Chloroform as a Carbon
Monoxide Precursor:

In or Ex Situ Generation
of CO for Pd-Catalyzed
Aminocarbonylations
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Carbon Monoxide

* COis acolorless and odorless gas
* |soelectronic to cyanide
e Toxicin concentrations above 35 ppm for long term exposure
e Acute toxicity above 670 ppm
e Competitive binding to hemoglobin
* Trace amounts are naturally occurring in the body
* Used in signaling processes
* The formation of carboxyhemoglobin is a reversible process
elimination half-time ranges from 2to 6.5 h
* Inhibits the of function of CyP450

James Johnson @ Wipf Group

J. R. Soc. Med. 2001;94(6):270-272.
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Transition metal-catalyzed
carbonylations

CcO CO
RSnBug ROH
©)J\ Ar CO © CO | X OH
ArB(OH), H,O =

Angew. Chem. Int. Ed. 2009, 48, 4114 — 4133
RSC Adv., 2014, 4, 10367-10389
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CO sources in aminocarbonylations

PdOLn, HNR1R?
Base
X CO X atm NR1R2
X =1, Br, CI

Pd° HNFUF%2 O

T e,
MW 110 or 130 °C

X=1,Br
M = Ni, Mo, W

Chamber 1
Pdo, HNR1R?

DiPEA NR1R2
_—

Chamber 2

X =1, Br Pd(dba) (5 mol%) 9 examples
P(tBu)3 (5 mol Ab 63-94%
DIPEA

Oo

Chamber 1

Pd,(dba)s, Xantphos Q
o X DIPEA HNR'R2 NR1R2
é
| = Chamber 2

CO,
X=1 Br CsF (10 mol%)
(Ph,MeSi), (0.75 eq)

6 examples
79-99%

James Johnson @ Wipf Group

Chamber 1
Pd-Xantphos

@]
EtsN, Morpholine
X 45 °C N/\
©/ Chamber 2 O

KF(1.2e
X=1,Br ( 0 9 33 examples

ph. JL 55-99%

Ph’S|I OH

@)

M

H™ “NR'R2
Pd(OAc),

X
Xantphos NR'R2
POCIs, 135°C, 6h
X=1,Br 34 examples
52-96%

@

PN

H” > NMe,
Pd(OAc), dppf O

X HNR'R2, Im, KOtBu NR'R2
©/ 180°C, 15 min MW
X =1,Br 7 examples
59-94%
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CHCI; as a source of CO

Z>R Cl
NaOH . Cl\b\
CHCl3 TBAC = ™l g R
Z>R
[Pd]
-OH
Pd] > Pd(CO)
ol . Hydrolysis
(7.5 mol%) Pd(PPh3),Cl, ;. 5 mol%) Pd(PPh3),Cl
e N By KON y N OH |+ X ( )KOI(-| 3)2Cl> o)
[ > n I =
= 7 0] Ar Ar Ar OH
N %0 ¢ 2en
11 examples 10 examples
10 to 68% 51 to 78%

e Low overall yield of CO ca. 2.3%
* CHCI; required as solvent
e Biphasic mixture

Organometallics 1993, 12, 3846.
J. Chem. Res. (S) 1999, 328
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Title Paper

R2 3 Palladium-Catalyzed
R1-X + |CHCI3| + 'N‘R - N’Ra
H  Aminocarbonylation R’ :,
+ 36 examples
CHCI, Mg + Up to 99% yield
+ 13C labeling
RAPID and HIGH YIELDING CQO Generation! + Scalable
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Heterogeneous CHCI, hydrolysis

Chloroform Hydrolysis

100
9 - - 90
8 - ]
m | " B E N 1 [ ] 80 IC OH H20
- 7 - 70 - S
E £ eKOH o
(o) 6 60 BT §
%) ©  ANaOH g
5 5 - 50 2 S
° ¥ ONaOH-H20 -
E 4 - 40 g_ _ =
% <n_ ©LiOH 2
o £

> 3 oG o0 o L L J * @ & ¢ L J 30 AL|OHOH20 5

2 - 20 5

& & 8888 8 ? 10
T T Ll 1 1 ) T I O
10 12 14 16 18 20 22 24
Time (hr)

Conditions: base (1.33 mmol), CHCI; (0.40 mmol), PhMe (0.8 mL) 80 °C 24 h
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entry

O 00 NI N bW

et
N = O

13

“Pd(OAc), (2.5 mol %), ligand (10 mol %), base (3—10 equiv),
chloroform (1—3 equiv), PhMe, 80 °C, 24 h. ®In situ yield determined
by gas chromatography with comparison to undecane (10 uL) as an

1.0 equiv

e

Pd(OAc), (2.5 mol %)

ligand (10 mol %)

0 . O
( j CHCI; (X equiv) \ /\
N base (3.3X equiv) [ j L_oO

. PhMe, 80°C, 24 h 1a

1.2 equiv
ligand base CHCI, (equiv) in situ yield (%)°

DPEphos CsOH-H,0 1 40
DPEphos CsOH-H,0 2 77
DPEphos CsOH'H,0 3 91
PPh, CsOH-H,0 3 62
+-BINAP CsOH-H,0 3 46
dppf CsOH-H,0 3 72
dppp CsOH-H,0 3 S8
DPEphos LiOH 3 0
DPEphos NaOH 3 20
DPEphos KOH 3 61
DPEphos tBuOK 3 1§
DPEphos NaHMDS 3 0
DPEphos Et;N 3 0

internal standard.

James Johnson @ Wipf Group
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Pd(OAc)2 (2.5 mol %) Pd(OAc), (2.5 mol %)

DPE-Phos (10 mol %) o | o DPgﬁ&os( )((1 2 rlr:lt\all) %) o
| 0 CHCls (3 equiv) @,KN/\ ©/ . [ j s (X eq - NN
+ >~ -
©/ [N] K/o N CsOH*H,0 (10 equiv) K/o
H

CsOH*H,0 (X equiv
PhMez(O.(17 I\;II) ) PhMe (0.17 M)

0.1 mmol 0.12mmol 80 °C. 24 h 0.1mmol 0.12mmol 80 °C, 24 h
1 2 ! 1a 1 2 1a
Entry  Equiv CsOH*H,O % yield 1a° Entry EquivCHCI; % yield 1a”

1 3 34 1 1 40
2 4 37 2 2 77
3 5 44 3 3 91
4 6 57 4 10 86
5 8 71 5 50 68
6 10 91 6 Solvent 52
7 20 52

8 50 50

Pd(OAc); (2.5 mol %)
Pd(OAc), (2.5 mol %) Ligand (10 mol % for bidentate
DPE-Phos (X mol %)

C Q 20 mol% for monodentate)
©/I . [O] CHCl; (3 equiv) O/LN /\ ©/| [Oj CHCl; (3 equiv) ©/kN /\
t + -
” CsOH-*H,0 (10 equiv) © N CsOH-+H,0 (10 equiv) K/O
PhMe (0.17 M) PhMe (0.17 M)
0.1 mmol 0.12 mmol 80°C,24 h 0.1 mmol 0.12£nmol 80°C. 24h
1 1

James Johnson @ Wipf Group

1 2 1a 1a
Entry L:Pd % yield 1a° Entry Ligand % yield 1a°

1 0.5:1 30 1 dppp 58
2 1:1 86 2 dppf 72
3 2:1 85 3 +-BINAP 46
4 2.5:1 87 < Xantphos 91
5 4:1 91 5 DPE-Phos 91
6 5:1 84 6 Cy-DPE-Phos 80
7 6:1 82 7 PPhs 62

8 Ph2As-(CH3) 2-PPh; 34
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Pd(OAc) (2.5 mol %) Pd(OAC), (2.5 mol %)
DPE-Phos (10 mol %) o DPE-Phos (10 mol %) 0

(jl [0] CHCI3 (3 equiv) @)(N /\ ©/l [Oj CHX; (3 equiv) ©)(N /\
+ - + -
N~ CsOH-Hz0 (10 equiv) .o N~ CsOH-H,0 (10 equiv) .0

PhMe (0.17 M) PhMe (0.17 M)

0.1 mmol 0.12 mmol T°C,24h 0.1 mmol 0.12 mmol 80°C, 24 h
1 2 1a 1 2 1a
Entry Temperature (°C) % vyield 1a” Entry X % yield 1a”
1 22 6 1 Cl 91
2 40 23 2 Br 55
3 60 83 3 | 21
4 80 91 4 OMe 20
5 100 86 5 OEt 26
o
o
% Pd(OAC), (2.5 mol %) o
D';de(%%)sz fi‘xmn?él’%) o | o DP(E:-:g:fS( g gquigl) %) 9 §
| 0 CHClj, (3 equiv) 3 - N
OO et Ay O Qe (0, B
N~ CsOH+*H,0 (10 equiv) N~ CsOH+H,0 (10 equiv) S
H PhMe (0.17 M) H Solvent (0.17 M) 2
0.1 mmol 0.12 mmol 80°C, 24 h 0.1 mmol 0.12 mmol 80°C, 24 h =
1 2 1a 1 2 1a %
£
Entry mol % Pd % yield 1a° Entry Solvent % yield 1a° S
1 0.02 0.2 1 Toluene 91
2 0.1 3 2 Benzene 87
3 0.2 14 3 1,4-Dioxane 71
4 0.4 40 4 Acetonitrile 0
S 0.6 57 5 Tetrahydrofuran 86
6 0.8 74 6 Hexane 57
7 1.0 78
8 2.5 91
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In vs Ex Situ

Pd(OAc), (2.5 mol %)

DPE-Phos (10 mol %)
©/' [Oj CHClj; (3 equiv) @)k
+ -
u CsOH*H,0 (10 equiv)

PhMe, 80 °C
0.1 mmol 0.12 mmol

In Situ Setup

Yield 91%
Initial rate 1.4 x 10> Mes?

James Johnson @ Wipf Group

0]

N

(o)

Chamber 2
Pd(OAC)z (25 mol %) fo)

| o DPE-Phos (10 mol %)
') - (70
N Chamber 1 L_o
H CHCI3 (3 equiv)
0.1 mmol 0.12 mmol |[CSOH"H,0 (10 equiv)

1 2 1a
PhMe, 80 °C

Ex Situ Setup

ke

Chamber 1

85%
1.3 x 10> Mes
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Pd(OAc), (2.5 mol %)
DPEphos (3.75-10 mol %)
CHCl; (3 equiv)

o
.R?
= N
CsOH-H,0 (10 equiv) ©)Lé,

PhMe, 80 °C, 12-24 h

Pd(OAc), (2.5 mol %)
DPEphos (10 mol %)

1a-q
(o] (o] 0
1
©)LN/\ 3CN’\| ©)k"|‘a©
k/o K,O
130.1, 1b
81%0, 91%¢ 96%9, 56%® 84%¢
(o] (o] JNle (0]
N""Me N"“Me N""Ph
kMe Me l\ph
1c 1d 1e
74%P, 85%°¢ 20%2, 62%°¢ 67%P, 89%¢
2 i O it MeMe
NT>""Me N NkMe
H H H
. 19 1h
b.f b.f
87% 89% a7ece
(o] o) o rMe
N""Ph NTF N~~N_Me
H H H
1i 1j 1k
85%5.f 82%0b.f 86%05.f
g ? D R
N0 N N
H [y H -
1l in
949%0.f 96%°
2, Q g
N
@AN (j/K H N
10 1q
59%05, 38%¢ 58%" 70%‘ 73%°
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o CHCl; (3 equiv) ?L
il [Nj CsOHH,0 (10equv) ~ R N
X =Br, | H PhMe, 80 °C, 24 h k,o
O 0 O
OO QO =00
EtO Lo
MeO \0 Mo A0 .
2a
ol 78%* 49%¢
/©)o\ ~ o} F O
N
Ny NN
Cl '\/0 5 /gk K/o = K/
s 2e 2t
o7%> 89%> 19%¢
(0] 0 o
N N7 S
Etoch)L K/O Mem/(j/‘L k/O ())( |\/o
2g O 2n 2i
94%° 92%¢ 73%¢
s 2 *HOL 0
NN s ~
- SRS
2j 2k 21
72%° 79%° 809%°
J g QLR
. SN N
2m 2n 20
88%¢.d 95%¢ 65%¢
o] o o] o]
o QO e
" Coie
Cl (o)
2p 2q 2
99%® 99%®> 799%¢
Moclobemide CX-546 Nikethamide
anti-depressant schizophrenia treatment stimulant
7/25/2015
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Conclusions

Interesting use of Chloroform

In or Ex Situ production of CO

Allows for isotopically labeled amides using 13CHCI,
Suitable for small scale/parallel synthesis

Low cost/prep

Future directions
Expand the scope to other carbonylation reactions
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Chamber A Chamber B

Catalyst -1 O
(10moi%) [ ©© '

- (o
CO; _ . - O "NHn-hexyl
MePhzS2 mepn S0 | meo
1

(1.7 equiv) (0.5 mmol)

- 2
o
=}
o
O
CsF RsSi—SiR, 5
R3SIOSIR, =
® -
T 2
R.SI~ SiR, =
e ® | | 2
R4Si-0O Cs 0-C, 4
(o] ® S
RaSi—F B fOCs ]
co R4Si—SiR4
W A
o @ o <
0% e— ¢ o0 0
R4SI—=0 RySI ¢ O Cs
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dnoug Jdip\ @ uosuyor sswer
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RCO; + H0 + X° L,Pd(X)R
1
3
O
20H + RX =
®
o
L,Pd(X)(COR) Ly(X)RP4=CCl, £
4 2 F
(]
=
2 OH
L,Pd(X)R(CO)
L = PPh, 3

2Ct + H,0
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