This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1
4
g

s ey ) s g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

gﬁ!?{lj:‘; and http://www.informaworld.com/smpp/title~content=t713618290

and the Related Elements

R ATTEMPTED PREPARATIONS OF PHOSPHORANES CONTAINING
=M .. | PERFLUOROPHENYL GROUPS

Donald B. Denney? Dorothy Z. Denney?; Lun-Tsu Liu?
2 Contribution from the Department of Chemistry, Rutgers-The State University of New Jersey, New
Brunswick, New Jersey

Editatan Chiel. Wariin 0. Fasdd —
Uuregmsn [dier Spestasin Ksaghigest ) i P

To cite this Article Denney, Donald B. , Denney, Dorothy Z. and Liu, Lun-Tsu(1982) 'ATTEMPTED PREPARATIONS OF
PHOSPHORANES CONTAINING PERFLUOROPHENYL GROUPS', Phosphorus, Sulfur, and Silicon and the Related
Elements, 13: 1,1 — 7

To link to this Article: DOIL: 10.1080/03086648208078976
URL: http://dx.doi.org/10.1080/03086648208078976

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/03086648208078976
http://www.informaworld.com/terms-and-conditions-of-access.pdf

10: 55 30 January 2011

Downl oaded At:

Phosphorus and Sulfur, 1982, Vol. 13, pp. 1-7 © 1982 Gordon and Breach, Science Publishers, Inc.
0308-664X/82/1301-0001/806.50/0 Printed in the United States of America

ATTEMPTED PREPARATIONS OF PHOSPHORANES
CONTAINING PERFLUOROPHENYL GROUPS

DONALD B. DENNEY,* DOROTHY Z. DENNEY and LUN-TSU LIU

Contribution from the Department of Chemistry, Rutgers-The State University
of New Jersey, New Brunswick, New Jersey 08903

(Received October 21, 1981; in final form December 7, 1981)

The reaction of perfluorophenol with phosphorus pentachloride in the presence of triethylamine or -
collidine yielded perfluoropentaphenoxyphosphorane, 5, along with perfluorotriphenyiphosphate, 6, and
perfluorodiphenyl ether, 7. Attempts to prepare penta(perfluorobenzyloxy)phosphorane, 12, by a
number of methods failed. Similarly attempts to prepare perfluorothiophenylphosphorane, 19, always
resulted in perfluorothiophenyl phosphite, 20, and perfluorodiphenyl! disulfide, 21.

The chemistry of phosphoranes has received much attention over the past two dec-
ades. There exists a considerable amount of information concerning the structures
of these substances and their intramolecular and intermolecular ligand reorganiza-
tion processes.! Despite all of this work, there remain many interesting questions
concerning these molecules. One general question is, what are the activation ener-
gies for the intramolecular ligand reorganizations of simple pentaalkoxyphos-
phoranes? Variable temperature NMR studies of a number of these molecules have
not led to an answer to this question.’

Another potentially interesting question is why have no acyclic pentathioalkyl or
pentathioarylphosphoranes been reported? A few cyclic materials have been made.’

In general electronegative ligands stabilize phosphoranes and thus one finds
many examples of fluorine containing phosphoranes and phosphoranes containing
fluorinated ligands. Another advantage that fluorine containing ligands provide is
the ability to study these materials by '°’F NMR. '’F NMR is advantageous because
of the sensitivity of fluorine and because of the rather large chemical shift differ-
ences that are possible between nonequivalent nuclei. It was the purpose of this
work to attempt to prepare phosphoranes containing perfluorinated benzene rings.
It was hoped that some answers to the questions posed above might be provided,
and to some extent this has been accomplished.

RESULTS AND DISCUSSION

Condensation of perfluorophenol, 1, with phosphorus pentachloride, 2, in the pres-
ence of either triethylamine, 3, or y-collidine, 4, led to mixtures of perfluoropenta-
phenoxyphosphorane, 5, perfluorophenyl phosphate, 6, and perfluorodiphenyl
ether, 7. These substances were separated and § was found to be relatively stable.

* Author to whom all correspondence should be addressed.
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See Table I for all spectral data. The room temperature

PCis + CngOHiﬂL(Csto)sP + (C6Fs0);P=0 + (CsF;5),0

2 1 5 6 7

®F NMR spectrum of § has three multiplets for equivalent ortho, meta and para
fluorines. The "F NMR spectra from —70°C to +90°C showed no change. Al-
though it is possible that there is accidental equivalence of the various nuclei, it
seems more likely that intramolecular ligand reorganization is still rapid on the
NMR scale. Thls finding is in accord with other results found with simple acyclic
phosphoranes.>

The formation of 6 and 7 during the preparation of 5 undoubtedly occurs by at-
tack of perfluorophenol or the anion on 5. Treatment of § with the sodium salt of 1
led to the formation of phosphate 6. Similarly treatment of PCls with the sodium
salt of 1 yielded only 6 and 7.

Perfluorobenzyl alcohol, 8, was considered to be another potential ligand for
phosphorane formation. When it was allowed to react with phosphorus pentachlo-
ride in the presence of y-collidine only the phosphate, (C¢FsCH,0);P=0, 14, was
formed. Attempts to prepare the phosphorane 12, by reaction of the phosphite, 9,
with two moles of the sulfenate 10, yielded phosphate, 14, the fluorobenzyl ether,
15, and diphenyl disulfide, 13. These products can arise if 12 was formed but then
underwent rapid decomposition to give 14 and 15. When 1 mole of 10 was allowed
to react with 9, 14 was again formed but under these conditions 18 was produced. A
sequence involving dissociation of 11 to 16 and 17 followed by Sn2 decomposition
satisfactorily accounts for the products. It is somewhat surprlsmg that 12 is so un-
stable as comPared to pentatrlﬂuoroethoxyphosphorane or even pentabenzyloxy-
phosphorane.

(CsFsCH,0):P + C4FsCH,0SCsHs — (CsFsCH,0)sP—SCeHs

9 10 11
/ |
CsHsS™ + (C6135CH20)4P+
16 17 (CsFsCH,0)sP + (CeHsS),
12 13

CsHsSCH,C¢Fs + (CsFsCH,0);P=0 l

18 14 (CsFsCH»0);P=0 + (C¢<FsCH3),0

14 15

An attempt to prepare pentathiophenylphosphorane from phosphorus pentachlo-
ride and thlophenol in the presence of base yielded trithiophenylphosphite and di-
phenyl disulfide.* The phosphorane probably was formed but then lost the elements
of diphenyl disulfide. This kmd of reaction is apparently quite common with a wide
variety of organometalloids.’ Very little work has been done on the mechanism of
this reaction. In two cases it ap?ears to involve direct formation of the sulfur-sulfur
bond by a concerted process.

It was hoped that perfluorothiopheno! might provide perfiluorothiophenylphos-
phorane, 19. When bis- (perfluoro-phenylthio)lead, 22, was allowed to react with
phosphorus pentachloride only the thiophosphite 20 and the disulfide 21

(C6FsS)Pb + PCls — [(C¢FsS)sP] — (CeFs8)sP + (CsFsS),
22 19 20 21
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were found. Evidently 19 was formed but decomposed to 20 and 21. Interestingly
there appears to be only one known phosphorane which contains two exocyclic thio-
phenyl groups and it is 23.° This substance is quite stable.

0]
CsHsS\ | /x

P—N

4
CsHsS O\/
23

EXPERIMENTAL SECTION

'"H NMR spectra were recorded with Varian Models T-60 and A-60A spectrometers. Chemical shift
values are reported in parts per million relative to internal tetramethylsilane. °C, '°F and *'P NMR spec-
tra were recorded with a Varian Model FT-80 spectrometer equipped with a variable-temperature
broadband probe. In all cases nuclei which are deshielded relative to their respective standard are as-
signed a positive chemical shift. *C NMR spectra were obtained by using full proton decoupling, a 45°
flip angle, and a 2-s repetition rate with no pulse delay. All C chemical shifts are reported in parts per
million relative to internal tetramethylsilane. '°’F NMR spectra were acquired using a 45° flip angle, a 2-s
repetition rate with no pulse delay and with full proton coupling. Chemical shifts are reported relative to
external trichlorofluoromethane. *'P NMR spectra were acquired using a 45° flip angle, a 1-s repetition
rate with no pulse delay and with full proton decoupling. Chemical shifts are reported relative to exter-
nal phosphoric acid (85%).

Reaction of Perfluorophenol 1 with Phosphorus Pentachloride 2 in the Presence of Triethylamine.

To a solution of triethylamine (2.02 g, 0.02 mol) in dry benzene (25 mL), cooled to 5°C, was added with
stirring and under nitrogen phosphorus pentachloride (0.83 g, 0.004 mol). To this was then added per-
fluorophenol (3.85 g, 0.02 mol) in dry benzene (10 mL). The resulting mixture was stirred for an addi-
tional hr at 5°C. After removing the solid by filtration under nitrogen, the filtrate was concentrated and
the *'P NMR spectrum was run immediately. It showed absorptions at § (CDClL) —15.5 and —86.1. Ad-
dition of hexane to this oil and cooling to —10°C yielded a white solid; *'P (CDCls) 6 —86.1. The filtrate
was concentrated at reduced pressures and then molecularly distilled (70°C, 0.02 mm) to yield a liquid
and a solid. The liquid was found to have identical spectral properties to the phosphate, 6, whose synthe-
sis is described below. The solid was identical to the ether 7 in all respects.

Reaction of Perfluorophenol 1 with Phosphorus Pentachloride 2 in the Presence of vy-Collidine.

Phosphorus pentachloride (0.624 g, 0.003 mol) was added, in small portions, to a solution of y-collidine
(1.82 g, 0.015 mol) in dry hexane (25 mL) at 0°C. To this was slowly added, under a nitrogen atmos-
phere, perfluorophenol (2.76 g, 0.015 mol) in dry hexane (10 mL). The reaction mixture was stirred at
0°C for 3 hr. and then the solid was removed by filtration. After concentrating the filtrate, there was
formed a solid which had two absorptions in its *'P NMR spectrum; & (hexane) —15.9 and —87.1. From
this solid there could be obtained, by low temperature crystallization from hexane, a material § m.p.
155-156°. The ’F NMR spectrum of this compound showed ro change from —70° to +90°C.

Perfluorotriphenyl Phosphate 6.

To a suspension of potassium perfluorophenoxide (2.38 g, 0.011 mol) in acetone (30 mL) at 10°C, was
added with stirring phosphorus oxychloride (0.55 g, 0.0036 mol). After stirring for 12 hr at room
temperature, a solid formed; the solid was removed by filtration. The filtrate was concentrated and the
residue was distilled, b.p. 140°C (0.1 mm) (lit.” 164-8, 1 mm).

Bis(perfluorophenyl)ether 1.
This was synthesized by the method of L. A. Wall ef al,,* m.p. 70-71° (lit.® 67-69°).
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Reaction of § with Sodium Perfluorophenoxide.

To perfluoropentaphenyloxyphosphorane (1.42 g, 0.0015 mol) in benzene (2 mL) at 10° and under nitro-
gen was added a solution of sodium perfluorophenoxide (0.645 g, 0.003 mol) and 18-crown-6-cther
(0.792 g, 0.003 mol) in benzene (2 mL). After 15 min the >’P NMR spectrum of this sample showed one
absorption at § —16 (CsHe).

Reaction of Phosphorus Pentachloride with Sodium Perfluorophenoxide.

To a solution of sodium perfluorophenoxide (1.50 g, 0.0075 mol) in acetonitrile (20 mL) at 0°, was added
with stirring phosphorus pentachloride (0.312 g, 0.0015 mol) in acetonitrile (10 mL). After warming to
room temperature, the reaction mixture was stirred for two hrs. The *'P NMR spectrum of this mixture
showed one absorption at § —14 (CH3;CN). The sodium chloride was removed by filtration and the fil-
trate was concentrated, Molecular distillation of the residual oil afforded two fractions; a liquid and a
solid. The liquid had a *'P NMR absorption at 8 —13.2 (CDCl;). The solid was recrystallized from pen-
tane, to yield a material (m.p. 69-70°) which was identical in all respects to the ether. 7.

Reaction of Phosphorus Pentachloride with Perfluorobenzyl Alcohol 8.

Phosphorus pentachloride (1.25 g, 0.006 mol) was added, in small portions, to a solution of y-collidine
(3.63 g, 0.03 mol) in dry pentane (40 mL) at 0°C. To this mixture was added, with stirring, perfluoroben-
2yl alcohol (5.94 g, 0.03 mol) in benzene (10 mL). The reaction mixture was allowed to warm to room
temperature and it was stirred for an additional two hours. After removing the solid by filtration, the fil-
trate was concentrated at reduced pressure. The residual oil was triturated with pentane (10 mL) to yield
a solid which could be recrystallized from dichloromethane, m.p. 77-78°, *'P NMR 8§ —2.87 (CD,Ch).
The pentane extracts were concentrated and molecularly distilled (70°, 0.025 mm). This was identical to
the ether 15.

Synthesis of Bis-perfluorobenzyl Ether, 15.

A solution of perfluorobenzyl bromide (1.0 g, 0.0038 mol), perfluorobenzyl alcohol (0.758 g, 0.0038 mol)
and triethylamine (0.38 g, 0.0038 mol) in dimethylformamide (30 mL) was heated under reflux for 24 hr.
The solid was removed by filtration and the filtrate was concentrated. The residual oil was molecularly
distilled (65°, 0.01 mm) to yield 15.

Synthesis of Tris(perfluorobenzyl) Phosphite, 9.

To a solution of perfluorobenzyl alcohol (5.7 g, 0.03 mol) and triethylamine (3.03 g, 0.03 mol) in dry
ether (50 mL) at —10°, was added with stirring phosphorus trichloride (1.37 g, 0.01 mol) in dry ether (20
mL). After the addition was completed, the reaction mixture was stirred for 30 min at —10° and it was
then allowed to warm to room temperature. The solid was removed by filtration and the resulting liquid
was concentrated at reduced pressure. All attempts to further purify this material failed. The *'P NMR
spectrum showed the major absorption at § 141.8 (CDCls).

Synthesis of Perfluorobenzyl Benzenesulfenate, 10.

To a solution of perfluorobenzyl alcohol (1.78 g, 0.009 mol) and triethylamine (0.91 g, 0.009 mol) in tetra-
hydrofuran (30 mL) at —20° was added benzenesulfenyl chloride (1.30 g, 0.009 mol) in tetrahydrofuran
(10 mL). The reaction mixture was allowed to warm to room temperature and then the solid, which had
formed, was removed by filtration. The filtrate was concentrated under reduced pressure. The resulting
material was recrystallized from pentane, m.p. 80-81°.

Reaction of Tris(perfluorobenzyl) Phosphite, 9, with One Equivalent of Perfluorobenzy! Benzenesulfenate 10.

To a solution of 9 (3.64 g, 0.0058 mol) in pentane (15 mL) cooled to —78°, under an atmosphere of ni-
trogen, was added 10 (1.79 g, 0.0058 mol) dissolved in a mixture of pentane (10 mL) and tetrahydrofuran
(10 mL). The reaction mixture was allowed to warm to room temperature slowly. After concentrating
the mixture there remained an oil which could be molecularly distilled (60°, 0.05 mm Hg). The distillate
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solidified upon standing (m.p. 58-60°). It was identical in all respects to 18. The residue after the molecu-
lar distillation was recrystallized from dichloromethane (m.p. 78°). It proved to be tri-perfluorobenzyl
phosphate, 14.

Anal. Calcd. for C;1Hg FisO.P:  C, 39.50; H, 0.94. Found: C, 39.65; H, 1.18.

Synthesis of 18.

A solution of perfluorobenzyl bromide (1.0 g, 0.0038 mol), thiophenol (0.44 g, 0.004 mol) and triethyl-
amine (0.4 g, 0.004 mol) in tetrahydrofuran (40 mL) was heated under reflux for 12 hrs. After removing
the solid by filtration the solvent was removed. There remained a solid which could be recrystallized
from petroleum ether (m.p. 61-62°).

Anal, Caled. for C;3sHsFsS:  C, 53.79; H, 2.42. Found: C, 53.71; H, 2.60.

Reaction of Tris(perfluorobenzyl)Phosphite, 9, with Two Equivalents of Perfluorobenzyl Benzenesulfenate 10.

To a solution of 10, (0.93 g, 0.0036 mol) in pentane (10 mL) at —20°C and under nitrogen, was added the
phosphite 9 (1.12 g, 0.0018 mol) in pentane (10 mL). The mixture was allowed to warm to room temper-
ature slowly. Low temperature filtration (—20°) led to separation of most of the diphenyldisulfide (m.p.
58-60°). The filtrate was concentrated at reduced pressure. The >'P NMR spectrum of this material
showed a single absorption at & —3.48 (toluene-ds). This material was washed with pentane to give a
solid which could be recrystallized from dichloromethane (m.p. 78°). This material was determined to be
the phosphate 14 by analysis of its NMR spectra as well as the presence of a strong absorption at 1200
em™ in the L.R. (P=0 stretch). The pentane solution was concentrated and the residue was molecularly
distilled (70°C, 0.025 mm Hg). The product was identical, in all respects, to the ether 15.

Preparation of Bis(perfluorophenylthio)lead 22, and Bis(perfluoro-phenyl)disulfide 21.

To plumbic oxide (2.87 g, 0.012 mol) in water (50 mL) was added perfluorothiophenol (10.0 g, 0.05 mol).
This mixture was stirred at room temperature for 30 min. A yellow solid was separated by filtration.
This solid was washed with ether and dried to yield 6.38 g (83%) of 22; m.p. 255° (lit.’ 256°). After hav-
ing concentrated the ether washings there remained a solid which could be recrystallized from ether, m.p.
50-51° (1it." 51°). This was identical in all respects to the disulfide 21.

Reaction of Bis(perfluoro-phenyithio)lead 22 with Phosphorus Pentachloride 2.

To a suspension of bis(perfluoro-phenylthio)lead (7.17 g, 0.012 mol) in pentane (30 mL) at 0°C, was
added phosphorus pentachloride (1.0 g, 0.0048 mol). The reaction mixture was allowed to warm to room
temperature. The white solid, plumbous chloride, was separated by filtration and the remaining solution
was concentrated at reduced pressure. Upon cooling this pentane solution to —40°C a white solid
formed. This solid was separated by filtration and it was recrystallized from ether to yield 1.5 g (78%) of
21, m.p. 50° (lit."® 51°).

After concentrating the filtrate there remained a solid which could be recrystallized from hexane to
yield 1.1 g (36.5%) of 20, m.p. 61-63° (lit."! 63-64°),
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