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Ahmet: ‘lEe first asymme.tric synthesis of the natwdly-occwing cycbprupne amino acid carnosadine, 1. has 

been carried out. Starting from the previously available chital inta-nwMe 2. appropriate amine potection and 

sidecbain modifications permined inaoduction of the key guanidyl substitueat in a short and etlicient synthis to 

give the title cunpound in five steps and 45% overall yield. 

Camosadine 1 was first isolated in 1984 from the red marine alga Grutuhpiu curnosu by Shiba and 

coworkers? who deduced its structure as l-amino-2-guanidinomethyLl-cyclopropanecarboxylic acid.3 

Shortly after,4 the same research group described a 14-step synthesis of carnosadine starting from 

benzoylglycine, with an overall yield of 5%. The strategy incorporated a resolution procedure which 

allowed assignment of the absolute configuration of the natural product as lS, 2s. 

As a derivative of 1-amino-1-cyclopropanecarboxylic acid (ACC), camosadine is one of the few 

naturally-occurring members5 of this novel class of a-amino acids which have attracted special attention 

recently on account of their fascinating biological activities. 697 Substituted ACCs present a challenge to 

synthetic chemists due to the requirement for control of stereochemistry at the substituted cyclopropane 

ring. A variety of different synthetic approaches have been explored.6 but only a small number have been 

adapted for asymmetric synthesis.8 Shiba’s preparation4 of camosadine remains the only one to appear in 

the literature to date. 

Recently we described an asymmetric synthesis of both cis- and trMs-2-hydroxymethyl-ACC (2,3- 

methanohomoserine) in optically pure form via the CN(R,S) method, in which the key step was formation 

of the appropriately functionalized cyclopropane by double alkylation of a chiral aminonitrile synthon with 

epibromohydrin.9 This synthetic methodology has been adapted for an even simpler synthesis of the cis 

and tram racemates of the same amino acid. 10 One of the intermediates in the asymmetric synthesis was 

the methyl ester 2, which can be prepared on gram-scale. The facile chemical transformation of the primary 

hydroxyl group into a variety of other functional groups led us to suggest that 2 could provide an entry to 

other 2-substituted ACCs in stereochemically pure form. In this paper we describe the practical and 

efficient preparation of (lS,ZS)-camosadine from chiral ester 2 in 5 steps and 45% overall yield. This 

straightforward synthesis (Scheme) involves protection of the amine function, appropriate side chain 

interconversion, and finally deprotection. 
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The primary amine of 2 was protected as a carbamate by reaction with benzyl chloroformate in 

aqueous sodium carbonate solution without hydrolysis of the ester, to give derivative 3 in 83% yield. Side 

chain manipulation was then undertaken by &htxing 3 with triphenylphosphine in carbon tetrachloride in 

an inert atmosphere for 72 hours which gave a high conversion (85%) into the chloride 4. The remaining 

unreacted alcohol was recovered by chromatography. Direct nucleophilic displacement of halide by 

guanidine represented the most direct synthetic route, and there was some literature precedent for this type 

of transformation.1* However, treatment of a methanolic solution of 4 with freshly prepared aqueous 

guanidine solution resulted only in hydrolysis of the ester. We therefore followed a mote conventional 

strategy for construction of the guanidyl function, via the corresponding amine.12 

The side-chain nitrogen was introduced either by reaction of 3 with phthalimide in a Mitsunobu 

proceduret3 or by heating chloride 4 with potassium phthalimide in DMF. These reactions furnished 

phthalimido derivative 5 in 73% and 81% yield, respectively. While the Mitsunobu reaction had the 

advantage of producing 5 directly, care was required to avoid contamination by the diethyl 

hydrazinedicarboxylate by-product, and the yield was only marginally better than that for the two-step 

procedure via chloride 4 which involved clean reactions. Selective deprotection of the side-chain nitrogen 

was achieved by hydrazinolysis to give amine 6. Purification of this compound was initially hampered by 

the protecting groups’ sensitivity to acid and base, but it was found that formation of the hydroacetatc salt 

permitted separation from the phthalhydrazine by-product, and by subsequent basilkation and reextraction 
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into organic solution the amine was obtained in 84% yield. Indeed, the free base form of 6 was necessary 

for efficient grafting of the guanidyl group in the next step. 

We investigated several guanidylating agents, including 3.5dimethylpyrazole-l-carboxamidine 

nitratel4 and s-methylisothioumI sulfate, 15 but best results were obtained with aminoiminomethanesulfonic 

acid (AIMSA). which has recently been introduced by several research groups.16 When the hydroacetate of 

6 was tmated with AIMSA in the presence of aqueous alkali, the starting material was recovered unreacted. 

even after prolonged reaction times. However by stirring the free amine 6 with an equimolar amount of 

AIMSA in methanol under mild and neutral conditions, guanidine formation was complete after 3 hours. It 

was essential to ensure that no amine 6 remained in the mixture, since tbe final deprotection step was 

carried out without isolation of the guanidylated intermediate. t3C NMR spectroscopy in CD30D was 

diagnostic in this respecL for tbe conversion of amine into guanidine resulted not only in tbe appearance of 

a new signal at 158.3 ppm but also in an uptield shift of the cyclopropane C-2 from 31.3 to 27.4 ppm. All 

other carbon resonances, including that of C-4 which bears the nitrogen function, remained virtually 

unchanged. The guanidyl derivative was deprotected by refluxing in strong acid, and final purification was 

carried out by elution from a conventional ion-exchange column, to give carnosadine ([a]~ -20.0” as the 

dihydrochloride) in 88% yield for the last two steps. 17 Enantiomeric purity was verified by analysis on a 

chiral hplc column and was found to be >99%. 

Since the starting ester 2 possesses a lS.2R absolute configuration, and none of the chemical 

transformations carried out involve the chiral centers of any intermediates, a 15.25 configuration of the 

camosadine prepared by this method is guaranteed. Samples thus obtained exhibited identical 

spectroscopic data to those published 2~8 for natural carnosadine dihydrochloride and had the same optical 

rotation (lit.4 [a]~ -2O.O’), confirming stereochemical assignment. We are currently investigating the 

application of stereochemically pure 2-hydroxymetbyl-ACC derivatives to the asymmetric synthesis of 

other cyclopropane amino acids. 

EXPERIMENTAL SECTION 

General. tH and t3C NMR spectra were recorded at 300 MHz and 75 MHz respectively. FIIR spectra 

were recorded in chloroform solution. Analytical TLC was performed on silica gel F-254 plates and 

components visualized using ethanolic phosphomolybdic acid solution. Flash chromatography was carried 

out on 230-400 mesh silica gel using 50~50 hexane-EtOAc as eluent Rfvalues am given for the same 

solvent system unless otherwise stated. Compound 29 and AIMSAleC were obtained as previously 

reported. Triphenylphosphine was recrystallized from hexane, phtbalimide was recrystallized from EtOH 

and potassium phthalimide was purified as previously described.*9 Carbon tetrachloride, THF and DMF 

were dried and redistilled under nitrogen before use. All other reagents and solvents were used directly as 

supplied commercially. 

(lS~)-l-Benzyloxycarbonyla~n~~hyd~xy~~yl-l-cy~~~pa~~xylic acid methyl ester, 3 

Benzyl chloroformate (0.95 mL. 6.65 mmol) was added dropwise to a vigorously stirred suspension of 2 

(0.75 g, 5.17 mmol) in 1 M aqueous Na$Oj solution (12 mL) at 0 “C. The mixture was stirred continually 

at 0 “C for 4 h then extracted with EtOAc (3 x 15 mL). Combined extracts were dried over MgS04 and 
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evaporslted to leave an orange oil. Flash chromatography gave the title compound (1.20 g, 83%) as a clear 

oil: RfO.31; ]@D -43.7’ (C LOO, CHC13); Fl’IR 3425 br, 1728, 1@2 m cm’*; tH NMR (CDCl3) 6 0.89 

(dd, 1 H. J = 5.1 and 7.4 Hz). 1.68 (dd. l H, J = 5.1 and 9.9 Hz). 2.47 (m. 1 H), 2.85 (br s, l H), 3.25 (t, 1 

H, J = 11.8 Hz), 3.73 (8, 3 H), 4.05 (dd, 1 H, J= 12.1 and 3.4 Hz), 5.23 (t, 2aH, coalesced AR system, 

apparent J= 12.0 Hz). 5.53 (s, 1 Hf, 7.42 (s, 5 H); 15C NMR (CDC13) 6 19.8 (t), 31.0 (d), 38.7 (s), 52.6 

(9). 61.4 (t). 67.5 (t). 128.1. 128.3. 128.6 (each d), 136.2, 158.4. 172.6 (each a); Anal. Calcd for 

C14H17NO5: C, 60.21; H. 6.14; N, 5.02. Found: C. 60.27; H, 6.39; N. 4.&t. 

(lsVw-l-~aIrbon~~- r1-1-@w-p- xyk acid methyl ester, 4 

A mixture of 3 (1.20 g, 4.30 mmol), triphenylphosphine (1.35 g. 5.15 mmol) and carbon tetrachloride (150 

mL) was heated under mflux under Nz for 72 h, then the solvent was evaporate@. The residual solids we% 

subjected to flash chromatography to give unreacted 3 (0.16 g, 13%) and the title compound (1.09 g. 85%) 

as a clear oil which crystalked on standing: RfO.65; mp 77-80 Oc; [a]% +37.8’ (c 1.00, CHCl3); FTJR 

3418, 1724, 1602 m cm-l; *H NMR (CDC13) 6 1.26 (m, 1 H), 1.92 (dd, 1 H, J = 7.0 and 8.5 Hz), 2.21 (m, 

1 H), 3.47 (t, 1 H, J = 10.9 Hz), 3.71 (s. 3 H), 3.80 (dd, 1 H, .I= 6.1 and 11.4 Hz), 5.17 (2d, 2 H, partially 

resolved AB system, apparent J = 12.0 Hz), 5.95 (br s, 1 H). 7.37 (s, 5 H); 13C NMR (CDCl3) 6 23.6 (t), 

29.7 (d), 40.0 (s), 44.1 (t). 52.9 (q), 67.3 (t). 128.2, 128.4. 128.6 (each d), 136.1, 157.1, 172.3 (each s); 

Anal. Calcd for C14H1eCJNO4: C, 56.48; H. 5.42; N. 4.70; Cl, 11.91. Found: C. 56.42; H, 5.34; N, 4.48; 

Cl. 11.84. 

(l$~)_l-~~l~y~~n~~~~-~~~do)~y~l-~~pr opansauboxylk acid methyl 

ester, 5 METHOD A: Potassiom phthalimide (0.70 g, 3.78 mmol) was added to a solution of 4 (1.03 g, 

3.46 mmol) in DMF (5 mL) under N2, and the mixture was heated at 100 OC for 3 h. After cooling, 

chloroform (15 mL) was added and the mixture poured into water (30 mL). The organic layer was 

collected and the aqueous phase washed with more chloroform (2 x 10 mL). Combined extracts were dried 

over MgSO4 and evaporated to leave a’brown oil. Flash chromatography gave the title compound (1.15 g, 

81%) as a viscous oil which crystallized on standing: RfO.50; mp 152-155 OC; [a]23D +78.6’ (c 0.79, 

CHCb); FTIR 3359 m, 1772 m, 1714,160O m, cm- l; lHNMR(CDCl3)g 1.19(dd, 1 H.J=4.8and6.1 

Hz), 1.85-1.95 (m, 2 H), 3.46 (dd, 1 H, J= 9.3 and 14.6 Hz), 3.66 (s, 3 H), 4.24 (dd, 1 H. J = 2.6 and 14.6 

Hz), 5.20 (2d, 2 H, partially resolved AB system, apparent J = 12.3 Hz), 6.84 (br s, 1 H), 7.33-7.45 (m, 5 

H), 7.75 (dd, 2 H, J = 3.1 and 5.4 Hz), 7.87 (dd, 2 H, J = 3.1 and 5.4 Hz); 13C NMR (CDC13) 6 21.0 (t), 

27.2 (d), 36.4 (t), 38.4 (s), 52.5 (q). 66.9 (t), 123.5. 128.0, 128.5 (each d), 132.0 (s), 134.3 (d), 136.6, 157.2, 

168.4. 172.5 (each s). Anal. Calcd for C22H&l206: C. 64.70; H, 4.94; N. 6.86. Found C, 64.58; H, 4.80; 

N, 6.79. 

METHOD B: A solution of 3 (1.50 g. 5.37 mmol), triphenylphosphine (1.41 g, 5.38 mmol) and 

phthalimide 0.79 g. 5.37 mmol) in THF (15 mL) under NZ was treated dropwise with diethyl 

azodicarboxylate (0.85 mL. 5.40 mmol). A slight exotherm ensued, and the mixture was stirred at rt 

overnight, then evaporated in VDCKO to leave an orange oil. Flash chromatography gave 5 contaminated by 

an approximately equimolar quantity of diethyl hydrazinedicarboxylate, as estimated from the tH NMR 

spectrum. Further flash chromatography using 5:95 EtOAcCHflZ as eluent gave the pure title compound 

(1.60 g, 73%) exhibiting physicochemical data identical with those of the product from Method A. 
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(lS~~2A~~y~l-~~y~~y~l~c~~~ boxylk add me&y1 ester, 6 

Hydraxine hydrate (0.35 mL, 6.99 mmol) was added to a solution of 5 (1.00 g, 2.45 mmol) in MeOH (7.5 

mL) and chloroform (7.5 mL) and the mixture stirred at rt for 24 h. A solution of acetic acid (4 mL) in 

MeOH (12 mL) was then added, the mixture was stirred for 5 min. then set aside at -20 Oc for 3 h. The 

white solids wem removed by fduation and the filtrate evaporated. A 20% solution of acetic acid in water 

(40 mL) was ad&d to the residue, the resulting solids were removed by filtration and the filtrate was 

evaporated to leave the hydroacetate salt as a pale yellow syrup which could not be crystallized. 1 M 

aqueous Na2C03 solution (10 mL) was added and the resulting suspension extracted with EtOAc (4 x 25 

mL). Combined extracts were dried over MgSO4 and evaporated tu give the title compound (0.57 g. 84%) 

as a pale yellow oil: Rf(90:8:2 EtOAc:MeOH:NI%+OH) 0.34, [a]27D -29.3’ (c 1.17, MeOH); FI’IR 3428 

m, 3383 w, 3308 w, 1726,160O m cm -1; tH NMR (CDjOD) 8 1.02 (dd, 1 H, .J = 5.1 and 7.4 Hz), 1.63 (dd, 

1 H. J = 5.1 and 9.5 Hz), 2.06 (m, 1 H), 2.59 (dd, 1 H. J = 13.6 and 8.9 I-Ix), 2.92 (dd, 1 H, J = 13.6 and 4.7 

Hz), 3.75 (s, 3 H), 5.21 (s. 2 H), 7.42 (s, 5 H); 1% NMR (CD30D) 6 21.2 (t), 31.3 (d), 39.3 (s), 41.4 (t), 

53.0 (q). 67.6 (t), 128.6, 129.0, 129.4 (each d), 138.0, 159.7, 174.5 (each s). 

(lS~>Carno6dne, 1 

A solution of 6 (0.55 g, 1.98 mmol) in MeOH (5 mL) was treated with AIMSA (0.25 g, 2.01 mmol) and the 

mixture was stirred at rt for 3 h then evaporated. The residual syrup displayed the following l3C NMR 

data: (CD30D) 6 21.2 (t), 27.4 (d), 39.3 (s), 41.3 (t), 53.2 (q), 67.8 (t), 128.6, 129.0, 129.4 (each d), 137.8, 

158.3, 159.7, 174.0 (each s). The syrup was treated with 5 M HCl(25 mL) and heated under teflux for 5 h 

then evaporated to dryness. The residue was applied to a column of Dowex 50X8- 100 ion exchange resin 

(20 mm x 10 cm) and eluted with 1 M NH40H. Sakaguchi-positivem fractions were combined and 

evaporated to give camosadine (0.30 g, 88%) as an off-white solid17 which was converted to its 

dihydrochlotide; [a]27D -20.0“ (c 1.85, 1 M HCl). FAB-MS (glycerol matrix), *H and DC NMR spectra 

were identical with published data_218 The dihydrochloride was twice precipitated from EtOH solution by 

slow addition of chloroform, to give an amorphous white powder: Anal. Calcd for C&ll2N40~2HCl: C, 

29.40, H, 5.76; N, 22.86. Found: C, 29.33; H. 5.42; N, 22.61. Hplc analysis on a CHIRALPAK WM 

column (mobile phase: 0.25 mM aqueous CuSO4) showed only one enantiomer present; racemic material 

displayed two peaks with complete base-line resolution. 
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