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from manganese dioxide, and the filtrate was washed with ether 
and acidified with dilute hydrochloric acid. The precipitate ob- 
tained was filtered and recrystallized from aqueous ethanol. 
Colorless plates, m.p. 197-198". Yield, in the oxidation, 0.28 g. 
(19%). 

Anal. Calcd. for Cl;H1404: C, 69.75; H, 5.46. Found: C, 
70.03; H, 5.73. 

Diethyl Acetamido-~2-~hen~lveratr~l)-malonate.-To a stirred 
solution-of 0.4 g. (17.5 mmoles) of sddium in 40 ml. of absolute 
ethanol were added 3.8 g. (17.5 mmoles) of diethyl acetamido- 
malonate and crude 2-phenylveratryl chloride [prepared from 5.35 
g. (2.5 mmoles'i of 3-phenj lveratrole]. Bfter 9 hr. of refluxing and 
stirring, the precipitated sodium chloride was filtered and the 
filtrate evaporated under reduced pressure. The residue was 
dissolved in ether and the ether solution was washed with water, 
dried, and evaporated. The oily residue solidified on trituration 
with ligroin. The crystals were filtered and recrjstallized from 
aqueous ethanol. Colorless needles, m.p. 128.5-129.5"; yield, 
2.17 g. (397, based on diethyl acetamidomalonate). 

Anal. Calcd. for C24H2sN07: C, 64.99; H ,  6 59. Found: C, 
65.60; H, 6.60. 
~~-~-[(2-Phenyl-3,4-dimethoxy)phenyl]-cr-alanine.-A solu- 

tion of I g. (2.26 mmoles) of diethyl acetamido-(2-phenylveratryl)- 
malonate in 2.5 ml. of glacial acetic acid and 4 ml. of 37'36 hydro- 
rhloric acid was heated at 95' for 6 hr. The mixture was evap- 
orated under reduced pressure and the residue treated with dry 
acetone. The resulting crystals were filtered and recrystallized 
from a mixture of a h l u t e  ethanol and ethyl acetate. The color- 
less leaflets of D L - ~ - [ (  2-pheny1-3,4-dimethoxy)phenyl]-ol-alanine 
hydrochloride (0 25 g., 33%) melted at  227-228" dec. (evacuated 
capillary). 

Anal. Calcd. for C1,HI9NO4.HC1: C, 60.44; H ,  5.96. Found: 
C, 60.03; H, 5.75. 

~~-B-1~2-PhenvI-3.4-dih~drox~~uhenvll-~-alanine.-A solu- .~ . I  - . ,_ ~ , 

tion of 10 g. (0.023 mole) of diethyl acetamido-(2-phenylveratryl) 
malonate in 47 ml. of redistilled 47% hydrobromic acid containing 
a trace of sodium hypophosphite was refluxed for 7 hr. while 
nitrogen was bubbled through. The solution was evaporated 
under reduced pressure at  90". The residue was dissolved in a 
small amount of water rontaining a trace of sodium bisulfite and 
the amino acid was liberated by adjusting t o  pH 5-6 with a 
saturated solution of potassium carbonate. After standing for 
several days, the material crptallized. It was recrystallized 
from water containing a trace of sulfur dioxide. Colorless 
matted needles, m.p. 178-182" dec.; yield, 3.5 g. (577,). 

Anal. Calcd. €or C1jHljNO4: C, 65.92; H, 5.53; X, 5.12. 
Found: C,65.92; H,5.83; S,5 .19 .  
2-Amino-3,4-dimethoxybenzophenone.-A solution of phenyl- 

magnesium bromide [from 12.4 g. (7.9 mmoles) of bromohen- 
zene] in 200 ml. of anhydrous ether was added, under a nitrogen 
atmosphere, over a 30-min. period, to a stirred ice-cold suspen- 
sion of 17.46 g. (7.9 mmoles) of 7,8-dimethoxy-2-methy1-4H- 
3,1-benzoxaz-4-onelo in 200 ml. of anhydrous benzene. The 
mixture was stirred for another 7 hr. at  26" and t.hen hydrolyzed 
with dilute hydrochloric acid. After removal of the solvent by 
st,eam distillation, the solid residue was filtered, washed wit,h 
water, and refluxed for 3 hr. in 100 ml. of ethanol and 20 ml. of 
roncentrated hydrochloric acid. The mixture was treated v i th  
charcoal, made animoniacal, and diluted with 300 ml. of water. 
The resulting solid was taken rip in ether, washed with water, 
:md the ether was removed. The solid residue was recrystallized 
from dilute ethanol. The pale yellow leaflet,s of m.p. 112-112.5" 
weighed 6.8 g. (34%). 

Anal. Calcd. for Cl5HljXO,: C, 70.02; H, 5.87. Found: 
C, 69.73; H, 5.70. 

The 2,4-dinitrophenylhydrazone, red needles from ethanol-ethyl 
acetate, melted at  222.5224' dec. (uncor.). 

A n a l .  Calcd. for C21H10S506: C, 57.66; H, 4.37; N, 16.01. 
Found: C,5i.65; H,4.21; N,  16.75. 

3,4-Dimethoxy-9-fluorenone. A.-From 2-Phenylveratric 
Acid.-A mixture of 1.53 g. (5.9 mmoles) of 2-phenylveratric 
acid and 5 nil. of thionyl chloride was refluxed for 30 min., excess 
thionyl rhloride was removed tinder reduced pressure, and the 
residual oil dissolved in 75 ml. of ether. After washing with 10% 
sodium hydroxide solution and water, the ether solution was dried 
and evaporated. Recrystallization of the residue from meth- 
anol gave 0.42 g. (30%) of yellow needles, m.p. 145.5'. 

Anal. Calcd. for CljH1204: C, 74.98; H, 5.03. Found: C, 
75.04; H, 5.16. 
B. From 2-Amino-3,4-dimethoxybenzophenone.-A solution 

of 1 g. (3.9 mmoles) of 2-amino-3,4-dimethoxybenzophenone in 
3.5 ml. of 98% sulfuric acid and 6.4 ml. of water was cooled to  
-5" to  0" and diazotized with a solution of 0.27 g. (3.9 mmoles) 
of sodium nitrite in a few drops of water. After heating on a 
steam bath for 2.5 hr., the mixttlre was cooled, diluted with 30 
ml. of water, and extracted with ether. The ether extract was 
washed, dried, and worked up. The solid residue wtts chroma- 
tographed on aluminum oxide, eluted with benzene, and re- 
crystallized from methanol. A small yield of yellow needles 
m-as obtained, m.p. 145.5-146', undepressed by admixture with a 
sample obtained by method A. 

The 2,4-dinitrophenylhydrazone consisted of red needles (from 
nitrobenzene), m.p. 290-292" dec. 

Anal. Calcd. for C21H1BN40g: C, 59.99; H, 3.83; X, 13.32. 
Found: C, 60.13; H, 3.86; N, 13.64. 
2,3-DimethoxydiphenyImethane.-A solution of 112 g. of 2,3- 

dimethoxybenzhydrol13 in 260 ml. of concentrated hydrochloric 
acid was refluxed for 8 hr., cooled, poured into ice-water, and ex- 
tracted three times with chloroform. The extracts were washed 
with an ice-cold 5% solution of sodium bicarbonate, dried over 
magnesium sulfate, and evaporated under vacuum. The yellow 
oily residue was treated with charcoal in dry benzene in the cold 
overnight and recovered by filtration and vacuum evaporation 
of the solvent. The infrared apectrum showed a band a t  680 
cm.-'  (C-C1) hut no 0-H stretching band. The oil was hy- 
drogenated (105; Pd /C)  in ethyl acetate solution a t  3.09 kg./cm.2 
pressure (1 hr.). The filtered solution was fractionated; the 
colorless distillate (74 4 g., 66%) had b.p. 121' (0.25 mm.), 

Anal. Calcd. for GH1602: C, 78.92; H, 7.07. Found: C, 
78.35; H, 7.02. 

2-Benzylveratric Acid.-A mixture of 20 g. of 2,3-dimethoxy- 
diphenylmethane, 14 g. of monochloromethyl ether, and 70 ml. of 
glacial acetic acid was stirred at  50-55" for 24 hr., poured into 300 
ml. of ice-water, and extracted with chloroform. The extracts 
were washed with ice-cold 107' sodium carbonate solution, dried 
over magnesium sulfate, and evaporated. The oily 2-benzyl- 
veratryl chloride, b.p. 154' (0.3 mm.), weighed 17.5 g. (727 , )  
but was too unstable to be purified further. 

By refluxing 2 g. of 2-benzylveratryl chloride with 50 ml. of 
10yc aqueous sodium hydroxide solution for 1 hr., a solid 2- 
benzylveratryl alcohol was obtained. It was filtered from the 
cooled mixture and oxidized in 100 ml. of refluxing chloroform 
with 10 g. of manganese dioxide for 24 hr. The manganese 
dioxide was filtered off and the chloroform evaporated. The 
infrared spectrum of the residual oil shoned an aldehyde peak, 
and therefore the oil was oxidized further with a 3% potassium 
permanganate solution. The mixture was filtered, and the car- 
boxylic acid was obtained on acidification of the filtrate. It was 
recrj stallized from aqueous ethanol; colorless crystals (0.5 g.), 
m.p. 146-148". 

-4nal. Calcd. for CI6Hl6O4: C, 70.57; H, 5.92. Found: 
C, 70.42; H, 5.99. 

2-Benzoylveratric acid.-By prolonging the permanganate 
oxidation just described, the keto acid, m.p. 188-190" (from 
aqueous ethanol) was obtained as fine colorless needles. 

l n a l .  Calcd. for ClbH1406: C, 67.13; H, 4.93. Found: C, 
67.56; H, 5.07. 

Z-Methylalizarin.-A mixture of 200 mg. of 2-benzoylveratric 
acid and 5 ml. of concentrated sulfuric acid containing 8% of 
sulfur trioxide and 10% of boric acid was heated a t  90" for 10 min. 
The solution turned dark red immediately. It was poured into 
ice, and the precipitated yellowish material was filtered and re- 
crystallized from ethanol. The orange needles (40 mg. j melted 
at  230-231"; this n1.p. was not depressed by admixture with an 
authentic sample prepared from alizarin.I4 

Anal. Calcd. for C1hHloOa: C, 70.86; H, 3.96. Found: C ,  
70.69; H, 3.94. 

Diethyl Acetarnido-( 2-benzylveratryl)-malonate.-2-Benzylver- 
atryl chloride (5.54 g., 0.02 mole) was added to  a stirred solution 
of 0.46 g. (0.02 mole) of sodium in 45 ml. of absolute ethanol. 
Then 4.34 g. (0.02 mole) of diethyl acetamidomalonate was added 
and the mixture stirred and refluxed for 24 hr. The solution was 
filtered from sodium chloride and the filtrate evaporated under 
reduced pressure. The oily residue solidified on treatment with 
petroleum ether. It was recrystallized from aqueous ethanol; 
the colorless crystals (5.58 g., 61%) had m.p. 111-112.5°. 

Anal. Calcd. for C2~HdS07: C, 65.63; H, 6.83. Found: C, 
65.46; HI 6.59. 
DL+ I( 2-Benzyl-3,4-dihydroxy)phenyl) ] - a-alanine. -A mix- 

f fZ4D 1.5693. 



Communications to the Editor, 

The Tumor-Enhancing and Irritant Principles 
from Croton tiglium L .  

S i r :  
Croton oil is obtained from Croton tiyliuin I,. (Euphor- 

hiaceae) by pressing of the seed and has long been 
known for its vesicant, toxic, and purgative activity.' 
In 1941 Berenblum2 showed that this material is also a 
potent tumor-enhancing agent, i.e., it stimulates the 
appearance and rapid growth of tumors on mouse epi- 
dermis pretreated with a minute dose of a carcinogenic 
hydrocarbon. At the low concentration used the 
hydrocarbon, when applied alone, is inactive and crotoin 
oil it8self is not carcinogenic. This unique activity of 
croton oil has important iniplicat'ions in st,udies of 
caiicer causation and many attempts have been made 
to isolate and determine the structure of the active 
~omponents.1.3-~ Tumor-enhancing agent,s of knonn 
chemical constitut,ion are all much less active tliaii 
croton 

The present report deals with the isolation of tn-o 
active materials and the structure elucidation of a pur? 
crystalline material obtained by catalytic hydrogeiia- 
tion of a biologically actire fraction of croton seed 
ex tract. 

The shelled seed of Croton tiglium L. was extracted 
with methyl alcohol to  give a 417', yield of ail oily 
extract. The vesicant fraction of the extract, croton 
resin (I), was prepared by solvent partition between 
aqueous methyl alcohol (1 :9) and hexane.' This polar 
mixture of compounds (3% of whole extract') has shon.11 
potent tumor-enhancing activity2 and it, was therefore 
chosen for further chemical studies and biological 
assay. Thin layer chromatography of I on silica gel 
showed the presence of at least 14 components. Col- 
linin chromatography of I on acid-washed florid gare 
an amorphous solid (11, 1.0% of whole extract). Both 
I and I1 showed a pronounced increase in tumor-eii- 
liaricing activity compared to that of t,he whole croton 
seed extract or comnlercial croton T h i n  layer 
chromatography of I1 showed t'he presence of four 
components (A, B, C, and 11). This material ivas 
further fractionated by countercurrent distribution and 
thin layer chronlatography to give two biologically 
active amorphous mat,erials, A and C, which showed 

( I )  IC. Clierhnliea, I?. Ehninger, and R. &ernhard, l l p 1 1 , .  Chim. d d u ,  16, 

(2)  I .  Berenblu~n. Brit. J .  Canre?, 1, 41 (liJ41). 
(3)  N. I.. Drake and J. R. Spies, J .  A m .  Chem. Sor. ,  6'7, 184 !1933). 
14)  W. S. Lijinsky, Biochem. J. ,  70,  5P (1958). 
(3) E. Hecker. Angeu,. Chem. Intern. E d .  E n g i . ,  1, 602 (1962). 
(6) R. K. Boutwell and D. K. Bosch, Cancer Res., 19, 413 (1959). 
( 7 )  Biological tests were carried out using established test procedures: 1. 

fj.58 (1932). 

Berenhlum and P. Shubik, Brit. J .  Cancer, 1, 379 (1947). 

siiigltl spots on thiii 1ayc.r chrornatogranis. Both and 
(" arr irritant and shox tumor-enhancing activity. 
Compoiiiid C was tested on 20 female Swiss Millerton 
mice iiritiated with 300 y of 7,12-dimethylbeiiz [ a ]  
anthraccile. The promotor (C) was applied three 
times weekly, ,i y per applicatioii. First tumors were 
obserired a t  41 days after initiation and at 68 days 1 i  
niiinials bole tumors. Tumors were riot observed j i i  

appropriate coritrol groups. 
*Ill the componeiits of I1 are unsaturated and can he 

hydrogenated T! ith palladium black as catalyst iii 
methyl alcohol solution. Catalytic hydrogenation of 
I1 follon-cd by countercurrent distribution (lower phase : 
aqueous methyl alcohol, 0.5 : 9.5, containing 0.47; 
glacial acetic acid; upper phase: hexane; 200 tubes, 
10 ml. per pliasc, 400 transfers) gave a 50% yield of' 
liydrogenation product which TI as purified by chroma- 
tography oil silica gel plates (2 111111. thickness.j8 The 
Imid with the highe,*t Rf mas eluted uith ether and gave 
:L crystalliiie product froiri ethyl alcohol-water; color- 
less needles, 11i.p. %", Rf 0.25 (hexane-ether -acetic 
acid, 9: 1 ..? :0.3, silica gel). The analytical data agree 
\I ith a molecular foriiiula, C3d1600s, molecular 1% eight 
(20,  x i th  three ester functions, two free hydroxyl 
groups. and six carbon-methyl groups. The coiii- 
pouiid is optically actiw, [ C Y ] I I ~ ~  +124.G0 ( I  = 1 dni., 
c O . i i ,  chlorofoivi) 

The ultraviolet absorption spectrum showed two l o ~  - 
iiitensity maxima i i i  cyclohexane and in methyl alcohol 
(cyclohexane: A,,,,, 248 nip; elnax 410; A,,, 302 m p ;  
E,,,&, 56) Trliicli huggested the presence of a polysub- 
stituted benzene ring. 

The iiifrai*ed absorptioii spectrum was examined in 
various media atid revealed the folloTving features : 
intiamolecularly bonded hydroxyl (0.001 X in carbon 
tetrachloride * a n eak band a t  3370 cm. --I and a strong 
hharp barid a t  3440 cm. - l ) ;  intense aliphatic stretrh- 
iiig arid hendjng ab5orptions (IiBr pellet, methyl arid 
niethyleiie r?t 296:. 2935, 2860, 1435, and 1370 cm. I ;  

tertiary ('13 ut 288.5 (>in. - 1 ) ;  intense ester carbonyl 
absorption (KBr pellet, 1742, 1720 cm.-I; 0.001 J I  
in carbon tetrachloride, l i 3 5  cm.-') ; weak aromatic 
C=C absorption (0.03 &' in chloroform, 1600 cm.-'). 
illiphatic C-A' absorption is present in 11, A, and C a t  
1650 and 1G30 cm, but does riot appear in the infrared 
spectrum of the crystalline hydrogenated compound. 
However, the other bands in the infrared spectra of A 
arid c' arr ~ ~ r y  similar to that of the hydrogenated 
compound 

The 1i.ni.r. spectrum showed a series of four peaks 
from 0.9 to 1.25 p.p.rn. ascribed to aliphatic CH, CII, 

(8'1 I. BekerskJ, Anal. Chern., 36, 261 (1963). 


