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abstract
A commercially available easy-to-handle NH4VO3s was performed to serve as
an efficient catalyst in the catalytic utilization of carbon dioxide under
ambient pressure for the synthesis of symmetrical ureas from disilylamines.
This catalytic system exhibited a wide range of substrate applicability
without the use of any dehydrating reagent or base, including a gram-scale
catalytic reaction. This catalytic system could be applied to the synthesis of
chiral urea without loss of chirality. Furthermore, a one-pot, one-step

synthesis of unsymmetrical ureas from disilylamines was demonstrated by




using NH4V O3 catalyst through catalytic activation of carbon dioxide as a C1

building block under ambient pressure.
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Table 1. Substrate scope of disilylamines in the catalytic synthesis of symmetrical ureas.?

1) NH,4VOs3 (8 mol%)
CO,, (balloon) o)
DMA, 120 °C, 15 h 1 1
R'—N(SiMe3), > R\NJLN/R
2) 1 M HCl aq. N
1 2
Entry Isolated yield ? Entry Isolated yield
A A~ 2
1 NkN 6 TONTINTTOYS
H H H H
2aa, 94% 2ff, 68%
)i i
2 NN 7 LN N
H H H H
2bb, 85% 299, 72%
(0] 0]
i L0
3 N” N 8 NJ\N
H H H H
2cc, 89% 2hh, 58%
2 aoS¥en
N” N 9 N™ 'N
4 (jLHHA(j H H
2dd (R,R), 77% 2ii, 46%
ji F3C\©\ 0 /©/CF3
H H H H
2ee, 70% 2jj, 54%

@ Reaction conditions: 1 (0.60 mmol) and NH4VO3 (8 mol%) in DMA (1.0 mL) under carbon
dioxide (balloon) at 120 °C for 15 h. ? Isolated yield (%) = [2 (mmol) x 2/ 1 (mmol)] x 100.

1) NH4VO3 (15 mol%)
CO5, (balloon)

DMA (6.0 mL)
120 °C, 48 h (0]
N(SiMe3), 2) 1 M HClI aq. H H
1a 2aa
1.2mL 385 mg
(4.0 mmol) (1.4 mmol)

72% isolated yield

Scheme 1. Gram-scale catalytic reaction of 1a with carbon dioxide (balloon) by using NH4VO3 catalyst.
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Table 2. Substrate scope of secondary amines in the catalytic synthesis of unsymmetrical ureas.?
DMA, 120 °C, 15 h

1) NH4VO3 (8 mol%)
R2
/
N(SiMe3), ‘g3 2)1MHClaq.

CO5, (balloon)
1a 3 2aa 4

NMR yield (%) ? NMR yield (%) ®

Entry Secondary amine 3 Entry  Secondary amine 3
2aa 4 2aa 4
— Bu
7
1 HN O 21 4aa 3 HN 37 dac
—/ 79 \ 48
Bu
3a 3c
dab ~ 42
2 HNQ_O 2 64 4 HN, 42 50
Me
3b 3d

@ Reaction conditions: 1a (0.6 mmol), 3 (0.6 mmol), and catalyst (8 mol%) in DMA (1.0 mL) under carbon dioxide
(balloon) at 120 °C for 15 h. by ,3,5-Trimethoxybenzene was used as an internal standard.

Table 3. Substrate scope of disilylamines in the catalytic synthesis of unsymmetrical ureas.?
1) NH4VO3 (8 mol%)

COy, (balloon) o) o)
//\ DMA, 120°C, 15 h 1 1 1
—N(SiMes), + HN O R JL R 4 R
/" 2)1MHCI aq. NN N N
o)
1 3a 2
NMR yield (%)? NMR yield (%)?
Entry Disilylamine 1 Entry Disilylamine 1
2 4 2 4
N(SiMes), 2bb 4ba >_ON SiMe 2ii dia
! ©/\/\ 33 63 3 (SiMe). 6 51
1b 1
, ©/\N(SiMe3)2 2cc 4ca 4 MeO ON(SiMe3)2 2kk 4ka
13 58 trace 65
1c 1k

@ Reaction conditions: 1 (0.6 mmol), 3a (0.6 mmol), and catalyst (8 mol%) in DMA (1.0 mL) under carbon dioxide
(balloon) at 120 °C for 15 h. by ,3,5-Trimethoxybenzene was used as an internal standard.
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1) NH4VO3 (8 mol%)
CO,, (balloon)

DMA (6.0 mL) o o
/\ 120°C, 48 h

©\/\ + HN 0] ‘@\/\JL/\/©+©\/\JL

N(SiMe3), NN N™ N

" 2)1MHCl agq.
) q H H H Lo
1a 3a 2aa 4aa
1.2 mL 348 uL 35% (Isolated yield) 55% (Isolated yield)
(4.0 mmol) (4.0 mmol)

Scheme 2. Gram-scale NH,4VO3-catalyzed synthesis of unsymmetrical urea 4aa.
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