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IR RO (3T) : Ubiquitous metals like iron and bismuth have been found to act as
very reactive borderline catalysts due to their n—and o-acidities. Based on these
characteristics, intramolecular carbo-oxycarbonylation of 3-alkynyl esters, pyrrole
synthesis from 2-propynylamines and 1,3-diketones, cyclization of alkenyl N,O-acetals,
alkynylcyclopropanation of 1,6-enynes, and intramolecular hydroarylation of alkynes have
been succeeded very effectively under mild conditions, which provide new synthetic
methods for many useful heterocycles.
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Fig 1. Concept of Dual Activation
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Table 1. Bismuth-catalyzed hydro-oxycarbonylation of
alkynylcarboxylic acids

OIOH/R 2.5 mol% Bi(OT), Oj;o)—/R oio/\‘(
' Z e TR =+ L,
R ~ DCE R R

R R R
1 2 3
Entry Alkynyl carboxylic acid 1 Temp.  Time Total yield Ratio (2/3)
R R rC / 1%2 %P

1 Ph Ph  1e 80 3.0 95 (28 172)

2 4-MeOCgH,; Ph  1f rt 15 54 (0 /100)

3 3-MeCgH, Ph 1g 80 3.0 73 (0/100)

4 4-BrCgHy Ph 1h 80 0.5 83 (0/100)

5 Ph Me i 80 0.5 9ob (12/88)

6 4-MeOCeH,; Me 1] rt 0.5 1000 (0 /100)

7  4MeCgH, Me 1k rt 8.0 93%  (0/100)

8 3-MeCgH, Me 11 80 0.5 98b (6/94)

9  4BrCgH, Me 1m 80 15 99P  (24/76)
2|splated yield. ? Determined by 'H NMR.

Table 2. Optimization of conditions in carbo-

oxycarbonylation of alkynyl ester 4a in the presence of

various catalysts and MS4A~

Ertry Catalyst MS4A  Time Yieldof Conv. of

(mol%) (ma) (h) 5a(%)¢ 4a@)

1 Bi(OThH; (25) 100 [ 89 100

2 Bi(OTf); (100) 100 3 82(60) 100

3 none none 10 nr -

4 none 100 10 nr -

5 Fe(OTh,(100) 100 7 50 100

5 Fe(OTh:(100) 100 7 55 100

7 Cu(OTH,(100) 100 7 51 100

8 Zn(OTf);(10.0) 100 7 45 100

9 MNi(OTf), (10.0) 100 7 40 98

10 PdCl, (10.0) 100 24 20 21

1 PtCl, (10.0) 100 24 24 25

12 Sc(OTf);(10.0) 100 7 trace 100

138 TIOH 100 7 trace 100

#4a(50mg, 0.16mmol) was usedatroomtemperatureinDCE
(0.1M). #Determinedby 'H NMR with mesityleneasainternal
standard. Valueinparenthesisindicatesisolatedyield

Table 3. Bismuth-catalyzed carbo-oxycarbonylation of
various alkynyl esters 4¢

Ri_-Re

0.0 Ra
o. O 10 mol% Bi(OTf)3 |
Ry — (> R4
l/ MS 4A, DCE
Ra
4 5
Entry KynyTesters4 Temp. Time Yield
R R R (°C) (h) 5(%)*
1 4a Ph Me Ph t 3 60
2 da Ph Me Ph 0 44 81
3 4b Ph Et Ph rt S 45
4 4c 4-CIPh Me Ph rt 7 70
5 4d 4-MePh Me Ph -15 19 67
& 4e 4-MeOPh Me Ph t 187
7 4f Ph Ph Ph t 7 87
8 4g 4-ClIPh 4-CIPh  Ph rt 3 9
9 4h 4-MePh  4-MePh Ph 0 2 69
10 4i 4-MeOPh 4-MeOPh Ph 0 2 34
1 4i Ph 2-naphthyl Ph it 1 58
12 4k Ph cyclpropyl Ph 0 745
13 41 Ph Cc=CcBu Ph rt 2 78
14 dm Ph Ph 4-BrPh rt 2 83
15 4n Ph Ph 4-MeOPh 1 @B
16 4o Ph Ph 4-MePh t 2 9
17 4p Ph Ph 3-MePh rt 1 98

#Conditions:4(0. 16mmal), MS 4 A (100mg), Bi(OTf); (10mal%),
DCE (0.1 M). #1solatedyield. » Carried outin MeNO, solvent

DG TWNEBRALKIS & I VRV EEN S = A
TIAZHERE T B 7212, #fx b e fillit % 18
L7~ (Table 2), ¥ Z L2, = AT )L 4a
DANKFX L NVEDBRIEDOHR TR, T¥
JVEL S [RIFR B E) L 7= A2k ba 255 BTz,
ZDFINI AR —F — T A s (Bi, Fe,



Cu Ni) TIZEITT 508, 7 1 ks RS Sc, Pd,
1358 EIEME A2 R S 7, B RH] E
Table 3R T,

(2) BERA=AfIc LD 2-Fnr= 173
i L3V N UFEREB- b= AT )
5D —/VEROHRE K

FRx e BMEEZ AT HE R —LVERERSIC
ANFrIRERJFEE LV EEEAEKT D1 — FD
BRBRD LTS, 22T b =17
UL L3V HNARUEE E DFEE . B
{b. it % one—pot CHLfEAYIZ SEHiE C & 25 figt
IR LT, ZORER., B A~ AEAIER
(R WEMEZ R4 2 & & R L7z (Table 4),
Z DS OMAEIT Scheme 1 DX HIZE XD
DN, SIE Bi i X B 3-7 -1, 5-—
4> BDOEBRALEILTH D,

Table 4. Direct synthesis of pyrroples 8 and 9 from the
reaction of propargyl amine 6a and various diketones and f-
keto esters 7

o] [e] 10 mol%Bi(OTf)5 -’l\—ls Rl -’I\-‘s R?

TSHN/\ " RwMgz toluene, 100 °C g * ;\_?/

6a 2 e(;uiv) 8 C(O)R? °

Entry fotonel Time s  Totalyield
R R? (819) 1%
1 3a Me Me 9 74 (36/64)
Z 3b Ph Ph 6 64 (42/58)
3 3¢ 4-CICgH,  4-CICeH, 6 57 (45/55)
4 3d 4-MeCgH,  4-MeCgH, 8 67 (54/46)
5 3e 4-MeOCgH, 4-MeOC4H, 6 58 (81/19)
6 3f Me OEt 6 55 (100/0)
7 3g Ph OMe 12 41 (100/0)
8 3h Ph OEt 10 55 (100/0)
9 3i 4-CICgH, OEt 6 34 (100/0)
10 3j 4-MeCgH, OEt 12 54 (100/0)
11 3k 2-MeCgH, OEt 12 36 (100/0)

@ |solated yield.

Scheme 1. Plausible reaction mechanism
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Table 5. Bismuth-catalyzed cyclization of
N,O-acetals 10

R2

R (N

RE N OX 10 mol% cat. Q;[ )

=K R 1,4-dioxane R

10 70°C R 11

Entry  Substrate Time h Product Yield /%2
e~
1 ©:/<<N 2
OH 10a

CI?I{>1
3b CbZNA/_<:> 1

OAc 10c
0]

46(I$J§ 6
by 10d
50 T?Nj_\:> 15
OMe 10
0

<
6° 20
N /
10f
7b CbZNh
O AC 10g

2 solated yield. 225 °C. ©70 °C.
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5mol% catalyst 18 _.A_QQTf__T_fQH ............
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12a 188 RUATHR Skimg 4D
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Table 6. Scope of the Bi-catalyzed dehydrative
alkynylcyclopropanation of azaenynol 12.

entry substrate time [h] product yield [%]1@
Ts
N
JH H%KRJ
Ts
Me N
13b 80
s J Il =
N Ts Me cl
126 13c 77
Cl
3 3
PJ f H Y
5
HO Pr

e
HO
12f ") - 13f 23 .
N
6 %/ IMl 4 H =
Me = “ "NTs
Ts N/ Ts Me
I HO ™Y it
H/ 129 NTs 13g 48
7 = | 12 prh
Me
HO >~ pn I8 Me Ts
12h 13h 54 N
8 %/ H 1 week HSY\
=
y HO™ S s P
T T :
N 12i Npp 5 13i 33
9 J)/ Jl\ 24 ——Ph
H
B o en © Bu Ts

[a] Isolated yield.
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