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Reactions of Aromatic Carboxylates. 11.' The Henkel Reaction 
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The Henkel reaction of alkali metal salts of naphthalene acids is reported. The salts of 1-naphthoic acid, 2- 
naphthoic acid, 1,3-NL)CA (naphthalene-1,3-dicarboxylic acid), 2,3-NDCA1 l,BNDCA, l,&NDCA, and 2,7- 
NDCA and mixtures containing all other diacid salts afford the naphthalene-2,Bdicarboxylate as the principal 
product. Reaction variables, the detection of intermediate acids, and physical state of reactants and their 
mechanistic implications are discussed. An intermolecular mechanism is supported; contentions for an intra- 
molecular mechanism are examined. 

During the past decade, the cognoscenti of industrial 
chemistry have observed with interest the develop- 
ment of the Henkel reaction, which is the thermal 
rearrangement or disproportionation of aromatic car- 
boxylates of alkali metals to symmetrical aromatic 
dicarboxylates. This reaction, sometimes referred 
to as the Raecke process, is usually carried out in an 
inert atmosphere between 350 and 500' in the presence 
of catalytic quantities of cadmium salts. The first 
results of studies on this reaction were reported by 
Raecke and co-workers a t  Henkel et Cie. in 1952.2 
Strong emphasis was placed on the process variables 
of the benzenecarboxylates, since the principal prod- 
uct is terephthalic acid, a valuable component for 
polyester derivatives. Several important reactions 
exemplifying this process are listed below. 
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In  the naphthalene series, our prime concern in this 

paper, potassium 1- and 2-naphthoate disproportionate 
to dipotassium naphthalene-2,6-dicarboxylate12 which 
is also the product of the rearrangement of dipotassium 
naphthalene-1 ,&dicarboxylate. Similar reactions ap- 
ply to the carboxylates of furan, thiophene, pyrrole, 
and pyridine. Potassium is the cation used most 
often in the Henkel reaction. Rubidium and cesium 
are quite satisfactory, whereas sodium and lithium 
give much lower yields a t  temperatures higher than the 
usual range of 400-450'. Henkel chemists found that 
2-10 mole yo cadmium, and sometimes zinc, is the 
preferred catalyst concentration. The reaction is 
carried out under pressure, usually with carbon di- 

(1) Part I :  
(2) The basic review article is due to  B. Raecke, Angew. Chem., TO, 1 

E. MoNelis, J .  070. Chem., 28, 3188 (1963). 

(1958). 

oxide, between 10 and 140 atm. With certain notable 
exceptions, lower pressures give lower yields, as does 
replacement of carbon' dioxide with nitrogen. Water, 
hydrogen, acids, and oxygen are poisons. 

The mechanism of the Henkel reaction has been the 
focus of no little c o n t r o ~ e r s y . ~ ~ ~  It is the purpose of 
this paper to resolve some apparent contradictions 
and to present certain cogent data aimed a t  a resolu- 
tion of the reaction mode. Toward this end, the 
naphthalene series serves as a model for certain mech- 
anistic generalities. 

Experimental 
Salt Preparation.-The naphthoic acid or the naphthalene- 

dicarboxylic acid waa added to an aqueous solution of potaeaium 
hydroxide with stirring. The base concentration waa equivalent 
to the added acid. After filtration, the salt solution waa stripped 
on a steam bath in a Rinco evaporator a t  water pump pressure. 
The salt was washed with ether and then dried for a t  leaat 24 
hr. a t  100' (0.1 mm.). After drying, the free-flowing salt waa 
checked for residual acid and water by means of an infrared spec- 
trum. 

Bomb Preparation.-The salt and catalyst were weighed sepa- 
rately and mixed intimately with a spatula. If the humidity 
was high, then weighings, mixing, and bomb loading were done 
in an air-conditioned room. Upon securing the bomb head, 
the bomb containing the reactants waa evacuated to 0.1 mm. 
and heated overnight a t  150'. Cooling and introduction of gas 
followed. The control thermocouple was placed against the 
bomb bottom. There waa no rocking. The bomb waa heated 
to temperature and then heating waa discontinued. This system 
waa not outfitted with an internal thermocouple. Work with a 
300-ml. bomb with an internal thermocouple showed internal to 
bottom differences of 10-50'. This was caused, no doubt, by 
the position of the internal thermocouple in the reactants, and 
reflected the local heating within the unagitated bomb. The 
designation YY refers to a method of heating whereby the bomb 
bottom was heated to the stated temperature, a t  which point 
heating was discontinued. From the heating charts of these 
experiments, the reaction time is estimated to be 20 to 30 min. 
Since the outer diameter and length of the 50-ml. bomb WM 
equal to the 300-ml. bomb, the metal volume of the smaller 
bomb was larger and higher temperatures were required to ob- 
tain comparable yields on the same starting materials. Unless 
stated otherwise, the experiments reported in this paper were 
carried out in a 300-ml. bomb. All yields are based on charged 
starting material. 

Work-Up.-Gaa samples were taken prior to bleeding off the 
gas. The bomb and its head were waahed with 300 ml. of ether. 
The ether wash solution waa filtered and stripped to give the 
naphthalene-bearing residue. The ether-insoluble material 
was treated with water and filtered. The residue contained 
carbon and cadmium carboxylates. The water solution waa 
acidified to give a precipitate, which was filtered and dried. 
The acid filtrate was extracted with 300 ml. of ether to give any 
water-soluble acids which may have been present. The ether- 
washed water was evaporated to give the dry salts if a soluble 

(3) Y. Ogata, M. Tsuchida, and A. Muramoto, J .  Am. Chem. Soc.,  79, 

(4) J. Ratusky and F. '5orm, Collection Czech. Commun., 24, 2553 (1959). 
6005 (1957). 
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cadmium determination waa needed. The dried acid precipi- 
tate was treated first with ethyl ether (125 ml.) to give a solution 
containing largely monoacids. The acid cake was further washed 
with methanol (125 ml.) to obtain mixed diacids and monoacids. 
The remaining acid cake waa naphthalene-2,6-dicarboxylic acid 
(NDCA). Infrared spectra on all fractions were taken. For 
the reactions of barium salts, the usual work-up required modi- 
fication, because most of the barium carboxylates are insoluble 
in water. The insoluble barium salts were subjected to an ex- 
change reaction with potassium carbonate solution, which gave 
soluble potassium carboxylates and insoluble barium carbonate. 
The soluble salts were then acidified to give the mixed acids. 

Analyses.-Analyses on the various acids were accomplished 
by the use of infrared spectra. Those diacids of the naphtha- 
lene series which have been studied have characteristic spectra in 
the fingerprint region. Low solubility prohibited the use of sol- 
vents for the spectra, so they were determined in a Nujol mull. 
For example, the important bands that are peculiar to 2-naph- 
thoic acid are a t  11.0, 11.5, 12.0 and 12.8 f i .  The bands strongly 
characteristic of 2,6-NDCA are at  10.9 and 12.1 f i .  

For the determination of mixtures of acids, the acids were esteri- 
fied and analyzed by vapor phase chromatography using a 300- 
cm. column of SE 52 silicone oil (6%) on Chromosorb 2 a t  220". 
Fractions were isolated and submitted for infrared analysis for 
a further isomer determination. 

Carbon Dioxide Evolution.-A 50-ml. Minilab flask was fitted 
with two Claisen adapters to afford a thermocouple inlet, a 
nitrogen inlet, and a gas exit. The exit led consecutively to a 
Dewar trap, a Drierite tube, an Ascarite (8-20 mesh) tube, and 
a bubbler tube. The ni- 
trogen valve was shut; the Ascarite tube was closed and weighed. 
The remaining portion of the unit was evacuated to 0.1 mm. 
and heated to 150' to remove traces of water in the salts. Upon 
resumption of a nitrogen sweep, the Ascarite tube was recon- 
nected and the temperature was raised to t,he desired level. 

The unit was swept with nitrogen. 

Results and Discussion 
The experimental findings of this investigation in 

conjunction with literature results can best be inter- 
preted in light of an intermolecular mechanism (Scheme 
I). The reaction path of the naphthoate involves a 
primary act of decarboxylation to a naphthalene anion 
(C). If the reactant is a naphthalenedicarboxylate 
(B), the intermediate is a substituted naphthoate anion 
(E). These types of anions are extremely strong bases 
since their parent acids are aromatic hydrocarbons. 
They are capable of abstracting a proton from a 
neighboring naphthalene ring. If the anion is derived 
from a naphthoate, it will abstract a proton to become 
naphthalene. If it is derived from a naphthalate, 
it will abstract a proton to become a naphthoate. 
Carboxylation by liberated carbon dioxide or added 
carbon dioxide takes place along with proton abstrac- 
tion. The combination of decarboxylation, proton 
abstraction, and carboxylation leads to the formation 
of a salt mixture, from which the most thermally 
stable isomer survives in greatest yield. 

For the naphthalene nucleus, the most stable isomer 
is the naphthalene-2,6-dicarboxylate if the cation is an 
alkali metal, for the benzene nucleus the correspond- 
ingly stable salt is the terephthalate. The latter point 
has been well demonstrated by Raecke.2 Tables I 
and I1 show that naphthalene-2,6-dicarboxylate is 
the product of Henkel reactions of the 1,6 isomer, the 
2,7 isomer, the 2,3 isomer, and the 1,3 isomer in addi- 
tion to the 1,8 isomer.2 Furthermore, a mixture of 
salts of naphthalene-1,2-dicarboxylic acid and its 1,4 
isomer6 afforded a 74% yield of the 2,6 isomer under 

(5) These acids were formed from the corresponding dihydro compounds 
prepared by the sodium naphthalene carbonation reaction of J.  F .  Walker 
and N.  D. Scott [ J .  Am. Chem. Soc.. Bo, 951 (1938)). 

TABLE I 
HENKEL REACTION OF DIACIDSO 

Pressure Yield of 

Reactant (5 mole %) "C. p.s.i. mole o/o 
Catalyst Temp., of COz, 2,6-N1)CA. 

Kz 1,3-NDCA CdF2 530b 750 47 
Kz 1,6-NDCA CdClz 475c 300 78 
Kz 2,3-NDCA CdClz 475" 300 70 
K2 2,7-NDCA CdClz 475c 300 69 

0 Heating method YY. Reaction run in 50-ml. bomb. 
Reaction run in 300-ml. bomb. 

TABLE TI 
HENKEL REACTION OF MIXED NAPHTHALENEDICARBOXYLATES~ 

Catalyst* % yield of 2,6-NDCA4 

CdFz 67 
ZnO 49 
CdO 67 

a The mixed acids were prepared by the carbogen oxidation6 of 
a dimethylnaphthalene concentrate whose composition was as 
follows: 2,6-I)MN (dimethylnaphthalene) and 2,7-DMN, 26.1y0; 
l,B-DMN, 1,7-DMN, and 1,3-DMN, 42.6%; 2,3-DMN and 
1,4-DMN, 16.8%; 1,5-DMN and 1,2-DMN, 6.1%; 1,8-DMN, 
1.2%; 2-ethyl- and 1-ethylnaphthalene, 4.9%; other aromatics, 
2.3%. The composition of the acids paralleled the hydrocarbon 
values. A 300-ml. aminco bomb heated to 500' (method Y Y )  
with 300 p.s.i. of C02 was used. 5 mole %. No other 
diacids were detected. 

Henkel reaction conditions. Clearly there is no 
ring barrier to these isomerizations. The 1,5 and 1,7 
isomers were not available in pure form, but their 
arrangement to the 2,6 isomer is presumed on the 
basis of experiments wherein mixed naphthalene- 
dicarboxylates containing these isomers gave high 
selectivity for the 2,6 isomer and neither of these two 
isomers were detected in the reaction products. 

The 2,6 isomer generalization does not apply to 
certain salts of alkaline earth metals. Barium 1- 
naphthoate disproportionates to naphthalene and a 
mixture of naphthalene-l,2-dicarboxylate and its 1,8 
isomer. The yield of diacids was 65%, 70% of which 
was the 1,2 isomer. Barium 2-naphthoate behaved 
similarly to give a 44% yield of naphthalene-2,3- 
dicarboxylate and a 14% yield of its 1,2 isomer. 

Contrary to some older work of Sorm4 and in agree- 
ment with later work of his colleagues,' we have found 
that the symmetrical dicarboxylate is not the sole 
product if the reaction is run below optimum condi- 
tions. In the rearrangement of dipotassium naph- 
thalene-2,3-dicarboxylate, other isomers such as the 
1,2, the 1,6, and the 2,7 are formed along with 2- 
naphthoic acid and triacid. This result is shown in 
Table 111. Similar results are displayed for the cesium 
2-naphthoate, sodium 2-naphthoate, and the potassium 
1-naphthoate disproportionation. It should be noted 
that these are minimum values; other diacid inter- 
mediates may have been formed, but the analytical 
method (v.P.c. of ester) precluded a sharp separation of 
all ten isomers. 

The intermolecular mechanism is further substan- 
tiated by the radioactivity studies of gorm4 who showed 
that the benzoate disproportionation in a radioactive 
COZ atmosphere afforded radioactive terephthalate 

(6) E. S .  Roberts and L. J .  Christman, Belgian Patent 599,413 (Jan 

(7) M. Kraus, K. Kochloefl, K .  Satinek, L. Beranek, M. Hauda. and V. 
23, 1961). 

Bazant. Chem. Prumusl, 18 (37), No. 10, 529 (1962). 
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SCHEME T 
THE INTERMOLECULAR MECHANISM OF THE HENKEL REACTION 

0 

w c - O -  II KC & 
COOK 

B A 

1 
- K +  

QQCOOK + co2 
E 

+.JI COOK 

/* COOK 

1 S C  or D I 

CG 

W O O K  -COS Cd+' 
COOK 

ROOC 

TABLE I11 
INTERMEDIATE FORMATION IN THE HENKEL REACTION 

Ka Ca Na K 
2,3- 2-naph- 2-naph- l-naph- 

Reactant NDCA" thoate' thoate' thoatad 

-'% yield of products and intermediatea---- 

2,6-NDCA 38.6 38.4 4.6 5 . 9  

2,3-NDCA . . .  2 . 5  4 .0  2 .0  
1,3-NDCA 0 .7  1 . 2  . . .  0 . 9  
1,7-NDCA . . .  1 . 3  . .  0 . 9  

Naphthalene 2 . 2  37.5 36.0 32.4 
1,2-NDCA 1 .2  1 . 4  0 .3  3.2 

1,6-NDCA 1.1 1 . 2  0.6 1 .5  
2,7-NDCA 0 .6  3 . 1  . . .  1.8 
Triacids 3 . 4  1 . 1  0 . 8  7 . 5  
2-Naphthoic 14.0 . . .  . . .  17.3  
1-Naphthoic . . .  . . .  . . .  15.3  

a Dipotassium naphthalene-2,3-dicarboxylate ( 10 mmoles) 
with 5 mole % CdFl a t  450" (YY) and 300 p.s.i. of COZ. b Ce- 
sium 2-naphthoate (10 mmoles) with 10 mole % CdClz a t  410' 
(YY) and 100 p.s.i. of COa. e Sodium 2-naphthoate (10 mmoles) 
with 30 mole % CdClz a t  410' (YY) and 300 p.s.i. of COS. 
d Potassium 1-naphthoate (10 mmoles) with 10 mole yo CdCla 
a t  300" (1 hr.) in a nitrogen atmosphere. 

and radioactive recovered benzoate. A similar result 
was obtained with the phthalate reaction. This 
latter result was confirmed by Riedel and Kienitz.8 

Later, Goodmane found that radioactive potassium 
phthalate reaction in the presence of dipotassium naph- 
thalene-1,8-dicarboxylate gave radioactive terephthal- 
ate as well as radioactive naphthalene-2,6-dicarboxylate. 

Ogata's findings'" that the isophthalate "rearrange- 
ment" is second order in isophthalate is consistent 
with the disproportionation character of the inter- 
molecular mechanism.. 

The liberation of carbon dioxide in the initial step 
and the necessity for subsequent carboxylation re- 
quire that carbon dioxide be present in the reaction 
mixture either trapped in the melt or superimposed if 
the reaction mixture is nonmolten. As shown in Table 
IV, a pressurized system is necessary to decrease 
coking and to increase yields in a nonmolten system 
such as potassium 2-naphthoate. The replacement 
of carbon dioxide with nitrogen in the 2-naphthoate 
reaction decreased the yield of naphthalene-2,6- 
dicarboxylate to 12%. Thermal isomerization of 
potassium o-phthalate in a nitrogen atmosphere'' 
gave rise to lower amounts of terephthalate and a 

(8 )  0. Riedel and H. Kienita, Angeul. Chem.. 71, 738 (1900). 
(Q) I. Goodman, ibid., 74, 007 (1902). 
(10) Y. Ogata and K. Sakamoto, Chsm. Znd. (London), 749 (1904). 
(11) J. Nellea and R. Streicher. Z.  Chsm., 1, 188 (1903). 
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TABLE IV 
EFFECT OF PRESSURE A N D  CATALYSTS ON THE HENEEL 

REACTION OF POTASSIUM 2-NAPHTHOATE 
Initial Catalyst % yield of 

Temp., OC." Cot. p.a.i. (5 mole %) 2.8-NDCA 

500 50 CdFz 49 
470 50 CdFz 61 
450 50 CdFz 32 
500 750 CdFz 58 
500 300 CdFz 83 
500 150 CdFz 69 
500 50 CdFz 49 
5300 1000 CdFi 51 
53OC 1000 CdClz 75 
53OC 1000 CdC12b 55 
53oc lo00 CdIz 54 
5 3 0 ~  1000 ZnFz 50 
500 300 ZnO 71 
500 300 CdO 78 
500 300 BaCh 15 
500 300d CdFz 12 

a Method YY: heating bomb (300 ml.) bottom to stated 
temperature and discontinuing heating. 10 mole yo. Reac- 
tions run in 50-ml. bomb. d Reaction run under nitrogen 
pressure. 

variety of precoking products such as fluorene, ter- 
phenyl, fluorene, and 9-phenylfluorene. 

Quantitative decarboxylation (Table V) was ex- 
amined as a possible probe into the nature of the Henkel 
reaction. This procedure pointed out the fact that 
carbon dioxide evolution from a salt is not a satis- 

TABLE V 
DECARBOXYLATION OF CARBOXYLATES" 

Salt (10 mmoles) COa evolved, mg. 

Potassium 1-naphthoateb 2 

Cesium 1-napththoateb 10 
Cesium 1-naphthoate 37 

Potassium 2-naphthoate 53 
Cesium 2-naphthoate 45 
Sodium 2-naphthoate 48 

Dicesium 2,6-NDCA 35 
Dipotassium 2,7-NDCA 20 
Potassium benzoate 33 

Potassium 1-naphthoate 40 

Potassium 2-naphthoateb 2 . 5  

Cadmium 2-naph th0a te~~~  29 1 
Dipotassium 2,6-NDCA 14 

0 At 300-305O for 1 hr. with a nitrogen sweep and 1 mmole of 
CdCI2 catalyst. b No catalyst. 5 mmoles. 

factory measure of its ability to undergo a Henkel 
reaction. For example, potassium 1-naphthoate was 
found to evolve as much carbon dioxide as cesium 
1-naphthoate (Table VI). The yields of products 

TABLE VI 
COMPARISON OF ~-NAPHTHOATES" 

Potassium Cesium 
1-oaphthoateb 1-naphthoateb 

Evolved C02, mg. 40 37 
Naphthalene, mg. 414 434 
Ether-soluble acids, mg. 459 122 
llethanol-solrtble acids, mg. 153 295 
2,6-NDCA, mg. 98 450 
Yield of 2,6-NDCA, '% 9 42 

0 Reacted a t  300-305' for 1 hr. in a nitrogen stream. 
Water-solrtble acids, mg. 365 39 

10 
mmoles of salt with 1 mmole of cadmium chloride. 

of these reactions, however, are riot the same. The 
yield of naphthalene-2,6-dicarboxylic acid was 42yo 
for the cesium salt and 9% for the potassiuni salt. 
An isomer equilibration reaction is clearly niuvh fasi er 
than the diffusion of the evolved carbon dioxide and 
gaseous naphthalene through t,he melt to the surface 
where their escape is dependent on the high surfacac 
tension of the melt. This effect of the physival state 
of the reaction mixture is further underlined by the 
observation that molten potassium 1-naphf hoate 
evolved the same amount of carbon dioxide in vacuo 
as with a nitrogen sweep. The nonmolten cesium 
naphthalene-2,6-dicarboxylate evolves as much carbon 
dioxide as does the molten cesium 1-naphthoate. In 
the 2-naphthoate system the same observations pre- 
vail. The sodium salt (nonmolten) evolves 49 n i g .  

of COz and 221 mg. of naphthalene; the potassium 
salt (nonmolten) evolves 53 mg. of COZ and 318 nig. 
of naphthalene. No naphthalene-2,6-dicarboxylate was 
formed in the sodium example, whereas a yield of 25% 
2,6-NDCA was obtained in the potassium case. Other 
 investigator^^^^'^ have reported similar high yields of 
stable symmetrical dicarboxylates a t  low pressures 
from molten systems such as potassium o-phthalate. 

The function of cadmium in the intermolecular 
scheme is to facilitate decarboxylation. Jloderate 
yields of terephthalate or 2,6-naphthalenedicarboxylat e, 
however, can be obtained without catalysts. Raeclce 
has shown that cesium benzoate and rubidium betizo- 
ate without catalysts give 65y0 and 47y0 yields, l 4  

respectively, of terephthalate in addition to the 
observation that potassium o-phthalate without cata- 
lyst affords a 57% yield of tere~htha1ate.l~ We ob- 
tained a 39% yield of 2,6-naphthalenedicarboxylate 
from cesium 2-naphthoate without a catalyst. The 
ionic size of cesium and the concomitant charge density 
reduction facilitate electron movement to the ring in 
the decarboxylation step. This same factor aids in 
a cationic exchange between catalyst and carboxylate 
prior to decarboxylation in catalyzed systems. A 
remarkable decrease in reaction temperature was 
observed for cesium 2-naphthoate with catalyst (Table 
VII). In addition to the optimum effect for catalysts, 
indicated in Table IV, it should be noted (Table V) 
that cadmium 2-naphthoate evolved 66% of its avail- 
able carboxyl groups. The presence of organocadmium 
products in this reaction was inferred by the observa- 
tion of a cadmium mirror and mass spectral analyses 
of ether-soluble products which displayed strong peaks 
at  254 (binaphthyl) and 282 (dinaphthyl ketone). 
Consequently, although present evidence is consistent 
with associating cadmium primarily with decarboxyla- 
tion, the exact mode of this catalysis is obscured by 
side reactions. 

For his intermolecular mechanism, Sorm' has postu- 
lated for the o-phthalate reaction that the anion from 
an initial decarboxylation of o-phthalate isomerizes 
presumably through proton shifts to an anion, which 
gives terephthalate upon carboxylation. This is, 

" 

(12) (a) Y .  Ogata. M. Tsuchida, and A. Muramoto. J .  A m .  Chem. SOC. 
TV, 6005 (1957); (b) Y .  Ogata, M. Tojo. and M. Morikawa. J .  Orp. Chem. 
2082 (1960). 

(13) J. Yamashita, K.  Enomoto, H .  Ebisawa, and 9. Kato, Yuki  Gosez 
Kapaku Kyokai  Shi, 30, 507 (1962). 

(14) B. Raecke. U .  S. Patent 2,823,230 (Feb. 1 1 ,  1958). 
(15) B. Raecke, British Patent 747,204 (Marah 28. 1956). 
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TABLE VI1 
CESIUM 2-NAPHTHOATE WITH CADMIUM CHLORIDE' 

Reaidue. COX, p.B.i. 7 2,6-N DCA, Naphthalene, 
Temp., OC. Charged Max. % yield mg. mg. 

4OOb 200 425 76 437 114 
4006 300 680 82 598 112 
425" 300 700 76 558 131 
450e 300 735 66 684 177 

5 Ten mmoles of salt with 5 mole yo catalyst. For 0.5 hr. Method YY: heating bomb (300 ml.) bottom to stated temperature 
and discontinuing heating. 

untenable in the light of the intermediate findings. 
Further, if this suggestion were valid in the naphtha- 
lene series, a ring barrier would prevail and the most 
stable isomer derivable from naphthalene-2,3-dicar- 
boxylate would be naphthalene-1,4-dicarboxylate. 
This is not the case since the 1,3 isomer and the 2,3 
isomer as well as a 1,2-1,4 isomer mixture are converted 
to the 2,6 isomer. 

An important mechanistic scheme is Ogata's intra- 
molecular mode involving *-complexes.l2 This pro- 
posal grew out of Ogata's finding that radioactive 

terephthalate is formed in small amounts in the o- 
phthalate and the benzoate reactions when radioactive 
potassium carbonate or cadmium carbonate were in 
the reaction mixture. These results would argue 
against a decarboxylation-recarboxylation reaction 
mode which predicts that radioactivity should have 
been found to a greater extent in the terephthalate, 
provided that the carbonates decompose extensively 
to their oxides and carbon dioxide a t  reaction condi- 
tions. This proviso is incorrect. Cadmium carbonate 

decomposes a t  510' according to differential thermal 
analysis16 ; potassium carbohate does not decompose to 
an appreciable extent" below 500'. The fact that 
some radioactivity is found in terephthalate and un- 
reacted o-phthalate might be explained by a small 
amount of such decompositions. For the lack of 
clear-cut data on this point, the r-complex mechanism 
might appear to be a solution. In this mechanism, 
however, no mention is made of the fate of the dis- 
placed hydrogen in the position that the carboxyl 
will occupy. Such an exchange is without precedent. 
Furthermore, this incompletely delineated proposal 
ignores the very real possibility that there is a car- 
bonate-gaseous carbon dioxide exchange. That car- 
bonates in general do exchange with gaseous carbon 
dioxide a t  a rapid rate between 350 and 400" has been 
shown by Shushunov and Zateev.Ia The carbon di- 
oxide arises from the decarboxylation of the phthalate 
and exchanges with the radioactive carbonate. The 
radioactive gas can then be incorporated by reaction 
with an aromatic anion formed by decarboxylation. 
Consequently , the intramolecular reaction mechanism 
is without valid argumentation. 

Acknowledgment.-The author wishes to thank 
Dr. Charles L. Thomas, Professor Cheves Walling, and 
Professor Wayland Noland for helpful discussions and 
Mr. Eugene White for technical assistance. 
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The addition of ethyl acrylate to the diene I gave, after saponification, 1,2,3,9,10,10aj3-hexehydro-7-methoxy- 
20-phenanthrenecarboxylic acid (111). This acid was converted into its isopropyl ester IX, which, upon hydro- 
boration and oxidation, gave the B/C cis (XIV) and the B/C trans (XXV) octahydr0-7-methoxy-4dxo-2-phen- 
anthrenecarboxylic acids. The B/C cis keto acid XIV could be converted into the other possible B/C cis stereo- 
isomer XVII. All possible isomeric nonlactonizing and lactonizing acids and lactones of this series were pre- 
pared, and their stereochemistry was established. In the B/C trans series, the lactones with ring C in the chair 
and with ring C in the boat conformation, have been prepared (XI1 and XXVII). N.m.r. spectroscopy pro- 
vided additional proof for the stereochemistry of the compounds of this series. 

In continuation of the work on the octahydrophen- 
anthrene-l-carboxylic acids,2 the synthesis and stereo- 
chemical studies of several new C-2-, C-4-, and C-7-sub- 

tional Meeting of the American Chemical Society, Chicago, Ill., Sept. 1964. 

stituted octahydrophenanthrene derivatives is now de- 
scribed. 

The starting material for the preparation of the 

The reaction of I with methyl vinyl 
(1) Presented before the Organic Chemical Division at the 148th Na- derivatives was 3,4-dihydro-6-methoxy-l-vinylnaph- 

(2) Part I :  

(3) Deceased Feb. 17, 1964. 

thalene 
Z.  G .  Hajos, K. J. Doebel, and M. W. Goldberg, J .  Org. 

Chem., 29,2527 (1964). (4) (a) P. A. Robins and J. Walker, J .  Chem. Soc., 3249 (1956); (b) M. 
W. Goldberg and W. E.  Scott, U .  S. Patent No. 2,894h58 (July 14, 1959). 


