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Abstract: The 3-methyl group in 2-thiacephem-4-carboxylates can be brominated in good yield, 

thus providing access to a series of highly active penem antibiotics. 

At present, penems possessing outstanding antimicrobial activity can be allocated in two 

major classes, both characterized by an a-hydroxyethyl group in position 6 but differing in the 

1 
2-substituent, which can be either an alkylthio radical (leading compounds: Sch 29482 , thia- 

thienamycin2) or a functionalized methyl group (FCE 214203, FCE 221014). Several strategies5 

are now available for the rapid derivation of a huge number of representatives of the first 

family, while for the second class, in an attempt to overcome the restrictiveness of the original 

Woodward route, heavy metal salts of 4-mercaptoazetidinone-phosphoranes6 have been proposed as 

versatile intermediates. We wish here to describe how the functionalization of 3-methyl-2- 

thiacephem--4-carboxylates, whose synthesis and desulphurisation has been studied independently 

by us7 
8 

and Hoechst's group , can provide a second, convenient answer to the problem. 

Sch 29La2, R=H 

Thiathlenamycm, R=NH~ 

FCE 21/+20, X = OCOCH3 

FCE 22101 , x = OCONH? 

7 
To this end, we had introduced thiolsulphonates and sulphenimides as an alternative to benzo- 

thiazolyl azetidinyl disulphides in the synthesis of 2-thiacephems, since the former can undergo 
9 

allYlic orelectrochemical halogenation 
10 

on their isopropylidene moiety. However, our best hopes 

were surpassed by the finding that even the 2-thiacephem system is amenabletoallylic bromination 

in good yields 
II 

: e.g., prolonged heating of 3 with NBS (1 mol. equiv., refluxing CC1 
4' 

AIBN, 

propylene oxide) gave the 3-bromomethyl-2-thiacephem zas a syrup (85%); 1 

-1; 

max 
(CHC13) 282 (~7,323) 

and 336 nm (E 3,120); vmax (film) 1785, 1730 cm d(CDC13) 0.10 (6H, s), 0.89 (9H, s); 1.28 

(3H, d), 3.23 (1H. dd, J = 2 and 3.5 Hz), 3.87 (3H, s), 4.30 (IH, m), 4.65 (2H, centre of ABq, 

J = 11.5 Hz, CH2Br), and 4.76 ppm (lH, d, J = 2 Hz). Under these conditions NCS was ineffective. 
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Although preliminary attempts to desulphurise this compound to a 2-bromomethyl penem synthon 

12 
gave poor results , the unexpected stability of the 2-thiacephem disulphide moiety towards 

13 
positive halogen sources offered us a convenient entry to novel functionalized representatives . 

Thus, displacement of bromine from 2 with Bu4NOAc and with sodium l-methyl-lH-tetrazol-5-yl- 

mercaptide, gave, respectively, the acetoxymethyl and the tetrazolylthiomethyl derivatives: 

3a (95%), Amax 
VYI 

(CHC13) 279 (~6,067) and 332 nm (&2,912); Vmax (film) 1790, 1740, 1720sh cm-l; 

G(c~Cl3) 0.10 (6~, s), 0.87 (9H, s), 1.26 (3H. d), 2.05 (3H, s), 3.12 (lH, dd, J = 2.5and 

4 Hz), 3.80 (3H, s), 4.33 (lH, m), 4.64 (lH, d, J = 2.5 Hz), and 4.9 ppm (2H, centre of ABq, 

J = 13 Hz, CH20Ac); z (85%); amax (EtOH) 281 (E 5900) and 333 nm (E 3085 );~m~x (film) 1790, 

1725 cm -1;6(C~Ci3) 0.10 (6~, s), 0.89 (9H, s), 1.26 (3H, d), 3.55 (lH, dd, J = 2.2 and 3.5 Hz), 

3.88 (3H, s), 3.92 (3H, s, NCH3), 4.38 (lH, m), 4.46 (2H, cel:tre of ABq, J = 14 Hz, CH2S), and 

4.68 ppm (lH, d, J = 2.2 Hz). Finally, triphenylphosphine-mediated ring contraction of these 

compounds (MeCN 
14 

, -40' to 0°C) smoothly afforded the desired penems +5a, and 5b, (60 and 65%), 

15 
accompanied by their 5s diastereomers 6a, 6b (35 and 30%) . Nb\ ‘YY, 

While the above sequence provided access to the acetoxy compound FCE 21420 and to a 

16 
series ofheterocyclylthio3nalogues currently under advanced investigation , every attempt to 

obtain 12a, a formal precursor of FCE 22101, was thwartedby spontaneous cyclization of the 
- 

17 
parent hydroxymethyl compound 2 into the lactone& ; v (film) 1800-1750 br cm 

max 
-I; G(CDC13) 

0.06 (3H, s), 0.11 (3H, s), 0.90 (9H, s), 1.33 (3H, d), 3.33 (lH, dd, J = 2.5 ar,d 4.5 Hz), 4.44 

(lH, m), 4.62 (lH, d, J = 2.5 Hz) and 4.98 (2H, s, CH201. To overcome this problem two strategies 

were developed. According to the first, a 2-hydroxymethylpenem was prepared by unmaszing the 

OH group after the ring-contraction step, taking advantage from the reluctancy of the penemring 

system to form tricyclic lactones. The 2-thiacephem nitrate IS& was conveniently prepared from 

2a and AgN03 (sat. 
- 

acetone solution, 1 h, OOC) and then desulphurised (PPh3 in THF) into a 7:3 

mixture of the trans and cis penem nitrates 5c -- /vn'I\M' 
6c in turn easily reduced (Zn/HOAc in CH2C12) 

18 
to the corresponding 2-hydroxymethylpenems 5d, 6d . Alternatively, we argued that some control 

lvvI_ 

could be gained over the spontaneous lartonisation of 3-hydroxymethyl-2-thiacephem-4-carboxylates 

by the appropriate choice of the ester group; and, particularly, that tert-butyl and diphenyl- 

methyl esters, two types of carboxy protecting groups otherwise popular in the R-lactam area, 

could find here and for the first time the opportunity of being exploited for a penem synthesis. 

Tert-hutyl and diphenylmethyl 3-methyl-2-thiacephem-4-carboxylates g,kwere prepared from the 

7 
corresponding 6,6_dibromopenicillanatesalong our general procedure . First, their usefulness was 

checked by acid hydrolysis, thereby obtaining the fully deprotected synthon ll& (from lb or 
- 

2 neat TFA, 1 h r.t.) or the silylated derivative j!Zl& (from 2, 20% TFA in dichloromethane, O"C, 

few min), immediate precursors of penem acids; e.g., sulphur extrusion from 12 gave 5& e. in 

variable amounts according to the solvent (1:4 isomer ratio in CHCl ; 3:2 in acetone). 
3 
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Secondly, $:,&were brominated under the previously reported conditions, thus obtaining the 

bromomethyl-Z-thiacephem esters 2&,&(60 and 65% yield, respectively), which could indeed be 

converted into the carbinols 7b,c 
MI) & 

the first, owing to the bulkiness of the tert-butyl moiety, 

being stable enough to be isolated pure;~max (CHC13) 281 (6 523Cj and 335 nm (E 2800 1; sax (film) 

3450, 1785, 1712 (cm -I; G(CDC13) 0.1 (6H, s), 0.86 (9H, s), 1.25 (3H, d), 1.50 (9H, s, 0C4Hg), 

3.13 (lH, dd, J = 2.5 and 4.5 Hz), 4.25 (2H, centre of ABq, J = 14 Hz, CH20H), 4.37 (lH, m) and 

4.60 ppm (lH, d, J = 2.5 Hz). 

Conversion of 7b,&into the wethanesl2b,c (trichloroacetylisocyanate,CH2C12, -4OOC to r.t.) 
-* 

and unmasking of the carbamoyloxy group in the former to give l3& (Si02/MeOH, several hours) 

formally completed this series of key manipulations inside the 2-thiacephem family, now to be 

considered a versatile source of the most promising penem antibiotics 
19 

OR OR 

OCONH2 

a; R’rMe 

b; R’=But 

t; R’=CHPhZ 

(R =SiMe2But thoroughout ) 

Reagents= i, NBS/AIBN; ii, BuqNOAc; iii, MMTZ sodium salt: iv, AgZO or AgC104/wet acetone, or CuZO/DMSO/uater; 

v, spontaneous (for g and 7c): vi, TFA; vii, AgN03/dry acetone; viii, CljCONCO; ix, SiOZ/MeOH 

a; X=OCOCH3, R’:Me 

H 

5x: Sk;, ;;;z, :-, $& 

2' 
5 6 e; X=R’=H 

lia, R =SiMeZBut 

llb, R=H 
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Similar reaction cannot be carried out conveniently on n 
3 

cephems and 1-axa-1-dethiacephems. 

This compound is too unstable to be isolated pure, but in further experiments we were able to achieve a one-pot 

conversion of 2.2 into 5b.6b (1:l diastereomeric mixture) (PPh 
MI w& 

several hours). 
3' 

CDCl 
3' 

-30°C; then MMTZ sodium salt, THF/CDCl 3,-3ooc, 

An ab initio approach to each different substition had been used beforehand (R.B. Woodward, Ger. Offen.. 2,153,554; _- 

Chem. Abstr., 1972, ;clz 126700) 

A pronounced solvent effect was observed on the stereochemical outcome of these desulphurisations. 

We made no effort to separate these diastereomeric mixtures. Selected ir (ymax C=O, film unless otherwise stated) 

and nor data (6,,, relative to R-lactam protons. CDC13 unless otherwise stated) for Ned compounds are as follows: 

& 1780, 1720 cm-l;63.02 (dd, 2.5 and 5Hz) and 4.53 (d. 2.5Hz); 2: 1775, 1720 cm -l;63.08 (dd, 3 and SHz), 4.60 

(d, 3Hz); 2: 1787, 1720 cm-l;63.18 (dd, 2.5 and 4.5Hz). 4.71 (d. 2.5Hz); Zc_z 1778, 1728 cm-l;63.10 (dd, 3 and4.5 Hz). 

4.65 (d, 3Hz); 5a and 6a: 1790, 1745, 1710 cm -l: b(CD CN) 3.80 (dd, 2.0 and 4.OHz), 5.63 (d, 2.OHz), and 3.93 

(dd, 4.0 and 9.;z), S?l (d, 4.OHz); 5b ;nd 6b: 1780~1710:~3.68 (dd, 1.8 and 4Hz). 5.54 (d, 1.8Hz), and 3.80 (dd, 

4.2 and 4.OHz). 5.60 (d, 4.2Hz); ,SS an?6c: l%O, 1710 cm-l; 63.92 (dd, 1.5 and -'-lz), 5.60 (d, 1.5Hz). and 3.90 (dd), 

5.67 (d, 4.2Hz); 3 andn6_d: 1785, 1710 cy1;-1;83.70 (dd, 1.8 and 4.5Hz),5.57 (d. l.BHz), and 3.82 (dd, 4.0 and 9.5Hz:. 

5.64 (d, 4.OHz); 2 and &: 1785 and 1685 c1r-~;63.66 (dd, 2.0 and 5.5Hz). 5.51(d, 2.OHz). and 3.77 (dd, 4.0_;nd 

lO.SHz), 5.59 (d, 4.OHz);,,$ 1780, 1750 cm-l;83.52 (dd, 4.5 and 2.5Hz). 4.79 (d, 2.5Hz); lOlO: 1790, 1'30 cm ;6 

3.18 (dd, 2.5 and 5.5Hz), 4.73 (d, 2.5Hz); 2; 1765 and 1705 cm- 1 (nujol);b3.02 (dd, 2.5 and 5.5Hz), 4.57(d, 2.5Hz); 

$b_: 1775, 1700 cm-' (KBr);b(acetane-d6) 3.:; (dd), 4.74 (d, 2.OHz); l2$: 1790 and 1725 br cm-l:6 (CD3CN) 3.40 

(dd, 3 and 4 Hz), 4.80 cd, 3Hz); $: 1785, 1740sh. 1720 cm-1;63.1 (dd, 3 and 5Hz). 4.75 (d, 3Hz). 

Detailed synthesis and structure-activity relationship in this class of compounds will be reported in due time. 

Desilylation of this material (neat TFA, 45 min. r.t.) afforded the free-hydroxyetl;yl lactone&tested as an 

antibacterial (active at 16 and 32 Y/ml on Streptococci and Staphilococci, respect.) and a 8-lactamase inhibitor 

(no activity). 

2-Hydroxymethylpenems had been previously obtained in our laboratories from another route and exploited for the 

synthesis of acyloxy, carbaaoyloxy and heterocyclylthio derivatives; details will be published elsewhere. 

P-Thiacephems have recently been shown to be potential precursors of the E-alkylthiopenem family of antibiotics 

as dell: N.J. Daniels, G. Johnson, B.C. Ross, and M.A. Yeomans, J. Chem. SOL., Chem. Commun., 1982, 1119. 
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