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Central Nervous System Depressants. V. Polyhydroxy and 
Methoxyphenyl Ketones, Carbinols, and Derivatives 

A nutnbcr of ketones and uwbiiiols (tj.pcs I arid 11) w r e  prepared by a variety of txiethods. Most of tliese 
compounds were found to  be CSH depressants by gross observation of intact mice and rats and by avoidance 
behavior studies. Several compounds had a relaxing ef- 
fect on the cat uterus. 

XVIII has received clinical study :ts :t tranquilizer. 
Compound XIX has been studied in the clinic in dysmenorrhea and premature labor. 

111 coiitiiiuatioii of our investigation of conipouiids 
having depressant effects 011 tlie central nervous system' 
a iiumbrr of phenyl ketones (I) and carbinols (11) 
liaviiig hydroxyl or alkoxy1 substituents in the 3- a i d  
4-positions were studied (Table I). 

HOFHR 

OR OR 
I I1 

It" = H, OH, OR 

Sonie of tlic conipouiids were available, or had i )cc i i  

rcportcd in tlie literature. Others were prepared 1)y 
methods which are described in the Experimental 
section. 

In general the S,-l--diniethoxyplieiiyl alkyl ketones 
(I, It = CHy, It' = alkyl, and It" = H) were prepared 
by the 1;riedel-Crafts reactioii with veratrole and the 
appropriate acid chloride. However, in b o  cases 
(R' = t-Bu and cyclopropyl), this method was not 
applicable, since pivaloyl chloride is riot stable t,o 
aluminum chloride? and the cyclopropane ring is opeiied 
by this reagent." The 3',4'-dimetlioxy-2,2-dimetliyI- 
propiophenone \vas prepared iii excelleiit yield try 
metliylat~ing ~3',4'-dimethoxy-'.'-methylpropiophenoiic 

Cyclopropyl ~J,~-diriiethoxypllcllyl ket'oiie (17) \vas 
prepared by ring closure using the method of C,losc.-l 
Some of tlie 3',4'-dihydroxypheriylalkyl ketones (e.y.. 
I, lt aiid It" = H, It' = isopropyl) were made by tmhe 
f;ries rearrangement on pyrocatechol esters, hut better 
yields were usually obt'ained by demethylating the 
corresponding 3,4-diniethoxypheuyl ketones with pyri- 
dine hydrochloride. This failed, however, with the 
cyclopropyl ketone. The a-hydroxy ketones were prc- 
pared via tlie bromoketones using the epoxy ether 
synthesis of Steve1is.j 

Ethyl :~,-l-dimethoxyplieri~~lglyo~~late~ (1.11) [lr = 3.- 
4 (CH30 j2C6H3] was the key intermediate for another 
series of carbinols. -1 aumher of cwbonates and car- 
bamates of 1'111 aiid XI \\-ere prepared. 

(IIIa). 

(1) 1':iper I V  of tliisaerii.-: Ti. 13. I Iof fe t t  a n d  1'. H. Spay, . I .  .Ired. J ' h ~ ~ i - i r i .  

Ch?,IL., a ,  %2!J (1960). 
19) I < .  Hal t l l y ,  v i i id -4. 1'. f'liillips, .I. . I n i .  ( ' i t (  iu. 

1rous . ! i I u i r ~ i i i i i t ~ i  Clil<li iclr i n  Orwiii , ,  ( ' l i e t i i I \ -  

g ( ' o r p ,  Xcp. J-ork, S .  Y., 1f1.11, 1 1 .  501. 
11) \i.. .I. Close. .I. .1m. Clicnt. .Six., 
( 5 )  $IT C'. I , .  StevPris  :r i i i l  11. 1,. 5 

ri+creiices. 
iidorf, :iiid l l ~ ~ l ~ i - ~ i i i - l ~ ~ i ~ l ~ ,  Hci'.. 1 6 ,  :Wh ( l ! lXi) .  

COCH ( C H J ) ~  COCBr (CH3) 2 

@ Br, , @ l . N a O r H l  , 
2 H +  OR OR 

OR OR 
IIIa,  R = C.H IVa, I? = CH? 

b, R=CHLCBH~ b, R =CH~C,HS 

COC(0H) ( C H J ) ~  COC(0H) (CH3)z 
I I 

OK 
\'a, K = CHn 

b, R = CH2CGH;i 

OH 
V I  

I I \ I l l 4  I ( l l i \ I X l  

I<C'lI(OII)CHL~ ) I t  +- liCO('( )OC~HS ----+ 
P t l i r r  

\ 111 111 
Iic'( cH,)(oa)cc )0('*11 5 

IM 

4 ur(ia TllF J. .ICH3hlgI 

('0 

0' ;;If I{('( C"J)( 0If)C(C'k13)201$ 

l1CI1 - c 1 1 2  
S SI 

rl'~\ o coiiipouiids coiitaiiiiiig t n  o ~,4-dinietlioxyplieiiyl 
groups were made hy the reaction of 4-pyridyllithium 
nit11 3,8',4,1'-tetranietlioxyberieopherlo~le followed by 
reduction o f  the Iirtwocyclic 

I ~ C O R  - N ~ C ( O H ~ R ,  - H N ~ C ( O H ) R ~  

XI1 XI11 
I t  = 3,4-(CH30)2CaH3 

Seveial3',-l',.i'-trialkoxyaceto- (aiid benzo) plieiioiies 
were obtained by the reaction of the appropriate di- 
alkylcadniiuni reagents on the trialkoxybenzoyl chlo- 
ride.x This method worked quite well in some cases 
hut in the preparation of 3,4,j-trimethoxybenzophe11oric 
some 4-hydroxy-3,S-diniethoxybenzophenone was oh- 
tained us reported by Koelsch aiid Flesch.Y It is not 
clear \+hethei the. clrlavage of the 4-methoxyl 
Iirouylit about 1, t li(\ di~~lieiiylcadmil~~i~ itself or 11y 
magiicsiuiii l i : ~ I i ( l ( +  i i i  111(' mixtiirr. 1 1 1  OtllrJ' v:t 

~>Cr l l l iP l l t d l  i i o l  1% I , \  \ l r  1 )  \ 1 
C Huriimg dnil J l ioo, I .  t fn 

(S) ( . I .  Koelsch ,Ln,l 1t 1 Irac i i ,  I .  O i g .  Cliern , 20, 1270 (1 
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where the yield of desired product was low (notably 
4’-allyloxy-3’,5’-dimethoxyacetophenone), i t  is prob- 
able that similar cleavage occurred to some extent. 
2’,4’,5’-Trimethoxybutyrophenone (XIV, R = CH3) 

was prepared by methylation of 2‘,3‘,5’-trihydroxybu 
tyrophenone with diazomethane, lo and 2’-hydroxy-4‘,5’- 

dimethoxybutyrophenone (XIV, R = H) mas prepared 
in poor yield, by the reaction of 3,4-dimethoxyphenol 
with butyronitrile in the presence of zinc chloride.’l 
We have obtained both these compounds by methyla- 
tion of the commercially available trihydroxybutyro- 
phenone. The former (XIV, R = CH3) was obtained 
in good yield using methyl sulfate and sodium hy- 
droxide in methanol and the latter (XIV, R = H) using 
methyl sulfate with potassium carbonate. A number 
of new derivatives (oximes, etc.) of available carbonyl 
compounds were made and are reported in the Experi- 
mental section. 

Pharmacology.-The compouiids reported in this 
paper as well as a considerable number of analogous 
known ketones, carbinols, and derivatives were tested 
for effects on the central nervous system. By gross 
observation of intact mice and rats most of them were 
found to be depressants. This was confirmed in some 
cases by testing their effect on motor activity‘ of mice 
and particularly by their effects on classical avoidance 
behavior in rats (see Table I and paper to be published 
by Dr. D. G. Anger). 

Particularly noten orthy is the activity of 3’,4’,5’- 
trimethoxyacetophenone8 (Table I, 110. 33) .  

COCH, 

CH3O GOC& OCH3 

33 

This showed depression in intact mice a t  about one- 
fourth of its LD50 and mas outstanding in the classical 
avoidance test. It has been tested in schizophrenic 
patients but, although it may have some activity as a 
tranquilizer, it  is much less active than chlorpromazine 
in psychotic states. 

Many of the compounds were tested as inhibitors of 
catechol 0-methyltransferase in vitro.12 The more 
active of these are mentioned in footnotes to Table I. 
Those compounds having o-dihydroxy groups were 
highly active,’3 while those with one phenolic (or 
acetoxy) group were less active. Preliminary testing 
showed that completely methylated compounds werc 

(10) 1%. 1). Astill, D. W. Vassett. arid H. 1,. Iloridnbusli. L l i u c h e n ~ .  J . ,  73, 

(11) G. H. JOIICS, J. lL I). hlackeiizic, A.  Kobertson, and W. U. Wliillley, 

(12) J. Axelrod. Science, 126, 400 (1957). 
(13) J. Axelrod and hI. Laroche, i b i d . ,  130, 800 (1959). 

451 (1059). 

J. Chem. Soc.,  662 (1949). 
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Fig. 1.-Uterine motility of XIX. 

inactive, and for this reason few of the latter were tested. 
Likewise, several of these compounds inhibited 5- 
hydroxytryptophane decarboxylase in v i t y o .  l 4  The 
most active tested was 3,4-dihydroxy-5-methoxybenzal- 
oxime (Table I, no. 44), iThich gave 100% inhibition a t  

3’,4’-~Iethylenedioxy-2-methylpropiophenone (Table 
I, no. 8) showed an interesting spectrum of biological 
properties. Intraperitoneally in intact mice it was 
rather nontoxic (LD50 1000 mg./kg.) but showed stim- 
ulation at  100, stimulation followed by depression at  
300, and convulsions followed by 4 hr. of sleep at  1000 
mg./kg. Intraperitoneally in rats (LD60 1000 mg./kg.) 
it  showed depression a t  all doses from 200 to 1000 
mg./kg. It was extremely active in prolonging the 
sleeping time of mice given small doses of hexobarbital’ 
(>> 2000% increase in sleeping time a t  200 mg./kg., 
1000% increase a t  100 mg./kg., 660% increase a t  50 
mg./kg., and 360% increase a t  25 mg./kg. given either 
intraperitoneally or orally). However, this com- 
pound was found to be an active inhibitor of the metab- 
olism of hexobarbital in viuo, and this may account for 
its high activity in potentiating hexobarbital. 

In  the course of screening these compounds it was 
found that some of them had an interesting relaxing 
effect on the motility of the cat uterus (Table I). The 
most interesting compound was 3’,4’-dihydroxy-2- 
methylpropiopheiione (Table I, no. 5 ) .  This produced 
relaxation of the uterus, lasting about 30 min., without 
altering blood pressure, a t  1 and 2 mg./kg. intraven- 

AI concentration. 

COCH(CH3)z 

4 O H  
OH 

5 

ously; or relaxatioii lasting about 2 hr. a t  20 nig./kg. 
intraduodeiially (Vig. 1). This compound was tested 
clinically arid produccd a defiiiite decrease in uterine 
activity iii prenisture la1)or hut tolerance seemed to 
develop. It had 110 effect in dysnieiiorrlmi in douhle 
blind studies. 

(11) C .  T. Clark, A.  Weisshacli, arid S. Udenfriend, J .  B i d .  Chem.,  a l0 ,  
139 (1964). 
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were observed during the toxicity tests (footnote a). The lowest dose a t  which significant depression was noted in mice is recorded in 
this coiumn. Groups 
of four rats were injected intraperitoneally with test compound a t  the calculated mouse LDbO. The dose was subsequently halved or 
doubled in order to obtain a dose a t  which all animals lived and a dose a t  which a t  least one animal died. Observations of behavior 
were made intermittently over a 4-hr. period. For the most part the rat studies were not carried to doses as low as 40% of the LDjo 
but in cases where depression was noted a t  such doses i t  is recorded in footnotes. Any other significant activities on the CNS of mice 
or rats are also noted in footnotes in this column. This test is a modification of that described by M. L. Clary, A. Cameron, and B. 
N. Craver [Proc. SOC. Exptl. Bid. Med.,  77, 778 (1951)l. Relaxa- 
tion or stimulation of the uterus is recorded on a kymograph and any change in blood pressure is also noted. Compounds producing 
some relaxation a t  2 mg./kg. but not a t  1 mg./kg. are given a plus (+) rating. Those producing some relaxation a t  both 1 and 2 
mg./kg. are given two plus (+ +) and those showing more relaxation are given three plus (+ + +) rating. This compound is well 
known in the literature or is available commercially, but is included for comparison. e Depression in rats a t  325 nig./kg. (32.5% of the 
rat LD6o). Sleep 
in rats a t  200 mg./kg. (40% of the rat LDbo). j Depression in rats a t  
125 mg./kg. (367, of the rat LD,,). Catechol O-methyl- 
transferase inhibition: 6770 a t  10-3 M .  5-Hydroxytrgptophane decarboxylase 507, inhibition (IN) a t  4 X 2 .  Sleep in rats 
a t  400 mg./kg. (807, of rat LDm). Depression in rats a t  100 
mg./kg. (307, of rat  LDso). Motor activit'y of mice 50% decrease a t  150 
mg./kg. li Sleep in mice 
a t  300 mg./kg. Sleep in 
rats a t  400 mg./kg. (60% of the rat LDbo). aa Depression in rats a t  50 mg./kg. 
(6.37, of the rat  LD60). d d  Motor activity of mice 50% de- 
crease a t  250 mg./kg. ff R. B. Moffett, B. 
B. Tiffany, B. D. Aspergren, and R. V. Heinzelman, J .  Am. Chem. Soc., 79, 1687 (1957). Depression in rats a t  500 
mg./kg. (<SO% of rat LDjo). jj Sleep in rats a t  500 mg./kg. (65% of rat LD,,). 
kk Catechol 0-methyltransferase inhibition 10070 a t  10-3 AI, 505i (I5,) a t  3 x 10-6 Jf. 11 I. K. Brand and H. Collischonn, J .  prakt. 
Chena., 103, 329 (1922). Af, 50% 
( 1 6 0 )  a t  3 X 1.6 X Tryptophane 5-hydroxylation (liver) 
inhibition 927, a t  111, 507, (Iro) a t  8 X 10-7 M ,  determined by the method of R. A. Freedland, I. M. Wadzinski, and H.  A. Wais- 
man [Biochem. Biophys. Res. Commun., 5 ,  94 (1961)l. P P  Catechol 0-methyltransferase inhibition 1007' a t  IOb3 M .  
f 4  See ref. 8. c 1  Motor activity of 
mice 507, decrease a t  175 nig./kg. uu See ref. 11. 'uiw J. T. Marsh and H. Stephen, J .  Chem. SOC., 127, 1633 (1925). 
zz Catechol 0-methyltransferase inhibition 1007, a t  10-3 J I ,  5OC0 (Iro) a t  4.6 x 10-6 M .  Catechol 0-methyltransferase inhibition 
1007, a t  IOb3 M ,  50% ( 1 6 0 )  a t  4 X 10-6 M .  a=a Catechol 0-methyltransferase inhibition 81% a t  10-3 M ,  50% 
(Iso)  a t  2 X M .  ccc See ref. 9 and 10 and Experi- 
mental. eee G. Korcross and H. T. Openshaw, 
J .  Chem. SOC., 1174 (1949). hhh Depression in rats a t  280 
mg./kg. (30% of the rat LD5o). kkk See ref. 25 and Experimen- 
tal. 

Depression a t  doses greater than 40% of the LDao is not considered significant and is indicated as negative ( - ). 

Cats are injected intravenously a t  1 and 2 mg./kg. of the compound. 

f K. W. Rosemund and H. Lohfert, Ber., 61,2601 (1928). Q Depression in rats a t  50 mg./kg. (10% of the rat LD,,). 
i R. D. Haworth and D. Woodcock, J .  Chem. Soc., 809 (1938). 

See ref. 21. k Motor activity of mice: 50% decrease a t  200 mg./kg. 

Motor activity of mice 507, decrease a t  300 mg./kg. P See ref. 18. 
Depression in rats a t  200 mg./kg. (20% of rat LUjo). 

t Depression in rats a t  100 mg./kg. (25'3, of the rat LD,,). Sleep in rats a t  300 mg./kg. (6070 of rat LDa). 
Muscle relaxant in mice a t  200 mg./kg. Depression in rats a t  100 nig./kg. (15% of the rat LDbo). 

Motor activity of mice 50%; decrease a t  100 mg./kg. 
cc See ref. 19. bb Depression in rats a t  165 mg./kg. (40yG of rat LDbo). 

ee Catechol 0-methyltransferase inhibition 100% a t  10-3 11f, 507, (Iso) at 8.2 X 10-6 AI. 
QY See ref. 6. 

ii Motor activity of mice 50% decrease a t  50 mg./kg. 

m m  F. Mauthner, ibid., 115, 137 (1927). nn Catechol 0-methyltransferase inhibition 1007, a t  
M .  5-Hydroxyt,ryptophane decarboxylase inhibition 80% a t  10-2 i1f. 

O0 See ref. 31. 
88 Motor activity of mice 507' decrease a t  120 mg./kg. 
See ref. 10. 

See ref. 33 and 34. 
bbb Catechol 0-methyltransferase inhibition 85% at, 10-3 M, 507, (Lo) a t  

rr  E .  Spath, AIonatsh., 40, 129 (1919). 

-11. 
d d d  Catechol 0-metliyltransferase inhibition 907' a t  111, 50L;b (Ijo) a t  2 X 10-5 M .  

fff Sleep in rats a t  100 mg./kg. (20% of the rat LDbO). 
iii Sleep in rats a t  560 mg./kg. (60% of the rat LDEO). 

U Q Q  See ref. 27. 
j j '  See ref. 22. 

Experimental16 
4'-Hydroxy-3'-methoxy-2-methylpropiophenone (6).-A mix- 

ture of 117 g. (0.94 mole) of guaiacol and 100 g. (0.94 mole) of 
isobutyryl chloride was heated on a steam bath until the evolution 
of hydrogen chloride practically ceased. The crude ester was 
then dissolved in 900 ml. of nitrobenzene and 250 g. (1.8 moles) 
of aluminum chloride was added with stirring in portions a t  such 
a rate that  the temperature did not rise above 50". The mix- 
ture was stirred a t  room temperature for 3 hr. and then cau- 
tiously heated on a steam bath to 90" and kept a t  this tempera- 
ture for 30 min. After cooling, it was poured into ice and 200 ml. 
of concentrated hydrochloric acid. The mixture was steam dis- 
tilled to remove the nitrobenzene, cooled, and extracted with 
ether. The ether solution was washed with water and then 
extracted with 1 1. of lOyc aqueous sodium hydroxide in three 
portions. The basic aqueous solution was washed with ether 
and acidified with hydrochloric acid. The product was extracted 
with ether, washed with water, and dried over sodium sulfate. 
After filtration, the ether was removed and the product was dis- 
tilled. The first fractions (57 g.) crystallized in the receiver; 
b.p. 118" (0.07 mm.). Then an orange-colored oil of unknown 
structure distilled, b.p. 145-150' (0.07 mm.). The crystalline 
fractions were recrystallized from toluene, giving 26.3 g. (14.4%) 
of white crystals, m.p. 95-97.5". A m.m.p. with 3',4'-dihydroxy- 
2-methylpropiophenone gave a depression (64-75'). A small 
sample was recrystallized again from toluene giving crystals of 
the same melting point. The infrared spectrum support,s the 
proposed structure rather than the ortho isomer (2'-hydroxy-3'- 
methoxy-2-methylpropiophenone) having major bands a t  3310, 
1665, 1600, 1585, 1511, 1275, 1182, 1148, 779, and 754 em.-' 
in Nujol mull and showing no evidence of chelation. The n.m.r. 
spectrumI6 also supports this structure showing the hydrogcns 

(15) Melting points were taken i n  capillary tubes with a partial immersion 
thermometer. Calibration of the apparatus against standard compounds 
s h o r e d  no need for correction. Infrared spectra were obtained on all pure 
compounds and  unless otherwise noted were in accordance with the  proposed 
structures. 

(16) This n.m.r. spectrum Fa8 determined in deuterated chloroform solu- 
tion with a Varian A-60 spectrometer. 

ortho to the carbonyl as a multiplet centered a t  454 c.P.s., the 
nieta hydrogen as a doublet centered a t  417 (J = 9), the phenolic 
hydrogen as a broad absorption at 402, the methoxy hydrogens 
as a singlet a t  233, a-hydrogen as a septuplet centered a t  211, 
and the p-hydrogens as a doublet a t  72 c.p.s. ( J  = 7) relative to 
internal tetramethylsilane. 

Anal. Calcd. for C1&403: C, 68.02; H, 7.26; neut. equiv., 
194.2. 
3',4'-Dimethoxy-2-methylbutyrophenone (12).-To a solution 

of 138.2 g. (1 mole) of veratrole in 500 ml. of benzene was added 
portionwise with stirring 160 g. (1.2 moles) of aluminum chlo- 
ride. Then 120.6 g. (1 mole) of a-methylbutyryl chloride was 
added dropwise during 30 min. The mixture was stirred 
under reflux for 30 niin. more, cooled, and poured into ice con- 
taining 120 ml. of concentrated hydrochloric acid. The mixture 
was steam distilled to remove the benzene and any remaining 
veratrol. The remaining oil w-as extracted with ether, and the 
ether solutions were washed successively with water, lo?& sodium 
hydroxide solution, twice again with water, and then dried over 
sodium sulfate. After filtration, the solvent was removed and 
the residue was distilled. After removal of a small forerun, the 
product distilled a t  101" (0.025 mm.) giving 146.9 g. (667,) of 
colorless liquid; n Z 5 ~  1.5409. 

Anal. Calcd. for C13H1803: C, 70.24; H, 8.16. Found: 
C, 70.06; H, 8.19. 
3',4'-Dihydroxy-2-methylbutyrophenone (ll).-A mixture of 

67 g. (0.3 mole) of 3',4'-dimethoxy-2-methylbutyrophenone and 
2QO g. of pyridine hj-drochloride was heated under nitrogen with 
stirring a t  200-220" for 1 hr. After cooling, the mixture was 
dissolved in water, acidified with hydrochloric acid, and extracted 
with ether. The ether solution was washed with water and then 
extracted well wit.ti 107, aqueous sodium hydroxide solution. 
The basic si,lution was aridified with hydrochloric acid liberating 
an oil. This was extracted with ether, and the ether solution 
was washed with water, saturated sodium chloride solution, and 
dried over sodiuni sulfate. After filtration and remnval of the 
ether, the residue was distilled, giving 51.8 g. (89%) of a yellow 
viscous oil, b.p. 157' (0.05 mm.). The product could nut be 
crystallized but was redistilled through a 15-cm. ['/s-in. (3.2 

Found: C, 68.16; N, 7.69; neut. equiv., 195. 
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tallized on standing. Two recrystallizations from isopropyl 
alcohol gave crystals, m.p. 59-60°. 

Anal. Calcd. for C24H2403: C, 79.97; H, 6.71. Found: C, 
79.52; H, 6.68. 
2,3',4'-Trihydroxy-2-methylpropiophenone (22).-To 28.4 g. 

(0.079 mole) of 3',4'-dibenzyloxy-2-methylpropiophenone in 11.5 
nil. of acetic acid containing 2 drops of saturated hydrogen bro- 
mide in acetic acid was added 12.6 g. of bromine in 11.5 ml. of 
acetic acid a t  such a rate that only a slight excess of bromine was 
present (about 35 min.). The solution was stirred an additional 
hour, and water was added. This solution was extracted with 
methylene chloride and the organic layer was washed with sat- 
urated sodium bicarbonate until basic and then with water until 
neutral. After drying, filtration, and concentration, 38.7 g. of 
crude 2-bromo-3',4'-dibenzyloxy-2-methylpropiophenone (IVb) 
was obtained as a sirup. 

A solution of sodium methoxide from 3.4 g. of sodium and 75 ml. 
of absolute methanol was cooled t o  0-5", and a solution of 32.7 g. 
of the above sirup in 45 ml. of absolute methanol was added 
dropwise with stirring. The mixture stood overnight a t  room 
temperature and was t,hen diluted with water and extracted with 
methylene chloride. The organic layer was washed with water, 
dried, and concentrated to yield 23.0 g. of sirup which was dia- 
tilled in a total immersion flask a t  211-215" (0.01 mm.), giv- 
ing l-(3,4-dibenzyloxyphenyl)-l-methoxy-2-methyl-lJ2-epoxy- 
propane as a noncrystallizable sirup. 

A solution of 11.5 g. of this sirup in 59 ml. of methanol was 
added during 15 min. to  35 ml. of 657, aqueous methanol con- 
taining 4 drops of concentrated sulfuric acid. Water (24 ml.) 
was added and the solution was held a t  room temperature for 1 hr. 
An additional 90 ml. of water was added and the solution was 
made basic with dilute potassium hydroxide. The solution was 
saturated with sodium chloride and extracted with ether, and the 
ether was dried and concentrated to yield 8.7 g. of 2-hydroxy- 
3',4'-dibenzyloxy-2-methylpropiophenone as a sirup which would 
not crystallize, even after chromatography. 
,4 mixture of 7.7 g. of this sirup, 200 nil. of Y5% alcohol, and 

750 mg. of 5yo palladium-on-charcoal catalyst was shaken with 
hydrogen for 1 hr. a t  which time the theoretical amount of hy- 
drogen had been taken up. The mixture was filtered and con- 
centrated to yield 5.3 g. of sirup. The sirup was dissolved in 
acetone, treated with charcoal, filtered, and concentrated to give 
again a sirup (4.1 g.). Upon standing the sirup crystallized and 
was recrystallized from ether, yielding 1.16 g. of crystals, n1.p. 

Anal. Calcd. for CIOH1204: C, 61.21; H, 6.17. Found: C, 
61.25; H, 6.35. 

3',4'-Dimethoxyphenylglyoxylic Acid Hydrazide Hydrazone 
(%).-To a solution of 25.0 g. (0.105 mole) of ethyl 3,4-dimeth- 
oxyphenylglyoxylatea in 625 ml. of absolute ethanol was added 
25.0 g. (0.5 mole) of hydrazine hydrate. The solution was re- 
fluxed for 3 hr. and cooled in the refrigerator. The resulting 
crystals were collected, washed with cold absolute ethanol, and 
recrystallized from absolute ethanol giving 16.0 g. (63.654) of 
product, m.p. 136-139", 283 mp ( e  12,100) and 304 mM ( E  

Anal. Calcd. for C loHl~K40a :  C, 50.3; H, 5.93; K, 23.5. 
Found: C, 50.22; H, 5.91; K, 22.76. 
1-(3,4-Dimethoxyphenyl)ethane-1,2-diol Cyclic Carbonate 

(59).-To 0.99 g. (0.005 mole) of 1-(3,4-dimethoxyphenyI)- 
ethane-1,2-di01~~ in 50 ml. of pyridine, cooled to 0-5", was added 
dropwise 1.56 g. (0.01 mole) of phenyl chloroformate. The 
reaction mixture was stirred overnight a t  room temperature 
and poured onto 600 g. of ice. The resulting mixture was ex- 
tracted with methylene chloride and the organic layer washed 
with cold S hydrochloric acid and then with water. The solu- 
tion was dried over sodium sulfate, filtered, and concentrated to 
dryness to give 2.1 g. of sirup. This material was chromato- 
graphed on 200 g. of Florisil, taking four 200-ml. fractions of the 
concentration of solvent as follows: 1, 3, 6, 10, 15, 20, and 257, 
acetone in hexane. Fractions 20-25 (0.706 9.) were combined 
and crystallized from isopropyl alcohol to yield 0.450 g. of crys- 
tals, m.p. 80.5-84". 

Anal. Calcd. for C I I H I ~ O ~ :  C, 58.92; H, 5.40. Found: C, 
59.28; H, 5.72. 

l-(3,4-Dimethoxyphenyl)ethane-1,2-diol 2-Carbamate (60).- 
A mixture of 3.32 g. of 1-(3,4-dimethoxyphenyl)ethane-1,2-diol 
cyclic carbonate and liquid ammonia was stirred under reflux 

136.5-139.5". 

11,200). 

(22) K. Freudenbery and E. Plankenhorn, C h e m .  Bsr., 80, 14Y (1947). 

and the ammonia was allowed to evaporate overnight. The 
resulting solid was recrystallized from 2-propanol, giving 1.32 g. 
of crystals, n1.p. 102-105.5". Another treatment of the mother 
liquors with ammonia gave an additional 1.13 g. of material, 
m.p. 102.5-106°. 

Anal. Calcd. for CllHlsNOj: C, 54.76; H, 6.27; ?i, 5.81. 
Found: C,54.62; H,6.60; N,5.63. 

The opening of this type compound to give the primary car- 
bamate rather than the secondary has been demonstrated by 
Baizer, et aLZ3 
5-(3,4-Dimethoxyphenyl)-2-oxazolidinone (61).-A mixture of 

1.98 g. (0.01 mole) of 1-(3,4-dimethoxyphenyl)ethane-1,2-diol*~ 
and 1.2 g. (0.02 mole) of urea was heated a t  190" for 5 hr. under 
an air condenser. The molten mass was poured into 20 ml. of 
ice-water and the mixture was extracted with methylene chloride. 
The organic layer was dried, filtered, and concentrated to yield 
1.9 g. of sirup, which was chromatographed over 200 g. of Florisil, 
taking six 200-ml. fractions of each of the following: 5 ,  10, 15, 
20, 25, 40, and 80% acetone in hexane, and acetone. Fractions 
29-39 were combined and carystallized from acetone-hexane, 
yielding 400 mg., m.p. 113-115.5'. Recrystallization from 
acetone-hexane gave pure material, m.p. 121-121.5". 

Anal. Calcd. for CIIH1&Od: C, 59.19; H, 5.87; N, 6.27. 
Found: C,59.07; H,5.91; ?1',6.29. 

The formation of a 5-substituted rather than a 4-substituted 
2-oxazolidinone in this type reaction has been demonstrated by 
Lunsford, et al.24 

Ethyl 3',4'-Dimethoxy-2-methylmadelate (57).-To a solution 
of methyl magnesium iodide from 7.29 g. (0.3 g.-atom) of magne- 
sium, 18.7 ml. (0.3 mole) of methyl iodide, and 125 ml. of anhy- 
drous ether was added, during 20 min., 23.8 g. (0.1 mole) of ethyl 
3,4-dimethoxyphenylglyoxylate6 in 200 ml. of ether. The mixture 
was refluxed for 75 min., cooled, and hydrolyzed with 180 ml. of 
20:; ammonium chloride. The ether layer was separated and 
the aqueous layer was extracted with an additional 400 nil. of 
ether. The combined extracts were dried over anhydrous mag- 
nesium sulfate and filtered, and the ether was removed. The resi- 
due was distilled, giving 21.3 g. of liquid, b.p. 134-140" (0.06 
mm.); n l j ~  1.5240. 

Anal. Calcd. for CISHISOI: C, 61.40; H, 7.13. Found: C, 
61.62; H, 7.37. 
2-(3,4-Dimethoxyphenyl)-3-methylbutane-2,3-diol (62).-To 

50 ml. of 3 ;2.f methylmagnesium bromide in ether was added drop- 
wise during 25 min. under nitrogen 4.76 g. (0.02 mole) of ethyl 3,4- 
dimethoxyglyoxylate6 in 75 ml. of tetrahydrofuran. The ether 
was removed by distillation, and the solution was heated a t  60" 
for 4.5 hr., stirred overnight a t  room temperature, and refluxed for 
5 hr. The mixture was hydrolyzed with a solution of 10 g. of 
ammonium chloride in 60 ml. of water. The organic layer was 
separated and the aqueous extracted with two 25-m1. portions of 
ether. The combined organic layers were washed with water 
and saturated sodium chloride and dried over anhydrous sodium 
sulfate. The mixture was filtered and concentrated to dryness 
to give a sirup. All attempts a t  obtaining crystals, including 
chromatography over Florisil or alumina, failed. A similar 
reaction using methj-llithium also failed to y-ield crystals. The 
Eirup was distilled in a falling film molecular still a t  140-150' 
(30-120 p ) .  Kochetkov and Dudykina*j prepared this by a 
different method and also report it to be an oil. 

Anal: Calcd. for Ci3H2~04: C, 64.98; H ,  8.39. Found: C. 
64.56; H, 8.55. 
2-(3,4-Dimethoxyphenyl)-3-methylbutane-2,3-diol Cyclic Car- 

bonate (63).-To a solution of 229 g. (0.0095 mole) of 2-(3,4- 
dimethoxyphenyl)-3-methylbutane-2,3-diol in 20 ml. of dry pyri- 
dine was added with stirring and cooling 3.0 g. (0.019 mole) of 
phenyl chloroformate. The mixture was allowed t,o warm to 
room temperature, stirred overnight, and poured on ice. The 
solid was collected, washed well with water, dried, and recrys- 
tallized from isopropyl alcohol, giving crystals, m.p. 72-74', 
This was determined to be diphenyl carbonate by analysis and 
spectra. Extraction of the aqueous mother liquors with methyl- 
ene chloride followed by washing with dilute hydrochloric acid 
and water gave, upon drying and concentration, a sirup weighing 

The total yield was 2.45 g. (68.7%). 

123) XI.  &I. Baizer, .I. R. Clark, and J .  Swidinsky, J .  O i g .  Chem.,  22, 1595 

(241 C. 1). Lunsford, 1%. P. Mays, J .  -1. Kiciiiiia~i, Jr.. and R. S. Rlurphey, 

( 2 5 )  N. K. Kochetkov and N. V. Dudykina, Zh. Obshch. Khim.,  SO, 3084 
(1960) [End.  Transl., SO, 3027 (1960)l. 

(1957). 

J .  Am. Ciiem. SOC., sa, 1166 (1980). 



1.6 9. This was combined with the sirup obtained upon concen- 
tration of isopropyl alcohol filtrate and chroniatographed on 200 
g. of Florid.  

Four fract,ions were eluted using 200-1111. portions (if  methylene 
chloride. Then 15 fractions were taken using 200 nil. of hexane 
containing increasing ( 5  to SOYc) amounts of acetone. Fractions 
11 and 12 were recrystallized from isopropyl alcohol to give 0.51 
g. of crystals, 111.p. 75-77". Recrystallization from aqueous 
isopropyl alcohol raised the m.p. to 81-82". 

Anal. Calcd. for ClaHl& C, 63.14; €I, 6.S1. Found: (', 
63.33; H, 6.81. 

4-Pyridylbis( q4-dimethoxypheny1)carbinol (XII).i--A solution 
of butyllithium from 2.09 g., (0.30 g.-atom) of lithium, 16.1:s g. 
(0.15 mole) of butyl bromide, and 2iO nil. of absolute ether was 
cooled to -GO", and 20.16 g. (0.1273 mole) of 4-bromopyridine in 
120 ml. of dry ether was added with vigorous stirring during 30 
min. Then 24.20 g. of 3,4,3',4'- 
tetramethoxybenzophenone in 480 ml. of tetrahydrofuran was 
added during 45 min. The solution was stirred a t  -60" for 1 
hr,, then allowed to stand at - 45" overnight,. I t  was then allowed 
to  (some slowly to 15' and 20 ml. of saturated nmmonium chloride 
solution was added cautiously. Anhydrous potassium carbonate 
and magnesium sulfate were added to reniuve water, and the 
niixture was filtered. The filtrate was concentrated under 
reduced pressure and the residue crystallized. It was dissolved 
in 100 ml. of N hydrochloric acid and the solution was extracted 
with ethyl acetate to reniove any starting rnaterial which might 
be present. The acid aqueous solution was placed under vacuum 
to remove ethyl acetate and was then made basic by addition of 
52 nil. of 2 X sodium hydroxide. The red oil which separated 
soon crystallized. The crystalline material was collected, washed 
with water, and recrystallized from ethanol, giving 11 . f i  g. of solid, 
m.p. 178-179" (block). An additional yield of 9.0 g. (total yield 
67.5%) was obtained by extracting the sulid cwntaining the dry- 
ing agents with hot ethyl acetat,e and purifying as descrihed abovc.. 
The infrared and ultraviolet spectra were in agreement with the 
proposed structure. The hydroxyl shows in the infrared spec- 
trum as highly bonded, so much so that it misled us for a time 
into believing we had lost the oxygen function. The Grignard 
test for active hydrogen was negative, probably fur the sanir' 
reason. Ifowever, n.m.r. c-onfirnied the presence of hy 

Anal. Calcd. for C?2H23S06: C, 69.27; €1, 6.0s 
()CHI, 32.5. Found: C, 69.09; H, 6.17; S ,  3.S2; OC 
4-Piperidylbis(3,4-dimethoxyphenyl)carbinol Hydrochloride 

(XII).'-A mixture of 13.27 g. (0.034s mole) of 4-pyridylbis(3,4- 
diniethoxyphenyl)carbinol, 0.50 g. of platinuin oxide, 100 nil. of 
methanol, and 17.4 nil. of 2 LY hydrochloric aci 
ated under 50 p.s.i. pressure. Hydrngen uptak 
calculated amount in 12 hr., by wlii('h time redu 
The catalyst was removed by filtration and the filtrate \v,v:is con- 
centrated under reduced pressure at 30". The c3le:ir gun1 was 
crystallized from 2-propanol, giving 14.60 g. of solid. This was 
recrystallized from a mixture of 200ml. of 2-propanolmd 25 1111. of 
ethanol to give 12.79 g. of crystals, 111.1). 24 

A n a L  Calcd. for CI~~H&lKO~: C ,  62 
K, 3.30. Found: C, 62.34; H, 7.60; Cl, 8.07; S ,  3.Y3. 

3,4,5-Trimethoxybenzyl Carbamate (54).--To x solution of 
28.7 g. (0.145 mole) of 3,4,5-trimethrrxy~~enz?.1 :ilcohol in 200 nil. 
of dry pyridine was added slowly during 15 niin. Xvith stirring 
and cooling 22.7 g. (0.145 mole) of phenyl chloroforniate. After 
stirring overnight at room temperature the solution was filtered 
froni pyridine hydrochloride and added slowly during 30 rnin. t~ 
200 nil. of liquid ammonia. The mixture \vas allowed to reflux 
under a Dry Ice-cooled condenser for 7 hr. and then the ammoni:i 
was allowed t o  evaporate. The pyridine was distilled under 
reduced pressure arid the residue w:is inixed with water and 
extrarted well with et,her. The ether solution was washed with 
cold lo%, hydrochloric acid, water, cold sodium hydroxide, 
then to neutrality with water, and dried over sodium sulfate. 
Filtration and removal of the ether gave 21.1 g. of light yellow 
crystalline solid which vias recrystallizecl from 73 nil. of ethj-l 
acetate, giving 12.7 g. of white crystals, n1.p. 92-94". This was 
recrystallized from 2-propanol, yielding 11 .5 g. (3555)  of white 
crystals, m.p. 117-110°. 

A n a l .  C'alcd. fur CIIH1sSOs: c', 54.76; I-T, 0.27; 5 ,  5.81. 
Fnund: C ,  55.06; H, 6.40; S,  5.74.  

A light tan solid precipitated. 

(26) This n.rr1.r. spectrum x a s  determined in deuterated ciiloroforni solu- 
tion with a Varian DP-60 spectrometer. 

1-(3,4,5-Trimethoxyphenyl)ethanol carbamate (56) ' I~ ILS pre- 
pared in a similar way from 30.8 g. (0.146 nicile) of 1-(:{,4,>-tri- 

Removal of the ether gitve X . 2  p. 
Two recrystal1iz:ttirrns from 2-prop:inol yii~ltlcd 

. l n / / l .  C'ald. for ClZHIiISOS: c', 56.4fi; 1-1, 6 . i l :  1, G . i ! t ;  
0,  31.34. 
3',4',5'-Triethoxyacetophenone (35).--A rnixturc, of 5 0  g. 

(0.1 niole ) of 3,1,T,-triethoxybenzoic. arid, 125 nil. of hcnzrnc,, :ind 
22 ml. i0.3 mole) of thionyl chloride was hrated under r d i i s  for 
2,.i lir. Thr, solvmt \vas removed under reduced pressure iind 

frenzene \vas :itl(led :inti removed, 1e:iving m i d r  :tcaid chloricle. 
1 )inietliylc~:idmiii~ii mixture was prepared from 7.3  p: (0.3 g.-atoni) 
of rtiagnesiuni, 31.4 K .  (0.33 niok) of nietkiyl broniide, 550 1111. { I f  

:tbsoliite ether, :ind 55 p. (0.8 mole) of c:tdrriiurii c~hl~~ritlc~. Thi, 
ether \viis distillrd iinder reducwi pressure :inti 200 nil .  of tlrj 
tienzene was added. Then the above :icaid chloride in 200 rnl. o f  
benzene was slirxly :tdded with vigorous stirring and thr nlistiirv 
w;is refluxed flJr 2.5 lir. A solution of 50 g. of aniri~c~niurri c*hli~ritic 
in 300 inl. of w t e r  was added slon-13.. The nque i ius  1rryr.r \vas 
extracted with ether :tnd the combined benzene and e t h r ~ r  suliitioii 
was washed with water, cold 5::, aqueous strdiuni hydri~xidc. 
miter> saturated sodium chloride, and dried over sodiun~ sulfait-. 
.ilter filtration :iiid reinov:il of the solvent the prciduc~ ~ m s  (lis- 

.33 p. of solid, n1.p. 3+5ho.  
of ht~xanr~, yic3ldinp 2:).24 g. 

nyljethanoLY7 

i )  of wh%esolid, 1n.p. 121--122'. 
solid. 

Found: C, 56.09; H, 6.69; S, 5.67; 0, ;<1.2!?. 

Found: c', CiB.!)S: €1, 
3,4,5-Trimethoxyb one (51) and 4-Hydroxy-3,5-di- 

methoxybenzophenone (50).28-The reaction of 252.3 g. ( 1.067 
moles) of 3.4,:i-trirnet hoxyhenzoj.1 c~hl(iride with diphenylcad- 
niiiini [from 48.6 g. ( 2  g.-atom) trf niagnesium, 215 nil. (2.05 nioles) 
of broniobenzcne, :ind 48.6 g. ( 2  nioles) of cadmium chloride] 

ally as described by Koelscli and Flesch. 
) of 3,1,:i-~riiiietIiosyt~enzciphenone, 111.1). 

( I of 4-h~droxy-8,3-diriiethoxy~~enei~phe- 
none, ri1.p. 122-123.<'Ji, were ohtnined. lioelsch and Flescahg 
:ind Klenini, ct  nl.,?g indirated tIoul)t  about th r  position of t h o  
hytlrrrsyl group in t h e  hitter c~~nipound. We established this :LS 
the t-plrsitiiin by n.in.r.~6 which s h o w  the hydrogens of thc Tin- 
su1)stituted phenyl ring :IS a niriltiplet centered :tt 441; v.p.s., t he  
ortho 1ij.drogrns on tlie substitutrd ring as ii singlet at, 423, thc 
pWC7 phenolio hydro as a brimd :ilxwrption :it :376, antl tlit: 
nlethllx~l h j  drlJprna 
tetramet hylsilanc.. 
3,4,5-Trimethoxybenzhydrol (65) and 4-Hydroxy-3,5-dimeth- 

oxybenzhydrol (64).21---L4n ether solution of 157.2 g. 10.28 
3,4,8-trirnethoz~-henzophenonr~ \vi18 
mole) of  lithiurn :ilurninuni hytlridc 
er reflux for 2 hr. 171 nil. of Pthyl 

acetate was added slowly followed cautinusly hy ice-water. 'I'he 
mixture was avidified with hydrochloric acid. The ether soluticrn 
was Tvashed Lvith sodium bicarbonate, then with water, antl 
cwlrentrateti, \luc.li of  tht: 3 ,1 , .~- t r in ie t I ios j - l~~~nzl i~-~l r i~ l  sep- 
:irattd :it tliis point ;ind was collectml as 75.4 p. of white solid 
h:iviIig ii negativc ferric, chloride test, ni,p. 107--1 10". Fiirthcr 
( , , r i i [ , ~ , i i t r ~ i t j ~ , i i  of tho vther solution gave ;W.l p. o f  y(-llow t;irlid 
w i t h  a positivc tc'st with fcrrir c.hloride. This v a s  tfisscilvcd i n  
~~hlorofurni, c.str:icatctl viith 5'; nclncous sotliuni hjdroxitit~, 
washed with water, dried over magnesium sulfate, filtered, :mtl 
evapor:itetl. Trit tiration with et)her yielded :in ~itlditii~nnl 14.5 
g. of : ; .4 . . i - t r i i i ic~th~jsy~~erizh~(irol ,  in.p. 1 1:1-11-Io; toI:tl >,ield 

rli ial .  ( ' n l ( d .  for  ('16H180.:: ( I ,  70.05; H> 6.61. I<'uunti: c;, 
60.9;3: H, 6.67. 

;2cidificyition of tlie above sodiuni Iiydrc~side extract  g:tv(' :t 

solid which MXS cxrystallized t1vic.e froni ethanol: j.ic4ti of 1- 
liydrosy-8,5-di1r1etI1~rxj~~~cn~hydr~il~ 4.8 g. ( 3 . 2 5 ; ) ,  111.1) .  134- 
13,5". It is not vlear ~vliether this resulted from some -I-hydrosj-- 
3, .5-t l irnethoxyberi~[j~h~~n(~ne in the starting material (see above) 
or m-hether further demethylation occurred during the rewtion 
xvith lithium nluniinuni hydride. 

:1nal. Calcd. for C, 69.21; H, 6.20; 24.59. 

singlet :it 3 0  c..p.s. relntivc t c i  intornul 

: - I  ' r l l  ( I  

Follnd: c, 60.49: N, 
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4-Allyloxy-3,5-dimethoxybenzoic Acid.-To 75.8 g. (0.38 mole) 
of syringic acid in 500 ml. of methanol was added in portions 
alternately during 3 hr. with stirring under reflux 172.1 g. 
(1.42 moles) of allyl bromide and 250.3 g. (1.14 moles) of 25y0 
methanolic sodium methoxide. After refluxing for 3 hr. more, 
most of the solvent was distilled under reduced pressure and 142 
ml. of methanol and 142.5 ml. of 20y0 aqueous sodium hydroxide 
were added. After refluxing for 2 hr. part of the solvent was 
distilled, water was added, and the mixture was extracted twice 
with ether. The aqueous solution was acidified with hydrochloric 
acid and the resulting solid was collected, washed with water, 
and dried, giving 77.6 g. (86%) of white solid, m.p. 114-117'. 
Recrystallization from aqueous ethanol yielded 69.2 g. of white 
crystals, m.p. 115.5-117'. 

Anal. Calcd. for C12H1306: C, 60.50; H, 5.92. Found: C, 
60.41; H, 5.91. 

4'-Allyloxy-3',5 -dimethoxyacetophenone [36).-A mixture of 
39.4 g. (0.165 mole) of 4-allyloxy-3,5-dimethoxybenzoic acid, 200 
ml. of benzene, and 20 ml. (0.28 mole) of thionyl chloride was 
heated under reflux for 3 hr. The solvent was distilled under 
reduced pressure, more benzene was added and distilled, leaving 
the crude acid chloride as a light yellow gum. 

Dimethylcadmium was prepared from 5.2 g. (0.214 g.-atom) of 
magnesium, 22.4 g. (0.236 mole) of methyl bromide, 420 ml. of 
absolute ether, and 39.2 g. (0.214 mole) of cadmium chloride. 
The ether was distilled under reduced pressure and 150 ml. of 
dry benzene was added. To this was added with rapid stirring 
the above acid chloride in 200 ml. of benzene and the mixture was 
refluxed for 3 hr. A solution of 36 g. of ammonium chloride in 
220 ml. of water was added slowly and the aqueous layer was ex- 
tracted with ether and the benzene. The extracts were washed 
with water, aqueous sodium hydroxide, water, saturated sodium 
chloride, and dried over sodium sulfate. After filtration and 
removal of the solvent the product was distilled, giving 15.2 g. 
(39%) of solid, m.p. 50-57". Recrystallization from hexane, 
methylcyclohexane, and twice from aqueous ethanol furnished 
6.0 g. of white crystals, m.p. 60-62". 

Anal. Calcd. for C13H160~ C, 66.08; H, 6.83; 0, 27.09. 
Found: C,66.14; H,6.88; 0,27.45. 
2',4',5'-Trimethoxybutyrophenone (41).10-To 39.2 g. (0.2 

mole) of 2',4',5'-trihydroxybutyrophenone and 250 ml. of meth- 
anol was added in portions alternately during 3 hr. with stirrinq 
under reflux 186 ml. (2  moles) of dimethyl sulfate and a solution 
of 120 g. (3 moles) of sodium hydroxide in 200 ml. of water. 
After refluxing for 1.5 hr. more, the mixture was diluted with 
ice-water and most of the methanol was distilled under reduced 
pressure. It was then extracted with ether and the ether solution 
was washed with aqueous sodium hydroxide, then with water, and 
dried over sodium sulfate. Filtration and removal of the solvent 
gave 44.1 g. of yellow crystals, m.p. 70-75'. This was recrystal- 
lized from methylcyclohexane, yielding 39.65 g. (83.4%) of white 
crystals, m.p. 78.540". 

9naZ. Calcd. for C13H1801: C, 65.53; H, 7.61. Found: C, 
65.46; H, 7.30. 

Z'-Hydroxy-Q',5'-dirnethoxybutyrophenone (40).11-A mixture 
of 78.5 g. (0.4 mole) of 2',4',5'-trihydroxybutyrophenone, 276 g. 
(2  moles) oi' potassium carbonate, 189 g. (1.5 moles) of dimethyl 
sulfate, and 1 1. of dry benzene was heated with stirring under 
reflux for 15.5 hr. The mixture was diluted with water and 
acidified with hydrochloric acid. The benzene laver was washed 
with water and extracted with aqueous sodium hydroxide. Acid- 
ification of the basic solutions gave 57 g. of phenolic material melt- 
ing too high for the desired compound. The benzene solution 
was concentrated to yield 26.6 g. of light yellow solid, m.p. 
68.5-75". This was recrystallized from methanol and then from 
heptane, giving 22.0 g. of white crystals, m.p. 77-78'. Amixture 
melting point with 2',4',5'-trimethoxybutyrophenone gave a 
depression (57-71 "). Although the infrared spectrum does not 
show the OH group, this is not surprising since the group is highly 
bonded. The n.m.r.26 clearly supports the proposed structure. 
It shows the phenolic hydrogen as a sharp singlet at 760 c.P.s., 
the aromatic hydrogen as 2 singlets a t  422 and 383, the methoxyl 
hydrogens as 2 singlets a t  233 and 231, and the hydrogens of the 
butyryl side chain as a triplet centered a t  172, a sextuplet cen- 
tered a t  106, and a triplet centered a t  219 C.P.S. relative to  
internal tetramethylsilane. 

Anal. Calcd. for C12H1604: C, 64.27; H, 7.19; 0, 28.54. 
Found: C,64.37; H,7.24; 0, 27.26. 
4'-Acetoxy-3'-iodo-5'-methoxyacetophenone.-A solution of 

7.3 g. (0.025 mole) of 5-iodoacetovanillone30 and 20 g. of potas- 

sium acetate in 100 ml. of acetic acid and 20 ml. of acetic anhy- 
dride was heated under reflux for 18 hr. Dilution with water 
gave 6.8 g. of the acetylated material, which, after recrystalliza- 
tion from ethanol and then from acetic anhydride, had m.p. 
144-145.5'. This was identical with material prepared by 
acetylation of 5-iodoacetovanillone with acetic anhydride and a 
trace of sulfuric acid. 

Anal. Calcd. for CllHIJOa: C, 39.54; H, 3.32; I, 37.98. 
Found: C, 39.65; H, 3.75; I, 37.56. 

3',4'-Methylenedioxy-5'-methoxyacetophenone (37).-A mix- 
ture of 18.2 g. (0.1 mole) of 3',4'-dihydroxyd'-methoxyaceto- 
phenone,al 69.0 g. (0.5 mole) of potassium carbonate, 107.2 g. 
(0.4 mole) of methylene iodide, and 300 ml. of acetone waa heated 
under reflux with stirring for 2 days. The mixture wm filtered 
and the solid was extracted well with acetone. The acetone 
solution was concentrated nearly to  dryness to a tan solid. This 
was extracted with ether and the ether solution was washed with 
cold aqueous sodium hydroxide. After washing with water and 
saturated sodium chloride, the ether solution was dried over 
sodium sulfate, filtered, and evaporated. The crystalline residue 
was washed with water and pentane, and dried, yielding 9.5 g. 
(48.5%) of solid, m.p. 82.5-83.5'. This was recrystallized from 
85 ml. of 2-propanol, yielding 8.1 g. of white crystals, m.p. 82.5- 
83.5'. 

Anal. Calcd. for CloHioOl: C, 61.85; H, 5.19; 0, 32.96. 
Found: C, 61.91; H,4.99; 0,32.56. 
2-( Methylamino)-2',3',4'-trimethoxyacetophenone Hydrochlo- 

ride,-This was prepared in 357" yield as described by Noed and 
Asscher,32 m.p. 182-183.5' dec. These authors reported no 
melting point. 

Calcd. for C12H18ClN04: C, 52.27; H, 6.58; C1, 12.86; 
N. 5.08: 0. 23.21. Found: C, 51.90; H, 6.50; C1, 12.75; N, 

And. 

4.83; 0; 22.'60. 
3,4,5-Trimethoxybenzaldehyde 0-Carboxymethyl Oxime (49). 

-A mixture of 19.6 g. (0.1 mole) of 3,4,5-trimethoxybenzd- 
dehyde, 10.9 g. (0.1 mole) of aminoxyacetic acid hemihydrochlo- 
ride, 4.1 g. (0.05 mole) of sodium acetate, 100 ml. of ethanol, and 
50 ml. of water was kept a t  room temperature for several days 
and evaporated to  dryness under reduced pressure. The gummy 
residue was dissolved in benzene, filtered, diluted with hexane, 
and cooled, giving 20.2 g. of white solid, m.p. 9&92". This was 
recrystallized from benzene-hexane, giving 18.13 g. (70.5%) of 
white crystals, m.p. 100-103". 

Anal. Calcd. for C12Hi5NOe: C, 53.53; H, 5.63; N, 5.20. 
Found: C, 53.59; H, 5.59; N, 5.17. 

Syringaldehyde Oxime (46).-A mixture of 18.2 g. (0.1 mole) 
of syringaldehyde, 7.65 g. (0.11 mole) of hydroxylamine hydro- 
chloride, 75 ml. of ethanol, and 24 ml. (0.12 mole) of 20% aqueous 
sodium hydroxide was heated under reflux for 2 hr. Most of the 
ethanol was distilled under reduced pressure and water was 
added, giving 16.6 g. (84.5y0) of white cottony crystals, m.p. 
125-127'. This was recrystallized from 100 ml. of ethyl acetate 
giving 11.42 g. of white needles, m.p. 126-127'. 

Anal. Calcd. for C9HnN04: C, 54.82; H, 5.62; K, 7.10. 
Found: C, 54.46; H, 5.57; N, 7.15. 

The material listed as this compound in Chemical Abst7acts33 
(m.p. 91 ") is actually 3,5-dimethoxy-4-ethoxybenzaldoxime as is 
clear in the original article.a4 

Syringaldehyde 0-Carboxymethyl Oxime (47).-A mixture of 
18.2 g. (0.1 mole) of syringaldehyde, 10.9 g. (0.1 mole) of aminoxy- 
acetic acid hemihydrochloride, 4.1 g. (0.05 mole) of sodium 
acetate, 130 ml. of ethanol, and 50 ml. of water was allowed to 
stand for several hours and was evaporated to  dryness under 
reduced pressure, giving a solid, m.p. 140-143". This was 
recrystallized from 175 ml. of water, yielding 22.0 g. (867&) of 
white crystals, m.p. 146147.5'. 

Anal. Calcd. for C11HlaNO8: C, 51.76; H, 5.13; X, 5.49. 
Found: C, 51.44; H, 4.95; N, 5.41. 
3,4.Dihydroxy-5-methoxybenzaldoxime (44).-A mixture of 

80.8 g. (0.48 mole) of 3,4-dihydroxy-5-methoxybenzaldehyde, 

(30) L. W. Crawford, E. 0. Eaton, and J. M. Pepper. Can. J. Chem., 34, 
1562 (1956). 
(31) S. K. Banerjee, M. Manolopulo, and J. M. Pepper, ibid., 40, 2175 

(1962). 
(32) H. D. Moed and M. Assoher, U. S. Patent 2,683,743 (1954). 
(33) Chem. Ab&., 39, 5250 (1945). 
(34) R. H. F. Manske, A.  E. Ledingham, and E. L. Holmes, Can. J .  Res., 

NB, 100 (1945). 



.+0.4 g. (0.5s mole) of hydro la,rnine hydrorhloricle, 100 mi. ( t i  
ethanol, and 200 nil. o f  20 aqueous sotliuni hyiroside wts 
heated under reflux fur 4 hr. Must, of the etlisn0l M:LS tlistilletl 
under reduced pressure, water was added, arid the niisturr \vas 
acidified with hydrochloric acid. The solid was cwllected, giving 
67.5 g. of material, n1.p. 140-143’. This w>ts revrystallizetl 
several tirnes from ethyl acetate and twice from water, yielding 
49.4 g. (56%) of crystals, m.p. 153” dec. 

-4nal. Calcd. for CaH9N04: C, 52.46; H, 4.95; X: i .65 .  
Found: C, 52.65; H, 4.89; N, 7.67. 
3,4-Diacetoxy-5-methoxybenzonitrile.-A mixture oi 89.5 g. 

(0.218 mole) of 3,4-dihydroxy-5-methoxybenzaldoxinie and 7 5  g. 
of acetic anhydride waa heated until a vigorous reaction started. 
After the reaction subsided the mixture was again heated under 
reflux with stirring for 1 hr. The dark mixture was poiired into 
ire--water, giving a dark solid, wt,. 44.5 g. A sample was re- 

. .  

( rvstdlizeti iron1 r3tlianol with the :lid of T ) ~ ~ P [ I ,  giving crj s td \ ,  
111 1). 1 IO .i I?1° 

Fiiilritl: C ’ .  57 h2.  H, 4.05; N, 5.80. 
I ! / U /  C ( J I C ( 1  l o r  (*J1,lso$: C’, 57 t1 ,  I 45 A ’  5 0 2  
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Antitumor Activity and Structural Relationships of Purine Derivatives and 
Related Compounds against Neoplasms in Experimental Animals 

A study of the various purines exhibiting antitumor activity has been made with special attention given to  
those compounds prepared in the author’s laboratory over the past ten years. The antitumor activity of a num- 
ber of purines is presented for the first time. Previously noted structure-activity relationships have been dis- 
cussed and extended in view of possible binding sites 011 the purine molecule. Certain biochemical studies on 
the mode of action of the purines and purine analogs have been reviewed and several suggestions made for future 
synthetic work. Greater spec-ificity of drug acation nnd further l~iochernical studies on mechanisms of inhibition 
are needed. 

The limited but encouraging success of certain simple 
purine derivatives and related compounds in the 
cliiiicza-d against neoplastic diseases in man has stim- 
ulated the synthesis arid study of a considerable iiuni- 
her of pot’ential purine antagonist’s in recent years. 
In our own laboratory over the past ten-year period 
approximately 1300 compounds (puriiies or related 
derivatives) have been prepared and evaluated uiider 
the auspices of the Cancer Chemotherapy Kational 
Service Centerze against various induced rodelit tumors. 
It is nom quite possible to classify most of the active 
compounds in various groups and to make certain geii- 
era1 statements concerning structure and anhitumor 
activity. In  most instances preliminary screening 
mas accomplished against Adenocarcinoma 755 since 
this tumor has been shown to be especially sensitive to 
inhibition by purines. Adenocarcinoma 755 had 
earlier proved to  be especially useful in the evaluation 
of structure-activity relationships of certain 4amino- 
pyrazolo [3,4-d]pyrimidines shown to possess antitumor 
activity in experimental mice. Several previous 
stiidies of the antitumor activity of certain purine de- 

(1) The author gratefully acknowledges financial support  from American 
(‘ancer Society Grant No .  T-181B during the course of siinitt~nrizing the 
da ta  for this manuscript. 

(2) (a) R. E. Ellison and J. H. Burchenal. CIin. Pharmacol. Therap., 1, 631 
(1960); (b) R. &I. Whittington, 8. L. Rivers, R. T. Doyle, and 11. Iiodlin, 
C a n w r  Chemof/ierap~/ Rept . ,  18, 78 11962); (c) .T. H. Burchenal and R. R. 
Ellisun, C l i n .  I’harmarol. Therap., 2, 523 (1961): (d) G .  H. Hitoliings and 
C .  1’. Rhoads, .4nn. N .  Y. Acad. Sei . ,  60, 183 (1954); (e) The synthetic ef- 
fort iiuring this period was supported in parr by Contract 8.\-4R-pIi-1928 
nitii the Cancer Chemotherapy National Swvice Center, Kationnl Insti- 
tutes of Health. 

(3) 13. E. Skipper, J. -4. Montgomery. J. R. Tl~omson,  and 17. 12. Schalic4, 
J r , ,  Cancer Res.. 19, 425 (1959); ibid. (supplement), 19, part, 2, 28i (l%Xl). 

(4) 11. E. Skipper, It .  Ti. Robins, .J. R. ‘I’homson, ( 1 .  Cy. (‘lirng R .  \\ 
I(rockrnaii. and 17. hl.  Srhabel, dr.,  iCid., 17, 57!1 (19.77). 

rivatives against this tumor have already appeared3J-’ 
and mill be referred to often in the present report. It1 
addition various structural derivatives of G-purine- 
thiol hare been evaluated against Sarcoma 180 in mire.$ 
Although there is certainly grave danger in extrapolat- 
ing antitumor activity and structural relationships 
from oiie tumor to another, certain useful comparisoiis 
vaii he made. 111 the present work attention will be 
focused on futictional group changes on the purine ring. 
The antiturnor activity of purine nucleosides will only be 
referred to iii tlie sense that r~ribose may be considered 
a !?-snbstituPiit. The antitumor activity of the var- 
ious purine nucleoside-type antibiotics and active 
compounds prepared by changes in the carbohydrate 
moiety are beyond the scope of the present study. 

I’rom the point of view of the organic chemist the 
synthetic program was begun with the following goals. 
(1) Beginning with a lead “active” purine it was pro- 
posed to prepare a series of structurally related purines 
which could be evaluated to determine the maximum 
therapeutic index in experimental animals and therefore 
contribute to the careful selection of the most desirable 
derivative in a series for clinical investigation. (2) 
T t  was hoped to provide new purine derivatives which 
would exhibit antitumor action via different biochem- 
ical mechanisms. This would provide a powerful tool 
to  combat the resistance often observed after prolonged 

( 3 )  .I. A. Alontgoiliery, ib id . ,  19, 447 (1959). 
( 0 )  F. M. Scliabcl. J r . ,  J. .2. 1Iontgoniery, 11. E. Skipper, FV. it. Laster, 

( 7 )  ,J. A. lIontgomery, ’I?. P. Johnston, A .  Gallagher, C. R. Stringfellmv, 

( 8 )  I ) .  A.  Clarke. C .  €3. Elion, G. If. Hitciiings, and V.  C .  Stock. C‘arrrri 

, I r . ,  and J. R. Thoinson, ib id . ,  21, 690 (1961). 
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