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Replacement of the 4-methoxy of mescaline with higher alkyl homologues or with bromine led to increased activity 
a t  serotonin receptors in a sheep umbilical artery preparation. This activity appears correlated with lipophilicity, 
as measured by 1-octanol-water partition coefficients, but drops off when the 4-substituent is about five atoms in 
length. It is suggested that 3,4,5-trisubstitution may give compounds which are as active as those with the 2,4,- 
5-sibstitution pattern. 

Barfknecht et al.’ recently reported that a correlation 
exists between 1-octanol-water partition coefficients and 
human activity for a series of psychotomimetic phenyl- 
isopropylamines. Optimum lipophilicity was reported to 
be at log P = 3.14, a value close to the log P of 2.96 for LSD 
(W. J. Dunn, 111, personal communication). In that study, 
however, the value of log P estimated for mescaline ap- 
peared to place it outside of the range where activity would 
be expected, and it was suggested that some other pa- 
rameter was able to compensate for the low lipophilicity. 

In an early study of a series of phenethylamines it was 
shown that in animals the loss of the 5-methoxy from 
mescaline resulted in reduced activity, while loss of the 
4-methoxy abolished activity completely.2 In humans 
3,4-dimethoxyphenethylamine is nonhallu~inogenic.~ 
Substitution of the 4-methoxy with a benzyloxy2 or an 
ethoxy4 was reported to increase activity. Replacement 
of the 4-methoxy with a methyl also gives a compound 
which retains activity.j In view of these reports it was 
decided to examine the possibility that such modifications 
of the 4-substituent might lead to increased potency as a 
result of changes in lipophilicity. Although the nature of 

the 4-substituent has been shown to be important for 
maximum activity, compounds with a relatively long li- 
pophilic chain a t  this position show high activity in hu- 
mans.6 

This report describes a series of compounds, 3a-f (Table 
11), for which 1-octanol-water partition behavior was 
examined and was related to activity at serotonin receptors 
in the sheep umbilical artery prepara t i~n .~  This model 
previously has been shown to have a promising correlation 
with hallucinogenic activity in man.7,8 

Chemistry. The phenylacetonitriles, 2a-f, served as 
useful intermediates in the synthetic scheme. With the 
exception of compound 2f, all were prepared by alkylation 
of 3,5-dimethoxy-4-hydroxyphenylacetonitrile, obtained 
in an overall yield of 59% from 2,6-dimethoxyphenol using 
the method of Short et al.12 The yields of most alkylations 
were excellent to good (see Table I), in spite of anticipated 
steric problems. Reduction of compounds 2a-d was ac- 
complished catalytically with hydrogen, and compounds 
3e,f were obtained by borohydride-cobalt reduction ac- 
cording to the method of Satoh et This latter method 
appeared to give small amounts of 0-debenzylation but 
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Table I .  3,5-Dimethoxy-4-substituted Phenylacetonitriles 

Notes 

3CH3 

Compd no. R Mp or bp  (mm),  'C Yield, % Formula Analyses 
2a OC2Hs 57-58 86 

2c 0-i-C ,H, 33-34 65 
2b 0-n-C,H, 112-114 (0.1) 75 

2d O-n-C,H, 42-43 87 
2e OCH,C,H, 66-67a 84 
2f Br 125-126 84b 

a Lit.'* mp 64-65 "C. Based on the chloride 6. 

Table 11. 3,5-Dimethoxy-4-substituted Phenethylamine Hydrochlorides 

C H 3 3  vCH2CH2NH2 HC 

R 

32h3 

Compd no. R MP, "C Yield, % Formula Analyses 
3a OC,H, 166-1 67' 82 CI,H,,C1NO 1 

3b 0-n-C,H, 170-172 80 C,,H,,ClNO, c ,  H, N 
3c O-i-C3H, 163-164 69 C,,H,,CINO3 c, H, N 
3d 0-n-C,H, 155-1 57b 76 Ci,H,,ClNO, c, H, N 

3f Br 241 dec 49 C,,H, ,BrClNO c ,  H, N 
3e OCH,C,H, 162-163' 66 C,.H,,C1N03 

a Lit." m p  165-166 "C. See ref 20. Lit." m p  156-158 "C. 

Table 111. Potency Ratios and Loa P Values for 3.5-Dimethoxv-4-substituted Phenethvlamine Hvdrochlorides 
Compd no. n ED,", M Potency ratio Log P Log potency 

Mescaline 7 1.4 X (1.0-1.8) 1 .oo 0.78 0.00 
3a 6 6.8 X 10- (6.0-7.5) 2.06 1.11 0.31 
3b 6 3.8 X 10.- (2.8-5.1) 3.68 1.70 0.56 
3c 5 5.0 x 10.' (4.0-6.0) 2.80 1.52 0.45 
3d 6 1.1 X 10 ' (0.81-1.3) 1.27 2.32 0.10 
3e 6 4.6 X 10.' (3.6-6.0) 3.04 2.40 0.48 
3f 6 1.85 X 10.- (1.35-2.5) 7.57 2.03 0.88 

apparently did not result in aromatic debromination in the 
reduction of 2f, as might be expected using lithium alu- 
minum hydrideI4 or catalytic reductive procedures. The 
synthesis of compound 2f was accomplished in four steps 
proceeding from commercially available 3,5-dihydroxy- 
4-bromobenzoic acid. Physical data for the amine salts are 
given in Table 11. 
Results and  Discussion 

As shown in Table 111, all compounds were more potent 
than mescaline in this preparation. There is a regular 
increase in activity which seems related to increasing log 
P up to compounds 3d and 3e. Activity then drops off 
markedly. The log P values of 2.32 and 2.40, respectively, 
are below the expected value for optimum activity,6 and 
we believe this indicates that the receptor is unable to 
accommodate a para substituent which is longer than 
about four atoms. This would be in agreement with the 
data of Morin et  al.I5 who found that in a homologous 
series of 2,5-dimethoxy-4-n-alkylphenylisopropylamines 
activity was completely lost in going from the n-butyl to 
the n-pentyl homologue. Both n-butoxy and benzyloxy 
are similar in length to an n-pentyl. 

It is well established that congeneric series of drugs have 
an optimum degree of lipophilic character and that large 
deviations from this optimum lead to reduced activity.16 
Based on earlier studies we would predict compounds with 
optimum activity a t  log P values near 3.6 None of the 

compounds in this series had a value that high but they 
were of an order to expect reasonable activity. Although 
attempts to develop regression equations gave promising 
results, the number of data points was judged insufficient 
to draw meaningful conclusions. 

It is interesting to speculate regarding the ability of 
serotonin receptors in this preparation to accept lipophilic 
groups in the para position of phenethylamine derivatives. 
It is possible that such moieties may be accommodated on 
the receptor by the relatively larger binding site for the 
indole nucleus of serotonin. However, as suggested by this 
work, there appear to be steric limits to this binding ability. 

In conclusion, this study has shown that appropriate 
manipulation of lipophilic character can lead to increased 
activity in 3,4,5-trisubstituted compounds. It should be 
pointed out that the log P of mescaline is even lower than 
was originally estimated.' It is suggested that this sub- 
stitution pattern leads to compounds which are intrinsi- 
cally a t  least as active as compounds with 2,4,5-trisub- 
stitution. The report3 that 2,4,5-trisubstitution gives 
compounds of highest activity may simply reflect the fact 
that 3,4,5-substituted compounds of comparable log P had 
not been examined. 
Experimental Section 

Melting points were taken on a Mel-Temp apparatus and are 
uncorrected. IR spectra were obtained with a Beckman IR-33, 
and NMR spectra were recorded on a Varian EM-360 instrument. 
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125-126 "C. Anal. (CIOHIOBrNOz) C, H, N. 
Preparation of Amines. Method A.12 The nitrile (2a-d) (0.01 

M) was dissolved in 25 ml of EtOH + 2.5 ml of concentrated HC1 
and shaken at  50 psi of H 2  over 400 mg of 10% Pd/C. The 
mixture was shaken for 24 h and filtered (Celite), the solvents 
were removed under vacuum, and the residue was recrystallized 
from i-PrOH-Et20. Recrystallized yields are given in Table 11. 

Preparation of Amines. Method B13 (2e,f). The nitrile (0.01 
M) and 4.76 g of CoCl2.6H20 were dissolved in 60 ml of MeOH. 
Sodium borohydride (3.8 g) was added over 15 min, with cooling 
to keep the temperature a t  30-40 "C. Stirring was continued for 
1 h at  room temperature. To  the mixture was then added 20 ml 
of concentrated HCl and the reaction reduced in vacuo. The 
residue was dissolved in 75 ml of H 2 0  and extracted with 2 X 30 
ml of Et20. A small amount of insoluble material was removed 
by filtration. The HzO layer was then made basic with excess 
concentrated NH40H and extracted with 3 X 25 ml of CHC13. 
The CHC13 layers were combined, dried (Na2SO4), and reduced 
under vacuum. The residual oil was taken up into dry ether and 
precipitated by addition of 5% HCl-EtOH. The hydrochloride 
salt was recrystallized from EtOH-EbO. Yields are reported in 
Table 11. 

Acknowledgment. This work was supported in part 
by general research support funds from the School of 
Pharmacy and Pharmacal Sciences, Purdue University 
(D.E.N.), and by grants from the Washington State Heart 
Association and the Iowa Heart Association (D.C.D.). The 
authors thank Dr. W. Wagner for his cooperation in 
supplying the sheep tissues used in this study. The authors 
also acknowledge many helpful discussions with Dr. W. J. 
Dunn, 111. 
References and Notes 

Elemental analyses were performed by PCR, Inc., Gainsville, Fla., 
or the microanalysis laboratory, Chemistry Department, Purdue 
University, and were within f0.4% of the calculated values. 

Partition Coefficients. Partition coefficients were determined 
in 1-octanol-water as described previo~s ly ,~  using 0.1 M pH 8 
phosphate buffer as the aqueous phase. Partition coefficients 
are reported for the neutral species, with correction for ionization 
by the method of Albert." The reported pK, for mescaline of 
9.56l' was used for correction of all compounds. Regression 
equations were generated using a nonweighted, polynomial re- 
gression program and a Hewlett-Packard 9810 programmable 
calculator. 

Effects on Sheep Umbilical Artery Strips. All comparisons 
were made on isolated sheep umbilical arteries as described 
previ~usly.~ Artery strips were initially contracted maximally by 
adding mescaline in a cumulative manner. The tissues were then 
repeatedly washed until they relaxed. The test compound was 
then added to each tissue bath in a cumulative manner. The EDw 
values were obtained from dose-response curves and are the 
concentrations of agonists required to produce 50% of the 
maximum mescaline-induced contraction. The ratio (EDs0 
mescaline/EDW compound) given is based on actual data for each 
series of experiments. These data are given in Table 111 where 
n is the number of tissues, and numbers in brackets indicate the 
standard error of the geometric mean. 

A time control using mescaline indicated that the doseresponse 
curve shifted to the right about 3.4-fold. Thus, the actual potency 
values may be higher than indicated. 

3,5-Dimet hoxy-4-hydroxyphenylacetonitrile (1). This 
material was obtained in overall yield of 59% by the method of 
Short et al." and had bp 156-158 "C (0.05 mm) [lit." bp 144-145 
"C (0.33 mm)] and mp 57-58 "C (no literature melting point 
reported). The material could also be purified by recrystallization 
of the 1:l CHC13 solvate from CHC13-hexane. 
3,5-Dimethoxy-4-alkoxyphenylacetonitriles. General 

Procedure.  2a-e. The nitrile 1 (0.03 M), 0.08 M of the ap- 
propriate alkyl iodide (or benzyl bromide), and 0.05 M of an- 
hydrous K2C03 were stirred together under reflux in 50 ml of dry 
acetone for 18 h. The mixture was diluted with 2 vol of ether 
and filtered, and the filtrate reduced under vacuum. The residue 
was either recrystallized from ether-hexane or vacuum distilled. 
Yields reported in Table I are final yields of pure product. 
3,5-Dimethoxy-4-bromobenzyl Alcohol (5). Methyl 3,5- 

dimethoxy-4-bromobenzoate'7 was reduced with LiA1H4 in ether 
in the usual way. After work-up the desired benzyl alcohol was 
recrystallized from ether to give a 91% yield of material with mp 
103-104 "C. Anal. (C9HllBr03) C, H. 
3,5-Dimethoxy-4-bromobenzyl Chloride (6). The alcohol 

5,12.35 g (0.05 M), was added all at once to 200 ml of concentrated 
HC1. The mixture was vigorously stirred a t  room temperature 
for 7 h. The reaction was then suction filtered and the solid 
collected on sintered glass. The filtrate was extracted with 2 X 
50 ml of CsHs. The solid was dissolved in CsHs and the organic 
solutions were combined, placed in a separatory funnel, and as 
much of the aqueous acid layer separated as possible. The re- 
sulting CsH6 solution was dried (MgSO,), filtered, and reduced 
under vacuum. On cooling the residue solidified and was trit- 
urated with cold petroleum ether and filtered to yield 11.71 g 
(88%) of material which showed only trace starting material on 
TLC analysis. An analytical sample was recrystallized from 
hexane: mp 69 "C. Anal. (C~HloBrC1O2) C, H. 
3,5-Dimethoxy-4-bromophenylacetonitrile (2f). The 

chloride 6, 5.3 g (20 mM), was added, portionwise, to a stirring 
suspension of 1.1 g (22.5 mM) of NaCN in 8 ml of MezSO. The 
mixture was held at  50 "C for 0.5 h and was then stirred at  room 
temperature for 4 h. TLC (silica gel-CHC13) showed essentially 
quantitative conversion to the nitrile. The mixture was diluted 
to 75 ml with H 2 0  and filtered. The resulting yellow solid was 
taken up into the minimum amount of E t 0  (ca. 250 ml) and the 
ether solution washed with 3 x 50 ml of saturated NaCl solution, 
dried (MgS04), and reduced under vacuum. The residue was 
recrystallized from ether to yield 4.3 g (84%) of nitrile: mp 
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