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ABSTRACT

Two new acyclic eight-carbon dianions, octatetra- 
enyl dianion (XV) and 3-vinyl hexatrienyl dianion (XVI), 
were prepared by metalating E-l,3,7-octatriene and 3-vinyl- 
1,5-hexadiene, respectively, with Lochmann's base.
Lochmann' s< base was also used to prepare o-?, m-, and p- 
xylylene dianions from the corresponding xylene.Reactions 
of these eight-carbon dianions with various electrophiles" 
and oxidizing agents werp explored, and provide the most 
convenient routes to certain compounds such as [2>2]ortho- 
and [2,2]metacyclophane and dialkyl benzenes with two 
primary alkyl groups.
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INTRODUCTION

Carbanions have long been valuable synthons„ " They 
have been prepared and reacted, often in high yield, with 
various electrophiles [1]. Carbanions are commonly pre~ 
pared by reduction of an alkyl halide or polyene with an 
active metal (Eg. I and II), by transmetallatipn (Eg. Ill 
and IV), by metal halogen exchange (Eg. V), and by 
metalation (Eg. VI).

Eg. I 

Eg. II

Eg. H I  

Eg. IV 

Eg. V 

Eg. VI

RX + 2M

2M

-> RM + MX

?  ̂ 4I + 2M 
C -

RM + M -  -- > RM*+ M

RM + R'M'

RX + R'M

RM' + R'M

-> RM + R'X

RH + R'M — --> RM + R'H

Grignard reagents are the best known examples of 
carbanionic species, and are usually made from alkyl 
halides by reduction with magnesium (Eg. I). Two-electron 
reduction of cyclooctatetrene (I) to the Huckel 10 tt 
electron aromatic system of the corresponding dianion with 
an alkali metal is a well known example of Eg. II [2].



Butadiene dianion (II) has been prepared by this route as 
shown [3].

II

Higher anions can sometimes be generated from two-electron 
reductions of existing anions [4]:

Pentadienyl anions have been prepared by Nakamura via one- 
electron reduction of the corresponding diene (Eq. VII) [5]. 
The diene, conjugated or unconjugated, is treated with an 
alkali metal and an equimolar amount of a tertiary amine in 
tetrahydrofuran (THE) to yield pentadienyl anion and 
reduced pentadiene dimer (2:1).

+ Mg+2

Eq. VII 2M -1 M+ + C0H8 18
M = Na, K , Rb, Cs

Transmetalation has been used to prepare un
stabilized anions such as ethylsodium;[6]:



(CH3CH2)2Hg — a-> 2CH3CH2 Na + Hg

3

The preparation of allyllithium (III) from tetra- 
allyltin is a typical example of Eq. VI [7]. This reaction 
is driven by the precipitation of tetraphenyltin.

Ill
Metal halogen exchange (Eq. V) has been used to 

prepare dianions as well as monoanions. Paradilithio- 
benzene (IV) is prepared from paradibromobenzene and n- 
butyllithium [8]:

Br
n-BuLi .—------> K ) ]  2 Li + 2  n-BuBr"

Br IV

3-Lithiothiophene is prepared by this same method from 3- 
bromothiophene [9].

The simplest and most practical method for pre
paring resonance-stabilized carbanions, however, is 
metalation involving abstraction of an acidic hydrogen 
(Eq. VI). Carbanions can be prepared from olefins, 
ketones, nitriles, esters, and other substances containing 
a group which can delocalize a negative charge on an ad
jacent carbon. Various metalating systems are employed,



each having its own advantages. Metalating systems such as

from ketones and aldehydes. Sodium amide and lithium 
diisopropylamide in THF or diethyl ether are quite common 
for heterocarbanions also.

butyllithium in tetramethylethylenediamine (TMEDA) [10] or 
n-butyllithium/potassium t-butoxide ("Lochmann's base")
[11]. These are currently the best metalating systems.
The n-butyllithium/TMEDA system offers the advantage of 
giving lithium salts which are considerably more soluble 
than sodium or potassium salts, but with conjugated dienes, 
conjugate additioncirather than proton abstraction is 
usually the lower energy pathway [12]:

in many cases there is no unconjugated precursor to the 
desired anion [12]:

sodium or potassium hydride in THF are used to form enolate

Metalation of hydrocarbons is usually done with tX-

n-BuLi
 >
TMEDA

TMEDA

— 1 n-BuLi

-2

n-BuLi 
, TMEDA

VI



Lochmann's base, on the other hand, allows the preparation 
of pentadienyl anion v from 1,3-pentadiene, and VI from
2,3-butadiene [12]. Lochmann's base appears to be a 
stronger base and/or weaker nucleophile than the n- 
butyllithium/TMEDA system, but it has the disadvantage of 
yielding the much less soluble potassium salt [13].

by Morton and coworkers [14], who prepared anions VII,
VIII, and IX from the corresponding xylenes using n- 
amylsodium at 75-80°C for 3 hours. Morton found the yield 
of anion VII to be the lowest of the three, 18%, and anions 
VIII and IX were obtained in 37% and 36% yield, respec
tively. Using excess n-amylsodium and TMEDA at room 
temperature for 2 hours, Trimitsis [15] reported prepara
tion of anions VII and VIII in quantitative yield; under 
the same conditions no IX was detected from p-xylene, as 
only monometalation product was obtained. Klein and 
Medlik [16] prepared VII and VIII from the xylenes and n- 
butyllithium/TMEDA at room temperature overnight, in 51 and 
57% yield, respectively. In unsuccessful attempts to 
prepare anion IX from p-xylene, anion x was formed in 18% 
yield as well as the monometalation product.

Metalations of the xylenes have been carried out

VII VIII IX X



Molecular orbital^calculations .have been done on 
various anions by Hess and Schaad [17]„ The resonance 
energy per atom (REPA) was calculated for .these anions 
(Appendix A) giving a relative ordering of stability. The

larger the REPA in units of p, the more stable the anion.



RESULTS AND DISCUSSION

Acyclic Eight-Carbon Dianions XV and XVI 
Pentadienyl anion V was reacted with allyl chloride 

to yield octatrienes XI (24%), XII (7%), and XIII (30%). 
Octatrienes XI and XII are related to XIII by Cope re
arrangements , i.e., [3,3]sigmatropic shifts (Eg. VIII).

ClV +

XIII

We found that with G.C. injector temperatures above 
270°C these thermal rearrangements began to occur. XIII was 
rearranged to an 80:20 mixture of XI and a new triene, 
identified by NMR as XIV, at 400°C. XI was similarly 
rearranged to an 87:13 mixture of XI and XIV. Apparently 
XIV arises from XII by a [1,5]sigmatropic shift (Eg. IX).

Eg. VIII
[3,3]

XI + XII

Eq- IX ' H [1,5] ,
^   x iv



XI and XIII were smoothly metalated with Lochmann1s 
base to dianions XV and XVI. Mass spectral data showed 
incorporation of two deuteriums in deuterium oxide quenches 
Reaction of XV with methyl iodide was shown to give di- 
methylated products by mass spectrometry although the 
products were not isolated.

-2X,T Lochmann' s^
blii XV

VTTT Lochmann1s^ 
XI11 base >

Oxidation of XVI was accomplished with 1,2- 
dibromoethane to yield trivinylethylene [18] XVII. Oxida
tion of XV yielded 1,3,5,7-octatetraene [19], which poly
merized on workup.

r—~Br
Br .XVI --------> |̂|

XVII

Benzylic Anions 
The generation of dianions VII, VIII, and IX from 

the corresponding xylenes with Lochmann1s base was examined 
since there was not a general high-yield preparation for 
these dianions and they should be useful intermediates in 
synthesis; for example, they might offer good routes to 
cyclophanes.



To this end p-xylene was reacted with two equiva
lents of Lochmann's base following the same procedure used 
for preparation of XV and XVI. This yielded 10% dianion IX 
and 85% monoanion based on quench products. When the 
metalation was carried out in refluxing heixane, dianion IX ( 
became the major product (65 to 70%; monoanion 30%). Under 
these conditions, o-xylene and m-xylene were dimetalated 
quantitatively to VII and VIII.

Anions VII, VIII, and IX were reacted with various 
electrophiles to demonstrate their synthetic utility. 
Metalation of p-xylene followed by quenching with dimethyl 
sulfate yielded p-diethylbenzene (63%) and p—ethyltoluene 
(30%). No p-cymene was detected (1% would have been ob-o 
served by G.C.), indicating < 1% of dianion X, reported by 
Klein and Medlik [16] to be the dimetalated product from 
p-xylene under other conditions, had formed under these 
conditions.

p-Di-n-propylbenzene is difficult to prepare by 
Friedel-Crafts alkylation or acylation of benzene. Friedel- 
Crafts alkylation, with a carbonium ion intermediate, yields 
mainly the rearranged (isopropyl) product rather than the 
primary alkylbenzene.. Friedel-Crafts acylation yields the 
ketone which must be reduced, acylated, and reduced again 
(4 steps in all). IX, however, is converted to p-di-n- 
propylbenzene in one step in 65% yield. Benzylic anion VII,
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VIII, and IX thus offer better synthetic routes to primary 
dialkylbenzenes.

Anions VII, VIII, and IX were quenched with tri- 
methylsilyl chloride to yield bistrimethylsilylxylylenes 
XVIII, XIX, and XX [20]. Anion VII was also reacted with 
dimethylsilyl dichloride to give 1,l-dimethyl-3-benzosila- 
cyclopentene (XXI).

Me.SiCl S:LMe3
VII 3

90% SiMe3
XVIII

VIII
Me3SiCl

95%

iMe

3XIX
SiMe3

Me^SiCl
IX -------------> ^/SiMe 3

50% XX

VII
Me3SiCl2 

75% XXI
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When methylation of IX was attempted with methyl 

iodide rather than dimethyl sulfate, the major product was

transfer to give the anion radical XXII, which dimerizes, 
and the resulting dianion, XXIII, then quenches (Eq. IX).
We attempted to show the intermediacy of XXIII by adding 
only one equivalent of methyl iodide and then quenching 
with trimethylsilyl chloride but this proved to be un
successful , yielding only XXIV and XX. Possibly due to its 
much higher solubility, XXIII reacts with methyl iodide 
much faster than the less soluble IX.

XXIV, .70%. We believe this arises from single electron

Eq. IX

IX

XXII

XXIV XXIII
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Dianions VII and VIII react similarly with methyl 
iodide to give the coupled products XXV and XXVI in 53% and 
41% yields, as well as the respective diethylbenzenes (42% 
and 55%, respectively).

XXV XXVI

Anion IX was quenched with deuterium oxide to give 
p-xylene-cm'-d^ (XXVII). When dianion IX was allowed to 
react with dimethyl sulfate and trimethylsilyl chloride in 
THF at room temperature, only monoalkylation products were 
detected. Presumably anion IX cleaves THF [21] (Eq. X) 
very rapidly at room temperature, going to the less reactive 
monoanion which is alkylated to the monoadduct.

+
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Dianion VII was allowed to react with 1,3-dibromo- 

propane under high dilution conditions to yield benzo- 
suberene XXVIII [22] and 1,9-dibenzocyclotetradecadiene 
XXIX. Reaction of dianion VII with diiodomethane yielded 
no indan but a trace of [2,2]orthocyclophane was detected 
by NMR. This presumably arises from electron transfer 
followed by coupling. Bis-diphenylphosphine-o-xylylene XXX 
was prepared from chlorodiphenylphosphine and dianion VII.

XXVIII XXIX

C1P0

XXX

Attempts to prepare dianion XXXII from tetralin 
(XXXI) and Lochmann's base under the same conditions used 
to prepare VII yielded only monoanion XXXIII. After longer 
reaction times no quench product was detected from dianion 
XXXII but some naphthalene XXXIV was obtained, which is 
believed to arise from expulsion of hydride from dianion 
XXXII similar to expulsion of hydride from anion XXXV to 
give benzene (Eg. XI) [23].



XXXI XXXII XXXIII
-2H

OTO
XXXIV

-H
Eq. XI }i T > -30°

XXXV

Attempts to sequentially alkylate IX (Eq. XII) were
unsuccessful, the only detected products being the symmetric 
products XXXVI and XXXVII. We believe the problem with this 
reaction is that XXXVIII, a monoanion, is much more soluble 
than the insoluble IX, thus making XXXVIII more reactive 
toward the electrophile than IX.

Eq. XII R

IX

R R 1R X XXXVI XXXVII

R'
XXXVIII XXXIX
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Although this route to XXXVIII and XXXIX failed, we

have found that XXXVIII could be prepared in high yield from 
XL (R = CH^) and quenched to give a good yield of the a,a1 - 
disubstituted p-xylene XLI.

could lead to cyclic and linearly polymeric polyxylylenes 
(XLII, XLIII, and XLIV) . When n = 2, the simplest cyclic 
products would be [2,2]cyclophanes (XLV, XLVI, and XLVII). 
Dianions VII and VIII were coupled with iodine and 1,2- 
dibromoethane, yielding [2,2]orthocyclophane (XLV) [24] and
[2,2]metacyclophane (XLVI) [25], respectively. Iodine was 
found to be the better of the two oxidants, yielding XLV 
and XLVI in 60% and 25% yields, respectively.

(1) Lochmann's 
Base

LI
Oxidative coupling of dianions VII, VIII, and IX

XLII XLI 11 XLIV
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I2

XLVI

Coupling of dianion IX yielded no [2,2]paracyclophane
(XLVII) [26], which has the most strain energy of the
[2,2]cyclophanes [27]; several oxidizing agents (1,2- 
dibromoethane, iodine, and cuprous chloride) were tried 
under various conditions

bromide XLVIII was attempted in hopes of obtaining [2,2]- 
paracyclophane XLVII! but oligomer was the only detected 
product. Dianion VIII reacted with p-xylylene dibromide 
XLVI 11 yielding [2 , 2 ] metaparacyclophane (XLIX, M%) [28]
and [2,2]metacyclophane (XLVI, ^3%) as well as polymer. The
[2,2]metacyclophane (XLVI) arises either from an oxidative 
coupling of VIII by the weak oxidant p-xylylene dibromide 
or by metal halogen exchange.

Another anionic route (Scheme A) was looked into for 
preparation of [2,2]paracyclophane (XLVII) by oxidizing

CjV I I

The reaction of dianion IX with p-xylylene di

VIII
+ XLVI

XLVIII XLIX
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Scheme A

o
XXIII

dianion XXIII, a proposed intermediate in the reaction of 
methyl iodide with IX.

L was prepared by monometalation of p-xylene and 
oxidative coupling with iodine in 70% yield. Reacting L 
with two equivalents Lochmann's base followed by subsequent 
quench with trimethylsilyl chloride showed that anions XXIII 
(70%) and LI (10%) were both formed.

L ---------- > XXIII +

Me3SiCl

• SiMe

+
SiMe3LII LI II

White crystalline solids LII and LIII were isolated in 70%
1and 10% yield, respectively. The H NMR of LIII (Fig. 1) 

showed a 0.05 ppm shift upfield from the methyls of tetra- 
methylsilane and the silyl methyls of LII (Fig. 2). This



PPM ( * *7.0 6.0 5.0 4.0 3.0 20 1.0

Fig. 1. "*"H NMR Spectrum of LIII

CO



60 5.07 0 4 0 3.0 20 1.0PPM

Fig. 2. H NMR Spectrum of LII



is due to the methyls in LIII being in the shielding region 
of the phenyl ring. LIII is believed to be meso because of 
the steric bulk of the trimethylsilyl group. Oxidative 
coupling of the mixture of XXIII and LI with iodine and 
cuprous chloride yielded polymer and small amounts of LIV 
and LV, but no [2,2]paracyclophane (XLVII). LIV and LV were 
identified by NMR but not isolated.

3-methylenecyclobutane carbonitrile, an allene-acrylonitrile 
adduct, as described by Parker et al. [29]. 1,2-Dimethyl-
enecyclobutane (LVIII) was prepared by dimerization of 
allene [30]. We found that LVI could be dimetalated readily 
with Lochmann's base to dianion LVII, but rather than 
proton abstraction to dianion LIX, LVIII underwent addition 
to give LX under the same conditions. This qualitative 
result fits well with Hess and Schaad's REPA's (Appendix A) 
[17] for these two dianions.

Metalation of 1,2-Dimethylenecyclobutane 
and 1,3-Dimethylenecyclobutane

1,3-Dimethylenecyclobutane (LVI) was prepared from

■> REPA=0.032>--
LVI LVI I



/ REPA = -0.035

LVIII
LIX

LX X / Bu

The deuterium oxide quench of LVII yielded LXI 
in 60% yield.

LVII D2°

DsZ
/
\D

LXI
Oxidation of dianion LVII could lead to a new 

isomer of benzene, LXII [31]. This oxidation will be 
attempted later.

[OX]LVII
y

y LXII

An attempt was made to prepare dianion LXIV from 
pentamethyIcyclopentadiene LXIII, and two equivalents of 
Lochmann's base in refluxing hexane. We wished to oxi
datively couple LXIV to the valuable bidentate ligand LXV. 
However, the mass spectrum of the deuterium oxide quench 
indicated that very little of LXIV had formed.



EXPERIMENTAL

Nuclear magnetic resonance (NMR) spectra were re
corded on either a Varian T-60 or EM-360L spectrometer. 
Chemical shifts are reported in parts per million downfield 
from tetramethylsilahe (TMS). ' Mass spectra were recorded 
on a Hitachi Perkin-Elmer Model RMU-6E double focusing mass 
spectrometer. Melting points were uncorrected. Elemental 
analyses of liquids were performed by Industrial Testing 
Laboratories, Inc., St.. Louis, Missouri; solids were done 
by The University of Arizona Analytical Center, Tucson, 
Arizona.

Volatile products were isolated and purified by gas 
chromatography with a Varian Aerograph, Model 700, equipped 
with a 6 ft x .25 in column, packed with 10% UCON LB550X 
on Chromosorb P.

Tetrahydrofuran (THE) was -freshly distilled from 
sodium/benzophenone. Pentane and hexane were washed with 
sulfuric acid, distilled from LiAlH^, and stored over CaHg. 
n-Butyllithium solution in hexane (2.2-2.6 M) was used as 
received from Alfa Division, ventron Corp.; potassium t- 
butoxide was used as received from Aldrich Chemical Co.; 
and all;Other reagents were purified by standard methods.

22



Pentadienyl Anion (V) [12]
To a dry 250 mL round bottom flask equipped with a 

serum capped side arm and magnetic stir bar, 3.36 g (30 
mmol) potassium t-butoxide and 50 mL of dry, olefin free 
pentane were added. An addition funnel with 20 mL pentane 
and 3 mL (30 mmol) freshly distilled piperylene was placed 
on the flask and serum capped and the system was charged 
with argon; 11.6 mL of 2.6 M n-BuLi (30. mmol) in hexane 
was added via syringe and the piperylene.solution was added 
dropwise with stirring. A tan precipitate formed imme
diately. Thirty min after addition was complete, the 
potassium salt of anion V was filtered and rinsed with 
pentane several times. The yield was essentially quantita
tive as shown by quenching experiments.

Reaction of Pentadienyl Anion (V)
~~ r~ with Allyl Chloride ”

Pentadienyl anion (V, 30 mmol) was dissolved in 150
mL of freshly distilled tetrahydrofuran (THF, freshly
distilled from benzophenone/sodium ketyl). This solution
was added dropwise with stirring to excess allyl chloride
(4.9 mL, run through alumina) in 150 mL THF under positive
argon pressure. After addition was complete, the solution
was washed several times with saturated ammonium chloride
and dried over magnesium sulfate. The THF and allyl
chloride were removed by fractional distillation. The
fraction with bp 80-130°C was gas chromatographed on a
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61 x 0.25" column packed with 10% UCON, LB 55OX on Chromo-
sorb P. This gave 0.70 g (24% yield) E-l,3,7-octatriene
and 0.88 g (37%) of a 4:1 mixture of 3-vinyl-l,5-hexadiene
and Z-l,3,7-octatriene (this mixture was not separated on
Carbowax, either). These products were characterized by 

1their H NMR spectra (Figs. 3 and 4).

Dianions XV and XVI 
Octatetraenyl dianion XV was prepared by adding

1.0 6 g (10 mmol) E-l,3,7-octatriene in 20 mL pentane dropT 
wise with stirring via addition funnel to 20 mmol Lochmann's 
base (2.24 g potassium t-butoxide and 8.4 mL 2.4 M n- 
butyllithium in hexane) in 30 mL pentane, in a 250 mL round 
bottom flask charged with argon. Thirtymin after addition 
was complete, the red precipitate was filtered and washed 
with pentane. For reaction, it was suspended in 50 mL dry 
THF, giving a yellow-green solution. The yield of dianion 
XV was approximately 70%. Orange dianion XVI .was prepared 
analogously in similar yield from 3-vinyl-l,5-hexadiene.

Trivinylethylene 
Dianion XVI (10 mmol) slurried in 50 mL THF was 

added dropwise via syringe to 1.75 mL 1,2-dibromoethane in 
100 mL dry THF with stirring at -78°C. When addition was 
complete, the solution was washed with saturated sodium 
chloride and dried over magnesium sulfate. The THF was 
removed at reduced pressure and the product distilled under



« « » 1 1 1 » ■ I I 1 » 1 I » » ■ I I ■ » » I I I ■ • « I . . . ■ I . ■
7.0 6 0 5.0 ppm ' * 1 4.0 3.0 2.0

Fig. 3. NMR Spectrum of E-l,3,7-0ctatriene



1 I I L

lit1 J
I t )

Fig. 4. '*"H NMR Spectrum of 3-Vinyl-lf5-hexadiene
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reduced pressure and purified on a gas chromatograph (column 
temp < 60°) . The product [18] was identified by "*"H NMR 
(CDC13): 65.0-5.3 (m,4H), 5.4-5.6 (m,2H), 6.0-7.2 (m,4H).

Xylylene Dianions (VII-IX)
In a 250 mL dry round bottom flask with serum capped 

side arm charged with argon, 2.4 g (21.5 mmol) potassium 
t-butoxide and 1.2 mL (10 mmol) p-xylene were added to 50 mL 
dry olefin free hexane. The system was equipped with a dry ' 
condenser and magnetic stir bar and serum capped. On addi
tion of 9.2 mL of 2.4 M n-butyllithium (22 mmol), a red 
precipitate formed immediately. . The solution was allowed to 
reflux under argon for 1 h, and was cooled to room tempera
ture before filtering and rinsing the dark red anion (IX,
70% yield) with pentane. The analogous m- and o—dianions 
(VIII and VII, respectively) were prepared from the 
corresponding xylenes in quantitative-yield; the former was 
bright yellow and the latter, red orange.

Reaction of Dianioh IX with Dimethyl 
Sulfate and Diethyl Sulfate

To a suspension of dianion IX (10 mmol) in 50 mL
hexane excess dimethyl sulfate (4 mL) was added via syringe.
The suspension was then refluxed under argon until the
anion color disappeared. Upon completion of reaction the
excess dimethyl sulfate was destroyed by additon of 50 mL
of 20% NaOH/ethanol solution. , .After refluxing for"- three
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hours, the solution was washed with water and dried over 
magnesium sulfate„ The solvent was removed by fractional 
distillation. The residue was bulb to bulb distilled 
(75°C, 2mm). p-Diethylbenzene (63% yield) was separated
from p-ethyltoluene (27% yield) by gas chromatography and

1 ■ \ identified by XH NMR (CDCl^): 61.3 (t,J=7 Hz, 6H), 2.7
(g, J=7'Hz, 4H) , 7.2 (s.,4H) .

Reaction of dianion IX with diethyl•sulfate was
done analogously. p-Di-n-propylbenzene was obtained in
61% yield and identified by NMR (CDCl^): 60.9 (t,J=7 Hz,
6H), 1.1-1.9 (m,4H), 2.5 (t,J=7 Hz, 4H), 7.1 (s,4H).

bis-Trimethylsilylxylylenes (20]
To a stirred suspension of p-xylylene dianion (IX,

10 mmol) in 50 mL pentane, 2.6 mL chlorotrimethylsilane (20
mmol) was added with stirring. After the anion color had
disappeared the solution was washed with water several times
and dried over magnesium sulfate. The solvent was removed
by rotary evaporation. The residue was distilled (bulb to
bulb) and then recrystallized from acetone, giving in 50%
yield bis-trimethylsilyl-p-xylylene, mp 63-64°C (Lit. [20]
61-63°); 1H NMR (CDCl^): 60.0 (s,l8H), 2.0 (s,4H), 6.86

1(s,4H). bis-Trimethylsilyl-o-xylylene [ H NMR (CDC1-)^
60.55 (s,l8H), 2.60 (s,4H), 7.5 (s,4H)] and -m-xylylene 
[1H NMR (CDC13): 60.05 (s,18H), 2.1 (s,4H), 6.7-7.3 (m,4H)]
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were prepared; analogously but being liquids were purified 
by gas chromatography.

1,l-Dimethyl-3-benzosilacyclopentene XXI 
To a 2.50 mL round bottom flask containing 10 mmol 

o-'-xylylene dianion (VII) suspended in 150 mL pentane, 1.2 
mL (10 mmol) dichlorodimethylsilane was added via syringe 
with stirring. When the anion color disappeared, the
solution was washed with water and dried over magnesium 

/ - ' . 
sulfate. The pentane was removed by distillation, the resi
due was distilled (bulb "to bulb), and the product purified
by preparative gas chromatography. The liquid product

1(70% yield) was identified by elemental analysis and H NMH 
[Fig. 5, CDC13; 60.38 (s,6H), 2.15 (s,4H), 7.1-7.5 (m,4H)]. .
Anal, calcd for CgH^Si: C, 74.07; H, 8.64. Found: C,
74.05; H, 8.50.

Reaction of Dianions VII-IX with 
 ̂ ' Methyl Iodide

p-Xylylene dianion (IX, 5 mmol) was suspended in 50 
mL pentane and cooled to 0°C. To the vigorously stirred 
suspension 2.50 mL (20 mmol) of methyl iodide was added 
slowly via syringe. The-solution was washed several times 
with water and dried over magnesium sulfate. The solvent 
was removed by rotary evaporation. The residue was dis
tilled (bulb to bulb). The product XXIV (mp 60°C, 72% 
yield) was recrystallized from low boiling petroleum ether



8 0 7.0 6 0 5.0 3.04 0 2.0 1.0PPM

Fig. 5. NMR Spectrum of 1,l-Dimethyl-3-benzosilacyclopentene
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iand identified by elemental analysis and H NMR (CDCl^):

61.25 (t,J=7 Hz, 6H), 2.65 (q,J=7 Hz, 4H), 2.9 (s,4H), 7.2
(s,8H). Anal, calcd for CjgH22: C/ ^; H , 9.3. Found:
C, 90.1, H, 9.2.

Dianions VII and VIII were reacted analogously with
methyl iodide yielding XXV (mp 28-29°C, 53%) and XXVI (mp
29~3l°C, 41%). XXV and XXVI were identified by elemental 

1 1analysis and H NMR: XXV H NMR (CCl^) : 61.23 (t,J= 7 Hz,
6H), 2.63 (q,J=7 Hz, 4H), 2.84 (s, 4H),7.05 (s, 8H); Anal, 

calcd for C18H2 2: C' °7? H> 9.3. Found: C, 90.5? H,
I9.6. XXVI H NMR (CCl^): 61.23 (t,J=7 Hz, 6H), 2.63 (q,

J=7 Hz, 4H), 2.84 (s, 4H), 7.05 (s, 8H). Anal, calcd for

C18H22: C' 90-7' H, 9.3. Found: C, 90.5; H, 9.5.

Dianion IX with Deuterium Oxide 
To 10 mmoles dianion IX suspended in hexane 0.2 mL 

D^O was added via syringe and stirred until the anion color 
disappeared. The solution was then washed with water and 
dried over calcium chloride. The solvent was removed by 
fractional distillation. The residue was bulb to bulb 
distilled (70°C; 1 mm). The product, purified by prepara
tory gas chromatography, was obtained in 74% yield as indi
cated by 1H NMR (CDC13): 62.24 (t,4H), 7.04 (s,4H) and MS
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(parent peak dideuteriated M/e =108, 77%; monodeuteriated 
M/e = 107, 13%; trideuteriated M/e = 109, 10%).

Reaction of Dianion VII with
1,3-Dibromopropane

Dianion VII (10 mmol) suspended in 150 mL dry THF 
at -78°C was added via' 18 gauge cannulae tubing to a serum 
capped 500 mL three neck round bottom flask previously 
charged with argon and equipped with an addition funnel, 
magnetic stir bar, and 200 mL dry THF at -78°C. While the 
anion was added, 1.0 mL (10 mmol) 1,3-dibromopropane in 25 
mL THF was added dropwise via addition funnel. Upon com
pletion of addition the solution was washed with saturated 
ammonium chloride and dried over magnesium sulfate. The THF 
was removed by rotary evaporation, leaving a yellow oil 
which was bulb to bulb distilled, giving two fractions. The 
first fraction (bp 50-l20°C, 2.75 mm) was further purified 
by gas chromatography and identified as benzosuberan 
(XXVIII, 11%) by ^H NMR (Fig. 6),;(CDCl^): 61.4-1.9 (m,6H),
2.7-2.9 (m,4H), 7.1 (s,4H). The second fraction (bp 120- 
210°C, 2.75 mm) was recrystallized from chloroform/pentane 
(6%; mp 157-160°C) and identified by spectral evidence and 
elemental analysis as 1,8-dibenzocyclotetradecadiene (XXIX), 
1H NMR (Fig. 7), (CDCl^): 61.5-2.1 (m,12H), 2.4-2.9 (m,8H),
7.1 j(s,8H), M.S. (parent M/e = 292); Anal, calcd for 
C22H28: C/ 90.4; H, 9.6. Found: C, 90.4; H, 9.6.
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Fig. 6. 1H NMR Spectrum of XXVIII
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Fig. 7, 1H NMR Spectrum of XXIX
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Reaction of Dianion VII with 

Chlorodiphenylphosphine
Bis-diphenylphosphine-o-xylylene (XXX) was prepared 

by addition of 3.5 mL (20 mmol) chlorodiphenylphosphine to 
a stirred suspension of dianion VII (10 mmol) in 100 mL dry 
THF under positive argon pressure at -40°C (acetonitrile/ 
dry ice slush). The solution was allowed to warm to room 
temperature with stirring. The solution was stirred until 
the anion color disappeared, leaving a clear yellow solu
tion. The solution was washed with saturated ammonium 
chloride and dried over magnesium sulfate. The solvent was 
removed by rotary evaporation, leaving a viscous oil. This 
oil was dissolved in chloroform and run through silica gel. 
The chloroform was removed by rotary evaporation. Addition 
of ether gave XXX as a white precipitate, yellowed 210°C, 
mp 220-240°C; 23% yield; identified by spectral data and

ielemental analysis: H NMR (Fig. 8) (CDC1 ) : 63.9 (d, J =3 y
14 Hz, 4H), 6.6-6.9 (m,4H), 7.1-7.9 (m,20H). 13C NMR 
(see Fig. 9); Anal, calcd for C32H28P2: C' ‘0' H ' 5.9*
Found: C, 80.8; H, 5.8.

p-Methylbenzyl Anion 
In a dry 250 mL round bottom flask equipped with 

serum capped side arm and magnetic stir bar 5.6 g (50 mmol) 
potassium t-butoxide and 8 mL (67 mmol) p-xylene were added 
to 50 mL dry pentane. The system was charged with argon 
and stirred while 21 mL 2.4 M n-BuLi in hexane (50 mmol)
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Fig. 8, NMR Spectrum of XXX
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Fig. 9. "^C NMR Spectrum of XXX
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was added via syringe. Upon completion of addition„the red 
suspension was stirred for 1 h. The anion was filtered and. 
rinsed with pentane and dissolved in 1.00 mL dry THF for 
further reaction.

p-Ethylbenzyl Anion (XXXVIII)
This monoanion was prepared by dropwise addition of

4.5 mL 2.4 M n-butyllithium (10.8 mmol) to 1.4 mL (10 mmol) 
of p.-ethyltoluene, prepared by reaction of p-methylbenzyl 
anion and methyl sulfate, and 1.1 g potassium t-butoxide in 
50 mL of dry olefin free pentane, which was stirred in a 
250 mL round bottom flask equipped with serum capped side 
arm, charged with argon, and cooled to 0°C. The.orange red 
precipitate darkened on standing for. 1 h at 25°C. The anion - 
was then filtered and rinsed with pentane. The yield of 
anion was 92% based on quench products.

[2,2]Orthocyclophane and 
[2,2]Metacyclophane

[2,2]Orthocyclophane was prepared by dissolving
dianion VII in 200 mL dry THF at -78°C, adding this solution
dropwise via 18 gauge cannulae tubing to a 500 mL round
bottom flask containing 2.6 g Ig in 200 mL dry THF stirred
at -78°C under argon, and warming to room temperature. The
solution was washed once with saturated ammonium chloride
and twice with saturated sodium bisulfite. After drying
over magnesium sulfate, THF was removed by rotary



evaporation and the residue bulb to bulb distilled, dis
solved in chloroform, and run through alumina. One re- 
crystallization from low boiling petroleum ether gave in 
40-60% yield [2,2]orthocyclophane, mp 103-108°C (Lit. 107- 
1080C4); 1H NMR: 6 3.03 (s,8H), 6.92 (s,8H).

[2,2]MetaGyclophane was prepared analogously in 20- 
25% yield from dianion VIII, and characterized by mp 131- 
132°C (Lit. 132—1330C' ) [25] and NMR [25] (Fig. 10) .

1 Reaction of Dianion VIII with
p-Xylylene Dibromide

Dianion VIII (10 mmol) suspended in 105 mL dry THF
was added via 18 gauge cannulae tubing to 2.64 g (10 mmol)
p-xylylene dibromide in ISO mL dry THF in a serum capped
500 mL round bottom flask which was charged with argon and
stirred magnetically. Upon completion of addition the
solution was washed with saturated ammonium chloride and
dried over magnesium sulfate. The solvent, was removed by
rotary evaporation. The residue was bulb to bulb distilled
(180°, 1 mm) . The distillate (0 .,1 g) was a waxy solid which
was, by H NMR [25, 28], principally [2,2]metacyclophane
and [2,2]metaparacyclophane (60:40).

Preparation of L 
L was prepared by adding with stirring via cannulae 

tubing 50 mmol p-methy1benzy1. anion slurried in 100 mL dry 
THF to 6.4 g (25 mmol) iodine in 100 mL dry THF in a dry
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Fig, 10. NMR Spectrum of [2 f 2]Metacyclophane
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250 mL round bottom flask, serum capped and charged with 
argon. After addition was complete, 50 mL ether was added. 
The solution was then washed with saturated ammonium 
chloride followed by saturated sodium bisulfite, the solu
tion was dried over magnesium sulfate. The solvent was 
removed by rotary evaporation. The product, purified by 
bulb to bulb distillation (180°, 2mm) and recrystallized 
from low boiling ether (mp 77-79°C) in 70% yield. "*"H NMR 
(CDC13) : 62.30 (s,6H), 2.85(s,4H), 7.12(s,8H).

Diariions XXIII and LI 
Dianions XXIII and LI were prepared by addition of 4. 

mL 2.4 M n-butyllithium in hexane with stirring to 1.0 g of
1,3-bis-p-tolylethane (4.76 mmol) (L), and 1.1 g potassium- 
t-butoxide (9.8 mmol) in 25 mL of dry pentane in 250 mL 
round bottom flask equipped with serum capped side arm 
charged with argon and cooled to 0°C. A dark red precipi
tate formed immediately. The reaction was stirred at room 
temperature for 1 h, filtered, and rinsed with"dry pentane. 
The dianion mixture was dissolved in 60 mL dry THF for 
further reaction.. The yields from quench products were 
67% for XXIII and 9% for LI.

Reaction of Djanions XXX-II and LI 
with Chlorotrimethyisilane

The above mixture of XXIII and LI was stirred under
argon while excess chlorotrimethyisilane (2 mL) was added.



The red anion color disappeared immediately. The solution 
was washed with saturated ammonium chloride and dried over 
magnesium sulfate. The volatiles were removed by rotary 
evaporation. The products were separated by fractional 
crystallization from ether. ' The trimethylsilylation 
product from XXIII (LII) had mp 54-55°C and 1H NMR (CDCl^)
60.05 (s,18H), 2.13 (s,4H), 2.9 (s,4H), 7.05 (s,8H). Anal 

Calcd for C22H34S^2: C' 74-58; H , 9.60. Found: C, 79.30
H, 9.80- The trimethylsilylation product from LI (LII) 
(presumably meso from steric considerations) had mp 210- 
212°C and 1H NMR (CDCl^): 6-0.45 (s,18H), 2.30 (s,6H) ,
2.65 (s,2H), 7.05 (s,8H). Anal, Calcd for C,
74.58; H, 9.60. Found: Cf 74.90; H, 9.60.

Dianibn LVII
Dianion LVII was prepared by dropwise addition via 

addition funnel of 0. 8. g.. (10 .mmol)_l_, 3-dimethylenecyclo--. 
butane to a stirred suspension of 2.4 g (21.4 mmol) 
potassium t-butoxide and 9.1 mL (21.8 mmol) 2.4 M n-butyl- 
lithium in 40 mL pentane in a 2 50 mL serum capped round 
bottom flask equipped with side arm and charged with argon 
A bright yellow precipitate formed immediately. The 
reaction was stirred for 1 h after completion of addition. 
The precipitate was filtered and rinsed with pentane and 
dissolved in 30 mL THF for further reaction. The yield of 
dianion was 60% based on quench products.
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Table 1. Resonance Energy per Atom (REPA) —  From [17]

Method
of

REPA Reported Counter- Prepara
Anion (6) Yield ion tion Ref.

-1
0.053 100

100
K
Li

B
A

12
10

/ -1

-1

0.039

0.092 100 Na 33

0.034 50-70
-2 80

Li
K

A
B

32
12

/\ -2
-0.040 25-35 Li

Mg
A
C

32
34

- 2
- 0.001 Na 35

0.065 90

0.062 70-80

0.010

Li

K

Li

B

36

12

36

-2
0.032 60 K B

-2
-0.035
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Anion
REPA
(3)

Reported
Yield

Counter
ion

Method
of

Prepara
tion Ref.

( \  - 2

0. 092

\ /
_ y  W ' 2

0.044 70 K B

-2
0.040 70 K B

-2
0.073

-2
0.077 100

37
K
Na

B
C 14

-2
0. 065 100

18
K
Na 14

-2
0. 061 70

36
K
Na 14

-2
0.015
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Anion
REPA
(8)

Reported
Yield

Counter
ion

Method
of

Prepara
tion Ref.

A -3
0.079 30 Li A 16

-3
0. 056

-3
0. 049

-4

-4

-4

-5

0. 049

0.037

0.031

0. 015

-0.008
— 6
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