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Ahracl: Enantiomtically pure N-Fmoc-S-Mob (S)-a-amino-emeraptohcxanoic acid Wmb) was symhesized in an 

efficient tlua step process from (Ltlysinc via nuckqhilic displacancnt of Ihc pyridinium salt. A0 efficicm method for 
Fmoc ~xa&on widaout any mcemization is desaibcd. Incorporation of this mma~mal amino acid into peptides and its 

~l~~w~~~~~~~~~~g~~. 

Sulfur containing amino acids are important constituents in numerous biologically active peptides and 
proteins. Due to their extraordinary reactivity. mercapto groups are often found in the active sites of enzymes 
and are crucial for many metabolic processes. Furthermore, sulfur containing amino acids are excellent 
building blocks in designing conformationally rigid peptide structures. Cysteke, homocysteine and methionine 

are widely used in biological systems. whereas other homologues have not yet been isolated. Recently, a- 

amino-e-mercaptohexanoic acid had ken introduced into peptides to stabilize a-helices via intramolecular 

disulfide b0nds.l The S-acemidomethyl (Acm) protected a-amino-&-metcaptohexanoic acid was obtained in a 
five step synthesis starting from Boc protected lysine. Although Acm protection of sulfhydryl groups is useful 
in special cases, acid labile benzylic protecting groups (e.g. trityi (Trt), 4-metboxybenzyl (Mob) or 2,4,6- 
~rne~oxy~~yl (Tmob)) are preferable where ~rnul~~us cleavage of all protecting groups is desired. 
Moreover. benzylic protection not only eliminates an additional iodine mediated Acm cleavage. but more 
importantly. sidesteps iodination of tyrosine and hi&dine residues.2 In this communication we report an 
efftcient three step synthesis of enantiomerically pure N-(9-fIuorenylmethyloxycarbonyl)-S-(4-methoxybenzyl) 

protected (S)-a-amino-&-mercaptohexanoic acid (Amh) starting from inexpensive (L)-lysine. The reaction 

sequence is shown in scheme 1. 
Following a protocol from Kauitzky er. af. the water soluble pytylium salt (1) was used to convert the 

E-amino group of CL)-lysine into the corresponding pyridinium salt (2).3 Nucleophilic substitution at the E- 
carbon yielded the methoxybenzyl protected aminomercaptohexanoic acid (3). Several attempts wen: made to 
introduce the Fmoc group using standard procedures4 The carbamate (4) could only be isolated in 20-30 5% 
yield. However. our finding, that amino acid (3). in the presence of chlorotrimethylsilane is pyridine soluble. 
made it possible to avoid the widely used two phase system (aqueous Na2C03 / dioxane or tetrahydrofuran). 
The transient silylation allowed Fmoc protection in a pur&y organic medium. Our portion pmtocol not only 
gave significantly higher yield (80 %), but also lead to purer product and shorter traction time. Albeticio et. al. 
reported the formation of small amounts of Fmoc-dipeptides when Fmoc chloride was used under phase 
transfer conditions-5 The in situ silylation circumvents thy side reactions. In situ silylation of hydroxyl and 
carboxyl groups to achieve selective N-tritylation of amino acids has been reported earlier-6 

Because of potential racemization along the reaction sequence, the project’s success rested on 
preserving (L)-lysine’s chiral center. To verify the optical purity, we synthesized the dipeptide of Amh with 
(L)- and (DL)- alanyl-O-methyl ester. Determination of the diasteteomeric excess of dipeptides Wb by 
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Se&me Z: Synthesis of Fmoc-Mob protected (S)-a-amino-&-mercaptohexanoic acid (4). Mob: 6 
Methoxybenzyl, Fmoc: 9-Fluorenylmethyloxycarbonyl. 1) (L)-Lysine. pH 10.0-10.5; 2) 4-Methoxy- 
henzylmercaptan; 3) Fmoc-Cl, MqSiCl-Pyridine; 4) (DL)-Alanine methyl esterHCl, BOP. HOBT, pyridine. 

NMR analysis was not successful due to partially overlapping signals. Nevertheless, baseline separation of the 
diastereomers could be accomplished using cbiral phase HPLC (Pi&e phase).’ Diastereomeric excess > 99 96 
was obtained using Fmoc-Mob protected Amh (4) which had been synthesized using our transient silyl 
protection method. In contrast, the Fmoc derivative prepared using the standard two phase system showed 
nearly 7% racemizarion (Figure 1). These findings proved that our synthesis is not only efficient, 23 % in three 
steps, but also yielded enantiomerically pure product. All the compounds were characterized by tH, *SC-NMR 
spectroscopy and high resolution FAB-MS.* 

To verify the use of the Mob protected aminomercaptohexanoic acid (4) we investigated the synthesis of 
two peptides (6) and (7) using standard solid phase method and deprotection protocols.9 The incorporation of 
An& (4) in peptides was accomplished smoothly and with high effkiency on an automated peptide synthesizer 
using HOBT-BOP activation. Deprotection under acidic and reducing conditions in the presence of a scavenger 
not only cleaved the t-Butyl, Tmob and Boc protection. but also released the Mob group completely within 6 h 
which was proven by IH-NMR spectroscopy and FAB-MS analysis of tht: purified peptides.to The amino acid 
sequences and some characteristic propeties of peptides (6) and (7) are given in table 1. 

Compound FAB-MS Amino Acid Analysis (found) 

H3N+-VKKITAmhSIP-CONH2 (6) 1028 Amhl.orz.oK2.oPl.oso.sTl.oVt.o 
H3N+-GKKSQQVKKITAmhSIP-CON& (7) 1687 Amhi.lGi.oii.sKo.dPi.o~.~S~,8T~,oV].o 

Tabk: I: Amino acid sequences and some typical properties of peptides (6) and (7). 

Following a literature protocol (L)-lysine was transformed in 50 % yield to the corresponding 

pyridinium salt (2) using the water soluble pyrylium perchlorate (1>.3 We found a simple precipitation from 
methanol-diethyl ether to be sufficient to obtain pure product. Under N2 atmosphere. the pyridinium salt (2) 
was heated for lh at 70 OC in an aqueous solution of 4 equiv. 4-methoxybenzylmercaptan and 3.5 equiv. 
NaOH. The by-product was filtered off and amino acid (3) was precipitated by acidification (pH 6). The 
optically active product, purified by continuous ether extraction (Soxlet extractor, 48 h), was obtained in 57 46 
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F&WC Zr Chital phase HPLC (Pi&de phase) cbromatogram of dipeptide prcpruw# from (L) alany O-methyl ester and 

Fmac-Mob-Amb (4) prepared using our oansicnt silyl pm(eclion method (A); of dipeptidc prepamd from (L) alanyl O-m&y1 ester 
and Fmoc-Mab-Amh prepwed using couventioual two phase reaction conditions (B) sod of dipep&b Mb pqarcd from (DLI 

&any1 Orne#~yl ester and Fmoc-MobAmb 0. 

yield ([a]& 4.1 (c&.62. CH2CI2). FAB-MS calcd. for C14H22N03S (M+H+): 284.1364, found 

284.1342).11 1.1 equiv. 9-~uo~nylme~yl chlo~fo~a~ was added to a clear solution of amino acid (3) in 
pyridine-chlorotrimethylsilane (19~1) at 0 DC. After stirring for 3 h at r.t. the solvent was distilled off under 
reduced pressure and the residue, dissolved in dichlorometh~e was washed with saf. NH&l solution. After 
column chromatography (SiqZ, dichloromethane-methanol 19:l to 9:l). the optically active product was 

obtained in 80 8 yield ({a]“: 4.3 (c=3.8 1, CH2Cl2f. FAB-MS calcd. for CaH32NOgS (M+H+): 506,199 1, 
found 506.1996).l2 The enantiomeric excess of amino acid (4) was determined to be z&9% baaed on chiral 
phase HPLC analysis of the corresponding (L)- and (DL)-ahmyl-G-methyl ester derivatives. One equiv. of 
either the racemate or the optically active (L)-alanine methyl ester hydrochloride suspended in pyridine in 

presence of 1 equiv. triethylamine was ad&d to a pyridine solution of the amino acid (d), 1.5 equiv. HOBT 
and 1 equiv, BOP and stirred for 3 h at r.t The solvent was removed under reduced pressure and the residue, 
dissolved in dichloromethane was washed with sat. NH&I solution. An aliquot of the crude was purified by 
thin layer chromatography (SiQ& dichloromethane-methanol 19: 1). Determination of the diastereomeric excess 
by NMR analysis of dipeptides !Wb was not successful due to partially overlapping methyl ester signals (lH- 
NMR (ClXIl3) d=3.716 and 3.720). 13 Baseline separation of the two pairs of diastereomers @a/b) could be 
accomplished using chiral phase HPLC with (R)-3,5-dini~obenzoyI-phenylglyc~~ as the stationary phase 
(Baker, covalent) and 2-propanol-hexane mixtures as the mobile phase (flow: I ml/min, 5- 15 % 2-propanol 

over 60 min). The two diastereomers could be detected by their characteristic UV absorbance at &.= 265 nm and 
eluted at 29.6 min (Sa) and 36.4 min (5b). 
Acknowiedgement This research was supported by National Institutes of Health grant GM39822. 

D NO- 
1 Jackson, D. Y.; Ring, D. S.; Chmielewski. 3.; Singh, S.; Schulz, P. G. J. Am C/rem Sot. 1991, 113, 

939 l-9392. 
2 Means, G. E.; Feeney, R. E. Bioconjugate Chem. 1990. I. Z- 12; Feeney. R. E.; Yamasaki, B.; 

Geoghegan. K. F. in Modification of Proteins, Food Nutritional, and Pharmacological Aspects, 



3 

4 

8 

9 

10 

11 

12 

13 

Advances in Chemistry Series 198; Feeney. R. E.; Whitaker, J. R.. Ed; American Chemical Society: 
Washington, 1982; 3-55. 
KatitzLy, A. R.; De Rosa, M.; Grzeskowiak. N. E. J. Chem Sm. Perkin Tram I? 1984, 841-847; 
Katritzky. A. R.; Yang, Y. K.; Gabrielsen. B.; Marquet, J, J. Chem Sue. Perkin Tram. II 1984. 857- 
866; Kattitzky. A. R.; Yang, Y. K. J. Chem Sot. Perkin Tram. iI 1984.885889. 
Carpino, L.A.; Han, G.Y. J. Org. Chem 1972.37.3404-3409; Munson. MC.; Garcia-Echeverria, C.; 
Albericio. F.; Barany. G. J. Org. Chem. 1992.57, 3013-3018; Albericio, F.; Grandas, A.; Porta, A.; 
Pedroso, E; Girah. E. Synthesis 1987.73. 271-272. 
Tessier. M.; Alhericio, F.; Pedtoso. E.; Grandas. A.; Eritja. R.; Giralt. E.; Granier. C.; van Rietschoten, 
J. hat. J. Pept. Protein Res. 1983, 22. 125. 
Barlos, K.. Papaioannou. D. and Theodoropoulos, D. J. Org. Chem. 1982.47. 1324-1326. 
Souter, R. W. in Chromatographic Separation of Stereoisomers; CRC Press: Boca Raton, Florida, 1985; 
87-195; Pirkle, W. H.; Finn, J. M.; Schreiner. J. L.; Hamoer, B. C. J. Am Chew. Sot. 1981,103, 
3964-3966; Pirkle, W. H.; Finn, J. M. J. Org. Chem. 1981.46, 29352938. 
IH- and I*- NMR spectra were obtained on a General Electric GE-QE 300 at 300 MHz and 75 MHz. 

Chemical shifts (8) are reported in ppm. coupling constants (J) in Hz. IH- and f3Cchemical shifts were 

determined with mspect to CHC13 (7.24 ppm and 77.0 ppm). 
Peptides were synthesized as carboxamides by using 5-[~(9-~uo~~y~e~yloxyc~onyl~-~n~e~yl- 
3.5dimetboxyphenoxy)] vale& acid (PAL) msinR on a Mifhgen/Biosearch 9050 peptide synthe&r& 
using Q-fhrorenylmethyloxycarbonyJ (Fmoc) chemistry and benzotriazolyl N-oxy-tris-(dimethylamino) 
phosphonium hexafluorophosphate (BOP) I I-hydroxybenzotriazole (HOBT) activation. The peptides 
were cleaved from the msin with nifluoroacetic acid-thioanisole-etbane ditbiol-anisole (QO:5:3:2) at r.t. for 
6 h and precipitated in diethyl ether at - 20 Oc. 
Peptides were purified to homogeneity on a reversed-phase Cts HPLC column using water-trifluoroacetic 
acid (0.1 %) and acetonitrile-tritluoroacetic acid (0.1 %) mixtures. Quantitative amino acid analysis was 
done on a Beckman 6300 high-performance amino acid analyzer at the Protein Structure Laboratory at 
University of California, Davis. 
IH-NMR fD20, NaOD): 1.3 (m, 2H. H-C(4)); 1.6 (m, 4H, HC(3.5)); 2.5 (t, J=7.3 Hz, 2H, H-C(6)); 
3.2 (t. J=6.2 Hz, IH, H-C(2)); 3.7 (s, 2H, H-C~ob)); 3.8 (s, 3H, H-C~ob)); 7.0 (d, J=8.2 Hz, 2H, 
H-C(Mob)); 7.4 (d, J=8.2 Hz, 2H, H-C(Mob}).l3C-NM~ (D20, NaOD): 24.5 (t, C(4)); 28.5 (t, 
C(5)); 30.6 (t. Cf3)); 34.5 (t. C(6)); 34.6 tt. C(Mob)f; 55.3 (d, C(2)); 55.9 (q, C(Mob)); 113.0 (d, 2C. 
C(Mob)); 130.0 (d, 2C, C(Mob)); 130.9 (s. C(Mob)); 157.8 (s, C(Mob)); 183.2 (s, C( 1)). 
IH-NMR (CDC13): 1.2-1.8 (m. 6H. H-C(3.4.5)); 2.4 (m, 2H, H-C(6)); 3.6 (s. 2H, H-C(Mob)); 3.8 
(s. 3J-L J-J-C(Mob)): 4.2 (m, 1H. H-C(2)); 4.4 (m. 3H. H-C(Fmoc)); 5.5 (s, IH, H-N(2)); 6.8 (d. J~8.2 
Hz. 2H. H-C(Mob)); 7.2 (d, 3=8.2 HZ. 2H, H-C(Mob)); 7.3 (t, J=6.6 Hz, 2H, H-C(Fmoc)); 7.4 (t, 
J=6.6 Hz, 2H, H-C(Fmoc)); 7.6 (d, J=8.2 Hz, 2H, H-C(Fmoc)); 7.7 (d, J=8.2 Hz, 2H, H-C(Fmoc)); 
8.5 (s. broad. lH, H-O(l)). 13C-NMR (CD@): 24.3 (t, C(4)); 28.6 (t, C(5)); 30.8 (t, C(3)); 31.8 (t. 
C(6)); 35.6 0, C(Mob)); 47.1 Id, C(Fmoc)); 53.6 (d. C(2)); 55.2 (q, C(Mob)); 67.1 (t, C(Fmoc)); 113.9 
(d. 2C. C(Mob)); 120.0 (d, 2C, C(FmocN; 125.0 (d, 2C, C(Fmoc)); 127.0 (d, 2C, C(Fmoc)); 129.9 (d, 
2C, C(Mob)f; 130.0 (s, C(Mob)); 141.3 (s, 2C. C(Fmoc)); 143.7 (s, 2C, C(Fmoc)); 156.1 (s, 
C(Fmoc)f; 158.5 (s, C(Mob)); 176.8 (s, C( 1)). 
lH-NMR (CDC13): 1.3-1.7 (m, 6H. H-C(3,4,5~~h)); 1.4 (d, J~7.2 Hz. 3H, H-C(3,&); 2.5 (1, J~7.3 
Hz. 2H. H-C(~A&); 3.67 (s, 2H. H-C(Mob)); 3.720 (s. 3H, H-C(OMe)); 3.80 (s. 3H. H-C(Mob)); 
4.16 (m. 1H. H-C(Fmoc)); 4.24 (t. J=7.2 Hz, 1H. H-C(2Amh)f; 4.46 (m. 2H. H-CfFmoc)); 4.58 
(quintet, J=7.2 Hz, IH. H-C(2&); 5.3 (m, IH. H-N(2Amn)); 6.4 (m, IH, H-N(2,.&); 6.8 (d, J~8.2 
Hz, 2H, H-C(Mob)); 7.2 (d, J=8.2 Hz, 2H. H-C(Mob)); 7.3 (t. J=6.6 Hz, 2H, H-C(Fmoc)); 7.4 (t, 
J=6.6 Hz, 2H. H-C(Fmoc)); 7.6 (d. J=8.2 Hz. 2H, H-C(Fmoc)); 7.7 (d. J=8.2 Hz. 2H. H-C(Fmoc)). 
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