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Abstract: The properties and characterzstzc reactzons of thzoacylatzrzg reagents 1 are 
described These reagents are able to zntroduce thzoamzde hnkages znto a growzng peptzde at 

a speczfc szte zrz the sequence The generalzty and eflczency of thzs methodology IS 

demonstrated by the syntheszs of the three monothzoanalogues of tuftszn 

The tetrapeptlde tuftsml( H-Thr-Lys-Pro-Arg-OH) possesses slgmficant unmunomodulatory 

propertles It 1s capable of potentlatmg granulocyte and macrophage functions such as phagocytosls, motihty, 

unmunogemc response, as well as bactencldal and tumorrcldal activity 2 Subsequently, tuftsm has a number 

of mterestmg blologlcal properties, such as anti-mfectlve, anti-cancer, anti-AIDS and growth factor activities3 

However, the mstablhty of tuftsm m plasma reduces its efficacy Therefore, much effort has been undertaken 

to discover analogues which are more reslstant to degradation 2-4 Unfortunately, such attempts have not been 

successful Most of the analogs either have not retamed the desued activity, or are competitive mhlbltors of 

tuftsm 
One approach to the stablhzafion of the anude linkages of tuftsm against enzymatic degradation 1s the 

replacement of the peptlde bond with the thloanude lmkage The larger size and lower electronegatlvlty of 
sulfur, compared to oxygen, 1s expected to induce some conformational dlstortlons m the modified peptide 

While physical studies6 have suggested that the thloanude moiety should be compatible with anudes m most 
Instances, blologlcal studies have shown that the behavior 1s unpredictable 6y7 Nonetheless, the synthesis of 
endothlopepfides has received increasing attention Alkyl dltioeste? denvatlves of ammo acids have been 

used as thloacylatmg reagents, with variable results However, apparent racenuzafion of the final product was 
observed9 An important development has been the mtroductlon of Lawesson’s 1,3-dtthladlphosphetane- 2,4- 
dlsulfide reagent10 Thlopephde linkages can be formed with this or slmllar reagents1 lv12 from smtably 
protected peptldes m a regloselectlve manner and m high yields This method, however, displays lack of 

reaction site speclficlty and leads to nuxtures of thlopeptldes which are dlffcult to separate13 More recently, 
monothonatlon of peptldes by use of Fmoc ammo monothloaclds and benzotr~azolyloxy-ts(pyrrohdmo)- 
phosphomum hexafluorophosphate (PyBop) has been desctlbed l4 This procedure 1s hnuted to Fmoc 
thloaclds 1 5 and suffers from the formation of the corresponding anudes as byproducts due to the presence of 
oxoaclds formed during the course of the reaction 
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Our goal, therefore, was to develop a general and simple procedure for the preparation of 
monothlopephde chemoselechvely In a previous commumcation, we reported that thloacylbenwrmdazolone 
denvatives 1 were useful thloacylatmg reagents 16 It was possible to monitor the ammolysls of 1 with ammo 
acid or peptlde under neutral con&tions We report here further detads regardmg the charactensbcs and the 
properties of these thtoacylatmg reactions, with attention to the synthesis of tiotuftsm 

l,R'=Boc,Z 

R=ammo md adechams 

1 111 

Scheme 1 

3 

8, R=H 
9; R=Bn 

Reagents and condltlons (I), Boc-Ala-OH, EDC, CH2Cl2, (n) Benzyl bromide, Et3N, (m) Lawesson’s 
reagent, THF, (iv) P2S5, THF, (v) 1,2,4-Tnazole, Tnphosgene, Et3N 
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A mod&d procedure for the preparation of tioacylatmg agent 116~17 IS described m the tyFcal 

example illustrated m Scheme 1 1,Zphenylenedlamme was reacted with Boc-Ala-OH m the presence of 
EDClg m CH2Cl2 at 0°C Thts gave, after workup and crystalhzation, the desired orthoammoamhde 2 m 

almost quantitative yield Surpnsmgly, anude formation occurs at only one of the two ammo subsfituents on 
the benzene rmg Compound 2 may also be synthesized wltb other peptlde coupling reagents such as DCC, 

1 , l’-carbonykhmdazole and ethyl chloroformate The preferred method employs the water soluble 
carbodurmde EDC because of the facile workup procedure Direct thlonation of pephde 2 wltb Lawesson’s 

reagent m dry THF , or dloxane at room temperature was very slow At reflux, Boc-denvative 8 was formed 

m iugh yield, presumably due to the p@clpatlon of the vicmal ammo group according to Scheme 1 To 

avoid dus reaction, the ammo group was protected as Bn to give compound 6 Unfortunately, reaction with 

Lawesson’s reagent m THF under reflux gave only 10% of the expected product 7 and 75% of 9 However, 

facile thionatlon of 2 was achieved with a nuxture of phosphorus pentasulfide and anhydrous sodium 

carbonate16117 m dry THF at 0°C (Scheme 1) The reactlon progressed cleanly to an appreciable extent after 

a few hours As Judged by 1H NMR and TLC the formation of 8 was nummum Rmg closure formmg a 

cychc urea denvatlve was the next step A synthesis of the urea was chosen as a model smce duoarrude 3 1s 

difficult to mampulate A number of procedures were exammed for cychzation of compound 2 

Carbonylation usmg a vanety of condltlons mcludmg 1 , l’-carbonyldurmdazole, I-butyl chloroformate, 4- 
mtrophenyl chloroformate, l , l’-carbonylbls(3-methylumdazohum)-trlflatel9, phosgene, and dlethyl carbonate 
did not give satisfactory results In our hands, only 1 , l’-carbonyldltrlazole gave the desired benzmudazolone 4 

m a reasonable yield The tnazole reagent was normally prepared by bubbhng phosgene m a benzene solution 

of 1 -(tnmethylalyl)- 1,2,4-tnazole 20 However, we replaced phosgene with tnphosgene The latter was 

described by Eckert21 as a safe, stable phosgene substitute and examples of its use were reported22 In a 

typical experiment, a solution of 1,2,4-tnazole m THF was nuxed with tnphosgene m the presence of 
tnethylamme The nuxture was heated for two hours at 70°C under argon The carbonylchtnazole prepared 14 

situ was then mlxed with anude 2 at room temperature and the reaction was stmed overnight After workup 

and purification, compound 4 was obtamed as a white sohd In a smular manner, the pale yellow 

thlolmldazolone 5 was prepared by reactmg thioamlde 3 W&I carbonyldltnazole However, attempts to obtam 

5 by direct thlonatlon of cychc 4 usmg Lawesson’s reagent were not successful and starting matenal was 

recovered almost quantltatlvely 
By followmg a slrnllar pathway, as shown m Scheme 1, twenty thlobenzmudazolone denvattves 1 of 

natural ammo acids (R= ammo acid side chams, R’= Boc) were synthesized and charactenzedl7 These 

compounds are generally stable yellow sohds, easy to mampulate, and can be stored for months at 0°C wIthout 

decomposltlon However, some of them were susceptible to decomposltlon after standmg for a few hours at 
room temperature For example, aspartyl or hIstIdy benzlmldazolone denvatlves of 1 where R= CH2- 

COOCH2Ph , R’=Boc or R= N-benzyl lmldazole, R’= Boc respectively should be rapidly puntied and stored 
below 0°C 

BOC 
1” 1, 12 13 

R=Z6-Cl2-Bn 

Scheme 2 
Reagents and condwms (I) DMF or CH2Cl2,25”C, overnIght 
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Introduction of a thtoannde moiety mto a growmg pepttde may be accomplished as represented by the 
example descrrbed m Scheme 2 The free ammo functton of tyrosme 11 was reacted with an eqmmolar 

amount of valme throbenzmudazolone denvatrve 10 m DMF or CH2C12 at 25°C overmght Thrs gave 
protected dipeptide 12 m hrgh yield The byproduct benzmndazolone 13 was removed from the reaction 

nnxture by filtration or by chromatography This procedure was repeated accordmgly for the mcorporanon of 
the thtoarmde lmkage at specific sues m the pepttde sequence As a result, the three monothrotuftsm isomers 

were prepared starting from Boc-Arg(Tos)-OBn vta the sequence shown m Scheme 3 There are two 
approaches to prepare throtuftsm 24-27 The first 1s to prepare peptrdes 16 and 19 with the use of DCC- 

HOBt, followed by mtroductron of the tmoannde linkage into the growmg pepttde The second is to mtroduce 
the tluoanude bond first, as in the case of 15 and 18, and the tluopeptide so formed may then be elongated 

employmg, for example, DCC mediated couphng In both cases, the procedure is apparently simple and 

efficient For example, to prepare monothiotuftsm 20, the Boc protected ammo group of compound 17 was 

removed by treatment with trifluoroacetrc acid (TFA) at O’C, and the TFA salt of tmopepttde 17 was then 

partrhoned between dichloromethane and aqueous sodmm bicarbonate The free base formed was coupled 
with Boc-Thr-(OBn)-OH using DCC/I-IOBt to give the desrred product Xi m a htgh yteld 

Once the mcorporatton of the thtoamide hnkage was completed, and the thiopephdes synthesized, the 
fully protected analagues 20-23 were treated with HF in the presence of amsole as a scavenger The crude 

deprotected monothrotuftsm was puntied by sephadex gel filtratton followed by reverse phase HPLC Thts 

gave the destred thiopepttde 24-27 No evidence of racenuzahon was observed m all pephde and tluopepttde 

mtermediates as demonstrated by the absence of dtasteroisomers m the lH NMR (400 MHz) spectra 

NMR data of all pepude segments and pephde denvattves m Scheme 3 were consistent wtth that 

reported for tuftsm23 As expectedga, the anude NH proton , Ha and the carbonyl carbon shifted ca 1 5 
ppm (0 5 ppm and 30 ppm respectively upon conversion of C=O to C=S The UV spectra of all thioarmde- 

contatmng peptrdes showed the charactenshc IC-X* transmon in the range 267-27 1 nm in the IR spectra the 

thioannde band was observed at 1500-1525cm-1 The structures of the final compounds were confirmed by 

ammo acid analysts and htgh resoluhon FABMS 

An alternative approach for mtroducnon of throarmde linkages is via sohd phase (Memfield) synthesis 
As a first apphcatton of this approach, (L)Leuv[CSNH]Phe-OH 28 and (D)Leuv[CSNH]Phe-OH 29 were 

prepared m 95% and 90% yields respectively (Scheme 4 Path A) Thus , Boc-Phe copolymer Memfield resin 
was prepared by well-known solid phase methods To achieve the couplmg of phenylalanme to leucme, the 

Boc group of phenylalanme was removed by treatment with 55% TFA m dichloromethane After washing the 

resm with dichloromethane, rt was neutrahzed with 10% tnethylamme m methanol The couplmg of leucme 

was carried out with 2x1 5 eqmvalents of Boc-Leu-thioacylatmg reagent m DMP with an mterval of sixteen 
hours The suspension was stirred for a total of 80 hours at room temperature The pephde was cleaved from 
the resin, deprotected wtth HF and purified by HPLC to give pure thtodipephdes In a related manner, this 

procedure was apphed to the synthesis of another monothropeptrde, monothiothymopentm Arg-Lyst@SNHl 

Asp-Val-Tyr 30 (Scheme 4 Path B). Thymopentm is an mnnunomodulatory pentapepttde24 The Memlield 

resm lmked tnpeptrde Fmoc-Asp(OtBu)-Val-Tyr(2,6-C12-OBn) was synthesized by conventtonal solid phase 
procedures, and was reacted after deprotectton with 20% ptperidme with thioacylatmg reagent l(R =(CH2)4- 

NH-Boc, R’ = Fmoc) (ca mne equivalents) m anhydrous DMF at room temperature The resulting resin was 

deblocked wtth 20% ptpertdme m DMF and coupled to Boc-Arg(Tos)-OH to afford the desired product The 

thtopepttde may be liberated from the resm by usmg estabhshed methods 1 e HF contammg dtalkyl sulfide 
wtth amsole and throamsole at 0°C However, the yield of the desired thiopentapeptides did not exceed 15% 

Several unsuccessful attempts were made to improve the yields, for example changmg the solvent from DMF 
to N-methyl pyrrohdone or to N,N-dimethylacetannde or the concentration of the reagents It is posstble stem 
hmderance becomes important m the reaction between the thioacylatmg reagent and the growmg tetra- or 
pentapeptide Alternatively, thioarmdes are sensmve to nucleophdes, and the use of pipertdme for Fmoc 
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deprotection could have resulted m many side reactlons This appears to be a ltrmtatlon for this type of 
tioacylatmg agent and further studies for the preparation of less hmdered reagents or the use of a non 

nucleophlllc base for Fmoc cleavage such as DBU are m progress 
The blologlcal results of three Thlotuftsm analogues ~111 be reported elsewhere 
In conclusion, we descnbe herem the synthesis, propeties and the behavior of new thloacylatmg 

reagents These compounds are able to incorporate thoarmde lmkages mto a growing peptlde at a specific 

site m the peptlde sequence by reachng with an ammo termmus of a protected C-termmal of ammo acid or 
peptlde The potentml utlhty of this method has been Illustrated by the facile synthesis of the three 

monothlonated analogues of tuftsm, and it 1s expected that the procedure ~111 find wldespread use 

PATH A 

a) TFA 
Boc- Phe--O-Resin 

b) TEA 

HF 
+ Bee-A&[CSNH]Phe--O-Resm ____* AAv[CSNH]Phe-OH 

MeOH 

4 a NH 
:I eo 

N 

& NI5OC 
S 

cycwy), 

28 AA=(L)-Leu 
29 AA =(D)-Leu 

PATH Ba 
a, b 

Boc-Tyr(2,6C12-Bn)--O-Resm + Boc-Val-Tyr(2,6-Cl 2-OBn)--0-Resm 
a, c d, a 

-_* Fmoc-Asp(O-fBu)-Val-Tyr(2,6-C12-OBn)--0-Resm + 
d, f 

Fmoc-Lys(Boc)~[CSNHlAsp(O-fBu)-Val-Tyr(2,6-Cl2-OBn)--O-Resm + 

Boc-Arg(Tos)-Lys(Boc)~[CSNH]Asp(O$Bu)-Val-Tyr(2,6-Cl2-OBn)--O-Res~n 

g 
--_, H-Arg-Lys~[CSNH]Asp-Val-Tyr-OH 

30 

Scheme 4 

a Key (a) TFA,CH2Cl2, (b) Boc-Val-OH, DCC, HOBt, DMF, (c) Fmoc-Asp(O-Do)-OH, DCC, HOBt, DMF, (d) 20% Plperidme, 

DMF, (e) 1 (R = (CH2)4-NH(Boc),R’ = Fmoc), DMF, (f) Boc-Arg(Tos)-OH, (g) HF, amsole, O’C 

EXPERIMENTAL SECTION 

Progress of reactions and purity of products were determmed by analytlcal TLC on slhca gel plates, 
vlsuahzed by UV, lodme vapor, mnhydrm or Ehrhch’s reagent, and by analytlcal HPLC (M&pore-Waters 
apparatus) on a 300x3 9 mm BONDAPACK Cl8 (5~) reverse phase column with a gradient of 100% H20 to 

50% A/B over a penod of 50 mm , flow rate, 1 ml/mm (solution A, 0 04% TFA m CH3CN, solution B 0 04% 

TFA m H20) usmg a UV detector at an absorption of 214 nm for detection Products were punfied by 

preparative thin-layer chromatography (PTLC) on 20x20 cm slhca gel GF utuplates (Analtech 0 25-1 0 mm 
thickness), by slhca gel column (E Merck 230-400 mesh), and/ or by reverse-phase high-performance hquld 
chromatography (HPLC) usmg Whatman Part~sll 10 ODS (20x250 mm) using the same gradient described 
above Fmal deprotected products were lyophlhzed from H20 and often retamed as a partial solvate Meltmg 

points were taken on a Thomas-Hoover capillary meltmg pomt apparatus and are uncorrected IR spectra were 

obtained on a Perkm-Elmer model 2 1 spectrophotometer, while UV spectra were recorded on Perkm-Elmer 
402 spectrophotometer Proton NMR spectra were obtained on a Bruker WH-90 or WH-400 spectrometers 
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Mass spectra were recorded on a Kratos MS-50 TA mstrument The FAB (fast atom bombardment) lomzation 

was obtamed with a FAB saddle field source operated with xenon atoms at 7 kV. Elemental analyses were 

performed by Guelph Chermcal Laboratones Ltd , Ontano (Canada) and are reported m percent Ammo acid 
analyses were camed out on a Vanan 5500 analyzer by Bmchem Immunosystems after hydrolysis with 6 M 
HCl contammg 0 1 % phenol, at 110°C for 20 h 

Boc-AlanyL2-Amuwunilde (2). To a rmxture of Boc-Ala-OH (2 08 g, 11 mmol), 1,2- 

phenylenedlamme (lg, 9 2 mmol) and TEA (1 5 ml, 11 mmol) m CH2C12 (50 ml) was added EDC HCl at 0” 

C After stnnng at this temperature for two hours and then at room temperature ovenght, 5% HCI (25 ml) 

was added and the nuxture was washed W&I brme, 5% sodium bicarbonate, and brme, and dned over 
Na2SO4 Evaporation of the solvent and crystallization of the residue from CH2C12ihexanes afforded pure 2 
(2 4 g, 94%) as a colorless sohd m p 122-24”C, Rf = 0 64 (EtOAc/hexanes 1 1). 1~ NMR (CDC13) 6 146 

(d, 3H, J =6 Hz), 147 (s, 9H, 3xCH3 Boc), 3 00 (bs, 2H, NH2). 4 29 (m, IH, Ha), 5 04 (d, lH, NH, J = 4 55 

Hz), 6 78 (m, 2H, aromatlc), 7 05 (m, lH, aromatlc), 7 26 (m, lH, aromatlc), 7 96 (bs, lH, NH) 

Boc-Alanyl-2-Aminothwandrde (3). Under a flow of argon, phosphorus pentasulfide (0 75 g, 1 68 

mmol) was rmxed with sodmm carbonate ( 0 18 g, 1 7 mmol) m dry THF (100 ml) The nuxture was stmed 

for 1 hour at 25 “C and then cooled to 0°C To this cle;u solution was added amhde 2 ( 0 5 g, 1 79 mmol) and 

the reaction was kept at thus temperature overmght To workup, an aqueous solution of sodmm tnbaslc 

phosphate was added (12%,7 ml) followed by EtOAc (20 ml) and heptane (20 ml) The orgamc layer was 

separated and washed with brine (2x30 ml) Solvent was then evaporated and the residue was puntied on 
slllca gel usmg EtOAc hexanes (1 2) as eluant Tlus gave pure 3 ( 0 28 g, 53%) as a pale yellow sohd m p 

124-26”C, Rf = 0 75 (EtOAc/hexanes 2 3). 1~ NMR (CDC13) 6 144 ( s, 9H, 3xCH3 Boc), 1 59 (d, 3H, CH3, 

J = 6 9 Hz), 3 94 (bs, 2H, NH2), 4 62 (m, IH, Ha), 5 35 (d, lH, NH, J = 6 87 Hz), 6 8 (m, 2H, aromatic), 7 15 

(m, 2H, aroma&), 9 60 (bs, IH, NH) 

N-(Boc-Alunyl)-2-Benzdazolone (4) A solution of 1,2,4-trlazole (0 25 g, 3 62 mmol) m dry THF 

(40 ml) was mlxed with tnphosgene (0 18 g, 0 61 mmol) and tnethylamme (0 52 ml, 3 65 mmol) under a flow 

of argon The mixture was refluxed for 2 hours then cooled to room temperature To this solution was added 
amhde 2 (0 50 g, 1 81 mmol) and the reactlon was stmed ovemlght at 25 “C Insolubles were removed by 

filtration and the solvent was evaporated under reduced pressure The residue was chromatographed on silica 

gel usmg EtOAc hexanes (1 1) as eluant This gave pure benzmudazolone 4 (0 34 g, 62%) as a white sohd 

Rf = 0 52 (EtOAc/hexanes 2 3), 1H NMR (CDC13) 6 147 (s, 9H, 3xCH3 Boc), 1 51 (d, 3H, CH3, J = 7 02 

Hz), 5 34 (d, iH, NH, J = 7 02 Hz), 5 70 (m, lH, Ha), 6 9-7 1 (m, 3H, aromatlc), 7 99 (d, lH, aromatlc), 9 31 

(bs, lH, NH) This compound was characterized as the hydrochlonde salt Thus, Boc denvatlve 4 (0 12 g, 

0 39 mmol) was dissolved m dry ether (30 ml) at room temperature under argon HCl gas was bubbled 

through this solution for ten minutes and the reaction Illtxture was stirred for one hour at this temperature The 

solution was then evaporated to half of Its volume and kept at 4°C for four hours The preclpltate was 

collected and washed with cold dry ether (10 ml) This gave the hydrochloride salt of 4 (0 081 g, 86%) as a 
white sohd mp 52°C (d), Rf = 0 28 (20% MeOH/EtOAc), 1~ NMR (DMSO) 6 1 52 (d, 3H, CH3, J = 6 26 

Hz), 5 09 (m, lH, Ha), 7 09-7 27 (m, 3H, aromatlc), 8 01 (d, lH, aromatlc, J = 7 69 Hz), 8 48 (b, 3H, NH3), 

11 76 (s, lH, NH), MS (FAB, thyroglycerol, m/e), 206 (M+l), HRMS m/e Calcd for ClOHl2N302 206 0931, 
Found2060949 

N-(Boc-ThwAlanyl)-2-Benz~m&zoJone (5) 17. Prepared according to the procedure described above 
for benzlmldazolone 4. (0 30 of 3,0 99 g mmol) yield (0 16 5 1%), m lOl-03”C, Rf g, p =0 65 

(EtOAciHexanes 2 3). IH NMR (CDC13) 6 146 (s, 9H, 3xCH3 Boc), 149 (d, 3H, CH3, J = 6 8 Hz), 5 55 (d, 
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lH, NH, J = 6 87 Hz), 6 29 (m, lH, Ha), 6 73-7 08 (m, 3H, aromatIc), 8 65 (d, lH, aromatic), 9 35 (bs, lH, 

NH) 
Boc-Alanyl-2-N-Ben&Aminoanduie (6). To a solution of amhde 2 (0 1.5 g, 0 53 mmol) m dry THF 

(30 ml) at 0°C was added tnethylamme (0 08 ml, 0 63 mmol) followed by benzylchloroformate (0 1 g, 0 58 
mmol) under an atmosphere of argon The solution was stmed at tlus temperature overnight Solvent was 
evaporated and CH2C12 (30 ml) was added The organic layer were washed with 5% NaHC03, brme and 
tied over anhydrous Na2SO4 The crude product was punfied on s&a gel usmg EtOAc hexanes (1 3) as 
eluant to afford pure 6 (0 11 g, 50%) as a white solid m p 135-37°C , Rf = 0 23 (30% EtOAc/hexanes), 1~ 

NMR (CDC13) 6 139 (s, 9H,3xCH3 Boc), 146 (d, 3H, CH3, J =5 98 Hz), 4 26 (m, lH, Ha), 4 36 (s, 2H, 
CH2-Ph), 5 11 (d, lH, NH, J = 6 04 Hz), 6 7 (m, 2H, aromatic), 7 06 (t, lH, aromatlc), 7 26 (m, 7H, aromatic 
+ 2 NH), 7 89 (s, lH, aromatic) MS (FAB, tioglycerol, m/e) 370 (M+l) 

Boc-ThzoAlanyl-2-N-BenplLAmuzoanzlufe (7). Amhde 6 (0 10 g, 0 24 mmol) was dissolved m dry 
THF (25 ml) under a flow of argon To this solution was added Lawesson’s reagent (0 19 g, 0 47 mmol) and 
the reaction rmxture was refluxed for 5 hrs Solvent was then removed and the residue was chromatographed 
on silica gel usmg EtOAc hexanes (12) as eluant Thus afforded two compounds duoanude 7 (0 011 g, 11%) 
as a white solid m p 52”(d), Rf = 0 6 (30%EtOAclhexanes), 1~ NMR (CDC13) 6 1 38 (s, 9H, 3xCH3 Boc), 

159 (d, 3H, CH3 J = 6 9 Hz), 4 39 (s, 2H, CH2), 4 58 (m, lH, Ho”>, 5 20 (d, lH, NH, J = 5 32 Hz), 6 69-6 76 
(m, 2H, aromatic), 7 17-7 37 (m, 8H, aromatic), 9 25 (bs, lH, NH), MS (FAB duo glycerol, m/e) 386 (M+l) 
The second compound was Identified as benzmudazole 9 (0 071 g, 84%), m p 180-82’C, Rf = 0 4 

(EtOAcihexanes 1 I), lH NMR (CDC13) 6 141 (s, 9H, 3xCH3 Boc), 155 (d, 3H, CH3, J = 6 8 Hz), 5 19 (m, 

lH, Ha), 5 41 (d, lH, NH), 5 50 (s,2H, CH2). 7 12 (m. 2H, aromatic), 7 3 (m. 6H, aromatic), 7 79(d, lH, 
aromatic) MS (FAB, thlo glycerol, m/e) 352 (M+l) 

2-((r -N-Boc)-Ethyl Benzrmidazole (8). 2 (0 20 g, 0 7 1 mmol) was dissolved m dry THF (35 ml) and 
treated with Lawesson’s reagent (0 52 g, 128 mmol) as described above for the preparation of 9. Punfication 
of the crude product on silica gel using EtOAc hexanes (1 1) as eluant gave pure benzumdazole derivative 8 
(0 14 g, 80%) as a wkte sohd m p 200’(d), Rf = 0 42 (EtOAcihexanes 1 l), 1H NMR (CDC13) 6 1 44 (s, 

9H, 3xCH3 Boc), 170 (d, 3H, CH3,J = 5 81 Hz), 5 09 (m, lH, Ha), 5 40 (d,lH, NH), 7 25 (m, 2H, aromatic), 

7 54 (m, 2H, aromatic) MS (FAB, tioglycerol, m/e) 262 (M+l), HRMS m/e Calcd for Cl4H2ON302 
2621558Found2621580 

The Syntheses of Throtuftwz in Solution 

General Procedure for Coupling of Protected Amino Aculs 
Deprotection of Boc Peptufes To Boc peptide (2 8 mmol) was added cold Wluoroacetlc acid (TFA, 

10 ml)) under N2 The resultant soluhon was allowed to warm to room temperature and was stirred for an 
ad&konal 1 5 hours The excess acid was removed under reduced pressure The oily residue was sohdlfied 
by ad&hon of hexanes (15 ml) The product was obtamed as a white powder m quantitative yield 

Generation of the Free Amane of Protected Amzno Acuis The protected peptideTFA salt previously 
prepared (2 mmol) was dssolved m Qchloromethane (25 ml) To dus was added an aqueous solution of 5% 
NaHC03 (20 ml) and the rmxture was stnred vigorously at ambient temperature for thuty minutes The 
organic layer was then separated and dried over anhydrous MgS04 The solvent was removed under reduced 
pressure to give the free amme whch was treated with the thloacylatmg reagent or coupled with the next 
ammo acid without further punfication 
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Coupling w~h the Adjacent Amano Acid Free ammo or duoammo acid benzyl ester (2mmol) was 

dissolved m DMF (5 ml) together with Boc ammo acid (2 2 mmol) and HOBt (2 2 mmol) After the addition 
of DCC (2 2 mmol) at 0°C , the solution was stmed ovemlght at dus temperature then dduted with ethyl 

acetate DCU was filtered off and washed with EtOAc (20 ml) The solution was then washed successively 
with 5% NaHC03 (20 ml), bnne (15 ml), 5% cltr~c acid (20 ml), and brme (15 ml) The EtOAc layer was 

dried over anhydrous MgS04 and chromatographed on slhca gel using EtOAc/hexanes 2 3 for dl- and 

trtpeptldes or on alumma using pure EtOAc or 6% methanol/chloroform for tetra- and pentapephdes as 
eluent This afforded the expected peptlde or duopepttde m a 76-878 yield 

Coupling of Thzoacylating Reagents wzth Ammo Acids or Peptuies Free ammo acid benzyl ester (2 

mmol) was dissolved m dry DMF (0 5 ml) at 0°C under a stream of N2 To this, thloacylatmg reagent (2 2 

mmol) was added In portions over a penod of 20 mmutes The resulting nuxture was stmed at this 

temperature for 2 hours and then at room temperature ovemlght Insolubles were removed by filtration and 

the solvent was evaporated under reduced pressure The remammg residue was dissolved m EtOAc (20 ml) 

and washed successively with 5% NaHC03 (25 ml), brine (25 ml), 5% cltrlc acid (25 ml) and brme (25 ml) 

The orgamc layer was dried over anhydrous MgS04, evaporated and chromatographed on slhca gel using 
EtOAc/hexanes 2 3 for do- and tnpephdes or on alumma using pure EtOAc or 6% methanol/chloroform for 
tetra- and pentapeptldes as the eluent This gives pure thloanude derivatives m a 72-78% yield 

General Procedure for Removal of Z’rotechng Groups 

The fully protected peptldes (0 5 mmol) were deblocked with 90% I-IF (5 ml) m the presence of 

amsole, ethyl methyl sulfide and thloamsole (1 1 1 v/v, 0 5 ml) m an ice bath for one hour The excess HF 
was removed by evaporation m vacua at O”C, the residue was treated with 10% acetic acid, washed with ether 

(30 ml) and then dissolved In water (10 ml) The resulting solution was then lyophlhzed The crude peptlde 

thus obtamed was dissolved m 12% acetic acid (25 ml) and purified by HPLC using the conditions described 

above Fractions of 5 ml were collected every fifteen minutes and the absorption at 268-270 nm was 

determmed Fractions correspondmg to the front mam peak were combined and lyophlhzed The yields of the 

pure deprotected thlopeptldes were approximately 49-7 1% 

Boc-Arg(Tos)-OBn (14) This compound was prepared by the general procedure reported m the 

literature25 Boc-Arg(Tos)-OH (3 g, 7 00 mmol) was dissolved m MeOH (28 ml) and water (3 ml) was 

added The solution was titrated to pH 7 0 with a 20% aqueous solution of Cs2CO3 ( 8 ml) The rmxture was 

evaporated to dryness and the residue reevaporated twice from DMF (17 ml) The white cesmm salt obtamed 

was stirred with benzyl bronude (1 28 g, 7 49 mm01 0 9 ml) m DMF (17 ml) for 8 h On evaporation to 
dryness and treatment with a large volume of water (20 ml) the product solidified It was taken mto EtOAc 

(25 ml), washed with water (10 ml), dned over Na2S04, evaporated to a sohd mass, and crystallized from 
pure EtOAc Yield (3 0 g, 5 79 mm01 85%). amorphous, Rf = 0 53 (EtOAc hex 2 3), IR vmax (CHC13) 

1705 (urethane), and 1735 cm-l (ester) 

Boc-Prov [CSNH]Arg(Tos)-OBn (IS) (0 55 g of 14, 1 31 mmol) yield (0 60 g, 72%), m p 64-66” 

C, Rf = 0 47 (10 % MeOH / CHC13), UV h,,, (CHC13) 270 nm 

Boc-Pro-Arg(Tos)-OBn (Z6)26 (2 00 g of 14,3 86 mmol) yield (1 81 g, 76 %), Rf = 0 41 (10 % 
MeOHKHC13) 

Boc-Lys(2CI,Z)-Prow [CSNH]Arg(Tos)-OBn (17). (0 44 g of 15,0 84 mmol) yield (0 69 g, 87 %), 

m p 67-69”C, Rf =0 32 (10 % MeOH/CHCl3), UV &ax (CHC13) 27 1 
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Boc-LysQCl,Z)\y [CSNH]Pro-Arg(Tos)-OBn (IS). (0 99 g of 16, 1 60 mmol) yield (1 08 g, 72%), 

Rf = 0 50 (10% MeOWCHC13) 

Boc-Lys(2ChZ)-Pro-Arg(Tos)-OBn (19) 26. (1 67 g of 16,2 71 mmol) yield (2 00 g, 81 %), Rf = 
0 45 (pure EtOAc) 

Boc-Thr(OBn)-Lys(2Cl,Z}-Prov [CSNH]Arg(Tos)-OBn (20). (0 63 g of 17,0 67 mmol) yield 
(0 60 g, 80%), m p 78-80°C. Rf = 0 75 (pure CH3CN), IR (CHC13) 1758,138O cm-l, UV Xmax (CHC13) 27 1 

nm, MS(FAB, thmglycerol, m/e) 1084 (M+-Cl), Anal Calcd for C55H7lClNgOl lS2 hexane C, 60 75, H, 

7 10, N, 9 30, Found C,60 34, H,7 07, N, 9 65 

BOG-Thr(OBn)-Lys(ZCl,Z)yr [CSNZf]Pro-Arg(Tos)-Obn (21). (0 87 g of l&O 93 mmol) yield (0 88 

g, 84%), Rf = 0 68 (pure EtOAc) 

Boc-Thr(OBn)v [CSNH]Lys(2Cl,Z)-Pro-Arg(Tos)-OBn (22). (1 24 g of 19, 1 36 mmol) yield 

(1 18 g, 78%), m p 73-75”C, Rf = 0 65 (pure EtOAc), IR (CHC13) 1748, 1500 cm-l, UV kmax (CHC13) 271 

nm, MS(FAB, ttuoglycerol, m/e) 1119 (M+), 1028 (M+-C6H5CH2), Anal Calcd for C55H71ClNgol lS2 C, 

59 00, H, 6 40, N, 10 00, S, 5 72, Found C,59 66, H,6 78, N, 9 84, S, 5 70 

Boc-Thr(OBn)-Lys(2C&Z)-Pro-Arg(Tos)-OBn (23) 26 (0 45 g of 19.0 49 rnmol) yield (0 45 g, 

83%), Rf = 0 66 (5% MeOWEtOAc) 

H-Thr-Lys-Pro\y [CSNH]Arg-OH (24) (0 6 g of 20,O 53 mmol) yield (0 19g, 71%), m p 169- 

171”C, Rf = 0 25 (n-BuOWAcOH/pyn&ne/H20 4 1 12). UV b (50% aqueous ethanol) 268 nm, Ammo 

acid analysis Thr (1 08), Lys (1 04), Pro (0 82), Arg (1 00), HPLC Rt = 18 36 mm , MS m/e 517 (M+), HRMS 

m/e Calcd for C21H4@@5S 517 2924 Found 517 2944, Anal talc for C21H40Ng05S CF3COOH 5H20 
C3832,H664,N1554,found C3805,H699,N1550 

H-Thr-Lysv [CSNH]Pro-At-g-OH (25). (0 3 g of 21,0 27 mmol) yield (0 068 g, 49%) m p 230°C 

(d), Rf = 0 24 (n-BuOH/AcOH/pynchne/H20 4 1 1 2), UV h max (50% aqueous ethanol) 268 nm, HPLC Rt = 

18 36 mm, MS m/e 517 (M+) 

H-Thq~ [CSNH]Lys-Pro-Arg-OH (26). (0 42 g of 22,O 37 mmol) yield (0 14 g, 73%), m p 187°C 

(d), Rf = 0 28 (n-BuOWAcOWpyndme/H20 4 1 1 2), UV h max (50% aqueous ethanol) 267 nm, Ammo acid 

analysis Tbr (0 90), Lys (0 99), Pro (1 02), Arg (100). HPLC Rt = 15 38 mm , MS m/e 5 17 (M+), HRMS m/e 
Calcd for C21H40NgOgS 517 2924 Found 517 2960, Anal Calcd for C21H4ONgOgS 2CF3COOH 4H20 C 
36 76, H 6 17, N 13 72, Found C 36 21, H 5 92, N 14 17 

H-Thr-Lys-Pro-Arg-OH (27)26 (0 33 g of 23,0 29 mrnol) yield (0 086 g, 59%), Rf = 0 13 (n- 

BuOH/AcOH/pyndme/H20 4 1 1 2) 

The Synthem of Thwpeptides m Solrd Phase 
Preparation of Leuw [CSNH]Phe-OH (28) or (29). Boc-Phe copolymer Memfield Resin (0 632 m 

eq/g, 0 422 g, 0 28 mmol, BloChem Pharma) was treated with 55% TFA (10 ml) m CH2Cl2 (30 ml)for one 
hour at 25°C Solvent was then removed and the resin was washed successively with CH2C12 (4x10 ml), 

lsopropanol(4xlO ml) and 10% Et3N (1 ml) m MeOH under N2 The presence of the free ammo group was 
confirmed by Kaiser test To the resm was added a solution of D- or L-Boc-Leu thloacylatmg reagents (1, R = 

CH2CH(CH3)2, R1 = Boc) (0 15 g, 0 413 mmol, 1 5 eq ) m dry DMF (7 ml) APer slxteen hours of stmmg at 
WC, another portion of the thloacylatmg reagents (0 15 g, 0 143 mmol, 1 5 eq ) m dry DMF (7 ml) was 
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added The suspension was then stirred for eighty hours at 25’C The pephde was cleaved from the resm and 

deprotected with HF at 0°C The supernatant was filtered off and the resin was washed with methanol (2x10 

ml) The orgamc layer was evaporated under reduced pressure and purified by HPLC using the system 
described above to afford the dlpephde (L)-Leu v[CSNH]Phe-OH (28.0 054 g, 95%) or (D)-Leu 

v[CSNH]Phe-OH (29,0 035 g, 90%) as a white sohd matenal 

Preparatzon Of thwthytnopentm II-Arg-Lysw [CSNH]Asp-Val-Tyr-OH (30) 

Deprotection Of The Boc Group Boc-Tyr(2,6-C12-Bn) Memfield resm (0 794 mmolig, 1 55 g, 1 19 
mmol, Bmchem Pharma) was treated with 55% TFA (10 ml) m CH2Cl2 (30 ml) for one hour at 25°C 

Solvent was removed and the resin was washed with CH2C12 (42x10 ml) and lsopropanol(4xlO ml) Kaser 

test was positive 

Coupluzg with Boc-VaLOH. To the ammo resin was added a rmxture of Boc-Val -OH (0 78 g, 3 59 

mmol, 3 eq ) and HOBt (0 55 g, 3 58 mmol, 3 eq ) m DMF (10 ml) at 25°C A soluhon of DCC (0 738 g, 

3 58 mmol, 3 eq ) m DMF (5 ml) was then added and the suspension was stirred for sixteen hours at 25°C A 

second portion with the same amounts of the ammo acid, HOBt and DCC was added and the reaction was 

stirred for an additional sixteen hours Acylatlon of the peptlde resin was carried out by using a 20% solution 
of acetic anhydrIde m CH2C12 (15 ml) The suspension was stmed for one hour at 25”C, solvent was 

removed and the resm was washed with DMF (3x10 ml) and lsopropanol(3xlO ml) 

Couplrng Wtth Fmoc-Asp(O[Bu)-OH. The Boc resm was treated with TFA as described above The 

same procedure of couplmg mentioned above was followed with the quantltles of the starting materials and 

time of reactions as follows Fmoc-Asp(OtBu)-OH (147 g, 3 58 mmol), HOBt (0 55 g, 3 58 mmol), DCC 
(0 738 g, 3 58 mmol) were added after nme hours, four hours and rune hours respectively at 25°C for each 

couplmg Acylatlon was done m the same manner and deprotectlon of the peptlde was carried out with a 

solution of 20% plperldme m DMF (3x15 ml) 

Add&on of the Thzoacylahng Reagent. To the resin was added a solution of Fmoc-Lys thoacylatmg 

reagent ( 1, R = (CH2)4-NH(Boc), R’ = Fmoc) (1 64 g, 2 38 mmol, 2 eq ) m dry DMF (7 ml) After sixteen 

hours of stirring at 25”C, a second portlon of thloacylatmg reagent (1 64 g, 2 38 mmol) m dry DMF (5 ml) 

was added, followed by a third portion after the sdme period of time The solvent was then removed 

Coupluzg wzih Boc-Arg(Tos)-OH We followed the same procedure for deprotectlon and couplmg 

Boc-Arg(Tos)-OH (1 53 g, 3 58 mmol), HOBt ( 0 55 g, 3 58 mmol) and DCC (0 738 g, 3 58 mmol) was added 
three times at the begmnmg, after nme hours and after eleven hours respectively at 25°C 

Removal of the Peptule from The Resm. The thlopeptlde was stirred with 90% HF (10 ml) m the 

presence of amsole and thloanlsole m an ice bath for one hour The excess HF was distilled and the resin was 
washed with dry ether (2x30 ml) The peptlde was then extracted with a solution of 10% acetic acid and 
lyophlhzed Purlflcatlon of the crude material was done by HPLC using the system described above to afford 
pure 30 (0 06 g, 15% yield) as a white \ohd This material was characterized by 1~ NMR, MS (FAB) 

spectrum and ammo acid analysis 
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