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Chapter 17. Catalytic Carbonylation

17.1 Overview Ar-X or alkene

0] O O ' O 0]
)J\ or )J\ CH;0H R'OH )J\ or J\
HyC™OH  H3C™ O "CHs  Rhorircat. \ / Pd cat. R™OR R OH
H (e H H ‘C=— . . 0
)\/U\ or )\/k - alkene, Hy C=0 epoxide/aziridine X
R H R N Co or Rh cat carbon monooxide Co cat
R? R
Co, Mo, Rh
R O Pdcat. \_ Ru, Ir, Ticat.
alkene alkene ©
n alkyne
17.2. Carbonylation to Produce Acetic Acid
17.2.1. Rh-catalyzed carbonylation of MeOH to produce AcOH (Monsanto Process)
Rh!(CO),IS i
CH,OH + CO commercialized in 1970
3 30-40 atm, 180 °C H,C~ “OH
<Mechanism> kinetically unstable
rate-determining step in the absense of CO
CH4OH CHs |
° detected by IR I:,,R|h\\\CO dimer
(v = 2055, 1985 cm™) 1”77 Sco (X-ray)
I
CHjsl oxidative insertion
¥ T addition (Sn2)
I',,Rh\»CO o i .., .COCHj
non-metallic rganometallic
Al cycle H0 1” Sco Cycle 17| ~co
I
0 reductive
)J\ elimination
H5;C I co -
l.,, | .COCHj Co
O
PIg 17| Sco 0™ order
HsC~ “OH '

microreversibility was confirmed by oxidative addition of Acl to Rh(CO)2I2@
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17.2.2. Rh-catalyzed carbonylation of MeOAc to produce Ac,O (Eastman Process)

0 Rh!(CO),IY , Lil o o

commercialized in 1983
.CH +
H3C)J\O 3 co anhydrous conditions  HsC OJ\CH?,

<Mechanism> o}
.CH
H3C)J\O 8 L ,
*HI works similarly instead of Lil.
CH3sl
Lil Lil-cyclie LiOAc
X
HsC™ Same cat cycle
as Monsanto Process

S

17.2.3. Ir-catalyzed carbonylation of MeOH to produce AcOH (Cativa Process)

established in 1990s
Ir(CO),lx~ i # 5 times more active
CH;OH + CO # more H,0 tolerant
[Ru(CO);ll HsC™ OH # more soluble catalyst than Rh
(promoter) # less expensive metal
<Mechanism> the rate depends on [CO], [H,0], [MeOAc], [Mel], [Ru promoter], [Ir]

nonlinear Rh system only depends on [Rh]and [Mel
detected by IR ( ) (Rnsy y dep [Rh] [Mel])

(v =2100, 2047 cm™) CHs gTTTTTTTemm T ST
MeOH |'/,’I| €O role of promoter = iodide acceptor
r .
! 1”1 co ; CH, o COCHs
CHgl | + |1, | .co ., I| ~CO
C ! Ir. 1y
oxidative insertion L I\CO slow i I\CO
addition ! | I
I, . CO - fast rate-determining step 1/2 [Ru(CO)l,], + CO
(rs (Ir > 150 x Rh) 5 —
P (Rh>10°x1r) . C
= co | Ru(CO)sla®
reductive CH COCH;
elimination ! . | .cO CcO oc., | co
- | ol L Ir
o co L 17 Nco fast 17| co
P I, | .COCHs CO ! co x ~20 |
H | [Ir !
© | 1”1 co | neutral
e



17.3. Hydroformylation

17.3.1. Overview
17.3.2. HCo(CO), catalysis (Oxo process)

H (0] H o
HCo(CO),
R-Xx + COM, RL"“ R)\/lLH

200-300 atm  branched (b) linear (1)
<Mechanism>
T H
H, " -CO | /—

R
‘|| d®, 18e
R reversible &
product H, isomerizable
rate-determining step CO 8
(rate dependency = [H,][COJ™") | O d° 16e C|)O
0] d°®, 16e

|
o co
co co
oc.,. | Co oc.. | Co

""Co H "Co
oc” | oc” | R
co Co
R H
d®, 18e a8, 18e

# high pressure of CO is required to suppress cat decomp (formation of Co cluster or metallic Co)
# all reactions have the potential to be reversible
#1/b ratio = 3~4 : 1 at best

17.3.3. HCo(CO)3(PR3) catalysis

H
Sy _HCo(COMPRs) HJ\/H\H + R H

Har CO (30 alm) E
\

100180 *C n-Aldehyde i-Aldehyde

stable, high MW phosphine
(industrially fabored)

_u
&
I
%-ﬂ
=
%
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OH 75%
o~ HCOCOWPRy) 7
2:1Hz:C0 P 1194
CH,OH (PR3 = P"Buy)
170°C

ey A0 alrm e 14%

ar

C=C isomerization is very fast.



17.3.4. Rh catalysis

Rh(CO),(acac) commercialized in 1970s
PPh, H_O H O lower pressure
XN+ H - 1 + improved I/b
R™™S C(?A)z 70-120 °C R H R)\/U\H less byproduct
10-50 atm lab-scale application
<reactivity> _ R
Rl
R > > R\/\R' > R =
| Relative rate 1.0 0.85 0.67 046 |
! nii o B7:1 10:1 99 : 1 56:1
! 7
<Mechanism>
geometrical isomer rate-determining step
is observed by NMR (rate o< [H,][alkene][Rh][PR3]'[CO] ™)
H H
CO/H, wCO —-CO | —
Rh(CO),(acac) PhsP—Rh —————  PhsP—Rh—CO R
PPh, | ~co |
PPhs PPhs
co
H,,,I?|h“\\PPh3 T (R
0 7N PhaPr Rh—|
H PPh;, H oc”|
H PPh,
R R
roduct
produ H,
?O (@) C|)O
Ph3P—R|h{_<H Ph3P—R|h*>7
R
PPhs R PPh,
\ ?O A
oc” | R
PPhg
HRh{PPhgls == HRK(CO)(PPhy)y == HRK(CO)s(PFhg)z === HRN(CO)3(PPhy) =—= HREh(CO)s

N/

HRh(PPhg)s

Mo activity

\ / N\ /

HRR{CO){PPhgly HAh(CO)z(FPha}

Moderate activity Higher activity
High selectivity Less selectivity

N/

HRh(CO)s

Highest activity
Least salectivity



<Phosphine Effect>

empirical: wider B.A. gives better I/b ratio
| |
/\ \CO ’
P P P—Rh’ ""Rh—CO
N (e < &
M natural bite angle P co
= MM caluculated ap-eq cat. eg-eq cat.
bite angle < 90° bite angle > 90°
Ph, H _
O Pu.,, quAea llg: dination irreversible alkene
""Rh—CO AU insertion originated
5 P | I)??:;g:]rgel\?hﬁé high selectivity.
(T
H__O
RhH(CO),(BISBI) (4mM) 0]
CaHe /\)J\ +
CO/H, (6 atm), 34°C C4Hg H  c,Hg
I/lb =66.5
(cf. I/b = 2.1/ for dppe (BA = 85°))
empirical: H
eq:more EWG — L""th—CO : f:'aster reactior.1 |
oc” | high I/b selectivity
ap:more EDG L'
Piet W. N. M. van Leeuwen et al. JACS 1998, 120, 11616.
E E Table 1. Selected Data for Ligands 1—7
| : flexibility [eg-eq]-[ap-eq]
' PAr, 1| ligand R Bnideg  rangefdeg  yifem™! Op° % ee? | =
d o V1 NCHs), (1090 ) 92124 15 —os([asen [ea-eql+ap-eq]
| | 2 OCH; | 1069 ' 91—-123 3.4 '—0.27 || |s6—62| |1 of RhH(CO),(L)
i |3 CH; 11067 1 91—125 35 =017 || |63—69] |1 2
: PAr : 4 H 11064 1 91-127 4.3 10.00|]|69-75) |1
! 2R s F | 1066 | 92-128 50 1 006]||76-83| | pite angle does
! ! 6 cl | 1078 | 91-126 5.6 023 || [81-88| |
: . (Ar) : 7 CF3 11093 ' 92—128 6.6 L 0.54y| [89—-96| y: not always correlate.
i thi-xantphos S G S WRpsysyuih § ) syt A
""""""""""" similar B.A.
Table 7. Results of the Hydroformylation of 1-Octene at 80 °C?
ligand R O, Ib ratio? % select® % isomer? tof®c most important effect of using
1 N(CH:b» '—083| 4461 931 48 28 electron-poor ligand is to
2 Oi\CHq- . _027 369 | ¢ 92_1 53 45 facilitate CO dessociation
3 CH; —0.17 4441 93.2 4.7 78
- H 1 0.00 50.0 | 1 93.2 4.9 110 H -CO H R
5 F | 006 SL5|1 925 5.7 75 T_y | 4>  +alkene ‘LY 7
6 Cl 1 023] 675|917 6.9 66 _Rh— PR ""Rh—’
7 CF 1054y 865y 921 6.8 158 oc” | faster oo |
Ll L' 4—-}—
conditions: . destablize
CO/H, =1, P(CO/H,) = 20 bar, ligand/Rh = 5

substrate/Rh = 637, [Rh] = 1.00 mM




<Phosphile Ligand>

Rh{COJ,{acac)
Diphosphite . .
Ha CO # high I/b ratio
70 °C, 6 atm # faster reaction than PAr,
# suppressed side reaction
(hydrogenation)
o RA{CO)p(acac) o o]
M Diphosphite Hy, CO HJ\/'\/\/N\\
60 °C, 5 atm
B7% nii=40:1
<Scope>
By "By
1.0 mM {Rh]
2 atm €O, H, o] o
R 120°C W\.\/‘\/H\\
. W
internal alkene BE% 2
‘\ J ‘
& i é? cHO CHO
2 1 mol % Rh{acac)(CO); H s
t_g"““‘o 4 mol % PPhy Q’A‘g o @E N e )\ 48% .
AR, T 800 ps 171 HyCO A AN G N 70%
A THF, 75 °C R H 100% O Q F,»L\
1

acetal

[+
i R = CHa
© Rhg(CO)1q R=F

RhH(CO)(PPhsls

e 100 bar, 100 °C oo Ry (CO)ys
OP(OEl); — o . O:,OF{OEnz 110 bar, 80 °C
AT 1 CHO CHO
w/ directing  cop,=1: 1,37 bar /l\ . A = OAc — R = QEi /J\
group 100 °C, benzene, 44 h AcO ha(COha 021 Thar Hh.-.tcg)dg_, Cmo bar o
79% o . 70%

olefin with EWG gives branched product.
<Enantioselective reaction>

cha"enges scope with Rh-BINAPHOS
branched product should be selectively formed. Substrate Product % ee
simple alkene's directing nature is small.
racemization must be suppressed. e i 66
chiral phosphine is far from reaction space.
. . Ph/= Ph’J"\CHO 98.3
successful ligand families
Babin & W hiteker van Leeuwen & Claver . 1
, {'_r —
i " (;?"\P CH. ,!OF) HSG_O’P ° C4Hs/_ CyHg™* "CHO %0
Y 0.0 o oip;o % /—( 80.9
= “al — .
S 9 Co=o A o o1 /N *'cHo
o-F F-o o _F Ph
Cd o)) R R }‘ g Ph. o~ -OH E“ .? 8a
(2R.4R) R =1#Bu; R" = t-Bu (1R25354A5R) (1R,2R.3RARSS) ©
RA=tBu; R" = OMe
R=H;R"=H

o

~
Sl
CHO
Osp N /““N o é_*S 68
O oy »ﬁ § ©q

a2

{5.R)-BINAPHOS R= }ékﬁ/l\?h TBSO H |
Nozaki & Takaya Landis /]\}—,) 80°
rNH
(o]

* Diaslerenmeric excess.



17.4. Hydroaminomethylation

COMH H H RoNH HH H
R/\ : M H2
Rhcat. R o) cat. R NR;
<Scope>
[RR(COD)CI, +
@ @ usually linear major.
0
HO : > PPhz PPha  HO. -~ o~~~
R L HN 79 MeOHToluene O
7 bar CO, 33 bar Hg, 9T%
125°C,5h
N same O
©/\ ) HNi } above
> @/\/\N Y
N o ol % O ! 41
A Rh(COD)JBFL R N .
120G, 24T, S :
CO (10 bar) + Hy (50 bar) fmmmmmmmmmeeeooo- e o e el
iy R =M SD M
If CFa ll'l B8% G:mrsrsiun e
| 98% amine . .
biphasic system PAr,

OO 82% linear amine
b=g2:12
P CFG/ I L=
/862 tumovers < b excessNHy —mree—a NH; MaD55

F 1
Pk Eanal S ™
OO 100% conversion ! AL
91% amine : Yield (amine) niso  primisec. SO4Na
: a0 =R 7723

. B7% linear amine
S0,Na / [ = 96 : 4
» 910 tumovers

targeting fine chemicals cl
cl cl Clj@
=
| N HN/—\N@ Hh{CD}gtacacJ,L Jj\/j@\ r/\N
400 psi COM ! t-Bu +B
7 ¥ o7 N \/J !

= o
oo o 7 THF, 75 °C, 18 h 0 AN
I 2%

B7% vield, 37 : 1 b L= +-Bu o0
) #-Bu

H I
I o-F P
M H 7
°0a8 OY‘\ oY Ao (acac L Meo,s 0
$ —_— — -
r ‘et 400 psl COM.,, N,n-H&ptyJ O Q
|
OH E

THR, 75 °C, 18 h
t

Ibutilide
55% yleld, 46 :1 Ib

<Mechanism>

oo RZ =H Hiwﬂﬁﬂ- [::ll R! WNHFF’
H1_ﬂ“‘-\_\",‘- + B t ED
n-lsomer HNAZR®
]
R COiH, J\ R #H o wezpd M g NRZR?
A" GHO N He 77
iso-lsomer +iso + Iso

challenges
# prevent catalyst deactivation with excess amines

# e-rich cat enough to reduce e-rich enamine not to prevent hydroformylation



17.5. Hydrocarboxylation / Hydroesterification

_________________________

PdIL cat. , example 0. OH.
; - o (0] ! Y .
P acid co-cat. /\)J\ ! :
' or R ! DU
R e L
R = alkyl R = aryl ' MeO :
. naproxen :
<Scope>
N Y
12,000 TON/hr or Pdpfdba)s
ngéﬁh \j\ NN barco DTBPMB i
1:1 CoHYCO (10 atm) —— or MeOH f-CgH oM
+ MeOH MeOH OMe NN MeSO4H e -
MeS0H or P(BU)
(ligand = DTBPMB) S DTEPMB= @:Pm }E
ula
o intramolecular rxn
Pds(dba)y /\/JJ\ Ph
RS 40O + HCOH DFPE R OH ,UYGH Pdg{dba)a, CHCly ‘Z'_)%
g?s?g H PR/ £ COMy — o opm, CHyCl, g =0
500 100 °C, 800 psi a6%
o 0 PhoP (81% ae)
- MG
P . A (-)-bppm = NVF‘th
N
o o A
o OB
m.-Jl\D‘/‘\\JQ‘-‘ HOM i“—g' u
50,000 TON/hr @ 60°C
high FG tolerance R—=—H + CO + MeOH Pd{OAc)zIL H; {0
alkyne O-Me
R = H: methyl acrylate
R =_Me: methyl methacrylale
L = 2-(6-Me-Py)PPh,
< ism>
Mechanism depends on the ligand nature.
o) ! o
\)J\ L~ FC% __OMe o : L\ /
OMe = OMe
alkoxide cycle : hydride cycle
MeOH MeOH
OMe 0 :
L ® ,Ox : L
(om T 5 ome >Pd (e
co j\ = H
copolymer — copolymer CO

(more probable in Pd/DTBPMB)



17.6. Carbonylation of Epoxides / Aziridines

) o
Co(CO), cat.
Preco f
R acid co-cat. R
(X=0o0rNR")
<Scope>
Alper's system Coates' system (5 = [Cr'"(Etg-porphyrinato)(thf),][Co(CO)4])
)
0.5-4 mol % BF;0EL o 0 .06-0.
o 0.5-4 md%[PPNFFCD(GUL:]BL 0 R_AD * Efﬂ %:;%‘ H\/J.j
AN mcgm B0 °C, 24-48 h, DME atm
R R R = SiMeg/Bu, B, CH,CH=CH, orfurfuryt .~ 0 200
R = H, Me, "Bu, "Hex, GH;Cl, CHO'Pr, .
(CHg)2CH=CHp or (CHz)s CH=CH O , o _003-13moks5 0
. . . e f’Q\ 80 atm Meat, 6 h /Ij
(PPN = bis(triphenylphosphine)iminium) R R
= 97% yield

AL B0 °Ct R = (CH3),OC(0)"Pr (x = 2 or 3), (CH,),C0,"Pr or (CH,)gC(ONMe»
Al dq iR = CH?DAG, CH.OC(0)"Pr or CH; OC{O)Ph

double carbonylation aziridines
! o, A
0 o N N’
o AUCo catalyst1 O 0 Rl 0O 8 mol'% Co,(CO)s
T S0 TPime san - . B4am 100°C.2460h g
B 1aam oy gnec pd R R* R Ré  R2
B0-98% R! = p-MeOCgH,, (CHz)aPh, or Bn 40-95%
- T - R? = 'Bu, Me, —(CHy),—, CH,OSi'BuMes, or CH,0H
A' = Hor Me RS = H, R* = H or Me
A2 = H, Me, Et, decyl, CHpO"Bu, CHa0SiMe,Bu or (CHz)2CH =CHg
W E . At 1
o R
[Co(CO}I” N 8 N
— 19 Cou(C
AlfCo catalyst 1 = 0 (D=12CH, Rt o 2 mal’% Co(CO)g_
34atm  100°C, 14-20h d \™R?
=N o BN = Ph R2 Ph pa
0" ~o— >
. - 40-84%
R'= Bn, GHEGOEEt, JPF. ar CHECH=GH2
; RA? = CH,OSI'BuMe, or H

R? = H, CHaNH,, CH;0Si'Bule,, Me, or CH{OH)CH,CH=CH,

ring-opening carbonylation addition of Lewis acid acclerate the rxn.

HO O oH
N ooy, SRS i A+ g Ay, CoxACOs *+ Rus(CO)rz system

R
R O
"Co” Co,(CO)g + 1,10-Phen + BnBr system
/& + €O H=HCT-.'1e Et TDU\} 2CO% d
R 40-87 atm WS n w/o H,

<Mechanism> .

-
- Ll
N RN O

)

0
0 L{—}.Ig—o g 'f 'm’ 0 ColCO
Pt Ao \ H” "
’ C/ N “OH W
N;;D [ColCOM® N o [COlCONI® N:;o
2L =L w
15T L-(—;\I\T—L —_— L ;i {!’*'\—0 Co(COJa
NVO N\._fo N\—’O R =]



17.7. Carbonylation of Organic Halides (Carbonylative Cross Coupling)

R-X + CO + Nu
(Nu = R'OH, R'5NH, R'-M)

Pd cat. o

N

R™ 'Nu

scope is similar to that of cross coupling.
R = alkyl is remains to be developed.

[PdCl;(MeCN);] 'u,‘.
LiC1, CO (50 pss) | Me
Me DMF, 25°C
intramobecular [
carhomiathee rBu Sn
Me PdLs
Stille coupling “
33
o]
Me 53% Me
Me (53%) y ol
Me:
Me O
B5: (+)-2-ep-atrophone
!
TiP!
MeH Me -
N — N:'D Cll!ﬂu
I M‘:'ﬁ"' COLEt
252
IH 253
I |
[Pd{dbal] (3 mot¥)
carbonylate AsPhy (22 mol%)
Stille coupling CO (50 psi), LiCI
MNMP, 70 °C
(B0%)
L3
0 o
¥
Meh

256 sirychnine
(l LIHMDS, THF, =78 °C Q €O (1 atm) |
cl Pd{OAc), PRy
N ‘m g% ' OT MeOH, NEts, RT COzMe
Ph =
CO; NT ST, COPh CO.Ph
{R)-BINAP-RuCI,, Hy Ha, PLO,
MeQH, 80 °G HCI, MeOH e
N™ *co,Me N7 *co
! He g
79% ee, 82% COzFh 85%

<Mechanism>

co
_R
LyPa(O) 2w LyPdl, 2O [L,,P'u:ﬂ

P r:co;.m: AcOH.B0°C

review: Nicolaou, K. C. et al. ACIE 2005, 44, 4442.

o 05 W,
- Buli, THF, then BE1, W - -
N ® “BEt,

N 3

pY directed ortho-
o "o metallation Boc
e =
Me
201
TO” 7 208
Me Me carbanylative
[PACL{PPhyls] | Suzuki coupling
CO (10 atm)
THF. &0 “C
(75%)
— {0
Boc 0 Ma Me

205: yushchukene

[Pd{dba] (10 mal%)
PrBug (30 mol¥%)
Mn CO (1 atm)

5':":
allylation/

278

Mes
1]
o 45-83%) “—z’u@
F'dL
(i} UME
281 © 280 U”“
Me
e 5._’0?
Xe= N--
H
283: (+)-I-isorauniticine
R ° R
- s HMu, Base -
|:L,,Pd\m} X HX-Bas L”Pd"ﬁ,-hl
8]
______________________________ 1_-1.;,#&‘:
e HMu, Base e |
LaPdZy B R-C-Mu !
~LoPd !

details depend on R-X and HNu.



17.8. Copolymerization of CO and Olefins

at hlgh PCO

Influence of chain length of igand Ph,P(CH,) PPh, on

Pd cat. R O similar conditioins of hyroesterification
R._~ + CO M in the absence of acid co-catalyst
n weakly nucleophilic alcohol or aprotic solvent is preferred.
<Mechanism> o
CO + ethylene
| bidentate ligand(dppp) is favored.
|_/ \ | identate ligand(dppp) is favore
: 6000 L
P= polymer ' ol 40004
: E 2000 - 4 5
E ol rmmumnﬂ, _____ 6.
L\ Py P L\ ® /U\P E 2000+ ﬂ
L/ \ L/Pd\/ E 2| 4000- |
! 6000~
resting state Figure 17.9.

X

Origin of perfect alteration

restlng state
at low PCO

. [PdI=Pd(ppp)
pof 80T [Pd]
co
o}
+ /\%
+ =100 °C
[F'd]}\ [Pd]
pg/ —0C ﬁﬂfﬂ/ﬁh
pe

the rate and molecular weight of puryﬁetone from the

copolymerization of CO and ethylene. Figure adapted from
reference 304,

rate-determining, _
step S

13.4(1) kealimol

12.3(1) kealimol

16.3(1) kealimol
unfavorable

Catalyst decomposition

ool

P—Pﬁu

Measured AGH

or generation of
Pd(0) metal
from Pd hydride

Figure 1712.

One catalyst decomposition
product identified in the
copolymerization of GO and
olefins,

CO insertion into M-acyl bond is thermodynamically unfavorable.

Chain Termination

presence of ROH

%]
polymear H
o,
LoPd? BoH LPd?
CO co

still active cat.

RO polymer

absence of ROH

L ,,F'nzf‘El
co

L. Pd®

Q
Et
L Pd{a' +
B-H transter + CO Y '
co

still active cat.



CO + a-olefin 0
a /\A/\HI\/WK/YYU\ chiral Box
o R O R o R
Pd cat. Isotactic d d ligand
< epends on ligand
R~ + CO and reaction conditions
o R o B 0
\ Y\]/u\/k(\])\‘)\n/\(u\ bipy
o R o R o R 1,10-phen
Syndictactic
CO + styrene BU‘—Im
Bt;’_['m
o 1 A ) T
N_ _CCHj, rp—r - ( “Pd B (N‘pd—)
( .rPd-.\ equiv. N.-f bzc K=3&t—1ﬂﬂ'°c N.-
N “CHy CH,CCH
z 3
very high Lll}
regioselectivity
CO + aliphatic olefin .
CH4CN 0 H.'3C
3 | Gﬂ o C1DH2|GH=1EGH2 r < I::'i'I:IHE'I B ? I CHs
F::: Id—{ BAry CDCI Pﬂ—F;d-%GHE BAr® + Pa—Pd-0O BArS®
3 |
op> © ~25°C, 18 h \-ops \_ opt
Pd-BINAPHOS cat. 4 : 1
M
CDON B o CDLCN
pa_ Flda—{ B GH:]GH=GH2 {1 E.TITI] I”S*Ilﬂ& co EEU E.tITI} Pﬂ— Pldg—‘éc HECH{ME}G{D}Me
l\_- ;:b D CDGI;;, _25 DC.. 1—3 h Pl_PdE'_D GDDP;;—DDQGN ||\‘_ | 0 isotactic
© \_ m';b ~257C.2h op® copolymer
Pd-BINAPHOS cat.
reversed regiochemistry
compered to styrene, R R
but usually not high degree % 0O
o o V"

ketal is final product.



17.9. Pauson-Khand Reactions (PKR)

metal reagent discovered in eary 1970s

or catalyst . .
Z + &£ + CO (o] typical conditions:
stoichiometric Co,(CO)g
additive effect (also see Qisaki's handout, chapter 5)
E10,C, ~& Et0,C M(CO),
EtO,C Co2(C0%e Cr;mg E )03;0
i h HT.EB hr 1020 l R3N -0
87%
NMO {,\
(6.0 equiv.) o
cg, X (COLM %
23 °C, 10 min 0 ')
fT‘nz{COJa l
=—Ph + _— . Ph
Tal , refl
:) 3 cays, 20% Oj M(CO)1(NRs) + CO,
i ) effective only to
nf: 2!"'5 (4.0 squiv,) ‘ intramolecular PKR
,2-dichlorpgthane

83 *C, 90 min, 85%

catalytic conditions

Ph [tindenyl)(COD)cobalt{1)]
/ 7+ I (0.01 equiv.) Cp2Ti(CO),, Ru,(CO),, [RN(CO),CI],, Fe, Pd,
! DME, 100 °C, 40 h Ir(cod)CI(PPh3), Mo(dmf)3(CO)3, W(CO)s(thf)
CO {15 atm) Ph also showed catalytic activity.
93%

* Co,(CO)g is thermally unstable

Catalytic asymmetric PKR

{5)-BINAP 8 mal %

RhCICO 3 mol %
DMI [ (CO)alz :
L AgOTE (012 equiv.)
T THFR 130°C, 20 v
CO (2 atm) C ﬁ
85% yield, B6% ee
oG -—Tl—- CO = (S 8)(EBTH)TICO):
(S)-TolBINAP 20 moi %
P INCODYCI, 10 mol %
o~ [ 2 o o (:iy
N Ph Toluene, refiux 18 h
CO (1 atm) is also active.

B3% yield, 93% ee

Intermolecular PKR : difficult to control the regioselectivity ———— chelating auxiliary is the choice.

Kraft et al.

___________

2 WLZ

Yoshida & Itami et al.

________

AN

. | _Toluene
Cos(C
+ ll=coatcos =G5
|—2
Ly = §, Ly = NMe,, R = Ph, 85% 15 1
Ly =8, Lz = SEt, R = Bu, 85% =40 1
=&
5% Aua{CO)z R} ——nR¢ R?

' CO (1 atm) (1.5 equiv.)
E Toluene or xylenes  Slow addition (3 h) ~ Hydrolysis o
1 100-140°C,10min  100-140°C, 24 h R o

55-91%



Application in Total Synthesis
Jamison & Schreiber et al.: synthesis of (+)-epoxydictymene

Ma H
OH g
=
H Et0 Me Me
MESSi
4-Me-2,6-di-t-butyl n-Bull, THF,
M= - HMPA, —78 °
pyridine, TH,0, CHCl, | A,
—45100°C
74%

Nicholas rxn

1. Cop(CO)
2. Me,SiOTT,
EN,0, ~78 °C

= ! co Co |
— . co !
O ZO + ! H C\Oc"o H \C{u —‘; :
LM — : A a 7 :
X H Co-CO H ':':D_' CP F’:’ '
i coco I~ H._-Co !
1 E (kcalimol) coco, C0OCO / -
o ' +33.5 A :
: H +285 H W !
7~ ! cogo : E' ’ b ng’ 1-CO !
LM ! { H CO"CQ 1 CO co :
LnM _‘.-" or LM A, ! H CO‘CO ! '. CfD\GD ; T :
— & | H}Zco -co/ 'slow +12.0 Ty cogo
0 ! doco H. /-::a—co:
| o0 Howb '
LM ! . “Ho%-co
co = | Ligand substitution i Cobaltacycle formation A c'?u - !
! H - N 1
cO
CIC CD‘DO DD CD / OC\;
6™ —CO, + HC=CH, o o0 H. _~Co-CO
A —co TCO.—FGoH, éﬂ e W
H 4N Ligand formation G'ra
ec co substitution "od o 00" =00
CO
QC
o6 C° 0
H ~Co_-0 H
+C0 I{ ~Cos(CO)g
CO insertion Reductive elimination
HNL u
0"‘1.
D‘G/ | TG0

co



