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SYNTHESIS OF THE PUTATIVE L-ARGININE METABOLITE L-NG.HYDROXYARGININE

Paul L Feldman
Glaxo Research Instimite, 5 Moore Drive
Research Triangle Park, NC 27709

Summary: Syntheses of L-NG—hydroxya.rg'mme (1), the putative biosynthetic precursor of nitric oxide, and the 15N Labelled analogs
9 and (0 using L-ormithine as Lhe enantiopurc starting matenal 1s reported

The contmued progress in defining the physiologial role of nitne oxide (NO) as 1t relaies to the regulation of cell function and
communication has attracted considerable mterest | NO was first demonstrated to be a second messenger 1n endothchum dependent
smooth muscle relaxation and activated macrophage cytotoxicity Recent reports implicating 1ts role as a second messenger 1n ses eral
other mammalian cell Lines attest to 1ts increasing importance m human bmlogy.la

1t has been demonsiraled that NO 1s synthesized from L-arginine (L-arg) in endothelial cells and activated macrophages via
oxadation of one of the two termmal gnamdino nitrogens 2 Three biosynthetic pathways have been proposed for the conversion of L-
arg 10 NO and L-cirulline (I-cit) by the enzyme(s) NO sym.hase.Zb’3 One nvolves an enzyme catalyzed hydrolytic dermination of L-
arg to gencrate L-cit and ammonia, with subsequent oxidation of the ammonia 1o give NO.32 In the two other postulated mechanisms,
depicted 1n Scheme 1, L-NG-hyd_roxyargmme (1) 1s implicated as the first oxidation product of L-arg. As shown in path a, further
oxidation of 1 followed by a homolytic bond cleavage yields NO and the NE-carbodumide of ornithine, which upon hydration yields
L-cit 2 An alternative pathway to NO from 1, path b, 1s via the hydrolysis of 1 to give hydroxylamine and L-cit followed by
oxudation of hydroxylamne to NO 3b All three of the proposed mechanisms require that the oxygen of the urea function of L-cit be
derived from water Since 1t has recently been demonstrated using 1802 labelling experiments that the oxygen of the urea group

comes from dioxygen rather than water, an alternative mechanism for this novel oxidation pathway must be 0perating.4
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be the most expedient pathway to 1, the route to 1 was chosen such that there would be no ambiguity as 10 which nitrogen of the
guantdine was oxidized, NG versus NE, and 15N labelling would be easily accommodated Furthermore, the methodology used to
make 1 should be readily adaptable for synthesizing analogs of 1 that mught serve as alternatrve substrates or mhubators of NO
synthase

The synthesis of T commenced with the conversion of 2 to the known protected L-ormithine derivative 3 1n three steps using a
modilication of the literature protocol 5 Protection of the a-amino group of 2 yielded 1ts t-butoxycarbonyl (BOC) derivative which
was estenfied using Ovl—butyIdusopropyhsourea6 and subsequently hydrogenated to give 3 in 44% overall yield 65 Addinon of a
solution of 3 in CHCI5 to a suspension of thiophosgene 1n aqueous CaCO+ rapidly afforded the 1sothiocyanate of 3 7 This matersal
could be purified by silica gel chromatography (sgc), but 1t was more efficient to treat the crude material with an excess of NHy in
MeOH at 0°C for 3 h 1o give 4 1n 89% yield from 3 following sgc  Formation of 1sothiourea § was readily accomplished by alkylating
the sulfur of thiourea 4 with methyl 1od:de in CH3CN a1 23°C  Autempted displacement of the thiomethyl moiety of 5 by heating with
O-benzylhydroxylamine m vanous solvents was unrewarding There 15 precedent that N-tosyl ssothioureas are readily converled to
tosyl protected guanidines at room temperature by reacting them with amines in the presence of AgNOz 8 These mild conditions were
1deally surted for a sulphonyl protected derivative of 5. In order to avoid the harsh conditions needed to remove most N-sulphonyl
protecung groups, the BOC maoiety was employed smce it could be removed under mild conditzons along with the other protecting
groups at the end of the synthesis Protection of crude § with (BOC),>O 1n dioxanc/sat NaHCO3 yielded 6 in 69% from 4 after sge.
Replacement of the thiomethyl group of  with O-benzylhydroxylamine was achieved n 90% yield by adding a CH3CN solution of
AgNO7 10 a soluuon of 6, methylamine, and O-benzylhydroxylamine in CH3CN at 0°C and sturing for 2 . Hydrogenolysis of the
benzyl group of the resulting arginine denvative, 7, using 10% Pd-C and Hy (1 atm) 1n MeOH for 30 min afforded 8 m 89% yield
following sgc Removal of the BOC groups and hydrolysis of the t-butyl ester was achieved 1n one step by reacting 8 with 4 N
HCl/dioxane at 23°C for 20 h  The L-NG-hydroxyarglnme dihydrochloride salt precipitated from the reaction medium to give
analyucally pure matenial in 83% yield
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Scheme 2. a. (BOC)5 O (150 mol %), dioxane, sat. NaHCO5, 23°C, 24 h, 100 %; b. ref, 6b, 48 %; . ref. 6b, 92%; d.
thiophosgene (140 mol %), CaCO4 (280 mol %), H,0, CHUIy, 23°C, 2 b e, NI 3 (excess), Me()H 0°C, 3 h, 89% from 3 f, Mel
(200 mol %), CH3CN 23°C, 16 h, g. (BOC), 0 (150 mol %), dioxane, sat. NaHCO5, 23°C, 12 h, 69% from 4; h. O-
benzythydroxylamine (200 mol %), TEA (120 mol %), AgNO5 (110 mol %), CH3CN 0°C, 2 h,90%;i. 10% Pd-C (20 wt %),
MeOH, H; (1 atm), 30 min, 89% j 4N HCl/choxane, 23°C, 20h, 83%.
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I'his sequence of reactions was demonstrated o yield opucally pure 1 via the following analysis. Hydrogenolysis of 7 with
10% Pd-C under 50 psi Hy followed by deprotection with 4 N HCl/dioxane gave L-arg dihydrochlonde in 13% yield from 7. This
matenial was denvatized with Marfey's reagentg, and subsequent HPLC analysis, using derivatized D, L-arg as a standard,
demonstrated that the synthetic material was greater than 99.6% opucally pure.

The two 9N labelled samples, 9 and 10, were readily prepared using the same sequence of reactions except 15N Hywas
substituted for NHq i the 3 to 4 conversion and H215NOBnm for HZNOBn nthe 6 to 7 Lmnsformatxon.11 These compounds, along
with 1, should serve as useful tools for determiming whether 11s an intermediate 1n the biosynthesis of NO 12,13 The results of the

biochemical investigations using 1, 9, and 10 will be reported clscwhere 14
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L}, and thiophosgene (2 5 mL, 32 6 mmol) was added a solunon of 3 (6 72 g, 23 3 mmol) m CHCly (110 mL) The reaction
was vigorously stirred at 23°C for 2 h, then filtered and the organic phase separated. The aqueous phase was extracted with
CHC13 and the combined organics washed with brine, dned (MgSO4), and concentrated The otl was dissolved in dry MeOH
(200mL), cooled to 0°C, and a stream of NH3 passed through the solution for 10 min. The reaction was stirred at 0°C for 3 h,
then concentrated and the residue chromatographed on silica gel (4/1 EtOAc/hexanes) to give 4 as a sohd* 7.22 g, 89%, mp
122-124°C, [0]23; 4.1 (¢ 1 19, CHCl3), 13CNMR (CDCl3) 183 4-180 4 (one carbon), 171.6, 155 9, 822, 80,0, 53 6-52 5
{one carbon), 44 6-43 1 (one carbon), 30 4,28 1,278, 24.6

o-N-t-Butoxycarbonyl-8-[(N-t-butoxycarbonyl-5-methyl) 1sothioureido]-L-norvaline-t-butyl ester (6). A <oluuon of 4

(2 92 g, 8 4 mmol) and 10domethane (1 0 mL, 16 8 mmol) m CH3CN (16 mL) was surred at 23°C for 16 h  The solution was
concentrated and the residue dissolved m dioxane (20 mL) To a mixture of sat, NaHCO3 (20 mL) and the dioxane solution of
3 veurs athiad dei-butyabeartranate 277 g 12 Gomuol). Tins esatanr was sgutnasiy sinmalar 23°C foc 2 e Tinedosgamns
was removed via evaporation and the aqueous solution extracted with EtOAc  The organics were dried (MgSQOy),
concentrated, and the residue chromatographed on silica gel (3/1 hexanes/EtOAc) to give 6 as an o1l 2 68g, 69%, [a}BD
157° (2 126, CHCl),. 13(’.NN[R,(CDCI,}), 3070 L6LR S50, 817,793 787,530,429 297 280,279 248, 132

(x-N-t-Butoxycarbonyl-NG-beHZ)loxy-NG'-t-butoxycarbony]-L-argmme-l-butyl ester (7). Toasolutionof 6 (1 1g,2.38
mmol), tnethylamune (0 4 mL, 2 86 mmol}, and O-benzylhydroxylamine (587 mg, 4.76 mmol) in CH3CN (20 mL} at 0°C was
added a soluuon of AgNO3 (450 mg, 2 6 mmol) mn CH3CN (2 mL} dropwise The reaction was sturred at 0°C for 2 h and then
filtered thraugh cclite to remave the yellow silver salts  The filfrate was concentrated and the: reaidie dissolved m F1QAr The
organics were washed with 1 M H3PO, and brine, then dned (MgSO,) and concentrated The residue was chromatographed
on silica gel (4/1 hexanes/ELOAC) to give the product as an oil' 1 05 g3 90%; [a] 231y 84 (c 1 16, CHCly), 13CNMR (CDCIy)
81717.1553, 1521, 148 8,137 6, 128 6,127 8. 82.0,81.7,794,757,53.7,40 3 301 2872 280,279 248,

a-N-t-Butoxycarbonyl-NG-hydroxy-NG,-t-butoxycarbonyl-L-arginine-t-butyl ester (8). A mixture 7 (229 g, 4 27 mmol)
and 10% Pd C (200 mg) i MeOH (30 mL) was surred under 1 atm of Hp for 30 mimn, The muxture was filtered through celite
10 remove the catalyst and the filtrate concentrated  The residue was chromatographed on silica gel (3/1 EtOAc/hexancs) to
give the product as a low melung solid: 170 g, 89%, mp 50-54°C, [a]23[, 8.0° (¢ 1 14, CHCly), 13CNMR (€DCLy) § 1717,
1353, 1523 M8 9. 820 81LR .79 5. 93 A 404 N7 287.280,77 8,247

L-NG-Hgdroxydrglnlnc dihydrochloride (1). A solution of 8 (7 51 g, 3 38 mmol) in HCl 1n dioxane (4 N, 13 mL) was
surred at 23°C for 20 h. The mixture was diluted with dry ether (approx 20 mL) and the solud collected by vacuum filtration
The solid was washed with EtOAc, then dried at 60°C n a vacuum oven to give 1 as a white solid yield 737 mg, 83%, mp
183-184°C: (012355, 19.59 (¢ 0 61. CH;OH): FCNMR (CD,0D).E 1713160 3.53.5.41 6,285,258

A synthesis of L-NG—hydroxyargmme has been claimed, and 1t was reported to be a substrate for NO synthase However, no
detauls of the synthesis or evidence for 1ts intermediacy in the L-Arg to NO pathway was advanced Tayeh, M A, Marlea,

MA J Biol Chem 1989,33, 19654.
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