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Abstract: Optically active acyclic N-allylamino compounds with defined configurated
trisubstituted double bonds were generated via a three step sequence. The first crucial
step was a two-carbon chain elongation of chiral o-aminoacid esters succeeding in a
Claisen ester condensation with acetic acid ester enolates. The so formed B-ketoesters
were subjected to a one pot procedure of an enol trifluoromethanesuifonate generation
and a consecutive palladium catalysed cross-coupling: A Stille or a Sonogashira type
reaction allowed to generate selectively the trisubstituted E-olefins. © 1999 Eisevier Science Ltd.
Al rights reserved.

The generation of optically active allylamines with a free or a protected nitrogen function and with de-
fined trisubstituted double bonds in acyclic or alicyclic molecules is still a goal of synthetic efforts. On the one
hand, such allylamine structures can be encountered as a part of a natural or pharmaceutically interesting prod-
uct,' on the other hand the allylamines serve as key fragments in complicated syntheses to allow further defined
transformations like redox reactions, alkylations or rearrangements.2

The synthesis of optically active allylamines can in principle be initiated via two different strategies: The
first one can be described as the introduction of an amino group in an pre-formed allylic system (allylic substi-
tution) generating the C-N bond as the key step.’ The second type represents the introduction of an olefin adja-
cent to an amino group either by an addition of a vinyl anion to an imine' or by the constitution of the double
bond via eliminations, enolisations or Wittig type processes.” However, the key step of the second strategy is
characterised by the formation of a C-C bond as the key step.

The chiral information can originate from commercially available optically active amino acids. The deci-
sion in favour for an ex chiral pool synthesis raises the question for a suitable method to generatc stereoselec-
tively the trisubstituted double bond adjacent to the amino function. Wittig and Horner type olefinations are
known to build up such olefins stereoselectively, but most of them are restricted to the introduction of a small
third substituent like a methyl group (R’ in Figure 1).° In contrast, palladium(0) catalysed reactions are of sign-

ificantly increased flexibility in respect of the third substituent generating acyclic olefin fragments,” but before
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hand a convenient chain elongation to introduce at least tw

170N

groups is required. Even though Pd(0) catalysed cross-couplings are exiensively used in olefin syntheses,® un-
til now, the generation of allylamines is still sparsely investigated. This paper reports on the short ex chiral

exible functionalised acyclic allylaming
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compounds with define FJ____M'T!Q stitin-
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ted double bonds as shown in figure 1.

Fig. 1: Optically active acyclic N-allylamino
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possible in the arrow marked positions.

RESULTS

L-(-)-Serine represented a convenient starting material for ex chiral pool syntheses. In order to prepare

ion steps amino and hydroxy! function had to be suitably protected. In the

first series the aziridinylester 1 bearing an electron rich N-function with a bulky N-trityl protective group was

used as the key reactant. In the second series the investigations started with oxazolidinester 13 and the acyclic

carbamate 18 involvin

ceptor substituted N-functions.

rom [.-(-)-serine according to literature procedures.’ Initi-

al investigations were focused on the T{orner-Wadsworth-Emmons reaction'® as the crucial olefination step to

build up the trisubstituted double bond in order to test the stereoselectivity: Thus, aziridinylester 1 was re-
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an arvllithium addition" to the
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carbinol 2."" A sequence of a Swern oxidation
intermediately generated aldehyde gave the alcohol 3 in 64 % as a mixture of diastereomers (about 1:1).
The separation of the compounds was unnecessary because a second Swern oxidation'? destroyed the

an excess of sodium phosphonoacetate

to give the a,B-unsaturated aminoesters 4 in about 60% yieid. The isomers E-4 (41%) and Z-4 (17%) were se-
parated by means of a column chromatography. The configurations of the trisubstituted olefins were proved

via NOE analvses after DIBATH reduction
via NOE analyses after DIBALH reduction

\LT the corresponding allylalcohols E-5 (71% yield) and Z-5 (68%
yield), respectively.
The present sequence pointed out, that the attempt to introduce the trisubstituted double bond stereose-

lectively was dissatisfying employing the Horner reaction. Furthermore,

the ester 1 into the desired allylamine £-4.
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Et) and 78 % (R = iPr) yield.
in THF at -78 °C

cross-coupling reactions. After deprotonation of 6 with diisopropylamine i

<

= Et, iPr) were synthesised by Claisen condensa-

technical requirements, the B-ketoesters 6 were obtained in 70 % (R

the acid labile trityl group in projected products related to the aminoesters E-4 and 9, respectively, was expec-

mised reaction conditions (v. experimental part); Most of the competing acetoacetates 7

o
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condensations should be carried out with acetic acid rbutylester enolates to avoid any competing formation of

C,CLO,, DMSO, EN, CH,Cl, -78—20°C, 3 h; 2. NaH/

(EtO),P(O)CH,CO,Et, THF, 20 °C, 2 d. iii: DIBALH, Et,0, -20—>20°C, 2 h.

4

cross-coupling reactions, respectively. Initial experiments to activate the ketoesters as

1.

ii:

B-Ketoesters had been described to as useful intermediates in the synthesis of a,B-unsaturated esters

Scheme 1: Synthesis of vinylaziridines via Horner olefination:
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The conversion of the B-ketoesters 6 into the o,B-unsaturated aziridinylesters £-4 and 9 bearing an addi-

19
17

formed, if the reaction temperature was not kept carefully at -78 °C. Usually, the separation of the acetoace-
enolphosphates according to Weiler'® failed because of their low reactivity. Hence the enoltriflates (enol tri-

Stille

bearing trisubstituted olefins.'> The shortest route to achieve the aziridinyl-p-ketoesters 6 starting from the azi-
acetoacetates 7 (self-condensation of the reagent). In the present case the synthesis of a potential B-keto-rbu-

ted to cause some difficulties. Thus, the B-ketoesters 6 (R



enoltriflates 8 were generated by addition of Tf,O (trifluoromethanesulfonic acid nhydride). Without work-up
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the cross-coupling was carried out after dilution with dry N-methylpyrrolidone (NMP) by addition of the
Pd(0)-catalyst, zinc chloride, triphenylarsane’' and the piperonyl™ or ethynyl stannane®, respectively, to give
the desired aminoesters £-4 and 9 after 4 to 7 days of stirring at 20 °C. The low stability of the aziridinyl enol-

triflates 8 necessitated to involve a one pot procedure of O-acylation and subsequent cross-coupling reaction

building up £-4 (R = Et: 23%, R = iPr: 41%) and 9 (44%) to achieve preparatively useful yields over two

steps
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Scheme 2. Synthesis of vinylaziridines via §-ketoester formation and cross-coupling reaction:
it H;CCO,R’/LDA, THF, -78 °C, 2 h, then 1 THF, -78 °C, 12 h. ii: {Pr,NH, THF, -78 °C, 15
min, then Tf,0, THF, -78 °C, 2 h. iii: Pd,(dba,)(CHCl,) cat., Ph,As, N-methylpyrrolidone, (3,4-
methylenedioxyphenyl)-SnBu,, ZnCl,, Et,0, -50—-20°C,
Ph,As, NMP, TMSC=CSnBu,, ZnCl,, Et,0, -50—20°C, 7
vi: HCO,H, CHCI,, MeOH, -20 °C, 6 h. vii: CIC(O)CH,C

7 11

4 to0 6 d. iv: Pd,{(dba,)(CHCI,) cat.,
d. v DIBALH, Et,0, -20—-20°C, 3 h.
CO,CH,, Et;N, THF, -20—20°C, 12 h.

Handling the aziridinyl systems it was mandatory to keep the reaction time as short as possible because

of some side reactions: The aziridinyl systems £-4 and 9 underwent partly aziridine ring openings with de-
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struction of the stereogenic centre, the acetylene 9 suffered from a siow alkyne dimerisation under the reaction

conditions. The configurations of the trisubstituted olefins were proved via NOE analyses after DIBALH re-
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duction™ of E-4 (R = iPr) to the corresponding allylalcohol E-5 (71% yield) and of 9 to 10 (46% vield), re-

spectively.

With the intention to employ the aziridinylesters in further syntheses of natural products the N-trityl pro-
tective group must be removable without affecting the potentially labile allylic unit. Hence, the aziridinylester
E-4 was treated with formic acid in CF res to remove the N-trityl group,” the deprotected
aziridine 11 was isolated in 70% yield. Most of the variations of the reaction conditions (solvent, acid) led to

the severe decrease of the yield. In most cases aziridin ring openings were observed to give either allylalcohols
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ot B-eliminations to form a,f,y,6-unsaturated esters, pointing out, that any stronger acidic conditions especial-

ly in the presence of nucleophiles (e. g. MeOH) should be carefully avoided. It was found to be advantageous

to protect the nitrogen of the crude aziridine as an amide: The treatment with malonic acid monomethylester
chloride in presence of a weak base led to the formation of the corresponding malonamide 12 in 74% yield.

Strong bases should be avoided to shield the product against aziridine ring openings or Michael additions. In

conclusion, the aziridinyl amino group should serve as an useful ancharing point for further substituents.

N-boc-Allylamines

The synthesis of the vinylaziridines pointed out some limitations of the cross-coupling reactions adja-
cent to the sensitive three-membered heterocycle. With the intention to investigate some acceptor substituted
N-boc amino compounds the oxazolidinester 13” and the acyclic carbamate 18" were generated in three steps
from L-(-)-serine according to literature procedures. First efforts had been focused on an alternative synthesis
of the B-ketoester 15. In order to exclude any epimerisation of the stereogenic centre basic reaction conditions
for the C-2 elongation were avoided: The aminoester 13 was transformed into the corresponding aldehyde 14
either via reduction/oxidation sequence'’ as described for the aziridinester 1 or with a direct DIBALH reduc-
tion at low temperatures.” Then, the aldehyde 14 was treated with ethyl diazoacetate in presence of a catalytic
amount of SnCl, to give the desired 15 in 40 % yield and the glycidesters 16 (12 % yield) as a side product.”
In the present case, two or three steps and the separation of a side product (— 16) via column chromatography
were necessary to convert the ester 13 into the desired 3-ketoester 15.

The direct route to achieve the N-boc amino-B-ketoesters 15 and 19 starting from the N-boc aminoesters
13 and 18 was the Claisen ester condensation as described for the synthesis of aziridin ester 6.'° Thus, the re-
actants 13 and 18 were treated with the lithium enolate of ethyl ac
mised reaction conditions as mentioned above (v. experimental part). The formation of the competing aceto-
acetate 17 should be suppressed as far as possible to avoid any intricate separation by preparative HPLC tech-
niques. Considering the technic:
in most cases the yield of 19 was significantly lower (< 50 %) because of the preferential formation of the eli-

mination product 20 (up to 35 %).”* The poor yield synthesising the acyclic B-ketoester 19 led to the abandon-



ment of that path, the desired N-boc allylamine should be easily achieved by the protection of th
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ketoester 15 starting from the cyclic N-boc aminoester 13 (1 step).
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Scheme 3. Synthesis of B-ketoesters:
i: N,CHCO,Et, SnCl, cat., CH,Cl,, 0 °C, 3 h. ii: H;CCO,R’/
LDA, THF, -78 °C, 2 h, then 14 or 19 THF, -78 °C, 12 h.

Again, the conversion of the B-ketoester 15 into the o,-unsaturated N-boc aminoesters 22 and 23 bea-
ring an additional aryl or alkyny!l substituent in a cis-position with respect to the ester group was achieved by
Pd catalysed Stille'’ or Sonogashira' cross-coupling reactions, respectively. As pointed out in the aziridine se-
ries a one pot procedure gave the best results: Hence the enoltriflates (enol trifluoromethanesulfonates)™ % 21

were generated in situ and the subsequnent the cross-coupling reactions in presence of the Pd(0) catalyst, zinc

chloride, triphenylarsane®' and the piperonyl”

or ethynyl stannane®, respectively, gave the desired aminoesters
22 in 64% and 23 in 44% yield over two steps. It should be pointed out to keep the reaction time as short as
possible generating alkyne 23 because of some alkyne dimerisation under the reaction conditions leading to
decreased yields.

The undoubted proofs of the £-configurations of the double bonds via NOE analyses failed in the case
of the aminoesters 22 and 23, but succeeded after reduction to the corresponding allylalcohols 24 and 25, re-
spectively. The appropriate reduction of the esters was carried out with DIBALH" in Et,0 at low temperatures
to avoid any hydrogenation of the double bonds as known for several N-boc allylamines.” However, the yields

varied between 60% (24) and 63% (25) despite of several variations of the reaction conditions. The use of

Red-Al® or LiAlH, did not increase the yields of the desired alcohols.
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Scheme 4. Cross-coupling reactions:
i: iPr,NH, THF, -78 °C, 15 min, then Tf,0, THF, -78 °C, 2 h. ii: Pd,(dba,}(CHC,) cat., Ph,As, ZnCl,, N-
methylpyrrolidone, (3,4-methylenedioxyphenyl)-SnBu,, Et,0, -50—20°C, 3 d. iii: Pd,(dba;)(CHCL,) cat.,
Ph,As, NMP, TMSC=CSnBu,, ZnCl,, E,0, -50-»20°C, 7 d. iv: DIBALH, Et,0, -20—20°C, 3 h. v: 1.
F,CCO,H, CH,Cl,, 0—20°C, 8 h; 2. TBSCI, Et;N, CH,Cl,, 20 °C, 12 h. vi: NaBH,, EtOH, 0—-20°C, 12 h.

The formation of an acyclic N-boc allylamine starting from aminoester 18 had been abandoned because
of the disappointing yields on synthesising the B-ketoester 19. On the other hand the successful generation of
the allylamines 22 and 23 allowed to achieve an appropriate structure by protective group conversion. Thus
the aminoester 22 was treated with TFA (trifluoro acetic acid) to remove boc and acetonide group, the OH
function of the crude product was protected as a TBS ether (fbutyldimethylsilyl ether)*' to give aminoester 27
in 66% yield. Though the acidolysis was carried out at low temperatures additional trifluoroacetamide 26 was
isolated in 32% as a side product, any prolongation of the reaction time increased the yield of the amide. On

cusing the synthesis on the deprotected aminoeste , the trifluoroacetamide 26 could be reduced with
NaBH, in EtOH™ to give the desired 27 in about 53% yield (overall yield of 27: 83% over both reactions). In
conclusion, the deprotected amine should serve as an anchoring group for further synthetically useful substitu-
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DISCUSSION

The usefulness of o,B-difunctionalised aminoacid esters originating from L-(-)-serine to generate the

chain elongated B-ketoesters via a Claisen ester condensation depended strongly from the substitution pattern
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g material, the heterocyclic reactants were recommended: Employing the heterocyclic a-amino-
13 the corresponding B-ketoesters 6 and 15 were synthesised in 70 to 80% yield, respectively.**

and 5-membered rings of 1 and 15 efficiently suppressed the achievement of conformations fa-
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r 18 gave only disappointing
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{ 19. Obviously, the competing B-climination to 20 was a rather facile process reacting the open chain

W
material: Presumably the suitable arrangement of a-H and B-O-function were easily achieved to generate the

The generation of defined trisubstituted olefinic units has been described by L. Weiler:"” B-Ketoesters

were deprotonated to give stereoselectively the E- or Z-enolates depending strongly from the base involved; an

with phosphorous acid chlorides gave the corresponding £- or Z-enol phosphates, respectively. A

final mctal mediated reaction with alkyl cuprates allowed the exchange of the phosphate against an alkyl sub-

me
stituent with retention of the double bond configuration to form the desired trisubstituted olefins. In contrast,
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and 23, no side products bearing Z-olefins could be detected. The configuration determining step was pre-

'ca\l

sumed to as the enolisation of the B-ketoesters resulting an arrangement of the ester syn with respect to the

small oxygen and anti to the bulky ar
involved the E-enoltriflates were formed exclusively as the intermediates 8 and 17, the £-configuration was

completely transferred into the aminoesters E-4, 9, 22 and 23. Summarising these results, the three step se-
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carry out the two-carbon chain elongation. Careful monitoring of the reaction conditions was found to be cru-
cial to achieve high yields of the corresponding B-ketoesters and to suppress any competing reactions. The (-
ketoesters were subje one pot procedure o
consecutive palladium(0) catalysed cross-coupling reaction. A piperonyl and an ethynyl substituent, respec-

tively, were introduced, pointing out, that metal-mediated cross-couplings succeeded in presence of potential
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tions of the double bonds were proved via NOE analyses. Further reactions allowed the chemoselective trans-

formations of the allylamine termini. The DIBALH reduction of the ester groups led to the corresponding al-
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the failing of the sequence starting from the acyclic a-aminoester 18 because of the dissatisfying formation of

the corresponding B-ketoester 19 could be compensated by the successful synthesis of the deprotected amino-

PP e, 1o N . ) TR (S
OO &7/ e .

PR - N PR S S P, I | IS VS T Pt 4
s @ 1lllal DOL PIULCCLIUIL WOULU HA VO LUITTICU LG COITESpoInal
The so formed N-allylamino compounds with a defined substitution pattern represent versatile building

blocks in total syntheses of natural products. The generation of optically active quarternary centres seems to
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rearrangements with the allylalcohols E-5, 10, 24 and 25 might serve as key steps. In this regard further inve-

stigations are in progress.

EXPERIMENTAL SECTION

General Remarks: 'H NMR (250 MHz),""C NMR (63 MHz) spectra and NOE experiments were recor-
ded on Bruker AC 250 spectrometer. CDCI; was used as the solvent, tetramethylsilane was used as internal
standard, all spectra were measured at room temperature. Multiplets in "C-NMR spectra were determined by
DEPT technique. Ilustration of the NOE analysis: irradiation H-X = amplification at H-Y [%)]. IR spectra
were obtained from a Perkin Elmer 257 or 580B spectrophotometer as a film in KBr cells or on KBr plates.
Optical rotations were measured with a Perkin Elmer P 241 polarimeter in a 1 dm cell. Mass spectra were re-
corded on a Varian MAT 711 or 1128, (70 ¢V, EI temperature as specified). High resolution mass spectra
(HRMS, 80 eV, temperature as specified for the MS) were recorded with the same instruments using computer
assisted methods to compare characteristic fragments with the corresponding PFK peaks. Elemental analysis
were performed on a Perkin Elmer 240 Elemental Analyser. Column chromatography was carried out with
Merck silica gel 0.063 - 0.2mnm, 70 - 230 mesh A, Process of reaction were monitored by thin layer chroma-
tography (TLC) performed on aluminium sheets precoated with silica gel 60 (thickness 0.25 mm). All solvents
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Reagents
3,4-Methylenedioxyphenyl tributylstannane (piperonyl tributylstannane): Under argon, 4-bromo-1,2-
methylenedioxybenzene (piperony! bromide, 10 g, 49.8 mmol) in THF (100 mL) was treated with nBuLi (34.2

mL, 54.8 mmol, 1.6 M in rhexane) at -78 °C. After 1 h of stirring at that temperature chlorotributylstannane



(22.3 mL, 74.7 mmol) was added. The mixture was stirred at -78 °C for a further 2 h, then, saturated agueous
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with Et,0 (3x 150 mL), the combined organic

phases were dried (MgSO,). After removal of the solvents the crude oil was puriﬁed by high vacuum distilla-

tion (bp: 120-140 °C / 0.02 mbar) to give the piperonylstannane (16 0.9 mmol, 82%) as a clear oil. 'H
NMR 6§ =0.92 (t, J= 7.0 Hz, 9 H; Bu-CH,), 1.0 1.56 n H: Bu-CH H: OCH,O

H,), 1.06, 1.40, 1.56 (3x m, 18 H; Bu-CH,), 5.96 (s,
6.86-7.08 (m, 3 H; Ar—CH). "C NMR: = 9.7 (3 C; Bu—CH,), 13.7 (3 C; Bu~CH,), 2
CH,), 100.2 (OCH,0), 108.8, 115.5, 129.6 (Ar—CH), 133.9, 147.4, 147.6 (Ar=C).

Tributyl-(2-trimethylsilylethynyl)-stannane: Reaction with trimethylsilylethyne (1.64 g, 16.7 mmol)

using conditions as described for piperonyl tributylstannane. Purification by Kugelrohr distillation (60-70 °C /

(.05 mbar) to give a clear oil of ethynylstannane (6.3 g, 16.3 mmol, 98%). 'H NMR: 6 = 0.22 (s, 9 H; Si—
CH,), 0.80-1.08, 1 60 (3x m, 27 H; Bu-CH,, Bu-CH,). "C NMR: & = 0.2 (3 C; Si~CH,), 8.7, 11.1 (6 C;
Bu-CH,), 13.6 (3 C; Bu—CH,), 14.5 (3 C; Bu—CH,), 113.1, 118.8 (C=C).

Standard procedures

MIDATITY ren

Standard procedure I: DIBALH reduction: Under argon, the o, {3-unsaturated ester (10 mmol) in dry Et,O
(20 mL) was treated with DIBALH (18.3 mL, 22 mmol, 1.2 M solution in toluene) at -20 °C. The mixture was

stirred for 3 h, while the temperature reached 20 °C. Acidic work-up: The reaction was quenched by addition
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of MeOH (8 mL). Saturated aqueous. NH,Cl and aqueous KHSO, (1 M) were added until the Al,O, precipitate
dissolved (pH 2 - 3). The aqueous layer was extracted with Et,0 (4x 65 mL) and the combined organic phases
were dried (Na,SO,). The solvent was removed and the crude material was purified by column chromatogra-
phy. Neutral work-up: MeOH (0.9 mL), H,O (1.4 mL) and solid potassium sodium tarirate (~2.5 g) were

added and the mixture was stirred, until the aluminium salts precipitated (~12 h). The liquid phase was decan-

emaining solid material was extracted by stirring with Et,O (4x 150 mL). The organic layers were

a1 3 .II,

dried (MgSO,), the solvent was removed and the crude allylalcohol was purified by column chromatography.

Standard procedure II: Cluisen condensation: Under argon, diisopropylamine (7.1 mL, 50 mmol) in dry

- ~n ] v Q

THF (100 mL) was treated with nBuli (27 mL, 43.2 mmol, 1.6 M in hexane) at -78°C. After 1 h of stirring at
0 °C the LDA solution was cooled again to -78 °C. EtOAc (4 mL, 40 mmol) was slowly injected by means of

a syringe, the stirring of the mixture was carefully monitored to avoid any spattering - any warming up of

1 e S T

small volumes of the reaction mixture would have led to the formation of acetoacetate 7 or 17 decreasing the
yield of the desired B-ketoester! Any vigorous stirring should be avoided. After 1 h of deprotonation at - 78°C

the reactant aminoester (20 mmol) in THF (40.5 ml.) was added slowly maintaining (carefully!) the tempera-

ture and the mixture was stirred overnight at -78°C. Then, iPrOH (5 mL) was added. After quenching with sa-

turated aqueous NH,Cl (140 mL) the aqueous layer was extracted with EtOAc (3x 140 mL), the combined or-
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ganic phases were dried (MgS0,), the solvent was evaporated and the crude B-ketoester was purified by co-
byt shramentaceramber ~n gilian gal 440 camacata L‘..ﬂ..“ e S BNy SRR St T
umn caromatograpily on siica gei o separate irom any acetoacetate 7 or 17 or from the e climination pl‘OClllCI
20.
Cernandnad Jooes TFY. Ny mb e b lmae o~ o e e ar .1 NI P 7 7.
2diddra proCeaurc iii. Une pot réacuon Or enoi-irjiaie generdailon and ra-caialysed cross-coupling.

Under argon, the B-ketoester (10 mmol) was dissolved in dry THF (50.6 mL) and cooled to -78 °C. Dry diiso-

propylamine (3.3 mL, 25 mmol) was injected, after 15 min of stirring tritluoromethanesulfonic

M NE mmo 1N cxrmo =
(7g, 25 mmol) was adde

1

t -78 °C for 2 h, until the reactant disappeared

[N
[=N
-
=]

(tlc monitoring). After raising the temperature to about -50 °C, N-methylpyrrolidone (30.3 mL),
Pd,(dba,)(CHCI,) (0.21 g, 2 mol%) and Ph,As (0.25 g, 8 mol%) were added subsequently. Then, the reaction

ol oo cacisirizadinsd] St £ &N LA § | AV I
LIdoKR Wdd Lyatudicd uice (-ov lndlly [ne stannane (IU 10

20 mmol), dry ZnCl, (1.68 g, 12 mmol) and dry Et,0 (6.1 ml.) were added subsequently and the mixture was
ed 20

:T'

stirred for 3 d to 7 d while the temperature reac °C. Work-up started by dilution with Et,O (56 mL) and

d-l T M "ln

s M o mem man A Vo o
W (/U L 1

C}cavabc Wi ne orgaﬁjc layers were
dried (MgS0,) and the solvent was removed. The crude a.,-unsaturated ester was purified by column chroma-

tography.

Compounds

(25)-1-(3,4-Methylenedioxyphenyl)-2,3-(N-triphenylmethylepimino)-1-propanel (3). Swern oxida-
tion: Under argon, to a solution of oxalyl chloride (1.57 mL, 18 mmol) in dry CH,Cl, (36 mL) was added dry
DMSO (1.34 mL, 18.8 mmol) at -
mmol) in dry CH,Cl, (17 mL) was added dropwise. After a further 1.5 h of stirring at -65 °C, Et;N (10.5 mL,

75.3 mmol) was added and the mixture was stirred at -65 °C for 20 min and at 20 °C for another 2 h. The

n P e ]

°C, with stirring. After 30 min N-tritylaziridinecarbinol Z (2.7 g, 8.56

ATIT Y

white precipitate of Et;N/HCI was formed. Then, the reaction was quenched with H,O (60 mL); the aqueous
layer was extracted with CH,Cl, (3x 50 mL) and the combined organic layers were dried (MgSO,). After re-

moval of the solvent, the crude aldehyde was used without any further purification. Grignard reaction: Under

71 mm~ 1A 04 TTIYY

argon, piperonyl bromide (1.55 mL, 12.84 mmol) in dry THF (51 mL) was treated with »Buli (8 mL, 12.8
mmol, 1.6 M in nhexane) at -78 °C. After 1.5 h of stirring at that temperature, the crude aldehyde (~ 8.56

mol) in THF (15 mL) was added. The mixture was stirred overnight while the temperature reached 20 °C.

70N A < W, < xrid

The reaction was quenched with H,O (80 mL) and the organic layer was extracted wit Et,0
drying (MgSO0,), the solvent was removed and the crude material was purified by chromatography on silica

gel (hexane/EtOAc 10 : 1) to give 3 (2.4 g, 5.51 mmol, 64%, colourless oil) as a mixture of diastereomers,

’

T

A I ] 1 1 ;1 . 1 -~ NN 7 AY ~ A AM 1 "Ny LN annn N laTe1%le] I,‘\ o 1 7N 1
which had not oeen separated. 1K v = 3003 (M), 344/ (I, D), 3UD/ (5), JULU (5), £784L (5), L4871 (5), 1
1

1595 (s), 1488 (s), 1447 (s) cm™ '"HNMR: § = 1.08 (d, J = 6.3 Hz, 1 H; 3-H%),



=3.5 Hz, 1 H; 3-H®), 2.64 (s, br, 1 H; OH), 4.43 (d, J= 5.5 Hz, 1 H; 1-H), 5.80 (s, 2 H; OCH,0), 6.54—6.76
(m, 3 H; Ar-CH), 7.04-7.53 (m, 15 H, Ph,C-CH). "C NMR.: § = 25.4 (C-3), 27.9 (C-2), 73.7 (NCPh,), 75.0
(C-1), 100.9 (OCH,0), 106.5, 107.9, 119.2 (Ar-CH), 126.7 — 129.5 (15 C; Ph,C-CH), 136.1 (Ar-C), 144.1
(3 C; PhyC-C), 146.8, 147.5 (Ar-C). MS (180 °C): m/z = 435 (0.6, M"), 244 (8.0), 243 (100), 228 (4.5), 166
(7.9), 165 (49.4), 151 (11.1), 93 (8.5), 91 (6.9), 65 (4.4). HRMS (M": C,,H,;NO,): calc.: 435.1834, found:
435.1835

{(4R)-Z-3-(3,4-Methylenedioxyphenyl)-4,5-(V-triphenylmethylepimino)-2-pentenoicacid  ethylester

(Z-4) and (4R)-E-3-(3,4-methylenedioxyphenyl)-4,5-(N-triphenylmethylepimine)-2-pentenoicacid ethyl-

ester (E-4): Swern oxidation: The Swern oxidation was carried out with carbinol 3 (1.43 g, 3.28 mmol) to

R, T e SN @ g zme T T3 oo oo
Caroinol J. r1orner U[B_[H’ Uﬂ. UIICTL aiguil,

7 mL, 10.5 mmol) in dry THF (42 mL) was deprotonated with NaH (0.3 g, 10.5

ot oo A €. o TG
ONC dd> UC\LIIULU. for tne SYIRHLCSIS U

o

triethyl phosphonoacetate (2.
mmol, 80% in oil) at 0 °C. The reaction was completed by stirring for 2 h at 20 °C. Then, a freshly repared

L2

Data for the intermediate 3,4-methylenedioxyphenyl-(1S-N-triphenylmethylaziridinyl)-ketone 'H NMR: § =

1.57 (m, 1 H; 3-H%), 2.41 (m, 1 H; 3-H), 2.62 (m, 1 H; 1-H), 6.01 (s, 2 H; OCH,0), 6.63-6.88 (m, 3 H; Ar—

CH), 7.08-7.62 (m, 15 H; Ph,C~CH). Spectral data for Z-4: [o] ] 20 = _24.8° (¢ = 0.23; CHCL). IR: ¥ = 3057

NMR: & = 1.08 7.5 H; 5-H*), 1.80 (d, /= 3.0 Hz, 1 H; 5-H"),
3.53 (m, 1 H; 4-H), 3.92 (q, J= 7.5 Hz, 2 H; Et-CH,), 5.89 (s, 2 H; OCH,0), 5.95 (s, 1 H; 2-H), 6.73-7.49
(m, 18 H; Ar—CH, Ph3C—CH) NOE analysis: 5-H* = 5-H® (25.8), 4-H (11), Ar-H° r-H’ H®

Ij U
o
jas)
>
=
=
+
josy
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a
=
>
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.z;
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U
v
jas)
>
=
b)

-3), ( 2
[ = 4-H (0.9), Ar-H® (7.2), Ar-H? (6.1); Ar—H® = 5-H"® (1.4), 4-H (0.5), 2-H (10.2), Ar-H’ (2); Ar-H’ =

5-H* (0.5) 5-H® (1.9), 4-H (0.7), 2-H (7.2), Ar-11* (3). "C NMR: & = 14.2 (Et—CH,), 28.6 (C-5), 31.1 (C-
4), 59.8 (Et—CH,), 75.0 (NCPh,), 101.1 (OCH,0), 107.9, 108.6 (Ar-CH), 121.7, 123.0 (C-2, Ar-CH), 126.6
—-129.6 (15 C; Ph,C—CH), 133.3 (Ar-C), 144.3 (3 C; Ph,C -C), 147.3, 147.6 (Ar-C), 156.8 (C-3), 165.8
(C=0). MS (120 °C): m/z = 503 (0.1, M"), 260 (10.2), 259 (6.5), 244 (42.3), 243 (100), 241 (5.6), 228 (6.6),
216 (10.6), 166 (5.4), 165 (44.3). HRMS: (fragment: C, ,H,,NO,) calc.: 260.0923, found: 260.0922

Spectral data for £-4: [oa]%)o = —137.6° (¢ = 0.81; CHClLy). IR: v = 3055 (w), 2978 (m), 2897 (w), 1720 (s),

1635 (m), 1489 (s), 1240 (s), 1169 (s), 1037 (s), 707 (s) cm™. 'HNMR: & = 1.21 (t, J = 7.0 Hz, 3 H; Et-CH,),

—

on Yy - I¥., &£ N1 O/ 9] s A LA |
22U a, g = ou Z, 1 11, o—11 ), 1.7 (11}, < 11, 411, )11 )}, %.
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(E-4): Reaction with B-ketoester 6/Ft (0.14 g, 0.35 mmol) and piperonylstannane (0.17 g, 0.42 mmol) fol-
lowing the standard procedure III. Reaction time: 4 d. Chromatography: hexane/EtOAc (20 : 1), yield: allyl-

amine £-4 (40 mg, 0.08 mmol, 23%). For the spectral data of E-4 v. s
(4R)-E-3-(3,4-Methylenedioxyphenyl)-4,5-(/V-triphenylmethylepimino)-2-pentenoicacid isopropyl-

ester (E-4/iPr); Reaction with B-ketoester 6/iPr (1.81 g, 4.37 mmol) and piperonylstannane (2.7 g, 6.55
mmol) following the standard procedure III. Reaction time: 6 d. Chromatography: hexane/EtOAc (20 : 1),

— N
o~

(4R)-Z-3-(3,4-Methylenedioxyphenyl)-4,5-(N-triphenylmethylepimino)-2-penten-1-0l (Z-5): Reac-
tion with o,-unsaturated ester Z-4 (0.29 g, 0.57 mmol) following the standard procedure I, neutral work-up.

Reaction time: 2 h. Chromatography: hexane/EtOAc (7 : 1), yield: allylalcohol Z-5 (0.18 g, 0.39 mmol, 68 %).

[a]"l’) = -20.8° (¢ = 0.12; CHCL,). IR: % = 3389 (m, br), 3018 (m), 2888 (m), 1595 (m), 1486 (s), 1447 (5),
1236 (<), 1040 (<)Y, 757 ()
LLIV ATy AVEV RS SO RS

708 (s) em”. '"H NMR: & = 1.35 (d, .

~ ww ;-

OH), 2.14 (m, 1 H; 4-H), 4.16 (m ,2 H; 1-H), 5.95 (m, 3 H; 2-H, OCH,0), 6.72-7.05 (m, 3 H; Ar-CH), 7.16
58.

-7.58 (m, 15 H; Ph,C—CH). "C NMR: § = 27.2 (C-5), 32.2 (C-4).
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(OCH,0), 107.8, 108.4, 121.2 (Ar—CH), 126.3-129.4 (15 C; Ph,C-CH), 132.4 (C-2), 135.1, 140.2 (C-3, Ar-
N 1AAD Y C-Dh O_0CY 146 4 1TAT7 1 (Ae_()Y MC /18N O qan/e — ALT N1 NAYN A1 VDY 204 /DY NAA
Lo Js IV I Ly THOUTOU ), 1700, 157700 (AU )L IO (1JV L) IVZ 0L (U.1, VL ), 9401 (V.2), J0% (U.L), L4494

(23.1), 243 (100), 218 (6.0), 189 (7.1), 165 (21.8), 86 (13.8), 84 (20.8). HRMS: (M": C,;H,,NO,) calc.:
461.1991, found: 461.1977. (fragment C,H,;NO,) calc.: 431.1985 found: 431.1977.

(4R)-E-3-(3,4-Methylenedioxyphenyl)-4,5-(/V-triphenylmethylepimino)-2-penten-1-0l (E-5): Reac-

tion with o,B-unsaturated ester 6/iPr (0.93 g, 1.8 mmol) following the standard procedure I, acidic work-up.

Anntinm fimanae

R 2l Theanantaogr
INCALLIULE LG, O 1L CiIHUHIALUERL

[0]2) = =136.9° (c = 0.31; CHCL). TR: ¥ = 3390 (w, br), 3055 (w), 2883 (w), 1595 (w), 1488 (s), 1236 (s),

1038 (s), 1012 (m), 708 (s), 633 (m) cm™. 'HNMR: § = 1.34 (d, J= 6.3 Hz, 1 H; 5-11*), 1.72 (d, J = 2.0 Hz, 1
H; 5-HP), 1.84 (m, 1 H; 4-H), 1.96 (s, br, 1 H; OH), 4.16 (d, J= 7.0 Hz , 2 H; 1-H), 5.92 (s, 2 H; OCH,0),
6.05 (t, J = 7.0 Hz, 1 H; 2-H), 6.56-6.82 (m, 3 H; Ar—CH), 7.12-7.60 (m, 15 H; Ph,C~CH). "C NMR: & =
29.8 (C-5), 36.9 (C—4), 59.9 (C-1), 74.9 (NCPh,), 100.8 (OCH,0), 107.8, 108.9, 121.9 (Ar—CH), 126.6-
129.5 (16 C; C-2, Ph,C—CH), 131.9 (Ar-C), 141.7 (C-3), 1442 (3 C; Ph,C—C), 146.6, 147.2 (Ar-C). MS

o (\I NAY AA N ‘) /n’)\ ’3/1
I, vl j, 94+

84 4(21.5).2
v )y 20T Vi), & (&

A2 1NN D10 7&E O NN /SN0 100 rC &N 1£&
JJ), 43 (1VU), 210 (J.0), 2UU {(5.Y), 180 (D.5), 105

._..-_ I

Oy m/ (.
(16.4). HRMS: (fragment C;H,NO,) calc.: 443.1885, found: 443.1886. (fragment C,.H,,NO,) calc.:
384.1600, found: 384.1599.

W
—~~
<X
;-.-

710N
{ioU

(45)-3-Ox0-4,5-(N-triphenylmethylepimino)-pentanoicacid ethylester (6/Et): Reaction with amino-

ester 1 (9.8 g, 28.6 mmol) following the standard procedure II. Chromatography: hexane/EtOAc (10 : 1),

yield: B-ketoester 6/Et (8.9 g, 22.3 mmol, 78%). [aﬁ? =-51.8° (c = 0.67; CHCL,). IR: ¥ = 3319 (m), 3057

1 (C-4), 443 (C-2), 61.
143.2 (3 C; Ph,C-C), 167.1 (C=0), 201.5 (C=0). M
(23.5), 243 (100), 242 (2.2), 241 (3.3), 228 (2.5), 166 (2.9), 165 (18.7). HRMS: (M": C%HQSNO}) calc.:

(45)-3-Ox0-4,5-(V-triphenylmethylepimino)-pentanoicacid isopropylester (6/iPr): Reaction with

’

<,

AI"1f"1 O"\ﬂ

I s b Ve Vs ] ATY Y g A o~ e T
aminoester 1 (10.2 g, 4/7.4 mmm) and iPrO AC { J g, 8.27 Ml.,

-
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<
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II. Chromatography: hexane/EtOAc (12 : 1), yield: pB-ketoester 6/iPr (13.6 g, 32.9 mmol, 70%). [a]? = -

83.2° (¢ = 2.33; CHCL). IR: ¥ =2982 (m), 1740 (s), 1710 (s}, 1490 (m), 1448 (m), 1106 (s), 1006 (m), 913
(m), 708 (s) cm™. 'HNMR: & = 1.21 (d, J = 6.3 Hz, 6 H; iPr-CH,), 1.48 (d, J= 6.3 Hz, 1 H; 5-H"), 2.11 (m, 1

22275 i bk b (e 5 5 375 1.TO (U, v J.0 Iz, 1§
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H; 4-H), 2.28 (m, 1 H; 5-H?), 3.68 (s, 2 H; 2-H), 5.05 (m, 1 H; iPr-CH), 7.12-7.56 (m, 15 H, Ph,C-CH). "*C
NMR: 8 = 21.6 (2 C; iPr—CHy), 29.1 (C-5), 39.0 (C—4), 44.7 (C-2), 68.9 (iPr—CH), 74.4 (NCPh,), 127.0-
129.1 (15 C; PhyC—CH), 143.2 (3 C; Ph,C—C), 166.6 (C=0), 201.4 (C=0). MS (120 °C): m/z = 413 (0.5, M"),
370 (2.8), 336 (18.8), 294 (25.6), 271 (7.2), 244 (53.0), 243 (100), 241 (9.3), 228 (7.5), 165 (44.8). HRMS

(I’R)-E-5-Trimethylsilyl-3-(/V-triphenylmethylaziridinyl)-2-penten-4-ynoicacid isoprepylester (9)
Danntimm vxreth 1 Latnncatnn £/ 71 0D ~ A Q01 canrralY nnAd $rtsmaathelotler lathivrimerlatnmmnma £ T o O£ e~ £-1
neaction witn p-K€ioester o/irt (1.57 g, 4.01 1MiNo1} and irimetnyisiuyieinynyisiannane (o5./5 g, 7.0 miinoi) 101-

lowing the standard procedure III. Reaction time: 7 d. Chromatography: hexane/EtOAc (12 : 1), yield: allyl-

1723 (s), 1611 (m), 1448 (m), 1250 (s), 1109 (s), 844 (s), 708 (s) em™. 'H NMR: & = 0.31 (s, 9 H; Si—CH,),
1.37 (d, J= 6.3 Hz, 6 H; iPr-CH,), 1.64 (m, 1 H; 3’~H"), 1.86 (m, 1 H; 1’~H), 2.08 (m, | H; 3°~HP), 5.12 (m,
1 H; iPr—CH), 6.17 (s, 1 H; 2-H), 7.16-7.56 (m, 15 H; Ph,C—CH). "C NMR: § = -0.3 (3 C; Si-CH,), 17.5 (C
-3"), 21.9 (C~1), 36.8 (2 C; iPr—CH,), 67.7 (iPr—CH), 74.7 (NCPhy,), 100.1, 108.2 (C=C), 124.8 (C-2), 126.8

~129.4 (15C; Ph,C—~CH), 138.3 (C-3), 144.0 (3 C; Ph,C—C), 164.3 (C=0). MS (150 °C): m/z = 450 (0.2), 244
(20.2), 243 (100), 241 (6.7), 239 (7.8), 228 (6.7), 215 (5.3), 166 (8.5), 165 (56.5), 43 (4.6).

(1’R)-E-5-Trimethylsilyl-3-(N-triphenylmethylaziridinyl)-2-penten-4-yn-1-0l (10): Reaction with

o,B-unsaturated ester 6/iPr (0.77 g, 1.56 mmol) following the standard procedure I, acidic work-up. Reaction
time: 3 h. Chromatography: hexane/EtOAc (6 : 1), yield: allylaicohol 10 (0.31 g, 0.71 mmol, 46%). [«]

—82.5° (¢ =0.04; CHCL,). IR: v =

3

e TaYs) Irr aT

1250 (s), 1017 (s), 843 (s), 708 (s) cm H"Y), 1.73 (m, 1
; 1’=H), 2.01 (m, 1 H; 3’-H"), 4.42 (m, m, 1 H; 2-H), 7.10-7.63 (m, 15 H; Ph,C-CH). "*C
NMR: & = -0.1 (3 C, Si—CH,), 27.8 (C-3"), 35.4 (C-1"), 61.3 (C-1), 74.4 (NCPh,), 100.1, 101 .4 (C=C),

3 == Dt Ve

nrr T ~o s kY ¥, A1 Y

iR: 6 =0.26 (s, 9 H; Si~CH,), 1.28 (m, 1 H; 3’
2(

125.5 (C-3), 126.6—-129.4 (15 C; Ph,C—CH), 136.8 (C-2), 144.3 (3 C; Ph,C-C). MS (200 °C): m/z = 437
(0.2, M), 245 (4.0), 244 (26.5), 243 (100), 180 (4.9), 166 (7.6), 165 (36.8), 77 (5.2), 75 (5.3), 73 (15.9).
HRMS: (M": C,,H,,NOSi) calc.;: 437.2175, found: 437.2177.
(4R)-E-4,5-Epimino-3-(3,4-methylenedioxyphenyl)-2-pentenoicacid ethylester (11) and (4R)-E-4,5-
(N-(1,3-diox0-3-methoxypropyl)-epimido)-3-(3,4-methylenedioxyphenyl)-2-pentenoicacid ethylester

~An o i P : r 1 7

(12): Deprotection: At -20 °C, the a,B-unsaturated ester £-4/Et (0.89 g, 1.77 mmol) in CHCI; (9.7 mL) was
treated with MeOH (0.14 mL, 3.54 mmol) and a mixture of formic acid/CHCI, (2.7 mL, 1 : 1), with stirring.
After 6 h at -20 °C no reactant remained (tlc-monitoring) and toluene (12 mL) was added as well as K,CO, un-
til the pH was raised to = 7. The reaction mixture was dried by adding an excess of MgS0,, the salis were fil-

tered off and the solvent was removed to give the crude aziridine 11, a further purification was achieved by
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flash chromatography on a short silicagel column with hexane/EtOAc (1 : 1) to give 11 (0.32 g, 1.23 mmol,
TNO/N ac a mala vallarr a1l Aoaudatinme At N O thha Amada asividisa 11 10 de, TLIE 777 2 T ) ~ S T pa—s |
fU/0) ad d pail yCUUW UlL, ACYIULiUni. AL =4V L, UL LTUUC aZllUUIc ax i iy 1rr (/.0 L) wad Suoscquiiiuy

treated with Et;N (0.62 mL, 13 mmol ) and malonic acid monomethylester chloride (0.

3
stirring. After 1 (the temperature reached 20 °C) the reaction was hydrolysed with

[\
ey
~—

amtaniie lavar wwao avivrantad vrith Bt () /2v 10 1l V tha snamalaimad ~Aerganis lovare ara Ariad MACNO N\ nend +ha
a\.‘ucuua 1aycl wads CALLALLCU Witll 1412\} \Z4A 1V 111y ), Uulc vuklvliicu Ulsa.uu, 1a_yc1:» weiC Ulicd \AVI&OU“} Kl U3
solvent was removed. The crude material was purified by chromatography on silica gel with hexane/EtOAc (2

: 1) to give the malonic acid amide 12 (0.47 g, 1.3 mmol, 74%) as a clear oil.

(C_AY 500 (B+_CCHY 1011 (OCH.ON 100 107 (Ar—CIN 1180 171 R (C_? Ar_(CHN 1229 14717
\L/ _fj, J7.7 \1.4[ \.'112}, i1vi1.1 \\JL/ILE\_IJ’ 1VYO.v, 1VO./ \nl \_/Ll.}, 110.U, 14£1.0 \\_1 Ley AL L/ll}, 10.4, L77/7.0,
147.6 (Ar-C), 156.2 (C-3), 165.5 (C=0)

[« JUNpEpEFI. Rt PRIy o 19 B r.~120 — AN NO /v — N2 OLIOTY TD. Y — 22LN 1 L)y MA0A 7Y MNEE £ QN o)
Spectral data ot 14: fa] )" = —40.07 (€ = 0.25; LHLL) IRD Y = 350U (W, bI), 2764 (m), 2955 (m), 2705 (m),

1744 (s), 1708 (s), 1490 (s), 1439 (s), 1039 (s), 935 (m) em™. '"H NMR: § = 1.13 (t, J = 7.5 Hz, 3 H; Et—CH,),
2.18 (m, 1 H; 5-H%), 2.75 (m, 1 H; 5-H?), 3.30 (m, 1 H; 4-H), 3.50 (s, 2 H; O=CCH,), 3.74 (s, 3 H; OCH,),
4.04 (q, J = 7.5 Hz, 2 H; Et—CH,), 5.96 (s, 2 H; OCH,0), 6.11 (s, 1 H; 2-H), 6.63—6.84 (m, 3 H; Ar—CH). "C
NMR: 8 = 13.7 (Et-CH,), 33.7 (C-5), 40.6 (C-4), 43.6 (O=CCH,), 52.6 (OCH,), 60.2 (Et-CH,), 101.22
(OCH,0), 108.0, 108.6 (Ar—CH), 118.6 (C-2), 121.6 (Ar—CH), 129.2, 147.3, 1479 (Ar-C), 151.4 (C-3),
165.4, 167.3, 176.7 (N-CO, 2x C=0). MS (120 °C): m/z = 361 (58.8, M"), 288 (19.2), 260 (43.4). 244 (33.3),
232 (78.4), 216 (45.9), 214 (35.2), 204 (66.1), 188 (100), 187 (45.8), 101 (31.1), 59 (25.1). HRMS: (M":
C,sH;oNO;) calc.: 361.1162, found: 361.1187.

(4S)—4N,50-(N-tButyloxycarbonylisopropylidenazox_y)-3-oxopentanoicacid ethylester (15): Under

PR ST ol « S0 o ) BV E e ¥ - B [ BN A T TSV RS R [ g e Y QY o 71 Q@ saavmannl) jan .-1 M1 (12N
CUEU l, d IHINXLUL Ul Dll\,lz \.l o 5, /.10 1111 lUl} aliu CLllyl uldLUabC \0 5, /1.0 uuu\.u} 11k y \/112\/12 \lJU
mL) was treated with aldehyde 14 (13.7 g, 59.8 mmol) in CH,C], (50 mL) at with stirring. Stirring was
continued at 0 °C for about 3 h, until the N,-evolvement finished. Then, the suspension was filtered (Celite)

aqueous NaOH (6x 100mL, N) the combined aqueous layers were acidified with aqueous

ith a
KHSO, (1 M) to pH 3. The aqueous solution was extracted with Et,0 (3x 200 mL) and the combined organic

Sy

40%), no chromatography was necessary. [a] %0 =-56.8° (¢ = 1.94; CHCl,). IR: ¥ = 2982 (s), 2938 (m), 1751

(s), 1712 (s), 1479 (m), 1458 (m), 1367 (s), 1172 (s), 849 (m), 769 (m) cm™. 'H NMR: 8 = 1.28 (1, J = 7.0 Hz,

CUN AAD ASAYL
LI, ), 4.4V, 4.0
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(45)-4N,50-(N-t-Butyloxycarbonylisopropylidenazoxy)-3-oxopentanoicacid ethylester (15): Reac-
tion with aminoester 13 (3.66 g, 14.5 mmol) following the standard procedure II. Chromatography: he-

xane/EtOAc (7 : 1), yield: B-ketoester 15 (3.5 g, 11.1 mmol, 77%). For spectral data v. s.

(45)-5-tButyldimethylsilyloxy-4-(N-tbutyloxycarbonylamido)-3-oxopentanoicacid  isopropylester

(19): Reaction with aminoester 18 (0.5 g, 1.5 mmol) following the standard procedure. Chromatography: he-

xane/ELOAC (6 : 1), yield: B-ketoester 19 (0.14 g, 0.35 mmol, 23%). 'H NMR: & = 0.00 (s, 6 H; Si-CH,), 0.81
(s, 9 H; iBu), 1.19 (d, /= 6.5 Hz, 6 H; iPr-CH,), 1.39 (s, 9 H; boc-CHy), 3.50 (s, 2 H; 2-H), 3.73 (dd, J = 4.5,
10.5 Hz, 1 H; S-H*), 4.00 (dd, J = 3.3, 10.5 Hz, 1 H; 5-H"), 4.34 (m, 1 H; 4-H), 4.98 (m, 1 H; iPr—CH), 5.35
(d, br, /=7 Hz, 1 H; NH). °C NMR: § = -5.7 (2 C; Si-CHj), 18.1 (Si-C), 21.6 (2 C; iPr-CH,), 25.7 (1Bu~
CH,), 28.2 (boc—CHL), 45.2 (C-2), 61.2 (C~4), 63.0 (C-5), 68.9 (iPr-CH), 79.9 (O-CMe,), 155.2 (NC=0),

166.2 (C=0), 201.0 (C-0).

(4R)-E-4N,50-(N-tButyloxycarbonylisopropylidenazoxy)-3-(3,4-methylenedioxyphenyl)-2-pente-
noicacid ethylester (22): Reaction with B-ketoester 15 (4.5 g, 14.3 mmol) and piperonylstannane (6 g, 14.3

1 TIT | 5 I S, P,
STOCCAUIC 111, Reaction time:

%)
j =5
@)

: allylamine 22 (3.8 g, 9.1 mmol, 64%). ra]ZD = +48.9° (c = 0.33; CHCL). IR: v = 2979 (s), 2935 (s),

1726 (s), 1701 (s), 1653 (m), 1490 (s), 1376 (s), 1365 (s), 856 (m), 770 (m) cm™. 'H NMR: & = 1.01 (m, 3 H;
Et—CH,), 1.26-1.67 (m, 15 H; ketal-CH,, fBu-CH,), 3.67 (m, 1 H; 5-H"), 3.91 (m, 3 H; 5-H®, Et-CH,),

4.45,4.55 2x m, 1 H; 4-H), 5.82 (m, 3 H; 2-H, OCH,0), 6.49-6.72 (m, 3 H; Ar-CH). "C NMR: § = 13.3,
13.7 (Et—-CH,), 22.6 — 26.3 (2 C; ketal-CI1;), 28.1 (rBu—CH;), 59.5 (Et—-CH,), 63.2, 63.5 (C-4), 66.5 (C-5)
80.0, 80.4 (1Bu—C), 94.3, 94.7 (OCMe,0), 100.9 (OCH,0), 107.8, 108.3, 116.7 (Ar—CH), 121.1 (C-2), 130.8,

/A Y 181

1, 147.3 (Ar=C), 151. . 3 C

361 (4.0), 319 (32.2), 305 (23.7), 304 (26.1), 261 (47.3), 216 (18.3), 188 (17.0), 100 (29.8
(M": CH,yNO,) calc.: 419.1944, found: 419.1945. Analysis: C,,H,NO;: calc.: C/ H = 9.04, found: C/ H =
9.03.

(1’R)-E-3-(2N,40-N-tButyloxycarbonyl-3,3-dimethyloxazolidinyl)-5-trimethylsilyl-2-penten-4-yno-
icacid ethylester (23): Reaction with f-ketoester 15 (3.55 g, 11.2 mmol) and trimethylsilylethynyls

(3.18 g, 22.4 mmol) following the standard procedure III. Reaction time: 7 d. Chromatography: hexane/EtOAc

A\/ nn A0

(10 : 1), yield: allylamine 23 (1.92 g, 4.93 mmol, 44%). [a]

2098 (w), 1706 (s), 1620 (w), 1375 (s), 1251 (s), 1208 (s), 1173 (s), 1097 (s), 848 (s) cm™. '"H NMR: & = 0.52

dsche, U. Nubbemeyer / Tetrahedron 55 (1999) 68836904 5899
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(s, 9 H; Si-CH,), 1.60 (t, J = 7.0 Hz, 3 H; Et—CH,), 1.66-2.04 (m, 15 H; ketal-CH,, rBu), 4.25-4.58 (m, 4 H;

5’-H, Et—CH,), 4.67,4.82 (2x m, 1 H; I'-H), 6.74 (s, 1 H; 2-H). BONMR: § = -6.7(3C; Si-CH,), 14.1 (E
&% Rikg X ZAy & [ e 2 LI € =

32275 H;),
CH,), 24.0, 26.4 (ketal-CIL,), 28.1 (3 C; Bu~CH,), 60.2 (Et-CH,), 62.5 (C-1"), 67.5 (C~5"), 80.3 (OCMe,),
94.9 (OCMe,0), 99.6, 108.6 (C=C), 124.8 (C-2), 143.1 (C=3), 151.4 (NC=0), 164.42 (C=0). MS (60 °C):

m/z =395 (2.1, M") 281 (17.4), 280 (44.0), 208 (9.8), 165 (15.1), 100 (15.7), 73 (16.9)

LGw 3\ 75 ),

1-o0l (24): Reaction with o,p-unsaturated ester 22 (5.2 g, 12.4 mmol) following the standard procedure I, acidic
work-up. Reaction time: 3 h. Chromatography: hexane/EtOAc (3 : 1), yield: allylalcohol 24 (2.8 g, 7.4 mmol,

60%). [a]f;"’ = 455.3° (¢ = 2.28; CHCL,). IR: ¥ = 3445 (s, br), 2980 (s), 2934 (s), 2878 (s), 2249 (w), 1698

(s), 1606 (m), 1489 (s), 1437 (s), 933 (s) em™. '"H NMR: & = 1.32 — 1.61 (m, 15 H; ketal-CH,, rBu—CH,), 2.69
(s, br, 1 H; OH), 3.66 (m, 1 H; 5-H"), 3.92 (m, 3 H; 1-H, 5-H®), 4.45, 455 (2x m, 1 H; 4-H), 5.66 (t, J=7.0
Hz, 1 H; 2-H), 5.88 (s, 2 H; OCH,0), 6.46—6.78 (m, 3 H; Ar—CH). NOE analysis: OH = 1-H (7.8), 2-H
(4.4), Ar-H°® and Ar-H? (3.5); 5-H* = 5-H"® (29.2), 2-H (0.8) Ar—H? and Ar-H°® (7.3); 4-H = 5-H" (6.7), 2
—-H (7.1), Ar—-H? and Ar-H®(15.8); 2-H = OH (3.4), 5-H* (0.5), 1-H (5), 4-H (6.8); "C NMR: § =22.9, 26.2
(ketal-CH;), 28.3 (Bu—-CH,), 59.7 (C-1), 62.6, 62.8 (C—4), 67.2 (C-5), 79.8, 80.5 (OCMe,), 94.2, 94.5
(OCMe,0), 100.9 (OCH,0), 108.0, 109.3, 122.3 (Ar—CH), 126.0, 126.5 (C-2), 131.1, 140.9, 141.4 (Ar-C),
146.8, 147.4 (C-3), 151.9, 152.3 (NC=0). MS (120 °C): m/z = 377 (4.4, M"), 202 (20.7), 178 (13.8), 177
(39.8), 144 (19.3), 100 (23.2), 58 (12.0), 57 (100), 41 (14.3). HRMS: (M": C,,H,,NO,) calc.: 377.1838, found:
377.1837. Analysis: C,,H,,NO, calc.: C/H = 8.83, found: C/H = 8.87

( 1’R)-E—S-(ZNAO—N-tButyloxycarbonyl-3,3-dimethyloxazolidinyl)-s-trimeth_ylsil_yl-2-penten-4-yn-

SO T £ B P A 4 — AN 0 — Y TL OLIOTY TR S = ALY fmn k) QT Sy VTAL £ 17702 7 1ATTQ

mmoi, 063 Ye). {( ID =-—0Us7 (€= 1./0; Lnlig). IKRD V= 3401 (M, OI), £¥/7 (§), £140 (i}, 1 /U3 {§), 14/0
[ =

(m), 1456 (m), 1366 (s), 1251 (s), 1173 (s), 844 (s) cm™. 'H NMR: § = 0.14 (s, 9 H; Si—CH,), 1.29-1.64 (m,

18 1T Latal LT 4D Y D0 7(e he TH-ON 2QQ (ry 1 S _ITAY AN fm 1 H-§°_HBY 494 4136 Dy

1o s KEldi—LIls, IDUTT13), £.37 (D, UL, 1 I'l, Urlj, 3.00 Ui, 1 11, J 7i1 J, F.VUL AL, 1 41, J 711 ), .27, T.JU LA

d 1-H (9.9); 2-H = OH (2.8), 5-H and 1’-H
(18.6); 1-H and 1I’H (4.24) = OH (2.6), 5'-H® (15.9), 2-H (25); 1-H and I'H (4.36) = OH (6.3), 5'-H"
(2.3), 2-H (8.6). "C NMR: 3 = —0.5, —0.3 (3 C; Si—CH,), 24.3, 26.1 (ketal-CH,), 28.3 (Bu—CH,), 61.1 (C-1),
61.4 (C-17), 67.5, 67.7 (C-5"), 79.9, 80.5 (OCMe,), 94.2, 94.6 (OCMe,0), 99.6, 123.6, 124.6 (3C; C=C, C-
AN 17 4 1T T 00N 181 7 NC=00 MQ /0 oY milr = 2RI (1T 0 MY 1R (1 1Y 207 (14 0% 23R (MO
D)y LI10, 1377 \ Ny dI D UINULTU L VLD OV . i s SJIT LUy IVL Jy JJO L1,y 7 (@ y LU LV Jy
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220 (30.7), 178 (17.5), 100 (27.8), 75 (21.2), 73 (46.4), 57 (100). HRMS: (M": C,sH;,NO,Si) calc.: 353.2022,
found: 353.2024.

(4R)-E-5-fButyldimethylsilyloxy-3-(3,4-methylenedioxyphenyl)-4-trifluoracetamido-2-pentenoic-
acid ethylester (26) and (4R)-E-4-amino-5-tbutyldimethylsilyloxy-3-(3,4-methylenedioxyphenyl)-2-pen-

(18.4 mL) and treated subsequently with Et;N (3.1 mL, 21.9 mmol) and TBSCI (1.98 g, 6.57 mmol, 50% in

)
hexane). The mixture was stirred overnight, the temperature was raised to 20 °C. Then, 11,0 (50 mL) was

removed and the crude mixture was purified by column chromatography with hexane/EtOAc (gradient 6 : 1 —
1 : 1) to give trifluoroacetamide 26 (0.57 g, 1.16 mmol, 32%) and aminoester 27 (0.95 g, 2.41 mmol, 66%).
Reduction: NaBH, (0.72 g, 19 mmol) was suspended in dry EtOH (18.9 mL) at 0 °C. Trifluoroacetamide 26
(1.86 g, 3.8 mmol) in dry EtOH (18.9 mL) was added dropwise with stirring. After reaction overnight (the
temperature reached 20 °C) aqueous saturated NaHCO, (25 mL) was added. The volume of the solution was
reduced to the half. After extraction with Et,0 (4x 100 mL) the organic layers were dried (Na,SO,) and the
solvent was removed. The crude amine was purified by column chromatography with hexane/EtOAc (1 : 1) to

give the aminoester 27 (0.79 g, 2.01 mmol, 53%) as a clear oil.

Spectral data of 26: [OL];)DO =+92.5° (¢ = 0.75; CHCL,). IR: v = 3424 (w), 3321 (m), 3076 (w), 2931 (s), 1728

61.9 (C-5, Et—CH,), 101.2 (OCH,0), 108.2, 108.5 (Ar-CH), 118.9 (C-2), 121.5 (Ar—CH), 130.6,
147.8 (Ar-C), 153.0 (C-3), 165.2 (C=0), 171.7 (N-CO). MS (180 °C): m/z = 489 (12.3, M"), 433 (28.0),

73 (99.4), 44 (43.5). HRMS: (M": C,,H, F;NO,Si)

HB‘) 3.72 (m, 1 H; 4-H), 4.00 (q, J = 7.0 Hz, 2 H; Et-Cli,), 5.93 (s, 2 H;
-6.80 (m, 3 H; Ar—CH). "C NMR: 8 = -5.5 (Si—CH,), 14.0 (Et—-CHy,), 18.1
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(Si—C), 25.8 (1Bu —CH,), 59.7 (C~4), 59.8 (Et-CH,), 65.7 (C-5), 101.0 (OCH,0), 107.9, 108.3 (Ar—-CH),
1183 (C-2). 121 n Ar—CH) 132.0, 147.3, 1A7R(Ar_r\ 18R S (O 166 2 (C=0O\ MK (100 O\ m/7> = 2072
SO\T Ly, allv TRy, 104 Iy L0 AT, MUVLL (VT IO (LVY UL IV A ITI

(11.6, M"), 336 (31.7), 249 (15.2), 248 (100), 203 (14.8), 202 (44.7), 175 (9.6), 174 (53.4), 172 (15.2), 74
(7.4). HRMS: (M": C,,I1,,NO,Si) calc.: 393.1971, found: 393.1952.

We are grateful to Dr. W. Skubalia, Schering Ltd., for supporting information and discussions

concerning preparatively useful details.
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