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Abstract

The monobenzoylation of 1-phenyl-1,2-ethanediol in the presence of different tin reagent has been studied. The stannylene ketal of 1-phenyl-
ethanediol has been prepared and used as a catalyst or generated in situ by exchange with other mixed tin ketals. In either case, the acylation ¢
rapidly with 2 mol% of the catalyst with the known selectivity. These experiments clearly establish the catalytic nature of the acylation reactior
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction than stoichiometric amount, but when the reaction is run in a
microwave apparatus a catalytic amount o,BnO has been
Tin mediation in the monofunctionalisation of polyols allows used[3]. This clearly indicates that a stoichiometric amount of
to reach two main objectives: high regioselectivity and ratereagent is not necessary. Also, a polymer supported tin reagent
enhancement. has been used in the selective functionalisation of carbohydrates
In compounds containing three or more hydroxyl groups, thaising a catalytid4] amount of tin containing resins. Recent
regioselectivity is the prevalent aspect of the reaction and it hasorks describe the use of dimethyltin dichloride 8aCh)
been applied in the selective functionalisation of carbohydrateas an effective catalyst in the monofunctionalisation described
[1]. in Scheme 1 [5]Macrolactonisation and esterification proce-
In compounds containing two hydroxyl groups functional- dure with water removal are also catalysed by,80O [7].
isation at the primary hydroxyl group prevails, but oppositeRecently, a thorough study of the monotosylation reaction of
selectivity can be eventually obtained with a particular reactiordiols with catalytic BuSnO has been publish¢8. The possi-
protocol[2]. bility of performing reactions with non-stoichiometric amounts
In all cases, tin mediated reactions are much faster thaaof reagents is highly desirable particularly in the case of highly
reactions in normal conditions. In fact, oxygen atoms in thetoxic compounds difficult to remove from the reaction mixture
intermediate stannylene ketals are activated toward the nucldike lipophilic alkyl tin reagent$6]. Bu,SnO has been used inthe
ophilic attack on the acylating agent. When the acylating ageninonofunctionalisation of carbohydrates for a long tiitle Due
is an acid chloride, after the first functionalisation the tin ligandto solubility requirements reactions were run in methanol were
becomes chlorinated and loses its activation preventing furthéBu,SnO is transformed into BSn(MeO» [1], a much more
reaction. reactive specifd]. This compound has been also employed in a
The literature concerning tin mediated acylations and alkystoichiometric amount for the monofunctionalisation of a series
lations describes a variety of experimental conditions withoubf diols[9].
specifying when a catalytic cycle can be active. Most reactions

with dibutyl tin oxide (BySnO) employs reagents in a more 2. Results and discussion
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with a series of non-chlorinated tin derivatives forming the same /S"\O + O)J\Ph
stannylene derivativeé as an active specie. This simple reaction R

allows to easily compare different reaction protocols by mea- Scheme 2.
suring the reaction rate and the product distribution.
When compound was treated at reflux in chloroform for Table1
30 min with a catalytic amount of E}an(MeO)_; (0.02 eq) Time of complete conversion of-% 2 + 3 in different conditions and 2/3 ratio

and the resulting solution was treated with 1.1 eq of benzoykun  cCatalyst (eq) Solvent (min) 2/3  Base (eq)
chloride at room temperature in the presence of triethylamine 6(0.02) CHCh 0 14 TEA Q)
(TEA) (2 eq) as a base, the benzoylation reaction was complete 6(0.02) Toluene 14 10 TEA(2)
in 10 min [11] with a product distribution similar to the one 3 BuSn(MeO) (0.02) CHC} <10 14 TEA (2)
observed with the same substrates with other reaction protocods B Sn(MeO} (0.02) Toluene 14 1 TEA(2)

[3,5]. Dibuty! tin diisopropoxide (BeSn(2-PrO)), prepared by > BpSn(2-Pr03 (0.02)  2-PrOH 12 12 KCO:(9)
refluxing BLQ_SnO in 2-propanol for 1 h Qnd removing the sol- Ei?&éﬁ;gﬁi&ggz) (C:E'(C:i <1g 1;.5 Eﬁ g))
vent under high vacuum, was as effective as a catalyst for thg Bw(MeO)Sn0 (0.02)  Toluene 12 10 TEA (2)
reaction inScheme 1Finally, tetra butyl dimethoxide distan-
noxane (ByMe,SnpO) obtained by reaction of BSnO and
dimethyl carbonate and further reaction with methdh6] was Table 1reports the data of reaction Bcheme dwith four
prepared and the same reaction protocol was folloviedas different tin compounds used in a catalytic amount in different
refluxed for 20 min in chloroform in the presence of 0.02 eq ofsolventst (min) indicates the time at which the diol is completely
Bus(MeO)Smp0. The mixture was then treated at room tem-transformed after benzoyl chloride additia@3 indicates the
perature with 1.1 mol of benzoyl chloride and TEA. Analysis of ratio between the two isomeric monobenzoates as determined
samples showed that the reaction was complete in about 10 miy *H NMR studies.

time. These experiments strongly suggest that a common inter- From the preparative point of view, the useéoés catalyst
mediate might be responsible for the catalytic cycle. It is well(0.02 eq) in CHGJ proved to be the most practical protocol.
known that exchange reactions occur between tin alkoxides and .

diols thus generating the corresponding tin cyclic keita,9] - Conclusions

We have established for the first time the catalytic nature of
the tin acetab in the benzoylation of. The present method has
the following peculiarities:

2.1. Benzoylation catalysed by the stannylene ketal 6

Compoundé6 obtained by refluxind with 1 eq of BySnO
in methanol was isolated, characterised and proved to be(
identical with the compounds obtained from 1-phenyl-1,2-
ethanediol with a stoichiometric amount of the tin reag@ri®
[12]. 1-Phenyl-1,2-ethanedidl (500 mg, 3.6 mmol) in chloro-
form (20 ml) was then treated at room temperatu.re with com- used as catalyst in the benzoylation reaction in a different
poundé6 (26 mg, 0.07 mmol, 0.02 eq), benzoyl c_hlorlde (509 mg, solvent if required.

3.6 mmol) and TEA (730 mg, 7.2 mmol). Reaction samples analGii) A wide range of solvents from non-polar to isopropanol
ysed by TLC andH '.\IMR showed that c.ompounﬁwas com- can be used allowing to work in homogeneous solution
pletely transformed in about 10 mjh1] giving a 10:1 mixture even with less soluble substrafds].

of 2 and3. We believe that these results show thatin all the abovKi/V) The catalytic cycle is active with any of the tin species in
experiments there is an exchange reaction between the initial Scheme 3and the selective acylation goes to completion
formed tin alkoxide and the diol to give the ketalwhich is in 515 min at room temperature (>60 min without the tin
the active reaction catalyst. The proposed mechanism for the catalyst).

catalytic cycle, is reported iBcheme 2

We have not explored the effect of the nature and amount of, Experimental
base onthe selectivity and the rate of the reaction. A few solvents
have been tested but from previous data from the literd8]re Bu,SnO and the other dibutyl tin derivativsand8 were
it is reasonable to believe that the choice is much larger. purchased from Sigma—Aldrich. B8n(2-PrO) was prepared

i) A catalyticamount of tin compound is required, not involv-
ing toxic chloro tin derivatives or microwave irradiation.

(i) The stannylene ketal can be generated from commercially

available tin species in the appropriate solvent and then
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