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ICH AR F]) s RES2AA Bt 7% S A (o AR AR AR ) ) s XTS A Y5 ffodes s A (AL i BHY
HOG AR ) o

Fir 2R CERATT AR RS 1,2 ,4- =20 85 = R U selectfluor 8 F AL 5UHE & B A R
NI INERY % S s 2 = 1Y/ g = w2 R AN S by o v
1.2 SEABE~Y2 M4 HEK

N-HI I B ( NMP) A —fk 5 BT, FERAT A= 40 WG G i 2 e A 0™ 1) 1) S 36 3k « 1o T 48
M) 25 mL % s W& P I AER] 1 8% 3(0.5 mmol) K (1.0 mmol) | selectfluor (0. 55 mmol )
KH,PO, (1.0 mmol) Fl NMP(2 mL) , B J&# S b 45 %% 35, 150 “C 454 T4 10 b [ e ERR M B %=,
B SOVIR A P E A VKKt IF H SR CBEAHL (10 mL x 3) , &5 A HUAH I F JCK RGN T . DR 7S
GBI BIR ST Z T (VOATHES ) V(LR CER) =5:1) /g5 aife, 15202 Je A9 2 5 4,
1.3 RRYEFHWRELHTE

B-AFEBEILBEFEHETR C (2a) : (4 A {4, mp 138 ~ 140 °C,"H NMR (400 MHz,CDC, ) ,5:3. 59
(t,J=7.6 Hz,2H) ,4.28(t,J=7.6 Hz,2H) ,7.48(t,]J =7.6 Hz,2H) ,7.58(d,J =7.2 Hz,1H) ,7.86(d,
J=8.6 Hz,2H) ,7.89 ~7.95(m,3H) ,7.98(dd,J =2.8 Hz,6.8 Hz,1H) ;”C NMR(100 MHz,CDCl,) ,8:
34.5,36.8,121.0,125.2,127.4,128.1,128.7,133.5,134.4,134.8,136.2,137.8,158. 8,196. 8 ; HRMS
(ESI-TOF) }18.{5C, H,,NO,S[ M + H] * :316. 0644 , Sl {f :316. 0641 ,

B-F I B L R e -2 - F L 2, (2b) « L A mp 134 ~ 135 °C,"H NMR (400 MHz, CDCI,) ,
5:2.56(s,3H),3.52(t,J=7.6 Hz,2H) ,4.25(t,J =7.6 Hz,2H) ,7.26(d,J=8.0 Hz,2H) ,7.41(d,J =
7.2 Hz,1H),7.70(d,J=8.6 Hz,1H),7.88(dd, J1 =2.4 Hz,7.6 Hz,2H) ,7.94(d,J=7.2 Hz,1H),
8.09(d,J=7.2 Hz,1H) ;”C NMR (100 MHz, CDCl, ) ,5:21.5,34.6,39.2,121.0,125.2,125.8,127. 4,
128.9,131.9,132.2,134.4,134.8,137.8,138.9, 158. 8,200. 0; HRMS ( ESI-TOF ) i & {4 C,,H,NO,S
[M+H]":330.0794, 52l {# :330. 0797,

B-1,2,4-=RMZEZ R (2n) ; [ [E A, mp 85 ~86 °C,"H NMR (400 MHz,CDCl,) ,5:3.54(t,J =
7.2 Hz,2H) ,4.18(t,J=7.6 Hz,2H) ,6.98(s,1H),7.13(s,1H) ,7.36(d,J=8.8 Hz,2H) ,7.38 ~7. 42
(m,1H),7.48(d,J=8.4 Hz,2H). “C NMR (100 MHz, CDCl,),8:32.4,36.1,122.0,123.6,127.3,
127.4,128.6,133.5,196. 4 ; HRMS ( ESI-TOF) $145{fC,, H,, N;O[ M + H] * :202. 0981, SZ{l{i : 202. 0986,

B-FE I = E AL 2 (20) : A A4, mp 114 ~ 115 °C,"H NMR (400 MHz,CDCl, ) ,5:3.47(t,J =
7.6 Hz,2H) ,4.27(t,J=7.2 Hz,2H),7.06 (d, J=6.8 Hz,2H),7.15 ~7.26 (m,3H),7.35(d, J =
8.4 Hz,2H) ,7.46(d,J=8.8 Hz,2H) ;" C NMR (100 MHz, CDCl,) ,8:32.4,37.7,120.4,122.2,123.8,
127.2,127.7,129. 8,130. 1,131.4,134.2,135. 8,194. 8 ; HRMS ( ESI-TOF ) ++ &8 C ;H, ,N,O[ M + H] * .
252. 1136, 5Zi{E :252. 1133,

B-AR I IR LR I e K-k Mg T (4b) < (I 14, mp 93 ~94 °C,"H NMR (400 MHz,CDCl, ) ,5:3. 43
(q,J=6.4 Hz,2H) ,4.24(q,J=6.4 Hz,2H) ,6.55(q,J =2.0 Hz,1H),7.25(q,J=2.0 Hz,1H) ,7.59
(t,J=0.8 Hz,1H),7.84 ~7.93(m,3H),7.94 ~8.09(m, 1H);"”C NMR (100 MHz, CDCl,),8:34.0,
36.7,112.4,117.5,120.9,125.2,127.3,134.4 ,137.7,146.7,152. 2,185. 6 ; HRMS ( ESI-TOF ) i} {4
C, H,NO,S[M +H] *:306. 0435, 5Zili{H :306. 0439,

B-FE I B RE s P e 3-8 Wy £ 1 (de) : (A€ [ 4, mp 138 ~ 139 °C,'H NMR (400 MHz, CDC,) , 8:
3.52(t,J=7.6 Hz,2H) ,4.26(t,J=7.6 Hz,2H) ,7.14(q,J =4.0 Hz,1H) ,7.67(q,J=4.0 Hz,1H) ,
7.75(d,J=3.2 Hz,1H) ,7.86 ~8.08(m,3H) ,8.09(d,J =6.8 Hz,1H) ;°C NMR (100 MHz,CDCl,) ,8:
34.3,37.4,120.9,125.2,127.3,128.2,132.4,134.2,134.4,134.9,137.7,143.4,158.7,159. 5; HRMS
(ESI-TOF) 318&AC,,H,,NO,S, [ M + H] * :322. 0204 , 52l : 322. 0208 ,

B-FE I B RE R P e 3 -nik g 2 1 (4d) < (8 B4, mp 124 ~ 125 °C,"H NMR (400 MHz, CDC,) , 8:
3.79(t,J/=7.6 Hz,2H) ,4.28 (t,J=7.6 Hz,2H) ,7.85 ~7.92(m,3H),8.08(d,J=7.2 Hz,1H) ,8. 63
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(t,J=1.6 Hz,1H) ,8.77(d,J =2.4 Hz,1H) ,9.26(d,J = 1.6 Hz,1H) ; *C NMR (100 MHz, CDCL, ) , 5:
34.1,36.6,120.9,125.2,127.3,134.4,134.8,137.8,143.6,146.9,148. 1,158. 8, 198. 1 ; HRMS ( ESI-
TOF) ##{#C,, H,,N,0,S[ M + H] * :318. 0545 , 52l {f . 318. 0541 ,

2 AEHiHE

2.1 FMHihi

TEFATEHTH AR, K& B S S5 1HT, i &1 selectfluor 5L 7], DMSO 1E K —fk & M+, LA
BARHICRR (37 % ) I 4 SR ARG , & B T B e ATl 2a ABESE TAE T, O 1 100G 4 5t 42 &
PEAR TR 5 T, 30— 20 5 e SO WSO8, FATT 4 ot DV 500 L 8 0] AR O B 25 Dy TG AT 1 B 2 A ) AR Ak
(Scheme 1), 4515 T3 1 rh, 56, 3RATLL DMSO 158 —BrG BT, W OSSR 2EAT 1 itk R 1
AT LA B, AN R R BRZE TS A% 5 AR 7= W R 2 i A, Horp L KOAce FIKH, PO, AE S B8 il i, S )i
10 h, 79y 2a ORI R (2 1, entry 3 Fl entry 5) o BEJS , AT — 8GR F 10 HARIEAAT T OLILESE,
JEBLL N-H LR B J5e i (NMP) SR R, S W BOR B, 724 2a WOR R T1% (1, entry 8) , TFATTH]
B CAED  DMSOE N S L1, 7724 2a BYWCRALAEIR B 56% (£ 1, entry 5) o P, AT & NMP Sy fi
TRV o 380 I8 X8 RN BE AT T BB BEALA o E BN I T 3 140 CI, HFR ™) 2a IR ILFA
A (72% , 3 1, entry 8) o SR SN il BE THE 3 150 °C 74 2a BCR KIESZ R 2] 87% (£ 1, entry 10) ,
K, FeA745 1 0 e A S v 545 1a(0. 5 mmol ) , selectfluor (0. 55 mmol ) , KH,PO, (1.0 mmol) , NMP
(2 mL) 150 °CJZ i 10 h,

(@] O O (@]
(>/lk + @fg\m oxidant, additive O)vyg
//S\\ solvent, 7/°C o=
la 2a

Scheme 1 Condition optimization

®1 REFHHMRL

Table 1 Optimization of the reaction conditions*

Entry Additive Solvent Temperature/ C Yield of 2a®/%
1 Na, CO;4 DMSO 120 37
2 NaHCO, DMSO 120 30
3 KOAc DMSO 120 55
4 K; PO, DMSO 120 41
5 KH, PO, DMSO 120 56
6 KH, PO, DMF 120 45
7 KH, PO, DMA 120 33
8 KH, PO, NMP 120 71
9 KH, PO, NMP 140 72
10 KH, PO, NMP 150 87
11 NMP 150 38

a. Reactions were carried out with 1a(0. 5 mmol) , oxidant(0. 55 mmol, 0. 11 equiv) and additive( 1. 0 mmol, 2. 0 equiv) in NMP(2 mL) at
150 °C for 10 hj b. yield of the isolated product.

2.2 iR

TEFME SR AAT T X R P BEAT 1 %% (Scheme 2) o 41 Scheme 2 7R , \— R I 94 2T
RILEWH A, T RE LA 2 B i A SR AR AT T 1) 2 JE A 0= o 2R S 55 36 b iy OIS mT DI iR
TR AN L, HAR=H) 2b 2¢ 2d DK 2m WRAE 76 % F1| 93% Z [1] 5 [Al i, 57 B 0 W HL T A 9
AR =P I AR, SN I REIUR BEAT , 7= ) 2e (26 2 20 1 21 WOARAE 73% 3] 91% Z 1]
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M Scheme 2 di Hid n] LA H, 05 F0 1 IR S A8 0k L 14 SR A7 R A2 FDGE 057 359 BB K A5 U 1) H A% 7= 90
B F AR A1 2- 31 4-R7RsE, 7= 2b 2¢ il 2d USRS B R 83% (76% I 89% ; AR IETE
PIILI 2- 3-F1 4-(1F, 7= 2e 26 F1 2g U350k 91% 73% 71 88% . fHAT—42 1), 7= 4 2e 21,
2g.2h DLK 20 5 I I R4S 7 02 e A5 i i — 22 B RE BRSO v RE o FRATTHA 4-Ais IR A R
R R AL RE LA 46 % IR KA H AR =4 21, 31X — B4 AT B8 A B 6l 2L 10 5 I H 1 FH T 8 RS
FATHZRPER 1m fE AR, o AR B S — D F O 1 S e A 0071 2m, ST A1
WA B AT 1,2, 4- = 5 MR I = MR by B VR 1) SRy 55 400, 3 ELMGURI A5 3 7 1 114 2 e
AR 2n Fl 20,

e} 0O e} e}
O)J\ . ©:/<NH selectfluor, KH,PO, . @)\AN
- NMR, 150 ° e —_
X ,,S\\O s0°C X o=p
R o R o
1 2
0 0 0 0 0 0
N N N
\ \S \
0= 0% 0=p
o) 0 0

2a, 10 h, 87% 2b, 10 h, 83% 2¢, 3 h, 76%
0 0 oo 0 0 0
Cl
Oy O U
A A
O:
o=5S o=3 1
1 /1
O 0 (6]
2d, 10 h, 89% 2¢, 100, 91% 2f, 10 h, 73%
0 o 0 0 O 0
N N N
S S 0=53
o= 0~ Br i
i F I
¢l 0 0 o
2¢g, 10 h, 88% 2h, 10 h, 76% 2i, 10 h, 75%
O 0 0] 0 0 0
N N N
3§ § =S
F.C 0%, 0= ON 0%
3 o NC O/ b o
2j, 10 h, 63% 2k, 10 h, 81% 21, 10 h, 46%
Q ) 0 0
WN N/\\N T:I/@
— \
O’é/s N=/ N=N
2m, 5 h, 91% 2n, 5 h, 84% 20, 5h, 79%

Scheme 2 Substrate scope of the reaction®’

a. reactions were carried out with 1 (0.5 mmol) , selectfluor (0.55 mmol, 0. 11 equiv) and KH, PO, (1.0 mmol,
2. 0 stoichiometric number) in NMP(2 mL) at 150 °C for 10 h; b. yield of the isolated product

T3Eh , FATTER J PR BT A D TG VAT 1558 (Scheme 3) o FRATTIESE 2- CIBEELILAK 3a 2- £ P JE
eI 3b 2- 2 Tk FEEWY 3¢ DL R 2- PRIk e 3d VR IR, 76 B R SO 45 T i 3 ~ 10 h 5, 43 2§45
F =) da 4b de N de UCRAY B T2% 16% 17% F186% . Hrp b &4 4d il e g, JeAi 14007 il
RE R TETR AL FE T s kg g My AR W45 5 & A B AE SR T B0BCR I
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o 0
[X\)k . NH selectfluor, KH,PO, [ NT\\I
Yi/),, /§\\O NMR, 150 °C 0 Hs
X,Y=N,O, S 0
n=0,1
3 4
(6] (0] (0]
H P ! O
N N° S O N-
\ ! \_!
(6] (6]
4a, 3 h, 72% 4b, 3 h, 76%
o o)
\\S//O \\//
S N7 N
\
0
4c,3h, 77% 4d, 10 h, 86%

Scheme 3 Substrate scope of the reaction®’
a. reactions were carried out with 3(0.5 mmol) , selectfluor (0. 55 mmol, 0. 11 equiv. ) and KH,PO, (0.8 mmol,

2.0 equiv. ) in NMP(2 mL) at 150 °C for 10 h; b. yield of the isolated product

2.3 TIBEHY R BZHLIE
TSR BN B AR AL, B ATT K LB 1a (0.5 mmol ) VRS JIE Y, 76 i I OB 26 1 (55 1,

Entry 10) &, AR HIA 0.5 mmol [ Hy FE4 7 2,6-_/ﬂT%4-Eﬁ%21:E}J(BHT)B?XT&EJ&HHJ’Z
B ONANBER A R TR B (eq 1) o ARYE DL B SEIR A5 A, A IHEMIZ RO nf BEZE 1 1 H iy 2
PR (40 Scheme 4 Fi7R) o SRTT, FATTIEARAAR > BRI AT RERY A i AL PRI O 145 256 T RO LR Y
FLAFEL RATE BT DMSO FURERS 14 e 1k 7= B> 28 Z A H A2 8L selectfluor £E F T A4 X
N7, RELA 89% MGG H AR ™ 1) 2a(eq 2) o LA BSCEGEESRAEN], Fris &2 JE A 8™ 1) 1) — Bk 5 )1
2T DMSO HI NMP, 1 i — B HERR — k5 1 AT RER IR T selectfluor Y Sl HY 2 , 1 FH =96
TR N-MEnE SR R selectfluor, K LA H 75 =5 HUBEAR N-ME0EER S LA T BB, m] AWM A5 S AH
SEH I ) 2a(eq 3) o MRAE FIASEIRZEA A TN ol GEAY SN HLHLAN Scheme 5 FT7R

©jz< ~ optimized conditions
\
T s (eq
! 1 O /

2a, 12 h, 0%
0O 0 (6]
C”) @ selectfluor N
+ /S\/N\/s\\ DMSO, 12 h, 150 °C O:\s (eq2)
O/ O 4
a H 2a, 12 h, 89%
O 0
(”) 1-fluoropyridinium triflate N
TSN NMP, 12 h, 150 °C 0= \S (eq3)
OI 0 14
la H 2a, 12 h, 72%

Scheme 4 Mechanism study
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O
O (6] o 0 o
N— SET I:/‘< +_ HAA ﬂ @: saccharin @/\N ,\‘S//
NMP A B c ©
®
(@]
HO Q 0 it 0
H*(from saccharin) N/\ N~ L’ S\N®: la
)\@ C—H bond — 2
cleavage
o 0
D E

Scheme 5  Proposed mechanism
3 45 i

ARICTEAR 1A T T RE S B BT, R BRI 0] NMP AR — B BT, AR 1 — PRI L Ak
(R RS JE A Bk I RB T ik o IO PG I 58Iz RERIH A 4T, il &5 R TR AR s 1
= e A ISP 1T i et o

& £ x M

[1] Robinson R. A Synthesis of Tropinone[J]. J Chem Soc,1917,111.762-768.
[2] Kleinnmann E F. In Comprehensive Organic Synthesis[ M]. Vol. 2(Trost B M,Ed). New York:Pergamon Press, 1991,
Chapter 4. 1.
[3] Arend B, Westermann M, Risch N. Modern Variants of the Mannich Reaction[J]. Angew Chem Int Ed,1998,37(8):
1044-1070.
[4] Kumbhare R M, Kumar K V, Ramaiah M J, et al. Synthesis and Biological Evaluation of Novel Mannich Bases of
2-Arylimidazo[ 2 ,1-b]benzothiazoles as Potential Anti-cancer Agents[J]. Eur J Med Chem,2011,46(9) :4258-4266.
[5] Shaw A Y,Chang C Y,Hsu M Y et al. Synthesis and Structure-activity Relationship Study of 8-Hydroxyquinoline-derived
Mannich Bases as Anticancer Agents[J]. Fur J Med Chem,2010,45(7) :2860-2867.
[6] Aytemir M D, Oezcelik B. A Study of Cytotoxicity of Novel Chlorokojic Acid Derivatives with Their Antimicrobial and
Antiviral Activities[ J]. Eur J Med Chem,2010,45(9) :4089-4095.
[7] Sriram D, Yogeeswari P, Kishore M R K. Synthesis and Anti-HIV Activity of Nevirapine Prodrugs[ J]. Pharmazie,2006
61(11).:895-897.
[ 8] Shivananda M K, Prakash M S. Antifungal Activity Studies of Some Mannich Bases Carrying Nitrofuran Moiety[ J]. J Chem
Pharm Res ,2011,3(6) :303-309.
[9] Chouhan H S, Singh S K, Moorthy N S H N. Synthesis and Characterization of Some Mannich Bases as Potential
Antimicrobial Agents[ J]. Asian J Chem,2010,22(2010) ;7903-7908.
[10] Sujith K V,Kalluraya B, Adhikari A, et al. Synthesis and Pharmacological Study of Some Mannich Bases[J]. Indian J
Heterocycl Chem ,2010,20.95-96.
[11] Kobayashi S,Mori Y, Fossey J S, et al. Catalytic Enantioselective Formation of C—C Bonds by Addition to Imines and
Hydrazones ; A Ten-year Update[ J]. Chem Rev,2011,111(4) :2626-2704.
[12] Karimi B,Enders D,Jafari E. Recent Advances in Metal-catalyzed Asymmetric Mannich Reactions[ J]. Synthesis,2013,
45.2769-2812.
[13] Xie J,Li H,Zhou J,et al. A Highly Efficient Gold-catalyzed Oxidative C—C Coupling from C—H Bonds Using Air as
Oxidant[ J]. Angew Chem Int Ed,2012,51(4) :1252-1255.
[14] Zhang G,Ma Y,Wang S,et al. Chiral Organic Contact Ton Pairs in Metal-free Catalytic Enantioselective Oxidative Cross-
dehydrogenative Coupling of Tertiary Amines to Ketones[ J]. Chem Sci,2013,4:2645-2651 and references there in.
[15] Li Z P,L C J. Catalytic Enantioselective Alkynylation of Prochiral sp’ C—H Bonds Adjacent to a Nitrogen Atom[J]. Org
Leit ,2004,6 (4 ) :4997-4999.
[16] Huo C D,Wu M X,Jia X D,et al. Aerobic Oxidative Mannich Reaction Promoted by Catalytic Amounts of Stable Radical
Cation Salt[J]. J Org Chem,2014,79(20) :9860-9864.
[17] Kawade R K, Tseng Chang-Chin,Liu R S. Copper-catalyzed Aerobic Oxidations of 3-N-Hydoxyaminoprop-1-ynes to form 3-
Substituted 3-Smino-2-en-1-ones ; Oxidative Mannich Reactions with a Skeletal Rearrangement[ J]. Chem Eur J,2014,20



540 IS I 5534 %

(43) :13927-12931.

[18] Sun K,Li Y, Xiong T,et al. Palladium-catalyzed C? H Aminations of Anilides with N-Fluorobenzenesulfonimide[ J]. J Am
Chem Soc,2011,133(6) :1694-1697.

[19] Sun K,Wang X, Li G,er al. Efficient Imidation of C(sp’)—H Bonds Adjacent to Oxygen Atoms of Aryl Ethers Under
Metal-free Conditions[ J]. Chem Commun,2014,50(85) :12880-12883.

[20] Wang X,Sun K,Lv Y,et al. Regioselective C—H Imidation of Five-membered Heterocyclic Compounds Through a Metal
Catalytic or Organocatalytic Aapproach[ J]. Chem Asian J,2014,9(12) :3413-3416.

[21] Sun K,Lv Y H,Wang X, et al. Regioselective, Molecular Todine-Mediated C3 Todination of Quinolines[J]. Org Lett,
2015,17(18) :4408-4411.

[22] Sun K, Wang X, Liu L, et al. Copper-Catalyzed Cross-Dehydrogenative C—N Bond Formation of Azines with Azoles:
Overcoming the Limitation of Oxidizing N—O Activation Strategy[J]. ACS Catal,2015,5(12) ;7194-7198.

[23] Sun K,Wang X,Lv Y H, et al. Peroxodisulfate-mediated Selenoamination of Alkenes Yielding Amidoselenide-containing
Sulfamides and Azoles[ J]. Chem Commun,2016,52(54) :8471-8474.

[24] Sun K,Wang X, Jiang Y Q,et al. Direct N-Methylation Reaction Using DMSO as One-carbon Bridge : Convenient Access to
Heterocycle-containing 8-Amino Ketones[J]. Chem Asian J,2015,10(3) :536-539.

Application of N-Methyl-2-pyrrolidinone
as One Carbon Synthon in Mannich Reactions

WANG Xin", SUN Kai
(College of Chemistry and Chemical Engineering ,Anyang Normal University ,Anyang , He'nan 455000 , China)

Abstract  With acetophenone derivatives as raw materials, we reported the application of N-methyl-2-
pyrrolidone as one carbon synthon to replace formaldehyde analogues in the Mannich reaction. Under optimal
reaction conditions, a series of mannich base derivatives were obtained with 46% ~93% yield. This reaction
shows a broad substrate scope and good functional groups compatibility. The preliminary mechanism of the
reaction was also studied.

Keywords Mannich base; N-methyl-pyrrolidinone ; one carbon synthon; C—C bond formation; C—N bond

formation
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