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A number of hydrocarbon- and halogen-substituted benzote acids have heen fonud to produce myotonic symp-

tows in antmals similar to those prodiiced by some veratrnm alkaloids.
Strueture-netivity relationships pertaining to the myotonic effects nre disenssed.

(23) was the most active.

As a result of biological screening, a number of sub-
stituted benzoic acids have been observed to produce a
peculiar syndrome in animals which manifests itself in
spasins of the extremities, usually triggered by exertion,
The overt symptom is not unlike the elinical symptoms
W myotonia congenita (Thomsen’s disease).  Studies
on etrarized animals with direet stimulation demou-
strated a prolongation of muscle contraction aecom-
panied by repetitive ENG - afterdischarge.  This
effect an the skeletal muscle is shmilar to that reported
for some veratrum alkaloids, phenanthrene-9-carboxylie
acid, 2,4-dichlorophenoxyacetic acid, ete.,! but none is
ax potent or scleetive for skeletal muscle as our more
active compounds. A description of the sereening test
and detailed biology of our most active compound, 3-

chloro-2,5,6-trimethylbenzoie ueid (23), is reported
¢lsewhere.?

A material synthesized by Newman, ef al.,* and re-
ported by them to be 2-chloro-3,3,6-trimethvlbenzoice
acid (24) was very active in our test and much of our
carlv work was done on this materinl, It was subse-
quently found, by nmr speetroscopy and gas-liquid
partition chromatography (glpe) to contain up to 459
of the isomeric acid 23.  Repeated attempts to separate
these eompounds by erystallization, sublimation, and
column chromatography failed, but they can be sepa-
rated by glpe, preferably as the methyl esters. A more
practical method for the separation of substantial
quantities of 23 and 24 was devised as shown in Scheme
1.

Newman's proof of strueture® was conelusive for the
reparted structure 24, but since the vields af his de-
rivatives were not quantitative. the presence of the
other isomer could not be deteeted.  The structure of
this isomer (23) was established as follows (Scheme I).
Nnir measurements on the mixture showed only two
peaks in the aromatic region at about 6 7.18 and 7.97.
If either component had contained a hydrogen ozi/m
to the earboxyl there would have been a peak further
downfield.* Hydrogenolysis of the mixture selectively
removed the chlorine from the m-chloro acid (23).
That the chlorine was removed from 23 rather than
from 24 was shown by the isolation of 2,3,6-trimethyl-
benzoie aeid (17) whose melting point agreed with the
literature and whose nmr showed two adjacent hydro-
gens,

iy R. G. Smith, J. Pharmacol. Fzp. Ther., 84, 87 (1935): N. L. R-
Bacuer, Proc. Soc. Ezp. Biol. Med., 63, 204 (1946); O. Krayer and G. H.
Acheson, Phystol. Rer., 26, 383 (1946).

(2) Ao 1l Tang, L. A. Schroeder, and II. 11. Keasling, Lo he published.

(3) M. 8 Newman, D. Pawellek, and 8. Ramachandran, J. Amer. Chem.,
Soe., 84, 995 (1962).

(9) For example, 2.3.6-trimeth yibenzoie acid (17), in the aromatic region,
slowsan AB patternatabone§ 7.0and 7.1 (7o = S cpx) ot 245 trimetLivl-
brnzose acid (18) sliyws twe sinslets at 8 7.00 amd 7.7 1

3-Chloro-2,5,6-trimet hylbenzoic acid

TasLE 1: PharMaconoay

Lellaliny Myotonie

N, R snbstitilion L Do) el (1Dl
I 2-C11I; 422 >100
2 3-C1I, 5062 > 100
3 2.8-(Cy), 1000 142
4 24-(CH;) > 100t) >200
5 2,5-(CHyy >1000 57
[§) 2,6-(CHad,y 178 T2
7 3,4-(ClLi). 316 >200)
N 3,5-(CIL)y 7o > 100
9 3,5-(C1y), 100 > 100
10 2-CTI, 3-C1 >1000 178
11 2-Clls, 6-C1 422 s
12 2,5-Cly 257 100
13 2,6-Cly 316 {12
14 3,5-Cly 257 17N
15 25-Br 178 112
6 3,5-Bry 562 >200
17 2,3,6-tCly )y > 1000 210
IS 2.4, 5-(CI Ly, 36 100
19 24,6-(ClLs H62 >100
20 2,3,6-Cly 178 )
21 23,0 5462 >5H0
Y 3, 750 G5
23 30l _,)()-l( iy 562 4
24 2-C, 3.5,6-(CI Ty 750 T2
25 3,5-1CTI{CTT 1, 2,6-0CH ) 422 > 10
26 2,3,4,5-CL 562 > 100
27 .2%3((1| 297 25
9% 23,4.5,6-(CHy), >200 20
20 2,3.4,5,6-C1, 178 02
500 2,3,4,5,6-1, 178 100
31 Phenunthrene-9-carboxylic acid > 1000 GO
32 \11(111"1((‘11(‘-‘)-( arboxylie aeid 750 S0
33 ,2,3,4,5,6,7,8-Octahydro-
anthrac (euc-()-( arboxylice acid o 5.7

* Compounds were administered to mice intraperitoneadly.
The values (mg/kg) are approxinmtions with an necnracy of
about 4 100€, to — 507, b Compounds were suspended 1 0.2577
met hyleellnlose =chiution and injected intraperitoneally into mice.
Doses were advanced in 0.5-log intervals with foir auanals at
each dose. Mediin doses were caleulated by the method of
Spearman and Karber (1), J. Finney, ‘‘Statistical Method iv
Biological Assay,”’ Hafuer Publishing Co., New York, N. Y.,
1952, p 524). < See Experimental Section for method of prepari-
tion. * Sixty per cent material from Heyden Newport Chemical
Corp. was purified by the method of J. Munir, British Putent
909,216 (1962): Chem. Absir., 58, 4476¢ (1963). - The authors
are indebted to Dr. Gerald Bakker, Eartham College, for a sample
of this acid.

The isomer resistant to hydrogenolysis was casily
separated and nmr showed it to be the companent hav-
ing a single peak at 8 7.18 (no H ortho to the COOH)
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and must therefore be 24, the structure proved by New-
man.? That the chlorine in 23 was in the 3 rather than
the 4 position was shown by decarboxylation of 23 to
give 1-chloro-2,4,5-trimethylbenzene (melting point
agrees with the literature and nmr shows p-hydrogens,
singlets at 6§ 6.90 and 7.04). The structure of 23 was
confirmed through synthesis (Scheme II). 2,3,6-
Trimethylbenzoic acid, prepared by carbonation of the
Grignard reagent® from 2-bromo-1,3,4-trimethylben-
zene,® 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 LDj's and ED,’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
number 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 sulfonie acids, and compounds
containing an acetyl in place of the carboxyl group.
Other groups such as OH, OR, NH,, CONH,, 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. 4mer. Chem, Soc., 71, 81 (1949).
(6) G. Lowe, F. G. Torto, and B. C. L. Weedon, J. Chem. Soc., 1855
(1938).
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A study of Table I shows that most of the potent
compounds for myotonie activity have Cl or CH; sub-
stitutions at 2,3,5,6 positions (22, 23, 24, 27). Larger
alkyl groups (25, 33) or substituents at the 4 position
(18 and 19 vs. 17; 26 vs. 27; 4 and 7 vs. 3, 5, and 6;
28 vs. 22; 31 vs. 32) yield compounds with weaker ac-
tivity. Comparison of 22 »s. 25 and 32 »s. 33 sug-
gests that a relatively flat molecule is more favorable for
myotonie activity. The weaker activity of 1,2,3,4,5,6,-
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-trimethyibenzoic acid (23) was prepared in two steps
from 2,4,5~trimethylphenol as described by Newman, et al.’
In the work-up the 4-trichloromethyl-2,4,5-trimethyl-2,5-cyclo-
hexadienone was chromatogaphed iustead of distilled using silica
gel and eluting with CH.Cl.. Some lots of the final mixed
acids were sublimed at 110-120° (0.2 mm). These procedures
removed tars and other impurities but effected little if any
separation of the isomeric acids. The produet was finally crys-
tallized from benzene giving white crystalline material, mp
~154-160°. By nmr and glpe (as the Me ester prepared with
CH;N,) various lots were found to consist of 55-70%; of 24 and
30-459 of 23. A sample kindly supplied by Dr. Newman?® was
found by nmr also to 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 (0.3 mole)
of the above mixture (55% 24 and 459 23) in 200 ml of C¢H,
and 150 ml of SOCI, was refluxed for 4 hr. The solvent was re-
moved under vacuum, and C¢Hs was added and removed giving
the acid chloride as a pale yellow oil. This was dissolved in C¢H,
(200 ml) and slowly added, with stirring, to 600 mil of MeOH and
18 ml (0.33 mole) of dry pyridine. After refluxing for several
hours and removing the solvent, the residue was dissolved in
ether, washed (H:O, dilute HCJ, dilute NaOH, H,0), and dried
(NayS80,). After filtration and removal of the ether the product
was distilled giving 61.3 g (969%) of colorless liquid, bp 80.5°
(0.005 mm), which soon partly solidified, fp ~25-39°. Anal.
(CnH:Cl0,) C, H, CL

Small samples of this mixture in CHCl; were repeatedly in-
jected into a 2-m glpe column packed with 1067 Caybowax 20M

(7) Melting points were taken in capillary tubes with a partial immersion
thermometer. Calibration of thie apparatus against standard compouvnds
showed no need for correction. Ir spectra on all new compounds Were in
accordance with the proposed structures. Nmr spectra were taken on a
Varian A.60 instrument. Where analyses are indicated only Ly symbols of
the elements or functions, analytical results obtained for these elements or
functions were within 0.4, of the theoretical valises.
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on Diatoport-8 80-100 mesh at 125°, The fractions were col-
lected in Dry Ice cooled traps yielding 77 mg of a fiquid and 60
g of a erystalline solid, nip 67.5-68.5°.

A 48-g saniple of the partly solid mixture of Me esters was fil-
tered at roow temperature. The crystals were washed with cold
pentane aud recrystallized three times nsing about 50 ml of pen-
tate for ench erystallization and cooling to —2°. Thix gave 3 ¢
of white crystals, mp 67-68°, A wmixture melting point with the
crystalline sample separated Dby glpe above gave o de-
pression (mmp 67.5-68.5°). By reworking the filtrates a total
of 11.4 g (537 of the methyl 3-chloro-2,5,6-trimethyibenzoate
kuowi to be preseut) was obtained haviung mp 65-67° or higher.
Nur in CDCly indicated only one isomer, showing five singlets
at 6 7,20, 3.90, 2,25, and 2,15, Anal. (C1L.CIOY G, 11, CL

3-Chloro-2,5,6-trimethylbenzoic Acid (23).—A mixturc of 1.1
g (0.0522 mole) of methyl 3-chloro-2,5,6-trimethyibeuzonte and
50 ml of concentrated 1,80, was well shaken and the resulting
nearly colorless solution was allowed to stand for 1 . It was
then poured iunto 400 ml of ice water and after standing for 1 hr
the white solid was colleeted, well washed (11,0)), dried, and re-
erystallized from CgHs giving 10.6 g (10097) of white crvstals,
mp 162-164° Nmr in CDON(CDy), indicated ouly one izomer
showing four singlets at & 7.28, 2.30, 2.2.5, and 2.20.  .lnal.
(C11,C10) C, H, CL.

2-Chloro-3,5,6-trimethylbenzoic Acid (24).--T'he liguid ester
from the glpe separation above wax mixed with 1 ml of concen-
trated T1.80), shiaken for 16 min, aud diluted with .0, The
aeld was extracted with ether, washed (H,0), and dried (Na,SQy).
Filtration, concentration, and eryvstallization from CiHe guve
35 mg of while erystals) mp 170.5-171.5°.

Crude filtrates from the above erystallizations of the methyl
esters from which 1o more pure ester could be easily crystallized
were evaporated to dryness aud mixed with 150 mil of coucentrated
[1.80,.  After stunding for 4 hr the solution was ponred iuto
e water giving 26.7 g of white solid. Thix was dissolved in 2330
ml of KtOH and hydrogenated for 7 I with 4 g of 309, Pd-C
at 3.5 kg/em? and 80-90°.  After filtration and removal of the
solvent the residue was dissolved in dilute NHOH, washed with
ether, and acidified. The crnde acid was extracted with ether,
wushed (H,0), and dried (Na.S0O)s). Filtration and evaporation
gave 20.6 g of white solid which was recry=tallized twice from Cglls
yvielding 12.8 g (534, of the 2-chloro-3,5,6-trimethylbenzoice neid
kunown to be in the original mixture) of white crystals, wmp 171~
172.5°, A mixture melting poiut with the acid obtained from
the liquid ester separated by glpe ubove gave no depression
(mmp 171-172°). Anal. (C,(HuCl0,) C, H, CL

2,3,6-Trimethylbenzoic Acid (17).--A hyvdrogenolysiz shuilar
to the above was carried out on 10.6 g of a mixture of aeids
prepared by the Newman procedure® and found by nmr to be a
mixture of 45, 23 and 759, 24, After crystalliziug out the acid
24, the benzene filtrates were fractionally crystallized from CgHg
and hexane to isolate the more soluble componeunt. A small
sample was thns obtained of pure 2,3,6-trimethylbenzoic acid,
wp 109-111° (1lit.® mp 110.5-112°5  This was found to be pure
by glpe, ir, and umr.  Anal. (CyI1,,00) C, T1L

Decarboxylation of 3-Chloro-2,5,6-trimethylbenzoic Acid.—-A
mixture of 1.0 g (0.005 mole) of 3-chloro-2,5,6-trimethylbenzoic
aeid (23), 0.2 g of Cu0), and 3.4 wl of quinoline was heated and
slowly distilled from n bath at 235-255° during 6.5 hr. The distil-
liate was dissolved in pentane, and washed (dilute HCL H,0, di-
lnte NaOH, H;0).  The pentane solution was dried (CaCly and
Dricrite), filtered, and distilled.  After removing the pentane the
residie was distilled at a bath temperature of 100-130° (12 mm)
giving 0.66 g (8597.) of white =olid, mp 59-66°.  This was subliined
at 50-655° (12 mm) giving 0.55 g of crystals, mp 69-71° (lit.?
for t-clloro-2,4,5-trimethylbenzene, mp 72.5-73.5°). Niwur and
ir are in accordance with the proposed structure.  Anal, (Cyl1,,C
¢, 11, ClL

2,3,6-Trimethylbenzoic Acid® (17) from Pseudocumene.—2-
Bromo-1,3,4-trimethylhenzence was prepared by the method of
Lowe.s®  Grignard reagent was prepared from 199.1 g (1.0 mole)
of this material, 36.5 g (1.5 g-atoms) of Mg, and 750 ml of THF.
The reaction was started with 2.5 ml of 1,2-dibromoethane and

(8) L. 1. Smith and C. L. Agre, J. Amer. Chem. Soc., 60, 652 (1938).

(9) Tuis marterial distilled smoothly at 82° (5 mm) aud appeared pure by
gipe. 1lowever, nmrin CDCls, in addition to the singlets at § 6.95, 2.36, and
2.25, showed small peaksat  7.25 and 2.08 whiclh may be due to the 6-bhrome
isomer.
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a small crystal of 1. The solution was slowly decanted with
vigorous stirring into 2 kg of erushed Dy Tee and 1.5 1 of absolute
ether. After standing overnight the mixture was decomposed
witlt ice und HCl and the product was extracted with ether,
The acid was extracted into aqueons NaOH which was washed
tether) aud acidified with HCL.  The oily acid was extracted
with ether, washed (H.0), and dried (Nua,80)y). Filtration and
removal of the solvenr gave 120 g of white =olid which was re-
crystallized from lexane yielding 68 g (44,1 of white crystals,
mp HHO-1EES% More conld be obinined from the fltrates.
A mixture mefting point with the acid obtaiued by hiydrogeunly=is
of the chlore acids above showed no depresstear anmp 1095
11200
3-Chloro-2,5,6-trimethylbenzoic Acid (23) by Chlorination.
Toa =olution of 164 g (0.01 mole) of 2,3,6-trimethylbenzoie aeid
(17) in 25 ml of AcOH wax added 7.2 ml 10011 mole) of 2 1.53
M ClLosolution in CCL, The vellow solntion was seuled 1u a
lienvy glass pressure tube and heated for 16.5 hirinoa stemm butl
After cooling, the nearly colorless =olution was evaporated i
racio and water was added. The ermde prodoet was extracted
with etlier, washied (I1,O), and evaporated.  Cals was added
and evaporated nder vacemnn giving 2.1 g of white solid, mp
PE8-145°. The ir speetrnm was practieally identienl with that
of 23, Reervstallization from 15 ml of benzene gave 0.53 ¢
(2700 of white ervstals, mp 152-159° Two more erystalliza-
tiows from benzene gave 0.21 ¢ of white ervstals, wp 150--162°.
A mixture welting point with 23, above, showed no depression.
1-Bromo-3,5-diisopropyl-2,6-dimethylbenzene. - A solution of
1903 g (1 mole) of 4,6-ditsopropyl-1,3-dintethivlbenzene™ i 200
ml of CCl containing a few ervstals of FeBry and of 1 wax
bromimated at room temperature during 7 e with 168 g (1.05
moles) of Bry in 100 ml of CClL. After stauding overnight the
solution wiax washed (11O, dilute NaOTIL HL,0) aud dried (CaClaw
After removing the solvent the ol was mixed witlt o solution
of 10 g of Na in 200 ml of DtOII, refluxed for T hr, and sllowed
to stand overnight.  Water was added, and the prodoet wae
extracted fether? and dried (CaClsi After filtration and re-
moval of the solvent the produet was distilled twice through
an 8-c, helices-packed colmnn vielding 183 g (687) of colorless
liquid which =olidified i the receiver, bp 118-120° (2.5 1y, fp
5454570 Ulpe «noa columm packed with Carbowax 20M on
Dittoport=3 indicated this was 997 pure. A middle fraction
pressed between filter papers had mp 59-61°, Nuwr i CDCI,
indicated that the bromine had entered, nx expected, 10 Jess
hindered poxition between the methyl groups: 8 7.12 3, 1), 3.20
tseptet, 2,/ = T cpx, 1), 246 %, 6), and 123 ppm (de 12,
Jo= T oeps, ). dnal (Cully,Bey C) 1, Br
3,5-Diisopropyi-2,6-dimethylbenzoic Acid (25).- Grignard re-
agent was prepared from 80.7 g (0.3 mole) of t-hromo-3,5-diiso-
propyl-2,6-dimethylbenzene, 9.72 g (0.4 g-utom) of Mg, aud 175
ml of THF. The reaction was started with 0.5 ml of 1,2-di-
bromoethane.  The solution was poured slowly, with vigorons
stirving, into 1 very large exeess of erushed Dry Tee in absolute
ether. ATter standing until the excess Dry Tee evaporated, the
wixtire wias decomposed with diliute TTCHand the ether solution
wis waslied (Ha0)) and extraceted with dilute NatOH. The basie
aqueotts solntion was washied  (etherl nud acidified with HCL
giviug 59.3 g of crvstalline acid, mp 196-204° Recrystullization
from 600 mt of methyleyelohexane vielded 51 g (7207) of white
crystadss mp 206220890 e (CDCLy, 6 TE2E s+, By 724 () 1),
37 (eptet, 2007 = T oeps ), 280 G0 6, and o donblet at
223 (12,0 = Toepsy o Lhnal (CRlTaO00) G 1L
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