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\  SCOPE AND CONTENTS ' e

This‘thesis:deéc}ibes the preparation of some bicyclo[3.1.0]- ° !

-

hexenyl cations with &ifferent’substituenrs at Cg and a study of their
o : 4
degenerate rearrangemenms Th preparatlon of both |somers of 6-ethyl-

1,2 3,&,5 6-hexamethy\bicyclo[(3.1, O]hexenyl cation was ach:eved by

—_—

- the photoisomerization of l-ethyl-],2,3,k.5,6-hexamethylhenzenonlum ’

_fon. A new cation, [,],2.3,h,S-hexemethylbenzenonium ion was prepared

and characterized.

€

The:breparation of a serie§~ef 5-acyl—1 2,34 S-pehtamethyl-

. cyolopenradlenes has been deve]oped in an attempt to generate bicyclo~

[3 1 O]hexeﬂyl cations with the: hydroxy group at C6 "The protonation

of S-acyl 1,2,3,4,5- pentamethylcyclopentadlenes results in the Formatlon

.of dications which have been characterlzed by p.m.r. and uv\spectro-

1

scopy. These dications are stable below 0° but at higher;temperatures

-undergo a’ fragmentation reaction where protonated pentamethylcyclo-

-

pentadiene is generated. This provides a convenient synthetic route
for pentamethyltyclopentadiene

5. A;vl -1,2,3,%,5- pentamethylcylopentadlenes react with various e T

Lewie acids.

ocgenena\e o-complexes in which the LEWIS_aCIﬂ‘iS bonded

il




~ »>

to the carb?pyl group. The'zwltterlpns have been characterized using

|nfrared and nuclear magnetic resonance spectroscopy

/

pentadienes exhnblt temperature dependent p.m.r. spectra. The :

L4

averaging can best be explained in terms of a five-fold degenerate

The Lewis acld-complexed -5-acyl- } ,2,3,4.5 pentamethylcyc]o-

rearrangement in whlch the Lewis acud comp]exed ketone group mlqrates .

around the peruphery of the five- membered ring. The rates of C|rcum-
r - - [
ambulation were determined by comparung the experinental and calculated

. ’
p.m.r, spectra. The rate of automerization is dependent upon the ‘nature .

" of the acy! group as well as the [ew1s acids used A linear free ' /}5
(M A
energy relataonshlp exists between the rates of curcumambu]atloh of

t S

+ -x ]

AICIB-complexed aromatic ketones and the para-substituent.constant,

- -
e
.

+ : . . .
“ 2", the magnitude of the: reaction constant p being h.ﬁh {corrélation

coefficient 0.999),. - .

y “ﬂThese results have been discussed in ‘terms-of a mechahism
. . 3

‘

which |nvolves a blcycluc zwitterion ‘as the transition state’ For the

-

degenerate rearrangement The possibility of a homoconJugatIve

interaction between -the electronedefic!ent C6 and the occupled =

- et

orbitals of efclopentadiene Is discussed.
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"CHAPTER 1
INTRODUCT1ON

It has been known for a long time that certain reactions and

+

molecular rearrangements take place by pathways involving cyclic

1 - . . .
transition states. Over the past ten years, the importance of the

b

conservation of orbital symmetry durlng'g chemical reaction has beeh

recognized and used to cxpléln_these'reactlons. The rapid acceptance

) ]
of these concepts was.due In no-small part to the -contribution of

Woodward, and Hoffmann.2 The ldea of orbital symmetry has bfought

.
40

ordek to a large body of chemistry, opened up a new research area,

a ed to the discovery of new reactions.
,

The ImportJnCc of orbftél'symmetry was' recognized as eaély‘

as 1954 by Fukul.> 1In the Frontier Orbital Theory devéloped by

E \. .
Fukul, the transition state in a bimolecular reactlon is considered fa 7

as_a perturbation between the reactants. The activation energy for

the reaction can. be glven by,sqcond lorder pcrturbation theory Col-

culations show that only the lnteractlon between the highest occupned

malecular orbital. HOHOK of one reaction partner and the lowest unoccupied

molecular orbital; LUMO, of another is important. The magnitude of

the Interaction between the HOMO and the LUMO is determined by the

_difference In energy between them.

Longuet-Higgins and AbrahamSOnh-and Woodward and Hoffman'n5

(0 - -
Independently suggested the use of correlation diagrams. Orbitals

of reactants and products can be classifled symmetrnc or: unsymmetric

with respect ta a mlrror plane, g, or ‘a two-fold ax:s of symmetry, Cz.

Cym



The molecular wavefupction must conform to the symmetry of the mole-

cular orbitals and can either be symmetric or asymmetric with respect

to o or Cz. The states of reactants and products can be correlated

Pl

by plotting the energy of each state against a suitable reaction

N . )
goordindte. If there is a correlation between the excited state of
the product and the ground state of the reactant, then .the reaction

is emergetically unfavourable. If, however, a correlation exists |

N

between the symmetries qf reactant and product'in the ground .state

.

and excited states, then the reaction will be favoured. Simply, .it
means that orbital-symmetry is conserved in concerted reactions.
Numerous reviews have been written on.this intriguing subject.6

"These concerted reactions, also known as ‘'vericyclic reactions'

.as their transition states are of cyclic in nature, also include such

7

~

well-known reactions as the CIai;én and'COpeg rearrangements. From

L . - . ‘
a synthetic viewpoint, reactions such as the Diels-Alder cycloaddition

9

are important.in’that two or more bonds are made in a single concerted

reaction. The three main categories of concerted reactions are’
. b -

(i7" Intramolecular cycloaddition reactions (Electrocyclic

.
e -

reactions) * - , :
(ii) 'lntermélecular c?cloadditioé.fgactions
(iii) :§igmatropic rearrangements. |
Thgggﬁreactioﬁs are largely:unaffected by solvént changes or

by catalysts.and involve no electrophilic or nucleophilic reagents.

The only nltiatidn‘réquired to effect these reactions is light or

»

heat and the reactions proceed with very 7Igh stereoselectivity.

This thesis wiil be largely concerned with one of the three categories

of concerted reactions, ‘namely sigmatropic rearrangements.



!. Sigmatropic Migrations

., A sigmatropic'migration is one which Involves the migration *
. of a - bond flanked by one or more r electron systems, to a new position.
. P )

withip'the molecule, in an uncatalysed intramolecular process. |f] the

Aor

migrating centre Z is detached from C] and migrated to Cj gt the darbon

YLrkruriiisue 4 o

frameworh, such that the bonding is through the same atoﬁic centr

.‘within Z, then the process is the sigﬁatrOpic migration of the order
2 i1,jl. Equation (1) illustrates a 1,5 shift. \\\‘-~_;

FLIdldTdTarira

- = 1

. —>
ZH—Z
; 2

-

However, 'when Z contains a = system of its own, the centre '

dctached_frém'cllhay not be the atom which becomes bonded to Cj'

{f Z becomes bonded to CJ through its ith atom (numbering from the

‘tcrminus'of Z originélly bonded to Cl)wlthen the sigmatropic migra-

tion is of the order. [i,j]. Equation (2% illustrates a 3,3 sigma-

tropic rearrangement.

»
.
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There are various Stereochemical results of a sigmatropic

shift. For example, the two distinct pathways along which 1,5 hydrogen

. . [
shift can take place are illustrated in Equation (3). ¥
Y N /-'

A .

-

Suprafacialrl,S migration

if-g)




Dt

In both cases,ﬁthe migrating hydrogen atom is bonded to both
;nds-of the pentadienyl system du;ing the rearrangemenf. In the
Sgprafacial migration, the hydrogen atom is bonded to the same face
of the migration framework. In the antarafﬁ;ial process, the Hydrogen
étom; which was originally bonded to one face of the = system, becomes
bonded to the 6pposite face. :} | }

For a sigmatropic migration, the orbltal symmetry requjrements
are most readilf deduced by assuming that the migration may be 1ikened
to thé intimate interaction of a pair of radicals, namely i' and the
framework radical. The most important bonding'interactions will be

between the highest occupied molecular orbitals on Z° and the frame-

work radical. In electrically neutral é?qtemg; the framework radical

. . ¢
will always possess an odd number of carbon nuclei in conjugation

\ and is therefore an odd alternant radical. The highest occupied
molecular orbital of the frqmewdrk radical in the ground state will

be hon-ﬁonding, and the wavefunction will be characterizéd by nodes+= Y‘

1



=
o

U
at even numbered carbon nuclel, The sign alternation of n components
of .the non-bonding orbital of a_polyenyl radical containing J conjugated

carbon atoms is shown in Fig; 1.. o ;

i 2 .3 4 5 6 7 ' ]

Figure | . Sign Alternation of the Components in the Non-Bonding
. Orbital of a Polyenyl Radical. .

For a sigmatropic shift to be concerted, there must be a
.bnndinq‘intera tion betﬁeen the highest occupied moleéu!ér orbitals
of the migratin ggbup and the termini in ;hc-ffamewoFk between which .
the migration occurs. . For example th; thermal‘l,s hydrogen'shift is

shown in Fig. 2a.

\

~4

Fiqure 2 The (a) Thermally gnd‘(b) Photochemically induced, 1,5 Hydrogen

Migration.



A

P

i

. " , ,
-ln photochemical reactions, the electron from the framﬁwork

radtcal is promotedato the first excited state and the mode of

migration will be determlned by the symmet ry characteristics of wh

A

The 1,5 hydrogen migration will now be antarafacial, eg. Fig. 2b.

The migrating group can also use a ‘p° orbltal to ach:eve a

bondlng lnteractlon with those of the framework during the rearrange-

<

ment. There are two, possible ways for this atomic orbital to migrate,

i "

gither using one lope or two lobes of the p orbital, Fig. 3.

- . . RR "

2]

Figure 3 Possible Routes for Suprafacial 1,3 Alkyl Migration

-

-
. -
. ]

Similar considerations for more complex systems lead to a

series of selection rules for sigmafropic shifts ich may be summarized

as fdllows:

-‘\\

"TABLE | The Selection Rules for Sigmatropic Shifts .
. S - ~ /—_
i+ GroundjState - Excited State
4n , antara-supra . supra-supra
| ‘supra-antara _ antara-antara
bn+2 - . supra-supra antara-supra
N . antara-antara .,  supra-antara




oy u
e " More simply, 1t may be stated that the (s -s) or (a—a) com- ‘ z
binatjon is allowed under thermal control if (hn + 2) electrons are

|nvolved in the change. The (s-s) interaction for 4 electron system

is allowed under photochemical control..

-

The stereochemistry of concerted reactions almost always
follows the selection rules predicted by the Principle of the Conservation

.. 2 ‘ -
of Orbital Symmetry. Numerous examples have been found in»5upport e

bl P

of these rules. A limited number of .examples of the app\lcatson of

:\
these selectlon rules will be discussed in more detail ) f/f

-

(a) 1,3 sligmatroplc Rearrangements

In accotd with Ehe Principlé:;f the Conservation of Orbital !
Symmetry, thermally IndUcea suprafacial 1,3 sigmatropic miérafions ' \J//?
must take place wfth inversion of configuration .at the migrating 
cgntre.2 Very few thermal 1,3 migrations are known. One exaﬁple.

recently reported by Befﬁgh'and Patton,lo is, the thermal isomerization S

Lt I ! ~

at 3006 of endobicyclo[3.2.0]heptenyl acetate (6) to exo=2-norbornenyl ahotate 7.

-




‘ Thﬁf!n@erslon of configuration at C7 during the rearrangement

11 : .
was later proved ' by replacing the trans hydrogen atom at C7 with a

deuterium atom [R = D], The rearrangement product exo-3d norbornenyl

acetate contained the deuterium atom and the acetoxy group cis to each’

o

other. This }was that, inversion of configuration at C7 has taken

-place and that the-orbital symnetry rules were obeyed.

"y

(b) +1,5 Sigmatropic Rearrangements
Nes ‘

Numerous examples of I,S‘Bydrogen shifts have been c;b:;er\.n'\t:d.]2
Orbital symmetry considerations predict that migfations must be supra-
-faciqL‘Lﬁ“fﬁhrm?IIy induced. Suprafacial 1,5 hydrogen shifts in
substituted 1,3 pentadienes have Eeen Investigated by Roth and Kanig.IB‘
o, Therstructure.of ihe transltion state in 1,5 hydrogen miqration in
. -l,3'§ent§dicne was proposed by Winstein et.al.M . The migrating hydrogen
is situated above the plane of the pentadienyl system and a plane

through the two terminal carbon atoms_approximately perpendicular

to the first plane, ' . . ’

+

Figure 4. The Transition State for the 1;5 Hydr .
i \],S‘Pentadiene

1,5 Hydrogen shifts are also observe

-~
L]

substituted cycloheptatr!enes.IS The third double bond does not



- | : ’ ”/f,,/”’ 10

i '--v-.-4..........‘.-.._.............43’_':,. __‘_;-#" ]6 . . -
participate in-the réarrangement €] -

: ? genen _’Eﬂg_igg,transltlon state was pro-,
posed as havnng the structure shown. The presence of a highly symmetrical
t:ransntlon state was suggested by the negative entropy of actnvatuon
for the reactions and the magnltude of the’ prlmary kinetic |sotgﬂt

el . la-,"\__ }?
effects 5 . ’ ' 7 /ﬂu

Numerous other examples can be provided to illustrate tﬁr
fcas{biliiy of sigmatropic migratioﬁs. Thermal [1,7],17 [3,1|],]8
‘ 20 . .. ' R
[3,3].]9 [5,5] 7" sigmatropic shifts as well as photochemical,[l,?]2

and [3.5]22 migrations ars also known.

3. ‘Fai lures oé Orbital ﬁymmetry‘Ruies &%

Orbital synntfry seleétion rules, are not absolute. They.
are known to break down in a few extreme cases and the reverse
stereochem:stry to that predicted is then found

Such a case is obcerved with the [1, 3] migrations -in
bicyclofh.2. 0] octenyl cations where the product derived from

23

retention of the cqnfigukat&on can predominate.



: ding'upon the stéreoché%istry of the migrafing ‘group,
the ratio of the groduct derived from inversion of configuration to
that’f;om r;:Entlon ;l, ranges from 2.2 to 0. :ESQ_

IF the m:gratlgn.ns 5tepwusg§bav:ng a dlradtcal as the)uu

8

1

transition state, then the energy of transition state will be comparable

-

to ‘that of the non-nntcractung allyl and p orbltals, e mngratnon //,/’/’,/,
of CB Follow:ng the orblta] symmetry pa W|II result in a 5|gn|f|caht .

Iouerunq of the energv of the transition state-due to the strOng

interaction between the non- bondlng allyl orbital and asymgetclc p
orbntaj. b =

L

However, the interaction of the p.orbital with the allyi



|adieal in lhq forbldden'geémetry can also lead to a lowering of the
eton 24 |
trnnsi{fon State energy.” " This rcsults from an intoractlon of the p

urhulnl of the migrating qroup wlth the subjacent nrbitnl of. the

1tamework orbital, fFig. 5b. Moreover, theorellcal calculatlons show

1hat !herc is a substantlol ovcr!ap betwecn the mlqrnt[nq P Ofblldl

. 1
N :

and the orbllal ln the centre of the allyl system which will further
_slahtlnzu-lhc transition state. N -
. Subjacent control of thc Lrnnsilion state qoomctry becomes

tant only when steric Interactlons render tho opcratson nf the

rbntal synmclry allowed pnthwny dlfficult

4

The lrnnsition stlate lnrmcd

lrmn bncyclo[} 2. Olhcptenyl syslcm is qunte rigid and ha. an ndrnl

qoometry for overlap wlth both Iobes of the p orbntals of lhe msqrnllnq
— i

-

carbon aLom ‘In the (4. 2 Olsystem the extra methylcne makcs the allowed

W

|mthway a’ morc difficult proccss as the geometry of the nnlnculp prC'-

.. [

12

vcnts_the_rcady asymmctruc overlap of " the p orbltal of the migrating carhnhQ

.

The ﬁroducts reﬁultinq'from'subjacent'drbital control are ndw ﬁeun'ln
: LUNPC[C'W'lh the orbital. symmctry aPlowed products Thc subjacenl
:\ . . [m] b

nnlcractlon du?ang the transitnon state in bicyclo[3 2. Olheptenyl system

) <z -

is munnmal. The extra methylene group in bicyclo[h 2.0] octeny! systcm
makes the overlap of the relevant prbntal at C? and the maqrntang atom f

more feasuble. g{V|ng rlse to the products derived from orbltal symmclry

dnsallowed pathway. o ) o L.' '

L}
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Figure 5 Schematic Diagram of Orbital Energies and Topologles '
of Three Different Suprafaclal 1,3 Sigmatropic Rearrangement

Transition States Derived by Interactidn of an Alkyl Unit with a
Carbon p orbital (a) Allowed, (b) Forbidden, (c¢) Diradical




w ) . -_--"F"---'_—-—-

noninteracting

L

. Figure 5(c)

el

a | b

13

B 1

-

Figure 6 “ Suprafac1al 1,3 migration in (a) bicyclo[4.2.0] octenyl and

__(b) blcyclo[3 2. Olheptenﬂl systems, ° -0

Recently, the existence of symmetry forbidden concerted

reactions have been discussed by Baldwinzs"énd notably Epiotis.sz
t

; a
Configuration interaction between the highest occupied M.0. and the
lowest unoccupied M.0. in certain systems is predicted to result in

the violation of orbital symmetry rules. Numerous the etical cal-



Is

- -

culations have been done but there is yet little experimental data. .
A few cases of synmetry fogbidden conccrted reactlions have been
' reported 27 i )
It is of paramount |mportance. however. to note that the
number of these extreme cases are few compared to the cases where»
orbital symretry rules are rigidly obeyed.
4. tonic Sigmatropic Migrations - |
.{a)” 1,2 Sigmatropic Shlfts .
Orbital symmetry allowed sigmatropic shifts can also occur '
in jonic species.' For -example, the well-known pinacol-pinacolone
- rearrangement involves a 1,2 methyl shift in the |ntermed|ate \
catnon2 (Equatlon 1) e T . . : *
CH, CH : CH, GH, -H.0 CH, CH, A
t3 i3 “ |3 |3 2 |3 3 \
CH,— €C—C —CH, ==== CH C -C—CH — -+ LH,—C —C —OH .
3 A I 3 H+ 3- 1 3 3 e )
OH OH +0H,, OH ’ CH
. ;- 2 L 3
0 A
/
1,2 shifte
|‘L
' CH, © Lot CH. CH
13 -H 13 é3
CH ~-C—-C— CH, S======:== CH_— C— C — OH 7
~ . CH3 . . ] CH3

The dnssplutnon of 2,2,3- trlmethylbutane in HFSD3 SbFS/SO CiF

mixture at low temperatures (ca -60°) results in the formation of

¢pimethyI-Efbuty!carboniuﬁ ion”? (Equation 8). < -

b

IE-‘
]
4
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CH, CH, - C | : _
Hy CHy N H3 C\H3 CHy CHy
H C—-C—-/C—CH — +C—-}:—CH —» C(H— —->+ 8
o K CH } 60° 4 3 3 ~
3 - CHy CHy : Hy CHy

The p.p.r. spectrum of the }e;ulting two cat ions showed onI;
one glgnal, showing that the rate of quilibrafiég,between two cationQ-
due to methyl migrat}on is very rap}d compared to the nmr time scale.
Thése cations are also degeneratel(vjde infra) and therefore the-

stereochemistry of 1,2 methyl migration cannot be determined.

<
o

‘(b) 1,4 Sigmatropic Shlft : ’

A sngmatroplc rearrangement in the bicyclo[3.1. Olhcxenyl |ons'
was first suggested by Zimmerman to account for the products of the
phbtochemistrv of h,h—diphenylcyclohexaLZ,S-dienone (113.30 This
mechgnistLgfinterp?etation involving the ;w;txerionic intermediate

was widely accepted, particulariy because sych'a migratfon-hés been

shown to occur in electron deficlent species puch as li.3l

<,

1,h sigmatropic

P
T,

shift




. “ ‘
17
A ver§ similar zwitterion was generated independently by
‘Brennen aﬁd Hill,32 and Zimmerman and Crumrine,33 by a non-photochemic;;'
route,’ Equation (10). Isolation and identiflcation of the pr;ducts
led these workers to-conclude that a rapid ];h_sigmafropic_p}gration
‘Qad taken- place. .
X
Br -Y
0= .18

5. Degenerate Sigmatropic Shifts '

A molecule (or cation) displaying degeneracy can be defined

as a system which can rearrange, through a series of sequential - QEEH/
sigma;ropfc shiF;a accomﬁénied by a definite energy barrier, in such
g_fashiongag;fo generate the same gross structure as that of the
starting mééerial. In this rearrangement, both the.molecular forﬁula
and the structural formula of tﬁeistarting material is conserved.
‘These migrations can.bé observed by loss of the optical.activity,B
isotopic label scrambling35 ;nd temberatufe dependent nmr spectra.36
Degeneracy is distinqtly'different from aromatitity.37_ At
any stage during the rearrangement, a degenerate system can be,
represenfed by draﬁing a discrete stEucture,whgreas the structure
of an aromatiﬁ system at any stage.is the5average'of all,the canonical

_ . _ . 38
forms that can be written. For example, the homocubyl catlon3 2
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-
r

consists of a series of identlcal cations In equilibrium. The chemistry

of thc'system can be adequately described In terms 6f a structure such

v

as 20. However, the structure of the aromatlc cyclopropenium cation

. o
cannot be represented as either of its resonance forms but only as

the sum of the:_n.29 g . : L

gt o
OAV - o

-7 N a4 . ~

20 - ‘20’_" o 20

ke = )

A Degenerate Cation d T . ' .

An_Aromaric Catiap

' Degenerate 1,5 hydrogen migrations can occur thermaily in

cyclopentadienes (22). This degenerate rearrangement has not been observed

directly» however, substituents bonded to carbon atoms enable the
!

migration to be'observed,ho(EquatIon 13).



The possibility of a 1,5 degederéte rearrangement in the bicyclo-

Iﬁ 1. O]heptadlenyl system was suggested hy Berson and wnllcaft 4 The *
stapwise mngratuon of cyc10propane would result in a(new molecule having

the same gross structure (Equation I4).

26 | 26 26
The producis of the thermal rearrangeﬁent of 3,7,7-t;imethyl-
£ropylidine were consfs;ent with the rearran@ement in which cyc105
propane undergﬁes 1,5 migration.
An iﬁtrfguiné sigmatropic (metallotericagi rearrangément is
demonstrated by o bonded cyclopenéadiene‘metal qpmpﬁunds.h3 This

involves a series of degenerate 1,5 shifts,.erroneously termed 1,2
: ' : : e .
shjftbh by many authors. o
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Other atom§ or groups might be bonded to th; metal atom which
can either‘be a main group el;ment (5i,Sn) or a trangition element,
e.g., Fe, Tiﬁ etc. The fluxional bchavicmrl‘5 is also displayed by
compounds having methyl substituents on the cyclopentadiene riag:ha

The ﬁigratién in these stereochemically non-rigfd systems is
evidenced by temperature dependent p.m.r. spect}um.f The signal§
Jcorresponding‘fo‘ring hydrogen (or methyl groups) collapse to give.

a statistically averaged slnglef as the temperaturéﬁi; raiséd. The

range of the temperature at which sﬁ;h a rearraﬁgement-can bé‘observed

is é;pendcnt upon the .energy bi}rier;pf migration. For compounds Y
such as CSHSSi(CHBJB withma“thB activation enefth“ the averaging

2"s
requirés a very low activation enerjy so that only the averaged sjng!et

is only observed on heating. - In contrast the rearrangement in CoHHgC

1



-

- . -

for the ring hydrogen atom can be observed at theflowégt temperature

. i i, .. '
attainable in an nmr experiment. 47 '

-

»

Infrared studles by Cotton have shown that the systems which

cannot be frozen are indeeg'fldxlonal moleCuh':s.!‘8

From theoretical calculations, Ustynyuk and Shche‘n-abelm.v[IB

’

have suggested that dufing the transition state in these migkafigns,

there is an overlap between vacant p or d orbitals of the metal atom

and occupied w orbitals of the cyclopentadiene ring. ’

This section could not be closed w}thbut mentioning—fhe

degenerate rearrangement shown by the legendary. bullvalene (28).
. ks

It was predicted by Doering that a series of Cobe rearrangements in

-

"t 6 .
- "this amazling compound could glve rise to 10 structures.

Bullvalene has since been synthesized by Schréider50 and’ the ]
compound shows a singlé p.m.r. resonance at 1005, the result of ,
.these rapid [3,3] sigmatropic shifts. - l . \

More examples of hydrocarbon degcnérate fgarrangements‘ﬁabe

. - . . 'I
been discussed in an excellent review by‘Gajewskl.5

6. lonic Degenerate Sigmatroplc Shifts
‘ 52

Carbonium ions are parficularly prone to rearrangements

and many examples of degeneracy can be found within this class of

21
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) . it
.ntrrmvdnnles. On thc basis of atoms and groups undergoing inter-

-t .

change, doqeneratc cation rearrangoments can be classlfled as follows:

(a) Degeneracy result?nq f rom hydrogen mlgrntlon'
(h) quoncrncy rnsullinq from carbon atom migration:
R -
) Degeneracy resulting from both carbon and hydrogcn

migratrons,

(4} hydrogen Migration ' | .

[

quoncratc hydrogcn migration involves thae Intcrchnnqc of
hydrogen atoms thIc the carbOn framcwork remalins fixed Gcncrnlly
1hysv hydride shifts are orbital symmatry controlled. Although the
u1ln|Lhanqv and equivalence ofi all hydrogen atoms on tgc surface of

<

the nmchulc Lan occur, parthl hydrogen dngeneracy of hydrogcn atoms

han alsobeen observed.  Complete degeneracy of the hydrogen atoms

result in a single p-m.r. signal provided the rate of migration is

taster than the nmr Lime scale: Many of thcse 5ystcms have bccn gen-

“iated in highly acldnc madia, the tondlitlons under whlch the p. m[

-wprcctrum can be abserved dJrectly

O0lah and Luka553 investigated the cyclopéntyl catlon genera

ted
J

.inacidic solventsy Cyclopentane (29) was dissolved in a super acid

—

(Shﬁﬂ:nf503 or HF-SbFS) diluted with SOZCIF. The cyclopentyl ,cation !

({10) which was formed by hydride abstraction, w&p well characterize

4. 94

duenching the acidicbsolutlon In methanol produced cyclopentyl methyl

}'lhqt‘t? {32).

Thc‘cnlion q{hihitcd a single peak in p.m.r. and the.specctrum

}cmaincd_unchanged as the temperature was lowered to -130°. This

W taken to indicate that the cyclopenty!l cation was undergoing a
]

22
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H3COO CH30H

series of very rapid sequential 1,2 hydride shifts, resulting in

completé'hydrogen degeneracy. 'A number of other such ekamples exist.55

i . -

{b) Carbon Atom HigraEIon

This type of rearrangement involves the migration of a cérbén

atom together with its substituents bonded to it. Complete degeneracy

-

dué to carbon migration involves an interchange of all the carbon
it ve L ‘ -

4 . -
4£éhs in the molecule. Theoretically such a degenerate rearrangement
v - : . .

. can be detected by the scrambling of the ]3C atom within the ion.

One of the earllégffﬁégéneraté'cations to be studied was

neptamethy]benzenonlum;iéa'generated by the protonation of 3-methylene

1.2,4,5,6,6-hexame thy Icyc lohexa~1 budiene (33).°° The resulting
R PR}

-

/

/:".i ) . . -
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stable cation exﬁibited a characterlsticll:2:2:2 p.m.r. speétrdm with the
three peaks at lower field corresponding to the methy) groups bonded
to the sz hybridized carbon atoms. At higher temperatures, the

signals broadened, collapsed and at still higher temperatures be-

came a singlet.

34 34"
The changes in the p.m.r. spectra showed that the migratidn
could occur via 1,2 (or 1,6) sigmatropic shifts. Another possibility:

is that the migration could be-random, going through the transitlon

state which resen?]eslthe v complex-{35).




y

" By the use of multiple resonance technique, Koptyug et.al.,sz ) T
~ have established that such a random migration does not occuar Enq

that the methyl migration occurs in a series of dlscrete 1,2 shifts.

Other benzenoni G lons also show degensrate rearrangements. Examples™ -

are hcxaméthylbeﬂ:pnonlum ion, durenonium catlon, pnntamﬁthy!- ' o
: 58 . .
benzenonium catlon, atc. ) :
130 o S "
"The "°C nmr data for ngamethy1gonzanonlum ton has been ‘

published réccntly.sg_ Howevar, the averaglng procgﬁs'shown by this

vation has'not beén studied by I3C magnetic spectroscdpy.

{<)__The Carbdn and Hydrogen Migration

The &-homoédahéqtyl cation (36) as noted by NOfdlandﬂriGE _ i

i~ capable of oxﬁibltlng a combined carbon and hydrogen deéeng?atyL

l‘, ' + ¢

3 _Q—_..‘ ‘-—-———- ].9‘
5.4 H - Wagnet- ~

- migratTon Mearwein !
. ) shift .

36 I 36a
The two pfocasses can be distinguished from each other by
the deuterium label distribution. A D atom originally at ¢, In t
36 would appear at CS Tn 36a and at 53 in 36b . The combinatlon“
cof 1,2 hydride shifts and Wagner-Meerwalh shlfts causes the cation

to be an eleven _fold completaly dagenerate catlon.
‘ v - -

Furthar examples of degenerate cations have been discussed

W

%
N
.
!
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*in the highly commendable review by Schleyer.ﬁ‘

-

7. Degenerete Clrcumambulatory Rearrangements

The blcyclo[3 l. O]hexenyl cation is partlcularly untercstnnq in
that it _and many of its derlvatives undergo a degenerate rearrangement,

" These rearrangements are partlcularly snterestang as their stereo-

selectlvaty can be determlned and the valldity of the orbital symmetry
Lt . .

-~

ru]es tested

T ———

- One of! the very first examples of this |ntr|qu|ng rearrangement

was prOthed by Swat ton and Hart. 52 g sulfuric. acid solution of

‘hexamethylblcyclo[3 1. Olhex-z -en-3-one upon quenchlng gave a nearly

. quantltatuve yleld of 2 ,3,4,5,6 6-hexamethylcyclohexa

-Z-M-dlenoner

b

3

- The intermediate if any: inithe rearrangement was notrobserved
- but.- ]abelling,experiments Indicated a mechani'sm lnvolving ‘the rapud
degenerate m:gratlon of the cyclopropyl ring _ An attractive mechanism
would be the stepwlse 1,4 sigmatropnc mlgratlon of the cyclopropyl frag-t
ment so that the ring methyl groups WIII become equlvalent and thus
account ﬁof‘the,se:gmﬁ]lng'pf labelled CH3 grqus;(Equatuon-Zl).

63

This behaviour was also observed in fluorosulfuric acid.
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L

The rates of cyclopropyl migration and subsequent ring opening‘have,

been determined.

-.0H

T

vk = 9.1:0.3x10"‘sac'-,
- +10°

+ >
AF" = 20.05 kcals’ E




It was recognlzed56 that this striklng perhaps, unlqu?
mugratlon must have stereochemical consequences for the substituents
.at C6. Mlgration in these rigid systems are bound to be suprafacial
and when thermally induced must lnvﬁive the inversion of configuration
at the migrating centre viz., C6. if symmetry is to be conserved.2
Hart, Rogers and'G:iffithseh'later cénfirmed thé stereochemistry
of ring migration by using ethyl and methyl substitueﬁts at CB'
The rearrangement was confirmed by the scrambling of C03 grohps
bonded to Ca‘of the five membered ring. Quenching atriow temperature
and . identification of prod;cts showed that the orientation of
substituents at C¢ remained unchanged, c0nf{rming that I;h'sigm;-
tropi; migration must have occurred with an inversion ofﬁcoﬁfigurétibn

at the mfgrating carbon atom. (.

~ R, = CH

j 3; RZ - CZHS
.3] - C2 5, - CH3

-

quhaps the best example of a cyclopropyl clircumambulation
on cycIOpeﬁfenyl IOn‘was provided by Childs -and Hinétein.65 The
1,2,3,4,5,6,6-heptamethylbicycio[3.1.0l hexenyl cation (40) was
generatéd by the low tempe?ature phoéoisomerization of hepta-

methy lbenzenon{ um ion66.(3k) in fluorosul furic acid.

28



The blcyclic cation ﬁg_was formed under such conditions. that

Y . .
the nuclear magnetic rescnance spectrum could be observed directly

" at varying-temperatures. The signals of the low temperature p.m.r.>

23

spectrum were consistent with the bicyclic égtion. At higher temperatures
6 ' .

the signals attributable to the ring methyls, marked by asterlsks
b;ggdened, coalesced and at stiéiihigher temperatures collaB!ed into a
statistically averaged singlet. The other two signals. which gave
'distinét resoﬁaqﬁes, were unchanged throughout the éveraging process.
The 6riginal five line §pectrum was recorded again Lppn cool ing
showung that the averaging process is rever51ble. :
Th:s behaviour can only be explalned by the stepwise mlgratnon

of the cyclopropane around the pe?nphery of the cyclopentenyl ring as

idlustrated below.

It SV



Suprafacial 1,4 sigmatropic cyclopropyl migration was also

0§served in gﬁghexamethylblcyc]o[B.l.O]Hexenyl cation67 (42).

e

The cation was generated by the protonation of homofd]vene
ﬁi\}hl) and the orientatloﬁ of the Cg substituents Is well characterized.
Tne methyl doublet and the profbn,quartet remained unchanaed during
thl averaging. The formation of gﬂﬂghexamethylbicyclo[B.l.O]hExeny{
cation (43) was not detected at any stage during the clrcumaﬁbulatory

68 T

rearrangement.

4
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e

/o
8. Mechanism of the Flve Fold Dégenerate Reérrangement

", ) ¥
Any mechanism proposed for the thermally induced suprz{acial

sigmatrnpic'rearraﬁgémeqts of the cyclopropane:fn the blcyclo[}.l.O{:—_ﬁ_%H |
hexenyl syséems must account for the high degree of stereoselectivity N
thatlaqcompanics the ﬁrgy;}ign. A oﬁe step_ﬁrocess‘which ;an be clé%sl;'
fied as a‘supqafacial 1,4 sigmatropic shifi:2 and stepwfse migrations o
:involving ; séries of thermally'all;wed I',2 or 1,3 migrations meet

this requirement. The-intermedl;fe in thg‘stebﬁlse migrations wouiq'

be the bicyclo[2.l.l]hgxenyl cation ihﬁ) which closely resémbles fhe

non-classical norborneﬁyl cation69 1&5).

P

“‘4-‘-

The possible 1,2, 1,3 and'l,h slgmatr&gic ﬁigfatibns of

‘hexamethyl bicyclol3.1.0]hexenyl cation are 11lustrated In the fol-

- lowing scheme.
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Orbital symmetry predlcts thatlﬁubrafatlal 1,4 and 1,3

sigmatropic migratlons are allowed If there is an lﬂverslon of con~‘f<"
flguration during the migration. 1,2 Shlfts are allowad only ﬂdth

the retentlon of conflguration. Two.successive 1,2 or 1,3 shitts -
would result In the same ;s;qmblage of the sibstltq:rts at L, i.e.

the exo group femalning exo and.the éﬂﬂé group rema(nlﬁg endo. The
net result will be the catlon which wil[ have the same arrangtment

as tﬁé cation resulting frow a'sfngle 1,4 sigmatropic shlft;

| " One of the attr&ctive methods to d!stlhgulsh the 1,4 tlgma-
trdpic mfgratlon“from the stepwise 1,2 or 1,3 migrations would’ be

to determine the stabillity of hexaﬁethy#ﬁicyc]olz.l.llhexenyi cation
(44) under the condl tions of the degenerate rearrangement. Indeed,

70a 70b,c,d

the cation has been generated by Hogeveen \\ﬁfnd others by

dissolving hexamethyldeuarbenzene (k6) In HF or BEB-HF and subsequent

R

rearrangement (Equation 28).

-—

" The hexmthylblcyclo[z 1. l]hcxonyl catlom (hh) whlch rlpldl
interconvert are stable qp to +202. Abova this temperature they

isomerize to hexamuthylbenzeﬁon!um fon (48). Thp same effect was .
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6bsgrved when fluorosulfuric acid was used instead of HF--BF3.57

9, Selectivity of the )} 4 Sigmatropic Migration: f

‘The five fold degenerate rearrangement in the bicyclo[3.1.0] hexeny!
cations may be best viewed as a suprafacial l,h"_slgmatnogj_c shift. The
‘highest occupied molecular orbital of these systems {illustrated below)

requires the inversion of configuration at C6 in eact{ migration. The

result is that the arrangement of substituents at (26 remained unchan?ed.

It is of interest to note how faclle the "allwed” pathway

is compared to the “non-allowed" process in the 1,4 slgmatroplc re- g
arrangement. 1 £ exohexarnethylbl(:yclé[}_.l.O]he)_tenyl cation (42)

rearranges in the "non-.allowe&" fashlon. tﬁe endo hexamthylbnc-\yflo[fi.\ 0] -
hexenyl cation (43) will result. The. endo isomer, however was not

observed' in any stagé during the migration of j_g .
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"3605°

e irs—

k « 40 sec-l
6F+ w 12.0 keal

42

non-al lowed - +20° /F
b -1

k= b7 x 107" sec™!
AFT = 21.6 kcal

k o 4.7 x 107" sec
AF+’3 21.6 .

H =

2

k w 5.2 x 10” 'sec
AF+ = 17.h kecal

43 - s
' .
It has been shown that the exo Isomer 42 rearranges to

: . - -1-
hexame thy | benzenonium Ton (48) with the rate constant of 4.7 x 10 h‘sec

at 20°, corresponding to a free snergy of activation of 21.6 kcal/mole.
A similar thermal rearrangement of 43 also gives 48 ‘with the free

energy of activation for the rearrangement being 17.4 kcal/mole. |f

k3 is formed frubll_g and if the rate of formation is slow
compared to its ring opening to the hexamethylbenzenonium lon (48),

then only 48 will be observed.




Since 48 1s the only lsomer'detected from the rearrangement

of 42, the ,rate consrant for the "non allowed" isomerization to
43 must‘sf less than 4.7 x IO -3 e- at 20°; corresponding to

the free energy of actlvatlon of > 21.6 kcnl/mole . / .

The difference In the f¥ee energles of activation between the
"allowed" and'the ”non-allowed” process must be greater than or
. [ 3 . »

equal to 9.6 kcal/mold. Put In terms of the difference In rate

constants at -36, 5 , the -temperature at whlch the 1,4 sigmatroplic

- migration has the rate constant of 40 sac ‘, the rate constant for
: , - _ i ol
the “non-allowed”.process wil) be <5.0x10 8 sec [. l.e., the

"allowed' process is 8 x. IO8 times faster then the "non-allowed"

migration. ; o :

Although thls amazlng stereoselectlvity can be considered as

a startling validation of the orbital symmetry rules, It should be -
_noted that a comparab]e stereoselectlvlty and the lnverslon of con-

figuration at CS Is also predlcted‘by the Princlple of Least.Hotion;ps

10. The Effects -of Substituents on Ce

The free mnergles of activation associated with the degenerate -

rearrangements of the'blcyclohexenyl catlone ars shmmarlzed-lp
Table 1. 1!t can be seen that the substituents on C, have a marked o .

B Y

effect upon the energy barrler of this rearrangement.




TABLE Il o 37

Activation Barriers for the Cyclopropyl Clrcumembu[atlon

, ©
“Compound- C6 Substituents AF+ kcal/mole
g axo endo
' ho ' .
B 0 CH3 CH3 9.0 _ _
4 ‘ | 7.
L3 H CH3 o 17.1
59 . H O > 13.0
H H > 18.6%

* 1,2,4,5-tetramethylbicyclo{3.1.0] hexenyl cation

It is qf lmportance to note that the free energy of:actlvatlgn_
for the migration is greatly dependent upon the ablllty of the subStltuents
on C6 to stabllrze a positive charge " For example two mathyl substltuents
. on 66 compared.to ;woihydrogens. decreesed the energy barrier of migration
by more than 4 kcal/male. This profound change in _the energy-barrien
of the rearraﬁgement sha;s-fnet a cons{derable positive eherge is |
:developed at C6 during the transition stete.65
Thls conclusion that a partlal posltlve charge belng developed
at 06 during the migration has been conflrmed by the work of KOptyug E T

66 Bicyclol3.1 0]hexenyl cations with varlous endo R groups

et al.
[R = CH,, Et, CH CI] were generated photochemlcally and the influence

of the nature of the axo C6 substituents on the klnetlc cherecteristics

of the rearrengement studled,
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Despite-the Timited number of compounds studled Koptyug
et. al.. clalmed that there was a linear correlatlon between log k of

the reactlon and o* ) However, it should be noted that these workers

arbitra{Ll! selected: only the rate of the exo fon (goa) and offered no

-

explanation for the differenca*lh the energy barfier of. the two [somers.
Quite clearly it is not Just charge stability that ls'lmbortant to

the system.

-

~

It might be'noted that the energy barrier for - the degeﬁerateay

rearrandéments is differght in 42 and 53:. This dlfferén¢d %n‘

;. free eﬁé}gies of actlvation could elther be ‘due ‘to the difference in

the ground state stabllitles-or th9.¢tffer6nce In energies assotlated

Il

with tﬁelr'respectiva transltlon states.

‘thle the ground state stabllltles of bhe evaand the endo

hexamcthylbicyclo[B 1 O]hexenyl ations cannot-be compared easily,

the homofulvenes are good models which closely resemble the bicyclic

cations. The equilibration between the exo and the endo methyl isomers was

* reported by Crlegee.7]

There Is little difference In the ground state
energies -be tween 41 and 51, It Is therefore most likely that
the'difference‘in energy Barflers for the degeﬁergte_rearrangement

in 42 and 43 must be dus to a difference in the transition state

energies.




q

_ : 9
Thi& dlfference of the transltion state energies for the
i
migration’ of h3 and h2 cannot be due to the electronic effect of
" the C6 substituent as the methyl group should be able to étabi1ize . \\\s"

_any partlal positive Gharge equalhrwell Irrespectlve of its position. {&1
A very probable answer then is the,effectiveness of the overlap of the e
.electron dcficuent C6 with the oceupled m orbitals of. ;he diene.’ The
effectiveness of .this overlap -will be dependent upon the\pFOlelty
'eﬁ.re;pectiye orgfggls on7§6 and the diene. AR examination ef a

molecular model- shows that this distance can be Feduced easily in

the Eig_methyl systeméﬂg bgt not in the endo methyl i somer 43, In

'Lhis latter‘éystem a steric iﬁteraction Eeaaeen the 06_5222 sub-

stlthent and the C C3 carbons occurs. It }5 likely that thie ié-being -
rLflected in the dlfferences in the rate of reargangement in hZ and 43.

7 Therefore,4:; is yalld to compare the ease of degenerate re-.

.~ arrangement of heptaﬁetﬁylbicycle[3 1. Olhexenyl cation (40) with that

" of endo hexamethylb:cyclo[B ] Olhexenyl cation (43) since the steric

' Lffect oﬁ the egdo substltuent is the same inboth cases. The.dnf-
- . =S '
ference in free energies of activation s 8. kcal/mole:q-lf there

-~

Cis no. nnteraction Eetweenfrhe dlene moiety .and CG' the difference -

L4

i:n energies is expected to be 12- 15 kcal/mole. ‘as calculated from:
the data published by 01ah72 and Saunders. 73 The smaller d1f—

ference . observed,must therefore be due to the overlap between

electron deflcient Cé and the'v brbitais.bf cyclopentadiene during

the transltion state even when the endo methyl prevents very close

-

overlap. 1n other words, the degenerate rearrangement in all these
systems proceeds with a’ "continuous 0verlaprof orbitals,eyh}ch is the

b
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. precise requirement for a symmetry allowed concerted reaction.

11. Relative Stabllitles of Transitlon States and Groun& States

“ 1t is evident from the work of Childs and HinsteimGS'and-
66
Koptyug et.aL, that C6 becomas more electron deflcient during the

tran5|t|on state in the l 3% sigmatropic shlfts of blcyclo[3 1.0])-

hexenyl.catlons,_ The energy barrier of this rearrangement is lowered

when electron donating groups are bonded to Cg- The lowest energy

barrier associated with cyclopropyl ﬁlgratipn yet measured for these

B L’
bicyclo[3.1.0]hexeny] cations is 9.0 kcal/mole in ho . Y

There is no reason why the energy barrier to migratibn could

not’ be Iowered still further by the approprlate cholce of substituents.

K "
-

Indeed, in prlnclple the C6 substituents could be chosen such that‘
-;he potential energles of_the ground state and the transition ptate.
might be comparable. At this poiné,"the cfcidpropy} frhgmqnt‘would

be able to migrate wi th respect }o c§clopengenyl ring with minjmal

- energy of acfivation.

Reaction _Coordlr’mté ———-)

T

Figure 7. Relati've Potential Energlas of the Ground and the Trénsitioq.

3

.- States for the Cyclopropyl Cirtumambulation.

- 40
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As the ;;abilizlng groups upon C6 further (ncrcascs the
' ) It L
_Lransition state would be expected to become more stable than the
e \ .

hicyclohcxcqyl_catlon. In this situation, a dcgcnerafb migration ot

~

Lb would «till be anti;ipatcd. However, 'the Cyc\Opcntaqichdvs-m&thl R

L -

<Jation would pedomc ground state and bicyclohéxenyl cation, the - -
treénsition state or a high endrgy'ihtérmedlate. At this point, the roles

ol the

+

ground state and high energy intermediate or trangition states
=il be inverted. ~

Positive Charge stabilizing igflity of the Eﬁ substituents —3p

“ocure B Activation Barrler as a Function of,the Positive Charge

- -~

StabiliZing Ability of the Cg Substituents P -

. s

"It was the intent of this work té test this unprecedented

- s v

ohenamenon and to further probe the mechanism of the degeneratc
rearrangement by the syrmthesis of bicyc10[3.l,gjhéxenyl cations with

" charge stabilizing groups as Cg substituents. The degenerate rearrangements -

" displayed by cations with various € subst!tuejt%. notably oxygen,

‘will be discussed.  ° ' S S

.




CHAPTER 11
RESULTS AND'D!SCUSSION
PART |
One of the aims of this research project was to synthesize the
'o:cyclo[B 1. thexeny! catlons wlth two: different substituents at C6
such that the efcht of the orlentatlon_of the CG substituents on the
5 ‘circuﬁambulatofy rearraqéemant could pe studlied, The 3:ereosalectl§l£y
of cyclopropyl migration could be invesflgatcd by determinlng'the.
c#o-;ndo,isomer ratlo durlqg the rearraﬁgement. As this thesis will
bé concerned with the mechanlsﬁ of the thermal rearranggm;nts of the
bicyc}o[3n1.0]hcxenyl cations, Itj?s approprﬁaté to review .how these '

cations can be synthesized. hd I

- N v

). Synthesis ‘of Bicyclo[3 1. 0]hexenyl Catlons

). Dissolution of’ homofulvenes rh strong acids results ‘in the

protonation of the exocyc]ic methylene_group. The pentamethylhomofulvene
(41}, upon protonation with fluorosul furic acid q;jlgf_ggmpgnatures-f—~':‘”:
' ' - T v '
. . R
___;_QLXﬁsﬂ_ﬂg-féz———-*—
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I‘lntnmlllnn vl hlgy\_lol_j 1.0 )Jhen=2-en-b-0l (,J2) with NIy 1\3/%” (W
results in the romoval of tho hydroxyl group and the formatlion of 53 7“

Ihrsn ions have been suggested as intermedlates In the photochoqlcnl
75,76,77

iwomerization of benzene In acldic medla,

\

HFSOB/SOZCJF
—p

- =100° °

3 .
Hydroxyblcyclo[3,1.0] hexeny! cations have been generated by
T ‘ - 62,64

protonation of the corresponding bicyclic ketones at low temperatures.

I{] - CH3 or C H5 .
R, = C,H, or CHy | ‘

! - - <

YT R?, | CH3

(b) lonization of Cyclopentad!ene*ﬂethyi Compounds

Winstain ahd'Bnttlsta78 suggested the‘occur(tnco of homoallylic
éoh]uqatlon between the electron deficlient C6 and the n orbitals ggg
pentame:hylcyclopantadlane methy! tosylate (S4). The formation of

59 as the lntermedlate in this solvolytic reaction was confirmed

when tctramethylhomofulvena (55) was isolated as the kinetlc product.

W
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-
5-(a-Chloroethyl) -pentamethy lcyclopentadiene (56} reacts with
anhydrous A12C16 in dry methyléne chloflde at -60?‘to produce 43 . -~

€

There are two possible stereolsomers, one with the C6 methyl group

endo with respect to the qyclopentenyl‘rlng, ﬁ}, and another with exo

CG methyl substituant,_ﬂz - Koptyug676 and Crlegee79 independently

_reported the observation of only one'Isomer, namely 43 .

36
—
(c) Photochemical Isomerization
, Childs and winstein65 wele thé first to investiaate the
photoi somerization of benzenonium cations In strong acids. 'lIrradiation

b

v
of the long wavelength absorption of benzenonium ions at low temperatures

resulted in the formation of the corresponding bicyclo[3.1.0]hexeny! cations.

1



57 8 59

The simplest representation of the structure and the electron
delocalization in 59 [and any other related blcyclo[3.1.0)hexenyl
cations] is shown in 2291. This structure conforms to the symmetfy

: ¥

rcquire& by its p.m.r. spectrum, The chemical shifts and coup\tng

constants of C6 hydrogens are also in agreement with the structure.63

H —H

-
-
-
-
LJ

59b | 53¢ 1 59¢ -
The same p.m.r. pectrﬁm could also result from the rapidly
cquilibratinglﬁnsymmetf]cal homopentadienyl cations of the type 59¢ .
However, cooling the solution of 53 - in quo3/sozc1F to -120° caused
. 63

no detectable freezing out of the spectrum of 53c ..

-~y

2. Synthesis of 6-Ethy14,2,3,&,5,6-Hexamethylbtcyclo[3.l.0}hexenyl'Catioq§;—a"
Photochemicai isomerization of a benzenonium jon at ]ow '

temperatures to a bicyclo[3.1.0}hexeny!l catlon would appear to be the

. \
|
|
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most convenient method of synthesis. Accordingly, this synthetic

procedure was attempted for the 6-ethylt,2,3,4,5 6-hexamethyl-
bncyclo[3 l 0]hexenyl cation. The ‘photochemical electrocycluc reaction
is antlcapated to produce‘both the exo and endo ethyl isomers,

the ratio depending upon the relative ease of ring closure.
f

ea) Synthesis of 6-EthY14,z.b.SJ;-pentamethyl;BJmethvlene
. . T ] ﬁ
cyclohexa-] Li-diene (61)

The, synthesis of 2,3,4,5,6 6-hexamethylcyclohexa-2~4-dienone
has been published.so Addition of ethyl lithlum proceeded readily
at ‘room temperature to give the unstable tertiary alcohbl.‘ Thisl upon

treatment with acid gave 62, Upon quendhing with ice followed by

neutralization the required triene 61 .was obtained.

HO_ . CpH,

, \(1
' " (1) cHgli =
2 H+
_25—> l , ——’
(i7) NH,Cl:
60 L |
— - v , 1,2 Methyl shift
N\
Cobe CH
ol 275
- H,0 ‘.
. — 3
+
‘ ~R
=]
L




(b) Protonation of 6-Ethyll,2 4.5 6-pentamethyl- 3-methylene

cyclohexa=1 4-diene (61)

Addition of a proton to theeioeyclic{pOUble bond at !oQ

; teﬁperi&ure with fluorosulfuric acid results in gﬁgafocmation of
: o ™.
|.ethy}4,2,3,h,5,6-hexamethylbenzenonlum ion (62). \

Y L
Loiks 1.528\Meqs(t) o = 7.5H Y .
(0'59 ( 7.5Hz %{346(:)-J = 7. 5Hz

1.826 g 2.7246
. 71.886 . ‘ N S 2.47¢
4.805 : 2.956

The structure ‘of the benzenonium ion is clearly established

A

from the change in p.m.r. spectrum when'-ﬁl is converted to 62 .

"

The spectrum now (equation 40) conslsts of four singlets at‘1.61, 2.47,
"

2.72, and 2.95, a quartet at 2.59 and a triplet at 0.34 5. The
-reiative intensities of the peaks correspond to 3,6,6,3,2 and 3

hydrogen atoms‘ respectively, when normalized to a total ef 23.

The most significant change is the disappearance of the peak at
- 4,808 corresponding to the exOCycllc methylene group and its replacement

by 2.956 peak of a methyl group.

(¢) |Irradfation of l-Ethy14,2,3,h,S,G;hexamethylbenzenonium lon (62)

In the.electronic spectrum.of 62, the maximum absorption
occurs at ca 398 nm. This is in agreement with the u.v.. data recently
published for polymethylated benzenonium ians.gl

62 Was irradiated with light of wavelength > 320 nm at .

-90°. Low temperaturés were used to prevent tﬁe reverse thermal



isomerization of the product cations. Thé products were identified 3¢
63 and éﬂ on the basis of thelr p.m.r. spectra. Excellent agreemént of
the p.m.r. chemical éhlfts of the methyl group bonded to the_cyclépcnteqyl
ring reinforced the proposed structure of both cations. Stereochemical
. assignments have been made for cations 63 and 64 under the assugption
that endo C, substituents.are.deshielded as qompared to exo Bubstit;ents
in the bicyclo[3.1.0] hexenyl cations. The cations 63 and 64 were .
‘formed in a 2.5/1 ratio; It was not posslblewto completely i;omerize
ég;}o 63 ¢ é&. The maximum conversion achieved was 95%. Presumably

the bicyclic cation can photoisomerize back to the benzenonium ion 62,

A6

TABLE (11

P.m.r. Data for 6-EthyWl,2,3,4,5,6-hexamethylbicyclo[3.1.0] hexenyl Cations

Cation ISSCHB ZGMCH3 _3CH3 6CH3 Others
63 1.74  2.59 2.11  1.56 0.81(r) -
- - : . J = 7.5 Hz
_ 1.56(q)
64 1.74  2.59 2.11  1.19  0.94(t) - @
- i " _ ' J = 7.5 Hz .
ST 1.97(q)
e



/. (d) Mechanism of Photochemical Ring Closure 2

The thermally induced ring closure of substituted peniﬁdienvL

catlons to the corresponding cyclopentenyl.cations Is a well-known

2. . :
rearrangement.B According to the Woodward and Hoffmann orbital

i

symmetry rules, the electrocyctic ring closure must occur in a

2 ) .
conrotatory manner, The occurrence of the symmetry allowed conrotatory

—

motion was confirmed by Sorenson 83 (Equation 42).

The ground state of the benzenonlum_ioh 93. s inert.to the
thermal ring closuré. The -C-M3Et- brldge whi&h joins‘the terminals
of the pentadlene catfén prevents tﬁf conrotézory motjon required for
ring closure to the bicyclo[Sfi.O]hexenyl'cation. Such a motion -

) will result fn the product whic? has a trans-cyclopropyl ring, which,
cvenﬂif_formed, w?ul@ likely open to give the starting matérial. ’

However,'in its fIrs£LExcited‘stgtc a disrotatory photo-
chemical ring closure of benzenonium catlons is allowed as is shown

in Figure 9.

h9



tiqure 9 ' The Disrotatgfy Ring Closure of .a Benzenonlum lon in it

Excited State.

-y
s , s

—

The Exo~Endo ‘Isomer Ratio-

In the photochemical rlné_closure of 62 to 63 and G4, the
disrotatory_motion p;rmits %i.to pove glthgr'Up ot dbwn.. fﬁ C] moves
up, plgclng the C2H5 groué endo, then th; CH3 Qroup on'_CI must pass
through the horlzpnt;l plane¢ between C2 and'Cé. The converse is true
is C] moves down. When the repulsion between the‘Cl substitueﬁfs
and the mathyl groups oq,C2 and C6 are significant, and when one of
the C1 substltuents has a greater steric requirement than the other,
the product wlth the larger group in the endo posltlon could be ex-
pected to predominate. Thls could explain why the endo hexamethyl-
bicyclo[3.1.0]hexenyl cation Is predomlnant Iq thg photolysis of gg.
Mgreover, the hexamethy1benzenonium‘fon has been sﬁown to be non-

’

planar and the C, methyl group Is already in a pseudo axial poifyion.

et

50



C]'movgs down

Fiqure 10 Tho Rclationsh!p betwccn thc Two Hodnr. ) 2 5
ot i)i'_.rn(.\lury Rlng Closure of a Benzenonium lon and _ 64

-1

“the Reosulting Bicyclic Catlons

Aho small prcferéncc for 63 over Eﬂ.(Z.S/l) probably reflects

the «Imilarity in Sl%ﬁ of the methyl and ethyl groups.aa It is
* )

interesting that similar stereoselective ring closures have been

lound in the photoisomorization of the cyclohexndlcnones.ss-ag. ‘

5. Thermal Rearrangemonts of 6-Ethyl-l,2,3J§J5L§-hcxamothxj bicyclo[3.1.0]-

hoxenyl Cations ' .

The 6-ethyl=1,2,3,4,5,6-hexamethylblcyclo{3.1.0lhexenyl cations,
lika their clectronlically and structﬁrally ralated %cpt&mefhy{'onaquuc,
'-pl;w thermal rearrangements. . Both 63- and 614 undergo a dt.:q(‘nrcralc
rv.;rrnnqcmcnt where the cyclopropyl fragrncnt mlgratcs around the five- ~
membéred ring as-well as an irreversible ring opening to benzcnonium

g_dlion. '? j.'. ) L -.l



Figure ti The Calcuigled and ;he'Experimental Temperature Dependent
P.m.r. Spectra of 6-Ethyl-},2,3,&.5,6-hexaméthylBicyclo[}.l.0}=

hexenyl Cations
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“(a) DegenereteiClrcumambuletory Rearrengehent . . :

A : while the p.m.rT. spectra of the photo products at -90° were
gdneistent wlth_the structures 63 and 64 , ‘at higher temperatureﬁ
an averaging of the metﬁyf,s}gnals of the cyclopentenyf rfngjyasmohuervcd

e T -
as shown in Fig., 11, At -80°, a signiflsant'brdadeqlng‘%?-the signels o
'nttributable tO'tbe ring methyls'sterted;to o;dur. At -?S°;,;he'
wignals corresponding to the 2, 3 and 4 methyl.grdu95'were transformed *

into a broad band while ;he 5ignai ?gr 1 and § methyl groups remained

fairly sharp. The spectrum recorded’at, -55° showed that the siqgnals

,“‘jor the five-ring methyl groups have coalesced into a broad singlet.

L
Y
4

S

4"

o

s
s

AL still higher temperatures, the resolution of the statistically
averaged signal increased and'at -20 it became a very sharp singlet.
The averaging process was reversible and the origunai spectrum

\ .
was recorded when the - sample was cooled to'-90°. The quartets and - -

the trlplets of the ethy] group and the singlets for the methyl

_qroupa atdC” of 53 “and 6&- remained sharp and non-averaged over -
the entire temperature range.- o - o
ln order to explaln the unsymmetrlcal collapse of slqngﬂs

_‘r

Lorresponding ta r;ng methyl gfeups. a careful observat:on must be

nade ‘as to how the methyl groups are permuted among. the three .

cnvuronments, A,:B and C, This is |Ilustrated Symbollically as
follows. T - S - :
J}' T . ) "_“ ! o . o 1

. . 2
- -

=~
”
»
.
.
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1L, migration

©O D> b
v
OWP>> W
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’

ft will be néted that ‘in one migrdtion all methyl- groups
but one chatigo environment. The consequence of this observation s

M5 tor I;h-mldraliop. the B and C rosonances shauld collapse more

ropidly vince ihc averaging daponds Inversely on the Tifctime of

sy , . . 30 - .

a4 nuclous in o givan environment, -
. A Saunders many sito nmr line shqgg-programg} can be used to
e . . " ¢, -

¢ wamulate the nmr line shapes of systems undgigolng rearrangement with

valious rate constants. Knowlng the line Jldths'of the p.m;FT’§1§ha|s

: ' A
when the averaging process has been frozen out, the equilibrium populations

\ a1 the various signals and the probabllities of m!gﬁatlons, the line shape-

[

ol the pom.r, spectra averaging with various rate constants were calculated.

pa—

Line shapes of p.m.r, spectra obtained exporimentally and those

[}
- -

uimdlﬁlcd by the combufcr were compared to obtaln the rate of the

S PR

-
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'3 [ .
rearrangeéement .

The rate constants for the deg:nerate 1,4 slamatropic ~hift

and the temperatures at which the miqration occurs are qiven in’

labile TV, Lo '--‘ . . . )
: , . -
' . " TABLE 1V . -
Rate Constants for the Degenerate. Rearrangement of 63 and gﬁ: RS
Rate Constant * _ Temperature : AF+
-.u:c-‘I " , °C . kcals/mole ©
]O . *90 ' 9-6 : . '
80 ' -75 9.7
- . » .
700 ©o-55 . 9.7
7000 =3 L 9.8
. . e

. . . . /
No differences in the rate consténts of migrations were detected
tor 63 and 64, ' - .

o P

“tervoselectivity of Cyclopropyl Migrition
X g ' T . : K IV .
As ip.the cyclopropyl migrations of the exo-hexamethylbenzenonium -

ion, the degenerate circumambulatory rearrangements dffgg_and 64 are

N

fhigqhly stercoselective. The resonances of the,substitgpnts on QE re-
mained sharp and showed no signs of averaging. 1t is clear that only
'ne ring methyl” groups weré'averaging."The ratio of endo to ecxo etfyl

ivomers remained constant at 2,5/1 throughdu% the averaging procES§.

. - | A
In an allowed 1,4 sigmatropic migration, the orientation of

(.

. the C ,ubstituent would remain unchanged after each migration. |f any
. : t b . X ;

Fl

s draction of, for example, the endo ethyl lso@er would undergo the
5, —_ |

degencrate rearrangement by a symmetry disallowed process, the exo

I3

7
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ethyl isomer would be formed. The reverse is true for the exo ethyl

f

B
hexamethylbicyclo[3.1.0lhexenyl catlon (64) .

- Hglyy

symmetry disa]lowed'

e
path "" )
63 - symmetry ® © o symmetry '
e allowed . a!lowed 64 4y °
. - . . — " ——— ——r
path _ path i

‘,syﬁhetry disallowed

.path ‘ .
.6—3 : . ' 6—4 .

Individual resonances for the Celmethyl signals were observed

during the five-fold degenerate rearrangement exhibited by cations

PR /:
63 and 64 . Any interconversion between 63 and 64 would result

-—

in the broadening anqagvbntual coalescence of thq_C6 methy! resonances.

A lower timit can/be placed for orhital Symmetry‘non-é!lowed inter-
conversion .of .these isomers by deteimiﬁingﬁthe extent ‘of line bfoadening

& during thq.ciqcumampu]atory rearrangement. . The half widfhs*éf the C6

methyl sign;lé of &4 were examined and no broadening was found

between ~75° and ~30°. o -

. - .

5 As a minlmum broadening of 0.5Hz Could be easily detected,

-“. 1 . r
using the slow exchange approximatlon,90

the lower {imit for ‘the - ﬂ?
interconversion of 63 and 64 can be calculated. The free energy

of activation for such an Interconversion must be > 14.9 kcal/mole.

L]

[
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allowed
k = 80 macl“17
~75°
3 | oFt = 9.8 keal/mole
— k < 1.4 x 10-‘l sec"_] . ..6_3_ y
-75° '
H C ot > 14.9 kcal/mole - "
Pa¥e

The difference between the allowed and the non-al lowed
rcérrangement'pf 63 and éﬁ_must‘then be equal to or greater than

i%.9 - 9.8 > 5.1 kcal/mole: In teyms of the rate constants at -805,}

the temperature at which the allowed 1,4 sigmatropic shift had a rate’

» -1 - : ' .
constant of 80 sec ', the rate constant for the non-allowed intercon-

b -

version wj]l be k < ltn*x 1077 sec . iIn short, it can bé calculated
that.the orbital symmetry allowed suprafacial 1,4 sigmatropic shift was

occurring at least 5.8 x’IQS times faster. than the non-allowed rearrangement.
: e
» :

Effects of €, Substituentsgpn the Circumambulatory Rearrangement

The difference in the‘barrier to the 1,4 sfgmatropic re-
- o . Pe ) . .
arrangement in heptamethylbicyclo[3.1.0]hexenyl ion (40) and 63
and 64 is 0.8 kcal/mole. This difference could be due gblth_
.o . —ee e

acilities of methyl andiethyl_groups to stabilize positive charge,.

.LJ:nc ethy] group being less effective than methyl. This is quite in



(

aqreement with tho results pu#llshod by Arnntg.gz SorcnéongB‘and
ﬂldhgh where these futhors showed that a methyl group can stabiilze
positive charge bc;ter than ;n ethyl group. |
| it was also observed thutnﬁqth 63 " and 6h displayed thé-;
«ame rate uf line broadening dur[n§ the degenerate rcarrangement.
There was no difference In fﬁe r;te of the degenerate rearrangement
Jepending on ghc orl9ntgflon of tﬁo efhy; and methy! groupslétrcs.}
lt;will be recalled {(page 38) that the }ates of degencrate

rearrangement diigfayed by cotions 23 and 43 are different

J , C s
although the CG substituents are the same, viz. H and CH3. Lt was sug-

gested that the differency results from a steric factor anq is not

ulrct}onic in origin. In the tranﬁltion state of £he cvflo ropyl_
sigration, 96 bcaring the formally vacant p-orﬁital movcf over
towards c“and Ch s0 that an effective oyerlqp between the‘p orbital
SHEN and the occupied nlorbitals of the diene can occur., The

§wd5 hvdrogen isomer 42 can move closer to the diene than the endo

~ethv] iyomer 43 for steric reasons.
—

58 L 3
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© The resultsﬁfrom the clrcumambulatorl rearrangement of 63
and G4 confirm the above suggestion, /The steric requirements \of the
cthyl and mathyl groups are comparableah and therefore the e

‘ / : .
deticient C6 in the transition state will have a .5l

/sCctron

milar~position
in 63 and 64, No unexpectéd electronic factors seem to be operating

in these systems.,

(b) Thermal Rlng Opening of Bicyclo[3.1.0] hexenyl Cations

_ When the FSO3H solution of the cations 63 and 64 was warmed
to 18", the intensity of the averaged singlet at 2.104 started to
decrease and Lhé signals attributable to the benzenon|um fon 62
~tarted to appear. }he’first order -rate constant for the disappear-
“mee of the avcréged signal (and hence the ring opqql?g of blcyctich
Cations) was l.h3.£ 10-% Ec;;l. At 18°, the enefgy barvier for

the € -C. bond fission was 20.8 kcal/mole.
I ' -

"k o= )43 x 10-3“scc-]-
TR
hF+ =.20.8 kcal/mole

T

6364

1

The ﬂpchanism of this rearrangemént can best be regarded
-+'§:;_J M ' n ) ‘
a. invol¥ing a concerted disrotatory motlon which is forbldden
v . ‘
' 35

thcrmally\ﬁ orbital symmetry considerations.



In view of the extent of interest recnn;ly-shonn In orbital
‘5ymmetry forblddan_reactionszs'26 it i%.{rportant to note that
activation energles asspclatnd with the rearrangements in 'cations
are much lower than.the”cnrresponding neutral compounds. It Is known
that cations have longer wavelength electronic absorptions than

96

their neutral cpunterpafts. Thus, for a charged system, there is
a much lower lying exclted state and conflguration interaction be-
tween the HOHO and ‘LUMO wlll facilitate the symmetry forbldden

disrotatory ring opening

The rates of isomerlzation_of bicyclo{3.1.0] hexeny] -cations

bearing di fferent substtuents_on C6 are glven In the followlng table,

60

TABLE V Activatlon Barriers for the lrreverslble Ring Opening of _#,///

~.Bleyeclo[3.1. Olhexenyl lons

- Cation | Exo . . " Endo  # " AF+ kcai/mole
SRR e ey s
43, H CH, 1701
42 CHy H 21
59 H , H 17.4 |
63 .CH3 o CZHS 20.8
64 C2H5 ) 9H3 : 20.8 -

The energles. of activation required for the ring opening in
the catinns are quite comparable as Iong‘as the substituent in the
éﬁg position on 66 rnﬁains'the same. Hhen.the hydrOQen_ntom'at C6

_wa; replaced—by a h&fhyl group, the_aqtivation énergy is incréased
by ~ 2 kcals: The most plausible explanation far this onservatlnn

is that the principal effect is steric in origin.  The difference



//I
e
in acfivation_EQergips éf the ring opening between 43 and 42
can be attrihg&:: to.the fact that only th; hydrogen atom Ha;-:o
Qa;s ﬁhrough‘the plahe of’(_:lc5 methbe;roLps on‘the.cyclop;ntehyL -
ring'in f} , whereas'in ﬂg_the mathyl,éroyp has téfpa;s through
the same sterically congested plane. \Tﬁ -
| Rece;tly, it has, been suggested97 thaéfthe ring opening of
these bncyclac cations Involves\:he breakage of the C5 C6 bond to
qenerate the cyclopentadlenyl methyl catlon 65 whlch Subsequently
undergoes a fac1le 1,2 shift to give the benzenqnium jons. This is
cxempl}Fied for the heptamethylbfcyclo[B.l.Olhexgnyl cation (40).
48

40 o TBs . 34

However, éhiﬁ mechanfsm can be rejécteﬂkon tﬁe grounds that
the aﬂkyl substntuenté on c6 would be expected to increase the stability
of the cyclopentadienyl-methyl cation 65 leading'td an increase in.
. the rate ofrfsomerlzathn. The experimental observations contraduct
this proposed mechaA|sm - : o - -
| perhaps one of the logical approaches to confirm this concertcd
yet symmetry forbidden rearrangement to the benzenonuum.nonslls to

/
study the rates of thermal cyclopropyl ring Opqnlng in blcyclo[B 1. 0]-

- hexenyl catiéns whereAthe C1 and/or CS methyl substituents T

)

61
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.- [
have been replaced by hydrogen atoms. Steric congestion will be

lesy as compared to ﬁg and if the symmetry forbldden”alsrotatary
motlon takes place, its ease should be reflected in the raté of the
thermal ring opening. It is for:this reason that the synthesis of the

' / ' .
l,2,3,h,6,§ hexamethyl bicyclo{3.1.0]hexenyl cation was undertaken.

~h,__Synthesis of I,2,3,#,6,6—Hexamethylbiqyélo[3.I.Olhexenyl Cation

{a) Synthesis of 1,2'4 6,6 Pengamothyl-3-methf!ena cyclohexa-1,4-
diene (67) |
The reduction of hexamethyli:yclohdxa-Z,"--dlenone80 (60) by '
a su!téble réduclng reagent would result in a secondary alcohol EE

which could eliminate water to give the tr]ene‘“gl .

H. 0OH |

Pyridine

trace HC]

66

L

. . Sodium borohydride is a frequently used reagent for the

P reduction of af unsaturated ketones. However, In this case it did
not give satisfactory resuits. Lithium -aluminum h;drid;.ngQed to
hu.a better gnd a more efficient reducfng reagent. The double bonds
were not é?fgcted and the reaétion was very clean.
The resulting Secoﬁdary alcéhol ,ﬁé was treated with pyridine
containing a tPacg of hydrochloric acid to gi;e 1,2 4 §w6-pentahethyl--

3~methylenec§clohexa'-l.h-diene88 (67).



—~—

{(h) Protonatlon of-l.21“.G.G-Pentﬁmethyl-J-methylenecyclohnxn-I,h~ ,

diene
e e ol L

Proton addition to the exocycltc double bond of 67 can he

achleved by the dissolutlon of &7 In HFS0y at -78°

l.(:)nﬁl ! - N !

." .
bR T
L_.'__-T—-—'J—"" _7ﬂu .
. - —> 60
- 1. Bha

'i.aq..z.'sa.\_

68

The p.m.r. spectrum of protonated 67 Is consistent with

nd . The vinyl proton resonance appeared at 8,138 ppm.  There were

only ~ix mathyl resonances and thewe. appeared at the position~ ﬂ!ﬂﬂtlrh

for wuch a wtructure. Protonation of * 67 was very clean and no

- =

athar cations were detect®d In fts p.m.r. spectrum.

When the solution of 68 was warmed to -70°, a.change in

the poLr, spectrum was notaed. Tho signals for the mathyl group«
. L. . -
. \

voaleaced and gppeared as a broad singlet at--60, "Upon caoling to

/. the pom.r, spoctrum recorded was conslstant with that of

4 5

hexamethy | benzenonlium lod (48), This trreversible thermal isomoriza-

{ion werves as a pro6T for the structurs of 68 . A thermal 1,72

n 6B should generate . the more stable grxnmothyl-
benzenonium fon (48) which would undergo a facile 1,2 hydride

-~

. ' - 98
~hitt at temperaturas higher than -70 .?
. . . . .

= o .t .
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te) ULV, lrradiation of 1,1,2,3 4 5-Hoxamethylbenzenonium lon (68)
v v ; . \

It was expectod that the {rradiation of 08 would result in the

- tormation of the 1,2,3,4,6 ,6-hexamethylbicyclo 3.1.0 hoxenyl cation (6

£}

68 S

The HES0 ~olution of 68 ~was irradiated for 2 hours at

3

H M - | .
. " h ‘ }i 2!

[ —

*

D he
-~

64

ML, The p.m.r, spoctrum was ldentical with that of cndo hexamethyl -

rfu;}lnlB.l.O]hcxcnyl cation (43), and hexamothylhnnzdnﬁnlum cation (h8)
ad Aot t@at ol tha expectod catlon 92. ,Faflhrn of ﬁﬁ'to Isomcr{zc

to 61 i« possibly due to a fgclle 1,2 methy) shift prior to phot@l'
|unnwri:;lion; The intermodiate cation jﬁi would then undergo o

shotochemical ring closure to 43 .

<
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,4 CH
i:?rﬁz*

68

Alternatively, 63 may not be stable under the condltions

whcrélég was irradiated. In the l!gﬁ? of resulis'reported by Breslow
99

et al.,”” the difference between the polarlt!es of the C] methyl

and C5 hydrogen might contrlbute towards the faclle breaking of the
.C]~C5 bond in 63. The l,2,3,5-tetramethylbicyclo[3.l.O]hexenyl
cation is another example where a similar effect could have con-

tributed towards the rate of {ing opening to the correspondiﬁg ben-

:cnpnium ion. o
. o

~— . . ‘
. Preparation of Systems with an Oxygen Substituent at C.

- As an oiygen-atom is very effective at stabilizing a positive

charge;IOI it was decided to attempt the préparétion of the bicyclo[B.i.O]-

nexenyl cations with a suitable oxygen group on Cg-

L

(a) Syntﬁesis of S-Acyl-l.2,3,4,S-PentamethgjcYcloPentadiencs

-]

L ﬁ

—w

) S-Acctyl-l,z,3,h,Sfpentamethy1cYclopentadlene 7Qa has been pre-
nared pro:viouslyl02 by the oxldation and subsequent rearrangement of

hexameihylPéwerbehzene © The preparation of ethyl-1,2, 3. ;5-penta- ’
ST §
10

rmethylcyclopentadiene-5-carboxytate (72} was reported bY de thes ,1

in this work, a general method for the preparatian of 5- acy4“1 2,3,4,5-

4

D‘ « f-



- TABLE Wi P.mQr. Da_trgmfor 5-Acyl1-1 ,ZJ,Q.:S-pen;athf\:ylcﬁ:lopentadl_enes

Comfound: Cyclopentadiene Ring Methyls Other’
. l,"‘ . 2'3 . 5 ]
J0a .60 7 1,80 7 1.00 1.50 )
70b - 1.63 1.80.  1.02 . 0.78(t), 1.79(q)
— s L . J= 7.5 Hz
70¢ ' 1.64 .82 1.1s5 6.63-7.74, 3.76
70d 1.63 1:81 1.14 6.62-7.56, 37;98(q)
1.23(t), J = 7.5 Hz
Oc 1.65 1.82 1.18 6.95-7.51, 2.28
70§ .65 182 1.8 7.16-7.52, 1.25
704 1.66,  1.82 1.20 14-7.60
10 e M
70h 1.63 . 1.79 17 7.12-7.47
00 1.66 1,79  1.20  7.49-7.51 -
- ’ o ‘ o
S a
[
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plntamcthylCYC‘OpﬂﬂtldiﬂﬂBS was developep Pcntamethylcyc10pentad:enc

(7]) reacts readily wlth stnong bases such as nBuLi to give llthlum
) pcntamcthylcyclopantadIenide.IOA This organometalllc compound was'

.allownd to rnact wlth acyl chloridbs to produce the correspondlnq

acyl-l 2 3 4 15" pentamﬂthylcyclopantadienes (70) in good ylelds . a
’ o * - ,.pv""“-t- . ". ’ re ° '.‘ .
l,“ L]
" .Rcoct . - o
o — o
T ER0T
R
nBuH -
fg .

a, R - CH3' b, R " C H5' c, R= pCH3 éHk;”ﬂ' R m chHSOCG AT ,5'

R-pQF3C6H-l.. A Lo

" Cgllss et ER

~{b) Protonation of 5-Acetylal,2;3,h,
Iy N A = ~

: 5*Acetyl-l.2,3.h.S;pentametﬂyléypldpe
protonated by extractlon«{?qm methylene chloride 5 lution Into :

?Iuorosulfurlc acid at -78° _ The low tempeﬁature p m.r. of the protonated

- Ketone 73 s showp !n Fig,,l? ‘.The complexitg of p.m. r. resonances .

, X s
1:nd|cated that some reactlon(s) In addition to’ oxygen protonatlon

' had occdrred Quancbing the solutlon qt -78° with diethyl ether/NaH003

"-‘ollowed by water resu1ted in a SBZ recovery of organlc material

C V.p.co analysls shcwed tha¢ the product was > 95% pure 703.4 Clearlv 'f &

\
no. rearrangemont can haye taken place upon the protonation of 70& at -i&.
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';? ‘Ihoiflrst“etep in the analysis of the, p.m.r. Spectra of 73 |
was the identlficatldﬁ‘bf the CG methyl slcnal. This wa; done by the .
ohservation of the p m.r. spectrunrof related ketones, particularly

o mtthoxybenzoyl -1,2 3 4,5- pentamethylcyclopentadIene (70c) in HFSO3,
qu. 12b. -1t was found that the slgnal at 2 97 6 was absent in
Fig. 125, in addltlon! 3 signal at.h,IS § ppm. attrlbutable to the. | -
para methoxf group was presaht% It 1s clear that the clnglet at
2.97 & must helong to theacs methyl in protonated 70a. .

) The posituon of the chemlcal shlft of the\06 methyl is quute‘

"consnstent Wlth a structure where protonatlon has occurred on the
oxygen atom of 292: The structurally slmllar pinacolone (75) I's a j:u

qOOd model for the chemlcal shlft of 66 methyl ln 703(/>Upon protonation.‘

the rcsonance for the uCH3 of pinacolone appeared at 2 90 é.

o - o R S
L5 w2t \3 -
. H-—-— c--cu —> CH—~—C—C—CH, . - . .55
Tl 2,690 ) l*l36 © 2.906 .‘3 ¥.396 e U CRTIETE
- ' . . . # - =
Tt - .xv : 14

’ &
' Model systems for the atomatlc ketones were also chosen and

arotonated. The chemlcal shlfts of these model ketones in. HFSOB.

‘*"QiVeo in the‘fQ]lOWlng table. - This chemlcal shiftedata strongly s4p-

. -
5

ports thé suggestion that protonptloo on the oxygen atom- of 703 and’

iLs related ketones hds occurred.

. - . .0

- . . - a :
. . . . . .

LA ’ ' . . .
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P.m.r, Data for Protonated 5-Benzoyl=1,2,3,4,5-p
_ and thelr modal comnogpdf

.\‘“\UJTABLE Vil

/.' ) L . _ﬂ\ '- s .
amethy | cyclopentadiene .

72

Chemical Shifts

~  Ketone /,//, | ' .
/\ " - Aromatic " OCHY

F
2.1

. Further an -0H reﬁonance signel for. the protoneted 70c was

r 3
" * Acetophenone | o 7.23-7.80 o
_ Acetophenone protonated ' 7.7 -8, 6h ;Q_
s I '
. $-benzoyl-Y,2,3, y 5= pentemethyi R B | T 7 60
1 cyclopen adlene{lJl _ , ( )
: 70g progohated - N 7&79-8.17
p- methoxy-ecetophenone . , : 6.79-7.91 . 3.83{¢
, _ p-methoxy- acetophenone protoneted 7.]3 87 .
- ';S-p-methoxy.benzoylel,2,3,h,5-pentq-‘. _ , ¢ -
methylcyciopentadiene 70c c 6.637717“ » . 3,76
~ I9¢ profonlted z . S .7.2747,3h ka9

' observed at 12 70 ppm. Simliarly !ts p-ethoxy enelogue|1__ in HFSO3 )/

'displayed an -0H' resonance at 12 686 The Identlflcetlon of tnese OH,/

rcsonanﬁgs was mede by obsenv!ng avereglng between the solvent sIgnal

"~

/

: ,lnd the -OH resonance upon warming, Flg 13.7

.?' ' The -OH slgnal was not observed for the protoneted 70e.. The .

™

obgen atlon of the* -OH s!gnellos ‘08 linpo’ilbte on[y when' the evereglng

——

'eaused by pqptonet}on and deprotoneslon la sufflclentiy slow. The less -

"has|c the ketone, the more drestlc the condlt!ons must be.to be able _
109” oo S s Y o »‘ o

”lo observe the -0H slgnal

rl

. - The spectrum nf the rest - o; the molecule is consistenr wlth

the protaneted 70e end was verv slmiler to that of protoneted penta-

< ]

thylcyclopentedlene ‘76)110 ll‘ (Ieble VI!I) where WO lsomers are ’

aiways observed.

It wouh

e

*
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TABLE VITI- - Chemical‘ShIFts'of Pentamothylcyclopentadiene and its

[} «

3
DR Chqmlcal.ShlftQEf

Related Compdhnga’ln HFSO

Ny .
-

uailnnl'l 1y 2CHy 3cn'3 hcﬂl . se

g6 2.89 2.22 - 2.89° ",1.50d 1.50d- 3.56m
6y e 2.89 2.22 2.89. 1.43d . 143 d 3.56 m

| 73a EQ(A33.0 2,29 Za 2.94 ° 1.63d .77 4 3.79

3 : _lllH" - _Ot“'\erfsl

1.46 d V.87 d

s 3.6 2.27 293 1.59d 175 - 374 - 2.98q
' - C16d . 1.85.n ¢ 1,32

13q 3,09 % 2.4 - 2.89. 1.574  2.07 c Tway L 7.19-807°
: ‘ © 1,764 - 1.92 R A
Sy 302 2o 288 . 1.68d 1837 w0 by
B R ‘17'- o Lb5d - 1,98 o . 7.27-7.84 -
.. : . . . by ‘ ' . . o
cp ¥a3 22 234 - L7 SRR P R L
' . 1,k 2003 o T 7.27-7.8h

r.

_ g ‘Alliéﬁémtcal Ehfffsﬂmeasgred from Intorqgl-CHéCli‘resohancerslgﬁgl‘-
o 'Laki;": at 5.30 6. '

.. L]

" °d = oublét; t = triplét! q = quartet; all-coupling constants = 7.0 Hz.
.-(“o.' \'.. . . . l ‘ . . - '\"‘ ‘ . < ' -‘
o -- -
‘ \ .. il .
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“upon the five-membered ring Of-the,kptohes glving rise to the sﬁructure-
of the type shown, - ‘ . - - -) .
i} /:-' .

a, Ro= CH_:'b ; R- .
v, ¢ 3 . R.- 2 S C pCH30C6 h' q. R .vE6H

From the p. m.r. spectra of protoneted ketones 73-; it would |
wppear that two‘lsomers'ere belng forped ‘when ketones are.protonated.

The ch methyl groups appeared as a palr. of doublets (J = » 7.0 Hz) and the

. :‘hydrogens bonded "to C6 appeared ‘as broad slgnefs. Doub]e Irradletlon-

~at the posit!on of the Ch hydrogen caUsed the Ch doubiets t? collapse

Tntn s:nglets

i Replacempﬁikof the Ch hydrogen with a deutorlum atom. by the
: : R
_use of deuterated fluorosulfurlc acid ceused the Ch methyl nEg:?anccs

in both isomers to appear as singlets.. Apert from the Ch methyl and
the ketone In DFSO3 was’

&

" the 1655 of CA-H ngpel the p.m. r.-spectrum 05

dant:ca1 with thet of the correspondlng protoneted ketane.

-

Except for. the-resonence s]gnels of the R group at Cg, the lame

--_

 pattern oF p.m: r. spectre was . observed for ell the ketonest!n HFSr)3

R = CH
L 3 &
spectra of 73c both the OH slgnel .and the ring proton could be

observed at fhg gamg tlmg In the seme spectrum. Thls means that ‘the

b : i _ o :
. - o . N L Coe .

i’

h

He 66H3 and.pCH cﬁﬁb -], 1t mus t be stressed thet in_the N
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psotonntuon of 70c results in the formation oF a d!catlon
As an alternatlve :o p m.r. ‘spactroscopy In seeTch for thé (\\u.
cvidcnce‘forjcarponyl as well as dlenyl protonation the uv spectra
) i _ _

of these systems was examined. Electronic absorption spectrum of

Ay

protonated ketonhes, parf[cularly éromatlc'ketoces, are Qell-eﬁtogrféhod.llb

The oxistence of the orotonated ketonic function as well as the dienylic
. o ‘ . . e . s -
‘k'rations in acidic solutions of 5-acyl-1,2,3,4,5-pentamethylcyclopanta-

4
. . g ! . ‘ .
dienes was established by low temperature uv sgectroscopy.

-~

: ‘ ‘ : : g v .f'\
(¢) U.V. Spectrum of 5-p-Methoxybenzoyl-1,2,3,4,5-pentamethylcyclopantadienc

5-p-Methoxybenzoy1-1,2,3,4,5-pentamethy lcyclopenfadiene {70c)
: : o N . o
was dissolved in HF503\at -78° and tts .uv spectrum was taken at’-50"C.

rHrccfintensc absorptlon bands were rccorded at 223‘hm'(1og € h.Bﬁ),

J;

300 nm (IOg C b, .70) "and 375 nm (Iog g h 72}, In confrast in the un-

O

p:u:unatcd ketone onfy one strong band was observed at A A -'268 nm and

4 ’

R wcuk n-n'-'r band at 320 nm, The bands with the'mexima at 223 nm 5nd‘3f5 nm

P

“Lal bc attrlbuﬂed to the aromatlc ring conjugated to the protonated carbonyli
v aroup. This concluslon was reached by the comparison of the uv spcctrum

?
ol p me thoxy acctophenone In H soh The Iatter Spectrum contains, . two

_M}{onq bands. at Moa 225 nm (log e b, 00) and A max 336 Am ([og'u }J?D.

. Thc absorption maximum at x , 300 nm muét‘then arisec from-thc'
/

l]LLlroan transitton from: cyclopentenyl part of the protonatcd species,

-A large number of cyclopen{enyl cyclohexenyl and other acycL}c allyluc o -'\;
? The 5tructure5 and -

-

"
cations have becn extensively studled by Deno.

-

-Ulnpertlts have been lnvest!gated ohoroughly by means of p.m.r., ultra=

' - ' 1o, 1y
v:glet -chtFOSCOpy and recovery experiments by vaolous authors. .

s
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A model system chosen for the.alléllc cation resulting from

the protoneflon of ketone 10.1s the hexemethylcyclopehtenyl catjon (77)-. 36

This shows a strong absorptlon at 301 nm which Is directly comparahle'

to that observed In 73c. Thus, both thg p,m r. and uv spectra of the

'ursn3 nlutlons of the 5-ecylpentamethyfcyclopentadlenes are complet”1y

wpectrum fdentical wit

“The temperature at wh1ch the reerrengement occurred with a ratc constant -

of ca. | x 10 "3 sec -1 ‘was dependent upoh the nature of R (Table X).”

(nnqustcnt wlth the formetlon of the dlcetlons of “the structure 73 R

—

-

(d) Therma] Rearrengggknt of Dlprotoneted 5 A_xj ! 2 3,4 5

Pentamethylcyolopentadlenes . \
'S . S
The dlprotonatod S-acyl-pen:emethylcyclopen;edlenes werle

Tound Lo bc‘thermally unsteole; At temperatures eboée 0°, an Ar- -

reversible rbarrengeme!.h:ook plece to glve a product with p.m.r,

hat of protoneted pentemethylcyclopenta-

dicnc.llp'll!- Quenching the solutlon'ln ether/HCOB,lﬂio resulted In

.

lhc wdarly.quantitatlve“feconery of pentemethylcyclopentedlene (71).

‘ -

P

com

A po;stblc mechanism for thls reactlon s shown

.o . TABLE IX * o

Tchberaturcs for ‘the fneﬁmar‘Fragmenfetion of theiDicél]dns.‘. -
s Cation  Tempi °C
73b g 15" .
'\~ - . 73C . - v : 60 - - o -




.
L

p

. 1150 [-SbF "9 and HF- BF3

lf'ﬂbki.

- . .
T

" The clca&dge of protqni{ed céfbonyl functional groups into an

po ! e .
acyliym jon has heeﬂ'raported for dbjds_gnd'estorS'ln'o1euh, .
; L L
5 Zp acid systems
“ Y dn the course of the thermal rearrongemﬁnts of dlﬁrotonntad

|uvl pent.methylcyc]op‘ﬂtad‘oﬂﬂs. the prese of the correspondinq
",

';\; lﬁ

x

:uvllum uon was not datectad at any stage.. A cis/trans Tsongr ratic

This |; in accord with the values reported by Broune? - who rcport

Q
‘hat thc proforentlal cls protonctlon of 71 ‘toak plaan

o

‘cnrotonanlqn and raprotonatlon. As such

5/1 was obsarvud for the protonated pan\rmethyIcyclopuntaduenc

the acldltles of thc soivent-

77

5- -

.,

N
ed ’

A posslble mochanlsm for thL; fragmentatioﬂ reac!’kup Invoivcs

~
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~hould affoct its rate by sltering the emount of the monoprotonated specfes
. e > ' ‘ - -
]B lt was observed that when R = CHJ. :* of the cleevege reactlion ' 3R

dLLrCJSCd significantly .as the solvent was chenged from HFSO (30 mlns)

o 972 stoh (IS mins) and to 80% HZSOQ\(S mln) et 25°. In ell_cases _}_

. ndar quantltatlve recovery -of 7l was echleved '

- e

;'_ hhnne result of thls rearrangement Is a convenlent synthesis of
- héntame;hvlcyc[opentedleng-(71). The |ynthet|c route currently belng

.,; used A whic was Feported by He Vries; 03 anolVes a six step prpcedure B

that s lomiﬁufitedlous lt elso lnoo|ves an oxldetlon with nctlvc A - j!
' * ) 2
. Y
mnnqaneqc di\ki_ 12} whlph renders a lerge scale preparetlon dlfflcult / A

\‘H\h ;mmthyldcwerbenzenc (79) wh?ch is evellable commencielty can be T ;
T 0 . ]
.nx[dlzcd |n acldlc solutlon to glve S-ecetnl pentamethylcyclopentadieﬁe ‘l -

o
-

;On) Protonation andisubsequent reerfengement of thls ketone results .

in the formation of 71 .

!
L3

[}

R tn con :
pER -t T
”"zma' . B B

v

qt is cvidcnt that the- reectlon’of 70 with Bronsted Aclds was o

a pbor choice as’ ;~§§nthetic method to generate bIcycIo[S 1. O]hexenyl &ations-

'\l[h Ce oxygcn substituents . An ideal acld would be bonded to the carbonyl

siroup Wi thout undergolng electrophliic atteck on the double bonds

~

Lowi v acnds satisfy;this reqdlrement and the posslblllty of lntroducsng an

ne complexes was

oxyqen substutyent on C¢ by the formetlon of Lewls acld- keto
,.- ' - L - . + . . £ . . o ,
-fr“ﬁﬁér-jnvestlgatedv S 3" - IR, : e
X R . " e . T L : ..,- . . : o ' .
-\ "L | ﬂ(__’_k _— ] L O;" L ; - At CL

N ] Ty o . [ _
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B undcrgonng ‘any decompoeltlon. ‘ S s ;

\;"l :

C W mgdc by adding a. solutlon of 70a |n methylene chlorlde to an

a x ju -
l'. ?9

"ART " 6. FORHATlON OF ALUHlNUN CHLORlDE 5~ ACETYL*I Y } 4,5~ PENTA-

' HETHYLCYCLOPENTADIENE CONPLEXEg
-Acetyl -1,2,3,4,5- pentamnthylcyclopentedlene (709) reects_
~
wllh anhydrous AIZCI6 Tn dry methylene <:hlor|de‘22 to glve a complox
fra ;
U vvldonced from the p.m.r. cpectre ehown ‘In Flg. 1, The complex o

qu|valcnt emount of Al 016 in Cl-lzcl2 kept(:t -7B° Stlrrlng the . -

nlutlon at -78° resulted ln a repld formetlon of the complex The‘.'; -

e

udditinn of Al C16 ln,methylene chlorlde to °the ketone 30, fon (1.e. »

b reversé addltlon) loed o the same complex.
~ g
Tho low temperature p m.r. epectre of the Complex ay slgnlflcedtly

different from~that'ofr700. A four llne P m r. spectrum'wa etlll ‘c

IOLOTde for the complex. However one of the yeeonenCe s gnels. wlth

relative aren 1, moved downfle d compered to the elgnels w‘th relative:

l.ntcn'lty 2 The conip lax .was eteble at room tempereture,

“_Q‘ ‘
a’ k o
Quonchlng the CH Cl2 solutlon of the comolex in lce/ lter

-

‘ .
: mtxturo end the’ subsequent extrectlon with ether reculted in a complete

‘ IKLOVOFY of 70;. No other slde productc were detected when the eemple

W, analysed on vpc. lt wes thqn concluded thet no reerrengement in
‘..-I = . ‘ s J
the carbon skgleton occurred due to the formetlon ‘of the tomplex from 70a

o

lt .; known thet Lewls eclds sudﬁ as Al Cla Cen form two  ® " L

123, th 125 126, 127

tvpc- of complox, o and & complexee.v ) ln the#cese of .

IOa both types of complexes;could be formed._ Al Cl6 oould elther ~
o~ \""1
:cact with' a, freé electron palr from the oxygen etéﬁ to glve a Structure

.uch as BOa or form a cheégeytrensfer tvpe n complex W|th the dleﬂe 81. '2:

1



% 0
Do S :
) 80a ) ;‘ 813.
‘ . ~
Seueral techniqueslz,s'129 have been used In the inves igéthn ‘
of the nature of ketone Lewls acid adducts. One of the best methods N

to dlfferentlate between the two structune is infrared spectroscop\rwo-"32

The ir spectrum of the ketoné 710a showed thet there is a band attribut-
1 -
able to the C~0 stretchlng frequency at 1695 cm I. Upon complexetlon, -

;Jtne-band at ‘1695 t:m"l dlsappeered and a new band was observed at

-1

1570 cm . No change In the stretchlng frequencies of the C=C bonds

‘-‘ ,\
in the, diene were observed "Clearly Al C16 was - complexed to the
carbonyl oxygen and the structure can be considered as best represented

at 80a.

Y os ‘
].Glllﬁ \}
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Figure 1h - 'P.m,r.._spectriln of . (a) -A'ICI3 complexed and (b) uncomplexed

5-'Acetyl-l,2,3‘,h',15-pentalnthquclbp.emﬂinc. -
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TABLE X~ P.m.r. Data.for AlCi3;coﬁaT£xed-5:A§?l-l;i;3;h}51

éntaméth 1 Elo';ntddlehes
o P yleyclop

N N 4 ) .

' ,\\Cyclopentadlene Ring Methyls _ .

compownd  Temp. . 1,h- 2,3 5 A - other -
I.- . .

oc' . B . a ' 6

-

80 . -80 167 N8l 1.2 1.66 2.10. -

g0b - -90 1967 ‘1.81 1.16 - 1.69  1.00(t), 2.28(q) -

- ' S : ' ° ' J = 7.5 Hz

g3 o UV 7. 1.28 — . 1.33(1),~b.h5(q)

e o B AL
.’\ .' ‘ b, |

" 2 position of averaged methyl resonances at hlgher‘temperature
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e In order to ldentlfy the resonances In the p.m.r. spectra of

803‘ 5 proplonyl -1,2,3,4 5 pentamethylcyclopentadlene (70b) was complexed'

wlth Al Clg In CHZCI2 at -78° The low temperature p.m.r. Spectrum

] of AlClB-complexed ethyl ketone (80b) Table x showed_ ;gﬁt-the qua}tet
85

i
‘and thexmethyl triplet of the ¢ H5 group appeared 9: 2. and }.D05,

'tespectnve]y " By the comparison of the p.m.r. spectra of 803 and 80b

it was concluded hat the resonance sngnal at\i)lOé |n the p.m.r.

. -\
spectrum of 80a must belong to the C6 methyl g pup, ‘and the-” snnglet

-

ar*

-

v 1128 cg{:esponds to the C5 methyl, C Lo 4

r‘. ’ . o ,)"7

The chemical shlfts of'the methyl resonances of AICH th--"
plexed 5-acetyl<1,2,3,4 5 pentamethylcyc10pentad|ene are consistent
.‘w1th the structure 80a,. where Al Cl6 ls compleXed to the catb yl
© group. A large fraction of the positlve charge resndes on C6, ‘which
.|s reflected in the themical shlft of the C6 \ethyl group An estimate

of the magnitude of thls deshleldlng when -a complex has been formed

between Al Cl6 and a carbony! oxygen can be obtalned From the p.m.r.

parameters of the sterically sumnlar‘plnacolone (74) and :ts AICI

3
. . \fo 1 b
complex (82). ' : L o |
) . . : .QAIC1 CH o
. g . C\H3 | Jl’llCl3 . | %‘ +3 Vs -
CH c ¢ -CH = > tH €= o CH 59
3 .- /7 - 3 - 3 CIH + 3 : pr

‘ ) | CH3- : .' CHZCLZ. oty |

2.095 | 1136 2,675 SRR ¥ 5 1

A8 oCHy = 0.58 ppm . ; ‘

A8 at:H3 = 0,14 pem
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It wall be noted that the extent of the'deshieldlng suffered k{* :

N

by the., C6 methyl of Bbe I's’ the same. as - thet of the uCH3 in plnacolone.

Also the downfueld shlft of CS methyl resonance Is comperable to ,

in 823 ' , !

that. of the BCHB ' - " U

r- -

The sinalets at l 67 and {815 ppm “correspond to-the methyl

qrdups on the sp, hybrldlzed carbon atoms, of the CYC1OPEWtad'ene rlnq.

2
‘The assngnment of the rlng mefhyls on the uncomplexed ketone 70a has
heen made 1102 . The slgnal at 1 676 was assigned to its Cl and C,
methyl groups and that at 1, BIG to the methyl grOUps on Cz and 63

“Furthér e~|dence of this hsslgnment has recently been‘pubilshed ]33

.P F f‘ . .
7. Degenérate Rearrengement ‘of -the Af_z -cbmplened-54AE§l:l}2,3;4,5-

\. \ _—
pentamethylcyclopentadlenes - . ‘
- The p.m.r. spe of 80a at -B0° was consis;enf'with the -
structure shown in eqUation 58.> LT

As the temperature of the sample was raiséd tHe. signals for ;‘

the: methyl groups '‘on the five membered rlng broadened, eoa}esced ‘at -

-40° . "and above thatj;emperature appeared as a’ singlet at'1. 6648," . v

' Fig. 15. Upon-cooling the sample again to -80°, the origrual three-

line spectrum for .the ring methyls was recorded. During~the averaging
] s :
process, the. resonance signal attributable ta the 66 methyl group

remanned sharp-and except for a vlscoslty effect, showed n0'5|gn of

I1ne broadenlng. N

-

_ From the behevlour of the temperature dependent p.m.r.. spectra.

it was concluded that a degenerate rearrangement was eccurrlng. The |

~ h ]

only possibillty for this rearrangement is that AIC13 complexed ketone



i,
LR . ‘ ¢

group, wuth |ts attendeﬂt subst.ituent [C methyl] was, migrating wlth e

respect to the flve-membered ring. A slmllar behaviour Is exhibited

by o bonded cyclopentadienemetal Compounds 1’3 46 13‘i

‘As s_jwn in Flg 15, the resonance attributable to the rnethyl

-

.aroups at&z\ and C3 coIlapsed at half the rate &the other sngnals

This shows that the mlgratlon bf CG was occurrlng wnth a defintte

’ .

| quuence A random magratlon would result in a symmetrnc collapse

of the rmg methy) 1'esonances..]‘:‘,'5 For a thermally mduced sigma-
t:’OplC shrft in the prese.n-t rIng system, t);e. mlgrat!on mus t erther
 be 1,3 or 1.,5. . ._A ,dlfferantiat_lon be;weank\the t.wo'modes ofx;e—
-_'-‘ari-a.ngementrcan be"madeqfrcm the oBservatlon\bf the pattern of'_ : L

uollapse of l:he. rmg methy slgnals. A slngde 1 5 migration of 1 in

aOa would result mjthe interchange oﬁée ring methy‘ls as shown below
. \f .

:85
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Due to a single 1,5 mlgratlon, there s an interchanqe of

: 1.
four methyl groups on the‘cyclOpentadiene. The flfth ‘methyl group,

of type\C.,remalned the same-and\thls type]of me thy| signal will
'collapse\at a s]ower rate than other ring methyls,

A similar argument made fOr al 3 migration

more slowly than the other peaks Experlmenta]ly, lt was found that
the resonance at 1. 825’;ttributed to C3 and Cz, collapsed a? -
slower cdte than the other rlng methyl resonances: Clearly, the =
:dcqenerate rearrangement of BOa mus t lnvolve a series of 1,5

shi fts as Is shown ln the followlng scheme. ”




’

) .t ) . ‘. ! Lo o .I 88
From the llmltlng spectrum ar 80°, the'llne widths ef the

signals of the rlng me thyl groups in the absence of exchange can_ be
AN

'.meaSured The fre&bencles of the slgnals, can also be determined. Uslng -

_thlS nnformatlon the equlllbrlum populatlon and exchange probabllltles

of these ring signals, the 11ne shapes of the p. m.r. Spectra with various’

> rajg’tongtants wére calculated wlth a Saunder s many site nmr line-"
. shape program.91 . . . . o
. TN P
g The experimental temperature dependent p.m.r. spectra of 80a-

"'were c0mpared-wlth the computer slmulated spectra. A vlsual'flt was
. taken Jhen the ex erlhentéﬂ spectra and the theoretncal spectra were a -

4pl|ca of each ther. The ‘rate constants and the temperature at which

the rearrangement took place are glven in Table X1. The energy barrier

to-mugratlon yas calculated ln the -usual way.

The logarlthmlc functlons of the rate constants log k correlate

'lanearly with ; ' - - "N

Energy'Ea_and AS+ were calculated and the results are tabulated

-

in Table XIl,

;, T TABLE Xi

’ R n v
o Zwitteripn R . rate sec-] . Temp. °C
ST "8 . - CHy 2x.5lse .- -0
' S S26x2 LS - 60 .«
\ , PR ' 2 4s 0 55
SR ot we o0
Bb T G S Br2 L5, 90"
e 1728 -85
) .- | B2 LS - 82
A 382 LS . -80
- | 3.5 x103 v -0
S T " 00 H, <17 W ‘

’ Comparison of experimental and computer simulated p.m.r. SPGtha by

lune-shape analysls (LS) and estlmated from llne wldths (Lw).

B I



= TABLE X1

Activation Parameters for CIrcumambulatlon
.R-' AF+ knal/mole E kcal/mole ~ log A AS+ eu
CHy 10923 - io.l £+ .8 13.52 2.5
cs 9.7+ .3 MBr2s N 69l
0C,Hg 3.‘178.2 o,

+ Similar behaviour was exhibited b# complex ggg,. The rate -con-
srantn of rearrangement an; :he.ﬁree energy of ectivetlon associated with
such a migration were calculated es_descrjbed_in:the case of 80a. The energy
barrier for the mlgra;ldn of'CG.in 80b was found to ne 9.7 kee}/@ole at -80°.
Ethyl?1,2,3,k2é-pentamethylcyclopentadIene-S-carquylate'(ZZ)_ /

reacted with Al 016 in CHZCI2 to glﬁe a zwitterion whose strusture was X

Y

: aqsngned as 83.

i v T _ A l(:lfs
1746 17k s s Y 61s

n 7 83

——

In contrast-to 80a and'BOb tne‘zwitterlon 83-showed no sign of
'a degenerate’ rearrangement, even when heated. up to 70 | The‘cs methy1
resonance and the s!nglet ettrlbutable to C]. 9 C3 and Ch uethyl
‘groups rémained vgry sharp and no llne‘broadenlng was obserged. Ug[ng-
the slow exchengjepproxlmatlm,so a line broedening in these singlets
coutd’ haye been de cted If the rearrangement occurred*with a rate cﬂt

-stant of 17 sec !.- As no broadening of the slgne\s was detected at

: a4 o
'70°, the rate of the degenerate rearrangement must be.< l7 sec . - - ”

. .



To B ———
. R

— .o . !

30

At 70°, the free.energy of'actiwation associated with the rearrangenent

nust be g‘li.ﬁ'kcallmo]e, N _ o - 5 o .

-

.. A trend is observabie fon the dependence of the energy barrier

. for the rearrangement as the 66 substltuenxs are changed When the

CH3 group at, CG wasﬁreplaced by the lesser charge stabtiizing C H
A 25

group, the energy barrier decreased from 10,9 to 9.7. kcal However,

when the highly charge stabliizing substituent ~002H5 was Introduced

on CG’ the energy barrier “for the mlgration was raised to such an-

extent that ‘no. rea:\fngement was observed even at 70°.- lt would i
. - EF

. appear that the rate of the degenerate 1,5 migration of C6 with its _:W,

attendent substltuents In the Alcl3 complexed 5 acyl- i 2 »3) 4,5~ penta- ’
methyicyciopentadienes is very dependent upon the abiiity of Its

suhstltuents on’ 06 to stabiiize pos!tive chadge

-
LI N

-]

V]

b3:|

8. Quantitative Correiation of- the Rates of the'Degenerate Rearrangement

-

» - To more systematicaiiy probe the effect of the C6 substituents

upon the energy barrier of Its.degenerate migratjon, a series of aggmatic -

ketone'compiexes were prepared As these differ onLy-in their para'

substltuent the steric factors will be ‘the same for ail ‘of them. T

effect of a change of the para substituent on a. reaction in aromatic

systemsis-well-known.136 P.m.r. spectral data of these complexes is:

n Table X111, ~~  ——

”~

r

obtained except For the case where R = pCF C6 3 The rate COnstants for

the, rearrangement and free energies of activation associated wlth 1,5- mngra—

‘-

. These 2witterions‘aiso undergo irmittng spectra of all the compiexes

tlon in each of the ketones were obtained as described in the prevaous,sectnon.

. I
Linear reiatlonships between log k and T-as weii as iog(—Td Vs T-were

s

"
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JABLE X111 P.m.r. Spectra of A]CI3‘C°mP1FXed-5rhenzoy|Pentamethy!cchbpentaQieses :

Cyclopenté;dleﬁe.Ring Methyls;_ o S
compound . Rgroup  Temp. . 1,k 2,3 5 A& T Other
"‘J ] . -~ 3 . PR R * g ; J - B . .5 ‘_‘;
_ Boc.. ECH3°5H1,' .- 75'., 1.67 1.77 .27 1. 686 6. 68-3 13‘ 3.88

504 B, H50CH h L =90 166 L7 e 70 6.72-7097, 4.03(a) /
= Tk SR - S SRR

we oo 56;{& 93 L7 W8l L33 169 i) 87; 2.38

B p_taucM -5 r6h 185 - 1.63  7.14-7:48, 1.24

e Cefls B o L75.7.90 1,33 LA - 7.29-7.85 .
Lo i : : ot L o " : \ -.
o BCICH, — 7 -l T i 87 125 163 7.30-7.65

0iS . pCF CGH), SNs e o W3 17507

.. . e ] . . A
. . . . ) , . . . ,‘ . - . . -'f
2 position,of averaged methyl resonances at higher temperatures. . . .-
. . . . ‘ . ‘-. ‘ Q; . - . . - ;
5 Obscured by t-butyl rescnance.’
= Froz«jn spectrum_could riot be obtained. - T, ) e
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F igure 16 The Calculated and Experlmental Temperat‘l.lre Dependent

P.m.r. Spectra of AlCT -Conplexed-s-benzwl—l 2,34 S-pent:amthyl,, -
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observed The rate constants for clrcumambu]at.qQ_and the activation

parameters assacliated with- each zwutterion are given’nn Table XIv.

-

To be able to obtain'a meaningful correlation.'the rate constants
. for the mlgratuon of Cs,must be compared at.a constant temperature The
rate constants ~at =-90° were calculated from the appropriate Af‘ﬁenaus

plots for the aromatlc ketone complexes. The estimation of the rate

constants at’ -90° was carrned out'because this temperature falls

" in the mlddle of the range of temperature used with these complexes

The rate constant for the rearrangement of (80| R-EjCF3C6 4) was calculated
" by assuming AS+ value to be constant whlch is validated by the low
'$§+ value observed for, these degenerate rearrangements.

Plottlng the value of log k SJ against'c+ for the.substituents
gave a stralght line with a slope of 4.64 and correlatnon coefficient
.of 0.999.‘37 The s;gn of the reactlon constant p sngnrfles that electron
- withdrawing substituents facilitate the rearrangement. Thie‘is obvieus
when theflegarlthmlc function ef the rate cunstants.at-—10° was compared
‘for paramethoxy (0;82l_and,paratrlf1uoromethyl (5.65) substituents. >

'The.magnituae of p,.h£6§. is qulte comﬁarahle with other .
reaction series where the electromic.effect of substituents have a
large effect upon the rate 'of reaction. For example, the reaction con=
stant. for the nucleophillc substltutlon raaction of substlﬁuted bromo-

' benzenes wnth piperldlne is h 87. 138

. The bromunatlon of subsfituted
'1|trophenols where almost a*ful) posntnve charge is benng developed at
the reactlon snte, has the reactlon constant of -4. §8 133 The magnitude
and 5|én of © would suggest then that in the transrtion state of the

‘ migratlon a very substantlal amount of theposltlve charge is remOVed

from Ce- S | | _I' | .‘_ . .ot
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. TABLE XV Rate Constants for the Degen'erate Rearrangement of the .MCI3 Comglexes'of
| 5= Benzoylpentamethylcy_clopentadienes _ a S _'
solv. ' Temp. - ¥ | AF—+ g Ea. "log A | uS*
°C sec”! - keal/mole .©  kcal/mole - '?.U .‘
CHyCl,  + 70 5,’17. o >.18.2 ‘
e, - 75 T1555Ls CLod2am2.9 0 1330 3
. - 60 15«2 s~ - I
- . V- 55 .23 %2 LS 11.210.3 . :
' - 50 .37 2 LS, - - cooe
- 902 - 0.5 C S - - _
ol s 70 . ‘10 s - . '3 14.9:3.2 - " 16.1 | 17.549 .
. - 65 2.0 LS ' : ’ ‘
| S N R
oo -5l 23 £ 2.LS . | o
- 48 ° , 33£2 Ls  11.5:0.4 Lo
Be o CHCl, - 93 sz 18 11.0:2.3  14.6 9.0s1h . -
-.90 1722 P LT ‘ '
- 85 100 £ 2° L5 9.820.3 - - :
diomyel, =95 1022 PH. | L 9.7:8.2 s .-','3.8:7.%‘
i -9 T sE2.us _ &
-85 32#2 PH - 9.6%0.3 " ST
£ o . =82 . hrz2 LS 2R ’ -
2 902 16 e S L
i cléc‘l-ré' _-1'31 I SEHC 82830 12,7, 0.7:10
| 126 -2.5£.5PH - o T
21 . 102 L8 s -
116 . 20%2 LS~ 8.0:0.3 - T
soono L kx2S |
- =103 60 P LS .
Ce91 10% E - ,
- 902 710 ' \

.
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© TABLE XIV (Contd }
. Solv. & -Temp. loé—_’-] ‘ ort - Ea  log A ast
. 1 sec kcal/mole kcal/moler eu
HEIFy ¢ =130 .k E5Ls.T 6.4:0.8 104  -10:7
L1270 82 LS - 8.30.3 .. - . .
-3 k22 s I P |
: , . :
-108. 60 + 2. LS S
- 902 5k LS |
CHCIF,. . =152 Q0 %5 LS 5.0:0.6
- go'c— ) {*50.000 . -
. U o AN . - T,
N
i Coaparuson of expernmental ‘and computer simulated p.m. r. spectra by line-shape -
anaiy51s (LS) peak- helght (PH) and ‘estimated from llpe wldths (LH) - Lo

z \ahm at ~90° obtanned from Arrhennus plot. L

—'Uahm at '-90° estimated assumlng AF+ for the rearrangement 15 temperature independent.

-I frtor in the temperature measurements is taken to be +5°, howeyer, the relativererrors
‘ in temperature is expected to be smaller.

L Activation parameters- derlved from- Arrhenius plot may not be meanungful as the range'

A]
»

of temperature is small.

-




Figure 17.. The Linear Free Energy ReLﬂtlonship between the Rates of
Curcumambulat:on and the para—Substltuent Constants of the Aromatic

. Ketones. (A Re]lable value &F oF for the ethoxy group is not avallable )
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9. Mechgnism of the Degenerate Rearrang_gent . -

Frﬁ/,Tabie XHV it is evident that electron withdrawing sub-

stituents facilitate the ‘degenerate circumJMbulation of the compiex

80 whereas highly electron donating group render the migration more

diffFicult. o «

~~

Any mechanism that is proposed for this rearrangement must

be able to satisfactoriiy account for this large inverSe rate de; <

pendence A slmpie i 5 sigmatropic shift of C6 is an attract:ve A

“possiblility but is difficuit to see how

magnitude could be accounted by this process.

—
v

A reaction mechanism in which a

oo

substituent effect of th:s Te

OAlCla |

s o

bicyclo[3.1. Olhexenyi ion_

occurs as a transltion state or a hlgh energy intermediate is com- -

pletely cons:stent withcthese results.

The exclusnve 1,5 sh:ft. as

well as the iarge dependence of the rate on'the structure, can he

expianned by this mechanism. The. migration can occur by an asymmetric

overlap of the formally vacant p orbitai ‘on 66 with the fllied n

orbitai of the cyciopentadiene ring. Thns overlap will resuit in

-the transfer of positiue charge ‘from C6

onto the five-membered ring.

The proposed mechanism of the rearrangement is illustrated in the:

foilowing equation, (equation 62) .

"ff'

97
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] T ' :
The structure of the zwltterJOn at_the halfway poant durlng '

the mlgratlon can be represented as a bicyclo[3-. l .0]hexenyl Ion._
Either one of" the cyclopropane bonds cou]d break giving back the
complexed ketone gg, If’the breakage of the CI-C6 bondioccurs. the

,orjginal zwitterion will result. Houever,'the rupture of the Cg—C

o 6 'S5 . .
bond will generate a zwltterion where the 66 group has mugrated to’

!

the adJatent carbon atom on the cyclopentadiene ring.

As in Bh the posutnve charge has been largely transferred onto the

five-membered ring, the substituents on L wlll then have a paramount '
\ . . . N -

effect on the rate of rearrangement of 80. The better the ability
of(the C6 substituent- to stabnl:ze the posutlve charge, the lower will

be the relative ground state engrgy.of 80. In contrast, ‘the substituent

-

R will.on]y'have a small effect on the stability and energy‘of_gi.as

the stability'of the allylic cation is affected mainly by the ring

W

methyls and only to a small extent by the C6 Substituents. The dif-

ference in energies between 80 and 8k will be larger and the rate of

EY

-]
‘rearrangement wlll be. slower. Highly electron wuthdrawing groups

- such as. E_CF c6,h will increase the energy of B0 and the rate of -

the rearrangement will be faster as the energy barrner for the migratuon

will be lower than the.previeus case.



10° The Structure ‘of ‘the Zwltterions s '

As“thghfgﬁtterlons clearly resemble the transition state '

A ]

=proposed for: the degenerate "cyclopropyl e rry - go-round" in the

¢

blcyclo[3 1. O]hexenyl catlons. It Is Important that the structure of

LY

these complexes be examlned in more detail.. It will be notuced that

£ 99

the p.m.r. spectrum of the zwitterions Table Xlll ~displayed a symmetry

r

.in which the C Cu methyl slgnals appeared as a slnglet and C and C3

methyl groups gave rise to another. Only one signal for. the C6 sub-

stttuent could: be. detected at ‘any. temperature.

L

ln ‘order to account for the symmetry of the p.m.r. spectra,

three'alternatives must be consldered.
(i) A rotation of the CSCS bond. could be occurring with a rate
.- faster than the p.-m.r. time scale.- In this sltuation only
| the averaged slgnal of c6 leI be observed at any time
(ii)‘ Another“possibility is thatwthe rotation lS very s\ow and the
o prlnclpal rotomer can be written as €ither 85 or 86. in

these structures. the CG substituents 1le in the’ plane passiné

through the centre of the C2 Cy bond and through C5 and Gg.

-

CLAIO: R

081Gl

-

~



100

The stability associated with such a homo-conjugative inter-

action lieshln the fact thét the zgltterioﬁs felfill all the requirements
. o . o ' :

for Mbblus AromatICIty: 4o A cyclic array of atomle p orbitals in
‘_whiéh there are lnw electrons and an odd number of sign ieversions as

showh in the structure 87 has 5%en'ca1cylated to be equal in energy to

a cenientional Huckel aromatic eystem. Howeﬁe},'lt might be pointed
out that'ip these conformation;.‘there is a Fajf}y severe eclipsing

wof one of thevcs-substituents aed_the Cs‘methyl groepi Moreover, the
.other C6 sebstktueh; wi?i prevent the formally vacant b oreital from

h Y

approachihg‘;he 71 orbitals on C] and Ch by interacting with tz and C3 ~

. iStructure g 8).

M sign inversion.

-

-{iii). The third’ poss1bil|ty would be two :nterconvertlng cations

o '.such as 89 ang 89' in whlch homo-conJugatlon between the ;
% t .
!
: ' e]ectron deficxent C6 and the occup:ed b orb:tals of cyclo- .

pentadnene is present. Such a homo-conJugative lnteractuon '
o in cyc]opentadienemethyl catlons has been suggested by

"Awinstein End Battlste.78- - - . f,' -



Thc halfwgy point in. the mterconversnon §2and 2 ‘the

.l.-nltc.rlon will resemb!e the structure 90 where (26 is part_ially bonded .

both to C1 and CQ' _For the .reasons gliven In t_he previous paragraph,
. : : ' . (I
"0 will be an energy maximum. At this point a slight motion of.cei

Lowards eithé‘gcl".or G, would result in the lowering of potential.

n

energy of i(_)_.aé shown in Figure 18.

Energy

Reaction Cobr&l\nal;e —_ | .

. o \ . .
Flgure 18 A possibie Energy Profile for . the Interconversuon of B4 and.

\
In structures _g_and 2' ‘the. asyrnmtruc overlap of c6 mth .

Y

Lhe w orbltals will ultumately lead to the foy’matnon of the transition
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state_for the degenerate rearrangement. The increase In the magnitude
of the overlap would enhance the formation of the transition state

- which would be'reflected In the rate of olrcumehbulation

T

0 f etther of these non- classical lnteractions were%gg occur,

-the:r ‘effect would be more sugnlflcant in systems where e charge -
‘-—“‘\_,

v

stabnluzlng abtltty of R Is the lowest.-

!

Upon a careful examlnatlon of the p.m.r, data in Table XTIl
it wnll be notlced that there is a steady change in the resonance : . ‘

.p051t|ons of the methyl groups on the cyclopentgdlene ring.

4 Kl

As a result of the formation of the AICI3 complexes. ‘the methy!
ubstituent on CS is deshlelded by 0.12 to\O;LE ppm over the-entire

series of aromatlc ketones Hhen R'- pCH OCGHQ' the C2 ang Cé methy!

1 -

! resonances moved upfleld by 0. 05 ppm andKWOVed downfleld by 0. 081ppm
. ‘when the electron withdrawing group R = peic H 4] is present, . In a
. snmular manner. the C and Qi'methyl slgnals were deshle ded by 0.05 ppm

in 80c (R = pCH OC6 l') whereas in 80h R = pC! Hh) the slgnals moved

3
downf:eld by 0 09 ppm. I f lr\is assumed that the anlsotropy of the

pheny! group is coustant ‘In allthe parasubstituted phenyl ketones,

v
(

then th|§ would seem to indlcate that as the posntlve charge stabsluzung -

ablllty of R‘decreases. the partﬁblpation of the dlene becomes more

£

important. ‘j

While this data does not prOVe that . homo- conjugative interaction

is.present in the zwltterions, 1t Is highly suggestive that at }east in-the

~

systems where ‘the activation bahrler is low, there cou!d.be-some interactnon:
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i1, Electronic Spectra of the Zhitterfbnsl L f. e

w

it was:anticipated that homo-conjugatlve Interactlon ‘hetween

the tlectron deflcient 06 and the = orbitals of the five- membered rung

would be réflected in the- u 2 absorptuon of, the dlenev

“in th uv absorption may be Iikened tdﬁthat o&served for splro con—

' h2 14 s
,}uqatron.l /3 Hhen two 7 systems are held perpendicular to eaeh,_'

other by a common atqm.ef‘tetrahedra]?ﬁeoﬁetry, the oveniaﬁ integral

L]

tor the orbitals iﬁ_the d1 fferent planes is about.20$ of the Qélue;‘

b
~

for adjacent p orbitals in planar n electron molecules, = °

1‘ S

s A " ‘r v A PN . N .'4_' . . . , ) o .,
- \ ot } - i -: . ° -
N ) h ) T . o .
is Lyo< of delocalization was detected in SpirOtFt:;pesr .

ved.‘hh

- | 142
CAG sumalar behav1our was obserﬁgg_Tn the ketal of cyclopentadlene .

o

Electronlc spectra of Lewis acid adduCts of carbonyl compounds

' ' 130,145,146
In most;of these

have been reported by several aggho Mo :‘f 9 .

reports, ]30 146 the complexes were less sensntive ;owards hunﬂduty ‘_'

and anhydrous conditugws need not be strictly |mposed Spme data

125,129
have been reported for the uv spectra of AICI3 adducts... _

- L
v

©

Such’ a change<-

4



.:J '7 - , . : . -, S ' , ) . . ‘0" A
’ ) ' 4 . b - .',I ' ' ) I . i . 'l h
. IR St .

e wultnrlons for lhu uv mqayurﬂmcnt wore. prepnred uslnq a hlqh-

—— |n[hn|quc As tho connenlrn:lons of tho :wltterlonn wore In

k4 |,| g L

;h. nsdvr o! 10 M, o cdnslderahln numhgr of dlfflcultlew wore nprnunlnrvd
‘.Qlihuuqh .nhydrou condltnqnu were malntnincd rlnurQUnly. Lunul.lnnt

f -|
[

penult. were not 6htalned[ Horoover thn'cqulllhrlum con/innt' fnr

xhé fnuumtinﬁTbl Iho rwfttorlons ot uch hlgh dllutlons Lould uot*hr

g

& .

n-\ut1lv|y LﬂlCU‘OlGd It is !lkoly that tho formntion canutant ‘of

. - e

Lt swilterions will decrease consldorahly partlculnrly whnn the hnlu-
S 117 S
vl e vmy (]ilute " . :
N

1.V, spcctra of comp!exes BOa nnd 80h (R - LF'CGHI) were

Tevonded 1n.§H?pJ? solutionsunnd the byplca\ results glven in Tnhlr,kv.y

1

 TABLE Xy

- . . '
[

v, wlata tor "-ﬁc?l l 2 3 h -pcntamcthylcyciopcntad!cnc' nnd thnlr'

|
AICI Complgxes'

"'f" )
: t"\-iil{t:l"i‘(‘)n . S N . - ) mnx“oq ) B
w802 CHy 253(3 50) 3930330 o
| |- pticghe - 262(3.70)295(k.10) 339(2 70) hr0(7 0
. o . : .
oo, pelcghy 262(3.50) - -
SRRV ST 262(380) \295(3.70) 38542.10)
-llm_nm'plc‘xcd Kotongs A _ .‘ - ‘ "
o0 CHy © . 288(3.40) .
s gohe s o, p_cicGu,‘;-_f -269(3.30)‘ 315(2.30 7, -
AR ' : R LTy

4

,.Il i doubtful thbt the uv dltl can be attrlbutcd to that of the’

'qul:crions slnc the solutloﬂs used for the uv expﬂf‘ments chnnch

.LOIOUf with tl .. In the Iight of inconslstcncles and dlfflcultlcs

T . ° . - H 3
- i

'LnLountcred th. data obtalnad.are not moanlanul
™

. o . . -t



. however, in the absence of a Fouraer

T

- 105
13

C nmr would be another alternative to the ultravnolet spectro-
scopy . for the determination of the ‘homoallylic interactuon in these
zwitterions. The complexes are qulte stable at room temperature, -~ -
transform_nmr machine, it was not

13

possible to obtain the C spectra with the concentrations of the

zwitterions which could be prepared. The synthes:s where |ncorporat|on

‘ of ]30 into the ring carbon atom of S-acyl-pentamethylcyclopentad|enes

'uould be complex. -

12. The Effect of the Change of Lewls Aclds in Circumambulation -

In order to further investigate the‘lhfluence'of positive
B

.'charge upon the energy barrier of the degenerate rearranqement 5- acety!-

1,2 3 h,5- pentamethylcyclopentadiene (70a) was COmplexed With other o

“

Lew:s aclds such as BCIB, BBr3 and BFB-and-the rearrangement of the .

'complexes studied. The adducts were made by distilling the Lewis

-

lacid into aaCH Cl solUtion of 70a. Stirring,at -78° resulted in the

rap:d formatlon\of~39rtterions 91
The complexes were identified by recordnng the p.m.r.. spectra
at low temperatures. ‘All three boron-complexes dlsplayed a 1:2:2:1'

pattern of methyl resonances'?n the Iimating spectra which was very

N

| S|m:]ar to that of 80. Quenching the zw:tterion solutions in fce/water

S

resulted in the quantitative -recovery of ketone 70a. e

H.0
P A
8x 7z
3 ]
X=Br
b, X=Cl \

-~
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' _ TABLE XVi
i.m.r. Data for Lewis at[d;cOmplexeA-S—Acetyl;l,2,3,k,5—pentameth§i--
_chlopentadienés ' s —
mouwhd - LACH, 233k, sth, e, - Aviraged Peshielding in
L .3 3 <3 - 3 | ngnél . methyl signal
“1a ; 1.79 Jo193 . 1k 5.55 1.79(3.77). .04
Gy 72 184 .. 422 238 1.66(1.66) 0.8
Qﬂ;' - 1.62 177 1.2 - 197 1.670.67) . 0.5
522' ~ .67 .81 - 127 2.10 1.66(1:gl) 9.60
o " | :

Y \
TABLE XVI1

iae Rate Constants and Freé Energies of Activation for Circumambulation R

Compound , Rate Const. Temp. ‘AF+
'sec-]'. . L * . ., kcal/mole
9l1a 7782 - . TS 9.7 ¢ .3
91b 28+ 2 | -50 BIREES
I I/ 2 R N
80a . 26% 2 -60 Cowe e .3
1 ) ; \ -
\ 1
' t j R ] S
. .
t
f. ‘ 3
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ST A ST
5,6 7 8 g9 10 4
o - Aappm —>

). ' o S ' b .
iiqure 19 The Actlvation Barriers for the, Five-Fold Degenerate Re- .

'- '-':_jrr:gngerhent ofg_l_ as aifunctioh of the Deshielding of the (.‘.6 Methyl

! Signal. ~

LN
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‘The p.m.r. data of the zwitterions 91 are glven in Tabie XVI;
'These zwitterlons undergo degenorate circumambulation simiiar to 80
The mode of rearrangement'is tdentical with that of 80. The fate
constants and free energy of activation assoclated with the.rearrangement
were calculated as described in detail before, and‘are given in
-Table XVI1. It is qdlto'clear from the data inuTabie Xvii that the

rate of the degenerate rearrangement i3 dependent upon the Lewis

acid used. As all the ketone was complexed, the difference in the

< .

energy barrier must be a function of the ability of the oxygen sub- Y
stituent to.stabiiize:the ;ositive change. |
The deshielding of the C6 methyi group in 9! reiative to.c6., )
‘of 70a (AG Ce complex) could be a measure of the eiectron deficiency
on the carbonyl group, assuming that the magnetlc anisotropy of the

-

Lewls acid remains the same. "A linear correlation exists between

the energy barrier AF+ and the magnitude of the positive‘charoe on
56 as measured by‘hﬁ c0mp1ex3 Fig. 19. the number of points on the
graph is limited to three since only the Lewns acids that form the
same type of coordinate bond can be used, The maghetic anisotropies
of Ai C16 and boron trihaiides are different so titat a cOmparison

of ad complex between these Lewis acids cannot be made The correiatnon

u,r-ulation at a constant temperature with the

v ‘“ﬁfharge‘on C; would be a better.correlatnon. '

However. as the values of AS+ for these migratnons are Iow, it can

-

be assumed that the temperature dependencelof AF+ is small ‘so. that
‘the correlation shown in Fig. 19 is valid.
y A-quentitative scale of Lewis acidity for a limited number

. . 148,149 -
rof Lewns:icids has been published by Taft based on 9F nmr studies.

. . . . A

. : . e T s : L
e . . . . . LD ' S
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Ciuure 20 Thc‘Cprrelation-befweeh‘thelActivatiqn Barrier for
Circumambulation in 91 and Taft's ]9F_nmr Shielding Parameters.

e

“

Taf;'s

19

[

/s

;-

-

F nmr Shielding Parameters:

147 413 412 011 <100 -9

£

1091
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Lt has h;cn obsurved that the shlelding of the_ l9F nuclcus in para-

lluorOpthyl derivatlves F- 06 h-X Is hlghly sensltive towa}as the

-

clectron donating or withdrawlng effect of f;]hs

4

foaN Sy F'55N~§x3
X = Br,Cl,F : S
| .2

. . 1 '
e magnitude of the difference in 19F chemical shifts

setween 92 and 93 reflects the sirength,of the polarfzation of )

} . < . .
vine bond between the cyano group and the Lewis acid. The chemical

Wit duftvrences for BF3, 3.and BBr3 were listed as--9—25<

-12.30 and -13.10, respectively. A{stfalght line correlation was °
19 '

abtained between Tafts' F nmr shfelding parameters and the cnergy

carviers . for thc.circymambulafjon off boron trihalide comp lexed-5-

y

afety1-1,2,3 4, 5-pentamethylcyclopentadienes (91).

This «correlation strengthens Taft's contention that the
nagnitude of the interaction between the electron donors and Lewis
acids determines the extent o f positive charge ‘developed on the donor

- ‘.i‘ . . . e +. l k
atom.  It»also reinforces the suggestion, made from the o “vs log -90
correlation made .in the previous section, that the ease of migration

< W

o Ce is determined by the 'magnitude of the positive éharge being

dcvcloped on it, Moreover, the results described. in this thesis
. ‘ . : _ _
wuld enable a new scale for the acidity of Lewis acids to be set

un.,
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13, _The Effect of Lew!s Acids on' the Thermal Iéémerizatlon of Cyclo- 7\
’ - . | . .
.. hexadlenones '

v

- The rcarrangemcnt of 2 3 4.5, 6 ,6- hexamcthylcyclohcxa 2,b-

Hoonane \l:U) in fuming sulfuric acld has.been uécd.by Ilartlbo to prepare

]

e uynmmtrncaj 2,3,&,&,S,64hexannthylcyc!ohcxa-2 S-dicnqnc (97).

The wame rcarranqcmcnt was rcportcd to havc occurred in Ch]ﬂto*ulfullc
. -

141
o it nnd 1 rosulfuric acid, 152 Qnuterlum Iabelllng expc:ampnlq

have hnwn that 9J is a translent intermediate in .this rearrangement ., 15 ]b

oH L OH- o am

1,2
-

7 .
migration

Thé.rbarrqngcment of 94 to 96 ‘can best be discusscd in the

a{qht ol Lhu enefgy profllb for'thc rcarrangement. The rate'dctcrmiding

llp will dcpcnd upon the encrgy barricr associated with the |somcrtzation
J
ta VY, which |n turn Is dopendcnt upan the relativc thcrmodynamlc
= IJhlllLlLb of 9& and 95 The clectronlc'effcct of the substltucnt‘

oy (l wi bl play an |mportant role in dotermaning the relative stability

ot thc cyciohcxadienyl cation 9“ The relattve energies of 94 a"d

s can be varied by changing the substituent on C‘ in 9h.

A consideration of the resonance structures of 94 shows .
that electron donating substituents at t1..such as protonated kctone

»

30
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q,-(,up’, Eq'i 11 be ®xpected to stabi li_ze 9_11 relative to 95 (Figure.ZIa)f..

L
|

fo
* The activation barrier associated with the isomerization will
increase as 94 becomes more and ‘more stable as compared to 95.
i
Energy |
\.
. a- ’

‘Reagtion Coordinate————>

“iqure 21 Reaction Profile for the Thermal Isomerization of Cyclohexadienones.

0H

1,2 .
<
-
mj‘gration L




T3

ln contrast. electron wrthdrlwlng groups at Gl wlll rasult

In the lncrelsa in energy of 94. Although the electron wlthdrawlng

substltuent wllljalso cause an lncroase o the energy of 95, ¥

the extent to h Bh is destab!llzed witl be much more than the

“destabilization suffared by 95 The lntermedlate 95 would ba .

cxpccted to be more stable than 94° if the substltuent on=%

»

electron wIthdrawlng. The situation may be likened to-the case

. - t N -‘.
where SO3 was. present In-tha-HFSO3 solution of gﬂ, Coordination ‘of

503

with the ‘hydroxy group .Inhibits thu.electron-donating_powerj
of the -OH group~to such an extent that gg_was observed as the only

. ' 1
species in solution

527(Flguye 21b).

Reaction Coordinate el

OLA

"

102

b LA = 3“3‘ c, LA= ar3

101

LA - AICI3,



-
[
.

. “

Hiwvever |, P the clectron-donating abi (RARY “the -,i;l\-.l ituent

Bt B dle prevaei 1a,  We have proviously showh that the

arvagen Lewis acid adducts wap o stabl e posibive liatge

- } .. - s
o esnten U depending upon the Lewise acid uved. The G5 e e
1 ) e
. clhative stabibithes of 01 and 102 can then be coneideroed

i - -
et o ol the pa®Uive clasge stabitlzing Wit ty ut the
oo oayatn Lewin acid adduct,  The rates ol Dfomeriom! fon of
4 T N "

coawilb e flect the relative electron donating abidil e

Soeovatvows <A groups, L, . )
I L
- L o
. A ‘
et Uy,
4
. . ‘
- * * . . , - .
4 . . . ——— 4
e 0 Reaction Coordinate . ~

-
r

Tin_u‘complcx between BCI3 and 60 Wa made at =78 wiing CH,CL,

e -.c;l\.rcnt[( The change in the p.m.r. spectrum of the sample

auaey that the complex was formed, and the low temparature p.m.r.

edtrum was quite consistent with the str_‘uctuf‘: 101,

dov ol ler than the protonated hatone qroup, the oncragv profile

Pl

114
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Sk : : ‘TABLE XVI'lL '
C.hcmica_l Shifts of the I;ewls acld-comp‘le;ied-héxalilethy‘lcyclohe5adien.ones'
AL ' L :
LA . - 2CH ' :
| _Compound  2CH;  3CH;  ACHy  5CH 6ch3.
BC1 101 2,22 2.72 “2.22 222 .47
. J .
103 ' 2.20 2.38 1.39 - 2.38 2.20
BF, .10l ©2.08 2,45 2,08~ 2.04° 1236
103y 2.06 2.20 1.27 2.20 2.06 -
AlCt; - 101 2,12 3.44 202 2.2 1B
| L1037 C 2,05 2,29 1,36 2.29 % 2.15
TABLE XIX ..
Rates of thé Thermal Isomerization of the Lewis acid-
comp lexed-hexamethylcycl ohe\xadi enones
--LA Rate Constant <Tem|.:ératur% ' AF*
s.ec-I cL . °c kcal/mole.
H 110 1 x 1073 61 2h1 -
. ‘'l . -l‘ ’ . ) . . >
. , : : - N 18.8
8C1, 8.00.+ .8 x 10 i 13 | 18.8 N ¢
_ar'3' “5._001.5:(10_1' T .. 2.3 Co
MG, L2 x0T W 3ps 22.2 -
- . ¥
)
N <
2 ‘



_The kinetics of thewiEac;ion-was_followéd_by the decrease in the

. ) ) N 'Il 1- . - .
Upon warming, the complex IOIlstarted_to rearrange to‘103. !

- The identificatibn‘of the pro?uct was achieved wheﬁ the p.m.r.

spectrum of 103 was compared with that of the authemtic samplé.

intensity of the.signal of-s-,s-methyl' in 101. The intermediate 102

was not cbserved. AICI3 and\BF3 complexes of 60 also updergo the “ '
séme rearraﬁgement The chemical shtfts of the°zw|ttertons and the (/
rate data are glven in Tables XVIII and XIX > «

[

Attempts to quégtttatlvely correlate the free energles of the P

'cyc]ahexadlenone<:somerlzat|ons with those of the degenerate re-

arrqngemehts in the Lewis acid complexed-5-acetyl-pentamethylcyclo-"

. ) - ) .' = L
nentadienes féiﬂed to pyoduce any meaningful result. Due to the

- ]

‘, .

.fnstab:lutues of the zwltterions derived from the hexamethylcyclo-

hexadtenone (60) and other Lewis acids, the number of ponnts in the

correlatton_ls ltmltpd.

A1

_lié
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it was - suggested in Chapter I of thns thesis that by synthe512ung

l,;atyt!oLB 1 Olhexenyl cation wuth substltuents at CG carefully selected -

* N
M -

Soterms of theur chafge stabnllzlng -ability, the energ:es of the ground

ang. transutlon states qv the degenerate cyclopropyl rearrangement might
‘I‘\

be made equal Substmtuents with a stall higher ablltty to stabilize

i :

nnﬁitive'dharge-Were predlcted to‘cauSe |nver5|on of. the rotes of the - < oy

.
- .,

' -:raﬁ%itioh etate and ground state. The results presented and dlscussed

t ” . - ’ o
5 Lnapter Li cenflrm these predictions. - ’ L .o

3

. - / .
.. As Pt was §hown_that the’ bicyclo[3.l.0]hexenyl_cation and the 5-

aéyf-i,2]3}h;s-pentamethy!cyclopentadiene'Lewis'acid eomplexesgrearnange by

the sase mechanism, a qualitative cprrelation can be drawn where the

barrier to mrgrat:on is plotted agaunst the positive. charge StabIIIZIHQ

e -

nxl:ty»of the Cg subst:tuent Flgure 22.  Thé Ilne A on the graph

Srmy

: °|L0rﬁsent5 the cyc10propyl mlgratnon of the BT 10[3 1 O]hexenyl

&r

Lat‘:ons and B 1llustrates the automerizatnon//’ Lew1s acnd comple!Ed

g acy]~l 2 '3, b, 5- pentamethylcyclopentad|epes., As. the same’ mechanism
is |nvo]ved in the rearrangement of’ these systems, the lnnes A and B

-

“ubt meet at a po-nt where: the _mono and the bicyclic specues have the
‘5amecenergy At thns point, there wull sh a muntmélsactlvatnon
. T ] ) , . -
»v:rrhtr for the degenerate rearrangement / o . . Lo

" LY

’ RN .
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i ‘ Pos:tsve Charge Stabn]uznng Abllsty of the C6 Substutuents-—-—;p

,‘ ?;gufe 22 Actlvatuoq Barrler for MigFation as a Functuon of the Posntnve .
; Charge Stahilizing'Ability_of the. C¢ Subgtituents.

. . ?

A .

. Tﬁe ]Qiést value’ determ’i'ned for the activafion bérrier

assomated with the mlgratloh of the zwittérions (line B) -Is 5. 0 kcal/mole
e ceparture From Innearlty 1n llne B was observed down to this

E]

301rt; It is evndent that "the energy barrler for- the mxgrat:on of C6 »

uﬁen _the two’systems have the same energy must be well below 5 kcal/mole.

An nnteractlon between the electron defncnent C6 and .the" felled
: orb:tals of the dnene becqmes particularly :nterestlng at this point.

L: has been showﬁ that as the positsve charge stab:llzlng ablluty of
une “6 substntuent |n‘the zwntter:ons decreases,‘the |nteract|on between
a.

the dnene monety and the positive charge on CG increases.  In other words,

a4 -
]
L]



. .o . , - . n .' N . ‘ 1]9

B [

the non- classucal |nteract|on betwéen the m electrons and C6 becomes

more pronounced as the electron wlthdrawlng groups are bonded to 66

If a MSbius type delocaluzatlon is present In these zw:tternons it shou]d

SICOME MOSt pronounced and easily- detected close to this point.

.-

it was shown in the rearrangement of bicyclo[3.1 Olhexenyl

,

L:Llﬂnb that the very hlgh stereoselectlvnty observed could be attributed -
"ito overlap of both lobes of the’ forma!ly vacant p orbitals on 06 with

Z‘tne diene’.  As the extent for, thns homocon jugative anteractuon will
. e

Ny

decrease as the 66 substltuent can more effectlvely stab:l:ze charge

El

LL is predicted that, the migratlon will become less stereoselectlve

That |s, on llne A, the highest specnflcity should be observed in

RS

ihe rtguon ] and the lowest in ares 2.

In view of the results obtanned in this work, tt.is‘particularly
Enteresttng to consider the 1,5 migrations of the o bonded cytlopenta- \)
cienyl metal compounc;s_.h.3 The f]uiional behavfour'exhibited by these. Y
Iconpounds can be‘considereo to proceed via bfeyclic speoies resulting
‘som the operléﬁyof'an'emptyip.or d orbital of the.netal atom and the
occupled 7 orbitals of the dlene.."9 As such thlS proposed mechanlsm
“xns durectly comparable to that of the' ¢i rcumambulation oF C6 in the
Ltkls aCId;comp]exed 5 acyl -1,2,3,4 S-pentamethylcyc]opentadlenes.

It 1b\parttcu1ar]y |nterest|ng that the structure of dlmethyl (cyclo<f

\

“aentadnenyl) aluminum as derived fnom its electron Scatterjng pattern.
. } v . .

. Cae et 153 -
corresponds to that required for a Mobius-type stabilization.’



| ©* CHAPTER 111 : o [>
EXPERIMENTAL A

IS TRUGENTAL

(a) P.m.r. Spectra -

P.m.r. spectra were obtained on Varlan HAIOO A60 and DP601L-

upuctrometers all of which were equipped with varnable temperature

1}

sraves.  The constant temperature of the probes on HA!OO/%nd A60 was -
smntained using Varian V4060 controllers and a VASH0 was used.on the: -

3601L spectrometer, - The practical range of the probes on the  former

s

1.t instruments was -100 to +2006. A somewhet wider range of temperature
Coutd be mainteined on DPEOIL spectrometer,_the lowest temperature | -
ocind -180° and the highest being 300°. These facil ties were employed

4 observe the cations and the zwitterions in the raq.e -160.to'116°,

- .ad ninetic studies at slightly higher temperatures.
The-probe temperatdre was measured by a copper constantan wire
Lﬁermocouple connacted to a‘standardizeg,poteqtlometer. Chemical shifts,

. 1

Gl gaven in & unlts, were measured relatjve to internal CH Cl2 taken at

.30 Tppm., In all p.m.r. exper|mént5 performed on the HA100 or DP6OIL
o~
wpeclrometers, the peak for HFSO3, CH2C12 or the central peak of the _

triplet of CHCIF, was used as the lock signal. o L

(b} infrared Spectrometng

. The tnfrared spectra of the compounds and zwitterions were

orded on Perkin-Elmer Model 337 gratlng spectrometer using NaCl

r -KBr ce1ls. The calnbratlon ‘of the infrared spectra was carrued _

120
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out using the 1601 and 1984.5 e bands o;"goﬁystyrene. Al}
windo&s ware polléhed before and efter the ir spectra of tﬁe 2witterions

K
were taken. -
L

.-

»

(c) Mass Spectrometry

' .
. A Consclidated Electrodynamics Corporation, Hodel '21-110 high

resolutuon, double focussing Hass Spectrometer was employed to determine

the molecular welght.of.the ketones. S -

(d} Ultraviolét SpectrOmet}y

)The ultraviolet épeotra were. recorded wjtk'a Cary.1h spectro-
- meter. Low temperature uv spectra were ootained'osing a speoial
‘qu;;t; Dewar fitted with four flat quartz wlndow;.through which the
analyzing beam passed. The o;enlng of the Dewar was fitted Qlth a

£

cork stopper bearing a'nI;;sEen lead and gas exit. A variable wvoltage
heater placed inside a la ge Dewar bol led off,gaseous ﬂ“hhfch

was passed through the quartz Dewar containing the uv cell. The temp- ~

ecrature of the sample was measured by a thermocouple connected to a

standdrdized potentiometer.

" e) - Vapor Phase éhromatogragﬁz )

Varian Aerograph 204 ° (analytlcal) and Aerograph Model A30-P3
(preparative) gas.chromatographs were used. Helium was used as a

carrlerhéas at 50-60 ml/mln. The cojumns employed ‘tn. canjunctnon

o

with these’ instruments wers 30 ft x I/h" with 15% S. g 30 on Chromosorb

60-80 and 8 ft x 1/8 with 152 S:E. 30 on Chromosorb 60 80.

4

- -

C(F) Analzsls
Elemental ana]yses were performed by Galbraith Laboratories in



L -

Knoxville, Tennessee. quuid-semples were purlfled usino vapor ohase“
<

hromatography before belng sealed In clean IIB" glass tubling.
ﬁ
Solid samples were sublimed twice under vacuum and sent for analysis

in olear vials,

2/ REAGENTS

‘ :

HF503 was distllled from sodium fluoride (hoo ml/gm). The
first distillate was redlstllled through a 12" glass column and
stored as l ml alliquots in-sealed glass ampoules., Antlmony penta-

fluorlde was distllled before use and kept ln a teflon contalner

Reagent grade 96% H SOh was used as supplled Aqueous H, SDh solutions

here prepared by dlssolvlng an appropriate amount of %% H soh ln

LY

distilled water. Reagent grade diethyl ether. and methylene chlorude

for extractlon puUrposes were used as supplned

. Hethylene chloride, used as the’ solvent in the preparatlon
of the zwutterlons, was. purlfied as descrlbed by Wood and .Jones-122
Reagent grade CH,Cl, (500 ml) was refluxed wlth Al C16 overnight and .
'dnstnlled The dlstlllate was washed with water. (3 x 500 ml) dried

i (caCl ) and, redistilled rwlce frem P205 : ' o

Al'l.slnum chloride (reagent grade) was sublimed twice in vacuo,.

the seéond'subllme;lon being after the addition of an equal amount of

]

Al pouder. "

Boron trihalldes (BBrB, ¢4 and BF,) were vacuun distilled

twice before use. CHCIF (Freon 22} 'and sulfuryl ‘chloride fluorlde

o

-were used as supplied.

-

122
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[

-

seneral Techniques
. i
(a) .Protonations . S

Protonatnons were carrted out by’ slowly adding the catuon
sfecursor in CH2C12 (20 mg in 0.2 ml} down the side of a clean : o \"
e anc tube thCh contalned HFSD (0 5 ml) at -78°. ' Protonation...

in uuh:eved when the organlc base- was extracted into the, acnd layer

ag:tating the sample wstH a precooled (11quid N ) 2 mm quartz rod.

LTS

) CHZCI2 was excluded in the preparatlon of catlons whuch_were

cuosequently used for photochemlcal isomerlzations, . The cation precursor.

i
u

‘uauyp}y a: cyc]ohexadsene derlvatlve) ca 20 Mg was placed in a clean

-

Mry‘clear-walled nmr tube and cooled to -78“. A thin-walled cap llary
srosper used ‘for infroducing acid Eas cooled By alrerdatively w}th-A
Y uw:ng the cold HF503 (- 78°) from the ampou]e into the dropper and -
'expelllng it back to the ampoule. After several repetsttons thel‘
';rccooled:(-785) acid was transferred to the nmr ‘tube and the sample
was agrteted by meads.ofaa precoo}ed‘z mm quertz rod.. The disso]ution
i the precursor was usual]y s low es it was frozenyat.-78°. .No .
4e;e~at Wwas made to warm the sample above that temperature Pro-
:oeation was usually comp]ete efter LQ\TInS. | : ‘. - ' -/;’// \{

/

i) Preparatnon of cations in H SOh was performed at’ -5 . 250, N Y
0.5 mb) in an nmr tube was cooled for 30 min., in a salt-ice mlxturd

.The cation .precursor ca 20 mg in 0.2 ml CHéClz'was introduced onto td:\\.

. 2cid through a long pipette. The extrgctioh of the base into stoh

.-

was done as described previously.
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(0} Quenching of the Acid Solutions

) The acid solutlol of the catlon was added dropwise to the

/ﬁdly sturred mixture of sodlum b|carbonate (5 g)-in ether (25 mi)

"|+ b
//iip. at -78“ The dry ice-acetone bath was removed and the mixture
s

ﬂ//° .3 allowed to warm-up to 0°C. Jlce water (16 ml) was added and the

- ' ’ 4

~ixture was stirred for-another 15 minutes, and filtered in vecuo
The ether layer was washed with saturated NaHCO (2 x 25 ml) ahd dried
\.QJO ) Evaporatlon of the solvent lead to the recovery of the

sroduct which was analyzed using vapor phase chromatography.

{c) Cooling Apparatus . ¢

-

For the low temperature‘photolsomerizatious of benzenonium
jonu,‘a cooling systeh capable.oF maintalnlng a coustant temperature
. orer the range -65°, to -90° is requured The apparatus‘used consisted .
0 a dou;le walled quartz tube whlch was fitted tnghtly onto a- two-holed -
stooper which was secured on the mouth oF a2 gallon dewer of liguid
"nitrogen. .An electrical lead from'a 250 watt heater placed well below
the level of liquid-nltrogen, was placed through_the-second hole..
.T:Is lead was connected to a rheostat. By h;atinq the heatef |
yaseous Nitrogen was bo:led up through the Inside of the quartz
Ctube. Tne rate of the flow of nntrogen and hence the temperature
of'thc sample suspended ingide the quartz tube, could be controll 'd
_u, adJustlng the power supply, of the heater.

By means oF this equlpment a stable temperature was maintained

over a period of several hours. The temperature Of the §ample was

v
4

~easured by a thermocouple inserted -into the sample which was covered h

e
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with a glass tube to avoid corrosuon R was.fbund that, dependnng

-

ﬁypon th;/}Jth source used, the tenperature of the sample increased.
hy 10-25° upon 1rrad|at|on.. L . ’ ‘ ’ }f\

Ultraviolet Source

The light from a Philips SPdSOO'ﬂigh pressure Iamp'in con=

'

"Junctnon with a pyrex glass fitter was used for a preluminary 1nvest|ga-
tion. A photoequ!llbrlum was reached in 30 min, By the comparison

7 the peak areas for 2,6 dlmgthyl slgnals of ‘the benzencnium ion

anc the péak areas for 1,5 dimgthyi fQSQBance of the.bicyclic cations}
it wbs‘found‘that the bercentage isomerization was only 66%' A

Toshiba 125 watt medium pressure Hg Tight source proved to be better.

A 05 conversion was achieved in 3 hours. The‘Tosh|ba lught source .

was' used in all subsequent isomerizations.

¢

(d) 'ﬁreparatfon of the'ZwitterIoné T
ﬁérﬁoa (i)‘.‘ - C | -
\\\/) . .“Purified AIZCIé (ca 7.00 mg) Wa;_weighed out accuratgly'in‘?
cicaeralléd nmr tﬂbe-and digsolved in anhydrous CHZCI2 (1.0 m1). The
5dﬁp]0 had to be shaken occasnonally to obtain a clear solutlon Thg
‘\I C16 so]ut:on was then cooled to -783 for 15 mtn An approprnate | ¢
.amount (0.9 equivalent) of a ketone dlssolved in CHZCI2 (0.2 ml) was,
‘added-slawly to.the solut:on of A]ZCIB' The m:xture was agltated with
‘2 2 mm quartz rod A rapid fo?mation'of the zw:tter:on occurred. qu
the preparat|on of zw:tterlon solutlons wlth higher concentrataons

the required amount of Al Cl6 was suspended in CHZCI2 (I ml) and the

~etone added. The‘AIZCIG dissolved upon the formation of the zthter'°§f

‘3
E “

The entire operation was performed in a dry box.

-



Voo Line Technique

Al,f.l6 (ca'ZS mg) was walghad out accd;ﬁtely in a-20 ml rcuctfoﬁ.

u

el xunlnlnlnq a stl#rcr bar with an nmr tube attached to the sldc

are. " The vessel was thon attachcd to a h!gh vacuum line and Lvacuatcd

i ominl), The appropriatu solvent, CH2012 or.CH;le (5 ml)

ctilled into the vessel-while it was cooled with liquid-nitrogen.

y WS

» minture was warmed to -78° and stirred until soldtion of the

i auind occurred.

The vessel was then cooled In llquid nlitrogen -and the ketone

3 . : )
S ot tan cquivaient) distillled in.* An occasional warming of

Ceoampoule contafning the ketorme was required. The reaction mixture
v warmed Lo =78° and stirred for 10 min. The reaction. vessel was

Letached from the vacuum Vine and placed in a large dewer containing

fairy . ice-acetone mixture s0 Ehat ‘the nmr tube and the side arm were

weploal =78, About 0.5 ml of the solution was transfcrred into the

or tube by tilting the vessel., The nmr tube was then sealed undcr

Yoo um, . ' o &

winp ()

‘When boron trihalides were used, as Lewis acids, a reverse
. .

Lidi Lion mechod was appliéd " The ketone (0.9 éhuiﬁaiENC) was placed

o the :Lactuon vessel and the appropriate solvent. CHZCI or CHCH»;2
dtnfillcd in. The solution of the ketone was cooled in quuid nttrogen
ol the Lewis acid {1 equivalent) was distilled into the reaction”

vessel. The mixture washwarmed ‘to -78 , stirred and the solutlon-

transferred as described In the above method cL T
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MeTHOD {iil) For U.V. Measurements

The zwitterions were propared as In Method (1) except that

ra‘200 ml reactloh.flgsk_equlpped wl}h a ptirrer bar and fitted wltd
a side arm leading td a 2 mm quartz cuv'e&e was used‘.‘ (:Hz(:]2 was distilled
three times from PZOS, the last two dlstiTl%}Iops being done on the |
vacuum line. _ ' - - R )

The uv‘spectra of the zwitterions were measured at 25°,

The spectra were reproducible up to 12 hours, after which the colour

of the sample turned brown and some precipitates were 6bsdrved.

.r(e) Quenching the'Zwltteridns .
A mixture of ice/water}(zo ﬁl)'was stfrred_very rapidly uslng.;‘
a magnetic §t(rrer CHZCI2 toiutlon of the zwitterion was adddd
dropw:se on the rotatlng stlrrlng bar so that’ ‘an: immediate mixung
resulted. The mixture was warmnd to +25°, ether (20 ml) was added
and st:rred for 15 min. 'The ather layer was separated washed with
5aturated NaHCO3 solution {2 x 20 ml) water (3 x 20 ml) and dried

(Hgsoh). Evaporation of ether in vacuo rasulted in the recovery of

the product,

4. (a) Kinetic Studies

Studles of. the rates of rearrangements were. performed on

p.m.r. samples hy following the changes In the p.m. rn'spectrUm with

&

time. All kInetlc studies on'catlons undergolng irreversible isomeriza-

tIons waro carrled out at least three tlmes. the first study being

exploratory ln naturea The temporature of the proba was adjusted to -

ca -80°, tha sample was taken out from a low tenperature bath ( .78°)

and was Insorted Into the: _probe. The. sample ‘was warmed’ with an



! . . g . -

Interval of 5° and the p.m.r, spactrum was’ recorded. - Tha procnis was
' COﬂ"“U‘d unti{ a temperaturs was reached whers the rate of Isomnrln-
tion was reasonably fast as judged from tho change ln P- m.r.-sp.ctrum,

The temporaturc was noted

.. The tamcratun of the probo was mnlntalned at the. selected ‘

:amperatura for ll: Inlt 15 mln. prior to the introduction ‘of 'the second

.sample Into’ the probe, The progress of thermal Isomarlzathn was

fol lowed by .recardlﬁg _;_I;_o___&icruse in the lnten_#lty -)of a pmr/ |

sIgnal ‘attflbutat;lo to ‘the'stlrtl'ﬁg'murlal \viltﬁ time. Rate con-
"..stants for the reactfon were éalculafed for each time Interval from

the corrected h_elghl:‘of the sl'gnll“‘that' was being 6bs§r-ved. Normally,.

the decrépse in the Intensity of a signal frdm‘tl{g siartlng material
‘was followed to about 4 half-l_l.vés.' The rate cénstant was c;lcu-la'ted

from the flrst-order rate equation:

-
AwAaeK T .69
o . o~
A ~ 1n{A_=A)-
0
50 that | . - k - T—' .

where A - Intenslty -of the signal at the tlma t=20,
" " 'A = Intensity of tho slgnal at time t and

T-tlma

The rate c':onsﬁant for tﬁd‘ 'rqactldn k, was calculated as shown

in equation - - '_ o )

. 0 , . . . v

128

" s nunber of Ky being determined.

Tho detemlnatlon of tho rate eonstant for Isomrlzatlon was .

.-

. . . )
T . -
.,‘ . .
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’

repeated until a consistant result was obtained. The average deviation

“{d) of the individual' rate constants in each Set of isomerizations

) | N R
was calculated as '
R R .
’ Zlki-k[
d = —1 __
. n
v -
adfe ¢ = average deviation i
) . ¥
k. = tndividual rate- constants
k = average rate constang - .
n = number of k. being determined. c . ',
: P 2 ,

Tne temperature of the probe was measured before and.after a kinetic

g : o
-un and the average value was taken.
2 ' N

{(5) A Typical Line-Shape Calculation | . b o

1,A Saunders many site nmr line-shape ﬁrog?spgl.was used for cal- :
‘culating line—shapes for the éystems‘undergqihg rapid gxchange.
Consid;r the one-s£ep migration of 66 in thq folléwing system.’
Tnc.transformation'affected on thé sybstztuents dqeﬁtb é single

~igration is-shown below.

R '

\ 4
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. . _ . . ' . . ‘
In this migratibn, the number of slignals undergoing, exchange was
. . - ' s .

three, viz. A, B and €. Mhen the dverag1ng took'plécé an equillbrlum

capulation of the lndlvidual signals would be 0.2, 0.4 and 0.4, since

ihvic'rqlatlvc lntensitlos were 12312, From the abovc table, the sianal

lor Wic substituent A s transformed to 8 with the transition probability
.t : '

L, In contragt, B could clther be transformed to'C or to A, The

- IO . . . < - :

transition probabillty Is 0.50 in each case. arly, the signal.

tor L could undergo two trghslflons. ‘The. transition could occur to -
aother site € or to B, again’with transition prbbabfljtiés‘O.SO.wﬂc
‘ ' - R

Line widths of the pom.r, signa];‘in the absence of an exchanqe was

setermined from the limiting low temperature spectrum.

The above information was fed Into the computcr together with
ri 1]
The ':vquvnulus at whnch the resonance signals appearud in thL ahSchL

at .\Lhanqc The computer was then progrannnd to calculate thc DDS't'OH

=‘1(\ntun«|paus of the P m,. T, slqnals under90|ng averaging wlth a given

co . .
Late constant. * .o ) : . v

~

A Lyplcal print-out from the computcr consustcd of a series of
“frequencies |ncrea5|ng with equal intervals over the prescribed ‘Fange

«nd another ‘column consisting of relatlvc intensities of the siagnals

v

4t cach frequency value, Half-width and relative IQQengitY of the

Sanima and minimar of each peak was. also gived.

3

LN



bL{HLLn the/experimental and calculated. spectra wgg obtanned The

L .

o

The rate of migration was established when a good'agreemeﬁs'

o~ B2 3

comparison was’ either made.by a visual mel;hod (medium exchange IM)

. L.

or by comparlng peak holghts (slcw rates) he method.employed {n'

cach case i given in the appropriate tabies gk

{c)

4 - L

’ LR . / . . ’
A Typical Calculation of the Error Limits for Activation

)

Barriers ) . .

£ ]
= ~ .

The calculation of'tbe error limkts for the.free Xnergieé of

e

dutivation assocnated with. the degenerate rearrangements dlscu55ed in

-

oy

:nis thesis 'was. made taking into consideratnon-that there‘ts a pro-

- [y

nanaf}on of errors. Relative errors are add?tive under the operations

At multtpl:cat:on and dnvusnon whn!e absolute errors- are additive

Y ' 4 ]5

“under addltuoncand subtractnon of the vartabie parameters.

._\_

l
,,variatlon of 2 sec

1

Thus. in the degenerate rearrangement of AICI3-complexed c-

ik mtthoxybenzoyl ] 2 3 k 5= pentamethy]cycloeentadiene (80c),

-1
xeratuon of 06 occurs Wlth a rate constant of 26 sec , at ~55°

e

@ o

|n the rate constant was w:thtn the ]lmltS
' . ¢

o .
detection:‘ The: temperature varnatnon was * 57«

.
-

: ’ I AN - '_ .. o -
-1 : 4§
Rate =23 * 2 sec , at =55 = 5°. C
il L ¥
el " ' LT ' o Akr 2 )
The relative error in the rate constant "= 23
.. 2 R r
. I - - .
. ,"_;-';) ~
] » 7\ a7
v e B ,
- ¥
— .
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and the Rela;ivelerroT in"ghe . temperature'sm %;__ Zi ]

4 a

’

The error 1imit for the eqhiif@rium-constént AK+.can ﬁe caiculated

from ) ' _ S -
kr = Ef-K*, kr = ratg3constant, k = Boltzmenn's Constant,
T - y P '
h = Plancks Constant(, T = température ip °K. .
l.l‘ A L ) 9
..K- =T . : . o .
' o 2,y - *
! .°\ e e “
-3 PR AR -
,_Kl _ r Cot

= [(0. o!i'io)2 + (0, 0229)2]* : , "

7 = [0.60761 + (0. oooszﬁ)]* \

L+ - I o “g\g _
2K~ (0.00814)% o L ‘

KW ' ’ » ,
\ =',ho-,'ogoz- .
‘ ’ + . oo Lo ,rA . ¢ /._ ) '. o ) .'.‘..

o The réfatIve.erroﬁ.fdr';hK .Wfll then be

_-. f - ) . . jl . ) i - ) ’ . . “
; % = + . + . . . . . ’ . . o »
. _‘ LhK ] K | £ﬂK R - 4 : o . 5 . " ;".ZI Lo

0.0902, k 53%37 £6k+ = ?5;01 S .f”.
= 0.00346, R . - B

Relatuve error for the activation barrler-—ijnll be the S um

a 1 -
-

\.
.

of :he relatlve errors 1n “the temperature and £ K, s:nce T

RTL, e | - . .. . ' if. . A Lo
et (e k2 _aAT\z}* - (0.000120 + 0.000526)¥ = (0.00538)* 10
—r 7| . YT S ’ | R

L AF . | .l\\. anJ . \ . - '. . -‘f

. . .o A N |
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.4 |
:995;-- 0.0232. -

AF

L ; S ~ " = 0. 260 kcal,
| Actuvat!on barrler for the degenerags_rggtrayg”"klruf 87d-

dﬂ {d) . A Typical Calculation of the Error Limlts for Activation Energies

and the Entroples of Activation

i,q L]

The error lhmlts for Ea and AS+ were calculated from Arrhenius

e Plots for the clrcunambulatlon of AlCla-complexed 5- acyl -1,2,3, h 5
pentamethylcyclopentadlenes.. The magnntudes of these error limits are‘ -

"large-since thg Arrhenlus plots were made over a small radbe of -

. rtemperature : : C . . A

,.In the degenerate rearrangement of AICIB-complaxed S-p-methoxy-
I
penzoyl-1 2 3 4,5- pentamethylcyclopentadlene (80c) the rate constants

i
. estimated ‘ranges from 1. 5 0 5 sec -1 ‘at ~75° to 37 . sec -l at -50°

The relativa error in the rate: constants can be. calqulated as

-
o

" shown below. | .‘W‘- | L "
- 8k o I !
: ‘..0_-2 - ’ ‘.\
7 e " 0. 333 | _ o L
. L L s » t
and . o ak
oL _— . 2% .p.0541 -
o . B _E;. 37 0: 5 L.
. ‘ g Ak Ak2 ¥
Relative error In the rates = '1;‘ “E; .
) Dn SR Y 00292 “+ 0. 1111* o e
' : = 0.337 |
0.337__ . 0:337 . 0.

,Relative error in'log k = Tog k _109 Ky 1

‘ ‘ Ty 990. 0 + 1115.0
Relatlve error in temperature - i + === = 0.0476



r‘ A ' - ) , ; IB’.'

The error limit in the slope can be cglculated from the formula '

A r

) 5]0pe~="é..£9—k
AT
ca Uirat
LEa 2.
'E%‘= {(sadog K)? + (aem)?)?
e ‘Ea . N T, .
Jhere —EE—=-yelat1ve error for activation energy
- _ . . o
log k = relative error in log k :
v+T ='relative error in temperature

|

e [(0.0476)% + (0.242)%]% = [0.002272 + 0.05856]F = 0.246

Since Ea = 1221 kcal/mole, we have
4Ea = 2:9 keal/mole

Asing the same érgumént thanrelatnve error for the ngtercept

was calculated as 0. 24 ln the calculatlon of the entropy af

uc:ivatioﬁ, AS% the follownng relatlonshnp was used 0 ‘
- _ L ad T o ‘
: A E%-e - . ) . :
where K = bqltzmann‘g Constant - . - ;;:.
T = Temperéturq-: “,  B S _' .F aJ,ﬁ..
A . e e
h = Planck's “onstant, and | '

R &

v .- -

<7 R = Universal gasrconstant. ' _ " . ™

' The two lumlts for the magnntude of the. entrépy of actfvatioq can_pe

'caltulated using (1) the upper Iimlt for log A and ‘the lower limit for

P
thperature and (1:) ‘the lower limit for log A and the upper limit fof

temperature. ‘ ' E . . y
- - .

Jog A = 13.3 3.2 ° ‘ .

- ¥



(i) ton A, = 16.5 © Temperaturc = 228°K

N 1-38 x 228 x 10" |
i —.626 -

e 375 % 101?

Lo —E - 29.193 - ' R

J ) .. kT.
= 2303 ‘log Ay - 2.‘303.193 W

= (2,303 x 16.5) - 29.193 S
~ §.81
‘ . ‘ . \d

A§i+ - SSBK)(I;983 cu . e

« 17.5' e y | ' ’
Ahanlyté_crror in AS+ - 17’5 - 3.2 =+ EU-rM"JM o
Similarly, A52+ = -;ltg.cu |

. . J .

‘ <) . '
3.2 = :lh.s cu -

\huoiutv'crror'Fn AS+ = -11.3

Lntropy of activation = 3.2 £ 14,5 eu. B ~ ' o

' Q;_\Synlhésfé.of S-Aqyl-peﬁtamethylcyclopentadicne

PLhtamethyTtycloﬁantad!en? (7]) is-an Important intermediate
in the ynLhesis of S-acyl- pentamethylcyclopcntadiencs A dﬁtailcd
1r0Lcdurc for Ehe synthesis of 71 was rot publlshcd by de Vries. How-
_ever, ina repbrt given to Professor S wlnsteln by de Vries, thc synthcsns
o zl_was-discuééed in detail. A series of' steps involved i the prc—
paration of bcntémethylcyclopentadtene as reported by de Vries is

]
qiven below.
\ .



{a). Di{sec)-2~buteny} carbinol

‘LitHium riboon (5 @), cut into eﬁa]l pfeees, was stirred in
" dry .ether (1 L) by means of a mechanlcal stjrrer.: Z-Brodo-z-botene
{50 q) was added dropwise over a period of 3 pouré. Vigoroos stirridg
as codtinoed‘(g hrs.) until all the lithium dissoleed.‘ Tiglaldehyde
“{30 g) was added at a rate'suﬁfieient‘to cause a mlid‘reflux.“efter
n additional etérring period (2 hodrs) the dark brown solution wes‘
decomposed by the édditioh of saturated ammon i um chlﬁ?ide solution
(5ob ml). The light yellow ether layer was separated and the aqueous
laver was extracted with ether. (3 x 500 ml) and drted over anhydrous
.‘*Ef;SOLl .
5.0 44°/1.5 mm (reported‘56°/i.5 mm) . lr (thin f1lm) v 1632,

‘Distillation ylelded the required carbinnl. Y¥ield, 35 g, 70%{.

3000 and Vo 3500 cm (reported 1632 cm l).
. ) .

- '

(b) Active Hanganese Dioxlde o - -

Active manganese dioxide was prepared as reported by Attenburrow.

[
o+

()i Dl(sec) ~2= buteny] Ketone

Di-2- butenyl carbinol (30 g) was stirred for 2h hr. with active
£
sanganese dioxide (210 g) ‘in light petro!eum ether-(5°€),.b.p. < 45°,
The solid'MnDZ.Was filtered off, and washed with light petroleum
_cther. The solvent has removed in vacuo without heating. Distillation
. of the resndue YIEIdEdmbh& colourless di-2- -butenyl ketone Yield,

20 g, 68%, b.p. 50 52°/3 mm (reported 58°/k, 2 mm), “tr (thin film)

1642 and vC=C 3000 cm . -1 (reported 1642 cm }
L X -
(d) 2 3 4,5- Tetramethylcyclopent-Z en- -1-one

“C=0

Di-2-buteny! ketone (20 g) was’ added slowly to a mixture of BSZ
, ) i

121
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;1!11)'-[’3'1()|'ic dcid (B g) and 98'2; Form [+ ac_id (26 g) kcpt at 850 under

it ranen. . The mixture was sfirred for 5 hr., by which time the colour

qad changed to greenish ycllow.kh;;;ﬁ\ﬁggllpg, the: solution was added

Lv—holdlwntcr 0\ f)._ The organic product was extracted with
e \h \ Ido ml), wabhcd hfth 5% aqueous Nn2C03 solution (4 x 100 wml),

nd?f{ \h X 100 ml) and drlcd over MgsoO,. Rcmoval'of cther in vacwo ‘
. - — .
i lallation gavc 2 3 h ,5- tctramcthyfcyclopcnt -2~ en-l one.

V.»Id. 19q,-95%, b.p: 40°/0.6 mm (reported 60- 61 /3 mm). br {thin

V) 1700, Ve 1650 and 3000 cm (rcpor&qd 1700, I650 cm-‘).d :

(n3

Yg=0

]

Cw

e 2,3,4,5- Pcntamethylcyclopentenol L

' TLLramcthyltyclopcntenone (19 g) was dissolved. mj adhydfous
etner (500 ml} in a two-necked flask eqLIpped with a reflux condenser
and ; dropping funnel.’ Hethylllthfum (73 ml, 2.2 4 solutlon in ether)
aas added dropwise. .Th§ stlrflng was contlnued fdr 2 hr when a ' R
a;LPfalcd andonlum—cdlorlde solution (50 ml) was added. 'The'gtddr

Layer Qas 5cdprated washcd.wlth water (3 x lOD.mI) and dried (Hgsoh).
‘which was uscd witﬁout‘

termoval .of cther gave a palc yellow oil. (20 g)

turther. pur‘incatuon Yield, 20g, 9hZ e (/Tin fllm) Vo- H 3“00‘

-,

" 2950 (m) cm Ir data for this compound nob\feportnd L
. . ' - \‘-——J .‘. ' 3 ‘ ' -
"(f)_.lv2r3 o= PcntaméthylcycloPentadicne : ‘ _ )

'“Iodine’(o 6 g) in small amounts was added to crudc penta-

uﬁgthylcyclopentenol <The tertlary alcohol turned %Ioudy and droplets

nr'wafer started to appear. Stirrlng was continued for 30 min when

the reaction mixture was taken up in "ether (100 mi).. The ether laycr

 was washed with acidifled 53 sodium thlosulfate solution (2 x 25 ml)

5 sodium carbonate solution (2 x 25 mlj water (2 x 25 mt) and

\
hY



rd

Jricd'ovur.MnSOH. Removal of the ether-and distiliation gave pentd-

1mwhyICyciopentadiene. Yield, ih 59, 82%, b.p. 607720 mm (reported

.uﬂ 61°/20 mm) . lr {thin film) UC C i I650(m) 1620 cm ]( )
1Lpnttvd 16)3 1620 cm ‘).,-P (ccnh) 1. 10 (d, 3H J=7.5),

e (12 H), 2,578 (m, H).

{4} Gcneral Hethod for tﬁ% Preparation of 5= Acyi 1,2 3 4 5

pentamethylcyclopentadlenes

To pentamethylcyciopentadiene (1.36 g, 10 mmoi) dissolved in

dnhydrous cther (100 ml) n-butyiiithbum (3 ml, 22% fin n- heXane soiution)

v added qenLly at room temperature An exothermic reaction occurred
aith LhL formation of a white precipitate oF l1ithlum pentamethylcyclo-
scnludicnlde 104 The appropriate acid ch]oride (10 mm) in ether was

4
1)

1dled drOPW1SL at a rate sufficient to cause 3 gentle ref!ux. The

" mixture was 5t|rred for 3 hours. Water (300 mi) was: added the organic

iuvur separated washed with saturated NaHCO3 soiution (3 x ‘50 ml) and
aater (2 x 50 ml) The ether solution was dried over anhydrous MgSOh,.
'Lhw',oIVent was removed and the crude product chromatographed on a
1olumdkLF neutrai alumina (actavity l) The ketones were eiuted wnth
ether (5%) in pentane. . The'yieids, Ir data and’ the elemental r

analyses are given in tapié“xx.

CL, Ethylpentamethylcyclopéntadiena-S carboxylate

Pentamethylcyciopentadiene (3.72 g) dissolved in ether (100 ml)

was’ allowed to react with. n-butyl lithium (6 mi, 22% in - hexene soiutnon)

Loas descrnbed prevnousiy.loll Ethylchioroformate (2 82 9) in dry Ether

{25 m1) was added dropwise at such a rate to maintain a rapid_VEfluX-

138
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X
TABLE XX -P;Oper‘ti 5 al"ld Anaiyses of S-Acyl-l.72.3.h,5-pcnta|-‘nethyl-
t:yv::Iopt.-.nt.udie[ie.s-‘-1 .
& - - | Analysis -
“Compound 5 \’mp__\ Vewo  Calc. - Found mle
C view ct e ez W oo W

0 65 . b 1691 8118 10.50 81.35 10.63 192

B 66 136 1655 79,95 8.2 8.07 - 8.20 270

/0d 70 124 1651 B0.23° 8.52 80.03.  B.43 284
L s - -

jor .60 b 1662 Bu.97 +8.73 8.71 ° B.53 254
CpF T 97 660 . B5.07° 9.5k 85k 9.8 296

o 68 b 1668 Bu.9k B0 BL7Z B3l ho.

pn 63 126 1666 7428 6.98 76,08 6.94 27

léi 58 b 1677 70.10 - 6.22 70.28 5.99 _ 308

= ..P‘m.r. spectra are given in Table VI

2 Liquid

.ﬂ
o §
¢
.
~ ‘



1

_ (reported 1647 and 1567 cmij).‘ P:m.r. (CClh). 1.1 (ZH)

After an additional stirring period (2 hours), a saturated

'NHQCI

i . oy A
solution (50 ml) was added, the ether layer separated, washed with

aater. (2 x 50 m1) and dried_(HgSOh). Removal of the ether and distil-
lLition gave ethylpentamethylcyclopentadiene-5-carboxylate. Yield,
gohoa, 839 b;p¢“609/0,5‘mm (reported 58-60°/0, 5 mm) r (tnin~ .
- ' | "n-
T'Im)-vC=C‘3000' vC-O‘IGhO cm (reported 1655 cm ) P.nnr;‘(CClh):

0.90.(t, 34, Jm7.5Hz); 3 .99 (a, ZH J-7 SHz) § l.lu(an); 1.7&3(\2 H).

. To an ice-cold solution of 30% HZOZ (21 mly acetic

/. _Synthesis of 2,3,4; S 3 6 Hexame&hylcyclohexa -2 4- dienone (60)

anhydrlde

V120 ml) and acetic acid (35 ml) was added. The‘mrxture was stirred

lor 15 min

., sulfuric acid (30 m1) was added slowly from a

funned whllc the mlxture was stlrred ver! gentl! The sti

- -4

dropping -+ .

rring was

continued for 30 min, ° This solutnon ‘was slowly added to the stlrred

olutnon of hcxamethylben:ene (31 2 g) in methylene chloride (100 m1),

dlLLIC acid (300 ml) and sul furic acud (200 ml) kept at 20"

' V

The product was poured onto ice (300 gf and extractcd with

The

o l|rr|nq was continued fof 3 hr., ai‘er the addntnon was completed

CH2612 .

'(R'x 100-ml). The extracts were combined and washed with saturated

NnHCO solution (2 x 500 ml) and water (2 x 50 ml} and drued'(N62C03)-

3

.ulutnon left in- the ice- compartment avernlght Hexamethv
filtered off and the solvcnt was removed ig_zgggg, Disiil

vacuum gave 2,3,4,5; 6 6 hexamethylcyclohexa =2 ,h- dlenone.

862, b.p. 60-62°/0.5 mm. e (thin fllm)ovc_0 |6h5 and Veac 1565 cm

and 2.035 (1KH).

L . N . A,
. Pl R v

The. solvent was removed abso!ute nethanol (100 ml) added and the

!benzene was

lation under

v;eld,jzs.s g9,

1 .86 (35)
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fi synthesis of 6-Ethyl-|,Z,M,S,G-pentaﬁethyl-B methylcﬁe;gycloﬁéxa4l,h—dicnc
- Lithium ribbon (0.15 &T, cut Into'Small\pioccs was stirred\fu
ity cther (50 m1) while othyl bromide (1.19 q) dissolved in ether (5 ml)
wats added élewly The mixture was s{Irred untsl all the tithium picces
f.uuu!vcdbfapproxlmqtoly QS mln.). - The ﬁbovc dienone 60 (1.78 Q) Was

diwsatved in ether {10 ml) and added dropwise at such a rate so as to

saintain a mild refluxing. The mixturo was refluxed for | hr., after

—
}

the addition was completed. Tﬁe-e#g&ss 1ithium reagent was destroynd
by thé addition ‘of séxu;ated NHhC]'soluEion (15 m1) and tﬁc cther
aver iupératcd and drled (NQZCOB).' The ether was cvaﬁorat;d In vacuo
JQJ the residue d{ssolved In pentane. “The product was extracted into
Cone, hvdrOthoric acnd (3 X 20 ml) whlch was then pourcd onto ice ‘
vt o, nuutrall.ed with solld NaHC03 and extractedsagaln with anlnnc
Th ;P;lﬂnL solution was drled over anhydrous N32C03 Removal of
.tnlﬂnh gave the: requi red product. Yield 1.8 9, 713. Ir “é-c -ihh
3100 em o, mfe (parent peak) = 178. P.m.v. (CClh) "0, 59 tt, 3H, l-7 SHz)

% (. 20 J7.5H2); 11 (;u) 1.82 (3H); 1.88 (3H); 4.808 (2H).

v Synthesis of 1,2 4, 6 6 Pcntamethyl 3-methylcnecyclohexa-l 1+ dicne (67)

To a 595pension of Ilthium aluninum hydride (0.2 g) in cthcr‘)

:\'0 mlj a solution of 3‘3 h 5,& 6 hexamethylcyclohaxa -2, h dienone (I 78 q) -
in Llher (5 mi) was added dropwlse. The muxturc was rcfluxed for
30 min., and the excess umn!l was destroyed by the addition of

~alurated ammonuum chlorlde solutlon (15 m1). - _ The secondary alcohol
was extracted with ather (3 x 35 ml) and dried over anhydrous Na2603 .
AFtpr the removal of the sdlqent} the crude product was dlssolved in
. dry pyr;dupg (50 mi),.ﬁ ?fog;;°f'¢99°' Hfl was:addﬁd ané_thf resul;ing

o 3 . - T~ .

1 .-
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Enlulion_boilcd for 30 min. The product was poured into water {300 ml)
and o\trnctcd with ether (3 x,25 ml), The extract was washed with
water and dllcd (Na 3) Removal of the ether gave l,2,h;6.6-.
pcntnmethyl-3-methy|onccyclohexa-l,h-diene. Yield, 15 g, 7%, e
Ve 145 cm-l, m/e'(pnkent peak) = 162, P.m.r. (CClh): ‘

Los (61)5 1.8 (9K); 2.83 (1H); 2.88 (18)5 3.458 (1H).

lﬁ;_ The Characterization® of the Prodhct fromJthe'Thermal Renrrnngcment
ot ,’ a - . | . |
The 501;?70n oflzgg_was made by éxttactin§ a solution of 5-
”tu}§l-l,2.3,h S—pentamcthylcyclobentedlene (178 mg) in methylene
- dloride (1 ml) 1nto HFSO (2 m}) kopt at -78°. The Forhatlon of ;
Cthe' Jication. was conflrmud‘by recordlng the low temperature p. m r.
"?P"uttum Thc sample was - gradually warmed to 40° and kept for 2 hous{
: ,f A susp ston of sodlum blcarbonate (5 q) in ether (25 mi) = |

wan stirred at -78° while the. acld solutlon was added dropwlse The '
“»

nl.ultﬂng mi xture waEbwarmed to 0°. lce-water was added to the.mixture

and the ,tlrr1ng was. cont%nued for 15° mln “The Fﬁﬁu‘t‘NQ solution

wan filtered in vacuo and the filtrate extracted with ether (3 x 25 ml).

The extract was_drled-(Na co ) and evap ‘atlon of ether 13_33522'

vielded "1h8 ﬁg of organic materlalt
Thc product was characterized as pe tamethylcyc!dpentadienc
by thc-comparisbn of Tts p.m.r, spectrum with that of an “authentic
nample.  No other signal was obserVed in the p.m.C. spectrum of the
Preduct Only two peaks were. observed on the chromatogram when the

product was subjectad to wpe analysls using 8 ft x 1/8" 153 SE30

column as well as 8 ft x 1/8" 202 tarbowax on chromasorﬁ 60-80 col umns .
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The ratio-of the peaks was-determined by cutting the area under the
ocaks and weighing. The ratio of the amount of the major product'fo

}haf of. the minor'was 19:1. The major product was collected and identi-

Cfied as-pentaméthy]cyclopentadigne by the -comparison of the p.m.r.

wpectra with an authentic sample.
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Figure 23c  Compound 80¢ -« -
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Figure 23s Compound 80 ° - |
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Figure 23f | Compound glé_t‘
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. .Flgure 23h Compound 80K
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