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prepared by conventional means and recrystallized from 
petroleum ether, had m.p. 60-62" (lit.376Cb620). 

3,5-Dibromobenzoic acid (from 1,3-dibromo-4-nitroben- 
zene): m.p. 219-220" (lit.a8 219-220"); the amide, pre- 
pared by conventional means, had m.p. 184-186" (lit.3g 
187'). 

2,4-Dibromobenzoic acid (from 1,3-dibromo-5-nitroben- 
zene) : m.p. 163-167' (lit.J7 168-169'); the amide, prepared 
by conventional means, had m.p. 195-196' (lit.3g 195"). 

2,5-Dibromobenzoic acid (from 1,4-dibromo-2-nitroben- 
zene): m.p. 151-153' (lit.'o 157'); the mixed m.p. with an 
authentic sample (from permanganate oxidation of Eastman 
Kodak 2,5-dibromotoluene) of m.p. 156" was 152-155'. 

m-Bromobenzoic acid (from 1-bromo-2-nitrobenzene) : 
m.p. 151-163'; mixed m.p. with an authentic sample (East- 
man Kodak) was 152-155'. 

Products from Reactions of Nitrosobenzene.-The reac- 
tion of nitrosobenzene with 2.6 g. of potassium cyanide in 
25 cc. of 48y0 ethanol for one hour a t  155' furnished a small 
crop of red needles which, after crystallization from ethanol, 
weighed 0.3 g. and had m.p. 65-66'. These were recog- 
nized as azobenzene (m.p. 68") by reduction (tin and hydro- 
chloric acid) to benzidine (m.p. 117-120') which did not 
depress the mixed m.p. with an authentic sample. 

The run in 75% d- yielded a yellowish neutral mate- 
rial of m.p. 29-31 ; the mixed m.p. with an authentic 
sample of azoxybenzene (m.p. 31.5-32.2') was 30-31.5". 

Experiments with Deuterium-labeled Compounds.-A 
tube was charged with 5.0 g. of nitrobenzene, 5.0 g. of an- 
hydrous potassium cyanide, 5 cc. of the ethanol-0-d prepa- 
ration described above, and 5 cc. of heavy water. It was 
~ ~~ 

(38) M. T. Bogert and  W. F. Hand,  THIS  JOURNAL,^^, 042 (1903). 
(39) J. J. Slidborough, J. Ckem. Soc., 67, 591 (1895). 
(40) S .  A .  1Crmp:il. Rec. t r o o .  chim., 34, 148 (1915). 

sealed, heated one hour at 150-lGO", and cooled. By our 
usual procedure, about 3 g. of nitrobenzene were recovered, 
and 0.380 g. of benzoic acid was obtained. After crystalli- 
zation from common distilled w a t y ,  and then sublimation, 
the acid showed m.p. 120.5-121 . It was quantitatively 
diluted with repurified reagent grade benzoic acid, and the 
mixture was sublimed to give the analytical sample. 

A t  Reed, a tube containing 2.2 g. of deuterium-labeled 
I-chloro-4-nitrobenzene, 5 g.  of potassium cyanide and 30 
cc. of 48% ethanol was sealed and heated at 160-170" for 
75 minutes. The tube exploded as it was being opened, 
but a good deal of the product could be isolated from the 
lower part of the tube which did not statter.  The m-chloro- 
benzoic acid product, m.p. 151-152 , was isolated in the 
usual way and purified by crystallization from water. It 
was quantitatively diluted with repurified Eastman Kodak 
m-chlorobenzoic acid, and the mixture was recrystallized 
from water to give the analytical sample. At North Caro- 
lina, essentially the same procedure was followed except 
that  a lower ratio of cyanide to  nitro compound was em- 
ployed. 

The deuterium analyses were done in the Division of 
Steroid Biochemistry, Sloan-Kettering Institute for Cancer 
Research, by Josephine Leong under the supervision of Dr. 
David K.  Fukushima and Dr. Thomas F. Gallagher. 
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A Rearrangement Involving Aromatization. The Condensation of 
a4-Tetrahydrophthalaldehyde with Diethyl Acetonedicarboxylatel 

BY D. S. TARBELL AND BERNARD WARGOTZ~ 
RECEIVED JUXE 2, 1951 

The condensation of A4-tctrahrdrophthalaldehyde with diethyl acetonedicarboxylate in the presence of piperidine acetate 
vields, by a rearrangement involving aromati7ation, 5,8-dihydro-2-hydroxy-3-carbethoxy-l-naphthaleneacetic acid ethyl 
ester ( IX)  The structure of this product has been established by converting it t o  the following compounds, which have 
bcen synthesized : the lactone of 2-hydroxy-1-naphthaleneacetic acid (XI11 ), 2-hydroxy-3-carbethoxy-I-naphthaleneacetic 
acid ethyl ester and 5,B,7,8-tetr:~hydro-2-hydroxy-3-carbethoxy-l-naphthaleneacetic acid ethyl ester. The ultraviolet and 
infrared spectra of the compounds are in agreement with the assigned structures, and the mechanism of the aromatization is 
discussed. An improved procedure for preparing A4-tetrahydrophthalaldehyde is described, which involves the lithium alu- 
minum hydride reducticn of ~ , ~ , T \ " , ~ ' - t e t r a ~ e t h y l t e t r a h r d r o r h t h a l a m j c l e  I t  is fcund 11 a t  a basic icn-cxchar gc resin is 
a good catalyst for the condensation of phthalaldehyde and diethyl acetonedicarboxylate. 

The condensation of phthalaldehyde with diethyl 
acetonedicarboxylate leads to the dicarbethoxy- 
benzocycloheptadieneone3 I, and a similar reaction 
between phthalaldehyde and hydroxy- or methoxy- 
acetone yields /3, y-benzotr~polone~ or its methyl 
ether.5 The use of A4-tetrahydrophthalaldehpde 
in similar condensation reactions might be expected 
to lead to compounds offering interesting possibili- 
ties for further synthetic operations in the tropolone 
and colchicine fields. The present paper reports a 
study of the condensation product from tetrahydro- 
phthalaldehyde and diethyl acetonedicarboxylate; 
i t  is shown that the product does not contain a 

(1) This research was aided by a grant from the  National Cancer 
Insti tute of the  National Institutes of Health, Public Health Service. 

(2) Abbott Laboratories Fellow, 1953-1954. 
(3) J. Thiele and J .  Schneider, Anw , 369, 287 (1909). 
(4) D. S. Tarbell, G. P. Scott and A .  D. Kemp, THIS J O U R N A L ,  l a ,  

(5) (a) D. S. Tarbell and J. C. Bill, ibid., 74, 1234 (1952); (b) G. A. 
379 (1960). 

Nicholls and D. S. Tarbell, ibid., 74, 4935 (1952). 

seven-membered ring, as expected, but is actually a 
dihydronaphthalene derivative. The condensation 
reaction therefore involves a molecular rearrange- 
ment with the formation of a benzenoid instead of a 
seven-membered ring. 

COOR 
/ 

COOR 
/ 

COOR COOR 
I VI1 

The preparation of A4-tetrahydrophthalaldehyde 
by addition of butadiene to maleic or fumaric dial- 
dehyde was described previously.6 A more con- 
venient method has been found to be the lithium 

(6) D. L. Hufford, D. S. Tarbell and T. R. Koszalka, ibid., 74, 3014 
(1952). 



5702 D. S. TARBELL AND BERNARD l I T ~ ~ ~ ~ ~ ~  Vel. T ( i  

aluminum hydride reduction of N,N,N',N'-tetra- 
methyl-A4-tetrahydrophthalamide (II) ,  which is 
readily prepared from Ad-tetrahydrophthalyl chlo- 
ride.',* 'The reduction leads to the formation of 

lR 11, R = CON(CH3)2 
111, R = CHO 
IV, R = CHtX(CH3)t 0 ,\R 

appreciable amounts of the diamine IV, if the 
lithium aluminum hydride is added rapidly to the 
diamide. The configurations of 11, I11 and IV are 
regarded as trans, because the tetrahydrophthalyl 
chloride (precursor of 11) is prepared7 from buta- 
diene and fumaryl chloride ; furthermore, reduc- 
tion of 111 to hexahydrophthalaldehyde, and oxida- 
tion of this with silver oxide, yields trans-hexahy- 
drophthalic acidg 

The condensation of 111 with diethyl acetonedi- 
carboxylate yielded in the presence of piperidine ace- 
tatel0 a product, m.p. 126-127", of the composition 
expected for V, along with a by-product, probably 
1'1. The behavior of the main product did not, 

CH:COOR 

+ (yCH0 + C=O 1 

v' C H O  CHlCOOR 
COOR 

/COOR CH=CCOCH?COOR c' /=== p I !  \ = o +  
v\=/ \CH=CCOCH,COOR 

\ I 
COOR COOR 

T: VI, R = CzH6 

however, correspond to that expected for structure 
V; thus, dehydrogenation with chloranil in xy- 
lene6,l1 did not lead to Thiele's product I ,  and re- 
duction with hydrogen and platinum in acetic acid 
gave an uptake of only one mole of hydrogen in- 
stead of three. I t  was shown that under the same 
conditions, Thiele's compound absorbed two moles 
of hydrogen in the seven-membered ring, forming 
VII. Xn alternative structure VI11 for the con- 
densation product was ruled out by showing that 
the material did not yield a carboxylic acid when 
treated with silver oxide12 or with chromic acid in 
acetic acid.13 

A , - - y C H C O O R  CHO 
I ,' 

W Y \ C O O R  

8 1  ' VIIT, R CpHj 

The structure of the condensation product was 
eventually shown to be 5,8-dihydro-2-hydroxy-3- 

(71 K. Alder and R I .  Schumacher, An%.,  664, 107 (1949). 
(8) T h e  reduction of N,S,N'N'-tetramethylphthalamide t o  phthal- 

aldehyde is reported b y  F. \Veygand and D. Tietien, Chem. B e y . ,  64, 
62.5 (1951). 

1 9 )  Lithium aluminum hydride does not invert carbon atoms ad-  
jacent to the  group being reduced (D  Il'oyce and D. B. Denney, 

(IO) (a) R. Kuhn,  W. Badstiibner and C. Grundmann, Bey. ,  69, 98 
(1936); (b) A, C. Cope, el al., THIS JOURNAL, 63, 3452, 3460 (1941). 

(11) R, T. Arnold and C. Collins, ibid. ,  61, 1407 (1939). 
(12) K .  Bernhauer and R .  Forster, J .  p r a k l .  Chem., 147, 199 (1937). 
(13) €1. Koechlin and T. Reichstein, Helz,. Chim. Acta,  30, 1673 

T H I S  J O U R K A L ,  72, 5743 (1950). 

(1947). 

carbethoxy-1-naphthaleneacetic acid ethyl ester 
(IX),  by a combination of degradative, synthetic 

CH*COOC?H, 

xe Xb 

Y 
CHnC=O CHtC=O 

CHtCOOH 

I & 
XI11 XIV 

and spectral evidence. I X  showed infrared absorp- 
tion bands in carbon disulfide at  3090 (strongly as- 
sociated hydroxyl), 1739 (normal ester carbonyl) 
and 1670 cm.-l (chelated ester carbonyl).14 I t  
gave a green ferric chloride color, was acetylated by 
acetic anhydride, and was converted by saponifica- 
tion to a dibasic acid Xa. The saponification of 
the diester IX was accompanied by isomerization 
of the double bond into conjugation with the ben- 
zenoid ring in Xa; re-esterification of Xa did not 
regenerate IX, but gave instead an isomer Xb, 
m.p. 113-114'. This compound was also formed 
from the lactone X I  by treatment with thionyl 
chloride and alcohol. The ultraviolet spectra (see 
below) of IX  and Xa and Xb  confirm the shift of 
the double bond into a position of conjugation in 
Xa and derived compounds. The double bond 
may be in the 5,6- instead of the 7,S-position as 
shown. 

The dibasic acid Xa was converted by heating to 
230" to a lactone XI,  which melted with decompo- 
sition a t  about 285'. The lactonic nature of X I  was 
indicated by its composition and its behavior 011 
titration; it consumed one mole of alkali in the 
cold, and a second one when heated. It showed in- 
frared bands at  1797 (y-lactone carbonyl) and 1667 
cm.-' (carboxy carbonyl). 

The decarboxylation of Xa with quinoline and 
copper powder yielded the neutral lactone XII,  
m.p. 12i0, which was converted by palladium-on- 
charcoal in boiling biphenyl to the completely aro- 
matic lactone XIII ,  m.p. 103-104°. This product 

(14) (a) E. D. Bergmann, Y. Hirschberg and S. Pinchas, J .  Chem. 
Soc., 2331 (1950); (b) I. M. Hunsherger, THIS JOURNAI. ,  72, 5026 
(1950). 
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was shown to be identical with the known lactone of 
2-naphthol-1-acetic acid (XIV) by comparison with 
synthetic samples'" of both the lactone XI11 and 
the naphtholacetic acid XIV, through mixed m.p. 
and comparison of spectra. 
h further confirmation of structure I X  for the 

condensation product was obtained by dehydro- 
genating i t  in xylene with chloranil; the product 
XV melted at  119-120°, and although it gave only 
EI slight depression on mixed m.p. with the starting 
material IX, its ultraviolet spectrum was definitely 
different and indicated the presence of a naphtha- 
lene nucleus. The structure of XV was established 
by its synthesis from methyl 2-hydroxy-3-naphtho- 
ate ; the steps involved were chloromethylation 
with chlorornethyl ether in acetic acidI6 to yield 

CH2COOR 

,/)/$/,'" XV, R = C L "  
XVI, R = H IX + 

XVIT, R = H 
XVIIT, R = CH2Cl 

&OH XIX,  R = CHzCN 

'\COOCHI 

methyl l-chloromethyl-2-hydroxy-3-naphthoate17 
(XVIII), the conversion of this to the nitrile XIX, 
hydrolysis of the nitrile to the acid XVI, and esteri- 
fication of the latter to form the diester XV. The 
synthetic product XV was shown to be identical 
with the sample obtained by chloranil dehydrogen- 
ation by mixed m.p. and comparison of spectra; 
the two acetates were also identical. 

Compound I X  was dehydrogenated and acetyl- 
ated by selenium dioxide in boiling acetic anhydride 
to form 2-acetoxy-3-carbethoxy-1-naphthaleneace- 
tic acid ethyl ester, which was identical with the 
acetylation product from synthetic XV. 

The evidence given so far has established the 
structures of products obtained from IX by fairly 
drastic procedures, which might have involved mo- 
lecular rearrangement of the original structure. A 
more conclusive proof of the structure was therefore 
provided by the synthesis of the dihydro compound 
XX, obtained from I X  by catalytic reduction at  
room temperature. 

CHzCOOR 

R 
XXII ,  R = H, R' = CHI 

XXII I ,  R = CHaC1, R '  = CHa 
XXIV, R = CHzCN, R'  = CH3 
XXV, R = CHzCN, R '  = H 

Methyl 2-hydroxy-3-naphthoate (XVII) was re- 
duced to the 5,6,7,8-tetrahydro compound XXII  

(15) (a) M. Julia, Bull. SOC. chim. France, 20, 640 (1953); (b) A. H. 

(16) Cf. G. Vavon, J. Bolle and J. Calin, Bull. SOC. chim. France,  6, 

(17) W. A. Jacobs end M. Heidelberger, J .  B i d .  Chem., 20, 682 

Cook, J. Downor and B. Hornung, J .  Chem. Soc., 502 (1941). 

1025 (1939); 0. Gawron, THIS JOURNAL, 71, 744 (1949). 

(1915). 

with Raney nickel and The tetra- 
hydro compound XXII  was converted to the chloro- 
methyl derivative XXIII  with chloromethyl ether 
and zinc chloride in petroleum ether, and the latter 
was converted to the nitrile ester XXIV; some of 
the corresponding acid XXV was obtained also. 
Treatment of the nitrile ester XXIV with alcoholic 
hydrogen chloride gave a crude sample of the di- 
ethyl ester XX, which was purified by saponifica- 
tion and re-esterification. The diester X X  thus ob- 
tained was identical with the product formed by 
catalytic reduction of IX. 

The main features of the ultraviolet spectra of 
the key compounds described, which were very use- 
ful in the structural work, are listed in Table I. 

The evidence for the position assigned to the 
double bond in IX, and in the diacid Xa and its 
derivatives, is as follows. (1) The ultraviolet 
spectrum of I X  is identical with that of its dihydro 
compound XX, indicating that the double bond in 
IX  is not conjugated with the benzene ring. ( 2 )  
Re-esterification of the diacid Xa yielded the diester 
Xb with an absorption band at  340 mp, which is 
not shownz0 by IX. 

The mechanism of the rearrangement involved 
in the formation of the aromatic ring in I X  appears 
to present some novel features, and must involve 
some such process as the following, in which bond a 
is broken and bond b is formed, in structure XXVI 

COOR 

or its equivalent.21 The structure of IX is incom- 
patible with the symmetrical cyclopropanone type 
of intermediate, which has been demonstrated in the 
alkaline rearrangement of a-haloketones, 2 2  because 
the carbonyl group in XXVI is not converted to a 
carboxyl. The aromatization reactions of tropo- 
lones, in which a seven-membered ring is aromatized 
under basic conditions, 2 3  present some points of 
similarity to the present reaction. 

X reasonably satisfactory picture of the rear- 
rangement indicated in XXVI is the following, in 

(18) R. T. Arnold, H .  E .  Zaugg and J.  Sprung, THIS JOURNAL, 63, 
1314 (1941). 

(19) T h e  method of Papa, Schwenk and Breiger, J .  Org. Chem., 14 ,  
366 (1949), tor the  reduction of 2-hydroxy-3-naphtboic acid t o  the  
5,6,7,8-tetrahydro compound with Raney alloy and alkali was unsatis- 
factory in  our hands, giving mixtures and poor yields. 

( 2 0 )  T h e  effect of the  conjugated double bond on the  zpectrum of the 
benzenoid ring is analogous t o  t h a t  of the  double bond in 3,4-dihydro- 
naphthalene on the  spectrum of tetralin (R. A.  Friedel and M. Orchin, 
"Ultraviolet Spectra of Aromatic Compounds," John Wiley and Sons 
Inc. ,  1951; figs. 10 and 29).  T h e  ultraviolet spectrum of 3,4-di- 
hydro-6-methoxynaphthalene is given by R .  B. Woodward and R .  H. 
Eastman, THIS JOURNAL, 66, 674 (1944). 

(21) It is possible t h a t  t h e  rearrangement indicated in X X V I  may 
take  place before t h e  seven-membered ring has been closed by t h e  aldol 
condensation with the  second aldehyde group of 111; however, the  
driving force in the  rearrangement is undoubtedly the  stability of the  
aromatic ring, and hence the  ring closure is probably a t  least simultane- 
ous with the  shift in the  carbon skeleton. 

(22) R. B. Loftfield, THIS JOURNAL, 73, 4707 (1951); this article 
contains an  excellent summary of the  earlier work. 

(23) Cf. the  illuminating discussion b y  W. E. Doering and L. H. 
Knox, i b i d . ,  73, 832 (1951). 
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TABLE I 

Maxima (mp) log t 

Uicarhcthosyhenzocye1~)hcpta~ienone ( I )  
235 4 . 4  
273 4.6 
310 (shoulder) 3 .99  

ULTRAVIO1,ET SPECTRA I N  9570 E T H A N O L  

Bis-condensation product TrI from tetrahydrophth3lalde- 
liytlc 

252 4.23 

1:;s-contleiisntior~ protluct from phth:~lnltlchydci 
X 3  4 1 3  

,j,S-I>iliydro-3-liy(lroxy-3- cnrhethosy- 
l-iinj)hlh:iletic:i[.t.lil. :i&I e thyl  c,stcr ( I S )  

31(i 4 , 3 5  
2.7'7 3 , N  
390 . > .  3 ,  

5,6-Dihydro-2-hydroxy-3-cnrbetliox~- 
1 -11npht11nlenencetic :xid ethyl ester (SI)) 

210 4.38 
284 4.10 
340 0. fi(i 

3,6-Dihptlro-2-hydrox~--3-c:trl~or~- 
I -nn~~htlinlenencetic acid (Sa) 

284 3.85 
326 3 .48  

5,~-Uihyclro-2-li~--tlrosJ.-3-carl~ns~-- 
1 -:iaphthnletincetic acid lactonr ( X I )  
226 -1.31 
280 4.19  
31s 3.6'7 

3,6-Dihydro-2-hytlroxy- 
1 -n:iplitli:tlel~eacctir ncitl lactonc (SIT) 

--r 995 4 17 
255 3.79 
262 3,%5 
272 8 . 7 3  
mi 3,15  

2-Hydrosy-3-carbethosy- 
1 -11~~pht11nle11encetic acid ethyl ester (SV) 

213 4.69 
276 3.81 
?8S :: , S!) 
300 .'j , 7G.: 
07) 3 4 x 

Diacid of SV (ST1 ) 
..in 4 . 11 
277 .>.  ,>4 
2% 3 ,  SO 
298 3 .17  
3ii0 3 .16  

5 , 6 , ~ , S - T c t r n h ~ ~ c l r o - 2 - h y d r o ~ ~ - ~ - c ~ r ~ ~ c t h o ~ ~ - - l -  
~iaphtli:~lcnenretic acid ethyl ester (XS ) 

220 4 .  '9 
252 4.10 
321 3 .70  

Diacid of SS ( S S I )  
2,jO 8 . 8 5  
320 3.55 

c) -- 

q q  

Methyl 5,6,7,8-tetrahydro-2-hydrouy-3-naphthoate (XXII )  
220 4 10 
249 3 07 
315 3 54 

5,6,7,8-Tetrahj dro-2-hytlroxy-3-naphthoic acid" 
219 4 . 3 3  
240 4 15 
375 3 57 

The ester X S I I  absorbs at longer wave lengths than the 
corresponding acid in alcohol solution, as found by Bcrg- 
mann, et al. (ref. 14a), for salicylic acid, 2-11ytlrox~~-3-1iaph- 
thoic acid and the corresponding citcrs. 

which the anion XXVII, derived froni XXVI by 
action of base, gives a nucleophilic displacement of 
the hydroxyl group by migration of the carbonyl 
carlon with its electron pair. This process, followed 
by shift of a hydride ion, leads to  XXVIII, which 
gives I X  by proton shifts. 

H 
C.-COOR 

COOR 
XXVII  S X V I I I  

An alternative scheme for the formation of IX, 
involving a series of cleavages and acylations, with 
the by-product VI as an intermediate, was shown 
to be improbable; VI did not yield IX when treated 
under the conditions of the original condensation. 

Experimenta124 
N,N.N',Nr-a4-Tetramethyltetrahydrophtha1amide (11) .- 

Crude A4-tetrahydrophthalyl chloride' (96 g.) in 1 1. of dry 
ether was chilled in a Dry Ice-acetone-bath, and 118 g. of 
anhydrous dimethylamine was added with vigorous stirring 
over a period of 20 niin., through a tube extending below 
the surface of the solution. After addition was complete, 
the solution waq stirred for 1 hr., the dimethylamine hydro- 
chloride was removed by filtration and the filter cake wai 
washed with dry ether. The combined filtrate5 werc 
dried and concentrated in uacuo, giving 100 g. of crude 
product; recrystallization of this material from hexane 
gave 93 g. of 11, m.p. 53-56', which was raised t o  55 50" 
by further crystallization from hexane. 

Anal. Calcd. for CIZH~ON~OZ:  C, 64.25; 13, 8.99; S, 
12.49. Found: C ,  64.30; H, 9.20; N, 12.30. 

The corresponding N,N,N',N'-tetraethylamide wa1 pre- 
pared in a similar manner. The analytical sample was pre- 
pared by three distilllations through a short path still and 
did not crystallize; it had nZoD 1.4975. 

Anal. Calcd. for C I ~ H ~ ~ N Z O Z :  C, 68.53; H, 10.07; N, 
9.99. Found: C, 68.66; H, 10.12; N,  0.84. 

~~-Tetrahydrophthalaldehyde (111) .-To a cold (0 ' )  solu- 
tion of 38.0 g. of tetramethyltetrahydrophthalamidc (11) in 
:t niiyture of 700 cc. of ether and 200 cc. of tetrahydrofuran, 
9 0 g. of finely powdered lithium aluminum hydride w<t\ 
added in small portions, while the reaction mixture w't\ 
stirred under nitrogen. The addition required 30 min., and 
after stirring for an additional 2.5 hr. at 0-5', the reaction 
mixture was then allowed to stand overnight a t  room tcni- 

(24) Melting points of all compound9 exhibiting a transition a t  t h e  
m.p. were taken on the hot stage: all m.p.'s are corrected. Microanal- 
yses are by Misses Claire King, Viola Williams, Annette Smith and 
Microtech Laboratories. We are indebted t o  Mr. Carl Whiteman for 
the infrared spectra. I n  chromatographic procedure, unless otherwise 
indicated, Davidson silica gel, mesh size "Through 200" was used; 
t h e  petroleum ether used for elution was of b.p. 30-00'. Solvents 
were of C.P. or analytical grades. and solvent mixtures were made up 
on a volume per cent. basis. 
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perature. The complex and excess lithium aluminum hy- 
dride were decomposed with 100 cc. of 10% sulfuric acid 
followed by ice-water. The inorganic salts were removed by 
filtration, the filter cake washed with ether and the combined 
filtrates concentrated in vacuo. The concentrate was 
taken up in ethyl acetate and the solution was washed a few 
times with dilute hydrochloric acid, with sodium carbonate 
solution, and then with water until neutral. Drying and 
removal of solvent from the ethyl acetate solution gave 10.2 
g. of crude dialdehyde, which yielded, on distillation, 7.! 
g. of material, with the following constants: b.p. 70-74 
(1.2 mm.), n 2 3 ~  1.4960. The reported values6 for A4- 
tetrahydrophthalaldehyde arc n% 1.4940; b.p. 56" (0.3 
inm.). The dialdehyde obtained by the above procedure 
vielded the same bis-dinitrophenylhydrazone reported pre- 
;iouslyS; reduction with hydrogen and palladium, followcd 
by oxidation with silver oxide, yielded trans-liexahydro- 
phthalic acid, as described previously.B 

4,5-Bis-dimethylaminomethylcyclohexene (IV) .-This di- 
amine is also formed by the reduction of the tetramethyl- 
phthalamide, in yields depending on the rate of addition of 
lithium aluminum hydride to the cold solution. Thus, 
fractional distillation with a spinning band column of the 
crude reduction product from 20.0 g. of the diamide, rvith- 
out first washing with dilute acid, gave 3.5 g. of the diamine 
I V ,  b.p. 78' (2.5 mm.), nZoD 1.4780. 

The dipicrate, after three crystallizations from methanol, 
melted a t  206-207'. 

Anal. Calcd. for C~H40Ndlla: C,  44.04; H ,  4.62; mol. 
wt., 655. 

The methiodide, after three crystallizations from meth- 
anol, melted a t  263-264'. 

Anal. Calcd. for C ~ ~ H ~ O I Z N ~ :  C, 35.01; H ,  6.30. 
Found: C, 34.87; H ,  6.40. 

5,8-Dihydro-2-hydroxy-3-carbethoxy-l-naphthaleneacetic 
Acid Ethyl Ester (IX) by Condensation of Tetrahydrophthal- 
aldehyde and Diethyl Acetonedicarboxy1ate.-A solution 
of 7.0 g. of tetrahydrophthalaldehyde (prepared by reduc- 
tion of the diamide 11, nZ3D 1.4960), 9.9 g. of redistilled di- 
ethyl acetonedicarboxylate,26 0.87 cc. of acetic acid, arid 
0.23 cc. of dry piperidine in 25 cc. of dry benzene was rr- 
fluxed for 18 hr.; the water formed was collected in a water 
separator.'Ob Removal of the benzene under diminishrd 
pressure gave a viscous oil, to which 25 cc. of alcohol was 
added, and the solution seeded2? with a sample of IX. The 
solution deposited after 3 hr. 2.5 g. of crystals of m.p.  12,i- 
126", and an additional 290 mg. of product, m.p. 123-124', 
was obtained from the mother liquors. The mother liquors 
were then chromatographed on 50 g. of silica gel; elution 
with 10% ether-petroleum ether gave an additional 1.6 g. 
of crude product, m.p. 117-118' after recrystallization from 
ethanol. The analytical sample, after rccrystallization 
from ethanol, melted a t  126-127", and gave a green ferric 
chloride test. 

Anal. Calcd. for Ci~H200b: C, 67.09; H, 6.62. Found: 
C, 67.35; H, 6.62. 

The Bis-condensation Product VI.-From a condensation 
reaction carried out essentially as described above on 2.8 g. 
of the dialdehyde I11 and 3.8 g. of diethyl acetonedicarboxyl- 
ate, 1.8 g. of crystalline product IX ,  m.p. 125-126", was 
obtained; the mother liquors were chromatographed on 50 
g. of silica gel, and elution with 10% ether-petroleum ether 
gave 640 mg. additional of crude IX.  The bis-condensation 
product VI (710 mg.) was obtained by elution with 30% 
ether-petroleum ether; after three crystallizations from 
:~lcohol, i t  melted a t  180-182", and gave a reddish-violet 
ferric chloride color. 

Anal. Calcd. for CXeH34010: C, 61.65; H, 6.77. Found: 
C, 61.31; H ,  6.74. 

5,8-Dihydro-Z-acetoxy-3-carbethoxy-l-naphthaleneacetic 
Acid Ethyl Ester.-Acetylation of the diester I X  (105 mg.) 
by refluxing with acetic anhydride and p-toluenesulfonic 
acid for 4.5 hr. yielded 121 mg. of crude product, after 
working up in the urual way. Chromatography on 10 g. 
of silica gel and elution with 40y0 ether-petroleum ether 

(25) Determined spectrophotometrically following K. G. Cunning- 
ham, W. Dawson and F. S. Spring, J. Chem. Soc., 2305 (1951). 

(26) R. Adains and H. M. Chiles, "Organic Syntheses," Coll. VoI. I ,  
2nd Ed. ,  John Wiley and Sons, Inc., New York, N. Y.. p. 237. 

(27) Prepared in preliminary studies by Dr. D. L. Hufford. 

Found: C, 44.26; H, 4.94; mol. wt.,*6667. 

gave 28 mg. of oil, which crystallized when treated with 
ethanol-water. A further crystallizoation from the samc 
solvents gave material of m.p. 40-41 . I t  showed infrared 
bands a t  1745 and 1706 cm.-l. 

Anal. Calcd. for CigH2:06: C, 65.88; H ,  6.40. Found: 
C, 65.91; H, 6.29. 

5,6-Dihydro-2-hydroxy-3-carboxy-l-naphthaleneacetic 
Acid (Xa) .-Saponification of 500 mg. of the diestcr I X  by 
heating with 100 cc. of 10% sodium hydroxide on the steam- 
bath for 2 hr., followed by acidification with 12 N hydro- 
chloric acid, precipitated the diacid Xa; after filtration and 
washing with water, 370 mg. of crystals was obtained. 
Two recrystallizations from ethyl acetate followed by one 
crystallization from mcthanol-water gave a product melt- 
ing with transition at, 233', with subsequeut mcltiiig with 
decomposition a t  300 . 

A.nal. Calcd. for C13H120~: C, 62.90; H, 4.87; neut. 
equiv., 124. Found: C, 63.24; H, 4.93; neut. equiv., 
127. 

5,6-Dihydro-Z- hydroxy-3-carboxy-I-naphthaleneacetic 
Acid Lactone (XI) from the Corresponding Diacid Xa.-The 
diacid Xa (160 mg.) was heated to  230-240' for 10 min., 
and the product was sublimed in high vacuum a t  210'; the 
sublimate (108 mg. of white solid) was recrystallized three 
times from acetone, and melted a t  294295'  with dec. 

Anal. Calcd. for ClaH~oG4: C, 67.82; H ,  4.38. Found: 
C, 67.82; H, 4.30. 

Titration in the cold of 0.4366 mmole of the compound 
X I  consumed 0.3722 mmole of base; addition of excess alkali, 
heating on the steam-bath for 30 min. and back titration 
showed the consumption of an additional 0.3988 mmole 
of base. A sample of the lactone XI was warmed with 5% 
alkali, acidified and recrystallized from methanol-w$ter to  
give a product of m.p; (with transition) 230-232 , final 
n1.p. with dec. 281-282 . I t  appeared to be identical with 
the starting diacid X. 

5 ~6-Dihydro-2-hydroxy-3-carbethoxy-l-naphthaleneacetic 
Acid Ethyl Ester (Xb) .-The diacid Xa (60 mg.) was estcri- 
fied by refluxing for 12 hr. with ethanol and minerd acid. 
The crude product (31 mg.) was chromatographed on silica, 
and elution with 10% ether-petroleum ether gave the crys- 
talline diester, m.p.  113--114', unchanged by recrystalliza- 
tion from alcohol-water. The same product was obtained 
by treating the lactone XI with thionyl chloride and alcohol. 

Anal. Calcd. for ClTHnoOs: C, 67.09; H ,  6.62. Found: 
C, 67.12; H ,  6.65. 

Refluxing the diacid Xa with alcoholic hydrogen cliloride 
for 36 hr. gave a product which apparently contained some 
of the completely aromatic diestcr XV, because it showcd 
absorption a t  365 m p  (log e 3.32). 

Decarboxylation of the Diacid Xa to 5,6-Dihydro-2-hy- 
droxy-1-naphthaleneacetic Acid Lactone (XII) .-The di- 
acid Xa (520 mg.) was heated in 3.0 cc. of pure quinoline 
wiJh 10-20 mg. of copper powder a t  2OC-235' for a fern 
min., the heating being continued after ebullition had 
ceased. The product was taken up in ether, the copper 
powder was removed by filtration, the ether solution was 
washed a few times with 10% hydrochloric acid, was dried, 
and the solvent was removed in vacuo. The crude crystal- 
line residue was chromatographed on 50 g. of silica gel; 
elution with benzeiie yielded 140 mg. of thc lactone XI I ,  
m.p. 123-125", which, after three recrystallizations froin 
ethanol, melted a t  126-127". 

Anal. Calcd. for C1?H1002: C, 77.40; H ,  5.41. F!!uild: 
C, 77.10; H, 5.55. 

Dehydrogenation of XI1 to 2-Hydroxy-I-naphthaleneacetic 
Acid Lactone (XIII).-A sample of 860 mg. of crude XII,  
prepared as above, was heated with 3.0 g .  of biphenyl aut1 
300 mg. of 10% palladium charcoal for 5 hr. a t  240- 
260". The product was cooled and taken up in hexane, 
the catalyst was removed by filtration and the iolvent was 
removed in ~lacuo. The residue was taken u p  :rgLin in cthcr, 
the solution was washed with dilute sodiiim c:irbon:rte solu- 
tion, then with water and was dried. The bolutio~i n-:is 
concentrated, and the resulting oil was chrom:rtogr:iplied 
on 50 g. of silica gel. Elution with prtroleuni cthcr gave 
biphenyl; elution with 10% ether-petroleum ether gave 
125 mg. of 2-hydroxy-1-naphthnleneacctic acid l;tctone, 
m.p. 101-103°, and an additional 98 nig., m . p .  95-100' 
from later fractions. Recrystallizatioii froiii alcoliol raised 
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the m.p. to 103-104.5", giving no depression on mixed m.p. 
with a synthetic sample of the lactone prepared from 2- 
methoxynaphthalene by the published procedure.:jn,b) 
The infrared spectra of the samples of XI1 obtained by 
synthesis and degradation were identical, as were also the 
samples of 2-hydroxy-1-naphthaleneacetic acid derived from 
the two samples of lactone. 

Dehydrogenation of 5,8-Dihydro-2-hydroxy-3-carbethoxy- 
1-naphthaleneacetic Acid Ethyl Ester (IX) to the Aromatic 
Compound XV.-The diester I X  (300 mg.) was refluxed for 
4 hr. in 15 cc. of dry xylene with 500 mg. of chloranil. After 
btanding overnight, the chloranil and its hydroquinone were 
removed by filtration, washed with dry benzene, and the 
filtrates were combined, dried and concentrated in X I C Z L O .  
The residue was taken up in ether, mashed with 570 alkali, 
then with water and was dried. Concentration of the solu- 
tion under reduced pressure gave 355 mg. of crude product, 
which, after several crystallizations from alcohol, melted a t  
119-120'. A mixed m.p. with the starting material I S  
grLve only a small depression (m.p .  115-117'), but the ul- 
traviolet spectrum of the dehydrogenation product clearly 
showed that  a change had occurred. The fact that  the 
dehydrogenation product was identical with synthetic Xi', 
prepared as described below, was shown by mixed n1.p. aud 
by the correspondence of the ultraviolet and infrared spcc- 
tra of the two samples. 

Anal.  Calcd. for CI~KIYO;: C, 67.54; H, 6.00. Found: 
C, 67.90; H ,  6.16. 

Methyl l-Chloromethyl-2-hydroxy-3-naphthoate (XVIII). 
-To a solution of 14 g. of chloromethyl ether in 200 cc. of 
acetic acidla was added rapidly with efficient stirring a t  lo-- 
15' a solution of 19 g. of methyl 2-hydroxy-3-naphthoateZg 
i i i  80 cc. of acetic acid. After the acidition was com- 
plete, the reaction mixture was stirred an additional hour, 
the ice-bath was removed, and 20 g. of the cliloromethyl 
compound XVIII ,  m.p.  163-164', cr~-stallized out. Re- 
crystallization from toluene raised the m.p.  t o  164-165'; 
the reported" m.p. is 164.5-166'. 

Methyl l-Cyanomethyl-2-hydroxy-3-naphthoate (XIX) .- 
'To a solution of 1.8 g. of the chloromethyl compound XYIII 
in 45 cc. of acetone was added rapidly with vigorous stirring 
a solution of 1.0 g.  of potassium cyanide in 25 cc. of water. 
.lfter standing 1 hr. at 20-30O after the addition was com- 
plete, the solution was conccntrated on the steam-bath 
under reduced pressure to remove the acetone, and vater  
was added to restore the original volume. Cautious acidi- 
fication with 6 IV hydrochloric acid gave a yellow prccipi- 
tatc of the cyanomethyl compound X I X ,  which rras col- 
lccted, washed with mater and dried; the yield KE 1.2 g. of 
material of m.p. 178-185". Several crystallizations from 
acetone gave the analytical sample, n1.p. 190-191.5". In 
later experiments, it was found convenient to uw the crudc 
iiitrile directly without recrystallization. 

.Inal. Calcd. for C I ~ H I I N O ~ :  C, 69.70; H, 4.59. 
Found: C, 69.71; H ,  4.71. 

2-Hydroxy-3-carbethoxy-1-naphthaleneacetic Acid Ethyl 
Ester (XV) .-The crude cyanomethyl compound (8.0 g.) 
\vas hydrolyzed by heating for 7 hr. a t  180" in an oil-bath 
with a mixture of 65 cc. of concd. sulfuric acid, 50 cc. of 
acetic acid and 50 cc. of water. The crude diacid XVI 
(7.2 g.) was obtained by cooling the reaction mixture and 
collecting the precipitate. To  2.0 g. of the crude diacid in 
60 cc. of absolute alcohol idded 2 cc. of concd. sulfuric 
acid, and the mixture was refluxed for 2 day<. From the 
neutral product wai obtained US7 mg. of :in oil which wts 
chromatographed on 10 g. of silica gil. Elution with 20yo 
cther-petroleum cthcr gavc 216 mg. of the diestcr XV, 111.p. 
116-118', which was raised to 119.5-120.5' by crystalliza- 
tion from ethanol. As tncntioned above, this product was 
identical with the chloranil dehydrogenation product of IX. 

2-Hydroxy-3-carboxy-1-naphthaleneacetic Acid (XVI) .- 
This .was obtained by hydrolysis of 96 m g .  of the synthetic 
diester XV described above with 10yo alkali. Three re- 
recrystallizations from ethanol-water gave pure diacid XVI, 
Il1.p. 246 -247" (with traribitioii) and final illeltirig with tlrc. 

Anal. Calcd. for C~aHloOs: C, 63.41; 11, 4.09. Found: 
:tt 302-303". 

C, 63.53; H, 4.49. 
~ ~ ~~ 

(28) Prepared from the  acid wilh diazomethane, rn.p., after crys- 
J. B. Cohen and II .  W. Dudley, tallization from methanol, i 5 - i 6 ° ;  

J. C h e m .  Soc., 97, 1748 (1910). give 73---74'. 

2-Acetoxy-3-carbethoxy-1-naphthaleneacetic Acid. A. 
By Selenium Dioxide-Acetic Anhydride Dehydrogenation 
of 1X.-A solution of 180 mg. of the diester I X  in 10 cc. of 
acetic anhydride was refluxed for 4 hr. with 70 mg. of sel- 
enium dioxide. The selenium was removed by filtration 
while the mixture was still warm, and the deep red filtrate 
was concentrated in vacuo; the residue was chromatographed 
on 50 g. of silica gel. Elution with benzene gave 97 mg. of 
oil which was not further characterized; elution with 10% 
ether-benzene, followed by ether gave 33 mg. of clear oil, 
which crystallized on standing to a solid of m.p.  53-55'. 
The m.p. was raised to 5 5 5 6 "  by recrystallization from 
ethanol, and the infrared spectrum showed bands at 1757, 
1730, 1706 and 1623 cm.-'. 

Anal. Calcd. for CIsH?oOe: C, 66.27; H, 5.85. F O U I I ~ :  
C,  66.41; H, 5.84. 

B. By Acetylation of Synthetic XV.-The syntliclic di- 
ester XV described above (140 mg.) was acetylated wit11 
acetic anhydride-sodium acetate. The product was worked 
up in the usual way, and was purified by chromatography 
on 10 g.  of silica gel; elution with 50y0 ether-petroleum ether 
gavc 111 mg. of the ac$oxy derivative, which crystallized 
to  a solid of m.p. 54-55 . This product gave no depression 
on mixed m.p. with the product from selenium dioxide-- 
acetic anhydride dehydrogenation described above. 

5,6,7,8-Tetrahydro-2-hydroxy-3-carbethoxy-l-naphthal- 
eneacetic Acid Ethyl Ester (XX) .-The diester IX (250 mg.) 
was hydrogenated in 25 cc. of acetic acid with 125 mg. of 
platinum oxide a t  room temperature, until the uptake was 
negligible (about 1 mole). The catalyst was removed, 
washed with alcohol, and the filtrate was concentrated 
under reduced pressure to give the crude product, which, 
after two recrystallizations from methanol weighed 145 mg. 
and melted a t  92-94'. Crystallization from pentane raised 
the m.p .  to 96.5-97"; the product was identical with the 
synthetic compound described below, as shown .by mixed 
1n.p. and ultraviolet and infrared spectra comparisons. 

Aitel. Calcd. for CliHa2Os: C, 66.65; H, 7.22. Found: 
C, 66.37; H ,  7.56. 

5,6,7,8-Tetrahydro-2-hydroxy-3-carboxy-l-naphthalene- 
acetic Acid (XXI) .-The diester X X  (450 mg.) was saponi- 
fied by refluxing with 10% alkali for 3 hr. The crude prod- 
uct was recrystallized from alcohol-water three times to give 
material melting n-ith transition a t  234-235", final m.p. with 
dec. 293-294". It showed infrared bands a t  1694, 1651, 
1613 and 1574 em.-'. 

Anal. Calcd. for C13H140j: C, 62.39; 11, 2.64; neut.  
cquiv., 125. Found: C, 62.26; H, 6.02; neut. equiv., 125. 

5,6,7,8-Tetrahydro-2-hydroxy-3-carbomethoxy-l-chloro- 
methylnaphthalene (XXIII).-To a mixture of 10 g. of 
5,6,7,8-tetrahydro-2-hydroxy-3-carbometh~xynaphthalei~c's 
(XXII)  in 15 cc. of petroleum ether in a small pressure bottlc, 
9.0 g. of chloromethyl ether and 1.0 g.  of zinc chloride were 
added and the contents mere warmed gently on the steam- 
bath with swirling for 10 minutes, and were then shaken 
for 1 hour :it room temperature on a shaker. The resulting 
insoluble precipitate was collected and dissolved in ether; 
the ethereal solution was mashed with water until neutral, 
and was dried over calcium chloride. Concentration of the 
solution in vacwo yielded a product which gave after crys- 
tallization from ether-pentane, 5.5 g.  of the chloromethyl 
compound XXII I ,  melting at 96-98". An adtlitional 800 
ing. was obtained from the mother liquors. The compound 
gn\-e a white precipitate JThen tested with sil\.-rr nitrate 
solution. The analytical sample, m.p.  97-08", was prc- 
pared by rccrgstallization from ether-pentane. 

A n a l .  Calcd. for ClaHljC103: C ,  61.29; 11, 6.90. 
Found: C, 61.37; H ,  6.17. 

5,6,7,8-Tetrahydro-2-hydroxy-3-carbomethoxy-l-cyano- 
methylnaphthalene (XXIV) and the Corresponding Acid 
XXV.-A solution of 1.7 g. of potassiuni cyanide in 45 CC. of 
water was added rapidly to  a solution of 3.0 g. of the chloro- 
inethyl compound XXIII in 80 cc. of acetone. The tem- 
perature wiis maintained at 30-40" for 1 hour Lifter the 
addition mas complete. The mixture \vas cooled, acidified 
with 10% hydrochloric acid, and the resulting precipitate 
was collected; the yield was 2.8 g. of crude nitrile ester, m.p .  
105-107'. Five recrystallizations from ethanol yielded the 
pure nitrilc ester XXIV, m.p. 136-137". 
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From the mother liquors from the recrystallization of the 
nitrile ester XXIV was obtained the nitrile acid XXV, by  
fractional crystallization. Three crystallizations from ben- 
zene-pentane gave the analytical sample of the acid XXV, 
m.p. 204-205'. 

A n a l .  Calcd. for C13Hj~N03: C, 67.52; H, 5.67. 
Found: C, 67.43; H, 5.77. 

5,6,7,8-Tetrahydro-2-hydroxy-3-carbethoxy-l-naphthal- 
eneacetic Acid Ethyl Ester (XX) .-The crude nitrile ester 
and acid (XXIV and XXV, 900 mg.) was refluxed for 5 hours 
with 2% absolute ethanolic hydrogen chloride. The excess 
ethanol was removed in vacuo, 30 cc. of water was added to 
the residue and i t  was warmed gently for 25 minutes. The 
mixture was cooled, extracted with ether and the ether 
extracts were washed a few times with 5% sodium carbon- 
ate, followed by washing with water until the washes were 
neutral. The ether solution was dried, the ether was re- 
moved in vacuo, and the semicrystalline residue was chro- 
matographed on 25 g.  of silica gel. Elution with 10% 
ether-petroleum ether gave 350 mg. of product, m.p.  83-87" 
and an additional 150 mg. melting a t  88-89', Repeated 
recrystallization from pentane did not raise the m.p. 

The crude ester X X  (350 mg.) was saponified by refluxing 
for 5 hr. with 10% alkali to yield 260 mg. of the crude di- 
acid Xt'I, which after recrystallization from aqueous alco- 
hol, melted with transition a t  233-234', final m.p. 294- 
295' dec. Esterification of 147 mg. of the crude acid with 
2y0 alcoholic hydrogen chloride, followed by purification on 
silica gel and elution with 5y0 ether-petroleum ether gave 70 
mg. of the diester XV, m.p. 96-97". This was identical 
with the product obtained by hydrogenation of IX ,  as 
shown by mixed m.p. and the identity of the ultraviolet 
spectra. 

4,5-Benzo-Z,7-dicarbethoxycycloheptadienone (I) and 
By-product.-Phthalaldehyde (3.0 g.), 4.56 g. of diethyl 
acetonedicarboxylate, 0.2 cc. of dry piperidine and 0.8 cc. of 
acetic acid were refluxed in 15 cc. of dry benzene until 0.8 
cc. of water (3.5 hr.) had collected in the water separator. 
The benzene was evaporated, 10 cc. of ethanol was added 
to the residue, and after standing some time, 4.3 g. of I ,  
m.p. 96-97', was obtained; the reported3 m.p. is 95.5'. 
The mother liquors deposited 440 mg. of the by-product, 
m.p. 146-148", unchanged by recrystallization from eth- 
anol. The analysis corresponded to  that of the benzenoid 
analog of VI. 

A n a l .  Calcd. for C26H30010: C, 62.14; H, 6.02. Found: 
C, 61.89; H, 6.28. 

The condensation to  form I using a basic ion-exchange 

resin as catalyst was carried out as follows.28 T o  a solution 
of 2 g. of phthalaldehyde dissolved in 30 cc. of dry benzene, 
were added 2.9 g. of diethyl acetonedicarboxylate and 500 
mg. of Amberlite IR 4-B resin (washed with acetone and air- 
dried). The mixture was refluxed for 4 hours; after cool- 
ing, the catalyst was removed and washed a few times with 
dry benzene. The filtrates were combined and concentrated 
in  vacuo t o  give a green oil, which was dissolved in alcohol, 
treated with norite and filtered. Concentration of thc 
filtrate gave 1.8 g. of I ,  m.p. 93-96'. 

4,5-Benzo-2,7-dicarbethoxycycloheptanone (VII) .-To 
250 mg. of prereduced Adams catalyst in 30 cc. of acctic 
acid was added 500 mg. of 4,5-benzo-2,7-dicarbethoxycyclo- 
heptadienone (I) ,  and the mixture was hydrogenated until 
slightly over 2 moles of hydrogen was absorbed. The cata- 
lyst was removed, washed with ethanol, the filtrates were 
combined and the solvents removed zn V Q C Z L O ,  to give 520 
mg. of crude crystalline material. The product was chro- 
matographed on 40 g. of silica gel, and elution with 30% 
ether-petroleum ether gave 103 mg. of the tetrahydro prod- 
uct V I I ,  m.p.  99-102". The m.p. was raised to  109-110" 
by three crystallizations from hexane; the infrared spec- 
trum showed bands a t  1731 (ester carbonyl) and 1690 cm.-' 
(keto carbonyl). 

A n a l .  Calcd. for C I ~ H Z O O ~ :  C, 67.09; H, 6.62. Found: 
C ,  67.22; H, 6.73. 

Treatment of the By-product VI with Piperidine Acetate.- 
The by-product VI (630 mg.) was refluxed for 24 hours with 
0.2 cc. of piperidine and 0.82 cc. of acetic acid. The solvent 
was removed in vucuo, the residue was taken up in ethanol, 
and the solution deposited 250 mg. of L.1 after standing. 
The m.p. of the product was raised to  180-182" by recrys- 
tallization from ethanol. The combined mother liquors 
were chromatographed on 50 g. of silica gel, and eluted with 
10 yo ether-petroleum ether, which would have yielded the 
dihydronaphthalene IX if it was present. Elution with 
30y0 ether-petroleum ether gave an additional 195 mg. of 
VI, m.p. 178-180". Further elution with 40 and 50y0 
ether-petroleum ether gave 28 mg. of non-crystallizable oil. 
Elution with 70% ether-petroleum ether gave 100 mg. of 
product, m.p. 188-190"; the m.p. was not raised by crys- 
tallization from ethanol. A mixed m.p. with VI gave a 
slight depression, 174-176'. The 190' compound gave a 
single absorption peak a t  250 mp, similar t o  1-1. The total 
recovery of material from the reaction was 573 mg. 

(29) For a review of t h e  use of ion-exchange resins a5 cataly4ts in 
the  Claisen and Knoevenagd condensations, see M. J. Astle and J. h. 
Zaslowsky, I n d .  Eng. Chcm.,  44, 2867 (1952). 
ROCHESTER, KEW YORK 
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The Action of Aluminum Chloride on Alkylbenzenes. IV 
BY DOROTHY V. NIGHTINGALE AND JAMES hl. SHACKELFORD' 

RECEIVED JUNE 4, 1954 

When l,B-dimethyl-4-n-butylbcrizene, 1,3-diniethyl-4-sec-but~lbenzene and 1,3-dimethyl-l-isobutylbeiizctic are warined 
The alkylation of vi-xylene with 

The alkylation 
with aluminum chloride, the butyl group migrates to the 5-position without isomerization. 
n-butyl chloride yields a mixture of 1,3-dimethyl-5-n-butplbenzene and 1,3-dimethyl-5-scc-butylbenzene. 
of m-xylene with sec-butyl chloride yields 1,3-dimethyl-5-sec-butylbenzene. 

In a previous publication from this Laboratory,2 
it was shown that the acetylation of p-di-n-butyl- 
benzene and p-di-sec-butylbenzene by means of 
aluminum chloride in refluxing carbon disulfide 
yielded 2,4-di-n-butylacetophenone and 2,4-di-sec- 
butylacetophenone as the principal dialkylaceto- 
phenones. The fact that the migrating butyl groups 

(1) Abstracted from a portion of t h e  dissertation t o  be submitted 

(2) D. V. Nightingale and  H. B. Hiicker, J .  Org. Chem.,  18, 1629 
by J. M. Shackelford for t h e  degree of Doctor of Philosophy. 

(1953). 

were not isomerized led us to repeat the earlier rc- 
arrangement experiments of the senior author with 
the 1,3-dimethyl-4-butylbenzenes. 

It has now been established by both chemical 
and spectroscopic evidence that the principal 
changes which take place when these trialkylben- 
zenes are warmed on a steam-bath with aluminum 
chloride are 

(3) D. V. Nightingale and L. I. Smith, THIS J O W R N A ~ . ,  61, 101 
(1939). 


