
Tctrhdnm Lenem. Vol. 34. No. 30. pp. 4193-4l96.1993 

Rimed in Great Brimin 

owo4039f93 s6.w + .oo 

PergUIIalPNsw 

A Versatile Entry into the Synthesis of a-(Monofluoromethyl) 
Amino Acids : Preparation of a-(Monofluoromethyl) Serine and 

(E)-Dehydro-a-(monofluoromethyl) Ornithine. 

Luc Van Hi.jfte*, V&unique Hzydt and Michxl Kolbl 

Ah&act : A new entry to the synthesis of a-(mcmotluornmethyl) amino aci& ix bcrii. The synthesis is bat& tn 
a Sbvcker &on on an a-(mtmnflunromethyl) ketone. As nn ex.ampte., a-(mtwnfluommethyl) serine was synthesized 
amJ uti au starting material ftr a new synthesis of (E)~hy~~-a-(mtm~notl~~e~yl) cnnithine. 

a-(Fluoromethyl) amino acids have received considerable attention during the lust two decades 

hecause of their enzyme-activated irreversible inhihitory activity. U.4 An intensive effort aimed at the design and 

synthesis of specific inhihitors of polyumine hiosynth& bus led to the discovery of a-(ditluoromethyl) omithiie 

(DFMO. 1). nowadays used for the twatment of the African sleeping sickness,3*4b und (E)-dehydro-a- 

(monofluoromethyl) omithine (A-MFMO, 2). 4 hoth irreversible inhihitors of omithine decarhoxyluse (EC 

4.1.1.17. ODC). 
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While the difluoromethyl amdogs c;Ln easily k preparedP the monofluoromethyl derivatives 

necessitate an alternative and more expeditious synthetic method, involving u Grignard reaction with 

fluoroacetonitrile, followed hy an in situ Strecker type synthesis. 4a,5 However, the use of fluoroacetonitrile, 

especially for large scale preparations. has considerable dmwhucks: the compound is toxic ils such, us well us 

indirectly viu its possible conversion to monoCmroacetic acid, it is volatile ;md is not commercittlly ;IvuilahleP” 

Furthermore:, the allylic hromination step in the synthesis of A-MFMO (2)“s has pmven to be impmducihle on 

large scule, due to prohlems of heat trunsfer. This led us to investigate alternative strategies to prepare 2 und. 

more genemlly, to prepart: a-(monofluommethyl) amino ucids.6 

A possihle entry into the synthesis of a-(monotluoromethyl) amino acids is depicted in scheme I. 

The Strecker synthesis on an a-(monofluoromethyl) ketone 5. which cun he ohtined vin ditierent mutes.7 k&s 

to amino nitrile 4, u direct precursor of amino acid 3 via ucid hydrolysis. However, this strategy could not be 
. . 

applted to the synthesis ot A-MFMO (2). since it WDS ohserved that the unsaturated ketone 6 under Streaker 

n%ction conditions did not yield the desired ominonitrile.n Eventually. we decided to prepare A-MFMO (2) from 

a-(monotluoromethyl) serine (I)), pn+red with the new strategy depicted in scheme 1. For the introduction d 
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the (Ejallylic amine moiety, we planned to rely on the thermid reurmngement of an allylic trlchlomzze$imidate as 

described hy Overman? via vinylmagnesium bromide addition onto the aldehyde 7. 

Scheme I 
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The synthesis of a-(monofluoromethyl) serine (8) is outlined in scheme Ii. Benzylution of 

glycidol (9) wus curried out using henzylhromide and potassium t-hutoxide in THF. The henzylether 10’ wus 

then treated with potassium hydrogen difluoride in triethyleneglycol ut 1 WC, to affording regioselectively die 

fluorohydrin 11, which wus oxidized to ketone 12 using the Swern oxidution.11 Treatment of ketone 12 with 

ammonium chloride and sodium cyanide in water afforded very cleanly the amino nitrile 13, which upon ucid 

hydrolysis at loO°C gave rise to a-(monofluoromethyl) serine (8) in 38% yield from glycidol.t* 
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a) BnBr, KOt-Bu, THF, 0°C. 82%: b) KHF2, triethylenqlycol, 13OT, 3 h, X0%; C) (COCY)2, DMSO, CH2CI2, -~vc, thy NE,q, 

02%); d) N&N, NHq(ll, H20.80%1 ; a) HCl. H20, retlux, 24 h, thm propyleneoxide, i-PrOH. 79% 
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‘fhe conversion of 8 to A-MFMO (2) is outlined in scheme III. The acid function in 8 is esterifii 

(HCl/meth;mol/trimethylorthoformate) to give 14, and the amino function is protected as a t-hutyl .carhamate 

using di r-hutylcarhonate and triethylamine in ‘II-IF to afford 15. The alcohol function in 15 was most effiiiently 

oxidized with pyridinium chloro chromate and molecular sieves in dichloromethane.13 Some problems were 

encountered during the vinyl magnesium hromide addition onto aldehyde 16, due to the instability of the 

intermediate alkoxide 17. At higher temperatures a Groh type fragmentationt4 occurred, leading to the formation 

of acrolein and dehydro-(N-Boc)-alanine. When the reaction temperature was maintained at -78’C and the 

reaction quenched after 3 minutes at low temperature with acetic acid, the allylic alcohol 18 could he isolated in 

70% yield. 

Scheme III 
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a) MeOH, CH(OMe)3, HCI, rctlux, 24 h; h) (Boc)20, NEt3, THF, 84% from &, c) p(IcI. mol sieves, CH2CI2, 80%~; II) vinylMgBr, 

THF, 3 min. -78°C. then HOAc, -78”c, 70%; e) (CH3)2CC(Br)NMe2, CH2CI2,70%; f) PhtNK, DMF, 8o”C, 84%; g) H20, HCI, 

retlux, 24 h, then propylene oxide, i-PrOH, 82% 

The stage was set to try our initial plan, namely to introduce the Q-allylic amine moiety viu the 

Overman rearrangement.o However, all our efforts (different bases, different solvents, different modes of 

addition) to introduce the trichloroacetimidate group in 18 were unsuccessful. All conditions we used gave either 

no reaction or gave only the Groh fragmentation products. We then decided to convert the hydroxyl function in 

18 to a leaving group. hoping to introduce the aminofunction using a SN2’ type substitution reaction. After many 

trials with different reagents, WG were gratified to ohserve that treatment of 18 with tetramethyl-a- 



hromoenamineJ5 gave directly the (E)-allylic bromide 19. The stereochemistry of the douhk hond was 

ascertained by n.m.r. (JHCgH = 16 Hz) and by converting 19 to A-MFMO (2). Treatment of the hromide 19 

with potassium phtalimide in dimethylformamide at 80°C gave the N-phtalimide derivative 20. which was 

hydrolized in concentrated aqueous hydrochloric acid to yield Q-dehydro-a-(monofluoromethyl) omithine (2) 

displaying spectral data identical to those from the compound ohtained from the earlier synthesis.~ 
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