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Abstract-The base deprotonation methed, applicd to amino-sugar N-oxides prepared from methyl 2,3-
anhydre-4,6-0-benzylidene-a -D-mannopyranoside (8) and methyl 2,3-anhydro-4,6-O-benzylidene-o-D-
allopyranoside (9), allows the casy generation of complex and very reactive sugar azomethine ylides.
Fair yiclds of the major diastcrcomcric pyrrolidines resulting from [3+2] cycloaddition to stilbene are
thus obtaincd with good asymmelric induction. The casy elimination of the chiral appendage as starting

epoxides gives access 1o the erantiomerically enriched 3 4-diphenylpyrrolidings,

1.3-Dipolar cycloaddition of azomethine ylides to olefins represents a powerful access to pyrrolidines.]
Nevertheless, until recently,2.3 little was known about the asymmetric 1,3-dipolar cycloaddition of chiral
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As an extension of our investigation on highly reactive non-stabilized azomethine ylides [Y] generated from
tertiary aming N-oxidc:s,%l we studied the asymmetric induction in 1,3 dipolar cycloaddition of chiral dipoles with
nonactivated olefins.*® When using (5)-1-hydroxymethyl-2-methylpropylamine-M,N-dimethylamine N-oxide
{La) and trans -stilbene (2) as the dipolarophile, a mixture of diastereomeric trans -3,4-diphenylpyrrolidines (3a)
was formed with good diastercoselectivity (de = 60%}) but in low yield, due to the concomitant formation of the
oxazolidine 5:,) 5re:;ulting from intramolecular trapping of the iminium salt intermediate [I] by the lithium alkoxide
(Scheme 1).7
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In order to avoid this unwanted reaction, the hydroxy function was protected as a #-butyl ether in the starting N-
oxide (1b). The yields of the resulting pyrrolidines (3b) were highly increased, at the expense of
diastereoselectivity.

We then turned towards aminosugar N-oxides as chiral ylide precursors, having in mind that such structures,
unlike (1b), could be rigid enough to allow diastereofacial control while preventing the oxazolidine formation.

RESULTS AND DISCUSSION
Cycloaddition Reactions
In a preliminary experiment we have studied the behavior of N-oxide (7a) resulting from the oxidation of the

corresponding tertiary amine (6) , prepared in six steps from (5) (Scheme 2).6
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When N-oxide (7a) was reated with LDA at -78°C in the presence of trans-stilbene (2), 30% of expected
diastereomeric pyrrolidines (10a) and (11a) were formed in a 75:25 ratio (Table 1, entry 1).

Despite the low yields of isolated products, this result is of importance since it shows that it is possible to generate
a reactive ylide by amino-sugar N-oxide deprotonation, and that this non-stabilized dipole is so reactive that it
adds 1o stilbene, a dipolarophile which is inert towards the corresponding ylides generated by other
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ways.! The cycloadddition occurs even at -78°C with a much better diastereoselectivity than Ib.

We then studied amino sugar N-oxide derivatives (7b)7 and (7¢), easily prepared by oxidation of the
corresponding tertiary amines obtained from ring opening of methyl 2,3-anhydro-4,6-O-benzylidene-c-D-
mannopyrancside (8)8 and methyl 2,3-anhydro-4,6-0-benzylidene-o- D-allopyranoside (9)9 by dimethylamine
(Scheme 3). '
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In these derivatives the N-oxide functionality is trans-diaxial with respect to the free hydroxy function. Such a
geometry was designed to prevent the intramolecular trapping of the intermediate iminium salt and the ensuing
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Table 1. Yields and Diastereomeric Ratios in the Reaction between (7a-c) and Stilbene (2)

oxazolidine formation. The structural features of the expected aminosugar pyrrolidines (10b, ¢), and (11b, ¢)
were anticipated to allow for easy access to enantiomerically enriched 3,4-disubstituted pyrrolidines (15) and (16)
of known absolute c:cmfiguration]0 by removal of the sugar part as starting epoxides (7 and 8}, according to the
method described by Castedo' ' and successfully vsed in our previous work.

When N-oxide (7b) was treated at 0°C for four hours with LD A in the presence of trans-stilbene (2), 40% of a
mixture of diastereomeric trans -3,4-diphenylpyrrolidines (10b) and (11b) was isolated in a 85:15 ratio (Table 1,
entry 2). When the reaction was carried out on N-oxide (7¢), pyrrolidines (10¢) and (11¢) were formed in 60%
yield, with the same diastercoselectivity which was independent of the reaction temperature. The competitive
formation of demethylated amines [12b(38%) and 12¢ (32%)], respectively, from (7b) and (7¢) is reminiscent
of previous observations in our laboratory.4c

Access to Optically Active frans-3,4-Diphenylpyrrolidines {(15) and (16)

Pure diastereomers (10b, ¢) and (11b, ¢) were obtained by preparative hple. Cleavage of the chiral auxiliary was
achieved on the mixture of diastereomers by treating each couple with 50% NaOH in CHCl3 in the presence of
tetrabutylammoniom bromidt“:.II N-C bond breaking results from the formation of the epoxides (8) and (9), and
enantiomericully enriched N-formyl derivatives (13) and (14) were obtained after work-up. Their hydrolysis
yielded the corresponding trans-3,4-diphenylpyrrolidines (15) and (16) whose optical rotation sign allowed the




1568 HETERQCYCLES, Vo!. 34, No. 8, 1992

determination of their absolute configuration by comparison with literature data.'® The optical rotation values
measured, [o]p23 -138° (¢ 1.2, CHCl3) and [a]p25 +142° (¢ 1.0, CHCI3) for enriched NH-pyrrolidines {15} and
(16), respectively, were in accordance with the expected enantiomeric excess. It was thus established that N-oxide
{7b) led preferentially to (-)-(3R, 4R)-3,4-diphenylpyrrolidine (15), whereas (7¢) gave antipodal compound
(16). The quantitative recovering of corresponding epoxides (8) and (9) shows the importance of these
cempounds as chiral auxiliaries in the asymmetric [3 + 2] cycloaddition of azomethine ylides with olefins (Table
2).
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Table 2. Access to the Enantiomerically Enriched NH-Pyrrolidines.

The selectivity observed in the cycloaddition results from a diastereofacial control exerted by the sugar skeleton,
The transition states of the reactions between stilbene (2) and the N-oxides (7b,c) are schematically represented as
TS , and TS2 (Scheme 4) in which the dipole terminii are as far as possible from, respectively, the OMe group,
and the oxygen of the sugar skeleton. They are consistent with an approach of dipolarophiles to the ylide with
phenyl groups being located so as to minimize the steric interactions with the sugar moiety.

10 1lc¢
(-)-(R AR} §+)-{35.43)

Scheme 4
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CONCLUSION

The base deprotonation method applied to amino-sugar N-oxides (7b, c) allows the easy generation of complex
but very reactive sugar azomethine ylides. Fair yields of major diastereomeric pyrrolidines (10b) and (11c¢)
resulting from [3+2] cycloaddition with stilbene are thus obtained with fair asymmetric induction.
Enantiomerically enriched 3,4-diphenylpyrrolidines (15) and (16) are easily recovered by removal of the chiral
appendage as starting epoxides (8) and (9).

Further studies are in progress with other dipolarophiles.12

EXPERIMENTAL SECTION
General. Hnmr or Cnmr spectra were recorded in CDCl3_ on a2 Bruker WP 200-54 (200 MHz); chemical shifts
from tetramethylsilane are given in 8. Mass spectra (ms) were obtained on a AEI-MS-50 spectrometer; cims and
fab were recorded on AEI-MS-9 spectrometer. The reactions were monitored by thin layer chromatography {tic)
and Hnmr. Purifications were achieved by column chromatography (elution), preparative thin layer
chromatography (tlc, elution), and high pressure liquid chromatography (hplc).
General procedure., Amine N-oxides (7a-¢) (1 mmol) were dried just before use, by heating under vacuum at
30°C for 6 h,in a three necked flask equipped with rubber septum. The dipolarophile (2) (198 mg, 1.1 mmol) in
anhydrous THF (50 ml) was then added via a syringe and the suspension was cooled to the desired temperature
before LDA (4 eq.) was introduced. The reaction was monitored by vpc and tlc. The diastereomeric ratios were
determined, on the crude mixture, by hplc and Hnmr, _
Oxidation of 1,2;5,6-di-O-isopropylidene-3-deoxy-3-N-dimethylamino-a-D-glucofuranose
(6): acces to N-oxide (7a). Oxidation of the tertiary amine (6)6 (870 mg, 3.02 mmol) by 30% HyO3, yielded
hygroscopic N-oxide (7a) as an oil (820 mg, 90%), Hnmr § 1.20 (s, 6H), 1.43 (s, 3H), 1.50 (s, 3H), 3.10 (s,
3H), 3.42 (s, 3H), 3.85 (d, J = 5 Hz, 1H), 3.98-4.02 (m, 1H), 4.19-4.29 (dd, J = 9, 6 Hz, 1H)}, 4.30-4.33 (m,
tH), 5.61-5.63 (d, J = 4 Hz, 1H), 5.85-5.87 (d, J = 4 Hz, 1H); fab m/z 304, 288.
- 1,2;5,6-Di-O-isopropylidene-3-deoxy-3-N-(3,d4-trans-diphenylpyrrolidine)-o-D-glucofurano-
se (10a) and (11a). N-oxide (7a) (680 mg, 2.24 mmol) in THF (100 ml) treated at -78°C by LDA (10 mmol)
in the presence of rrans stilbene (440} mg, 2.44 mmol) yielded pyrrolidines (10a) and (¥1a) as an oil, in a 75:25
ratio (260 mg, 30%); Hnmr (400 MHz), 8 1.36 (s, 3H), 1.43 (s, 3H), 1.46 (s, 3H), 1.50 (s, 3H), 2.83-3.13 (m,
2H), 2.23-3.43 {m, 5H), 3.98-4.03 (dd, J = 8, 4 Hz, 1H), 4.07-4.12 (dd, J = 8, 4 Hz, 1H)}, 4.36-4.50 (m, 1H),
4.83 (d, J = 4 Hz, 1H), 5.80 (d, J = 4 Hz, 1H), 7.08-7.28 (m, 10H);, Cnmr & 25.83, 26.14, 26.77, 26.96,
52.62, 52.84, 59.70, 60.03, 65.84, 68.09, 72.78, 72.96, 79.69, 81.99, 105.03, 111.10, 115.03, 126.51,
127.53, 128,56, 143.92; cims m/z 465. Anal. Caled for CpgHzsNOs: C, 72.17; H, 7.57. Found: C, 71.92; H,
7.32.
Oxidation of methyl 4,6-0-benzylidene-3-deoxy-3-N-dimethylamino-o-D-altropyranoside: ac-
cess to N-oxide (7b). The tertiary amine (1.30 g, 4.20 mmol}, obtained in 74% yield by ring opening of
epoxide (8) by dimethylamine, was oxidized by 30% H2042 (7 ml} in MeOH (7 ml) 10 yield (7b) (1.30 g, 94%);
Hnmr & 3.38 (s, 3H), 3.40 (s, 3H), 3.45 (s, 3H), 3.63-3.89 (m, 3H), 3.96-4.19 (m, 1H), 4.22-4.49 (m, 2H),
4.64 (s, [H), 5.20 (s, 1H), 5.51 (s, 1H), 7.29 (m, SH); cims m/z 325; mp 148°C (from CHzClp); lit.,7 149°C.
Oxidation of methyl 4,6-0-henzylidene-z-deoxy-Z-N-dimethylamino-dg’-ii—altro-pyranoside:
access to N-oxide (7c¢) The tertiary amine (3.09 g, 10 mmol) obtained in 74% yield by epoxide (9) ring
opening by dimethylamine, was oxidized by HpO3 30% (10 ml) in MeOH (10 ml) to yield N-oxide (7¢) (2.60 g,
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80%); Hamr & 3.17 (s, 3H), 3.29 (s, 3H), 3.47 (s, 3H), 3.33-3.49 (m, 1H), 3.69-3.83 (m, 1H), 3.84-3.97 (m,
iH), 4.13-4.37 (m, 3H), 4.53-4.65 (d, J = 2.9 Hz, 1H), 5.70 (s, 1H), 7.27-7.39 (m, 3H), 7.43-7.57 (m, 2H),
Cnmr & 55.78, 57.53, 58.11, 59.45, 64.60, 70.05, 77.67, 83.95, 97.11, 103.22, 127.54, 129.06, 130.00,
138.99: ms m/z 309, 307; fab m/z 326, 310, 278; mp 199°C (from CH2Cl2). Anal. Caled for C16H23NOg: C,
59.06; H, 7.13. Found: C, 59.07; H,7.16.

Methyl 4,6-0-benzylidene-3-deoxy-3N-[3(R)-4(R)-frans-diphenylpyrrolidine]-«-D-altropyra-
noside (10b), Methyl 4,6-0-benzylidene-3-deoxy-3-N-[3(S)-4(S)-trans-diphenylipyrrolidine}-
a-D-altropyranoside (11b) and Methyl 4,6-0-benzylidene-3-deoxy-3-N-methylamino-a—D-
altroside (12b). N-Oxide (7b) (290 mg, 0.92 mmol) and trans-stilbene (2) (180 mg, 1.02 mmol) were treated
with LDA (4 mmol) at 0°C. They yiclded, after usual work up and chromatography on silica gel, (10b) and
{11b) (270 mg, 38%, pentane-AcQEt 80:20) as a mixture of diastereomers (10b/11b = 85/15) separated by
preparative hplc (MeOH-H20 80:20 + 0.5% Et3N) and (12b)13 (100 mg, 38%, pentane-AcOEt 60:40).

{10b) as an oil; Hnmr § 2.99-3.67 (m + s, 10H), 3.67-3.87 (dt, J = 10 Hz, 1H), 4.17-4.43 (m, 3H), 4.44-4.57
tm, 1H), 4.59 (s, 1H), 5.50 (s, 1H), 6.99-7.49 (m, 15H); fab m/z 488, 470, 364, 336. Anal. Calcd for
C3pH13NOs: C, 73.92: 6.82. Found: C, 73.58; H, 6.52.

{11b) as an oil; Hnmr & 3.43 (s, 3H), 4.67 (s, 1H), 5.67 (s, 1H), 6.79-6.73 (m, 15H).

{12b) as an oil; Hnmr & 2.53 (s, 3H), 2.99-3.17 (m, 1H), 3.37 (s, 3H), 3.39-3.49 (m, 1H), 3.67-3.87 (m,
2H), 3.92-4.07 (m, 1H), 4.07-4.23 (m, 1H), 4.23-4.37 (m, 2H), 4.57 (s, 1H), 5.53 (s, 1H), 7.07-7.67 (m,
3H); mass m/z 296.

Methyl 4,6-O-benzylidene-2-deoxy-2-N-[3(5)-4(S)-frans-diphenylpyrrolidine)-a-D-altropyra-
noside (llc); Methyl 4,6-0-benzylidene-2-deoxy-2-N-[3(R)-4(R)-trans-diphenylpyrrolidine]-
o-D-altropyranoside (10c) and Methyl 4-6-O-benzylidene-2-deoxy-2-N-methylamino-a-D-
altrepyranoside (12¢). N-Oxide (7¢) (100 mg, 0.31 mmol) and srans-stilbene (2) (68.4 mg, (.38 mmol)
were treated with LDA (1.2 mmol) at 0°C.They yielded, after usual work up and chromatography on alumina,
(11¢) and (20¢) (87.7 mg, 58%, CH»Cly) as a mixture of diastereomers [(Fie/50¢) = 85/15)] separated by
preparative hplc'(MeOH-Hzo 80:20) and (12¢) (29.6 mg, 32%, CH2Cl2-MeOH 99:1).

{li¢c). Hnmr 8 2.83-3.09 (m, 3H), 3.29-3.73 (m + s, 8H), 3.83-4.05 (m, 1H), 4.07-4.47 (m, 4H), 4.95 (s,
1H), 5.65 (s, 1H), 7.07-7.57 (m, 15H); Cnmr & 52.29, 52.32, 56.00, 59.07, 60.79, 61.19, 67.74, 67.95,
69.65, 77.20, 100.15, 102.54; fab m/z 488, 382, 352, 265, 237, 91; mp 83°C (from AcOEt). Anal. Caled for
CinH33NOs: C, 73.92, H, 6.82. Found: C, 73.64, H, 6.76. _

{14c) as an oil; Hamr 8 3.47 (s, 3H), 4.90 (s, 1H), 5.70 (s, 1H); fab 488, 413, 391, 237, 149.

{12¢) as an oil; Homr 8 2.50 (s 3H), 2.88-2.97 (d, J = 3 Hz, 1H), 3.43 (s,' 3H), 3.73-3.90 (m, 2H), 4.05-4.43
(m, 4H), 4.65 (s, 1H), 5.62 (s, 1H), 7.13-7.67 {m, SH), Cnmr & 35.32, 55.73, 58.64, 62.92, 68.16, 69.46,
76.95, 101.07, 102.67, 126.38, 127.51, 128.36, 128.63, 129.18, 137.47. '
N-Formyl-trans-3,4-diphenylpyrrolidines (13) and (14), The mixtre of diastereomeric pyrrolidines
(10b) and (11b) (28.3 mg, 0.06 mmol) was treated with 50% NaOH (0.5 ml) in CHCl3 (6 ml), in the presence
of catalytic amounts of TBABr. It yielded, after usual work up and preparative tlc (heptane- AcOEt 50:50), epoxide
{8) identical with an authentic sample® (15.0 mg, 99%) and the enantiomerically enriched (3R,4R)-(13) (12.4
mg, 82%).

{13) as an oil; Hnmr § 3.27-3.73 (m, 4H), 3.93-4.17 (m, 2H), 6.99-7.39 (m, 10H), 8.27 (s, 1H); Cnmr &
50.34, 50.58, 51.18, 53.13, 127.29, 127.41, 127.54, 128.85, 138.51, 160.88; ms m/z 251, 180 178, 147, 104;
lau],” -75.7° (c 0.90, CHCl3).
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The same reaction run with the diastereomeric pymolidines {(10¢) and (11¢) {78 mg, 0.16 mmol) yielded, after
usual work-up and chromatography on alumina, epoxide (9) (39mg, 90%, pentane-AcOEt 3:1) and the
enantiomerically enriched (35,45)-(14) as an oil, (38 mg, 94%). Anal. Caled for C;7H7NO: C, 81.24; H,
6.81. Found: C, 80.92; H, 6.91. [a]D25 +76° (¢ 1.1, CHCl3).

trans-(3R,4R)-Diphenylpyrrolidine {15). Hydrolysis of (13) (31 mg, 0.12 mmol) with KOH {55mg, 1
mmaol) in EtOH(0.5ml} yielded enantiomerically enriched (15) after usual work up (24 mg, 90%). Hnmr & 3.17-
4.07 (m, 7H), 6.89-7.50 (m, 10H); ms m/z 223, 105, 91; [a]D25-138° {c 1.3, CHCl3)10; 1i:.,10[a]D2° -226°

(CHCH3).
trans-(3S,45)-Diphenylpyrrolidine (16). Hydrolysis of 14 (19.8 mg, 0.08 mmol) with KOH (45mg, 0.8
mmol} in EtOH (0.5 ml) yielded (16} after usual work-up (16.7 mg, 95%); [(x]D25 +142° {¢ 0.8, CHCl3)
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