Tetrahedron Vol 44. No 23. pp 7007 to 7012, 1938 0040402088 $3.00 + .00
Printed in Great Bntain T 1988 Pergacyoo Press pic

SYNTHESIS OF OPTICALLY ACTIVE (PIVALOYLOXY)METHYL 2',3'-SUBSTITUTED
4'-OXOAZETIDIN-1'-YL-3-METRYLBUT-2-ENOATES FROM 6-APA

CARMEN SOMOZA AND ORESTE A. MASCARETTI*

Instituto de Quimica Organica de Sintesis (CONICET-UNR)
Facultad de Ciencias Bioquimicas y Farmacéuticas,
Casilla de Correo 991, 2000 Rosario, Argentina

(Recenved in USA 21 March 1988)

Abstract - The title compound were prepared as useful optically active
intermediates for the synthesis of 'non-classical"” B-lactam compounds.
These monocyclic azetidinones were formed by cleavage of sulfur-carbon
5 bond of bicyclic penicillanates with chlorine or tert-butyl hypochlo-
rite in appropiate solvents.

Since the discovery of nocardicins l', the first biologically active mono-

cyclic 8-lactams, which was followed by the monobactams glc,z' the therapeutic

potential of derivatives of 4-azetidinones has been widely recognued.‘b'c'2b

Another class of natural products, the clavulanic acid g”, the carbapenems 13b'
the )-oxacephalosporins QJC and other "non-classicals" bicyclic B-lactams, has
dramatically increas:d the research directed to the synthesis of functionalized
4-azetidinones as key intermediates of several synthetic approaches to these
B-lactam derivatives.’> Among those intermediates [3'-substituted-2'-chloro-
4'-oxoazetidin-1'-yll-3-methylbut-2-enocate ester derivatives 6 were used as one
of the key features of different strategies leading to the preparation of various
B-lactam derivatlves.6 N-aryl- 3-halogeno- and 3,3-dihalogeno-4-azetidinones

have recently been synthesized and their B-lactamase inhibitory activity evalu-
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We were particularly interested in developing a practical route for the syn-
thesis of optically active (pivaloyloxy)methyl (Pom) 2-[2'-Chloro-3'-Bromo-2'-

oxoazetidin-1'-yl]-3-methylbut-2-enocate 9,11 starting from 6-aminopenicillanic
acid (6-APA) 7, which is abundantly available and inexpensive.

A number of methods exist to cleave 1-5 bond of penam nucleouse to arrive
at monocyclic 4-azetidinones of general structures 6. These products are typi-
cally formed when a non-6-acylamino side chain penicillanate ester is treated
with an electrophilic reagent as chlorine,9 sulfuryl chloride9 and 1-chlorobenzo-

trlazole‘o

in suitable solvents such as carbon tetrachloride, chloroform or
methylene chloride, followed by treatment with a tertiary base, which gives rise
to the removal of the 3-H atom as proton.

RESULTS AND DISCUSSION

In this paper we report a quite fruitful investigation on a practical method
involving cleavage of 1-5 bond of Pom penicillanate being a synthetically usetful
method for the semi-synthesis of the optically active 4-azetidinones i, 11 and1g .
Electrophilic opening reaction with chlorine.

Treatment of Pom 6g-bromopenicillanate 8a with 2.5 equiv. of chlorine in CCl‘
-CHCl3 at -70°C and immediate decomposition of polar intermediates by silica gel
gives a mixture of the two isomeric compounds, 9 and 10 in a ratio 10:1 in 63%
yield. Eq. (1). A comparable result was obtained when the base N-methyl piperazine
was used to decompose the intermediate products. The pure isomers, were isolated

by preparative TLC over silica gel.
Br H ) Br H Br CI
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when Bb was treated under similar conditions as mentioned above, a mixture
of 11 and 12 was produced in a ratio of 18:1 in 79% yield, Eg. (2).

5 H W H Ci
el i-S o Brei H
1) CIZ,_70 C S (2)
N : 2) N-Me piperazine N
o) : o]
éozpom Cozpom CozPom
8b " 12

The pairs of compounds 9-11 and 10-1} are enantiomers. Structure proof for
1

1
compounds 9-12 was provided by 1H and 3C NMR, mass spectra and IR spectroscopy.
The 'u NMR spectra show the H(S)-H{(6) coupling constants of ca. 1.0 and 4.0 Hz
to be consistent with the presence of a trans and cis-substituted 8-lactam re-
spectlvely.1I
When the chlorination of 8a was run in an NMR tube and followed by ' NMR
spectroscopy, clean conversion of starting material into the ponicillanate chlor-

osulfonium chloride salt 13a or its sulfurane form 13b was tovealed. 2,13 Howevw -
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er it was not posible to distinguish between these forms (scheme I).
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Scheme 1

To explain the stereoselectivity of these reactions, we have to take into
account the following features: i) the carbon 5 of penicillins is an aminothioke-
tal; ii) the sulfur atom in the penicillanate chlorosulfonium chloride salt or
in its sulfurane form is a very good leaving group, and iii) the unshared electron
pair of the nitrogen atom can assist the heterolytic cleavage of sulfur-carbon S
bond with concomitant departure of sulfonium or sulfurane group, leading to the
azetidinium cation 14 which, as it is known,9 is attacked by a nucleophile, pref-
erentially from the opposite orientation (a or B) of the bulkier substituent on
carbon 6. The olefin forming reaction which may be synchronic with or subsequent
to the rupture of 1-5 bond, has beeéen explained9 by the B-elimination of the hydro-
gen on carbon 3, abstraction as a proton by the chloride anion or by added base
with liberation of sulfur dichloride (SC12).

Denerly and Thomas13 have reported that the decomposition of penicillanate
methyl-sulfonium tetrafluoroborate or fluorosulfonate with anhydrous sodium car-
bonate led to olefin formation by loss of H(3) as proton and cleavage of sulfur-
carbon 2 bond. A similar bond cleavage has been reported in the Nayler reaction.“
Electrophilic opening reaction with tert-butyl hypochlorite.

Tert-butyl hypochlorite1§CH3)3CC0Cl has been utilized extensively in radi-
cal16 and ionic17 reactions with thicethers and henzyl penicillanate methyl es-
ter.18 We report here on the reaction of tert-butyl hypochlorite with Pom 6a-
and 68-bromo- penicillanates 8a,b and Pom 6,6-dibromopenicillanate 15, under a
variety of conditions (See experimental section).

We found that reaction of ‘CH3) CCOCl with 15 in the presence of azo-bis
{isobutyronitrile) (AIBN) as radical initiator at 30*C followed by decomposition
of unstable intermediates with silica gel yields Pom 2-(2'-chloro-3',3'-dibromo-
4'-oxoazetidin-1'-yl] and Pom 2-[2'-tert-butoxy-3',3'-dibromo-4-oxcazetidin-1'-yl)
-3-methylbut-2-encates 16 and 17 in a ratio 19:1, 454 yield. See eq. (3). When
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15 was treated under similar conditions in the absence of AIBN, the major products

The optical rotation values of (x]120, _ 9.43 and + 2.64 for compounds 16 and
1?7 were indicative of the stereoselectivity of the reaction. In order to determine
the relative stereochemistry of the hydrogens on carbon 2' and 3' of the azetidi-
none ring, we chose to cause 6a- and 6B-bromo epimers to react. When 8a reacted
with tert-butyl hypochlorite in the presence of silica gel 60H, the 4'-azetidinone
9 was obtained in 80% yield; while when the base N-methyl piperazine was used to
decompose the intermediates, compound 9 was obtained in 68% yield. Similarly, the
reaction of the €B-bromo with tert-butyl hypochlorite followed by N-methyl pipera-
zine produced 11 and 12 in a ratio of 5:1 in 85% yield.

To determine the influence of tert-butanol in the formation of products, we
performed the reaction of 8a with tert-butyl hypochlorite in a mixture of CHCl
tBuOH, this gave compound % in 93% isolated yield.

The results so far described with tert-butyl hypochlorite can be explained
assuming that the reaction proceeds through an ionic mechanism similar to that
depicted in Scheme I.

3"

When tert-butyl hypochlorite was distilled it gave a mixture of three pro-
ducts. This mixture showed three singlet in the 1H NMR spectroscopy in the ratio
of 1:20:1. The singlet at 1.27 ppm was identified as that of methyl 8 of
tert-butanol19 and the singlet at 1.31 ppm as that of tertiary butyl hypochlorlta19
whereas the singlet at 1.60 ppm could not be identified. wWhen this material was
reacted with 8a, compound 18 was 1solated in 85% yield. Eq. (4). It was evident
that the presence of this third compound dramatically changed the course of the
reaction. This change in the product formation canot be attributed to tert-butanol,
since as previously mentioned, it favors the introduction of a chlorine atom at

position 2' of the azetidinone ring.

1) Buocl (dist.) H OC(CHg),

8a -> (4)
2) N-Me piperazine N

In summary, we have shown that the preparation of compound 9 and 11, and also

of compound 18, which are key intermediates for the synthesis of "non-classical"
8-lactams, were obtained in good yield from the bicyclic 6-APA. Our investigations

of tert-butyl hypochlorite and chlorine with penicillins complement other stu-

diea.g'ia

EXPERIMENTAL

IR spectra were recorded with a Beciman Acculab spectrometer by using a thin film of the
oils between NaCl plates. 'H and '3C NYR epectra were recorded with a Bruker WP 80 SY spectro-
meter at 80.13 and 20.15 MHz, respectively, using (DCl; solutions ard chemical shift are expres-
sed, in parts per million downfield from internal tetramethylsilane. Low resolution mass spectra
were determined on a Varian MAT 112 S, CHTA spectrameter. Chemical ionization mass spectra were
recorded on a Kratos M5-30 spectrometer, and obtained through the courtesy of Prof. Dr. H.G. Floss
(Ohio State University, USA), Fast Ion Bombardment (FIB) mass spectra were recorded on a varian
MAT CHS and obtained through the courtesy of Prof. Dr. D. Miller and Mr. D. Grzelak (RIhwr-Univer-
sit¥t Bochum, Germany). Optical rotations were measured using a Perkin Elmer 241 automatic polar-
imeter in a 10 om cell. Analytical and preparative TIC were carried cut an silica gel (Type 6?5
Marck), Tert-butyl orite was prepared acoording to the of Mintz and Walling.

Pam 6a-bramo- (8a),20 pom 68-bramo- (8b}27 and Pom 6,6-di 5, (17 penicillanates were

thes fram 6-APA (7) as previously reported.<Vs

o Ret’;:'gc:t:?;: 6o-bramopenicillanate (8a) \ydt.h chlorine. A solution of (8a) (50 mg, 0.127
mmol) in dry chloroform (2 ml) was cooled at -70°C and a solution af chlorine in carbon tetra-
chloride (0.5 M, 1 nl), was added. The mixture was warm at room temperature, concentrated and
purified by preparative TLC an silica gel using 6:4:1:0.3 hexua—baute—em-ethy} ao?um as
eluant yielding 28.5 mg (56.58) of Pam 2-( 8'R,3‘Sl-2'—chloro—3'-tntn:»l'-cuonzetidxn-l -yl})-3-
methylbut-2-encate (9) as a clear oil. [alé + 12.0 {c=0.73, OCl3); IR 1810 (C=0, B-lactam),
1760 am~1 (Cx0, ester); 'H NWR & 1.23 (9 H, 8, <C(CH3)3, 2.03 and 2.34 (each 3 H, 8, =C(Q3),,
4.89 (1 H, ? 3'-H J=1.0 Hz), 5.85 (1 H, 4, 2'-H, J=1.0 Hz), 5.79 and 5.90 (each 1 v. 4, - 1271
Ju5.6 Hz); 19C NR 6 21.9 and 23.8 =C(CH3lp, 26.5 -C(QH3)3, 38.4 -Ci{CH3)3, 50.0 C-3°, 74.0 C-2°,
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79.5 -QH,-, 117.1 C-2, 158.9, 159.5 and 160.6 (C-1,3,4'), 176.6 -OC(0O)C(THy)4; M5 {70 ev) m/e
395 (M*), 365 (M*-30), 85 and 57.
Pom 2-1(2'S,3'S)-2"-chloro-3' -bromo-4' ~axoazetidin-1'-yl)-3-methylbut-2-encete (10)
isolated as 3.3 mg (6.58) of a clear oil: IR 1815 (C=O, B-lactam), 1760 am™' (C=O, ?ste.r); H
NR §1.22 (9 H, 8, -C(CH )3. 2.05 and 2.32 (each 3 H, 8, =C(CH;3);. 5.50 (1 H, d, 3'-H, J=4.,0 Hz),
5.77 and 5.88 (each 1 H,ﬂ. -CHy- J=5.6 Hz), 6.05 (1 H, 4, 2'-H, J=4.0 Hz).

Reaction of Pom 6f-bromopenicillanate {8b) with chlorine. A solution of (8b) (35.7 mg,
0.091 smol) in dry chioroform, was cooled at -70°C and stirred during the addition of a solution

of chlorine in carbon tetrachloride (0.5 M, 1 ml), The mixture was warm at rocm temperature and
N-mathyl piperazine (0.05 ml) was added and the mixture was stirred for an additional 15 min, ard
concentrated. The resmltant oil (28.4 mg) was filtered through silica gel 60 H (2 g) using chloro-
form as eluant yielding a mixture of Pom 2-[(2'S,3'R)-2'-chlaro-3'-bramo-4' -axoazetidin-1'-yl}- ,
3-methylbut-2-enoate (11) 26.9 mg (758) and Pom 2-[{2'R,3'R}-2'-chloro-3'-bramw-4' -axoazetidin-1'-
yl]-methylbut-2-encate (12) 1.5 mg (48).

For the 'H NMR assigrment of compounds 11 and 12, see above the reparted values for the
enantiomers 9 and 10 respectively.

Intermediates 13a ar 13b. To a solution of 8a (9 mg) in OOCl3 (0.3 ml) in an NMR tube, was
added a solution of chlorine in OClg (1.0 M, 0.2 ml). After 15 min. the 'H NR spectrum was re-
corded, showing that all the signals of starting material (8a) dissappear. 'H NWMR of 8a 6 1.22
(9 H, s, 12-H), 1.50 and 1.62 (each 3 H, 8, 13 and 14-Me), 4.57 (1 K, 8, 3-H), 4.81 (1 H, g,
5-H, J=2.0 Hz), 5.41 (1 H, d, 6-H, J=2.0 Hz), 5.81 and 5.84 (each 1 H, d, 9-H, J=5.6 Hz). Inter-
mediates 13a or 13b 6 1.22 (9 H, 8, -C(CH3)3, 1.54 and 1.71 (each 3 H, s, 13 and 14-Me), 4.4
(Y H, 8, 3-H), 4.77 (1 H, d, S-H, J=2.0 Hz), 5.37 (V H, 4, 6-H, J=2.0 Hz), 5.80 and 5.82 (each

decompose

2 H, br, s, -(H,-). To these intermediates 0.005 ml of pyridine was added, and after
20 min. the "H_ﬁﬁ spectrnum was recarded, showing the typical signals of campounds 9 and 10.
Reaction of Pom 6,6-di cillanate (15) with tert-hutyl ite. A solution of

15 (130 mg, 0.275 mmol), in dichloromethane (S ml) was stirred at 30°C during the addition of
tert-butyl hypochlorite (4.0 mmol) and AIBN (4 mg, 0.02 mmol). After the addition was campleted,
the solution was stirred at room tesperature {30°C), concentrated and the residue was purified by
preparative TLC on silica gel using 95:5 benzene-chlaroform as eluant yielding 56 mg (43%) of Pam
2-[(2'-chlaro-3', 3" -dibrano-4' —axoazetidin-1'-yl)-3-methylbut-2-encate (16) as a clear oil, R¢
0.48 in benzene,[a)gls -9.4 (c=1.90, OK13); IR 1820 (CsO, B-lactam), 1760 am™! (Cs0, ester);
THNR § 1.22 (9 H, s, C(Qi3)3, 2.03 and"2.35 (each 3 H, s, »C(CH3),, 5.79 and 5.91 (each 1 H,
d, -CHz-, J=5.6 Hz), 6.18 (T H, 8, 2'-H); '3c R 6 22.3 and 23.8 =C{Qi3),, 26.7 C(CH3)y, 56.3
Cc-3', 79.6 (-OHy-), 81.0 C-2', 115.9 C-2, 160.6 and 161.7 (C-1,3,4'), 177.0 -OC{O)C{TH3)4: M5
(70 ev) m/e 473 (M*)42, €43 (M*-30), 85 and 57.

Pam 2[(2'-tert-butoxy-3',3" -dibramo-4' -oxoazetidin-1'-yl |-3-methylbut-2-encate 117{. 3.9 g
(2.3%) a é = + 2.64 (=0.75, OKCl3); IR 1800 (C=O, B-lactam), 1760 o ! (Ca0, ester); 'H NMR
81.22 (9 R, s, -C(CH3)5, 1.29 (9 R, 8, -0C(CH3)3, 2.02 and 2.30 (each 3 H, 8, =C(CH3)y. 5.5
{1 H, 8, 2°-H), 5.7 5.90 (each 1 H, d, -CHz-, J=5.6 Hz}; 3c NMR & 22.2 and 23.8 -5(943)2,
27.0 -C(CH3)5, 28.4 -O-C(CHyly, 38.8 -O-C(OIC(EH;);, 60.3 -O-C(QHy)y, 65.8 C-3', 80.3 (-CH,-),
89.4 C-27, 187.3 c-2, 133.4, ?60.7 and 161.6 (C—?,g.G'l: MS (FIB) 512 (Nf’)zz, MS (chemucal
fonization), 510 (M*-H)<¢, 455 (MH*-C4Hg), 346 (M*-CgHgBrO), 85 and 57.

Reactian of Pom 60-bromopenicillanate (8a) with tert-butyl hypochlorite.

Method A. To a solution of 8a (100 mg, 0.25 muol) in dry chloroform (10 ml) was added 0.5 g
of silica gel 60 H and the mixture was stirred at 30°C during the addition of tert-butyl hypo-
chlorite (0.90 mmol). After the addition was completed, the mixture was stirred 15 min at room
temperature, filtered and concentrated y:ielding 80.5 mg (80%8) of campoud 9.

Method B. A solution of 8a (100 mg, 0.25 mwol) in dry chlorofarm (10 ml) and 0.2 ml of
tert-butanol was stirred at room temperature during the addition of tert-mtyl hypochlorite (0,90
mmol). Aftar stirring for 15 min, N-methyl piperazine (0.1 ml) was added and the mixture was
stirred for an additional 30 min and concentrated. The resultant cil was dissolved in chlorofomm
and filtered through silica gel 60 H (2.5 g) using chloroform as eluant yielding 90 mg (938) of
campourd 9.

Reaction of Pam 68-%&11“& 98b) with tert-butyl Iyp%gotite. A solution of (8b)
(25.vmg, U. ™0, orofarm wvas st at C ing addition of tert-
butyl hypochlorite (0.27 mmol). After stirring far S min, N-methyl piperazine (0.02 ml) was added
and the mixture was stirred for an additional 30 min and concentrated. The resultant oil (26 my)
was dissolved in chlaroform filtered through silica gel (2 g) using chlaroform as eluant yielding
22,0 my (B5%) of a mixture of 11 and 12 in a ratio of 5:1, determined by 'H R spectroscopy .

Reaction of Pom 6a- cillanate 8a with distillated tert-butyl hypochlorite. A solution
of Ba (45 mg, 0.114 =mol) in chloroform {2 ml) was stirred at room temperature during the
addition of distillated tert-butyl hypochlorite (0.365 mmol). After stirring for 5 min, N-methyl
piperazine (0.05 ml, 0.45 mmol} was added and the solution was stirred for an additional § min
and concentrated. The crude product was filtered through silica gel using chloroform as eluant
yielding 42 mg (85%) of Pam 2—((2'S,J'R)-2'-t.ert—hmoxy-3'-hﬂm—4-—mzetidin—1'-yll-)-mth‘ylmt—
2-encate (18), a8 an oil: IR 1790 (CsO, B-lactam), 1760 cm~! (=0, ester); 'H MR § 1.23 (18 H,

8, -0-C(O)C(CH3)3, ard -O-C(G_!gh), 2,03 and 2.29 (each 3 H, s =C(CHy),, 4.46 (1 H, d, 3'-H,
J1.0 Hz), 5.8 U H, d, 2'-H, J31.0 Hz), 5.74 and 5.90 (each ! H, d, “CHy-, J=5.6 Hz); 'Ic N
§ 21.8 and 23.8 »C(CH3)3, 26.7 -O-C(O)C(CHq}4, 28.1 -O0-C(QH3)3, 38.6 -O-C{O)C(CH3)3, 49.6 (C-3'),
75.5 -0-CiCGH3)3, 80.2 £QMy-), 86.7 _(C-2), 1?7.5 (C-2}, 15817, 161.4 and 161.6 (C-Y,3,4"), 176.9
-O-CIOVC(CH3) 37 MS (FIB) 434 (MH*)2%, 378 (MH*-C4Hg), 246, MS (chemical icnization) 433 (M*)22
377 (M*-C4Hg), 245, 103 and 85.
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