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sonable choice for the input to model calculations to illustrate
the possible effects of an gating mode in the transient kine-
tics.

Figure 1 shows that the transient time before reaching
the steady state is shorter in general for gated reactions
when compared with the ungated reactions. In particular,
as the ratio of the gate-opening rate to the gate-closing rate
decreases down to a factor of 1/10, the steady state is estab-
lished within 100 ps. The value of &, was fixed at 1.0 ns™%,

In Figure 2, we fixed the ratio of £,/%. to unity, and instead
changed the magnitudes of both rate constants. As the gating
mode fluctuates more rapidly, the transiency in the dynami-
cal variation of the bimolecular kinetics becomes less promi-
nent.
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Preparation and Structure of éHzCHzooCéHCHzSnCls
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A new estertin, CH:CH,O0CCHCH.SnCl;, was prepared and its structure was determined by X-ray crystatlography
P2,2:2;; a=9439(1}, 5=9.601(1), ¢=120.779(1) 4 Z=4) and refined to R=0.0356. The coordination geometry around
the tin atom approximates to a trigonal bipyramid with the intramelecularly coordinated oxygen O(1), (Sn-O(1), 2.482(6)
&) and CI2) occupying mutually trans positions (O(1)-Sn-CK(2), 176.4(2)°).

Introduction

Since a novel synthetic route to “estertin” was reported’,
a large number of estertin compounds and their derivatives
have been investigated because of their interesting bonding

mode and industrial applicability®3,

In continuing efforts to extend the estertin chemistry®, this
paper reports the preparation and structure of the title com-
pound.



Preparation and Structure of CHCHO0CCHCH SnCl;
Experimental

The title compound was prepared according to the same
method for CH:QOCCH,CH(COOCH»)SnCly® : SnCl; (491 g,
50 mmol) and a-methylene-y-butyrolactone (9.48 g, 50 mmol)
in 40 m/ of diethy] ether were placed in 2 250 m/ two neck
flask equipped with a reflux condenser and a gas inlet tube.
Through the stirred suspension was bubbled for 1 h anhy-
drous hydrogen chloride (183 g, 50 mmol) at 20C. After
the solvent was removed at reduced pressure, the residue
was recrystallized from a dichloromethane-petroleum ether
mixture (1:1) to give colorless crystals (mp. 149-152TC) suit-
able for X-ray crystalloraphy. Anal. found (calcd for CsH/O,-
ClSn) : C, 18.70 (1853); H, 2.12 (2.18). IR (KBr pellet, cm™:
v (C=0), 1690.

All the crystallographic data were obtained on an Enraf-
Nonius CAD4 automatic diffractometer with graphite-mono-
chromated molybdenum radiation (A (Kal)=070930 &,
MKa2)=0.71359 1-9\) at an ambient temperature of 23(2)C.
A single crystal was mounted inside of a sealed, thin-walled
glass capillary. From the systematic absences the space
group, P2:2,2;, was uniquely determined. The cell constants
were determined by the least-squares refinement of the dif-
fraction geometry for 25 intense reflections having 7°<6<13°,
The three intensity standards were monitored during inten-
sity data collection, and did not reveal any systematic varia-
tion. The data were collected in w/28 scan mode using varia-
ble rates up to 8, =25° for the range of 0L£4<10, —11<k<
0, and 0</<12 and corrected for Lorentz-polarization effects.
The structure was solved by the conventional heavy atom
method and difference Fourier techniques and refined by
means of full-matrix least-squares procedures. The nonhy-
drogen atoms were refined anisotropically. The positions of
hydrogen atoms were found on the difference Fourier map
and refined isotropically using a riding model (C-H, 0.95 A).
All calculations were performed by using SHELX-76, a sys-
tem of computer programs for X-ray structure determination
by G. M. Sheldrick™. The crystal parameters and procedural
information on data collection and structure refinement are
given in Table 1.

Results and Discussion

The reaction of SnCl; with a rigid cyclic s-cis o,f-unsatu-
rated ester, a-methylene-y-butyrolactone, under anhydrous
hydrogen chloride proceeded affording the title compound
{Eq. (1)) in the same way as the corresponding reaction'

C L +snon+to Se [ S q
070 20°C 070

with simple aB-unsaturated ester. The product is obtained
as fairly air-stable crystalline solid with sharp melting point,
and is soluble in polar organic solvents.

The ORTEP drawing with the atomic labeling scheme of
the compound is presented in Figure 1. The final atomic
coordinates and thermal parameters are shown in Table 2
and the bond distances and angles in Table 3. The compound
is a discrete molecule with no close intermolecular contacts.
The geometry around the tin atom is a distorted trigonal
bipyramid with C(1), Ci(1}, and CI(3) in the equatorial posi-
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Table 1. Crystal Parameters and Procedural Information

Formula CsH:0:ClsSn
fw 324.16

Space group P2:2:2,

a, 9.439(1)

b A 9.601(1)

e, & 10.779(1)

v, & 976.8(2)

Z 4

Geotesr gem ™3 2.204

Crystal size, mm 0.32X040X042
TR 3145

Scan method w/20

Data collected hkl 3<20<44
No. total observation 1028

No. unique data>3a(l) 971

No. parameters refind 106

gof 0.576
R=Q\F.~FI)YIF) 0.0356

Re=CQIF,—Fl/DNF w2 00375

“w = 1.00/{0*(¥)+0.010333 F)

@ Cl(2)

C1(3)

——
Figure 1. ORTEP drawing of CH;CH,O00CCHCH,SnCl; showing
50% probability thermal ellipsoids and numbering scheme.

tions and CI(2) and O(1) in the apical positions vig intramo-
lecular carbony! oxygen-to-tin coordination. The distortion
appears to be caused by the small bite angle of O(1)-Sn-C(1)
(75.7(3)°) with the concomitant splaying of the C(1)-Sn-CI2)
(106.9(2)°), but the axial bond (O(1)-Sn-Cl(2), 1764(2)°) is
almost linear. The axial Sn-Ci(2) distance (2.342(2) &) is sli-
ghtly longer compared with the equatorial bonds (Sn-CI(1),
2.324(2) A; Sn-Cl(3), 2.333(2) A). The Sn-O(1) distance (2482
6) &) in the present compound is longer than that (2.347(5)

) in CH;0OCCH;CH,SnCiy®. This indicates a weaker coordi-
nation of the carbonyl group in a cyclic ester than in a simple
ester due to the rigid heterocyclic system which shows a
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Table 2. Positional and Equivalent Isotropic Thermal Parame-
ters®

Atom  X/A ¥/B z/C Ui

Sn 0.2201(<1) 0.0632(<1)  0.5095(1) 0.031(<1)
Cl1)  04591(2) 0.0083(3) 0.4929(2) 0.051(1)
Cl(Z)  0.1306(3) —0.1641(2) 0.5188(3) 0.054(1)
CI3)  0.1373(2) 0.1119%(3) 0.3102(2) 0.046(1)
o) 0.3111(7) 0.3042(6) 04855(5) 0.043(4)
0@2) 0.3031(6) 0.4943(6) 0.6022(6) 0.041(3)
c) 0.1437(8) 0.1690(8) 0.6671(7) 0.034(4)
C2) 0.2416(8) 0.2887(8) 0.7023(7) 0.034(4)
3 0.2907(8) 0.3620(7) 0.5872(7) 0.034(4)
@ 0.2610(11) 0.5300(10)  0.7318(9) 0.050(5)
C(5) 0.1816(10) 04065(10)  0.7790(11)  0.053(6)

*Equivalent isotropic U, is defined as one-third of the trace of
the orthogonalized U; tensor.

Table 3. Bond Distances (&) and Angles ()

$n-CI(1) 23242)  0@2)}-C3) 1.286(10)
Sa0-Cl(2) 23422y  O@2»-C(4) 1492(11)
Sn-CK3) 23332) C)-C2) 1.523(10)
Sn-O(1) 24826) C(@2)-C@3) 1.50K11)
Sn-C(1) 2.107®) C@)-CB 1511(12)
O(D-CB3) 12439 C)-Co) 1.492(12)
Cl(2)-8n-CK(1} 98.2(1) C4)-0(2)-C(3) 108.7(7)
CI(3)-Sn-CI(1) 107.5(1}  €(2)-C(1)-Sn 110.9(4)
Cl{3)-5n-CK2) 9%6.11)  CE@)-C@-C(D) 109.6(6)
0O(1)-Sn-Cl(1} 824(2) C(B)-C(2»-C(1) 118.3(7)
0(1)-5n-C1(2) 1764(2)  C(5)-C(2-C(3) 102.5(7)
O(1)-8n-CK(3) 804(2)  O2)-C3H-0(1) 122.6(7)
C(1)-Sn-CI(1) 120.312)  C)-C3)-XD) 124.6(6)
C(1)-5n-CI(2) 106.92)  C(2)-C(3)-0(2) 112.8(7)
C(1)-Sn-C1(3) 122.12)  C(5)-C4)-0(2) 105.6(7)
C(1)-50-0(1) 7573 C@-CB)H-C2) 102.8(8)
C(3)-0(1)-Sn 105.7(5)

Ok-Sang Jung et al

comparatively smaller tendency to donate electron. The
bond distances of Sn-Cl and Sn-C are comparable to those
in CHyOO0CCH;CH,SnCls* or CH;00CCH;CH(COOCH,)CH,-
SnCl.

In conclusion, the title compound is prepared by the reac-
tion of SnCl, with 2 s-cis a,B-unsaturated ester, o-methylene-
y-butyrolactone, in the presence of anhydrous hydrogen ch-
loride, which is unprecedented although the reactions with
simple «,B-unsaturated ester have been well evaluated. The
Sn-O distance of intramolecular carbonyl oxygen-to-tin coor-
dination is weaker than the corresponding bonds in simple
estertin compounds.
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