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N-Protecting groups most widely used in peptides synthesis are examined. The possible mechanisms of the elimination of
the protecting groups in acid and alkaline media are described and the methods of synthesis of the reactants for the

introduction of certain protecting groups are considered.
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I. INTRODUCTION

Two main trends may be isolated in the development of
peptide chemistry: the improvement of methods for the
formation of the peptide bond and the development of new
more convenient protecting groups. The advances made in
this field in recent times made it possible to simplify greatly
the synthesis and to increase its effectiveness.

This review deals with the present state of the problem of
the utilisation of N-protecting groups in the synthesis of
peptides by the classical and solid-phase methods.

Despite the availability of deblocking methods such as
catalytic hydrogenation, electrochemical reduction, treatment
with sodium in liquid ammonia, irradiation with ultraviolet
light, etc., the majority of protecting groups can be classi-
fied as either acid-labile or alkali-labile. Subsequently, we
shall adhere to this conventional subdivision, considering
other methods for the removal of protecting groups only in
those cases where they are of special interest. The tradi-
tional protecting groups are described only briefly and some
of these are not considered at all since their properties have

been frequently discussed in the literature®~>.

Il. ACID-LABILE PROTECTING GROUPS

The first acid-labile protecting group, which has found
extensive practical applications and which has exerted a
great influence on the development of peptide synthesis,
was the benzyloxycarbonyl group proposed in 1932 by
Bergmann and Zervas®. The simplicity of the preparation
and the ready availability of benzyloxycarbonyl derivatives,
their high resistance to racemisation, and the wide variety of
deblocking methods (treatment with hydrogen bromide in
acetic acid, treatment with sodium in liquid ammonia, cataly-
tic hydrogenolysis, and irradiation with ultraviolet light) are
the main causes of the popularity of this protecting group.

New methods for the removal of the benzyloxycarbonyl
protecting group, which have many advantages compared with
the traditional methods, have been developed comparatively
recently.

In 1977, Jackson and Johnstone’ proposed a hydrogenation
procedure involving hydrogen transfer, which proved con-
venient in the reduction of aromatic nitro-compounds. In the
same year it was used to remove a number of protecting
groups including the benzyloxycarbonyl group in classical
peptide synthesis® and subsequently also in synthesis by the
solid-phase method®. It was found that in this case the
removal of the protecting groups is much faster and in addi-
tion it is possible to avoid the formation of side products in
the deblocking of nitroarginine-containing peptides.
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In the initial version, the hydrogenation with hydrogen
transfer reduced to refluxing for several hours a solution of
the protected derivative in ethanol in the presence of
cyclohexene and palladium on charcoal or of palladium black.
However, the refluxing of the peptide solution, which is
itself undesirable, becomes particularly risky in the presence
of protecting groups such as the t-butoxycarbonyl and
t-butyl ester groups in view of the possibility of their being
split off.

It has been shown?!® that these difficulties can be overcome
when cyclohexa-1,4-diene is used as the hydrogen donor.

In this case the deblocking is achieved at room temperature in
1.5—2 h in the presence of palladium and charcoal, while the
use of palladium black permits the complete elimination of the
protecting group in 5 min. The method proved convenient
also for derivatives of certain sulphur-containing aminoacids,
in particular methionine.

Yet another version of the hydrogenation reaction with
hydrogen transfer was proposed in 1979, in which provision
is made for the employment of formic acid as the hydrogen
donor!!. The benzyloxycarbonyl group is removed by
treatment with a 4.4% solution of formic acid in methanol in
the presence of palladium black in an atmosphere of nitrogen
or by passing a solution of the protected derivative in metha-
nol, containing 4.4% of formic acid, through a column con-
taining palladium black. The time taken to eliminate the
benzyloxycarbonyl group does not exceed 10 min in most
cases; in addition this hydrogenation method greatly
reduces the time taken to eliminate the O-benzyl groups.

Thus hydrogenation with hydrogen transfer makes it pos-
sible to remove rapidly and effectively the benzyloxycarbonyl
group and a number of other protecting groups.

The t-butoxycarbonyl group, the parent of acid-labile
groups eliminated under mild conditions, plays a no less
important role in peptide synthesis. As a result of the
appearance of this group!?, the possibilities of both the classi-
cal and solid-phase methods of synthesis of peptide have been
greatly expanded.

Either the Schanabel method!® or the Schwyzer method?"*, in
which the amino-group is acylated by treatment with the
corresponding azide, were used initially to introduce the
protecting group. However, in subsequent years a tendency
arose to search for more efficient methods and reactants for
the synthesis of protected derivatives. Here one may men-
tion the application of systems such as t-butoxycarbonyl
azide—triethylamine'®, t-butoxycarbonyl azide—imidazole, and
t-butoxycarbonyl azide—1,1,3,3-tetramethylguanidine-1,2,4-
triazole!®. In the last case the method is so effective that it
makes it possible to obtain fully protected derivatives of
insulin by the direct acylation of the natural hormone, the
yield of the reaction product exceeding 90%.
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It has been suggested quite recently that the above protec-
ting group be introduced using di-t-butyl pyrocarbonatel”.
The application of this reagent makes it possible to simplify
greatly the method of synthesis and to increase the availa-
bility of the corresponding derivatives. Subsequent studies
showed that the method is suitable also in the case of cer-
tain other protecting groups'®.

According to the method proposed by Pozdnev!’:'®, the
synthesis of aminoacid derivatives reduced to their treatment
with di-t-butyl pyrocarbonate in the isopropyl alcohol-water
system in the presence of triethylamine for 30 min at room
temperature. The reaction takes place with a high yield
(~90%) and the products formed do not as a rule require
further purification.

Since the introduction of the t-butoxycarbonyl protecting
group, the development of the solid-phase peptide synthesis
has in essence begun. The employment of the benzyloxy-
carbonyl protecting group enabled Merrifield to synthesise
only short model peptides!® because of the occurrence of a
side reaction involving the branching of the peptide—poly-
mer bond in the deblocking process at acid pH. At the same
time in the case of the t-butoxycarbonyl protecting group,
under conditions ensuring its virtually quantitative removal,
the degree of cleavage of the C-terminal benzyl ester is
1-2%.2° As a result of this, it was possible to achieve the
stepwise synthesis of ribonuclease A (124 aminoacid residues)
by the solid-phase method??.

In the classical peptide synthesis the t-butoxycarbonyl
protection of the a-amino-group in aminoacids is usually
employed in combination with the following groups for the
blocking of functional side groups in aminoacids: the nitro-
or tosyl-group for the guanidino-group of arginine, the
benzyloxycarbonyl group for the e-amino-group of lysine,
the benzyl group for the imidazole nitrogen of histidine and
the sulphydryl group of cysteine, the benzyl ester groups
for the carboxy-groups of glutamic and aspartic acid (and
the C-terminal carboxy-group), and the benzyl ether groups
for the hydroxy-groups of serine, threonine, and tyrosine.

Thus, after an appropriate choice of other protecting
groups, the t-butoxycarbonyl group can be used success-
fully in the synthesis of peptides with a wide variety of amino-
acid sequences by both classical and solid-phase methods.

Nevertheless, mention must be made of a series of speci-
fic difficulties arising in the employment of the protecting
group. It is sufficient to note the problem of selectivity in
the blocking of the a- and e-amino-groups of lysine?? and the
t-butylation of the tryptophan-containing peptides, involving
the removal of the t-butoxycarbonyl group?®~25. It there-
fore became necessary to develop N-protecting groups more
labile in acids than the t-butoxycarbonyl group and also
groups which can be removed selectively in the presence of
the t-butoxycarbonyl protecting group and the t-butyl ester
groups used for the blocking of the functional side groups
in aminoacids or the C-terminal carboxy-group.

The resistance of groups of this kind to the action of acids
and the mechanisms of their elimination were investigated in
detail in 1968.2% It was shown in relation to various alky!
and urethane groups that the rate of their acidolytic cleavage
depends on the stability of the carbonium ion formed and the
acidity of the reaction medium. The rate of removal of
certain protecting groups then proved to be 60000 times
higher than that of the t-butoxycarbonyl group (Table 1).
Unfortunately most of them are unsuitable for use in peptide
synthesis owing to the instability of the azides or chloro-
formates used as the reagents for the introduction of the
protecting group. The authors therefore decided to employ
the diphenylisopropoxycarbonyl group?’, the rate of elimina-
tion of which is 3000 times higher than that of the t-butoxy-
carbonyl group. It has been suggested that this protecting
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group be introduced by the reaction of the corresponding
azide or phenyl carbonate with aminoacid esters or salts.

It proved possible to use dilute acetic acid and other weak
acid reagents for the deblocking, which permits the retention
of other acid-labile groups present in the growing peptide
chain, particularly the t-butoxycarbonyl and t-butyl ester
groups. By virtue of the large difference between the rates
of elimination of the benzyloxycarbonyl and diphenylisopro-
poxycarbonyl protecting groups, it is then possible to solve
the problem of selectivity for trifunctional aminoacids.

Table 1. The time of the 50% cleavage (T1s0) of RHNCH,COOY
(Y = C,H;) with 80% CH,COOH at 22—25 °C.?2®

R Tsn
(CHy)3:COCO 58 days
7N
NNy _o_co 424
SN s
N7
CHa— CH—C (CH;);—O—CO 14h
/TN
CHy—
>;<>c1—rfo_co 7h
Pl
<_>——C(CH3MO—CO 2h
<i>7c‘<czﬂs)—o—co 52 min
(]
N/
<_>——<\_ —C(CHy)—0—CO 30 min
CH,—< —)—C(CHy;—0—CO 7 min
cao—¢ >
>;<>cn;0co 1 min
cno-_
N
N
N N\ .
\_/"C_\:/ 4 min
CH3—<\:— N
/=<>CH 28 days**
=
V.
emo—— T
/=\/CH ~ 12 days
o >
*Y = H.

**The degree of elimination was less than 0.1%.

The disadvantages of the protecting group considered may
include, together with the low availability of the initial
reagents, also the unduly high acid lability, as a result of
which the corresponding aminoacid derivative must be stored
in the form of dicyclohexylammonium salts. Theoretically,
there is even the possibility of removing the diphenyliso-
propoxycarbonyl (DPOC) protecting group in the course of
the formation of the peptide bond under the influence of the
COOH group of the carboxy-component?®, which can lead to
the doubling of the aminoacid residue introduced in accordance
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with the schemet

R R! R R
| | | ]
DPOC =HN—CH—COOH - H,;N—CH—COOR? —2L > ppOC.—-HN—CH—CO—NH—CH~—
" R Rt
HN QH | '
—COOR: ~2POCMN-CH-COOB ¢\ \_ CH-—(CO—NH~—CH—COOR?
R R
CD1 ! | .
“DPOC —BEN-CA-Coor ~ DPOC—(HN—CHCO);—HN—CHCOOR? .
|
R

However, hitherto such cases have not been noted.

Since the diphenylisopropoxycarbonyl group is of undoubted
interest from the standpoint of its employment in peptide syn-
thesis, it is appropriate to consider the problem of the syn-
thesis of the initial reagents for the introduction of this pro-
tecting group. In particular, the alcohol used as the starting
compound in the synthesis of the corresponding azide or
phenyl carbonate can be obtained as follows?®:

— == CH,COCI SN —_ CHsMgl
<_>—/\ _> e S (\ D —~ _>7COCH3 _ CHuMgl
CH,
NN
S NS Cl OH
CH,

We shall consider further the mechanism of the acid-catalysed
elimination of alkyl and urethane protecting groups and the
practical conclusions which follow from this.

In the case of alkyl groups, the cleavage under the influ-
ence of acids apparently proceeds via a mechanism involving
the protonation of the nitrogen of the a-amino-group with
the subsequent removal of the alkyl residue in the form of
the corresponding carbonium ion:

Rt R! R!
| o @ | . |
R—HN—CH--COOR2 ~——- R—HN—CH~—COOR? — R¥ - H,N—CH—COOR? ,
|
H

This is also indicated by the finding that, in the detritylation
of peptides by treatment with an ethanol solution of hydrogen
chloride under anhydrous conditions, ethyl trityl ether is
formed in addition to the hydrochloride of the corresponding
peptide, while in the presence of water triphenylmethanol is
formed®®.

Evidently in this instance the rate of elimination of the pro-
tecting group is determined by the stability of the carbonium
ion formed. Among the known groups of the type considered,
the trityl group is therefore most readily removed by acids.
Despite this, the trityl protecting group has not found exten-
sive applications in peptide synthesis for the blocking of the
a-amino-group owing to the steric hindrance which it gener-
ates and the associated difficulties in the synthesis of the
corresponding derivatives. However, it is used to block the
functional groups in the side chains of aminoacids (mainly the
mercapto-groups of cysteine).

There is apparently a possibility of using protecting
groups with a smaller number of phenyl moieties containing
electron-donating substituents in the ring (Table 1), while
the replacement of the phenyl moiety by the methyl moiety
permits the stabilisation of the carbonium ion as a result of
the formation of an olefin. However, one cannot rule out the
possibility that in the latter case the problem may arise of
the stability and reactivity of the halogeno-derivatives used
for the introduction of such groups.

+CDI = dicyclohexylcarbodiimide.
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In the acid cleavage of protecting groups of the urethane
type, there is a possibility of two reaction mechanisms3!,
Structures related to the benzyloxycarbonyl group react via
a bimolecular mechanism, while those related to the t-butoxy-
carbonyl group react via a unimolecular mechanism:

R B!

i —coop® 4© L —coor?
IB—-O——(i—Q{N H~—COOR* - R—O0—C—HN—CH—COOR*> —>
I ®
0 OH
g B!
) | ) [:] |
— R—O—-—T-——llN-—CH—COUB' — R-L-0=-C—HN—CH—COOR?
OH OH
J |
D 1 1
HOH b3 R

|
R—O0—C—HN—CH—COOR? olefin «— R® + €O, + H,N—CH—COOR?

OH H,0

l ROH

OH n!

‘R—,Cl)e;f——NH—‘CH-—-COORZ
H OH

|

e |
ROH + CO, + HyN—CH—COOR?

Rl

Hence it follows that groups of the first type are removed
at a higher rate the greater the electron density in the
benzene ring. Indeed, it has been shown?® that the rate of
cleavage of para-substituted derivatives of the benzyloxy-
carbonyl group by hydrogen bromide in acetic acid varies
as follows:

CH,0 > CjH; ~ CH; > H > F > Cl > NO,

In the case of groups of the second type there is a correla~
tion between the rate of elimination of the protecting groups
and the rate of solvolysis of the corresponding tosylates3%3",
The results are presented in Table 2.

Their investigation enabled the authors®* to propose a new
protecting group—the l-methylcyclobutoxycarbonyl group,
which is stable in 50% acetic acid and is eliminated by treat-
ment with trifluoroacetic acid in less than 30 min. The
enhanced stability in relation to aqueous acetic acid, usually
employed as the solvent in the purification of higher peptides,
imparts to this group certain advantages compared with the
t-butoxycarbonyl protecting group.

Comparison of the data in Tables 1 and 2 permits the
following conclusions: (1) the rate of the acid-catalysed
elimination increases sharply on passing from the bimolecular
to the unimolecular mechanism; (2) the introduction of sub-
stituents promoting the delocalisation or decrease of the
positive charge of the carbonium ion formed increases the
rate of elimination; (3) the presence of a methyl group at
the carbon atom with a positive charge also increases the
rate of elimination as a result of the stabilisation of the
carbonium ion by the formation of an olefin.

It is noteworthy that the formation of carbonium ions in
the removal of protecting groups of the type considered is a
source of extremely undesirable side reactions, such as the
alkylation of the methionine and tryptophan residue®®, in the
peptide synthesised. For example, Wiinsch pointed out that
deblocking with hydrogen fluoride in both classical and
solid~-phase synthesis favours the occurrence of side reactions
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involving tryptophan derivatives even in the presence of

added substances which reduce the extent of such reactions®.

It has also been stated in a number of communications that
the employment of additives such as mercaptoethanol, anisole,
thioanisole, ethane-1,2-dithiol, scatole etc. by no means
always guarantees the absence of side reactions®’~%,

Table 2. The 50% cleavage times (15y) of various N-protec-
ting groups in the deblocking of phenylalanine derivatives®*.

Tso (25°C, min) Tse (25° C, min)
Protecting group e E—— Protecting group —
CF,COOH l ECOOH CF,COOH | HCOOH

STONL o 3 _ (CH3);—C—0—CO 1* 4
S/ CH,—0—CO 00 prnyg )
N \_/<O~CO 1 2
[>—ch-0-co 40 - s

CHs N—C(CHy)—0—CO | - 1.5

| /
l , 0—CO 2 —

*Total cleavage time.

Returning now to the consideration of the acid-labile
N-protecting groups, we shall consider those among them
which have not found extensive applications in peptide syn-
thesis but which may prove extremely valuable for this pur-
pose by virtue of particular advantages.

Here we may mention in the first place the o-nitrobenzene-
sulphenyl protecting group*’, which has been used success-
fully in the synthesis of oxytocin analogues**. The corre-
sponding protected derivatives are usually obtained with the
aid of o-nitrobenzenesulphenyl chloride, although it has
recently been suggested that o-nitrophenyl thiocyanate be
used“?. The latter is more stable on storage and reacts with
aminoacids in the presence of silver nitrate at pH 6—9, giving
rise to satisfactory yields. In 1979 Cipens and coworkers
developed a new method for the synthesis of o-nitrobenzene-
sulphenyl chloride and o-nitrobenzenesulphenylaminoacids*®.
It was found that, when di-(2-nitrophenyl) sulphide is
chlorinated with sulphuryl chloride in methylene chloride at
40—45 °C, it is possible to avoid the formation of impurities.

The o-nitrobenzenesulphenyl protecting group can be
removed selectively in the presence of t-butyl esters with the
aid of a solution of hydrogen chloride in diethyl ether.

It has been suggested"* that the adamantyloxycarbonyl
group be employed**. The protecting group is introduced
with the aid of adamantyloxycarbonyl chloroformate, which
can be obtained from the corresponding alcohol by treatment
with an excess of phosgene in benzene solution in the pres-
ence of pyridine. The reaction with aminoacids takes place
on cooling or at room temperature over a short period. The
protecting group is removed by treatment with trifluoroacetic
acid in the course of 15 min, adamantane forming a stable
carbonium ion which can react with an anion from the
surrounding medium but is incapable of losing a proton to
form an olefin.

The authors** also noted that the adamantyloxycarbonyl
derivatives are ninhydrin-positive on heating to 100 °C. It
is likewise of interest that adamantyloxycarbonyl chloride
can be used as the condensing agent in the synthesis by the
method of mixed anhydrides, but this method of formation of
the peptide bond is not of special value.
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The t-pentyloxycarbonyl protecting group was proposed in
1967.%5 In contrast to the t-butoxycarbonyl group, the
corresponding chloroformate could be used to introduce it.
The reaction is carried out with the aminoacid ester and the
resulting derivative is hydrolysed or converted into a
hydrazide. t-Pentyloxycarbonyl azide or di-t-pentyl pyro-
carbonate can also be used as the reagents for the introduc-
tion of the protecting group. The group hardly differs in
its properties from the t-butoxycarbonyl protecting group.

The possibility of using the 3,5-dimethoxy-a,o-dimethyl-
benzyloxycarbonyl protecting group has been investigated"“®.
Subsequently this group was used widely in the synthesis of
peptides by both classical and solid-phase methods“”*®. A
method of synthesis of 3,5-dimethoxy-a,c-dimethylbenzyl-
oxycarbonyl azide and the corresponding mixed phenyl
carbonates from 3,5-dimethoxybenzoic acids via the following
scheme has been developed (the yields are not less than 80%
in all the stages):

CH,0 CH,O
N
= CHSOH(C,HOH) Jam= CHMT
- —COOH — =g =t /> _>;COOA1k«——— -
CH,0 . o CHO
\N_ 7/ .
CH3O\ CH, R’-—«;(ﬁ ; 0CCCl (‘Hﬂ(? R‘\ /Rz
— TN N _
J R ke D PN e
>- coH-t__®___ S —€—0-C0—0—( > R s
el Ch cHO Rs R
CH,0 CH, CH.0 CH,
. .
Nyl Jr= ) X =
—e T 0CoNH, /\;-/CFO~CON3 ;
> —
CH,0 CH; CH,0 CHy

R'- R?::R#==Ri:=Rs- H; Rl .R3. H, R?..R% =Rs=Cl; R!1-:R?-:R3.-R%.-R5-=Cl

These reagents are introduced into the reaction with amino-
acid salts and Triton B in anhydrous pyridine. The protec-
ting group can be removed selectively in the presence of the
t-butoxycarbonyl group and t-butyl esters by treatment
with 1-5% trifluoroacetic acid in methylene chloride for
8—30 min. It was found that the rates of the acidolytic
elimination of the t-butoxycarbonyl, 3,5-dimethoxy-a ,a-di-
methylbenzyloxycarbonyl, and 2-(p-biphenylyl)isopropoxy-
carbonyl groups are in the ratios 1:1400:3000. The pro-
posed protecting group is also photolabile, which makes it
possible to remove it by ultraviolet radiation. The protected
derivatives are thermolabile and give a positive response to
the ninhydrin test on heating to 100 °C. The use of the
above group in the synthesis by the method of mixed anhy-
drides makes it possible to simplify greatly all the operations
and in addition to avoid the side reactions noted in a number
of instances for proline-containing peptides*’.

Among the latest developments in the application of acid-
labile N-protecting groups, mention may be made of the
1,1-(1-adamantyl)-1-methylethoxycarbonyl protecting
group®®. The phenyl carbonate synthesised from adamantane-
1-carboxylic acid is used as the reagent for the introduction
of this group. The reaction with aminoacids is carried out in
dimethylformamide at 50 °C. The deblocking is achieved by
treatment with 3% trifluoroacetic acid in methylene chloride
for 2—3 min.

Other acid-labile N-protecting groups have either not found
extensive applications in peptide synthesis or are of purely
theoretical interest.

In conclusion it should be noted that the protecting groups
elimjinated under mild acid conditions play an important role
in the classical and particularly in the solid-phase peptide
synthesis, Their application for the protection of the N-end
in the synthesis of polypeptides permits the employment for
the blocking of the functional groups in the aminoacid side



906

chains not only of comparatively stable groups such as the
benzyloxycarbonyl groups but also of groups of the type of
t-butoxycarbonyl and t-butyl esters. This simplifies both
the operations in the course of the growing of the peptide
chain and the deblocking stages.

111, ALKALI-LABILE PROTECTING GROUPS

It is noteworthy that at the present time only a few alkali-
labile groups of this type are used in peptide synthesis.
However, the results show that the search for protecting
groups eliminated under mild alkaline conditions constitutes
an extremely promising development in peptide chemistry.
Indeed, the appearance of such protecting groups would
make it possible to avoid the difficulties arising in deblocking
by acids of methionine- and tryptophan-containing peptides
and their use in combination with the acid-labile protection
for the functional groups in the side groups of aminoacids
would greatly extend the scope of peptide synthesis.

The first step in this direction was the use of the trifluoro-
acetyl protecting group®!. Trifluoroacetylaminoacids can be
obtained by treating the aminoacid with trifluoroacetic
anhydride in anhydrous trifluoroacetic acid or by the aminol-
ysis of trifluoroacetate esters, while the protecting group can
be eliminated by treatment with agqueous ammonia, sodium
hydroxide, or barium hydroxide or by interaction with basic
ion-exchange resins.

Unfortunately there is a possibility of a whole series of side
reactions even in the course of the formation of the protected
aminoacid derivatives and in addition under certain condi-
tions rearrangements are observed with formation of azlac-
tones, which leads to the racemisation of the protected amino-
acid residue. Trifluoroacetyl derivatives are therefore used
mainly only in gas-chromatographic analysis for the determina-
tion of the aminoacid sequence or of the degree of racemisa-
tion52:%3,

The 9-fluorenylmethoxycarbonyl protecting group,
developed in 1970, is nowadays used to an increasing extent
in peptide synthesis®*. The authors introduced this group
by means of the corresponding azide or chloroformate in
aqueous dioxan in the presence of sodium bicarbonate or
carbonate.

The starting compound for the synthesis of the reagents
used to introduce the above protecting group is 9-fluorenyl-
methanol. The latter is a comparatively inaccessible com-
pound but it can be readily obtained from fluorene in accord-
ance with the following scheme®?:

HCOK HCO
|
I/\/\I/\“ HCOOC,H ‘/\”/\l/\“ > i/“]/\\l/\" HCOH
RO | - LA LN
\\/U_\/ CHOK AV VAV eV
HOC CH,OH CH,OH
NS I
NSNS NN
U [~ ] [+nooon .
N N N N
The yield of the final product was more than 67%. The

intermediate 9-formylfluorene need not apparently be isolated
in a pure form.

The protected aminoacids or peptides are deblocked by
treatment with liquid ammonia, ethanolamine, morpholine, or
similar bases. It has recently been suggested that piperi-
dine bound to polystyrene®® or other polymeric bases®® be
used for this purpose. According to Carpino and Han®%, the
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9-fluorenylmethoxycarbony! group is stable under the condi-
tions where it is treated with hydrogen bromide or chloride
in organic solvents and trifluoroacetic acid and also under
hydrogenolysis conditions. However, a special study of the
hydrogenation of protected derivatives in methanol in the
presence of small amounts of acetic acid and 10% of palladium
on charcoal showed that the side products are formed in this
instance®’. The authors explained the observed discrepancy
in the results by the different qualities of the catalysts
employed: a partially poisoned catalyst can be inactive in
relation to the derivative considered.

In the classical peptide synthesis the 9-fluorenylmethoxy-
carbonyl protecting group has been used in the successive
growing of the peptide chain by the method of activated
esters®® and also for the blocking of the o-amino-group in
trifunctional aminoacids in combination with the t-butoxy-
carbonyl group and the t-butyl ester®® groups for the protec-
tion of the functional side groups. Side reactions, leading
to the dimerisation of the aminoacid residue introduced, have
been noted in a few instances under these conditions.

The possibilities for the employment of the derivatives
under consideration in the solid-phase peptide synthesis have
been investigated in detail®®®!,

In the study of the mechanisms of the elimination of alkali-
labile groups, certain formal analogies can be drawn with the
mechanisms of the elimination of the acid-labile protecting
groups. Thus protecting groups related to the trifluoro-
acetyl group are removed in accordance with the following
scheme:

R OH R
CF,—C—HN- Imfcoom _Con | CFx-—-(!IA—HN—(l)HfCOORl -
i iz
R
— CFg—C—0° — HZN—éH
T

The above reaction equation resembles formally the acid-
catalysed elimination of an alkyl group and in both cases the
protecting group is removed without fragmentation and with
formation of the corresponding ion. In the instance con-
sidered the reaction rate is evidently determined by the
fractional positive charge on the carbon atom of the carbonyl
group.

Unique ideas concerning the mechanism of the removal of
the 9-fluorenylmethoxycarbonyl protecting group have not so
far been developed. The nature of the solvent is apparently
significant in this instance. In aprotic solvents the process
mechanism has not been established, while in water, methanol,
and t-butyl alcohol it is close to the carbanionic mechanism®®.
To a first approximation, the elimination of the 9-fluorenyl-
methoxycarbonyl group can be represented by the equation

<

R R

| S ]
cn—cnz—u—ﬁ-un—cu—coon‘ Ry (;’lcnifo—c-—uN—cu——conn‘ —
0

l o b
H|—>0H
¢ h

|
— cni + €O, + H;N—CH—COOR'

The character of this reaction is similar to that of the elimina-
tion of protecting groups of the benzyloxycarbonyl type—the
group fragments in both instances and the process is not
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accompanied by the formation of ions having an independent
existence. In this instance the rate of cleavage is deter-
mined by the stability of the intermediate carbanion. The
stabilisation of the carbanion derived from the 9-fluorenyl-
methoxycarbonyl protecting group is achieved by R-elimina-
tion, leading to the formation of dibenzofulvene. Depend-
ing on the reaction conditions and the reagents used in
deblocking, an adduct with dibenzofulvene of the type

)

"/ ,CH,—R _ R!
VT R o N e
,/\u/ “H — Re
N/

can be formed as a side product.

Continuing the comparison of the mechanisms of the elimina-
tion of the acid- and alkali-labile protecting groups, one
may postulate the existence of a third pathway leading to the
removal of the alkali-labile groups. The reaction must then
proceed via a fragmentation stage with formation of indepen-
dently existing ions, as happens in the case of the t-butoxy-
carbonyl group. The mechanism of this process can be
represented by the equation

R oH R
=)
R-—()—(‘—RN——J:H-—-—(,‘OORQ YL R——O‘)—Cl-—-HN-—(l,H—-COORZ —
I f
09
Rl

—> 1—0° + co, + Hzn—éﬂ—coon’ )

Evidently the rate of this reaction depends on the stability of
the anion formed and hence on the electronic effects of the
substituent R. The possibility of the operation of this
mechanism is confirmed indirectly by the finding that, on
passing from the benzyloxycarbony! group to the phenoxy-
and naphthoxy-carbonyl and related protecting groups,
which might show a greater tendency towards the formation
of anions on fragmentation, an increase of resistance to the
action of hydrogen bromide in acetic acid is observed. The
elimination under the influence of this reagent can be carried
out only under severe conditions leading to the rupture of
the peptide bond®®. Apparently the introduction into the
benzene ring of substituents promoting the stabilisation of
the anion formed would make it possible to obtain alkali-
labile protecting groups of the type considered. At the
present time such N-protecting groups are not used in pep-
tide synthesis.

A number of studies devoted to the search for new alkali-
labile protecting groups and to the expansion of the applica-
tions of the already existing groups have been published in
recent years. As early as 1970, the possibility of modifying
the 9-fluorenylmethoxycarbonyl group in order to increase
or decrease its sensitivity to bases was pointed out®*.

In 1978 Merrifield suggested that the 2-sulpho-9-fluorenyl-
methoxycarbonyl protecting group be used in the elimination
of side products with a shortened aminoacid sequence from
the peptides synthesised by the solid-phase method®*. The
2-sulpho-9-fluorenylmethoxycarbonyl group is attached to
the amino-group of the peptidylpolymer and the resulting
derivative and other elimination products are separated on
diethylaminoethyl-cellulose and deblocked. The protecting
group is introduced using the corresponding chloroformate or
the p-nitrophenyl ester of the aminoacid. The deblocking is
carried out by treatment with aqueous morpholine or piperi-
dine.
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The possibility of using the p-substituted benzyloxycar-
bonyl group as an alkali-labile protecting group has been
investigated recently®:

R—COO—CgH, (RY) —CHy—OCO—

R == CH,, R = H; R = (CHy)» CH, R! = H; R == OC;H;,
R! — H; R == (CHy); CH—O, R = H; R~ GH,S, R! = H;
R = (CHy)s CH—NH; R' = H; R = (CHy). N, R! = H;

R - (CH,); CH—-O, R! = ClI

It was shown that groups of this type are more stable in tri-
fluoroacetic acid than the benzyloxycarbonyl protecting
group and can be removed selectively in the presence of the
latter and the t-butoxycarbonyl group by treatment with
H,0, in ammonia.

Thus, despite the fact that the use of alkali-labile N-pro-
tecting groups in peptide synthesis is so far still fairly
limited, the data obtained hitherto show that this trend will
have a significant influence on its development.
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