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The hydrostannation of a propargylglycine derivative 
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Abstract 

The hydmrlamation of methyl (R.S)-2.(N-diphenylmethylidene) aminopaw-ynoate induced by a wide variety of rransiticm metal 
complexes ha\ been studied. The resuhing iromwic u-amiw acid derivatives featured a tributylvinybtann in the rideshain and were 
ceparated by chromatography. A total of 24 different conditians were screexd for this reaction in an atempt to effect a regiowlective 
addition of uiburybin hydride to the alkyne group Regioisomeric mixtures were formed in all cases and for same catalysts rersWti to 
the allylglycine derivative WIS also significant. 

1. lntmduction 

The hydrostannation of alkynes with tributyltin hy- 
dride to produce vinylstannanes can be induced by free 
radicals [I] or a transition metal complex [2]. Further- 
more. the hydrzstaonaticn nxzy also proceed \,;a the 
hydrogen atom of the tributyltin hydride adding as a 
nucleophile to an electron-deficient alkyne [3]. Among 
these different reaction modes the transition metal catal- 
ysed variant can be carried out under mild conditions 
and offers the additional advantage that different tmnsi- 
tion metal complexes may be screened in order to 
optimise the stereochemical outcome with regard to the 
formation of several isomcric vinylstannanes [4]. 

During a methodological study of the elaboration of 
the side-chain of a-amino acid derivatives using palla- 
dium catalysed chemistry, we required isomerically pure 
(tri-butylstannylktllylglycine derivatives as precursors 
for Stille reactions [5.6]. The desired vinylstannanes 
were previously synthesised via a radical or a palladium 
induced hydmstannation of a suitable propargylglycine 
derivative [6.7]. However, each method afforded a mix- 
tore of regioisomeric statmanes. One of these mixtures 
was separated by laborious chromatography [7] and thus 
provided the starting materials for the Stille reactions. 

A previous report had shown that the nitmgen of the 

diphenylmethylene protecting group of an amino xid 
had coordinated to the palladium catalyst and resulted in 
a regioseiective reaction during tbe Stilb coupliog 161. 
By analogy, it was anticipated that the imine nitrogen of 
propargylglycine derivative 1 would interact with the 
transition rural catalyst during tbe hydmstann&on as 
in 2 (Scheme 1). Such a coordinatioo between substrate 
and catalyst may have directed the hydmstamatkm in a 
regioselective manner, as indicated in Scheme I (many 
examples of the directing ability of a beteroaiom in a 
suitable position are known [Xl: orfhoUhiation of he%- 
ematom substiNted aromatics [SD. A recent report has 
demonstrated the eft%acy of a regioselctive, hetemge- 
neons palladium-camlysed hydrostannation of alketxes 
w. 

Although 2b would place the uibotylstannane and 
one of the phenyl gmups in close proximity, molecular 
models indicate that the diphenylimine group can mate 
to minimize steric interactions with the bulky stannae. 

2.ResultSWMldiSCm*on 

Pmpagylglycine derivative 1 wits treated with trib- 
utyltin hydride in benzene in the presence of 0.5 mol.% 
PdCPPh,), at ambient temperature and the product 
vinylstannanes 3 and 4 (fomxd in a t:I ratio) were 
separated by medium pressure liquid chromatography 
on a commercial silica column (Scheme 2). This is the 
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same ratio that was observed for the analogous N-acetyl 
pmpargyl glycine complex repotted previously [6]. A 
decrease in the reaction temperature from 25 to - 20°C 
produced slightly more of the 4-(tributylstannylkd- 
lylglycine derivative 3, however. the regioselectivity 
was still very modest (2 to I in favour of 3). Addition 
of HSaBu, to a solution of 0.5 mol.% Pd(PPh,), and a 
I:1 mixture of 3 and 4 at ambient temperature does not 
change the ratio of tbe vinylstamwes, and produces 
only So+q,. 

The reaction was then repeated with a variety of 
transition metal complexes as catalysts under the condi- 
tions outlined in Scheme 2. The ‘H NMR spectra of the 
crude products were analysed and compared with the 
spectra of pure vinylstannanes 3 and 4. The ‘H NMR 
spectrum of vinylstannane 3 was diagnostic of a I,l-dis- 
ubstituted vinylstaanaae. as the two olefinic resonances 
at 6 = 5.67 pPm and at S = 5.17 ppm were coupled with 
a coupling constant of J = 3 Hz. A tin-hydrogen cou- 
pling of approximately J = l36Hz for the proton at 
S = 5.67ppm indicated a trans-stereochemical relation- 
ship relative to the stam~yl moiety, whilst the coupling 
of approximately J = 62 Hz indicated a cis-stereochem- 
ical relationship for tbe proton at S = 5 16 ppm [I I I. On 
the basis of the appearance of the ‘H NMR spectrum of 
vinylstannaoe 4, the oietinic coupling constant for the 
~rans protons could not be measured directly by inspcct- 
ing the line-splitting, as the chemical shift separation of 

two resonances at 6 = 598 ppm (d) and 6 = 5.76 ppm 
(dt) was not sufficiently large to allow for a first crder 
analysis of this spin system. 

Among the cxalysts. palladium and platinum com- 
plexes stabilised by triphenylphosphine were more ac- 
tive than their nickel and rhodium counterparts (Tablc 
I, entries 2, 15, 17 and 19). Furthermore, it was evident 
that triphenylphosphine was a better ligaod than tri- 
alkylphosphines or tri-o-tolylphosphine on palladium 
with regard to the activity of the resultant complexes 
(Table 1, entries I to 5). There was no obvious relation- 
ship between the cone angle [ 121 of the ligand and the 
regioselectivity, as both bulky and small tertiary phos- 
phines favoured the formation of vinylstannane 4. whilst 
triphenylphosphine, which in this context is a ligand 
with a medium-sized cone angle, afforded relatively 
more vinylstannane 3. Triphenylarsine stabilised palla- 
dium complexes constituted inferior catalysts for the 
bvdrostannation of 1 (Table I. entries 7 and 8). Chelat- 
iig phosphines did noi catalyk the reaction well (Table 
I, entry 6). 

On the basis of previous studies, palladium com- 
plexes lacking a strongiy coordinadag tertiary phos- 
pbine ligand were expected to coordinate to the imine 
nitrogen of propargylglycioe derivative 1 during the 
hydrostannation [6]. Therefore, the ‘ligand-free’ com- 
plexes derived from palladium(I1) acetate, bis(benzo- 
nitrilo)palIadiumW chloride and bis(acetonihilo)pal- 
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IadiumW) chloride were screened (Table I, entries 1 I 
to 13). These catalysts wxe less reactive than those 
derived from triphenylphosphine, and gave considerable 
quantities of the reduced compound 5. 

In several reactions the allylglycioe derivative 5 was 
observed as a by-product (Table 1, e&es 9 to 13). This 
by-product may have arisen via a pmtodes~mnylation of 
3 or 4, or via a hydrogenation of 1. When a pore 
mixture of vinylstannanes 3 and 4 was submitted lo the 
hydrostannation conditions (Pd(CH,CN)$12 and 
HSnRuJ, allylglycine 5 was not detected and un- 
changed vinylstannanes 3 and 4 were isolated. This 
experiment suggested that allylglycine 5 was formed 
from pmpargylglycine derivative 1 directly. and not 
thmugh the intermediacy of vinylstannanes 3 and 4. 
Catalyst9 that afforded a relatively large amount of 
allylglycine 5 were distinguished by a possible aggrega- 
tion of several palladium atoms. Such an aggregation 
may have occurred when palladium was adsorbed on a 
solid support during the synthesis of palladium on poly- 
mer supported ttiphenylphosphine or when palladktm 
atoms aggregate in solution due to the absence of a 
stabilising teniary phosphitte ligad, as in palladium(II) 
acetate. The hydrostannation of 1 in the presence of 

‘aged Pd(PPh,f,’ gave considerable quantities of the 
allylglycine 5 (Table 1. entry 23). When the same 
reaction was performed in a mixture of THF aad piperi- 
dine. no allylglycine was formed Presumably the stmr~g 
ligand piperidii prevented the aggregation of pak- 
dium atoms in ~~iotion or, alternatively, suppressed the 
hydrogenation catalysed by oligomeric. palkwIit!m 
species directly. IO contrast to these rest&, the 
of palladium on carbon to a pure mixture of 3 aad 4 in 

THF gave predominantly the destannylated aliylglycine 
5. The addition of piperidine to the paIladittm on cadxm 
catalyst also suppressed the formation of the allyI- 
glycine 5 (Table 1, entry 22). 

In summary. 19 transition metal complexes have 
been screewd as catalysts for the add&m of tributykin 
hydride to pqwgylglycine derivative 1, however, a 
r&selective formation of the pmduct vinylstatmaws 
was not achieved. 

3. Experimental 

THF was distilled from sodium/benmpheeone, other 
solvents were fractionated through a 3Ocm long column 
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transition metal complexes: PdCI&PPb,),, PdCl,[P(o- 
tolyl& PdCI&PMe,)>. PdC12(PBu,),. Pd(OAc),, 
PdClzdppe, PdCl,(AsPh&. Pd on polyimine, Pd on 
polymer supported PPh,. PdCI,(CH,CN)2, 
PdCI,(PhCN),, amorphous Pd-metal, RhCI(PPh,),, 
NiBr&PPh,),, PtCI,(PPh,),, an aged sample of 
Pd(PPh,), and PPh, (control reaction). 

A yellow mixture was prepared by stirring Pd,dba, 
(7 mg. 7.6 mmol) and triphenylarsine (37 rug. 
0.122mmol) in THF (5 ml) at ambient temperature. 
Propargylglycine 1 (89mg. 0.306mmol) was added fol- 
lowed by tributyltin hydride (178mg. 0.612mmol). 
which was Intmduccd dropwise with a syringe over a 
period of 2;)min. After stirring for IOmin the solvent 
was evaporated and the residue analysed in the presence 
of benzaldebyde by ‘H NMR spectroscopy. The reso- 
nances were consistent with 1 and a trace amount of 5. 

3.2.5. CpzZrHCl ns n cam/w in the hydrostannation of 
I 

To a stirred solution of propargylglycine I ( 103 mg. 
0.354 mmol) in dry dicbloromethane (2 ml) at ambient 
temperature was added CplZrHCl (5 mg. ISmmol) un- 
der an atmosphere of nitrogen. Tributyltin hydride 
(206mg, 0.708mmol) was added over a period of 
IOmin. The mixture was stirred for 20min and the 
solvent wan evaporated. The ‘H NMR spectrum (with 
benzaldehyde as internal standard) was consistent with 
the presence of unchanged I and allylglycine 5 in a 
ratio 1O:l. 

To a stirred suspension of anhydmus orange NiCll 
(4mg. 12mmol) in dry THF (3 ml) was added at ambi- 
ent temperature lithium aluminium hydride (4tng, 
0.105mmol). The mixture darkened and a solution of 
pmpargylglycine 1 (72 mg. 0.364 mm00 in THF (2 ml) 
was quickly added followed by tributyltin hydride 
(212 mg, 0.728 mmol), which was introduced dropwise 
with a syringe over a period of 5 tin. The solvent was 
evaporated and the residue was aualysed by ‘H NMR 
spectroscopy in the presence of benzaldehyde. The crude 
product was purified by MPLC to afford 4 (15 mg. 77c!. 
3 (5Y mg, 28%) and 1(29mg, 40%). 

3.3. Meihyl fR.SJ-2-IN-fdidiphe~.v~meth~lidenelnmi- 
rrolbat-4-erwote (5) 

3.3.1. Method I 
To a stirred suspension of propargylglycine l(56mg. 

0.192 mmol) and 5% palladium on carbon (77 mgf in 
THF (5ml) was added tributyltin hydride (447mg. 

I .536 mmol) from a syringe at 50°C over a pa&cd of 3 h 
using a syringe pump. Tb=e mixture was filter& thrcugb 
Kenite and the solvent evaporated. The r&due was 
purified by MPLC to afford pure 5 (Jomg, 54%). The 

H NMR spectral data of 5 were in am with the 
reported values [20]. Other fractions contained l(l5 mg, 
28%) and 4 (8mg. 7%). 

‘H NMR: S 7.65-7.15 (tn. IOH, ar), 5.74-5.60 (tn. 
l!l, HS), 5.10-5.00 (three bs, 2H, H5). 4.16 (m, IH. 
H2), 3.72 (s, 3H, CH,), 2.75-2.57 (m, 2H. H3). “C 
NMR: S 172.4. 171.0, 139.8, 136.3, 134.2. 130.4, 
128.9, 128.7, 128.5, 128.0, 127.9, 117.7. 65.3, 52.1, 
38.2. 

3.3.2. Method 2 (in THF) 
To a solution of propargylglycine derivative 1(56mg, 

0.192 mmol) and aged Pd(PPh,), (I I mg, 9.5 mm00 in 
THF (4ml) was ad&d tributyltin hydride (279mg. 
O.%mmol) from a syringe at ambient temperature over 
a period of 3 h using a syringe pump. The solvent was 
evaporated and the crude product putif& by MPLC to 
yield compounds 4 (31 mg, 28%), 3 (16mg, 14%) and 5 
(23nlg. 41%). 

A I : I pure mixture of vinylstannanes 3and4(51mg. 
0.175 mm00 was treated with trib+tin hydridg 
(407 tug, 1.400 mm00 ai& 5% palladitml on carbon 
(37mg) in THF (5ml) as described under Method 1. 
Signals at S = 5.10-5.OOppm due to allylglycitte 5 
were prominent in the ‘H NMR spectrum of the nude 
reaction product. The crude product was not putifti 
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