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Cysteine sulfhydryl protection with either the Fmoc or the Fm group was accomplished in one step and in high yield using commercially
available FmocCl or FmocOSu, respectively. Mechanisms for the Fmoc to Fm transformations are discussed. Additionally, Fmoc-Cys(Fmoc)-
OH (7) was synthesized and used in amide bond forming reactions. The S-Fmoc group is cleaved selectively from peptides containing the

N-Fmoc group.

The 9-fluorenylmethyloxycarbonyl (Fmoc) group, introduced peptide coupling reactions. TigFmoc protecting group can

by Carpino and Han in 1970has become one of the most

be removed preferentially over tteFmoc group. Addition-

widely used protecting groups in peptide chemistry and is ally, we developed an efficient, one-step synthesis of the Fm-

gaining popularity in sugaand nucleotidechemistry. While
Fmoc is used to protect nitrogen and alcoHoBmoc-

protected thiol from either the Fmoc-protected or free thiol.
Reaction of Boc-Cys-OMg(1) with FmocCl and TEA in

protected thiols have not been reported. Instead, the relatedCH,Cl, led to the formation of the Fmoc derivati2én 98%

9-fluorenylmethyl (Fm) group is used for thiol protection.

yield (Scheme 1). The Fmoc-protected tHa$ a stable and

The Fm group is prepared in a two-step process that usuallyeasily handled white solid having a shelf life of at least 6

begins with 9-fluorenylmethanél.Here, we report the
synthesis of di-Fmoc-protected cysteifieand its use in
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* School of Pharmacy.
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months. However, when thidl was reacted with FmocOSu
and TEA in CHCI,, only Boc-Cys(Fm)-OMe ) was
isolated in 91% yield. Compour2lwas not detected in the
reaction mixture.

Since the only difference between the reaction conditions
for formation of 2 or 3 is the Fmoc reactant, the reaction
mechanism was investigated in detail. Reactio @fith a
1:1 mixture of HOSu and TEA for 4 h led to the loss of
CO, and the formation of3 in 92% vyield. Additional
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20, 434. (b) Albericio, F.; Nicolas, E.; Rizo, J.; Ruiz-Gayo, M.; Pedroso,
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OMe (4) with TEA in a competition experiment afforded
experiments showed that wh@nwas exposed to stoichio-  conversion o5-Fmoc toS-Fm without anyN-Fmoc removal
metric TEA, conversion of Fmoc to Fm was complete in 4 (reaction 1). In addition, reaction of Fmoc-Cys(Fmoc)-OMe
h, but when2 was exposed only to HOSu for 24 h, no (5) with TEA afforded completé&-Fmoc removal without
reaction occurred. These results show that the conver-loss of theN-Fmoc group (reaction 2), illustrating a remark-
sion from Fmoc to Fm is dependent upon the tertiary amine able difference in the chemical reactivity of these two groups.
base. The yield of Fm6 could be improved to 82% by changing

Both the K, and the steric bulk of the amine affect the the solvent to CECN; however, under these conditions a
transformation of theS-Fmoc group (2r 5) to the S-Fm  trace ofN-Fmoc cleavage was observed by TLC.
derivative @ or 6) as shown by the data in Table® Weaker The data obtained are consistent with a mechanism for

conversion ofS-Fmoc toS-Fm via the expected elimination/

_ addition reaction pathway shown in Scheme 3. When

Table 1. Effect of Base and N-Protecting Group &Fmoc
Cleavage of R-Cys(Fmoc)-OMe f@&to 3 (R = Boc) or5to 6
(R = Fmoc) Scheme 3

% yield o O CO, Etaﬁer O
base? pKa 6 SJJ\%\ . ——L» ‘\

3
=
N-hydroxysuccinimide 4 0 0 B HN/[CO " H O S@
pyridine 5.25 0 0 o 2\ L
N-methylmorpholine 7.38 50 <ge¢ 2 _ Boc-HN" “CO,Me
triethylamine (1.0 equiv) 10.75 92 37 Eta:
triethylamine (0.1 equiv) 10.75 110 ndd
piperidine 11.12 69°¢ nd
diisopropylethylamine 11.44 <2 <2 O
apK, values of the conjugate aciBMass balance was starting material s ‘
and free thiol Mass balance was disulfide formatidhnd = not deter-
mined O
Boc-HN™ ~“CO;Me

3

tertiary bases such as pyridine aNeémethylmorpholine do

not efficiently effectS Fmoc cleavage, and deprotection with

the more h.|r.1dered dusopropylethylamm.e is much slowver. the reaction mixture, and the reaction proceeds via the
The stability of theS-Fmoc group relative to te-Fmoc gyhected eliminationdecarboxylation pathway to form the

group was determined in a pair of experiments (Scheme 2).e¢ thiolate in the presence of the reactive dibenzofulvene.
Reaction of Boc-Cys(Fmoc)-OMeJand Fmoc-Thr(OBn)-  the thiolate then adds to the dibenzofulvene in a Michael-

type reaction to form the Fm-protected cysteinyl derivatfve.
Additional supporting evidence for this pathway includes

FmocOSu is used in the synthesishffree TEA exists in

(8) The conversion 02 to 3 took place in CHCI, with only 1 equiv of
the designated base and the cysteine derivative in the reaction mixture. The
products were identified bjH NMR after a reaction time of 4 h.

(9) At higher concentrations of reactants and temperatures abot@ 40 (10) Addition of nucleophiles to dibenzofulvene: Carpino, L. A.; Han,
during workup, the deprotection of tf&Fmoc group is faster. G. Y. J. Org. Chem1972,37, 3404.
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detection of dibenzofulvene in the reaction mixture by

NMR and isolation of dibenzofulvene and Boc-Cys-OMg (

from the reaction mixture after shorter reaction times.
The surprising result is obtained with FmocClI, which

The protecting groups on dipeptide can be removed
selectively from either the carboxylic acid or sulfur func-
tionality (Scheme 5). For the carboxylic acid, boght-butyl

forms theS-Fmoc derivative exclusively. We believe this _

results from the weaker base strength of chloride vs the anion

of N-hydroxysuccinimide formed during the reaction. Reac-
tion of the two Fmoc reagents with the thiol produces two
leaving groups with very differentify, values. The anion of
HOSu is 11 orders of magnitude more basic than that of
chloride (HOSu K, = 4 vs HCI (K, = —7 in water). During
the course of the reaction using FmocCl, the HCI produced
fully protonates TEA, thus preventing abstraction of the
Fmoc g-hydrogen by the amine base. When FmocOSu is
used in the reaction, the HOSu does not fully protonate TEA,
allowing proton abstraction and transformation2ab 3 as
demonstrated previously (vide supra). The anionNof
hydroxysuccinimide also can deprotonate $#eémoc group
under specific reaction conditions: DIEA/HOSu slowly
cleaves the&s-Fmoc group from esteBsand5 but not from
amide8.1

The usefulness of th&Fmoc derivative was demonstrated
with the synthesis and peptide couplinghf andS-Fmoc-
protected cysteine derivativeé Reaction of Fmoc-Cl with
commercially available HCI—Cys-OH by using a protocol
described for di-Boc protection of cysteine (Scheniéggve

Aa

(2

Scheme 4
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FmocCl, dioxane,
SH HZO 0°C, pH= 7

HCI.H2N 72%

HCI-Leu-O'Bu, EDCI, HOBY,
DIEA, DMF, 20 hrs.

87%

di-Fmoc acid7. Alternate synthetic routes #bfrom Fmoc-
Cys-OH (under various conditions) or by saponification of
Fmoc-Cys(Fmoc)-OMe 5) led to complex mixtures of
products. Incorporation of protected amino adidinto
peptides can be readily achieved. Reactior? eihd HCI—
Leu-OBu under standard conditions afforded dipep@da
87% vyield?!®

(11) In an additional experiment compouf3dwas treated with a 1:1
mixture of DIEA:HOSu, yielding a mixture of starting material and disulfide
in a 1:1 ratio.

(12) Schnabel, E.; Stoltefuss, J.; Offe, H. A.; KlaudeJ&stus Liebigs
Ann. Chem1971,743, 57.

(13) TheS-Fmoc group in amide derivatias more stable under basic
conditions than ester or 5.
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a(a) 4 N HCl in dioxane, 77%; (b) Pd(PBPk dimedone, THF,
94%; (c) EtN, I, MeOH, CHCI,, 75%; (d) EtN, CsHsCH,SH,
CHsCN, CH,CL, 45%.

and allyl were used successfully as orthogonal protecting
groups. Removal of theert-butyl ester in dipeptid® with

4 N HCI in dioxane provided the free aclwithout any
detectable loss of th8-Fmoc group (reaction 3). Selective
allyl removal was accomplished by reacting fully protected
amino acid Fmoc-Cys(Fmoc)-OAllyLQ) with Pd(PPk), and
dimedone in THF to give free acidin 94% yield (reaction
4).* Furthermore, the reactivity differences betwéérand
S-Fmoc allow selective removal of tl&2Fmoc group with
EtN in the presence of iodine or benzenethiol, to form
disulfides11 and 12, respectively, without any detectable
loss of theN-Fmoc group (reactions 5 and 6).

Di-Fmoc cystein&’ was used to produce pseudosymmetri-
cal diamidel5 (Scheme 6). Reaction af and mono-Boc-
protected putrescetfeusing EDCI and HOBt gave Fmoc-
Cys(Fmoc)-DAB-Bocl4 in 69% yield. The Boc group was
cleaved with 4 N HCI in dioxane and the acid coupled with
7 to give di-Fmoc-Cys diamidé5 in 71% for both steps.
Attempts to prepare diamid&5 directly from unprotected
putrescene and di-Fmoc cysteif@ere unsuccessful; only
low yields of 15 were obtained under a variety of reaction
conditions.

(14) Zhang, H. X.; Guibe, F.; Balavoine, Getrahedron Lett1988,29,
623.
(15) Krapcho, A. P.; Kuell, C. SSynth. Comm1990,20(16), 2559.
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Scheme 6

Fmoc cleavage rate in the presence of a tertiary amine base.
Interestingly, diisopropylethylamine did not cleave t8e
Fmoc group (Table 1), bul-methylmorpholine did, sug-

4eq. HNT N2 el Bozi’tCHCIS BocHN" N2 gesting that deprotonation with hindered bases is not easily
aaant 13 achieved. It is possible that other systems containing the
S-Fmoc group may be sufficiently hindered to escape
8-Fmog removal with triethylamine.
7, EDCI, HOBt, DMF Fmoc-HN/ngV\/\NH-Boc Another example of a leaving group altering the normal
69% K N-Fmoc cleavage can be found in a reaction reported by
14 Vedejs et al. In their work, alN-Fmoc group was rapidly
o removed from the carbamate nitrogen in mitosene deriviative
3 7 o Libexane S-Fmoc o 17 in 89% vyield by reaction with EN in CH;CN.28 Since
DIEA, DMF FmOC_HN/g(N\/\/\HJKENH-Fmoc
71% ol o o Q
15 S-Fmoc o R
o Q o/IL E o~ H
Fmoc-HNvlLN @\/\8 ‘
N N N-CHg
s 0
$ 17
H

Fmoc-HN/(ﬂ/N Et;N has been shown to be largely ineffective in the removal
. 0 of N-Fmoc from simple amines, the observed cleavage may

be due to the enhanced leaving group potential of the

carbamate nitrogeH.

Our results establish tha&-Fmoc-protected cysteine is

Compoundl5 was used to form the 14-membered ring readily synthesized and can be used to pref@fen-Cys
macrocyclel6 by selective deprotection and oxidation of derivatives in good yield. These reaction conditions give
sulfur. Synthesis and evaluation of this compound as a S-Fm protection more efficiently and in higher yield than
potential paralleB-sheet initiator will be reported separately. previously reported method$=moc-Cys(Fmoc)-OH7) has

The differences in rate of cleavage of theandS-Fmoc also been shown to be a readily available compound
groups can be rationalized by considering the effect of amenable to peptide coupling reactions in good yield.
leaving group K, on the reaction mechanism. The mecha- Additionally, S-Fmoc was found to be more labile than
nism for -elimination in the fulvene system has been N-Fmoc when exposed to a tertiary amine base, and this
postulated to lie on the borderline between Elcb and®E2. differential reactivity may be useful in synthetic strategies
The leaving group has a large influence on which mechanisminvolving selective deprotection of SR groups in the presence
occurs, i.e., the better the leaving group, the more the E2of N-Fmoc groups.

pathway predom.ingtes. When the mechanism is E_1Cb Acknowledgment. This work was supported by a re-
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shows a tertiary amine base will eventually effect deprotec- ~ Supporting Information Available: Experimental pro-
tion, but at a much slower rat& However, with theD- and cedures and full characterization for compouté<d 4. This
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the reaction mechanism to the E2 pathway and increase thettp://pubs.acs.org.
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