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Abstract : Titanation of alkynyltin acetals has been exploited to obtain 2)  Addition of Ti(OiPr)4 to 1a (ether, -78;C) followed by addition of

the corresponding (Z)-disubstituted vinyltins and y-hydroxy iPrMgCl  (2eq) from -78°C to -30°C afforded (Z)-1-

trisubstituted vinyltins, as a single geometrical isomer. tributylstannyl-4,4-diethoxybut-1-ene (2Z) in 35% yield after
hydrolysis with H,O / NH4CI.

While vinyltins have been widely used in modern organic synthesis,! no 3)  Addition of 1a to Ti(OiPr), (ether, -78°C) followed by addition of
general method is known to achieve their synthesis in a regio- and iPrMgCl (2eq) from -78°C to -30°C before hydrolysis (H,O /
stereospecific fashion. Under standard experimental conditions (AIBN, NH,CI, -30°C) afforded 2Z in 70% yield (Scheme 1).

80°C), the hydrostannation of 1-alkynes usually affords the (Z) and (E)

isomers as a thermodynamic mixture eventually polluted with the 1) BusSn—==—CH,CH(OEY); 1a
branched regioisomer when an oxygen or a nitrogen containing group is Ti(OiPr), ether, -78°C BuaSn CH(OEY),
borne by the propargylic carbon.? Using this method, the obtention of 2) 2 i PriMgCl, -78°C to -30°C —
nearly pure (E)-vinyltins (thermodynamic products) reflects the great then HaO/NH,CI 2Z(70% isolated yield)
difference in the stability of the (E) and (Z) isomers as observed when

R 3.4 . Scheme 1
R=SiR'; or SnBus™" and new routes have been proposed to obtain
kinetically the (E) isomers using hydrometallation,> carbometallation®
and stannylmetallation”® of alkynes as well as rearrangement
reactions.®® However, starting from alkynes, while stereochemistry is Table I. Synthesis of (Z)-Vinyltins by Titanation of Alkynyltins
easily controlled (syn addition), the regiochemistry appears to be highly Ti(OiPr4 1) BugSn—=—=—R (1a-h) BuzS! R
dependent on the substrates and on the experimental conditions. For ether, -78°C 2 2 /PrMgCl, -78°C to -30°C rE<E

instance, we have had to optimize these parameters for )
. . . . . 3) Electrophile, then HyO/NH,4Cl
stannylmetallation reactions in order to obtain cleanly di- and

trisubstituted (E)-vinyltins bearing an acetal function on the propargylic

or homopropargylic position. 10 Entry Electrophile Adduct(®) Yield[%]®)
On the other hand, when disubstituted (Z)-vinyltins are desired, their 1 Hp0, -30°C Bussr\JCH(OEt)Z 2Z  70(80)
obtention by hydrostannation of alkynes is much more tedious because
it requires a control of the temperature in the initiation step in order to 2 ! BussQ—CH(OEt)g 3z 65 (74)
avoid their isomerization into the more stable (E)-vinyltins and in
practice, just a few papers describe the synthesis of (Z)-vinyltins 3 " BU33f\=/—CH(0 Pl 47 & 85)
according to this way.!! An alternative route using carbometallation!2 or
stannylmetallationw’14 of acettylene bas ‘t.)een also used but suffer from a 4 " BusS G AO SZ  68(90)
lack of generality, a limitation which is also encountered when ate- U \O
complexes, eventually formed in situ, are allowed to react on propargyl
alcohol'? or on alkynes,!> an isomerization being possible when 5 ! BuaSr\-—_——/CH(OEt)2 6Z  70(100)
alkynylsilanes OI.‘ alkynylstannanes have been empl(?yed,16 . . 6 Hy0, -50°C BusSn___ Ph 7z 39
As we needed vinyltins bearing an acetal function in a syn relationship
compared to the tributylstannyl group for our research program, we 7 " BUSS'\T_/"B” 8Z 20y
decided to submit the corresponding alkynyltins 1a-e, readily obtained 8 B s
by quenching the appropriate alkynyllithiums with tributyltin UsS N— Mes 9Z (10
chloride™!” to a titanation reaction taking into account recent results BugS CH(OEY),
reported by Sato!8 and related to the reaction of alkynes and 9 ng%o r\=£ 10E 40
alkynylsilanes with Ti(OiPr), / iPrMgCl. This choice was justified by Ph
the fact that the monohydrogenation of alkynyltins is hard to control and HO
that hydrogenolysis of the Sn-Cg,2 bond has been previously
observed.!® Furthermore, although it is efficient in obtaining (Z)- 10 /\H/C"'O BugSn __ »—CHOE):  1p 60
vinyltins, the hydrozirconation of alkynyltins using expensive 15/85(©)
Cp,ZrHCl has been scarcely used.!? HO
In our case the weakness of the Sn-Cg, bond might be a problem and
indeed, the order for the addition of the reagents appears to be crucial. BusS| CH(OE),
Test experiments were done starting from 1-tributylstannyl-4,4- 11 >=\ — 12E 53
diethoxybut-1-yne (1a) allowing the following observations : CHO A 20/80©
1)  Addition of iPrMgCl (2eq) in ether to Ti(OiPr), at -78°C followed
by addition of 1a afforded 4,4-diethoxybut-1-yne and tributyltin (a) Physicochemical data are in agreement with the above mentioned
chloride after hydrolysis with HyO / NH,CL. structures. 24 (b) Isolated, chromatographically pure materials.Values

in brackets are conversion rates (%). (¢) Diastereoisomeric ratio.
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Scheme 3

As a consequence, the results presented in Table I were obtained using
experimental conditions presented in the last attempt.20 It should be
noticed that increasing the temperature to -20°C (Scheme 2) induced a
decrease in the yield of 2Z with concomitant formation of insertion
products like 13 (dimeric product).?!

Whatever the nature of the substituents at the acetal function or its
propargylic or homopropargylic position, satisfactory yields were
obtained in pure disubstituted (Z)-vinyltins (entries 1-5). Furthermore, it
should be noticed that treatment with deuterium oxide at the end of the
reaction involving la afforded exclusively (Z)-1,2-di-deutero-1-
tributylstannyl-4,4-diethoxybut-1-ene as vinyltin of type 2.

Unfortunately attempts of extension to alkynes like phenylacetylene,
hex-1-yne or trimethylsilylacetylene afforded only moderate to low
yields of the expected (Z)-vinyltins after hydrolysis (entries 6-8).
Finally, regio- and stereoselective synthesis of trisubstituted vinyltins
was attempted from homopropargylic acetals. While substitution
reactions with methyl iodide or dimethylsulfate failed,2? the addition to
aldehydes affords regio- and stereospecifically the expected vinyltins
with an E configuration (due to the modification of priority of the p
substituents, cf entries 9-11).

Obviously, the presence of alkoxy groups (acetal function) on the
propargylic or on the homopropargylic position appears to be highly
favourable for the obtention of the desired réaction (chelation of
titanium by oxygen), in agreement with the results already observed
with alkynes and alkynylsilanes.23 To avoid the transmetallation of the
Sn-Csp bond, isopropylmagnesium chloride must be added to the
alkynyltin/Ti(OiPr), mixture in order to have always an excess of these
reagents compared to iPrMgCl. The yellow color observed during the
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addition of iPrMgCl might be explained by the formation of the ate-
complex [iPrTi(OiPr)4]-"MgCIt able to decompose to give a titanium
hydride and subsequently (iPrO)zTiII able to complex the alkyne and to
give the observed reactions.

The vinyltin acetals so obtained?? react as classical vinyltins towards
iododestannylation and in cross coupling reactions with retention of the
configuration8 (Scheme 3).

In conclusion, even if not general enough, this new method to achieve
regio- and stereocontrolled synthesis of vinyltin acetals appears to be
very efficient to reach cleanly (Z)-disubstituted vinyltins and also y-
hydroxy trisubstituted vinyltins. Due to its reverse stereoselectivity it
complements efficiently the stannylmetallation route.10
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