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ABSTRACT

The first 13'C chemical shifts and 13C—H coupling constants of
pentadienyi and 3-vinylpentadienyl anions are obtained by the INDOR
method and by direct measurement, The chemical éhifts provida'the best
evidence to-déte regarding the electron density distribution in these
anions, The results indicate high‘density at the odd-numbered carbons
in these anions in accordance With‘molecular orbital theory, The éhemf
icai shift of the central carbon in cyclic pentadienyl anions ié
greater than tﬁat of the end carboﬁs, suggesting higher electron den-
sity at the'cenfral atom, in accordance with certain chemical results
and some molecular orbital calculations,

The cross~-conjugated anion-3~viny1cyclooctadienyl anion was
prepared, Unlike cyclooctadienyl anion, it did not cyclize on heating; -

possible reasons for this difference are discussed,



PART I

THE 13C NMR SPECTRA OF CONJUGATED CARBANTONS



_INTRODUCTION

The major goal of this research project was to measure the 130

cﬁemiéal shifﬁs and 13C--H spin-spin coupling constants of pentadienyl
and related carbanions, The coupling éonstants give an indication of
the hybridization of the 13C.(expected to be sp2 in these anions)? and
the electron density at 13C can be determined from the 130 chemical
shift (1,2);

In 1957 the first nuclear magnetic resonance of a 13C nucleus
was reported bY'Lauterbur (3), His work was‘done with natural:abun-
dance 130 (1%)., He listed 130 chemical shifts and coupling constants
for over 100 organic compounds,

An NMR technique useful for getting 13C spectra indirectly in
cases in which protons are attached to the carbons of interest was in-~
troduced by Baker in 1962 (4) and has become known as the INDOR‘(Inter-
nuclear Double Resonance) method, The INDOR method employs a proton~
stabilized frequgncy sweep spectrometer, a 13C-region frequency
synthesizer; a frequency counter, and an X-Y recorder, While the spec~-
trometer is held on a 13C satellite absorption peak in the proton spec-~
trum, the frequency synthesizer, at lower radio frequenc& power output,
is used to sweep through the.absorption frequencies of 130.‘ If H and

C are spin coupled,. the intensity of the H transition will change as
the‘rgsonance frequencies of 13C are traversed, If the péwér levglvof
theIlBC radio frequency is suitabiy adjusted, these intensity changes

2



3
.0of the H line will duplicate the aétuall3C spectrum, The INDOR method
13 . . 13, '
provides C chemical shifts and C-H coupling constants, Because of
the much greater intensity of H NMR signals as compared to‘13C NMR sig-
nals and the relative simplicity of the equipment fequired, the INDOR

method is sometimes the method of choice for obtaining such parameters,

130 Cheﬁical Shifts

Thé chemical shift of -a specific nucleus "a'" depends on the
field experienced at that-nﬁcleus° Generally speaking, the chemical
éhift value increases as the electron density increases, Theoretical
tre;tments-of 13C chemical shifts have been offered by several Wofkers ~
(5,6,7). Hoffmann (8) ﬁas made calculations using the extended Huckel
theory for 130 chemical shifts,  His calculaﬁibns are in agreement with
the chemical shifts observed by Olah (9,10), .Karplus and Pople formu-
lated a molecular-orbital theory giving reasonable agreement with ex-
periméntal values of 130 chemical sﬁifts for.conjﬁgated by hydrocarbons
(11), Olah has used the well-establishe& relationship of l3C chemical
shifts to electron density for studying alkyl carbonium ioﬁs, hydroxyl

carbonium ions, phenyl and cyclopropyl carbonium ions, and -others (9),

13C~H Coupling Constants

The JC~H Valué for protons directly bonded to 13C is related to

the hybridization of the C-H bond in some cases, such as alkanes, al~,

“kenes, alkynes, and aromatic hydrocarbons, as indicated in Table 1 (12).



Table 1, 13C-H Coupling Constants vs, Hybridization.
Bond Yo H2
3
sp . 124-126
2
sp 154-160
sp 248-251

Olah has used experimentally determined 13C-H coupling con-~
stants to describe the 130 hybridization in several cations, The J
values of norbornyl and related compounds are discussed in terms of
particular C-H bonds, In the case of 2-norbornyl cation, the coupling
constant for carbon number 1 is 125 (13), as expected for sp3 hybridi-
zation, He concluded from this J value that 2-norbornyl cation has a
nonclassical structure,

Olah has reported the coupling constants for several alkyl
cations (14), For instance, isopropyl cation has a coupling constant
of 168, which implies (using standard numbers slightly different than
those in Table 1) that the carbon-hydrogen bond of the central carbon
has 33,6% s-hybridization, while in the case of diphenylmethinyl cation
the methinyl carbon-hydrogen bond has a coupling constant of 164 and
32,8% s-hybridization, These results extend the validity of the linear

relationship between 13C-H coupling constants and fractional

s-character,
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However, Olah has changed ﬁis boint_of view on the relationship

of JCuH to the hybridization of 13Co The carbon-hydrogen coupling'
mechanism is sensitive not.only to bond hybridization (15); but also to

bond polarization, variation in the carbon-hydrogen bond distance, and

variation in the mean excitation energy (16),

Pentadienyl Anions

Pentadienyl anions afe of special interest because they are
intermediateé{in several chemical reactions, In many of these reac-
tions, it appears that protonation and alkylation occur primafily at
the central carbon, 'For example, in the Birch reduction of aromatic
compounds, the protonation of the cent;al carbon atom of a éyclohexa—
dienyl anion has been postulated at the last step (17), Forsythe has
studied the alkylation of pentadienyl anion and found the reaction at
the central carbon of the anion favored over alkylation to form the
conjugated product (18)., Bates, Carnighan, and Staples studied the
protonaﬁion‘of cyclohexadienyl anion, in which case the central carbon
atom is prgfefentially protonated (19),

" It has been suggested that protonation and alkylation occur at
tﬁe central carbon atom rather than the-end carbon atom because of
greater'eleétron density at the central cérbon atomr(17)° Although
simﬁie Huckel MO calculations-predict an equal charge density at carbons
1, 3, and 5 in pentadienyl anion (20), more sophisticafed calculations
can give either greater or lesser charge on the central atom, depending

on the bond lengths selected (21),



An alternate exélanation for the central prqtdnation of-cyclo-
hexadienyl anion is offered by Hine (22), The principle of leastrmo—r
tion, attributed to Rice and Teller (23), is used to explain the
experimental observations,. Accofding to this principle; those elemen-
‘tary reactions will be favored that involve the least change in atomic
positions and electronic configurations, " The necesgity of greater

'Changé in the internal geometry may cause the activation energy to be
greater for the formation éf l,3—cycldhexédiene than for the formation

of 1,4~cyclohexadiene,



EXPERIMENTAL

The apparatus used for the INDOR measﬁrements is shown schematf
ically in Figure 1, The 130 satellites in thg proton spectra were ob-
tained at 100 MHz using a Varian Associates ModeerA—loO spectrometer,
The fregquency ?equired fbr 130 irradiatioﬁ was generated using the
first upper side band éreated byrmodulating the ;"25,150,000 MHz crys-
tal frequency of an NMR Specialties HD-60 decoupler with the output of
a Wavetek Model 131 VCG generator, The irradiéting frequency was swept
using a voltage ramp (Figure 2) and monitored with a Hewlett-Packard
5248L electronic frequency counter, The voltage ramp had provisions
for sweeping in either direction at different speeds and the sweep
could be stopped at any point (24), The INDOR spectra were recorded on
an F, L, Moseley Company.Model 2D-2A X-Y recorder, -

" TFor obtaining INDOR spectra, the HA-100 spectrometer was oper-
ated on the internal lock, frequency sweep mode and the first upper
side band of internal TMS was used for the lock éignal. Typical set-
tings'were: R.F, field’attenuétion = 10, sweep frequency = 1.0, sweep
width = 250 or 500, sweep time = 500 seconds, and output =-O.4o Less
noise was introduced if the signal height was increased by‘minimizing
the R, F, field attenuation and maximizing the sweep frequency and spec~
trum amplitude rather than the odtput° The R.F, phase was critical: a
slope far from horizontal in ﬁhe‘output line can make "sitting'" on a.

13

C satellite difficult, and in some cases completely obscure the

N

satellite,
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Figure 1,

Schematic drawing of INDOR apparatus.
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The first step was to locate the 13C sateilite and place the
ﬁen on the signal, The 13C satellite signal was in ail cases at least
fohr mm high for INDOE spectra, Care was taken in positioning the pen
at the peak of the satellite, if the . pen Wés improperly positioned,
the INDOR spectra had inflection points rather than. the desired doublet,
~triplet, or quartet of absorption peaks,

Next, the 13C satellite decoupling freqﬁéncy was approximated,
The approximate frequgncy was. obtained by hand using the Wavetek and
the HD~60, The HD-60 decoupler was in the upper side band.séttiﬁg and
the audio gain was varied from 20-70 (generally close to the latter
value), The carbanions studied decoupled at settings between 0,1 x10K.
Vand O°41<10K{ on the Wavetek, Also, the 13C satellite signal collapsed
if the audio gain setting was much above 70, due to heating phenomena,
Once the signal was découpled by hand, the'approximate frequency was
measured by the frequency counter, - At certain frequencies, the audio
gain had to be maximized to get the proper reading on the frequency
counter, Also; it was found helpful to place the frequency counter 15
feet from the HD-60 in order to lessen interference,

The ramp was used to sweep the frequency region of interest at
a rate of 2 Hz/sec, Once the INDOR spectrﬁm appeared on the X-Y plot-

ter, the audio gain of the HD-60 was adjusted for the best presentation

b
(generally 60-70 mv),
In gathering the data for 13C~chemica1 shift calculations, the’

V-4311 output was measured using the eight~digit frequency counter, be-

fore and after the INDOR spectrum was recorded, It was necessary to
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?educé the audio gain on fhe HD-60 to below 10 to read this frequency
~and fo have a setting of less fhan 10 db on the Vf4311.- The peak posi-
tions recorded on the X-Y plotter were measuréd using the eight—digif
frequency counter,
Finally; the lock modﬁiation frequénéy was measured using the
' fiye—digit counter on the HA-100, The HA-100 sigqal monitor was set on
Msweep frequency!" and the frequency reCOrdéd with the pen still "sit-~

ting' on the satellite. In order to read the lock modulation frequency,

the eight-digit frequency counter had to be off.

Calculations of lBC Chemical Shifts

The chemical shifts of the carbanions are reportéd in ppm up-

field from carbon disﬁlfide, Cs the most widely used standard. The

29

chemical shifts éf 130 ére known to have a rangelof 450 ppm, which is
much greater than the range of protons.

The 13C chemical shifts obtained by the INDOR méthod are gener-
ally first calculated with respect to tetramethylsilane (TMS), since
the chemical shift of carbon disulfide cannot be meésured by this tech-
nique, but that of IMS can. Then, the cheﬁical shifts are éonverted

‘using the following equation.

§13c%2 - g83c™S D jo46 - W

The standard eqpation for calculating chemical shifts is EquationVZ.
Rather than measure the INDOR spectrum of TMS each time, only the INDOR

13 . s
spectrum of the C of interest is recorded, because of a modification
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Wr13csamp1e _1r13cstandard 6

813Csamp1e x 10 (2)

_V,13Cstandard

of Equation 2 by Grant (in 25) who measured the ratio of the proton chem-
ical shift to the 130 chemical shift of TMS. The value is a constant

equal to 3.9769331,

-1y, 13c™MS 3 9969331 |

The chemical shift of a sample can now be determined with respect to

TMS by measuring the frequency of the TMS proton signal and the 13C

frequency of the sample using the INDOR method,

1. TMS
13Csamp1e v H

T 3.9769331 6

€13Csamp1e x 10 (3)

'lflﬁTMS

3.9769331

Olah has used a similar equation for measuring 13C chemical
shifts in carbonium ions (in 10), changing Equation 3 by making alge-

braic manipulations and a simplifying assumption, Equation 3 was re-

13Csamp1e

arranged algebraically to give Equation 4. Then was assumed

-1, TS

3.9769331 - —j————
1r13csamp1e 6

J13Csamp1e - T < 10 )
v~ H

1r13csamp1e

13CTMS

to be equal to , and the denominator was replaced by 3.9769331,
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Equation 5 was used by Olah to calculate 13C chemical shifts (in 10),

1,.TMS
3.9769331 - _112‘135;12
13 sample e i
FREN = 3.9769331 x 10 *

In the current work, the approximation made by Olah was not
used, and Equation 4 was used for the 130 chemical shift calculations,

In most cases, the approximation affects the chemical shift by 0.1 ppm.

Calculation of 13C--H Coupling Constants

Although the 13C—H coupling constants could have been taken
from the INDOR spectra, it seemed that they could be measured more ac-
curately from the proton spectra. The distance between the main proton
signal and the 13C satellite signal was measured. The coupling con-
stant was equal to twice this distance, In order to accurately deter-
mine the coupling constant, the main proton signal and the 13C satellite

signal were recorded using the same sweep time.

Pentadienyllithium INDOR Sample

Tetrahydrofuran—d8 (0.09 ml, Norell Chemical Company) and 1,4-
pentadiene (0,35 ml, 0,0035 mol, Aldrich Organic Chemical Company) were
introduced into an NMR tube and cooled to -78°, Commercial (Foote Min-
eral Company, 1.6 M in hexane solvent) n-butyllithium (0,7 ml, 0.001
mol) was added and the tube flushed with argon, The reactants were
thoroughly mixed and allowed to warm to room temperature., There was a
separation of layers after 5 min, The orange-yellow lower layer was

found by NMR to contain pentadienyllithium (35% by weight),
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tetrahydrofuran (49% by weight), and hexane (16% by weight). A pro-
cedure for making pentadienyllithium reported by Potter (26) pr@duced_
20% by weight pentadienyllithium, Séyeral efforts to locate and de-
coﬁple the 130 satellites in a 20% pentadienyllithium sample were un-
sﬁcéessful.- However, they were located and deéoupled on a 35% sample.
The yellow upper layer, which contained tetrahydrofuran, excess 1,44
péﬁtadiene'and hexane, was not femoved but was retained to protect the
anién in the lower layer from decomposing. The NMR tube was shaken
several times over a 6-hr period, and a small amount of TMS was then
added to provide an internal étandard for the INDOR eiperiments. The
tube was flushed with argon and sealed before examining by NMR, * The
satellites used are shown in Figures 3 and 4, and the INDOR spectra of

this anion are shown in Figures 5 through 7.

3~Vinylpentadienyllithium INDOR Sample
The procedure used was identical to the pentadienyllithium pro-
cedure, substituting trivinylmethane generously provided by Cole (27)
for 1,4-pentadiene. The satellites used are shown in Figures 8 and 9,

and the INDOR spectra are shown in Figures 10 and 11.

Cyéloheptadienyllithium‘INDOR.Samplé
Cycloheptadienyllithium was prépared from commercial (Chemical
Saﬁples Company ) 1,3,6~heptatriene using the procedure described for
pentadienyllithium. .The satellites for C2 are shown in Figure 12, and

the INDOR spectrum of C, in this anion is shown in Figure 13,

2
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Figure 3, Satellites used for INDOR spectra of C, in pentadienyl anion.
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Figure 4,

Satellites used for INDOR spectra of C
pentadienyl anion,

2

and C
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INDOR spectrum of 03 in pentadienyl anion,

Figure 7.
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Satellites used for INDOR spectra of C1 in 3-vinylpentadienyl
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Figure 8.
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‘ 1
Direct 3C Spectra

Spectra of pentadienyllithium, 3-methylpentadienyllithium,
'6,6~dimethylcyélohexadienyllithium, cycloheptadienyllithium, and
3-Vinylpentadienyllithium in THF containing hexane wére very kindly run
by Dr. G. E. Maciel of Colorado State Uﬁiversity on a:Bfucker spectrom~
eter at 22,635 MHz. An external standard (hexafluorobenzene) was pres-
ent for locking pu;poées,>but for the measurement of 13C chemical .
shifts, the farthest upfield peak of hexane [114,.82 ppm upfield from
benzene (28)] was used. Using a value of 65,0 ppm for the. chemical

13 ' '

shift of benzene relative to CS2 (28), C chemical shifts in ppm up-

field from CS, were calculated for all of the carbons in the above

2

anions,



DISCUSSION

TheIlBC chemical'shifts obtained for fhe five conjugated anions
studied are giﬁen‘iﬁ Figﬁre 14. There are minor discrepancies.between
the values obtained by INDOR and direct}y, with tﬁe former values gen-~

efally Being about 7 ppm higher; Small differences betwegn INDOR and
direct 130 chemical shifts have also been found for‘carbonium ions

(29). A possible source of difference is the temperature at which the
spectra were measured;>in this connection, it should be noted'tha£ the
INDOR shift for the end carbons in pentadienyllithium was measured at

an elevated temperature to avoid complexities due to exchange phenomena,
and not at the ordinary probe temperature at which all of the other val-
"ues were measured, The INDOR values were very helpful in ﬁnambiguously
assigning peaks in tﬁe direct specfra>to particular carbéﬁ atoms.

Assumiﬁg correlation of electrom density with 13C chemical

shift (9), the electron density is greatest at the end and central car-
bons in these anions,‘as predicted by MO theory (20). The end and cen-
tral atoms absorb in the 93,6-128.3 ppm rénge, whereas the other carbons
6fithe conjugated system gave peaks in the 45.6-64.6 pﬁm range [this is
the lower end of the fange'for ordinary alkenesr(29)].

The differences in 13C chemical shifts between end and central
carbons are smaller, but neveitheless afe large enough to show an

interesting trend. The end shift values are higher for the écycliq

anions and lower for the cyclic anions.. They are higher by 8.2-27.9
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119.3 (131.4) 156.9
R 127.5 (132.0)
R A 93.6
53.8 (61.1) 58.0 (64.9)
121.2
108.9 (116.8)
182.3
00.4 161,1
100, 161.7
les..@ 100.8
45.6 64.6
1144
Figure 14, 13C Chemical shifts for conjugated carbanions by direct
measurement and, in parentheses, INDOR, in ppm upfield
from CS,.
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ppm in the former gnd waer by 13.§=27.6 in the latter. This is no
doubt partly due to all of the end carbons being primarily in the
,‘acyclic-anionsvand secondary in the cyclic anions, ATheveffect of this
~difference is twofdld: (L) Invgenergl, pfimary groupings absorb up-
field from corresponding secondary groupings (28); (2) In these énions,
charge redistributioﬁ can occur when a primary grouping is made second-
ary; as primary carbons are better able to éarry negative charge than
are secondary carbons, this effect should operate in the same difection,
These effects are also seen in compafing the two acyclic pentadienyl
anioﬁs. In 3-methylpentadienyl anion the central atom (tertiary in-
stead of secondary) absorbs lower than in pentadienyl anion by 18.9"
ppm, whereas the end carbbns each absorb higher by 0.8 ppm.

The results of several feactibns of these conjugéted anions are
summarized in Table 2, These reactions, like the 130 chemical shifts,
are probably governed to séme extent by the electron distribution in

the anions, so it seems worthwhile to loock for some correlation between

the reactions and the chemical shifts, In the cyclic anions, the cen-

tral atom is favored more in these reactions than in the acyclic

anions, and thus the correlation apparently exists,

It-should be noted that in 3-vinylpentadienyl anion, unlike the
other four anions, the charge is distributed over more atoms (three end
atoms and a central one), and the chemical shifts of these atoms woul@
be expected to be generally lower, as is observed,

In the 130~H coupling constants observed (Figure 15), parallel-
ism in the values obtained is'eviaent, but the significance of the val-

ues is presently unknown.
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Table 2. Percentages for Reaction at the Central Atom of the Conju-
gated System in Conjugated Anions.

Reactant
Anion
Water Methyl iodide Ethylene oxide
R 10 (30)® 35 (31) 65 (32)
- -- 77 (32)

O 60 (30) 100 (33) -

25 (34) 100b 100 (21)

a, Numbers in parentheses are reference numbers,

b. Although this reaction has not been run, the finding of
100% reaction at the central atom for compounds with one less carbon
in the ring (entry above in the table) and one more (31) makes this
value likely,



. 152 /140
137 138
. 13 . . .
Figure 15, C-H Coupling constants for conjugated carbanions, Hz.
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PART II

PREPARATION AND THERMAL BEHAVIOR OF' 3~-VINYLCYCLOOCTADIENYL ANION

30



INTRODUCTION

The major goal of this part of the research was to prepare a
2-vinylallyl anion and observe its properties, The anion was to be
observed by NMR spectroscopy and its abstraction of protons monitored.

The simplest conjugated carbanion is 2-vinylallyl anion I,

The 2-vinylallyl anion II is a proposed intermediate in a diterpene

isomerization reaction (35), although the reaction may well proceed via

linearly conjugated pentadienyl anions only:

31
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In our laboratory, an attempt to prepare 2-~vinylallyl anion itself
from 2-chloromethylbutadiene failed (36),
The 2-vinylallyl anion IV might be prepared by electrocycliza-

tion of III, since McCombs (in 37) found that carbanion V underwent

The proposed route to 3=-vinylcyclooctadienyl anion III is given below,
It is patterned after the syntheses of 3-vinylpentadienyl anion itself
(36) and 3-vinylcycloheptadienyl anion (23). It is critical that the

ethylene oxide addition takes place before cyclooctadienyl anion (V)

cyclizes to VI, Also anion III must cyclize as did V.



VII

OH

(1) NaH/CSp

(2) CH3I
(3) A

VIII

n-Buli
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EXPERIMENTAL

2,4~ and 2,7~Cyclooctadien-1-yl Bromides

The procedure féllowed was patterned after that of Moon and
Ganz (38), bug-as soﬁewhat higher yields were obtained than they re~
portéd, details are giVen below. VCommeréial l,3-cyclooctadiene (260
g;‘2.4 mol) (Aldrich Chemical Company), benzoyl perqxide (1.2 &)
(Matheson, Coleman, and Bell Company), N-bromosucciﬁimide (350 g, 2.0
mol) (Eastman Organic Chemical Company), and carbon tetrachloride (800
ml) were. placed in a 2-liter, 3-necked flask fitted with a mechanical
stirrer and a condenser. The mikture was refluxed under nitrogen'with
stirring for 24 hr, and then cooled, and the succinimide removed by
filtration, The filtrate was washed withithree 600-m1 portions of 10%
NaHCO.,, and two 600-ml portioﬁs of H,0 and then dried over MgSO The

3 4

solvent was removed under reduced pressure (20 mm) through a Vigreux

2

column, and the residue was distilled through a short-path distillation
column to give 208 g (58% based on N-bromosuccinimide) of a mixture of -

2,7—cyclooctadién-l~y1 bromide and 2,4~cyclooctadien=1=yl bromide.

1,4-Cyclooctadiene

Again, higher yields were obtained than those reported (38)., A
3-liter, 3-necked flask was fitted with.a condenser, an addition fun-
.nel, and a mechanical stirrer, Lithium aluminum hydride (30.0 g, 0.8

mol) (Alfa Inorganics, Inc.) was suspended in anhydrous ether (400 ml)

34
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(Mallinckrodt Chemical Works), and the bromide mixture (208 g; 1.15
mbl) was added dropwise with stirring., The mixture was refluxed 24 hr,
then cooled in an ice bath,‘and 100 ml of HZO was cautiously added’
.dropwise with stirring. Sulfuric acid (20%, 200 ml) was added:in a
similar manner, followed by 800 ml more of the écid at room teﬁpera-
'ture; The aqueous portion waé separated and extractéd with two 250—ml
portions of ethér. "The iatter was added to the original organic layer
and the combined extracts were washed with three 600-ml portions  of 10%

" NaHCO two 400-ml portions of H The ether

3. 0, and dried over MgSO

2

was removed by roto-evaporation. The crude diene mixture (128 g, 98%

4
based on the bromide mixture) was added to 400 ml of 50% aqueouszgNO3.
The mixture was stirred in the dark overnight. A silver nitrate-
complex formed, but not in the form of a green precipitate as reported
byAMoon and Ganz (38), 1Instead, the complex was dispersed in the
aqueous layer. The aqueous layer was dissolved in 350 ml of cold con-
ceﬁtrated NHAOH. The ammonium hydroxide solution was extracted with
three 300-ml portions of ether. The ether solution was washed with
water, dried (MgSO4), and-concentrated by roto-evaporation, The resi-
due, identified by NMR, was found to be 1,4-cyclooctadiene (34 g, 13%
based on 1;3-cyclooctadiene used). According to the pfocedure of Moon
and Ganz (38), the organic phases could be reextracted with 50% aqueous

AgNO, to provide more l,4-cyclooctadiene. This worker was unable to

3

obtain additional 1,4-cyclooctadiene by reextracting the organic layer.
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<3—(2-Hydroxylethyl)-l,4—c§clooctadiene (VII)

Under a nitrogen atmosphere, a,mixture‘of71,4-cyclooctadi¢ne
(24 g, 22 moi) and tetrahydrofuran (80 ml, dried over lithium aluminum
- hydride, followed by distillation and storage ovér 4-A molecular sieveg)
in a SOO;ml, 3-necked flask, equipped with an addition funnel and a
magnetic stirrer, was cooled at -lO0 using a Dry Ice-acetone bath,
While the solution was stirred'at‘~109, n~butyllithium in hexane (150
ml, 0.24 mol) (Footg Mineral Company) was added. After stirring for 1
. hr at Oo, ethylene oxide (50 ml, 1.0 mol) (Eastman Organic Chemical
Company ) diésolved_in an equal volume of pentane was added af 0° drop-
wise, cautiously, but as rapidly as possible to preclude loss of ethyl-
ene oxide by vaporization. The solution was then stirred at 0° for L
hr and thén kept at room temperature for another hr, Water (100 ml)
was added, and the organic layer was separated and washed with three
50-ml portions of water, The combined water layers were back=-extracted
with two 50-ml portions of pentane, The organic portions were combined,

dried with MgSO and 'concentrated using roto-evaporation, . The crude

4
3—(2-hydroxyiethyl)-1,4~cyclooctadiene (VII, 28 g, 84% of crude prod~-

uct) was not further purified.

3-Vinyl=-1,4~-cyclooctadiene (VIII)

The procedure followed was patterned after that usedrby Berger,
Stogryn, and Zimmerman for trivinylmethane (32), iTo an ether suspension
" of sodium hydride (4.8 g, 0,2 ﬁol) (Metal Hydrides, Inc.), 3-(2-hydroxyl-
'ethyl)-l,4—cycloocfadiene (viz, 28 g, 0.18 mol) was cautiously added,

and the mixture was refluxed for 4 hr, The solution was cooled, carbon



disulfide (30 g, 0.4 mol) (Allied Chemical Company) ﬁas added cau-
tiously, and the mixture was refluxed for 1.5 hr. Methyl iodide (46 g,
0.32 mol) (MallinckrodtbChemical Worké) was then added, and the solu-
tion was refluxed for a final 1.5 hr. The solution was cooled-to Toom
temperaturé.and'poured over 200 ml of ice water. The organic layer was
separated, dried, and ether, unfeécted carbon disulfide, and méthyl
iodide was removed. The crude xanthate was ﬁyrolyzed'at 250f300? in a
distillation apparafus, with elimination products being distillea off

_ as-they formed, Heat was provided'by a Woods Metal Bath with ﬁhe tem=~
perature being,faised to 300° grédually over 1,5 hr. .Some of thg
sulfur—containing by -products were removed from the distillate by pass-
ing it through an alumina column,  Elution with pentane gave 20.g (82%5 '
of crude product which by NMR was estimated to coﬁsist of 1/3 3-vinyl-
1,4~cyclooctadiene (VIII, 1 proton at 76.3). Preparative GC on an -
SE~30 éilicone column at 140° gave VIII (NMR, Figures 16 and 17) as the
C10 hydrocarbon with the shortest retention time, and IX (NMR, Figure

18) as the next substance eluted,

3~Vinylcyclooctadienyllithium (III)‘

Pentane was removed from the 3—Vinfl—l,4-cjclooctadiene (VIII)
by micro-Hickman distillation, Tor3-viny1-l,4-cyclooctadiene (VIIz,
0.2 ml) in an NMR tube was added n-butyllithium (1.0 m1) (Foote Mineral
Company ). Tﬁe mixture was cooled in a Dry Ice-acetone bath and per-

- deuterotetrahydrofuran (0.3 ml) (Norell Chemical Company) was added.

The bath was removed and at gé_lOo the solution became opaque and began



Figure 16, NMR spectrum of 3-vinyl-1l,4-cyclooctadiene (VIIIL),

8¢
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h
g
f
e
e H
By
Chemical Shifts (T) Coupling Constants (Hz)
Ha = 5,0 Jab = 2
Hb = 5.1 Jac = 16
HC = 4,2 ch =9
Hd = 6,2 ch = 7
He = 4.4 Jde =4
Hf = 4,6 Jef = 10
Hg = 7.7 Jfg =6
Hh = 8.6 Jgh = 6

Figure 17,

NMR parameters for 3-vinyl-1,4-cyclooctadiene (VIII),
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Figure 18, NMR spectrum of IX or XI in pentane.
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to separate into two layeré. The NMR spectra (Figures 19-22) of thé
lower layer show III to be the major anion present.’ | “
Heating of the solution containing III in the NMR probe to 75°
for 30 min caused only minor changes in thé NMR spectrum; IIT ﬁas evi-

dently stable under these conditions,



DISCUSSION

The synthesis of 3-vinylcyclooctadiene (VIII) proceeded reason-
ably well as outlined in the Introduction, Cyclooctadienyl anion (V)
was prepared as previously described (37) but in slightly higher yield,
The ethylene oxide reaction was carried out at 0° in the hope of avoid-
ing cyclization of V to VI, but one of the by-products (IX below) ap-
pears to have been derived from VI, presumably formed to some extent
due to local heating during the ethylene oxide addition. The xanthate
preparation and pyrolysis gave a good yield of crude 3-vinylcycloocta-
diene (VIII), but NMR suggested the presence of only about one-third of
the desired triene VIII (1 proton at 7°6.3); VIII (NMR, Figures 16 and
17) was obtained from the mixture by preparative GC. The major by-
products appear to be either IX (NMR, Figure 18; presumably formed by
the isomerization of X) or XI (formed by deprotonation of VII, cycliza-
tion, protonation, and the xanthate pyrolysis sequence) and either XII
or XIII (formed by an undesired isomerization of either the desired
product, VIII, or an expected by-product, XIV)., XII or XIII was never
obtained pure, but its presence was suggested by a quartet (J = 10, 17

Hz) for 1 proton at T3.7.

IX X XI

42



43

™ ™ . AN
XIT XIII X1V

The metalation of VIII proceeded smoothly as expected to yield
anion III, whose NMR parameters (Figures 19 and 20; these assignments
were verified with the aid of the decoupling experiments shown in Fig-
ures 21 and 22) are as expected from those of the related anions V
(37) and 3-vinylcycloheptadienyl anion (21).

Heating of III to 75° in the NMR probe caused no visible (NMR)
cyclization to IV; instead, the spectrum of III persisted unchanged.
This behavior contrasts with that of cyclooctadienyl anion (V), which
cyclizes to VI at 35° with a half-life of 90 min (37), It is possible
that the failure of III to close to IV under these conditions is due to
a shift in the equilibrium position as compared to the V-VI system, but
such a large shift seems unlikely if the changes in delocalization
energies shown in Figure 23 are close to being correct, The problem
seems more likely kinetic in nature; it may be possible to settle this
point by re-preparing III in a thick-walled NMR tube and heating it to

a temperature above 75°,
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Figure 19. NMR spectrum of 3-vinylcyclooctadienyllithium (111).
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7.7 J = 15
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4,0 Jde = 10
4,1 Jef = 7
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NMR parameters for anion III,
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Figure 21. NMDR spectrum of III with irradiation at 7T7.5.
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Figure 22, NMDR spectrum of III with irradiation at T 4,05.
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I1I 5!75 - v Loss of resonance energy
2.00 8 1,23 8 0.77 B
25°

1.46 B 0.83 B 0.63 p

Difference: 0.14 B [ca. 1kcal/mol (20)]

Figure 23, Resonance energy changes calculated for some cyclizations
using simple Huckel MO theory (39).
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