
2248 HAWORTH AND BOLAM : 

317. Synthesis of Alkytphenanthrenes. Part 111. 
1 : 2 : 7-, 1 : 3 : 7-, and 1 : 6 : 7-Trimethylphenan- 
threnes. 

By R. D. HAWORTH and (in part) F. M. BOLAM. 
~-M~THYLNAPHTHALENF, and propionyl chloride reacted in the pres- 
ence of aluminium chloride to yield 6-methyl-2-naphthyl ethyE ketone 
(I; R = H), the constitution of which was established by con- 
version into 6-methyl-2-naphthoic acid by fusion with potassium 
hydroxide. The ketone (I;  R = H) was brominated, and the 
resultant 6-methyl-2-naphthyZ cc-bromoethyl ketone (I ; R = Br) con- 
densed with ethyl sodiomalonate ; the product, after hydrolysis 
and heating at 160°, yielded p-(6-methyE-2-~phthoyZ)butyric acid 
(11; R’ = Me, R” = H). The methyl ester of this acid was con- 
verted by way of y-( 6-methyl-2-naphthyl)-~-methyl-Afl-penfenoic 
acid (111; R’ = Me, R” = H) and 4-keto-1 : 2 : 7-trimethyl- 

1 : 2 : 3 : 4-tetrahydrophenanthrene (IV;  R’ = Me, R” = H) into 
1 : 2 : 7-trimethyZphenanthreney by methods developed for similar 
casesin Part 11 (this vol., p. 1784). 

CMe:C’R’*CHR”*CO,H IMem $?Hi% 
(1x1.) OC(/CHR’ 

(IV.) CHR” 

In the synthesis of 1 : 3 : 7-trimethylphenanthreneY 2-methyl- 
naphthalene was condensed with methylsuccinic anhydride to give 
P-(6-rnethyZ-Z-~phthoyE)iso~~tyr~c acid (I1 ; R’ = H, R” = Me), 
which yielded 6-methyl-2-naphthoic acid on fusion with potassium 
hydroxide, and this together with the fact that it is not identical 
with the isomeric butyric acid derivative establishes the structure 
assigned to the acid. y-(6-Methyl-Z-~phthyZ)-cr-methyl-Afl-pe~te~ic 
acid (111; R’ = H, R” = Me), 4-keto-1 : 3 : 5‘-trimethyE-I : 2 : 3 : 4- 
tetrahydrophenanthrene (IV;  R’ = H, R” = Me), and 1: 3 : 7-tri- 
methylphenanthrene were prepared by the usual methods. 

2 : 3-Dimethylnaphthalene and succinic anhydride reacted to give 
P-(6 : 7-dimethyl-2-mphthoyl)propionic acid, which was converted 
into 6 : 7-dimethyl-2-mphthoic acid on fusion with potassium hydr- 
oxide. As the latter acid was also obtained by hydrolysis of S-cyano- 
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6 : 7-dimethylnaphthalene, which resulted from the action of potass- 
ium cyanide on sodium 6 : 7-dimethylnaphthalene-2-sulphonate 
(Kruber, Ber., 1929, 62, 3044) the structure assigned to the keto- 
acid is established. By an application of the usual methods 746 : 7 -  
cEimethyl-2-?za~hthyl)-~.le-pentelzoic acid, 4-keto-1 ; 6 : 7-trimethyl- 
1 : 2 : 3 : 4-tetrahydrophenanthrene7 and 1 : 6 : 7-trimethylphenanthrene 
were prepared. 

The constants for the synthetical trimethylphenanthrenes and their 
derivatives do not correspond with those recorded for the methyl- 
pimanthrenes obtained from d-pimaric and isoagathic dicarboxylic 
acids. 

The structure assigned to pimanthrene establishes the 1 : 7- 
positions of the two methyl groups of d-pimaric acid, and the syn- 
thesis of the trimethylphenanthrenes described in this and earlier 
communications proves that the carboxyl group cannot be situated 
in the 2-, 3-, 4- ,  or 6-position. 

E X P  E R I M  E N  T A L .  
6-Methyl-2-nuphthyl Ethyl Ketone (I ; R = H).-Propionyl chloride (15 g.) 

was gradually added with cooling to a solution of 2-methylnaphthalene (23 g.) 
and AlCl, (44 g.) in PhNO, (100 c.c.). After 48 hrs., dil. HCl was added, the 
PhNO, removed in steam, and the residue extracted with C6Hs, dried, and 
fractionated. The ketone (I; R = H; 20 g.), b. p. 198-200'/15 mm., crystal- 
lised from light petroleum (b. p. 40-60') in colourless needles, m. p. 61-62" 
(Found : C, 84.4; H, 7.1. C14H140 requires C, 84.8; H, 7.1%). The ketone 
(0.5 g.) and KOH (2-5 g . )  were fused at  250" for 15 mins. ; 6-methyl-2-naphthoic 
acid, m. p. 225-226", was obtained and identified by comparison with a speci- 
men prepared from j3-( 6-methyl-2-naphthoy1)propionic acid and also by 
conversion into the methyl ester, m. p. 116-117". 

6-Methyl-2-naphthyl a-bromoethyl ketone ( I ;  R = Br), obtained by adding Br 
(1.1 c.c.) with cooling to the above ketone (3-4 g.) in CCI, (20 c.c.), after 3 hrs. 
removing the HBr in a ourrent of air and the solvent under reduced press., 
crystallised from light petroleum (b. p. 60-80") in prisms, m. p. 92-93" 
(Found : C, 60.9; H, 4.7. 
fi-(6-Methyl-2-naphthoyl)butyric Acid (11; R' = Me, R" = H).-The above 

bromide (15 g.) and ethyl sodiomalonate (Na, 1.9 g .  ; ethyl malonate, 13 g.) 
were heated for 12 hrs. in C,H, solution, the mixture acidified, the C,H6 layer 
separated, the solvent removed, and the residual oil hydrolysed with methyl- 
alc. KOH. The dicarboxylic acid, isolated with Et,O, was heated at  160- 
170" for 2 hrs., and the residue crystallised from C,H6; needles (6.2 g . ) ,  m. p. 
118-120" (Found : C, 74.8; H, 6.1. CI6Hl6O3 requires C, 75.0; H, 6.3%). 
The methyl ester was an oil, b. p. 195-198"/0*2 mm. 

4-Keto-1 : 2 : 7-trimethyl-1 : 2 : 3 : 4-tetrahydrophenanthrene (IV; R' = Me, 
R" = H).-The above ester (8 g . )  was treated with MgMeI (MeI, 6.3 g. ; Mg, 
1-1 g.), the mixture decomposed with dil. H,S04, and the ethereal layer ex- 
tracted with Na,CO, aq. The crude pentenoic acid (111; R' = Me, R" = H), 
obtained as an oil (6 g.), was reduced with P and HI. The resultant semi-solid 
acid (4 g.) was converted in 70"/0 yield into the cyclic ketone (IV; R' = Me, 

C,,H,,OBr requires C, 60.6; H, 4.7%). 

4 D  
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R" = H) by the action of H,SO,. The ketone was an oil, b. p. 195-198"/0.5 
mm., yielding a semicurbaxone which separated from EtOH in stout prisms, 
m. p. 217-218" (deconp.) (Found : C ,  73.1 ; H, 7.1. C18H2,0N, requires C ,  
7 3 . 2 ;  H, 7.1%). 

1 : 2 : 7-Trimethylphenanthrene.-The cyclic ketone was reduced by Clem- 
mensen's method, and the product dehydrogenated with Se. 1 : 2 : 7-Tr i -  
methylphenanthrene crystallised from EtOH in colourless plates, in. p. 120- 
12.1' (Found : C, 92-6 ; H, 7.2 .  Cl,Hl6 requires C ,  92.7 ; H, 7.3%), the picrate 
in orange needles, m. p. 148-149" (Found : N, 9.5. C,,H,,O,N, requires N, 
9*3y0), the styphnate in orange needles, m. p. 169-170" (Found : C ,  59.1 ; H, 
4-1 .  C23H1908N3 requires C ,  5 9 - 4 ;  H, 4*1%), the quinone in orange plates, 
m. p. 209-210" (Found : C ,  81 .3;  H, 6.7.  C17H1402 requires C ,  81.6; H, 
5.6%), and the quinoxaline from AcOH in cream-coloured needles, ni. p. 184- 
185" (Found : N, 8.9. 
j?-(6-Methyl-2-naphthoyl)isobutyric acid (11; R' = H, R" = Me) was pre- 

pared in 60% yield from 2-methylnaphthalene and methylsuccinic anhydride ; 
colourless plates, m. p. 182-183", from AcOH or MeOH (Found : equiv., 254. 
C,,H,,O, requires equiv., 256) .  The methyl ester, b. p. 230-240"/15 mm., 
crystallised from MeOH in needles, m. p. 88-89" (Found : C ,  75.3; H, 6.8. 
C,,H,,O, requires C, 7 5 . 6 ;  H, 6.7%). 
y-(6-Methz~l-2-naphthyl)-a-methyl-A~-pentenoic acid (I11 ; R' = H, R" = Me) 

obtained by the action of MgMeI on the above ester, crystallised from MeOH 
in needles, m. p. 160-151" (Found : C ,  79.9; H, 7.3 .  C17H1802 requires C ,  
80.3; H, 7.1%). 

R' = H, 
R" = Me) was an oil, b. p. 190-195'/0*4 mm. (Found : C, 85.5;  H, 7.6 .  
C,,H,,O requires C, 85.7;  H, 7.5%). 

1 : 3 : 7-Trimethylphena?tthrene crystallised from MeOH in colourless prisms, 
m. p. 68-69' (Found : C ,  92 .4;  H, 7.2y0) ,  the picrate from EtOH in pale 
orange needles, m. p. 163-164" (Found : C ,  61 .5;  H, 4.1. C,,H,,O,N, 
requires C, 61.5 ; H, 4.3%), the styphnate in yellow tufted needles, m. p. 160- 
161", the quinone in slender orange needles, m. p. 174-175" (Found : C ,  81 .4;  
H, 5.7y0) ,  and the quinoxaline from AcOH in slender cream needles, m. p. 201- 
203" (Found : N, 8.9%). 

p-( 6 : 7-Dirnethyl-2-naphthoy1)propionic acid, obtained in 70% yield from 
2 : 3-dimethylnaphthalene and succinic anhydride, crystallised from AcOH or 
MeOH in colourless plates, m. p. 179-180" (Found : equiv., 255. C,,H,,O, 
requires equiv., 256) .  The methyl ester, b. p. 235-240"/12 mm., separated 
from MeOH in needles, m. p. 05-96" (Found : C ,  7 5 . 4 ;  H, 6.5%). 

6 : 9-Dimethyl-2-nuphthoic Acid.-(a) Pure 2 : 3-dimethylnaphthalene (20 6 . )  
and conc. H,SO, (15 c.c.) were heated for 2 hrs. a t  100"; the mixture was 
diluted with H,O and neutralised with NaOH aq., and the sparingly sol. 
sadium 6 : 7-dimethylnaphthalene-2-sulphonate crystallised from H,O (yield, 
32 g.). The Na salt (35 g., dried a t  120") and KCN (25 g.) were heated in a 
metal retort, the sublimate was dissolved in CHCI,, washed with H,O and then 
with dil. NaOH aq., and dried, and the solvent removed. The residue (10 g.), 
consisting of a mixture of 2-cyano-6 : 7-dimethylnaphthalene and 2 : 3-di-  
methylnaphthalene, was heated with AcOH (40 c.c.), conc. H,S04 (30 c.c.), and 
H , 0 ( 3 0  c.c.) for 12 hrs. The mixture was diluted and extracted with Et,O, and 
the acid removed in NaOH aq., recovered, and isolated with Et,O. (b) @-(6 : 5 -  
Dimethyl-2-naphthoy1)propionic acid ( 1  9.) and KOH (5  g.) were fused a t  250" 

C,,H,,N, requires N, 8.7%). 

4-Keto-1 ; 3 : 7-trimethyl-l : 2 : 3 : 4-tetrahydrophenanthrene (IV; 
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for 20 mins., the melt diluted and acidified, and the acid isolated with Et,O. 
6 : 7-Dimethyl-2-naphthoic acid, obtained by either method (a) or (b), was 
crystallised from a little MeOH and then from C,H,-EtOH ; colourless plates, 
m. p. 254-255" (Found : equiv., 198. C1,H,,O, requires equiv., 200). The 
methyl ester, prepared from CH,N, and the acid in Et,O, crystallised from MeOH 
in rosettes of needles, m. p. 147-148O (Found : C, 78.1 ; H, 6.4. C&,402 
requires C, 78.5; H, 6.6%). 

y-( 6 : 7-Dimethyl-2-naphthyl)-Afl-pentenoic acid crystalIised from MeOH in 
plates, m. p. 155-156" (Found : C, 79.9; H, 7.0%). 

4-Keto-1 : 6 : 7-trimethyl-1 : 2 : 3 : 4-tetrahydrophenanthrene was an oil, 
b. p. 190-192"/0*4 mm., yielding a semicarbazone, which crystallised from 
EtOH in jagged prisms, m. p. 200-202" (Found: N, 14.0. C1,H,,ON, 
requires N, 14.2%). 

1 : 6 : 7-Trimethylphenantltrene crystallised from EtOH in colourless plates, 
m. p. 123-124" (Found : C, 92.8 ; H, 7.3%), the picrate in orangeneedles, m. p. 
165-166" (Found : C, 61.2; H, 4.5%), .the styphnate in feathery yellow 
needles, m. p. 111-112", the quinone from AcOH in orange rhombic prisms, 
m. p. 221-222" (Found: C, 81.3; H, 5.7%), and the quinoxaline in buff- 
coloured needles, m. p. 189-190" (Found : N, 8.6%). 

Our thanks are due to Mr. C. R. S. Tenniswood, M.Sc., for most of the 
analytical results. 
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GRAPHIC
318. The Doubly Conjugated System in a- and 18-
Elmostearic Acids.
By R. S. MORREIL and H. SAMUELS.
BOESEKEN and HOEVERS (Rec. truv. chim., 1930, 49, 1165) showed
that conjugated Aex-linolic acid (m. p. 53") and its ethyl ester com-
bine normally with maleic anhydride to give, exclusively, sub-
stances of m. p. 88" and 60" respectively. The action of the anhydride
on a- and p-elzostearic acids has now been investigated.
If these two acids are cis- and trans-modifications containing two
conjugated double linkages (Boeseken, ibid., 1927, 46, 619), the
structural formuh as shown by atomic models indicate that the
cis- or a-form and the trans- or p-form should yield (I) and (11)
respectively. On oxidation, (11) should yield valeric acid and a
six-membered ring acid, %-hereas from (I) azelaic acid and a diiferent
six-membered ring compound should be produced.
Actually, a- and p-elzostearic acids each gave a crystalline maleic
anhydride addition product, M. p. 6 Y and m. p. 77" respectively,
oxidation of which with potassium pesmanganate in acetone solution
produced azelaic acid and valeric acid, respectively, and a brown tar


