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Nickel-Catalyzed Reductive Methylation of Alkyl Acid with
Methyl p-Tosylate

Gu, Jun” Liu, Jiandong” Sun, Yuren’ Wang, Hongyu™®*
(“ School of Materials Science and Engineering, Shanghai University, Shanghai 200444)
(* Department of Chemistry, Shanghai University, Shanghai 200444)

Abstract Methyl group is the smallest carbon substituent that plays important roles in many compounds. Conversion of a
carboxylic acid into a ketone is a fundamental transformation in organic chemistry. This functional group change is usually
performed indirectly by activating the carboxylic acid into an acyl chloride or into a Weinreb amide, and then by nucleophilic
attack with an organometallic reagent. However, direct conversion of a carboxylic acid into a ketone can be achieved in
one-step reaction using at least 2 equiv. of an organolithium reagent at low temperature and producing much tertiary alcohol.
Herein, methylation of alkyl acid under Ni-catalyzed reductive coupling conditions using methyl p-methyl tosylate as the
methylation reagent was reported to yield methylated ketones. Moderate yields as well as good functional group tolerance were

observed under the present mild and easy-to-operate reaction conditions.
Keywords methylation; nickel-catalyzed; alkyl acid; reductive coupling

PR R R LR A LA A L R,
AL B A — R B O, (L E RS H
ik G P T AR MR 8 537 T P 1, BT LAE 24547)
G TR Btk e il 5Nk SO o v S
FAEMRAAY S REELEY), FRRE TN
M2 A AL 27— S B S SOt g s i 12 L
PR TR e A PR () 7 1252 e A R IR 1) % e 21l
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SRR, I PSR E TR S A BURITE Ni/Zn
F N8 SRR AT BB sl W 2R A . 2012 4F,
Weix APV RSz 776 Ni 46, B Mn 80 Zn
VEIE SR, he Sk A5 b 3 s A4t AT 28 AR IR s i A=
IR, SUERNERATREHBIRIE T Ni 0 T REEx
RS S ATV BEE PN, 55 FRRETCY L RRE
PRI, SEIL T A8 SR I f 5 72, G rp o S
AR5 B SR I S TBOK B o 20 i 7 2R A (e — 3,
AL — K MeOTs 1R FSESE kA, S23l T 5
B R R A A B TR R 7 5 AP, X R B IR AE X
R HF P ST TR A R 3 N T I SR B R
BZ 5 T B TAEAL R T 95 BRI, i iR R R
i, th&W 2 FEZAME TAUE 35%MICR. X 2R Ak
BB 5 95 7 IR vb e 56 R 5% 7 5 10 1k 58 R M 22 7 S 84
NI BRI 22 5. Bldn, FRATLERT 55 F U5 w1
e B B A S B BT R P B0 61 5 e S R BRI
AR AT T H G Ni A S JF AR I 4, 7R iR
Y5 TG SO TARBI L RE b, SR SR B 22 A0
P B AR Br Ik R AT S N, K YR B T A SO DY Ak TR
(THF), {di 147 B KA (L &4 3a)RELED 3d,
— W Jot i FR R PR AL TR A X L 1 R 24k B (Bq.
). AFEFEGRAN, RYER L, A8 NI
SEHA ) % 5 AR — AN EE AR

Ni(acac), (10 mol%)
dtbbp (15 mol%)
o Zn (200 mol%) 0
)J\ + TsOM MgCl; (200 mol%) 1
sOMe
Raiky” "OH Boc,O (300 mol%) Raky” "Me (D

TBAI (100 mol%)

Ralkyl =1%and 2°
15 °C, THF

1 ZER5VE
1.1 EHiFE

B 1 equiv. 3-ZKEE N ER(DIE AR I BIEA, 1.5
equiv. X HY 2R 2 FH IR A g R L YR 4T S I 1) 7 128 (R
D. B e, X TR NIRRT R k. &
NiBr,ediglyme {EfEMLFINT, WREAK, RA 41% (En-
try 1). fEH H Al — 285 WL Ni LTI Nicod),,
Nil,, NiBr, | &84  Ni(acac), IR ET. [Rt, Ni J5# A
Ni(acac), RAEMAL LT, e T BEARREAT IRk, 47
BELA5E K 1) I i 2R AR Ba) LT 07 B /NI (3b). =
VI (4) 5 R SRR (S) RO AR AN ERAR, R TR 2
RAIREMEEE 1), 7T R AR G)EZAN RS+
b7 Ni(acac), 4G 8RB 4F. B0 T8 7T
fifii%k. 1% DMSO (Entry 11). DMA (Entry 12)F1 2./
(Entry 13), B USCRARAEAE, [HLiEs: THF /R
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R, BJa, RHIMFEETIRIE. RN A 2R
TBAI (Entry 14), JL-FRAWE; WHRAMA Boc,0O
(Entry 15), W58 &M EAR RN 7= ). AT G2
T AR R 3, Boc,O Fll MgCl, 75 PAFR R A P ) I
RLHR, AT DL R IR ST R I Hh R A4, SR ) it —
5 5 % H R IR A R R AT 8 R ARG, Rk, Z8id ik
AL HIAR S N (Entry 5): 10 mol% Ni(acac), AL
#, 15 mol% dtbbp (3)NHCAE, 200 mol%EE# 1 ik Ji
51, 200 mol% MgCl,, 300 mol%. Boc,O, 100 mol%
TBAI YE ¥ INF, 1 mL THF YE %A, 76 15 Cai%
IRV 12 h
K1 PR

Table 1 Optimization of reaction conditions

Ni source (10 mol%)
ligand (15 mol%)

0 Zn (200 mol%) %
o MgCl, (200 mol%)
. gL (270 Mol
TsOMe 5 06,0 (300 mol%)

1 15equiv. TBAI (100 mol%) 2

1 equiv. 15 °C, solvent 1mL
0.15 mmol
Entry Cat. Ligand Solvent Additive Yield"/%
1 NiBr,diglyme 3a THF TBAI 41
2 Ni(cod), 3a THF TBAI 10
3 Nil 3a THF TBAI 6
4  NiBn, 3a THF TBAI 32
5 Ni(acac), 3a THF TBAI 55
6  Ni(acac), 3b THF TBAI 33
7  Ni(acac), 3¢ THF TBAI 39
8  Ni(acac), 3d THF TBAI 26
9  Ni(acac), 4 THF TBAI 25
10°  Ni(acac), 5 THF TBAI Trace
11 Ni(acac), 3a  MeCN TBAI 45
12 Ni(acac), 3a DMA TBAI 20
13 Ni(acac), 3a DMSO TBAI Trace
14 Ni(acac), 3a THF NoTBAI  Trace
15  Ni(acac), 3a THF NoBoc,O N.D.
16  Ni(acac), 3a THF No MgCl, 20

© 2017 Chinese Chemical Society & SIOC, CAS

“ Yields were determined by 'H NMR with 2,5-dimethylfuran as an inter-
nal standard (calibrated); 100 mol% pyridine as base.

X
IN/ °
</I \
N N
PN 4
3a:R'= tBu, R%= H P\

3b:R'=H, R=H /r'l&/_
3c: R'= Me, R%= H cl

3d: R'= H, R%= Me 5

B itk 3~5 st
Figure 1 Structures of ligands 3~5
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1.2 RITR

T Tk AR S IV TG H e S B R 2 AF(Bq. 2), X RN
JEVIHHTEE SR, DL 3SR ER() AR R, TR AR
HER L), S FRAF R (2), 7T LIS 2] 55%UR
KRR EWIN— AR TG, D3-SR TR AKRY),
&Y 6 MAEHEIRA S5% IR, SRR N ARML 22
TRIE PSR IR IR b B EUR S R FARE A TR
(3E RV, o] LA SR A IR XS AL 51N FE R (12) LA K 4R
FA3)JE, KN FERA D ERE. WA NE(14)
ISR BB R, SO R0)I, BCRABASK, X
A7 EAR i 5 e = 80 R FE IR (7), AR R P ISR AT B
BRAR. SARSRUE, X F— R IR T &, X MR
(3G PRI, (BN T b R R AT 2K, KB
PBEFETR(S, 11 F1 1S) ISR A b — G e SE AT I o %
ik, BRI, Boc R4 IR ILER(1T A1 18)/EIZ&MH T
TEERG I BTAT =8, TRES N LA 2 AU 77 4%
&, SRERE RN

K2 BRSNS R T R
Table 2  Scope of alkyl acid with methyl p-tosylate

O
o} /@/\)K
©/\)‘\ ©/\/\g/ _
2 6 7

Yield: 55%% Yield: 55%7 Yield: 46%?
(0]
(0] ©\/\)k /@/\)CL
Eﬁk\ OMe E
8 9 10
Yield: 30%? Yield: 53%? Yield: 53%2
O 0 (0]
C /U\ /@/\)‘\ . /@/\)‘\
11 12 13
Yield: 35%" Yield: 61%? Yield: 62%2
0 0
/@/\* > /<O PhM
cl Ph
14 15 16
Yield: 63%7 Yield: 30%" Yield: 61%2

C< o
Boc
N N~
\ H
Boc
17 18
N.D. N.D.

“ Yield of isolated product. ” Yield determined by 'H NMR spectroscopy using
2,5-dimethylfuran as the internal reference.
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10 mol% Ni(acac),
15 mol% dtbbp

200 mol% Zn 0
/COOH 200 mol% MgCl,
Raikyi + TsOMe ——————» Rpyy (2)
100 mol% TBAI 2
1 300 mol% Boc,O
1 equiv. 1.5equiv. THF1mL

0.15 mmol r.t., overnight

1.3 FIRERIR RIAIE

Ni (AL IE AR B R R LB B S 2, RATTRTIX
AN NI AT HED . MeOTs 1] fg4x 5 b il g5 1
(V9T B Ab A ) Bl SR8 T (R BE ) A e G2 18 A RUAE R IR
R ReE AR S 5 RN, TR MeX WRE
B, PR T MeX SHEREMIMAE 2R, $em T Mk
FEMEPY 4 Ni b AL 1 I ) 3 R AR A I R A
R A Ni R AA DL, =4 Ni R EE Ik R B 15 3
FR S =) A0 — 4 Ni R )R T, — 0 Ni A ) 4R 5 MeX
VR FRR A PR 8 A0 — A0 Ni R A TV, s
Ni AR TV SRR FE N ZA Ni P E R 58 i AL
M (Scheme 1).

Ly RvA
R Nl AN
~OC(O)R! | ~OC(O)R!
| Me
I
;
(R'C0),0 Me
NI JOL
\ R'” “Me
L L
Zn /'” .
XIS : X—Nil_
v 1
MeX

B 1 50T FF TR G P 3 A Jl A ) T RE L
Scheme 1 Proposed catalytic cycle for methylation of methyl
p-tosylate

2 45

A ST T AL R R IR 1 v, R &R
Ni A AT — 4 bt S BRI PR AL PR, 345 rpi 2%
e, I LA IS LA, 7T LA B 2 F A [ ot
FERR IR, 544 Ge IR TP LA B (L R 1 T AR L, 78
T RS, B, SR B, Ay
VI (R S5 7, R )R e PR ) A AR T
— A HHIFN .

3 Sy
31 UES5EH
MREBARE Y H Bruker 500 MHz KEHEIEIRAL /3 #7,
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STAREATE 'H NMR 1 °C NMR % B b L2268 4
BE T 6 7.26 M177.0. w73 )5 i (HRMS) 4% ti Bruker
APEXIII 7.0 Al IonSpec 4.7 TESLA FTMS 737 il 45 51
A7y P o s e 87 | 9 GCMS-QP2010 43l i
P s

BRAEA R A B, P S RS AE B AR A T R
fE. Jo7K THF 2 AN/ 2R iR R h 215 2. e
1% ) I VR TR A& AT 4. Zn (99.9%, powder, Bi
FiT), Nil, (99.5%, Alaf Aesar), Ni(cod), (99%, Stream),
NiBr, (99.5%, Alaf Aesar), Ni(acac), (99%, Alaf Aesar),
NiBr,ediglyme (99.5%, Strem). N,N-"FJ& Z.ftfiZ DMA
(99.8%, SuperDry, with molecular sieves), — FFHE TP
DMSO (99.8%, SuperDry, with molecular sieves), Z}E
CH;CN (99.5%, SuperDry, with molecular sieves). J4x
SN ARG I B 2 A RGPS A ALk
JEHTEREREE 300 £ 400 HEER(E T BigEE).
3.2 ZLWHESHIE

I Ji PR AN P S SRR R R A e PR IR AE
BT B4 (¥ Schlenk SRR H IR R EA(0.15
mmol, 100 mol%). /& 3 (0.0225 mmol, 15 mol%)-
MeOTs (0.225 mmol, 150%)+ £££73(0.3 mmol, 200 mol%).
Schlenk 2 N #% 2 FEH/ A, 1£ 30 min NS 3 X,
SR JETEFEH W Ni(acac), (0.015 mmol, 10 mol%)#Fl
S ALEE(0.3 mmol, 200 mol%). Schlenk /N IfE#:#% H F
44, Boc,O (0.45 mmol, 300 mol%)Al THF (1 mL)ifiid
RN, RBAERTE 15 CNRM 12 h, R4
ZJ5 B LR NTRERRE 73 B, 49 2R B ) A
.

REENE(2): L EMHARBAE, 12.2 mg, =% 55%.
'"H NMR (500 MHz, CDCl;) d: 7.33~7.29 (m, 3H),
7.24~7.21 (m, 2H), 2.93 (t, J=7.4 Hz, 2H), 2.78 (t, J=
7.4 Hz, 2H), 2.16 (s, 3H); *C NMR (125 MHz, CDCl) 6:
207.9, 141.1, 128.5, 128.3, 126.1, 45.1, 30.1, 29.7; HRMS
(ESI) caled for CoH;,0: 148.0888, found 148.0891.

4-"RHE-2-THA(6): TLCIRAA, 243 mg, 7 55%.
'"H NMR (500 MHz, CDCl;) d: 7.32~7.28 (m, 2H),
7.22~7.19 (m, 2H), 2.65 (t, J=7.6 Hz, 2H), 2.45 (t, J=
7.6 Hz, 2H), 2.14 (s, 3H), 1.96~1.91 (m, 2H); *C NMR
(125 MHz, CDCl;) o: 208.8, 141.5, 128.5, 128.3, 125.9,
42.8, 35.1, 29.9, 25.2; HRMS (ESI) calcd for C;;H40:
162.1045, found 162.1047.

(4- =5 FFER I (7). Tk, 149 mg, 77
% 46%. '"H NMR (500 MHz, CDCLy) ¢: 7.55 (d, J=8.1
Hz, 2H), 7.32 (d, J=38.1 Hz, 2H), 2.96 (t, J/=7.4 Hz, 2H),
2.80 (t, J=7.4 Hz, 2H), 2.17 (s, 3H); '°’F NMR (500 MHz,
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CDCly) §: —62.39; *C NMR (125 MHz, CDCl) §: 207.1,
145.1, 128.6 (q, J=37.4 Hz), 125.4 (q, J=3.7 Hz), 123.1
(q, J=276.5 Hz), 44.5, 30.1, 29.3; HRMS (ESI) calcd for
C1H,,F;0: 216.0762, found 216.0764.

T R IERER(8): 4.4 mg, OB, 2% 30%. 'H
NMR (500 MHz, CDCL3) d: 3.26~3.21 (m, 1H), 2.22~
2.08 (m, 4H), 2.04 (s, 3H), 2.04~1.91 (m, 1H), 1.81~
1.76 (m, 1H); *C NMR (125 MHz, CDCl5) 6: 209.9, 46.1,
26.9, 24.2, 17.5; HRMS (ESI) caled for C¢H,,0: 98.0732,
found 98.0734

Q-HEEEFTE)NE9): LEMBEAK, 142 mg, 2K
53%. '"H NMR (500 MHz, CDCl3) d: 7.23~7.15 (m, 2H),
6.92~6.86 (m, 3H), 3.84 (s, 3H), 2.91 (t, J=8.0 Hz, 2H),
2.76 (t, J=8.0 Hz, 2H), 2.16 (s, 3H); >C NMR (125 MHz,
CDCly) 6: 208.6, 157.4, 129.9, 129.2, 127.4, 120.4, 110.2,
55.1, 43.7, 29.9, 25.1; HRMS (ESI) calcd for C;;H40,:
178.0994, found 178.1008.

(4-FCF ) I (10): TEEMAE, 13.2 mg, =% 53%.
'H NMR (500 MHz, CDCl;) §: 7.16 (d, J=8.0 Hz, 2H),
6.98 (d, J=8.0 Hz, 2H), 2.90 (t, J=7.4 Hz, 2H), 2.76 (t,
J=17.4 Hz, 2H), 2.16 (s, 3H); "’F NMR (500 MHz, CDCl;)
d: —117.31 (m); C NMR (125 MHz, CDCl;) §: 207.6,
162.3 (d, J=244.8 Hz), 136.6 (d, J=3.1 Hz), 129.7 (d,
J=17.8 Hz), 1153 (d, J=21.3 Hz), 45.2, 30.1, 29.7;
HRMS (ESI) caled for C,(H;;FO: 166.0794, found
167.0833.

HEEE IR B (11): B EIK, 6.6 mg, 1% 35%.
'H NMR (500 MHz, CDCls) d: 2.35~2.31 (m, 1H), 2.13
(s, 3H), 1.89~1.86 (m, 2H), 1.81~1.76 (m, 2H), 1.69~
1.65(m, 1H), 1.36~1.17 (m, 5H); *C NMR (125 MHz,
CDCly) d: 212.3, 51.4, 28.4, 27.8, 25.8, 25.6; HRMS (ESI)
calcd for CgH40: 126.1045, found 126.1048.

(4- LI P ERCY(12): LEamE, 14.8 mg, 7%
61%. "H NMR (500 MHz, CDCl3) d: 7.12~7.07 (m, 4H),
2.86 (t, J=7.0 Hz, 2H), 2.75 (t, J=7.0 Hz, 2H), 2.31 (s,
3H), 2.13 (s, 3H); °C NMR (125 MHz, CDCl;) é: 207.1,
137.9, 135.7, 129.3, 128.2, 45.4, 30.1, 29.4, 21.1; HRMS
(ESI) calcd for C;;H;,0: 162.1045, found 162.1049.

(4-FAE R AR (13): BBk, 16.5 mg, YR
62%. "H NMR (500 MHz, CDCl3) 6: 7.11 (d, J=8.6 Hz,
2H), 6.85 (d, J=8.6 Hz, 2H), 3.81 (s, 3H), 2.86 (t, J=7.0
Hz, 2H), 2.74 (t, J=7.0 Hz, 2H), 2.15 (s, 3H); *C NMR
(125 MHz, CDCl3) d: 208.1, 157.9, 133.1, 129.2, 113.9,
55.2, 454, 30.1, 28.9; HRMS (ESI) calcd for C;;H40,:
178.0994, found 178.0996.
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@-FAFEE)NE(14): BB, 17.2 mg, K 63%.
'H NMR (500 MHz, CDCly) 6: 7.26 (d, J=8.2 Hz, 2H),
7.14 (d, J=8.2 Hz, 1H), 2.87 (t, J=7.3 Hz, 2H), 2.76 (t,
J=17.3 Hz, 2H), 2.15 (s, 3H); *C NMR (125 MHz, CDCl;)
5: 207.5, 139.4, 131.8, 129.7, 128.5, 44.9, 30.1, 28.9;
HRMS (ESI) caled for C,oH;;ClO: 182.0498, found
182.0477.

N 2 W(15): WAk, 5 mg, WE 30%. 'H
NMR (500 MHz, CDCL3) §: 2.86~2.81 (m, 1H), 2.12 (s,
3H), 1.83~1.52 (m, 8H); °C NMR (125 MHz, CDCl;) ¢:
211.2, 52.1, 28.6, 25.9; HRMS (ESI) caled for C;H;,0:
112.0888, found 112.0891.

5,5- K 2-THA(16): Tk, 21.8 mg, YR
61%. "H NMR (500 MHz, CDCls) d: 7.32~7.21 (m, 10H),
4.64 (t, J=17.5 Hz, 1H), 3.22 (d, J=7.5 Hz, 2H), 2.11 (s,
3H); *C NMR (125 MHz, CDCl5) §: 206.9, 143.8, 128.6,
127.7, 126.4, 49.6, 46.1, 30.6; HRMS (ESI) calcd for
Cy7H,50: 238.1358, found 238.1364.

¥ Bh# &l (Supporting Information) {54 2~16 1%
gL AR B X ek} T DL f 2 AAS T 9 355 (http://sioc-
journal. cn/) bR #L.
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