
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 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

Circumambulatory Rearrangements of O-, S-, Se-, and Te- Centred Groups
Around the Cyclopentadiene Ring
Igor E. Mikhailov; Galina A. Dushenko; Igor D. Sadekov; Adolf Zschunke; Vladimir I. Minkin

To cite this Article Mikhailov, Igor E. , Dushenko, Galina A. , Sadekov, Igor D. , Zschunke, Adolf and Minkin, Vladimir
I.(1998) 'Circumambulatory Rearrangements of O-, S-, Se-, and Te- Centred Groups Around the Cyclopentadiene Ring',
Phosphorus, Sulfur, and Silicon and the Related Elements, 136: 1, 541 — 544
To link to this Article: DOI: 10.1080/10426509808545991
URL: http://dx.doi.org/10.1080/10426509808545991

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/10.1080/10426509808545991
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus Sulphur and Silicon © 1998 OPA (Overseas Publishers Association) N.V.
Vols. 136,137 & 138 pp. 541-544 Published by license under the
Reprints available directly from the publisher Gordon and Breach Science Publishers imprint
Photocopying permitted by license only Printed in Malaysia

CIRCUMAMBULATORY REARRANGEMENTS
OF O-, S-, Se-, AND Te- CENTRED GROUPS
AROUND THE CYCLOPENTADIENE RING

IGOR E. MIKHAILOV3, GALINA A. DUSHENKOa, IGOR D.
SADEKOVa, ADOLF ZSCHUNKEb, AND VLADIMIR I. MINKIN*
aInstitute of Physical & Organic Chemistry, Rostov State University,

Stachka Str. 194/3, Rostov-on-Don 344090, Russia; bInstitute of
Chemistry, Humboldt University, Berlin D-10115, Germany

O-, S-, Se- and Te-centred migrants circumambulate the
cyclopentadiene ring in the corresponding derivatives of substituted
cyclopentadienes by surmounting the activation barriers falling into
the range of 13.4-34.8 kcal/mol.
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INTRODUCTION

The fluxional cyclopentadienes with organometallic migrants

discovered in 1956 received widespread attention due to both

theoretical (origin of the low-energy barrier reactions, unusual

multicentre character of bonding in the intermediate and transition

state structures) and practical (application in important catalytical

systems, useful thermo- and solvatochromie properties, etc.) reasons
I1]. Starting from the 70th an extensive study of the circumambulatory

rearrangements of main group 13,14 elements (B, Si, Ge, Sn) has been
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undertaken that was later supplemented by study of the migratory

aptitude of P-centred groups121. Our study of the rearrangemens of

main group element centred migrants in substituted cyclopentadienes
[39] started in the beginning of 80th has been directed to investigation

into the migratory ability of main group 15-17 migrants.

First Sample

Synthesis of O-, S-, Se-, and Te-derivatives of cyclopentadienes 1, 2

substituted in the ring positions and study of kinetics and mechanisms

of their circumambulatory rearrangements around the cyclopentadiene

ring were carried out using methods of dynamic ID, 2D 'H, 13C NMR

spectroscopy, X-ray diffraction studies, mass-spectroscopy, and

quantum chemical calculations of critical parts of the reaction paths. It

has been demonstrated that O-, S-, Se- and Te-centred migrants

circumambulate the cyclopentadiene ring in compounds 1, 2 by

surmounting the activation barriers falling into the range of 13.4-34.8

kcal/mol. By contrast with transition metal groups, the ligand

environment of the main group 16 centres was found to exert

significant influence on the rates and even the very capability of the

compounds 1, 2 of sufficiently fast migrations.

Whereas the principal reaction mechanism that governs migration

of the above groups was determined as the sequence of 1,5-sigmatropic

shifts ( la- lb- . . . ) ,
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R=CO2Me, Ar, Me; R1=CO2Me, Ar, Me, Bz; XR2= OAr, SAr,

SePh, SeAlk, SeCN, TeC6H4(CHO)-2, TeC6H4(CH=NAr)-2

earlier unidentified reaction pathway was revealed: 3,3-sigmatropic

shift mechanism (hetero-Cope rearrangement) for the case of acyloxy

and dithioacyloxy (2a-2b-...) groups.

x*
2a

R=Ph, RI=Ar, Bz; X=O, S; R^=

The free energies of activation (AG*29s) for the circumambulatory

degenerate and nondegenerate rearrangements calculated by line shape

analysis of dynamic NMR *H spectra of the compound 1,2 or by

studying the time dependence of intensities of isomers signals in the

NMR 'H spectra are given in Table.

TABLE Activation parameters of circumambulations of main

group 16 element centered migrants in the compounds 1,2

Compound AG*298» kcal/mol

1, R=Ph, R'=4-MeC6H4 or Bz; XR2=O(4-OAlkC6H4), 24.6-25.5

XR2= O[4-NO2(or Hal)C6H4] 25.0-28.4

1, R= R1=CO2Me; XR2=S(4-OAlkC5H4), SPh, 16.0-17.5

XR2=S[(NO2)nC6H5-n] 17.8-20.7
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1, R= R'=Ph;

1, R= R'= Me;

1, R= R'=CO2Me;

I.E. MIKHAILOV et al.

XR2=SeCN

XR2=SePh

XR2=Te[C6H4(CHO)-2],

XR2=Te[C6H4(CHNAr)-2]

2, R=Ph, R1=4-MeC6H4; X=0; R2=Me,

R=Ph, R'= BZ;

2, R=Ph, R'=Bz;

X=O; R2=CHal3,

X=S; R2=OEt

16.7

20.1

13.4

<10

34.8

26.6-28.1

23.9-24.3

The table shows that in the structurally equivalent environment the

rate of the rearrangements increases in proportion to the increase in

the atomic number of element X (Te>Se>S>O). Besides,the electron-

withdrawing substituents in the element-centered groups slow down

the process (la^lb^...), while the electron-donating ones speed it up.

The influence of substituents in migrants on the rate of the process

(2a-2b=?...) are opposite.
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