
140 PECIIERER, STNIWRY, RANIXALI.. AMI BHO^SI Vol. 11 
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The phenolic amine XII I , which represents a simple open-chain modification of the morphine molecule, has 
been synthesized. It has been found to have relative!}' little analgetic activity. 

The conviction that some fragments of the morphine 
molecule (I) would retain the "desirable" biological 
effects of morphine has been greatly stimulated by the 
finding of analgetic activity among 4-phenyl-substittif ed 
piperidines, morphinans, and benzomorphans.1 •'- All 
of these structures contain a quaternary carbon atom 
and a tertiary X-methylamino group separated from 
the quaternary carbon atom by a two-carbon side 
chain. The searches for new, centrally active anal­
getics based on the morphine model have usually 
considered these concepts. In this paper, we would 

CHART 1 

N - C H ; , 

HO 

like to report the synthesis and biological properties 
of l-dimethylamino-3-methyl-3-(3-hydroxyphenyl)bu­
tane (XIII). This phenolic amine can, theoretically, 
be regarded as the simplest structure containing these 
essential requirements. 

The route selected for the synthesis of XIII involves, 
in the earlier stages, the conversion of a substituted 
neophyl chloride into its corresponding nitrile. Al­
though bimolecular displacements of this type have 
been reported to be impractical,3 neophyl chloride (II), 
because it was readily accessible, was selected for 
model experiments (Chart I). When treated with 
sodium cyanide in D1MSO at 145°, the chloride II was 
converted into the nitrile III in 81% yield. The nmr 
spectrum of the oily nitrile showed that no skeletal 
rearrangement had occurred. Reduction of III with 
lithium aluminum hydride yielded the primary amine 
IV, which was characterized as its crystalline hydro­
chloride. The conversion of IV into the corresponding 
tertiary amine was achieved by refiuxing it with a 
mixture of formic acid and formalin. 

The synthesis of XIII accordingly proceeded as out­
lined in Chart II. Repeated alkylation of the sodium 
salt of 3-methoxyphenylacetonitrile (VI)4 with dimethyl 
sulfate in liquid ammonia5 yielded an inseparable mix­
ture of starting material, 2-(3-methoxyphenyl)pro-
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pionitrile and 2-methyl-2-(3-methoxyphenyl)propioni-
t rile VII. The main fraction, after two alkylations, 
however, contained at least 90% of VII (based on glpc 
analysis) and was used further. Alkaline hydrolysis 
of this material afforded crystalline 2-methyl-2-(3-
methoxyphenyl)propionic acid (VIII) along with a 
small amount of the corresponding amide. Acid 
hydrolysis yielded a much higher proportion of the 
amide. Reduction of the crystalline VIII with lithium 
aluminum hydride gave the liquid alcohol IX. At­
tempts to convert IX into a 3-methoxyneophyl halide 
with hydrogen chloride, phosphorus tribroinide, or 
thionyl chloride failed. Reaction with methanesul-
fonyl chloride in pyridine, however, afforded a crude 
mesylate which, upon reaction with sodium cyanide in 
DMSO at elevated temperature, could be converted 
into practically pure nitrile X. Reduction of X with 
lithium aluminum hydride and N-methylation of the 
primary amine XI with formic acid and formalin 
3'ielded the tertian' aminomethyl ether XII. The 
nmr spectrum of the crystalline hydrochloride shows 
four aromatic protons between 8 6.6 and 7.5 and proves 
that no cyclization has taken place para to the aromatic 
methoxy group. Ether cleavage of XII with 48% 
HBr gave the phenolic base XIII which could be iso­
lated as a crystalline hydrochloride. The structures 
of XII and XIII were fully ascertained by physical 
data (see Experimental Section). 

Biological Evaluation.—The water-soluble hydro­
chlorides of V, XII, and XIII were evaluated as anal-
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TABLE I 

RESULTS OF BIOLOGICAL SCREENING 

,—-—•—•—•—•—ED50, m g / k g ' — • — • — • 

Yeast Toxicity 
inflammatory, LDso 

Hot plate Writhing rat, (mice), 
Compound test test analgetic mg/kg ip 

Codeine 50 po 22.8 po 40 po 212 
26 sc 3.9 sc 

Phenylbutazone 150 po 64 po 200 po 75 
120 sc 

V <200 po 76 po >200 po 152 
50 sc 

X I I >200po 46 po >200 po 152 
80 sc 

XIIT >200 po 58.5 po >200 po 210 
33 sc 

getics in the hot plate test,6'7 the phenylquinone writh­
ing test,8 and the yeast-inflamed foot test9 (see Table 
I). For the determination of the acute toxicity, CF-1 
mice of both sexes weighing 17-22 g were used, and the 
compounds were administered intraperitoneally.10 Co­
deine and phenylbutazone were used as reference sub­
stances. The data reported in Table I show that XIII 
is active in the hot plate test when administered sub-
cutaneously, weakly active in the writhing test, but 
inactive in the yeast inflammatory test. Compounds 
V and XII are much less active in all three tests. Al­
though many important elements of the morphine 
structure are present in XIII, the extreme simplification 
of the structure has resulted in the elimination of cer­
tain apparently necessary steric and conformational 
requirements present in the polycyclic structure of 
morphine, morphinans, andbenzomorphans.11 

Experimental Section 
Melting points were determined on a Thomas-Hoover ap­

paratus and are corrected. Boiling points are uncorrected. 
Infrared spectra were determined on a Beckman IH-5 recording 
spectrophotometer. Nmr spectra were determined on a Varian 
A-60 spectrometer (TMS) and are reported in ppm (3). Vapor 
phase chromatography was performed with 4% polyethylene 
glycol (molecular weight 4000) monostearate on Chromosorb W 
columns, unless otherwise stated. The instruments used were 
either the Beckman GC2A with Thermotrac or the F & M-810, 
R 13N. Where analyses are indicated only by symbols of the 
elements, analytical results obtained for those elements were 
within ± 0 . 4 % of the theoretical vahies. Ir spectra were as 
expected. 

Neophyl Cyanide (3-Methyl-3-phenylbutyronitrile, III).—A 
mixture of 84.3 g (0.5 mole) of II,12 30.6 g (0.625 mole) of NaCN, 
and 168 ml of DMSO was heated and stirred in a dry atmosphere 
for 18 days at 100°. The cooled mixture was poured into H 2 0 
and extracted with CeH6. The extract was washed several times 
with H 20, then dried (MgS04). Evaporation of the solvent at 
reduced pressure left 77 g of an amber residue which, on dis­
tillation, gave 40 g (50%)13of a colorless oil, bp 141-145° (15 mm), 

(6) N. B. Eddy, C. F. Touchberry, and J. E. Lieberman, J. Pharmacol. 
Exptl. Therap., 98, 121 (1950). 

(7) G. Woolfe and A. D. MacDonald, ibid., 80, 300 (1944). 
(8) E. Siegmund. R. Cadmus, and G. Lu, Proc. Soc. Exptl. Biol. Med., 

98, 729 (1957). 
(9) L. O. Randall and J. J. Selitto, Arch. Intern. Pharmacodyn., I l l , 

409 (1957). 
(10) L. C. Miller and M. L. Tainter, Proc. Soc. Exptl. Biol. Med., 57, 271 

(1944). 
(11) Another simplification of the morphine structure containing the 

essential structural features has been prepared by E. L. May and J. G. 
Murphy, J. Org. Chem., 20, 1197 (1955). This compound and its methyl 
ether also showed no noteworthy analgetic activity. 

(12) W. T. Smith, Jr., and J. T. Sellas, "Organic Syntheses," Coll. Vol. 
IV, John Wiley and Sons, Inc., New York, N. Y., 1963, p 702. 

(13) In two other runs, the yields of product were 65% at 135° for 
4 days and 81% (3-mole run) at 145° for 4 days. 

n23D 1.5123-1.5133. Glpc showed the material to have a purity 
in excess of 99%; nmr (CDC13), S 1.48 [6 H, C(CH3)21, 2.58 (2 II, 
CH2), and 7.33 (5 H, aromatic). Anal. (CnH13N) C, H, N. 

3-Methyl-3-phenyIbutylamine (IV).—Ill (35 g, 0.22 mole) 
was added dropwise to a stirred suspension of 12.5 g (0.33 mole) 
of LiAlH4 in 500 ml of E t 2 0 , and the mixture was stirred and 
refluxed for an additional 2 hr. Work-up in the usual manner 
after decomposition with H20 afforded 37 g of crude base. Dis­
tillation gave 32 g (89%) of colorless oil, bp 113-114° (2 mm), 
nun 1.5168. Glpc (15% DM-Corning Fluid 710 plus 10%. 
NaOH on Chromosorb W) showed the material to be homogen­
eous. Anal. (CnH17N) C, H. 

Hydrochloride of IV.—The base was dissolved in i-PrOH, 
and a slight excess of HC1 was added. After two evaporations 
to dryness with i-PrOH, the solid residue was recrystallized from 
i-PrOH-EtOAc to give dense white plates, mp 191.5-193°. Anal. 
(Ci ,Hi 7 N'HCl)C, H. 

3,N,N-TrimethyI-3-phenyIbutylamine (V) Hydrochloride.— 
Ten grams (0.0614 mole) of IV, 14.1 g (0.31 mole) of HCO.H, 
and 15.9 g (0.18 mole) of CH 20 (as a 37% solution) were 
remixed for 17 hr. The mixture was acidified with 20 ml of 
12 AT HC1 and all volatile material was removed in a rotary evap­
orator. The crystalline residue was taken to dryness twice, 
after suspending in /-PrOH, and then recrystallized from a mixture 
of i-PrOH and EtOAc; yield 8.3 g of hydrochloride in the form 
of white plates: mp 202-205°; >w 3000, 2630, 2570, 2540, 
2440, 1950-1650 (broad and diffuse), and 1610 cm"1 ; nmr 
(DMSO-ri,), 0 1.30 [6 H, C(CH3)2], 2.06 (2 H, CH2), 2.5-2.8 
[8 H, CH2N(CH3)2], 7.0-7.4 (5 H, aromatic), and 11.23 (1 H, 
NH+). Anal. (C13H21N-HC1) C, H, CI. 

2-(3-Methoxyphenyl)-2-methyIpropionitri!e (VII).—A solu­
tion of 264 g of 3-methoxyphenylacetonitrile4 in 264 ml of dry 
E t 2 0 was added to a suspension of NaNH2 prepared in the de­
scribed manner5 from 51.7 g of Na and 1400 ml of liquid NH3 . 
E t 2 0 (1 1.) was added to the dark red mixture, and, after the bulk 
of the NH3 had boiled off, 283.5 g (2.25 moles) of Me2S04 in 200 
ml of E t 2 0 was added dropwise with stirring to the refluxing 
suspension. After 2 hr of refluxing, the product was collected 
in the usual manner and distilled. The fraction boiling at 150-
165° (20 mm), 251 g, contained some starting material and, in 
addition, mono- and dimethylated nitrile. It was alkylated once 
more in the same manner using 44.6 g (1.94 g-atoms) of Na in 1 1. 
of liquid NH3 and 245 g (1.94 g-atoms) of Me2S04. The product 
was worked up as before, and the material boiling at 136-142° 
(20 mm) was collected; 201 g, n24D 1.5087-1.5142. Redistillation 
gave four fractions with the characteristics shown in Table I I . 

Content of VII, %c 

75.1 
92.5 
83.6 
19.3 

TABLE II 

Fraction Bp, °C (mm) Wt, g n2iD 

1 147-157(23) 15.3 1.5085 
2 157-161(23) 108.0 1.5117 
3 161-165(23) 48.0 1.5155 
4 165-175(23) 20.5 1.5291 

Residue 7.0 

" Based on glpc and nmr data. 

2-(3-MethoxyphenyI)-2-methylpropionic Acid (VIII).—Frac­
tion 2 of VII (79 g, 0.45 mole) was refluxed with 101 g (1.8 moles) 
of KOH in 403 ml of 95% EtOH for 48 hr. The EtOH was dis­
tilled at reduced pressure, and 11. of H20 was added to the residue. 
HC1 was added to pH 2, and the mixture was extracted with 
three 200-ml portions of 1:1 Et20-C6H6 . The extracts were 
washed once with H 20, dried with MgS04 , and concentrated at 
reduced pressure to give 83.5 g of an oil. The oil was distilled, 
and the product boiling at 128° (0.7 mm) was collected; yield 
73 g (90%) of colorless oil which eventually solidified to a mass 
of crystals, mp 58-60°. Glpc showed the product to consist of a 
single component; nmr (CDC13), 6 1.58 [6 H, (CH3)2C], 3.80 
(3 H, CH30), 6.75-7.42 (4 H, aromatic). Anal. ( C H H H 0 3 ) 
C ,H . 

In some runs, the diluted hydrolysate deposited shiny plates, 
mp 100-110°. These were filtered and recrystallized from dilute 
E tOH to yield crystals, mp 118-119°. The ir spectrum showed 
that this was the amide of the acid VIII . Anal. (CUH15N02) C, 
H, N. Acid hydrolysis of VII gave the same amide in 32% yield. 

2-(3-Methoxyphenyl)-2-methyl-l-propanol (IX).—The acid 
VIII (9.7 g, 0.05 mole) was reduced with 2.85 g (0.075 mole) 
of LiAlH4 in E t 2 0 . After 1 hr of refluxing, the mixture was 
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worked up to give 9.0 g of an oil which, on redis!illation, yielded 
S.O g (S!)r;) of a colorless liquid, bp 100° (0.6 mm), ri2l\) l.o264. 
(Ilpe showed Ihc purity to be 0 0 + ' ; : nmr (CIK'bi , 5 l.:',| 
[ti II, (Cll.^C'l, l.o:) (i II, o i l ) , ;s..->7 (2 II, C l b j , :;.so c: n , 
OTIjO), 6.72 7.25 (4 H, aromatic, mela substitution). Anal. 
( C l h c l b j C , It. 

The alcohol IX, with dry IIC1, PKr;, iu Et,(), or SOCb in 
(^Ilii gave complex mixtures. 

3-(3-Methoxyphenyl)-3-methylbutyronitrile (X).--At 0°, 46.0 
g (0.402 mole) of MeSCbCl was added dropwise to a solution of 
65.6 g (0.364 mole) of IX in 262 ml of dry C,-,II.-,N. The mixture 
was allowed to warm to room temperature overnight and poured 
into .")()() ml of lf.20. The suspension was extracted with three 
100-ml portions of Kt2(). The extracts were washed once with 
cold H2(), cold W:/, IIC1, and cold I U ) , then dried over MgSO,. 
Distillation of the solvent in a rotary evaporator left SS.O g of a 
colorless, oily mesylate. The ir spectrum (neat, film) showed no 
Oil absorption bands in the .'SOOO-lJoOO-cni-1 region. This 
crude mesylate (8:> g, 0.322 mole) was heated and stirred with 
10.7 g (0.402 mole) of XaCX and .'522 ml of DMSO at 9.")-100o 

for 4 days. The cooled mixture was poured into 1 1. of K20 and 
extracted with three 250-ml portions of 1:1 Kt20-C sII6 from 
which, after the usual work-up, o7 g of an amber oil was ob­
tained. Distillation (l.l-cm Yigreux column) yielded 22.6 g 
C!7 r,) of colorless oil, bp 90° (0.1S mini, 11-H1 l.,">21.">. (Upc 
showed the product to be 9S.:j ' , pure: nmr (CI)Cl;i). 5 I.4S [6 
II, (CH:,)2C!, 2..")S (2 II, CII,), :!.,S0 (:s If, CII:,(Vi, and 6.7-7.:. 
(4 II, aromatic). Anal. (CJb.-.XO) C, H. X. 

3-(3-Methoxyphenyl)-3-methylbutylamine (XI) Hydrochloride. 
—Nit rile X, 22.6 g (0.12 mole) in 25 ml of Ec>(), was added drop-
wise to a stirred suspension of 5.7 g (0.15 mole) of LiAlII4 in 
150 ml of I'jtoO. After 1.5 hr of refluxing, the mixture was cooled 
and decomposed with HjO, ami 8 g of filteraid was added; the 
suspension was filtered through a bed of filteraid. From the 
filtrate, after removal of the solvent, 2o g (nearly quantitative) 
of a colorless oil, homogeneous by tic, was obtained. A sample 
of this oil was converted to the hydrochloride, as described for 
IY-IIC1. The salt was reervstallized from' /'-PrOII-EtOAc: 

Vol. 11 

)()(), and 1595 cm ' nip 170-171°; K ^ :!00()-2925 (broai 
Anal. (C,2lI ; : lNO-II01)C, II, CI. 

3-(3-Methoxyphenyl)-3,N,N-trimethylbulylamine XII i Hy­
drochloride.--Six grains (0.0:511 mole) of XI. was treated with 
7.K! g (0.156 mole) of HCOdl and 7.57 g tO.O'.i:! mole) of :'>'', 
CILO, as described for V. After IS hr of refluxing, .'!.5 ml oi 
12 A' HC1 was added, and the solution was taken to dryness in a 
lotary evaporator. The white solid thus obtained was slurried 
in KtOAc and collected by filtration to yield 6.2 g of XII - IK ' l . 
This product was reervstallized twice from /-PrOIl-KlOAc: 
ni]) 146 147°; y^l :S000 (broad), 2650, 2550, 2470, 1600, and 
15.S0 cm- ' : nmr (DAISOXi, & 1.32 [6 II, (CII:,n(' !. 1.71 8.0 
|s II, CH2X(CH:,..,j, 8.SO (8 II, Cn.,Oi. 6.6 7.5 > A II. aromatic;. 
\IKII. i d , I I 2 : ,X(MI( ' l iC , II, CI. 

3-( 3-HydroxyphenyI )-3,N,N-trimethylbutylamine Hydrochlo­
ride (XIII-HC1). Compound XII (5.15 g, 0.02 mole) was re-
fluxed with 150 ml of 4-S',' [I Br for 5 hr. The acid was removed 
in a rotary evaporator leaving a solid residue which was dissolved 
in 25 ml of II.O. This solution wih made alkaline with NHiOII, 
then extracted four times with 15-ml portions of Kt20. The 
l'"t20 extracts were washed with IM) and dried over K-.COi. 
The sol vein was distilled under reduced pressure, leaving 4.0 g 
of an amber oil. It was dissolved in 20 mi of /-PrOII and excess 
dry 11 CI in E U ) was added. A brown solid, ,'j.N g, mp 1 OS-202°, 
was obtained. Three recrystallizations from (-PrOII gave 1.4 
g of X I I M I C 1 as white crystals; mp 201.5 202°: )<!),',). 32S0, 
8000, 2675, 2520, 2490, 1610, and 1590 cm"1: nmr ( l )MS(M,i , 
1.2S [6 11. iCIIsi2C:, 2.08 (2 If, (Tb i . 2.70 [s II, ClbNtOH:, M. 
6.S-7.4 (4 II. aromatic). 9.42 (1 II, OH), and 10.28, 1 1 II. XII • '. 
Anal. (Ci:,II...,XC)-IICl)C, II, CI. 
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Previously reported antiinflammatory activity for 2-phenyl-l,3-indandione (1 ; was confirmed in rats. Com­
pound 1 also inhibits blood coagulation in vivo, by inhibiting the hepatic synthesis of prothrombin. However, at 
the time of measurement of antiedema activity (3 hr post-carrageenin injection) neither 1 nor the other anti­
coagulants warfarin, bishydroxycoumariu, or 2-pivalyl-I,3-indandione had induced a coagulation defect; of these 
four compounds only 1 had antiinflammatory activity. The aim of this program was the separation of antiin­
flammatory from anticoagulant activity in some 2-aryliudandiones. All compounds were tested iu the rat for 
inhibition of carrageenin-induced paw edema and for inhibition of prothrombin synthesis. Results showed most, 
nuclear unsubstituted 2-aryl-l,3-mdandiones to be inhibitors in both tests; however, fairly large mela substit­
tients on the 2-aryl function diminished anticoagulant activity. In addition, certain substituents in the indane 
ring successfully removed anticoagulant activity while retaining antiinflammatory activity in many cases. The 
acidity of those compounds with antiinflammatory activity was found to be rest ricted to a fairly narrow range. 

The property of 2-aryl-1.3-indandiones to inhibit 
blood coagulation has been thoroughly studied and 
has led to three analogs with clinically useful anticoagu­
lant activity.11 ' Over the course of some 20 years the 
greatest amount of interest has centered around the 
parent 2-phenyl-l,3-indandione (1) and its effect on 
blood prothrombin levels. Extensive s t ructure-ac­
tivity relationships have been developed2 - 7 for analogs 

(1) (a) P resen ted in pa r t before t h e Medic ina l Divis ion at t he 154th 
Na t iona l Mee t ing of t h e Amer i can Chemical Society, Chicago, 111., Sept 
12, 1967, A b s t r a c t N o . P -19 ; (b) L. S. G o o d m a n a n d A. G i l m a n , " T h e 
Pha rmaco log ica l Basis of T h e r a p e u t i c s , " 3rd ed, T h e M a c M i l l a n Co., New-
York, N . Y., 1965, pp 1450-1458. 

of 1 in an at tempt to improve the therapeutic index of 
anticoagulant activitv. In addition to anticoagulant 

2) in) L. F o n t a i n e . M . Odievre . V. Achet , and B . Drevon . Therapii. 
16, 34 (1961); (b) L. Fon ta ine , M . G r a n d , V. Quen t in . a n d S. Mer ie , Me,l. 
I'lmrmiicol. Hrp., 13, 137 (1965). 

;3) (a) 3 . L. Shapi ro . K. Geiger, a n d L. F r e e d m a n , J. Org. Chem., 25 , 
1860 (1960); (b) S. I.. Shapi ro , K. Geiger, .1. Yuuhis , and L. F r e e d m a n , 
ibid., 26, 3580 (1961! . 
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