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The synthesis of tetra-ortho-substituted biaryl naphthalenes,
including examples bearing multiple ortho-isopropyl groups,
has been developed via a catalytic rearrangement process.

Substituted biaryls are important substructures of many
biologically active compounds,’ organic materials,” and
ligands in metal catalysts.® The development of methods for
the synthesis of biaryls has mostly been dominated by metal-
mediated coupling chemistry (i.e., cross-coupling,* direct
arylation,” and oxidative coupling®) due to its versatility.
However, the assembly of highly substituted biaryls, in particular
tetra-ortho-substituted derivatives, has generally been challenging
for coupling-based strategies.”® This is arguably due to the
steric demand imposed by the coupling of two bis-ortho-
substituted biaryl precursors. Alternative approaches toward
the construction of tetra-ortho-substituted biaryls have
recently been developed that include annulation-based strategies,
e.g., Diels-Alder® and [2+ 2+ 2] cycloadditions.'°

Despite the significant advances that have been made
to date, novel strategies for the generation of tetra-ortho-
substituted biaryls are still highly desired. We have been
pursuing a rearrangement-based approach for the synthesis
of substituted biaryl naphthalenes.'"™'* Scheme 1 illustrates
our strategy in which the addition of an arene nucleophile
to the starting material A is followed by a ring-expansion
rearrangement to furnish the desired biaryl naphthalene C via
a cyclopropyl carbinol intermediate B. The distinguishing
feature of our approach is that the key C—C bond-forming
step is accomplished through a simple addition of a nucleophile
to a carbonyl.'* Given the strong thermodynamic driving force
for this nucleophilic addition,'> we envision that our method
could serve as a potential method for the construction of tetra-
ortho-substituted biaryl naphthalenes. In this communication,
we demonstrate that a range of tetra-ortho-substituted biaryl
naphthalenes can be produced via our method, including
a very hindered tetra-ortho-substituted biaryl naphthalene
bearing three isopropyl groups in the ortho positions.

We first investigated the feasibility of the nucleophilic
addition to starting material A (Step 1 in Scheme 1). We chose
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Scheme 1 Ring-expansion rearrangement strategy for the synthesis
of tetra-ortho-substituted biaryl naphthalenes.

cyclopropyl carbonyl compound 1 (Table 1) as a representa-
tive electrophile for our survey. As can be seen from Table 1,
the isolated yields of the addition products 2 are relatively
independent of the electronic nature (entries 1-5) as well as the
steric demand (entry 1 vs. entry 8, and entries 5-7) of the
nucleophiles. A consistent yield of ~70% yield was observed.
Somewhat surprisingly, the highest isolated yield (81%) for
the generation of 2 resulted from the addition of the largest
nucleophile, 2,4,6-triisopropylphenyllithium (entry 7).

This nucleophilic addition reaction is highly diastereoselective.
Only one single diastereomer was observed for each of the
products 2 (as analyzed by 'H NMR). We have structurally
characterized the adduct between 2 and 2-methoxy-1-
naphthyllithium, i.e., 2¢, via single crystal X-ray crystallo-
graphy. The relative stereochemistry of the structure is consistent
with an approach of the nucleophile opposite the blocking
silylcyclopropane group (see Table 1). Interestingly, com-
pound 2¢ adopts a conformation in the solid state where the
carbinol proton H(1) engages in hydrogen bonding with the
oxygen O(2) of the methoxynaphthalene (O(2)-H(1) = 1.83(2) A,
sum of van der Waals radii = 2.72 A).“’

Having established the synthesis of an array of rearrange-
ment precursors 2, we turned our attention to the catalytic
ring-expansion rearrangement. We determined that the
rearrangement of cyclopropyl carbinol 2a in the presence of
a catalytic amount of Lewis acid furnished the desired tetra-
ortho-substituted biaryl 3a, however as a 73:27 mixture with
its undesired tri-ortho-substituted isomer 4a (Table 2, entry 1).!!
We discovered that the choice of solvent has a dramatic
influence on regioselectivity. When the reaction is performed
in toluene instead of 1,2-dichloroethane, the ratio of 3a to 4a
improves to 93:7 (Table 2, entry 2). Other solvents that we
screened did not improve the yield and/or the regioselectivity
significantly (Table 2, entries 3-8). Interestingly, a reversal of
regioselectivity was observed when acetonitrile was used as the
solvent (Table 2, entry 8). We also screened a number of
Lewis acids (Table 2, entries 9-12) and found europium triflate
(entry 2) to be the most efficient catalyst under our conditions.
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Table 1 Nucleophilic addition to 1
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Entry Li-Nu Product Yield %

1 MeO/@OMe 2a 70
Li

2 F T OMe 2b 71
1

3 O OMe 2¢ 67
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5 Me ; Me 2e 68
Li

6 Et L;_ Et 2f 67
i—IPr

7 i—Pr/©\i-Pr 2g 81
Li

8 LP@Q\OI—PV 2h 68

C

“ Isolated yield, average of two runs.

Table 2 Optimization survey for the regioselective synthesis of 3a

Moeo O MeO' ‘ OMe MeO ‘ OMe
10 mol% catalyst Me
OMe
/X Me solvent 80 °C

“SiMe,
2a

Entry  Catalyst Solvent Yield % 3a:4a®
1 Eu(OTf); 1,2-Dichloroethane 68 73:27
2 Eu(OTf)3 Toluene 78 93:7
3 Eu(OTf); THF 54 92:8
4 Eu(OTf)3 DMF 29 76:24
5 Eu(OTf); -BuOH 42 82:18
6 Eu(OTf); PhCl 53 96:4
7 Eu(OTf); 1,3-Dichlorobenzene 52 93:7
8 Eu(OTf); MeCN 15 25:75
9 Sm(OTf); Toluene 76 85:15
10 Er(OTf); Toluene 79 81:19
11 SnCl, Toluene 31 40: 60
12 BF;-Et,O Toluene 29 35:65

“ GCyield (3a + 4a) vs. a calibrated internal standard, average of two
runs. * Determined by GC.

With an optimized rearrangement protocol established, we
subjected the various rearrangement precursors 2 from Table 1
to these conditions to test the scope of our method. We were
pleased to see that a variety of substrates rearranged to furnish the
desired biaryl naphthalenes in moderate to good yields (Table 3).
With the exception of entry 1 (Nu = 2,6-dimethoxyphenyl),

Table 3 Rearrangement of 2 under optimized conditions

Nu Nu
HO
NU" 10 mol% Eu(OTH), Me
bbbtk i+ &
\"Me toluene, 80 °C GO OO Ma
“'SiMeg 24 h 3 i
Entry Precursor Nu Yield %“ 3:4

1 2a MEO@\OME 71 93:7
2 2b F”QOMe 43 >95:5

3 2c OMe 63 >95:5
4 2d OOO 55 >95:5

5 2e Me Me 79 >95:5

6 2f Et Et 78 >95:5
-Pr
8 2h rPro/©\0i-Pr 79 >95:5

“ Isolated yield, average of two runs. * Determined by '"H NMR.

which gave a 93:7 mixture of regioisomers, all other
substrates that we tested gave the tetra-ortho-substituted
isomer exclusively. Noteworthy is the rearrangement of 2g,
which produced a tetra-ortho-substituted biaryl bearing two
ortho-isopropyl groups in 86% yield.

Encouraged by these results, we sought to push the limits of
steric demand around the biaryl axis by replacing the o.-methyl
group in 1 with an isopropyl group. The corresponding
precursor 5 (Scheme 2) can be synthesized in a few steps from
commercially available indanone.'” Scheme 2 shows that a
series of bis-ortho-substituted phenyllithium nucleophiles add
to the carbonyl electrophile 5 in modest yield.

We were very pleased to observe that intermediates 6a—6d
underwent catalytic ring opening rearrangement under our
optimized conditions to yield hindered tetra-ortho-substituted
biaryl naphthalenes. As can be seen from Table 4, the isolated
yields are independent of the steric demand around the biaryl
axis. “Nucleophiles” (Nu in Table 4) containing methoxy,
methyl, ethyl, and isopropyl groups in the 2,6-positions
rearrange to produce the desired biaryl in reasonable yield
(entries 1-4). We were also very pleased to see that the

Et,0
5 “SiMes  Yield: 12-57%

6a (R'R" = OMe; R" = H); 6b (R,R" = Me; R" = H);
6¢ (R'R" = Et; R" = H); 6d (R',R",R" = /-Pr)

Scheme 2 Nucleophilic addition to 5.
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Table 4 Rearrangement of 6 under optimized conditions

Nu

Nu
HQ
NU— 10 molos Eu(OTH), Pr
Pl o el 72 +
""" Pr  toluene, 80 °C @ OO :
-pr
s 7 8

“SiMe; 24N

Entry Precursor Nu Yield %“ 7.8

1 6a Meo’;w “owe 63 >95:5
2 6b MeQMe 73 >95:5
3 6¢ E«/@La 73 >95:5

f-Pr/©\i-Pr 76 >95:5

“ Isolated yield, average of two runs. ® Determined by 'H NMR.

4 6d

undesired regioisomer 8 is not observed under our reaction
conditions. Noteworthy is the synthesis of 7d, which is a tetra-
ortho-substituted biaryl containing three ortho-isopropyl
substituents. To the best of our knowledge, it is the most sterically
encumbered biaryl naphthalene that has been synthesized to date.
We have structurally characterized 7d via single crystal X-ray
diffraction, thus unambiguously establishing its identity.

FPr

7d

In order to improve the utility of our synthetic method, we
attempted the rearrangement without isolating the cyclopropyl
carbinol intermediate (Compound B in Scheme 1). When 1 was
treated with organolithium reagents followed by catalytic ring
expansion rearrangement, we observed the formation of the
desired biaryl naphthalenes 9 in up to 65% yield over two steps
(Table 5). The undesired tri-ortho-substituted biaryl was not
observed under these conditions.

We have initiated preliminary studies toward an asymmetric
version of this process. To this end, we successfully isolated
optically pure 1 via semi-preparatory chiral HPLC. Treatment of
optically pure 1 with 2-methoxynaphthyllithium and subsequent
catalytic rearrangement with Eu(OTf); furnished the desired
tetra-ortho-substituted biaryl naphthalene 3¢ in 54% isolated

Table 5 Biaryl naphthalene synthesis without isolation of intermediates
o] Nu
1) Li-Nu, Et,0, workup OO Me
"Me  2) 10 mol% Eu(OTf)3
“'SiMe, toluene, 80 °C, 24 h 0
1

Entry Li-Nu Product Yield %“

2 ""e 9b 65

“ Isolated yield, average of two runs.

yield (over two steps) in 52% ee. Current efforts are geared
toward optimizing the efficiency of this asymmetric process
and developing a better understanding of its mechanism.
Support has been provided by the University of Oregon. This
material is based upon work supported by the National Science
Foundation under Grant No. DGE-0742540 (A.C.G.).
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