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fluxed in 0.2 N methanolic HCI (15 ml, prepared by diluting 1.0
N HCI with MeOH). The solution was evaporated to dryness
in vacuo, and the semicrystalline residue crystallized (EtOH-
Et;0). A yield of 0.099 g (619) of crystalline material was
obtained; mp 173-175° (a different crystalline form has mp 158-
160°); Amax 291 mu (e 9.1 X 10%) in 0.1 N HCL; Apax 244 mp
(e 6.2 X 10%), 309 mu (e 6.6 X 10%) in 0.1 N NaOH. Anal
(CioHxCINOy) C, H.
at,a’-0-Isopropylidine-o3-0O-adamantoylpyridoxo! Hydro-
chloride (IV).—a?e®-0O-Isopropylidenepyridoxol® (750 mg) was
dissolved iu 25 ml of pyridine and 1 g of adamantoyl chloride in
25 ml of pyridine was added. After refluxing for 0.5 hr and
evaporation in tacuo, the residue was extracted with ether,
filtered, dried, and treated with ethereal HCl. The hydrochloride
was filtered and was washed (Et;0), yield 1.47 g, mp 176-180°
which was raised to 183-184° after recrystallization from CsHg—
Et.0. Anal. (C»Hyi,CINO,) C, N
The free base had mp 140-142° (from petroleun: ether, bp
37-54°).
a-0-Adamantoylpyridoxo! Hydrochloride (V).—a?* a?-O-Is0-
propylidene-a3-0O-adamantoylpyridoxol (free base from IV,
548 mg) was dissolved i niethanolic HCI containing 10 H,0,
and was heated at 65-70° for 1 hr. The solution was evaporated
to dryuness, the residue was dissolved in EtOH, and the resnlting
solution was evaporated again. Afrer recrystallization (EtOH-
E1,0), the yield was 373 mg (769.); mp 182-183°; Anax 293
me (e 83 X 10%) in 0.1 N HCL Amax 243 mu (e 6.4 X 109),
Max 309 nig (€ 6.8 X 10%) in 0.1 ¥ NaOH. .Anal. (C.uHsCINOy)
C, H. Wheu the hydrolysis was condneted in 0.1 N aqueous
HCY, the yield was reduced to 17%.
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In our synthetic work on isoquinolines, it became ap-
parent that any cholinesterase inhibitory properties of
these molecules may be of interest in comparison with
simple aliphatic or monocyeclic amines. Although bis-
quaternary quinolines' and isoquinolines® have been
evaluated as cholinesterase inhibitors, tetrahydro- and
decahydroisoquinolines have not been reported to be
active. Several substituted isoquinolines and their
hvdrogenated derivatives have been prepared and
evaluated against human plasma cholinesterase in an
initial sereening program which will precede further
study.

The syuthesis of isoquinolinecarboxylic acids, by way
of a Pomeranz—Fritsch ring closure of 3-bromobenzal-
aminoacetal, as outlined by Tyson,® was followed.
However, instead of a mixture of 5- and 7-isoquinoline-
carboxyvlic acids being produced, as reported by Tyson,
we were able to isolate only one product. In order to
identify the product from the above synthesis, 3-iso-
quinolinecarboxylic acid was synthesized from 5-nitro-

(1) R. B. Barlow and J. M. Himms, Brit. J, Pharmacol., 10, 173 (1955).

(2) C. M. Smith, E. W. Pelikan, L. R. Maranba, and K. R. Unna, J.

Pharmucol. Exptl. Therap., 108, 317 (1933).
3) F. T. Tyson, J. 4m. Chem. Soc., 61, 183 (1939).
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isoquinoline as outlined in the Experimental Section.
Mixture melting point, analytical, and gas chromato-
graphic data of a number of derivatives of 5-carbo-
methoxyisoquinoline and the corresponding derivative,
prepared by the Tyson synthesis, indicated that the
Pomeranz—Fritsch ring closure in the Tyson syuthesis
had taken place specifically at the 6 position of the
3-bromobenzalaminoacetal, resulting, exclusively. in
the formation of 7-isoquinolinecarboxylic acid.

Br Br
——
/2 P,0; &
OC,H; OC,H, 150°

The tetrahydro and decahydro derivatives of the
methy! esters of both the 5- and 7-isoquinolinecarboxylie
acids were prepared as described in the Experimental
Section. Complete hydrogenation under low-pressure
conditions proceeded smoothly;* more difficulty was
experienced in hydrogenating the 5-methyvl ester to the
decahydro derivative than the corresponding 7 isomer.
The 5-acetoxy derivatives were synthesized to evaluate
the influence of position and nature of the carboxy group
on cholinesterase inhibition. During the cowplete
hydrogenation of  5-acetoxy-2-ethylisoquinolinium
bromide (I) in glacial acetic acid containing sulfuric
acid, hydrogenolvsis and condensation of two 1nole-
cules of the resulting decahydro aleohol occurred yield-
ing a bis(2-ethyldecahydroisoquinoline) ether. This
finding complemeints our evidence outlined i an earlier
communication.* IFurthermore, conversion of I to its
corresponding quaternary hydroxide, followed by liy-
drogenation under identical conditions, vielded 5-hy-
droxy-2-ethyldecahydroisoquinoline, substautiating our
earlier contention? of the involvement of the halide ion
in this ether condensation.

Biological Activity.—I'our series of substituted iso-
quinolines were screened as cholinesterase inhibitors.
Manometric determinations were carried out on a
GME-Lardy RWB-3 Warburg instrument at coucen-
trations of 1 X 1073 3/. Further detailz of the pro-
cedure have been outlined by Beaslev, ef al? For
the synthesis of compounds not reported here zee ref 4.
The biological results are shown in Tables T and II.
The data in Tables I and II indicate that the hyvdro-
genated compouinds possess greater inhibitory proper-
ties, the greatest inhibition being associated with the
fully saturated compounds. This trend may iuvolve
the “semiflexible’” nature of the more saturated com-
pounds as compared with the more rigid flat structures
associated with the unsaturated compounds as well
as the greater degree of hydrophobicity of the wmore
saturated molecules. Evidence for some hyvdrophobic
sites in adenosine deaminase has recently been pre-
sented® and Augustinsson’s” work may imply the pres-
ence of similar sites in cholinesterase. The signifi-
cant increase in enzyme inhibition produced by the
3,4,5-trimethoxybenzoyl esters compared with the cor-
responding free hyvdroxy compounds is evident (Table
I). Derivatives of the isoquinolinecarboxylic acid
(Table IT) do not seem to possess any significant ac-

(4) I. W, Mathison, J. Org. Chem., 30, 3558 {1965).

(5) J. G. Beasely, R. P. Quintana, and G. C. Nelms, J. MeJ. Chem., T,
698 (1964).

(6) H.J. Shaeffer and C. F. Scliwender, J. Pharm, Sei., 56, 207 114967).

(7) K. B. Augustiusson, Biochim. Biophys. Acta, 128, 351 11966).
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tivity, whereas the “reversed esters,” 1.e.. acetoxy coni-
pounds, po=sess inhibitory properties.

Experimental Section

All melting poluts were determined using a Swissco 1elting
point apparatns and are corrected. TElenental analyses were
carried ont by Drs. G, Weiler and F. B. Stranss, Oxford, England.
Ultraviolet spectra were determined in water on a Perkin-Elmer
Model 202 spectrophotonieter. Where analyses are indicated
only by synibols of the elements, analytical results obtained for
those elements were within 2=0.3% of the theoretical valies.

7-Isoquinolinecarboxylic Acid.—The svnthesis outlined by
Tyson® was carried out and yielded ouly 7-isoguinolinecarboxylic
acid.

7-Carbomethoxyisoquinoline.—7-Iroquinulinecarboxylic acid
hydrochloride (20 g) and SOCL (200 ml) were refluxed for 30 min
on a steam bath. The resulting mixture was evaporated to
dryness to yield a dark sohid which was treated with anhydrous
AMeOII (100 ml) under reflux for 15 min. The excess methanol
wag removed, and the residue was dissolved in water and de-
colorized with chiarcoal. The solution was made alkaline with
KIICO; and exiracted with ether. The ether was dried and
evaporated to vield 11.2 g (639;) of light brown oil which erys-
tallized (u\’elmght) in the 1ef11ge1atu1. nip 96-98° (lit.? 100°).
Thin layer anud gas chromatography of thix ester indicated =
single eomponent.
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7-Carbomethoxy-2-ethylisoquinolinium Bromide.-—7-('arlo-
niethoxyizogquinoline (8.5 g), absohite EtO1T (100 mll, and exeess
EtBr (8.4 g) were refluxed on a steam bath for 8 hr. EKxcess
solvent and FEtBr were distilled. and the residnal =clid was re-
crystallized from TaOIT to vield 12,6 ¢ {9397 of the (qnarernary
<alt, mp 210.0-208.6%, e 28306 mu dog e 4.90 dwad, 7CLLL -
BrNOQ. €, 11, By, N
7-Carbomethoxy-2-ethyl-1,2,3,4-tetrahydroisoquinoline Hy-
drobromide.--7-Carbomethoxy-2-cthyvlizoguinolininm — bromide
1S g in absolnte O (100 mby was hvdrogenated at 28]
kg e TPtOL 1ot mg! for ¥l The white solid which lad
separated  was redizeolved by warming, The cataly=r was
filtered from the har =ohition which was then concentrated.,
Colorles< plates (750 mgh rryv=tallized on cooling; myp 215.2
216,17, My 258 mptlog e 4,200 Jnal. (CulBrNOa C, 1 Bry N
7-Carbomethoxy-2-ethyldecahydroisoquinoline Hydrobromide.
“-Carbamethoxy-2-cthyliogqmunolinimm bromide (1.5 g1, AcOl1
(30 mb, and concentrated HuSO, (0015 D) were hyvdrogenatel
(PO, 10 g for 48 T at 3.52 kgoem®s The eatalyst was filtered,
The filtrate was dilnted (11,0, 25 mbn made alkaline with NaO11,
and extracted with ether. Th deded extract was evaporated
vield a pale vellow oil 0.75 g1 which gave a hydrobrnmide sah
that was reervstallized (EtOH-EwO ) mp 205.4-206.0°, The
uv spectrmn of this componnd showed no maxima fean 220-
360 mu. Arel (CpllaBrNOG CL 1L Br, N
5-Acetoxy- 2-etthisoquinoIinium Bromide.-H-1lydraxyizo-
quinoline (.1 gy in 2.\ NaOH (125 ml1 was shaken with Ac) (6.4
@), and an cqual vohune of un\hul ice. The separared, yellow
oil was extracted with ether which was dried and evaporated o
vield 118 g of a pale yvellow ol that solidified on =tanding.
This S-ncctoxyisoquinoline (118 g), abrolute EtOM. and excess
EtOH (11.8 g} were refluxed for 8 hr. The solvent and excess
EBr were removed nnder vacimu, and the residnal, vellow sclid
(154 gl was reerystallized (EtOID. mp 212.0-213.0° Al
(CnplhBrNOL C) 1 Br, N
5-Acetoxy-2-ethyl-1,2,3,4-tetrahydroisoquinoline Hydrobro-
mide. —3-Acetoxy-2-ethylizoquinalinium - hronide (4 g)  nul
absolnte HOH 13 mlt were hydrogenated at 3.16 kgfem?®
(PO, v g The filtered =olnion was evaporated to yield a
vizeons oil which erystallized from EtOll: vield 1.1 g of white
salid, mp 223.0-224.2° Ir and mixuire nielting point data?
indicated thisx compomd to be S-hydroxy-2-ethyl-1,23 4-tetrn-
livdroizoquinoline hydrobromide, It was dissolved in 2 .\ NaOl]
and was shaken with an equal volime of ice and exeess Aed).
The =alntion wax extracted with either. The ether was dried and
the hyrobromide formed in the nsnal manner, Tt was ervstal-
11/((1 from EtOH-E00 mp 176.2-178.0° Tral 1CGHLBINO
L B, N
a-IsoqumoIinecarboxyIic Acid.—H-Nitroi=oqnincline (12,5 g
i MeOIT (300 ml) was h\‘dl‘ugelmlul at low pressure and room
temperatire (1077 Pd-C, 1.25 g, 2 hr). The filtered =olntion was
evaporated to }1(,1(1 )-.1111111<)isuqllilmline as a light brown ~alid
which was erystrallized from CHClL-petrolemm ether to yiekl 10,0
g, mp 121.5-125.0° (I3 124-125°). This S-aminolsbquinoline
(4.8 g wax dissolved 11 48¢7 HBr (12 mb) and 11O (13 ml
The =ohiion was cooled, and 2 cold soluvon of NaNU, (255 ¢ in
5 oml of water) was added. The mixuire was allowed 10 warm
L TeoIn temperature and added slowly to a stirred solution of
CuBr (5.8 g) in 8¢ TIBr maintained abont 50°.  After 24 L
the =olntion was 111‘1(19 alkaline with NaOH and the resalting
mixtnre wax stean distilled to vield S-bromoisogninoline as o
white solid (5.3 gi. 3-Bromoizsoquinoline {25 g) (from the steam
di=tillation) was thoronghly mixed with CuCN (18.5 g) aned heated
for45 min at 250°, The iroquinoline-5-nitrile was disulled (3 nnns
fromn the reacuon mixume: yield 10 g (7000), mp 13R.0-139.07
(lit.3 139.0%). One gram of this nitrile was heated in a Carias
tube with enneentrated HCI (9 g) at 150° far 8 hr. The contents
of the tnbe were then evaporated to dryness to yield 1.25 g
(92470 of the hydrochloride of A-isoquinolinecarboxylic aeid
(mp >300°)
5-Carbomethoxy-2-ethylisoquinolinium Bromide.—-3-Isoquino-
Hnecarboxylic acid hvdrochloride (20 g) gave 11 g of 5-carbo-
methoxy-2-ethyvlisoguinolinium bromide as deseribed for the 7
Ixonter; mp 183.0-183.5°. Inel. (CHBrNO:) C, H, Br, N.
5-Carbomethoxy-2-ethyl-1,2,3,4-tetrahydroisoquinoline Hy-
drobromide.—-3-Carbomethoxy-2-ethylisoquineolinium bromide (5
gV in 150 b of absolite EtOH was hydrogenated ax outlined for
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Recrystallization of the product from EtOH
Anal. (C]angA

the 7 isomer.
yielded 4.0 g of white needles, mp 187.0-188.0°,
BrNO.) C, H, Br, N.

5-Carbomethoxy-2-ethyldecahydroisoquinoline Hydrobromide.
—>5-Carbonmethoxy-2-ethyl-1,2,3,4-tetrahydroisoquinoline (1 g),
AcOH (30 ml), and concentrated H.80; (0.1 ml) were hydro-
genated (PtO,, 1 g, 48 hr, 3.52 kg/ecm?). The product was iso-
lated in the u=nal manner, and the hydrobroniide salt was pre-
pared and recrystallized (EtOH-Et;0) (0.3 g, mp 168.0-169.0°).
The nv spectrnm of this componnd showed 1o absorption in the
range 220-360 mu. Anal. (Ci:HuBrNO,) C, H, Br, N.
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Various imides of eyclobutanecarboxylic acid, par-
tigularly N-acetyleyclobutanecarboxamide, possess a
structure-dependent ability to act as central nervous
system depressants.? The phenomenon appears to be
related to the cvelobutane ring system and is unique in
that it is not subject to circadian rhythm variance, a
finding contrary to the behavior of barbiturates. To
further elucidate the biochemorphology of eyelobutane
compounds we have expanded the original study to a
group of cvelobutane-1,1-dicarboxylic acid derivatives.
With the exception of 6, a spirothiobarbiturate, these
substarces are di-N-acylimides and congeners of the
compounds studied earlier.

When bioassayed the compounds were tested as re-
ported previously? but dispersed in mineral oil, since
they tended to agglomerate when ground in 0.259,
methylcellulose. At a dose of 1000 mg/kg there was no
loss of spontaneous activity nor were there any deaths,
In addition to intraperitoneal administration, the com-
pounds were also given orally as suspensions in gum
tragacalith with the same lack of effect.

They were also tested as potentiators of barbiturate
sedation®* usillg pentobarbital sleeping time, judged by
loss of the righting reflex, as a criterion. Using five
mice aud 50-mg/kg ip dose of the barbiturate, a mean
sleeping time of 81 min was obtained. The only com-
pound exhibiting potentiation was 6. The mean sleep-
ing time for five mice receiving 500 mg/kg of this com-
pouud orally 30 min before the standard dose of bar-
biturate was 147 min. A potentiation factor of 1.8 on
the part of this compound at a dose which itself appears
to have no depressant activity is of considerable praecti-
cal and mechanistie interest.

(1) (a) Supported in part by research Grant NI3-7548 of tlie National
Institiites of Healtli, U. 8. Public Health Service. (h) To whom inquiries
should be directed.

(2) R. T. Buckler and C. H. Jarboe, .J. Med. Chem., 8, 768 (1966).

t3) C. A. Winter, J. Pharmacol. Exptl. Therap., 94, 7 (1948).

(4) C. H. Holten and V. Larsen, Acta Pharmacol. Toxicol., 12, 316 (1956),
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Experimental Section

Microanalyses were performed by Midwest Microlab, Inc.,
Indianapolis, Ind.

Preparation of Diimides.—A mixture of 20 g of SOCL; and 5 g
(0.034 mole) of cyclobutane-1,1-dicarboxylic acid was refluxed for
1.5 hr (hood) and excess SOCI; was removed by flash evaporation.
Crude eyclobutane-1,1-dicarbonyl chloride (1.6 g, 0.003 mole)
was added dropwise to a stirred and cooled solution of the amide
(0.018 mole) in 10 ml of nentral alumina washed and KOH-dried
pyridine. In every case an exothermic reaction ensued; wheun it
subsided the mixture was heated on the steam bath for 1 hr.
The reaction mixture was then ponred onto 106 g of erushed ice
and the product precipitated. Solvents nsed in crystallization
and yields of the respective compounds are in Table I.

TaBLE I
Dimines oF CycLostuTaNe-1,1-picArRBOXYLIC ACID
CONHCOR
CONHCOR
Yield, Mp. Crystn”
No. R A ¢CY  solvent Formilla Analysis®
CH3 40 21:) C C10H14N204 N
2  C.H, 50 243 A CpHiN;0y N
3 C(CHs;)s 60 215 A CisHy N0 N
4 (CH,,CH, a0 175 E CisHuNOy N
5 O 45 235 A CuHaNoOs N

6 >C=S8 40 220 C C:HsN, 0,8 C,H N

a Clorrected. ? A, acetone; B, benzene; C, chloroform; E, ethyl
ether. © Analytical results obtained for the elements listed were
within £0.49, of the theoretical values.

Imidothiazoles
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As part of a continuing study of various imides?—*
and their reduction products as pharmacologically ac-
tive compounds, we have prepared a limited series of
imides derived from 2-aminothiazole and related thia-
zoles. These imides were obtained from a wide variety
of compounds of diverse structure. An example em-
ploying 1,2-cyclohexanedicarboxylic anhydride illus-
trates the general method used (Scheme I). This re-
action was either accomplished by heating an intimate

ScHEME I

N
co 7\ COH N
(j:co>O - H:N/QS_A - O:CONH4;§ -
N
COn_ Y
OICO/N_{S_)
{1) Deceased, June 1967,

(2) L. M. Rice, C, H. Grogan, and E. E. Reid, J. 4Am. Chem. Soc., 75,
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(3) L. M. Rice, E. E. Reid, and C, H. Grogan. J. Org. Chem., 19, 884
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(4) C. H. Grogan and L. M. Rice, J. Med. Chem.. 6, 802 (1963).



