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The role of substitution on the aromatic rings for the synthesis of 2:2 disubstituted biphenyls has been
investigated. Atropisomerism involved in the above ring system has been studied using NMR spectros-
copy. The outcome of inter and intramolecular Heck reaction is discussed.
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1. Introduction

Recently1 we reported a novel synthesis of ortho–ortho disub-
stituted biphenyls represented by structure 1. Thus when com-
pound 2 was treated with TBTH in refluxing toluene solution it
yielded 1 as the major product along with a minor component 3
(Scheme 1). Intrigued by the complexity of the structure repre-
sented by compound 3 and the possibility of it being a novel phar-
macophore in drug discovery, we reinvestigated the above reaction
to determine whether we could change the proportion of 1 and 3 in
the above reaction either by changing the substrate or the reaction
condition. Thus we investigated the substitution effects on ring A
and B. In this Letter, we wish to report our findings and also dis-
close the outcome of the inter/intra molecular Heck reaction2 used
during the synthesis. We also wish to record atropisomerism
amongst a class of compounds reported in this Letter.

2. Present study

To study the effect of the substitution on ring A, we prepared3 8
and 9 starting with appropriately substituted isatins 4 and 5 and
following the sequence of steps4,5 involving 6 and 7 (see Scheme
2). Radical induced cyclization6 of 8 yielded 10 and 11. Similarly
9 yielded 12 and 13. From the yields obtained in these cases it ap-
pears that there is a trend of aromatic substitution effect in the
outcome of the radical reaction described above, however no gen-
eralization about it can be made with the limited number of exam-
ples studied.
ll rights reserved.
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y).
We then investigated the effect of substitutions on ring B. Synthe-
sis of 2 involves addition of cinnamyl bromide in the presence of in-
dium to the imine 14. To prepare the B ring-substituted derivatives
represented by structures 15 and 16 (see Scheme 3), we needed a
good procedure for the preparation of substituted cinnamyl bro-
mides which proved to be unsatisfactory following several litera-
ture7 procedures for their synthesis. Perhaps the substituted
cinnamyl bromides were not very stable. We therefore studied
whether we could prepare 15 and 16 starting with 17. We were
aware that the outcome of this reaction could be complicated by
the competition involving intramolecular Heck reaction8 of 17 to
yield 18 and intermolecular Heck reaction9 when the reaction was
carried out in the presence of bromo substituted benzenes. To our
surprise the major product in the above reaction was the outcome
of the intermolecular reaction pathway. Thus compound 17 yielded
2 as the major product along with compound 18 (5%) as a minor
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component. We repeated the reaction of 17 with para-methoxy and
meta-methoxy bromobenzenes and obtained 16 and 15 also in mod-
est yield, respectively. Radical cyclization of 15 yielded 19 and 20
whereas 16 yielded 21 and 22. It would appear that para electron-
donating substitution has the desired effect for the formation of
the ring system represented by the structure 22.

In our earlier publication1, we also reported the conversion of 17
to 23 using radical cyclization process. Compound 23 when treated10

in DMF solution with allyl bromide and cesium carbonate yielded
only the diallyl compound 24 (see Scheme 5) which underwent
ring-closing metathesis11 to yield 25, which was found to decom-
pose on standing at room temperature. We presumed that the allyl
group on the non-basic nitrogen atom contributed towards the
instability of the molecule. We tried a variety of reaction conditions
to selectively allylate the basic nitrogen which is needed for the ring-
closing metathesis without much success till we found out that the
treatment12 of 23 with allyl bromide in DMF solution without any
base yielded exclusively 26. This appears to be a general reaction
and could be very useful for the preparation of mono-substituted
anilines. Further work is in progress to determine the scope of this
reaction and will be published at a future date. Treatment of 26 in
DMF solution and methyl iodide in the presence of cesium carbonate
yielded 27 (77%). Similarly 26 when treated13 in DMF solution with
benzyl bromide and sodium iodide yielded 28 (50.9%) and 29
(23.5%). Structure elucidation of 28 and 29 was carried out by NMR
spectroscopy. 1D and 2D homonuclear COSY and NOESY and heter-
onuclear HSQC, HSQCTOCSY and HMBC experiments were per-
formed on a Varian INOVA 600 MHz spectrometer in CDCl3 at
25 �C. MMX force field calculations of 28 (29) structure (PCModel
software14) predicted the lowest energy conformations with a
boat-like eight-membered ring structure and the H3 proton in either
axial or equatorial orientation. Long-range NOE’s between the H3
and H15, between the H12 and H23 and between the H6 and H25
protons in 28 (shown as red arrows in Scheme 4) proved that the
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H3 proton occupies an axial orientation relative to the eight-mem-
bered ring plane. In turn an equatorial orientation of the H3 proton
in 29 was confirmed by NOE’s between the H3 and H6 and between
the H15 and H25 protons. We have observed a slow overnight tran-
sition of 29 to 28 at 65 �C in toluene-d8. Since the rate of isomeriza-
tion was very slow even at 65 �C, 28 and 29 can be classified as
atropisomers. Atropoisomers are stereoisomers with a significantly
restricted rotation about a single bond which allows isolation of two
isomers (rotamers).15 Atropoisomersim is frequently observed in
biphenyl systems that have bulky substituents in ortho positions.15

In 28 and 29 a restricted rotation about the C10–C11 sp2–sp2 single
bond is caused by a rigid four-atom linker which connects two ortho
positions of the biphenyl subunit. Isomerization of 28 and 29 atrop-
isomers is a complex multistep process which we are currently
investigating. Results of this study will be published in the future.

Ring-closing metathesis11 of 27 yielded 30 (67%). Similarly 28
under ring-closing metathesis condition yielded 31 (75.8%) and
29 yielded 32(72%). Unlike 25 compounds 30, 31 and 32 were sta-
ble at room temperature.

Similar to 28 and 29, structure elucidation of 31 and 32 was car-
ried out by 1D and 2D NMR spectroscopy. Initially conformations
of 31 and 32 were generated from corresponding 3D structures
of 28 and 29. Then energy-minimized conformations of 31 and
32 were verified by long-range NOE’s. Thus, NOE’s between the
H3 and H15 and between the H6 and H25 protons in 31 (shown
as red arrows in Scheme 6) were consistent with predicted confor-
mation with an axial H3 proton, whereas NOE’s between the H15
and H25 and between the H3 and H6 protons in 32 were consistent
with the conformation in which the H3 proton occupies an equato-
rial orientation relative to the eight-membered ring.
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