, J=5.9
Hz, 2C),120.55 (s, 2CH), 118.01 (d, J=3.0 Hz, 2CH); *'P
NMR (121 MHz, Chloroform-d) ¢: 11.82; HRMS (ESI)
caled for C3gH,40+P [M+H ] 559.1458, found 559.1456.

4.3 General procedure for synthesis of compound 2

A stirred solution of di-iso-propyl amine (1.5 equiv.) in
dry tetrahydrofuran (THF) was cooled to 0 C and a
THF-solution of n-BuLi (1.5 equiv., 1.6 mol/L in hexane)
which was cooled to 0 ‘C firstly was added dropwise. The
resulting mixture was stirred for 1 h at 0 ‘C, and then
pyren-1-yl phosphate 1 (1.0 equiv.) was added. The reac-
tion mixture was warmed to room temperature and further
stirred overnight. The reaction was monitored by *'P NMR
spectroscopy. Dichloromethane (DCM) was added and the
resulting mixture was washed three times with saturated
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aqueous sodium chloride solution. The organic phase was
dried over anhydrous magnesium sulfate, filtered and
concentrated under reduced pressure. The residue was
purified by column chromatography [V(ethyl acetate) :
V(petroleum ether)=1 : 3] to yield the desired product.

Dimethyl (1-hydroxypyren-2-yl)phosphonate (2a): 1.50
g, 56% yield. Yellow solid, m.p. 122.8~123.4 ‘C; 'H
NMR (300 MHz, Chloroform-d) J: 11.09 (s, 1H), 8.50 (d,
J=9.2 Hz, 1H), 8.11~7.93 (m, SH), 7.89~7.77 (m, 2H),
3.83 (d, J=11.5 Hz, 6H); *C NMR (75 MHz, Chloro-
form-d) J: 156.82 (d, J=7.8 Hz, C), 132.60 (s, C), 132.24
(s, C), 129.00 (d, J=2.3 Hz, C), 127.40 (s, CH), 127.09 (s,
CH), 127.01 (s, CH), 126.61 (d, J/=6.1 Hz, CH), 125.61 (s,
CH), 124.77 (s, CH), 124.62 (s, CH+C), 124.24 (d, J=
14.7 Hz, C), 121.65 (d, J=2.0 Hz, CH), 119.75 (d, J=13.0
Hz, C), 104.02 (d, J/=180.0 Hz, C), 53.24 (d, J=4.8 Hz,
2CH;); *'P NMR (121 MHz, Chloroform-d) J: 26.16;
HRMS (ESI) caled for C;sH;;O,P [M+H"] 327.0781,
found 327.0782.

Diethyl (1-hydroxypyren-2-yl)phosphonate (2b): 0.95 g,
53% yield. Yellow solid, m.p. 82.4~83.0 ‘C; *'"H NMR
(300 MHz, Chloroform-d) ¢: 11.16 (s, 1H), 8.51 (d, J/=9.1
Hz, 1H), 8.13~8.00 (m, 4H), 7.96~7.91 (m, 1H), 7.82 (q,
J=9.0 Hz, 2H), 4.31~4.07 (m, 4H), 1.34 (t, J=7.1 Hz,
6H); *C NMR (75 MHz, Chloroform-d) d: 156.45 (d, J=
7.8 Hz, C), 132.58 (s, C), 132.23 (s, C), 128.94 (d, J=2.4
Hz, C), 127.40 (s, CH), 127.15 (s, CH), 127.05 (s, CH),
126.73 (d, J=6.2 Hz, CH), 125.61 (s, CH), 124.79 (s, CH),
124.64 (s, CH+C), 124.28 (d, J=14.5 Hz, C), 124.18 (s,
C), 121.68 (d, J/=1.9 Hz, CH), 119.73 (d, J=12.8 Hz, C),
105.47 (d, J=179.6 Hz, C), 63.26 (d, J/=4.8 Hz, 2CH,),
16.28 (d, J=6.7 Hz, 2CH;); 'P NMR (121 MHz, Chloro-
form-d) o0: 23.44; HRMS (ESI) calcd for C,oH,,0O4P [M+
H']355.1094, found 355.1095.

Diphenyl (1-hydroxypyren-2-yl)phosphonate (2¢): 0.68
g, 50% yield. Yellow solid, m.p. 127.2~127.8 ‘C; 'H
NMR (300 MHz, Chloroform-d) ¢: 10.84 (d, J=2.9 Hz,
1H), 8.46 (d, J=9.2 Hz, 1H), 8.34 (d, J=15.2 Hz, 1H),
8.10~7.92 (m, 4H), 7.85 (q, /=9.0 Hz, 2H), 7.32~7.21
(m, 8H), 7.17~7.09 (m, 2H); *C NMR (75 MHz, Chloro-
form-d) J: 156.66 (d, J=8.3 Hz, C), 149.96 (s, C), 149.86
(s, C), 132.63 (s, C), 132.24 (s, C), 129.97 (s, 4CH), 129.25
(s, C), 127.59 (s, CH), 127.13 (s, 2CH), 126.72 (d, J=6.1
Hz, CH), 125.83 (s, CH), 125.69 (s, 2CH), 124.92 (s, CH),
124.75 (s, CH), 124.51 (s, C), 124.33 (d, J=15.2 Hz, C),
121.63 (d, J/=2.1 Hz, CH), 120.62 (d, J=4.6 Hz, 4CH),
119.83 (d, J=13.8 Hz, C), 104.18 (d, J/=184.5 Hz, C); *'P
NMR (121 MHz, Chloroform-d) ¢: 16.00; HRMS (ESI)
caled for CogHO4P [M+H '] 451.1094, found 451.1093.

(1-hydroxypyren-2-yl)diphenylphosphine oxide (2d):
1.08 g, 52% vyield. Yellow solid, m.p. 173.4~174.0 °C; 'H
NMR (300 MHz, Chloroform-d) J: 12.24 (s, 1H), 8.53 (d,
J=8.7 Hz, 1H), 8.11~7.90 (m, 4H), 7.82~7.67 (m, 7H),
7.61~7.43 (m, 6H); *C NMR (75 MHz, Chloroform-d) o:
158.56 (d, /J=2.9 Hz, C), 132.76 (d, J=2.6 Hz, CH),
132.57 (s, C), 132.31 (s, 2CH), 132.17 (s, 2CH), 132.09 (s,
C), 131.85 (d, J=109.6 Hz, 2C), 128.96 (s, 2CH), 128.79
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(s, 2CH), 128.37 (s, C), 127.24 (s, CH), 127.12 (s, CH),
127.15 (d,J=10.5 Hz, CH), 126.96 (s, CH), 125.40 (s, CH),
124.72 (s, CH), 124.64 (s, C), 124.53 (s, CH), 123.64 (d,
J=13.3 Hz, C), 121.54 (s, CH), 120.49 (d, /=8.2 Hz, C),
107.99 (d, J=103.3 Hz, C); *'P NMR (121 MHz, Chloro-
form-d) 0: 40.89; HRMS (ESI) calcd for C,sH,,0,P [M+
H']419.1195, found 419.1195.

Bis(1-hydroxypyren-2-yl)(phenyl)phosphine oxide (2e):
0.77 g, 55% yield. Brown solid, m.p. 141.5~142.7 “C; 'H
NMR (300 MHz, Chloroform-d) J: 11.47 (s, 2H), 8.51 (d,
J=9.1 Hz, 2H), 8.05~7.59 (m, 17H), 7.52~7.44 (m, 2H);
C NMR (75 MHz, Chloroform-d) : 157.87 (s, 2C),
133.53 (d, J=2.2 Hz, CH), 132.54 (s, 2C), 132.38 (d, J=
11.4 Hz, 2CH), 132.07 (s, 2C), 129.17 (d, J=12.9 Hz,
2CH), 128.65 (s, C), 128.03 (d, J=93.9 Hz, 2C), 127.41 (s,
2CH), 127.27 (s, 2CH), 127.07 (s, 2CH), 127.02 (d, J=38.1
Hz, 2CH), 125.74 (s, 2CH), 124.90 (s, 2CH), 124.74 (s,
CH), 124.47 (s, 2C), 124.05 (d, J=13.3 Hz, 2C), 121.36 (s,
2CH), 120.70 (d, J=8.0 Hz, 2C), 107.77 (d, J=103.8 Hz,
C); *'P NMR (121 MHz, Chloroform-d) 6: 51.58; HRMS
(ESI) caled for CsHOsP [M+H ] 559.1458, found
559.1456.

4.4 General procedure for synthesis of pyreno[1,3]-
oxaphosphole 4

A stirred solution of dimethyl(1-hydroxypyren-2-yl)
phosphonate (2a, 0.65 g, 2.0 mmol, 1.0 equiv.) in dry THF
(6 mL) was cooled to 0 'C and then LiAlH,(0.46 g, 12.0
mmol, 6.0 equiv.) was added slowly. The mixture was
stirred at 0 ‘C for 1 h. To the reaction mixture an aqueous
solution of saturated ammonium chloride was added drop-
wise, then the mixture was extracted with dichloromethane
(20 mL), the organic layer was separated and dried over
anhydrous MgSO,. The solvent was removed in vacuo to
yield a yellow soild which was used in the next reaction step
without further purification. And N-phenylbenzimidoyl
chloride (0.43 g, 2.0 mmol, 1.0 equiv.) or 1-methoxy-N-
phenylbenzimidoyl chloride (0.49 g, 2.0 mmol, 1.0 equiv.)
or 4-methyl-N-phenylbenzimidoyl chloride (0.46 g, 2.0
mmol, 1.0 equiv.) was dissolved in 10 mL of THF in a 100
mL schlenk-bottom flask, and then the solution was re-
fluxed under nitrogen for 24 h. The combined filtrates were
evaporated under vacuum, then the residue was purified by
column chromatography (hexane) to yield the desired
product.

8-Phenylpyreno[2,1-d][1,3]oxaphosphole (4a): 0.22 g,
29% yield. Yellow solid, m.p. 195.1~195.7 “C; 'H NMR
(300 MHz, Chloroform-d) ¢: 8.70 (d, /=9.0 Hz, 1H), 8.61
(d, J/=3.6 Hz, 1H), 8.23~8.13 (m, 5H), 8.02~7.92 (m,
3H), 7.53~7.44 (m, 3H); >C NMR (75 MHz, Chloro-
form-d) 6: 197.26 (d, J=55.4 Hz, C), 153.90 (d, /=4.0 Hz,
O), 134.87 (d, J/=12.9 Hz, C), 134.17 (d, J/=38.4 Hz, C),
131.27 (s, C), 131.20 (s, C), 129.96 (d, J=4.7 Hz, CH),
128.98 (d, /=1.4 Hz, CH), 127.94 (s, CH), 127.56 (d, J=
10.3 Hz, C), 127.42 (s, CH), 126.52 (s, CH), 126.19 (s, CH),
125.23 (s, CH), 125.13 (s, CH), 125.11 (s, CH), 125.03 (s,
), 124.92 (s, CH), 124.26 (d, J=2.4 Hz, C), 124.24 (d,
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J=20.6 Hz, CH), 120.43 (s, CH), 117.63 (s, C); >'P NMR
(121 MHz, Chloroform-d) ¢: 88.19; HRMS (ESI) calcd for
Cy3H,,0P [M+H "] 337.0777, found 337.0775.

8-(2-Methoxyphenyl)pyreno[2,1-d][1,3]Joxaphosphole
(4b): 0.26 g, 35% yield. Yellow solid, m.p. 247.3 ~
248.1 ‘C; '"H NMR (300 MHz, Chloroform-d) ¢: 8.83 (d,
J=9.0 Hz, 1H), 8.74 (d, J=2.7 Hz, 1H), 8.52 (d, J=7.8
Hz, 1H), 8.33~8.15 (m, 3H), 8.11~7.97 (m, 3H), 7.45 (t,
J=17.8 Hz, 1H), 7.24 (t, J=7.5 Hz, 1H), 7.16~7.13 (m,
1H), 4.18 (s, 3H); *C NMR (75 MHz, Chloroform-d) d:
189.4 (d, J=68.3 Hz, C), 157.28 (s, C), 136.43 (d, J=42.0
Hz, C), 131.36 (s, C), 131.27 (s, C), 129.95 (d, J=4.8 Hz,
CH), 127.74 (s, CH), 127.61 (s, CH), 127.32 (d, J=10.5 Hz,
C), 126.24 (s, CH), 126.07 (s, CH), 125.21 (s, C), 125.06 (s,
CH), 125.04 (d, J=11.6 Hz, CH), 124.96 (s, CH), 124.43
(d, J=20.3 Hz, CH), 124.21 (d, J=3.8 Hz, C), 120.77 (d,
J=10.2 Hz, CH), 117.33 (s, C), 110.93 (s, CH), 55.30 (s,
CH;); *'P NMR (121 MHz, Chloroform-d) J: 104.52;
HRMS (ESI) caled for CpH;c0,P [M+H "] 367.0882,
found 367.0883.

8-(p-Tolyl)pyreno[2,1-d][1,3]oxaphosphole (4¢): 0.23 g,
33% vyield. Yellow solid, m.p. 158.4~159.1 ‘C; '"H NMR
(300 MHz, Chloroform-d) ¢: 8.71 (d, J/=9.0 Hz, 1H), 8.62
(d, J=3.3 Hz, 1H), 8.24~8.07 (m, 5H), 8.03~7.93 (m,
3H), 7.30 (d, J=7.8 Hz, 2H), 2.44 (s, 3H); °C NMR (75
MHz, Chloroform-d) 8: 197.72 (d, J=55.7 Hz, C), 153.79
(d, J=4.0 Hz, C), 140.33 (d, J=4.9 Hz, 2C), 134.29 (d,
J=33.0 Hz, C), 132.29 (d, J=12.8 Hz, C), 131.27 (s, C),
131.19 (s, C), 129.66 (s, 2CH), 127.88 (s, CH), 127.52 (d,
J=10.5 Hz, C), 127.43 (s, CH), 126.45 (s, CH), 126.12 (s,
CH), 125.18 (s, CH), 125.08 (s, CH), 124.98 (d,J=14.2 Hz,
2CH), 124.23 (d, J=20.4 Hz, CH), 124.17 (d, J=2.2 Hz,
C), 120.48 (s, CH), 117.58 (s, C), 21.60 (s, CHs); *'P NMR
(121 MHz, Chloroform-d) J: 84.46; HRMS (ESI) calcd for
Co4H,OP [M+H "] 351.0933, found 351.0934.

Supporting Information 'H NMR, C NMR, *'P NMR
spectra of compounds 1, 2 and 4. The Supporting Infor-
mation is available free of charge via the Internet at http://
sioc-journal.cn.
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