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Phosphine-Mediated Sequential Staudinger/Aza-Michael
Addition of Azides with Unsaturated Ketones to
Synthesize B-Amino Substituted Ketones
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Abstract A phosphine-mediated Staudinger/Aza-Michael addition of azides with trifluoromethyl substituted a,f-unsaturated
ketones was developed, giving hydroamination products in medium to good yields (up to 96%). The hydroamination products
could be prepared on gram scale and a wide range of substrates are tolerated under the optimized reaction conditions (30
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examples). >'P NMR experiments indicate that this reaction was initiated by Staudinger reaction of azide with phosphine.
Keywords phosphines; Staudinger reaction; aza-Michael addition; azides; hydroamination; alkenes

SR EMRANE T EERGRT, RWEY
BB P RAEY. SELEYTTLUS S 2k
2 N Bl Huisgen PR A0EEP . Curtius AP,
Schmidt FEHEY, Staudinger ;M. H i, Staudinger
RESEPET, RRGE, WA A S S, T
ZRMEZRAIN T ZRE. RS SRUBIER,
4 TR A, AR S AR ) SR Stau-
dinger S N (Scheme 1a)P). Staudinger b /= 4 (& 4

ML — M 2 DhRe b R, filhn, R DAREE JE A
Ji&, TSR R OB G (BT . R RS,
R ARG e,

2018 4F, FAT/NACHRIE 7@ BB, DAL=
FEEIARI a, p-ANHIFNEH AT TMSN; MR AELE B -2
F-o- BB IR B VI S BIH 9E(Scheme  1b). fEIE %
Mo, SR RBHER S ERE, S =M Ao
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(a) Staudinger reaction
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(b) Phosphazide zwitterion intermediate was trapped with electrophiles
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Scheme 1 Staudinger reaction
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N, HETIXEeE L AL R AT T 5.
1 HEREWR
1.1 REFHRTFE

TATCL =5 PR o p-ANEREE 1h 53K 4
% F I 2 BRI HEAT T 2 IRE (R 1), Bk, DAH
AR, PIEER BRI IR R BT T 22K, 4
i FH R FE R B BT, T DL 46% 177 %3k A
S =) (Entry 1), RSB~ S T153)
SRR T T M TN B F G, T 2 A
R RN AR F . DR AER T — R
B AR S N R 50 (Entries 2~ 10). f# FH 55 Jk e 3
I, P68 LA & A% e = 2615 2] H b 72 Y)(Entries 2~4).
AR U N ("Bu)sP B(‘Bu)sP, [N A BEIRA] KA
(Entries 5, 6). 1% FH =R IEBEAE B0, w] DUBR] 5
BN HAR Y, B ZOREEH BB A BRI, R AR BRI
(Entry 7). ¥ B 5[ JUFRUBE GRS S S g2, 24
155 FH 0L 2 1) A7 AE — AN S0 FF 35 1 00— 2 228 J ) P 0ot
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Table 1 Optimization of the reaction conditions

o}
/@)\/\CH . N3/\COOMe Phosphine (1.0 equiv.)
cl 1h solvent
2
0 HN"CoOMe
CF3;
Cl 3h
Entry Phosphine Solvent Yield”/%
1€ Ph,PMe Toluene 46
2 Ph,PMe Toluene 69
3 Ph,PEt Toluene 44
4 PhPMe, Toluene 64
5 ("Bu);P Toluene Trace
6 (‘Bu);P Toluene nr.
7 PhsP Toluene 65
8 DPPM Toluene Trace
9 DPPP Toluene 68
10 DPPB Toluene 65
11 Ph,PMe DCM 50
12 Ph,PMe DCE 75 (50
13 Ph,PMe THF 62
14 Ph,PMe MeOH 20
15 Ph,PMe CH;CN 43
16 Ph,PMe Acetone 41
17 Ph,PMe Dioxane 41
18 Ph,PMe CHCl, 54
19 Ph,PMe PhCl 49
20 Ph,PMe o-Xylene 53
21 Ph,PMe p-Xylene 44
22 Ph,PMe m-Xylene 58
23 Ph,PMe H,O/DCE 53
24¢ Ph,PMe DCE 86
25¢ Ph,PMe DCE 90 (78/)

“ Reaction conditions: 1h (0.1 mmol), 2 (0.12 mmol), and phosphine (0.1
mmol) in the solvent specified (1 mL) at room temperature for 12 h. * '°F
NMR yield with PhCF; as an internal standard. “Methyl acrylate (0.1 mmol)
was added. ¢ H,0 (0.1 mmol) was added. ° H,O (0.1 mmol) was added,
Ph,PMe (1.2 equiv.) was used. / Isolated yield. DPPM=Bis(diphenylphos-
phino)methane. DPPP = Bis(1,3-diphenylphosphino)propane. DPPB = 1,4-
bis(diphenylphosphanyl) butane

(DPPM)IS, 4G IR E 7 Y)(Entry 8), TR HE P
RUBERF 1,3-X0( 2R EL) N e (DPPP) f 1,4-X0 (2K
L) T Fe(DPPB)I, AT LArp &5 7 2415 5] % 2% Michael
IR Y)(Entries 9, 10). BEJm, e —IREE HIRLBE 9B
AR, e 7 26 AN [ 2K 2R ) R0 S I Ak — 2B AL,
RILLL 1,2- — 5 LK (DCE) N i ML [ 32 % 77 (Entries
11~22). I Staudinger [ N H 7K A DU HE R 44 i
SLABRIIE IR, FATIFE SN A I KA TR &), AR 8
1, R BIFELFILE R (Entry 23). HLSN@EMIE, &
IR IR B e 2R S5 o (R R, SOREFR 7 264 B R
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(Entry 24), 5Ub[FEIE, U EEZE 1.2 equiv.hf, &
LRl UAZRECR 90%, 4 B IR 78% 159 2 (Entry
25). NI E B 2614 : 1.2 equiv. A FE LN 5,
1.0 equiv. /K NS INF, DCE REH, S IRH e,
12 ERMEEMHER

1E EIR BRI AT T, FAT = H R EIURW o,p-
AIFNEH 5 B % L8 FlE Y Staudinger/aza-Michael fll
B RNREAT T IR & H (R 2). Bk, X ap-A
PLRNER R IR bR BT 52, 2RI IR 5 NS5

x2 RYEHE
Table 2 Substrate scope

o PhoPMe (1.2 equiv.)
J\/\ P H,0 (1.0 equiv.)
R™ > "R * N3~ “COOMe DCE
1 2
0 HN">COoOMe
R R¢
3
Entry 1 R R 3 Yield/%

1 la Ph CF; 3a 85
2 1b  4-MeC¢H, CF; 3b 96
3 1c  4-iso-Butylphenyl CF; 3¢ 86
4 1d 4-MecOC4H, CF; 3d 85
5 le 4-PhCgH, CF; 3e 81
6 1f  4-MeSC¢H, CF; 3f 86
7 1g 4-FC¢H, CF; 3g 75
8 1h  4-CIC¢H, CF; 3h 78
9 1li  4-BrC4H, CF; 3i 71
10 1j  4-CF;0CgH, CF;  3j 73
11 1k  4-CF;CgH, CF; 3k 70
12 11 4-O,NC¢Hy CF; 31 66
13 1m 4-NCC4¢H, CF; 3m 78
14 1In 4-MeO,CC4H, CF; 3n 80
15 1o 4-MeO,SC¢H, CF; 3o 52
16 1p 2-NO,Cg¢H, CF; 3p 72
17  1q 3-NO,Cg¢Hy CF; 3q 65
18 Ir 2-BrC¢H, CF; 3r 73
19 1s  3-BrCg¢H, CF; 3s 80
20 1t  2-MeOC4H, CF; 3t 75
21 lu  3,4-Cl,CeHj CF; 3u 68
22 1v  3,5-(CF;),Ce¢Hs CF; 3v 50
23 1w  2-Naphthyl CF; 3w 95
24 1x  2-Furyl CF; 3x 65
25 1y 2-Thienyl CF; 3y 92
26 1z 2-Pyridyl CF; 3z 80
27 laa Cyclohexyl CF; 3aa 90
28 1ba Ph C,Fs 3ba 65
29 1ca Ph C3F;  3ca 62
30 1h 4-CIC¢H, CF; 3da 72

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reactions were performed with 1 (0.3 mmol), 2 (0.36 mmol), and Ph,PMe
(0.36 mmol) in DCE (3.0 mL) at room temperature for 12 h. ® Yield of isolated
product. DCE=1,2-Dichloroethane. ¢ BnN3 was used instead of 2.
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MR (R, HAESE, TR KA, BN, §
DL R B BIO0F5 1077 2243 3 B AR 7Y (Entries 2~6). Ffﬁztx
BRI AL S ARG & B SREAE. =
SRR EE. AR, FUEE. WEURE. WEREME)R, RN
RURBE 2 (Entries 7~15). 2R3 F B IR I A7 B
87 VAL 84T BH S RIS (Entries 16~20). 1fi 242555 1
EED VLR aE NV AV 3 VAR NI SO (= e 5 (19
(Entries 21, 22). ZEIAIZ 05 IR(MEmy 2. WRARG L HIERE
FOBUR o, B- AL FIEE 0T DA R 4T 2R 55 1 7= %15 3]
3w~3z (Entries 23~26). & AFEMHE, KIEGH DR
BRI o, B-AN VANt B BUR M & AR S RE, BA 90% 17~
FK3%] Michael I =#(Entry 27). fEHRMN &M T,
FLER Z AR FE BRI o, B- AN M RO [R5 mT LA F)
M2 5 &4k Staudinger/Michael I [z ¥ (Entries 28, 29).
Bribz ob, RIS EW TN TR B, HRIH LT
(1) ) B3 14 (Entry 30).

N T BRI BTV IS F AT SR, FRATTEEAT
T SR £ 5256 (Scheme 2). FA1LL 1a 5B R OB
RN, A 80%MI= 23k 15 1.15 ¢ HFR/=#, H/h
R S SIS A 4.

o PhoPMe (1.2 equiv.)
H,0 (1.0 equiv.)
ph)]\/\cn:3 + Ny~ >CoOMe DCE
1a, 5 mmol 2a
0 HN">CcoOMe
Ph CF3

3a,1.15 g, 80%
B2 e

Scheme 2 Gram-scale reaction
1.3 =HIKLE
N THPPIRFUR NI RE, FATHEAT T — R Pz 5
B 9T (Scheme 3). £ DCE RV, BxBERFVER I 2% A4
T, HEARTEHRRES af-AEHEE KA RN, LA
8T% I HEWCZRAT R AR 4. i e % ) S 06 435 2R vl 4
W, RRATREZ P T & RS WA B ST HIE
F£(Scheme 3A).

b JE A 2R T AR B SLAR S o, f- A RTR
1h BISR, 24ff ] 2R R I 5 — R BT A O AR
A& SLAERS, SOBATBABA AL, DALTS B R 45 8 H
ﬁ#%(s(:hemes 3B, 3C). T =T ZEBAT A B 3L
2 5 B, AL 5%0 5 2245 2 H b5 72 #)(Scheme

3D). XSG R IR A 45 R — 3

1.4 %P NMR M530scis
T B TR R S R, BRATEAT T PP
NMR W Scasy . 4, X = 2% 3 o 5 Jpl b AT A% R 3 9
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WS E (B 12). )5, ¥ af-AEAERE 1h 5 2R EH
BHR G, SATRRRBEHE (B 1b). &5, K&
RORWERS R REBRHR G, AT LR I
M(E 1c). @I XL, ﬁaﬂ]?ﬁiﬂﬂﬁ'ﬁ oS- AR VR
GRS S e NI 2R S PR G A
(145 5 U HH . %?U\J:;’:%‘ B IRAS H, MRV
Ja B R B R IR TR 5 AU Staudinger SV

(A) o

> CE K,CO3 (1.0 equiv.)
4+ HNT>COOMe SoE
cl or
1h
O HN"COOMe
cl
87% yield
B
(B) o
= H,0 (1.0 equiv.)
Chs Bn—N=PMePh, ——
DCE
c P
1h O HN” ~Ph
CF,
cl
95% yield
C
©) o
= H,0 (1.0 equiv.
/@)J\ACFE, + Bnoneppp, 20(10equv)
ol DCE

1h O HN"Ph

/@)U\CF3
Cl

90% vyield

H,0 (1.0 equiv.)
/©)J\/\CF3 + Bn—=N= PnBU3 2T>

5% yield

ER3 el

Scheme 3 Control experiments
HF ' NMR IR SE56, #H e 5 DA T
VEBSL FRATTHR H T PR AT BE ) Sz B HLFE (Scheme 4). —
T A B RN EY) 5 BB R L Staudinger 5824 A
ZRWESLAE, B R SRR RO RS, wE AR
7% Michael JI8¢ S S5 2 AL P (path A). 53 —FiA]
RE FRIBILEE Dy G A% - 748 5 e ANV AT e 1) 0 e 3R 47

1, SRJERIEIKAR, 133527 Y)(path B).
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Scheme 4 Proposed reaction mechanisms
% W, B A O JE ST R IR RVE T Bl T seeid
R 2 of BT A Ah & W0 00 A% B 36 R 4% B AR ('H NMIR, P°C
a

NMR, ""F NMR A1 *'P NMR)FEAEK T Bruker AM-400
5# Bruker AM-500 BURZREILHRPG HEAY; o0 H o ik

2 5K BT Waters GCT Premier.

g 32 ZWHE
b SR, 7 20 mL Schlenk N HOR o,8-A
HLANER 1 (0.3 mmol). %A A4 2 (0.3 mmol). 7K(0.3
" - mmol)iE T~ 1,2- = Lketh, ke T m) ) B S
s < DI ZIRFEFISENE . RO 12 h R IR R VAT, 2o
' | AT AR 2 B AR &)

45 35 25 15 50-5 -15 -25 -35 -45
8
B 1 (a) R BB AR R RBE T (b) o, B-ANHUFIEH 1h
5 TR R B IR (0B R LR PR S kR
P o gt P A B LR B8 0
Figure 1 *'P NMR spectra of Ph,PMe (a), Ph,PMe containing

trifluoromethyl substituted a.f-unsaturated ketone (b), and
Ph,PMe containing methyl 2-azidoacetate (c)

2 g

18 7 —Fh LA B BRI SR R B, ST B
AR o - A EAE S BB A A N R N,
FUBE AN A GE SR %S Staudinger/Aza-Mi- chael il
BOR L, LA S B 75 1 7= 245 B A= 4. RIS,
I S 7 T S EL T B 4%, 75 RE LA R A R AR B A
J AL F= 4. LR B IE SE IS U B T S RS U R
Staudinger [ M /2 b ZU AL SN I JE B 32 3R,

3 SWES
3.1 &5
JITA SRS P 1 25 U B P HEAT ) 9 S L 75 1A iR

FHS VORI MRS B SR HT SR, S 72
FR 2 G SSLEAT R, SRFRE R4 B &
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N-[2-(1,1,1- =36 -4- S8 AR -4- 2R B T 30 - H 2 R
fig(3a): F@WRAE, 775 85%. 'H NMR (500 MHz,
CDCly) 8: 7.95 (d, J=7.7 Hz, 2H), 7.60 (s, 1H), 7.48 (t,
J=17.6 Hz, 2H), 3.90~3.86 (m, 1H), 3.67 (s, 3H), 3.63 (d,
J=9.2 Hz, 2H), 3.30~3.28 (m, 2H), 1.92 (s, 1H); “F
NMR (376 MHz, CDCl;) 8: —75.3; *C NMR (125 MHz,
CDCly) 6: 195.7, 172.0, 136.2, 133.7, 128.8, 128.3, 128.1,
126.6 (q, J=282.4 Hz), 55.7 (q, J=28.8 Hz), 51.9, 49.8,
38.6; HRMS (ESI) calcd for C3H,FsNNaO; (M+Na'):
312.0818, found 312.0826.

N-2-(1,1,1- =55 -4-(4- F B 2R 0k )-4- AR T ) H
L HEE3D): HEAE L, 7% 96%. m.p. 37~38 C;
'H NMR (400 MHz, CDCl5) d: 7.85 (d, J=8.2 Hz, 2H),
7.41~7.06 (m, 2H), 3.98~3.77 (m, 1H), 3.67 (s, 3H),
3.63 (d, J=5.2 Hz, 2H), 3.27 (dd, J=6.0, 3.1 Hz, 2H),
2.42 (s, 3H), 1.93 (s, 1H); '°F NMR (376 MHz, CDCl;) 6:
—75.3; ®C NMR (100 MHz, CDCl3) ¢: 195.3, 172.1,
144.7, 133.8, 129.5, 128.3, 126.6 (q, J=282.3 Hz), 55.7
(q, J=28.7 Hz), 52.0, 51.9, 49.8, 38.4, 21.7, 21.7; HRMS
(ESI) caled for C,H ¢FsNNaO; (M+Na'): 326.0974,
found 326.0976.

N-(2-(1,1,1- =58 -4-(4- 72 T FE R ) -4- 5 AT )
HERFEEGe): AR, 7% 86%. 'H NMR (400

http://sioc-journal.cn/ 2161
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MHz, CDCLy) d: 7.88 (d, J=8.1 Hz, 2H), 7.26 (t, J=7.4
Hz, 2H), 3.88 (s, 1H), 3.67 (s, 3H), 3.64 (d, J=4.8 Hz,
2H), 3.29~3.27 (m, 2H), 2.54 (d, J=7.2 Hz, 2H), 2.01~
1.80 (m, 2H), 091 (d, J=6.6 Hz, 6H); ’F NMR (376
MHz, CDCl;) 6: —75.3; *C NMR (100 MHz, CDCl;) o:
1953, 172.1, 148.4, 134.0, 129.5, 128.2, 126.6 (q, J=
282.2 Hz), 55.7 (q, J=28.7 Hz), 51.9, 49.9, 45.4, 38.4,
30.1, 22.3; HRMS (ESI) caled for C;H,,F;NNaO; (M—+
Na'): 368.1444, found 368.1448.

N-(2-(1,1,1- = 5 -4-(4- F A B O 0 )-4- AR T k)
HEERFE(3d): B EEA, 77% 85%. mp. 81~
82 ‘C; '"H NMR (400 MHz, CDCl3) §: 7.95~7.92 (m, 2H),
6.97~6.93 (m, 2H), 3.87 (d, J=7.1 Hz, 4H), 3.68 (s, 3H),
3.62 (d, J=5.9 Hz, 2H), 3.24 (dd, J=6.0, 4.5 Hz, 2H),
1.94 (s, 1H); F NMR (376 MHz, CDCly) §: —75.3; '*C
NMR (100 MHz, CDCly) d: 194.1, 172.1 164.0, 130.5,
129.3, 127.9, 126.6 (q, J=282.3 Hz). 113.9, 56.2, 55.9,
55.7, 55.5, 55.5, 55.4, 51.9, 51.9, 49.9, 38.1; HRMS (ESI)
caled for Ci4H;sFsNNaO, (M+Na+): 342.0924, found
342.0927.

N-Q2~(1,1,1-=5-4-(4-[ 1, 1- B R FE])-4- 5 AR T 5E))
H R F R 3e): BEAFEE, 7% 81%. mp. 110~
111 ‘C; 'H NMR (400 MHz, CDCl;) &: 8.01 (d, J=8.2
Hz, 2H), 7.69 (d, J=8.2 Hz, 2H), 7.62 (d, J=7.4 Hz, 2H),
7.48~7.38 (m, 3H), 3.90 (s, 1H), 3.68 (s, 3H), 3.65 (d, J=
4.8 Hz, 2H), 3.33~3.31 (m, 2H), 1.97 (s, 1H); "“F NMR
(376 MHz, CDCly) 0: —75.2; *C NMR (100 MHz,
CDCly) : 195.3, 172.1, 146.4, 139.6, 134.9, 129.1, 128.8,
128.5, 127.4, 127.3, 126.6 (q, J=282.3 Hz), 55.7 (q, J=
28.8 Hz), 52.0, 49.9, 38.6; HRMS (ESI) calcd for
C1oH sF3NNaO; (M+Na'): 388.1131, found 388.1135.

N-(2-(1,1,1- = 5-4-(4- B B R B8 )-4- S8 AT )
AR FEEGE: AR, 775 86%. 'H NMR (500 MHz,
CDCly) d: 7.85 (d, J=8.5 Hz, 2H), 7.28~7.26 (m, 2H),
3.88~3.85 (m, 1H), 3.68 (s, 3H), 3.62 (q, J=17.6 Hz,
2H), 3.29~3.19 (m, 2H), 2.52 (s, 3H), 1.92 (s, 1H); "F
NMR (376 MHz, CDCl3) 9: —75.3; *C NMR (125 MHz,
CDCly) §: 194.6, 172.0, 146.9, 132.4, 128.5, 126.6 (q, J=
282.4 Hz), 125.0, 55.7 (q, J=28.8 Hz), 52.0, 49.8, 38.3,
14.7. HRMS (ESI) calcd for Ci4H;sF3NNaO;S (M+Na+):
358.0695, found 358.0701.

N-(2-(1,1,1- = G -4-(4- T R 3 )-4-F A T ) H &
TR R (3g): AR, 773 75%. '"H NMR (400 MHz,
CDCly) d: 7.99 (dd, J=8.4, 5.5 Hz, 2H), 7.16 (t, J=8.5
Hz, 2H), 3.87 (s, 1H), 3.69 (s, 3H), 3.63 (d, J=6.9 Hz,

2162 http://sioc-journal.cn/
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2H), 3.27 (d, J=5.2 Hz, 2H), 1.93 (s, 1H); '"’F NMR (376
MHz, CDCl;) §: —75.3, —104.0; *C NMR (100 MHz,
CDCly) 6: 194.1, 172.1, 166.1 (d, J=255.9 Hz), 132.7 (d,
J=3.0 Hz), 130.9 (d, J=9.5 Hz), 126.5 (q, J=282.5 Hz),
116.0 (d, J=22.0 Hz), 55.7 (q, J=28.7 Hz), 52.0, 52.0,
49.0, 38.5; HRMS (ESI) calcd for C;3H3F;NNaO; (M+
Na"): 330.0724, found 330.0728.

N-(2-(1,1,1- =35 -4-(4-F R I )-4-F R T H)HE
R FFER(3h): SR, 7% 78%. 'H NMR (400 MHz,
CDCly) &: 7.90 (d, J=8.2 Hz, 2H), 7.46 (d, J=8.1 Hz,
2H), 3.87 (s, 1H), 3.69 (s, 3H), 3.62 (t, J=12.9 Hz, 2H),
3.27 (d, J=5.9 Hz, 2H), 1.92 (s, 1H); "’F NMR (376 MHz,
CDClLy) 0: —75.3; *C NMR (100 MHz, CDCl;) 6: 194.5,
172.1, 140.3, 134.5, 129.6, 129.1, 126.5 (q, J=282.6 Hz),
55.6 (q, J=28.8 Hz), 52.0, 49.8, 38.6; HRMS (ESI) calcd
for C;3H3F;CINNaO; (M + Na © ): 346.0428, found
346.0433.

N-2-(1,1,1- = 55-4-(4- IR R ) 4- S8 AR T ) H &
TR G (31): BT, P23 71%. 'H NMR (400 MHz,
CDCly) &: 7.82 (d, J=8.5 Hz, 2H), 7.63 (d, J=8.4 Hz,
2H), 3.86 (dd, J=7.6, 4.7 Hz, 1H), 3.69 (s, 3H), 3.61 (t,
J=13.1 Hz, 2H), 3.26 (d, J=5.7 Hz, 2H), 1.92 (s, 1H); "°F
NMR (376 MHz, CDCl3) 9: —75.3; *C NMR (100 MHz,
CDCly) 0: 194.8, 172.1, 134.9, 132.1, 129.7, 129.0, 126.5
(q, J=282.5 Hz), 56.1, 55.8, 55.6 (q, J=28.8 Hz), 55.5,
55.2, 52.0, 49.8, 38.6. HRMS (ESI) calcd for Cj3H,3BrFs-
NNaO; (M+Na"): 389.9923, found 389.9927.

N-Q2-(1,1,1- =5 -4-(4- = F AR G 25 0k )-4- 40 T
FO)HE R HBE3j): B AR, 7% 73%. 'H NMR
(500 MHz, CDCL) d: 8.05 (d, J=8.1 Hz, 2H), 7.75 (d, J=
8.2 Hz, 2H), 3.88 (dd, J=13.5, 6.3 Hz, 1H), 3.68 (s, 3H),
3.61 (t, J=15.7 Hz, 2H), 3.31 (d, J=6.0 Hz, 2H), 1.89 (s,
1H); "F NMR (376 MHz, CDCl;) 6: —63.2, —75.3; °C
NMR (125 MHz, CDCly) d: 194.9, 194.9, 172.1, 138.9,
134.9 (q, J=32.8 Hz), 128.5, 126.4 (q, J=282.6 Hz),
125.9 (q, J=3.7 Hz), 123.5 (q, J=272.8 Hz), 55.6 (q, J=
28.9 Hz), 52.0, 49.7, 39.1, 39.0. HRMS (ESI) calcd for
C4H,3FNNaO; (M+Na™): 380.0692, found 380.0691.

N-Q2-(1,1,1- = 58 -4-(4- = 980 T R R )-4- A0 T
FENHARFEE3K): #E A, 772 70%. m.p. 45~
46 ‘C; '"H NMR (500 MHz, CDCl;) ¢: 8.05 (d, J=8.1 Hz,
2H), 7.75 (d, J=8.2 Hz, 2H), 3.88 (dd, J=13.5, 6.3 Hz,
1H), 3.68 (s, 3H), 3.61 (t, J=15.7 Hz, 2H), 3.31 (d, J=6.0
Hz, 2H), 1.89 (s, 1H); "F NMR (376 MHz, CDCly) ¢:
—63.24, —75.29; >C NMR (126 MHz, CDCl;) 0: 194.92,
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194.87, 172.10, 138.87, 134.94 (q, J=32.8 Hz), 128.50,
126.40 (q, J=282.6 Hz), 125.87 (q, J=3.7 Hz), 123.45 (q,
J=272.8 Hz), 55.64 (q, J=28.9 Hz), 51.98, 49.72, 39.05,
39.04. HRMS (ESI) calcd for C14H,3F(NNaO; (M+Na"):
380.0692, found 380.0691.

N-(2-(1,1,1- = 5 -4-(4- T FE R IR )-4- A AR T 2 ) H
RT3 AW, 7% 66%. 'H NMR (500
MHz, CDCl) o: 8.34 (d, J=8.7 Hz, 2H), 8.13 (d, J=8.7
Hz, 2H), 3.90 (dd, J=12.9, 6.9 Hz, 1H), 3.69 (s, 3H),
3.66~3.59 (m, 2H), 3.35 (d, J=5.7 Hz, 2H), 1.91 (s, 1H);
YF NMR (376 MHz, CDCl;) d:—75.2; *C NMR (126
MHz, CDCly) §: 194.4, 172.1, 150.6, 140.6, 129.2, 126.3
(q, J=282.8 Hz), 124.0, 55.6 (q, J=29.0 Hz), 52.0, 49.7,
39.4. HRMS (ESI) calcd for C3H;3F3N,NaOs (M+Na"):
357.0669, found 357.0670.

N-2-(1,1,1- = 9l -4-(4- T2k A 2 )-4- S AT 2)) |
AR FE3m): F AW, 7% 78%. 'H NMR (500
MHz, CDCl;) 0: 8.05 (d, J=8.2 Hz, 2H), 7.80 (d, J=8.2
Hz, 2H), 3.89~3.86 (m, 1H), 3.69 (s, 3H), 3.65~3.58 (m,
2H), 3.30 (d, J=6.0 Hz, 2H), 1.92 (s, 1H); '°’F NMR (376
MHz, CDCl;) 6: —75.2; *C NMR (125 MHz, CDCl;) o:
194.6, 172.1, 139.1, 132.7, 130.9, 128.6, 126.3 (q, J=
282.7 Hz), 117.7, 117.0, 55.6 (q, J=29.0 Hz), 52.0, 49.7,
39.1. HRMS (ESI) calcd for C4,H;3F3N,NaO; (M+Na"):
337.0770, found 337.0773.

N-2-(1,1,1- = 55 -4-(4- FH R HR PR R 2 )-4- S K T
E)HARFEE3n): BEFEAE, 7% 80%. m.p. 89~
90 ‘C; 'H NMR (400 MHz, CDCl;) §: 8.14 (d, J=8.3 Hz,
2H), 8.01 (d, J=8.4 Hz, 2H), 3.96 (s, 3H), 3.89 (dd, J=
13.4, 6.7 Hz, 1H), 3.68 (s, 3H), 3.62 (t, J=12.9 Hz, 2H),
3.32 (d, J=6.1 Hz, 2H), 1.93 (s, 1H); "’F NMR (376 MHz,
CDCl;) 6: —75.3; 3C NMR (100 MHz, CDCl;) &: 195.3,
172.1, 166.0, 139.4, 134.4, 130.0, 128.1, 126.5 (q, J=
282.6 Hz), 55.7 (q, J=28.8 Hz), 52.5, 52.5, 52.0, 49.7,
39.1. HRMS (ESI) calcd for C4H cF3NNaO, (M+Na+):
342.0924, found 342.0927.

N-(2-(1,1,1- =5 -4-(4- I Rl FE R e )-4- AR T
o HE R I Bo): FGWE, 7% 52%. 'H NMR
(500 MHz, CDCLy) ¢: 8.10 (dd, J=32.0, 8.4 Hz, 4H),
3.92~3.87 (m, 1H), 3.70 (s, 3H), 3.66~3.59 (m, 2H),
3.35~3.34 (m, 2H), 3.10 (s, 3H), 1.93 (s, 1H); "’F NMR
(376 MHz, CDCly) 6: —75.2; *C NMR (125 MHz,
CDClLy) §: 194.7, 172.1, 144.7 140.1, 129.7, 129.0, 128.1,
128.0, 126.4 (q, J=282.7 Hz), 55.6 (q, J=29.0 Hz), 52.0,
49.7, 44.3, 39.3. HRMS (ESI) calcd for Cy4H;¢FsNNaOsS
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(M~+Na"): 390.0593, found 390.0599.

N-(2-(1,1,1- = 55 -4-(2- T FE R IR )-4- S8 AR T 2 ) H
AP EE3p): HEMBIA, 2% 72%. 'H NMR (500
MHz, CDCLy) &: 8.16 (d, J=8.2 Hz, 1H), 7.78 (t, J=7.4
Hz, 1H), 7.66 (dd, J=11.5, 4.1 Hz, 1H), 7.52 (d, J=17.5
Hz, 1H), 3.88-3.84 (m, 1H), 3.75 (s, 3H), 3.66 (q, J=17.4
Hz, 2H), 3.22 (dd, J=17.5, 3.1 Hz, 1H), 3.08 (dd, J=17.5,
9.4 Hz, 1H), 2.03 (s, 1H); "’F NMR (376 MHz, CDCL;) ¢:
—75.3; ®C NMR (125 MHz, CDCl;) 6: 198.4, 172.0,
145.4, 137.2, 134.6, 131.0, 127.6, 126.2 (q, J=282.9 Hz),
124.5, 55.7 (q, J=29.1 Hz), 52.0, 49.7, 42.7, 42.7. HRMS
(ESI) caled for C;3H 3F3N,NaOs (M+Na'): 357.0669,
found 357.0675.

N-(2-(1,1,1- = 55 -4-(3- T FE R IR )-4- S8 AR T 2 ) H
AP EE3q): HEBA, % 65%. 'H NMR (500
MHz, CDCly) d: 8.78 (s, 1H), 8.47 (d, J=8.1 Hz, 1H),
8.29 (d, J=7.7 Hz, 1H), 7.73 (t, J=8.0 Hz, 1H), 3.94~
3.89 (m, 1H), 3.70 (s, 3H), 3.66~3.60 (m, 2H), 3.41~
3.32 (m, 2H), 1.93 (s, 1H); "’F NMR (376 MHz, CDCl;) o:
—75.2; ®C NMR (125 MHz, CDCly) ¢6: 193.8, 172.1,
148.5, 137.5, 133.6, 130.1, 127.9, 126.3 (q, J=282.7 Hz),
123.1, 55.6 (q, J=29.0 Hz), 52.0, 49.7, 39.1. HRMS (ESI)
caled for Cy3H;3F3sN,NaOs (M+Na'): 357.0669, found
357.0673.

N-2-(1,1,1- =5 -4-(- T H)-4- AR T H) HE
% R 3r): B EA, 72 73%. '"H NMR (400 MHz,
CDCly) 8: 7.62 (d, J=7.9 Hz, 1H), 7.46 (dd, J=7.6, 1.6
Hz, 1H), 7.42~7.38 (m, 1H), 7.35~7.31 (m, 1H), 3.83 (s,
1H), 3.73 (s, 3H), 3.62 (g, J=17.3 Hz, 2H), 3.34~3.19
(m, 2H), 1.96 (s, 1H); ’F NMR (376 MHz, CDCl;) o:
—75.2; C NMR (100 MHz, CDCl3) 6: 199.6, 172.0,
140.6, 133.8, 132.2, 129.0, 127.6, 126.3 (q, J=283.0 Hz),
118.7, 100.0, 55.9 (g, J=29.0 Hz), 52.0, 52.0, 49.6, 42.6.
HRMS (ESI) caled for C;;H;3F5N,NaO; (M +Na'):
337.0770, found 337.0773. HRMS (ESI) caled for
C13H,3BrF;NNaO; (M+Na'): 389.9923, found 389.9934.

N-Q2-(1,1,1- =3 -4-G-1R R ) -4- AR T E) HE
PR R (3s): B EEIlAK, 773 80%. '"H NMR (400 MHz,
CDCly) o: 8.08 (s, 1H), 7.87 (d, J=7.8 Hz, 1H), 7.73 (d,
J=17.9 Hz, 1H), 7.37 (t, J=7.9 Hz, 1H), 3.87 (dd, J=13.3,
6.6 Hz, 1H), 3.69 (s, 3H), 3.61 (t, J=13.2 Hz, 2H), 3.27
(d, J=6.0 Hz, 2H), 191 (s, 1H); "F NMR (376 MHz,
CDCly) 8: —75.3; >*C NMR (100 MHz, CDCl;) 6: 194.4,
172.1, 137.9, 136.6, 131.2, 130.4, 126.7, 126.5 (q, J=
282.6 Hz), 123.2, 55.6 (q, J=28.5 Hz), 52.0, 52.0, 49.8,
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38.8. HRMS (ESI) calcd for C;3H;;BrF;NNaO; (M+Na):
389.9923, found 389.9934.

N-(2-(1,1,1- =95 -4-(2- A R R I )-4- AT 3))
HRAMRFERQGY): AEBE, 7223 75%. 'H NMR (500
MHz, CDCl3) 6: 7.75 (dd, J=7.7, 1.7 Hz, 1H), 7.52~7.48
(m, 1H), 7.03~6.98 (m, 2H), 3.93 (s, 3H), 3.85~3.81 (m,
1H), 3.68 (s, 3H), 3.59 (q, J=17.3 Hz, 2H), 3.36 (dd, J=
17.4, 3.2 Hz, 1H), 3.25 (dd, J=17.4, 9.3 Hz, 1H), 1.98 (s,
1H); "’F NMR (376 MHz, CDCly) 0: —75.5; *C NMR
(125 MHz, CDCly) §: 197.7, 172.0, 158.8, 134.3, 130.7,
127.1, 126.6 (q, J=282.4 Hz), 120.8, 111.6, 55.9 (q, J=
28.7 Hz), 55.5, 51.9, 49.8, 43.4, 43.4. HRMS (ESI) calcd
for C,4H,cFsNNaO, (M+Na"): 342.0924, found 342.0927.

N-2-(1,1,1- =5 -4-(3,4- Z A R IE)-4- 51 AT 2))
HRRFEEQGu): #ERMA, 7% 68%. 'H NMR (500
MHz, CDCLy) 6: 8.03 (d, J=2.0 Hz, 1H), 7.77 (dd, J=8.4,
2.0 Hz, 1H), 7.57 (d, J=8.4 Hz, 1H), 3.87 (dd, J=13.4,
6.5 Hz, 1H), 3.69 (s, 3H), 3.62 (q, J=17.5 Hz, 2H), 3.25
(d, J=6.0 Hz, 2H), 1.90 (s, 1H); '’F NMR (376 MHz,
CDCly) 8: —75.3; *C NMR (125 MHz, CDCl5) 8: 193.6,
172.1, 138.4, 135.8, 133.6, 130.9, 130.1, 127.1, 126.4 (q,
J=282.7 Hz), 55.6 (q, J=28.9 Hz), 52.0, 49.7, 38.8.
HRMS (ESI) caled for C;3H;,CLFsNNaO; (M+Na'):
380.0039, found 380.0041.

N-2-(1,1,1- = %(-4-(3,5- - =5 FF R R 3 )-4- AR
THEYHERFREQGY): #7723 50%. 'H NMR
(500 MHz, CDCl5) 6: 8.91~7.99 (m, 3H), 4.57~3.03 (m,
8H), 1.92 (s, 1H); '’F NMR (376 MHz, CDCl;) §: —63.0,
—75.2; ®C NMR (125 MHz, CDCly) ¢: 193.2, 172.2,
137.7, 133.4-132.0 (m), 128.2, 126.8, 127.6-119.3 (m),
55.6 (q, J=29.5 Hz), 52.0, 49.7, 39.2. HRMS (ESI) calcd
for C;sH3FsNNaO; (M+H"): 426.0746, found 426.0750.

N-(2-(1,1,1- = 9 -4-(2-Z5 J5)-4- S8 A0 T B0)) H &R
HAE@Ew): EMEAE, 7% 95%. mp. 90~91 C; 'H
NMR (400 MHz, CDCl;) 6: 8.45 (s, 1H), 8.02~7.95 (m,
2H), 7.90~7.86 (m, 2H), 7.64~7.55 (m, 2H), 3.96~3.93
(m, 1H), 3.67~3.62 (m, 5H), 3.43 (d, J=5.7 Hz, 2H),
1.98 (d, J=4.5 Hz, 1H); '°’F NMR (376 MHz, CDCl;) ¢:
—75.2; ®C NMR (100 MHz, CDCly) : 195.6, 172.1,
135.8, 133.6, 132.4, 130.1, 129.7, 128.9, 128.7, 127.8,
127.0, 126.6 (q, J=282.3 Hz), 126.5, 124.1, 123.6, 56.3~
55.7 (m), 52.0, 52.0, 49.9, 38.6. HRMS (ESI) calcd for
C7H,6F3NNaO; (M+Na'): 362.0974, found 362.0976.

N-Q2-(1,1,1- =5 -4-(2-FR M 2)-4- S AR T E ) H A
TR FEE@3x): AEREE, 773 65%. mp. 38~39 C; 'H
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NMR (400 MHz, CDCL) 6: 7.63 (d, J=1.0 Hz, 1H),
7.29~7.26 (m, 1H), 6.58 (dd, J=3.6, 1.7 Hz, 1H), 3.87~
3.81 (m, 1H), 3.69 (s, 3H), 3.61 (q, J=17.5 Hz, 2H), 3.16
(d, J=6.3 Hz, 2H), 1.94 (s, 1H); "’F NMR (376 MHz,
CDCly) 8: —75.5; >*C NMR (100 MHz, CDCl;) 6: 184.7,
172.0, 152.3, 146.9, 126.4 (q, J=282.7 Hz), 117.9, 112.6,
55.5 (q, J=29.3 Hz), 52.0, 51.9, 49.6, 38.2. HRMS (ESI)
caled for C;;H,F;NNaO, (M+Na+): 302.0611, found
302.0611.
N-(2-(1,1,1- =35 -4-(2-ME Wy 35 )-4- AR T 3 H &
R R 3y): FEEEK, P23 92%. m.p. 52~53 C; 'H
NMR (400 MHz, CDCly) 6: 7.75 (dd, J=3.8, 0.9 Hz, 1H),
7.70 (dd, J=4.9, 0.9 Hz, 1H), 7.16 (dd, J=4.8, 3.9 Hz,
1H), 3.86 (d, J=5.6 Hz, 1H), 3.68 (s, 3H), 3.61 (d, J=8.8
Hz, 2H), 3.23 (dd, J=6.1, 4.6 Hz, 2H), 1.97 (s, 1H); "°F
NMR (376 MHz, CDCl3) §: —75.4; *C NMR (100 MHz,
CDCly) §: 188.5, 172.0, 143.5, 134.7, 132.6, 126.4 (q, J=
282.6 Hz), 128.4, 77.4, 55.8 (q, J=28.8 Hz), 52.0, 51.9,
49.7, 39.1, 39.1. HRMS (ESI) caled for C,;H;,F;NNaO;S
(M+Na"): 318.0382, found 318.0383.
N-2-(1,1,1- = 55-4-(2- b wg 3)-4- S AR T B H &
2 R(32): R, 772 80%. 'H NMR (500 MHz,
CDCly) &: 8.69 (d, J=4.5 Hz, 1H), 8.07 (d, J=7.8 Hz,
1H), 7.88~7.84 (m, 1H), 7.52~7.50 (m, 1H), 3.98~3.84
(m, 1H), 3.68~3.55 (m, 6H), 3.45 (dd, J=17.2, 3.3 Hz,
1H), 2.06 (s, 1H); '’F NMR (376 MHz, CDCl;) §: —75.4;
C NMR (125 MHz, CDCl;) d: 197.7, 172.0, 152.7, 149.1,
137.0, 127.6, 126.6 (q, J=282.8 Hz), 122.0, 55.9 (q, J=
28.9 Hz), 51.8, 49.5, 37.6, 37.6. HRMS (ESI) calcd for
C1,H,5F3N,NaO; (M+Na'): 313.0770, found 313.0776.
N-Q2-(1,1,1- =5 -4-3F 23 -4- AT ) H =R H
fig(3aa): F A, 72% 90%. 'H NMR (400 MHz,
CDCly) 8: 3.72 (s, 3H), 3.69~3.51 (m, 3H), 2.83~2.68
(m, 2H), 2.39~2.33 (m, 1H), 1.88~1.81 (m, 5H), 1.68 (d,
J=11.1 Hz, 1H), 1.39~1.18 (m, 5H); ""F NMR (376
MHz, CDCly) §: —75.4; *C NMR (100 MHz, CDCl5) ¢:
209.6, 172.1, 126.5 (q, J=282.4 Hz), 55.4 (q, J=28.9 Hz),
52.0, 51.9, 51.1, 49.7, 40.4, 28.2, 28.1, 25.7, 25.5, 25.5.
HRMS (ESI) caled for Cj3H,F;NNaO; (M + Na ' ):
318.1287, found 318.1289.
N-(2-(1,1,1,2,2- 1195 -5- R J:-5- S8 AR IR ) H &R
HIfiE(3ba): B, 775 65%. m.p. 42~43 C; 'H
NMR (400 MHz, CDCLy) 6: 7.96 (d, J=7.5 Hz, 2H), 7.61
(t, J=7.4 Hz, 1H), 7.49 (t, J=7.6 Hz, 2H), 4.06 (d, J=9.3
Hz, 1H), 3.61 (d, J=14.1 Hz, 5H), 3.36 (d, J=5.8 Hz,
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2H), 1.78 (s, 1H); '’F NMR (376 MHz, CDCl;) 6: —80.8
(s), —117.4 (d, J=274.1 Hz), —124.8 (d, J=274.2 Hz);
C NMR (100 MHz, CDCl;) d: 195.9, 172.3, 136.3, 133.7,
128.8, 128.1, 120.7 (t, J=36.2 Hz), 118.1~117.5 (m),
115.4 (d, J=35.5 Hz), 54.9~54.4 (m), 52.0, 51.9, 49.6,
38.2. HRMS (ESI) calcd for Ci4H;4FsNNaO; (M+Na+):
362.0786, found 362.0793.
N-(2-(1,1,1,2,2,3,3--L9-6- 3L -6- AR ) H &
R il (3ea): BEEER, 723 62%. mp. 45~46 C,
'H NMR (400 MHz, CDCLy) &: 7.96 (d, J=7.4 Hz, 2H),
7.62~7.47 (m, 3H), 4.15~4.11 (m, 1H), 3.61 (d, J=8.6
Hz, 5H), 3.37 (d, J=5.1 Hz, 2H), 1.76 (s, 1H); ’F NMR
(376 MHz, CDCl3) 8: —80.9 (dd, J=11.3, 9.1 Hz), —
1148~ —115.6 (m), —121.1~121.9 (m), —123.6~
125.9 (m); *C NMR (125 MHz, CDCl;) 6: 195.9, 172.4,
136.3, 133.7, 128.8, 128.1, 121.2 (d, J=34.3 Hz), 119.1
(dd, J=49.0, 19.3 Hz), 116.8 (dd, J=62.0, 31.7 Hz), 114.8
(dd, J=59.9, 29.2 Hz), 111.8 (dd, J=73.3, 37.5 Hz), 109.7
(dd, J=74.2, 36.7 Hz), 107.6 (dd, J=73.6, 37.6 Hz), 55.0
(dd, J=25.3, 21.5 Hz), 51.9, 49.6, 38.4. HRMS (ESI)
caled for C;sH;4sF;NNaO; (M+Na"): 412.0754, found
412.0760.
3-(RIEEIE)-4,4.4- = G- 1-(4-F A FE) T -1-H (3da):
FE K, 723 72%. '"H NMR (400 MHz, CDCl;) 6
7.87~7.84 (m, 2H), 7.45~7.42 (m, 2H), 7.27~7.20 (m,
5H), 4.01~3.88 (m, 3H), 3.26~3.13 (m, 2H), 1.58 (s,
1H); "F NMR (376 MHz, CDCly) 0: —74.4; >C NMR
(100 MHz, CDCl3) 0: 194.9, 140.2, 139.4, 134.8, 129.6,
129.1, 128.4, 128.3, 127.3, 126.8 (q, J=283.7 Hz), 55.7
(q, J=28.5 Hz), 52.5, 38.5. HRMS (ESI) calcd for
Cy7H,5CIFsNNaO (M+Na"): 364.0686, found 364.0688.

45 B4 Bl (Supporting Information) 7“4/ '"H NMR.
PC NMR. "F NMR ZRERAE W 59 1d (15 55
P, X LR AT A f 9l AN T I 35 (http://sioc-journal.
en/) B ER.
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