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Summa?/: PyBOP* (benzotriazolyloxy-tris[pyrrolidino]-phosphonium hexafluorophos- 
phate), an analog of BOP where dimethylamino groups are replaced with pyrrolidino, is the only 
analog exhibiting equivalent properties in peptide bond formation. It can be used instead of BOP for 
the sake of safety. 

BOP I1 is an excellent peptide coupling reagent that we have used either in solution2 or in 
solid phases peptide synthesis. Several authors have recently outlined its great imere&. However, 
the manufacture of BOP, as well as its utilization, involve the use or. the formation of hexam- 
ethylphosphoric triamide @IMPA). HMPA’s toxicity (carcinogenicity) has been the subject of numer- 
ous reports5 and it has been recently included in the “Seveso list” of dangerous chemicalss. 

Hence it was essential to find a replacement product for BOP. Two main criticisms could be 
made on HMPA: its relative volatility and the presence of numerous methyl groups that may confer 
to it alkylating properties under metabolization conditions. 

The replacement of the phosphorus atom by a carbon could be interesting ; however the corm- 
sponding compound HBTU and its analogs’ are related to tetramethylurea which is relatively 
volatile and contains methyl groups. In fact, tetramethylurea has been reported to be cytotoxicS. 

The very straightforward replacement of the methyl groups by ethyl, that we tried first, result- 
ed in the EtBOP analog with very poor coupling properties; for instance, the coupling of Boc-PheOH 
with H-Gly-OEt requires 5 hours instead of a few minutes. The same behavior was observed in BOP 
analogs where dimethylamino groups were substituted by morpholino or piperidinq groups. 
However, the use of pyrrolidino groups on phosphorus resulted in a new reagent, nicknamed 

“PyBOP@” 2 yielding coupling rates as good as, if not better than, those observed with BOP. 

PyBOP@ was prepared from the non volatile tris[pyrrolidinol-phosphine oxideg, phosphorus 
oxychloride and hydroxybenzotriazole through the same procedures used for BOP*O. The hexafluo- 
rophosphate salt proved to be the most convenient: it is crystalline, stable, non hygroscopic, and can 

be stored at room temperature (mp = 156-7oC ; NMR 31P(CDC191 : s ( 3 = 31.8 ppm), heptuplet ( 3 = 
- 143.7 ppm, J = 713 Hz). 

1 R, = R2 = CI-Is (BOP) 

2 Rr,~=(CH2)4 @yBOfi 
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Coupling tests using PyBOP@ in solution are shown in Table 1. The conditions are identical 
to those we usually use for BOP. In the DCM molar solution containing 1 equ. N-protected amino 
acid, the following compounds were added: 1 equ. coupling reagent, 1.1 equ. C-protected amino acid 
hydrochloride and 2.75 equ. DIEA. TLC monitoring showed an immediate reaction, even in the case 
of hindered amino acids. The extent of racemization was 50% lower than that obtained with BOP in 
the Young’s test ( run 6 ), and compares favorably in the Anteunis’ test ( run 7,8 ). 

Table 1: Solution couplings with PyBOPa 

No Peptide (Yield %) m.p.(oc) [o$j(conc., solv.) % epimerization 

1 Boc-Phe-Gly-OEtb(90) 87-8 -5 (2,EtOH) 
2 BocIle-Val-OMeC (90) 166-7 -15 (1,AcOEt) 
3 Boc-Val-Val-OM&95) 165-6 -10 (2,AcOEt) 
4 Boc-(D)Val-Val-OMee (90) 107-S +7 (2,AcOEt) 
5 Z-Val-Val-OMef (96) 108-10 -28 (1, EtOH) 
6 Bz-Leu-Gly-OEtg(80) 143 -24 (3.1, EtOH) 15 
7 Z-Gly-Phe-Val-OMehfi (97) 3.3 
8 Z-Gly-(D)Phe_Val_OMel’O39) 2.5 

a) Reaction time 30 min except run 6 f 60 mink Crude products were purified by silicagel filtration. Structures were con- 
troled by NMR spectroscopy. 
b) Litt?l: mp = 88 - 895°C ; [all = 4.2 (2, EtOH). With BOP under the same conditions, the yield was 38% (this work). 

c) Litt.12: mp = 1667°C ; [ctfi = -15 (1, A&Et) 

d) Litt.“: F = X6-7°C ; [alg = -9.3 (2, A&Et). Not contaminated by the product of run 4 (HPLC). 

e) Not contaminated by the produ;zof run 3 (HPLC). 

f) Litt.14: mp = 107-9°C. Litt .15: [a]D = -21.0 (1, EtOH). No D-L stereoisomer detected by ‘H NMR (360 MHz, d6 acetone). 

LittT6: coupling with DCC/HOBt yields 4% of piL. 

g) Young’s test [la. Litt.17: mp = 156.5~7°C ; [a]D = -34.0 (3.1, EtOH). L&l*: BOP Save 30% of D enantiomer. 

h) Anteunis’ test [19]. ‘H NMR in agreement with litt .lg. Stereoisomers determined by ‘H NMR (Val side chain methyl 
groups) and HPLC. 
i) BOP gave 3.9% of D-L isomer (this work). 

For a solid phase synthesis test, we used two model peptides, the acyl carrier protein (65-74) 
decapeptide (ACP(65-74): ValCln-Ala-Ala-Ile-AspT~-ne-Asn_Gly) and the rat renin substrate tetra- 
decapeptide (ERS Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu-Leu-Tyr-Tyr-Ser). These two peptides 
were synthesized in parallel, first with BOP and then with PyBOP under comparable conditions (sol- 
vent, total excess of acylating agents); the coupling times were carefully monitored. The coupling 
protocol was identical to that previously described a: the starting Boc-amino acid chloromethylated 
resin was treated twice with TFA 50% in dichloromethane (first treatment for lmin., then for 30 
min.), it was then allowed to react with the next Boc-amino acid and BOP or PyBOP (the latter com- 
pound is in equal amount as the Boc-amino acid) in the presence of DIEA (6 equ.). Neutralization 
steps were skipped as described previously; deblocking steps and washings of the resin were carried 
out as usual. The completion of coupling steps was ensured by the Kaiser test. 

After the synthesis was accomplished, the peptide resins were treated by liquid I-IF in the 
presence of anisole. After lyophilization, the crude peptides were analyzed by HPLC. The HPLC pro- 
file of the crude products is given in the following Figure. 



207 

Figure: HPLC profile of the crude products 
A: ACP(65_74)/BOP;B: ACP(65_74)/PyBOP; c: RRS/BOP; D: RRS/PyBOP 

A I B I C ID 

r.lL,LLL,L 
10 20 30 mn 10 20 30 mn 10 20 30 mn 10 20 30 mn 

The synthesis of ACP(6574) was initiated with Boc-Gly-CM resin (O.6Ommol/g). The 
results are reported in Table 2. In the case of RRS, we started with Boc-Ser(Bzl)-CM resin (0.45 
mmol/g). The results are reported in Table 3. 

Tables 2 and 3 clearly show that using PyBOP for coupling is definitely time-saving. This is in 
particular the case with RRS where all the coupling steps were completed within 10 min. 

Table 2 : comoarison between BOP and Table 3 : comnarison between BOP and 
PyBOP syntlks of ACP (6574) PyBOP synthks of RRS 

Step 

Boc-Asn Nan) 1.5 20 
Boc-Ile, W-f20 2 30 
Boc-Tyr (Deb) 2 30 
Boc-Asp 0cHx~ 2 30 
Boc-Ile, i/2HzO 2 30 
Boc-Ala 2 15 
Boc-Ala 2 15 
Boc-Gln(Xan) 2 30 
recouple 2 30 
Boc-val 2 30 
recouple 2 30 

t?CpiV. BOPi ‘yBOPi 

10 
10 
10 
10 
30 
15 
15 
30 
15 
30 
15 

’ time(min.) b DcHAsalt 

Step ?CpliV. 

Boc-Tyr (Deb) 
BocTyr (Deb) 
Boc-L.eu,HzO 
BOFLA?U,H20 

BocHi3 @ocP 

Boc-Phe 
EbC-pro 

Boc-His @oc)b 

BocIle, II&IZO 
Boc-Tyr (Deb) 
BocVal 
BocArg (Tos) 
Boc-Asp tocHx: 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

BO; PyBO; 

20 10 
20 10 
15 10 
15 10 
20 10 
20 10 
20 1Q 
30 10 
55 10 
30 10 
15 10 
40 10 
30 10 

The Figure shows that in the case of ACP (65-741, PyBOP couplings resulted in the suppres- 
sion of a side peak which was well observed in the BOP synthesis (RT = 11 min.). 

From these data it can be seen that PyBOP is superior to BOP for peptide coupling. 
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