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Abstract: I-Hydrory-4-nitro-6-(rrifluoromerhyl)benzot~o~-con~ining phosphonium salt CFj-N02-PyBOP (IL) proved to be a 
powetful reagent for in situ coupling of N-methylated amino acids. 

N-methyl amino acids are important constituents of a number of naturally-occurring peptides (e.g. 

cyclosporines,2 didemnins3 and dolastatins4) which exhibit interesting biological functions. It has also been 

established5 that the metabolic stability of biologically active peptides can be enhanced by the introduction of 

N-methylated residues. Unfortunately, incorporation of hindered N-methyl ammo acids into peptides under 

the agency of the standard condensing reagents DCCMOBt and BOP (la) is not completely satisfactory.6 

Recently, it was shown’ that the efficacy of the latter condensation could be improved substantially by using 

the halogenophosphonium derivatives PyBroP (lb) and PyCloP (lc) as the coupling reagents. 

la BOP: R’ = R2 = CH3, R3 = OBt 

b PyBroP: R’, R2 = (CH,),; R3 = Br 

C PyCloP: R’ , R2 = (CH,),; R3 = Cl 

d PyBOP: R’, R2 = (CH,),; R3 = OBt 
e CF,-BOP: R’ = R2 = CH3; R3 = CF3-OBt 

f CF3-PyBOP: R’, R2 = (CH,),; R3 = CF,-OBt 

g NO,-PyBOP: R’, R2 = (CH,),; R3 = NO,-OBt 

h CF,-NO,-PyBOP: R’, R2 = (CH,),; R3 = CF,-NO,-OBt 

R4’ 

0Bt:R4= R5=H 
CF3-OBt: R4 = CFs; R’ = H 
NO,-OBt: R4 = NO,; R5 = H 

CF3-N02-OBt: R4 = CF,; R’ = NO, 

An earlier study* from our laboratory revealed that replacement of the benzotriazol- 1 -yl (OBt) moiety 

in the coupling reagents BOP (la) or PyBOP (ld) by CP3-OBt had a beneficial effect, in terms of yield and 

reaction time, on peptide bond formation. The latter was illustrated in the highly effective coupling of 

sterically congested cr-aminoisobutyric acid (Aib) residues in the presence of the new reagents C!P3-BOP (le) 
and CF,-PyBOP (lf). However, CF3-BOP-mediated condensation of Z-protected valine with the-highly L 

hindered N-methylvaline (MeVal) methyl ester proceeded in a low yield.* Apart from this, H@eg-Jensen er 
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aL9 demonstrated that CF+‘yBOP (lf) as well as its NOz-analogue lg are the reagents of choice for the 

preparation of endothiopeptides. 

On the basis of the foregoing results it was expected that the coupling efficiency of le-f could be 

improved further by the introduction of an additional electron-withdrawing NOz-group in the CF3-OBt 

moiety. 

We here report the use of the novel reagent CF3-NO#yBOP (lh) in the synthesis of N-methyl amino 

acid-containing dipeptides. 

The required CFj-NO*-HOBt derivative was readily accessible by a slight modification of the 

procedure of Reese and Pei-Zhuo.t” Reaction of commercially available reagent PyBroP (lb) with CF,-NOz- 

HOBt furnished, after extractive work-up and crystallization, CF3-NO*-PyBOP (lh) in an excellent yield.’ ’ 
In order to explore the potential usefulness of reagent lh, the synthesis of the dipeptides 2a-h was 

undertaken. The results of this study are summarized in the Table. In addition, the yields of the CF~-NOZ- 

PyBOP-mediated condensation were compared with those obtained using the highly advocated reagent 

PyBroP (lb). To this end, the condensations recorded in the Table were executed under the same conditions 

(Le. one-pot reaction for 1 h at 20 “C using equimolar amounts of the appropriate amino acids and 

condensing reagent in the presence of NJ-diisopropylethylamine) as applied for the preparation of Aib- 

containing peptides.* 

Table Relevant Data on the Synthesis of Dipeptides 2a-h12 using PyBroPt3 (lb) and CF3-NO#yBOP 
(lh) as the Condensating Reagentst4*15 

Entry Dipeptide Yield (%)a [a],bJ lit. [cr],bJ 

PyBroP CF3-NOz 
PyBOP 

Z-Val-Val-OMe 2a 89 

Z-Val-MeVal-OMe 2b 49 
Z-Pro-MeVal-OMe 2c 43 
Fmoc-Val-MeVal-OMe 26 57 
Boc-Val-MeVal-OMe 2e 25 
Boc-MeLeu-MeLeu-OBzl 2f 47 
Boc-MeLeu-MeVal-OMe 2g 40 

Z-MeVal-MeVal-OMe 2h 22 

98 -29 -28 (14) 
76 -113 -110 (8) 
92 -103 
85 -105 -107 (7) 
62d -139 -140 (7) 
87 -109 -107 (15) 
76 -181 -177 (7) 
71 -190 -191 (7) 

a) Isolated yields. b) T = 20 “C. c) Solvent systems: 2a,f-h: c 1, EtOH; 2b: c 1, MeOH; 2~: c 1, CHC13 26: 
c 0.14, EtOH; 2e: c 0.25, EtOH. d) Reaction time of 4 h gave 2e in 92% yield. 

It can be seen in the Table (entry 1) that amide bond formation between two ‘non-methylated’ valines 

under the agency of PyBroP (lb) or CF,-NO,-PyBOP (lh) is in both cases a high-yielding process. On the 

other hand, the yields of the CF3-N02-PyBOP-assisted acylations of the more hindered N-methylvaline 

(MeVal) methyl ester with either Z-Val-OH (entry 2) or Z-Pro-OH (entry 3) were, in comparison with 

PyBroP, substantially higher. In this respect, it should be noted that application of the earlier reported 



4645 

monosubstituted reagent CF3-PyBOP furnished Z-Val-MeVal-OMe (2b) in 32% yield.8 Moreover, the same 

dipeptide could be attained in 57% yield using the recently devised reagent HATU.r6 A higher coupling 

efficiency was also found in the CF3-NOZ-PyBOP-mediated preparation of the Fmoc-protected dipeptide 26 

(entry 3). Apart from this, an interesting phenomenon was observed in the condensation of Boc-Val-OH with 

N-methylated valine (entry 5). Thus, the PyBroP-mediated peptide bond formation resulted in a low yield of 

Boc-Val-Val-OMe (2e). The poor yield of 2e may be attributed to the conversion of activated Boc-valine into 

the corresponding N-carboxyanhydride (NCA).7 In contrast, the occurrence of the undesired NCA adduct 

could not be detected in the CF3-NOZ-PyBOP-assisted synthesis of dipeptide 2e. The latter was endorsed by 

the nearly quantitative formation of the desired Boc-protected dipeptide within 4 h. The high potency of CF3- 

N02-PyBOP (lh) is demonstrated further in the successful synthesis of di-N-methylated dipeptides 2f-g 

(entries 6-7). Furthermore, it is evident that the rather difficult coupling of two MeVal residues (entry 8) 

under the agency of reagent lh, instead of lb, results in a threefold increase in yield of dipeptide 2h. 

In conclusion, the results presented in this paper clearly indicate that the crystalline and shelf-stable 

reagent CF3-NO&BOP shows great promise I7 for the acylation of iv-methyl amino acids. It is also not 

excluded that CF3-NO.+‘yBOP may open the way to a solid phase directed synthesis of oligopeptides 

bearing N-alkylated amino acids. 
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54.4, 53.7, 53.5, 52.0, 51.8 (Ca), 38.0, 37.6, 37.4, 36.7 (Cp), 30.7, 30.3, 29.1, 28.6, 27.9 (NCH,, CH, Boc), 

24.5 - 20.8 (Q C6). 

PyBroP was purchased from Novabiochem (Switzerland). 

Coste, J.; Le-Nguyen, D.; Castro, B. Tetrahedron L.&t. l!J!JO,31,205-208 

Tung, R.D.; Rich, D.H. J. Am. Gem. Sot. 1985,107,4342-4343 

(a) Carpino, L.A.; El-Faham, C.; Minor, A.; Albericio, F. J. Gem. Sot., Gem. Commun. 1994, 201-203; (b) 

Angell, Y.M.; Garcia-Echeverrfa, C.; Rich, D.H. Tetrahedron Lett. 1994, 35.5981-5984 

A preliminary study indicated that the uranium derivative 

CF,-NO,-HBTU’* may be as effective as CF3-N02- \ 

IN-I 

N* C+-O-N’ N 

PyBOP. For instance, condensation of Z:protected vahne ’ 

PF; 

2 

with H-MeVal-OMe afforded dipeptide 2b in 75% yield. 

p 

/ \ NO;? 
- 

F3C 

CF3-N02-HBTU 

Treatment of tetramethylchloroformamidinium hexafluorophosphate tg with CF3-N02-HOBT, under the same 

conditions as mentioned for the synthesis of lh, gave CF3-NO,-HBTU( I .99 g, 60%) as pale yellow crystals. 

CF,-NO,-HOBT, decomposes at T > 115 ‘C; plasma desorption MS (m/z): 347.2 [M-PF,#; ‘H NMR (300 

MHz, acetone-&): 6 9.0 (m. IH, H-arom.), 8.74 (d, 1H. H-arom., J 1.0 Hz), 3.54 (s, 12H, CH3); 13C NMR 

(50.1 MHz, acetone-&): 6 161.3 (C+), 140.5, 137.7 (Cd, 132.1 (q. C-CF3, 2J~,~ 34.7 Hz), 130.3 (C,), 123.6 (q. 

C-cF3, ‘Jc,F 273.0 HZ), 120.5, 115.4 (CH-arom.), 41.6 (NCH3). 
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