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I. I'ERSONNEL

(1) Z Ffi'a_ncon Willia, zs: Professor of Chemistry and Alumni Distinguished

Service Professor.

(2) 'hJdg_72ongWang: Postdoctoral Research Associate. Dr. Wang's association

with this project started in 1966 and he received both his M.S. (11968) and Ph.I). (1972)

degrees from The University of Tennessee. He was a postdoctoral research associate from

1978 to 11982,and rejoined the project again in May, 1985. Dr. Wang has held academic

positions in Taiwan at tile Chung Shah Institute of Science and Technology and the Chung-

Jerl Institute of Technology, and most recently he was a Professor of Chemical Engineering

,t at tile Tatung Institute of Technology in Taipei.

(3) Guo-Fei Chert: Visiting Research Associate. Mr. Clleri is a visitil G researcl_cr

from Professor Xikui Jiang's group at the Shanghai Institute of Organic Cheznislry, a11cl

joilmd this project on May 1, 1989. His past ext)erience in free radical chemistry ariel I_SR

spectroscopy provided him with an excellent backgrotind to our current research studies, _tllcl

Mr. Chen has quickly become a productive member of tile group.

(4) Robert S. Pai2)Cl2_S:Graduate Teaching and Research Assistant. Mr. Pat_pas

was an undergraduate research participant in our group from Indiana University Soutl_east,

New Albany, Indiana, during tile summer terms of 1989 and 1990, when lie was the recit.)iel_t

()f fellowships under the State of Tennessee's Centers of Excel!ence Program. He entered

The University of Tennessee as a graduate student on August 1, 1990, and passed ali R)ur

entrance examinations. He has made excellent l_rogress in llis graduate work, as can be

O judged from his current GPA of 4.0. Mr. Pappas has also nearly colnpleted the cumulative
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examination requirements in less than a year, as compared to an average time of 2-3 years

taken by our graduate studerits.

II. FACILITIES ANl) EQUIPMENT

The naajor equipment tised in this project consists of tw() ESR spectrometer systems,

two cobalt-60 5' radiation sources, tw() liquid heliul-n cryostat systems for use with the ESR

spectrometers, a liquid cl-]romatograph, and a portal)le glove box system. These items were

described in detail in last year's Progress Report (1)OE/ER/13852-188).

This research project depends particularly on the use of tile BRUKEI_ ER 200I)

Sl,tC electron spin resonance speclrometer acquired with the aid _.)fan NSF instrulr_entatiola

grant in 1982. This instrument is dedicated to our research activities, and is operated only

1)yexperienced personlael within the group. No serious problerns occurred during tile past

year and there was virtually no "dc)wntime" {.iiithe illstrunient. "l'he Systron-I)oilller Mc_clcl

6054 13 microwave frequency counter used in conjuilctioli with tile ESR spectrometer

became inoperable, however, and the counter had tc)I)e returned tc) the xnat_ufztcturer for

extensive repair.

The gamma irradiation facilities provided by two cobalt-60 Sotlrces als() l)lay a vital

role in this research. The routine operation of these tinits can be affected by nlechalaical

and electrical prol)lems from time to time, but no serious difficulties were ez_coul_tered i_

the past year.

III. i'UBLICATIONS

The following reports have been prepared during tlm past year and subnaitted for

O l)ul_lication; these t)reprints are included with this Pr<)giess Report.

I
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O 1. [DOE/ER/13852-189] "Photochenlical and ESI_. Spectral Evidence for ct
Stereoselective Rearrangement of Radical Cations Derived from Azoalkal_cs and

ntanes by W. Adam, H. Walter, G.-F. Chen, and F. Williams, subnlitted13icyclope ' "
to ,L Mm. Cherlt. Soc.

2. [DOE/ER/13852-190] "Radical Cation Rearrangement of 4-Vinylcyclohexene to
G.-I. CI en andBicyclo[3.2.1]oct-2-ene: A Matrix-Isolation ESR Study" by ' v 'l Iv.

Williams, J. Am, Chem. Soc:, 1991, 113, 7792-7794.

3. [I)OE/ER/13852-191] "matrix ESR Evidence for the Formation of tlm
Bicyclo[3.2.0]laepta-2,6-diene Radical Cation Both from Ionized Quadricyclane and
as ata Intermediate in the Radical Cation l_hotoisomerization of Norbornadiene to

Cycloheptatriene" by G.-F. Chert, J. T. Wang, F. Williams, K. I). 13elfield, and J. E!.
Baldwin, submitted to.l. AtTz. Chem. Soc,

Two other preprints are included with this Progress l._.el)ort as follows'

4. "Radical Cation Plaotoisomerization of Norl)ornadietle to Cycloheptatriene in l"reon
Matrices. ESR Evidence for Consecutive Reactions Through the Bicycl()[3.2.0]hepta-
2,6-diene Radical Cation" by G.-F. Chert, J. 'I'. Wang, F. Williams, K. D. Belfield, al ld
.I.E. Baldwin. This preprint pr()vides additional experimental evidence for the role
of the bicyclo[3.2.0]hepta-2,6-diene radical calion in tile thermal and plaotocllenaical
interconversion of C7118'+ isomers. This material will be incorporated in an evel_tttal
full paper on the subject of tile Comrnunic;ttion listed under (3) above, l]ecause t)f
size limitations, only one paragraph of the subject matter of (4) could be included
ill (.3).

5. "lqlotochemical Interconversions of I)ihydrotmntalene l_.adical Cations" by _1_ I?,ally,
S. Dai, I_,.Truttnmnn, J. T. Wang, and 17.Williams. This preprint describes a series
of plaotochemical transfornlations starting from the bicyclo[3.3.0]octa-2,6-diene-4,8-
diyl radical cation which was characterized by previous studies in our group (S. l.):ti,
J. 'I",.Wang, and F. Willianas,,l. Am. Chem. Soc. 1990, II2, 2835-2837 and 2837-2839).
The material of this pret._rint will form one of two full papers dealing with tile
tlaermal and phot()chenaical interconversiolas of the family of CulIa '+ isonlers.

IV. I I/LSLN IAIIONS ANl) OTIIER SCIENTIFIC ACTIVI i 115S

Conference presentations were made by Dr. Williams as follows:

(1) Invited lecture on "Orbital l_,eorganization ill tile Transformations ofRadical Cations'

Electron Spin ies()nallce Studies in Matrices" al the 8th Asilomar Conference on Mass

O Grove, California, SeF_lember 23-27, 1990.Spectrometry, f'acific ' '
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(2). Invited lecture on "Electronic Structures and Reactions of Some Organic Radical

Cations" at the Division of Organic Claemistry Symposiuna oil "Single-Electron Transfer

Initiated Reactions," 201st National Meeting of the American Chemical Society, Atlanta,

Georgia, April 17, 1991.

(3) Talk on "Matrix ESR Studies of Organic Radical Cations and Their Thermal and

Plaotoinduced Rearrangements" at the Fifteenth DOE Solar Photochenlistry Research

Conference, Snowmass Village, Colorado, June 2-6, 1991.

(4) Invited talk on "Thermal and Ptaotoinduced Radical Cation Rearrangements" at the

11991Miller Conference, Giens, France, September 16-20, 1991.

Abstracts of the papers presented at tlle ACS Synaposiutla and the DOE Conference

are included with this report.

I)r. Williams served as a Member of The University of Cllicago 1991 l_,eview

Committee for the Chemistry Division at Argonne National l_.aboratory, May 6-.8, 1991.

Als(), he was an internal menaber of the Mid-Cycle Review Committee for the Departlnent

ot" Materials Science and Engineering at The University ofTennessee, October 14 & 15,

1991.

Research seminars were presented by l)r. Williams at the IBM Almaden l,',esearch

Center, Almaden, California (Set_tember 28, 1990), the Institute of Organic Cl_emistvy at the

University of Wfirzburg, Gerlnany (September 12, 1991), and the Institute of Pllysical

Cllemistry at the University of Fribourg, Switzerland (Sel_telnber 23, 1991).

V. RESEARCH ACCOMi'LISItMENTS

(1) By employirlg compot|r|ds with a stereochenlieal label, the precise pathway (_t"
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hydrogen (or methyl) migration has beel_ demonstrated unequivocally in a radical cation

rearrangement for the first time. ESR studies revealed that matrix-isolated cyclopentane-

1,3-diyl radical cations produced by the radiolytic oxidation of bicyclo[2.l.0]pentatles adopt

puckered (C_) conformations in which the l._.s'eudo-caial sul'Jstituent originally in the ,s3,1z

position on the methylene bridge is in almost perfect coplanar alignment witll the radical

cation 2p orbital lobes at the bridgehead positions. This aligzlment might be expected to

facilitate migration, and it was shown tlmt in the subsequent rearratagement, the pseudo-axial

substituent does in fact migrate stereospecifically to one of the bridgehead positions to form

tile corresponding olefin radical cation. Thus, the radiolytic oxidation of celtll'-5-

rnethyll_icyclo[2.1.0]pentane gives the 1-methylcyclotgentene radical cation as tlae sole

rearrangement product by I-I migration whereas oxidation of its ,Wz isomer results in tl_e

highly selective formation of the 3-methylcyclopentene radical cation by metlayl group

migration. Since exactly the same stereoselectivity of olefin formation was oi)served ila

corresl:)onding PET (photosensitized electron transfer) studies in the liquid phase, it is

concluded that the rearrangement in this case also occurs through the interlnediacy t)t"

radical cations. Clearly, the radical cation rearrangement must occur very rapidly (1()8-10 ')

s) under liquid-l._hase conditions at room temperature to compete with back electron

transfer, and therefore the hydrogen (or methyl) migration is a fast process under these

conditions. Further details are given in report D()E/ER/13852-189 included as l_reprixat (l).

Although tlm observed selectivity ofI_seudo-c_ial sul._stituent nligratiotl vici_lal to tile

carbon radical center fully accords with chemical expectation, there is no precedent for this

O finding. The only comtmrable study of stereochemical preference in radical reactions that
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O we are aware of concluded that in the disi)roportionation of tw() cyclohexyl radicals witlaila

a solvexat cage, it was the pseudo-equatorial hydrogen that migrated to the attacking radical

center (Livant, P.; Laxwler, R. G. J. Am. Chem. Soc:. 11976, 98, 6044..6045). The authors

recogilized the surprising nattlre of this result and attributed it to steric effects or a distorted

tratasition state connected with the bimolecular nature of this particular reaction.

(,2) An intramolecular cycloadclitiola reaction was demonstrated in tl_e radical catioia

rearratagement of 4-vinylcyclohexene to bicyclo[3.2.1]oct-2-ene (Chen, G.-F.; Williams, 1-7..1.

A_z. Chellt. Soc. 1991, I13, 7792-7794). A feature of this study was the icleIltificatiola of the

l_roduct radical cation from a potential list of more than sixteen CsIl_z isomers by usi_g

the strtJctural information (coupling colastants) in the ESR spectrum to narrow the field of

suit,.tl'_le"candidates to two or tllree. As well as being scientifically satisfying, this at_proach

is the only practical way to solve the prol)lena whel_ the radical catiorl rearrangemei_t (ats ira

this case) is so ul_usttal that the product species is not easily predictable on chemical

grounds. Tlaese remarks also apply with particular force to the photoisomerizatiola of the

norbornadiene radical cation discussed below under (3).

(3) As described ira preprint (3), ESR studies show that the radiolytic oxidation of

quadricyclane in Freon matrices under coladiti()ns of high substrate dilutiola leads to the

,l, the previously reported norbornadielleI_icyclo[3.2.0]laepta-2,6-dielae radical cation as weil' s

radical catiola, the former species predonainating at stlfficieiltly low concentrations. These

results are interpreted in terms of vibratiotaally excited quadricyclane iolas taz_dergoing two

reaction paths, one of low energy to give the _aorbornadiene radical catiofa ,'ttadtile oIlacr ¢_t"

O high energy to the bicyclo[3.2.0]laepta-2,6-diene radical cation. Tlae colacetatrzltiola
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dependence of the results is atlributed to vibratkmal energy transfer from l;he excited

quadricyclene ion to neutral quadricyclene in the matrix, thereby favoring thei'jow-energy
J
i

pathway at high concentrations. The two pathways represent the tw() alternate V,,aysfor the

sitllultaileous opening of identical C-C bonds in the cyclopropa|le rings of the qu!tdricyclane

i

radical cation, and correspond to the potential reactivities of the ZBl ground state and the

ZAz excited state. The bicyclo[3.2.0]het_ta-2,6-diene radical cation has also been detected

as art intermediate in tlm radical cation pliotoisomerization of norbornadiene to

cycloheptatrieIle. Its formation is again attributed to zt pathway from an excited

qtlttdricycla|ae radical cation precursor, the latter being formed in this system by the

photoactivation of the norbornadiene radical cation.

There are tw() notable results from this work. First, the detection of the

I)icyclo[3.2.0]taepla-2,6-diene radical cation as arn intermediate in the photoisomerizalion o1"

the norbornadiene radical cation to the cycloheptatriene radical cation was quite unexpected

on simple chemical grounds since its formation requires a drastic rear'rangemellt of tile

C71I_'" carbon framework. This rearrangement becomes understal_dable, however, by

recognizing that the 2A 1 photo-excited state of norbornadiene can be transformed to an

excited state of the quadricyclene radical cation which can then rearrange by suitable

opening of tlm cyclopropa|ae riilgs to the bicyclo[3.2.0]hepta-2,6-diene radical cation. Nicely

interlocking with this interpretation is the second finding that the bicyclo[3.2.0]hetl)ta-2,6-

diene radical cation is in fact prodtlced thermally from the oxidation of quadricyclene under

matrix and solute conditions where vii)rational energy loss is minimized. Tlaus it appears

that aI_ electronically excited state of the quadricyclane radical cation is generated by
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O vertic_ll ionization in a matrix. As far as we are aware, this is tile iirst time that

experimental evidence has been obtained lhr such a process.

O
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