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Sodium Carbonate Mediated Cyclopropanation of Arylidenemalonitriles
with a-Fluoroketones Toward Polysubstituted Cyclopropanes

CAI Ying, LIAO Fumin®, XU Rongfu, LIU Jinbiao"

(Jiangxi Provincial Key Laboratory of Functional Molecular Materials Chemistry, Faculty of Materials

Metallurgy and Chemistry, Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract; Sodium carbonate was found to be a highly efficient no pnictogen base for the cyclopropana-
tion of arylidenemalonitriles and a-fluoroketones. By using sodium carbonate as base and 1,4-dioxane
as solvent, cis-polysubstituted cyclopropanes can be synthesized in 62% ~83% vyield at 80 C. Target
products were confirmed by '"H NMR, ”C NMR and MS. The advantages of the process are mild reac-
tion condition, good to excellent yields and high stereoselectivity.
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NC~CN 9 NC_ CN
| E Na,CO; (3.0 eq) N
= + | \—R1 | /_R
RT 3 1,4-Dioxane, 80 C Sy
x 0
1 (0.30 mmol) 2 (0.45 mmol) 3
1a:R=H; 2a:R'=H;
1b: R = 4-Me; 2b: R1 = 3-OMe:
1c: R = 3-OMe; A
1d: R = 3-Br; 2¢:R =4-Cl;
2d: R' = 4-Me

1e: R = 2-Naphthyl

NC_ CN NC_ CN NC_ CN NC_ CN
MeO Br
SRRSO YT U

Me

3a: 48 h, 80% yield 3b: 48 h, 83% yield

3c: 46 h, 69% yield 3d: 48 h, 66% yield

OMe
NC. CN NC. CN NC_ CN cl NC_ CN Me
A O
99 g J O
© Me G Me 0 Me

3e: 46 h, 63% yield 3f: 35 h, 65% yield

3g: 24 h, 62% yield 3h: 48 h, 78% yield
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Figure 1
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b PR MESE AN, HE A #E M kP e TE
Mo FET I, AR ORI AR U Bl ik 158 70 5K = 2 fiE
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AW (E 1), Hgskg ' H NMR, “C NMR fil MS
Bk

1 SKEeEsy

1.1 AEHKA

Bruker-400/500 MHz %8 5 A% 0% He 4 gk 15X
(CDCL, A5 Atk ], TMS & N #R ) ; Thermo Scien-
tific Q Exactive %I PUR T Orbitrap JFii% 4% .

TR B S T o A sl Al A Al

Cyclopropanation of arylidenemalonitriles and a-fluoroketones

1.2 a4 3 86

7 5.0 mL [5FE BRI @RS H A TS
FIEEPN 5 (1) (0. 30 mmol) | a-FRAXHR (2)
(0.45 mmol ) FHR L 44 (0. 90 mmol ) , #XJ5 N A
3.0 mL JosK 1,4- 5 IMENBER. 780 CF
P HE SN, TLC A5 A5 1 58 2 H 2 (24 ~48
h) o SRISTEWUTE T BRI, 5% B W 28 (Ui
G : 2R E =7 1, ViV, 2x120.0 mL)
VLS , BAEHA TR AT AR 2 e 59 3.

225 F e BE-3-0% BRI be-1,1-2 i
(3a)'") . 2% 80% , ¥ [E & (m. p. 130 ~ 132
°C); "H NMR(400 MHz, CDCL,) §: 8.11(d, J =
8.0 Hz, 2H), 7.75~7.71(m, 1H), 7.62 ~7.58
(m, 2H), 7.49 ~7.44 (m, 3H), 7.42 ~7.38
(m, 2H), 4.08(d, J=8.0 Hz, 1H), 3.91(d,
J=8.0 Hz, 1H); "C NMR(100 MHz, CDCl,) §:
188.87, 135.33, 135.01, 129.74, 129.41,
129.25, 129.24, 128.70, 128.29, 112.15,
111.57, 38. 64, 35.44, 15.21,

JIGE-2.- 23 R g -3 - (% R 3L ) BRI -1, 1-—
E(3b) P PR 839% Wi fh [E 4K (m. p. 156 ~ 158
°C); "H NMR(500 MHz, CDCL,) §: 8.11(d, J =
5.0 Hz, 2H), 7.74 ~7.72(m, 1H), 7.61(d,
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J=5.0 Hz, 2H), 7.26(s, 4H), 4.02(d, J = 135.10, 133.56, 132.98, 129.41, 129.33,
10.0 Hz, 1H), 3.87(d, J=10.0 Hz, 1H), 2.38 128.77, 127.96, 127.94, 127.87, 127.28,
(s, 3H); "C NMR (125 MHz, CDCL ) &: 127.10, 126.75, 125.14, 112.23, 111.58,

188.92, 139.95, 135.40, 135.02,
129.29, 128.71, 128.14, 126.32,
116.62, 38.62, 35.55, 21.23, 15.26,

-2 -5 PR g -3 - (2 Y 4 5 2 5L ) 34 1 -
1,1-7 5 (3¢) : 72 69% , 8 4, [E 4K (m. p. 141 ~
143 °C); '"H NMR(500 MHz, CDCL,) §: 8.12(d,
J=10.0 Hz, 2H), 7.72(d, J =5.0 Hz, 1H),
7.61(d, J=10.0 Hz, 2H), 7.43 ~7.40 (m,
1H), 7.16(d, J=10.0 Hz, 1H), 7.00(d, J =
5.0 Hz, 2H), 3.99(d, J=10.0 Hz, 1H), 3.95
(s, 3H), 3.87(d, J=5.0 Hz, 1H); "C NMR
(125 MHz, CDCL,) &: 189.26, 135.56, 134.90,
131.15, 129.26, 128.68, 128.50, 120.67,
118.51, 112.65, 111.95, 111.00, 55.75,
35.94, 35.08, 14.68; HR-MS (ESI) m/z: caled
for C,o HsN, O, {[ M + H]*}303.1127, found
303. 1128,

-2 2% PR P -3 - ( 2-J 2R R ) PR -1, 1-—
E(3d) : 7% 66% , 4 [E K (m. p. 176 ~ 178
°C); "H NMR(400 MHz, CDCl,) &: 8.15(d, J =
8.0 Hz, 2H), 7.79 ~7.74(m, 2H), 7. 66 ~7. 62
(m, 2H), 7.44 ~7.40 (m, 1H), 7.37 ~7.34
(m, 1H), 7.29(d, J=8.0 Hz, 1H), 4.09(d,
J=8.0 Hz, 1H), 3.94(d, J =8.0 Hz, 1H);
“C NMR(100 MHz, CDCIl,) §: 188.47, 135.23,
135.14, 133.54, 131.24, 130.24, 129.51,
129.33, 128.76, 127.93, 126.31, 112.02,
111.31, 39.29, 36.48, 15.35; HR-MS ( ESI)
m/z; caled for Cy Ho BrN, O {[M + H] "}
351. 0124, found 351.0128

JIFE-2 -2 PR -3 - ( 2-25 k) BRI -1, 1- i
(3e) . /=% 63% , {0, [E {4 (m. p. 191 ~ 193 °C;
"H NMR (400 MHz, CDCL,) §: 8.16(d, J=8.0
Hz, 2H), 7.94(d, J=8.0 Hz, 1H), 7.88(d,
J=8.0 Hz, 2H) , 7.84 (s, 1H), 7.77 ~7.73
(m, 1H), 7.64 ~7.60 (m, 2H), 7.57 ~7.55
(m, 2H) , 7.47(d, J=8.0 Hz, 1H), 4.20(d,
J=8.0 Hz, 1H), 4.08(d, J =8.0 Hz, 1H);
"C NMR (100MHz,CDCl, )8:188. 82,135. 36,

129. 98,
112.27,

38.85, 35.66, 15.31; HR-MS (ESI) m/z: caled
for C,, HyN, O {[M + H] "} 323.1183, found
323.1179,

-2~ (3 FF A 4 PR i 66 ) -3- (O H R ) A6
PIe-1, 1-Z 055 (3F) < =3 65% , o (0 [E & (m. p.
186 ~ 188 °C); 'H NMR (400 MHz, CDCl,) §:
7.71(d, J=8.0 Hz, 1H), 7.61(s, 1H), 7.55 ~
7.51(m, 1H), 7.28 ~7.26(m, SH), 4.04(d,
J=8.0 Hz, 1H), 3.88(d, J=8.0 Hz, 3H),
3.91(s, 1H), 2.4(s, 3H); "C NMR(100 MHz,
CDCl,) &: 188.80, 160.25, 139.91, 136.67,
130.21, 129.95, 128.13, 126.32, 121.67,
121.25, 112.70, 112.25, 111.65, 55.58,
38.72,35.62, 21.22, 15.30; HR-MS(ESI) m/z:
caled for CoH;N,0,{ [ M +H] " }317. 1288, found
317.1285,

-2 (4-S AR R RS ) -3- (% FE 2RI ) RN A -
1,1-Z15(3g) : /73 62% , i A E A (m. p. 174 ~
176 °C); '"H NMR(400 MHz, CDCI;) §: 8.07(d,
J=8.0 Hz, 2H), 7.60(d, J =8.0 Hz, 2H),
7.28(s, 4H), 3.99(d, J=8.0 Hz, 1H), 3.89
(d, J=8.0 Hz, 1H), 2.41(s, 3H); "C NMR
(100 MHz, CDCL,) &: 187.85, 141.86, 140. 06,
133.68, 130.05, 130.02, 129.70, 128.11,
126. 13, 112. 13, 111.48, 38.67, 35.46, 21.24,
15.37; HR-MS (ESI) m/z; caled for C,,H,;CIN,O
{[M+H]"{321.0788, found 321.0789,

-2 - (4 - F A FE 5 356 ) -3- (% R R E ) 2R
Be-1,1-— i (3h) : 7= 3 78% , ¥ 4 [ K (m. p.
189 ~191 °C); '"H NMR (400 MHz, CDCL) §:
8.03(d, J=8.0 Hz, 2H), 7.41(d, J=8.0 Hz,
2H), 7.28(s, 4H), 4.01(d, J=8.0 Hz, 1H),
3.88(d, J=8.0 Hz, 1H), 2.51(s, 3H), 2.41
(s, 3H); “C NMR (100 MHz, CDCL ) &:
188.33, 146.37, 139.84, 132.95, 129.95,
129.93, 128.84, 128.14, 126.43, 112.37,
111.72, 38.53, 35.50, 21.86, 21.22, 15.13;
HR-MS(ESI) m/z: caled for C,y H,N,O {[ M +
H] *}301. 1316, found 301. 1355,
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F1 KL HIEN TN (1a) Ml oAU 2B (2a) BIFR N BEAL SO 26 PHIAL

Table 1 Optimization of reaction conditions for cyclopropanation with benzylidenemalononitrile (1a) and

a-fluoroacetophenone (2a)“

Entry n(la):n(2a) W/ eq. &/ C Fsf[a]/h 3a =%/ %
1 1.5:1.0 TkR4H (3.0) 70 51 61
2 1.5:1.0 TREREH (3.0) 80 48 73
3 1.5:1.0 BREREN(3.0) 100 22 24
4 1.0:1.5 TREREH (3.0) 80 27 80
5 1.0:1.5 TR AN (2.5) 80 32 68
6 1.0:1.5 WmREm(2.0) 80 37 55
7 1.0:1.5 KRN (4.0) 80 23 60
8 1.0:1.5 IR = 41(3.0) 80 48 57
9 1.0:1.5 =M (3.0) 80 24 tace
10 1.0:1.5 MERE(3.0) 80 24 tace
11 1.0:1.5 4-ZH LA FLNEE (3.0) 80 24 lace
12 1.0:1.5 TR (3.0) 80 28 56
13° 1.0:1.5 REREN(3.0) 80 70 70

“fLE P 1a; 0.30 mmol I 1,4- TSI (3.0 mL) 3 " a-TRRIR ZEE LG 2a; VAR,

2 ZER5itiE

2.1 R H&HaA

PLJ5 B N ) (1a) A1 a3 AR 2K &
(2a) (1 [ WA SR A5 AR, X6 D) 9 S5 1) et 2
Fb B A 2 B % 2 i | B N I RN AT T
BELEERWE 1 PR, R D nlm, Y 1,42
AN RN, 3 eq. REREN A0, 7€ 70 C 5504
T A& 1a bS5 2a (YRR Z N
1.5 1. OB, RN S Ak S vy RRITURI 264 7, H DL 61%
7 R4 25 3a(Entry 1), S0 BE M 70
CHE ] 80 CHY, LAWY 3a iy~ 48 & % 73%
(Entry 2) , 2k 22T} 5 J W i & 100 C B, b &
Y 3a 1y F TR 24% (Entry 3) o R W
VI B i i 22 B T RE RS R SR 7 R TR AR L
Bk oY 1a LS 2a B9Y R A2 LI
1.0 : 1.5, 5 R B ALY 3a 1y 7r=n] DLk —2
P& % 80% (Entry 4) o #F—L R G 1a FI
& 2a WY RMEZHN 1.0 1.2
1.0 :2.0, Hirfb 59 3a (7= R4 fif R, it
A AFH 3.0 eq. MBRAE S h 2 G E 2, R
AR FH et A S T v B P 2 0] A W b 1Y)
S (Entries 4 ~7) , #2945, A SCER i€ T HE
B, AR IR VBN = & i | H W A 4-— R S A kit

0E, (HACR A (Entries 8 ~ 11) o 4 {ff i SCHk A
W oAU UL S 2a I, (LG Y
3a YA RN 56% (Entry 12) o 34k, R3C
WHELT LN PR A R N, N-Z 2
PP B L2 K — P I B35 6 P 791 B3R A FE A v e
P 70% ;= 24520k 5 %) 3a b (Entry 13)  HAH
R ILPRRARNME SR Y) 3a,

2.2 RIS

TEAE R S5 AE T, AR SCHEAT T e R £k 412 2
ANTR) 55 30 FR LT B A0 oo S B ) 2 TR Ak I
IR EC T L4 e, 5 1 1 22 T SCHR A i 1Y) B
WAL AW (L 1) o J5FR BRI 4 5 2 HY 5
A IEEAE Y 1b ~ 1e RENIFI & A= IR R BEdk SO
FREA R I IR N BT A 5 9 3b ~ 3e, =
R 63% ~83% , ARFRABALFNE) A B B IS4 I
N =R, A, AR R AR o- U ACHR 16 &
2b ~2d W&, BELL 62% ~ 78% ;= %A% F b A
) 3f ~3h,

2.3 THeRY RS ALEE

i OB TR N BE R AR Sk S5 Ak Y 2
BT A R B E TR W) 3a ~ 3h 1Y
B, HA MR B A 3R e A Al ek L Jo 1~ B L
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Figure 2  Possible reaction mechanism
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