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Asymmetric Synthesis of B-Amino Phosphonate Derivatives through
Natural Amino Acids Derived a-Diazophosphonates
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Abstract An efficient procedure was developed for the asymmetric synthesis of (S)-diethyl (2-(1,3-dioxoisoindolin-
2-yl)propyl)phosphonates employing (S)-diethyl (1-diazo-2-(1,3-dioxoisoindolin-2-yl)alkyl)phosphonates as starting materials.
The reaction was catalyzed by 5% Pd/C and used glacial acetic acid as additive in i-PrOH as solvent. The obtained optical
B-amino phosphonate derivatives were identified by 'H NMR, '*C NMR, *'P NMR and HRMS and the enantiomeric excess
was 95%. This process provided straightforward access to optical f-aminophosphonate derivatives in good yields with high
stereoselectivities.

Keywords chiral induction; f-amino phosphonate; asymmetric synthesis; a-diazophosphonate
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1992 4 Soloshonok 25251 F fif A€ F JE - g — 5
B R AR A VRN, AXSRRE T -2
FREEATAEND, 12T VE RN, FE LA I B

2004 4F Schmidt Z£1PI7E 0.25 equiv. il T BEARIEAE R,
FIH o-Z IR B T SR 5 R W R — 2
Fig e NAFE) T FME o-FREE-B-R BRI, A5 R 1.0
equiv. (A BEER — 2 B8 R AN B, 4 EhBRK iR f5
BT B-2 I -a- R T R TN

2007 4E T AEME & T ENE NN T T
A3, I SRR R R AR SR A R 0 I B, DL
HREFNERRN T p-TH IR NG, 7= AL PR AR
L, RIEEHEICE, B3FY o-BUR-A-A R, 1%
SN GBS —55 CHMET RN 4~7 d.

2009 4F 7RO 2SI D) TV iR TR A LA S,
XA T p-A IR AlE. 72 —78 CHIIE T B4
FAEEAMT, LI (Z QI 458 H B B BRI o
W HETGRAT, 55 4% 30 T [ 5 1) U R 0 iz, e o
PRI A B AL R B SRR, Mt N B
PP 5 A9 3 T [ E 1) p- 2 S B R .

BRI B Ry e Y W N (X | S NN
THEAFIHEAA ST BRI N, SEHL B- 28 L B R TR T AN
SRR G, T S SR E s SR AR 1k
- R TR 2 F (0 5k E AT A O AR T
PRI B 5 SR bl A R, PR/ R —, Tk
T FRORZEEN SN T DR ETER p-A I BER
B AKX IR A BT, AT KRR E SR ok, @it 25
RIE R p-RHE-o- AR RS, M —Ddid Pd/C L
IR R, S - R R IR T AL W A AR AR
B

1 &R511R

R BRI & B
HAEMNNRR B K EM -2 I-a- ERBERES, &

1.1
o]

ot

1 0

H,N” >COOH

CH3COOH, reflux
(e}

2
(6]

(6] (6]
o TsNHNH, N Q Et;N o
N X P — y—P—OEt ————> N I
| CH20|2, r.t. —

HCI, THF, r.t. O

P—OEt
O O Okt

4

v
) COOH

LR IR (1) 2 55 40 25— F IR I 75 5 8 P [l 9
RH(S)-2-(1,3- ZH MR- TR (2), R )5 AR
A5 EAL AR B 13 BAH N IR A Y 3, TEEIR
4N A & NSRS TR = Z B8 KA Arbuzov
SNAFE] a-FRIETERRES 4, 33— 5% F 2R I B
BN B E 5, Bn i & B b = O
AR TR FH 2R B IE R S 7] LAAR 3] B-28 B0~ EUBE IR S 6a,
T35 I B SR S 42% (Scheme 1)),

1.2 RMNFZFHBMRK

TSR (S)-1- B R(-2-(1,3- Ak S 06 ) R L g i
T ZE(6a) (0.285 mmol) Y MR, 5% Pd/C HfELL
A, EARIEIIR 101 kPa, RMEFIA T AEE(10 mL)iE
17 NG 26 F i e . 2 36 25 R S R M AL I &R
10 mol%Hf, [ 2 h LU EL 20% A 215 2 H br
W) 7a(3E 1, Entry 1). 8@ B2 7a (1)
W 2R A L ER R, 40 0 R Ik R LA AL R ) e L B R
20 mol%(# 1, Entries 2~5). 4L 7 1 FH &4 52 LA 3k
— B I NV, WP . OBE. BUT EERIK
VER BT, R IAZAMEA IR B 1 e HE I 71 7 TR
fiZ(3% 1, Entries 6~9).

NT PR E R, HRIMARMAZE Kk
Ni(F 1, Entries 10~21). @INFIHERE(10 mol%) Xt )
ML AR, 2435 FBEER (10 mol%) A I, <
PSR = B 67%, XTSI S AT 07 1% & I A AR
TIANE 60 mol%olh s I A A s e, 11T H. 5 A S i i [
N2 he B E 1S B RN R A S A R (S)-1-F A -
2-(1,3- A S 15| ) TR L B R — 2.1 (6a) (0.285 mmol),
5% Pd/C HEALFI20 mol%), IIIFIEEER(60 mol%),
PIEE(10 mLYYE R R S, TR =AM T R 2 h

1.3 RUEEMHRER
N T B BRI AR AT, R TR
TR SR R BEAT T 3B FE (3R 2). WF T 45 RAHL

SOcCl, P(OEt);
_— _—
Toluene, reflux COCl  CHyCly, r.t.

0
v
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BR 1 pE o R Ga) ] %

Scheme 1 Synthesis of f-amino-a-diazophosphonate (6a)
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Table 1 Optimization of reaction conditions

(0] e}
N4§79 5% Pd/C, 101 kPa H, @QN{Q
P-OEt P-OEt
o N, Cl)Et Solvent, additive o) (l)Et
6a 7a

Entry Solvent Catalyst/equiv. Additive (equiv.) Time/h Yield/%"

1 i-PrOH 0.1 — 2 20

2 i-PrOH 0.15 — 2 62

3 i-PrOH 0.2 — 2 66

4 i-PrOH 0.25 — 2 65

5 i-PrOH 0.3 — 2 65

6 CH;0H 0.2 — 2 43

7 C,Hs;OH 0.2 — 2 42

8 tert-Butanol 0.2 — 2 32

9 H,O 0.2 — 2 28
10 i-PrOH 0.2 HCOONH, (0.1) 2 22
11 i-PrOH 0.2 HOAc (0.1) 2 67
12 i-PrOH 0.2 HOAc (0.2) 2 71
13 i-PrOH 0.2 HOAc (0.4) 2 74
14 i-PrOH 0.2 HOACc (0.6) 2 86
15 i-PrOH 0.2 HOACc (0.8) 2 72
16 i-PrOH 0.2 HOAc (1.0) 2 60
17 i-PrOH 0.2 HOACc (0.6) 1 26
18 i-PrOH 0.2 HOACc (0.6) 1.5 43
19 i-PrOH 0.2 HOACc (0.6) 2.5 86
20 i-PrOH 0.2 HOACc (0.6) 3 86
21 i-PrOH 0.2 HOACc (0.6) 3.5 86

TR R AR KA 6a (0.285 mmol)VA T 10 mL WA, AN 5% Pd/C AL F(x mol%) IR INF(x mol%), SRJFIEA Hy (101 kPa)=s I8 2 £ R ik

AT SR P LT 4 B IR,

AN RAR TR R & 1321 p-E I -a- T EEIR
fis 6 IREMTE IR B2 N1 3 B AL &9 168 2,
Entries 1~8), a- B & BRREARR - BURIE R X B2k
AT, 2 RO MR, A
R' BUREMAFIAS K, PR A T R . EAERN
&, M R'BURESHRIE TR, BT Pd/C k7]
BAHER, RN R, RN 8L
67%1% 2| Hbrb &K 2, Entry 7).

BE— b S IR AR L 4] | R BURIEAAS A 28 51 %
SRR I, WA R, 24 R A7 BRI
MOFJE, ZEEAIE T 3N, PYcRisE; 24 R ZEE L
AL PR K A S P B B IE T 360, IR AT FBR (R 2,
Entries 9~14), 211 S WG s 25 HA (1) A7 B s 2 i 26
AR NUIETS
1.4 EEIRRAT

CLEAREEDD Ta ABEAT T UE: LA Ta
(1) "H NMR S5 v] 1, 22 iR fE 6 7.7~7.84 Z [0E
Y FmiE, ALK LD R IR IR E S
W fL2ERIREAE 0 4.76~4.79 2 [8] ()% BHIE N 5% R T
FHIE B AR T 10, A= 7E § 3.99~4.03 2
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W2 Eg, NS5 EAAEN O EWUANEANES
W (LR REAE 6 2.17~2.82 Z AN £ EIE, Ky
SRR A ER AN ELE S, TR TR
IAVER, AR P L, b2 F4E 6 1.55~
1.57 Z I IR 2 B, Sy 5 B0 R e Y R R ) =N AL
S50 HERIELE 0 1.11~1.25 ZAfE5E, T
SRR B E A, R =HIE, RN
PN FR R 7S NS 508

LS 7a ] °C NMR 3R T4, (b3 ALE o
167.98 4k ) PC 155 06 AR 7K — FI BRIV Jiie - B3 e e 0
2RI RS AE 6 133.88, 132.02 LLA 123.14 AbHy =Nk Ny
IR PR R T S 5. T T 850 O FR I,
Froh R = AN i 5 5 0. AR TE 6 61.48~
61.88 b 1) P 4 X L U g Tk R 1w 79 1 T PR RS Al 1 0,
T2 BB G, BTSN T WEE. AT
J 42.00~42.05 2 [A] ¥ X E U6 R 5 505 A IR BURK 1Y)
U, pH T 52 30 A0 A L Bl AR i 2 A R Ak
FETE 5 20.48~30.40 2 [B] X EUE N SR FR G AHIE B2 1)
R R B, BT EEE SRR T ARIE, T DLZ 26
B A AR K, MEHECN 141.1 Hz, (A BLE
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Table 2 Substrate scope of the reaction

0O e}
1 5% Pd/C R!
@QN4§—9 101 kPa H, (:EﬁN 0
P=OR? " jproH P—OR?
(6] N2 OR2 CH3COOH o) OR2
6 7
Entry  Substrate R! R? Yield/%"
1 6a Me Et 86
2 6b PhCH, Et 83
3 6¢ i-Pr Et 84
4 6d i-Butyl Et 89
5 6e sec-Butyl Et 73
6 of OACOCHZ Bt 78
7 6g H,c 87 Et 67
e}
8 6h ©:;<N/\/\CH2 Et 85
o
9 6i Me Me 85
10 6j Me i-Pr 73
11 6k Me n-Bu 76
12 6l PhCH, Me 79
13 6m PhCH, i-Pr 81
14 6n PhCH, n-Bu 86

¢ — SRS A KA 6 (0.285 mmol)iE T 10 mL 5 P EE HH A N
5%Pd/C AL (20 mol%) FARINFIEEER (60 mol%), #AJEIEA H, (1 atm)=
AN TR 2 by R 4 B IR
5 20.48~20.63 Z [A] XU E U A ERR IR b1 F ik (1)U,
[FFF T 52 203 )48 A 1 R . A=A AE 6
16.12~16.30 2 [a] (1] VY = 0§ Ry 5 B0 AH % 1 H 2 B 1
U, F T 52 BIAR A TR B R i 8 A 24 4 A DY UG

AW 7a 1t ' PNMR 1554 6 27.05, N— LI,
ET R BE N 326.1179 (M+H), BT E L RN
326.1152 (M+H)".
1.5 RMMAFEFMAIRESR

e, HIRKIN AR AEE ST -2 HE-o-H
B — O R, RJEERAM R BT N R AL AR
NS EIH e p-2 IR — LR, FEA AT
FE AR B (HPLO) T 70 58, (a8 AD-H, ¥is)
#24 Hex : i-PrOH=95 : 5, ii# 1.0 mLemin ', #/E
3.9 MPa, 25 C, AR 20 pL, 284 Ml 2k il %
KH 254 nm. SEARIEFRNE ee TR AR ee(%)=(1k
G S TR — LAY R AR E AR/ (&4
S ARG A+ LAY R ST ARIETHFY) X 100%.
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W 2 firs, CLVEBER p-28Jk-a- BB R — 21 6a
NIRRT R, TR T TSR R B, PPN
THIEF=Y) Ta. AT B-E bk -a- AR — T 6a N
AR IR, TR T T SIS T R B, P4
FHEF=H) Ta, 729 ee 1H M 95%(A 3).
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Qi T e e ;
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B2 e p-E o AR — L FE(6a)FIF=4) Ta 1) HPLC
Figure 2 HPLC of racemicf-amino-a-diazophosphonate (6a)
and product 7a
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Figure 3 HPLC of chiral f-amino-a-diazophosphonate (6a) and
product 7a
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i Eprid, R R I A SR e A5 2
VIFBCA FE, B AT CLHERR TR S it R v B
AT RENE. S HLRA TR R IR I N JFURE S )
P-BIE-a- E R NG, 3P E i S AR R R N AT
B p-m AR ER, SRR B REF TR FE
BEWT L, A RIS AR R IR K & T -
He-o- R BEIRES, M FIEVE S AL -2k
PRI K) AN K FR 1, 88 fe fa 1 & 5 1) < — T P P A A
WA PN T FUEREAR], KT M & AT
AR p- R IR BER IR 1R T i

2 ZEig

PARARGEEIR N E R G T - 2 -a- B AR
P, e It 7 32 g 0 (R IR L 264, LA 5% Pd/C Ak 7 iE
I AL S SR BL 67%~ 89%% I 2 A o X Mok i 9% 41 52
WT p-RZIEBERE AT IRE . 1% 515 Rk 5 1515
H, RMFMERM, BEDRE R, RMWER, T
FRBORLF, G REA T IENE p- 2 SRR IR Pt T
W T
3 IS
3.1 X5

1038 B HESEARAC Bruker 400 B, J5i % 4% 3£ [
Thermofinnigan /A @ Polaris-Q %, & R AH €8 3% 4%
Aginet1100 &Y, Jig#% 7% &A% Buchi Rotavapor R-114 &Y,
i 46 LA M AL L ZF-20D AL, 43 KT £ [H
Ohaus AR2130 %Y.

R a6 HE, 5% Pd-C. VK2R AR
Rortral, AR hmEmai A, T AT AR (200~300
H)FI GF254 38 2 RERARIS T Byl veqb T A4,

3.2 ZWHE

7E 50 mL [FRLEEH ML A 6 (0.285 mmol)F:
10 mL S AR, SRS 60 mol%I1iK 2.1, 20
mol%M 5% Pd/C, RRFEZ A, W15 HESK
WREH 3 X, AABRI0E, ZEXMN 2 hH#EE o
(TLO)RAZ REFEHR A BR B S Mg R, 4 Rk IR B e EE ),
FAiess 75 RACGE BRI, FARERAE AT EHT 0 5, ok
BN M & H k) @ MR LER) =10 @ 1, Bin[153]
HArb &4 7.

(8)-2-F A% 7K — H Ik WP i -2- FR O - BE TR £ TR (7a):
79.6 mg, 7°F% 86%. 'H NMR (400 MHz, CDCLy) o:
7.80~7.88 (m, 2H, Ph), 7.68~7.75 (m, 2H, Ph), 4.71~
4.84 (m, 1H, CH), 3.93~4.09 (m, 4H, 20CH,), 2.71~
2.90 (m, 1H, P-CH,), 2.06~2.29 (m, 1H, P-CH,), 1.56 (d,
J=6.9 Hz, 3H, CH,), 1.23 (t, J=7.0 Hz, 3H, CH3), 1.13 (t,
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J=17.0 Hz, 3H, CH;); "C NMR (101 MHz, CDCly) §:
167.98, 133.88, 132.02, 123.14, 61.68, 42.03, 29.70 (d, J=
141.1 Hz, P-CH,), 20.56, 16.21; *'P NMR (162 MHz,
CDCly) o: 27.05 (s); ESI-HRMS calcd for CisHyNOsP
(M~+H)" 326.1179, found 326.1152.

(8)-2- & A8 2K — H L 0 i -2- % 25 - B R 2 K (7b):
77.9 mg, 7% 83%. 'H NMR (400 MHz, CDCl;) o:
7.74~7.84 (m, 2H, Ph), 7.63~7.72 (m, 2H, Ph), 7.13~
7.27 (m, 5H, Ph), 4.74~4.95 (m, 1H, CH), 3.88~4.06 (m,
4H, OCH,), 3.26~3.36 (m, 1H, CH,), 3.17~3.24 (m, 1H,
CH,), 2.80~2.96 (m, 1H, P-CH,), 2.10~2.25 (m, 1H,
P-CH,), 1.19 (t, J=7.1 Hz, 3H, CHj), 1.08 (t, J=7.1 Hz,
3H, CH,); *C NMR (101 MHz, CDCl;) d: 168.03, 137.18,
133.84, 131.78, 129.03, 128.60, 126.85, 123.13, 61.73,
47.58, 40.12, 27.65 (d, J=141.8 Hz, P-CH,), 16.17; *'P
NMR (162 MHz, CDCl;) §: 27.11 (s); ESI-HRMS calced
for C,;H,sNOsP (M+H)" 402.1465, found 402.1471.

(S)-2- 48 2K — F I W Jig -2- S T - R PR 2 1 (Te):
78.2 mg, & 84%. 'H NMR (400 MHz, CDCl;) o:
7.76~7.86 (m, 2H, Ph), 7.64~7.72 (m, 2H, Ph), 4.08~
4.24 (m, 1H, N-CH), 3.82~4.04 (m, 4H, 20CH,), 2.74~
2.90 (m, 1H, P-CH,), 2.26~2.39 (m, 1H, P-CH,), 2.11~
2.23 (m, 1H, CH), 1.16 (t, J=7.1 Hz, 3H, CH;), 1.02 (dt,
J=17.0, 3.7 Hz, 6H, 2CH3), 0.84 (d, J=6.7 Hz, 3H, CH,);
C NMR (101 MHz, CDCl;) J: 168.42, 133.87, 131.93,
123.18, 61.67, 52.54, 31.71, 25.71 (d, J=142.3 Hz,
P-CH,), 20.17, 19.64, 16.16; *'P NMR (162 MHz, CDCl5)
0: 28.19 (s); ESI-HRMS calcd for C;;H,sNOsP (M+H) "
354.1465, found 354.1463.

(S)-2- AR A — I ok 0 g -2- 57 T B - B R 20 1R (74):
83.1 mg, % 89%. 'H NMR (400 MHz, CDCl;) o:
7.79~7.88 (m, 2H, Ph), 7.67~7.75 (m, 2H, Ph), 4.59~
4.77 (m, 1H, N-CH), 3.90~4.07 (m, 4H, 20CH,), 2.69~
2.87 (m, 1H, P-CH,), 2.11~2.20 (m, 1H, P-CH,), 2.01~
2.11 (m, 1H, CH), 1.42~1.58 (m, 2H, CH,), 1.20 (t, J=
7.1 Hz, 3H, CH;), 1.09 (t, J=7.1 Hz, 3H, CH3), 0.95 (d,
J=6.3 Hz, 3H, CH,), 0.89 (d, J=6.3 Hz, 3H, CHs); C
NMR (101 MHz, CDCly) &: 168.22, 133.86, 131.97,
123.14, 61.67, 44.55, 42.92, 28.63 (d, J=141.4 Hz,
P-CH,), 25.10, 22.96, 21.72, 16.18; *'P NMR (162 MHz,
CDCl;) d: 27.35 (s); ESI-HRMS caled for C;gH,NOsP
(M+H)" 368.1621, found 368.1627.

(S)-2-F A8 2K — FBE W fic-2- P T 25— IS IR £ T (Te):
68.2 mg, % 73%. 'H NMR (400 MHz, CDCl;) o:
7.76~7.83 (m, 2H, Ph), 7.64~7.70 (m, 2H, Ph), 4.17~
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4.32 (m, 1H, N-CH), 3.84~4.03 (m, 4H, 20CH,), 2.70~
291 (m, 1H, P-CH,), 2.13~2.23 (m, 1H, P-CH,), 2.08~
2.14 (m, 1H, CH), 1.26~1.47 (m, 2H, CH,), 1.12~1.19
(m, 3H, CHs), 0.95~1.04 (m, 6H, 2CH3), 0.78~0.86 (m,
3H, CH;); *C NMR (101 MHz, CDCl;) §: 168.16, 133.83,
131.97, 123.15, 61.64, 51.10, 37.61, 25.62 (s,CH,), 25.53
(d, J=142.0 Hz, P-CH,), 16.22, 16.06, 10.77; *'P NMR
(162 MHz, CDCls) o: 28.34 (s); ESI-HRMS calcd for
C1sHp,NOsP (M+H) " 368.1621, found 368.1631.

(S)-2-F A1 2 — F I S0 e -2- X6 2, Tk 2 - R R 2. T
(7): 73.8 mg, 773 78%. 'H NMR (300 MHz, CDCL) o:
7.73~7.84 (m, 2H, Ph), 7.63~7.72 (m, 2H, Ph), 7.20 (d,
J=8.3 Hz, 2H, Ph), 6.95 (d, J=8.3 Hz, 2H, Ph), 4.76~
4.93 (m, 1H, N-CH), 3.88~4.05 (m, 4H, 20CH,), 3.11~
3.40 (m, 2H, Ph-CH,), 2.72~2.96 (m, 1H, P-CH,), 2.26 (s,
3H, CHj), 2.01~2.19 (m, 1H, P-CH,), 1.18 (t, J=7.0 Hz,
3H, CH3), 1.08 (t, J=7.0 Hz, 3H, CH;); "C NMR (101
MHz, CDCl3) 6: 169.36, 167.97, 149.49, 134.75, 133.90,
131.74, 129.99, 123.19, 121.69, 61.78, 47.36, 39.47, 27.69
(d, J=141.8 Hz, P-CH,), 21.11, 16.17; *'P NMR (162
MHz, CDCl;) o: 26.92 (s); ESI-HRMS caled for
Ca3HyNO-P (M+H) " 460.1520, found 460.1522.

(8)-2- B AR 7K — H ik W i -2- 2, 2k HR At Tk 5 - I 1R 2
fig(7g): 62.8 mg, ;=& 67%. '"H NMR (400 MHz, CDCl;)
J: 7.78~7.85 (m, 2H, Ph), 7.66~7.72 (m, 2H, Ph), 4.58~
4.80 (m, 1H, N-CH), 3.85~4.07 (m, 4H, 20CH,), 2.67~
2.88 (m, 1H, P-CH,), 2.34~2.50 (m, 2H, S-CH,), 2.08~
2.19 (m, 1H, P-CH,), 2.04 (s, 3H, S-CH3), 1.26~1.36 (m,
2H, CH,), 1.20 (t, J=7.1 Hz, 3H, CH3), 1.07 (t, J=7.1 Hz,
3H, CHs); *C NMR (101 MHz, CDCl3) §: 168.18, 134.01,
131.89, 123.28, 61.81, 45.63, 33.20, 30.80, 28.30 (d, J=
141.4 Hz, P-CH,), 16.21, 15.57; *'P NMR (162 MHz,
CDCly) 0: 26.76 (s); ESI-HRMS calcd for C7H,sNOsPS
(M+H)" 386.1186, found 386.1179.

(8)-2- VAT 4% — H gt V. Jbg -2-(4- 2040 2K — FH I 0 %)
IE T #-BE8R 2. FE(7Th): 80.9 mg, F“% 85%. 'H NMR
(400 MHz, CDCL3) 6: 7.70~7.82 (m, 4H, Ph), 7.60~7.70
(m, 4H, Ph), 4.43~4.60 (m, 1H, N-CH), 3.83~4.00 (m,
4H, 20CH,), 3.52~3.62 (m, 2H, N-CH,), 2.68~2.86 (m,
1H, P-CH,), 1.99~2.18 (m, 1H, P-CH,), 1.55~1.86 (m,
4H, 2CH,), 1.23~1.31 (m, 2H, CH,), 1.15 (t, J=7.0 Hz,
3H, CH3), 1.04 (t, J=7.0 Hz, 1H, CH;); “C NMR (101
MHz, CDCLy) d: 168.22, 133.86, 131.98, 123.16, 61.69,
46.19, 37.54, 33.55, 28.34 (d, J=141.4 Hz, P-CH,), 27.98,
23.59, 16.18; *'P NMR (162 MHz, CDCl;) ¢: 27.15 (s);
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ESI-HRMS caled for CogH3oN,O-P (M+H)" 513.1785,
found 513.1788.

(S)-2-ZV1 2R — I IV Jig-2- R - [ R Y IR (7): 78.2
mg, =% 85%. 'H NMR (400 MHz, CDCl;) d: 7.74~7.79
(m, 2H, Ph), 7.61~7.67 (m, 2H, Ph), 4.64~4.74 (m, 1H,
CH), 3.59 (d, J=8.4 Hz, 3H, OCHj,), 3.56 (d, J=8.4 Hz,
3H, OCHj,), 2.65~2.79 (m, 1H, P-CH,), 2.08~2.23 (m,
1H, P-CH,), 1.49 (dd, J=6.9, 2.0 Hz, 3H, CH;); °C NMR
(101 MHz, CDCl;) d: 168.00, 132.93, 131.90, 123.19,
52.49, 41.91, 28.69 (d, J=141.0 Hz, P-CH,), 20.44; *'P
NMR (162 MHz, CDCl;) §: 29.66 (s); ESI-HRMS calcd
for Cj3H;;NOsP (M+H)" 298.0839, found 298.0836.

(S)-2- %48 2% — W ok IV e -2- Y 6 - R IR 5 TA B8 (7)):
68 mg, “Z 73%. 'H NMR (300 MHz, CDCl;) J: 7.75~
7.94 (m, 2H, Ph), 7.63~7.77 (m, 2H, Ph), 4.69~4.84 (m,
1H, CH), 4.53~4.69 (m, 2H, 20CH), 2.63~2.87 (m, 1H,
P-CH,), 2.00~2.24 (m, 1H, P-CH,), 1.55 (d, J=6.6 Hz,
3H, CH3), 1.24 (t, J=5.6 Hz, 6H, 2CH,), 1.17 (d, J=6.0
Hz, 3H, CH3), 1.11 (d, J=6.0 Hz, 3H, CH;); *C NMR
(101 MHz, CDCly) d: 167.99, 133.83, 132.14, 123.10,
71.06, 69.05, 42.19, 31.11 (d, J=142.3 Hz, P-CH,), 23.96,
23.80, 20.61; *'P NMR (162 MHz, CDCls) o: 25.05 (s);
ESI-HRMS caled for C;H,sNOsP (M+H) '™ 354.1465,
found 354.1466.

(S)-2- AT — B L WP e -2- HY - B R OE T T8 (7Kk):
71.1 mg, % 76%. 'H NMR (400 MHz, CDCl;) o:
7.79~7.87 (m, 2H, Ph), 7.67~7.76 (m, 2H, Ph), 4.67~
4.88 (m, 1H, CH), 3.85~4.03 (m, 4H, 20CH,), 2.71~
2.90 (m, 1H, P-CH,), 2.03~2.28 (m, 1H, P-CH,), 1.54~
1.58 (m, 3H, CH;), 1.49~1.54 (m, 2H, CH,), 1.38~1.47
(m, 2H, CH,), 1.28~1.36 (m, 2H, CH,), 1.19~1.28 (m,
2H, CH,), 0.87 (t, J=7.4 Hz, 3H, CH;), 0.82 (t, J=7.4 Hz,
3H, CH,); °C NMR (101 MHz, CDCl;) d: 167.96, 133.87,
132.06, 123.16, 65.48, 42.10, 32.42, 29.59 (d, J=141.2
Hz, P-CH,), 20.59, 18.65, 13.59; *'P NMR (162 MHz,
CDCly) o: 27.12 (s); ESI-HRMS calcd for Ci9HpoNOsP
(M-+H)" 382.1778, found 382.1782.

(S)-2-Z A0 2K — FF LW -2 2 - R FH R (71): 73.9
mg, & 79%. '"H NMR (400 MHz, CDCl3) 6: 7.71 (dd,
J=5.0, 3.2 Hz, 2H, Ph), 7.60 (dd, J=5.0, 3.2 Hz, 2H, Ph),
7.05~7.18 (m, 5H, Ph), 4.65~4.86 (m, 1H, CH), 3.53
(dd, J=10.9, 7.6 Hz, 6H, 20CH;), 3.17~3.29 (m, 1H,
CH,), 3.06~3.16 (m, 1H, CH,), 2.73~2.85 (m, 1H,
P-CH,), 2.02~2.21 (m, 1H, P-CH,); *C NMR (101 MHz,
CDCLy) 6: 168.13, 137.08, 133.92, 131.67, 129.02, 128.62,
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126.90, 123.20, 52.51, 47.48, 40.06, 26.67 (d, J=142.0
Hz, P-CH,); *'P NMR (162 MHz, CDCl;) d: 29.67 (s);
ESI-HRMS caled for CoH,NOsP (M+H) " 374.1152,
found 374.1155.

(S)-2- R 4B 2k — F BRIV fig -2 B - JpE 2 5 P i (7 m):
764 mg, “% 81%. 'H NMR (400 MHz, CDCl;) o:
7.74~7.82 (m, 2H, Ph), 7.65~7.71 (m, 2H, Ph), 7.14~
7.27 (m, 5H, Ph), 4.76~4.93 (m, 1H, CH), 4.49~4.69 (m,
2H, 20CH), 3.13~3.39 (m, 2H, Ph-CH,), 2.74~2.92 (m,
1H, P-CH,), 2.04~2.25 (m, 1H, P-CH,), 1.22 (d, J=6.2
Hz, 3H, CH3), 1.20 (d, J=6.2 Hz, 3H, CH;), 1.13 (d, J=
6.2 Hz, 3H, CH3), 1.07 (d, J=6.2 Hz, 3H, CH;); *C NMR
(101 MHz, CDCly) d: 167.94, 137.33, 133.78, 131.89,
129.04, 128.57, 126.80, 123.08, 70.24, 47.75, 40.14, 28.98
(d, J=142.9 Hz, P-CH), 23.81; *'P NMR (162 MHz,
CDCly) d: 25.17 (s); ESI-HRMS calcd for Cy3HygNNaOsP
(M+Na)" 452.1597, found 452.1599.

(S)-2- A 4 — F Ik S Jig -2- % JE — i R 1F T i (7m):
81.4 mg, % 86%. 'H NMR (300 MHz, CDCl;) o:
7.66~7.81 (m, 2H, Ph), 7.53~7.66 (m, 2H, Ph), 7.03~
7.24 (m, 5H, Ph), 4.62~4.94 (m, 1H, CH), 3.62~4.00 (m,
4H, OCH,), 3.00~3.33 (m, 2H, Ph-CH,), 2.63~2.92 (m,
1H, P-CH,), 1.97~2.28 (m, 1H, P-CH,), 0.97~1.56 (m,
8H, 4CH,), 0.61~0.93 (m, 6H, 2CH;); *C NMR (101
MHz, CDCL3) 0: 167.84, 137.20, 133.82, 131.80, 129.03,
128.60, 126.85, 123.14, 65.51, 47.60, 40.14, 32.36, 27.44
(d, J=141.9 Hz, P-CH,), 18.61, 13.57; *'P NMR (162
MHz, CDCl;) d: 27.23 (s). ESI-HRMS caled for CysH3,N-
NaOsP (M+Na)" 480.1910, found 480.1920.

4 BI#1#H (Supporting Information) {L&4) 7a~7n [

"H NMR #1 PC NMR B, X £ephRba] DL 7 A1)
¥k (http://sioc-journal.cn/) | N %K.
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