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Abstract: S-[N-[2,3,5,6-tetrafluoro-4-(N-piperidino)-phenyl], N-allyloxycarbonyl]-aminomethyl (Fnam)
derivatives of thiols in general and cysteine in particular are readily deprotected by palladium catalysed
allylic cleavage in the presence of various nucleophilic species. They are perfectly stable in both the basic

conditions (piperidine/DMF) of Fmoc group removal and the acidic conditions (TFA/CH»Cl2) of +-Bu

and Boc group removal. © 1999 Elsevier Science 1.td. All rights reserved.

INTRODUCTION

As stated in the preceding paper!, Allocam deriv a.-1 ves of thiols slowly decompose in the
presence of trifluoroacetic acid (TFA). The firs step in this decomposition is likely to be a
proton induced fragmentation reaction leading to the N-allyloxycarbonylmethyleniminium
cationic species 1. A possible way to circumvent this problem could be to devise new allylic
protections derived from the Allocam group by attachment of an electronegative substituent
cither at the carbon or at the nitrogen atom in order to disfavour the formation of the
acyliminium species. For instance, introduction of a trifluoromethyl group at carbon (giving the
2,2,2-trifluoro-1-allyloxycarbonylamino-ethyl group 2a) could be envisioned; indeed, closely
related protecting groups, nameiy the 2,2,2-trifluoro- 1 benzyloxycarbonyiamino ethyi group
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trifluoroacetylamino- cthyl group 2d have been proposed in the past by Weygand and
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coworkers for side chain protection of serine, threonine, histidine or cysteine.2-4 However, a
drawback of such protecting groups with an asymmetric center is that they lead to
diastereoisomers when applied to np.xc lly active compounds. For this reason and also because,
to the best of our knowledge, there exists no precedent in the literature, we chose to
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investigat the second alte mative consisting in substituting the nitrogen atom with an electron
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withdrawing group (E

H,C=NH-CO3 \F §—CH-NH—COR §—CH,—N-CO; 7
CFs EWG
1 2 a R=0-allyl ¢ R = O-tert-butyl 3
b R=0-benzyl d R=CO-CF;
RESULTS AND DISCUSSION

The N-dimethylamino-N-allyloxycarbonyl-aminomethyl and the N-diphenylamino-N-
allyloxycarbonyl-aminomethyl protecting groups .°

We first investigated the possible utilization of the N-dimethylamino-N-allyloxycdrbonyL

in the hope that the mrmduuu in acidic medium of the corresponding allyloxycarbo yummium
CMAMNIAS TITrar 1A lha swraxroasmtar 1 ; smsmtasnntimm ~fF tlha Aismntlherlanmatiomm 1vrmintrr e Jher thia fevrlarts
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effect of the diphenylamino moiety.

N,N-dimethyl- and N,N-diphenyl-N'-allyloxycarbonyl-hydrazine 4a and 4b were conveniently
preplﬁred by react_n_n reqne(‘hvelv N,N-dim thyl and N,N- diphenylhydraﬂn e h_ydmch]o_rldeq

with allyl chloroformate in the presence of excess potassium carbonate in acetonitrile
(CAUTION. N,N-dimethyl- and N,N—diphenylhydrazme are highly carcinogenic compounds).
4b was then converted to its sodium salt by HNa in DMF and condensed with benzyl
chloromethyl sulfide.® In this way, the model derivatives 5b, i. ¢ benzyl mercaptan
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protected by the N- diph enylamino-N'- allyloxyc rbonyl-aminomethyl group was obtained in
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abstraction, by the anion of N,N-dimethyl-N'-all ylexycarue. yl-hydrazine, of a relatively acidic
benzylic proton from the benzyl chloromethyl sulfide is preferred over the Sy2 pathway.

Therefore, we decided to synthesize the model protected derivatives 6a (as well as 6b) derived
from benzvl alcohol. These compounds were obtained in 77% and 82% yield respectively by
condensation of the sodium salt of 4a and 4b with benzyl chloromethyl ether in DMF.

Compounds 5b, 6a and 6b were totally deprotected within a few minutes by the
hydrostannolytic procedure (PdCly(PPhs),/BusSnH/AcOH).! Aside from benzyl alcohol or
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benzyl mercaptan, N,N-diphenylhydrazine or N,N-dimethylhydrazine and the corresponding
methylene imines were observed as by-products of these reactions (\H NMR and GC/MS).

The protected derivatives §b, 6a and 6b were completely stable in DMF/pxpendme but they
rapidly d decomposed m the presence of trifluoroacetic acid. Our study of the hydrazine derived
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Protection of primary amino groups as their N, N-bis(allyloxycarbonyl) derivatives has
already been described in the literature.” The deprotection reaction was achieved by use of
dimedone, a C-nucleophilic allyl group scavenger3, in the presence of palladium catalyst. We
therefore focussed on the use of the N,N-bis(allyloxycarbonyl)-aminomethyl group for
protection of thiols.

Diallyl imidodicarbonate 7 was prepared by condensing the sodium salt of allyl carbamate
with allyl chloroformate in xylene The sodium salt of 7 was then reacted with benzyl
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Scheme 1
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rocedure. It is very stable in TFA/CH;Cl, 1:3 v/v with no detectable (NMR) decomposition
within 72 h. On the contrary, upon exposure to 20% piperidine in DMF, a rapid transfer of one
Alloc group to the piperidine resulted in the formation of N-Alloc-piperidine and the

conversion of the bis(Allocam) derivative of benzyl mercaptan into its
mono(allyloxycarbonyl)-aminomethyl (Allocam) analogue. Since ‘the bis(Allocam) group did
not fulfill the double criterion of stability towards trifluoroacetic acid and piperidine, other
allylic protections were therefore investigated.®

The N-pentafluorophenyl, N-allyloxycarbonyl-aminomethyl (Fam) and N-[2,3,5,6-
tetrafluoro-4-(N-piperidino)-phenyl], N'-aliyloxycarbonyi-aminomethyl (Fnam) groups:
introduction onto thiols.

The next pro tecting group to be investigated was the N -pentafluorophenyl-N-
% th e electrnn withdrawing

er nft 1e Der raﬂng

ac1dlc conditions.
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A convenient reagent for introduction of the Fam group onto thiols was found to be the
sulfonium sait 9, itself prepared from commercially available pentafluoroaniline in three steps
and 67% overall yield according to scheme 2. Pentafluoroaniline itself is not nucleophilic
enough to react with acylatmg agents but its chlmomagnesmm salt smoothly condenses with

allul AhlAarafacriata ¢4 oien tha A allolaovornnila s __..-....A--._ k71 TP L S | TR UL, S i I |
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between this derivative and unreacted pentafluoroaniline leading to
probably catalysed by MgCl, present in th reaction medium. lndced 1f “dium salt of
pcntafluoroamlme (obtamed by reaction with sodium hydride) is substituted for 1ts
chloromagnesium salt, the reaction stops at the bis(Alloc) stage. N-Alloc-pentafluoroaniline 10
was converted to its sodium salt by reaction with HNa in DMF and alkylated with chloromethyl
methyl sulfide to give the N-methylthiomethyl derivative 11. 11 was, in turn, converted to
crystalline methyl, ethyl, N-pentafluorophenyl-N-allyloxycarbonyl-aminomethyl sulfonium
tetrafluoroborate 9 by reaction with triethyloxonium tetrafluoroborate in dichloromethane.
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Scheme 2

Sulfonium salt 9 was found to smoothly condense with thiols in dichloromethane in the
presence of DIEA. Using this method, the Fam derivatives of benzyl mercaptan 12a,
1-naphthylmethyl mercaptan 12b, N®-Boc-cysteine methyl ester 12¢ and N*-Fmoc-cysteine
mcthyl ester 12d were obtained in 90%, 74%, 77% and 70% yield respectnvely 12a was also
obtained Dy alxylanon of the sodium salt of 9 with benzyl cmoromemyl suifide.5
12a, 12b and 12d were wmplcwiy stable "Ward FA. On the contrary, upon exposure to
___________ 1% PR | ...-.,JAi-
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piperidino)-phenyl], N-allyloxycarbonyl-aminomethyl (Fnam) protected derivatives 13a, 13b
and 13c¢. This reaction occurs in a quantitative and selective way. No Alloc transfer resulting
trom attack on the carbonyl group could be detected and, as shown by 19F NMR, the fluorine
atom in the para position is the only one to be displaced.
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Further stability tests showed that the Fnam derivatives 13a, 13b and 13c are pe rf ctly stable
in the presence of piperidine. In addition, 13a, 13b and 1‘40 n m

rove ,
13C Oovea 10 DC C
nd
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towards trifluoroacetic acid. Finally, Drehmmarv experiments indicated that the thrce Fnam
derivatives could readlly be dcprotected by palladlum catalysed hydrostannolysis. On account
of these encouraging observations, we decided to further investigate the protection of thiols in
general and cysteine in particular by the Fnam group.

Although, as just described above, S-Fnam derivatives of thiols are readily prepared from the
corresponding S-Fallocam derivatives by reaction with piperidine, this method can hardly be
used in the case of base labile substrates in general and of Fmoc- cysteine in particular A

method for direct introduction of the Fnam group was therefore mgmy desirabie. While

= benzyl
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pentafluorophenylaniline proved to be unreactive towards piperidine, its duyloxy(,dro nyl
derivative 10 reacts very selectively, albeit slowly (2 days at room temperature), to give the 4-
piperidino-substituted derivative 14 in virtually quantitative yield. Using the reactions
described in the pentafluorophenyl series (scheme 2), 14 was further elaborated into the
crystalline sulfonium salt 16 in two steps and 68% overall yield viag alkylation of intermediate
N-methylthiomethyl derivative 15 with triethyloxonium tetrafluoroborate. This latter reaction

was found to take place selectively at sulfur, no concurrent quaternarization of the strongly
deactivated piperidino nitrogen atom was detected.
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Sulfonium salt 16 smoothly reacts with thiols in the presence of DIEA. Several Fnam
S-protected derivatives were thus prepared, including the Fnam derivatives of
1-naphthylmethyl mercaptan 13b (84% yield), N®-Boc-cysteine methyl ester 13¢ (73% yield)
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and N%-Fmoc- cysteine methyl ester 13d (68% yicld) Attempts to introduce the Fnam group

directly on N°~Fmoc-cysteine by reaction with 16 in the presence of two equivalents of DIEA
falled and resulted in the formation of several different products, one of them being the Fnam

o 1 sl 5
carboxyli -1 cysteine. Clearly, temporary protection of the carboxyl group was
necessary. Accordmg!y (scheme 3), Fmoc-Cys-(Trt)-OH was condensed with phenacyl
bromide (Pac-Br) in the presence of triethylamine to give FmocCys(Trt)-OPac. The trityl group

was subsequcntly removed with TFA in the presence of t and the cysteine
derivative bearing the free thiol was condensed with 16 in the presence of DIEA to give Fmoc-
Cys(Fnam)- OPac 17. Removal of the phenacyl group with Zn in acetic acid finally led to
Fmoc-Cys(Fnam)-OH 18 which was obtained as a foamy solid in 40% overall yleld from
Fmoc-Cys(Trt)-OH. Also prepared was the dipeptide Fmoc-Cys(Fnam)-Phe-OMe 19 by BOP-
mediated coupling of 18 with Phe-OMe-HCl in the presence of DIEA.

Pac-Br TFA/Et,SIH/CH,CL,
Fmoc-Cys-(TrH)OH Fmoc-Cys(Tr)-OPac 4 Fmoc-Cys-OPac
Et,N (97%) (84%)
16 Zn/AcOH
Fmoc-Cys-OPac ———  Fmoc-Cys(Fnam)-OPac _— Fmoc-Cys(Fnam)-OH
DIEA 17 (70-75%) 18
(67%) -
Phe-OMe HCI
18 gl Fmoc-Cys(Fnam)-Phe-OMe
BOP, DIEA 19
(63%)
Scheme 3

PR FAlry Ny

cam derivatives of thiol.

In the presence of Pd(PPhaz), alone, Fnam derivatives of thiols undergo rearrangement to
allyl thxoethers, thus behaving like their simple Allocam homologues.! For instance, in the
presence of 5 mol% of Pd(PPhj3), in dichloromethane at room temperature, the Fnam derivative
of 1-naphthylmethyl mercaptan is quantitatively converted to 1-naphthylmethyl allyl sulfide
within 60 min (scheme 4). Methylenimine 20, the by-product of the reaction, was fully

characterized by NMR and GC/MS.
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Scheme 4
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Proper removal of the Fnam group was first studied on the benzyl and 1-methylnaphthyl
derivatives 13a and 13b. The reactions, run under an argon atmosphere, were monitored by GC
analysis. As already mentioned, cleavage of the Fnam group was readlly achieved, within a few

minutes, by the palladium catalysed hydrostannolytic prowuure, i.e. by reaction with tributyltin
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treatmenl of the crude reaction mixtures with iodine! and chromatographic purification,

dibenzyl disulfide was obtained in 83% yield from 13a and di(1-naphthylmethyl) disulfide in

7% Vleld from 13b.

Deprotection of 13b was then attempted with PhSiH310 or N,N-dimethylbarbituric acidl! as
the allyl group scavenger and Pd(PPh3),4 as the catalyst (3 to 5 mol%). It should be recalled that
these two deprotection systems which are very efficient for deprotection of allyl carbamates in
general, nevertheless failed in the particular case of S-Allocam derivatives of thiols,! probably
as a result of poisoning of the catalyst by the thiolato species liberated in the process. To our
surprise, deprotection of 13b, either by Pd(PPh3)4/PhSiHj; or by Pd(PPhg)dNDMBA was found
to go to completlon and without side-formation of allyl thioether, within 15 min in the first case
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Deprotection reactions were then tested on the Fnam derivatives of Boc- and Fmoc-CysOMe.
Total deallylation was again observed. Most reactions, however, were found to lead not
exclusively to the SH- free cysteine derivatives but also and in various amounts, depending on
the exact experimental conditions, to thioaminals 21 (scheme 5), resulting from simple removal
of the allyloxycarbonyl group.

Thioaminals 21 are fortunately highly acid labile and are cleaved with acetic acid in the
presence of mercaptoethanol. By sequential one-pot treatment first with palladium/allyl group
scavenger and then with acetic acid/mercaptoethanol, total deprotection was thus achieved with
Boc-Cys(Fnam)-OMe, Fmoc-Cys(Fnam)-OMe and dipeptide 19, as testified by NMR and
TLC. The S-deprotected cysteme derivatives were then pur1f1ed by flash chromatography.
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Table 1: Palladium catalysed deprotection of Fnam derivatives of thiols

Fnam derivatives Deprotection Products Isolated yields
methodsa
Benzyl-S-Fnallocam A (Benzyl-S); 83%
1-naphthylmethyl-S-Fnam A (1 -naphthylmethyl-S), 77%
1-naphthylmethyl-S-Fnam B 1 -naphthylmethyl-SH 79%
I-naphthylmethyl-S-Fnam C I -naphthylmethyl-SH 85%
Boc-Cys(Fnam)-OMe B Boc-Cys-OMe 90%
Boc-Cys(Fnam)-OMe C Boc-Cys-OMe 95%
Fmoc-Cys(Fnam)-OMe B Fmoc-Cys-OMe 77%
Fmoc-Cys(Fnam)-OMe C Fmoc-Cys-OMe 85%
Fmoc-Cys(Fnam)-Phe-OMe B Fmoc-Cys-Phe-OMe 70%

4 A: BusSnH/PdCl,(PPh;), followed by treatment with iodine; B: PhSiH3/Pd(PPh;), followed by treatment with
mercaptoethanol/acetic acid; C: NDMBA/Pd(PPh;), followed by treatment with mercaptoethanol/acetic acid.

The fact that, during cleavage by palladlum/NDMBA or palladlum/PhSﬂ{q poisoning of the
catalvst occurs with the Allocam eroun but not with the Fnam oroun deserves an exnlanation
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cleavage. On the other hand due to the presence of the electron w1thdrawmg group on
nitrogen, fragmentatlon of the intermediate thioaminal 21 is presumably slower!2 and therefore
allyl group cleavage is probably complete before release of substantial amounts of thiolato

species.

CONCLUSION
mmaliemntsnnnr vxrmsls Tands a0 ¢4 calant tlam Tl nian ~smzzee na o 3otz mbomtinlly, cnafi:l a11 15
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protecting group for the SH function of cysteine. The reagent 9 for introduction of the Fnam
oronn on thinle ic evunthecized in fonr ctene from nentafluoronhenvlaniline in oood overall
group on thiols is synthesized in four steps from pentafluorophenylaniline in good overall
yield. The properties of this new group differ from those of the simple Allocam group in
essentially two respects: firstly, the Fnam group is readily removed through palladium

catalysis, using, as allyl group scavengers, not only trlbutylun hydride but also the easier to
handle N, N'-dimethyl-barbituric acid acid (NDMBA) and PhSiHs. All these conditions are
compatible with most other, base labile or acid labile, cysteine protecting group. Secondly, the
Fnam group is perfectly stable both under the basic conditions of Fmoc removal and the acidic
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conditions of Boc removal. On another hand, it cannot, of course, be expected to be stable in
the conditions for removal of the structurally related and widely used acetamidomethyl (Acm)
group, which involve catalysis by heavy metal salts (Hg (OAc),, AgBF,) or oxidative agents
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pemaﬂuoroamlme 4 1troamlme 3 5 dlchloroamlme and 2 4 5- trlchlomamlmc were also

made in our laboratory but invariably failed, owing to difficulties encountered at various stages
in the synthesis of a suitable reagent for introduction onto thiols.

EXPERIMENTAL SECTION

General 1

Only experimental data pertaining to the protection of thiols by the Fam and Fnam groups
are reported in this experimental section. Other expenmental data may be found in ref [5].

1917 NIAMTD comant A RATY

’F NMR specira were recorded in CDCls at 235.33 MHz and with CgFg as the external

Due to the rotational barrier around the C(O)-N bond of the carbamato group, Fam and Fnam
derivatives of thiols present two rotameric forms in ca 80:20 ratio. The two rotamers are clearly
distinct on '?F NMR spectra and they induce a duplication of various peaks in 'H NMR and 13C
NMR spectra. Concerning [H NMR data, the respective attribution of peaks is given only in
cases where this can be made without ambiguity. On the other hand, the peaks of minor rotamer
are not included in the '3C NMR listings.

N-Pentafluorophenyl-carbamic acid ally! ester 10.

A solution of 10 g of pentafluoroaniline in 100 mL of dry THF under an argon atmosphere
was cooled in an ice-bath. 27.3 mL (54.6 mmol) of a commercial (Acros) 2 M solution of
cthylmagnesium chloride in THF was slowly added. The solution was stirred for 1 h at room
temperature and once again cooled to 0 °C. Allyl chloroformate (11.6 mL, 110 mmol) was
slowly added and the reaction mixture heated at 50 °C for 24 h. The THF was evaporated and
the residue was taken up in 100 mL of diethyl ether. The ethereal solution was washed
successively with 50 mL of 10% aqueous citric acid and with water, and dried over MgSOy,
After filtration, the ether was evaporated and the solid residue was dried under 0.5 mmHg.

13.94 g (96%) of N-pentaﬂuorophenyl -carbamic acid allyl ester (10) of 98% purity by GC

ard we ad ac 1 ite solid: mp 40 °C: 9FE NMR: § 15.5 (d. T =22Hz. 2F). 4 81 (t
dLAliivAalJl YWulLw vvuitallivad do a lll OVULI, 111‘.} TV ey 4 ANIVIIN, WV 1J.J \My J bt ik Ml g R Jo TR Ly
T=915H> 1FY) _O0R5(t T=22H7 7B THNMR:- &8 £ 0R (hraad ¢ NHY §0(m 1H) 513 (two
g = &l.J llL, i1 }, V.00 \L, J — L 114y L1 ], L1 LNIVEEIN, U U, /O \UIU(«IU Dy AXALJy Jo/ \Ulky 1REJqg Jad \LVV S
A lannarant 1Y 29 T - 1S Hy and 10 T2\ A7 (d 9 1 =87 Hz allylic CH.Y- 130 NMR:- §
u \ayycuuut L)y &ally J = 10 114 QINJA 1V 1AL ), 7T/ \u, hed Ly J St LALy ull]ll\a A1) )y N L VAVRIAN. W
153.7, 142.5, (dm, Jcg = ca 320 Hz), 140.7 (dm, Jcg = ca 320 Hz), 137.8 (dm, Jcp = ca 320
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Hz), 131.7, 118.7, 112.3 (sharp m), 67.1; IR(CHCl3): 3428 (NH), 1743 (CO), 1650 (C=C) cm';
GC/MS: 267 (M), 209 (20%), 41 (100%), §'9 (?4%) Anal. Calcd for CoHeFsNO,: C: 44.96,

H: 2.26, N: 5.23, F: 35.56 Found: C: 44.94, H: 2.18, N: 5.31, F: 34.96.
As indicated in the theoretical section, if the acylatlon is carried out on the sodium (instead
+ 3 P 7

of ct xlﬁromagnesmn) salt of pentafluoroaniline, the product of reaction is diallyl N-penta-
lluUlUll 1C1 1yl-uuluuu val puiiall. WClA)’ SUILL L7 INIVEIEN. U 1V.4 \U, J - o1 iy L1}y O.7 \Ly J —
MM H7r 1TENY 0270t T—977H 7 "'EV-ITHNMR RS Q(m 2HY S22 K 8518 (m AN A7 (A4 AT T =
LLXNL, L0 ), “U., LTI\ J = L4 114, L1 ), 1L INWLNG O 0.0 1, 411, J.0J-0. 10 \1ll, i1 ), 7.7 \U, 711, J —
6 Hz, allylic CHp); GC/MS: 351 (M), 266 (7%), 57 (10%), 41 (100%), 39 (13%)

N-{2,3,5,6-Tetrafluoro-4-(N'-piperidino)-phenyl]-carbamic acid allyl ester 14.

Piperidine ( 16.0 mL, excess) was added to a solution of 2.6 g (9.8 mmol) of N-pentafluoro-
phenyi-carbamic acid auy1 ester (10) in 70 mL of dry DMF. The resulting solution , of a deep

brown colour probably due to partial ueprot@nation of 10, was stirred for 3 days at room
fammnaratiira Tha miviiiea rard ArAannanteatad An D Atnrran Tha =acidn virnga tnlram 11m 3 ntaer
Lblllyblatulb LIV HIAWUIC YWwdlu LULILULILLAlCU ULl CI. l\ULUVdP 111€ I€SIGQUC was 1laKken up 111 vwaiui
(30 mL) and diethyl ether (30 mL). The aqueous phase was decanted and reextraced (3 x 20
mL) with diethyl ether. The organic phases were joined, dried on MgSQ, and evaporated to
give a white solid. Regrysta]hsation from hexane gave 3.1 g (93% yield) of pure product.

'"U :
'U

N [2,3,5,6-Tetrafluoro-4-(N'- dmo) nhenvl] carbamlc acid allyl ester (14): mp 82 °C;
I9F NMR: & 10.1-10.0 (broad d, J 19 Hz, 2F), 12.6-12.5 (broad d, 2F, ] = 17 Hz); 'H NMR: 5
6.16 (broad s, NH), 6.0-5.8 (m, 1H), 5.35 (broad d, 1H, J = 17 Hz), 5.25 (broad d, 1H, J= 17
Hz), 5.25 (broad d, 1 H, J = 12 Hz), 4.63 (d, 2H, J = 6.7 Hz), 3.14 (broad peak, 4H), 1.6 (broad
peak, 6H); 1°C NMR: & 154.0, 143.2 (dm, J¢cr = 310 Hz, 1F), 142.3 (dm, Jcr = 310 Hz, 1F),
131.7, 129.8 (sharp m), 118.1, 108.9 (sharp m), 66.3, 52.1, 26.3, 23.8; IR (CHCl3): 3425 (NH),
1735 (CO), 1649 (C=C) cm-!; GC/MS: 332 (M™*), 273 (91%), 247 (88%), 233 (19%), 217
(43%), 191 (21%), 162 (10%), 69 (62%), 57 (44%), 41 (100%); Anal. Calcd for Ci5H4F4N202:

Y Yo T

C: 54.19, H: 4.85, N: 8.43, F: 22.88 Found: C: 53.91, H: 4.90, N: 8.41, F: 23.00.

N-Pentafluorophenyl, N-methylthiomethyl-carbamic acid allyl ester 11.

0.415 g of sodium hydride as a 60% suspension in oil (1.1 equiv. based on N-penta-
fluorophenyl-carbamic acid allyl ester (10) was washed with several portions of pentane and
then put in suspension in dry DMF (1 mL) under an N; atmosphere. 10 ( 25.8 g, 8.6 mmol) was
added and the mixture was magneticaily stirred until cessation of gas evolution. Ch'lommet'nyl

£ L

[Il@[n)” suifide (25 70 HL 10.3 mL) was then added and the reaction mixture was stirred for 2 h

at room temperature then diluted with 20 mL I‘le and exiracted three times with 10 mL of

dlethyl ether. The combmed ethereal phases were washed with 10% aqueous citric acid and

th uratar Ariad Aver CN . and avannratad Dira 11 (2 AD o ‘7< 0 viald) wac ‘Flﬂ’l]“l (\l‘\fQInF‘('l
WlLll WClI.Cl Ulivud uvel 1\’150\}4 ativ \.«VGPULaLbu. L ULV LR \&LTa By 1 IVIN) WAS 1Hidil )y Vol
after flash chromatoeanhv (silica, nentane iethvl ether)
ALW Il RIGDI1 Wil \JllluL\Jéuyll] \ lllll “, t}vll\v“.lvf i ‘.J A WL lv:/- .
N-Pentafluorophenyl, N-methylthio ethyl-carbam__!c acid allyl ester (11): Syrup; '°F NMR:
two rotamers in ca 7 5/25 ratio: 8 17.55 and 17.0 (two d, J = 21 Hz, (0.25x 2 and 0.75 x 2) F,

8.0- 7.6 (two overlapping t, 1F) , 0. OO to - 0.3 (two overlapping t, 2F). 'H NMR: & 6.05-5.6 (m,
1H), 5.3-5.0 (m, 2H), 4.8 (s, 2H, S-CH3-N), 4.6-4.48 (two d, (0.25 x 2 and 0. 75 x 2) H, allylic
CHz) 2.2 (s, 3H). HC NMR & 154 03, 144.5 (dm, cg = 250 Hz), 141.0 (dm, Jcp = 260 Hz),
137.7 (dm, 'Jcg = 255 Hz), 131.5, 118.05, 114.6 (sharp m), 67.2, 53.0, 14.2; IR (CCly): 1727
(CO), 1645 (C=C) cml; GC/MS 327 (M%), 61 (27%), 41 (100%); Anal. Calcd for
C12H oFsNO,S: C: 44.04, H 3.08, N: 4.28 Found: C: 43.88, H: 2.96, N: 4.32.
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N-[2,3,5,6-Tetrafluoro-4-(N'-piperidino)-phenyl], N-methylthiomethyl-carbamic acid allyl
ester 15.

58
’j .}
L

H")
3 14 (broad mak 4H‘) 2. 1 (s 3H) 1. 55 (broad Deak 6H) HC NMR 6 1545 ]44 5 (dm ‘er
=250 Hz), 141.8 (dm, 'Jcg = 240 Hz), 131.75, 131.07 (sharp m), 117.5, 110.9 (sharp m), 66.8,
53.0, 51.9, 26.2, 23.7, 14.1; IR (CHCl,): 1725 (CO), 1649 (C=C) cm’!; GC/MS: 393 (16%),
392 (47%, M*), 273 (17%), 260 (100%), 259 (47%), 61 (33%), 41 (46%); Anal. Calcd for
C17H20F4N>0,S: C: 52.03, H: 5.13, N: 7.13 Found: C: 51.97, H:4.99, N: 6.97.

'~<

1)=9 )5 ol L1 V& -

Preparation of methyl, ethyl, N-pentafluorophenyl, N-allyloxycarbonyl-aminomethyl
sulfonium tetrafluoroborate 9.

To a solution of N-pentafluorophenyl, N-methylthiomethyl-carbamic acid allyl ester (6.4g,
16.3 mmol) in dry dichloromethane (60 mL) was added in solid form, with a spatula,
triethyloxonium tetrafluoroborate (3.1 g, 16.3 mmol). The reaction mixture was stirred for 8 h
at room temperature. The sulfonium salt was precipitated by adding 120 mL of diethyl ether.
The precipitate was collected by filtration on a sintered glass, rinsed several times with diethyl
ether and dried to give 5.5 g (76%) of a white solid. Methyl, ethyl, N-penta-fluorophenyi, V-
aiiyioxycarbonyi-aminomeihyi suifonium tetrafluoroborate (9): 1°F NMR: 6 11.66 (broad
peak, 5F); '"H NMR: 6 6.05-5.7 (m, 1H), 5.6 (d, 1H) and 5.4 (d, 1H, AB system, Jop = 18 Hz,
N- CH2 S, 5.3-5.1 (m, 2H, v nylic CHj3), 4.8-4.6 (m, 2H, allylic CHj), 3.8-3.4 (m, 2H, S-CH;-

R (CHC

\ feo ALIN 1 & /¢ N2 LI _\. N 1 n ¢ 1
CH;3),2.95 (s, 3H), 1.5 ({, on, »-Crix-Lns); (v 13): 172306 (LU), 100U (L=C) Cim

Preparation of methyl, ethyl, N-[2,3,5,6-tetrafluoro-4-(N'-piperidino)-phenyl], N-allyloxy-
carbonyl-aminomethyl sulfonium tetrafluoroborate 16.

wmg the experlmental procedure described ]ust above, 16 was prepared from N-

llo
,6-tetrafluoro-4-(N'-piperidino)-phenyi], N-methyithiomethyl-carbarmic acid allyl ester

S) and t r1ethyloxomum tetraﬂuoroborate in 71% yleld Methyl ethyl N-[2 3, 5 6-

Th oyl AT nlln

o

it

-
>
S
5
-p
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General procedure for introduction of the N-pentafluorophenyl, N-allyloxycarbonyl-
aminomethyl (Fam) group on thiols. Preparation of 12a-d.

T o cnliitimem ~FN & cannn 1 € o b1 el A7 o O LT R 11t 1 T ot
1O d suilduon U1 V.o ol Ot miciyl, ciuyl, /v-pentdiiuoropnenyl, /v-aliyloxycaroonyi-amino-
moathvyl anlfaninnm tateafliinraharata (TEY 1n D) T AF ,J:,‘L.l,\.mmn lhanmas szrao olmssdsy addad
HIVHIY1 SULIVIIIULLL wWilaliuvivvuvuiradie (31U 1 £ i U1l 4icing lUUlCLUd nc was Si0wiy aaaca a
sol nﬁnn Of th thinl (04 mmal) and Af diicanranvlathyula N AS mmnl n Y ml Af
i/x LILIVE (VLT LIV AW UL ULIDVUPILVP Y Lv L ]1(1111111\.« \U ST llllu\)l 1

v . } in 2 mL o
dichloromethane. The reaction was stirred at room temperature overnight. The solvent was
evaporated and the residue was taken up in 10 mL of diethyl ether. The ethereal solution was
extracted successively with 10% aqueous citric acid and with water. The organic phase was
dried over MgSOq, filtered and evaporated. The residue was finally purified by flash

chromatography (silica, pentane/diethyl ether). By this procedure, 12a, 12b, 12¢ and 12d were
obtained in 90%, 74%, 77% and 70% yield respectively. Most of the time, the preparation of 9
and its further condensation with thiols were combined in a one-pot procedure without
intermediate 1solation of the sulfonium salt 9.

N-Pentafluorophenyi, N-(1- naphtyimethyithio)methyi -carbamic acid allyl ester (12b):
sohd mp 68 °C; 9F NMR: two rotamers in ca 77/23 ratio; major rotamer: § 17.1 (d, J= 19.5
“‘") 8.0 (t, J =21 Hz, 1F), -0.24 (t, 2F); minor rotamer: § 17.67 (d, J = 19 Hz, 2F), 7.68 (t, J

T ORTR sy o —~rry

F), ca - 0.03 (t, overlapping with t of major rotamer); 'H NMR: & 8.1-7.3 (m, 7H),
1H), 5.4-5.1 (m, 2H), 4.6-4.55 (m, 4H, aﬂyhc CHQ and S- C N), 4.2 (maj.) and

) 2
i ) St oo IT A LM A 13 ARAD . R 1 AN O 7. 11
iTiin. ) \tWO §, 4r1, A1), U INIVIR 1U.Y (Ulll, "JCF

m 177 & 1€ N
, 1L/.0, 1
1 ('O
1 \vwu

; Anal Ca
61, N: 2.
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N%tert-Butoxycarbonyl-S-(N-pentafluorophenyl, N-allyloxycarbonyl)-aminomethyl-cys-

teine methyl ester (Boc-Cys(Fam)-OMe, 12¢): syrup; !9F NMR: two rotamers in 77/23 ratio;
major rotamer: 6 17.1 (d, J = 22.8 Hz, 1-F, 0-F), 16.9 (d, ) = 22.7 Hz, 1F, 0-F), 7.94 (t, ] = 20.5
Hz, 1F), -0.13 to -0.35, broad m, 2F); minor rotamer: 6 17.9 (d, 1F, o-F), 17.27 (d, 1F,
0"-F), 7.85 (t, 1F), - 0.13 to -0.35 (broad m, 2F); 'THNMR: & 6.0-5.6 (m, 1H), 5.4 (broad d, 1H,
NH), 5.25-5.05 (m, 2H), 4.9-4.6 (m, 3H, C* H and S-CH-N), 4.52 (d, J = 7 Hz, 2H, allylic
CH,), 3.7 (s, 3H), 3.2-2.8 (m, ABX System, Jog = 14 Hz, Jax = 5 Hz, Jax = 8 Hz, 2H, CBH,),
1.43 (s, 9H); 13C NMR: § 171.1, 155.0, 153.9, 144.5 (dm, lJcg = 250 Hz), 140.8 (dm, 1Jep=
240 Hz), 15:5 5 (dm, l.lgp— 260 HZ) 131.3, 118.3, 114. 5 (sharp m), 79.9, 67.4, 53.1, 524 51. 5

HRMS u:l) Calcd for \,zsnzzmmun 1514 1196 Fou 1d 514.1202.

AT QO L'lasnsensnerleer n 4w ar e e ool € I'AT nantfoafliinwanhanov]l A7 allvlAawve nnwl\nn‘yl‘\inmnnn=

Y7 =F=11Uul Cll_yllllClllUAyLdl UUIIJ’I'A) \lV'PC itdaiiu lUPllcll)’l, lV'dll.leA.y\.dl UUilY1)Taiiiiiiv
methyl-cysteine methyl ester (Fmoc-Cys(Fam -OMe, 12d): syrup; 1°F NMR: two rotamers
in 80/20 ratio; major rotamer: 9 17.16 (d, ] =23 Hz, 1F, o-F), 16.9 (d, ] =23 Hz, IF, 0"-F), 8.46
(t, ] =22 Hz, 1F), -0.16 to -0.35, broad m, 2F); minor rotamer: § 18.0 (d, ] = 22Hz, IF, o-F),
17.3 (d, 1F, 0o-F), 8.16 (t, 1F), -0.16 10 -0.34 broad m, 2F); TH NMR: 8 7.75 (d, 2H, ] = 8 Hz),
7.6-7.2 (m, 6H), 6.0-5.7 (m, 2H, vinylic CH and NH), 545 1 (m, 2H, vinylic CH;), 4.9-4.6 (m

SH, allylic CH,, N-CH3-S and CO‘H) 4.4 (d, 2H, I = 6 Hz, Fmoc CH3), 4.25 (t, 1H, Fmoc C9H)
3.7 (s, 3H) 3.2-2.9 (m, ABX Svstem Ja = 14 Hz, Jox = 5 Hz, Jgx = 8Hz, 2H, CBH,); 13C
NMR (carbons of the fluoroaromatic ring were not visible, due to insufficient accumulation): &
171.1, 155.9, 155.7, 143.6, 141.2, 131.3, 127.6, 126.9, 125.0, 119.8, 118.5, 114.5, 67.1, 66.7,
54.0, 52.6, 51.6, 46.9, 32.4; MS (electrospray/PI): 637.2 (M+1), 659.2 (M+Na, 100%), 675.2
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Conversion of S-(N-pentafluorophenyl, N-allyloxycarbonyl)-aminomethyl derivatives of
mercaptans into the corresponding S-[[N-2,3,5,6-tetrafluoro-4-(N'-piperidino)-phenyl], N-
allyloxycarbonylj-aminomethyi derivatives in the presence of piperidine.

a AT n A~ranho 1 allvlAavirsne N arirmranthol Aa adl 7 T oo
111C ALIUVIUPHCIY L, [V-allYIUAYCAi DUILY 1 -alllionculyl aciivauve { 101} was
dlSSleed in 6 m‘ of MFE and 2 ml af nineridine wae adAdad ta thic enlhiitinn The reartinn
A4 VL B/1VAL 4 QLI L IMERL UL lut_l\.dlulll\/ YwWao aulivuy LU Lo SUiuniuvig L1V 1uaciivil

which could be conveniently monitored by TLC analvsis. was allowed to proceed at room
wASSs W W N AR Y WAAAWAAnaA J AR sARA NS UJ A N WAA“AJ (2~ X YY B AALAVT VY iU L 1\} VWA WY AUV

temperature for 4 h. The reaction mixture was concentrated on a Rotovap, dlluted with 30 mL
of water and then extracted with diethyl ether (3 x 20 mL), each ether portion being washed
with water. The desired product was ﬁnally obtained after drying over MRSOA of the combined
ethereal phases, filtration, evaporation of the solvent and, if necessary, chromatographic
purification.

General nrocedure for introduction of the N-12.3.5 6-tetrafluoro-4-(N'-pineridino )-nhenvl]
D ire Jo uction of e N-{2,3,0,0-tetrafluoro-4-{IN -piperiding )-phenyt|,
N-allyloxycarbonyl-aminomethyl group on thiols. Preparation of 13a-d.

To a solution of 0.5 mmol of methyl, ethyl, N-[2,3,5,6-tetrafluoro-4-(N"-piperidino)-phenyl],
N-allyloxycarbonyl-aminomethyl sulfonium tetrafluoroborate 16 in 2 mL of dichloromethane
was added dropwise a solution of 0.4 mmol of thiol and 0.45 mmol of diisopropylethylamine in
2 mL of dichloromethane. The reaction mixture was stirred overnight at room temperature. The
solvent was evaporated and the residue was taken up in diethyl ether. The ethereal solution was
washed with water, with 10% aqueous citric acid and again with water. After drying over
MgSQy, the solvent was evaporated and the residue was flash chromatographed (silica,
hexane/AcOEt). Most of the time, the preparation of 16 and its further condensation with thiols

wwara nnmhimad in a Ana_natlt rnrnasadiira varithant snfasmaadiata sonlatinm ~AF tha ol faniiirm aalf
were COIMoINea inn a Onc-potl proccaure wilnout intermediate 1so0i1ation oI tne Suronium sait
N2 2K Gtotrafliinra-4.(AN .ninaridinal-nhanvl]l AN_f1_nanhthvlmethvlithini\mathvl.carha.
LV LU’U,U,U LWL GILARMAUA UTTTY \L' P.l"l lulllu} t’ll\.«.lJ lj’ iV \.l. .lut’lllll AREAN LAR l‘ll.u;lll‘/‘»u.’. wElk RFas
mic acid allyl ester (13b): 84% yield; syrup; '9F NMR: two rotamers in ca 77/23 ratio; major
rotamer: 6 14.0 (d, J = 17 Hz, 2F), 10.2 (d, J = 17 Hz, 2F); minor rotamer: 8 14.5 (d,J = 17.5

3
J’I
o
N
[\®)
=z
fto

7.8 (d,J =10 Hz, 1H), 7674(m 4H) 6.0-5.8 (m, 1H), 5.4-5.15 (m, 2H), 4.85 and 4.75 (two
s, (0.77 x 2 and 0.23 x 2) H, S-CH;,- N), 4.65 (d, 2H, allyllc CH;), 4.3 and 4.2 (two s, (0.77 x 2
and 0.23 x 2) H, Ar-CHy), 3.2 (broad peak, 4H), 1.6 (broad peak, 6H); 13C NMR: 8 154.7,
144.6 (dm, 'Jcp = 250 Hz), 142.2 (dm, Jcr = 250 Hz), 133.9, 133.2, 131.9, ca 131 (sharp m),
128.7, 128.2, 127.4, 126.1, 125.7, 125.2, 123.8, 118.9, 117.8, 111.0 (sharp m), 67.1, 52.2, 51.9,
33.1, 26.4, 24.0; GC/MS: 519 (M*), 518 (61%), 260 (96%), 259 (53%), 141 (100%), 115(38%),
41 (76%). Anal. Calcd for Cp7H6F4sN20,S: C: 62.54, H: 5.05, N: 5.40 Found C: 62.66, H:
4.98, N: 5.50.

Hz, 2H), 10.25 (d, ] = | NMR: 8 8.1 (d, ] =9 Hz, 1H), 7.9 (d, J = 9 Hz, 1H),

N“-tert-butoxycarbonyi -S-[N-{2,3,5,6-tetrafiuoro-4-(V'-piperidino)-phenyij, N-ailyloxy-
PO I I s N 1 4 % ____an. Y . _a_ . (AR N SM .\ FSYRA_ 12\, "1 <rsalAd
Cdrnonyu aminome yi-Cysieine metnyl €Sier (boC-Lysirnam)j-uivie, 13¢). /3 7o Yicid,
1 19 NIMAD . #3171 pntamare i1 oq QDNVIN vatioe manine ratamear A 12Q /1 T —271 H, 1R
Syrup, “r INMIK: tWO roflamers il ¢d ow/ Zu ratio; major rolamer: 0 15.60 (4, § = 21 nZ, 1ir,
0-F),13.55(d,J = ,0- .1 (m, 2F); minor rotamer: & 14.35 (d, J =22 Hz, 1F,
A Y A 12Q (1E 4 mackad huy mainr raftamar)y 102101 (m 2Fy IHNMR- 86 1-5 65 (m
J-1r), Cd 15.0 1, U -0, IiaSKCU UY IliajUl [Uwaiicl j, 1V.0-1V.1 Ull, &40 ), 11 1VVUN. U Ul 170U i,
THY § A (heraad A 1T NI §2.81 (m 27HY AQSAAS fm AR cuctam T... = 14 H7s S_.CH,-
11i1j, o4 (0IVau U, 111, INI1), J.I0"0.1 Ul &11), F.0J~7.UJ (Ull, N2 YOVl JAR = 17 114, VT a i)
N). 47-46 (m. 1 CoHY 455(d T =5 Hz allvlic CH»). 3.7 (s. 3H). 3.2 (broad neak, 4H).
Jy T T \dlly 1k, N Ad)y T \My VY o ALy QRARFAAN MR R)JJy Sed Dy SARJy o 1% I ) VA
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YN O S A TYOLr k3 . 4 TY h 4 ~ - — — i () =
J.2-2.00 (M, AB A system, Jap = 14 Hz, Jax = 5 Hz, Jgx = 7Hz, 2H, CPH,), 1.6 (broad peak
LIy 1 A /40 AT, 1AM ATRATDY, R 1™1 ™A 120 1 A0A 7 A AC A 73 1y Al TT N 1 A o s
bnj, 1.4 (8, on); *C NMR:! 0 1/1.2, 15J.1, 154.6, 145.2 (dm, ‘Jcp = 250 Hz), 142.0 (dm, ‘JCF
= 250 Hz), 131.3 (sharp m), 131.6, 117.7, 110.6 (sharp m), 79.8, 67.0, 53.2, 52.7, 52.3, 51.9,
211 2720 2729 72 Q. LIDNMCGC /TN MNalad Faw M_IT T NN Q. &0 ANANL Taend. SA0 ANTO,
Ji.1, &0.U, £U.4, £3.0, IIRAWVID (1), LAlCA 10T U2smi3pri4iN3Ugd! J7Y.LULD FOUnda: J/Y.2Ul1lY,

nal Caled for ChcH A FN-OLS- - 81 Q1 H- 8§74 N 728 EHannd- - 5172 WI. €64 N- 7 24
ARAIGL QIVAE BUL N /HL 3T AN N D1 01, 1. DTy N, .40 TOULUL U D170, 1, J.U4, IN. /.44,
N%9.Fluo renvimethoxvecarhonvl-S-IN-[2 3 8 6. tetrafluoro-4-(N'-nineriding)-nhenvll

- g e BRFE AT QLN L-’U,U’v TWRA MAAWUR T T\ llll)\nl Iulllu} Pll\all‘!l],

N-allyloxycarbonyl] minomethyl- cysteme methyl ester (Fmoc Cys(Fna :
68% yield; syrup, '9F NMR two rotamers in ca 80/20 ratio; malor rotamer: 5 13.85(d, J =21

Hz, IF o—F_) ca 13.85 (IF, o'- F, masked by major rotamer), 10.4 10.3 (m, 2F), H NMR. 5 8.2-
7.8 (8H), 6.05 (broad d, 1H, NH), 6.1-5.7 (m, 1H), 5.4-5.1 (m, 2H, vinylic CH,), 4.98 and 4.75
(two d, AB system, Jag = 19 Hz, S-CH;-N), 4.7-4.6 (m, 3H, C*H and allylic CHp), 4.4 (d, 2H,
Fmoc CH>), 4.2 (m, 1H, Fmoc C°H), 3.8 (s, 3H), 3.15 (broad peak, 4H), 3.1-2.9 (m, 2H, CPH»),
1.6 (broad peak, 6H); 13C NMR: § 170.9, 155.7, 154.7, 144.2 (dm, Jcp = 250 Hz), 143.5, 141.7
(dm, Ucr = 230 Hz), 141.0, 131.5, 130.4 (sharp m), 127.4, 126.8, 124.9, 119.7, 118.9, 117.75,
110.6 (sharp m), 67.1, 66.9, 54.1, 52.4, 51.9, 51.6, 46.8, 32.6, 26.2, 23.7: HRMS (EI): Calcd for

C35H35F4N306S: 701.2182 Found: 701.2177.
.Jyruné"x‘i‘)‘ aj n’a-yymu: eu_yuueu’;w&ycuruunﬂ S-{N-{2,3,5,6- zeuu_;tuuru 4- (N pip‘éi‘idiﬁ&)—

phenyl], N-allyloxycarbonyl]-aminomethyl-cysteine (Fmoc-Cys(Fnam)-OH, 18)

Fmoc-Cys(Trt)-OH was converted to its phenacyl ester Fmoc-Cys(Trt)-OPac by reaction
with 2-bromoacetophenone (Pac-Br) in the presence of triethylamine following standard
procedure. !5 Removal of the trityl group was carried out in TFA/dichloromethane 1/1 (6 mL
per mmol of cysteine derivative) in the presence of triethylsilane (2 molar equ1v Yand for 1 ha

Mt tarmimaratiiea Tha dAatetrlntad dacicatrivra Altnimad 5o OT700 iald ino ~nandanc n,-l wirith tlhan
TOUL LCHHITPTL ture. 11c UULlllylaLCU UCllVdLch, vvtalicu 1 7 /770 yiCiu, wad L«Ullucllb WILLL L
cnlfaninm galt 16 arecarding ta thae agensral nracadnre alreadvy degerihad ta give Fmae
suLiOlulii Sait 19 dCLUTGINE WO Uil gOiCldl PIOCCUUIC 4iftdly GCOLGUII0CU 10 Zive 1riloc-
Cvys(Fnam)-OPac (17) in 70% vield. Removal of the Pac oroun to cive the Fnam derivative of
\./J U\L AvAll I NS R RN \‘ / U IY J‘V‘U ANVRILEN ¥V 842 VL VIRV R UWw &,L\Jut} s 61 W LLiN B LARANLE NN v ~ R

cysteine was carried out in the following way: freshly activated zinc powder (260 mg, 16
equiv.) was added in small portions to a SO]UUOH of 17 (200 mg, 0.2 mmol) in 5 mL of acetic
acid. The reaction mixture was further stirred for 2 h at room temperature and then filtrated.
The remaining Zn was washed several times with dichloromethane. The organic filtrates were
combined and washed successively with a 0.1 N aqueous HCI solution and with brine. After
drying and evaporation, the residue was purified by flash chromatography on silica
(AcOEt/AcOH 100:1 as the eluent). After repeated coevaporations with toluene in order to
completely eliminate acetic acid, 106 mg (77% yield) of N%-9-fluorenylmethoxycarbonyl, S-
[N-{2,3,5,6-tetratluoro-4-(N'-piperidino)-phenyij-N-allyloxycar-bonyij-aminomethyi-cysteine
were obtai-ned as a waxy sohd Wthh could not be properly recrystalhsed

S’70‘7’7/m ’)Q \</|<
O /.7-7.4 \Ull, 2011, J.590

1-2 ABXY system. CBH,). 2.1 (t, J = 8.8 Hz, SH); 13C
155 6 143 6 141 0 34.0, 128.7, 127.5, 126.9, 1249 119.8, 66.9, 66.5,
: 129 Found. 461.1298.
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N&9-F uorenylmethoxycarbonyl-b-[N [2 3,5,6-tetrafluoro-4-(N ’-plperldmo)-phenylj,
N-allyloxycarbonyl]-aminomethyl-cysteine pnenacyl ester (Fmoc- Lys(l* nam)-OPac, 17):
off-white solid; mp 68 °C; !F NMR: two rotamers in ca 80/20 ratio; major rotamer: § 14.1
thow~nd 1 10 TN\ 12 & (e d 1 . 1N Mae A r\h\ S 14 o
(broad d, 1F, 0-F), 13.5 (broad d, IF, 0-F), 10.5-10.3 (broad m, 2F); minor rotamer: o 14.55,
156 A~ N ~ 12 8 1 A' I wmanalrad i, camm i o bnan oo lr\: 1N D o U | 11T ATRAD ., &
i, 0o-r'), €4 15.3 (1, 0-r, MAasSKea Uy llldJUl luldllwl) 1U.0-1U,0 (DI0dd 111, 4r), ‘IT INIVIKR. O
QN_T1 f:x T2 TIIY £1 henad A 11X TU\ 1IN S & A0E fin ALY Do~ OLY 0 ..
8.0-7.1 (m, 13 H), 6.1 (broad d, 1H, NH), 6.0-5.7 (m, 1H), 5.5-4.95 {(m, 4, rac Cnj ana
vinylic CHy), 4.95-4.5 (m, 3H, S-CH,-N and allylic CH,), 4.45-4.3 (m, 3H, Fmoc CH; and
CoH). 4.25 (m. 1H. Fmoc C°H). 3.38 (dd. 1H. A proton of an ARX svstem. other peaks of
N 7’ dewas  \ALdy AR Zy A AREINIW N RAFy eI \Uu, 1Aiy 4 X HLUL\J 2 \Ji ALl L MNAF LN DJO[UAII, Liivi tJ\dul\O Vi
CBH, masked bv nineridino eroun). 3.2 (broad peak. 4H). 1.6 (broad peak, 6H)

e s I o § VA ANad r 2 Al - 9 A A

N2-9-Fluorenylmethoxycarbonyl-S-[ N-[2,3,5,6-tetrafluoro-4-(N '-nip_ridino)-p_heny

N—a]lyloxycarbonyl]-amlnomethyl cysteme (Fmoc Cys(Fnam)-OH, 18): waxy solid; !°F
NMR: two rotamers in ca 80/20 ratio; major rotamer: & 13.95 (broad d, 1H, o-F), 13.6 (broad d,
IF, 0-F), 10.7-10.05 (broad m, 2F); minor rotamer: & 14.55 (broad d, 1F, 0-F), ca 14.0 (1F,
o'-F, masked by major rotamer), 10.7-10.05 (broad m, 2F); '"H NMR: & 8.0-7.1 (m, 8H), 6.1
(broad d, 1H, NH), 6.1-5.6 (m, 1H), 5.3-5.0 (m, 2H), 4.9-4.5 (m, 5H, allylic CH,, C*H and S-
CH>-N), 4.4 (m, 2H, Fmoc CH,), 4.2 (m, 1H, Fmoc C°H), 3.2 (broad peak, 4H), 3.2-2.9 (m,
partially masked by piperidino group, CPH,), 1.6 (broad peak, 6H); 13C NMR: § 170.1, 155.8,
155.5, 147.35 (dm, ljcp =260 Hz), 141.2 (dm, Jcp= 260 Hz), 141.15, 131.7, 131.3 (sharp m),
127.6, 126.9, 125.1, 119.9, 118.3, 112.2 (sharp m), 67.4, 67.1, 55.1, 52.03, 47.0, 31.5, 26.7,
26.3, 23.8; [01]920 =-19.9 (¢ 1, CHCl3); MS (electrospray): 688 0 (20%, M+1), 710.0 (100%,

M-+Na), 726.0 (2%, M+K); Anal. Calcd for L34H13I‘4N3U5b C: 59.38, H: 4.80, N: 6.11,
11 NE Dz Ade M. £N 18 1X. ENDY N £ 724 T2, 1N
11.U0 roulid. . ouv.19, I1. J5.U4L, IN, .04, I, lU‘yj.

Synthesis of the dipeptide Fmoc-Cys(Fnam)-Phe-OMe 19.

Fmoc- Lyswnam)-l’ne OMe yntne51zea by BOP- medlatea couplmg of bmoc-
Cy s(rndm) OH with HCI-H-Ph O‘v’e follo wmg standard proceaurc 16 From 100 mg (0.145
IMi ‘1"01) of Fmoc- \,yb\nuo aI‘“u)-OH, 62 ing \.)U % ywlu} of Fmioc-C \,yb\r‘uauu Phe-OMe was

obtained after purification by flash chromatography. White solid; '"F NMR: major rotamer §
1411 (heaad d 1TE A FY 172 QR fthraad d 1F A .Y 1N 85102 /krnml m 2Fy: ITHNMR:- §7R.70
i*r.1 1 \UIUQU U, 11, U1 ), 14.0\VIvVau U, 11, U "1 J, 1V.JT1LV.D \Ul au i, <1/, AR LYMAVAING, W .U .U
fr 12HY A 187 (m AT NH and vinvlic CHY S 4.4 7 (covaral multinlate 1THY ?7 (¢ TH)
11, 10 R1J, U170/ 111, J11, IN11 Adllu VIIIyIL el ), JJST777T.4 (o vyulal lllulblylbta, LA1AR]y &Jed \Oy JRLJy
3.2 (m, 8H), 1.55 (broad peak, 6H); MS (electrospray/PI): 849.2 (M+1, 100%).

Deprotection of Fam and Fnam derivatives of thiols.

By the system PdClyPPh3),/Bu3SnH/AcOH: This procedure has already been described [1].
By the system Pd(PPhs)y/N,N'-dimethylbarbituric acid (NDMBA). Typical procedure: In a
Schlenk tube and under an argon atmosphere a mixture of NDMBA (85.6 mg, 0.55 mmoi) and
Pd(t’rn;)ulu 5 mg, 0.009 mmoi ) is dissolved in 1 mL of aegabsea dichloromethane. A

______ P I B +h o

SOIUUOH OI U L/ IIlIIlDl 01 pl'OlCLlC(l l(llOl ll'l ucgdbbcu UlLIllUIUIIlCLIldIlC lb LIlCu byuugcu uuu Ui
Schlenk tube. The reaction mixture is stirred for 2 h at room temperature. 190 pL (2.7 mmol) of

nnnnnnnnn +1\_n.u‘1 and 184 T (D 7 smarmnld) AF arnatin anid ara nddad and tha raantinan mivhira 1c
lllt;lbal) UldllUl alltl 109 M (4.7 HIHIVL) UL atCuL avlud alv auuvy, alu iy 1vavilvll 1HIAtuLLy 1o
sitlhar ctivrrad far £ T Tha dichlaramethana i avannarated and tha racidne ic talan 11n 1in diethvl
IUI LIICL SULIICU 10D O 11, 11U WUHITUIUINCULALIV 10 Lvapulatbu dllu v 1VSIUUL 10 tantulil Up 111 Wiviily 1
athar Tha nrganic nhace i¢c avtractad with 100, anmenng ci r' acid and \Xliﬂ‘l Iﬂfp'l‘ dT‘iP(‘I 0O
\.«Lll\al. 113 Ulsauxv PLHASY 10 vAMALIVG Wil 1V /U QYULUWMo witld QGuans daxsva Yy aux Ll S L VAN SN
MgSO, and evaporated.The deprotecte thiol is finally purified by flash chro matography
An inverse addition procedure, i.e. addition of first NDMBA and then Pd(PPhz)s to a

AL, ﬁ.-iv-

C
dichloromethane solution of protected thiol may as well be utilized.

=}
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By the system Pd(PPh;3),/PhSiH;:This procedure is similar to the Pd(PPh3;)4/NDMBA
pr rocedure. 2 mol of PhSiHj; and 0. 05 mol of catalyst are used for 1 mol of protected thiol
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