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Abstract: S-allyloxycarbonylaminomethy! derivatives of thiols in general and cysteine in particular are
readily deprotected by palladium catalysed hydrostannolysis with tributyltin hydride in the presence of
acetic acid. They are perfectly stable in the basic conditions (piperidine/DMF) of Fmoc group removal
but tend to decompose, albeit slowly, in the acidic conditions (TFA/CH,Cly) of ¢-Bu and Boc groups

removal. © 1999 Elsevier Science Ltd. All rights reserved.
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regeneration of the catalyst from the intermediate m-allyl palladium(II) complex. They have
been used for protection either in a temporary or semi-permanent way, of a-amino and a-
carboxy groups and of various side-chain reactive functionalities.3 In addition, allylic linkers
have been devised and used in solid-phase peptide synthesis (SPPS).

Use of semi-permanent allylic protections for side-chain reactive functionalities during
peptide synthesis seems attractive in several respects, especially as regards the SPPS of fully
protected fragments.4-6 The two main strategies in current use for such syntheses rely on
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temporary Boc/ semi-permanent Bn or temporary Fmoc/semi-permanent ¢-Bu,Boc protection
schemes. In the first one, TFA-stable linkers are used, which may be cleaved by bases,
nucieophiies or photochemically; in the second one, base stable, highly acid sensitive handles

v

are usuauy invoived. The acidic conditions required for removal of benzylic or tert- 'butylic

PRI iy “-4-- U T4
side-chain protections may bring about various unwanted side-reactions. In that respect, their
warlansevi e | TR 1 I P, SV PR S PR SR P PPN DY S
replacement by allylic protecting groups could constitute an interesting alternative. Besides, the
use of allylic side-chain protections could open the way to new possibilities in the choice of
handlec and nf temnnrarv tarminal A/ nrntarting ornnne Hinally Ana ta thae emall cina nf tha
[S NS IV R )} u.uuy\.ual] L AR11113Q41 1Y lJlUl.\J\/lllls EIUUPD. L 1iiail Y MUL LU LIV Jlliall D1V Ul LIV
allvl eroun. allvlic nrotected fraomente conld dienlav hetter enluhilities in nolar medinm that
uAlJA blvurl’ uAAJ AXW y AV AR A A0 AV Y llublllvlllu WS EANNS UIDHA“J LW bW [CAVSEVAWS NS R NLVIC NS VY Hvl“l ALAN/NAANAAERE LiLLLL
their benzylic or :er--butylic congeners and thereby help alleviate one of the most acute

difficulties encountered in fragment condensations.4-7
Taking full advantage of allyl -based permanent side chain protection strategy would require
having at one's disposal a full array of allylic protecting groups which span the entire set of side
chain functionalities of natural aminoacids. This is not yet the case. The allyl group is suitable
for protection of the carboxylic groups of aspartic and glutamic acid,8-10 and the phenolic
group of tyrosine®.11 while the Alloc group may be used for protection of the nitrogen
functions of lysine8.12 or indole.13 Regiospecific N(r)-protection of the imidazole nucleus of
histidine also appears promising.14 However, neither the allyl nor the allyloxycarbonyl group
are suitable for protection of the SH group of cysteine or the OH group of serine and threonine.
Indeed, contrary to allyl carboxylates or phenoxides, auyl ethers or thioethers are not cleaved
by pauacuum and the O- or S-Alloc derivatives of threonine and in particular serine and

cysteine are prone, as are most other carbalkoxy derivatives, to undergo intramolecular
nrrnlanmhilin atfanls lher tha matahliasisinag v nrmtmn Frmatine e das tha lhncia Annditinne ~AF Drann
llublCUlJlullb attau Uy LiIc lcxguuuu H1Y A=alliliiv 1 ICL1ULL HUCI LT DAadiC CULILILIVILDD UL HHTUC
removal or even during coupling processes.8

Rarantly we renartoed in 2 nreliminary cammunication 13 and ac a2 wav $n cirenmuent theca

L\GLCIH.I’, we ILPUIL U, Ml a PICIHII umy Vol Hniunivalivi, =Y ald ad a way LU CIIVULLIIVUOLIL LHIUDU
nraohlame nn the nece nf the allvlavvearhnnuvlaminamethvul ( Allacam) orann for enecific
yl\lul\/lllﬂ’ il LA U i CLiW ullj LUI\J wi I_l\_ll.l] LOLAERRRINIRAAN VAL A \l Xll\l\/&llll} 5! \.Iul.l AL Oy\d\ll AN
protection of the thiol group of cysteine. S-Allocam derivatives of thiols are cleaved by
palladium-catalysed hydrostannolysis with tr ibutylt___ hydride They are perfectly stable in the
basic conditions of Fmoc deprotection but only marginally stable under acidic conditions. In

the present article, we report in full detail on the Allocam protection of thiols in general and of
the sulfhydryl group of cysteine in particular. In the accompanying paper, we report on our
further exploratory studies towards the development of more sophisticated, more acid resistant
allylic protecting groups derived from the Allocam group by appropriate introduction of
electron-withdrawing substituents.
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. CF3CO;H/CHyCI, _
RSH + HO-CH,-NHCO, "~ RS-CH,-NHCOz " + H0

Scheme 1

noted that extending unduly the time of these reactions beyond 15-20 min may result in the
side-formation of dithioketals, probably as a result of acid catalysed hydrolysis of the thio-
Allocam derivatives into thiols and formaldehyde followed by acid catalysed condensation of
these two spec:1es The formation of dithioketals was much more pronounced with “simple”
thiols than with cys:eme The S-Allocam derivative of cysteme 1 was further derivatized into

Boc-Cys(Allocam)-OH 2a or Fmoc- Cys(Allocam)-OH 3a, by reaction with Boc-ON in the
presence of triethylamine or with 9-fluorenylmethyl chloroformate in the presence of

bis(trimethylsilyDacetamide (BSA) respectively. The methyl esters 2b and 3b were fi nally
obtained from 2a and 3a by alkylation with methyl iodide in the presence of potassium
carbonate or by treatment with diazon Lethane ; inally, the benzylamide derivative 2¢ was
prepared by DCC/HOBt mediated coupling of 2a with benzylamine.
HC'HzN TCOZH Boc-HN \T’COX FmOC-HNTCOQR
SCHZNHCOQ SCH2NH002 N SCHzNHCOZ
i 2a X=0OH 3a R=H
2b X =0OMe 3b R=Me
2¢c X =HNBn

Palladium-catalysed rearrangement of S-Allocam derivatives of thiols into allyl thioethers.

Allyl carbamates generally rearrange quite readily into N-allylamines in the presence of
1 adlum(O) catalyst sueh as Pd(PPh3)4 3 It was therefore hoped that a similar decarboxylatlve

1 - A T1

hio-Allocam GGF]V&[IVES 1eac11ng to [moammals

ool A atsmasclad . I SN PRy
CU, a >Stialgiiurwdiu ana 8eiec
%7

A th C_ AN
nt, w fO'dﬂu tnat 5-Au

i
C
o
Fad
[=
&=
’l
o]
P——
j ot
C
a
=
=
=
[ons
=
o

nosler

3 > E% 2
o
]
=
o
oG !
[¢']
._

.,
=3

9

®

-y

3

-

¥}

3

—

o O
=)

wn

wn
O

reaction appears aulte general For mstance in the presence of 3 mol% of atalyst, total
conversion of Boc- Cys(Allocam) OMe, Boc-Cys(Allocam)-NHBn and Fmoc-Cys(Allocam)-
OMe were observed within 4 to 6 h in dichloromethane at 35 °C and the corresponding allyl
thioethers Boc-Cys(All)-OMe, Boc-Cys(All)-NHBn and Fmoc-Cys(All)-OMe were isolated, in
63%, 77% and 83% yields respectively.

As proposed in our preliminary communication!5 and represented in scheme 2, a concerted
mechanism may be invoked to account for this rearrangement. An alternative pathway may
also be envisioned (scheme 3) in which the §- allylatlon step precedes the fragmentatlon
process, thus avoiding the transient formation of anionic thiolato species and the possible

et al. / Tetrahedron 55 (1999) 69316944 6933
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poisoning of catalyst16 which could ensue. We have already noted, in another context, that allyl
carboxylates may indeed transfer, probably in a reversible manner, their allyl group to
thioethers in the presence of palladium catalyst, leading to allyl sulfonium species.l?

[Pd°
RS-CH,-NHCO, ANF

CO, + "HxC= NH"

Pd°
= -[——~] RS-CH -NHcoe A° — [pa < @ o _L,
RS-CHp-NHCOz 2 2 [Pd°] + 5-CHNHCG; RS
[Pd']
Scheme 3

Palladium-catalysed deprotection of S-Allocam derivatives of thiols.

Since S-Allocam derivatives of thiols do not rearrange to labile N-allylthioaminals but to
stable thioallyl ethers in the presence of palladium catalyst, adding a nucleophilic species to the
medium appeared necessary in order to trap the w-allyl entity before rearrangement take place.
N,N'-dimethylbarbituric acid (NDMBA)!8, N-trimethylsilylamines!9 and phenylsilane,20 which
have been shown to be efficient allyl group scavengers in the palladium catalysed deprotection
of "'ordindry" diiyi carbamates proved unsuitable in the case of thio-Allocam derivatives.

Deprotection reactions were found to stop at an early stage (ca 20% deprotection) probably as a
result of catalyst pmsomng On the contrary, the ternary system PdCly(PPhs),/tributyltin

hydride/acetic acid!! was found to lead to rapid (10-15 min) and complete deprotection (TLC,
NMR) in all the cases under study. The success of this procedure may reasonably b, e ascribed to
the vpry higb rate of the nalla dium m[alysed hydmstannoly[jg g]eavage and to th esence Df

forrnauon ( 5- 10%) of allyl thloether is observed.

The hydrostannolytic procedure leads to a mixture of the thiol, its tributylstannyl salt and
minor amounts of disulfide, from which isolation of a well defined deprotected product turned
out to be difficult. For the sake of convenience and characterization, after evaporation of
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solvent and most acetic acid, the crude reaction mixtures were treated with iodine until
persistance of I coloration in order to convert all the thiols or their tin salts into disulfides<!
(scheme 4). These disulfides were then purified from the side-products (catalyst and tin com-

s h
RSH + AcOSnBugj
. PdCla(PPhg); cat. 0 l2 :
RS-CHy-NH-COp ~ % < Il » ———— RS-SR
BusSnH/AcOH instantaneous
CHLCl RSSnBuz + AcOH
. .)

pounds) by appropriate extractive procedures, des

s cribed in detail the experimental section,
followed by chromatogeranhic nnnflr‘mmn Ir

chromatographic purification. In this way, most disulfides and especially
the N®- N'@ bls( Boc)-cystine Compounds were obtained in very satisfactory yields as renorted
in table 1. The lower yield in N%*- N'*bis(Fmoc)-cystine bls-methyl ester could be the result of

partial degradation during iodine treatment.

(=)}
el
|98}
wn

Table 1 Formation of disulfide compounds from hydrostannolytic cleavage of Allocam
derivatives of thiols followed by I treatment
S-Allocam derivatives Disulfides Isolated
yields
PhCH;S-Allocam PhCH,S-S-CH,Ph 72%
(1-Napht)-CHjS-Allocam? (1-Napht)-CH,S-SCH;-(1-Napht) 88%
p-BrPh-CH;S-Allocam p-BrPh-CH,S-SCH;-p-BrPh 72%
98%
Boc-Cys(Allocam)-OMe (Boc-Cys-OMe)2 o
Boc-Cys(Allocam)-NHBn (Boc-Cys-NHBn)7 92%
Fmoc-Cys(Allocam)-OMe (Fmoc-Cys-OMe); 65%

4 Napht: naphthyl
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Palladium catalyzed transacylation reactions of S-Allocam derivatives of thiols.

Hiemstra, Speckam and coworkers have shown?22 that palladlum catalysed hydrostannolytic

cleavage of allyl carbamates in general, when conducted in the presence of acylatmg agen(s
{fearhavulisr apniAd anhodeidac anvl Ahlacidao antisrintad actacea) Tand e~ ‘.,.A...n,.n- ) PR |

\LVALUUA yIIV aLiUu allliyUniucs, avy: Ciaonacy, ditivalCd Csicrs) 1€dd 10 wuan yldwu [.)[UUUle,
according to scheme §.

Pd(PPh,), cat.
R-NH-CO,”~F = R-NH-CO-R'+ BusSnZ
2 BusSnH , R'-CO-Z

R'-CO-Z: Ac;0, (Boc),0, acyl-activated, N-protected aminoacid....

Scheme 5

We have investigated the possible extension of this transacylation methodology to
S-Allocam compounds. Treatment of the S-Allocam derivative of 1-naphthylmethyl mercaptan
with palladium catalyst and tributyltin hydride in the presence of acetic anhydride was found to
lead to the corresponding S-acetamidomethyl compound in 82%. Similar results were obtained
with other acylating agents (scheme 6). Noteworthy is the fact that the reaction does not lead

CH,-S-CO-R’
PN
CHy-S-CHy-NH-COAIl ))/ w
X Pd(PPh3)4
§ \,«,L \;J , RCOX < CH,-S-CH,-NH-COR'
S
RCO-X = Ac,0, CICO,Me, CICO,BzI | ) 82%(R=Me)

83% (R = OMe)
63% (R = OBz)

Scheme 0
4t~ tha Frcinmatinem ~F thian O nrilatad Ansmenzrsmd A wacss 1+ werlhinle ctns Ao 2ea nmsatemnct srretlh Aszre
O IC 10UHHIallUll UL Ul o-dalyldaicd Colpoundg, d ICSull wiiiCii Stands in Conurast wiul our
nrovinne nheervatinne eancerning tha nalladinm catalvcad rearrangement nf CCAllacam
PLuviUuS Uudstrvauvulld LUNBLLLIILIE UL pdirduiuiin Latarystia pldiiangluitin Ur o=nuviain
erivatives to thioallvl ethersg (wiﬂp sunra). The transacvlation nrocedure also annlies to the
CLIVAQUYOS W0 Uiyl CUIlls Vel SUPIE ). 110 dansalyiauOil procCGuiv aisO appiibs L ulc

d

S-Allocam derivatives of cysteine. Thus, from Boc- Cys(Allocam) -NHBn, transacylation
products were obtained in 68% yield with Ac;O and 70% yield with methylchloroformate, and
from Fmoc-Cys(Allocam)-OMe 77% of transacylation product were obtained with Ac,O. An
interesting extension of this reaction would have been to use it for the conversion of S-Allocam
to S-Bocam (§-tert-butyloxycarbonylaminomethyl) derivative of cysteine. Indeed, the Bocam
group, which could constitute a new acid-labile, Fmoc-compatible protection for the sulfhydryl
group of cysteine,23 cannot obviously be introduced onto thiols in the same way as other
acylaminomethyl or carbalkoxyaminomethyl groups due to the acidic conditions involved in
the correspondmg procedures 24 Accordmgly, the hydrostannolytlc cleavage of the S-Allocam
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tetrabutylammonium bromide. However, as shown in Table 2, rather disappointing results were
obtained, especially in the case of the cysteine derivative for which the yield in Bocam product
did not exceed 40%. It is interesting to note that transprotectmn with Boc-DMAP*, BF,; does

. ol-.n aloaman ~F tatenlaiés;laanan e laa Lo zan b wxibhmca 2nla to mnealalls: ¢

AUDCII.C Ul 1T A U Lymuuumuuul UlUuLlUC, Wi0OSE 101 1S plUUdU.ly lU

in Aatianis antity
1 \.«auuulu \.«llt.ll,_y

Table 2: Attempted conversion of Allocam derivatives of thiols into Bocam derivatives

Entry S-Allocam derivatives S-Bocam derivatives tert-Butoxycar- Yields?
bonylating agents

1 (1-Napht)-CH;S-Allocamb (1-Napht)-CHzS-Bocam  (Boc)2,0 76%
2 ibid ibid Boc-F 59%
3 ibid. ibid. Boc-DMAP* BFy” 0%
4 ibid. ibid. Boc-DMAP* BF 4 64%
+ BuyN*Br
5 Fmoc-Cys(Allocam)-OMe Fmoc-Cys(Bocam)-OMe  (Boc)0O 459¢
6 ibid. ibid. Boc-F 40%¢
2isolated yield; P Napht: naphihyi; Sca 50% of SH free Fmoc-Cys-OMe is also formed

C_Allnram Adearivativace onf thinle are indafinitalyv ctahle in a 209 Jdichlarnmethane enlufion of

TOMIUVALIIL UVIIYQALAYLWLO WL LE1IVED dlw LI lluu.dy GHLAUIV 111 A L&V /U UIVIIIVIVILIVUIIQIIV DOVRULIVIE VL
nireridine. On the contrarv. in TFA/CH-,Cl, 1/3 v/v. and at room temperature the Allocam
piperiaine. Un the contrary, mn 1 rA/CH;CL /3 vy, and at 1o temperature the Allocar

derivative of benzyl mercaptan slowly d composed. NMR analysis of the crude reaction
mixture after 15 h showed the presence of 70% of unchanged Allocam compound. The almost
exclusive decomposition product was identified as the dithioketal Bzl-CH;-Bzl. Its formation,
made possible by the presence of adventitious water, may be explained on the basis of egs 1-
3of scheme 7.

HT

RS-CHy-NHCO, -~ RSH  + CH#@HCON (1

HO
CHp=NHCO, ~F  —— > HCO + HoN-COp~ @

oQH
LA

H,CO ! RS-CH2-SR + HO (3)

chame 7
WAL ARAN J
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The stability under similar conditions of S-Allocam derivatives of cysteine was studied on

N%-Fmoc-§-Allocam- cysteme (l*moc Lys(Allocam) OH). The tollowmg percentages of
decomposition were observed , based on HPLC analysis, in TFA/CH,Cl, 1/3 viv at 25 °C: 3.4%

(3 h), 10.3% (20 h), 16 % (45 h) The product from this decomposmon whose 1dent1ty has not
kn crnvhan
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EXPERIMENTAL SECTION

R spectra were recorded in CDCIl; or in other solvents as indicated, at

speCtive Y. Lnemlcal shifts are quoted in ppm relative to TMS. All

) P J ~ VRS P U
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Illll'()gCIl atmospnere. All manpUldUOHS

med out under an argon atmosphere. All compound
AQ fa
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Preparation of allyl carbamate H;N-CO,All.

In a two-necked round-bottom flask equipped with a mechanical stirrer and a dropping
funnel were placed 250 mL of toluene and 40 mL of allyl chloroformate. The flask was cooled
in an ice-water bath and 90 mL of 32% NH1/H,O was added dropwise under agitation while
maintaining the temperature of the reaction mixture close to 5 °C. The reaction was further
stirred at room temperature for 1 h. The organic phase was then decanted and dried over
iVlgbU4 The toluene was evaporatea and the residue was cnsuuea to glve 31.54 g (78% yield)
a y 1 carbamate as a liquid: bp 106 °C/22mmHg; '"H NMR: & 5.8-6.0 (m, 1H), 5,30 ( broad s,

NH;), 5.25 (two d (app t),J = 13Hz and 7 Hz, 2H), 4.55 (d, ] = 7 Hz, 2H); 13C NMR: 3

, 132.4, 117 (
AQ
p 3]
H

s 1.
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Preparation of N-hydroxymethyl carbamic acid allyl ester

In a Schlenk tube placed in an oil bath, were introduced 10 g (0.1 mol) of allyl carbamate,
3 g of paraformaldehyde (1 equiv.) and 0.05 g of Ba(OH); under an inert atmosphere. The
temperature of the bath was progressively raised to 60 °C upon which the reaction mixture
became limpid. The reaction was allowed to proceed at 60 °C for one additional hour during
which a new precipitate formed . After cooling, the precipitate was collected on a sintered
glass, washed with several small portions of diethyl ether and finally recrystallised from

toluene.Yield: 8 g (68%); mp 57 °C; 'H NMR: § 6.0-5.8 (m, 1H), 5.15-5.45 (two d, J= 13 Hz
=TT A s TY AATTIN A 71 111! Fal 8§ Y Z 1YY, 130 NRAMR. & 1871

and 5 Hz), 4.70 ( broad t, 2H, CH,OH), 4. 60 (d, allylic CHp, J = 5 Hz); *°C NMR: 0 157.2,

1AM A 4 1Fr»-v P4 L& AT o AN, ANLN 1IN /NN .| Anl M1 3 0 M TIT NI 'an

132.4, 117.7, 66.4, 65.4; IR (nujol): 3360, 1710 (CO) cm*; Anal. Calcd for CshgNO3: Ct

AS IO IX. £ 01 N 1IN £0 3. . AZ Q) LI, £ 00 N. 1N &7

40./7, 11. 0.71, IN. 1U. 00 roOulu. ©. 40.74, 11. V.00, iN. 1UV.U/.
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Preparation of Allocam derivatives of “simple” mercaptans

Allocam derivative of benzyl mercaptan (N-benzylthwmethyl carbamic acid allyl
ester): In a Schlenk tube equipped with a magnetic stirring bar and a rubber septum and under
an argon atmosphere, 1.70 g (13.7 mmol) of benzylmercaptan were dissolved in 10 mL of
trifluoroacetic acid. With a syringe, were then introduced 2 g (15.2 mmol) of N-hydroxymethyl

f dichloromethane. The reaction mixture was
Rotovap. Purification of the residue by

- Lissia LH-S LV RV 3 4

flash chromatoaranhv (sdlca cv;:IE)hex e/AcOEt 4:1) gave 3.24 g (90%) of Allocam
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derivative of benzyl mercaptan as an oil. '"H NMR: § 7.4-7. 2 (m, 5H), 6. 0—5 8 (m, 1H), S. 45-
5.15 (two d, J = 13 Hz and 7 Hz, 2H), 4.60 (d, J = 5 Hz, 2H), 4.30 (d, J = 7 Hz, S-CH;-N), 3.80
(s, 2H); '3C NMR: § 157.2, 137.3, 132.4, 129.1, 128.0, 127.2, 117.7, 66.4, 65.4 ; IR(CCly):
3455 (NH), 1733 (C=0), 1649 (C=C). Anal. Calcd for C,H;5NO,S: C: 60.73, H: 6.37, N: 5.90
Found: C: 60.59, H: 6.50, N: 5.88.

When the reaction time was extended to 2 h, the dibenzylthioketal of formaldehyde
PhCHQSCHZSCHzPh was found to be the main product of reaction dIld was isolated in 30%

yield after recrystallization from EtOH/H,0O; mp 45 °C ; 'H NMR: § 7.4-7.1 (m, 10 H), 3.85 (s,
AY YN s N~ 4 ~ Ty 12/~ nrva v o - MLy a4 e mmm o~ o omm a2 e
4H), 3.35 (s, 2H); '°C NMR: 0 137.2, 129.4, 127.3, 63.7, 34.2; Anal. Lalcd for CysH¢ S: C:
69.18, H: 6.19, S: 24.62 Found: C: 69.40, H: 6.06, S: 24.45; GC/MS : 261 (36%), 260 (M*), 91
(100%)
Tha Allannm Aavivativee ~F 3 ~ntul  meavacmtans (~51 s 1797 19A/NNT e LT N
11T ALIUUdIN Ulivdlives Ol (-uLlyl HIcICapiall (Vll, DpP l144-1244/U.U1 1IMIITEYE ),
71E|'\rf\l110bei}z‘ll marcanfan (n” r\nr;fi'nrl hy rhranmataaranhs) and l-nnﬂl\l\plvnaiku] marrantan
L/ANRLL Jl unblvaytuu \vVil, yuxl;xvu UJ blllUlllaLUBl al)ll } aliua 1 llaijlll—_yllll\dlllyl lllbl\.layl«all
(oil. nurified bv chromatooranhv) were nrenared accordine to the came avnerimantal nracadure
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Preparation of S-Allocam cysteine hydrochloride (HCI-H-(L)-Cys(Allocam)-OH, 1)

A suspension of 2.67 g (15.26 mmol) of (L)-cysteine hydrochloride in 20 mL of anhydrous
TFA was placed under an argon atmosphere in a first Schlenk tube equipped with a magnetic
stirring bar. In a second Schlenk tube was introduced under an argon atmosphere a solution of 2
g (15,26 mmol) of N-hydroxymethyl carbamic acid allyl ester in 20 mL of anhydrous CH2Cl,
under argon. The content of this second tube was then added, under magnetic stirring, into the
first one throuOh a cannula. The reaction mixture was further stirred at room temperature until

+ lhamnmevra Vst s TN o2 Thy cAlsramt nend canmet "TTDA cvrmean tla nen Ay ammentad amAd thha wanidiia
1L DTLAllLC uxuplu \LU 1U 111111). 1 11C dUIL /€I dllQ IMOSt 1 A WEIC e Cvdpuldicd aliud 1c 10>51uuc
A3 V82N 1-1]1:.'-“ 1mTm 1l’\ <n ml’ f\{" Df"‘lnl’\l\l Tf\ r“‘ﬂ Af“\ﬂnf\l;f‘ (‘f\]"lfl(\ﬂ X7 O ""\Dl’\ ﬂf]f’ﬂr‘ A t“r I'\{“ ANT
YY o wanvil LllJ 11 JVU 1111 Ul Viildllvi, 1V LIV VLLIALITIVULRIC SULULIULL, WULRG LIV aulilAl U 11y UL N
aqueous HCI. The solvent was evaporated and the solid residue was triturated and rinsed
several times with diethyl ether. After drying, 4.02 g of HCI-H-(L)-Cys(Allocam)-OH (92%)
were collected as a white foamy solid: 'H NMR (200 MHz, DMSO-d®): § 6.0-5.8 (m, 1H),

5.15-5.35 (two d (app. ), J = 13 Hz and 7 Hz, 2H), 4.5 (d, J = 5Hz, 2H), 4.15-4.35 (two dd,
ABX system, Jap = 14 Hz, Jgx = Jax = 6.6 Hz, 2H, S-CH,-N), 4.10 (broad t, 1H, C®H), 2.9-3.2
(two dd, ABX system, Jag = 12 Hz, Jax = 4.8 Hz, Jgx = 6 Hz, 2H); TLC (silica, n-
butanol/AcOH/ H,0 4: 1: 5): Rg= 0.21; []p?? = - 15.6 (¢ 1, Hy0); Anal. Calcd for CgH;s
NO4SCI: C: 35. 49, H: 5.58, N: 10.34 Found: C: 35.58, H: 5.71, N: 10.08.



6940 A. Malanda Kimbonguila et al. / Tetrahedron 55 (1999) 693 1-6944

Duonavratinm nt NO tpost_ haitnvummarbhmmss? © ATl iriis £1 3 nssctntonn (I mn £ anf AT N MTT A

Fropurailon Uy Iy THEN-URIOXYCAFOoOonYyr-o-Anocame-(L)-Cysiéineé (pDoc-CyS{Auocam)-utl, £da)
and of its dicvelnhexvlammaniing calt
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2 g (7.4 mmol) of HCI-H-(L)-Cys(Allocam)-OH) and 2.25g (3 equiv.) of triethylamine were
introduced in 15 mL of water. 15 mL of dioxane and 3 .6 g (14.8 mmol) of 2-(tert-

butoxycarbonyloxyimino)-2-phenylacetonitrile (Boc-ON) were then added. The reaction
mixture which became homogeneous after | h was further stirred at room temperature for two
additional hours. 40 mL of water and 60 mL of dioxane were added. The aqueous phase was
washed with AcOEt and then acidified to ca pH 2 with 1IN aqueous H,SO,. This acidic solution
was extracted twice with AcOEt and the organic phases were washed with water and brine.
After drying and evaporation of the solvent, 2.13 g of crude Boc-Cys(Allocam)-OH were
wllected as a syrup. TLC (sxhca CHCh/MeOH/AcOH 8 5:10:5): R¢0.41; TLC (reverse phase:
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ntane/AcOEt wh1t 11d yield 70%; m

which was recrvstalh ed f d e
NMR: 64(broadt 1H, Alloe NH), 6.0-5.85 (m, 1H), 571 (broadd 1H, Boc NH), 5.3 ( two
d (app. v), ] =13 and 7 Hz), 4.55 (d, J= 5Hz, allylic CHy), 4.3 (d, 2H, S-CH,-N), 4.15 (broad q,
1H, C®H), 3.1 (broad d, CPH, ), 1.45 (s, 9H); dlcyclohexylammomum moiety, 2.9 (m, 2H), 2.0-
1.1 (several multiplets, 20 H); [a.]p20 = +26.6 (¢ 1, DMF); Anal. Calcd for CaH4sN306S: C:
58.11, H: 8.97, N: 8.13 Found: C: 58.18, H: 8.67, N: 8.25.
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Preparatlon of N%-9-fluorenylmethyloxycarbonyl-S-Allocam- (1)-cysteine (Fmoc-Cys(Alloc-
am}-OH, 3a).
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ternperature 9 oluuon in S mL of THF were
added. The reaction mixture was further stirred at room temperature for 15 h. The solvent was
removed on a Rotovap and the residue was partitioned between 10 mL of diethyl ether and
10mL of saturated aqueous NaHCO3 The ethereal phase was discarded. The aqueous phase
was acidified to ca pH 3 with aqueous HCI and extracted three times with 20 mL portions of
AcOEt. The organic phasec was washed with water and dried on MgSQ4 The solvent was
evaporated and the residual solid residue was recrystallised in ether/hexane. 1.12 g (66% yield)
of Fmoc-Cys(Allocam)-OH were coliected as a white solid: mp 138-140°C; 'H NMR: & 7.8 (d,

o o

J = 8 Hz, 2H, Fmoc group), 7.65 (d, J = 5.5 Hz, 2H, Fmoc group), 7.5-7.3 (m, 4H, Fmoc

group), 6.15 (d, 1H, Fmoc NH), 6.0-5.8 (m, 1H), 5.5 (t, 1H, Alloc NH) 5.36-5.18 (two d
fsmem Y T o172 e 3™ IX N A AL foee ATT 110,100 o ] Mo VLT o) A (s ALY MOLY
\app. ), 3 = 15 dill f riZ), 4./-4.0 {111, 411, ailyll Ha rinoc urip glUUP}, "I' “4 Ull, .)l'l, T dild
NI, Y AN+ 1LY Tlennn 9T griinY 21 FtiwnAdAd ARY cugtam T.- — 170> T...—4 Q2 -
INTUSI27D J, & (L, 100, CIHUC U7I ZiUup), 5.1 (1wl G, ADA SYDSUWHIL, JAB = 14 K14, JAX — 7.0 114,
Jgx = 6 Hz); TLC (silica, EtOH/ MeOH/AcOH 3: 1: 0.1): R¢ 0.40; TLC (silica, EtOH/ CHCl; I:
3): R; 0.17; TLC (reverse phase: DC-Fertigplatten RP-18, acetonitrile/H,O 2:1): R 0.63; [0]p?°

- 35.9 (¢ 1, DMF); Anal. Calcd for C3H24N20¢S: C: 58.11, H: 8.97, N: 8.13. Found: C
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Preparation of N%tert-butoxycarbonyl-S-Allocam- (L)-cysteine methyl ester (Boc-Cys
(Allocam)-OMe, 2b) and of N*-9-fluorenylmethyloxycarbonyl-S-Allocam-(L)-cysteine methyl
ester (Fmoc- Cys(Allocam) OMe, 3b).

General procedure: 10 a suspensm of 15 mmol of the carboxylic acid in 20 mL of diethyi
wa auucd in smail poruons until persxstance of a
lhnama 131m Aavmsacs wssrae Anctinzral A
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methyl ester was purified by recrystallisation in
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3.7 (s, 3H), 3.1 (two dd, ABX system, Jap = 12 HL Jax=4.8 Hz, , 1
NMR: § 171.1, 156.2, 155.1, 134.3, 118.4, 80.0, 662 54.3, 522 44 1, 33.3, 2
+ 23.2 (¢ 1, CHCIl3); Anal. Caled for C;4H4N,0¢S: C: 49.96, H: 6.
C:49.93, H: 6.86, N: 7.55 .
N%9-fluorenylmethyloxycarbonyl-S-Allocam- (L)-cysteine methyl ester (Fmoc-
Cys(Allocam)-OMe): white solid; mp 117-119 °C; 'H NMR & 7.8 (d, J = 8 Hz, 2H, Fmoc);
7.65 (d, J = 5.5 Hz, 2H, Fmoc), 7.5-7.3 ( m, 4H, Fmoc), 6.15 (d, 1H, Fmoc NH), 6.0-5.8 (m,
1H), 5.5 (t, 1H, Alloc NH), 5.36-5.18 (two d (app. t), J = 13 and 7 Hz), 4.7-4.6 (m, 4H, Fmoc
CH2 and allyhc CHz) 4, 4 m, 3H CO‘H and S CH>-N), 4.2 (t 1H, Fmoc C°H), 3 75 (s, 3H), 3.1
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143.7, i 1.3, 132.6, 128 8, 127 3, 125 5, 120 4, 118 7, 67.2, 66.9, 54 3, 52. ,4 7, 44 9, 33, 5
[a]p?® = + 3.4 (¢ 1, CHCl3); Anal. Calcd for CpsHagN206S: C: 61.21, H: 5.56, N: 5.95 Found
C:61.01,H: 542, N:5.75

Preparation of N@%-tert-butoxycarbonyl-S-Allocam- (L)-cysteine benzylamide (Boc-
Cys(Aliocam)-NHBn, 2c).

1.5 mmol of Boc-Cys(Allocam)-OH was dissolved in 10 mL of dry DMF together with 1.5
mmol of benzylamine and 1.5 mmol of HOBt. The solution was cooled to 0 °C and 1 equiv. of
dicyclohexylcarbodiimide (DCC) was added. The reaction mixture was stirred first for 1 h at 0
°C and then for 4 h at room temperature. The precipitated dicyclohexylurea was filtered off and
the filtrate was evaporated under 0.5 mmHg. The residue was taken up in 20 mL of AcOEt and
the organic phase was washed successively with aqueous solutions of citric acid and of
HCO3Na, and dried over MgSQy. After chromatography with cyclohexane/AcOEt as the

eluent, Boc-Cys(Allocam)-NHBn was isolated in 50% yield as a waxy solid. H NMR: & 7.3
(m, 5H), 7.2 (t, NH), 6.1 (t, NH), 6.0-5.8 (m, 1H), 5.6 (d, NH), 5.2 (dd (app. ), 1H), 4.6-4.1

(m, 7H), 2.9 (m, 2H), 1.45 (s, 9H). !3C NMR: 6 170.9, 156.2, 155.5, 137.5, 132.2, 131.7,
128.2, 127.2, 117.3, 79.7, 65.4, 53.3, 43.1, 42.75, 33.2, 28.0; Anal. Calcd for Cr4H¢N2O¢S: C:
56.72, H: 6.90, N: 9.92, S: 7.57. Found: C: 56.65, H: 6.83, N: 9.77, S: 7.35.

Palladium catalysed conversion of thio-Allocam derivatives into allyl thioethers.

General procedure: A solution containing 0.5 mmol of Allocam derrivative of thiol and 0.04
mmol. of Pd(PPh3)4in § mL of DCM was placed under an argon atmosphere in a Schlenk tube
equipped with a magnetic stirring bar. The reaction, monitored by TLC was allowed to
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proceed at room temperature until completion (5 to 8 h). The solvent was then evaporated and
the residue purified by flash chromatography on silica with cyclohexane/AcOEt as the eluent.
Boc-Cys(All)-OMe : 68% yield, oil; 'TH NMR: § 5.75 (m, 1H); 5.4 (d, 1H, NH): 5.15 (m, 2H),

4.5 (broad q, 1H, C®H), 3.75 (s, 3H), 3.15 (d, 2H, J = 7.5 Hz, allylic CHy), 2.9 (m, 2H, ABX
citmn BITN 1 AZ s OIIN. I3 ATAAN S 1M1 £ 186N 1A ££2 11 AONDY AN £A A AL N
SYSLCIL, UFr1p), 1.40 (5, ¥I1), *“CU INIVIIK O 1/1.0, 1D20.U, 155,00, 11/.7, I¥Y. Y3, DO5.U ,0L.4, 5D.U,
AN 7N N Fmel 20 . 10 A /.. 1 MLY M N\ Acal 1AL IT N/ Q. M, SN WA TIT. 7 L0 AT,
L.ty £O0.4, LX]D = =10.4C 1, ruip), Alldl. UdlCA 10T U1 piN U4, U, 04.04, I1. /.0¥, N
5.09, S: 11.64 Found: C: 52.65, H: 7.83, N: 5.77, S: 11.55.
Fmaoe Cwucl AINLNOW o QA0 viald white enlid: ILTNMBR: S7 Q¢ A "' Emnr A+INT A7 4 21T
EIHMULTOU Y AR uULvic 0J70 yiviu, wilite Suil. 11 INWVIRN, O 7.0 ( U, <11, 1'HiVC Al ), 7.0 L 4, 21,
Js 4T U ML, 1L, DALV AT, Jo7J Ul 101y, J.4 UL, 100, INKR ), J.1 (U, 411), =.0 (uivaa
n H COCHY 444 9 Fmor OCHDY A2 (t 1 Emac (9T 2Q ¢ Y 294 " T — 71
My BAEy N XEJy T O\ &XE, BHIVATCART ), LA (L, LER, DIHVULTUTIL ), J.0 \Oy JIL), Jud\U, LXly, 9 — 114,
allylic CH,), 2.8 (m, ABX system, 2H, CPH,) ; 13C NMR: § 171.2, 155.6, 143.6, 141.2, 133.5,
127.6, 126.9, 1249, 119.9, 117.8, 67.1, 53.4, 52.5, 46.9, 35.1, 32.7; Anal. Calcd for C;oH3N
04S: C: 66.47, H: 5.83, N: 3.52, S: 8.06 Found: C: 66.31, H: 5.75, N: 3.37, S: 7.96.

Palladium catalysed hydrostannolytic deprotection of S-Allocam derivatives of thiols

General method: A solution of 50 mmol of S-Allocam derivative, 3 molar equiv. of acetic
acid and 0.04 molar equiv. of PdCIly(PPh3) in 4 mL of CH,Cl, was placed under an argon
atmosphere in a Schlenk tube equipped with a magnetic stirring bar and fitted with a rubber
septum cap. To this soiution was added dropwise through a syringe and over a period of ca s

b T ~ Lo

Illlll 2.2 chIV of lI'lDLlly in nyarlue The reaction mixture was stirred for a further 30 min. at
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latter one r ullmg fmm the anddlum Ldtdlvsed decomnosm-_, of tributyltin hydride in
excess.!1 After evaporation of dichloromethane and acetic acid in excess, short column
chromatography (silica, cyclohexane/AcOEt as the eluent) allowed the elimination of
hexabutyldistannane (Rg=1) and of the catalyst. After evaporation of the solvents, the
chromatographed product was taken up in CClyand treated dropwise with a CCly solution of
iodine until persistence of iodine colour. The oxidation process may be also carried out before
chromatographic purification, in which case more iodine is necessary as hexabutyldistannane is
also oxidized to Bus3Snl. In the case of the cystine derivatives which are insoluble in
nyurocaroon solvents, the crude reaction mixture from oxidation was conc '
vacuuin, the i‘CSLduc was taken up in 9/1 v \.,na\,n/ngo and repeamu}y ext
mplete ehmmahon of all tin by-products.27 In this
f
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column chromato

as the eluent) In the case of a l ethyl dlsulﬁdea which are solublc in hydrocanbon c,o]vents
the reaction mixture from 10d1ne oxidation was concentrated on a Rotovap, taken up in diethyl
ether and treated with an excess of a concentrated aqueous solution of KF to convert Bu3Snl,
which tails on chromatography, into Bu3SnF.28 The precipitated Bu3SnF was then filtered off,
the organic phase was concentrated and flash chromatographed on silica.

N%N'2-(bis) Boc-cystine bis-methyl ester: 98% yield; white solid, mp 100-102 °C 'H NMR:
8 5.5(d,J =6 Hz, 2H, NH x 2), 4.6 (broad g, 2H, waz),j 74 (s, 6H), 3.2 (d, 4H, CPH; x
2), 1.45 (s, 18H); 13C NMR: 8 171.4, 155.2, 80.4, 53.0, 52.8, 41.4, 28.45; [a]p*’ = 5
CH,Cly); Anal. Calcd for C13H3208N,S,: C: 46.14, H: 6 88 ,N:5.98, S: 13.68 Fou

:5.98, S: 13.68
H: 6.90, N: 5.82, S: 13.48.

2
+
*ON
wn



A. Malunda Kimbonguila et al. / Tetrahedron 55 (1999) 69316944

(@,
iy
=
w2

NY%N'(bis) Fmoc-cystine bis-methyl ester: 65% yield; white solid; 'H NMR: & 7.8 (d, 4H,
Ar-H), 7.6 (m, 4H, Ar-H), 7.35 (m, 8H, Ar-H), 5.8 (d, J = 8 Hz, 2H, NH x 2), 4.65 (broad q,
2H, C*H x 2 ,44(m 4H, Fmoc CH; x 2), 42(t,2H,FmocC9Hx2),37(s 6H), 3.2(d,J=6
LI ALY 3171 AN I RTIRATD . RS 1PN OL 188 "8 1 A7 O 141 A 1AM O 1~ 4 PN Yd 1/\1\4 — -
nZzZ, 4ri, Urry X 1,), U INIVIIRS O 1/U.80, 10D./D, 14508, 141.4, 1271.8, 147. i5 , 125, 1, 120.1,0/.3,
€2 A4 &0 A7 A1 N r~1 20 A T a1 MIT AT, A1 N1 1O T T N AT O N, A NN
Jo., Jad, 4L, F1.4, [UIDTT =+ L0.1 (O 1, UHIBUN), AldL Calca I0r UigHzglUgNado: UL U,
IT. S NO N 207 €. Q00 LChienAd. AL L2 01 1. 828 N2 0N C. O £ £
. J.U7, iN. .70, 9. 0.77 TUUIKL . 03.71, 11 3.3, INI J.¥U, O 6.00.

Transacylation of S-Allocam derivatives of thiols
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naphtylmethyl mercaptan were dissolved together with 10-3 mmol (2 mol%) of Pd(PPh3)4 and 2
mmol (4 equiv.) of Acy0 in 5 mL of dichloromethane in a Schlenk tube under an argon

N/ n Liiqald 122 13 § 2 Ll Qi Qi gl

atmosphere. 1.1 mmol of tributyltin hydride was then added in one portion. The reaction

mixture was stirred for 2 h at room temperature. The solvent was then evaporated and the
residue was flash chromatographed (silica, dichloromethane/methanol 98/2)

1

Transacyiation with methyl and be zyZ oroformate lransacylauons w1tn metnyl and

Transprotection of S-Allocam derivatives into Bocam derivatives, general procedures:
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(c) with 1-tert-butyloxycarbonyl-4-dimethylamino-pyridinium tetrafluoroborate: to a solution of
0.5 mmol of Allocam derivative in 5 mL of dichloromethane under an argon atmosphere were
added 2 mmol of Boc-DMAP*, BF, [23], 1 mmol of tetabutylammonium bromide and finally
i.1 mmol of tributyltin hydride in one poriion. The reaction was allow to proceed for 3 hr at
room temperature and then worked up in the usual manner.

AT QO Maznnanrzrlimrndh avsrnnshazae] € 7A7 dand hist¢vlavernanhasnovlasneinannthol) Avctainag maathyl
(Y T=7=1UUIC lyll Ll A Ldl | 94 lllyl'L)'\lY'lZ l"l)l.l.lyl h\y\.dl UUllyl 111U lllyl)'\. 2LCLRIIC lllclll‘yl
oactar (Fmaec-Ove(Racam)-OMale vielde: coe tahle 2 waxv calid - IHNMR:- 878 (d 2H ) 76
L=\ ] 2wy § \l. AL \/JE\UULGII.I.J U.LV].\,]’ JIULUD. IV LAAUIN h, YV AN OULINL . A% LVYiVEIAIN, UV 7.0 \u, ik Ry Jo T NS
(m OHY 728 (m AHY 62 (d 1H NH)Y S2(t 1H NH)Y 46(a 1 =5 H7 1H CoH) 44 (m
\Mlly, L00),y /.00 Uiy FFERJ, Vel (Mg LAdy 1V11)y ed \Uy Liky LNEAJy T Yy o a7 KRy REZy Mo ALjy TS ONARA,
3H, S-CH,-N and Fmoc C°H), 4.2 (m, 2H, Fmoc CH,), 3.75 (s, 3H), 3.0 (two dd, ABX system,
Jap =14 Hz, Jax =7 Hz, Jgx =5 Hz, 2H, CP 2)3 1.45 (s oI ) BC NMR: 8§ 171.2, 155.9, 155.5,
143.7, 141.1, 127.6, 127.0, 125.0, 119.8,
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