Current Literature
08/30/03
Yasunori Aoyama

Lewis Acid-Catalyzed Benzannulation via Unprecedented
[4+2] Cycloaddition of 0-Alkynyl(oxo)benzenes and
Enynals with Alkynes

Asao, N.; Nogami, T.; Lee, S.; Yamamoto, Y.

J. Am. Chem. Soc. 2003, 124, ASAP |
AuCl3-Catalyzed Benzannulation: Synthesis of Naphtilyl
Ketone Derivatives from o-Alkynylbenzaldehydes with
Alkynes

Asao, N.; Takahashi, K ; Lee, S.; Kasahara, T.; Yamamoto, Y.
J. Am. Chem. Soc. 2002, 124, 12650-12651

O R,
Rs o
3
R, l ’ AuCly “
+ —
% \ Rz
R 2
. 0 o) R
Rs
Ry y R4 Rs
l . , ' Cu(OTf), .
CF,HCO,H
R
% A R Ry
Ph 2
1 8/30/03

Yasunori Aoyama @ Wipf Group



Contents
Introduction (Transition Metal-Catalyzed Benzannulation)
(1) Zr-Catalyzed [2+2+2] Trimerization
(2) Ti-Catalyzed [2+2+2] Trimerization
(3) Pd-Catalyzed Benzannulation
(4) W-Catalyzed Benzannulation
(5) Rh-Catalyzed Benzannulation

(6) Ir-Catalyzed Benzannulation

Today's topic (Lewis Acid-Catalfzed Benzannulation)
(1 ) Au-Catalyzed Benzannulation

(2 ) Cu-Catalyzed Benzannulation

Yasunori Aoyama @ Wipf Group 2 8/30/03



New type of acetylen trimerization-1

Benzannulation through Zirconacycles

Ph
Ph—=—=—ph Ph\[j{ Me—==—Me

Cp,Z1Bt, - ZrCp, =

Ph Ph
Pha__ Pr—==—p; Ph Pr

= 2rCp2 leq. of NiBrz(PPh3)2+

Me Me Pr

Me Me

80% yield

Takahashi, T etc. J. Am. Chem. Soc. 1999, 121, 11093-11100
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New type of acetylen trimerization-2

Benzannulation via Titanacycles

CO,Bu-t ﬁlnunTj(OPH)z CO5Bu-t
” ", ’ A Ti(OPr-i)
+ —_— { r-1)s
50 °C =
CeHi3 CeH13 f
] 5 4 CeHis
l Ist acetylene' l 2nd acetylene '
COQBU-t
CeH13z H(D)
[
H(D") 7 (57%)
CeH1s
==—S0,Tol CO,Bu-t COBut
5 CeHia TiXa . =
l 3rd acetylene ' 13
— C—
CeH1z Cetis
1
6 o)
@)
CeH13 Ph
PhCHO 9 (49%)
CeH1a

Sato, F. etc. J. Am. Chem. Soc. 2001, 123,7925-7926
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Reaction Mechanism

(1-PrO), Tt t-BuO;C Ti(O-i-Pr),
SO, Tof

sBu-t HC
HDCJW/ 67802-1‘-0' _ 138 /\_,4
4+2] eyclo- l P

addition // =

CO,Bu-t CeHia Cetlya
Hy4Cg * ’;/’ palha (10) (11) 2
f TIO--Pr)y 4 ||| |
i +
CgHhs S0.Tol | path b Hi3Ge CO,Bu-t t-BuO,C
“ (5) < =\ HisCo_ A\ _TiXs
insertion % | (Tl((_)-i-Pr)2 - . |
H3Cs 7
\SOQTDI CGH|3
(12) (6)
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Transition metal-catalyzed benzannulation (1)

Palladium-Catalyzed [4+2] Cross-Benzannulation reaction
of Conjugated Enynes with Diynes

Yamamoto, Y. etc. J. Am. Chem. Soc. 1999, 721, 6391-6402
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R o
/% Pd(0) R?
R R?

A AG
_____________ AG = activatinggrowp .
//K 5 mol% of Pd(PPhs)4
= 3a THF, 65 °C
- Ph
> 99%
Ph—=———=ph ‘ (
7b 8b
Ph
n- CsH13 n- C4Hg
/\ 5 mol% of Pd(PPha),
n-CgHqs 54 THF, 65 °C n-C4Hg
9a (66%)
N-C4Hg—=——=—"—n-C4Hq
7a
n-CgH13 n-CgHy3

6a (12%)
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Transition metal-catalyzed benzannulation (1)

Ph
Ph .
5 mol% of Pd,(dba)s
// 40 mol% of P(o-tol),
Ph 10d r.t., 4d ‘ Ph n-Bu
. 98% ' ’
n-Bu———==—n-Bu
7a n-Bu 11g
Me "
e
Z 5 mol% of Pd(PPha) CO-Me
19j CO2Me 100 °C, 6 h
— Ph n-Bu
n-Bu—=—=—=—n-By 72% I
7a 110
n-Bu
Me "
e
A
= 5 mol% of Pd(PPha),
3a 100 °C, 6 h -
-~ -Bu
=—=——t-Bu 52% I
13b 14b
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Transition metal-catalyzed benzannulation (2)

Iwasawa, N. etc. J. Am. Chem. Soc. 2002, 124,518-519

-

Yasunori Aoyama @ Wipf Group

10 mol% of W(CO)s(thf)
THF, 15h, r,t, ‘O
I

o

‘ —' SW(CO)s
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Transition metal-catalyzed benzannulation (3)

@ Dankwardt, J. W. Tetrahedron Lett. 2001, 42, 5809-5812

OTBS

OTBS
13 mol% of [RA(CO),Cll,
Toluene, reflux ‘O
91%

OTBS -

OTBS ]
— - ~-RhLn
Rhin C®
TBS

L -
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Transition metal-catalyzed benzannulation (4)

@ Miura, M. etc. J. Am. Chem. Soc. 2002, 124, 12680-12681

I mol% of [IrCl(cod)], n-Pr
COCl 4 mol% of P(t-Bu); n-Pr
o-xylene reflus, 19h ‘—
99% n-Pr
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AuCly-Catalyzed Benzannulatio

from o-Alkynyl
o Takahashi, §
wemiry, Gracher

Nacki Asao, Kumik
Deparimeny of Cf

Table 1. The AuXs-Calalyzed Reaction of o-Alkynylbenzaldehydes 1 with Atkynes 22

n: Synthesis
benzaldehyde
unyoung Lee, Taisuk
¢ School of Science, Tohoky Univer.
Received August 13, 2002

e Kasaha

of Naphth
s with Alkynes
ra, and Yoshinori Yamamoto*

sy, Sendai 980-8578, Japan

cat, AuCl, OO

R

yl Ketone Derivatives

~ R' ~ R?
R'—=-R’ ’LR 3 o°°R
entry 1 R 2 R! R? calalyst time ratio? yield {%)°

14 Ia Pl 2a C4H; H AuCl, I d 3a:da =955 37
2 Ia Ph 2a CiH5 H AuC(l, 1.5h Jadn = 928 Ot
R Ia Ph 2a C;H4 H AuCh 3h Jada = 89 1 72
4 Ia Ph 2a CiH5 H AuBr; 1.5h 3n:da =937 100)
Ry Ia Ph 2b Ph H AuCl; 25h 3b:4b =99: < 06
o Ia Ph pi) Ph H Auliry 0.7h Idh = 99 « | 100
7 Ia Ph 2c Me;Si H AuCl, oh dcide = 16:84 82
8 Ia Ph 2 COaEt H AuCly 3h 3d:dd = 18:82 72
9 1a Ph 2e COCH; H AuCl, 35N Jede = <1:99 75
0 Ia Ph 2f CiHy CiH, AuCl,y 25h M(=4r) 52
1 1a Ph 2f CaH5 C:H; Aubdr, 251 =4 70
12 Ia Ph 2g ’h Me,Si AuClsy 2h Jg:dg = 99: < | 92
13 la ’h 2h Ih Me AuCly Ih Ih:dh =99 < 80
14 1)) CoHia 2b Ph H . AuCl, 1.5h 3idi =928 91

“ The reaction was performed using o-
“Counless otherwise noted. * Determined by '"H NMR. ©
carricd out in the presence of | mol % of AuCla.
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alkynylbenzaldehydes 1 (1 equiv) and alk
Combined isoluted yield.
!The reaction was curried out using 1.2

T The p

ynes 2 (3 equiv) in the presence of AuX: (3 mol %)
caction waus carried out at 30 °C in CHLCLL,
equiv of 2.

in (CICH ) at 8D
“The reaction was
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AuCls-Catalyzed Benzannulation: another exaples

i MeQ
MeQ H . Ph— cat. AuCls OO
MeO X 80% MeO Ph
Ph : 0” > Ph
1¢c 2b 3f
O Me
Me cat. AuCls OO
* Ph—= - Ph
N 40%
Ph 0% > Ph
10a 2b 11a
0 Ph
M cat. AuC!
° 4 ph= °, OO or
RN 60%
Ph ' 0% “Ph
10b 2b 11b
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Reaction Mechanism
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AuCl, R
R’ 1
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AuCl3-Catalyzed Benzannulation H CO,Et
Regioselectivity .‘
n-Pr H

n-Pr

I

0~ "R 0" R
H Me;Si—=—=—H cat AuCl, “ “
. H
[ EtO,.C—=——H
XX - O R O R
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|:>h——E-——SiMe3 “ “
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@) R
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R
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Cu(OTf) -Catalyzed Benzannulation

O
R» R
R 2
H Cu(OTf), 2
+ ‘ , —_— +
% Additives R, _ R;
Ph Ry
O Ph
1a 2 5 3
Table 2. The Cu(OTf).-Catalyzed Reaction of
o—(Phenylethynyl)benzaldehyde 1a with Alkynes 24
yield (%)®
entry 2 R' R? additive conditions 5 3
I 2h Ph Me  none 80 °C, 0.5 hh S5a 56 3h 22
2 2h Ph Me H-O 80 °C, 19 h Sa 52 3h 12
3 2h Ph Me  MeOH 80°C. 1h 52 44 3h 13
4 2h Ph Me  HCO-H 80°C,0.5h Sa 79 3h 8
5 2h Ph Me  CHiCO-H 80°C.0.5n Sa 67 3h 17
6 2h Ph Me CF-HCO-H 80°C.0.5h Sa 82 3h trace
7 2h Ph Me  CF;CO-H 80 °C.0.5h 52 78 3h trace
8° 2h Ph Me CF,HCO-H 80°C.15h Sa 6 3h 0
9 2h Ph Me  CF:HCO-H 100°C.0.2511 5a 86 3h 0
10 2b Ph H CF.HCO:H 100°C.0.251h Sb 90 31 0
1 2i CiHe H CF:CO:H  100°C.0.25h 5¢ 72 3ji 8
12 2j Ph Ph CFHCO:H 100°C.0.251h 5d 85 3k 0
13 2f CiH; C;iH; CF:HCO-H 100°C.0.25h Se 74 0
14 2k Ph Br CFHCO:H 100°C.0.25h 5f 73 3| 0
IS 21 Ph PhS  CF.HCO-H 100°C.0.25 |y 5¢ 60 3m 0O
16 2d CO-Et H CF:CO:H  100°C.0.25h 5h 60 3d o/

“ The reaction was carried out using la (1 equiv) and 2 (1.2 equiv) in
the presence of Cu(OThH> (5 mol %0) and additives (1 equiv) in (CICH>)»
unless otherwise noted. * Isolated yicld. “ The reaction was performed in
the presence of 10 mol % of TTOH instead of Cu(OTF. 4 4d was obtained
in 14% vyield.
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Cu(OTYf) »-Catalyzed Benzannulation: another examples

10 mol% of Cu(OTf),
CHO (CICH,),-CH;CN

. "’ 1 eq. of H,O -
A Bh 71%
Ph Ph

10 mol% of Cu(OT¥),
CHO (CICH,),-CH;CN
X "l leq of O
Ph N 50% [ |
N Ph
Ph Ph Ph
Entry 1
Me
CHO Ve Me
I l $mol% Cu(OTH), A OO
+ —
[ no additive Ph Ph
S ph PN 0% > Ph
5a (56%) 3h (22%)
Ia 2h . -
O O O
Ph/LOH EEN PN
Ph” SO0~ “Ph
14% 12%
CHO Me e .
L - | e OO
Gt c”>Ph  Ph” T OH
SN Ph
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Reaction Mechanism
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