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Intramolecular Schmidt Reaction of Alkyl Azides with
Pentafluorophenyl Esters

Cao, Zhiqi Li, Rui* Su, Yan Gu, Peiming™
(College of Chemistry & Chemical Engineering, Ningxia University, Yinchuan 750021)

Abstract The intramolecular Schmidt reaction of alkyl azides with pentafluorophenyl esters was investigated. The perfluor-
ophenyl 5-azido-2-phenylpentanoate was employed as the model substrate, and the acid promoter, the solvent and the temper-
ature were scanned. Then the titanium tetrachloride in the refluxing 1,2-dichloroethane was effective for the reaction of per-
fluorophenyl 5-azido-2-phenylpentanoate. Eleven S5-azido-pentanoates were designed and prepared for exploration, where
different aryl, benzyl and alkyl groups were introduced at the a-carbon of perfluorophenyl ester. This type substrate would
mainly give isocyanate ion as the primary product from Schmidt rearrangement. Then the scope of substrate was examined,
and the experiment results indicated that the substrate with an electron-rich aryl or a benzyl group at the a-carbon of perfluor-
ophenyl ester would afford a lactam via an intramolecular nucleophilic addition of arene to the isocyanate ion, and the sub-
strate with an electron-deficient aryl or an alkyl group at the a-carbon of perfluorophenyl ester would give perfluorophenyl
carbamate through an intermolecular capture of isocyanate ion with pentafluorophenol anion. The good leaving apptitude of
pentafluorophenol anion should be accounted for inititating the Schmidt reaction, where the nucleophilic attack of azide onto
perfluorophenyl ester would proceed very easy.

Keywords Schmidt reaction; N-heterocycle; azides; pentafluorophenyl esters; rearrangement
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A A BRI 2 0 O S R B PH T stk DL R B
i Ty, I B MINN AR SRA% 1 RD S T
BEAT IRAL SR, B8 AT i 2 I P A 4.
EIRE N JEALE AL I T AT LUSE LR IR 5 e 2k &
RUEDHEHSN, ERBETORIRATEY) 5 bk S %
AR AR L E. FATE = T 2 M
S22 A, IR S R R I 5 ke A B &) Schmidt 5
HEE, HORBESRAT AT, 7B EEE R N IR ) B
TEVEAR. TR BR A — Fh e e R IR ER, LB %
RAESEAZ AR SR, HEAT e e DA B R S e A, L
FEZ RGP T2 R, HR RIS P 3 R T LR
R RS TN RAF B B, FRATRE R A U R 1Y
e SN TE, 5 bk B A S Schmidt FHE .

1 &R511R

FERIR S ek B R AW Schmidt FHE M7
H, KIRIELTEA IR S K E Schmidt FHERM,
HANL =R T, Tk RO AT o B A 5 RALE
ML, 7 EIMNBSN 2R TR0 P ()5 A
B, T AE R h 51N T5 B R BN R S B,
5 P4 X S R W B 5 i AR B I i I 5 1 ER

SRAZI IR, AT BN P R N B R A, T S8R
ARG 5 bk S B A S IO A R, i E A S
BRI 4aPUNEERL, DL 89%MIICR A T 5-BH-2-7K
B IR R H 2K IE(1a) (Scheme 1).

F F -
Ns 2 HO F oy o F
89% O !
4a 1a

B 1 5-BR-2- R TR LR R (1) ) 25 5L
Scheme 1 Preparation of perfluorophenyl 5-azido-2-phenylpen-
tanoate (1a)

5-BR-2-FE- KR A RARE(1a) N EH R X

L 5-8 - 2- R - R TR B (1) A RRAE R,
Gt T RR BRI R LA L PR R B HE S 8 P R
(R 1). SEREERRY], MRG0 equiv.) AT LA R
Bt 1a EHE M (Entry 4, £ 1), A7 SR 0A 2
HIREE 2a UL AL 3a, WCRDHIN 61%5 27%. IS
YolafESEHE, Ko | RO E TOROR I U8 1, AR

1.1

R S5-BRE-2- K- TRIR TR AT (1a) i) Schmidt B HE S B 2% 1 i
Table 1 Optimization of the intramolecular Schmidt reaction of perfluorophenyl 5-azido-2-phenylpentanoate (1a)

F OFR F
5 i:F N~ ;j
F < a o} F
F F ~N; ﬁ Q
Ns/\éo\ j@[ Acid promoter ( N IC\?—C—O o & F F F
o F— ¢ o [ N /9// 2a
F F F /% \\\\ o +
S b
1a o F [ I LN;\:Q
F 3a
Entry Acid catalyst (equiv.) Solvent 7/°C  th Yield“/% of 2a Yield“/% of 3a
1 T£,0 (3) DCE 90 6 15 —
2 TfOH (3) DCE 90 6 — Trace
3 BF;*OEt, (3) DCE 90 24 29 —
4 TiCl4 (3) DCE 90 2 61 27
5 AlCL; (3) DCE 90 24 — —
6 SnCly (3) DCE 90 24 — —
7 TiCl4 (3) DCM 60 7.5 45 7
8 TiCl4 (3) DCE 90 6 52 29
9 TiCl4 (3) DCE 90 12 37 52
10 TiCly (5) DCE 90 48 — 66
11 TiCly (5) DCE 90 76 — 77
12 TiCly (3) DCE 80 2 56 25
13 TiCly (3) DCE 60 2 60 12
14 TiCl4 (3) DCE 40 11 49 13
15 TiCl4 (3) DCE 0 90 35 —
16 TiCly (2) DCE 60 6 50 10

¢ Tsolated yield.
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PR AL L B EE R AR WALR TR,
BRI ) S TR IR FH 55 1 #h. 7EX S SRR BH & 1
ERHATORAZIRET, o H LA S T 5555
e, T FOROR R TSR AR R TR, (U 3R s B
RO TG, AT AR R S R T 2a 70, S DT A
SRALPENE A R R, (HA IR N A 77 N AL, A A
Tt =) 3a.
b5, S0 1a IR FAE RIS B — 1) =4
2a 803 3a. W REK SN R, AT DAR AR R I R
g 2a BIF=ZPBEAK, 1A BERE 3a frYc e 75 DL n
(Entries 8, 9, 3 1). 1834 N Bh 7 F & 5F 1K B
B[R], BT CASRAS S — I N R =4, e iR mT LA
#77% (Entry 11, & 1). BICRBIRE, 779 2a 5 3a
I EL AT DLER T, (H 2 S G B FRAIR, S5 20 e
IREEFRRE] 0 CHY, AT EIF—1) 2a 4, HHIE
A 35% (Entry 15, £ 1). iR4E LiRSLigs R, HATA
HN TG 3a (2R T REA PIFIIR AR (1) 75 2% B HE™
V) BRI PH 85 1 25 TLEAT 41 SRR (2) 36414
PRI REE 2a TERRAEH T RAES T HREINIR
B ONEREATREME, FERNARR 1,2-Z& ki, A
VUSALER (5.0 equiv. )AL FIREE 2a, 45K, &
FLHFREE 2a HASZOT A N BERE 3a HEATEEAL, WOEH
66% (Scheme 2).

1.2 RNIEYHEI&
S 5-BR-2-REE-R LR BE(1a) I & T,

F F 66%
2a 3a

B 2 ZHEPRRES 2a AN B 3a 1L
Scheme 2 Conversion of 2a to lactam 3a
PLERIN 5-S%-10EE 4 5 AR NER, £
Bk — W (DCCFHBI N 1 10 M 5-8 5 TR T
ZKME 1b~1Kk (Scheme 3).
1.3 EHRNAEYE SRR

FERA € b Jik B 5 AR I I B %% 14 )5 (Entry
11, 3 1), XF Scheme 3 HFHrH BT 5-2 H KR L IRA
B 1 ()R IE FH T R 7 9T(Scheme 4). JE4) 1b 5 1a
FHEG, 53 BRI T BT I, G BT 53X =
FIRBEPH 55 1 Ehd AT SR i gk, LI gs IR, IR 1b
1E 5.0 equiv. TiCl, EF 76 h J5, H=W AW BEZ 3b, UL
HN 82%. HZHKML, JEY 1 7F TICLER T, LUER
BORAER T 3¢, MNUEN 86%. 4753 L5 N HL -+
FLHET, F5IRSERE MR, 707 N 05 B0 S R IS PH
BT SRR RS RS2 BN, I T s A 1
X S TR FH S T PSR BN T F SRR, TR
¥)1d 5 1e 1€ 3.0 equiv. TiCL, {EF K, HEED BERIER
BRI 2d 5 2e, R HIA 57%5 52%, K
W BN G =k ZEERREY 1f 5 1g fERA

0
NJ< 0
o F TiClg (5 equiv.)
—_—
reflux, DCE N

F
F F F
F F
N 0 N o
s HO F 3
OH pee, F o F
4 R R, F

ﬁéﬁz Eﬁz Eﬁi Eﬁi

b (89%) c (94%)

”ﬁl &*ﬁ mﬁl yﬁl

19 (89%) 1h (77%)

hes

BR3  5-B %R IR 1] %

Scheme 3  Preparation of perfluorophenyl 5-azido-pentanoate 1
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F
F F
N3 (0]
o) F
R F

T - o

SDSD@
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OR F OF F
N
< <
o F 0 F
F F
2d (57%")

W5 oo P4

g (88%7) h (86%°7) 62%

3 o

59%")
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B 4 58 %R TU IR IS (1) A = HE
Scheme 4 Schmidt reaction of the perfluorophenyl 5-azido-pentanoate (1)
“5.0 equiv. TiCly; v3.0 equiv. TiCly

Schmidt FHER M, 0] LMRGFH 4T 20 7 P9 %38,
AR R I BERG T 3F 5 3g, ORI, BhAh, A
HURJEY 1h £ TiCL AR FR S, DL 86% IR A il 1 753+
W5 Wk BL G E P24 3h. 4GS A0 U I D JE e FE A
BT R P& A TS e iz iloRl, — Bz ke T
Schmidt FHE N, HATH =) R Gew: TR R I 0 2+
WK, AR R IREE Y. % UAEXTRER M) Schmidt
FHOR BT, R 1 7R A EHE, Sl pifh
eI =), R E R S T (FE RN o-fiE )5
Pt S e 1 28 (B B L H 1 B0 #%). {8 TiCl b2
R 1 J5, IWRBAR F A H 4 8515 2 2 2k H R IR =4
3i, ULEABEIEIZ IE & 7R 1% AR R A BE TL AR I F1
THIER. BJa 2-K B BUREY 1§ 5 1k B Th# b
RAEEHREE =), W3RN 59%5 51%, ST,
B8R I L TR 7 B 5 S 1E B I R P 4.
#Eip

LT IESE AN E LHEEEW > TH
Schmidt EHER B, 7EJRYIEEEE AR 5] AAS R R B,
HR MR REER. YIRENE BT 5 5L
JeRHERS, Schmidt HHEWIZ ) 57 BIER IH & 7 b 05
WHATHISR, AR BERG =Y. 4 FR BRI B T
75 5L DA R e T, B HERT = 0 e s A AR B
TURCR I 1 B TR, 2B R ER .

3 SLEES

31 UESEHF
Bruker 400 MHz #H43EHR{(CDCl; A, PC

2
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NMR ##¥M#H APT A&, CH; LAK CH 55 8]F, CH,
LA K ZERRA5 5 5 _L); Spectrum Two £LAMEIEAY; 5
FHHERENNG F 5 FEER. 1% K5 (Innochem);
TiCly (Alfa-Aesar). HARFIE 9 E = iK70 (7 rak), %
FRAE SIZB6 H 35 LA HE B 7 72 K A B 5 A6 .
32 JRY1 BIEIE
32,1 5-& R-2-RHE-XER A AREG(1a) 89 4] &

120 CHLATHET, K 5-B5-2- 73— KR (4a)>!
(2.00 g, 9.1 mmol)# %] CH,Cl, (45 mL), BfJEKIK
TN FLFAE®(1.7 g, 9.1 mmol). DCC (1.9 g, 9.1 mmol),
SR R NAR RN T BT, FFHEHiRE 9 h BT,
RGRETE W4 PURAEE TR 5-B A -2-
IR TR R (1a) (3.1 g), RN 89%. R=0.63
[V LB/ V(A if#)=1/10]; '"H NMR (CDCl;, 400
MHz) d: 1.59~1.69 (m, 2H), 1.99~2.09 (m, 1H), 2.25~
2.38 (m, 1H), 3.34 (t, J=6.4 Hz, 2H), 3.93 (t, J=7.6 Hz,
1H), 7.32~7.42 (m, 5H); “C NMR (CDCl;, 100 MHz,
APT) : (up) 26.8, 30.5, 51.1, 136.9, 169.8, (down) 50.7,
128.0 (2), 128.2, 129.2 (2); "’F NMR (CDCls, 376 MHz) §:
—152.55~—152.64 (m, 2F), —157.77 (t, J=22.6 Hz,
1F), —162.16~—162.30 (m, 2F); IR (film) v: 2096, 1783
cm '; HRMS (ESI) caled for Ci7H,FsN3O,Na [M+Na]"
408.0742, found 408.0745.
322 5-F f-2-3 P AR AR A A KBS (1b) 49 4
%

SR HIKERG 1a I 5% FE, ﬁ%&%ﬁzﬁ@

FEF IR (4b)PY (1.10 g, 4.7 mmol) N E R, 5 TidR
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1 (865 mg, 4.7 mmol). DCC (968 mg, 4.7 mmol)JZ 3/ 6 h,
HIFFTE EIHPIR =4 5-B 2 -2-%F R 38 2 - T R L SR i
(1b) (1.6 g), WE N 89%. R=0.60 [V(Z.FR LB/ V(£
E¥)=1/10]; '"H NMR (CDCl; 400 MHz) J: 1.50~1.70
(m, 2H), 1.93~2.02 (m, 1H), 2.19~2.29 (m, 1H), 2.35 (s,
3H), 3.32 (t, J=6.4 Hz, 2H), 3.88 (t, J=7.6 Hz, 1H),
7.18~7.25 (m, 5H); *C NMR (CDCl;, 100 MHz, APT) ¢:
(up) 26.8, 30.5, 51.1, 133.8, 136.7, 170.0, (down) 21.2,
50.2, 127.8 (2), 129.9 (2); F NMR (CDCls, 376 MHz) o:
—152.52~—152.66 (m, 2F), —158.01 (t, J=22.6 Hz,
1F), —162.35~—162.57 (m, 2F); IR (film) v: 2096, 1777
cm '; HRMS (ESI) caled for CisH4FsN3O,Na [M+Na]"
422.0898, found 422.0890.

323 5-F&F #-2-3 T AARA-RER B A RBG (1) 4y
#) &

S TUROREE 1a WH& ISR, (/4 5-2%-2-x H
SAHLH IR R (40)Y (0.79 g, 3.2 mmol) R KL, 5 TR
21 (0.59 g, 3.2 mmol). DCC (0.66 g, 3.2 mmol) 5% 18
h, HIfFTCEHRF=Y) 5-8 B -2-X AR R B - IR
MR 1c (1.25 g), WUFAN 94%. R=0.68 [N(LIRL
Big)/ V(£ k) =1/10]; '"H NMR (CDCls, 400 MHz) o:
1.59~1.69 (m, 2H), 1.92~2.02 (m, 1H), 2.19~2.28 (m,
1H), 3.34 (t, J=6.4 Hz, 2H), 3.81 (s, 3H), 3.87 (t, J=7.6
Hz, 1H), 6.91 (dd, J=11.2, 2.8 Hz, 2H), 7.26 (d, J=2.8
Hz, 2H); *C NMR (CDCls, 100 MHz, APT) d: (up) 26.8,
30.5, 51.1, 128.8, 159.5, 170.0, (down) 49.8, 55.4,
114.5(2), 129.0(2); "F NMR (CDCls;, 376 MHz) §: —
152.59~—152.67 (m, 2F), —157.92 (t, J=22.6 Hz, 1F),
—162.28~—162.41 (m, 2F); IR (film) v: 2096, 1777
cm '; HRMS (ESI) caled for CsH,4FsN;0sNa [M+Na]”
438.0848, found 438.0837.

324 5-F& ®-2-x FORE-RBR A A RER(1d) A9 F) &

S TURREE 1a H&SFE, A S-S %-2-0 &
KRR ERAd)Y (0.70 g, 2.8 mmol) NIE KL, 5 TLRE KR
(515 mg, 2.8 mmol). DCC (577 mg, 2.8 mmol)JZ . 14 h,
A3 TC IR P24 5-38 58 -2- Mo G R - TR R A G 1d
(0.99 g), WHN 85%. R=0.67 [V(ZLBE M)/ V(A
fi¥)=1/10]; '"H NMR (CDCl; 400 MHz) d: 1.57~1.73 (m,
2H), 1.93~2.02 (m, 1H), 2.21~2.29 (m, 1H), 3.33 (t, J=
6.4 Hz, 2H), 3.92 (dd, J/=8.0, 7.6 Hz,, 1H), 7.28 (d, J=8.4
Hz, 2H), 7.37 (d, J=8.4 Hz, 2H); *C NMR (CDCls, 100
MHz, APT) §: (up) 26.7, 30.5, 51.1, 134.3, 135.3, 138.43,
170.0; (down) 50.1, 129.4(2), 129.4(2); "F NMR (CDCls,
376 MHz) §: —152.44~—152.71 (m, 2F), —157.49 (t,
J=22.6 Hz, 1F), —161.98~—162.16 (m, 2F); IR (film)

Chin. J. Org. Chem. 2020, 40, 2555~2562
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v: 2096, 1783 cm™'; HRMS (ESI) caled for C,;H;,CIF;s-
N;0,Na [M+Na]" 442.0352, found 442.0340.
3.2.5 5-& R-2-3F AR R ER AR BE(1e)8d ) &
ZIRTUROREE 1a MHS ISR, (E/H 5-8 %0-2-X) 56
IR (4e)*Y (600 mg, 2.5 mmol) NIEE, 5IMAE
1%y (460 mg, 2.8 mmol). DCC (515 mg, 2.5 mmol) /< 3 h,
HiA5 2 AR =W 5-8 B-2- X SOR B - IR R iR
(1e) (0.99 ), UH N 98%. R=0.77 [W(LBE LFEE)/ V(£
MMiEf)=1/3]; '"H NMR (CDCl;, 400 MHz) 6: 1.39~1.58
(m, 2H), 1.79~1.89 (m, 1H), 2.08~2.17 (m, 1H), 3.15 (t,
J=12.0 Hz, 2H), 3.80 (t, J=8.0 Hz, 1H), 6.90 (t, J=8.4
Hz, 2H), 7.15 (dd, J=5.2, 3.2 Hz, 2H); *C NMR (CDCl;,
100 MHz, APT) &: (up) 26.6, 30.5, 51.0, 132.8 (Jr.c.c.c.c=
3 Hz, 1C), 162.5 (Jr.c=246 Hz, 1C), 170.0, (down) 49.8,
115.9 (Jr.c.c=21 Hz, 2C), 129.6 (Jr.c.c.c=8 Hz, 2C); "°F
NMR (CDCls, 376 MHz) 6: —114.09~—114,34 (m, 1F),
—153.25~—153.48 (m, 2F), —158.52 (t, J=22.6 Hz,
1F), —162.93~—162.16 (m, 2F); IR (film) v: 2096, 1783
cm '; HRMS (ESI) caled for Ci7H;;FsN;O,Na [M+Na]"
426.0648, found 426.0644.
3.2.6 5-& #-2-p-F AR AR IREE(11) 89 H) &
I TURCOREE 1a MHI&IHE, FH 5-8%-2-4-2%
Fe-z4n>Y (808 mg, 3.0 mmol) YRl 5T
(552 mg, 3.0 mmol). DCC (618 3 mg, 4.0 mmol)X I 17
h, H15 A ERE A=Y 5-8 % -2-p- 25 H- R 5 K e
1f) (1.10 g), WCFE N 85%. R=0.86 [V(LR LER)/V(H
WEf)=1/3]; '"H NMR (CDCl; 400 MHz) 6: 1.65~1.72
(m, 2H), 2.10~2.13 (m, 1H), 2.34~2.38 (m, 1H), 3.35 (t,
J=6.0 Hz, 2H), 4.11 (t, J=7.2 Hz, 1H), 7.48~7.53 (m,
3H), 7.84~8.03 (m, 4H); *C NMR (CDCl;, 100 MHz,
APT) o: (up) 26.7, 30.4, 51.1, 133.0, 133.5, 134.1, 170.0,
(down) 50.7, 125.2, 126.4, 126.6, 127.3, 127.8, 127.9,
129.0; F NMR (CDCl;, 376 MHz) 6: — 15328~ —
15236 (m, 2F), —153.71 (t, J=22.6 Hz, 1F), —
162.05~—162.40 (m, 2F); IR (film) v: 2096, 1783 cm™';
HRMS (ESI) caled for C,H;FsN3O,Na [M + Na] *
458.0898, found 458.0896.
327 5-% R-2-0-F KK B AKBE(1g) 49 %) &
S TURCOREE 1a 6% SRR, (FH 5-8%5-2-0-2%
F-RE(4g)PY (1.08 g, 4.0 mmol)y NJEKl, 5 HEIFKEH
(736 mg, 4.0 mmol). DCC (824 mg, 4.0 mmol)/x N 22 h,
T EOHIR Y 5-B R 2-a- 255 IR TLR AR (1g)
(1.55 g), RN 89%. Ry=0.66 [V(LFR LB/ V(A
fi#)=1/3); '"H NMR (CDCl; 400 MHz) d: 1.67~1.79 (m,
2H), 2.14~2.20 (m, 1H), 2.41~2.45 (m, 1H), 3.35 (t, J=

http://sioc-journal.cn/ 2559
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6.0 Hz, 2H), 4.76 (t, J=7.2 Hz, 1H), 7.49~7.60 (m, 3H),
7.62 (t, J=8.0 Hz, 1H), 7.92 (d, J=1.2 Hz, 1H), 7.94 (d,
J=04 Hz, 1H), 8.13 (d, J=8.4 Hz, 1H); “C NMR
(CDCls, 100 MHz, APT) §: (up) 27.1, 30.4, 51.2, 131.4,
133.2, 134.3, 170.3, (down) 46.2, 122.7, 1253, 125.7,
126.2, 127.0, 128.9, 129.4; "F NMR (CDCls, 376 MHz) ¢:
—152.09~—152.39 (m, 2F), —157.74 (t, J=22.6 Hz,
1F), —162.17~—162.30 (m, 2F); IR (film) v: 2096, 1777
cmfl; HRMS (ESI) calcd for CyH4FsN;O,Na [M—I—Na]+
458.0898, found 458.0888.

3.2.8 5-4& R-2-F K- RER A AKEE(1h) 8 %) &

S HE RS 1a KIS FE, A S-SR -2- %5
% 40P (275 mg, 1.3 mmol) NJE K}, 5 FLE IR (239
mg, 1.3 mmol). DCC (268 mg, 1.3 mmol)z ¥ 27.5 h, i
PRI AR =) 5-B 5 -2-"F 3R AR BE(1h) (400
mg), &N 77%. R=0.87 [V(ZIR L)/ V(£ k)=
1/3]; '"H NMR (CDCl; 400 MHz) d: 1.62~1.91 (m, 4H),
2.92 (dd, J=6.0, 6.8 Hz, 1H), 3.03~3.33 (m, 2H), 3.36 (t,
J=6.4 Hz, 2H), 7.22~7.35 (m, 5H); *C NMR (CDCl;,
100 MHz, APT) &: (up) 26.6, 29.2, 38.5, 51.1, 137.8,
171.3, (down) 47.1, 127.1, 128.8(2), 128.9(2); ’F NMR
(CDCls, 376 MHz) 6: —152.44~—152.58 (m, 2F), —
157.71 (t, J=22.6 Hz, IF), —162.12~—162.26 (m, 2F);
IR (film) v: 2090, 1771 ¢cm'; HRMS (ESI) calcd for
C1sH,4FsN3;0,Na [M+Na]" 422.0898, found 422.0887.
3.2.9 5-F fORER B AKES(1i)89 H) &

Z A HE KRG 1a MK &SRR, A -2 &K1
ARG @D (1.1 g, 5 mmoly MR, 5 HHAKR (923
mg, 5 mmol). DCC (1.03 g, 5 mmol)Z M 24 h, #1531
WORF=Y) 5-8 50 IR U R BE (1) (1.45 g), WA
93%. Ry=0.83 [V(ZBR Z.B8)/ V(A )= 1/3]; '"H NMR
(CDCl5,400 MHz) 6: 1.71~1.78 (m, 2H), 1.83~1.93 (m,
2H), 2.75 (t, J=7.2 Hz, 2H), 3.38 (t, J=6.4 Hz, 2H); "*C
NMR (CDCls, 100 MHz, APT) §: (up) 22.0, 28.0, 32.7,
50.9, 169.0; "’F NMR (CDCl;, 376 MHz) §: —152.85~
—152.94 (m, 2F), —158.00 (t, J=22.6 Hz, 1F), —
162.26~—162.51 (m, 2F); IR (film) v: 2079, 1771 cm ';
HRMS (ESI) caled for C;;HsFsN3;O,Na [M + Na] *
322.0429, found 322.0421.

3.2.10 5-F R-2-THAORER B ARBE(1)) 59 4] &

Z I TURCOREE 1a H &I FE, T 5-8%-2-4 58
IRIR(45)P (513 mg, 3 mmol) Nl 5T EAE (552
mg, 3 mmol). DCC (618 mg, 3 mmol) i 41 h, #7537
AR 5-B R -2- L5 TR TR R ER(L)) (1.01 g),
R A 98%. Ry=0.75 [V(LIR B8/ V(A k) =1/3];
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'H NMR (CDCl; 400 MHz) 6: 1.08 (t, J=7.2 Hz, 3H),
1.71~1.93 (m, 6H), 2.67~2.77 (m, 1H), 3.41 (t, J=7.2
Hz, 2H); °*C NMR (CDCls, 100 MHz, APT) §: (up) 25.0,
26.6, 29.0, 51.1, 171.7, (down) 11.5, 46.6; ""F NMR
(CDCl;, 376 MHz) §: —152.54~—152.84 (m, 2F), —
157.88 (t, J=22.6 Hz, IF), —162.15~—162.30 (m, 2F);
IR (film) v: 2096, 1783 cm™'; HRMS (ESI) calcd for
Cy3H,Fs- N;O,Na[M~+Na]" 360.0742, found 360.0735.
3211 5-%& f-2-F T -RBR A A RBE(1K) 49 H) &

ZIRTROREE 1a MBS ERE, (4 S-2%-2-5FC
H-R % 4kBY (500 mg, 2.2 mmol) NEK, 5 MAR
(408 mg, 2.2 mmol). DCC (453 mg, 2.2 mmol) /< 17 h,
FIR LR 5-BR-2-H ORI LR 1k
(684 mg), WF A 80%. R=0.80 [M(LER ZHE8) V(£
fi¥)=1/3); '"H NMR (CDCl; 400 MHz) J: 1.06~1.32 (m,
5H), 1.56~1.87 (m, 10H), 2.55 (t, J=7.2 Hz, 1H), 3.33 (t,
J=6.4 Hz, 2H); *C NMR (CDCl;, 100 MHz, APT) §: (up)
26.1,26.2,26.2,26.5,26.8,30.4,30.7,51.1, 171.2, (down)
40.3, 51.3; '’F NMR (CDCls, 376 MHz) §: —152.12~—
15242 (m, 2F), — 15829 (t, J=22.6 Hz, 1F), —
162.54~—162.66 (m, 2F); IR (film) v: 2096, 1777 cm " ';
HRMS (ESI) caled for C;;H;sFsN;O,Na [M + Na] *
414.1211, found 414.1204.

3.3 &4 1 89 Schmidt EHER N
331 5-& R-2-KH-RFR A AKEE(1a)89 Schmidt =
He R

FARYF, B IHEEEE 1a (116 mg, 0.3 mmol)i&
fEt 1,2-=& 4515 mL)H, BEJIHEEE T8 mA
TiCly (171 mg, 0.9 mmol), Bl J& ¥ s NAK RN 90 “C i
W PCE AR R, 4R 76 h. KON IR
ZER, MAKQ mL)ERRN, b5 SRS
mL X3 J)ZEM, GIFAVAHELMFMEEEKGS mLX2
WOVedE TR TR w4, PEREEmERE
H95 I NP 3a (40 mg), RN 77%.

Ak, 5 Fd s SRR, {8 HORCRES 1a (116
mg, 0.3 mmol)55 TiCl, (171 mg, 0.9 mmol) M, ¥ [
a1 EA 2 h, 3@ AR BT B A5 2 AR
2a (65 mg), WEN 61%. R;=0.63 [N(ZFRZER)/ V(1
BK)=1/3); ek itk A B LA 1:0.6; 'TH NMR
(CDCl5, 400 MHz) ¢: 1.98~2.07 (m, A 1.8H, B 1.2H),
2.37~2.51 (m, A 0.6H, B 0.4H), 3.70~3.91 (m, A 1.25H,
B 0.75H), 5.06 (m, B 0.4H), 5.17 (m, A 0.6H), 7.15~7.37
(m, A 3.12H, B 1.88H); '°C NMR (CDCl; 100 MHz, APT)
5: (up) 22.7 (A), 22.6 (B), 34.8 (B), 35.9 (A), 48.0 (B),
48.4 (A), 140.4 (B), 140.5 (A), 150.0 (B), 150.3 (A) o
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(down) 61.9 (A), 62.2 (B), 1252 (2, A), 1254 (2, B),
127.2 (A), 127.2 (B), 128.6 (2, A), 128.6 (2, B);'’F NMR
(CDCl;, 376 MHz) 6: —153.15 (d, J=18.8 Hz, 1F)
—153.42 (dd, J=18.8, 3.8 Hz, 1F), —159.3 (dt, J=33.8,
22.6 Hz 1F), —163.07~—163.31 (m, 2F); IR (film) v:
1747, 1519 cm™!; HRMS (ESI) calcd for C;7H3FsNO,
[M-+H]" 358.0861, found 358.0845. it —H: EH15 5]
IR TSI AR 3a (14 mg), 1TEA 27%.

332 5-& R-2-3 P A RA-ORER A A KBS (1b) 49
Schmidt & #HE R &

Z% AR 1a FEAERMN, FHEY 1b (120
mg, 0.3 mmol)5 TiCl, (285 mg, 1.5 mmol)7E 90 ‘CiH
HRIEIRN. 76 h, A B4 B AR B LAtk 4 A B
3bPY (46 mg), HATEH 82%.

333 5-F&#-2-x T AARE-RER EAREE(1e) 4y
Schmidt & HE 2 &2

S HHEINS 1a MEHRN, #FHEY 1c (129
mg, 0.3 mmol)55 TiCl, (285 mg, 1.5 mmol)7E 90 ‘Cili%
RIS 48 h, T s B AT B AL G P K
3¢ (53 mg), HULE N 86%.

334 5-& A-2-3 AR AR B A A K BR(1d) 49
Schmidt T HE R &

Z% AR 1a FEARMN, FHEY 1d (126
mg, 0.3 mmol)5 TiCl, (171 mg, 0.9 mmol)7E 90 ‘CiHi%
HHEARLR N 2 h, AT 4> B A3 2 IR P24 2d (67 mg),
RN 57%. R=0.63 [(Z.B ZB8)/ V(£ k) =1/3];
ek EHIEIR G A B HBEIA 106 'H NMR
(CDCls, 400 MHz) 6: 1.91~2.06 (m, A 1.8H, B 1.2H),
2.36~2.50 (m, A 0.6H, B 0.4H), 3.70~3.92 (m, A 1.25H,
B 0.75H), 4.99~5.04 (m, B 0.4H), 5.11~5.15 (m, A
0.6H), 7.09~7.17 (m, A 1.25H, B 0.75H), 7.30~7.52 (m,
A 1.25H, B 0.75H); "*C NMR (CDCl; 100 MHz, APT) ¢:
(up) 22.6 (A), 22.8 (B), 35.0 (B), 35.9 (A), 48.0 (B), 48.4
(A), 132.9 (B), 133.0 (A), 140.4 (A), 141.1 (B), 150.2 (A,
B), (down) 61.4 (A), 61.7 (B), 126.6 (2, A), 126.7 (2, B),
128.7 (2, A), 128.8 (2, B); "’F NMR (CDCl;, 376 MHz) ¢:
—153.19 (d, J=18.8 Hz, 1F), —153.46 (dd, J=18.8, 3.8
Hz, 1F), 159.06 (dt, J=33.8, 22.6 Hz, 1F), —162.93~
—163.12 (m, 2F); IR (film) v: 1744, 1520 cm'; HRMS
(ESI) caled for Ci;H;CIFsNO,Na [M+Na]® 414.0291,
found 414.0291.

335 5-& A-2-3 AR AR BR A A R B5 (le) 49
Schmidt ZHE R &

S HHEZANS 1a FEHRN, FHKY 1e (121

mg, 0.3 mmol)55 TiCl, (171 mg, 0.9 mmol)7E 90 ‘Cili%
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HEALR 2 b, RT3 B AR R TG (UlAR ) 2e (56 mg),
KRN 52%. Re=0.65 [V( LR LIV k) =1/3];
ek ERIA A DB EFIN 12 0.8; 'TH NMR (CDCls, 400
MHz) §: 1.94~2.05 (m, A 1.67H, B 1.33H) 6: 2.31~2.50
(m, A 0.56H, B 0.44H), 0: 3.75~3.88 (m, A 1.11H, B
0.89H), 4.99~5.07 (m, B 0.56H), 5.12~5.15 (m, A
0.44H) J: 6.99~7.09 (m, A 1.67H, B 1.33H), §: 7.11~
7.20 (m, A 1.11H, B 0.89H); *C NMR (CDCl; 100 MHz,
plus APT) 6: (up) 22.7 (A), 23.6 (B), 34.8 (B), 36.0 (A),
48.0 (B), 48.4 (A), 137.6 (B), 137.9 (A), 140.3 (A), 140.4
(B), 150.1 (B), 150.3 (A), (down) 61.4 (A), 61.7 (B), 115.3
(2, A), 115.4 (2, B), 127.0 (2, A), 127.1 (2, B); ”F NMR
(CDCls, 376 MHz) o: —114.11~—114.39 (m, 1F), —
153.32 (d, J=18.8 Hz, IF), —153.54 (dd, J/=18.8, 3.8
Hz, 1F), —159.26 (dt, J=33.8, 22.6 Hz, 1F), —163.11~
—163.31 (m, 2F); IR (film) v: 1744, 1520 cm '; HRMS
(ESI) caled for C;H,FgNO, [M+H]" 376.0767, found
376.0756.
33.6 5-& R-2-p-F A KB EAKBEE(HHY Schmidt
FTHR

ZHNRARE 1a FIEARP, KD 1f (131
mg, 0.3 mmol)5 TiCl, (285 mg, 1.5 mmol)7E 90 ‘CiHi#
HEIAL N 24 b, R RS B B A BRI 3F (60 mg), H
WA 90%. Ry=0.22 [( LR ZF8)/ V(A k) =1/2]; 'H
NMR (CDCls, 400 MHz) d: 1.94~2.09 (m, 2H), 2.11~
2.19 (m, 1H), 2.68~2.77 (m, 1H), 3.69~3.79 (m, 1H),
3.96~4.03 (m, 1H), 5.04~5.06 (m, 1H), 7.38 (d, J=7.2
Hz, 1H), 7.48 (t, J=8 Hz, 1H), 7.56 (t, J=8 Hz, 1H), 7.79
(d, J=7.2 Hz, 1H), 7.95 (d, J=7.2 Hz, 1H), 8.34 (d, J=
6.8 Hz, 1H); C NMR (CDCl; 100 MHz, APT) &: (up)
22.0, 32.9, 44.9, 126.3, 128.4, 132.5(2), 161.9, (down)
60.3, 122.5, 126.0, 126.3, 126.6, 131.4, 132.5.
337 5-& R-2-a-FH- KRB A AKEE(1g)89 Schmidt
FHR S

SEAEAN 1a MEHRMN, FHEY 1g (131
mg, 0.3 mmol)5 TiCl, (285 mg, 1.5 mmol)7E 90 “Cimi#
HHEIRLR S 24 h, B 2453 B 19 3 O Ak & 40 N It i
3¢9 (59 mg), HUE N 88%.
338 5-& R-2-FHA KRB AZAKBEE(1h)4Y Schmidt
FHER

2% TR 1a MEHARPL, FHEY 1h (120
mg, 0.3 mmol)5 TiCl, (285 mg, 1.5 mmol)7E 90 ‘CiHi#
RSN 24 h, A& B 1R B C A0 A P
305 (48 mg), HITE N 86%.
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3.3.9 5-F R -XBER A AKBEG(1i)49 Schmidt THER Z

Z:2% LR 1a EHER S, A HEY) 1i (93 mg,
0.3 mmol)5 TiCl, (171 mg, 0.9 mmol)#£ 90 “C i [n|
WRBE 2 h, B4 B3 BITEEHPIR =4 2i (52 mg), Y
N 62%. Ry=0.62 [V(L.FR LIER)/V(A ) =1/3]; 'H
NMR (CDCl;, 400MHz) 0: 1.93~2.05 (m, 4H), 3.51 (t,
J=6.4 Hz, 2H), 3.61 (t, J=6.4 Hz, 2H); *C NMR (CDCl,
100 MHz, APT) J: (up) 25.1, 25.8, 47.0, 47.2, 150.6; "°F
NMR (CDCly, 376 MHz) 6: —153.15 (d, J=18.8 Hz, 1F),
—153.43 (d, J=18.8 Hz, 1F), —159.29 (dt, J=33.8,22.6
Hz, 1F), —163.06~—163.32 (m, 2F); IR (film) v: 1749,
1520 ¢cm '; HRMS (ESI) caled for C;H,;FsNO, [M—|—H]+
280.0392, found 280.0383.
3.3.10 5-& f-2-CT A -RFR A ARBEE(1j)49 Schmidt
FHER

2% FH KRS 1a MEHER N, SHEY 15 (101
mg, 0.3 mmol)5 TiCl, (171 mg, 0.9 mmol)7E 90 ‘CiHi%
HHERALR S 2 h, B4 AR 21 TC PR 2§ (55 mg),
WA 59%. Re=0.63 [V(ZBR ZB8)/ V(A k) = 1/3];
Jie#: Rtk A DB WA 101, 'H NMR (CDCLy
400MHz) 0: 0.89~0.95 (m, A 1.5H, B 1.5H), 1.41~1.59
(m, A 0.5H, B 0.5H), 1.83~2.01 (m, A 2.5H, B 2.5H),
3.45~3.70 (m, A 1H, B 1H), 3.85 (bs, B 0.5H), 3.95 (bs,
A 0.5H); C NMR (CDCl; 100 MHz, APT) ¢: (up) 23.0
(B), 23.8 (A), 25.4 (A), 26.0 (B), 29.4 (A), 30.0 (B), 47.2
(A), 47.4 (B), 150.2 (A, B), (down) 10.2 (B), 10.3 (A),
59.8 (B), 60.3 (A); "F NMR (CDCls, 376 MHz) §: —
153.33 (d, J=3.76 Hz, 1F), —153.56 (dd, J=22.6, 3.8
Hz, 1F), —159.60 (dt, J=33.8, 22.6, Hz, IF), —
163.21~—163.42 (m, 2F); IR (film) v: 1749, 1520 cm™';
HRMS (ESI) caled for C3H3FsNO, [M+H]" 310.0861,
found 332.0861.
3301 5-&F R -2-%F T A -ORER A A KBE (1K) 49
Schmidt & HE B

2% R AR TR (la) I EHER B, Y 1k (117
mg, 0.3 mmol)5 TiCl, (171 mg, 0.9 mmol)7E 90 ‘Cili%
HHERRN 2 h, AT 4> B A3 2 AR 2k (56 mg),
WE N 51%. Re=0.62 [W(LER LB/ V(A k) =1/3];
e FRA A DB EEBIN 10 1; '"H NMR (CDCls, 400
MHz) §: 1.01~1.24 (m, A 2.5H, B 2.5H), 1.61~1.95 (m,
A 5H, B 5H), 3.31~3.39 (m, B 0.5H), 3.44~3.53 (m, A
0.5H), 3.61~3.75 (m, A 0.5H, B 0.5H), 3.80 (bs, B 0.5H),
3.95 (bs, A 0.5H); “C NMR (CDCl; 100 MHz, APT) o:
(up) 23.6 (B), 24.3 (A), 26.1 (B), 26.2 (A), 26.3 (A), 26.4
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(B), 26.5 (A), 26.7 (B), 27.4 (A), 27.7 (B), 27.8 (B), 29.8
(A), 29.9 (A, B), 47.5 (A), 47.8 (B), 150.2 (A, B), (down)
40.2 (A), 41.1 (B), 63.1 (B), 63.6 (A); °F NMR (CDCl;,
376 MHz) §: — 153.47 (dd, J=122.6, 3.8 Hz, IF),
—156.11 (dd, J=22.6, 3.8 Hz, 1F), —159.54, (dt, J=
33.8, 22.6 Hz, 1F), —163.20~—163.41 (m, 2F); IR
(film) v: 1744, 1520 cm™'; HRMS (ESI) calced for Ci7H -
FsNO,Na[M+Na]" 386.1150, found 386.1143.

#HBh#1 Kl (Supporting Information) H7 il #% ft) F i 2K
g K= A s . i DL S . X ek a] BL
2 WAFI 33 (http://sioc-journal.cn/) | N %K.
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