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Abstract : PdCl3(PPhz) catalyses, under very mild conditions, the cis-hydrostannation of ace-
tylenic compounds by tributyltin hydride and the hydrostannolytic cleavage of propargyl car-
boxylates, phosphotes, carbonates and carbamates. The latter reaction should find use in
protective group chemistry.

In the past few years, we have shown thot the allyl derivatives of carboxylic acids or
phenols and the allyloxy carbonyl derivatives of alcohols and amines moy be deprotected in a

stroightforward and very selective monner by palladium-catalyzed cleavage with tributyltin
hydride (equotions 1-a and 1-b)1-4%.

Pd cat.
XN\ + BuzsSnH + HY ———> XH (+ BuzSnY + wa”H) [1-a]
X = RCO2-, ArO-
9 Pd cat.
X'-C-0-"\_ + BuszSnH + HY ————> X'H (+ CO2 + BuzSnY + X" H) [1-b]

X' = RO-, RNH- ; YH = H30, pNOp-PhOH, AcOH...

We have applied this procedure to the preparation of tributyltin p-ketoesters from allyl
p-ketoesters2, in the selective protection-deprotection of various allyl and allyloxycarbonyl
derivatives of amino-acids3 and in a solid-phase synthesis of the undecapeptide substance P
in which the allyloxycarbonyl group was used for the temporary protection of the a-amino
functions#. 1In this communication we report : 1) that the catalytic hydrostannolytic depro-
tection procedure also applies to the propargyl and propargyloxycarbonyl groups ; 2) that
palladium complexes catalyze the tributyltin hydride hydrostannation of simple ocetylenic
compounds ; 3) that the hydrostonnation of the triple bond probably represents the first step
of the hydrostannolytic cleavage of propargylic esters mentionned above.

wWhen 2 to 2.2 equivalents of tributyltin hydride were added dropwise over a period of a
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few minutes to a benzene, THF or CHoClp solution (5 mL) of propargyl acetate (1 mmole) and of
dichloro-bis(triphenylphosphine )palladium(II) (2.10-2 equivalents) an immediate and exother-
mic reaction ensued. After 10 min, IR analysis (CCl,) showed a total conversion of propargyl
acetate (vgp = 1730 cm~1) into tributyltin acetate ({vgp = 1635 em~1). Quantitative deprotec-
tion (NMR, GC) was also achieved, 1in CHpClp, starting from propargyl p-methylbenzoate, die-
thylpropargyl phosphate, propargyl benzyl carbonate and benzylamine propargyl carbamate.

4 2 BuzSnH HY
" ———————> Z-SnBugy > ZH + tin by-products [2-a]
[Pd] cat
Z = (Et0) P(0)-0-, pMe-Ph-COp-
V4 ibid
R-2'-C0op— _— > R-Z'H + COp + tin by-products [2-b]

R-2' = PhCH20, PhCHa-NH

No formation of allenic or propargylic amines or ethers could be detected in the hydro-
stannolytic deprotection of propargyl carbonate or carbamateS. Apart from the tributyltin
salts BuzSnY -whose nature depends on the final work—ups- and a small amount of hexabutyldis-
tannaneP, the tin by-products of these reactions consist mainly of 2~tributylstannylpropene
1 (X = H) together with 3-tributylstannylpropene 2 and small quantities of Z and E 1-
tributylstannyl propene 3 (X = H)7.

BuzSn H H H H SnBugy
~_~ ~_~ __

X-CHy” N H  BuzSn-CHp” NH X-CHp”  NH
1 2 3

When applied to propargylphenoxide, the catalytic reaction with tributyltin hydride gave
different results. Upon addition of one equivalent of tributyltin hydride, propargyl phenoxi-
de was essentially converted to a ca. 95/5 hixture of 2-tributylstannyl- and (presumably) E-
1-tributylstannyl-3-phenoxy propene 1 and 3 (X = OPh)7.8. Further addition of tributyltin
hydride resulted only in partial release (ca 40 %) of tributyltin phenoxide. Extensive decom-
position of tributyltin hydride into hexobutyldistunnune1b and formation of allyl phenoxide
(up to 20 %) were also observed.

The formation of tributyltin-substituted allylic phenoxides 1 and 3 (X = OPh) suggested
that PdC1a(PPhz)z could act as a catalyst in the hydrostannation of carbon-carbon triple
bonds. We were able to confirm this property with a series of simple acetylenic compoundsg.
From the preliminary results listed in the table, the reaction seems to be stereospecific
(cis-hydrostannation 1leading to E-tributylstannyl olefinic compounds, entries 1, 2, 4
and 5)10‘12 but not regiospecific (entries 1, 2) unless electronic factors are involved
(entries 3, 6).

From the above results, the following mechanism for the hydrostannolytic deprotection of
propargylic esters may be tentatively proposed. 1In a first step, a palladium-cotalyzed cis
hydrostannation of the triple bond would lead to the tributyltin-substituted ollylic interme-
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diates 1 and 3 E (X = leaving group : LG) ; in a fast step, these intermediates would then
undergo a palladium-catalyzed hydrostonnolytic cleavage -probably through the formation of a
1-allyl palladium complex13- lecding to the isomeric tributylstannylpropenes 1, 2 and 3
(X = H) (Scheme I).

Scheme I : BuzSnH

1 _— a

N [Pd] cat

\\x (X = LG) (X = H)

[Pd] cat BuzSnH
3 (E) —_— 2 + 3 (E +2)
[Pd] cat
(X = LG) (X = H)

In the case of propargyl phenoxide, due to the poor leaving group ability of the phenoxy
group, the intermediate 1 and 3 (X = OPh) are stoble enough to be characterized upon addition
of one equivalent of tributyltin hydride ; further addition would then lead not only to

hydrostannolytic cleavoge but also to other side-reactions14,

Table : Palladium-catalyzed hydrostannation of acetylenic compounds(u)

Entry Starting compounds RProductg (per ceng)(b) Overall
% W\ uzSna__- Ha__-R isolated
H-m-R yield(%)
Buzsn” “H W NH #” N\snBus (dS
1 R = CHp0H 45 % (c) 55 % 41(e)
2 = CH20THP 32 % (c) 68 % 68(e)
3 = COMe 100 % (c) (c) 90
MeOoC COoMe BuzSn COoMe
[ Me0,C-m-COoMe Prp 772 3N o 02
BuzSn~ “H Me02C” ™H
83 % 17 %
Ph CH BuzSn, CH Ph SnBu
5 Ph-m-CHg \’=/\ 3 3 SN 3 S 3 78
BuzSn' H Ph — S H H” ™ CHj
100 % (f) (c) (c)

(a) BuzSnH 1 to 1.2 equivalents, PdCla(PPhz)p 2.10-2 equivalents, benzene (entries 1, 2)
or THF (entries 3, 4, 52 as the solven% ; room temperature, a few minutes.

b) Determined by NMR (250 MHz) on the crude reaction mixture.

c) Undetected.

d) Analytical overall yields, as determined by NMR on the crude reaction mixture using on
internal standard, were found to be in all cases quantitative within experimental errors.
Loss of product during purification by column chromatography is mainly due to silica-indu-
ced protodestannylation. All purified compounds gave satisfactory elemental analysis.

&e; Mixture of regioisomers.
f) Stereochemical assignment based on NMR spectroscopy12.

In conclusion, the allyl and propargyloxycarbonyl groups can be removed under very
mild conditions by use of the hydrostannolytic system BuzSnH/Pd catalyst. The fact that
conditions con often - be found for the catalytic selective cleavage of the allyl and
allyloxycarbonyl groups in the presence of the propargyl and propargyloxycarbonyl groups,
as shown 1n the accompanying paper, should make these groups useful in protective group

chemistry.
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In palladium-catalyzed deallylation reactions performed on allyl carbamates, competitive
allylamine formation may be a serious side reaction3.% and ref. therein 1, the hydro-
stannolytic procedure3v“ the formation of allylamine is completely suppressed in the
presence of weak acidic species.

Hydrostannolytic deprotection of benzyl propargyl carbonate leads directly to the tri-
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immediate. Tin carboxylates are converted into their sodium salt or into carboxylic acids
by treatment with aqueous sodium carbonate or with various protonating agents HY.
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Jq = Jz = 1.5-2 Hz, 1H) and 5.45 (dt, 1H, vinylic H) ; 4.60 (opp. t, J = 5 Hz, 2H,
allylic H).

By contrast upon addition of one equivalent of tributyltin hydride, propargyl carboxy-
lates or phosphate gave a 1/1 mixture of unreacted materiol and of tributyltin carboxy-
lates or phosphate.
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The formation of small amounts of trans addition product in the case of diethyl ethyne
dicarboxylate (entry &) may very likely be ascribed to competitive spontaneous (non
catalytic) reaction (ref. 9c).

Most compounds have already been characterized by NMR spectroscopy (ref. 10c,d).
E-BuzSn(Ph)C=CH(CHz) : & (ppm, CDCl3) : 5.88 (q, J = 7 Hz, 1H) ; 1.67 (d, J = 7 Hz, 3H).
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hydrogen are consistent with a cis relationship (expected values for trans relation-
ship : ca 110-130 Hz, ref 10c).
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