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This work was storited to investigate new methods
of synthesizing certain fulvenes. It was hoped that
nucleophilic aromatic substitution of chlorine on 6,6~bis-
(p-chlorophenyl) fulvene would provide an alternate routs
for the preparation of para-gubstituted 6,6-divhenyl
fulvenes which had previously been prepared through the
appropriately para-substituted benzophenone and cyclo-
pentadienide (1,2). Attewmpts to prepare these substituted
6,6~diphenylfulvenes were unsuccessful.

Secondly, a mcthod of alkylating certain fulvenes
in the ecyelopentadiene ring was studied. With this in
mind, 6,6-diphenvlfulvene was treated with various
nucleophiles which should give the relatively stable
cyclopeontadienide intermediate if the basec adds to the
exocyclic carbon atom. Alkylation of this anion,
followed by expulsion of the nucleophilic groun and a

proton should then generate a new fulvene alkylated in

e
.


http:nre})<i.re

the cyclopentadiene ring. In no case was any alkylated
fulvene isolated. The major reaction products werc two
isomers of benzhydryl cyclopentadienc, rather than the
expected alkylated fulvenecs. The banzhydryl cyclopente-
diene (mixture of two isomers) appears to have resulted
from a reduction reaction.

Since fulvenes of the type under study arvc
generally unstabley, an attempt was made to trap these
alkylated fulvenes, if these were present, as their
Diels-Alder adducts with tectracyanocthylene (TCHE) .

This attempt gave the adduct frowm one of the isomers of
benzhydrvl cyclopentadience. The adducts from the other
two possible isomers of benzhydrvl cvclopontadiene were
not detected. This rosult is an indicétion of the
different reactivities of these isomers to TCHNE.

From the absence of TCHE adducts of the exzpe reted
alkylated fulvenes, it was concluded that these fulvenes

had not materialized in the attempted alkylation

=t
o
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GENERAL INTRODUCTION

I Attemnted Nucleophilic Aromatic Substitution in

6, 6-his=(n~Chloronhenvl) fulvane.

The primary objective under this section was to
find a new method of synthesizing para-substituted 6,6-
diphenylfulvencs from 6,6~bis-(p~chlorophenyl)fulvene.
Secondly,'it appeared interesting to determine the relative
activating power of the 6-fulvenyigroup and other common
activating groups such as the nitro group, in nucleophilic
aromatic substitution reactions.

According to the coumon nechanism of nicleophilic
aromatic substitution, that reaction in the case of &,h-his-
(p=chlorophenyl) fulvene, would produce intermediate 1, which

is stabilized by extensive delocalization.
Cl Y

~C1"

Cl



(1) -
6113

=4

CH3

By comparing thé rates of nucleophilic aronatic
substitution of é,6~bis-(p-chlorophenyl)fulvene and p-halo-
nitro-benzenc, one night determine the relative activating
pover of the 6—fulv&nylgroup towards nucleophilic =romatic
substitution. This would he é novel activating group,
since all nther activating grouns contain hetero atoms.
Synthetically, this scheme would be of some value, although

-

para-substituted €,6~diphenvlfulvenes have becn prepared in

%

reasonable yield by G. Kresze, et al,(2) using the aporovri-

ately substituted henzophenones ond cvyclopentadienide., As
it turned out the 6~fulvenyl substituent is not sufficiently
activating to make the reaction go under relatively mild

conditions.

II Alkvlation of Fulvenes

From the unsuccessful attemnts to effect nucleonhilic

aromatic substitution in ¢,6-bis-(p-chlorophenyl)fulvens, it

~

appeared that ad

4

dition of the nucleospnilic group at the

exocyclic carbon atom of the fulvene was a more likely



procecss than substitution of chlorine on the phenyl carbon.
This is not unlikely, considering the divolar nature of the
fulvenes and their reactivity towards organo lithium
compounds (3,4).

Alkyl- &nd aryl-lithium compounds readily add to

thium-

l_l-

the exocvclic carbon atom of fulvenes giving a 1
fulvenyl intermediate. ¥From this evidence it seemed that
lithivm anide bases would also add to the 6é-carbon atom
in fulvenes to give fuivenyl intermediates such as 2.
Addition of a bhase at the exocyclic carhon aton,
followed by alkvlation of the intermediate cyclonenta-~
dienide 2 and elinmination of thec nucleonhilic group and a
proton would then generate o new fulvene with an alkvl
group in the cyclopentsdiene ring (equations 2,3). This
would be a new and simnle nethosd of placing onc or more

alkyl grouns in the cyclonentadiens ring »of fulvanes.
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R =R,= -CgHy, -CH, , Ry= ~Ci
¥7= TNHy, TNSt,, TNMe,, TNHCH .

In the above reaction sequence, Y™ rust be g»strong
nucleophile for addition to occur at the exocyclic carbon
of the fulvene. The fesonance stability bf the cyclo-
pentadienide 2 would be expected to drive the reaction
towards the anion. The bimolecular substitution of the
alkylating agent with the cyclopentadienide 2 should then
yield the thr¢€_p055ible'isomers 3, 4 and 5. Elimination
of the nucleophilic group could then ocecur through
deamination yielding the new fulvenes £ and 7.

That_addition and elimation should occur in this

system 1s supported by the work of E. Sturm and K. Hafner (5)



who have described a simple synthesis of fulvene and its
b-alkyl-derivatives. They found that the reaction of
6-dimethylamino~-fulvene and methyl lithium gave the

expected cyclopentadienide-lithium compound €., On

hydrolysis at 0° this salt was converted to the cofrosponding
base, which rapidly lost dimethyl amine above 100° under

)

high vacuum, or during chromatography to give f-mcthylfulvene

(&)

in 81% yield.,

Ry= H
C S
Rf///’ \\\\R2 Ry= allyl, aryl
H(CHy) 5
&

The similarity between intermediates 2 and § is

obvious, if ¥ = -N(CH_) and R = =-C,H.. The recctions
’ 32 2 675
rre

lecading to these internmedietes differ in the order of

introduction of the groups.



HISTORICAL INTRODUCTION

The nature of the bonding in fulvenes can be
described qualitatively as a mesomeric superposition of

the covalent structure A and the polar structure B.

R= R'= H, Aryl, Alkyl
The contribution of thc dipolar structure B to the
resonance in these fulvenes in the ground state amounts

to only 5 - 107 (é). This result may be asscssed from

.
N

the dipole nmoments of #A,6-dialkylfulvenes, and 6,6-diaryl-
fulvenss. %,4=Dialkylfulvenes have a dipole moment of
about 1.4 D (7), whereas the corresponding 6,6-diaryl-
fulvenes have moments close to 1.3 D (2). In either

case, the dipole is directed towards the ring, leaving a
partial.negative charge on the ring and a partial positive
charge on the exocyelic carbon. Quantum mechanical
calculations (6) indicate the same general prenise in

more precise terms by showing the residual charse on the
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vorious carbon atoms in the fulvene molecule., With
increasing electron-donating character of substituents

at carbon six, the polar structure B becomes more
significant (1,8). This polarity can be explained in
accordance with Huckel's rule (9) by stabilization
through the cyclic conjugated systen of six 17 elecctrons,
which is present in this structure, just s it is in
cyclopentadienyl~mnetal compounds. In agréGHOLt with this
concept, the bond character of the fulvenes can be
shifted either towards the olefinic or towards the
benzenoid side by variation of the substituents at
carbon atom six.(12).

Hany of the reactions of fulvencs can be rational-
ized by consideration of their dipolar nature. The benzen-
oid character is useful in correlaﬁing the reactivity of
fulvenes with nucleophilic and electrophilic reagents,
while the olefinic character can account for such typical
olefinic behaviour as the Diels-Alder additions of
fulvenes to dienophiles.,

Reactions of fulvenes with orgzano-metallic
reagents can best be interpreted by considering the
polarity of the exocyclic double bond. For examvle,
reaction of 6,6~dimethylfulvene with phenyl-lithiun (10)

3

leads to @ below, the expected product in view of the

T

2TNICS .

distribution of charge density of the fulv



Hydrolysis of the intermediate complex gives substituted

cyclopentadienes such as 10.

/ "3 ZN Ao
\ 6h5 \ C ../MC 61{5

QH \\\CH

3

Similarly, 6,6-diphenylfulvene adds phenyl lithium
to give an intermediote complex § where the methyl groups
are replaced by phenyl groups.(10).

Cne would expect that if carbonionic reagents

L <
such as phenyl lithium add to fulvenes in the above
anner hen certain hetero aton anior 1 also ad
I r, the 1 hetero aton anions would also add

to give internmediates such as 1l.

CéHS

N

c 1R,

6g


http:intermcdicJ.tc

As discussed in the General Introduction,
attempts were made to alkylate this intermediate, 1f
present. Deamination of the resultant Mannich base
would then lead to an alkylated fulvene. Alkyletion
of the aryl-cyclopentadienyl anion appears likely, as
evidenced by the work of McLean and Haynes (11). They
have shown that the cyclopentadienide anion undcrgocs
methylation quite réadily to form methyl cvclopentadienes,
and more highly methylated products.

The intermecdiate 11 differs from methyl cvclo-
pentadicene mainly in the size of the substituent on the
cyclopentadiene anion., If the sheric factor in riethylation
is not too large, then this intermediate should also
readily undergo methylation, as does methyl cyciopentadienide,

Electrophilic suhbstitution in fulvene systems has
not attracted nuch attention, since such experiments have
so far been of doubtful success. The main avnplicetion
to date is the fornmyletion reaction using Vilsmeicr's
complex (12). This reagent, formed from dimethyl
formanicde and phosphorous oxychloride, readily converts
6,6~divhenylfulvene into 1-formyl-6,6~diphenylfulvene.

The theoretical eclectron density distribution can be
used to rationalize the position of substitution (1),
Direct alkylation of fulvenes in the cyclonen-

adiene ring., uvsing the approvriate electrophile load:
tad e ring, using tf pprovriate electropnile leoads to



1“
polymeric products. Although 6,6-diphenylfulvene and
6,6-dincthylfulvenc undergo alkylation (8) at -80°,

the ¢-complex formed is stable only at -80°

2R )) /‘__,__ / |

“’ | Brl, t:
R/ \I : R

\}‘

R R!
(%)

The attemplted conversion of the fulveniuvm salts
into substituted fulvenes lecads to polymeric procducts.
Thicc and Viemann (1%) obscrved a similar polvmerization
with unsubstitutad fulvenes.

One of the best known rcactions where fulvenes
ekhibit theilr olefinic character is the Diels~Alcer diene
synthesisw(15,16). Fulvenes rcact with many dicnophiles
to give the expected adducts. A4 typlcal example is the
reaction of 6,6-dialkyl- and 6,6-~dieryl-fulvencs with
tetracyanoethylene (17). With alkyl fulvencs the rcaction

L

s quantitative.

1=

Other typical olcfinic reactions exhibited by
certain fulvenes are autoxidation to from peroxides, and

polymerization., 6,6-Dimethyvifulvene vields e bis-peroxide

e A

to which the following structure has becn assigncd (18,19).
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;///////02\\\\\ﬂ/////CH3
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From 6,6-diphenylfulvene a polymer has been
obtained at 140°, while at lower temperature a crystalline
dimer has been formed (20). This type of dimer is formed
by a Diels-Alder reaction in which the fulvene behaves
as both diene and dienophile.

One type of reaction which has not received any
attention is nucleophilic aromatic substitution in

p-halo-substituted diphenylfulvenes of the following type.

D=

As already pointed out in the General Introduction,

X

I

- halogen

R= aryl

the substitution of halogen by bases would provide a simple
means of synthesizing para-substituted diphenylfulvenes

from a single p-halo~substituted diphenylfulvene,



EXPERIMENTAL

(1)Analysis of Compounds

Column chromatography was done on neutral alumina
(Fisher Scientific, 80-200 mesh), and on silica gel
(Grace Chemical, 100-200 mesh). Thin layer chromatography
(TLC) (Bastman Chromagram Xit) on silica gel and alumina
was used in nany cases to determine the number of cowﬁonents
in the reaction mlxture, and the purwtv of column chromato-
graphed fractions. Reagent grade solvents (Fisher Scienti-
fic, Mallinckrodt) were fractionated through a three foot
Vigreux column prior to use in chromatography, or in
recrystallization. Solvents required for rcactions were
purified by published procedures.

Uncorrected melting points were determined using
a Thomes "Unimelt" capillary melting point apparatus.

The major means of analysis was NIR Spoctroscopy.
The KMR spectra were recorded on a Varian A-60 spectroneter
and & HA-1CO spectrometer, in carbon tetrachlo or
acetone—dé solution (tetramethylsilane as internal
reference). The infra-red spectra of compounds were
recorded on a Backnan T.R.5 instrument and 2 Perkin-Zlumer
337 Grating Infrared Spectrophotometer, employing FBr wafer,

~

or carbon tetrachloride solution.

T

‘he ultra~violet spectra

12



were recordaed on the Bausch and Lomb Spectronic €00 in

x 4L

n-hexane (Fisher Spectrograph) solutions. Mass spectra
were rccorded on a Hitachi Perkin-Blmer RMU-64 (80cV)
nass spectrorieter., |

The expected absorptions in the NMR and UV spectra
were obsoerved for all the previously reported compounds
that have béon prepared. These spectral data are normally
not reproduced in detail in this Thesis.

The spectra of some products is presented in tabular
form in the secction labelled Results and Discussion.

Microanalysis were performed by A. B. Gygli. All
attempted alkylation reactions were conducted under an

atmosphere of dry nitrogen,

(ii) Chonicels

Petroleum ecther refers to the fraction boiling
botween 65-110°.

Ether used as solvent for reactions refers to
anhydrous 2other dried over sodium wire.

The anines neoded to make the various lithiun amide

bases for the attempted alkylation reactions were distilled

lithiunm was obtainced as a solution in n-hexane from Foote
Mineral Company.
Other reagents used were all reagent grade chenicals

and were not purified to any degree,

13

ust before use and kept under anhydrous conditlons. n-Butyl



I Preparation of Fulvencs

(1) Synthesis of 6,6-bis-(p-Chlorophenyl)fulvene

‘The method used for synthesizing 6,6-bis-
(p-chlorophenyl) fulvene was a variation of that described
by G.Kresze (1) and K, Zicgler(21).

Cyclopentadiene monomer was distilled from
dicyclopentadiene immediately before use. The fulvene
synthesis was carried out in a three-necked flask
equipped with a gas inlet tube, a drOpping funnel, a
magnetic stirrer, a dry-ice condenser, a thermomoter,
and a CaCl2 drying.tube. A slow stream of purified
-nitrogen was passed through the system during the coursc
of the reaction.

Freshly cut sodium (3.10g, 0.13% g atom) was added
to 24,0 ml of tetreshydrofuran in small portions. A
catalytic amount of t-butyl alcohol (1.0nl) was added,
followed by dropwise addition of cyclopentadience (30.0ml,
0.27 mol). The wine colored solution was cooled to
maintain the temperature below 35°. After four hours
all the sodium had reacted. p-p'-Dichlorobenzophenone
(24,0g, 0,096 mol) in 130 ml of tetrahydrofuran was
added cdropwise over a two hour period. After addition
of the ketone, the nixture was stirred continucusly at
25° for a further two hours., The product was pourcd
into a mixture of ice water and ether. After extracting

)

the aqueous phase several times with ether, the combined

14



ether extracts were dried and concentrated giving a dark
red oil. The oil was chromatographed on a column of
neutral alumina using benzene as eluant. Concentration
and crystallization from pet ether under oxygen-free
conditions, yielded 16.0g (55%) of dark red rhonbic
crystals: mp 108-110° (1it (2) mp 112-113°); nmr (CC1y)

¢ 7.27 (n,8,phenyl), 6.52 (n,2,vinyl), 6.13 (1,2, vinvl).

(i1) Synthesis of 6,6-Diphenylfulvenc

This fulvene was synthesized using the above
procedure for preparing 6,6-bis-(p-chlorophenyl)fulvene.
The following reagents were used:
sodium, (16.0g,0.70 g aton)
t-butyl aleohol, (1.5 m1)
benzophenona, (100g, 0.55 mol)
cyclopentadiens, (69 =1, 0,75mol)
Recovery after chronatography and crvstallization
gave 65g (527) of 6,6-diphenylfulvena; np 78-80° (1it (2)
mp 81.5-82°)5 nmr (CCL,) § 7.29 (s,10,phenyl), 6.50 (m,2,
vinyl), 6.20 (n, 2,vinyl).
If crystallization did not proceecd immediately
upon cooling of the fulvene solution, it was difficult
to obtain the fulvene in pure crystalline forma.

(iii) Svntheeis of 6,4=Dimethvlfulvans

T r

The procedure described is that used by W,
Freiesleben (22). The r-ozction was caerried out at 25°

under & slow stream of nitrozen. TFreshly distilled
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cyclopentadicne monomer (35g, O;Smol) and a 25-30% v/
solution of methylamine in water (éml, 0.075101)

added in thet order to acetone (30g, 0.5mol). After a
period of stirring (14 hr) the yellow organic laver was
separated, and dried over sodium sulfate. Distillation
gave 35g (679 ) of yellow oil, bp 36° (5mm) (1it (22)

bp 44° (11mm)); nnmr (CClh)i 6.3% (s,4,vinyl), 2.08 (s,6,
methyl). Both the MR and IR spectra confirmed the
structure (22),

IT Attemnts at Tucleoonhilic Aromatic Substitution in

6.6-bis=(p=-Chloronhenvyl) fulvene

General

The usval procedure employed in the reaction of
6,6bis-(p-chlorophenyl) fulvene with various nuclcovhiles
involved heating a solution of the fulvene and the base
under oxygen~free, anhydrous conditions at constant
temperature for scveral hours. Table I lists the various
basas -mployod in the investigetion, along with the
reaction conditions and results. Typical reaction
conditions with various basos are presently described,

Specific Muclecophiles

a) Sodiunm methoxide
Freshly cut sodium (0.111z, 0.00482 ztom) was

o

di

421
6]

olved in 20 nl of mcthyl hydrate in a flask equipped

.

vith a condenscr and a drying tube. Purified nitrorsen was



slowly passed through the system. After adding 6,6-bis-
(p-chlorophenyl) fulvene (0.30kg, 0,001mol), the mixture
wés heated at reflux for 18 hours. The resultant dark
brown solution was added to a mixture of 200 ml of water
and 30 nl of carbon tetrachloride. The organic layer
was separated, dried, and concentrated giving a dark
browvn oil. The NMR spectrum of the 0il was essentially
the same as the spectrunm of the substrate.

When this reaction was carried out in a secaled
tube, the tube was heated in en autoclave (1000ml cap,
Parr Instrument Company) containing solvent so as to
minimize the danger of bursting. The autoclave was
heated at the specified temperature (100-150°, Tzble I)
for sevaral hours. NHR spectra of the erude reaction
producﬁ indicated the rresence of unreacted starting
fulvene and other broad pneaks which were not interprcted.

b) Piperidine

A thick walled glass tube was partially filled
with 6,6-bis~(p-chlorophenyl)fulvene (1.00g, 0.00325mol)
and pipecridine (10n3, 0,10m0l). Aftzr the contents were
cooled, the tube was scaled under vacuum. The mixture
was heatad at 150° for 40 hours. Solvent was renoved
under vacuum and the product waé analysed by thin-~layer
chromatography which incdicated three components. A
solution of the reaction product in benzene was chromato-

graph=d on a colunn of ncutral alumina vith bonzene as

17



eluant. The MMR spectra of the three fractions collected

did not indicate the presence of either 6,6-his-(p-piperi-
dinophenyl) fulvene or 6-p-chlorophenyl-6~-(p~piperidinophenyl)-
fulvene .

¢) Sodium p-cresoxide

Sodium p-cresoxide was chosen as the nucléophile
~to facilitate identification of the expected substituted
fulvene by NMR analysis.

The reagent p—cresoxide was prepared by adding
one equivalent.of freshly distilled p-cresol to one
equivalent of sodium hydroxide in water. Solvent wes
removed under high vacuum. Bxcegs p-cresol was removed
by several ether extractions of the agucous solution.
Water was again removed under vacuum, and the white
product placed in a desiccator under vacuui.

In a typilcal rcaction, sodium p-crecsoxide (3.38¢g,
0.0260mol) and 6,6-bis-(p-chlorophenyl) fulvene (1.10g,
0,0035mol) were dissolved in 25 ml of freshly distilled
dinethyl sulfoxide in a heavy valled giass tube. The
contents were cooled under nitrogen and the tube was
sealed under vacuum. A reaction appeared to occur, as
the initial red colored solution changsd to dark green,.
and after heating for one-half hour, to dark bluc. This
color change was not ohserved when the vrocedure was
repeated but without the fulvene., After heating the

solution in a steam bath for 20 hours, the viscous dark



19

blue solution was added to a mixture of water and ecther.
The dark brown ether phase was separated and washed witﬁ
water to remove dimethyl sulfoxide and excess bhase.
Drying and concentration of the ether solution left a
dark brown rcsidue. The residue was chromatographed with
benzene on a column of neutral alumina.

Three fractions were collected. The last fraction
had a NMR spectrum identicel to that of the last fraction
from the piperidine reaction. This result suggests thét
the product is one of self reaction of the starting
material. ZRecrystallization of the first fraction from
a nixture of carbon tetrachloride and pet ether gave
50 mg of wvellow crystals, mp 111-113°. The EMR spectrun
consisted of a multiplet at 7.2d4, a broad singlet a 6.64
and a multiplet at 3.5 4 .

Since the NHR data was not consistent with the
structure for the expected substituted fulvenes or the
substrate fulvene, no attemnt was nmade to identify this
compound .

A test for halide ion in the aqueous phase of
the reaction mixture, using silver nitrate solution, was
negative,

d) Sodium iodide
A mixture of 6,6-bis-(p-chlorophenyl)fulvene (0,15kg,

0.0005m51) and sodium iodide (0,300g, 0.002m01) in 3ml of

methyl ethyl ketone (IBK)was heated in a scaled glass tube



at 65° for three hours. Mass spectra and UVspectra of
the reaction product did nont show evidence of the expeccted

substituted fulvenes.

ITII Attermted Alkvlation of 6,6-his-(n=Chloronhenyli-

fulvone

Table IT lists dctails of the reaction of
6,6-bis-(p-chlorophenyl) fulvene with sodium iodide
and methyl iodide under various reaction conditionse.
During these attempts, 6,6~bis~(pnchlorophenyl)fulveno was
used rather than é,6~diphenylfulvenc, as the former wa
more readily availables at that time. The usual procedure
involved dissolving the sodium iodide in the anpropriate
solvent, adding the fulvene and methyl iodide, and heating
the mixture for secveral hours. The resultant nixture
consisted of ¢ither unrcacted substrate alone or starting
fulvene and the Diels-Alder dimer of 6,6-bis-(p~chloro-
phenyl) fulvene 12.

A typical reaction is described below. Sodiunm
iodide (2.40g, 0.01émol) in 20ml of dimethyl sulfoxide
was heated undor»a nitrogen atnosphere to dissolve the
salt, Methyl iodide (2.0ml, 0,032mol) and 6,46-bis~(p-
chlorophenyl) fulvene (0,500g, 0,0016mol) were added,
and the nmixture was heated at 60° on a stean bath for

15 hours. The reaction nixture was added to a water—

ether nixture. Separation, drying, and concantration

20
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of the organic layer gave an orange solid., This wvas

()

rcerystallized from abs ethanol-pet ether. Snall

yellow crystals formed, and were separated from the red

solution. Reerystellization from acetone ylelded 0.075¢g

of colorless crystals. mp 153=4°; nmrp (CClu)cr6,99 (n,16,

phenyl), 6.3% (d,1,H), 6.02 (5,2,H,), 5.89 (d,1,1.),

3.45 (m,lﬁng), 3.30 (m,2,1 ,H,), 2.80 (1,1,15).

. . . ~
Crystellization of the red solution gave 705 recovory

of starting fulvene,
p..Cl"CéH‘L,Y\\\C’/C6H)+"p"cl

i

IV Attemnted Alkvlation of 6,A=Dinhenvifulvene

- Genersl
Table III list the reoaction conditions for the

attempted alkylation of A,6-diphenylfulvene with four

different amide bas2s. In all cases nmethyl iodide was



22

used as the alkylating agent. A typical reaction involved
preparation of the lithium amide from n-~butyl lithium and
the appropriate anhydrous amine in some solvent at 0°
under a steady stream of nitrogen. ‘A solution of the
fulvene was added dropﬁise, followed by methyl iodide.

The mixture was stirred for several hours. In some cascs
products were chromatographed and the various fractions
were analysed by NMR spectroscopy.

Specific Bases

a) Lithium diethylamide

The reaction vessel consisted of a threc-necked
round bottom flask equipped with a nitrogen inlet tube,
a dropping funnel, a thermoneter, a magnetic stirrer, o
dfy—ico acetone condenscry, and a CaCly drying tube. The
entire reaction was carried out in an ztmosphere of
purified nitrogen. n-Butyl lithium (86ml, 0.13mol;
15.05% solution in n-hexane) was added to the reaction
flask from a syringe. After evacuation to rémovo n-hexanc,
nl of cther was added which dissolved the white organo-
lithium salt. Anhydrous diethylamine (1iml, 0.138mol) in
25 nl of cther ﬁas added dropwise with continuous stirring
at 0°. ‘‘Yhen all of the anmine had been added, the Gilman
test (23) was negative, which indicated that 21l the

alkyl lithiwm had reacted. A solution of 6,4-diphenyl-

jab)

fulvene (11.%g, 0.050mol) in 30 1l of ether was added



dropwise to the colorless solution at 0°. The red
fulvene color disappcarcd alnost immediaﬁely. Upon
addition of methyl iodide a white precipitate formed
which 1ncr04sed in mass in direct proportion to the
amount of methyl iodide added. After addition of all
the methyl iodide, the mixture was stirred at 0° for a
further two hours. (For sone reactions the nmixturc was
heated to 35° for another three hours).
was filtered under a nitrogen atmosphere in the dark, and
washed with anhyd ether giving 30g of white solid. The
NMR spectrum of this solid in D2O was identical to that
of the quartérn ary ammonium salt, diethyl-dimethyl
ammonium iosdide. The orange etner solution was concen-
trated to 150 ml and a further portion of methvl iodide
(13 w1, 0.2mol) was added., The solution was stirred
for five hours at 25° with no apparent change  in color
of tne solution. Cccasionally, the mixture was heated
up to a maxinum of 40° to promots deanination of the
supvosed intermediates 3 and i, where Rl= R2= -C6H5,
R,= =CH., and ¥= “1Et,.  TFor some reactions sodiun

3 37

acctate—acotic acid buffer solution was added at 259
with constant stirring and gentle heating of the hetero-

goneous svstem, There was no apparent cnangs in color
of the ether layer. 4 change back to a deep red solution
would indicate the formation of a new fulvene, hopefully

1~ and 2-methyl-6,6-diphenylfulvens, The ether layer
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was sevarated, dried, and concentrated FIVLD 12.5g of a
viscous red brown oil. A benzene solution of the oil was
eluted on a column of neutral alumina using benzene and
benzene—cthyl acetate mixtures as eluting solvents. The
benzene fractions which gave identical IMR spectra were
combined giviﬁg 8.8g of an orange oil. (As described
léter in the experimental scction, 1.0g of this oil was
trecated with tetracyanoethylene to trap the cxpected

1- and 2-methyl-6,6~diphenylfulvenes.) According to
thin-layer chromatography, this orange 0il contained
four CO”“OnLan- a light sensitive colorless component,
two yellow components, and a small amount of another
colorless couponent. To separate these four comnonents,
the o0il was chromatogranhed in the dark on a 5'x23"
column of silica gel, using various ratios of pet ether—
benzene as well as henzene and mixtures of benzensz—ethyl
acetate. The four conponents were separated with some
difficulty. 7he first and major fresction (6.0g) eluted
with a 1:1 benzene-—pet ether mixture was a colorless

01l whose HiRgpectrum was almost identical to that of
the crude reaction product, the viscous red brown oil.
This indicates that this colorless 2il was the major

reaction product in the reaction. OSpectral data on the

b

o

other minor components proved inconclusive Attenmvts to

kD

rystallize the colorless oil were unsuccessful. The

MMR spoctrum of this oil weos identical to that of



benéhydryl cyeloventadiene (mixture of isomers), which
was praeparoed indeﬁendently. Spectral and chemical data
for the colorless oil are listed in Tables V and VI.
b) Lifhium anide
The apparatus was the same as in part a) zhove.

The duark blue amide solution was prepared by adding

e

a

lithium metal (0.09g, 0.013g atom) to liquid ammon

(100m1). After the addition of fulvene (2,20g, 0.010mol)

[

in 20nl THF, the reaction nmixture turned a dark graen
color, indicating that the fulvene had reacted. The
ammonia was removed under vacuun and replaced by THF.
Under an atmosphere of nitrogen,methyl iodide (7.00m1,
0.112m01) was added, producing a clear light orange
solution. The mixture was heated to %SC to encourage
the substitution and deanmination rcactions. The usual
take-down procedure using a nixture of carbon tetra-
chloride and water was followed, Aftér drying and
concentration of the organic layer, a red oil was
obtained with MR spectrum identical to that of 6,6~
diphenylfulvene., Reaction conditions are tabulated in
Table III. »

¢) Lithiun dinmcthylenide

linethyvlanicde as base the conditions were

o

5
o
34

essentially the same as described for part a) above.
Reaction conditions are listed in Table ITI,

Following the addition of methyl iodide the
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4

caction nmixture was stirred for two hours at 0° and at
25° for threc hours. The reaction was terminated at this

age. Assignment of the NMR spectrum of the crude

0w
ck

reaction product, a red brown oil, 1s listed in Table VII,
The product was a mixture of 6,6-diphenylfulvene and
two isomers of benzhydryl cyclopentadicne.
d) Lithium cyclohexylamide
Attempted alkylation via lithium cyclohexylamide
and methyl iodide wes carried out at 25%, using conditions
similar to those described in part a) above. The colorless

anide solution turned red when the fulvene wvas added.

After 1 hr the red fulvene color remained, indicatin

'J‘Q

that the fulvenec did not react with the base under thesc

4

conditions. This was confirmed by recrystallizing 75%

of the substrate fulvene from the reaction mixture,.

V Hvdrolvais of Intermediste from 6,6-Dinhenvifulvenc

and Lithiun Disthvlanide

This reaction was carried out to determine the
existence of the lithiun cyclopentadienide 2, where
R:I{:"'/

1772 6
conditions were the same as those described in Scction IV,

Hyy ond Y= "NEt,. The apparatus and reaction
part a), up to the addition of methyl iodide. Instead of
adding nethyl iodide, water was added to the mixture at 5°

with & rosultant change in cclor from darik grecn to ligh

vellov, The organic layer was washed with water until
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the acucous extract was at pH 7.5-8.0. Drying and concen=
tration of the ether layer gave a dark red 011 which
consisted of at least seven components (by TLC).

The UMR spectrum of this oil was very complex.
From the spectrum, the two major components of the reaction
mixture were 6,6-diphenylfulvene and benzhydryl cyclo-
pentadiene, It was not possible to determine the presence
of mono-gubstituted cyclopentadiene from hydrolysis of

intermediate 2.

VI FPreparation of Benzhvdryl Cvcloventadicne

This substitution rsaction was carried out in a
three-necked flask equipped with a gas inlet tube, a
condenser, a dropping funnel, a drying tube, and a
magnetic stirrer. The entire reaction was carried out
under nitrogen at room temperatura,

Freshly distilled cyclopcntadienc monomer (2.31¢,
0.035m01) in 10ml of tetrahvdrofuran was added to the
reaction flask. Sodium (o.410z, 0.018g atom) was added
in small portions with continuous stirring. Chloro=-
diphenylnethane (2.03g, 0.010nol) in 10nl of tetra-
hyérofuran was added to the wine colored solution of
sodiun cycloventadienide at 259, After continuous

stirring for six hours, water and ether were added to

the reaction mixture, resulting in a light brown cther
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layer. The etheral layer wes sepsrated and extracted
several times with water. Scparation, drying, and
concentration of the cther solution gave a light brown
0il. After high vacuum evacuation to remove cxcess solvent
and cyclopentadiene, a slightly brown oil was obtained
(1.97¢, 85%): nmr (CC14)3r7.23 (s); 7.12 (5,10,phenyl),
(6.33 (@), 6.27 (m), 5.95 (m), 5.73 (q), 3,vinyl).

5.98 (s), 5.10 (m,1,benzhyéryl), 2,90 (n,2,ring methylene),
The NMR spectrum was identical to that of the colorless
0il obtained from the attempted alkylation of 6,6~
diphenylfulvene using lithiun dicethylanide and nethyl

iodide. A& broad singlet at 7.23& and a singlot 515,988

¢ 3

vere from unreacted chlorodinhenylmethan

VIY Attomntad Alkvlation of 7 ,4-Dimethvlfulvene

The attempted alkylation of 6,6~ dllﬂtqu fulvene
was carried out using litrium diethylami d@ 2s hase and
methyl iodide as zlkyvlating agent. Vacuum distillation
of the reaction vroduct gave a nixture of at least threc
vellow oils, one of which waes 6,6-dinecthylfulvene

Attermpts to trap the expected fulvenes with tetracyvano-

fulvenes which recact slowly for steric rcasons. The reaction

-

conditions us=d in the attenpted alkylation of 6,6~dincthnvl-
3

fulvene are tabulated in Table IV, A typical reaction is

described bhelow.



The reaction vessel consisted of a three-nccked
flask equipped with a gas inlet tube, a dropping funnel,
a thermometer, a dry ice~acetone condenser, and a drying
tube. Nitrogen was passed throush the systenm for the
entire reaction. Diethylanine (4%,1ml, 0,CkOmol) in 5ml
of ether was added dropwise to n-butyl lithium (0.040rol)
in 25 ml of ether at 0°, giving a colorless solution.
When the yellow ether solution of 6é,6-dimethylfulvenec
(2.12g, 0.020mo1) was added to the lithiun dicthvlanide
solution, the yellow fulvene color disappeared immcdiastely
forning a slightly cloudy solution., This change in color

1

Hethyl lodide

is evidence that a reaction had occurrcd.
(13m1, 0.20mol) was added rapidly at 0° giving a cloudy,
slightly yellow sclution. Stirring was continued at 25°
for a further two and one~halfl hours. The white preci-
pitate of diethyl-dimethyl ammonium lodide was filterad,
and the cther solution was concentrated giving 2.0g of

a vellow 01l. The oil was dissolved in ether and extracted
with wvater until the acucous extract was only slightly
basic. Drving and distillation of the ether gave a

vellow oil. Distillation of the oii at 25° (2mm),

yielded three fractions of yellow oils, These were
labelled 4A~1, A-2, and A-3. A qualitative test for

nitrogen on these fractions was negative.



VITI Reaction of Tetracvanoothvlens with Fulvenes

The usual proccedure involved dissélving eaquiva-
lent amounts of the fulvene and ftetracyanoesthvlene in a
minimum amount of dry tolusne, and mixing the two solutions
at 25°, The resulting solution was kept at 0° to complete
crystallization of the adduct. The colorless adducts
vere recrystallized from acetone—pet ether.

When this procedure was carried out using 6,6~
diphenylfulvene, colorless needles woere obteined in 704

vield, mp 122-123° (1it (17) mp 112-113°). The NMR

30

spectrun in acetono-d, had a multiplet at 6.726 , at 6.0 ¢

and at 4,12§ , area ratio 10:2:2 (theorctical ratio 10:2:2

The Diels-Alder rcaction on 1.C0g of the 8,8g of
orangc oil described under Section IV, part a), gave
colorless needles. These were twice recrystallized from
acetonempgt éther to give 0.225g of colorless needles,
mp 163-164°, This adduct is that of l-henzhydryl-1,h-
cyclopantadiene( The spectrsl and chemical data arc
given in Scction (iii) of the Results and Discussion.
The expected adduct of one »f the alkylated‘fulvenes was
not obtained.

The tctracyanoethyleneVreaction on the nroducts
of the attemnted alkylation of 6,A~dimethylfulvene was
unsuccessful. This result is discussed further in the

section on Results and Discussion.

).



Attemnted

Nueleophilice

Aromatic Subst

Experimental
Reference

Results

amount of

dark residue

3zction Reactants Solvent Type Conditions
6,6-bis=(p-chloro~-  sodium Tine Temp
II(2) ﬂﬂa“y;)fan rene methoxide
(mol) (% solution) (ar) (°C)
(1) 0.001 0.55 moethyl reflux 18 70
hydrate
(11) 0.00016 0.57 methyl reflux 43 70
vdrate
(i1i1) 0.0005 1.9 methyl sealed tube 3.5 108
hydrate
(iv) 0.0033 14 nethyl sealed tube 20 160
hydrate
benzene
TI(n) piperidine
(mol)
(1) 0.0035 0.10 piperidine steam 10 100
hath
(14) 0.0032 0.10 pireridine sealed 60 150
tube
(1i1) 0.0035 0.026 benzene senled 20 160
tube

Continued

Recovered
substrate

and dark

residue

1€



Table I Continued

Expeorimental
Reofarance - Reaction
Section Reactants Solvent Tvoe Conditions Results
v 6,6~bis=(p-chloro-  sodium Time Temp
I1(c) phenyl) fulvene p~cresoxide
(mol) (mol) (hr) (°0C)
() 0.0035 0.026 DMSO sealed tube 20 100 Inconclusive
sodiun
II(a) iodide
(mol)
(1) 0.00035 0.002 MEK sealed tube . 3 65 Recovered
(ii) 0.00035 0.002 MEK sealed tube 70 150 suhstrate

o€



Table IT

Attemnted Alkvlation of 6.6-bhis=(p=-Chloronhenvyl) fulvene

Experimental
Reference Reaction
Section Reactants Solvent Type Conditions Results
6,6-bis~(p~-chloro~ sodium methyl
III(a) phenyl) fulvene iodide iodide Time Temp
(mo1l) (mol)  (mol) (hr) (°C)
(1) 0.0010 0.0030 0.016 METI steam bhath 18 100 Substrate
(41) 0.0016 0.016 0.0016 }MEK reflux 7 65 fulvene and
(1i1) 0.0016 0.016 0.014 MEX reflux 16 65 'dimer of
(iv) 0.0016 0.0016 ©.030 DMSO  steam bath L 80 646~bis=(p-
(v) 0.0016 0.015 0.032 DMSO  steam bath 15 60 chlorophenyl)

fulvene

133



Table III

Attempted Alkylation of 6,6-Dinhenylfulvene

Txnerimental
Reference Reactants and Concentration
Section (mo1) Solvent Conditions Results
1ithium
IV(a) 6,6=diphenyl- diethyl- methyl Time Temp
fulvene anide icdide (hr) (°C
(1) 0.C10 0,017  0.040 ether 16 25 Major product
(11) 0.0075 0.015 0.012 ether 7  25-60 was benzhvdryl
(iii) 0.050 0.138 N.510 ether 0-25 cyelonentadicne
TV(h) lithium
amide
0,010 0,013 C.112 THR 3 -25,#5 Substrate fulvene
regenerated
lithiunm
IV(e) dimetnhyl-
amide
C.O‘I_O Q.020 0,10 etner L" O~25 6 6;’1iDhC"1J1fU,ZVGn@’

henzhydryl
cyeloneniadiene
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Table III Continued

Experimental ‘
Referecnce Reactants and Concentration
Section (mol) Solvent Conditions Resul®s
1ithium ,
v (d) 6,6-diphenyl- cyclohexyl- methyl Time Temp
fulvene  anide iodide (hr) (°C)
0.010 0.010 C.024 DM 7 25-60

No reaction under
these conditions

£33



Table IV

Attemnted Alkvliation of 6,6-Dimethvifulvene
Experimental
Reference Reactants and Concentration Solvent Conditions Results
Section (mol)
lithiunm
VI 6,6-dimethyl- diethyl- methyl Time Ten
fulvene amide  iodide (hr) (°C
(1) 0.020 0.040 0.20 ether 3 25 3 yellow oils,A-1,A-2
, A-1 was regenerated
(11) 0.100 0.150 1.00  ether 5 25 6,6=dimethylfulvene

yA=33

9¢



RESULTS AND DISCUSSIOH

(1) Attonpted Nucleonhilic Aromatic substitvtion

It is apparent from the results in Table I that
the attempted substitution of a base for chlorine on
6,6-bis-(p-chlorophenyl)fulvene did not lead to the
expected products, 6-p-chlorophenyl-6-p-Xphenylfulvene
or 6,46-bis~-(p-Xphenyl)fulvene, X=iodo, pineridino,
pP-Ccresoxy, methoxy.

In most attempts, substrate fulvene was recov-
ered along with dark brown residue. Chronatography of
the rosidue and MR analvsis of the various fractions
did not indicate the presence of the above mentioned
substituted fulvenes. When the reaction tenverature
was above 100§ only dark brown oils were obtained
wheose MR spcctra verc uninterpretable.

As has already been discussed in the Historical
Introduction, nucleophiles generally rcact at the exocy-
clic carhon atom of fulvenes, if they recact at all. It
appears that nucleophilic aronatic ubSbltl ion does
not occur readily in this fulvene system, presunably
bececause the necessary intermediate 1L is not sufficiently

stable, ra2lative to the starting materials.

37
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(i1) Attempted Alkyvlation of 6,6-bis-(p=Chloronhonyl)fulvene
Attempted alkylation of 6,6-bis-(p~chlorophenyl)-
fulvene using iodide as nucleophile and methyl iodide as
the alkylating agent (Taeble II), gave unreacted substrate
fulvene and a small amount of 6,6~his-(p-chlorophenyl)=

fulvene dimer 12.
p—Ll—CGHu\\\\C///C6H4—p~C1

The assignments fo: Ha’ Hgy Hyy and e are based
on the position of these protons in the NMR spectrwa of
diecyclonentadiene, Fron the NMR spectrum this compound
is the Diels~4ilder diner of €,6-bis-(p-chlorophenyl)-
fulvene. ‘“hether the Diels~Alder adduct of a fulvene

is exo- or endo- depends on the dienophile used. In

(20) .

jaN

general,nixtures of exo- and endo- isouers arc obtaine
Dimerization and polymerization of fulvenes has been
extensively surveyed by Day (19). From his revisw it

appears that this dimer is not an unexpected product.



It appears that the addition of iodide ion at the
exocyclic carbon atornt of the fulvene docs not compete with

dimerization of 6,6-bis~(p~chlorophenyl) fulvene.

(iii) Attemnted Alkviation of 6.6~Divhenylfulvenc

The recaction conditions for tbn various alkyla-
tion attempts on 6,6-diphenylfulvenec are listed in Table
IIT. ©Spectral data on the reaction products with diethyl-
amide and dincthylanide as basc are given in Tables V, VI
and VII. ‘hen lithium amide was used as base only
starting fulvene was regenerated.,

The alkylation recaction using lithiunm dicthyl-
amide as base was studied in detail. The major vroducts
were two isomers of benzhydryl cycleonentadienc, 14 and
15, and not the expected 1- and 2- methyl-6,6~diphenyl-

fulvenes.

H H

\\// gl T }i\ \ < TT - T
/ \\ /C 6} i 5 - :}//’ \\ /,C 6 1 5 : ///\ \\ /H /,C 4 H ’)/
i % /\’~-—- AU‘%V—‘EE ) ‘ \/t)ﬁ T ‘“"“'“’“‘Ii 3 § /,;& - /L‘”“ }I
*\\ /// \C 17 K\\/ / \\ %/ \

Since the nmixtures of 1L and 15 could not be

M

IR assignnonts are of the mixture,



MR spectrum fo

Tahle V

r nixtures of 1% and 19

Chemical Shift (ppm) Proton(s) =~ Arca Ratio
7.12 (s) phenyl 10
6.33 (d), 6.27 (m) vinyl
5.95 (m), 5.73 (q) vinyl 3
5.10 (m) benzhydryl 1
2,90 (m) rnethylene 2

s = singlet, 4@ = doublet

y @ = quartet, m = multiplet

For a more detailed interpretation, see page h3, and

Appendix.

IR spectrum

Table VI
of mixtures 14t and 15

Solvent: Carbon tetrachl

Intensity: w = weak, m =

Wave

oride

medium, s = strong

length ()

3.30 s 6£.28 s
3.50 m 6.70 s
5.18 w 6.90 s

7.50 w 9.69 s
8.03 w 10,00 w
8.U8 w 10.51 w

5.32 w 7.28 m 8.67 w 10.79 s

5.56 w 7.35 m

There was no evi
C-5 in the NMR spectrum,

present in high concentr

9.29 s 11.10 s

dence of a methine proton at
so that isomer 16 was not

ation.

%0
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~ The UV max of the isomer mixture 14 and 15 was at 246
mye ( BtOH ) and 244 me ( hexane ),éfﬁax = 3100,

That the product from attempted élkylation of
6,6~-diphenylfulvene was benzhydryl cyclopentadiene (two
isomers) was further verified by synthesizing benzhydryl
cyclopentadiene by a different route., The NMR spectrum of
benzhydryl cyclopentadiene from the reaction of chloro-
diphenylmethane and cyclopentadienide was identical to the
spectrum of the mixture 1t and 19, from attempted alkylation.
The identical spectra also indicates the same ratio of 14
and 15, 3:2 respectively, although these were obtained by
two different methods. The ratio of 14 to 15 was obtained
from the area of the ring methylenes in the NMR spectrum of
the mixture of 1% and 15. On the HA-lOO NMR spectrometer
these protons appear as a triplet and a quartet separated
by 7.4 Hz,

Rapid equilibration of alkyl cyclopentadienes has
been demonstrated by McLean and Haynes (11). Using the
NMR data obtained by these workers for l-methyl cyclopenta-
diene and 2-methyl cyclopentadiene, isomer 14 was assigned
the major isomer. The signals for the vinyl protons of 15
were identical to the signals for these protons ip 2-methyl
cyclopentadiene., However, the ring methylene signal for
1k was 7.4 Hz downfield from that in l-methyl cyclopentadiene.
This small difference may be attributed to deshielding by

the phenyl groups of the substituent.



The rcaction of the crude product from the attempted
alkylation of 6,6-diphonylfulvenc with tetracyanoethylenc
(TCNE) gave only the benzhydryl TCNE adduct of isomer 1k,
This result indicates that the expected methylated fulvenes
were absent, and also that 15 reacts more slowly with TCHRE
than does does 1k,

Spectral and chemical data for the adduct 13 are

given below,

13

Ana Caled for C,H, B¢ C, £0.005 i, kL5 I, 15.55.,
Found: C, 79.85; H, h.625 7, 15.55.
MR (acetone-d )¢ 7.30 (1,10,phonyl), 7.09 (d,1,%,),

= 6Hz, H ), k.72 (s,1,H,), 3.83 (n,1,

Jpe T 3+2-3.% Mz, H ), 2,06 (s) and 2.0% (s), (2, Hg,Hu).
In the mass spectrum the most intense peak was that
at m/e = 232, and there were no peaks at higher nass. The

parent peak m/e = 232 in the nass speectrum indicates that

the rotro Diecls~Aldcr reaction occurraed under the conditions

42
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NMR Spectrum of Benzhydryl Cyclopentadienes’ (two isomers), li and 15.
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For further details on the NHIR assignments,see the Appendix.
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A my

sed to introduce the sample into the Jnutrum 'nt. The
assignments of the bridgchead, bridge, and olefinic hydrogens
in the HNHR ctrum of 13 were verified by comparison with
the HMR spectrum of the cyclopentadiene~TCilH adduct and the
6,6-diphenylfulvene~TCNE adduct.

The valuss for the coupling constants from the

NMR spectrum of this adduct agree fairly well with those
of other norbornenes (24), except for the syn- and anti-
7 hydrogons. The difference in chemical éhift of 2 Hz

41

in 13 is nmuch smaller than the difference in chemical

shift of these hydrogens in most norbornenecs (24). This

-

result is prohably due to the cyvano substituent.
The attempted alkylation of 6,6~diphenylfulvenc
using lithium anide as basc gave haclk substrate fu l"eﬁe.

The fulvene recacted with the amide base as evidencad bV

a change in color of the resaction mixture. Regeneration of
6,6 1pheny]fu1v;nﬂ must have occurred during work up of
ti actzon product,

From the NMR data in Table VIT on the reaction
product from the attempted alkylation of 6,6~diphenyl-
fulvene with lithiw: dimethylemide as base, it appears

that the product is & nixture of é,%-divhenylfulvene and

benzhydryl cyclopentacdienes 14 and 15.


http:substre:~.tc

L6

Table VII

NMR _spectrum of reaction product from atiernlsd allviation .

of 6,f6=diphenvifulvene using lithium dimethvlsnide as hasec.

Chemical Shift(ppm) Proton(s)  Chemical Shift(ppn) Proton(s)

7.24%(g) phenyl 6.29 (m) . Vvinyl

7.12 (g) phenyl . 5.95 (1) vinyl

¢ 485 (1) vinyl 5.72 (q) vinyl

6.33 (d) vinyl ' 5,10 () benzhydryl

_ ring

6.21% (12) vinyl 2.90 () nethylene
*¥6,6-diphenylfulvene

The other pealks correspond to bonzhv&r"l CVCIQU\;bCOiOP“
(two isomers

The hvdrolvsis of the product from the reaction of
6,6-diphenylfulvene and lithiun dicthylanide was carriced
out to determine the existence of the intermediate cvelo-
pentadicnide salt 2 where Y = ~IEt,, Ry= RQ: “CéHS‘
reactior mixture turned a dark green color when the rod
fulvene solution was added, and a further changs in color
occurred wnen water was added. This o
evidencs of a rcaction. Most of the peaks in the NMR
spectrum of the reaction product corresponded to
6,6~diphenylfulvene and benzhydryl cyclum(ptaélznﬂ
.

The renaining peaks in the spectrun could not be accounted

for with any certainty..



The question now arises why 6,6~diphenylfulvenc
is reduced to benzhydryl cyclopentadiene during the
alkylation attempts, and does not proceed by the schene
outlined in the General Introduction to the methylated
6,6-diphenylfulvencs.,

Cne possible mechanism to account for benzhydryl
cvclopentadiene formation is the following anion-radical

schemes

N CeH \ C,H
~ . 3 - / AN CeHe
(1) >—~_-_-: c< %, Wy [N e 7 4w
l\\s/ C6HS \\/// \Céﬂs
s 06}1
f - 5 1
(11 Uf:v -GS + dogo TR
-/ ~C¢He T
f/ )
H H
A
C,H —
H:>T/‘ N 04// ¢Hs \ _Cgls
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) ey LT e
H H
T \ 4
H ] /\ o
i \ V’C()h‘j r \ -Gy .
(iv) 0™ | Ve G and || e c\\‘c 4 H0o
4 gt L/ i y.
H H
NS Celt H C M,
N 5 e ’ ({ b
o / H/\‘/x / ’
R N | o G
i / - i and { N
Y C, 1 =/ e,
6''s < 6
1k 15
R = -CHy, -CH,CH,
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The anion-radical from equztion (i) is probably

a more stable svecies than the cyclopentadienide 2.

S,

Li+

C{ 5 i, Céil

The anion-redical would also b2 c¢olored. The source of
the H donor in step (ii) is uncertain. During work-up
of the reaction product (iv) weter will protonate the
carbanion.

If the lithiun cyclopentzdicenide 2 were the
intermediate, there is no way of rationalizing the
formation of cyclopentadiencs 14 and 15.

When 1lithiun amide was uscd as base, b'nzhydryl
cyclopentediene (two isomers) vas not obtained. Instead
substrate fulvene was regencrated. This result is
reasonable since the 2lkvl groups in equation (i) would

tabilize thé amine radical to a grezter extent than
two hydrogen atoms. UHWith lithium amide, the anmide
probably adds to the exocyclic carbon atom of the
fulvene foruing a cyclopentadienide such as 2 where

Y o= ~MH2 which then adds a proton from watcr during
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the wvork-up. Deamination must then occur to regenerate
6,6-diphenylfulvene. In any case, methyl iodide does

not appear to react on 6,6-diphenylfulvene in any of

the alkylation attempts.

(iv) Attermntod Alkvlation of 6. 6-Dincthyvlfulyone
Attenpts to alkylate &,6~dimethylfulvenc did
not produce the expected 1,6,6-trincthyvlifulvens or

Neao

0n
=t

2,6,6~trimcthylfulvenc., This fulvene was choscn
there would be less steric hindrance for the attacking
amidc base at the exocyclic carbon atom than in 6,6-

a .

diphenylfulvene. Ofvcourse, the disadvantage of using
this alkyl fulvene 1s that the acidic methyl hydrozens
also react with base; leading to an énion which does

not lead to the expected metnylated fulvenes, upon
further rcaction with methyl iodide. The products
obtained from attempted alkylation of 6,6;dwmo hylfulvene
wvere yellow oils. Although TLC indicated only three
components, the FiR gpectrwa of the mixture of vellow

e .

0ils was very complex, making it impossible to prodict
the prescnce of any particular fulvene., Attempts to
separate the oils proved unsuccessful. The reaction
conditions are given in Table IV.

The physical appearance, boiling point, and

smell of the ri cture of o0ils wore sinilar to those of

o]
ct
-
AV
land
CL
o
O

the substrats fulvene. This fact suzgeste

MCMASTER UNIVERSILY. LIBRARY,



yvellow oils were fulvenes. L. Skaltebdl (25) has

prepared 2,6—dimethy1fulveno andé l,2~-dimethylfulvene.

The ring methyl in thelformer fulvene gives rise to a
singlet at 1.98 ppn, while the two methyl groups in the
latter fulvene give rise to a singlet at 1.86 ppm. Since
the NMR speetrum of the mixture of oils wasvmuch nore
complex than one would expect from the methylated-6,6-
dimcthylfulvencs alone, it was concluded that the attempted
nethylation of 6,6~dimcthylfulvene leads to other fulvenes,

4
=
(P

but the expected fulvenes, 1,6,6-trimethyl- and 2,6,6~
trimethyvl-fulvene, were not detected. If thesc oils were
fulvenes sinmilar to 6,5-dimethylfulvene, then they should

certainly react with TCNE as does 6,6-dimethylfulvene., The

e
Q
3

nixture gave no cvidence of a reactioan at all. The positi

<

1

of two high Tield singlets at 1.17 ppm and 1.05 pom navy
indicate the presence of t-butyl groups. .The absence of

a methylene quartet further indicates that the b~methyl
group of the fulvenec is probably highly substituted. Steric
hindrance would probably prevent TCHNE from adding to thesc
ncw highly substituted fulvenes. The comapetitive reoaction
vhere a hydrogen atom is abstracted from one of the acidic
methyl groups in 6,6-dinethylfulvenc by the amide base, is
probablf more 1likely to occur than the addition of the base
to the exocyclic carbon atom of the fulvene. If this 0CCUTS ,
then with the addition of methyl iodide and excess base in

the system nmany fulvenes are possible.



APPENDIX

A detailed assignment of the NMR spectrun of the
benzhydryl cyclobentadienc isomers 14 and 15 is discussed
in this section.The HA-100 NMR sgpectrum of the mixture of
these isomers on page 53 shows improved resolution over
this same spectrum taken on the A-60 NMR spectromcter(see

page 43),

The results of an NHR decoupling experiment on the
nixture of the isoners verifies the previous conclusion
that isomer 1k is the major isomer.Assignments of all the
hydrogéﬁémféf'ﬁﬁérmaﬁdfriégmef'waé‘also“pOSéible from the

decouplad spectrun,but not for the minor isomer 19.
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Partial NMR Spectrum of Benzhydryl Cyclopentadiene (two isomers),l4 and 13.
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5L
Decoupled NMR Spectrum of Benzhydryl Cyclopentadienc
(nixture of two isomers).

The change in signals on decoupling hydrogens from the
major isomer are shown below.
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Hy Hy
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There are three possible ways of assigning the vinyl
hydrogens to isomer l4. From the decoupled spectrum the two
hydrogens, Hy; , are coupled only to Hy resulting in a doublet.
When the coupling from Hy is removed the H,; doublet degener-
ates to a singlet. Also, Hb is simplified when the coupling
from H, is removed. Since Hy appears to be a triplet, these
hydrogens must be coupled to Hy and to Hoe When Hy 1is
decoupled, Hy degencrates to a doublet. A doublet for Hy is
also obscrved when Hy is decoupled. Thus, the two hydrogens,
H,, are not coupled to the methylene hydrogens, Hd‘

The results from the decoupled spectrum eliminates the
other two possible ways of assigning the vinyl hydrogens.
Assigning the vinyl hydrogens for isomer 15 was not possible,

since the signals for these hydrogens were too close together.
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