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Abstract - A synthesis of a novel 1.1-difluorocarbapenem ( I ) ,  uti l iz ing a new N 

protecting g raup  f a r  thc I-parition of 2-azeridinones is described. 

Thc  discovery that  subst i tut ion of  a P -methy l  g raup  a t  the I-position of carbapenems of ten results i n  high 

stability to the renal dehydrapept idare  cnzyme DHP-I ,  without lass of ant ibiot ic  activity1 led us to 

investigate the effects  of other groups a t  t h e  I-position. Substitution of the I-position by hydroxy a n d  

methoxy groups has bccn described by us2 a n d  others3. Hcrcin wc wish t o  report  on  the synthesis of a 1,l- 

dif luorocarbapcnem a n d  the use of a novel N-protecting graup which we discovered dur ing  t h e  coursc of 

this synthesis. We wcrc intcrested in f luorine substitution because the strong electron withdrawing effect  of  

f luorine could result in  a highly reactive P-lactam, while its relatively small stcric size, in  between H and 

CH3 could still  contr ibute  towards stability to thc DHP-I  enzyme, without  lass of act ivi ty .  

T ~ c  report of a synthesis of thc cnol-silyl e ther  z4 at t racted us to the possibility of  a lkylat ing (3R,4Rj-3- 

( 1 R - t - b ~ t y l d i m e t h y l s i l y l o x y e t h y l ) - 4 - ~ y a t i d i - 2 - 0  (3j5 wi th  2 t o  give (3R,4R)-3-(IR-t- 

butyldimethylsilylo~yethyl)-4-(2-phenyl-2oxoI,l-difluoro)-azctidin-2-one (4). which in tu rn  could then be 

converted in a number of well established steps to the 1.1-difluora-2-phenylcarbapenem 1. Sincc the 

ant ibiat ic  act ivi ty  of t h e  c a r r e ~ p o n d i n g  I-unsubstituted 2-phenylcarbspenem in well known6, a compnriiian 

with i t  would enable  us t o  learn abou t  t h e  effects  of !,I-difluora substitution. 
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Chlorodif luoroacet ic  ac id  1 was t reated wi th  exccrr phenylmagnesium bromide to  yield 

cl~larodif luoraacetophcnone i n  68% yield. Conversion to  its enals i ly l  e the r  2 (Zn, TMSCI, CH3CN, 60°c) 

followed by a lky la t ion  of 3 wi th  2 i n  t he  prcsence of TiCI4 (CH2CI2, r e f lux ,  24 h) gave 4' i n  20% yield. 

The  same t r ans fo rma t ion  could a lso  bc carr ied o u t  by a lkyla t ion of 3 wi th  the  a luminum ena la t e  f rom 

chlorodifluaraacetophcnanc ( 5 )  (Zn, Et2AICI, T H F )  giving 4 in 27% yield T h e  di f luoroketonc 4 now 

became s key intermediate in t he  synthesis  of the  t i t le  compound.  

&+ 
1) [C6HrI3P. 2.6-lutidine, THF 

1)CHO-C02-all$ Et3N, 3A MOL SEIVE 
4 - w5 40 ' C ,  18 h - 

toluene, RT,  18 h 

8 9 
The  d i f luo roke tonc  4 was conver ted to  t he  carbapcnem 9 us ing a modif icat ion of the  well establirhcd 

glyonalnte route8, demonstrating the  averal l  Ceasibility of cans t ruc t ing  a 1 , l -d i f luarocarbapenem.  Thus  

t reatment  a f  4 w i t h  ally1 glyonaia te  (Et3N, 3A0 Mol. Sieve, to luene,  R T ,  18 h ,  62%) gave the  carbinals  6 

(mixture  of isomers at t he  h y d r o r y  bear ing carbon) which were  conver ted to  t he  chloro compounds 7 

(SOC12, 2.6-lutidine, T H F ,  -lO°C, 0.5 h ,  63%). On t r ea tmen t  of t he  ch lo ro  dcr ivs t ives  wi th  

t r iphenylphosphinc (2.6-lutidine, T H F ,  40°C, 18 hl one ob ta ined  the  bicycl ic  ca rbapenem 99(42%) with only 
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transient formation of t h e  ylide intermediate 8. The  d i f lua ro  subst i tut ion in  kctone 8 leads l a  its high 

reactivity, resulting in cyclization of thc ylidc under the conditions of its formation.  

Bemuse it was expected tha t  the bicyclic compound 9 would not survive the conditions required for  

deblacking of the i-butyldimethylrilyl (I-BDMS) group, i t  became necessary to exchange i t  for  an 

allylonycarbanyl group, which could be removed simultancausly with t h e  ally1 ester under mild 

conditionslO. Attempts  a t  selective allyloxycarbanylation of the  ungrotccted alcohol 10 obtained from 4 

(CH30H,  1% H2S04,  RT,  Ih r )  fa i lcd,  reaction occurring a t  bath the O H  a n d  N H  functions. Selective i- 

butyldimcthylsilylation (I-BDMSCI, ET3N, DMF) of 10 also fai lcd,  again reaction occurring a t  both OH and 

NH. At this point i t  becsmc necessary t o  protect the N H  func t ion  of 4 by a group stable to thc acid 

canditionr required to remove the 0-i-butyldimethylsilyl funct ion a n d  yet easily removable af ter  

nllylonycarbanylation of the alcohol. 

4 10 
Sulfenamide der ivat ives  have bcen used to protect amines l1 ,  howcver, to ou r  knowledge this functionality 

has  not bcen used f o r  the pratection of the aret idinone N H ' ~ .  A model s tudy a n  the readily available 

azct idinane 11' showed the usefulness of the NSCH1 group. Treatment  of 11 with LDA, HMPA(1 cq, each) 

in THF a t  -78' followed by cncern methyl methanethiolsulfanate gave the sulfenamide derivative 12'' 

(94%). The  t-BDMS group was thcn removed as dcscribcd for 10 to give the alcohol 1314 (91%). T h e  N-SCH? 

group survived the strongly acidic  conditions. Allylaxycarbanylation of the f r ee  O H  funct ion (CIC00-allyl,  

DMAP, CH2CIZ, RT, 2 h )  gave the carbonate  1415 in 83% yicld. A t  this stage the sulfcnimide protecting 

group was removed by nucleophyllic d i r ~ l a c e m e n t ~ ~ .  Among several conditions tried wcre C H S 
3 7 

Li+/HMPA, C6HSSH/Et3N/CH2C12 and 2-mcrcaptopyridine /Et3N/CH2CI2. the last being favoured because 

of the case of purif icat ion of the product 15" which was obtained in  95% yield. T h e  N-sulfenated 

compound 12 was hydrolyscd with 2 S N  NaOH in THF/wate r  t o  givc the N-sulfenated acid 1618, 

demonstrating that  the N-SCHJ group is stable f a  aqueous basic conditions. 



LDA 1 eq. HMPA leq, - 10% H2SD4  MeOH RT, I h 

CHxSSO&Hx, 

Having demonstrated t h e  u r e f u l n e ~ s  of the sulfenamide group, we tu rned  our  a t tent ion to completion of t he  

s y n t h c s i ~  of t h ~  titlc compound. T h e  N H  func t ion  of the azet idinone 4 wan protected as a sulfenamidc, thc 

0-I-BDMS group was hydralysed t o  f r e e  the O H  which was then protected as the allyloxycarbonate and the 

SCH3 group war removed as described in  the model series t o  givc compounds 1719, la2', 1 9 ~ '  and 2 0 ~ ~  in 

68%. 73%. 83% a n d  97% yields, respectively. 

12  2.5 N NoOH, THF. H 2 0  . 

LDA 1 eq..HMPA 1 eq, ?HF 

4 . 
CH3SS02CH3 -78 'C t o  D "C 

1 0 X  H2SD4. CH30H. RT. 1 h C6H5 All$oxycorbong chloride. DMAP . 
SCH CH2CI2, RT. 2 h 
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T h e  allyloxycarbonatc-azetidinonc 20 was condcnrcd with allyl glyoxalate as described for 4 to 6, and  the 

carbinol isomer mixture 2 lZ3  (66%) was convcrtcd to  the chloro-camPaunds 22aZ4 (62%) as described fo r  6 

to 7. Reaction of 222 with triphenylphasphine and  2,6-lutidine in  T H F  a t  40°C was slow, resulting in a 

mixture of the  desircd cyclired carbapenem 23 and  unreacted 22a which were diff icul t  to  separate. 

However, when 21 was converted to the  bromo-compounds 22b using SOBrZ in place of SOCI2 thc reaction 

with triphenylphasphine proceeded smoothly (18 hrs, THF, 2,6-lutidine) to give the cyclired carbapenem 

2325 (41%. ~ u r i f i e d  by reverse-pharc HPLC, unstable an  silica gel). The f ina l  deblocking of the allyl ester 

and carbonate groups was accomplirhcd by treatment with catalytic amounts of q 3 p  and [ 4 3 ~ ] 4 ~ d  in the 

presence of I eq. each of potassium hexanaate  and  hcxanoic acid in  C H ~ C I ~ / E ~ O A C ~ ~  to give the desired 

campaund lZ6  which bccause of its instability could only be characterized by i ts  UV spectrum as it did not 

survivc lyaphylization. Becaurc of its instability a meaningful assay of its in-vitra act ivi ty  could not be 

performed, however 1 did show inhibition zones against a number of organisms (Staphylococcus aureur, 

Streptococcus sp. and Enterobacter rp.) a t  an estimated concentration of 7 mcg/disk. 

CHO-C02-allyi. Et3N * 

3A0 Mol Seives, 2.6-iutidine. THF. -10 OC. 0.5 h 

toluene. RT. 18 h C 0 2 7 =  

2 0 
7 

2 1 - 
(C6H5)f, 2.6-lutidine - . 
THF. 40 OC. 18 h 

c ' = 2 7 =  

220,  X = CI 

22b, X = Br 

' 1 eq 2-cthylhermoic acid, CH2CI2, EtOAc 

2 3 1 



The substitution a t  the I-position of a carbapcncm with 2-fluorine atoms appears to give a highly reactive 

carbapenem as indicated by the 1R absorption of the P- lac tam a t  1795 cm-I of compounds 9 and  ~ 3 ~ ~ .  The 

result is a chemically unstable compound rather than an  antibiotic with high activity. During the course of 

this work a new protecting group for  the azctidinonc NH has been discovered which is stable to acids and 

aqueous bare and  can bc pu t  on  and removed in high yields. We believe this will become a uscful procedure 

in  p - lac tam synthesis. 
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