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1 | INTRODUCTION
6H-Dibenz|[c,e][1,2]oxaphosphorin ring derivatives (Fig. 1)
are industrially significant compounds for the preparation
of flame retardants, additives for polymerization processes,
photoinitiators, stabilizers for polymers, and photographic
materials.!!!

Numerous patents and literatures have been issued for
the preparation and characterization of 6H-dibenz[c,e][1,2]
oxaphosphorin ring system.[2’3] Their synthetic intermediate,
6-chloro-6H-dibenz[c,e][1,2]oxaphosphorin (3a) is generally
synthesized by the reaction of 2-hydroxybiphenyl (1a) with
phosphorus trichloride to give the intermediate 2a,[4J fol-
lowed by the Friedel-Crafts type reaction using Lewis acids,
such as ZnCl,, AlCl3 and FeCl3, as catalysts (Scheme 1).[3]
However, in this preparation process of the cyclic phospho-
rus compound 3a, the Lewis acid-catalyzed phosphination
required elevated temperatures which in some case exceeded
to a final temperature of >200°C and were not adequate for
industrial processes.

However, various aryl dichlorophosphine have been pre-
pared by the Friedel-Crafts reaction of aromatic hydrocarbons
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with phosphorus trichloride in the presence of superacids, especially trifluorometh-
anesulfonic acid (TfOH) as a catalyst. TfOH was investigated for the first time as an

effective catalyst for the aromatic phosphination of 2-hydroxybiphenyls.

with phosphorus trichloride.’>®! In the recent improvement
of phosphination of aromatic compounds, the use of bis-
muth chloride and bismuth trifluoromethanesulfonate were
revealed as efficient catalysts.[7J These observations pro-
moted us to propose a suitable catalyst and an improvement
in the syntheses of 3. In this letter, we would like to report
superacids[8] catalyzed phosphination of 2-hydroxybiphenyls
with phosphorus trichloride to afford the corresponding 3 in
good to excellent yields. Although various superacids have
been found to catalyze nucleophilic addition of nitrogen,
oxygen, and sulfur to olefins,””! Friedel-Crafts acylation,[lo]
and Diels—Alder reaction,[l 1o the best of our knowledge, no
superacid-catalyzed phosphination of aromatic compounds
has been hitherto described. As compared with the conven-
tional Lewis acid-catalyzed reaction, the present method in
the presence of superacid is characterized by mild reaction
conditions and metal-free process.
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Friedel-Crafts type phosphination reaction
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2 | RESULTS AND DISCUSSION

First, the Friedel-Crafts reaction of 2-hydroxybiphenyl (1a)
was examined by a slightly modified literature procedure.Be]
Brief optimization of the reaction conditions was stud-
ied using 1a (8.51 g, 50 mmol) and phosphorus trichloride
(8.58 g, 62.5 mmol) in the presence of various acids as cata-
lysts without solvent. The results are summarized in Table 1.
In the presence of 1.5 mol% of ZnCl,, the reaction was carried
out at 150°C and the corresponding phosphorus compound
3a was obtained in 92% yield (Table 1, entry 1). Lowering
the reaction temperature to 120°C decreased the product yield
(Table 1, entry 2). In the previous report,m BiCl; was shown
as an effective catalyst for the aromatic phosphination of acti-
vated aromatic compounds compared to the use of commonly
used AICI,. Next we chose BiCl, as a catalyst, however, only
14% of 3a was obtained with considerable amount of start-
ing materials (Table 1, entry 3). Use of metal triflates, such as
Zn(OTY),, gave a comparable yield to that of ZnCl, (Table 1,
entry 4). It is well-known that superacid, such as TfOH, ef-
ficiently catalyses the Friedel-Crafts acylation reaction of
acyl chlorides with aromatic compounds. Thus, we tried to
use TfOH as a catalyst in the Friedel-Crafts phosphination.
Consequently, it was found that the reaction in the presence
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of TfOH could enhance the yield and reduce the reaction time
effectively in the preparation of cyclic compounds (Table 1,
entry 5). Moreover, it was revealed that other superacids,
such as nonafluorobutane-1-sulfonic acid (C,F;SO;H) and
bis(trifluoromethane)sulfonimide (Tf,NH), also gave 3a in
excellent yield, respectively (Table 1, entries 6 and 7). None
of desired product was obtained in the case of simple Brgnsted
acids, such as sulfuric acid, methanesulfonic acid, and trif-
luoroacetic acid. (Table 1, entries 12, 13, and 14). Next, ef-
fects of the reaction temperature and catalyst loading were
investigated. A decrease in the reaction temperature to 120°C,
reduced both the reaction rate and the product yield. However,
it is noteworthy that the yield was improved from 53% to 88%
by carrying out the reaction for longer reaction times (Table 1,
entries 8 and 9). In addition, only 0.15 mol % of the catalyst
showed high catalytic activity (Table 1, entries 10 and 11).
To establish the generality of this method, the reactions of
several 2-hydroxybiphenyls 1a—i with phosphorus trichloride
in the presence of TfOH were examined under the optimized
conditions. 2-hydroxybiphenyls 1b—g and 1i were prepared
according to a literature procedure, using cross-coupling
reaction of the corresponding Grignard reagents with halo-
phenols in the presence of palladium catalyst.[m The chloro
derivatives 3 can in principle be isolated as exemplified for

TABLE 1 Friedel-Crafts phosphination of 2-hydroxybiphenyl with phosphorus trichloride under various reaction conditions®
Cl
OH O catalyst l
1.25 eq. PCl3
O conditions
1a

Entry Catalyst (mol%) Temp. (°C) Time (h) Yield of 3a (%)"
1 ZnCl, (1.5) 150 8 92
2 ZnCl, (1.5) 120 10 12
3 BiCl, (1.5) 150 4 14
4 Zn(OTf), (1.5) 150 8 90
5 TfOH (1.5) 150 4 95 (94)°
6 C,F,SO;H (1.5) 150 4 95
7 (CE;S0,),NH (1.5) 150 4 94
8 TfOH (1.5) 120 4 53
9 TfOH (1.5) 120 8 88
10 TfOH (0.15) 150 6 80
11 TfOH (0.15) 180 6 89
12 H,SO, (1.5) 150 4 0
13 MeSO;H (1.5) 150 4 0
14 CF;CO,H (1.5) 150 4 0

All reactions were carried out by using 2-phenylphenol (50 mmol) with phosphorus trichloride (62.5 mmol) in the presence of various catalysts.

®Yield was determined by the HPLC analysis after hydrolysis of 3a.
“Isolated yield of 6H-dibenz[c,e][1,2]oxaphosphorin-6-oxide.
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the compound 3a,[3d] (after simple filtration and concentra-
tion of reaction mixture, chloro compound 3a is obtained in
considerable yield and purity. 6-chloro-6H-dibenz[c,e][1, 2]
oxaphosphorin (3a). '"H NMR (300 MHz, CDCl,): 6 (ppm)
7.99-7.92 (m, 2 H), 7.69-7.55 (m, 2 H), 7.46-7.33 (m, 2 H),
7.28-7.18 (m, 2 H); '>*C NMR (75.5 MHz, CDCl,): 6 (ppm)
148.0 (d, J = 10.0 Hz), 132.8 (d, J = 36.7 Hz), 132.8, 131.3,
130.0 (d, J = 10.6 Hz), 129.2, 127.8 (d, J = 13.1 Hz), 124.8,
124.6, 123.9, 122.2 (d, J=6.9 Hz), 121.0 (d, J =2.5 Hz);
3'p NMR (109 MHz, CDCl,): 6 (ppm) 132.8; 6 132.18; ref.
[3c]), however, because of their sensitivity to humidity,Be]
they were transformed to the stable oxides 4 after hydrolysis
(Scheme 2). The results are shown in Table 2.

In the case of 2-hydroxybiphenyls bearing not only
electron-releasing groups but also electron-withdrawing
groups on the phenol ring, the compounds smoothly under-
went to afford the corresponding phosphonated compounds
4 in fair to good yields. The presence of a substituted group
on the aryl ring where electrophilic substitution occurs has
no influence on the regioselectivity of the intramolecular cy-
clization, producing the corresponding products as the unsep-
arable mixture of regioisomers (Table 2, entries 5).

Recently, bridged 6H-dibenz[c,e][1,2]oxaphosphorin-
6-oxide derivatives were developed and evaluated as frame
retardant having high thermally stability.m] Novel bridged
derivatives 4j was synthesized from compound 1j (141 having
two 2-hydroxybiphenyl units on the molecule and 3 equiva-
lent of trichlorophosphine in 74% yield (Scheme 3).

In the case of the Friedel-Crafts acylation of acyl chlo-
rides with aromatic compounds in the presence of TfOH, it
is assumed that the triflic mixed anhydrides are generated
in situ as acylating agents.[mb'd] Although we are unsure
about exact structure of the active reaction species and the
mechanistic details still remain ambiguous at present, it is

o\\ /FG

¢

FG: Functional Group

FIGURE 1 6H-dibenz|[c,e][1,2]oxaphosphorin ring derivatives.
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SCHEME 2 The tautomeric equilibrium of 6H-dibenz[c,e][1,2]
oxaphosphorin ring

conceivable that the aromatic phosphination of phenols with
PCl; in the presence of TfOH proceeds through in situ gen-
erated PCl,(OTY), P+C12 + TfO™ and/or ArO PCI (OTY),
ArOP™CI + TfO™ as active species. [S¢]

3 | CONCLUSION
In summary, 6H-dibenz[c,e][1,2]oxaphosphorin-6-oxide deriv-
atives were efficiently synthesized by the Friedel-Crafts reac-
tion of 2-hydroxybiphenyls with phosphorus trichloride in the
presence of super acids, especially TfOH as a catalyst. TfOH
was investigated for the first time in the present results to prove
to be an effective catalyst. Thus, it was revealed that the super-
acid is effective for the phosphination of 2-phenylbiphenyls.
Elucidation of the detailed reaction mechanism must
await further study.

4 | EXPERIMENTAL

Melting points were determined with a Yanako MP-I3 in-
strument (Yanako, Kyoto, Japan) and were uncorrected.
FT-IR spectra were recorded on a JASCO FT/IR-4100 in-
strument. 'H and '*C NMR spectra were obtained on a JEOL
JNM-AL300 (300 MHz, 75 MHz) instrument. Chemical
shifts were reported in ppm on the & scale relative to te-
tramethylsilane (O ppm) and chloroform-d (77 ppm) as an
internal standard, respectively. 3p NMR spectra were ob-
tained on a JEOL JNM-EX270 (109 MHz) or JEOL JNM-
ECA600 (243 MHz) spectrometer with complete decoupling.
Chemical shifts were reported in the scale relative to phos-
phoric acid (0 ppm). Mass spectra were measured on a
Shimadzu LCMS-IT-TOF spectrometer.

4.1 | The representative procedure
for the preparation of 6H-dibenz[c,e][1,2]
oxaphosphorin-6-oxide (4a) is as follows

In a two-necked round-bottom flask equipped with a re-
flux condenser, 2-phenylphenol (8.51 g, 50 mmol) and trif-
luoromethanesulfonic acid (113 mg, 0.75 mmol) were put
and heated to 150°C. Then, phosphorus trichloride (8.58 g,
62.5 mmol) was added dropwise to the mixture for ca.
30 min, so as to maintain a slow reflux of phosphorus trichlo-
ride with a simultaneous evolution of HCI. The reaction mix-
ture was stirred for further 4 hours until no further HCI was
evolved. After the excess of phosphorus trichloride was then
distilled off, the reaction mixture including the chloro com-
pound 3a was then cooled to room temperature and dissolved
in 20 mL of chloroform, followed by the insoluble orange
solid was filtered off and washed with 20 mL of chloroform.
To the filtrate, 10 mL of water was added dropwise (vigorous
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TABLE 2 Trifluoromethanesulfonic acid-catalyzed Friedel-Crafts phosphination of various 2-hydroxybiphenyls with phosphorus trichloride

Entry

2b

3¢

4

50

6°

7¢

(6} H
\_/
oH A o> _
7Y  15mol% TfOH  H,0 Ly
AN X > e S |
= 150°C 4 h X-r
~
1 4
Substrate Product Yield (%)*
OH o\\ /H 94
)
O 1a O
4a
Me O H 90
\
OH O O>P/ l Me
4b
OH O\\ M 81
OI/P g
Me 1c
Me 4c

0\\ /H 88

Cl 4d

90°

75

80

Continued
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TABLE 2 Continued

Entry Substrate Product Yield (%)d

L OH O\\ /H 73
4h

“O‘Q/)O]

“Reaction was carried out by using 2-hydroxybiphenyl (50 mmol) with phosphorus trichloride (62.5 mmol) at 150°C for 4 hours in the presence of 1.5 mol% of TfOH.
PReactions were carried out by using 2-hydroxybiphenyls (10 mmol) with phosphorus trichloride (12.5 mmol) at 150°C for 4 hours in the presence of 1.5 mol% of TfOH.
“Reactions were carried out by using 2-hydroxybiphenyls (1 mmol) with phosphorus trichloride (1.5 mmol) at 150°C for 6 hours in the presence of 5.0 mol% of TfOH in

1,2-dichlorobenzene (3 mL).
9Isolated yield.
“The regioisomeric mixtures of the products were obtained with ca. 3:2.

HO l l OH

5 mol% TfOH
6 eq. PCl3

H
d
=0

Yy

7T

1]

ODCB, 150°C 6 h

4j, Yield 74%

SCHEME 3 Synthesis of bridged 6H-dibenz[c,e][1,2]oxaphosphorin-6-oxide derivative

HCI formation) very carefully. After evaporation of the sol-
vent under reduced pressure, residual water was removed by
azeotropic distillation with toluene for 2 hours. The solution
was concentrated and the residue dried under vacuum to give
analytically pure 4a in 10.1 g (94%) yield. Their derivatives 4
can be further purified by recrystallization or gel permission
chromatography, if necessary.m’md]

The intermediated chloro compound 3a, 6-chloro-6H-
dibenz[c,e][1, 2] oxaphosphorin, is obtained after simple
filtration and concentration of reaction mixture in consider-
able yield and purity. ;H NMR (300 MHz, CDC,;): 6 (ppm)
7.99-7.92 (m, 2 H), 7.69-7.55 (m, 2 H), 7.46-7.33 (m, 2 H),
7.28-7.18 (m, 2 H); ;3C NMR (75.5 MHz, CDC3): 6 (ppm)
148.0 (d, J = 10.0 Hz), 132.8 (d, J = 36.7 Hz), 132.8, 131.3,
130.0 (d, J/ = 10.6 Hz), 129.2, 127.8 (d, J = 13.1 Hz), 124.8,
124.6,123.9,122.2 (d, J = 6.9 Hz), 121.0 (d, / = 2.5 Hz); 5,P
NMR (109 MHz, CDC,,): 6 (ppm) 132.8; 8 132.18; ref. [3c].

4.1.1 |
oxide (4a)

White solid, 94% yield, mp 114-116°C; IR (KBr, cm_l): v
2384 (P-H), 1592, 1448, 1151, 1076; '"H NMR (300 MHz,
CDCl,): 6 (ppm) 8.06 (d, 1H, J = 591.6 Hz), 7.99-7.86 (m,

6H-dibenz[c,e][1,2]oxaphosphorin-6-

3H), 7.78-7.72 (m, 1H), 7.59-7.51 (m, 1H). 7.44-7.38 (m,
1H) 7.32-7.26 (m, 2H); °C NMR (75.5 MHz, CDCl,): &
(ppm) 148.2 (d, J=8.7 Hz), 135.9 (d, J = 6.9 Hz), 134.1
(d, J=2.5Hz), 130.9, 130.6 (d, J=12.5Hz), 128.7 (d,
= 14.3 Hz), 125.2, 125.1, 124.0 (d, J = 9.9 Hz), 123.5 (d,
J=122.0 Hz), 122.0 (d, J = 12.5 Hz), 120.7 (d, J = 6.2 Hz);
3'P NMR (109 MHz, CDCL): § (ppm) 15.13; DART-HRMS
caled for C,H,,0,P [M+H]": 217.0413; found 217.0438.

4.1.2 | 8-Methyl-6H-dibenz[c,e][1,2]
oxaphosphorin-6-oxide (4b)

White solid, 90% yield, mp 124-126°C; IR (KBr, cm™'):
v 2431 (P-H), 1479, 1230, 917, 760; 'H NMR (300 MHz,
CDCl,): & (ppm) 8.00 (d, J = 590.4 Hz, 1H), 7.99-7.85 (m,
2H), 7.66 (d, J = 15.0 Hz, 1H), 7.48 (d, J = 8.1 Hz, 1H),
733 (d, J=8.4Hz 1H), 7.21 (t, J=5.7 Hz, 2H), 2.40
(s, 3H); 3¢ NMR (75.5 MHz, CDCl,): 6 (ppm) 147.8 (d,
J=8.7Hz), 138.7 (d, J = 14.2 Hz), 134.8 (d, J = 2.5 Hz),
132.8 (d, J = 6.8 Hz), 130.5 (d, J = 12.4 Hz), 130.1, 124.8,
124.7,122.2, 121.7 (d, J = 12.5 Hz), 120.2 (d, J = 6.2 Hz),
20.9; °'P NMR (243 MHz, CDCL,): & (ppm) 15.86; DART-
HRMS caled for C;H,,0,P [M+H]": 231.0569; found
231.0563.
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41.3 | 2-Methyl-6H-dibenz[c,e][1,2]
oxaphosphorin-6-oxide (4¢)

Pale yellow solid, 81% yield, mp 98-101°C; IR (KBr, cm_l):
v 2409 (P-H), 1228, 1209, 903, 491; 'H NMR (300 MHz,
CDCly): & (ppm) 8.00 (d, J=589.2 Hz, 1H), 7.99-7.85
(m, 2H), 7.78-7.68 (m, 2H), 7.58-7.51 (m, 1H), 7.28-7.12
(m, 2H), 2.41 (s, 3H); C NMR (75.5 MHz, CDCL,): &
(ppm) 146.0 (d, J = 8.7 Hz), 136.0 (d, J = 6.9 Hz), 134.6,
133.9 (d, J = 2.5 Hz), 131.5, 130.5 (d, J = 12.4 Hz), 128.4
(d, J=143Hz), 125.3, 123.8 (d, J=9.4 Hz), 123.6 (d,
J=122.5Hz), 121.6 (d, J = 12.4 Hz), 120.3 (d, J = 6.2 Hz),
20.94; *'P NMR (243 MHz, CDCl,): § (ppm) 15.76; DART-
HRMS calcd for C,;H,,0,P [M+H]": 231.0569; found
231.0589.

4.1.4 | 2-Chloro-6H-dibenz[c,e][1,2]
oxaphosphorin-6-oxide (4d)

White solid, 88% yield, mp 129-131°C; IR (KBr,
em™): v 3068, 2371 (P-H), 1477, 1223, 903; '"H NMR
(300 MHz, CDCl,): 6 (ppm) 8.06 (d, J = 602.7 Hz, 1H),
7.95-7.83 (m, 3H), 7.79-7.73 (m, 1H), 7.61-7.54 (m,
1H), 7.40-7.32 (m, 1H), 7.20 (d, J = 8.7 Hz); '3C NMR
(75.5 MHz, CDCL,): 6 (ppm) 146.4 (d, J = 8.7 Hz), 134.5
(d,J = 6.9 Hz), 134.4 (d, J = 2.5 Hz), 130.8, 130.6, 130.6,
129.3 (d, J = 14.3 Hz), 125.0, 124.2 (d, J = 110.2 Hz),
124.0 (d, J=9.9 Hz), 123.1 (d, J = 12.5 Hz), 121.9 (d,
J = 6.2 Hz); °'P NMR (243 MHz, CDCl,): § (ppm) 15.18;
DART-HRMS calcd for C,,H,CIO,P [M+H]": 251.0023;
found 251.0005.

4.1.5 | Mixture (ca. 3: 2) of 7-Methyl-6H-
dibenz[c,e][1,2]oxaphosphorin-6-oxide

and 9-Methyl-6H-dibenz[c,e][1,2]
oxaphosphorin-6-oxide (4e)

White solid, 90% yield; IR (KBr, cm™): v 2400 (P-H), 1606,
1488, 1456, 1440, 1228; 'H NMR (300 MHz, CDCL,): &
(ppm) 8.46 (d, J = 600.3 Hz, 0.7H), 8.03 (d, J = 589.4 Hz,
0.3H), 7.94-7.74 (m, 2.3H), 7.6 (t, J=7.5Hz, 0.7H),
7.43-7.23 (m, 4H), 2.72 (s, 2.1H), 2.50 (s, 0.9H); '3C NMR
(75.5 MHz, CDCL,): § (ppm) 148.3 (d, J = 8.4 Hz), 147.8 (d,
J=28.7Hz), 144.8 (d, J=2.5Hz), 140.7 (d, J = 12.3 Hz),
135.9 (d, J=6.8Hz), 135.6 (d, J=49Hz), 1334 (d,
J=1.9 Hz), 130.8, 130.7, 130.5, 130.5, 130.4, 130.3, 129.5
(d, J = 14.9 Hz), 1258.4, 125.0 (d, J = 8.0 Hz), 124.9, 124.5
(d,J=5.7Hz),121.8 (d,J = 12.5 Hz), 121.7 (d, ] = 9.3 Hz),
120.6 (d, J = 6.3 Hz), 120.4 (d, J = 5.6 Hz), 22.2, 19.7 (d,
J=10.0 Hz); *'P NMR (243 MHz, CDCl,): § (ppm) 14.84;
DART-HRMS caled for C,3H,,0,P [M+H]*: 231.0569;
found 231.0593.
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4.1.6 | 8-Methoxy-6H-dibenz[c,e][1,2]
oxaphosphorin-6-oxide (4f)

White solid, 75% yield, mp 144—147°C; IR (KBr, cm_l): v 2370
(P-H), 1606, 1475, 1227, 1207; "H NMR (300 MHz, CDCl,): §
(ppm) 8.00 (d, J = 591.3 Hz, 1H), 7.99-7.70 (m, 2H), 7.40-7.25
(m, 2H), 7.23-7.15 (m, 3H), 385 (s, 3H); '°C NMR (75.5 MHz,
CDCl,): & (ppm) 159.4 (d, J = 17.4 Hz), 1473 (d, J = 8.1 Hz),
129.5, 128.1 (d, J=6.2Hz), 125.6 (d,J=11.9 Hz), 124.8,
124.3,124.2 (d, J = 120.7 Hz), 121.7 (d,J = 33.6 Hz), 121.2 (d,
J=24Hz),120.1 (d,J=6.3 Hz), 113.1 (d, J = 14.2 Hz), 55.5;
'P NMR (243 MHz, CDCL,): 6 (ppm) 15.76; DART-HRMS
caled for C;H,,0,P [M+H]": 247.0519; found 247.0543.

4.1.7 | 8-Phenyl-6H-dibenz[c,e][1,2]
oxaphosphorin-6-oxide (4 g)

White solid, 80% yield, mp 60-64°C; IR (KBr, Cl’l’l_l)l v 2370
(P-H), 1473, 1234, 1204, 957, 913; 'H NMR (300 MHz,
CDCl,): 6(ppm)8.08(d,J = 592.2 Hz, 1H),8.15-7.80 (m, 4H),
7.70-7.60 (m, 2H), 7.55-7.35 (m, 4H), 7.30-7.21 (m, 2H);
3C NMR (75.5 MHz, CDCL,): § (ppm) 148.1 (d, J = 8.1 Hz),
141.4 (d, J = 143 Hz), 138.6, 134.4 (d, J = 6.3 Hz), 1324,
130.7, 129.0, 128.7 (d, J=13.1 Hz), 128.3, 126.8, 125.1,
125.0, 124.4 (d, J = 10.6 Hz), 123.8 (d, J = 196.7 Hz), 121.7
(d, J=11.8 Hz), 120.5 (d, J = 6.3 Hz); *'P NMR (243 MHz,
CDCl,): & (ppm) 15.53. DART-HRMS calcd for C ¢ H,,0,P
[M+H]*: 293.0726; found 293.0751.

4.1.8 | 4-Phenyl-6H-dibenz[c,e][1,2]
oxaphosphorin-6-oxide (4 h)

White solid, 73% yield, mp 157-159°C; IR (KBr, cm_l): v
2370 (P-H), 1410, 1229, 1211, 1189; 'H NMR (300 MHz,
CDCLy): 6 (ppm) 7.97 (d, 1H, J=593.7 Hz), 8.05-7.97
(m, 1H), 7.96-7.83 (m, 2H), 7.79-7.69 (m, 1H), 7.62-7.51
(m, 3H), 7.50-7.29 (m, 5H); *C NMR (75.5 MHz, CDCl,):
5 (ppm) 144.7 (d, J = 8.8 Hz), 136.4 136.0 (d, J = 6.3 Hz),
133.9 (d, J=2.5Hz), 133.8 (d, J=5.6 Hz), 132.2, 130.2
(d, J=13.7Hz), 129.5, 1285 (d, J=14.3 Hz), 128.3,
127.7, 124.9, 124.5, 124.5, 123.6 (d, J = 115.1 Hz), 122.6
(d, J=11.8 Hz); *'P NMR (109 MHz, CDCl,): & (ppm)
14.50, ref. [3d] & 14.5. DART-HRMS calcd for C¢H,,O,P
[M+H]*: 293.0726; found 293.0725.

419 | 8-Phenoxy-6H-dibenz[c,e][1,2]
oxaphosphorin-6-oxide (4i)

White solid, 81% yield, mp 63-66°C; IR (KBr, cm_l): v 2367
(P-H), 1587, 1488, 1259, 1223, 757, '"H NMR (300 MHz,
CDCl,):6(ppm)7.97(d, 1H,J = 595.2 Hz),7.95-7.80 (m, 2H),
7.45-7.30 (m, 5H), 7.30-7.15 (m, 3H), 7.10-7.05 (m, 2H); B¢
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NMR (75.5 MHz, CDCL,): & (ppm) 158.1 (d, J = 18.0 Hz),
155.4, 147.6 (d, J= 8.7 Hz), 130.3, 130.0 (d, J = 6.2 Hz),
126.1 (d, J=112Hz), 125.1, 124.8 (d, J=119.4 Hz),
124.7, 124.0 (d, J=3.1 Hz), 121.7 (d, J = 12.6 Hz), 120.5
d, J=63Hz), 1199, 1184 (d,J=13.7Hz); *'P NMR
(243 MHz, CDClL,): 6 (ppm) 14.65. DART-HRMS calcd for
C,;H,,05P [M+H]": 309.0675; found 309.0702.

4110 | 2,2’-(1,10-decanediyl)-bis(6H-
dibenz[c,e][1,2]oxaphosphorin-6-oxide) (4j)

White solid, 71% yield, mp 133-136°C; IR (KBr, cm_l): v
2923, 2361 (P-H), 1233, 1211, 910; 'H NMR (300 MHz,
CDCl,): 6 (ppm) 7.99 (d, 1H, J = 589.8 Hz), 7.99-7.80 (m,
4H), 7.78-7.65 (m, 4H), 7.55-7.41 (m, 2H), 7.20-7.12 (m,
4H), 2.64 (d, J = 7.8 Hz, 4H), 1.626 (br, 4H), 1.31 (br, 12H);
13C NMR (75.5 MHz, CDCl,): 6 (ppm) 145.9 (d,J = 8.1 Hz),
139.5, 135.8 (d, J=6.8 Hz), 133.8 (d, J=2.5Hz), 130.1,
130.3(d,J = 12.5 Hz), 128.2(d,J = 14.3 Hz), 124.6,123.7 (d,
J=9.4Hz), 123.3(d, J=122.5Hz), 121.4 (d, J = 12.4 Hz),
120.1 (d, J = 6.9 Hz), 35.3, 31.3, 29.4, 29.6, 29.0; >'P NMR
(243 MHz, CDCl,): 6 (ppm) 15.67. DART-HRMS calcd for
C,,H;,0,P, [M+H]*: 571.2167; found 571.2164.
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