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N-Alkylation of N—H Compounds in N,N-Dimethylformamide
Dialkyl Acetal
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Feng, Bainian™*

(“ School of Pharmaceutical Science, Jiangnan University, Wuxi 214122)
(¢ Changzhou Runnuo Biotechnology Co., LTD., Changzhou 213022)

Abstract The N,N-dimethylformamide dialkyl acetal was used as the alkyl source to achieve different nitrogen alkylation
reactions of N—H compounds. The reaction has the advantages of cheap raw materials, easy operation, mild reaction condi-
tions, broad substrate scope and no metal participation. By studying the effects of solvents, temperature, reaction time, and the
amount of N,N-dimethylformamide dialkyl acetal on the reaction, the optimal reaction conditions were obtained. The effect of
different N,N-dimethylformamide dialkyl acetals on the alkylation ability of the substrate was investigated.

Keywords N,N-dimethylformamide dialkyl acetal; nitrogen alkylation; synthesis
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PR, BT HZ 5005 RN E) 2 R A oA L
A R i EE B e AR N NS TR R R e R
BERNAE YR NN-ZH I H i (DMF)/E y ki
M, LB AR, N, N- T R e R
M B 55, BK 2 if N DMFE FIAH B b BE BT,
T ol LK e A R R AT — S R AR A, HANTR
SalEms 5 RN, JFARERE S, B HA NE, KT
N,N- - FF O PR Jie — Joe B 440 i R AL S W RO B 9 32 B4R
HRIEE IR A LRI RV, BEREIR G R, FRIREE I M
LS F AL 3] Tewoderos 28RO 5t 8- A Ll
TSR EY S NN-—H 3P E I e A g6
JI(Eq. 1), RemRUtE A N-FeE b r=4y, {H2 K
sl BE TR AY), X RGP BL L 52
SR R B A, W I XS W R R R LR IR,
A S A 45 & T R s - EE. T3 N—H 4
WEWHEE T pK, [HEUDN, 2RME, FBOXER
FRIE N-fedi Al s St o /b, AR NN-—H
B e — e R AR A S YD) N-JE B8 AL e N B AT
— M FARNME AL, FAVRE—FRH] NN-—HILH
ot e — e BB REAE N e IR fTE RS RS 54 T &
N—H ZH L EW1) N-F s Ab [ 8.

N7
N7 N
H | R’O\(O\R R NZONT
N N N |
HO NS Ho. O=< I I ™
o) DMF o NN

HO OH
HO OH

1 GR5TR
1.1 RMNEHHK

kI e — K+ BN E N—H 43L&, &
BB, AR 2GR FRATE St LABKME g A% B 2%
EHEAT TR 1), BL 1S equiv. N,N-—Ff 3 R —
H B4 1% (DMFDMA)E Bk 7, N 50 °C, #R%
AN TR R F 1ok e 5 i - FR A OB B2 . M IE &
Fr HIRGERMERUN P RIS, W K (Entries 3, S,
£ 1), MH 1,4- 4% NFF, DMF 258 5K (R va R s n]
DU PL 50% ~65%HS %45 2| 7 ¥ (Entries 4, 8, & 1),
UL DMF 1E R R SR B df . T2 DL DMF 1E ¥ 7 4%
Sk, KL 90 CotBUIE B I RN, T A
SAEPEE N F(Entry 11, & 1), T4EERFKE 50 C
LR, RMFEAR FAKRA(Entry 7, £ 1). ZH% NN-
L R R AR I EE O 4 equiv i BRSO
HIES, WE N 91% (Entry 13, 3 1), gkL:00 N N-
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PP R e R R I ) R B P R K
H(Entry 14, £ 1), RECAE BRI EN 4 h, 455 x
NI )22 BRAR P 2 (Entry 16, 36 1), IEK SN I A] 1 5F:
NS EWCE (Entry 17, 3 1).

F1 N-FEARM KA @

Table 1 Optimization of the reaction conditions for the
N-methylation

N—( N
E\/NH o=, N
1 2

DMFDMA/ Time/ Yield”/

Entry  Solvent  Temp./C

equiv. h %
1 Wk 50 1.5 2 35
2 AR 50 1.5 2 26
3 IEokE 50 1.5 2 28
4 1,4-"HINIK 50 1.5 2 53
5 HR 50 1.5 2 45
6 4IR4NE 50 1.5 2 15
7 DMF 30 1.5 2 0
8 DMF 50 1.5 2 62
9 DMF 70 1.5 2 65
10 DMF 90 1.5 2 72
11 DMF 110 1.5 2 70
12 DMF 90 3 2 85
13 DMF 90 4 2 9]
14 DMF 90 6 2 92
15 DMF 90 4 4 96
16 DMF 90 4 1 72
17 DMF 90 4 6 93

© 2019 Chinese Chemical Society & SIOC, CAS

“ All reactions were carried out with 1 (0.3 mmol) in solvent (3 mL). ® Isolated
yield.

1.2 D5|MRSEFNRKIL 2K R YIPR R

Ik e 5 TG | W 2R Ak A P 2 K B e HLARR PRI &
N—H LAY, EHEL GV _EEZNA G R
WA, €5 TEVF 2 2 a2, 1R 3R 13 Bt S i 4
)5 (Entry 14, 32 1), 1 %6%) 5 2 RBKIESE(FE 2) ] bk
KER IHWEMMIE AT 758 WK 3 v LLEH,
— RYNEA L P EUARAE RIS ] B 7 R (45 H 1 R
FL Y32 [AT) (R 5| W SR A D R B NI 4t e 2 Joe A S
I B A S5 B4R B 5 2658 45 48 L 1 7 9 (6a ~ 6h,
65%~95%, & 3). BFFCRIITH b A HAEE /5 250
XF LI = 2 A — E RS AR R R T R
WIEE L | X1 2 (Entries 4~6, 3 3)83# & F B IR a2k
$:(Entry 7, 3R 3)F, [MHSAEIRIEAT, FFLAR
RAFRN ), BRI R 45 B SR ], W 2 (Entries
2~3, £ 3, EFFERRBIFAE TR u8H R A
2 AT UL Y, BRIEAN A R b R O H AR
25 (B BT s 2 (T2 T 0 /N, — R BRI 24k & P
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Table 2 Scope of the N-methylation of imidazoles
O_
N
N _<o— N
R~ \> R£ A\
L g >
N DMF,90°C,4h N
3 4 )
Entry Substrate Product Yield”/% Entry Substrate Product Yield”/%
Br- N Br. N
1 \[ > 4a 94 5 \©: > 4 93
N N
H H
ON_ N N\
2 T b 4b 95 6 @[ % af 92
N N
H H
N N
3 [ \>_© 4c 89 7 D: \> 4g 90
N N
H H
‘ N N
4 S 4d 90 8 >— 4h 90
N N
J -
“ Reaction condition: 3 (4.9 mmol), N,N-dimethylformamide dialkyl alkyl (19.6 mmol) in DMF (5 mL) at 90 “C for4 h. b Isolated yield.
F3 EIBELEYIH N-HIEAL R ¢
Table 3  Scope of the N-methylation of indoles
o_
v
= P
X N DMF, 90°C, 4 h XN
5 6 \
Entry Substrate Product Yield”/% Entry Substrate Product Yield”/%
Br
A\ A\
1 6a 70 5 6e 68
N N
H H
Q (0]
T )
2 N 6b 65 6 N\ 6f 95
H N
H
3 m 6 64 7 O > O 6 81
N ¢ N g
H H
Cl
A\ | TN
4 N 6d 68 8 AN 6h 89
H NTO

“ Reaction condition: 5 (4.9 mmol), N,N-dimethylformamide dialkyl alkyl (19.6 mmol) in DMF (5 mL) at 90 “C for4 h. b Isolated yield.

W5 R SRAL B IR B RBCR B4, LR PRI e BRIE A L
AN EUR T B TAER, A1 Az B R AR T R NER.

RN s DA R PR 7= 23R 15 A0 JSL 1R ot A0 7= ) (4a ~ 4,
84%~95%, # 2). F 2 M 3 LIS o kM b & Wt
Chin. J. Org. Chem. 2019, 39, 434~442
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1.3 BEZE& N—H LRI EHRIIER

TERZR T KM R GG, AT 2R
PSS, MM, =&, D&M, JTRES. BERE
H IS BE VG ET T 8GR 4). W3R 4 7L
B, BR T IR ORI AN 2 R A e A 1) SR Ak
(Entries 7, 8, % 4), HRZFEH N-H RIEVEi
HRBE KA Je Ak ) B (Bntries 1~6, 9~16, 65%~95%,
x 4. ATRI, N—H S5 ARFHLEY
(Entries 1~6, 14~16, 3& 4)1E AN, fe AR R IUR

RN, H 5 N—H HAR I3 ] 2 0 73
H1(Entries 14~16, & HFEY), HFEAL =2 8w, M
N—H %A 25335k R &N R,
U &0 b, 7[RI RE PR R N6 A = T BE 2 12% (En-
try 9, & 4). S NEEHIAE, BT AT P I e 2
b D AEFR e S5 AT 0T DUIR b 40 Sy HE B Ak =4
(Entries 10~13, & 4), HWZEIEE] 90%LL b, W e =2t
Jie v 5 P I P PR A

F4 FEE N-HFEMRPEDHE
Table 4 Scope of the N-methylation
N
. N—
S / _o— R R
R\ ’R \NI
N DMF, 90 °C, 4 h |
H
7 8
Entry Substrate Product Yield”/% Entry Substrate Product Yield”/%
—_—
1 QNH 8a 65 9 ©@\m 8i 12
o]
R
2 N 8b 85 10 NH 8j 92
H
o]
N 0
3 [N,N 8¢ 84 1 @E/g:o 8k 90
N
H H
ry X
4 N 8d 79 12 NH 8l 90
: o
N,
5 N 8e 90 13 8m 95
N NS0
H H
F N
NN 3
6 Ny 8f 85 14 N 8n 93
H
o}
H
NH2 N O
7 ©/ 8g 0 15 ©/ ~F 80 65
o)
o N
o
8 (j)L NH, 8h 0 16 | 8p 91
o}

“ Reaction condition: 7 (4.9 mmol), N,N-dimethylformamide dialkyl alkyl (19.6 mmol) in DMF (5 mL) at 90 “C for4 h. b Isolated yield.
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1.4 TREIEERK

MR DL ESzab st B & N—H 43L& i 4k 2
LB 5 S, BN R A N, N-— PR R R G — 2 3 4
M N,N-ZHE T G R R R . V- R
W —RUT FELERE . N,N- 3 LG — R TT SR GRS
N,N- FE FR R fie — 30 CUBR AR I S5 4, W& N—H 2%
A YRR 7 FAS TR o 38 54T B 1) 3 A 3 BBl dk AT
THEREKS). NERSTTLEH, — R NN- 5 H 5
Jiie ot JE 45 8 S MU 1t 55 25 e K mele e A= o 4K S Y
HELIRT 50% W 3 3R AH B 72 40(10a~10f, 47%~
95%). & 5 WTLAEH, 2 AAIBEXT B FEmERR, 24
RGeS 2 A BRI [, an3h R FIRUT &, 72 [
BERI N 261 R P2 RS 54%F1 56% (Entries 4, 6,
% 5).

R 5 N-FREA KRR ¢
Table 5 Scope of the methylation

\ O-R
M N
N\> O-R \>
N DMF,90°C, 4 h N
H \
R
9 10
Entry Structure Product  Yield®/%
N
N
O*O
1 10a 67
\ o/
2 /N—< 10b 92
O
A\
\ 0{
3 N—( 10¢ 70
/ o{
\ 0—%
4 /N—< { 10d 56
o
o/ \
\
5 /N—< 10e 63
o/
N

6 0)\0 10f 54
SERe

¢ Reaction condition: 9 (4.9 mmol), N,N-dimethylformamide dialkyl alkyl
(19.6 mmol) in DMF (5 mL) at 90 ‘C for 4 h. ® Isolated yield.
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1.5 RMHIIBRIEIE

ZEA M SSCRRIRIE), AR T 40 & N—H
T I BB I RS AT RELEE(Scheme 1), %,
FAME 2 & N—H AW i — A7, JF B
—or g, B AAREE RSN IEE T, REE MR
BFE AR IER F R AEZIURRN, s —0 T
DMF Al N-Be3eAb /=4, 7 SAEL B B mf i, 32
ATRA N, N-— P 35 g fr— — R BRI e A5 5 2K
WRME S B, RIS AE R T %I, HAREEM & &5
e EZ AN 11 XU ERATEE LB IR A
7).

N O-R N \ +
\
LY+ WA — > - N=\_ + ROH
N/ oR N 0
H - /

R
\ + R\-1-_
N s O
(0] N—
R/ /
R N
N N [\ (@]
[\>+0—\—>|N>+)L/+ROH
N N— { H7ON
A / R |

B 1 ATRER SRR

Scheme 1 Proposed mechanism
2 &g

T 26 LA R R K e 2R AL S W R S NN-—
FF 5 R R i — FR R 4 IOBE, L 64% ~95% [T 343 3|
RGP, BB R R 2 PRI g . BEIS %),
KR53 I A 35 R LA e PR SC 22 159 380 FR 640 ). s )
N,N- S A e — Joe S A B Ay Joe 25 (SRR, X AN )
B N—H RSP0 T 2R+ BRI R B R
N AZ RN BT BT R RRAN 2043, Tk G R B TR A
Zis A, RBCDIRAD, A R R, RS
WL SRS 5% A,

3 SERSY
3.1 ESRHF

WFH-203 Y = H] 5 4b 70 #r A% A% L 4k 3 i
Bruker-AV400 2% 1 LRI €, DMSO-ds ¥ 571,
TMS AW R, (A 38 E 2518 Aglilent 1100 = 0K
ARSI 5 ; BT I AX h 9% [E Waters LC/MS 5
WRS-18 4 £ (_F g LA BT 22 A3 A BR A A);
DMF. &Mk, Ak, 28 2B T K el
7, Fe R Sy T o b 4l 7).
32 ZLWHE

FREUE N—H LAY(4.9 mmol)7 I E T 25.0 mL
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HIE B, TN N,N-—H 3 Bt % (DMF) (5.0 mL),
TR NHRE, K NN-— S R e SR e T (19.6
mmol) 73 A NN Lk s S, F 90 CB 4 h, M
SERJE, WOERKYE. H & Q0 mL)#E#E, sk (20
mL)HE 10 min. 73 BESAHUAH, AU A& $H7K 20
mL X 3)Feik, o FJCKBREREN T8, s, kik4d
15574 4a~4h, 6a~6h, 8a~8p, 10a~10f. Fi™ %
FEEMTHRAE, RIFFINA MBI LR ZBR(VIV=10/1).

1-F I -4- 35 1 H-BK I (4a): VRS EETRAA 0.74 g, P2
94%, HPLC Zr#r4ifF 96.5%. 'H NMR (400 MHz,
DMSO-dg) d: 6.66 (s, 1H), 6.96 (s, 1H), 3.59 (s, 3H); "°C
NMR (100 MHz, DMSO-dy) §: 137.7, 125.9, 122.4, 31.2;
HRMS (ESI) caled for C,HBrN, [M+H] " 160.9714,
found 160.9729).

1-F 3E-4- Rl 3L 1 H-IK M (4b): Wk 35 (44 0.59 g, 7=
# 95%, HPLC Z»#r4lifE 98.7%. '"H NMR (400 MHz,
DMSO-dg) d: 7.80 (s, 1H), 7.00 (s, 1H), 3.60 (s, 3H); "*C
NMR (100 MHz, DMSO-d): ¢ 139.7, 129.1, 103.5, 32.7;
HRMS (ESI) caled for C,HN;O, [M+H]" 128.0460,
found 128.0457.

1-F 2R BE- 1 H-K M (4e): A ELE 1A 0.68 g, =%
89%, HPLC Z)#r4lifE 98.8%. m.p. 98.1~99.3 C; 'H
NMR (400 MHz, DMSO-d;) d: 8.28 (d, J=7.4 Hz, 1H),
7.50 (d, J=6.8 Hz, 1H), 6.95~7.02 (m, 5H), 3.72 (s, 3H);
C NMR (100 MHz, DMSO-d) o: 147.3, 131.1, 130.6,
129.2, 127.5, 124.9, 122.9, 35.6; HRMS (ESI) calcd for
CioH; /N> [M+H]" 159.0922, found 159.0919.

1-FAJE-4,5- TR BL- 1 H-DK I (4d): T EAE R 1.03 g,
=% 90%, HPLC 2 HT46/% 99.2%. m.p. 152.4~153.8 C;
'H NMR (400 MHz, DMSO-d) 0: 7.84~7.88 (m, 3H),
7.47~7.53 (m, 6H), 7.28~7.31 (m, 2H), 3.85 (s, 3H); "°C
NMR (100 MHz, DMSO-d;) d: 150.7, 141.2, 138.2, 133.0,
129.8, 129.2, 128.7, 127.5, 29.7, HRMS (ESI) calcd for
Cy6H 5N, [M+H]" 235.1235, found 235.1233.

1-FH2E-5-9R-1H-ZR 1 [D]KME(de): [ EELLE 14 0.95 g,
F=# 93%, HPLC T4l 98.6%. m.p. 78.1~79.2 C;
'H NMR (400 MHz, DMSO-d;) d: 8.25 (s, 1H), 7.84 (d,
J=2.0 Hz, 1H), 7.56 (d, J=8.4 Hz, 1H), 7.40~7.43 (m,
1H), 3.79 (s, 3H); *C NMR (100 MHz, DMSO-d;) o:
146.4, 1452, 1342, 1254, 122.2, 114.3, 112.6, 31.4;
HRMS (ESI) caled for CgHsN,Br [M+H]" 209.9918,
found 209.9904.

1-FR 3L 1 H- 2R FF DKM (4f): W8 3% (44 0.60 g, 7
K 92%, HPLC Z3Hr4lifE 94.0%. '"H NMR (400 MHz,
DMSO-dg) 6: 8.19 (s, 1H), 7.68 (d, J=8.0 Hz, 1H), 7.54
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(d, J=7.6 Hz, 1H), 7.20~7.29 (m, 2H), 3.83 (s, 3H); "°C
NMR (100 MHz, DMSO-d;) J: 144.1, 143.8, 134.2, 123.0,
119.9, 110.0, 34.4; HRMS (ESI) calcd for CsHoN, [M+
H]" 133.0766, found 133.0756.

1,5,6- = H H -1 H-Z5 3 [D] sk M (4g): A 1A 0.70
g, =% 90%, HPLC Zr#r4ifE 99.2%. m.p. 101.0~
101.8 “C; "H NMR (400 MHz, DMSO-d) d: 8.05 (s, 1H),
7.35 (s, 1H), 7.28 (s, 1H), 3.79 (s, 3H), 2.47 (s, 3H), 2.38
(s, 3H); °C NMR (100 MHz, DMSO-d;) J: 143.7, 135.8,
133.2 131.1, 130.3, 115.2, 109.7, 34.4, 18.8; HRMS (ESI)
caled for CioH 5N, [M+H]" 161.1079, found 161.1047.

1,2- -1 H-2R DK (4h): FHEAFETE 0.64 g,
P2 90%, HPLC 2 #HT46 % 97.9%. m.p. 111.2~112.3 C;
'"H NMR (400 MHz, DMSO-dy) J: 7.64 (d, J=5.6 Hz,
1H), 7.53 (d, J=7.0 Hz, 1H), 7.28~7.31 (m, 1H), 7.17~
7.20 (m, 1H), 3.74 (s, 3H), 2.53 (s, 3H); *C NMR (100
MHz, DMSO-dg) 6: 162.3, 142.2, 135.9, 123.0, 119.8,
110.0, 31.7, 14.4; HRMS (ESI) calcd for CoHy N, [M+
H]" 147.0922, found 147.0909.

1-F2E-1H-15[ Bk (6a): ToEalifk 0.38 g, F=2 60%,
HPLC 73 #r4E 98.7%. '"H NMR (400 MHz, DMSO-d;) &
7.62 (s, 1H), 7.25 (d, J=6.8 Hz, 1H), 7.15 (d, J=7.8 Hz,
1H), 6.42~6.46 (m, 2H), 3.76 (s, 3H); *C NMR (100
MHz, DMSO-dg) J: 136.6, 129.2, 128.5, 121.8, 120.7,
119.8, 109.5, 100.8, 33.7; HRMS (ESI) calcd for CoH;oN
[M+H]" 132.0813, found 132.0802.

1,5- — H 3E-1H-W| B (6b): Tk 0.46 g, 7=%
65%, HPLC %3 #r4iJF 99.4%. 'H NMR (400 MHz,
DMSO-d) 6: 8.40 (s, 1H), 7.65 (d, J=8.0 Hz, 1H), 7.01~
7.05 (m, 2H), 6.45~6.48 (m, 1H), 3.76 (s, 3H), 2.46 (s,
3H); “C NMR (100 MHz, DMSO-dy) J: 133.7, 128.9,
128.4, 128.0, 123.3, 108.0, 100.9, 33.7, 21.7; HRMS (ESI)
caled for CoH;,N [M+H]" 146.0970, found 146.0956.

1,6- = F FTH-W5| Wk (6c): TLEIA 045 g =%
64%, HPLC 7> HT4li % 96.5%. 'H NMR (400 MHz,
DMSO-dg) 6: 7.75 (s, 1H), 6.97~7.02 (m, 3H), 6.75~
6.77 (m, 1H), 3.76 (s, 3H), 2.46 (s, 3H); *C NMR (100
MHz, DMSO-dg) J: 136.4, 131.5, 128.9, 125.5, 121.7,
120.6, 111.2 100.9, 33.7, 21.3; HRMS (ESI) calcd for
CoH ;2N [M+H]" 146.0970, found 146.0958.

1-FA RS- (-1 H-W5| Wk (6d): TR 0.55 g, F2%
68%, HPLC Zr#r4if¥ 99.4%. 'H NMR (400 MHz,
DMSO-d¢) 6: 7.69 (s, 1H), 7.18~7.22 (m, 2H), 7.01~
7.04 (m, 1H), 6.23~6.26 (m, 1H), 3.76 (s, 3H); *C NMR
(100 MHz, DMSO-dy) 0: 134.6, 129.9, 128.9, 125.6, 122.4,
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121.7 112.5 100.9, 33.7; HRMS (ESI) calcd for CoHoNCI
[M+H]" 166.0424, found 166.0416.

1-F L -5-JR -1 H-M5| Wk (6e): AL 0.69 g, F2F
68%, HPLC Zr#r4if 97.8%. 'H NMR (400 MHz,
DMSO-dg) 6: 7.69 (s, 1H), 7.46~7.49 (m, 1H), 7.18~
721 (m, 1H), 7.01~7.04 (m, 1H), 6.45~7.49 (m, 1H),
3.76 (s, 3H); >C NMR (100 MHz, DMSO-d;) d: 135.7,
130.7, 128.9, 124.7, 121.7, 113.2, 110.2, 100.9, 33.7;
HRMS (ESI) caled for CoHoNBr [M+H]" 209.9918,
found 209.9913.

1-FH L1 H-05| Wk-3- IR F s (6): I (il 44 0.87 g,
F=# 95%, HPLC 43 M4l 98.3%. m.p. 58.0~59.0 C;
'H NMR (400 MHz, DMSO-dy) d: 8.12 (s, 1H), 8.01~
8.03 (m, 1H), 7.52~7.55 (m, 1H), 7.21~7.29 (m, 2H),
3.86 (s, 3H), 3.81 (s, 3H); *C NMR (100 MHz, DMSO-d;)
5: 164.9, 137.5, 136.6, 126.6, 122.8, 122.0, 121.0, 111.2,
105.6, 51.1, 33.5; HRMS (ESI) calcd for C;;H;,NO, [M+
H]" 190.0868, found 190.0860.

1-F R -2- R - 1 H-5| W (6g): (Ll 44 0.82 g, 7=
81%, HPLC M #Hr4ifE 98.7%. m.p. 98.0~99.2 C; 'H
NMR (400 MHz, DMSO-dg) 6: 7.84~7.88 (m, 2H),
7.59~7.63 (m, 1H), 7.53~7.55 (m, 3H), 7.45~7.49 (m,
2H), 7.04~7.07 (m, 1H), 6.69 (s, 1H), 3.87 (s, 3H); "°C
NMR (100 MHz, DMSO-d;) d: 137.7, 133.0, 129.2, 128.7,
127.5, 125.1, 121.7, 120.7, 119.8, 109.6, 100.3, 24.9;
HRMS (ESI) caled for C;sH N [M+H]" 208.1126,
found 208.1129.

1- I JE-7- R 24 1 H-N5| W (6h): ({4814 0.58 g, 77
89%, HPLC ZpH74lifE 98.5%. m.p. 52.1~52.9 C; 'H
NMR (400 MHz, DMSO-dg) 0: 8.51~8.54 (m, 1H),
8.39~8.43 (m, 1H), 7.36~7.40 (m, 1H), 7.27~7.32 (m,
1H), 6.09~6.12 (m, 1H), 3.59 (s, 3H); *C NMR (100
MHz, DMSO-dy) &: 148.2, 142.4, 128.3, 126.5, 119.9,
115.6, 99.6, 31.8; HRMS (ESI) calcd for CgHoN, [M+
H]" 133.0766, found 133.0761.

1-F 361 H-ME M (8a): LR 0.26 g, =K 65%,
HPLC 234l 98.1%. '"H NMR (400 MHz, DMSO-d) o:
6.66 (t, J=2.0 Hz, 2H), 6.11 (t, J=2.0 Hz, 2H), 3.60 (s,
3H); “C NMR (100 MHz, DMSO-dy) J: 121.7, 108.7,
37.4; HRMS (ESI) calcd for CsHN [M+H]" 82.0657,
found 82.0651.

1-FRAE-1H-MEPE(8D): ToEAR 0.34 g, F=% 85%,
HPLC 7314l 99.8%. '"H NMR (400 MHz, DMSO-d) o:
7.80 (d, J=2.0 Hz, 1H), 7.28 (d, J=4.8 Hz, 1H), 6.22~
6.25 (m, 1H), 3.94 (s, 3H); “C NMR (100 MHz,
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DMSO-d) 6: 139.6, 129.6, 105.9, 40.2; HRMS (ESI) caled
for C,H,N, [M-+H]" 83.0609, found 83.0602.

1-FAEE-1H-1,2,3- =M (8c): R IE WA 035 g, 7=
K 84%, HPLC 73#r4lifE 98.2%. '"H NMR (400 MHz,
DMSO-dg) d: 7.55~7.60 (m, 2H), 3.78 (s, 3H); *C NMR
(100 MHz, DMSO-dg) J: 129.3, 128.8, 37.6; HRMS (ESI)
caled for C3HgN; [M+H]" 84.0562, found 84.0557.

1-F B 1 H-05| P (8d): R B (AR 0.51 g, 775 79%,
HPLC 73 #r46 98.9%. 'H NMR (400 MHz, DMSO-d;) &
8.32~8.35 (m, 1H), 8.14 (s, 1H), 7.92~7.96 (m, 1H),
7.65~7.68 (m, 2H), 3.95 (s, 3H); *C NMR (100 MHz,
DMSO-dg) d: 139.7, 132.9, 126.5, 124.4, 120.7, 120.3,
109.9, 36.4; HRMS (ESI) caled for CgHoN; [M+H]"
133.0766, found 133.0753.

1- FH 3L -1 H- 25 IR [D][1,2,3] = M (8e): ¥ B (0 W 14
0.58 g, 7% 90%, HPLC 43 T4l 97.5%. "H NMR (400
MHz, DMSO-d) J: 8.00~8.03 (m, 1H), 7.75~7.79 (m,
1H), 7.37~7.41 (m, 2H), 4.30 (s, 3H); *C NMR (100
MHz, DMSO-dg) 6: 145.4, 132.8, 126.2, 119.6, 110.0,
35.0; HRMS (ESI) caled for C;HgN; [M+H]" 134.0718,
found 134.0723.

1-F -5 2R B L - DU M (8F): ¥R B ATk 0.66 g,
FEE 85%, HPLC ) HT4ifE 99.5%. 'HNMR (400 MHz,
DMSO-dg) d: 7.63~7.71 (m, 5H), 3.78 (s, 3H); *C NMR
(100 MHz, DMSO-dy) 6: 152.7, 131.0, 129.2, 127.4, 122.7,
36.2; HRMS (ESI) caled for CgHoNy [M+H]" 161.0827,
found 161.0819.

N-FR LRI R — FAE 2 (8)): il ik 0.73 g, 7%
92%, HPLC 7 Hr4iifE 97.9%. m.p. 130.0~130.9 C; 'H
NMR (400 MHz, DMSO-d;) J: 7.84 (d, J=6.4 Hz, 2H),
7.74~7.79 (m, 2H), 3.05 (s, 3H); *C NMR (100 MHz,
DMSO-dg) d: 168.2, 132.7, 132.0, 123.5, 25.2; HRMS
(ESI) caled for CoHgNO, [M+H]" 162.0555, found
162.0540.

1- R LI Wenpk-2,3- —fil(8k): H Ak 0.71 g, 2%
90%, HPLC 3 #r2tifE 98.6%. m.p. 119.0~120.1 C; 'H
NMR (400 MHz, DMSO-dq) d: 7.90 (d, J=4.8 Hz, 2H),
7.08~7.12 (m, 2H), 3.46 (s, 3H); *C NMR (100 MHz,
DMSO-dg) d: 179.9, 160.4, 148.1, 134.7, 129.8, 125.7,
117.8, 116.2, 30.4; HRMS (ESI) calcd for CoHgNO, [M+
H]" 162.0555, found 162.0545.

N-FBE-N-ZR - H % (81): TC ik 0.93 g, 7=
% 90%, HPLC 7h#r4lifE 98.2%. 'H NMR (400 MHz,
DMSO-dg) 6: 7.72~7.75 (m, 2H), 7.62~7.66 (m, 1H),
7.30~7.32 (m, 6H), 6.99~7.03 (m, 1H), 3.89 (s, 3H); "°C
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NMR (100 MHz, DMSO-d;) d: 169.6, 139.1, 135.6, 132.1,
128.9, 127.5, 38.0; HRMS (ESI) calcd for C14H;,NO [M+
H]" 212.1075, found 212.1067.

1-FF2E-3,4- A EIR-2(1 H)-BF/(8m): TCtaiiiik 0.75
g, FEE 95%, HPLC Z0Hr4lifE 95.3%. 'H NMR (400
MHz, DMSO-dg) 6: 7.15~7.18 (m, 2H), 7.08~7.11 (m,
1H), 6.93~6.96 (m, 1H), 3.42 (s, 3H), 2.86 (t, J=7.8 Hz,
2H), 2.49 (t, J=7.8 Hz, 2H); “C NMR (100 MHz,
DMSO-dg) d: 170.1, 137.3, 130.9, 127.7, 126.1, 124.8,
116.9, 36.1, 26.8; HRMS (ESI) calcd for C,H;;NO [M+
H]" 162.0919, found 162.0912.

T~ 1- F L bk -4 (1L H)- (8m): I €Al 0.81 g,
P 93%, HPLC 43141 99.3%. m.p. 168.4~169.5 C;
'H NMR (400 MHz, DMSO-d;) d: 8.42 (s, 1H), 8.19~
8.22 (m, 1H), 7.37~7.46 (m, 2H), 3.50 (s, 3H); *C NMR
(100 MHz, DMSO-dq) d: 165.9 (d, Jor=249.3 Hz), 160.5,
150.7 (d, Jep=131.0 Hz), 150.3, 129.5 (d, Jor=108.0
Hz), 118.9 (d, Jcr=19.0 Hz), 116.0 (d, Jcr=236.0 Hz),
112.6 (d, Jop=215.0Hz), 34.0; HRMS (ESI) caled for
CoHsFN,O [M+H]" 179.0621, found 179.0615.

N-FJE-N-ZEFE F 2 (80): TotOlifk 0.43 g, 7oK
65%, HPLC 43 #r 4l 99.7%. '"H NMR (400 MHz,
DMSO-d) J: 8.48 (s, 1H), 7.41~7.45 (m, 2H), 7.18-7.22
(m, 2H), 6.99~7.02 (m, 1H), 3.32 (s, 3H); *C NMR (100
MHz, DMSO-d;) d: 164.3, 142.2, 128.9, 128.0, 122.3,
32.5; HRMS (ESI) caled for CgH;oNO [M + H]*
136.0762, found 136.0771 .

1-F 245 AR 1,4- A MR-2-FR2 TR TR (8p): FI (1
4k 0.97 g, =% 91%, HPLC HT4iEE 95.9%. m.p.
149.0~150.4 ‘C; "H NMR (400 MHz, DMSO-d;) J: 8.78
(d, J=8.0 Hz, 1H), 7.82~7.90 (m, 3H), 7.65 (t, J=7.8
Hz, 1H), 4.38 (q, J=6.8 Hz, 2H), 3.47 (s, 3H), 1.36 (t, J=
8.0 Hz, 3H); C NMR (100 MHz, DMSO-d,) d: 177.5,
164.9, 152.0, 143.9, 135.3, 127.4, 126.3, 122.7, 110.8,
108.1, 61.4, 38.7, 14.2; HRMS (ESI) caled for Ci3H,4NO;
[M+H]" 232.0974, found 232.0959.

-3 L H-2E FF D]k ME(10a): (A (814 0.68 g, 7~
K 67%, HPLC T4 99.8%. m.p. 124.3~1259 C;
'H NMR (400 MHz, DMSO-dy) d: 8.41 (s, 1H), 7.64~
7.68 (m, 2H), 7.31~7.35 (m, 2H), 7.27~7.30 (m, 5H),
5.50 (s, 2H); C NMR (100 MHz, DMSO-d;) o: 144.1,
143.8, 137.3, 134.2, 128.6, 127.6, 125.7, 123.0, 119.9,
110.2, 51.9; HRMS (ESI) caled for Ci,H 3N, 209.1079,
found 209.1065 [M+H]".

1- 2.3 1H-ZE FH DK (10b): HEE A 0.66 g, 7=
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3R 92%, HPLC 73 HT4iE 99.9%. m.p. 64.7~65.6 C; 'H
NMR (400 MHz, DMSO-d) 6: 8.17 (s, 1H), 7.66~7.69
(m, 2H), 7.21~7.30 (m, 2H), 4.12 (q, J=6.8 Hz, 2H),
1.31 (t, J=8.0 Hz, 3H); *C NMR (100 MHz, DMSO-d;)
5 1442, 143.6, 134.2, 123.0, 119.9, 110.0, 42.8, 14.9;
HRMS (ESI) caled for CoH; N, [M+H]" 147.0922, found
147.0928.

1- 5 -1 H-ZE IR [D]K I (10e): A EEfE 0.55 g,
FEE 70%, HPLC 43 Hr4lifE 99.5%. m.p. 72.1~72.9 C;
'H NMR (400 MHz, DMSO-dy) 0: 8.16 (s, 1H), 7.63-7.67
(m, 2H), 7.20~7.27 (m, 2H), 5.19~5.23 (m, 1H), 1.62 (d,
J=8.0 Hz, 6H); *C NMR (100 MHz, DMSO-d;) J: 144.0,
143.7, 134.3, 123.0, 119.9, 110.0, 58.8, 21.9; HRMS (ESI)
m/z caled for C;oH;3N, [M—|—H]+ 161.1079, found
161.1071.

1-FUT JE-1H-Z5 R [DIkME(10d): A fE & 0.54 g,
FEE 63%, HPLC 43 Hr4lifZ 90.7%. m.p. 78.0~79.5 C;
'H NMR (400 MHz, DMSO-dg) &: 8.12 (s, 1H), 7.60~
7.64 (m, 2H), 7.16~7.30 (m, 2H), 1.45 (s, 9H); °C NMR
(100 MHz, DMSO-dy) 0: 144.3, 143.6, 134.3, 123.2, 119.8,
110.0, 66.2, 30.0; HRMS (ESI) calcd for C;HsN, [M+
H]" 175.1235, found 175.1229.

1-1E T - 1H-ZE - [D]k e (10e): (A EL[E A 0.48 g,
P22 56%, HPLC 43 HT4lifE 92.7%. m.p. 81.3~82.7 C;
'H NMR (400 MHz, DMSO-dy) d: 8.26 (s, 1H), 7.64~
7.69 (m, 2H), 7.20~7.28 (m, 2H), 4.02 (t, J=12.0 Hz,
2H), 1.90~2.00 (m, 2H), 1.20~1.30 (m, 5H); *C NMR
(100 MHz, DMSO-dg) 0: 144.1, 143.8, 134.3, 123.0, 119.9,
110.0, 52.0, 32.8, 20.1, 13.9; HRMS (ESI) calcd for
Cy;H 5N, 175.1235, 175.1233 [M+H] .

1- 3R CL 3L - 1 H- R FE DKM (10f): (A E A 0.53 g,
P2 2R 54%, HPLC 2 HT4li/E 98.0%. m.p. 92.0~93.2 C;
'H NMR (400 MHz, DMSO-dy) d: 8.16 (s, 1H), 7.62~
7.65 (m, 2H), 7.16~7.30 (m, 2H), 4.10~4.18 (m, 1H),
2.11~2.18 (m, 4H), 1.57~1.67 (m, 4H), 1.10~1.42 (m,
2H); *C NMR (100 MHz, DMSO-d;) J: 144.2, 143.7,
134.3, 123.1, 119.9, 110.0, 68.8, 32.7, 25.7, 25.0; HRMS
(ESI) caled for Ci3sH;N, [M+H]" 201.1392, found
201.1387.

44 B A7 #l (Supporting Information) 1L &%) 4a~4h,
6a~6h, 8a~8p, 10a~10f [{AZFE LIRS | ARG A = AL
AR . X SR AT DL A 2 AR T 9 355 (http://sioc-
journal.cn/) | N #K.
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