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Synthesis of a-Aryl Nitriles via Nucleophilic Substitution of
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Abstract An efficient synthesis of a-aryl nitriles via nucleophilic substitution of a-cyanohydrin methanesulfonates with ma-
lonates is developed. This transition metal-free protocol has the advantages of cheap and easily available starting materials,
mild reaction conditions, simple operation, a broad substrate scope and high functional group tolerance. Furthermore, this
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strategy could also be used to asymmetric malonates and acyl esters.
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EEM G — RS BEFETRANLEY, ¥
ZNHATES . R DhRetREEaugl. —BH DK, &
BERHIE & b h iy s EE A O, Rl — P
WNRER . . TEiE. BERMEAHRETREY, Abs
YIRS T 2 0T RE; Ah, FRERERILE —2K
HEWZRAER], EHREMNKREZFE RN H
FEEHHA, LI ABIAW N ERT 240015
AR PE . S EER, RSN 2N
FUEDH, o757 HEIE AL GV i T H R 25 W 5
T REANMZEZ Y Z R EIRE, T2 EERR
SIRPEMI RN o S A X R A B, il 1 B
A 88 A 2 55 A A Bl 00 1) 57 BT 2 i P8 (Anastrazole)P], 45

I IE RS PR 4ERL K (verapamil)4, H1 SZARFEUFIA
EHTIT (levocabastine)™. 3T o-75 FE GRSV EER)
AEZTERIE I, XTI E BT VR B TR BOA A AT
A TR R

LRI TAEE ARSI, o- 05 EEFERNEMHE
R FLEAR T ARG g, FL7E 2002 4, Hartwig PRAEZHC!
fiiE 7 R ARG 2R S 5RO R a-T7
TR, LLEIE 99% R R | — R a-75 HEFE
WAHI(Scheme 1a). BfiJ5, Zhou VR TIH] FH AL AN P %
PO FE T A 2L R ) VAL 71, SEIRL T ISR B A XS FR
1 o-75 34k 2 Bi(Scheme 1a). [FIAY, Wang ¥R ZHBI7E TG
S BAAE TR T HECREES = )7 A
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Figure 1 Representative biologically important a-arylated nitriles

(a) a-Arylation of nitriles

CN [Ar ] OTF COEt  Ar—Br COEt
A t-BuOK 1 [Pdlor [Nij R'7\Ar
RY Lot . R" CN CN
(b) Transition-metal-catalyzed cross-coupling reactions of
a-cyano electrophiles
LG ABOH):2 - 1pg] or [Ni CN
)\ +  Ar—l _
R™ CN Ar,Zn R™ “Ar
LG =Br, Cl, OTf
(c) Synthesis of a-aryl nitriles by direct cyanation
J'-\G . [Cu] [In] BF 5 OEt, CN
R “R2 [CN] R OR2
LG =Cl, Br, OH

[CN] = KCN, TBACN, TMSCN, {-BuN=C

(d) Base promoted tandem nucleophilic substitution-isomerization
of a-cyanohydrin methanesulfonates

OMs
K5POy,, toluene CN
A+ A BOH), T TR
A" N R 60 °C, 12 h, air Ar)\/\R

(e) This work:
Synthesis of a-aryl nitriles via nucleophilic substitution
of a-cyano electrophiles with malonates

R2Q 0O O
OMs (0] :
)\ . C LiOH R1 1) OR2
Ar CN O isopropanol, r.t.
R'G Ar CN

BRI o IR AT
Scheme 1 Strategies for the construction of a-aryl nitriles

(1) a-75 544 [ Bi(Scheme 1a). FHE T HESA S PIH B
o-F7 FEAR S, S < A ) A2 SCAR IR S S Al H T
o- S BERE R GG 2 H. 41 Flack®, Crudden!'?),
Ful'll, Reisman!"2 3 40 FH o- S0 8 = % P REERES « a-1RAC
5 o- AL YR IRY), RV &R AL s LT
535 77 HETIER L AR TS B . 5 B R AE Suzuki
Negishi. I 52 XAREC SN, CLARE s R a2 17—
R o-F5 HNEL A A Y)(Scheme 1b). AR, xRk
FAUE DRI EIEAL SN R IRT a-T7 MG R SR
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FEFE, —RAMFIELF W F A A0, PO T R
L (TBACN)M, = H L FURE K (TMSCN)ISL, fUT 3
515 (+-BuN = C)UO/E i % 45 J 5% &) B e AE L~ R 2R
BN, JMAUERT a-75 7N E Y (Scheme
lo). fdlt, Xu BHEAVVRE T —Fifeidt o-FRE i
R T 5 05 HE TR 1) S A% AR S A A S, 122 % B
o-FBEATAE B R R R A D o Fi sl n), 5 BOCAC ) s
FRAEBAE FH R A SN2 SEAZ BURANSU R i A ) B, LA
e SR LR R T — RIVAEERILEDY
(Scheme 1d), #— PR TR EWNE HIEE

N IREE R A MIEAY A R G IR 2
I, BV 2 290 BB B T, AT # N
PIELL 2 TERID R AR 0, I FR, R
P 3 A JE 5 B B SR A%, # R T 2 R R N 2
HUOL BT, AR TS BRI AP B S BTG a0
EEERITA ZIRER S A B ik, B2 ZRREEIURT a-
55 SERERA ST RE B — SR A F . AR
PL AT B4R, R a- AT AP0 E o B a5 A Ty —
FREAE R oR A% AR, TER AR B R R AR SR AR S,
P TN ZRRERHUAR Y - 77 2 24k &) (Scheme
le).
1 ER5R
1.1 RMEZHRITFE

B, BERTEARE LEBN B AT EY
1 57 % — 48 2a 1) B(F 1, Entries 1~5). PLEUT
FERR AR DUSPRIBIETE A o-FUEE FEERES 1a 1F2R
HARF, 2 R EImBEHE 12 h, %X LL 50% 1
KGR HAR =) o-77 HMEFAL G 3aa(FE 1, Entry 1).
PRI, 4B EIHE N OAc, OBoc, OPiv I, 1% N JGiZ:
HE1T(F 1, Entries 2~4); 48X FEBH OTs i, MUk
KA I (40%, % 1, Entry 5). B, 30D o-FE
FTEIRER 1a /E 2% kAT ]S 2en % Ak, Bl S,
5T BT Z S N AR, AN R TEH LR L &
AN A WL [1,8- = A 4 =B [5.4.0] T — B -7- 4%
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(DBU). (= H A 5 ) 20 F 4l (NaHMD S) | #f # H T-1%
SN, e S AR I B I R (15%~52%, &
1, Entries 6~9). 2 Tk, HE T ARG FIR R P15
W, LA 1,4- 5N, A5 R CBRIEE IR, &
IS (RIS B SR 4R 55 (53%~76%, % 1, Entries 10~12);
T A FH AR PRV 77 R, S LU B 3 BRI, A
24%(F 1, Entry 13). ZET b, SR HARNEE KR (R
A, A NMATHIIE, ik R R EEAE IS AN, OB IR
B3] 7 B3EIRTH(88%, # 1, Entry 14). )5, X H
OO RS T T R, ERA RN T iZ R
I FEIFEAT, 1T P P o s R ARt 2 1
I, 4B A 2 equiv iy, SR RELL 95% IR 45 5
H A7) 3aa(3 1, Entries 15~17), X 5HH9INABEHR
m A IRES SRR — . R, & RIR AR IE,
RAWIERNAM N 15 2a WWIRER N 12, 2
equiv. Z E A EAERR, 787 RS T AR, =
M 2EAE B 12 h
Fz1 ALK @

Table 1 Optimization of reaction conditions

o O
)'-\G . EtO\"/\"/OEt Base )ijU\OEt
Ph™ "CN 0O O Solvent, r.t, 12 h
. 2a Ph” “CN
3aa
Entry LG Base Solvent  Yield®/%

1 OMs LiO+-Bu THF 50
2 OAc LiO+-Bu THF 0
3 OBoc LiO+-Bu THF 0
4 OPiv LiO+-Bu THF 0
5 OTs LiO+-Bu THF 40
6 OMs LiOH THF 52
7 OMs NaOH THF 15
8 OMs DBU THF 0
9 OMs NaHMDS THF 20
10 OMs LiOH 1,4-Dioxane 72
11 OMs LiOH MeCN 76
12 OMs LiOH EtOAc 53
13 OMs LiOH Toluene 24
14 OMs LiOH IPA 88
15 OMs — IPA 0
16¢ OMs LiOH IPA 59
174 OMs LiOH IPA 95

4 Reaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), base (0.15 mmol) in
solvent (0.5 mL), r.t., 12 h. ? The yield was determined by crude 'H NMR
using CH,Br; as internal standard. ¢ LiOH (0.05 mmol) was used. ¢ LiOH (0.2
mmol) was used. Isopropanol (IPA).

1.2 REEYARE

1E FiR A IR ST, X a- U H RS R IS A P —
% OSSR IR R B R A58 FH VR REAT T 99T, SER 2%
B 2. BB T IR o B F IR 28 EEUR
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1) FEL - 0O AR 2 () 2050 A B AR s B 4% 1 PR s,
TS ) BRI A 0.2 mmol, A T AN R
AP R, K A I SIS TR AE K & 17 h. 5256
SERFW], MIRIR EAREBUREE R 1% 5N 68 LA 93% (1 4
BCRAS 2] H AR 3aa; B2 EY) 1a ARG S 2
mmol, ZIAR S HETIAZ R, =R mIE 88%.
TV AR IR A5 Ak L 735 [ (Mee, OCF3)ids A& W FEL 13
HI(F, Cl, Br), %R MR REBRINH 78U IS,
Fae LA R AP 7 BRI BRI 1 -5 BB R A 3
(60%~82%, F 2, 3ba~3fa); {HMZKI EBEULHE N
S I T 3 [ = 0 SR, 12 OB I PR R B 3 R R
(3ga, 13%. 3la, 45%), X 1] RE & BT 500 T2 A F
TE LRI S L, SERERNER RS SR
N eAh, ZRIRML ) F T RN S B R, kT
) HR AR R N BE LA 85%~90% I 45 2174 3ha 1
3ia, WHL T IIBUNBELL 38%MURRIG R Y 3ja. 1H15
RN, R A7 AR OB ) 5% EL /S, 2-
PR E AT ST R OB N RELL 91% 17~ %
B2 H AR~ 3ka; B2 2,6- DU QA FL A 1s 1 1t
1% J N AH BE BUAS S7 177 2R (3sa, 87%. 3ta, 61%); 1XAX
DA B B FUA AR R S I, RS 26
A — LK (Bua, 47%). FE BRI, T HAL SR
RUHARZ H 2 B AR, ZEUR S RL AR BE LA H &5 2 L L 1)
CRAS 2 ZEREE IR a-75 BN AY) 3ma~3ra
(35%~86%). HEBMIE, LR WAL 7 3L 4]
(AR, SNEVETRCONERAE, BL 83%[MI 15
FIFAN) B AL S 3va. EAERKEZ, S HZEH
BRI 1) o- B F IR R 1 o Bk, 83 T
RATARA IS, Xeesg iR FEAE W A 5 0 i, FEUE
ARIEE Ms BHS AR AE R S 1) o-FURE RIS, [
I, WARE ALK “—#E” 17 SRR Ak
IMERR. o-FE -5 MsCl NS5 e a7, R InAESA
RHE . TR CBE AN SR I, 2 AMAT I, RS
BT HERFEY 3wa~3za, {H NP2 AR K H A
(14%~61%), X Fi% 45" SuE T 7 BA 15256
HEIRIEHATH.

AR B AN o- T IR B R I H T 1R
U BIHEATE T, 2R T, B T ONESREY TN R IR o
HHR R BA(FR 3). 2 NEFRMZ, MW R IE N
2b. B 2¢. BT HE 2d TEEZARAIN, 1% N ARE
e i 7s, BELL 78%~86% Ik 7 7= A3 2 H A=
V) 3ab~3ad. {H1F—3RAE, ZHU R IE T 07
e R H G =R R = L 2e, AELL 60%M11 7 BSUSCRAS
FIHWAY) 3ae. HHEENZ, ZRMNACEH TR
A X RREE I IR R EE, X AR RRI N R EE R I
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Table 2 Scope of a-cyanohydrin methanesulfonates

o O

LIOH EtO OEt
IPA, rt, 17 h

o o R = Me, 3ba, 67%

0O 0
R = OCF3, 3ca, 60%
EtO OEt EtO OEt R=F, 3da, 65%
R = Cl, 3ea, 82%
CN y il
Ph™ CN R = Br, 3fa, 64%
3aa, 93% (88%°) R R = CF3, 3ga, 13%

o o
B0 OBt 1 - OMe, 3ha, 90%
CN R = Me, 3ia, 85%
R=F 3ja 38%

Ar CN
o O
EtO OEt
CN
R R=F 3ka, 91%

3
R = CF3, 3la, 45%

O O o

O O o o© 0

o 0 EtO OEt EtO

EtO OFEt EtO OEt Br

EtO OEt R = OMe, 3ma, 85% B CN OFt
cN R =Cl, 3na, 70% CN CN CN
R = Br, 30a, 58% F
R F F Br F Br F

3pa, 86%

R =Cl, 3ta, 61%

R =Br, 3ua, 47% 3va, 83% 3wa, 37%°

3qa, 35% 3ra, 44% 3sa, 87%

o o o
o o o o
EtQ EtO OEt o 0 o 0
OBt \veo EtO OEt EtO OFt EtO OEt EtO OFt
CN CN
CN i [ N g CN
R P _
OMe N~ “OMe N H

3xa, 61%° 3ya, 14%° 3za, 22%°

@ Reaction conditions: 1 (0.2 mmol), 2a (0.4 mmol), LiOH (0.4 mmol), in IPA (1 mL), r.t., 17 h; isolated yield. ® Gram-scale reaction. ¢ One-pot synthesis method of

o-aryl nitriles.

R33N TRREERRYEE

Table 3  Scope of malonates

R3
. R1OT|)\WR2
+
Ph CN o O
1a 2

0 _,0

R
LiOH R'O R2
IPA, rt., 17 h

Ph” "CN
3

0]

o)
Ph™ "CN

EtO.__O

o O o O o o
\/\OJ;(KO/\/ )\o . IQ >Lo OJ<
EtO OEt
Ph™ "CN Ph™ "CN Ph™ "CN

3ab, 86%

3af, 55%, 1:1 dr

3ac, 81%

O O /I<
/\O)JIU\O N
Ph CN

3ag, 82%, 1:1 dr

3ad, 78% 3ae, 60%

0 0O o o0
O)ﬁ\)l\/\ \OJIk(
Ph” “CN Ph™ "CN

3ah, 42%, 1:1.4 dr

4 Reaction conditions: 1a (0.2 mmol), 2 (0.4 mmol), LiOH (0.4 mmol), in IPA (1 mL), r.t., 17 h; Isolated yield.

T AR U T, BE DA SR e A5 B B PR A
3af (55%). A BIAZ, %N 0T B 55 i 1 45 74 1 3
7%, BELAH S K DL E RIS 2 H b7 3ag A1 3ah
(82% 11 42%), M S 48 Rk 11 42 1 L6 X FR &5 44 R IR ) AR
S WP AN K ERAR, (HIXER KRR FIE 2 R T 1%
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JTEHI .
1.3 FEYITEARR I

HTRIETRER 5 TR AN, Zalk e i
P IRERIURH o 07 SIS R AW AT AL, 77 3aa
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BilLE R
TEWRBRIR A S WEAEAE N HEAT 187 B0 [l 1, At RE DA Ea AR, BEEREAESEE. SIER, X%
69%I1) = RAF B FEL =Y 4 (Scheme 2a). B H EL 1] /&, HLEL O 5T AR FERE T 2 .
MG RANA WD R AL SUEE K 26 T R ARGk, Bl S 2

a7

1115 i R W ) D32 2 A = = B 7/
(Scheme 2a). EIRIZI NI F= ZAUN 28%, (HIZ M)
A i g B A w =, T %R B IR A IE AR REAT
.

NT TR BHLEE, AT T AH IR ) S5, %%
FNEAE 2,2,6,6-VY F IR WE S AL (TEMPO, [ H & 4 3k
FDEk N-FEERINE 6(E LT U5 )AL N AR RERIEAT,
SN PR 5 2 2 B S R, BB A B - F R
Wk 6 5 o-FUEE FH R IS [ SR =4 7 (Schemes 2b F 2c¢).
M LA b S8 48 SRR 96 SCHRFRTE R0, HE I % S B )
JFEFE AR T 1 YL AR IE 2 U, X R
LRI N AN K AT REZE T Sal N FE, S F
Sn2 M RE. HARMR N FEWT Scheme 2d FiR: B
Je, A TRERIEY) 2 fE R EMAEER TR % o-H TR
B T BRI 7, B S SR AZ AR o U
RIS A A —IRERHUIR I o-75 RG24 3. BAREE
1] S8 3 W S NAB ) T Sn2 ISR, AHIZ SN 7E i
TFPERR AV 77 S R R AR T el AR, TR 4 Sa2
SN B A I T 75 AR P A R B T MR v R R AT
FATHEM X 78 IR T e 2 o- TR R R T8 1E 5% TH

(@) 0
Na,CO3 (0.5 equiv.)

EtOH/DMSO (VIV=5/1) go

O
EtO
NH
Ph H202 (30%, 6 eqUiV.)

o) rt, 20 h
5, 28% yield, 14.3:1 dr

(b) OMs

EtO OEt
A\
\

AHIFA o-FU0E AR 5 7 — BRI ) 2R A% B
RPN, il 4 17— APV EZ N IREE U o- 07 21
KRB, 2L REAETo I I & @ A7 AE T S B i R
e, BT BB R 23 45, BRI, Mk A il
M, BA RIFHEYE A E Re i Fe s, s
&, 2T T A B PR T R T A i 2R
.

3 SRS
3.1 X5

'H NMR #1 3C NMR 7£ Bruker Ascend™ 400 #% %
JLIRAC B, DUORAR S AL 1R iR, DY A R g
(TMS) A br; ESI i 73 #0016 v 280 () VA €3/
VY A% AF AT B TR 5T 8 I e . OB B R 2B
(CH3CN). 1,4-—E . LR ZBE(EtOAC) A U & e i
(THR) ¥ NEB T, T %5 hFaERAR. HE
AN M ai st 2al, RN EEEER. E a-
SN R PR I JEC ) 390 2 HE SR [ 1 7] 7 V1 45

o O

Ph CN

o O
ot EtOH, Ha80;4 (conc)  Eo OEt
reflux, 9 h Ph OEt

o)

3aa 4, 69% yield

Ph
0 o CN
LioH EtO OEt N\
IPA, r.t., 12 h +
Ph” CN \

3aa, 85% yield 7, 0% yield

1a, 0.2 mmol 2a, 0.4 mmol 6, 0.4 mmol
(©) jys E@TAW%t
Ph” “CN + 0 0O
1a, 0.2 mmol 2a, 0.4 mmol

(d) B

RO\W/\W/OR LiOH o}

o) o) H* or

o OMs
RO /i;\\\\
(0]
\ﬂ/\ﬂ/ Ar)\CN

O O
LiOH
IPA, rt., 12h EtO OFt
TEMPO (0.2 mmol) Ph CN

3aa, 70% yield

o)
1 RO OR
Ar” CN

RO OR r
=

B 2 76 s A A SN I RERTT 7E

Scheme 2 Synthetic application and investigation of reaction pathways
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3.2 ZLWAHE

A R TR A 8 mL [ B R s N R Hh AR v
A o-FEEH#ERREE (1, 0.2 mmol). A EZHE(Q2, 0.4
mmol). ZEALEE(0.4 mmol)Fl 1 mL 57 AR, e b5
FIRIEER NRMN 17 h. RNVERE, 3 FFE0E R %
WA B P=IEAE ENT A IR B8) © V(A ) =
50 1 1~20 : 11 BEARHR L ED 3.
3.3 EYMNILEIE

2-(EUL I —# — 2.6 (3aa): V88 (R
%, 7&K 93%. 'H NMR (400 MHz, Chloroform-d) o:
7.33~7.22 (m, 5H), 4.44 (d, J=9.6 Hz, 1H), 4.28~4.13
(m, 2H), 3.98 (qd, J=7.1, 2.2 Hz, 2H), 3.81 (d, J=9.6 Hz,
1H), 1.22 (t, J=7.1 Hz, 3H), 1.01 (t, J=7.1 Hz, 3H); 3C
NMR (101 MHz, Chloroform-d) &: 165.7, 165.5, 132.2,
129.2, 129.0, 128.2, 118.5, 62.5, 62.3, 56.5, 36.6, 13.9,
13.7. HRMS (DART-TOF) caled for C;sH;;NNaO,
[M+Na]" 298.1050, found 298.1051.

2-(RIEE-FEIKILH ) A R = 8 @3ba): %
HAOHPIRIEAE, 77 67%. 'H NMR (400 MHz, Chloro-
form-d) 6: 7.25 (d, J=8.0 Hz, 2H), 7.17 (d, J=7.9 Hz,
2H), 4.48 (d, J=9.7 Hz, 1H), 4.33~4.25 (m, 2H), 4.06
(qd, J=7.2, 2.7 Hz, 2H), 3.86 (d, J=9.7 Hz, 1H), 2.33 (s,
3H), 1.30 (t, J=7.1 Hz, 3H), 1.10 (t, J=7.1 Hz, 3H); 3C
NMR (101 MHz, Chloroform-d) &: 165.8, 165.5, 138.9,
129.8, 129.1, 128.1, 118.7, 62.5, 62.3, 56.5, 36.3, 21.1,
14.0, 13.8. HRMS (DART-TOF) calcd for CjsH;oNNaO,
[M+Na]™ 312.1206, found 312.1215.

2-(REG- = PR ERER )N R = Ok
(3ca): FEEAHARBA, 725 60%. 'H NMR (400 MHz,
Chloroform-d) d: 7.44 (d, J=8.3 Hz, 2H), 7.24 (d, J=8.3
Hz, 2H), 4.55 (d, J=9.5 Hz, 1H), 4.29 (q, J=7.1 Hz, 2H),
4.08 (q, J=7.1 Hz, 2H), 3.87 (d, J=9.6 Hz, 1H), 1.30 (t,
J=17.2 Hz, 3H), 1.09 (t, J=7.1 Hz, 3H); *C NMR (101
MHz, Chloroform-d) 6: 165.5, 165.3, 149.6 (q, J=2.0 Hz),
130.9, 130.0, 121.5, 120.3 (q, J=258.0 Hz), 118.1, 62.7,
62.5, 56.3, 36.0, 13.9, 13.7; '°F NMR (101 MHz, Chloro-
form-d) o: — 58.0. HRMS (DART-TOF) calcd for
CiHisF;NNaOs [M~+Na]" 382.0873, found 382.0873.

2-(RIEA-FERE T IL)) N B ZlE(3da): A
HARTBAA, 7% 65%. 'H NMR (400 MHz, Chloroform-d)
d: 7.34~7.25 (m, 2H), 6.99 (dd, J=9.6, 7.5 Hz, 2H), 4.44
(d, J=9.6 Hz, 1H), 4.21 (qd, J=7.1, 1.4 Hz, 2H), 4.00
(qq, J=7.1, 3.7 Hz, 2H), 3.79 (d, J=9.6 Hz, 1H), 1.22 (t,
J=7.1 Hz, 3H), 1.04 (t, J=7.1 Hz, 3H); 3C NMR (101
MHz, Chloroform-d) 6: 165.6, 165.3, 162.9 (d, J=249.1
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Hz), 130.1 (d, J=8.4 Hz), 128.1 (d, J=3.5 Hz), 118.3,
116.2 (d, J=21.9 Hz), 62.6, 62.4, 56.5, 35.9, 13.9, 13.8.
YF NMR (101 MHz, Chloroform-d) §: —112.2. HRMS
(DART-TOF) caled for C;sH;(FNNaO, [M + Na] *
316.0956, found 316.0935.
2-(FRIEE-E I T )N R — L5 (3ea): FEh
HPIRAR, 722 82%. 'TH NMR (400 MHz, Chloroform-d)
5: 7.40~7.29 (m, 4H), 4.51 (d, J=9.5 Hz, 1H), 4.28 (qd,
J=17.1, 1.9 Hz, 2H), 4.09 (qt, J=7.1, 3.8 Hz, 2H), 3.86 (d,
J=9.5 Hz, 1H), 1.30 (t, J=7.1 Hz, 3H), 1.13 (t, J="7.1
Hz, 3H); *C NMR (101 MHz, Chloroform-d) J: 165.5,
165.3, 135.2, 130.7, 129.7, 129.4, 118.1, 62.7, 62.5, 56.3,
36.0, 13.9, 13.8. HRMS (DART-TOF) calcd for C;sHj-
CINNaO, [M-+Na]* 332.0660, found 332.0666.

2-(F - EE L) R — 4 Hi5(3fa): & (L
R, 722 64%. 'TH NMR (400 MHz, Chloroform-d) o:
7.51 (d, J=8.1 Hz, 2H), 7.28~7.23 (m, 2H), 4.50 (d, J=
9.5 Hz, 1H), 4.28 (dd, J=7.1, 1.9 Hz, 2H), 4.09 (qd, J=
7.1, 4.1 Hz, 2H), 3.85 (d, J=9.5 Hz, 1H), 1.30 (t, J=7.1
Hz, 3H), 1.13 (t, J=7.1 Hz, 3H); 3C NMR (101 MHz,
Chloroform-d) 6: 165.5, 165.3, 132.4, 131.3, 120.0, 123.3,
118.1, 62.7, 62.5, 56.2, 36.1, 14.0, 13.8. HRMS
(DART-TOF) caled for C;sH;4BrNNaO, [M + Na] *
376.0155, found 376.0162.

2-(FAIEE-= 5 PR R H L) N R — ZFE(3ga):
T HPIRBAE, 77 13%. 'H NMR (400 MHz, Chloro-
form-d) &: 7.66 (d, J=8.0 Hz, 2H), 7.54 (d, J=8.0 Hz,
2H), 4.60 (d, J=9.4 Hz, 1H), 4.30 (qd, J=7.1, 1.5 Hz,
2H), 4.09 (qt, J=7.4, 3.7 Hz, 2H), 3.89 (d, J=9.5 Hz,
1H), 1.31 (t, J=7.1 Hz, 3H), 1.11 (t, J=7.1 Hz, 3H); 13C
NMR (101 MHz, Chloroform-d) 6: 165.37, 165.21, 136.21,
131.43 (q, J=33.1 Hz), 128.85, 126.18 (q, J=3.8 Hz),
123.60 (q, J=272.4 Hz), 117.78, 62.83, 62.62, 56.15,
36.37, 13.94, 13.75; '°F NMR (376 MHz, Chloroform-d) ¢:
—63.0. HRMS (DART-TOF) calcd for Ci¢H;7FsNO, [M+
H]" 344.1104, found 344.1108.

2-(FFEG-H AR ORI H L)) R — 2. liH (3ha):
W OHPIRIBAR, 723 90%. '"H NMR (400 MHz, Chlo-
roform-d) d: 7.38~7.09 (m, 1H), 6.94 (dt, J/=7.7, 1.2 Hz,
1H), 6.92~6.85 (m, 2H), 4.49 (d, J=9.7 Hz, 1H), 4.29
(qd, J=7.1, 0.8 Hz, 2H), 4.08 (qd, J=7.1, 1.3 Hz, 2H),
3.88 (d, J=9.7 Hz, 1H), 3.81 (s, 3H), 1.30 (t, J=7.1 Hz,
3H), 1.11 (t, J=7.1 Hz, 3H); 3C NMR (101 MHz, Chlo-
roform-d) &: 165.7, 165.5, 160.1, 133.5, 130.2, 120.4,
118.5, 114.5, 113.9, 62.6, 62.4, 56.4, 55.3, 36.6, 14.0, 13.8.

http://sioc-journal.cn/ 673



BIKE

MRILX

HRMS (DART-TOF) calcd for C;sH;oNNaOs [M+Na]"
328.1155, found 328.1165.

2-(FHEG-H B IR B ) 8 — i (3ia): B
HERBAE, 722 85%. '"H NMR (400 MHz, Chloroform-d)
5: 7.29~7.21 (m, 1H), 7.20~7.12 (m, 3H), 4.48 (d, J=
9.7 Hz, 1H), 4.28 (q, J=7.1 Hz, 2H), 4.07 (g, J=7.1 Hz,
2H), 3.88 (d, J=9.7 Hz, 1H), 2.35 (s, 3H), 1.30 (t, J=7.2
Hz, 3H), 1.09 (t, J=7.1 Hz, 3H); 3C NMR (101 MHz,
Chloroform-d) 0: 165.8, 165.5, 139.0, 132.0, 129.7, 129.0,
128.8, 125.3, 118.7, 62.5, 62.3, 56.5, 36.6, 21.3, 14.0, 13.8.
HRMS (DART-TOF) caled for C;sH;oNNaO, [M+Na]"
312.1206, found 312.1216.

2-(FHEG-FARRE )N R 4BE3ja): (Al
RBiAAE, 7% 38%. '"H NMR (400 MHz, Chloroform-d) o:
7.36 (td, J=8.0, 5.8 Hz, 1H), 7.18 (d, J=7.7 Hz, 1H),
7.14~7.03 (m, 2H), 4.53 (d, J=9.5 Hz, 1H), 4.29 (q, J=
7.1 Hz, 2H), 4.10 (qd, J=7.1, 1.8 Hz, 2H), 3.87 (d, J=9.4
Hz, 1H), 1.30 (t, J=7.1 Hz, 3H), 1.13 (t, J=7.1 Hz, 3H);
13C NMR (101 MHz, Chloroform-d) 6: 165.5, 165.3, 162.8
(d, J=248.6 Hz), 134.4 (d, J=7.4 Hz), 130.9 (d, J=8.3
Hz), 124.0 (d, J=2.9 Hz), 118.0, 116.1 (d, J=20.9 Hz),
115.5 (d, J=23.2 Hz), 62.7, 62.5, 56.2, 36.3, 13.9, 13.8;
F NMR (101 MHz, Chloroform-d) §: —111.0. HRMS
(DART-TOF) caled for C;sH;(FNNaO, [M -+ Na] *
316.0956, found 316.0960.

2-(RIE Q- SL H HE)) N R — 2. li5(3ka): %
EIIRBAE, 75 91%. 'H NMR (400 MHz, Chloro-
form-d) o: 7.40 (dt, J=33.4, 7.3 Hz, 2H), 7.18 (t, J=7.6
Hz, 1H), 7.11 (t, J=9.3 Hz, 1H), 4.74 (d, J=9.0 Hz, 1H),
427 (qd, J=7.3, 2.4 Hz, 2H), 4.10 (q, J=7.2 Hz, 2H),
4.03 (d, J=9.0 Hz, 1H), 1.28 (t, J=7.2 Hz, 3H), 1.13 (t,
J=17.2 Hz, 3H); *C NMR (101 MHz, Chloroform-d) &:
165.6, 165.3, 160.1 (d, J=249.2 Hz), 131.1 (d, J=8.4 Hz),
130.4 (d, J=2.9 Hz), 124.8 (d, J=3.7 Hz), 119.5 (d, J=
13.5 Hz), 117.4, 116.1 (d, J=21.1 Hz), 62.6, 62.5, 54.2 (d,
J=19 Hz), 31.1 (d, J=2.7 Hz), 13.9, 13.7; "9F NMR (101
MHz, Chloroform-d) J: —115.9. HRMS (DART-TOF)
caled for C;sH;(FNNaO, [M-+Na]' 316.0956, found
316.0954.

2-(FHE Q- = R L L)) T R — 2 BB (3la):
ToHPIRBAA, 723 45%. '"H NMR (400 MHz, Chloro-
form-d) 6: 7.76~7.68 (m, 2H), 7.67~7.58 (m, 1H), 7.51
(t, J=7.7 Hz, 1H), 4.94 (d, J=7.7 Hz, 1H), 4.38~4.20
(m, 2H), 4.14 (q, J=7.1 Hz, 2H), 3.98 (d, J=7.7 Hz, 1H),
1.29 (t, J=7.1 Hz, 3H), 1.14 (t, J=7.1 Hz, 3H); '*C NMR
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(101 MHz, Chloroform-d) d: 165.6, 165.1, 132.7, 130.9 (q,
J=2.6 Hz), 130.2, 129.3, 128.4 (q, J=30.7 Hz), 126.9 (q,
J=5.6 Hz), 123.7 (q, J/=273.9 Hz), 117.7, 62.6 (2C), 55.1,
32.5 (q, J=2.6 Hz), 13.9, 13.7, F NMR (376 MHz,
Chloroform-d) : —58.8. HRMS (DART-TOF) caled for
Ci¢HsF;NNaO; [M + Na — H,0] © 348.0818, found
348.0818.

2-( 2 (2- i -4- PP S R 2R 0 PR ) Y R — A
(3ma): R EIHLIRIEAA, 7% 85%. 'H NMR (400 MHz,
Chloroform-d) ¢: 7.36~7.27 (m, 1H), 6.74~6.61 (m, 2H),
4.66 (d, J/=9.2 Hz, 1H), 4.27 (qq, J=6.9, 3.6 Hz, 2H),
4.11 (q, J=7.1 Hz, 2H), 3.98 (d, J/=9.2 Hz, 1H), 3.80 (s,
3H), 1.29 (t, J=7.2 Hz, 3H), 1.14 (t, J=7.1 Hz, 3H); 1*C
NMR (101 MHz, Chloroform-d) ¢: 165.7, 165.4, 161.7 (d,
J=11.2 Hz), 160.8 (d, /=248.6 Hz), 130.8 (d, /=4.8 Hz),
117.6, 111.1 (d, J=14.1 Hz), 110.6 (d, J=3.1 Hz), 102.1
(d, J/=24.8 Hz), 62.5, 62.4, 55.7, 54.5 (d, J=1.7 Hz), 30.6
(d, J=2.1 Hz), 13.9, 13.8; F NMR (101 MHz, Chloro-
form-d) J: — 113.9. HRMS (DART-TOF) calcd for
C,sH;sFNNaOs [M-+Na]" 346.1061, found 346.1077.

2-(FHE (2R -4- FOR B L)) R — B (3na):
VB OHPIRIBAR, 723 70%. '"H NMR (400 MHz, Chlo-
roform-d) o: 7.41 (t, J=8.1 Hz, 1H), 7.22~7.13 (m, 2H),
4.71 (d, J=8.9 Hz, 1H), 4.36~4.16 (m, 2H), 4.13 (td, J=
7.1, 1.7 Hz, 2H), 3.98 (d, J=8.8 Hz, 1H), 1.29 (t, J=17.1
Hz, 3H), 1.17 (t, J=7.1 Hz, 3H); '*C NMR (101 MHz,
Chloroform-d) ¢: 165.4, 165.2, 159.9 (d, J=252.9 Hz),
136.4 (d, J=10.4 Hz), 131.2 (d, J/=3.7 Hz), 125.3 (d, J=
3.6 Hz), 118.3 (d, J=13.7 Hz), 117.0 (d, J=24.6 Hz),
116.9, 62.7, 62.6, 54.1 (d, J/=1.8 Hz), 30.7 (d, J=2.3 Hz),
13.9, 13.8; '°F NMR (101 MHz, Chloroform-d) ¢:
—113.2. HRMS (DART-TOF) calcd for C;sH;sCIFN-
NaO; [M-+Na]" 350.0566, found 350.0574.

2-(HE (2- Si-4- IS B 1B ) I R = 26 (3oa):
T OGRRIAE, 773 58%. 'TH NMR (400 MHz, Chloro-
form-d) o: 7.39~7.28 (m, 3H), 4.70 (d, /=8.8 Hz, 1H),
4.27 (qd, J=7.2, 5.0 Hz, 2H), 4.14 (qd, J=7.1, 1.7 Hz,
2H), 3.98 (d, /=8.8 Hz, 1H), 1.29 (t, J/=7.1 Hz, 3H), 1.17
(t, J=7.1 Hz, 3H); *C NMR (101 MHz, Chloroform-d) J:
165.4,165.2, 159.8 (d, J/=253.9 Hz), 131.5 (d, J=3.5 Hz),
128.3 (d, J=3.7 Hz), 123.9 (d, J=9.6 Hz), 119.8 (d, J=
24.3 Hz), 118.8 (d, J=13.5 Hz), 116.8, 62.7, 62.6, 54.0 (d,
J=1.8 Hz), 30.8 (d, J/=2.5 Hz), 13.9, 13.8; '°F NMR (101
MHz, Chloroform-d) ¢: —113.1. HRMS (DART-TOF)
caled for C;sH;sBrFNNaO, [M+Na]® 394.0061, found
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394.0068.

2-(F I (2-1R -4-F R 5L ) T 8 — Z T (3pa):
VIR, 772 86%. 'H NMR (400 MHz, Chlo-
roform-d) ¢: 7.60 (dd, J/=38.7, 5.6 Hz, 1H), 7.36 (dd, J=
8.0,2.6 Hz, 1H), 7.11 (td, J=8.2, 2.6 Hz, 1H), 4.94 (d, J=
7.1 Hz, 1H), 4.34~4.16 (m, 4H), 4.04 (d, J=7.2 Hz, 1H),
1.25 (dt, J=19.1, 7.2 Hz, 6H); 3C NMR (101 MHz,
Chloroform-d) &: 165.4 (2C), 162.4 (d, J=254.1 Hz),
131.8 (d, J=8.9 Hz), 127.7 (d, J=3.8 Hz), 123.6 (d, J=
9.6 Hz), 120.9 (d, J=24.7 Hz), 117.3, 115.5 (d, J=21.4
Hz), 62.7, 62.5, 53.7, 35.8, 13.9, 13.9; "F NMR (101
MHz, Chloroform-d) J: —109.6. HRMS (DART-TOF)
caled for CsH;sBrFNNaO, [M+Na]® 394.0061, found
394.0066.

2-(FHE (2-F-5- VR AR L) R — 4. I8 (3qa):
Ve RIBAR, 772 35%. 'H NMR (400 MHz, Chlo-
roform-d) d: 7.59 (dd, J=6.5, 2.4 Hz, 1H), 7.49 (ddd, J=
8.6, 4.6, 2.4 Hz, 1H), 7.02 (t, J=9.2 Hz, 1H), 4.70 (d, J=
8.8 Hz, 1H), 4.29 (qd, J=7.1, 1.4 Hz, 2H), 4.15 (q, J=7.2
Hz, 2H), 3.98 (d, J/=8.8 Hz, 1H), 1.30 (t, J=7.2 Hz, 3H),
1.17 (t, J=7.1 Hz, 3H); 3C NMR (101 MHz, Chloro-
form-d) J: 164.3, 164.1, 158.2 (d, J=250.1 Hz), 133.1 (d,
J=8.4 Hz), 132.2 (d, J/=2.9 Hz), 120.6 (d, J/=14.9 Hz),
116.9 (d, J=22.8 Hz), 116.2 (d, J=3.6 Hz), 115.7, 61.7,
61.7, 53.0 (d, J=2.0 Hz), 29.8 (d, J=2.5 Hz), 12.9, 12.8;
F NMR (101 MHz, Chloroform-d) §: —117.7. HRMS
(DART-TOF) caled for C;sH;sBrFNNaO, [M + Na]®
394.0061, found 394.0061.

2-(BUHE(2-9-3-IR AR FE H L)) R — 4 BE(3ra):
W RIAR, 772 44%. 'H NMR (400 MHz, Chlo-
roform-d) o: 7.59 (ddd, J=8.1, 6.6, 1.6 Hz, 1H), 7.46~
7.38 (m, 1H), 7.08 (t, J=7.9 Hz, 1H), 4.76 (d, /=8.8 Hz,
1H), 4.28 (qt, J=7.1, 3.6 Hz, 2H), 4.13 (qd, J=7.1, 1.6
Hz, 2H), 4.00 (d, J/=8.8 Hz, 1H), 1.29 (t, /=7.1 Hz, 3H),
1.16 (t, J=7.1 Hz, 3H); '3C NMR (101 MHz, Chloro-
form-d) o: 164.4, 164.2, 155.6 (d, J=249.8 Hz), 133.7,
128.5 (d, J=2.4 Hz), 124.7 (d, J=4.6 Hz), 120.2 (d, J=
14.6 Hz), 115.9, 108.9 (d, /=21.0 Hz), 61.7, 61.6, 53.10
(d, J=1.8 Hz), 30.20 (d, J=2.5 Hz), 12.9, 12.8; °F NMR
(101 MHz, Chloroform-d) J: —109.1. HRMS (DART-
TOF) caled for C,sH;sBrFNNaO, [M-+Na]® 394.0061,
found 394.0061.

2-(FFE Q- -6-1R AR KL L) N R — 4.6 (3sa):
W RIBAR, 772 87%. 'H NMR (400 MHz, Chlo-
roform-d) o: 7.44 (d, J=8.1 Hz, 1H), 7.26 (td, J=8.1, 4.4
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Hz, 1H), 7.13 (t, J=9.2 Hz, 1H), 5.21 (d, J=11.0 Hz, 1H),
4.42~4.30 (m, 3H), 4.01 (qt, J=7.2, 3.6 Hz, 2H), 1.34 (t,
J=17.2 Hz, 3H), 1.04 (t, J/=7.1 Hz, 3H); *C NMR (101
MHz, Chloroform-d) ¢: 165.7, 164.9, 161.4 (d, J=254.0
Hz), 131.7 (d, J/=9.7 Hz), 129.6 (d, J=3.4 Hz), 124.9 (d,
J=3.9 Hz), 120.2 (d, J=15.4 Hz), 116.4, 115.7 (d, J=
22.4 Hz), 62.9, 62.4, 52.8 (d, J/=3.9 Hz), 31.5, 14.0, 13.7;
YF NMR (101 MHz, Chloroform-d) §: —107.4. HRMS
(DART-TOF) caled for C;sH;sBrFNNaO, [M + Na]"'
394.0061, found 394.0068.
2-(FFE(2,6- SRR FEHIEL)) N R — 4. lE(3ta): A
IR, 723 61%. 'H NMR (400 MHz, Chloro-
form-d) &: 7.38 (d, J=8.0 Hz, 2H), 7.31~7.24 (m, 1H),
5.53 (d, J=11.3 Hz, 1H), 4.67 (d, J=11.3 Hz, 1H), 4.35
(qq, J/=6.9, 3.6 Hz, 2H), 4.05~3.88 (m, 2H), 1.35 (t, J=
7.1 Hz, 3H), 1.01 (t, J=7.1 Hz, 3H); 3C NMR (101 MHz,
Chloroform-d) d: 165.9, 164.9, 136.2, 130.8, 129.4, 127.7,
116.2, 62.8, 62.3, 51.9, 31.8, 14.0, 13.6. HRMS (DART-
TOF) caled for C;sH;sC1,NNaO, [M+Na]" 366.0270,
found 366.0277.
2-(FFE(2,6- ~IRAFLHIIL)) N R — L HE(3ua): o
PR, P25 47%, 14.3 1 1 dr; '"H NMR (400 MHz,
Chloroform-d) ¢: 7.61 (d, J=8.0 Hz, 2H), 7.08 (t, J=8.0
Hz, 1H), 5.64 (d, J/=11.4 Hz, 1H), 4.82 (d, J/=11.4 Hz,
1H), 4.36 (qq, J=7.2, 3.6 Hz, 2H), 3.97 (qq, J=10.8, 7.1
Hz, 2H), 1.35 (t, J=7.1 Hz, 3H), 1.01 (t, J=7.1 Hz, 3H);
3C NMR (101 MHz, Chloroform-d) J: 165.8, 164.8,
134.2, 133.0, 131.4, 1304, 116.1, 62.8, 62.2, 52.0, 36.5,
14.0, 13.6. HRMS (DART-TOF) calcd for C;sH;sBr,N-
NaO, [M+Na]" 453.9240, found 453.9265.
2-(EFE(3,5- HV R RS AR ) I R — 4P
(3va): FEOMPIRBUA, P25 83%. 'H NMR (400 MHz,
Chloroform-d) ¢: 6.50 (d, J=2.2 Hz, 2H), 6.42 (t, J=2.3
Hz, 1H), 4.45 (d, J=9.6 Hz, 1H), 4.29 (q, J=7.1 Hz, 2H),
4.10 (g, J=7.1 Hz, 2H), 3.88 (d, J=9.5 Hz, 1H), 3.78 (s,
6H), 1.30 (t, J=7.2 Hz, 3H), 1.14 (t, J=7.1 Hz, 3H); 13C
NMR (101 MHz, Chloroform-d) d: 165.7, 165.5, 161.3,
134.2, 118.4, 106.3, 100.8, 62.6, 62.4, 56.3, 55.4, 36.7,
13.9, 13.8. HRMS (DART-TOF) caled for C;;H,;NNaOg
[M-+Na]" 358.1261, found 358.1274.
2-(FIEQ-ZEH )N 2R = 4 lE(3wa): 1 AR
Wik, 772 37%. '"H NMR (400 MHz, Chloroform-d) o:
7.84 (dq, J=9.6, 3.5, 2.9 Hz, 4H), 7.55~7.42 (m, 3H),
4.70 (d, J=9.6 Hz, 1H), 4.29 (q, J=7.1 Hz, 2H), 4.03 (dt,
J=15.2,10.1 Hz, 3H), 1.29 (t, J=7.1 Hz, 3H), 1.03 (t, J=
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7.1 Hz, 3H); '*C NMR (101 MHz, Chloroform-d) J: 165.8,
165.5, 133.2, 133.1, 129.4, 129.3, 128.0, 128.0, 127.8,
127.0, 126.9, 125.1, 118.6, 62.6, 62.4, 56.5, 36.8, 14.0,
13.7. HRMS (DART-TOF) calcd for C;9H;oNNaO,
[M-+Na]" 348.1206, found 348.1219.

2-(FIEQ- F A FE-3-IE g 55 T — R — 4. li5 (3xa):
FOHARIBAE, 773 61%. 'H NMR (400 MHz, Chloro-
form-d) 6: 8.17 (dd, J=5.1, 1.8 Hz, 1H), 7.71 (dd, J=17.5,
1.9 Hz, 1H), 6.92 (dd, J=7.4, 5.0 Hz, 1H), 4.66 (d, J=7.9
Hz, 1H), 4.28~4.11 (m, 5H), 4.03 (s, 3H), 1.26 (t, J=7.2
Hz, 3H), 1.18 (t, J=7.1 Hz, 3H); *C NMR (101 MHz,
Chloroform-d) J: 165.8, 165.8, 160.7, 147.7, 139.0, 117.4,
117.0, 114.8, 62.4, 62.3, 53.8, 52.5, 32.2, 13.9, 13.8. HR-
MS (DART-TOF) caled for C;sH;sN,NaOs [M+Na]"
329.1108, found 329.1114.

2-(FFE (3- A Ipk FH 3 ) T 2 — BB (3ya): AR il
R, 772 14%. "H NMR (400 MHz, Chloroform-d) 6:
8.90 (d, J=2.4 Hz, 1H), 8.27 (d, J=2.4 Hz, 1H), 8.14 (d,
J=8.5 Hz, 1H), 7.86 (d, J=8.2 Hz, 1H), 7.79 (t, J=17.7
Hz, 1H), 7.62 (t, J=7.6 Hz, 1H), 4.78 (d, J=9.2 Hz, 1H),
431 (qt, J=7.2, 3.5 Hz, 2H), 4.15~4.04 (m, 2H), 4.00 (d,
J=9.2 Hz, 1H), 1.30 (t, J=7.2 Hz, 3H), 1.09 (t, J=7.1
Hz, 3H); 3C NMR (101 MHz, Chloroform-d) J:165.4,
165.2, 149.4, 1479, 136.1, 130.7, 129.3, 127.9, 127.7,
127.4, 125.4, 117.7, 62.9, 62.7, 56.2, 34.5, 14.0, 13.8.
HRMS (DART-TOF) caled for C;3H;sN,NaO, [M+
Na]" 349.1159, found 349.1226.

2-(F I (5-M5| W F ) P R — Z.Ti6 (3za): HE LA
ARWAE, 772 22%. 'TH NMR (400 MHz, Chloroform-d) o:
8.44 (s, 1H), 7.62 (s, 1H), 7.34 (d, J=8.4 Hz, 1H), 7.23 (t,
J=2.8 Hz, 1H), 7.13 (dd, J=8.5, 1.8 Hz, 1H), 6.51 (dd,
J=3.5,1.9 Hz, 1H), 4.62 (d, J=9.8 Hz, 1H), 4.28 (qd, J=
7.1, 1.7 Hz, 2H), 4.03 (q, J=6.9 Hz, 2H), 3.96 (d, J=9.7
Hz, 1H), 1.29 (t, J=7.2 Hz, 3H), 1.03 (t, J/=7.1 Hz, 3H);
3C NMR (101 MHz, Chloroform-d) J: 166.2, 165.7,
135.8, 128.2, 125.6, 123.2, 121.6, 120.7, 119.5, 111.9,
102.7, 62.5, 62.3, 57.2, 36.9, 14.0, 13.7. HRMS (DART-
TOF) caled for C;;H;sN,NaO, [M+Na] ™ 337.1159,
found 337.1166.

2-(FILZE R R R — IE A TS (3ab): 1 B (iR
Wik, 773 86%. 'H NMR (400 MHz, Chloroform-d) o:
7.39~7.35 (m, 5H), 4.52 (d, J=9.7 Hz, 1H), 4.18 (td, J=
6.7, 1.7 Hz, 2H), 3.96 (td, J=6.6, 3.0 Hz, 2H), 3.92 (d, J=
9.7 Hz, 1H), 1.69 (h, J=7.1 Hz, 2H), 1.49 (hd, J=7.1, 2.5
Hz, 2H), 0.94 (t, J=7.4 Hz, 3H), 0.79 (t, J=7.4 Hz, 3H);
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3C NMR (101 MHz, Chloroform-d) &: 165.8, 165.6,
132.3, 129.2, 129.0, 128.2, 118.5, 68.1, 67.9, 56.5, 36.6,
21.8, 21.6, 10.2, 10.0. HRMS (DART-TOF) calcd for
C,;H, NNaO, [M+Na]" 326.1363, found 326.1371.

2-(FIEZE H A R 7 A EE(3ac): R TR
Wik, 772 81%. 'H NMR (400 MHz, Chloroform-d) o:
7.39~7.31 (m, 5H), 5.13 (p, J=6.3 Hz, 1H), 4.89 (p, J=
6.3 Hz, 1H), 4.49 (d, J=9.7 Hz, 1H), 3.83 (d, J=9.7 Hz,
1H), 1.28 (dd, J=6.3, 3.2 Hz, 6H), 1.15 (d, J=6.3 Hz,
3H), 1.01 (d, J=6.3 Hz, 3H); 3C NMR (101 MHz, Chlo-
roform-d) &: 165.3, 165.1, 132.3, 129.1, 128.9, 128.3,
118.6, 70.4, 70.2, 56.7, 36.5, 21.6, 21.4, 21.3, 21.3. HRMS
(DART-TOF) caled for C;;H, NNaO, [M + Na] *
326.1363, found 326.1368.

2-(FE IR ) TN R — U T 1R (3ad): TG (A yHPIR K
&, 7% 78%. 'H NMR (400 MHz, Chloroform-d) ¢:
7.40~7.31 (m, 5H), 4.40 (d, J=9.5 Hz, 1H), 3.71 (d, J=
9.5 Hz, 1H), 1.49 (s, 9H), 1.30 (s, 9H); 3C NMR (101
MHz, Chloroform-d) 0: 165.0, 164.8, 132.5, 129.0, 128.8,
128.3, 118.9, 83.4, 83.2, 58.0, 36.6, 27.8, 27.6. HRMS
(DART-TOF) caled for CoH,sNNaO, [M + Na] *
354.1676, found 354.1688.

2-(FRT 2 H)-1,1,1- = H R = ZEE(3ae): %Kit
HARIBA, 7% 60%. "H NMR (400 MHz, Chloroform-d)
8: 7.54 (dd, J=6.6, 2.9 Hz, 2H), 7.37~7.31 (m, 3H), 4.84
(s, 1H), 4.26 (q, J=7.1 Hz, 6H), 1.25 (t, J=7.1 Hz, 9H);
3C NMR (101 MHz, Chloroform-d) J: 164.1, 130.7,
130.2, 129.1, 128.4, 118.1, 68.5, 63.1, 40.2, 13.7. HRMS
(DART-TOF) caled for C;gH, NNaOs [M + Na] *
370.1261, found 370.1284.

2-(CREER AR I R AT 2k 2B (3af): R 3 (A
R, 722 55%. 'TH NMR (400 MHz, Chloroform-d) o:
7.41~7.31 (m, 10H), 4.46 (t, J=9.1 Hz, 2H), 4.38~4.17
(m, 2H), 4.07 (qd, J=10.8, 5.4 Hz, 2H), 3.80 (dd, J=12.0,
9.6 Hz, 2H), 1.49 (s, 9H), 1.33~1.24 (m, 12H), 1.12 (t,
J=7.1 Hz, 3H); *C NMR (101 MHz, Chloroform-d) &:
166.1, 165.9, 164.7, 164.4, 132.4, 132.3, 129.1, 129.1,
128.9, 128.9, 128.4, 128.2, 118.8, 118.7, 83.8, 83.6, 62.3,
62.1, 57.3, 57.2, 36.6, 36.6, 27.8, 27.5, 14.0, 13.8. HRMS
(DART-TOF) caled for C;;H, NNaO, [M + Na] *
326.1363, found 326.1370.

2-(FH R L)-3- AN O O E(3ag): #8 EHPIRE
i, P23 82%. 'H NMR (400 MHz, Chloroform-d) &:
7.40~7.30 (m, 10H), 4.54 (dd, J=22.2, 10.3 Hz, 2H),
4.28 (qd, J=7.2, 3.0 Hz, 2H), 4.09 (dd, J=10.3, 4.4 Hz,
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2H), 4.01 (qd, J=7.1, 1.5 Hz, 2H), 2.53 (ddt, J=51.0,
17.6, 7.2 Hz, 3H), 2.06 (dt, J=17.6, 7.0 Hz, 1H), 1.82~
1.56 (m, 2H), 1.38 (q, J=7.3 Hz, 2H), 1.31 (t, J=7.1 Hz,
3H), 1.06 (t, J=7.1 Hz, 3H), 0.93 (t, J=7.5 Hz, 3H), 0.69
(t, J=7.4 Hz, 3H); *C NMR (101 MHz, Chloroform-d) J:
200.7, 200.7, 165.7, 165.2, 132.6, 132.5, 129.2, 129.1,
128.9, 128.9, 128.4, 128.3, 119.2, 119.1, 63.1, 62.7, 62.6,
62.3, 45.7, 44.7, 36.0, 35.6, 16.8, 16.4, 14.0, 13.8, 13.4,
13.1. HRMS (DART-TOF) caled for C;sH;yNNaOs
[M+Na]" 296.1257, found 296.1263.

2-(F I IR L )-4- H L3-S AR R H G (3ah):
EIIRBAE, F2F 42%. 'H NMR (400 MHz, Chloro-
form-d) J: 7.40~7.28 (m, 12H), 4.56 (dd, J=14.2, 10.4
Hz, 2.4H), 4.26 (dd, J=10.4, 2.0 Hz, 2.4H), 3.83 (s, 4.2H),
3.56 (s, 3H), 2.82 (p, J=6.9 Hz, 1H), 2.44 (p, J=6.9 Hz,
1.4H), 1.15 (t, J=7.0 Hz, 6H), 0.96 (d, J=6.8 Hz, 4H),
0.59 (d, J=7.0 Hz, 4H); 3C NMR (101 MHz, Chloro-
form-d) J: 204.5, 204.2, 166.2, 165.7, 132.6, 132.5, 129.2,
129.2, 128.9, 128.9, 128.5, 128.2, 119.4, 119.0, 61.2, 61.1,
53.3, 53.0, 41.9, 41.4, 36.4, 36.1, 18.0, 17.5, 17.1, 16.8.
HRMS (DART-TOF) calcd for C;sH;;NNaO; [M-+
Na]® 282.1101, found 282.1124.

1,1,2- = LR IE-2- T3 256 (4): Tt IR A4k,
% 69%. H NMR (400 MHz, Chloroform-d) J: 7.28~
7.18 (m, 5H), 4.27~4.09 (m, 5H), 4.05~3.98 (m, 1H),
3.86 (q, J=7.1 Hz, 2H), 1.23 (t, J=7.1 Hz, 3H), 1.14 (t,
J=7.1 Hz, 3H), 0.90 (t, J=7.1 Hz, 3H); 3C NMR (101
MHz, Chloroform-d) 6: 171.9, 167.9, 167.1, 134.9, 128.7,
128.4, 128.0, 61.9, 61.4, 61.4, 55.4, 50.8, 14.0, 13.9, 13.7.
HRMS (DART-TOF) calcd for C;H»,NaOgs [M+Na]®
345.1309, found 345.1313.

2,5- AR -4-ZR LML BE-3- R BB (5): il
ARWAE, 772 28%. 'TH NMR (400 MHz, Chloroform-d) o:
8.79 (s, 1H), 7.43~7.30 (m, 3H), 7.28~7.18 (m, 2H),
4.52 (d, J=5.9 Hz, 1H), 4.30 (qq, J=7.7, 3.7 Hz, 2H),
3.91 (d, J=5.9 Hz, 1H), 1.32 (t, J=7.1 Hz, 3H); 3C NMR
(101 MHz, Chloroform-d) J: 176.0, 171.0, 166.7, 135.1,
129.4, 1285, 127.7, 629, 562, 51.0, 14.1. HRMS
(DART-TOF) caled for C;3;H;N,O, [M + NH,] *
265.1183, found 265.1164.

B4 EL (Supporting Information) FrH LAY 'H

NMR Al 5C NMR 3% [&]. X SRR AT LA 2 AT R
(http://sioc-journal.cn/) I N %K.
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