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CCCX.-The Constitution of Suntonin. Part I .  I ' h e  
Synthesis of dl-Xantonous Acid. 

By GEORGE ~IOCER CLEMO, ROBERT DOWNS HAWORTH, and 
ERIC WALTON. 

I-SANTONIN is H valuable anthelmintic which occurs to thc cxt'ent 
of 2-3Q% in the flower heads of Artemisia maritima, a plant widely 
distributed throughout Kurope and Asia and cultivated for medicinal 
purposes more particularly in Turkestan. 

Our present knowledge of the chemistry of sailtonin is almost 
critirely derived from t'he investigations of Cannizzaro and other 
ltalian chemists, carried out towards the close of the nineteenth 
century, and as a result of their labours various constitutional 
formuh have been suggested for santonin, of which structure (I), 
first proposed by Grassi-Cristaldi and Gucci (Gaxxetta, 1892, 22, i, l ) ,  
is that generally accepted at the present day (see also Cannizzaro 
and Gucci, ibid., 1893, 23, i, 286; Andreocci, Ber., 1893, 26, 1375). 

CMe CH, CH CH, 

o ~A~H-cHM~>,, OW'A)~HA~H-CHM 0 e>co 
H2<&CH- Me H, 0.) 0 Hd\A CMe C dC",,I, 
On the other hand, an alternative formula (11) has been proposed 
for santonin by Angeli and Marino (Rend. Accad. Lincei, 1907, 16, 
i, 159; Mem. Accad. Lincei, 1908, 6, 385) to account for the pro- 
duction of a heptanetetracarboxylic acid, C,H1,( CO,H),:C(CO,H),, 
apparently containing a quaternary carbon atom, when santonin 
is oxidised with alkaline potassium permanganate. However, the 
catalytic reduction of santonin to a tetrahydro-derivative (Wienhaus 
and Oettingen, Annalen, 1913, 397, 219; Asahina, Ber., 1913, 46, 
1775) suggests the presence of at least two ethylenic linkages, and 
structure (11) fails in this respect. Still other constitutional 
formulae have been suggested by Francesconi (Gaxxetta, 1899, 29, 
ii, 182), Francesconi and Cusmano (ibid., 1908, 38, ii, log), and 
Bargellini (Rend. Accad. Lincei, 1907, 16, ii, 264). 

Criticisms of a general nature may, however, be made against all 
these structural formulae and there is apparently no proof of the 
position of the a-propionic acid side chain in the reduced nucleus. I n  
several phenolic derivatives of santonin, such as desmotroposantonin 
(IV), the relative para-positions of the two methyl groups in the 
phenolic ring have been determined, but it is now suggested that 
the migration of a methyl group occurs during the conversion of 
saritonin into snch phenolic derivatives, a i d  that santonin itself has 
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the structure (111). This formula (111) conforms better than any 
hitherto advocated, both with the chemical propertlies of santonin 
and with modern views regarding structural units. Although there 
is no direct evidence, as yet, that natural terpenes result from the 
polymerisation of isoprene, it is nevertheless an invariable principle 

' that all terpenes of established constitution can be formulated on 
the principle of head to tail union of isoprene units. None of the 
hitherto proposed formixlzp for santonin can be constructed on this 

CMe CH2 Ne CH, 

\,IgH--O/ Me CH, 

O C ~ " C / \ ~ H - C H M ~ ~ ~ ~  H O ~ ' ) ~ ~ H - C H M ~ ~ ~  
++,,P,JCH------O HC 

H Me (111.) (IV. 1 
principle, but structure (111) arises from the farnesene skeleton, by 
ring closure at either the 2 : 7- and 1 : 10- or the 3 : 8- and 1 : 10- 
positions, and places santonin in the selinene group of sesquiterpenes 
(compare Ann. Reports, 1923, 20, 100; 1927, 24, 122). Moreover, 
since all attempts to prepare a piperonylidene derivative of santonin 
were unsuccessful, the -CH,-CO- group indicated in structure (I) is 
apparently non-existent . In  addition, the formula (111) possesses 
both a quaternary carbon atom, as necessitated by the work of Angeli 
and Marino (Zoc. cit.), and two ethylenic linkages, in accordance with 
that of Wienhaus and Oettingen (Zoc. ci t . )  and Asahina (Zoc. cit.). On 
general theoretical grounds, structure (I) should be an unstable form 
of the stable pheholic isomeride (PV) ; but santoniii exhibits ketonic 
properties and it is only after prolonged treatment with concen- 
trated hydrochloric acid that it yields the isomeric phenolic desmo- 
troposantonin to which formula (IV) has been ascribed. The sug- 
gested structure (111) readily explains the stability of the ketone, 
santonin, and its conversion into desmotroposantonin (IV) involves 
the migration of the methyl group connected to the quaternary 
carbon atom (a), together with the wandering of a nuclear hydrogen 
atom. Several such migrations are known, e .g . ,  the conversion of 
1 : 5-dimethylchinol (V) intio 2 : 5-dimethylquinol (VI) by the action 
of hydrochloric acid (Bamberger and Brady, Ber., 1901, 33, 3642). 
The isomeric change suggested above involves the destruction of 
the asymmetry of the carbon atom (a), and it is perhaps significant 
that all the dextrorotatory derivatives of I-santonin are phenolic. 

CMe Me Me CH, 
OC/NCH Hob'\ H O ~ ' ~ ~ ; C H R C O ,  H 
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\/ 

CH 
(V* 1 (VI.) ( V I l . )  
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4 As hitherto all the evidence pertaining to the structure of santonin 
has accrued from degradation experiments, it was considered highly 
desirable to attempt the synthetical verification of the views here 
advanced of the structure of this compound and its simple deriv- 
atives. One such derivative, obtained with ease by the reduction 
of 1-santonin, is dl-santonous acid (VII, R = Me) (Cannizzaro and 
Carnelutti, Guxzetta, 1882,12,393), and this communication deacribes 
iiivestigations culminating in the synthesis of this acid. 

The preparation of p-4-methoxy-2 : 5 - dirnethylphenylpropio- 
nitrile and its ultimate conversion into p-4-methoxy-2 : 5-dimethyl- 
phenylethyl bromide (VIII) were first considered. Preliminary 
experiments showed that anisole, p-cyanoethyl toluene-p-sulphonate 
and aluminium chloride do not react normally (compare the prc- 
paration of p-phenylpropionitrile ; Clemo and Walton, J., 1928, 
723) and similar experiments with p-xylyl methyl ether were there- 
fore abandoned. Moreover, p-xylene, p -c yanoethyl t oluene-p- 
sulphonate and aluminium chloride were found to  react to give 
p-2 : 4-dimethylphenylpropionitrile ; this on hydrolysis afforded 
@-2 : 4-dimethylphenylpropionic acid, which was also produced by 
a similar .process from m-xylene. The peculiar migration of a 
methyl group involved has already been noticed by Francesconi 
and Mundici (Gaxxetta, 1902, 32, ii, 467; 1904, 34, ii, 114), who 
prepared 2 : 4-dimethylbenzaldehyde from both m- and p-xylene 
and showed that p-xylene i R  partly converted into m-xylene by 
aluminium chloride. 

It was then proposed to obtain p-4-methoxy-2 : 5-dimethyl- 
phenylethyl chloride by condensing p-chloroethyl toluene-p- 
sulphonate with magnesium 4-methoxy-2 : 5-dirnethylphenyl 
bromide (compare Gilman and Beaber, J .  Amer.  Chem. Xoc., 1923, 
46, 839; 1925, 47, 518), but all attempts to prepare the latter from 
4-methoxy-2 : 5-dimethylphenyl bromide were unsuccessful. 

The synthesis of the bromide (VIII) was finally achieved in the 
following manner. Methylation of 4-hydroxy-2 : Ei-dimethylbenz- 
aldehyde (Gattermann, Annalen,  1907, 357, 321) gave 4-methoxy- 
2 : 5-dimethylbenxaldehyde, which was condensed with malonic acid. 
The 4-methoxy-2 : 5-dimethylcinnamic acid (IX) obtained was reduced 

Meo6 CH,*CH,Br M e 0 6  CH:CH*CO,H M e 0 6  Cg,*CH,*NH, 
Me Me Me 

(VIII.) PX.1 (X.) 
to P-4-methoxy-2 : 5-dimethylphenylpropionic m i d ,  and the latter 
converted into p-4-methozy-2 : 5-dimethylphenylpropionyl chloride. 
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This chloride, with aluminium chloride, afforded 6-methoxy-4 : 7-di- 
methyl-a-hydrindone, proving the propionic acid side chain to be 
in the p -  and not the o-position with respect to the methoxy-group. 
P-4-Methoxy-2 : 5-dimethylphenylpropionyl chloride, with ammonia, 
yielded p - 4 -methoxy-2 : 5-climeth ylphen ylpropionamide. The con - 
version of this amide into p-4-methoxy-2 : 5-dimethylphenyl- 
ethylamine (X) presented difficulties owing t o  the low yields at first 
obtained. The use of sodium hypobromite for this purpose resulted 
in a 90 yo yield of p-3-bromo-4-methoxy-2 : 5-dimethylphenylpropion- 
amide, and treatment of the amide with sodium hypochlorite and 
methyl alcohol produced methyl p-4-methoxy-2 : 5-dimethylphenyl- 
ethylcarbarnate (XI), which after hydrolysis gave the amine (X). 
Eventually the best yields were obtained by carrying out the 
Hofmann reaction on a small scale with aqueous sodium hypo- 
chlorite. The amine (X), with nitrous acid, yielded p-4-methoxy- 
2 : 5-dimethylphenylethyl alcohol, which was converted into the 
bromide (VIII) by means of 45% hydrobrornic acid. With phos- 
phorus pentabromide, the phenylethyl alcohol derivative gave 
chiefly F-3-bromo-4-methoxy-2 : 5-dimethylphenylethyl bromide, the 
nuclear bromination being proved by conversion of the latter by 
way of the corresponding nitrile and acid into 9-3-bromo-4-methoxy- 
2 : 5-dimethylphenylpropionamide, already obtained as above from 
the amide. This conversion also confirms the existence of the 
primary nlc oholi c group in p - 4 -met hox y - 2 : 5- dime t h ylphen yle t h yl 
alcoh 01. 

Me 

CH,*CH,*rH M e O q  J/CH2*7H, Meo(j CO.(iH, 

(XI.) (XII.) (XIII.) 

The condensation of p-4-methoxy-2 : 5-dimethylphenylethyl 
bromide (VIII) with ethyl sodiopropane - aa p - tricarboxylate (Bischo ff , 
Annalen, 1852, 214, 53) afforded, not the expected ethyl E-4- 
met hoxy -2 : 5 - dimet hylphenylpent ane - Pry- tricarbox ylat e, but a 
comparatively low-boiling oil together with a smaller high- boiling 
fraction, which on hydrolysis yielded a non-purifiable tarry acid. 
Since a crystalline bromine addition compound was prepared from 
the low-boiling fraction, it is probable that the latter consists of 
4-methoxy-2 : 5-dimethylstyrene, produced by the elimination of 
hydrogen bromide from the bromide (VIII)  (compare DOX, J .  Amer. 
Chern. Xoc., 1924, 46, 2844). On the other 'hand, p-4-methoxy- 
2 : 5-dimethylphenylethyl bromide with ethyl sodiomalonate 
afforded ethyl p-4-methoxy-2 : 5-dimethylphenylethylmah1ate 

Me CQ,Me Me CH(CO2Et)Z Me CH2*C02H 
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(XII) in 40% yield, but attempts to prepare ethyl e-4-methoxy- 
2 : 5-dimethylphenylpentane- Pyy-tricarboxylate from the sodio- 
derivative of the substituted malonic ester (XII) and ethyl a-bromo- 
propionate were again unsuccessful. On hydrolysis, the ester (XII) 
yielded p-4-methoxy-2 : 5-dimethylphenylethylmalonic acid, which, 
on heating, lost carbon dioxide to give y-4-methoxy-2 : 5-dimethyl- 
phenylbutyric acid. For subsequent work, however, this phenyl- 
butyric acid derivative was prepared by condensing p-xylyl methyl 
ether with succinic anhydride in the presence of aluminium chloride 
and reducing the p-4-methoxy-2 : 5-dimethylbenxoylpropionic acid 
(XIII) obtained with zinc and concentrated hydrochloric acid 
(compare Burcker, Ann. Chim., 1882, 26, 435; Krollpfeiffer and 
Schafer, Ber., 1923, 56, 620). 

y-4-Methoxy-2 ': 5-dimethylphenylbutyric acid, with concentrated 
sulphuric acid, yielded 1-Eeto-7-methoxy-5 : 8-dimethyl-1 : 2 : 3 : 4- 
tetrahydronaphthalene (XIV), and this reacted readily with two 
molecules of bromine, giving 2 : 6-dibromo-1-Eeto-7-methoxy-5 : 8-di- 
methyl-1 : 2 : 3 : 4-tetrahydromphthalene. Attempts to condense 
ethyl sodiomalonate with the latter afforded tarry products, together 
with some ethyl ethanetetracarboxylate, indicating the replacement 
of the alicyclic bromine by hydrogen. Attention was then turned 
to  2-isonitroso-1-keto-7-methoxy-5 : S-dimethyl-l : 2 : 3 : 4-tetrahydro- 
naphthalene prepared from the ketotetrahydronaphthalene deriv- 
ative and amyl nitrite (compare Straus and Ekhard, Annalen, 1922, 
444, l46), but attempted reductions of the isonitroso-derivative 
restxlted in the formation of tarry products, from which neither 
2 - amino-1-keto-7-methoxy - 5 : 8 - dimethyl - 1 : 2 : 3 : 4 - tetrahydro - 
naphthalene nor 2-amino-7-methoxy-5 : 8-dimethyl- 1 : 2 : 3 : 4-tetra- 
hydronaphthalene could be isolated. 

Ultimately ethyl a-chloro (or bromo)- @-4-methoxy-2 : 5-dimethyl- 
benxoylpropionate (XV) was found to  be a suitable intermediate in 
the synthesis of dl-santonous acid (VII; R = Me). This ester (XV) 
was prepared by condensing p-xylyl methyl ether with maleic 
anhydride in the presence of aluminium chloride (compare von 
Pechmann, Ber., 1882, 15, 885) and treating the P-4-methoxy- 
2 : 5-dimethylbenxoylacrylic acid obtained with ethyl-alcoholic hydro- 
gen chloride (or bromide) (see p. 2382) (compare Bougault, Ann. 
Chim., 1908, 15, 491). The structure of the benzoylacrylic acid 
derivative was confirmed by its oxidation with alkaline potassium 
permanganate to 4-methoxy-2 : 5-dirnethylbenxoic acid, which was also 
obtained by the oxidation of 4-methoxy-2 : 5-dimethylbenzaldehyde. 
The ester (XV), with ethyl sodiomalonate, afiorded a 90% yield of 
ethyl y-4-methoxy-2 : 5-dimethylbenzoylpropane-a~~-tricarboxylnte 
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(XVI ; K, = H) as a syrup, and this, on hydrolysis and loss of carbon 
dioxide, gave a mixture of y-4-methoxy-2 : 5-dimethylbenxoylpropane- 
ap-dicarboxylic acid (XVII ; R = H), its anhydride, and a small 
amount of 4-methoxy-2 : 5-dimethylacetophenone. The last is probably 
produced from a small amount of unchanged ester (XV) by 
hydrolysis and simultaneous elimination of hydrogen chloride, with 
the formation of F-4-methoxy-2 : 5-dimethylbenzoylacrylic acid, 
whichis then split at the ethylenic linkage by the further actionof 
alkali with production of glyoxylic acid and the substituted aceto- 
phenone (compare von Pechmann, loc. cit.).  The structure of this 
compound was confirmed by synthesis from p-xylyl inethyl ether, 
acetyl chloride, and aluininium chloride. 

Me 
p (CO,Et) 2 

CO*CH,CH*CO,Et 
Me CO H,Me0()C0*TH2 M e 0 5  

Me 7H*C02Et Me 
&Ie0Q$H2 C1 (or Br) (XVI.) 

(XIV.) WV.1 

Both the succinic acid derivative (XVII; R = H )  a i d  tlic 
ci.ude tricarboxylic acid, from which it was obtained by loss of 
carbon dioxide, with arnalganiated zinc and concentrated hyclro- 
chloric acid, yielded P-4-methoxy-2 : 5-dimethylphenyleth?llsucci}~i~ 
acid, and this, with concentrated sulphuric acid, gave 1-kelo- 
7-nzethoxy-5 : 8-dimethyl- 1 : 2 : 3 : 4-tetrahydromphthyl-2-acetic acid 
(XVIII; R = H). On reduction with amalgamated zinc a i d  con- 
centrated hydrochloric acid, (XVIII) yielded 7-methoxy-5 : 8-di- 
methyl-1 : 2 : 3 : 4-tetrahydronaphthyl-2-acetic acid, and demethyl- 
ation of the latter with hydriodic acid gave 7-hydroxy-5 : S-dimeth?j.l- 
1 : 2 : 3 : 4-tetrahydronaphthyl-2-acetic acid (VII; R = H), for which 
the name norsantonous acid is proposed. 

In the analogous synthesis of dl-santonous acid (VI I ;  R = Me) 
the sodio-derivative of pure ethyl methylrnalonate- prepared from 
ethyl cc-cyanopropionate and ethyl-alcoholic hydrogen chloride 
(compare Meyer and Jacobsen, ‘’ Lehrbuch der Organischen Chemie,” 
H .  1 ,  T. ii, s .  328)--and ethyl a-chloro-~-4-methoxy-2 : 5-dimethyl- 
benzoylpropionate (XV) yielded ethyl 6-4-methoxy-2 : 5-dimethyl- 
benxoylbutane-PPy-tricarboxyhte (XVI ; R = Me), which, unlike 
the syrupy ester (XVI; R = H), is a highly crystalline compound. 
Hydrolysis of this butane ester (XVI ; R = Me) afforded an acid, 
which lost carbon dioxide spontaneously to give 6-4-methoxy- 
3 : 5-dimetizylbenxoylbutcr;ne-~y-dicarbo~ylic acid (XVII ; R = Me), 
probably as a mixture of the two racemic forms. The presence 

4L2 
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oE two asymmetric carbon atoms in this compound probably 
accounts for the isolation a t  this and the succeeding stages of lower 
yields of pure substances than in the corresponding synthesis 

R*YH*CO,H M e O ~ ~ C H R * C O , H  Me CO 

CO*CH,*CH*CO,H 
Me (XVII.) Me H, (XVIII.) 

Me / O - V  

MeoQc<cHMe (XIX.) 

Me H, 

of dl-norsantonous acid. 4-Methoxy-2 : 5-dimethylacetophenone 
again appeared during the preparation of the butane acid (XVII; 
R = Me) and was no doubt formed as previously suggested. Re- 
duction of the mixture of the two forms of (XVII; R = Me) with 
amalgamated zinc and concentrated hydrochloric acid yielded the 
two inactive forms of ci-[p-4-rnethoxy-2 : 5-dimethylphenybethyl]- 
d-methylsuccinic acid, both of which, with concentrated sulphuric 
acid, gave the lactone (XIX) of a-1-keto-7-methoxy-5 : 8-dimethyl- 
1 : 2 : 3 : 4-tetrahydronaphthyl-2-propionic acid. The free acid from 
the lactone, with amalgamated zinc and concentrrated hydrochloric 
acid, afforded db-santonous acid methyl ether, which, on demethyl- 
ation with hydriodic acid, yielded dl-santonous acid (VII ; R = Me), 
In. p. 150-152", which was identical with a specimen prepared 
from santonin (Cannizzaro and Carnelutti, Gaxxetta, 1882, 12, 393). 
Further, the identity of their respective ethyl esters, m. p. 126", 
establishes the synthesis of dl-santonous acid beyond all doubb. 

This synthesis of db-santonous acid conclusively proves the 
correctness of formula (VII), provided that hydrogen chloride adds 
to p-4-methoxy-2 : 5-dimethylbenzoylacrylic acid to give the cc-chloro- 
ester (XV), and not the unlikely p-isomeride (compare Bougault, 
loc. cit.).  The latter, with sodiomalonic or sodiomethylmalonic 
ester, would give esters having the constitution (XX; R = H or 
Me respectively). Attempts to settle this question by the form- 
ation and identification of a dimethylsuccinic acid by the alkaline 
fusion of ethyl 4-methoxy-2 : 5-dimethylbenzoylbutanetricarb- 
oxylate, and also by preparing a piperonylidene derivative of the 
latter, have as yet been unsuccessful. The production of one 
lactone from the two forms of the reduced dicarboxylic acid is, 
however, almost conclusive evidence against formula (XX), which 
would be very unlikely to give the lactone (XXI). Further, the 
latter structure cont,ains two asymmetric carbon atoms, and hence, 
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if any lactone were formed, it iioulci Lo expected to exist in two 
inactive forms. 

file() R*(i(CO&t), Me*&q* cr--  0-qo 
CO*CH*CH,CO&t CH/cHMe 6 Me (xx.) Me CH, (XXI.) 

The isolation of a pure lactone in good yield is only consistent 
with structure (XVI) for the ethyl 4-methoxy-2 : 5-dimethyl- 
benzoylbutanetricarboxylate, and hence furnishes almost certain 
proof of the correctness of structure (VII) for dl-santonous acid and 
therefore of the position of the a-propionic acid side chain in 
santonin itself. 

E X P E R I M E N T A L .  
p-Xy1ene.-The preparation of p-xylene from p-xylidine has 

apparently hitherto not been described. p-Xylidine (100 g.) in 
concentrated hydrochloric acid (300 c.c.) and water (ZOO0 c.c.) 
was treated at -5" with sodium nitrite (75 g.) and stirred for 
45 minutes. The resulting clear solution was poured into ice-cold 
10% sodium hydroxide solution (1500 c.c.), and the mixture added 
to a solution of stannous chloride (300 g.) and sodium hydroxide 
(120 g.) in water (3000 c.c.) also a t  0". Steam-distillation of the 
product yielded p-xylene (58 g.), b. p. 138"/760 mm., m. p. 13". 

@-2 : 4-Dimethylphenylprojpionitde.-m-Xylene (80 c.c.), p-cyano- 
ethyl toluene-p-sulphonate (1 1.2 g.), and powdered aluminium 
chloride (10 g.) were refluxed for 2 hours. The product was decom- 
posed with dilute hydrochloric acid (500 c.c.), and the oily layer 
dried and fractionated, the nitrile (4.1 9.) being obtained as a 
colourless oil, b. p. 264---267"/760 mm., with an oclour resembling 
that of nasturtiums (Found : C, 83.3; H, 8.5. C,,H,,N requires 
C, 83.0; H, 8.2%). 

(3-2 : 4-Dimethylphenylpropionic Acid.-The nitrile (1 g.) was 
refluxed with 10% methyl-alcoholic potassium hydroxide (10 c.c.) 
for 2 hours. The alcohol was removed, water (25 c.c.) added, and 
impurities extracted with ether. The alkaline layer was acidified, 
and the p-2 : 4-dimethylphenylpropionic acid collected ; it crystal- 
lised from alcohol in colourless rhombic plates, m. p. 106" (Fran- 
cesconi and Mundici, loc. cit.). 

A similar experiment with p-xylene gave an oil, b. p. 264--267"/ 
760 mm. (yield, 62y0), which, on hydrolysis, also yielded 8-2 : 4-di- 
methylphenylpropionic acid. 

p-X@moZ.-Sodium nitrite (75 g.) was added during 40 minutes 
to a well-stirred mixture of p-xylidine (121 g.), crushed ice (2000- 
2500 g . ) ,  and concentrated hydrochloric acid (300 c.c.) at -8"'. 
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After a further 20 minutes' stirring, the diazo-solution was poured 
into a boiling 50% sulphuric acid solution (100 c.c.) containing 
copper sulphate crystals (20 g.), care being taken to avoid excessive 
frothing. The mixture was steam-distilled, and the crude p-xylenol 
(85 g,) collected and purified by distillation; it then had b. p. 
212"/760 mm. and m. p. 74" (Noelting, Witt, and Forel, loc. cit.). 
A further quantity (5 g.) was obtained from the mother-liquor of 
the steam distillation by extraction with benzene. 

p-Xyly2 Methyl Ether.-This compound was prepared from 
p-xylenol and methyl sulphate as a colourless oil, b. p. 186- 
188"/760 mm. (Jacobsen, loc. cit.). 

4 - Methoxy - 2 : 5 - dimethylacetophenone. -Powdered aluminiup 
chloride (0.5 g.) was dusted into a mixture of p-xylyl methyl ether 
(0.7 g.) and acetyl chloride (0.4 g.) in light petroleum (b. p. 60-80") 
(3 c.c.). When the reaction was complete, dilute hydrochloric acid 
(10 c.c.) was added and the crystalline solid was extracted with 
ether and dried. Removal of the solvent yielded 4-methoxy- 
2 : 5-dimethylacetophenone as an oil, which crystallised from light 
petroleum (b. p. 60-80") in large plates, m. p. 78-70" (Found : 
C, 74.5 ; H, 8.1. C1,H,,O, requires C, 74.2 ; H, 7.0%). 

4-Hydroxy-2 : 5-dirnethylbenxaldehyde and 6-Hydroxy-2 : 5-di- 
methylbenxa1dehyde.-p-Xylenol (100 g.), aluminium chloride (160 g.), 
and liquid hydrogen cyanide (120 c.c.) in dry benzene (400 c.c.) 
were allowed to react and the product was decomposed as described 
by Gattermann (Zoc. cit.) and distilled in steam. The volatile 
products were extracted with ether, dried, and fractionated and 
6-hyhroxy-2 : 5-dimethylbenzaldehyde (5 g.), m. p. 62" (Anselmino, 
Ber., 1902, 35, 4108), was isolated. The non-volatile residue from 
the steam-distillation was cooled, and the solid collected and 
extracted with hot benzene (A), from which 4-hydroxy-2 : 5-cii- 
inethylbenzaldehyde separated in colourless needles (85 g,), in. p. 
132-133" (Gattermann, loc. ci t . ) .  
Di - (4 - h ydrox y - 2 : 5 - d irnethylphenyl )acetonitrile, 

( 0H.C ,H,Me,) ,CH*CN 
(compare Bell arid Henry, J., 1928, 2215), remained iiisolu ble i i i  

the hot benzene (A) in the previous experiment. It crystallisetl 
slowly from alcohol in yellowish tablets, m. p. 260" (Found : C, 
76-9; H, 6.4; N, 5.2. C,,H,,O,N requires C, 76.8; H, 6.8; N, 
5.0%). On methylation with methyl sulphate and sodium hydroxide, 
it yielded a non-phenolic compound, which crystallised from light 
petroleum (b. p. S0-1OO0) in slender white prisms, m. p. 190". 
4 - Hydroxy - 2 : 6 - dimethylcinnainic Acid.-4 - Hydroxy - 2 : 5 - di - 

methylbenzaldehyde (1-5 g.), malonic acid (2.5 g.), pyridine (5 c.c.), 
aiid piperidine (1 drop) were heated at 100" for 2 hours, the product 
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was poured into excess of dilute hydrochloric acid, and the pre- 
cipitated acid collected. It crystallised from dilute alcohol in 
yellowish prisms, m. p. 223-225'. Gattermann (Zoc. cit.) gives 
m. p. 171" (see, however, acetyl derivative below) (Found : C, 69.0; 
H, 6.3. CllH1203 requires C, 68-7; H, 6.3%). The acetyl deriv- 
ative formed prisms, m. p. 168-169", from dilute acetic acid 
(Found : C, 66.6; H, 6.2. Cl3HI4O4 requires C, 66.7; H, 6.0%). 

4 -Metbox y - 2 : 5 - dimethyl be rmaldeh yde .-Met h y 1 sul p hat e ( 1 90 g . ) 
and 25% methyl-alcoholic potassium hydroxide (300 g.) were 
gradually added to a hot solution of 4-hydrosy-2 : 5-dimethyl- 
benzaldehyde (100 g.) in loo/; methyl-alcoholic potassium hydroxide 
(350 c.c.) and, after a further 30 minutes' heating, the alcohol was 
removed and the residue diluted with water and extracted with 
ether. The extract was dried and fractionated ; 4-methoxy- 
2 : 5-dimthylbenxaldehyde (90 g.), b. p. 147-149"/12 mm., was 
obtained and rapidly solidified to a practically colourless, crystalline 
mass, m. p. 34" (Found : C, 72.9; W, 7.2. C,oH1202 requires C, 
73.2; H, 7.3%). 

4-Methoxy-2 : 5-dimethylbenxoic acid, obtained by oxidising 
4-methoxy-2 : 5-dimethylbenzaldehyde with potassium permangan- 
ate in boiling acetone solution, crystallised from 50% acetic acid 
in colourless plates, m. p. 163-165" (Found : C, 66.4; H, 7.0. 
C,oH,,O, requires C, 66-6; H, 6.7%). 

4-Methoxy-2 : 5-dimethyZcinna.mic Acid (IX) .-Malonic acid (50 g.), 
4-methoxy-2 : 5-dimethylbenzaldehyde (33 g.), pyridine (100 c.c.), 
and piperidine (1.5 c.c.) were heated on a water-bath for 4-5 hours, 
then boiled for 4 hour and poured into excess of dilute hydrochloric 
acid (1000 c.c.). The precipitated 4-methoxy-2 : 5-dimethylcinnamic 
acid was collected when cold, dried (38 g.), and was pure enough 
for subsequent reactions. The acid (IX) is insoluble in water and 
crystallises from benzene in colourless slender prisms, m. p. 200- 
202" (Found : C, 69.8; H, 6.9. C,,H14Q, requires C, 69.9; H, 

p-4-Methoxy-2 : 5-dimethylpiLenyl~r~pionin Acid.--4Yo Sodinin 
amalgam (1000 g.) was gradually added %o a warm stirred solutioii 
of 4-methoxy-2 : 5-dimethylcinnamic acid (60 g.) in 5% aqueous 
sodium hydroxide (300 c.c.), and the temperature allowed to rise 
slowly from 60" to  90" while excessive alkalinity was prevented by 
frequent additions of hydrochloric acid. After 3 hours, the solution 
was cooled, filtered, and acidified with concentrated hydrochloric 
acid and the precipitated acid was collected and washed with cold 
water; it crystallised from boiling water in plates (52 g.), m. p. 
120-121" (Found : C, 69.5; H, 7.7. C!,2H160, requires C, (39.2; 
H, 7.7%). 

6*8%). 
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p-4-Nethoxy-2 : 5-dimethylphenylpropionyl Chloride.-A mixture 
of the preceding acid (5 g.), thionyl chloride (4 g.), and chloroform 
(15 c.c.) was kept for 12 hours, and the product fractionated, the 
acid chloride being obtained as a colourless oil, b. p. 171"/12 mm., 
which quickly solidified to  give silky crystals, m. p. 34". These 
decomposed on exposure to the atmosphere. 

6-Methoxy-4 : 7-dimethyl-~-hydrindone.-A mixture of p-4-meth- 
oxy-2 : 5-dimethylphenylpropionyl chloride (1 g.), light petroleum 
(b. p. 80-100") (5  c.c.), and aluminium chloride (1 9.) was heated 
on the water-bath for 1 hour, and dilute hydrochloric acid added. 
The hydrindone, after being washed with hot sodium hydroxide 
solution, crystallised from light petroleum (b. p. 100-120") in 
jagged prisms, m. p. 162-164" (Found : C, 75.7; H, 7.2. C12H1,0, 
requires C, 75.8 ; H, 7.47&). 

p-4-Methoxy-2 : 5-dimetl~ylphenylpro~ionanilide, obtained by 
warming a mixture of aniline (0.5 g.) and the acid chloride (1 g.) on 
the water-bath for 2 minutes, crystallised from dilute alcohol in 
colourless prisms, m. p. 134-135" (Pound : C, 76.7; H, 7.4. 
C18H2102N requires C, 76.3; H, 7.4%). 

p-4-Methoxy-2 : 5-dimethylphenylpropionamide.-Thionyl chloride 
(40 g.) was added with cooling to a solution of (3-4-methoxy-2 : 5-di- 
methylphenylpropionic acid (50 9.) in chloroform (150 c.c.). After 
12 hours, the resulting brown solution was poured into concentrateti 
aqueous ammonia (800 c.c.), the chloroform removed by distillation, 
and the residual amide collected after cooling. A further quantity 
was obtained by extracting the filtrate with benzene. The amide 
was recrystallised from benzene, colourless prisms (36 g.), m. p. 
127-128", being obtained (Found : C, 6134; H, 7-13. C,,H1,O,N 
requires C, 69.5 ; H, 8.2%). 

p-3-Bromo-4-methoxy-2 : ri-dimetZLyl~he?~ylropionam~de wa8 oh- 
tained by warming a mixture of the preceding amide (3 g.) and 
sodium hypobromite (2.7 g. of bromine in 65 C.C. of 10% sodium 
hydroxide solution). It separated as an oil, which solidified on 
cooling and then crystallised from benzene in colourless jagged 
prisms, m. p. 152" (Found: C, 50.1; H, 5.8. C12H,G02NBr 
requires C, 50.3; H, 5.60/,) (compare p. 2380). 

p-4-Methoxy-2 : 5-dimethylphenylethylarnine (X).-(a) A solution 
of sodium hypochlorite, prepared by passing chlorine (4.2 g.) into 
10% aqueous sodium hydroxide (120 ex.)  a t  0", was added with 
vigorous shaking to finely powdered p-4-methoxy-2 : 5-dimethyl- 
phenylpropionarnide (10 g.), the temperature being slowly raised to 
60". At this point, the temperature rose spontaneously and a clmr 
solution was obtained, from which p-4-methoxy-2 : &dimethyl- 
phenylethylamine separated as an oil. The mixture was warmed 
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a t  80-85" for 14 hours, solid sodium hydroxide (30 g.) added, and 
the heating a t  80-85" continued for a further 5 hour. The amine 
was extracted with ether, dried over powdered potassium hydroxide, 
and fractionated under reduced pressure (yield, 5.5 g.). 

sodium hypochlorite solution [prepared by passing chlorine (1-5 g.) 
into 10% aqueous sodium hydroxide (30 c.c.)], and methyl alcohol 
(35 c.c.) were refluxed for 3 hours. After the alcohol had been 
removed, the mixture was poured into water (200 c.c.) and extracted 
with ether. The solvent was removed and, after the oily residue (A) 
had been refluxed with 10 % methyl-alcoholic potassium hydroxide 
(8 c.c.), the product was poured into water, extracted with benzene, 
and dried, and the amine precipitated as hydrochloride (1.3 g.) by 
saturating the solution with dry hydrogen chloride. 

p-4-Methoxy-2 : 5-dimethylphenylethylamine, b. p. 120--122"/ 
0.25 mm., is a colourless oil with strongly basic properties. On 
exposure to air it quickly absorbs carbon dioxide 60 form a solid 
white carbonate, and with hydrochloric acid it yields a hydrochloride 
which crystallises from very dilute hydrochloric acid in leaflets, 
m. p. 212-215" (decomp.). The acetyl derivative crystallises from 
hot water in prisms, m. p. 147-148" (Found : C, 70.8; H, S-4. 
C1,Hl,O,N requires C, 70.6; H, 8.8%). 

Methyl p-4-Nethoxy-2 : 5-dimethylphenylethylcarbamate (XI).--- 
Fractionation of the above dried residue (A) gave some of the aniine 
(X) a t  150-160"/12 mrn., and then the carbama.te (XI), b. p. 
175-185"/12 mm., which crystallised from ligroin in large hexagonal 
prisms, m. p. 57.5" (Found : C, 65.6; H, 8.1. C13H19O3N requires 
(I, 65.8; H, S*O~o) .  

p-4-Methoxy-2 : 5-dimethylphenylethyl Alcohol.-Sodium nitrite 
(7.2 g.) was slowly added a t  room temperature to  a solution of 
p-4-methoxy-2 : 5-diinethylphenylethylamine (1 8 g.) in excess of 
30% acetic acid. Heat was developed and the solution turned 
yellow and turbid. The reaction was completed by warming on 
the water-bath for 3 hours. p-4-Met8hoxy-2 : 5-dimethylphenyl- 
ethyl alcohol separated as an oil, which was extracted with ether, 
washed first with sodium hydroxide solution and then with hydro- 
chloric acid, dried, and fractionated ; the alcohol (16.5 g.) was then 
obtained as a yellow oil, b. p. 125-126"/0.25 mm., with a faint 
sweetish odour. It was slightly soluble in hot water, volatile in 
steam, and gave a brown solution in concentrated sulphuric acid. 
p-4-Methoxy-2 : 5-dimethylphenylethyl phenylcarbamate was prepared 
in ethereal solution and crystallised from light petroleum (b. p. 
80-100") in feathery needles, m. p. 110" (Found : C, 72.5; H, 7.0. 
C,,H,,03N requires C, 72.2; H, 7.0%). 

(b)  (3-4-Methoxy-2 : 5-dimethylphenylpropionamide (2.8 € 5 1 7  
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p - 4- Methox y - 2 : 5 -dimeth ylp henylethy 1 Bromide .-The preceding 
alcohol (14 g.) was refluxed with 45% aqueous hydrobromic acid 
(30 c.c.) for 3 hours, the mixture changing from green to dark purple. 
The product was extracted with ether, dried, and fractionated, the 
bromide (11.5 g.) being collected a t  128-130"/1 mm. (Found : 
Rr, 31.6. C,,H,,OBr requires Br, 32.9%). The low bromine value 
is probably due to the presence of a small amount of unchanged 
alcohol. The w e  of concentrated sulphuric acid as catalyst in this 
reaction is liable to give rise to high-boiling by-products. Phos- 
phorus pentabromide acted on the alcohol, giving a product, b. p. 
180-200"/12 mm., which when refluxed with ethyl-alcoholic 
potassium cyanide, and then hydrolysed with methyl-alcoholic 
potassium hydroxide, gave p-3-bromo-4-methoxy-2 : 5-dimethyl- 
phenylpropionic acid, as proved by conversion into the amide 
(compare p. 2378). The brominated acid, on reduction with sodium 
amalgam, yielded p-4-methoxy-2 : 5-dimethylphenylpropionic acid. 

p -4-methox y - 2 : 5 -dime t h ylphen ylet h yl 
bromide with ethyl sodiopropane-aap-tricarboxylate (Bischoff , loc. 
cit.) in benzene yielded a product which on distillation gave a main 
fraction, b. p. 135-150"/12 mm., and a smaller fraction, b. p. 
235-250"/12 mm., consisting of a brown viscous syrup. Treatment 
of the low-boiling fraction with methyl-alcoholic potassium 
hydroxide gave a residual oil, b. p. 120"/12 mm., which formed a 
crystalline addition compound with bromine in carbon tetrachloride, 
and was probably 4-methoxy-2 : 5-dimethylstyrene. The high- 
boiling fraction on hydrolysis yielded an oily acid which lost carbon 
dioxide at 140-160", but attempts to prepare a crystalline arnide 
have been unsuccessful. 

Ethyl p-4-Methoxy-2 : 5-dimethylphenylethylmalonate (XII) .- 
p-4-Methoxy-2 : 5-dimethylphenylethyl bromide (24.3 g.) was added 
to a solution of ethyl sodiomalonate, prepared from sodium (2.3 g.)7 
ethyl malonate (16 g.)7 and absolute alcohol (50 c.c.). The mixture 
was warmed a t  45" for 1 hour, and then slowly to 70" during the 
course of 3 hours, sodium bromide separating. Most of the alcohol 
was removed under reduced pressure and the product was poured 
into water, extracted with ether, dried, and fractionated. The first 
fraction (6.5 g.), b. p. up to 155"/12 mm., consisted mainly of ethyl 
malonate, the second of ethyl p-4-methoxy-2 : G-dimethylphenyl- 
ethylmalonate (17.5 g.), b. p. 175-195"/0.25 mm., obtained as a 
pale yellow syrup, b. p. 185"/0.25 mm., by redistillation, and there 
was a residual tar (5 g,). 

p-4-Methoxy-2 : 5-dimethyl~henylethylmalon~c acid, prepared by 
hydrolysing the ester, described above, with 20 yo methyl-alcoholic 
potassium hydroxide, crystallised from hot water in colourless 

At tempts to condense 
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prisms, m. p. 145" (decomp.) (Found : C, 63.0; H,  6-7. C1,H180, 
requires C, 63.2; H, 6.8%). 

p-4-Methoxy-2 : 5-dimethyZbenzoyl~rop~~~c Acid (XIII) .-Pow- 
dered aluminium chloride (27 g.) was slowly added to a cold mixture 
of p-xylyl methyl ether (27 g.), succinic anhydride (20 g.), and 
benzene (50 c.c.). Hydrogen chloride was evolved and water- 
cooling was necessary. The reaction was completed by warming 
fhe resulting dark brown tarry mass at 65" for 3 hours, and tho 
prodnct decomposed with ice and dilute hydrochloric acid. The 
white solid was collected and washed with dilute hydrochloric acid, 
the residue extracted with sodium carbonate solution, and the acid 
reprecipitated and crystallised from hot water, giving slender prisms 
(35 g.), m. p. 131" (Found : C, 66-2; H, 6.6. C1,H,,O, requires 
C, 66.1; H, 6.8%). 

y-4-Methoxy-2 : 5-dimethylphenylbutyric Acid.-(a) p-4-Methoxy- 
2 : 5-dimethylphenylethylmalonic acid (10 g.) was heated in an oil- 
bath at 160-170" for 1 hour until the evolution of carbon dioxide 
ceased; the residue crystallised from dilute alcohol in small 
plates (7 g.). 

(b) A mixture of P-4-methoxy-2 : 5-dimethylbenzoylpropionic acid 
(30 g.), amalgamated zinc (150 g.), and concentrated hydrochloric 
acid (150 c.c.) was kept at room temperature for 3 hours, then 
refluxed for 12 hours and diluted, and extracted thoroughly with 
chloroform. The solvent was removed, and the residue, after 
purification through its sodium salt, gave the desired acid (26 g.),  
which crystallised from dilute alcohol in small plates, m. p. 101-102" 
(Found : C, 70.4; H, 8.0. Cl,Hl8O3 requires C, 70.3; H, 8.10/,). 
Attempts to a-brominate this acid were unsuccessful. 

1 - Keto-7-methoxy - 5 : 8 - dimethyl - 1 : 2 ; 3 ; 4 - tetrahydronaphthalene 
(XIV) .-y-4-Methoxy-2 : 5-dimethylphenylbutyric acid (10 g.) uws 
heated with concentrated sulphuric acid (50 c.c.) at 70" for 
10 minutes, cooled, and poured on ice (150 c.c.). The oil which 
separated was extracted with chloroform and washed with sodium 
carbonate solution, and the solvent removed ; the residual l-kefo- 
7-methoxy-5 : 8-dimethyl-1 : 2 : 3 : 4-tetrahydromphthalene crystitl- 
lised from light petroleum (b. p. 40-60") in large plates (7 g . ) ,  
m. p. 63-64" (Found : C, 76.2 ; H, 7.8. C,,H,,O, requires C, 76.5 ; 
H, 7.8%). This ketone was recovered after being heated with 
ethyl a-bromopropionate and copper powder. 

2 : 6-Dibromo-1-keto-7-methoxy-5 : 8-dimethyl-1 : 2 : 3 :  4-tetru- 
7Lydro~~ht~aZene.-Bromine (1 6 g.) was added to  the preceding 
ketone (10 g.) in cliloroform (50 c.c.). Copious evolution of hydrogen 
bromide occurred and on one occasion the formation of a crystallino 
intermediate compound prior t o  such emission was noticed. After 
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48 hours at room temperature, the chloroform was removed under 
reduced pressure and the residue crystallised from light petroleum 
(b. p. 40-60"), the dibrominated ketone (11 g.) being obtained in 
colourless stout prisms, m. p. 93" [Found : Br (hydrolysable), 20-7 ; 
Br (total), 45.2. C,,H,,O,Br, requires Br (hydrolysable), 22.1 ; 
Br (total), 44.2%]. Attempts to condense this compound with 
ethyl sodiomalonate in benzene solution yielded a little ethyl 
ethanetetracarboxylate, m. p. 76", and an intractable tar. 

2-isoNitroso-1-keto-7-methoxy-5 : 8-dimethyl-1 : 2 : 3 : 4- tetrahydro- 
mphthalene. - A mixture of 1 - keto-7-methoxy-5 : 8-dimethyl- 
1 : 2 : 3 : 4-tetrahydronaphthalene (4 g.) and freshly prepared amyl 
nitrite (2.4 g.) in well-cooled ether (50 c.c.) was added to a solution 
of potassium (0.8 g.)  and absolute alcohol (6 c.c.) in dry ether 
(50 c.c.), slowly and with shaking. The chocolate-coloured potass- 
ium salt obtained was collected and decomposed with a slight excess 
of hydrochloric acid, and the isonitroso-compound crystallised from 
benzene, stout yellowish-brown prisms (1.5 g.), m. p. 170-180" 
(decomp.), being obtained (Found : N, 5-9. C,,H,,O,N requires 
N, 6.0%). Attempts to  reduce the isonitroso-derivative have been 
unsuccessful. 

p-4-Methoxy-2 : 5-dimethylbenxoylacrylic Acid.-Powdered a h -  
miniizm chloride (70 g.) was slowly added with stirring to a cold 
mixture of p-xylyl methyl ether (69 g.), maleic anhydride (50 g.) ,  
and light petroleum (b. p. 80-100"; 300 c.c.). Some hydrogen 
chloride was evolved, and the mixture, which rapidly changed to a 
reddish-black brittle mass with evolution of heat, was maintained 
a t  70" for 1+ hours and then decomposed with cold dilute hydro- 
chloric acid, the resulting yellow solid collected, washed with water 
and dried, and p-xylyl methyl ether (19 g.) recovered from t'he light 
petroleum, After crystallisation from benzene p-4-metlhoxp-2 : 5- 
d~nzethylbenxoylacrylic acid was obtained in slender, yellow prisms 
(45 g.), m. p. 156-157" (Found : C, 66.9; H, 5 - 8 .  Cl,H1,O, 
requires C, 66.7; H, 6.0%). Cold hydrobromic acid (45%) was 
without action on the acid, but on being heated a t  100" the mixture 
changed to a tarry mass, which was not further investigated. 

CY - Bromo - p - 4 -methoxy-2 : 5 - dirnethylbenxoylpropionic A cia.-The 
preceding acid (2 9.) and acetic acid (25 c.c.), saturated with dry 
hydrogen bromide, were kept in the cold for 8 hour; the yellow 
cnlour of the solution then disappeared and ~-brmo-p-4-methoxy- 
2 : 5-dimethylbenxoylpropionic acid separated almost quantitatively 
as a white crystalline solid. This was collected, and rapidly 
recrystallised from dilute acetic acid, small plates, m. p. 144-147", 
being obtained (Found : Br, 25-0. C1,Hl,O,Br requires Br, 26.4%). 

The ethyl ester (XV) was deposited (6.5 g.) from a mixture of 



THE CONSTITUTION OF SANTONM. PART r. 2383 

p-4-methoxy-2 : 5-dimethylbenzoylacrylic acid (7 g.) and a saturated 
solution of hydrogen bromide in absolute alcohol (30 c.c.) after 
standing for 3 days in the cold, and recrystallised from light 
petroleum (b. p. 60--8O"), giving large stout prisms, m.  p. 90-91" 
(Found : Br, 22.9. C,,H,,O,Br requires Br, 23.3%). This ester 
condenses with ethyl sodiomalonate in a similar manner to  the 
corresponding chlorinated ester (see below). 

Ethyl a- Chloro- p -4-methoxy -2 : 5 -dimethylbenxo ylpropionate .-When 
p-4-methoxy-2 : 5-dimethylbenzoylacrylic acid (20 g.) in absolute 
alcohol (100 c.c.) was saturated with dry hydrogen chloride, i t  
gradually dissolved and after 12 hours a crystalline mass of the 
chlorinated ester (22 g.) separated. After being washed with a little 
absolnte alcohol, dried at 70°, and recrystallised from light petroleum 
(b. p. 80-looo), the ester formed large colourless prisms, m. p. 89- 
90" (Found : C, 6 0 4 ;  I€, 6-5 ; C1, 11.8. C,,H,,O,Cl requires 
C, 60.3; H, 6-4; C1, 11-8(%). Reduction of this ester with amal- 
gamated zinc and concentrated hydrochloric acid yielded y-4-meth- 
oxy-2 : 5-dimethylphenylbutyric acid. 

Ethyl y-4-Methoxy-2 : 5-dimethylbenxoylpropane- ccu p-tricarboxylute. 
-Powdered sodium (1-15 g.), ethyl malonate (8 g.), and benzene (50 
c.c.) were warmed at 50" until the formation of ethyl sodiomalonate 
was complete. Ethyl a-chloro-~-4-methoxy-2 : 5-dimethylbenzoyl- 
propionate (15 g.) was then added with stirring. Heat was evolved 
and soclium chloride separated as rz gelatinous solid. The reaction 
was completed by heating at 80" for 2 hours, water was then added, 
the benzene layer Separated, and the aqueous portion extracted with 
ether. The combined extracts were dried, and the solvents removeci 
iinder reduced pressure ; ethyl y-4-methoxy-2 : Ei-dimethylbenzoyl- 
1"oprzne-ar:J-trie;trbosylatc (18 g . )  remained as an oil. This crude 
ester (15 g.) and 20% methyl-alcoholic potassium hydroxide (36 c.c.) 
were refluxed for 3 hours, the bulk of the alcohol was removed, and 
the mixture poiired into cold water (100 c.c.). The 4-methosy- 
2 : 5-dimethylacetophenone (1 g.), which separated as a solid, was 
collected ; the filtrate was acidified with hydrochloric acid and 
evaporated to dryness under reduced pressure. An acetone extract 
of the residue yielded a light brown solid, probably consisting 
mainly of y-4-methoxy- 2 : 6 - dirnethylbenzoylpropane - aa 8 - tricarb - 
oxylic acid (11-4 g.), which was deliquescent, very soluble in water, 
but insoluble in chloroform. It was used without further purification 
for the following operations. 

y - 4 - Methoxy - 2 : 5 - dirnethylbenzoylpropane - ap - dicarboxylic Acid 
(XVII, R = H) and its Anhydride.-The above acid (8 9.) was 
heated a t  160" for 1 hour ; carbon dioxide and water were evolved 
and the mixture assumed a dark brown colour. Trituration with 
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ether yielded 7-4-methoxy -2 : 5 -d irneth y lbenm y lpropane- up -d icar b- 
oxylic anhydride (2  g . )  as a white solid, which was collected and 
washed with ether; it crystallised from alcohol in stout prisms, 
m. p. 152-153" (Found : C,  65 .2;  H, 5-6 .  Cl5HI6O5 requires 
C ,  65 .2;  H, 58%). The anhydride is moderately easily soluble 
in hot glacial acetic acid and benzene, but insoluble in cold sodium 
hydroxide solution. Addition of benzene to the residue from the 
ethereal mother-liquor gave the corresponding acid (2 g . ) ,  which 
separated from hot water as a crystalline powder, m. p. 148-150" 
(Found : C ,  6 0 - 8 ;  H, 6.5.  C15H1,06 requires C ,  61 .2 ;  H, 6.2%). 

p -4-Methoxy-2 : 5-dimethylphenylethylsuccinic Acid.-Crude 7-4- 
methoxy-2 : 5-dimethylbenzoylpropane-cccc~-tricarboxylic acid ( 1  1 g.) , 
amalgamated zinc (50 g.), and concentrated hydrochloric acid 
(70 c.c.) were kept in the cold for 3 hours and then refluxed for 
12 hours. The product was extracted with chloroform, the extract 
washed with water and dried, and the solvent removed. The 
residual P-4-methoxy-2 : 5-dimethylphenylethylszLccinic acid (7.7 g . ) ,  
which rapidly solidified, was crystallised first from benzene and then 
from hot water; small prisms, m. p. 140-142", were obtained 
(Found : C,  6 3 - 9 ;  H, 7 .3 .  C15H2005 requires C,  64.2; H, 7.2%). 

1-Keto-7-methoxy-5 : 8 - dimethyl - 1 : 2 : 3 : 4 - tetrahydronaphthyl- 2 - 
acetic Acid (XVIII; R = H).-The preceding acid (2.5 g . )  and 
concentrated sulphuric acid (10 c.c.)* were warmed on the water- 
bath for 1 minute with stirring. The red solution was diluted with 
ice (30 g.) and extracted with chloroform, the extract dried, and 
the solvent removed. The residual 1-keto-7-methoxy-5 : 8-dimethyl- 
1 : 2 : 3 : 4-tetrahydronaphthyl-2-acetic acid (1.9 g.) crystallised from 
benzene in plates, m. p. 143-145" (Found : C ,  68.9; H, 6-7. 
Cl5HI8O4 requires C, 68.7;  H, 6.9%). 

7 - Methoxy - 5 : 8 - dimethyl - 1 : 2 : 3 : 4 - tetrahydronaphthyl - 2 - acetic 
acid was obtained when the keto-acid (3.5 g.) was reduced with 
amalgamated zinc (16 g . )  and concentrated hydrochloric acid 
<22 c.c.), as described in the preparation of p-4-methoxy-2 : 5-di- 
methylphenylethylsuccinic acid. It crystallised from light petro- 
leum (h. p. 80-100°) in prisms (2-5 g . ) ,  m. p. 130-131" (Found : 
C, 7 2 - 3 ;  H, 8.0. Cl5H2,O, requires C, 72.6; H, 8-1yo). 

7 - Hydroxy - 5 : 8 - dimethyl - 1 : 2 : 3 : 4 - tetrahydronaphthyl - 2 - acetic 
Acid (Norsantonous Acid).-The methoxy-acid (1  g.) and hydriodic 
acid (b. p. 127" ; 5 c.c.) were refluxed for 5 minutes. Water (20 c.c.) 
was added, the solid extracted in ether, decolorised with sodium 
bisulphite solution, washed with water, and dried, and the ether 
removed. Norsantonous acid, thus obtained in theoretical yield, 

* The use of larger quantities decreases the yield of 1-keto-7-methoxy- 
5 : 8-dimethyl-1 : 2 : 3 : 4-tetrahydronaphthyl-2-acetic acid. 
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crystallised from toluene in colourless, six-sided plates, m. p. 163- 
164" (Found : C, 72-0; H, 7-5. C1,H1,O, requires C, 71.8; H, 
7.7%). Norsantonous acid is sparingly soluble in hot water, and 
its solution in concentrated sulphuric acid gives a purple coloration 
on the addition of ferric chloride. 

Ethyl 8-4-Methoxy-2 ; 5 - dimethylbenxoylbutane - Ppy - tricarboxylute 
(XVI ; R = Me).-Ethyl a-chloro-F-4-methoxy-2 : 5-dimethyl- 
benzoylpropionate (47 g.) was added to ethyl sodiomethylmalonate 
[prepared from pulverised sodium (3.9 g.) and ethyl methylmalonate 
(29 g.) in dry benzene (100 c.c.)]. The mixture was treated as in 
the case of ethyl y -4-methoxy -2 : 5 -dime t hylbenzo ylpropane - 
aap-tricarboxylate and yielded the ester (XVI; R = Me) (67 g.), 
which rapidly solidified in the presence of ligroin (b. p. 40-60"). 
The ester crystallised from light petroleum (b. p. 80-100") in large 
jagged prisms, m. p. 99" (Found : C, 63-0; H, 7.2. C,H320, 
requires C, 63.3 ; H, 7*4%), and distilled with' slight decomposition 
a t  220"/0-1 mm. 

Acid 
(XVII; R = Me).-The preceding ester (22 g.) was refluxed with 
methyl-alcoholic potassium hydroxide (12 g. in 50 C.C. of alcohol) 
for 2 hours, the bulk of the alcohol removed, water added, and the 
precipitated 4-methoxy-2 : 5-dimethylacetophenone (0.7 g.) col- 
lected. The filtrate was acidified with hydrochloric acid and tho 
resulting oil, which partly solidified after several hours, w a ~  col- 
lected and stirred with ether, giving apparently a mixture of the 
two racemic forms of 8-4-methoxy-2 : 5-dimethylbenzoylb~utccne-py-di- 
carboxylic acid, m. p. 155-162". Crystallisation from dilute alcohol 
yielded slender prisms, m. p. 163-168", consisting mainly of one 
form of the acid (XVII; R = Me) (Found : C, 62.5; H, 6-7; 
cquiv., 153, 157, 153. (:&,,06 requires C, 62.3; H, 6.5%; 
equiv . , 154). 

a-( p-4-Methoxy-2 : 5-dimeth~lphenylethyl)-cc'-methy~uccin~c Acid.- 
'Yhe above acid mixture, m. p. 155-162" (5 g.), amalgamated zinc 
(25 g.), and concentrated hydrochloric acid (35 c.c.) were kept for 
2 hours in the cold and then refluxed for 15 hours. After dilutiori 
with water the product was shaken with ether, decanted from the 
zinc residues, and filtered from an acid (0.7 g.), which crystallised 
from dilute alcohol in long prisms, m. p. 181-182" (Found : C, 
62.4; H, 6.5%; equiv., 148). The constitution of this compound 
has not yet been determined. The ethereal extract of the filtrate 
was washed with water and dried, the solvent removed, and the 
residual solid stirred with benzene and collected (1.8 g.). This 
crystallised from aqueous alcohol, giving leaflets, m. p. 169-171", 
coiisisting of one form of a-( p-4-methosy-2 : 5-dimethylphenyZethy1)- 

8 - 4 - Methoxy - 2 ; 5 - dimethylbenxoylbutane - py - dimrboxylic 
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a'-7netk~lsuccir~ic acid (Pound : C, 65% ; H, 7.5. C1,H,,05 requires 
C, 65.3; H, 76%). After addition of light petroleum (b. p. 80- 
100") to the benzene mother-liquor, a second form of the acid (1-1 g.) 
was obtained after some hours, which crystallised from benzene- 
light petroleum (b. p. 80-100") in flaky prisms, 111. p. 130-132" 
(Found : equiv., 142. 

a-1-Keto-7-methoxy-5 : 8-dimethyl-l : 2 : 3 : 4-tetrahyd~onaphthyl- 2 - 
propionic Acid (XVIII; R = Me) and its Lactone (XIX).-Either of 
the preceding acids (0.5 g.) was warmed a t  SO" for 3 minutes with 
sulphuric acid (5 c.c.), water and ice (20 g.) were added, and the 
solid was collected, boiled for a short time with dilute sodium 
bicarbonate solution, and washed with water, giving the lactone 
(XIX) (0.4 g.), which crystallised from benzene-light petroleum 
(b. p. 80-100') in stout prisms, m. p. 160-162" (Pound : C, 74-3; 
H, 6-6. The lactone (0.5 g.) 
was refluxed with methyl-alcoholic potassium hydroxide, the alcohol 
removed, and the residue diluted with water, acidified, and extracted 
with ether. The residue from the dried extract, on treatment with 
benzene-light petroleum (b. p. 80-100"), gave a mixture of the 
two racemic forms of a-1-keto-7-methoxy-5 : 8-dimethyl-1 : 2 : 3 : 4- 
tetrahydronaphthyl-2-propionic acid (XVIII ; R = Me) (0.45 g.), 
m. p. 105-115". This was collected and used in the subsequent 
reduction without further treatment. 

dl-Xantonous Acid Methyl Ether.-The preceding acid (0-5 g.), 
amalgamated zinc (5 g.), and concentrated hydrochloric acid (8 c.c.) 
were refluxed for 15 hours, the mixture was diluted with water, 
extracted with ether, and dried, and the solvent removed. The 
residue was stirred with ligroin (b. p. 40-60"), giving a crystalline 
solid (0.4 g.), m. p. 97-llO", apparently consisting of a mixture of 
the two possible racemic forms of dl-santonous acid methyl ether 
(compare Andreocci, Gaxxetta, 1895, 25, i, 526). 

dl-Xantonous Acid.-The above mixture of dl-santonous acid 
methyl ethers (0-5 g.) was refluxed with hydriodic acid (5 c.c.) for 
10 minutes, water (20 c.c.) added, the product extracted with ether, 
and the extract decolorised with aqueous sodium bisulphite am1 
dried. Removal of the solvent yielded an oily residue, which partly 
solidified on standing; after being drained on porous plate, it was 
carefully crystallised twice from ether-ligroin (b. p. 40-60°), giving 
shining leaflets (0.2 g. approx.), m. p. 150-152", unchanged by 
admixture with dl-santonous acid prepared from santonin (compare 
Cannizzaro and Carnelutti, Zoc. cit.) (Pound for synthetic santonous 
acid : C, 724; H, 8.5. Calc. for CI5H2,,O3 : C, 72.6; H, 8*1%). 
The acid in sulphuric acid gave with ferric chloride a, purple color- 
ation similar to  that given by the acid from santonin. The ethyl 

C,,H,,O, requires equiv., 147). 

CI6Hl8O3 requires C, 74.4; H, 7.0%). 
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ester from synthetic dl-santonous acid (0-2 g.) separated from ether 
in colourless plates, m. p. 125", and was proved to be identical by 
mixed m. p. with a, specimen made from the acid obtained from 
santonin (Found for the synthetic ester : C, 73.6; H, 9.0. Calc. 
for C1,HZQ03 : C, 73.9; H, 8.8%). 
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