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Abstract—An efficient preparation of the title compounds from 4-iodo-L-phenylalanines using a carbonylative Stille cross-coupling
reaction as the key-step is described. © 2000 Elsevier Science Ltd. All rights reserved.

The use of benzophenone (BP) photophores in biochem-
istry has increased considerably during the past 10 years,
owing to their advantages over previously employed diazo-
ester, azide, and diazirine probes.! In particular, the devel-
opment of 4-benzoyl-L-phenylalanine (BPA, 1a),> a BP-
containing amino acid, brought a significant advance in
the application of photoaffinity labeling to the study of
peptide—protein interactions.

The original report on BPA has involved a non-selective
preparation of the DL-form followed by an enzymatic
resolution.”> A similar strategy has been adopted also in
the preparation of tritiated BPAs.> More recently, the
synthesis and the use of (RS)-4-(4-hydroxybenzoyl)phe-
nylalanine (rac-HBPA, 2), a photoreactive amino acid
also amenable to radioiodination, have been described.*
Eventually, enantioselective syntheses of S- and R-
enantiomers of HBPA (2a,b) and of (S)-Boc-N-methyl-
4-benzoylphenylalanine (1b) have been accomplished
using Schollkopf and Oppolzer chiral auxiliary reagents,
respectively.>®
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In recent years, a wide variety of structurally modified
phenylalanine derivatives have been synthesized in
enantiopure forms exploiting transition metal-catalyzed
reactions.” The introduction of an aroyl moiety in a
phenylalanine derivative by a palladium-catalyzed reac-
tion would provide a conceptually simple and straight-
forward approach to 4-aroylphenylalanines. We now
report on such a conversion which is based on a carbon-
ylative Stille reaction® as well on the availability of 4-
iodo-L-phenylalanine derivatives such as 3a.”y

Aryl iodides can be carbonylatively coupled with organo-
stannanes to afford ketones, but the number of exam-
ples in the literature is limited, due to the versatility of
aryl triflates in this strategy.® Our attempt at coupling
the tyrosine triflate derivative 3b72" with C¢HsSnBus’
under conditions developed by Stille (CO, PdCl,/dppf,
LiCl, DMF)!® has proven, however, to be surprisingly
unsuccessful and 3b was recovered practically unchan-
ged after 24h at 90°C. In contrast, the reaction of
iodide 3a with tributylphenyltin under atmospheric CO
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pressure in the presence of PdCl,/2PPh; proceeded
smoothly to give the 4-benzoyl derivative 3¢ in 88%
yield.!! Repetition of the procedure with 4---BuOCO
OC¢H,SnBu;'? afforded 3d in 87% yield.!*> Removal of
the ester group of 3¢ with NaOH/MeOH/H->O at room
temperature and complete deprotection of 3d (NaOH/
MeOH/H,0, rt, then TFA/CH,Cl,, rt) afforded almost
quantitatively 1c and 2a, respectively, whose physical data,
in particular optical rotations, were in good agreement
with the values reported in literature.'* The carbonylative
coupling of 3a with phenylboronic acid CsHsB(OH),
according to Suzuki (CO, PdCl,/2PPh;, K,CO;, dioxane,
80°C)!3 was also explored but resulted in a lower yield of
3c (64%) and a longer reaction time (18 h).

A number of interesting reports have already appeared
in the literature on synthetic work concerning covalent
linkages between aromatic side chains of two amino-
acids with the aim at investigating conformationally
restricted analogues of bioactive peptides.”>!® On this
basis, a 4,4'-bis(alanyl)benzophenone, which could act as
a photoactivatable bis(phenylalanine) analogue, has been
synthesized in the differentially protected form 6'7 in 80%
yield by carbonylative coupling between N-Fmoc-4-
iodo-L-phenylalanine benzyl ester (4)!* and N-Boc-4-
trimethylstannyl-L-phenylalanine methyl ester (5)7°
(Scheme 1).

The presence of the BPA moiety in a peptide renders it
light-sensitive. Special precautions are therefore to be
taken during synthesis of BPA-containing probes and
dithioketal formation for temporary protection followed
by regeneration with Hg(OCOCF3), or AgNOj; has been
suggested.!” In this view, it would be advantageous to
introduce the benzoyl moiety at a late stage, i.e., into
the fully coupled peptide. To demonstrate the feasibility
of this approach, we have extended our methodology to
the model peptide Ala-4-1-Phe-Leu. The tripeptide was

prepared in two differently protected forms (7a,b)
through standard solution phase techniques® and sub-
jected to carbonylative cross-coupling reaction with
CgHsSnBus. Smooth conversions to the BPA-containing
peptides 8a,b?! were accomplished in 96 and 88% iso-
lated yields, respectively (Scheme 2).
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