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Gold reactions
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Cross-couplings?
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Gold in cross-coupling reactions

Au(l), Cu(l) and Pd(0) possess the same d'Y electron structure

Copper-free Sonogashira reaction:

Au/CeO; (5 mol%)
(nanocrystalline CeO,)
Au®, Au!, Au' present on nanoparticle

Na,CO3 (2 equiv)
DMF, 150 °C, 24 h

(2 equiv) 89% 11%

catalyst (20 mol%),

G g K3PO4 (2 equiv.) —
s I+ — > . ——Ph
n/\ / _ o-xylene, 130 °C, 24 h R/‘ /
(1 equiv) (1.5 equiv)
R R’ Yield [%]
Pd® Pd" AU [AuCI(PPh;)]
H Ph 23 30 54 35
. . H n-CoHy5 20 25 10® 970!
OXICWH (50)9  (80)¢
H CH,CH (CO,Me) 25 15 10 40
Au(l) Au(lil) COOEt  Ph 2 o 25 14 100! 950!
) S (90)d  (30)
reductive elimination
Presumably a Au(l)/Au(lll) catalytic cycle Corma. ACIE. 2007. 46. 1536
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Cross-coupling reactions with gold

Suzuki Coupling:

R
=/
X B(OH), | 30% catalyst N |
| + - X A
&% | |
R V&% e~
R R

cross-coupling homo-coupling
Corma, J. Catal., 2006, 238, 497 Aull)-Salen’ 100 (0% yield) .
AUC|3 0 100

Palladium-Catalyzed Carboauration and Palladium/Gold Cross-Coupling:

/\/ Br ™ CO>Me
CO,Me Pd(PPh;)Cl, . | 87 % (2 steps)

|‘| 5 mol% PhsPAu_ _CO,Me / Pd cat. R R
> |
PPh3AU-R' R'IR

R \ Pd cat.
CO-Me

_QI 94% (2 steps)
Blum, Organometallics, 2009, 28, 1275 R' R

Phl(OAc), as oxidant in biaryl couplings: ! !
MeO,C Me MeOOMe

VS ()
2@ 2 mol% HAuCl, Me  Me H
+ PhI(OAc), > O O . M OMe NO,
HOAc, 55 °C, 17 h ﬂ e 78,,°°2 e
3 " SV,
Me Me

81% | N>— | O:N MeO

Tse, Chem. Commun., 2008, 386 Me” S ST TMe 38%
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Goal of title paper

Combine Au(l)/Au(lll) catalytic cycle With contemporary gold chemistry
in a cross-coupling process using alkyne/allene substrates

Golden
Opportunity

l LAu(l)*

Challenges: Previously substrate as oxidant- oxidative insertion Au(l)-> Au(lll)
or harsh oxidants (Phl(OAc),, t-BuOOH, etc.) used.
-Need to find proper (mild, selective) oxidant for the catalytic cycle!
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Selectfluor observation- Serendipity!

a-lodo enones from propargylic acetates:

OAc AU(PPh3)NTf2 (2 mol%), R (o)
NIS (1.2 equiv) 1
R, - N
R2 % Acetone/HZO, 0 OC, 2h Rz)\)k R3
Rj I
R1, R2 = alkyl, aryl, H -99¢
R3 = alkyl, aryl B i el

Zhang, OL, 2007, 9, 2147

[Ph3PAU]INTf, (5 mol %)
OAc .
Selectfluor (1 equiv) nBu + nBu
Me >
)\ acetone, 80 °C, 36 min Me
nBu 75% conversion

9 19% yield 11% yield
nBu)k[F

Me
not observed
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Proposed mechanism
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Suzuki reaction optimization

OAc o)
)\ CH4CN, 80 °C oh
Me % + Ph—BXp, —_— nBu + +
nBu _ Selectflupr
(4.0 equiv) (2.0 eqylv) Me
15 min
5
Entry Catalyst PhBX, Reaction conditions Yield [%6]'
(5 mol %) 5 2 3
10 [Ph; PAUINTY, PhBF,K MeCN 0 0 0
2] [Ph; PAUINTS, PhB(OCH,), MeCN 30 60 0
30 [Ph; PAUINTH, PhB (pin) MeCN 21 66 <5
40P) [Ph; PAUINT, PhB[O(CH,),0] MeCN 30 44 <5
5 [Ph; PAUINT, PhB[O(CH,);0] MeCN/H,0 100:1 50 17 9
6 [Ph; PAUINTF, PhB(OH), MeCN/H,0 100:1 25 14 13
7 [Phs PAUINTF, PhB(OH), MeCN/H,0 20:1 53 9 23
8 [Ph; PAUINTS, PhB(OH), MeCN/H,0 5:1 39 10 24
9 6! PhB(OH), MeCN :H,0 20:1 54 10 <5
10 [(CF;Ph);PAUNTY, PhB(OH), MeCN/H,0 20:1 50 8 21
11 [(Ph;PAu);OH,F; PhB(OH), MeCN/H,0 20:1 64 8 11
12 Ph;PAUOBz PhB(OH), MeCN/H,0 20:1 59 8 5
13 Ph;PAUC| PhB(OH), MeCN/H,0 20:1 72 9 6
1401 Ph;PAuCI PhB(OH), MeCN/H,0 20:1 50 9 15
15 AuCl; PhB(OH), MeCN/H,0 20:1 25 16 14

[a] Reaction run in a flask using MeCN distilled over CaH,. The reaction concentration was 0.05 m.
[b] Reaction run in a 7 mL vial with HPLC-grade MeCN. [c] Estimated by '"H NMR analysis using diethyl
phthalate as internal reference. [d] Reaction time: 40 min. [e] [(2-Biphenyl)Cy,PAu]NTf,. [f] Used
1.5 equiva of Selectfluor and 3 equiv of PhB(OH),.
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Suzuki reaction substrate scope

R)\
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Ph3PAUCI (5 mol %)

o)

ArB(OH), (4 equiv), Selectfluor (2 equiv)

MeCN/H,0 = 20:1, 80 °C, 15-30 min

>

Rl

Entry R R’ ArB(OH), 8 (Yield [%)])
1 Ph n-butyl PhB(OH), 8a (62)
2 iPr n-butyl PhB(OH), 8b (65)
3 Me Ph PhB(OH), 8¢ (59)
4 Me MeOCH,CH, PhB(OH), 8d (60)
5 Me cyclohexyl PhB(OH), 8e (68)
6 cyclohexyl cyclohexyl PhB(OH), 8f(70)

7 PhCH,CH,  n-butyl PhB(OH), 8g (70)
8 p-BrCeH, n-butyl PhB(OH), 8h (59)
9  AcOCH,CH, n-butyl PhB(OH), 8i (61)
10 H cyclohexyl PhB(OH), 8j (61)
11 cyclohexyl n-butyl p-MePhB(OH), 8k (72)
12 cyclohexyl  n-butyl p-MeO,CPhB(OH), 81 (57)"
13 cyclohexyl n-butyl p-CIPhB(OH), 8m (58)
14 cyclohexyl n-butyl m-MeO,CPhB(OH), 8n (45)4

[a] Reactions run in flasks using MeCN distilled over CaH,. The reaction
concentration was 0.05m. [b] CH;CN/H,0=100:1. [c] MeCN/H,0=

200:1.
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Oxidative C-O bond formation (3-20-09)

Subscriber access provided by UNIV OF PITTSBURGH

Communication

Gold-Catalyzed Homogeneous Oxidative C#0 Bond
Formation: Efficient Synthesis of 1-Benzoxyvinyl Ketones
Yu Peng, Li Cui, Guozhu Zhang, and Liming Zhang
J. Am. Chem. Soc., 2009, 131 (14), 5062-5063+ DOI: 10.1021/ja901048w - Publication Date (Web): 20 March 2009

(o)

0
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0] Ph Selectfluor (1.5 equiv) R)J\[(O Ph
’
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Proposed Mechanism ; Ph o
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If ‘JACS mechanism’ is correct, why not C-O bond formation in ACIE publication???
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Proposed mechanism
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Compare two mechanistic proposals...

+\A\o
OAc o) Lo o) L o)
1.13,3] | Aull 2 . Al Ar-B(OH), Ar
Me” "N > nBu +F nBu +F —>  nBu
2. Selectfluor | | |

nBu
Me Me Me
‘ACIE sm’ \\\
B¢
AN
ol ? |||/L H20 i
Au, ------ > o Me
mBu” NI F red.elim. ”B”J\[ b
—\_ (o)
Me Me

square planar

‘JACS mechanism’ appears to be more consistent with
experimental results
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Outlook/future directions

Merges contemporary Au catalysis with transition metal-
catalyzed cross-coupling reactions

-Strongly suggests the feasibility of Au(l)/Au(lll) catalytic cycle

-New opportunities for Au-catalyzed processes.

Drawbacks:

-Limitation of Selectfluor compatibility
-Mechanistic hypothesis needs investigation
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