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Abstract: C-glycosylation of 2-methoxy-5-alkoxycarbonyl pyrrolidines with
trimethylsilvloxyfuran aliows us to obtain the corresponding pyrrolidines contigus to a o,p-
unsaturated butyrolactone. Copyright © 1996 Published by Elsevier Science Ltd

Use of trimethylsilyloxyfuran (TMSOF) 1 has been of particularly great interest as a o,f-
unsaturated butyrolactonic nucleophile equivalent (Fig. 1). In numerous reports it has been shown
that the reactive anion is located at the y position, related to the carbonyl!. The use of this reagent
allows one to obtain the butenolide adducts which can be used as building blocks for the

preparation of more elaborated products.

Figure 1
o« B
TBDMSO—U = 0:(3 -
(o) o

1

A few years ago, we have reported? that TMSOF can also react with cyclic oxonium ions affording
the corresponding butyrolactonic tetrahydrofurans in high yields and good stereoselectivities, since
amoung the four possible stereomers only two of them were formed (Fig. 2). We next applied with
success this strategy to the stereoselective preparation of oligo-tetrahydrofurans?.

Figure 2
TBDMSO—U WO"' LA o] - CH(OR)C1oH
—————p y
o’ + AcO o CH(OR)C1oH23 d.e. = 60:40 o " 00 10H23
1 2 90 % erftrans + thtrans

We want now to report our findings concerning the reaction of TMSOF with cyclic N-
acyliminium ions for elaboration of 2,5-disubstituted pyrrolidines (Fig. 3). Further chemical
transformations (e.g. oxidations, hydrogenation and opening of the lactone ring) could lead to
natural products of biological interests.
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1 COxtBu 3:-R=H: COx#Bu 7:R= H;
4: R =COzEt; 8: R =CO,Et;
5:R =CO,t+By; 9: R =CO,tBy;
6: R =CO,n-CyoHps 10: R = COan-CyoHas

2,5-disubstituted pyrrolidines are naturally occurring bioactive products*. Furthermore,
these heterocycles may serve as homochiral catalyst in stereoselective reactions3. Therefore high
yielding and stereoselective syntheses of such valuable chirons are neededS.

Several authors have shown that N-acyliminium derivatives obtained from pyroglutamic
acid are very convenient starting materials for the preparation of 2,5-disubstituted pyrrolidines by
addition of nucleophiles in the presence of Lewis acids72-8. Martin and Corbett8 have reported that
TMSOF 1 reacts at low temperature with N-benzyloxycarbonyl-2-ethoxy-pyrrolidine in the
presence of BF3.OEt; to give a separable mixture (5:1) of the threo and erythro adducts in 79 %
yield, but did not study the reaction with substituted pyrrolidines. In order to optimize the reaction
conditions, we first studied the influence of the Lewis acid, as well as the temperature, both on the
stereoselectivity and the yield of the reaction in CH»Cla of TMSOF 1 with unsubstituted N-tert-
butyloxycarbonyl-2-methoxy-pyrrolidine 3. N-Boc-2-methoxy-pyrrolidine 3, as well as N-Boc-2-
methoxy-5-alkoxycarbonyl pyrrolidines 4-6 were first prepared from the corresponding

pyrrolidinones through standard procedures?.

Table 1
entry 2-methoxy Lewis acid | Temperature | Adduct

pyrrolidines (°C) yield (%) drb
1 3 (R=H) BF3.0Et; -78 7 72 44:56
2 3 (R=H)2 BF3.0Et, -78 7 79 1:5
3 4 (R=CO3Et) BF3.0Et) -78 8 32 | 15:7:22:56
4 4 (R=CO3Et) TrClO4 -10 8 30 | 20:2:20:58
5 4 (R=CO;Et) Sc(ClO4)3 -10 8 25 | 24:11:20:45
6 4 (R=COyE1) TiCly -78 8 10 | 14:8:19:58
7 4 (R=COyE) SnCly -78 8 38 | 15:10:18:55
8 5 (R=COgztert-Bu) BF;.0Et; -78 9 49 | 15:0:18:66
9 6 (R=COyn-C12H5) |  Sc(ClO4)3 -10 10 28 | 20:11:16:53

a) with N-benzyloxycarbonyl-2-ethoxy-5-ethyloxycarbonyl pyrrolidine: ref.8;
b) d.r. (er:th:er:th) by NMR

The relative configuration of the adducts was then assigned on the base of the NMR data8:10.
It is worthnoting that the threo and erythro adducts 7a,b could not be separated by usual flash
chromatography on silica gel. These results are quite estonishing, since in the case of the N-
benzyloxycarbonyl protected compounds, they have been separately characterized®. Furthermore,
surprinsingly these results show that N-terr-butyloxycarbonyl-2-methoxy-pyrrolidine 3, when
reacted with 1 in the presence of BF3.OEt,, afforded a 44:56 mixture of the erythro/threo adducts
7a,b (entry 1), whereas N-benzyloxycarbonyl-2-ethoxy-pyrrolidine gave a 1:5 ratio, as reported by



Martin et al (entry 2). We have no explanations for such a dramatic effect of the protecting groups
of the nitrogen atom on the diastereomeric ratio so obtained. Then influence of the Lewis acid
(TrCl0O4, Sc(Cl04)3, TiCly, SnCly) was examined (yields) and we can now conclude that the best
one was obtained with BF3.OEt; (72 %, entry 1) whereas the diastereoselectivity was very poor and
did not depend on the nature of the Lewis acid used.

Next we studied the reaction of TMSOF 1 with the N-Boc-2-methoxy-5-alkyloxycarbonyl-
pyrrolidines 4-6 . In these reactions, two new stereocenters are created, thus four possible
diastereomers are expected. When 4 reacted with 1 in the presence of a Lewis acid in CH;Cly, the
expected adducts are formed but yields are lower, whatever the Lewis acids are (entries 3-7),
compare to the precedent case (with unsubstituted pyrrolidine derivative 3). Therefore an
alkyloxycarbonyl! substituent at C-5 seems to decrease the reactivity of the cyclic N-acyliminium
ions toward 1. It is also worthnoting that the all four stereomers 8a-d are obtained in all cases and
are not separable by usual flash chromatography on silica gel. In a related reaction, Koert has
shown that TMSOF 1 when reacted with 2-acetoxy-5-trimethylsilyloxymethyl furan, the four
stereomers were also formed!! (d.r. er-trans:th-trans:th+er-cis = 31:10:59). However, when the
substituent at C-5 was more sterically demanding (see Fig. 2), the only two trans isomers were
obtained?. We thus decided to use N-Boc-2-methoxy-5-tert-butyloxycarbonyl pyrrolidine 5 as
starting material and were pleased to observe that only three unseparable diastereomers 9a-c were
obtained (entry 8). However, with the N-Boc-2-methoxy-5-dodecyloxycarbonyl pyrrolidine 6, we
again formed all four unseparable isomers 10a-d (entry 9).

In a related case we then wanted to apply this strategy to the coupling reaction between the
aza-analogue of TMSOF 1, N-Boc-2-tert-butyldimethylsilyloxy-pyrrole (TBSOP) 11 and the
pyrrolidine 3 (Fig. 4). TBSOP 11 was prepared from pyrrolidinone in 4 steps as described!2. It is
worthnoting that Casighari studied the addition of TBSOP 11 on aldehydes for the synthesis of aza-
sugars 3, but did not apply this strategy to the addition with cyclic N-acyliminium derivatives.
Therefore, we submitted a mixture of 11 and 3 in CH;Cl5 to either 1 eq. of BF3.0Et; at -78 °C
(method A) or to 0.5 eq. of TrClO4 at -10 °C (method B). The results show that the cross coupling
products 12a,b were obtained in low yields (38 %) and with a 25:75 diastereomeric ratio for
method B, whereas method A gave a slighty better diastereomeric ratio (12:88) in similar yields (40
%).

Figure 4
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In conclusion TMSOF, when it reacts with cyclic N-acyliminium derivatives, has shown to
be a useful reagent for the formation of 2,5-disubstituted pyrrolidines. Furthermore, the use of
TMSOF aza-analogue such as TBSOP allowed us to have an access to the cross coupling products
with good diastereoselectivity, and therefore to oligopyrrolidines'4. We are now working on the
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improvement of the diastereomeric ratio of the reaction and the application to the preparation of
oligo-pyrrolidines as well as mixed (tetrahydrofuran-pyrrolidine),, compounds.
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