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Abstract - a,p-Unsaturated aldehydes react with the titanated
bislactin ether § of cyclo-(L-val-gly) to give the (2R,1'S)-syn-
addition products of type §. With TBEP (catalyzed by Ti(OiPr)4 with
and without (+)- or (-)-DET) these furnish the epoxides 19 or 11
with 1',2'-anti or 1',2'-syn relation. In some cases virtually only
one stereoisomer is formed. Upon acid hydrolysis the coapounds 10
or 11 give the corresponding methyl (2R, 3R) -2-amino-4, 5-epoxy-3-
hydroxy-alcanoates {(type 12 or 13). As experiments with 10¢
revealed, the oxirane ring im 10 or 11 can be submitted to various
regio- and stereo-controlled transformations affording the precur-
sors of type 14 or 17 of amino acids in the sugar series. Cyclopro-
panation of 8§ (diiodo methane/diethyl zinc) proceeds bighly diaste-
reoselectively to give the cyclopropanes of type 19. Upon aciéd
hydrolysis these give the corresponding (enantiomerically and dia-
stereomerically pure) methyl (2R, 3S,4R,5R)-2-amino-3-hydroxy-4,5-
methylene-alcanocates of type 20.

I. Iatroduction

In 1969 Schdllkopt et a1.2 jiptroduced c-setallated alkyl isocyano alkanoates
into syntbetic organic chemistry as reagents for the synthesis of amino acids. In
the meantime, these reagents have found nuaerous cpplications’, mainly for the
synthesis of racemic amino acids.- Some time later ve commenced a study, aimed at
the asyapetric synthesis of amino acids. Our approach is based on bheterocyclic
cheaistry and on the following concept: An heterocycle is built up that contains

-besides a chiral inducing center- a latent amimo group and a latent carboxyl
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group, both incorporated in such a way that the hetereocyclic anion is an equiva-
lent of an amino acid carbaniond to which an electrophile can de added diastereo-
selectively. NMoreover, the heterocycle must bave two sites susceptidle to hydro-
lysis so tbat it can be cleaved finally liberating the optically active target
amino acid and the chiral auxiliary.

So far three types of heterocycles -I,II and III- proved to be suitadle in
our laboratory.
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By far the most versatile templates are the dihydropyrazines J, the bislactia
ethers of diketopiperazines. The "bislactim ether method"™S for the asymmetric
synthesis of amino acids is Dased on the fact that a bislactim ether of type I -
for instance ] of cyclo-(L-val-gly)- reacts readily and regioselectively with
butyllithium to give the lithium derivative 2. This reagent adds electrophiles I*
at C-2 trans to the isopropyl group at the residential chiral ceater (C-5)% to
give 3 wusually with a high degree of asymmetric induction. Subsequently the
heterocycle 3 is cleaved at the two iminoether groups by acid hydrolysis, libera-
ting the target amino acid methyl ester 4 and methyl L-valinate § (the chiral
auxiliary).
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(Remarkably, also those derivatives of the bislactim ether ] that carry an alkyl
group in the 5-position react regioselectively with butyllithium. Their litdium
derivatives react with I* with a particularly high degree of diastereodifferen-
tiation at the heterocyclic anion).

VWith aldehydes as electrophiles the degree of diastereoselectivity im the
step 2 + E* ) is raised significantly when Li in } is exchanged for Ti(NEty),.
Vith the titanium reagents § not only the stereocenter C-2 is generated in
virtually only one configuration, but also the stereocenter C-1'. Out of four
possible diastereomers, the syn-isomer (type 8) is torned?:8, This is also true
for chiral aldehydes, even when the aldehyde chirality favors the anti-isomer,
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i.e. reagent control of stereochemistry pte'lill,.
As reported recently®, a,p-unsaturated aldebydes J react with the titanium rea-
gent § in a 1,2-fashion to give the 2,1'-syn-products § with a doudle bond in the

side chain. Upon acid bydrolysis -subsequent to O-acetylation- these afford the
threo-serine esters 98.
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The double bdond in § offers the possibility of functionalisation to give
precursors of 2-amino-3-hydroxy acids with additional functional groups (such as
hydroxy or amino groups) in the carbon chain.

This communication describes a) the epoxidation of § with achiral and chiral
Sharpless-epoxidation reagentsl® to give epoxides of type 10 or 11 with either
1',2'-anti or 1',2'-syn-relation, D) the hydrolysis of three of these epoxides,
to give the methyl (2R,3R)-2-amino-4,5-epoxy-3-hydroxy-alcancates of type 12 or
13, c¢) some transformations of the epoxides 10 in which the oxirane ring 1is
opened by nucleophiles, d) the cyclopropanation of § to give diastereoselectively
the cyclopropane compounds 19 and e) the hydrolysis ot these coapounds to give
methyl (2R,3R)-2-amino-3-bydroxy-4,5-sethylene-alcancates of type 20.

II. Epoxidation of the Compounds §

Apart from the acrolein-adduct 8¢, the compounds § react with tert-butyl-
hydroperoxide (TBHP) with good chemical yields in the presence of Ti{0iPr),, with
or without additional (-)- or (+)-diethyl tartrate (DET), to give either the
1',2'-anti-diastereomers 10 or the 1',2°'-syn-diasterecmers ]l or a mixture of
both (table 1). For 104 the 1',2'-anti-configuration was established by an X-ray-
lnllYlilIl. The 1°',2'-syn and 1°',2'-anti-isomers 104 and 114 differ in the 13¢.
NMR spectra in so far, as the C-) and C-6 signals of the anti-isomer appear at
lover field than the ones of the syn-diastereomer. By analogy it was assumed that
in each case the isomer with the 13c-mmr c-3 and C-6 signals at lower field s
the 1°',2'-anti-isomer of type 10. The diastereomer ratios {(table 1) were deter-
mined by 1. or 13c-mur spectra and/or by capillary GLC.
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Table 1. Epoxidation of the compounds §.

10/11 Method:* Yield anti/syn main isomer
3 A 74 1/2.0 syn
] 61 4.7/1 anti
c n 1/>199 syn
) A 65 32N anti
c 55 1/39 syn
(4 A 74 66/1 anti
B 68 66/1 anti
c 70 32/1 anti
[ A 83 199/1 anti
B 76 »199/1 anti
c 79 39/1 anti
[ A 64 1.6/1 anti

*) A: Ti(0iPr)4/TBEP, B: (-)-DET/Ti(0iPr),/TBEP, C: (+)-DET/Ti(0iPr),/TBRP

The stereodirection of the substrates § follows from the experiment with
Ti(0OiPr) ¢/TBHP (method A). Apart from 8a, which is syn-directing, the substrates
$ are anti-directing (tadle i, method A). As for the reagents, according to the
Sharpless rule method B with (-)-DET favors the anti-isomers 10, whereas method C
with (+)-DET favors the syn-isomer 11.- Vhen 8a is oxidized by method B, the
anti-isomer is formed predoainantly, i.e. the Sharpless rule holds and the rea-
gent overrides the sudbstrate; vhen method C is applied (matched case) a high syn-
preference is observed.- Likewise, with 8D the reagent overvhelas the asymmetric
induction originating from the substrate; with method C the syn-isomer is formed
predominantly (mismatched case with reagent control).- With 8¢ and 84 substrate
control prevails; no matter whether (-)- or (+)-DET is used, the anti-isomer is
formed predominantly. As expected the degree of diastereoselectivity is exceptio-
pally high when 84 is epoxidized with method B (matched case).
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III. HRydrolysis of the Bislactim ethers 10 and 1i; NMethyl (2R,3R)-(3,4-anti)-2-
amino-4,5-epoxy-3-hydroxy-alcanoates of type 12 or 1)

Using 10b,¢ and 4 as models we could show that the hydrolysis of the bislac-
tin ether moiety can de carried out under so aild conditions (0.1 N HECl, two
equivalents, r.t.) that the oxirane ring survives. Prior to hydrolysis the
hydroxy group should be protected by acetylation to secure good yields in the
hydrolysis step. This has been observed before in analoguous casesd.9, with 10¢
and ¢ the N-acetyl amino acids 12a and ) were finally isolated by distillation
whereas with 10 the acetyl group stayed at the oxygen atoam. NMethyl L-valipate 3,
a relatively volatile compound, could be separated from the target compounds {2
or 13 by evaporation in the kugelrohr apparatus (30°C, 0.01 torr).
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In a set of orientational experiments we studied some transformations of the
compounds 10, utilizing 10c as a model coapound. Reaction of 10c with benzylthio-
late gave the compound 143 that cyclized on standing (within two days) to the
compound 153. To prevent this cyclisation, the 2'-hydroxy group of 14a should be
protected. After protection of both hydroxy groups (by, for instance, acetyl
groups), hydrolysis of the bislactim ether moiety should proceed cleanly to give
the corresponding amino acid methyl ester. Likewise sodium azide reacted with 10c¢
to furnish the azido compound 14b. As expected, 14D cyclized on standing to 15b.
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Noreover, 10c wvas converted with carbobenzoxy chloride into the carbonate 16 and
this in turg (A1Cly induced) into the cyclic carbonate 17 12, Upon hydrolysis 17
should yield (the masked) methyl D-2-deoxy-2-amino-4-methyl-xylonate 1§, Starting
with ent-] the enantiomer of 18 should be obtainabdle.
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IV. Cyclopropanation of the Compounds §

Cyclopropanation of the C=C double bond in 83,0 and ¢ with the “methylene”
generated from diethyl zinc and diiodo aethanell proceeded with a high degree of
diastereoselectivity to give the compounds }9. 1In the 15- and 13c-mmr spectra
only one diastereomer of 19 is detectable. Based on (speculative) mechanistic
considerations about the cyclopropanation step, we tentatively assign the 1°',2°'-
syn-configuration to the compounds 19. Bydrolysis of the coapounds 19, subsequent
to O-acetylation, proceeded cleanly to give the methyl (2R,3S)-2-amino-3-hydroxy-
4,5-nethylene-alcancates 20. Note: After completion of the manuscript the pro-

posed 3,4-syn-configuration for 20 was established for 20a by an X-ray analy-
sisld,

I N“’° oM 1(Ac201/DMAP oH
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EXPERINENTAL

The bislactim ether ] was prepared according to 1it.15 or purchased from Merck-
Schuchardt16 - 18- and 13c-WMR spectra: Varian XL 100 and XL 200.- IR spectra:
Perkin Elmer 298.- Mass spectra: Varian MAT 731.- Capillary GLC: Carlo Erba
Fractovap 2300; Chrompack CPSil 5CB column, 50 m, 0.22 ma diameter; H3; for
integration of signals of flame-ionisation-detector: Shimadzu Data Processor
Chromtopac C-R3A.- Liquid chromatography was performed as lov pressure chromato-
graphy (1-2 bar) on silica gel (Merck, 0.040-0.063 mm, 240-400 sesh) .- Experi-
ments with organometallic reagents were performed under argon, using the syringe-
technique.- All distillations were performed as bulb-to-buld distillations.- All
MMR spectra were recorded in CDClj.

Sharpless-Epoxidation of Compounds §:; Compounds 10,11

Compounds 8§ were prepared as described in 1it.8 but in larger runs. In each run }
(9.20 ¢, 50.0 mmol), butyllithium (29.4 ml of an 1.70 N solution in bexane, $0.0
anol) and TEF (100 ml) were used to generate 2. To the solution of 2 CITi(NEt2))
(15.0 g, 50.0 mmol) in hexane (20 ml) was added to generate §. After 11 stirring
at -70°C, aldehyde 7 (48.0 mmol) was added dropwise. Workup was perforned as
described in 1it.8, The crude compounds § were not distilled because of the
danger of retro-aldol-cleavage but were used without further purification.- The
TBHEP-solution in dichloroethane was prepared as describded in 14t.17 gtarting with
commercial TBEP-solution free from di-t-butyl-peroxide.- Epoxidations; General
procedure: 10a-e /11la,b: A solution of Ti(0iPr)g (0.56 g, 2.0 mmol) ip dichloro-
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asethane (20 nl) was prepared (for method A). To this solution the bislactim ether
8§ (2.0 mmol) in dichloro-methane (5 ml) was added dropwise at -20°C and stirring
was continued for 20 mim at -20°C. Then a solution of TBEP in dichloroethane (1
al, 5.5 mmol) was injected and the reaction mixture kept at -20°C for 1-4 4. An
aqueocus solution of tartaric.scid (5 ml, 10 %) vas added to the mixture. After
stirring et r.t., the water layer was separated and the organic layer was washed
with some water. The solvent was removed in vacuo. Bther (30 ml) was added to the
residue. Tde solution was stirred with a iIN sodium hydroxide solution (6 ml, 6.0
anol) saturated with sodium chloride for 30 min at 0°C. The water layer was
separated, the ether layer washed with a saturated solution of sodium vchloride
and dried with magnesiua sulfate. The ether was removed in vacuo and the crude
10/11 purified by bulb-to-buldb distillation.- For method B, (-)-DET (0.41 ¢g, 2
amol) was added to the solution of Ti(OiPr)4 prior to addition of §; for method
C, (+)-DET was used instead.- lE-NMR for the Dislactim ether moiety: & = 0.70-
0.74 and 1.04-1.07 (24, J = 7 Mz; 6H, CH(CE3)3), 2.1-3.0 (d or b, J = 8 Rz; 1R,
OB), 2.25-2.30 (dsp, J =~ 3.5 Hz, J = 7 Bz; 1K, CH(CH3)3), 3.68-3.75 and 3.75-3.77
(2s; 6H, 3- and 6-0CH3), 4.00-4.04 (44, 3J = 57 = 3.5 Hz; 1H, B-5), 4.14-4.18
(44, 33 = 2 mz, 53 = 3.5 Hz; 1R, B-2).

(2R,55,1'R,2'R,3'R)~-2-(2",3'-Epoxy-1'-hydroxy-but-1'-y1}-2,5-4ihydro-5-iso-
propyl-3,6-dimethoxy-pyrazine (103): Method B, with 0.51 g of 83, 2 d at -20°C ;
yield 0.3) g (61 §) of 10a; b.p. 150°C/0.01 torr; diastereomer ratio (13c-mmm,
capillary GLC) 4.7:1 (10a:11a). 1R-WMR: & = 1.38 (8, J = 5 Hz; 3H, H-4'), 3.
(dd, J = 2 Bz, J = 3.5 Hx; R-part of AB, 1H, E-2'), 3.1 (4q, J = 2 Hz, J = 5 Bz;
B-part of AB, 1K, E-3'), 3.9-4.0 (m; 1H, B-1').-

13c-mMr: 16.85 and 17.35 (CH(CH3)3), 19.04 (C-4'), 32.01 (CH(CH3)3), 52.54 and
$2.70 (3- and 6-0CR3), 53.51 (C-2'), 57.80 (C-5), 89.58 (c-37), %1.00 (c-2),
71.06 (C-1°'), 161.32 and 166.32 (C-3 and -6).

C13H22N20¢ (270.2): Calcd. € 57.77 B 8.14  Found C 57.68 K 8.14

(2R,58,1'R,2'5,3°'5)-2-(2',3 ' ~Rpoxy-1'-hydroxy-but-1'-yl)-2,5-4ihydro-5~-iso-
propyl-3,6-dinethoxy-pyrazine (11s): Nethod C, with 0.51 g of 83, 2 d at -20°C;
yield 0.38 g (71 &) of : b.p. 150°C/0.01 torr; diastereomer ratio (capillary
GLC) 1:199 (10a:11a). I1H-WNR: 3 « 1.34 (4, J = 5 Bz; 3H, H~4'), 2.98 ( 4d, I = 2
Hz, J = 3.5 Hz; A-part of AB, 1B, E~2'), 3.05 (4q, J = 2 Nz, J = 5 Rz; B-part of
AB, 1E, B-3'), 4.00 (444, J = 8 Nz, J = 3.5 Hz, J « 3.5 Mz; 1H, N-1').- 13c-mm:
16.68 and 17.19 (CH(CRy)2), 19.04 (C-4'), 31.80 (CH(CH3)2), 51.39 (C-2'), 52.66
and 52.71 (3- and 6-0cn,?, 58.77 (C-5), 60.02 (C-3'), 60.76 (C-2), 70.96 (C-1'),
161.11 and 165.69 (C~-3 and -6).

(2R,5S8,1°R,2'R,3°R)-2-(2',3'~Bpoxy~1'-hydroxy-3'-phenyl-prop-1'-yl)-2,5-8ihydro-
S-isopropyl-3,6-dimethoxy-pyrazine (10b): Method A, with 0.63 g of b, 1 d at
~20°C; yield 0.4 ¢ (65 §) of : b.p. 180°C/0.01 torr; diastereomer ratio
(capillary GLC) 32:1 (}0b:11b). lH-WMR: § =« 3,31 (44, J = 2 Hz, J = 2 Hz; 1H, E-
2'), 3.92 (4, J=28Hz; 1N, E-3'), 4.14 (dd, J = 2 Bz, J = 3.5 Bz; 1H, BH-1'),
7.1-7.4 (n; SE, phenyl).- 13C-WMR: 16.76 and 19.01 (CH(CH3)32), 31.99 (CH(CH3)3),
$2.77 and 52.81 (3- and 6-OCRj), 55.11 (c-2'), 58.36 (c-5), 60.97 (C-2), 62.81
(C-3'), 70.59 (C-1'), 125.76, 128.20, 128.46 and 136.94 (phenyl), 161.04 and
165.96 (C-3 and -6).

Ci1aH24N20¢ (332.4): Calcd. C 65.06 & 7.22 Found C 65.03 B 7.18

(2R,55,1'R,2°S,3'8)-2-(2",3'-Epoxy-1'-bhydroxy-3'-phenyl-prop-1'-yl)-2,5-dihydro-
S-isopropyl-3,6-dimethoxy-pyrazine (11b): Method B, with 0.63 g of 8b, 4 4 at
-20°C; yield 0.37 g (55 %) of ; b.p. 180°C/0.01 torr; diastereomer ratio
{capillary GLC) 1:39 (10b:11b). IH-NMR: & = 3.29 (éd, J = 3 Bz, J = 2 Bz; 1H, B-
2'), 3.91 (4, J = 2 BHx; 1R, B-3'), 4.1-4.) (m; 28, E-1' and -2), 7.2-7.4 (m; 58,
phenyl) .- 13c-mem: 16.75 and 19.06 (CH(CH3)3), 31.90 (CH(CHy)3), $2.70 and 52.74
(3- and 6-0CB3), 55.28 (C-2'), 58.60 (C-Si, 60.91 (c-2), 62.93 (c-3'), 70.91 (c-
1°), 125.82, 128.19, 128.46 and 137.06 (phenyl), 161.09 and 165.89 (C-3 and -6).

(2R,58,1'R,2'8)=-2-(2',3"'-Bpoxy-1'-hydroxy-2'-methyl-prop-1'~-yl)-2,5-dibyéro-5-
isopropyl-3,6-dimetboxy-pyrazine (10c): Nethod A, with 0.51 g of $c, 1 4 at
-20°C; yield 0.41 g (74 8) of ; b.p. 140°C/0.01 torr; diastereomer ratio
(capillary GLC) 66:1 (}Oc:1ic). IH-MMR: 3 = 1.49 (s; 3B, 2'-CH3), 2.71 and 3.03
(2, J = 5 Hz; AB-signal, B-3'), 4.15 (4, J = 2 Hz; 1H, E-1').- i3cimm: 16.61,
18.38 and 19,09 (CH(CH3); and 2°—CHy), 31.44 (CH(CH3)3), 51.65 (C-3'), 52.37 and
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52.61 (3- and 6-0CB3), 57.08 (C-5), S57.75 (C-2')., 60.44 (C-2), 72.06 (C-1'),
161.16 and 165.43 (C-) and -6).
C13B22M204 (270.2): caled. C 57.77 HE8.14 TFound C 57.83 & 8.11

(2R,58,1°R,2°R,3'R)-2-(2",3'-Epoxy-1'-hydroxy-2' -nethyl-but-1'-yl)-2,5-dihydro-5-
isopropyl-3,6-dimethoxy-pyrazine (104): Method A, with 0.54 g of 84, 14 at -
20°C; yield 0.47 g (82 8) of 104; DbD.p. 140°C/G.01 torr, m.p. 715°C; diastereomer
ratio (capillary GLC) 199:1 (104:114). 1B-IMR: & .= 1,35 (4, J = 5.5 Ng; JH, B-
4'), 1.41 (s; 3B, 2°-CH3), 3.28 (q, J = 5.5 Bz; 1E, H-)'), 4.17 (m; 28, E-1' and
<2).- 13c-mMR: 13.40, 14.44, 16.57 and 19.10 (CH(CX3)3, 3'-CHj; and 2'-CH3), 31.40
(CE(CB3)2), 52.20 and 52.59 (3- and 6-0CH3), 56.00 (C-2'), 56.76 {(C-5), 60.40 (C-
2), 61.21 (€-2'), 72.99 (C-1'), 161.19 and 165.22 (C-3 and -6).

Ci14HaqN204 (282.4): Calcd. € 59.15 E 8.45 Found C 58.99 H 8.50

(2R,58,1'R,2'R)-2-(2',3'-Epoxy-1'-hydroxy-prop-1'-yl)-2,5-didydro-3-isopropyl-
3,6-dimethoxy-pyrazine (}0¢): Nethod A, with 0.48 g of §¢, 1 4 at -20°C; yield
0.33 g (64 %) of 108; b.p. 130°C/0.01 torr; diastereomer ratio (13C-NNK, 1E~MMR)
1.6:1 (1%%:111). H-NMR: & = 2.8 (m; 2H, H-3'), 3.3 (m; 1H, H-2'), 3.9% (ma; 1B,
B-1').- 1Jc-mm: 16.92 and 19.01 (CB(CE3)2), 32.16 (CH(CE3)), 46.04 (C-2"),
52.28, 52.71 and 52.83) (3- and 6-0CHj and C-3'), 57.71 (C-%), 61.12 (C-2), 71.41
(C-1'), 161.18 and 166.60 (C-) and -6).- Poor yield with method B and C.
C12H20N204 (256.3): Calcd. C 56.25 & 7.81 Found C 56.05 H 7.88

Hydrolysis of Compounds 10; Methyl (2R,3R)-2-amino-3-bydroxy-4,5-epoxy-alcanoates
of type 12/13

O-Acetyl-10;: General procedure: Acetanhydride (0.22 ml, 2.) mmol) was added .to a
solution of 10 (2.0 mmol) and 4-(dimethylamino)-pyridine (81 »g, 0.66 mmol) in
pyridine (15 al). Stirring was continued for 12 b at r.t.. The mixture vas poured
into water (0°C, 15 ml)/dichloromethane (15 ml). After sbaking the layers were
separated and the water layer extracted twice with dichloromethane (20 =al each
time). The combined organic layer was dried with magnesium sulfate, the solvent
and the pyridine evaporated in vacuo and the crude O-acetyl-}0 distilled.- IR
(£ilm): 1690-1695 (C=N), 1750 ca~l (0O-acetyl).

(2R,58,1'R,2'8)-2-(1"-Acetoxy-2',3' -epoxy-2'~nethyl-prop-1'-yl)-2,5-dihydro-5-
isopropyl-3,6-dimethoxy-pyrazine (O-acetyl-10g): VWith 0.54 g of 10c; yield 0.56 g
(90 8) of O-acetyl-10c: b.p. 140°C/0.01 torr.- 1E-NMR: 0.65 and 1.04 (24, J = 7
Hz; 68, CB(CH3)2), 1.50 (s; 3H, 2'-CH3), 1.94 (s; 3M, O-Ac), 2.30 (dsp, J = 7 Hz,
J = 3.5 Hz; 1H, CH(CH3)7), 2.6 and 2.9 (24, J = 6 Rz; AB-signal, B-3'), 3.66 and
3.69 (2s; 6B, 3- and 6-OCH3), 3.94 (dd, J = 5J « 3 Hz; 1B, H-5), 4.36 (44, J = 57
= 3 Nz; 1B, B-2), 5.34 (4, J = 3 Rz; 18, B-1').- l3c-mMr: 16.43, 18.69 and 19.09
(CB(CN3)2 and 2'-CH3), 20.67 (Oacgjg). 51.99, 52.50 and 52.53 (3- and 6-0CEy and
c-3"), 5.52 and 56.64 (C-5 and -2 60.39 (C-2), 72.95 (C~1'), 160.41 and
164.63 (C-3 and -6), 169.35 (02CCH3).

CisH24N205 (312.4): Calcd. C 57.69 H 7.69 Found € 57.61 & 7.82

(2R,58,1'R,2'S,3°'R)-2-(1'-Acetoxy-2',3'-epoxy-2'~nethyl-but-1'-yl)-2,5-dihydro-5~
isopropyl-3,6-dinetboxy-pyrazine (O-acetyl-104): With 0.57 g of 10d; yield 0.62 ¢
(95 8) of O-acetyl-104; b.p. 140°C/0.01 torr.- lH-WMR: 0.60 and 0.98 (34, J = 7
Bz; 6H, CH(CB3)2), 1.21 (4, J = 6 Bz; 3N, B-4'), 1.35 (s; 3B, 2'-CB3), 1.94 (s;
38, O-Ac), 2.2) (dsp, J = 7 Hz, J = 3.5 Bz; 1N, CH(CB3)2), 3.02 (q, J = 6 Bz; 18,
B-3'}, 3.60 and 3.63 (2s; 6H, 3- and 6-0CH3), 3.87 (dd, J = 5J = 3.5 Nz; 1H, B-
5), 4.26 (44, J = 53 = 3.5 Hz; 1H, B-2), 5.29 (4, J = 3 Bz; 1N, H-1').

CigH2¢M20s (326.4): Calcd. C S58.89 H 7.97 Found € 59.04 H 8.02

(2r,58,1'R,2'S,3°'R)-2-(1'~Acetoxy-2',3'-epoxy-3'-phenyl-prop-1'-yl)-2,5-44hydro~

S-isopropyl-3,6-dinethoxy-pyrazine (O-acetyl-10b): With 0.66 g of 10b; yield 0.69
¢ (92 %) of O-acetyl-30b; b.p. 185°C/0.01 torr.- 1H-WNR: 0.66 and 1.04 (24, J = 7
Bz; 6B, CH{(CH3)3), 2.08 (s; 3B, O-Ac), 2.29 (dsp, J = 7 Hz, J = 3.5 Hz; 1R,
CE(CE3)2), 3.02 (dd, J = 2 Hz, J = 7 Hz; 1B, N-2°), 3.68 and 3.70 (2s; 6B, 3- and
6-OCH3), 3.92 (d4, J = 59 = 3.5 Bz; 1H, B-S5), 3.97 (4, J = 2 Nz; 1H, B-2'), 4.33
(44, J = 53 » 3.5 Bz; 1H, H-2), 5.22 (4, J = 3 Bz; 1H, E-1'), 7.2-7.4 (m; 58,
phenyl).

C20H26N20s (374.4): Calcd. C 64.17 B 6.9% Found € 64.02 H 6.93

Hydrolysis; 12a.D and 13: 0.1 N HC1l (40 ml, 49 mamol) wvas added to a solution of
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O-acetyl-10 (2.0 mamol) ip THY (5 nl) apd stirring continued for 24 h at r.t.. The
aixture was extracted with ether (30 ml) which was discardsd. The water layer was
saturated with sodiua chloride, ether vas added (30 ml) and the solution brought
to pR 8-~10 with conc. ammonia. The ether layer was separated and the water layer
extracted four times with ether (30 ml each time). The combdimed ether layer was
dried with magnesium sulfate and the ether evaporated ia vacuo. Nethyl valimate §
was evaporated at 30°C/0.01 torr (Kugelrohr apparatus) and the crude }2a.p or 13
purified Dy flash chromatography oa silica gel. Upon additiom of up to 45 wmolS
Eu(tfc)y the l1p-uMR signals shifted but did not split; i.e. ee > 95 8.- IR for
2la.b (£ilm): 1655 (N-Ac), 1740 (COMe), 3150-3550 em-i (0N and NE).

Hethyl (2R,3R,48) -3-acetanino-4, S-epoxy-3-hydroxy-4-sethyl-pentapoate (123): With
0.62 g of O-acetyl-10¢, yield 0.22 g (51 §) of 12a; chromatogriphy: ether/metha-

nol 12:1 (Rg = 0.41).- lp-wmR: 1.48 (s; 38, 3-CH3), 2.07 (s; JH, ¥-Ac), 2.65 and

2.93 (24, J = 5.5 Nz; 2H, B-4), 3.83 (s; 3H, COxCH3), 3.85 (s; 1M, OB), 4.39 (d,

J=2Hz; 1B, B-3), 4.99 (44, J = 2 Bz, J = 9 Bx; 1H, B-3), 6.35 (4, J = 9 Hz;

1H, NH).

CoHy15NO0g (217.2): Calcd. C 49.7¢ R 6.91 Found C 49.88 H 6.88

Methyl (2R,IR,4S,5R)-2-acetamino-4,5-epoxy-3-hydroxy-4-methyl-hexanoate  {(12b):
With 0.65 g of O-acetyl-104, yield 0.28 g (60 §) of 12b; chromatography: ether/
methanol 12:1 (R¢ = 0.54).- lg-mm: 1.26 (4, J = 6 Hz; 3B, B-6), 1.42 (s; 3B, 4&-
CH3), 2.05 (s; 3H, W-Xc), 2.37 (b; 1H, ON), 3.18 (q, J = 6 Hz; 1E, E-5), 3.82 (s:
38, COCE3), .25 (4, J = 1.5 Hz; 1E, B-3), 4.99 (44, J = 1.5 Bz, J = 9 Hz; 1K,
H-2), 6.21 (4, J = 9 Hz; 1B, NH).

C1017M05 (231.3): Caled. € 51.94 H 7.35 Found € 51.76 N 7.49

Methyl (2R,3R,4S,5R)-3-acetoxy-2-amino-4,5-epoxy-5-phenyl-pentancate (13): VWith
0.75 g of O-acetyl-10b, yield 0.30 g (54 %) of 13; chromatography: ether (Rf =
0.46).- IR (film): 1740 (COzMe and O-Ac), 3250-3450 cm~1 (WH3).- 1H-WMR: 2.05 (s;
3B, O-Ac), 3.1 (b; 2H, NH3), 3.70 (44, J = 2 Bz, J = 4 Bz; iH, B-4), 3.80 (s; 3H,
CO2CH3), 4.08 (d, J = 2 Nz; 1H, B-5), 4.31 (4, J = 6.5 Hz; 1N, B-2), 5.2 (44, J =
4 8z, J = 6.5 Hz; 1H, B-3), 7.3-7.6 (m; 5B, phenyl).

Compounds 143 and }15a; Sodium hydride (50 mg, 2.1 mmol) and magnesium sulfate
(0.25 g, 2.1 amol) were added to a solution of benzylthiol (0.27 g, 2.2 mmol) in
abs. methanol (10 ml). To this mixture a solution of 10¢c (0.54 g, 2.0 mmol) in
methanol (2 ml) was added and stirring continued for 10 b at r.t.. Glacial acetic
acid (0.13 g, 2.1 mmol) was added and the mixture poured into water (10 al)/ether
(20 ml). The ether layer was separated and the water layer extracted twice with
ether (30 =ml each time). The combined ether layer was dried with magpesium
sulfate, the solvent evaporated (¢25°C) and the residue purified by flash chroma-~
tography on silica gel (ether/ petrolether, b.p. 40-559C, 2:1; Re(14a) = 0.23,
Re(153) = 0.43). Yield 0.63 g (80 §) of 14g and 73 =g (10 §) of 15s: 148 cycliszed
quantitatively on standing at r.t. within 2 4 to }153.

(2R,55,1'R,2'R)-2-(3"'-Benzylthio-1',2'-dihydroxy-2'-aethyl-prop-1'-yl)-2,5-dihy-
dro-S-iloprofyl 3, 6—dilothoxy-pyr|zino (14a): IR (film): 1680 (C=N), 3200-3500
en-l (oB).- 0.69 and 1.01 (24, J = 7 Hz; 68, CH(CE3)2), 1.13 (s; 3H, 2'~
CHy), 2.20 (dsp, J = 7 Bz, J = 3.5 Bz; 1B, CB(CH3)), 2.43 (4, J = 10 Nz; 1H,
OH), 2.69 and 2.82 (24, J = 12 Hz; AB-signal, H-)'), 3.61 and 3.75 (2s; 6H, 13-
and S-OCBg), 3.78 (s; 28, S$-CH2-phenyl), 4.04 (b; 2H, H-S and B-1'), 5.27 (b; 1H,
OH), 7.2-7.4 (m; 5H, phenyl).

(2R, 3R,3aR,6S8)-2-Benzylthiomethyl-2,3,3a,6-tetrahydro-3-hydroxy-6-isopropyl-5-
aethoxy-2-sethyl-furo [2,3-b) -pyrazine (153): IR (film): 1650 and 1700 (C=N),
3100-3300 ca~1 (OH).- 1H-MMR: 0.90 and 0.98 (24, J = 7 Hz; 6K, CE(CHy)2), 1.41
(s; 3B, 2-CH3), 2.08 (dsp, J = 7 Mz, J = 3.5 Bz; 18, CH(CH3)32), 2.63 and 2.73
(24, J = 14 Rz; AD-signal, 2-CE3), 3.73 (s; JH, OCH3), 3.75 and 3.85 (24, J = 1)
Bz; 2H, S-CHa-phenyl), 4.00 (dd, 53 = 3 Bz, J = 5.5 Hz; 18, H-6), 4.11 (dd,

3 Bz, J = 10 Bz; 1H, E-3a), 4.26 (4, J = 10 Hx; 18, B-3), 4.56 (b; 1H, OH), 7.3-
7.4 (; SH, phemyl).- 13c-0m: 18.61, 19.43 and 20.70 (2-CHy and CH(CH3)2), 33.45
(CB(CB3y) ), 37.28 (2- CB; 39.04 (S-CHy-phenyl), 53.50 (OCH3y), 59.68 and 64.06
(C-3 and -6), 76.51 (Cc-3), 87.86 (C- 2). 126.99, 128.39, 129.23 and 137.92 (phe-
nyl), 166.50 and 169.30 (C-2 ané -5).

CygH2¢N203S (362.2): Calcd. C 62.98 K 7.18 Found € 63.02 H 7.17
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Compounds 14b and 15b: Sodium azide (0.20 g, 3.0 mmol) and magnesjium sulfate
(0.36 g, 3.0 mmol) were added to a solution of 10c (0.54 g, 2.0 mmol) in abs.
methanol (15 =ml). The mixture was heated under reflux for 24 h. Then glacial
acetic acid (0.18 g, 3.0 mmol) was added and the solvent evaporated in vacuwo. The
residue was shaken with ether (25 ml)/water (15 al), the layers were separated
and the water layer extracted three times with ether (25 ml each time). The ether
extract was dried with magnesium sulfate and the ether evaporated ia vacuo. Yield
x 408 of 14b and = 40N of 15b (IR-WMR). After standing for 4 4 at r.t. ]4b bad
cyclized quantitatively to 15D, which vas purified by flash chromatography (sili-
ca gel, ether/petrolether 2:1; Ry = 0.15); yield 0.39 g (70 8) of pure 15b.

(25,3R,3aR,68)-2-Azidomethyl-2,3,3a,6-tetrahydro-3-hydroxy-6-isopropyl-5-aethoxy-
2-methyl-furo 2,3-b) -pyrazine (15b): IR (film): 1650 and 1700 (C=N), 2100 (N3),
3100-3300 ca~1 (OH).- iH-WMR: 0.72 and 1.01 (24, J = 7 Hz; 6B, CH(CH3)2), 1.43
(s; 38, 2-CB3), 2.12 (dsp, J = 7 Hz, J = 5.5 Hz; 18, CH(CHy)2), 3.31 and .56
(24, J = 12 Hz; AD-signal, 2-CH2), 3.78 (s; 3K, OCRy), 4.05 (4d, 57 = 2 8z, J =
5.5 Bz; 1H, B-6), 4.15 (dd, 57 = 2 Hz, J = 10 Hz; 1B, B-3a), ¢.23 (4, J = 10 Bz;
18, B-3), 4.99 (b; 1m, OH).-

High resolution MS (70 eV): Found MN* 281.148789 Calcd. M* 281.148789 for

C12A19N503

(2R,55,1'R,2'8)-2-(1'-Carbobenzoxy-2',3'-epoxy-2'-nethyl-prop-1'-yl)-2,5-d1ihydro-
5-isopropyl-3,6-dimethoxy-pyrazine (16): A solution of 10¢c (0.54 g, 2.0 amol) in
TAF (5 1) was injected to NaB (50 mg, 2.1 mmol) amd TEF (10 ml) and stirring was
continued for 2 h at r.t.. Then carbobenzoxychloride (0.39 ¢, 2.] mmol) ims THF (5
al) was added at 0°C and the crude 16 chromatographied in ether/petrolether 1:1
(Rg = 0.61). Yield 0.72 g (90 §) of 16.- IR (film): 1700 (C=N), 1760 ca~l (c=0).-
1g-MMr: 0.68 and 1.04 (24, J = 7 Hz; 6R, CE(CE3)3), 1.54 (s; 38, 2'-CB3), 2.30
(dsp, J = 7 Bz, J = 3.5 Bz; 1B, CH(CE3)2), 2.65 and 2.96 (24, J = 6 Nz; AB-
signal, B-3'), 3.63 and 3.67 (2s; 6H, 3- and 6-OCH3), 3.96 (44, sJ =350z, J=
3.5 Bz; 1B, H-5), 4.37 (44, 57 = 3.5 Bz, J = 3.5 Hz; 18, B-2), 5.12 and 5.18 (2d,
J = 12 Hz; AB-signal, O-CE-phenyl), 5.27 (4, J = 3.5 Bz; 1B, E-1'), 7.38 (s; SH,
phenyl) .-

Bigh resolution XS (70 eV): TFound XNt 404.194723 Calcd. X' 404.194723 for

C21828N20¢

(2R,58,1'R,2'R)-2-(1',2'-Carbonyldioxy-3'-hydroxy-2'-methyl-prop-1°'-yl)-2,5-dihy-
dro-5-isopropyl-3,6-dimethoxy-pyrazine (17): A solution of AlClj3 (0.27 g, 2.0
smol) in ether (5 ml) was added to a solution of 16 (0.40 g, 1.0 mmol) in ether
(10 ml) and stirring continued for 3 h at r.t.. Then phosphate butfer (10 ml, pE
7) and ether (10 ml) were added to the mixture. The ether layer was separated and
the water layer extracted three times with ether (20 ml each time). The ether
extract wvas dried with magnesium sulfate and the solvent evaporated in vacuo. The
crude 17 was purified by chromatography with ether (Rg¢ = 0.43). Yield 0.16 g (50
%) of 17.- IR (film): 1690 (C=N), 1790 (C=0), 3300-3550 ca~l (0H).- lB-MMR: 0.70
and 1.04 (24, J = 7 Bz; 6B, CH(CH3)2), 1.73 (s; 3H, 2'-CH3), 2.29 (dsp, J = 7 Bz,
J = 3,5 Hz; 1H, Ca(Clggz), 2.58 (b; 1H, OH), 3.69 and 3.76 (2s; 8H, 3- and 6-OCH3
and H-3'), 4.06 (dd, 5J = 3.5 Hz, J = 3.5 Hz; 1H, B-5), 4.16 (44, 57 = 3.5 Bz, J
= 1 Hz; 18, BR-2), 5.03 {4, J = 1 Hz; 1H, B-1').-

High resolution NS (70 eV): Found X' 314.147788 Calcd. X" 314.147788 tor

C14822N20¢

Cyclopropanation of Compounds §: Compounds 19: General procedure: A solution of
diethyl zinc in hexane (3.71 g, 4.5 mmol, 15% wt/wt) was injected into a solution
of § (3.0 mmol) in 4ry hexane (20 ml) at -20 or 0°C. Then diiodomethane (1.61 g,
6.0 mmol) was added dropwise at the same temperature and stirring continued for
3-20 b at 0 or 20°C. The mixture was poured into a saturated aqueous solution of
apmonium chloride (30 sl) and the water layer extracted four times with ether (50
a]l each time). The ether extract was dried with magnesium sulfate and the solvent
evaporated in vacuo. The crude 19 was purified by chromatography (columm 5 cm in
diameter; 50 g silica gel, 0.05-0.2 mm, 70-270 mesh). The silica gel was eluated
with ether/petrolether 1:2 (400 ml) which was discarded, followed by eluation
with ether (200 m=)) yielding pure 19.- In the 1H- and 13C-WMR spectra only one
diastereomer of 19 was detectable.- IR (film): 1695 (C=N), 3060 or 3070 (cyclo-
propyl-B), 3200-3600 ca~1 (0H).



Asymmetnic synthesis via beterocyclic intermediates— XXXIX $303

(2R,58,1°'%,2°R,3'8)~-2,9-Didkydro-2-(1'-hydroxy~2',3' “nethylene-but-1'yl)-5-isopro-
pYl-3,6-~dimethoxy~pyrazine (19a3): Vith 0.76 g of §4; addition at 0°C, stirting
for 320 k at 20°C.. Yield 0.38 g (68 8) of 19a3.- lH-mmR: 0.25-0.34 (m; 18, cyclo-
propyl), 0.53-0.64 (w; 15, cyclopropyl), 0.7-1.0 (m; 2N, cyclopropyl), 0.72 and
1.03 (24, J =7:Rx; 68, CH(CEy)3), 1.06 (4, J = 8 Bz; 3%, B-4), 2.25 (4, =8
Bz; 1B, OH), 2.29 (dsp, J = 7 Rz, J = 3.5 Nz; 1R, CE(CHy)32), 3.37 (444, J = 3.5
Bz, J =8 Nz, J = 8§ Hz; 1K, B-1'), 3.73 (s; 6H, 3- and 6-0CH3}, 4.00 (44, 5) =3
= 3.5 Hz; 18, #-5), 4.1) (44, °J = J = 3.5 He; 18, H-2).- LJc-pmm: 11.15 (CH3,
cyclopropyl), 11.28 (C-4'), 16.70, 18.39, 19.10 and 22.98 (CR{CH3)3, C-3' amd -
2'), 31.78 (CR(CE3)3), 52.52 (3- and 6~OCE3), 60.36 and 60.82 {(C-2 and -5), 76.78
(C-1'), 162.00 and 165.18 (C-) and -6).

C14H24N207 (268.3): Caled. C 62.66 & 9.01 Pound € 62.80 H 9.17

(2R,58,1'R,2'R,3'R)-2,5-Dihydro-2-(1'-hydroxy-2', 3’ -sethylene-3'-phenyl-prop-
1'yl)-S-isoprapyl-~3,6-dimethoxy-pyrazine (19b): With 0.95 g of 8b:; addition at
-20°C, stirring for 3 b at 20°C. Yield 0.6Q g (61 &) of 19b.- lE-NMR: 0.69 and
1.01 (24, J = 7 Bz:; 6B, CH(CE3)2), 1.0 (44d, 23 = 5 Nz, J = 8.5 Hz, J = 5 Hz; A-
part of ABCD, 1R, CHy-cyclopropyl), 1.1 (ddd, 2) = 5 Hz, J = 8.5 Bz, J = 5.5 Bz;
B-part of ABCD, 1H, CH3-cyclopropyl), 1.6 (44dd, J = 4.5 Hz, J = 8.5 Bz, J = 5.5
Bz, J = 8 Hz; C-part of ABCD, 1H, H-2'), 1.9 (ddd, J = 4.5 Hz, J= 8.5z, J =5
Bz; D-part of ABCD, 1H, R-3'), 2.29 (dsp, J = 7 Bz, J = 3.5 Nz; 1H, CH(CEy)3),
2.36 (b4, J = 8 Hz; 1H, OR), 3.5-3.7 (m; 1H, B-1'), 3.72 (2s; 6B, 3- and 6-
OCH;), 3.91 (a4, 53 = J = 3.5 Hz; 18, B-S), 4.16 (a4, 53 = J = 3.5 Hz; 1B, B-2),
7.0-7.4 (n; 5B, phenyl).- 13c-mR: 13.74 (CH;, cyclopropyl), 16.76 and 19.06
(CH(CR3)3), 21.10 and 25.65 (C-2' and -3'), 31.86 (CR{CHj3)3), 532.57 (3- and 6-
OCE3), 60.01 and 60.88 (C-2 and -5), 75.74 (C-1'), 125.54, 126.02, 128.26 and
142.57 (phenyl), 161.70 and 165.49 (C-) and -6).

C19H26N203 (330.4): Caled. C 69.07 H 7.93 Pound C 69.06 H 8.08

(2R,58,1°'S)-2,5-Dihydro~2-(1'-hydroxy-2'-sethyl-2',3' -aethylene-prop-1'yl)-5-
isopropyl-3,6-dimethoxy-pyrazine (19¢): With 0.76 ¢ of f¢; addition at 0°C, stir-
ring for 20 h at 20°C. Yield 0.61 g (76 §) of 19c.- lm-mMm: 0.25-0.65 (m; 4N,
cyclopropyl), ©.72 and 1.05 (24, J = 7 Hz; 6, CH(CH3)2), 1.20 (s; 3H, 2'-CHy),
2.27 (dsp, J = 7 Bz, J = 3.5 Hz; 1B, CE(CH3)3), 2.44 (4, J = 8 Hz; 1H, OH), 3.28
(44, J = 3.5 Bz, J = 8 Hz; 11, E-1'), 3.71 (s; 6H, 3- and 6-OCH3), 3.97 (44, 55
= J = 3.5 Hz; 1H, B-5), 4.17 (44, 5J = J « 3.5 Hz; 1E, H-2).- 13C-0M: 10.50 and
13.08 (CH2, cyclopropyl), 16.74, 19.11 and 19.29 (CH(CEy)2 and 2°'-CHj3), 19.25 (C-
2'), 31.66 (CH(CH3)2), 52.52 and 52.70 (3- and 6-OCH3), 58.77 (C-5), 60.58 (c-2),
77.61 (C-1'), 162.20 and 165.66 (C-3 and -6).

C14B24N203 (268.3): Calcd. C 62.66 H 9.01 Pound C 62.55 B 9.13

Bydrolysis of Compounds 20; Nethyl 2-amino-3-hydroxy-4,5-methylene-alcanocates of
type 20

O-Acetyl-19; Genersl procsdure: See above for O-acetyl-10; ths crude O-acetyl-19
was not distilled but purified by chromatography with ether/ petrolether 1:1.- IR
(film): 1740 (COzNe), 1695 ca~1 (c=N).

(2R,58,1°'R,2'R,3'R)-2-(1"'-Acetoxy-2',3 ' -methylene-but-1'-yl)-2,5-didydro-5-iso-
propy1-3,6-dinotoxy-p{ra:1no (O-acetyl-193): With 0.54 g of 19a: vield 0.53 g (86
\) of O-acetyl-193.- iE-JMR: 0.2-0.4 (m; 1H, cyclopropyl), 0.68 and 1.06 (24, J =
7 Bz; 6K, CH(CHj3)3)., 1.06 (4, covered; 3H, H-4'), 0.6-1.3 (m; 3R, cyclopropyl),
1.99 (s; 38, O-Ac), 2.32 (dap, J = 7 ¥z, J = 3.5 Hz; 1H, CH(CR3)3), 3.68 and 3.78
2s; 6B, )- and 6-0CB3), 3.9) (44, J = sJ = 3.5 Hz; 1R, 8-5), 4.2) (44, J = 3 Nz,
J = 3.5 Hz; 1M, B-2), 4.62 (44, J = 3 Bz, J = 9.5 Hz; 1H, B-1').- 13c-mm: 11.71
(c-4'), 12.34 (CB3, cyclopropyl), 16.39, 18.36, 19.19, 20.59 and 21.09 (cuicny) 2.
02CCH3, C-2' and -3'), 31.29 (CH(CH3)3), 52.38 and 52.49 (3- and 6-OCHy), 59.00
and 60.49 -(C-2 and -5), 78.56 (C-1'), 161.24 and 164.53 (C-3 and -6), 170.18
(02CCH3) .
High rzsolution XS (70 o¥V): Pound N* 310.189258 Calcd. X' 310.189258 for
C16B26M204

(2R,5S,1°R,2'R,3'R)-2-(1'-Acetoxy-2',3'-mnethylene-3'-phenyl-prop-1'-yl)-2,5-diby-
dro-5-isopropyl-3,6-dinetoxy~pyrazine (O-acetyl-19b): With 0.66 g of 19b; yield
0.61 g (82%) of O-acetyl-19b.- lE-WMR: 0.66 and 1.03 (24, J = 7 Hz; G6HE,
CH(CH3)2), 0.8-1.3 (m; 2H, cyclopropyl), 1.7-2.1 (m; 2K, H-2' and -3'), 2.02 (s:
3H, O-Ac), 2.27 (dsp, J = 7 Nz, J = 3.5 Hz; 1R, CE(CH3)2), 3.66 and 3.7) (2s; 6H,
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3- and@ 6-0CH3), 3.88 (4d, J = 53 = 3.5 Nz; 1M, N-5), 4.28 (44, J = 3 Bz, 5J = 3.5
Bz; 18, B-2), 4.86 (44, J = ) Bz, J = 9 Kz; 1K, B-1'}, 7.1-7.4 (m; 58, phenyl).-
Dc-jomm: 14.88 (CH2, cyclopropyl), 16.45 and 19.13 (CE(CH3)2), 21.06, 21.73 and
22.77 (02CCH3, C-2' and -3'), 31.40 (CH(CH3)2), 53.41 and 52.52 (3- and 6-OCHy),
58.78-and 60.55 (C-2 and -S5), 77.90 (C-1'), 125.79, 126.48, 128.29 and 142.03
(phenyl), 160.94 and 164.61 (C-3 and -6), 170.32 (02CCH;).

Bydrolysis of O-acetyl-19; 204,b; General procedure: See above for the hydrolysis
of O-acetyl-10; Dihydropyrazine 19 (2.0 mmol), TEF (25 ml) and 0.2 N HC1 (2.5 ml,
5.0 mmol) were used and 20 purified by cristallisation fros ether/petrolether.

Methyl (2R,3S,4R,5R)-2-acetamino-3-hydroxy-4,5-aethylene-hexanoate (203): W®ith
0.62 g of O-acetyl-19a; yield 0.33 g (76 §) of 20a; m.p. 105°C.- IR (KBr): 3400-
3100 (0H,WH), 3060 (cyclopropyl-B), 1760 (COMe), 1650 cm-l (WE-Ac).- lE-mmR:
0.37 (444, J = 4.5 B2, J =5 Hzy J = 8 Hz; 1A, CRy/cyclopropyl), 0.5-0.65 (m; 1H,
CHz/cyclopropyl), 0.65-0.8 (m; 2H, B-4 and -S), 1.02 (4, J = S Kz; 1R, H-6), 2.11
(s; 38, WR-Ac), 2.5 (b; 1B, OB), 3.38 (44, J = 3 Bz, J = 8.5 Rx; 18, B-3),.3.78
(s; 3!5 COJMe), 4.80 (44, J = 3 Hz, J = 9 Nz; 1K, K-2), 6.5 (bd, J = 9 Ng; 1H,
NB).- 13c-mR: 10.92 (C-6), 12.06 (CBz/cyclopropyl), 18.07 {(C-5), 22.90 amd 23.23
(NBCHCHy and C-4), 52.42 (COooCH3), 57.22 (C-2), 75.79 (C-3), 171.09 and 171.46
(CO2Me and NECOMe).

C10B1 M0 (215.2): Calcd. € 55.80 B 7.96 Pound C 55.92 H 7.92

Methyl (2R, 38,4R,5R) -2-acetanino~3-bydroxy-4,5-nethylene-5-phenyl -pentancate
(20b): Vith 0.74 g of O-acetyl-19b; yield 0.36 g (65 %) of 20b; &.p. 136°C.~- IR
(KBr): 3460 (OB), 3320 (NH), 3070 (cyclopropyl-E), 1715 (COMe), 1645 cm~1 (WH-
Ac).- lg-wom: 1.03 (244, J = 5Bz, J =5 Hz, J =9 Hz; AB-part of ABCDX, 28,
CH2/cyclopropyl), 1.37 (44dd, J = 5 Kz, J = 5Bz, J = 9 Bz, 2] = 8 Hz; C-part of
ABCDX, 1H, H-4), 1.90 (444, J = 9 Hz, J = 5 Hz, J = § Hz; D-part of ABDCDX, 1B, E-
5), 2.05 (s; 3H, NH-Ac), 2.9 (b; 1E, OH), 3.64 (s; 3H, COzNe), 3.67 (44, J = 3
Hz, J = 8 Hz; 1R, B-3), 4.82 (4d, J = 3 Hz, J = 8.5 Bz; 1H, K-2), 6.43 (M, J =
8.5 Nz; 1H, NH), 7.0-7.3 (a; 58, phenyl).- 13c-mR: 13.30 (CHz/cyclopropyl),
20.78 and 25.32 (C-4 and -5), 22.98 (WACBCH3), 52.51 (CO2CH3), 57.40 (C-2), 74.82
(C-3), 125.91, 126.22, 128.34 and 141.35 (phenyl), 171.01 and 171.28 {COzMe and
NECONe) .

CisH1gNOg (277.3): Caled. C 64.94 E 6.91 TFound C 64.97 B 6.97
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