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Synthesis of Chirl N,P-ligands Derived from L-Proline and
Its Application to 1,3-Dipolar Cycloaddition

Chen, Hong Chen, Qian*
(State Key Laboratory of Urban Water Resource and Environment & Academy of Fundamental and
Interdisciplinary Science, Harbin Institute of Technology, Harbin 150080)

Abstract Aminophosphine 2 was obtained by deprotection of amidophosphine 1, which was derived from L-proline. Depro-
tonation of aminophosphine 2 with n-BuLi, and then being captured by 2-MeO-pyridine gave chiral pyridyl N,P-ligands 4.
Reaction of aminoalcohol and diethyl carbonate afforded oxazolidione 6, which was converted to compounds 7 by the reaction
with triethyloxonium tetrafluoroborate. Chiral N,P-ligands 8 were obtained by the reaction of compounds 7 with amino-
phosphine 2. Two kinds of chiral N,P-ligands shown excellent catalytic activity in Ag(I) catalytic asymmetric 1,3-dipolar
cycloaddition, and up to 93% yield and 15% ee were obtained.

Keywords L-proline; chiral N,P-ligands; asymmetric 1,3-dipolar cycloaddition
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Figure 1 Synthesis of chiral pyridyl N,P-ligands
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Figure 2 Synthesis of chiral oxazolinyl N,P-ligands
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Table 1 Effect of base

Entry Base Time/h Yield/% ee/%
1 Et;N 5 93 10
2 i-Pr,NEt 2.5 94 1
3 DBU 2 10 8
4 DABCO 3.5 65 7
5 DMAP 4 53 8

SR IR, = AR N R, &
N F e, B = 2 e s ok e B 8 v 1 S A 3
L), DBU, DABCO F1 DMAP AJ L5 3 [r] — /K~ )
XTIRIERENE, (HHINT S SRR, DI IRATTH EGN 1E
gk — L ik S A
1.2.2  EAIxF 1,318 IR A AR BRL 64 7R

LT, EAFSERIHRMET AgOTl4a 4511k
13- AR IR I RS S5 . I i 45 1 45 R 5 2 o,

2 BRI

Table 2  Effect of solvent
Entry Solvent Time/h Yield/% eel/%
1 CH,Cl, 5 93 10
2 THF 3 82 5
3 Benzene 3 92 3
4 Toluene 3 80 4
5 CH;CN 2.5 79 3
6 Dioxane 35 67 4
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WIdER 2 hEE T LU B, SRR A FR 1,3-
AR AR IR0 5 S5 8 (1) e I A R St B e B PR A — 2 1 R
B TR R AR P 5 70 s N S R e PR B AT, LT
WeE FEPEARAN . AT CHLCLy SR 57 B mT LAAS B8
Y 772 B R o) A vy PR X IR IE 6 7
1.2.3 A& 3t Rt AR 1,348 IR A0 s R 64 7 o6
TEFPERCAE 4a, CHL.CL 1E N RIVIEFI =l ~, H

http://sioc-journal.cn/ 849



BHlLE

= LIEAEDR, o 4 R AR, TEAR N S 45 SR 3k
3 K.

R3 SEAELFIE R
Table 3 Effect of catalyst

Entry Catalyst Time/h Yield/% ee/%
1 AgOTf 5 93 10
2 AgOAc 2.5 85 1
3 AgOTFA 1.5 77 8
4 CuOTf 2 46 13
5 Cul 5 66 6

it LS 4 2R T DA HY e fE AL R 0 S T
XS AN PR B I PR S B A RIS T 326 P A — 5 )
S, BeAh, ARER AT R T ER PR AL
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Table 6 Scope of substrates

Ph
N
Ph AgOTfi4a O ©
N R
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1 O
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N ; iald/o o
124 SBES RAtAR 1 3-1B403F A0 SR 69 % vh Entry Ar R  Time/h Product Yield/% ee/%
R, 61 AgOTSMda L & HIEALIR I - A
LAl T gOTida A a et 2 Ph Et 5 b 85 14
S NI BT A I A R Ik 4 P, 3 Ph ~Bu 5 11c 80 15
£4 BB 4 O—E/II—C(,HI; t-Eu 7 1id 93 '17
Table 4 Effect of temperature > o-Me-CeHy  1-Bu 7 ¢ >6
6 1-Naphthyl #Bu 8 11f 83 3
Entry Temp./C Time/h Yield/% ee/% 7 PhCH=CH #Bu 7 11g 50 2
1 It 5 93 10 . ‘ \
) : . . " R 6 AL, T A O 2R,
3 —40 5 74 8 ee (MR T — 5, SRR — 2D AR o A BH S KA

TR AN AR T 1) S50 25 R LL A T DU Y, B0
SR B I, A TR0 BN IR B R T 2 K R
M.

1.2.5  BeARSET RxTAR 1,3-ABAIR A0 s R 64 %5 7

TER i, AR i SRS, e fs B ) 45 R n
s

RS5  TIERARIEEN
Table 5 Effect of chiral ligands

Entry Ligand Time/h Yield/% eel/%
1 4a 5 93 10
2 4b 5 76 6
3 8a 5 74 4
4 8b 6.5 42 3
5 8c 4 40 6
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BHEILIROGN 5, 1 CDCL A, TMS Wb, =i
HETRE R T Agilent 6520 Q-TOF LC/MS X 3% 5&. BT
2 R R A3 A4, SR FH bR Ak BE 7 V5 BRI Ak B
HAAEH.

3.2 ZWHE

TR 4a 14 HLEP 1 (369 mg, 1 mmol)
BT N, UKV H T 12080 I — U EE R (228
mg,F T 2 mL EUNI), WSEZ SR A VKR E SR T
gRal ) V. TLC W, e 45w g mpfi A 10 mL &
TR W6, Z )G M N 10% NaOH ¥ 5 SRk,
M 218 ZBE2E(10 mL X 3). & HANUE, HIHH NaCl
Ve, Jo/K NaSO, T, ol e 4 15 v v R A4
WEW 2), Koy EaibHENT 5.

Ny (R4 R, Eb&49 2 1 5 mL T4§ ) THF %@t
A E 50 mL R L0, WEIE—78 °C, EMRE T
P53 n-BuLi (0.55 mL, 1.2 mmol, 2.2 mol/L), N
SEZJEAE—20 °C NV 25 min, R E EimAREE N 1
h. B4R FARRENEE (120 mg, 1.1 mmol, %1 2 mL THF)
SRS B LU O CHN), WS FYREAE 0
CFRMNZ)30 min 5 B2 ok, A l5ORER N 58 5 sk 3
KN, F ELO (10 mLX3)4H, SIFHHLZ,
NaCl¥t, Jo/K Na,SO, T4, s 28 ik 4a 4380 7 . ok
TR E T [VCA k) - MR EEE) =3 : 11153 T
Bifk 4a (218 mg), “F N 63%. 'H NMR (400 MHz,
CDCly) o0: 8.19~8.17 (m, 1H), 7.74~7.70 (m, 2H),
7.47~7.28 (m, 9H), 6.53~6.50 (m, 1H), 6.01 (d, J=8.4
Hz, 1H), 4.19~4.13 (m, 1H), 3.58~3.53 (m, 1H), 3.40~
3.33 (m, 1H), 2.83~2.78 (m, 1H), 2.18~2.02 (m, 5H);
C NMR (100 MHz, CDCl;) d: 156.6, 148.2, 139.2, 139.1,
138.3, 138.2, 136.8, 133.6, 133.4, 132.7, 132.5, 128.8,
128.5, 128.4, 128.3, 111.27, 106.6, 55.6, 55.3, 47.2, 32.7,
32.6, 31.2, 31.1, 23.6; *'P NMR (162 MHz, CDCl;) ¢:
—21.42. HRMS (ESI) caled for CyH,NP [M+H]"
347.1672, found 347.1670.

TFIEE A 4b (5 S % 4a (795 mg), P7H A 58%.
'H NMR (400 MHz, CDCly) 0: 7.82~7.78 (m, 2H),
7.44~7.38 (m, 5H), 7.30~7.24 (m, 4H), 6.39 (d, J=7.2
Hz, 1H), 5.96 (d, J=8.4 Hz, 1H), 42~4.3 (m, 1H),
3.52~3.48 (m, 1H), 3.32~3.30 (m, 1H), 3.04~3.00 (m,
1H), 2.44 (s, 3H), 2.28~2.24 (m, 1H), 2.15~1.87 (m,
4H); *C NMR (100 MHz, CDCl;) J: 156.8, 156.4, 137.1,
133.4, 133.2, 132.7, 132.5, 128.6, 128.4, 128.33, 128.28,
128.25, 110.5, 103.4, 55.4, 55.2, 47.2, 32.6, 32.4, 30.8,
30.7, 24.6, 23.6; *'P NMR (162 MHz, CDCl3) 6: —20.70.
HRMS (ESI) caled for Cp3HyN,P [M+H]" 361.1828,
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found 361.1812.

&Y 6a & DR MK N Z S Sa
(1.51 g, 10 mmol), FEFRHL 54 mg 1] K,CO5 A,
BT Ny -9, 2 G R — G 3 mL i A\ 2 ke
b, v 135 °C. TLC W, #5502 N 52 45 1l
WAl RERL. N CHCL MR R i g, I8
FHLFI NaHCO3, NaCl %3 1 ¥R, Z Ja A Na,SO, T4,
o0 ZS TR AR AR A 77 (1 44)1.1907 g, P45 44
AcOEUCeH 4 R EL M, ARGk 1.34 g, %N
75%. m.p. 82.0~85.0 ‘C; '"H NMR (400 MHz, CDCl;) o:
7.36~7.17 (m, 5H), 5.36 (brs, 1H), 4.47 (dd, J=8.4, 8.4
Hz, 1H), 4.18~4.06 (m, 2H), 2.87 (dd, J=5.6, 2.4 Hz,
2H); *C NMR (100 MHz, CDCl;) d: 159.1, 136.0, 129.1,
129.0, 127.3, 69.7, 53.8, 41.5. HRMS (ESI) calcd for
C1oH;;NO, [M+H]" 178.0823, found 178.0856.

&Y 6b MEWRS% 6a, 7“4 70%. m.p.
130.1~133.5 ‘C; '"H NMR (400 MHz, CDCl3) 6: 7.43~
7.33 (m, 5H), 5.74~5.63 (brs, 1H), 4.96 (dd, J=8.0, 7.6
Hz, 1H), 4.74 (dd, J=8.8, 8.4 Hz, 1H), 4.19 (dd, J=6.8,
6.8 Hz, 1H); *C NMR (100 MHz, CDCl;) §: 159.5, 139.4,
129.2, 128.9, 126.1, 72.5, 56.4. HRMS (ESI) calcd for
CoH,,NO, [M+H]" 164.0706, found 164.0700.

G Ta 146 4654 6a (177 mg, 1 mmol)
BT 50 mL P R, IS Ny RS, A SmL
CH,Cly, {50k} 58E AW fif 5 B T UK 4k S b,
12 mL = S5 PYHALHG £:(12 mmol, 1 mol/L)%%
MW R T, Woe 2 JEEHi B E= W, S kLt
PP A O 58 2 N 4RI S 2% 1 ik n A R0
NaHCO;, HEIAHASM™ 01k H CHLCL A HX (10
mL X3), SHANZE, FAEAE KL, TK NayS0,
U5, Gk He e 4 5 AR = . LR P AN 24 B
MR,

FPERCAA 8a ARG Kb &) Ta H % 50 mL
FURH, ARG KT 2R IR 15 mg, FHIT IR N f&
1. SRIE N A 2 TS K B 2R T 368 20 L0,
Il . TLC MR, AF 58 25 RS 1 i A 41
AL DRSS SAR W A NaHCO;, #iEHE47 10
min. i CH,CLZHL(10 mL X 3), &IHHUH, T
RKYEEE, JoK NapSO, T4, WAg R = . mERAT4l
1k, #3HCHE 82290 mg, 7<% 68%. 'H NMR (400 MHz,
CDCly) d: 7.55~7.51 (m, 2H), 7.42~7.37 (m, 2H),
7.31~7.18 (m, 11H), 4.28~4.18 (m, 1H), 4.11~4.07 (m,
1H), 3.91~3.87 (m, 2H), 3.42~3.39 (m, 2H), 3.04 (d, J=
4.8 Hz, 1H), 2.80~2.70 (m, 1H), 2.57~2.52 (m, 1H),
2.18~2.10 (m, 1H), 1.99~1.94 (m, 3H), 1.89~1.79 (m,

http://sioc-journal.cn/ 851
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1H); *C NMR (100 MHz, CDCl5) §: 159.7, 139.4, 139.3,
138.7, 137.8, 137.7, 133.2, 133.1, 13 2.9, 132.8, 132.6,
132.5, 129.7, 129.2, 129.0, 128.9, 128.6, 128.5, 128.4,
128.37, 128.3, 128.2, 126.2, 72. 2, 65.6, 56.8, 56.5, 48.0,
42.9, 34.0, 33.8, 31.6, 31.5, 29.7, 23.9, 2 2.7, 14.1; *'P
NMR (162 MHz, CDCl;) §: —22. HRMS (ESI) calcd for
C,sH,sNOP [M—H]™ 427.1945, found 427.1990.

FERCAA 8b (A S 8a, F“F N 56%. 'H NMR
(400 MHz, CDCLy) 0: 7.58~7.54 (m, 2H), 7.44~7.41 (m,
2H), 7.39~7.23 (m, 11H), 5.09 (dd, J=7.6, 7.2 Hz, 1H),
4.56 (dd, J=17.6, 8.0 Hz, 1H), 4.00~3.97 (m, 2H), 3.50~
3.47 (m, 2H), 2.87~2.84 (m, 1H), 2.21~2.15 (m, 1H),
2.05~1.95 (m, 2H), 1.88~1.84 (m, 2H); >C NMR (100
MHz, CDCl3) 6: 160.5, 144.4, 139, 138, 133, 128.6, 128.4,
127.1, 126.4, 75.2, 67.8, 57.0, 48.0, 34, 31.5, 23.9; *'P
NMR (162 MHz, CDCl;) 6: —22.40. HRMS (ESI) calcd
for Co6H,sN,OP [M+H]" 415.1934, found 415.1922.

TIERA 8¢ (B S % 8a, P“F N 60%. 'H NMR
(400 MHz, CDCLy) 0: 7.64~7.60 (m, 2H), 7.46~7.42 (m,
2H), 7.37~7.27 (m, 11H), 5.08 (dd, J=8.8, 7.6 Hz, 1H),
4.55 (dd, J=8.0, 8.0 Hz, 1H), 4.06~3.99 (m, 2H), 3.52~
3.47 (m, 2H), 2.84~2.81 (m, 1H), 2.28~2.21 (m, 1H),
2.07~2.02 (m, 3H), 1.91~1.88 (m, 1H); >C NMR (100
MHz, CDCl;) d: 160.5, 144.2, 139.2, 138, 133.1, 132.8,
128.6, 128.4, 127.1, 126.5, 75.1, 67.7, 56.9, 56.7, 48.2,
34.2, 34.1, 31.6, 24.0; *'P NMR (162 MHz, CDCl;) ¢:
—22.10. HRMS (ESI) caled for CyH,yN,OP [M+H]"
415.1934, found 415.1927.

13- MM A I e S Bl v FREX 3.8 mg fY AgOTf
(0.015 mmol, 5 mol%) A 25 mL P L, FAE .
B FPERLAA(0.0165 mol, 5.5 mol%)# T 0.5 mL %+,
B RN, RGAEER PR 1 h FRICTZ
57.3 mg (0.3 mmol, 1 equiv.), J] 0.5 mL &I
BSOS, BEFEZ) 10 min 258 N-ZEHEN0 T4 W
W i#%(51.9 mg, 0.3 mmol, 1 equiv.), ] 0.5 mL %5 i#
HERE B NI, G EGN (20 mmol%). £ 5
BE Y 5E A B R AR I N LA NaCl ¥, 3 K.
il CH,CL #H0(5 mL X 3). &HHEHUZE, LK NaSO,
T, Wedn fa e AEREAT 4040 [ V(PE)/ V(ACcOE) =1 ©
1].

.44 11a: HPLC [Determined by Daicel Chiralcel
AS-H column; V(Hexane) . V(i-PrOH) =50 . 50, flow
rate=0.8 mL/min, 254 nm]. FA[EE. mp. 190~194
‘C; '"H NMR (400 MHz, CDCl3) 6: 7.47~7.49 (m, 2H),
7.32~7.43 (m, 6H), 7.16~7.18 (m, 2H), 4.64 (dd, J=5.6,

852 http://sioc-journal.cn/
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8.8 Hz, 1H), 4.18 (dd, J=5.2, 6.4 Hz, 1H), 3.90 (s, 3H),
3.76 (dd, J=7.2, 7.2 Hz, 1H), 3.60 (dd, J=8.0, 8.4 Hz,
1H), 2.55 (brs, 1H); *C NMR (100 MHz, CDCl3) §: 175.1,
173.7, 170.0, 136.6, 131.6, 129.0, 128.5, 127.1, 126.2,
64.3,61.9,52.4,49.5, 48.4.

tt&%) 11b: HPLC [Determined by Daicel Chiralcel
AS-H column; J(Hexane) . V(i-PrOH) =50 : 50, flow
rate=0.8 mL/min, 254 nm]. FH[E 4. mp. 190~194
‘C; '"H NMR (400 MHz, CDCl3) d: 7.47~7.30 (m, 8H),
7.15 (d, J=8.8 Hz, 2H), 4.62 (dd, J=5.6, 8.8 Hz, 1H),
4.39~4.31 (m, 2H), 4.13 (t, J=6.0 Hz, 1H), 3.74 (dd, J=
7.2,7.2 Hz, 1H), 3.58 (dd, J=38.0, 8.2 Hz, 1H), 2.53 (brs,
1H), 1.37 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl5)
0: 175.1, 173.7, 169.6, 136.7, 131.6, 129.0, 128.5, 127.1,
126.2, 64.3, 62.1, 61.6, 49.6, 48.4, 14.2. HRMS (ESI)
caled for C, H,N,O4 [M+H]" 365.1496, found 365.1486.

44 11¢: HPLC [Determined by Daicel Chiralcel
AS-H column; V(Hexane) : V(i-PrOH) =90 . 10, 0.4
mL/min, 254 nm; Retention time: fynjor=46.742, fminor =
55.021]. AEA. mp. 185.6~191.9 'C; '"H NMR (400
MHz, CDCl;) J: 7.49~7.47 (m, 2H), 7.43~7.32 (m, 6H),
7.19~7.17 (m, 2H), 4.62 (dd, J=8.4, 6 Hz, 1H), 4.05 (d,
J=6.4, 5.6 Hz, 1H), 3.72 (dd, J/=7.2, 6.8 Hz, 1H), 3.69
(dd, J/=8.4, 8 Hz, 1H), 2.54~2.51 (brs, 1H), 1.60 (s, 9H);
C NMR (100 MHz, CDCly) d: 174.7, 173.7, 168.5, 136.8,
131.8, 129.0, 128.5, 128.41, 128.37, 127.1, 126.3, 82.5,
64.2, 62.8, 49.9, 48.4, 28.2. HRMS (ESI) caled for
Cy3H,ysN,04 [M+H]"™ 393.1809, found 393.1796.

1644 11d: HPLC [Determined by Daicel Chiralcel
AS-H column; V(Hexane) : V(i-PrOH) =90 . 10, 0.4
mL/min, 254 nm; Retention time: #yino:=41.320, fmgjor=
52.926]. FIGE K. mp. 159.5~165.0 C; '"H NMR (400
MHz, CDCl;) d: 7.66~7.63 (m, 1H), 7.42~7.22 (m, 6H),
7.10~7.08 (m, 2H), 4.83 (dd, J=5.6, 8.4 Hz, 1H), 4.04
(dd, J=5.6, 5.2 Hz, 1H), 3.86 (dd, J=8.0, 8.0 Hz, 1H),
3.71 (dd, J=6.8, 7.2 Hz, 1H), 2.41~2.38 (brs, 1H), 1.57
(s, 9H); *C NMR (100 MHz, CDCly) §: 174.7, 173.4,
168.4, 135.1, 133.5, 131.7, 129.3, 129.2, 129.0, 128.4,
127.2, 127.0, 126.3, 82.6, 62.4, 60.6, 47.8, 47.0, 28.2.
HRMS (ESI) caled for C,3H,4CIN,O4 [M+H]" 427.1419,
found 427.1400.

&%) 11e: HPLC [Determined by Daicel Chiralcel
AS-H column; V(Hexane) : V(i-PrOH) =90 : 10, 0.4
mL/min, 254 nm; Retention time: #mayor=44.081, fminor=
52.192. F{AE4E. mp. 190.0~194.7 °C; '"H NMR (400
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MHz, CDCl;) 6: 7.67~7.65 (m, 1H), 7.39~7.36 (m, 2H),
7.33~7.29 (m, 1H), 7.23~7.22 (m, 3H), 7.10~7.08 (m,
2H), 4.73 (dd, J=8.4, 4.4 Hz, 1H), 4.05 (dd, J=4, 5.6
Hz, 1H), 3.73 (dd, J=6, 7.6 Hz, 1H), 3.66 (dd, /=8.8, 7.6
Hz, 1H), 2.48 (s, 3H), 2.44 (brs, 1H), 1.61 (s, 9H); "°C
NMR (100 MHz, CDCl3) d: 174.9, 173.6, 168.5, 135.8,
135.5, 131.8, 130.3, 129.0, 128.3, 127.9, 126.3, 126.1,
125.3, 82.4, 62.4, 60.5, 48.3, 47.3, 28.2, 19.4. HRMS (ESI)
caled for CyHyN,O, [M + H] © 407.1965, found
407.1955.

.44 11f: HPLC [Determined by Daicel Chiralcel
AS-H column; V(Hexane) : V(i-PrOH) =90 : 10, 0.4
mL/min, 254 nm; Retention time: #ngjor=29.265, fminor=
41.176]. AME A mp. 210.2~212.8 'C; "H NMR (400
MHz, CDCl;) 6: 8.05~8.03 (d, /=8.8 Hz, 1H), 7.88~
7.87 (m, 2H), 7.84~7.82 (m, 1H), 7.62~7.59 (m, 1H),
7.56~7.52 (m, 1H), 7.49~7.45 (m, 1H), 7.37~7.27 (m,
3H), 7.08 (d, J=7.2 Hz, 2H), 5.23 (dd, J=5.2, 5.6 Hz,
1H), 4.12 (dd, J=4.8, 4.8 Hz, 1H), 3.85 (dd, J=8.0, 8.4
Hz, 1H), 3.75 (dd, J=6.8, 7.2 Hz, 1H), 2.51~2.48 (brs,
1H), 1.64 (s, 9H); °C NMR (100 MHz, CDCl;) §: 174.8,
173.2, 168.5, 133.6, 133.2, 131.8, 131.3, 129.2, 128.9,
128.7, 128.3, 126.4, 126.3, 126.3, 125.6, 125.4, 123.3,
122.4, 82.5, 62.5, 59.9, 48.5, 48.2, 28.2. HRMS (ESI)
caled for CyHyN,O, [M + H] © 443.1965, found
443.1950.

.44 11g: HPLC [Determined by Daicel Chiralcel
AS-H column; V(Hexane) : V(i-PrOH) =90 : 10, 0.5
mL/min, 254 nm; Retention time: #yjor=40.238, fminor=
60.944]. AR, m.p. 203.0~207.3 'C; '"H NMR (400
MHz, CDCl;) d: 7.46~7.38 (m, 5H), 7.36~7.269 (m,
5H), 6.77 (d, J=16.0 Hz, 1H), 6.47 (dd, J=6.4, 15.6 Hz,
1H), 4.13 (d, J/=6.0 Hz, 1H), 4.03 (d, /=7.2 Hz, 1H), 3.71
(dd, J=7.6, 7.6 Hz, 1H), 3.55 (dd, J=38.0, 8.0 Hz, 1H),
2.20 (s, 1H), 1.56 (s, 9H); *C NMR (100 MHz, CDCl5) ¢:
174.7, 1743, 171.2, 168.7, 136.5, 132.4, 131.7, 129.2,
128.7, 128.6, 127.9, 126.8, 126.5, 125.1, 82.9, 63.6, 62.8,
60.4, 50.1, 49.0, 28.1; HRMS (ESI) calcd for CysHy6N,O4
[M-+H]" 419.1965, found 419.1940.
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