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Abstract: Fluorination of the protected 6a-(hydroxymethyl) amine (19), 
&protection and acylation afforded the fluoromethyl penicillin (8). 
Similar reaction with the Co-formyl penam (13) proceeded only to the 
intermediate fluorohydrin (14). 

In 1965 Strominger and Tipper1 put forward the hypothesis that 

penicillins (and cephalosporins) are structural analogues of the term- 

inal D-ala-D-ala residue of the acetyl muramyl pentapeptide involved in 

bacterial cell wall biosynthesis. Introduction of a methyl group at 

the Ga-position of a penicillin provides a closer structural analogy to 

this unit. However, the 6a-methyl penam (2) was found to be only 

poorly antibacterially active compared with Penicillin G(1)2. Since 

fluorine can be substituted for hydrogen with only minimal steric, but 

with considerable electronic effect, we reasoned that the 6a-(fluoro- 

alkyl) derivatives (8) and (9) might possess interesting properties. 

Further, we had also previously described the synthesis of the anti- 

bacterially active 6a-(hydroxymethylI3 and 6a-formyl4 penicillins, the 

latter existing as a gem diol in aqueous solution. Since there is a 

close physico-chemical similarity between hydroxy (C-OH) and fluorine 

(C-F) we hoped that preparation of the fluoromethyl and difluoromethyl 

penams (8) and (9) would improve the activity of these compounds. 

We initially attempted to prepared the Ga-(fluoromethyl) penicil- 

lanate (5) having a simple side chain. The successful exchange of 

sterically hindered sulphonate esters for fluorine using tetra-n-butyl- 

ammonium fluoride has heen reported5. To this end the mesylate (4) was 

prepared from the hydroxymethyl penam (3) by treatment with methane- 

sulphonyl chloride (1.5 equiv., CH2Cl2, 0.5h, 95% yield). However, 

when mesylate (4) was treated with tetra-n-butylammonium fluoride (1.5 

equlv.. tetrahydrofuran, 3h) degradation occurred and only the known 
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crystalline thiazoline (16) was isolated (32% yield). There is 

literature precedent for this type of reaction7. 

As we anticipated that the penicillin (8) with an acylated 

phenylglycyl side-chain would show the best biological activity3 we 

then directed our efforts to the preparation of the ester (12). 

Diethylaminosulphur trifluoride 8 (DAST) is reported to give a mild 

high yielding conversion of alcohols to fluorides. When Ga-(hydroxy- 

methyl) penam (11) was treated with DAST (2 equiv., CaC03, CH2Cl2, -70° 

to -20oc, 48h) a slow reaction occurred to give only the Spiro-penam 

(18)g (55% yield), by the mechanism proposed in Scheme 1. 

Since activation of the hydroxymethyl group is apparently incom- 

patible with an amide side chain the Schiff base (19)3 was prepared and 

treated with DAST (1 equiv., CaC03, -2OoC, CH2C12, 16h). The crude 

product (20) was deprotected (TsOH 1.1 equiv., Girard's T. 3 equiv., 

CH2C12, OoC, 3h) to give the desired Ga-(fluoromethyl) amine (21) (19% 

yield). Acylation of the amine (21) with the acid chloride (17) 

(CH2C12, pyridine) was unsuccessful. It was found necessary to 

silylate (bistrimethylsilylacetamide 2 equiv., CH2C12) the amine (21) 

prior to reaction with acid chloride (17) in order to obtain the peni- 

cillanate (12) (59% yield). Hydrogenolysis (10% Pd/C, tetrahydrofuran) 

and neutralisation then afforded the sodium salt (8). 

An alternative reaction of DAST is with aldehydes to give di- 

fluoroderivativesa. We therefore hoped that the Ga-(difluoromethyl) 

penicillin (9) would be accessible from the Ga-formyl penam (13)4. 

When the aldehyde (13) was treated with DAST (4.5 equiv., CaC03, 

CH2C12. -200C) only the fluorohydrin (14) was isolated as a mixture of 

diastereoisomers, which were separable by chromatography (28% yield of 

each). Hydrogenation and neutralisation afforded the two salts (10) 

(32 and 49% yield). A fluorohydrin is the usual intermediate in this 

type of reaction and it was hoped that prolonged treatment of aldehyde 

(13) with DAST would finally give the difluoromethyl penicillanate 

(15). However, even after 3 weeks exposure of aldehyde (13) to excess 

reagent at ambient temperature no further reaction was observed. 

The 6a-(fluoromethyl) penicillin (8) and the two fluorohydrin 

isomers (10) showed only'weak antibacterial activity. 

Acknowledgements 

The authors would like to thank Mr. J.W. Tyler and Mr. A.E. 

Cutmore for n.m.r. and i.r. data and the other members of the spectro- 

scopy department for their assistance. 



5793 

phcH2coNf-~> 
‘, 
2 

tO2Na 

phocH2coN~~ 
3. 
; 
CO2CH2Ph 

(3) R = CH2OH 

(4) R = CH20SO2Me 

(5) R = CH2F 

(1) R = H 

(2) R = CH3 Ph;;ONIb> 

Aip 3 
C02Na 

(6) R = CH2OH (9) R = CHF2 

(71 R = CHO (10) R = ?H(OH)F 

(8) R = CH2F 

*hCHCoC1 
NHPip 

C02CH2Ph 

CO2CH2Ph (16) (17) 

(11) R = CH2OH (14) R = EH(oH)F 

(12) R = CH2F (15) R = CHF2 

(13) R = CHO p++-J--- 

NHPip 
0 : 

% 
C02CH2Ph 

o2N-@H=&o 

(18) 

c 

EO2CH2Ph CH2F 
: 

(19) R = CH2OH (20) R = CH2F H2pQ 
z. 
CO2CH2Ph 

Pip = A-Et 

(21) 

CON 

b-J 
0 0 



5794 

1. 

2. 

3. 

4. 
5. 
6. 

7. 

8. 
9. 

Scheme 1 

RCONH S 

=? 

-------b 

CCQCH2Ph 

(11) 

R = PhCH- 

kHPip 

Ab2 \ s 
N 

0 

\CO$H2Ph 

(181 

References and Notes 
J.L. Strominger and D.J. Tipper, American Journal of Medicine, 1965, 
39, 708. 
'iiTA. Firestone, N. Schelechow, D.B.R. Johnston, and 
B.G. Christensen, Tetrahedron Lett., 1972, 375; 
R.A. Dixon, R.A. Edmondson, K.D. Hardy, and P.H. Milner, 
J. Antibiotics, 1984, 37, 1729. 
A.W. Guest and P.H. MiEer, Tetrahedron Lett., 1984, 25. 4845. - 
P.W. Kent and R.C. Young, Tetrahedron, 1971, 27, 4057. 
R.A. Firestone, N.S. Maciejewicz, R.W. Ratcline, and 
B.G. Christensen, J. Org. Chem., 1974, 39, 437. 
M.R. Bell, J.A. Carlson, and R. Oesterlz, J. Org. Chem., 1972, 37 
2733. 

-' 

W.J. Middleton, J. Org. Chem., 1975, 42, 574. 
All esters were isolated by chromatography on silica gel 60, eluting 
with either ethyl acetatelhexane or ethyl acetate/ethanol mixtures. 
All compounds described were characterised by nuclear magnetic 
resonance, infra red, and mass spectral data. Selected physical 
data are as follows: 
(8): Vmax (KBr) 1764, 1711, 1673, and 1608 cm-l: bH [(C~3)2So] 
3.74 (lH, S, 3-H), 
5.28 (lH, s, 5-H). 

4.72 (2H, d, J 46.7 HZ, ABq J 9.7 Hz, CH2F), and - - 

(10): Isomer 1; vmax (KBr) 1772, 1714, 1674, and 1609 cm-l: 6H 
(D20) 4.34 (lH, 6, 3-H), 5.76 (lH, s, 5-H), and 6.69 (lH, d, 2 62 
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- 
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(22): Vmax (CH2Cl2) 1780 and 1725 cm-17 sH(CDCl3) 4.49 (lH,s,3-H), 
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