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Abstract
We have investigated the 1 3-dinolar cvcloaddition of several nitrile vlids to unsaturated five. six and seven
vy BTV 2ITVOULRIVI WiV 1,0 T WIpPULIRL Wy VIVAULILIVII VI OV vidl MEUIIV Y IIUD LU uHSdiulatcu 1ive, S1A, aliu SCVEL
membered lactones. The cycloaddition proceeds effectively only with very electron-poor olefins. The o-
methvlane_ v hutvrnlactone with an axacvelic donhle hand 1e the maoct reactiva lactans In all ~ncac RS I
PRIULIL Y ST JTUULY DULAVIURIL VW ILL 41l VAUV YL LV GUUUIV UULU 1D UIU VDt 1Catuve 1alwunic, 1l ai $dasEs, €X0 aaucis
are obtained as major or exclusive products. © 1998 Elsevier Science Ltd. Al rights reserved
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1. Introduction

1,3-Dipolar cycloaddition is one of the most powerful methods for the synthesxs of five
membered heterocyclic systems with varying degrees of unsaturations [1-3]. Easy access to
and law ~rnct nf tha Ainnlacg 1ininad with gcimnla srancrtinn ~anditinna Arn ot o~ sl o
alll IUwW LUSL Ul UIC UIPUILS, jJullicu willd siiipic rcacun Lonuitions, 4ic Some o1 e
advantacee of thic reaction lthouoh a nlethara of alefine have hoan emnlaved ac
auvdaidgws vi Lil1S lvduvuivzii. fiiuivugsil Q4 pivuivia vl ViviIIY l1Aavoe ucooil blllPlU 16 § )
dlpolarophlles the use of unsaturated lactones is not very extensive and, as dipole partners
only six types of 1,3-dipoles have been used: diazo compounds [4-10], nitrile oxides [5,6,11-

15] nitrones [5,16- 24] azomethine ylids [5,21,25- 311 azides [32.32] and nitrilimines
[34,35]. We have now studied the cycloaddmons of some nitrile ylids to several unsaturated
lactones. To the best of our knowledge, the results described herein are the first examples of
such reactions.

2. Results and discussion

Conctina xyith tha tsmaaidAe]l AhlAasidacs 1T 2 (Cinwiera 1Y tha ~afaveacomasmdiones —cei1. 121 A L

otarting witn tne€ imiaoy: Cnioriaes 1-5 (rigure 1), tne corresponaing niiriie ylids 4-6
were ohtained in ciry hv elimination of hvdroocen chloride with triathvlamine Wa haun
WCIC O0wdlincaG in Stiuw Uy Cilnlnnauuvil Ui dyGiuglil Liniuiial wiul diculyialiiic. we iave
investieated the cvcloaddition of dipoles 4-6 to the following lactones: v-butvrolactone. 7. B-
ll'vuble“ AL VJ AN RVANANPA VAN BA A rv.vv v AN ANTALANS VY lllb AVAW VNS BANNT 0 ’ UuLJLULuuL\Ill i -

angelica lactone, 8, o-methylene-y-butyrolactone, 9, y-methylene-y-butyrolactone, 10, a,
pentenolide, 11, and o,B-hexenolide, 12. The selection of these lactones was made in order
to study the mfluence of the ring size, to obtain information on the regio- and
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stereoselectivity of the cycloaddition, and to compare the reactivities of endo- vs. exocyclic
and electron-rich vs. electron-poor double bonds.
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Figure 1

All the cycloadditions of dipole 4 were run in anhydrous benzene at room temperature.
The reaction between 4 and 7 was completed after 40 h, and flash chromatography of the
crude material afforded a sole cycloadduct 13 as a solid in 51% yield (Scheme 1). With the
help of two dimensional NMR experiments we could assign all the proton and carbon atom
absorptions of this compound and all the others described in this work. The regiochemistry
of 13 was deduced from the COSY spectrum: the a-oxygen protons H3 correlate with the
muitiplet at 6 4.45, attributed to H3a, and this absorption correiates only with the signal at &
3.40, assigned to Hea. Irradiation of Hea caused a 5.1% NOE on the ortho protons of the p-
mrrophenyl rmg These observations allow us to discard the structure of the other p0331ble
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of the coupling constant between Hg and Hea, which are in trans relationship, is small (3.1

Hz) compared to the observed Ja; 65 and Ja.ic 2.4, both with values close to 9.5 Hz. accordinge

) compared 10 [nNe 0D8erved 135 65 and 235,34, DO With values close to %3 Hz, accoraing

to a cis relative stereochemistry. These data will be decisive in the stereochemical assignment
of other cycloadducts described later.

The cyclo ddmon between dipole 4 and lactone 8 (Scheme 2) was completed after 48 h,
and ﬂash chromatography of the crude material afforded a mixture of three cycloadducts,
15-17, in a 6:2:1 ratio and 54% overall yield. Repeated column Chromatography afforded
pure 15 as a solid, a 1:1 mixture of 15 and 16, and a small quantity of 17 in ca. 80%
purity. For the major compound 15 the coupling constants J3 3,3 and J¢ 64 are small (2.5 Hz),
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Scheme 2

indicating a trans relationship between the corresponding protons. Therefore, this product

derives from an exo transition state with an antifacial approach of the reactants. The value of

I3, 33—9 0 Hz in adduct 16 reveals that H3 and H3d are cis to each other, i.e. it results from a

unately, the value of Jg,6a=06.2 Hz did not allow to establish the
L

. - ~ e 2. Lo

relative stereochemistry of Cg/Ceg,, but we assume it to be trans consmermg that an endo-syn
b A o dgadon wzz 1l by b nbnsr a1l LI Dl 3 T177 10 AN N
LEAIlS1ILO0 Statlt€ woulld DC VL SIC lbdlly mnpucicy {1 /,IO,LU,LL"L‘PJ l[lC ‘l‘l-l‘llVlK SpeC[I'llm OI
17 is significantly different from those of 15 and 16. Protons H3, and Hea absorb at higher
and lawar fiald racnertivaly than thnee Af 18 and 16 and tha ~rhamicral chifrfe AF tha arnati -
AllU 1UVYLL 11V, l\/DPbUUV\/l], LLICARL WIIUDL Ul AW AU RV Al LIV Gilvliueal soiil 1 Lkl dl Uliiatic
nrotons are in asreement with the nrecence of an alkvlienhcetituted henzene ring and a n_
A0 i ixx MBLV\IAAJVAAL VY ARAL WV PAVOVIIVLY WA Gl QLI IoUUOUILULWA UviiaviE 11115 aliu a y

glsubstltuted ring with two electron-withdrawing groups. These data match with the
structure 17, a tautomer of the pyrroline heterocycle. Regarding the stereochemistry, proton
H3s, is trans to both H3 and H4 accordmg to the small values of its coupling constants (4.1
Hz). We believe that 17 derives from a base catalyzed isomerization of the major adduct 15
caused by the triethylamine present in the reaction medium.

From the reaction between 4 and lactone 9 we could isolate compounds 18 (58%) and 19
(11%) as solids (Scheme 3). The presence in the IH-NMR spectra of both adducts of a singlet
at 0 ca. 5.6, assigned to Hg, 1s consistent with the proposed structures and discards the
possible regioisomers 20. The stereochemical elucidation of the minor adduct 19 is based on
the following NOE experiments: i) presaturation of Hg (8 5.55) produces 5.2% enhancement
of the signal at 8 2.66 corresponding to one of the hydrogen atoms at Cq4; ii) irradiation of
the signal at o 3.18 (Hg) causes 7.0% NOE on the phenyi ring and 3.4% NOE on the other
hydrogen atom at C4 (6 2.53); iii) when the other Hog (6 3.82) is irradiated the protons of
both aromatic rings present NOE. The relative stereochemistry at Cs/Cg of 18 should be the

opposite and therefore the major adduct derives from an exo transition state.
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Next we performed the reaction between 4 and the pentenolide 11 under the same
conditions and isolated one cycloadduct, 21, as a solid in 34% yield (Scheme 4). Its structure
was evidenced by the double doublet at 0 3.22 presented by H7,. The relative
stereochemistry is assumed to be exo based on the former results.
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Scheme 4

Attempted cycloadditions of nitrile ylid 4 to lactones 10 and 12 were unsuccessful.
According to Sustmann’s classification, nitrile ylids are nucleophilic dipoles of type I. In
lactones 7,8, 9 and 11 the reactive carbon-carbon double bond is conjugated to the
e dominating HOMO 1pole LUiVlUdlpolarophﬂe mteracuon un
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protons. Moleculdr model dnal\:"SlS revealb [hdl the seven membered rin
coplananty of both double bonds. In fact, lactone 12 has already been show
reactive than 7 and 11 towards nitrones [17,18].
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The imidoyl chlorides 2 and 3 were also intended to react with lactones 7, 8, 9, and 11 in
the presence of triethylamine, but progress of the reaction was observed only when 9 was
used as the dipolarophile. From the reaction between 5 and 9, after several purifications by
column chromatographies, we isolated four cycloadducts, 22-25, in 60% overall yield
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(Scheme 5). The spectroscopic data of 22 and 23 are very similar. The presence of a broad
singlet around 8 5.7 in their IH-NMR spectra precludes the regioisomeric structure 26. The
relative stereochemistry of 22 and 23 was established by the indicated NOE experiments.
Adduct 22 (22%) derives from an exo trans1t10n state, while compound 23 (19%) comes
from an endo transition state. The 1H- and 13C-NMR spectra of 24 and 25 are similar to
each other, but differ from those of 22 and 23. In a HMBC experiment [36] performed with

the major compound of the pair 24/25 the absorptlons of the protons at Cy (8 2.35 and 2.57)

Ameemalas cxrithh tha Latana oaermizen Tha jeeadia A st TT /R & Y - A ATFATY
coirciate wiiln tne Keton group. inc irradiation of protoi Ny (0 5.54) proauces no Nuk
anhanaasmiant Aan tha arammntin marntanoe Thaocns Aotn asra ~nls; Aot atmmd soiaebs ol o 1
Cilflanieincin Ull uic diviiiduc pivtvis. 1085t udia aic Oy COnsisient wiin ine proposed
cetrmichirac 2428 TInfartunataly cince in hath comnannde tha nratane T, and o aea almeact
SUULVIUILS & ¥ e/, WHIVILUAALIVEY , SIHVL 1 UULL LULHIPUULIUS Ui PJIULWUID 114 daiid 11y C dludt
synchronous, the relative stereochemistry of these adducts could not be determined
Compounds 27 and 28 co ]d be isolated from the reaction between di nnlg r}d lactone 9

their structure. The observed NOEs demonstrate the exo stereochermstry of 27, an
exclusion the endo of 28.
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In summary, we describe the first cycloadditions of nitrile ylids to several unsaturated
lactones. This study has revealed that high electron deficiency through an effective
conjugation of the carbon-carbon double bond of the unsaturated lactone is necessary to have
sufficient reactivity towards these dipoles. Dipoles § and 6 were less reactive than 4 and they
only cycloadded to the most reactive lactone 9, a terminal electron-poor olefin. In all these
reactions, exo adducts are obtained as major or exclusive products.

3. Experimental section

Lactones 9 and 10 are commercially available. The following products were prepared
according to previously described methods: 4 [37], 5 and 6 [38], 7 [39] 8 [40], 11 [41], and

12 [42, 43] Reaction mixtures were stirred magnetlcally The organic extracts were dried
over anhydrous sodium sulfate. Reaction solutions were concentrated using a rotary
evaporator at 15-20 Torr. Flash column chromatography was performed using Merck silica
gel (230-400 mesh). Infrared spectra were recorded on a Nicolet 5 ZDX spectrophotometer.
IH-NMR and !3C-NMR spectra were recorded on Bruker AC-250-WB or AM-400-WB
instruments in CDCl3 solutions. Mass spectra were performed on a Hewlett-Packard 5985B
instrument at 70 eV; only peaks with higher intensity than 20% are reported, unless they
belong to molecular ions or to significant fragments.
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Cycloaddition of nitrile ylid 4 to 2(5H)-furanone, 7

To a solution of imidoyl chloride 1 (389 mg, 1.41 mmol) and lactone 7 (154 mg, 1.84
mmol) in annyarous benzene (z I mL) at room temperature under nitrogen atmosphere, a
solution of memylarmne ( /
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solution was washed with 0.1 N HCI (3 x 1 mL) and water (1 mL). Flash chromatography of
g

the crude material (A7R hexane-ethyl acetate (1:2) as eluent afforded
Aiaiwsa xdax F U ARi RN Vlll)l Bvvidiy 1.4/ QA0 wviUVIIL Ariviuuvyg
To

(3aRS,65R,6a5R)-6- (4-mt phenyl)-4-phenyl-3,3a,6,6a-tetrahydro-1 H-furo[3,4-c clpyrrol-1-
one, 13 (231 mg, 0.70 mmol, 51% yield): mp 150-153 °C (methvlene chloride-pentane); IR
(KBr): 1764, 1609 1518, 1349, 1187 cm- 1 IH-RMN (400 MHz) 6 3.40 (dd, J(;,a 32a=9.5 Hz,
J6a,6=3.1 Hz, 1H: Hega), 4.45 (m, 1H: H3,), 4 47 (dd, J3.3=9.5 Hz, J3 33=3.1 Hz, 1H: H3), 4.73
(t, J3,3=J3,32=9.5 Hz, 1H: H3), 5.82 (broad s, 1H: Hg), 7.40-7.60 (m, 5H), 7.78 (d, J=8.0 Hz,
2H), 8.13 (d, J=8.8 Hz, 2H); 13C-RMN (62.5 MHz): 8 49.0 (C33), 51.0 (Cga). 69.9 (C3), 79.2
(Ce), 124.0/127.2/128.4/129.2/131.1/132.0/147.4/148.9 (CAayr), 173.4 (CO), 177.4 (C=N);
MS m/z 322 M+, 11), 278 (19), 277 (77), 238 (100), 192 (44), 165 (29), 89 (23). Anal.
Calcd for C1gH14N204: C, 67.08; H, 4.38; N, 8.69. Found: C, 66.95; H, 4.33; N, 8.63.

Cycloaddition of nitrile ylid 4 to 5-methyl-2(5H)-furanone, 8

To a solution of imidoyl chloride 1 (450 mg, 1.64 mmol) and lactone 8 (209 mg, 2.13
mmol) in anhydrous benzene (2.5 mL) at room temperature under nitrogen atmosphere, a
solution of triethylamine (310 pl, 2.22 mmol) in the same solvent (610 pl) was added
durmg 2. 25 h The mlxture was stirred at 20 °C for 48 h and the solid was filtered off. The

a 1
compounds 15, 16, and 17 (300 mg, 549% yjeir_i) in a ratio ca. 6:2:1, respec pe
column chromatograpy using hexane-ethyl acetate (3:1) as mobile phas llowed the 1solanon
of (3RS,3aRS,65R,6aSR)-3-methyl-6-(4-nitrophenyl)- 4 phenyl 3,3a,6,6a-tetrahydro-1H-
furo[3,4-c]pyrrol-1-one, 15 (90 mg, 0.27 mmol, 16% yield), 10 mg of a 1:1 mixture of 15
and 16 and 3 mg of (3RS,3aRS,4RS,6aSR)-3-methyl-6-(4-nitrophenyl)-4-phenyl-3,3a,4,6a-
tetrahydro-1H-furo[3,4-c]pyrrol-1-one, 17, of ca. 80% purity. 15: mp 115-117 °C
(methylene chloride-hexane); IR (KBr): 3100, 3000, 2950, 1764, 1602, 1518, 1342, 1159
cm-1; TH-RMN (250 MHz): 6 1.59 (d, J=6.4 Hz, 3H), 3.45 (dd, J6a,3a=9.2 Hz, J6a.6=2.5 Hz,
1H: Hea), 4.03 (dt, 133,63—9.1 Hz, J33,3—J3a,6 =2.5 Hz, 1H: H3y), 4.74 (qd, J=6.4 Hz, J3.3a=2.5
Hz, 1H: H3), 5.80 (broad s, 1H: Hg) 7.40-7.60 (m, 5H), 7.81 (d, J=8.5 Hz, 2H), 8.16 (d,
J=8.5 Hz, 2H); 13C-RMN (62.5 MHz) 6 22.9 (CH3), 51.3 (Cga), 56.1 (C3y), 78.8 (C3), 79.1

~T A ~AO A 7111 MY A/ A1 A O 4~

(Ce), 124.0/127.2/128.3/129.1/131.5/131.9/147.4/148.9 (CAar), 173.1 (CO), 176.9 (C=N);
MS m/z 336 (M"‘ 13), 291 (53), 238 (100), 192 (43), 165 (25), 115 (20). Anal. Calcd for

Pl I V- 2 4

C19H16N204: C, 67.85; H, 4.79; N, 8.33. Found: C, 67.85; H, 4.83; N, 8.32. 16 from the
mixture of 15 and 16: 1H-RMN (250 MHz): & 1.14 (d, J=6.6 Hz, 3H), 3.42 (dd, J64,3.=10.0
Hz, J6a,6=6.2 Hz, 1H: Hea), 4.58 (td, J3a,6a=13a,3=9.0 Hz, J3a3,6=1.8 Hz, 1H: H3,), 5.08 (dq,

o s} 77 N TY

J3 3d—9U Hz, J=6. 6 Hz, iH: 1‘13), J.09 (DIO&G d, J6 6a=0.2 l‘lZ IH Hﬁ), 7.40-7.50 (m) 7.50-

J

N Mo o

7.60 (m), 7.65-7.75 (m), 8.10-8.20 (m). . : : .
(d, J=6.4 Hz, 3H), 2.97 (dt, Jga 6a=8.9 Hz, J33 4=J32,3=4.1 Hz, 1H: H3,), 4.60 (dd, J¢a,32=8.9

T ¥ . 1 0 T 11Y. LY. A LT (~A =£:I L B . ¥a A~ A1 1T 11X TY- N £ 27 /L:A.\.l il
Hz, Jea, 4—1 nz, i1n:. nﬁa), 4.0/ ({qqa, J=0.4 Nz, J3 33=4.1 NOZ, irl. ri3), 3.5/ {0104d g,
¥ A T 1ET. IT .\ 77T 2N T EN femn &I Q 1& QO NKE (4an ALIN
J4’3a=4. nz, ir: n4), /.5U-/.05VU {I1i, J511), 0.10-0.£J \ill, 411)
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Cycloaddition of nitrile ylid 4 to 3-methylene-4,5-dihydro-2(3H)-furanone, 9

To a solution of imidoyl chloride 1 (450 mg, 1.64 mmol) and lactone 9 (209 mg, 2.13

mmou in annyarous benzene (2.5 mL) at room temperature under mtrogen atmosphere a

PSP AN e 1 S .

solution of lrieluyldllllllt: 310 "L, 2.22 mmol) in the same solvent (610 uL) was added
nf' +
SUu L

..... 7Th Tha g

uuuug 2 h. The mixture wa solid was filtered off. The
solution was washed with 0.1 N HCI (3 x 1 mL) and water (1 mL). Flash chromatography of
the crude material (565 mg) using hexane-ethyl acetate (1:1) as eluent afforded the following
fractions: i) 320 mg (0. 96 mmol 58% yield) of (5RS,6RS)-6-(4-nitrophenyl)-8-phenyl-2
oxa-7-azaspiro[4. 4]non 7-en-1-one, 18; and ii) 60 mg (0.18 mmol, 11% yield) of it
(5RS,6SR)- isomer, 19. 18: mp 110- 113 °C (methylene chloride- hexane) IR (KBr) 924,
2854, 1764, 1609, 1511, 1448, 1349 cm-1; IH-RMN (400 MHz): 8 1.75-1.85 (m, 2H: H4)
3.35 (dd, J9 9=16.5 Hz, Jg 6=1.5 Hz, 1H: Hog), 3.63 (dd, J9,9=16.5 Hz, Jy ¢=2.4 Hz, 1H: Ho),
3.79 (ddd, J3,3=9.5 Hz, J3,4=7.9 Hz, J34=5.5 Hz, 1H: H3), 4.13 (dt, J3.3=9.5 Hz,
J3.4=J3 4=7.3 Hz, 1H: H3), 5.73 (broad s, 1H: Hg), 7.45-7.54 (m, SH), 7.90 (d, J=8.9 Hz,
2H), 8.24 (d, J=8.9 Hz, 2H); 13C-RMN (62.5 MHz): 6 31.4 (C4), 48.0 (C9), 53.9 (Cs), 65.6
(C3), 80.0 (Ce), 124.2/128.1/128.5/129.1/132.0/133.2/146.5/148.1 (Cay), 172.4 (CO), 180.4
(C=N); MS m/z 336 (M+, 27), 291 (37), 238 (100), 192 (54), 191 (23), 165 (34), 89 (24).
Anal. Calcd for C19H16N204: C, 67.85; H, 4.79; N, 8.33. Found: C, 67.83; H, 4.78; N, 8.28.
19: mp 68-70 °C (methylene chloride-hexane); IR (KBr): 3065, 2924, 2854, 1764, 1623,
1518, 1349 cm-1; IH-RMN (400 MHz): 8 2.53 (ddd, J4 4=12.8 Hz, J4,3=10.7 Hz, J4 3=8.8
Hz, 1H: Hy), 2.66 (ddd, J4.4=12.8 Hz, J4,3=6.1 Hz, J43=1.8 Hz, 1H: Hy), 3.18 (d, J99=17.4
Hz, 1H: Hy), 3.82 (dd, J9 9=17.4 Hz, Jg ¢=1.8 Hz, 1H: Hy), 4.32 (td, J3,3=J3 4=10.7 Hz,
J3.4=6.1 Hz, 1H: H3), 4.40 (td, J3 3=J3 4=9.4 Hz, J3 4=1.8 Hz, 1H: H3), 5.55 (broad s, 1H:

Hg), 7.33 (d, J=8.5 Hz, 2H), 7.46-7.56 (m, 3H), 7.93 (d, J=8.9 Hz, 2H), 8.17 (d. J=8.5 Hz,
2H); 13C-RMN (62.5 MHz): & 37.2 (C4), 45.8 (C9), 53.7 (Cs), 64.9 (C3), 84.2 (Cg).
124.0/128.3/128.7/129.1/132.1/133.0/145.3/148.2 (Car), 174.6/177.7 (CO/CN); MS m/z 336
(M+, 25), 291 (34), 238 (100), 192 (56), 191 (25), 165 (36), lOi (24), 89 (27). Anal. Calcd

for C19H16N204: C, 67.85; H, 4.79; N, 8.33. Found: C, 67.77; H, 4.71; N, 8.31.

s £ oottt whid d tn 8§ A.Adibhuden Y nvean.Donne 17
VOLUWAULLLUTL Uj LELILLE YiLUd *F i U uut)/uru L A4 1}. rur-~L-~ore, 11
To a solution of imidoy! chloride 1 (483 mg, 1.76 mmol) and lactone 11 (224 mg, 2.28
mmol) in anhydrous benzene ( 2.6 mL) at room temperature under nitrogen atmosphere, a

solution of triethylamine (330 pL, 2.37 mmol) in the same solvent (660 uL) was added
during 1.75 h. The mixture was stirred at 20 °C for 20 h and the solid was filtered off. The
solution was washed with 0.1 N HCI (3 x 1 mL) and water (1 mL). Flash chromatography of
the crude material (600 mg) using ether as eluent afforded (4aRS,7SR,7aSR)-7-(4-
nitrophenyl)-5-phenyl-1,3,4,4a,7,7a-hexahydropyrano[3,4-c]pyrrol-1-one, 21 (200 mg, 0.59
mmol, 34% yield): mp 152-155 °C (methylene chlonde-pentane); IR (KBr): 3072, 2917,
1722, 1602, 1518, 1349 cm-!; IH-RMN (250 MHz): 8 1.85 (m, 1H: Hg4), 2.30 (m, 1H: Hy),
3.22 (dd, J72,42=10.2 Hz, J72,7=7.0 Hz, 1H: H7,), 4.04 (dddd, J4a,74=10.2 Hz, J4a 4=J43 4=7.5
Hz, J4a7=2.0 Hz, 1H: H4a), 4.20-4.35 (m, ZH: H3), 5.60 (dd, J7, 73-—/ 0 Hz, J7.45=2.0 Hz, 1H:
H7), 7.38-7.54 (m, 5H), 7.81-7.85 (m, 2H), 8.09-8.14 (m, 2H); 13C-RMN (62.5 MHz): &
26.3 (Cy), 46.1 (Caa), 50.0 (C7a), 66.6 (C3), 78.4 (C7), 123.8/127.6/128.3/128.7/129.0/
131.7/147.3/149.9 (Car) 171.1 (CO), 174.4 (C=N); MS m/z 336 (Mt, 64), 308 (16), 291
(100), 264 (52), 238 (57), 192 (63), 191 (33), 165 (55), 128 (36), 115 (37), 103 (24), 89
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(49), 77 (32), 63 (36). Anal. Calcd for C19H16N204: C, 67.85; H, 4.79; N, 8.33. Found: C,
67.70; H, 4.77; N, 8.30.

To a solution of triethylamine (660 uL, 4.70 mmol) and lactone 9 (503 mg, 5.13 mmol) in
anhydrous acetonitrile (6.4 m ) at lO °C under nitrogen atmosphere, a solution of imidoy!l

chlorlde 2 (1.01 g, 4.25 mmol) in the same solvent (4. 4 mL) was added during 20 min. Tﬂe
mixture was stirred at 3 °C for 60 h and the solvent was removed. The residue was taken into
methylene chloride and was washed with water (2 x 25 mL). Flash chromatography of the
crude material (1.20 g) using hexane-ethyl acetate (3:1) as eluent afforded the following
fractions: i) 45 mg of unidentified compounds; ii) 200 mg of (5RS,6RS)-6-phenyl-8-pivaloyl-
2-oxa-7- azaspiro[4 4]non-7-en-1-one, 22; iii) 100 mg of a ca. 6:1 mixture of 22 and 6-

pneny1 8-pivaloyl-2-oxa-7-azaspiro{4.4jnon-6-en-i-one, 24/25; iv ) 150 mg of 2,4/25 v) 75
o ILe IO n o~ VAIYE /L'DC' LZOD\ £ 1 o O

lllg Ul a Lu Q.4 IIHALUIC Ul &49/&d alld (OO, 00N )-0- pll ly -0- prﬂlOYl -0Xa- /'

nnnnnnnn ATn '-T_Dn-l’nr\n 22 i) 170 o AfF 32 and 1Y TAT neg ~AF a vt

a.anpuuL'-r g [TLHm 1TV, &0, VI LV g UL &0, Allu Vi) 101 d0g O1 a llu)&lUlC Ul AJ

25/24, and 91 ratio ca. 2.5:1: column chr

—
S
\O"‘1
o
-~
o
)
Iy
s
=
=
o
=
IS
 F
o
o
job]

global isolation vf 285 mg (0.95 mmol, 22% yield) of 22, 241 mg (0.80 mmo % yield)
of 23, 210 mg (0.70 mmol, 17% yield) of 24/25 and 20 mg (0.07 mmol, 2% yield) of
25/24. 22: mp 111-113 °C (methvlene chloride- Dentane) IR (KBr): 2975 1757, 1680,

1216, 1026, 941 cm-1; IH-RMN (250 MHz): & 1.37 (s, 9H: 3CH3), 1.68 (ddd, J4 4=13.2 Hz,
J43=7.5 Hz, J43=5.5 Hz, 1H: Hyg), 1.80 (dt, J4.4=13.2 Hz, J43=J43=7.5 Hz, 1H: Hy), 3

(dd, J9,9=17.6 Hz, J9 6=1.5 Hz, 1H: Hy), 3.32 (dd, J9,9=17.6 Hz, Jg ¢=2.2 Hz, 1H: Hg), 3.70
(td, J3,3=J3,4=8.0 Hz, J3 4=5.5 Hz, 1H: H3), 4.03 (q, J3,3=J3,4=)3,4=7.5 Hz, 1H: H3), 5.71
(broad s, 1H: Hg), 7.10-7.37 (m, 5H); 13C-RMN (62.5 MHz): 8 26.8 (3CH3), 31.7 (C4), 442
(C(CH3)3), 48.7 (Cy), 52.7 (Cs), 65.8 (C3), 82.6 (Ce), 127.1/128.2/128.8/137.1 (CAr), 169.9
(CN), 180.2 (CO), 204.3 (CO); MS m/z 299 (M*, 17), 256 (12), 243 (14), 215 (13), 175
(55), 171 (39), 117 (32), 85 (28), 57 (100). Anal. Calcd for C1gH21NO3: C, 72.22: H, 7.07;
N, 4.68. Found: C, 72.20; H, 7.04; N, 4.73. 23: mp 137-139 °C (methylene chloride-
pentane); IR (KBr): 2973, 1755, 1682, 1173, 1014 cm-!; 1H-RMN (250 MHz): & 1.35 (s, 9H:
3CH3), 2.42-2.55 (m, 2H: Hg), 2.97 (dd, J9,9=18.1 Hz, J9 6=2.0 Hz, 1H: Hy), 3.42 (dd,
Jo9=18.1 Hz, J9 ¢=2.2 Hz, 1H: Ho), 4.07 (td, J3,3=J3 4=9.3 Hz, J3 4=7.5 Hz, 1H: H3), 4.19
(ddd, J3.3=9.3 Hz, J3 4=7.5 Hz, J3 4=3.5 Hz, 1H: H3), 5.38 (t, J6,9=J6,9=2.0 Hz, 1H: He¢),
7.10-7.18 (m, 2H), 7.27-7.36 (m, 3H); 13C-RMN (62.5 MHz): 8 26.7 (3CH3), 35.7 (Ca),
44.2 (C(CH3)3), 46.7 (Co), 52.7 (Cs), 64.8 (C3), 86.3 (Cg), 127.5/128.6/136.4 (Ca;).
172.0/177.3 (CO/CN), 205.0 (CO). Anal. Calcd for CigH21NO3: C, 72.22; H, 7.07; N, 4.68.
Found: C, 72.24, H, 7.22; N, 4.72. 24/25: mp 86-87 °C (methylene chloride-pentane); IR
(KBr): 2966, 2868, 1764, 1708, 1159, 1082 cm-1; IH-RMN (250 MHz): & 1.23 (s, 9H:

¥ ol & PN [a Bia 1* e Xie X * BNV SN 11Y. L N M NE 311 T o 17 9 1T T.. - AN TY_ TY. YT \ N oo 13
3CH3), 2.28-2.38 (I, In: n4), £.35 {4q, J9.9=13.2 nz, J9 8=4.U Nz, 10: Hy), 2.57 (dd
T 17 Y Y1Y¥- Y. O A XY 1IT. 1Y\ N L£& 1 T, .12 77 1Y, Y. Y. __ONTI_ 1YY. YT .%v A AN
J99=13.2 HZ, J9 §=0.4 1Z, ir: ngj, 2.00 (4i, J4 4=15./ NZ, J43=343=Y.U HZ, in: hg), 4.20-
A AN /. YT, 1T\ &£ &N 7331 T.. .. _ O ALY, T, ... ANTT. 11X. YXI.\N T "] AN 7 AYIN 7T LL 7T LN
4.4V (111, 411, I3}, 2.04 \Ud, J¥ 9—0.94 Ils, 38 9—.V 14, 1@ 1Y), /.4/-7.9U (111, o1r1), /.50-/.0U
(m, 2H); 13C-RMN (62.5 MHz): § 26.2 (3CH3), 34.7 (C4), 39.6 (Cy), 44.2 (C(CH3)3), 59.7
(YN £L & (Y TA 2 (5 17 1/17Q £/120 7/121 Q (Y. .\ 1771 Q/17Q 77 (M /NN 7T1N Q
\\.«5), VV.J (P3), 7.0 \wy)y 140 171L0.VI1OV.IT101.7 \NAT), 2710017007 \WRAWI/UINY, L1 4.0
Ve Ve AW A Vs o YAYANEA W 1= "y | o BN Ys Ve VA Y N ~N ™NT L 0N 1O NI 174N A AN MNA O -
(CO); MS m/z 300 (MT+1, 3), 299 (M, 2), 215 (69), 187 (23), 170 (44), 104 (38), 57
FAINNAN AT LN A1 M1 L ML TI NN I I T NT N AL T2 I 1AL T
(100), 41 (36). Anal. Calca tor UigniaiNU3: L, /2.22; 1, /.U/; N, 4.08. rouna: {, /2.14, H,
6.97; N, 4.66. 25/24: IR (film): 2966, 2924, 2875, 1764, 1708, 1180, 1026 cm-!; TH-RMN
N MNLIZY R 1707 (o QI 20T DY )Y (AAA T4 +—12 2 Hp T, 07727 s T,-,—-21 LI, 1LI.
\LIU IViDN1Z)., QO 1.47 \D», 711. IJ\C11§), &.&a \UUU, J4’4—1J..’ 114, J4’_§—I.L i1z, J4’j-—_). 4, i1ri.
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4), 2.30 (dd J9,9=13.0 Hz, J9,8=7.0 Hz, 1H: Hy), 2.60 (dt, J4, 4=13.3 Hz, J4,3=J43=9.1 Hz,
i z, 1H: Hy), 4.31 (1d, J3,3=J3 4=9.1 Hz, J3 4=7.2
3.1 Hz, 1H: H3), 5.05 (dd, J8,9=9.0 Hz, J§ 9=7.0

2 (m, 2H); 1>C-RMN (62.5 MHz): 8 26.4 (3CH3),
Cs), 66.1 (C3), 75.3 (Cg), 128.1/128.5/
C

1H: Hyg), 2.71 (dd, J9,9=13.0 Hz, J9 8=9.0
Hz, 1H: H3), 448 (id, J3 3-J34—9 1 Hz 134
i 7

.

H: Hg), 7.30-7.45 (m, m)
4 (Cy), 39.8 (Co), 44.6 (
8.7/131.0 (Carp), 170. 8/178.

To a solution of triethylamine (660 ul., 4.70 mmol) and lactone 9 (503
in anhydrous acetomtrlle (6.4 mL) at -10 °C under nitrogen atmosphere, a solution of
imidoyl chloride 3 (957 mg, 4.27 mmol) in the same solvent (4.4 mL) was added during 20

min. The mixture was stirred at 3 °C for 60 h and the solvent was removed. The residue was
taken into methylene chloride and was washed with water (2 x 25 mL). Flash
chromatography of the crude material (1.16 g) using hexane-ethyl acetate (3:1) as eluent
afforded the following fractions: i) 217 mg (0.76 mmol, 18% yield) of (5RS,6RS)-8-
isobutyryl-6-phenyl-2-oxa-7-azaspiro[4.4]non-7-en-1-one, 27; ii) 101 mg (0.35 mmol, 8%

yleld) of 1its (51{.3 ()bR)- isomer, 28; and 1ii1) 100 mg of unidentified material. 27: mp 91-93

°C (metnylene chioride- pentane), IR U\Dl‘) 913, Lyjl LES/D 1//1 1694, 10/5 1166,

1026 cm-l; TH-RMN (250 MHz): 8 1.51 (d, J=6.9 Hz, 3H: CH3), 1.56 (d, J=6.9 Hz, 3H:
MIT. Y AT NO r 111 T, 12N I. Y, ~T7& 11~ T ael & TTee 1IT. LI.N DY AN 73 YT 19 N YTY_
{H3), £4.Ud (Q40Q, 14 4=15.VU 1Z, J43=/.0 NZ, J4,3=3.0 NZ, 111 1n4), £.2u (at, j4 4=13.U 0z,
TV, ¥ . A7 2 YT, 1TLT. 1IN 247 A1 Yo =177 1 T YNNI 11T 1T N £L£E 721 Y. _ 17 ™
J4 3534 3=17.0 11Z, 111 114}, 5.41 A4, 3§ 9=1/./ 1, J§ 6~V N0Z, 111. 1n19), 3.0 1044q, 399=1/7./
Y. T =N &£ LT, 1. LI\ A NKE Mhanmts ToAQ I, 1IN ANQ 7AAA Ta a0 YA Y. .77 "7 LY.
nz, J9 6=4.0 1z, in. ny), «.uo UCpi, J=0.7 1z, irnj, 4.6 (444, 43 3=5.2 nZ, 43 4=/./ 11z
J3.4=5.5 Hz, 1H: H3), 4.39 (dt, J33=9.2 Hz, J3 4=J3 4=7.3 Hz, 1H: H3), 6.05 (t, J.9=J¢ 9=2.2
o 1T LI 7 807 &8 (1 P2HY 7 687 78 (mm AHY 13C.RPMN (A7 § ML) & 1R 2 (LI~
n4, 1. 1), 1.9~ 71.J0 \1li, Li1), 1.0~ 1.71J \l1l, II11), TIAUVIIN \UL.J IVIIN1L ). U 10.0 (Lr113),
1Q A (CHAY 21 R (C4Y W Q (TCHMoAY ALK T (Co) 824 (<)Y AS R ((C2Y 7 2 (0
10.9 \\113), J1.0 \g), JJ.7 \CIiiIviL 2 J, TU.7 (Y ), JI.77 (L)), UJ.0 (3], 04.0 (L),
177 110 AIMMTNO NI1VL O rM N 17N E /AN 10N 1T 700 DN O /WYY, NACQ /o NOLS /b AN
127, 0/1483.4/120.7/1120.0 (CAr), 1/U.0 (CINJ, 10U.1 {LU), ZUL.0 (LU J, V1D /7 23D (I, 4U),
257 (8), 242 (6), 117 (34), 71 (100), 43 (75), 41 (20). Anal. Calcd for C;7H19NO3: C,
1 L. LT £771. N A Q1 LTChnnd 7187 . T £ N AQT 7Q. sriea 1AN 1A Of e nalee Tqon o
71.00, 11, O./1, IN, .71, rOulll. «, /1.0/, 04, U. /4, IN, 7.74. &40. 11D 14VU-144 LU (IMIEnyienc
~rhlarida_nentana): TR (KRrY- 2072 201 2R785 1758 1604 1790Q 117 1017 pen-1- 1TH_
111V IUG PUIIL“IIU}, AXN \1\.].’1} ht X Ty Lu ALy T Ty A i, LT /7T, L Le\J 7 11 l,}, I\ 1 4L i1l By 11
RMN (250 MHz): & 1.13 (d, J=6.9 Hz, 3H: CH3), 1.22 (d, J=6.9 Hz, 3H: CH3), 2.41-2.55 (m,
2H: 2Hy4), 2.93 (dd, J9,9=18.2 Hz, J9,6=2.0 Hz, 1H: Ho), 3.46 (dd, J9 9=18.2 Hz, Jg ¢=2.2 Hz,
1H: Ho), 3.65 (hept, J=6.9 Hz, 1H), 4.08 (td, J3 3=J3 4=9.5 Hz, J3 4=7.9 Hz, 1H: H3), 420
(ddd, J33=9.5 Hz, J3 4=7.5 Hz, J3 4=3.5 Hz, 1H: Hz), 537 (t, J¢,9=15,9=2.1 Hz, 1H: Hg),
7.10-7.15 (m, 2H), 7.25-7.35 (m, 3H); 13C-RMN (62.5 MHz):  17.9 (CH3), 18.6 (CH3),
359 (C4+CHMe»r), 44.7 (Cg), 53.5 (Cs), 649 (C3), 85.8 (C¢), 127.4/127.7/128.7/136.0
(Car), 172.3 (CN), 177.2 (CO), 203.0 (CO); MS m/z 285 (M+, 8) 242 (3), 177 (42), 106
(21), 91 (100), 71 (29), 43 (37). Anal. Calcd for C17H19NO3: C, 71.56; H, 6.71; N, 4.91.
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