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fluxed in 0.2 -V methanolic HC1 (15 ml, prepared by diluting 1.0 
S HCl with ALeOH). The solution was evaporated to  dryness 
in vucuo, and the semicrystalline residue crystallized (EtOH- 
Et20). A yield of 0.095 g (61%) of crystalline material was 
obtained; mp 173-175' (a different crystalline form has mp 158- 
160'); A,,, 291 m p  (E 9.1 X lo3) in 0.1 HC1: Lax 244 mp 
(E 6.2 X los),  309 mp (E 6.6 X lo3) in 0.1 S KaOH. dnul. 

a',a5-O-Isopropylidine-~3-O-adamantoylpyridoxol Hydro- 
chloride ( IV).-a4,a5-O-Isopropylidenep?-ridoxol* (7.50 mg) was 
dissolved iii 2.5 ml of pyridine and 1 g of adamantoyl chloride in 
25 ml of pyridiiie was added. After refluxing for 0.5 hr and 
evaporation zn z".xio, the residue !vas extracted with ether, 
filtered, dried, and treated with ethereal HC1. The hydrochloride 
was filtered and wa,t wa3hed (Et,O), yield 1.4i  g, mp 176-180" 
which was raised to 183-184" after recrystallization from COHe- 
Et&. Anal. IC?~H&lNO~)  C, ?;. 

The free bahe had mp 140-142' (from petroleum ether, bp 
37-.34'). 

a4-O-AdamantoyIpyridoxol Hydrochloride ( V).-a4,a5-O-160- 
propylidene-a3-0-adamantoylpyridoxol (free base from IV, 
548 mg) was dicsolved in methanolie HC1 contaiiiiiig 10yc H20, 
and was heated at 63-70' for 1 hr. The solution wah evaporated 
to drymss, the residue was disolved in EtOH, and the reaLilting 
solution TTas evaporated again. After recrystallizatioii (EtOH- 
Et,Oj, the yield was 373 mg ( 7 6 5 ) ;  mp 182-lS3'; A,,,, 293 
mp ( e  8.3 X 10") in 0.1 I\: HC1: 243 mp (E 6.4 X loa),  
X,,,,, 309 nip (E 6.8 X 10') in 0.1 -\- SaOH.  I n a l .  (Cl~,H&1S04) 
C, H. When the hydrolysis was condiicted in 0.1 -\ aqueoiis 
HC1, the yield was reduced to lis;. 
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Isoquinolines as Cholinesterase Inhibitors. I 

1 IS 31 \THISOh 

Department of JIeclzcznal Cheiriisf? y, 
l - n i i e a i t y  of Tennessee, College of Phai macy, 

X e m p h i s ,  Tennessee 38103: 

ReceiLecl I p r z l  3, 1967 
Revised J I a n i i s c ~ ~ p t  Recewed September 13,  1967 

In our synthetic work on isoyuinolines, it became ap- 
parent thai any cholinesterase inhibitory properties of 
these molecules niay be of interest in comparison with 
simple aliphatic or monocyclic amines. Although bis- 
quaternary quinolines1 and isoquinolines' have been 
evaluat,ed as cholinesterase inhibitors, tetrahydro- and 
decah?-droisoquiiioliries have riot been reported to be 
active. Several substituted isoquirioliries arid their 
hydrogenated derivatives have been prepared arid 
evaluated :gainst human plasma cholinesterase in an 
initial screening program n-hicli will precede further 
study. 

The synthesis of isoquiriolinecarboxylic acids, by way 
of a Pomeraiiz-Fritsch ring closure of X-broniobenzal- 
aminoacetnl, as outlined by Tys011,~ was followed. 
Hoir ever, instead of a mixture of 5- and i-isoquiriolirie- 
carboxylic acids being produced, as reported by Tyson, 
ire were able to isolate only one product. In  order to 
identify the product from the above synthesis, 5-iso- 
quiriolitiecnrboxylic acid was synthesized from 5-nit'ro- 
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( 3 )  F. T. T j s o n ,  J .  A m .  Cliern. Soc., 61, 18'3 (1988). 
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isoquinoline as outlined in the Experimental Section. 
Mixture melting point, analytical, arid gas chroniato- 
graphic data of a number of derivative. of 5-carbo- 
methoxyisoyuirioline and the corresponding derivative, 
prepared by the Tysori sjmthesis, indicated that the 
Pomeranz-Fritscli ring closure in the T>-+oii sjxthesis 
had taken place specifically a t  the G poqitioii of the 
3-broniobenzalamirioacetal, resulting, exclusively. in 
the formation of 7-isoquinoli~iecarboxylic acid. 

The tetrahydro arid decahydro derivatives of the 
methyl est>ers of bot8h t,he 5- arid T-isocluinoliiiecnrbos>.lic 
acids were prepared as described in the Esperimeiital 
Section. Complete hydrogenation under low-pressure 
conditions proceeded snioot'hly ;4 more difficulty was 
experienced in hydrogenating the 5-nieth!-l ester to the 
decahydro derivative than the correspondill, 0' - I isomer. ' 

The 5-acetos:- derivatives were synthesized to evduate 
the influerice of position and nature of the carboy. group 

terase inhibition. During the conipiete 
on of 5-acetoxy-'>-ethyliso~~~ii1iolinium 

bromide (I) in glacial a c d c  acid coiitniiiiiig sulfuric 
acid, hydrogeriolysis and condensation of two niole- 
cules of the resulting decahydro alcohol occ~ured  \.ield- 
irig a bis(~-etliyldecah>-droiso(~LiiIioliiie) et her. This 
finding complements our eviderice outlined in x i  earlier 
com~iiu~iicatiori.~ 17urthermore, conversioii of I to its 
corresporidirig quaternary hj.droxide, follo\~-ed hy hy- 
drogeriatioii under identical conditions. yielded 5-hy- 
droxy-'-ethj-ldecali~.droiso(iLiiIioline, substaiitiatiiig our 
earlier contention4 of the involvement of the hnlide ion 
in this ether condeiisation. 

Biological Activity.-Four series of substituted iso- 
quinolines were screened as cholinesterase iiiliibiturs. 
Manometric determinations were carried out oil a 
GlIE-Lardy RWB-3 Warburg instrumelit at coiiceii- 
tratioris of 1 X lop3 JI. Further details of the pro- 
cedure have been outlined by Beasley, et al.: For 
the synthesis of compounds riot reported here see ref 4. 
The biological results are shown in Tables I aiid 11. 
The data in Tables I and I1 indicate that the hydro- 
genated conipouiids possess greater iiihibitorj- proper- 
ties, the greatest inhibition being associated with the 
fully saturated compounds. This trend niay involve 
the "seniiflexible" nature of the more saturated com- 
pounds as compared JYith the more rigid flat structures 
associated with the unsaturated conipouiidi a s  well 
as the greater degree of hydrophobicit\- of the more 
saturated molecules. Evidence for some hydrophobic 
sites in adenosine deaminase has recently been pre- 
sented6 and Augusti~issori's~ work may imply the pres- 
ence of similar sites in cholinesterase. The signifi- 
cant increase in enzyme inhibition produced bj- the 
3,4,5-triniethoxybenzoyl esters compared with the cor- 
responding free hydroxy compounds is evident (Table 
I). Derivatives of the isoquinolinecarhosylic acid 
(Table 11) do not seem to possess any significant ac- 
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the 7 isomer. Recrystallizatiori of the prodnct from EtOH 
yielded 4.0 g of white needles, mp 187.0-188.0'. Anal .  (Cl3Hl8- 
BrSO?) C ,  H, Br, N. 
5-Carbomethoxy-2-ethyldecahydroisoquinoline Hydrobromide. 

-5-Carboniethos~-2-ethyl-l,2,3,4-tetrahydroisoqui~~olii~e ( 1 g), 
AcOH (30 ml), and concentrated H & ~ I  (0.1 ml) were hydro- 
genated tPtO?, 1 g, 48 hr, 3.52 kglcm2). The product was iso- 
lated in  the ii~iial manner, and the hydrobromide salt was pre- 
pared aiid recrystallized (EtOH-EtyO) (0.3 g, mp 168.0-169.0"). 
The IIV spectrrini of this compoiirid showed no absorption iii the 
raiiye 22iI-XO n i ~ .  d n a l .  (Cl3H,,BrNO,) C, H, Br, S. 
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Various imides of cyclobutanecarboxylic acid, par- 
ticularly K-acetylcyclobutanecarboxamide, possess a 
structure-dependent ability to  act as central nervous 
system depressants.2 The phenomenon appears to  be 
related to the cyclobutane 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 cyclobutane 
compounds we have expanded the original study to  a 
group of cyclobutane-1,l-dicarboxylic acid derivatives. 
With the exception of 6, a spirothiobarbiturate, these 
substances are di-S-acylimides and congeners of the 
compounds studied earlier. 

When bioassayed the compounds were tested as re- 
ported previously2 but dispersed in mineral oil, since 
the!. tended to agglomerate when ground in 0.25y0 
methylcellulose. At a dose of 1000 nig/kg there was no 
loss of spontaneous activity nor were there any deaths. 
In  addition to intraperitoneal administration, the com- 
pounds u-ere also given orally as suspensions in gum 
tragacanth with the same lack of effect. 

They were also tested as potentiators of barbiturate 
sedation3 using pentobarbital deeping time, judged by 
loss of the righting reflex, as a criterion. Uqing five 
mice and 5O-mg/kg ill dose of the barbiturate, a mean 
sleeping time of 81 niin wa5 obtained. The only com- 
pound exhibiting potentiation was 6. The mean sleep- 
ing time for five mice receiving 500 mg/lrg of this com- 
pound orally 30 niin before the standard dobe of bar- 
biturate  vas 147 min. h 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 practi- 
cal arid mechanistic interest. 

(1)  (a) Supported in part bg research Grant K13-754S of the  Sational 
(11) T o  n-hom iniluiriea Institutes of Health. U. S. Public Health Service. 
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Experimental Section 

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

Preparation of Diimides.-A mixture of 20 g of SOCI, and 5 g 
(0.034 mole) of cyclobutane-1,l-dicarboxylic acid was refluxed for 
l.;i hr (hood) and excess ROCl, was removed by flash evaporation. 
Crude cyclobritane-1,l-dicarbonyl chloride (1.6 g, 0.009 mole) 
was added dropwise to a stirred and cooled solution of the amide 
(0.018 mole) in 10 ml of neiitral alumina washed and KOH-dried 
pyridine. I n  every case an exothermic reaction ensued: when it, 
?libhided the mixtiire .wis heated on the steam bath for 1 hr. 
The reaction mixtiire was then poured onto 1 0 G  g of crushed ice 
and the prodiict precipitated. Solvents used in crystallization 
aiid yields of the respective compoiinds are in Table I. 

01 
CONHCOR 

I ie ld ,  Alp Cr is tnh  
10 R c6 "C" sol\ ent Formula \nal\si.C 

1 CH, 40 213 C CN,H,,K?O~ N 
2 C J L  50 243 A CI?H~J,OI N 
3 C(CH8)a 60 215 A C ~ ~ H X S ~ O ~  N 
4 (CHy)*CH3 50 173 E C ~ , H ~ O N ~ O I  S 

.5 0 45 255 A CleH,,?;,OI N 

a Corrected. b A, acetone; B, benzene, C, chloroform; E, ethyl 
c Analytical results obtained for the elements liited were 

6 >C=S 40 220 C C-HSNzOjS C, H, N 

ether. 
within 2~0.47,  of the theoretical valiies. 
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As part of a continuing study of various imideszp4 
and their reduction products as pharmacologically ac- 
tive compounds, we have prepared a limited series of 
imides derived from %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 
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