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Abstract: A variety of synthetic molecules based on D-penicillamine was examined in the established type I
collagen arthritis mode! in rats.

D-(-)-Penicillamine (1) is a clinically useful antiarthritic agent belonging to a small group of such drugs
which are believed to alter the course of this disease, rather than alleviate its symptoms.] They differ from the
classical non-steroidal antiinflammatory drugs by not inhibiting arachidonic acid cyclooxygenase and in having
a lag period of several months before beneficial effects are felt. Penicillamine is not consistently active in the
bioassays commonly used for arthritis-carrageenin edema, UV erythema and adjuvant arthritis.2

An arthritis-like discase having similarities to the human condition has been induced in rats by injection
of type II collagen.3 We have adapted this animal model to screen for antiarthritic drugs, with x-rays being
used to examine several parameters of joint destruction. 4 Other research groups have subsequently utilized
this bioassay in their testing programs,5 but most did not use joint x-rays.

D-Penicillamine, but not the L-enantiomer, was initially found to have activity in our assay. A variety
of analogs was then synthesized in which the chemical structure of D-penicillamine was systematically varied.

A series of N-acylated penicillamine derivatives (2a-_j) was prepared by reaction of ] with an acid
chloride, anhydride, or chloroformate ester in the presence of base. The N-formyl compound (2K) was
prepared by heating ] in formamide.6 Urea 3 was obtained with ag KNCO.7 Preparation of the guanidine 4
required protection of the penicillamine sulfhydryl as its p-methoxybenzyl thioether, reaction with O-
methylisourea hydrogen sulfate and deprotection (Hg++)8.

Treatment of 22 with NaOCH3/CH3I followed by deacylation (HCLA) gave S-methylpenicillamine.
The sulfhydryl group was oxidized to the sulfonic acid § with aq Br2.6 Penicillamine was converted to amino
alcohol 6 with BH3-THF.? Structures 2-6 incorporated the D-penicillamine stereochemistry.

Racemic analogs of penicillamine containing modified alkyl groups were also synthesized. The
oxazolones 7 were prepared by standard proceduresS and then reacted with benzyl mercaptan to give the
protected intermediates 8. Hydrolysis and debenzylation yielded the desired B—alkylcysteines (9).

Additional racemic modified cysteines were prepared as shown.10 Glycinamide-HCI (10) was cyclized
to 11 with CS7 and base. Further reaction with a carbonyl compound (12) in the presence of HOAc, or better,
PhCH7NH2 10c a5 condensing agent yielded 13. Treatment of the latter with NaOCH3 or KOH in CH30H
gave rearrangement to 14 methyl ester or acid, respectively. Hydrolysis of 14 acid under forcing conditions led

to 15.11
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The sulfhydryl group of penicillamine is probably essential for its biological activity and may be the
cause of its toxicity. Racemic compounds 21 and 235 in which the sulfhydryl group was replaced by other
functionality were prepared. Glycine ethyl ester-HCI (16) was formylated12 and dehydrated to yield 18.13
Condensation with acetone gave 19.14
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Dehydration, cyclization, acid hydrolysis and partial neutralization produced 2]1. 15 Glycidic ester condensation
of acetone and ethyl chloroacetate gave 23. After careful saponification to 24, ring opening with PhCH2NH2
occurred on the a-carbon. Hydrogenolysis produced B-hydroxyvaline (25), the hydroxy analog of
penicillamine, 16
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The established type II collagen arthritis assay was performed as previously described.4 There were 3-
18 rats treated with each compound at dosages up to 200 rag/kg, p.o. and the data were pooled. Arthritic paws
were examined radiographically and scores were given for bone erosions and cartilage space (parameters
related to joint destruction). Under these conditions, only D-penicillamine consistently showed improvement
over control animals. Although the compounds were inactive, this is the first time that penicillamine analogs
were examined in an assay of this type. D-and L-penicillamine could be distinguished; the latter being inactive.
In control experiments, the clinically useful antiarthritic drugs indomethacin, phenylbutazone and prednisolone
were active (Table 1). The latter three agents were found to decrease inflammation as measured by paw
diameters, while D-penicillamine had no effect. This observation serves to distinguish these two classes of
drugs.

Table 1. Examination of the Paws of Collagen Arthritic Rats®

Drug(dose,mg/kg) Erosions Cartilage Space Mean Paw
Diameter(mm)

Arthritis Control (0) 3,76 £ 0.09 36+0.1 9.0 +£0.12
D-Penicillamine 2.83 £ 0.36 2.72+0.36 8.89 + 0.15
(200

Indomethacin (2.0) 2.94 £ 0.33 294 + 0.26 80 x0.11
Phenylbutazone 3.33£0.27) 2.86 + 0.39 8.42 + 0.21

(150.0)
Prednisolone (10.0) 3.50 £ 0.14 3.27 £ 0.16 7.92 +0.12

a Determinations were performed 42 days after initial immunization with type II collagen. Erosions of the
tarsal bones and cartilage space narrowing were measured radiographically. Grades of 0-4 were used,
where O is a normal animal and 4 is a severely diseased one. Paw diameters were measured with a
micrometer caliper (normal rats = 7.04 £ 0.06 mm). An average of 18 rats was used for each drug. Details
are given in reference 4.
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