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Summary: Syntheses of L-fi-hydroxyargmme (l), the putatwe b~osynthctlc precursor of mtnc oxide, and the 15N labelled analogs 
9 and 10 uemg L-ormthme d+, the e~~dlmopuc srart~ng matcrlal 15 repxted 

The contmued progress in dcfmmg the physmloglul role of mtrx oxldc (NO) as it relates to the regulation OC cell ftmcUon and 

commumcanon has attrxted considerable mterest 1 NO was first demonstrated to be a second messenger m endothchum dcpcndcnt 

smooth muscle relaxation and activated macrophage cytotoxlclty Recent reports lmphcatmg ILF role as a second messenger m several 

other mammahan cell lmes attest to Its increasmg lmportancr m human hlology. la 

It hdb been demonsuated that NO 1s syntbcsued from L-argmme (L-q) m endothehal cells and actlvatcd macrophages wa 

ox&non of one of the two termmal guamdmo mtrogens 2 Three blosyntheuc pathways have been proposed for the converslon of L- 

arg to NO and L~curullme (I-clt) by the enzyme(s) NO synthase. 2bJ One mvolves an enzyme catalyxd hydrolytic delmmahon of L- 

arg to gcncratc L-LX and ammoma, 1~1th ~uhsequent oxldat~on ol the ammoma to give N0.3a In the two other postulated mechanisms, 

deplcted m Scheme 1, L-NC-hydroxyxgmme (1) IS imphcatcd as the first oxulatlon product of L-arg. As shown m path a, further 

oxldatlon of 1 followed by a homolytx bond cleavage yields NO and the NE-carbodtim~d& ofomlthme, whxh upon hyd%mon ylei& 

L-w 2b An alternative pathway to NO from 1, path b, 1s via the hydrolysis of 1 to give hydroxylamme and L-clt followed by 

oxldatlon of hydroxylamme to NO 3b AU three of the proposed mechamsms require that the oxygen of the urea funcfion of L-tit be 

dewed from water Smce It has recently been demonstrated usmg 1802 labellmg expenments that the oxygen of the urea group 

comes from dloxygen rather than water, an altematlve mechamsm for this novel oxldauon pathway must be operating4 

Scheme 1 

L-Arglntne -- .,,K+o” 8_ 
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Iii order to t%cllitate studies to efucKt&te Uie mectiannm by wtilch i&g IS convertedto fiu and.L-clt ttie muaiputatwe 
_ -6. or~ct?Imn prodwt ofL-arg, L-N -hydroxyargmme, amilts %iatkikd~mai0gs, !JandrIJ, have been syntheswxim enantmmencan’~ 

pure fbmm usmg L-ormtiimc as tlie enantlopurc cduct (See 6Uieme % j Aitliougti direct oxldauon ofa protectedl-arg d&vahve may 

875 



876 

be the most expebent pathway to 1, the route to 1 was chosen such that there would be no amblgmty as 10 which nitrogen of the 

guamdme was ox~I~ed, NG versus NE, and 15N labelhng would be easdy accommodated Furthermore, the methodology used to 

make 1 should be readily adaptable for synthesrlmg analogs of 1 that might serve as altematlve substrates or mhbdors of NO 

synthase 

The synthesis of 1 commcnccd wllh the conversjon of2 to the known protected L-ormthme derlvallve 3 m three steps usmg a 

mod~l~cauon of the hicraiure prococof 5 Protection of the a-ammo group of 2 yleIded 11s t-butoxycarbonyl (BOC) denvallve which 

was estenlied usmg 0-t-butyIdnsopropyhsourea6 and subsequently hydrogenated LO glvc 3 m 44Yo overa yleIdbb Ad&non of a 

sohmon of 3 m CHC13 to a suspension of thlophosgene m aqueous CaCO3 rapIdly afforded the Isothlocyanate of3 7 This matena1 

could be punficd by $lllca gel chromatography (sgc), but It was more efficient to treat [he crude malerml wllh an excess of NH3 m 

MeOH at 0°C for 3 h to glvc 4 m 89% yield from 3 following sgc Formauon of lsothlourca 5 was readily accomplished by alkylating 

the sulfur of thlourea 4 wnh methyl lodlde m CHsCN at 23°C Attempted displacement of the thlomethyl mmety of 5 by heating with 

0-benzylhydroxylamme m various solvents was unrewardmg There 17 precedent that N-tosyl lsothlourcas are radlly converled to 

tosyl protected guamdmes at room temperature by reactmg them with ammes m the presence of AgN03 * These mdd condttlons were 

Ideally smted for a sulphonyl protecred derlvatlve of 5. In order to avmd the harsh condmons needed to remove most N-sulphonyl 

protectmg groups, the ROC moiety was employed smcc It could be removed under mdd condlnons aIong with the other protecrmg 

groups at the end of the synthesis Protect1011 of crude 5 with (BOQO m dloxancisat NaHCOx yleldcd 6 in 69% from 4 after sgc. 

Replacement of the thlomethyl group of 6 with 0-benzylhydroxylamme was achieved m 90% yield by adding a CH3CN soluhon of 

AgNO; to a solur~on of 6, rncthylammc, and O-bcn7ylhydroxylamme m CHxCN at 0°C and Wrrmg for 2 h. Hydmgenolysls of the 

benzy1 group of the resultmg argmme denvatlve, 7, usmg 10% Pd.C and H-J (1 atm) m MeOH for 30 min afforded 8 m 8Y% yieId 

followmg sgc Removal of the BOC groups and hydrolysis of the t-butyl ester was acinevcd m one step by reactmg 8 with 4 N 

HCI/&oxane at 23°C for 20 h The L-fi-hydroxyargmme chhydrochlorldc salt prcclpltatcd from the reacuon medmm to give 

analyucally pure matcrlal m 83% yield 

Scheme 2 

H NH, 2HCI BOC H NHBOC NHBOC 

1, a=b=14 
9, a=14, b-15 
10, a=15, bz14 

7, R=Bn 5, R=H 
8. R=H 6, R=BOC 

Scheme 2. a. (BOC)2 0 (150 mol %), dioxane, sat. NaHC03,23”C, 24 h, 100 k; b. ref. 6b, 48 %; E. ref. 6b, 92%; d. 
thiophosgene (140 mol %), CaC03 (280 mol %), H20, CIILl3, 23”C, 2 h; e. NIl3 (excess), MeOH, OT, 3 h, 89% from 3 1: Me1 
(200 mol %), CH3CN, 23“C, 16 h, g. (ROC),o (150 muI %), dtoxane, sat. NaHC03, 23”C, 12 h, 69% from 4; h. O- 
benzylhydroxylamine (200 mol W), TEA (120 mol %), AgN03 (I 10 mol %), CHjCN, OT, 2 h, 90%; i. 10% Pd-C (20 wt %), 
hleOH, H2 (1 atm), 30 min, 89% j 4X 1ICl/d1oran~, 23OC, 20h, 83%. 
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I his sequence of reachons was demonstrated to yield opucaIly pure 1 vxa the followmg analysis. Hydmgenolysls of 7 with 

10% Pd-C under 50 psi H2 followed by depmtechon with 4 N HCl/&oxane gave L-arg tiydrcchlonde in 13% yteld from 7. This 

material was denvatlzed wnb Marfey’s reagent9, and subsequent HPLC analysis, usmg denvatlzed D, L-arg as a standard, 

demonstmted that the synthet~ marerml was greater than 99.6% optxxlly pure. 

The two 13N labelled samples, 9 and 10, were readily prepared usmg the same sequence of reactions except 15NH3 was 

substituted for NH3 m the 3 to 4 convcrsmn and H2 15NOBn1” for H2NOBn m the 6 to 7 transformatmn.*l These compounds, along 

with I, should scrvc as useful tools for determmmg whether 1 IS an mtermcdlate m the blosynthesrs of NO ‘*,13 The results of the 

blochcmlcal mvestlgatlons usmg 1, 9, and 10 WIU be reported elsewhere I4 

Acknowledgements: The denvltnatlons and HPLC analyses of the syntbeuc and D,L-argmmes by Ms. NoraGeddie and the 

preparation of the manuscnpr by MS Susan Levendosky are gratefully acknowledged 
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mL), and thtophosgcne (2 5 mL, 32 6 mmol) wan added a soluuon of 3 (6 72 g, 23 3 mmol) m CHC13 (110 mL) The rcactton 

was vtgorously stirred at 23°C for 2 h, tben filtered and the organtc phase separated. The aqueous phase was extracted wnh 

CHCl3 and the combined orgamcs washed wtth brute, drted (MgSO4), and concentrated The otl was dissolved m @ hleOIi 

(200mL), cooled to 0°C and a stream ofNJI3 passed through the solution for 10 mm. The reacuon was stirred at 0°C for 3 h, 

then concentrated and the resrdue chromatographed on s~ltca gel (4/l EtOAc/hexanes) to gtve 4 as a sohd, 7.22 g, 89%, mp 

122-124°C, [nj23D 4.1 (c 1 19, CHC13), 13CNMR (CDCI-+) 183 4-180 4 (one carbon), 171.6, 155 9,82 2, SOB,53 6-52 5 

(one carbon), 44 6-43 1 (one carbon), 30 4,28 1, 27 S24.6 

o-N-t-autoxycarbonyl-6_I(N-t-holoxycarhl) Lsothioureidol-L-norvaline-t-butyl ester (6). A ~olutron of4 

(2 92 g, 8 4 mmol) and lodomethane (1 0 mL, 16 8 mmol) m CH3CN (16 mL) was suned at 23°C for 16 h The solwon was 

concentrated and the residue dlssolwd m dmxane (20 mL) To a mixture of sat, NaHC03 (20 mL) and the dmxane solutmn of 

5 W&i &i&k li~=a’~~qu~~L~~~~~~t~ <2 7% 6 12 (r inil?U@~ Ti IXXIU~P WaS ulYgI~IUt@~&KDZ&&~YY SK 2 ir 73EdilKhUE 

was removed eta evaporauon and the aqueous solutton extracted wnb EtOAc The orgamcs were drtcd (MgS04), 

concentrated, and the residue cluomatographed on slhca gel (3/l hcxancs/EtOAc) to glvc 6 as an 011 2 68g, 69%, [a]23D 

L5 7" (c L 26,.CKc11~),. '%3mF~~c~cl,) l?? Q. l?l_ l_;. l.c=iL F+lS ~.eL:I,.?s 3,.i!8.7..51 11_429,.z 7,.72 0,.27 8.3 5,. u-2 

n-N-t-Butox~earbonyl.NG.benz~lory-NC’ -t-butoxycarbonyl-L-argmlne-t-butyl ester (7). To a solutmn of h (I I g, 2.38 

mmol), tnethylamme (0 4 mL, 2 86 mmol), and 0-ben7ylhydroxylammc (587 mg, 4.76 mmol) m CH3CN (20 mL) at 0°C was 

added a soluuon of AgN03 (450 mg, 2 6 mmol) m CH3CN (2 mL) dropwrse The reactton was ?tn-red at 0°C for 2 h and then 

fritered through ccbte to remove the y&w srkrsdlts The fihrate was ~ncrJlr~~~an~tb~rr.s~d~~~d~~~~ol~~~~~n FIOA~ The 

orgamcs wcrc washed wtth 1 M H3FQ4 and bone, then drted (MgS04) and concentrated The restdue was chromatographcd 

on stbca gel (4/l hexaues/EtOAc) to grve the product as an oil, 1 05 g: 90%; [o]23D 8 4” (c 1 16, CHCl$, 13CNMR (CDC13) 

6171.7,~~1;152L.L488,L~76..~6;.~7R.X21)~.X1~7;.794,.757,.537,.411~,~.~.~.7,~~~?79,23S. 

a-N-t-Butouycarbonyl-NG-hyd~o~y-h’ G’-t-butoxycarbonyl-L-arginine-t-butyl ester (8). A mrxture 7 (2 29 g, 4 27 mmol) 

and 10% Pd C (200 mg) m MeOH (30 mL) was stu-red under 1 atm of H2 for 30 mm. The mixture was flltcred through ccl~re 

10 remove the catalyst and the filtrate concentrated The restdue was chromatographed on srltca gel (3/l EtOAc,?xxancs) to 

give the product as a low meltmg sohd: 1 70 g, 89R, mp 50.54T, [a]23~ 8.0” (c 1 14, CHC13). ’ ?CNMR (CDC13) S 171 7, 

1S.r..i..152~..14X9..X2~.81R.79~,.~1~,.d11d,.11/3,.‘~~.~,.7~.0.,.7-7Y.,.~4.7 

L-NC-Hgdroxydrgtnme dihydrochlorrde (1). A colution of 8 (7 51 g, 3 38 mmol) m HCl m dwxane (4 N, 15 mL) w% 

stlncd at 23°C for 20 h. The mtxture wds drluted wrth dry ether (approx 20 mL) and the sohd colhxted by vacuum filtrauon 

The sohd was washed wtth EtOAc, then dried at 60°C m a vacuum oven to give 1 as a whttc soltd yteld 737 mg, 83%. mp 

l83-184”C:.~.a1.23r?.19.5o(cO61..CH3.O~:.’3CNMR(CD~~QD) GL7L?.tiO?..il 5.41 h.W.S_,.7~.X 

13 A synthests of L-NC-hydroxyargmme has been clarmed, and It was reported to bc a substrate for NO synthase However, no 

detatls of the syntheses or evtdencc for Its mtenned~acy III the L-kg to NO pathway was advaoccd Tayeh, M A, hlarletta, 

M A J 3~01 Chem 1989,33,19654. 
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