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that for maximum binding, not only should the two 
aromatic rings be in the positions determined by the 
cisoid arrangement of I% and 0 atoms (transoid being 
unfavorable because of steric interaction between 0 
and the H a t  position 8 of the isoquinoline), but also 
that the aromatic rings should be approximately 
coplanar. It was evident from the model that sub- 
stitution of CHZ on the CH2 bridge, or substitution of 
both ortho positions to the ether link, would force the 
phenyl ring to rotate out of the plane of the isoquinoline 
ring in order to relieve steric compression. Compounds 
13 and 14 (Chart 11) were prepared and were much less 
active, supporting the hypothesis. Finally, compari- 
son of 15 with truns-l-(4-chloro-2-methylstyryl)-3,4- 
dihydroisoquinoline'O (16) revealed a similar degree of 
enzyme inhibition. Compound 16 is isosteric with the 
favored cisoid-coplanar conformation of 15 and ap- 
parently interacts with the same receptor on the 

(10) We thank Dr. I. C. Appleby (Pfizer Ltd.) for a sample of this com- 
pound. 
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enzyme, as evidenced by a similar Linemeaver-Burk 
plot for both 16 and 5. The comparable activities of 15 
and 16 again emphasize the importance of steric rather 
than electronic effects, for although isosteric, the com- 
pounds are not isoelectric, the pKa of 16 being 8AS 

Steric limitations were further explored by the 
preparation of the 3-methyl and 3,3-dimethyl deriva- 
tives 17 and 18. Disubstitution decreased the binding 
(18 compared with 5, R = C1) presumably by hindering 
close approach of the molecule to the receptor, but 
monosubstitution (17 compared with 5, R = H) had 
virtually no effect. We suggest that one CH, affords 
no hindrance because the energy involved in changes 
between the various conformations of 17, in which the 
CH, can be either above or below the plane of the ring, 
is small compared with the energy of binding to the 
receptor. 

Another clue as to the steric limitations on the ap- 
proach of the molecule to the receptor was obtained 
during a study of the effect of two substituents in the 
phenyl ring. The 2,4-, 2,3- ,  2,5- and 3,4-dimethyl- 
phenoxy compounds 19-22 were compared (Chart 111) 
and it was found that whereas 19 and 22 gave 49% 
inhibition, and 21 gave 58% inhibition, the 2,3- 
dimethylphenoxy compound 20 inhibited by only 14%. 
Sow- the presence of a CH, substituent ortho to the 
ether link prevents the molecule of 19, 20, or 21 from 
freely taking up the alternative favorable coplanar 
conformation obtained by rotation of the phenyl ring 
through 180". Such rotation is possible with 22, and 
the m-CH, can therefore assume the position indicated 
by 22a. The reduction in binding of 20 is therefore 
attributed to steric hindrance provided by m-CH3. 
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Soiic of our modification.: of the prototype have led 
t o  :in> great increnqe in activity. We have shown here 
that thiq i.j principally because of bteric effects: change. 
i n  x t iv i ty  due to hydrophobic and dipole effects arc 
diccussed in part II,Ila where application of :L modified 
Haribchllb A n d j  4s with respect to the-e fxtor. iii- 
tlicatcd that optimum activity 11:~. ttlrexd? heeii 
achieved. 

pore 1 '57 vim- in allantoic fluid JT u-ed :i- the .:ource 
l i t  vir:tl neuraminidase I\-ithout further purihctitioii. 
I'iirified col1ocali:t mucoid12 was used :IS 5ubstr:tte. 

Standard neuraminidase iiihibition : L S V L ~ .  wei'c 
citrried out in 0.05 A 1  ?r'uOXc buffer (pH 5 . 5 )  containing 
2 mJ/ CaCL :tnd 0.4 niJI EDT,1, normullI\- in a final 
volume of 1 ml. The final enzyme ntration was :L 
tc,nfold dilution of the original vim 
subbtrate concentration wlt5 10 
Enzymr. activity was calculated from the amount of 
S-acetylneuramiiiir acid hydrolvzed from the mucoid 
during 20 min :it X " ,  aq cstimittd 11). the \Tarren 

The inhibition of viral neuraniinidltse b) 5 (It  = ( 'I) 
:it 2 mill wab determined over the pH range 5.5-7.5.  
The results indicated that the level of inhibition did not 
v w y  Yignificantly with pH (T:tble I), and thui the clc- 
g r w  of ionization of the basic S atom of 5 (ph', = (i >i) 
wis not importnnt in this interaction. 

IC iiihibitiori of several dihydroi;ociuiiioliii~~ deriva- 
\v:~b determined in the standard ;issay system 

v : q  ing the suht ra te  concentration between 1 and 10 
m g  of mucoid/'ml. (Experiments of  this type established 
t hc K ,  of influenza neuraminidase as approximately 3 
rng/ml with respect to collocalia mucoid.) ,Inalpis of 
t h c  data in :I double-rcciproc:tI plot, according to the 
1)rocedure of  Linew~aver and R U I ~ , ' ~  revealed thnt 

Biochemistry.- suspension of irifluenza A2 h 9' 1119:l- 

J)rOCCdUre. 
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Pigrue 1 .----I,irie\l-el~vc.r-Uurk pluts uf compounds 5 a i d  16. 
The velocity, I ,  w a y  memiwed by the procedure described for tkw 
standard neuramiiiidax assay and is expressed as micrograin:: i ) f  

N-acetylneuraminic acid released per minilte: 0, no inhibit or:  
I! 5 (1..5 rn3f); A, 16 12.0 m31). 

these compound3 iriliibit viral neuraminidase noii- 

competitiwl) . Tho I,iiie\vcnvcr -Hurk plots obt:iinetl 
with 5 (1.5 niX) and 16 ( 2  mJl) are shown in Figuw 1, 
:tiid essenti:rll;\r 4mil:ti. r e d t -  were obt:tined Ivith four 
other :tldogs. 

Chemistry. - -\lo<t oi t lie :',,4-dihydroisoyiiiiioliii~~~ 
tic~cribect i i i  Tablc I 1  \I eie prqxrred 11) trcatiiig 1 h c ~  
xppropri:itc> phenethg 1:imiiic n ith a .uh-tituted ~)h- 

icctic eqter t o  givt, 211 :imide, 
C J  clized ill a 13i.;chlrr-Sapieri 
in refluxing X J  leiw." The (1- 

trom ;t M?lli:tniwii rtwtioii bctn-een the phcnol :~nd 
mcthj 1 chloro:tcct:itc,. I' Kiter uid :miidc iritcrmedintc- 
i v ( w  chwacterizeti t ) \  ir \pectr:t. Thc 1-niethj I- a r id  
L - b e n ~ ~  1-3,1-dihj tll.oiiocluiriolinr, (10. 11) ~vcre ni:adc 
according to pablislied procediirt>s. li li The amitlc 
nitermedi:tt e for the prcparat ion of 3,3-dimet hyl- 1 - 
i~-chluropheiioxymethyl)-:~,l-dihydroisoquiiioline (18) 
\ v w  obtained by the reaction of l-chlorophenoxv:tcet o- 
nitrile'* wit h 1,l-dirnethyl-2-pheiiyleth:Ln-i-l-ol in tho 
presence of H2S04 (Rit ter reaction). 
:tccomplished in lo\\ ).ield, ciuc t o  :I competing c1e:ivuge 
of  the amide giviiig 2 .~-diniet l iyl~tyre~i(~ :tnd -khlorrJ- 
pheiioxyacetonil r i h .  

Of the compoiiiid. iri  Chart I ,  derived from the proto- 
type 5, only the iwquiiioline 8 presented any difficult?. 
Attempted dehydrogenation of 5 using 10% I'd-C' ill 

refluxing xylene or ckcalin20 resulted in the production 
of -2-chlorophenol itlid 1-niethylisocluirioline by dis- 
I)roI)ortiontttioii Dehydrogenation using chloranil iri 

Cl-clization \t 

(16) \V. AI. WhalPy and \ \ .  H. Hartung, J .  0 7 ~ .  Chem.,  14, 650 ( 1 W l W ) .  
(16) J. JIunch-Petersen, d d i i  Chem. Scnnd. ,  5, 519 (1951). 
( 1 7 )  H. R. Snyder and f'. S. IVerber, J .  A m .  Chem. Soc . ,  79, 2962 (1950). 
, 18) 11.  .Julia, BuII. So,.. C h i m .  Fronce ,  1365 (1956). 
(1'3) ,I. . I .  Rit ter anti F. Z. .\Iurphs, .I. A m .  Chem. Soc., 74, i6:3 (l!+J2). 
?20) F. I), Popp and \\ E. ?IcEn-eii, ibicl., 79, 3773 (1957). 
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TABLE I1 

ENZYME INHIBITION, PHYSICAL CONSTANTS, A K D  ANALYSES 
Neuraminidase Reoystn Yield, 

inhib, %" solventb Alp, o c  70" Formula 

0 A 198-200 5 .i Ci6Hi6ClNO. HCl 
0 1) 125-128 20 CisHi~C1Noz 
0 C 168-169 80 Ci8Hi&1?;0z 
0 E 90-91 45 ClsHiaClNO? 
34 C 210-212 33 Ci6HisNO .HC1 
46 B 203-207 85 C16HidClNO. HC1 
38 B 180 dec 57 Ci?HiTNOz. HC1 
0 A 1 58-1 6 0 50 Ci*Hi&lINO 

1 5 B 165-166 59 Ci7Hi7ClINO 
0 A 183-184 22 CieHizClNO. HC1 
0 -4 172 dec 72 C17HisClIXO 
0 B 194-195 59 CioHiiK HC1 
0d A 229-230 30 CisHisN. HC1 
0 B 137-138 4 CiiHi6CIN *HC1 
14 B 85-86 31 C17Hi6CISO HCl ' HzO 
23 B 202-204 45 CigHlsClYO. HCl 
44 A 208-209 33 C ~ ~ H I ~ C ~ N O .  HC1 
48 F 229-23 1 21 CiaHieCl?J. HC1 
28 G 159-161 28 Ci?HliNO .HCl 
17 B 142-143 10 CiBHiaClXO * HCl 
49 A 179-182 25 CipHieNO 'HC1 
14 4 197 dec 14 Cif HieKO. HCl 
58 A 189-191 12 CisHi ,KO. HC1 
49 A 211-213 22 Ci8HisSO. HCl . HzO 

Compd 

1 
2 
3 
4 
5 , R = H  
5, R = C1 
5,  R = OCHz 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Analyses 

C, HI N, C1 
C, H, N, C1 
C, H, SI C1 
C, H, H 
c, H, N 
C, H, pi, C1 
C, H, N, C1 
C, H, N 
C, H, X 

C, H, Tu' 
C, H, IC, C1 
C, H, X' 
C, H, S, C1 
C, H, S 
C, H, N, C1 
C, H, K, C1 
C, H, S 
C, H, S, C1 
C, H, C1 
C, H, K, C1 
C, H, K, C1 
C, H, S, C1 
C, HI S 

c, H 

a Inhibition by 2 mJ2 compolmd at  pH 5.5. A, EtOH-EtZO; B, 3leOH-EtzO; C, EtOH; D, petroleum ether (bp 100-120'); 
c In  most cases, no attempt war made to improve yields. E, C&; F, 707, EtOH; GI ?\IezCO. 25Cc at 5 mM. 

benzene or xylenez1 gave only an intractable tar. The 
desired isoquinoline was eventually prepared by the 
treatment of 5 with excess m-chloroperbenzoic acid, a 
procedure probably involving intermediacy of the K- 
oxide and elimination from this of the elements of 
H20ZZ (Scheme I) .  far as we are aware, this is a 
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novel method for the dehydrogenation of an N hetero- 
cycle and may have more general applicability. 

The 1,2,3,4-tetrahydroisoquinoline 1 was prepared 
from 5 using SaBH4 in warm NeOH.23 The N-formyl 
derivative 2 wab prepared by reductive formylation of 
5 using formic acid and f ~ r m a m i d e . ~ ~  Acetylation of 5 
with AczO and SaOAcZ3 gave 1-(4-chlorophenoxy- 
methylene)-2-acet~l-l,~,3,4-tetrahydroisoquinoline (3). 

(21) E. A Braude, -4. G. Brook, and R.  P. Linstead, J .  Chem. Soc., 3569 
(1954). 

(22) Mechanism suggested b y  Professor A. R. Katritzky. 
(23) I. Baxter and  G .  A. Swan, J. Chem. Soc., 4014 (1965). 
(24) I. Baxter, C .  T. Allan, and G. A. Swan, %bid., 3645 (1965). 

IIethylation of 5 with Me1 in MeOH gave the methio- 
dide 7, and excess Ale1 with dry IizCOs in acetone gave 
1 - (4-chlorophenoxymethylerie) - 2 , 2  - dimethyl - 1,2,3,4- 
tetrahydroisoquinolinium iodide (6). 1-(4-Chloro- 
phenoxymethyl)-2-methyl-isoquinolinium iodide (9) 
was prepared from the isoquinoline 8 using the methyla- 
tion procedure of hcheson.25 

The synthesis of l-(4-chlorophenetthyl)-3,4-dihydro- 
isoquinoline (12) involved a Willgerodt-Iiindler re- 
actionz6 on 4-chloropropiophenone to give 3-(&chloro- 
pheny1)propiothiomorpholide and then proceeded by 
hydrolysis to  the acid, which when heated with phen- 
ethylamine in toluene with azeotropic removal of HzO 
gave the corresponding amide, then cyclized to the 3,4- 
dihydroisoquinoline. 

Experimental SectionZ7 
1-( 4-ChIorophenoxymethy1~-2-methyI-3,4-dihydroisoquino- 

Iinium Iodide (7).-1-(4-Chlorophenoxymethy1)-3,4-dihydroiso- 
quinoline (5.4 g) in MeOH (50 ml) was treated with excess Me1 
(10 ml) under reflux (1.5 hr). Concentration and addition of 
EtzO precipitated the product, which was recryhtallized from 
MeOH-Et20 giving 4.4 g (54%) of yellow needles, mp 165-166" 
dec, A:::" 287 m p  (emax 3400). 

1 -(4-Chlorophenoxymethylene)-2,2-dimethyI-l,2,3,4-tetrahy- 
droisoquinolinium Iodide (6).-1-(4-Chlorophenoxymethyl)-3,4- 
dihydroisoquinoline (90 g)  in dry Me,CO (1000 ml) was treated 
with Me1 (100 g) and dry KPC03 (200 g ) .  The mixture naz 

Anal. (C17H17ClINO) C, H, N. 

(25) R. &I. hcheson and G. J. F. Bond, ibid.. 250 (1956). 
(26) &I. Carmack and  M. A. Spielman, Org.  Reactions, 3, 83 (1956). 
(27) Melting points are uncorrected (Electrothermal melting point 

apparatus).  Ethereal extracts were dried over anhydrous hfgs04. Evapora- 
tions were carried out on a Bnchi-Rotavap evaporator. T h e  ir spectra were 
recorded as  Nujol mulls on an  Infracord 137 spectrometer. -4bsorption bands 
Rere as expected. Phenols and amines used as  starting materials were 
obtained from commercial suppliers. For those compounds prepared by 
general methods given in the footnotes, yields and  recrystallization solvents 
are recorded in Table I. Where analyses are indicated only b y  symbols of 
the elements, analytical results ohtained for those elements were within 
10.4% of the theoretical values. 




