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Abstract - The use of the 2-(dtphenylphosphmo)ethyl group for carboxyl-protectton of ammo actds 
or pepttdes IS descrtbed. Thts group IS eastly Introduced by estertftcatton ustng 2-(dtphenylphospht- 
no)ethanol tn the presence of dtcyclohexylcarbodttmtde and 4-(dtmethylamtno)pyrIdlne. These Dppe 
esters are stable under the standard condtttons for pepttde syntheses. Deprotectton IS carrted out 
under mtld condtttons by quaterntsatton usrng methyl todtde followed by a 6-eltmtnatton Induced 
by fluortde ton or potasstum carbonate. 

Key words - Pept tde syntheses; carboxyl-protect ton; 2-(dtphenylphosphtno)ethyl group; estertftcatton; 
f3 -eltmtnaf ton. 

Numerous studtes concernmg peptide syntheses have focused on the development of protecttng 

groups for use tn an orthogonal protectton scheme as deftned by Merrtfteld’. Some of these protec- 

ttng groups rely on a f3-eltmtnatton reactton to brtng about deprotectton etther under mildly baste 

condtttons or by the actton of a nucleophtle : 
n 

Y-CH-CH2-O-C-R 

*A/ 
II 

- Y-CHzCH2 + HO-C-R 
II 

0 0 
NN” 

In the case of N-protectton (R = NHR’) such a reactton leads to an unstable carbamtc actd 

which undergoes decarboxylatton to gave the free amtne, whtlst for carboxylprotect ton the free 

actd IS obtatned directly. 

The Y qroup may be a sulfontum ton or a sulfones-tt a stltcon dertvattve 
” -13 

or a phosphontum 

salt ‘c-‘6. In the last case only protectton of the amtne functton has been descrtbed by Kunz ustng 

2-(phosphonto)et hyl groups. 

The present work descrtbes the use of the Z-(drphenylphosphtno)ethyl group (Dppe) for carboxyl- 

protect ton. Deprotectton IS carrted out by quaterntsatton of the phosphtne ustng methyl Iodide 

followed by a 6-eltmtnatton Induced by fluortde ton or potasstum carbonate. 

Tn preliminary expertments two N-protected amtno actds were estertfted wtth 2_hydroxyethyltrt- 

phenylphosphontum bromtde, 1, tn the presence of dtcyclohexylcarbodttmtde (DCC) and O-dtmethyla- 

mtnopyrtdtne (DMAP) : 

Z-NH-CH-C02H + HOCH2-CH2-P+(Ph))sZ-NH-CH-C-0-CH2-CH2-P+(Ph)> 

I 
R 

X- I II 
R 0 

X- 
1 2 

2a : R--H; 2b : R=CH3; X = 6r- or (Ph),El- 
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However the resulllng esters 2 were found to be extremely labrle, with partral 6 -elrminatton 

being observed durrng recrystallrsatton or anIon exchange. Complete &elirnrnatton IS obtalned 

by treatment wtth 10 % potassrum carbonate solution or a solution of potassium fluoride rn acetonr- 

trlle. 

Thus 11 was decided to use a phosphtne which IS stable under the normal condrtlons for peptrde 

syntheses and to Induce the 6-eltmtnatron by quaternlsatton at the end of the syntheses. Such 

a system also offers the advantage of being applicable to soltd phase syntheses, whtch IS not the 

case for a charged group. 

2-(Dtphenylphosphino)ethanol (DppeOH) 3 was chosen as a suitable reagent. Although this coum- 

pound has been prevtously prepared lFBwe developed anew simple method of syntheses. Thus reagent 

was selected because of the low senslttvtty of alkyl dlaryl phosphtnes to atmospheric oxygen. 

Synthesis of DppeOH, 3 

Among the possible routes to synthettse 3, 
. 

Homer and Mentrup” reported the electroreduct ion 

of benzyl(2-hydrowyethyI)diphenylphosphonium salt. Two addttionnal preparations have been descrt- 

bed’s’smakmg use of drphenylphosphme, a toxtc and oxygen sensltlve compound. 

We ,wIII now describe the synthesis of compound 3 in an Improved single run procedure from 

commerctally avatlable trtphenylphosphtne : 

Ph P+ 
3 

Ph 
2 

P 1.1 + Ph Li 
XCHZ - CHZGH 

l PhH + LIX + Ph2P -CH2-CH20Li - 

3 Ph2P - CH2- CH20H + LIOH . Y0 

The phenylltthtum arising from the cleavage of the trtphenylphosphine molecule leads to a 2-halo- 

genoethanol alkoxtde (or an ethylene oxide) which prevents the phosphide reacting wtth the hydroxy 

group of the 2-halogenoethanol. However, this secondary reactton occurs partially, stnce the forma- 

t eon of about 10 % of dlphenylphosphine IS observed. 

From 2-chloro or 2-bromoethanol, thus method leads to overall yteld of 60-65 %. 

Synthesis Of Dppe QStQrS. 

Although berng a prtmary alcohol DppeOH IS unusually unreactive since It IS not possible to 

esterrfy N-protected arntno actds with thus reagent I” presence of DCC. Thts agrees with the 

results of Turner and Soloway 
1s 

who made the correspondmg alkoxide react wtth acid chlorides 

III order to effect estertfrcatton. However, esterificatlon of N-protected amino acids wtth DppeOH 

can be performed under very mrld condttrons by the actron of DCC I” the presence of catalytic 

quant It les of DMAPst-‘\ 

DCC I equiv, OMAP 0.05 equrv. 
Prot .-AA - OH + HOCH2 - CH2- P Ph2 

l/4 h a, 00. 5 h al R.T. 

Prot.-AA-C-0-CH2-CH2-P Ph2 ( 

II 
0 

Prot. z Z or t3oc 

I 
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Compounds 4-10 (Table 1) are thus obtatned as 011s (except for Z-Gly-OOppe) whtch are relatt- 

vely tnsenstttve to atmospherrc oxygen, oxidatton betng detected only after several days. 

Table 1 - Dppe esters of N-protected amino acids and N-depmtectim. 

NO Compound [a if?+ 
% Yield of N-deprotect ton 

MethodA Method6 MethodC 

4 Z-Gly-ODppe 93 

5 Boc-Gly-OOppe - 90 75 90 
6 Z-Ala-OOppe - 7.1 90 

7 Boc-Ala-ODppe - 13 90 70 80 
8 Z-Phe-ODppe - 14.5 85 

9 Boc-Val-ODppe + 91 80 70 85 
10 Boc-Leu-ODppe + 45.5 85 75 80 

l ) concentration 2 tn dichloromethane 
Dppe = (Ph)2P-CH2- CH2- 

Method A : act ton of HBr/AcOH (24); Method El : BF5/Et20 (25); 
Method C : CF+I02H (26). 

Peptide chain extension 

N-deprotectton of compounds 4-10 IS carried out ustng standard methods (Table 1). The resulting 

compounds are then coupled with vartous N-protected ammo actds tn the presence of DCC and 

1-hydroxybenzotrtazole (l-0Bt) to produce compounds 11-23; these drpeptide Dppe esters extst 

as non-crtstalltsable 011s and are characterised by NMR : the presence of charact ertst IC signals 

of the Dppe group (doublet of trtplets at 4.2~4.5ppm and triplet at 2.35-2.40ppm) as well as those 

of the various amino actds. 

11 Z-Ala-Gly-ODppe 17 Boc-Leu-Ala-ODppe 

12 Boc-Ala-Gly-ODppe 18 Z-Gly-Phe-ODppe 

13 Z-Phe-Gly-ODppe 19 Z-Ala-Phe-OOppe 

14 Eoc-Leu-Gly-ODppe 20 Z-Gly-Val-ODppe 

15 Z-Gly-Ala-ODppe 21 Boc-Leu-Val-ODppe 

16 Z-Phe-Ala-ODppe 22 Z-Gly-Leu-ODppe 

23 Boc-Ala-Leu-DDppe 

Deprotection of the acid function. 

The Dppe esters are quaternised using methyl todtde In methanol to give methyldtphenylphospho- 

ntoethyl esters I” 90-100 % crude isolated yteld. These can be obtained as solids but recrtstallysa- 

tron results In considerable loss, probably due to a parttal B-eltminatton. 

Complete deprotectton IS effected by the action of fluortde ton; catalyttc quanttttes of KF 

tn acetonttrtle or dimethowyethane produce methyldtphenylvrnylphosphonlum todtde and the amino 

acid (or peptide); however, due to separatton dtfftculttes, 11 IS found preferable IO use one equtva- 

lent of KF, tn acetone which leads to the Insoluble potasstum salt of the ammo acid (or pepttde), 

whtlst the phosphonium salt rematns in solutton. 

Deprotectton IS also posstble by treattng methyldtphenylphosphonloethyl ester In dimethoxyethane 

or acetonttrtle with K 
2 

CO, 10 % In water. 
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ICH 

Prot .- AA - ODppe 
3 

MeOH 
1 Prot.- AA - OMeDppe+ I- 

Prot .- AA - OH + (Ph)2MeP+- CH = CH2 I- 

Prot. - AA-O- K’ + (Ph)2 MeP+ - CH = CH2 I- 
1 equw. Kf I 

BCClOn? 

Conserwtion of chimlity. 

DMAP has been used somettmes m soltd phase pept tde syntheses to ftx the ftrst amtno actd 

into the restn*‘-‘! The posstbtltty of some racemtzatton tn the estertftcatton of N-protected amtno 

actds by DppeOH in presence of DCC/DMAP must be taken tn account. Benotton and al. ss have 

already shown that DMAP favours the cyclisatton of the ammo acids to oxazolone leadtng to such 

a racemtzatton. However the same authors” have shown that stgntftcant racemtzatton may occur 

wtth thus reagent especially when used tn stotchtometric quantities. 

However wtth catalyttc amounts (less than 10 mole-percent) of DMAP, tntroduced after all 

the other reagents, estertftcat~ons occur wtth negltgtble racemtzatton. 

Thus It was decoded to check for racemtzatton tn both the DppeDH estertftcattons and the 

deprotecttons by 6-eltmtnatton. Spectftc opttcal rotatrons were ftrst measured for the N-protected 

amtno actds (or pept Ides) obtamed by deprotectton of the Dppe esters 6-25; the observed values 

agree, wtthtn expertmental error, wtth those reported tn the Itterature. 

Followtng Itterature reports “-‘s, NMR is also used stnce It allows to dtstingutsh generally bet- 

ween the two dtastereotsomers of a dipepttde. The Dppe esters of dtpepttdes 11-23 are deprotected 

by B-eltmmatton and reestertfted by diazomethane; these 

H’ NMR followtng the Castro and al.*’ 

methyl esters are studied by 200 Mz 

method; the methyl ester stgnals of the two enanttomers 

of racemtc dtpepttdes are separated generally wrth more than 3 Hz by ustng acetone as solvent. 

The methyl esters correspondtng to compounds 11-23 do not exhtbit the stgnal OCH3 of the D,L 

Isomer provtng therefore that notable racemtzation does not occur durtng the estertftcatron step 

by DppeOH and the following 6 -elimination reaction. The senstttvtty of this method lees between 

2 or 3 %. 

Conclusion 

Our results demonstrate the usefulness of the Dppe group as a protecttng agent for the actdtc 

function tn pept tde syntheses : easy tntroductton, stabtltty towards N-deprotectton and coupltng 

reagents, eltmtnatton under mtld and spectftc condtttons. 
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Experimenta 

NMR spectra were recorded wtth a Vartan T60 spectrometer. Optical rotations are measured 
ustng a Perkm Elmer 141 polartmeter. Commerctally avatlable N-protected ammo actds are used 
drrectly. All reactions mvolvtng the Dppe group are carried out rn the presence of air, although 
the products are stored under nrtrogen. 

Z-f-fydmxyethyl-triphanyl phosphmium bmmida 1 

Sodrum hydroxyde (4 g) IS added to a suspension of trtphenylvinylphosphonlum bromide (8 g; 
25mmol) m water (150ml) and the mtxture IS stirred at room temperature for four hours. The 
resultrng homogeneous solutton IS neutralrsed with hydrobromic acrd and extracted wrth chloroform. 
The organic layer IS dried over sodium sulfate and concentrated under vacuum. The restdue IS 

recrrstallrsed from ethanol-ether mrxture to give 
(6.6g; 85%) m.p. 212-213O (lrt.*’ m.p. 212O). 

2-hydrowyethyl-trrphenylphosphonlum bromrde 

2-~riphenylphos@xmio)ethyl esters 2 

DCC (12 mmol) and DMAP (0.2 mmol) are added to a solutton of 1 (4 g; 10 mmol), kept at 
0“ and of the N-protected ammo acid (10 mmol) in dichloromethane (20ml). The mrxture is sttrred 
for three hours at O0 and left to stand for twelve hours at thus temperature. After removal of 
DCU by repeated frltratrons, the solvent IS evaporated to give compounds 2 as oils. They are 
tdentrfted by therr NMR spectra and by the corresponding tetraphenylborates obtatned by anion 
exchange wtth sodium tetraphenylborate. 

2a : Z - Gly - 0 - CH2 - CH2 - P+ (Ph)3 (Ph)4 l3- m.p. 1 Xt-140° 

Analysis : C54H49BN04P CS Calc. : 79.36; fd. : 79.J0 

HZ Calc. : 6.00; fd. : 6.10 

2b: Z-Ala-0-CH2-CH2-P’ (Ph)3 (Ph)4 B- m.p. 160-162“ 

Analysis : C55H5113N04P C5 Calc. : 79U7; fd. : 79S2 

lit Calc. : 6.1L; fd. : 6.22 

2-(Dyphenylphmphino)ethanol (DppeOH), 3 

The reactron, before hydrolyses, is carrred out in an atmosphere of dry oxygen-free nitrogen. 
Dry tetrahydrofuran (250 ml) IS slowly added to a stirred ‘mixture of trrphenylphosphme (26.6g; 

O.lmole) and finely cut lrthium wrre (3.5g; 0.5 g-atom) kept at - loo; stirring IS conttnued for 
2 h at room temperature. In order to elrmmate the excess of Itthrum metal, the solution IS trans- 
fered to another flask under mtrogen. 0.1 mole of 2-chloroethanol (or 2-bromoethanol) IS slowly 
added to the cooled solution (- loo). The mrxture 1s then allowed to reach room temperature and 
strrrrng IS contrnued for a further 3 h. The solution IS then hydrolysed, the organtc layer separated 
and the aqueous layer extracted wrth tetrahydrofuran; the combined organic layers are drted and 
evaporated In vacuum. The residue IS laid on a 10 cm silicagel column and rapidly eluted wtth 
250 ml of chloroform-ethylacetate mixture (70-30). The concentrated orI IS then chromatographted 
on a Prep t-C/System 500 Waters with two srltca-gel columns using chloroform-ethylacetate mixture 
(90-10) as eluent, affordmg, in order of Increasing polarity, diphenylphosphine (lo-12%) and (2-hydro- 
xyethyl) dtphenylphosphine (60-650/o). 
Diphenylphosphine : physical charactertstrcs and spectral propertres ?‘P-NMR. H-NMR) were iden- 
tical m all respects with those given In the Iiterature’2-“. 
(2-Hydroxyethyl)diphanylphoaphine : “P NMR : at 32,37 MHz on a Eruker WP 80 with norse decou- 
plrng (CDCI,, H3P04 as external reference) : 6 : 23.71 ppm. 

Esterification of Kprotected amino acids with DppeDH 

A solutron contaming DppeOH (lOmmol), the N-protected ammo acrd (10mmol) and DMAP 
(0.5mmol) in drchloromethane (30mI) IS cooled to Or’ and DCC (1Ommol) added. The mixture IS 
strrred for 15 mn at O” then three hours at room temperature. The solutron is cooled to On and 
repeatedly frltered untrl complete removal of DCU. The filtrate IS washed three times wtth 10 
ml of water, drred over sodium sulfate and concentrated under reduced pressure. The restdual 
011 IS rapidly run through a short (10cm) column of slllca usrng drchloromethane as eluent. Concen- 
tratron of the drchloromethane solutron grves the Dppe esters, 4-10, in yrelds rangrng from 85-95%. 
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They are OIIS, except for Boc-Gly-ODppe which IS obtamed as a solid (m.p. 64-65O; Anal. talc. 
forC2,H260$P:C65.14. H 6.71. Found : C 65.12, H 6.86). 

N-Depmtectim of compomda 4-10 

The N-deprotectlon of compounds 4-10 (methods A, B or C) leads to the corresponding aminoes- 
ter salt. Then It IS dissolved in dichloromethane, washed three times with water after addmg 
2 equivalents of N-methylmorpholine, dried over sodium sulfate and concentrated under reduced 
pressure. The Dppe aminoacid esters are thus obtamed as VISCOUS oils. Whose NMR spectra do 
not exhibit signals corresponding to Z or Boc groups. 

Peptide chain extension 

To a mixture of the preceding Dppe esters (10 mmol), N-protected amino acid (10 mmol) and 
HOBt (10 mmol) in dlchloromethane (20 ml) maintained at O”, are added 10 mmol of DCC. The 
mixture IS stirred for 15 mn at 0“ and left to stand 3 h at room temperature. After removal 
of DCU, the filtrate IS concentrated under reduced pressure, the residual oil IS diluted in ethyl 
acetate and left to stand 3 h at 0”. The solution after filtration is concentrated under reduced 
pressure. Dichloromethane is added to the residue and the solution IS washed three times with 
water. The organic layer IS dried over sodium sulfate and rapidly passed through a short (10 cm) 
silica column. The non crystallisable compounds 11-21 thus obtained are characterized by NMR 
spectroscopy. 

Quatemisatim of Dppe esters 

Two equivalents of methyl iodide are added to the Dppe ester In 5 to 10 times Its volume of 
anhydrous methanol and the mixture which is protected from the moisture stirred for I3 to 10 
h at room temperature. The solvant is then removed under reduced pressure to give the methyl 
diphenylphosphonlum iodide m quantitative yield as an oil which IS difficult to crystallise. These 
compounds can be obtained as solids by treating the methanolic reaction mixture with a large 
volume of ether and stirring the solution contmuously for several hours: under these conditions, 
the yield is about 50 %. 

B-Elimination with KF in acetone 

The methlodide of the Dppe ester is dissolved m 10 times Its volume of anhydrous acetone 
and one equivalent of KF IS added. The mixture IS stirred for 5 or 6 hours at room temperature 
and the precipitated potassium salt of the amino acid (or peptide) filtered and washed several 
times with acetone. It IS then dissolved in water and acidified to pH 1 with hydrochloric acid. 
The solution LS extracted several times with dichloromethane and the extracts then dried over 
sodium sulfate and concentrated under reduced pressure. The residue is recrystalllsed accordmg 
to conditions given in the literature. Yields range from 80 to 85 %. 

B-Elimination with K2C0, in acetonitrile 

The methiodlde of the Dppe ester IS dissolved in 10 times its volume of acetonltrlle and 1.5 
equivalent of K,CO, 10 % water is added. The mixture IS stirred for 30 mn at room temerature 
followed by solvent evaporation under reduced pressure. The residue is dissolved in water and 
extracted with dichloromethane to remove the hydroxyethyldiphenylmethylphosphonium Iodide. 
The aqueous layer IS acidified to pH 1 and treated as described above. 

Acknowledgements : we ore indebted to the Roussel-Uclaf Society for the financial support Of 
this work. 
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