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Abstract Tetrasubstituted olefins are industrially important building blocks, which have been widely used in material and
medicinal chemistry. Strategies that enable access to olefins have been developed, including the classic McMurry reactions of
ketones using organotitanium reagents. The development of McMurry-type reactions using earth-abundant metals as cata-
lysts, by the homo- and cross-couplings of two carbonyls in the deoxygenative fashion, would be a value-addition to
tetrasubstituted olefins. Herein, we report the deoxygenative couplings of ketones that are enabled by cost-effective chromi-
um catalysis. These couplings occur with low-cost Cr salt as precatalyst, 4,4'-di-fert-butyl-2,2'-bipyridyl (dtbpy) as ligand,
metallic Mg as reductant, and trimethylchlorosilane (TMSCI) as additive. The protocols can be applied to achieve both homo-
and cross-coupling of ketones, allowing for the efficient formation of sterically demanding tetrasubstituted olefins in one-step
operation. Based on our experimental results and known reports, a plausible mechanism involving in the Cr-catalyzed deox-
ygenative couplings of ketones was proposed, wherein the reactive silachromate(I) might be formed by reaction of low-valent
Cr species with Mg and trimethylchlorosilane, and is detected by high-resolution mass spectrometry analysis. It adds to un-
saturated carbonyl of ketone in giving silyloxy-substituted (alkyl)Cr intermediate, followed by process of carbometalation by
the addition of C—Cr bond to carbonyl of another ketone molecule. The C=C bond is formed by following deoxygenation in
giving tetrasubstituted olefin product. Trimethylchlorosilane plays important roles in the ketone deoxygenative coupling, by
the formation of reactive silachromate in responsibility for the addition and deoxygenation processes. The general procedure
for the deoxygenative homocoupling is as following: in a dried Schlenk tube are placed ketone 1 (0.4 mmol), CrClz (5 mg,
0.04 mmol), dtbpy (10 mg, 0.04 mmol), Mg (20 mg, 0.8 mmol) and TMSCI (50 pL, 0.4 mmol) under atmosphere of nitrogen.
After the addition of freshly distilled tetrahydrofuran (THF, 2 mL) by syringe, the resulting mixture was stirred at 90 ‘C for
12 h. The volatiles were removed under reduced pressure, and the crude product was purified by silica gel chromatography to

give the corresponding tetrasubstituted olefin.

Keywords tetrasubstituted olefin; coupling reaction; deoxygenation; metal catalysis; chromium
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(A) Titanium-mediated deoxygenative coupling of carbonyl compounds
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(E) This work: Cr-catalyzed deoxygenative coupling of ketones
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Figure 1 Deoxygenative coupling of carbonyl compounds to olefins

e = B TR L —, SRR LA
B AL T3 T R I H EOK B BT 7). Falck PRS2 E
R A A R AR AN SR e, SKEL T 0 SRR
i SEU AR IR B B AR R0, diil, FRATUR AR LUK fi
MCSIZIL 1 55 J2k T T P ok — 320 B T 2R X LA IER e SR L T
T 2 PR B S0 SR U AT L A, FEAR AR, 31
RIE T LT McMurry SL(E] 1E). A TLLREN 5375
) —SABORREAL TR 1, 12 4,4- 0T E-2,2"- it g
P AR BEAE IR, SIBL 1 ARt 1A Mol 4 AP IR AT 22 3
RN, A R & 1 YR

Acta Chim. Sinica 2023, 81, 456—460

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

2 @RS
21 RREFEHMHK

DABRA () — AL AL AR BT A S B B I J5E 57,
1E = B SEREREAPE I AR, FRATHE S T 2Kl 1a
I3 ) BB J - B I 8L FL AR ROBE. FEBL 4,4 0T
FE-2 2L RE (dtbpy) E M ECAARRT, FRATT AR I B ) — 5
EEAE AT AT RT DUA O 1a R 4A AR IBG
L, Bl 88% IS A A U R 5L £ 0 2a(3K 1, Entry 1).
2Pl CrCls, CrF;, Cr(acac)s, Cr(OAc); 8¢ Cr(CO)s &A1Y
CrClL I, MAERK 2a MR AHRTRAR. X R IE R
S5 175 SN A AT B 5 M ¥ A A P el 1 A iR (R
1, Entries 2~6). LG FIWHY. 4R 1, Entries
T~9)IRAG S B 45 A 2= L ER AR 2% 1 A BBk
LI FEm, AT 2,2'-BRILRE (bpy) 4,4'- — H J&-
2,2'- BE Wt 0% (dmbpy) A1 4,4'- — B4 FE 2,00 B AL BE
(dombpy) FiLt 7 75 Jit 420 (5 106 Hh R B HE B 2 PR B (3R 1,
Entries 10~12). HAhFE/=&JE2k, @ FeCl,, ZnCl,
NiCl R H BRI EAIE (SRS ).
F1 EGREIREE . ORI R B A P R A S RIS )
i «

Table 1 Effects of metal salts, ligands, and reductants on chromi-
um-catalyzed deoxygenative coupling of benzophenone”

0 O
CrCl,/dtbpy (10 mol%) -
O O Mg (2 equiv.), TMSCI (1 equiv.) O Q

THF (2mL), 90 °C, 12 h

1a 2a

Entry Variation from the "standard conditions” Yield/%
1 none 88
2 Cr(acac); instead of CrCl, 47
3 Cr(OAc); instead of CrCl, 64
4 CrClj or instead of CrCl, 74
5 CrF3 instead of CrCl, 53
6 Cr(CO)g instead of CrCl, 54
7 Na instead of Mg 5
8 Mn instead of Mg 14
9 Al instead of Mg nd®
10 bpy instead of dtbpy 49
1 dmbpy instead of dtbpy 69
12 dombpy instead of dtbpy 23

@ Reactions were conducted with 1a (0.4 mmol), CrCl, (0.04 mmol), ligand
(0.04 mmol), Mg (0.8 mmol), TMSCI (0.4 mmol) in tetrahydrofuran (THF, 2
mL). The yield was determined by GC (gas chromatography) analysis using
n-tridecane as internal standard;  not detected.
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Table 2 Chromium-catalyzed deoxygenative homo-coupling aromatic and cyclic ketones®

_R! .-R! R1-
‘ 0 CrCly/dtbpy (10 mol%) \/7{; N
“R2 Mg (2 equiv.), TMSCI (1 equiv.) “.R? R%~
1 THF (2 mL), 90 °C, 12 h 2
R R
2aR=H (85/%;

87/% on 1.1 g scale)
2b R = Me (90/%)
2c R = OMe (78/%)
2dR=F (70/%)
2e R = N(Me), (60/%)

R

2i (72/%)

o

2n (60/%)

2s (77/%, EIZ = 1:1) 2t (52/%,E/Z = 1:1)

2p (83/%, EIZ = 1:1)

©/Ph OTBS OTPS O O
\ \
. O S O o O $ SRS $

2u (46/%,E/1Z = 1:1)

2v (51/%, E/IZ = 85:15) 2w (50/%, E/Z = 85:15)

4Reactions were conducted with 1 (0.4 mmol), CrCl, (0.04 mmol), dtbpy (0.04 mmol), Mg (0.8 mmol), TMSCI (0.4 mmol) in THF (2 mL). Isolated yields are given.
The stereochemistry of E-olefin relative to Z-stereomer was determined by GC analysis.
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Table 3 Chromium-catalyzed deoxygenative cross-coupling aromatic and cyclic ketones®

9 o CrCl,/dtbpy (10 mol%)
B N lk Mg (4 equiv.), TMSCI (2 equiv.) |
‘ ‘ ) + RZ 82 B X
R < THF 2 mL), 90°C, 12 h L
1 1 R 3 R
3a (61/%) 3b (59/%) | 3¢ (72/%) | 3d (62/%)
O 2.0 heVYed Ao SS
\ \ \ \
3e (66/%) 3f (69/%) 39 (65/%) I 3h (69/%) ‘

3i n=0 (55/%)
3j n=1(57/%)
3k n = 3 (60/%) \
31 n=7 (68/%)

3m (53/%)

3n (53/%) 30 (69/%)

9Reactions were performed with 1 (0.2 mmol), 1' (0.3 mmol), CrCl, (0.02 mmol), dtbpy (0.02 mmol), Mg (0.8 mmol), TMSCI (0.4 mmol) in THF (2 mL). Isolated

yields are given.
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Pl P 420 AR S S B — MR P A FERVUORSP SR A
T, 4358 1 (0.4 mmol). CrCly (5 mg, 0.04 mmol)-
dtbpy (10 mg, 0.04 mmol). Mg (20 mg, 0.8 mmol)F!
TMSCI (50 pL, 0.4 mmol) I A F|T&H Schlenk &+,
PV S 28 I\ B 28 1R 1) DY SR (THE, 2 mL). R
R E T 90 CTREmAhHiFE 12 h 5, R T
FBRIETEE AR, IRJE K BT = TR Z A A
AT I HH L E DY AR 2 2.
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(a) Radical Scavenger Experiments

CrCl,/dtbpy (10 mol%)

1a Mg (2 equiv.), TMSCI (1 equiv.) 2a
THF, 90 °C, 2 h (28%)

CrCl,/dtbpy (10 mol%) 2
Mg (2 equiv.), TMSCI (1 equiv.) TEMPO (3 equiy. ')(64§/)
{J

THF, 90°C, 2 h overnight

1a

CrCl,/dtbpy(10 mol%)
1a Mg (2 equiv.), TMSCI (1 equiv.) BHT (3 equiv.) 2a

THF, 90°C, 2 h overnight (78%)

(b) Exploring the deoxygenative coupling with reactive Cr

) 1a (0.4 mmol)
CrCly (20 mol%)__ Mg (2 equiv.)  TMSCI (1 equiv.)
dtbpy (20 mol%) THF, 90°C,12h  THE g9 °C 2%) (Eq. 1)
then filtration and 12 h
washing with hexane
1a (0.4 mmol)
CrCl, (20 mol%) __Mg (2 equiv.) 2a (Eq.2)
dtbpy (20 mol%) THF, 90 °C, 12 h (4%) a-
2a 1a

Mg (2 equiv.)

TMSCI (1 equiv.)  1a (0.4 mmol) (8%)  (80%)

CrCl, (20 mol%) 5 S + Eq. 3
dtbpy (20 mol%) 1T 90°C, 12h  THF, 80°C otms (Ea-3)
then vacuum and 12h
washing with hexane Ph™ "Ph
2a'
(10%)
(c) Deuterium labeling experiment
) 2a 1a
Mg (2 equiv.) o o
iv.) 1a (0.4 mmol) (28%) (62%)
CrCly (20 mol%) TMSCI (1 equiv.). (D ) .
dtbpy (20 mol%) THF, 90°C, 12h 90°C.1h oTMS
then D,O, 2 h
Ph DPh(=1oo% D)
2a" (8%)
B2 VPRI
Figure 2 Preliminary mechanistic studies
CrCly/dtbpy
Mg | TMSCI
TME Nty o
Ph  Ph THF R N _—
— \=
PH Ph
. RN SAS
IN1 Bu 1a
Mg HRMS (ESI*):
for C, CrN,OSiH* [M+H]*
T™SCI et dee
Found: 4652388 TME&(Ph
Ph N—1Bu
OTMS
OTMS
Ph THF’Cr\ N_—
N= —_— =
N
I .
N2 2U 2a

HRMS (ESI*):
caled for CagHsoCrN,0,SiH* [M+H]*
Exact Mass: 647.3120

HRMS (ESI*): ¢ Found: 647.3134
calcd for Cg1HgogCrN,O3SiH* [M+H]*
Exact Mass: 829.3851
Found: 829.3804
1a

B3 SN SRR

Figure 3 Proposed mechanism
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P P 4858 SARBR S B 1) — MR P B: AERVSIRY 5
T, 43 544ER 1 (0.2 mmol). i 1' (0.3 mmol). CrCl,(3
mg, 0.02 mmol). dtbpy (5 mg, 0.02 mmol). Mg (20 mg, 0.8
mmol) A1 TMSCI (50 pL, 0.4 mmol) Bl A £ T 5 i
Schlenk & H1. FES 8B Z K THF (2 mL)J5,
TEEM FHE 12 h, B2 T RBRIERY), Mr=martik
JERTAA AT BIAH R 22 SR~ 3.
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