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“One-Pot” Synthesis of Ketones from the Reaction of Weinreb
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Abstract The “one-pot” reaction of Weinreb amides and halides promoted by magnesium powder was investigated under air
atmosphere at room temperature. It was found that the Weinreb amides from monocarboxylic acid can react with halides to
give corresponding ketones efficiently. Keto Weinreb amides or diketones can be obtained from the reaction of the Weinreb
amides with halides under different reaction conditions. The method has the advantages of simple operation and high yields.
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Figure 1  “One-pot” reaction of Weinreb amines with halides
promoted by magnesium
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Table 1 Optimization of the reaction conditions

O (0]
©)\N/OCH3 OBr Sovernt
| + + Mg ——
CHj
1a 2a 3 4a
Entry Solvent  n(la) : n(2a) : n(3) Time/h Yield/%
1 THF 1:1:1 2 63
2  THF 1150715 2 83
3 THF 1:2:2 2 86
4  THF 1:25:225 2 84
5 THF 1:3:3 2 80
6 Et,0 1:2:2 2 78
7 1,4-Dioxane 1:2:2 2 —
8  Toluene 1:2:2 2 —
9 CH,ClL, 1:2:2 2 —
10 — 1:2:2 2 —
11 THF 1:2:2 1.5 82
12 THF 1:2:2 3 86
13 THF 1:2:2 5 87
14¢ THF 1:2:2 2 84

RIS 3 mmol Y 1a M1 2 J 3 fESURIEPE M, (10 mL), TR
31, TLC Kol RS * 59 BE7 26; < U

PATE B 5T B 1Pk} X s B 7= 28 1 5 T
& 1 LB L, BE% 2a F1 3 I E LI K, L&
VI 4a P RBHITHE. 24 1a. 2a A1 3 MY & AR
1228, A 4a PR AL R 86% 4KEEHE K
2a 1 3 &, WEW 4a M=K RIMA T FREREE 1,
Entries 1~5).

VIR IR L R AR RS IR. FHER 1A LUE
1E LA-ZEANH, 8 BME R, B LA RE R
45 (F 1, Entries 7~9); 7£ 2Bk L 78%I7* R A 1 4a
(£ 1, Entry 6); PAPUSRI IR, 1G4 4a 175
B, 153 87%. TLC AR, 2 h 5 RS A & 8 5
42, WA da 7 RL B, KRS [R5
4a [ 72 JLT-A #A (3R 1, Entries 11~13).
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PAVZ TR TR IR IR “ — 8k RS
Tl 32075 )2 (1) Miichael BRSSO DA B i AR 48 55 Bk 40 &40
BRI BE, AT B T b B T K TR 26 1. Rk, FRAT
IR R T A5 1a.2a 1 3 [N % 4a (5256, 45
FLL 84%MHIF=RBH] T da, 5%TRMNA L= R
JUFRHE G 1, Entry 14).

BAVR A e E L 4a RN &M B
8] 2 h, ¥R THE, =54, 1a. 2a F1 3 (P E L
R 02020 FERAERPIEAT, AR Weinreb B[
AR BT T IR R, CAER T Z 77 VL5 4 ()38 B
PE.

1.2 SEM{EHEE Weinreb BRI “—iRiE" R
RiifZR

1E IR R BN, H R T et~ —
JG Weinreb Ff& 5 A8 [F) (1) i AR I IRSE, &5 SRR BH S B
0] e FE AR BB A (3K 2). 75 R Weinreb 9
Jle IR 1 B 3 ) P ol DA B X S N 7 6 LTV R
(3 2, Entries 1~4, 6). TR ZRIA EEURIE A0 15
R SR A, B A B R AL (AL I & XA,
HI LAKSE i ()77 A5 B A B B R A Y. AR 2
TR, AR RITUIR HARP“ (3 2, Entry 5). R
SRR eI RN e JE It DA o 1) 7 A B A R 2
&Y 2, Entries 7~10). JEYI A& H 9 & 111
PR BTG A — R, MR EARER, &
P AR A S SR (€ 2, Entries 11 A1 13); MiRACE
ARG RAR T 2 FI 52 vy ) R RV .

BEERATIRZR T =6 Weinreb Bti% 5 s A0 1 [
(F3). LI RIAIRISE I —JC Weinreb BEfiZ 5 =04
SN, SEIGAERANE]. BT I Weinreb BLi% Sa 5
TRIEFNEERE S N, BL 85% P RIGE T a-Fidt
Weinreb Btf% 6a. 20A° 5a. IRIAEAEEYR R, H
1:1 18R 44, PPN a-FRFE Weinreb BEf%
6a. Sa AT DURGFH SR, 1B T 3EyRE0IE T 36 B
SR HN ) a-FikFE Weinreb BERE. FAE S BE TR,
Y Sa JR MR, 7 EAERI AT LS KGR 3, Entries
8 A1 10).

Al 45 — 0 Weinreb BG5S R EAEE I MRS, J&
1) BE IR L S B s IR ORI (R 4). M=ot
Weinreb Fifiz. QGBI RIMEIL N 1101 B,
BAF BT FRIE Weinreb BEAZIL &4 7 A1 —FRZRAL G
8 MIRAY); e K REMEMYIRIEL, 7518
HI7P= R A EIN R 5 24 0T Weinreb BE%. i@ fnEE
FIPIFR RN 10404 i, RES FIMEY 8,
TLC BEA KM E] 7 4 5%
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Table 2 Study on the “one-pot” reaction of Weinreb amines
with halides promoted by magnesium

SRR ¢
Table 3 Study on the “one-pot” reaction of 5a with halides
promoted by magnesium

JOL OCH ™ i HaCO 2o Mg, THF i EH3
R ’}l/ P+ RX Mg air atmosphere R R? : \’}IJ\H/N\OCH3 * RX air atmosphere RJ\H/ “OCH;
CHs 2 3 4 CH; O 2 0
1 5a 6a ~ 6b

Entry R! R?X Product  Yield®/% Entry 2 n(5) : n(2) : n(3) Time/h Product Yield*/%

1 CeHs PhBr 4a 84 1  PhBr 1:1:1 2 6a 78

2 2-CH;C¢H, PhBr 4b 75 PhBr 1:15:15 2 6a 82

3 3-CH3C¢H, PhBr 4c 80 3 PhBr 1:2:2 2 6a 85

4 4-CH;C¢H; PhBr 4d 83 4  PhBr 1:3:3 2 6a 82

5 4.NO,C¢H, PhBr — 0 5 PhBr 1:4:4 2 6a 85

6 4-CIC¢H, PhBr de 87 6  PhBr 1:2:2 1.5 6a 82

7  C4¢HsCH,  PhBr af 85 7 PhBr 1:2:2 1 6a 78

8 C¢HsCH=CHPhBr 4g 80 8° PhCl 1:2:2 5 6a 72

9 CH3(CHy);  PhBr 4h 80 9 PhI 1:2:2 2 6a 84

10 Cyclohexyl  PhBr 4i 75 10°  n-BuCl 1:2:2 5 6b 75
11 C¢Hs PhCl 4a 65 11 n-BuBr 1:2:2 5 6b 78

12 CeHs Phl 4a 77 12 n-Bul 1:2:2 2 6b 83
13 C4H;s n-BuCl 4h 70 R 3 mmol 9 5a A1 2 % 3 7E THF "h st PE R, © 4 B
14 C¢H; 7n-BuBr 4h 85 TN E AR BT [R]85 | R RS

15 CeHs n-Bul 4h 85 R4 BT =70 Weinreb BRI 2 RIHT 4 ©
16 CeHs CH,=CHCH,Br 4j 75 Table 4 Reaction results of Weinreb amides with halides pro-
17 CeHs PhCH,Br 4 70 moted by magnesium

18 CeHs PhCH,Cl 4f 85

¢ ] V444 1a (3 mmol), 2a (6 mmol) A1 3 (6 mmol)#E THF H & IR HiHE S b,
SR, 2 hy P AP B C N BRI B3R, 5 b,

2 #ig

WRT “—8iE” TP SR EE Weinreb Bt AN
A — B B SEAL S D IR SN 2320 7 TS i) £
1 IARF, Bt 5 AR IR A AR s B BN 2 s B
Y5 Weinreb Ff% 58 AE RSO N (R BR S S 4. — TR IR
BRI Weinreb P % AN p AR AE 2 P8R R IS,
T B ey A 2 7 AH R SR A . R AR P A
B A AT E B 2R T AR U B R &Y. —
JG Weinreb FEAEAT s ARTEA R EORHAC LE T B2, 15
FllPkt Weinreb FERZEL —HRRA AP, A T775 B A #AE
A SRR, ER S rf & 52 it 1
—FPfE R A T
3 XET
3.1 XRE5HF

ZLAMEEEACH Alpha Centauri FI-IR U428, WA
RS, A3 PREE H BRUKER PT jxf790425-

AM400 MHz BUZ LRGN 2, PATARE T E AR,
TMS HNWFR; =50 PF % ] Bruker APEX 1T {8 B AR
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O O
Mg, THF
Hs00 I AP e T
| | air atmosphere

CH CH
3 5 3 2
0O O o) )OJ\
OCH
Ph)J\WJ\ITI/ oo+ Ph)J\W Ph
CHa 8a ~ 8f
7a~T7c
Yield”/%
Entry W n®)n@)in@) 7 8 — ;
1 (CH,); 1:2:2 7a 8a 48 20
2 (CH,)4 1:2:2 7b 8b 47 25
3 1,3-C¢Hy 1:2:2 7¢ 8¢ 45 20
4 (CH,); 1:1:1 7a 8a 33 15
5 (CH,); 1:4:4 — 8 — 85
6 (CH,)4 1:4:4 — 8 — 89
7 1,3-C6H4 1:4:4 - 8c - 87
8  1,4-C¢Hy 1:4:4 — 8 — 88
9 2,5-C4H4S 1:4:4 - 8e - 80
10 2,6-CsH(N 1:4:4 — 8f — 84
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R BiGAE: 5,2 M1 3 7E THF th Btk R B 2.5 h; * 4 B 3%,

e Bl eI LIR BB AN E, EST ¥ H& A0 E H 210
K5 R DN SE AN 52, IR EERKZIE. a1, 5 4% STk 7]
Jrikig, R oy E o frat.
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3.2 kA& da~4j AR

50 mL FEM AF, IAEEE (6 mmol), FEIA
0.5 mL T4 THF AW, Hifk. ¥ 86 mmol)se &
W 0.6 mL, AHMKME, FEAREGBRFF RO 2
min. FRER A IR ZE AT Weinreb Fif% 1a (3 mmol)i& T 6
mL THF ', S22 AN RMNARR, IN5E/E4M0 3.5 mL
THF, =iR4kStsE OB, TLCHI S B 52 4 e, 1) e B
RAYIH I 10 mL WM EEE R, HiFE 10 min,
LR OBRFEHL(10 mL X 3), 7 AL, FHIC/KuiEE 8
T, ALENE, SATHEENVCH ) @ MR O
fi5)=40 © 1153 B354 4a. 4b~4j Hl%FEF 5 2 M.

TR W (4a); W AER, F7E 84%. mp. 49~
51 COCHE™ 47~48 C); 'TH NMR (400 MHz, CDCl;)
5: 7.84~7.72 (m, 4H), 7.57~7.47 (m, 2H), 7.47~7.36
(m, 4H); *C NMR (100 MHz, CDCl3) §: 196.3, 137.2,
132.1, 129.7, 128.0.

2-FHIE “ R IR (4b)): IR Ak, 2R 75%. 'H
NMR (400 MHz, CDCL3) 6: 7.79 (d, J=7.6 Hz, 2H), 7.53
(t, J=7.0 Hz, 1H), 7.42~7.33 (m, 3H), 7.29~97.18 (m,
3H), 2.31 (s, 3H); °C NMR (100 MHz, CDCl;) §: 198.3,
138.4, 137.5, 136.5, 132.9, 130.8, 129.9, 128.3, 128.2,
125.0, 19.8.

3-F 3 TORE H A (4o)7: B WK, FEER 80%. 'H
NMR (400 MHz, CDCLy) 6: 7.78 (d, J=7.0 Hz, 2H), 7.72
(d, J=8.0 Hz, 2H), 7.57 (t, J=7.4 Hz, 1H), 7.47 (t, J=17.5
Hz, 2H), 7.30~7.23 (m, 2H), 2.44 (s, 3H); *C NMR (100
MHz, CDCl;) 0: 196.4, 143.2, 137.9, 134.9, 132.1, 130.2,
129.9, 128.9, 128.2, 21.6.

4-H 3 TR H I (4d): AR, 2R 83%. mup.
57~58 ‘CCCHMED 55~56 ‘C); '"H NMR (400 MHz,
CDCly) 0: 7.83~7.77 (m, 2H), 7.63~7.57 (m, 3H), 7.48
(t, J=7.6 Hz, 2H), 7.41~7.34 (m, 2H), 2.42 (s, 3H); "°C
NMR (100 MHz, CDCLy) d: 196.9, 138.1, 137.8, 133.1,
132.3, 130.4, 130.0, 128.2, 127.3, 21.3.

4-A K H i (4e): ALK, 73 87%. mp. 75~
77 C(CEMEDY 76~77 “C); '"H NMR (400 MHz,
CDCly) d: 7.77~703 (m, 4H), 7.60~7.56 (m, 1H), 7.49~
7.43 (m, 4H); “C NMR (100 MHz, CDCl;) d: 195.3,
138.7, 137.1, 135.7, 132.5, 131.3, 129.8, 128.5, 128.3.

1,2- R FE 2T (4f): R E AR, P73 85%. m.p.
57~58 ‘COCHE!" 53~55 C); '"H NMR (400 MHz,
CDCly) d: 7.98 (d, J=6.6 Hz, 2H), 7.48 (d, J=6.4 Hz,
1H), 7.40 (d, J=6.5 Hz, 2H), 7.28~7.23 (m, 5H), 4.22 (s,
2H); *C NMR (100 MHz, CDCl3) §: 197.4, 136.4, 134.4,
133.0, 129.3, 128.5, 128.5, 128.4, 126.7, 45.3.
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13- R BN A IR (4g): R B R, 2 E 80%.
m.p. 55~57 COCHRE! 53~54 C); '"H NMR (400
MHz, CDCl;) d: 8.00 (d, J=7.8 Hz, 2H), 7.79 (d, J=15.7
Hz, 1H), 7.62~7.56 (m, 2H), 7.56~7.37 (m, 5H), 7.36 (s,
2H); *C NMR (100 MHz, CDCl;) d: 190.1, 144.4, 137.9,
134.5,132.5,130.2, 128.6, 128.3, 128.2, 128.2, 121.7.

1- 2K 36 -1- i ()™l Bk, P35 80%. 'H
NMR (400 MHz, CDCLy) 6: 7.90 (d, J=7.3 Hz, 2H),
7.49~7.45 (m, 1H), 7.40~7.36 (m, 2H), 2.89 (t, J=7.4
Hz, 2H), 1.71~1.61 (m, 2H), 1.42~1.29 (m, 2H), 0.90 (t,
J=17.3 Hz, 3H); “C NMR (100 MHz, CDCl;) 4: 200.0,
136.7, 132.5, 128.2, 127.7, 38.0, 26.1, 22.2, 13.7.

1-3F C 3 -1- 2R 5 R (4i): A, 77 75%.
m.p. 54~56 COCHRE! 53~54 C); '"H NMR (400
MHz, CDCl;) d: 7.96~7.92 (m, 2H), 7.54~7.51 (m, 1H),
7.46~7.42 (m, 2H), 3.29~3.22 (m, 1H), 1.90~1.71 (m,
4H), 1.73 (d, J=12.6 Hz, 1H), 1.54~1.23 (m, 5H); "°C
NMR (100 MHz, CDCly) d: 203.6, 136.2, 132.5, 128.4,
128.1,45.4,29.3,25.8, 25.7.

1-ZR -3 T M- 1-B (4)1): W OIE, 72F 75%.
'H NMR (400 MHz, CDCls) d: 7.94 (t, J=9.1 Hz, 2H),
7.56~7.53 (m, 1H), 7.46~7.42 (m, 2H), 6.13~6.03 (m,
1H), 5.26~5.16 (m, 2H), 3.74 (d, J=6.7 Hz, 2H); "*C
NMR (100 MHz, CDCly) o: 197.7, 136.3, 133.0, 130.9,
128.4,128.1, 118.5, 43.2.

3.3 k&6 7 AR

50 mL TR O, IOANEEE (6 mmol), FIIA
0.5 mL T THF ¥, BiPE. #1486 mmol) s A&t
WA 0.6 mL, HIHEMURUINA, FHARG BRI 2
. FRRRE A X SRR Weinreb BEZ 5 (3 mmol)ia T 6
mL THF ", ZZ483 N\ R NAR R, In5e/E4hm 3.5 mL
THF, 48500 [ N, TLC A [ N 58 48 )i, 1] J S
REPIH A 10 mL WA AW, PidE 10 min, H
LR CBEREH(10 mL X 3), WA, HICKERERE:
THE, AREAGE, WATHENVCH ) @ LR
Big)=40 : 115> & 15774 6 A1 7.

N-FH B N-F AR 2R B 2SR Bk (6a): (1 £
A, 722 85%. m.p. 66~67 ‘C(CHRE! 65~66 C);
'H NMR (400 MHz, CDCl5) d: 7.82 (d, J=7.8 Hz, 2H),
7.56~7.53 (m, 1H), 7.44~7.40 (m, 2H), 3.55 (s, 3H),
3.26 (s, 3H); *C NMR (100 MHz, CDCl3) : 190.8, 167.2,
134.5,132.7,129.2, 128.8, 61.9, 31.2.

N-FH I N- AR 05 AR LB i (eb)!' ) Tt Ak,
722 83%. '"H NMR (400 MHz, CDCl) d: 3.68 (s, 3H),
3.22 (s, 3H), 2.69 (t, J=7.2 Hz, 2H), 1.67~1.60 (m, 2H),

http://sioc-journal.cn/ 1049
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1.41~1.32 (m, 2H), 0.93 (t, J=7.2 Hz, 3H); "C NMR
(100 MHz, CDCl5) d: 200.7, 168.1, 62.1, 39.2, 31.3, 24 .4,
22.0, 13.6.

N-FF 3 N- 48 3 -5- A R-5- 2R 2 TR B e (7)) 1%
WK, 7% 83%. 'H NMR (400 MHz, CDCls) o:
8.00~7.95 (m, 2H), 7.55 (t, J=7.3 Hz, 1H), 7.45 (t, J=
7.5 Hz, 2H), 3.67 (s, 3H), 3.18 (s, 3H), 3.09 (t, J=7.0 Hz,
2H), 2.56 (t, J=6.3 Hz, 2H), 2.12~2.05 (m, 2H); "C
NMR (100 MHz, CDCl;) d: 199.8, 174.0, 136.8, 132.9,
128.5, 128.0, 61.1, 37.6, 32.0, 30.9, 19.1.

N-FR - N- H A - 6- S AR -6- R 5 CUBE L (Tb): 7R 3%
K, 773 47%. '"H NMR (400 MHz, CDCl;) 6: 7.95
(d, J=17.3 Hz, 2H), 7.55 (t, J=7.3 Hz, 1H), 7.45 (t, J=17.5
Hz, 2H), 3.68 (s, 3H), 3.17 (s, 3H), 3.01 (t, J=6.9 Hz, 2H),
249 (t, J=6.5 Hz, 2H), 1.84~1.68 (m, 5H); C NMR
(100 MHz, CDCl3) d: 200.0, 174.2, 137.0, 132.9, 128.5,
128.0, 61.2, 38.3, 32.2, 31.7, 24.3, 24.0; IR (film) v: 2815,
1725, 1348, 1200, 928 cm ™ !; HRMS caled for Ci4H,oNO;
[M+H]" 250.1438, found 250.1435.

N-FH 3 N- R AR R -3 2% P 356 2 PR B A (7)™ 3%
FOWAK, 7% 45%. "TH NMR (400 MHz, CDCl5) d: 8.00
(s, 1H), 7.82 (d, J=17.5 Hz, 2H), 7.71 (d, J=7.4 Hz, 2H),
7.53~7.35 (m, 4H), 3.46 (s, 3H), 3.27 (s, 3H); *C NMR
(100 MHz, CDCl3) 0: 195.7, 168.7, 137.2, 137.0, 134.1,
132.5,131.9, 131.7, 129.9, 129.6, 128.3, 128.1, 61.0, 33.3.

34 HEHM8HEM

50 mL FEH CORH, IS (12 mmol), 1 mL F-
f& THF ¥, Hidk. FIRZK(12 mmol)Je FHEME A 1.2
mL, FHRXINE, HARG BRI 2 min. Fk
PR IR Weinreb BEf% 5 (3 mmol)#AT 14 mL THF
W, AR AR R, IN5EE M S mL THF, =64k
SEAFE N, TLC frill Je S 5642 )5, 1l SR &4 o
A 20 mL WIRISAGEZ VA, HiFE 10 min, H 218 O3
(10 mLX3), 7r tHAHUAHE, HTCKEmEREE Tk, &%
WRJa, ATHENT VR MER) @ (IR ZB8)=40 © 1]
YA 8.

1,5- 2K FE-1,5- 1% il (8a): HEEMAE, F2K 85%.
m.p. 65~67 CCLHRE! 65~66 C); 'H NMR (400
MHz, CDCl3) d: 7.98 (d, J=7.7 Hz, 4H), 7.55 (t, J=7.2
Hz, 2H), 7.47~7.43 (m, 4H), 3.12 (t, J=6.9 Hz, 4H),
2.23~2.16 (m, 2H); C NMR (100 MHz, CDCL) o:
199.7, 136.8, 132.9, 128.5, 128.0, 37.5, 18.7.

1,6- 7K F-1,6-C0 F(8b): HEL, F5K 89%.
m.p. 105~107 ‘CCLHrME"" 106~107 C); '"H NMR
(400 MHz, CDCL3) 6: 7.99~7.93 (m, 4H), 7.56 (t, J=7.4
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Hz, 2H), 7.46 (t, J=7.6 Hz, 4H), 3.07~3.01 (m, 4H),
1.88~1.80 (m, 4H); C NMR (100 MHz, CDCl;) o
200.0, 137.0, 132.9, 128.5, 128.0, 38.4, 23.9.

3-SR HE R —OK HEH (8c): A, FEE 87%.
m.p. 100~102 CCCHME"" 96~98 °C); 'H NMR (400
MHz, CDCl;) 6: 8.20 (s, 1H), 8.04~8.01 (m, 2H), 7.82 (d,
J=17.9 Hz, 4H), 7.65~7.58 (m, 3H), 7.51~7.47 (m, 4H);
C NMR (100 MHz, CDCl3) d: 195.7, 137.7, 136.9, 133.4,
132.8, 131.1, 130.0, 128.5, 128 .4.

4- FE 3L 2K HER (8d): A B[R, PEE 88%.
mp. 160~162 ‘CCCHAE"" 158~160 C); 'H NMR
(400 MHz, CDCl3) 6: 7.89 (s, 4H), 7.84 (d, J=7.5 Hz,
4H), 7.65~7.61 (m, 2H), 7.54~7.50 (m, 4H); *C NMR
(100 MHz, CDCly) &: 195.9, 140.6, 136.9, 132.9, 130.0,
129.6, 128.4.

2,5- K IR E W) (8e): F A [E K, =& 80%.
mp. 110~112 CCCHREP 108~109 C); 'H NMR
(400 MHz, CDCl;) 6: 7.91 (d, J=7.0 Hz, 4H), 7.67~7.62
(m, 4H), 7.54~7.51 (m, 4H); “C NMR (100 MHz,
CDCly) d: 187.9, 148.4, 137.2, 133.7, 132.9, 129.3, 128.6.

2,6- 2K H R SL ot g (86): L[ A, PR 84%.
m.p. 105~106 ‘C(CHEAEPY 100 C); '"H NMR (400
MHz, CDCLy) d: 8.26 (d, J=7.8 Hz, 2H), 8.14~8.08 (m,
5H), 7.57~7.53 (m, 2H), 7.41~7.38 (m, 4H); *C NMR
(100 MHz, CDCLy) 6: 192.4, 153.7, 138.2, 135.9, 132.9,
131.0, 127.9, 126.8.

$#H A1k (Supporting Information) F=4Jff) NMR i /.
X LA L AT DL 9 AR T 93285 (http://sioc-journal.cn/)_E
T .
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