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Mechanistic Studies on Organometallic Reactions with the Aid of
High-precision Quantum Chemical Calculations

Seiji Mori* and Eiichi Nakamura

Recent development in the use of high-precision quantum chemical calculations for the investi-
gation of the mechanisms of synthetically important organometallic reaction is reviewed. The
review is focused on the following issues that have be the subject of much discussion in the soci-
ety of synthetic organic chemists for many years: (1) Nucleophilic addition to carbonyl com-
pounds, (2) osmium-tetraoxide-catalyzed dihydroxylation, (3) organocopper reactions, and (4)

Simmons-Smith cyclopropanation.

Key words: organometallic reactions, quantum chemical calculations, ab initio calculations, den-
sity functional calculations, QM/MM method, reaction mechanism, stereoselective

reactions
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Fig. 1 Transition state models of nucleophilic addition of
R-Metal to an a~alkyl alkoxy carbonyl compound. The

value 6 refers to the Biirgi-Dunitz angle.
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Fig. 2 Structures and relative energies of the precursors, inter-
mediates, and transition states of Me,Zn(2-aminoethanol)

(MP 2/6-31 G*-Zn//HF/3-21 G-Zn).
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Fig. 3 Two diastereomeric transition states in the addition of
benzaldehyde with a chiral alkylzinc reagent.
(B3LYP/6-31 G(d)-Zn//HF/3-21 G-Zn)
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Fig. 4 Proposed mechanism of osmium dihydroxylation.
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Fig. 5 The most stable transition state of the oxidation of
styrene with (DHQD),PYDZ- OsO,.
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Fig. 7 Mechanism of conjugate addition of (R.Culi) to a ¢, B~
unsaturated carbonyl compound determined by theo-
retical calculations.
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Fig. 9 Conventional mechanisms of Simmons-Smith reaction.
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MeZnOMe - C1ZnCH,Cl-ZnCl, ® 7 )V 7 )V a2 — )V DL
SO R L ERIRAE, AR OREEER 10 123,
¥ 9 Simmons-Smith S & 7V VTV a2 — )L & THE
TIVIAFY NEERL, 3561239 1 O0HEF7 LV aF
¥ FGFOETVCTH S CH3ZnOCH; & Lewis [ ZnCly
NWRET o 41 TlE, BB 5 Cl 32 ZnCly 12
MLTVLOWEMTH Y, EBRINE 42 TlE, Bk
T2 A 4 D% Lewis Bk CTa % ZnCl, TiEMAL &
N7 S2EIETH D, SNOHHEBIA(I) Y F 7 45

Cl
\ +MeZnOMe
XZnCHCI CH, +2ZnCl
v ~
n
R~ OH Q
HoCee
41
o |
Me\ Cl,Zn_C[1 H,O
/O\\) 4 ——  Ho_<]
Me—2zn. Zn=C
| ll?\
42

Fig. 10 Reaction of an allyl alcohol with C1ZnCH,Cl-ZnCl,
obtained by theoretical calculations.
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mons—Smith B SR O R A 5 212 7% - T
X7,

b
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FHEMSEE O X )~ E2AT TR <, BlE ﬂ%ﬁﬁ
DT NI XLDEEREENIC L AFEVBTEO LT
075 AORBEPLETH L, 72, HHREARICEED
SO L, MR F M £ A S b - Fik (Monte
Carlo & O AE LI L B QM/MC #:) % o KH
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o WEMHIZERE & ZRE L 723555 (molecular dynamics,
MD ) % fliffi 2479 720 O TFEORS LN b,
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PN TdH D, RETHERTEO R TALFAAIELD v
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DIFEALRERPTORILTH D Z b, HERO
Ba o d 6 bW Y AN BT EORS b #T
LTBY, 4HOBEFYRE SN 204D,

A=Y DRY 2T 72T THES AL RO
FEOIADSTTREC 2 ), 2O WY RO kE SIn L
FEMETFREOBRINE CHEIMIC TR 2 BEICE L TS
&, DIIPLBMEET L THL ), mlinSE, H
DHBMN IR GO AR OER R I 2L —
Ya v, EBESTIREEE CHRFICTE L[N -
Fx )V I A M) — ] (virtual chemistry ¥ 7213 in silico
synthesis) DSEEHIZE 72 & ZIZHAEN L DL, FigS
At O TOILFEOBRGERF & 5k L 72581 Tdh
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