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Intervention of the Boat Transition State in the Allylic Tin—Aldehyde Condensation at

High Pressure

Yoshinori Yamamoto* and Ken-ichi Saito

Department of Chemistry, Faculty of Science, Tohoku University, Sendai 980, Japan

The volume data of the octanal—crotyltin condensation are obtained from the pressure dependence of the rate
coefficient and of diastereoselectivity; analysis of AV*, AAV#, and V* indicates the intervention of the boat transition

state under high pressure condensation.

The allylic tin—aldehyde condensation reaction has been of
much interest from both synthetic and mechanistic points of
view.l The condensation takes place upon heating,! in the

-
——\—SnBu3

(E)-(1) or (Z)-(1)

CyH cCHO  +

CH,Cly,

30 °C Pressure
CyH \)\/ CH
75, . = 7 1sw)\4
1
OH OH
threo erythro
(2) (3)
Scheme 1
(E)-(1
1
aAv Esthreo l AVIE-erythro
H R
J \/’,snBU:i GJ \//SI'\BU3
7d 730
R H X
(4) (5)
or
’I,‘ —
R/,'.E
kN =’0
ShBu;
(6)

OH OH
(2) (3)
erythro

presence of Lewis acids,! or at high pressure.2 The transition
state geometries have been discussed only on the basis of the
stereochemical outcome of the reactions. It is widely accepted
that the Lewis acid-mediated reaction proceeds via an acylic
transition state,!.3 while in the absence of Lewis acids the
condensation reaction* proceeds via a 6-membered chair
transition state. We report for the first time that a boat
transiton state is involved in the high pressure reaction of
aliphatic aldehydes with crotyltin and demonstrate that
discussions of the transition state geometry can be quanti-
tative, based on the AV* value, rather than qualitative, based
on the stereochemical outcome.

The pressure dependence of the rate coefficient k£ and of
diastereoselectivity in the octanal-crotyltin condensation
(Scheme 1) is summarized in Table 1. It was confirmed that
the observed diastereoselectivity comes from kinetic control.
The threo preference of the (Z)-isomer, the increase in erythro
product from the (E)-isomer with increasing pressure, and the
increase in the threo form from the (Z)-isomer at higher
pressure clearly indicate the intervention of (5) or (6) in
formation of the erythro product from the (E)-isomer, and of
(8) or (9) in formation of the threo product from the
(Z)-isomer (Scheme 1); these transition state geometries are
more sterically crowded in comparison with (4) or (7) and thus

(2)-(1)
avt av?
Zeerythro Zethreo
H R
SnB SnBu
ax/’ ~; u3 /’ \//, 3
/7 d -7 =0
R €d H
1 t
)] (8)
or
RY |
120
H" SABu;
(9)
'
S UR
= . =
OH OH
(3) (2)

erythro

Scheme 2. Transition state geometry.
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Table 1. Pressure effect on the rate and diastereoselectivity of the
octanal-crotyltin condensation.?

P threo! In
Stannane /108Pa k/kgmol-1s=! Ink erythro (threolerytho)

(E) 2.55 593x10-8 —16.6 2.151 7.63x10-!
(EIZ=97/3) 3.92 228x10-7 -155 1.80/1 5.90x10-!
6.37 4.44x10-7 —14.6 1.57/1 4.51x10-!

7.65 6.21x10-7 -14.3 1.51/1 4.09 x10-!

(2) 255 9.74x10-8 -158 1.16/1 1.58x 10!
(E/Z=5/95) 3.92 4.09x10-7 -14.7 1.33/1 2.88x10-!
6.37 9.82x10-7 -—13.8 1.52/1 4.17x 10!

7.65 1.25x10-6 —13.6 1.53/1 4.26x 10!

aThe concentration of substrates

was 5.00 x 10-! mol kg=!

(stannane : aldehyde = 1:1). The reaction progress and selectivity
were followed by capillary g.l.c.
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Figure 1. Pressure dependence of the rate coefficient, k. (Z)-Isomer
(@), (E)-isomer (O).

must be favourable at high pressure. We will clarify the
transition state geometry for formation of the erythro product
from the (E)-isomer, (5) or (6), and the threo product from the
(Z)-isomer, (8) or (9).

The In k—P and In (threo/erythro)-P plots are shown in
Figures 1 and 2, respectively. From the In k vs. P data,T the
activation volume of the (E)-isomer was AVig = —30.3 £ 0.3
cm3 mol—1, and that of the (Z)-isomer was AV#; = —-32.1 +
0.3 cm3 mol-!. These values are very similar to those for
ordinary intermolecular Diels—Alder reactions (—AV#* > 30
cm3 mol—1).5 The difference in activation volume between the
reaction paths leading to (2) and (3) is obtained from equation
(1).6 From the slope of Figure 2, AAVig = 5.0 = 0.5 cm?
mol~! and AAVi; = —4.3 = 0.5 cm3 mol-1. Thus, the
threo | erythro ratio at 1 atmosphere was found to be 3.24/1 for
the (E)- and 1/1.23 for the (Z)-isomer. Since AVig is a mean
value of AV¥g e, and AVig.,mr, €quation (2) can be
deduced. Consequently, the individual AV* values for each

step in Scheme 2 were AV¥g .00 = —29.1 + 0.3 cm? mol—1,
AVig erpimro = —34.1 £ 0.3 cm3 mol—!, AV¥z 4., = —34.4 £
0.3 cm3 mol-1, and AV#z. 0 = —30.1 £ 0.3 cm3 mol—1.
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Figure 2. Pressure dependence of diastereoselectivity. (Z)-Isomer
(@), (E)-isomer (O).
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(3.24 X AVig oo + AVig opnno)(3.24 + 1) = AV¥z (2)

V:4 - V$7 = (AviEvthreo + ‘/RE) - (Aviz-erythrn + VRZ)
= (AVtEvthreo - AViZfrythro) + (VRE - VRZ) (3)

The volume difference between (4) (eq, eq) and (7) (eq, ax)
(eq = equatorial, ax = axial) is obtained from equation (3),
VR and VR, the volumes of (E)-(1) and (Z)-(1), were found
to be 3.276 x 102 and 3.255 x 102 cm3 mol-1. Therefore,
Vi, — Vi, =(-29.1+30.1) + 2.1 =3.1 £0.5cm3mol-!. V¥,
and V*s must have a similar volume, since the former has the
eq, ax geometry and the latter has the ax, eq geometry.
Consequently, it was anticipated that V¥4 — Vs would be very
close to 3.1 cm3 mol-1. However, the observed value for
Vigihreo = Vigerymro = —29.1 + 34.1 = 5.0 £ 0.5 cm3 mol 1,
which is fairly large compared to the expected value for (5),
indicates intervention of (6), which has a smaller volume.”

Other aliphatic aldehydes, such as propanal; 2-ethylbut-
anal, 2-phenylpropanal, and pivalaldehyde exhibited a similar
diastereoselectivity at high pressure: the threo adducts were
formed predominantly regardless of the geometry of (1). The
volume data for the 2-phenylpropanal condensation were
obtained using the same procedure, and here also V¥ —

t The curve deviates from linearity at higher pressure owing to a
pressure dependent decrease of activation volume.5 Non-linear
least-squares fit with quadratic equation.

i Strictly speaking, this argument should be advanced on R = Me.
However, as mentioned later, the effect of R upon the volume data
seems to be small.
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Vg erymro = 5.0 £ 0.5 cm3 mol~1. The high pressure reaction
of benzaldehyde with (E)-(1) or (Z)-(1) gave the threo or
erythro forms, respectively, and thus proceeded through a
6-membered chair transition state,2 where V¥, — V¥, (R = Ph)
again was found to be 3.1 + 0.5 cm3 mol~!. Accordingly, the
volume differences between (4) and (7), or between (4) and
(6), are not so much influenced by the substituent R.§ In
conclusion, the above mentioned analytical procedure based
on volume data helps clarify transition state geometry and may
be applied to other systems such as aldol and Claisen
condensation reactions.
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