
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 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

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

Ambident Electrophilicity of 5-Membered Ring Phosphate Triesters
Nissan Ashkenazia; Yoffi Segalla; Yishai Kartona; Sanjio S. Zadeb; Michael Bendikovb

a Department of Organic Chemistry, IIBR-Israel Institute for Biological Research, Ness-Ziona, Israel b

Department of Organic Chemistry, Weizmann Institute of Science, Rehovot, Israel

To cite this Article Ashkenazi, Nissan , Segall, Yoffi , Karton, Yishai , Zade, Sanjio S. and Bendikov, Michael(2008)
'Ambident Electrophilicity of 5-Membered Ring Phosphate Triesters', Phosphorus, Sulfur, and Silicon and the Related
Elements, 183: 2, 420 — 424
To link to this Article: DOI: 10.1080/10426500701735452
URL: http://dx.doi.org/10.1080/10426500701735452

Full terms and conditions of use: http://www.informaworld.com/terms-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, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, 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/10.1080/10426500701735452
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur, and Silicon, 183:420–424, 2008

Copyright © Taylor & Francis Group, LLC

ISSN: 1042-6507 print / 1563-5325 online

DOI: 10.1080/10426500701735452

Ambident Electrophilicity of 5-Membered Ring
Phosphate Triesters

Nissan Ashkenazi,1 Yoffi Segall,1 Yishai Karton,1

Sanjio S. Zade,2 and Michael Bendikov2

1Department of Organic Chemistry, IIBR-Israel Institute for Biological

Research, Ness-Ziona, Israel
2Department of Organic Chemistry, Weizmann Institute of Science,

Rehovot, Israel

The reactions of 2-alkoxy-1,3,2-dioxaphospholane 2-oxide with various nucleophiles
were studied both experimentally and theoretically. These studies show that 5-
membered ring phosphate triesters act as ambident electrophiles: hard and bulky
nucleophiles attack at the phosphorus while soft nucleophiles attack at the ring
carbon.

Keywords 2-Alkoxy-1,3,2-dioxaphospholane 2-oxide; electrophilicity; steric bulk; hard

and soft nucleophiles

INTRODUCTION

Five-membered ring Phosphate esters play an important role in many
key biochemical processes.1 The parent phosphate triesters, 2-alkoxy-
1,3,2-dioxaphospholane 2-oxides (commonly named alkyl ethylene
phosphates), had been a subject of extensive research mainly in respect
to hydrolysis and alcoholysis reactions, from both experimental2 and
theoretical3 aspects. In his pioneering work Westheimer established
that these phospholanes hydrolyze about 107 times faster than the cor-
responding acyclic system and exclusively via P-O cleavage, whereas
C-O cleavage could not be observed.4 Surprisingly, phospholanes had
seldom been used in nucleophilic organic transformations. Only a few
examples of attacks by carabions, followed by a P-O bond cleavage were
reported.5 In contrast, reactions with trialkylamines resulted in en-
docyclic C-O fission to form the corresponding phosphocholines.6 This
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5-Membered Ring Phosphate Triesters 421

result is in somewhat contradiction with Bunton’s suggestion that nu-
cleophilic attacks on phosphate triesters follow Pearson’s theory of hard
and soft acid and bases.7

As we thought we could utilize the unique reactivity of this system,4

imposed by the 5-membered ring structure, we studied the reactions of
2-ethoxy-1,3,2-dioxaphospholane 2-oxide (1)2b with various Grignard
reagents [Equation (1)].8

RMgCl

THF, RT
R P

O
O

OEt

OH

R=a) Me, b) Et, c) i-Pr, d) sec-Bu, e) , i) , j), , g) , h)

2a-j

f)

(1)

O

P

O

EtO

O

1

This reaction was found to be general for a large variety of carbanions
(i.e., primary, secondary and cyclic alkyls, allyl, alkynyl and phenyl)
as 1 was easily transformed to the corresponding phosphonates (2a–
j) via a single P-O bond cleavage. This transformation is not trivial.
Usually, phosphate triesters undergo multiple additions of Grignard
reagents.9 To our knowledge, there was only one method known in the
literature, by which a phosphate triester can be directly converted into
the corresponding phosphonate.9

One exception to the generality of this reaction was found when ben-
zylmagnesium halides were employed. This carbanion did not form the
expected phosphonate, but rather the phosphate 3 as a single product
[Equation (2)].10

O

P

O

EtO

O

THF, RT
EtO P

O O

OH

MgCl

1 3

(2)

Although it might seem that 3 results from attack on the endocyclic
carbon followed by C-O cleavage, there is no good explanation for such a
unique reactivity of 1. Comparing to the steric and electronic properties
of the nucleophiles in equation 1, certainly the benzylic carbanion is
neither bulkiest11 nor the softest.12 Nevertheless, the fact that this C-
O cleavage was found to be as efficient as the P-O scission, demands a
further insight into the reactivity of 1. In order to evaluate the effect
of steric bulk on the site of attack, we studied the reactions shown in
Equation (3) and Table I.
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The results clearly indicate that increasing the size of the nucleophile
prevents it from approaching the phosphorus, and forcing it to attack
the ring carbon.

To study the applicability of Pearson’s theory to 1, we studied its
reactions with various soft nucleophiles such as sulfur and phosphorus
anions [Equation (4)].10

O

P

O

EtO

O

1

NaNu, THF, RT
P

OH

OO

EtO
Nu

Nu= 4) SPh, 5) SEt, 6) PPh2

(4)

Only one product was obtained in each of these reactions (4, 5, and
6, respectively), which results from exclusive C-O cleavage. Indeed, the
carbon atom is considered the softer electrophilic center of 1.7

Testing the combination of both effects opposing each other (i.e.,
bulky but hard nucleophile) as shown in Equation (5) showed that in
this case steric reasons would dictate the reaction course. Thus, reaction
of 1 with potassium t-butoxide led exclusively to 7.8

O

P

O

EtO

O

THF, RT
EtO P

O O

OH

O
t-BuOK

1 7

(5)

A highly interesting transformation is that of phosphates to the
corresponding H-phosphonates. Previously, this was reported to be a
two step transformation starting from an acyclic phosphate triester.13

TABLE I Reaction of 1 with Bulky Grignard Reagents

Relative ratio Relative ratio

Substituents of P-O product of C-O product

R1 = R2 = R3 = CH3, X = Cl 1 7

R1 = CH3, R2 =R3 =H, X = Cl 1 0.3

R1 = OCH3, R2 =R3 =H, X = Br 1 0.2

R1 = R2 = R3 = H, X = Cl 1 0
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In contrast, 1 can be cleanly converted to the corresponding H-
phosphonate (8) in a single step [Equation (6)].8

O

P

O

EtO

O
NaBH4

THF, RT,ON
H P

O O

OEt

OH

1 8

(6)

To shed more light on the selectivity of C-O vs. P-O cleavage, we
have calculated the reaction pathways for the additions of methyl
anion, hydroxide, methoxide, t-butoxide and thiomethyl anion to 2-
methoxy-1,3,2-dioxaphospholane 2-oxide (1b) in the gas phase and in
solution, using B3LYP/6-31+G∗ optimized geometries.10 C-O cleavage
which leads to the formation of phosphate anions is always the ther-
modynamically preferred product. That is due to the fact that phos-
phate anion is thermodynamically relatively stable and a good leav-
ing group. Calculating the corresponding transitions states (TS) we
observed that in the gas phase C-O cleavage is also the kinetically pre-
ferred process for all nucleophiles. This is in good agreement with gas
phase experiments conducted on nucleophilic attacks on acyclic phos-
phate triesters.14 In contrast, the calculated TS in solution showed that
while in the case of hydroxide and methoxide attack at the phosphorus
is kinetically preferred, the activation energy for attack by the steri-
cally hindered t-butoxide and the soft thiomethyl anion is lower at the
ring carbon.

In conclusion, 2-ethoxy-1,3,2-dioxaphospholane 2-oxide exhibits dual
electrophilic character. The site of attack depends on the nature of the
attacking nucleophile (softness vs. hardness, steric bulk, etc.). As no
exocylic bond fission could be observed we suggest that the 5-membered
ring enhances not only the reactivity of the P atom, but also of the ring
carbon. We have also shown that 2-alkoxy-1,3,2-dioxaphospholane 2-
oxides can serve as good precursors for the synthesis of phosphonates.
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