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D-Penicillamine (1) is of interest for the treatment of rheumatoid arthritis, but it, causes many side effects. 
Evaluation of substances structurally related to 1 was made for effectiveness in reducing the tensile strength of 
rat skin in civo, a parameter of 1 significant to collagen biochemistry, if not to rheumatoid arthrit,is. The moie- 
ties SH, "2, and COtH all appeared to be necessary for reduction of tensile strength, for activity was lacking 
whenever any one of them was omitted or was blocked by substitution. Variations of the skeleton are possible, 
since a-amino-0-mercaptocyclohexaneacetic acideHC1 (13) is a t  least as active as 1. Latentiation of I and re- 
lated compds led to one product (17), contg an S-(0-carboxyphenylthio) moiety, which had activity comparable 
t o  1. Indications are that 
1 may owe its effect in rheumatoid arthritis to something other than to dissociation of the rheumatoid factor, to 
function as an antiinflammatory or immunosuppressive agent, or to  strengthening of a lysosomal membrane. 

Slight activity was seen for the Me ester of 1 and for a-mercaptopropionylglycine. 

D-Penicillamine (1) is of interest in treating a wide 
variety of illnesses, e.g. , Wilson's Disease,2 cystinuria, 
idiopathic pulmonary f i b r ~ s i s , ~  rheumatoid a r t h r i t i ~ , ~  
and scleroderma.'j Significant clinical improvement 

(CH,)?C(SH )CH(NH, )C02H 
1 

in a number of patients having rheumatoid arthritis 
has been attributed to prolonged oral administration of 
1 ,5 but t'he clinical usefulness of 1 is limited by many side 
effects, among which renal damage is particularly 
troublesome.' 

The mechanism by which 1 acts in rheumatoid 
arthritis is not clear. Chemically, 1 is ltnow*n to che- 
late heavy metals8 and to effect thiol-disulfide inter- 
change to some extent ;9 indeed, its chelat'ion capability 
is important), for example, in the treatment of P b  
poisoning.'O However, neit,her chelation nor thiol- 
disulfide int'erchange seems likely to  explain the effect' 
of 1 in rheumatoid arthritis." On the other hand, 1 
forms thiazolidines with aldehydes or and 

(1) (a) Paper 7 ,  L. Field, JV. S. Hanley, 1. McVeigh, and Z. Evans,  J .  
M e d .  C h e m . ,  14, 202 (1971). (b j  This investigation was supported by Public 
Health Service Research Grant AM11685 from the National Insti tute of 
-4rthritis and Metabolic Diseases t o  Vanderbilt University and b y  Contract 
KO, DA-49-193-MD-2445 from the U. S. Army Medical Research and De- 
velopment Command and Public Wealth Service Research Grant AM11586 
from the National Insti tute of Arthritis and hletabolio Diseases t o  N e v  
Tork Medical College. 

(2) (a) J .  M ,  Walshe, Lancet ,  i ,  188 (1960); (h)  I. Sternlieb and I. €I. Schein- 
berg, J .  A m e r .  M e d .  A s s . ,  189, 748 (1964). 

(3) (a) J. C .  Crawhall, E. F. Scowen, and R .  TV. E. Watts,  B r i t .  Med. J . ,  
1, 588 ( 1 9 6 3 ) ;  (b) €1. Rostrom and P. 0. Wester, A c t a  M e d .  S c a n d . ,  181, 475 
(1967). 

(4) Cf. R.  I. Henkin, H. R .  Keiser, I .  A.  Jaffe, I. Sternlieb, and I. H .  
Scheinberg, Lancet ,  ii ,  1268 (1967). 

( 5 )  I. A .  Jaffe,  Postgrad. .Wed. J . ,  Oct. Supp l . ,  44, 34 (1968). 
( 6 )  E.  D .  Harris, J r . ,  and A .  Sjoerdsma, Lancet ,  i i ,  996 (1966). 
(7) C/. I .  A .  Jaffe, G. Treser, Y .  Suzuki, and T .  Ehrenreich, Ann. I n t e r n .  

M e d . ,  69, 549 (1968). 
(8) A I .  L. Sharma and L. D. Tuck, 158th National Meeting of the  Ameri- 

can Chemical Society, New York. N. Y., Sept 1969, MEDI 59. 
( 9 )  L. Eldjarn and L. Hambraeus, S c a n d .  J .  Clin. L a b .  Invest . ,  18, 153 

(1964). 
(10) W. G. Levine in "The Pharmacological Basis of Therapeutics," L. S. 

Goodman and A .  Oilman, Ed . ,  3rd ed, Macmillan Co., New York, A'. Y . ,  
1965, p 939. 

( 1 1 )  I .  A .  Jaffe, A r t h r i t i s  Rheum., 8, 1064 (1965). 
( 1 2 )  .I. ET. Cook and I. h l .  Heilbron in "The Chemistry of Penicillin," 

H.  T .  Clarke, J. R .  Johnson, and R .  Robinson, Ed . ,  Princeton University 
Press, Princeton, K. J.. 1949,  p 921. 

this characterist,ic has been suggested as a possible ex- 
planation for the effect of 1 in solubilizing collagen, a 
principal protein constituent of connect,ive tissue, and 
in markedly reducing the tensile strength of skin in 
rats.I3 Whether or not these effects of 1 on collagen 
and skin are relevant to diseases of connective tissue is 
uncertain, but' a t  the time we began our investigation, 1 
was the only compound known to have such effects iii 
vivo. 

This paper reports the results of several biological 
tests carried out on 1 and on a series of analogs and de- 
rivatives of l in a search for other substances of 
potential int'erest in diseases of connect,ive tissue. 
For synthesis of compounds related tto 1 t'hat would 
be more active medicinally and/or less toxic, 3 ap- 
proaches suggested themselves : (1) determination of 
the funct'ional groups and skeletal features of 1 that are 
required for action on connective tissue; clarification of 
this point hopefully may lead also to a clearer view of 
the mechanism of action of 1 in diseases of connective 
t'issue; (2) investigation of latentiating moieties14 for 1 
in the hope of obtaining pharmacologically more useful 
compounds from 1 ;  (3) coupling of molecules em- 
bodying the best structural parameters with t'he most 
promising latentiating moieties. 

Biological Results.-Rheumatoid arthrit>is is one of' 
the rheumatic diseases that include diseases of con- 
nective tissue.15 Although it may be coincidental that 
1 has a favorable influence in rheumatoid arthritis and 
that' it also reduces the t,ensile strength of rat skin in. 
vit'013 and in vitro,'G the most attractive means (at least' 
in the present state of knowledge) for studying the 
structural features of 1 likely t,o be important in ar- 
thritis seemed to be to follow the effect of structural 
variations of 1 on the capacity for reducing the tensile 
strength of rat skin in vivo. In  view of widespread 
interest in the biochemistry of collagen, such results 

(13) (a) >I. E. Kimni, J .  Biol. C h e m . ,  243, 1457 (1968); ( h j  I<. Deslimukh 
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should be of value quite apart from arthritis. The 
procedure used in evaluating skin tensile strength was 
based on techniques of Nimni,17avb as described earlier.17C 
It involved mixing the compound to  be tested so that it 
would provide the molar equiv of 0.25% by wt of 1 in 
the diet of weanling male rats of the Holtzman strain. 
After 14 days of feeding ad libitum, control and test 
animals were sacrificed, and the tensile strength of 
dorsal skin strips was measured. Earlier 
suggest that  variations of about 10-20% from an av- 
erage value are not unusual. Based on previous ob- 
servations, an increase in soluble collagen can be as- 
sumed t o  accompany diminished skin tensile 
strength. 13, 17c 

A problem with this method of testing might seem to 
lie in variation of amounts of test compounds actually 
ingested, for example, because of unpalatability or of an 
anorexic effect on diet consumption. Such an effect 
seems unlikely to have been significant however, ex- 
cept perhaps with 12 and 13, because with compounds 
of Table I (and 11), except 12 and 13, body weights after 
the 14-day period ranged from -86 to  108% of those of 
control rats that  received no drug (-88% with 1) and 
averaged -93% of control weights. No animals died, 
and the health of all rats seemed comparable after 14 
days (including controls, but not rats that received 12 
and 13). Rats that received 12 and 13 had 77% and 
SO%, respectively, of the control weights; with 12 and 
13 therefore, weight loss may reflect reduced food con- 
sumption, reduced consumption of 12 or 13, and less 
reduction of skin tension than would have ensued from 
consumption of the usual molar amounts of test com- 
pounds. On the other hand, large reductions in the 
range of interest to us can scarcely be other than 
genuine results (albeit minimum ones) , since our experi- 
ence is that partial starvation has no effect on skin ten- 
sion. 

From a chemical viewpoint, two problems with this 
method are that  rather large amounts of compound are 
required for adequate tests (-6 g) and that liquids 
cannot readily be used because of the possibility of 
heterogeneity in the diet prepared. As described later, 
however, efforts to find other parameters of 1 that 
might correlate with the effect of 1 in rheumatoid 
arthritis have been unavailing so far. 

Penicillamine has 3 functional groups (SH, NH2, 
COZH) on its C skeleton, along with 1 optically active 
center. In  order to learn which functional group or 
groups were essential for reduction of skin tensile 
strength (and hopefully promising therefore for use with 
arthritis) , the various possibilities for the 3 functional 
groups were systematically tested, first singly and then 
in combinations of two, using 2-8 (Table I). Because 
of the difficulty mentioned in testing liquids, salts 2, 3, 
5, 7, and 8 were used instead of the parent compounds. 
Hydroxythiol 4 was chosen instead of 2-methyl-2- 
butanethiol because 4 seemed likely to be less volatile 
and less offensive in odor. Unfortunately, 4 mas the 
first liquid tried, and satisfactory testing of it could not 
be achieved. Hence, 5 was used instead to determine 
whether a water-soluble thiol would be active. Only 6 
in this series of compounds has an optically active cen- 

(17) (a) M. E. K m n i  and L. A. Bavett,a, Science,  160, 905 (1965); (b) 
Cf. M .  E. Nimni, B i o c h i m .  B i o p h y s .  A c t a ,  111, 576 (1965); (c) I .  -4. Jaffe, 
P. hlerryman, and D. Jacobus, Science,  161, 1016 (1968). 

TABLE I 
RAT SKIN TENSILE STRENGTHS IN THE DETERMINATION 

OF THE ESSENTIAL FUNCTIONAL GROUPS OF l a  

Average skin 
tensile strength, 

Compd Structure Control Test  
g/cm 

1 D-(CHB)ZC(S€I)CH(NHZ)CO~H 14.0“ 7.5. 
2 (CHa)2CHCH2COzNa 9.6 9.7 
3 (CH3)zCHCHzNHaCl 7.7 9 .4 
4 (CHI)& (SH)CHzCHzOH 

6 D-(CHI)ZCHCH(NHZ)COZH 9 .5  9 . 0  

8 (CHa)zC (SH )CHzNHaCl 8 . 2  9 .3  

b b  
5 (C21L)zC(SH)C02Na 5.8 7.6 

7 (CHs)zC(SH)CHzCOzK 6 . 3  6 .3  

9 D-(CH~)ZC(SH)CH(NHZ)CO&H~.HC~ 10.6 8.8 
10 DL-(CH,)~C(SCH~)CH(NHZ)CO~H 6.4 6 . 7  
11 DL-(CH~)~C(SCI~~)CH(NHA~)COZH 6.4 6 . 1  
12 D-(CH,)&-CHCO,H 7.4c 8.5. 

I I  
S, ,NH 

C 
Hi 

a For details of testing, see ref 17c. Usually, 3 tests were done 
with each rat and 3-4 rats were used with each drug. b Test not 
done because 4 has too low a melting point; see text. Prelimi- 
nary report published with chemical details but not biological 
ones [B. J. Sweetman, 31. Bellas, and L. Field, J .  M e d .  Chem., 
12, 888 (1969)l. 

ter; the D isomer of 6 was tested rather than the L be- 
cause the counterpart L-penicillamine is more toxic, 
owing to its greater anti-B6 effect.“ 

Results of the tests are shown in Table I. Pen- 
icillamine (1) reduced the skin tensile strength to 
-54% of the control ~ a 1 u e . l ~ ~  For all of the other 
compounds, the search was for activity comparable 
with that of 1. Compounds 2, 3,  and 5-8 caused no 
reduction in skin tensile strength. All the functional 
groups of 1 thus seem necessary for activity, although 
this is not intended necessarily to imply that all 3 func- 
tional groups are involved in whatever biochemical in- 
teractions occur in the tissues. Kimni, et al., similarly 
found that oral administration of 6 to rats did not cause 
accumulation in skin of neutral salt-soluble collagen.18 
Interestingly, 8 and 9, but not 3, appear to react with 
elastin (as well as collagen) in  vitro.l9 

I t  seemed desirable to  test the conclusion that all the 
functional groups of 1 were necessary for activity by 
blocking each of them in turn with substituents. This 
approach must be viewed with caution, of course, since 
a blocking group might be lost in vivo. Furthermore, a 
blocking group might inhibit activity solely for steric 
reasons, rather than because a necessary functional 
group was made unavailable. Compounds 9-12, 
shown in Table I, were tested in rats with the results 
that are given in the Table. The ester 9 was used as a 
“carboxyl-blocked” analog of 1 , and the X-methylpen- 
icillamine 10 as a “thiol-blocked” analog. Compounds 
11 and 12 are blocked at  both the amine and the thiol 
functions. The ester 9 and thiazolidine 12 were pre- 
pared from D-penicillamine, and 10 and 11 from com- 
mercially available DL-N-acetylpenicillamine. DL-N- 

(18) M. E. Nimni, K. Deshmukh, N.  Gerth, and L. A. Bavetta,  Biochem. 
PhQrmQCOl., 18, 707 (1969). 

(19) (a) Private communication from R .  Jaffe and C.  Franablau, Boston 
University School of Medicine, Boston, Mass. (b) It is worth noting tha t  1 
has been reported t o  alter connective tissue markedly by prevent iw the  
normal cross-linkage of elastin (another important protein in connective 
tissue), as well as of collagen; S. R. Pinnell, G. R. Martin, and E. J. Miller, 
Science,  161, 475 (1968). 
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Acetylpenicillamine, the "amine-blocked" analog, pre- 
viously has been found inactive in reducing rat skin ten- 
sile ztrength,I6 and, unlike 1, it is also inactive in reducing 
the rheumatoid factor in humans.*O The thiazolidine 
12 may be considered l o  be a doubly blocked form of 1 
because it resists hydrolysis even by 1 S HC1 or 1 S 
S Z L O H . ~ ~  

The blocked compounds, 9-12, with the possible ex- 
ception of ester 9, caused no significant reduction in 
tensile strengths. The ester 9 m s  somenhat effective 
in this iri T ic0  test, but the result seems of marginal sig- 
nificance (tensile strength for 9 -S3Yc of the control 
vnlue L I S .  1.547~ for 1);  perhaps 9 is converted partially 
to 1 in i i i o .  Although as mentioned, 9 gave the same 
reaction n-ith elastin (and collagen) as 1, 10-12 did not 
react ni th  either elastin or collagen, zn ~ i t i ' 0 . l ~ ~  1 7 1  

~ i w ,  thc blocked compounds seem to substantiate the 
view that all the functional groups of 1 are essential for 
reduction of skin tensile strength in rate. 

The next step in assessing the requirements for a 
compound capable of reducing tensile strength was to 
examine skeletal and other structural variants of 1. 
The Compounds chosen for this purpose were 13-16. 
The structures and test results are given in Table 11. 

TABLI.: I1 
IIAT SICIN T E N S I L E  STRENGTHS TVlTH SI<ELIZT.IL vARI.iSTS 

O F  1 A K D  \<-ITH LATEXTIATLD FORMS O F  la  
.iverage skin tensile 

strength, g/cm 
C O r n I J d  Structure Control Test  

13 D L - c - ( C € € ? ) ~ C ( S H ) C H ( " ~ ) C O ~ I I  HCle 5 . 8  2 6  
1.1 " D L " - ( c ~ H ~ ) ( c H ~ ) c ( s H ) c H ( N H ? ) c o ? H ~  6 . 4  6 . 0  
15 DL-CH~CH(SH)C(O)NHCHL'O?H 14 7 10 6 
1F HSCH2CH?PiHCH2C02H. HC1 6 4 6 . 3  

1 u - ( C I ~ ~ ) ; C ( S I I ) C H ( N H ~ ) C O I H  14.0a  7 5 O  

17 D - O - H O ~ C C ~ H ~ S S C I C H ~ ) ~ C H ( ~ H ~ ) C O ? H  5 . 4 c  2 . 9 c  
7 5' 4 4 c  

18 D L - o - H O ~ C C ~ H ~ S S C ( C H ~ ) ~ C I I ( " ~ ~ C ) C O ~ € ~  14.7' 13.3' 
113 ClzCC€I(OH)S(CHd:NH3C1 7 a d  6 S d  
20 DL-C-(CHJ,F-FHCO,C~H~ 6 . 4  6 3 

&kH 
II 
B 

For details of teatirig, see footnote a,  Table I. "DL" is the 
maiiiifacturer':: label designation for product with mp 161-163" 
dec. Preliminary report published with chem details but not 
biol uiiea [I,. Field arid P. 11. Giles, Jr . ,  J .  Org. Chem., 36, 309 
(lYTl)]. Two separate tests with 17 were done. d Preliminary 
report, published with ehem details biit not biol ories.14b e c rep- 
resents cgclo. 

Although 13-15 have optically active centers, racemic 
13-15 seemed likely to suffice for preliminary evalua- 
tion. This assumption was borne out by the notable 
activity of 13 (tensile strength -4574 of the control 
value, in comparison with -54% for 1). Compd 13 
thus seems to be somewhat superior to 1 itself; we plan 
to attempt resolution of racemic 13 or of similar compds 
in future work. I n  the light of the result with 13, the 
inactivity found with 14 is surprising, but it confirms an 
enrlier report.lg Even if one assumes the D configura- 
tion at C-2 of 14 to be as important as it is with 1, 14 
should be joyc D configuration at  C-2 regardless of the 
configuration a t  C-3. Perhaps the configuration at  
C-3, of the commercial product tested, is such as to  in- 
fluence the n configuration at  C-2 adversely. a-lIer- 

( 2 0 )  I .  .i. Jaffe and P. hIerryman, A n n .  Rheum. Dis . ,  27, 14 (1968) 
(21) Ref 12, 11 926. 

capt~opropionylglycine (15) wns chosen because, like 1, 
it has been used in cystinuria therapyz2 and because it' 
contains the 3 functional groups of 1,  albeit in modified 
form. The result \.iit,h 15 seems marginally significant 
(the tensile strength n.it'h 15 \vas -727'## of the cont,rol 
1's. -5456 with 1).  Compound 16 also contains the :3 
functional groups of 1, although it' contains a primary 
SH moiety (which at least with 2-aminoethanethiol does 
not effect a decrease in the rheumatoid factor in hu- 
mans);?O 16  vas inactive. 

The second approach mentioned above to the syn- 
thesis of compds related to 1, which might be more ac- 
tive and, or less toxic, was to investigate latentiating 
groups for 1. Consequently, several thiols in com- 
bination with potential latentiating groups, 17-20 
(Table 11), were evuluat'ed for their effects on skin ten- 
sile st.rength. The results are shown in Table 11. Pre- 
viously, the o-carboxyphenylt,hio moiety, o-H02CC6H4S, 
demonstrated promise as a lat'entiating group for 2- 
itminoet'hanethiol in the form of o-(2-protoaminoet,hyl- 
dithio)benzoate (21) ~ a11 active antiradiation agent. z 3  

-C)?CCsIlaSSCHaCH*PH~- 
21 

I n  Table 11, t'he ent is striking for 17, where the o- 
carboxyphenylt,hio moiet'y has been used to latentiate 
l ez4  Compd 17 had essentially the same effect on skin 
t'ension as 1 (with 17 the value was 5459% of the con- 
trol value, cs. %yo with 1). The equiv action of 17 and 
1 hints that the o-carboxyphenylthio moiety may be 
lost quite readily i?a zlico. The inactivity of 18, the 
latentmiat ed counterpart' of N-a~etylpenicil lamine,~~ 
shows that the activity of 17 is not produced by the 
latent'iating group itself in the form of o-mercapto- 
benzoic acid or a metabolic product from it. Laten- 
tiated forms of 2-aminoethanethiol (19) and of the ac- 
tive thiol 13 (20) were inactive. Efforts to  latentiate 1 
itself with chloral and related compounds lcd to syn- 
t'hetic problems that still are u n r e s o l ~ e d . ' ~ ~  Structure 
20 probably bears much the same relation to  t'he active 
thiol 13 that the thiazolidine 12 bears to 1 in being too 
st'able to  provide the active thiol in cico. The slight, 
activity mentioned for the est,er of 1 (9) indicates that' 
esters of 1 may deserve further attention as a means for 
lat'entiating 1. 

Various experiment's done either in connection with 
the foregoing work or in the hope of finding parameters 
for testing penicillamine other than by skin tensile 
tests gave a cert'ain amount, of useful negative evidence 
on the manner by which 1 may act in rheumatoid ar- 
thritis. D-Penicillamine (l), besides effecting a reduc- 
t,ion in rat skin tensile strength, has been found to dis- 
sociate the rheumatoid factor in vitro.2s Jaffe pre- 
viously found that quite a variety of compds with a 
free SH group effected an in vitro dissociation.25 The 
results with the penicillamine analogs and derivatives 
shown in Table 111 substantiate the view that t,hiols in- 
duce the dissociation, but that other substances do not; 
the sulfide 19 no doubt functions as a latentiated thiol 
(cf. ref 14b). The fact that virtually all thiols that  

(22)  (a) J. 9.  Icing, Jr . ,  P r o c .  SOC. Exp. Biol. .Wed., 129, 927 (1968); (1)) 
J. Thomas, .i, Lemonnier, R .  Lelue, C. Charpentier, L. I,evillain, C.-T. 
l'huong, .I, Balan, and P. .iboulker, J .  r r o l .  S e p h r o l . ,  74, 977 (1968). 

( 2 3 )  (a) R.  R .  Crenshan- and L. Field, J .  Org. Chem., 30, 175 (1965); 0)) 
I>. Field and P. A I ,  Giles. .Jr., J .  .>fed. Chem., 13, 317 (1970). 

(24) L. Field and P. .\I. Giles, Jr . ,  J .  Org .  Chem., 36, 309 (1971). 
( 2 5 ;  I .  .1. Jade, J .  L a b .  Clin. M t d . ,  60 ,  409 (1962). 
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TABLE I11 

OF THE RHEUBIATOID FacTon 
Compd Structure Activitya 

EFFECTS O F  COhfPOUNDS O N  THE in Vitro DISSOCIATIOX 

1 D-(CH~)~C(SH)CH(NH~)CO~H + +" 
2 (CH3)2CHCH&02Sa 0 
3 (CH$)sCHCHzNH&l 0 
6 D-(CH~)~CHCH(NH, )CO~H 0 
8 (CH3)zC(SH)CH,NH3Cl +- + + 

12 D-(CHJC-CHCOJI O b  
S&H I 

Hz 
14 "DL"-(C~H;)(CH~)C(SH)CH(NH~)COZH + + -k 
I9 C13CCH(OH)S(CH,),SH,Cl + + + c  

HS(CH,)s?r"? ++++" 
HSCHzCH(P\",)CO?H ++++" 

a For details, see ref 25 .  The activity is based on quant pre- 
cipitin curve': obtd after incubation of the test compd at  0.1 J I  
with 0.2 ml of std test serum (1: 10) for 30 niin at  37". * Footnote 
c, Table I. Footnote d ,  Table 11. 

have been tried dissociated the rheumat'oid factor 
(even though no thiol but 1 has been 1inon.n to affect 
skin t,ensile strength), taken with the high concentra- 
t'ions needed in the in v i t y o  test relative to  those for in 
vivo effects, but'tress the ea,rlier conclusion that the dis- 
sociation of the rheumatoid factor by 1 probably is un- 
related to the mechanism of action of 1 on rheumatoid 
arthritis." 

N-Acetylpenicillamine was found to reduce the 
severitmy of induced dermal inflammat'ion in rabbits 
when it was administered in repeated doses, which led 
to the suggestion that. SH compounds may be of use in 
treatment of rheumatoid arthritis by direct' effect on 
the inflammatory process.26 However, when 1 was 
given sc against carrageenin-induced edema in the hind 
paw of 12 rats, an assay used for ant'iinflammat'ory 

it led only to 3070 inhibition a t  2 doses of 50 
mg/kg each, which is at the borderline of significant 
activity (there was no activity a t  100 mg/kg in ery- 
thema block).2a Thus since 1 seemed to have litt,le 
antiinflammatory action in this assay, the possibility 
that  1 acts primarily as an antiinflammatory agent in 
rheumat'oid arthritis is uriatbractive to us (cf. also ref 
11). The assay seemed to be of dubious value in sug- 
gesting synt'hetic guidelines for compds related to 1, and 
no further compds were tested. 

The possibility has been suggested that the effective- 
ness of certain drugs in arthritis, e.g., chloroquine and 
cortisone, may be associated with the capacit!y of the 
compd to st'abilize lysosomal membranes.29 To deter- 
mine whether such a property might be a fact'or in the 
action of 1 in the treatment of rheumatoid art,hritis, 
Touster and Stahl examined this po~s ib i l i t y .~~  Al- 
though liver lysosomes had to be used, the presence of l 

(26) Ii. R .  Bailey and A. L. Sheffner, Biochem. Pharmacol., 16, 1175 
(1967). 

(27) C. A.  Winter, E.  A .  Risley, and G. IT. Kuss, Proc.  Soc.  Erp.  B id .  
.Wed., 111, 544 (1962): responses to  standard agents are reported. 

(28) We thank Dr.  W. B. Lacefield of Eli Lilly & Co., Indianapolis, Ind.,  
for arranging for these tests and for their interpretation. 

(29) (a) Cf. H .  J. Sanders, C h e m .  Eng. "fezus, 46, July 29, 64 (1968); (b) 
A .  J .  Anderson, B i o c h e m .  J . ,  113, 457 (1969). 

(30) 0. Touster and P. D .  Stahl, Department of Bfolecular Biology, 
Vanderbilt University, Sashville, Tenn.,  private communication. Liver 
I~sosomes ,  prepd by the method of DeDuve,3' were incubated in 0.25 M 
sucrose a t  p H  5.0. The release of several marker enzymes from the  particles 
a t  37' was not inhibited b y  the presence of 1 a t  10-5, 10-4, or 10-3 -If concns. 

(31) C. DeDuve, B. C.  Pressman, R .  Gianetto, R .  ITattiaux, and F. 
Appelmans, B i o c h e m .  J . ,  60, 604 (1955). 

a t  144, if anything, appeared to  enhance release of 
acid hydrolases of the lysosomes rather than to di- 
minish it.32 In any event, effects of 1 on liver lysosomes 
seem to afford no promise as a means of estimating 
effects of compds like 1 in rheumatoid arthritis. 

Immunosuppressive drugs have become of consid- 
erable interest in research on arthritis.33 However, 1 
also seems unlikely to exert its effect by any very simple 
mechanism of immune suppression, since only 250 mg/ 
kg of 1 in 10 doses before and after sensitization (but 
not 125 or 62.3 mg/kg) suppressed the antibody in the 
sheep-erythrocyte-antibody mouse assay (5 mice a t  
each dose level; 1 given ip).28b34 This is a  lo^ order of 
activit,y, considerably less than for azathioprine or cor- 
tisone. Furthermore, confirming earlier evidence that 1 
did not influence the immune response of rabbits in- 
jected with formalin-killed E .  coli organisms,11 tests of 1 
against adjuvant arthritis3j also were essentially nega- 
tive. 28, 36 

In  a continuing study of potential antiradiation 
drugs, 17 and 18 were tested but mere inactive. The 
ALD,, (mg/kg), the drug dose (mg/kg), and the per 
cent survival after 30 days, respectively, were for 17, 
400,100, and O%, and for 18,900,600, and O%.37 

Chemistry.-Preparation of the samples used for 
biological testing usually went smoothly by known 
methods. Only 3 syntheses warrant discussion. 

First, 3-mercapto-3-methylbutanoic acid (22) had 

(CH3)2C( SH) 22 CHzCO9H 

been prepared previously starting with p,p-dimethyl- 
acrylic acid and H2S, but only in 15% yield; the un- 
changed acrylic acid was the major substance iso- 
lated.38 Hence an alternate route to the acid 22 was 
devised which started with @,@-dimethylacrylic acid and 
phenylmethanethiol. A second step, cleavage of the 
benzyl moiety with Ka-NH3, was needed to produce 
the mercapto acid 22. However, the overall yield for 
this %step sequence was 76%. LAH reduced the acid 
22 to  the carbinol 4. 

Second, the preparation of the hle ester of penicil- 
lamine HC1 (9) has been reported numerous times. 39 

The most useful preparation seems to be that of Sheehan 
and T i ~ h l e r ~ ~ c  from 1 and dimethyl sulfite; in our hands, 
this gave the ester in S3% yield. 

Lastly, alkylation of 1 mith Me1 in the presence of 
NaOfiIe in several trials did not give D-S-methylpen- 
icillamine cleanly, even though alkylation of an SH 
group attached to  a primary C in an aminothiol should 

(32) Cf. also ref 29b. 
(33) H. J. Sanders, Chem. Eng. News ,  46, 64 (Aug 12, 1968). 
(34) H. C. Nathan, S. Bieber, G. B. Elion, and G. H. Hitchings, P roc .  Soc.  

(35) B. B. Kembould, Brit. J .  Pharmacol . ,  21, 127 (1963). 
(36) Edema inhibition by 25 mg/kg/day of 1, 31.8-39.5%. 

E x p .  Bzol. .Wed., 107, 796 (1961). 

X-ras  scores 
on a scale of 0-5 (max bone damage) were: phenylbutazone (50 mg/kg) 1.2- 
2.0; 1, 2.0-4.0; control, 2.8-4.5. 

(37) For leading references t o  earlier work and t o  details of testing, see 
ref 23b. We thank Drs. D .  P. Jacobus, T. R .  Sweeney, E.  A .  Steck, D .  L. 
Klayman, and Miss Marie Grenan of the  Walter Reed Army Insti tute of 
Research for these results. 
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(39) The  following references illustrate three of the  methods used: (a) 

Merck & Co., Inc., British Patent 622,298 (1949); C h e m .  Abstr.,  43 ,  7039 
(1949); (b j  F. C.  Copp and S. Wilkinson, British Patent 585,250 (1947); 
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