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Activation of simple carbon molecules by NHC catalysts and their application in
organic synthesis

Takaki, Ken
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Thiazolylidene NHC-catalyzed reaction of parafolmaldehyde with two equivalents
of enones gave 1,4,7-triketones in fairly good yields, whereas formation of 5-hydroxy-1,4-diketones,
by-products, was diminished by the turning of the reaction conditins. These results demonstrated that
formaldehyde could be used as a CO surrogate.

Acylated Breslow intermediates have been found to be generated from aromatic 1,2-diketones and NHC.
These new reactive species reacted readily with enones to afford double acylation products, which
contrasted well with Stetter raction of enones with aldehydes to give hydroacylation products.

N-heterocyclic carbene formaldehyde CO surrogate 1,2-diketone enone Stetter reaction do
uble acylation
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Table 1 Reaction scope of enone.

cl

CH0), M NTs i i
o P, A~
1 F ,03
o] 40 mol% o

RJJ\/ DIPEA 80 mol% RWOH
2 O a

Product 3 Product 4 Ratio of 3/4

Entry R Method? Yield (%) Yield (%)? (mol/mol)c
1 Ph A 3a 41 4a 50 62/38
2 B 55 45 71/29
3 c 62 35 78/22
4 4CICH, A 3b 59 4b 24 83/17
5 B 50 27 79/21
6 c 65 35 79/21
7 24Cl,CH; A 3c 57 4c 38 75/25
8 B 41 32 72/28
9 c 61 20 86/14

10 4-CFCH, A 3d 58 4d —d -

11 B 44 —d -

12 C 53 — -

13 p-Anisyl B 3¢ 53 4e 28 79/21

14 c 72 28 84/16

15 p-Tolyl B 3f 68 4f 12 92/8

16 c 74 26 85/15

17 1-Naphthyl C 3g 55 4g 39 74/26

18 2-Naphthyl C 3h 51 4h 22 82/18

19 2-Furyl C 3 59 4i -d -

20 2-Thieny C 3 68 4 -d -

2 Method A: 2 (2.0 equiv), THF, 60 °C, 19 h; Method B: 2 (2.0
equiv), DMF, 120 °C, 1 h; Method C: 2 (3.0 equiv), DMF, 120
°C, 1 h. Plsolated yield based on 1.6 Molar ratio of 3 and 4.
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Scheme 1 Reaction pathway.
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Table 2 Reaction of benzil with enones.2

o)
Ph/ﬂ\H/Ph c>N
;0 a04
A (20 mol%)
.
0 DIPEA (20 mol9%)
DMF (0.5 M)
-
RJL\// 50°C, 12 h

Entry Enone 2 R Product 8  Yield (%)b

1 2a Ph 8a 92
2¢ 2b o-Tolyl 8b 58
2c m-Tolyl 8c 80

2d p-Tolyl 8d 89

54 2e Mesityl 8e 13
6 2f p-Anisyl 8f 75
7 29 0-CICgH, 8g 53
8 2h p-CICeH, 8h 87
9 2 p-NCCeH,  8i 37
10 2 2-Thienyl 8j 87
11 2k 3-Thienyl 8k 89
12 2 1-Naphthyl 8l 67
13  2m 2-Naphthyl ~ 8m 87
14  2n Me 8n 68

a Equimolar amounts of 2 were used. ? Isolated yield.
¢ Reaction period was 18 h. d Reaction period was 36 h.
€ Carried out using 3 equiv of 2n for 20 h.

Scheme 2 Plausible mechanism.
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Table 3 Reaction of bezll with ynones.2

(0]

Ph )H(Ph 0
70 A (20 mol%)
EtaN (20 mol%) R JY%T( Fh
o}

DCE (0.5 M)
j\ 1,12 h Ph” 70
10
R \\
9

Entry Ynone10 R Product 3 Yield (%) Isomer Ratio

1 9a Ph 10a 64 -
2 9% o-Tolyl 10b 54 74/26
3 9c m-Tolyl 10c 64 52/48
4 od p-Tolyl 10d 63 52/48
5 9e Mesityl 10e 32 100/0¢
6 of p-Anisyl 10f 63 53/47
7 99 2-CICgH, 10g 31 80/20
8 9h 3-CICgH, 10h 49 61/39
9 9 4-CICH, 10i 59 60/40
10 9j 4-BrCgH, 10j 57 59/41
1 9k 4-MeO,CCgH, 10k 44 59/41
12 9l 4-NCC¢H,4 101 20 71/29
13 9m 2-Furyl 10m 41 65/35
14 9n 2-Thienyl 10n 54 67/33
15 90 3-Thienyl 100 61 67/33
16 9p 1-Naphthyl 10p 52 69/31
17 9q 2-Naphthyl 10q 50 53/47
18  9r Ph(CHy), 10r 13 100/0¢

a Equimolar amounts of 9 were used. P Isolated yield.
¢ One stereoisomers were formed.
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Table 4 Reaction of aldehydes with ynone.2

ji 0 Qﬁf&?%ﬁ%)
A H T ph )\% TDMFO25M)
11 9 rt,18 h
(@] o
o k/\[( Ao Ar 0] O _Ar
o * o ' Ph A
12 13 Ar o 13' O
Product and Yield (%)P
Entry Aldehyde 11 (Ar) Base 12 13 +13'
1 11a Ph DIPEA 12a 25 13a 42
2 K,COj 60 40
3¢ 11b p-Tolyl DIPEA 12b 25 13c 14
4 K,COs 46 23
54 11¢c p-Anisyl DIPEA 12c 19 13d O
6 Ko,CO4 26 tr
7 11d 4-CICgH, DIPEA 12d 38 13d+13d'
56 (83/17)
8 K,COj 42 15 (100/tr)
9 11e 4-NCCgH, DIPEA 12e 40 13e 50
10 K,COj 41 26
11 11f 4-MeO,CCeH, DIPEA 12f 24 13f 48
12 K,CO3 16 17
13 11g 2-Naphthyl  DIPEA 12g 22 13g 32
14 KoCOj4 46 33
15 11h 2-Furyl DIPEA 12h 23 13h +13h'
22 (69/31)
16 KoCO4 43 39 (55/45)

aTwo equivalents of 11 were used. °lsolated yield.
¢ Carried out at 40 °C for 18 h. d Carried out at 60 °C for
16 h.
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Scheme 3 Reaction pathway.

&o/:o
O

(0] A %

.
Ph
PR H T AV)V\W

11 14 O

"wr Lw

[H] ‘ﬂ
Ph [Ha]
9
Ph*m"“ )iﬂ“ J

70 O~ "Ph 19
11
14
[H] 12
15
10
13
1,2-
NHC

Ken Takaki, Akira Ohno, Makoto Hino,
Takashi Shitaoka, Kimihiro
Komeyama, Hiroto Yoshida,
N-Heterocyclic carbene-catalyzed

double acylation of enoens with benzils,

Chemical Communications, 50, 2014,
12285-12288

NHC

2013 11 16

NHC

€Y
TAKAKI KEN
JRESR RFE PRl - i



