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Solution-Phase Segment Synthesis of Boron-Rich Peptides
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Summary: Small peptides containing up to 40boron atoms
were efficiently synthesized in solution.

The production of highly localized and cytotoxic radi-
ation through thermal neutron capture by 1B (1°B(n, ) "Li)
is the basis for boron neutron capture therapy (BNCT).!
Successful cancer therapy using this novel binary approach
will require the selective accumulation of ~5-30 ppm B
in tumor.?2 A potential method for the delivery of boron
to tumors is an antibody-based approach which requires
each immunoprotein to deliver ~10° boron atoms in order
to achieve the required 1°B concentrations. This require-
ment presents a chemical challenge which has led us to an
interest in the precise chemical synthesis of hydrophilic
10B-rich “trailer” molecules.? We recently described the
synthesis of anionic nido-carborane* containing peptides
1 and 2 (derived from amino acid 8, Figure 1), their
attachment to monoclonal IgG antibodies (MAbs) against
the CEA antigen, and the in vivo characterization of these
immunoconjugates.> Because the synthesis of 1 and 2
under solid-phase conditions proved to be slow, we began
to explore the synthesis of similar “B-rich peptides in
solution using a “doubling” approach (segment synthesis),
which is described herein.

We began by improving the synthesis of the closo-
carborane amino acid monomer, as the synthesis of 3
required nine steps from propargyl bromide (~30%
overall).52 The TBDMS-protected carboranylpropyl io-
dide 4 efficiently monoalkyl imine anion 6 under standard
conditions, affording amino ester-HCl1 7 after mild hy-
drolysis (Scheme I).® The silyl-protected iodide 4 was
utilized because a previous report from our laboratories
suggested that unprotected iodide 5 was unsuitable for
imine—anion alkylation, presumably due to the relatively
acidic carborane C~H bond.’* We were surprised to
discover that the readily available unprotected iodide 5
efficiently alkylates imine anion 6, affording amino ester
8 in good yield after mild hydrolysis (77% for two steps).
Although the remainder of this paper describes the
preparation of derivatives of protected amino ester 7,
unprotected analogue 8 is being used in our current work,
as it is expected to exhibit very similar reactivity.

The tert-butyl esterin 7 is used as the carboxyl-terminus
protecting group for segment peptide synthesis. Coupling
of this amino ester salt with N-fluorenylmethoxycarbonyl
(FMOC) glycyl fluoride under biphasic conditions? pro-
ceeds efficiently, affording the orthogonally protected

06(1) Boarth, R. F.; Soloway, A. H.; Fairchild, R. A. Cancer Res. 1990, 50,
1061-1070.
(2) Fairchild, R. G.; Bond, V. P. Int. J. Radiat. Oncol. Biol. Phys. 1985,

1, 831.

(3) Hawthorne, M. F. Pure Appl. Chem. 1991, 24, 327-334.

(4) Throughout this paper closo-carborane, o-carborane, or carboranyl
refer to derivative of the closo-1,2-C;B,oH;; cage, while nido-carborane
refers to derivatives of the {nido-7,8-C,BsH,;]- cage fragment.

(5) (a) Varadarajan, A.; Hawthorne, M. F. Bioconjugate Chem. 1991,
2(4),242-253. (b) Paxton,R.J.; Beatty, B. G.; Varadarajan, A.; Hawthorne,
M. F. Bioconjugate Chem. 1992, 3(3), 241-247.

(6) All new compounds reported in this communication have been
appropriately characterized (HRMS, HPLC, multinuclear NMR, etc.).
IYIilgE(BZ are reported for material homogeneous by NMR, TLC, and/or

0022-3263/93/1958-0991$04.00/0

[0 4 i 0
S N Y
Q& )NCHa),
CHy .CH,y
Co L C=C
o, \&/
BoHyo- Na n ByoHho
1 X=OH, ne2 3
2 X={N“Ac)ysine, n=10
Ao A
e
10" 110 Oﬁﬂ
oc
Aocoh . b
\O/ -
BoHyo
Figure 1.
Scheme I
Heg o 1)a. n-Bull b. TBDMS-CI
= 2)a. n-Buli b. oxetane
\<B)1/°H1° 3)TsCl, pyr; 4) Nal, acetone 4 (64% overall)
- 1) BygHyo * (CHsCN
HOZC—~ _~g ‘zf‘ﬂﬁ".ﬁﬁ‘ﬁ’—)‘ 5 (59% overall)
o
_ NH3 CI°
q 1)HBUO,C._NC(Ph®) 2O
\csc/\/\| ()
\s,/,, Heo 2) 1:1 ether:10% HC o—c-?
\%
4 R=TBOMS BioHio
8 ReH 7 R=TBDMS (77%)
8 RsH (77%)
Scheme 11
0 y
N
F. +BuO N N-FMoOC
\{)(\n-moc T ow
1 “CA, 10% ag NaHCO; oo TEOMS
1:1), —
(1:1), 94% \C/
ByoHio

dipeptide 9 in good yield (Scheme II). Glycine was
incorporated into this peptide (and larger derived peptides)
for a number of reasons. Glycine is an available source of
a N-FMOC-protected amino acid, which allows the con-
version of 7 to the N-FMOC-protected derivative while
serving as a “spacer”, reducing unfavorable steric inter-

(7) Carpino, L. A.; Mansour, E.-S. M. E.; Sadat-Aalee, D. J. Am. Chem.
Soc. 1991, 56, 2611-2614.
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actions. Additionally, the incorporation of glycine dem-
onstrates the viability of incorporating natural amino acids
into boron-rich peptides. We are presently investigating
the incorporation of hydrophilic amino acids (or amino
acid derivatives) into carborane containing peptides.

Dipeptide 9 is equipped to participate in repetitive
segment condensation by virtue of the orthogonal con-
ditions available for removal of the carboxyl and amino
protecting groups. The tert-butyl ester protecting group
was selectively removed upon treatment of 9 with TFA,
affording the N-FMOC amino acid 10 in 95% yield
(Scheme IIT). The amine protecting group could also be
selectively removed. Initially, treatment of the N-FMOC
amino ester 9 with DBU® afforded the amino ester 11 in
61% yield. These conditions were chosen to avoid the
conversion of the closo-carborane to its anionic nido
derivative,? a potential side reaction of FMOC deprotection
using 1° or 2° amines.!® Since our discovery that FMOC
removal is sufficiently rapid that 1° or 2° amines can be
utilized without nido-carborane formation, we have begun
to use tris(aminoethyl)amine (TAEA) as this reagent
facilitates the removal of the dibenzylfulvene formed in
the deprotection reaction (CHCls;, room temperature, 30
min, 70%).11

The coupling of acid 10 with amino ester 11 was
efficiently accomplished using in situ activation (DCC/
N-hydroxysuccinimide), producing tetrapeptide 12in 83 %
yield. This demonstrates one cycle of “segment synthesis”,
effectively doubling the length of peptide 9 in three
reactions. A second cycle of deprotection/coupling reac-
tions again doubled the size of the peptide, affording
octapeptide 15 in reasonable yield (~50%). In order to
facilitate characterization the amino terminus of 15 was
deprotected.

After demonstrating the solution-phase segment syn-
thesis, attention was turned to the manipulation of the
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carborane cages. Removal of the TBDMS carborane
protecting group of 11, using 1 equiv of tetrabutylam-
monium fluoride in THF, was followed by conversion of
the resulting closo-carborane-containing dipeptide to the
anionic dipeptide 17 in 54% yield (Scheme IV). The
general conversion of closo-carborane containing peptides
to the corresponding anionic nido-derivatives had been
described in a previous communication from our labora-
tories.%2 An attempt to convert protected amino ester 9
directly to the nido amino 17 by extended treatment with
tetrabutylammonium fluoride was less successful and
resulted in the formation of a complex mixture of
products.!2

In conclusion, peptides derived from carborane-con-
taining amino acids were rapidly and efficiently synthe-
sized in solution. The segment condensation strategy
employed is amenable to scale up and provides a means
for the incorporation of alternating “natural” amino acids.
Current work is concerned with the incorporation of
hydrophilic amino acids (glutamic acid or phosphorylated
gerine, for example, rather than glycine) in order to increase
the hydrophilicity of the derived peptides. These boron-
rich compounds should prove to be useful whenever large
homogeneous boron-rich compounds are needed, especially
in immunoprotein-mediated BNCT.
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(12) TBAF was expected to remove the FMOC protecting group (Happ,
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