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SUMMARY

Bis{(1,2-dialkoxycarbonyl)ethyl]tin dihalides (II) were synthesized by the
direct method ; the reaction between tin foil and dialkyl halosuccinates in the presence
ofaccelerators. Besides the main products, [ (1,2-dialkoxycarbonyl)ethyl]tin hydroxy-
dibromide (III) was obtained as by-product.

It was considered- that (II) had two stereoisomers with a six-coordination
containing 2 five-membered ring structures in which the oxygen atom of the C=0 at
the y-position with respect to the tin atom was coordinated to the tin atom. These
isomers could be isolated with appropriate solvents and the by-products (III) on the
basis of IR or NMR spectra, had the five-coordination with tridentate ligand in
which the C=0 group at the y-position was coordinated to the tin atom and another
C=0 group in the f-position formed a hydrogen bond to the OH group.

However, only one product (unstable in the air) was obtained by the direct
reaction between other dialkyl halodibasic acid esters and tin foil.

The properties of the direct reaction products were compared with those of
hydrostannation of the unsaturated dicarboxylic ester with tri-n-butyltin hydride
and of the subsequent bromination. The brominated products were considered to
have the five-membered ring structure with the C=0 at the y-position coordinated
to the tin atom, also on the basis of IR and NMR spectra. ‘

In view of these observations, it is concluded that those coordinations where
the C=0 at the y-position coordinates to the tin atom must be caused by the electro-
negativity of the attached halogen atoms.

INTRODUCTION

Grignard® or Wurtz® reaction methods have rarely been available for syn-
theses of organotin compounds containing functional groups. Generally speaking,
these methods cannot be applied when reactive functional groups are present, and
these compounds have been synthesized mainly by the hydrostannation method
reported by Van der Kerk et al.”~?.

Recently, a new method of synthesis of alkyltin compounds was developed

* This paper is the summarized report of four articles published in Japanese! ™%,
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in our laboratory'®~ !5 using the direct reaction between alkyl halides and tin foil in
the presence of accelerators such as magnesium, 1-butanol, tetrahydrofuran and
butyl 1odide. Attempts were made to synthesize organotin compounds containing
dicarboxylic esters by this direct reaction. Elementary analyses and molecular weight
data showed that the reaction products of tin and dialkyl halosuccinates obviously
corresponded to XZSn—[(lJHCOOR] . However, as they showed wide melting

CH,COOR |,
ranges even after repeated recrystallisations, they were assumed to be mixtures of
stereoisomers and separations were tried with different solvents. The products could
be separated into two species of pure isomers with an ethanol-ether mixed solvent.

On the bases of physical methods such as IR and NMR spectra, etc., these
stereoiosomers contained 2 five-membered ring structures in which the oxygen atoms
of the C=0 groups at the y-position with respect to the tin atom coordinated to the
tin atom.

The hydrostannation of unsaturated dicarboxylic esters with the tri-n-butyl-
tin hydride and subsequent bromination was also carried out.

The reason for the formation of the five-membered ring structure was investi-
gated by comparing the IR and NMR spectra of the hydrostannation products, the
bromination products of hydrostannation and the products of the direct reaction.

An X-ray diffraction study*6-!7 showed that direct reaction products had the
five-membered ring structure previously described.

THE PRODUCTS OF THE DIRECT REACTION BETWEEN TIN FOIL AND CARBOXYLIC HALOESTERS

Dialkyl halosuccinates (I) (R=Etj reacted with tin foil in the presence of the
accelerators described above as in reaction (1):

Sn+2 X(l:HCOOR 50-160°, 4—5h XZSnT?HCOOR:l )

CH,COOR  memtomors CH,COOR |, (1)
© (1)
(R=alkyl group; X =halogen atom)

The elementary analyses and molecular weight data indicated that crystals
of (IT) were obtained. However, even after many recrystallisations from ethanol, the
melting point range (X =Br, 106-114° ; X =1, 91.5-102.5°) remained unchanged but
two crystal species were isolated by fractional crystallization from an ethanol-ether
mixed solvent. These showed the same elementary analyses and molecular weight
data as (II), and the melting points were: 114-115°, 122-123° (X =Br) and 99-101°,
118.5-119.5° (X =I), respectively. In addition colorless crystals of melting point 139°
were obtained from the filtrate when the crude crystals (II) (X = Br) after standing for
three weeks were recrystallised with ethanol. The results of elementary analyses and
molecular weight were in good agreement with the calculated values for

Br,Sn—CHCOOR (IIf) (R=E).
OH CH,COOR

Reaction (1) was also carried out with other ester groups and two species of
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stereoisomers were isolated as described above. The details of these reactions are
shown in Tables 1 and 2, and the properties of the products in Table 3.

Very small amounts of by-products (III) were also obtained from reaction (1)
when the alkyl groups of ester (I) were n-propyl and n-butyl; the melting points were
128° and 126.5-127°, respectively. These products had the molecular formula (III)
(R=n-Pr, n-Bu) since the elementary analyses and molecular weight data were
identical with the calculated values for (III).

TABLE 1
DIRECT REACTIONS BETWEEN TIN AND DIALKYL HALOSUCCINATES®
Dialkyl Reaction Reaction Tin Yield
halosuccinates temp. time conversion® %)
O () ()
Cl?HCOOMe 150+5 5 5 —
CH,COOMe
CICHCOQOE! 160+3 4 5 —
éHzcoom
CICHCOO-n-Pr 160+3 4 1 —
éHZCOO-n-Pr
BrCHCOOMe 11013 4 99 20.7
CH,COOMe '
BrCHCOOEt 110+3 4 99 63.6
éH2COOEt
BrCHCOO-n-Pr 11043 4 96 —*
(IIHJCOO-n-Pr
BrCHCOO-n-Bu 110+3 4 82 —*
(,ZHZCOO-n-Bu
BrCHCOO-n-Oct 11043 4 9 —
(':Hzéoo-n-oct
ICHCOOMe 90+3 4 97 <S5
(':‘HZCOOMe
ICHCOOEt 90+3 4 97 72.8
(I',‘HZCOOEt
ICHCOO-n-Pr 90+3 4 98 <5
éHZCOOm-Pr '
ICHCOO-n-Bu 90+3 4 99 _
éH 2COO0-n-Bu

¢ All reactions were carried out with 2.2 moles of ester to tin and 0.3 wt. % of magnesium to tin and 3 wt. %
of n-butanol, n-butyl iodide and tetrahydrofuran to ester as accelerators. ? Tin conversion shows the ratio
of consumed tin to the initial amount of tin foil. < The products were established to be present in the reaction
mixtures by infrared spectra, but could not be isolated in crystalline form.
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TABLE 2
DIRECT REACTIONS BETWEEN TIN AND DICARBOXYLIC ESTERS?
Dicarboxylic Reaction Reaction Tin Yield
esters temp. time conversion VA
C) (h) (a)
BrCH,-CHCOOEt 120+10 3 10 —
1
CH,COOEt
ICHZ-\":HCOOEt 120+10 3 49 —
CH,COOEt
_~COOEt
BrCH 100+5 0.5 99 50
“SCOOEt
_~COCEt
BrCHCH 160+5 3 6 —
} ~N
CH, COOEt

2 All reactions were carried out with the same ratio of reagents and accelerators as reaction (1).

TABLE 3
PRODUCTS (II) FROM TIN AND DIALKYL HALOSUCCINATES
CHCOOR
X,Sn _CH,
0=C_ OR X
R X M.p. Sn (%) C (%) H (%) X (%) Mol.wt.
°C) found found found found found
(calcd.) (caled.) (caled.) (calcd.) (calcd.)
Me Br 130-131 2531 3.13 2797
(25.34) (3.19) (28.10)
Me Br 157.5-158.5 20.99 25.29 3.14 28.03 579
(2087) (2534) (3.19) (28.10) (569)
Me I 164.5-165.5 2164 2.58 38.83
(21.74) (2.74) (38.30)
Et Br 114-115 18393 30.58 4.02 25.50 623
(19.00) (30.75) (4.19) (25.58) (624)
Et Br 122-123 18.97 30.83 421 2547 632
{19.00) (30.75) (4.19) (25.58) (624)
Et 1 99-101 16.61 26.99 344
(16.51) {26.73) (3.62)
Et 1 118.5-119.5 16.68 26.73 3.50
{16.88) (26.73) (3.62)
n-Pr I 77-78 31.17 4.47
(30.99) (4.42)

Reaction (1) was tried with all kinds of combination of accelerators and
magnesium was found to be the most effective. The reactivity of (I) towards tin in-
creased in the order : Cl< Br< I and significantly decreased when the carbon number
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of the alkyl groups of (I) was above that of n-butyl.

The direct reactions of diethyl bromomalonates (IV), diethyl halomethyl-
succinates (V) and diethyl haloethylmalonate (VI) were carried out as reaction (1).
The details are given in Table 2.

The order of reactivity of esters towards tin was, (IV) >(V)>(VI), and a
crystalline product was isolated only with (IV), but it was very unstable in air.

Typical IR spectra of products (II) and (III) mentioned above are shown in
Figs. 1 and 2.

A strong C=0 absorption in the infrared spectra of (I) was observed only at
1740 cm ™1, but those of the two crystal species of (II) were found separately at 1710
cm~ ! and about 1660 cm ™1, both in the solid state (Fig. 1) and in organic solvents.

As molecular weight measurements suggested that (II) was evidently in the
monomeric state in organic solvents, the strong absorption at 1660 cm ™! must be
due to a marked shift of the carbonyl stretching vibration, which was expected from
the coordination of the oxygen atom of the C=O in the groups at the y-position with
respect to the tin atom. The other strong absorption found at 1710 cm ™! was assigned
to the C=0 stretching of the ester group at the §-position. This is one reason for believ-
ing that both crystal species of (II) had the six-coordination structure with the five-
membered ring structure as in (VII).
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Fig. 1. Infrared spectra. (A) (I) (R =Et; X=Br); (B) (1) (R =Et; X =Br: m.p. 114-115°): (C) (Il) R =Et;
X=Br; m.p. 122-123°). e e (O D R=EL
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Fig. 2. Infrared spectra of III (R =Et).
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CHCOOR

X,S CH,
_

O=C_ OR

(VII)
NMR spectra of (I) and (II) (R=Me, X=Br) were also investigated. The
chemical shifts of the methoxy proton bonded to the C=0/at the - and y-positions
with respect to the methin proton of (I) occurred at z 6.31 and 7 6.40, respectively, but
those for (II) at corresponding positions were = 6.35-6.37 and t 6.20-622, respectively.

CHCOOCH;] 635637
CH,
~OCH; | 7620-622

2

Br—CiHCOOCIio, 7 6.31 Br.S
2
CH2COOCI_'_I3 7 6.40 0o=C
(D (i)

The relatively low field shift, as against that of the starting material (I), of the
methoxy proton bonded to the C=0 at the y-position with respect to the methin
proton (or tin atom) of (II) indicated that the C=0O in the ester group at the y-position
with respect to the tin atom, coordinated equally to the tin atom, as already suggested
by the IR spectra. This low field shift was a resuit of the shielding constant decreasing
in proportion to the decrease in the electrons in the methoxy proton as the electrons
shifted from the methoxy proton to the C=0 at the y-position to the tin atom.

Recently, the five-membered ring structure has been confirmed by an X-ray
diffraction study of the direct reaction products (1I) (R =Et, X=Br, m.p. 114-115°16
and m.p. 122-123°17),

The IR-spectra (Fig. 2) of by-products (III) showed a strong C=0 absorption
at 1688-1685 cm™! and 1645-1640 cm™!. The hydrogen bond to the oxygen of the
C=0 group at the B-position with respect to the tin atom was expected because the
band at 3390-3230 cm ™! was largely shifted to a lower frequency than an ordinary
OH stretching vibration. In the far infrared using a KBr disk, a new strong band was
present at 540-529 cm ™. This was not observed in (IT) and was assigned to the Sn—O
stretching vibration. (III) were found to be monomeric in organic solvents by molecu-
lar weight determinations. The strong absorption of the C=O stretching vibration
observed at 1645-1640 cm ™! was the same as that of the C=0O absorption in the
ester group at the y-position in (II) which was largely shifted to a lower frequency
compared with the C=0 absorption at the B-position in (If). Accordingly, it was
considered that the C=0 in the ester group at the S-position formed a hydrogen bond
to the hydrogen of Sn—~OH.

Fig. 3. VIII (R=Et, n-Pr, n-Bu).
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Therefore, (III) were assumed to contain a five-coordination with a tridentate
ligand in which one C=0 group at the y-position with respect to the tin atom, coordi-
nated to the tin atom, and the other C=0 group in the f-position formed a hydrogen
bond to the OH group as shown in Fig. 3.

HYDROSTANNATION OF UNSATURATED DICARBOXYLIC ESTERS WITH TRI-N-BUTYLTIN
HYDRIDE AND BROMINATION OF THE PRODUCTS

The hydrostannation of reactions (2)—(4) were carried out by a similar method
to that of Van der Kerk et al.® in the ratio of 1 mole each of unsaturated dicarboxylic
esters and tri-n-butyltin hydride and about 1.6 mole}; of azobis(isobutyronitrile).
Bromination (reactions (5)~(7)) of the products (XX, X, XI) were carried out using a
solution of bromine (0.1 mole) in 40 mi of chloroform and a solution of the hydro-
stannation product (0.1 mole) in 40 ml of the same solvent and stirring for 3.5 h at
room temperature'®.

*
n-Bu;SnH+CHCOOR — n-Bu;SnCHCOOR
i

CHCOOR CH,COOR @)
(X) R =Me, Et, n-Pr, n-Bu
n-Bu3SnH+CH2=('ZCOOR — n—Bu3SnCH2—(l3HCOOR
CH,COOR ~ CH,COOR )
=) R =Me, Et, n-Pr
_COOEt _COOEt
n-Bu3SnH + CH,CH=C — n-Bu;SnCHCH 4)
“~COOEt i . SCOOEt
CH,
(X1
r'_‘_—‘—‘_l
D-Bu3SHCH2"CIHCOOR + Br2 - n"BU2S|nCH2"Cl:HCOOR
CH,COOR Br  CH,COOR )
X1m)
¥* .
n-Bussn—C'IHCOOR+Br2 — n—Bu3SnBr+Br(,'3HCOOR ©)
CH,COOR CH,COOR
p,CHs
_-COOEt T~ _COOR
n-Bu;SnCHCH +Br, — n-Bu,SnCHCH ()
(':H NCOOEt I SCOOR
3 | S |
(XIIT)
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TABLE 4
HYDROSTANNATION PRODUCTS OF UNSATURATED DICARBOXYLIC ESTERS WITH TRI-N-BUTYLTIN HYDRIDE
Product Boiling Sn(%) C(%) H(¥) Molwt nZ’ Yield
range found found found found (%)
°C (mm) (caled)) (caled) (caled) (caled.)
n-Bu;SnCH,~-CHCOOMe 8595 26.44 50.80 8.73 450 14788 65
] .
CH,cOOMe (0009 (2643) (50.80) (8.53)  (449)
n-Bu,SnCH,-CHCOOEt 125-135 24.65 53.02 8.91 469 14738 65
éHZC OOEt {1073-0007) (24.94) (52.83) (8.81) @77) ‘
n-Bu,SuCHz—(IZHCOO-n-Pr 140-150 2334 5497 9.19 499 14738 79
CH,COO-n-Pr (0.003) (2349) (5467) (9.18) (505)
n-Bu,;SnCHCOOMe 122-127 27.57
] (< 10—3) (27.27) 1.4799 61
CH,COOMe
n-Bu:,Sn(‘:HCOOEt 124-128 25.53 5193 8.85 14777 86
-3 R
EH,CO0E (<1073) (2562) (51.86) (8.70)
n-Bu3SnCIIHCOO-n-Pr 125-128 23.86 54.02 9.54 14599 59
_3 o
CH,CO0-0-Pr (< 1073) (24.16)  (53.79)  (9.03)
n~Bu3Sn(l:HCOO-n-Bu 128-135 2283 55.39 9.72 14582 77
-3 J
¢H,CO0-n-Bu (< 1073) (2285) (5562) (932)
_COOEt
-BuzanHCH 140-145 24.86 5275 8.95 a7
&y >COOE: (< 1073) (2487) (5285) (887) - 14765 T8
3
TABLE 5
SUBSTITUTION PRODUCTS FROM THE ACTION OF BROMINE ON THE HYDROSTANNATION PRODUCTS
Product Boiling Sn{%) C(%) H(¥%) X (%) Mol.wt n3® Yield
range found found found found found (%)
°C (mm) (caled) (caled.) (caled) ({caled) (calcd.)
1
n- BqunCHz—CHCOOMe 151-155 25.40 38.02 6.18 14787 82

o CHZCOOMe (<1073) (25.14) (38.17) (6.14)

n-Bqu!nCHz—CHCOOEt 155-157 2405 4089 670 1644 493  1.5013 67
i &H,cO0R: (004)  (23.80) (40.80) (6.60) (16.00) (500)
n-Bqu!nCHz—CHCOO-n Pr 155164 2277 4333 690 1.5006 37

& CHZCOO-n-Pr (<1073).(2247) (4321) (7.09)

l _-COOEt

n-Bu,SnCHCH 153-157 2346 4088 6.76 1.5004 52
gr L COOEt (<1073 (23.74) (40.83) (6.65)
CH,
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The yields and properties of the products are shown in Tables 4 and 5.

C=0 stretching vibrations of reaction products (IX) in reaction (2) were
observed at 1738 and 1710 cm ™~ . The band at 1710 cm ™! was at the same frequency
as the C=0* of the ester group at the f-position with respect to the tin atom in (II)
and was shifted to a considerably lower frequency compared with that of the other
esters. It was therefore considered that the C=0* was a partial polarization.

An n-butyl group in (IX) and (X) was substituted by a bromine atom in reactions
(5) and (7), but the Sn—C* bond in (IX) was disrupted by a bromine atom in reaction
(6) showing that the Sn—C* bond was partially polarized on the basis of the same
reasoning as that proposed by Van der Kerk et al.*®.

IR and NMR spectral data of (X)-(XIII) (R =Et), are shown in Fig. 4 (com-
paring the data of (X) and (XI) with those of (XII) and (XIII).

8r
n-Bu3SNCHCHCOOCH,CH,y . n-Buz'an CHp 1734 em™
CHaCOOCH CH3 Ox /CH—-CH2C__ OCHCH;
1736 e w78cm \\ 7595
OCH,CH3
(X) 75.86
[o:€19]
749¢cm’’ Blr CH3
CHy COOCH,CH; n—-BuySn
588 2 1 cH 742 it
n-BuySnCHCH p582 O ncbocH,cH,
. - =1
COOCRH,CH; 1691<m ~o cH, CH315.51
1732 Ct‘!‘l‘1 7569
(XI) (XD

Fig. 4. The infrared frequencies of the C=O stretching vibration and the nuclear magnetic resonance
shielding value for the ethoxymethylene proton of (X)—(X11I).

The absorption of the C=0 at the y-position in (X1I) and (XIII) in which tin is
bonded to one halogen atom, shifted by 40-60 cm ™! to a lower frequency compared
with those of (X) and (XI) in Fig. 4, but absorption of C=0 at the d-position was
almost the same in these compounds. Similarly, in the NMR spectra, the ethoxy-
methylene proton which is bonded to C=0 at the y-position, shifted 0.1 ppm downfield
(comparing (XII) or (XIIT) with (X) or (XI)), but those at the d-position were almost
unchanged. Therefore, (XII) and (XIII) obtained from reactions (5) and (7), have an
inner complex containing the same five-membered ring structure as (VII) and (VIII).
- (XIII) has two C=0-groups at the y-position with respect to the tin atom, but only one
C=0 coordinates to the tin atom (Fig. 4) as only one C=0 was shifted to a lower
frequency or shielding value of the ethoxymethylene proton, in the IR or NMR spectra.

A comparison of the hydrostannation products and the bromination products
shows that the latter differ from the former in that the C=0 stretching vibration at the
y-position shifts to a lower frequency in the IR spectra, and the chemical shift of the
ethoxymethylene proton bonded to the C=0 group at the y-position shifts down-
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field in the NMR spectra. These shifts must be a result of the C=0 at the y-postion
coordinating to the tin atom. Hence, the oxygen atom of the C=0 at the y-position
can coordinate to the tin atom because tin becomes electropositive when bonded by
the electronegative halogen atom. These coordinations are very little affected by
steric hindrance.
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