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Abs/raet: A selective and efficient method for disulfide bond formation in pepti_'_de~_ _ u "tdizin8 cartxm ~ d e  in 

dichlommethane in the presence of tetrabutylammonium fluoride (TBAF) is described. The reactloa gt ,  ceeded 

rapidly and no side reaction was observed with nuclcophific amino acids such as Met, His, 13yr or Tip. ~ ~ 

has been applied to three model peptides using solution and on-the-resin disulfide fi3onatlon. 
© 1999 Elsevier Science Ltd. All rights reserved. 

Disulfide bonds between ¢ysteine residues are an important means for stabilizing protein and peptide 

conformations.t Numerous peptide hormones o~taining d i s ~ l i n k e d  cyclic pepl/de analogs with a well-defined, o~gu- 

paxafively rigid conformation have been used for the study of the structure-activity relationship and ~ prop. 

erties ofpeptides. Due to the complex funcfionafity and reactivity of the individual amino acid side chains, i t i s ~ t o  

have a range of reagents available for disulfide bond formation. As a result of efforts to obtain cyclized peptides, various 

oxidation methods are available now, but synthetic methods for selective disulfide bond formation in peptldes are still 

limited.2~ s 

We now wish to report a combination of CC14and TBAF for the synthesis ofpeptlde disulfides. Oxidation reaction of thinl 

to disulfide employing CCI, and triethylamine was first described by Weuschuh et al. ~ Cart~ telrachioride is considered 

to act as an oxidant giving chloroform and disulfide, but the reaction was very slow and the resin-boreal oxidation of ct- 

conotoxin $1 sequence with CCI, and triethylamine did not succeed. 7 And more recently, Annig e3 al. reported an 

oxidation by a combination of tertlally amine and air without CCI 4 .2 On the other hand, TBAF acts as a unique base and 

is applied to a variety of base-assisted reactinns.e We have already reported the utility of TBAF as a deprotecting agent of 

9-fluorenylmethoxycarbonyl (Fmoc) 9 or phenacyl ester, t° and the preparation of a cyclic peptide containing 

methylenedithioether structure fi'om Cys residues utiliT/~g TBAF in dichloromethane (CI-I 2C12). It 

In order to examine the usefulness of CCI4rI'BAF for the intramolecular disulfide bond formation, three model peptides, 

DPDPE(Tyr-[DPen-GIy-Phe-DPen]-OH), HBP51(Tyr-[DPen-Gly-Phe(p-F)-Pen]-Phe-OH) t2 and [ArgS] - 

Vasopressin([Cys-Tyr-Phe-Gln-Asn-Cys]-Pm-Arg-Gly-NH2) were prepared by solution-phase or on-the-resin disul- 

fide bond formation. 

The linear peptides were synthesized by the Boc or Fmoc solid-phase technique. The amino acid coupling reactions were 

performed by using the 2-(1H-Benzotriazole-l-yl)-l,l,3,3-tetramethyluronium hexafluorophosphate (HB'IU) and/ns/tu 

neutra/iTatlon method for the ~ synthesis. 13 

Disulfide bond fornmtion in solution phase: As shown in Scheme l-a) for the preparation of DPDPE, the linear peptides 

were cleaved from the resin and the protecting groups were removed by treatment with liquid hydrogen fluoride / m- 

cresol/1,2-ethanedithiol at - 1 "C for 1 hour. Hydrogen fluoride was removed by evaporation and the resulting materials 

were washed with ether, dissolved in acetic acid, and precipitated in ether to obtain ~ peptldes. For the preparation of 

0040-4039/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved. 
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B o c - ~ D P e n ( M e B z l ) - G l y - P h e - D V e n ( M e ~  13oc-¢~-'r~(t~)-Phe-GteCl~)-Am'rn)-C~-P~Aq0~)-Gly~ 

[HF/m'cres°I/EDT/DMS H 11% TFAin CH2CI2/Et3SiH (95:5) 

TVAPxH~ 
[ 5 % ~ 2  
~ r.t 10 rain. 

S .S 
l~r-VP~n-G~- PI~-DP~n-OH 

Scheme 1 

TBAF.xH20 
30 % CCIdCH2Ci 2 r.t. 3 hrs. 

Boc-C~'l~(tBu)-Phe- G~'I~)-Am(Tn)- CL Pro-Arg'Pmc)- ~ 
TFMSA/Thioanisole/Et3SiIt 

~ /EtSMe/TFA ffi 2:3:1:20 
¢~-Tyr-Phe-Gk-~.~- ¢~s-rn,-Arg-Cdy-N~ 

DPDPE, 20 mg of orude linear (SH) peptide was suspended in 20 ml of 5 % CO,  / CH 2C12 at room temperature and 130 

pd of 1 M-TBAF in THF was added in one portion to the vigorously stirred suspension. The insoluble suspension turned 

clear at the moment that TBAF was added, and the disulfide formation completed at the time that the suspension turned 

homogeneous, which usually is less than one minute. Oxidation reaction was quenched after 10 minutes by addin~ 1 IX) gl 

of acetic acid and the solvent was removed by nitrogen blowing or by evaporation. The crude peptide was dissolved in 

acetic acid and purified by reversed-phase HPLC. Cyclic peptide was obtained as shown in Figure 1, and 13 mg (65%) of 

cyclic DPDPE was obtained after HPLC purification. ESI-MS: m/z = 644 (M-H)'. 

Oxidation on resin (Scheme l-b): Side-chain protected peptide resin contalnlng Cys(Mmt)l'was prepared bythe Fmoc 

strategy, treated with 1% TFA in CI~CI 2 / tfiethylsilane (E~SiH) (95:5) and moderately stirred at room tempemtme for 30 

mintttes. The resultant linear poptide resin was washed with CH~CI 2 sevcnd times, dried and then treated with TBAF in 

30% C-Y214/CH2C! 2 at room temperature for 3 hours. The resin-bound peptide was then cleaved according to the previ- 

ously reported procedure? 5 A portion of 100 mg (0.45 retool/g) of the obtained resin was treated with 6 ml of TFMSA/ 

thioznisole/Et~SiH/etbylmethylsulfide/TFA (2:3:3:1:20). The mixtme was gmfly stirred for 1.5 hours at room temperature 

and then filtrated. The residual resin was washed with a small volume of TFA and the combined filtrate was dropped into 

a vigct~sly stined diethyl ether. The ethe~was removed by filtration and the precipitate was washed with ether followed 

by HPLC purification to obtain 37rag (76%) of cyclic [ A r g S ] - V ~ .  FABMS: m/z = 1084 (M+H)*. 

.) 

b) 

c) 

l i  l i  ¢i t l  H .~ 

Fiswre L Amlyfical HPLC of I-IBPS1 and DPDPE before and after treatment with CC~4/I'BAF in CH2C ~ in solution, a) purified linear 
I-IBIS31; b) reaction mixture after the tmaCnent of a); ¢)crude linear DPDPE; d) reaction mixture after the ~.alment of c). 
A=0.1% TFA (aq.), Bffi CH3CN Cnadionts'.5% B to 65% B over 30 rain. El,,~e was ~ ~ ~ ~ at ~ m.  



5033 

.) u) 

I M  

Figure 2. Analytical l~LC of cyclic [Args]-Vampmmin a) crude and b) 8tier ItPI.C purification. 
HPLC oonditiom are givee in Figure 1. 

The oxidation reaction proceeded quite rapidly and was found to be completed in less than one minute when solufiea- 

phase oxidation was monitored by HPI .~  Oxygen was not necessary for the d i su l f i~bo~  ~ ~ ~ ~ 

proceeded under nitrogen. Oxidation reaction did not occur w i ~ u t  TBAF. Cadxm tetmchlotide obviously played an 

important role and without CCI,, no disulfide bond formatioa occurred in CH2C!2, which gave methyienedithioether 

quantitatively inste~_d of disulfide peptidesY Although one drawback to the use of TBAF is its h ~ t y ,  a small 

amount of water did not affect the reaction and the oxidation proceeded in THF with 1% water (THF:CCI,:H20-~)4:5:I). 

Usttal ~ ~ in solution require hi eh-dilution ~ to OpthaiTe lhe ratio of internal ~ fixma- 

tion, but this oxidation system gave ss~___~f~tory Jesuits for eve~ high concentration (5mg/ml) ¢xmditio~ presumably 

because the reaction starts f~om an insoluble suspension and the rate of the oxidation is ~ than the rate at which 

peptides dissolve in the solvent by the aid of TBAE When triethylamin¢ was used in~_e_~_ of TEtAF, the oxidation was so 

slow that only a mixture of polymerized peptide was obtained ~ an ovemi£kt reaction. 

Possible side products during oxidation of thiol to disulfide were cleared in the case of Met, His, ~ and l~p in unpro- 

tected ~ .  As shown in Fig 3, l~Xlel pel~ies ¢~minino amino aegis whkh are susceptl'ble to oxklafive side ~ 

were u e a ~  in the oxidation procedure using C c I f r B A E  Some side l ndec t s fmm Trp, ~ ~ w ~  ~ ~ 

overnight treatment, but the disulfide formation was more dominant and these ~ - s e m g i v e  side chains 

intact after the treatment with C C I ~ A F  for 10 minutes, which is long enough for ¢ x n n p ~  ~ ~ ~ ~ 

X~ltis X=Met X='l~yr I XBTrp 

lOmin lOmin [ lOmin lOmiB 

H 

I 
3 hrs [5 hrs 115 hrs 15 Ins 

JL 
! 

* . . . . .  T - -  - -  * i . . . . . . . . . .  - T . . . . . . . . .  ~ -  . . . . . . . . . . . . . .  m m . . . .  

Figure ,3. HPLC analysis of A¢-X-Cy*~-GIy-Phe-C'~-Giy-OH (X : side ¢~ain unpr~__*~_._~_ His, Met, ~ or Trp) 8t several stages 
during oxidation in solution. 
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f(3fma~on. 

Solvents other than CH 2C12 were tested for the solution-phase oxidation of DPDPE. We tested THF, aeetonitrile, chloro- 

form, DMF each containing 5% CCl4 as well as 100% CC14 as the solvent. The oxidation reaction proceeded quantita- 

tively in all the solvents except for chloroform. When chloroform was used as the solvent, no reaction occurred and the 

starting linear (SH) peptides were recovered, 

In conclusion, oxidation of thiols to disulfides using CCI~I"BAF as an oxidizing agent has been found to be a useful 

synthetic method in both on-the-resin and solution-phase. The disulfide formation reaction proceeded quite rapidly without 

using high-dilution conditions. The choice of solvents was wide allowing use of a variety of solvents. Additionally, this 

procedure circumvents the solubility problems of peptides in solution since TBAF worked for solvating all the peptides 

tested in this study in aprotic solvents such as CH 2C12. Removal of the solvent was exceptionally easy because of the low 

boiling point of the solvent. This method makes solution-phase disulfide bond formation quite easy and is considered to be 

useful for hydrophobic peptides and protected peptide fragments as well as side-chain unprotected peptides. 
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