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Dedicated with love to my Parents

and my beloved Anna



"He that is void of wisdom despiseth
his neighbour: but a man of
understanding, holdeth his peace”

Proverbs 11:12

Father, Mother
Provide me with pen and slate
| want to learn.

Land is gone ,
Cattle and sheep are not there
Not there any more
What's left?
Learning, learning.

Siriana’s Song, in The River Between

Ngugi Wa Thiong'o

The true seeker of truth never loses hope.
The true seeker of real justice never tires.

A farmer does not stop planting seeds just
because of the failure of one crop. Success is
born of trying and trying again. Truth must seek
justice. Justice must seek the truth. When justice
triumphs, truth will reign on earth.

Matigari, in 'Matigari’
Ngugi Wa Thiong'o

"The quality of mercy is not strained,
It droppeth as a gentle rain from heaven
Upon the place beneath: it is twice blessed
It blesseth him that gives and him that takes....."

Portia, in The Merchant of Venice
William Shakespeare
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ABSTRACT

Trialkyltin hydrides, particularly tributyltin hydride are
familiar reagents with an established place in organic synthesis, but
little work has been carried out on the properties and applications
of other tin hydrides.

This thesis reports a study of the reaction of tributyl and
triphenyitin hydrides with a variety of alkynes at, or above, 80°C in
the presence of a radical initiator to give the corresponding vinyltin
compounds. The characteristic NMR spectra are used to define the
regio- and stereo- selecfivity of the reactants.

A series of dibutyltin hydrides, BuaSnXH, have been prepared by
disproportionation between Bu2SnH2 and BuzSnX2, where X = ClI,
OCOCH3, OCOCF2Cl, OCOCgHs. At room temperature these compounds
BuoSnXH evolve hydrogen with formation of the corresponding
distannanes XBusSnSnBu2X and the mechanism of these reactions has
been shown to be a radical chain process, involving, we believe,
homolytic substitution of a tin radical at a tin centre with the
displacement of a hydrogen atom.

These hydrides, BqunX’H, are then shown to bring about
hydrostannation and hydrostannolysis reactions at or below room
temperature in the absence of an initiator. It is suggested that the
spontaneous homolytic decomposition initiates the familiar radical
reactions with the substrates.

The regio- and stereo- selectivities of the reactions are
deduced from the NMR spectra and compared with those of the
corresponding trialkyltin hydrides. These reactions, which occur
readily under very mild conditions, have some potential applications

in organic synthesis.



ABBREVIATIONS

NMR Nuclear Magnetic Resonace
ESR Electron Spin Resonance
AIBN Azobis (isobutyronitrile)
uv Ultraviolet

IR Infra red

MHz Mega Hertz

mol dm-3 Moles per cubic decimetre
mmol Millimoles

M.S. Mass Spectrum
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1 INTRODUCTION: ORGANOTIN HYDRIDES
1.1 PREPARATION

The organotin hydrides first became readily available in 1947
when Schlesinger and his colleagues showed that the recently prepared
lithium aluminium hydride would reduce methyitin chlorides in diethyl

ether to the corresponding hydrides (equation 1.1.a).1
4 MepSnClg.n + 4-n LiAIH4 —> 4 MepSnHy4.n + 4-n LiAICI4 (1.1.a)

This general method is still the one which is used most widely.2
The solvents which have been employed,‘ apart from diethyl ether,
include dibutyl ether, diethoxyethyl ether, and tetrahydrofuran, and,
apart from the chlorides, organotin bromides, iodides, alkoxides and
oxides can be used.3 The products are usually isolated by distillation
and yields are in the range of 80-90%. '

A variety of other metal hydrides react in the same way. Diethyl-
or diisobutyl-aluminium hydride react under solvent-free conditions,4
and give good yields of hydrides, but are not popular because of the
difficulty of handling the reagents. Diborane is also effective,4 but has
not been widely used. A very convenient and cheap laboratory
preparation involves the use of poly(methylhydrosiloxane),5 which is a
by-product from the manufacture of silicone precursors. The organotin
oxide is heated in the polysiloxane, which is an involatile oil_ and the
hydride can be distilled off. For example, tributyltin hydride ca‘n be
prepared from bis(tributyltin) oxide by this process in 90% yield
(equation 1.1.b).

-(MeSiH-0)p - + (BuzgSn)20 —> -(MeSi-01 5)n - + Bu3SnH
| (1.1.b)
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Dibutyltin oxide can be reduced by this technique if it is first
rendered soluble by heating it with butanol to give BugSn>(OBu)20.6

A further reagent which is particularly relevant to the work
described in this thgsis_ is sodium borohydride. Birnbaum and Javora’
showed that it had no reaction with chlorides in diethyl ether or.THF,
but if the reaction was carried out in monoglyme or diglyme, reduction
was instantaneous and the corresponding hydride could be isolated by
distillation. Thus in diglyme, Me2SnCl2 reacted to give 96% Mezanz.
and in monoglyme, BuaSnClo gave 56% of BuoSnHo.

When the organotin hydrides are used in organic synthesis they
present the difficulty of separating and disposing of the organotin by-
product (often the halide) and to avoid this, a number of attempts havé
been made to prepare and use polymer-bound organotin hydrides. Fof
example Neumann has reported the hydrostannation of vinylated
polystyrene with BusSnHCI, then the reduction of the SnCl group with
BugAIH. The product contained 1.5 mmol of SnH per gramme of resin.8

The above methods can be used for preparing mono-, di- and tri-
hydrides, though only the first two are commonly used in organic
synthesis. The dialkyltin halide hydrides R2SnXH (X = CI, Br or I),
however have some special properties in organic synthesis and are of
particular concern in this thesis. They have been prepared by the
disproportionation between the corresponding dialkyltin dihydrides and
dialkyltin dihalides and the reaction is usually rapid and essentially
complete. For example, by monitoring the integration of the 1TH NMR
signals for the Sn-H groups, dibutyltin dihydride and dibutyltin
dichloride have been reported to react rapidly in the absence of a
solvent to give a mixture containing 93% of the chloride hydride ’and

only 7% of the reactants (equation 1.1.c).9.10,11,12
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BuaSnHs + BuaSnClo =— 2Bu»SnCIH (1.1.c)
7% 93%

On attempted distillation at reduced pressure, the equilibrium
was reversed and dibutyltin dihydride was collected as the most
volatile component. |

Other compounds R2SnXH which have been prepared by similar
exchange reactions include the acetate hydride Bu2Sn(OCOMe)H? and the
alkoxide hydrides Bu2Sn(OMe)H and Bu2Sn(OCH2-CH=CH2)H,10,13 as well
as the chloride hydrides BuSnCIH2 and BuSnCIloH.10

1.2 REACTION F_ORGANOTIN HYDRID
During the past 25 years, organotin hydrides have developed into
important reagents in organic synthesis.14,15,16,17 The initial uses
involved the reduction of organic halides and the addition to alkenes,
but a wide variety of further processes have since been developed.
Most of the reactioins involve homolytic chain reactions, which are
usually initiated with AIBN or photolytically, and many variants have
been introduced which involve transformations (particularly ring
closing or ring opening) of the intermediate radicals. The rates of
many of the elementary processes, which are involved have been
measured, or can be estimated from data on related processes, and
make it possible to design new reactions with some confidence.
The reactions involving halides, alkenes and aIkynés_are

now considered in more detail.
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1.2.1 Reduction of Alkyl Halides
This reaction was discovered by van der Kerk in 1957,2 and shown
to be a radical chain reaction by Kuivila in 1962.18,19,20 The individual

steps in the chain are as follows (Scheme 1) :

R3an.———Riy Rasn. (1)

. k .
RsSn” + RX _—P%.  RgSnX + R (2

k
R* 4+ RgSNH —P% RH  + RgSn (3)
. 2Ki4
2 RySn »  PRODUCTS (4)
RsSn' + R—— » PRODUCTS (5)
. ki
2R PRODUCTS (6)
Scheme 1

With alkyl bromides and iodides, reaction (3) is rate-determining
and termination is by reaction (6). The usual steady state treatment of

the kinetics then gives the following rate equation (equation 1.2.1.a).
-d[R'X}/dt = kp3[R3SnH](Ri/2kis)1/2 (1.2.1.a)

With alkyl chlorides, the propagation reactions (2) and (3) have
similar rates, but by a suitable adjustment of concentrations, reaction
(2) can be caused to be rate determining and termination is then by
reaction (4). Under these conditions, the rate equation becomes

(equation 1.2.1.b):

-d[R'X]/dt = kp2[R'X](Ri/2ki4)1/2 (1.2.1.b)
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Absolute values for the rate constants for the elementary steps
were first determined by the rotating sector method,21 then later
refined (increased by a factor of about 2) by the method of laser flash
photolysis, the concentration of the intermediate radicals being
monitored by time-resolved UV spectroscopy.22 A large number of
relative rate constants have been further obtained by competition
experiments. All these values up to 1989 are recorded in Landolt-
Bérnstein.23 A selection of the absolute values are as follows:

TABLE. 1. Absolute values of rate constants (dm3 mol-1 s-1 at 300 K)

R + BusSnH ——» RH + BusSnm
R Me Et Bu i-Pr c-CgH11 t-Bu
108 kps 10 2.0 23 1.3 2.4 1.8
2 RySn’ -~ PRODUCTS
RySn’ Bu,Sn Bu,SAH  Bu,SnCl
10%q 1.4 1.6 3.6
RySn” + t-BuCl ~ RsSNCl + tBU
RaSn BusSn’ Bu,Sn'H Bu,Sn'Cl
kg 1.6 x10* 47 x10°  3.9x 10°

From these data and the many relative rate constants which have
been determined, the following generalisations can be drawn.

(1) All alkyl radicals, primary, secondary and tertiary, react
with tributyltin hydride af approximately the same rate of 2 x 106 dm3

mol-1 s-1 .
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(2) The rates of self reaction of the organotin radicals BuzSn-,
Bua2HSn- and BuaCISn- (and indeed of most small radicals) is close to the
diffusion controlled limit of 2 x 109 dm3 mol-1 s-1 .

(3) The reactivity of different halides RX follows the sequence
| >Br>Cl>F. '

Other groups that can be removed by hydrostannolysis include CN,
NOg2, and RS as illustrated in Scheme 2.

BusSnH
PhCCl3 ———— PhCHCl, ——=PhCH,Cl —= PhCHj
88% 76% 82%

H CN

N7 BusSnH, AIBN

¢ - CgH{7CH,-CN
H,,Cs~ ~CN 80°C, 4-10 h ST

BusSnH
NO, 3 - CHCMe,CN
CMe,CN

S S S_  SSnBu,
/@ij BusSnH ‘
MeO MeO ‘

Scheme 2
These hydrostannolysis reactions like those involving alkyl
halides, all apparently involve similar radical chain mechanisms. The
generation of the alkyl radical often serves as the first of a series of
inter- or intra-molecular radical transformations, and this application
of organotin hydrides in organic synthesis provides the major area of

development of organotin chemistry.
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1.2.2 Addition to Alkenes and Alkynes

The propagation steps of the addition to alkenes and alkynes are:

ReSn- +  C=—=C ==——u R,;SN—C-C

RagSn—C-C: + RySnH — R,Sn—C-CH + RySnm

RS + ¢c=—c — R;Sn—C=C:

RySnH  + R;Sn—C=C" — RySn— C==CH + R,Sn
Scheme 3
No rate data appear to be available for the addition of stannyl
radicals to alkenes or alkynes, but many studies have been made of the_

regioselectivity and the stereoselectivity of the reactions.

1.3 HYDROSTANNATION

The term hydrostannation was coined in the early 1960's by
Kuivila in an analogy with similar designations such as hydroboration,
hydrosilation and hydroformylation.24 It refers to the addition of a
tin-hydrogen bond across an unsaturated compound (Scheme 3).

Although several organotin hydrides are readily available and give
facile hydrostannation, by far the most common is tributyltin hydride
(Bu;;SnH) and to some extent triphenyltin hydride. Hydrostannation is
now not only confined to alkenes and alkynes, but it has been extended
to include carbonyls, cyanides, isocyanates and thioisocyanates.25, 26

We are here principally concerned with the hydrostannation of alkynes.
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1.3.1 Hydrostannation of Alkynes

Triorganotin hydrides react much more quickly with alkynes than
with alkenes, for example, tri-n-propyltin hydride reacts with 1-
hexyne and propargy! alcohol without a catalyst but fails to react with
1-octene.26a

These reactions have become the major source of vfnyltin
compounds. Addition can yield both mono- and di-adducts (equation
1.3.1.a).

HC=CR' + RySnH — R,SnCH==CHR'

R;SnH
R;SnCH=CHR' ———= R,;SnCH,—CHR'SnR,

(1.3.1.a)
The mono adduct is usually a mixture of Z and E isomers, an example of
this beihg the addition of triethyltin hydride to 1-hexyne to give the E
and Z isomers and a small amount of gem isomer.27 If the reaction is
prolonged by several hours the amount of E isomer increases (Scheme
4).

HC==cB s EtsSny, WM +Et33"/u,, B
—— u + Eta nH . ‘C=C' Not—— 0N
W g, e ~,,
E Z
+
Et,Sn M, ‘\\\H
‘C=C:
BU( \H
o/gem
Scheme 4

These reactions have been shown to proceed by a free radical
chain mechanism, similar to that of alkene additions.

Extensive work on the mechanism of addition has been conducted
by Leusink et al.,28,29,30,31 who studied the products of the
hydrostannation of various alkynes with a variety of triorganotin

hydrides. They conclude that addition to mono-substituted alkynes
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results in the formation of Z-adducts and that any E-adduct arises from

the primarily formed Z-adduct. (Scheme 5)

HC==CR' + RgStH —p RN
] n = —
E V4
Scheme 5

Seyferth and Vaughan32, however found that addition of
trimethyltin hydride to propyne yielded not just Z and E adducts, but

also a few percent of the non-terminal a-adduct (Scheme 6).

HC=CCH,; + S MeGSn//z,,C c H _:‘_Aeasn/l,,, WCHs
h— 3 Mea nH — Ce==0" ‘C=C:
E y
Messn//,,'. o
HCY W
a
Scheme 6

Similar results were obtained with 1-pentyne and 1-heptyne.
Investigations by Leusink into reactions of ethyl propiolate gave a
considerable amount of other products33 in addition to the terminal

adducts expected (Scheme 7).

HC==CCO,Et + R,SnH _»Rssn/"'.. c— C..\\\\H + Rssn,,""C =C.‘\\\\002Et
o HY Neoet H” ~,,
R =Me, Et, Pr E z
4
RsSn//,,.'C _ C“‘\\\H
£10,c” vy
(04

Scheme 7
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Their work demonstrates the following:
(i) Addition to monosubstituted acetylenes  containing a strongly
electron-withdrawing substituent (COOR or CN) gives mainly the a-

adduct (Scheme 8).

R3$n n,, ‘\\\\H
HC=CCN + R SnH ————» ,C==C;

NC( \H
R =Me, Et, Pr “
Scheme 8
However, work conducted recently by Sweeney et al.34 gave
different results. They found no evidence of the a-adduct when
reacting tributyltin hydride with methyl propiolate (Scheme 9).

N2 R.T Buasnl/' \\H BU3SI"I/ . \C02Me
HCECCOZMG +Buaan _;_» ", —_—— /h,. _‘\\\

CeHe

Cc=C
HY” E \Cone"' HY Z \H

Scheme 9
It may well be that conducting the reaction at room temperature does

affect the nature of the product.
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By following the reaction and studying the effects of radical
initiators and scavengers on the formation of products, Leusink
concluded that the formation of the o-adduct proceeds by an ionic
mechanism as its formation was not affected by radical initiators or

scavengers.33

R'y,
R3an + R'C=CR" —— % A [-_C\ R"
SLOW P
HD)
s SnR3
R//,,,’" FAST R's, “‘\\\SnRa
RsSn* 4 ‘t=—C_ ——» c=cC.
H/ \Rn H/ \R"
Scheme 10

(ii) Addition to monosubstituted acetylenes with weakly electron-
releasing (C4Hg, OR etc) and weakly electron withdrawing (CH20H,
CeHs) substituents gave mainly the E and Z (B-adducts) with only small
amounts of the o-adducts, and several groups have found that no a-
adducts are obtained (Scheme 11).35.36,37

This particular field has received considerable attention as it

provides vinyltin intermediates for synthetic organic chemists.

AIBN, 80°C BUsSTy, N .
H—C=C—CH, OTHP — ‘c=0C H,
/7 v /
N, BusSnH H Vi, “oTHP
THP = Tetrahydropyran
H
Bu:;S“, \\
H—C==C ., S
N AIBN, BusSnH /C=C
H —
OEt _.""‘oa

Scheme 11
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In an investigation into organometallic reagents useful for
synthesis of prostaglandins and prostaglandin intermediates, Chen et
al. reported that 1-alkynes react with tributyltin hydride to give the Z
and E addition prod'uc‘ts,38 although the Z was obtained only in small
amounts or not at éll.

The Z-adduct as reported by Leusink and others,33.39,40

presumably isomerises to the E-adduct.

H
(IDH3 5 CH,
2
H——C==C—CH,CCH, AIBN  BusSn, A
LiMe. Bart R OSiM
OSiMe;  BusSnH C‘ iMés
H E
H
E CH,
H/’///,,' //CZWC
“C! OSiMe,
Bu,;Sn z
Scheme 12 |

This was confirmed by the reaction of tributyltin hydride with 4-
methyl-(4-trimethylsilyloxy)-octyne (Scheme 12). After 2 hours at
135°C, the reaction yields a 10:1 ratio of Z and E-isomer and the ratio
remains unchanged even after an additional 2 hours of heating and
further addition of AIBN. However, upon the addition of 0.4 equivalents
of BuzgSnH and AIBN and on further heating the Z/E ratio was 2:3, and
further addition of AIBN and Bu3SnH results in a Z/E ratio of 1:9.

Similar observations were made by Jung et al.40 for the reaction
of propargyl alcohol with tributyltin hydride; they also observed.the

formation of the a-adduct (Scheme 13).
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\\CH?_OH H ., SCHOH

H/
2 h. AIBN %,

C—C
BusSnH
- / \SnBu Bu, S/ \

+

H—C==C —CH,0H———>

excess BusSnH Bu3sn’ CH?OH
o C—C
AIBN, 2 h. / \
% o % E % 2
AIBN, 60°C, 2 h. 7 22.2 62.2
AIBN, 60°C, 4 h. 15.6 89 5
AIBN, 80°C Hy, CH0Bn  H, +CH,0Bn
H—C= C—CHQOBn——-—-——> '°‘C =C"\ + "O.C =C.‘\
3 eq. H( A\ P N
BU3SnH 2h SnBu, Bu,Sn H
o Q : W E(93)
Y
90 %
Scheme 13

Extensive work by Taddei3® on the stereo- and regio-chemistry of
hydrostannation of substituted propargyl alcohols gave an
understanding of the composition of the products and the possible

mechanism involved in the isomerisation of the Z to E-adduct.

OH SnB
/" BuSnH Mess =t

SN i ™

Me,Si R R ABN

Me,Si

OH
(and no Bu,Sn )

Scheme 14
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They found that the regio-isomer always obtained had the tin
moiety near the OR group (Scheme 14), and they concluded that this was
due to the presence of the oxygen on the carbon directly bonded to the
triple bond. Absence of the OR group resulted in the fbrmation of two
regio-isomers with predominance of the product with the stannyl group
at the least hindered position i.e. adjacent to the Me3SiCH2 group
(Scheme 15).

Measi/ | AIBN 80°C

+

- />:Li
Bu,;Sn

They found that protecting the OH group did not affect the

Scheme 15

regiochemistry (Scheme 16).

/T N\ BusShH o SnBus
Me3Si OCOCHz ——» ™3 —

AIBN, 80°C

Z(4) :E(1) ococHs

[

69 %
Scheme 16
No reaction occurs when the triple bond is sterically hindered in the

region of the oxgen (Scheme 17).
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Bu 3Sn H
- NO REACTION

— AIBN, 80°C
Me,Si7 OSi-t-BuMe,

Scheme 17
When a CHz group was interposed between the triple bond and the

CH20H group, the reaction showed a low regioselectivity (Scheme 18).

/———-—\/\ BusSnH
i OH —————

M
eaSi AIBN, 80°C

SnBuj
MesSi OH . Me3Si
Bu3zSn

Z((2):E(1) Z(2):E!1)

76 % - 24 %
Scheme 18

1.3.1.1 Stereochemistry
The stereochemistry about the double bond in the products is
dependent on the nature of the substituents as well as the reaction

conditions. Bulky R groups gave an increase in the Z/E ratio (Schemes

19 and 20).
SnB,
Ph BU3SnH Me28|
OH AIBN 80°C

M .
e3$| 1 ) OH

—_— l Me,Si SnBug
/——_———_.\/QH Bu;;SnH _\%ﬂ;
Me,Si "TAIBN, 80°C

Z(1):E(1)

I
AN
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Scheme 19
SnBu,
—— CH, Me,Si
MeaS‘/jK\/ Bu,SnH H
OH AIBN, 80°C OH ,
Z(4): E(1)
Scheme 20

Taddei et al.3? conclude that the final outcome of the reaction
involves several factors, such as the reaction time, temperature, and
the amount of BusSnH used. Longer reaction times often result in a
lower Z:E ratio (1:1) whilst performing the reaction at 60°C results in a
high Z:E ratio (12:1), and decreasing the amount of BuzSnH also gave a
higher Z:E ratio.

From these observations the following mechanism (Scheme 21)
was proposed for the reaction. The BusSn- radical co-ordinates to the
oxygen and then forms a C-Sn bond. Abstraction of H- gives the
kinetically controlled Z-isomer, which then undergoes radical

equilibration at high temperatures to give the E-isomer.
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1.3.1.2 TH NMR Spectroscopy
The characterisation of vinylstannanes has always been through
proton nmr spectroscopy. The chemical shifts of the olefinic protons
are not diagnostic for the Z, E and a-isomers, but the H-H and Sn-H
coupling constants are. The ground-breaking work by Leu'sink3.3 has
established a range of coupling constants for the o, Z and E isomers.
The initial characterisation can be achieved by comparing the H-H
coupling constants to those of simple vinyl compounds, in which Jy

(Hz) increases in the following order (Figure 1).41

H H
H H
C C/ \C C/ -~
- < — < c—cC -
\H /
H
FULL RANGE (Hz) 0-3.5 0-12 12 - 18
TYPICAL RANGE (Hz) 2 7-10 14 - 16
Figure 1

The literature provides the following ranges of JH (H2)

specifically for vinyltin compounds (Figure 2).33,40,42

y H H _ H
C_C/ < \C:C/ < C:C/
N\, "\ N
SnBug BusSn nBu,
Jp (Hz) 0-27 7.6- 13.6 14.5- 20.4
Figure 2

Values of the Sn-H coupling constant are more useful. Moore and
Happe43 reported the values for tetravinyltin given in Figure 3 which
compare favourably with those given by Leusink and by Ensley for

tributyl(vinyl)tin compounds (Figure 4).33.42
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H1 Sn

N/
/TN,
H

c=—=C
H2
Jsn-H1 -~ Jdsnh2 Jsn-H3
90.6 Hz 183.1 Hz 98.3 Hz
Figure 3
R Ha R Hp SnBuj,

N/ N/

C— C——
~
Rssn/ by / \SnBua H

AN

Ce—ee

N
/

Jsn-Ha (HZ) 92-102 64 - 88 111 - 176
Jsn.Hp (HZ) 88-97 73 - 90 54 - 92
Figure 4
1.3.2 Hydrostannation of Alkenes

A convenient way of synthesising organotin compounds is through
the hydrostannation of alkenes.43 Trialkyltin' hydrides do not react
readily with simple alkenes such as 1-octene but triphenyltin hydride
reacts to give 72% yie(ld' of the adduct.44 If the reaction is initiated
with benzoyl peroxide or UV irraditation, tetraphenyltin is obtained
instead of triphenyl-1-octyltin.

Dialkylchlorotin hydrides have also been reported to be more
reactive than trialkyltin hydrides and give the adduct with 1-octene at
20 - 45°C in 75% yield.44.,45



31
Introduction of an electron-withdrawing group and the use of

AIBN as free radical catalyst have resulted in. successful addition to

alkenes as shown in Equation 1.3.2.a.
AIBN
(C2H5)3an + CH2=CHX —P(02H5)3SHCHQCH2X

where X = CH,OH, CO,CHg, CN (1.3.2.a)

The main hydrostannation product is usually a terminal adduct, '
however, some reactions have been known to give a small amount of the
non-terminal product as well; the hydrostannation of trimethylstannyl-
substituted alkenes gives 1,2- and 1,1-distannyl alkenes as shown in
Equation 1.3.2.b.43

AIBN
Me3an + Me3anR=CH2—> (Me3Sn)2CRCH3 + MeaanHRCstnMeg

where R = H, t-Bu, Ph, Me;Si, Me;Sn.
(1.3.2.b)
The major product is as expected, the 1,2-distannyl alkane, but
where R = H or R = Me3Sn, 40% of the 1:1-isomer (Me3Sn)2CRCH3 is
obtained. The tin moiety then adds at the least sterically hindered
carbon.43,46 Hydrostannation of norbornene (equation 1.3.2.c) with
triorganotin hydride confirms this observation by giving a mixture of
the endo- and exo-2-triorganostannyl norbornene at 45°C - 70°C; at
low temperatures the attack of the organotin radical occurs
preferentially at the less hindered gxo face, and with Me3SnH or
Bu3SnH, only the exo adduct is obtained.4”
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R3SHH

—————————

radical initiators
SnBu3

R = Me, By, Ph (1.3.2.0)

Most of the early examples of hydrostannation involved terminal
alkenes unless the double bond was activated by electron attrécting
groups, but in recent years hydrostannation of simple  internal alkenes
with Me3SnH has been shown to occur under UV irradiation (equatibn
1.3.2.d).48

H H
CHS\C C/CH3 Meaan I |
= ———  Me;3Sn C C CH,
uv
L ow, |
CH; CHg (1.3.2.d)

The presence of functional groups however can sometimes interfere
with the hydrostannation reactions. Thus allyl bromides48 and c¢is and
trans-bromostilbene undergo reduction to the corresponding alkeﬁes
rather than hydrostannation, whilst triphenyltin hydride reduces the
carbonyl groups of methyl vinyl ketone and phenyl vinyl ketone

(equation 1.3.2.e and f).49,50

2 (CgHs5)3SnH  + CHp=CHCOR ————p- (CeHs5)3aSnSn(CgHs)a + CHo=CHCH(OH)R

y (1.3.2.e)
' H H
\\ . /CHZ\ \
C=— C\ Br + RaSNH —> =C\ + R3SnBr
H H H/ CHs
R =Me, Ph

(1.3.2.9)
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1.3.2.1 Mechanism

The catalysis by radical initiators such as AIBN31.52 and
ultraviolet irradiation51.53,54 and retardation by radical inhibitors
such galvinoxyl52 are evidence for the free radical chain mechanism
which is given in Seétion 3. _

This can account for the direction of the addition of organotin
hydrides to terminal alkenes: the organotin radical adds to the terminal
carbon because the resulting secondary alkyl radical is more stable.
than a primary alkyl radical. The intermediate carbon- and tin-centred
radicals have been identified by ESR spectroscopy.43 If the substituent
on the unsaturated carbon can stabilise the intermediate alkyl radical,
the reaction can proceed without a catalyst, but acceleration or.

retardation is possible with AIBN or phenol respectively.
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PURPOSE OF THIS WORK

The vast majority of synthetic organic reactions involving a
tin hydride have made use of tributyltin hydride, which has a low
toxicity and is cheap and commercially available. In geheral,
synthetic organic chemists have not been prepared to modify the tin
hydride used and thus to improve on its performance. However, there
are indications in the literature, particularly from work by Neumann,
Kuivila and Sawyer, that other readily available hydrides,
particularly, the dialkyTtin halide hydrides and dialkyltin
carboxylate hydride, R2SnXH, might have special properties which
may be exploited in synthesis.

We have been interested in the hydrostannation of 17a-
ethynylestradiol as a route to radioactive iodides which are used in
cancer treatment. From this starting point we have examined in this
thesis the reaction of tributyltin hydride and triphenyltin hydride
with a number of alkynes and related molecules. We then describe a
study of the properties of the dibutyltin halide hydrides and
carboxylate hydrides, and their behaviour as reagents for
hydrostannation and hydrostannoliysis, and compare théir properties
with those of the more familiar tributyltin and triphenyltin

hydrides.
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2 PREPARATIONS AND PROPERTIES OF ORGANOTIN HYDRIDES
2.1 RESULTS |

2.1.1 Tributyltin and Triphenyltin Hydrides

Tributyltin  hydride (Aldrich Chemical Company) was
characterised by NMR spectroscopy as follows |

8 4.78 (1J117g, 1537.5 Hz, 1J119g, 1609.0 Hz);

8¢ 9.38 (1J117g, 324.5 Hz, 1J119g, 339.4 Hz; C-a); 13.79 (C-5);

27.24 (3Jgn 52.0 Hz; C-y); 29.10 (2Jsn 20.3 Hz; C-B).

vmax (neat liquid) 1812 cm-1 (Sn-H)

Triphenyltin hydride (Aldrich Chemical Company) was
characterised as follows:

8y 6.88 (1J117g, 1850 Hz, 1J119g, 1936 Hz);

dc 142.20 (1J117gn 518.9 Hz, 1J119g, 543.3 Hz; C ipso) 136.81

(4Jsn 37.1 Hz; C ortho), 128.38 (3Jsn 50.5 Hz; C meta); 128.3 (C

para),

v max (neat liquid) 1843 cm-1 (Sn-H)

Both these hydrides can be stored under argon for long periods
with negligible decomposition, but, upon exposure to air they are

oxidized to the organotin oxide and hydroxide (equations 2.1.1.a and b)

2 BuzgSnH + O
2 Ph3SnH + 02

> H20 + [BugSn]2O (2.1.1.a)
> 2 PhgSnOH (2.1.1.b)

Tributyitin hydride is much more stable than triphenyltin "hydride,
which deposits the hydroxide within ca. 1 day if it has not been

completely deaerated.
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2.1.2 Dibutyltin Dihydride

Dibutyitin dihydride was prepared by three different methods:
(a) Following Hayashi's procedure,! dibutyltin oxide was heated in
poly(methylhydrosiloxane) at 100°C. The hydride was isolated by
distillation at 43-51°C/0.05 mmHg, in 50-60% yield leaving an

insoluble yellow residue (equation 2.1.2.a).
BusSnO + (MeSiH-O)y ————> BuaSnHz + (MeSi-O1.5)n (2.1.2.3)

(b) Secondly, using Neumann's modification,2 dibutyltin oxide was
heated with butanol under reflux, until it was converted to the soluble
tetrabutyl-dibutoxydistannoxane. The addition of poly(methylsiloxane)
with subsequent distillation then gave the dihydride (50-60% yield)
(equation 2.1.2.b).

(BuaSnOBU)20 + (MeSiH-O)p — > BupSnHz + BuOH + (MeSi-O1.5)n

| (2.1.2.b)
(c) The best method was to treat dibutyltin dichloride with lithium
aluminium hydride in over 50% excess as described by van der Kerk3.
Subsequent ether extraction and distillation gives the required

dihydride in quantitative yield (2.1.2.c).

2 BuaSnCly + LiAlHg4 > 2 BugSnH2 + LiAICI4 (2.1.2.c)

The dibutyltin dihydride could be kept refrigerated under argon
for several weeks before it started to precipitate an insoluble white
solid which presumably is dibutyltin oxide formed by adventitious air
oxidation. The characteristics of the dibutyltin dihydride were as

follows:
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dH 4.58 (2H, m, 1J117g, 1542.8 Hz; 1J119g, 1614.7 Hz; SnHy).

8¢ 7.11 (1J117g, 357.9 Hz, 1J119g, 374.5 Hz; C-a); 13.90 (C-3);

27.16 (3Jsn 64.7; C-y); 30.61 (2Jsp 23.7 Hz; C-B).

vmax(neat liquid) 1835 cm-1 (Sn-H).
2.1.3 Dibutyltin Chloride Hydride

Dibutyltin chloride hydride was first prepared accidentally when
attempting to prepare dibutyltin dihydride by Birnbaum and Javora's
method.4 Dibuyltin dichloride in 1,2-dimethoxyethane (glyme,
MeOCH2CH20OMe) was added dropwise to a 5 fold excess of sodium
borohydride in the same solvent at -15°C. The solution was then
allowed to warm to room temperature and the solvent was removed at
12 mmHg at 0°C. The 'H NMR spectrum of the product showed the'
signal for the SnH proton at & 7.42 characteristic of the chloride
hydride and not 8 4.58 as expected for the dihydride. This was obtained
in yields of 60-70%. The product was then isolated by distillation, b.p
35-40°C/0.03 mmHg. The characteristics of the dibutyltin chloride

hydride are as follows:

84 (CeDe) 7.42 (1H, s, 1J 1175,1875.8 Hz, 1J119g, 1963.0 Hz; SnHCI).
8c 13.65 (C-y); 17.00 (1J117g, 379.7 Hz, 1J119g, 397.4 Hz; C-o);
27.65 (3Jsn 63.37 Hz; C-y); 28.20 (2Jsn 40.24 Hz; C-B)..
vmax (ethanol) 1853 cm-1 (Sn-H)

The second and more convenient method of preparing the chloride
hydride is by a disproportionation reaction between the dihydride and
the chloride (equation 2.1.3.a):5.6,7.8

BusSnHs + BusSnCly == 2 BupSnHCI (2.1.3.a)
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When the components were mixed in equimolar amounts in
ethanol, benzene or toluene, the proton NMR Spectrum showed that an
equilibrium mixture containing about 97% of the chloride hydride and
3% of the reactants was formed in 90 minutes at room temperature.
Small amounts of 2,6-di-t-butyl-4-methylphenol had no effect on the
rate of reaction, confirming that it does not follow a free radical chain
mechanism.

When an equimolar amount of 2,2-bipyridyl was added to the
mixture, the 'H NMR spectrum showed that the reaction had been
‘reversed, the peak at 8 7.42 had disappeared and that at & 4.58 had
increased in intensity. Removal of the solvent left a white crystalline
solid whi~ch was identified as 2,2-bipyridyl dibutyltin dichloride by m.p
(180 - 182°C ) and proton and carbon-13 NMR spectroscopy.

2 SnBu,CIH  + SnBuyClo+ BuySnH,

(2.1.3.b)

In an analogy with the decomposition of triorganotin hydrides
reported by Neumann,® we treated the dibutyltin chloride hydride, in
dg-benzene, with pyridine and observed the evolution of hydrogen,
which ceased on addition of 2,6 -di-t-butyl-4-methyphenol. Similarily
the evolution of hydrogen ceases if 2-methyl-3-butyn-2-ol.was added

instead of the phenol.
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Proton NMR spectroscopy of the mixture showed that
hydrostannation had occurred giving the Z vinyl adduct. The alkyne
appears to be acting as a radical trap for the BuaSn-Cl radical generated
by the pyridine. |

The chloride hydride could not be stored over long periods and
thus had to be freshly made for each reaction. In a few hours at room
temperature it precipitated an insoluble white solid which presumably
was dibutyltin oxide, whilst in CDCIl3 solution it deposited what
appears to be metallic tin on the walls of the NMR tube. Neumann and
Pedain® have reported that phenyltin trihydride decomposes at 60°C to
give metallic tin, hydrogen and hydrocarbon. At no time during the
decomposition processes did we observe the evolution of hydrogen.

In the presence of oxygen, Buz2SnHCI| reacts to form a white
crystalline solid, which was readily soluble in most organic solvents.
This was identified by its m.p (111°C - 114°C) and 5119Sn NMR
spectrum (8 -100 and 6 -150) to be tetrabutyldichlorodistannoxane
(equation 2.1.3.c).

2 BuaSnHCI + O2 >(CIBu2SnOSnBusCl)o2 + H20 (2.1.3.¢)

The equilibration reaction befween BuaSnCiz and. BuaSnH2 to
Bu2oSnHCI was confirmed by observing the disappearance (and hence the
appearance of BupSnHCI!) of Bu2SnHj2 against time, by TH NMR
spectroscopy.

A graph of the standardised integrals of Buz2SnH2 and BupSnHCI
against time shows that for every mole of BupSnH2 used up a mole of
Bu2SnHCI is formed, (Figurel).



47

Bu2Sn(OCOCH3)H
34 7.6 (1H, s, SnH)

8¢ 13.71 (C-3); 18.75 (1J117g, 415.9 Hz, 1J119g, 435.2 Hz; C-a); 26.82
(3Jsn 78.9 Hz; C-y); 27.85 (2Jsn 24.8 Hz; C-B)

BuzSn(OCOCF,CIH
51 8.45 (1H, s, SnH)

8¢ 13.42 (C-8), 19.12 (1J117g, 472.1 Hz, 1J119g, 494.1 Hz; C-a); 26.54
(3Jsn 84.1 Hz; C-y); 27.64 (2Jsn 29.3 Hz; C-B);

BuaSn{OCOPHh)H
dH 7.38 (1H, s, 1J117g, 1940.9 Hz, 1J119g, 1985.8 Hz, SnH)

dc 13.54 (C-8); 25.485 (1J117gn 523.7 Hz, 1J119g, 548.1 Hz; C-a); 26.30
(3Jsn 79.2 Hz; C-y); 27.83 (2Jgn 31.6 Hz; C-p).

2.1.4.1 Decomposition of Dibutyltin Carboxylate
Hydrides

When dibutyltin dihydride and dibutyltin diacetate were mixed in
toluene in an NMR tube at 25°C, a stream of hydrogen bubbles could be
seen rising through the solution. A similar reaction was observed for
the difluorochloroacetate, and for the benzoate. In each case, the
organotin product was isolated and identified as the corresponding
tetrabutyldicarboxylatodistannanes by m.p, 1H, 13C and 119Sn NMR
spectroscopy and by elemental analysis. The reaction is therefore that

shown (equation 2.1.4.1), as reported by Kuivila for the acetate.10

2 BupSn(OCORH —» [BuzSn(OCOR)]z +  Ha
(2.1.4.1)
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If a small amount of 2,6-di-t-butyl-4-methylphenol was added
and the tube was shaken, the evolution of hydrogen ceased, but it
resumed after a few minutes.

Similar kinetic experiments were carried out at room
temperature with solutions of dihydride and diacetate in toluene
containing varying amounts of the phenolic inhibitor. The time for the
appearance of the first bubbles of hydrogen was noted.

The results for the acetate hydride ([hydride] = 2 [BuaSnH2] ~+
BuSn(OAc)H] ) are shown in Table 1 and FigUres 2, 3 and 4.
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Table 1. Showing the induction period for the evolution of hydrogen at specific
concentrations of acetate hydride when the reaction is inhibited by increasing amounts of
2,6-di-t-butyl-4-methylphenol.

[BuaSn(OCOR)H] | [inhibitor] Mol Mole % of Time(t) s
Mol dm3 R = |dm-3x10-7 inhibitor
CHs
4.80 x 10-6 2.39 2.5 155
4.79 5.0 195
7.18 7.5 235
9.58 10.0 285
0 0 75
2.40 x10-6 0.60 2.5 170
1.20 5.0 200
1.80 7.5 245
2.40 10.0 295
0 0 80
9.58 x10-6 2.39 2.5 145
4.79 5.0 185
7.19 7.5 230
9.58 10.0 280
0 0 65
































































































































































































































































































































































































































































