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Summary

Hexaethyldistannoxane and its chloro derivatives when treated with lac-
tones containing four- to seven-membered rings afforded 1/1 adducts with open-
ing of the rings. Kinetic meastirements utilizing IR spectroscopic methods gave
the following orders of reactivity: (1) e-caprolactone > §-valerolactone > j3-
propiolactone > 7y-butyrolactone, (2) CLEtSnOSnEt,Cl > Et;SnOSnEt; >
CIEt,SnOSnEt; > CIEt,SnOSnEt,Cl; monomeric > dimeric distannoxane, and
in non-polar solvent > in polar or basic solvent. These results are discussed in
terms of the degree of association of distannoxanes, as well as the acidities and
basicities of the lactone, distannoxane and solvent.

Introduction

Ring-opening reactions of 3-propiolactone with organometallic compounds
of the type R,M—X, such as alkoxides or amides of alkylzinc [1], dialkylalumin-
ium [2], trialkyl-silicon [3], -germanium [4], or -tin [4] have already been re-
ported. In order to elucidate the mechanism of the ring-opening reaction of
lactones with organostannyl compounds, we report our results on the kinetics
of this reaction of four- to seven-membered lactones of different basicities.and
reactivities with various chloroethyldistannoxanes having dlfferent degrees of -
association and different acidities and basicities.

Results and discussion

Reaction of lactones with distannoxanes
As is evident from the characteristic change in the IR and NMR spectra
(Table 1), e-canrolactone (e-CL) reacted with an equunolar amount . of II-0,
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’_'fhexa'ethyldlstannoxane within 20 h in carbon tetrachloride at 60° with opening
- -of the lactone ring, to afford the equilibrated mixture of 1/1 adduct (> 90%),

, hexaethyldlstannoxane (<:10%) and e-CL (< 10%). Attempts to isolate the -

- reaction products by vacuum distillation were unsuccessful; ITI reverted to the -
starting ‘materials I and II. However, if III, the ring-opening product was treated
‘" with one or two eqmvalents 'of acetyl chloride at room- temperature it could be

= 1lsolated as ‘a mono- or dl-acetate by dlstlllatlon, as shown in eqn.1. s

A SRR ¢ o ' +CH3COCI

—Et3SnCl

® oy | |
(n=2-5) | W
e 7 + CH3COCI

+ CH,COO(CH,),,CO0SnEt; ——3" CH,CO0(CH,),COOCOCH,
—Et3SnCl

(Iv) (V)

Analogous results were obtained in the reaction of hexaethyldistannoxane
with §-valerolactone (6-VL), y-butyrolactone (y-BL) and §-propiolactone (3-PL).
The 1/1 adduct of 8-PL. decomposed during distillation to yield triethylstannyl
acrylaie among other products. Results of the acylation reactions are given in
Tables land 2.

. Symmetrical dxchlorotetraethyldlstannoxane (II-2) when treated with
[3-PL in carbon tetrachloride (20 h at 60°) afforded a ring-opening product which

-1.

exhibited a carbonyl stretching band of the COOSnEt,Cl group at 1575 cm™ ;
this compound was converted to Va, the diacetate, in 76% yvield by treating it
‘with excess acetyl chloride at room temperature.
Chloropentaethyldistannoxane (II-1) exists as a dimer in solution, and

when treated with $-PL or e-CL in carbon tetrachloride (20 h at 50—70°) gives

a reaction mixture showing a weak »(CO) band at 1630 cm™' and a strong v(CO)
band at 1575 em™! (Fig.1). Because the strong »(CO) band observed at the po-
sition of lower wave number is ascribable to the COOSnE#t,Cl group, the main:
course of the ring-opening reaction involving 8-PL or ¢-CL seems to proceed via

TABLE 1

REACTION OF HEXAETHYLDISTANNGXANE WITH VARIOUS LACTONES
Lactone - Reaction condns.” Con- NMRb - o IR (em V)
used . ——————— version - 3 3 — -

© .. Temp. Time (%3 (Sn—Et)®  7(CH2® 7(CHC0)® r(other) »(C=0) - K(C—O)

) (h) - S :

grL. .66 20 100 ~88 . 623 . 770 - 1650 . 1076
“9-BL- .80 80 . 95 ~8.8 - 6.32 - 7.68 ~ ~N82 - 1648 1071
§-VL . .60 . 20 . - - 95  ~88 . -: 6.36 . 755 - "85 - 1649 - 1070
e-cx.j;"'so,g 20 - 90 ~88 . 6.43 ° 1.78 “~86 . 1650 1070

quxmolar reaction (10 mmol) in ca.rbon tetrachlonde (4 mi). T-Value in ca.rbon ten-achlonde Mu.ltxplet.
Tnple(: (J 6. 0 Hz) .
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1856 cmil(3-PL)

1575 cni’}

s 4756 e (E=CL)

Fig.1. IR spectra of the reaction mixtures of chloropentaethyldistannoxane with g-PL (solid line) and with
€-CL (dotted line).

insertion (path b) of the lactone species into the E{;8n—0O bond. It is assumed
that the two lactone rings open with acyl—oxygen bond fission.

' o - —— CIEt,SnO(CH, )nCOOSnEL;
(CHz)n —k--+ ClEtZSn+O-%SnEt3 (2)
. GO P L= Et;8n0(CH,),CO08E,Cl

(n=2,5) (II-1)

The reaction mixture was also treated with excess acetyl chloride and
was subsequently distilled to yield Va.

When equimolar amounts of 8-PL and 1,1,1trichlorotriethyldistannoxane
(I1-3) were heated in carbon tetrachloride {5 h at 50°), the resulting reaction
mixture exhibited two v (CO) bands at 1450 and 1575 em™ , whose wave num-
bers coincided with those of CLLEtSnOCOCH; and ClEtzsnOCOCH3, respective-
ly. Since these bands are of approximately the same intensity, it seems reasoin-
able to assume that the rates of reactions ¢ and d are nearly the same.

_O-_ . 4 ———> CIEt,SnOC,H,COOSnEtCl,
CH; _ ~C=0+ CIE;SntO}SnEtCl— o |

~SCH;j o b ——— CLEtSnOC;H,COOSnEL,Cl

' as) L - - (3)

Inuestzgatlon of the kznetzcs of the rmg—openmg reactions ,
_ During the reaction of hexaethyldistannoxane with a lactone in carbon ,
tetrachloride at 60°, the v (CO) band of III the ring-opening product increased
with decrease of the v (CO) band of the lactone, and since no other v (CO) band
appeared (except in the reaction of B-PL at temperatures above 80° when some
of the 6-PL was. polymenzed), the appa.tent first-order rate constants could be
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TABLE 3

EFFECTS OF INIT[AL CONCENTRATIONS ON TrIE REACTION RATES OF (EtaSn)zO W'TH E—CL B
IN CARBON TETRACHLORIDE AT 60. 0 : . . R . - L

Initial concentrations [ 1051€1 «hH
(Etzsm)z0 e-CL

0050 .. . 0025 ' 8.05

0.050 - “© 0.050 . 8.20

0.050 . 0.100 . 8.14 .
0050 . - - 0200 - - 0T 8.32

0.025 - : "0.050 - .. S % U
0.100 . . 0.050 : e 16.18

0.150 0.050 - 2392

estlmated from uhe increase in the mten51ty of the »(CO) band of III to give 2
straight line in the range between 0 and 65% conversion; the initial fu:st-order ’
constant (%,) was calculated at various initial concentratlons of e-CL and hexa-
ethyldxstannoxane. From the results in Table 3, we obtal.ned an approxxmatlon
to the second-order rate equation (egn.4). : A

dle-CLl_ +dlHll_ f, . [e-CL] = F;- [eCLI-[U] . @
‘Several different lactones were treated at constant initial concentrainon of
hexaethyldistannoxane (0.05 M) in carbon tetrachloride in order to estimate the
apparent first-order rate constants (Table 4). In the alkaline hydrolysis the rate
order (k,) was reported to be: §-PL > 6-VL > €-CL > v-BL [5] which is in con-
trast to our result (e-CL > 8-VL > §-PL >+-BL). The apparent activation energies
and entropy values shown in Table 4 seem to be rather low. Coordination of
€-CL to hexaethyldistannoxane was not observed in basic solvents, such as tetra-
hydrofuran but is noticeable in dilute hexane solution where free and coordi-
nated » (CO) bands of e-CL appeared at 1747 and 1728 cm™’, respectively. Shifts
[Av(CO) in Table 4] of the carbonyl bands of lactones due to their coordination
to a strong Lewis acid, 1,1,1%richlorotriethyldistannoxane (II-3), were also ob-
served. The greatest shift occurred for the mixture of the more basm lactone

TABLE 4

REACTION RATE CONSTANTS 1()s X kl s, oF (Et3Sn)20 WITH VARIOUS LACTONES IN
CARBON TETRACHLORIDE

Lactone PER® - kpP Ap(C=0)  Rate const. 105X kg (s™ty - ‘Epet.- AS -
ecm™H)° - - : . (keal- . (cal-
s - 60° 70° 85° 100° mol™!) . mol™!-
P . —1)
B-PL 10.06 ° >140- 8 <+ 3.76 6.72 12,6 26.3 - .12.0 —22 .
¥BL 6.12- 0.6 27 - 0.42 0.89 1.98 - 4.77 14.5 =17 . -
5-VL v 5.10 22 44 5.76 8.82 - 147 212 . '9.5.  —23 .
e-CL 5.30 . -1 41 . 8.20- 13.8 . 23.0 . 60.1 12.5. 5 —16. -

S Ref.7. bRef 5 cThe shift of the cazbouyl stret.ching band of each lactone in the mlxture wu.h 1,1, 1 -tn- .
cmotoh:lethylstannoxane. II-3. : . S
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_wu:h lower pr value [7 1. The rate of the reactlon of e-CL w1th II was faster in.

. 'non-polar or weakly basic solvents than in: polar or stronger basic solventsas -
-shown in Table 5. Therefore, it is tentatively assumed that coordination of the
'lactone to hexaethyld1stannoxane preceeds the rmg-opemng reactlon S

1 ., ™ —OSnR;
(CH,), O + (R3Sn)20 — [Lactone (Rgsn)ZO]——> (CH,), (5)
I ‘——COanR3

.I,C=O ‘
 The equilibrium constant K of the coordination reaction will be small and
it will be affected by the basicity of lactones and solvents or by the acidity of
- distannoxanes. Now we discuss the reaction rates of various distannoxanes W1th
lactones shown in Table 6 and Fig.2.

The properties of the distannoxanes used are given in Table 7 the degrees
of association are taken from the literature except the value of chloropentaethyl-
distannoxane which was measured by ourselves. Basicities of distannoxanes were
estimated by the deuterochloroform method [10] in carbon tetrachloride and
~ the acidities of dlstannoxanes were compared in terms of the carbonyl stretchmg
band shift, Av(CO), of e-CL in carbon tetrachloride.

Because hexaethyldistannoxane has the highest basicity and nucleophilicity
to the sp?-carbonyl carbon atom, it gave the fastest rate of ring-opening with the
lactones. The trichlorinated distannoxane, ClEt,SnOSnEtCl,, is the strongest
acid and probably the weakest base among the distannoxanes used, but the rate
~ of its reaction with e€-CL was the fastest measured.

-Compared with the reaction with a “basic” distannoxane, EtasnOSnEt
the reactions with an “acidic’ distannoxane, CIEt,SnOSnEtCl,, with basic lac-
tones, 6-VL and €-CL, were accelerated, while that with the less basic lactone,
B-PL; was retarded. These results can be explained if the ring-opening of lactones
is assisted by coordination with the distannoxane moiety. This follows from the
observation that coordination of the carbonyl group to 1,1,1trichlorotriethyl-
distannoxane (II-3) is strong in the ecase of §-VL or e-CL, but very weak for

- B-PL, as shown by Ap (CO) in Table 4. .

As becomes clear from Fig.2, the dimeric distannoxanes ClEt;SnOSnEt,
and ClEt,SnOSnEt,Cl reacted more slowly than the monomeric species Et;SnO-
SnEt; and Cl,Et,SnOSnEt,Cl. Because of the low reactivity of CIEt,SnOSnEt,Cl
which prevented us from determining the kinetic order of its reaction by IR
spectroscopic methods, the kinetic order of the reaction of chloropentaethyl-

TABLE 5
SOLVENT EFFEC TS ON THE REACTION RATES OF &-CL WITH THE DISTANNOXANE (XEt3Sn),0

Solvent - : Dielectric pKS 105X ky s
. constant (€) .

' s X=Et X=Cl
n-Hexane - 7 1.89 >12 12,3 . - 125
Carbon tetrachloride - 2.24 R 12.1 ‘8.20 1.49
Chloroform - - D 481 _ Coe 1.82° - 111
Tetrahydrofuran '~ - ..~ . .7.39 . : 4.9 . 1.65 . - 1.03-

1.2-Dichlorcethane "~ - " 10.39 - - o 7 o8 . o032 -
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APPARENT REACTION RATE OF VARIOUS DISTANNOXANES WITH SOME LACTONES IN CAR- ,' :

BON TETRACHLORIDE AT 60.0°

Final conversion (%)

Distannoxane Lactone . 105X ky shH
Et3SnOSnEt3 ' B-PL -3.75 L > 00
- 5-VL 5.10 . >90
e-CL 8.20 ~ > 90
CIEt;SnOSnEt3 g-PL 1.99 > 90
) : 5-vL 3.48 59
e-CL 3.70 65
ClEt;SnOSnEt,Cl - : B-PL 0.40 > 90
S-VL 1.13 16
_ . &CL 1.49 67
CIEt2SnGSnEtCl, B-PL 1.83 >80
8-VL 7.23 > 90
e-CL 10.7 > g0
TABLE 7
CHARACTERISTICS OF DISTANNOXANES
Distannoxane Et3SnOSnEt; ClEt;SnOShEtg CIEt;SnOSnEt;Cl Cl13EtSnOSnEt;Cl1
Assocn. No. 18 2 28 19
Basicity [W(C—D)em ™!} 72 o o o
Acidity [#(C=0)em ™11 < 5 ~0 ~o 41

o o - 200 ~ 3w

Chlorme atoms in distannoxanes

- Fig.2. Reachon rate constants of clﬂoroethyldistannoxanes wn.h B—PL (@).

monomenc and D = dimeric dlstannoxanes. ]

-Vh (o), and e-CL (‘e_):‘M =



. TABLES.

- - EFFECTS OF INITIAL CONCENTRATIONS ON REACTION RATES OF (CIEtzSn)zo WITH G’CL .
S Inina.l concentranon (7.7 ) . DR 105)( ky (S ;) — T -
‘ E~CL S (CIRtaSm),20
V ,0-025 0.950 S - 3..81
. 0050 - . 0.050 . 3.70
- 0.100 .0.050 '3.83
0.050 . 0.025 2.39
~.0.050 0.100 5.42
0.650 - 0.150 7.05

d.lstannoxane with e€-CL was studied. The results are given in Table 8 and they
support the kinetic equation 6. )

—dleCL] . a0, (ccr) - by-fecLl- (1t ©

On the basis of eqn.6, the equilibrium reaction 7 may be explained.

K
[CIEt,SnOSnEt;], === 2ClEt,SnOSnEt; (7)

In this case, it is to be expected that the apparent rate constant is very.
small because the distannoxane exists in the form of the inactive dimer in solu-
tion and the available concentration of reactive monomer is very low. The strong
effect of the basic solvent on the reaction rate of 1,1 -dxchlorotetraethvldxstan
noxane with e-CL was also observed and is shown in Table 5.

It has already been mentioned that the reaction of lactone with distannox-
ane is essentially reversible, exceptin the case of 8-PL which reacts irreversibly
due to its great ring-strain. The monomeric distannoxanes, I1-0 and I1-3, reacted
almost completely with the lactones to form the corresponding 1/1 adducts (III)
with more than 90% conversion. However, conversion of the lactones in the

_reaction of the dimeric distannoxanes, II-1 and II-2, converged to 16-67% (Table
6), and even if the reaction temperature was raised to 100°, higher conversions
were never observed.

Monomeric distannoxane (II-3} reacted rapidly giving high conversion in a
short time. After longer reaction times at higher temperature, e.g. longer than

60 minutes at temperatures above 80°, lactone appeared to be regenerated (ac-
cording to the IR spectra) probably because the distannoxane, 11-3, would have
undergone a disproportionation reaction which affects the equilibrium constant
K. Because of these troublesome phenomena, a detailed dlscussmn of the reac-

tion mvolvmg 1I-3 was not attempted.

| Expenmenta] B

“General® :
All m .p.’s and b.p.’s are uncorrected Analyses were performed by Toa- )
-'gosel Chem1ca1 Co., Ltd IR spectra were recorded on szpon Bunko Model
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403-G and IR S spectrometers. NMR spectra were obtamed with TMS as an in--
ternal standard on a Japan Electron Optics C-60HL or Minimer JNM-HM 60
spectrometers Molecular weights were measured using a Mekrolab vapor nxes- .
sure osmometer with benzene as solvent. All reactions and measurements were
performed in anhydrous carbon tetrachlonde ma:mtammg a dry mtrogen atmo-_
sphere, unless otherwise noted. -

The distannoxanes, II-0, II-2, and II-3, were prepared accordmg to pub-
lished methods [8,10]. The distannoxane II-1 ‘was prepared by the reaction of
equimolar amounts (10 mmecl) of Et;SnCl and Et,SnO in benzene (30 ml). The
crude product was washed with diethyl ether and recrystallized from carbon
tetrachloride. Yield 85%, white solid, m.p. 209-211°. (Anal. found: Cl, 8.11%,
mol. wt. 864.8. C,(H,5C10OSn, (monomer) caicd.: Cl, 8.17%, mol. wt. 434.)
Commercially available lactones were dried over calcium hydride powder and
distilled. The solvents used were dried over phosphorus pentoxide and alstﬂled
before use.

Reaction of hexaethyldistannoxane with lactone

Equimolar amounts (10.0 mmol) of the distannoxane, 11-0, were treated
with the corresponding lactone in carbon tetrachloride, usually for 20 h at 60°
Detailed reaction conditions are described in Table 1, and IR measurements
show that the lactones were almost completely consumed under these reaction
conditions. Distillation of the reaction mixtures gave lactones, except g-PL, in
higher than 85% yields. Upon distillation of the adduct from $-PL having only a
v{CO) band (ascribed to COOSnEt,), 3-PL was not recovered and triethylstannyl
acrylate and other decomposition products were detected by NMR measurement.

Acetylation of the ring-opening products

The 1/1 adducts were treated with equimolar or two molar equivalents of
acetyl chloride in carbon tetrachloride or in n-hexane at room temperature, fol-
lowed by distillation to yield mon- or di-acetyl derivatives. Their respective
yields and properties are shown in Table 2.

Kinetic measurement by IR spectroscopic methods

A standard example is as follows. To the magnetically stirred solution of
distannoxane (0.0500 M) in carbon tetrachloride in a stoppered flask set in a
thermostat (+ 0.05°) a given amount (0.050 M) of lactone was added by means
of a syringe. The intensities of the » (CO) bands in the lactones and the 1/1 ad-
ducts, samples of which were taken from the flask by a syringe, were measured
using a JASCO IR-S spectrometer at 30 minutes intervals. The residual concen-
tration of lactones or the concentration of the 1/1 adducts formed was estimated
by applying the Lambert—Beer equation and generally apparent first-order rate
constants were calculated.

Estimation of acidity and basicity of distannoxanes

Ten molar equivalents of the distannoxanes, II-0 and II-3, and one of deu-
terochloroform were mixed in carbon tetrachloride, (30% soln.) and the shift,
Av(C—D) of the C—D stretching band at 2252 cm™ was determined as a mea-
sure of the basicity of distannoxanes. Due to the very low solubility of the dis-



:::’tannoxanes (11-2) and (II-3) no shlft ofp (CO) at 0.01 M concentratlons of both
. dlstannoxane and deuterochloroform ‘was observed The data are summanzed in
:'Table e

: To estlmate the amdlty of the dlstannoxanes the shlft of the v(CO) band

‘ ;of e-CL in.an equnnolar ‘mixture of e-CL and dlstannoxane in carbon tetrachlo- .

. ride was measured. This is described in Table 7. ,
“The shifts of the » (CO) band in mixtures of the lactones and excess amounts

‘ (ten molar eqmvalents) of 1,1,1%trichlorotriethyldistannoxane in carbon tetra-
:chlonde (30%) were measured by a 403-G IR spectrometer. This was carned out

“to establish that coordination of the lactone to the distannoxane occurs and to

A re-estlmate the ba51c1t1es of the lactones.- -
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