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ABSTRACT

The purpose of this work was the study of synthetic
approaches to specifically labeled deuterated l,4-dimethyl-
naphthalenes, Alkylation of ortho- and para-dibromobenzenes
eventuslly led to the formation of some 1l,4-dimethylnaphthalene
although deuteration was rather poor. Under the conditions
employed, much isomerization of Friedel-Crafts products
resulted. Not only did the bromines rearrange intramolecularly,
but substantial rearrangement of the alkylating moiety may
also have occurred, The major oroducts of these reactions
were dibromophenylcyclohexanes, It appears from the products
obtained by the methods employed in our work that specific
monodeuteration rather than specific dideuteration should be

used to attain the desired products.




INTRODUCTION

The reason for undertaking the synthesis of the di-

methyldideuterionapthalenes (II, 11l and IV) stems from interest
*

in assigning coupling constants to various portions of the

benzo- [2.2] - paracyclophane molecule (I)

I
D CHa CHA
D
D
o CHg cHy

II

I'T Iy

*Some NMR cnunling constants »n a related
cyclophane have heen determined hy Regley and differ from
those exvected from literature, ESR counling constants are
to he correlated with rhose of undeuterated 1.
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The suhrequent syntheses for making specifically iabeled
dideuterio-benze- 2.2 -paracyclopranes would nroceed enalopously
to the followline scheme:

Moy CH,Br CH«;SH

M-BRONOSUCCINEMIDE o "

CHy CH,LBr CH,SH
Ha ity Br
CHo CHABv
CHasH o Bv
. s CHa
dnbzts‘
+ NaCy
Cra5H CHyBY
etS Ty
HaC M,
I
Plocts),
H,C CHA




The dimethyldtdeutetionapthalenes are to be used later to
synthesize the dideuteriobenzo- (2.2 ] - paracyclophanes

(v, VI and vil), which will yield the unequivocal assign-

ment of the counling constants in the naphthalene molety of the

penzoparacyclophane radical anion.

" ) @ " e @ " " @ "

Hy Hy! My N <:> Ha

Initial work in this area w=3 done by Professors F.Gersan

and W. Martin. 1,2,3

From this and yet unpublished work,
it was assumed that better accommodation of the odd electron
would be expected in the naphthalene portion of this sandwich-

1ike compound, Thus, small coupling constants are expected
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in the benzene portion of the molecule., Initial ESR and ENDOR

(electron nuclear double resonance spectroscopy) studies have

been made by Gerson and Martin., Confirmation of their assignment
of coupling constants s possible by subs&titution of deuterium
for hydrogen in specific locations.

Work on the synthesis of 2, 2, 4, 5, 7, 8, 9, 9.
octadeuteriobenzo- [2.2 ] ~paracyclophane (VIII) has been

initiated by Begley and Martina

to confirm the assignment of
the presumably small coupling constants to the benzene portion

of the molecule,

Vilf

Thus benzoparacyclophanes V, VI and VII would be used to
measure the coupling constants of the naphthalene portion of the
radical anion of the molecule in order to map the electron

densities in the orbital bearing the single electron,

B




HISTORICAL AND SYNTHETIC APPROACH

The first reported patncyclophane was discovered by
Brown and Fatthlngs while examining polymers prepared by low
pressure pyroleis of p-xylene. They noticed that 2 chloroform
extraction of the polymer yielded a mixture of low molecular
weight compounds containing rraces of an acecone-insoluhle
fraction having a melting point of 285°C. The gtructure of

this compound was determined by x-ray diffraction to be that

of [2.2] - putucyclophane(lx)which they named "di-p-xylene".

Brown and Farthing failed in future attempts toO prepare this

novel compound. The first successful synthesls of a para-

eyclophane was reported by Cram and Steinberg.6 Since then,

Cram has published numerous pavers in the Journal of the




Awerican Chemical Society on paracyclophane chemistry.

In 1951 Cram originally defined a paracyclophane as a
class of compounds in which "two benzene rings are rigidly held
in a face to face position by methylene bridges in the para
position".6

Our interest lies in benzo- [2.2] ~-paracyclophane (1).

As stated earlier, we are interested in confirming the assign-

ment of coupling constants in the molecule,
4

The work done by
Begley and Martin™ will either confirm or refute the assign-
ment of the coupling constants in the benzene portion of the
molecule, The dimethyl-dideuterionaphthalenes (11, 111 and 1V)
will be used in the synthesis of the dideutriobenze- [2.2 ] -
paracyclophanes (V, VI and VI1), which will either confirm or
refute the assignment of the coupling constants in the naphtha-
lene portion of the molecule.

A search of the literature showed us that the dimethyl- ' ‘
dideuterionaphthalenes(II, 111, IV) had not been previously
synthesized, It was decided to try and make 11, II1 and 1V
from their dibromo counterparts7 (X, X1 and XII), none of which ; e

have been previously synthesized.

ChHy 7* CHa, CHy
er v
L : i : : : Br
CH3 B»  cu, cH, ¥
X XTI XIT

IR S R S SRR -



To be sure that the bromine atoms would exchange for
deuterium atoms and yield the desired compounds, it was
decided to first try o-dibromobenzene as a model case. The

following reaction was carried out and deuteriobenzene was

obtained in trace amounts,

B Br,
a @ n._ciﬁs_k_g_,m_,::@ (1)
i B

A proposed route of synthesis of 1,4-dimethyl-2,3.dideuterio-

naphthalene began with the bromination of naphthoquinone,

followed by treatment with Grignard reagent.e

[}
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The intermediate was then to be treated with HBr and zinc metal

to give the desired dibromide,

As a model case, naphthoquinone was treated with methyl

magnesium iodide, HBr and zinc metal (2 and 2'),

The desired product (1,4-dimethylnaphthalene) was not obtained

The following reaction sequences were the proposed routes

for synthesisg’lo of 1,4-dimethyl+6,7-dideuterionaphthalene{(11).
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The Friedel-Crafts alkylation of aromatic rings is
historically too well documented to review here. Reference
is made only to Chapter 1, Volume 1lII of "Organic Reactions"
by C. C. Price (John Wiley, New York (1945)) and to the series
of volumes of "Friedel Crafts and Related Reactions" by Olah
(Interscience, New York (1964)). 1In "Organic Reactions",
several references for alkylation of monobromobenzene are
given.22’23’24’25’26’27

A typical sequenc» was to treat the bromobenzene with the
appropriate alkyl halide and Al Cl3 at about room temperature,
The Al Cl3 was later destroyed with water and after drying,

the products were fractionated.

S a Br 8 ar
(I.Hu
. ALl . +
(N
‘ CeHy
l
H

In this thesis, the concern was with the difunctionality

i
i
o
1
|
i

of the ecyclic ether or the diol cauging linear combination =

of three or more substituents, Therefore, at the time of

planning, cyclohexane was chosen tn be what seemed an inert

solvent which would optimize cyclization of the two reactants,




The following reaction seguences were proposed for the

synthesis of 1,4-dimethyl-5,8-dideuterionaphthalenes (1v) 9,10

B8y

axr
CHla,
O cegbhen e BT o
.; ok [ari)
% CHa
o -

l CHLOKANIL

© CHZ’ Sr CH‘:)
00
O = e
o CHa Br  CHay
ITI
Br ar
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As a model case for the aromatization via

c:h].::ralﬂli.l,]*]"lzt13 an attempt to convert tetralin to

naphthalene was made,

Ot == Q0

In the model case, only 40% of the tetralin was converted to

naphthalene, When, however, the dimethyldibromotetralins
were treated with chloranil, no aromatization was apparent,
An alternate method of aromatization was tried using n-
butyl lithium and tetramethylethylendiamine 1“(TMEDA).
S o]
(8)
CH3 CH
Ln-Cytg i,
2. 020
CH-, CH
~ el
8v o -
fo) CHo
L-Culglo
@@ 2. TMEDA
(8] CH:
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|

11

This method of aromatization offered some conveniences
in that subsequent treatment with n-butyl lithium and TMEDA
could be made without having to first separate the product,

thus combining the deuteration and the aromatization.

e

A LR A




EXPERIMENTAL

Model Case:o-Dideuteriotenzene’(1) Into an oven

dried 25 ml reaction flask containing 2.6 g.(0.01 moles) of
o~-dibromobenzene(Eastman 3914) were slowly added 9 mi

(0.N2 moles) of : -butylithium in hexane(Alfa 44109),

There was a notic.uble evolution of heat, After the solution

was allowed to stand for one hour with an attached reflux

condenser, 0.7 m1(N.N35 moles) of deuterated water(Dzo)

(Silanor 99.7 atom %) were added and the reaction was allowed
to stand nvernight., After 20 hours, 10 ml of water were added
to the reaction mixture in order to neutralize any residual
n-butyllithium., The reaction mixture was then acidified with
concentrated hydrochloric acid and extracted with 20 ml of
anhydrous ethyl ether. The ether extract was then injecred
into a gas chromatograoh. The separation of dideuteriobenzene
from 1-bromo-Z-deuterlobenzene, dy~vhenol and l-bromobutane was
carried out on two different chromatographic columns: 1) a

6 ft. x 1/4 in.-10% silicone oil DC-710 on Chromosorb W at
90°C and, 2) a 6 fr, x 1/4 in.-15% SE30 + 10% Carbowax 20M on
Chromosorb W at 100°C, The chromatographic analysis indicated

that only trace amounts of the dideuteriobenzene had been formed.

Utilizing a GC-mass spec, a mass spectrum (figure 1) of the supposedly
dideuteriobenzene was obtained. The mass spectrum indicates

that the product formed was mznodeuteriobenzene and not
dideuteriobenzene. an infrarad spectrum(figure 2-2a) of

the hexane mixture was taken before the ether extraction was made.

st i ags SmeTmom o
e AR
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Model Case: 1,4-Dimethyl Naphthalene8(2 and 2!)

Into a 100 ml reaction flask containing 20 ml of dry tetrahydro-
furan were added 0.68 g.(0.028 moles) of finely divided magnesium
and 4,0g,(0.028 moles) of iodomethane(Eastman 164), The
iodomethane was added with the aid of an additional 10 ml of

dry tetrahydrofuran. The mixture was heated gently until all

of the magnesium was consumed. Then, a solution of 2.21g.

(0.14 moles) of naphthoquinone(Eastman P1704) in 25 ml of dry

;
i
|

tetrahydrofuran was added to the reaction mixture. The mixture
was then heated and held at reflux temperature for one hour.
During refluxing, the reaction mixture became blue-green in
color. After refluxing, the reaction mixture was concentrated

to dryness in vacuo using a Buchl rotovapor-R apparatus. Then,
10 ml of 48% hydrobromic acid were cautiously added to the
residue, To this solution was added 50 ml of ethanol and 2.0g.
of zinc metal. The solution was stirred at room temperature with
an attached reflux condenser for 72 hours. The ethanol was then
removed in vacuo using a Ruchi rotovapor-R apparatus. Then,

100 ml of a 1:1(V/V) benzene-ether solution was used to extract

the product from the rasidue. The benzene-ether solution was

then gravity filtered and washed with two 50 ml portions of

5% NaOH solution. The benzena-ether solution was again gravity
filtered and then placed in a fume hood under a current of air

to remove the benzene-ether, The extraction yielded a brown

!
|

solid. 1Inspection of an infrared spectrum of the solid(figures
3-34) and tnjection of the benzene-ether solution into «
chromatograph showed that no 1,4-dimethylnaphthalene had

been formed,
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Model Case-Naphthalene 11’12'13(7) To a solution of 2,6g.

(0.02 moles) of tetralin(Fisher T-72) in 50 ml of p-xylene
(AR) were added 9.8g(0.04 moles) of chloranil(Eastman P603).
The mixture was refluxed for five hours and then cooled and
ecavity filtered, Analysis of the mixture was carried out by
gas chromatography. Columns used in the analysis were a

6 fr. x 1/8 in,-10% UCW-98 at 120°C and a & ft. x 1/4 in.-15%
SE-30+ 10% Carbowax 20M at 1759¢., Standard solutions of
naphthalene and tetralin were used to identify the components.

On the UCW~98 column, the tetralin had a retention time of

300 seconds and the naphthalene a retention time of 320 seconds.

Injection of the mixture yielded fused peaks, On the SE-30-

carbowax 20M column, the tetralin had a retention time of 161

seconds and the naphthalene had a retention time of 247 seconds.

A comparison of the ratio of areas showed the tetralin to

naphthalene conversion to be only 40% complete,
1,4-Dimethyl.5.8 dibromonaphthalene or isomer9$5) To a

solution of 24,9g,(0.106 moles) of p-dibromobenzene(Eastman

P474) in 175 ml of dry distilled cyclohexane were added 48.75g.

(0.369 moles) of Al Cl3(Fisher A-575) with stirring. Then

at room temperature, 12.5 g.(0.106 moles) of 2,5-hexanediol

(Aldrich Hl 190-4) were added dropwise with an addition

funnel over a period of forty minutes. The initial reaction

temperature was 24°C, At the end of the addition of the diol
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the reaction temperature was 30°C, The addition funnel was
waghed with 25 ml of dry, distilled eyclohexane. Then, the
reaction was allowed to proceed at room temperature with stirring
for 70 hours, The color of the reaction changed sequentially
from white(initially) to green (after 30 minutes) to yellow
(after four hours) to brown (after 70 hours). After 70 hours,
tce was added to the reaction mixture in order to decompose

the excess Al Cl3, The organic layer was then separated from
the aqueous layer by means of a separatory funnel. The cyclo-
hexane was removed from the organic layer by distillation, leav-
ing a brown, oil -like tiquid. Injection of the brown liquid
into a gas chromatograph revealed that the liquid contained more
than one component, The liquid was vacuum distilled under
approximately 5 wn pressure, Four different fractions were
collected: 1) undistilled residual material (IR-figures 4-44),
2) a 48°9-60°/ca. 5 mm fraction (IR-figures 5-54), 3) a 60°-
1029C/ca. 5 mm fraction (IR-figures 6-6A) and 4) a 120°.130°c/
ca. 5 mm fraction (11% of the reaction products by weight, IR
figures 7-7A) whose GC curve showed three major peaks, This
high boiling fraction was analyzed by gas chromatography

on a 6 ft. x 1/8 in. 10% UCW-98 column at 200°C. This

fraction contained two major components, each of which was
collected in a glass coil cooled with jce at the outlet of the

chromatograph's thermal conductivity detector.

S IS AR S T
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An infrared soectrum (figures 8-84 and 9-9A), a nuclear magretic
resonance spectrum (figures 10 and 11) and a mass sSnectrum
(figures 12 and 13) were taken on each of these components.

In addition to these two major components, a small amount of a
third, minor comoonent was collected. A nuclear magnetic
resonance spectrum(figure 14) and a mass spectrum(figure 15)

were tzken on this minor component. It was assumed that these
three components whish were obtained from the higher boiling
fraction were isomers of d .methyldibromotetralin, Thus, to a
solution of 2.0g.(0.N63 w-'=s) of the high boiling fraction in

50 ml of p-xvlene (AR) were added 3,42 g.(0n.0139 moles) of
chloranil. This mixture was vefluxed under a nitrogen atmosphere
for 18 hours. After refluxing, the mixture was gravity filtered
and washed with one 25 ml portion of 10% aqueous NaOH and five
25 ml portions of tap water. The p-xylene was removed in vacuo
using a Buchi rotovapor-R apparatus. The remaining amber colored
1iquid was identified by infrared (figures 16-16A and 17-174)

and by chronatographic analysis to be the starting material.

l,A—Qimethvl-s,%-dtbromo-l,2,3,h-tetrahxdronaghthalene

or Isomerl®(6). To a solution of 23.6g.(0.1 moles) of p-

dibromobenzene in 200 ml of dry, distilled cyclohexane were
added 46.2g.(0.35 mole) of Al Cl3 with stirring. Then, 10g.

(0.1 moles) of 2,5-dimethyltetrahydrofuran(Pfaltz and Bauer)
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were added dropwise with an addition funnel over a period of

ninety minutes at room temperature. The reaction temperature
climbed from 24°C to 33°C during the addition. After the addition
of 2,5-dimethyltetrahydrofuran was completed,the reaction temp-
erature dropped to 28%C, The color of the reaction changed
sequentially from white to green to yellow to brown(after four
hours). The reaction was allowed to proceed at room temperature
with stirring for 24 hours, After 24 hours, ice was added to

the reaction mixture to decompose the Al Cl13. The organic layer
was then separated from the aqueous layer by means of a separatory
funnel, The organic layer was then distilled to remove the cyclo-
hexane leaving only a brown oily liquid behind., An iR spectra

and a GC curve of the brown, oily liquid were taken. The GC

curve revealed that the brown, oily liquid contained more than

one component. This material was vacuum distilled under approx-
imately 5 mm pressure, The vacuum distillation yielded four
fractions: 1) undistilled, residual material (IR-figures

18-184), 2) a 46°C-56°C/ca. 5 mm fraction (IR-figures 19-194),

3) a 111°C/ca. 5 mm fraction (IR-figures 20-20A) and 4) a 126°C/
ca. 5 mm fraction (IR-figures 21-214). The 126°C fraction was
chromatographed on a 6 fr, x 1/8 in. 10% UCW-98 column at 200°¢.
The curve revealed one major component which represented 60%

of the fraction. This component was collected in a glass coil
cooled with ice at the outlet of the chromatograph's thermal

conductivity detector, An infrared spectrum(figures 22-22a),
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& nuclear magnetic resonance spectrum (figure 23) and a mass

spectrum(figure 23.4)vwere taken on this component,
1.4-Dtmechy1-6.7-leromo-L,2.3.ﬁ-tetrahydranaphthalene

or IsomerlOSAZ To a solution of 11.8g.(0.05 moles) of o-dibromo-

benzene in 150 ml of eyclohexane were added 19.8 g. (0,15 moles)

of Al Cl3 with stirring. To this solution was added a solution

of 5.0g.(0.05 moles) of 2,5-dimethyltetrahydrofuran in 50 ml

of cyclohexane, The 2,S-dimethylcetrahydrofuran solution was
added dropwise by means of an addition funnel over a period of 45

minutes, The addition was carried out at room temperature,

The reaction temperature climbed from 23°C to 30°C during the

addition, The reaction was allowed to proceed at room temp-

erature for 24 hours. The reaction color again changed sequen-

tially from white to green to vellow to brown. After 24 hours, ice

was added to the reaction mixture to decompose the Al C13.

The organic layer was separated from the aquecus layer in a
separatory funnel and distilled to remove the cyclohexsne.

Again, only a brown oily liquid remained. This 11 yuid was

vacuum distilled under approximately 5 mm pressure. Four fractions

were collected: 1) Undistilled residue (IR-figures 24-244),

2) a 52-56°C/ca. 5 mm fraction (IR-figures 25-25A), 3) a 620C/

ca. 5 mm fraction (IR-figures 26-26A) and 4) a 1069C-114°C

fraction (IR-figu-es 27-27A). The fraction collected at 106°-

114°C was injected into a gas chromatograph containing a 6 fr, x

1/8 in, 10% UCW-98 column at 20N°C., The chromatographic curve
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revealed that the 106°-114°C fraction convained three major
components, each of which was collected in a zlass coil cooled
with ice at the outlet of the chromacograph's rhermal conduct-
jvitv detector. An infrared spectrum (figure 28.28A) and a
GC-mass soectrum (figures 294, 293, 29C, 29D and 29E) were taken
sn the first component, An infrared spectrum{ figures 30-304)

a proton auclear magnetic resonance speccrum(ftgure 31), a C13
nuclear magnetic resonance spectrum( figure 32) and a mass spectrum
(figure 33) were taken on the second component. An infrared
spectrum(figures 34-34A), a nuclear magnetic resonance spectrum
(figure 35) and a mass spectrum were taken on the third com~
ponent,

1_h-Dtmethvl-5.8-deutertnnaohthalen9 or Isomet1a§8! To a

solution nf 2.0 g. {N.0N6 moles) of dimethyldihromotetrahydro-
naphthalenes (the mixture »f high boiling isomers obtained from
the reaction of o-dibromobenzene and Z,S-h@xanediol) in 25 ml
of dry distilled eyclohexane were added 6,5 ml of 22% n-butyl-
1ithium in hexane. The reactinn mixture was refluxed for one
hour with a #54 molecular sieve drving tube attached. After
one hour, the reaction mixture was cooled and 0.5 m1(n.025 moles)
of D20 were added, The reaction mixture was allowed to stand
for 24 hnurs. After 24 hours, the reaction mixture was treated
with a #5a molecular sieve (to remove any traces »f D90) and
gravity filtered, Then, 15 ml of torramethylechvlenediamine

(TMEDA) (Eastman 8178) and 10.5 ml nf 22% n=butyllithium in
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hexane were added to the reaction mixture and the mixture was
refluxed for one hour with a #5A molecular sieve drying tube
attached. After refluxing, the reaction mixture was cooled

and 3.6 g.(0.025 moles) of Cd Gl, were added. After swirling
the mixture for several minutes, it was gravity filtered, The
hexane was removed from the rea:tion mixture in vacuo using a
Buchi rotovapor-R apparatus, At this point, a ruclear magnetic
resonance spectrum revealed that the mixture did not contain a
large quantity of 1,4-dimethylnaphthalenes. The reaction
mixture was chromatographed on a 6 ft, x 1/8 in. 10% UCW-98
column at 190°C, The reaction product was separated from the
amine and collected in a glass coil cooled with ice at the out-
let of the chromatograph's thermal conductivity detector.

From GC analysis, it was found that this fraction contained

7% of 1,4-dimethylnaphthalene. A GC-mass spec analysis of

this fraction(figures 364 and 363) shows that L,4-dimethyl-
naphthalene and not the desired l,4-dimethyldideuterionaphthalene

was the product that had formed,
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Pigura #2921
oC - Mass Spectrum of Componaent #1 of
106 - 114 C / ca. Smm Fraction of teaction
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Figure #2978

GC - Masa Spectrum Cont!'s,
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Figure 4292

GC ~ Mass Spectrum Cont'd,

FRN: 10230 SP NO. 2 R.T (SEC., 213
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Figure #0290

GC - Mass Spectrum Cent'd,

FRN: 10230 SP NO.'3  R.T (SEC.) 246

8e
60
42
20

TR U T SRR
e
3
>
)
(-]
8

330 3ge i

2
tJ

80
60
<0

430 . 460 510 580

ot o




Th

Figure #2970 :

GC - Mass Spectrum Cont'c. !

- |

FRN' 10330 SP NO.:' 4 R.T.(SEC.) 278

Joo o Tt e e

ge
6@
40
20
o

Ll i i s 11111

£

1008 150 200 -

;4

sSe
&9
4
=]

[

-t i L 1 121

280 330 380

jg

se
60
a0
=0




EELAERINI R . nn DCOL4ET ON L5V i _.
R — o r B — —_—— _
” mxu-Dm\ﬁ.r = _ =

Gl 2ON34343y INIATOS |
5 !

3 S¥¥viway | ’ Hivd 113D 0

TS %d)y.jdddzlpaiuzod T .
%,O 401V G374S NVDS | - T TON 3AERD

N P

SNO¥DIW] HIONITIAYM

%.w tnnm 0/ g9 09 N 0'¢ Sy ov ) o¢ 4

. — D
| W
|
_ A7
-~ R
!
< . ) ]
,H..A l
t ; :
i soUenbaeg UOT308eE Jo uoTqdBay : b
: WuG W/ Tt -%cﬂ
X Jo z# 3ueuodwoy 2
¢ " Jorunazosdg peaeayur i R
/.‘
o - oe
o,mm uhﬁmﬁu




YIWTI-NIMYId . ;s LE01-/£2 "ON 18Vd

ERINERERER . T T T T T INGAIOS

- SHdvwIY H1Vd Luu_ o o - 7T NIDIO

* LA S A Ve j " ?f aa:d ,aw N w» ('CM.WI JZOu_ T o I
‘ AIWIO v,cc&&o_ ) ‘ON 3A20 | Mr*r/iafm\hrr " 3dwYS

SNOYW HIGNIEAY A

09t 0N oyl el ‘ o't 0ot

R S

-

1

N eousnbag uotT3089y Jo UoT30mdg
WHS t80 /5 MIT - g0t

=

JO2F jususduoy

Jo #Wnajoedg pedgJjur

j@)
o

S

L7 i
L
[
b

g

‘}

(%) IDNVLLIWSNWV L

!

<om% c&_maw “ .
SO L réil[wx<> m\,i!'ll!.r.li - . y OOF

oW 096000t o0ct ooyt o091 ) ooz -




e FRILTSIY TN »xf.:u

,uuiﬁ Z_xaus IHOVLIH

Figure #31

<:Un

K

lsea-ruz

|
I

—hes-ty— STt —— L)

vt ¥

! t
SRy iy L&.&d&

.u.ooo..n:. 1N§ pcmcoa! o

.H,ox..

i

;d P v.k

m mzz usjo

) .
P m——




anioar A, 4

3

SREIY

£
£2 8511
25 381
61782l
49 9181
12 881
B bST

8¢ 8481
5682 £9°2102

L : el - do 665 984263

$73 7N . : . S Ll : 9%t sh 62z2

LR N C2RIBI4 08

13211




$/3/1 €T=SSHN 434S

1] souantt

8§ UOTAOBOY JO UOT308BJIJ
wwg *8d / 9 HIT = 901
Jo 2# susuoduoy

CE# sandTy

~001




¥3IWI3 - NIMA3Id GEN/ST ON Lavd
Nl XN - IONAYTIT | IN3ATOS

T i
CONS vy | T Wivd 113D NITINO
B ~ ONOD T y\_}w !

JSOW/.,...V Taval . N Eml_wad,‘_-.dd)..ﬁu;addz WA
aﬂ;fxugozxmao 1y 03245 NVDS T ON 3A3ND /si QLe, 4@% 1wy

SNOYZIW: HIONITIAVM

04 g9 09 Y 089 Sy ov e o€

OOCWSUDW qcﬂ.u‘oﬂdmm FO ustidmay
Wi 5 ved /o MIT -1901

uoWMW\“ucoGOmloo

Jo wnaisedy pedwaguy

- :m,*, Q.,HSth:,




_ AIWIT- NINYId o 2z 1£01-4£2 "ON 1¥vd
] s T - S muzw.&mxm T T T T T T a0
_ - O&Simw : Lvd 113D | - NIDRO
EYE A A ™ :;?.sz,@ TOOW =& .uzouA_, T e Er

1 ,.A.Q_.Q.uao* \ 33368 Nvas| B - T / _ 1, N "
o ﬂ,@d 4 | - 03 J ON N | Ji QU ﬂm@fd.ﬂ, 314wV

SNOYDIN
oet ozt Ot

! 11 souenbeg usygoeay Jo UOT308d]
i wag ‘8o / p o:: lo@o.m Jo t£# 3jueuodwmop

i
| : - - JO wnua3090y pedeaJul -

orl 06 08 04

| ©OVNEH eandiyg ; AR AR

.wo 006 0001

T — W,M..,:\.uﬁij
00Z1 00YL 0091 '

0'¢
Jo
m

0c¢
—f
S

oy Z
;)
=
-
>
Z

09 ﬁ

08




‘.
. ) - . " '
¥IWIINDIN nDYIN M R L
f surwe RN 1 . R A . a .,Ir o ‘« ‘.1. ’ : ‘ m
; RS THY e : ' :
N e 1P I .:,Lzu,.u ‘ i i ! ‘
HID e | e - TH) Ve i i
i 2HD~ : R CE R . .»
! ._Lu,,.c -—t- ,,..loﬁu.o,!a " : :
, H
. . 13- -4 -
B s Tl s T, iy J¥7,
a2
o X or '3 K ‘ ) ,
= tz_ " I
N 1] L A N i
.Axxx \axaysﬂvakﬁk u* 5@ ém%Lgiv_#i...‘ ; T L
g I
(59
Gy
o
]
w
o
=
: b
: el
i
| oue =
' TS j
| -

' mm* m.gw.rm




#igure #362

GC - Mass 'rontpum 7
Arematization Pro
Raastion Secuencs

. "7 ¥4 SPECTRUH DISPLAY-EDIT XX
DIMETHYLHAPHTHALENE SAMPLE
3% SP-2100 6 100120 190 DEG E.1.

r me geemm e e e cm mman e e e e e e + ————

b e e - e e




GC - Mass Spectrum Cont'd.
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Figure #37

Proton NMR Spectrum of

Cyclohexylbenzene

C10,460-0

clohexylbenzene, 96%
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Figura #39

Mass Spectrum of Component #3 of

106 - lllFC / ca, Sum
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List of Reaction Sequences

n-Calals DAQ O




&
Sy
CHy- CH =Crp™ Ly\z_%\-‘ ~c¥y AlCla o
J
oH
oH ¢
Oy

(3

CHLORANIL

<y cHa

JOIQ) = e JOIO

CHn CHy

=)

1 . .
J@ +“ﬁ‘|®f‘cﬂa
<

C.Hs

CHLORANIL

CHa,
. 8n
O O .
e ©)©)
B
CHigy ]




87

ev ex
CHlz
O gt s
oH oh
: CH,
B 8x >

l CHLORANIL

© C“3 e\’- CH3
OO =~ QO
o C“3 B\" CH}
IXX '
Br enr
' ity
+ AlCI,
Ry Ha i
) (4]
Br Br >
chLoRANiL
o CHy Br cHa
OORE
D CHy Br CHa
ITI

A PR L R

e

(5)

(6)




i e ot ,,wmww

D

LmeCatgl
@@ ‘—‘—,mm

D




DISCUSSION

The synthetie¢ procedures which were utilized in this
research were aiming at precursors to symmetrically substituted
dideuteriobenzo~ [2,2]- paracyclophane, More specifically
it was hoped to synthesize structures I1I, III and 1V,

Reaction sequence 1 represents a model reaction of a synthetic
approach in which bromine is replaced by deuterium. Reaction
sequence 2 reoresents a prooosed synthetic aporoach by which
it was honed to obtain structure XII, a precursor of IV.A model
reaction was attempted and will be discussed later. Equations
3,4,5 and 6 are the ones around which most of the work was
centered, Reaction sequence 7 is a model reaction of a pro-
posed method of aromatization utilizing chloranil., When the
use of chloranil did not yield any satisfactory results in our
aromatizations, reaction sequence 8(using tetramethylethylene-
diamine) was successfully used,

It was hoped that the technique for replacement of aromatic
bromine by deuterium 7 would work for dibromodimethylnaphthalenes
without severe comvlications. Replacement of two bromines by
deuterium had been carried out previously Ly Martinl in
satisfactory yield, but in that case, the tws bromines were
on two different rings,

Therefore, if the bromine for deuterium exchahge is

successful for two adjacent bromines on an aromatic ring, then
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this technique could be used for the bromine-deuterium exchange
in our system, For this reason, o-dibromobenzene was used as

a model case,

The concept in bromine-deuterium exchange is
the reaction of n-butyllithium with the aromatic bromine to

give the lithio-aromatic, which would then react with D30 to

yield the deuterated aromatic. In the case of a dibromo-aromatic,

the reaction is perhaps a two step process,

or B,
@ MoCeflgla, o
@

It was realized that this reaction might produce a very

reactive benzyne intermediate,
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The benzyne intermediate might also produce other

products such as biphenylene. Other possible products of
the reaction which should not be overlooked include mono-
deuteriobromobenzene, monodeuterio-n-butylbenzene and di-phenol.
A gas chromatographic analysis of our reaction mixture suggested
that trace amounts of o-dideuteriobenzene had been synthesized,
However, a GC-mass spec{ figure 1)analysis of the mixture showed
that we had formed trace amounts of monodeuteriobenzene. A
complete analysis of the other products formed has not been
pursued since it appears that this reaction does not suit our
synthetic needs, The yield of deuteriobenzenes by this reaction
was far too small to consider this as a route to preparing a
symmetrical dideuterio-l,h-dimeChylnaphthalene.

An approach to the synthesis of structure XII that
had been deemed possible was that of forming the 1,4-dimethyl

derivative of tetrahydronaphthalene by Grignard addltions of

methyl magnesium iodide to 1,4-Naphthoquinone, It was realized




that this could alternately lead to 1,4 addition across
an o B~ unsaturated carbonyl system, and nerhaps this is indeed
what happened, but 1t was hoped that significant yields of

simple addition to the carbonyl groups might occur.

O
v Or’\a—L.
OF )+ 2cnmg — (O
o Toral
o " 3
Hew
Chs
CHs P wn
!:::l':::’ +  ZwBry <IN
CcHy e
CHa

In spite of the apparent drawbacks, the addirion was attempted
as a fast, rather simple test. If this model reaction had
proved successful, then reaction sequence 2 could have been
used to try to obtain structure X11. Using standard 1,4-
dimethylnaphthalene, a gas chromatograchic analysis of the
reaction mixture showed that the desired oroduct (1,b-dtmethvl-
naphthalene) had not been obtained. An investigation of the

products formed was not completed because rhis reaction does




not suit our synthetic needs.

Presuming that a dimethyltetralin would eventually be
obtained, the method by which it was hoped to dehydrogenate
the dimethyltetralin to a dimethylnaphthalene was investigated,.
As a model, commerc¢ial tetralin was treated with chloranil
in a method analogous to that used for aromatization of other
systemsllv12’13(reaccton sequence 7)., Analysis of the reaction
mixture by gas chromatography showed that the tetralin to naph-
thalene conversion was 40% by this method.

Friedel-Crafts alkylations and cyclizations of aromatic
rings are well known, But no reference could be found to such
a reaction on a dihalobenzene., In reaction sequences 3,4,5
and 6, attempts were made to synthesize structures II and III.

The first attempt at cyclization involved the reaction

of p-dibromobenzene and 2,5-hexanedi.ol9 (reaction sequence 5),

The reaction was catalyzed by Al Cl3 and was carried out at
room temperature in cyclohexane, Under these conditions, the

reaction was expected to proceed as follows:

Yy
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Other by-products expected from this reaction might be:
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The reaction yielded chres components, each of which was
extensively analysed. 1t was found that our reaction resulted
Not only did an intra- =

in various regrrangemen: aroducts.

cular rearrangement of the bromines occur, but also a E
L

mole
zylating system may also have

startling rearrangement of the al

occurred, Rearrangement component #1 shows a mass spectrum

(figure 12) with a parent oeak at m/e 318 and a base pesk at

m/e 262. The mass spectrum of component #1 also exhibits :

the 2-bromine isotopic cluster. The infrared spectrum ( figure !

nent #1 exhibits a small aromatic
_H stretch at 3.45 and 3.55 microns,

8.8A) of compo c-H stretch

at 3.31 microns, aliphatic C

¢ stretching bands at 6.40 microns and 6.50 microns,

g bands at 6.88, 6.90 and 6.95 microns,

aromatic C-
and

methylene scissorin

aromatic out of plane bending at 11.40 microns, 11.60 microns,

12.45 microns and 13.55 microns. The proton nuclear magnetic

resonance spectrum (figure 10) features aromatic, benzylic

and aliphatic hydrogen splitting in the ratio of 3.1-10. 1In

MR spectrum is very similar to that of phenyl-

fact, this N
Both spectra exhibit the lack of any

cyclohexane(figure 7).
1it into a doublet

ed methyl group or a methyl group 8P

by an adjacent hydrogen. The only difference between the
&

re both the splitting pattern

isolat

two is in the aromatic region whe
s different. Both

tegrated aromatic hydrogen count 1

e undouttedly due to the two bromine

and the in

of these differences ar
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substituents. Py comparing the mass spectrum of component
#1(flgure 12) to the mass spectrum of phenylcyclohexane (figure
38) we can again see a striking similarity. The bhase peak

in both spectra is at P-5f, a loss of C4Hg. This fragment
seems to be quite characteristic of the breakdown pattern

for the cyclohexane ring. Looking at the fingerprint region
in the infrared spectrum(figures 8-8A), peaks are present

at 11.60 microns{characteristic of one isolated hydrogen)

and 12,45 microns(characteristic of two adjacent hydrogen).15
Analysis of the proton NMR aromatic splitting opatterns of
dihalotoluenes 15 along with the data already presented
jdentifies rearrangement component #1 as structure XIII,

1,4-dibromo-2-cyclohexylbenzene

Br

er

XIII

i)

:
i
!
|
s
!
!
i
i
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Rearrangement comoonent #2 of reaction sequence 5

exhibits a mass spectrum{figure 13) similar to that of
component #1 and phenyleyclohexane(figure 38)., It shows the
parent veak at m/e 318, the base peak at m/e 262(P-56) and

the bromine isotopic cluster, The proton nuclear magnetic

resonance spectrum{figure 11) is also very similai to that of

phenylcyclohexane (figure 37), The infrared svectrum (figures

9-94) contained aromatic C-H stretch at 330 microns, aliphatic
C-H stretch at 3,45 and 3.55 microns, aromatic C«C stretching
bands at 6.35 and 6,50 microns, methylene scissoring bands at
6.95 and 7,08 microns and aromatic out of plane bending at
11.80, 12,55 and 14.61 microns. The three peaks due to aromatic

out of plane bending are characteristic of three isolated

aromatic hvdroger\s.15 A study of the NMR aromatic hydrogen

splitting patterns of dihalotoluenes 17 along with the data
already presented identifies rearrangement component #2 as

1,3-dibromo-5-cyclohexylbenzene, structure X1V,

Be

XIv
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Rearrangement component #3 of reaction sequence 5 was collected
in small amounts. It exhibits a mass spectrum(figure 15)
similar to that of phenyleyclohexane(figure 38). The mass
spectrum includes a parent peak at m/e 318, a base peak at

m/e 262(P-56) and the two bromine isotopic cluster. The proton
NMR spectrum(figure 14) is of poor quality due to the small
amount of sample, but, nevertheless, the similarity to the
proton NMR spectrum of phenyleyclohexane(figure 37) is evident.
An infrared spectrum could not be obtained due to the small

amount of sample, thus positive identification could not be

made. Rut, based on the aromstic hydrogen NMR splitting pattern,ls
perhaps rearrangement comoonent #3 is 1,2-dibromo-4-cyclohexyl-
benzene, structure XV,

Br

Br

XV

The second attempt at cyelization involved the reaction

of p-dibromobenzene and 2,5-dimethyltetrahydrofuran as shown
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in reaction sequence 6, The reaction was catalyzed by
Al Clg and was carried out at room temperature in cyclohexane,

Under these conditions, we expected the reaction to proceed

as follows:

8r 53
+ B.LC.\}_?. +
HaC Ha Macy o CHy
Br C'/i‘. 3]
Br I
Br 8r
"
CHa 2
-
<4
CHz \
gr or CHa

The reaction did not proceed as expected. The reaction
yielded one major rearrangement component which was analytically

studied, The mass spectrum (figure 24) showed a similarity

p R ———
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to the spectra of the three components of reaction sequence
5 and that of phenylcyclohexane (figure 38) in that its parent
peak is at m/e 318, its base peak is at m/e 262(P-56) and it
exhibits the two bromine atom cluster. The proton NMR spectrum
(figure 23) is also similar to that of the three components
of reaction sequence 5 and phenylcyclohexane (figure 37),
The infrared spectra(figures 2Z-22A) is identical to that of
component ##1 in reaction sequence 5. Based on this analytical
data, the rearrangement component of reaction sequence 6 has
been identified as 1,4-dibromo-2-cyclohexylbenzene, structure
XIII.

OQur third attempt at cyclization involved the reaction
of o«dibromobenzene and 2,5-dimethyltetrahydrofuran as shown
in reaction sequence 4. The reaction was catalyzed by Al Cl3
and was carried out at room temperature in cyclohexane, Under

these conditions, we expected the reaction to proceed as follows:

Br Br.
1O el e IO ] b
Br o @
1 N
ey
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The reaction did not proceed as expected. Three rearrange-

ment components of reaction sequence 4 were collected, An

infrared spectrum (figures 28-284) and a GC-mass spectrum
(figures 29A, 29B, 29C,29D and 29E) were taken on component
#1. Figure 29A shows that component #1 is a mixture, The
mass spectra tn figures 29D and 29E suggest that much of the
mixture is again dibromocyclohexylbenzenes, The mass spectrum
in figure 29C suggests a monobromo product which cannot be
jdentified. The mass spectrum in figure 29R exhibits a di-
bromo compound with a parent peak at m/e 318 and a base peak
at m/e 303 (P-15). Keeping in mind the fact that the mass

spectrum of 1,4-dimethylnaphthalene (figure 36B) also exhibits

e B - l
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a base peak at P-15, perhaps this material is one of the

following dibromotetralins:

Rearrangement component component #2 of reaction sequence 4

has an infrared spectrum (figures 30-30A), a proton NMR spectrum
(figure 31) and a mass spectrum (figure 33) which are identical
to rearrangement component #1 of reaction sequence 5 and the
rearrangement component of reaction sequence 5. We also have

a C13 nuclear magnetic resonance spectrum(figure 32) of
component #2, Thus, component #2 of reaction sequence 4 has
been identified as l,4-dibromo-2-cyclohexylbenzene, structure
X111, Rearrargement component #3 of reaction sequence 4 has

a mass spectrum(figure 39) vwhich is very similar to all of the

other dibromocyclohexylbenzenes, 1ts parent peak is at m/e

318, its base peak itz at m/e 262(P-56) and it hss the two bromine

isotopic cluster, The proton NMR spectrum (figure 35) is

erain indicative of the dibromocyclohexylbenzenes, The infra-
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red spectrum(figures 34-34A) has peaks at 11.55 microns
(characteristic of one isolated hvdrogen)15 and 12.30 microns
(characteristic of two adjacent hydrogens)15 in the finger-

print region., Based on this data and a study of the splitting

patterns of aromatic hydrogens in proton NMR spectra of di-

halotoluenes,18

component #3 of reaction sequence 4 has been
identified as 1,2-dibromo-&-cyclohexylbenzena, structure XV,

Reaction sequences 3,4,5 and 6 were not completed because
the aromatization with chloranil failed, In an attempt to

move quickly to the product(structures 1I or II1) the impure

reaction mixtures of reaction sequence 5 was treated with

n-butyllithium, D0 and tetramethylethylenmediamine as shown

in reaction sequence 8,

The significant feature in the use of

the alkyllithium-TMEDA complex for aromatization is the inter-

mediacy of the dianions of polyeyclic hydrocarbons which are
14

generated through double proton extraction, After subjecting

the mixture of high boiling isomers which were obtained in

reaction sequence 5 to the conditions shown in reaction sequence

8, a GC-mass spectrum(figures 364 and 36B) showed that some

1,4-dimethylnaphthalene(7% yield) had been formed, The 1,4-

dimethyldideuterionaphthalene however was not made. It appears

that our technique was poor, for although debromination occurred,

replacement was mostly with hydrogen. This indicates early

stage traces of water catalyzing decomposition of the aryl

lithiun intermediate, Nonetheless, in reaction sequence 8
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debromination and then aromacizition was successful, The
aromatization was carried out without any attempt to isolate

the dimethyltetralin after debromination,

The result of reaction sequence 8 proves that our Friedel
Crafts synthesis undoubtedly yielded some of the desired di-
bromo-l,é-dlmethyl-l,2,3,d-tetrahydronaphthalene.

The rearrangement products that resulted from reaction
sequences 4,5 and 6 were somewhat unexpected, Bromine rearrange-
ments are not uncommon, There is evidence of bromine rearrange-
ments in the presence of Al Cly, but our literature search-
ing found this to be true only at elevated temperatures 19,20
(above 100°¢). At no time did we approach this temperature,
even with the heat of reaction. This suggests that either the
alkylation intermediate or transition state causes rearrange-
ment of the bromines or that once formed the alkyldihalobenzene
itself undergoes rearrangement at low temperatures(30-35°¢),

The former seems a bit more likely. 1In the reaction where

p-dibromobenzene was used as the starting material, the bromine

rearrangement could be explained by 1,2 shifts:

=& &

T ®




For o-dibromobenzene:

+ E@]‘)

The puzzling appearance of the cyclohexyl substituent
may be best explained by either of two approaches., First,
it is possible that as little as two percent of cyclohexene
impurity in cyclohexane would produce the observed products
by Friedel-.Grafts alkylation, However, an infrared spectrum
of the solvent indicated no appreciable amount of olefin(by
the absence of a C=C absorption at 6.08 microns and a cis-
substituted C=C absorption at 14,50 microns). Secondly, in
Al Cl3 catalyzed reactions, it is apparently possible for
hydride transfer to occur from solvent molecules to secondary

or tertiary carbocations.21
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In our case, the following might have occurred:

HaC o & s + > HaG ) cHy T+
o
71 7
[HX4 Nl adaa

Then the cyclohexyl carbocation could alkylate the aromatic

ring,
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CONCLUSION

Fusion of a second ring onto dibromobenzene eventually
led to the formation of some l,é-dimethylnaphthalene. Deuter-
ation by way of a dibromide Was rather poor and it appears
from our work that one should settle for specific mono-
deuteration rather than for symmetrical dideuterations of the
1,4-dimethy1naphthalene.

The Friedel-Crafts reactions that were attempted resulted
in a number of isomeric products,namely various dibromocyclo-
hexylbenzenes, These products were separated, characterized

and identified.
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