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Monofluorinated derivatives of ornithine, citrulline, 

arginine and lysine were synthesized and their growth-inhi- 

biting power determined, using E. coli. Bromofluorination 

of methyl 4-pentenoate led to complete lactonization of the 

ester, while the homologous 5-hexenoate reacted normally. 

INFROGUCTION 

Fluorinated derivatives of amino acids are highly inte- 

resting from both biochemical and medical points of view. 

Large number of these compounds have been synthesized, as 

was recently reviewed [l]. Most of them are derivatives of 

neutral amino acids, while in the acidic group only a few 

examples are known. As far as we know, nobody has tried to 

prepare fluorinated analogues of amino acids, mentioned in 

the Title. It is the more surprising the more we realize that 

we may reasonably presume biological activity of such com- 

pounds. These reasons led us to synthesize some members of 

this very interesting group. 

+ Presented at the 5th European Symposium on Fluorine Che- 

mistry, Sept. 16 - 20, 1974, Aviemore, Scotland. 
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UStiLTS d;iD LISCUSSION 

In the preparation oi 4-fluoroosnithine and of 5-fluoro- 

lysine, the key intermediates, acids (Ia) and (Ib) v.ere needed. 

For this purpose, bromofluorination L2: of the corresponding 

terminal olefinic methyl esters 5:as L?tempted at first. 'ihis 

effort was succesfull in the case of methyl ;-hexcrio;-te, i;hich 

gave the normal addition >rod-act, methyl 6-brorns-;-f‘iuorohexa- 

noate ::I;; Lrznsformation of (II) into (Ib) needs 110 detailed 

description (see the Scheme). Cn the other side, bromofluori- 

nation of methyl 4-pentenoate did not lead to the expected 

bromofluoro derivative; as a sole product there was isolated 

a fluorine-free material, characterized as impure :-bromo-4- 

-valerolactone illIt) by conversion into the 5-phthalimiao- 

-4-valerolactone (Ilib). The requisite acid (Ia) Las finally 

prepared by oxidation of 5-fluoro-&phthalimidc-l-hexene, the 

syr_tb_esis of !;hich v:as described previollsly 1~3j. Czonolytical 

oxidaticn was found to be most convenient for this purpose. 

Acids (Ia) and (Ib) Kere bromineted in position 2, giv- 

ing, after the usual workup, methyl esters (Va) and (Vb), 

respectively. These were then converted, by reaction with 

potassium phthalinide, into the fully protected derivatives 

of the tv;o desired amino fluoro acids, i.e. methyl 2,5-di- 

phthalimido-4-fluorovalerate (Via) and methyl 2,6-diphthal- 

imido-5-fluorohexanoate (VIb). Deblocking was carried out by 

hydrazinolysis and mild acid hydrolysis; (Via) gave 4-fluoro- 

ornithine monohydrochloride (VIIa), vghile deprotecting of 

(VIb) led to 5-fluorolysine monohydrochlcride (Vllb). 

'Iransformations of the terminal amino group in (VIIa) 

were realized using conventional methods 1-4;5]. Thermal la- 

bility of the 4-fluoroornithine copper complex forced us to 

prepare it at ambient temperature; nevertheless, 100% com- 

plexation was reached after a prolonged reaction time. Reac- 

tion of the complex with potassium cyanate I.41 or with O- 

-methylisourea ;5], resp., followed by removal of copper by 

hydrogen sulphide, led to 4-fluorocitrulline (VIII) or 

4-fluoroarginine monohydrochloride (IX). In contrast to 

citrulline and arginine, both (VIII) and (IX) gave yellow 

ninhydrin spots, gradually turning violet. 



399 

CH2=CHCEiiCHiCHFCH2NEhth 03~H02CCH2CH2CH6CH2NT-hth 

(Ia) 

MeO2C(CH2)nCH=CH, z 

(IIIa) . . . X = Br 

(lllb) .,. X = Ehth 

(II)- MeC2C(CH2)jCHFCH,NFhth -+-H02C(CH&CHFCH2NPhth 

(IV) (Ib) 

H02C(CH2)nCHFCH2NPhth-Me02C~H(CH2)mCHFCH2NPhth - 

Br 

(Ia) . . . n = 2 (Va) . . . m = 1 

(Ib) . . . n = 3 (Vb) . . . m = 2 

-Me02CCH(CH2),CHFCH2NPhth 
I 

-+H02CCH(CHi)mCHFCH2NH2.HCl 
I 

NPhth 
NH2 

(Via) . . . m = 1 (VIIa) . . . m = 1 

(VIb) . . . m = 2 (VIIb) . . . m = 2 

HO CCHCH2CHFCH2NH;NH2 
21 

H02CFHCH2CHFCH NHCNH2.HCi 
2 II 

NH2 0 NH2 NH 

(VIII) (IX) 

Biological activity of the prepared amino acids was tes- 

ted on Escherichia coli. It RBS found that (VIIb) and (IX) in 
lo-? molar concentrations stronghly inhibited its growth during 

3,5 h incubation (64%. reap. 74% inhibition), while (VIIa) and 

(VIII) were not too active under the same conditions. 
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T~xFerutUre data are uncsrrecte,. :,ltl.l-:-ir.t- points :: e r e 

determine;: on a Kofler apparatus. PMR spectra ::ere measured 

on Tesla BS 46. (bG bMz), using hexamethyldisiloxane as in- 

ternal standard: chemical shifts were correlatea with tne 

upscale by equation c(Tr.jS = dh..,, + 0.06 
!I, ppm. I&. ss spectrum ;das 

recorded cn Varian NAT - 3'11 at 70 eV. Chromatography of amino 

acids vias carried out on Lhatman 1 paper, the solvents systems 

being n-butanol - acetic acid - v;ater 4:1:5 (system A) and 

phenol - ethanol - water 2:l:l (atmosphere saturated :;"ith 

ammonia) (system 3). Detection by 0,25k ninhydrin in acetone. 

Cxidation of 5-fluoro-&phthalimido-l-hexene 

5-Fluoro-6-phthalinido-i-hexene (7.G g), dissclved in 

ethyl acetate (1CC ml), v;as ozonized at -60' for 11 h, eva- 

porated in vacua and the evaporation repeated after addition 

of ether (30 ml). The ozonide was dissolved in 851; formic acid 

(35 ml), 30% hydrogen peroxide (24 ml) added and the mixture 

v.as gen?ly heated on the cater bath. 1,hen the reaction star- 

ted (vigorous evolution of oxygen!), heating c'as removed and 

the mixture v/as allowed to decompose spontaneously. The re- 

sulting solution was heated on boiling water bath for 0,5 h, 

concentrated in vacua up to crystallization and chilled over- 

night. The acid (Ia) ::as filtered, washed with cold nater and 

dried. Yield, 6.3 g (84%), m.p. 130-135' (unchanged by re- 

crystallization from ethanol). Analysis: Found: C, 58.7; 

H, 4.5; F, 7.4; K, 5.1%. C13H12FN04 requires C, 58.9; H, 4.6; 

F, 7.2; I:, 5.3%. 

Kother liquors ivere evaporated, the residue again dissol- 

ved in ethyl acetate and a slight excess of X,N-dicyclohexyl- 

amine (DCHA) v:as added under cooling. The DCHA salt of (la) 

separated; yield, 1.3 g (lo%), m.p. 127-145' (from ethyl ace- 

tate). Analysis: Pound: C, 67.0; H, 8.0; E', 4.4; N, 6.3%. 

C2jHj5FKZ04 requires C, 67.2; Ei, 7.9; F, 4.3; I$, 6.3~~. 
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PX'c~EYZtiGIY cf :::i th.vl i-broc.o-G-1 lucre-,-Ei:thtiiciic;*- -. -- B-m_ 
v;ierate <Vt) -.--.-“-- - 

kcic <ia) (12.6 gj XC: red Fhosphorus (C.b> g) !-.err cell 

homcgenized 2ni; mixed :;ith tetrachloromethtne (40 ml). Bromine 

(3.4 ml) ‘:ts siov.ly added under stirring, the mixture 68s re- 

fluxed for 4 k E;nd eviporsted in vaxo. Dichioromethsne (20 ml) 

v.as adced 2nd evaporhiion repeated, the crutie bromoecyl bro- 

mide :las cerefully decomposed v,ith methtnol (>C ml) and after 

refluxing for 1 h the sciution ~2s aliov.ed to stenc overnight. 

The crude ester iVt), v.hich separated, ~2s crystallized from 

methanol (charcoal); yield, 10.C g (3::.5;_), m.p. lC;-li.1'. 

>urther 2.4 g (1%;) of somevhet less pure second crop cere 

obtained efter v,orkup of the mother liquor. X pure sempie had 

m.p. lC5_1150 (methanol). Analysis: Found: C, 47.0; i-',, 3.6; 

br, 22.4; 1, 5.1; iL, 3.7%. C, H -BrIGjO 4 requires C, 4T.C; A4 2-2 
Ii, j.7; Br, 22.3; 7, 5.j; IT, j 5:;. . 

Preparation of methyl 2,5-diphthalimido-4-fluorovclerate (Via) 

Ester (Va) (10.7 g), potassium phthalimide (5.52 g) and 

dry DMF (100 ml) vvere stirred at 90-95' for 45 min. The neutral 

mixture v;as evaporated at 0.1 Torr, the residue triturated 

with v:ater (2 x 200 ml) 2nd finally shaken v:ith methanol 

(50 ml) for 1 h, during which time it beczme 2 sandy solid. 

Yieid, 10.7 g (S5%), m.p. 153-169' (sintering at 135'). he- 

crystallization from acetone - methanol il:l) raised the m.p. 

to 177-163' (sintering at 115'). Analysis: Found: C, 60.0; 

H, 4.4; F, 3.7; N, 5.4%. CZjH21FX20S requires C, 60.5; H, 4.3; 

P, 3.6; N, 5.78. 

Deblocking of the ester (Vial 

Ester (Via) (11.6 g), 98% hydrazine hydrate (2.8 ml) and 

ethanol (200 ml) were stirred under reflux for 1 h. The ester 

went into solution and a new precipitate emerged. The whole 
-1 

mixture was evaporated in vacua, 5 mol 1 hydrochloric acid 

(160 ml) added and heating continued at 60' for 1 h. After 
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cooling, the insoluble mzteriti V.DS filtered, \:ashed v.ith v.i;- 

ter, the solution evc?portted snd, hfter uissolution in v.::ter 

(;’ _, ml) End 1‘1itesir.&, 
_ - 

the ev;porntioc reposted. The solla VLS 

taken ir,ii: ?;3?_ -Tj *; t i_i ;_ 7, :., ; . : \L\/ ri, i.zli Lvr,itiir.e 2aaea until? the _c 
~ixt,u.rf :‘,j:; r.il;:r;l to :‘c:;i: ‘:-~d. ‘11 : 3~:~,lt .;r,g ::jspcr.::icz2 of 

4-f'luoroGm~ thi ne moc~liydrochiori~e ,1’11;) ~,i.s cooiea cver- 

night zna rhe product ~,zshea y:ith cold methznoi. k’iela, j.i 6 

(66. j:.) cf chromr.ioerF~phlic;i3y pure (ViIc) , r..p. Lll-210”. 

hecryst;ilizciion of‘ z. simple from aqueous ethanol geve C.F. 
7 _ _- L .:5-240”. Analysis : Found: C, j2.l; ii, 7.C; Cl, 1S.L; 1, ii.,; 

,- 
lr , 14.85. ~ req~uires C, 32.0; I-i, 7.0; Cl, 16.9; 

F, ; :) . ; * p; *t values: C.EtS (system A); O.&Y (sys- 

tem E). 

;.-i’ro,mo;:cetsm.ice (L;. 3 c) Y:is d.isso;ved in 2 mixture of 

hydrogen fluoriaf i2C.O 6) Lnd ch?orof’orm (14C ml) ct -ICC. 

After 10 min., methyl 4-pectenoate (l9.b g) cas slov.ly added 

zna the mixture L:SS stirr~ed :>t the seme temperature for 3 h, 

rhereupon it VES pol;rea into a solution of sodium csrbonete 

i&L g) in v:zter contkicing ice. The orgenic matter v:es ex- 

trc:ctea sith chlorof’orm, the extrcct washed v;ith slightly 

acidified socium r.itrite, then r,ith sodium bicerbonete, water 

hnc 5riec. Distiiistion afforded 25.6 g of a fluorine-free 

f’rzcticn, b.n. 6e--~;c/i.c lorr. X szmplc ~,es redistilled, 

‘- . 1, . _. i :‘ - ; lSC/li ‘;cyy; i'C1. (ll~iL> Cltc?L it_/ : *(:"/L_ ,STl. 

I...:..L~Si !;: i,Ci::.i: : C, ;j. t ; :~, it. 1 ; Sr, s,>. r;:, . C.~fi..nrC2 requires 
i ! 

r’ b, ;;.;; ii, j.4; ur, ii.rj:.. 

Frepsration of 5-phthalimido-4-velerolsctone (IIIb) 

Compound (Ills) (6.45 g), potassium phthclimide (5.63 E) 

2nd CL2 (50 ml) L:ere stirred zt 10’3’ for 1 h end the neutrsl 

mixture was evaporated ;t 0.1 Torr. The residue was treated 

v,ith cater, giving a solid, v.hich xas thoroughly stashed with 

v;ater ar.d dried. Yield, 5.6 & (6;.5TG;;), m.p. 169' (methanol); 

cited 01 : i61-164'. PLih spectrum (in CrjClj + d6-GAISO): 
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1.94-2.82 mt (-4H), 3.66 mt inonstochiometric), j.S.2 d (J = 

= 2.6 hz, iH), 3.31 d (J = 4.8 liz, lH), 4.61 mt (-1~i), 

7.79 mt (4H). Idass spectrum, quoted es m/e (relative intensi- 

ty in 5‘): 44 (16.?), 50 (52.11, 74 ilY.E), -,:, i16.7), 

1;. \ , I L . . ( _I : (Cl.>. L,: - cb). L.:?:; i( , , Ci* I. I: t I- 

F?i ;..~.:E.: Fhrhclimide: 14' (+H), 103, 104, 74 - 78, 5G. 

Eromofluorinetion of methyl 5-hexenoste 

Jn the same manner as described for methyl 4-pentenoate, 

this reaction vias, carried out using N-bromoacetamide (16.2 g), 

hydrogen fluoride (15.0 g), chloroform (100 ml) and methyl 

5-hexenoste (14.6 g). Fraction 70-llO'/O. 5 Torr was redistil- 

led and gave 13.1 g (50%) of methyl 6-bromo-5-fluorohexanostc 

(II), b.p. 110-120G/i5 Torr. A purified sample had b.p. i15- 

-?16'/1; 'lorr. Analysis: Found: C, j6.9; li, 5.2; Br, 35.i; 

F, 8.3%. C7H12BrE02 requires C, 37.0; H, 5.3; Br, 35.2; 

F, 8.44;. FW. spectrum (in CDCl3): 1.76 mt (4H), 2.34 t (J = 

= 6 Hz, 2H), 3.47 dd (J,, = 5 Hz, Jm = 19 hz, 2H, CH2Br), 

3.67 s (3Ii, COOCH3), 4.65 dmt (J,, = 48 Hz, lH, CH2BrCgCH;). 

Preparation of methyl 5-fluoro-6-phthalimidohexanoate (IV) 

Ester (11) (5.7'9 g), potassium phthalimide L4.62 g) and 

DIG' (20 ml) were stirred at 100' for 1 h and the solvent eva- 

porated at 0.1 riorr. The residue was thoroughly triturated 

with water (30 ml), yielding 7.2 g (95%) of slightly brocnish 

(IV) 
0 

, m.p. 50-65 . hecrystsilization from methcnol raised the 

m.p. to 66~70'; hov:ever, the crude product could be used in 

the next step viithout purification. Analysis: Found: C, 61.5; 

H, 5.2; F, 6.2; IL, 4.5%. CljH16FN04 requires C, 61.4; H, 5.5; 

F, 6.5; I(‘, 4.@0. 

Hydrolysis of ester (IV1 

The crude ester (7.1 g) v.as shaken with concentrated hyaro- 

chloric acid (40 ml) for 20 h, the precipitate of 5-fluoro-6- 

-phthalimidohexanoic acid (Ib) washed with cold water and 
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tiried ir: ti cessicator. Yield, 5.8 g (OC;,), ::.p. l;ci-;_jO" 

(v:6ter). Analysis: Found: C, 60.4; I;., 4.0; E, 6.t; N, 5.r:.. 

C14i!~l,iGCL, requires C, 60.2; H, 5.1; 1, 6.8; Ii, 5.&. 

Preparation of methyl 2-bromo-5-fluoro-Gphthalimido- 

hexanoate m 

Acid (Ib) (;.O g) Las slov,ly added to thionyl chloride 

(3U ml), containing pyridine (4 drops) and refluxed for 1 h. 

After cooilnc, 1-c ,_; ~~;CS~ll~.~‘u~: 1. I ,_, c- .q ; , .j c ::I ‘2% (25 mg) and 

bromine ~1.0 ml) v;ere successively added and refluxing was 

continued for 16 h. Thionyl chloride was perfectly evaporated, 

then methanol (20 ml) v,as dropped in and refluxing repeated 

for 1 h. Evaporation afforded a semisolid mass, v.hich vras 

dissolved in ethyl acetate (20 ml), v,ashed with sodium bi- 

sulfite, sodicn bicarbonate, v.ater and dried. The solvent ~8s 

removed and the crude product crystallized Srom methanol 

(1: ml). Yield, 4.2 g (Cj%), m.p. 62-7:o. A recrystallized 

sample hi;c :yl.p. L:;-.,". Analysis: Found: C, 48.7; ii, 4.1; 

Br, 21.6; F, 5.2; X, 3.9%. Cl5H15BrFiG04 requires C, 48.4; 

H, 4.1; Br, 21.5; F, 5.1; K, 3.870. 

Preearation of (impure) methyl 2,6-diphthalimido-5-fluoro- 

hexanoate (VIb) 

Ester (Vb) (1.86 g), potassium phthalimide (0.92 g) and 

ELF (17 ml) v:ere stirred at laboratory temperature for 4 days 

and the neutral mixture evaporated at 0.1 lorr. The residue 

was taken into ethyl acetate, washed with water, dried and 

the solvent removed, leaving 2.25 g of a yellov;, semisolid 

mass, which vjas not further purified. 

Deblockirw of the ester (VIb) 

The reaction was carried out in the same manner as in the 

case of ester (Via). Crude (VIb) (1.21 g) gave 6.31 g (567;) 

of 5-fluorolysine monohydrochloride (VIIb), m.p. 218-220'. k 

sample, recrystallized from aqueous ethanol, had m.p. 537-24C". 
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Analysis: Found: C, 33.7; h, -,.L; CL, I;'.&; >, 5-i;; i;. ;i*.Lk. 

C&" "lFK202 requires C, _;5 .Y; ii , 7.0; Cl, 17.7; F, 9.5; 

N, 14.@. EiLyS values: 0.74 (system A); 0.95 (system B). 

Preparation of 4-fluorocitruliine (VIII) 

The suspension o1 r basic cupric carbonate (450 mg) in a 

solution of (ViIa) (187 mg) in water (2 ml) was stirred over- 

night, filtered and the precipitate thoroughly washed with 

water. TLC (Silufol @ , 60% dioxane in water) showed complete 

conversion of the amino acid into the complex. The solution 

was lyophylized, the complex redissolved in hater (2 mlj and 

potassium cyanate (170 mg) ,;,as added. After 1 week at labora- 

tory temperature, the copper complex of (VIII) was filtered, 

washed and dried; yield, 161 mg (b&j. Copper was removed by 

saturating the suspension of the complex in water (3 ml) with 

hydrogen sulfide and the filtrate lyophylized, giving 121 mg 

(63%) of chromatographically pure (VIII), m.p. 230-240' 

(aqueous ethanol). Analysis: Found: C, 37.4; H, 6.2; P, iO.0; 

X , 2i.G"/o. C6H12EI\i O- requires C, 37.3; H, 6.3; F, 9.9; 
3; 

N , * 21 WC. ECIT values: 0.66 (system A); 0.55 (system B). 

maration of +fluoroarginine (IX) 

( a) The diflavianate oi' (ix) 

The complex, prepared 6s above from (VIIaj (561 mg) and 

cupric carbonate (1.0 g) in water (10 ml), w&s dissolved in 

water (7 ml) and 0-methylisourea hydrochloride (636 mg) cas 

added at O", followed by 1 mol 1-l sodium hydroxide (6 ml). 

After 1 week at laboratory temperature, the solution was aci- 

dified to pH 0 by hydrochloric acid, then saturated with hy- 

drogen sulfide and the copper-free filtrate was lyophylized 

to about 5 ml volume. Plavianic acid (2.2 g) in viater (10 mlj 

was added and the whole chilled. The 4-fluoroarginine difla- 

vianate amounted 2.37 g (96%). A sample (50 mg) was dissol- 

ved in water (1 ml) containing 288 ammonia (1 drop), acidi- 

fied with hydrochloric acid to pH 1 and cooled in ice for 

several days. 40 mg of a pure salt were recovered, m.p. 
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206-212 * (dec.). Analysis: Eound: F, 2.3; N, 13.4%. 

CS6fi25FN8018S2 requires F, 2.3; K, 1;1.%. 

(b) The monoflavianate of (ZX) 

;he dif'l:.;,; :.I i-, t: (2.32 g) was recrystallized from boiling 

water (2C mi), yielding 1.11 g (77%) of i-fluoroarginine mo- 

noflavianate, m.p. 233-236' (water). Analysis: Found: C, 38.2; 

H, 3.9; F, 3.5; Ii, 16.3%. C16R19Fi~6U1CS requires C, 37.9; 

R, 3.8; F, 3.8; i', 16.6%. 

(c) The monohydrochloride of (ix) 

The diflavianate (1.9 g ) &as suspended in water (25 ml) 

and 28% ammonia was carefully dropped in just to achieve com- 

plete solution of the salt. Barium hydroxide octahyerate 

il.2 Q; I;:. v:at~r' ,:o nlj was Iher, aode,:, the precipitate of 

barium flavianate v,as thoroughiy v,aahed with cold water and 

the yellow filtrate stirred with Dovdex 1 until1 the yellow 

colour disappeared. The solution was lyophylized to about 

5 ml volume, acidified with hydrochloric acid to pR 1, short- 

ly boiled with charcoal and lyophylized to dryness. The solid 

was redissolved in water (1 ml), ethanol (10 ml) added and 

the ‘pH was adjusted to 6 using pyridine. After cooling over- 

night, 200 mg (36%) of 4-fluoroarginine monohydrochloride wes 

collected, m.p. 1?5-17&O (aqueous ethanol). Analysis: Found: 

c, 31.2; R, 6.4; Cl, 15.4; F, 6.1; 8, 24.5%. C6H14C1FN402 

requires C, 31.5; R, 6.2; Cl, 15.5; E, 8.3; N, 24.5%. R 
ARG 

values: 0.92 (system A); 0.91 (system B). 
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