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Abstract—Propargylic N-hydroxypyrrolidines were prepared by diastereoselective addition of pre-formed alkynylalanes to various
highly functionalized carbohydrate-derived endocyclic nitrones. Excellent diastereoisomeric excesses were obtained using dimethyl-
2-phenylethynylalane. Addition of other alkynylalane derivatives to such type of nitrones is also reported.

© 2007 Elsevier Ltd. All rights reserved.

Recently, we got involved in a synthetic program aiming
to the preparation of iminosugar-type glycomimetics
from cyclic nitrones. In these approaches, nitrones were
used either as dipole! or as nucleophile precursors®?
under controlled reductive conditions (Sml,-mediated
formation of o-amino nucleophilic species*). As a com-
plementary route to access iminosugars, carbohydrate-
derived nitrones® were also used as electrophiles, in
reactions with unsaturated organometallic species (see
Scheme 1).

Nitrones are known to exhibit better reactivity than
imines in nucleophilic addition reactions.®’ They proved
useful for the preparation of N-hydroxypropargylic
amines,® by addition of lithium,” magnesium,'° or zinc!!
acetylides. On the other hand, aluminum acetylides have
proved to be useful reagents in nucleophilic additions to
iminiums'? (generated in situ from oxazolidines) and
acyl chlorides'? in the pioneering work of Micouin and
co-workers. However, no example of addition of such
reagents to nitrones had been reported until lately.!'4
In this Letter, we present our results in this field and
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in particular our investigations in the stereochemical
aspects of the addition of various alkynylalanes to
enantiopure, carbohydrate-derived nitrones.

In this study, dimethylalkynylalanes were pre-formed by
heating trimethylaluminum (2 M solution in toluene)
and alkyne, in the presence of a catalytic amount of tri-
ethylamine (10%), as previously described (Scheme 2).!3
The resulting mixtures were cooled to 0 °C, then the
nitrones were added.

Encouragingly, when 4 equiv of the phenylacetylene-
derived dimethylalane was reacted with nitrone 1'°
(obtained from D-arabinose) in toluene, the desired
propargylic N-hydroxylamine 2 was obtained in 96%
yield, with a good diastereoselectivity (Table 1, entry
1). The amount of alkynylalane was next decreased:
similar results were obtained using 4 or 2 equiv (entries
1 and 2). However, when only 1 equiv of dimethylalkyn-
ylalane was reacted with nitrone 1 the reaction was
not completed after 24 h and the diastereoisomeric ratio
decreased to 75:25 (entry 3). The lower diastereoselecti-
vity observed in this case was not due to equilibration
during the time of the reaction, as no change in dia-
stereomeric ratio was observed when quenching the
reaction after 3h, 18 h or 24 h. The use of THF as a
solvent (entry 4), as well as pre-complexation of the
nitrone 1 with diethylaluminum chloride!® (entry 5) also
led to a significant decrease of diastereoisomeric
excesses.
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The configuration at the new stereocenter was assigned
unambiguously from the connectivities determined by
NOESY experiments: a cis relationship was observed
between H-2 and H-5 in the major diastereoisomer in
agreement with a 2,3-trans configuration.

At this stage, it is noteworthy to mention that using the
‘one pot’ process recently described by the group of
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Micouin,'* alkynylation of nitrone 1 with phenylacetyl-
ene was sluggish. The products of methylation 3a,b were
major and only 20% yield of the expected propargylic
N-hydroxylamine 2a was obtained (Scheme 3).!” This
observation suggests that in the case of polybenzylated
five-membered ring cyclic nitrones such as 1, which
may be less basic than the nitrones used in Micouin’s
work, the ‘substrate-catalyzed’ metallation process is
less efficient.

The best conditions found in our preliminary study (Ta-
ble 1, entry 2) were then used for the addition of various
alkynylalanes to nitrone 1 (Table 2).'® The obtained
propargylic N-hydroxypyrrolidines were generally iso-
lated in good yields, except when ethynylcyclohexene
was used as the alkyne (entry 2). Surprisingly however,

Table 1.
o e oH OH
N+ Toluene N ——Ph N —"Ph
/l: Z N + || /l,,_ AP W + /,,,. —
BnO % 3 BnO 3 BnO
5 AIM 0°Ctort R
BnO OBn €2 3h BnO  OBn BnO  OBn
1 2a 2b
Entry Equiv of alane Additive Solvent Yield (%) dr® (2a:2b)
1 4 — Toluene 96 93.7
2 2 — Toluene 96 92:8
3b 1 — Toluene 96 75:25
4 4 — THF >98° 68:32
5 2 E6LAICI Toluene >98° 65:35

# Diastereoisomeric ratio determined after integration of signals on 2D-HSQC NMR maps of crude reaction mixtures.

® Reaction time: 24 h.

¢ Conversion from NMR analysis of crude mixtures. No traces of starting material were observed.
9 Nitrone 1 was precomplexed with 1 equiv of Et,AICI prior to the addition to alkynylalane.
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Scheme 3.

trans:cis = 88:12
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Table 2.%
o i ™ O
. Nt Toluene o N = . N__=""h
Bno” \Z + |l Bno” Z + B0’ q/
0°Ctort 5
BnO  OBn AlMe; BnO  OBn BnO  OBn
1 4-8a 4-8b
Entry R Product Reaction time (h) Yield (%) dr® (a:b)
1 CH,Ph 4 3 76 63:37
2 @ — 24 — —
3 (CH,)5Cl 5 3 76 59:41
-
4 | 6 3.5 88 40:60
N
5 CH,NMe, 7 17 42° 34:66
6 (CH,)4CH3 8 3 93 37:63
74 (CH,)4CH; 8 3 98 65:35

#Reactions were performed using 2 equiv of alkynylalane, unless otherwise stated.
® Diastereoisomeric ratio determined after integration of signals on 2D-HSQC NMR maps of crude reaction mixtures.

¢ Diastereomeric products were not separated.
94 equiv of alkynylalane were used.

when R groups were different from phenyl, diastereo-
selectivities were not as good, and diastereoisomeric
ratios were even inverted with N-containing alkynes
(entries 4 and 5). Particularly intriguing were the results
obtained when dimethylheptynylalane was added to
nitrone 1, a significant influence of its amount in
reaction mixtures being observed (entries 6 and 7).

Understanding the stereoselectivities observed in this
work is not straightforward.!” However, when no hetero-
element is present in the alkyne substrate, the major
product (2,3-trans isomer) results from addition on the
Re face of nitrone 1. Such an attack can be rationalized
by the classical Felkin—-Anh model (Fig. 1).

Re attack
BnO OBn jH
N H
./
°
OBn

Felkin-Anh model

Figure 1. Predictive model for nucleophilic addition onto nitrone 1.
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Figure 2.

Table 3. Addition of dimethyl-2-phenylethynylalane onto nitrones 1,

9-11*
Entry Nitrone Products® Yield dr°
(%) trans:cis
CI)H
i, N ="
1 1 BnO~ : 96 92:8
BnO  'OBn
2
(I)H
i, @% Ph
2 9 BnO 1\ g8 >98:2¢
BnO  ©OBn
12
(I)H
N \ﬁ/Ph
3 10 BHOALZ 96 96:4
BnO  ©OBn
13
4 1 92 >98:2¢

"N __—Ph
BnO M
BnO ‘0Bn
14

#Conditions (see typical procedure in Ref. 18): 1 equiv of nitrone in
toluene and 2 equiv of alkynylalane were stirred from 0 °C to room
temperature for 3 h.

® All new products were fully characterized by the usual analytical and
spectroscopic methods, and their relative configuration at the new
stereocenter was assigned from NOESY experiments.

¢ Diastereoisomeric ratio determined after integration of signals on 2D-
HSQC NMR maps of crude reaction mixtures.
9 The cis isomer could not be detected by NMR.
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In order to estimate the relative importance of the con-
figuration of each stereocenter in various nitrones and to
extend the synthetic value of this approach, carbo-
hydrate-derived nitrones 9,2° 10%2! and 11' were also
prepared and used in this reaction (Fig. 2).

Thus, dimethyl-2-phenylethynylalane was added to nit-
rones 9-11 to yield the propargylic N-hydroxypyrrol-
idines 12-14, respectively, in high yields and with good
diastereoisomeric excesses (Table 3). In the case of prop-
argylic N-hydroxypyrrolidines 12 and 14, a single isomer
was detected by NMR ('H spectra and HSQC 2D
maps). In nitrone 9, all the substituents being on the
same side of the cycle, excellent facial selectivity occurs
with attack on the opposite Si face (entry 2). In the
hexofuranose-derived nitrone 11, the C-5 substituent is
bulkier than in nitrone 10, leading to an even better fa-
cial selectivity (entry 4). In all cases, the 2,3-trans diaste-
reoisomer was obtained as the main product, confirming
that the configuration at C-2 plays a major role in steering
the approach of the alane nucleophile, while configuration
at C-4 (compare entry 3 to entry 1) and at C-3 (compare
entry 4 to entry 2) seem to have little influence on the
stereochemical outcome of alane additions.

In conclusion, alkynylanes turn out to be efficient, non
basic organometallic reagents for nucleophilic addition
onto nitrones. We report herein the diastereoselective
addition of alkynylalanes on carbohydrate-derived
nitrones, leading to highly functionalized intermediates
for iminosugar syntheses.
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. Major diastereomer 3a: (2S 3R,4R,5R)-3,4-bis- benzyloxy-

2-benzyloxymethyl-5-methyl-pyrrolidin-1-ol: [oc] +38 (¢
0.78, MeOH). '"H NMR (250 MHz, CDCl3) 6 (p pm) 7.34-
7.23 (m, 15H), 5.63 (brs, 1H), 4.70-4.38 (m, 6H), 3.96 (dd,
IH, J=1.9, 6.3 Hz), 3.92-3.76 (m, 2H), 3.49 (dd, lH,
—19 6.6 Hz), 3.34-3.27 (m, 1H), 2.84 (E) qt, 1H,
J= 64Hz) 130 (d, 3H, J=63Hz). *C NMR
(62.5 MHz, CDCl3) 6 (ppm) 138.2, 138.0, 128.5-127.7,
87.4, 80.2, 73.5, 72.3, 71.9, 69.6, 68.2, 68.0, 17.3. (+) MS
(ESI) m/z 434 [M+H]", 456 [M+Na]". IR (NaCl, cm )
3370, 3068, 3031, 2920, 2868, 1497, 1454, 1365, 1216, 1110,
1032, 1028, 751. Anal. Caled for C,;H3NO,: C, 74.81; H,
7.21; N, 3.24. Found: C, 74.65; H, 7.63; N, 3.31.
Representative procedure: a solution of nitrone 1 (0.200 g,
0.48 mmol) in dry toluene (2 mL) was added to the alane
solution (0.96 mmol, prepared in situ as in Ref. 13 at 0 °C.
The reaction mixture was stirred for 3 h from 0 °C to room
temperature and then quenched with an aqueous solution
of 2M Rochelle’s salt (gas evolution). After 10 min of
vigorous stirring, ethyl acetate (10 mL) was added. The
organic phase was separated and the aqueous phase was
extracted with ethyl acetate (3 x 10 mL). The combined
organic layers were dried over MgSO,. The solvent was
evaporated and the crude product was purified by flash
chromatography on silica gel (petroleum ether/ethyl
acetate 90/10, 85/15 then 80/20) to give the 2 diastereo-
isomers;  (2S,3R,4R,5R)-3.4-Bis-benzyloxy-2-benzyloxy-
methyl-5- phenylethynyl pyrrohdm 1-ol 2a: beige solid;
mp 121 °C. [oc] +10 (¢ 1.10, CHClL;). 'H NMR
(250 MHz, CDCl;) 6 (ppm) 7.4777.43 (m, 2H), 7.31-7.20
(m, 18H), 5.95 (br s, 1H), 4.71-4.44 (m, 6H), 4.08 (dd, 1H,
J=1.9, 6.6 Hz), 4.01 (dd, 1H, J=1.9, 6.6 Hz), 3.92 (dd,
IH, /=179, 9.1 Hz), 3.84-3.78 (m, 2H), 3.42-3.34 (m,
1H). '3C NMR (62.5 MHz, CDCls) § (ppm) 138.2, 138.0,
137.6, 131.9, 128.5-127.0, 122.9, 87.6, 86.3, 84.2, 80.3,
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73.5, 72.1, 72.0, 69.1, 67.7, 65.5. (+) MS (ESI) m/z 520
[M+H]", 542 [M+Na]". IR (NaCl, cm™') 3568, 3057,
2977, 2918, 2853, 2307, 1587, 1492, 1453, 1264.
(2S,3R,4R,5S)-3,4-Bis-benzyloxy-2-benzyl- oxymethyl 5-
phenylethynyl pyrrolldm 1-ol 2b: yellow oil. [oc]D —63 (¢
1.30, CHCl;). "H NMR (250 MHz, CDCl;) § (ppm) 7.43—
7.23 (m, 20H), 5.58 (brs, 1H), 4.71-4.47 (m, 7H), 4.24 (dd,
1H, J=44, 8.0 Hz), 4.12 (dd, 1H, J=4.4, 6.0 Hz), 3.90
(dd 1H, J=6.9, 9.4 Hz), 3.81- 3.68 (m, 2H) 13C NMR
(62.5 MHz, CDC13) o (ppm) 138.4, 138.2, 137.7, 132.1,
128.5-127.6, 122.8, 89.3, 82.8, 82.3, 81.4, 736 727 72.4,
68.1, 67.0, 61.0. (+) MS (ESI) m/z 520 [M-Q—H]+ 542
[M-i—Na]+ IR (NaCl, cm ') 3380, 3062, 3030, 2865, 1953,
1598. HRMS (ESI): Calcd: m/z—542 23073 [M+Nal".
Found m/z=7542.2321 (2ppm) [M+Na]"; Calcd:
mfz =558.20467 [M+K]". Found m/z= 558.2066
(4 ppm) [M+K]".

A non-chelated TS is favored in our case because of the
cyclic nature of the substrates. Aggregated mixed-alumi-
num species could be involved in these reactions, but
attempts to characterize them by NMR were unsuccessful.
Nitrone 9 was prepared through an adaptation of a
previously described method (see Ref. 2). (25,3R.4S)-3,4-
Bis-benzyloxy-2-benzyloxymethyl-3,4- dlhé/dro -H-pyrrole
1-oxide 9: beige solid; mp 91-92 °C. 0 +51 (¢ 1.08,
CHCL). '"H NMR (300 MHz, CDC13) 5 (ppm) 7.32—
7.26 (m, 15H), 6.86 (dd, 1H, J=1.2, 1.9 Hz), 4.74-4.57
(m, 7H), 4.40 (br t, 1H, J=15.6, 5.8 Hz), 4.18-4.07 (m,
3H). *C NMR (62.5 MHz, CDCl3) é (ppm) 138.1, 137.7,
137.6, 133.1, 128.8-127.9, 77.9, 74.8, 74 4,73.7,73.4,72.8,
66.9. (+) MS (ESI) m/z 418 [M+H]", 440 [M+Na]". IR
(NaCl, cm™') 3028, 2920, 2867, 1571, 1453, 1206, 1111,
725.
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