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Synthesis of (25,3R)-3-Amino-2-Hydroxydecanoic Acid
and (3R,4R)-3-Amino-4-Hydroxyazepane from D-Isoascorbic Acid!
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Abstract : Taking advantage of the high functionality of an enantiopure protected syn-
2R-amino-1,3,4-triol derivative, easily available on a multigram scale from D-
isoascorbic acid, several biologically active compounds have been synthesized such as
the (2S,3R)-3-amino-2-hydroxydecanoic acid (AHDA), the N-terminal moiety of
microginin, and the (3R,4R)-3-amino-4-hydroxyazepane, the ophiocordin and balanol
core structure. Copyright © 1996 Elsevier Science Ltd

Over the past fifty years, many unusual aminoacids have been isolated from natural sources. Among
them, 3-hydroxy-2-aminoacids and 2-hydroxy-3-aminoacids represent an important class of these compounds.
The latter are important precusors of $-lactam antibiotics,2 and both are constituents of biologically active
peptides such as polyoxines,2 tatumine,3 edeine,? bestatin,> amastatin,® microginin’. 3-Phenylisoserine is
encountered in the side chain of the taxol.8 Furthermore these hydroxy-aminoacids are of considerable interest
in the synthesis of protease inhibitors. Due to the biological importance of these hydroxyaminoacids, various
methods have been developed for their stereoselective synthesis,® however, alternative methods for their
preparation in enantiopure form are still relevant.

Recently, we have reported the enantiospecific synthesis of the conveniently protected syn-2R-amino-
1,3,4-triol derivative 1 on a multigram scale from D-isoascorbic acid, and its transformation into (2R,3R)-D-
threo-sphingosine.!0 Now, we would like to demonstrate that this highly functionalized enantiopure chiral
building block is a good precursor of other biologically important compounds (Scheme 1), such as :

- (25,3R)-3-amino-2-hydroxydecanoic acid 2 (AHDA) the N-terminal moiety of microginin 3, a linear
pentapeptide isolated from the fresh water blue-green alga Microcystis aeruginosa,” which acts as an
angiotensin-converting enzyme (ACE) inhibitor.” The (2S,3R) absolute stereostructure of 2 has been
determined by enantioselective asymmetric dihydroxylation. !

- (3R 4R)-3-amino-4-hydroxyazepane 4, the ophiocordin and balanol core structure. Ophiocordin 5, which has
been isolated from the fungus Cordyceps ophioglossoides,12 is an antibiotic exhibiting antifungal activity.12
Balanol 6, initially isolated from Verticillium balanoids!'3 and more recently from species of Fusarium
mesismoides, 14 shows remarkable inhibitory properties towards proteine kinase C.!3.14.152 Due to its chemical
structure, its biological activity as well as its low availability from natural sources, the development of
synthetic routes to balanol is of considerable interest. Apart from the synthesis of (+)-trans-3-amino-4-
hydroxyazepane, 16 its enantioselective synthesis has been performed from aminoacids such as D-serine!5b< or
(25,3R)-3-hydroxylysine!7 as well as from an acyclic chiral epoxy-alcohol obtained via Sharpless asymmetric
epoxidation. 18 Recently, to a precursor for the synthesis of non-natural analogues of balanol has been reported
from D-quinic acid.!?
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Scheme 1

Our proposed strategy to reach the target molecules (25,3R)-3-amino-2-hydroxydecanoic acid 2 (AHDA)
and (3R,4R)-3-amino-4-hydroxyazepane 4, from the homochiral syn-2R-amino-1,3,4-triol synthon 120 is
described in the following schemes 2 and 3. It required the introduction of the carbon chain either at C-1’ or C-
1 of 1 to give 2 and 4, respectively.

Synthesis of (25,3R)-3-amino-2-hydroxydecanoic acid 2 (AHDA)

The synthesis of AHDA is outlined in scheme 2 and has been carried out from the enantiopure synthon 1 in
34% overall yield. Protection of the free hydroxyl group of 1 as its O-benzyl derivative by benzyl chloride in
the presence of silver oxide easily occurred (87% vyield); then the deprotection of the fert-
butyldiphenylsilylether (nBugNF, THF, 89%) generated the free primary alcohol function on the C-1" side of
the molecule. Introduction of the alkyl chain required initial oxidation of the alcohol into aldehyde using Swem
conditions followed by Wittig reaction with the ylide obtained from s-hexyltriphenylphosphonium bromide in
the presence of n-butyllithium at -78°C. The resulting alkene 10 was obtained in 64% yield and the
stereochemistry of the double bond was revealed to be exclusively Z. Subsequent deprotection of the benzyl
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ether together with saturation of the alkene moiety cleanly occurred in a single step upon hydrogenation in the
presence of palladium on charcoal to give 11 in 94 % yield. Finally, the conversion of 11 into the target
(28,3R)AHDA 2 was readily achieved in 3 steps (73 % overall yield) : Swern oxidation of the primary alcohol
to aldehyde, with further oxidation to carboxylic acid in the presence of sodium chlorite and sulfamic acid,
acid hydrolysis of the remaining protective groups and purification on Dowex® (50x8) resin .

To our knowledge, this represents the first enantiospecific synthesis of AHDA.The specific rotation, melting
point, 'H and 13C NMR spectra were fully in agreement with the literature data which showed that the natural
aminoacid of microginin was indeed AHDA with the syn relative stereochemistry.!12
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Scheme 2

Synthesis of (3R,4R)-3-amino-4-hydroxyazepane 16

The synthesis of 16 , precursor of both ophiocordin and the balanol core, from the syn-2R-amino-1,2,3-triol 1 is
described in the scheme 3 and required only 4 steps to be performed with a good overall yield (43%). Swern
oxidation of the free primary alcohol function into aldehyde at C-1” side of the molecule was followed by in
situ condensation with the formylmethylene triphenylphosphorane to afford the expected a,B-ethylenic
aldehyde 13 in 91 % overall yield (E configuration exclusively). Hydrogenation of the double bond together
with reduction of aldehyde into primary alcohol was carried out by using hydrogen in the presence of Raney
nickel to give the saturated alcohol 14 in quantitative yield. Deprotection of ters-butyldiphenylsilyl ether
(nBugNF, THF ) led to the diol 15 in 83% yield. In order to carry out the ring closure into the
hexahydroazepine 16, the two primary hydroxyl groups of 15 were activated as their triflate derivative, and
subsequent treatment with benzylamine gave the desired product 16 (57 % overall yield from 15). The structure
of 16 was unambiguously established by conversion to N-benzyloxycarbonyl hexahydroazepine 17 described
by Nicolaou et.al.!5 Comparison of the physical and spectroscopic data of 17 with those described by Nicolaou

were in good agreement.
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Scheme 3
In conclusion, we have demonstrated the synthetic utility of the enantiopure conveniently protected syn-

2R-amino-1,3,4-triol derivative 1, easily available in a multigram scale from D-isoascorbic acid, by the
enantiospecific synthesis of (25,3R)-3-amino-2-hydroxydecanoic acid (AHDA, 34% overall yield from 1), and
the (3R 4R)-3-amino-4-hydroxyazepane (43% overall yield from 1). It is worthy of note that the strategy
developed in the synthesis of AHDA involving introduction of the alkyl chain by Wittig reaction allows the
obtention of various o-hydroxy-B-aminoacids according to the nature of the ylide used. Further utilization of

this building block in the synthesis of other biologically active compounds will be reported in due course.

EXPERIMENTAL SECTION

Prior to use, tetrahydrofuran (THF) and diethylether (Et20) were distilled from sodium-benzophenone and
dichloromethane (CHa2Clp) from POs. CHCly and ethyl acetate (EtOAc) were filtered on K2CO3 prior to use.
IH NMR (250 MHz) and 13C NMR (62,9 MHz) spectra were recorded in CgDg at 65°C (unless otherwise
indicated) on a Bruker AM 250. Chemical shifts are reported in & (ppm)20 and coupling constants are given in
Hertz. High Resolution Mass Spectra were recorded in Service de Spectrométrie de Masse, Université Pierre et
Marie Curie. Specific rotations were measured on a Perkin Elmer 241C polarimeter with sodium (589 nm)
lamp at 20°C. All reactions were carried out under argon atmosphere, and were monitored by thin-layer
chromatography with Merck 60F-254 precoated silica (1.2 mm) on glass. Chromatography was performed with
Merck Kieselgel 60 (200-500 pm) or 60H (5-40 pm). Spectroscopic ('H and 13C NMR, MS) and/or analytical

data were obtained using chromatographically homogeneous samples.

(4R,5S)-S-Benzyloxymethyl-3-N-tert-butoxycarbonyl-4-tert-butyldiphenylsilyloxymethyl-2,2-dimethyl-

1,3-oxazolidine 7. To a stirred solution of 1 (2 g ; 4.11 mmol) in dimethyl formamide (29 mL) was dropwise
added , at 20°C, benzylbromide (3.92 mL ; 32.95 mmol) then silver oxide (3.82 g ; 16.47 mmol). After stirring
for 24 h in darkness and filtration through a celite pad, another addition of both benzy!l bromide and silver
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oxide (same quantities) allowed completion of the reaction within 24h. The reaction mixture was poured into
water (50 mL), then extracted with cyclohexane (3x100 mL) and the combined organic layers were dried
(Na2S0y), filtered and concentrated in vacuo. Flash chromatography of the residue (cyclohexane/EtOAc 95/5 ;
Rf 0.3) afforded 2.1 g (87 %) of 7. [alp -12 (¢ 1.10, CH2Cly). 'H NMR (CgDg, 70°C) & : 8.50-7.70 ; 7.30-7.00
(15H, 2m, Ph), 4.68 (1H, dd, H-5, J4 5 = J51"3=J5,1"b = 5 Hz), 4.40 (2H, m, CH2Ph), 4.10-4.00 (3H, m, H-4,
H-1'), 3.58 (2H, m, H-1"), 1.73, 1.64 (6H, 2s, CMe3), 1.35 (9H, s, O¢Bu), 1.15 (9H, s, SirBu). Anal. Calcd for
C35H47NOsSi: C, 71.27 ; H, 8.03 ; N, 2.37 ; Found : C, 71.82 ; H, 7.98 ; N, 2.29.

(4R,55)-5-Benzyloxymethyl-3-N-+ert-butoxycarbonyl-4-hydroxymethyl-2,2-dimethyl-1,3-oxazolidine 8.

To a stirred solution of 7 (2.1 g ; 3.56 mmol) in THF (94 mL) was dropwise added, at 0°C, n-
tetrabutylammonium fluoride (3.9 mL ; 3.92 mmol ; 1M in THF). After stirring for 24 h at 20°C, water (30 mL)
was added ; after extraction with CH,Cl (3x40 mL) the combined organic layers were dried (NaSOq), filtered
and concentrated in vacuo. Flash chromatography of the residue (cyclohexane/EtOAc 7/3 ; Rf 0.4) afforded
1.1g (89 %) of 8. [a]p -9 (c 1.03, CH,Clp). 'H NMR & : 7.40-7.00 (5H, m, Ph), 4.34 (2H, m, CH2Ph), 4.05
(1H, X from ABX, H-5,J4 5 = 6.8, J5 1" = J5,1"p = 5.3 Hz), 3.90 (1H, m, H-4), 3.75 (2H, m, H-1"), 3.52-3.40
(2H, AB from ABX, H-1", J3,1"p = 10.5 Hz), 1.6, 1.48 (6H, 2s, CMey), 1.36 (9H, s, OrBu). 13C NMR & :

153.5 (NCO3), 138.8, 128.5, 127.8, 127.7 (Ar), 94.9 (CMey), 80.3 (OCMe3), 77.0 (C-5), 73.6 (ArCH»), 71.7
(C-17), 64.1 (C-1"), 62.8 (C-4), 28.4 (Me;C), 28.0, 26.8 (Mep ().

(48,58)-5-Benzyloxymethyl-3-N -tert-butoxycarbonyl-4-formyl-2,2-dimethyl-1,3-oxazolidine 9. To a stirred
solution of oxaly! chloride (222 pL ; 2.52 mmol) in CH,Clp (2 mL) at -78°C was slowly added DMSO (366 pL
; 5.16 mmol). The resulting complex was stirred for 15 min at -78°C prior to the addition of alcohol 8 (605 mg ;
1.72 mmol) in CH,Cl, (10 mL). After 45 min at -65°C, Et3N (1.4 mL ; 10.33 mol) was added and 1.5 h later
Et20 (50 mL) was added at - 65°C into the reaction mixture. The salt (Et3NHCI) was removed by filtration
through celite, and the filtrate was concentrated in vacuo to give 9 (colorless oil) which was used without
further purification in the next step. A sample was purified by flash chromatography (cyclohexane/EtOAc 8/2 ;
Rf 0.4). [a]p -20 (¢ 1.00, CH,Clp). 'H NMR § : 9.39 (1H, br s, CHO), 7.22-7.07 (SH, m, Ph), 4.31 (2H, m,
CH2Ar), 4.19 (1H, m,H-4), 4.04 (1H, dt, H-5, J4 5 = 7.4 Hz, J51"a = J5,1"b = 4.5 Hz), 3.49-3.35 (2H, AB, H-1",
Ji7a,1"b = 10.5 Hz), 1.65, 1.53 (6H, 2s, CMey), 1.34 (9H, s, OrBu). 13C NMR (C¢Dg, 65°C) & : 196.7 (C-1'),
151.5 (NCOy), 138.5, 128.5, 128.2, 127.9 (Ph), 95.6 (C-2), 80.8 (CMe3), 74.7 (C-5), 73.7 (CH,Ph), 70.3 (C-
1", 67.3 (C-4), 28.2 (Me3C), 26.8 ,25.8 (Me,C).

(4R,55)-5-Benzyloxymethyl-3-N+«fert-butoxycarbonyl-4-[(Z)-1-heptenyl]-2,2-dimethyl-1,3-oxazolidine 10.

To a suspension of the n-hexyltriphenylphosphonium bromide (2.2 g ; 5.16 mmol) in THF (21 mL) at -78°C,
was dropwise added a-butyllithium (1.4 M in hexane, 3.56 mL, 4.99 mmol) ; red coloration progressively
appeared . After 4 h stirring, a solution of the crude aldehyde 9 in THF (17 mL) was added. The temperature
was then raised to 20°C for 15 h to achieved the Wittig reaction. The reaction mixture was then concentrated in
vacuo and poured into water (20 mL) and extracted with CH»Cly (3x30 mL). The organic extracts were dried
(NapS0y), filtered, and concentrated in vacuo. The residue was purified by flash chromatography
(cyclohexane/EtOAc 95/5 ; Rf 0.3) to give 461 mg (64 %) of 10. [alp +77 (c 1.39, CH2Clp). 'H NMR &
7.30-7.10 (5H, m, Ph), 5.50-5.25 (2H, m, H-1,2), 4,69 (1H, dd, H-4, J41'=8.9 Hz, J4 5 = 6.5 Hz), 440 (2H,
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AB, CH,Ph, Jaop = 11 Hz), 3.94 (1H, X from ABX, H-5), 3.55, 3.48 (2H, AB from ABX, H-1", Jap = 11 Hz,
JH1"a,5 = 5 Hz, JH1b,5 = 4.5 Hz), 2.25-2.00 (2H, m, H-3"), 1.75,1.63 (6H, 2s, Me,C), 1.40-1.20 (15H, m, OBu,
H-4, 5, 6, 0.87 3H, t, H-7', Jg,7 = 6.6 Hz). 13C NMR & : 152.9 (NCOy), 138.9, 128.5, 127.8, 127.7 (Ar),
132.3, 130.3 (C-1',2"), 94.8 (C-2), 80.5 (C-5), 79.3 (OCMe3), 73.7 (ArCH3), 70.4 (C-1"), 57.1 (C-4), 32.0, 29.7,
27.8, 22.8 (C-3'-6'), 28.6 (Me3C), 27.6, 26.7 (MexC), 14.1 (C-7"). Anal. Calcd for C2sH39NO4: C, 71.91 ; H,
9.41;N,3.35;Found: C,71.96;H,9.30; N, 3.43.

(4R,55)-3-N-tert -Butoxycarbonyl-4-heptyl-S-hydroxymethyl-2,2-dimethyl-1,3-oxazolidine 11.

A solution of 10 (256 mg ; 0.61 mmol) in EtOH (9 mL) was stirred for 3 h under hydrogen atmosphere in
presence of palladium on charcoal 10 % (12 mg). After filtration through celite and concentration in vacuo,
flash chromatography of the residue (cyclohexane/AcOEt 7/3 ; Rf 0.5) afforded 189 mg (94 %) of 11. m.p. 42-
44°C. [op -19 (¢ 1.24, CH30H). 'H NMR & : 3.85 (1H, ddd, H-5, J4,5 = 4.5 Hz, J5 1"a = 5.3 Hz, J5,1"s = 5 Hz),
3.74 (1H, m, H-4), 3.52, 3.46 (2H, part AB, H-1", Jo.p = 11 Hz), 1.80 (1H, m, H-1"a), 1.70-1.10 (26H, m, H-
I'b, 2', 6', CMey, OrBu), 0.85 (3H, t, H-7', Jg 7 = 6.9 Hz). 13C NMR & : 152.1 (NCOy), 94.5 (C-2), 81.1 (C-5),
79.4 (OCMe3), 64.4 (C-1"), 59.4 (C-4), 33.5, 32.1, 29.9, 29.5, 25.9, 22.9 (C1-6¢'), 28.6 (OCMes3), 28.4, 27.6
(CMe»), 14.1 (C-7"). Anal. Calcd for C1gH35NO4: C, 65.62 ; H, 10.71 ; N, 4.25 ; Found : C, 65.66 ; H, 10.61 ;
N, 4.30.

(2S,3R)-3-Amino-4-hydroxydecanoic acid 2. To a stirred solution of oxaly! chloride (43 pL, 0.5 mmol) in
CH,Cl; (2 mL), at -78°C was slowly added DMSO (70 pL, 0.99 mmol). The resulting complex was stirred for
15 min at -78°C prior to the addition of alcohol 11 (109 mg, 0.33 mmol) in CH,Cl; (3 mL). After 45 min at
-65°C, Et3N (276 pL, 1.99 mmol) was added, followed 1.5 h later by the addition of EtpO (20 mL) at -65°C.
The salt (Et3NHCI) was removed by filtration through a celite pad, and the filtrate was concentrated in vacuo to

give the crude aldehyde which was used without further purification in the next step.

To a solution of the aldehyde in a mixture water-dioxane (1/3, 19 mL) cooled at 0°C were successively added
sodium chlorite (120 mg, 1.32 mmol) and sulfamic acid (64 mg, 0.66 mmol). After stirring for one hour, the
reaction mixture was poured into brine (10 mL) and extracted with CH2Clp (3x15 mL). The combined organic
layers were dried, filtered and concentrated in vacuo to give a yellow oil. Then, a solution of TFA/H20 (1/1, 10
mL) was added and after stirring for 12 h, the mixture was concentrated in vacuo ; the residue was then stirred
with an aqueous solution of HCI (5 mL, IN). After concentration in vacuo ; purification by ion- exchange
chromatography (Dowex 50x8-100, HyO-NH4OH : 99/1 then HyO/MeOH : 65/45) furnished 49 mg (73 %) of
2. m.p. 233-235°C, lit. 219-220°C!12, [a]p +5 (¢ 0.70, HCI, IN), litt. +5.4 (c 0.59, HCI IN).112 IH NMR
(D20) 8 : 4.14 (1H, d, H-2, J, 3 = 3.8 Hz), 3.54-3.45 (1H, m, H-3), 1.86-1.34 (12H, m, H-4-9), 0.92 (3H, t, H-
10, Jg.10 = 6.8 Hz). 13C NMR (125 MHz; DMSO dg) & : 173.5 (C-1), 69.8 (C-2), 53.0 (C-3), 31.4, 29.1, 28.7,
25.4,22.3 (C-4-9), 14.2 (C-10).

(4R,5R)-3-N-tert -Butoxycarbonyl-4-tert-butyldiphenylsilyloxymethyl-5-{(E)-2"'-formyl-vinyl]-2,2-

dimethyl-1,3-oxazolidine 13. To a stirred solution of oxalyl chloride (789 uL, 9.19 mmol) in CH>Cl; (5 mL)
at -78°C was slowly added DMSO (1.30 mL, 18.38 mmot). The resulting complex was stirred for 15 min at
-78°C prior to the addition of alcohol 1 (3.06 g, 6.13 mmol) in CH2Cl; (38 mL). After 45 min at -65°C, EtaN
(5.11 mL, 36.76 mmol, was added and the temperature was raised to 20°C for 100 min ; then formylmethylene
triphenylphosphorane (1.86 g, 6.13 mmol) was added in situ to the aldehyde 12 and the reaction mixture was
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stirred for 20 h. After addition of EtpO (100 mL), filtration through a celite pad, washing with Et;0 (3x20
mL), and concentration in vacuo, flash chromatography of the residue (cyclohexane/AcOEt : 9/1, Rf 0.3)
afforded 2.92 g (91 %) of 13. [a]p +7 (c 1.24, CHCly). IR (neat) 1700, 1695 cmr!. TH NMR § : 9.30 (1H, d,
H-3", Jo» 3* = 6.8 Hz), 7.75, 7.20 (10H, 2m, Ph), 6.39 (1H, dd, H-1", J1» 2" = 15 Hz, J+,5s = 4 Hz), 6.25 (1H, dd,
H-2",Jy»2» = 15 Hz, ]2 3» = 6.8 Hz), 4.87 (1H, br dd, H-5, J4,5 = 5 Hz), 4.13-3.85 (2H, m, H-1'a,1'b, J1'a,1b =
10 Hz, Ji'p,Ha = 3 Hz), 3.72 (1H, m, H-4), 1.63, 1.58 (6H, 2s, CMey), 1.33 (9H, s, OrBu), 1.12 (9H, s, SirBu).
I3C NMR & : 191.5 (CHO), 152.6 (C-1"), 151.8 (-NCO3), 136.0, 133.6, 130.3, 128.2 (Ar), 132.6 (C-2"), 95.7
(C-2), 80.0 (OCMe3), 76.7 (C-5), 63.5 (C-4), 63.0 (C-1"), 28.4 (OCMe3), 27.8, 27.0 (CMe2), 27.2 (MeaCSi),
19.5 (Me3CSi).

A sample of the intermediate aldehyde 12 was purified by flash chromatography (cyclohexane/EtOAc
8/2, Rf 0.3). [a]p -18 (¢ 1.35, CH2Clp). 'H NMR & : 9.5 (1H, br s, H-1") 7.75, 7.20 (10H, 2m, Ph), 4.57 (1H,
m, H-5), 4.35 (1H, dt, H-4,J4 5 = 7.1 Hz, J4 1a = J4,1, = 3.6 Hz), 4.06-3.87 (2H, m, H-1'a,1'b, J ' 15 = 10 Hz),
1.60, 1.55 (6H, 2s, CMey), 1.27 (9H, s, OfBu), 1.12 (9H, s, SiBu). 3C NMR § : 200.2 (CHO), 151.6 (NCO»),
136.0, 133.9, 130.1, 128.2 (Ar), 96.3 (C-2), 82.2 (C-5), 80.1 (OCMe3), 63.4 (C-1), 59.4 (C-4), 28.3 (OCMe3),
27.4,26.9 (CMey), 27.2 (Me3CSi), 19.5 (Me3CSi).

(4R,5R)-3-N-tert-Butoxycarbonyl-4-tert-butyldiphenylsilyloxymethyl-5-[3"-hydroxypropyl]-2,2-dimethyl-
1,3-oxazolidine (14). A solution of 13 (310 mg, 0.59 mmol) in EtOH (10 mL) was stirred for 20 h under
hydrogen in the presence of a catalytic amount of Raney Nickel (70 mg ; P = 3 atm). After filtration through a
celite pad and concentration in vacuo , 310 mg (99 %) of 14 was obtained. [ot]p -11 (¢ 1.05, CH2Clp). IH NMR
8:7.75,7.25 (10H, 2m, Ph), 4.35 (1H, m, H-5), 4.10 (1H, m, H-1'a), 3.95 (1H, m, H-1'b), 3.65 (1H, m, H-4),
3.43 (1H, br t, H-3"), 1.80-1.50 (10H, m, H-1", 2",CMe3), 1.36 (9H, s, OrBu), 1.16 (9H, s, SitBu). 13C NMR §
: 152.1 (NCO»), 136.0, 134.0, 130.1, 128.1 (Ph), 94.5 (C-2), 79.5 (OCMe3), 77.8 (C-5), 63.9 (C-4), 66.2 (C-1),
62.5 (C-3"), 31.7,29.8 (C-2",1"), 28.5 (OCMe3), 27.2 (Me3CSi), 28.2, 27.0 (CMe»), 19.6 (Me3CSi).

(4R,5R)-3-N-tert-Butoxycarbonyl-4-hydroxymethyl-5-[3''-hydroxypropyl}-2,2-dimethyl-1,3-oxazolidine
(15). To a stirred solution of 14 (503 mg, 0.995 mmol) in THF (94 mL) was added dropwise at 20°C, n-
tetrabutylammonium fluoride (1.05 mL, 1.05 mmol, 1M in THF). After stirring for 12 h, water (10 mL) was
added ; after extraction with CH,Cl> (3x15 mL) the combined organic layers were dried (Na28Oy), filtered and
concentrated in vacuo. Flash chromatography of the residue (AcOEt, Rf 0.4) gave 229 mg (83 %) of 15. [a]p
+3 (c 0.80, CH,Cly). 'TH NMR & : 3.80-3.57 (4H, m, H1',4,5), 3.46-3.36 (2H, m, H-3), 1.70-1.30 (19H, m, H-
1",2", CMep, OrBu). 13C NMR § : 152.5 (NCO»), 94.4 (CMe»), 80.4 (OCMe3),77.2 (C-5), 65.6 (C-4), 64.2,
62.3 (C-3",1Y, 30.8, 29.4 (C-2",1"), 28.4 CMe3), 28.2, 26.6 (CMe5). Anal. Calcd. for C14H27NO5 : C, 58,11 ;
H, 9.40 ; N,4.84 ; Found C, 58.10 ; H, 9.50 ; N, 4.85.

(3R,4R)-N-Benzyl-3,4-[3'-N-tert-butoxycarbonyl-2',2'-dimethyl-1',3'-oxazolidinyl] azepane 16. To a
solution of the diol 15 (42 mg, 0.14 mmol) in CH»Cl; (0.3 mL) were dropwise added successively at -78°C
triflucromethanesulfonic anhydride (54 pL, 0.32 mmol) and 2,6-lutidine (39 puL, 0.33 mmol). After 20 min
stirring, CH2Cl, (7 mL) and benzylamine (318 pL, 2.90 mmol) were added . The mixture was slowly warmed
to 20°C and stirred for 20 h. The reaction mixture was then concentrated in vacuo, and the residue was purified
by flash chromatography (cyclohexane/AcOFEt 9/1, Rf 0.3) to provide 30 mg (57 %) of 16. m.p. 208-210°. [a]p
-80 (c 1.04, CH,Cl,). 'H NMR § : 7.30-7.05 (5H, m, Ph), 4.27 (1H, m, H-4), 3.70-3.35 (4H, m, H-
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2a,3,CH2Ph), 2.50 (1H, m, H-2b), 2.40-2.20 (2H, m, H-7), 2.10-2.00 (1H, m, H-5a), 1.70, 1.56 (6H, 25, CMey),
1.50-1.30 (12H, m, H-5b,6, OrBu). 13C NMR § : 152.5 (NCO3), 140.3, 130, 127 (Ar), 94.5 ( CMey), 79.3
(OCMe3), 78.1 (C-4), 63.5 (CHoAr), 62.6 (C-3), 59.1, 52.5 (C-2,7), 31.3, 26.2 (C-5.6), 28.5 (CMe3), 27.3, 26.1
(CMe). MS (EL %) 360 M* (15), 134 (60), 91 (100). HMRS for C21H33N203 (M*), caled.360.24129, found
360.24144.

(3R,4R)-N-Benzyloxycarbonyl-3,4-[3-N-tert-butoxycarbonyl-2',2'-dimethyl-1',3'-0xazolidinyl] azepane
17. A solution of 16 (43 mg, 0.119 mmol} in EtOH (1 mL) was stirred for 24 h under hydrogen atmosphere in
presence of a catalytic amount of palladium on charcoal 10 % (5 mg). After filtration through a celite pad and
concentration in vacuo, the crude amine was used without purification in the next step.

At 0°C to a solution of the amine in CH,Cl; (400 uL) and NEt3 (26 pL, 0.19 mmol) was dropwise added
benzylchloroformate (22 uL, 0.15 mmol). After stirring for 1 h, the reaction mixture was poured into water (2
mL) and extracted with CH2Cl, (3x2 mL) and the combined organic layers were dried (NapSOy), filtered and
concentrated in vacuo. Flash chromatography of the residue (cyclohexane/AcOEt 80/20, Rf 0.3) afforded 28
mg (58 %) of 17. m.p. 84-86°C, lit, 84-86°C.15 [a]p -117 (¢ 1.35, CHCl3), lit, -104.6 (¢ 1.10, CHCl3).15¢ 1H
NMR & : 7.30-7.00 (SH, m, Ph), 5.15-5.06 (2H, AB, CH,Ar, Jap =12.5 Hz), 4.23 (1H, dd, H-2a, J3,3=5.6
Hz, J2a.2b = 13 Hz), 3.85-3.35 (4H, m, H-4,3,2b,7a), 2.47 (1H, m, H-7b), 1.91 (1H, m, H-5a), 1.70-1.25 (18H,
m, CMey, H-5b,6,01Bu). 13C NMR 8 : 155.7 (CO,Bn), 152.3 (CO,tBu),137.8, 128.6, 128.2 (Ph), 94.7 (CMe»),
79.8 (OCMez3), 78.1 (C-4), 67.2 (CH,Ph), 62.3 (C-3), 49.1, 45.5 (C-2,7), 31.3, 24.3 (C-5,6), 28.4 (CMe3), 27.2,
26.8 (CMe»). Anal. Calcd for C2oH32N205: C, 65.32 ; H, 7.97 ; N, 6.93 ; Found : C, 65.33 ; H, 7.99 ; N, 6.85.
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