HETEROCYCLES, Vol. 29, No. 4, 1989

THE BEHAVIOUR OF 4-RERZOYL-2-AZETIDINONES VITH BASE3. REGIOSELECTIVITY IW

THETR ALEYLATION REACTIONS

Benito Alcaide, Gema Dominguez, Angel Martin-Domenech, and Iomaculads Martire

Departamento de Quimlica Orgéunica, Facultad de Quimica, Mnjversicad
Complutense, 28040-Madrid, Spain

Carlos Cativiela and Jogé A Mayoral

Departamento de Quimica Organioa, Ingstttutn de Ciencias de lps Materiales de
Aragén, Universidad de Zaragoza, 50009-Zaragoza, Spaiu

Joaguin Plumet™

Departament@ de Quimica Orgéni::.a. Facultal de Ciliencias, Tniversidoad Jde

Extremadura, 06071-Badajoz, Spain

Abstract — 4-Benzoyl-2-azetildinones react with alky! halides in the
presence of bases in a regloselective fashion depending on the subsb{tution
pattern in the f-lactam ring and on the alkylating agent. In thiz way,
different kinds of products derived from C- and Q-alkylation of 4-henzoyi-fi-
lactans, 10, 11, 14, and 16, 25 well as prodeis derived from ring expancian
of the B-lactam moiety and subseyuent Q-alkylatipn, 19, have hesn obtalped.
In addition, the reaction course for the icomerization of cls-4-benzeyl-G-

azetidinones 1 has been elucldated on the basiz of ewperimeptal data and

¥NDOQ calculations.

In a previous paper we have teported a simple route for the totally stereoselective synthesis of
gls-4-benzoyl-2-azetidinones 1 by the reaction of the system acid chloride~triethylamine with
phenylglyoxal anyls as well as their total or partial isomerization to the traps iscmer 2 hy
treatment with bases 1in various ewperimental conditicns.! Two alternative meshanisms could
account faor this isomerization process involving elther enolate 3 or 4 formed by remaval af a
proton on the C-3 and C-4 posttions, respectively. Tnvestigation of the rezction course of this
process and the study of some alkylation reactions in these and cther ralated 4-tenzoyl-2-
azetidinones constitute the main alms of the present repcrt.2

Calculations in order to deteramles the relative acidity ef hydrogens sattached 4m C-% and -4 in
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¢le—pB-lactam la have been performed in the followlng way: Catalan ef al.® showed that there 15 a
lirear relationship between the experimental acidity of meta- and para-substituted phenols with
the theoretical acldity estimated on the hasis of the erergy difference between the nevtral
nolecule and the corresponding anlon. We have used thie approach to estimate the relative
acidities of the hydrogene on C-3 and C-4 in compounds § as models for 1. Semlemplrical MO

calculations? using the WNDO approach® have besn used to calculate the hsats of formation of
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enolates & and 7. When R = Ph calculations indicate that apion 6a is about 47 KJ/mol more stable

than Ta.ﬁ' 7

Chealcal evidence supports the above observation. Thus treatment of la with WaH in
DMSO and trapping of the intermedlate carbanlon with D:0 inducas the formation of a mixture of

apimeric deuterated f-lactams 8 and 9. The doublet at 6.3 ppm (H-3) disappears whilst H-4 in 8

and @ appears as a singlet at 6,3 and 6.9 ppn, respac‘tively.a
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Interception of the enclate 3a by alkylation was also pozsible. Thus, reaction of la with LDA {n
THF ® and subsequent addition of ethyl ilodide afforded a mixture of gils— and irans-f-lactams la

and 2a in a 1:1 ratlc together with f-lactam 10 which was isolated jn 48% yleld as a pure
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product. Xo trace af other by-products from ¢4 - or Q-alkylation was observed in any case. With
NaK in DMF as base, 20% of pure 10 was isolated. In this case the crude reaction mixture waz
formed by a complex mixture of products from which only 10 could be lcolated and  identified.’®
In both cases, only one dlastereocisomer of 10 was detesled. The B-lactam 1b alco isomerizes to
the ifraps isomer 2b.'  MEDD caleulations indicats that in this case enclates 6b and 7b bave the
same stabllity (AsaH, ¢ 1 XJ/mold. Alkylation of 1b with Fa¥ irn DNF followed hy addition of ethyl
icdide gave a mixture of B-lactams 1b and 2b in a 1:1 ratip together with f~lactzm 11 which was
isolated in 35% yleld as only one diasterepisomer of unkrown conflzuration. Vo trace of produsis

from Cd-alkylation was observed,
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The above results prompted ue to Investigate alkylation resctions of 4-Lenzoyl-g-lactaws 12 and
13, both with only one possibility of enolization. Thus, treatment of 8-lactam 12 with NaH in DNF
followed by reaction with different primary
alkyl halides onrly afforded the O-alkylated
compounds 14, Analysis of the crude reaction

mixture by 'H-nmr shows aparently the presence

of only one stereolsomer. Comparison of
spectroscople data for compounds 14 appears tc co (5 ﬁ@
Y M 17
Re

£l

indicate that the same isomer was formed in
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all cases. X-Ray structure determinpation of cns)&f@ \ m
14a ectablishes the sterecchemistry of the e = m,%_

R S
double bond as Z '7 (Figurae). D o

As we have racently reported,'® reaction of B-

lactam 13 with NaH/DNF follewed by addition of S
Figure 1 cha

an primary alkyl halide yielded S-alkyloxy-2-

pyrrolones 15 together with C-alkylated B-lactams 16 When the reaction was performed withoot

alkylating agent, conjugated y-keto-x, f#-unsaturated amlide 17 was obtalned after quenching.
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Formation of preducts 15 and 16 from 8-lactam 13 may be accounted for by alkylation of the

corresponding anions 18 and 20.”

Compound 17 cguld arise either directly from the open chain
specles 19 or from *he cyclic alkoxide 20 fellowed by tautomerizaticr of the resplting

hydroxylactam tsomer 13 (Scheme).

Ph Ph Ph  Ph
0 o 0 — Pr
HO™ N0
;7 Ph NHAr Ar
THZO THzo
Ph . Ph  Ph Ph Ph
—H® E’QL“f n )= Ph =
13 —= — 0] 0 — N 0
Ph ~———NAr 3 N
0 18 19 © 20
le le
Ph g Ph  Ph
R o~ : R =
—( a: R Me P ==
ol NAF b: R = CH,-CH=CH, 0 0P A0
A Ar
Ph
0 18 Scheme 15

In summary, 4-benzoyl-Z2-azetidinones react with alkyl nalides in precenca of bases in a regio-
selective fashion depending on the substitution pattern in the B-lactam ring and on the vature of

the alkylating agent.

EXPERIMENTAL

Melting points were determined in a Bichi 510 apparatus and are uncorrected Ir spectra were
recorded on a Parkin-Elmer 257 grating spectrophotometer, v values in cm'. 'H-Wmr spectira were
obtained on a Varian T60-A or on a Bruker WH-360FT spectrometzrs for £DC1. sclutions and the
chemical shifts are reported in & (ppm from internal TMS). '*C-Fmr cpectra were determined on a
Varian FT-80A spectrometer. Silica gel Mer<k 60 (70-230 mesh), 60 (230-400 mesh) and DC-Alufalien
60 Fura were used for conventional, flash column chromatography and aralytical *lec, respectively.
MNDO caleculations were parformed on a VAX-11/7B0 computer.

Alkylation reactions of 4-benzoyl-2-azetidinone la

a) ¥With LPA/THF as base.— To a solution of diisopropylamine ¢2.196 ml) in 1.4 ml of anhydrous THF

was added 0.89 ml of n-Bull (Aldrich, 1.6M in hexane) and the mixture was kept at -789C for 15
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min under a nitrogen atmosphere. Then, the mixture was warmed up to -152C and a suspension of 200
mg (0.56 mmol) of 1a in & ml of THF was added. The reaction mixture was stirred for 15 min after
which time 0.114 nl (21.42 mmol? of ethyl lodide dissolved in 5m)! of THF was added. After 15 min
at -19¢C the reaction mixture was hydrolyzed with a saturated solution of NaCl, extracted with
ethyl acetate (3x15 ml’ and the aqueous layer was further extracted with methylene chloride. The
combined organic extracts were dried gver magresium sulfate. The dryiung agent was remaved by
filtration and the resulting solution was concentrated fn vacuo to afford 210 mwg of crude product
which was purified by column chromatography (hewans:dietbyl ether, 2:1) followed by
recrystallization from ethanal tc give 100 mg of 10 (48%), mp 108-110°7. Ir (KBri): 1745, 1695
cm'., 'H-Nmr & 1.1 (t, 3H, CH»», 2.4 (q, 2H, CH.}, 3.7 ¢s, 2H, OCH:», 5.9 s, 1H, H-4», 6.7-T.2
(m, 14H, arom.>. '=C-Nmr § 9.2 (CH:), 28.7 (CH:), 55.4 (0OCH-», 65.6 (C-3), 88.3 {(C-43, 114.2,
118.4, 127.5, 127.7, 128.3, 128.4, 128.6, 128.0, 120.2, 131.0, 182.6, 134.0, 136.9, 156.3, 165.4
(C-2», 193.5 (COPh). Apal. Cale. for ConH:- NG C, 77.92; H, 5.97; K, 3.84. Found: o, 77.8%5; H,
5.95; N, 3.70.

b) With NaH/DMF as base.- To a cold /020 mixturse of la (500 mg, 1.40 mmol) and 0,14 ml ¢1.70
mmol) of ethyl iodide in 15 ml of anhydrous DNF, was added, under a nitrogen atmosphere, 48 ng
€1.60 mmol} of sodium hydride (80% dispersion in minaral oll). After addition was complete, the
temperature was raised to room temperature and was stirred for 5 h, after which time, {t was
hydrolyzed with a saturated solution of NaCl, extracted witk etkyl acetate (3x15 ml) and the
combined organic extracts were dried over magnesium sulfate. The drying agent was remaved by
filtraticn and the solvent was distilled in yacuo to afford 429 mzy of reaction ¢rude. Fractiomal
recrystallization of the crude product from ethanol gave 110 mg (20%) of pure 10

Reaction of 4-benzoyl-2-azetidinone 1b with NaH and ethyl iodide in DEF. The same procedurs as
for la was followed {(reaction time, 20 h}. From 300 mg (1.02 mmol) of 1b, 120 mg of 11 (35%) was
isolated after chromatography of the wrude reaction mixture (herane: ethyl acetate, 2:13. The
product was isolated as a transparent yellowish oil which could not be crystallized. Ir (KBry:
1740 cm™', 'H-Nmr & 1.0 (t, 3H, CH4}, 1.2 <&, 3H, CH-), 3.%2-4.1 ‘m, %H, OCH-,H-3, CCH:>, 6.6-7.6
(m, O, arom.>. Anal. Calc. for C:»H-KOw: C, 74.30; H, 6.50; N, 4.35. Found C, 7%.10; H, 5.45;
N, 4.20,

Synthesis of 4-(a-alkyloxybenzylidene)-Z-azetidinones 14. General procedure.— To a cold (o)
solution of Z2-azetidinones 12 (1 mmol> in anhydrous DKF, an excess of FaH (80% cuspension in
mineral oil) was added under nitrogen. After 10 mir th= alkylating agent (2.5-6.% mmol} wasz added
at room temperature and the mixture was stirred for 2 h. Hydrolysis and work-vp {extractlon with

ethyl acetate, drying with sodivm csulfate and evaporation of the solwent 1o vacuo) afforded the
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crude 2-azetldinone 14 which was purified as indicated in each zasze.

4Z-(oe-Nethoxybenzylidene)-1- (p-methoxyphenyl >-3, 3~diphenyl-2-azetidinone (14a}.- Thiz «compaund
was prepared fram 12 (lg, 2.30 mmol), DMF (30 mi>, NaH (200 mg, .65 mmol), and mwethyl lodile
V.41 ml, 6.65 mmol}. The «<rude reactlion mixture was crystallized from othanol  and
chromatographed on silica gel using benzene as  eluent. Yield, 460 mg <45%), mp 150-152°C
{(ethanol)>, Ir (XBr): 1780 cm'. 'H-Nmr § 3.2 (s, 3H, OCH.), 3.8 (s, 3H, CH-QAr), €.7-7.5 ‘i, 15H,
arom. >, '*C-¥mr § 54.8 <(CH:0Ar), 5%7.4 <¢=C-0CH-, 70.& (C-%, 113.1 (C-4>, 169.4 (C-2». Apal.
Calc. for CaoHzcKD=: G, 80.54; H, 5.59; N, 3.13. Found C, 80.15; ¥ 5.70; N, 2.90,
4Z-(x—-Ethoxybenzylidene)-1- (p—methoxyphenyl -3, 3-diphenyl-2-azetidinone (14b). -~ This compound was
prepared from 12 (780 mg, 1.82 w=mol), DXF (30 nrl», FaH (136 mg, 4.55 mmol}, and ethyl ilodide
(¢.36ml, 4.55 mmol®. The crude reactlon mixture wac dlsgregated in ethyl ether, cry=ztallized from
ethanol, and the product wae chromatographed on stlica gel using benzene as eluent. Yield, 510 mg
(61%3, mp 154-196°C. Ir (XBr)»: 1780 cw', 'H-Nmwr & 0.8 <+, 3H, CH-», 3.4 ¢, ZH, CH-», 3.8 ¢g,
3H, OCH=), 6.5-7.5 {(m, 19H, arom.>, '®C-¥mr 14.! <CH.), 54.8 (OCH-), 65.% {0CH-», 70.8 (£-31,
113.2 (C-4>, 169.2 (C-2), Amal Calc. for C-«H-+N0O.: C, B0.€0; H, 5.8%; ¥, 3.03. Faound C, 80,1
H, 5.90; N, 2.85

4Z-{o—-Benzyloxybenzyliderpe)-1-{(p-methoxyphenyl)-3,3-diphenyl-2-azetidinone (14c). - This compound
was prepared from 12 (800 mg, 1.84 mmol), DMF <40 mld, NaH { 442 mg, 14.72 mmold, and benzyl
chloride (1.06 ml, $.20 mmol> Reaction time, T L. The pure Z2-azetidincne 14¢ was obtalned
directly from the crude reactlor mixture by crystalllzation in ethanol. Yield, 910 mg (95%, mp
122-124°C, Ir (KBr): 1785 c<cm'. 'H-Wmr 4 3.7 (s, 3H, OCH», 4.3 (s, 2H, DOCH:), 6.4-7.3 (p, 24H,
arom. ). '?C-Nmr & 54.8 (OCH-», 70.8 (C-33, 71.86 (CH-Phy, 113.1 «C-43, 1659.72 ¢C-33. Apal. Calc.
for C:sH=sND-: C, 82.60; H, 5.54; N, 2.67. Fourd €, 82.40; 'H, %£.60: N, 2.95.
4Z-(a-Allyloxybenzylidene)-1-(p-methoxyphenyl)-3,3-diphenyl-2-azetidinone (14d).- This compound
was prepared from 12 (770 mg, 1.77 mmcol), DMF (30 ml), WaH <42% ng, 14,16 meald, and allyl
chloride (0.72 ml, 8&.8% mmel). Reaction time, % h. The pure Z-azetldinone 14d was obtaiced
directly from the crude reaction mixture by crystallization in ethanol. Yield, 750 mg <20%%, mp
136-138°C. Ir (XBr): 1775 cm™'. 'H-N¥mr £ 3.7 (s, 3H, OCH.), 3.7-3.% ¢(dd, 2H, CH-Y, 4.7-5.0 (m,
2H, CH=CHz>, 5.2-5.7 (m, 1H, CE-CH:2), 6.7-7.%5 (m, 19H, arom.). '*C-Nmr 6 54.8 ¢OCH.», 71 (C-3 and
OCHz>, 133.3 <C-4», 117.7 (CH=CHz), 169.2 (C-2). Apal. Calc. for C.:H.-¥0.: <, 81.18;, H, 5.71; N,
2.95. Found C, 81.20; H, 5.80; X, 2.80.

Reaction of 4-benzoyl-2-azetidinone 13 with NaH and alkyl halides in DNF. General procedure.- A
mixture of 13 (1 mmel) and FaH (80% suspeusion in mineral ofl, 3 mmol® in anhydrous DMF (25 ml)

was stirred at room temperature. After 10 min the alkyl iodide 2.5 mmol} was added. The reaction
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mixture was stirred at room temperature during 3h. After hydrolysis, the organic layer was btaken
up in ethyl agetate, which was washed with water and then dried ower anhydrous magnesium culfate.
Removal of the drying agent and concentration {n vacug sfforded the crude reation mizlurs whick
was purlfied as indicated in each case.

Reaction with methyl iodide - After chromatography of the crude reactlon mixture on g{lica gel
using methylene chloride as eluent we obtained, in sequence, the f-lactam 16a (5B%), as an
inseparable mixture of diastereolscomers («/f = 5, and the ¥-lactam 15a 7%). Compound 16a:
yellow viscous oll. Ir (CHCla): 1740 (NC=0>, 1685 (C= cwp', 'H-Fmr (CDC1-5: £ 1.4 (s, 3H, CH-,
a isomer>, 1.8 (s, 3H, CH:, R i=omer)>, 3.6 (s, GH, QOCH:, B isomer), 3.7 (g, 3R, OCH:, o iscmer}.
fnal. Cale for CseHunX0-: C, 80.%4; H, 5.59; ¥, 3.13. Found C, 80,40; H, S.70; N, 3.20., Campound
15a: mp 139-140°C (ethanol>. Tr (KBr}: 1600 (=0 cw', "H-Nmr (DCCL-d: § 3.5 (s, 2H, CCH.», 3.7
(s, 3H, CE:0Ar>, 6 5-7.7 (m, 194, arom ), Anal Calc. for CnoH.e¥0.: C, 80.54; H, 5.%5; W, 3 12
Found €, 80.70; H, 5.45; N, 3.490.

Reaction with allyl chloride.~ The crude reaction mixture (yellow £0lid} was crystallized from a
mixture of n~hexanesethyl acetate (4/1. The white =olid was filtersd, washed with the akove
mixture and crystallized from ethanol, yislding 66% of 15b, wp 175-176°C. Tr (KBr:: 1490 (C=
om~'. 'H-§mr (CDCla): & 3.63 (s, 3H, OCH-Y, 4.22 (&, 2H, OCH.», 5.06-5.53 (m, 24, =CH ), 5.72-
6.25 {m, 1H, CH=), &, E0-7.70 (m, 19, arom >. Anal. Calc, for C H=¥0.0 O, 8118 H 5 71; N,
2.95. Found C, 81.20; H, 5.70; K, 2.80.

From the mother liquors, by concentration {n vacug and crystallization from ethanol, compound 16b
was isclated in 24% yield, mp 128-129°C. Ir (EBr¥: 1760 (FC=0), 1680 <{C=0% cm ', "H-Wer (CDCI M
§ 2.20 (d, 2H, CH-», 3.70 (s, 34, OCH.>, 4.43-4.93 (p, 2H, =CH:., 5.36-5.36 {m, 1H, CH=>, & &-
7.70 (m, 19H, arom.), '3C-FEmr (CDCl-): & 42 <(CH:-y, 55 (DCH-Y, 71.8& (-3}, 78.7 «C-4y, 118.%

(CH==3, 167.3 <{C-2), 109 4 (PhC=0), Apnal Cale. for C--H:-ND-.- £, £81.18; H, 5.

-1

1, N, 2,95, Fouund
¢, 81.05; H, 5.85; F, 3.0%5.

¥ (p-Anisyl)-4-ox0-2,3,4-triphenylbutenamide (17).— The above gensral procedure was follows, lutb
without addition of the alkyl halide. The crude reaction mixture was crystallized from
chloroform, Yield: 80%, mp 113-117°C tchloroform:. Ir (KBr): 3300 (broad, WHY, 180D (PhC=0), 1675
(NHC=0) cm . 'H-Fmr <{Acetone-d4.>: & 3.7 (s, 3H, QOCH-.», 6.38 (5, 1H, ¥H), A 5-7.9 rm, 19H,
arom. . '*C-Nor {(CDCl.Y: 168.0 (PLC=0>, 205.7 (NHC=0)., 4nal. Calc. for Z:-H. NO.: ¢, A0.36; H

5.31; ¥, 3.23. Found C, BO0.40; H, 5.45; N, 3.05.
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