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Abstract: A Co(I)-catalysed condensation of allyli-
dene dipivalate with aldehydes to give (Z)-4-hy-
droxybut-1-enyl pivalates in 62 to 87% isolated
yields, is reported. Reactions are run in acetonitrile
at 0 or 25°C depending on the nature of the alde-
hyde, and exploiting the Co(II)/Zn(0) redox couple
for the preparation of the catalytic Co(I) species.
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Introduction

Designing novel synthons to be efficiently applied in
broad scope reactions is a topic in the field of molecular
engineering devoted to the development of alternative
synthetic pathways. An example is offered by three-car-
bon homologating agents containing a nucleophilic cen-
tre on carbon 3 relative to the heteroatom!! (d* syn-
thons), among which synthetic equivalents of the homo-
enolate anion 4 are important building blocks in organic
synthesis.”! The reaction of 4 with aldehydes, the homo-
aldol reaction, opens a route to y-substituted butano-
lides 1 or butyrolactols 2 via adducts 3, according to
the disconnective approach reported in Scheme 1.
Much effort has been devoted in the last decades to
the design of organometallic d®> synthons mimicking
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propanal or propionate homoenolate 4. There are exam-
ples where the highly susceptible aldehyde function is
protected as acetal ! but, more frequently, the homoe-
nolate ion is masked in the form of a heterosubstituted
allyl-metal complex 5. Significant examples are based
on allyl-titanium complexes carrying nitrogen'*! or oxy-
gen®! substituents on the metallated allyl terminus.
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In the frame of a research project aimed at exploiting
3-halopropenyl esters as three-carbon homologating
agents in organic synthesis,® we developed a catalytic
route to the homoaldol reaction based on the Cr(III)-
Mn(0) redox couple and on 3-chloropropenyl pivalate
6 as the precursor of the homoenolate species, that is
an ester-substituted allyl-chromium(III) complex 7
(Scheme 2)."" Under the reported conditions, a good
control of regioselectivity was achieved: isolated yields
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of (Z)-4-hydroxy-alk-1-enyl pivalates 8 varied in the

40-60% interval and regioisomer ratios in favour of 8

ranged from 72/28 to 90/10.

Here we report the development of an improved pro-
cedure for the synthesis of adducts 8, which displayed
the following features:

(i) it was again mechanistically based on the insertion
of a low-valent metal to a suitable substituted allyl-
ic precursor, rather than on more expensive and
critical protocols requiring the use of organolithi-
um or organomagnesium derivatives,

(ii) it exploited a less environmentally toxic and dan-
gerous metal than chromium, one of the top prior-
ity pollutants according to the US Environmental
Protection Agency,®

(iii) it required milder reaction conditions, and

(iv) it attained better yields and virtually complete re-
gioselectivity.

Results and Discussion

Enroute to new synthetic equivalents 5 of the homoeno-
late ion, our attention was attracted on one hand by acy-
lals, on the other by recent studies from the groups of
Périchon”” and Gosmini''”! on the generation of Co(I)
species in acetonitrile, by exploiting the Co(11)/Zn(0) re-
dox couple. Since Co(I) proved to oxidatively add to the
carbon-halogen bond of aryl halides and to the carbon-
acetate bond of allyl acetate,['!! we tested the reaction of
allylidene dipivalate (9) with aldehydes in the presence
of the redox couple Co(II)/Zn(0), and eventually we
succeeded in attaining a new catalytic version of the ho-
moaldol reaction. The acylal 9 was obtained by the reac-
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tion of acrolein with pivalic anhydride, and played the
role of the precursor of the new propanal homoenolate
equivalent 10 or 11 (Scheme 3).

Avery simple synthetic protocol was developed: 9 and
an aldehyde are poured into a freshly prepared solution
of anhydrous CoBr,!"”! (30% with respect to the limiting
reactant, the aldehyde) in acetonitrile, then zinc powder
is added to the solution. The addition of zinc metal im-
mediately fosters the reaction cascade depicted in
Scheme 3. Temperature is the key factor to achieve a
complete control of regiochemistry. To this purpose,
the overall process is run at 0 °C or at 20-25 °C, depend-
ing on the nature of the aldehyde. More reactive aliphat-
ic aldehydes (runs 7—11) need cooling to 0 °C to undergo
regioselective nucleophilic attack from the less hindered
terminus of 11 (Table 1, runs 7-11), while complete re-
gioselectivity is attained at 25 °C using the less reactive
aromatic aldehydes (runs 1-6).

A transient Co(I) species, likely stabilised by acetoni-
trile ligands in its coordination sphere, in the presence of
9 undergoes insertion into the carbon-oxygen bond,
rather than over-reduction to inactive Co metal by ex-
cess of zinc metal, or dismutation to Co(0) and Co(II).
The resulting intermediate 10, an allylic Co(IIT) com-
plex, should be reduced, on pure electrochemical
grounds,"® to the allylic Co(II) complex 11" by the ex-
cess of Zn(0).'” The interaction of 11 with the aldehyde
takes place at the less hindered terminus of the allylic
moiety, giving the Co(II) adduct 12. Generation of the
easily reducible CoBr, may take place via transmetala-
tion of 12 with ZnBr,, thus completing the catalytic cy-
cle. Configurationally pure (Z)-4-hydroxy-alk-1-enyl
pivalates (8) are formed as the sole products.
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Table 1. Co(II)-catalysed synthesis of (Z)-4-hydroxy-alk-1-
enyl pivalates 8 in CH;CN.

Run RCHO t [h] T [°C] 8, Yield [%]
1 Benzaldehyde 6 25 8a, 87
2 4-Methoxybenzaldehyde 6 25 8h, 80
3 4-Chlorobenzaldehyde 6 25 8¢, 70
4 4-Methylbenzaldehyde 6 25 8d, 67
5 1-Naphthaldeyde 6 25 8e, 66
6 2-Furancarboxaldehyde 6 25 8f, 68
7 2-Methylpropanal 6 0 8g, 82
8 3-Phenylpropanal 6 0 8h, 70
9 Cyclohexanecarboxaldehyde 6 0 8i, 67
10 Octanal 6 0 8j, 62
11  Dodecanal 6 0 8k, 67

Table 1 collects a series of preliminary results, where
isolated yields of 8 lie in the 62—-87% range. Products
8 can be easily hydrolysed to 5-substituted butyrolactols;
indeed, stirring 8a and 8 h with 3 equivalents of K,CO;in
9:1 methanol/water for 2h at 25°C is sufficient to
quantitatively convert the two starting materials into
cis-trans mixtures of S5-phenyltetrahydrofuran-2-ol!'®l
or 5-(2-phenylethyl)-tetrahydrofuran-2-ol,'”" respec-
tively. Moreover, the (Z)-configuration of the double
bond of 8 looks promising, in terms of possible diaster-
eocontrol, for subsequent epoxidation or dihydroxyla-
tion processes. Work to this purpose is in progress.

With the aim to broaden the scope of the reaction, we
checked the reactivity of acylal 9 toward an imine, in the
presence of Co(I). An acceptable conversion (50%) was
obtained with N-benzylidene p-toluensulfonamide (13),
but a full reversal of regioselectivity in the addition of 9
to 13 was observed, affording the adduct 14 in a virtually
pure anti diasetreoselectivity (Scheme 4).

In order to unambiguously assign the anti stereorela-
tionship between the newly formed stereocentres, 14
was converted into the cyclic oxazolidine 15 (Scheme 5).
The shielding (0.8—-1.0 ppm) of the internal vinylic pro-
ton of 15 caused by the spatial proximity of the phenyl
ring proved the cis substitution in 15, thus confirming
the anti stereochemistry of 14.
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Conclusion

A simple and economic approach to (Z)-4-hydroxy-alk-
1-en-1-yl pivalates 8, interesting protected forms of ho-
moaldols, has been developed, based on the use of acylal
9 and of the redox couple Co(II)/Zn(0). Reactions are
run in acetonitrile at 0-25°C and look attractive for
scaling-up studies, provided that the exothermic reac-
tion associated to the initial redox processes is properly
managed (see Experimental Section).

Further studies are in progress in order to: (i) ascertain
which factors, other than temperature, could affect re-
gioselectivity, (ii) check the effect of modified acylal
structures, for instance, by changing the ester moieties,
and (iii) acquire insight about the true structure of the
catalytically active species by suitable computational
approaches.

Experimental Section

Allylidene Dipivalate (9)

Two drops of H,SO, were added to a solution of pivalic anhy-
dride (90 mmol, 18.3 mL) in CH,Cl, (100 mL). A solution of
freshly distilled acrolein (6.56 mL, 100 mmol) in CH,Cl,
(10 mL) was added drop by drop, at a rate slow enough to main-
tain the solution at room temperature. The reaction mixture
was stirred at room temperature for 6 h and filtered through
a short pad of K,CO;. The solvent was removed at reduced
pressure and the residue distilled (bp 78 -80°C/6 mmHg) to af-
ford 9 as a clear liquid; yield: 16.3 g (67.5 mmol, 75%).

Synthesis of (Z)-4-Hydroxyalk-1-enyl Pivalate (8);
General Procedure

Commercial CoBr,-2 H,O (0.076 g, 0.3 mmol) was flamed un-
der a positive argon pressure until the colour turns from purple
to bright green. Anhydrous CoBr, was dissolved in freshly distil-
led acetonitrile (2 mL), giving a deep blue solution. To this sol-
ution, acylal 9 (0.34 mL, 1.4 mmol) and the aldehyde (1 mmol)
were added, the solution retaining the original blue colour.
The temperature was set at 0 or 25°C with an ice or oil bath,
and commercial zinc powder (0.85 g, 1.3 mmol) was added.
Aninitial exothermic reaction was observed while the heteroge-
neous solution turned reddish brown. The reaction mixture was
vigorously stirred at the same temperature for 6 hours, quenched
with saturated aqueous NaHCO; solution (1 mL) and salts were
removed by filtration on a short pad of Celite®. The filtered sol-
ution was dried over Na,SO,, evaporated at reduced pressure
and the residue was purified by flash-chromatography on silica
eluting with cyclohexane/ethyl acetate mixtures.

Cobalt-Catalysed Reaction of Allylidene Dipivalate
(9) with N-Benzylidene-p-toluenesulfonamide (13);
Synthesis of 1-Phenyl-1-(tosylamino)but-3-en-2-yl
Pivalate (14)

To a blue solution of CoBr, (0.065 g, 0.3 mmol) in acetonitrile
(3 mL) prepared as previously described, were added in turn
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acylal 9 (0.34 mL, 1.4 mmol) and the N-benzylidene-p-tolue-
nesulfonamide (13)" (0.26 g, 1 mmol). The temperature was
set at 25°C with an oil bath, and commercial zinc powder
(0.13 g,2 mmol) was added with vigorous stirring. The reaction
mixture was stirred at the same temperature for 12 hours,
quenched with saturated aqueous NH,Cl solution (2 mL) and
salts are removed by filtration on a short pad of Celite®. The fil-
tered solution was extracted two times with ethyl acetate, dried
over Na,SO, and evaporated at reduced pressure. The residue
was purified by flash-chromatography on silica eluting with cy-
clohexane/ethyl acetate 9:1 to afford aminol 14; yield: 0.2 g
(0.5 mmol, 50%).

4,5-cis-2,2-Dimethyl-4-phenyl-3-tosyl-5-
vinyloxazolidine (15)

Aminol 14 (0.05 g, 0.12 mmol) was dissolved in MeOH/H,0O
(1mL, 4:1 v/v), K,CO; (0.50 g, 0.36 mmol) was added and
the reaction mixture was stirred at room temperature over-
night. MeOH was removed at reduced pressure and the aque-
ous layer was extracted with ether. The combined organic lay-
ers were dried (Na,SO,) and evaporated under reduced pres-
sure. The crude mixture was dissolved into freshly distilled
2,2-dimethoxypropane (1 mL) and a catalytic amount of p-tol-
uenesulfonic acid was added. The reaction mixture was stirred
at room temperature overnight, filtered (Celite®) and the or-
ganic layer was evaporated under reduced pressure. Purifica-
tion by flash-chromatography on SiO, (cyclohexane/ethyl ace-
tate, 9:1) afforded 15; yield: 0.02 g (0.06 mmol, 50%).
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