ANGEWANDTE
CHEMIE -

Supporting Information

for
Angew. Chem. Int. Ed. Z50085

© Wiley-VCH 2002
69451 Weinheim, Germany



Unparal l el ed Rates for the Activation of Aryl Chlorides.
Coupling with Am nes and Boronic Acids in Mnutes at Room

Tenperature

Janmes P. Stanbuli, Ryoichi Kuwano, and John F. Hartw g*
Department of Chemi stry, Yale University P.O Box 208107,

New Haven, Connecticut 06520-8107.

Supporting I nformation

General Methods. Toluene and THF were distilled from
sodi um benzophenone ketyl under nitrogen. Aryl halides
except t-butyl p-chlorobenzoatelll were purchased from
commer ci al sources and were used wthout further
purification. Amines were purchased from commerci al
sources and were distilled from CaH, under nitrogen before
use wth the exception of diphenylamne, which was used
wi thout further purification. NaQx - Bu was purchased from
Aldrich and was stored in a nitrogen-filled dry box. {[P(t-
Bu) ,] PdBr},, [2] Pd( dba) ,, [3I Pd( cod) Br,, [4] and (1-
adamantyl ) P(t-Bu) 3] (= (1-Ad)P(t-Bu),) were prepared by
literature procedures.

Representative procedure for the amnation of aryl
halides (Table 1, Entry 2). In a drybox, a solution of 1la
(5 ng, 0.005 mml) in THF (1 nL) was added to a stirred

m xture of NaO-tBu (144 ng, 1.50 mol), p-chlorotol uene



(119 pL, 21.00 mmol), and norpholine (92 pL, 1.05 nmol) in 1
mL of THF. The vial was sealed with a Teflon-Iined septum
capped, and renoved from the drybox. After 15 mn, water
(ca. 1 nm) was added to the wvial. The m xture was
extracted with CHC , and the organic |layer was dried with
MgSO, and concentrated. The residue was purified by colum
chromat ography to give 92% (164 ng) of a white solid.
Spectroscopi ¢ Data of the Products in Table 1

Table 1, Entries 1,2. The spectroscopic data of 4-p-
tolyl -norpholine were identical to those published
previ ously. [6]

Table 1, Entry 3,4. The spectroscopic data of 4-o0-
tolyl -norpholine were identical to those published
previ ously.[7]

Table 1, Entry 5. The spectroscopic data of dibutyl-
(4- et hoxyphenyl )am ne were simlar to those published
previously.[8 'H NWVR (400 MHz, CDOl,): & = 0.93 (t, 6H, 7.4
Hz, CH), 1.33 (sextet, 4H, 7.4 Hz, CH), 1.47-1.56 (m 4H,
CH), 3.17 (t, 4H, 7.6 Hz, CH), 3.75 (s, 3H, OCH), 6.64
(d, 2H, 7.4 Hz, Ar), 6.81 (d, 2H 9.0 Hz, Ar); “C NWR (100
MHz, CDCl,): 6 = 14.0 (s, CH), 20.4 (s, CH), 29.4 (s, CH),
51.6 (s, CH), 55.8 (s, OCH), 114.2 (s, Ar), 114.8 (s, Ar),
143.3 (s, Ar), 150.9 (s, Ar).

Table 1, Entry 6. The spectroscopic data of 4-
di but yl am nobenzonitrile were identical to those published

previ ously. [9]



Table 1, Entry 7. The spectroscopic data of dibutyl (4-
nitrophenyl)amne were identical to those published
previ ously. [10]

Tabl e 1, Entry 8. tert-Butyl 4- (N, N
di but yl am no) benzoate. 'H NVR (400 MHz, CDCl.)): & = 0.95 (t,
6H, 7.2 Hz, CH), 1.35 (sextet, 4H, 7.4 Hz, CH), 1.52-1.62
(m 4H, CH), 1.56 (s, 9H, tBu), 3.30 (t, 4H 7.8 Hz, CH),
6.56 (d, 2H, 9.0 Hz, Ar), 7.83 (d, 2H, 9.0 Hz, Ar); “C {'H}
NMR (100 MHz, CDO,): & = 14.0 (s, CH), 20.3 (s, CH), 28.4
(s, tBu), 29.3 (s, CH), 50.7 (s, CH), 79.5, 110.1 (s, Ar),
117.8 (s, Ar), 131.2 (s, Ar), 151.0 (s, Ar), 166.3 (s, CO;
IR (neat) 1698 cm’; Anal. Calcd for C,H,NO: C, 74.71; H,
10.23; N, 4.59. Found: C, 74.78; H, 10.31; N, 4.55.

Table 1, Entry 9. The spectroscopic data of dibutyl (4-
tert-butyl phenyl)amne were identical to those published
previ ously. [11]

Table 1, Entry 10. The spectroscopic data of (4-tert-
but yl phenyl ) net hyl phenyl am ne were identical to those
publ i shed previously.[12]

Table 1, Entry 11, (4-tert-Butyl phenyl)di phenyl am ne.
'"H NMR (400 MHz, CDCl,,): & = 1.31 (s, 9H, tBu), 6.94-7.04
(m 4H, Ar), 7.08 (d, 4H, Ar), 7.19-7.27 (m 6H Ar); “C
{'Hf NMR (100 MHz, CDO): & = 31.4 (s, CH), 34.3 (s, C
tBu), 122.3 (s, Ar), 123.8 (s, Ar), 124.0 (s, Ar), 126.2

(s, Ar), 129.1 (s, Ar), 145.0 (s, Ar), 145.7 (s, Ar), 148.0



(s, Ar). Anal. Calcd for C,H.N C, 87.66; H 7.69; N,
4.65. Found: C, 87.44; H, 7.70; N, 4.37.

Table 1, Entries 12,13. The spectroscopic data of (4-
tert-butyl phenyl)phenylamne were identical to those
publ i shed previously.[13]

Representative procedure for the Suzuki coupling of
aryl halides (Table 2, Entry 1). In a drybox, a solution of
la (5 ng, 0.005 mmol) in THF (1.5 nL) was added to a
stirred mxture of KOH (168 ng, 3.0 mmol), phenyl boronic
acid (132 ng, 1.08 mmol), and p-bronotol uene (124 pL, 1.00
mmol) in 1.5 nL of THF. The vial was sealed with a Tefl on-
lined septum capped, and renoved from the drybox. Af ter
15 mn, water (ca. 1 nL) was added to the vial. The
m xture was extracted with CHC ,, and the organic |ayer was
dried with MSO, and concentrated. The residue was
purified by colum chromatography to give 93% (156 ng) of
an off-white solid.

Spectroscopi ¢ Data of the Products in Table 2:

Table 2, Entry 1. The spectroscopic data of 2-
trifluoronethyl bi phenyl were identical to those published
previ ously. [14]

Table 2, Entry 2. The spectroscopic data of biphenyl -
2-carbonitrile wer e i denti cal to t hose publ i shed

previ ously. [15]



Table 2, Entry 3. The spectroscopic data of 2-
met hoxybi phenyl wer e i denti cal to t hose publ i shed
previ ously. [16]

Table 2, Entry 4. The spectroscopic data of 4-
met hyl bi phenyl wer e i denti cal to t hose publ i shed
previ ously. [17]

Table 2, Entry 5. The spectroscopic data of 2,6-
di met hyl bi phenyl were identical to those published
previ ously. [16]
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