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Copper-Catalyzed Direct Benzylation of 3-Ketoesters with
N-Tosylhydrazones

Xu, Kai Shen, Chong Sheng, Weijian Shan, Shang Jia, Yixia*
(College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014)

Abstract A simple and efficient method for the benzylation of f-ketoesters by employing copper salt as a catalyst was
developed. The mild reaction system and a wide range of substrates with high yields make the protocol very practical. It
provides a new route for the synthesis of a-benzyl-f-ketoesters.
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U BE R B R AT H AR ). 2 Nm X g, Sl
Cs,CO; I8, SN A& A 73R 15F 88% IR #(3K 1, Entry
3). B 5 RATHE— DR FIBEAT I8, KBUSE —h
Hi#h CuCl. CuBr LA Z M4l CuCl, W] DAHEAL S8 ) gt
1T, AHR R SCR AR L Cul A B 52 PRI (GR 1, Entries 4~
6), T FeCly 1EAMEATINIAG 2 EARH) S MR (R 1,
Entry 7). 7525603 W AR BURAOESE, 18 1,2- 75
CHELA S 1,4- T NF S B R ] B IR(R 1, En-
tries 8~9). MRHAEMFIHEEE 10 mol%i, T3RTE
70%MH) S S (1, Entry 10). 108 Cs,COs B
3.0 equiv.iif, KRMUCRIRFEIERE 71%(#£ 1, Entry 11).
BBAb, 33— 00 R PR X Y AR IR f 1 ) (1) R AR
Bt R C T a) W ) 2 LLR%Eh 2.0 1 1.0 B, H
PR R M BRI ZE 56%(F 1, Entry 12). Xf &N
T B2 BRI SR B, IR T AN R T E AR B A R
T 24 05 P PR 22 S MR A S AN RE R A (36 1, Entries 13~
15). [FJIF, f2 ] S i 2R I AE 3 A AL 7 Cul 1264 R I
AR A (3R 1, Entry 16). I, 520 e R R M. 5%
R R
Table 1 Screening and optimization of the reaction conditions

o O

©M0Et
+

II\INHTS

cat., base

P —

Solvent

3a
Entry Cat. (mol%)  Base Solvent t/°C  Yield/%
1 Cul (20) NaO'Bu  Toluene 60 18
2 Cul (20) LiO'Bu  Toluene 60 Trace
3 Cul (20) Cs,CO3 Toluene 60 88
4 CuCl (20) Cs,COs Toluene 60 62
5  CuBr(20) Cs,CO; Toluene 60 32
6 CuCl,(20) Cs,COs Toluene 60 46
7  FeCl3(20) Cs,CO;s Toluene 60 12
8  Cul (20) Cs,CO3 DCE 60 60
9 Cul (20) Cs,CO;  Dioxane 60 48
10 Cul(10) Cs,CO3 Toluene 60 70
117 cul (10 Cs,CO3 Toluene 60 71
12 Cul (10) Cs,CO3 Toluene 60 56
13 Cul (20) Cs,CO3 Toluene 100 64
14 Cul (20) Cs,COs Toluene 80 79
15 Cul (20) Cs,CO;  Toluene rt.  N.D?
16 — Cs,CO;  Toluene 60  N.D.?

“ Unless otherwise stated, all reactions were carried out using ethyl ben-
zoylacetate (0.3 mmol), N-tosylhydrazones (0.36 mmol), and base (0.6 mmol)
in solvent (2 mL) for 36 h, unless otherwise noted. * The reaction was carried
out with 3 equiv. base. ¢ The reaction was carried out with 2 equiv.
N-tosylhydrazones; ¢ Not detected.
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PN 2K R ORI G (12) 5 25 FRBE 2R 2. 1B (2a)
IR R EE Y 1.2 1 1.0, 20 mol%H) Cul AL 7,
2.0 equiv. [ Cs,COs AW, 2 mL H % AEF], T 60 C.
N, 2644 F B 36 h.

1.2 RYSEESY R

HT ERRAHI B S AF, AR e v
BAT T HRER 2). BB T AR BERT A AR F A8
P A 2 e ) EUA R 0 S L PR R, R TG 18 e M R 1 B
ARIEIEFE M AL T BRI, S S A REMUMIEAT IR A5 25
J UL WS (FR 2, Entries 2~7). BUREE AL BE RN
W1, AIRL LR R RLCR R E(3% 2, Entry 2).
SR Xof P A e A ok R AR R U 70 ) S S o
g A A A, (EFLCRRAR, 7T RE TR R — R 2 AN
e 55 AR P AR RO AL A T TS R T AR ) A A T
(3R 2, Entries 5, 7). ZHRIAXIL 5N 552 HL T AL A BE I,
SRR BERFE] H AR Y. A — 1212, 2- 28358 1h
PAKe 2-WEWI A 1i 1) S Lt BE ISR SR ASAH LAY H A

xR2 MR
Table 2 Substrate scope

Cul (20 mol%)

-NHTs Q9 Cs,CO;3 (2.0 equiv.
ﬁl . RZJI\/U\OEt 2CO3 (2.0 equiv.)
R! Toluene, 60 °C, 36 h
1a ~ 1j 2a~2i
O O
R2N\6\0Et
R
3a~3r
Entry R R® Product Yield”/%
1 C¢Hs(1a) CgHs (2a) 3a 88
2 2-MeCgH, (1b) CgHs (2a) 3b 52
3 3-MeCgHy (1¢) CgHs (2a) 3¢ 70
4 4-MeCgH, (1d) CgHs (2a) 3d 81
5  4-CNCgHy(1e) CgHs (2a) 3e 43
6 3,5-CLL,C¢H; (1f) Cg¢Hs(2a) 3f 74
7 4-Me,NCeH, (1g) Cg¢Hs(2a) 3g 58
8 2-Naphthyl (1h)  C¢Hs(2a) 3h 68
9 2-Thienyl (1i) CgHs (2a) 3i 52
10 CeHs(CHp)2(1j)  CeHs(2a) 3j 28
11  Cg¢Hs(1a) 4-FC4H, (2b) 3k 93
12 Cg¢Hs(1a) 4-CIC¢H, (2¢) 31 74
13 Cg¢Hs(1a) 4-BrC¢H, (2d) 3m 75
14 Cg¢Hs(1a) 4-CF3CgHy (2¢) 3n 87
15 CgHs(1a) 4-MeC¢H, (2f) 30 90
16 CgHs(1a) 4-MeOCg¢H, (2g) 3p 71
17 Cg¢Hs(1a) 2-MeC¢H, (2h) 3q 60
18 C4Hs(1a) CHj; (2i) 3r 83

© 2015 Chinese Chemical Society & SIOC, CAS

“Reaction conditions if not otherwise noted: 1a~1j (0.36 mmol), 2a~2i (0.3
mmol), Cul (20 mol %), Cs,CO; (0.6 mmol), toluene (2.0 mL), 60 C, 36 h.
?Tsolated yield.
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YI(EK 2, Entries 8~9). Ab, Ledd iR BT
FR DR B 9 10t e R 28 OB, HLH bR = P W 3R R (R
2, Entry 10). BE/5, A1 B-HRREE A B34 T 1
H 2. Ty H-p- T R R 114 2% 5 1R 6T A6 TG 1 S IR HL )
T TR R 4 T AR R A A X B B 5 e
AR, BIRSFRA P EZMB IR GR 2, Entries 11~
18). R, 5 HY 3k 2 5 JEC 4 DR Dy A5 L JBE R T R oK 52 Wi
TN, W RRFEGER 2, Entry 17). 1AL, LBECR
LRSI [ BB BRI & A, I3RS R IR H bR
F=H)(FK 2, Entry 18).
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Figure 1 Proposed mechanism
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PR I SCRRARIE 1 07 1.
32 *Bﬂﬁ/ﬁ

TR S BB A /7 #E 25 mL Schlenk B FPK IR
I 036 mmol FIX H ZRTEEERE, 20 mol% M1k 7
Cul, 0.6 mmol [ Cs,CO;, R EH: 3 X5, ity
AN 0.3 mmol (1) p-FREREE A 2.0 mL 7 725 1R H 2K
%J 1E 60 C FHiHE 36 h. LW A = o FH E AT AE

SRR HFRP Y 3a~3r [RER: MR ZER) @ V(R
i, 60~90 C)=1 : 20].

2- K L -2- 5 2 2 g (3a)'P: PR 88%. 'H
NMR (500 MHz, CDCls) &: 1.21 (t, J=7.5 Hz, 3H), 2.73
(dd, J=5.0, 17.0 Hz, 1H), 3.38 (q, J=10.0 Hz, 1H), 4.11
(q, J=7.5 Hz, 2H), 5.11 (g, J=5.0 Hz, 1H), 7.21~7.25
(m, 1H), 7.17 (d, J=4.5 Hz, 4H), 7.38~7.41 (m, 2H),
7.49 (tt, J=1.5, 7.5 Hz, 1H), 7.98~8.00 (m, 2H).

2- K HIE-2-(2-H 35K 4R 4 FE(3b): 77 52%.
'H NMR (500 MHz, CDCly) 6: 1.24 (t, J=7.0 Hz, 3H),
2.55 (s, 3H), 3.30 (dd, J=10.5, 17.0 Hz, 1H), 4.14 (q, J=
7.5 Hz, 2H), 5.22 (dd, J=4.0, 10.5 Hz, 1H), 7.03~7.15
(m, 3H), 7.22 (d, J=7.0 Hz, 1H), 7.35~7.39 (m, 2H),
7.45~7.49 (m, 1H), 7.85~7.87 (m, 2H); *C NMR (125
MHz, CDCly) d: 14.1, 19.7, 37.6, 46.2, 60.7, 126.8, 127.4,
127.5, 128.5, 128.6, 131.3, 132.8, 135.0, 136.7, 172.1,
199.4. HRMS (ESI+) caled for CioHyNaOs ([M+Na]"):
319.1305, found 319.1310.

2-ZK H P -2-(3- FH 36 R 5 4R 4T (Be): TP 70%.
'H NMR (500 MHz, CDCly) 6: 1.21 (t, J=7.0 Hz, 3H),
2.30 (s, 3H), 2.71 (dd, J=4.5, 16.5 Hz, 1H), 3.37 (dd, J=
10.0, 17.0 Hz, 1H), 4.11 (q, J=7.0 Hz, 2H), 5.06 (q, J=
5.0 Hz, 1H), 7.04 (d, J=7.5 Hz, 1H), 7.11 (d, J=7.5 Hz,
1H), 7.19 (t, J=7.5 Hz, 1H), 7.40 (t, J=7.5 Hz, 2H), 7.49
(t, J=7.5 Hz, 1H), 8.49 (d, J=7.5 Hz, 1H); >C NMR (125
MHz, CDCl;) §: 14.1, 21.4, 38.8, 49.5, 60.7, 125.3, 128.2,
128.5, 128.7, 128.9, 129.0, 132.9, 136.4, 138.0, 138.9,
172.1, 198.7. HRMS (ESI+) calcd for CoH,o0NaO; ([M—+
Na]®): 319.1305, found 319.1310.

2- 7K F it -2-(4- 1 36) W 5 2R . R 3a) ) R
81%. '"H NMR (500 MHz, CDCl;) 6: 1.21 (t, J=7.0 Hz,
3H), 2.29 (s, 3H), 2.71 (dd, J=5.0, 17.0 Hz, 1H), 3.36 (dd,
J=10.0, 17.0 Hz, 1H), 4.11 (q, J=7.0 Hz, 2H), 5.07 (q,
J=5.0, 10.0 Hz, 1H), 7.10 (d, J=8.0 Hz, 2H), 7.19 (d, J=
8.0 Hz, 2H), 7.39 (t, J=7.5 Hz, 2H), 7.39 (t, J=7.5 Hz,
1H), 7.98 (d, J=7.0 Hz, 2H).

2-FK H P -2-(4-F 3 T 5L 4R 4T (3e): TR 43%.
'H NMR (500 MHz, CDCly) 6: 1.21 (t, J=7.1 Hz, 3H),

http://sioc-journal.cn/ 635
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2.74 (dd, J=5.5, 17.0 Hz, 1H), 3.70 (dd, J=9.3, 17.0 Hz,
1H), 4.11 (q, J=7.2 Hz, 2H), 5.18 (dd, J=5.5, 9.3 Hz,
1H), 7.42~7.46 (m, 4H), 7.54 (t, J=7.4 Hz, 1H), 7.60~
7.61 (m, 2H), 7.94~7.96 (m, 2H); *C NMR (125 MHz,
CDCly) 6: 14.1, 22.7, 29.3, 29.7, 31.9, 38.2, 49.3, 61.0,
111.6, 118.4, 128.76, 128.80, 129.0, 132.9, 133.5, 135.8,
1434, 1714, 197.6. HRMS (ESI + ) caled for
C1oHsNNaO; ([M+Na]"): 330.1101, found 330.1105.

2-ZKHIEE-2-(3,5- 8 N 4B 4BE3): 7R 74%.
'H NMR (500 MHz, CDCl3) &: 1.23 (t, J=7.5 Hz, 3H),
2.66 (dd, J=4.0, 16.5 Hz, 1H), 3.23 (dd, J=10.5, 17.0 Hz,
1H), 4.14 (q, J=7.0 Hz, 2H), 5.53 (dd, J=4.5, 10.5 Hz,
1H), 7.09 (d, J=8.5 Hz, 1H), 7.12~7.14 (m, 1H), 7.40 (t,
J=17.5 Hz, 2H), 7.44 (d, J=2.0 Hz, 1H), 7.49~7.53 (m,
1H), 7.94~7.95 (m, 2H); *C NMR (125 MHz, CDCl;) ¢:
37.2, 45.2, 60.9, 128.0, 128.71, 128.73, 129.9, 130.1,
133.4, 134.0, 134.2, 134.6, 135.8. HRMS (ESI+) calcd for
C1sH,6CuNaO; ((M+Na]"): 373.0369, found 373.0362.

2- 7K Bt -2-(4-N,N- — U B R 0 4% 25 (3g): 77
# 58%. '"H NMR (500 MHz, CDCl;) 6: 1.21 (t, J=7.0 Hz,
3H), 2.69 (dd, J=5.0, 16.5 Hz, 1H), 2.90 (s, 6H), 3.34 (dd,
J=9.5, 16.5 Hz, 1H), 4.11 (qq, J=1.0, 7.0 Hz, 2H), 5.01
(q, J=5.0 Hz, 1H), 6.65 (d, J=8.5 Hz, 2H), 7.15 (d, J=
9.0 Hz, 2H), 7.38 (t, J=17.5 Hz, 2H), 7.47 (tt, J=1.5, 7.5
Hz, 1H), 7.98~8.01 (m, 2H); “C NMR (125 MHz,
CDCly) o: 14.1, 38.7, 48.6, 60.8, 116.0, 116.2, 128.6,
128.8, 129.7, 129.8, 133.1, 133.8, 136.1, 161.1, 171.8,
198.6. HRMS (ESI+) calcd for CyH,3NNaO; ([M+
Na]"): 348.1570, found 348.1580.

2-TK I IpE-2-(2-28) W F 3k 1R W BB (3h): 723 68%.
'H NMR (500 MHz, CDCls) §: 1.22 (t, J=7.5 Hz, 3H),
2.82 (dd, J=5.5, 17.0 Hz, 1H), 3.48 (dd, /=10.0, 17.0 Hz,
1H), 4.09~4.18 (m, 2H), 5.28 (q, J=5.5 Hz, 1H), 7.38 (t,
J=1.0, 7.5 Hz, 2H), 7.44~7.49 (m, 4H), 7.76~7.82 (m,
4H), 8.03 (d, J=7.5 Hz, 2H); *C NMR (125 MHz, CDCl,)
9: 14.1, 38.7,49.7, 60.7, 125.9, 126.1, 126.4, 127.2, 127.6,
127.8, 128.5, 128.9, 129.1, 132.6, 133.0, 133.6, 135.6,
136.3, 172.0, 198.6. HRMS (ESI+) caled for CyH, 05
(IM~+H]"): 333.1485, 333.1490.

2- 7 FR R -2-(2-ME Wy ) W H L 4L FR TR (3i): PR
52%. "H NMR (500 MHz, CDCl;) 6: 1.22 (t, J=7.5 Hz,
3H), 2.85 (dd, J=5.0, 17.0 Hz, 1H), 3.44 (dd, J=9.5, 17.0
Hz, 1H), 4.12 (q, J=7.0 Hz, 1H), 5.39 (q, J=5.0 Hz, 1H),
6.90~6.92 (m, 2H), 7.18~7.19 (m, 1H), 7.45 (t, J=7.5
Hz, 2H), 7.53~7.56 (m, 1H), 8.04 (d, J=7.5 Hz, 2H); "*C
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NMR (125 MHz, CDCl3) 0: 14.1, 19.2, 39.1, 43.8, 60.8,
125.3, 126.0, 127.2, 128.6, 128.9, 133.2, 135.9, 140.4,
171.6, 197.4. HRMS (ESI+) caled for C¢H,,05S ([M+
H]"): 289.0893, found 289.0893.

2- K I EE-2- KN & 4R 4R 3j): 75 % 28%. 'H
NMR (500 MHz, CDCly) 6: 1.20 (t, J=7.1 Hz, 3H),
1.80~1.86 (m, 1H), 2.03~2.10 (m, 1H), 2.57~2.66 (m
3H), 3.00 (dd, J=9.2, 16.7 Hz, 1H), 3.92~3.99 (m, 1H),
4.07~4.11 (m, 2H), 7.07~7.15 (m, 2H), 7.19~7.22 (m,
1H), 7.28 (s, 2H), 7.46 (t, J=7.7 Hz, 2H), 7.54~7.62 (m,
1H), 7.83~8.02 (m, 2H); *C NMR (125 MHz, CDCl5) ¢:
14.1, 33.2, 33.9, 36.0, 41.6, 60.7, 126.2, 128.40, 128.45,
128.49, 128.7, 133.1, 136.7, 141.1, 172.2, 202.5. HRMS
(ESI+) caled for C,H,,NaO; ([M+Na]'): 333.1461,
found 333.1469.

2-(4-55) 2K F -2 3 2R LR BR)N Y R IR 93%.
'H NMR (500 MHz, CDCly) §: 1.21 (t, J=7.0 Hz, 3H),
2.72 (dd, J=5.0, 17.0 Hz, 1H), 3.75 (dd, J=10.0, 17.0 Hz,
1H), 4.12 (g, J=7.0 Hz, 2H), 5.05 (q, J=5.0 Hz, 1H),
7.04~7.09 (m, 2H), 7.22~7.26 (m, 1H), 7.28~7.33 (m,
4H), 7.97~8.03 (m, 2H).

2-(4-50) F HEE-2- % 2R L EE@ED): R 74%,
'H NMR (500 MHz, CDCly) §: 1.26 (t, J=7.5 Hz, 3H),
2.72 (dd, J=5.0, 17.0 Hz, 1H), 3.37 (dd, J=10.0, 17.0 Hz,
1H), 4.12 (g, J=7.0 Hz, 2H), 5.03 (q, J=5.0 Hz, 1H),
7.22~7.28 (m, 2H), 7.29~7.33 (m, 2H), 7.35~7.38 (m,
2H), 7.90~7.93 (m, 2H).

2-(4-1R) ZE I EE-2-% 5 2R Z B 3m)! "0 2R 65%.
'H NMR (500 MHz, CDCly) §: 1.22 (t, J=7.0 Hz, 3H),
2.71 (dd, J=4.5, 17.0 Hz, 1H), 3.37 (g, J=10.0 Hz, 1H),
4.12 (q, J=7.0 Hz, 1H), 5.03 (t, J=5.0 Hz, 1H), 7.22~
7.32 (m, 5H), 7.53 (d, J=9.0 Hz, 2H), 7.84 (d, J=8.5 Hz,
2H).

2-5%F =45 F 2R F R -2- 5 2 R 4R (3m): 7R 87%.
'H NMR (500 MHz, CDCly) §: 1.22 (t, J=7.0 Hz, 3H),
2.75 (dd, J=4.5, 17.0 Hz, 1H), 3.42 (dd, J=10.0, 17.5 Hz,
1H), 4.13 (q, J=7.1 Hz, 2H), 5.09 (dd, J=4.5, 10.0 Hz,
1H), 7.23~7.26 (m, 1H), 7.28~7.33 (m, 4H), 7.66 (d, J=
8.5 Hz, 2H), 8.08 (d, J=8.5 Hz, 2H); *C NMR (125 MHz,
CDCLy) §: 14.1, 38.6, 50.0, 60.8, 122.5, 124.7, 125.5,
125.6, 127.8, 128.1, 129.4, 134.2 (q, J=32.3 Hz), 137.4,
139.2, 171.8, 197.9. HRMS (ESI + ) caled for
C1oH,7F3NaO5 (IM+Na]"): 373.1022, found 373.1027.

2-5% 2 R R -2- 5 3 2R 2B (30)!' ) FEER 90%.
'H NMR (500 MHz, CDCly) §: 1.20 (t, J=7.0 Hz, 3H),

Chin. J. Org. Chem. 2015, 35, 633~637
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2.36 (s, 3H), 2.72 (dd, J=5.0, 17.0 Hz, 1H), 3.37 (dd, J=
9.5, 17.0 Hz, 1H), 4.11 (q, J=7.0 Hz, 2H), 5.08 (q, J=5.0
Hz, 1H), 7.18~7.25 (m, 3H), 7.27~7.31 (m, 4H), 7.89 (d,
J=8.0 Hz, 2H).

2-5%F AR R -2- W 2R 2R Gp)!' T 72 F 71%.
'H NMR (500 MHz, CDCl3) é: 1.20 (t, J=7.2 Hz, 3H),
2.71 (dd, J=5.1, 16.9 Hz, 1H), 3.35 (dd, J=9.7, 16.9 Hz,
1H), 3.80 (s, 3H), 4.10 (q, J=7.1 Hz, 2H), 5.06 (g, J=5.1
Hz, 1H), 6.86 (it, J=2.8, 9.8 Hz, 2H), 7.25~7.33 (m, 5H),
7.98 (q, J=2.8 Hz, 2H).

2-4R F 2K -2 5 4 BR TR (3q): 7% 60%. 'H
NMR (500 MHz, CDCLy) 6: 1.25 (t, J=7.0 Hz, 3H), 2.27
(s, 1H), 2.70 (dd, J=4.5, 17.0 Hz, 1H), 3.45 (dd, J=10.0,
17.0 Hz, 1H), 4.13~4.18 (m, 2H), 4.94 (dd, J=4.5, 10.5
Hz, 1H), 7.14 (d, J=7.5 Hz, 1H), 7.19~7.23 (m, 4H),
7.28~7.31 (m, 3H), 7.76 (d, J=6.5 Hz, 1H); *C NMR
(125 MHz, CDCly) 6: 14.1, 20.5, 37.8, 52.4, 60.7, 125.4,
127.5, 1282, 128.3, 129.0, 130.9, 131.5, 137.1, 138.1,
172.2, 202.4. HRMS (ESI+) caled for CioH,0NaO5 ([M+
Na]"): 319.1305, found 319.1306.

2-ZE-2-"R I 2R ZFEG3)!: FEE 83%. 'H NMR
(500 MHz, CDCl) 8: 1.22 (t, J=7.0 Hz, 3H), 2.20 (s, 3H),
3.15~3.22 (m, 2H), 3.79 (t, J=7.5 Hz, 1H), 4.14~4.19
(m, 2H), 7.16~7.24 (m, 3H), 7.25~7.30 (m, 2H).
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