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boiling wat.er-bath until all the solid went into solution. 
The excess oxychloride was removed by distillation under 
reduced pressure and the oily liquid was poured over 
crushed ice. A white precipitate appeared immediately 
which %-as filtered, washed with water and finally crystal- 
lized from aqueous acetone; yield 900 mg. IIId decomposes 
above 260". 

Anal. Calcd. for C1~H11h';4C13 C, 52.53; H, 3.00: S, 15.32. 
Found C, 52.49; H, 2.90; S, 15.26. 

2,4-Bis( p-chloroanilino)-6-nitroso-6-h ydroxypyrimidi?~e 
(IIIe). Compound IIIc was finely pulverized and suspended 
in 30 ml. of 9.5% et,hanol. Concent,rated hydrochloric acid 
was added to this mixture until the pII went down to 4. 
Sodium nitrite (200 mg.) in 10 ml. of water was added drop 
by drop with stirring at, room temperat,ure maintaining t.he 
pH of the solution at. about 3, unt,il the nitrosation was com- 
plete. A deep brown colored precipitat,e was formed during 
nitrosation. The reaction mixture was cooled, filt,ered, and 
the residue washed t,horoughly with water and then wit'h cold 
alcohoi. The product could riot be satisfactorily crystallized; 
>.ield 850 mg. It, does not melt below 310". 

Ana,!. Calcd. for CIGHllN;O&l~: C, 51.06; H, 2.92; S, 
18.61. Found: C, 51.00; H, 2.86; N, 18.57. 

2-( p-Nitrophen~~lyuanidirio)-4-umino-6-hydroxyp yrimidine 
(IVd). p-h'itrophcnylbiguanide (9 g., 0.04 mole) was added 
to a solution of sodium ethoxide (0.92 g., 0.04 mole of 
sodium in 100 ml. of absolute ethanol), and to this mixture 
was added slowly wit.h stirring ethyl cyanoacetate (11.3 g., 
0.1 mole) while the temperature was maintained below 20". 
The mixture was heated under reflux for 16 hr. The mass 
hecame deep yellow and some precipitate appeared immedi- 
ately on refluxing. The reaction mixture was cooled, fil- 
tered, tirid t,he precipitat'e washed first with water and then 
with alcohol. The product could be crystallized from .V,iY- 
dimet,hylformamide. The cryst,als appeared as fine yelloii- 
needles. 

i-(Phenylyuanidino)-4-amino-6-h ydroxypyrimz'dirke (IVa). 
A solution of sodium ethoxide (3 g., 0.13 mole of sodium in 75 
ml. of absolute ethanol) wm treated wit.h phenylbiguanide 
hydrochloride (10.7 g., 0.05 mole) in an ice bath. This was 
shaken we11 until the reaction was complete. The precipitated 
sodium chloride was filtered and t.o the filtrat,e ethyl cyano- 
xcet,ate (11.3 g., 0.1 mole) was added with shaking, taking 
care t,hat, t,he temperature of the mixture did not rise above 
30". Pome precipitate appeared immediately and the 
amount increased on standing. The mixture was left. :it 
room temperature (5 28") for 24 hr. The hravy precipitatv 
formed was filterrd ~ n t l  wished with cold absolute alcohol. 
This was suspended i l l  \\-:itclr when most, of the precipitatc 

- 

went into solution. The mixture was acidified with hydro- 
chloric acid, cooled t,o 2 O ,  filtered, and the residue washed 
with cold water. The residue could be cryst,allized from 
aqueous acetone. 

2-( p-31  efhoxyphenylguanidino)-4. amino 6-hydroxypyrimi-  
d i m  (IVk)). A mixture of p-anisylbiguanide hydrochloride 
(12.2 g., 0.05 mole), podium ethoxide (2.3 g. sodium in 50 
nil. absolute ethanol), and ethyl cyanoacetat,e (5.7 g., 0.05 
mole) was reflnsed for about 2 hr. The precipit,ate obtained 
was washed with alcohol, suspended in water (50 ml.), and 
neutralized 1vit.h hydrochloric acid. After cooling, the prod- 
uct. was filtered, washed with cold wat,er, and crystallized 
from water as white needles. 

2-( p-Methylphenylyt~anidino)-~-amino-6-h ydroxypyrimidine 
(1Vc). -4 mixture of p-methylphenylbiguanide hydrochloride 
(11.4 g., 0.05 mole), ethyl cyanoadate  (11.3 g., 0.1 mole) 
and sodium ethoside (3.5 g. of sodium in 100 ml. of absolute 
ethanol) was refluxed for 4 hr. The product obtained was 
isolated in t,he same way as described under IVb. 

2-(p-Chlorophenylguanidino)-~-amino-6-h ydroxypyrimidinc 
(IVe). A mixture of p-chlorophenylbiguanide hydrochloride 
(12.5 g., 0.05 mole), ethyl cyanoacetate (5.7 g., 0.05 mole), 
and sodium et.hoxide (1.3 g. of sodium in 50 ml. of absolute 
ethanol) was refluxed for 2 hr. The prodiict. was then isolated 
in the same way as described under IVb. 

[Added in proof] 
2- Amino-.$- (p-chloroanilino)-6-hydrox yp yr imid ine  ( IIc ). A 

mixture of 2-amino-4-chloro-6-hydroxypyrimidine (2.9 g., 
0.02 mole), p-chloroaniline, (2.6 g., 0.02 mole), glacial aceti? 
acid (30 ml.), and concentrated hydrochloric acid (0.4 ml.) 
was heated a t  refluxing temperature for about 4 hr. The 
resulting solution was treated with charcoal for decoloriza- 
tion and filt,ered hot. The desired product precipitated 
part'ially on cooling, but for complete precipitation the solu- 
tion was diluted with 200 ml. of water and then neutralized 
partially with 20 ml. of l0N sodium hydroxide. The precip- 
itate Eas filtered, thoroughly washed with mater, and crys- 
tallized from 60% alcohol. 

2-A min.o-4-( p-to1 uidino )-6- h ydrox y p g r  imidine (I I b ) and 2- 
nmino-4-( anilino)-fi-hydrozypyrimidine ( IIa) were prepared 
by the same general method as given for IIc. 
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A number of vicinal trimethoxy analogs of compounds possessing psychopharmacological activity were synthesized t,o 
examine the influence of vicinal trimethoxp groiips on this type of activity. 

In  a continuation of our investmigation of cor- the synthesis of several new compounds in which 
relations between chemical structure and psycho- vicinal trimethoxy groups are present on the phenyl 
pharmacological activit,y, we have iindert,akeri rings of a number of useful synthetic drugs which 

affect mood and behavior of human subjects. 
It is well known that> the presence of vicinal bri- 
met8hoxy groiips on  a phenyl  ring can a l te r  pro- 

(1) Rattelle hleniorid I n s t h t r .  
( 2 )  I-)f,partlnent, of sllrgprY, t-nivrr*it,J. ,)r ,~lRhHI1,W. 

\ledic*al Rrhool. 
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f oundly the psychopharmacological action of 
certain amines. For example, 3,4,5-trimethoxy-P- 
phenethylamine and ~~-3,4,5-trimethoxy-p-phenyl- 
isopropylamine both exhibit psychotomimetic 
activity whereas the unalkoxylated amines are 
inactive in this respect a t  comparable dose levels. 

Table I shows the parent compound, its type of 
activity, and the structure of the desired trimeth- 
oxy analog. 

TABLE I 
VICINAL TRIMETHOXY DERIVATIVES 

Desired 

Compound Activlty Analog 
Parent Type. of Trimethoxy 

CNS Stimtilant 3 

OCH, 

(111 

OCH, 
(VIII)  

Sympatheti; C&O+OCH, 

ganglian 
stimulator 

I 
/ \  I \  

CHa CH, CHI CH, 
IXII) 

I 
Antihypotensive 
causing dream 
activity5 

Q-OCH,, 

I 

‘N 
I 

CH; 
H 

(3) B. B. Brown and H. W. Werner, J .  Pharmacol. Esptl. 
l’herap., 110,180 (1954). 

(4) B. B. Brown, D. L. Braun, and R. G. Feldman, J .  
Pharmacol. Exptl. Therap., 118,153 (1956). 

(5) L. G. Abood, 4 .  Ostfeld, and J. H. Riel, .4rc.h. i n t w n .  
pharmacodynnmas, 120, ( 2 ) ,  186 (1959). 

(6) I. H. Tngc, Sciozcc ,  1 2 5 ,  721 (19,57). 

As shown in Chart 1, 3,4,5-trimethoxybenzo- 
nitrile, obtained from the dehydration of the cor- 
responding amide with benzenesulphonyl chloride,’ 
reacted readily with a solution of phenyllithium in 
absolute ether to obtain 3,4,5-trimethoxybenzo- 
phenone (I) in 86% yield. Previous work in this 
laboratory had shown that extensive ether cleavage 
occurs when the preparation of I is attempted by 
means of a Friedel-Crafts reaction between 3,4,5- 
trimethoxybenzoyl chloride and benzene in the 
presence of aluminum chloride. The preparation 
of I through the action of phenylmagnesium bro- 
mide on 3,4,5-trimethoxybenzoiiitrile was not at- 
tempted because Grignard reagents usually attack 
the 4-methoxy group and also cause ether cleavage.* 
Our use of the organo - lithium reaction was 
prompted by the fact that many nitriles give better 
yields of ketones with this reagent than with organo- 
magnesium  halide^.^ 2-Lithiopyridine, obtained 
from the interchange of n-butyllithiuni with 2- 
bromopyridine a t  -50°, was allowed to react with 
the ketone I to obtain ~~-phenyl-2-pyridyl-3,4,5- 
trimethoxyphenylcarbinol (11) in 727, yield. 

Chart 1 

I 

C,H,I,i 

R 
I1 

SOCI? CBHR 
VI11 - I moH RC(0H) COZH a RCOCOC6HS 

VI1 V I  

N N 
i 

LiAlH 

N 
I I 
CH 4 CH 1 CH 4 

x A, IX 

XI 

Catalytic hydrogenation of TI, as a methanol 
solution containing some hydrochloric acid, in the 
presence of Adams catalyst lo brought about thc 

( 7 )  C. R. Stephens, E. J. Bianco, and F. J. Pilgrim, J. .  
Am. Chem. SOC., 64,2085 (1942). 

(8) In the preparation of 3,4,5-trimethoxyphenyl isobutyl 
ketone from the corresponding nitrile and isobutylmag- 
nesium bromide, C. D. Hurd and H. E. Winberg, J .  Am. 
Chem. SOC., 64, 2085 (1942), found that this cleavage oc- 
curred at temperatures above 40”. Although lower reaction 
temperatures prevented this side reaction, the yield of ketone 
was unsatisfactory. 

(9) H. Gilman, private comniiinicatioii (19.57 ). 
(10) H. R. Warner and Cy. H. Tilfortl, [-. S. I’atmt 

2,624,739 (1953). 
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selective reduction of the heterocyclic ring and gave 
the desired ~~-phenyl-2-piperidy1-3,4,5-trimethoxy- 
phenylcarbinol (111) ; this compound was isolated 
as its water-soluble hydrochloride. 

An exploratory attempt to prepare the isomeric 
DL-phenyl - 4 - piperidyl - 3,4,5 - trimethoxyphenyl- 
carbinol (IV) via the above route using 4-pyridyl- 
lithium was unsuccessful since the latter reagent 
could not be prepared. When 4-bromopyridine 
was interchanged with n-butyllithium a t  - 75", 
the only reaction product which could be isolated 
was an oil which was identified as 4-n-butylpyridine. 
Wibaut and Heeringa" state that 4-pyridyllithium 
results when the above interchange is carried out 
a t  thiri reaction temperature. 

The synthesis of ~~-N-methyl-3-piperidyl 3,4,5- 
trimethoxybenzilate (VIII) required ~~-3 ,4 ,5- t r i -  
methoxybenzilic acid (VII) as an intermediate. 
3,4,5-'l'rimethoxybenzamide mas first treated with 
benzylmagnesium chloride to obtain 3,4,5-trimeth- 
oxyphenyl benzyl ketone (V) in 41% yield. Oxida- 
tion of V to  3,4,5-trimethoxybenzil (VI) by means 
of selenium dioxide in acetic anhydride as  a sol- 
vent13 gave a somewhat lower yield than might 
have kleen expected. Clark13 has pointed out that 
it is often not advantageous to carry out the oxi- 
dation of desoxybenzoins, such as V, in the pres- 
ence of acetic anhydride because of the formation of 
high-boiling selenium-containing compounds as 
side products. The conversion of the benzil VI to a 
high yield of ~~-3,4,5-trimethoxybenzilic acid 
(VII) was carried out using the anaerobic tech- 
nique described by Schoenberg and Keller. l4 
These workers have shown that alkoxybenzils 
are coiiverted to undesirable oxidation products 
when their alkaline solutions are exposed to air 
under the conditions usually employed in the 
benzilic acid rearrangement. DL-N-Methyl-&piper- 
idyl 3.4,5-trimethoxybenzilate (VITI) resulted 
from the reaction of VI1 with dZ-l-methyl-3- 
chloropiperidine in isopropyl alcohol. l5 Treatment 
of VI11 in dry ether solution with anhydrous hy- 
drogen chloride gave an oily salt which wuld not 
be induced to crystallize. Accordingly, VI11 was 
isolated as the maleate. 

I n  the course of this investigation, it was de- 
sired to obtain DL-LV-methyl-1,2,5,6-tetraliydro-3- 
pyridylrnethyl benzilate (XI) for making pharma- 
cological comparisons with ~~-N-methyl-3-piperidyl 
benzilat e. The commercially available alkaloid 
arecoline was reduced to N-methyl-3-hydroxy- 

(11) J. P. Wibaut and L. G. Heeringa, Rec. trau. chim., 

(12) H. H. Hatt, A. Pilgrim, and W. J. Hurran, J .  Chem. 

(13) M. T. Clark, E. C. Hendly, and 0. K. Neville, 

(14) A. Schoenberg and K. T. Keller, Ber., 36B, 1638 

(15) F. F. Blicke and C. E. Maxwell, J. Ant. Chem. SOC., 

___- 

74,1003 (1955). 

Soc., 93 (1936). 

J. Am. Chena. Soc., 77,3280 (1955). 

(1923). 

64,428 (1042). 

methyl-l,2,5,6-tetrahydropyridine16 (IX) by means 
of lithium aluminum hydride. Treatment of IX 
with thionyl chloride afforded N-methyl-3-chloro- 
methyl-l,2,5,6-tetrahydropyridine (X) hydro- 
chloride, which was subsequently treated with 
benzilic acid under the conditions already given 
for the preparation of VIII. The resulting ester 
base XI was isolated as the hydrochloride. 

In  an attempt to obtain N-(3,4,5-trimethoxy- 
phenyl) -N',N'-dime thylpiperazinium iodide (XII) , 
3,4,5-trimethoxyaniline was first treated with N -  
methyl-bis(p-chloroethy1)amine hydrochloride un- 
der the conditions given by Prelog and Driza" 
for aniline. However, none of the expected inter- 
mediate N -  (3,4,5-t rime thoxyphenyl) -"-methyl- 
piperazine could be isolated from the tar which 
formed during the reaction. It was of interest to  
note, however, that 2,3,4-trimet,hoxyaniline re- 
acted smoothly with this chloroethylamine deriva- 
tive to give a 46.5% yield of N-(2,3,4-trimethoxy- 
phenyl)-N-methylpiperazine (XIII) with no forma- 
tion of tar. By treating XI11 with a limited quantity 
of methyl iodide, Ilr-(2,3,4-triniethoxyphenyl)- 
N',N'-dimethylpiperazinium iodide was obtained 
in high yield. 

Detailed results conceriiiiig the psychopharma- 
cology of these compounds will be published 
elsewhere. 

 EXPERIMENTAL^^ 
5,~,5-Trimethoxybenzophenoe (I). To a stirred suspension 

of 35 g. of 3,4,5trimethoxybenzamide in 70 ml. of pyridine 
was added slowly 34.2 g. of benzenesulphonyl chloride. The 
warm reaction mixture was heated to 70' for 0.5 hr. (stirring), 
cooled to room temperature, and finally poured into 400 ml. 
of cold water. The solid product was collected on a Buchner 
funnel and washed with dilute hydrochloric acid and then 
with water. After air drying, the crude 3,4,5-trimethoxy- 
benzonitrile amounted to 29.2 g. (91%); m.p. 94-95' (re- 
ported,' m.p. 90-92'). 

To a stirred solution of phenyllithium, prepared from 2.8 g. 
of lithium wire and 31.4 g. of bromobenzene in 150 ml. of 
dry ether, was added a Bolution of 29 g. of 3,4,5-trimethoxy- 
benzonitriie in 125 ml. of dry benzene. The mixture was 
stirred at room temperature overnight and then hydrolyzed 
by the addition of water and cold dilute hydrochloric acid. 
The resulting insoluble ketimine hydrochloride of I was 
converted to 35 g. (%yo) of nearly colorless 3,4,5-trimeth- 
oxybenzophenone ( I )  by boiling with very dilute hydrc- 
chloric acid; m.p. 75-76', after recrystallization from 
alcohol. 

ilnul. Calcd. for CitiH~tiOa: C, 70.5; H, 5.9. Found: C, 
70.6; H, 5.8. 

nbPhenyl-&p yridyl-J,4,5-trimethoxyphenylcarbinol (TI). A 
solution of n-butyllithium was prepared by treating a stirred 
suspension of 2.8 g. of lithium wire (Zmm. pieces) in 200 
ml. of dry ether with 30 g. of n-butyl bromide under a dry 
nitrogen atmosphere. When dissolution of the metal was 
complete, the solution was cooled to -60' (Dry Ice-acetone 
bath) and 30 g. of Zbromopyridine wa6 added a t  such a rate 
that the temperature did not rise above -50'. To the re- 

(16) P. Karrer and P. Portmann, Helv. Chim. Acta, 31, 
2088 (1948). 

(17) V. Prelog and G. J. Driza, Collection Czechoslov. 
Chem. Communs, 5,497 (1933). 

(18) All melting points uncorrected. 
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sulting deeporange solution was added 12.9 g. of I in 25 
ml. of dry benzene; during this addition the temperature of 
the reaction mixture was kept below +IO'. After refluxing 
for 45 min. and cooling to room temperature, the reaction 
mixture was hydrolyzed by adding 80-90 ml. of water. The 
organic layer was separated, dried over anhydrous mag- 
nesium sulfate, filtered, and quickly evaporated to a small 
volume. Treatment of the residue with petroleum ether 
(30-60') precipitated I1 (12 g.; 72%) as nearly colorless 
prisms; m.p. 134-135'. An analytical specimen recrystallized 
from boiling ether melted at 137-137.5'. 

Anal. Calcd. for C21H~1SOr: C, 71.9; H, 5.99. Found: 
C, 71.8; H, 5.8. 

~~-Pheny l -~ -p iper idy l -S ,~ ,6 - t r ime thox~p~~y lcarb~no l  (111). 
To a solution of I1 (14 g.) in 100 ml. of reagent methanol was 
added 200 mg. of Adams' catalyst and 20 ml. of 10% aqueous 
hydrochloric acid. The mixture was shaken with hydrogen 
in a Parr apparatus a t  about 60 p.s.i.g. until hydrogen was 
no longer absorbed (final pressure 56.5 p.s.i.g. after 3.3 hr.). 
After adding both another 200-mg. portion of catalyst and 
5 ml. of 10% hydrochloric acid, the apparatus was repres- 
surized to 60 p.s.i.g. and hydrogenation continued until the 
total gas uptake had reached that calculated for total 
hydrogenation of the pyridine ring. The resulting mixture 
was treated with Norit, filtered, and evaporated in vacuo. 
A sample of the crude free base I11 thus obtained melted a t  
169-170'. The residue was taken up in a dry ether-benzene 
mixture and treated with dry hydrogen chloride to precipi- 
tate ~~-phenyl-2-piperidyl-3,4,5-trimethoxyphenylcarbinol 
(111) hydrochloride. Recrystallization from hot ether-ethanol 
gave 9.5 g. (61%) of the purified salt as colorless prisms, 
m.p. 265-266'. 

Anal. Calcd. for Cz1H&lNO4: C, 64.1: H, 7.12: C1, 9.03. 
Found: C, 63.8: H, 7.2: C1,g.O. 

S,4,6-Trimethoxyphen yl b a z y l  ketone (V). To a stirred 
solution of benzylmagnesium chloride (prepared from 101 g. 
of benzyl chloride and 19.4 g. of magnesium turnings) in 500 
ml. of dry absolute ether was added 42 g. of finely powdered 
3,4,5-trimethoxybenzamide. The mixture was refluxed for 
2 hr., allowed to stand overnight, and then poured into 800 
g. of an ice-water mixture containing 44 ml. of concd. sul- 
furic acid. An insoluble precipitate of unchanged amide 
(20.5 g.; 497, recovery) %'as collected. The ether layer 
from the filtrate was washed with 5% aqueous sodium bi- 
carbonate and then with water. After drying over anhydrous 
magnesium sulfate, and concentrating in vacuo, the residue 
was induced to crystallize by adding an ether-petroleum 
ether (b.p. 30-60') mixture. The crude product (20.4 g.)  
yielded 13 1 g. of 3,4,5-trimethoxyphenyl benzyl ketone (V) 
as light-yellow prisms, m.p. 97-98'. An additional 4.4 g. 
of purified V was obtained by treating the recovered amide 
in suspension in dry benzene with benzylmagneuium chlo- 
ride. A total yield of 17.5 g. (41%) of pure V was thus ob- 
tained. 

Anal. Calcd. for Cl~ll180a:  C, 71.3; H, 6.3. Found: C, 
71.3; H, 6.2. 

Y,4,6-Trimethoxybenzil {VI). To a solution of 35 g. of V 
in 75 ml. of acetic anhydride was added 19.2 g. of selenium 
dioxide. After refluxing for 3.5 hr., the reaction mixture was 
poured onto crushed ice and brought to p H  8 by the addi- 
tion of aqueous ammonia. The yellow semisolid precipitate 
was collected and recrystallized from hot ethanol to give 
13 g. (397,) of VI as yellow prisms; m.p. 110-111'; an ana- 
lytical specimen out of ethanol-ether melted a t  115-116". 
No additional benzil could be obtained by evaporating the 
mother liquor; instead, an intractable orange oil W ~ R  ob- 
tained. 

Anal. Calcd. for Cl,HleOs: C, 68.0; H, 5.34. Found: C, 
68.0; H, 5.2. 
~~-3,4,5-TrimethoxybenziZic acid (VII). A solution of 4.3 

g. of sodium hydroxide in a minimum volume of water was 
first diluted with 45 ml. of absolute ethanol and cooled in an 
ice bath, and then 9.2 g. of 3,4,5-trimethoxybenzil (VI) was 
added in one portion. The mixture was placed in a 125-mI. 

flask and sufficient ether added to fill the neck. After secur- 
ing a rubber stopper closure by means of a wire, the flask 
was placed in the refrigerator for 2 days. The resulting solu- 
tion of the sodium salt of VI1 was diluted with ice water 
and extracted with ether to remove traces of unchanged 
ketone. Upon acidification of the aqueous liquid with hydro- 
chloric acid, the crude benzilic acid (VU) precipitated as an 
oil which solidified on cooling and scratching. There was 
obtained 9.2 g. (97%) of ~~-3,4,5-trhethoxybenzilic acid as 
colorless prisms; m.p. 148'. The melting point was un- 
changed after recrystallization from benzene-petroleum 
ether. 

Anal. Calcd. for C17HlsOe: C, 64.2; H, 5.7. Found: C, 
64.3; H, 5.7. 

DL-N-2Clethyl-S-piperid y l  S,.4,6-trimethoxybenzilate (VI11 ). 
A mixture of 8.7 g. of N-methyl-3-chloropiperidine1s and 
10.6 g. of VI1 in 50 ml. of isopropyl alcohol was refluxed 
for 2 days and then the solvent removed by evaporation in 
vacuo. The viscous oily residue was first treated with lOy0 
aqueous sodium carbonate to remove unchanged VI1 and 
then extracted with three 50-ml. portions of ether. Treat- 
ment of the dried ether extracts with anhydrous hydrogen 
chloride gave an oily precipitate which did not crystallize, 
and therefore the base was again liberated by the addition of 
alkali. The crude base, amounting to 11.1 g. of a colorless 
oil, was taken up in hot ethyl acetate and treated with a 
boiling solution of 3.5 g. of maleic acid in the same solvent. 
Upon cooling and adding ether dropwise, I11 maleate crys- 
tallized from the solution as small colorless needles. Recrys- 
tallization from an ethanol-ethyl acetate mixture containing 
a little water afforded 2.5 g. of the pure salt, m.p. 196-197'. 

Anal. Calcd. for Cz?HarNOlo: C, 61.0; H, 6.22. Found: 
C, 60.9; H, 6.5. 
N-Methyl-1,6,6,6-tetrahydro-S-pyridylmelhyl benzilate (XI). 

Arecoline alkaloid was reduced by means of lithium alumi- 
num hydride to N-met hyl-3-hydroxymethyl- 1,2,5, Gtetra- 
hydropyridine (IX) in 64Y0 yield by the procedure of Karrer 
and Portmann.16 To an ice-cooled solution of 17.9 g. of IX 
in chloroform was added dropwise with swirling 19 g. of 
thionyl chloride, and the resulting mixture heated on the 
steam bath for 0.5 hr. After cooling and dilution with ether, 
the N-methyl-3-chloromethyl-1,2,5,6-tetrahydropyridine (X) 
hydrochloride was collected and washed with ether. The 
resulting base hydrochloride was dissolved in a small volume 
of water and made alkaline with saturated potassium car- 
bonate solution to liberate the free base which in turn was 
taken up in ether. After drying, the ether solution was evapo- 
rated to a yellow oil which exhibited some tendency to 
dimerize. Accordingly, the free base was immediately dis- 
solved in 100 ml. of isopropyl alcohol containing 22.5 g. 
of benzilic acid and the resulting solution refluved for 2.5 
days. Evaporation of the isopropanol in vacuo left a rcsidue 
which was first treated with saturated potassium carbonate 
solution and then extracted with ether. By passing anhy- 
drous hydrogen chloride through the resulting dry ether 
solution, there was obtained the crude ester hydrochloride 
as a heavy dark oil which gradually solidified (12 g.; 32%). 
Recrystallization from ethanol gave 8 g, of pure N-methyl- 
1,2,5,6-tetrahydro-3-pyridylmethyl benzilate (XI )  hydro- 
chloride as colorless crystals, m.p. 200-201' dec. 

Anal. Calcd. for CzlH2&1S03: C, 67.5; H, 6.64; C1, 9.5. 
Found: C, 67.6; €1, 6.6; C1, 9.4. 
N-(-(d,3,4-Trimethoxyphenyl)-N'-methylpiperazine (XIII). A 

mixture of 20 g. of N-methylbis(6-chloroethy1)amine hydro- 
chloride,Ig 39 g. of 2,3,Ptrimethoxyaniline and 90 ml. of 
methanol was stirred and refluxed for 17 hr. The solvent 
was removed at  diminished pressure leaving a solid residue 
which was taken up in a minimum volume of hot methanol. 
Upon cooling there was deposited 14.1 g. (47y0) of pure XI11 
hydrochloride as small colorless needles, m.p. 239-240" dec. 

(19) K. A. Jensen and F. Lundquist, Dansk. l'iddskri 
Farm., 15,201 (1841). 
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Anal. Calcd. for C14H23C1N203: C, 55.5; H, 7.6; C1, 11.7. 
Found: C, 55.2; H, 7.4; C1, 11.9. 

iV-( .!?,3,4- Trimelhoxyphenyl )-N',LV'-dimethylpiperazinium 
iodide (XIV). The free base was liberated by treating 10.5 
g. of XI11 hydrochloride with aqueous alkali and extracting 
with ether. After drying over anhydrous magnesium sulfate, 
the ether solution was concentrated to a volume of 25 ml. 
and treated with 5.7 g. of methyl iodide. A white precipitate 
began to form almost immediately. After standing overnight, 
the solid product was collected on a suction filter, washed 
with ether, and air dried. The resulting XIV weighed 15 
g. (939;); m.p. 1TO-171'. 

Anal. Calcd. for C16Hz61Wz0a: C, 44.2; H, 6.1; I, 31.2. 
Found: C, 44.1; H, 6.3; I, 30.9. 
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In order to provide a further comparative test of the present theories concerning the relation of structure to chemical 
stimulation of plant growth, n-butyl 5-chloro-2-pyrimidoxyacetate was prepared as an analog of the active 4-chlorophe- 
noxyacetic ester. Although very similar in shape and physical properties to the phenyl compound, the analog was inactive 
as a growth stimulant. 

The stimulation of plant growth by substituted 
phenoxyacetic acids was first reported by Zim- 
merman and Hitchcock in 1942.' Since then these 
compounds have received much attention in an 
attempt to correlate the position and type of sub- 
stituent with observed effects on growth. The re- 
sults of the many investigations directed toward 
elucidation of the mechanism of growth regulator 
action have been resolved into three general theo- 
ries. 

One theory2 supposes that the regulator under- 
goes a chemical reaction with appropriate groups, 
probably nucleophilic, a t  some site within the cell 
with Ihe resulting formation of new covalent 
bonds. The most probable point of reaction on the 
phenyl ring is indicated to be a t  a position ortho 
to the ether oxygen. Another theory3?* ascribes 
major importance to the shape of the regulator 
molecule and the specificity of its fit onto some re- 
ceptor within the plant. In this case, the phenyl 
nucleus with its substituents acts as a whole a t  a 
locus or point of attachment, and chemical reac- 
tions a t  the ring are considered unlikely. The third 
and most recent> theory,6t6 unlike the other two, is 

(1) P. W. Zimmerman and A. E. Hitchcock, Contribs. 
Boyce Thompson Inst., 12, 321 (1942). 

(2) R.  &I. Muir and C. H. Hansch, Ann. Rev. Planl 
Physiol., 6, 157 (1955). 

(3) H. Veldstra, Ann. Rev. Plant Physiol., 4, 151 (19B). 
(4 j J. Van Overbeek, Fourth International Conference 

on Plant Growth Regulation, Yonkers, N. Y., August, 
1959. 

(5) 0. V. S. Heath and J. E. Clark, Nature, 178, 600 
(1956). 

(6)  E. J. Johnson and A. R. Colmer, .Vatwe. 180, 1,165 
(1957). 

not particularly concerned with the relation of the 
regulator to an active site. It holds, instead, that 
the growth-regulating activity of a compound is 
primarily associated with its ability to chelate 
metal ions such as calcium or magnesium. 

In  order to offer a further test of these hypot'heses, 
it was thought desirable to attempt the synthesis of 
an analog of a simple aromatic growth-promoting 
compound in which the possibility of reaction a t  the 
positions ortho to the side chain was negligible. The 
compound chosen was 5-chloro-2-pyrimidoxyacetic 
acid (I) which, although expected to be very simi- 
lar in many respects to the powerful growth stimu- 
lant 4-chlorophenoxyacetic acid (11), would not be 
susceptible to  the usual form of nucleophilic attack 
a t  the ortho positions. 

For our purposes, it was not only desirable but 
necessary for the chlorine and nitrogens to have this 

OCHzCOOR 
I 

c1 c1 
I . R = H  I I . R = H  

Ia. R= n - C4H" IIa .R=n -C4Ha 

OCH&OOH 
OCH2COOH 

IV 
Cl 111 

particular structural relationship t o  each other and 
t,o the side chain, as the 5-positioii is the only one 


