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Abatrnet: The synthesis of f-ethenyl, fzthynyl, 3-aryl. and 3~yolopro~l-2.4,S~trifluorobeazoio aoids from I-taumo-2,4,5- 
trithorobenzene and 2,4,5-trifluoro-3-hydroxybmsoio acid is described. These compounds am useful intermediates for the synthesis 
of quinolooe antibacterials. 

As part of our investigation of the electronic and steric effects of the B-position of the quinolones 2 

(Scbeme 1) on antibacterial activity, we wanted to prepare the 3-ethenyl, 3-ethynyl, 3-aryl, and 3-cyclopropyI- 

0 
2.4,5-trifluorobenxoic acids 1. which are precursors 
to the target quinolones through well established 

CozR procedures.J The 8-position of the quinolone 
antibiotics has not been well explored,* mainly due 
to the lack of published routes to 3-substituted- 
2,4,5-trifluorobenzoic acids 1, particularly with 

2 
carbon substitution. We now report the synthesis 
of several of these pentasubstituted trifluorobsnzoic 
acid intermediates3 

We originally thought that the triflate ester 4 (Scheme 2). obtained from the readily available 3- 
hydroxybenxoic acid 34 by esterification followed by triflation. would readily undergo Pd-catalyxed coupling 
with monosubstituted ethynes5 and appropriate vinyl-, aryl-, and cyclopropylstannanes6 to give our desired 
intermediates 1. However, we observed primarily detriflation to give phenol 5 under a variety of conditiotts 
and Pd-catalysts. 

The synthesis of our first objective. ethenyl acid 7 (Scheme 2), exemplified the difficulties we 
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Scheme 2 
encountered. The Pd-catalyzed coupling of the triflate 4 with tri-n-butylvinylstannane was very sensitive to 
catalyst, solvent, and temperature. (MeCN),PdCl, or Pd(PPh,),Cl, in DMP (20’ - 100°C) gave primarily 
triflate cleavage to phenol 5; only traces of 6 were formed. Likewise Pd(PPh,), at 8O’C in dioxane gave less 
than 10% 6. however, under reflux it yielded 6 in 80% yield Distillation separated 6 from the small amount 
of 5. Hydrolysis of ester 6 to acid 7 was conducted under basic conditions since acidic hydrolysis caused 
polymerization. The acid 7 wss obtained most easily by hydrolysis of crude 6 since the crystalline acid was 
separated more readily from tin by-products. 

The coupling conditions which successfully led to 7 failed for the other derivatives we desired and thus 
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prompted the investigation of other synthetic methods. It is known that lid&ion of 2,4,5- 
trifluorobromobenxene 8 (Scbemc 3) with LDA at -78°C in THF occurs at the 3-position.’ Addition of this 

F Br iii 
I’ + 

Q 
/ 

10,ll 

Rl RI 

a) MC H 

b) CF-C#4 H 
d H 4-F-q+, m 
d) H 4-F-C44 Q 
e Ii Me 

CHO R2 - Me, 4-Fe6H4 

12 

lbs#u~& ~8)LD&THF.-78”b)Acehe(~ mhTHF,-Wc)Ii+ (ii)T&me, p--add 
(Mi) a) ,BuU THF, -7V b) Co2 c) H+ (Iv) a) LD& THF, -7W b) PbNMeCHO, THF, -76’ c) H+. -7tP, THF 

(v) Ph3P+CH2Cli2Br- (or Ph2P+CB2(4-F-Ph,,, dmr, -7P. n.BdJ (vi) a) MeMsR (or C21f@iglk), &her, -7~ b) H+ 

Scheme 3 

anion to appropriate ketones and aldehydes (Scheme. 3) followed by dehydration would lead to substituted 
ethenyl acids. Thus, the tertiary alcohols 9a-b were easily formed from acetone and 4-fluoroacetophenone and 
dehydrated with p-toluenesulfonic acid in toluene to give the a-substituted ethenyl bromobenxenes 108-b. No 
polymerization was observed. Finally, the acids lla-b were obtained by bromine-lithium exchange in ether 
followed by carboxylation.8 

The analogous reaction of lithiated 8 with aldehydes (e.g., acetaldehyde) failed to yield the expected 
alcohols and compound 8 was recovered. We then supposed that the D-ethenyl acids llct could be procured 
from tddehyde 12 (Scheme 3) either by coupling with the appropriate Wittig reagents or by condensation with 
Grignard reagents and subsequent dehydration of the secondary alcohols. The formylation of 8, however, 
proved to be problematical and presented difficulties. The standard formyl equivalent, DMF. gave very poor 
yields. Several other formylating agents also gave low yields (DMF, 3%; triethyiorthoformate, 30%; N- 
formylpiperidine, 80% conversion as monitored by GC).The best results (90% distilled product) were obtained 
by quick addition of an equivalent of N-formyl-N-methylaniline at -78’C followed by quenching with acid at - 
78“C as soon as the reaction was finished (monitoring by CC). Compound 8 was never completely consumed. 
In ail cases examined, elevated temperatures, increased reaction time, or addition of more formylating 
equivalents resulted in poorer yields. Finally, reaction of aldehyde 12 with appropriate Wittig reagents in ‘ITS 

13 14 

at -78°C gave the g-ethenylbromobenzenes 10c-e (E/Z = 1: 1). The E-isomer 10~ was separated by fractional 
crystallization. The Z-isomer 10d could not be separated chromatographically but was purified by 
crystallization of acid lid. The isomers of 10e and lie could not be separated. 
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Conceivably, the ethenyl acid 7 could also be synthesized by the Wittig reaction of aldehyde 12 with 
a methyl phosphorane followed by carboxylation; however, reactions with methyl phosphoranes were 
unsuccessful. Alternatively, reaction of aldehyde 12 with methylmagnesium bromide gave the secondary 
alcohol 9c and dehydration of 9c would also lead to 7. However, 9c polymerized under the same conditions 
used to dehydrate the tertiary alcohols )a-b. Dehydration was also unsuccessful for the cyclopropyl alcohol 

9d’ 

As previously mentioned, the ethynyl acids could not be made by Pd-catalyzed coupling of ethynes with 
aryl triflate 4 since triflate cleavage5 was the preponderant reaction. However, coupling of ethynes has also 
been accomplished on halo aromatics (Heck reactior?), and selectivity is in the order I > Br >> C16*’ 
Accordingly, we prepared the 3-iodo compound 14, expecting that coupling with ethynes would occur only 
at the iodine position (Scheme 4). This was indeed the case, and ethynyl coupling occurred readily with 
(PPh,)pdCI, in tiethylamine at 2OT. A small amount of bis-substitution occurred only with 
trimethylsilylethyne to give 151. Carboxylation of 16 to give ethynyl acids 17 was then best achieved with 
methyl- rather than n-butyl-lithium. Since the methyl analog 16c could not be cleanly carboxylated, 
presumably due to the competing acidity of the methyl moiety for the base, this route is probably limited to 
ethynes without extractable hydrogens. 

The Pd-catalyzed coupling of arylstannanes with aryl halides to give biphenyls is also well 
documented’o and led to our synthesis of biphenyl20 (Scheme 5). The Pd-catalyzed coupling of the easily 
prepared aryltributylstannane 18 to p-fluoroiodobenzene 19 was unsuccessful, possibly because of steric 
hindrance at the stammne position. However, the reverse coupling of the less bulky aryltrimethylstannane 2211 
with the 3-iodo compound 14 proceeded smoothly to give the desired biphenyl 20. Carboxylation of 20 gave 

6,, 
Finally, we pursued the cyclopropyl acid 24 

i l FL F2E thedesiredacid21 

(Scheme 6). Its unusual hybridization and relation 
of its electron donor-acceptor properties to its 

23 
conformation relative to the aromatic ringl’ made 

24 it an interesting target for comparison with the 
m 0 l ) CH$‘Jz. Oo-24P, 24h b) Xyimcs, re&u, I ethenyl analogs. Since the Pd-catal zed coupling 

nr, l ) iN NaoH, THF. ZIO b) Ha, H20 of tri-n-butylstannylcyclopropane K with S- 
Scheme 6 bromopyrimidines does occur in low yield14 we 

thought that the aromatic iodo compound 14 might also be cyclopropylated by Pd-catalyzed coupling with 
neat cyclopropylstannaoes. Attempted couplings of neat tri-n-bu 
14 were unsuccessful. Coupling with tetracyclopropylstannane 17 

lstannylcyclopropane with the 3-iodo analog 
was also unsuccessful with various solvents, 

temperatures, and palladium catalysts (including (PPh,),PdC12, which is particularly effective for alkyl 
nansfer6). Again, attempted introduction of the cyclopropyl moiety with these tin reagents on the triflate 4 
led only to triflate cleavage to form phenol 5. 
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We were thus led to attempt formation of the cyclopropyl ring via amtellation on the ethenyl 
compounds 6 and 7 (Scheme 6). Standarf5 Simmons-Smith conditions failed with 6. A small scale reaction 
with q5-C,H,(CO)&CH2S+(CH,)$J3F, afforded 23 in 34% yield; but scale up of the reaction failed, 
presumably (since GC showed formation of 23) due to decomposition of 23 as it was formed under the 
reaction conditions. However, diaz.omethsne16 smoothly reacted with 6 or 7 and thermal decomposition of 
the intermediate pyrazoline in refluxing xylenes gave 23 in 70% overall yield. Basic hydrolysis of 23 gave 
the desired acid 24. 

The synthesis of quinolones derived from the intermediates described in this paper and their biological 
activity will be reported elsewhere. 
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