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Efficient Synthesis of Enantiomerically Pure Amines by Highly Active Species

Mandai, Hiroki
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We have interested in the development of the conceptually new approach for the
kinetic resolution of amines. Especially reactions based on asymmetric counteranion-directed catalysis
with chiral Bré&#248;nsted acid are very attractive. We hypothesized that the chiral ion pairs derived
from a chiral phosphate anion and achiral acylpyridinium salts should be good reactive species in
enantioselective acylation of amines. We screened pyridine derivatives, solvents, and amount of reagents.
As a result of this screening, the reaction system gave the product in 20% conversion with 82 : 18 er (s
= 5.3).
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Scheme 1. Schematic representation of classical kinetic resolution.

NH, kg NHCOR?
1 2 1 2
R R R' R kg > kg
or
ks > kg
NH, ks NHCOR?
R1 /-\RZ R1 /.\RZ
1988
Kagan s (selectivity
factor) S
S 20
OH R (080 eauy”
©/LMe DABCO (0 65 equiv) ©/\ ©/'\
Et,0,-20°C,5h
rac 8 examples ester alcohol
0.20 mmol §=11-105 96:4 er 94:6 er

51% conv. s = 54
Mandai, H.; Murota, K.; Mitsudo, K.; Suga, S. Org. Lett. 2012, 14, 3486-3489

Figure 1

H,0 +CO, 1
1/2 Ag,COF

o
R 'S
I "
04,20 AN
i :Oi_/ I \\/’ Q\]
T
L,
(S)-TRIP R "RY
R® = 2,4,6-(1-Pr)3CeH, l
o
P W
J\ + RA'\ 5
Figure 1. Working hypothesis. RYOR®

Bronsted
((S9-TRIP :(9-3,3'-Bis(2,4,6-triisopropylphenyl)-
1,1'-binaphthyl-2,2'-diyl hydrogenphosphate)
Bronsted
1

Asymmetric  counter-anion directed
catalysis (ACDC)

Figure 1
Brensted
Figure 1

(S-TRIP

Brensted (S-TRIP
(Table 1)
(DMF)
(CH;CN)



(entries 1 and 2)

(THF)

26% 25% 5
54.4:45.6(s=1.2) 51.3:48.7(s=1.1)

(entries 3 and 4)

33% 5

55 : 45(s = 1.3)
(entry 5)
(CPME)

5 58:42(s=1.4)

(entry 6) (Et,0)
(entry 7)
CPME
(entry 8)
Table 1. Screening of solvents.
AcCl (0.50 equiv)
Ag,CO3 (0.50 equiv) o)
NH pyridine (0.50 equiv) )]\
)\ 2 (S)-TRIP (0.25 equiv) HN “Me NH,
Ph” ~Me X
ac-4 solventn(0.0G M) Ph)\Me Ph/\Me
0.20 mmol —20 C.1h 5 4
entry solvent  conv (%)  erof5° sb
1 DMF 6.5 50:50 1.0
2 CH;CN 33 50: 50 1.0
3 acetone 26 54.4:45.6 1.2
4 THF 25 51.3:48.7 11
5 CH,Cl, 33 55:45 1.3
6 CPME 13 58:42 1.4
7 Et,0 <1 N.D. N.D.
8 toluene 16 57.5:425 1.3
2 Determined by "H NMR analysis.
b Determined by HPLC analysis.
s = (In[(1-conv(1+eeester)])/(IN[(1-conv(1-eeegter)]))
N.D. = Not Determined.
(Table 2)
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Table 2. Screening of pyridine derivatives. OO R
AcCl (0.50 equiv)
Ag,CO; (0.50 equiv) Osp20
\H,  Pridine derivatives (0.50 equiv) i 0" "OH
d (S)-TRIP (0.25 equiv) HN “Me NH, OO
PR Me toluene (0.06 M) X t A R
o 120G 1h Ph” “Me Ph” " Me (S)-TRIP
0.20 mmol ' 5 4 R = 2,4,6-(-Pr)sCeHz
Me\N,Me
X N A A A
® ® L (S » »
N N/ ‘ [NJ N~ "Me Me N~ "Me N~ “COEt
P
N
16% conv 50% conv 50% conv 38% conv 46% conv 40% conv 48% conv
575:425er 549:451er 56: 44 er 56.3:43.7 er 70:30er 67.5:325er 66.5:335er
§=13 s=14 s=15 s=14 §=32 §=25 §=26
Me F cl
A A A A A N A
L. [ J » [ J [ J [ J [ J
N F N Cl N Br N 1 N N N’
34% conv 35% conv 37% conv 41% conv 25% conv 14% conv 21% conv
75:25er 68:32er 725:275 71:29er 60 : 40 er 75: 25 er 745:255
s=39 §=26 er §=32 s=16 s=33 er
§=33 §=33
Br I F
N N ~rF ~rF N
| [ ) [ . W | .
N N N N F N F
15% conv 9.4% conv 25% conv 21% conv 23% conv
68.5:31.5er 70:30 er 72:28 er 75:25er 74:26 er
§=23 s=24 §=29 §=35 §=33
Conversion was determined by 'H NMR analysis.
Erwas determined by HPLC analysis.
= (In[(1-c0nV(1+68 gie0 D/(In[(1-CONV(1-68 i)
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Table 3. Screening of carbonates.
AcCl (0.50 equiv)
carbonate (0.50 equiv) o
NH 2-Fluoropyridine (0.50 equiv) )l\
s 2 N
)\ (S)-TRIP (0.25 equiv) HN Me , NH,
Ph™ "Me z
toluene (0.06 M
 ( ) Ph “Me Ph" Me
rac-4 -20 C,1h 5 4
0.20 mmol
entry carbonate  conv (%)? ee of 5 (%ee)? s
1 Li,CO3 50 4.0 11
2 Na,CO3 35 5.6 1.1
3 K,CO3 48 13 1.5
4 CaCOs; 43 3.3 11

@ Determined by H NMR analysis.
b Determined by HPLC analysis.

s = (In[(1-conv(1+eeesten)])/(IN[(1-conv(1-eeester)])
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Table 4. Screening of amount of reagents.
AcCl (0.50 equiv)
Ag,CO; (0.25 equiv)
NH 2-fluoropyridine (0.50 equiv) JOL
)\ 2 (S)-TRIP (X equiv) HN" “Me NH,
Ph™“Me toluene (0.06 M) Ph/LM . h~Me
rac-4 -20°C,1h
0.20 mmol 5 4

entry X 2-fluoropyridine  Ag;COs  conv (%)? erof 5° K4

1€ 0.25 o o 18 76:24 3.6

2 0.50 o o 20 81.5:18.5 5.1

3 0.50 - o 23 74.5:255 3.3

4 0.50 o - 29 52.7:47.3 1.1

5 0.50 — — 26 522:47.8 1.1

4 Determined by 'H NMR analysis.

b Determined by HPLC analysis.

¢ Ag,CO;3 0.50 equiv

8 = (In[(1-conv(1+eeegsie)])/(IN[(1-conv(1-eeegter)])
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Table 5. Screenning of chiral Bronsted acids.
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