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thiophene < 1.(1 g, 'J.NS nimoles) in 2(1 ml of dry (.',;IIn was treated 
with piperidine (0.2!) ml, 2.88 mmoles) and allowed 1o stir at 
room tempefuture for 2 weeks. CJTr, was removed under reduced 
pressure, yielding it yellow solid which was dissolved in IM) 
( Id ml I. treated with excess 1D<7 NaOIT. and gently warmed for 
1 hr. The reaction mixture was then poured into }].A) i'100 nil'; 
and the pll was adjusted to 7 with dilute 1101. The aqueous 
solution was extracted with four 50-ml portions of ether, and the 
combined ether extracts were dried (XaL.S<>.,) and treatetl with 
dry HOI. producing an oil. The oil solidified readily tinder 
vacuum, and was reerystallized from KlOH-OIICh to yield 
It.-tS g :•> ' ,• of thick white crystals: nip 2.72-2.>:>..>° dec: 
v'^'i ;;.in . Il-bnnded phenolic Oil). 3.7-3.0 i l l X ^ u . :inil (i.2:i 
M 'O - 0 aromatic). Anal. 'O, jr,.OiXOS" ('. II. X. 
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Adamantoy l Esters of Pyridoxol1 
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I'cccircil Scplfiiihri- .;. I'.iH" 

(ierzon and his coworkers1''""''' 1 i;t\e shown that in
troduction of the adamantane group imparts interest
ing biological properties to representative compounds 
of various classes. Similarly. Zakrzewski. ct al.f' found 
I hat X-adamantyl-/./-aniinobenzaniide was an inhibitor 
of Exrhcrirliia ciili. Hydrophobic binding of the 
adamaniane moiety to the receptor site has been in
voked as a probable explanation for the biological ac
tivity of the various adamantane derivatives.0 

In order to investigate the chemical and biological 
usefulness 0f the adamantoyl group in vitamin B(i 

chemistry and pharmacology, we prepared some 
adamantoates of pyridoxol (Scheme I). Of particular 
interest to us is their potential utility in probing for 
hydrophobic regions within the receptor sites tit "which 
pyridoxol analogs bind. The possibility of the exis
tence" of such regions suggested itself in the course of our 
previous studies.-

Methods for the selective introduction of the adaman
toyl group into the cO and a4 positions of pyridoxol are 
indicated in Scheme I and utilize the two isomeric 
isopropylidene derivatives7-* of pyridoxol as starting 

]i I 'yridoviiie ( ' liemisl ry. X V I I . Previous papers in ibis series: H. 
Ahrons and W. K o r v t n y k . ./. Heterocyc. Che in., in press , par t X V I of the 
series; W. K o r v t n y k ami IS. Paul , ./. Or,,. Cl.rm.. 32, 371)1 fl 'J67), pa r t X V 
of t lie scries: an<i ret 2. 
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7) W. K o r y i n y k and W. Wiedeman . ./. Cham. S e c , 25H1 ;!<Jt)2o 
oS) \V. K o r y i n y k , ./. Or,j. Chem., 27, H7'J4 i l<l(12i. 

tnateriiils. Adamantoyiai ion by adamantoyl chloride 
had to be carried out under more vigorous conditions 
than the similar reactions with other aey! chlorides.7" 
indicating steric hindrance. Nevertheless. li-O-ada-
mantoy!-a4.u : '-isopropylidcnopyridoxol (IV; was found 
to rearrange to give the a4-()-ester V: in this respect, 
adamantoyl doe- not appear to differ from other acyl 
groups, although it i.- conceivable1 that the bulk of the 
adamantoyl group could interfere with the formation 
of tht1 orthoacid intermediate during the rearrange
ment." The structures of the resulting esters have 
been conlirmed by nnir. ir. and uv spectroscopy. The 
free phenolic hydroxy] in «4-( >-adamantoylpvridoxol is 
indicated by a positive (iibbs test and by characteris
tic shifts in the uv spectra in acidic and basic solutions." 

Preliminary evaluation of the a4- and a : '-adaman-
toates (III and V) with Savcharuinijcc* ciii'lsbci'ocrisis 
(ATCO 90S0) indicates that they tire comparatively 
weak growth inhibitors, producing approximately half-
maximal growth at 10~4 .l/. , l : 

Experimental Section 

Where analyses are indicate:! only by symbols of elements, 
analytical results obtained for those elements were within 0.3' < 
of the theoretical values. 

a4,3-0-lsopropylidene-a3-0-adamantoylpyridoxol (Hi. To a 
stirred solution of av^-O-isopropylidenepyridoxol" t'l, I )..">( I g) in 
o ml of anhydrous pyridine, adamantoyl chloride (1.(1 g) in 3-4 
ml of pyridine was added. Stirring was continued for 24 hr and 
then the mixture was refluxed for 0.5 hr. (The react ion was only 
partially complete after 4 hr.) Water (few drops) was introduced, 
the mixture was stirred for 1 hr, poured into ice water (.">!) ml), 
let stand overnight, and extracted with ether. The ether extract 
was washed (XajCOa, H/V) and dried (CaS04). Evaporation of 
the ether solution in vacuo left an oil, from which 0.81 g (83̂ 7 ) "' 
the crude hydrochloride imp 140-160°) was obtained by the 
addition of anhydrous ethereal 1101. Recrystallizatiou from 
CtRVether raised the melting point to 173-174..")°. Anal. 
(C.,J-13„C1N04)0, II, X. 

«5-0-Adamantoylpyridoxol Hydrochloride (III).—a4,3-t )-Lso-
propylidene-cyM 1-adamantoylpyridoxol (II, 0.177 g) was re-

9) \V. K o r v t n y k and IS. Paul , Tetr-ibeiirm, Lette 
10) Dr. A. Bdoch. personal communica t ion . 
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fluxed in 0.2 X methanolic HC1 (15 ml, prepared by diluting 1.0 
X HC1 with MeOH). The solution was evaporated to dryness 
in vacuo, and the semicrystalline residue crystallized ( E t O H -
Et 2 0) . A yield of 0.099 g (61%) of crystalline material was 
obtained; mp 173-175° (a different crystalline form has mp 158-
160°); Xmax 291 mM (e 9.1 X 103) in 0.1 A" HC1; Xmax 244 m^ 
(e 6.2 X 103), 309 m/x (e 6.6 X 103) in 0.1 X NaOH. Anal. 
(C18H,6C1N04) C, H. 

a4,a5-0-IsopropyIidine-a3-0-adamantoylpyridoxol Hydro
chloride (IV).—a4,a5-0-Isopropvlidenepyridoxol8 (750 mg) was 
dissolved in 25 ml of pyridine and 1 g of adamantoyl chloride in 
25 ml of pyridine was added. After refiuxing for 0.5 hr and 
evaporation in vacuo, the residue was extracted with ether, 
filtered, dried, and treated with ethereal HC1. The hydrochloride 
was filtered and was washed (Et20), yield 1.47 g, mp 176-180° 
which was raised to 183-184° after recrystallization from C6H6-
E t , 0 . Anal. (C22H30ClNO4) C, N. 

The free base had mp 140-142° (from petroleum ether, bp 
37-54°). 

a4-0-AdamantoyIpyridoxol Hydrochloride (V).—«4,a5-0-Iso-
propylidene-a3-0-adamantoylpyridoxol (free base from IV, 
548 mg) was dissolved in methanolic HC1 containing 10% H20, 
and was heated at 65-70° for 1 hr. The solution was evaporated 
to dryness, the residue was dissolved in EtOH, and the resulting 
solution was evaporated again. After recrvstallization (EtOH-
Et 2 0) , the vield was 373 mg (76%); mp" 182-183°; Am« 293 
mM (e 8.3 X 10:!) in 0.1 X HC1; Xmax 243 mM (« 6.4 X 103), 
\m.,x 309 m,u (e 6.8 X 103) in 0.1 .V XaOH. Anal. (CUIH,6C1N04) 
C, H. When the hydrolysis was conducted in 0.1 X aqueous 
HC1, 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 monocyclic amines. Although bis-
quaternary quinolines1 and isoquinolines2 have been 
evaluated as cholinesterase inhibitors, tetrahydro- and 
decahydroisoquinolines have not been reported to be 
active. Several substituted isoquinolines and their 
hydrogeiiated derivatives have been prepared and 
evaluated against human plasma cholinesterase in an 
initial screening program which will precede further 
study. 

The synthesis of isoquinolinecarboxylic acids, by way 
of a Pomeranz-Fritsch ring closure of 3-bromobenzal-
aminoacetal, as outlined by Tyson,3 was followed. 
However, instead of a mixture of 5- and 7-isoquinoline-
carboxylic 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, 5-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 . 

Pharmacol. Exptl. Therap., 108, 317 (1953). 
(3) F. T. Tyson, J. Am. Chem. Soc, 61, 183 (1939). 

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 synthesis 
had taken place specifically at the 6 position of the 
3-bromobenzalaminoacetal, resulting, exclusively, in 
the formation of 7-isoquinolinecarboxylic acid. 

O C 2 H 5 ^ O C 2 H 5 150° 

The tetrahydro and decahydro derivatives of the 
methyl esters of both the o- and 7-isoqumolinecarboxylic 
acids were prepared as described in the Experimental 
Section. Complete hydrogenation under low-pressure 
conditions proceeded smoothly;4 more difficulty was 
experienced in hydrogenating the 5-methyl 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 complete 
hydrogenation of 5-acetoxy-2-ethylisoquinolinium 
bromide (I) in glacial acetic acid containing sulfuric 
acid, hydrogenolysis and condensation of two mole
cules of the resulting decahydro alcohol occurred yield
ing a bis(2-ethyldecahydroisoquinoline) ether. This 
finding complements our evidence outlined in an earlier 
communication.4 Furthermore, conversion of I to its 
corresponding quaternary hydroxide, followed by hy
drogenation under identical conditions, yielded o-hy-
droxy-2-ethyldecahydroisoquinoline, substantiating our 
earlier contention4 of the involvement of the halide ion 
in this ether condensation. 

Biological Activity.—Four series of substituted iso
quinolines were screened as cholinesterase inhibitors. 
Alanometric determinations were carried out on a 
GME-Lardy RWB-3 Warburg instrument at concen
trations of 1 X 10~3 M. Further details of the pro
cedure have been outlined by Beasley, et a/.3 For 
the synthesis of compounds not reported here see ref 4. 
The biological results are shown in Tables I and II. 
The data in Tables I and II indicate that the hydro-
genated compounds possess greater inhibitory proper
ties, the greatest inhibition being associated with the 
fully saturated compounds. This trend may involve 
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 more 
saturated molecules. Evidence for some hydrophobic 
sites in adenosine deaminase has recently been pre
sented6 and Augustinsson's7 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 hydroxy compounds is evident (Table 
I). Derivatives of the isoquinolinecarboxylic acid 
(Table II) 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. Me.I. Chem., 7, 

698 (1964). 
(6) H. J. Shaefl'er and C. F. Schwender, J. Pharm. Sci.. 56, 207 a«07). 
(7) K. B. Augustinsfon, Bioclnm. Biophijs. Acta, 128, 351 11966). 


