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Abstract: A synthesis of penems from azetidhone 1 is described in detail. This synthesis is used to prepare multikilo batches of 

(sR,6S)-2-[[-(carbamoyloxy)ethyl]thio]-~[~)-l-by~oxyethyl]~nem-3-c~~xy~c acid (lo), (Sch 34343). It is practical as all 

chemical steps progress in high yields, and isolation of all unstable intermediates is avoided. Tim eight step conversion of (3S,4R)-3- 

[(R)-l-hydroxyethyl]-4-triphenylmethylthio-2-azetidinone (1) to penem 10 via intermediicy of stable, solid (3S,4R)-l- 

[[(aUyloxy)carbonyllmethyll-3[~)-hydroxyethyl]-4-(argcntiothio)-2-~ (4). and (3S,4R)-l-[[(aByloxy)c&onyl]methyl]-3- 

I(R)-l-hydroxyedtyl]-4-Bnaphthoxy (thkadmnyl)th&~tidinare (5) is achieved in 43% yield 

In recent years, penems have become an important class of Elactam antibiotics. Several syntheses of penems have been 

reported in the literatme.1-5 A recent review that discusses the merits of these and other penem syntheses has been pubkhed.6 

Typically the preparation of penems involves the synthesis of an axetidinone followed by its conversion to the penem by thiaxoline 

ring construction. Efficient we scale syntheses of appropriately substituted axetidinones from isocyanates.7a penicillin.7b and 

threonine7c (with some limitations7d) have become available. As a follow-up on the studies we have reported over the past few 

years in the form of communications or notes,t~5~ga we report here , in full details, a practical process for the conversion of 

axetidinones to penems. Since the penem syntheses are long, and since many intermediates are labile. a more efficient, practical 

synthesis of penems was required that avoided (i) all low yiehiing steps, and (ii) separate work-upAsolation/puri/purification of each 

intermediate. Moditications/iiprovements of the above literature syndmses have led to a practical (five sequential reactions in high 

yields without the isolation of any intermediates) penem synksis which is depicted below (Schema I). This process has beeu used 

to prepare muhikilo batches of Sch 34343 (10) which were needed for extended biological and pmtical studies. 

The N-atkytation of axetidinotm 1 with ally1 iodoecefarc 2 in Bcuonitrile using costly cesitun carbonate has been described 

earlier.ls Since potassium is closest to cesium in the alkali metal family, potassium carbonate was evaluated for the above reaction. 

Though hydrated potassium carbonate in acetonbile led to a very slow Wakytation reaction along with some decomposition. the use 

of anhydrous potassium carbonate gave pgmal COIIV~~XI. This p&km of incompkte reaction with anhyd~~s potassium csrbonate 
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was overcome by using DMF as a cosolvent, which lead to compkte maction. In this reaction, the excess of iodoallyl acetate9 was 

removed by treatment with triethylamine at the end of the reaction. This avoided the need for chtomatographic puritkation of 

aretidinone 3. 

The deprotection of the trityl group with AgN03 has been reported in the litcratme.lo The removal of the triphenylmethyl 

moiety from the unprotected secondary hydroxy a&dimme 3 was achieved in high yields using ~g~O3,1 and the resultant product 4 

precipitated out of the reaction mixture in essentially pure form.l 1 This intermediate is stable and can be stored in the dark for 

prolonged periods. The protection of the secondary hydroxy group of the axe&none at this stage was unnecessary as due to the very 

high affinity of silver for the halogens, the exclusive S-tbionoacylation of 4 with previously t~ported.~ easily purifiable O-2- 

naphdialenyltarbono&lcsidothioate (NCCT), was achieved in exceheut yields under neutral cot&ions without any O-thionoacyhition 

of the secondary hydroxy group of 4. It should be noted that with excess NCCT, and with warming of the reaction mixture, especially 

in the presence of a base, O-thionoacylation can result. This, in turn, would lead to olefm formation at the 3position of the 

axetidinone via @limination. Axetidinone 5 is a stable. storable crystalhne solid which has been used for the preparation of novel 

penems. l Since the conversion of 4 to 5 is very clean, puriiication of 5 is unnecessary. In fact, 5 prepared in THF was subjected 

to further reactions without isolation. Additionally. the protection of the hydroxy group of 5 with a tetrahydropyranyl moiety @HP, 

PPTS) can be achieved in high yields to prepare the intermediate described pteviously5 which can then be used to synthesixe penems 

substituted with base sensitive functionalities. 

Two additional avenues for the conversion of 3 to 5 were also explored. The first new route (path b) h~olved a direct 

reductive cleavage of the trityl moiety of 3.12 Hem it was clear that with xinc, organic acids such as acetic acid or p-toluenesulfonic 

acid were less effective than IX1 for the cleavage of 3 to 12. In the cases of organic acids, changes in solvents, reaction temperatures, 

use of additional metal salts such as CuCl2, or sonkation did not improve the outcome signiiicantly. The use of ZtVNI-QCI with or 

without NIQOAc also proved ineffective. For optimum yields, periodic ahemative addition of Zn and HCI was superior to those cases 

where an excess of either or both was added in one portion. The conversion of thioll2 to 5 requited the addition of base. Pyridine, 

ttiethylamine, and NJWimethyl aniline gave a 3060% yield for the two step conversion of 3 to 5 via 12. Addition of catalysts such 

as 4-(dimethylamino)pyridine did not improve the results. It appeared that degradation of 12 competed with its conversion to 5, 

limiting the yield of 5. 

It is known in the literauue diat I2 can be used to cleave the trityl group of S-triphenylmethylcysteine.13 In spite of the Steric 

crowding around the trityl moiety of 3-substituted sxetidinone 3, treatment of 3 with 12 resulted in detritylation affording the disultide 

11 (path c) in excellent yield. The reduction of this disulfide to thiol 12 was facile and near quantitative. Here, both zn/HCI or 

Zn/acetic acid reduced the disultide to thiol which wtu then converted to 5. Both of these paths (6 and c) proceed via thiol12. and lead 

to a lower overall yield for the conversion of 3 to 5 compared to path a where 4 is the intermediate. Thus. the latter path was preferred 

for the large scale preparation of 5, and hence of Sch 34343, (10). 

Next, a careful manipulation of reaction conditions lead to a one-pot, high-yielding conversion of the axetidinone 5 to the 

penem 9 avoiding the isolation of unstable intermediates. In view of its ease of removal and its compatibility with the rest of the 

chemistry, trimethylsilyl (TMS) was selected as a group of choice for protection of the hydroxy moiety of 5. Of the mild, compatible 

silylating reagents evaluated, TMSCl proved to be nonpractical. and hexamethyldisilaxane led to silylated product accompanied by 

decomposition products, whereas biitrimedtylsilyl)acetamide (BSA) led to only the silylated product (6). albeit very slowly (ca. 18 hr 

at room temperature for complete silyiation). Addition of imidaxole as a catalyst gave rapid and quantitative silylation with BSA. 

The byproduct, N-trimethykilylacetamide, and the catalyst, imidarole, were tolerated in the cycliration step, and hence the isolation of 
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the labile 0-silylated axetidinone 6 was unnecessary. lbough the cyclixation of the axetidinone 6 was possible either with NaH or 

lithium hexamethyldisilaxane (LiHMDS), with NaH the reaction was slow, the yield was lower, and the use of DMF as a co-solvent 

with THF was necessary. With LiHMDS, a quantitative yield was realixed within minutes at -40”. The need for isolation of this 

readily labile cyclixed product was circumvented by neutrahing the excess base with the addition of a controlled amount of acetic acid. 

The thione (7) and fl-naphthol, thus generated, remained in the organic phase during the aqueous wash14 (only slight 

desilylation/decomposition could have taken place during this wash period as judged by the high overall yield for the four-step 

sequence). Since sulfur is a better nucleophile than oxygen, and since compound 7 is more acidic than B-naphthol, just over one 
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molar equivalent of a weak base, Na2C03, was used to convert 7 into its Na salt which then reacted with Z-iodoethykarbamate in a 

slow but efficient manner. No 0-alkylation of Enaphthol was seen under these conditions avoiding the need for excess 2- 

iodoethylcarbamate. This eventually facilitated the isolation of stable ally1 ester 9. Desilylation of 8 proceeded very smoothly with 

citric acid or phosphoric acid in the presence of all the byproducts. Ester 9. a crystaBine solid.was readily separated from byproducts. 

This Eve-step sequence gave 9 in 62% yield, as a stable. crysWine solid. The deblocking of the ally1 ester (9--rlO) was carried out 

as described in the 1iterature.l This progressed very smoothly resulting in a 95% yield of 10. The problem of palladium 

contamination in the final product was alleviated by adding hi-n-butylphosphite21 to the reaction mixture subsequent to the removal 

of the ally1 group but prior to aqueous work-up. 

In summary, a high yielding synthesis of penems from axetidinone 1 via stable intezm&#s 4 and 5 has been developed. 

This synthesis has been successfully used for the large scale preparation of the penem SCH 34343.10. 

Experimental Section 

The lH NMR spectra were recorded on a Varian Ff-SO or Varian XL-200. Chemical shifts are expressed in parts per million 
downfield from MeqSi, and coupling constants are recorded in Hertz The infrared spectra were recorded on a Perkin-Elmer 1320 or 

Nicolet MX-IE FTIR spectrophotometer. lbe FAB mass spectra were recorded on a Finnigan MAT 312 instrument at 3kV and the 

electron impact mass spectra were recorded on a Varian MATCH-5 spectrometer at 70 eV. Elemental microanalyses were conducted 

by Schering Analytical Services. Melting points were recorded on a Fisher-Johns hot-plate apparatus. Specific rotations were recorded 

on Jasco DIP-370 digital pohuimeter. The term flash chromatography refers to the method described by StiU.15 

(3S,4R)-l-(Allyloxycarbonyl)metbyl-3~(R)-l-hydroxyetbyl]-4-tripbenylmetbyl-tbio-2-azetidinone (3): To a 

stirred solution of of (3S,4R)-3-[(R)-l-hydroxyethyl]-4-~ph~iphenylmethylthio-2-aze (1) (752.5 g, 1.93 mol) in Dh4F (1.75 L) 
under N2 at R, allyliodoacetate9 (2) (317 mL, 567 g ,2.51 mol) was added followed by milled anhydrous K2CO3 (795 g. 5.75 

mol). ‘Ibe reaction mixture was warmed to 50”-55’ for 2.5 h, and then cc&d to tt. Next Et3N (120 mL) was added and the mixture 

was stirred for 0.5 h. The reaction mixture was then diluted with CH2Cl2 (3 L) and poured into water (5.25 I.). The organic layer was 

separated, and the aqueous layer was reextracted with CH2C12 (750 mL). The combined organic extracts were washed with water (5.25 

L, and 4.5 L), aqueous NaAC03 (4.5 L) and then filtered through celite. The celite cake was washed with CH2Cl2 (750 mL). The 

combined CH2Cl2 layer was concentrated in YWUJ to give (HPLC corrected) 896 g (95.6% yield) of the product 3 as a gummy solid. 

This material was suitable for subsequent reactions. 

An analytical sample was obtained by flash chromatography of a small amount of the crude product [silica gel. 
ether/petroleum ether (45:55)]. The white fluffy product thus obtained did not have a sharp melting point. NMR (CDCl3): 61.2 (d, 

3H, I = 7 Hz, CH3CH). 1.85 (d, lH, J = 6 Hz, OH, exchanged with D20). 2.8 and 3.75 (d. 2H, I= 18 Hz. N-CH2). 3.4 (d of d, 1H. 1 

= 3 Hz and 6 Hz, H3), 3.95 (m. IH, CHCH3). 4.45 (m, 3H. H4 and COOCH2). 5.25 (m. 2H, = CH2). 5.75 (m, lH, CH=), 7.05- 

7.45 (m. 15H. C6H5); ]U]D -123.4O (c:O.52, DMSO); IR (KBr): 3340. 1770.1740 cm -1; MS (CI, NH3): m/e 488 (M + H)+, 505 

(M + NH4)+; Anal. calcd. for C29H29N104S: C, 71.47; H, 5.95; N, 2.87; S. 6.57. Found: C. 70.97; H, 6.16; N, 2.75: S. 6.43. 

(3S~4R)-l-~~(Ally~oxy)Carboayl]metbyl]-3-[(R)-l-bydroxyetbyl]-4-6-napbtboxy-(tbio~arbonyl)thio-2- 

azetidinone (5): 
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(Path a) via (3S,4R)-1-[[(Allyloxy)carbonyIlmethyll-3[(R)-hydroxyetbyI]-4-(argentiotblo)-2-asetidinone (4): A 

solution of AgNO3 (I.08 kg, 6.36 mol) in CH3OH (6 L) and pyridine (510 mL, 499 g, 6.31 mol). in the dark and under N2. was 

slowly added to a solution of 3 (3.0 kg, 6.2 mol) in CH3OH (6 L) at tt. The reaction mixture was stirred at rt for 2 h, and then 

filtered through filter press to sepamte 4. The precipitate was washed with H20 (3X3 L) followed by acetrme (2X3 L) and then dried. 

The mother liquor and acetone washes were concentrated in vacua at rt to approximately 4.5 L volmne. To this acetone (12 L) was 

added and then the mixture was stirred overnight in dark at rt. Additional 4 thus resulted was fdtered and washed with H20 (2X3 L) 

followed by acetone (2X3 L) and dried. Thii gave a total of 1.67 kg (76.6%) of 4 as a white solid. 
The white solid thus obtained, 4, is of high purity, and had the following properties: mp 155-160” (decomp.). NMR (DMSO-d6): 8 

I.2 (d, 3H. J = 7H2, CH3CH). 2.95 (d of d. lH, J = 2 and 7Hz. H3), 3.74.1 (m. 3H. CH3CH and N-CHZ), 4.6 (d, 2H, J = 6Hz, 

COOCHZ), 5.0 (d. lH, J = lHz, H4). 5.2 (m, 2H, =CH2), 5.8 (m. 1H. CH-); JR (nujol) 3360, 1760,175O cm-l. Anal. Calcd. for 

ClOHl4NSAg04: C. 34.12; H, 3.98: N, 3.98; S, 9.10; Ag, 30.64. Found C. 33.95; H, 3.91; N, 3.88; S, 9.25; Ag, 30.05. 

To a stirred mixture of 4 (746 g, 2.10 mol) in dry THF (4.4 L) and dry pyridine (17 mL, 16.6 g, 0.21 mol)) under N2. O- 

2-naphthalenyl-carbonoch~ridothioate (,NCCT’), (488 g. 2.19 mol)) was added. The reaction mixture was heated to 40” for 0.5 h and 

then gently refktxed for 0.75 h. The reaction mixture was cooled to rt and then tiltered through I60 g of Supercel. The Supercel cake 

was washed with THF (3X270 mL). The combined THF filtrate plus the washes weighed 4.8 kg. An HPLC analysis of this solution 

versus pure 5 (obtained as described below) indicated that this solution ccotained 850 g (93.5%) of 5. The THF solution of 5 obtained 

above was used for the subsequent rcncfions without pmif~tion. 

An analytical sample of 5 was prepared by either chromatography (silica gel, methylene chloridelethyl acetate, 4: 1) or by 
crystallization from toluene-hexane to give a white solid, mp 76-78”. NMR (CDC13): 81.42 (d, 3H, J = 7Hz, CH3CH). 2.25 (br, 

lH, OH, exchanged with D20), 3.4 (d of d, lH, J = 3Hz and 6Hz, H3), 3.85 and 4.37 (2d, 2H, J = IEHz, N-CH;?), 4.2-4.6 (m. 3H, 

COOCH2 and CH3CH). 5.17 (m. 2H, =CH2), 5.75 (m, IH, CH=), 5.9 (d, IH, J = 2Hz, H4), 7.1 to 7.9 (m. 7H, ArH). JB (KBr): 

3480, 1775, 1750 cm-l; MS (FAR thioglyceml) m/e 432 (m + 1). [UID + 115.5’ (c: 0.48, DMSO); + 61.1’ (c: 0.60, CHC13). 

Anal. Calcd. for C2JH2tN1S205: C, 58.47; H, 4.87; N, 3.x. S. 14.87. Found: C, 58.25; H, 4.61; N, 3.10; S, 14.85. 

(Path b): via (3S,4R)-l-(Allyloxycarbonyl)methyl-3[(R)-l-hydroxyetbyl]-4-sulRydril-2-azetidinone (12): To a 

solution of3 (0.70 8, 1.44 mmol) in THF (1OmL) at 0” under N2, finely powdered zinc (0.38 g. 5.67 mmol) was added followed by a 

slow addition of methanolic HCI (9mL CH30H/lmL cont. HCI) until all the zinc dissolved (ca. 15mL). This procedure of Zn 

addition followed by a slow methanolic HCL addition was mpeated one more time to complete the reaction as judged by tic (silica gel, 

20% EtOAc in CH2Cl2). To this cold reaction mixture cold (0’) CH2Cl2 (1oOmL) was added followed by ice (30 g) and degased sat. 

aqueous NaCl solution (SmL).‘lbe organic layer was separated and the aqueous layer was back-extracted with CH2Cl2. The combined 

organic layers were washed with degassed ice cold sat. NaCl solution until the aqueous layer was neutral. The organic layer was dried 

over anhyd. MgS04 and concentrated in vmu to obtain 0.65 g (93%) of a white solid as a equimolar mixture of the tide compound 

12 and triphcnylmethane, suitable for the next reaction as &scribed below. 

NkfB (CDCJ3): 8 1.35(d,3H.J=7Hz,CH3CH)), 2.15(d,lHJ=IOHz,SH, exchanged with D20). 2.6(br,lH, OH, exchanged with D20). 

3.17(d of d,lH,J=2Hz and 6Hz,H3). 3.77 and 4.2(2d.2H,J=lEHz,NCH2)), 4.3(m, IH, CH3CH). 4.6(d, 2H. J=7Hz, COOCH2). 5.05(d 

of d,lH, J=2Hz and lOHz,H4), 5.35(m. 2H, =CH2), 5.95(m, IH. CH=). No additional data were nv on this compound as it was 

converted to known intermediate 5. 
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The mixture of 12 and tripbcnylmethaoe obtained above was taken up in CH2Cl2 (18mL) . The twultant solution was stirred 
and cooled to 0” and then NCCT (0.32 g. 1.44 mmol) followed by dry Et3N (0.2 mL, 0.15 g, 1.44 mmol) was rulded The reaction 

mixture was stirred for 50 min. diluted with CH2Cl2 (5OmL). washed with distilled water (3OmL) followed by 1:l mixture of 

distilled waterzsammted brine, dried over anhyd. MgSO4 amI concentrated ia wcuo to give an off-white solid. To determine the yield16 

this solid was chromatographed (silica gel, CH2Cl2 followed by 5% EtOAc in CH2C12) to obtain 0.25 g (43.5%) of 5 as a white 

solid, identical to 5 obtained via path II. 

(Path c): vio (3S,4R,SR,3’S,4’R,S’R)-4,4’-Dithiobis-l-(allyloxycarbonyi)methyl-3-[l-bydroxyethyl]-2-azeti- 

dinone (11): To a stirred solution of 3 (0.44 g. 0.9 mmol) in CH2Ci2 (5mL) under N2 at rt. 12 (0.114 g, 0.045 mmol) was 

added. This mixture was stirred for 0.5h (complete reaction as indicated by tic, silica gel/lo% EtOAc in CH2Clz) and then CH30H17 

(2 mL) was added. The rest&ant mixture was diluted with CH2Ci2 (30 mL). and washed with aqueous Na2SO3, dried over anhyd. 

Na2SO4, and concentrated in wcuo to give 0.37 g (78.7%) of mixture of tide compound 11 plus uiphenylmethane methylether as a 

yellow oil containing some solid. This mixture was used without ptication fa the next reaction as described below. 

For the purpose of characterization, in a separate experiment, disulfide 11 was purified using silica gel flash column 

chromatography with CH2Cl2 changing to EtOAc as eluant. 

NMR(CDCl3): 81.38(d,6H,l=7.5Hz,CH3CH), 2.84(br,2H,OH, exchanged with -0). 3.4,(d of d, 2HJz3.5. and 7HxJI3), 3.8 and 

4.3(2d,4H,J=lSHz,NCH2), 4.25(m.2H,CH3CH), 4.65(d,4H,l=7.5Hz,CCCCoCHZ), 5.05(d,2H,J=3Hx.H4), 5.3(mPH,=CH)2.5.87(m. 

PH.CH=). lR(Neat) 3460,2910,1755,1735 cm-l. MS(FAB.thioglycuol) m/e 489(M+), 49O(M+l)+. 

To the above mixture of disulfide 11 and triphenylmethyl methylether in TX-IF (5mL) under N2, Zn (0.045 g. 0.68mM) was 

added. The reaction mixture was stirred vigorously and then cont. HCI in THF (1mL; cont. HCkTHFzlz9) was slowly added. The 

reaction mixture was stirred for 0.5h (complete reaction as indicated by UC, silica gelDO% EtOAc in CH2Cl2). diluted with CH2Cl2 

(30 mL), and washed with aliquots of distilled @gassed) water (3 to 4 X 1OmL) until the aqueous layer was neutral. The organic layer 

was dried over anhyd. Na2SO4 and concentrated in vacuu to give 0.39 g (quantitative) of a white solid consisting of thiol 12 and 

triphenylmethyl methylether. Thii thiol was converted to 5 as described under path b using pyridine as base in place of niethylamine. 

The overall threestep yield from 3 to 5 via 11 was 27%. 

Ally1 (5R,6S)-2-(2-carbamoyloxyethylthio)-6-[(R)-l-hydroxethyl]penem-3-carboxylate (9): To a THF solution of 
5 obtained as described above (i.e. 6.8 kg THF solution containing 1.2 kg, 2.78 mol of S), under N2, bis@rimethylsilyl)acelamide 

(BSA) (824 mL, 678 g, 3.33 mol) was added followed by a catalytic amount of imidaxole (4.8 g). The reaction mixture was stirred at 

rt for 15 min (complete silylation). Additional THF (13 L ) was added to this and then it was cooled to 40’. To this cold solution 

1.1 M lithium hexamethyldisihuide (LiHMDS) in hexane (8.7 L, 9.6 mol) was added over 1.5 h. The reaction mixture was stirred 

for ca. 15 min at -40“. and then glacial acetic acid (1.56 L) was added. At this stage cooling was discoutinucd. H20 (12 L) was added 

@H of the reaction mixture was 6.3 as judged by a pH meter) and then the organic layer was separated. To this was added 

iodoetbylcarbamate (840 g. 3.90 mol) followed by Na2CO3 (270 g. 2.55 mol) dissolved in H20 (7.2 L) to adjust the pH of the 

reaction between 7.5 and 8.0. The reaction mixture was stirred at rt for 20 h (complete S-alkylation). At this stage the organic layer 

was separated, diluted with H20 (4.8 L) and then treated slowly with phosphoric acid (300 mL) until the pH was 1.9. The reaction 

mixture was stirred for an additional 2.5 h at rt (complete dcsilylation) and then adjusted to pH -7 by adding Na2CO3 (450 g). The 

organic layer was separated and concentrated to a volume of 4.8 L. To this hexanes (4.8 L) were added. lhe resultant slurry was stirred 
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for 0.5 h and filtered. The solid was washed with EtOAc (2 X 1.2 L) followed by CH2Cl2 (2 X 1.2 L) and then dried in vmxo. 

Additional product was obtained by further concentrating the mother lhptra and the washes and then tseating it with hexanes as 

describedabove.lhesehvocmpsgaveatotalof sargof401idWithHPU:purityof84.5%(~~topme9)~~gamtal 

of 762 g (74% l8 for four steps from 5) of 9. This crude 9 was purified by crystallization from CH3CN (650 mLJ 100 g). The 

msuhant cq’stals were washed thrice with EtGAc (16 mL/lOO g) followed by twice with hexane (16 mL/lOO g, to ensure a thorough 
removal of CH3CN 19) to obtain a 89% 20 recovery of 9 for the first crop of the crystallixation step. 

An analytical sample was prepared in a separate experiment by crystallization liom CH3CN. m.p. 152-152.5O. NMR 

@MSG-d6-CDCl3) 8 1.17 (d. 3H, I= 7 Hz, CH3CH). 3.15 (m. 2H. SCHd. 3.65 (d of d, lH, J = 1.5 Hz and 6H2, H6), 3.8-4.3 (m, 

3H, CH3CH and CH2GCO). 4.6 (m, 2H, CGGCH2). 5.1-5.4 (m. 2H, =CH2), 5.65 (d, 1H. J = 1.5 Hz, H5), 5.75 (m. 1H. CH=), 

6.45 (br., 2H, GCONH2); IR (nujol): 3420, 3305, 1780. 1690, 1610 cm- 1; MS (FAB, thiogIycen$ m/e 375 (M + l)+. [a]D 

+188.9’ (c: 0.46, DMSO). Anal. calcd. for Cl4Nl8N206S2: C. 44.93: H, 4.81; N. 7.48; S, 17.13. Found: C, 44.88: H, 4.84; 

N, 7.44; S, 16.85. 

(5R,6S)-2-[(-(Carbsmoyloxy)ethyl]thio]-6-[(R)-l-hydroxyetbyl]pe~em-3-carboxylic Acid (10): To a stirred 

suspension of 9 (364 g, 0.97 mol) in THF (3.64 L) under N2 at rt, lriphenylphosphine (36.4 8.0.14 mol) and bis(niisopropyl- 

phosphite) palladium dichloride (12.0 g ,0.03 mol) were added. Tbe reaction mixture was stirred for 15 min. and then a solution of 

sodium 2-ethylhexanoate (194.4 g, 1.18 mol) in THF was added to it. llte reaction mixture was stirred for 0.5h (complete reaction as 

judged by tic, silica geI/CH2Cl2:acetone:acetic aci&:15:4:1) and tri-n-butyl phosphite (88 mL, 81 g, 0.32 mol) was added, After 

stirring for an additional 10 min. toluene (440 mL) followed by deionized H20 (1.46 L) weae added to the reaction mixture. To this 

COW. HCl (cc. 20 mL) was slowly added to adjust the pH to 7.7 (from pH 8.5). The aqueous layers were separated, and the organic 

layer was i-e-extracted with deiinixed H20 (400 mL, and 110 mL). The combined aqueous layer was washed with CH2Cl2 (1.48 L, 

and 360 mL). Next the pH of the stirred aqueous phase was adjusted to -1.6 by a slow addition of cont. HCl (cu. 120 mL). The 

resultant slurry was stirred for 0.5 h and Eltered. The product was washed thoroughly with water (4 X 146 mL) followed by EtOAc (3 

X 146 mL) and dried in ~mxo to obtain 310 g (95.6 96) of tan- c&red 10, m.p. 162.5-164”. This product was identical to the product 

obtained via the previously published proce&m5 NMR (Q-DMSO) Sl.l5(d, 3H. J = 7Hx, CH3CH). 3.13 (m, 2H. S-CH2). 3.76(d 

of d, J = 1.5H.z. H6). 3.98( br, 1H. CHCH3). 4.12(m. 2H, CH2OCO), 568(d. lH, J = 1.5Hz. H5), 6.55@r, 2H, NH2); Anal. Caicd. 

for CllHl406N2S2: C.39.51; H4.22; N,8.38: S19.19. Found: C.39.33; H.4.21; N.8.43; S,19.26; IR(nujo1) 3410, 3340, 1750. 

1700.1675 cm-l; MS (FAB,thioglycerol) m/e 335(M=H); [CZ]D~~ =+208.7“ (c 0.3,DMF) 

Acknowledgement. We thank Dr. for his in obtaining and Mrs. for help in the 
compounds. 

References and Notes 

(a) GirijavaBabhan, V.M.; Ganguly, A.K.; Pinto, P.; Versace, R. J. Chem. Sot. Chem. Comm., 1983,908; 

(b) Girijavaliabhan, V.M., Ganguly, A. K., Pinto, P., Versace, R.. Temhedron Len., 1983.24,3179. 

Leansa, W.J.; DiNinno, F.; Mutbard. D.A.; WiIkening, R.R.; Wildonger, K.J.; Ratcliffe, R.W.; Christensen, B.G. 

Terrahedron, 1983.39.2513. 

Yoshida, A; Bayashi, T.; Takeda, N.: Oida, S.; Ohki. E. Chem. Phurm. Bull., 1983.31.768. 

(a) Afonso,A.; Hon., F.; Weinstein, J., Ganguly, A.K. J. Am. Chem. Sot., 1982,104, 6138; (b) Alpcgian, M; Bedeschi. 

A.; Pcrrone, E.; Franceshi, G. Terrahedron Lat., 1984. 4171. 



1182 D. GALA et al. 

5. 

6. 

I. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

Gala, D.; Steinman, hf.; Jaret, R.S. J. Org. C/IC~.. 1986.51.4488. 

McCombie. S.W.; Ganguly, AK. Medical Research Reviews, 1988.8.393. 

(a) 0) Kanegafuchi Kagaku Kogyo, U.S. Patent 4914.199; April 3.1990; (ii) Kanegafuchi Kagaku Kogyo, U.S. Pamu 

49WQCk April 3. 1990; (iii) Kanegafuchi Kagaku Kogyo. Japanese Patent Publication 18791, 1986. @) Quallich. GJ.; 

Bordner, J.; Elliott, M.L.; Monkey, P.; Vokmaan, R.A.; Wroblewska-Adams, MM. J. Org. Chem.. 1990.55, 367. 

(c) (i) Hanessian, S.; Badeschi. A.; Batistini. C; Mongelli, N.; J. Am. Chem. S0c..1985.107, 1438;(ii) Chackalamannil, 

S.; Pea. N.; Kirkup. M.; Afonso, A.; Ganguly. A.K. J. Org. Chem.. 1988,53.450. (d) Kugelman. M; Gala, D.; Jaret. 

R.S.: Nyce, P.L.; McPhail, A.T. Synlea, 1990.431. Reviews of chiral azetidinone constructions are available: (e) Labia, 

R.; MorinC.; J. Antibiotics, 1984,37, 1103.; (4 Hart, DJ.; Deok-Chan, H. Chem Rev. 1989,89, 1447; (g) Barrett, 

A.G.M.: Sturgess, MA., Tetiahedron, 1988.44,5615. 

(a) Jeffry, P.D.; McCombie. S.W. J. Org. Chem., 1982.47, 587; (b) McCombie, S.W.; Girijavallabhan, V.M.; Ganguly, 

A.K. U.S. Patenf 4,504,485, March 12, 1985. 

This is a very strong lachrymator and an irritant. Care must be exercised throughout its handling and destruction of the 

excess of the reagent. 

(a) Hiskey. R.G.: Mizoguchi. J. J. Org. Chem., 1966,31.1188; (b) Menard, M.; Martel, A. U.K. Parent 2.041524; 1966. 

The hydroxy-protected analogs of 4 reepated previously lq3 are not solids, and hence tbcy do not crystallize out of the reaction 

mixture. In some cases their separation from triphenylmethyl byproducts was necessary. 

Girijavallabhan, V.M.; Ganguly, A.K.; Pinto, P.A.; Versace, R.W., U.S. Parent 4,584,133; April 22, 1986. 

Kamber, B.; Helv. Chim. Acra.,l971,54, 398. 

In the case where l,l’-carbonothioylbis(lH-imidazole) (C!TBI)l was used, the byproduct imidazole was extracted with acid, 

leaving the thione in the organic phase for furthu reactions. 

Still, W.C.; Kahn, M.; Mitra, A. J. Org. C/tern., 1978.43.2923. 

The chromatography was done to obtain pure 5. Crude 5 along with triphenylmethane can be converted to 10, with the 

crystallization of 9 during the process whereby most of the bypmducts are removed. 

A work-up without the use of CH3OH results in the formation of triphenylmethanol in place of triphenylmethyl methylether. 

The subsequent reactions may be carried out witbout any complications to obtain a similar yield of 5. 

On a multikilo scale, a third crop representing an additional yield of 5.25% was obtained, raising the yield to 79% for this 

four-step sequence. 

Contamination of 9 by CH3CN interferes with Pd-catalyzed deblocking of the ally1 ester. Hence it is important that almost 

all the CH3CN be removed at this stage. 

On a multikiio scale, an additional crop representing ca. 5% yield was obtahxd improving the crystallization step yield to 

94%. 

We thank Dr. Peter Kaksakakm for providing useful information towards the removal of Pd from the reaction mixture and/or 

the product_ 


