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insertion of dichlorophosphines into the O—Me bond of anisoles
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Abstract—This letter describes a new one-pot method for the synthesis of unsymmetrical aryl methylphoshinates by insertion of
phosphorus moiety into the O-Me bond of anisoles. These products are very difficult to obtain with other reported methods
requiring several steps. © 2001 Elsevier Science Ltd. All rights reserved.

Since the last century, the Friedel-Crafts type reaction
using PCl; and AICl; has been an excellent method for
the direct attachment of a phosphorus atom to an
aromatic ring to give aryldichlorophosphines or
diarylchlorophosphines. However, this reaction is very
sensitive to the type of substituents present on the
aromatic ring!-? and often the literature gives conflicting
results.>* In particular, it is reported*® that anisole,
upon treatment with phosphorus trichloride and alu-
minum chloride, afforded p-anisylphosphonous dichlo-
ride (A) but in very poor yields and with large amounts
of undistillable residues while in some cases it gave
phenyl dichlorophosphite (B) but always in poor yields.
In addition, it is reported**® that this phosphonation
reaction fails completely when thioanisoles are used
(Scheme 1).

In contrast to these reported results, in the past years,
we discovered® that the reaction of PCl; and AICI; with
thioanisoles 1 gave, unexpectedly, the new fused-
bicyclic system® 2 (fused 1,2,3-benzothiadiphosphole) in
good yields (see Scheme 2).

Recently, analyzing the above reported* data on
anisoles and our results® on thioanisoles we decided to
reinvestigate the reaction of anisoles with the couple
PCl;/AICL,, in order to verify whether the reported*
large amounts of undistillable residues and the conflict-
uality of the reported results might be due to the
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formation of heterocyclic compounds related to 2 or of
other unexpected products. In fact, we found that
varying the reagent ratios and the reaction conditions
we have been able to obtain, as prevalent product
(30-40% yield), the benzooxadiphosphole systems 4 and
5 (Scheme 3) using a ratio of 3a:AlCl;:PCl; of 1:0.6:7
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and refluxing for about 20-25 h without solvent. After
several studies to understand the structure of the other
by-products, we found’® that, when the reaction is
carried out in appropriate reaction conditions, an unex-
pected ‘insertion’ of the phosphorus moiety into the
O-Me bond of anisole 3 occurs, to give compound 6 as
the major product (Scheme 3). The best selective forma-
tion of 6 (50-70% yield) was obtained with anisole 3:
AICI;:PCl, ratio of 1:0.6:1, at 70-80°C for 7-10 h in an
atmosphere of dry nitrogen and without solvent.

A suggested mechanism, depicted in Scheme 4, for this
phosphorus insertion reaction was also reported.” The
insertion of the P moiety is explained by the attack of
a molecule of PCl; on the anisole-AlCl; complex and
subsequent migration of the methyl group on the same
P atom giving the intermediate A’. Subsequent nucleo-
philic attack of free anisole on phosphonium salt A’ gives
B’ which, after quenching with water, gives phosphonate
6.

Now, analyzing the above results, we decided to investi-
gate the reaction of anisoles 3 with the couple RPCl,/
AICl;, in order to verify whether the insertion of the P
moiety into the O—Me bond of anisole may occur also
with dichlorophosphines RPCl,. In this manner it should
be possible to obtain in a one-pot procedure racemic
methylphosphinates such as 7 or 8 (see Scheme 5), which
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are very difficult to obtain with simple procedures. In
fact, it should be noted that the aryl methylphenylphos-
phinates 7 are known but their synthesis® requires
complex procedures involving several steps, as described

in Scheme 6, while compounds 8 are still unknown.

When we used RPCI, with R =cyclohexyl, the reaction
led to the formation of the corresponding aryl cyclo-
hexylmethylphoshinates (8a,b) in good yields. When we
used PhPCl, we obtained a good formation of 7a (50%)
but small amounts of 7b (20%). In this case the formation
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of phosphinoxide 9 (40%) is preferred due to the com-
petitive attack on the para position of anisole. The best
selective formation of 7 or 8 was obtained with anisole
3a:AlCI;:RPCl, ratio of 1:1:1, at room temperature for
30-35 h or at 60°C for 4-6 h in an atmosphere of dry
nitrogen and without solvent. Compounds 10 or 11
were obtained in small amounts as by-products. When
we used a ratio of anisole 3:AICI;:RPCIl, of 2:1:1, we
obtained a good formation of diarylphosphonate 10 or
11 (45-60%). In all cases, the structures were assigned
by comprehensive spectral data.'®

In conclusion we have found that insertion of the
phosphorus moiety into the O—-Me bond of anisoles can
occur also with RPCl,. In this manner the reaction
permits to obtain in a one-pot reaction at room temper-
ature racemic methylphosphonates which are very
difficult to obtain with other reported methods.
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4-Methylphenyl methyl(phenyl)phosphinate (7a): mp 65—
67°C (lit.°> 66-67°C), R;=0.20 (light petroleum:ethyl ace-
tate=1:1), '"H NMR (300 MHz, CDCly) § (ppm):
7.90-7.80 (m, 2H), 7.60-7.40 (m, 3H), 7.05-6.95 (m, 4H),
2.26 (s, 3H, p-CH,), 1.84 (d, 3H, 2J» 3 =14.4 Hz, PCHj;);
13C NMR (75.56 MHz, CDCl;) J (ppm): 148.5 (d, 1C,
J=9.0 Hz), 134.2 (s, 1C), 132.5 (d, 1C, J=2.3 Hz), 131.3
(d, 2C, J=10.6 Hz), 130.1 (s, 2C), 128.6 (d, 2C, J=13.0
Hz), 120.4 (d, 2C, J=4.5 Hz), 115.6 (d, 1C, J=75.7 Hz),
20.7 (s, 1C), 16.0 (d, 1C, J=102.2 Hz); *'P NMR (120.75
MHz, CDCly) ¢ (ppm): 41.8 (m); MS (70 eV, EI): m/z
(%): 246 (M*, 52), 245 (M*—1, 100), 139 (67), 91 (20), 77
(49), 41 (3); HRMS: caled for C,,H,s0,P: 246.0810.
Found: 246.0808; calcd C, 68.29; H, 6.14; found C, 68.32,
H, 6.12.

4-Methylphenyl cyclohexyl(methyl)phosphinate (8a): 60%
yield as greasy solid, R,=0.13 (light petroleum:ethyl ace-
tate=6:4), '"H NMR (300 MHz, CDCl,) § (ppm): 7.15-
7.05 (m, 4H), 2.31 (s, 3H, p-CH;), 2.14-2.00 (m, 2H),
1.92-1.78 (m, 3H), 1.78-1.68 (m, 1H), 1.47 (d, 3H,
2Jp.u=13.0 Hz, PCH;), 1.50-1.20 (m, 5H); '*C NMR
(75.56 MHz, CDCl;) ¢ (ppm): 148.6 (d, 1C, J=9.1 Hz),
134.0 (s, 1C), 130.1 (s, 2C), 120.2 (d, 2C, J=3.8 Hz), 38.5
(d, 1C, J=96.2 Hz), 26.0 (d, 2C, J=14.9 Hz), 25.7 (s,
1C), 25.4 (dd, 2C, J=8.0 Hz, J=2.9 Hz), 20.6 (s, 1C),
10.7 (d, 1C, J=87.3 Hz); *'P NMR (120.75 MHz,
CDCl,) 6 (ppm): 57.3 (m); MS (70 eV, EI): m/z (%): 252
(M*, 91), 197 (M*- 55, 99), 170 (84), 155 (100), 108 (35),
91 (46); HRMS: caled for C,,H,,O,P: 252.1279. Found:
252.1275; caled C, 66.65; H, 8.39; found C, 66.60; H,
8.37.

Phenyl cyclohexyl(methyl)phosphinate (8b): greasy solid,
40% yield, R;=0.20 (light petroleum:ethyl acetate=1:1),
'"H NMR (300 MHz, CDCl;)  (ppm): 7.38-7.25 (m, 2H),
7.24-7.10 (m, 3H), 2.15-2.00 (m, 2H), 1.95-1.80 (m, 2H),
1.80-1.70 (m, 1H), 1.49 (d, 3H, %Jp ;= 13.0 Hz, PCHj),
1.60-1.10 (m, 6H); 3*C NMR (75.56 MHz, CDCl,) &
(ppm): 151.0 (d, 1C, J=9.1 Hz), 129.7 (s, 2C), 124.5 (s,
1C), 120.6 (d, 2C, J=4.1 Hz), 38.6 (d, 1C, J=96.3 Hz),
26.1 (d, 2C, J=14.9 Hz), 25.7 (d, 1C, J=1.2 Hz), 25.5
(dd, 2C, J=7.2 Hz, J=3.0 Hz), 10.9 (d, 1C, J=87.2 Hz);
3P NMR (120.75 MHz, CDCl;) 6 (ppm): 58.1 (m); MS
(70 eV, EI): m/z (%): 238 (M™, 66), 183 (M*-55, 100), 141
(82), 94 (37), 77 (74), 41 (69); HRMS: caled for
C,5H,,0,P: 238.1123. Found: 238.1120; caled C, 65.53;
H, 8.04; found C, 65.50; H, 8.07.
(4-Methoxyphenyl)phenylphosphine oxide (9): mp 68—
70°C, lit. ''69-70°C, 'H NMR (300 MHz, CDCl;) §
(ppm): 8.06 (d, 1H, 'Jp ;;=481 Hz), 7.80-6.90 (m, 9H),
3.85 (s, 3H, OCH,;), *'P NMR (120.75 MHz, CDCl;) §
(ppm): 21.7 (dm, 'Jp ;=481 Hz); MS (70 eV, EI): m/z
(%0): 232 (M*, 100), 231 (M*—1, 92), 155 (13), 154 (14),
139 (7), 108 (45), 92 (10), 77 (29); HRMS: calcd for
C,3H,;0,P: 232.0653. Found: 232.0656; caled C, 67.24;
H, 5.64; found C, 67.20; H, 5.67.
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Bis(4-methylphenyl) phenylphosphonate (10a): greasy solid,
60% yield, R;=0.80 (light petroleum:ethyl acetate=1:1),
'"H NMR (300 MHz, CDCl;) J (ppm): 8.00-7.88 (m, 2H,
arom.), 7.65-7.55 (m, 1H, arom.), 7.55-7.45 (m, 2H,
arom.), 7.15-7.05 (m, 8H, arom.), 2.29 (s, 6H, CH;); *C
NMR (75.56 MHz, CDCl;) 6 (ppm): 148.1 (d, J=17.7
Hz), 134.6 (s), 133.1 (d, J=3.1 Hz), 132.3 (d, /=10 Hz),
130.1 (s), 128.6 (d, J=15.6 Hz), 126.9 (d, J=192.2 Hz),
120.3 (d, J=4.6 Hz), 20.7 (s); *'P NMR (120.75 MHz,
CDCl,) 6 (ppm): 12.16 (t, Jpy=13.5 Hz, P); MS (70 eV,
EI): m/z (%): 338 (M*, 96), 337 (M*-1, 100), 231 (44),
198 (24), 108 (17), 91 (80), 65 (47); HRMS: caled for
C,oH,,05P: 338.1072. Found: 338.1074; calcd: C, 71.00;
H, 5.66; found C, 71.05; H, 5.64.

Bis(4-methylphenyl) cyclohexylphosphonate (11a): greasy
solid, 55% yield, R;=0.73 (light petroleum:ethyl acetate =
6:4), 'TH NMR (300 MHz, CDCl,) J (ppm): 7.20-6.95 (m,
8H), 2.27 (s, 6H, CH,), 2.25-2.00 (m, 3H), 2.00-1.80 (m,
2H), 1.80-1.70 (m, 1H), 1.70-1.45 (m, 2H), 1.40-1.15 (m,
3H); '*C NMR (75.56 MHz, CDCl;) 6 (ppm): 148.3 (d,
2C, J=9.5 Hz), 134.3 (s, 2C), 130.0 (s, 4C), 120.1 (d, 4C,
J=4.1 Hz), 359 (d, IC, J=141.5 Hz), 259 (d, 2C,
J=17.1 Hz), 25.64 (d, 2C, J=6.6 Hz), 25.60 (d, 1C,

11.

J=1.8 Hz), 20.6 (s, 2C); 3'P NMR (120.75 MHz, CDCl;)
d (ppm): 26.7 (m); MS (70 eV, EI): m/z (%): 344 (M*, 71),
289 (M*=55, 26), 155 (20), 108 (100), 91 (21), 55 (42), 41
(31); HRMS: caled for C, H,;O;P: 344.1541. Found:
344.1539; caled C, 69.75; H, 7.32; found C, 69.70; H,
7.30.

Diphenyl cyclohexylphosphonate (11b): 50% yield, mp:
62-63°C, lit.!2 62°C, R;=0.81 (light petroleum:ethyl ace-
tate=1:1), '"H NMR (300 MHz, CDCl;) § (ppm): 7.40—
7.20 (m, 4H), 7.20-7.05 (m, 6H), 2.30-2.00 (m, 3H),
1.95-1.80 (m, 2H), 1.80-1.45 (m, 3H), 1.45-1.20 (m, 3H);
13C NMR (75.56 MHz, CDCl;) ¢ (ppm): 150.5 (d, 2C,
J=9.7 Hz), 129.6 (s, 2C), 124.9 (d, 4C, J=1.1 Hz), 120.5
(d, 4C, J=4.3 Hz), 36.0 (d, 1C, J=141.5 Hz), 25.9 (d,
2C, J=17.1 Hz), 25.74 (d, 2C, J=4.9 Hz), 25.62 (d, 1C,
J=1.6 Hz); 3'P NMR (120.75 MHz, CDCl;) é (ppm):
27.0 (m); MS (70 eV, EI): m/z (%): 316 (M*, 78), 261
(M*=55, 31), 140 (22), 94 (100), 55 (50), 41 (40); HRMS:
caled for C,;¢H,,O5P: 316.1228. Found: 316.1224; calcd
C, 68.34; H, 6.69; found: C, 68.30; H, 6.67.

Curci, R.; Piepoli, A. M. Boll. Sci. Fac. Chim. Ind.
Bologna 1969, 27, 237-243.

12. Muller, E.; Padeken, G. Chem. Ber. 1967, 100, 521-532.



