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as colorless crystals from ethyl alcohol; yield 1.1 g., m.p. 
244°. 

Anal. Calcd. for C20HuNO2: C, 79.7; H, 5.0; N, 4.6; 
active H, 0.33. Found: C, 79.8; H, 5.1; N, 4.6; active H, 
0.30. 

XIa is insoluble in aqueous sodium hydroxide solution 
(10%), gives no color with ferric chloride solution and 
develops an orange color with concentrated sulfuric acid. 
It is easily soluble in benzene and hot alcohol, but difficulty 
soluble in ether and light petroleum. 

(b) 3-Benzoyl-l,3-benzoxaz-2,4-dione (Xb).—A solution 
of 1.5 g. of Xb19 in 60 ml. of benzene was added to a solution 
of phenylmagnesium bromide. The reaction mixture was 
refluxed for 5 hours and kept overnight at room temperature. 
It was decomposed with dilute hydrochloric acid, extracted 
with ether and concentrated. The colorless crystals that 
separated were filtered, recrystallized from alcohol and 
identified as XIa by m.p., mixed m.p. and color reaction 
with sulfuric acid; yield 0.78 g., m.p. 244°. 

Anal. Calcd. for C20H15NO2: C, 79.7; H, 5.0; N, 4.6. 
Found: C, 79.6; H, 5.1; N, 4.4. 

The ether-benzene mother liquor was evaporated and the 
oily residue washed twice with cold light petroleum. The 

There is abundant evidence in the literature 
tha t coumalic acid and its derivatives undergo or 
fail to undergo reactions for reasons not always 
obvious from the accepted structural formula. We 
have commented previously on the difference in 
stability of the methyl esters of coumalic and iso
dehydroacetic acid toward pyridone formation.3 '4 

Difficulties encountered in esterification of the acid 
are implied in the variety of reports on the prepara
tion of the ester6""7 and in the observation tha t the 
usual esterification procedure leads to ring fission.8 

Decarboxylation9 likewise is not practical as it is 
with isodehydroacetic acid. For these reasons, addi
tional information about the chemistry of coumalic 
acid and its derivatives is of particular interest. 

The esterification of coumalyl chloride, prepared 
by a useful modification of previously described 
processes,1 0 - 1 2 is the most satisfactory, and, in our 
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resulting solid was crystallized from petroleum ether (b.p. 
80-100°), containing a few ml. of benzene, as colorless crys
tals (yield 0.31 g., m.p. 163°) which were identified as tri-
phenylearbinol (m.p. and mixed m.p.). 

(c) 2,3-Diphenylquinazolone-4 (XIIb).—A solution of 1.5 g. 
of XIIb20 in 50 ml. of benzene was added to a solution of 
phenylmagnesium bromide and the reaction mixture de
composed with 100 ml. of cold, dilute hydrochloric acid. 
The ethereal extract was evaporated and the oily residue, 
which solidified on cooling and scratching, was washed with 
cold light petroleum and crystallized from glacial acetic acid 
as colorless crystals (yield 0.68 g., m.p. 212°) identified as 
III (m.p. and mixed m.p.). 

Anal. Calcd. for C26H19NO: C, 86.4; H, 5.3; N, 4.4. 
Found: C, 86.7; H, 5.3; N, 4.3. 

Aniline was detected in the aqueous layer by diazotization 
and coupling with an alkaline solution of 2-naphthol, to 
form the scarlet phenyl-azo-2-naphthol dye which proved 
to be identical with an authentic specimen. 

(20) D. T. Zentmyer and E. C. Wagner, / . Org. Chem., 14, 967 
(1949). 
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hands, the only reproducible method of all those 
reported in the l i tera ture 6 - 8 for the preparation of 
methyl coumalate. The ester, which can be recrys
tallized from ligroin to give white crystals, m.p. 
67-71°, is not stable and decomposes on at tempted 
fractionation and on standing. The sodium bicar
bonate washings of the crude ester, after acidifica
tion, slowly deposit a white crystalline solid, m.p. 
145-146°, identified as tr imethyl trimesate, re
ported m.p. 144°.10 We also have isolated this 
compound as a by-product from the direct esterifi
cation of coumalic acid. Presumably the acid 
conditions result in partial decomposition of the 
methyl coumalate to methyl formylacetate which 
is trimerized or is extracted by bicarbonate from 
the crude ester and on acidification and standing is 
converted to trimethyl trimesate. This decomposi
tion constitutes a reversal of the reaction by which 
the acid is formed and the condensation constitutes 
a reaction similar to mesitylene formation from 
acetone. 

Coumalyl chloride reacts readily at 0° in ether 
solution to form coumalamide from ammonia or N-
substituted coumalamides from primary amines. 
This reaction is unusual in view of the known ease 
with which methyl coumalate is converted to pyri-
dones a t room temperature and perhaps over
emphasis of this possibility may account for the 
absence of previous descriptions of such amides. 
Aside from an early ambiguous report by von Pech • 
maim,12 the only previous13 report on coumalamides 

(13) H. M. Basel, U. S. Pafeut 2,304,304, December, 1944. 
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Coumalyl chloride has been converted to a variety of new compounds including four esters, ten amides and a ketone. 
It has been noted that the conversion of the chloride to the methyl ester is accompanied by formation of a previously un
reported by-product—trimethyl trimesate. The amides are representative of a new class of such compounds and have 
been established as distinct from the isomeric pyridones, formed from methyl coumalate, by their chemical and physical 
(absorption) characteristics. The first successful Friedel-Crafts condensation of a 2-pyronecarboxylic acid chloride has 
provided the first known ketone in this series. 
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describes some N,N-disubstituted amides. The 
secondary amines, from which these amides were 
made, structurally prohibit pyridone formation. 
The amides reported herein are physically distinct 
on the basis of chemical properties, absorption 
characteristics and melting points (where both 
isomers are known) from the pyridones. For exam
ple, N-(benzyl)-coumalamide is a neutral compound 
which melts at 177-178.5°. The isomeric N-(ben-
zyl)-2-pvridone-5-carboxvlic acid titrates as a mon
obasic acid and melts at 206-208 V The ultraviolet 
absorption characteristics of the two types of com
pounds also are distinct. The coumalamides as a 
group show a principal absorption maximum be
tween 330 and 375 nui (log e 4.24-4.57) with, in 
some compounds (N-thiazolyl and N-pyridyl), a 
secondary maximum at 280 rmt (log e 3.7). This 
serves to distinguish the coumalamides from the N-
substituted pyridones which show maxima at 260 
mM (log «4.1-4.2) and at 290-300 rmt (log e 3.7-3.9).4 

Coumalamide absorbs at much longer wave lengths 
than does either coumalic acid or its methyl ester 
and does not show the double maxima observed 
with the latter. 

The compound which constitutes an exception 
to the above general characterization of the N-sub-
stituted coumalamides is N-(2-thiazolyl)-coumala
mide. The ultraviolet absorption spectrum is nearly 
identical with that of N-(2-pyridyl)-coumalamide 
with two maxima, but the compound is distinctly 
acidic. It is soluble in hot, dilute sodium bicarbon
ate and can be reprecipitated therefrom with dilute 
acid. It can be titrated in ethanol and shows a 
strong acid type curve. The only structural possi
bilities consistent with the available data are those 
of tautomeric structures. The acidity can be re
lated to the resonance stabilization of the anion 
formed on removal of a proton. There is nothing 
in these structures to indicate why the thiazolyl, 
as compared to the pyridyl or pyrimidyl, amide 
should be acidic except an empirical distinction 
which may be assigned to the resonance stabiliza
tion of the thiazole ring. Although the pyridone-
carboxylic acid structure is not rigorously excluded 
for this thiazolyl amide, it is not thought to be a 
likely possibility because the absorption data are 
totally unlike those for the pyridones and because 
2-aminothiazole gives no pyridone under the usual 
conditions4 used for pyridone formation from 
methyl coumalate. 

The Friedel-Crafts condensation of coumalyl 
chloride with anisole has provided the first known 
2-pyrone ketone: 5-(£-methoxybenzoyl)-2-pyrone, 
m.p. 153-154.5°. The reaction was carried out in 
carbon disulfide at 40° with an excess of aluminum 
chloride as catalyst to give 7-10% yield of product. 
The ketone gives a precipitate with 2,4-dinitro-
phenylhydrazine which appears to be a mixture of 
products resulting in part from ring cleavage. 
Permanganate oxidation of the ketone gives anisic 
acid. The ultraviolet absorption spectrum shows a 
maximum of high intensity (log e 4.28) at 290 mj< 
and a maximum of less intensity (log e 3.85) at 226 
nui. The maximum at 290 irut occurs in both the 
ketone and esters of coumalic acid, but the second 
maximum at 226 im* in the ketone is shifted from 

the maximum at 245 m/z observed with the esters. 
We wish to record at this time the data character

izing four new esters of coumalic acid. These were 
prepared from w-methoxyphenol, o-methoxyphenol, 
triethylene glycol and pentamethylene glycol by the 
reaction of coumalyl chloride with the appropriate 
phenol or glycol. 

Experimental14 

Coumalyl Chloride.—The method for preparing this 
compound was essentially that of Fried and Elderfieki9; 
however, in place of extracting the acid chloride from the 
crude mixture with high boiling ligroin, it was found that a 
purer product could be obtained in 87% yields by distilling 
the product in vacuo. 

Methyl Coumalate.—This ester was prepared by warming 
coumalyl chloride with excess methanol at 60° for one hour. 
The reaction mixture was poured onto water and taken up in 
ether. The ether solution was washed with aqueous bi
carbonate and evaporated to give 9 3 % yield of crude ester. 
Distillation gave a fraction, b .p . 123-150° (3 mm.) , m.p . 
67-71°, in 50% yield. The bicarbonate washings after 
acidification and standing gave 2.0 g. (5.6%: of the theo
retical amount) of trimethyl trimesate, m.p. 140-154°. 
Recrystallization gave 0.6 g. of product, m.p. 145-146°, 
reported 144°.12 Saponification of the trimethyl trimesate 
gave trimesic acid, m.p. 368-369°, reported m.p. 's 345-
350°,10 375-380",16SSO0.16 

Anal. Calcd. for CgH6Oo: neut. equiv., 70. Found: 
neut. equiv., 71.7. 

m-Methoxyphenyl Coumalate.—This ester was prepared 
from coumalyl chloride and m-methoxyphenol. A mixture 
of 0.6 g. (0.013 mole) of w-methoxyphenol and 2.0 g. 
(0.013 mole) of coumalyl chloride was heated at 140° for 
1.5 hours. The mixture was poured onto ice, extracted 
with ethyl ether and the ether solution washed with cold 
1% sodium hydroxide solution to remove the contaminating 
methoxyphenol. The crude product obtained on evapora
ting the ether was recrystallized from benzene-ligroin to 
give 0.8 g. (25.0% of the theoretical amount) of m-methoxy-
phenyl coumalate, m.p. 71-72.5° after drying in vacuo over 
paraffin chips. 

Anal. Calcd. for Ci3H10O6: C, 63.41; H, 4.07. Found: 
C, 63.34, 63.64; H, 4.11, 4.24. 

o-Methoxyphenyl Coumalate.—This ester was prepared 
from coumalyl chloride and o-methoxyphenol by the pro
cedure described for the m-methoxyphenyl ester. There 
was obtained a 15.6% yield of crystals, m.p. 87-89.5°. 

Anal. Calcd. for C18Hi0Oo: C, 63.41; H, 4.07. Found: 
C, 63.93, 64.03; H, 4.20, 4.24. 

Triethylene Glycol Dicoumalate.—This ester was pre
pared from coumalyl chloride and triethylene glycol. A 
mixture of 1.5 g. (0.01 mole) of triethylene glycol and 3.16 
g. (0.02 mole) of coumalyl chloride was heated at 90° for 
2 hours. The white, crystalline product was recrystallized 
twice from benzene-ligroin to give 0.1 g. (2 .5% of the theo
retical amount) of triethylene dicoumalate, m.p . 99-100.5°. 

Anal. Calcd. for C18H18O10: C, 54.82; H, 4.60. Found: 
C, 54.84,54.97; H, 4.85, 4.77. 

Pentamethylene Glycol Dicoumalate.—This ester was 
prepared from coumalyl chloride and pentamethylene 
glycol by the procedure described for the triethylene glycol 
ester. There was obtained a 5.5% yield of crystals, m.p. 
80-83.5°. 

Anal. Calcd. for CnHj6O8: C, 58.62; H, 4.60. Found: 
C, 58.40; H, 4.80. 

Coumalamide.—A solution of 0.5 g. (0.0032 mole) of 
coumalyl chloride in 50 ml. of absolute ethyl ether was 
added to 10 ml. of ammonium hydroxide at 0.4°. The ether 
was decanted and the solid was collected on a filter and 
washed thoroughly with water. Recrystallization of the 
orange product from water and from aqueous ethanol gave 
0.3 g. (67.4% of the theoretical amount) of yellow needles 
of coumalamide, m.p. 244-245° dec. 

(14) Carbon, hydrogen and nitrogen analyses by Micro-Tech., 
Skokie, 111. AU melting points are corrected. 

(15) C. Graebe and H. Krafft, Ber., 39, 2509 (1900). 
116) F. Ullmanu and J. B. Uzbachian, ibid , 36, 1789 (1903) 
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Anal. Calcd. for C8H6O3N: N , 10.07. Found: N, 
10.17, 10.22. 

N-Substituted Coumalamides.—These compounds, de
scribed elsewhere, were prepared from the appropriate amine 
and coumalyl chloride by the procedure given above for 
coumalamide. Often the gummy solid obtained as the 
crude reaction product was washed by decantation prior to 
filtration. Most of the products were recrystallized from 
two different solvents or solvent pairs indicated. The N-(2-
thiazolyl) amide also was purified by solution and reprecipi-
tation from alkali. 

5-(£-Methoxybenzoyl)-2-pyrone.—To a solution of 6.0 g. 
(0.038 mole) of coumalic acid chloride in 150 ml. of carbon 
disulfide was added 5.8 g. (0.054 mole) of anisole and 17.6 
g. (0.132 mole) of aluminum chloride. The reaction mix

ture was warmed on a water-bath and held at 40° for 8 
hours with stirring. Following the usual procedures, there 
was obtained 0.9 g. (10.3% of the theoretical amount) 
of crystals which after two recrystallizations from ethanol 
as white, needle-like crystals melted at 153-154.5°. 

Anal. Calcd. for Ci3Hi0O4: C, 67.83; H, 4.35. Found: 
C, 67.94, 67.68; H, 4.31,4.51. 

The ketone gives a solid derivative with 2,4-dinitrophenyl-
hydrazine, m.p. 259-260°, which was not crystalline in 
appearance and was insoluble in the usual recrystallizing 
solvents. Oxidation of 0.1 g. (0.00043 mole) of the ketone 
with aqueous, alkaline potassium permanganate gave about 
0.05 g. of crystals, m.p. 179-181°. A mixed melting point 
with an authentic sample of anisic acid showed no depression. 

LOUISVILLE 8, KENTUCKY 
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Tracer studies reveal that the isomerization of a-cinenic acid (I) to geronic acid (II) involves carboxyl transfer rather than 
methyl migration. Some mechanistic implications of this finding are discussed. 

The concept of the "1,2-shift" as the underlying 
mechanism of organic molecular rearrangements 
has been remarkably powerful. From its formula
tion in the 1920's to the present, it has shown itself 
capable of accommodating an astounding variety 
of molecular changes.3 Although recent theoretical 
developments have led to a considerable refinement 
of detail, no fundamental modification of the con
cept has been necessary. In this context, those 
rearrangements which cannot be rationalized in 
terms of a 1,2-shift, or a short sequence of such 
shifts, are of special significance. One example of 
this type of reaction is the benzidine rearrange
ment; the large effort expended on this trans
formation4 reflects the unusual interest in rear
rangements of a "non-Whitmore" type. 

A less well known and less understood rearrange
ment has been mechanistically paradoxical for over 
forty years. This is the isomerization of a-cinenic 
acid (I) or ^-cinenic acid (Ia) to geronic acid (II) 
represented in equation 1, which Rupe reported to 
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/K° | \ C H 3 
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(1) Research carried out in part under the auspices of the U, S. 
Atomic Energy Commission. 

(2) All work involving radioactivity was carried out during the 
tenure of an appointment as Associate in Chemistry at the Brook-
haven National Laboratory. 

(3) For an interstmg historical survey of the development of this 
concept, as well as a review of its scope, see C. K. Ingold," Structure 
and Mechanism in Organic Chemistry," Cornell University Press, 
Ithaca, N. Y., 1953, pp. 473-629. 

(4) Reference 3, pp. 631-642. 

occur in concentrated sulfuric acid solution.6 In a 
fascinating summary of Rupe's life work, Dahn and 
Reichstein called attention to this mysterious ob
servation, and pointed out that it seems to be without 
analogy in organic chemistry.6,7 Rupe himself was 
concerned with the novelty of the rearrangement 
and offered two different explanations of the experi
mental facts. The first of these is represented in 
equation 2.6 Since neither the cyclodehydration 
step (b) nor the hydration step (c) have any reason-
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able precedent, this series must be viewed with 
considerable doubt. 

Rupe's second suggestion, transcribed into cur
rently acceptable notation in equation 3, deserves 
more serious consideration.8 Here the key step is 
visualized as a direct transfer of one of the C^-methyl 
groups to a site five atoms removed. Once more this 
type of change is totally without analogy. Be
sides the unprecedented 1,5-shift of methyl, the ini
tial cleavage of the tetrahydropyran ring is in a di
rection which would be unexpected, since it results 
in placing a formal positive charge adjacent to an 

(5) H. Rupe and C. Liechtenhan, Ber.. 41, 1278 (1908). 
(6) H. Dahn and T. Reichstein, HeIv. Chim. Acta, 35, 1 (1952). 
(7) In a preliminary investigation of this reaction, carried out at 

Cornell University, Mr. Richard Burrows was able to confirm Rupe's 
findings in detail. The 2,4-dinitrophenylhydrazone of the rearrange
ment product was identical with an authentic sample of geronic acid 
2,4-dinitrophenylhydrazone. 

(8) H. Rape and H. Hirschmann, HeIv. Chim. Acta, 16, 505 (1933). 


