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

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

i S-;'!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290

¢ Silicon

i and the Related Elements

: | PREPARATION AND SOME CHEMISTRY OF

B e TETRANEOPENTYLOXYPHENYLPHOSPHORANE AND
TETRACYCLOPENTYLOXYPHENYLPHOSPHORANE
David A. Bowman? Donald B. Denney* Dorothy Z. Denney*

i * Department of Chemistry, Rutgers, The State University of New Jersey, New Brunswick, N.J.

F

j

To cite this Article Bowman, David A., Denney, Donald B. and Denney, Dorothy Z.(1978) PREPARATION AND SOME
CHEMISTRY OF TETRANEOPENTYLOXYPHENYLPHOSPHORANE AND
TETRACYCLOPENTYLOXYPHENYLPHOSPHORANE', Phosphorus, Sulfur, and Silicon and the Related Elements, 4: 2,
229 — 232

To link to this Article: DOI: 10.1080/03086647808076569

URL: http://dx.doi.org/10.1080/03086647808076569

PLEASE SCROLL DOWN FOR ARTICLE

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

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan 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
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable 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/10.1080/03086647808076569
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14: 53 30 January 2011

Downl oaded At:

Phosphorus and Sulfur
1978, Vol 4, pp. 229-232

© Gordon and Breach Science Publishers Ltd., 1978
Printed in Great Britain

PREPARATION AND SOME CHEMISTRY OF
TETRANEOPENTYLOXYPHENYLPHOSPHORANE AND
TETRACYCLOPENTYLOXYPHENYLPHOSPHORANE

DAVID A. BOWMAN, DONALD B. DENNEY and DOROTHY Z. DENNEY
Department of Chemistry, Rutgers, The State University of New Jersey, New Brunswick, N.J. 08903

(Received August 5, 1977; in final form October 7, 1977)

The title compounds were prepared by allowing the appropriate dialkylphenylphosphonite to react with neopentyl
and cyclopentyl benzenesulfenates. Extensive variable temperature 13C nmr studies on tetraneopentyloxyphenyl-
phosphorane showed no changes. 180 labeled benzoic acid was allowed to react with tetraneopentyloxyphosphorane
to give neopentyl benzoate. The isotope study shows that the benzoic acid attacks on the methylene carbon of the

neopentyl moiety.

Recently, it was reported that trisubstituted phosphites
react with alkyl benzenesulfenates to give pentaalkoxy-
phosphoranes and diphenyl disulfide.!* The reaction

(RO);P + 2CHsSOR  ——  (RO)sP + (CeHsS),

proceeds through the intermediacy of a mixed oxythio-
phosphorane, (R0O),PSC¢Hs. This material reacts with
another mole of alkyl benzenesulfenate to give the
phosphorane and diphenyl disulfide. It was also reported
that diethoxy phenylphosphonite, 1, reacts with ethyl
benzene-sulfenate, 2, to give tetraethoxyphenylphos-
phorane, 3, 65%, along with diethyl phenylphosphonate,
4, 35%, this latter material probably arises by dissocia-
tion of the intermediate phosphorane, 5, followed by
attack of the thiophenoxide ion on 6 in an Arbusov

C6H5P(0C2H5}2 + C6H580C2H5 —_—>

1 2

CoHsP(OC,Hs )3 SCeHs

%’ 5 lA

2
+

CeHsS5™ + C¢HsP(OC,H;s);  CgHsP(OC,Hs)a

6 3
1 +(CeHsS),

C,HsSCeH; + C4HsP(0)(OC,Hs),

4
229

reaction. Ethyl phenyl sulfide was found to be the
other product.

Other reactions of various trivalent phosphorus
compounds with alkyl arylsulfenates are under investiga-
tion. It is the purpose of these investigations to estab-
lish how general the reaction is and to learn more about
its mechanism.

Two of these reactants are the two phosphonites,

7 and 8. They have been prepared by standard proced-

CeHsP(OR), + 2CHsSOR — CH;P(OR),
7,8 9 and 10 11 and 12

7,9, 11, R = CH,C(CH3)3
8, 10, 12, R = C—C4H,

ures and each has been allowed to react with its corres-
ponding alkyi benzenesuifenate, 9 and 10, respectively.
In each case phosphoranes, 11 and 12, were formed.
These materials were isolated as crystalline solids. Their
H, 3¢, and ¥'P nmr spectral parameters are collected
in Table T as are those of the starting materials.

One of the more interesting aspects of phosphorane
chemistry is the tendency for these materials to under-
go intramolecular permutational isomerization, pseudo-
rotation.® The *C nmr spectra of 11 and 12 conclusively
show that the respective carbons of the alkyl groups
are equivalent to each other. Extensive low temperature
13C nmr studies of 11 led to no significant changes,
and thus it is not possible to comment on just how the
equivalency arises.

Recently Westheimer and co-workers® have prepared
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TABLEI

Nmr Spectra data®

1H nmr 13C nmr sip
Compound a B ~ Aromatic @ 8 ¥ o g ory ¥ nmr
¢SOCH,C(CH3)3 3.46 0.90 7.23 88.9 32.9 26.3 140.8 123.6 128.8 126.3
¢SO<:] 4.10 1.65b 7.0 89.5 334 23.6 141.6 123.2 128.8 1259
¢P(OCH,C(CH3)3) 3.45b 0.94 7.50 76.2 32.5 26.5 141.3 128.7 129.9 1279 +153.5
(7.2) (5.6) (21.3) (22.6) (14.8) '
oP [—OG] . 450 1.50° +150.0
¢P—(OCH,C(CH3)3), 3.70b 0.94 1.50 75.2 32.1 26.1 128.3 131.8 1284 1322 +18.0
Il (6.6) (1.3) (189.5) 9.7 (14.9) (2.9) :
¢P(OCH,C(CH3)3)y 3.42  0.90 7.32 76.4 32.7 27.0 139.0 127.1 129.3 128.1 60.0
@) (11.7) 1.9 (227.7) (17.3) 9.0) 3.2) Ihas
oP [—00]4 45" i6® 730 795 365 170 1449 1288 1315 1297 .
(10.9) 4.9 (200) (10.9) 9.4) 3.7

2 In the H spectra all integrated areas are correct to better than 10%. The aromatic hydrogens, in all cases, show complex
muttiple absorptions, The 13C nmr spectra are fully proton decoupled. The coupling constants, listed in parentheses are JHcens
Jucop Jeop and Jocop- The numbering system is as shown in i. 3IP shifts are reported as positive downfield from the standard,
85% phosphoric acid. All nmr spectra were obtained in methylene chloride and TMS is the standard for H and 13C spectra.

]

7 8 ¥ g

a B a f
5 @——S~O—C—Cetc. 5 @-P—O—C—C etc.
S P

! ’
@

Y These absorptions appear as multiplets in the *H nmr.

methyltetrakis(2,6-dimethylphenyl)phosphorane. This (”)18
material is highly sterically congested. Its variable 18 A
temperature "H nmr spectra revealed that there is an CeHsP[OCH,C(CHs)314 + CeHsC—OH
intramolecular ligand reorganization that renders the 11 13
hydrogens of the 2,6-dimethyl groups equivalent. The 08
activation energy for this process was found to be I
7.7 keal/mole. The finding of this very low activation CeHsC—~0'"—CH,C(CH3)3
energy for this highly hindered material indicates that 14
the barrier for pseudorotation for 11 must be very B
small indeed. + i
One of the fairly general chemical reactions of 17+ CeHPlOCH,C(CHy)s 1

acyclic oxyphosphoranes is their ability to alkylate
acidic materials such as benzoic acid or phenol.® In 15
general it appears that the acid attacks on carbon in a

nucleophilic displacement reaction, path A. It was CeHs P[OCH,C(CH3);15 + (CH3)3;CCH,OH

found that 11 reacts with benzoic acid to form neo- 0!8 o® 17

pentyl benzoate and the phosphonate, 15. Because of C/ L 18
the known difficulty of effecting Sy 2 displacements l 16 I
on neopentyl groups, it seemed worthwhile to consider CHs 15+ 17+ CgH;C—

an alternative mechanism (path B) in which benzoic OCH,C(CH3);
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acid exchanged with 11 to give 16 and neopentyl
alcohol, 17. Further reaction could occur by attack
on the carbonyl carbon of 16. Such a pathway would
circumvent the need for attack on the highly hindered
carbon of the neopentyl group. Reaction of 11 with
'80 labeled benzoic acid gave %0 neopentyl benzoate
which contained twice as much '®0 as did neopentyl
benzoate prepared by the sequence: labeled 13 to
Iabeled benzoyl chloride by reaction with thionyl
chloride, to labeled neopentyl benzoate by reaction
with neopentyl alcohol. These results establish, that
within experimental error path A is the correct one.
Evidently the driving force for this reaction is provided
by the formation of the phosphoryl bond which is
potent enough to overcome the hindrance to attack
on the neopentyl group.
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EXPERIMENTAL

Melting points were obtained with a Mel temp apparatus. Proton
nmr spectra were obtained with a Varian T-60 nmr spectrometer.
Phosphorus nmr were obtained with Varian HA-100 and CFT-20
nmr spectrometers. Mass spectra were obtained with a Perkin
Elmer Hitachi RMU-7E Mass spectrometer.

Benzenesulphenyl chloride.  This material, bp 40°C (0.5 mm)
was prepared in 80% yield by a known procedure.®

Dineopentyl phenyiphosphonite, 7. Neopentyl alcohol,
35.8 g (0.407 mol), triethylamine, 41.1 g (0.407 mol) and 200
ml of diethyl either were placed in a 500 ml three-necked
round-bottom flask. The flask was flushed with nitrogen and
cooled to 0°C. To the stirred contents of the flask was added
dropwise 36.4 g (0.206 mol) of phenylphosphorus dichloride.
After 2 hr the ether solution was separated from the pre-
cipitated triethylamine hydrochloride by forcing it under
nitrogen pressure through a fine filter stick. The product was
distitled, bp 90°C (0.15 mm) to give 36 g, 63% yield.

Tetrancopentyloxyphenylphosphorane, 11. Dineopentyl
phosphonite, 14.6 g (0.052 mol) and 100 ml of dry n-pentane
were placed in a 250 ml three-necked flask. The stirred reaction
mixture was cooled to —78°C. Neopentyl benzenesulfenate,
20.4 g (0.104 mol) was added dropwise under an atomsphere of
nitrogen. After 2 hr the solution was separated from precipitated
diphenyl disulfide by forcing it through a fine filter stick

under nitrogen pressure. This operation was conducted at

—78°; diphenyl disulfide is quite soluble in the reaction mixture
at higher temperatures. The n-pentane solution at room tempera-
ture was washed with three 100-ml portions of propylene
carbonate. The n-pentane was removed to give a white solid,

mp 48-50°C.7 The mass spectrum had a molecular ion at
mfe 486.

Dicyclopentyl phenylphosphonite, 8. The procedure was the
same as employed in the production of 7. Phenylphosphorus
dichloride was allowed to react with cyclopentanol, 37.1 g
(0.432 mol) to yield 8 46.0 g, 77%, bp 140°C (0.75 mm).

Cyclopentyl benzenesulfenate, 10. 'The same procedure was
used as for the preparation of 9. Benzenesulfenyl chloride,
53.7 g (0.35 mol) was ailowed to react with cyclopentanol,
30.9 g (0.36 mol) to vield 59.5 g, 85% of 10, bp 90°C

(0.35 mm).

Tetracyclopentyloxyphenyiphosphorane, 12. Following the
procedure used for the preparation of 11, cyclopentyl phenyl-
sulfenate 48.8 g (0.25 mol) was allowed to react with 35.0 g
(0.126 mo)) of dicyclopentyl phenylphosphonite to give

40.1 g, 71% of 12, mp 87-90°C.

Reaction of 11 with Y80 enriched benzoic acid. In a 250 ml
round bottom flask 1.38 g (0.011 mol) of 180 enriched
benzoic acid® was dissolved in 50 ml of methylene chloride
and to the solution was added, under an atmosphere of
nitrogen, 11 5.0 g (0.011 mol) in 50 ml of methylene chloride.
After 10 hr an aliquot was concentrated. The 3!P nmr spectrum
of this sample indicated that all of the phosphorane had
reacted and an absorption was found at —18. This absorption
was due to dineopentyl phenylphosphonate, which was
prepared independently (see below). The methylene chloride
was removed and neopentyl benzoate was separated from
dineopentyl phenylphosphonate by glpc using a 2 ft silicone
gum rubber column.

Preparation of 180 carbonyl labeled neopentyl benzoate.

The 180 labeled benzoic acid was converted into benzoyl
chloride by reaction with thionyl chloride. The acid chloride,
10.6 g (0.075 mol), neopentyl alcohol, 7.5 g (0.075 mol), and
6.6 g (0.075 mol) of triethylamine were heated in 150 mi of
benzene under reflux for 2 hr. The reaction mixture was
filtered to remove triethylamine hydrochloride. The benzene
solution was washed with three 100-ml portions of 5% hydro-
chloric acid, three 100-ml portions of water and three 100-ml
portions of saturated aqueous sodium bicarbonate solution.
The resulting solution was dried over magnesium sulfate.
Distillation afforded 8.2 g, 56% of the ester bp 60°C (0.3 mm).
The H nmr spectrum of this material showed a singlet at 5 1.03
CH3 hydrogens, a singlet at § 4.0 CH, hydrogens and multi-
plets at 8 7.4 and & 8.1, aromatic hydrogens. Unlabeled neo-
pentyl benzoate was prepared in a similar manner.

Dineopentyl! phenylphosphonate. A stirred solution of
neopentyl alcohol, 45.3 g (0.51 mol), and triethylamine,
51.8 g (0.51 mol), in 100 ml of diethyl ether was allowed to
react at 0°C with phenylphosphonic dichloride, 50.0 g (0.26
moti). After 2 hr, the mixture was filtered and the reaction
mixture was washed with four 50-ml portions of water.
Distillation afforded 60 g, 78% of the product, bp 160° (3.0
mm). The mass spectrum exhibted a molecular ion, m/e 298.

Mass spectrometric analysis of 180 labeled neopentyl benzoates.
The ratios of the peak heights of the 192 peak and 194 peak
were determined for neopentyl benzoate, normal isotopic
abundance, monolabeled and the product of the reaction of
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the labeled benzoic acid. The % differences were 1.5% in com-
paring nonlabeled to monolabeled and 2.9% in comparing
nonlabeled to the product. The data were obtained from three
spectra of each compound.
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