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IUPAC: Chromium Atom number: 24 . ,
Oxidation state: II, Ill, V,VI o ey :
oo b e @ |
m.p. 1857 °C b.p. 2672°C  density: (4 )
7.19 glem® t @ ik
Soluble in dilute sulfuric acid, dilute Ao e N S i
L ] v
hydrochloric acid, insoluble in water, « e :

nitric acid, aqua regia

History:
1.In 1766, Lehmann, a professor of chemistry in St. Petersburg, Russia, analyzed
chromium and determined that it contained lead.

2. In 1919, the structure of the resulting bis(benzene)chromium species was
determinated of the structure of the

resulting bis(benzene)chromium specie&-‘..1

5 CgHsMgBr + 4CrCl; = (CsH;5)sCrBr + 2 MgBr, + 3MgCl, + 3 CrCl,

3. In 1957, Anet and Leblanc were the first to prepare aqueous solutions of
benzylchro mium compounds by reaction of Cr(ll) with benzyl chloride.

4. Nozaki and Hiyama et al. screened of the reactivity of benzylchromium and related
reagents in 1977 that triggered an explosive development of this particular branch of
organometallic chemistry.

5. Takai, Nozaki and Hiyama found that organochromium species can add selectively
to an aldehyde moiety without affecting the ketone or cyano group.

6.In 1986, Kishi et al. and Nozaki et al. discovered that traces of nickel salts exert a
catalytic effect on the formation of the C-Cr(lll) bond.

Furstner, Chem. Rev. 1999, 99, 991

Preparation:

1. transmetallation from RLi, RZnX, RMgX
Cr (lll) low solubility in ethereal solvents

2. redution of C-X

The NHK and Related Reactions

Me =~ Br crcl,
’~ .
! R'CHX, crcl,
RCHO >
' 3 X R crcl,, Nicl, cat.
; R'—= CrCly, NiCl, cat.
~

OH
OH

' = halogen, alkyl, Me,;Si, Bpin
R" = alkyl, aryl, Me,Si

X = halogen

Reduction of organic halides

PhCH,X > RCOCH,X > CH,=CHCH,X > R,CX > R,CHX > RCH,X > R'R?C=CRX > ArX

(X=1>Br>cl)

E L-./“\/—\
; —(i':—x cr(liLn —(I: e
: ; I

Cr(lihXLn

Polyhalides:

+ 2Cr(ll)

X x X cr(in)
—_—
kx - Cr(linX H’J<x

H

Aryl halides:

X

2Cr(Ilen
DMF, H,O

e

cr(ljtn ———

+2Cr(ll)

X
. /|<Cr(lll)
H

- Cr{lnx

2Cr(llen
DMF, H,O

—c::—Cr(m)Ln

Kochi JACS 1964, 86, 5264

Cr(lll)

Takai JACS, 1986, 108, 7408

Cr
H
NR in aproyic solvents

Takai JACS 1986, 108, 6048
1
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The nature of carbon-chrominm bonds Chemoselectivity

5 PhCHO N-C5HysCl 97%
1. thermal stability . )J\ crel, /\/Cﬂ-l , 12M25 recovered
: AT Gl Y e e T o Ph 97%
RCr(l)CI (THF)n iBu > iPr >Et > Me : (83%) N-CoHys Br recovered
Ikeda J. organomet. Chem 1972, 37, 317. : PhCHO OH
Decylchromium dichioride n'c1+2H?SC| /m: n-C12H25)\Ph * n-CgHmJLBr rec;lg\?;/:ed
0 °C stable (68%)

o i ' J-L ~ PhCHO
20 °C slow homolysis ! n-CoHyg Br 1. HyeCl Ph 62%)
: n-CgHg °

° - -
65 °C rapid homolysis CrCl,, cat. NiCl,

0,
(96% recovered) OH

Zeiss J. organomet. Chem 1971,26,101 Utimoto JOC 1989, 54, 4732

Me

cl crcl, cl - HCr(ll) J\ PhCHO
—-.. : . g -
cl cl THF (mer”” >er(n —“'CI crn) —PCIJYPh: Alkenyl/Aryl chromium addition to aldehyde [NiCl,, Pd(OAc),]
OH | cr(lcl,
Miokoski JACS 2001, 123, 9196 : RNi(I)X »  [RNi(I)CIXILi*
2. hydrolysis Lici
CN  EtOH, H,0 : RX o Niflix
L} -‘—
BNCI + Cr(ClO,), + ) — L & + PhMe : (0) --—— i(l) 1
' cr(li)  cr(y
20% : H RCr(i)
Sustmann chem. Ber 1993, 126, 1759.
BnCl + Cr(CIO H,0, Helo, PhCH,Cr(H,0)s] #* 2CIO, : VR - 2R
n r(C104), o [ 2Cr(Hz0)s] 4 ! "NiCl, andPd(OAc), have a dramatic effect” Kishi JACS 1986, 108, 5644
5, Tree H
Anet Can. J. Chem. 1959, 37,58 :
3. nucleophilicity : Y@\
: Na
j\ THF, - 30 to 20 °C OHPh : Me \502
+ Ph,Cr(THF :
Et” “Et SCr(THF)s Et” “Et : Me
Excess 70 % (yield are based on PhMgBr) : Kishi OL 2004, 24, 5421 Kishi 2009,131,42, 15393
1 and 5 mol % catalyst-loading the molar ratio of coupling partners

Zeiss J. organomet. Chem 1965, 4, 397
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Allyl chromium addition to Aldehyde:

PhI PhCHO 85% A :
62-88% B ;
66% c 5 Me CrCl,, LAH OH |
: % _
: PhCHO + \m - Ph
: Me X Me” Me
31% A : X = Br, THF, rt 90%
PhBr PhCHO
57% c X = OP(O)(OEt),, DMF, 90 °C, 97%

A:CrCl; (4 equiv), DMF, rt.
B:CrCl, (15 mol %), Mn powder, chlorosilane, DMF/DME (20/3), 50 °C. : Nozaki BCSJ 1982, 55, 561.
C:CrCl; (10 mol %), Pd(OAc), (0.1 mol %), PPh; (0.4 mol %), constant current
conditions, LiClO, as supporting electrolyte in DMF

Alkyl chromium addition to aldehyde [Fe(TMHD),, CoPc]

Cr-complex Regioselectivty:

CoPc, Et;NeHC
Mn, LiClI
TMSCI, THF

then oxalic acid

OTEDPS
OTBDPS

reactive site

Fe(TMHD);: Bu tBu CoPc: . Equlibrum rate: AllyLi, AllyMgBr > AllyBR',
=
W
o o :
Fe—o : Q(D PhCHO, CrcCl, P on ©\
' _—— \\“
O ' OP(O)(CEt), THF
= ! OH
: 1:1

Diastereoselectivity:

Takai JSOJ, 1988, 46, 66.

X cr(incl, OH OH
RX 7_4, R : Z CrCly, LAH = N l
N : PhCHO + —_— Ph Ph
co(l) co(ll) ; Me Br THF, rt Me Me
:>< (E)-crotyl bromide 96%, anti:syn =100:0
Cr{ln) cr(l) (Z)-crotyl bromide 87%, anti:syn = 100:0
| Heathcock, TL 1978, 1685

Kishi OL 2004, 4, 25, 4435
RCr(ll) Kishi JACS 2004, 126, 39, 12248

172 Mn(l) 1/2 Mn(0)
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OH | OH |
Me 2
T
o THF, rt Me Me
“P(O)(CEY),
73%, anti:syn = 89:11
" Takai JSOJ, 1988, 46, 66.
OH
Me/;J"-\""IWr H I
F—O“ﬁr-l_ —_— Ph
Me Q LL Me
Anti
H OH
e’,J‘-\h"-‘IT7 I
Nelzoel L — pp
/l
LL Me
Syn
Chromium-Catalyzed Processes HYO
R' R'
RX RCrX,
; : ocrXx,
TMSCI
2CrX, CrX; + CrX,
MHXZM Mn RYR'
OTMS

TMSCI can be replaced by Cp,ZrCl,

Asymmetric addition

\ . N HN
=

\SOZME tBu

OH HO tBu
Me
Me
tBu tBu
Kishi (1996) Kishi (2002) Cozzi and Umani-Rouchi(1999)

Kishi OL 2004, 6, 26, 5031. .

Cr§) i i
N-—..
N
o~ H o N N
N N:J N " WS HO
§ \J OH tBu
2 H tBu tBU
Me Me—\ 3
Me Me Me Me—\ Bu
Guiry (2003) Nakada (2003) Berkesse(lzf[i)r&g)Paterson
R R CN | SN | N
0 0 o o) o) P o) = fo)
m)k", ‘n)‘\r N N
| | |
N N N HN-, N N N
Ph Ph Ph Ph Ph PR bh

Toolbox Approach to the Search for Effective Ligands

Red

Blue

Purple

o]

N HN_
SO}
ve

Me

56, b

Me X=COMe,
phenothiazine

x

Me
Me

o
~o-Me ~ ~o” “Me o Me

Me

OMe
OMe
Me
X o~

X = H, Me, OMe Kishi JACS 2009, 131, 15387
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Z /o
‘mm\/ NP come
Me+o OTBS
Me
Me Me (s)-ligand
Me

20 mol% Cr-catalyst
2 mol% NiCl,-DMP

non-asymetric ligands 1.1:1
(S)-ligand dr 60:1
(R)-ligand dr 1:27

Research progress in recent years

Br NiClzeglyme(2 mol%)
ligand (3 mol%) OH
0
g * CrCl, (20 mol%) o Ph
Cp,ZrCl, (0.5 eq) o}
o” o TBAB (0.1 M) o\)
/ DMF, (+)Al/(-) foam
Ec,ll =2V, 4 Fimol
sacrificial cathodic
) anode reduction
o A|2+
2cr(l 2Cr n
R‘J\H A e ”\_/ )
N|(||) Ni(0)
X(ners, 3
- )\/ cr{i)
M _zecp,cl ZNilx

Cp,2rCl, R)\/

Baran JACS 2021, 143, 9478

In situ generated Cr-complex

o CrCl, (30 mol%), Ligand ( 33 mol%) OH

(o] proton sponge (33 mol%) OH
H + TBSO\/\/\J\ * o, OO
A*  TESCI, TDAE, TBACIO,

(+)Al/(-)Ni foam, MeCN, 2.5 mA

24h, then TBAF 58%, 90% ee
: Me
~_: sozm
Me

Baran JCAS 2024, 146, 4872

PS (2 mol%)
CrCl, (10 mol%)

DMALC, rt, 2h Ph

Blue (30 W, A,ax = 450 nm)

PhCHO

NPh,
NPhth

Ph Cl

Glorius JCAS 2020, 142, 2168

7 mol% CrCl, OH
9 mol% (S,R)-L, Ph— H
—_— C:f
1.5eq Mn -
1.5 eq Cp,ZrCl, TIPS Et
DME, rt, 12 h

Wang Angew 2022, 61, €202117114

CN
o\(J\ro
Ph I |\>'--1Ph
N N
Ph

Ph

10 mol% Crcl, 0
12 mol% ligand N—NPh:

e — Nphth
1.5 eq Mn, DME Wang Angew 2022, 61, 10,
Ph 202117114
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s 15 mol% CrCl, OH
o < 15F 16 mol% ligand Z_ Ph 0 o}
ALt )Nl\ - = P T
Ph™ "H Ph” H Cp,2ZrCl, (2 eq) _NH /
Mn, DME, rt, 48 h Tse pr! b
cr(ll)/Ligand o
+ [Zr} ”--A'
cp,2rcl, \N’S\\O d
;
Ar”CHIN j\
L
R” ~H
(ICr { ~SOA"
Ar
N-SOAT
Ph” “H E\[Zg
AN
N
cr(ll)/lLigand Cr{lnL
Cp,ZrCl,
H;0*
1/2 Mn(ll)
Cr{ly/Ligand OH
1/2 Mn phe PN
NH
Tse”

Wang JACS 2023, 145, 38, 20775

15 mol% CrCl,
16 mol% ligand

o 2 mol% PS MHTE
% Quinuclidi A _Ph
)L + NHTF 30 mol% Quinuclidine - Ph/\:/ [N
Ph H Ph Dioxane,rt, 48 h OH
blue LEDs (440 nm) Quinuclidine
crcl,
NHTT (o]
NHTf
Ph” H . /_\)/F':)LH
Ph
NHTF
A _Ph
ﬂ? "
ocr(i)
N
Jf@ 2
H
Organocatalytic cr(m Cromium Catalytic
Cycle Cycle
SET
SET
H+
% |r(") Cr(III)
[N /
Photoreg;::clgatalytic NHTF
-Ir(In) Ir(lll) . pn
PR N
‘-—__,___________,../ H
OH
=

Wang JACS 2024, 146, 5316

H+
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CF,

CrCl; (5 mol%) OH
CoTPP (2 mol%)

CHO " Me
e PP e + /©/ Ircat. 2 mol%) _
tBu Hantzsch ester (2 eq) AcO.__= F I
N~

E/Zmixture MeCN, 30 oC, 14 h F%
CF,

_‘

Blue LEDs (440 nm) 99% yield

anti-Z selectivity, > 20:1 dr

Z

EtO,C CO,Et
)¢
Me”” N7 Me
H

Hantzsch ester

Ir cat. CoTPP
Et0,C._ _~_ _CO,Et OH
T X -
Me N” “Me AcO. L
H Z ~cr(in)
EtO,C CO,Et HE' nPr P ~o” “ar
H j\ H* InA'-Cr(lll)
Me N
H Cy” 'H
HEH cr(in)
Ir(l) InA-Cr(lll)

Ir(iny . L am
photoredox Cr-catalysis HE r—i
catalysis /\)\

’ nPr X 0 Ar
co(lll) H* Ir(il) InA-Cr(lll)
cr(
() AN Ir(lll
Me FG (i ; Cr(inL
EtO,C CO,Et o~
Co-catalysis 2 ﬁ 2 nPr e V/\O
Co(l) Me” N7 “Me 0{0
MHAT hr
plausible
Zimmerman-Traxler TS
H+
Co(lll)-

Wang Chem 2024 10, 998.
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Synthetic application:

Me
cl c,,o 1) Et,0, sonication, 0 °C, 65%
+
cl 2) Zn, MeOH, NH,CI, 87%
Me Me M
A\ HO
TBDPSO,, ! Br Me
Me ™ o
o TBDPSCI
-
“c0,Me
Me Me Me
1.3:1
1) DIBAL
2) MsCl
3) KCN
4) DIABL
I\
Br
TB°E1§°-- (o] Me OTBDPS
CrCl, (5eq) S
NiCl, (1 eq) o”
"o DMF e
Me Me Me Me OH
1) pTSA, MeOH
2) TBSCI
3) TPAP
4) LHMDS
Comin's
reagent

Me Me
H H !
V3 NMe,:
tBuOCH(NMe,), :
. —_—
H © H ©
e Me Me Me

1) pTSA, |2) pTSA, H,0

Me

MeOH
Me
BrLi—_-O~__Br
U
-
Me
Me OH
1) PivCl | o —
2) TBAF
Me Me OPiv

1) TMSOTf
-
2) MeLi
™S

Me’

HO

o)ﬂ,on
OH

OAc
1) Ac,0
2) EtSH
BF,-OEt, OAc
o} Me
olfr(,oxm
BUSSI’\\/O OAc

OH gH

Eleutherobin
IC5, (10-15 NM)

1) NaOMe
2) Me,C(OMe), OXME
pTSA o o

3) TBSCI

(e}
OAc
Ets‘\ﬂ’ T - Ets—\ﬁl Me

OTBS

MeOTf, Bu,SnCH,OH

DTBP, DCM
[e] Me
1) TBAF O)ﬂ/(><Me
2) Ac,0
) Ac, Buasn\,o OTBS
dr1:1

1) TBAF
2) DCC, DMAP

3) PPTS

Danishefsky JACS 1999, 121, 28, 6563
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Me @ we | OBn : OH SEt o o
—_— : x 13 steps HO - DMP o7 )
@ @ + MeO,Cr O><Me : Ho/\]/\:/I\SEt _pb /\Qf\/\opw WP« /p/\/\opw
o : OH OH Me
° Me” Me x7 0 Me 5
Me ' 2-deoxy-L-arabinose diethyl
o Me | CrClz NiCl, 5 thioacetal 4,5-acetonide ﬁ
<,I Et,N, THF ; ,P >
—N NHMs . I MeO cl) e Me
iPr : OMs 1) Stryker reagent
; 2) NaBH,
: Me 3) Ms,0
s 0 -
OPiv
-~ : Me
- Fragment A
E. .................................... .E.t ...........................................................................
: O. o} =
! HO 1) TBSCI 0% o 1) LHMDS, TBSCI o
: | 2) BnBr | then reflyx HU/IJ/\COZH
Overman JACS 2016, 138, 7, 2186 ' HO _"'3, TBAF BnO 2) NaOH 8o =
----------------------------------------------------------------------------------------------------------------- : 4) (EtC0),0 o _Et
Me cHO OH 2 \",
Me, OH — H o TBDPSO : 3
. P —— ol /m \/W '
Me = o) H : 1) 1y, Kl
Me 1 NaHCO,

linalool Me 2) AIBN, Bu3SnH

CrCl,, LiCl, Mn, NiCl,
Cp,ZrCl,, MeCN, Ligand
then TBAF, THF

1) DIBAL
e 2) PTSA, MeCH Me

TBSO (o] 3) Tf,0, then NaCN o
\/:LI\CHO 4) DIBAL, then NaBH, HO o
—_— -
TBSO oTBS 5) Pd(OH),/C g

BnO

s

6) EtSH, BF,-OEt,
7) TBSOTS

I ~co,me 8) I, NaHCO,
; NiCI,
: crcl,

. : THF Me

: ! TBSO 0. _A_ OH

H : — +

: : X

e : : TBSO oTB
; CO,Me
Me Me Me H I

Glenn C. Micalizio OL 2012, 14, 22, 5748

Pectenotoxin 2

1) pNO,PhCO,H, PPh,, DEAD
2) K,CO,, MeOH
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1) MPMOC(=NH)CCl,
BF,-Et,0

2) HF

3) PPTS, CMe,(OMe),

f
o

1) LAH
2) DMP

1) Crcl,, Nicl, (cat.)

2) KH :
o “Me

TBSO -

Y

1) TBAF
2) PPTS
3) TBSOTS

4) LAH
5) DMP

e
TBSO\/\/(ODI,.OMFM
TBSO o7 N
Fragment B
Kishi TL, 1992, 33(12), 1549

s

Me

1) NiCl, (0.1%), CrCl,, DMF
2) DMP
3)pbQ
4) LIOH
5) Yamguchi lactonization

1) TBAF

2) PPTS

3) pO;NPhCOCI, Py

h 4) TBSOT!
5) K,CO;,
6) DMP

10
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Ho,
1) NiCl, (0.1%), CrCl,, DMF HO o
2) DMP 7
TBSO, z 3) TBAF o
. Me 4)CSA OH
oTBS
Halichondrin B
Kishi JACS 1992, 114, 3162
tBu | x I
TBSO (o}
=N N
CrCl; NiCl,
| N | N TBSO
=
tBu Z
- Catalytic Ni/Cr-Mediated Macrocyclization without Use of
High-DilutionTechniques

25 mg scale

85% yield
Kishi JACS 2005,127, 15382

Me
TBSO
Et
Cr complex (40 mol%) | A o
Ni-DEP (10 mol%) =N <’l (o] Me
- NiCl, N HN_
) . -T.c SOZ
91%, dr 20:1 | N Me—,
Me
Z Et
Cl (o]

Total Synthesis of Halichondrin A
Kishi JACS 2014, 136, 5171.

1"
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220 °C then HCI

OBOM : CO.H
Me ?HMeOBOM TBSQ  OTBS ! Me
nBuLi o] - 11 steps TBSO._ -~ ' o Br KOH 1) TBDPSCI
Me ! Br —————» . _2)LAH i
5 | Me f 119,
o\)\o Me : OTBDF’S 2) DHP
: 3) Pd(OAc),
5 steps 5 THPO THPO THPO,
tBuLi, MgBr, :
: CIOCCH(TBS)(CH,),0Bn Luche reduction
s - -
: TBDPSO._ TBDPSO._ TBDPSO._
E Me o Me OH Me Py
: o]
1) LDA, Mel : CH(TBS)(CH,);0Bn
2) KHMDS, PhNTT, :
3) TBAF
4) DMP :

THPO HO,C, OBn 1) CH;N,

Ni(cod),
TBDPSO

~" 6) PivCl
Me 7) TBAF

7 steps

™S
\[/ \,Tms
Ho 1) TBDPSCI, AgNO, Cu-  tBDPSO, ¥
2) Br, TBDPSO / Lit er

3) Et;N Br
R -
1) 0sO, o then TBSOTf OTBS
2) DIPEA o
Taxol Bl 3) Ac,0
4) PhLi

Kishi TL 1993, 34, 5999
Kishi TL 1993, 34, 6003
Kishi TL 1993, 34, 8047
Lim, J. Total Synthesis of Taxol. Ph.D. Thesis, HarvardUniversity, 2000

12
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THPO_ 1o
\___Tms
TBDPSO < nBuLi OPIV_ 1) HF:THF = 1:100
Br —_——» TBDPSO 2)icl TBDPSO
3)H*
OTBS 4) SWERN
OTBDPS
NiCl,, CrCl,(excess)
DMSOQ:DMS = 100:1
Me M
e
e " / TBSO we v
\
1) Swern oH 1) TBSCI - oriv 1) TBHP, VO(acac),
o 2) Witig 2) MeMgBr 2) 4MeOC¢H,0C(S)CI
~<«—— TBDPSO -« THOPSO -——————
3) AIBN, BuySnH
e 3) TBAF Me . Me ) s
OH 4) sSwern cl;lH
Me Me o
(+)-Ophiobolin C
H 1) NCS,DMAP e, H Me, H
/@(Me 2) 0, urea "N _Me KHMDS, TBSOT :@(m CHBr, tBUOK, PE -
J M A = - -
Me . e 3)LiNap, HMPA 2 Me TBSO % M&  ihen Ag,0, HBF,
H then Mel H H
(+)-3-carene Crcl,, Nicl, Me
DMF, 50 °C +
TEA, TMSCI, THF 1) SO,ePy 1) IsopropenylMgBr
then nBuLi, 1,3-dithiane 2 ICHa PPh.| ZnBr,, Pd(PPh,)
NNy, then TBAF s }IEHPPh, s 2)Mel, Caco, — °ON <
Br” ~""OH _ \|/\./'\0H NaHMDS M ) Mel, 2 <
H g H - H —_— =
Me S Me S Me | Me

R'=H,R*=Me
R2=H,R'=Me

13
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~ H Me
Me 3 1) DBU, oxylene
2) LDA, AcOH _
A o-xylene, 150 °C TESCI o] " then TBAF LiTMP, TMSCI
’ — B — —_—
+ = Et.ISO"" 3) PCC then sz(dbﬂla
3 ‘e allymethylcabonate
A,B decomposed
~ 17% yield
Se0,
B: R?=H,R' = Me + *
C:R'=H,R2=Me
37%
(+)-pepluanol
Gaich JACS 2021, 143, 11934
N OCOiPr Me. SENPT Mes e | Mes e
0 Me Me .
-y 1) MeMgBr 1) 1,,PPh, LHMDS, ligand = H / LHMDS, ligand H /
. 2) TBSCI P 2) NaCH(CO.EY),  ANF Pd,(dba),(1.25mol%) Pd,(dba)s(1.25mol%) . .
3) nBuLi, CICOIPr  Z —_— ———» EtO,C — TIPS—==—S0,CF,
EtO,C EtO.C CO,E
HO 2 o 2Et
CO,Et
1) hv, (BuzSn),
2) TBAF
Me Me y
e
1~ H 1) DIBAL = Mes Me
o 1) Pd(dppfiCl, 1 2]N BH — H o/
| 2) TBAF ZnBr o < I NaBH,
N  PPh, /\/ + 3) Cp,ZrCl,, Me,Al o
B 3)Cp,ZrCly, Me;Al TMS -
H,0, | o) 212
,0, I, “si-0 4) (tBu),Si(OTH), & Co.Et
tBU” \g,
14
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Me
V4

Me

o

Me

Me
Me
1) PCC Me H
2) CrCl,, Ni(acac), 1 1) DMP 1) Shi epoxidation
sonication 2) LiAIH(iBu)tBu 2) Nicotinic acid
—_—
dr 10:1 3) LAH
4 OH 4) PhCOCI

Ent-Nigellamine A,
Ready JACS 2006, 128, 7428
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