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THERMAL REACTIONS OF (2,4,6-TRI-tert-BUTYLPHENYL)PHOSPHONOUS DICHLORIDE
AND ITS DERIVATIVES; FORMATION OF 2,3-DIHYDRO-1H-PHOSPHINDOLES

Masaaki Yoshifuji* Ichiro Shima, Kaori Ando, and Naoki Inamoto#*
Department of Chemistry, Faculty of Science, The University of Tokyo, Hongo, Tokyo 113, Japan

2,3-Dihydro-1H-phosphindole derivatives were obtained from thermal reactions of (2,4,6-tri-
tert-butylphenyl)phosphonous dichloride in refluxing toluene, probably through cyclization
involving phosphorus radicals with an adjacent methyl of o-tert-butyl groups.

Recently we reported that the reaction of (2,4,6-tri-tert-butylphenyl)-
lithium with phosphoryl trichloride gave a very crowded molecule, bis(2,4,6-tri-
tert-butylphenyl)phosphinic chloride (1).'"®

The reaction of (2,4,6-tri-tert-butylphenyl)lithium with phosphorus tri-
chloride gave the corresponding phosphonous dichloride (2) almost quantitatively
and the first stable phosphobenzene, E-bis(2,4,6-tri-tert-butylphenyl)diphosphene
Qé),“ was obtained after dechlorination with magnesium metal.

Very recently Majoral et al.® have reported a thermal reaction of bis(2,4,6-
tri-tert-butylphenyl)phosphinic chloride Q&)l to a phosphindole 1-oxide deriva-
tive.

Now we wish to report our results on thermal reactions of 2 and its deriva-
tives.® The reactions involve interesting cyclizations of the phosphorus atom
with one of the non-functionalized but sterically suitably located methyls of
ortho tert-butyl groups to give 2,3-dihydro-1H-phosphindole derivatives in good
yields.
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Compound 2 (prepared from 2.00 mmol of the corresponding bromobenzene) was
refluxed in toluene (20 ml) in the presence of pyridine (0.2 ml)’ overnight to
give 5,7-di-tert-butyl-l-chloro-3,3-dimethyl-2,3-dihydro-1H-phosphindole ()

(400 mg, 64 % yield).® 1H NMR (CDC15) 8 1.30 (s, 9H, p-Bu®), 1.45 (br.s, 6H, 3-
2?3)’ 1.53 (s, 9H, o-But), 2.43 (m, 2H, 2—CH2), and 7.07 - 7.40 (m, 2H, aromatic).
P NMR (CDC13) § 111.5 ppm (from external 85% H3P04).
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Compound i was easily hydrolyzed with atmospheric moisture to give the cor-
responding phosphinous acid Qé), which was easily oxidized to give the correspond-:
ing phosphinic acid (§).
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I3 1H NMR (CDC13) 1.34 (s, 9H, p-But), 1.52 (s, 6H, 3-CH3), 1.58 (s, 9H, o-But),
2.34-2.40 (m, 2H, 2-CH ), 7.28-7.54 (m, ZH, aromatic), and 8.3 (dt, 1H, P-H,
l 31

PH = 480 Hz, SJHCPH 3 Hz) P NMR (CDCIS) 36.6 ppm (J=483.4 Hz).
6: colorless powder from methanol, mp> 300 °C. 1H NMR (CDClS) 1.34 (s, 9H, p-
Bu%), 1.47 (s, 6H, 3-CHy), 1.58 (s, 9H, o-Bu®), 2.13 (d, 2H, 2-CH,, ZJHCP 14.4
Hz), 6.95 (variable, s, 1H, OH), and 7.23- 7.51 (m, 2H, aromatic). S'P NMR (CDCI
65.6 ppm.
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In an attempt to prepare (2,4,6-tri-tert-butylphenyl)phosphonothioic dichlo-
ride (7) through sulfur transfer reaction was refluxed 2 (prepared from 2.00 mmol

of the corresponding bromide) for 3 days in toluene (15 ml) in the presence of

thiophosphoryl trichloride (4.93 mmol) and pyridine (0.2 ml). However, the
product was 5,7-di-tert-butyl-chloro-3,3-dimethyl-2,3-dihydro-1H- phosphindole
l1-sulfide (8, 1.35 mmol, 67 % yield), mp 165- 168 °C (decomp). H NMR (CDCl )

1.35 (s, 9H, p-But), 1.48 (br.s, 6H, 3—CH3), 1.73 (s, 9H, o- Bu® ), 2.74 (dd, lH,
2-CH,, ZJPH= 8.4 Hz, ZJHH= 15.6 Hz), 3.08 (dd,SiH, 2-CH,, ZJPH- 12.9 Hz, ZJHH =
15.6 Hz), and 7.30- 7.65 (m, 2H, aromatic). P NMR (CDCl ) 93.5 ppm. Mass
spectrum m/e 342.1328 (M+). Calcd for C18 28ClPS 342.1320.

A solution of § (0.267 mmol} in methanol (10 ml) was refluxed for 1 h to
give methyl ester (3) (0.243 mmol, 91 %}, mp 128 - 129 °C (from methanol), 1H NMR
1.30 (s, 9H, p-But), 1.36 (s, 3H, 3—CH3), 1.50 (s, 3H, 3-CH3), 1.62 (s, 9H, o-
Bu®), 2.27- 2.46 (m, 2H, 2-CH,), 3.73 (d, 3H, OCHg, 3JPH =15.0 Hz), and 7.18 -
7.55 (m, 2H, aromatic). 31P NMR (CHSOH) 107.3 ppm, mass spectrum m/e 338 1c50

oy Calcd for C,gHy OPS: 338.1867.
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Attempts to prepare ] by the reaction of the corresponding phosphoryl com-
pound with 2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane 2,4-disulfide?®
(Lawesson's reagent) failed. The compound ] was alternatively prepared from 2
with chlorine followed by hydrogen sulfide in 96 % yield, mp 148.5- 149 °C. 1H
NMR (CDClg) 1.29 (s, 9gi p-Bu®), 1.57 (s, 18H, o-B¥;), and 7.25 (d, 2H, 4JPH =
7.74 Hz, aromatic). P NMR (CDC13) 81.1 ppm. C NMR (CDCIS) 134.7 ppm (d,
1J =117.2 Hz, ipso).
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However the yield of § by the direct thermal reaction of Z under the same conditions
for 2 was low (less than 5 %) indicating that 8 might be formed via 4 followed by
sulfurization in the reaction of % with P(S)Cls, and actually.$ reacted with
P(S)Cl3 to give § in good yield (74 %).

The reaction mechanism of the thermal cyclization to the phosphindole 4 has
not been clear so far, however, a mechanism involving phosphino radicals might
be the most plausible although attempts to detect CIDNP signals in 31P NMR during
the reaction of 2 have been unsuccessful: generation of phosphino radicals, in-
tramolecular hydrogen abstraction from methyls of o-tert-butyl groups, and cycli-
zation to form phosphoranyl radicals (10). Very recently Cetinkaya et al. have
reported the formation of radical species by ESR spectrum in the reaction of
2,4,6-tri-tert-butylphenylbis(trimethylsilyl)methylphosphinous chloride with
butyllithium to give the corresponding phosphindole.!® Although a cyclization
reaction of 2,4,6-tri-tert-butylnitrosobenzene with tertiary phosphines was re-
ported to give 5,7-di-tert-butyl-3,3- dimethyl -2,3-dihydro-1H-indole and a nitrene
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mechanism has been postulated as an intermediate,

11512 3 phosphinidene inter-

mediate, a phosphorus analogue of nitrene, might not be involved in the present

cyclization reactions, since the phosphinidenes should have given either diphos-

phene (3) or cyclic secondary phosphine, neither of which was detected by means

of 31

P NMR spectroscopy during the reaction. Further mechanistic studies are

in progress.

This type of cyclization seems to be general, because it has been found in

our laboratory that 2,4,6-tri-tert-butylthiobenzaldehyde thermally or homolytical
ly cyclized to 6,8-di-tert-butyl-4,4-dimethylbenzo[c]thiane.!?
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