Stereoselective Transformations of Trihalomethylcarbinols
Induced by Chromous Chloride
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Carbon-Carbon Bond Formations Involving
Organochromium(lll) Reagents

Reactivity of CrCl, in the preparation of organochromium (lll) reagents

R—-M

¢C rX; Transmetallation

RY&R' &»ch E—$> R—E
SET SET A2
NHK-manifold
CrCl,

Air-sensitive, hygroscopic pale gray powder (greenish lots may result in poor results)

Freshly prepared by reduction of CrCl; under a variety of conditions (LiAIH,, Zn, Na amalgam,
Mn, LiBEt;H, Cr). Consider the acidity of the admixed salts produced when choosing.

Often use in large excess

Propensity for oxidative insertion can be enhanced by donor ligands (TMEDA)

Furstner, A. Chem. Rev. 1999, 99, 991
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Carbon-Carbon Bond Formations Involving
Organochromium(lll) Reagents

Chromiun-catalyzed processes

The formation of a O—Cr(lll) bond serves as a thermodynamic driving force, that can be used
to compensate for strain energy build up in the product being formed. It is essential to break
the O—Cir(lll) bond and reoxidize the chromium to have an effective catalytic system

RCHO
X CrX,
Y Y

och2

CrX3 R

2 CrX2 CrX3 |
TMSX
OTMS
MnX, Mn

Other metals: Sm, Fe
Furstner, A. Chem. Rev. 1999, 99, 991
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a-Chlorovinylation: Synthesis of 2-Chloropropenyl
and Propargyl Alcohols

(@) CH3CC|3 (3 eqUiV) OH

o )J\H CrCl, dequiv) | cl
THF, rt, 12 h

65-85%

oy
R’ )
¥ci cl

> Works with R! = alkyl, cycloalkyl, o,p-unsaturated, aromatic (electron-rich
and deficient)

> Comparable results were obtained using a catalytic amount of CrCl,
(70 mol%) with Mn powder (1.7 equiv) and TMSCI (2.4 equiv)

> Treatment with LDA at -78 °C affords the propargyl alcohols (89-96%)

Falck, J. R.; Barma, D. K.; Mioskowski, C.; Schlama, T. Tetrahedron Lett. 1999, 40, 2091
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Chromium Vinylidene Carbenoids: Stereospecific

Synthesis of (Z)-2-Chloroalk-2-enols

(0) OH
CrCl, (4 equiv

THF, rt,10-12 h

cl

simultaneous 77-95% (>95% 2)

addition
cl
1 AL *O
R' = H, Ph, Ph" Y% 0\)*‘1 }Pi'
2— - /\}?’: » l’e’: 4
R? = Ph, CH,CH- Ph”" ) Etozcm;% /\M?/\cf)A }5%
(o]

D> Barbier-type conditions can be used

D> Catalytic system with Mn powder and TMSCI proved disappointing
D> Addition to ketones were sluggish, even at 75-80 °C (10-15% yields)

Barma, D. K.; Baati, R.; Valleix, A.; Mioskowski, C.; Falck, J. R. Org. Lett. 2001, 3, 4237
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Stereospecific Synthesis of (Z)-1-Chloro-1-alkenes
and (Z)-1-Chloro-2-alkoxy-1-alkenes

1. CrCl, (4 equiv)

177\ 1
| s N
R¥ ~ccl THF, rt,10-12 h R /\(l:I
2. H,0 (>95% 2
i 83-98% i
H H
=) CrCl S i A
< yn-p-Elimination 1 CrCl,
R1/S“Crél2 » R &r
Ci -HCrCl, Cl
OAc Ph

X =H, Br X=0,S

s ) _
CLX @}5 RN T 3{\3‘&

X= 0, CH2, CHCOzMe

Baati, R.; Barma, D. K.; Krishna, U. M.; Mioskowski, C.; Falck, J. R. Tetrahedron Lett. 2002, 43, 959
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Three-component Synthesis of 2-Haloalk-2-(Z)-enols

via Tandem Haloalkylidenation/Aldehyde Addition

OH
RICHO cX, CrCl, (6 equiv) - Rl \| B!
2equiv)  (1equiv) T":;’ 9”5’;0 h X X = Cl, Br
i ocr! ocr!! 1
n o(c mn
R’ CX; —>» R! %:,III % R1/\(c”
X X

> A catalytic system using Mn powder to recycle the Cr" proved disappointing

> Pre-incubation of CX,; with CrCl, optimal for aliphatic aldehydes
> Barbier-type conditions used for aromatic aldehydes

Baati, R.; Barma, K. T.; Falck, J. R.; Mioskowski, C. Tetrahedron Lett. 2002, 43, 2179

[> A two-step process to prepare similar compounds for which both R! groups
are different using HCCI; and a base instead of CX, and CrCl,

Baati, R.; Barma, K. T.; Falck, J. R.; Mioskowski, C. Tetrahedron Lett. 2002, 43, 2183
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Stereoselective Preparation of (Z)-o.-Haloacrylates
via CrCl,-Mediated Olefination with Trihaloacetates

X3C

X

(o)

OMe (1 equiv)

O

o /go CrCl, (45 equiv), THF, 1, 30 min /\)LOM o

Reformatsky-type adduct

o
X

R'= Ph Y Ph/\if’{
X = H, OMe, CF5, NMe,

a1

3(

o,h

91-100%

|||Cr0
R1

O

X X

MeO

:@9{

Bn

OMe

X
(>99% 2)

B r\©},{

Barma, D. K.; Kundu, A.; Zhang, H.; Mioskowski, C.; Falck, J. R,

J. Am. Chem. Soc. 2003, 125, 3218
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Stereoselective Preparation of (Z)-o.-Haloacrylates
via CrCl,-Mediated Olefination with Trihaloacetates

(o)

H X3C)J\0Me (1 equiv) 0
o /go CrCl, (45 equiv), THF, rt, 30 min R“\)Lowle
91-100% X
| ugo 0 _ 9% 2
R! OMe
X X

Reformatsky-type adduct

> To prepare the a-fluoroacrylates, need to use FBr,CCO,Et

> Can use catalytic amounts of CrCl, (50 mol%) with Mn powder (4 equiv)
and TMSCI (6 equiv)

> The dihalohydrins can be isolated under conditions of limiting CrCl, and
at lower temperature (2.5 equiv, 0 'C)

Barma, D. K.; Kundu, A.; Zhang, H.; Mioskowski, C.; Falck, J. R,
J. Am. Chem. Soc. 2003, 125, 3218

Michel Grenon @ Wipf Group 10 4/4/2005



Differential Cleavage of Arylmethyl Ethers
induced by Chromous Chloride

CrCl, (3 equiv)
R Lil (4 equiv
0 Ar (d equiv) o ROH +  ICH,Ar
EtOAc/H,0,75 C
Order of reactivity OMe
R R R M R
~0/© ~0/©\ \O/\CEO e 0
Ph OMe MeO
less reactive P more reactive
Functional group selectivity
BnQ
=2n,, 0 Bno” > OR
0 O\UD”IO R = Me, THP, PMP, TBDPS 1°and 2’ allylic ethers

o)

D> No isomerization of cis-alkenes

Falck, J. R.; Barma, D. K.; Baati, R.; Mioskowski, C. Angew. Chem., Int. Ed. Engl. 2001, 40, 1281
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Stereoselective Transformations of Trihalomethylcarbinols
Induced by Chromous Chloride

R' = acyl 1
OR! CrC|2 X
J\ (3 equiv)
R? ~CX; THF, A OR!
X =F, Cl, Br o alel it RzJ\/X
R' = H, alkyl, aryl = alkyl, sily
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Stereoselective Transformations of Trihalomethylcarbinols
induced by Chromous Chloride

Conversion of Trichloromethylcarbinol ethers into (Z2)-a-haloenol ethers

OR’ OR'
CrCl, (3 equiv)
THF, A
BnO” >CCl, BnO  Cl
= OTBDMS OTBDMS

X BnO Cl
BnO” “cCl, =
D D

Ph/Q\CCI;; Ph/Qﬁ

TBDMSO” “CCl, TBDMSO, ClI cl
\=/

Bejot, R. Tisserand, S.; Reddy, L. M.; Barma, D. K.; Baati, R.; Falck, J. R.; Mioskowski, C.
Angew. Chem., Int. Ed. Engl. 2005, 44, 2008
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Stereoselective Transformations of Trihalomethylcarbinols
induced by Chromous Chloride

Conversion of Trichloromethylcarbinol esters into (Z)-a-haloenol esters

OR'
CrCl, (3 equiv) OR!
2)\ 2 2/
R X THF, A > R /\)i(/
P OBz OAc
BzO CC|3 A
ﬁ; 76% (53%)” Ph/\)\CCI3 PhWO ©
o Cl 80%
0.__~_Ph
Ph/\)l\o’\cm3 \/ 71/\/

Cl O 85% Ac

o)
OAc
OR! O<CC|3 =Nl 82%
OR!
Cl

R' = Ac, 75% (87:13)
R' = Bz, 84% (78:22) 4 Catalytic CrCl,, excess Mn powder

Bejot, R. Tisserand, S.; Reddy, L. M.; Barma, D. K.; Baati, R.; Falck, J. R.; Mioskowski, C.
Angew. Chem., Int. Ed. Engl. 2005, 44, 2008
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Stereoselective Transformations of Trihalomethylcarbinols
induced by Chromous Chloride

Conversion of Trichloromethylcarbinol esters into (Z)-a-haloenol esters

OR'
CrCl, (3 equiv)

A OR!
R?” “CX > R
3 THF, A /\)i(/

BzO” “MCBr,F YOBZ
£ 80% OAc

OAc Ph/\)\CBrzF PhWOAc

CBr.F Ny OAC F98%
2
/©/\F( 98%

OR'

R2” NCBr, BzO” “MCCI,F Bz0” “CCI,H
complex mixtures unreactive

Bejot, R. Tisserand, S.; Reddy, L. M.; Barma, D. K.; Baati, R.; Falck, J. R.; Mioskowski, C.
Angew. Chem., Int. Ed. Engl. 2005, 44, 2008
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Stereoselective Transformations of Trihalomethylcarbinols
induced by Chromous Chloride

Proposed mechanism for the rearrangement of trichloromethylcarbinol esters and ethers

R’ CrCl R* R*
2 CrCl, o-elimination
L CrCl X
R10)\CX3 -CrCIL,X R10)§( e > R10)ﬁ(
X X CrCLX

2
/\'—/\ S R
XCL,Cr X =——= XCl,Cr X @)?Cl

s L R )é;cmlzx
G
CCl, O'8
CrCl, (3 equiv) 18
PO SR A
’ Cl

Bejot, R. Tisserand, S.; Reddy, L. M.; Barma, D. K.; Baati, R.; Falck, J. R.; Mioskowski, C.
Angew. Chem., Int. Ed. Engl. 2005, 44, 2008
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Stereoselective Transformations of Trihalomethylcarbinols
induced by Chromous Chloride

Proposed mechanism for the rearrangement of trichloromethylcarbinol esters and ethers

R’ CrCl R* R®
2 CrCl, o-elimination
L crcl X
R10)\CX3 -CrCIL,X R10)§( e > R10)ﬁ(
X X CrCLX

X\‘ R2
vinylidene 41 )\rx
carbene RO™S

CrChLX
1. CrCl, (3 equiv), THF, A A/D
N\ 2 XN )
BnO”~CCl; 5 . BnO/\él BnO %/I
not observed
D><D BnO  Cl
BnO” “CCl, —» =

D D

The intermediacy of a chromium vinylidene carbene for other processes has been observed;
Baati, R.; Barma, D. K.; Falck, J. R.; Mioskowski, C. J. Am. Chem. Soc. 2001, 123, 9196

Bejot, R. Tisserand, S.; Reddy, L. M.; Barma, D. K.; Baati, R.; Falck, J. R.; Mioskowski, C.
Angew. Chem., Int. Ed. Engl. 2005, 44, 2008
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