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Chart 1. Saturahon Plot Obtained with DHQD
9-0-p-chlorobenzoate (5) and Cyclohexene (1-BuOH, 25 °C,
680 nm, coc0, = 0.000 12 mol/L, Ceyctobercae = 0.011 mol/L)

......................

\

g

Kobe/Cotefin  {L/mole-min]
s 5 3
!
|

3

g

<
.

L)
0 0.1 02 03 04 0.5

Cigand (mole/L] 20
Scheme 4+ 1000 4
K‘Q
0,0‘ + L ———————> OsO,-L - 00 4
hplatkenc) 12*2!'0.([}:‘2} &, latkenc) . E “
&
" d
(\ 7 (\? o w0
=0 O——()g’
0—0& fast | o :
o L 200
X, k(LKLY -4
Ie M {050}y [alkene) => k. =k = 2
(4 K LD KU 0
£, observed second order - Equation used for apolating observed
it constant ramlomlmgrucconsumsk

. «[OsO4]r is the total concentration of OsQy in the reaction mlxturc
defined as [OsOqy = [0sO] + [OsOsL), and is independent of the
ligand concentration.
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Chart 3. Sateration Rate Constants in Toluenc at 25 *C
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Chart 5. Saturation Rate Constants for Dihydroquinidine
Derivatives in +-BuOH at 25 °C
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¢ Cciling rate constants k. [L/(mol-min)} were ncasured in -BuOH
at 25 *C by moaitoring :
nm in a stopped-flow apparatus; all AD reactions were performod under
catalytic conditiosis in 1:1 ¢-BuOH/H;0, using K;Fc(CN)¢ as the
stoichiometric reoxidant (ref 1). # The AD reaction was performed at 0
°C.<The AD was carried out at room temperature. ¢ Hartung, J.;
Sharpless, K. B. Unpublished resuits.

Chart 6. Saturation Rate Constants versus Binding
Constants in -BuOH at 25 °C, Excluding (DHQD),PHAL
(1) and Quinuclidine, Which Are ‘Off-Scale’ (1: Ko = 211
L/mol, k(2-vinylnaphthalenc) = 35 600 L/(mol-min).
Quinuclidine: Keq = 2630 L/mol, k(vinylnaphthalene) =
147 L/(mol-min)]
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Chromyl Chloride éxidations of Olefins. Possible Role
of Organometallic Intermediates in the Oxidations
of Olefins by Oxo Transition Metal Species
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Table I. CrO,Cl; Oxidations of Disubstituted Olefins®

) Epoxide Halohydrin Halo

Olefin V4 E Erythro Threo ketone
I. (E)-Cyclododecene 2 20 5 60 8
2.(Z)-Cyclododecene 28 2 25 4 5
3.({E)-5-Decene | 15 5 55 7
4.(Z)-5-Decene 13 2 35 30 s
5.(Z)-5-Decenc? 0 0 28¢ 5¢ 354
6. Cyclohexene 5 ) 25 5

* Unless otherwise noted, all reactions were performed in CH,Cl;
at =78 °C using 1.3 equiv of CrO,Cl,. After 3 h the reaction mixture
was poured into aqueous sodium sulfite at 0 °C. All yiclds were de-
termined by GLC relative to an internal standard. 4 In this case the

oxidation was rua in acetone at —78 °C in the presence of excess LiBr.
< Bromohydrins. ¢ Bromo ketone.

Scheme HI. Mechanism Involving Organometallic Intermediates
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Temperature Effects in Asymmetric Dihydroxy-
lation: Evidence for a Stepwise Mechanism**

=

By Thomas Gobel and K. Barry Sharpless*
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Fig. 1. Eyring plots for the enantiomeric excesses of the dihydroxylation of

okefins 4-6 with 9 as ligand. The error bars 'f’p"’““‘l m.)nﬁdenoc levels of
+95% and were determined by standard statistical analysis.
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Kinetic Investigations Provide Additional Evidence That an f
Enzyme-like Binding Pocket Is Crucial for High
Enantioselectivity in the Bis-Cinchona Alkaloid Catalyzed
Asymmetric Dihydroxylation of Olefins ;

E. J. Corey* and Mark €. Noe

Contribution from the Department of Chemistry, Harvard University,
Cambridge, Massachuserts 02138
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igure 3. Reaction profile for the competitive catalytic asymmetric
thydroxylation of allyl 4-methoxybenzoate (2) (0.08 M) and allyl
itsopropylsilyl ether (6) (0.08 M) using the (DHQD),PYDZ ligand 1
6 mM) and K0504°2H;0 (0.4 mM) in 1:1 tert-butyl alcohol—H,0O
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Figure 7. Plot of initial velocity versus iniia ’
shgwing saturation behavior for the (DHQD),PYDZ:0s04 catalyzed
asymmetric dihydroxylation using 1 mM (D} IQD};P‘(D% ligand, 0.5
mM K0s04-2H,;0 in 1:1 tert-butyl alcohol —water at 0 °C.
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Figure 8. Lineweaver—Burk plot for the catalytic asymmetric dihy-
droxylation of styrenc under the conditions noted in Figure 7.

Table 1. Comparison of the Michaelis—Menten parameters Ku
and Vi and Observed Enantioselectivity in the Catalytic
Asymmetric Dihydroxylation of Olefins®

Entry Ofefin (formuta no)  Ka Vou -
o ¥
1 0’1 (2) w017 Lix 10t re*
Ioo’d
H “""’] s} 0.4 ssx 10t 13"
3 O/\ mn LX R 15 x 10t [ Uil
. m ) 9.0060M s5x ¥ o
HyC0
s m {9} 0.0088M roxwet  er
NC
i CoMr (10} 0.061M 205108 i

{1 b.0oTEM 1Tx 10 "

O\f\t 0, Mo
“‘ *
] m {12} 0.0045M 1A x e -
COMe

s O/k m 0158 wexwt W
DHOD-FYDZ-OMe Ligend (17}
T Tivis resaction wes performed wxing 1.6 mil (DHODRPYDZ Ngend and 9.25 mM
Kee O 2H,0
* This work.

“ Unless otherwise indicated, all reactions were performed at 0 °C
in 1:1 tert-butyl alcohol—water using the (DHQD),PYDZ ligand (1
mM) and K;0504-2H;0O (0.5 mM). :

Table 2. Observed and Calculal;d Initial \::

& locit i
Multiple Substrate Competition Experiments® ocity Ratios (®) for

substrate combination

caled 9 obsd ¢
styrene—decene 12.3 8.6
do:f:nc—allyl TiPS ether 5.5 SIG
4-vinylanisole—styrenc 50 4 '2
4-vinylanisole —4-CN s yrene 34 3 I4

o . I. o mw
All reactions were run with 004 M initial substrate concentration

;lsiin'g I mM (DHQD),PYDZ ligand and 0.5 mM K>0s04-2H,0 at 0
Cin Il tert-butyl alcohol—water. The faster reacting olefin is

indicated first.
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Table 3. Inhibition of the Catalytic Asymmetric Dihydroxylation ’ J. Am. Cher. Soc. 1996, 118, 11038—11053 ‘C}’H' iClom 0‘30 n 5‘11
of Styrene Using the (DHQD),PYDZ-0s0, Catalyst 1-OsO, - [2 42]
InRofior % | inhiblor % . A Critical Analysis of the Mechanistic Basis of

Enantioselectivity in the Bis-Cinchona Alkaloid Catalyzed

@\)w' 1smu MO CG . Dihydroxylation of Olefins

" oH E. J. Corey* and Mark C. Noe
e Contribution from the Department of Chemistry, Harvard University,
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Figure 9. Dixon plot for the inhibition of the asymmetric dihydroxy-
lation of styrene using the (DQHD),PYDZ-0s0, catalyst by 19. The
initial styrenc concentration was 17.5 mM. The reaction conditions
arcthcsamcasthoscdclai_led in Figure 7.
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Scheme 1 “igure 7. .Combined Hammett plots based on the measured pseudo.
Figure 7. .C ! 4
) 0 o first-order rate constants for osmylations of substituted styrenes (®=
: 0s= N-— d e 4-pyrrolidinopyridine, O = pyridine, ¢ = d-cyanopyridine, ¢ = 3,{}
i ¥ omge=o X =/ '%'f"o ; = dichloropyridine; [0504, = 2.00 x 107 M, [styrenc), = 4.00 x 10
© °o M, [pyridine], = 1.25 x 10°! M).
16¢ 1(18¢)

Table 1. Equilibrium Constants for the Binding of Substituted 40OCHY),  A0M), ITACF;
Pyridines to OsOy in Organic Solvents (Scheme 1) R M E R
. KqM) e
pyridine s
substituent (X) o acelonitrile toluene 2.0
4-N(CH;), —0.83 1200 4- 90 1820 4+ 230 Py
3,4-(CH,)q —-0.48 143 42 402 4 100 T
4CH, ~0.17 7043 163 4 30 X -2
none 0.00 3442 7947 g
3-F 0.34 41+06 1711 -2.4
4-CN 0.66 20410 44408
3.54C1), 0.74* 20414 26

“The 0. parameter was used for substituents at C(3), and the o
parameler was used for substituents at C(4). * This substituent parameter
was obtained by adding the individual o,, values for both substituents
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Figure 2. Hammett plots based on the equilibrium constants for the
binding of substituted pyridines to OsOy in acetonitrile (-®-: p=—138,
r=0.996) and toluene (3: p= —1.9, r = 0.991) at 25.0 °C.
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Figure 18. Frontier molecular orbital interactions proposed to dictate
the energy of the transition state in 1.3-dipolar cycloadditions.
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Figure 19. Component equilibria of the proposed stepwise “(2 + 2]"
mechanism for the amine-accelerated osmylation of alkenes.

@



IL)-4 Suppert for [312]

iy ARy A B RN N -, Experimental and Theoretical Kili'eﬁczv'ls;dtope J
o < Tf’l}% fase ,oT 0/};9/@ (}0/7@/0/7["W‘> Effects for Asymmetric Dihydroxylation. Evidence
' T I - T ]]_ T I Supporting a Rate-Limiting “(3 + 2)” Cycloaddition
P2 ype el Albert J. DelMonte, * Jan Haller,"® K. N. Houk,*»
U I - K. Bamry Sharpless, *-c Dapje] A. Singleton, *t»
E‘r_( EE , ELT EI_ . EI>EI_ : Thomas Strassner,'® and Allen A ’l‘hgmas'c
T o Department of Chemistry, Texas A&r University
College Station, Texas 77843

——

—_— 4 : : e ) : Department of Chemistry, The Scripps Research Institute
) ) 1 La Jolla, California 92037
:l l R I D N | 11 _ ’ ‘: Department of Chemistry and Biochemistry
o L L | . University of California
o o/ by }' o = . Los Angeles, California 90095-1569
fm% PoBrphire e T . Received May 21, 1997
. _Typel Typell Typell
v Al 4 _
Cb’ﬂd d‘\m -}0 ;Pc& EDG ’ o éWQ ' 'la‘ab(l:e 1. Calculated and Experimental KIEs for Dihydroxylations
' s A °C) :
Gcﬁdﬁﬂl{’ k@qd Dc’po‘&w‘f}a' EWG l""ﬁk E% "m\c _ c:Ha Ho\c oz/ou
L e Huane— N1~ 2
* From flg 7,14, stylene and stlben sheuld react WR T Wt
with Os O }ef},ecf/{v(/ey ‘n 7)/)€11 onal 5/)€lc A
\ N ~ 3 L it C. C
P 1Ps 0)0 J'fm‘nhp}ules ae JINCH] FYOPO}‘I"OﬂG{ fa & Cakul:;:‘ : '
'['o the H Mo eﬂe’?f\eﬁ- @“G+2)" .
2 0997 0913 0.921 1.025 1.025
3 0909 0.912 0.921 1.025 1.024
IPJ m 5)+ E’,V m 77€V (b) Formation of an Osmaoxetane
. 6 0.892 0.957 0972 1 Og(l) : ggg
i . \ 7 X A 0.980 1.0: .
o Fom IPs volue ) tfﬁy){?he T‘GOCYL mith 0“0‘? m 5 o033 0997 0.937 1.046 1021
| TJFQI/ shilbene meuldreact in DpeL. S 0880 096y Ringil.agg‘tmm 0989 1039

; 10 0933 0.976 1.068 0.984 1.047
\ A \ )
; :77}1;3 N mcomsfenf . Experimentt
1 0.906(9) 0.919(5)  0.925(7) 1.027(1) 1.028(3)
: ’ 2 0908(4) 0917(8)  0.926(14) 1.026(3) 1.025(3)

“ See ref 17. ® Experiments 1 and 2 are reactions camried to 90.5%
and 85.6% completion, respectively. Standard deviations are shown in
i pareatheses.

Chart 1 Calou [l e b) Becke3YP

8 AH? = 30.8 keakmol 10 AH? = 28.8 keattmol

O
iAH":‘LS 7 AH? = 41.6 kcal/mol 8 AHS -Q.Owr

Eh =, 1459, [312]°71-3 t Affer fhat some repors

2 \

(%97 ¥10 S%t/?for?l fo (3¢2] Using

y ! 123.678.10 computational scienc.
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