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Abstract : a series of new enantiomerically pure acylnitroso compounds have been prepared and tested as
dienophiles for the asymmetric oxyamination of dienes. Very high selectivities were obtained with acylnitroso
compounds derived from diphenylmethoxymethyl pyrrolidine 2¢ , the Cp-symmetric pyrrolidines 2d-e and
camnhorsultam 2f. © 1998 Elsevier Science Ltd. All richts reserved
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This has been ascribed to the intermediate
formation of an iminium adduct which reacts with the nucleophilic diene (Scheme 1).

nucleophilic dienes which decompose under the reaction conditions.
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Scheme 1

In a preliminary attempt to overcome this problem, we had selected nitroso compound 1 as a potential
oxyamination reagent of these sensitive dienes (Scheme 2). It was readily prepared by nitrosation of the

s sultam. Surprisir

1gly, it was totally inert towards a wide variety of reactive dienes even

5
—
=
o
g
o
72
o
=1
o
o
Q
s
e~
.
o]
z
—
w
»
)
Q.
o
o
£
=t
B
<
2]
o
-3
=
wn
gel
- »
a i
=
B
=X
<
-
I
ezl
=
>3
w
=
Q
=
[
=3
o
5
c
c
[and
=
)
Lamad
[ ans
=3
a
w
o
[ )
o
[om]
]
o
el
o
Q
o
w
=3
o]
L d

*Fax : + 32-10-47.41.68; E-mail : ghosez@chor.ucl.ac.he

0040-4020/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(98)00504-3



10538 V. Gouverneur et al. / Tetrahedron 54 (1998) 1053710554

PruiY nnos Y 1 _.,'// \\-
OI/ N> Jv/e 7N T [o)
Scheme 2
In contrast, acylnitroso compounds have been shown to be excellent dienophiles. However, only

7 1o, P X Tat s - e v

< o Ny pire acvlnite
Yy using enantiomericaily pure acyinitr

2o 3 IS o~ P s Y

1
from mandelic acid or proline.”™ In two preliminary communications, we reported the efficiency of

acylnitroso compounds 5d and 5f for the asymmetric amination of dienes.™® The full details and extensions

of these studies are presented here.

RESULTS

1. Synthesis of enantiomerically pure hydroxamic acids

npounds are usually unstable and must be generated in situ by oxidation of the
corresponding hydroxamic acids. A series of hydroxamic acids derived from enantiomericaily pure
compounds 2a-f were prepared by the routes described in Scheme 3 and Table 1.

Compounds 2a, b, d, e and f were first transformed into their corresponding carbamoy! chlorides 3.
The chlorocarboxylation of 2f required the deprotonation of the sultam nitrogen prior to acylation with
triphosgene. With 2b, d and e, conversion to the carbamoyl chlorides proceeded cleanly and without
rearrangement.” The crude carbamoyl chlorides were converted into their corresponding hydroxamic acids

either hydroxylamine hydrochloride in the presence of sodium hydroxide or

transacylation with p-nitrophenoxyhydroxamic acid. This transacylation could not be applied to D-bornane-
2,10-sultame 2f for the preparation of compound 4f (3 % yield) because of the weaker nucleophilicity of the
nitrogen atom of the sultam function. For compound 4f, we also developed a one-pot procedure using
diisopropylethylamine and triphosgene in ether, then hydroxylamine hydrochloride and K,COj; in water. This
one-pot procedure gave a much better yield (85 %) than the two step sequence described above (41 % overall

yield).
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2a-f 3a-f 4a-f

Reagents : (a) : COCl,, toluene or ether, -30° C; (b) : NaH, toluene then triphosgene; (c) : NH,OH.HCI,
NaOH, MeOH/H,0; (d) : Me;SiNHOSiMe, then MeOH; (e) : NaHMDS, THF, p-O,N-CgH4-O-CO-NHOH,
-78° C to rt; (f) : triphosgene, NEt(iPr), then NH,OH.HC, K,CO;, H,O/ether.

Scheme 3
Table ! : Synthesis of Enantiomerically Pure Hydroxamic Acids
Starting material Conditions Yield 3 (%) Yield 4 (%) global yield 4 (%)
2a athenc 82 76 62
2b athend 91 71 64
2¢ e - - 40
2d athend 952 64 61
2e athend 95a 82 78
2f b then d 51 80 41
Zf f -- - 85

a : yields of crude compounds
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Acylnitroso compounds 5a-f were generated in the presence of excess diene by oxidation of
hydroxamic acids 4a-f with tetraethylammonium periodate. These very reactive dienophiles gave good yields
of cycloadducts under these very mild conditions (Scheme 4, Table 2).
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Acvinitroso compound 5a derived from menthol eave verv low diastereomeric excesses (Table 2
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diastereoselectivities were obtained with acylnitroso Sb derived from proline (Table 2, entries 3 and 4). This
had been previously observed by Streith ef ai.!

Several possibilities were considered in order to improve the diastereoselectivities. We have selected a
pyrrolidine derivative bearing a bulkier group o to the nitrogen. Dienophile 5c¢ derived from
a,o-diphenylmethoxymethylpyrrolidine reacted at 0° C with cyclohexadiene to give adduct 7c¢ as a single
diastereomer (d.e. > 98 %, Table 2, entry 5). Complete control of the diastereoselectivity was also observed

with functionalised dienes (Table 2, entries 6, 7 and 8). For those reactions involving non symmetrical

ram the reactinn of 1omethavvevelaohevadiene with 8e wae nat ienlated hit directly hvdralvead ta vield Qe
LU LU Tval vt Ul 1SHIVHIVA Yy LY VIUHCAGUITIC Wil & Wad BUL 1JVIAICU DUl Uity nyUuiUly st W yitiu 7zu.
Thaoaca raciilte chnwizad that tha mracanna P o T TS SRR R Ry DAt U SIS P 1, Pt NI PP RN S
FHESC TCSULLS SHOWCEA LHAL LNC PICSCHCC O 4 1dITEC SUDSLILUCTIL O LIC DYITOHAMIC TINE SIgniicdiniy cnnanccd wnc

R

diastereomeric excess of the cycioaddition.

Table 2 : Cycloadditions of Acylnitroso Compounds with Dienes

Entry  Acylnitroso 5 Diene t(°C) Adduct Yield(%)?® d.e. (%)°
I S5a cyclopentadiene 0 6a 65 12¢
2 5a cvclohexadiene 0 T7a 74 20¢
3 5b cyclopentadiene 0 6b 71 34
4 Sb cyclohexadiene 0 7b 80 72
5 Sc cyclohexadiene 0 Tc 75 > 98
6 S5c I-carboxymethylcyclohexadiene 0 8¢ 40 > 98
7 5¢c 1-methoxycyclohexadiene 0 9¢ 68 > 98
8 Sc 1-methoxybutadiene 0 10c¢ 51 > 98
9 5d cyclopentadiene -25 6d 83 87 (98%)

10 54 cyclohexadiene 20 7d 88 >98
11 sd cycloheptadiene 20 11d 70 > 98
12 Se cyclohexadiene 20 be 82 > 98
13 5f cyclopentadiene 0 6f 91 > 08
14 5f cyclohexadiene 0 7f 94 > 98
15 5f 1-carboxymethylcyclohexadiene - 20 8f 75 > 98

a : yields of purified compounds; b : determined by TH NMR on the crude compounds; ¢ : approximated by

quantitative 13C NMR; d : after purification.
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Excellent levels of asymmetric induction were also observed with acylnitroso compounds 5d and Se derived

from C,-symmetric pyrrolidines (Table 2, entries 9-12).8

Finally, nitroso compound S5f derived from camphor sultam also proved to be an efficient

stereodirecting chiral heterodieno

o
o
1-carboxymethylcyclohexadiene to give the expected adducts with more than 98 % d.e. (Table 2, entries 13,

14 and 15). The reaction wit

entry 15).

The determination of the diastereomeric excesses rested upon the '"H NMR analysis of the crude
mixtures. For the bicyclic adducts, the d.e. were deduced from the examination of the signals of the
bridgehead protons. A control experiment was performed on an equimolecular mixture of diastereomers
prepared mdependently followmg Scheme 5. This authentic mixture showed well separated 'H NMR signals
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The hydrolysed product $c showed only one signal at 58.9
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carbon atom. Similarly product 10 showed only one signal at 100.1 ppm for the

atom.

Va cl . \
L~d o - NT"
ac- 0
X* = N- or 'N-
/
- “~0OMe

The structure and absolute configurations of adducts 7¢, 9¢ were assigned by X-ray diffraction
analysis by reference to the known absolute configuration of the asymmetric carbon atoms of the pyrrolidine
ring.9 We also obtained an X-ray diffraction analysis on compound 12 resulting from the reduction of 7d

(Scheme 6).10
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Scheme 6
The absolute configuration of adduct 7f was established by an independent synthesis from the known
enantiomerically pure (1R,48)-oxazine'® (Scheme 7).
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3. Cleavage of the chiral auxiliaries

We have previously described that the hydrolytic cleavage of the chiral auxiliary from adducts prepared
by cycloaddition of acylnitroso compound Sd and 2-azadienes was possible by refluxing the adduct in 6M
HCI. Under those conditions, concomitant demethylation of the methoxymethyl groups of the pyrrolidine

In a preliminary study, we have found that similar strong acidic conditions only gave a poor yield in

the case of 7¢. This is probably due to the instability of the bicyclic oxazine under these conditions.
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1d of 7f could be effected with HyO5 - LiOH as shown
1s I Ix 3 : : . .
earlier.!! Here again we observed some decomposition of the oxazine. Further studies are in progress to
optimise these steps

Scheme 8

The excellent diastercoselectivities observed for the reactions of acylnitroso 5S¢, 5d and 5f with

cyclohexadiene, cyciopentadiene or functionalised dienes coulid be rationalised in the following manner.

For acylnitroso compound 5d, one could consider the two endo transition states A and B.
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to an energy maximum in both basis sets. This results from repulsive interactions between the oxygen atom
of the N=O group and the bulky substituent on the pyrrolidine ring atom. In transition state A, the diene
approaches in an endo fashion from the less hindered side of the dienophile. Transition state A is clearly
lower in energy than transition state B and leads to the experimentally observed adduct.



V. Gouverneur et al. / Tetrahedron 54 (1998) 10537-10554 10545

The facial diastereoselectivity observed for the cycloaddition of dienophile Sf with cyclohexadiene is
consistent with transition state models C or D.
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Transition state C results from an endo approach of the dienophile from the less hindered side of the
dienophile in a syn-syn conformation around the SO,N-CO and CO-NO bond. Transition state D results from

an exo approach of the diene from the less hindered face of the dienophile in an anti-syn conformation. The
four conformers resulting from the rotation around the SOQHLCO and CO-NO bonds have been fully
optimised by ab initio calculations using minimal MINI-1'12-13, double 6-31G!'# and 6-31G" basis sets!s

(Tabie 3). Except for the syn-anti conformer which corresponds to an energy maximum following the

reaction coordinate, all three other conformers are true minima.

Table 3 : Conformational Energy Differences (kcal) for Dienophile 5f

Syn-Syn Anti-Syn Syn-Anti Anti-Anti
MINI-1” AE 1458 0.000 8.363 3.269
AG 1433 0.000 9.044 3.787
6-31G AE  3.989 0.000 9.954 4.621
AG  3.900 0.000 10.487 5.029
6.31G* AE  3.167 0.000 8.514 1.660
AG  3.001 0.000 9.326 1.530

Inspection of molecular models suggests that in transition state D the large SO, group could interact
with the approaching diene. This should not be the case in transition state C which should therefore be
preferred. Furthermore, an endo approach of diene and nitroso dienophile would be in agreement with what

eviously observed for other chiral acylnitroso compounds.
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For acylnitroso compound 5d, ab initio calculations using the basis sets MINI-1 and 6-31G predicted
the anti-syn conformation as the most stable one (Table 4).

Table 4 : Conformational energy differences (kcal) for dienophile Sd

Syn-Syn Anti-Syn Syn-Anti Anti-Anti
MINI-1 AE 1.164 0.000 5.874 3.398
AG 0.682 0.000 6.042 3.310
6-31G AE 6.075 0.000 10.289 2.477
AG 4.814 0.000 10.113 2.415

Al PR, R o

Both transition states E and 1‘ I'CbUlllﬂg from an (’71610 dppI’OdLﬂ OI UHIC uncnopnuc in an anti- syn contormati ion
have been considered. Transition state E resuiting from the approach from the less hindered face of the
pyrrolidine ring should be favoured. It leads to the experimentally observed adducts.
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arious acylnitroso compounds we have prepared, 5¢, 5d and 5f yielded cycloadducts
with high facial selectivity. Transition state models have been proposed which allow prediction of the

igurati arting from a given chiral auxiliary. The acylnitroso compound derived

u nfiguration of ar uct starting froma g y € acy p
from the commercial Oppolzers sultam prcsently appears to be the best choice : it gives high yields of
s. However a proper evaluation of the new chiral nitroso

compounds with respect to those described eariier
of the chiral auxiliary.
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IR spectra were recorded on Perkin-Elmer 297 or 681 spectrophotometers. |H NMR spectra were
obtained if not specified otherwise on Varian XL-200 or VXR-200 spectrometers (3=0(TMS), CDCl3, J in

Hertz). 13C-NMR spectra were recorded at 20MHz on Varian CFT-20 and at 50MHz on Varian XL-200 or
VXR-200 (8 in ppm relative to internal TMS, J in Hertz). Mass spectra were measured on Varian MAT-44 or
Finnigan MAT-TSQ70 spectrometers (eiectronic impact 70eV or chemical ionisation 100V with 200pBar
isobutane as ionising gas). Optical rotations were measured on polarimeter Perkin-Elmer 241 MC. Column
chromatographies were performed on Merck 60 silicagel (70-230 Mesh) and flash-chromatography on Merck
60 blll(,dgel (230-400 Mesh) Chromatographlc solvents were distilled before use. TLC were performed on

MCI’CK OU 1“254 plasuc or glass plates All Cll'y SOIVCDIS WeEre GlS[lllCG unaer argon or m vacuo. benzene
toluene. tetrahvdrofurane ('T‘HF'\ and ether (Ff")(ﬂ were distilled from benzonhenone ketvl. Dichloromethane

SORRRRARG, AL Y IR ALU L 2 138 e Al VLI QIO LIRI0AL DRI DA LVPIC AL ALY ARG OIICAIANS,

chloroform and acetomtrﬂe were distilled from P205. Cyclohexane was drled by azeotropic distillation. Ethyl
acetate was refluxed on solid K2CO3 and distilled. Methanol and ethanol were distilled from their respective
magnesium alkoxides.

t rolidine®’, (2R,5R)-methoxym
thylpyrrohdme2 , (7S) 10 10-dimethyl-5-thia-4-aza-tricyclo(5,2,1,0) decane-5,5-dioxide™",
carboxyethylcydohexadlene ? have been prepared following the procedures described in the literature.

(28)- Mpthnyvu‘gth l (\Ildlﬂf’]g (2S)-methoxvdiphenylmet _y!pyr

Vit fTaValinda s R R W&t JTAUCLRIAR YR PRI Y 2

€
2

lable in Gaussian 94 . The

EE.

ndture of the rmcal pomt was deterrmned by analytlca equency calculatlo n av.
free energy calculations were performed at 298.15K and 1atm.

4-(N-Nitroso)-(75)-10,10-dimethyl-5-thia-4-aza-tricyclo[5,2,1,03,7]-decane-5,5-
dioxide 1

To 3 conlntinn Aaf ) A2a(
a soiution o1 u. Jpit.
a.

w

S2mmol, leq.) of

—

)
0. 3ml( 2.28mmol, 1.5eq.) of ¢-butylnitrite in 2ml THF. The mixture 1mmed1ate1y turned yellow After
30 min, all starting material had dmappearc:d (TLC) After evaporatlon the yellow ‘solid was washed with
pentane, fiitered and dried in vacuo. It was used without further Purmcauon Yieid: 0.37g(89 %); Ri:
0.92(ethylacetate); IR (film, cm‘l) 1460, 1360; m/z(E.1.) 244(M); 'H NMR (20()MHZ CDCl5): 3.60 and
3.47(2H, AB, J=13.9), 2.1(2Hm), 1.9(3H,m), 1.4(2H,m), 1.08(3H,s), 0.99(3H,s); Bc NMR (50MHz,

Ti\aiy {i3i2y v= Ryilij, L. &AR,1107, 1.J0%.0121% 92 /s FINIE:3) VIVIILZLs

H,m) 18 (21
):63.5,51.9,48.2, 481, 44, 8, 32.6, 26.3, 20.6, 19.7; [a]} -116° (¢=0.48, CH;OH).

oc
[SOIY
[=)) <

>

1) SYNTHESIS OF OPTICALLY PURE HYDROXAMIC ACIDS

Synthesis of (I)-menthyloxycarbohydroxamic acid 4a

To a solution of 3.2ml (0. 045mole, Beq) of phosgene and 20ml of toluene at -20° C, was added dropwise
2. jg (0.015moie, 1eq ) of i- -)- menthol dissoived in 10mi of toluene. After the addition, the mixture was
stirred for 5 hours at -10° C and then at room temperature for one hour. After evaporation of the solvent and
the excess of phosgene, the residual oil waa purified by column chromatography to glve 2.7g of (1)-
menthylchloroformate 3a (82 %), Rf 4 (ethylacetate/cyclohexane: 2/8) IR (f11m cm s 1775 1470,

1370; To a suspension of 4.24 g (0.0611mole, 5eq) of hydroxylamine uymuuuuuuc in a mixture 1/1
methanol/water (30ml) was added at o

11
nce 3.42g (7eq.) of Na OH dm solved in 20ml of a 1/1 mixture of

................. (30ml) added at 12g (7eq.) dis :
methanol/water. After addition of 2.7g (0.0122mole, 1eq) of (1)-menthyl chlorocarbamate_3a, the reaction
mixture was stirred overnight. The solvents were evaporated and the residue was treated with 1N HCI until

A Lo tlon o b bl oas HS PR LIS N thnna tha n-n-un nhaca wae driad Aaver MoQO). and

acidic ‘pn Alter tnree exXiracuons will uluu\.u ometnane, tne organ C PpridsC wWas UliCU OVOLD Vigos4 aims
evaporated under re c_lugf,:d pressure to give a residual solid which was Durlﬁed by column chromatography and

recristallised in a a mixture of ethylacetdte/cyclohexane, yield: 1.99g (76 %); Rf: 0.55 (cthylacetatelcyclohexane

- = & s1AY

1/1); IR(film, cm’ )3430 1725; 'H NMR (200MHz, CDCls): 7.26(1H, br s), 6.89 (iH, br s), 4.65 (iH,
dxt, J=4.5, J=10.9), 2.08 to 0.76 (9H, m), 0.91 (3H, d, J= 6.4), 0.88 (3H, d, J=7.1), 0.76 ( 3H, d, J=6.9);
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(2S)-(methoxymethyl)pyrrolidinocarbohydroxamic acid 4b

Same procedure as for 3a with 3g(0.026mmol) of (2S)-methoxymethylpyrrolidine, 5.5m! (0.078mol) of
phosgene yleld 2. 1g(91 %) of crude N (carbamoyl) 2(S) (methoxymethyl)pyrrohdme 3b; IR(ﬁlm cm )
1740; A mixture of 2. Ag\u 012mol) of caruamoyx chloride 3b, 4. Og\.) 6mi, 0.026mol, 2. /.eq) of N,G-
bus(u1methylsﬂyl)hydroxylannne and 4eq. of methanol was heated for 2 hours at 60° C; After addition of 1ml
of methanol, the mixture was stirred for another 15 minutes then evaporated under vacuo, the residue was
purified by column chromatography; yleld 1.46g (71 %);white solld recrlstalhsed in cyclohexane m.p.

on Qo . TR (€film ~rac ) 27900 1688. 11T NAMD  (SNONALT - YO N0s1 1Y £ 0OA/1TT
V.0 L, 1IN \uuu Cill ) 540V, 1VUJ0, 11 INIVIIN {(JUULVLI1Z, \.JJ\.J3) O.4L0L L I1, br b) O0.74( 111, br a),

3.93(2H.m), 3.61(5H.m), 3.4(6H, dxd J=5.9, J—3 4); 3.33(3H, s), 3.37(1H, m), 3.26(1H, dxd, J=9.3,

J=9.3), 1 97(1H m), 1.81(1H,m), 1.61(1H,m); *C NMR(50MHz, CDCl;): 161.7, 76.9, 59.2, 56.4, 46.8,

28.6, 23.2; m/z(EID) 174 (M, 20 %); EA(C;H 4N,03) %C(48.27, found 48.22), %H(S 10, found 8.12),
120

N6 NR foannd 1A 12) [ _OQ |°/r-—-l Q0 CH_NHY
7 i 10 (94 73,

01Ny 10.UG, 1OUnG, «13), [WU]Jp T 7y X1FUTA ],

Diphenyimethoxymethyipyrroiidino carbohydroxamic acid 4c

NaHMDS 1.0M in THF (0.67ml, 0.67mmol) was added dropwise to a suspension of 2-
diphenylmethoxymethylpyrrolidine hydrochloride (100mg, 0.33mmol) in 10ml THF at -78° C under an Argon
atmosphere The mixture was stirred for 30 minutes in which time the solid went into solution. A solution of

sy, a8t ol

p-nmitrophenyl-N-hydroxycarbamate (72mg, 0.36mmol) in THF was added dropwise, this was accompanied
hv the solation tnmtng vellow in colour due to the liberation nfp nltrnnhpnnl The reaction was allowed to
warm to room temperature over several hours, and the reaction was quenched with 10ml saturated NH,'CI
solution. The orgamc phase was extracted with Etzo (25ml) and was washed with water (2x10ml) and brine
{10ml). The organic phase was dried (MgSO,) and the solvent removed in vacuo to afford a yellow solid. The
crude product was purified by flash column chromatography using ethylacetate/cyclohexane(2/1) as eluant,
this was repeated a second time as further punﬁcauon was necessary; white foam; 40 % yield (43mg,
0.13mmol), m.p. 72- 74° C; IR(film, cm’") 3291, 1656; 'H NMR (200MHz, CDCls): 0.83(1H,m),
1.35(1H,m), 1.67-2.20(3H,m), 2.92(3H,s), 3. 63(1H m),3498(1H dxd, /=2.9, J=9.2), 6.93(1H, br s),
7.4(8H,m, Ar), 7.53(2H, m, Ar) and 9.04(1H, br s, OH): "C NMR (50MHz, CDC]A 162.7, 137.0, 135.7,
129.9, 128. 2, 89.2, 64. 5, 51. 7 47.4, 28. 8, 22.0; LRMS(FAB) 327(M+1) [oz]D -126.4° (c 0.97,

CHCl,).

(2R,5R) bis(methoxymethyl)pyrrolidinocarbohydroxamic acid 4d
Same procedure as for 3a with 2.2g(0.014mmol) of (2R, 5R)-bis(methoxymethyl)pyrrolidine, 5.5ml
{0 OTmnl Qan 3 n‘F nhacoene: vield: 1 Aﬂn (0‘: 0/\ nf crnide Nofcarhamavllof27R SR

V.V Faivi, .) PuUuvsgviiv, yiviu, Ve j \u uuv AT VAR UALIIU Y R T LN TN

methoxymethyl)pyrrolidine 3d as a colourless 011 IR(ﬁlm cm ) 1745; 'H (200MHz, CDCl;) 4.09 (2H, m),
3.50 (4H, m), 3.37 (3H, s), 3.34 (3H, s), 2.19-1.92 (4H, m); Bc NMR(50MHz, CDCl;) 146.5, 73.2,

71.2, 60.4, 61.3, 59.4, 28.9, 26.7;then same procedure as for 4b with 1.46g (0.007mol, leq.) of carbamoyl
chloride 1(] o) qgofn ﬂlﬂmnl 2 7Pn\ of N O- l-nc(trlmpfhvlci|vl\hvdrnvv]nm|np vield: O Q7g(ﬁA %\

Vinaviau LU (A RO2 S 3LV} Pappapp AW LR EIIINUIRY LOA1 SEiSAA Yy adiiiaan Javita.

colourless 011 Rf: O 23(ethylacetate) IR(ﬁlm cm’ )3260 1650 H NMR(500MHz, CDCl;) 8.65(1H, br s)
6. 32(1H br s) 4 01(2H rn) 3. 44(4H m) 3. 33(6H s) 2.05 to 1.15 (4H, m) "C(SOMHZ CDCl;) 161.5,
74.1, 59.0, 57.1, 26.6; m/z(E. 1) 218; E.A.(CoH,3N,0,) %C(49.53, found 49.50), %H(8.31, found 8.33),
%N(l2 84, found 12.87); [a]} = +111.6°(c=0.62, CH;0H).

'dimetnyisilyl xymethyl)pyrrolidinocarbohydroxamic acid 4e
S

i
Same procedure as vith 2.0g(0.057mol) of (2,5)-bis-(t-butyldimethylsilyloxymethyl)pyrrolidine 2e,
1.3ml (0.0184mol, 3.3eq. ) of phosgene 5ml ether; yneld 2. 23g(95 %) of crude 3e as a colourless oil;
IR (film, cm'l): 1740; then same procedure as for 4b: 2.23g (0. 0053rnol) of carbamoyl chloride 3e, 2. ()5g

172 N0} Ro I | Tam Yy ~f N N Licltrimath vhhudravy lamina- ui ialde 1 Q145729 L) ~ralanrlece enlid: n
{U.U 111101, 2. .4E{.) O1 u,u_um\uuucuxymu_yUu_yuumylauuu\, IiGe 1. Ulét\UL 70 ), CO10Urniess sGu11G; m.p.

125.5° C; Rf=0.5(ethylacetate/cyclohexane, 1/2); IR(film, cm™) 3260, 1655; 'H NMR (500MH., CDCl3)
8. 72Q_H_s), 6‘]_?(_[21 b) 3. 98(2H br s), 3. 67(4H br s), 2.03 to 1. 76(4H m) 0. 85(18H s) 0. 11(12H s);

*C NMR (125MHz, CDCls): 161.6, 68(br s), 59.7(br s), 26.5, 25.8, 18.2, - 5.6; E.A.(C 10H 49N-04S815)
%C(54.50, found 54.34), %H(10.11, found 10.10), %N(6.69, found 6.72); m/z(E.1.) 418.
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- 1st step: O IOSg(O 002mol) of NaH 60 %; 2ml tolucne 0. Sg(O 0023mol) of

ciltnc M N NVVoi) “I"l.............l 4 Wi PO Y o UL SIS Or JG Y I Py
SUILALLL LR, U.LOE V. / 711ii101,; U, Iy, ) Ul UIPHUSBCHC, )’lﬁlu U LOOg\Jl ey Ul qu(lc Larﬂdmyl Cmoriae Jl N

2nd step: 0.225ml(0.93mmol, 2eq.) of N,O-bis(trimethylsilyl)hydroxylamine; 0.1g of carbamoyl chloride
3f, cat DMAP; vield: 1.81g (82 %);

The one-pot procedure : To a solution of 1g (4.64mmol, leq.) of sultam 2f, 2.43 ml (13.9 mmol, 3eq.) and
iPr,EtN in 35ml dry ether at 0° C was added in once 1. 38g (4.64mmol) of tnphoqgene After 15 minutes at
0° C, the reaction mixture was stirred at rt for 18 hours. 161g (23.2mol, Seq.) of hydroxylamine
huAdracrhlarida vwoge than addad all at Aanra ac wall ag a enliitinn AFI N, 711 0D 12 Qmamanl 3:m Semal TT. M
ll)’ulU\.«luUllUD wad LUIUIL aducud all at vliive ads WUll ad a DUXULIUAI UL 1\2\./\.13 1. 7.‘-5 17.7011U110U1 111 JILL L12%\J ).

After 5 hours at rt, the organic phase was washed with water, dried over MgS0O,, filtered and evaporated
under reduced pressure. The residue was purified by column chomatography, yield: 1. 08g (85 %) white

solid; m.p. 250° C(dec); Rf=0.25 (ethylacetate/cyclohexane:1/1); IR (film, cm ") 3260, 1660, 1360; 'H NMR
(500MHz, CDCl;) 8.30(br s, 1H), 6. 80(br s, 1H), 3.87(1H, dxd, J=7.7, J=5.1), 3.39(2H,s), 2.1-1.8 and

-

1.5-1.2 (7H,m), 1.1 (3H,s), 0.95 (3H,s); "°C NMR (50MHz, CDCly): 152.9, 64.2, 51.7, 49.5, 47.9, 44.3,
373 321 266 203 198 m/z2(E 1) ’?74 M+" T = -69° (c=1.05. CHCI:)
S, J2ai, 20, L2, 1570, BULLE. LI YL, 1Y VAL T ALY, AR,

2) ASYMMETRIC CYCLOADDITIONS

General procedure: A solution of tetraethvlammonium periodate in CH,Cl, was added over a 15 min period to
General procedure; A soiution of tetracthyiammonium periogate in Lri;Cl; was agded over a 1o nun perniod 1o

a stirred solution of hydroxamic acid and of the diene at the given temperature. After completion of the
reaction (dlqappearance of the hydroxamic acid dCCOFdlng to TLC), the reaction mixture was diluted with
CH,Cl,, washed with 10 % aqueous NaHSQO;, saturated NaHCO; and brine. The organic phase was dried
over MgSO, and the solvent removed under reduced pressure. The residue was purified by column

chromatography.

3-(menthyloxycarbonyl)-2-0xa-3-aza-3-bicyclo[2,2,1]-hept-2-ene 6a

0.2g(0.93mmol, leq.) of 43130.35g(1.2mm01, 1.2 eq.) of Et,N*10,, 1ml of cyclopentadiene; 0° C d e.=12
i%; estimated by quantitative “C NMR; yield: 65 %; Rf=0.49 (ACOEtlcyclohexane 3/7); IR(film, ¢ ) 1725;
H NMR (500MHz, CDCl;): 6.43-6.37(2H, m), 5.24(1H,m), 5.04(1H,m),4.61(4.49%)(1H, txd, J=10.9,

J=4.4), 2.00-0. 75(9H, m), 0.9(0.93%) (3H, d,J= 7.4 (J=6.4%)), 0.87(0.89%)(3H, d, J=6.9 (J=6.3%)),
076(0 78*) (3H, d, J—7O J=17. 0*)) L C NMR (125MHZ CDCI3) 159. 4(159 2*) 134.3(134.1%),
132.9(132.8%), 83.5(83.47%), 76.4(76.6%), 65.0(64.8*), 53.0(53.1%), 51.9(52.1%*), 45.9, 39.1(39. 2*)
36. 3(36 33%), 31.2(31.1%), 28.5(20.2%), 26.9(27.0%), 25.6(25.8*°, 21.3(20.9*) m/z(E.L.): 280(M+1)"

(*: minor diastercomer).

(3\

\../

3.(menthyloxycarbonyl)-2-6xa-3-aza-3- bicyc.uw,z,”-eu-a-eﬂc 7a

0.32g(1.5mmol, leq) of 4a, .56g(1 8mmol, 1.2eq.) of Et,N*104,0.36 g(4.5mmol, 3eq) of cyclohexadiene;
rt; d.e.=20 % estimated by quantitative CNMR yield: 0.33g(74 %); Rf—O 6(AcOEt/cyclohexane 3/7); );
IR (fllm, cm ) 1725; '"H NMR (500MHz, CDCl3): 6.01(2H,m), 4.26(1H, m), 4.21(1H,m),
A NQri F—-1NQ JI—AAY 200 N0TS(12TH =m)Y NaN (I A T—R (\ nQQ(’lI—T rl I—’7 ﬂ\ n7< I'Zn d

4. UF 111 LAU J=1ULT, JESSY ), L.UVUSUL T I L T0, 1L, V.U \(JI1,4, ik, Uy

J=6. 9) 3"C’NMR (125MHz, CDCl5) : 158.4(158.2%), 131. 7(131 4*) 131. 3(131 2*) 75 9 70. 4 50.0,
46.8, 40. 7(40.69%*), 33.9, 31 1, 26.0(25.9*), 23.4, 23.0(23.3*%), 21.7, 20.3(20.5%), 20. 1(20 2%),
16.2(15.0%); m/z(E.I) : 293(M)™ ( x : minor diastereomer).

3-(2'S- methoxymethyl)pyrrolldmocarbonyl) 2-0xa-3-aza-3- blcyclo[2 2 l]hept -5-ene 6b

0.085g(0.49mmol, leq.) of 4b, 0.154g(0.49mmol, 1.2 eq.) of E,N'10,, 0.12ml (0.15mmol, 3eq.) of
cyclopentadiene; -25° C; d.e.= 34 %; yield: 0.083g(71 %); 2 diaste ereomers not se;parated by column
chromatography major diastereomer: Rf=0.46 (AcOEt) IR(film, cm™) 1680, 1640; 'H NMR (500MHz,

CDC13) 6.58(1H, m), 6.31(1H,m), 505(1Hbr s) 415(1Hm) 358(1H rn) 350(1H dxd, J=9.5,

FANE 3 Y-72 & & RN "1 D1/IET N D NLATLY 1 & ) ey B S | £L£LIT Armefome NN
J 3. 0), 2.52(1, m), ».51{a3n, 8), 3.20(111, u;\u, .l 7 Dy JZIL )y & 1-1. U\Ull, uu, minor diastereomer:



10550 V. Gouverneur et al. / Tetrahedron 54 (1998) 10537-10554

Rf=0.57 (AcOEt); 'H NMR (500MHz, CDCly) 6.47(1H, m), 6.41(1H,m), 5.12(1H,br s), 5.10(1H, br s),
4.(6)(5(1}{, m), 3.66(1H, m), 3.52(1H, dxd, J=9.4, J=3.4), 3.33(3H, s), 3.24(1H, dxd, J=9.5, J=7.1), 2.1-
1.6(6H, m).

3. (2'b methoxymethylpyrrohdmocarbonyl) 2 -oxa-3-aza-3- blcyclq[2 2 2]-oct 5-ene 7b

N 1V%a(D Tl Tamr )y ~AFf A N IDVal) Tl N am Y Af Bs NTTN N 1757 Derr sl a~ Y ~f
V. ll-s\U lllllllUl, iCy.) UL WY, V.LLp V. /1111Vl, 1 «~ Ty.) O1 Ll4l‘ iy, V.1 IS\U LIIIU.IUK, JUq ) Ul
cyclopentadiene; 0° C; d.e.= 72 %; recristallisation in CH,Cl,/ether; yield(2 diastereomers): 0.14g(80 %); 2
diastereomers separated by colpmn chromatography (105mg major; 17mg minor) major diastereomer:

Rf=0.52 (AcOEt); IR(film, cm’ ) 1680, 1640; 'H NMR (500MHz, LDL13) 6.60(1H, dxdxd, J=8.3, J=5.8,
J=1.7), 6.53(1H, dxdxd, J=8.3, J=5.7, J=1.8), 4.64(1H,m), 4.62(1H, m), 4.14(1H, m), 3.62(

TH m)
—1.i), U.JI 111, UauAalu, J 7 Gj, T. U'T\l.l].,l.l.l}, . Ub\ljl., ilif, .19\ 111, ul[, J. UA.\.le, mj,

3.54(1H, dxd, J=9.3, J=3.4), 3.36(1H, m), 334(311, s), 3.30(1H, dxd, J=9.3, J=7.7), 2.14(2H, m),
1.86(3H, m), 1.7(1H, m), 1.49(1H, m), 1.35(1H, m) ' C NMR (125MHz, CDCly): 161.9, 133.3, 131.3,

73.3, 70.2, 58 9, 57.8, 50.2, 48.4, 27.6, 24.1, 20.1; minor diastereomer: Rf=0.64(AcOEt);
m(rlm cm’ \ 1680 mAn H NMD (500MHz r‘nm 3) 6.60(1H. dxdxd J=1.5, J=5.8, J=1.6), 6.46(1H

;;;;;;;;; ~Lil LVUUV, AUV, 11 ANIVRIN \WVUVLYILLIL, as VU (151 MAUVAUy v = AU 11,

dxdxd J—-83 J=5.8, J=1.8), 473(1H m), 4.54(1H, m) 4.18(1H, m), 356354(2H dxd+ m J=9.5,
J=3.5), '54‘3(1H m) ”;33(3H s), 328(1H dxd, J=9.5, J=7.2), 2. 14(31H m), 2.04(1H, m) 196(1H m)

1.83(iH, m), 1.77(1H, m), 1.68(1H, m), 1.51(iH, m), 1.35(1H, m); =~ C NMR (i125MHz, LULJ3) 162.9,
134.9, 130.7, 73.3, 70.4, 59.1, 57.6, 49.5, 49.4, 27.9, 24.7, 24.5, 20.1; m/z(E.L): 252(M™).

3-(2-{o,0)-diphenyimethoxymethyipyrrolidinocarbonyl)-2-oxa-3-aza-bicyclo [2,2,2] oct-5-

ene 7c

0.05g(0.153mol, leq.) of 4c; 0.049(0.153m leq.) of EtsN'IO4; 21.9u1(0.23mmol) of 1,3-

cyclohexadxenc 2ml dry C112C12, -70° C then ° C whxte sohd yield: 46mg (75 %) recrystallised in
tote AA Yo o 1400 . TR/ R Aml\fmao 1641

. A ials} .
ClllyldLCLdLCIL_yLlU[lC)&dIlC \Lll) lelU ALl \ /& /0) UC )70 /U » HLP, 19U L, IR\I\D Ciil ) 2700, 1UTd,

1396; 'H NMR (500MHz, CDCl,): 0.84(1H,m), 1.41(2H,m), 1.45(1H,m), I90(1H m) 2.11(1H,m),
2. 17(2H m), 2. 25(1H m), 231(1H m) 2. 97(3H s) 3. 31(1H m), 4.45(1H, dxd, J=1.5, J=5.8), 4.74(1H,
dxd, J=1.53, J=5.8), 5.59(1H, dxd, ‘]_3i§ J=9.0), 6.5(1H,dxd, J=1.5, J=5.8, J=8. 2) 6.63(1H, dxdxd,

I—1 & 17_K£Q 1_Q19 777 &1NY O NMD/IDEAMU> LMY 28 278 241 26D R’(\A S1 8
J=1.J, J=J.0, J=0.4), [.£77.J 1VU1l]L, lll} O LNIVINU L1 LJIVIARL, 1IN A3 ] LU.Jy Ldody &7 0y LU Ly JU. “ Laddy

51.9, 59.2, 70.1, 85.8, ]269 127.1, 127.4, 127.6, 129.4, 129.8, 130.0, 132.1, 140.9, 142.4, 1637
LRMS(FAB) 405 (M+1)*; Cp5H5N,05: calculated: C, 74. 25 H, 6.93; N, 6.93; Found: C, 74.54; H, 6.75;
N, 6.95; Absolute Configuration by X-Ray: IR, 45, 2'S; [Oljf)" = -139.4° (c=1.25, CHCI3).

1-methoxycarboxylate-3-(2-(a,a)-diphenylmethoxymethylpyrrolidinocarbonyl)-2-oxa-3-aza-
bicyclo [2,2,2] oci-5-ene 8c
Q. n‘:"m 153mol, Ipn \ of At- 0. MQ(n 15mol, Ipn OF E‘ N‘“Tn 7Rmo(ﬂ 18mmol) of ethvl r‘ygl hes

diene carb(‘),;}‘f‘luate lrnl dry CHzClz, 270° C then O° C .. >98 %, colourless oil; purlflcanon l;y colu
chromdtogrdphy (AcOEt/dichloromethane: 20/80); yield: 29.1mg (40 %); IR(KBr, cm ) 2940, 17
6

1645, 1447, H NMR (500MHz, CDCi,): 0"1(1H,m), 1.34(3H.,t, /=7.0Hz), 1.41(2H,m), 1.67 ‘n'n',x—n),
1.89(1H,m), 2.06(1H,m), 2.26(2H,m), 2.53(1H,m), 2.97(3H,s), 3 27(1H m), 4.34(2H,m), 4.57(1H, dxd,
J=1. 4 J=6.3), 5.57(1H, dxd, J=3.1, J=8.9), 6.60(1H, dxd, J=6.3, J=8.2), 675(1H dxd, J=1.4, J=8.2),
7.2- 75(10H m); '3C NMR (125MHz, CHCly): 14.1, 20.6, 22.7, 3. 262 27.6, 504, 51.3, 5 2 .9,

1
61.7, 68.2; 85.7, 127.0, 127.3, 127.4, 127.6, 127.
141.9, 163.0, 169.7; rm?" -74.3°(c=0.6, CHCL,).

N,N,N-(hydroxy-4'cyclohexenonyl-(o,0)-diphenylmethoxymethylpyrrolidino-
carbonyl)amine 9c
OOSg(O lS%mol leq.) of 4c; 0.049(0.15mol, leq.) of Et4N IO4', 544u1(0 18mmol) of

I-methoxycyclohexa-1,3-diene; 2ml dry CH,Cl,; -50° C then 0° C; d.e. >98 %; purification by column

ArhuamintAacgramhy (A rNBEtlryrlahavana- 2/11\- vield- AT mo fﬁg %\ recrvuctallication 1n
blllUllelUsLaPuy ALy u_ypluuunallu LR X Jyiviu. TolE ATLE FOLRAlaSRvaVAL

CHzClzlEtOAc/(.yclohcxane white solid; 42mg (65 %); m p 197° C; IR(KBr cm’ ) 3333, 2932, 1695, 1445;
H NMR (SOOMHZ CHC13) L 15(1H rn) 56( m) 1 96(2H m), 246(2H m), 2. 69(1H rn)

"""" 6(1H, dxd, J=3.1, J=9.0), 6.2(1H, uxulx3u,
).5), 7.02(1H, s, (')H) 7.24-7.4(10H,m); C

ey Y &S 438, B, WAL V1Wvili,

0
, 51.9, 58.9, 61.1, 864 127.2, 127.7, 1279
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e I O P e 1) VO 11k, BAGAL, VU0,

J 2
NMR(125 MHz, CDCI;) 2’%8 26.7, 27.0, 36.6,
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128.0, 129.2, 129.7, 132.1, 139.4, 140.3, 149.5, 163.9, 198.1;

1£0 QL1 Lo VN Y Fudy 2V .2

attributed by X- -ray: IS 2’S; [al? -160.8°(c=0.65, CHC13)

d.e>98

N-((a,a)-diphenylmethoxymethylpyrrolidino-carbonyl)-1-o0xa-2-aza-6-methoxy-cyclohex-4-
ene 10c¢

OOSg(O 15mol leq.) of 4c¢; 0.05g(0.15mol, leq.) of EtN'I04 ; 38.8 pl(0.18mmol) of 1-
mcth()xycyclohcxa 1,3-diene; 2ml dry CH2C12, -30° C then O° C; de. >98 %,purlﬂcatlon by column

Al ntmmen b ﬂf\nb/nvpfdn Avnmas 1/ shiea £anine Ninr &1 OZN. TD ¢ MNTE LS A LT
bluuluatuslapu_y \HL«ULJUL_yLlUuCAaHC 1/[.), Wilitc 10dlii, lelU J&lu.g V1 /U} 1[\\1\[)1 CIIl }47 o, 194, I1

NMR(500MHz, CHCl;): 1.07(1H,m), 1.49(1H,m), 1.89(1H,m), 2.14(1H,m), 2. 34](31H m), 2.97(3H,s),
3.45(3H,s), 3.58(1H,m), 3.83(1H, dxdxd, J=1.5, J=4.9, J=17.1), 7.2-7.5(10H, m); "C NMR(125MHz,

CDCl3): 24.3, 26.4, 45.8, 49.9, 51.9, 57.7, 59.7, 86.1, 100.1, 123.4, 126.8, 126.9, 127.4, 127.5, 127.6,
129.9. 140.5 (c=0.

L&7.74 177U

3-((2'R,5'R)-bis(methoxymethyl)pyrrolidinocarbonyl-2-oxa-3-aza-3bicyclo-[2,2,1] hept-5-

DTN
TiIv U

0.15g(0.70mmol, 1.1eq.) of 4d, 0.27g (0.77mmol, 1.1leq.) of Et,N'10,, 0.18ml of cyclopentadiene; -25° C;
d.e. crude mixture 87 % ; >98 % after punflcatlon by column chromatography; yleld 0. 164g (83 %)
recrystailisation in pentane afforded 10img (31 %) of the major diastereomer as a white solid and lemg of a
rmxture of both diastereomers as an oil; major diastereomer Rf:0.58 (ethylacetate); IR(film, cm ) 1680,
1640; 'H NMR (500MHz, CDCl,) 6.40(1H, dxdxd, J=5.7, J=3.7, J=1.9), 6.35(1H, dxdxd, J=5.6, J=4 .4,
J=2.0), 5. 12(2H m) 4, 23(2H m) 3. 43(2H dxd, J—9 4 J=3. 2) 3. 3(6H s) 3. 22(2H dxd, J=9.3, J=7. 9)
1.98(ZH,m), 1.86(2H,m), 1.80(1H,m), 1.70(1H,m); *'C NMR (125MHz, CDCl3): 161.3, 134.9, 134.6,
83.2, 72.5, 64.5, 58.9, 57.7, 48.1, 25.8; Absolule configuration: 1S, 4R, 2'R, 5'R; [a;f,o = +149.5°
(c=0.19, CH3OH) minor dlastereomer (colourless oil): Rf:0.54(ethylacetate); IR(film, cm ) 1680, 1640;
'H NMR (500MHz, CDClg) 645(1H dxdxd J—5 45, J=2.16, J—l 00), 6.39(1H, dxdxd, J=5.7, J—4 4,

n\ C NOYY .0\ < 27 1TLY ) A AQIYLT A A -0 A 723 M 2 ALLELT N 2 ’if\/’iu
0), 5.08(1H,m), 5.03(1H,m), 4.04(2H,m), 3.49(2H, dxd, J/=8.4, J=3.2), 3.35(6H,s), 3.20(2H, dxd,

J=1.
J=9.4, J=8.4), 2.10-1.70(6H,m); Absolute configuration: IR, 4S, 2'R, 5'R; m/z(E.L): 282(M™M).

2 3TD E'D) Licifmathnavomathuyllnuveralidimanarhany N Y. ava_.t_ ara_ A _ hisrvasala B Ble Jio A | not_
Sl A I\,J l\]'UlD\lllclllUA]lllClll’l}P,llUllulllULal UUII]l}'ﬁ'UAa'J'aba'J'Ul\,J\,IU Ly bag i | UL
S-ene 7d

0.12g(0.55mmol, leq.) of 4d, 0.2g (0.63mmol, 1. leq.) of Et4N 10, 0.16ml (. 189 1, eq) of

cyclohexadiene; rt; d.e. >98 %; yield: 0.143g(88 %); Rf:0.48(ethylacetate); IR(film, cm ) 1080 1640; 'H
NMR (500MHz, CDCls,) 658(1H dxdxd, J=8.2, J=5.7, J=1.7), 6.52(1H, dxdxd, J=8.2, J=6.1, J=1.6);
4.7(2H,m), 4.23(2H,m), 3.41(2H, dxd, J=9. 3 J=8. O) 3.33(6H,s), 3.21(2H, dxd, J=9.3, J=5.4),
2.15(2H,m), 1.98(2H,m), 1. 86(2H,m), 1 45(2}1 m); ¥ C NMR (125MHZ CDC13) 159.9, 131.7, 131.3,

oy mr o AA ~ TT  ONT

72.9, 70.3, 58.8, 57.8, 50.7, 25.6, 23.4, 20.4; Absolute configuration: 1S, 4R, 2'R, 5'R; C,sH4N,04:
Calculated: C, 60.79; H, 8.16; N, 9.45, Founr* C, 60.81; H, 820; N, 049, [a}zn" = +106.8 (c=1.24,
CH;0H); n/z(E.L): 296(M ™)

Diastercomer (IR, 4§, 2'R, 5'R) prepared by --.depepdem synthesis TR(film, cm™") 1680, 1640;

f: 0.65(ethylacetate); H NMR (500MHz, CDCl) 68(1H, dxdxd, J=8. 3 J=5.7, J=1.6), 647(1H dxdxd,
J=8.3, J=5.8, J=1.8); 4.77 (1H.m), 4.57 (1H,m), 4 36(2H m), 3.47(2H, dxd, J=9.3, J=3.3), 3.33(6H, s),
3.19(2H, dxd, J=0.3, J=8.4), 2.13(1H,m), 2.03(1H,m), 1.95(2H,m), 1.84(2H,m), 1.51(1H,m),
1.35(1H.m); °C NMR (125MHz, CDCL): 161.6, 134.9, 130.7, 72.2, 70.4, 58.9, 57.8, 49.3, 25.6, 24.5,
20.2; Absolute configuration: 1R, 4S5, 2'R, 5'R.

3-((2'R,5'R)-bis(methoxymethyl)pyrrolidinocarbonyl-2-o0xa-3-aza-3-bicyclo  [3,2,2] non-
5-ene 11d

y

0.176g(0.81mmol, leq.) of 4d, 0.176g (0.89mmol, 1.1eq.) of t,N"104, 0.084g(0.89mmol, leq.) 01
vrlahantadiana: vt d s ~0R @+ vield: 0 1Ro/( 7). Rf:-0.45(ethvlacetate): recrystallisation in nentan
by\.«lUubPLaulbub 1L, U.v.~70 /u, ICVIU, V. IUOE\ TV /U ), INLLULSTTI(WH Y LAVLLALY Jy 1Vl j OtiiiiontivLs il Qii
IR(film, cm ) 1680, 1640; "H NMR (500MHz, CDCl3) 6.24(1H, m), 4.76(1H, m), 4.71(1H, m)
4 23(2H,m), 3.41(2H, dxd, J=9.1, J=3.2), 3.32(6H.s), 3.21(2H, dxd, /=9.2, J—S l) 2.10-1.3(10H,m);
*C NMR (125MHz, CDCly): 158.6, 127.8, 74.9, 73.1, 58.9, 57.9, 55.3, 31.1, 27.9, 25.7, 18.5; Absolute
configuration: 18, 4R, 2'R, 5'R; C;¢H;sN,04: Calculated: C, 61.91; H, 8.44; N, 9. 03, Found: C, 61.95; H,
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8.47; N, 9.07; [a]f)o = +94.9 ° (c=0.69, CH;30H); Absolute configuration: 1S, 4R, 2'R, 5'R; m/z(E.L):
310(M™). ) '

N-(1'S,4'R-hydroxycyclohex-2'-en)-2,5-bis(methoxymethyl)pyrrolidino-carboxamide 12
To a solution of 0. 115g(0 39mmol) of 7d in 3 ml of dry methanol was addcd portionwise 1 2g of 5 %

Na/ldTa: Aftar DK mazmiréac tha ranatism maivs £iléacad ~n ~all ae awroeveods e e Aaa

1"“[[15 MNIWCL L0 uuuumb, IJIU ICabllUll J.U.IAI.UIC Vde L1IWCICU LI b!'.'dllW rulcx UV‘dWldllUll uuucn IEUULW
pressure, the solid residue was crvstalhsed in EtOAc yield:0.094g(81 %); white solid; m.p. 104.2° C;
Rf:0.34 (elhylac,ctate), IR(film, cm’ ) 3350, 1640; 'H NMR (SOOMHZ, CDC]';) 6.68( lH dxdxd J=1.5),
5.78(2H,m), 4. 28(11-:[ m), 4.18(1H,m), 3.95(2H,m), 3.55(2H,m), 3.34(2H,m), 3.3(6H,s), 2.25(1H, br s),
2.05-1.50(8H,m); 3 C NMR (125MHz, CDCl3): 156.8, 131.8, 131.5, 75, 64.9, 58.8, 57.3, 45.1, 28.9,
27.1, 26.2; Absolute configuration: 1'S, 4'R, 2R, 5R; Cl’iH’)ﬁNde Calculatcd C, 60.38; H, 8.78; N 9.39,
Found: C, 60.41; H, 8.82; N, 9.45; [a]é" =+151.73° (c=0.66, CH;0OH); m/z(E. I) 298(M ).

3-(2,5-bis(t-butyldimethylsilyloxy)pyrrolidinocarbonyl)-2-oxa-3-aza-3-bicyclo[2,2,2]oct-
5-ene 7e

0.1g(0.24mmol, ieq.) of 4e, 0.12g (0.72Zmmol, i.5eq.) of Et;N 10,, f
(‘yn]nhpwadmnp rt; d.e. >98 %; vmld ﬂﬂQ’7g(R’) %), RfﬂA'](Pthvlagggut_g:gyg. exane/3:7); IR(film, r‘rn_l)
1660; 'H NMR (SOOMHZ CDC]g) 654(1H dxdxd J=8.2, J=538, J=1.7), 6.47(1 d dxd J—82 J=6. 2,
J=1. 6) 4.63(1H,m), 4.88(2H,m), 3.61(2H, dxd J=9.71, J-3 29), 3. 38(2H, Lx dxd, J=9.7, J=7.4),
2.15(2H,m), 1.94-1.84(4H,m), 1.37(2H,m), 0.86(18H,s), 0018(6H s), 0.071(6H,s); "C NMR (125MHz,
CDCly) : 160.1, 131.9, 131.3, 70.3, 63.4, 60.2, 50.8, 25.9, 25.3, 23.6, 20.6, 18.3, -5.34; Absolute

conﬁguratlon IS 4R, 2R 5'R; m/z(EI) 496(M )

(0.72mmol, 3eq.) o

5o
=

4-(2'-0xa-3'-aza-bicyclo[Z,Z,l]hept-S'-ene-3'-carbonyl)-(7S)-10,10-dimethyl-5-thia-4-
aza-tricyclo[5,2,1,03,7]decane-5,5-dioxide 6f
0. lg(O 36mmol, leq) of 4f, 0.176g(0.54mmol, I.Seq.) of E4N"10,, 0.3ml(3.6mmol, 10eq.) of

ads ne Arvieia TN Aa ~QQ 0. nlicatinm in (‘U (‘I Jathanr ninlrl-ﬂ1'lnl()l Y mn
b_ybluycutcu.ucuc v \., uuuus luuuu, a.e. >96 Yo; 16\,115Lauaauu 1 JHp Wy ble\.uu.,x, YiCiu. v.iig\ 71 70, l.p.

2
160° C (dec); Rf=0.33 (AcOEt/cyclohexane:1/1); IR(film, cm’ ) 720, 1340; 'H NMR(500MHz, CDCls)
6.47(1H, dxdxd, J=5.5, J=4.0, J=1. 6), 6.23(1H, dxdxd, J=5.5, J=3.9, J=2.1), 5.55(1H,m), 5.35(1H,m),
3.99(1H, dxd, J=7.7, J=4.3), 3. 44g2H s), 2.13(1H,m), 1.9(3H,m), 1.8-1.7(2H,m), 1.46(1H,m),

1T 28MHU MY 1282711 0.99/3H s): B o NMR (195MUE, CDCLY: 156 1 1335 13113 QAR 600 640

e\
L.OIANL, ), L.A3(011,5), FI\II1,5), LOINIVAIN (1 &JdiVanZ, Loyl 19001, 15330, 131,05, TS, U‘Y 7y

52.7, 48.5, 48.3, 47.9, 44.7, 37.2, 32.4, 26.7, 20.5, 19.9; Absolute Conflguratlon 7S, 1'R, 4S [a]
-89.4° (c=0.06, CH3OH) m/z(FAB): 677(2M+1).

4-(2'-oxa-3'-aza-bicyclo[2,2,2]oct-5'-ene-3'-carbonyl)-(75)-10,10-dimethyl-5-thia-4-aza-
tricyclo[5,2,1,03,7]decane-5,5-dioxide 7f
0.1g(0.36mmol, leq.) of 4f, 0.176g(0.54mmol,

rurlnonhavadisanear N° (- r*l e. S0R (17,» recric
CyviUlivAaaUivlic, v oy ~70 ICCILS

Rf:0.42(AcOEt/cyclohexane:1/1); IR(fllm cm ) 1710,
NMR(500MHz, CDCIl;) 6.60(1H, dxdxd, J=8.2, J=5.8
4.99(1H, m), 4.87(1H,m), 401(1H dxd J=7.7,7

1 ON/1 LY 1T QQA/TLY a1 QN/TTLT +n 1 QAT =)

, ), 2.34- 2 73(21’1 m) 1. 95(1H m),
1.30(2H.m). 1.21(3H.5). 0.97(3H.s):

\ Pt ,lu/, Lol I \JN8,D ), V.7 1\ JL1,35),

\
1,
54.1, 52.7, 48.5, 47.9, 44.7, 37.4, 32.5,

-t ! O, LT, A5 S dL.

1.7U[1ﬂ,111}, 1.00(1X1,ii1), 1. U\ux,xu;, 1.05 111,00y, 2
"' C NMR (125MHz, CDCl,): 154.7, 132.3, 129.4, 71 .6, 65.

ANAVIES \AJ—/-’L 1ix4, 28135 PO PR

26.7, 23.2, 20.7, 20.5, 19.9; Absolute conﬁgurauon 7S, 1'R, 4S C25H28N203 calculated: C, 57. 93 H,
6.86; N, 7.95, S,9.10 Found: C, 57.84; H, 6.94; N, 7.84; 8,9.20; [a]) = -57.9° (c=0.66, CHCLy);

m/z(E.l.) 353(M+1); Diastereomer 7S, 1'S, 4'R prepared by the independent synthesis '"H

NMR(500MHz, CDCly) 6.69(1H, dxdxd, J=8. 6.0, J=1.6), 6.54(1H, dxdxd, Jj=8.3, j=5.7, j=1.6);
STNWTH m) A QUTH mY 4 10(1H AvA J= J=4 8 Q\ 3.36 and 3.34(2H, AB, J=13.5), 2.40-

, J=
SO 1LL,01 ), OO LiE ML), TTLAULLLIE, UAU, 75 v [NARVAS/ [PETS A AT 28 ¥) [ Rl W % l—’.i/
2.20(2H,m), 2.09(1H,m), 1.96-1.80(4H,m), 1.47(2H,m), 1.26(2H,m), 1.20(3H,s), O.97(3H,s), C NMR
(125MHz, CDCls): 154.3, 133.3, 131.9, 71.5, 66.7, 53.3, 51.1, 48.3, 47.6, 45.4, 38.2, 33.3, 26.4, 23.6,
21.5, 20.8, 19.9.
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4-(1'-methoxycarbonyl-2'-0xa-3'-aza-bicyc o[Z,Z,l}Qgt-ii'-ene-3'-garbe!!y!)-(‘?S)-lﬂilQ-
dimethyl 5.thia-4-aza- -tricyclo[5,2,1,03,7]decane-5,5-dioxide 8f

0.24g(1.5mmol, 1.5eq) of methyl cyclohexa 1,3- dlenecarboxylate 0.3g(leq) of &4 ,‘l eq. of EN'I0,;
yield:75 %; -20° C; d.e.>98 %; m.p.: 155.5° C (dec) IR(film, cm ) 1740, 1720, 1340; '"H NMR (500MHz,
CDCl) 6.79 (1H, dxd J=8.3, J=1.7), 6.45(1H, dxd, J=8.3, J=5.9); 5.04(1H,m), 4. 32( H. m), 3.98(2H
dxd, J=7.6, J-—4 4), 34(2H s) 2.50-2. 30(2H m) 2.00- 140(9H m) 135(3H t, J=7.13), 1.19(3H, s),
0.97(3H, s); Bc NMR (125MHz, CDCI,): 168.8, 154.9, 131.9, 129.4, 78.0, 64.8, 61. ‘, 54.4, 52.5, 48.3,
477, 44.4, 37.2, 32.2, 27.7, 26.5, 20.4, 20.3, 19, 7 13.9; C,0H23N,06S: Calcula ted C, 56.58; H, 6.65;

N, 6.60, Found: C, 56.46; H, 6.61; N, 6.55; ; [@]3 = -83.1° (c=1.00, CHCl,); n/z(E.L) 425(M, 100 Po).

(IR, 4S)-N-acetyl-3-aza.2.oxabicyclo[2,2.2] oct-S-ene 13

From adduct 7f: To a solution of 7f (100 mg) in THF was added H,0, (30 % solution in water) and then a
solution of LiOH in H,0. After stirring at r.t. for 24h, Na,S,0, was added and the mixture was extracted
twice with ethylacetate. After evaporation, the residue was treated with CH;COCI and Et;N; yield: 15mg
(35 %); From adduct 7¢: Adduct 7¢ (100mg) was dissolved in a solution of HC1 5M in MeOH; the solution

was refluxed in a sealed vial; After 10h, the mixture was evaporated and the residue treated with CH,COCl
and EGN; yield: 9mg (28 %); 'H NMR(200MHz): 6.69-6.40(m, 2H), 1.98(s, 3H), 1.67-1.39(m, 2H).
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