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ENANTIOSELECTIVE SYNTHESIS OF A VERSATILE 2-ISOCEPHEM SYNTHON#
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Centre de Recherche Roussel Uclaf, 93230 Romainville (France)
(Receved in Belgium 25 September 1989)

Abstract Enantioselective synthesis of the 1socephem synthon 2 has been carried out by assembling 3 building
blocks Cycloaddition of phthalimudo acetyl chlonde with a chiral imine gave the B-lactam nucleus 1n 80%
diastereoisomeric excess (d € ) The elaboration of the thiazine ning was carried out using a highly
functionalised epoxy ester 12 and P,I, mediated water elimination

In the course of our ongoing investigations on the chemustry and biological activity of 2-1socephems we
needed a stereocontrolled, straightforward approach towards a basic synthon which could give rise to a vaniety of
molecules with different side chains 1n the 3” and 7 positions As we have shown recently, molecules having a
3-S-alkyl or S-aryl type of substituent display only moderate antibacterial activity! Thus we decided to
synthesize compounds with 3-CH,X substituents of the type found 1n most commercial cephalosporns,
especially the so-called third generation products 7-Amuno-cephalosporanic acid, (7-ACA) (1), a compound of
natural ongin 1s a common precursor for most of these cephems obtained by hemusynthesis2 From this molecule
highly elaborated compounds can be obtained 1n a few steps Consequently 1t was desirable to synthesize 1ts
1-carba-2-thia equivalent 2 (X=0Ac or OH)

Scheme 1

1 7-ACA 2 X =0H,
R =1t-Bu

The 1socephem nucleus can be decomposed 1nto 3 simple fragments a,b,c (Scheme 2), where the
azetidinone 1s made by cycloaddition and the second ring 1s built up 1n two steps according to a method
developed earlier for the 3-unsubstituted and 3 methyl compound3d

# Dedicated to Professor Dr Wolfgang Hilger on the occasion of his 60th birthday
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Scheme 2

The B-lactam nucleus was prepared in an enantioselecuive manner by cycloaddition Our previous
expenience had shown that a Schiff base formed from fluoroacetaldehyde and R(+)-phenylethylamine reacts with
phthalimdoacetyl chloride® to give the B-lactam 41n 63% de 3 In a simular way, reaction of an aqueous
solution of chloroacetaldehyde with R(+) phenylethylamine gave an amunal as an oily precipitate which slowly
lost water and was transformed into the unstable imne (3, X=Cl) which could be extracted by alcohol-free
chloroform (Scheme 3) The cycloaddition was carried out at low temperature by simultaneous addiion of
phthalimidoacetyl chloride and triethylarne to give 74% of a mixture of the cycloadducts 5 and 6, accompamed
by some armde 7 The amount of 7 can be kept below 10% by careful drying of the Schuff base (3) solution The
optical outcome of the reaction was shghtlty solvent dependent, chloroform giving the best results (80%

d e )(Table 1) Dichloromethane or toluene gave lower diastereoselection

Scheme 3
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Table 1
Solvent Ratio 5/6* Yield (%)°
CHCl, 90/10 74
CCly 80/20 53
CCl,=CHCl 75/25 58
PhCH; 70/30 53
CH,Cl, 65/35 64

a The ratio of the two diastereoisomers was determined by 'H-NMR
b Yield of the mixture of 5 and 6 before separation
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F'om”t"g‘ puy Oxidative uea'v'ﬁge of the
phenylethyl protecting group was achieved wath potassium persulfate 1n acetic acid to give 51 5 % of opucally
pure 8 The transformation of 8 to the 10do compound 9 and the introduction of the sulfhydryl group were
performed 1n one pot heating of 8 with Nal in dry DMF followed by treatement with H,S 1n the presence of
dusopropylethylamine (DIEA) gave 10 1n 66% yield

The reaction of 4-mercaptomethyl azetidinones with bromopyruvates affords the thiazine ring of
1socephems as was shown earlier by SKF scientists on stmple molecules (Scheme 4, X=H or CH3)3‘i However
functionalization of the 3° position does not proceed well For this reason we looked for a more convergent route
using a precursor (12) possessing the desired potential 3’ leaving group In fact epoxide 12 can be transformed to
a bromopyruvate derivative by simple treating with LiBr in THF, but this transformation was found to be
redundant 12 Was obtamned via Darzens reaction® between t-butyl dichloroacetate and the adequately substituted
acetaldehyde 11, 1n presence of KOtBu (Scheme 4) The aldehyde was convenently prepared via
monoprotection of ethyleneglycol’ followed by Swem oxidation (When the reaction was attempted with
acetoxy acetaldehyde, no corresponding epoxide could be 1solated) The relative configuration of C,-Cs has not
been determined, however no doubling of proton signals could be observed 1n the NMR spectrum indicating that
possibly only one 1somer was formed 1n the reaction

Scheme 4
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a, tBuMe,S1Cl, imidazole, b, Swern oxidation, ¢, tBuO,C-CHCl/KOtBu
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As we mentioned earlier the transformation of the epoxide to halopyruvate was not necessary as 1t could
be reacted directly with the SH of 10 to develop a carbonyl group by the expulsion of a chlonde 10n, ready to
cyclise to form 13 (Scheme 5) This reaction 1s surprisingly sluggish when using tertiary armmune bases but can be
promoted with L1t 1ons Thus reaction of the epoxide (12) with (10) in DMF 1n the presence of L1,CO; provided
the cyclised compound 13 as a roughly 1 1 muxture of diastereoisomers (Scheme 5) These 1somers were not
separated but submutted directly to dehydration Water elimination on this kind of structure 1s known to be
difficul®™ Diphosphorous tetraiodide 1n pyndine was found to be the best reagent giving 59% of 14 Contrary
to the expectations®d both 1somers have participated 1n the reaction In fact under the elimination condinons the
hemiacetal can be opened permutting the epimenisation of both the 3 and 4 carbons!® In the last step the
phthalimido protecting group was removed to give the free amunes 15 or 16 depending on the reaction
conditions

The use of 16 to produce highly active antibiotics will be reported elsewhere

Scheme §
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15 16
a, L1y,CO3/DMF, b, P,l,/pyridine, ¢,hydrazine,CH;CO,H, d, hydrazine, HCI
EXPERIMENTAL

Melung points were determined on a Kofler hot plate Spectral data were recorded on the following
sectrometers IR, Perkin-Elmer 580, NMR, Brucker WP or WH, MS, MAT-311A or ZAB-HFQ For the NMR
hemical shifts are given 1n ppm from tetramethylsilane as an internal standard

Chromatographic separations were performed using 50 parts (w/w) of Merck silica gel (0 04-0 063 n)
ynidine and dichloromethane were dried prior to use by standing over KOH and 3A molecular sieves

spectively Commercially available (Aldrich Sure/Seal packed) anhydrous DMF and THF were used without
irther punification  All non aqueous reactions were carried out under dry nitrogen atmosphere
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(38,45)-4-Chloromethyl-1-[1(R)-phenylethyl]-3-phthalimido-azetidin-2-one (5)

For this reaction alcohol free chloroform was used, stabilized with 2-methyl-2-butene and dned over 4A
molecular sieves A solution of aqueous chloroacetaldehyde (50-55%)(31 2 mL, 0 25-0 27 mole) in 625 mL of
water was cooled down 1n a methanol-ice bath to 0-5°C and R(+) 1-phenylethylamine (31 8 mL, 0 25 mole) was
added 1n one portion After 10 minutes at the same temperature the precipitate formed was rapidly filtered,
washed with cold water and dissolved 1n chloroform (450 mL) The solution was heated up to 30°C and the
water formed was separated The organic phase was dnied rapidly over MgSQ, and then over freshly activated
Dnente powder (150 g 10-20 MESH, heated to 220°C under vacuum and cooled down under dry nitrogen before
use) during 1 hour The solution was filtered through a celite pad, washed with dry chloroform and cooled down
to -50°C under nitrogen A solution of freshly prepared crude phthalimido acetyl chlonde (containing 87% of
acid chlonide by titration) (41 7g, O 16 mole) 1n chloroform (180 mL) and tniethylamine (26 mL, 0 19 mole) were
added dropwise and simultaneously As soon as the addition was finished the reaction mixture was rapidly
brought to room temperature and stirred for 1 hour It was washed with 5% aqueous NaHCO; (220 mL) and the
aqueous phase was reextracted twice with chloroform The combined orgamc extracts were dned over MgSOy,,
filtered and evaporated The residue was taken up 1n ethanol (250 mL), thoroughly stirred and the insoluble
material was removed by filtration, washed with ethanol and dried to give 4 8g of 7 (9 6%) The filirate was
agam stirred for 2 hours and the matenal which crystallized out was 1solated by filtration, washed with ethanol

and dried to give 8 5g (14%) of a 1 1 muxture of the two diastereoisomers 5 and 6 The resulting filtrate was
stirred with charcoal for 30 mun , filtered through a celite pad and evaporated Chromatography on silica gel(250
£), eluting wath dichloromethane/ether (9 1) gave 35 9 g (60%) of 3 as a foam ap (CHClz,c=1%) -51°t15° IR
(CHCl3) 1785, 1720, 1612, 1603, 1595, 1589 cm™! 'H-NMR (CDCl,) & 1 78(3H,d,J=7Hz,CH3), 3 49(2H,m,
CH,Cl), 3 94(1H,m,H-4), 4 96(1H,q,J=7Hz,Ph-CH), 5 43(1H,d,J=5Hz,H-3), 7 40(5H,bs,phenyl),

7 78(4H,m,phthalimido) Anal Caled for CyqH7CIN,O3 C, 65 13, H, 464, C1,9 61, N, 759 Found C,65 1, H,
46,Cl,94,N,75

(3S,45)-4-Chloromethyl-3-phthalimido-azetidin-2-one (8)

5 (35 9g, 97 3 mmole) was dissolved i a mixture of acetic acid (310 mL) and water (210 mL) by stiring
and heating rapidly to 86-88° Maintaining this inner temperature potassium persulfate (68 3g, 0 25 mole) was
added over 1 hour The heating was maintained for 10 minutes followed by cooling down to 50°C by means of
an ice bath KoHPO, (97g) was added and the solvent was removed under reduced pressure The dry residue was
taken up 1in water (480 mL) and ethyl acetate (290 mL), and under vigorous stirrnng sohid NaHCO, was added
unul the foaming ceased and the color turned to dark The suspension was filtered through a celite pad and rinsed
with ethyl acetate After recovery of the orgamc phase, the aqueous phase was extracted with ethyl acetate and
the combined organic extracts were drnied over MgSO, and evaporated Double chromatography on silica gel
(CH,Cly/EtOAC=T75 25), and crystallisation wath ether yielded 13 2g (51 5%) of 8 Mp 186°C ap (DMF,
c=1%) -40°*1° IR (CHCl;) 3420, 1787, 1770, 1728, 1613, 1515 cm™! 'H-NMR (CDCl3) § 3 65 and
3 82(2x1H,dd,J=11 and 7 Hz ,CH,Cl), 4 26(1H,dt, J=5 and 7 Hz,H-4), 5 53(1H,dd,J=5 and 1 Hz(d after D,0, j=5
Hz), H-3), 6 65(1H,bs,NH), 7 80 and 7 90(4H,m,phthalimudo) Anal caled for C;;HgO3N,Cl C, 54 46, H,
343,N,1058,Cl, 13 4,Found C,547,H,35,N,105,Cl, 132




1584 J. Aszopiet al.

(3S,48)-4-Mercaptomethyl-3-phthalimido-azetidin-2-one (10)

A mixture of 8 (24.7g, 93 mmole), sodium iodide (28g, 186 mmole) and DMF (80 mL) was heated to
120°C for 3 hours. 70 mL more DMF was added to prevent crystallisation and the solution was cooled down to
30°C. Hydrogen sulfide was bubbled through for 20 min. During this time 6.5g (0.19 mole) of H,S was
dissolved. Diisopropylethylamine (18.7 mL,, 0.11 mole) was added to the solution and the bubbling was
maintained for another 2 hours. At the beginning the temperature reached 46°C and later decreased to room
temperature. The solution was poured into a stirred mixture of water (1.5 1), 1N hydrochloric acid (187 mL) and
ethyl acetate (250 mL). After separation the aqueous phase was twice extracted with ethyl acetate. The combined
organic extracts were washed with water, brine, dried over MgSO, and concentrated under vacuum to a volume
of about 40 mL. The concentrated solution was abandoned for 10 min, during which time crystallisation
occurred. The suspension was filtered, washed with ethyl acetate and ether and dried to give 14,3 g of 10. The
mother liquors were concentrated and abandoned during the night to give after filtration, another 1.7 g of the
product. (Combined yield: 66%) Mp: 197°C. ap (CHCl,,c=0.8%}) +30.5°+1°. IR (CHCl5) 3420, 2580, 1780,
1770, 1737, 1612, 1515, cm’l. 'H-NMR (DMSO-dg) 8 2.66(2H,m,CH,S); 3.73-4.04(1H,m,J= 5.5Hz,H-4);
5.41(1H,d,J=7Hz,H-3); 8.01(4H,m,phthalimido); 8.83(1H,bs, NH). Anal. calcd. for C;,H;40sN,8S: C, 54.95; H,
3.84; N, 10.68; S, 12.22; Found: C, 54.5; H, 3.8; N, 10.3; S, 11.0.

2-tert-Butyldimethylsilyloxy)-acetaldehyde (11)
To a solution of oxalyl chloride (4.7 mL, 55 mmole) in dichloromethane (120 mL) was added dropwise

under nitrogen at -70°C a solution of DMSO (8.6 mL, 0.12 mole) in dichloromethane (26mL) over 12 min.
During the addition the temperature was maintained at -65°C. The reaction mixture was stirred for 10 min. and a
solution of 2-zert-butyldimethylsilyloxy-ethanot (8.81g, 50 mmole) and pyridine (8.8 mL., 0.1 mole) in
dichloromethane (50 mL) was added over 12 min. at the same temperature, The stirring was maintained for 15
min and triethylamine (35 mL,0.25 mole) was added over 8 min. at -65°C. After the addition the mixture was
warmed up to 10°C over 5 min. and maintained at this temperature for an additional 20 min.. IN HCI was added
to adjust the pH to 4, the phases were separated, the aqueous phase was extracted with CH,Cl, and the combined
organic extracts were dried over MgSOj, filtered and evaporated. The residue was chromatographed on silica gel
(CH,Cl,) to give 7.95g (91%) of 11. IR (CHCl;) 2820, 2713, 1735, 1259, 840cm’!. 'H-NMR(CDCl3) &
0.10(6H,s,5i(CHs),); 0.83(9H,s,1Bu); 4.17(2H,d.J=1Hz,CH,), 9.75(1H,t,J=1Hz,CHO). Anal. calcd. for
CgH;50,8i: C, 55.12; H, 10.41; Found: C, 54.5; H, 10.4.

tert-Butyl-2-chloro-2,3-epoxy-4-tert-butyldimethylsilyloxy-butanoate (12)

A solution of tert-butyl dichloroacetate (8.46g, 46 mmole) in dry THF was cooled to -20°C under
nitrogen. 11 (7.95g, 46 mmole) in 40 mL of THF was added simultaneously with 46 mL of a one molar KOtBu
solution in THF over 20 min. The mixture was warmed up slowly to room temperature over 35 min. Water (40
mL) and ether (40 mL) were added, stirred thoroughly and separated. The aqueous phase was extracted once
with ether, the combined organic phases were washed twice with brine, dried over MgSO, and evaporated. Silica
gel chromatography (hexane/CH,Cl,=6:4) yielded 9.4g (64%) of 12. IR (CHCl3) 1743, 1372, 1158, 840 cm'l.
IH-NMR (CDCls) & 0.10(6H,5,(CH3),); 0.82(9H.s, SitBu); 1.42(9H,s,CO,tBu); 3.33-4.08(3H,m,H-3,H-4).
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[ W2 POy, YN, RN Ou 712\

i- azamcyuom P UMWIC'/. LdIUUKYldlC wuy)

12 (39 7g, 0 12 mole) and 10 (26 9g, 0 1 mole) were dissolved in DMF (300 mL) L1,CO; (9 8¢, 0 13
mole) was added and the muxture was stirred for 3 hours and poured 1nto water (3 L) containing 186 mL of IN
hydrochloric acid The product was extracted with ethy! acetate, washed with water, brine, dried over MgSOy,
filtered and evaporated The residue was punfied by column chromatography on sihica gel (CH,;Cly/EtOAc=9 1)
to give 42 3g (76%) of 13 as a 45/55 muxture of diastereoisomers 'H-NMR (CDCl;) & 008 (0 55H,5,MeS1) and
023 and 0 25(0 45H,25,MeS1), 0 92 and 0 98(9H,2s,51tBu), 1 57 and 1 65(9H,25,0tBu), 5 29 and 5 50
(1H,d,J=4 5Hz and 3 5 Hz,H-7), 7 86(4H,m phthalimido)

tert-Butyl(6S,75)-7-phthalimido-3-tert-butyldimethylsilyloxymethyl-8-oxo-4-thia-
1-azabicyclo[4 2 QJoct-2-ene-2-carboxylate (14)
A solution of 13 (42.2g,0 077 mole) 1n pynidine (560 ml) was cooled to 13°C under nitrogen

Thmbnccb o datencndida 707 Qo N 184 wnnnla) wraa addad 15 Aeva martsnm Tha tnaae aq lr ard knln--.
LipHospnorus iCuaivuliul (07 oF, U 109 LIUIC) wad aUlll 11 VLIV PUIUUILE 1 LIV vl uuup Tature was L DGiUwW

32°C by means of a water bath The stirring was maintained at room temperature for 1 hour The reaction
muxture was poured onto a well stirred mixture of ethyl acetate (650 ml) and water (3 5 1) and concentrated HCl
(530 ml) was added dropwise to reach a pH of 1 4 while the inner temperature was kept below 32°C with an ice
bath The msoluble matenal was filtered off through a celite pad and washed with ethyl acetate The organic
phase was separated and the aqueous solution extracted three tmes with ethyl acetate The combined organic
extracts were washed successively with saturated NaHCO3, brine, dried over MgSQOy, and evaporated The
residue was purified by column chromatography (CH,Cl,-ether=95 5) and crystailized with pentane to give

22 81g (53%) of 14 Mp 172°C, op (CHClL;,c=0 8%) +30°+2°, IR (CHCly) 1784, 1772, 1726, 1700, 1610, 1573,
1470, 1309, 1250, 1150, 839 cm™! !H- NMR (CDCl3) § 0 11(6H,5,MeS1), 0 91(9H,s,tBuSy), 1 53(9H,s,tBu0),
277-3 44 (2H,m,CH,S), 3 95(1H,m,H-6), 4 62 and 4 95 (2H,ABq,J=15 Hz,CH,0), 5 77(1H,d,J=5 5Hz,H-7),

7 81(4H,m,phthalinmdo) Anal Calcd for CpgHz4O6N2SS1 C,603,H,71,N,49,S,57 Found C, 601, H,

70,N,50,8,59

tert-Butyl(6S,7S)-7-amino-3-tert-butyldimethylsilyloxymethyl-8-oxo 4-thia
-1-azabicyclo[4 2 Oloct-2-ene-2-carboxylate (15)

14 (5 31g, 10 mmole) was dissolved in DMF (10 mL) and a solution of hydrazine hydrate (0 535 mL, 11
mmole) in DMF (3 mL) was added dropwise over 45 mun (Faster addition ied to partial opening of the B lactam

nng ) 0 63 mL (11 mmole) of acetic acid was added and the reaction muxture was stirred at room temperature for
2 hours and at 50°C for 15 mmn Most of the solvent was evaporated under reduced pressure at 40°C The residue
was taken up in CH,Cl, and filtered The filtrate was washed with saturated NaHCOj; solution and water, dnied,
evaporated and the remaimning solid was crystallized with ether to give 1 85g (46 2%) of 15 Mp 180-182°C IR
(CHCl3) 3395, 3350, 1764, 1697, 1621, 1574, 1369, 1246 cm™ 'H-NMR (CDCl3) 3 0 10(6H,S,51Me;),

0 92(9H,s,81tBu), 1 53(9H,s,0tBu), 2 73-3 15(2H, m,CH,S), 3 83(1H,m,H-6), 4 58-4 64(1H,m,H-7), 4 62 and

AQS MH ARn I=15SHz.CH.ON An Caled forC. . H..NOQS, " SANH 1 N 70 8 20 Foun ndC,541

495 2H,ABq ,J=15 Hz,CH,0) Anal Caled for CigH;,N,0,488: C, 540, H,81,N,70, 8,80, Found C, ,

H,83,N,70,8,77
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tert-Butyl(6S,78)-7-amino-3-hydroxymethyl-8-oxo-4-thia-1-azabicyclo[4.2.0]oct.2-ene-2-
carboxylate (16).

To a solution of 14 (1.59g, 3 mmole) in DMF (4 mL) was added dropwise a solution of hydrazine hydrate
(3.3 mL of a one molar solution in DMF) at room temperature over 12 min. Most of the solvent was distilled off
at reduced pressure (below 45°) and the residue was taken up in 10 mL of water. 1N hydrochloric acid (3.3 mL)
and ethanol (8 mL) was added and the solution was stirred for 2 hours. The precipitated phthalyl hydrazide was
filtered off, washed with water and ether. The filtrate was concentrated to remove most of the ethanol and the
residue was extracted once with ethyl acetate. The organic solution was discarded. The pH of the remaining
aqueous phase was adjusted to 7.5 by NaHCO, and the deprotected material was extracted with ethyl acetate
dried and evaporated. The residue was crystallized with ether to give 604 mg (71%) of 16. Mp: 112°C. IR
(CHCl3) 3500, 3410, 3350, 1765, 1688, 1622, 1580, 1368, 1154 cm'l. IH-NMR (CDCl3) 5
3.0-3.08(2H,m,CH,S); 3.83(1H,m,H-6); 3.92 and 4.59(2H,2d,J=14 Hz, CH,0); 4.71(1H.d,J=6 Hz,H-7). Anal.
Calcd. for C;5H,304N,S C, 50.3; H, 6.3; N, 9.8; S, 11.2. Found C, 50.4; H,6.3; N, 9.7; S, 11.0.
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