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Fig. 1. Structure of optically pure medicines. 
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Fig. 2. Methods to obtain optically pure medicines and agrochemicals. 
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Scheme 1. The X H insertion reactions of metal-carbenoid and free carbene. 
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Merck (+)-
4) B

E B

( C) ( D) -

N–H E  (Scheme 2)  

Scheme 2. Intramolecular N H insertion reaction via rhodium carbenoid in preparation of (+)-Thienamycin. 

N–H  (+)-
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(II)
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Rh2(5S-MEPY)4 Rh2(4S-MPPIM)4

C–H 7)
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ee 99% ee  (Scheme 3) 

 

Scheme 3. Asymmetric intramolecular C H insertion reaction using rhodium(II) amidate. 
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McKervey

(S) (N )

 (Rh2(S-BSP)4) 

C–H (82% ee)
8) Davies p

Rh2(S-DOSP)4

C–H 95% ee
9) (Scheme 4)  

 

 

 

 

 

 

 

 

 

 

 

Scheme 4. Asymmetric intermolecular C H insertion reaction using rhodium(II) carboxylate. 



5 
 

Hashimoto N

(II)

 (Fig. 3) 

tetrakis[N-

phthaloyl-(S)-phenylalaninato]dirhodium; 

(Rh2(S-PTPA)4) 

C–H 80% ee
10) tert tetrakis[N-

phthaloyl-(S)-tert-leucinato]dirhodium; (Rh2(S-PTTL)4) o
11a) 11b) C–H

94% ee 95% ee  (Scheme 5)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 5. Intramolecular C H insertion reaction using Rh2(S-PTPA)4 or Rh2(S-PTTL)4. 
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Scheme 6. Hydrogen bond formation by L-proline in transition state. 

 

Scheme 7. Utilization of cinchona alkaloid for steric regulation on addition reaction. 
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 (Scheme 8) Corey
18)  

  
 
 
 
 
 
 
 

Scheme 8. Enantioselective methylation using a novel phase-transfer catalyst prepared from cinchonine. 

Sharpless
19)

(DHQD)2PHAL 20a), 
(DHQD)2PYR 20b), (DHQD)2AQN 20c) 

 (Scheme 9)  

 
Scheme 9. Sharpless asymmetric dihydroxylation. 

Iwabuchi ( )-myceterin E
21a) Morita-Baylis-Hillman (MBH) 

DABCO Iwabuchi iso-
cuperidine ( -ICD) -ICD MBH

21b) 99% 
ee  (Scheme 10)  



9 
 

 
Scheme 10. Application of cinchona-alkaloid for ( )-myceterin E synthesis. 

Deng 2 (+)-
tanikolide  (Scheme 11) 

Michael 22)  

 
Scheme 11. Synthesis of (+)-tanikolide through cinchona alkaloid analog catalyzed Michael addition. 
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N–H Yates
23) - 3

20 (II) (Rh2(OAc)4) Teyssie
 (Scheme 12) 24)  

 

 
Scheme 12. Intermolecular N H insertion reaction. 
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N–H Moody
18

N–H  (Scheme 13) 25) - - - 4
Rh2(OAc)4 N–H

C–N –
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 ( )  (N, O, S )–
(stepwise process)

 (Scheme 14) 3, 26)  
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Scheme 13. Synthetic scheme of nostocyclamide. 

 

 

Scheme 14. Carbene insertion by concerted or stepwise processes. 

(II) N–H
1996 McKervey

N–H
5 45% ee  

(Scheme 15) 5)  
 

  
Scheme 15. Chiral Rh(II) mediated asymmetric intramolecular N H insertion reaction. 
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2002 Moody (6a)
6b  (7) N–H

21 (II)
9%  (Scheme 16) 6)  

 

Scheme 16. Chiral Rh(II) mediated asymmetric intermolecular N H insertion reaction. 

 

N–H
2007 Zhou - 8 N–H

(I)
98% ee  (Scheme 17) 
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Scheme 17. Chiral Cu(I) mediated asymmetric intermolecular N H insertion reaction of -diazoesters 8 

and anilines. 

 

Fu –  (Scheme 18) 
28) Zhou

Fu
/

95% ee
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Scheme 18. Chiral Cu(I) mediated asymmetric intermolecular N H insertion reaction of 

phenyldiazoacetates and anilines. 
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2 (II) N–H

 
 

(II)  (Table 1) 
Hashimoto N-  (Entries 

1 5) Davies Rh2(S-DOSP)4 
9,29) (Entry 6) Doyle Rh2(5S-

MEPY)4 
7,30) 1 (Entry 7) Rh2(S-PTPA)4 

10,31) 5
90% (14% ee) N–H 9a  (Entry 5) 

S 32)

 84% (7% ee (R)), 

                                                        
1 

d
p
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 78% (11% ee (S)),  69% (10% ee (S)), 1,2-  78% (13% ee 
(S)), THF 87% (2% ee (R)) 

33) (II) Lewis
Lewis (II)

Rh2(5S-MEPY)4

 (Entry 7)  

(Table 2) 34 37) Rh2(S-PTPA)4

9a 14% ee (S) (Table 1, Entry 5)
31% ee (R)  (Table 2, Entry 1) 

 (S) 9a
37% ee  (Entry 2) 
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(II)
tetrakis(triphenylacetato)dirhodium; Rh2(TPA)4 

38, 39) 

55% (R)  (Entry 3) 
45% ee 5) 

(II) N–H
S  (Entry 4) 

 
(Entries 5 & 6) 
94% 59% ee N H  9a  (Entry 7)  

 (Entries 3 & 5) Chem 
3D, MM2  (Fig. 
5) 

40)  

 
Fig. 5. Stable conformations of cinchonine and quinine calculated by MM2 method. 

 (Table 
3) 

(II)

1 mol% 0.1 
mol%  (Entries 1 & 2) 

0.05 mol% 0.01 mol%
 (Entries 3 & 4) Rh2(TPA)4 1 mol%

0.1 mol%  (Entry 2) 
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Rh2(TPA)4 10:1 Rh2(TPA)4

1:1
(II)

(II)
Rh2(TPA)4

Rh2(TPA)4 N–H 9a
Entry 2 Rh2(TPA)4 10:1

Rh2(TPA)4

 (Entries 3 & 4) Rh2(TPA)4

9a
Rh2(TPA)4

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Rh2(TPA)4 1:1

Rh2(TPA)4  (Table 4) 
Rh2(TPA)4

Rh2(TPA)4 Rh2(TPA)4

Lewis Rh2(TPA)4

Rh2(TPA)4 5
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 (Table 
5) 

10)

tert-
 6a-g  

(6a)  (6b) 3%
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62% ee N–H  9b  (Entries 1 & 2) 
 6d 67% ee N–H  9d 

 (Entry 4) 
6f 

120  (Entry 6) tert-
 6g  (Entry 7) 

 (6d)  
 (Table 6) 

2 3

 (Enties 1 vs 2 7) 4 4-
4- 4-
 (Entries 10 12) 4-

71%  (Entry 12) 41) 4- 44% 
ee  (Entry 8) p-



20 
 

 (Entry 15) 
4

Lewis (II)

 (Scheme 
19) 

(II)
 

 
 
 
 
 
 
 
 
 

Scheme 19. N H insertion reaction of phenyldiazoacetate 6d and cyclohexylamine or benzylamine. 

 (Table 7) 
- - -
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- - -
1,2- , -

42,43) Hashimoto - -
- C–H Rh2(S-PTTL)4 1,2-

(Z)-
11b) -

- -
-  

(8a) 82% (77% ee) N–H 11a  (Entry 1) 
-  (8b) 

(Z)-alkene 48% 80% ee
 (Entry 2) 

86% ee 8b  (Entry 3) 10 oC
90% ee  (Entry 4)  

-
 

(Scheme 20, 21) 
Scheme 20 12 15

 ( ) 
95% ee

95% ee
HPLC 4

12-15 99% ee TLC 1H NMR
- N–H

4
N–H  9a 31 51%

12 99% (51% ee (R)) 
N–H 9a

 (94% yield (59% ee (R)))  (Scheme 20) 
2

1 - D- 44)

(–)- (–)-
Rh2(S-PTPA)4 N- -L-

 (Scheme 21) 
-

 (Scheme 24 )
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Scheme 20. Chiral -aminoalcohol 12 15 catalyzed asymmetric N H insertion reaction. 

Scheme 21. Chiral -aminoalcohol catalyzed asymmetric N H insertion reaction.  
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3  

2011 Mattson 16 N–H
45) N–H

 

N–H

6a
(II)

6a
N–H

N–H
 (Scheme 22)  

 
Scheme 22. Concept to stereocontrol of free carbenes generated by thermolysis of the diazocompounds. 
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 (Table 8) 
C–H

11) 80 oC  6a 
 (Entry 1) 100 oC 24

56%, 42% ee (R) N–H  (Entry 2) 
3  (Entry 3) 

 17 -  18 46)

o-  (  144 oC) 120 
oC  (Entry 5) 

24
43%  (Entry 7)  

(Entry 2)  (Entry 7) 
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 (6a) 100 oC
 (Table 9) 

DMF DMSO 120 oC
 (Entries 1 & 2) 1,4- N,N-

(neat)
30  (Entries 3 6) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 (Table 10)

 6a  6b 42% ee
64% ee  (Entries 1 & 2) tert-

 6g  19 73% ee  
(Entry 3) tert-  6g 15%

 (Entry 4) 
S  (Entry 5) 

 (Entries 6 & 7) 
Rh2(TPA)4

 (Table 2, Entries 5 & 6)  
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3) 6b

 (Table 11) 
5

 (Entry 4)  9b 
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 (Table 12)

5–10 mol % 13)

1 mol% 0.1 0.01 mol %
 (Entries 2 4) 0.01 mol%

 
 

 

 
 (Table 

13) 

 (Table 13, Entries 1 5)  
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 (Table 14) 4

4- 74% ee  20c  (Entry 4) 47)

(II) p-
 20e  (Table 14, Entry 6 vs Table 6, Entry 15) 

(II) / p-
(II)

N–H
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 (Scheme 23) 
100 oC Rh2(TPA)4

Rh2(TPA)4

Rh2(TPA)4

(II)
Rh2(TPA)4

 

 

Scheme 23. Effects of Rh2(TPA)4 on enantioselectivities. 

 

 
(Scheme 24) 

6% ee
2009 Yu (II)

O–H DFT
(I) (II) /

33) Cu(I) (I)
(II)

(II)
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Scheme 24. Plausible reaction mechanism. 
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2  O H  
 

1   
 

O–H

O–H 2006 Fu O–H
/ 98% ee

 (Scheme 25) 48)  

 

 
Scheme 25. Chiral Cu catalyst mediated asymmetric intermolecular O H insertion reaction of 

phenyldiazoacetates and alcohol. 

 

2007 Zhou
99.6% ee O–H  

(Scheme 26) 49) H2O
90% ee 50)  
 

 

Scheme 26. Chiral Cu catalyst mediated asymmetric intermolecular O H insertion reaction of -

diazoacetates and phenol. 

(II) C–H
O–H  8% ee

 (Scheme 27) 51) Yu (II)
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Scheme 27. Chiral Rh catalyst mediated asymmetric intermolecular O H insertion reaction of 

styryldiazoacetates and alcohol. 

 

Hu (II) O–H

 
(Scheme 28) 52) O–H ; 
Rh2(tfa)4 tetrakis(caprolactamato)dirhodium; Rh2(cap)4

tetrakis[1-[[4-alkyl(C11-C13)phenyl]sulfonyl]-(2S)-pyrrolidinecarboxylato]dirhodium; 
Rh2(S-DOSP)4 9) / /O–H

(II)
O–H  

 

Scheme 28. The evidence of the generation of oxinium ylide. 

O–H  
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2 O–H  

 
O–H

Fu 38)

 
(II) N-

Rh2(S-PTTL)4 
11) Rh2(S-PTPA)4 

10)

 (6a) (II)
1 mol% O–H H2O CH3OH

O–H  (Table 15, Entries 1–4) 
10  (18)2 

2-( )-2-  
(21)  (Fig. 6)  (22, 23)  (Table 
15)  6a  21 

39)

H2O CH3OH
H2O 70 80% N–H

N–H O–H

1,2-Stevens  6a 
Rh2(OAc)4 Rh2(TPA)4 38, 39)

50%  
(Table 1, Entries 5-6)

Rh2(TAP)4

O–H
 

                                                        
2  6a 
Maurino

 18 46)  
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Fig. 6. By-products of O–H insertion reaction of diazoacetate with water. 

 

Nelson (II) ascomycin
O–H tetramethylurea (TMU) 

0.8 mol%
 3(Scheme 29) 53)  

 

                                                        
3 

(Lewis
) Nelson TMU, Hünig base, N,N-

diethylaniline  
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Scheme 29. Additive effect in O H insertions. 

Nelson ascomycin

TMU
25% TMU

54%
Nelson

tetrakis(1-adamantaneacetato)dirhodium; Rh2(1-adaman)4

TMU
 (Fig. 7) Katsuki

(–)-

 (Scheme 30) 54)  
 
 

 
Scheme 30. Asymmetric epoxidation using Mn-salen complex and ( )-sparteine. 



37 
 

52% ee

2
 (Fig. 8)

 
N–H

 (Scheme 31) 41)

(II) 10 mol%

Rh2(TPA)4

(II)

O–H
 

 

 
Scheme 31. Asymmetric N H insertion reaction of diazo compounds and anilines using Rh(II) and cinchona 

alkaloids. 

(II)
N–H

Lewis
(II) O–H
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 (Table 15, Entry 6) N–H
Rh2(TPA)4

O–H  (Table 16) 
tert- O–H

13 31%  Table 16, Entry 6 
35%  (Entries 2-5) O–H

H2O 82%
38%

(II) O–
H

64%
 (Entry 1)  

 

 

O–H
2

(II) Lewis
O–H 1

55) H2O
H2O O–H

 
(II) Rh2(TPA)4
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6
 (Table 17, Entries 1-9) 

4  (82%)  (38% ee) 
 (Entries 1 & 2) (S)- (22)

 (37-38% ee) 
 (Entries 3 & 4) (R)-

(22) / ( )
H2O O–H

/ 6

30% ee (R) 27% 
ee (S) 10%

Lewis
 (Entries 5 & 6) 

2 72%
33% ee (S)  (Entry 7)

S
31  

(84%)  (38% ee) 
 (Entry 8) 

R 33% ee
 (Entry 9)  

H2O

 
(Entries 10-14) ( )

4- 28
29

 (Entries 10 & 11) 
4- -2-  (30
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31)  (4% ee (R) 4% ee (S))  (Entries 12 
& 13) 

32 22% ee  (Entry 
14) 

 
H2O O–H

6
Sharpless 20)

( )
6 O–H  (Entries 15-

21) (DHQ)2PHAL (DHQD)2PHAL
22% ee (S) 22% ee (R)

 (38% ee (S) 38% ee (R)) 
 (Entries 15 & 16) 

(DHQ)2PYR (DHQD)2PYR
 (Entries 17 & 19) 38% ee

18% ee 20 % ee  (Entry 18) (DHQ)2AQN
(DHQD)2AQN  

(Entries 20 & 21)  

H2O O–H
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(22)
(II) O–H  (Table 15) Lewis
 (Table 18)

(II)
Rh2(S-PTTL)4 Rh2(S-PTPA)4 Rh2(S-PTTL)4

1
79%  (Entry 1) (II)

(22) Rh2(S-PTPA)4

 (Entry 4) Rh2(S-PTTL)4

8 4
43% 50%  (Entries 2 & 3) 22% ee (S)

25% ee (R) Rh2(TPA)4

Rh2(S-PTPA)4

 ( 61% 64% 23% ee (S) 21% ee 
(R))  (Entries 5 & 6) 

Lewis H2O O–H
(II)
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O–H (II)
 (Table 19) (II)

Rh2(TPA)4 Rh2(piv)4 Rh2(oct)4 Rh2(OAc)4 Rh2(pfb)4 Rh2(esp)4 Rh2(cap)4

7 (II)
Rh2(TPA)4

Rh2(piv)4

Rh2(OAc)4 82% 80% 59%
38% ee 31% ee 34% ee  (Entries 1, 2 & 4) 

 (73%) 
 (32% ee)  (Entry 3) 

 (54%)  (29% ee)  (Entry 5) 

, , ’, ’- -1,3- (II)
Rh2(esp)2 56) 67% (32% ee) 

 (Entry 6) Rh2(TPA)4
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-
Rh2(cap)4

 57)  (Entry 7) 
O–H  

2 mol%
mol  (Table 20) 

 
(Entry 1) 61%~82%

30%

1 mol%~10 mol%
 (0.3 76 ) 

 (Entries 2-6) Lewis Lewis
(II)

2 mol%
 (Entry 3) O–H 2 mol%

 
 

 

18~28 oC
40 oC  (0 oC) 

 (Table 21) 2 mol%
4 40 oC 1 0 56

82% 40 oC 94% 0 oC
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38% ee 40 oC 34% ee 0 oC 45% ee
 (Entries 1, 2 & 4) 5 mol% 0 oC

O–H
120 30

2 mol% 0 oC
 (Entry 5) 

 
 

 
 

15
 (Table 22)

(–)- Katsuki

57)

H2O (II) Rh2(TPA)4

1 mol% 2 mol%
22 72%

5% ee O–H
 (Entry 1) 

0.3
~0.5

 (Entries 2-5) Table 6 Entry 
1

(II)  
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(II) X–H
O–H  (Table 23) 

O–H Zhou  49)

1 2  (CuCl
CuBr) 2 mol%

Zhou 5 mol%
 (Wakogel C-200) 30 mg CuCl

4.5 43% CuBr
120 25%

 (Entries 1 & 
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2) Zotto 33
N–H S–H  58)

(22)  (Entry 3)  
Fu O–H 2

(II)
 (up to 98% ee) 48)

 (Table 24) 
4-

 (34~39) 
Rh2(TPA)4 1 mol%

2 mol%
0.3

 (Entries 1 & 2) 
36~39 76~78% 39 20%

 (Entries 3 6)  
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 (Table 25) 4  (Cl Br) 
DBU

p-ABSA 5

2 8

 (Entry 2) 

38% ee 35% ee 33% ee  (Entry 1 
vs Entries 3 & 4) 

 (Entry 1 vs 
Entries 5 & 6) 

 
(Entry 1 vs Entries 7 & 8) 
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O–H
H2O

 (THF) 
N,N-  (DMF)  (DMSO) 

1,2-

 ( ) 

H2O
 59)

3  (MS3A) 

Wakogel C-200
silica gel 60 (spherical)

silica gel 60N  (Table 26) 
20

74 79% Wakogel C-200 3
36% ee  (Entries 1-3) 

MS3A
 (Entries 4 & 5)  
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 (Table 27) 

CHIRALPAK IA, IC
 (7)  (Entries 1 & 2) CHIRALPAK IB 7

Wakogel
 (Entry 3)  

 

 
 

H2O O–H
Wakogel C-200

Wakogel  
(Wakosil) 

 (Silica gel 100 C-18 Reversed 
phase phenyl-functionalized silica gel)  (Table 28) 

Wakogel C-200 2~5
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Wakogel C-200  (Wakogel C-100)  (Wakogel C-
300, Wakogel C-400HG) 

Wakogel C-100 Silica gel 100 C-18 Reversed phase
Wakogel C-200 3 90%

H2O O–H
Wakogel C-200  

 

 
 
Table 21  (40 oC~0 oC) 

H2O O–H

Wakogel C-200
 (Table 29) 0 oC

THF
 (Et2O) 

0.3  (2 ) 
97% 45% ee

Table 7 Entry 4  (56 )  (86%) 
 (45% ee) 1/28

11%  (Entry 
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2) THF Et2O 0 oC
98%

85% 42% ee 44% ee 0 oC
 (Entries 3 & 4) 

40% ee 46% ee 40%
 (Entries 5 & 6) 

–10 oC –20 oC
–40 oC –10 oC 0 oC

90%
50%  (Entry 7) 60) 75%

S (II)
O–H

 (Entries 8 & 9)  
(6a)

H2O Rh2(TPA)4 O–H

–10 oC
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3  

(II)

N–H
(II) (II)

N–H

 
 ( ) 

1,2- Stevens 2,3-
 

 
 

West, Naidu 47 Rh2(OAc)4

48 [1,2]-Stevens
49  (Scheme 32) 61)  

 

Scheme 32. [1,2]-Stevens rearrangement of ammonium ylide via Rh(II) carbenoid. 

- - - 50 Cu(acac)2

51 64% Rh2(OAc)4 34%
 (Scheme 33) 62)  

 
Scheme 33. [1,2]-Stevens rearrangement of ammonium ylide via Cu(II) carbenoid. 
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(II) [2,3]-
63 65)

Hu 66)

1,2- 52
 (Scheme 34)

 
 

 
 
 
 
 

Scheme 34. Three component reaction of ammonium ylide. 

1,2-
N–H

(II) (II)
N–H

 (Scheme 35)  
(a) - A B

 
(b) B R2 NH2

 
(c) [1,2]- : C, D E  
 

 
Scheme 35. Commonly accepted mechanism for the N H insertion reaction. 
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(II)  (
) Lewis  ( ) 

 
1. (II)

 
2.  
3. N–H

6
 

4. Scheme 23
Rh2(TPA)4

 
5. -

N–H  (  
51% ee)  

Yu DFT
33) [1,2]-proton shift
Gsol (FY-MY)  (metal-associated ylide, MY) 

 (free ylide, FY) 

Cu(I) 11.5 kcal/mol
Rh(II) 6.5 

kcal/mol
O–H

 (Scheme 36)  

 
Scheme 36. Comparison of ylide intermediates between Cu and Rh complexes. 
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(II)

Rh2(TPA)4

2
Lewis Lewis

(II)

12 1 M HCl aq.

Rh2(TPA)4
1H NMR

Rh2(TPA)4

 

 (Scheme 36) Rh2(TPA)4 (II)

1,2- N H
(II)

(II)

Yu

 
 Brønsted Lewis

 (bifunctional)  
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Scheme 36. Plausible reaction mechanism of N H insertion reaction. 

 
 

Hu

67)  
 

 

Scheme 37. Three component reaction of oxonium ylide. 
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Jonson 68 70) O–H
 

Zhou Rh2(TPA)4 N–H  
71)  

(Scheme 38)
1,2-

1,4-
- 12 15

 
 

 
Scheme 38. Proton-transfer shuttle by chiral phosphoric acid. 

 
X–H  

1. 

-  
2. (II)

 
3. (II) N–H
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N–H O–H
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Experimental Section 
 

General 
 

Melting points were determined with a Yanagimoto micromelting point apparatus and are uncorrected. Proton 

nuclear magnetic resonance (1H NMR) spectra were recorded on JEOL JNM-ECX600 (600 MHz) or JEOL JNM-

ECX500 (500 MHz) spectrometers. Chemical shifts are reported relative to internal standard (tatramethylsilane; 

H 0.00, CDCl3; H 7.26). Data are presented as follows: chemical shift ( , ppm), multiplicity (s = singlet, d = 

doublet, t = triplet, q = quartet, hept = heptet, sept = septet, m = multiplet, br = broad), coupling constant, 

integration and assignment. Carbon nuclear magnetic resonance (13C NMR) spectra were recorded on JEOL 

JNM-ECX600 (150 MHz) or JEOL JNM-ECX500 (125 MHz) spectrometers. The following internal reference 

was used: CDCl3 (  77.0). Optical rotations were measured on a JASCO P-1030 digital polarimeter at the sodium 

D line (589 nm). Electron impact (EI) mass analyses and fast atom bombardment (FAB) mass analyses were 

carried out with a JEOL JMS-GCMATE. Column chromatography was carried out on Wakogel C-200 (100-200 

mesh) or Kanto Silica gel 60N (63-210 mesh). Analytical thin-layer chromatography (TLC) was carried out 

using Merck Kieselgel 60 F254 plates with visualization by ultraviolet light (  = 254 nm), anisaldehyde stain 

solution or phosphomolybdic acid stain solution. Reagents and solvents were purified by standard means. 

HPLC analyses were performed on a Shimadzu LC-10AD and SPD-10A (detector  = 254 nm). Chiral 

separation were performed using a Daicel Chemical Industries Chiralcel OD-H, OJ-H Chiralpak AD-H, AS-H 

column. Retention time (tR) and peak ratios were determined with a System Instruments Co., Ltd. 

Chromatocorder 21. Reagents and solvents were purified by standard means or used as received unless otherwise 

noted. Dehydrated CH2Cl2, toluene, and o-xylene were purchased from Kanto Chemical Co. Inc. Rh2(S-DOSP)4 

and Rh2(octanoate)4 were purchased from Aldrich. Rh2(S-PTPA)4, Rh2(S-PTTL)4 were purchased from TCI. 

Cinchona alkaloids: Dihydrocinchonine was purchased from Aldrich. Cinchonine, cinchonidine, quinine, 

quinidine and -isocupreidine were purchased from TCI. 
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1 1  
Typical Procedure for Preparation of -Diazophenylacetates: Preparation of Methyl phenyldiazoacetate 

(6a). 

This compound was prepared according to the protocol reported by Davies.72) To a solution 

of methyl phenylacetate (2.25 g, 15.0 mmol) and p-acetamidobenzenesulfonyl azide (4.0 g, 

16.7 mmol) in MeCN (25 mL) at 0 oC was added 1,8-diazabicyclo[5.4.0]undec-7-ene (2.7 

mL, 18.0 mmol) dropwise. The mixture was stirred at rt for 5 h under Ar atmosphere. The 

orange-colored reaction mixture was partitioned between Et2O (100 mL) and water (50 mL). The organic layer 

was washed successively with 10% NaOH aq. (50 mL), water (2 x 50 mL) and brine (50 mL), and dried over 

anhyd. Na2SO4. Filtration and evaporation gave crude product, which was purified by column chromatography 

(50 g of silica gel, hexane/EtOAc = 20:1 as an eluent) to provide 6a (2.2 g, 82%) as an orange oil. It was identical 

to the material described in literature.73) 
1H NMR (600 MHz, CDCl3):  3.86 (s, 3H, CO2CH3), 7.18 (tt, J = 1.0, 7.2 Hz, 1H, ArH), 7.38 (tt, J = 1.0, 7.2 

Hz, 2H, ArH), 7.48 (dd, J = 1.0, 7.2 Hz, 1H, ArH). 

 

Ethyl phenyldiazoacetate (6b)74). Yield 50%; an orange oil, 1H NMR (600 MHz, CDCl3)  1.34 (t, J = 7.2 Hz, 

3H, OCH2CH3), 4.34 (q, J = 7.2 Hz, 2H, OCH2CH3), 7.18 (tt, J = 1.4, 7.6 Hz, 1H, ArH), 7.38 

(tt, J = 1.4, 7.6 Hz, 2H, ArH), 7.49 (dd, J = 1.0, 7.2 Hz, 1H, ArH). 

 

 

Neopentyl phenyldiazoacetate (6c). Yield 38%, an orange needle; Rf = 0.60 (hexane/EtOAc = 8:1); 1H NMR 

(600 MHz, CDCl3)  0.98 (s, 9H, C(CH3)3), 3.98 (s, 2H, CO2CH2C), 7.19 (tt, J = 1.0, 

7.2 Hz, 1H, ArH), 7.34–7.40 (m, 2H, ArH), 7.49–7.50 (m, 2H, ArH). 

 

 

 

Isobutyl phenyldiazoacetate (6d). Yield 77%; an orange needle, Rf = 0.70 (hexane/EtOAc = 8:1); mp 39–40 

C (hexane); 1H NMR (600 MHz, CDCl3) 0.98 (d, J = 6.9 Hz, 6H, CH(CH3)2), 2.01 

(m, 1H, CH(CH3)2), 4.06 (d, J = 6.5 Hz, 2H, OCH2CH), 7.18 (tt, J = 1.1, 7.2 Hz, 1H, 

ArH) 7.37–7.40 (m, 2H, ArH), 7.48–7.50 (m, 2H, ArH); 13C NMR (125 MHz, 

CDCl3) 19.0 (2 x CH3), 27.9 (CH), 70.9 (CH2), 123.9 (2 x CH), 125.6 (C), 125.7 (CH), 128.9 (2 x CH), 165.2 

(C); HRMS (EI) calcd for C12H14N2O2 (M+) 218.1055, found 218.1058 

 

Benzyl phenyldiazoacetate (6e). Yield 92%; an orange needle; Rf = 0.47 (hexane/EtOAc = 8:1); mp 56–57 C 

(hexane); 1H NMR (600 MHz, CDCl3)  5.32 (s, 2H, CO2CH2Ph), 7.19 (tt, J = 1.1, 7.2 Hz, 

1H, ArH), 7.32–7.41 (m, 7H, ArH), 7.48–7.50 (m, 2H, ArH); 13C NMR (125 MHz, 

CDCl3) 66.5 (CH2), 124.0 (2 x CH), 125.4 (C), 125.9 (CH), 128.1 (2 x CH), 128.3 (CH), 

128.6 (2 x CH), 128.9 (2 x CH), 135.8 (C), 165.0 (C). 
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Isopropyl phenyldiazoacetate (6f). Yield 93%; an orange needle, Rf = 0.53 (hexane/EtOAc = 8:1); 1H NMR  

1.33 (d, J = 6.2 Hz, 6H, OCH(CH3)2), 5.21 (hept, J = 6.2 Hz, 1H, OCH(CH3)2), 7.17 (tt, J 

= 1.7, 7.6 Hz, 1H, ArH), 7.38 (tt, J = 1.7, 7.6 Hz, 2H, ArH), 7.49 (dd, J = 1.7, 7.6 Hz, 1H, 

ArH); 13C NMR (125 MHz, CDCl3)  22.0 (2 x CH3), 68.6 (CH), 123.9 (2 x CH), 125.6 

(CH), 125.7 (C), 128.8 (2 x CH), 164.7 (C); HRMS (EI) calcd for C11H12N2O2 (M+) 

204.0899, found 204.0902 

 

tert-Butyl phenyldiazoacetate (6g) 75) 

1H NMR (500 MHz, CDCl3)  1.55 (s, 9H, C(CH3)3), 7.15 (tt, J = 1.1, 7.5 Hz, 1H, ArH), 

7.36 (dt, J = 1.1, 7.5 Hz, 2H, ArH), 7.47 (dd, J = 1.1, 7.5 Hz, 2H, ArH). 

 

 

 

Typical Procedure for Intermolecular N–H Insertion Reactions Using Chiral Rh(II) Complexes (Table 1): 

Preparation of (S)-Methyl 2-phenyl-2-(phenylamino)acetate (9a) via Rh2(S-PTPA)4-Catalyzed N–H 

Insertion Reaction of 1a (Table1, entry 5).  

 Rh2(S-PTPA)4 (5.6 mg, 0.004 mmol, 2 mol%) was added to a solution of 6a (35 mg, 0.20 

mmol) and aniline (22 mg, 0.24 mmol) in CH2Cl2 (2.0 mL) at room temperature. After 5 

min of stirring at the same temperature, the whole mixture was concentrated in vacuo. The 

crude product was purified by column chromatography (15g of silica gel, hexane/EtOAc = 

20:1 as an eluent) to afford (S)-9a as a colorless needle. (43 mg, 90%, 14% ee) as a colorless 

needle. 

(S)-9a: Rf = 0.32 (hexane/EtOAc = 8:1); mp 75–78 C; [ ]D22 +10.3 (c 2.16, THF), [ ]D23 +13.5 (c 2.16, CHCl3) 

for 14% ee; 1H NMR (600 MHz, CDCl3):  3.72 (s, 3H, CO2CH3), 4.95 (d, J = 5.8 Hz, 1H, NH), 5.08 (d, J = 5.8 

Hz, 1H, ArCHCO2), 6.56 (m, 2H, ArH), 6.68–6.71 (m, 1H, ArH), 7.10–7.13 (m, 2H, ArH), 7.29–7.31 (m, 1H, 

ArH), 7.34–7.36 (m, 2H, ArH), 7.49 (m, 2H, ArH). 13C NMR (125 MHz, CDCl3)  52.8 (CH3), 60.7 (CH), 113.3 

(2 x CH), 118.1 (CH), 127.2 (2 x CH), 128.3 (CH), 128.8 (2 x CH), 129.2 (2 x CH), 137.6 (C), 145.9 (C), 172.3 

(C); IR (KBr)  3407, 1733, 1606, 1506 cm-1; HRMS (EI) calcd for C15H15NO2 (M+) 241.1103, found 241.1107; 

Anal. Calcd for C15H15NO2: C, 74.67; H, 6.27; N, 5.81. Found: C, 74.71; H, 6.26; N, 5.73. 

The enantiomeric exess of 9a was determined to be 14% by chiral HPLC: using Daicel Chiralpak AD-H; 

hexane/iPrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 9.0 

min (major), 10.0 (minor). The preferred absolute configuration of 9a was determined by comparing the sign of 

the optical rotation with the literature value. [lit.32) [ ]D26 +68.3 (c 0.32, THF) for >98% ee of (S)-9a.] 

 

 

 

 

 



64 
 

Typical Procedure for Intermolecular N–H Insertion Reactions Using Rh2(TPA)4 and Dihydrocinchonine 

(Table 2): Preparation of (R)-Methyl 2-phenyl-2-(phenylamino)acetate (9a) from 6a under the influence 

of Rh2(TPA)4 and dihydrocinchonine (Table 5, entry 1). 

 A mixture of 6a (35 mg, 0.20 mmol) and aniline (22 mg, 0.24 mmol) in CH2Cl2 (1 mL) 

was added to a solution of Rh2(TPA)4 (2.8 mg, 0.002 mmol, 1 mol%) and dihydrocinchonine 

(0.06 mg, 2.0 x 10 4 mmol, 0.1 mol%) in CH2Cl2 (1 mL) over 10 seconds at room 

temperature. After 9 h of stirring at the same temperature, the whole was concentrated in 

vacuo. The crude product was purified by column chromatography (15g of silica gel, 

hexane/EtOAc = 20:1 as an eluent) to afford (R)-9a (45 mg, 94%, 59% ee) as a colorless needle. 

(R)-2a Mp 56–58 C; [ ]D24 –61.5 (c 2.26, CHCl3) for 59% ee.  

 

Ethyl 2-phenyl-2-(phenylamino)acetate (9b).76) (Table 5, entry 2) Yield 99%; a colorless needle; Rf = 0.52  

(hexane/EtOAc = 8:1); mp 50–51 C; [ ]D27 –54.4 (c 2.52, CHCl3) for 62% ee. 

The enantiomeric exess of 9b was determined to be 62% by chiral HPLC: using Daicel 

Chiralcel OJ-H; hexane/iPrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: 

ultraviolet absorption at 254 nm; tR = 17.2 min (minor), 18.2 (major). 
1H NMR (600 MHz, CDCl3):  1.21 (t, J = 7.2 Hz, 3H, CH2CH3), 4.13 (dq, J = 7.2, 10.7 Hz, 

1H, one of CH2CH3), 4.23 (dq, J = 7.2, 10.7 Hz, 1H, one of CH2CH3), 4.96 (d, J = 5.8 Hz, 1H, NH), 5.06 (d, J 

= 5.8 Hz, 1H, ArCHCO2), 6.56 (m, 2H, ArH), 6.68–6.71 (m, 1H, ArH), 7.11–7.13 (m, 2H, ArH), 7.29–7.31 (m, 

1H, ArH), 7.34–7.36 (m, 2H, ArH), 7.50 (m, 2H, ArH); 13C NMR (125 MHz, CDCl3):  14.0 (CH3), 60.8 (CH), 

61.8 (CH2), 113.4 (2 x CH), 118.0 (CH), 127.2 (2 x CH), 128.2 (CH), 128.8 (2 x CH), 129.2 (2 x CH), 137.7 

(C), 146.0 (C), 171.8 (C); IR (KBr)  3396, 1726, 1604, 1508 cm-1; HRMS (EI) calcd for C16H17NO2 (M+) 

255.1259, found 255.1261; Anal. Calcd for C16H17NO2: C, 75.27; H, 6.71; N, 5.49. Found: C, 75.21; H, 6.72; N, 

5.42. 

 

Neopentyl 2-phenyl-2-(phenylamino)acetate (9c). (Table 5, entry 3) Yield 88%, a colorless needle; mp 72–

73 C; Rf  = 0.65 (hexane/EtOAc = 8:1); [ ]D22 –52.2 (c 2.50, CHCl3) for 63% ee;  

The enantiomeric exess of 9c was determined to be 63% by chiral HPLC: using Daicel 

Chiralpak AD-H; hexane/iPrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: 

ultraviolet absorption at 254 nm; tR = 6.4 min (minor), 7.3 (major). 
1H NMR (600 MHz, CDCl3):  0.80 (s, 9H, C(CH3)3), 3.75 (d, J = 10.3 Hz, 1H, one 

of CO2CH2CH), 3.88 (d, J = 10.3 Hz, 1H, CO2CH2CH), 5.05 (d, J = 5.5 Hz, 1H, NH), 5.08 (d, J = 5.5 Hz, 1H, 

ArCHCO2), 6.56 (m, 2H, ArH), 6.67–6.70 (m, 1H, ArH), 7.10–7.13 (m, 2H, ArH), 7.28–7.30 (m, 1H, ArH), 

7.33–7.36 (m, 2H, ArH), 7.51 (m, 2H, ArH); 13C NMR (125 MHz, CDCl3):  26.2 (3 x CH3), 31.5 (C), 60.8 

(CH), 77.0 (CH2), 113.4 (2 x CH), 117.9 (CH), 127.2 (2 x CH), 128.2 (CH), 128.8 (2 x CH), 129.2 (2 x CH), 

138.0 (C), 146.0 (C), 171.8 (C); IR (KBr)  3409, 1730, 1717, 1606, 1510 cm-1; HRMS (EI) calcd for C19H23NO2 

(M+) 297.1729, found 297.1729; Anal. Calcd for C19H23NO2: C, 76.73; H, 7.80; N, 4.71. Found: C, 76.65; H, 

7.91; N, 4.69. 
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Isobutyl 2-phenyl-2-(phenylamino)acetate (9d). (Table 2, entry 4) Yield 93%; a colorless needle; Rf = 0.58  

(hexane/EtOAc = 8:1); mp 65–66 C; [ ]D26 –57.4 (c 2.67, CHCl3) for 67% ee. 

The enantiomeric exess of 9d was determined to be 67% by chiral HPLC: using Daicel 

Chiralpak AD-H; hexane/iPrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: 

ultraviolet absorption at 254 nm; tR = 7.5 min (minor), 8.4 (major). 
1H NMR (600 MHz, CDCl3):  0.80 (d, J = 6.9 Hz, 3H, CH(CH3)2), 0.81 (d, J = 6.9 

Hz, 3H, CH(CH3)2), 1.87 (m, 1H, CH(CH3)2), 3.89 (dd, J = 6.5, 10.7 Hz, 1H, one of CO2CH2CH), 3.93 (d, 1H, 

J = 6.5, 10.7 Hz, 1H, one of CO2CH2CH), 5.01 (d, J = 5.5 Hz, 1H, NH), 5.07 (d, J = 5.5 Hz, 1H, ArCHCO2), 

6.56 (m, 2H, ArH), 6.68–6.70 (m, 1H, ArH), 7.10–7.13 (m, 2H, ArH), 7.28–7.31 (m, 1H, ArH), 7.33–7.36 (m, 

2H, ArH), 7.50 (m, 2H, ArH); 13C NMR (125 MHz, CDCl3):  18.8 (2 x CH3), 27.7 (CH), 60.8 (CH), 71.7 (CH2), 

113.4 (2 x CH), 118.0 (CH), 127.2 (2 x CH), 128.2 (CH), 128.8 (2 x CH), 129.2 (2 x CH), 137.9 (C), 146.0 (C), 

171.8 (C); IR (KBr)  3404, 1725, 1607, 1509 cm-1; HRMS (EI) calcd for C18H21NO2 (M+) 283.1572, found 

283.1577; Anal. Calcd for C18H21NO2: C, 76.29; H, 7.47; N, 4.94. Found: C, 76.32; H, 7.56; N, 4.88. 

 

Benzyl 2-phenyl-2-(phenylamino)acetate (9e). (Table 2, entry 5) Yield 98%; colorless oil; Rf = 0.45 

(hexane/EtOAc  = 8:1); [ ]D26 –28.5 (c 3.09, CHCl3) for 56% ee. 

The enantiomeric exess of 9e was determined to be 56% by chiral HPLC: using Daicel 

Chiralpak AS-H; hexane/iPrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: 

ultraviolet absorption at 254 nm; tR = 8.1 min (major), 9.2 (minor). 
1H NMR (600 MHz, CDCl3):  4.95 (d, J = 5.5 Hz, 1H, NH), 5.10 (d, J = 12.4 Hz, 1H, one 

of CO2CH2Ph), 5.12 (d, J = 5.5 Hz, 1H, ArCHCO2), 5.20 (d, J = 12.4 Hz, 1H, one of CO2CH2Ph), 6.55 (m, 2H, 

ArH), 6.68–6.70 (m, 1H, ArH), 7.09–7.12 (m, 2H, ArH), 7.15–7.18 (m, 2H, ArH), 7.28–7.35 (m, 6H, ArH), 

7.48–7.50 (m, 2H, ArH). 13C NMR (125 MHz, CDCl3):  60.8 (CH), 67.3 (CH2), 113.4 (2 x CH), 118.1 (CH), 

127.3 (2 x CH), 127.8 (2 x CH), 128.3 (CH), 128.5 (2 x CH), 128.8 (2 x CH), 129.2 (2 x CH), 135.2 (C), 137.5 

(C), 145.9 (C), 171.7 (C); IR (KBr)  3394, 1725, 1606, 1507 cm-1; HRMS (EI) calcd for C21H19NO2 (M+) 

317.1416, found 317.1419; Anal. Calcd for C21H19NO2: C, 79.47; H, 6.03; N, 4.41. Found: C, 79.53; H, 5.94; N, 

4.34. 

 

Isopropyl 2-phenyl-2-(phenylamino)acetate (9f) (Table 2, entry 6) Yield 72%, a colorless oil; Rf = 0.55  

(hexane/EtOAc = 8:1); [ ]D27 –43.8 (c 1.96, CHCl3) for 59% ee. 

The enantiomeric exess of 9f was determined to be 59% by chiral HPLC: using Daicel 

Chiralpak AS-H; hexane/iPrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: 

ultraviolet absorption at 254 nm; tR = 5.0 min (major), 5.7 (minor). 
1H NMR (600 MHz, CDCl3):  1.08 (d, J = 6.5 Hz, 3H, CH(CH3)2), 1.27 (d, J = 6.5 Hz, 

3H, CH(CH3)2), 4.95 (d, J = 5.9 Hz, 1H, NH), 5.028 (d, J = 5.8 Hz, 1H, ArCHCO2), 5.029 (hept, J = 6.5 Hz, 1H, 

OCH(CH3)2), 6.56 (m, 2H, ArH), 6.68–6.70 (m, 1H, ArH), 7.10–7.13 (m, 2H, ArH), 7.28–7.30 (m, 1H, ArH), 

7.33–7.36 (m, 2H, ArH), 7.49 (m, 2H, ArH); 13C NMR (125 MHz, CDCl3):  21.4 (CH3), 21.8 (CH3), 60.9 (CH), 

69.5 (CH), 113.4 (2 x CH), 117.9 (CH), 127.1 (2 x CH), 128.1 (CH), 128.7 (2 x CH), 129.2 (2 x CH), 137.8 (C), 
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146.0 (C), 171.3 (C); IR (film)  3896, 1733, 1603, 1507 cm-1; HRMS (EI) calcd for C17H19NO2 (M+) 269.1416, 

found 269.1417; Anal. Calcd for C17H19NO2: C, 75.81; H, 7.11; N, 5.20. Found: C, 75.40; H, 7.17; N, 4.69. 

 

Isobutyl 2-(2-chlorophenylamino)-2-phenylacetate (10a). 

 Yield 98%; a colorless oil; Rf = 0.66 (hexane/EtOAc = 8:1); [ ]D26 –13.1 (c 1.01, 

CHCl3) for 55% ee. The enantiomeric exess of 10a was determined to be 55% by 

chiral HPLC: using Daicel Chiralcel OJ-H; hexane/iPrOH = 9:1 as an eluent; flow rate 

= 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 10.4 min (major), 11.0 

(minor). 
1H NMR (600 MHz, CDCl3):  0.81 (d, J = 6.5 Hz, 3H, CH(CH3)2), 0.82 (d, J = 6.5 Hz, 3H, CH(CH3)2), 1.87 

(m, 1H, CH(CH3)2), 3.90 (dd, J = 6.5, 10.7 Hz, 1H, one of CO2CH2CH), 3.96 (d, 1H, J = 6.5, 10.7 Hz, 1H, one 

of CO2CH2CH), 5.10 (d, J = 5.5 Hz, 1H, ArCHCO2), 5.73 (d, J = 5.5 Hz, 1H, NH), 6.38 (dd, J = 1.4, 7.6 Hz, 

1H, ArH), 6.61 (dt, J = 1.4, 7.6 Hz, 1H, ArH), 6.97 (dt, J = 1.0, 7.6 Hz, 1H, ArH), 7.26 (dd, J = 1.4, 7.6 Hz, 1H, 

ArH), 7.29–7.32 (m, 1H, ArH), 7.34–7.36 (m, 2H, ArH), 7.50 (m, 2H, ArH); 13C NMR (125 MHz, CDCl3):  

18.75 (CH3), 18.78 (CH3), 27.7 (CH), 60.6 (CH), 71.8 (CH2), 112.1 (CH), 117.9 (CH), 119.6 (C), 127.1 (2 x 

CH), 127.6 (CH), 128.3 (CH), 128.8 (2 x CH), 129.2 (CH), 137.2 (C), 141.9 (C), 171.1 (C); HRMS (EI) calcd 

for C18H20NO2Cl (M+) 317.1182, found 317.1191; Anal. Calcd for C18H20ClNO2: C, 68.03; H, 6.34; N, 4.41. 

Found: C, 68.09; H, 6.41; N, 4.22. 

 

Isobutyl 2-(2-bromophenylamino)-2-phenylacetate (10b). 

 Yield 91%; a colorless oil; Rf = 0.66 (hexane/EtOAc = 8:1); [ ]D27 –1.0 (c 1.07, 

CHCl3) for 56% ee. The enantiomeric exess of 10b was determined to be 56% by 

chiral HPLC: using Daicel Chiralcel OJ-H; hexane/iPrOH = 9:1 as an eluent; flow rate 

= 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 11.3 min (major), 12.3 

(minor). 
1H NMR (600 MHz, CDCl3):  0.81 (d, J = 6.5 Hz, 3H, CH(CH3)2), 0.82 (d, J = 6.5 Hz, 3H, CH(CH3)2), 1.88 

(m, 1H, CH(CH3)2), 3.90 (dd, J = 6.5, 10.7 Hz, 1H, one of CO2CH2CH), 3.96 (d, 1H, J = 6.5, 10.7 Hz, 1H, one 

of CO2CH2CH), 5.10 (d, J = 5.1 Hz, 1H, ArCHCO2), 5.78 (d, J = 5.1 Hz, 1H, NH), 6.35 (dd, J = 1.4, 7.8 Hz, 

1H, ArH), 6.55 (dt, J = 1.4, 7.8 Hz, 1H, ArH), 7.01 (dt, J = 1.4, 7.8 Hz, 1H, ArH), 7.28–7.31 (m, 1H, ArH), 

7.33–7.36 (m, 2H, ArH), 7.43 (dd, J = 1.4, 7.8 Hz, 1H, ArH), 7.50 (m, 2H, ArH); 13C NMR (125 MHz, CDCl3): 

 18.75 (CH3), 18.79 (CH3), 27.7 (CH), 60.7 (CH), 71.8 (CH2), 110.1 (C), 112.2 (CH), 118.4 (CH), 127.1 (2 x 

CH), 128.29 (CH), 128.35 (CH), 128.8 (2 x CH), 132.5 (CH), 137.2 (C), 142.9 (C), 171.1 (C); HRMS (EI) calcd 

for C18H20NO2Br (M+) 361.0677, found 361.0674; Anal. Calcd for C18H20BrNO2: C, 59.68; H, 5.56; N, 3.87. 

Found: C, 60.20; H, 5.71; N, 3.60. 
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Isobutyl 2-(2-methylphenylamino)-2-phenylacetate (10c). 

 Yield 91%; a colorless oil; Rf = 0.66 (hexane/EtOAc = 8:1); [ ]D28 –26.5 (c 1.06, 

CHCl3) for 56% ee. The enantiomeric exess of 10c was determined to be 56% by 

chiral HPLC: using Daicel Chiralcel OD-H; hexane/iPrOH = 9:1 as an eluent; flow 

rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 4.9 min (minor), 

6.4 (major). 
1H NMR (600 MHz, CDCl3):  0.81 (d, J = 6.9 Hz, 3H, CH(CH3)2), 1.87 (m, 1H, CH(CH3)2), 2.29 (s, 3H, 

ArCH3), 3.90 (dd, J = 6.5, 10.7 Hz, 1H, one of CO2CH2CH), 3.94 (d, 1H, J = 6.5, 10.7 Hz, 1H, one of 

CO2CH2CH), 4.95 (d, J = 5.5 Hz, 1H, NH), 5.11 (d, J = 5.5 Hz, 1H, ArCHCO2), 6.33 (d, J = 7.6 Hz, 1H, ArH), 

6.64 (dt, J = 1.1, 7.6 Hz, 1H, ArH), 6.96 (dt, J = 1.1, 7.6 Hz, 1H, ArH), 7.07 (d, J = 7.6 Hz, 1H, ArH), 7.28–7.31 

(m, 1H, ArH), 7.33–7.36 (m, 2H, ArH), 7.50 (m, 2H, ArH); 13C NMR (125 MHz, CDCl3):  17.6 (CH3), 18.89 

(CH3), 18.92 (CH3), 27.8 (CH), 60.9 (CH), 71.8 (CH2), 110.8 (CH), 117.7 (CH), 122.5 (C), 127.1 (CH), 127.3 

(2 x CH), 128.3 (CH), 128.9 (2 x CH), 130.3 (CH), 138.1 (C), 144.1 (C), 172.1 (C); HRMS (EI) calcd for 

C19H23NO2 (M+) 297.1729, found 297.1729; Anal. Calcd for C19H23NO2: C, 76.73; H, 7.80; N, 4.71. Found: C, 

76.42; H, 8.15; N, 4.39. 

 

Isobutyl 2-(3-chlorophenylamino)-2-phenylacetate (10d). 

 Yield 92%; a colorless needle; Rf = 0.53 (hexane/EtOAc = 8:1); mp 101–102 C, 

[ ]D28 –54.3 (c 2.94, CHCl3) for 67% ee. The enantiomeric exess of 10d was 

determined to be 67% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/iPrOH 

= 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; 

tR = 5.0 min (major), 6.6 (minor). 
1H NMR (600 MHz, CDCl3):  0.80 (d, J = 5.2 Hz, 3H, CH(CH3)2), 0.81 (d, J = 5.2 

Hz, 3H, CH(CH3)2), 1.86 (m, 1H, CH(CH3)2), 3.90 (dd, J = 6.5, 10.6 Hz, 1H, one of CO2CH2CH), 3.93 (d, 1H, 

J = 6.5, 10.6 Hz, 1H, one of CO2CH2CH), 5.04 (d, J = 5.8 Hz, 1H, ArCHCO2), 5.12 (d, J = 5.8 Hz, 1H, NH), 

6.42 (ddd, J = 1.0, 2.4, 8.2 Hz, 1H, ArH), 6.54 (t, J = 2.4 Hz, 1H, ArH), 6.65 (ddd, J = 1.0, 2.4, 8.2 Hz, 1H, 

ArH), 7.01 (t, J = 8.2 Hz, 1H, ArH), 7.29–7.32 (m, 1H, ArH), 7.34–7.37 (m, 2H, ArH), 7.47–7.46 (m, 2H, ArH). 
13C NMR (125 MHz, CDCl3):  18.7 (CH3), 18.8 (CH3), 27.7 (CH), 60.5 (CH), 71.8 (CH2), 111.6 (CH), 113.2 

(CH), 117.9 (CH), 127.1 (2 x CH), 128.4 (CH), 128.9 (2 x CH), 130.2 (CH), 134.9 (C), 137.3 (C), 147.0 (C), 

171.5 (C); IR (KBr)  3407, 3390, 1718, 1602, 1506 cm-1; HRMS (EI) calcd for C18H20NO2Cl (M+) 317.1182, 

found 317.1176; Anal. Calcd for C18H20ClNO2: C, 68.03; H, 6.34; N, 4.41. Found: C, 68.18; H, 6.24; N, 4.40. 

 

Isobutyl 2-(3-bromophenylamino)-2-phenylacetate (10e). 

 Yield 90%; a colorless needle; Rf = 0.53 (hexane/EtOAc = 8:1); mp 92–93 C, [ ]D23 

–40.5 (c 3.24, CHCl3) for 56% ee. The enantiomeric exess of 10e was determined to 

be 56% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/iPrOH = 9:1 as an 

eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 5.0 

min (major), 7.2 (minor). 
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1H NMR (600 MHz, CDCl3):  0.80 (d, J = 5.5 Hz, 3H, CH(CH3)2), 0.81 (d, J = 5.5 Hz, 3H, CH(CH3)2), 1.86 

(m, 1H, CH(CH3)2), 3.90 (dd, J = 6.8, 10.6 Hz, 1H, one of CO2CH2CH), 3.93 (d, 1H, J = 6.8, 10.6 Hz, 1H, one 

of CO2CH2CH), 5.03 (d, J = 5.5 Hz, 1H, ArCHCO2), 5.10 (brs, 1H, NH), 6.45 (dd, J = 1.7, 8.3 Hz, 1H, ArH), 

6.71 (d, J = 1.7 Hz, ArH), 6.79 (dd, J = 1.0, 8.3 Hz, 1H, ArH), 6.95 (t, J = 8.3 Hz, 1H, ArH), 7.29–7.32 (m, 1H, 

ArH), 7.34–7.37 (m, 2H, ArH), 7.47 (m, 2H, ArH); 13C NMR (125 MHz, CDCl3):  18.7 (CH3), 18.8 (CH3), 

27.6 (CH), 60.4 (CH), 71.8 (CH2), 111.9 (CH), 116.1 (CH), 120.8 (CH), 123.1 (C), 127.1 (2 x CH), 128.4 (CH), 

128.8 (2 x CH), 130.4 (CH), 137.2 (C), 147.1 (C), 171.4 (C); IR (KBr)  3406, 1718, 1596, 1505 cm-1; HRMS 

(EI) calcd for C18H20NO2Br (M+) 361.0677, found 361.0680; Anal. Calcd for C18H20BrNO2: C, 59.68; H, 5.56; 

N, 3.87. Found: C, 59.72; H, 5.53; N, 3.50. 

 

Isobutyl 2-(3-methylphenylamino)-2-phenylacetate (10f). 

 Yield 93%; a colorless needle; Rf = 0.57 (hexane/EtOAc = 8:1); mp 93–94 C, [ ]D26 

–46.4 (c 2.79, CHCl3) for 61% ee. The enantiomeric exess of 10f was determined to 

be 61% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/iPrOH = 9:1 as an 

eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 5.0 

min (major), 6.7 (minor). 
1H NMR (600 MHz, CDCl3):  0.80 (d, J = 5.2 Hz, 3H, CH(CH3)2), 0.81 (d, J = 5.2 Hz, 3H, CH(CH3)2), 1.86 

(m, 1H, CH(CH3)2), 2.21 (s, 3H, ArCH3), 3.89 (dd, J = 6.9, 10.7 Hz, 1H, one of CO2CH2CH), 3.91 (d, 1H, J = 

6.9, 10.7 Hz, 1H, one of CO2CH2CH), 4.94 (d, J = 4.8 Hz, 1H, NH), 5.07 (d, J = 4.8 Hz, 1H, ArCHCO2), 6.35 

(dd, J = 2.0, 7.9 Hz, 1H, ArH), 6.41 (s, 1H, ArH), 6.51 (d, J = 7.9 Hz, 1H, ArH), 6.99 (t, J = 7.9 Hz, 1H, ArH), 

7.26–7.29 (m, 1H, ArH), 7.32–7.35 (m, 2H, ArH), 7.50 (m, 2H, ArH); 13C NMR (125 MHz, CDCl3):  18.75 

(CH3), 18.77 (CH3), 21.5 (CH3), 27.6 (CH), 60.7 (CH), 71.6 (CH2), 110.3 (CH), 114.2 (CH), 118.9 (CH), 127.1 

(2 x CH), 128.1 (CH), 128.7 (2 x CH), 129.0 (CH), 137.9 (C), 138.9 (C), 146.0 (C), 171.9 (C); IR (KBr)  3410, 

1720, 1619, 1524 cm-1; HRMS (EI) calcd for C19H23NO2 (M+) 297.1729, found 297.1730; Anal. Calcd for 

C19H23NO2: C, 76.73; H, 7.80; N, 4.71. Found: C, 76.63; H, 7.89; N, 4.55. 

 

Isobutyl 2-(4-nitrophenylamino)-2-phenylacetate (10g). 

 Yield 96%; a colorless needle; Rf = 0.58 (hexane/EtOAc = 8:1); mp 91–92 C, [ ]D24 

–66.1 (c 3.17, CHCl3) for 44% ee. The enantiomeric exess of 10g was determined to 

be 44% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/iPrOH = 5:1 as an 

eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 9.2 

min (major), 10.0 (minor). 
1H NMR (600 MHz, CDCl3):  0.81 (d, J = 6.5 Hz, 6H, CH(CH3)2), 1.87 (m, 1H, CH(CH3)2), 3.92 (dd, J = 6.5, 

10.6 Hz, 1H, one of CO2CH2CH), 3.97 (d, 1H, J = 6.5, 10.6 Hz, 1H, one of CO2CH2CH), 5.13 (d, J = 5.2 Hz, 

1H, ArCHCO2), 5.88 (d, J = 5.2 Hz, 1H, NH), 6.50 (d, J = 9.2 Hz, 2H, ArH), 7.32–7.39 (m, 3H, ArH), 7.43–

7.47 (m, 2H, ArH), 8.02 (d, J = 9.2 Hz, 2H, ArH); 13C NMR (125 MHz, CDCl3):  18.4 (2 x CH3), 27.7 (CH), 

59.9 (CH), 72.3 (CH2), 112.1 (2 x CH), 126.2 (2 x CH), 127.0 (2 x CH), 128.8 (CH), 129.1 (2 x CH), 136.2 (C), 

138.8 (C), 150.1 (C), 170.7 (C); IR (KBr)  3376, 1736, 1597 cm-1; HRMS (EI) calcd for C19H23NO3 (M+) 



69 
 

313.1678, found 313.1678; Anal. Calcd for C18H20N2O4: C, 65.84; H, 6.14; N, 8.53. Found: C, 65.89; H, 6.13; 

N, 8.46. 

 

Isobutyl 2-pheny-(2-[4-trifluoromethyl]phenylamino)acetate (10h). 

 Yield 94%; a colorless needle; mp 52–53 C, [ ]D22 –49.1 (c 1.49, CHCl3) for 63% 

ee. The enantiomeric exess of 10h was determined to be 63% by chiral HPLC: using 

Daicel Chiralcel OD-H; hexane/iPrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; 

detector: ultraviolet absorption at 254 nm; tR = 4.8 min (major), 6.0 (minor). 
1H NMR (600 MHz, CDCl3):  0.80 (d, J = 5.2 Hz, 3H, CH(CH3)2), 0.81 (d, J = 5.2 

Hz, 3H, CH(CH3)2), 1.87 (m, 1H, CH(CH3)2), 3.90 (dd, J = 6.5, 10.7 Hz, 1H, one of CO2CH2CH), 3.95 (d, 1H, 

J = 6.5, 10.7 Hz, 1H, one of CO2CH2CH), 5.09 (d, J = 5.5 Hz, 1H, ArCHCO2), 5.39 (d, J = 5.5 Hz, 1H, NH), 

6.56 (m, 2H, ArH), 7.30–7.37 (m, 5H, ArH), 7.50 (m, 2H, ArH); 13C NMR (125 MHz, CDCl3):  18.7 (CH3), 

18.8 (CH3), 27.7 (CH), 60.2 (CH), 72.0 (CH2), 112.6 (2 x CH), 119.5 (q, J = 33.0 Hz, C), 124.8 (d, J = 268.6 

Hz, C), 126.6 (d, J = 2.9 Hz, 2 x CH), 127.1 (2 x CH), 128.5 (CH), 128.9 (2 x CH), 137.0 (C), 148.3 (C), 171.3 

(C); IR (KBr)  3386, 1719, 1619, 1322, 1111 cm-1; HRMS (EI) calcd for C19H20NO2F3 (M+) 351.1446, found 

351.1446; Anal. Calcd for C19H20F3NO2: C, 64.95; H, 5.74; N, 3.99. Found: C, 65.34; H, 5.37; N, 4.04. 

 

 

Isobutyl 2-(4-fluorophenylamino)-2-phenylacetate (10i). 

 Yield 92%; a colorless needle; Rf = 0.52 (hexane/EtOAc = 8:1); mp 42–43 C, [ ]D26 –46.1 (c 2.79, CHCl3) for 

68% ee. The enantiomeric exess of 10i was determined to be 68% by chiral HPLC: 

using Daicel Chiralcel OD-H; hexane/iPrOH = 50:1 as an eluent; flow rate = 1.0 

mL/min; detector: ultraviolet absorption at 254 nm; tR = 11.8 min (major), 12.5 

(minor). 
1H NMR (600 MHz, CDCl3):  0.80 (d, J = 5.2 Hz, 3H, CH(CH3)2), 0.81 (d, J = 5.2 

Hz, 3H, CH(CH3)2), 1.86 (m, 1H, CH(CH3)2), 3.89 (dd, J = 6.5, 10.6 Hz, 1H, one of CO2CH2CH), 3.93 (d, 1H, 

J = 6.5, 10.6 Hz, 1H, one of CO2CH2CH), 4.90 (d, J = 5.5 Hz, 1H, NH), 5.01 (d, J = 5.5 Hz, 1H, ArCHCO2), 

6.48–6.50 (m, 2H, ArH), 6.81–6.84 (m, 2H, ArH), 7.29–7.32 (m, 1H, ArH), 7.34–7.36 (m, 2H, ArH), 7.48 (m, 

2H, ArH); 13C NMR (125 MHz, CDCl3):  18.78 (CH3), 18.80 (CH3), 27.7 (C), 61.3 (CH), 71.7 (CH2), 114.2 (d, 

J = 7.2 Hz, 2 x CH), 115.7 (d, J = 21.6 Hz, 2 x CH), 127.2 (2 x CH), 128.3 (CH), 128.8 (2 x CH), 137.7 (C), 

142.3 (C), 156.0 (d, J = 234.1 Hz, C), 171.8 (C); IR (KBr)  3391, 1720, 1517, 1208 cm-1; HRMS (EI) calcd for 

C18H20NO2F (M+) 301.1478, found 301.1472; Anal. Calcd for C18H20FNO2: C, 71.74; H, 6.69; N, 4.65. Found: 

C, 71.88; H, 6.65; N, 4.69. 
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Isobutyl 2-(4-chlorophenylamino)-2-phenylacetate (10j). 

 Yield 93%; a colorless needle; Rf = 0.46 (hexane/EtOAc = 8:1); mp 68–69 C, [ ]D25 

–61.5 (c 2.99, CHCl3) for 70% ee. The enantiomeric exess of 10j was determined to 

be 70% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/iPrOH = 9:1 as an 

eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 5.0 

min (major), 5.8 (minor). 
1H NMR (600 MHz, CDCl3):  0.80 (d, J = 5.2 Hz, 3H, CH(CH3)2), 0.81 (d, J = 5.2 Hz, 3H, CH(CH3)2), 1.86 

(m, 1H, CH(CH3)2), 3.89 (dd, J = 6.5, 10.6 Hz, 1H, one of CO2CH2CH), 3.93 (d, 1H, J = 6.5, 10.6 Hz, 1H, one 

of CO2CH2CH), 5.02 (d, J = 5.5 Hz, 1H, ArCHCO2), 5.05 (d, J = 5.5 Hz, 1H, NH), 6.47 (d, J = 8.9 Hz, 2H, 

ArH), 7.05 (d, J = 8.9 Hz, 2H, ArH), 7.29–7.32 (m, 1H, ArH), 7.33–7.36 (m, 2H, ArH), 7.46–7.48 (m, 2H, ArH). 
13C NMR (125 MHz, CDCl3):  18.7 (CH3), 18.8 (CH3), 27.6 (CH), 60.7 (CH), 71.8 (CH2), 114.4 (2 x CH), 

122.6 (C), 127.1 (2 x CH), 128.3 (CH), 128.8 (2 x CH), 129.0 (2 x CH), 137.3 (C), 144.4 (C), 171.5 (C); IR 

(KBr)  3407, 3390, 1718, 1602, 1506 cm-1; HRMS (EI) calcd for C18H20NO2Cl (M+) 317.1182, found 317.1179; 

Anal. Calcd for C18H20ClNO2: C, 68.03; H, 6.34; N, 4.41. Found: C, 68.05; H, 6.30; N, 4.40. 

 

Isobutyl 2-(4-bromophenylamino)-2-phenylacetate (10k). 

 Yield 91%; a colorless needle; Rf = 0.46 (hexane/EtOAc = 8:1); mp 89–90 C, [ ]D26 

–60.1 (c 3.31, CHCl3) for 71% ee. The enantiomeric exess of 10k was determined to 

be 71% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/iPrOH = 9:1 as an 

eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 5.1 

min (major), 6.3 (minor). 
1H NMR (600 MHz, CDCl3):  0.80 (d, J = 5.2 Hz, 3H, CH(CH3)2), 0.81 (d, J = 5.2 Hz, 3H, CH(CH3)2), 1.86 

(m, 1H, CH(CH3)2), 3.89 (dd, J = 6.5, 10.6 Hz, 1H, one of CO2CH2CH), 3.93 (d, 1H, J = 6.5, 10.6 Hz, 1H, one 

of CO2CH2CH), 5.02 (d, J = 5.8 Hz, 1H, ArCHCO2), 5.07 (d, J = 5.8 Hz, 1H, NH), 6.42 (d, J = 8.9 Hz, 2H, 

ArH), 7.18 (d, J = 8.9 Hz, 2H, ArH), 7.29–7.31 (m, 1H, ArH), 7.33–7.36 (m, 2H, ArH), 7.48 (m, 2H, ArH); 13C 

NMR (125 MHz, CDCl3):  18.8 (2 x CH3), 27.7 (CH), 60.6 (CH), 71.8 (CH2), 109.7 (C), 115.0 (2 x CH), 127.1 

(2 x CH), 128.4 (CH), 128.8 (2 x CH), 131.9 (2 x CH), 137.3 (C), 144.8 (C), 171.5 (C); IR (KBr)  3406, 1718, 

1596, 1505 cm-1; HRMS (EI) calcd for C18H20NO2Br (M+) 361.0677, found 361.0673; Anal. Calcd for 

C18H20BrNO2: C, 59.68; H, 5.56; N, 3.87. Found: C, 59.65; H, 5.49; N, 3.87. 

 

Isobutyl 2-(4-iodophenylamino)-2-phenylacetate (10l). 

 Yield 93%; a colorless needle; Rf = 0.46 (hexane/EtOAc = 8:1); mp 104–105 C, 

[ ]D25 –58.9 (c 3.83, CHCl3) for 69% ee. The enantiomeric exess of 3l was 

determined to be 69% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/iPrOH 

= 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; 

tR = 5.4 min (major), 6.9 (minor). 
1H NMR (600 MHz, CDCl3):  0.80 (d, J = 5.5 Hz, 3H, CH(CH3)2), 0.81 (d, J = 5.5 Hz, 3H, CH(CH3)2), 1.86 

(m, 1H, CH(CH3)2), 3.89 (dd, J = 6.5, 10.6 Hz, 1H, one of CO2CH2CH), 3.93 (d, 1H, J = 6.5, 10.6 Hz, 1H, one 
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of CO2CH2CH), 5.02 (d, J = 5.5 Hz, 1H, ArCHCO2), 5.09 (d, J = 5.5 Hz, 1H, NH), 6.33 (m, 2H, ArH), 7.29–

7.31 (m, 2H, ArH), 7.33–7.36 (m, 3H, ArH), 7.46 (m, 2H, ArH); 13C NMR (125 MHz, CDCl3):  18.76 (CH3), 

18.78 (CH3), 27.6 (CH), 60.4 (CH), 71.8 (CH2), 78.8 (C), 115.6 (2 x CH), 127.1 (2 x CH), 128.4 (CH), 128.8 (2 

x CH), 137.2 (C), 137.8 (2 x CH), 145.4 (C), 171.5 (C); IR (KBr)  3390, 1719, 1592, 1506 cm-1; HRMS (EI) 

calcd for C18H20NO2I (M+) 409.0539, found 409.0540l; Anal. Calcd for C18H20INO2: C, 52.83; H, 4.93; N, 3.42. 

Found: C, 52.70; H, 4.72; N, 3.35. 

 

Isobutyl 2-(4-methylphenylamino)-2-phenylacetate (10m). 

 Yield 91%; a colorless needle; Rf = 0.58 (hexane/EtOAc = 8:1); mp 76–77 C, [ ]D25 

–55.0 (c 2.73, CHCl3) for 64% ee. The enantiomeric exess of 10m was determined to 

be 64% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/iPrOH = 9:1 as an 

eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 4.8 

min (major), 6.4 (minor). 
1H NMR (600 MHz, CDCl3):  0.80 (d, J = 6.8 Hz, 3H, CH(CH3)2), 0.81 (d, J = 6.8 Hz, 3H, CH(CH3)2), 1.87 

(m, 1H, CH(CH3)2), 2.19 (s, 3H, ArCH3), 3.89 (dd, J = 6.5, 10.6 Hz, 1H, one of CO2CH2CH), 3.92 (d, 1H, J = 

6.5, 10.6 Hz, 1H, one of CO2CH2CH), 4.86 (d, J = 5.5 Hz, 1H, NH), 5.05 (d, J = 5.5 Hz, 1H, ArCHCO2), 6.48 

(d, J = 7.9 Hz, 2H, ArH), 6.92 (d, J = 7.9 Hz, 2H, ArH), 7.27–7.30 (m, 1H, ArH), 7.33–7.35 (m, 2H, ArH), 7.50 

(m, 2H, ArH); 13C NMR (125 MHz, CDCl3):  18.77 (CH3), 18.79 (CH3), 20.3 (CH3), 27.6 (CH), 61.0 (CH), 

71.6 (CH2), 113.5 (2 x CH), 127.1 (C), 127.2 (2 x CH), 128.1 (CH), 128.7 (2 x CH), 129.7 (C), 138.0 (2 x CH), 

143.7 (C), 171.9 (C); IR (KBr)  3410, 1720, 1619, 1524 cm-1; HRMS (EI) calcd for C19H23NO2 (M+) 297.1729, 

found 297.1730; Anal. Calcd for C19H23NO2: C, 76.73; H, 7.80; N, 4.71. Found: C, 76.64; H, 7.82; N, 4.59. 
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 1 2  
 

Typical Procedure for Intermolecular N–H Insertion Reactions Using Cinchona Alkaloids (Table 10): 

Preparation of (R)-Methyl 2-phenyl-2-(phenylamino)acetate (9a) via Dihydrocinchonine-Catalyzed N–H 

Insertion Reaction of 6a (Table 10, entry 1). 

 A mixture of 6a (70 mg, 0.40 mmol) and aniline (45 mg, 0.48 mmol) in toluene (20 mL) 

was heated at 100 oC. After 24 h of stirring at the same temperature, the whole mixture was 

concentrated in vacuo. The crude product was purified by column chromatography (15 g of 

silica gel, hexane/EtOAc = 20 : 1 as an eluent) to afford (R)-9a (54 mg, 56%, 42% ee) as a 

colorless needle.  

(R)-9a: Rf = 0.55 (hexane/EtOAc = 5:1); mp 56–57 C; [ ]D27 –23.9 (c 1.01 in THF). The enantiomeric excess 

of 9a was determined to be 42% by chiral HPLC: using Daicel Chiralpak AD-H; hexane/iPrOH = 9:1 as an 

eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 9.0 min (minor), 10.0 (major). 

The preferred absolute configuration of 9a was determined by comparing the sign of the optical rotation with 

the literature value. [lit.4 [ ]D26 +68.3 (c 0.32, THF) for >98% ee of (S)-9a.] 

 

Ethyl 2-phenyl-2-(phenylamino)acetate (9b). (Table 10, entry 2).  

The enantiomeric excess of 9b was determined to be 64% by chiral HPLC: using Daicel 

Chiralpak AD-H; hexane/iPrOH = 9:1 as an eluent; flow rate = 0.5 mL/min; detector: 

ultraviolet absorption at 254 nm; tR = 16.3 min (minor), 17.1 (major). 

Rf = 0.58 (hexane/EtOAc = 5:1); mp 56–57 C; [ ]D27 –54.4 (c 2.52 in CHCl3) for 64% ee; 
1H NMR (500 MHz, CDCl3):  1.21 (t, J = 7.2 Hz, 3H, CH2CH3), 4.13 (dq, J = 7.2, 10.7 

Hz, 1H, one of CH2CH3), 4.23 (dq, J = 7.2, 10.7 Hz, 1H, one of CH2CH3), 4.96 (d, J = 5.8 Hz, 1H, NH), 5.06 

(d, J = 5.8 Hz, 1H, ArCHCO2), 6.56 (m, 2H, ArH), 6.68–6.71 (m, 1H, ArH), 7.11–7.13 (m, 2H, ArH), 7.29–7.31 

(m, 1H, ArH), 7.34–7.36 (m, 2H, ArH), 7.50 (m, 2H, ArH); HRMS (EI) calcd for C16H17NO2 (M+) 255.1259, 

found 255.1261. 

 

tert-Butyl 2-phenyl-2-(phenylamino)acetate (19). (Table 10, entry 3)  

Rf = 0.68 (hexane/EtOAc = 5:1); mp 93–94 C; [ ]D23 –63.4 (c 0.71 in CHCl3); 1H NMR 

(500 MHz, CDCl3):  1.37 (s, 9H, C(CH3)3), 4.95 (brs, 1H, NH), 4.95 (s, 1H, ArCHCO2), 

6.54 (dd, J = 0.9, 8.6 Hz, 2H, ArH), 6.67 (tt, J = 0.9, 7.2 Hz, 1H, ArH), 7.10 (dd, J = 7.4, 

8.6 Hz, 2H, ArH), 7.27 (tt, J = 1.4, 7.2 Hz, 1H, ArH), 7.33 (tt, J = 1.2, 7.2 Hz, 2H, ArH), 

7.47 (dt, J = 1.4, 7.2 Hz, 2H, ArH); 13C NMR (125 MHz, CDCl3):  27.8 (3 x CH3), 61.2 

(CH), 82.3 (C), 113.3 (2 x CH), 117.7 (CH), 127.1 (2 x CH), 127.9 (CH), 128.6 (2 x CH), 129.1 (2 x CH), 138.2 

(C), 146.1 (C), 170.9 (C); HRMS (EI) calcd for C18H21NO2 (M+) 283.1572, found 283.1573. 

The enantiomeric excess of 19 was determined to be 73% by chiral HPLC: using Daicel Chiralcel OD-H; 

hexane/iPrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 4.2 

min (major), 4.5 (minor). 
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Ethyl 2-(4-fluorophenyl)-2-(phenylamino)acetate (20a). (Table 14, entry 2) 

Rf = 0.55 (hexane/EtOAc = 5:1); mp 43–44 C; [ ]D22 47.6 (c 2.52 in CHCl3) for 65% 

ee; 1H NMR (500 MHz, CDCl3):  1.19 (t, J = 6.9 Hz, 3H, OCH2CH3), 4.11 (dq, J = 

6.9, 10.9 Hz, 1H, one of OCH2CH3), 4.21 (dq, J = 6.9, 10.9 Hz, 1H, one of OCH2CH3), 

4.85 (brs, 1H, NH), 4.99 (s, 1H, PhCHCO), 4.99 (s, 1H, NH), 6.46-6.49 (m, 2H, ArH), 

6.81 (tt, J = 2.0, 8.9 Hz, 1H, ArH), 7.29 (tt, J = 1.2, 7.2 Hz, 1H, ArH), 7.32 7.35 (m, 

2H, ArH), 7.47 (dd, 2H, J = 1.2, 7.2 Hz, ArH); HRMS (EI) calcd for C16H16NO2F (M+) 273.1165, found 273.1163. 

The enantiomeric excess of 20a was determined to be 65% by chiral HPLC: using Daicel Chiralcel OJ-H; 

hexane/iPrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 13.7 

min (major), 14.7 (minor). 

 

Ethyl 2-(4-chlorophenyl)-2-(phenylamino)acetate (20b). (Table 14, entry 3) 

Rf = 0.55 (hexane/EtOAc = 5:1); mp 68–70 C; [ ]D21 70.2 (c 2.97 in CHCl3) for 73% 

ee; 1H NMR (500 MHz, CDCl3):  1.20 (t, J = 7.2 Hz, 3H, OCH2CH3), 4.13 (dq, J = 

7.2, 10.6 Hz, 1H, one of OCH2CH3), 4.23 (dq, J = 7.2, 10.6 Hz, 1H, one of OCH2CH3), 

5.07 (d, J = 5.7 Hz, 1H, PhCHCO), 5.39 (d, J = 5.7 Hz, 1H, NH), 6.54 (d, J = 8.6 Hz, 

2H, ArH), 7.29 (tt, J = 1.2, 7.2 Hz, 1H, ArH), 7.31-7.36 (m, 4H, ArH), 7.47 (dd, 2H, J 

= 1.2, 7.2 Hz, ArH); HRMS (EI) calcd for C16H16NO2Cl (M+) 289.0869, found 289.0871. 

The enantiomeric excess of 20b was determined to be 73% by chiral HPLC: using Daicel Chiralcel OJ-H; 

hexane/iPrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 13.6 

min (major), 14.4 (minor). 

 

Ethyl 2-(4-bromophenyl)-2-(phenylamino)acetate (20c). (Table 14, entry 4) 

Rf = 0.55 (hexane/EtOAc = 5:1); mp 110–111 C; [ ]D22 36.1 (c 3.03 in CHCl3) for 

74% ee; 1H NMR (500 MHz, CDCl3):  1.20 (t, J = 7.2 Hz, 3H, OCH2CH3), 4.12 (dq, 

J = 7.2, 10.9 Hz, 1H, one of OCH2CH3), 4.23 (dq, J = 7.2, 10.9 Hz, 1H, one of 

OCH2CH3), 5.00 (d, J = 6.0 Hz, 1H, PhCHCO), 5.03 (d, J = 6.0 Hz, 1H, NH), 6.42 (d, 

J = 8.9 Hz, 2H, ArH), 7.18 (d, J = 8.9 Hz, 2H, ArH), 7.30 (tt, J = 1.4, 6.9 Hz, 1H, ArH), 

7.32 7.36 (m, 2H, ArH), 7.46 (dd, 2H, J = 1.2, 7.2 Hz, ArH); HRMS (EI) calcd for C16H16NO2Br (M+) 333.0364, 

found 333.0365. 

The enantiomeric excess of 20c was determined to be 73% by chiral HPLC: using Daicel Chiralpak AD-H; 

hexane/iPrOH = 9:1 as an eluent; flow rate = 0.5 mL/min; detector: ultraviolet absorption at 254 nm; tR = 23.0 

min (major), 23.9 (minor). 
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Ethyl 2-(4-trifluoromethylphenyl)-2-(phenylamino)acetate (20d). (Table 14, entry 5) 

Rf = 0.52 (hexane/EtOAc = 5:1); mp 41–42 C; [ ]D22 12.4 (c 2.59 in CHCl3) for 

65% ee; 1H NMR (500 MHz, CDCl3):  1.19 (t, J = 7.2 Hz, 3H, OCH2CH3), 4.12 (dq, 

J = 7.2, 10.9 Hz, 1H, one of OCH2CH3), 4.22 (dq, J = 7.2, 10.9 Hz, 1H, one of 

OCH2CH3), 5.00 (2 x s, 2 x 1H, PhCHCO and NH), 6.46 (d, J = 8.9 Hz, 2H, ArH), 

7.04 (d, J = 8.9 Hz, 2H, ArH), 7.29 (tt, J = 1.4, 7.2 Hz, 1H, ArH), 7.32 7.36 (m, 2H, 

ArH), 7.46 (dd, 2H, J = 1.4, 7.2 Hz, ArH); 13C NMR (125 MHz, CDCl3)  14.0 (CH3), 60.2 (CH), 62.1 (CH2), 

112.6 (2 x CH), 126.6 (2 x CH), 127.1 (2 x CH), 128.5 (CH), 129.0 (2 x CH), 136.9 (C), 148.3 (C), 171.2 (C); 

HRMS (EI) calcd for C17H16NO2F3 (M+) 323.1133, found 323.1133. 

The enantiomeric excess of 20d was determined to be 65% by chiral HPLC: using Daicel Chiralcel OD-H; 

hexane/iPrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 5.0 

min (major), 5.4 (minor). 

 

Ethyl 2-(4-methoxyphenyl)-2-(phenylamino)acetate (20e). (Table 14, entry 6) 

Rf = 0.66 (hexane/EtOAc = 5:1); [ ]D22 38.2 (c 2.08 in CHCl3) for 52% ee; 1H 

NMR (500 MHz, CDCl3):  1.19 (t, J = 7.2 Hz, 3H, CH2CH3), 3.68 (s, 3H, OCH3), 

4.11 (dq, J = 7.2, 10.9 Hz, 1H, one of OCH2CH3), 4.21 (dq, J = 7.2, 10.9 Hz, 1H, 

one of OCH2CH3), 4.68 (brs, 1H, NH), 5.00 (s, 1H, PhCHCO), 6.53 (d, J = 8.9 Hz, 

2H, ArH), 6.71 (d, J = 8.9 Hz, 2H, ArH), 7.28 (tt, J = 1.2, 7.2 Hz, 1H, ArH), 

7.31 7.35 (m, 2H, ArH), 7.48 (dd, 2H, J = 1.2, 7.2 Hz, ArH). HRMS (EI) calcd for C17H19NO3 (M+) 285.1365, 

found 285.1365. 

The enantiomeric excess of 20e was determined to be 52% by chiral HPLC: using Daicel Chiralpak AD-H; 

hexane/iPrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tR = 13.5 

min (major), 14.7 (minor). 

 

Ethyl 2-(4-tert-butylphenyl)-2-(phenylamino)acetate (20f). (Table 14, entry 7) 

Rf = 0.66 (hexane/EtOAc = 5:1); mp 48–49 C; [ ]D22 10.7 (c 1.57 in CHCl3) for 

58% ee; 1H NMR (500 MHz, CDCl3):  1.19 (t, J = 6.9 Hz, 3H, CH2CH3), 1.23 (s, 9H, 

C(CH3)3), 4.11 (dq, J = 7.2, 10.9 Hz, 1H, one of OCH2CH3), 4.21 (dq, J = 7.2, 10.9 

Hz, 1H, one of OCH2CH3), 4.86 (brs, 1H, NH), 5.02 (s, 1H, PhCHCO), 6.51 (d, J = 

8.6 Hz, 2H, ArH), 7.14 (d, J = 8.6 Hz, 2H, ArH), 7.28 (tt, J = 1.5, 7.2 Hz, 1H, ArH), 

7.32 7.35 (m, 2H, ArH), 7.50 (dd, 2H, J = 1.5, 7.2 Hz, ArH); 13C NMR (125 MHz, CDCl3)  14.0 (CH3), 31.4 

(3 x CH3), 33.8 (C), 61.1 (CH), 61.7 (CH2), 113.0 (2 x CH), 126.0 (2 x CH), 127.2 (2 x CH), 128.1 (CH), 128.7 

(2 x CH), 138.0 (C), 140.7 (C), 143.7 (C), 172.0 (C); HRMS (EI) calcd for C20H25NO2 (M+) 311.1885, found 

311.1880. 

The enantiomeric excess of 20f was determined to be 58% by chiral HPLC: using Daicel Chiralcel OJ-H; 

hexane/iPrOH = 9:1 as an eluent; flow rate = 0.5 mL/min; detector: ultraviolet absorption at 254 nm; tR = 13.6 

min (major), 14.3 (minor). 
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Methyl 2-methoxy-2-phenylacetate (23) (Table 15, entry 6). 48) 

To a solution of Rh2(TPA)4 (5.4 mg, 0.004 mmol) in CH2Cl2 (1 mL) was added 

CH3OH (11.8 L, 0.29 mmol) and solution of methyl 2-diazo-2-phenylacetate (18 

mg, 0.1 mmol) in CH2Cl2 (1 mL) at room temperature. After stirring for 1 h, the 

reaction mixture was evaporated in vacuo gave the crude product, which was purified 

by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-methoxy-2-phenylacetate 23 (9.6 mg, 53%) as a 

colorless oil. The enantiomeric exess of methyl 2-methoxy-2-phenylacetate was determined by HPLC with a 

chiral stationary phase column. 

Rf = 0.38 (5:1 hexane/EtOAc); 1H NMR (600 MHz, CDCl3):  3.41 (s, 3H, OCH3), 3.72 (s, 3H, CO2CH3), 4.78 

(s, 1H, ArCHCO2CH3), 7.43-7.45 (m, 5H, ArH). 

 

Methyl 2-hydroxy-2-phenylacetate ((S)-22). 77) (Table 16, entry 6) 

To a solution of Rh2(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol) 

in CH2Cl2 (1 mL) was added H2O (3.6 L, 0.2 mmol) and solution of methyl 2-diazo-

2-phenylacetate (36 mg, 0.2 mmol) in CH2Cl2 (1 mL) at room temperature. After 

stirring for 4 h, evaporation in vacuo furnished the crude product, which was purified 

by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-hydroxy-2-phenylacetate (22) (27.2 mg, 82%) as 

a colorless oil. The enantiomeric exess of methyl 2-hydroxy-2-phenylacetate was determined by HPLC with a 

chiral stationary phase column. 

Rf = 0.19 (5:1 hexane/EtOAc).; 1H NMR (600 MHz, CDCl3):  3.43 (d, J = 5.5 Hz, 1H, OH), 3.77 (s, 3H, 

CO2CH3), 5.18 (d, 1H, J = 5.5 Hz, ArCHCO2CH3), 7.34-7.43 (m, 5H, ArH); HPLC tR (S) = 7.8 min (68.8%); tR 

(R) = 11.4 min (31.2%) (Dicel Chiralcel OD-H, 9:1 hexane/iPrOH, 1.0 mL/min). 

 

Methyl 2-oxo-2-phenylacetate (18). 78) 
1H NMR (600 MHz, CDCl3): 3.91 (s, 3H, CO2CH3), 7.29-7.46 (m, 5H, ArH). 

 

 

 

Dimethyl benzoylformate azine (21). 79) 
1H NMR (600 MHz, CDCl3): 4.01 (s, 6H, 2 x CO2CH3), 7.34-7.52 (m, 10H, ArH). 
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Methyl 2-phenoxy-2-phenylacetate (24). 48) (Table 16, entry 1) 

To a solution of Rh2(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol) in 

CH2Cl2 (1 mL) was added phenol (18.8 mg, 0.2 mmol) and solution of methyl 2-diazo-2-

phenylacetate (36 mg, 0.2 mmol) in CH2Cl2 (1 mL) at room temperature. After stirring 

for 3.5 h, evaporation in vacuo furnished the crude product, which was purified by 

preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-phenoxy-2-phenylacetate 

(31.19 mg, 64%) as a colorless oil. The enantiomeric exess of methyl 2-phenoxy-2-phenylacetate (24) was 

determined by HPLC with a chiral stationary phase column. 

Rf = 0.45 (5:1 hexane/EtOAc). 
1H NMR (600 MHz, CDCl3):  3.74 (s, 3H, CO2CH3), 5.65 (s, 1H, ArCHCO2CH3), 6.94-7.00 (m, 3H, ArH), 

7.26-7.42 (m, 5H, ArH), 7.58-7.59 (m, 2H, ArH). 

HPLC tR (S) = 6.3 min (51.5%); tR (R) = 12.4 min (48.5%) (Dicel Chiralcel OD-H, 9:1 hexane/iPrOH, 1.0 

mL/min). 

 

Methyl 2-isopropoxy-2-phenylacetate (26). 48) (Table 16, entry 3) 

To a solution of Rh2(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol) in CH2Cl2 (1 mL) was 

added 2-propanol (11.8 L, 0.15 mmol) and solution of methyl 2-diazo-2-phenylacetate 

(36 mg, 0.2 mmol) in CH2Cl2 (1 mL) at room temperature. After stirring for 5 h, the 

reaction mixture was evaporated in vacuo furnished the crude product, which was 

purified by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-isopropoxy-2-

phenylacetate (12.7 mg, 31%) as a colorless oil. The enantiomeric exess of methyl 2-

isopropoxy-2-phenylacetate (26) was determined by HPLC with a chiral stationary phase column. 

Rf = 0.40 (5:1 hexane/EtOAc). 
1H NMR (600 MHz, CDCl3):  1.20 (d, J = 6.18 Hz, 3H, OCH(CH3)2), 1.25 (d, J = 6.18 Hz, 3H, OCH(CH3)2), 

3.66-3.70 (m, 1H, OCH(CH3)2), 3.71 (s, 3H, CO2CH3), 5.00 (s, 1H, ArCHCO2CH3), 7.31-7.47 (m, 5H, ArH). 

HPLC tR = 7.4 min (36.6%); tR = 8.2 min (63.4%) (Dicel Chiralcel OJ-H, 9:1 hexane/iPrOH, 1.0 mL/min). 

 

Methyl 2-ethoxy-2-phenylacetate (27). 48) (Table 16, entry 4) 

To a solution of Rh2(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol) 

in CH2Cl2 (1 mL) was added EtOH (11.3 L, 0.19 mmol) and solution of methyl 2-

diazo-2-phenylacetate (36 mg, 0.2 mmol) in CH2Cl2 (1 mL) at room temperature. After 

stirring for 4.5 h, the reaction mixture was evaporated in vacuo furnished the crude 

product, which was purified by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-ethoxy-2-

phenylacetate (7.1 mg, 18%) as a colorless oil. The enantiomeric exess of methyl 2-ethoxy-2-phenylacetate (27) 

was determined by HPLC with a chiral stationary phase column. 

Rf = 0.43 (5:1 hexane/EtOAc). 
1H NMR (600 MHz, CDCl3):  1.28 (t, J = 6.9 Hz, 3H, OCH2CH3), 3.49-3.62 (m, 2H, OCH2CH3), 3.72 (s, 3H, 

CO2CH3), 4.89 (s, 1H, ArCHCO2CH3), 7.32 7.47 (m, 5H, ArH). 



77 
 

HPLC tR = 5.5 min (47.2%); tR = 5.9 min (52.8%) (Dicel Chiralcel OD-H, 30:1 hexane/iPrOH, 1.0mL/min). 

 

Methyl 2-(4-bromophenyl)acetate. 79) 
1H NMR (600 MHz, CDCl3): 3.58 (s, 3H, ArCH2CO2CH3), 3.69 (s, 3H, CO2CH3), 

7.16 (d, J = 8.6 Hz, 2H, ArH), 7.45 (d, J = 8.6 Hz, 2H, ArH). 

 

Methyl 2-(4-chlorophenyl)acetate. 79) 
1H NMR (600 MHz, CDCl3): 3.60 (s, 3H, ArCH2CO2CH3), 3.69 (s, 3H, CO2CH3), 7.21 (d, J = 8.6 Hz, 2H, 

ArH), 7.30 (d, J = 8.6 Hz, 2H, ArH). 

 

 

 

Methyl 2-(4-methoxyphenyl)acetate. 80) 
1H NMR (600 MHz, CDCl3): 3.57 (s, 3H, ArCH2CO2CH3), 3.68 (s, 3H, 

CO2CH3), 3.79 (s, 3H, ArOCH3), 6.86 (d, J = 8.6 Hz, 2H, ArH), 7.20 (d, J = 8.6 

Hz, 2H, ArH). 

 

Methyl 2-(4-chlorophenyl)-2-hydroxyacetate (41). 50) (Table 25, entry 3) 

To a solution of Rh2(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 

mmol) in CH2Cl2 (1 mL) was added H2O (3.6 L, 0.2 mmol) and solution of methyl 

2-(4-chlorophenyl)-2-diazoacetate (42 mg, 0.2 mmol) in CH2Cl2 (1 mL) at room 

temperature. After stirring for 3 h, evaporation in vacuo furnished the crude product, 

which was purified by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-(4-chlorophenyl)-2-

hydroxyacetate (33.3 mg, 83%) as a colorless oil. The enantiomeric exess of methyl 2-(4-chlorophenyl)-2-

hydroxyacetate (41) was determined by HPLC with a chiral stationary phase column. 

Rf = 0.16 (5:1 hexane/EtOAc). 
1H NMR (500 MHz, CDCl3):  3.45 (d, J = 5.5 Hz, 1H, OH), 3.77 (s, 3H, CO2CH3), 5.16 (d, 1H, J = 5.5 Hz, 

ArCHCO2CH3), 7.33-7.38 (m, 4H, ArH). 

HPLC tR (S) = 7.7 min (67.4%); tR (R) = 8.6 min (32.6%) (Dicel Chiralcel OD-H, 9:1 hexane/iPrOH, 1.0 mL/min). 

 

Methyl 2-(4-bromophenyl)-2-hydroxyacetate (42). 50) (Table 25, entry 4) 

To a solution of Rh2(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol) in CH2Cl2 (1 mL) was 

added H2O (3.6 L, 0.2 mmol) and solution of methyl 2-(4-bromophenyl)-2-

diazoacetate (51 mg, 0.2 mmol) in CH2Cl2 (1 mL) at room temperature. After 

stirring for 2 h, evaporation in vacuo furnished the crude product, which was 

purified by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-(4-bromophenyl)-2-hydroxyacetate (41.6 

mg, 85%) as a colorless oil. The enantiomeric exess of methyl 2-(4-bromophenyl)-2-hydroxyacetate (42) was 

determined by HPLC with a chiral stationary phase column. 
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Rf = 0.15 (5:1 hexane/EtOAc); 1H NMR (500 MHz, CDCl3):  3.51 (d, J = 5.2 Hz, 1H, OH), 3.77 (s, 3H, 

CO2CH3), 5.14 (d, 1H, J = 4.9 Hz, ArCHCO2CH3), 7.31 (d, J = 8.6 Hz, 2H, ArH), 7.50 (d, J = 8.3 Hz, 2H, ArH). 

HPLC tR (S) = 7.9 min (66.5%); tR (R) = 8.9 min (33.5%) (Dicel Chiralcel OD-H, 9:1 hexane/iPrOH, 1.0 mL/min). 

 

Methyl 2-hydroxy-2-(4-methoxyphenyl)acetate (43). 81) (Table 25, entry 5) 

To a solution of Rh2(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 

mmol) in CH2Cl2 (1 mL) was added H2O (3.6 L, 0.2 mmol) and solution of 

methyl 2-(4-chlorophenyl)-2-diazoacetate (41 mg, 0.2 mmol) in CH2Cl2 (1 mL) 

at room temperature. After stirring for 4 h, evaporation in vacuo furnished the 

crude product, which was purified by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-hydroxy-2-(4-

methoxyphenyl)acetate (33.8 mg, 86%) as a colorless oil. The enantiomeric exess of methyl 2-hydroxy-2-(4-

methoxyphenyl)acetate (43) was determined by HPLC with a chiral stationary phase column. 

Rf = 0.10 (5:1 hexane/EtOAc); 1H NMR (500 MHz, CDCl3):  3.37 (d, J = 5.8 Hz, 1H, OH), 3.76 (s, 3H, 

CO2CH3), 3.81 (s, 3H, ArOCH3), 5.13 (d, 1H, J = 5.5 Hz, ArCHCO2CH3), 6.89 (d, J = 8.9 Hz, 2H, ArH), 7.33 

(d, J = 8.8 Hz, 2H, ArH). 

HPLC tR (S) = 10.4 min (69.0%); tR (R) = 14.6 min (31.0%) (Dicel Chiralcel OD-H, 9:1 hexane/iPrOH, 1.0 

mL/min). 

 

Methyl 2-hydroxy-2-p-tolylacetate (44). (Table 25, entry 6) 

To a solution of Rh2(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol) 

in CH2Cl2 (1 mL) was added H2O (3.6 L, 0.2 mmol) and solution of methyl 2-diazo-

2-p-tolylacetate (38 mg, 0.2 mmol) in CH2Cl2 (1 mL) at room temperature. After 

stirring for 3 h, evaporation in vacuo furnished the crude product, which was purified 

by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-hydroxy-2-p-tolylacetate (25.6 mg, 71%) as a 

colorless oil. The enantiomeric exess of methyl 2-hydroxy-2-p-tolylacetate (44) was determined by HPLC with 

a chiral stationary phase column. 

Rf = 0.21 (5:1 hexane/EtOAc); 1H NMR (500 MHz, CDCl3):  2.35 (s, 3H, ArCH3), 3.38 (d, J = 5.8 Hz, 1H, 

OH), 3.76 (s, 3H, CO2CH3), 5.15 (d, 1H, J = 5.5 Hz, ArCHCO2CH3), 7.18 (d, J = 8.3 Hz, 2H, ArH), 7.30 (d, J = 

8.0 Hz, 2H, ArH). 

HPLC tR (S) = 7.8 min (69.0%); tR (R) = 10.0 min (31.0%) (Dicel Chiralcel OD-H, 9:1 hexane/iPrOH, 1.0 

mL/min). 

 

Ethyl 2-hydroxy-2-phenylacetate (45). 50) (Table 25, entry 7) 

To a solution of Rh2(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol) in 

CH2Cl2 (1 mL) was added H2O (3.6 L, 0.2 mmol) and solution of ethyl 2-diazo-2-

phenylacetate (38 mg, 0.2 mmol) in CH2Cl2 (1 mL) at room temperature. After stirring 

for 16 h, evaporation in vacuo furnished the crude product, which was purified by 

preparative TLC (3:1 hexane/EtOAc) to provide Ethyl 2-hydroxy-2-phenylacetate (28.0 mg, 78%) as a colorless 
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oil. The enantiomeric exess of Ethyl 2-hydroxy-2-phenylacetate (45) was determined by HPLC with a chiral 

stationary phase column. 

Rf = 0.25 (5:1 hexane/EtOAc). 
1H NMR (500 MHz, CDCl3):  1.23 (t, J = 7.15 Hz, 3H, OCH2CH3), 3.49 (m, 1H, OH), 4.22 (m, 2H, CO2CH2), 

5.16 (d, J = 6.05 Hz, 1H, ArCHCO2), 7.31 7.44 (m, 5H, ArH). 

HPLC tR (S) = 6.9 min (69.6%); tR (R) = 10.3 min (30.4%) (Dicel Chiralcel OD-H, 9:1 hexane/iPrOH, 1.0 

mL/min). 

 

Isobutyl 2-hydroxy-2-phenylacetate (46). 82) (Table 25, entry 8) 

To a solution of Rh2(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 

mmol) in CH2Cl2 (1 mL) was added H2O (3.6 L, 0.2 mmol) and solution of 

isobutyl 2-diazo-2-phenylacetate (44 mg, 0.2 mmol) in CH2Cl2 (1 mL) at room 

temperature. After stirring for 14 h, evaporation in vacuo furnished the crude product, which was purified by 

preparative TLC (3:1 hexane/EtOAc) to provide isobutyl 2-hydroxy-2-phenylacetate (34.5 mg, 83%) as a 

colorless oil. The enantiomeric exess of isobutyl 2-hydroxy-2-phenylacetate (46) was determined by HPLC with 

a chiral stationary phase column. 

Rf = 0.38 (5:1 hexane/EtOAc). 
1H NMR (600 MHz, CDCl3):  0.81 (d, J = 6.9 Hz, 6H, CO2CH2CH(CH3)2), 1.87 (hept, J = 6.8 Hz, 1H, 

CH(CH3)2), 3.48 (d, J = 5.5 Hz, 1H, OH), 3.95 (m, 2H, CO2CH2), 5.18 (d, J = 5.5 Hz, 1H, ArCHOH), 7.31 7.44 

(m, 5H, ArH). 

HPLC tR = 7.9 min (69.4%); tR = 8.6 min (30.6%) (Dicel Chiralcel OD-H, 9:1 hexane/iPrOH, 1.0 mL/min). 

 

Methyl 2-hydroxy-2-phenylacetate (22). (Table 26, entry 1) 

To a solution of Rh2(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol) in CH2Cl2 (1 mL) was 

added Wakogel (30 mg) and H2O (3.6 L, 0.2 mmol) and solution of methyl 2-diazo-2-phenylacetate (6a) (36 

mg, 0.2 mmol) in CH2Cl2 (1 mL) at room temperature. After stirring at this temperature for 0.3 h, filtration and 

evaporation in vacuo furnished the crude product, which was purified by preparative TLC (3:1 hexane/EtOAc) 

to provide 2-hydroxy-2-phenylacetate (26.4 mg, 79%) as a colorless oil. The enantiomeric exess of 2-hydroxy-

2-phenylacetate (22) was determined by HPLC with a chiral stationary phase column. 

HPLC tR (S) = 8.1 min (68.0%); tR (R) = 12.8 min (32.0%) (Dicel Chiralcel OD-H, 9:1 hexane/iPrOH, 1.0 

mL/min). 
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Methyl 2-hydroxy-2-phenylacetate (22). (Table 29, entry 7) 

To a solution of Rh2(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol) in CH2Cl2 (1 mL) was 

added Wakogel (30 mg) and H2O (3.6 L, 0.2 mmol) and solution of methyl 2-diazo-2-phenylacetate (6a) (36 

mg, 0.2 mmol) in CH2Cl2 (1 mL) at 10 oC. After stirring at this temperature for 1.5 h, filtration and evaporation 

in vacuo furnished the crude product, which was purified by preparative TLC (3:1 hexane/EtOAc) to provide 2-

hydroxy-2-phenylacetate 22 (30 mg, 90%) as a colorless oil. The enantiomeric exess of 2-hydroxy-2-

phenylacetate was determined by HPLC with a chiral stationary phase column. 

Rf = 0.15 (5:1 hexane/EtOAc). 
1H NMR (600 MHz, CDCl3):  3.43 (d, J = 5.5 Hz, 1H, ArCHCO2CH3), 3.76 (s, 3H, CO2CH3), 5.18 (d, J = 5.5 

Hz, 1H, OH), 7.33 7.43 (m, 5H, ArH). 

HPLC tR (S) = 8.2 min (74.8%); tR (R) = 12.1 min (25.2%) (Dicel Chiralcel OD-H, 9:1 hexane/iPrOH, 

1.0mL/min). 
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