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Skeletal Muscle Stimulants. Substituted Benzoic A c i c l h  

.I\ ii result of biological bcreeiiiiig, a numbcr of huh-  
stitutvd betizoic ncids have l x w i  ohierved t o  I i roduce :t 

I)cculi:w syndrome in aiiirnals which imii i fe~ts  itself i l l  

i l x ~ b n i ~  of the extremitieb, usually triggered by c~xertioti. 
nii)toni is not unlike t he clinicxl s? mptonis 
coiigenita (Thomseti'h dise:iic.). Stuc1ic.h 

I in cwr:irized :uiimals with direct <timulation deinoil- 
tted :t pi~~1otigati(111 of' m u d e  coritractioii acconi- 

I)atiicd 11) r e l ~ t i t i v e  EJIG afterdischarge. Thi i  
dfevt on the s l d e t a l  niubcle i- ~inii lar to that rel)orted 
for  sonic veratrum ul ldoids ,  p heriatithreiie-9-r:~rboxylic. 
acid, 2,l-dichloropheii(~xy~~cetic acid, etc.,' hut 11011e i i  
:is Iwteiit or selective for slie1ct:il muscle :is our more 
:tctive compourids. A dexriptioti of the  -creening te-1 
a i i d  dctailed biology of our m o h t  active compound. 3- 
chlorr)-2,,3,(i-trimethyl~)~~ii~oic acid (23), i i  iq)ortecl 
elsewhcrc. 
.I material bylithesized t)) Senniaii, ct  a[.,' a i i d  rc- 

1)ortcd hy them to  be ~-chlorc)-:3,,3,(i-~rir~ieth! lherizoic' 
:wid (24) W:LS very active i i i  our teit and much of 0111' 
eut~ly ivorl\ 11-a~ done 011 this materid. It \vas iuhhc- 
ciuctitly found, hj* ninr spectroscopj : l i d  g:ta-liq 
pxrtitioti chromatography (glpc) to contain ui) to lt 
c ~ f  the iiomeric acid 23. Reiicatecl attempts t o  sepw 
the-e compouiids h>- CY) stallizatioii. huhlimation, :ind 
voluriiii chromatography failed, hut they can t ie sel)u- 
r:tted by g11)c, preferably us the meth! 1 esters. A inow 
~)~':ictic.:il method foia thc sel):ii.:itioii of s u h ~ t t ~ i t i i i l  
(1u:iittitiei of 23 wrid 24 wa. clevisetl -ho\vn iii Scheme 
1. 

S(vmuti 's  proof of ztructure' n a y  conclusive 
rel)ortcd structurcl 24, hut sirice thc ) ieldi c i f  

riv:itiveh were iiot clu:it~titativc~, the Iireseiicc 
othcr isomer could not dctcctcd. The structure ( i t  

t Iiis ihoiner (23) was ebtnbliihed : t i  fol lo~v-  (Scheme I ) .  
Yrnr measurements on the mixture -bowed orily t \\ ( I  

in the aromatic region at about 6 7.18 arid 7.27 
If eithcr comImnent had coiit:iiiicd w h) drogen ortho 
t o  the c:irt)oxj 1 there would have heeii n peak further 
ciownfield.4 Hydrogeriolysi- of the mixture selectivelj 
rcrnovcti the cbhlorinc from the r?i-chloro acid (23). 
'I'hnt t tic chlorine w t -  rcmovcd from 23 rather thit i i  

ho\v11 hy the  i.iol:ition of %,3,B-trirncthyl- 
h i z o k  mid (17) 1vho.e melting point agreed with thc 
Iitrrature and whose 111111' sliciwed two :idjacent hydro- 
W ( V 1 i . ~  
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SCHEME I 
COOH COOH 
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COOCH, 

SCHEME I1 

and must therefore be 24, the structure proved by New- 
That the chlorine in 23 was in the 3 rather than 

the 4 position was shown by decarb,)xylation of 23 t o  
give l-chloro-2,4,5-trimethylbenzene (melting point 
agrees with the literature and nmr shows p-hydrogens, 
singlets a t  6 G.90 and 7.04). The structure of 23 was 
confirmed through synthesis (Scheme 11). 2,3,6- 
Trimethylbenzoic acid, prepared by carbonation of the 
Grignard reagent5 from 2-bromo-l,3,4-trimethylben- 
zene,6 was chlorinated. As expected the chlorine 
entered predominantly meta to the carboxyl group. 

Pharmacology.-The typical myotonic symptoms 
produced by these benzoic acids in mice consist of a 
temporary rigid extension of the hind legs when the 
animal is disturbed. At higher doses, these extensor 
spasms may occur continuously. The overt appearance 
is readily distinguishable from convulsion caused by 
central stimulation. The LDjOfs and EDjn’s for myo- 
tonic symptoms are listed in Table I. Except as noted, 
these compounds were obtained from commercial 
sources or prepared by published procedures. A large 
nuniber of other close analogs of the active compounds 
were also tested but were found inactive under the con- 
ditions of the test. These include esters and amides of 
active acids, analogous sulfonic acids, and compounds 
containing an acetyl in place of the carboxyl group. 
Other groups such as OH, OR, SH2,  CONH2, or addi- 
tional COOH on the benzene ring invariably proved 
detrimental to the myotonic activity in mice. 

( 5 )  H A .  Smith and  J. A. Stanfield J .  4“. Chem SOC.. 71, 81 (1949). 
(6) G .  Lone, F. G Torto,  and  B C .  I. n e e d o n ,  J .  Chem. Sor. ,  1855 

(lY.58). 
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A study of Table I shows that most of the potent 
compounds for myotonic activity have C1 or CH3 sub- 
stitutions a t  2,3,5,6 positions (22, 23, 24, 27). Larger 
alkyl groups (25, 33) or substituents a t  the 4 position 
(18 and 19 us. 17; 26 us. 27; 4 and 7 us. 3, 5, and 6; 
28 us. 22; 31 us. 32) yield compounds with weaker ac- 
tivity. Comparison of 22 us. 25 and 32 us. 33 sug- 
gests that  a relatively flat molecule is more favorable for 
myotonic activity. The weaker activity of 1,21314,516,- 
7,8-octahydrophenanthrene-9-carboxylic acid com- 
pared to its fully aromatic parent compound (31) has 
been previously observed. Finally, myotonic activity 
does not seem to bear any relationship to  the potency 
for lethality. 

Experimental Section’ 
Mixture of 2-chloro-3,5,6-trimethylbenzoic acid (24) and 3- 

chloro-2,5,6-trimethylbenzoic acid (23) was prepared in two steps 
from 2,4,5-trimethylphenol as described by ru’ewman, et 
I n  the work-up the 4-trichloromethyl-2,4,5-trimethy1-2,.i-cyclo- 
hexadienone was chromatogaphed instead of distilled neing silica 
gel and elriting ui th  CH,Clz. Some lots of the final mixed 
acids were sublimed at 110-120° (0.2 mm). These procediires 
removed tars nnd other impurities but effected little if anr- 
separation of the isomeric acid.. The prodrict was finally cry+ 
tallized from benzene giving white crystalline material, mp 
-154-160’. By nmr and glpc (as the Me ester prepared with 
CH2Nn) various lots were found to  consist of 5 5 7 0 %  of 24 and 
30-45% of 23. -4 sample kindly supplied by Dr. Xemman? wa* 
found by nmr also t o  be a similar mixture of these two acids. 

Methyl 2-Chloro-3,5,6-trimethylbenzoate and Methyl 3- 
Chloro-2,5,6-trimethylbenzoate.--A solution of 59.4 g 10.3 mole) 
of the above mixture ( 5 5 7  24 and 4 5 7  23) in 200 ml of C6H6 
and 150 ml of SOCIL nas refluxed for 4 hr. The solvent was re- 
moved under vacuum, and CsHs was added and removed giving 
the acid chloride as a pale yellow oil. This was dissolved in C6H6 
(200 ml) and slowly added, with stirring, to 600 ml of MeOH and 
18 ml (0.33 mole) of dry pyridine. After refluxing for several 
hours and removing the solvent, the residue mas dissolved in 
ether, mashed (H20, dilute HCI, dilute XaOH, HzO), and dried 
(ru’a2S04). af ter  filtration and removal of the ether the product 
was distilled giving 61.3 g (96YG,) of colorless liquid, bp 80.5” 
(0.005 mm), which soon partly solidified, fp -25-39’. =Ins(. 
(CUHI&~OS) C, H, C1. 

Small samples of this mixture in CHC1, were repeatedly in- 
jected into a 2-m glpc column packed with 1 0 5  Cubonax  2011 

( 7 )  Melting points were taken in capillary tubes Tvitli a partial immersion 
thermometer. Calibration of the apparatus against standard compounds 
showed no need for correction. I r  spectra on all neiv compounds were in 
accordance with the  proposed structures. Nmr spectra were taken on a 
Varian A-60 instrument. \I-here analyses are indicated only b y  symbols of 
the  elements or functions, analytical results obtained for these elements or 
functions vere  witliin =tn.4yo of the  theoretical values. 



( ( ' ~ l , l l ~ ~ C l ( J ~ )  C, f c  C'I. 
2-Chloro-3,5,6-trimethvlbenzoic Acid (24 1. The h t ~ i i i d  c i t o i  

( 8 )  I,. 1. Smith and  C .  L. ;\ere. .1. Anrcr .  C ' h e m .  S o c . ,  60,  652 11Y38j. 
(!4) This maLerial distilled smootlily ar 82" (5  m m j  and appeared pure I i i  

g lpc.  Ilowever, nmr in CDCls, in  addition to  the  singlets a t  6 6.85, 2 .36 .  and 
2 .25 ,  R I I O W C ~  small peaks a t  6 7 . 2 5  and 2.08 which may be due i o  the 6-liromr, 
isomer. 


