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ABSTRACT

A practical synthesisof spirocyclic 2-azetidinones or —lactams (rotamers)
starting from natural prolineisdescribed. o- Hydroxymethyl-N-Boc proline
(4) has been converted viabenzyl amide (5) and spiro-fused 2-azetidinones
(6) into 2-(benzyl)-2,5-diaza-spiro[ 3.4] octan-1-one (7) on Boc deprotection.
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Which on further N-alkylations with various 2-chloromethyl pyridines to
yield N-akylated title compounds (8a-€). *H NMR and *C NMR clearly

indicated that spiro- p -lactams are in rotamers.
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INTRODUCTION

2-Azetidinones, commonly known as-lactams, are
thekey structural motifsinthemost widdy used class
of antibiotics, i.e. B-lactam antibiotics such as penicil-
lins, cephal osporins, carbapenems, etc. Whether iso-
lated from natural sourcesor synthesized chemicaly,
penicillinsand cephal osporinsare marked by high effi-
cacy and safetoxicologicd profilesand arestill themost
commonly used antibioticstheworld overl. Theresis-
tance of pathogeni c bacteriato -lactam antibiotics has
animportant incidencein humaninfections. Asacon-
sequence, inthelast few yearsmany research groups
havebeen actively involved inimprovingthemicrobio-
logica activity of antibacterid agents, aswell asfinding
B-lactamase inhibitors?, and exploring new p-lactam
containing ring systems. In particular, spirocyclic 8-
lactams have, at present, becomethe center of attrac-
tion asthey exhibit chol esterol absorption inhibiting
(CAI) activity®®4, antivird®™ and antibacteria proper-
ties®, serveasefficient B-turn nucleators!”, behaveas

B-turn mimeticst® and precursors of o,a-disubstituted
B -amino acids'. Very recently, B-lactam antibiotics have
been shown to offer neuroprotection by increasing
glutamatetrangportersexpressonviageneactivation';
inaddition, the discoveriesof new biologicaly active
B-lactams such as cholesterol acyl transferase inhibi-
tord-131, thrombin inhibitors¥, human cytomegal ovi-
rus proteaseinhibitord®®, matrix-metallo proteasein-
hibitorg®, inhibitors of human leukocyte elastase
(HLE)™"18 and cysteine protease’®?” and apoptosis
inductors?-? have provided much needed motivation
for continuous devel opment of new B-lactam systems.
Mogt synthetic effortsto form spiro-f-lactams utilize
cycloaddition reactions. Thecycloaddition usualy uses
ketene-iming?3. Although, considerable synthetic
progress has been madein the areaof mono and bicy-
clic B-lactam antibioticsin recent years, the discovery
and development of new antibacterial agentswith en-
hanced bioactivity and greater stability toward -
lactamases still remai nsanimportant endeavor for me-
dicina chemists. Also, thewidespread incidence of an-
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tibacterial resi stanceto B-lactam antibioticscaused by
B-lactamase formation has provoked agrowing inter-
estinthe development of effective 3-lactamaseinhibi-
tors. In addition, the search for novel candidateswith
different biologicd activitiesstill remainsafield of much
interest. Thesynthessof B-lactamshavingasmall fused
ringisof interest Sncethelargestrain of thering should
substantialy alter thereactivity of B-lactams. Several
approachesfor the synthesisof spiro-f -lactamshave
been described in literature. In this paper, we present
the synthesisof spiro-f-lactam (6) and spiro-p-lactam
derivatives 8(a-e), from 2-hydroxymethyl-4-
hydroxybenzyl amide (5) with TPP/DEAD (scheme1).
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RESULTSAND DISCUSSION

All reagentsused were commercid grade; melting
pointsweredetermined in open capillariesand areun-
corrected. IR spectrawererecorded on potassium bro-
midediskson aperkin-Elmer 383 spectrophotometer.
H NMR spectrawere obtained on avarian 400 MHz
instrument with TM Sasinternd standard and chemical
shiftsare expressed 6 ppm solvent usedid CDCl, &
DM SOd, and mass spectrum on aHewel ett Packard
mass spectrometer operating at 70ev, purity of thecom-
pounds were checked by TLC, which is performed
with.E.Merck precoated silicagd plates(60F254) with
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Reagents and conditions: (i) MeOH/HCI/ 0 0C- RT(ii) TEA /(BOC)20 /THF (iii) NaH/ Benzyloxy methyl chloride 0 °C- RT- Rt (iv)
10%-Pd/C, LIOH,Water,THF, MeOH (v) HOBT,EDC,benzyl amine, Diisopropyl ethyl amine.(vi) Di tert butyl
azadicar boxylate, TPP,Diethyl ether (vii) TFA (viii) Chloro comp,Potassium carbonate, DMF, at 70 °C.

Schemel: Synthesisof Theformation of spiro B-lactam(8a-e) .

iodine asadeveloping agent. Acme, Indiasilicage,
60-120 and 230-400 mesh for column chromatogra-
phy isused. All compoundsarerecrystalised in ethanol
and ethylacetate.

Pyrrolidine-2-carboxylic acid methyl ester (1) was
prepared by thereaction of pyrrolidine-2-carboxylic
acidinmethanalichydrochloricacid, protectionwih Boc
anhydride to yields N-Boc protected pyrrolidine-2-
carboxylic acid methyl ester (2). Which on deprotonated
with NaH, followed by addition of benzyloxy methyl
chloride, at 0°C- RT afford the 2-benzyl oxymethyl-
pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester (3)
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withgood yield, which on cleavage of ether linkage by
usingwith 10%-Pd/C followed by hydrolysiswith LiOH
inTHF:Water affordsintermediate a- hydroxymethyl-
N-bocproline (4). Further thishasbeen convertedinto
2-benzyl carbamoyl-2-hydroxymethyl-pyrrolidine-1-
carboxylic acid tert-butyl ester (5) by usngwith EDCI/
HOBt and benzyl amine. Formation of the f-lactam
was accomplished by intramol ecular Mitsunobu reac-
tion with DEA D and PPh3,2 furnishing the mol ecular
scaffold 2-benzyl-1-oxo-2,5-diaza-spiro[ 3.4] octane-
5-carboxylic acid tert-butyl ester (6). Which on Boc
deprotecton by using with TFA/DCM to afford the
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deboc compound 2-benzyl-2,5-diaza-spiro[ 3.4] octan-
1-one (7). Finaly, the N-alkylated spiro-p-lactams
compounds (8a-e) were prepared by akylation of (7)
with various 2-chloromethyl pyridinesby using with
K2CO3asabasein DMF at 70°C. All the compounds
were characterized by *H NMR, *C NMR, Elementd
anaysis, Mass and melting points. By spectral data
clearly indicated that spiro- 3 -lactams are in rotamers.

Antimicrobial evaluation

TheN-alkylated spiro-B-lactams derivatives (8a-
€) wereevduated for their invitro growth antibacteria
activity againgt different microbes. Thebacterid strains
used were Staphylococcus aureus, Streptococcus
mutans and Bacillus subtilis (al Gram positive) and
Ecsherichiacoli, Salmond latyphi and Pseudomonas
aeruginosa(all Gram negative) usingthecup diffuson
technique®?, The compounds were dissolved in
DM SO at aconcentration of 1 mg/ml. sterile nutrient
agar (oxoid) wasincubated with the organismstested.
Each 100 ml of themediumrecaived 1 ml of 24 hbroth
cultureand 3 dropsof thetest compoundswere placed
separately in cups (8 mmdiameter) cutintheagar. The
plateswere incubated at 37 °C for 24 h, DMSO asa
blank showed noinhibition zone. A solution of 0.1% of
penicillin G or streptomycin sulfatein DM SO wasused
asthe standard for Gram-Positive and Gram-negative
bacteria, respectively. Theresulting inhibition zonedi-
ameters(1.Z) weremeasured in mm. For compounds,
which exhibited reasonableinhibition zones (e 20 mm),
the MIC was determined. The organismstested were
grown in suitablebroth mediafor 24 hat 37 °C.

Antibacterial activity

Gram-positive bacteria Gram-negative bacteria

Compound S. S B'. . E'. S. . P.'
aureus mutans subtilis Coli typhi aeruginosa
8a 18 17 12 18 10 11
8b 17 18 13 11 9 13
8c 15 16 16 12 6 11
8d 16 18 17 15 13 12
8e 19 15 18 16 11 12
PenicillinG* 20 19 19 16 14 17

3Penicillin (10 pg/disc) used as positive reference; synthesized
compounds (300 pg/disc)

Theresultsof thebiologica evauationindicatethat
all the compoundstested were moderate active than
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thereference standard Penicillin G Onthebasisof these
resultsthe N-alkyl ated piro-B-lactams derivatives(8a-
€) seemto bemoreactiveagainst S.aureus, S.Mutans
and B.aubtilis(Gram-positivebacteria) than S. Typhi and
Paeruginosa(Gram-negativebacteria). Further studies
under Evaluation.

EXPERIMENTAL

Pyrrolidine-2-carboxylic acid methyl ester (1)

Toasolution of pyrrolidine-2-carboxylicacid (10g,
8.69 mmol) in methanol (75 ml) wastreated with dry
hydrogen chlorideuntil homogeneous. Thesolutionwas
heated to thereflux temperaturefor 3 h. The comple-
tion of reaction was monitored by TLC, thereaction
mixturewas cooled to RT, concentrated methanol in
vacuo. Upon coaling, theproduct wascrystalized from
thesolvent, collected by filtration, washed with acetone
and ether, and dried under reduced pressuretoyield
pyrrolidine-2-carboxylic acid methyl ester (1) aswhite
solid (11.0 g, 98%), mp 171-172 °C; *H NMR (400
MHz, CDCL,): 6 3.83 (s, 3H, O-CH3), 3.68 (t, 1H,
JE5.2H2),2.98(t,2H, )=5.3Hz), 2.34 (s, 1H, NH),
2.10(g, 2H), 1.68 (m, 2H); MS(El): m/z(M+1) 130.3,
Analysis(% Cd/fou) for C6H11NO2 C: 55.80/ 55.78,
H: 8.58/ 8.63, N: 10.84/ 10.65.

Pyrrolidine-1,2-dicar boxylic acid 1-tert-butyl es-
ter 2-methyl ester (2)

To asolution of the pyrrolidine-2-carboxylic acid
methyl ester (1) (10.0g, 7.74 mmol) in THF (100 mL))
was added TEA (11.75g, 11.61 mmol), followed by
(Boc) 0 (18.5g, 8.52 mmol). Theresulting solution
wasdtirred for 6 hoursat room temperature. Thereac-
tion mixturewas washed with brine, and the organic
layer wasdried (MgSO4) and concentrated. There-
aultingresduewaspurified by silicage columntoyield
(2) asclear oil (16.5 g, 93%); *H NMR (400 MHz,
CDCl,): 6 4.57 (t, I1H, J=7.6 Hz ), 3.81 (s, 3H, O-
CH3), 3.58(t, 2H, J=5.4 Hz), 2.13 (m, 2H), 1.65 (m,
2H), 1.53 (s, 9H, 3CH3); MS(El): m/z(M+1) 230.2,
Anaysis (% Cal/fou) for C11H19NO4, C: 57.62/
57.73,H: 8.35/ 8.23, N: 6.11/ 6.05.

2-Benzyloxymethyl-pyrrolidine-1,2-dicar boxylic
acid 1-tert-butyl ester 2-methyl ester (3)

To asolution of the pyrrolidine-1,2-dicarboxylic
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acid 1-tert-butyl ester 2-methyl ester (2) (5.0g, 2.17
mmol) in THF (50 mL) was added sodium hydride
(0.92 g, 60% dispersoninminerd oil, 4.26 mmol) por-
tionwiseat 0°C, stirred for 15 min, benzyloxy methyl
chloride(3.73, 2.38mmol) in THF (50 mL) wasadded
dowly dropwiseover 20 min. Theresultant solution
was stirred at room temperature for 3 h. Water (100
mL) was added and the aqueous phase was extracted
with ether (3 x 100 mL). The combined organic phase
waswashed with brine (100 mL), dried (MgSO4) and
the solvent wasremoved under reduced pressure. Hash
chromatography of theresidue using hexane: ethyl ac-
eae, (9:1) yielded (3) asaoff-whitesolid, (7.2 9, 95%),
mp 174-176 °C; *H NMR (400 MHz, CDCl,): 5 8.80
(brs, 1H), 8.50 (brs,1H), 7.35-7.27(m,5H), 4.52-
4.47(m,2H), 3.79 (d, J=9.5 Hz,1H), 3.56 (d, J=9.5
Hz, 1H), 3.31-3.27 (m, 1H), 2.50-2.01 (m, 1H), 1.43-
1.36 (2s, 9H); *C NMR (200 MHz, CDCl,): 185.6
(*COOH), 164.7 (*COO*BY), 161.2, 142.4,130.2,
130.4, 137.4, 136.2, 135.2, 130.2,130.4, 128.3,
128.6, 81.1(O* CH2Ph),76.8 (* C(CH3)3), 52.6, 32.2
(3*CH3), 17.9; MS(El): m/z (M+1) 350.4, Analysis
(% Cad/fou) for C19H27NO5, C: 65.31/ 65.28, H:
7.79/ 7.63, N: 4.01/ 4.05.

2-Hydroxymethyl-pyrrolidine-1,2-dicarboxylicacid
1-tert-butyl ester (4)

Toasolution of the2-benzyl oxymethyl-pyrrolidine-
1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester
(3) (5.0g, 1.43mmol) in ethanol (50 mL) was added
Pd-C (1.5g, 10%) portion wise at RT, under argon.
The mixturewas degassed and saturated with hydro-
gen. Thereaction wasstirred at room temperature un-
der ahydrogen atmosphere (balloon) until completion
by TLC. Thecatayst wasremoved by filtration through
celitewith MeOH asthe eluent, dried over MgSO?,
and concentrated invacuo to yied crude product asoff
white solid. Then the crude product wastakenin ag
THF (21:1, 50 mL), was added LiOH monohydrate
(0.68g, 2.86 mmol) at RT. Theresultant solution was
stirred at room temperaturefor 5 h. Thereaction mix-
turewas quenched with dilute HCI solution, extracted
with ethyl acetate (3x100 mL). The combined organic
phase was washed with brine (100 mL), dried
(MgS04) and the sol vent was removed under reduced
pressure. Purified by column chromatography usng 60-
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120 mesh silicagd, eluted with hexane: ethyl acetate,
(8: 2) yidded (4) asaoff-whitesolid, (3.0 g, 85%), mp
135-137°C; *"H NMR (400 MHz, CDCI,): 6 12.80-
12.29 (br s, 1H), 4.95-4.60 (brs, 1H), 3.95-3.83 (m,
1H), 3.62-3.59 (m, 1H), 3.32-3.25 (m, 1H), 2.36-
2.17(m,1H),1.98-1.72 (m, 3H), 1.38-1.33(2s, 9H) ;
CNMR (400 MHz, CDCl,): 182.4 (* COOH), 158.7
(*COOrBY), 82.3, 72.2 (*C(CH3)3), 62.6
(*CH20H),45.4(* CH2N), 30.7(3* CH3), 27.4, 19.3;
MS (El): m/z(M+1) 246.3, Analysis (% Cal/fou) for
C11H19NO5, C: 53.87/53.92, H: 7.81/ 7.83,N: 5.71/
5.85.

2-Benzylcar bamoyl-2-hydr oxymethyl-pyrrolidine-
1-carboxylicacid tert-butyl ester (5)

To a stirred solution of 2-hydroxymethyl-
pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester (4)
(3.0g 1.22mmol) in DMF (30 mL) was added HOBt
(1.81g, 1.34 mmal), EDCI (1.89g, 1.22 mmol) under
N2 atmosphere. The reaction mixture was stirred at
roomtemp. For 15 mins. and then the sol ution of ben-
zyl amine (1.43g, 1.34 mmol) in DMF (15ml) was
added to thisreaction mixture, was stirred overnight.
Reaction wasmonitored using TLC. Tothisreaction
mixture, 20 ml ethyl acetate was added. It waswashed
with 10% aqueous sol ution. of sodium bicarbonate. Two
layerswere separated properly, theethyl acetate layer
was washed with 10% HCI solution and two layers
wereseparated. It wasthen washed with 10ml of brine
solution. Theethyl acetatelayer wasdried over anhy-
droussodium sulfateand evaporatedinvacuumto give
crude product. The residue was purified by column
chromatography onslicagd (3.7 ethyl acetatelhexanes)
givepure (5) asawhitesolid (3.8g, 93 % yield). mp
154-156 °C; '*H NMR (400 MHz, CDCl,): &
(rotamerswere observed) 10.94-10.84 (2s, 1H), 7.40-
7.34(m, 5H), 4.88-4.86 (m, 1H), 4.80-4.70 (m, 2H),
3.88-3.70 (m,2H), 3.50 (m,1H), 3.21 (m, 1H), 2.24
(m, 1H), 1.84-1.67 (m,3H), 1.39-1.34 (2s, 9H); *C
NMR (200 MHz, CDCIl,) :183.1 (*CONH), 162.4
(*COOv8Y), 148.3, 132.4, 132.8, 133.2,
75.8*C(CH3)3),74.2, 65.6 (*CH20H), 55.7
(3*CH2NH), 47.4, 33.2 (3CH3), 29.3,19.6; MS (El):
m/z (M+1) 335.3, Analysis (% Cal/fou) for
C18H26N204, C: 64.65/64.71, H: 7.84/ 7.82, N:
8.38/8.25.
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2-Benzyl-1-ox0-2,5-diaza-spir o[ 3.4]octane-5-car -
boxylicacid tert-butyl ester (6)

To a stirred solution of 2-benzylcarbamoyl-2-
hydroxymethyl-pyrrolidine-1-carboxylic acid tert-bu-
tyl ester (5) (2.00 g, 0.59 mmol), triphenyl phosphine
(1.72 g, 0.65mmol) in THF (20 mL) under nitrogen at
room temperature was added a solution of diethyl
azodicarboxylate (1.53g, 0.88 mmol) in THF (10 mL)
dropwisefor 5minwith asyringe. Thereaction mixture
was stirred for 3 h and concentrated by rotary evapo-
rator. Theresiduewasdiluted with 10 mL of ether and
placed inrefrigerator. Preci pitated triphenyl phosphine
oxidewasfiltered off and theresiduewasfurther con-
centrated and purified by column chromatography on
silicagdl. (30:70 ethyl acetate/hexanes) give pure (6)
asawhitesolid (1.4g, 75 % yield). mp 144-146 °C;
'H NMR (500 MHz, CDCIl,): (rotamers were ob-
served) 7.26-7.18 (m, 2H), 7.12-7.02 (m, 2H),
5.61&5.53 (2s, 1H), 3.90 & 3.67 (2d, j=4Hz, 1H),
3.51-3.41 (m,2H), 3.23& 3.20(2d, J=4Hz, 1H), 2.40-
2.36(m,1H), 2.17-2.14 (m, 1H), 1.98-1.95 (m, 1H),
1.85-1.81 (m, 1H), 1.53(s, 9H); *C NMR (500 MHz,
CDCl,): 182.3 and 182.2 (*CON), 161.4 and
161.2(* COO"BY),139.2 and 139.1,
131.8,131.6,1131.3, 75.4* C(CH3)3), 70.2, 61.6,
56.4, 52.9 (*CH2N), 47.8, 32.5 (3CH3),19.7; MS
(ED): m/z (M+1) 317.4, Analysis (% Cal/fou) for
C18H24N203, C: 68.33/68.41, H: 7.65/ 7.62, N:
8.85/8.89.

2-Benzyl-2,5-diaza-spir o] 3.4]octan-1-one(7)

To a solution of 2-benzyl-1-ox0-2,5-diaza-
spiro[ 3.4] octane-5-carboxylic acid tert-butyl ester (6)
(2.00g, 0.63mmoal) indry CH,CI,, (20 mL) wasadded
trifluoroacetic acid (1.29 mL, 1.58 mmol) stirred at
25°C for 3 hours. CH2CI2 was evaporated and re-
placed by anhydrous toluene which was then evapo-
rated to azeotrope excesstifluoroacetic acid. Thisop-
eration wasrepeated threetimestoyield off-whitesolid
whichwasdriedinvacuo. Purified by filter columnus-
ing 60-120 mesh silicagdl, eluted with hexane: ethyl
acetate, (8: 2) yielded (7) as awhite solid, (1.26 g,
92%), 1H NMR (400 MHz, CDCI3; 5 (rotamerswere
observed) 8.12and 8.10 (2s, 1H), 7.32-7.18 (m, 5H),
456and4.55(2s,2.4H),4.25and4.27 (2s,2.6 H),
345and 3.44(2s,2H), 3.18 and 3.15 (d,d, 2H, J =
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4.1 and 4.1 Hz), 2.02-1.92 (m, 2H), 1.62-1.51 (m,
2H); *C NMR (400 MHz, CDCI3; (rotamers were
observed) 180.6 and 180.4 (* CON), 139.0and 138.8,
132.4and 132.5, 131.6 and 131.8, 129.3 and 129.4,
71.6 and 71.8, 58.4 and 58.2, 53.3 and 53.2, 48.9
and 484, 43.3and 42.8, 35.3and 34.2,19.4 and 19.5;
MS (El): m/z(M+1) 217.3, Analysis (% Cal/fou) for
C13H16N20, C: 72.19/ 72.31, H: 7.46/7.52, N:
12.95/12.85.

2-Benzyl-5-(4-methoxy-3,5-dimethyl-pyridin-2-
ylmethyl)-2,5-diaza-spir o[ 3.4] octan-1-one(8a)

To a solution of 2-benzyl-2,5-diaza-
spiro[ 3.4] octan-1-one (7) (1.00 g, 0.46 mmol) indry
DMF (50 mL) was added potassium carbonate (1.27
g, 0.92 mmoal) followed by 2-chloromethyl-4-methoxy-
3,5-dimethyl-pyridine (0.93 g, 0.50 mmol) stirred at
70°C for 6 hours. The completion of reaction was moni-
tored by TLC, thereaction mixturewas cooled to RT,
pouredinice-cold water and extracted with diethyl ether
(3x20 mL), dried (MgSO4) and the solvent was re-
moved under reduced pressure. Purified by column
chromatography using 60-120 mesh silicagel, eluted
with hexane : ethyl acetate, (8: 2) yielded (8a) asa
whitesolid, (1.29, 71%), 1H NMR (400 MHz, CDCI3;
d (rotamers were observed) 8.47 and 8.48 (2s, 1H),
7.36-7.22 (m, 5H), 4.25 and 4.24 (2s, 2H), 4.15 and
4.12(2s,2H),3.95and 3.94 (2 s, 3H), 3.48 and 3.45
(d,d, 2H,J=4.4and 4.4 Hz), 2.19and 2.17 (2s, 6H),
2.12-2.04 (m, 2H), 2.02-1.97 (m, 2H), 1.88-1.77 (m,
2H); *C NMR (400 MHz, CDCI3; (rotamers were
observed) 182.5and 182.4 (* CON), 169.0 and 168.6,
(*C-OCH3), 163.4, 152.3, 138.4 and 138.5, 133.6
and 133.8, 128.3 and 128.4, 119.6 and 119.8(*C-
CH3),114.2(* C-CH3), 73.6 and 73.8, 54.4 and 53.0,
52.3 and 52.2, 47.9 and 48.1, 43.0 and 42.6, 35.1
and 34.0, 19.1and 19.2,14.5 and 14.6, 10.8 and 10.6,
6.7 and 6.4; MS (El): m/z(M+1) 366.3, Analysis (%
Cd/fou) for C22H27N302, C: 72.30/ 72.71, H: 7.45/
7.82, N: 11.50/ 11.45.

2-Benzyl-5-[4-(3-methoxy-propoxy)-3-methyl-
pyridin-2-ylmethyl]-2,5-diaza-spir 0[3.4] octan-1-
one(8b)

Off-white solid (76% yidld). *H NMR (400 MHz,
CDCl,): & (rotamers were observed) 8.44 and 8.42
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(2s, 1H), 7.38-7.23 (m, 6H), 4.23and 4.20 (25, 2.0
H), 4.16-3.94 (m, 4H), 3.92 (t, J=4.3, 2H), 3.75 and
3.74(2s, 3H,0CH3), 3.48and 3.42 (d,d, 2H,J=4.3
and 4.3 Hz), 2.64 and 2.63 (2s, 3H), 2.52-2.48 (m,
2H), 2.12-2.02 (m, 4H), 1.82-1.71 (m, 2H); XCNMR
(400 MHz, CDCIS3; (rotamerswere observed) 182.8
and 182.6 (*CON), 169.3 and 168.9 (* C-OCH3),
164.6, 156.5, 139.2,138.4, 135.6 and 135.8, 128.8
and 128.6, 119.3, 118.8 (* C-CH3),115.2 (* C-CH3),
78.6,76.8, 58.4 and 58.0, 52.3 and 52.2, 47.6, 47.0,
43.0and42.8, 35.8,34.3,19.6 and 19.5,14.6 and 14.4,
10.7and 10.6, 6.8 and 6.5; MS(El): m/z (M+1) 410.6,
Analysis (% Cal/fou) for C24H31N303, C: 70.39/
70.28, H: 7.63/7.56, N: 10.26/ 10.23.

2-Benzyl-5-[3-methyl-4-(2,2,2-trifluor o-ethoxy)-
pyridin-2-ylmethyl]-2,5-diaza-spir o[ 3.4] octan-1-
one (8c)

Off-white solid (72%yidd). *H NMR (400 MHz,
CDCI,): 5 (rotamers were observed) 8.43 and 8.42
(2s, 1H), 7.36-7.28 (m, 5H),7.12 (t, 1H, J = 4.3),
4.32-4.18 (m, 4H), 3.92 and 3.90 (d,d, 2H, J=4.5
and 4.4 Hz), 3.76 and 3.74 (2s, 2H), 2.44 and 2.42
(2s, 3H), 2.48-2.32 (m, 2H), 2.22-2.11 (m, 4H); °C
NMR (400 MHz, CDCI3; (rotamerswere observed)
179.8 and 179.6 (*CON), 166.3 and 166.4, 161.3,
159.5,149.2,138.4and 138.5, 135.4 and 135.5, 129.3
and 129.4, 119.3, 1184 (*C-CH3),115.2 (*CF3),
79.6,79.8, (* CH2CF3),59.6 and 59.4, 54.3and 54.2,
48.6, 48.2, 43.2 and 42.7, 35.7,34.4, 19.7 and
19.5,14.8 and 14.7, 10.6 and 10.5, 6.9 and 6.4; MS
(E): m/z (M+1) 420.3, Analysis (% Cal/fou) for
C22H24F3N302, C: 63.00/ 63.08, H: 5.77/5.76, N:
10.02/ 9.98.

2-Benzyl-5-(4-methoxy-3-methyl-pyridin-2-
ylmethyl)-2,5-diaza-spir o[ 3.4] octan-1-one(8d)

Off-whitesolid (68% yield). *H NMR (400 MHz,
CDCI,): 5 (rotamers were observed) 8.53 and 8.52
(dd, 1H, J=4.2 and 4.2 Hz), 7.38-7.19 (m, 6H), 4.32
and 4.30 (2s, 2H), 4.08 and 4.02 (2 s, 2H), 3.98 and
3.97(2s,3H),3.82and 3.81 (2, 2H), 2.84 and 2.82
(2s, 3H), 2.49-2.36 (m, 2H), 1.89-1.73 (m, 4H); **C
NMR (400 MHz, CDCI3; (rotamerswere observed)
181.3 and 181.1 (*CON), 168.4 and 168.2, 163.3,
160.5, 150.2,148.4 and 148.5, 136.4 and 136.5, 128.4

@Wu'c CHEMISTRY co—

and 128.5, 121.3, 120.4 and 120.5 (* C-CH3),110.2,
78.8,79.0,58.6 and 58.4, 55.3 and 55.2, 49.6, 48.8,
43.6and43.4,35.8,34.2,19.4and 19.2,16.4 and 16.5,
6.4and6.2; MS(El): m/z(M+1) 352.3, Anaysis (%
Cd/fou) for C21H25N302, C: 71.77/ 71.78,H: 7.17/
7.16, N: 11.96/ 11.93.

2-Benzyl-5-(3,4-dimethoxy-pyridin-2-ylmethyl)-
2,5-diaza-spir o[ 3.4] octan-1-one(8e)

Off-white solid (70% yield). *H NMR (400 MHz,
CDCl,): 5 (rotamers were observed) 8.53 and 8.54
(dd, 1H, J=4.2and 4.2 Hz), 7.37-7.18 (m, 6H), 4.38
and 4.28 (m, 2H), 4.05and 4.01 (2 s, 2H), 3.93 and
3.91(2s, 6H), 3.46 and 3.42 (2s, 2H), 1.86-1.74 (m,
4H); *C NMR (400 MHz, CDCI3; (rotamers were
observed) 180.7 and 180.5 (* CON), 167.6 and 167.5,
163.5, 160.4, 153.2,147.4 and 147.6(*C-
OCH3),137.4 and 137.5(* C-OCH3),129.4 and
129.5,122.4,121.7 and 121.6, 111.2, 77.4,74.0,58.6
and 58.4(2-O* CH3),55.3and 52.2, 48.6, 47.8, 42.6
and 42.4, 35.8,34.2, 19.8 and 19.6,16.6 and 16.5,
6.4and 6.1; MS(El): m/z (M+1) 368.3, Analysis (%
Cadl/fou) for C21H25N303, C: 68.64/ 68.74, H: 6.86/
6.96, N: 11.44/ 11.53.

CONCLUSIONS

Thisarticledescribesfor the synthesisand charac-
terization of somenove spiro-f-lactam (6) and N-aryl
spiro-pB-lactam derivatives 8(a-e), from 2-
hydroxymethyl-4-hydroxybenzyl amide (5) with TPP/
DEAD effectively. TheseN-aryl-spirocyclic B-lactams
werein rotamers and characterized by *H NMR, *C
NMR and Elementa anaysis.
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