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In the past few years, major efforts have focused on the 
construction and evaluation of compound libraries, including 
libraries of several classes of nonpolymeric compounds.1 

However, libraries of nonoligomeric molecules of complexity 
comparable to those targeted in many of the current medicinal 
chemistry efforts have not yet been described. Previously we 
reported methods for the solid-phase synthesis of a library of 
1,4-benzodiazepine derivatives,2,3 one of the most important 
classes of bioavailable therapeutic agents with widespread 
biological activities.4 Three building blocks may be employed 
to construct the 1,4-benzodiazepine derivatives: alkylating 
agents, Fmoc amino acid fluorides, and 2-aminobenzophenones 
or 2-aminoacetophenones. The 2-aminoaryl ketone building 
block introduces an essential determinant of activity or specific­
ity for many benzodiazepine-based therapeutic agents or can­
didates including HIV Tat/Tar inhibitors, selective cholecysto-
kinin receptor subtype A or B antagonists, and platelet activating 
factor antagonists.5 Unfortunately, the small number of com­
mercially available 2-aminoaryl ketones limits the rapid syn­
thesis of benzodiazepine derivatives that display diverse func­
tionality upon this important region of structure. Here we report 
a general and high-yielding method for the solid-phase synthesis 
of 2-aminoaryl ketone derivatives that display diverse chemical 
functionality, and we demonstrate the direct incorporation of 
these molecules into structurally complex 1,4-benzodiazepines. 

For the solid-phase synthesis of 2-aminoaryl ketone deriva­
tives we chose the palladium-mediated Stille coupling reaction6,7 

between an acid chloride and a support-bound N-protected (2-
aminoaryl)stannane as the key bond-forming step because it 
proceeds under mild and general reaction conditions and is 
tolerant of a wide range of functionality. This approach provides 
rapid access to hundreds of diverse 2-aminoaryl ketone deriva­
tives, since over 500 acid chlorides are commercially available. 

The first issue to be addressed to achieve a successful 
synthesis sequence was selection of the N-protecting group of 
the (2-aminoaryl)stannane. The protecting group must be stable 
to preparation of the stannane, to coupling of the stannane to 
the solid support, and to the palladium-mediated Stille coupling 
step, which rules out the use of base labile and allyl protecting 
group strategies. After the Stille coupling step is completed, 
the product aminobenzophenone must be unmasked for benzo­
diazepine synthesis without any cleavage of the alkoxybenzyl 
ether linker, preventing the use of protecting groups removed 
by strong acid or hydrogenation conditions. One protecting 
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" (a) !-Pr3SiCl, imidazole, CH2Cl2; (b) THF, 2-(4-biphenyl)isopropyl 
phenyl carbonate, KH; (c) (i) Et2O, 1.1 equiv of n-BuLi, (ii) 1.2 equiv 
of r-BuLi, (iii) Me3SnCl; (d) BU4NFZTHF; (e) THF, (4-(hydroxymeth-
yl)phenoxy)acetic acid cyanomethyl ester, PPh3, DEAD. 

group that fulfilled all of these requirements is the 2-(4-
biphenyl)isopropyloxycarbonyl (Bpoc) group8 since it is stable 
to both basic and Stille coupling conditions, yet can be cleaved 
under very mild acidic conditions, to which the linker is 
completely stable.9 

The yV-Bpoc-protected (2-aminoaryl)stannane was prepared 
as shown in Scheme 1. The triisopropylsilyl ether of 4-ami-
nophenol was treated with 2-(4-biphenyl)isopropyl phenyl 
carbonate in THF followed by addition of excess KH to provide 
the Bpoc derivative 2. The trimethyltin group was then 
introduced by directed ortho metalation followed by reaction 
with trimethyltin chloride.10 Subsequent treatment with BU4NF 
provided the free phenol 3, which was then coupled to the 
cyanomethyl ester of 4-(hydroxymethyl)phenoxyacetic acid 
under standard Mitsunobu reaction conditions.11 The preacti-
vated ester 4 was employed for direct acylation to the amino-
methylated solid support to expedite the synthesis sequence and 
to minimize exposure of the acid sensitive Bpoc group and 
stannane to the phenoxyacetic acid functionality or the acidic 
coupling reagents that are often employed in conventional amide 
bond-forming methods. 

Solid-phase synthesis was initiated by coupling active ester 
4 to aminomethylated polystyrene resin in ./V-methyl-2-pyrro-
lidinone with !-P^EtN as base and DMAP as an acylation 
catalyst (Scheme 2). Stille reactions of the support-bound 
stannane 5 with aromatic and aliphatic acid chlorides were 
performed with the "ligandless" catalyst Pd2dba3*CHCl3. To 
minimize protodestannylation and premature carbamate depro-
tection, K2CO3 and /-P^EtN were added as acid scavengers. 
(While the ligandless catalyst provided a rapid reaction at room 
temperature, coupling with Pd(PPli3)4 required elevated tem­
perature and some cleavage of the Bpoc group was observed.) 
After the reaction solution was rinsed away, palladium black 
that had precipitated on the resin during the coupling step was 
removed by brief treatment of the resin with dilute KCN in 
DMSO.12 The Bpoc protecting group was then cleaved by brief 
treatment with 3% TFA in CH2CI2 to provide the support-bound 
2-aminoaryl ketone 6.13 

The support-bound 2-aminoaryl ketones were then incorpo­
rated directly into 1,4-benzodiazepine derivatives according to 
published procedure.2 The aniline was acylated with an a-N-
Fmoc amino acid fluoride,14 and the Fmoc protecting group was 

(8) Sieber, P.; Iselin, B. HeIv. Chim. Acta. 1968, 51, 622-632. 
(9) The amine packaged as the nitro group also fulfills all of these 

requirements. However, Stille coupling reactions of (2-nitroaryl)stannanes 
were found to be less general. Coupling reactions with aliphatic acid 
chlorides and electron poor aroyl chlorides proceeded in low yields. 
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" (a) THF. K2CO,. /-Pr2EtN. Pd2dba,-CHCL, aroyl or alkyl acid chloride: (b) 97:3 CH2Cl2ZTFA; (c) Fmoc amino acid fluoride. 2,6-di-terr-butyl-
4-methylpyridine; (d) 20% piperidine in DMF; (e) 5% AcOH in DMF, 65 0C, 4 - 8 h; (f) (i) lithiated 5-(phenylmethyl)-2-oxazolidinone in THF. 0 
0C, (ii) alkylating agent, DMF; (g) TFA/Me2S/H20 (85:10:5). 

removed by treatment with 20% piperidine in DMF to give 7. 
Treatment of the free amine with 5% acetic acid in DMF at 65 
0C gave the cyclic product 8. Deprotonation followed by 
alkylation afforded the fully functionalized support-bound 
derivative 9. The benzodiazepine was cleaved from the support 
by treatment with 85:10:5 trifluoroacetic acid/dimethyl sulfide/ 
water to give the derivatives 1 0 a - o . The unpurified 1,4-
benzodiazepine derivatives were isolated in greater than 80% 
purity as judged by 1H NMR analysis. The yields reported for 
the eight-step process were determined from the mass balance 
of pure material after column chromatography, based on the 
initial aminomethyl substitution level of the resin.15 Although 
the efficiency of the initial loading step (the acylation to give 
5) could not be determined directly.16 treatment of 5 with 3 % 
trifluoroacetic acid, acetylation of the resulting aniline with 
acetic anhydride, and cleavage from the solid support gave 
4-hydroxyacetanilide in 92% overall yield based on the ami­
nomethyl loading level of the resin. 

Most of the benzodiazepine derivatives were synthesized 
incorporating the amino acid alanine and the alkylating agent 
ethyl iodide in order to facilitate direct comparison of the 
efficiency of the Stille coupling step and to evaluate the 
compatibility of the product 2-aminoaryl ketone with the 1,4-
benzodiazepine synthesis sequence. These included benzodi­
azepines incorporating 2-aminobenzophenones prepared from 
acid chlorides that were electron rich, electron poor, alkyl 
substituted, polyaromatic, heterocyclic, and ortho substituted, 
as well as benzodiazepines from 2-aminoacetophenones prepared 
from several aliphatic acid chlorides displaying diverse func­
tionality. In addition, benzodiazepine derivatives 10k and 1On 
were also synthesized to demonstrate that more highly func­
tionalized alkylating agents and amino acids can also be 
incorporated17 to access architecturally complex 1,4-benzodi-
azepine derivatives. 

In conclusion, we have developed a rapid and efficient method 
for performing the Stille coupling reaction on a solid support 
to prepare 2-aminoaryl ketones that display diverse chemical 
functionality, and we have demonstrated the direct incorporation 
of these derivatives into 1,4-benzodiazepine structures in high 
yield. Using this methodology, the construction of a large 
library of 1.4-benzodiazepines and biological evaluation of the 
library against a number of therapeutically relevant targets are 
in progress. 
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(15) Substitution level was determined by two independent methods as 
described in the supplementary material. 

(16) Loading could not be determined by direct submission of 5 to the 
trifluoroacetic acid cleavage because 4-aminophenol cleaves slowly and 
degrades under those conditions. 

(17) We have previously demonstrated that a range of functionality, 
including amides, esters, ethers, indoles, carbamates, phenols, acids, alcohols, 
and amines, can be incorporated into 1.4-benzodiazepines employing the 
reported solid-phase synthesis methods. 

Figure 1. 1,4-Benzodiazepine derivatives synthesized on a solid 
support. Yields were determined from mass balance of purified material 
based upon initial aminomethyl loading level of the solid support. 
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