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Abstract: Chemically and optically pure N~-substituted arginine derivatives were prepared with high yields in 
two steps, starting from N%proteeted ornithine and ArSOzN=C(SMe)2. The compounds were applied to solid 
phase peptide synthesis using Boc as well  as Fmoc chemistries. © 1999 Published by Elsevier Science Ltd. All rights 
reserved. 
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Arginine-like structural motifs play important roles in biological and medical chemistry. 1'2 
There are variety of methods for converting amines into guanidines (carboxamidines) either in 
solution or in solid phase) The reactions are time-consuming, the reagents have limited 
flexibility and often allow only the production of unsubstituted guanidines. Furthermore, the 
yields are often insufficient, especially when several adjacent amino groups are functionalized. 

Efficient guanylation of amines is possible via preformed or in situ generated 
carbodiimides. 4'5 Carbodiimides can be formed in situ from N-protected thioureas or S- 
alkylisothioureas in the presence of heavy metal ions 5 or Mukaiyama's reagent. 6 Comparing 
this to the methods using isolated carbodiimides, the above mentioned in situ approaches have 
numerous advantages, such as higher reactivity, high yields under mild reaction conditions and 
remarkable stereoselectivity. They can react with sterically or electronically unactivated amines 
and have been successfully used for preparing chemical libraries. 5'6 
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Sch~ I, Reagents and conditions: i. H20/THF; 60 oC; 3-5 h; ii. (A) HNRR1/AgNO3/MeCN or 

(B) HgC12 in MeCN/DMF, 0-60 oc, 2-12 h; iii. TFA, 0.5 h or HCOOH, 3.5 hs (A=Boc); Zn/AcOH, 

I h(A=Troc); 10%Pd/C in 4.4%HCOOH/MeOH, 10 rain (A=Z) ; iv. Fmoc-OSu/THF/H20/K2CO3. 

"Professor Sindor Pongor, Protein Structure and Function Group, International Centre for Genetic Engineering and Biotechnology, 
Padriciano 99, 34012, Trieste, Italy, fax: (+39040) 226555; e-mail" pongor@icgeb.trieste.it 

0040-403919915 - see front matter © 1999 Published by Elsevier Science Ltd. All rights reserved. 
PH: S0040-4039(99)00767-4 



~ 0  

Here we describe an efficient method for the synthesis ofN°'-modified arginines, as well as 
their Boc and Fmoc derivatives, with extraction and/or crystallization as the only purification 
steps. 

T a b l e  I .  A n a l y t i c a l  data o f  X - O r n [ C ( = N S O z A r ) N R R ' ] - O H ,  (3) 

F/PLC Yield 

Entry Amine I l Retention time {min~ 7 Puritv (%~ (%~ Method I1 

3a: X=Boe; ArSOz=Tos 
1 NH3 15.8 91 89 A 
2 N-]-I2Me 16.3 98 94 A 
3 NI-12Et 17.5 90 87 A 
4 NH2cPr 18.5 85 93 A 
5 ]~-I2Bu 20.4 98 95 A 
6 NH2But 25.9 94 95 A 
7 NH2cHex 26.9 98 96 A 
8 NH2CH2CH2OH 16.6 99 99 A 

9 ]~-I2CH2 CH2NI-I 2 15.4 96 82 c A 

10 MeNHOMe. HCI 17.9 53 47 c A 

MeNHOMe. HCI 17.9 85 77 c B 

11 NH2NH 2 16.9 97 87 c A 

12 NI'[2C6I-I4NO2(4 ) 19.2 66 60 A a 
13 NHMe2 16.8 97 94 A 
14 NI-IEt2 18.4 93 96 A 
15 morpholine 17.5 98 94 A 
16 NHBu2 28.6 92 87 A 
17 NHeHex2 26.9 93 90 A 

3b: X=Z; ArSOz=Mts 

18 NH2OH.HCI 19.2 83 64 d A 

NH2OH.HCI 19.2 91 83 d B 

19 ]N~-I2C6H4NO2(4 ) 19.9 62 58 A a 

NH2C6H4NO2(4 ) 19.9 83 92 B b 

20 NH2CeH4OH(4) 20.7 87 91 B b 

21 NH2C6I-Is 22.6 95 90 A a 
22 NH2Me 19.7 98 95 B 
23 NI-IMe2 20.0 99 95 B 

NHMe2 20.0 98 92 A 
24 NH2CH2C6I"I 5 22.8 95 94 B 
25 NH2NHBoc 21.9 91 95 B 
26 NH[Pr(2)]2 23.4 94 86 B 

3b: X=Troc; ArSO,=Mts 
27 NI-IMe2 17.4 98 95 B 

3b:X=Fmoe; ArSOz=Mts 

28 NI-IMe2 23.3 72 61 e B 

a. at 60 °C, 48 hrs b at 40°C; c. preparative RPHPLC purification; d .  limited stability m the 
reaction mixture; • _ two equivalents ['NH2Me2]2CO 3. 

The synthesis of  Ne'-modified N~,N~'-protected arginine analogues 3 and 5 are presented in 
Scheme 1. The S,S-dimethylarenesulfonyliminodithiocarbonimidates la-d were prepared in 
two steps from the corresponding sulfonyl chlorides with moderate yields (42 - 67%) and 
purified by crystallization. The new compounds lb, lc  were characterized by NMR and MS 
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methods. 7 The first thiomethyl group of 1 was reacted with the sodium salts of N~-protected 
Ore, to give the key compounds 2 in near to quantitative yield. 8"~° The second thiomethyl group 
in the s-meth~lisothioureas 2, was treated with Ag ÷- or Hg2÷-salts generating an arylsulfonyl- 
carbodiimide. This putative intermediate underwent, without isolation, a nucleophilic 
displacement with ammonia or various primary and secondary amines, diamines, 
aminoalcohols, hydrazines and hydroxylamines, etc. The above described reactions resulted in 
the formation of 3 with good to excellent yields m~ (Table 1). The yields were found to be largely 
independent of steric and electronic effects with the amines investigated. In the case of aryl 
amines, elevated temperatures and prolonged reaction times were necessary to accomplish the 
reaction. Hg2+-salts gave higher yields than Ag+-salts. The protected arginine analogues of 3 
were isolated as noncrystalline foams, however their dicyclohexylamine salts gave amorphous 
crystals. It The N~-modified arginine analogues (with the exception of those containing free 
side-chain amino groups) are useful for peptide synthesis either in solution or on solid phase. 
The removal of Z, t2 Troc 13 or Boc-groups from 3 and the introduction of the Fmoc-group ~4 
were performed under standard conditions resulting in 5. The racemization 15 was below 0.4%. 

N ~- and side chain protected S-methylisothioureas 2, are stable at room temperature for 
several months. The Z, Troc and Boc-groups can be cleaved to obtain 4 (Scheme 1). The 
thiomethyl group does not seem to be affected either by catalytic transfer hydrogenation or by 
chemical reduction. ~5 An alternative synthetic route for 3 or 5, consisting in a metal assisted 
displacement of thiomethyl group of 4 in the presence of primary or secondary amines, and a 
consecutive N~-protection was tested but found to be less effective (data not shown). 

The Fmoc-protected arginine analogues 5 (from 13, 21, 22) were prepared on 30, 30 and 100 
mmol scales, with yields (based on the starting material, Z-Ore-OH) of 89, 87 and 91%,  
respectively. These building blocks were used for the preparation of eight dimethylarginine (R) 
or methylarginine (r) containing peptides m6. The N O- methylated arginine peptides were 4 to 20 
times more resistant to trypsin proteolysis than their non-methylated counterparts. 

We mention that the use of the less toxic Ag÷-salts instead of Hg2+-salts may be of advantage 
in some applications. 

In conclusion, No-protected omithine can be converted to various No,No'-protected, NO- 
substituted arginine derivatives in two steps, with high chemical yields and good optical purity. 
The compounds were used successfully in solid phase synthesis of peptides utilizing both Boc- 
and Fmoc-strategies. The derivatives, 3-5, can be used as building blocks for combinatorial 
libraries. ~7 Such experiments are in progress. 
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