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Abstract

In this work, the Kukhtin-Ramirez reaction intermediates from trivalent phosphine and a-dicarbonyl
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compounds were used to in situ construct pentacoordinated phosphorus compounds as the reaction
platform of ligand coupling for the synthesis of a-amino carboxylic esters which was realized in
one-step. This approach innovates in the in-situ conversion of Kukhtin-Ramirez inter-mediates
into pentacoordinated phosphorus compounds, providing a new direction for the traditional lig-
and coupling reaction mode that requires pre-synthesis of pentacoordinated phosphorus com-
pounds.
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1. 53|

AU S MG I E BN A HT Z KR, 4 Wittig s M [1]. Staudinger & 8i[2] [3]LA K&
Mitsunobu J Mi[4]%F. BRitz 4, FECEE RIS POV) AT DR FAEBC AR R IBE I R4, i B4k 2
IR IR B 5 [5]. H M 20 4D 40 44K, Mann. Newkome. Uchida Fi1 Oae %5 A\ gtid it Ff
BIPER TARRER T JUFIASE POV A4 i e 44 15 156 (1) 2 S B L e R Ak & P 1R B [6]-[8], 3X —
PER TAR ARG ST POV) A PIIEC AR I S SR FE B8 5 T JE (K] 1(a))o AR BT a7 Th AN A2
P (V) T A A B SR s 75 WL B B HR PR B P A 52 3 R 5 0, DRI AR AEAS 21 2 M . 1987 4, Anders
1 Markus EFEPERLA BT (4-TIERE)- = RS L A P[0]; FEULMLRE 8 1Bk |, McNally EREIZH7E
2016 4F ) F Be A48 B SR Mg S B 1 A E 4 547 C-O. C-S PAK C-N BRI (14 1(b)) [10] [11]; Tt
YITRIEM R T e Rk B s M b (] 1(c)) [12] [13]. %5 B AT 1 X Sk Bt I B ER1E

, EEMEL, XWRE T P(V)ECAEMEB R . 2018 4, ZF 4R P(V)ECAMEBE AR T — &
FUBRIERE A S [14], FELESCFEAE b SEPL T MEmE A RO S AR e s Ri[15], 3E—BAESE T HONAHLA
AT A,

SRIMAE LMERIX B T AR, 8 H B &R PV &Y ass Eh e ARk, X7 —EFERE _Eisin
TEBU IR RFREE . L, TFR—FP POV) 1B 4 B A7 74 2 SR S LACOA T 5 38 i e oA B By 2
LT B ARG SAE B IR R AN S e i B S R

A BRI G TR R I S B 1 T LS = AN I OB AE G Kukhtin-Ramirez (K-R)H [Al44, 153
T M HI[16], AAEB AU REIL[17] [18]. PRAKEAR[19] [20]. (1+4)M AL Ri[21]-[23]4%, K43
B THERFE W) 2. R NSRRI, K-R AR m LURAAE R, T ik, BA RiFmit
— AN . I, AR TR, A1 EIED HF X K-R Fa R RS 1, JRAEE P(V)2Ktk
HYERNTCAAEBR N 6, SE a- IR B A WA R (E 1(d))-

2. SEIGER4y

FEFH 10 S S5 oI AR RS 1 (0.5 mmol) A2 To/K DU R (5 mL), B & i\ 7548 7K (10
). fENIN NaHF, (2.5 H &) 2 5, ¥ NAR R E T 50°CHIMTE R, JEZR I =5 48).
FEmnse e )G, FranikE 2 RN SR W iEsE 2R R R IER], FIHBEENT T 2 5tk .
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Figure 1. Application of P(V) based ligand coupling reactions
B 1 ETENHEAMEHRR MR

OR

methyl 2-(dimethylamino)-2-phenylacetate (4a): 94 mg, 97%. Pale yellow oil. 'H NMR (400 MHz, Chlo-

roform-d) 6 7.42 (d, J = 1.6 Hz, 2H), 7.38~7.27 (m, 3H), 3.87 (s, 1H), 3.68 (s, 3H), 2.24 (s, 6H).

ethyl 2-(dimethylamino)-2-(p-tolyl)acetate (4b): 82 mg, 73%. Pale yellow oil. *H NMR (400 MHz, Chlo-
roform-d) ¢ 7.36~7.29 (m, 2H), 7.15 (d, J = 7.9 Hz, 2H), 4.24~4.08 (m, 2H), 3.80 (s, 1H), 2.33 (s, 3H), 2.24 (s,

6H), 1.21 (t, J = 7.1 Hz, 3H).

ethyl 2-(dimethylamino)-2-(4-isopropylphenyl)acetate (4c): 66 mg, 53%. Pale yellow oil. 'H NMR (400
MHz, Chloroform-d) § 7.36~7.33 (m, 2H), 7.22~7.17 (m, 2H), 4.25~4.09 (m, 2H), 3.82 (s, 1H), 2.89 (p, J = 6.9

Hz, 1H), 2.25 (s, 6H), 1.26~1.23 (m, 9H).

ethyl 2-(dimethylamino)-2-(4-fluorophenyl)acetate (4d): 88 mg, 78%. Yellow oil. 'H NMR (400 MHz,
Chloroform-d) ¢ 7.42 (ddd, J = 8.7, 5.5, 2.7 Hz, 2H), 7.06~7.00 (m, 2H), 4.25~4.10 (m, 2H), 3.82 (s, 1H), 2.24 (s,

6H), 1.22 (t, J = 7.2 Hz, 3H).

ethyl 2-(4-chlorophenyl)-2-(dimethylamino)acetate (4e): 84 mg, 70%. Pale yellow oil. *H NMR (400
MHz, Chloroform-d) § 7.39 (d, J = 8.6 Hz, 2H), 7.32 (d, J = 8.5 Hz, 2H), 4.24~4.10 (m, 2H), 3.82 (s, 1H), 2.24

(s, 6H), 1.22 (t, J = 7.1 Hz, 3H).

ethyl 2-(3,4-difluorophenyl)-2-(dimethylamino)acetate (4f): 70 mg, 58%. Pale yellow oil. 'H NMR (400
MHz, Chloroform-d) ¢ 7.34 (ddd, J = 11.3, 7.7, 2.0 Hz, 1H), 7.22~7.08 (m, 2H), 4.32~4.09 (m, 2H), 3.81 (s, 1H),

2.25 (s, 6H), 1.23 (t, J = 7.1 Hz, 3H).
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ethyl 2-(3,4-dichlorophenyl)-2-(dimethylamino)acetate (4g): 91 mg, 66%. Colorless oil. 'H NMR (400
MHz, Chloroform-d) ¢ 7.58 (d, J = 1.9 Hz, 1H), 7.43 (dd, J = 8.3, 0.9 Hz, 1H), 7.34~7.28 (m, 1H), 4.27~4.10 (m,
2H), 3.82 (s, 1H), 2.25 (s, 6H), 1.24 (td, J = 7.1, 1.0 Hz, 3H).

ethyl 2-(3,5-difluorophenyl)-2-(dimethylamino)acetate (4h): 89 mg, 74%. Pale yellow oil. *H NMR (400
MHz, Chloroform-d) 6 7.04~6.98 (m, 2H), 6.77 (tt, J = 8.8, 2.3 Hz, 1H), 4.26~4.13 (m, 2H), 3.84 (s, 1H), 2.26 (s,
6H), 1.24 (td, J = 7.1, 1.2 Hz, 3H).

ethyl 2-(4-cyanophenyl)-2-(dimethylamino)acetate (4i): 93 mg, 84%. Colorless oil. 'H NMR (400 MHz,
Chloroform-d) ¢ 7.66 (d, J = 8.0 Hz, 2H), 7.59 (d, J = 8.1 Hz, 2H), 4.25~4.11 (m, 2H), 3.94 (s, 1H), 2.26 (s, 6H),
1.23 (t, J=7.1 Hz, 3H).

ethyl 2-(dimethylamino)-2-(4-nitrophenyl)acetate (4j): 68 mg, 53%. Yellow oil. *H NMR (400 MHz,
Chloroform-d) ¢ 8.27~8.18 (m, 2H), 7.66 (d, J = 8.6 Hz, 2H), 4.27~4.12 (m, 2H), 4.02 (s, 1H), 2.28 (s, 6H), 1.24
(t, J=7.1Hz, 3H).

methyl 2-phenyl-2-(pyrrolidin-1-yl)acetate (4k): 97 mg, 73%. Pale yellow oil. *H NMR (400 MHz, Chlo-
roform-d) § 7.50~7.45 (m, 2H), 7.36~7.28 (m, 3H), 3.92 (s, 1H), 3.67 (s, 3H), 2.56 (tt, J = 7.0, 3.8 Hz, 2H), 2.44
(tg, J =8.0,4.2, 3.1 Hz, 2H), 1.80 (dd, J = 9.8, 3.2 Hz, 4H).

3. BRE5VE

FRAN T35 FH 2 P PP R P R (L) 1 AR, A P(NIMIeg)s JRLATZE B K-R Al R g, (Rl I HF {2t
K-R a4 g8 £k 5 P(V) 1 G0k i A FCARAR R OB (2 1) 4 PAFRZRAE NIETR, HF-Py /E8 HF Hif&
W, FRAVEE] T ER BARP Y o- B IR 4a (£ 1, 5 1), BREE 5% R, HZXWIEH T JH
P& PV B N TERAR B IR S BT & HE T 2B a- R SERR R 284 S & R P AT o B 5 BRATTREAR
[ 0 S B2 FRIEEAT T IR R (R 1, 75 2~6), S5 RE, THF BE 4 H 38% 1) H AR =l . b Ji5 il
X HF-Py HE MBI, BME> HF-Py AR BRI =2k 1, J$'5 7~8), XnREEH T
HF-Py & A0 AR R T S B (0 IE ek, it 2 /9 HF-Py 2538 ik R BB R A, 15 R N AR &
BN . % P(NMez)s A& 2 1.5 Em, PR ISEHRTE, GBI 41%M 13 2 B s =4
(# 1, 5 9), XATREZEEJy P(NMez)s IS st — D42 7 K-R HH B 9 A BN T i 33 Jse 7 (1 2
s A P(NMe)s FAEERS, FHFE AR 2] o-Z 3L FR B A BL(E 1, 75 10), HELATIL, P(NMez)s &
LT TEA £ 1) K-R HR AMATE B A R i 2 7 2 R E B EH .

Table 1. Conditions optimization

F 1 FHHE

0 P(NMey); (2) Me. .Me

ou HF precursor (3) N o

O o}

1 4

5 sl 3(HE) P(NMe2)s (4 &) H ] (h) HE(C) 7 (%)P

1 SN HF-Py (2.5) 1 22 rt 5
2 THF HF-Py (2.5) 1 22 rt 38
3 2N HF-Py (2.5) 1 22 rt 7
4 1,4-Z5 N3 HF-Py (2.5) 1 22 rt 4
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5 DMF HF-Py (2.5) 1 22 rt 30
6 DMSO HF-Py (2.5) 1 22 rt 5
7 THF HF-Py (1.25) 1 22 rt 25
8 THF HF-Py (5) 1 22 rt 17
9 THF HF-Py (2.5) 15 22 rt 41
10 THF HF-Py (2.5) / 22 rt /
11 THF KHF> (2.5) 15 22 rt AL
12 THF NaHF2 (2.5) 15 22 rt 68
13 THF 3HF-TEA (2.5) 15 22 rt 29
14 THF NaHF2 (2.5) 15 14 rt 28
15 THF NaHF2 (2.5) 15 30 rt 67
16 THF NaHF2 (2.5) 15 22 50 80
17 THF NaHF2 (2.5) 15 22 70 60
18¢ THF NaHF2 (2.5) 15 22 50 56
19¢ THF NaHF2 (2.5) 15 22 50 74
20¢ THF NaHF2 (2.5) 15 22 50 97
21f THF NaHF2 (2.5) 15 22 50 39
229 THF NaHF2 (2.5) 15 22 50 20

A NN 1 (1 H4&E), NaHF2 (2.5 45), P(NMe2)s (1.5 H&); "4 Br=%,; K THF 47NN 2 2K, 95 4
BK; ¢10 [EK; 120 HBEK; 950 HEK.

N T B HF BRI 2, AT A EF) HF B4R KHF,. NaHF, BLA 3HF-TEA #:47 1 illil(% 1,
JP5 11~13), S5 REH U KHR I, OBAR REFE IR, [N 3HF-TEA FEA SR SR 22 36 A
1M NaHF2 (45 F 23 KOR3RFH =5 42 68% . (EICIEAN FARKT IR NI [A], [N F 2 KKK, (HEHE—0
K I [ AT =2 (R 1, J75 14~15). RIEERATHREMIET 7 HLE(E 1, 75 16~17), 45
REW, 1550 CHIZM TN, RN LA HETEE] 80%. 5 R FI SUWi A 58 7 HI7K 2 ] BENT s sk P s ol ) 52
Wi, FRATERER TR R AE] 7K o3 B SO R I fEm (7 1, 75 18~22). fETE/K THF R &, 247K )
TR 2 HEIFHTE 10 ZERN, N RPESRTHLEL R 97% (K 1, 55 20), REHEKD SRR
BE—SBREN, BRSPS B T E A, XA T K-R R AR S 5 K R A SR AT K
M A, FATRAAR ] 1 ISR KA A8 BB S I(1 &) = (LS (1.5 &),
NaHF, (2.5 24 &)H17K(10 &) 7E THF 1, 50°CHit: 22 /M.

TEAS BB AR S AT I 2EAL |, FRAT 22 1% S B BN F] a- Z HEBR IR R AL S & e (5] 2) o X T
A i B B R R L R AR R, X R a-Z R RR FR AT AE 845 2 vh 45 J DL B2 2 (4b~4c); & 55
W FEL T 1) ) 3 AR T oo I A5 A V5 A B Sl (RS2, A R P 248 PR T PR R B i 0 DA 50 1) 7 e i A0 Ry
o-BEERBEA G P (4d~4e); ZHURIIR B R IR M Ee W AR I 2 53z M, FEAh SRR A 3 H
bRy (4f~4h); S A hr L RE A RS R S YRR M AE e 0 2% A T R It T AR B S S, I BL2 il
BIPERER] TAN K B AR a- R IEBREG (4i~4]), SR H TR 5 4y 1 KR B 2 PR gk
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Figure 2. Synthesis of different a-amino carboxylic esters
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Figure 3. Proposed mechanism
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4. B

AL EENG T PR = A0 B 5 48 — IR G2 18] Kukhtin-Ramirez s 5 H a) 442 47 J5 A2 44 31
P& N BC R SN &, FFIEE — AL T o- 2 SR EE R SR = R A . NaHF fF:
N HF BRSO B LR R, R m 1R KR R AT, — RIEH B
PRIEAT AR RE S A AN L -2 LRI, JF HIE I = e B R % STk 45 1 1) 1 48 AT 51
AR ESE R . tHUbw] I, AR 9 JE ™ st & Bk R S a4, AT BLJRAL AR R K-R AR RlAR BE % 38
i HF B s, JRALA R PV G, JRAE LA BT RO R DI RE, SEIL o- = LRI 21
B G R. B GE T P(V)RCARRIE T S/ ZE S 1 PV SV L 2 4L, 207 B8 PR A
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