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First Example (sub-stoichiometric)

)I RCHO
9"“\//}( (

[sa'.en:»Cr'_“'\
\..r\.,l.z >—<

4+ —2 l(‘r“.‘salen) [("..-lll(qa IP"']X ocrl{salen)

salen ;\
; — Me 351X  Table L. Influence of bases on the enantioselective addition of allyl
bromide to PhCHO catalyzed by [Cr(salen) | complex.
Van Mn
0SiMe, Entry Base®! Yield [ n]M ee [°/‘c"> ]M

f/\/LR 1 - 56 21
2 K,CO, 51 47
3 K,CO,¥ 52 25
4 Et;N 65 65
5 Et,Nlel S0 50
[Cr{salen)] 6 (tBu),Py 2 S8

[a] ATl the bases were added to a suspension of salen and CrCl, in CH,CN.
All the reactions, except for thatin entry 1, were carried out with 20 mol %
of base. [b] Yield of isolated product after desilylation (HCI/THF) and flash
chromatography. [c] The ee value was evaluated with a cyclodextrin
Megadex 5.25 mt chiral column. The absolute configuration of the isolated
homoallylic alcohol was assigned by comparison of the GC analysis trace
with that of the known product.®* [d] The reaction was carried out at 40°C.
[e] 10 equivalents of EuN were employed.

Bandini, Marco; Cozzi, Pier Giorgio; Melchiome, Paolo; Umani-Ronchi, Achille. Angew. Chem., Int. Ed. 1999, 38(22),

2T Who took this journal? The journal fairy??



First Example

Mn salen,Et4N

CrCl, -~ CxrCl, +» [Cr({salen))

CH5CN

l} [Cr{salen)! 10 mol#%
~_X X=Cl,Br,I OK jp
RCHO ' ' - R,A\/\ + R \{R
Z’MeESLCl OH
3) H 2 3

Aldehyde added at this p oint

Allyl bromide and iodide gives modest or no ee.
Substitution of allyl substrate tends toward low ee.

Table 2. Enantioselective addition of various allyl halides to PhCHO
catalyzed by [Cr(salen )] complex.

Entry RX Yield [% ¥ ee [% ™
1 Ll 67 84 (R)

2 BT 65 65 (R)

3 1 70 0

cl

4 Y’\’ 62 42 (Ry
5 A_c1L 60 43 (R
6 4J\V,Br 85 70 (nd)®

[a] Yield of isolated product after desilylation (HCVTHF) and flash
chromatography. [b] Determined with a cyclodextrin Megadex 525 mt
chiral column. The absolute configuration of the isolated homoallylic
alcohol was assigned by comparison of the GC analysis trace with that of
the known product.P¥ [¢] Determined with a cyclodextrin Megadex 525 mt
chiral column on the corresponding O-methyl ether. The absolute
configuration was assigned by comparing the optical rotation with that of
the known product: [a]p= +6.3 (¢=0.51 in CgHy); literature value: R
isomer, [a]p = +50.2 (¢ = 116 in CgHg).!"

Bandini, Marco; Cozzi, Pier Giorgio; Melchiome, Paolo; Umani-Ronchi, Achille. Angew. Chem., Int. Ed. 1999, 38(22),

3357-3359.



First Example

Table 3. Enantioselective addition of allyl chloride to aldehydes catalyzed
by [Cr(salen) | complex.

Entry R'CHO Yield of Yield of ee of 2[% 9
2[%] 3[%]™

CHO NHK  Pinacol coupling a] Yield of isolated product after desilylation (HCI/THF) and flash
1 e ,©/ 67 16 78 (R)™ chromatography. [b] The products 3 were obtained in racemic form.
a CHO [c] Refers to the product obtained after desilylation (BuNF/THF) and
5 Q’ 54 35 82 (R) flash chromatography. [d] Determined with a cyclodextrin Megadex
Ph ' 525 mt chiral column. [e¢]The absolute configuration of the isolated
CHO homoallylic alcohol was assigned by analogy to the results obtained with
3 Q 41 40 77 (R)tl PhCHO. [f] The absolute configuration of l-cyclohexyl-3-buten-1-ol was
F determined by comparison of the chiral GC analysis trace with that of the
CHOC known product.®* [g] The absolute configuration was assigned by compar-
4 46 40 78 (R)* ison of the optical rotation with that of the known product [a], = — 14.8
MeS (c=0.68 in CHCL,); literature value: R isomer, [a]p = +12.2 (¢ = 100 in
CRO CHCL)."™ The ee value was determined by HPLC analysis, column:
5 O 424 o®l 89 (R Chiracel OD, eluent: hexanefisopropyl alcohol (95:5), flow rate:
- 0.5mLmin~", retention time: 166 min (R) and 25.0 min (S). [h] In this
6 ph 1O 43 13 77 (S case 4% vyield of (h)droxymethyl)cyc(ﬁloinexane was de:ec.)u:[i ]b)' GC

7 ano 40 40 65 (R) analysis.

Side reaction of the pinacol p rob lematic.

Bandini, Marco; Cozzi, Pier Giorgio; Melchiome, Paolo; Umani-Ronchi, Achille. Angew. Chem., Int. Ed. 1999, 38(22),
3357-3359.



Another Ligand of the Same Type

Diamino-norb omane
\
N N— PMBO/\/'\[(\/\
T 7N
t8u~( 4 —OH HO& Bu

61 % ee, 54 % yield 20 °C®

From triflate with NiCl,
Furstner, N.

tBu |y (S.S5F5

Table 1: Catalytic, enantioselective Nozaki-Hiyam a-Kishi-type additions in the presence of ligand (S,5)-5.

CrCls, (0.1 equiv), (8,5)-5, (0.1 equiv), NEt3 (0.2 equiv)l®l HO
R'CHO + RX : . N §
Mn (3 equiv), Me4SiCl (1.5 equiv) a' R2
(1 equiv) (1.5 equiv) THE
Entry Aldehyde Halide Product ee [%6) Yield [36]F Reaction temperature¥!
? :
M N R d,¢] o
1 Ph” & PN 90k 72 5°
(o] HO
6 ~ M B Py 92lex 69 10°C
PMBO™ ™7 "H PMBO™ 7 TS

[a] For entries 7 and 8, the reaction was run in the presence of 0.02 equiv of NiCl,. [b] Yield after flash chromatography. [c] Reaction temperature was
optimized for entries 1, 2, 5, 6, 7, and 8. [d] Enantiomeric excess was determined by gas chromatography (CC) of the corresponding TMS ethers on a
chiral stationary phase (Macherey-Nagel: LipodexA, 95°C). [e] Absolute configurations were assigned by comparison of optical rotations with
literature dataB """ [f] Absolute configuration based on GC/HPLC data (that is, comparison of the products of entries 2 and 1 and of the products of
entries 3 and 5 on an analytical scale). [g] Not determined. [h] Enantiomeric excess determined by HPLC on a chiral phase (Daicel: Chiralcel OD-H).
[l Some debenzylation occured as a side reaction. [j) Absolute configuration determined by 1) oxidative cleavage (ozonolysis), 2) reduction to 1,2,4-
butanetriol, 3) GC co-injection with a sample of known absolute configuration." [k] Reaction was performed with (R,R)-5. [l] Assignment of absolute
configuration in analogy to entry 7.

Berkessel*, A.; Menche, D.; Sklorz, C. A.; Schroder, M.; Paterson, I. Angew. Chem., Int. Ed. 2003,
42(9), 1032-1035.



Bis(oxazolinyl)carbazole

1) CrCly (10 mol %)
Mn (2.0 aquiv) A’ 2
DIPEA {30 mol %) | PRCHOUoequy) o,
igand1  THF.nt - C‘lf“') TMSC (2.0 oquiv), o g Ph Ph
{10 mol %) ligand 1 OH
AR'X(20equv), it | complex 2) TBAF 28|
N
enry poduct R X R? ee()®  yiek(%)°  timefh) N, " ,()0
1 2a allyl Br Ph S0(Sy 93 12 :
2 23 aliyl Br Ph 93(sy 89 12 R
3 2a allyl Cl Ph 89(5y 95 16
4 2a allyl I Ph 645y 52 12 Bis(oxazolinyl)carb azole ligand
5 2 allyl Br p-BrPh 92(5)e 87 12
6 2c allyl Br PhCH=CH 955" 87 12
74 2d allyl Br PhCH;CH: S86(R) 91 12
8 2e allyl Br ¢-C.H,, 94(sy 95 12
9 2e allyl Cl e¢-CH,, 93(Sy 88 12

“Ee determined by HPLC except 2j. For HPLC conditions, see

Supporting Information. ® Absolute configuration determined by comparison
of optical rotation to known literature value. < Isolated yields. ¢ Reaction
was carried out at 0 °C. € Ee determined by 600 MHz 'H NMR of the
comresponding MTPA ester. For further details, see Supporting Information.
fSee ref 19a. £ See ref 19b. * See ref 1a. ! See ref 4f / See ref 19¢. * See
ref 19d. ! See ref 19e. ™ See ref 19f. * See ref 19g.

Inoue, M.; Suzuki, T.; Nakada, M. J. Am. Chem. Soc. 2003, 125, 1140 - 1141.



Bis(oxazolinyl)carbazole

- Recovery of Ligand

1) Mn (2.0 acuiv) -:M
recovered DIPEA (30 maol %) 1) ACHO (1.0 equw)
Criigand 1 THF, n c::m TMSCI (2.0 aquiv), it A
complax - | - oK
(10 mol %)  2) alyiBr (2.0 squiv). c""wm"" 2) TBAF 2. 20

entry product R ee(®p®  yidd%rF  timefh) recycling

14 2a Ph 92(S)y 86 24 first time
24 2a Ph 93(S) 79 24 second time
3 2e c-CeHny 93(5) 84 16 first time
2 2e c-CsH,, 94(5)y 90 16 second time

- Enantioselective Crotylation of Benzaldehyde

sgand 1

TMSC! \/k/
DIFEA, THF 1
p Cr{lll) . 16h Ph ‘= - = . M\A,\/
OM oM

figand 1 TBAF
2) crotyoromide, it complex - antis sy;nS

anti, 75% o0 (1828)'7; sy, 21% ee (1R, 29)" (mlhoul ligand 1
anti/ sy,n=73/27, 38% anhi/ syn = B6/ 14, 48%

Inoue, M.; Suzuki, T.; Nakada, M. J. Am. Chem. Soc. 2003, 125, 1140 - 1141.



@ Fe/Cr- and Co/Cr- Mediated 2-Haloallylation

2 a N/Cr-mediated catalytic 23
oHC™ ™ T0Bz asymmaine couplng CHO Ry 1a : Ry=i-Pr, Rz=Me, Ra=Me, Rs=H
~ | followed by 3 stepe ( o 1 A 1b : Ry=1-Bu, Ry=2-naphthyl. Ry=Me, Ry=H
|L gmes | " Y---.._/\Op 0 ___L._
- OP / / ¢ 1 I Rs 1c - Ry=i-Pr, Rz=Me, Ra=H, R4=H
. 1 >,N NH 1d : Ry=1-Bu, R;=Bn. Ra=H R,=H
o= Co'Cr-mediated catalysc b Ry 02 1e: Ry=t-8u, Rz2Bn, Ry"H, R;oMe
HOL ...:". 33)-"\'~)&75c ':UJ‘:""!J 2 - R? 1' - R"-'f'eu. R2=Bn. R;::H, R4=.'>-8u
[ ~ "Me 24”7 “Me
. O o~ 4 I Sulfonamides: no result provided for other derivatives
“(20 Y 7 "OTBDOPS
o 1.1d, CrChe3THF,
El:\N Mn,
X X OH . i* . ) z_m._ng.r.a‘ TMSCI T 0'
Br._ .-__"L:__{;. OHC _ oP -:::;L_ - ,Op e N2 + OHC.R‘ 2. a9 AcOH . - "' Ry
* 9 = R, R: R;
X=l or Br J20: X=Br Rp=Rg=H 30 -Ry=(CHzghle 4a : Ry=(CHz)gMe, Ry*Ry=H
2b: X=Br, R;=Ma, Ry=H 3b: Ry=(CH;),O-TBOPS 4b : Ry%(CH;),O-TEDPS, Ry*Ry*H
2c : X=| R:EH, R:'—"M 4c . R]":CH"-:'__‘O‘TBDFS, Rz-&‘i‘. R'\g'H

2,6-lutidine was added to improve ee. lts role is not clear.

Also tried 2,6-di-tert-b utyIp yridine, quinoline, and acridine.
Only 2,6-Iutidine worked.

4d . Ry=[CH21:O-TBDPS, R=H, Rs=Me

Enmtry 2a~c + Jab —— 4da-d
1 2a 3a 4a
2 2a 3b 4b
3 2b 3b 4c
4 2c 3b 4d

sa (%) yiedd (%)
93 o3
82 80
493 o1

@ All reactions were done with 10 mol%

of the catalyst at 0 °C. ® E¢ of

the products was established by '"H-NMR analysis of its Mosher ester. © The
reaction completed within 12 h.

Kurosu, M.; Lin, M.H.; Kishi, Y. J. Am. Chem. Soc. 2004, 126, 12248 - 12249.



@ Fe/Cr- and Co/Cr- Mediated 2-Haloallylation

1.1d. CrBey, EL4N, Fe(TMHD), or

X CoPc, Mn, 2 8-Iutiding, TMSCI X OH
2. aq. AcOH or TBAF A
Y\A + OHC\R q ]
Sa~c Ba~1 7a~
Enlry Sa~c . Ga~l - Ta<l yield es*
1™ Sa: X=Y=Br  6a: R=(CH,)Me'  7a: X=Br, R=(CH,)sMe 75% 93%
2"  Sa X=Y=Br  6b R=(CH,),0-TBDPS  7b X=Br, R=(CH.)},O-TBDPS 75 @2
3*  8a X=Y=Br  6¢. R®(CH,.0-TBS 7c: X=Br, R=(CH,),0-TBS 80 91
4" 5@ X=Y=Br  6d R=(CH.,LCH(SEt), 7d X=Br. R=(CH,LCH(SEt), 70 90
5%  Ba X=Y=Br  6e: R=cyciohexyl 7e: X=Br, R=cyclohexyl 70 90
6"  Sa: X=Y=Br  6f R=CH=CH(CH,),Me” 7f X=8r, R=CH=CH(CH,,Me 75 &7
7" 5a XeYwBr  6g R=CH=CHFh 79 X#8r, R*CH»=CHPh 75 83
8" 8a X=Y=Br  6hR=Ph 7h- X=Br. R=Ph 85 84
o™ sb: X=I, Y=Br 6b R=(CH.,,O-TBDPS 7i X=|, R=iCH.LO.TRNPE &1 a3
::{ :. ;((::; uY;&& :: fzg:ﬁ]gi g&g ;i >;=I-( Scheme 2. Proposad Mechanism for the Fe/Cr- or Co/
: " - 2 2 ] - - H 1
127 Sc: X«Cl Y=Br 6b- R=(CH,),O-TBDPS 71 X=C CiEMecdiaiad Fieaciions

@ All reactions were done with 10 mol%
b Fe(TMHD); was used. ¢ Co(Pc) was used. 4T
the conditions specified in Table 1. ¢ ee of the
chiral HPLC analysis or by "H NMR analysi
determination of absolute chemistry, see Supy
isomer. * The aldehyde was not completely cor
1), 6b = 3b.

Fe/'Mn or CaMn

CrBr, - 1d / CriINBeS
1d, EtgN
X X \ X
A B — A N e _Crllll)BeS [ 1d
f \ '
M
- { ACHO
"low-valent M* —— LM
f \ )
Mn{ll) or Cr(llT)  Mn(0) or Cr(ll) x oeimes1d
M: FeorCo ) :
S : THF or 2,6-utidine A ~""g

Kurosu, M.; Lin, M.H.; Kishi, Y. J. Am. Chem. Soc.

2004, 126, 12248 - 12249.



Fe/Cr- and Co/Cr- Mediated 2-Haloallylation

1.1d, CrBry, EtsN, Fe(TMHD),

Mn, 2 S-lutidne, TMSCI I COH i
Du_f_i-""-.___. Br + 6h D.,_v.'-_'.i'-.‘_'_,.---.R * = --._',.-'“'-R
5d 2. aq. AcOH 7j D

R=(CH;,O-TBDPS Tk

| OH

matallotropic rearragement 1:26 5

Kurosu, M.; Lin, M.H.; Kishi, Y. J. Am. Chem. Soc. 2004, 126, 12248 - 12249.
Choi, Hyeong-wook; Nakajima, Katsumasa; Demeke, Damtew; Kang, Fu-An; Jun, Hyuk-Sang; W an, Zhao-Kui; Kishi, Y oshito.
Ong. Lett. 2002, 4(25), 4435-4438.



Bis(8-quinolinolato) (TBOx) Chromium

1) TBOXCr{IN)C1 (3 mol %) OH
Mn, TESCI, CH-CN, 10h, r.t. Ph
PhCHO - Ph
OH

2)H*
94% yield
di:meso 98:2
di:90%ee | TBOXCr{NI)CI
1) TBOXCr{IIN)C1 (3 mol %) OH
Mn, TESCI, CH-CN, 18h, rt.  pp . H
PhCHO + _=~_-Cl - Ph X
75% yield 10% yield, 73% ee
1) TBOXCr(INC! (3 mol %) OH oH
Mn, TESCI, CH.CN, 18h, r.t. .
PRCHO + =~ _.Br . - Ph\z/LPh Ph)\-/\\~
2)H OH

<5% yield B2% yield, 74% ee

Xia, G.; Yamamoto, H. J. Am. Chem. Soc. ASAP



Bis(8-quinolinolato) (TBOx) Chromium

1) TBOXCr{WI)CI (loading),
Mn, TESCL time, r.t. oH
DME:CH,CN (3:1)
X .
RO+ X - s
2)H
entry RCHO X loading (mol %) time (h) yield® (%) ee" (%) (config.)”
! CHO or 0.5 .- entry RCHO X loading (mol %) tme (h) yield® (%) ee" (%) (config.)
2 O er 2‘ T T T T T T T T T T T T T T T T T T T T T T e e s T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ST ST
3 Br 3 18 19SS eHo | Br 3 40 89 97(S)
e B ° $& 20 a 3 40 76 98 (S)
CHO 21 CHO g 3 18 81 97 (8)
LS Br 3 18
a1 2 cl 3 24 79 97 (S)
"""""""""""" Gl T e s a e
3 /©/ Br 3 18 BnO” “CHO d (R
Br 24 ¢l 3 40 77 95 (R)

MeO. CHO 15 CHO Br 1 40 79 9 (R)

! O/ Br 3 . 16 O Br 3 0 0 98 (R)
------------------------------------------------------------------- 7w ¢l 3 40 68 98 (R)
18 Br 10 24 88 98 (R)

@ Isolated yield after chromatographic purification. # Enantiomeric excess
was determined by chiral HPLC analysis. © Assigned by comparison of the
sign of optical rotation with reported value. ¢ CH:CN:toluene (1:1) was used
. . as solvent. ¢ Crude products were treated with TBAF in THF. f Enantiomeric
Xia, G.; Yamamoto, H. J. Am. Chem. S0c. ASAP oy occ was determined by '“F NMR of the corresponding MTPA ester.




Crotyl Systems

1) TBOXCAINCT {3 mol %),
Mn, TESCI, time, 1.1,

) DME:CHyCN (3:1) OH
RCHO + R~ _Br - Lo
- R
Rl
entry RCHO R' time (h)  yield® (%) antisyn® ee[%) anti/ syn
1° ©,cno CH, % 84 4.4 97 /97
29 CH; 3 76 5.5:1 85/ 96
3¢ n-CsHy 48 7 g.4:1 91 /9
4¢ n-CgHyy 60 65 10.311 90 /87

CHO
&' ©/\’ CHs % 88 4.2:1 64 /94

“ Isolated yield of a mixture of ans and syn product after chromatographic
purification. ® Determined by 'H NMR of crude product. © Enantiomeric
excess was determined by chiral HPLC analysis. ¢ EtOCH,CH,0Et was
used as solvent instead of DME. © The absolute configuration of the major
anti isomer was determined to be R R.” /The absolute configuration of the
major anti isomer was determined to be SR

Xia, G.; Yamamoto, H. J. Am. Chem. Soc. ASAP



The End

- The End!




