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Abstract
A remarkable Lewis acid tuning has been observed in the nucleophilic addition of Grignard reagent to BIGN, the
N-benzyl nitrone derived from 1,2-O-isopropylidene-D-glyceraldehyde. The obtained a,B-dialkoxy hydroxyl-

amines can serve as starting points for the synthesis of both aminodiols and o-hydroxy-f-amino acids. This
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synthetic approach is illustrated by the synthesis of the antipode of the C-13 side chain of Taxotere as well as its

C-3 epimer. © 1998 Elsevier Science Ltd. Al rights reserved.

acids and derivatives; amino alcohols

Recently there has been an increase in interest in o-hydroxy-f3-amino acids because of their
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(2R,3S)-N-benzoyl-3-phenyliso

butoxycarbonyl)-3- phenyllsoserme 1b, the C-13 side chains of the important antitumor drugs
Taxol and Taxotere™, respectively [7]. Other important o-hydroxy-f3-amino acids are
ue of KRI 1314, an inhibitor of renin

cyclohexylnorstatine 2, the C-terminal resic
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! This work. taken in part from the Ph.D. Thesis of E.C., was presented at the First Spanish Japanese Organic Chemistry
Symposium, Alicante (Spain), September 1997.
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All these compounds have as a common property the syn configuration of their hydroxy
and amino groups. Nevertheless, the relative stereochemistry of the functional groups in o-

Jd roxy-B B-amino acids may have a large i_mnact on their activity nrgfﬂes_ Thus, whereas
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its C-2 epimer, allophenylnorstatine 5, is an important constituent of kynostatins, a class of
HIV-1 protease inhibitors [15].
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importance of having access to the corresponding anti derivatives (2S,35)-N-benzoyl and N-
(tert-butoxycarbonyl)-phenylisoserine 6 [16]. Therefore, and as a consequence of the
biological importance of a-hydroxy-B-amino acids, many synthetic efforts have been devoted

to this class of molecules [1-29]. Neveﬂheless, the s;gni-icgm roles exerted by both syn and
hydroxy-f3-amino acids remain still desirable.

We have recently reported that the readily available [30] N-benzyl nitrone 7 derived from
1,2-O- 1sopropyhdene -D- glyceraldehyde undergoes nucleophlhc additions with a total
ent [30-33]. Based on
this reactivity and taking advantage of the synthetic equivalence of the dioxolane ring with the
o-hydroxy carboxyl unit, it occurred to us that BIGN 7, provided the correct sequence of
reactions were followed, could be considered as a suitable starting material.2
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acids involves the addition of the corresponding nucieophile to the nitrone 7. This strategy is
illustrated in the retrosynthetic analysis depicted in Scheme 1.

2 Similar strategies could be based on the use of different C=N
main advantage of the nitrone group is the total stereocontrol of

functionalities such as imines, oximes or hydrazones. However, the
f the addition that can be exerted bv means of pre-complexation with
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Lewis acids.
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addition of several Grignard reagents to nitrone 7 and
further conversion of the resulting o,pB-dialkoxy hydroxylamines into 3-amino-1,2-diols,
which in turn can be transformed into o-hydroxy-3-amino acids. The synthetic approach is

illustrated with the synthesis of (2S,3R)-N-(tert-butoxycarbonyl)-3-phenylisoserine, the
antinade o = aida Ahain A B Ambitiiear A AR cvmtaraIM o ac St
antipode of the C-13 side chain of the antitumor agent Taxotere = as well as its (2S,3S)
isomer

Results and Discussion

The addition of Grignard reagents to nitrone 7 (Scheme 2) was initially explored using a
variety of conditions [34]. The best results obtained for accessing both syn and anti a.,p-
dialkoxy hydroxylamines are summarized in Table 1.

Scheme 2
Bn .0 B, ,OH Bn.,-OH

Table 1.
Stereoselective Additions of Grignard Reagents to Nitrone 7.2

entry RMgBrb solvent  Lewisacid® hydroxylamine  syn : antid yield® (%) isolated yicldf(%)

1 PhMgBr THF none 8 80 : 20 84 67 (syn)
2 PhMgBr Et,O ZnBrp 8 90 : 10 86 77 (syn)
3 PhMgBr Et,O EnAICi 8 5: 95 72 68 (ant)
4 MeMgBr THF none S 76 : 24 81 62 (syn)
5 MeMgBr Et,O ZnBry b 91 : ¢ 82 75 (syn)
6 MeMgBr Et,O0 EtAICI 9 18 : 82 77 63 (anti)
7 EtMgRr THF none 10 75 @ 25 74 56 (syn)
8 EtMgBr E,O ZnBr) 10 78 : 22 72 56 (syn)
9 EtMgBr Et,O EtyAICI 10 30 : 70 81 57 (anti)

2 All reactions were carried out at -60 °C for 6 h.

b 15 equiv. were used.

€ 1.0 equiv. were used.

d Measured from the intensities of |H NMR signals.

¢ Determined on isolated mixture of diastereomers

t After purification by column chromatography.

It is worth mentioning that by carrying out the addition reaction at -60°C instead of -40°C,

the temperature given in our previous communication [34], better results regarding both
selectivity and chemical yield were obtained, no longer time of reaction being needed in any
case. Table 1 shows wide applicability of the reaction. The high levels of diastereofacia
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absence of any Lewis acid or using ZnBr, as a precomplexing agent the corresponding syn
isomer was obtained as the major product of the reaction. Interestingly, the reaction of 7 with
Grignard reagents in the presence of Et,AlCl gave the anti isomers predominantly. In all

cases the mixtures of syn and anti adducts could be separated by column chromatography (see
AAAAAAAAA L I T A o P I I T By P, | T ¥ 1 . ;1
experimental). Thus each diastereomer could be prepared selectively only by changing the

choice of Lewis acid.

The relative stereochemistries of the o-alkoxyhydroxylamines were assigned by

transforming compounds 8-10 into the corresponding 1,3-oxazolidin-2-ones 17-19. This
conversion was achieved by deoxygenation of the hydroxylamine moiety according to
Trombint [35], acid-catalyzed acetonide hydrolysis, selective protection of the resulting
primary hydroxyl group and cyclization with carbonyl diimidazole as shown in Scheme 3.

Scheme 3
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9b R=Me 12h R=Me 15b R=Me 18b R=Me
10b R = Et 13b R = Et 16b R = Et 19b R =Et

Reagents and conditions: i, Zn-Cu(OAc),, AcOH, 70°C. ii, p-TosOH (cat.), MeOH, reflux. iii,
'BuMe,SiCl, DMF, imidazole, r.t. iv, ImyCO, THF, r.t.

When H-4 was irradiated, NOE was observed for H-5 in all 4,5-cis-disubstituted oxazo-
lidinones 17b-19b but not for the 4,5-trans disubstituted derivatives 17a-1%a (Figure 1). In
such a case, however, a NOE was observed between H-4 and the methylene protons (-CH»-)
of the tert-butyldimethylsiloxymethyl group
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trans isomers are smaller than those of 4,5-cis isomers (Table 2) [36,37].

Table 2.
Selected |H NMR data for oxazolidinones 17-19.2

mans R Jy5(Hz)  8HAS  SHSC ¢is R Jys(Hz) SHAC  §H-5
17a  Ph 6.4 4.47 4.27 17b  Ph 8.3 4.55 4.65
18a  Me 6.3 3.56 4.00 18b  Me 8.2 3.74 4.40
19a  Et 4.6 3.45 4.14 19p  Et 7.6 3.57 4.43

2 Chemical shifts (8) in ppm; coupling constants (J) in hertzs.
b a and b series refer to syn and anti compounds, respectively.

€ Assignments were based on signal multiplicities (see experimental)
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(Figure 2, A). On the other hand, the anti selectivity observed in the presence of EtyAICI is
in agreement with a [3-chelate model (Figure 2, B).
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Models for addition to BIGN 7.
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confirmed by Houk [41,42]) for nucleophilic additions to carbonyl compounds, model A is
similar to the alkoxy inside model proposed by Houk for several 1,3-dipolar cycloadditions
[43]. In any case those models should not be considered in the absence of Lewis acids due to
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derived nitrones [44,45]. The presence of the metal atom contributes to stabilize such
electronic interactions.
On the other hand, the syn selectivity observed in the addition of Grignard reagents in the

xplained by a model similar to that proposed by Houk
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for asymmetric additions to double bonds [46] (Figure 2, C). The other possible Houk model
in which the -CH»-O- group is considered as the larger one (Figure 2, D) should be discarded
on the basis that it could lead to unfavourable electronic interactions between the incoming
nucleophile and the lone pairs of the oxygen. Moreover, model C has been prevmusly
invoked to explain the stereochemical outcome o
nitrones [47].

The formation of complexes between the nitrone 7 and several Lewis acids has been well-
demonstrated by us through 1H and 13C NMR spectroscopy [48].

Synthesis of a-Hydroxy-B-Amino Acids

Hydroxylamines 8 and 9 were easily transformed into the protected 3-amino-1,2-diols 20
and 21, respectlvely, through catalytic hydrogenatlon usmg Pd(OH)2-C as a catalyst and

o - b

buobequt: reatment with di-tert-butyl dicarbonate a
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hydrolysis of the acetonide moiety afforded aminodiols 22 and 23 in almost quantitative

yields.
Scheme 4
B -OH NHBoc
1 : " hIIHBoc NHBoc
- —_— - — Rt COzsMe
R Q R Q R OH e )\l/ 2
OH
/ /
8a R=Ph 20aR = Ph 22a R =Ph 24aRB =Ph
9a R =Me 21aR =Me 23aR = Me 25aR = Me
Bn._,  _OH
N NHBOC .. NHBoc NHBoc
~ i ii B e
R r y R/\!/\n —_— R/\\I'/\OH A /\/COZMG
O7< o7< OH OH
8b R =Ph 20bR = Ph 22bR = Ph 24bR = Ph
9b R =Me 21bR =Me 23bR = Me 25bR = Me

Reagents and conditions: i, Ho, PA(OH),-C, 70 psi, r.t., then BocyO, dioxane. ii,
p-TosOH (cat.), MeOH, reflux.

Further conversion of these compounds into the corresponding o-hydroxy-B-amino acids
has previously been described for their enantiomers by Pericas and co-workers [2]. In
order to illustrate the accessibility to o-hydroxy-B-amino acids following our synthetic



approach, we chose 3-phenyl-D-isoserine 24a, the antipode of the C-13 side chain of
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compounds has been well demonstrated in the recent literature [49-55]. Thus compound
22a (prepared from hydroxylamine 8a) was selectively protected at the primary hydroxyl

group as the tert-butyldimethylsilyl ether 26a [56]. This compound was transformed into
tha immadinta mraniironr nf tha 2 nhanvlicncarina by antd _~ratalurzoad FArmatinm ~F thha 1 2
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oxazolidine 27 (80%) and subsequent fluoride-mediated removal of the silyl group. The
resulting primary alcohol 28 was obtained in 86% yield and then oxidized by using the
system RuCl3-NalOg4 to afford crude carboxylic acid 29 which was isolated and
characterized as the methyl ester 30 (60% overall yield). Finally, deprotection of 30
afforded 3-phenyli-D-isoserine 24a in 93% yield (Scheme 5). The optical and spectroscopic
properties of 24a were in good agreement with those reported for its enantiomer [2],
except for the sign of the optical rotation.

Scheme 5
NHB B, |
NHBoc \HBoc N—g "
i OSiMepBu i RN —_—
OH | ‘
~ OSiMeo'Bu
22a 284 P

Boc_ —‘k BOC\N_.& NHBoc
P’ 0 iv i | K vi N LY‘COOMS

L L_J com o~ OH
7 OH

29 R=H v 24a

30 R=M

Reagents and conditions: i, 'BuMe;SiCl, DMF, imidazole, r.t. i, 2,2-dimethoxypropane, CgHg,
CSA, r.t. iii, BusNF, THF, r.t. iv, RuO3, NalO4, CH3CN-H2O-CCly, r.t. v, CHoNg, Et,0, 0°C. vi,
p-TosOH (cat.), MeOH, reflux.

The anti aminoalcohol 22b was used as starting material for the preparation of the (2S,35)-
phenylisoserine derivative 24b. Protection of the primary hydroxyl group with tert-
butyldimethyl silyl chloride [56] gave 26b in 86% yield (Scheme 6). Difficulties were then
encouniered in protecting the I,2-aminoaicohol functionality as the corresponding 1,3-
oxazolidine. In the best case (10 eq. of 2,2-DMP, C Hq, reflux, 4 h) e reaction proceeded in

s of the de protected diol 22b.

substituents in 26b which

only 10-15% yleld with additional formation of large quantitie

0
This beh r mig e

ht be a_tt,ributcd to the anti disposition of th

associated with the protection of the secondary hydroxyl group, other protective

o

roups

3 In fact, it has been described that cis-1,3-derived oxazolidines can be easily epimerized. See ref. 52



the acetyl group and t

elimination of the tert-butyldimethylsilyl group afforded compound 32 in 80% overall yield

hus compound 31 was obtained. Subsequent fluoride-promoted

from 26b. Efforts to oxidize 32 to the corresponding acid (34) employing a number of

standard reagents (ruthenium dioxide, ruthenium trichloride o
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complicated by the formation of 33 as a consequence of the acetyl group migration. This
behaviour had also been observed previously by Pericas and co-workers [2].

Scheme 6
NHBoc NHBoc l;lHBoc
XN NoH /\/\/\os.Mpn gy il XY Y T OH
OH [ OSiMezBu I
LJ on lJ  or A oac I
h h iv
22b 26b R=H — 32
i '
31 R-= Ac:! |
NHBoc NHBoc I v NHBoc
WOgMe i (\\\]/\l/\luﬂ‘ - M\O Ac
L O N\ Ohc e O
24h 34 R=H — vi 33
35 R =Me

Reagents and conditions: |, 'BuMeQSiCI, DMF, imidazole, rt. ii, AcoO, Py, DMAP, r.t.. iii,
BugNF, THF, r.t. iv, RuOp, NalO4, CH3CN-HO-CCly, r.t. v, DMSO, (COCI),, CHuCly, -80°C, then
KMnOy4, NagHPOy, 'BUOH, r.t. vi, CHoNo, Et,0, 0°C. vii, MeONa, MeOH, r.t.

At this point we did not attempt to prepare dlfferentlallv protected derivatives at the
secondary hydroxyl group, g
primary alcohols to carboxylic acids in which a two-step protocol is used.4 Oxidation of 32
under Swern conditions gave the corresponding aldehyde which was oxidized in siru with
potassium permanganate in a mixture of tert-butanol and aqueous NaH,PO, as a reaction
medium [58] to afford the crude carboxylic acid 34 in 50% overall yield. This compound was

~11. PR, RS R Y

as the corresponding methyl ester 35. Finally, deacetylation with sodium
methoxide in methanol gave the a-hydroxy-B-aminoacid derivative 24b in almost quantitative
yield. The physical and spectroscopic properties of 24b were identical with those reported in

the literature [16].

Conclusions

4 Such a two-step protocol involves oxidation of the primary alcohol to an aldehyde and in situ oxidation to carboxylic acid under
neutral conditions
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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 materials [59] and solvents were purified and dried by standard
methods [60]. 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 posmons of the spots were detected Wlth 254 nm UV light or iodine. Meltmg
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Elemental analyses were performed on a Perkin Elmer 240B microanalyzer. 1H and 13C
NMR spectra were recorded either on a Varian 300 Unity or a Bruker 300 spectrometers

operating at 300 MHz for 1H and 75.5 MHz for 13C at 20 °C in CDCI3 unless otherwise
specified. Chemical shifts are given in parts per million down field from tetramethylsilane

Starting Materials. Grignard reagents (phenylmagnesium bromide, methylmagnesium
bromide and ethylmagnesium bromide) were used in THF or Et20 from 1.0 M commercial
solutions. Diethylaluminum chloride was used in hexane from a 1.0 M commercial solution.
Zinc dibromide was purchased from Aldrich and used without further purification. Nitrone 5
was prepared as described [30].

Addition of Grignard Reagents to Nitrone 7. Method A (without Lewis acids). To a

cooled solution (-60 °C) of nitrone (0.47 g, 2 mmol) in THF (20 rnL) was added dropwise a
solution of the Grignard reagent (3 mmol, 3.0 mL of a 1.0 M solution in THF). Duri

ution he Grignard reagent (3 mmol solution in THI
A AL N P VR Sy PR S T 1R DD SRR I, § [P, el LS O ™
aaaition tne t IIlpCI'd.lUl'E OI tne€ reacuon mixware was not dllUWCU {o I'le dDOV -0U L. 1ne
mixture was stirred for 6 h at -60 °C, quenched with saturated aqueous NH4Cl (15 mL),
stirred again at ambient temperature for 10 min and diluted with diethyl ether (10 mL). The

organic layer was separated and the aqueous layer extracted with diethyl ether (3 x 20 mL).
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evaporated in vacuo. The crude product was purified by column chromatography on silica
gel. The overall yield from the corresponding nitrone and the mixture of solvents employed
for chromatography are reported below for each compound.

Method B (with Lewis acids). To a well-stirred solution of nitrone (0.47 g, 2 mmol) in
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a solution of the Grignard reagent (3 m 1 solution in Et20). The
mixture was stirred for 6 h at -60 °C and hcn treated with 1 N aqueous NaOH (25 mL).
am

After additional stirring for 15 min mbient temperature the mixture was extracted with
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(MgS04) and the solvent evaporated in vacuo. The crude product was purified by column
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chromatography on silica gel. The overall yield from the corresponding nitrone and the
mixture of solvents employed for chromatography are reported below for each compound.
(2S,3R)-N-Benzyl-3-(hydroxyamino)-1,2-O-isopropylidene-3-phenyl-1,2-

propanediol (8a). Method B (ZnBry). (hexane/ diethyl ether, 80:20) (0.483 g, 77%); oil;

[aIp -6.5 (c 1.0, CHCI3); 1H NMR (CDClI3) 6 1.40 (s, 3H), 1.43 (s, 3H), 3.43 (dd, 1H,J =

6.6, 8.5 Hz), 3.66 (dd, 1H, J = 6.6, 8.5 Hz), 3.67 (d, 1H,J = 13.2 Hz), 3.73 (d, 1H, J = 8.8
Hz), 3.82 (d, 1H, ] = 13.2 Hz), 4.79 (td, 1H, I = 6.6, 8.8 Hz), 6.64 (bs, 1H, ex. D20), 7.21-
TAA (e 10N 130 NMD (CMCIAY S I8 Q V47T A1 K £772 A9 A 49 10QQ 17719 147 =
/.44 (m, 10n). 1°C NMR (CDCI3) 0 25.8, 20.7, 01.5, 6/7.5, /2.4, 70.2, 1U9.8, 1272, 127.7,
128.1, 128 7, 129.4, 1 98, 135 9, 137.5. Anal. Calcd. for C19H23NO3: C, 72.82; H, 7.40;

(2 SS) N- Benzvl-3-(hvdroxvammo)-1 ,2-O-isopropylidene-3-phenyl-1,2-

nrananadial I1IfRhY Mathnd R (Kt AICT (havane/diathvl athar ROD-20N (D AT o ARG min
pPrypaiitui Ox A0 e LVICUIVU O (L) A0UL) . ibAaanu/uicuiys © L ivi, OU.LU) \U.rd i g, UO/0), lIp
141-143 °C; [a]p -17.5 (¢ 1.0, CHCI3); IH NMR (CDCI13) § 1.24 (s, 3H), 1.29 (s, 3H), 3.52

(d, 1H, J = 13.4 Hz), 3.67 (d, 1H, J = 13.4 Hz), 3.70 (d, 1H, J = 6.7 Hz), 3.94 (dd, 1H, J =
6.7, 8.4 Hz), 4.15 (dd, 1H, J = 6.3, 8.4 Hz), 4.75 (dt, 1H, J = 6.3, 6.7 Hz), 4.86 (bs, 1H, ex.
D20), 7.23-7.43 (m, 10H). 13C NMR (CDCl3) & 24.5, 26.5, 62.2, 68.3, 73.6, 76.4, 109.1,
for C19H23NO3: C

177717 179N 171¢ 1 17Q 12 12£ 17 1277 Awal 213
1£7.0, 1£0.U, 1408.4, 14£0.9, 147.3 I.JU 1, 1250.5, 125/./. Alldl. CdICU.

72.82; H, 7.40; N, 4.47. Found: C, 72.77; H, 7.60; N, 4.55.
(2S,3R)-N-Benzyl-3-(hydroxyamino)-1,2-O-isopropylidene-1,2-butanediol (9a).
Method B (ZnBry). (hexane/diethyl ether, 70:30) (0.377 g, 75%); oil; [a]p -19.8 (¢ 1.0,

LI AN 11_1 ANMD (M MYYIAYR T MW A 2N T—A A& LIy 122 (e TIN 1 24 /o 21N Y Q1 (vt
L4 ), SITINIVIR (WU ) O 1.VU2 (4, 011, 0 = VWU 114), 1.00 3, a1}, 1L.J% (3, O11), «.71 ({uiil,
1H, J = 6.6 Hz), 3.72 (dd, 1H, J = 8.5, 7.8 Hz), 3.80 (d, 1H, J = 13.2 Hz), 3.88 (dd, 1H, J =
8.8, 5.8 Hz), 3.92 (d, 1H, J = 13.2 Hz), 4.23 (m, 1H), 6.40 (bs, 1H, ex. D20) 7.28-7.40 (m,
5H). 13C NMR (CDCl3) § 9.1, 25.6, 26.5, 60.9, 63.7, 66.7, 76.7, 108.8, 127.3, 128.3, 129.2,
12770 Anal (Caled foarC1 aAHAT NN AAO1-H RR47- N § 8§ Foinnd: (C A7 N4 Q 2Q
L7 .U LA1ECLE. N\ QUIVAL. 1V \/lqjlélL‘\JJ- M, N\I\I. 7/ L, ll, AT o o 1‘, - et T PERVIFS LV N \.4, \Jr \I'l', lL’ 18 ) JU,
N, 5.61

(2S,3S)-N-Benzyl-3-(hydroxyamino)-1,2-O-isopropylidene-1,2-butanediol (9b).
Method B (Etp AICI). (hexane/diethyl ether, 70:30) (0.317 g, 63%); mp 84-86 °C; [a]p -8.3 (¢
1.0, CHCl3); 1H NMR (CDCI3) & 1.24 (d, 3H, J = 6.6 Hz), 1.34 (s, 3H), 1.39 (s, 3H), 2.84
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. YICTiRU €L di. 7 1€raniea LIF (LZ70) TLIULI—1LILL 1251
(da 1 I=72 666 HzY 371 (d 1 T=132H2 3R6(dd I1TH T=R84 62 H7) 304 (d
\u\i’ 1114 J f ey .U J.ll_:/, P A 4 \\J, 141y, J PR ET llbl’ - O \uu, AAly J Ug_r’ e llLA‘}’ PO RN AN \_u,
iH,J = 13.2 Hz), 4.08 (dd, 1H, J = 8.4, 6.3 Hz), 4.20 (dt, iH, J = 7.3, 6.3 Hz), 5.60 (bs, 1H.
D70), 7.24-7.32 (m, 5H). 13C NMR (CDCl3) § 9.0, 25.4, 26.7, 61.0, 63.9, 68.3, 76.6, 109.1,

127.4, 128.4, 129.2, 138.0. Anal. Calcd. for C14H21NO3: C, 66.91; H, 8.42; N, 5.57. Found:
C, 66.85; H, 8.40; N, 5.77.
(2S,3R)-N-Benzyl-3-(hydroxyamino)-1,2-O-isopropylidene-1,2-pentanediol
(10a). Method B (ZnBrj). (hexane/diethyl ether, 70:30) (0.297 g, 56%); oil; [a]p +24.9 (¢
1.0, CHCI3); 1H NMR (CDCl3) 8 0.99 (t, 3H, J = 6.8 Hz), 1.34 (s, 3H), 1.38 (s, 3H), 1.59 (m,
1H), 1.78 (m, 1H), 2.78 (ddd, 1H. J = 8.8, 6.4, 5.2 Hz), 3.75 (pseudo t, 1H, J = 7.6 Hz), 3.93

(d TH T =121 H7) Anf\{rlrl 1y T_’7A A7) H2) 40 Irl 1 I= 21 U, AAQInnanA

(U, 111, J 10.1 K14), .U (uu, 111, J Ny, ULl X144, O\, 111, g 1J.1 114), “+. %0 \pbcuuu
dt, 1H, J = 6.3. 4.7 Hz), 5.50 (bs, 1H, ex. D20), 7.28-7.42 (m, 5H). 13C NM R (CDCi3) 6
6 1, 67.0, 68.0, 75.4, 108.5, 12 128.2, 129.1, 138.5. Anal. Calcd.

1. 5, 127.1,
90; H, 8.74; N, 5.28. Found: C, 67.54; H, 8.63; N, 5.22.
P

28 IQY-N_-Ra (hvdroxvaminn)l-1 2_0.iconranvlidena.l 2.nantanadinl
Hu’-’L,I i AF N \.lJ At s \’ﬂJ ullllllv} l’ AT lv"J lllllll ,.- P ll“l.‘“.v.

1% s N 1 N b A TN ra ™ 1.3 .1 1 _ .t MO INN 7D YN , ’-lni hY 1, £__.1 1 n s
1 ICI). (hexane/diethyl ether, 70:30) (0.303 g, 57%); oil; [alp -13.0 (¢
.0, CHC13); IH NMR (CDCI13) 8 1.06 (t, 3H, J = Hz 6 (s, 3H), 1.40 (s, 3H), 1.63 (m,

7.0
.7 Hz),
]H l-l’%’ll—lﬂ '%R'%(d 1H, 7—132H7.\.411(

), 1.3
3.69 (dd, 1H, J = 8.5, 6.8 Hz), 3.75
, 1H, J = 8.5, 5.7 Hz), 4]Q(ncendnn
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IH,J = 7.1 Hz), 5.71 (bs, 1H, ex. Dy0), 7.25-7.39 (m, SH). 13C NMR (CDCl3) 8 12.04,

19.71, 25.45, 26.56, 60.20, 68.65, 69.73, 76.00, 108.71, 127.22, 128.24, 129.34, 138.32.
Anal. Caled. for C15H23NO3: C, 67.90; H, 8.74; N, 5.28. Found: C, 68.02; H, 8.89; N, 5.23.

Deoxygenatmn of hydroxylamines. Synthe51s of benzyl amines 11-13. To a
cid (D mI ) 7

lf‘
AN u\du \& 11104 ],

1 c}‘

7.65 mmol) was added and the mixture was stirred at ambient temperature for 15 min under
Ar. A solution of the hydroxylamine (1.5 mmol) in acetic acid (2 mL) and water (0.7 mL)

was added and the mixture was heated at 70°C for 1 h. After cooling to 20°C the disodium
salt of EDTA (1.5 g) was added and the solution was made alkaline (pH=10) by the additio

P ) U § [¢ VLU LWLY 3

uCS

PRy 4l 77

of 3 M NaOH. The solution was exiracted with ethyl acetate (3 x 15 mL); the combined
organic extracts were washed with saturated aqueous EDTA (20 mL) and with brine (20mL).
The organic layer was dried (MgSO4) and the solvent evaporated under reduced pressure to

give the crude benzylmines 11-13 which were purified by column chromatography on silica

gel. The chemical yleld from the corresponding secondary amine and the mixture of solvents
employed for chromatography are reported below for each compound.

(2S,3R)-3-(Benzylamino)-1,2-O-isopropylidene-3-phenyl-1,2-propanediol (11a).
(hexane/ethyl acetate, 30:70) (0.294 g. 66%); oil; [a]D -65.6 (c 0.68, CHCI3); 1H NMR

II"T\{"A SIQC(a o3 B Y 1’20(o 2HY 247 (4 1TH T - 128 H2Y TAN (dd 1TH T =K1 RF§
\Cie13) O 1. S, JIL), 1.0F \O, Jii), J.77 \U, 111, s = 13.0 114), 53.9uv UG, 111, v = 9.1, 6.0

b

p—
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“d il . VICFIRO €L di. 7 18IFQNEATrOnN 04 (1770) 143VI—12044
Hz). 3.65 (d. 1 I =90 Hz). 3.66 (dd. 1 IT=61. 85 H2) . 372(d 1TH T=1235 H7) 200
Aiiijy e \y LAXy v SN AREiJy TV \\\Ey LA Xy J N dy WUead RRLiJy Jed dw \My 111y J = 1J.J 11L )}, J.TFU
M 11T A TYNAMY AN 71: 11T T £1 ON YT\ "7 A7 7 A ATTY. 124 2Th a1y sty ©
(08, 11, €X. DRU), 4.2/ (4L, 1K, J = 0.1, Y.U 1Z), /.25-7/.57 (m, 1UR); *°C NMR (CDCI3) 0
25.5, 27.0, 50.6, 65.3, 66.7, 79.8, 109.9, 127.0, 127.5, 127.9, 128.1, 128.2, 128.7, 1389

(< 2CH ’l (Mamrglameien s JIY & Y PP N aepgte I e [y NS I T, T, I /410N
(&D,J9 )~ \uc11Ly1ullllllu)-x == muplupyuut:ut: 3- puancnyi- 1 2- prupdneuwl (11D).

(hexane/ethyl acetate, 30:70) (0.303 g. 68%); oil; [alD +42.3 (¢ 0.73, CHCI3); IH NMR
(CDCI13) 6 1.34 (s, 3H), 1.38 (s, 3H), 2.16 (bs, 1H, ex. D20), 3.56 (d, 1H, J = 13.4 Hz), 3.74
(d, 1H, J = 13.4 Hz), 3.78 (dd, 1H, J = 6.1, 8.3 Hz), 4.02 (d, 1H, J = 4.3 Hz), 4.10 (t, 1H, J =
8.3 Hz), 4.32 (ddd, 1H, J = 4.3, 6.1, 8.3 Hz), 7.29-7.38 (m, 10H); 13C NMR (CDCI3) & 25.6,
26.9, 51.0, 63.3, 65.4, 79.7, 109.2, 127.0, 127.67, 127.8, 128.0, 128.3, 128.6, 139.5, 141.2.
Anal. Caled for C19H23NO2: C, 76.73; H, 7.80; N, 4.71. Found: C, 76.63; H, 7.98; N, 4.66.
(25,3R)-3-(Benzylamino)-1,2-O-isopropylidene-1,2-butanediol (12a).

(hexane/ethyl acetate, 50:50) (0.212 g. 60%); oil; [oJD +11.2 (¢ 1.15, CHCI3); IH NMR
MY S 1T NO 71 21T 1T L £ 21T 1122 75 I 1 20 7o 2TIY N QN /1 107y e n
(LJCI3) 0 1.U0 (W4, 51, J = 0.5 1Z), 1.33 (8, 211), 1.5¥% (8, >11), £.84 (DS, 10, eX. Do), 3./1-
3.74 (m, 1H), 3.84-3.90 (m, 2H), 3.97-4.01 (m, 3H), 7.30-7.38 (m, 5H); 13C NMR (CDCl3)
6 16.2, 25.2, 26.4, 51.2, 53.7, 66.2, 79.3, 108.9, 126.9, 18.0, 128.4, 140.5. Anal. Calcd for
C14H21NO2: C, 71.46; H, 8.99; N, 5.95. Found: C, 71.32; H, 8.77; N, 6.08.

(7Q QY. A /Ranrviaminal_1 YN icanranyl: 2dana. 1l VY hiztamadial (19R)

\aiT g I JoI(DCHMLYLIAIKINU JT L g™ U= lauplup_yuucuc dya=~ULAIICUIUI (14a2).

e
(hexane/ethyl acetate, 50:50) (0.247 g. 70%); oil; [a]D +24.3 (¢ 0.50, CHCI3); 1H NMR
(CDCl3) & 1.11 (d, 3H, J = 6.3 Hz), 1.35 (s, 3H), 1.42 (s, 3H), 2.84 (quin, 1H, J = 6.3 Hz),
3.50 (bs, 1H, ex. D20), 3.77 (d, 1H, J = 13.1 Hz), 3.87 (dd, 1H, J = 6.8, 8.1 Hz), 3.94 (d, 1H,
J = 13.1 Hz), 4.02 (dd, 1H, J = 6.5, 8.1 Hz), 4.06-4.09 (m, 1H), 7.25-7.37 (m, 5H); 13C NMR
(CDCl3) 6 16.2, 25.2, 26.4, 51.3, 53.7, 66.2, 79.4, 108.9, 126.9, 128.0, 128.4, 140.5. Anal.
Calcd for C14H21NO2: C, 71.46; H, 8.99; N, 5.95. Found: C, 71.53; H, 8.79; N, 5.84.
(28,3R)-3-(Benzylamino)-1,2-O-isopropylidene-1,2-pentanediol (13a).

(hexane/ethyl acetate, 50:50) (0.238 g. 64%); oil; [a]lD -2.1 (¢ 0.50, CHCI3); |H NMR
(CDCl3) § 0.93 (t, 3H, J = 7.6 Hz), 1.33 (s, 3H), 1.37 (s, 3H), 1.46 (ddq, 1H, J = 5.7, 7.6,
13.0 Hz), 1.55 (ddq, 1H, T = 5.7, 7.6, 13.0 Hz), 2.27 (bs, 1H, ex Dzo), 2.57 (dt, 1H, J = 5.7,
6.8 Hz), 3.69 (dd, 1H, J = 7.4, 8.0 Hz), 3.77 (d, 1H, J = 13.1 Hz), 3.91 (d, 1H, J = 13.1 Hz),
3.99 (dd, 1H,J = 6.1, 8.0 Hz), 4.12 (ddd, 1H, J = 6.1, 6.8, 7.4 Hz), 7.26-7.35 (m, 5H); 13C
NMR (CDCl3) 8 9.9, 22.7, 25.5, 26.7, 51.2, 60.1, 67.0, 77.9, 108.9, 127.0, 128.3, 128.4,
140.4. Anal. Calcd for C15H23NO02: C, 72.25; H, 9.30; N, 5.62. Found: C, 72.38; H, 9.46; N,
5.51.

(25,35)-3-(Benzylamino)-1,2-O-isopropylidene-1,2-pentanediol (13b).
(hexane/ethyl acetate, 50:50) (0.239 g. 64%); oil; [a]D +11.1 (¢ 0.27, CHCI3); 1H NMR
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(CDCI3) 8 0.92 (t, 3H, I = 7.5 Hz), 1.33 (s, 3H), 1.39 (s, 3H), 1.49-1.52 (m, 2H), 1.90 (bs,
1H, ex. D70), 2.54-2.60 (m, 1H), 3.75 (d, 1H, J = 13.0 Hz), 3.83 (d, 1H, J = 13.0 Hz), 3.89
(dd, 1H, J = 7.2, 7.8 Hz), 4.00 (dd, 1H, J = 7.5, 7.8 Hz), 4.04-4.12 (m, 1H), 7.27-7.39 (m,

7. 4.
5H); 13C NMR (CDCI3) § 9.7, 23.1, 25.2, 26.5, 51.7, 59.6, 66.4, 77.5, 108.7, 127.0, 128.1,
128.3, 140.4. Anal. Calcd for C15H23NO2: C, 72.25; H, 9.30; N, 5.62. Found: C, 72.10; H,

O8N N < I8
Y.IU; IN, 3./,

Synthesis of 1,3-Oxazolidin-2-ones 17-19. The corresponding benzyl amine (I mmol)
obtained as indicated above was dissolved in methanol (10 mL) and treated with p-
toluensulfonic acid monohydrate (38 mg, 0.2 mmol). The resulting mixture was refluxing for
4 h at which time saturated aqueous NaHCO3 (15 mL) was added. The reaction mixture was
extracted with ethyl acetate (3 x 10 mL); the combined organic layers were dried (MgSOg4)
and the solvent distilled under reduced pressure. The crude 3-amino-1,2-diol was then
dissolved in anhydrous DMF (2 mL) and treated with imidazole (1.14 g, 2.1 mmol) tert-

bLtyldlmcthy151lyl chloride (n 273 g, 1.2 mmnl\ and N, N- dlmPthyl ni gp ridine (A. {8 mg,
NNA oo IV MLy cnliztimem sx1no otismend At nserliinmd $nrsemsndzzen e 1A 1o ’T‘ PR, 1

U.u4 1101, 1HC SOIULI0IL wad dUIIcu al alllUlClll LClllpCldLUIC 101 i< I1. 111 CIhuuc u)uuw
was poured into water (20 mL) and extracted with dichloromethane (2 x 15 mL). The

combined organic layers were washed with brine (10 mL), dried (MgSO4) and distilled in

vacuo to give a crude product which was dissolved in THF (15 mL) and treated with

~rarhanvldiimidazala (N IA o 1 mmn]\ TI’\
\—«alUUll]lul.llll UCI,LUI\.« \U.I.U s, 1 111111V .

12 h and then treated with brine (10 mL). The resulting mixture was extracted with
dichloromethane (3 x 10 mL); the combined organic extracts were dried (MgSO4) and
distilled in vacuo. The crude product was purified by column chromatography on silica gel.
The overall yield from the corresponding hydroxylamine and the mixture of solvents

employed for chromatography are reported below for each compound.
(4R,5S5)-3-Benzyl-5-(tert-butyldimethylsiloxymethyl)-4-phenyl-1,3-oxazolidin-
2-one (17a). (hexane/diethyl ether, 70:30) (0.231 g, 58%); sticky oil; [a]p -5.7 (c 1.26,

CHCI3); IH NMR (CDCI3) 8 -0.22 (s, 3H), -0.14 (s, 3H), 0.78 (s, 9H), 3.64 (d, 1H, J = 14.5

TTY 264711 1T T 11 & 220, 27443 1L T — 11 & A LI AT /AAA 10 T _ £ A

nzj, 3.064 (aq, i, 3 = 11.5, 3.5 11Z), 5./0 (Qq, 1n,J = 11.0, 4.2 nZj, 4./ (Qaq, in, J = 0.4,

42,33 Hz), 447 (d, 1H,J = 6.4 Hz), 4.87 (d, IH, J = 14.5 Hz), 7.12-7.36 (m, 10H). l3C
(C

Zf\

128.7, 129.2, 135.3, 1378 1578 Anal Calcd for C’MH’&INO’%Sl C 6948 H, 786

287 Fnund- (" AOSI-H 700 N A0
F.JU, 1N, J.UVU.

(4S,55)-3-Benzyl-5-(tert-butyldimethylsiloxymethyl)-4-phenyl-1,3-o0xazolidin-

2-one (17b). (hexane/diethyl ether, 70:30) (0.227 g, 57%); sticky oil; [a]p +48.0 (c 0.61,
CHCI13); 1H NMR (CDCI3) 8 -0.23 (s, 3H), -0.16 (s, 3H), 0.74 (s, 9H), 3.21 (dd, 1H, J = 10.7,
6.6 Hz), 3.50 (dd, 1H, J = 10.7, 5.7 Hz), 3.60 (d, 1H, J = 14.5 Hz), 4.55 (d, 1H, J = 8.3 Hz),
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4 65 (ddd. 1 IT=83 6.6.57 Hz). 490 (d. 1 T=145H7) 7.10-7.37 (m 10 130 NMR
T/ (G, 111y J Ueely sy o LALi )y "Ta 7T \(\dy Lky J I5Vess RALJy T .2UT T .J7 \iHl, 1VUL11]). N LVNIVLIN
/f‘l 1 V4 ~NL 7 Yo e AL N rq o L1 4 o Yor BV 0 Y 1A0 A 1T~ - am~ bl

(L L,3)O DJ -.')Z. 161 23./1, £9./7, 40.U, OLU.T, Ol1.4, 12/.Y, 1208.2, 128.0, 12

0 8 .
129.0, 134.7, 136.7, 158.0. Anal. Calcd. for Cp3H31NO3Si: C, 69.48; H, 7.86; N,
Found: C, 69.62; H, 7.63; N, 3.49.

CHCI3); 1H NMR (CDC13)
Hz), 3.56 (dq, 1H, J = 6.3, 63Hz) 368 (m 2H) 400(dt I1H,J = 63 4.3), 4.08 (d, 1H

15.3 Hz), 4.75 (d, 1H, J = 15.3 Hz), 7.22-7.35 (m, 5H). 13C NMR (CDCl3) § -5.3, -5.1, 12
18.3, 25.7, 29.5, 45.7, 52.0, 62.6, 128.0, 128.1, 128.7, 1360 157.2. Anal. Calcd. for
C18Hp9NO3Si: C, 64.44; H, 8.71; N, 4.17. Found: C, 64.21; H, 8.80; N, 4.31.
(4S,5S)-3-Benzyl-5-(tert-butyldimethylsiloxymethyl)-4-methyl-1,3-0xazolidin-
2-one (18b). (hexane/diethyl ether, 60:40) (0.205 g, 61%); sticky oil; [o]p +4.2 (c 0.50,

1
O

CHC1?): 1H NMR (CDCIl2) § -0.01 (s, 3H), 0.00 (s, 3H), 0.81 (s, 9H), 1.22 (d, 3H. ] = 6.4
SoLANL Y )y AL LNIVEAN \rBrNriy ) e Uy JAAJy VU Uy JALLJy UL \WYy 1L, (M, Jii, J v.Tr
Hz), 3.74 (dq, 1H, J = 8.2, 6.4 Hz), 3.80 (m, 2H), 4.07 (d, 1H, J = 15.1 Hz), 4.40 (pseudo dt,
1H,J = 8.2, 5.5 Hz), 4.78 (d, 1H, J = 15.1 Hz), 7.24-7.33 (m, 5H). 13C NMR (CDCl13) & -
5.5, -5.2, 12.3, 18.1, 25.8, 29.6, 45.5, 52.1, 60.8, 127.9, 128.1, 128.7, 136.2, 157.7. Anal.
Calcd. for C1gH29NO3Si: C, 64.44; H, 8.71; N, 4.17. Found: C, 64.32; H, 8.59; N, 4.01.

(AD EQ\ Daoawerrey] & (tnmdé ha ferx nélawrlo ,..,..,....\ l..-.l\ A ..41.-] ________

(NG JID "I DT lLyl"J'\l.Cll. UutyIUIIIILlll)’lb y 1€L y }"l'Clll_y ,J uxatuucun &'

one (19a). (hexane/diethyl ether, 60:40) (0.210 g, 60%); sticky oil; [o]p -23.4 (¢ 0.45,
CHCl3); 1H NMR (CDC13) & -0.03 (s, 3H), -0.01 (s, 3H), 0.81 (s, 9H), 0.90 (t, 3H,J = 7.3
Hz), 1.50 (m, 2H), 3.45 (ddd, 1H, J = 7.6, 4.6, 3.2 Hz), 3.62 (m, 2H), 4.03 (d, 1H, J = 15.0
Hz), 4.14 (quin, 1H, J = 4.6 Hz), 4.79 (d, 1H, J = 15.0 Hz), 7.24-7.35 (m, SH). 13C NMR
(CDCi3) 6 -5.5 (20), 7.8, 10.3, 18.2, 25.8, 29.7, 45.8, 56.5, 63.5, 127.8, 128.0, 128.7,
136.0, 157.9. Anal. Calcd. for C19H31NO3Si: C, 65.29; H, 8.94; N, 4.01. Found: C, 65.51;
H, 9.03; N, 4.00.

(4S,58)-3-Benzyl-5-(tert-butyldimethylsiloxymethyl)-4-ethyl-1,3-0xazeolidin-2-

one (19b). (hexane/diethyl ether, 60:40) (0.199 g, 57%); sticky foam; [¢]p +109.8 (¢ 0.26,
CHCl3); IH NMR (CDCl3) 8 -0.03 (s, 3H), -0.01 (s, 3H), 0.81 (s, 9H), 0.83 (t, 3H,J = 7.3
Hz), 1.60 (m, 2H), 3.57 (ddd, 1H, J = 7.6, 4.1, 2.6 Hz), 3.84 (m, 2H), 4.05 (d, 1H, ] = 15.0
Hz), 4.43 (dt, IH, T = 5.2, 7.6 Hz), 4.78 (d, 1H, J = 15.0 Hz), 7.24-7.35 (m, 5H). 13C NMR
7l aYal PR [~ &N 7N 1N "2 1072 NS A& NO A AL 1 &7 Q £ K 177 0O 110 & 1h70 =
(LLI3) O -3.9, -J.4, /.0, 1U.3, 10.0, £J3.0, £7.4, 40.1, J/.06, 03D, 12/.9, 1£0.3, 1208.7,
136.2, 158.4. Anal. Calcd. for C1gH31NO3Si: C, 65.29; H, 8.94; N, 4.01. Found: C, 65.43;

H, 8.72; N, 4.06.
Synthesis of N-Boc deriatives 20-21. A solution of the corresponding hydroxylamine (1
mmol) in MeOH (15 mL) was treated with Pd(OH)2-C (13 mg) and the resulting suspension
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was fiitered through a pad of Celite and the filtrate was concentrated. The residue was
dissolved in 1,4-dioxane (10 mL) and treated with ditert-butyl dicarbonate (0.28 g, 1.3
mmol) The solution was stirred at ambient temperature for 16 h. The mixture was

nartitioned between saturated aguneous NaHCO? (15 mL) and dichloromethane (]"i mlI ) and
tl IL l\_l WAl /WL VY Wil L)“I-ul“‘\-/u “‘1“\/\]“ i IA\_/VJ LJ l‘l‘—l, SL1ANG ulvll JAViIIwLiidLian lll.‘—l,’ CRLINE

the organic layer separated. The aqueous layer was extracted with dichloromethane (2 x 10
mL). The combined organic extracts were dried (MgSO4) and evaporated under reduced
pressure to give the crude product which was purified by column chromatography on silica
gel. The overall yield from the corresponding hydroxylamine and the mixture of solvents
'“p yed for chromatography are reported below for each compound.
(25,3R)-3-(tert-Butoxycarbonylamino)-1,2-O-isopropylidene-3-phenyl-1,2-
propanediol (20a). (hexane/ethyl acetate, 50:50) (0.258 g, 84%); sticky oil; [a]p -27.5 (¢

0.67, CHCI3); lH NMR (CDCI3) & 1.35 (s, 3H), 1.42 (s, 9H), 1.49 (s, 3H), 3.76 (dd, 1H, J =

KQ RIHAN 305 (dd, IH I =65 Q’lyv\ A’l’l(drlrl ITHIT=-40 65 68 Ho. 4885 (dd
b

L34y, J.7J \Uu, 111, uu, 1ri1, — ~r.u, U.J, U.0 114), 4.UU (ul,

1H, J = 4.0, 7.5 Hz), 5.30 (d, 1H, J = 7.5 Hz), 7.23-7.38 (m, 5H). 13C NMR (CDCl3) & 25.0,
26.2, 28.2, 55.4, 66.7, 78.1, 79.5, 109.7, 126.8, 127.4, 128.4, 140.4, 155.5. Anal. Calcd. for
C17H25NO4: C, 66.43; H, 8.20; N, 4.56. Found: C, 66.21; H, 8.16; N, 4.49,
(2S,3S)-3-(tert-Butoxycarbonylamino)-1,2-O-isopropylidene-3-phenyl-1,2-

— = =a J PR S PR R, ~A

propanedioi (20b). (hexane/ethyl acetate, 50:50) (0.249 g, 81%); white solid; mp 117-119
°C; [a]p 27.2 (c 0.44, CHCI3); IH NMR (CDCl3) & 1.29 (s, 3H), 1.32 (s, 3H), 1.40 (s, 9H),
3.70 (dd, 1H, J = 6.0, 8.8 Hz), 3.91 (dd, 1H, J = 6.7, 8.8 Hz), 4.37 (ddd, 1H, J = 5.4, 6.0, 6.7

Hz),4.72 (dd, 1H, J = 5.4, 8.3 Hz), 5.18 (d, 1H, J = 8.3 Hz), 7.30-7.40 (m, 5H). 13C NMR
(COMMMIAY S N8 A DAED DI Q K712 AAR 7097 N&K 1NQOQ 1977 /"7("\ 170 2 ANN 1&£ D
\LULlj} U L9, 4VU.Ly £40.0, V7.0 VU, 7.4y, OU.J, 1UT.0, 14/.1 \4L\ ), 140.3, “4uU.u, 1J0.4.
Anal. Calcd. for C{7H25NOg4: C, 66.43; H, 8.20; N, 4.56. Found: C, 66.20; H, 8.19; N, 4.67.

(2S8,3R)-3-(tert-Butoxycarbonylamino)-1,2-O-isopropylidene-1,2-butanediol
(21a). (hexane/ethyl acetate, 40:60) (0.218 g, 89%); white solid; mp 92-94 °C; [a]p -28.7 (¢

0.25 (‘U(‘]fs\ 1y NMR ((‘nf‘lq\SI 11 (ri RH I =70H2). 1.32 (5. 2HY. 140 (5. 2HY. 1 42

Ldy LA 1Y) L1 INIVIIN Ky, AR, J UOLAAL ), L.J4 3, JIL), 1L.TU O, Jil), 1.4

(s, 9H), 3.71-3.77 (m, 2H), 3.96-4.04 (m, 2H), 4.47 (bs, 1H). 13C NMR (CDCl3) § 16.1,
20.0, 26.2, 28.3, 48.5, 66.6, 78.8, 79.3, 109.4, 155.2. Anal. Calcd. for C12H23NO4: C,
58.75; H, 9.45; N, 5.71. Found: C, 58.90; H, 9.36; N, 5.59.

(28,38)-3-(tert-Butoxvcarbonylamino)-1, ropvlidene-1 ,2-butanediol
(21b). (hexane/ethyl acetate, 40:60) (0.211 g, 86%); sticky oil; {a]p -10.9 (c 0.34, CHCl3);
IH NMR (CDCl13) & 1.21 (d, 3H, J = 6.8 Hz), 1.34 (s, 3H), 1.42 (s, 3H), 1.44 (s, 9H), 3.67-
3.70 (m, 2H), 4.00-4.11 (m, 2H), 4.60 (bs, 1H). 13C NMR (CDCI3) § 16.1, 18.7, 26.3, 27.4,
492, 66.4, 78.4, 79.3, 109.1, 155.7. Anal. Calcd. for Cjp2H23NO4: C, 58.75; H, 945; N
5.71. Found: C, 58.63; H, 9.22; N, 5.82
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methanol (25 mL) was treated with p-toluensuifonic acid monohydrate (38 mg, 0.2 mmol).
The solution was refluxed for 4 h, then saturated aqueous NaHCO3 (15 mL) was added. The
reaction mixture was extracted with ethyl acetate (3 x 10 mL); the combined organic extracts

were dried (MoQﬂA\ and the solvent distilled under reduced pressi
W th ent distiiled u I requced S

ere dried (MgSO solv nde re. The residue was
purified by column chromatography on silica gel. The chemical yield from the corresponding
N-Boc derivative and the mixture of solvents employed for chromatography are reported

below for each compound.

(2S,3R)-3-(tert-Butoxycarbonylamino)-3-phenyl-1,2-propanediol (22a).
nnnnn Iath EN-EM N IKT o QAROLN: whita anlid: mman TND_1N2 0 Tl D2 A (~ N Q)
DGUJIV) VL] B, TU/U), WIIILD DUIIU HIP 1VLT1VD O, W] U LT L U.OL,

w1 aratata
\llCAallClCUJ_yl avoilale,

CHCI3); 1H NMR (CDCI3) & 1.41 (s, 9H), 2.60 (bs, 2H, ex. D70), 3.45-3.60 (m, 2H), 3.90
(dd, 1H, J = 5.0, 10.4 Hz), 4.72 (dd, 1H, J = 4.2, 8.1 Hz), 5.50 (d, 1H, J = 8.1 Hz), 7.28-7.38
(m, 5H). 13C NMR (CDCl3) & 28.2, 56.7, 63.7, 75.0, 80.4, 126.8, 127.4, 129.0, 139.7,
155.9. Anal. Calcd. for C14H21NO4: C, 62.90; H, 7.92; N, 5.24. Found: C, 63.03; H, 7.81;
N, 5.36.

(28,35)-3-(tert-Butoxycarbonylamino)-3-phenyl-1,2-propanediol (22b).

(hexane/ethyl acetate, 50:50) (0.267 g, 100%); white solid; mp 116-118 °C; [a]p 51.0 (c 0.65,
CHCIl3) [Lit. [2]: mp 109-116 °C; [a]p 52.7 (c 1.00, CHC13)]' IH NMR (CDClI3) & 1.40 (s,

Ormn AN /L. I~4o Nilo B « 4 Ny grun n ") e X ~4 ’) 10
711), L 4U DS, Lﬂ €X. UZU), " J2L=0.0U (11, Ll_l}, LAI=D.1T

11n A e 10T T __ 777 LY
1H), 4.54 (, 1H, J = 7.7 Hz),

/-\

1T .

5.14 (bs, 1H), 7.29-7.47 (m, 5H). 1°C NMR (CDClI3) 3 28.1 57 4, 62.6, 74.3, 80.6, 127.6,
128.1, 128.2, 129.0, 156.3. Anal. Calcd. for C14H2NO4: C, 62.90; H, 7.92; N, 5.24. Found:
C, 63.70; H, 7.81; N, 5.43.

(28,3R)-3-(tert-Butoxycarbonylamino)-1,2-butanediol (233). (hexane/ethyl acetate,
30:70) (0.199 g, 97%); sticky foam; [ -17.1 (c 0.60, CHCI3); 1H NMR (CDCl3) & 1.23 (d,
3H,J =6.7 Hz), 1.45 (s, 9H), 2.80 (bs, 2H, ex. D20), 3.32-3.38 (m, lH) 3.57-3.70 (m, 3H),
4.58 (bs, 1H). 13C NMR (CDCl3) § 17.0, 28.2, 47.8, 63.0, 75.5, 80.2, 156.5. Anal. Calcd.
for CgH gNO4: C, 52.65; H, 9.33; N, 6.82. Found: C, 52.71; H, 9.00; N, 6.69.

(25,3S5)-3-(tert-Butoxycarbonylamino)-1,2-butanediol (23b). (hexane/ethyl acetate,
30:70) (0.197 g, 96%); white solid; mp 73-74 °C; [a]p -6.2 (c 0.87, CHCI3) [Lit. [2]: mp 74-
75 °C; [alp -5.8 (c 1.00, CHCl13)]; IH NMR (CDCl13) & 1.23 (d, 3H, J = 6.6 Hz), 1.46 (s, 9H),

2.96 (bs, 2H), 3.30-3.38 (m, 1H), 3.59-3.63 (m, 2H), 3.69-3.71 (m, 1H), 5.00 (bd, 1H, 7.8
Hz). 13C NMR (CDCl3) & 16.5, 28.0, 48.2, 63.9, 74.9, 80.6, 155.4. Anal. Calcd. for
CgH19NOg4: C, 52.65; H, 9.33; N, 6.82. Found: C, 52.83; H, 9.41; N, 6.62.

(2S,3R)-3-(tert-Butoxycarbonylamino)-1-(tert-butyldimethylsiloxy)-3-phenyl-2-
propanol (26a). A solution of aminodiol 22a (0.27 g, 1 mmol) in anhydrous DMF (2 mL)
wirac traantad caniiantiall ith 3midaznla (1 nQ o Y mmanl) fnrf_l'\ muldimathuleilvyl AhlAarida
Wwdaddy LCdadilcu DCHUC lllall)’ Vil 1liuuasZvulve (1.7 5, & 1i11vl), el Uut_ylullllbtllylblly.l V111V IUC
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e crude mixture was poured into water (20 mL)
and extracted with dichloromethane (2 x 15 mL). The combined organic layers were washed
nv

with brine, dried (MgSO4) and distilled in vacuo. The crude product was purified by column

iet yl ether , 60:40) to afford 0.347 g (91%) of p

€ pure
78. CHCI=) ILit. for enantiomer Fvlin 29 £8 (o 11
/o, Cni3) [uit. for enantiomei 121 oD +2.65 (C 1.1

y fo: 3. 0,
CHCI3)]; IH NM R (CDCl3) & 0.06 (s, 3H), 0.08 (s, 3H), 0.92 (s, 9H), 1.40 (s, 9H), 2.57 (d,
1H, J = 3.8 Hz, ex. D20), 3.54 (dd, 1H, J = 6.8, 10.1 Hz), 3.65 (dd, 1H, J = 4.9, 10.1 Hz),
3.78 (ddt, 1H, J = 3.8, 4.9, 6.8 Hz), 4.69 (dd, 1H, J = 3.8, 7.9 Hz), 5.82 (d, 1H, 7.9 Hz), 7.30-
7.41 (m, SH). 13C NMR (CDCl3) § -5.7, -5.6, 18.1, 25.7, 28.2, 55.9, 64.3, 74.5, 79.3, 126.7,
127.2, 128.3, 141.0, 155.6. Anal. Calcd. for CpgH35NO4Si: C, 62.95; H, 9.25; N, 3.67.
Found: C, 63.04; H, 9.10; N, 3.80.
(4R,5S5)-3-(tert-Butoxycarbonyl)-5-[(tert-butyldimethylsiloxy)methyl]-4-phenyl-

0

1,3-oxazolidin-2-one (27). A solution of compound 26a (0.3

[—y

mmol) in acetone (15 mL) was stirred at ambient temperature for 30 min at which time the
solvent was removed under reduced pressure. The residue was partitioned between saturated

aqueous NaHCO3 (10 mL) and diethyl ether (15 mL). The organic layer was separated,
washed with brine, dried (MgS0O4) and concentrated in vacuo to give the crude product.

Purification by column chromatography on silica gel (hexane/diethyl ether, 70:30) gave 27
(0.266 g, 80%) as an oil; [a]p -16.8 (c 1.34, CHCI3); IH NMR (CDC13) 8 0.04 (s, 3H), 0.06
(s, 3H), 0.89 (s, 9H), 1.17 (s, 9H), 1.66 (s, 3H), 1.71 (s, 3H), 3.70 (dd, 1H, J = 4.4, 11.2 Hz),
3.79 (dd, 1H, J = 4.0, 11.2 Hz), 3.92 (ddd, 1H, J = 4.0, 4.4, 7.4 Hz), 4.66 (d, 1H, J = 7.4 Hz),
7.18-7.32 (m, 5H). 13C NMR (CDCl3) & -5.5, -5.6, 18.3, 25.7, 25.9, 28.0, 28.1, 60.0, 62.8,
63.4, 79.5, 94.8, 126.7, 127.9, 128.5, 141.5, 152.0. Anal. Calcd. for Cp3H39NO4Si: C,
65 52; H, 9.32; N, 3.32. Found: C, 65.14; H, 9.01; N, 3.73.
y

.....

0
'HF) at ambient temperature. After lh
saturated aqueous NaHCO3 (10 mL) was added and the mixture extracted with diethyl ether
(3 x 10 mL). The combined organic extracts were washed with brine, dried (MgSO4) and

at1nn nf tho orida nradnst hv rolitmn
1uil v 18 ¥ L3 wviuuwv lJl Uuubl U)’ vuiiulLiig

chromatography on silica gel (hexane/diethyl ether, 60:40) gave pure 28 (0.159 g, 86%) as an
oil; [a]p -8.4 (¢ 0.18, CHCI3); 1H NMR (CDCI3) § 1.15 (s, 9H), 1.68 (s, 3H), 1.73 (s, 3H),
1.85 (bs, 1H, ex. D,0), 3.63 (dd, 1H, J =39, 12.2 Hz), 3.81 (dd, 1H, J = 2.8, 12.2 Hz), 3.95
(ddd, 1H, J = 2.8, 3.9, 8.4 Hz), 4.64 (d, 1H, J = 8.4 Hz), 7.20-7.40 (m, 5H). 13C NMR



(CDCIAY 8§ 255. 26.1. 28 1. 593 644 663 797 9613 126 1277 128 R 140§ 152 Q
ANrBINAL Y) W dadandy N edy LVTedy Sty TTHeTy UNeady [ F7ed gy FNTendy L&LNTUy T &idody 2&0.0, 17TVU.J, 1JUL. 7.
A -1 NVt O L 1 ﬁ /r AN IT O NN, AT V- AR w A, Y L AT XY M ON AT A 4
Anal. Laica. 1or 170 251VU4 00.45; I, 6.4V, IN, 4.00. rounda: ¢, 00.£/;, 1, /.YY; N, 4.01.

(4R,58)-3-(tert- Butoxycarbonyl) 5-(methoxycarbonyl)-4-phenyl-1,3-oxazolidin-

2-one (30). To a well-stirred solution of NalO4 (0.6 g, 2.93 mmol) in the mixture HyO (10
ml), (‘FIA (10 mL) and CH3RCN (15 mL) was added Ru Oq mnnnhvdmtp (83 mo. 0.6 mmo

mlL) 0 mL) and CH3 mL) was added RuO2 monohydrat (83 mg, 0.6 mm ol).
After 30 min solid NaHCO3 (4.00 g, 44.8 mmol) was added followed by 5 mL of water.
After 5 min the resulting mixture was treated with a solution of 28 (0.15 g, 0.49 mmol) in
CH3CN (5 mL). The solution turned black and after 5 min, enough NalOy4 (about 0.2 g) was
added to turn the colour dark green. The mixture was diluted with water (6 ml) and extracted

with athvyl aratata f’) v § mI Y The anmantic lavar wag aridifiad with 1IN IO (ARIT_2\ and
Wil Cliyl avoilaww PANNRO IS ¥ § 8 BV PO O § (v u\,luuuuo iayuvl wad aviuiiivud wiul 1IN 1) \plrl—4 ) alig
reextracted with ethyl acetate (3 x 10 mL). The combined organic extracts were washed with

40% aqueous sodium bisulfite and brine, dried (MgSO4) and evaporated. The residue
containing the crude acid was taken up in diethyl ether (20 mL) and treated with

diazomethane. The solvent was evanorated and the residue was nuri
A vy N e Y LA tl X

ied hv column
vvvvvvvvvvvvvvvv A LENS (S A2 x utlvl o b UJ wAs1
chromatography on silica gel (hexane/diethyl ether, 80:20) to afford the pure methyl ester 30
(99 mg, 60%) as an o1l; [o]p -8.9 (¢ 0.12, CHCl3); IH NMR (CDCI3) 6 1.25 (s, 9H), 1.67 (s,
3h), 1.78 (s, 3H), 4.10 (s, 3H), 4.52 (d, 1H, J = 5.6 Hz), 5.23 (d, 1H, ] = 5.6 Hz), 7.28-7.42

(m, 5H). 13C NMR (CDCl3) & 25.7, 26.6, 28.3, 50.9, 60.6, 70.0, 79.6, 95.6, 126.7, 127.9,

172 8 1412 189N 172 1 na
140.0, 177ri1.0, 1J04.U, 1/0.1. ru

C, 64.32; H, 7.78; N, 7.63.
Methyl (2S,3R)-3-(tert-butoxycarbonylamino)-2-hydroxy-3-phenyl propanoate
(24a). To a solution of 30 (90 mg, 0.27 mmol) in methanol (15 mL), p-toluensulfonic acid
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h. The reaction mixture was treated with saturated aqueous NaHCO3 (10 mL) and extracted
with diethyl ether (3 x 11 mL). The combined organic layers were dried (MgSQO4) and the

solvent distilled under reduced pressure. The crude product was chromatographed on silica
yl ether, 50:50) to mvp 74 mg (93%) of pure 24a as a white solid; mp 130-

Yy VA Py AV OVLAN4, LAip

132 °C; [ 2 (¢ 0.22, CHC13) [Lit. for enantiomer [2]: mp 128 °C; [alp -7.6 (¢ 1.20,
CHCI3)]; 'H NMR (CDCl3) & 1.40 (s, 9H), 3.10 (bs, 1H), 3.88 (s, 3H), 4.42-4.53 (m, 1H),
5.17-5.19 (m, 1H), 5.60 (d, 1H, J = 8.0 Hz), 7.30-7.40 (m, SH). 13C NMR (CDCl3) & 28.0,
53.8, 55.8, 73.4, 80.5, 1269, 127.5, 128.8, 139.3, 156.0, 172.3. Anal. Calcd. for

IO HI:05 - 5 200, 17UV Al &0 L2llcdl. T LVY

“6‘

Inm 11Q. 11T £Q2- N /1’70
‘OUrl , UL.10, 11, U.735, IN, 4+,
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(ZS,'Jb) -(tert- uutoxycarbonylammO)-i (tert-butyldimethyisiioxy)-3-phenyi-2-
propanol (26b). Treatment of 22b (0.27 g, 1 mmol) under the conditions described above

for the preparation of 26a gave, after column chromatography (hexane/diethyl ether, 60:40),
ite solid; mp 44-46 °C; [a]p +26.8 (c 0.46, CHCI?) [ M1

nuira 26k N 251 T 1t
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mp 43.5-45.5 °C; [a]p +25.9 (¢ 0.21, CHCI3)]; 1H NMR (CDCl13) 6 0.04 (s, 3H), 0.06 (s,
3H), 0.88 (s, 9H), 1.40 (s, 9H), 1.82 (bs, 1H), 3.40 (dd, 1H, J = 3.7, 10.2 Hz), 3.53 (dd, 1H, J
= 4.3, 10.2 Hz), 3.81 (ddd, 1H, J = 3.7, 4.3, 5.6 Hz), 4.84 (dd, 1H, J = 5.6, 8.6 Hz), 6.00 (d,
1H, ] = 8.6 Hz), 7.24-7.46 (m, 5H). 13C NMR (CDCl3) & -5.0, -4.8, 17.5, 25.6, 27.6, 58.0,
62.5, 73.2, 79.0, 126.8, 127.5, 127.9, 138.9, 154.6. Anal. Calcd. for CogH35NO4Si: C,
62.95; H, 9.25; N, 3.67. Found: C, 62.79; H, 9.38; N, 3.53.
(28,3S)-2-(Acetoxy)-3-(tert-butoxycarbonylamino)-1-(tert-butyldimethyi-
siloxy)-3-phenyl-propane (31). A solution of compound 26b (0.3 g, 0.786 mmol) in
CH2C12 (5 mL) at room temperature was treated sequentially with pyridine (5 mL) and acetic

stirring vigorously for 5 min, the layers were separated and the organic layer was
sequentially washed with saturated aqueous CuSQOy4, water and brine. The solution was dried
d

under reduced pressure to mve a colorless o1l which w

(ng 4) and concentrate as
{0 puri ification oy u’)hir n cnromat )g“aphy on silica gcl (hexane/diet h:y’l e‘her, 60:
afford the acetylated product 31 (0.333 g, 100%) as a colorless oil; [a]p +2.8 (¢ 0.73,
CHCI3); 'H NMR (CDCI3) & 0.02 (s, 3H), 0.04 (s, 3H), 0.93 (s, 9H), 1.40 (s, 9H), 2.06 (s,
3H), 3.59-3.62 (m, 2H), 4.90 (pseudo q, 1H, J = 4.6), 5.06 (m, 1H), 6.37 (d, 1H, J = 8.3 Hz),
7.26-7.30 (m, SH). 13C NMR (CDCI3) & -5.7 (20), 18.1, 21.0, 25.7, 28.3, 56.4, 61.9, 74.3,

79.1, 126.8, 127.5, 128.5, 138.9, 155.7, 170.3. Anal. Calcd. for CppH37NO5S1: C, 62.38; H,
8.80; N, 3.31. Found: C, 62.44; H, 8.98; N, 3.29.

(28,3S5)-2-(Acetoxy)-3-(tert-butoxycarbonylamino)-3-phenyl-1-propanol (32).
Compound 31 (0.297 g, 0.7 mmol) was dissolved in THF (15 mL) and trva‘ed with BugNF
N Q1 n o __.T -~ -~ 1..42 "I"'l'l"l“\ 1. , 11

(V.0 ImImoi, V.0 ML 01 d l U lVl s01uto lll 1nrj a { ambient 1perdlure AI[CI' in sa[ura[ea

aqueous NaHCO3 (10 mL) was added and the mixture extracted with diethyl ether (3 x 25
mL). The combined organic extracts were washed with brine, dried (MgS0O4) and distilled

silica gel (hexane/dlethyl ether, 40:60) gave pure 32 (0.180 g, 83%) as a white solid; mp 128-
130 °C; [a]p +15.6 (c 1.11, CHCI3); IH NMR (CDCli3) 6 1.39 (s, 9H), 2.04 (s, 3H), 2.66
(bs, 1H, ex. D20), 3.89 (dd, 1H, J = 6.8, 11.6 Hz), 4.03 (dd, 1H, J = 4.0, 11.6 Hz), 4.14 (dd,
1H, J =438, 6.2 Hz), 4.78 (ddd, 1H, J = 4.0, 4.8, 6.8 Hz), 5.47 (d, 1H, J = 6.2 Hz), 7.24-7.35

mm 130 NMR (DA S MR SA7T7 A5 7 720 RN 172 N I/IOQ l((/i
46.5, JO. Joiy (&J, OL 140,V

(m, 5H). 13C NMR (CDCl3) o , 56.7, 65.7, 72.0, 80.0, 155
171.1. Anal. Calcd. for C1gH?23 ; N, 4.5
N, 4.44.
(1S)-3-(acetoxy)-1-(tert- butoxvcarbonylammo) enylpropanone (33).
to

)-1 Prog
f 32 (0.2 g, 0.65 mmol) under the conditions described above

n
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under reduced pressure. Purification of the crude product by column chromatography on
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Ci3); *H NMR (CDCl3) & 1.41 (s,

7 1 (bs, 1H), 5.64
.1, 80.3, 128.0, 128.9,
6.89; N, 4.56.
Found: C, 62.70; .68.
Methyl (2S,35)-2-(Acetoxy)-3-(tert-butoxycarbonylamino)-3-phenyl propanoate
(35). To a solution of 9.8 mg (0.77 mmol) of oxalyl chloride in 5 mL of dichloromethane at
-60°C under argon were added 109 pL (120 mg, 1.53 mmol) of DMSO. After stirring for 10
min, 0.2 g (0.65 mmol) of 32 were added at -60°C. After stirring for 15 min, 0.47 mL (34
mg, 3.36 mmol) of triethylamine were added and the resuiting solution was stirred for
additional 10 min. The reaction mixture was allowed to warm to room temperature over a 1-
h period, 5 mL of water were added, and the mixture was stirred overnight. The organic
layer was wa i id and water and dried over i
-, the residue was taken
up in tert-butanol (4 mL) and diluted with an aqueous 1.25 M sodium phosphate buffer
solution (2.5 mL). To the resulting mixture an aqueous 1M potassium permanganate solution
(4.0 ml) was added with vigorous stirring. After 15 min at ambient temperature, a saturated

£ cndin i -llfif (2 T Y woe addad and tha nI Af tha mivtn
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with cold (0°C) hydrochloric acid. The resaction mixture was diluted with ethyl acetate (10
mL) and the organic layer was separated. The aqueous layer was extracted with ethyl acetate
(2 x 10 mL). The combined organic extracts were dried (MgSO,) and evaporated under
reduced pressure. The residue containing the crude acid was taken up in diethyl ether (10
mL) and treated with an ethereal solution of diazomethane. The solvent was evaporated and
the residue was purified by column chromatography on silica gel (hexane/diethyl ether,
60:40) to afford the pure methyl ester 35 (71 mg, 50%) as an oil; [a]p 25.3 (c 0.18, CHCI3)
t

[Lit.[61]: [o]p +24.8 (¢ 0.50, CHC13)]; IH NMR (DMSO-dg, 140 °C) § 1.40 (s, 9H), 2.01 (s,
ATIN 2 £O /- AT & 11N 711 1LY T __ @ "N L1 II-Y & 2A 74 1LY T £ 1 T2 £ 2N /L3 11 T
arj, 5.60 (S, or1), D.1Z (4q, in, J = 0.2, 0.1 0Z), 3.54 (a, ir,J = 0.1 nzZj), 6.5U (vqa, 1N, J =
8.2 Hz), 7.29-7.37 (m, 5H). Anal. Calcd. for C17H23NO¢g: C, 60.52; H, 6.87; N, 4.15. Found
C, 60.73; H, 6.66; N, 4.21

Methyl (2S,3S)-3-(tert-Butoxycarbonylamino)-2-hydroxy-3-phenyl propanoate
(YARY TA a enlnitinn Af TE (AN mo N1 mmal) in mathannl (§ mIT Y wae addad cndinm
\A-I'IJ]. 11U d dHUTULIVIE Ul J0 \UY llls’ V.10 1111V 1 uIivuianvl \Jooiiiky) YWAo auuLniud ouraiiuing

metoxide (27 mg, 0.5 mmol) at room temperature. After stirring for 1 h the reaction mixture
was diluted with aqueous NH,Cl1 (10 mL) and ethyl acetate (10 mL). The organic layer was
separated, washed with brine, dried (MgSO,) and evaporated under reduced pressure to give
a residue which after purification by preparative TLC (hexane/diethyl ether, 50:50) afforded



52 mo (9R8%) of nure 24b as a white solid. mn 134-136 °C: Tgln +290 R (¢ 0331 CHCl2)
LJ&orig SO/, Vi pRAbY &SR G0 6 YVidiae oVl aiips . | LY. sy LWVIRJ T &S0 v Ved i, Sodaeiyy
T 2« 1121 Py O, M1 AN 1 Ny EN el 8 e PO% N IYT ANTRATY 7T\ & 1 AN 7 NT I\
{Lit.[ 10} F70S 1IOD $3VU.1 (€ ULDU, LLi3)); il NMIK (LDL13) 0 1.4U (S, In),

2 (s, 3H), 4.60 (d, 1H, J = 4.2 Hz), 5.12 (dd, 1H, J = 4.2, 8.2 Hz), 5.72 (bd,
1H,J=82H)726737(m SH). 13C NMR (CDCI3) & 28.0, 52.5, 56.1, 73.9, 80.6, 127.4,
128.2, 128.6, 137.0, 156.4, 171.9. Anal. Calcd. for C15H21NOs5: C, 61.00; H, 7.17; N, 4.74.

s J 1 V1.V

Found: C, 60.85; H, 7.03; N,4.70 .

oo
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