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A new method for the solid-phase synthesis of cyanamides is described. The attachment of a secondary amine to solid support is accomplished
using Merrifield resin. After functionalization, cleavage is readily achieved with cyanogen bromide to afford the desired cyanamide.

The cysteine proteinases are one of four major classes of We hypothesized that secondary amines loaded onto
proteinase enzyméthat selectively catalyze the hydrolysis suitable resins should be cleavable through quaternization
of polypeptide bonds. They are involved in a variety of with cyanide and loss of a benyzl group (from the linker) in
physiological processes such as apoptosis, inflammation, ancne step (the von Braun reactipriro test this methodology
cell signaling and migration. Inhibitors of such enzymes we prepared suitably substituted 1-cyano-3-aminopyrrolidines
therefore have promising therapeutic application in the and 1-cyano-4-aminopiperidines as disclosed by the Merck
treatment of, for instance, tumor metastasis, myocardial workers.
infarction, inflammation, and bone disease. Most cysteine  Thus Merrifield resif was loaded with 3tért-butoxycar-
proteinase inhibitors contain electrophilic isosteres (the ponylamino)pyrrolidine (Scheme 1) in DMF with catalytic
“warhead”) that interact with the cysteine thiol group at the  tetrabutylammonium iodide. Loading was judged qualita-
enzyme catalytic site, and a key feature in the developmenttively by IR (carbonyl stretch at 16501680 cm). Depro-
of inhibitors to this enzyme class has been the design of tection with 20% trifluoroacetic acid in dichloromethane
warheads that react selectively without the toxicity problems followed by a triethylamine wash afforded compouhds
associated with alkylation/acylation of other functionalities. the free base. Disappearance of the carbonyl stretch indicated
Nitrile groups are known to be suitable warheads with complete deprotection of the primary amine. At this point
selectivity toward cysteine proteinases over other classes, the amino group was derivatized in a number of ways.
and recently workers at Merck have disclodédyanamides  Carboxylic acids were coupled using an HBTU protocol to
(Figure 1) as inhibitors of the cysteine proteinases cathepsinsafford compound&a,b, while the urea was prepared through
reaction with excess phenyl isocyanate to yi&ldo prepare

_ sulfonamided, pyridine was chosen as the base rather than

triethylamine or diisopropylethylamine, as the latter often
@(EN_CN 0..0 EN_CN led to the formation of significant amounts of the bis-
N ph-S N sulfonamide. The chemistry was repeated usinged-(
H butoxycarbonylamino)piperidine attached to the resin to give
the appropriately functionalized aminopiperidines.
Cleavage from the resin was achieved with a slight excess
of cyanogen bromide, the excess of which was then
K and L3 Herein we disclose our work toward the prepara- scavenged out from solution using polymer-supported trisamine
tion of such compounds on the solid phase.

Figure 1. Merck cathepsin inhibitors.
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aConditions: (a) 34ert-butoxycarbonylamino)pyrrolidine, 3 equiv;4Bt, 3 equiv; BuNI (cat.), DMF, 80, 16 h. (b) 20% TFA in CHCI,,
2 h. (c) RCQH, 3 equiv; HBTU, 3 equiv; DIPEA, 3 equiv; DMF, rt, 16 h. (d) PhNCO, 4 equiv;CH, rt, 16 h. (e) PhSELI, 4 equiv;
pyridine, 8 equiv; CHCI,, rt, 16 h. (f) BrCN, 1.5 equiv; CkCly, rt, 2 h; (g) PS-trisamine, 3 equiv; GEl,, rt, 1 h.

(PS-trisaminé) to afford compound$—12 after filtration

show the excellent purities and satisfactory yields obtained

and evaporation. The resulting compounds listed in Table 1in most of the reactions.

Table 1. Cyanamide Yields and Purities

H N R
IS
N
NC
R n yield® (%) purity?a
5 Ph-C(O)- 1 50 95
6 4-biphenyl-C(0O)- 1 40 95
7 Ph-C(O)- 2 48 95
8 4-biphenyl-C(0O)- 2 55 95
9 PhNHC(0)- 1 50 95
10 PhNHC(0O)- 2 50 95
11 PhSO- 1 45 60
12 PhSO- 2 50 85

aPurities from diode array LC Yields are of the entire sequence based

on theoretical loading of the Merrifield resin.
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In conclusion, it has been demonstrated that cyanamides
of generally excellent purity can be produced from this novel
solid-phase method. The robustness of the Merrifield linker
allows potential for the application of diverse chemistries
without premature cleavage from the resin. We will report
on the application of this methodology to our own library
designs in due course.
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