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WFIE R R O E (J€3C) : A new synthetic route to isoquinoline derivatives consisting
regioselective Diels-Alder reactions of 3,4-pyridynes with furans and following functional
group transformations is reported. The key for the regioselectivity of the cycloaddition
reactions is electropositive silicon atom of the 2-position of 3,4-pyridyne. This directing
group can also be substituted with various functional groups.
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Table 1. Diels-Alder reactions of 2-subsituted-
3,4-pyridynes 2 with 2-butylfuran 5b.2

n-Bu

B n-Bu ]
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SiMes 5b
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| CsF My 5b M
Ny ANg ———— +
r MeCN N

6
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M 60°C, 3 h N\|\0/ — /|
3f:M=H h NS

e R (LN B ¢

yield of ¢ yield of

entry M 3 o (%) 6+7° (%)

1 H 3f - 10:1 10

2° SiMes 3Ac - 1.7:1 43

3 SiEt; 3Bc 25 23:1 63

4f SiEts 3Bc’ 14 23:1 78

5 Si(t-Bu)Me, 3Cc 15 23:1 41

6 Si(allyl)Me, 3Dc 19 21:1 52

7 SiBnMe, 3Ec 20 20:1 40

8 SiPh,Me 3Fc 35 23:1 46

99 SiPh; 3Gc 84 27:1 13

10 SiMe,SiMe;  3Hc 8 26:1 38

11 SnBus 3Ag 44 28:1 42

12 SnCys 3Bg 47 25:1 52

“Conditions: 1.0 eq of 3, 7.0 eq of 5b, 1.5 eq of
CsF in MeCN (0.40 M) at 60 °C for 3 h. = |
®Isolated yield of by-product 9 (%). “Determined N

by 'H NMR. %Total isolated yield of 6 and 7 (%). Br
Conditions: 1.0 eq of 3, 7.0 eq of 5b, 1.0 eq of 'V'g
t-BuOK in HMPA (0.53 M) at 0 °C for 2 h.
2,4-Bis(triethylsilyl)-3-bromopyridine 3Bc’ was used instead
of 3Bc. “The reaction was performed in MeCN/THF =1:1.
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Table 2. Scope and limitation of regioselective
Diels-Alder reactions of 2-silyl-3,4-pyridyne 2f,
generated from 3d, with various furans 5.

O__R! R?

Table 3. Substituent effect of 2-position of
3,4-pyridyne 2, generated from 3, with
2-butylfuran 5b.”

n-Bu

R /l SiEty o e |
Nx T meoNn
M
3

60 °C M nBu
entry M R 2 6 :7° yield (%)°
1 H H 2a 10:1 48
2 SiEt; OMe 2f 25:1 86
3 SiEt; t-Bu 2 17 :1 95
4 t-Bu H 29 11:1 92
5 OMe H 2c 10:15 61

= Sikty wz = R? =
@| 4’(:8':’ 5 3 Ny I * R2
SiEt, MeCN, 60 °C SiEt, SiEty R!
3d 6 7
entry R! R? 5 6:7° vyield
(%)°
1 Me H 5¢c 21:1 86
2 n-Bu H 5b 23:1 93
3 t-Bu H 5d >50 1 79
4 Me Me 5e 42:1 82
5 SiMe; H 5f >50 1 91
6¢ SnBus H 59 15 :1 96
7 CO;Me H 5h 14:1 91
8 COMe H 5i 17:1 63
9 CHO H 5j - -
10 “1><Me H 5k 90:1 96
11 CH(OEt), H 51 47:1 95
12 H Br 5m 11:1 99

*Conditions: 1.0 eq of 3d, 7.0 eq of 5, 1.5 eq of CsF in MeCN
(0.40 M) at 60 °C for 9-14 h. bDetermined by 'H NMR.
“Total isolated yield of 6 and 7. 3.0 eq of CsF was used.
“Complex mixture.
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RPN R L7 (entry 5),

#Conditions: 1.0 eq of 3, 7.0 eq of 5b, 1.5 eq of CsF in MeCN
(0.4 M) at 60 °C for 8-16 h. bDetermined by 'H NMR. “Total
isolated yield of 6 and 7.
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Table 4. Electron density and internal angle of
2-substituted pyridyne 2.

N AN
M

b

Electron density® Internal angle

entry M 2
C3 C4 C3-C4 6 6

1 H 2a 096 0.97 -0.01 :1245° 1255°
2 SiEt; 2f 090 1.03 -0.13 :129.7° 122.2°
3 t-Bu 2g 1.00 099 0.01 {127.0° 124.1°

4 OMe 2c  1.00 091 0.09 121.4° 128.3°

“Natural bond orbital (NBO) anaIyS|s of optimized structures
of 2 using B3LYP/6-31G(d). ‘Distortion analysis of
optimized structures of 2 using B3LYP/6-31G(d).
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Scheme 9. Transformations of 6b to multi
substitututed isoquinolines 8b—j.”

“Conditions (not optimized): a) TMSOTf in
CH,Cl,; water. b) TMSOTf in CH,Cl,. c¢)
Fey(CO)yin toluene. d) Fe,(CO)y in toluene; I, in
HMPA at 70 °C. e) Fe,(CO)y in toluene; I, in
DMF at 100 °C. f) Fe,(CO)y in toluene; I, in
HMPA at 100 °C. g) Fe,(CO)y in toluene;
Pd(PPh;),, p-NO,CgH,I, TBAF in DMF. h)
Fey(CO)y in toluene; -BuCHO in HMPA at
90 °C; TBAF. i) Fey(CO)y in toluene; TBAF.
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