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y-bromo o,B-unsaturated esters and lactones
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The 1,3-dipolar cycloaddition of cyclic nitrones to several y-bromo o,B-unsaturated esters and lactones has been

studied. All the reactions have shown high stereoselectivity, with a predominance of the endo or exo transition
state for the frans or cis dipolarophiles, respectively. © 1998 Elsevier Science Ltd. All rights reserved.
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Substituted isoxazolidines are versatile intermediates for the synthesis of
polyfunctionalized compounds [1-3]. An effective way to prepare them is through the 1,3-
dipolar cycloaddition of nitrones to olefins, which is often a highly regio- and stereoselective
process. In particular, electron-deficient 1,2-disubstituted olefins lead to isoxazolidine
adducts with the electron-withdrawing group attached to position 4, in agreement with the
FMO theory [1,3-15]. The stereoselectivity depends on the electronic and steric factors
influencing the relative energy of the competitive endo and exo transition states.

As part of a program on alkaloid symnes:s we have been interested in the reaction

SRR, S, PRORNUES . PR (RSO © SN RIS [P IR |
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position was required for our synthetic purposes and therefore we examined the

cveloadditions of 2.3.4 5-tetrahvdronvridine 1-oxide, 1. an hvdro-2H-pvrrole 1-
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oxide, 2, (Figure 1) to several y-oxy and y-thio dipolarophiles [10,12,14]. These reacti ns

ery high stereoselectivity, E olefins leading mainly to endo adducts and Z olefins

€xo adducts In the search for a good nucleofuge activity of the dipolarophile substituent, we
had also performed the cycloadditions of nitrone 1 to methyl 6-bromosorbate, 3, and to y-
bromo-o, B-hexenolide, 4. The reaction with the lactone followed the expected general trend
and an exo cycloadduct, 9, (Figure 2) was obtained in 70% yield [10], but we were unable to
isolate any cycloaddition product of the reaction with the bromo ester [16]. These previous
observations let us to investigate the cycloadditions of nitrones 1 [17 18] and 2 [19] to other

y-bromo o, 3-unsaturated esters and lactones. The results are described herein.
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2. Results and discussion

Methyl (E)-4-bromo-2-butenoate, 5, and methyl (£)-4-bromo-2-pentenoate, 6, [20] were
selected as trans dipoiarophiies 5-bromo-5,6- dihydro 2H- pyran- 2-one, 7, [21] and 5-bromo-

2(5H)-furanone, 8, [22] as cis. Table 1 shows the resulits of the cycloadditions of the allylic
bromldes 3 8 to the cycllc mtrones 1 and 2. Nitrone 1 1s more reactive than 2, therefore
ni a
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reglochermstry From the cycloaddmon of nitrone 1 to the ester 5, we obtained two
isoxazolidines in 59% overall yield. The stereochemistry of the products was established
considering the value of the counhnz constant J3 3a, which is 8.0 Hz for the major endo
cycloadduct 10 and 9.9 Hz for the minor exo cycloadduct 11, according with the cis or trans
relationship between H3 and Hz, respectively [11,12]. The endo transition state was hence
favoured over the exo, as in many related precedents. This result indicates that the presence
of a bromine atom in a terminal allylic position is not incompatible with the dipolar process
or the reaction conditions. The cause for the negative results obtained in the attempted
reaction of nitrone 1 with the bromosorbate 3 1is probably related to a lack of
chemoselectivity, leading to complex mixtures of 1:1 and 1:2 cycloadducts.

Table 1.
Cycloadditions of nitrones 1 and 2 to allylic bromo olefins 3-8.
Niirone Olefin Conditions endo {(yield) exo (yield)

1 3 CHCl;, 60°C, 18 h - - {16]
1 4 toluene, 100 °C, 5 h - 9 (70%) [10]
1 5 CHCl3, 60°C, 13 h 10 (51%) 11 (8%)
1 6 CHCl3,60°C, 19 h 12 (57%), 13 (16%) 14/15 (4%/5%)
1 7 CHCl3, 60°C, 17h - 16 (87%)
1 8 CH,Clp, rt, 7d 17 (27%) 18 (17%)
2 5 toluene, 100 °C, 14 h 19 (54%) 20 (10%)
2 6 toluene, 100°C, 24 & 21 (51%), 22 (14%) 23 (11%)
2 7 toluene, 100 °C, 22 h . 24 (50%). 25 (6%)

When nitrone 1 was reacted with the chiral ester 6, we isolated four cycloadducts, 12-185,
in 82% total yield. Their endo/exo stereochemistry was determined as above according to the
observed J3 3, value and again a clear preference for the endo transition states was
encountered. Now, the presence of the allylic stereocenter in the dipolarophile accounts for
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the transition state. Unfortunately, the free rotation around the C2-Cj' bond prevents the
assignment of the relative configuration of these two centers on the basis of the NMR data of
each cycloaddl_ct e assume that the major endo diastereoisomer should come from an
approach in which elther the methyl group or the bromine atom are positioned anti to the

incoming dipole. Then we can consider four dlfferent scenarios: A and B, leading to the anti
cycloadduct, and C and D, leading to the syn cycloadduct (Figure 3). In A the methyl group
is anti, while the bromine occupies the inside region, avoiding repulsive electrostatic
interactions with the oxygen atom of the nitrone [23]. In B the bromine is anti and the
methyl group is in the outside region, where the steric interactions are obviously smaller.
The alternative approaches C and D would be less favored for electronic (C) or steric (D)

reasons. We Consequenuy assxgnea the anti CODIlgura[lOD to the major proau ct 12.

The reaction of nitrone 1 with pentenolide 7 gave exclusively a product, 16, in 87%
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in a ratio close to 3:2, corresponding to the trans and cis fused conformers of the

2 i T

ChVP]v [8], but, with the help of 2D

ne
spectively [R], but, with the hel p of 2D
ed The exo- antl stereochemmtrv of 16 was

cS

w

S
e fully assi

di

L

e 03
—J
€]
s

8
:
E
o
.
s
5
c
=]
s !
=
=]
Z
S
s
W
~
o
>4

e
o
=
3
o
=
[ d

w1th the hexenohde 4 [10].

In the reaction between nitrone 1 and butenolide 8, we isolated a product (27% yield),
whose NMR data match with the endo-anti cycloadduct 17, when compared to other
compounds with the same skeleton [7,8]. Diagnostic data for the endo ster eochemlstry are the
clear predominance of the trans invertomer (>90%) in solution and the 13C chemical shifts
of the piperidine carbon atoms. The anti geometry of 17 is deduced from the value of J3 35 =
0 Hz, which denotes a trans relationship between H3 and H3,. From this reaction, we were
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unable to isolate any bromo cycloadduct with exo stereochemistry. This result was surprising
since in former cycloadditions of cyclic nitrones to butenolides the exo cycloadducts were
always predominant over the endo. Nevertheless, in chromatographic fractions of higher
polarity we detected a mixture of two diastereoisomeric products, to which we assigned the
structure 18. This assignment was based on the strong hydroxylic absorption observed in the
IR spectrum and the presence of two signals at ca 6 100 in the 13C NMR spectrum,
corresponding to the pseudoacid carbon atom C3, that is downfield shifted in around 15 ppm
in relatlon to the correspondlng carbon atom in the bromo adduct 17 The exo
srereocne stry of nti + ' '
. 1
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Next we perfo rmed the cycloadditions of the less reactive nitrone 2 with those bromo
olefins that had rendered better results with nitrone 1 and we obtained very similar results.
From the trans dipolarophiles, 5 and 6, the endo cycloadducts, 19 and 21-22, were clearly
predominant over the exo, 20 and 23, respectively. NOE experiments or the value of J3 3,
(around 8 Hz for 19, 21 and 22 and around 5 Hz for 20 and 23) were used to asses the endo
or exo stereochemistry. From the cis dipolarophile 7 only the exo derivatives were obtained,
with a prevalence of the anti isomer, 24, over the syn, 25. In spite of its lower reactivity,
nitrone 2 has showed a lower facial differentiation toward the chiral pentenolide 7 than

nitrone 1, tms is probably due to the higher planarity of the former nitrone
T e tlha A1l lin hensnmna AdAinalaranhilac hava nravad ag liahla nartnare fAar tha
111 COlL LIUDIUH i€ dnyiic OIoIo dipOialOpiucs fiave pioved 4as lavic pdiuicls 100 uic
nnnnnn Aditinn antinn tna nitraonee with the axcention of the lahile v-hromobntenolide 8 The
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stereoselectivity observed with these olefins follows the same trend as with the related y-oxy
derivatives, namely a clear preference is evidenced for the endo or exo transition state
depending on the E or Z configuration of the dipolarophile, respectively.
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3. Experimental

The following products were prepared according to previously described methods: 1
[17,18], 2 [19], 6 [20], 7 [21], 8 [22]. Compound 5 is commercially available. Reaction
mixtures were stirred magnetically. The organic extracts were dried over anhydrous sodium
suifate. Reaction solutions were concentrated using a rotary evaporator at 15-20 Torr.
Column chromatographies were performed by using Merck silica ge (230-400 mesh). Tlc
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recorded by Servei de Ressonancia Magnética Nuclear de la Universitat Autonoma de
Barcelona on Bruker AC-250-WB or AM-400- WB instruments. CDCI3 is used as solvent for
the NMR experiments. Mass spectra were performed on a Hewlett-Packard 5985B
instrument.

Cycloaddition of nitrone 1 to olefin §

To a solution of N-hydroxypiperidine (435 mg, 4.3 mmol) in CHCI13 (12 ml) at 0 °C,
yellow HgO (2.07 g, 9.6 mmol) was added in one portion. After five minutes the ice bath
was removed and the mixture was stirred at room temperature for 2 h. Then, additional
HgO (0.5 g, 2.3 mmol) was added, and after 2 h, the mixture was filtered through washed

Ak

celite. The filirate was transferred to a 30 IIll round-bottomed flask fitted with a refiux

condenser and olefin 5§ (786 mg, 4.39 mmo ; was added in one portion. The mixture was
stirred at 60 °C for 13 h, cooled down to room temperature and the solvent was evaporated.

The residue was nurified bv flash (‘hrg afv graphy using hexane-AcOEt 4:1 as eluent,
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yielding the following fractions: (i) 92 mg (0.33 mmol, 8%) of methyl (2RS.3RS,3aRS)-2-
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bromomethylhexahydro -2H- lsoxazo]0[23 alpyridine-3- carboxvlate 11; (ii) 608 mg (2.2
mmol, 51%) of its (2RS,3RS,3aSR)-isomer, 10, both as colorless oils. 10: IR (film): 2948
1739, 1438 cm-1; IH NMR (250 MHz): & 4.48 (q, J2,1'=J2,3=5.1 Hz, 1H: H2), 3.58 (s, 3H:
OCH3), 3.34 (m, 3H: 2H1' and H7eq), 3.03 (dd, J3,3,=8.0 Hz, J3 2=4.4 Hz, 1H: H3), 2.32 (m,
2H: H3, and H7ax), 1.81 (br d, J=7.3 Hz, 1H: Hgeq), 1.60-1.06 (m, 5H: H4,x, 2H5, and 2Hg);
13C NMR (62.5 MHz): 8 170.8 (CO2CH3), 76.7 (Cp), 68.8 (C33), 55.0/54.4 (C3/C7), 51.5
(OCH?3), 32.4 (Cy1v), 26.3 (C4), 23.8 (Ce), 23.0 (Cs); MS (CI, NH3) (m/z) 280-278 (M*+1,
100-100). Anal. Calcd for C1gH16BrNO3: C, 43.18; H, 5.80; N, 5.04. Found: C, 43.30; H,
5.70; N, 4.99. 11: IR (film): 2947, 1740, 1437 cm-!; 1H NMR (250 MHz): & 445 (q,
J2,1=J2,3=5.8 Hz, 1H: H2), 3.69 (s, 3H: OCH3), 3.54 (dd Jgem=10.2 Hz, J' 2=~6.6 Hz, 1H:
Hy"), 3.34 (m, 2H: H7eq and Hy'), 2.80 (dd, J3,3d—9 9 Hz, J3 2=5.5 Hz, 1H: H3), 2.40 (m, 2H:
H3, and H7ax), 2.03 (br d, J=13.1 Hz, 1H: H4eq), 1.78-1.10 (m, SH: H4ax, 2Hs, and 2He); 13C
NMR (62.5 MHz): 6 171.3 (CO2CH3), 77.9 (C2), 70.9 (C3a), 57.9 (C7), 54.9 (C3), 52.2
(OCH3), 34.4 (Cy), 28.6 (Cy), 24.3 (Ce), 23.1 (Cs); MS (CI, NH3) (m/z) 280-278 (M++1,
100-98). Anal. Caled for C1gH16BrNO3: C, 43.18; H, 5.80; N, 5.04. Found: C, 43.07; H,
5.78; N, 4.93.

Cycloaddition of nitrone I to olefin 6

1

Olefin 6 (62 g, 325 m oi) was added to a solu uon of nitrone 1 preparea from 642
1

28 m to a so
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was heated at h, cooled down to room temperature and the solvent was
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alpyridine-3-carboxylate, 14/15; (ii) 45 mg (0.15 mmol, 5%) of 15/14; (iii) 540 mg (1.9
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eluent, yielding the following fractions:
(2RS,3RS,3aRS,1'RS)/(2RS,3RS,3aRS,1'SR)-2-(1-bromoethyl)hexahydro-2H-isoxazolo[2,3-

evaporated. The residue was purified by flash chromatography using hexane-AcOEt 4:1 as
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nitrone 1 to olefin 7
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Olefin 7 (882 mg, 4.98 mmol) was added to a solution of nitrone 1 prepared from 618

mg (6.12 mmol) of N-hydroxypiperidine and 3.21 g of HgO in CHCl3 (20 ml). The mixture
was heated at 60 °C for 17 h, cooled down to room temperature and the solvent was

eluent, yieldin

3H-pyrano[3

Cycloaddition o
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evaporated. The residue was purified by flash chromatography using hexane-AcOEt 1:1 as

ViHz) {(frans-i



P. de March et al. / Tetruhedron Td/ 98

edron &) 694769

J10b,4a=J10b,10a=9.3 Hz, 1H: Hi0b), 2.48 (m, 1H: H7ax), 2.25 (m, 2H: Hi¢a and Hjg), 2.00-

1.45 (m, 4H: 2Hg, Hg and Hj¢), 1.25 (m, IH: Hy); (cis-invertomer, 40%): & 4.80 (m, 2H: H3
and Haja), 4.36 (m, 1H: H4), 4.20 (m, 1H: H3), 3.60 (m, 1H: Higa), 3.45 (t,
J10b,42=J 10b,10a=8.8 Hz, 1H: Hiop), 3.10 (m, 1H: H7), 2.73 (m, 1H: H7), 2.00-1.45 (m, 6H:

Z2Hg, ZHQ and Aﬂl()), “-’L NMK (bl 5 MHZ) 0 108 U (L]), /8 4 (rransL4d) 77. 5 (“S(,4a)

U%1()), 9.1 (f'"" ); MS (C], NH 3) (m/7) 278-276 (M*+1 100- 96) Anal. Caicd for
C10H14BrNO3: C, 43.50; H, 5.11; N, 5.07. Found: C, 42.98; 4.88; N, 4.77.

QOlefin 8 (246 me. 1.51 mol) wae added to a ecnln n of nitrane 1 nrenared fraom 254
NS AN U \&TV ARagh, A.o4 axadRvRy o uuuvu (9 U aye L)Ulhl\,‘.\ll.l Wi 1w viiv l,ll\/l_lbul.zu 1LVU1lL O U
me (3.51 mmol) of N-hvdroxvpineridine and 2.06 ¢ of HeQO in CH Cls (15 mD. The
g yaroxypip (il and Z.uvo g o1 HgU 1n L n 12 (12> mi). 1ne

mixture was stirred at room temperature for 7 days The solvent was evaporated and the
residue was purified by flash chromatogranhv using hexane-AcOEt 2:1 as eluent, yielding
the followmg fractions: (1) 107 mg (0. 41 rnmol 27%) of (3RS,3aSR,9aSR,9bRS)-3- bromo-
octahydro-1H-furo[3',4":4,5]isoxazolo[2,3-a]pyridin-1-one, 17, as a colorless oil; (ii) 52 mg
(0.26 mmol, 17%) of a mixture of two diastereoisomeric pseudoacids, 18. 17: IR (film):
2946, 1808 cm-1; 'H NMR (250 MHz): 8 6.36 (s, 1H: H3), 5.04 (d, J34,9h=6.6 Hz, 1H: H3,),
3.49 (1, Job,3a=J9b,92=6.6 Hz, 1H: Hoyp), 3.44 (m, 1H: Heeq), 2.45 (ddd, Joa,9ax=11.9 Hz,
19a,96=6.6 Hz, J9a,9¢q=3.6 Hz, 1H: Hg,), 2.39 (ddd, Jeax,7ax=12.2 Hz, Jgun—94 Hz,
J6ax,7¢q=2.8 Hz, 1H: H6ax) 2.07 (m, 1H: Hoeq), 1.80-1.20 (m, 5H: 2H7, 2Hg, Ho); 13C NMR
(62.5 MHz): 6 171.9 (Cy), 84.4/84.2 (C3/C3a), 68.5 (Coa), 55.2 (Cs), 49.1 (Cop), 25.6 (Co),
24.2 (C7), 23.0 (Cg); MS (CI, NH3) (m/z) 264-262 (M++1, 91-100). Anal. Calcd for
CoH12BINO3: C, 41.24; H, 4.61; N, 5.34. Found: C, 41.50; H, 4.48; N, 5.00. 18: IR (film):
3376 (br), 2943, 1769 cm-1; 13C NMR (62.5 MHz):  176.4 and 174.8 (C1), 103.3 and 99.2
(C3), 81.4 and 74.7 (C3a), 63.7 and 62.9 (Co,), 54.9 and 53.8 (Cg), 50.1 (Coyp), 25.7 and
25.2 (Cy), 22.4 and 21.6 (C7), 19.5 and 18.7 (Cg).

Cycloaddition of nitrone 2 to olefin 5

nol, 54%) of \--.S 3RS, 3aSR\ 2-methyl
late, 19; (ii) 41 mg (0.16 mmol, 10%) of it 2S)-isomer, ()
oils. 19: IR (film): 2954, 1738, 1438 cm-l- IH NMR (250 MHz): 8§ 4.55 (
=6.0 Hz 1H: Hp), 3.87 (q, J3a 3~J3a 4=7.8 Hz, 1H: Hzs,), 3.71 (s, 3H: OCH3), 3.59
J3,2=7.3 Hz, 1H: H3), 3.50 (d, J1'2=5.8 Hz, 2H: 2Hy"), 3.31 (ddd, Jgem=13.9 Hz,
Jﬁ 5=8.0 H7 J6,5=4.4 Hz, 1H: Hg), 3.06 (dt Jeem=13.9 Hz, J5 6=7. % Hz, 1H: Hg), 2.01-1.
(m, 4H: 2Hg4, 2H5), 13C NMR (62.5 MHz): 8 170.4 (COQCH3), 76.7 (C2), 68.2 (C3y), 56 6
(Cg), 55.8 (C3), 52.1 (OCH3), 33.5 (C17), 26.9 (C4), 24.1 (Cs); MS (CI, NH3) (m/7) 266-264
(M++1, 100-90). Anal. Calcd for CoH14BrNO3: C, 40.93; H, 5.34; N, 5.30. Found: C, 41.05;

H, 5.48: N, 5.05. 20: IR (film): 2955, 1740, 1438 cm-1; IH NMR (250 MHz): & 4.27 (dt,
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J2,3= 8.0 Hz, J2,1'=3.7 Hz, 1H: H2), 3.99 (dt, J33,4=8.0 Hz, J34,3=J33 4=5.1 Hz, 1H: H3,),

3.72 (s, 3H: OCH3), 3.70 (dd, Jgem=11.0 Hz, J2,1'=3.7 Hz, 1H: H"), 3.57 (dd, Jgem=11.0 Hz,
J2.1 —3 7 Hz IH H1) 3.38 (_n{ IH Hﬁ)_ 1_305 (c!cngg-S_? 4}_121 J_3_3«c_1—5 l_}IZA 1H: H3), 2A87

NMR (62.5 MHz): o 171. 2 (COng), 78. i (Lz), 69. z ((,33) 57. 7/56 9 (C3/Cp), 52 3

= ey ~r m T

(OCH3), 32.0/31.3 (C1/Cy4), 23.9 (Cs); MS (CI, NH3) (m/z) 266-264 (M++1, 100-97).

NlafFin £ (IE8NT maoa D &D mmnl) wac addad tn a cnlitinn Af nitrana Y F&2AN o A 21T mmasmanl)
WiLilil U \JVi1l 1115, LUV LLHITIVL ) W ADS AUULU LU A dVIUuVILL Vi 1UU VIV &« \JJV 1115, V.1 111HU1)
in toluene (50 ml) and the mixture was stirred at 100 °C for 24 h. Then, it was cooled down
to room temperature and the solvent was evaporat ed. The residue was purified bv flash

ch matogranrhv using hexane-EtAcO 1:1 as eluent yielding the following rlfractmm ?1) 316

g (1.32 mmol 51%) of (2RS,3RS,3aSR,1'RS)- 2- (1 bromoethvl)hexahvdroovrml0[1 2-
b]lsoxazole 3-carboxylate, 21; (i1) 100 mg (0.36 mmol, 14%) of the (2R.S,3RS,3aSR l'SR)—
isomer, 22; (iii) 82 mg (0.30 mmol, 11%) of a (2RS,3RS,3aRS)-isomer, 23, all of them as
colorless oils. 21: IR (film): 2953, 1742, 1438 cm-!; 1H NMR (400 MHz): 8 4.38 (dd, J2.1=
8.9 Hz, J7,3=5.5 Hz, 1H: H2), 4.04 (dq, J1',2=8.9 Hz, J1'2=6.7 Hz, 1H: Hy"), 3.80 (q,
J3a,3=J3a2,4=7.7 Hz, 1H: H3a), 3.71 (s, 3H: OCH3), 3.68 (dd, J3,3,=7.7 Hz, J3 »=5.5 Hz, IH:
H3), 3.32 (m, 1H: Hg), 3.00 (m, 1H: Hg), 2.04 (m, 1H: Hs), 1.72 (d, Jp'.1'=6.7 Hz, 3H:
3H7), 1.80-1.60 (m, 3H: 2H4, Hs); 13C NMR (62.5 MHz): § 171.0 (CO2CH3), 82.3 (Ca),
68.9 (C3a), 56.8 (C3), 56.0 (Cg¢), 52.1 (OCH3), 51.0 (Cy), 26.2 (Cy), 24.0 (Cs), 22.8 (C2);
MS (CIL, NH3) (m/z) 280-278 (M++1, 100-96). Anal. Calcd for C1oH6BrNO3: C, 43.18; H,
5.80; N, 5.04. Found: C, 42.72; H, 5.44; N, 4.86. 22: IR (film): 2953, 2874, 1739, 1438
cm-l; TH NMR (400 MHz): 6 4.38 (dd, J2,3=8.4 Hz, J» |'=4.5 Hz, 1H: Hy), 4.20 (qd,
J12=7.1 Hz, J1' 2=4.5 Hz, 1H: Hy'), 3.88 (q, J3a3,3=J34,4=8.1 Hz, 1H: H3,), 3.71 (s, 3H:
OCH3), 3.68 (t, J3,2=J3 32=8.0 Hz, 1H: H3), 3.32 (m, 1H: Hg), 3.04 (dt, Jgem=13.1 Hz,
J6,5=7.3 Hz, 1H: Hg), 1.98 (m, 1H: Hs), 1.69 (d, J2' 1'=7.1 Hz, 3H: 3Hy"), 1.85-1.52 (m, 3H:
2H4, Hs); 13C NMR (62.5 MHz): 8 170.7 (CO2CH3), 80.7 (C3), 68.4 (C3a), 56.8 (C3), 54.7
(Ce), 52.1 (OCH3), 50.0 (Cy), 26.9 (Cyg), 24.1 (Cs), 22.0 (Cp'); MS (CI, NH3) (m/7) 280-
278 (M++1, 100-95). Anal. Calcd for CjgH1¢BrNO3: C, 43.18; H, 5.80; N, 5.04. Found: C,
42.58; H, 5.54; N, 5.18. 23: IR (film): 2954, 1739 cm-1; IH NMR (400 MHz): 6 4.28 (dd,
J2.3=7.7 Hz, J2,1'=5.5 Hz, 1H: H2), 4.22 (qd, J1"2'=6.7 Hz, J1’ 2=5.5 Hz, 1H: Hy), 3.85 (m,
1H: Hzy), 3.66 (s, 3H: OCH3), 3.35 (m, 1H: Hg), 3.08 (dd, J3 2=7.7 Hz, J3 33=4.3 Hz, 1H:
H3), 2.91 (m, 1H: Hg), 2.02 (m, 2H: H4, Hs), 1.86 (m, 1H: Hyg), 1.75 (m, 1H: Hs), 1.67 (d,
J21'=6.7 Hz, 3H: 3H2'); 13C NMR (62.5 MHz): 3 172.2 (CO2CH3), 84.0 (C2), 70.6 (C3a),
57.6 (C3), 56.8 (Cg), 52.3 (OCH3), 48.5 (Cyv), 30.7 (Cy), 23.8 (Cs), 22.5 (C2); MS (CI,
NH3) (m/z) 280-278 (M++1, 100-97). Anal. Calcd for C1oH16BrNO3: C, 43.18; H, 5.80; N,
5.04. Found: C, 43.01; H, 5.41; N, 5.09.
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mg (0.56 mmol, 50%) of (4RS,4aRS,9aSR,9bSR)-4-bromooctahydro-1H-pyrano[3,4-d]-
pyrrolo[1,2-blisoxazol-1-one, 24; (ii) 18 mg (0.07 mmol, 6%) of the (4RS,4aRS,9aSR,
9bRS)-isomer, 25, both as colorless oils. 24: 1H NMR (250 MHz): § 4.85 (dd, Jgem—ll.’l
Hz, J3,4=2.2 Hz, 1H: H3), 4.62 (dd, J43,95=8.0 Hz, J44,4=4.0 Hz, 1H: Hyy,), 4.31 (dd,
Joem=11.7 Hz, J3 4=3.6 Hz, 1H: H3), 4.19 (m, 1H: Hy), 3.80 (td, J92,9=7.0 Hz, J9a 9p=2.5 Hz,
1H: Ho,), 3.47 (dd, Job,42a=8.0 Hz, Jop 9a=2.5 Hz, 1H: Hop), 3.23 (ddd, Jgem=13.1 Hz,
J7.8=8.1 Hz, J7 8=4.4 Hz, 1H: H7), 2.97 (dt, Jgem_l3 1 Hz, J7 8=7.7 Hz, 1H: Hy), 2.13 (m,
1H: Hy), 1.99 (m, 1H: Hg), 1.73 (m, 2H: Hg, Hy); 13C NMR (62.5 MHz): 6 168.8 (Cy), 77.9
(C4a), 71.5 (Cga), 68.0 (C3), 56.1 (C7), 52.6 (Cop), 43.2 (Ca), 29.8 (Co), 23.3 (Cg): MS

(CI, NH3) (m/z) 264-262 (M*+1, 99-100). Anal. Caicd for CoH2BrNO3: C, 41.24; H, 461
N, 5.34. Found: C, 41.48; H, 4.46; N, 5.16. 25: IlH NMR (250 MHz): & 4.81 (t,

Jeem=J34=10.2 Hz, 1H: H3), 4.63 (m, 1H: H4a), 4.30 (m, 2ZH: H3, Hq), 3.96 (td, Jga,9:7 0 z,
N TT_ 1TY 1Y hY Y AN 711 T . 7 OTIT. T o 3Es T B | TT1¥ Iy N LR R 111
Joa,9p=2.2 Hz, 1 9a), 3.42 (dd, Job,4a=7.3 Hz, Jop 94=2.2 Hz, 1H: Hyp), 3.31 (ddd,
173t YT Yoo A O N XYY Yo & 1 LY _ 1YY, TIX_.\ 2NN 7 1. T 177 1 IY T ~ Y YT 17Y
Jgem=13.1 Hz, J7 8=0.U Nz, J7 8=>.1 0z, in: ny), 3.09 (df, Jjgem=13.1 Hz, J7,8=7.3 Hz, iH:
H7), 2.15 (m, 2H: Hg, Hy), 1.75 (m, 2H: Hg, Hg); 13C NMR (62.5 MHz): § 168.5 (C}), 74.5
(Y. N TIN A AN LT DY (LN RELKE N RAL N AN E (N MDD N NN L M N, RAQ
\“da), /2.3 \003), O/.2 (3], JU.JALUT), 3940 \LOp), 42.0 \(L4), 277 (LG), £3.0 {(Lg), MO
T NLI AN Faaa Fa) VLA DED (KA T QQ 1NN
(AL, INDLR) AT L) LU= LUL \UVD T, 70°1WUV)
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