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The facile solvolysis of cyclopropylmethyl substrates
has long been recognized as being exceptional, an a-cy-
clopropyl substituent being even more effective, in many
situations, than the a-phenyl residue in cationic stabi-
lization.! Surprisingly, little practical application of this
unusual effect has been made in spite of the fact that no
moiety of lower molecular weight comes close to equaling
the effect of this simple three-carbon unit. In 1977,
Brady, Hirschmann, and Veber? examined the [(cyclo-
propylmethyl)oxylcarbonyl and [(1-cyclopropylethyl)oxyl-
carbonyl groups as potential N-a-amino acid protectants.
A deficiency of the former, noted by Veber and co-
workers, is the rearrangement of a portion of the sub-
strate under acidic deblocking conditions to the (1-
cyclobutyloxy)carbonyl system with consequent partial
early termination of the deblocking process.

In the present paper it is demonstrated that the
secondary system 1 incorporating two a-cyclopropyl units
or the tertiary system 2 having one cyclopropyl and two
methyl residues give rise to two widely applicable protec-
tive systems for carboxyl and amide protection, respec-
tively. The dicyclopropylmethyl (Dcpm) group can be
used for carboxylic acid protection where selective re-
moval is necessary in the presence of ter¢-butyl-derived
or N-trityl side chain protection.
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A typical example involved assembly of the protected
hexapeptide acid 32 from Fmoc-Tyr(¢-Bu)-ODcpm by the
rapid, continuous Fmoc/tris(2-aminoethyl)amine (TAEA)
solution method of peptide synthesis.*5 Except for Arg,
which was coupled via N-[[(dimethylamino)-1H-1,2,3-
triazolo[4,5-b]pyridin-1-ylimethylene]-N-methylmetha-
naminium hexafluorophosphate N-oxide (HATU),S all
acylations were carried out via the appropriate Fmoc
amino acid fluorides’ which were employed in the pres-
ence of base (DIEA). The final deblocking step involved
short time (15 min) treatment of the Dcpm ester with
1% trifluoroacetic acid (TFA) in DCM.

Frmoc-{le=Thr(t-Bu)-Arg{Pme)—Gin{Trt)-Arg{Pmc}~Tyr(t-Bu)-OH
3

Comparable amide protection, useful for avoidance of
dehydration, to enhance solubility or interfere with
aggregation® can be achieved similarly. Although the
Dcpm residue can be used for this purpose, its removal
from nitrogen is somewhat sluggish and it is preferable
to use a tertiary system, such as the dimethylcyclopro-
pylmethyl (Dmcp) residue 2, which provides the desired
level of reactivity.? Table 1 collects some relevant half-
times for conversion of simple N-alkyl derivatives to
acetamide by treatment with TFA and provides compari-
son with analogous phenylated systems. Comparison
between 5 and 6 shows the cyclopropyl system to be about
10 times more reactive than the phenyl analog. A further
deficiency of phenylated systems was noted in the case
of 7, which was somewhat more reactive than 5, namely
separation from the reaction mixture of an insoluble
sticky material, presumably a polymer of the correspond-
ing olefin.!® Under the conditions of Table 1,'2 N-
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Table 1. Approximate Time Course for Deblocking of
CH3CONHR in Neat Trifluoroacetic Acid ¢

Compound No. R t1/2 (min)
4 ( yAVS ) o 19
2
CMez~
5 AV 1-2
8 CgHsCMez- 15
7 (CeHs)2CMe— <1

¢ The amide (50 mg) is added to 0.6 mL of TFA at room
temperature and the deblocking followed by 'H NMR spectroscopy.
In the TFA medium the methyl group of acetamide appeared near
4 2.1, upfield from that of the various substituted acetamides.

(cyclopropylmethyl)-, N-tert-butyl-, N-tert-adamantyl-,
and N-(1-methyl-1-cyclohexyl)acetamide showed no re-
activity for periods up to 24 h.

Application of the Dmcp residue in solid phase syn-
theses of peptides containing Asn and Gln was demon-
strated in a number of cases via utilization of interme-
diates 8a and b, respectively.

(CHZz)nCONHCMe,
FmocNHCHCO,H

8a, n=1
8b, n=2

Examples include the ACP decapeptide,'® bombesin,'’
and Briand’s peptide 9.1 In the case of 9,

H-Asn-tLeu-lle-Val-Glu-Leu~Lys~Arg-Gly-Thr-NH2
9

use of w-N-tritylasparagine is problematic since deblock-
ing of N-terminal Asn is sluggish in TFA.!® In contrast,
the Dmcp residue was removed rapidly from both the
internal and N-terminal positions for both Asn and Gln.

(12) Compounds 4 and 5 were obtained from the two amines i and

ii.
e
<D—> CHNH, D—cm«;2
2

Although both i!? and ii'4 are known, convenient methods for their
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in situ from NaNj; and trichloroacetic acid in CHCl;. For the method
see: (a) Coombs, M. M. J. Chem. Soc. 1958, 3454. (b) Leffler, J. E.;
Zupancic, J. J. J. Am. Chem. Soc. 1980, 102, 259. Any such acid-
catalyzed reaction of a cyclopropylmethyl substrate with retention of
the three-membered ring requires careful choice of nucleophile and
reaction conditions to avoid conversion to homoallyl derivatives by
facile ring opening processes.!®

(13) (a) Corrodi, H. Helv. Chim. Acta 1988, 46, 1059. (b) Hanach,
M.; Eggensperger, H. Liebigs Ann. Chem. 1963, 31, 663.

(14) Timberlake, J. W.; Martin, J. C. J. Org. Chem. 1968, 33, 4054.

(15) Reviews: (a) Sarel, S.; Yovell, J.; Sarel-Imber, M. Angew. Chem.,
Int. Ed. Engl. 1968, 7, 577. (b) Hanack, M.; Schneider, H.-J. Angew.
Chem., Int. Ed. Engl. 1967, 6, 666.

(18) (a) Hancock, W. S.; Prescott, D. J.; Vagelos, P. R.; Marshall, G.
R. J. Org. Chem. 1973, 38, 724. (b) Atherton, E.; Clive, D. L. J;
Sheppard, R. C. J. Am. Chem. Soc. 1975, 97, 6584.

(17) De Bello, C.; Lucchiari, A.; Buso, O.; De Castiglione, R.; Gozzini,
L. Gazz. Chim. Ital. 1986, 116, 221.

(18) Friede, M.; Denery, S.; Neimark, J.; Kieffer, S.; Gausepohl, H.;
Briand, J. P. Pept. Res. 1992, 5, 145.

J. Org. Chem., Vol. 60, No. 24, 1995 17719

A similar advantage of 8a over the analogous w-trityl
derivative was observed when the new fluoride-based
coupling reagent tetramethylfluoroformamidinium hexa-
fluorophosphate (TFFH)* was used for synthesis of the
acyl carrier decapeptide (ACP). Introduction of aspar-
agine via Fmoc-Asn(Trt)-OH/TFFH gave a significant
amount of the des(Asn)ACP nonapeptide, whereas with
Fmoc-Asn(Dmcp)-OH/TFFH none of this byproduct was
observed.

Use of the Dmcp group as C-terminal amide protectant
also facilitated the direct synthesis of peptide amides by
the Fmoc/TAEA rapid solution synthesis. Previously,
peptide amides were obtained indirectly by this technique
via initial assembly of an ester and subsequent am-
monolysis.® The Dmcp-protected amide function re-
sembles an ester in enhancing the solubility of the
growing peptide amide in the organic phase. An example
is the synthesis of the protected form 10 of the C-terminal

Fmoo~Asp(O-+Bu) Tyr(+Bu)-~lle-Asn(Trt)-Gly-NHCMe,
10

ACP pentapeptide amide in 61% yield via no-base
coupling® of Fmoc amino acid fluorides. Complete de-
blocking with removal of the Fmoc function by piperidine
followed by all side chain tert-butyl and trityl residues
and the Dmcp function by TFA gave a peptide amide of
excellent quality as established by HPLC and MS analy-
sis. The HPLC and MS analysis indicated that no trace
of the Dmcp residue or any rearrangement product
thereof remained attached to any portion of the resulting
peptide amide.?122
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