This article was downloaded by:

On: 29 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 PR} ] e e 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 FRAGMENTATION OF ACYLPHOSPHONATES-NEW PRECURSORS
S iy FOR DICOORDINATED PHOSPHORUS SPECIES

Eli Breuer®, Rafik Karaman?® Haim Leader®; Amiram Goldblum?*
2 Department of Pharmaceutical Chemistry, The Hebrew University School of Pharmacy, Jerusalem ®
The Israel Institute for Biological Research, Ness Ziona, Israel

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

To cite this Article Breuer, Eli , Karaman, Rafik , Leader, Haim and Goldblum, Amiram(1987) FRAGMENTATION OF
ACYLPHOSPHONATES-NEW PRECURSORS FOR DICOORDINATED PHOSPHORUS SPECIES', Phosphorus, Sulfur,
and Silicon and the Related Elements, 33: 1, 61 — 63

To link to this Article: DOI: 10.1080/03086648708074283
URL: http://dx.doi.org/10.1080/03086648708074283

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-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/10.1080/03086648708074283
http://www.informaworld.com/terms-and-conditions-of-access.pdf

20:15 29 January 2011

Downl oaded At:

Phosphoru:s and Su{fur, 1987., Vol. 33, pp. 61-63 © 1987 Gordon and Breach Science Publishers, Inc.
Photocopying permitted by license only Printed in the United Kingdom

FRAGMENTATION OF ACYLPHOSPHONATES—
NEW PRECURSORS FOR DICOORDINATED
PHOSPHORUS SPECIESY

ELI BREUER,} RAFIK KARAMAN, HAIM LEADER,§ and AMIRAM
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Acylphosphonic acids or methyl esters undergo acid catalyzed fragmentation to the corresponding
carboxylic acids or methyl carboxylates, with the putative formation of phosphenous acid (HOP=0)
or its ester.

Although dialkyl acylphosphonates (1) have been known for about forty years,*
their dealkylated derivatives, namely acylphosphonic acids (2) and their monoes-
ters, alkyl hydrogen acylphosphonates (3) are relatively little known. Specific
compounds belonging to these classes have been prepared in order to study their
biological properties and have been isolated as salts.> Characterization of free
acylphosphonic acids and alkyl hydrogen acylphosphonates has not been pre-
viously described and their chemical and physical properties have not been
reported.

(I)R' 1, R"=R"=alkyl
. __ 2’ Rl = RII - H
R CO—?_O 3, R = H, R"= alkyl
OR” 4, R = phenyl, R"=Me, R"=H
5, R=phenyl, R'=R"=H
6, R = phenyl, R’ =R"=Me

In this communication we wish to report a new acid catalyzed fragmentation
reaction we discovered in the course of an exploratory study regarding the
properties of acylphosphonic acids, and the corresponding monoesters.

Methyl sodium benzoylphosphonate was converted by acidification to methyl
hydrogen benzoylphosphonate (4), which was characterized by means of spectro-
scopic methods. It exhibits in the IR spectrum bands at 3380 (broad), 1650, 1230,
1180 and at 1050-1030 cm ™", and in the NMR spectrum (60 MHz, CDCl;) 6 9.17
broad, 1H; 6 7.54-7.28 m, 3H; 6 8.23-8.10m, 2H; 6 3.83d, (J =11 Hz) 3 H).
Heating this compound resulted in its quantitative conversion to methyl benzoate
(92% isolated yield), which was found to be identical in all respects with an

+ Presented at the Xth International Conference on Phosphorus Chemistry, Bonn, Aug. 31-Sep. 6,

1986, Abstract A-3.
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authentic sample. This seems to be a general reaction as indicated by the similar
behaviour of other methyl hydrogen acylphosphonates (3, R = benzyl or n-hexyl)
that also give the corresponding methyl carboxylates upon heating. Acylphos-
phonic acids behave analogously. Thus, benzoylphosphonic acid (§) (m.p.
210-213°C, IR, 3480 broad, 1650, 1230, 1180 cm) is converted by melting to
benzoic acid in 30% yield, but the yield can be increased to 82% by the addition
of p-toluenesulfonic acid.

In view of the thermal stability of acylphosphonate diesters it seemed
reasonable to assume that the fragmentation of acids and the monoesters is acid
catalyzed. To test this assumption dimethyl benzoylphosphonate (6) was heated
in benzene in the presence of 10 mole% of p-toluenesulfonic acid monohydrate or
boron trifluoride etherate, resulting in nearly quantitative conversion to methyl
benzoate.

The stoichiometry of these fragmentation reactions requires the formation of
phosphenous acid (HOPO) or its ester. The formation of PO; in the thermal
fragmentation of 4 and 5 could be shown by low resolution, negative ion,
chemical ionization mass spectrometry, that showed peaks at m/z = 63.° Species
of this type are rather scarce among the dicoordinated phosphorus derivatives
that started appearing in the literature in recent years. Methyl phosphenite was
previously assumed to be involved in the oxidation of alkyl phosphinates,” while
thiophosphenous acid derivatives were recently trapped by cycloaddition with
2,3-dimethylbutadiene.?

The mechanism of this fragmentation can be envisaged by assuming protona-
tion of the carbonyl oxygen, creating electron deficiency upon the carbonyl
carbon, which induces the transfer of a methoxy group from the phosphorus. The
resulting intermediate then breaks down to products in the subsequent step
(Scheme 1). In contrast to this, gas phase quantum mechanical calculations by

oR’ HO OR* HO OR
+ | +
R—C—P=0+H —» R—C—P=0 —» R—?—P:O — RCOMe +H 4+ R'-0-P=0
+ +
OMe OMe OMe

Scheme 1

MNDO?”" indicate that the preferred site of protonation in acylphosphonates is
the P=0 oxygen, and that the C—P bond breaks with zero activation energy in
the P=0 protonated intermediate, leading to acyl cation and phosphite, which
then presumbably can give the products, by the transfer of a methoxy group
(Scheme 2).

We presume that the fragmentation described in this communication, is not
necessarily limited to acylphosphonates, and that analogous compounds, such as
acylphosphinates and other acylphosphorus derivatives might behave similarly,

OR’ 0 ORrR o’
B e Lo
R—C—P=0+H —» BR—C—P=0H —»| R—C=0 4+ P—OH| — RCOMe +H 4+ R'-0-P=0
OMe Me OMe
Scheme 2
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with the generation of various types of dicoordinated phosphorus species.
Experiments are underway to trap such dicoordinated phosphorus species by
chemical means, and to characterize them by physical methods.
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