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Abstract: Triphenyltin hydride-promoted reaction df-lactam- dehydeg' It was found that the Barbier-type
tethered bromodienes gave six-, seven-, or eight-membered bicy fcomo‘?‘”y'a“o” reaction qj-lactam aldehydes promoted
ring structures through intramolecular free radical cyclization. THeY fin in the presence of catalytic amounts of different
cyclization precursors were synthesized by stereoselective tin-mke€Wis or Brgnsted acids in aqueous media was efficient.
diated carbonyl bromoallylation of 4-oxoazetidine-2-carbaldehyddsor the current work, bismuth(lll) chloride was found to

in an aqueous environment. be the additive of choice. Under the optimized conditions,
Key words: carbonyl additions, cyclizations, lactams, radical readhe carbonyl bromoallylation of aldehydkegave the cor-
tions, tin responding bromohomoallylic alcohdtsin good yields

with high diastereoselectivities (Scheme 1). Additionally,

a,B-unsaturated esters were found to be completely unre-
The stereodivergent synthesis of chjdactams remains active under these conditions, and the chemoselective bro-
a worthwhile goal for synthetic organic chemists. The d@noallylation of 4-oxoazetidine-2-carbaldehydes 1e)-
velopment of new derivatives gflactam antibiotics and and (+)1d bearing am,p-unsaturated ester moiety was
inhibitors ofp-lactamases, as well as structure-activity rg20ssible. None of the 1,4-addition product was obtained,
lationship studies, this has resulted in the synthesis oB#&ing exclusively the alcohols (e and (+)2d by ste-
new structural type having the 2-azetidinone ring asrgoselective addition to the aldehyde moiety. Sometimes,
common featuréIn contrast to the diastereoselective adromohomoallylic alcoholanti-2 were obtained as a mi-
dition of propenylmetal compounds to chiral aldehydegior component from the metal-mediated bromoallylation
which is one of the most important reactions for the coRf aldehyded. Fortunately, in all cases the diastereomeric
struction of a carbon skeletdnhe analogous reaction in- alcohols2 andanti-2 could be easily separated by gravity
volving bromoallylmetals has been scarcely investigatedlow chromatography.

despite the synthetic utility of the bromovinyl moiety insince their introduction in 1982yinyl radical cycliza-
bromOhomoa”yliC aICOhOIé]n view of our interest in the tions have proved to be extreme|y popu|a|’ in Organic syn-
synthesis of-lactams and other nitrogenated compoundgesis for the synthesis of five- or six-membered rfhgs.
of biOIOgical interes%, efforts were directed towards eX-The formation of rings with seven or more atoms results
ploring the metal-mediated bromoallylation of 4-oxoazen unfavorable reaction rates because the addition step is
tidine-2-carbaldehydes/free radical reaction sequence,#&en too slow to allow it to compete successfully with
a novel stereocontrolled access to bicypHactams. other pathways open to the radical intermediate. Although
Isomerically pure aldehydelsa— were obtained follow- construction of medium-sized rings using free radical
ing our previously reported procedupé€Enantiopure 2- methodology is difficult to achiev® we and others were
azetidinonesla—d were obtained as singlis-enantio- able to prepare medium-sized rings fused to 2-azetidin-
mers from imines R)-2,3-O-isopropylideneglyceralde- onest! In this context, it was planned to investigate this
hyde], through a Staudinger reaction with the appropria@osure strategy on some bromohomoallylic alcolls
alkoxyacetyl chloride in the presence of triethylamindyearing an extra alkene tether (Scheme 2). The tin-pro-
followed by sequential acidic acetonide hydrolysignoted radical reaction of bromodienic alcohol 2#)-
and oxidative cleavageRacemic compounds)-1d and gave the eight-membered ring fuggdactam (+)3 to-
(+)-1e were obtained as singtis-diastereoisomers, fol- gether with the homoallylic alcohol (#)-While the free
lowing our one-pot method fromd,N-di(p-methoxyphe- radical cyclization proceeded elegantly in bromodiene
nyl)glyoxal diimine® (+)-2c to provide the desired non-conventional bicyfhlc
aictam (+)5 as single isomer, bromodienes ¢b-and
+)-2d did not afford the desired bicycles. The 1-vinyl-3-
hydroxy-6-hexenyl radical (radical numbering) derived
from bromide £)-2e afforded the seven-membered ring

Recently, we have developed protocols for coupling b
tween 2,3-dibromoproperend 4-oxoazetidine-2-carbal-

SYNTHESIS 2005, No. 14, pp 2335-2340 fused bicycle £)-6 which prevailed over the isomeric
Advanced online publication: 27.06.2005 product £)-7 containing a six-membered ring. Triphenyl-
DOI: 10.1055/s-2005-869985; Art ID: T02005SS tin hydride-promoted cyclization of bromodietd-@f af-
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Schemel Stereoselective preparation of bromohomoallylic alcoBatsaqueous medid&eagents and conditions) Sn, BiC}, THF-H,0O,
r.t.

forded the expected fused 2-azetidinane§ as a single OH

Br =
isomer in fair yield. MeO oA a) Meoj'j'U MerH;'M
The bicyclic structures (by DEPT, HMQC, HMBC, and & N T N * N

COSY) and the stereochemistry (by vicinal proton cot
plings and qualitative homonuclear NOE difference spe

tra) of fused3-lactams3 and5-8 were established by one- co,me
and two-dimensional NMR techniques. Taking into ac .
count that optically pure bromohomoallylic alcoh@s 4 H H
could be obtained and cyclized, the stereochemistry f
adducts2 was immediately deduced by comparison witl ¢ PMP

(+)-2a (+)-3 (57%) (+)-4 (17%)

OH Br

lg

the NOE results of the bicyclic systems. Tdigstereo- (+)-2¢

chemistry of the four-membered ring is set during the ¢

clization step to form the 2-azetidinone ring, and it i OH Br
transferred unaltered during further synthetic steps. W a)
In conclusion, we have shown that a combination of me N, o
al-mediated carbonyl-bromoallylation reaction and fre ©  PMP

radical cyclization constitutes a novel stereocontrolled a (x)-2¢

cess to fused bicyclig-lactams of non-conventional
structure. These results open up the possibility of futu
application to chiral building blocks other than 2-azetidi H H
nones.

OH Br

la

O PMP

All commercially available compounds were used without furthe (2)-2f ()-8 (40%)

purification. *H NMR and®*C NMR spectra were recorded on a

Bruker AMX-500, Bruker Avape-300, Varian VRX-300S, or Scheme?2 Preparation of bicyclif-lactams3—7 via free radical cy-
Bruker AC-200. NMR spectra were recorded in CPstllutions, clization of bromodiened. Reagents and conditiong) PhSnH,
except where otherwise stated. Chemical shifts are given in ppm r&IBN, CgHg, reflux (p-MeOPh = PMP).

ative to TMS tH, 0.0 ppm), or CDGI(**C, 76.9 ppm). Elemental
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analyses were obtained at the UCM Microanalysis Service (FaclR (CHCL): 3432, 1742 cri.

tad de Farmacia, UCM, Madrid). Low and high resolution mas$; NMR (300 MHZ):5 = 1.69 (s, 3 H), 1.74 (s, 3 H), 2.61 (dd, 1 H
spectra were taken on a HP5989A spectrometer using Cl modes yi0-14 4 & g Hz), 2.74 (dd, 1 H=144 8.1 Hzi 364 (s, 3H) 365
less otherwise stated. Electrospray ionization (ESI) was perform&ﬂj 1HJ=87 5.0 Hz) 371 (’dd 1H=166.8.3 Hz)’ 4.04 (dd
on a Bruker ESQUIRE LC at 400 eV. Specific rotatiolp, is given 1 H’ J= '14 9 5'9 Hz) 4’19 (dt, 1 ’H = 7 6, 4 9 Hz), 4 55 (d, 1 H’
in deg cm g* at 20 °C, and the concentratia) (s expressed ing j_ 4 g Hz). 514 m 1 |'_|) 554 «d 1B=15 Hz) '5.72 «d 1H
per 100 mL. J=15 Hz)j ' ' T ' T

Bromohomoa”y“c AlCOhOlS, General Procedure 13C NMR (75 MHZ)5 = 1664, 1378, 1296, 1192, 1169, 838,
2,3-Dibromopropene (600 mg, 3 mmol) was added to a well stirréd -7, 59.2, 58.3, 45.7, 38.1, 25.5, 17.7.

?uspension of the Spproc?riate( aldehytd@..0 mm(?)l), Sn powder MS (El): m'z = 320 [ME€Br)*, 98], 318 [M{°Br)*, 100].

178 mg, 1.5 mmol), and Bi¢(63 mg, 0.2 mmol) in THF—O . . . .
(2:1, 10 mL) at r.t. After disappearance of the starting materi nal. F:alcd for. GeHzNO;Br: C, 49.07; H, 6.34; N, 4.40. Found: C,
(TLC), sat ag NaHCEX(10 mL) was added at 0 °C, and the mixture 95 H, 6.30; N, 4.38.
was allowed to warm to r.t., before being extracted with EtOA|
(3x10 mL). The organic extract was washed with brine, drie
(MgSQ,), and concentrated under reduced pressure. Chromato
phy of the residue (hexanes—EtOAc) gave analytically pure co
pounds2.

-[2-(3-Bromo-(R)-1-hydr oxybut-3-enyl)-1-(4-methoxyphe-
1)-(2S,3R)-4-oxoazetidin-3-yloxy]acrylic Acid Methyl Ester
+)-2c]

rom (+)41c (168 mg, 0.55 mmol); 183 mg (78%) of compound

(+)-2d was obtained as a colorless oil after purification by flash

(3R 49)-1-Allyl-4-[(R)-3-bromo-1-hydr oxybut-3-enyl]-3-meth-  cromatography (hexanes—EtOAc, 2:1).
oxyazetidin-2-one [(+)-2a] [a]p +145.7 € 1.0, CHCY).
Prepared from (+)a (106 mg, 0.63 mmol); 128 mg (70%) of com- | (CHCL): 3430, 1742, 1715 cth

pound (+)2a was obtained as a colorless oil after purification b¥

flash chromatography (hexanes—ethyl acetate, 1:1). H NMR (300 MHz):5 = 2.36 (br s, 1 H), 2.64 (m, 2 H), 3.71 (s, 3
H), 3.78 (s, 3 H), 4.39 (m, 2 H), 5.18 (d, 134 4.6 Hz), 5.56 (d, 1

[o]p +44.9 € 1.0, CHCY). H,J=1.9 Hz), 5.59 (d, 1 H] = 13.2 Hz), 5.69 (d, 1 H} = 1.2 Hz),

IR (CHCL): 3430, 1741 cm. 6.86 (d, 2 HJ=9.0 Hz),7.45 (d, 2 H) = 9.0 Hz), 7.59 (d, 1 H,

IH NMR (300 MHz):5 = 2.60 (br s, 1 H), 2.64 (s, 1 H), 2.67 (d, 19~ 12-2 H2).

H,J=1.0 Hz), 3.63 (s, 3 H), 3.76 (t, 1 Bi= 4.5 Hz), 3.83 (dt, LH, “C NMR (75 MHz):5 = 167.1, 161.5, 159.7, 157.0, 130.1, 128.7,
J=6.8, 1.1 Hz), 4.10 (dt, 1 H=5.4, 1.6 Hz), 4.21 (m, 1 H), 4.52 120.5, 120.3, 114.1, 100.5, 80.7, 68.9, 60.1, 55.4, 51.3, 45.5.
(d,1HJ=51Hz),522(d, 1H =1.0Hz),5.29(dq, 1K= 7.6, 5 (EI):mvz = 427 [MEBr)", 18], 425 [M{°B)*, 18], 149 [100].

1.2Hz),5.56 (d, 1 H1=1.7 Hz),5.72 (d, 1 H} = 1.2 Hz), 5.79 (m,
1 H). Anal. Calcd for GgH,(NOgBr: C, 50.72; H, 4.73; N, 3.29. Found: C,

50.80; H, 4.80; N, 3.26.
13C NMR (75 MHz):$ = 167.4, 132.0, 129.5, 120.0, 118.7, 83.3,
68.4,59.9,59.5,45.7, 44.2. Bromohomoallyl Alcohol (+)-2d
MS (El): m/z =291 [ME*Br)*, 98], 289 [M(°Br)*, 100]. Prepared from (+}d (155 mg, 0.73 mmol); 156 mg (64%) of the
Anal. Calcd for GH,NO:Br: C, 45.53; H, 5.56: N, 4.83. Found: C, €SS Polar compound (94 and 14 mg (6%) of the more polar com-

. . pound, itsanti-epimer were obtained after purification by column

45.62; H, 5.54; N, 4.80. .

chromatography (hexanes—EtOAc, 2:1).

Bromohomoallyl Alcohol (+)-2b
) 2-[2-(3-Bromo-(R)-1-hydr oxybut-3-enyl)-3-methoxy-(2S,3R)-4-
0,
Prepared from (+}b (145 mg, 0.73 mmol); 143 mg (61%) of the xoazetidin-1-yljacrylic Acd Methyl Ester [(+)-2d]

less polar compound (&b and 12 mg (5%) of the more polar com- o
pound, itsanti-epimer were obtained after purification by cqumnCOIOrleSS oil; o +75.1 €0.9, CHCY).

chromatography (hexanes—EtOAc, 2:1). IR (CHCL): 3429, 1741, 1648 crth

1H NMR (300 MH2):5 = 2.53 (m, 3 H), 3.65 (s, 3 H), 3.80 (s, 3 H),
(3R,49)-4-[(R)-3-Br omo-1-hydr oxybut-3-enyl]-3-methoxy-1-(3- 4.22 (m, 1 H), 451 (t, 1 HI=5.0 Hz), 4.64 (d, 1 H) = 5.4 Hz),

methylbut-2-enyl)azetidin-2-one [(+)-2b] 5.53 (d, 1 HJ=1.7 Hz), 5.67 (d, 1 H}= 1.2 Hz), 6.05 (s, 1 H),
Colorless oil; §i], +41.8 € 1.0, CHC)). 6.15 (s, 1 H).
IR (CHCL): 3434, 1740 crmi. 13C NMR (75 MHz):5 = 166.7, 163.5, 131.6, 129.5, 120.0, 117.8,

'H NMR (300 MHz):8 = 1.67 (s, 3 H), 1.74 (s, 3 H), 2.64 (d, 2 H,83.6, 68.5, 61.9, 59.9, 52.7, 45.6.

J=6.3 HZ), 3.61 (S, 3 H), 3.72 (t, 18=45 HZ), 3.76 (dd, 1H, MS (E|) m/z = 358 [MelBl’)+, 98], 356 [M(QBI’)+, 100]

J=15.4, 7.6 Hz), 4.09 (dd, 1 H,=15.4, 6.1 Hz), 4.18 (td, 1 H,

J=6.5, 4.0 Hz), 4.47 (d, 1 H,= 4.9 Hz), 5.15 (m, 1 H), 5.56 (d, 1 Anal. Calcd for GH;NO:Br: C, 43.13; H, 4.83; N, 4.19. Found: C,

H, J= 1.5 Hz), 5.70 (d, 1 H] = 1.5 Hz). 43.20;H, 4.80; N, 4.17.

%C NMR (75 MHz):8 = 167.0, 137.3, 129.6, 119.7, 117.8, 83.2p 15.(3-Bromo-(S)-1-hydr oxybut-3-enyl)-3-methoxy-(25,3R)-4-
68.2,59.4,59.3,45.5, 38.3, 25.5, 17.9. oxoazetidin-1-yl]acrylic Acid Methyl Ester [anti-(+)-2d]

MS (EI): m/z = 320 [ME'Br)*, 98], 318 [M({°Br)*, 100]. Colorless oil; {],, +80.6 ¢ 1.1, CHCY).

Anal. Calcd for GH,NO,Br: C, 49.07; H, 6.34; N, 4.40. Found: C, IR (CHCL): 3430, 1741, 1647 cth

49.17,H, 6.38 N, 4.37. 1H NMR (300 MHz):5 = 2.68 (m, 3 H), 3.69 (s, 3 H), 3.82 (s, 3 H),

4.24 (m, 1 H), 453 (dd, 1 B,=5.1, 3.7 Hz), 4.71 (d, 1L B,= 5.4
(3R,49)-4-[(S)-3-Bromo-1-hydr oxybut-3-enyl]-3-methoxy-1-(3- Hz), 5.55 (d, 1 HJ = 1.7 Hz), 5.72 (d, 1 H = 1.2 Hz), 6.11 (s, 1
methylbut-2-enyl)azetidin-2-one [anti-(+)-2b] H), 6.26 (s, 1 H)
Colorless oil; {]p +61.5 € 1.3, CHCY). ’ '
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13C NMR (75 MHz):8 = 166.3, 163.1, 130.7, 129.6, 119.7, 117.6MS (El): m/z = 368 [ME!Br)*, 35], 366 [M{°Br)*, 35], 149 [100].

84.4,68.8,61.7,59.9, 52.8, 45.7. Anal. Calcd for G,H,NO:Br: C, 55.75: H, 5.50: N, 3.82. Found: C,

MS (ES):m/z = 358 [ME'Br)*, 98], 356 [M{®Br)*, 100]. 55.89: H, 5.47; N, 3.80.

Anal. Calcd for G,H,;iNO:Br: C, 43.13; H, 4.83; N, 4.19. Found: C, .

43.22-H. 4 81'% i1 (3RS, 4SR)-4-[(SR)-3-Bromo-1-hydr oxybut-3-enyl]-3-isopr o-
e e e penyl-1-(4-methoxyphenyl)azetidin-2-one [anti-(+)-2f]

Bromohomoallyl Alcohol [(+)-2€] Colorless oil.

Prepared from)-1e (230 mg, 0.996 mmol); 309 mg (88%) of thelR (CHCL): 3430, 1745 crr.

less polar compoundf-2e and 27 mg (8%) of the more polar com-uy NR (300 MHz):5 = 1.93 (s, 3 H), 2.15 (br s, 1 H), 2.47 (dd, 1

pound, itsanti-epimer were obtained after purification by cqumn,_| J=14.4,9.8 Hz), 2.71 (d, 1 H,= 14.1 Hz), 3.80 (s, 3 H), 4.10

chromatography (C}C1~EtOAc, 20:1), (d, 1 H,J=5.9 Hz), 4.29 (m, 1 H), 4.40 (dd, 1 Bi= 6.2, 3.8 Hz),
5.25 (t, 1 HJ=1.3 Hz), 5.28 (d, 1 H)= 1.0 Hz), 5.53 (dd, 1 H,

(3RS,4SR)-4-[(RS)-3-Br omo-1-hydr oxybut-3-enyl]-1-(4-meth- J=1.7,0.5 Hz), 5.64 (m, 1 H), 6.89 (d, 24 9.0 Hz), 7.50 (d, 2

oxyphenyl)-3-vinylazetidin-2-one [(+)-2€] ' ' ’ ' e ’ '

H, J= 9.0 Hz).
Colorless solid; mp 119-120 °C (hexanes—EtOAc). 13’C NMR (7Z)MH ):5 = 165.6, 156.6, 136.9, 131.3, 120.7, 120.7
2):5 = 165.6, 156.6, 136.9, 131.3, 129.7, 120.7,
IR (KBr): 3431, 1741 cnt. 119.9, 117.7, 114.2, 68.3, 59.6, 57.7, 55.6, 46.0, 23.3.

IH NMR (300 MH2):5 = 2.26 (d, 1 HJ = 3.9 Hz), 253 (dd, 1 H, a1 (ED): miz = 368 IMEBI): 27 MERA* 271, 149 [1
J=14.5, 8.9 Hz), 2,60 (d, 1 H= 14.4 Hz). 3.78 (3. 3 H), 4.00 (dg, M> (B Mz = 368 [M{BN)*, 27], 366 [M{"Bn)", 27], 149 [100].

1 H,J=8.8, 5.6 Hz), 4.21 (m, 2 H), 5.43 (ddd, 1 10.0, 1.5, Anal. Calcd for GH,NO,Br: C, 55.75; H, 5.50; N, 3.82. Found: C,
0.5 Hz), 5.47 (dt, 1 H)=17.1, 1.5 Hz), 5.55 (d, 1 H,= 1.5 Hz), 55.62; H, 5.47; N, 3.84.

5.69 (s, 1 H), 5.99 (ddd, 1 H~=17.1, 10.0, 8.8 Hz), 6.85 (d, 2 H, ) o )

J=9.0 Hz), 7.47 (d, 2 H] = 9.0 Hz). FreeRadical Cyclization of Bromohomoallylic Alcohols2; Gen-

1 . eral Procedure

132CO’\7IMFZ(S765 |\1/|£|12)1.67_0 %62521222 égll'z"lézgg'o’ 128.8, 122.85 so|ytion of the appropriate vinyl bromi@0.40 mmol), triphe-

b e T D ST, S Ity T nyltin hydride (0.60 mmol) and AIBN (cat.) in benzene (35 mL)
MS (El): m/z = 353 [MEBr)*, 22], 351 [M({°Br)*, 22], 149 [100]. was heated at reflux until the starting material had completely dis-
Anal. Calcd f H..NO.Br: C. 54.56: H. 5.15: N. 3.98. Found: C appeared (TLC). The reaction mixture was allowed to cool to r.t.,
52%5. SC5 l(:)Lr' %6 200, i T T OUNE the solvent was removed under reduced pressure, and bigycids

T T 5-8 were obtained after purification by flash chromatography on

(3RS,4SR)-4-[(SR)-3-Bromo-1-hydroxybut-3-enyl]-1-(4-meth-  Silica gel (hexanes—EtOAC).
oxyphenyl)-3-vinylazetidin-2-one, [anti-(+)-2¢€]

; Bicycle (+)-3
Colorl l.
oloriess of Prepared from (+2a (51 mg, 0.18 mmol); 8 mg (17%) of the less
IR (CHCL): 427, 1739 cntt. polar compound (+% and 16 mg (57%) of the more polar com-

IH NMR (300 MHz):6 = 2.17 (d, 1 HJ)=5.7 Hz), 2.68 (m, 2 H), Pound (+)3 were obtained after purification by column chromatog-
3.80 (s, 3 H), 4.09 (dd, 1 H,= 8.5, 5.9 Hz), 4.28 (dd, 1 H,=5.9, raphy (hexanes—EtOAc, 1:1; 1%;Hj.

2.9 Hz), 4.53 (m, 2 H), 5.38 (dd, 1 Bi= 11.0, 1.0 Hz), 5.45 (dt, 1

H,J=18.3, 1.3 Hz), 5.56 (d, 1 H,= 1.7 Hz), 5.70 (d, 1 H]= 1.7  (7R,859R)-7-Hydroxy-9-methoxy-5-methylene-1-azabicy-

Hz), 6.25 (ddd, 1 H)=17.1, 10.2, 8.9 Hz), 6.90 (d, 2 BI=9.0  clo[6.2.0]decan-10-one [(+)-3]

Hz), 7.41 (d, 2 HJ = 9.0 Hz). Colorless ail; §], +113.4 € 0.5, CHC)).
13C NMR (75 MHz):8 = 165.4, 156.6, 130.7, 130.0, 129.4, 121.8!R (CHCL): 3434, 1744 cr.
120.5, 119.3, 114.6, 66.9, 58.7, 55.8, 55.6, 44.9. IH NMR (300 MHz):8 = 2.03 (m, 1 H), 2.22 (m, 1 H), 2.35 (m, 1

MS (EI): mz = 353 [ME'Br)*, 26], 351 [M{°Br)*, 26], 149 [100].  H), 2.45 (ddd,bl H)=14.3, 5.1(;(;3&8 Hz), 2.60 (dd, 1 BiF 14.3,
6.2 Hz), 3.02 (br s, 1 H), 3.13 , 11 14.8, 9.1, 1.7 Hz), 3.63
Anal. Calcd for GgH,gNO3Br: C, 54.56; H, 5.15; N, 3.98. Found: C, s, 3 H)), 3.64 ((m, 2 H)])g_gg (d(d, 18- 4.8, 1.3 Hz), 4.18 ()t, 1H,

54.46; H, 5.1Z N, 3.95. J=5.4 Hz), 450 (dd, 1 H1 = 4.8, 0.6 Hz), 4.93 (s, 1 H), 4.95 (s, 1

H).
Bromohomoallyl Alcohol (+)-2f
Prepared from#)-1f (150 mg, 0.612 mmol); 153 mg (67%) of the’*C NMR (75 MHz):3 = 167.4, 144.8, 117.8, 84.2, 68.1, 60.4, 60.0,
more polar compound)-2f and 18 mg (8%) of the less polar com-42.1, 40.1, 36.0, 25.3.
pound, itsanti-epimer, were obtained after purification by columnys (El): vz = 211 [M, 100].

hromatography (h _EtOAc,5:1).
chromatography (hexanes c.5:1) Anal. Calcd for GH,,NO;: C, 62.54; H, 8.11; N, 6.63. Found: C,
(3RS,4SR)-4-[(RS)-3-Bromo-1-hydroxybut-3-enyl]-3-isopr ope- 62.65H, 8.14; N, 6.60.

-1-(4- idin-2- +)-
nyl-1-(4-methoxyphenyl)azetidin-2-one [(+)-2I] (3R 49)-1-Allyl-4-[(R)-1-hydr oxybut-3-enyl]-3-methoxyazeti-
Colorless oil. >
din-2-one, [(+)-4]
IR (CHCL,): 3434, 1744 cmt. Colorless oil; §], +52.1 € 0.8, CHC}).
H NMR (300 MHz):8 = 1.94 (s, 3 H), 2.19 (br s, 1 H), 2.59 (m, 2|r (CHCL): 3428, 1740 cnt.
1,378 (5, 3H). 400 LHZ51H2) 428 (m.2 1), 216 1y e (300 Moy = 209 (m, 2 H), 246 or 5, 1H), 362 (. 3
,J=U. Z), o. s = 1. Z), o. s =1.7,0. o . ’ ) & , e y
H), 5.67 (m. 1 H), 6.86 (d, 2 H=9.0 Hz) 7.46 (d. 2 H1=9.0 H).3.72(t 1HI=4.8Hz), 3.87 (m, 2 H), 4.16 (ddt, 1 b 15.7,

Ho). 5.0, 1.6 Hz), 4.49 (d, 1 H,= 4.9 Hz), 5.20 (m, 4 H), 5.83 (M, 2 H).
120.6, 118.9, 114.2, 69.7, 59.7, 57.7, 55.6, 46.1, 22.9. 0.3, 60.5, 59.9, 44.6, 39.0.

MS (El): m/z = 211 [M, 100].
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Anal. Calcd for G;H,;,NO;: C, 62.54; H, 8.11; N, 6.63. Found: C, (1RS,2RS,6RS,7SR)-6-Hydr oxy-8-(4-methoxyphenyl)-2-meth-

62.66; H, 8.08; N, 6.61. yl-4-methylene-8-azabicyclo[5.2.0|nonan-9-one [(+)-8]

Prepared from#)-2f (57 mg, 0.134 mmol); 15 mg (40%) of com-
(2R,6R,7S)-[6-Hydr oxy-8-(4-methoxyphenyl)-4-methylene-9- pound £)-8 was obtained as a colorless oil after purification by
0x0-2-0xa-8-azabicyclo[5.2.0|non-3-yllaceticAcid Methyl Ester  flash chromatography (CEBl—EtOAc, 20:1, 1% EN).
[(+)-5] IR (CHCL): 3436, 1741 cri.

Prepared from (+2c (57 mg, 0.134 mmol); 21 mg (46%) of com-,
pound (+)5 was obtained as a colorless oil after purification byH NMR (300 MHz):5 = 1.22 (d, 3 HJ=6.4 Hz), 1.94 (d, 1 H,

flash chromatography (hexanes—EtOAc, 3:2; 19blEt J=5.9 Hz), 2.37 (m, 5 H), 3.10 (dd, 1 Bi= 7.3, 4.6 Hz), 3.78 (s,

3 H), 4.08 (m, 1 H), 4.25 (dd, 1 B= 13.7, 5.9 Hz), 4.84 (s, 1 H),
[e]p +58.2 € 0.8, CHCY). 5.58 (s, 1H), 6.86 (d, 2 H,= 9.0 Hz), 7.52 (d, 2 H] = 9.0 Hz).
IR (CHCL): 3432, 1744, 1730 cth 13C NMR (75 MHz):5 = 168.1, 154.4, 133.4, 131.2, 125.5, 120.1,

'H NMR (300 MHz):6 = 2.07 (br s, 1 H), 2.42 (dd, 1 Bl= 14.3, 114.1,63.9, 60.8, 57.8, 55.5, 53.0, 45.2, 40.1, 8.1.

8.8 Hz),2.60 (dd, 1 HI=15.2,6.3 Hz), 2.84 (dd, 1 B=15.2, 7.2 MS (ES):nvz = 288 [M + 1. 100]. 287 [M. 22

Hz), 2.98 (dd, 1 H)=14.5, 6.4 Hz), 3.70 (s, 3 H), 3.79 (s, 3 H), (ES):m'z [ ' b M, 22].

4.16 (dd, 1 H)=8.6, 3.5 Hz), 4.49 (g, 1 H,= 8.0 Hz), 4.55 (t, 1 Anal. Calcd for G;H,,NO;: C, 71.06; H, 7.37; N, 4.87. Found: C,
H,J=3.9 Hz), 4.78 (d, 1 Hl = 3.9 Hz), 5.17 (s, 1 H), 5.20 (s, 1 H), 71.17; H, 7.33; N, 4.90.

6.85 (d, 2 HJ=9.0 Hz), 7.58 (d, 2 H = 9.0 Hz).

%C NMR (75 MHz):5 = 170.4, 162.5, 156.6, 143.0, 131.2, 119.5A cknowledgment

118.5,114.2, 80.2, 79.8, 72.0, 62.6, 55.5, 52.0, 40.2, 38.9. d lik hank th (

o We would like to thank the DGI-MCYT (Project BQU2003-07793-
MS (ES):miz= 360 [M" + 1, 11, 347 [100]. C02-01) for financial support. R. R.-A. thanks the MCYT for a pre-
Anal. Calcd for GgH,;NOg: C, 62.24; H, 6.09; N, 4.03. Found: C, doctoral grant.
62.36; H, 6.12; N, 4.02.

Bicycles (+)-6 and (+)-7 References
Prepared fromt)-2e (45 mg, 0.13 mmol); 13 mg (37%) of the more
polar compoundt)-6 and 10 mg (29%) of the less polar compound
(1)-7 were obtained after purification by column chromatography
(hexanes—EtOAc, 2:1; 1% f&b).
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