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The biaryl structural motif represents an important functionality Table 1. Synthesis of Biaryl Templates

in the biological and chemical communitiesa recent years, our
laboratory has been engaged in developing noétls—Alder

basedapproaches tdiaryls (DAB). This strategy has the distinct X NO,

OP

neat
130°C, 18 h;

3 O
X NO,
TMSO” A" K,COs MeOH PO.

advantage of providing access to functional group combinations Il R M
not readily available via traditional methodparticularly highly " 5§ R=R'=H, P=Me g
ortho-substituted biaryls. An ideal approach would provide ready _ _ 6 R=H R'=P=Me R

_ ; ‘ 1X=CLM=SnBus 7 R=R'=H,P=Et OH
access to an orthogonally functionalized biaryl template where two 2X=Cl,M=SnPh; 8 R=R'=H,P=Bn 1"

: ; 3X=Br,M=SnBuz 9 R=P=Me, R =H
or more (_)f theortho substituents are avall_abl_e for subsequent %= gb M= SnPhe 10 R=H, R = Me, P = Bn
functionalization. Consequently, this substitution pattern would i i
require the use of an alkynyl halide or organometallic species as -Entry Alkyne Diene X M P R Yield
the dienophile in the cycloaddition process. While elegant work a ! > cl SuBm, Me H 5%
nophile In i p : 9 o b 1 7 Cl  SnBu; Et H 70%

by Harrity, Hilt, Singleton, and others has demonstrated the utility ¢ 1 8 Cl SnBu; Bn H 72%
of alkynyl boronates to undergo a net{2] process with suitably d 1 9 Cl SnBu;  Me  Me 48:/o
functionalized diene%,we are not aware of application of this ‘; % ?0 E: g:i:}-‘ gi: ﬂ ;;;’

. . . . 3 0
technology to tetrartho-substituted biaryl synthesis. In this g 3 5 Br SnBu; Me H 75%
communication, we detail the successful construction of a series h 4 6 Br SnPh; Me H 39%

of unsymmetrical, programmable tetatho-substituted biaryls
containingortho-oxygen andrtho-nitrogen functionality utilizing
disubstituted alkynyl stannanes as dienophiles.

The key Diels-Alder cycloadditions/cycloreversions to form the
highly substituted biaryl templates are shown in Table 1. The stannyl
alkynes1—4 were synthesized from their known corresponding

1) NaH, Mel
DMF, 89% Cl

coupling partner
Pdg(dba)s
NO2 p(c-CeHi1)s

Table 2. Exploration of Scope for Lower Ring

Cl

®

NO2

. . . 11e————Bno 1 BnO R
6-halo-2-nitrophenylacetylentsusing either BgSnOMe (neat, 2) Iz, PhMe " g Cs,C0q " g
130 °C) or LDA, THF, and then PISnCl. The cycloaddition/ 95% dioxane

cycloreversion sequence with chloro alkyhproceeded in modest 12 OMe 13 OMe

tq good yields (48 75%) t_o provide the penta- or hexas_ubsh?uted Entey Coupling Partner (°C) Yield
biaryl productslla—d with completeorthogonal functionality a (MeBO), (80°C) Me 92%
between the five or six non-hydrogen substituefitair of which b PhB(OH), (80°C) Ph 82%
areortho to the biaryl linkage. These biarylsla—d are available ¢ 4-MeO-GGH,B(OH), (100°C) - 4-OMe-G4H, 86%
o . . - d 2-Me-C4H,B(OH), (100°C) 2-Me-C¢H, T4%
in just 3 steps from commercially available reagents. While both PhSnBu, (45-80°C)’ Ph 63%
alkyl and aryl groups are tolerated on the stannane, the alkyl groups f CH,=CHCO,Me (100°C) E-CH=CH,CO,Me  73%

consistently performed more efficiently in the biaryl formation. We

a Alternate conditions used: Pd(P#h Cul, CsF, DMF.

attribute part of this superior reactivity to the relative robustness

of the tributylacetylenic stannane as compared to the tripheny- observed little to no coupling with considerable amounts of

lacetylenic stannane. Two oxygen substituents were required onprotodestannylation. Consequently, we converted the aryl stannane

the cyclic diene platform in order to facilitate reaction. Use of dienes into its corresponding iodidel2 in excellent yield. Optimum

such as 1-methoxy-1,3-cyclohexadiene, which had proven effective conditions for coupling the aryl iodide2 employed the Pddba)/

in previous DAB examples from our laboratgrgave none of the P(c-CeH11)s ligand systent.We were able to readily functionalize

desired biaryl product. Dimethyl dienésand 10 were employed the carbor-iodine bond through Suzuki couplings (entriesd,

in cases where the resulting product was difficult to purify from a Stille coupling (entry €), and a Heck coupling (entries f). The

the diene byproducts, particularly where oxidation of the diéhes success of the Stille coupling (entry €) combined with our inability

and8 to the corresponding benzene derivatives were competitive to couple the methylated derivative of stanndrie supports our

with cycloaddition. working hypothesis that the more sterically hindered of the two
We then turned to functionalizing the biaryl templates (Table possible coupling partners should be functionalized as the aryl halide

2). Biaryl 11cwas selected as the platform for exploration of the for optimum performance.

reactivity of these compounds. For ease of subsequent functional- With an effective method for functionalizing the lower ring in

ization, thepara-phenolic moiety was protected as its methyl ether hand, we next turned our attention cautiously to modifying the

in excellent yield. We initially explored a range of Stille-based halogen in the upper ring. We were mindful of the inherent

couplings with aryltributylstannane; however, we consistently challenges of coupling of a highly substituted aryl chloride such
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Table 3. Exploration of Scope for Suzuki Reaction in Upper Ring Scheme 1. Further Functionalization of Tetra-ortho-Substituted
Biaryl 16b
EPF ey FPE
O S-S @ G BCla, CHsCly Zn, HOAc G
cl NO3 R‘B'O‘B‘R CI-F;:!-CI s R NO; P NO, 86% 16b 97% Ph NH,
BnO hea BnO e
g . 6\316 £ o HO. Me ) pdrc, Hy BnO. Me
i _— E1OH, 98%
R 15 (10 n'!ol%)‘ KzCO5 2) HPLC resolution
OMe 1 pwdr. 4A mol. sieves OMe OMe OMe
13a (Bequiv)  dioxane, 100°C 16 o G 0 18
Entry R Yield Ph NHz  HoN Ph
a Me 4% Me. .OH HO._ Me
b Ph 83%
c 4-MeO-CH, 70%
d 3-MeO-C,H, 75% 19-(af) OMe OMe 19-(@@5)
e 2-Me-CgH, 63%
f 2,6-Me-CsH, 0% .
. 4.CF,C.H, 50% In conclusion, a DAB strategy has been developed for the

construction of highly functionalized biaryl templates utilizing
arylacetylenic stannanes and cyclic dienes. The sequential func-
tionalization of a representative template compolifhdhas been
demonstrated. Highly active boroxine-based, anhydrous Suzuki
coupling conditions have been developed which should be of
considerable interest to the synthetic community. Finally, the ability
to resolve an axially chiral anilino phenol has been demonstrated.
Further application of this DAB strategy will be reported in due
course.

asl13athrough our own unsuccessful previous experience with tetra-
ortho-substituted aryl chlorides in our phosphorus-containing
biaryls? As a methyl moiety is the least sterically demanding of
the carbon-based nucleophiles, we used commercially available
methyl boroxine as the coupling partner for the initial investigation.
We screened a wide range of coupling systems including those
developed by Fu {{BusP),PdP and Buchwald [Pd(OAg) S-Phosf
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surprised to observe no reactioaven at high catalyst loading and
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