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Abstract

Some title compounds have been synthesized in enantiomerically pure form startirmy fvomglyceraldehyde
as chiral precursors. A new synthesis of (£)-tnethanohomoserine, one of the key intermediates employed, is
also described. The target molecules are densely functionalized. Thus, in addition to one or two hydroxyl groups on
a side-chain, an amino group is attached to a quaternary carbon of the cyclopropane ring, and the fourth substituent
of such a stereogenic center contains a halogen atom, an alkyl group, or an alcohol, thioether or ester function.
Some of these compounds are useful precursors in the synthesis of new cyclopropane nucleosides. © 1999 Elsevier
Science Ltd. All rights reserved.

1. Introduction

Compounds containing an amine function and one or more hydroxyl groups are of great interest due
either to their intrinsic properties or for use as powerful synthetic intermediates. The 1,2-aminoalcohol
function is present in the widely consumed drug propanol@stdocking agent, and in the structure of
serine protease inhibitotsAminoalcohols bearing a cyclic moiety in their structure have been described
as displaying relevant activities. Thus, for instance, chiral pyrrolidines with amino and hydroxymethyl
groups inhibit x-glycosidases. Six-membered ring molecules containing 1,2- and 1,3-aminoalcohol
functions have been used for phosphodiester recognition allowing aminoglycoside antibiotics with
activity against HIV to be designedMoreover, 1,2-, 1,3-, and, less frequently, 1,4-aminoalcohols
are useful as chiral ligands for catalystsr as chiral auxiliaries in asymmetric synthesiSome
representantives of these different types of compounds are shown in Fig. 1. Finally, aminoalcohol
molecules containing a cyclopropane ring have been employed as key intermediates in the synthesis
of carbocyclic nucleosidées.
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Figure 1.

In this paper we describe stereoselective synthetic routes to several types of enantiomerically pure
cyclopropane aminoalcohols4 and some conveniently protected derivatives (Fig. 2). All these com-
pounds contain one or two hydroxyl groups and one amino group in 1,2- or 1,3-relative positions.
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Moreover, these molecules contain a quaternary carbon in the cyclopropane ring linked to an amino
group and to a substituent containing different chemical functions. These structures are, therefore,
densely functionalized and highly sterically constraingdmDisubstitution in conformationally re-
stricted cyclopropane derivatives is a structural feature present in NMDA receptor antagonists related to
Milnaciprar®.” Furthermore, somgemdisubstituted cyclopropane carbocyclic nucleosides have been
recently revealed to be potent anti-HIV agehts.

The syntheses achieved in this work are highly efficient and versatile, since divergent pathways from
common precursors lead to different types of products. Some of these compounds have been prepared in
both enantiomeric forms starting, alternatively, from (+)- and &Htethanohomoserine derivativbs
ande, respectively. A new synthesis of free amino acid {#)¢Scheme 1) is reported herein starting from
L-glyceraldehyde as the chiral precursa@)-Methanohomoserine is a useful precursor in the synthesis of
other cyclopropane amino aciflgind it is also an analogue of the precursor to the plant growth hormone
ethylene, being processed by the in vivo ethylene-forming enzyme (EFE) to produce allylic aftishol.
addition to the free aminoalcohols, some partially protected derivatives have also been prepared, these
products being convenient synthetic building blocks.

2. Results and discussion

The main targets and precursors are shown in Fig. 2. Aminoaldoasiwell as itdN-Boc derivative
15 (Scheme 1) have been obtained from protected Zyn{ethanohomoserin®. This product and
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Scheme 1.

amino acidl4 have been synthesized frarglyceraldehyde prepared, in turn, frargulonolactonél
The enantiomeric aminodid, aminoalcohol3, and some derivatives have been synthesized f8om
Finally, the latter compound and aminoalcohdlisesult from the common precurs@robtained from
D-glyceraldehyde.

2.1. Synthesis of aminoditland (+)-(Z)-methanohomosering4

The synthetic pathway is depicted in Scheme 1, the key common intermediate being corpiuaind
after deprotection, affords free amino atidland, in addition, is susceptible of reduction to dilwhich
is the immediate precursor of aminodibl

Compound5 was prepared by using the same methodology earlier employed in our laboratory for
the synthesis of its enantiomer framaglyceraldehydé. Actually, L-glyceraldehyde was condensed with
phosphonate,® in the presence of potassiutart-butoxide, affording aminopentenoaeas the major
isomer (85% yield). Cyclopropanation of the double bond was accomplished by highly stereoselective
1,3-dipolar cycloaddition of diazomethane 9dollowed by photolysis of the resultant pyrazoline. In
this way, cyclopropand0 was obtained in 87% yield for the two steps. Hydrolysis of the acetonide
and subsequent oxidative cleavage of ditlgave aldehydd2 which was reduced to alcohl with
NaBH,. The free amino acid4 was prepared by saponification of the methyl ester with methanolic
sodium hydroxide followed by hydrolysis of the carbamate with 1 M HCI and subsequent treatment
with propylene oxide as acid captor. (g}¢Methanohomoserine was thus obtained in 50% overall yield
from L-glyceraldehyde. It is noteworthy that this synthetic sequence competes advantageously with other
methods previously described for the preparation of this amino*8cid.

Following a divergent route, compoubdvas reduced by LiBhlgiving diol 15in 88% yield which was
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deprotected by hydrolysis of the carbamate with 1 M HClI followed by treatment with sodium bicarbonate.
Aminodiol 1 was thus obtained in 43% overall yield frarrglyceraldehyde.

2.2. Synthesis of aminoalcohds3, and some derivatives

The starting materials were compountigsb (Scheme 2) prepared fromglyceraldehyde by using the
same protocol explained above for the synthesis0of
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Scheme 2.
Hydrolysis of the acetonide followed by diol oxidation afforded aldehyikzsb which were reduced
to alcoholséa,b, respectively. Compoundsb is, in turn, the precursor of aminoalcot®IThus, the ester
group in6b was reduced with DIBAL affording dial7bin 77% yield. Diols17ab were also obtained
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from 6a,b in 95% when LiBH, was used as reducing agent. Nevertheless, the yield was improved and
the synthetic sequence shortened when one-pot reduction of both aldehyde and ester dréapsam
achieved with LiBH, obtainingl7ain 95% yield. Hydrolysis of théN-Boc group by the usual method
gave free aminodia® in 66% yield from7a (49% yield fromb-glyceraldehyde).

Derivatives18-20 were also prepared in order to dispose of selectively protected products. Thus,
reaction ofLt7awith 2.5 equivalents of benzoyl chloride in the presence of pyridine, at room temperature
for 16 h, affordedl8 that led tol19 after hydrolysis with HCI. Treatment df9 with sodium bicarbonate
liberated the amine which was an unstable oil being, therefore, characterized as the hydrochloride. In
addition, dioll7awas chemoselectively monoprotected by reaction with 1 equivalent of benzoyl chloride
at room temperature for 3 h to affoD in 88% yield, thus showing the different reactivity of the two
hydroxyl groups.

The protected (-)Z4)-methanohomoserine derivatiéb was the key intermediate in the synthesis
of aminoalcohol3. The required chemical transformations involve reduction of the methyl ester to
methyl group and deprotection of the amine. Previously, the hydroxyl gro8mias protected atert-
butyldiphenylsilyl ether in almost quantitative yield. Then, eg&mwas reduced with LiBH and the
resultant alcoha22was converted into mesyla28 under standard conditions with 93% vyield for the two
steps. The instability of this compound under the usual purification conditions forced the use of the crude
product in subsequent transformations. This fact, as well as the low reactivity observag] émuld
account for the unsatisfactory results obtained when it was reacted with several nucleophiles, and for
the modest yield (50%) in its reduction to furnigh. Compound24 is orthogonally protected and leads,
alternatively, to product&5 and26 in which only the amino or the hydroxyl group is free, conferring on
these molecules the ability to be selectively elaborated in further transformations. Thus, hydrogenation
under two atmospheres pressure, in the presence of palladium hydroxide as catalyst, gaas.ebrine
the other hand, treatment &4 with n-BusNF afforded alcohoR6. Finally, reductive carbamate-removal
led to the free aminodid.

2.3. Synthesis of aminodiod8-36

Compound7a was the precursor of these products (Scheme 3). The synthetic goal involved specific
chemical transformation of the ester group into the desired substituents, while keeping the amine and the
diol functions conveniently protected.

Methyl ester in7a was reduced with LiBH in nearly quantitative yield affording alcoh@l7 which
was reacted with mesyl chloride to produce mesy2@teAlternatively, reaction betwee2i7 and benzoyl
chloride gave benzoat82 which, after hydrolysis, yielded dioB6. Mesylate 28 was the common
precursor to the target diol83-35 through acetonide29-31. Thus, 28 afforded compound®9 by
reduction with LiBH;,. In turn, thioethel30 was obtained when mesylag8 was reacted with sodium
thiomethoxide at room temperature for 20 h. On the other hand, the reaction bet&aed lithium
bromide in THF was performed in order to prep&%® a mixture of this product along with did@5
being unexpectedly obtained, even when both the solvent and the reactant were previously dried and
experiments were run in anhydrous conditions. The mixture was treated with 5% HCI to afford compound
35in 64% yield for the two steps.

Moreover, we tried to explore the usefulness of these diols to prepare other related compounds such
as 1,2-amino acids and 1,3-aminoalcohols. However, the oxidative cleavage of the diol function by using
sodium or tetrar-butylammonium periodate, or ruthenium oxide, was not successful, always yielding
products for which spectroscopic data revealed the absence of the cyclopropane ring and of the expected
carbonyl function. The product resulting from the oxidatior36fvith sodium periodate could be isolated
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and purified yielding a solid, mp 93-95°Cx]p=0. Its IR and'H and13C NMR spectroscopic data

as well as the microanalysis were in accordance with the dihydrofuran str@&fui@cheme 3). We
propose the arrangement to take place at the aldehyde level, this intermediate evolving rapidly towards
a zwitterionic open-chain species in which the carbocation would be stabilized by resonance with the
nitrogen lone-pair. Attack of the enolate oxygen to the charged carbon led to the five-membered ring
with concomitant racemization. Similar processes must occur in the attempted oxidation of substrates
33-35.

3. Conclusions

Versatile synthetic strategies, through simple and efficient protocols, have been used for the preparation
of a variety of cyclopropane aminoalcohols from common precursors. Since the starting materials
are available in both enantiomeric forms, by using alternatizelyr L-glyceraldehyde as sources of
chirality, the two enantiomeric series of products are available.

Some of the synthesized products are being evaluated for their possible biological activities and others
have been used as key intermediates in the synthesis of novel cyclopropane carbocyclic nuéfeosides.

4. Experimental

Flash column chromatography was carried out on silica gel (240—400 mesh) unless otherwise stated.
Baker-silic® (40 pm) was used for the chromatography of acid-sensitive products. Melting points were
determined on a hot stage and are uncorreciddNMR and'3C NMR spectra were recorded at 250
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and 62.5 MHz, respectively. Electron-impact mass spectra were recorded at 70 eV. Confpd@Hids

were prepared following the same procedures as those previously reported for their enantiomers, whose
spectroscopic data and physical constants, except specific rotation, were in good accord with the data
obtained foi5, 9-14.% Therefore, only specific rotation and microanalysis values, for the new compounds,
are given herein for these products.

4.1. Methyl R)-Z-2-N-tertbutoxycarbonylamino-3-(22 -dimethyl-1,3 -dioxolan-4-yl)-
2-propenoated

Yield: 800 mg (53%). &]p=+10.9 € 4.40, CHCH) (lit.° [«]p=—-10.8 € 2.10, CHC}) for the

enantiomer). Anal. calcd for gH2306N: C, 55.80%; H, 7.69%; N: 4.65%. Found: C: 55.72%; H, 7.81%;
N, 4.57%.

4.2. Methyl (R,2S,4'R)-(+)-1-N-tert-butoxycarbonylamino-2-(22'-dimethyl-1,3 -dioxolan-4-yl)-
cyclopropanecarboxylat&0

Yield: 640 mg (87% for the two steps)x]p=+69.0 € 1.10, CHC}) (lit.° [x]p=-68.9 € 1.03, CHC})

for the enantiomer). Anal. calcd fori6H25NOg: C, 57.13%; H, 7.99%; N, 4.44%. Found: C, 57.05%; H,
7.74%; N, 4.41%.

4.3. Methyl (R,2S,1'R)-(+)-1-N-tertbutoxycarbonylamino-2-(12'-dihydroxyethyl)cyclopropane-
carboxylatell

Yield: 476 mg (95%). &]p=+54.3 € 1.50, MeOH) (Iit? [«]p=-54.6 ¢ 1.08, MeOH) for the

enantiomer). Anal. calcd forGH2106N: C, 52.35%; H, 7.69%; N, 5.09%. Found: C, 52.27%; H, 7.58%;
N, 4.72%.

4.4. Methyl (R,2S)-(+)-1-N-tert-butoxycarbonylamino-2-formylcyclopropanecarboxylafe
Yield: 341 mg (85% yield). &]p=+189.0 € 1.00, CHC}) (lit.° [x]p=—190.7 € 0.96, CHC}) for the

enantiomer). Anal. calcd forzH1705N: C, 54.31%; H, 7.04%; N, 5.76%. Found: C, 54.14%; H, 6.73%;
N, 5.85%.

4.5. Methyl (R,29)-(+)-1-N-tert-butoxycarbonylamino-2-hydroxymethylcyclopropanecarboxyate

Yield: 316 mg (92%). &]p=+33.9 € 0.80, MeOH) (lit? [x]p=—34.1 € 0.67, MeOH) for the
enantiomer).

4.6. (IR,29)-(+)-1-N-tert-Butoxycarbonylamino-2-hydroxymethylcyclopropanecarboxylic #8id
Yield: 127 mg (91%). &]p=+38.0 € 1.00, MeOH) (lit'° [«]p=+37.8 € 0.45, MeOH)).
4.7. (+)-(2)-Methanohomosering4

Yield: 67 mg (100%). &]p=+74.7 € 1.05, BO) (lit.1° [x]p=+73.8 € 0.48, HO)).
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4.8. (IR,29)-(+)-1-N-tert-Butoxycarbonylamino-1,2-bis(hydroxymethyl)cyclopropabie

A 2 M solution of LiBHz in THF (2.2 mL, 5.7 mmol) was slowly added to a solution of e5tg75 mg,
0.7 mmol) in anhydrous THF (5 mL) at —78°C. The mixture was allowed to reach room temperature and
then stirred for 18 h. The excess hydride was destroyed by slow addition of methanol, and solvents were
removed at reduced pressure. The residue was dissolved in water and extracted with dichloromethane
(4x10 mL). The combined organic extracts were dried over Mg&al the solvent was evaporated. The
residue was chromatographed (ethyl acetate) to affordidiels a colorless oil. Yield: 137 mg (88%).
[&]p=+18.7 € 0.80, CHC}). IR (film) 3600-3100, 1685 ci. 'H NMR (CDCls) 0.42 (t, Hs, J=J'=5.8
Hz), 0.90 (dd, H, J=9.5 Hz,J'=5.8 Hz), 1.41-1.50 (complex absorption, C(§}4+H>), 3.12 (t, H 5,
J=J'=10.9 Hz), 3.36 (d, K, J=11.6 Hz), 3.53 (d, K, J=11.6 Hz), 3.93 (m, kt'y), 5.31 (broad s, NH).
13C NMR (methanolds) 14.80 (GQ), 25.36 (G), 28.65 (CCHz3)3), 39.78 (G), 62.78 (CHO), 67.31
(CH20), 80.74 C(CHs)3), 159.57 (CO). Anal. calcd for fgH19NO4: C, 55.28%; H, 8.81%; N, 6.45%.
Found: C, 55.20%; H, 8.83%; N, 6.28%.

4.9. (IR,29)-(+)-1-Amino-1,2-bis(hydroxymethyl)cyclopropahe

A solution of 15 (120 mg, 0.5 mmol) and 1 M HCI (5 mL) in THF (5 mL) was stirred at room
temperature for 8 h. Then saturated aqueous sodium bicarbonate was added to reach neutral pH and
THF was removed. The aqueous solution was extracted with ethyl acetdier(B) and the combined
organic extracts were dried over MgaO he solvent was removed at reduced pressure and the residue
was purified by elution through ajgreverse phase cartridge using 1:1 methanol:water as eluent. In
this way, pure aminodiol was obtained as a colorless oil. Yield: 58 mg (909®]g=+16.2 € 1.15,
MeOH). IR (film): 3500-3000 cnt. 'H NMR (methanold,) 0.96—1.09 (complex absorptiongitHay),
1.27-1.41 (m, H), 3.57 (d, H',, J=12.2 Hz), 3.66 (d, K, J=12.2 Hz), 3.78 (dd, K4, J=11.7 Hz,
J'=5.8 Hz), 4.00 (dd, ki, J=11.7 Hz,J'=4.0 Hz).23C NMR (methanold;) 11.33 (Q), 22.27 (G),

40.97 (@), 59.31 (CHO), 65.90 (CHO). Anal. calcd for GH11NOy: C, 51.26%; H, 9.46%; N, 11.96%,
Found: C, 51.42%; H, 9.28%; N, 11.74%.

4.10. (1S,2R)-(-)-1-N-tert-Butoxycarbonylamino-1,2-bis(hydroxymethyl)cycloproparia

This product is a colorless oil that was synthesized alternatively by reduction of aEabiohldehyde
16awith LiBH 4, following a similar protocol to that described above for the synthesibdfield 631
mg, 95%). Spectroscopic data are in good agreement with those of its enarit®iedin=—18.9 € 1.05,
CHCls). Anal. calcd for GoH19NOg4: C, 55.28%; H, 8.81%; N, 6.45%. Found: C, 54.99%; H, 8.91%; N,
6.74%.

4.11. (1S,2R)-(+)-1-N-Benzyloxycarbonylamino-1,2-bis(hydroxymethyl)cycloprodatie

This diol is a colorless oil which was synthesized from e8teby the standard procedure described
above (yield: 592 mg, 94%)0fp=+6.4 € 2.20, CHC}). IR (film) 3650-3100, 1699 cM. 'H NMR
(CDCl3) 0.46 (t, Hs, J=J'=5.8 Hz), 0.87 (dd, K, J=9.5 Hz,J'=5.8 Hz), 1.33 (m, H), 3.09 (t, H"~,
J=J'=10.9 Hz), 3.46 (d, K, J=11.7 Hz), 3.54 (d, Kt, J=11.7 Hz), 3.85 (complex absorption, 3H), 5.04
(s, CH:Ph), 6.07 (broad s, NH), 7.28 (s, 5HFC NMR (CDCk) 14.54 (G), 25.27 (G), 39.24 (GQ),
61.70 (CHO), 67.18 (CHPh), 68.06 (CHO), 128.07, 128.23, 128.49, 135.84id{%), 158.37 (CO).
Anal. calcd for GsH17NO4: C, 62.14%; H, 6.82%; N: 5.57%. Found: C, 62.15%; H, 6.98%; N, 5.42%.
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4.12. (1S,2R)-(-)-1-Amino-1,2-bis(hydroxymethyl)cyclopropaie

A mixture of 17a(90 mg), 5 mL of 1 M HCl and THF (5 mL) was stirred at room temperature for 8
h. Then saturated aqueous sodium bicarbonate was added to reach neutral pH. THF was removed, and
the aqueous solution was extracted with ethyl acetaté (@L). The combined organic extracts were
dried over MgSQ and the solvent was evaporated at reduced pressure. Crude amodislpurified
by elution through a g-reverse phase cartridge using 1:1 methanol:water as eluent to afford asiee
colorless oil (yield: 39 mg, 81%). Spectroscopic data are in good accordance with those described above
for its enantiomed. []p=-16.4 € 1.05, MeOH). Anal. calcd for H11NO2: C, 51.26%; H, 9.46%; N,
11.96. Found: C, 51.54%; H, 9.68%; N, 11.69.

4.13. (1S,2R)-(+)-1,2-bis(Benzoyloxymethyl)Hd-(tertbutoxycarbonylamino)cycloproparis

To an ice-cooled solution of7a (232 mg, 1.1 mmol) in dry dichloromethane (12 mL) anhydrous
pyridine (530uL, 6.5 mmol) and benzoyl chloride (320L, 2.7 mmol) was added under a nitrogen
atmosphere. The mixture was stirred at room temperature for 16 h, then dichloromethane (5 mL) was
added and the solution was subsequently washed with 5% H@® 8L) and saturated aqueous sodium
bicarbonate (28 mL). The organic phase was dried over MgS&hd the solvent was evaporated at
reduced pressure to affodB as a solid which was purified by crystallization (yield: 312 mg, 81%).
Crystals, mp 126-128°C (from EtOAc/pentanay]g=+6.95 ¢ 1.15, CHC}). IR (KBr) 3500-3100,
1790, 1718 cmt. *H NMR (CDClg) 0.96 (dd, Hyp, J=6.2 Hz,J'=5.5 Hz), 1.31 (dd, kh, J=9.5 Hz,
J'=5.5 Hz), 1.44 (s, C(Ck)3), 1.57 (m, B), 4.02 (d, o, J=11.7 Hz), 4.24 (dd, Ko, J=11.7 Hz,
J'=9.5 Hz), 456 (d, Ho, J=11.7 Hz), 4.61 (d, Ko, J=11.7 Hz), 5.91 (broad s, NH), 7.20-7.97
(complex absorption, 10H}3C NMR (CDCk) 16.38 (G), 22.27 (G), 28.32 (CCHs3)3), 36.64 (G),
64.10 (CHO), 69.42 (CHO), 79.83 C(CHs)3), 128.17 (Gy), 128.33 (Gn), 129.55 (@), 129.61 (G),
129.85 (Gpso), 130.52 (Gpso), 132.81 (G), 133.04 (G), 155.95 (NHCO), 166.35 (CO), 166.74 (CO).
MS, m/e(%) 326 (M—Boc, 8), 230 (8), 203 (35), 105 (PhCO, 100), 77 (Ph, 33), 57 (G4 HO00), 41
(28). Anal. calcd for G4H27NOeg: C, 67.75%; H, 6.40%; N, 3.29%. Found: C, 67.68%; H, 6.53%; N,
3.32%.

4.14. (1S,2R)-(+)-1-Amino-1,2-bis(benzoyloxymethyl)cyclopropane hydrochlcti@le

A mixture of 18 (62 mg, 0.1 mmol) and 6 M HCI (1.5 mL) in THF (1.5 mL) was stirred at room
temperature overnight. The solution was evaporated to dryness to afford a solid which was purified
by crystallization (yield: 30 mg, 63%). Crystals, mp 179-181°C (MeOH/etheih¥$+34.8 € 1.15,
MeOH). IR (KBr) 3209, 3000-2600, 1715, 1701, 1602 ¢mH NMR (methanole,) 1.23 (t, Hsp, J=7.3
Hz), 1.47 (dd, Ha, J=10.2 Hz,J'=6.9 Hz), 1.97 (m, H), 4.23 (d, Ho, J=13.1 Hz), 4.31 (dd, Ko,
J=12.8 Hz,J’=10.2 Hz), 4.73 (d, Ko, J=13.1 Hz), 4.77 (dd, Ko, J=11.7 Hz,J'=4.4 Hz), 7.29-8.03
(complex absorption, 10 H¥3C NMR (methanolds) 13.60 (Q), 22.67 (G), 39.39 (G), 63.36 (CHO),
68.83 (CHO), 129.49 (G), 129.52 (Gy), 130.70 (2G), 130.77 (2Gpso), 133.04 (2G), 167.52 (CO),
168.24 (CO). MSm/e (%) 326 (M-36, 1), 204 (10), 203 (1), 105 (PhCO, 100), 82 (36), 77 (Ph, 42),
41 (7). Anal. calcd for @H20CINO4C: 63.07%; H, 5.57%; N, 3.87%. Found: C, 62.95%; H, 5.60%; N,
3.84%.
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4.15. (1S,2R)-(+)-1-Benzoyloxymethyl-N-tert-butoxycarbonylamino-2-hydroxymethylcyclopropane
20

To an ice-cooled solution df7a(60 mg, 0.3 mmol) in dry dichloromethane (5 mL) anhydrous pyridine
(75 uL, 0.9 mmol) and benzoyl chloride (38, 0.3 mmol) was added under a nitrogen atmosphere. The
mixture was stirred at room temperature for 3 h, then dichloromethane (5 mL) was added and the solution
was subsequently washed with 5% HCk@mL) and saturated aqueous sodium bicarbonat@ (aL).
The organic phase was dried over MgsS@e solvent was evaporated at reduced pressure and the residue
was chromatographed (1:2, ethyl acetate:hexane) (yield: 78 mg, 88%). Crystals, mp 110-112°C (from
EtOAc/pentane).q]p=+11.3 € 0.80, CHC}). IR (KBr) 3468 (N-H), 3359 (O-H), 1693 (20) cnil.
IH NMR (CDCl3) 0.47 (dd, Hpy, J=6.2 Hz,J'=5.5 Hz), 1.04 (dd, Kk, J=9.5 Hz,J'=5.5 Hz), 1.42 (s,
C(CHs)3), 1.60 (m, B), 3.16 (t, OH,J=J'=11.0 Hz), 3.75 (d, CKOH, J=11.7 Hz), 3.94 (dt, CHOH,
J=J'=11.7 Hz,J""=3.6 Hz), 4.04 (d, CHOBz,J=11.7 Hz), 4.66 (d, CLOBz,J=11.7 Hz), 5.11 (sa NH),
7.43 (dd, 2Hh, J=8.0 Hz,J’=7.3 Hz), 7.54 (dt, i§, J=8.0 Hz,J’=1.5 Hz), 8.45 (dd, 2k J=7.3 Hz,J’=1.5
Hz). 13C NMR (CDCk) 14.35 (GQ), 26.70 (G), 28.23 (CCHz)3), 36.80 (G), 61.67 (CHOH), 69.35
(CH,0Bz), 81.00 C(CHz)3), 128.38 (Gn), 129.73 (G), 130.11 (Gpso), 133.05 (G), 157.41 (NHCO),
166.44 (OCOPh). MSn/e(%) 322 (M+1, 49), 266 (M-PhCO, 18), 222 (M-Boc, 31), 105 (PhCO, 63),
77 (Ph, 27), 57 (C(CH)3, 100), 41 (34). Anal. calcd for GH23NOs: C, 63.54%; H, 7.21%; N, 4.36%.
Found: C, 63.34%; H, 7.29%; N, 4.32%.

4.16. Methyl (85,2R)-(+)-1-N-benzyloxycarbonylamino-2eft-butyldiphenylsilyloxymethyl)cyclo-
propanecarboxylat@l

tert-Butyldiphenylsilyl chloride (395uL, 1.5 mmol) was added to a stirred and ice-cooled solution
of 6b (210 mg, 0.8 mmol) and dimethylaminopyridine (313 mg, 2.6 mmol) in dichloromethane (5 mL).
The mixture was stirred at 0°C for 25 min and saturated aqueousCN{ mL) was added. Layers
were separated and the organic phase was washed with wat®m(L) and dried over MgS© The
solvent was removed and the residue was chromatographed (1.9 ethyl acetate:hexane) to afdrd pure
(yield: 403 mg, 97%).&]p=+8.8 (€ 3.20, CHC}). IR (film) 3600-3250, 1734 cm. *H NMR (CDCl3)
1.03 (s, (CH)3), 1.03-1.22 (m, kb), 1.77 (m, Hyp), 1.94 (m, B), 3.48 (t, H',, J=3'=10.7 Hz), 3.70 (s,
CHs), 4.02 (dd, H'p, J=10.7 Hz,J’=5.1 Hz), 5.12 (s, CkPh), 7.35-7.64 (complex absorption, 15HC
NMR (CDClz) 19.07 C(CHs)3), 21.89 (G), 26.77 (CCHs)s), 29.80 (G), 38.12 (G), 52.50 (OCH),
63.50 (G/), 66.59 (CHPh), 127.75, 127.81, 127.99, 128.40, 129.84, 133.11, 135.40, 135.46, 136.37,
156.87 (NHCO), 172.92 (CO). Anal. calcd foiEi3sNOsSi: C, 69.60%; H, 6.81%; N, 2.71%. Found:
C, 69.50%; H, 6.94%; N, 2.72%.

4.17. (1S,2R)-(+)-1-N-Benzyloxycarbonylamino-@rt-butyldiphenylsilyloxymethyl-1-hydroxymethyl-
cyclopropane22

Ester21was reduced with LiBRfollowing the standard procedure described above for the preparation
of 15 (yield: 1.3 g, 93%). &]p=+11.0 € 2.00, CHC}). IR (film) 3600-3100 cmt. 'H NMR (CDCl)
0.74 (dd, H, J=7.9 Hz,J'=5.8 Hz), 1.04 (s, SIiC(Ck)3), 1.18 (m, H), 1.25 (m, H), 3.45 (complex
absorption, €1,0H), 3.68 (d, H’, J=11.7 Hz), 3.97 (dd, H, J=11.7 Hz,J'=5.5 Hz), 5.09 (s, CkPh),
5.74 (broad s, NH), 7.33-7.39 (complex absorption, 11H), 7.61-7.67 (complex absorptiod2@H).
NMR (CDCl3) 17.45 (G), 19.08 (SC(CHg)3), 25.55 (G), 26.85 (SiCCH3)3), 39.18 (G), 64.05
(CH.0S:i), 66.96 (CHPh), 70.15 (CHOH), 127.79 (4G), 128.01 (2G), 128.50 (2G), 129.83 (4G),
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133.19 (2Gpso), 135.44 (Gn), 135.52 (Gy), 158.34 (NHCO). Anal. calcd for £gH35NO4Si: C, 71.13%;
H, 7.20%; N, 2.86%. Found: C, 71.27%; H, 7.09%; N, 2.73%.

4.18. (1S,2R)-1-N-Benzyloxycarbonylamino-42st-butyldiphenylsilyloxymethyl-1-methanesulfonyloxy-
cyclopropane23

Triethylamine (24QuL, 2.0 mmol) and mesyl chloride (144, 2.0 mmol) were subsequently added to
a stirred and ice-cooled solution of alcol#d (0.5 g, 1.0 mmol) in dry dichloromethane (10 mL) under
nitrogen atmosphere. The mixture was stirred at 0°C for 30 min and water (8 mL) was added. Layers
were separated and the agueous phase was extracted with dichlorometh@nal(2 The combined
organic extracts were dried over Mga@nd the solvent was evaporated at reduced pressure to afford
quantitatively mesylat@3 (580 mg) which was used in the next step without further purificatieh.
NMR (CDCl3) 0.88 (t, Hs, J=J'=6.6 Hz), 1.05 (s, C(Ck)3), 1.09 (m, H), 1.40 (m, HB), 2.90 (s,
CHs), 3.48 (dd, CHOSI, J=11.0 Hz,J'=8.7 Hz), 3.83 (d, CHOH, J=10.9 Hz), 4.00 (dd, CkDSi,
J=11.0 Hz,J’'=5.1 Hz), 4.58 (d, CKHIOH, J=10.9 Hz), 5.09 (s, CkPh), 5.63 (broad s, NH), 7.32—-7.40
(complex absorption, 11H), 7.60-7.72 (complex absorption, @) NMR (CDChk) 17.70 (G), 19.12
(SIC(CHs3)3), 24.96 (G), 26.82 (SICCH3)3, 36.27 (G), 37.43 (CH), 63.67 (CHOSI), 66.75 (CHPh),
74.23 (CHOH), 127.76 (4G), 128.01 (2G), 128.48 (2G), 129.81 (4G), 133.08 (2Gpso), 135.38 (Gr),
135.49 (Gy), 156.24 (NHCO).

4.19. (1S,2R)-(+)-1-N-Benzyloxycarbonylamino-2+t-butyldiphenylsilyloxymethyl-1-methylcyclo-
propane24

Mesylate23 was reduced with LiBll according to a similar protocol to that described above for the
synthesis o.5. Crude24was purified by column chromatography on Baker-sfti¢a:1, hexane:ether) to
afford a colorless oil (yield: 240 mg, 50%)x]p=+15.0 € 2.70, CHC}). IR (film) 3423, 3339 (broad),
1725 cm®. 'H NMR (CDCl) 0.69 (t, H, J=J'=5.1 Hz), 0.85 (dd, b, J=8.0 Hz,J'=5.1 Hz), 1.07
(complex absorption, C(Chs+Hy), 1.39 (s, CH), 3.47 (t, CHOSi,J=J'=10.9 Hz,), 4.01 (dd, CkOSi,
J=10.9 Hz,J'=5.8 Hz), 5.09 (s, CkPh), 5.50 (broad s, NH), 7.35-7.43 (complex absorption, 11H),
7.60-7.68 (complex absorption, 4HJC NMR (CDCk) 19.12 C(CHs)3), 19.68 (Q), 24.12 (G), 26.24
(CHs), 26.85 (CCHB3)3), 33.32 (G), 64.91 (G'), 66.23 (CHPh), 127.70, 127.91, 128.41, 129.73, 133.2,
135.47,135.55, 136.76, 156.41 (NHCO). Anal. calcd fast3sNOsSi: C, 73.53%; H, 7.45%; N, 2.96%.
Found: C, 73.50%; H, 7.84%; N, 2.75%.

4.20. (1S,2R)-(-)-1-Amino-21ert-butyldiphenylsilyloxymethyl-1-methylcyclopropatte

A stirred mixture 0f24 (100 mg, 0.2 mmol) and 20% Pd(O# (16 mg) in methanol (10 mL) was
hydrogenated under two atmospheres pressure for 24 h. The catalyst was removed by filtration through
Celite and the solvent was evaporated. The residue was chromatographed on BaRegailing a
colorless oil (yield: 54 mg, 76%).0{]p=—34.6 € 0.75, CHC}). IR (film) 3600, 3100 (broad) cm.
1H NMR (CDCls) 0.27 (t, Hs, J=J'=5.1 Hz), 0.47 (dd, K} J=9.1 Hz,J'=4.7 Hz), 0.94 (m, H), 1.03 (s,
C(CHg)s), 1.26 (s, CH), 3.70 (dd, CHOSI,J=10.9 Hz,J'=8.4 Hz), 3.94 (dd, CkiOSi,J=10.9 Hz J'=5.1
Hz), 7.35-7.39 (complex absorption, 6H), 7.66—7.69 (complex absorption?¥EHNMR (CDCk) 18.64
(C(CHg)3), 19.20 (G), 26.88 (C(CH)3), 27.18(G), 28.62 (CH), 34.32 (G), 64.16 (Go), 127.59 (G),

129.50 (G), 134.19 (Gpso), 135.60 (Gn). Anal. calcd for GiH29NOS: C, 74.28%; H, 8.61%; N, 4.13%.
Found: C, 74.49%; H, 8.89%:; N, 3.89%.
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4.21. (1S,2R)-(-)-1-N-Benzyloxycarbonylamino-2-hydroxymethyl-1-methylcyclopro@éne

A 1 M solution of tetrabutylammonium fluoride in THF (270, 0.3 mmol) was added to a solution
of 24 (88 mg, 0.2 mmol) in THF (2 mL). The mixture was stirred at room temperature for 1 h,
then the solvent was evaporated at reduced pressure and the residue was chromatographed (1:1, ethyl
acetate:hexane) to afford pu2é (yield: 43 mg, 100%). Crystals, mp 47-50°C (from EtOAc/pentane).
[«]p=—19.1 € 1.70, CHC}). IR (KBr) 3600-3100 (broad), 1725 ¢t 'H NMR (CDCl) 0.34 (t, H,
J=J'=5.8 Hz), 0.70 (dd, K, J=8.8 Hz,J'=5.8 Hz), 1.29 (m, H), 1.36 (s, CH), 3.08 (t, OH,J=J'=11.0
Hz), 3.50 (d, CHOH, J=11.0 Hz), 3.88 (dd, ChkDH, J=11.0 Hz,J'=2.9 Hz), 5.08 (s, CkPh), 5.33
(broad s, NH), 7.32 (s, 5H):*C NMR (CDCk) 16.51 (GQ), 23.85 (G), 28.34 (CH), 33.72 (Q),
62.70 (G'), 67.05 (CHPh), 128.03, 128.20, 128.51, 135.47, 135.96, 157.74 (NHCO). Anal. calcd for
C13H17NO3: C, 66.36%; H, 7.28%; N, 5.95%. Found: C, 66.64%; H, 7.39%; N, 5.78%.

4.22. (1S,2R)-(-)-1-Amino-2-hydroxymethyl-1-methylcyclopropahe

Compound26 was hydrogenated according to the procedure described above for the preparafon of
Aminoalcohol3 was purified by elution through a;greverse phase cartridge affording an oil (yield: 22
mg, 95%). x]p=-23.4 €0.55, CHC}). IR (film) 3600-3000 (broad) cm. 1H NMR (methanole,) 0.28
(t, Hz, J=0'=5.8 Hz), 0.65 (dd, K, J=8.9 Hz,J'=5.8 Hz), 1.29 (m, H), 1.36 (s, CH), 3.71 (dd,J=11.7
Hz,J'=5.7 Hz), 3.96 (ddJ=11.7 Hz,J'=4.2 Hz).13C NMR (methanold,) 14.93 (G), 22.59 (G), 28.01
(CHg), 37.43 (G), 59.98 (CHO). Anal. calcd for GH11NO: C, 59.37%; H, 10.96%; N, 13.85%. Found:
C, 59.54%; H, 10.85%; N, 13.69%.

4.23. (1S,2R,4' S)-(-)-1-N-tert-Butoxycarbonylamino-2-(2’'-dimethyl-1,3'-dioxolan-4 -yl)-1-
hydroxymethylcyclopropanz?

Ester 7a was reduced with LiBH following the same procedure as that described above for the
synthesis ofl5 (yield: 450 mg, 99%). Crystals, mp 92—-94°C (from EtOAc/pentangp-60.6 € 1.65,
CHCL). IR (KBr) 3500-3000 (broad), 1719 ¢t *H NMR (CDClg) 0.82 (t, Hsq, J=J'=5.8 Hz), 1.03
(dd, Hap, J=8.8 Hz,J'=5.8 Hz), 1.23 (complex absorption,HCH3), 1.31 (s, CH), 1.40 (s, C(CH)3),

3.34 (d, GH,0H, J=11.0 Hz), 3.75 (complex absorptiongHCH,OH), 3.84 (m, H-), 4.06 (dd, H,
J=8.0 Hz,J'=5.8 Hz), 5.08 (broad s, NH}:3C NMR (CDCk) 16.76 (GQ), 25.51 (CH), 26.09 (G),
26.73 (CH), 28.17 (CH3)3), 39.01 (GQ), 69.85 (CHOH), 70.03 (G), 76.47 (&), 80.57 C(CHz)3),
108.59 (G'), 157.55 (NHCO). MSm/e(%) 231 (M'-56, 1), 172 (M-Boc, 29), 113 (10), 112 (12), 101
(13), 86 (33), 59 (14), 57 (100), 43 (21), 42 (25). Anal. calcd fesHZsNOs: C, 58.52%; H, 8.77%; N,
4.87%. Found: C, 58.42%; H, 8.84%; N, 5.09%.

4.24. (1S,2R,4' S)-(-)-1-N-tert Butoxycarbonylamino-2-(22’' -dimethyl-1,3'-dioxolan-4-yl)-1-
methanesulfonyloxycyclopropa8

This compound was synthesized following the same procedure as that described above for the
preparation of23. Crude mesylat€8 was purified by crystallization (yield: 1.5 g, 88%). Crystals,
mp 118-120°C (from ChLCly/pentane). §]p=—42.0 ¢ 1.50, CHC}). IR (KBr) 1685 cm. 'H NMR
(CDCl3) 0.99 (m, Hg), 1.20 (m, Hy), 1.31 (s, CH), 1.42 (complex absorption, GHH2+C(CHg)s),
2.98 (s, SQCHg3), 3.78 (complex absorption, 3H), 4.05 (ddgHJ=8.0 Hz, J'=5.8 Hz), 4.58 (d,
CH,OMs,J=10.9 Hz), 4.97 (broad s, NH}*C NMR (CDCk) 16.45 (G), 25.36 (CH), 26.65 (G), 26.71
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(CHs), 28.21 (CCHa)s), 36.54 (G), 39.01 (CHSOy), 69.82 (CHOH), 74.06 (G), 75.91 (&), 80.41
(C(CHa)s), 108.70 (G'), 155.34 (NHCO). MSm/e(%) 345 (MF—20, 4), 344 (16), 235 (12), 179 (100),
164 (13), 107 (18), 99 (19), 94 (15), 73 (22), 57 (98), 43 (22), 41 (22). Anal. calcd:ft,eNO;S: C,
49.30%; H, 7.45%; N, 3.83%:; S, 8.77%. Found: C, 49.64%; H, 7.55%:; N, 3.77%; S, 8.48%.

4.25. (1S,2R,4' S)-(-)-1-N-tert Butoxycarbonylamino-2-(22'-dimethyl-1,3'-dioxolan-4-yl)-1-
methylcyclopropan@9

Mesylate 28 was reduced with LiBl according to the standard procedure (yield: 150 mg, 50%).
Crystals, mp 80-81°C (from Gi€lo/pentane). &]p=-80.0 ¢ 1.00, CHC}). IR (KBr) 1691 cm?. 1H
NMR (CDClg) 0.71 (t, Hsa, J=3'=5.8 Hz), 0.82 (dd, Kb, J=8.8 Hz,J'=5.8 Hz), 0.96 (m, H), 1.31 (s,
2xCHg), 1.40 (s, CH), 1.41 (s, C(CH)3), 3.69 (m, H), 3.79 (t, Hy, J=J'=7.3 Hz), 4.10 (dd, k&, J=8.0
Hz, J’=5.8 Hz), 4.76 (broad s, NH}:3C NMR (CDCk) 18.33 (Q), 23.72 (Q), 25.48 (CH), 26.83
(CHg), 28.27 (CCH3)3), 28.51 (CH), 33.49 (Q), 70.21 (&), 77.50 (G'), 79.41 C(CHz)3), 108.14
(Cy»), 155.37 (NHCO). MSm/e(%) 214 (M*-57, 156 (12), 101 (28), 96 (19), 70 (43), 57 (100). Anal.
calcd for G4H2sNOg4: C, 61.97%; H, 9.29%; N, 5.16%. Found: C, 61.98%; H, 9.41%; N, 5.04%.

4.26. (1S,2R,4'S)-(-)-1-N-tert-Butoxycarbonylamino-2-(22’'-dimethyl-1,3'-dioxolan-4-yl)-1-
(methylthiomethyl)cycloproparz0

A solution of sodium thiomethoxide (122 mg, 1.7 mmol) in anhydrous THF (5 mL) was added to
a solution of mesylat@8 (426 mg, 1.2 mmol) in THF (10 mL) and the mixture was stirred at room
temperature for 20 h. Then the solvent was removed, the residue was poured into water (20 mL), and the
resulting solution was extracted with dichloromethaned8 mL). The combined organic extracts were
dried over MgSQ and the solvent was evaporated at reduced pressure. The residue was chromatographed
(1:2, ethyl acetate:hexane) to furnish pu8e (yield: 173 mg, 47%). Crystals, mp 87-88°C (from
CHyCly/pentane). &]p=—58.0 € 1.35, CHC}). IR (KBr) 1687 cm®. TH NMR (CDClk) 0.84 (t, Hsa,
J=J'=5.8 Hz), 0.96-1.14 (complex absorptionp#ts,), 1.30 (s, CH), 1.40 (complex absorption,
CH3+C(CHs)3), 2.11 (s, SCH), 2.31 (d, Hys, J=13.9 Hz), 3.10 (d, Ks, J=13.9 Hz), 3.67-3.83 (complex
absorption, 2i4), 4.07 (dd, H-, J=8.0 Hz,J'=5.8 Hz), 5.04 (broad s, NH}3C NMR (CDCk) 16.80
(SCHg), 17.86 (G), 25.51 (CH), 26.86 (G), 27.92 (CH), 28.30 (CH3)3), 37.50 (G), 42.00 (CHSMe),
70.03 (&), 77.00 (&), 79.97 C(CHs)3), 108.43 (G'), 155.40 (NHCO). Anal. calcd for gH27NO4S:
C, 56.75%; H, 8.57%; N, 4.41%; S, 10.10%. Found: C, 56.59%; H, 8.65%; N, 4.33%; S, 9.83%.

4.27. (1S,2R,4' S)-(-)-1-Benzoyloxymethyl-N-tert-butoxycarbonylamino-2-(22’ -dimethyl-1,3'-
dioxolan-4-yl)cyclopropane32

A solution of alcohol27 (680 mg, 2.4 mmol), benzoyl chloride (348, 3.0 mmol), and anhydrous
pyridine (570pL, 7.1 mmol) in dry dichloromethane (16 mL) was stirred under a nitrogen atmosphere
at room temperature for 1 h. The reaction mixture was washed with saturated aqueous ammonium
chloride (2<10 mL) and the organic phase was dried over MgSThe solvent was evaporated at
reduced pressure and the residue was chromatographed (1:3, ether:hexane) (yield: 907 mg, 2.3 mmol).
Crystals, mp 94-96°C (from ether/pentane)}d=—29.1 ¢ 1.55, CHC}). IR (KBr) 1717, 1684 cmt. 1H
NMR (CDClg) 0.94 (t, Ha, J=J'=5.8 Hz), 1.24 (complex absorption#Hsp), 1.28 (s, CH), 1.41 (s,
C(CHs)3), 1.43 (s, CH), 3.82 (ac, 2H), 4.06 (d, C#DBz,J=11.7 Hz), 4.12 (dd, Ko, J=8.0 Hz,J'=5.8
Hz), 4.57 (d, CHOBz, J=11.7 Hz), 4.93 (s, NH), 7.42 (t, 2k J=0'=7.3 Hz), 7.54 (t, H, J=)'=7.3
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Hz), 8.01 (d, 2H, J=7.3 Hz).13C NMR (CDCk) 16.29 (G), 25.46 (CH), 26.46 (CH), 26.85 (G),
28.26 (CCH3)3), 36.74 (G), 68.80 (CHOBz), 70.02 (§), 76.47 (G'), 80.10 C(CHa)s), 108.56 (G),
128.34 (2Gy), 129.62 (2G), 129.95 (Gpso), 133.02 (G), 155.30 (NHCO), 166.25 (CO). Anal. calcd for
Co1H2oNOg: C, 64.43%; H, 7.47%; N, 3.58%. Found: C, 64.72%; H, 7.25%; N, 3.55%.

4.28. (1S,2R,1'S)-1-N-tertButoxycarbonylamino-2-(12’-dihydroxyethyl)-1-methylcyclopropai3a

HCI (5%=four drops) was added to a solution28 (157 mg, 0.6 mmol) in methanol (8 mL) and the
mixture was stirred at room temperature for 90 min. The reaction mixture was evaporated to dryness and
the residue was crystallized (yield: 110 mg, 0.5 mmol). Crystals, mp 87-89°C (frosle/dentane).
[x]p=-31.1 £ 1.15, CHC}). IR (KBr) 3650-3000 (broad), 1693 c¢th 1H NMR (acetoneds) 0.71-0.82
(complex absorption, 24), 1.27 (s, CH), 1.38 (complex absorption, HC(CHs)s), 3.26 (m, Hy), 3.61
(t, Hs, J=0'=5.8 Hz,), 4.00 (m, #), 6.24 (broad s, NH):3C NMR (acetoneds) 18.15 (G), 23.94 (GQ),

28.12 (CCHs3)3), 28.53 (CH), 33.94 (GQ), 66.55 (G'), 72.00 (G), 79.52 C(CHz3)3), 156.48 (NHCO).
Anal. calcd for G1H21NO4: C, 57.12%; H, 9.15%; N, 6.06%. Found: C, 57.48%; H, 9.38%; N, 5.89%.

4.29. (1S,2R,1'S)-1-N-tertButoxycarbonylamino-2-(12’ -dihydroxyethyl)-1-(methylthiomethyl)cyclo-
propane34

HCI (5%=four drops) was added to a solution3tf (90 mg, 0.3 mmol) in methanol (8 mL) and the

mixture was stirred at room temperature for 1 h. The reaction mixture was evaporated to dryness and
the residue was chromatographed (ethyl acetate) (yield: 57 mg, 77%). Crystals mp 99-101°C (from
CHyCly/pentane). §]p=-12.0 € 0.68, CHC4). IR (KBr) 3500-3100 (broad), 1692 ¢t 'H NMR
(CDCl3) 0.95-1.04 (complex absorption, 2HH>), 1.42 (s, C(CH)3), 2.17 (s, SCH), 2.60 (d, Hs,
J=14.0 Hz), 2.83 (d, ks, J=14.0 Hz), 3.51 (m, ), 3.70 (m, 2H), 5.41 (broad s, NH)}*C NMR
(CDCl3) 16.76 (SCH), 18.48 (G), 27.99 (G), 28.29 (CHs3)3), 38.08 (G), 42.43 (CHSMe), 66.54
(Cg), 71.59 (G), 80.08 C(CH3)3), 155.93 (NHCO). Anal. calcd for 5H23NO4S: C, 51.96%; H,
8.36%; N, 5.05%; S, 11.56%. Found: C, 51.86%; H, 8.58%; N, 4.89%; S, 11.71%.

4.30. (1S,2R,1'S)-1-Bromomethyl-IN-tertbutoxycarbonylamino-2-(12'-dihydroxyethyl)cyclo-
propane35

A mixture of mesylate28 (375 mg, 1.0 mmol) and lithium bromide (175 mg, 2.0 mmol) in THF (15
mL) was stirred at room temperature for 4 days. The solvent was removed, the residue was poured into
water and the resultant aqueous solution was extracted with dichloromethane. The combined organic
extracts were dried over MgS@nd the solvent was evaporated at reduced pressure. The residue was
poured into methanol (10 mL) and 5% HCI (4 drops) was added. The solution was stirred at room
temperature for 20 min, then evaporated to dryness. The residue was chromatographed (ethyl acetate)
to afford diol35 as a solid (yield: 253 mg, 64%). Crystals, mp 95-96°C (from MeORCipentane).
[¢]p=-23.0 € 1.00, CHC}). IR (KBr) 3700-3100 (broad), 1692 ¢t *H NMR (CDCl3) 1.15-1.19
(complex absorption, 2¢+H>), 1.42 (s, C(CH)3, 2.55 (complex absorption, 2H,), 3.45-3.70 (com-
plex absorption, K +2H,), 5.44 (broad s, NH):3C NMR (CDCk) 20.48 (Q), 28.27 (CCHz3)3), 30.71
(C2), 39.09 (Q), 42.48 (CHBYr), 66.47 (G), 71.47 (G), 80.53 C(CHj3)3), 155.69 (NHCO). Anal.
calcd for G1H20BrNO4: C, 42.59%:; H, 6.50%; N, 4.52%; Br, 25.76%. Found: C, 42.62%; H, 6.57%; N,
4.53%: Br, 25.59%.
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4.31. (1S,2R,1'S)-(-)-1-Benzoyloxymethyl-N-tert-butoxycarbonylamino-2-(12'-dihydroxyethyl)-
cyclopropane36

Following the same procedure as that described above for the synthé®isdibl 36 was obtained
as a solid (yield: 742 mg, 98%). Crystals, mp 124-126°C (fromQlipentane). &]p=—24.7 ¢ 1.00,
CHCL). IR (KBr) 3600-3100 (broad), 1722, 1675 thm!H NMR (CDCls) 1.01 (t, Hsa, J=J'=5.1 Hz),
1.18-1.29 (complex absorption,»HHsp), 1.41 (s, C(CH)3), 2.15 (s, OH), 2.35 (broad s, OH), 3.35
(m, H), 3.70 (complex absorption, 2H), 4.32 (s, £¥Bz), 5.28 (broad s, NH), 7.43 (t, 251J=3'=7.3
Hz), 7.56 (t, b, J=J'=7.3 Hz), 8.03 (d, 25, J=7.3 Hz).13C NMR (CDCk) 17.10 (G), 27.91 (G),
28.58 (CCHa3)3), 37.42 (G), 67.42 (G), 70.08 (CHOBz), 72.27 (&), 79.12 C(CHz3)3), 129.31 (2G),
130.35 (2G), 131.41 (Gpso), 133.71 (G), 156.52 (NHCO), 166.75 (CO). Anal. calcd fordEl2sNOe:

C, 61.52%; H, 7.17%; N, 3.99%. Found: C, 61.15%; H, 7.29%; N, 3.81%.

4.32. 2-Benzoyloxymethylf-tert-butoxycarbonylamino-2,3-dihydrofure8v

Sodium periodate (40 mg, 3.0 mmol) was added in small portions to a solution @&{@00 mg,
0.3 mmol) in THF-water (3.5+1.5 mL). The mixture was stirred at room temperature for 15 min, then
evaporated to dryness. The residue was poured into water (5 mL) and the aqueous solution was extracted
with dichloromethane (45 mL). The combined organic extracts were dried over Mg&a the solvent
was removed. The residue was chromatographed (1:3, ether:hexane) to3&ffasch solid (yield: 47
mg, 51%). Crystals, mp 93-95°C (from ether/pentane). IR (KBr) 3385, 1724, 1625 &t NMR
(CDCl3) 1.41 (s, C(CH)3), 2.74 (dt, H, J=16.1 Hz,J'=J""=2.20 Hz), 3.01 (d, B}, J=16.1 Hz), 4.45 (d,
CH,0Bz,J=11.7 Hz), 4.57 (d, CkOBz,J=11.7 Hz), 4.95 (d, bl J=2.20 Hz), 5.50 (broad s, NH), 6.29
(d, Hs, J=2.20 Hz), 7.41 (t, 2, J=)'=7.3 Hz), 7.54 (t, H, J=J'=7.3 Hz), 8.00 (d, 2k, J=7.3 Hz).13C
NMR (CDCl3) 28.21 (CCH3)3), 37.46 (G), 66.30 (CHOBZz), 80.41 C(CHs3)3), 93.40 (G), 99.17 (G),
128.31 (2Gy), 129.45 (Gpso), 129.70 (2G), 133.19 (G), 144.08 (G), 153.53 (NHCO), 166.08 (CO).
Anal. calcd for GgH2sNOg: C, 63.94%; H, 6.63%; N, 4.39%. Found: C, 64.21%:; H, 6.44%; N, 4.51%.
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