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SYNTHETIC COMMUNICATIONS, 30(16), 2989-3021 (2000) 

A GENERAL METHOD FOR THE VINYLATION OF 
NITRONES. SYNTHESIS OF ALLYL HYDROXYLAMINES 

AND ALLYL AMINES 

Pedro Merino,* Sonia Anoro, Santiago Franco, Jose M. Gascon, Victor Martin, 
Francisco L. Merchan, Julia Revuelta, Tomas Tejero and Victoria Tuiion 

Departamento de Quimica Orghica, ICMA, Facultad de Ciencias, Universidad de 
Zaragoza, E-50009 Aragon, Spain. Fax: +34 976 762075. 

E-mail: pmerino@posta.unizar.es 

ABSTRACT 
An examination of the vinylation of several nitrones is presented. Whereas a 
complete diastereofacial discrimination was observed upon the addition of vinyl 
organometallic reagents .to a-alkoxy nitrones, the same reaction with a-amino 
nitrones gave syn adducts in all cases, with the only exception of a L-serine- 
derived a-amino monoprotected nitrone. The obtained allyl hydroxylamines were 
easily transformed into synthetically valuable allyl amines. 

INTRODUCTION 

The diastereo and enantioselective allylation of aldehydes and ketones has been 

extensively investigated in the past years as an alternative to conventional aldol 

methodology.' This kind of reaction has also been performed on imino derivatives 

such as imines,2 ~ x i m e s , ~  hydrazones4 and n i t r ~ n e s . ~  The nucleophilic addition of 

organometallic reagents to the carbon-nitrogen double bonds constitutes an 

extremely useful method for preparing a variety of amines.6 The usefulness of this 

* To whom correspondence should be addressed 
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2990 MERINO ET AL. 

reaction can be extended by the addition of not only allyl derivatives (allylation) 

but also vinyl reagents (vinylation). 

R' 

M = Metal X = 0, NR, N(OR), 

e M  

allylation R' 

NNR'R2, NC(0)R 

To our knowledge, very few investigations on the diastereoselective vinylation 

of imino substrates have been reported and only particular reactions have been 

studied.7 In our continuing studies on nucleophilic additions to nitroness we now 

wish to present in detail the first example of a general procedure for the vinylation 

of nitrones, its application to chiral substrates and the efficient transformation of 

the resulting hydroxylamines into synthetically interesting allyl amine~ .~  The allyl 

amino functionality is a characteristic structural feature of many natural products 

and drugs, and play an important role as building blocks in the preparation of 

nitrogenated compounds. Because of their importance, numerous methods for the 

synthesis of variously substituted allyl amines have been reported so far.10 Among 

the different types of electrophiles containing a C=N bond, nitrones are excellent 

substrates because of the presence of the nitrone oxygen atom. As we have 

recently reported," the presence of such an oxygen is fundamental for the use of 

precomplexing agents to control the selectivity of the process. In addition, the use 

of nitrones as starting materials allow to obtain hydroxylamines which, in turn, 

can be further converted into amines. 

RESULTS AND DISCUSSION 

The results concerning vinylation of chiral a-alkoxy nitrones 1-4 are 

summarized in Table 1 and illustrated in Scheme 1. The addition of an excess of 

1.5 equivalents of vinylmagnesium bromide in THF at -30 "C proceeded in good 

yields and gave the corresponding syn adducts preferentially (Table 1, entries 1,5, 
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VINY LATION OF NITRONES 2991 

8, and 11). With respect to our previous c o m m ~ n i c a t i o n ~ ~  we observed that 

carrying out the reaction at -30°C and using 1.5 equivalents of organometallic 

reagent better results on both selectivity and chemical yield were obtained. At 

lower temperature the reaction did not go to completion (10% of conversion at 

-60°C after 72 h). An additional modification which we sought to employ was the 

use of vinyllithium in place of vinylmagnesium bromide in order to investigate the 

influence of the metal atom in the selectivity of the reaction. However, in our 

initial experiments no stereocontrol was observed. Similarly, the use of other 

organometallic vinyl reagents, including cerium, copper and aluminium reagents, 

did not improve the obtained results with the magnesium derivative.9a 

+ P M g B r  see Table 1 * R  + + Rx% Rq 
M 

HO' Bn HOI Bn -O'+ Bn 
1-4 SYn anti 

5a-8a 5b-8b 

1 1 Zn - CU(OAC)~ hH B n g y & $ :  AcOH (aq.) 

- 0' Bn 40.. MeO.' R &++ RL 
1 R = H  3 4 NHBn N H B ~  
2 R = CH,OBn only D-isomers are shown SYn anti 

9a-12a 9b-12b 
Scheme 1 

According to our previous experience with other nucleophiles,8,11 

precomplexing of nitrones 34-37 with 1 .O equivalent of diethylaluminium chloride 

followed by addition of 1.5 equivalents of vinyl magnesium bromide afforded the 

anti hydroxylamines predominantly (Table 1, entries 4 ,7 ,  10 and 13). 

The addition of other Lewis acids such as zinc dibromide and magnesium 

dibromide resulted in a low degree of selectivity with a slight preference for the 

syn isomer (Table 1, entries 2 , 3 , 6 , 9  and 12). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
D

av
is

] 
at

 1
7:

05
 1

5 
N

ov
em

be
r 

20
14

 



2992 MERINO ET AL. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

none 

ZnBr2 

MgBr2 

Et2AlCI 

none 

ZnBr2 

Et2AlCI 

none 

ZnBr2 

Et2AlCl 

none 

ZnJ3r2 

Et2AlCI 

Table 1. Vinylation of chiral a-alkoxy nitrones 1-4 (Scheme 1) 
hydroxyl yield allyl yield 
aminec (%)d aminee (%)f 

entry nitrone additivea syn : antib 

78 : 22 5a 90 9a 80 

55 : 45 5a 

56 : 44 5a 

8 : 92 5b 

70 : 30 6a 

60 : 40 6a 

13 : 87 6b 

60 : 40 7a 

55 : 45 7a 

33 : 77 7b 

70 : 30 8a 

61 : 39 8a 

6 : 94 8b 

88 

92 

96 9b 76 

92 10a 78 

91 

90 10b 70 

91 l l a  72 

91 

90 l l b  80 

93 12a 78 

76 

81 12b 80 

a 1 .O equiv was used. measured on the corresponding signals of the NMR spectra. obtained 
as major adductd isolated yield of mixture of diastereomers. obtained from major 
hydroxylamine. isolated yield. 

The obtained hydroxylamines 5-8 were then deoxygenated to allyl amines 9-12 

by using the system Zn (0) / Cu (11). The progress of the reaction was monitored 

by TLC analysis. Once the reduction was complete (ca. lh) the reaction mixture 

was treated with the disodium salt of EDTA and made alkaline NaOH 3N. 

Extractive work-up provided the allylamine; rigorous purification of the products 

was necessary to remove small amounts of Zn salts which remain complexed to 

the double bond. Thus, additional whasings of the organic layer with a saturated 

aqueous solution of the disodium salt of EDTA provided the allylamines with no 

further purification required. 
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VINYLATION OF NITRONES 2993 

We also examined the addition of vinylmagnesium bromide to a-amino 

nitrones 46-51 (Scheme 2). The results are summarized in Table 2. The vinylation 

of a-amino diprotected nitrones 46-49 smoothly proceeded to give syn 

hydroxylamines in good stereoselectivity (Table 2, entries 1 ,  5, 8 and 11). In 

particular, nitrones 46 and 47 afforded the syn adduct as the only detectable 

product. On the other hand, whereas vinylation of 50 afforded the anti 

hydroxylamine preferentially (Table 2, entry 13), the threonine-derived nitrone 51 

turned to give syn selectivity (Table 2, entry 16). This result was in good 

agreement with prior reports from this laboratory in which the tunable selectivity 

induced by different protection Qf the hydroxy and amino groups in the L-serine- 

derived nitrones 46 and 50 was discussed. 

R? R3 ry R< R3 R< R3 N. see Table2 y- 
+ P M g B r  * R V  + R T  

N. 
HO' Bn 

anti 
HO*MBn 

SY" 
19a-24a 19b-24b 13-1 8 

C = 'BuPhSiO 
Zn - Cu(OAc), 

' f lNBoc NBoc VHBoc 1 AcOH(aq.) 1 
R? R3 ry f i~~%~ Z ~ H  R? y R3 

R Y  
-O'+'Bn 

1 7 R = H  NHBn NHBn 
18 R = Me 

-O'+'Bn R- 
-O'+'Bn 

1 3 R = H  1 5 R = H  
14 R = Me 16 R ='BuPh2Si0 SYn anti 

25a-30a 25 b-30 b 
Scheme 2 

In the case of a-amino nitrones 13-18 the use of several Lewis acids such as 

zinc dibromide (Table 2, entry 2), magnesium dibromide (Table 2, entries 3, 6, 9, 

14 and 17) and diethyl aluminium chloride (Table 2, entries 4, 7, 10, 12, 15 and 

18) virtually gave the same selectivity that in the absence of any additive. 
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2994 MERINO ET AL. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

13 

14 

15 

16 

17 

18 

none 

ZnBr2 

MgBr2 

Et2AlCl 

none 

MgBr2 

Et2AlCl 

none 

MgBr2 

Et2AICl 

none 

Et2AlCl 

none 

MgBr2 

Et2AlCl 

none 

MgBr2 

Et2AlCl 

>95 : 5 

>95 : 5 

>95 : 5 

>95 : 5 

>95 : 5 

>95 : 5 

80 : 20 

78 : 22 

81 : 19 

92 : 8 

90:  10 

10 : 90 

18 : 82 

20 : 80 

92 : 8 

90: 10 

90:  10 

Table 2. Vinylation of chiral a-amino nitrones 13-18 
syn: hydroxy yield ally1 yield 
antib laminec (%$ aminee entry nitrone additives 

76 >95 : 5 19a 90 25a 

19a 

19a 

19a 

20a 

20a 

20a 

21a 

21a 

21a 

22a 

22a 

23b 

23b 

23b 

24a 

24a 

24a 

87 

84 

76 

92 

91 

90 

88 

89 

86 

90 

92 

86 

88 

83 

86 

79 

80 

26a 

27a 

28a 

29b 

30a 

78 

74 

89 

72 

74 

a 1 .O equiv was used. 
as major compound. 
hydroxylamine. isolated yield. 

measured on the corresponding signals of the NMR spectra. obtained 
isolated yield of mixture of diastereomers. obtained from major 
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VINYLATION OF NITRONES 2995 

That the Lewis acid-promoted reaction of vinyl magnesium bromide with 

compounds 13-18 did not exhibit a different behaviour is consistent with our 

earlier reports concerning the asymmetric additions of several nucleophiles to a- 

amino nitrones.14 The reduction of the major adducts with the usual Zn(0) / Cu(II) 

couple gave the corresponding allylamines 25-30 in good yields as expected 

(Scheme 2, Table 2). 

Structure elucidation of the allyl hydroxylamines. The stereochemistry of the 

products were assigned by NMR methods and correlation with known compounds 

synthesized previously. Epimeric allyl amines 9a and 9b were easily converted 

into isoxazolidin-2-ones 31a and 31b, respectively (Scheme 3). 

Then the relative stereochemistries of 31a and 31b were assigned according to 

an empirical rule, i.e. coupling constants of trans isomers are smaller than those of 

cis isomers.I5 As expected, the signal due to H-4 in trans isomer 31a appears with 

smaller coupling constant J4,s that of the corresponding cis isomer 31b. 

In addition, hydroxylamine 5b was converted into N-acetoxy a-amino acid 33 

of known configuration (Scheme 4).16 Similarly, compounds 7b and 8b were 

31 a 9a 

. ... . ... 

NHBn J4,5 = 8.6 HZ ‘& 
9b 31b 

Reagents and conditions. i, p-TosOH, MeOH, reflux, 
1 h. ii, ‘BuMeSiC1, CH2C12, DMAP, 16 h, r.t. iii, 
Im2C0, THF, 24 h, r.t. 

Scheme 3 
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2996 MERINO ET AL. 

transformed into the corresponding glycosyl N-hydroxy a-amino acid derivatives 

35 and 37, respectively, as shown in Scheme 4. These transformations involved 

0-acetylation and oxidative cleavage of the vinyl group, followed by in situ 

esterification of the resulting carboxylic acid. In all cases the physical and 

spectroscopic properties of the obtained compounds were identical to those 

previously reported by us.17 

1 ii 1 ii 

33 35 

8b R = H  
36 R = A ~  

1 ii 

M e d  
37 

Reagents and conditions. i ,  Ac20, Py, 2 h, r.t. ii, CH3CN- 
CC14-H20, RuCI3, NaI04, 30 min, r.t.; then CH2N2, Et20. 

Scheme 4 

Assuming that the probability of a total reversal of the stereochemical progress 

of the reaction in both senses (syn and a n t i )  is small, the stereochemistry of 

hydroxylamines 6a and 6b was assigned by analogy to the above cases. 

For a-amino hydroxylamines 19a-22a. the vicinal proton coupling constants 

(Ja,J for the two protons of the two carbon atoms bearing nitrogen substituents are 

normally expected to be within the 9-10 Hz range for s y n  compounds. This 
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VINYLATION OF NITRONES 2997 

empirical rule, recently reported from this laboratory,18 is a consequence of a 

strong intramolecular hydrogen bond between the carbamate group and the 

hydroxyamino group present in this class of compounds (Figure ] ) . I 9  In all cases 

the Ja,b coupling constants of syn hydroxylamines 19a-22a fell within the expected 

range (see Table 3). Thus IH NMR alone could be relied on as a definitive 

analytical tool in establishing relative stereochemistry in this conformationally 

fixed system. 

'B"0 
Figure 1. Preferred conformation of a-amino nitrones 

Table 3. Selected 1H NMR data for syn hydroxylamines 19a-22a.a. 
hydroxyl 6 *a 6 Hb Ja,b 6 NOH 

amine (PPm) (PPm) (Hz) (PPm) 
19a 2.98 4.11 10.2 7.40 

20a 2.95 3.95 10.0 7.40 

21a 2.72 4.10 9.9 7.78 

22a 2.40 4.20 10.0 7.55 

a 'H NMR spectra were recorded in CDCI, at 4 0 ° C  using a Bruker 300 ARX 
NMR instrument. 

The configurational assignment of hydroxylamines 23b and 24a, derived from 

a-amino monoprotected nitrones, was made on the basis of chemical proofs. a- 

Amino hydroxylamine 23b was converted into diaminoacid derivative 38 upon 

desilylation, acetylation and oxidative cleavage of the vinyl group followed by 
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2998 MERINO ET AL. 

esterification with diazomethane (Scheme 5) .  The structure of 38 was given by 

comparison with the previously reported data.13a Configurational assignment for 

24a rests on its conversion to hydroxylamine 20a (Scheme 5). The spectroscopic 

data of this compound were superimposable with those of the same product 

obtained by direct vinylation of nitrone 14 as indicated above. 

NHBoc . ... NHBoc 

HOeN\Bn AcO' N. Bn 
23b 38 

1-111 Ac V 2 M e  P t r p n p  - 'BU 

P 

24a 20a 

Reagents and conditions. i, Bu4NF, THF, r.t, lh. 
ii, Ac20, Py, 2 h, r.t. iii, CH3CN-CCI,-H20, RuCI3, 
NaI04, 30 min, r.t.; then CH2N2, Et20. iv, 
2,2-DMP, BF3Et20, acetone, r.t., 6 h. 

Scheme 5 

CONCLUSIONS 

In conclusion, we have screened a variety of chiral and achiral nitrones for the 

nucleophilic addition of vinylmagnesium bromide (vinylation). The present 

methodology offers a facile method for the stereoselective preparation of both 

ally1 hydroxylamines and amines. The stereoselectivity of the addition process, in 

the case of chiral substrates, was found to depend on several parameters. For a -  

alkoxy nitrones the choice of the appropriate Lewis acid offers both of the 

possible diastereomers proceeding of the precursor nitrone, syn and a n t i  

selectively. On the other hand, a-amino nitrones showed to have no dependence 
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VINYLATION OF NITRONES 2999 

of the presence of Lewis acids giving rise syn adducts preferentially with the only 

exception of a L-serine derived a-amino monoprotected nitrone. An important 

facet of this study is the observation that clean transformation of hydroxyamino 

into amino groups may be carried out over a variety of substrates under mild 

conditions. The reported transformations promises to elevate the synthetic utility 

of other readily available hydroxylamines for the preparation of optically active 

nitrogenated compounds. Further studies for applying the above exposed 

methodology to the synthesis of nitrogenated natural products and derivatives are 

ongoing in our laboratory. 

EXPERIMENTAL SECTION 

General Methods. The reaction flasks and other equipment were stored in an oven 

at 130 "C overnight and assembled in a stream of argon. Syringes were assembled 

and fitted with needles while hot and cooled in a stream of argon. Special 

techniques were used in handling moisture- and air-sensitive materials20 and 

solvents were purified and dried by standard methods.2' Preparative 

chromatography was performed on columns of silica gel (60-240 mesh) and 

solvents were distilled prior to use. Reactions were monitored by TLC on silica 

gel 60 F254; the positions of the spots were detected with 254 nm UV light and by 

charring with 50% methanolic sulfuric acid as staining system. Melting points 

were determined on a Buchi 510 melting point apparatus and are uncorrected. 

Optical rotations were measured on a Perkin Elmer 241 polarimeter at 20 "C in 

the stated solvent. Elemental analyses were performed on a Perkin Elmer 240B 

microanalyzer. 'H and I3C NMR spectra were recorded either on a Varian 300 

Unity or a Bruker 300 spectrometers operating at 300 MHz for 'H and 75.5 MHz 

for "C at 20 "C in CDCl, unless otherwise specified. Chemical shifts are 

expressed in parts per million positive values downfield from internal TMS. N- 
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3000 MERINO ET AL. 

Benzyl nitrones were prepared according to our previously reported procedure.22 

Vinylmagnesium bromide was commercially available (Aldrich) and was used as 

received. 

Nucleophilic Addition of Vinyl Magnesium Bromide to nitrones. General 

Procedure. Method A (without Lewis acids). To a stirred solution of nitrone (1 

mmol) in anhydrous THF (30 mL) at -30 OC, was added vinyl magnesium 

bromide (1.5 mL of a 1 .O M solution in THF, 1.5 mmol) dropwise. The resulting 

suspension was stirred at -30 "C for 2 hours. The reaction mixture was diluted 

with saturated aqueous NH,CI (25 mL) and Et,O (25 mL). The phases were 

separated and the aqueous layer was extracted into Et,O (2 x 25 mL). The 

combined organic extracts were washed with brine (25 mL), dried (MgSO,) and 

evaporated under reduced pressure to yield the crude mixture of hydroxylamines. 

A sample of the crude product was used to measure the isomers ratio by NMR 

spectroscopy. The product was further purified by column chromatography on 

silica gel (eluent is indicated in brackets). 

Method B (with Lewis acids). To a stirred solution of nitrone (1 mmol) in 

anhydrous Et,O (30 mL) at room temperature, was added the corresponding 

Lewis acid (1 mmol) and the resulting mixture was stirred at room temperature for 

15 min. The reaction mixture was then cooled to -30 "C and treated with vinyl 

magnesium bromide (0.5 mL of a 3.0 M solution in Et,O, 1.5 mmol) dropwise. 

The resulting suspension was stirred at -30 "C for 2 hours. The reaction mixture 

was diluted with IN NaOH (20 mL) and Et,O (20 mL). The phases were 

separated and the aqueous layer was extracted into diethyl ether (2 x 25 mL). The 

combined organic extracts were washed with brine (25 mL), dried (MgS0,) and 

evaporated under reduced pressure to yield the crude mixture of hydroxylamines. 

A sample of the crude product was used to measure the isomers ratio by NMR 
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VINYLATION OF NITRONES 3001 

spectroscopy. The product was further purified by column chromatography on 

silica gel (eluent is indicated in brackets). 

(3R,4S)-3-(N-Benzylhydroxya~no)-4,5-dihydroxy-4,5-O-~opropylidene- 1- 

pentene (5a). Method A. (hexane-diethyl ether, 60:40); (0.184 g, 70%); oil; [a]D 

+28.2 (C 0.43, CHC13); 'H NMR (CDCI,) 6 1.33 (s, 6H), 3.16 (dd, lH, J = 7.9,9.3 

Hz), 3.70 (dd, IH, J = 6.4, 8.5 Hz), 3.76 (d, IH, J = 13.0 Hz), 3.91 (dd, IH, J = 

6.4, 8.5 Hz), 3.98 (d, lH, J = 13.0 Hz), 4.38 (pseudo td, IH, J = 6.4, 7.9 Hz), 5.21 

(dd, lH, J = 1.8, 17.4 Hz), 5.39 (dd, lH, J = 1.8, 10.4 Hz), 5.92 (ddd, lH, J = 9.3, 

10.4, 17.4 Hz), 6.50 (bs, lH, ex. D,O), 7.20-7.40 (m, 5H); 13C NMR (CDCI,) 6 

25.4, 26.5, 61.4, 66.7, 70.6, 75.3, 109.1, 121.5, 127.0, 128.0, 129.2, 131.3, 137.0. 

Anal. Calcd for ClgH21N03: C, 68.42; H, 8.04; N, 5.32. Found: C, 68.38; H, 

8.23; N, 5.56. 

(3S,4S)-3-( N-Benzylhydroxyamino)-4,5-dihydroxy-4,5-O-isopropy~idene-1- 

pentene (5b). Method B (Et2AICI). (hexane-diethyl ether, 60:40); (0.232 g, 88%); 

oil; [ a ] ~  -44.8 (c 1.10, CHC13); 'H NMR (CDCI,) 6 1.37 (s, 3H), 1.43 (s, 3H), 

3.07 (dd, IH, J =6.8, 9.2 Hz), 3.64 (d, IH, J =13.2 Hz), 3.80 (dd, lH, J = 6.8, 8.4 

Hz), 3.95 (d, IH, J = 13.2 Hz), 4.08 (dd, IH, J = 6.4, 8.4 Hz), 4.41 (pseudo q, IH, 

J = 6.5 Hz), 5.25 (dd, lH, J = 1.8, 17.4 Hz), 5.47 (dd, lH, J = 1.8, 10.4 Hz), 5.93 

(bs, lH, ex. D,O), 6.05 (ddd, IH, J = 9.2, 10.4, 17.4 Hz), 7.22-7.45 (m, 5H); 13C 

NMR (CDCI,) 6 25.4, 26.5, 61.7, 67.8, 72.0, 76.6, 109.3, 121.5, 127.3, 128.3, 

129.5, 132. I ,  137.6. Anal. Calcd for C,,H,,NO,: C, 68.42; H, 8.04; N, 5.32. 

Found: C, 68.59; H, 7.82; N, 5.61. 

(3R,4S,5S)-3-(N-Benzylhydroxyamin0)-6-0- benzyl-4,5-O-isopropylidene- 

4,5,6-trihydroxy-l-pentene (6a). Method A. (hexane-diethyl ether, 80:20); 

(0.245 g, 64%); oil; [a],, +27.5 (c 0.1 1, CHCI,); IH NMR (CDCI,) 6 1.38 (s, 3H), 

1.40 (s, 3H), 3.11 (dd, IH, J = 6.9, 9.1 Hz), 3.66 (dd, lH, J = 5.7, 9.9 Hz), 3.69 (d, 

lH, J = 13.3 Hz), 3.77 (dd, IH, J = 4.5 , 9.9 Hz), 3.95 (d, lH, J = 13.3 Hz), 4.26 
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3002 MERINO ET AL. 

(m, 2H), 4.57 (s, 2H), 5.24 (dd, lH, J = 1.8, 17.4 Hz), 5.38 (bs, lH, ex. D20), 

5.48 (dd, lH, J =1.8, 10.3 Hz), 6.13 (ddd, lH, J =9.1, 10.3, 17.4 Hz), 7.21-7.38 

(m, 1OH); 13C NMR (CDCl,) 6 27.0, 27.1, 61.2, 71.6, 72.0, 73.6, 78.0, 79.3, 

109.3, 121.3, 127.1, 127.7, 128.2, 128.3(2C), 129.1, 132.2, 137.4, 137.8. Anal. 

Calcd for C,,H,flO,: C, 72.04; H, 7.62; N, 3.65. Found: C, 72.31; H, 7.86; N, 

3.71. 

(3S,4s~S)-3-(N-BenzyIhydroxyamino)-6-O-~nzyl-4~-O-isopropylidene- 

4,5,6-trihydroxy-l-pentene (6b). Method B (Et2AlCl). (hexane-diethyl ether, 

80:20); (0.300 g, 78%); oil; [a], -4.6 (c 0.51, CHCl,); IH NMR (CDCl,) 6 1.37 

(s, 3H), 1.39 (s, 3H), 3.27 (dd, lH, J = 7.0,8.9 Hz), 3.52 (m, 2H), 3.74 (d, lH, J = 

13.0 Hz), 4.03 (d, lH, J = 13.0 Hz), 4.14 (m, lH), 4.25 (pseudo t, lH, J = 6.6 Hz), 

4.52 (s, 2H), 4.57 (bs, lH, ex. D20), 5.20 (dd, lH, J = 1.7, 17.5 Hz), 5.37 (dd, lH, 

J = 1.7, 10.5 Hz), 5.91 (ddd, lH, J = 8.9, 10.5, 17.5 Hz), 7.19-7.36 (m, 10H); 13C 

NMR (CDCl,) 6 27.1,27.2,61.4,70.7,71.0,73.4,77.4,78.4, 109.4, 121.7, 127.2, 

127.7, 127.8, 127.9, 128.2, 129.3, 131.5, 137.5, 137.8. Anal. Calcd for 

C2,H29N04: C, 72.04; H, 7.62; N, 3.65. Found: C, 72.26; H, 7.58; N, 3.88. 

N-Benzyl-3-O-benzyl-5-deoxy-5-( hydroxyamino)-5-vinyl-l,2-0- 

isopropylidene-~-L-ido-l,4-pentofuranoside (7a). Method A. (hexane-ethyl 

acetate, 80:20); (0.226 g, 55%); oil; [ a ] ~  -55.5 (c 0.55; CHCl,); 1H NMR 

(CDC1,) 6 1.32 (s, 3H), 1.49 (s, 3H), 3.75 (t, lH, J = 4.7 Hz), 3.77 (d, lH, J = 13.6 

Hz), 3.82 (d, lH, J = 2.9 Hz), 3.95 (d, lH, J = 13.5 Hz), 4.41 (d, lH, J = 11.5 Hz), 

4.52 (dd, lH, J = 2.8,9.8 Hz), 4.58 (d, lH, J = 2.2 Hz), 4.60 (d, lH, J = 12.8 Hz), 

5.06 (bs, lH, ex. D,O), 5.24 (dd, lH, J = 1.2, 17.4 Hz), 5,.6 (dd, lH, J=1.9, 10.4), 

6.01 (d, lH, J=3.8), 5.92 (m, lH), 7.18-7.43 (m, 10H); 13C NMR (CDCl,) 6 26.3, 

26.7, 61.3, 67.8, 71.9, 79.5, 81.3, 82.4, 105.3, 11.6, 121.2, 127.0, 127.5, 127.8, 

128.1, 128.4, 129.4, 131.6, 137.5, 138.1. Anal. Calcd for C24H2gN05: C, 70.05; 

H, 7.10; N, 3.40. Found: C, 69.86; H, 7.37; N, 3.51. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
D

av
is

] 
at

 1
7:

05
 1

5 
N

ov
em

be
r 

20
14

 



VINYLATION OF NITRONES 3003 

N-Benzyl-3-O-benzyl-5-d~x~5-(hydroxya~o)-5-~yl-l,2-0- 

isopropylidene-a-D-gluco-1,4-pentofuranoside (7b). Method B (EtZAlCl). 

(hexane-ethyl acetate, 80:20); (0.284 g, 69%); oil; [ a ] ~  +20.5 (c 1.15; CHCl,); 'H 

NMR (CDCI,) 6 1.30 (s, 3H), 1.50 (s, 3H), 3.70 (d, lH, J = 13.3 Hz), 3.74 (t, lH, 

J = 9.3 Hz), 3.93 (d. lH, J = 13.3 Hz), 4.12 (d, lH, J = 3.2 Hz), 4.50 (dd, lH, J = 

2.8, 9.4 Hz), 4.55 (d, lH, J = 3.8 Hz), 4.62 (d, lH, J = 11.7 Hz), 4.69 (d, lH, J = 

11.7 Hz), 4.80 (bs, lH, ex. D,O), 5.35 (dd, lH, J = 1.7, 17.3 Hz), 5.50 (dd, lH, J = 

1.8, 10.3 Hz), 5.91 (d, lH, J = 3.8 Hz), 6.18 (ddd, lH, J = 7.5, 9.9, 17.4 Hz), 7.30 

(m, 10H); 13C NMR (CDCI,) 6 26.3, 26.8, 61.9, 67.1, 72.5, 80.2, 82.0, 82.1, 

104.8, 111.5, 121.2, 127.3, 127.5, 127.8, 128.3, 128.5, 129.4, 132.5, 137.9 (2C). 

Anal. Calcd for C24H2gN05: C, 70.05; H, 7.10; N, 3.40. Found: C, 69.93; H, 

7.02; N, 3.63. 

N-Benzyl-5-deoxy-5-(hydroxyamino)-5-v~yl-2~-O-~opropy~dene-l-O- 

methyl-~-L-gulo-1,4-pentofuranoside (823). Method A. (hexane-ethyl acetate, 

80:20); (0.218 g, 65%); oil; [ a ] ~  +9.0 (c 0.38, CHCl,); IH NMR (CDCl,) 6 1.24 

(s, 3H), 1.33 ( s ,  3H), 3.35(~, 3H), 3.72 (t, lH, J = 9.1 Hz), 3.84 (d, lH, J = 13.4 

Hz), 4.03 (d, lH, J = 13.4 Hz), 4.21 (dd, lH, J = 3.2,9.8 Hz), 4.48 (d, lH, J = 5.9 

Hz), 4.56 (dd, lH, J = 3.2, 5.9 Hz), 4.92 (s, lH), 5.34 (dd, lH, J = 2.0, 17.6 Hz), 

5.4 (dd, lH, J = 2.0, 10.7 Hz), 5.64 (bs, lH, ex. D,O), 5.98 (ddd, lH, J = 8.5, 10.5, 

17.3 Hz), 7.25 (m, 5H); I3C NMR (CDCI,) 6 25.3, 26.2, 54.9, 61.0, 66.8, 79.2, 

80.3, 84.7, 107.6, 112.4, 121.6, 127.1, 128.3, 129.4, 131.40, 138.0. Anal. Calcd 

for Cl8H25NOs: C, 64.46; H, 7.51; N, 4.18. Found: C, 64.69; H, 7.82; N, 4.27. 

N-Benzyl-5-deoxy-5-(hydroxyamino)-5-v~yl-2,3-O-~opropylidene-1-0- 

methyl-a-D-manno-l,4-pentofl1ranoside (8b). Method B (Et2AlCI). (hexane- 

diethyl ether, 80:20); (0.255 g, 76%); white solid; mp 84-86 "C; [ a ] ~  +64.0 (c 

0.29, CHCI,); IH NMR (CDCI,) 6 1.29 (s, 3H), 1.32 (s, 3H), 3.27 (s, 3H), 3.65 (t, 

lH, J = 8.9 Hz), 3.76 (d, lH, J = 13.2 Hz), 3.95 (d, lH, J = 13.2 Hz), 4.18 (dd, lH, 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
D

av
is

] 
at

 1
7:

05
 1

5 
N

ov
em

be
r 

20
14

 



3004 MERINO ET AL. 

J = 3.4, 9.0 Hz), 4.50 (d, lH, J = 5.9 Hz), 4.78 (dd, lH, J = 3.4, 5.9 Hz), 4.84 (s, 

lH), 5.30 (bs, lH, ex. D,O), 5.32 (dd, lH, J = 1.5, 16.1 Hz), 5.44 (dd, lH, J = 1.7, 

10.2 Hz), 6.06 (ddd, lH, J = 9.0, 10.3, 19.0 Hz), 7.30 (m, 5H); 13C NMR (CDCI,) 

6 25.2, 26.1, 54.5, 61.7, 66.8, 79.4, 80.0, 84.7, 106.9, 112.2, 120.9, 127.3, 128.2, 

129.6, 132.6, 137.7. Anal. Calcd for C18H25N05: C, 64.46; H, 7.51; N, 4.18. 

Found: C, 64.23; H, 7.40; N, 4.35. 

(3S,4R)-3-(N-Benzylhydroxyamino)-4-( tert-butoxycarbonylamino)-5- 

hydroxy-4,5-O-isopropylidene-l-pentene (19a). Method A. (hexane-diethyl 

ether, 80:20); (0.312 g, 86 %); oil; [ a ] ~  4 9 . 9  (c 0.86, CHCl,); IH NMR (CDCI,) 

6 1.41 (s, 3H), 1.49 (s, 3H), 1.54 (s, 9H), 2.97 (t, lH, J = 9.8 Hz), 3.73 (d, lH, J = 

13.5 Hz), 3.82 (m, 2H), 3.96 (d, lH, J = 13.5 Hz), 4.13 (dd, lH, J = 3.8, 9.9 Hz), 

5.25 (dd, lH, J = 2.0, 17.5 Hz), 5.49 (dd, lH, J = 2.0, 10.5 Hz), 6.05 (ddd, lH, J = 

1.0, 10.5, 17.5 Hz), 7.10-7.40 (m, 5H), 7.44 (bs, lH, ex. D,O); 13C NMR (CDC1,) 

6 24.6, 27.6, 28.4, 57.9, 60.3, 65.2, 70.2, 80.8, 93.8, 121.9, 126.7, 127.9, 128.7, 

133.2, 138.5, 154.5. Anal. Calcd for C20H30N204: C, 66.27; H, 8.34; N, 7.73. 

Found: C, 66.40; H, 8.18; N, 7.90. 

(3S,4R,SR)-3-(N-BenzyIhydroxyamino)-4-( tert-butoxycarbonylamino)-5- 

hydroxy-4,5-O-isopropylidene-l-hexene (20a). Method A. (hexane-diethyl 

ether, 80:20); (0.328 g, 87%); oil; [a]D -49.5 (c 1.10, CHC13); 1H NMR (CDCI,) 

6 1.26 (d, 3H, J = 6.4 Hz), 1.29 (s, 3H), 1.53 (s, 9H), 1.61 (s, 3H), 2.95 (t, lH, J = 

9.9 Hz), 3.68 (d, lH, J = 13.6 Hz), 3.93 (d, lH, J = 9.9 Hz), 3.96 (d, 1H. J = 13.6 

Hz), 4.08 (q, lH, J = 6.4 Hz), 5.24 (dd, lH, J = 1.8, 17.7 Hz), 5.48 (dd, lH, J = 

1.8, 10.3 Hz), 6.05 (dt, lH, J = 10.3, 17.7 Hz), 7.25-7.46 (m, 5H), 7.39 (bs, lH, 

ex. D,O); I3C NMR (CDCI,) 6 22.0, 28.3,28.5,29.8,60.4, 63.9,70.8,74.3, 81.0, 

94.1, 122.0, 126.9, 128.0, 128.9, 133.3, 138.4, 154.7. Anal. Calcd for 

C21H32N204: C, 66.99; H, 8.57; N, 7.44. Found: C66.78 ; H, 8.90; N, 7.26. 
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VINYLATION OF NITRONES 3005 

(3S)-3-(N-Benzylhydroxyamino)-3-[(2S)-l-(tert-butoxycarbonylamino)- 

pyrrolidin-2-yl]-1-propene (21a). Method A. (hexane-ethyl acetate, 96:4); 

(0.233 g, 70%); [a]D -39.0 (c 1.64, CHC13); oil; 'H NMR (CDCl,) 6 1.51 (s, 9H), 

1.62-1.95 (m, 4H), 2.69 (t, lH, J = 9.9 Hz), 3.27-3.43 (m, 2H), 3.61 (d, lH, J = 

14.7 Hz), 3.90 (d, lH, J = 14.7 Hz), 4.08 (d, lH, J = 9.9 Hz), 5.13 (dd, lH, J = 1.1, 

17.1 Hz), 5.40 (dd, IH, J = 1.1, 10.2 Hz), 6.01 (dt, lH, J = 9.9, 17.1 Hz), 7.20- 

7.35 (m, 5H), 7.74 (bs, 1H ex. D,O); I3C NMR (CDCI,) 6 23.0, 27.6, 28.6,46.0, 

57.6,60.3, 71.1.79.6, 120.1, 126.4, 127.8, 128.3, 134.1, 139.1, 156.4. Anal. Calcd 

for C19H28N203: C, 68.65; H, 8.49; N, 8.43. Found: C, 68.84; H, 8.15; N, 8.24. 

(3S)-3-(N-Benzylhydroxyamino)-3-[(2S,4R)-l-(tert-bu~xycarbony~amino)-4- 

(tert-butyldi-phenylsiloxy)pyrrolidin-2-yl]-l-propene (22a). Method A. 

(hexane-diethyl ether, 90:lO); (0.487 g, 83%); [ a ] ~  -18.8 (c 1.30, CHC13); oil; 'H 

NMR (CDCI,) 6 1.08 (s, 9H), 1.54 (s, 9H), 1.75 (m, lH), 1.96 (ddd, lH, J = 6.1, 

8.1, 13.7 Hz), 2.50 (t. lH, J = 9.5 Hz), 3.22 (dd, lH, J 0 5.6, 11.5 Hz), 3.51 (dd, 

lH, J = 3.7, 11.5 Hz), 3.59 (d, lH, J = 14.2 Hz), 3.91 (d, lH, J = 14.2 Hz), 4.19 

(dd, lH, J = 3.4, 9.5 Hz), 4.30 (m, lH), 4.86 (dd, lH, J = 1.7, 17.1 Hz), 5.29 (dd, 

lH, J = 1.7, 10.3 Hz), 5.95 (ddd, lH, J = 3.4, 10.3, 17.1 Hz), 7.06-7.48 (m, 1 lH), 

7.56 (bs, 1H ex. D,O), 7.68-7.77 (m, 4H); 13C NMR (CDCI,) 6 19.1, 26.9, 28.6, 

37.7, 54.1, 56.4, 60.1, 71.5, 72.5, 79.7, 120.4, 126.5, 127.7, 127.8 (2C), 127.9, 

128.3, 129.8 (2C), 133.4, 133.9, 135.7 (2C), 139.4, 154.5. Anal. Calcd for 

C35H46N204Si: C, 71.63; H, 7.90; N, 4.77. Found: C, 71.48; H, 7.77; N, 4.98. 

(3S,4R)-3-(N-Benzylhydroxyamino)-4-(tert- butoxycarbonylamino)-5-(tert- 

butyldiphenylsi1oxy)-1-pentene (23a). Method A. (hexane-diethyl ether, 955); 

(0.090 g, 16%); oil; 'H NMR (CDCI,) 6 (selected signals) 0.98 (s, 9H), 1.45 (s, 

9H), 3.30 (t, IH, J = 9.5 Hz), 3.70 (d, lH, J = 13.9 Hz), 3.76 (m, 2H), 4.00 (d, lH, 

J = 13.9 Hz), 4.29 (d, lH, J = 8.5 Hz), 4.93 (d, lH, J = 9.3 Hz), 5.10 (dd, lH, J = 
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3006 MERINO ET AL. 

2.0, 17.3 Hz), 5.38 (dd, lH, J = 2.0, 10.5 Hz), 5.90 (dt, lH, J = 10.5, 17.3 Hz), 

7.1 1 (bs, lH, ex. D,O), 7.30-7-43 (m, 1 lH), 7.62-7.81 (m, 4H). 

( 3 ~ 4 R ) - 3 - ( N - B e n z y ~ y d r u d r o x y ~ o ) 4 - ( ~ ~ - b u t o x y ~ r ~ n y l ~ o ) - 5 - ( ~ ~ -  

butyldiphenyl-siloxy)-1-pentene (23b). Method A. (hexane-diethyl ether, 955); 

(0.432 g, 77%); oil; [ a ] ~  -4.94 (C 1.10, CHCl3); 'H NMR (cDC1,) 6 1.04 (s ,  9H), 

1.44 (s, 9H). 3.30 (dd, lH, J = 4.6, 9.0 Hz), 3.58 (d, lH, J = 14.0 Hz), 3.70 (m, 

2H). 4.02 (d, lH, J = 14.0 Hz), 4.31 (m, lH), 4.60 (d, lH, J = 9.8 Hz), 5.30 (m, 

2H), 5.80 (m, lH), 6.36 (bs, lH, ex. D20), 7.28-7-41 (m, llH), 7.60-7.80 (m, 

4H); 13C NMR (CDCl,) 6 19.2. 26.8, 28.4, 52.5, 61.7, 63.4, 72.1, 79.9, 120.8, 

127.0, 127.7, 127.8, 128.0, 129.8 (2C), 129.9, 133.1, 133.3, 133.5, 135.6 (2C), 

138.6, 156.2. Anal. Calcd for C33H~N204Si: C, 70.68; H, 7.91; N, 5.00. Found: 

C, 70.26; H, 8.03; N, 5.26. 

(3S,4R~R)-3-(N-Benzylhydroxyamino)-4-(tert-butoxycarbonyl~~o)-5- 

(tert-butyldi-phenylsi1oxy)-1-hexene (24a). Method A. (hexane-diethyl ether, 

90:lO); (0.454 g, 79%); oil; [ a ] ~  -75.2 (c 1.90, CHC13); IH NMR (CDCl,) 6 0.92 

( s .  9H), 1.08 (d, 3H, J = 6.3 Hz), 1.56 (s, 9H), 3.10 (t, lH, J = 9.9 Hz), 3.56 (t, lH, 

J = 10.3 Hz), 3.76 (d, lH, J = 13.6 Hz), 3.99 (m, lH), 4.03 (d, lH, J = 13.6 Hz), 

4.81 (dd, lH, J = 2.2, 17.6 Hz), 5.08 (d, lH, J = 10.1 Hz), 5.26 (dd, lH, J = 2.2, 

10.3 Hz), 5.80 (dt, lH, J = 10.3, 17.6 Hz), 6.90 (bs, lH, ex. D20), 7.30-7.44 (m, 

11H), 7.53-7.80 (m, 4H); I3C NMR (CDC1,) 6 19.2.22.0.27.1, 28.6, 57.5, 60.2, 

68.3, 69.5, 80.0, 121.6, 126.9, 127.5, 127.6, 128.2, 128.6, 129.7, 129.9, 132.7, 

133.0, 134.1, 135.9 (2C). 138.6, 158.9. Anal. Calcd for C33bd204Si:  C, 71.04; 

H. 8.07; N, 4.87. Found: C, 71.22; H, 7.83; N, 5.07. 

Reduction of Allyl Hydroxylamines to Allyl Amines. General Procedure. To a 

well-stirred solution of copper (11) acetate (15 mg, 0.1 mmol) in acetic acid (1.5 

ml) at room temperature, was added zinc dust (0.34 g, 5.1 mmol). The resulting 

suspension was stirred at room temperature for 15 min; then a solution of 
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VINYLATION OF NITRONES 3007 

hydroxylamine (1 mmol) was added and the mixture was heated at 70 OC for 1 

hour. The grey suspension was allowed to cool to room temperature and disodium 

salt of EDTA was added (2.0 g). The resulting mixture was made alkaline 

(pH=lO) by addition of 3 N NaOH and then diluted with saturated aqueous 

ammonium chloride (20 mL) and dichloromethane (20 mL). The phases were 

separated and the aqueous layer extracted into dichloromethane ( 3 x 25 mL). The 

combined organic extracts were washed with a saturated aqueous solution of the 

disodium salt of EDTA (3 x 25 mL) and brine (25 I&), dried over magnesium 

sulfate, filtered and concentrated under reduced pressure to give the allylamine 

essentially pure. 

(3R,4S)-3-Benzylamino-4,5-dihydroxy-4,5-O-isopropylidene-l-pentene (9a). 

(0.198 g, 80%); oil; [a]D -27.4 (c 1.21, CHCl3); IH NMR (CDCI,) 6 1.30 (s, 3H), 

1.31 (s, 3H), 2.00 (bs, lH, ex. D20), 3.05 (t, lH, J = 8.3 Hz), 3.60 (d, lH, J = 13.6 

Hz), 3.71 (dd, J = 5.9, 8.2 Hz), 3.90 (d, lH, J = 13.6 Hz), 3.88 (m, lH), 4.02 (m, 

lH), 5.25 (m, 2H), 5.58 (ddd, lH, J = 8.4, 9.7, 17.6 Hz), 7.20-7.32 (m, 5H); 13C 

NMR (CDCl,) 6 25.4, 26.8, 50.6, 64.3, 66.6, 77.7, 109.6, 119.6, 126.9, 128.2, 

128.5, 136.5, 139.8. Anal. Calcd for C15H21N02: C, 72.84; H, 8.56; N, 5.66. 

Found: C, 72.97; H, 8.47; N, 5.31. 

(3S,4S)-3-Benzylamino-4,5-dihydroxy-4,5-0-isopropylidene-l-pentene (9b). 

(0.188 g, 76%); oil; [ a ] ~  +10.0 (C 0.47, CHC13); 'H NMR (CDCl,) 6 1.32 (s, 3H), 

1.39 (s, 3H), 1.70 (bs, lH, ex. D20), 3.18 (dd, lH, J = 4.9, 8.3 Hz), 3.60 (d, lH, J 

= 13.4 Hz), 3.86 (d, lH, J = 13.4 Hz), 3.90 (dd, lH, J = 7.5,8.1 Hz), 3.97 (dd, J = 

6.4, 8.1 Hz), 4.14 (ddd, lH, J = 4.9, 6.4, 7.5 Hz), 5.22 (dd, lH, J = 1.1, 17.1 Hz), 

5.30 (dd, lH, J = 1.1, 9.8 Hz), 5.68 (ddd, lH, J = 8.3, 9.8, 17.1 Hz), ; 13C NMR 

(CDCI,) 6 25.1, 26.4, 50.9, 62.1, 66.1, 78.3, 109.1, 118.3, 126.8, 128.1, 128.3, 

136.6, 140.4. Anal. Calcd for C15H21N02: C, 72.84; H, 8.56; N, 5.66. Found: C, 

72.63; H, 8.39; N, 5.77. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
D

av
is

] 
at

 1
7:

05
 1

5 
N

ov
em

be
r 

20
14

 



3008 MERINO ET AL. 

(3R,4S~S)-3-Benzyla~o-6-O-benzyl-4,5-O-isopropylidene-4,5,6-tri- 

hydroxy-1-pentene (10a). (0.287 g, 78%); oil; [a]D 4 3 . 4  (c 0.23, CHCl3); lH 

NMR (CDCI,) 6 1.33 (s, 3H), 1.37 (s, 3H), 1.63 (bs, lH, ex. D,O), 3.08 (dd, lH, J 

= 7.3, 8.3 Hz), 3.45 (dd, lH, J = 6.4, 10.5 Hz), 3.54 (dd, lH, J = 3.3, 10.5 Hz), 

3.59 (d, lH, J = 13.5 Hz), 3.76 (pseudo t, lH, J = 7.3 Hz), 3.85 (d, lH, J = 13.5 

Hz), 4.11 (ddd, lH, J = 3.3, 6.4, 7.3 Hz), 4.52 (bs, 2H), 5.15 (m, 2H), 5.54 (ddd, 

lH, J = 8.3, 10.1, 17.3 Hz), 7.29-7.39 (rn, 10H); I3C NMR (CDCI,) 6 26.9, 27.0, 

50.5, 63.9, 70.8, 73.3, 78.0, 79.7, 109.5, 119.2, 126.9, 127.7, 128.2, 128.4 (2C), 

129.0, 130.2, 136.8 ( 2 0  Anal. Calcd for C23H29N03: C, 75.17; H, 7.95; N, 3.81. 

Found: C, 75.05; H, 8.08; N, 3.92. 

(3S,4S,5S)-3-Benzylamino-6-O-benzyl-4,5-O-isopropylidene-4,5,6-trihydroxy- 

1-pentene (lob). (0.257 g, 70%); oil; [a]D -22.8 (c 0.25, CHC13); IH NMR 

(CDCI,) 6 1.36 (s, 3H), 1.37 (s, 3H), 1.70 (bs, lH, ex. D20), 3.15 (dd, lH, J = 4.7, 

8.4 Hz), 3.56 (dd, lH, J = 5.5, 10.3 Hz), 3.59 (dd, lH, J = 13.2 Hz), 3.62 (dd, lH, 

J = 4.1, 10.3 Hz), 3.83 (d, lH, J = 13.2 Hz), 3.88 (dd, lH, J = 4.7, 8.1 Hz), 4.10 

(ddd, lH, J = 4.1, 5.5, 8.1 Hz), 4.60 (bs, 2H), 5.13 (dd, lH, J = 1.8,7.6 Hz), 5.24 

(dd, lH, J = 1.8, 10.2 Hz), 5.70 (ddd, lH, J = 8.4, 10.2, 17.6 Hz), 7.28-7.40 (rn, 

10H); 13C NMR (CDCI,) 6 27.0 (2C), 50.9, 62.1, 71.2, 73.4, 77.6, 80.5, 109.1, 

118.7, 126.8, 127.6, 127.7, 128.2, 128.3 (2C), 129.0, 136.4, 138.1. Anal. Calcd for 

C23H29N03: C, 75.17; H, 7.95; N, 3.81. Found: C, 75.24; H, 8.17; N, 3.60. 

3-0-Benzyl-5-deoxy-5-benzylamino-5-vinyl- 1,2-O-isopropylidene-P-L-ido- 

1,Cpentofuranoside (lla). (0.285 g, 72%); oil; [a ]D -15.2 (c 0.60, CHC13); IH 

NMR (CDCI,) 6 1.28 (s, 3H), 1.46 (s, 3H), 3.00 (bs, lH, ex. D20), 3.63 (d, lH, J 

= 12.8 Hz), 3.65 (t, lH, J = 8.9 Hz), 3.83 (d, lH, J = 3.0 Hz), 3.84 (d, IH, J = 12.8 

Hz), 4.15 (dd, IH, J = 3.0,9.3 Hz), 4.41 (d, lH, J = 11.6 Hz), 4.56 (d, lH,  J = 3.7 

Hz), 4.58 (d, lH, J = 11.6 Hz), 5.27 (rn, 2H), 5.69 (ddd, lH, J = 8.2, 10.0, 17.7 

Hz), 5.91 (d, lH, J = 3.7 Hz), 7.2-7.4 (m, lOH).; I3C NMR (CDCl,) 6 26.3, 26.7, 
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VINY LATION OF NITRONES 3009 

51.3,60.1,72.0, 81.8, 82.0,82.3, 105.0, 111.8, 119.6, 126.9, 127.7, 127.8, 127.90, 

128.4, 128.4, 129.4, 135.9, 137.3. Anal. Calcd for C24H29N04: C, 72.89; H, 7.39; 

N, 3.54. Found: C, 72.74; H, 7.52; N, 3.26. 

3-0-Benzyl-5-deoxy-5-benzylamino-5-vinyl- l,2-0-isopropylidene-a-D-gluco- 

1,4-pentofuranoside (llb). (0.316 g, 80%); oil; [ a ] ~  -1 1.3 (c 0.50, CHC13); IH 

NMR (CDCl,) 6 1.28 (s, 3H), 1.45 (s, 3H), 2.03 (bs, lH, ex. D20), 3.53 (t, lH, J = 

8.5 Hz), 3.57 (d, lH, J = 13.0 Hz), 3.82 (d, lH, J = 13.0 Hz), 4.02 (dd, lH, J = 3.0, 

8.8 Hz), 4.06 (d, lH, J = 2.9 Hz), 4.50 (d, lH, J = 11.7 Hz), 4.59 (d, lH, J = 4.6 

Hz), 4.68 (d, lH, J = 11.7 Hz), 5.23 (d, lH, J = 7.9 Hz), 5.28 (s, lH), 5.75 (ddd, 

lH, J = 8.2, 10.6, 16.6 Hz), 5.92 (d, lH, J = 3.7 Hz), 7.17-7.30 (m, lOH).; 13C 

NMR (CDCI,) 6 26.3,26.7,51.0,59.2,72.0,81.5, 81.8,82.6, 104.9, 11 1.5, 118.0, 

126.9, 127.8, 127.9, 128.1, 128.3, 128.5, 129.3, 137.4, 137.6. Anal. Calcd for 

C24H29N04: C, 72.89; H, 7.39; N, 3.54. Found: C, 72.74; H, 7.52; N, 3.26. 

5-Benzylamino-5-deoxy-5-vinyl-2,3-O-isop~py~dene-l-O-methyl-~-L-gulo- 

1,4-pentofuranoside (12a). (0.249 g, 78%); oil; [ol]D 8.9 (c 0.35, CHC13); lH 

NMR (CDCI,) 6 1.22 (s, 3H), 1.33 (s, 3H), 2.04 (bs, lH, ex. D20), 3.29 (s, 3H), 

3.62 (t, lH, J = 8.4 Hz), 3.72 (d, lH, J = 13.3 Hz), 3.91 (dd, lH, J = 3.2, 9.3 Hz), 

3.97 (d, lH, J = 13.3 Hz), 4.49 (d, lH, J = 5.9 Hz), 4.57 (dd, lH, J = 3.2, 5.9 Hz), 

4.86 ( s ,  lH), 5.33 (dd, lH, J = 1.5, 10.3 Hz), 5.44 (dd, lH, J = 1.5, 17.2 Hz), 5.84 

(ddd, lH ,  J = 7.6, 10.3, 17.2 Hz), 7.32 (m, 5H).; I3C NMR (CDCl,) 6 25.0, 26.0, 

50.6, 54.7, 59.2, 79.9, 81.2, 85.0, 107.0, 112.4, 120.2, 127.2, 128.4, 128.5, 134.7, 

138.2. Anal. Calcd for C18H25N04: C, 67.69; H, 7.89; N, 4.39. Found: C, 67.94; 

H, 7.92; N, 4.57. 

5-Benzylamino-5-deoxy-5-vinyl-2,3-0-isopropylidene-l-O-methyl-~-D- 

manno-1,4-pentofuranoside (12b). (0.256 g, 80%); oil; [a ]D -5.8 (c 0.63, 

CHC13); 'H NMR (CDCI,) 6 1.28 (s, 3H), 1.35 (s, 3H), 2.62 (bs, lH, ex. D,O), 

3.26 (s, 3H), 3.48 (t, lH, J = 8.5 Hz), 3.71 (d, lH, J = 13.2 Hz), 3.86 (dd, lH, J = 
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3010 MERINO ET AL. 

3.7, 8.8 Hz), 3.92 (d, lH, J = 13.2 Hz), 4.51 (d, lH, J = 5.8 Hz), 4.78 (dd, lH, J = 

3.3, 5.9 Hz), 4.86 (s, lH), 5.28 (m, 2H), 5.81 (ddd, IH, J = 8.1, 10.3, 17.8 Hz), 

7.18-7.36 (m, 5H).; I3C NMR (CDCI,) 6 24.9, 25.9, 50.4, 54.4, 59.5, 79.3, 81.6, 

84.8, 106.7, 112.5, 118.5, 126.9, 128.2, 128.3, 132.7, 137.1. Anal, Calcd for 

C18H25N04: C, 67.69; H, 7.89; N, 4.39. Found: C, 67.94; H, 7.92; N, 4.57. 

(3S,4R)-3-Benzylamino-4-( tert-butoxycarbonylamin0)-5-hydroxy-4,5-0- 

isopropylidene-1-pentene (25a). (0.263 g, 76%); oil; [a]D -23.2 (c 0.47, 

CHC13); 'H NMR (CDCI,) 6 1.23 (s, 3H), 1.29 (s, 3H), 1.43 (s, 9H), 1.73 (bs, lH, 

ex. D,O), 3.40 (m, lH), 3.62 (d, lH, J = 13.4 Hz), 3.81 (d, lH, J = 13.4 Hz), 3.85 

(m, lH), 4.00 (m, 2H), 5.20 (m, 2H), 5.68 (dt, lH, J = 10.1, 17.7 Hz), 7.28-7.36 

(m. 5H); I3C NMR (CDCl,) 6 26.3, 28.5, 29.7, 53.6, 60.2, 60.3, 64.2, 80.1, 95.0, 

118.7, 126.8, 128.1, 128.3, 134.6, 137.6, 156.2. Anal. Calcd for C20H30N203: C, 

69.33; H, 8.73; N, 8.09. Found: C, 69.12; H, 8.84; N, 7.79. 

(3S,4R,5R)-3-Benzylamino-4-(tert-butoxycarbonylamino)-5-hydroxy-4,5-0- 

isopropylidene-1-hexene (26a). (0.281 g, 78%); oil; [a]D -14.5 (c 0.68, CHCl3); 

IH NMR (CDCl,) 6 1.25 (d, 3H, J = 6.3 Hz), 1.27 (s, 3H), 1.48 (s, 3H), 1.50 (s, 

9H), 1.80 (bs, lH, ex. D,O), 3.50 (m, lH), 3.62 (d, lH, J = 13.4 Hz), 3.85 (d, lH, 

J = 13.6 Hz), 3.96 (m, 2H), 5.36 (m, 2H), 5.86 (dt, lH, J = 10.2, 17.4 Hz), 7.29- 

7.43 (m, 5H); 13C NMR (CDCI,) 6 20.1, 26.7, 27.4, 28.9, 56.7, 61.8, 72.5, 72.8, 

80.3, 95.0, 123.1, 127.2, 128.5, 128.8, 134.1, 137.9, 155.6. Anal. Calcd for 

C21H32N203: C, 69.97; H, 8.95; N, 7.77. Found: C, 69.64; H, 8.84; N, 7.59. 

(3S)-3-Benzylamino-3-[ (2S)-l-(tert-butoxycarbonylamino)pyrrolidin-2-yl]-l- 

propene (27a). (0.2348, 74%); oil; [a]D -45.9 (c 0.36, CHC13); 1H NMR 

(CDCI,) 6 1.40 (s, 9H), 1.68 (bs, lH, ex. D20), 1.72-189 (m, 4H), 3.15 (m, lH), 

3.35 (dd, lH, J = 6.3, 7.9 Hz), 3.45 (m, lH), 3.64 (d, lH, J = 13.4 Hz), 3.85 (d, 

lH, J = 13.4 Hz), 3.94 (m, lH), 5.1 1 (dd, lH, J = 1.7, 17.8 Hz), 5.20 (dd, lH, J = 

1.7, 10.5 Hz), 5.65 (ddd, lH, J = 7.9, 10.5, 17.8 Hz), 7.24-7.29 (m, 5H); 13C NMR 
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VINYLATION OF NITRONES 301 1 

(CDCI,) 6 23.9, 27.1, 28.5, 46.7, 51.2, 60.4, 64.7, 79.5, 118.1, 126.9, 128.2, 

128.4, 137.3, 140.0, 154.9. Anal. Calcd for C1gH28N202: C, 72.12; H, 8.92; N, 

8.85. Found: C, 72.48; H, 8.65; N, 8.73. 

(3S)-3-Benzylamino-3-[ (2S,4R)-l-(tert-butoxycarbonylamino)-4-(tert- 

butyldiphenylsiloxy)pyrrolidin-2-yl]-l-propene (%a). (0.508 g, 89%); oil; [ a ] ~  

-7.8 (c 0.34, CHC13); IH NMR (CDCI,) 6 1.04 (s, 9H), 1.43 (s, 9H), 1.78 (m, 

lH), 1.96 (ddd, lH, J = 4.1, 7.9, 13.1 Hz), 2.00 (bs, IH, ex. D,O), 3.05 (dd, lH, J 

= 4.6, 11.2 Hz), 3.35 (pseudo t, lH, J = 7.3 Hz), 3.49 (m, lH), 3.69 (d, lH, J = 

13.9 Hz), 3.9 (m. IH), 4.21 (d, lH, J = 13.9 Hz), 4.55 (m, lH), 5.05 (bd, lH, J = 

17.4 Hz), 5.19 (bd, lH, J = 10.5 Hz), 5.80 (m, lH), 7.25-7.30 (m, 5H), 7.32-7.41 

(m, 6H), 7.59-7.64 (m, 4H); I3C NMR (CDCI,) 6 19.1, 26.9, 28.4, 37.2, 50.5, 

55.2, 59.1, 71.0 (2C), 78.8, 120.1, 127.7 (2C), 127.9, 128.5, 128.6, 129.7, 129.8 

(2C), 133.8 (2C), 135.7 (2C), 138.9, 154.0. Anal. Calcd for C35H46N203Si: C, 

73.64; H, 8.12; N, 4.91. Found: C, 73.81; H, 8.45; N, 4.73. 

(3R,4R)-3-Benzylamino-4-(tert-butoxycarbonylamino)-S-(~~-butyldiphenyl- 

si1oxy)-1-pentene (29b). (0.392 g, 72%); oil; [a ]D -7.1 (c 0.25, CHC13); IH NMR 

(CDCI,) 6 0.99 (s, 9H), 1.49 (s, 9H), 1.78 (bs, lH, ex. D,O), 3.33 (dd, lH, J = 5.5, 

8.2 Hz), 3.55 (d, IH, J = 13.4 Hz), 3.70 (m, 3H), 3.82 (d, lH, J = 13.4 Hz), 5.00 

(bd, lH,  J = 8.4 Hz), 5.16 (m, 2H), 5.68 (ddd, lH, J = 8.4, 10.8, 17.3 Hz), 7.30- 

7.62 (m, 11H), 7.63-7.72 (m, 4H); 13C NMR (CDCI,) 6 19.2, 27.3, 28.4, 51.4, 

55.6, 62.5, 64.0, 79.1, 117.8, 126.8, 127.8 (2C). 128.3, 129.7 (2C), 130.0, 133.1, 

133.2, 133.6, 135.6, 135.7, 138.0, 155.9. Anal. Calcd for CyjH44N203Si: C, 

72.75; H, 8.14; N, 5.14. Found: C, 72.90; H, 7.95; N, 5.38. 

(3S,4R,5R)-3-Benzylamino-4-(tert-butoxycarbonylamino)-S-( tert-butyldi- 

phenylsi1oxy)-1-hexene (30a). (0.391 g, 74%); oil; [ a ] D  -18.5 (c 0.12, CHC13); 

'H NMR (CDCl3) 6 0.96 (s, 9H), 1.16 (d, 3H, J = 6.7 Hz), 1.49 (s, 9H), 1.99 (bs, 

lH, ex. D20), 3.24 (pseudo t, lH,  J = 8.8 Hz), 3.48 (pseudo t, IH, J = 9.0 Hz), 
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3012 MERINO ET AL. 

3.60 (d, lH, J = 13.6 Hz), 3.91 (d, lH, J = 13.6 Hz), 4.1 1 (dq, lH, J = 6.7,9.0 Hz), 

4.90 (d, lH, J = 8.1 Hz), 5.02 (dd, lH, J = 1.6, 17.4 Hz), 5.13 (dd, lH, J = 1.6, 

10.0 Hz), 5.80 (ddd, lH, J = 8.8, 10.0, 17.4 Hz), 7.29-7.46 (m, llH), 7.60-7.81 

(m, 4H); 13C NMR (CDCI,) 6 19.6, 23.1, 27.5, 29.4, 58.1, 63.7, 64.9, 70.6, 79.9, 

120.5, 126.8, 127.6 (2C), 128.4, 128.9, 129.6 (2C), 132.6, 133.4, 133.8, 136.2, 

136.4, 139.3, 156.7. Anal. Calcd for C34H4&03Si: C, 73.08; H, 8.30; N, 5.01. 

Found: C, 73.27; H, 8.55; N, 5.23. 

(4~S)-3-Benzyl-5-(tert-butyldiphenyl~iloxymethyl)-4-vinyl-l,3-ox~o~din-2- 

one (31a) and (4S,5S)-3-Benzyl-5-(tert-butyldiphenylsiloxymethyl)-4-vinyl- 

1J-oxazolidin-2-one (31b). A solution of the corresponding diastereomeric 

allylamine 9 (50 mg, 0.2 mmol) in MeOH (20 mL) was treated with p-TosOH 

(14.2 mg, 0.1 mmol) and the resulting solution was refluxing until no starting 

material was observed (TLC, ca. 1 h). The reaction mixture was concentrated and 

the residue was partitioned between saturated aqueous NaHCO, (20 mL) and 

EtOAc (20 mL). The organic layer was separated and the aqueous layer was 

reextracted with EtOAc (2 x 10 mL). The combined organic extracts were dried 

(MgSO,), concentrated under reduced pressure and the residue was dissolved in 

CHzC12 (15 mL). To the resulting solution ‘BuPhZSiC1 (57.6 mg, 0.21 mmol) and 

DMAP (5  mg, 0.04 mmol) were added and stirring was maintained for 16 h. The 

reaction mixture was diluted with H20 (10 mL) and the organic layer separated, 

dried (MgSO,) and concentrated under reduced pressure. To the residue dissolved 

in anhydrous THF (10 mL) was added N,N‘-carbonyldiimidazole (60 mg, 0.42 

mmol) at room temperature. The resulting mixture was stirred for 24 h and 

concentrated under reduced pressure. Chromatography on silica gel (hexane I 

EtOAc, 20: 80) of the crude product afforded the corresponding oxazolidin-Zone. 

(31a): (40 mg, 42%); syrup; [a]D A3.5 (c 0.14, CHC13); ‘H NMR (CDCI,) 6 

1.02 (s, 9H), 3.75 (dd, lH, J = 4.6, 11.5 Hz), 3.80 (dd, lH, J = 3.6, 11.5 Hz), 3.93 
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VINYLATION OF NITRONES 3013 

(d, lH, J = 14.9 Hz), 4.10 (dd, lH, J = 8.6,9.1 Hz), 4.52 (ddd, lH, J = 3.6,4.6,8.6 

Hz), 4.83 (d, lH, J = 14.9 Hz), 5.20 (d, lH, J = 17.1 Hz), 5.35 (d, lH,  J = 10.1 

Hz), 5.87 (ddd, lH, J = 9.1, 10.1, 17.1 Hz), 7.30-7.70 (m, 15H); 13C NMR 

(CDCI,) 6 19.0, 26.6, 45.8, 59.4, 62.1, 78.9, 121.4. 127.7-127.9 (4C), 128.4, 

128.6, 129.8, 131.7, 132.4, 132.8, 134.7, 135.4, 135.6, 157.5. Anal. Calcd for 

C29H33N03Si: C, 73.85; H, 7.05; N, 2.97. Found: C, 74.00; H, 7.29; N, 2.72. 

(31b): (45 mg, 48%); sticky oil; [a]D +21.9 (c 0.18, CHC13); lH NMR (CDCI,) 6 

0.95 (s, 9H), 3.62 (dd, IH, J = 3.4, 11.6 Hz), 3.83 (dd, lH, J = 3.7, 11.6 Hz), 3.98 

(d, lH, J = 15.0 Hz), 4.03 (dd, lH, J = 6.9,8.7 Hz), 4.15 (ddd, IH, J = 3.4, 3.7, 6.9 

Hz), 4.81 (d, lH, J = 15.0 Hz), 5.14 (d, lH, J = 17.0 Hz), 5.30 (d, lH, J = 9.9 Hz), 

5.67 (ddd, IH, J = 8.7, 9.9, 17.0 Hz), 7.28-7.64 (m, 15H); I3C NMR (CDCI,) 6 

19.1, 26.7, 45.8, 60.2, 62.1, 77.4, 122.3, 127.7-127.8 (4C), 128.4, 128.6, 129.8, 

132.3, 132.5, 132.8, 135.4, 135.6, 135.9, 157.6. Anal. Calcd for C2gH33N03Si: C, 

73.85;H,7.05;N,2.97. Found: C,74.11;H,6.81; N,3.19. 

Acetylation of hydroxylamines. General Procedure. To a stirred solution of the 

corresponding hydroxylamine (0.5 mmol) in pyridine (1 mL) was added acetic 

anhydride (0.53 mL, 5.62 mmol). After being stirred for 2 h at room temperature 

the mixture was diluted with Et20 (15 mL) and washed with saturated aqueous 

CuS04 (3 x 10 mL) and brine (1 x 10 mL). The aqueous layer was reextracted 

with Et,O (10 mL) and the combined organic extracts were washed with saturated 

aqueous NaHCO, (3 x 10 mL) and brine (1 x 10 I&), dried (MgS04) and 

concentrated under reduced pressure. The crude product was purified by column 

chromatography. 

(3S,4S)-3-(N-Benzylacetoxyamino)-4,5-dihydroxy-4,5-O-i~propy~dene-l- 

pentene (32). (hexane-diethyl ether, 60:40); (0.153 g, 100%); sticky oil; [a]D - 

22.2 (c 0.21, CHC13); 'H NMR (CDC13) 6 1.27 ( s ,  3H), 1.31 ( s ,  3H), 2.18 (s, 3H), 

3.19 (dd, lH, J = 8.0,9.2 Hz), 3.86 (d, lH, J = 13.4 Hz), 3.94 (dd, lH, J = 5.6,8.0 
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Hz), 4.06 (d, lH, J = 13.4 Hz), 4.09 (dt, lH, J = 5.6, 8.0 Hz), 4.11 (m, lH), 5.24 

(dd, lH, J = 1.7, 17.3 Hz), 5.51 (dd, lH, J = 1.7, 10.3 Hz), 6.00 (ddd, lH, J = 9.2, 

10.3, 17.3 Hz), 7.20-7.40 (m, 5H); '3C NMR (CDC13) 6 19.2, 25.1, 26.6, 60.1, 

68.0, 70.9, 75.8, 109.4, 122.4, 127.5, 128.3. 129.3, 131.2, 135.8, 169.4. Anal. 

Calcd for C17H23N04: C, 66.86; H, 7.59; N, 4.59. Found: C, 66.63; H, 7.38; N, 

4.40. 

5-(N-Benzylacetoxyamino)-3-O-benzyl-5-deoxy-5-vinyl- 1,2-0-isopropyliden- 

cr-D-gluco-l,4-pentafuranoside (34). (hexane-ethyl acetate, 70:30); (0.227g, 

100%); oil; [ a ] ~  4 8 . 1  (C 0.35, CHC13); 'H NMR (CDCI,) 6 1.24 (s, 3H), 1.42 (s, 

3H), 1.82 (s, 3H), 3.82 (t, lH, J=9.3), 3.84 (d, lH, J=13.0), 4.07 (d, lH, J=12.9), 

4.16 (dd, lH, J=2.9, 9.3), 4.27 (d, lH, J=2.9), 4.44 (d, lH, J=3.8), 4.65 (s, 2H), 

5.35 (dd, lH, J=1.6, 17.3), 5.52 (dd, lH, J=1.5, 10.3), 5.84 (d, IH, J=3.7), 6.06 

(ddd, lH, J=7.7, 9.6, 17.4). 7.15-7.37 (m, 10H); 13C NMR (CDCI,) 6 19.1, 26.2, 

26.8, 60.5, 66.1, 72.6, 80.0, 82.1, 82.6, 104.9, 111.4, 122.2, 127.5, 127.6, 128.2, 

128.3, 129.7, 131.8, 135.7, 138.7, 138.2, 169.1. Anal. Calcd for C26H31N06: C, 

68.48; H, 6.44; N, 3.19. Found: C, 68.27; H, 6.11; N, 3.76. 

5-(Acetoxyamino)-N-benzyl-5-deoxy-5-vinyl-2,3-O-isopropyliden-1-0- 

methyl-a-D-manno-1,4-pentofuranoside (36). (hexane-ethyl acetate, 70:30); 

(0.189 g, 100%); oil; [U]D +77.6 (c 0.60, CHC13); 'H NMR (CDCI,) 6 1.28 (s, 

3H), 1.29 (s, 3H), 1.87 (s, 3H), 3.27 (s, 3H), 3.79 (t, lH, J = 8.9 Hz), 3.93-4.01 

(m, 2H), 4.12 (d, lH, J = 12.8 Hz), 4.49 (d, lH, J = 5.8 Hz), 4.84 (s, lH), 4.94 (dd, 

lH, J = 3.4, 5.6 Hz), 5.32 (m, 2H), 5.99 (ddd, lH, J = 7.7,9.8, 17.5 Hz), 7.23-7.42 

(m, 5H); 13C NMR (CDCI-,) 6 19.3, 25.1, 26.0, 54.6, 60.3, 66.0, 79.4, 80.1, 84.5, 

107.4, 112.1, 121.6, 127.5, 128.0, 129.8, 131.8, 135.9, 169.5. Anal. Calcd for 

C20H27N06: C, 63.64; H, 7.21; N, 3.71. Found: c, 63.39; H, 6.94; N, 3.87. 

Oxidative cleavage of vinyl group. To a vigorously stirred solution of vinyl 

derivative (0.2 mmol) and NaIO, (257 mg, 1.20 mmol) in a mixed solvent of CCI, 
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VINYLATION OF NITRONES 3015 

(0.7 mL), CH,CN (0.7 mL) and H,O (1.2 mmol) at 0°C was added RuCl, x H,O 

(0.8 mg, 4.65~mol) and the resulting mixture was stirred at room temperature for 

30 min. After dilution with H,O (8 mL) the mixture was extracted with EtOAc (3 

x 10 mL). The combined extracts were dried (MgSO,) and concentrated under 

reduced pressure. The crude product was taken up in Et,O (10 mL), cooled to 0°C 

and treated with an ethereal solution of diazomethane until the yellow colour 

persisted. Ten drops of AcOH were added and the mixture was washed with 

aqueous sodium bicarbonate (10 mL) and brine (10 mL). The organic extract was 

dried (MgSO,) and evaporated under reduced pressure. The crude product was 

purified by column chromatography. 

Methyl (2R,3S)-2-(N-benzylacetoxyamino)-3,4-dihydroxy-3,4-O-isopropy~- 

idenebutanoate (33). (hexane-ethyl acetate, 85:15); (49 mg, 73%); oil; [aID 4 . 1  

(c 0.18, CHCI,) [Lit.l6 [aID +3.9 (c 0.30, CHCI,)]; Anal. Calcd for CI7H2,NO6: 

C, 60.52; H, 6.87; N, 4.15. Found: C, 60.77; H, 6.61; N, 4.33. The IH and l3C 

NMR spectra showed to be identical to those described previously in ref. 16. 

Methyl 5-(N-benzylacetoxyamino)-3-O-benzyl-5-dexy- 1,ZO-isopropyliden- 

a-L-ido-hexafuranuronate (35). (hexane-ethyl acetate, 80:20); (79 mg, 8 1 %); 

oil; [aID -26.8 (c 0.19, CHCI,) [Lit.17 [aID -26.2 (c 0.81, CHCl,)]; Anal. Calcd 

for C26H,,N0,: C, 64.32; H, 6.44; N, 2.88. Found: C, 64.57; H, 6.20; N, 2.57. 

The IH and 13C NMR spectra showed to be identical to those described previously 

in ref. 17. 

Methyl 5-(N-benzylacetoxya~no)-5-deoxy-2,3-0-isopropy~iden-l-O-methyl- 

a-L-gulo-hexafuranuronate (37). (hexane-ethyl acetate, 80:20); (64 mg, 78%); 

oil; [aID +18.8 (c 0.20, CHCI,) [Lit.17 [a], +19.7 (c 0.55, CHCI,)]; Anal. Calcd 

forC2oH27N08: C, 58.67; H, 6.65; N, 3.42. Found: C, 58.41; H, 6.38; N, 3.68. 

The IH and 13C NMR spectra showed to be identical to those described previously 

in ref. 17. 
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Methyl (2S~R)-4-acetoxy-2-(N-benzylacetoxyamino)-3-[(Ce~-butoxycar~n- 

yl)amino]butanoate (38). A solution of 23b (0.110 g, 0.2 mmol), in anhydrous 

THF (10 mL) at ambient temperature was treated with 0.22 mL (0.22 mmol) of a 

1.0 M solution of Bu,NF in anhydrous THF. After 1 h the reaction was quenched 

by the addition of saturated aqueous NaHCO, and the resulting mixture 

partitioned between EtOAc (15 mL) and H20 (10 mL). The layers were separated 

and the aqueous layer was reextracted with EtOAc (2 x 10 ml). The organic 

extracts were combined, dried (MgSO,) and concentrated under reduced pressure. 

The residue was dissolved in pyridine (0.8 mL) and acetic anhydride (0.4 mL, 

4.24 mmol) was added. After being stirred for 2 h at room temperature the 

mixture was diluted with EtOAc (10 mL) and washed with saturated aqueous 

CuSO, (3 x 10 mL) and brine (1 x 10 mL). The aqueous layer was reextracted 

with EtOAc (10 mL) and the combined organic extracts were washed with 

saturated aqueous NaHCO, (3 x 10 mL) and brine (1 x 10 mL), dried (MgSO,) 

and concentrated under reduced pressure. The resulting crude product was 

oxidized with RuC1, as described above to afford after purification by column 

chromatography (hexane-ethyl acetate, 70:30) compound 38 as an oil; (49 mg, 

56%); oil; [aID -3.0 (c 0.15, CHCI,) [Lit.13a [a], -3.6 (c 1.00, CHCI,)]; Anal. 

Calcd for C21H30N20g: C, 57.52; H, 6.90; N, 6.39. Found: C, 57.33; H, 7.14; N, 

6.02. The lH and 13C NMR spectra showed to be identical to those described 

previously in ref. 13a 

(3S,4~5R)-3-(N-BenzyIhydroxyamino)-4-(~~-butoxycarbonylam~o)-S- 

hydroxy-4,5-O-isopropylidene-l-hexene (20a). From 24a. Ally1 hydroxylamine 

24a (62 mg, 0.1 mmol) was desilylated as described above to afford a crude 

product which was dissolved in acetone (10 mL) and treated with 2,2- 

dimethoxypropane (3 mL) and BF, Et,O (0.1 mL). The resulting mixture was 

stirred for 2 h and the reaction was quenched by adding Et,N (0.1 mL). The 
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VINYLATION OF NITRONES 3017 

solvent was evaporated under reduced pressure and the residue purified by 

column chromatography (hexane-diethyl ether, 80:20) to afford 28 mg (75%) of 

20a. Their physical and spectroscopic ('H and I3C NMR spectra) properties 

showed to be identical to those described above for the same compound obtained 

by direct vinylation of nitrone 18. 
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