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Preparation of Metal Complexes
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Osmium Complexation

ammonium ligands incapable of = interaction
With mono-substituted benzenes: R ‘-

-Coordination is prefered at 5,6n° over Os d, orbitals available for significant

4,5m? in the absence of steric factors Os (NHg)s™" back-bonding
-Calculated to 3-5 kcal/mol The complexed arene is very electron rich ]
Other olefins, nitriles, aldehydes and some ketones are not compatable for this method.
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Table 4. Electrophilic Addition Reactions with

n?-Anisole Complex
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Double Addition to Os Complexes

Naphthalene derivatives:

Anisoles: OTMS
Table 1. Overall Yields for the Tandem Addition to Naphthalene v o ~
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Incorperation of Chiral Auxiliaries
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Reactivity of Cr Complexes

side chain additions y
/‘ [Cation and anion stabilixation
X
/ "One of the most original characteristics of this series is the hermaphroditic
ability to enhance the kinetic generation and the stabilization of either
‘ H carbocations or carbanions in the benzylic position”
nucleophilic c
:laddmons oc" Jaouen J. Organomet. Chem. 1980, 195, C5
oC CcO increased acidity of ring protons
Cl ,
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—— L e e
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1 3 4 5
Quenching experiments: 1 2 3 4 5

1 3h0°C a.HO,b.l, 18 40 10 2 12 L
Suggests: 1 - reversable addition
2 3h,0°C a.CFzCO,H,l, O 39 19 4 22 2 - intermediate may be trapped by E*

3 3h,0°C l2 0 19 56 12 0

Semmelhack JACs, 1974, 94, 7092
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Cr Complexes
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Figure 1. (Top) Perspective view of the crystal structure of
complex la with the atomic numbering. Ellipsoids are
represented with 50% probability. (Bottom) View perpen-
dicular to the mean plane of the arene.

Fig. 1. Structural models of benzene (1eft) and [CrinS~benzene (C 0),] {right) represented together
with solid models of E,,, isovalue surfaces caleulated for nucleophific attack. Color-coding of the
surfaces: blue = -0.15, purple = ~5.0, green = -10.0, yellow = -15.0, brown = -17.0 and red = -18.0
keal/mol.
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Scope and regiochemistry

Table 1. Reactivity of carbanions in the addition process

Nu A. Unreactive B. Successful C. Metalation
. 1. LiCH(COZR)z 1. LiCl'lzCOzR 1. nBuli
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Application to Mn complexes

e,

R X Nu ortho meta para Yyield
Me Cl LAH 69 31
Me Cl MelLi 74 26
R a0 P Nu Me CI  Phli 61 39
\@L ek H OMe LAH 37 63
w2 X THF /7 X H NMe, LAH 3 97
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H i PhMgBr 50 3 15
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Mn Mn
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Scheme 16. Sequential Addition of Organolithium
Reagents and Allyl/Benzyl/Propargyl Bromides to

Addition without carbonylation

Arene Chromium Tricarbonyls Substituted with
an Oxazoline or Cyclohexylamme Appendage
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1 n-Buli CHZCHCHBr 63
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Double Addition to Mn complexes

R Nu’ R\©/Nu E* R  Nu
/
(OC)s"Mn .y / : :R
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?: (/%%0/4 744
R Nu Yield
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2) O, Nu
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33%
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(OC)zMn ON(OC)2+MTI CO,Me
//Mc Jeen ¢ 44;./., /\_/ -moderate yields with hydride donors
# /“o/ o/ McDaniel Organometallics 1993, 13, 224
/hls 4,.‘/.5‘9} - //mf’Lt’/ nam ber ot ’Mc('d’/ 4ikes Sweigart JACS, 1985, 107,238
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Asymmetric induction

R NU" R'\@"'“ E* of Nu" R »_Nu
M

e —
M

_ X
[Planer Chirality

l Chiral nucleophiles ]
-Works best when regioselectivity is high --- Heteroatom substituted, ortho directin
— o vy

/7 }vvcytr /r)/e_;ir)'f;ﬁ/ So

Chiral auxiliary:

oG* CN oG* O
X \fu 1) H*
I// Cr—@ |
(OC)sCr "KCN 2) Hz, Pd 'KCN
HOG* =
Best ligand -> 48% ee (other menthyl deriv. tried)
7~ “OH
AN
Ph

Semmelhack TL, 1996, 37, 3089
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Table 1. Sequential diastereoselective addition of organolithium reagents and
allyl bromide to complexes 5 and 6.

Better Chiral Auxiliaries ° " % g MU

iPr MeLi a 61 96:4
iPr nBuli {c] b 54 95.5:4.5
R R iPr VinylLi (d. ¢] ¢ 48 95.5:4.5
iPr PhLi 1) d 60 81:19
}—\ }—\ iBu MeLi e 69 299:1
tBu nBuLi f{ 62 99:1
Ny © 1) R'Li Ny © . 1Bu PhLi [f] g 51 295.5;4.5
R' fu] K oducts were also formed in 10-25% yicld; sec Ref. [7).
X 2) AllyiBr [:ll Determingd b';c:i)o-h;rl:za';;,N:dr;lncand";{PLC, [c] Reaction run in Tl}F]/
I _CI’(CO)g toluene (1:10) at —90°C. (d] Generated in situ from MecLi and tetravinyltin.
F "":/\ fe] Reaction run at —90°C. [f] Reaction run in THF/toluene (1:5)at —80°C.
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N
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Cr Cr PLorom O Gz
(<4
—_ s'(/ﬂc 1{‘# Merseasos A /:j«/ A 5/07} &W7
b 7 X=7
_NR"
N
! OMe 1) PhLi Ph tMs o 98 ©
=N / 73%, >98 % de
[/ /
2)
N
| —~Cr(CO)s Br/\
TMS
. lier~  ; A/ Kundig ACIEE, 1992, 31, 1071 ~
0((' 7 % ;/ Kundig Pure & Applied Chem 1997,69, 543
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Me““QMé

N +
l —Mn"(CO)s

RNV

4.

~\a

Nu

.RN@NU

/

(OC)aMn!

Attempts to cleave Aux. have been unsucessful

/{

Chiral Auxiliaries with Mn Complexes

Table 1. Reactions of Complexes 3 and 4 with Nucleophiles. All reactions
were run in THF at -78 °C unless otherwise noted.
jo 5:6 (%
1 3 PhLi 2.0:1 52
2 4 PhLi 6.6: 78
3 3 PhMgBr :1 60
4 4 PhMgCl 48; 93
5 3 VinylMgBr .6:1 50
6 4 VinylMgBr 3.6:1 362
7 4 AllylMgBr 4.1:1 65
8 3 LS-Selectride® 11.5:1 84
9 4 LS-Selectride® n.d. no reaction®
10 3 L-Selectride® 5.3:1 77
11 4 L-Selectride® 5.7:1 300
12 3 Superhydride® 2.8:1 75
13 4 Superhydride® 1.7:1 37
14 3 LiAlHy . 2.1:1 81
15 4 LiAlH, 1.0:1.4 83
16 3 LiAl(r-OBu)3H 1.4:1 70
17 4 LiAl(s-OBu)3H cal:l Trace?
18 3 NaBH4 1:4.3 80
19 4 NaBH4 1:3 93
20 3 "LiBH4 1:3.8 85
21 4 LiBH4 1:8.2 73
22 3 MeLi¢ 1:3 60
23 4 MeLi 1:3.5 67
24 4 Vinyl-Li 1:2.5 62
25 4 LiCH,CO,But 1:2.8 65

aUnreacted starting material recovered. ®Substantial decomplexation of arene complex observed,
cReaction conducted in CH2Cl2 at -95 to -85 °C, owing to very low yield in THF.

- Pearson Tet 1997, 53, 3849



Other Asymmetric Applicaation

Chinl néwﬁyjf'l‘ff

1) RLi, Chiral Ligand

N
| —7Cr(CO): ) Alyier

’ '

bl c:ow//-wvg ]

OMe J\

oM
Ph” N Ph ©
N Li ™S
| —~Cr(CO)3 | =——Cr(CO)s
Z TMSCI =
1) L7
X
/\TMS
2) AllylBr
3) H*
0
™S TMS
X
40%, 90 % ee N

—

—

Enuy | RL® Ligand*d Product | Configl | ect

(Yield, %)° (%)
HY

1 | PhLif S]N (+)-2a(72) | 5565 | 54

2 | VinylLis 8 (+)-2b(87) | SS.6R | 34

3 MeLid i5 (+)}2c(70) | SS.ER | 47

4 | n-Bulil 3 H (+)-2d (65¥ | SS.6R | 36

Me Me

s | PaLif “, (-2a(72) | SR6R | 81

6 VinylLi# MO OMe (-)-2b (85) 5R6S | 50

7 | MeLit 1R2R-4 (-)2c(60) | SR6S | 47

3 n-BulLil (-)-2d(68) | SR.6S | 45

9 | paLif / (+}22(66) | 5565 | &

10 | VinylLis MeO' ome | (+)2b(60) | SS6R | 61

90% ee 11| MeLib 15255 (+)-2¢(50) | SS,6R | 84

_ 12 | n-BuLil " (#-24(75) | 55,68 | 61
13 | PALf @ (+)-2a(66) | S5S.65 | 93k

14 | Vinyllig | \ (+)-2b(53) | SS.6R | 87

15 | MeLit MeO”  OMe | (y2c(51) | S5.6R | 87

16 | n-BuLit 15.25-6 (+»-2d(67) | SS.6R | 65

Kundig JOC, 1996, 61, 2259
Kundig, JACS 1997, 119, 4773
Simpkins JOC, 1994, 59, 1961
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Chrial Ligands

J
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co co co CoR" o
L* Yield [%] ee[%] abs. config]
R"=Et, L=CO 82 26 RR
P(OMe),0 ¥
: R”=Me 70 31 ss
plo® L = P(OPh)3
3
S Me
e R” = Me R’ =Me 71 41 SS
Ph F’\O L =CO Cy 60 56 Ss
8 Ph iPr 50 69 SS

Scheme 6. Ligand mediated asymmetric transformation of benzene into a disubstituted cyclohexadiene
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Kundig Purre & Applied Chem 1996, 68, 97
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1) Nuc.
( OC)3Cr’ 2) Elect.

1) Nuc.
(OC)s Mr 2) Nuc.

(H3N)52+Os—-© 1) Elect.
2) Nuc.

Conclusion

E ]l,l'

QNUC.

X

Nuc.

Elect.

Nuc.

Elect.

Nuc.

Al

-most general, and most well studied
-limited to strong nucleophiles, alkyl electrophiles
-several methods of high asymetric induction

-least studied

-good generality in initial nucleophiles

-needs strong second nucleophile or
intermediate activation

-poor asymetric induction

-most novel approach, orthogonal to others
-good generality in electrophiles

-more difficult to work with (Os)

-only one example of asym. induction

Overall, these methods are very promising, but have yet to see many applications




