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On melting, the tetrahydroacridandionecarboxylic acid 7 is converted into a complex series of products, 8 
through 16. It is shown that the primary products are the decarboxylation product 8 and the keto alcohol 10, 
which interact by a novel intermolecular hydride transfer to produce the diketone 9 and the monoketone 12; the 
keto olefin 11 arises from acid-catalyzed dehydration of 10. The analogous acid 22 undergoes similar transforma- 
tions. 

Earlier studies have reported the thermal transfor- 
mation of a series of 1,4-dihydropyridine-4-carboxylic 
acids, bearing such 3,5 substituents as carbethoxy (la), 
cyano (lb), and acetyl In  particular, the diester 
la has been shown to be converted by heating into the 
pyridine 2 and the pyrroles 3, 4, and 5.2b Reasonable 

C2H502C Q :: 0 + 
CH3 CH3 

CH3 la, Rv R H C02CZHS - 2 

b,R-CN 
C, R =COCH3 

3 4 

5 

mechanisms could be proposed for the formation of 2,  
3, and 4 which were consistent with observations in re- 
lated series, but the mode of the fragmentation which 
led to the pyrrole 5 and ethyl acetate remained obscure. 
The study of a tricyclic system in which the fragmenta- 
tion products must remain part of a single molecule 
seemed a promising approach to these problems, and is 
described here. In  the event, the reactions led to very 
different results. 

The diketoacridancarboxylic acid 7 promised a suit- 
able entry for this study, and proved to be readily 
available from the dimedone derivative of glyoxylic 
acid, 6 ,  via a Hantzsch condensation in ethanolic am- 
monia. The product has an ultraviolet absorption 
maximum characteristic of the desired s t r u c t ~ r e . ~ , ~  

A pure sample of the acid 7 was stable when heated 
under nitrogen at  240°, the temperature which effected 
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the decomposition of the monocyclic compounds la-c ; 
however, melting and ebulition occurred at  280°, trans- 
forming 7 into a mixture separable by chromatography 
on silicic acid. The most polar material was recognized 
as the product of simple decarboxylation 8, for it re- 
tained the absorption at  388 nm, and proved to be iden- 
tical with the known condensation product from the 
dimedone derivative of formaldehyde.4 

(4) G. Y .  Vanag and E. I. Stankevioh, Zh. Obshch. Khim., SO, 3287 (1960). 
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TABLE I 
NMR CHARACTERISTICS~ 

HIQHET AND BIELLMANN 

, ~ _ - - _ -  -Proton position (in ppm, J in Hz)--------------- 
3:  C(CHa)$ 4 5 B:C(CHa)z 7 9 Other Compd Solventb 1 2 

7 D 2 .36  
2.40c 

7 (COzCHs) D 2.32 
2 .39  

8 D 2.28 
9 C 2 .57  

10 C 4 .90  (X) 1.60 (A) 
2.10 (B) 

J A X  = 10.0, JAB = 
-12.0,  J B X  = 7 . 0  

10 (OCOCH, C 6 .04  2.08 
for OH j 1.65 
{H-1, 2.081 
{H-1, 1.65) 

J = 6 . 5  (H, d, 6.04),  
J = 6 . 0  (d), J = 
14.0 

11 C 6 . 3 5  5.88 

12 C 2 .84  1.60 

16 C 7.82 7 .36  

J = 10 

J = 6 . 0  

Jiz 8 .5 ,  Jzr = 
1 . 5  

17 C 4 .62  (X) 1.63 (A) 
2.10 (B) 

J A X  = 9.0,  JAB = 
-13.5,  

J B X  = 6 . 0  
22 C 2 .36  

2.38 
23 F 2 .62  (m)d 

1 .03:1 .05  2 .17  2.17 1 .03 :1 .05  2 . 3 6  4 .50  C02H, 
2 .20  2 .20  2 .40  9.36 (br) 

0 .98:1 .02  2.32 4 .56  OCHs, 3 .44  0 .98 :1 .02  2.14:2.17 2.14 

1.01 2.20 2.20 1 .01  2.28 3.10 NH, 8 .80  (br) 
1.12 3.05 3.05 1.12 2 .57  8.80 
0 .98  2.78 2.97 1.10 2 .52  8 .48  
1.14 

2.17 2.39 

0 .98  2.76 2.95 1.05 2.48 8 .13  OCOCHs, 2 .10 
1.07 

1.08 2 .98  2.90 1.08 2 .50  7 .85  

1.03 2.72 2.96 1.12 2.50 7.97 

2 .54  7.84 3.15 1 .10  2.60 8.77 

1.00 2 .78  2.98 1 . 1 1  2 . 5 3  8 .35  OH, -2.3 

3.8 (mj 
1.15 OCHzCHzOH, 

1 .10  2.30 2.30 1 .10  2.36 4 .88  OAc,2.17 

2 ,02  (m)e 2 ,38  (m)d 2.38 (m)d 2 . 0 2  (m)E 2 .62  (m). 4.77 NH, 9 . 7 0  
2.38 

a Peaks not shown with coupling constants were observed as singlets. Integrated areas corresponded to the required number of pro- 
In 9, the peak at 2.57 is tentatively assigned to H-2 and H-7 because its position is less changed by structural modification than 

* C, CDCla; D, (cL)~)h'o; 31, CDIOD; F, (CU,),- 
d These assignments could be interchanged. 

tons. 
that a t  3.05; assignments in the remaining compounds are made to correspond. 
NCO). 
e CH. 

Outer limbs of anticipated .4B quartet are obscured by neighboring peaks. 

A product of intermediate polarity and melting point 
was recognized as the diketone 9 by its ir spectrum, 
absorption at 290 nm, and a peak in the nmr spectrum 
at  low field, 6 8.98 ppm (Table I). It proved to be 
identical with known material prepared by the nitrous 
acid oxidation of gS4 A material of similar polarity and 
uv absorption and mp 150" displayed a carbinol proton 
at 6 4.90 ppm and an aromatic proton at 6 8.48 ppm, 
appropriate to the keto alcohol 10; it was readily con- 
verted to the known diketone by manganese dioxide 
oxidation. 

The least polar components of the reaction mixture 
were isolated as a mixture, from which a pure compo- 
nent of mp 97" could be obtained by crystallization. 
Ultraviolet absorption at  320 nm and, in the nmr spec- 
trum, an AB system of 6 6.28, 5.82 ppm ( J  = 10 Hz), 
implied an olefin conjugated with the aromatic ring, as 
in 11. To demonstrate the structure, the same ma- 
terial was prepared by elimination of acetic acid at  
260" from the acetyl derivative of 10. The filtratcs 
from the crystallization of the nonpolar column frac- 
tions were rechromatographed on thick layer, to provide 
a material of mp 95") displaying a pair of triplets a t  
6 1.56 and 2.84 ppm. That this was the monolietone 
12 could be shown by preparation of the same material 
by hydrogenation of the olefin, 11. 

Mass Spectral Characteristics. -The fragmentations 
observed in the mass spectra of these compounds 
followed familiar courses and provided useful structural 

information for trace products which could be studied 
only by the gas-liquid chromatography-mass spectra 
(glc-ms) pairing. The predominant process was the 
loss of 56 mu (Table 11), corresponding to elimination 
of isobutene from the side rings by the familiar reverse 
Diels-Alder proce~s .~  This process produces the base 
peak of both the diketone 9 and the monoketone 12. 
Since the loss occurs twice in the fragmentation of 12 
(m/e 257 to 201 and 201 to 145) it is clear that both the 
unsubstituted alicyclic system and that bearing the 
keto group undergo this process. Losses of methyl and 
of carbonyl radicals provide less abundant fragments. 

6 

m/e 215 

The spectrum of the acid 7 shows no molecular ion peak, 
the heaviest ion observed resulting from the loss of car- 

( 5 )  K. Biemann, "Mass Spectrometry," MoGraw-Hill, New York, N.  Y., 
1962, p 105. 
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Compd 

7 

8 
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22 

TABLE I1 
Mass SPECTRAL DATA 

m / e  (re1 intensity) 

Calcd 317; 274 (18), 273 (871, 272 (loo), 271 (So), 
258 (11), 256 (19), 243 (17), 215 (92), 203 (19), 
45 (55); m* 151 .O (273 to 203) 

Calcd 273; 274 (8), 273 (80), 272 (601, 271 (55), 270 
(15), 258 (18), 256 (22), 243 (l5),  216 (171, 215 
(loo), 203 (40), 189 (20); m* 151.0 (273-203) 

Calcd 271; 272 (8), 271 (38), 257 (3), 256 (15), 243 
(N), 216 (16), 215 (loo), 159 (51, 131 (11); m* 
171 .O (271-215), 138 (215-172) 

Calcd 273; 274 (21), 273 (loo), 272 (29), 271 (20), 
259 (7), 258 (28), 256 (12), 255 (26), 240 (29), 217 
(43), 215 (52) ,  190 (36), 189 (45), 161 (471, 83 
(11); m* 226.0 (255-240), 119.5 (217-161), 
132.5 (273-190) 

Calcd 255; 256 (lo), 255 (47), 254 (3), 241 (181, 240 
(loo), 158 (20),  156 (22), 83 (59); m* 226.0 
(255-240), 132 .O (189-158) 

Calcd 257; 258 (17), 257 (88), 256 (4), 242 (46), 229 
(20),  202 (28), 201 (loo), 173 (6), 158 (20), 145 
(30); m* 204.0 (257-229), 149.0 (201-173), 
124.5 (201-158), 104.7 (201-145) 

Calcd for CI~HSIN, 239; 240 (8), 239 (38), 225 (19), 
224 (loo), 209 (6), 208 (16), 195 (5), 194 (16), 
182 (20) 85 (38), 83 (60); m* 210.0 (239-224) 

Calcd for C17HlaN, 241; 242 (7), 241 (37), 227 
226 (loo), 85 (601, 83 (100); m* 212 (241-226) 

Calcd for C I ~ H Z ~ N ,  243; 244 (19), 243 (93), 228 (34), 
188 (36), 187 (loo), 131 @I), 85 (60), 83 (100) 

Calcd for C I ~ H I ~ N O ,  239; 240 (18), 239 (89), 224 
(22), 211 (38), 183 (100) 

Calcd for 317; 318 (2), 317 (111, 273 (17), 272 (95)) 
258 (lo), 257 (63), 256 (loo), 255 (11), 240 (161, 
215 (5), 214 (9); m* 233.8 (317-272) 

Calcd 359; 274 (6), 273 (35), 272 (65), 271 (46), 
256 (26), 243 (34), 216 (20),  215 (loo), 177 (7), 
159 (9); m* 214.5 (243-228), 171.0 (271-215) 

bon dioxide; the spectrum thus produced closely re- 
sembles that of the decarboxylation product 8. Both 
show a major fragmentation route via loss of a molecule 
of hydrogen to a fragment isomeric or identical with 
the molecular ion of the diketone 9; peaks important 
in the spectrum of 9 also occur in those of 7 and 8. A 
competing process involves the loss of isopentene from 
the intact ion of 8 (m/e 273 to 203). Surprisingly, the 
molecular ion of the keto alcohol 10 provides the base 
peak, the sequential loss of two isobutene moieties, sup- 
ported by metastable peaks, leading to major fragment 
ions. Peaks resulting from the loss of methyl, car- 
bonyl, and water moieties are present but less abundant. 
In the spectrum of the olefin 11, the ion resulting from 
the loss of the methyl radical is stabilized by allyl reso- 
nance, and forms the base peak, twice as intense as the 

L 

6 

L -1 

m/e 240 
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molecular ion. That the aromatic rings of these com- 
pounds remained intact was demonstrated by the spec- 
tra of the 9-deuterio derivatives, described below.6 
Thus the mass spectra provide an indication of the 
functional groups, the methyl substituents, and the 
styrene system of these series. 

Minor Products. -Examination of the total reaction 
mixture from the pyrolysis by gas-liquid chromatog- 
raphy confirmed that the materials isolated by chroma- 
tography on silicic acid formed the major reaction 
products, and revealed the presence of several trace 
products. The mass spectra of these materials could be 
obtained from glc-ms pairing and provided reasonable 
hypotheses for their structures. Thus, the material of 
least retention time showed a molecular ion of m/e 239 
with prominent loss of 15 mu to give the base peak at  
m/e 224; the spectrum is devoid of prominent peaks 
arising from the loss of hydroxyl, carbonyl, or isobutenyl 
fragments. The diolefin 13 possesses an appropriate 
molecular weight, and accords well to the observed 
fragmentations. 

The material next eluted from the column showed a 
molecular ion at  m/e 241, again with a prominent loss 
of methyl to m/e 226, and sequential loss of 56 mu. 
Structure 14, possessing a monostyrene system and 
saturated alicyclic system, satisfies these observations. 
The third material eluted (molecular ion at m/e 243) 
showed only minor loss of methyl, but loss of two iso- 
butene moieties, and is presumably the symmetrical 
structure 15. 

A fourth minor product showed a molecular ion at  
m/e 239, with the loss of butene providing the base 
peak, while the loss of carbonyl and methyl fragments 
produced less abundant ions. Characterization of the 
material was facilitated by the observation that the 
same material was formed during the preparation of 
the olefin 11 by pyrolysis of the acetyl derivative of 10. 
Chromatography provided material which could be 
shown by glc to be only slightly contaminated with 11. 
The nmr spectrum of this material showed, in addition 
to the singlet a t  low field, an aromatic AA'B system 
with 6 7.82, 7.82, and 7.36 ppm and coupling constants 
of JAB = 8.5, JA~B = 1.5, and JAA' = 0 He. Accurate 
mass measurement showed the molecular formula to 
be CNHITNO.? These observations suggested the 
structure 16, which is supported by the ultraviolet 
spectrum, which resembled that of 3-acetylquinoline. 

Reaction Course and Mechanism. -Thus nine prod- 
ucts were recognized from the decomposition on melting 
of 7. Casual inspection of the accumulation of struc- 
tures suggested that 8 must arise from simple de- 
carboxylation of the acid 7,* while the olefinic group of 
11 could be produced by dehydration of the alcohol 10. 
Experiment confirmed this suspicion that 8 and 10 are 
primary products. When 7 is refluxed under nitrogen 
in triglyme, 10 is formed in good yield, and may be 

(6) Blthough this observation is quite obvious in the mass spectra of the 
monodeuterated derivatives of compounds 9-12, the spectrum of 8 is a t  
first confusing, as important peaks arise from the loss of H or D from C-9. 
A less equivocal observation is tha t  the base peak occurs as a doublet a t  
m/e 216 and 215, consistent with the fragmentation postulated above through 
the dehydrogenation product, 9. 
(7) We are indebted to Dr. David Rosenthal of Research Triangle Insti- 

tute  for the element map of this material. The formulae arising from ac- 
curate measurement of the fragment ions support the modes of fragmenta- 
tion suggested above. 

(8 )  Cf. B. R. Brown, Quart. Rev. ,  Chem. Soc., 5, 131 (1951). 
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crystallized directly from the reaction products. A 
smaller quantity of 8 is produced concomitantly. 

Although 10 might arise from the disproportionation 
of the isomeric 8, in fact 8 is stable under conditions of 
the pyrolysis, and in the presence of dilute acetic acid. 
To gain further insight into the course of the reaction, 
the reactions of 9-deuterio-7 were studied. Deuterio- 
glyoxylic acid was prepared by the reduction of sodium 
oxalate by sodium amalgam in deuterium oxides and 
led through the Hantzsch process as before. Refluxing 
9-deuterio-'7 in triglyme provided 9-deuterio-10, essen- 
tially uncontaminated by the normal product. 

This observation eliminates intermediates in the for- 
mation of 10 in which a double bond has shifted into 
conjugation with the carboxylic group, or in which the 
aromatic system is formed prior to decarboxylation. 
In  view of the stability of the decarboxylation product 
8, the formation of 10 must involve concomittant reduc- 
tion of the keto group and decarboxylation, as repre- 
sented by the following mechanism. 

The postulate that the keto olefin 11 arose from the 
keto alcohol 10 by dehydration could now be tested. 
Scrupulously purified, 10 proved to  be stable at  280". 
However, the presence of a carboxylic acid in the melt 
suggested that the dehydration might occur by acid 
catalysis. Indeed 11 was produced on heating 10 in 
0.7 N acetic acid-triglyme. 

The acid lability of 10 was further exemplified by an 
unexpected observation. Refluxing the carboxylic 
acid 7 in ethylene glycol produced a product readily 
recognized by composition and spectral characteristics 
as 17, the ether of ethylene glycol and the alcohol 10. 
Although mechanisms for its direct formation from '7 
could be envisaged, it could be demonstrated that 
heating the keto alcohol 10 in ethylene glycol 0.7 N in 
acetic acid caused the formation of 17, perhaps via the 
benzylic carbonium ion. 

r n 1 

The keto alcohol 10 and the decarboxylation product 
8 were individually stable at  280' ; however, a mixture 
of 10 and 8 heated under nitrogen at 284" produced 
largely the diketone 9 and the monoketone 12. In 
view of the lability to acid of the keto alcohol 10, it is 

(9) A. Murray, C .  W. Rills, and A. R. Ronzio, J. Amer. Chem. Soc., 16,  
2405 (1952). 

convenient to represent t'his interaction by such a pro- 
cess as 

1Oor 11 -+ H+ (CH312 &(CH& l2 

To test the hypothesis, dideuterio-8 was prepared by 
leading dideuterioformaldehyde through the dimedone 
condensation and Hantszch reaction. A mixture of 
this material and normal 10 was heated at  280" with 
the following results. The sample of the diketone 9 
produced bore a deuterium atom at the 9 position, as 
anticipated from its formation from 8; most of the 
monoketone 12 formed was monodeuterated at  C-1. 
A smaller portion was dideuterated, evidently 1,9- 
dideuterio-12, for the aromatic peak in the nmr was 
diminished in intensity. This portion may arise by 
disproportionation between 9 and 10. 

Other processes than those discussed here may be oc- 
curring in the melt. It could be shown, for instance, 
that the carboxylic acid 7 was converted cleanly to the 
diketone 9 by heating in the presence of dilute mineral 

.L 

acid. The procedure is evidently a decarbonylation 
favored by the formation of the aromatic system.1° 

Furt'her indication of tho complexity of t'he processes 
occurring could be seen in the pyrolysis of 9-deuterio-7. 
Mass spect'ra of t'he products formed showed clearly 
that they were primarily monodeuterio derivatives. 
However, an nmr spectrum of the benzene soluble prod- 
ucts showed that an appreciable portion of 9, 10, and 
12 possess aromatic protons. This is ant'icipated for 
9, and the protons of 10 and 12 may arise from minor 
reactions such as intermolecular hydride transfer re- 
actions, not elucidated here. 

Comparison of 1 and 7.-Thus, it is abundantly 
clear that the behavior of the acridan systems discussed 
here is quite different from that observed in the earlier 
studies of la-c. The behavior of IC provides a particu- 
larly striking contrast of chemical properties. The two 
acids, IC and 7, possess identical functional groups iden- 
tically situated around the 1,4-dihydropyridine system. 
Their electronic characterist'ics are shown by their very 
similar spect'ra t,o be essentially identical, but, on 
melting, IC is converted into the lactone 19, wit'h t'he 
expulsion of an acetyl group, via an intermediate 

(10) Acid-catalyzed decarbonylation has previously been observed when 
the carbonium ion produced is stabilized by suitable substitution. Cf. 
J. Meinwald, H. C .  Hwang, D. Christmar, and A .  P. TVolf, ibid. ,  82, 483 
(1960), and A. H. Blatt,  "Organic Syntheses," Collect. Vol. 11, Wiley, New 
York, N. Y., 1943, p 5. 
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thought to be the anhydride 18. In  accord with this 
supposition, the mixed anhydride 20 can be prepared 

19 

t 

IC 

/&*O 

L 
I8 

20 

from IC, and is readily transformed to the keto lactone 
21. 

To extend the comparison, the mixed anhydride 22 
was prepared from 7 by stirring with acetic anhydride. 
It is perfectly stable a t  moderate temperatures, and, on 
melting, is converted to the diketone 9, apparently 
with the expulsion of acetic acid and carbon monoxide. 

0 0  
I1 I1 

H 
22 

It seemed worthwhile to eliminate the possibility that 
the gem-dimethyl groups of 7 were responsible for the 
different reaction course. Accordingly, a preliminary 
examination of the behavior of 23 mas carried out. Di- 
hydroresorcinol was led through the same reaction se- 
quence as that leading to 7 to provide 23, which was 

23 

subjected to pyrolysis. The mass spectra of the prod- 
ucts showed fragmentation corresponding closely to 
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those of the earlier products, and the characteristic 
nmr peaks appeared at  very similar chemical shifts. 
It is clear that the reaction followed a very similar 
course, and the difference in behavior in 7 and IC must 
be found in the effect of the tricyclic character of 7 upon 
the reaction mechanism. It must be presumed that 
tetracyclic systems corresponding to those leading to 
18 and 21 are sufficiently strained in the reactions of 7 
to prevent the reaction taking the same course as IC 
and its anhydride. 

Experimental Section' 
3,4,6,7-Tetrahydro.3,3,6,6-tetramethylacridan-l,8(2H,5H)- 

dione-9-carboxylic Acid (7).-The dimedone adduct of glyoxylic 
acid,l2 5 g, was treated with 50 ml of ethanol which had been 
saturated with ammonia at  4'. The suspension was sealed in a 
glass tube, and heated cautiously with shaking until dissolution 
was complete. The solution was now heated overnight in a 
steam bath, gradually depositing yellow crystals. It was chilled, 
opened, and filtered. The product was washed with scanty 
portions of chilled ethanol, dissolved in -50 ml of water, and 
added to excess chilled 1 N hydrochloric acid with stirring, 
precipitating a light yellow powder. This was filtered, dried by 
pressing on porous pot, and crystallized from -70 ml of ethanol. 
The product was 1.4 g of handsome yellow crystals: mp 280" 
dec; uv max 247 nm (e 23,500), 373 (7600); ir (Nujol film) 3200- 
2500 (br), 1720, 1640, 1.570 cm-l. Anal. Calcd for C18HZ8O4N: 
C, 68.12; H, 7.31; N, 4.40. Found: C, 68.01; H, 7.42; N, 
4.51. 
Pyrolysis of 7.-A 1.2-g sample of 7 was heated under Nz at  

280' for 15 min until ebullition ceased. A 93-mg sample of the 
crude product, which amounted to 1.0 g, was removed and the 
remainder was chromatographed on 30 g of silicic acid. Elution 
by 20% ethyl ether in petroleum ether removed 143 mg of a 
mixture of 11 and 12; 337c ether eluted 180 mg of 9; 507' ether 
eluted 530 mg of 10; methanol eluted 100 mg (10%) of 8. The 
following yields were based on glc analysis on 3% OV-1 on Gas- 
Chrom P at  180' (retention times): 13, trace (3.3 min); 14, 
trace (3.7 min); 15, trace (4.2 min); 11, 17Yc (6.1 min); 12, 
1.5% (7.1 min); 16, trace (9.7 min); 9, 207, (12.1 min); 10, 
28% (13.9 min); 8 not observed. 
3,4,5,6-Tetrahydro-3,3,6,6-tetramethyl- 1 (2H)-acridinone (1 1).- 

Recrystallization of the first fraction eluted from the column from 
hexane provided 49 mg of 11 : mp 97"; uv max 234 nm ( E  27,000), 
271 (12,100), 279 sh (10,100), 320 (3560), (OH-) no change, 
(H+) 242 sh (12,100), 279 (9700), 330 (4200); ir (CHClI) 1680, 
1592, 1320 cm-l. Anal. Calcd for C1,H211VO: C, 79.96; H, 
8.29. Found: C, 79.81; H,  8.55. 

3,4,5,6,7,8-Hexahydro-3,3,6,6-tetramethyl-l(2H)-acridinone 
(12).-Filtrates from the above procedure were chromatographed 
on a 2-mm-thick plate of silicic acid developed three times with 
20% ether in hexane. Elution of the lower portion of the band 
provided material substantially free of 11 ; recrystallization from 
hexane provided material of mp 95-96', identical with material 
prepared as follows. 

A 21-mg sample of 11 was stirred in ethanol with 5 mg of 10% 
Pd/C under hydrogen; the solution absorbed 2.0 ml in 15 min. 
Filtration and evaporation of the solvent provided 21 mg of com- 
pound 12: uv max 213 nm ( E  14,800), 241 (8300), 293 (6500), 

(11) Melting points were observed on a microscope hot stage. Uv spectra 
were obtained in absolute ethanol solution on recording speotropolarimeters: 
those designated "(OH-)" were recorded after adding 1 drop of 1 N sodium 
hydroxide to the ethanolio solution; those designated "(H +)" were obtained 
after adding 1 drop of 1 A- hydrochloric acid to  the ethanolic solution. l r  
spectra were obtained on chloroform solution unless otherwise described. 
Nmr spectra were obtained on a Varian A-60 or HA-100 spectrometer using 
tetramethylsilane (6 0.0) as an internal standard. Mass spectra were ob- 
tained on an  LKB 9000 mass spectrometer a t  70 eV; those of trace products 
were obtained as the material was eluted from an  OV-1 (1%) column heated 
from 150 to 230' a t  5"/min. The identities of materials from alternative 
preparations were established by nmr spectra and, in the case of 7 and 8, 
by thin layer chromatography on silicic acid, eluting by 5% methanol in 
chloroform; in the case of 9-12, by gaq chromatography on a column of 3% 
OV-1 Gas-Chrom P a t  180°. 

(12) D. Vorlander, Z. Anal. Chem., 77, 244 (1929). 
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301 sh (6300), (H+) 235 sh (6170), 292 (9400) [cf. 3-acetyl- 
pyridine: 228 (8500), 267 (2900), (H+) 224 (5700), 267 (3900)13]. 
Anal. Calcd for C I ~ H ~ ~ N O :  C, 79.33; H,  9.01. Found: C, 
79.41; H, 9.06. 

3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-l,8(2H,5H)-acridine- 
dione (9).-Recrystallization of column fractions from ethyl 
acetate provided material of mp 147" (lit.4 146); uv max 248 nm 
( e  10,650), 289 (6200), 299 (5720), (OH-) no change, (H+) 245 
(10,300), 289 (8100), 298 (7500); ir (CHC13) 1690, 1580. Anal. 
Calcd for C17H21N02: C, 75.24; H ,  7.80; N, 5.16. Found: C, 
75.21; H,  8.01; N, 5.25.  
1,2,3,4,6,7-Hexahydro-3,3,6,6-tetramethyl-8(5H)-acridinon-l-ol 

(lo).-Repeated recrystallization of column eluates provided 
material of mp 153-153.5'; uv max 242 nm (e  8900), 291 (7200), 
296 sh (7100), (OH-) no change, (H+) 235 (6100), 291 (9700); 
ir (CHCla) 3580, 3400 (br), 1678, 1590, 1560 cm-l. Anal. 
Calcd for C17H23N02: C, 74.69; H,  8.48; S, 5.12. Found: C, 
74.64; H, 8.67; 8.43; N, 5.31. 

Oxidation.-A solution of 30 mg of the above keto alcohol (10) 
was stirred 24 hr with 300 mg of hIerck manganese dioxide; the 
suspension was filtered and concentrated to dryness. The product 
(24 mg) was identical in infrared spectrum and tlc with the 
diketone 9. 

This compound (10) was more conveniently prepared by the 
following procedure. A 0.25-g sample of 7 was refluxed under 
nitrogen for 90 min in 1 ml of triglyme, which was diluted with 
benzene and filtered to yield a small quantity of 8. The solution 
was washed three times with water and concentrated to dryness. 
The residue was crystallized from benzene-hexane, to provide 
112 mg (52y0) of mp 145-160'. 

1,2,3,4,6,7-Hexahydro-3,3,6,6-tetramethyl-8 (5H)-acridinon- 
1-yl Acetate (10, OCOCHg instead of OH).-An 83-mg sample of 
the pure alcohol was dissolved in 1 ml of cold acetic anhydride- 
pyridine (1 : 1) and allowed to stand in a freezer overnight. The 
solution was diluted with benzene and stirred with 10 ml of 1 A' 
potassium bicarbonate for 3 hr, then extracted twice with chloro- 
form; the extiact was washed with water and concentrated to 
dryness. The residue, 95 mg, mp 100-103", was recrystallized 
from ether to provide material of mp 103-103.5"; ir (CHCl,) 
1735, 1692, 1602 em-'. Anal. Calcd for C19H25N03: C, 72.35; 
H,  7.99; N, 4.44; Found: C, 72.60; H, 7.96; N, 4.62. 

3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-l,8(2H,5H)-acridandi- 
one (8).4--A 2.0-g sample of formaldehyde dimedoneI4 was 
heated with 20 ml of concentrated ammonium hydroxide for 24 
hr. The solution was chilled and the precipitate filtered, to 
provide 1.45 g of 8: mp >310" dec; uv max 248 nm (e 16,600), 
263 sh (7500), 388 (6400); ir (Nujol) 1590 cm-l. 

Preparation of 11 by Dehydroacetoxy1ation.-The acetate of 10 
prepared as described above from 106 mg of 10 was distilled a t  
120" (0.1 mm), then sealed in a test tube under nitrogen and 
heated 25 min at 260'. Chromatography over 10 g of silicic 
acid, eluting with 10% ether-hexane, produced 28 mg of pure 
olefin 11, identical by glc and nmr with material obtained from 
the pyrolysis of 7. 

Continued elution provided 11 mg of 6,7-dihydro-3,6,6-tri- 
methyl-8(5H)-acridinone (16) as a glass: uv max 215 nm ( e  
17,700), 253 (36,400), 312 /9000), (H+) 212 (19,300), 257 
(30,200), 336 (9700) [cf. 3-acetylquinoline: 243 (50,000), 287 
(SOOO), 322 (1000)16]. On addition of NaBH4 the solution of 16 
showed uv max 210 (62,000), 236 (36,000), 239 (36,400), 298 
(6200), 305 (6100), 311 (7400), 317 (6200), 350 (3800) [cf. 
quinoline: 235 (35,50O), 278 (3500) 300 (2600), 314 (3030)'6] ; 
ir (CHCla) 1680, 1628, 1590, 1495, 880 cm-l; mass spectrum7 
m/e 239.131 (calcd for ClaH1,n'O, 239.131), 224.107 (CI&HldNO, 
224.105), 216.137 (C1EH17N, 211.136), 183.067 (CizHgNO, 
183.068), 155.072 (CIIH~N, 155.073). 
Bis(l,3-dioxocyclohexyl-2)acetic Acid.-A 17-g portion of di- 

hydroresorcinol and 6.5 g of glyoxylic acid were dissolved by 
warming in 50 ml of water and treated with 10 drops of concen- 
trated HCl. On cooling, a white precipitate formed, which, when 
separated by filtration and washed, amounted to 16.0 g, mp 
88-90'. Anal. Calcd for C14H1606: C, 59.99; H,  5.75. Found: 
C, 60.33; H, 6.08. 

(13) M. L. Swain, A .  Eisner, C. F. Woodward, and B. A. Brice, J .  Amer. 

(14) D .  Vorlander and F. Kalkom, Justus Liebim Ann. Chem., 509, 350 

(15) K. Eiter a n d E .  Mrazek. iVonatsh. Chem., 83, 1491 (1952). 
(16) The suffix "a" denotes structures modified by the substitution of 

Chem. Soc., 71, 1341 (1949). 

(1899). 

CIlz for C(CH8)z. 

3,4,6,7-Tetrahydro-l,8(2H,5H)-acridandione-9-carboxylic Acid 
(23).-A 2.0-g portion of the above adduct was heated in 10 ml 
of concentrated ammonia for 16 hr, then acidified with HCl. 
The suspension was filtered and the precipitate was washed with 
water and dried, to provide 1.7 g, >250° dec pt .  This was crys- 
tallized by dissolution in 350 ml of ethanol and concentrated to 75 
ml, yielding, on scratching and chilling, 1.1 g of fine yellow crys- 
tals mp >250'. In a preliminary run, crystallization was allowed 
to proceed slowly, producing a mixture of crystalline forms, 
prisms, and needles. Solid-phase ir spectra of these different 
forms were very similar, but not identical and uv spectra had 
identical Amax, but e values were not closely reproducible: uv 
max 369 nm ( e  6600), (OH-) 249 (45,600), 379 (6250); ir (Nujol) 
3250-2000, 1700, 1610, 1565. Anal. Calcd for C14HljNO4: C, 
64.36; H, 5.79; N, 5.36. Found: C, 64.31; H,  6.06, 5.92; N, 
5.53, 5.49. 

A sample of this material was heated under nitrogen at  284" for 
5 min. I t  was chromatographed on a silicic acid plate by repeated 
development with chloroform, providing sufficient separation of 
the products to allow the recognition of their salient spectrometric 
characteristics. An nmr spectrum of the benzene-soluble portion 
of the product showed the approximate composition 9a,16 207,, 
loa, 35%, l l a ,  20'70,~12a, 25%. 9a: nmr 880 ppm (s); mass 
spectrum 216 (9), 219 (BO), 214 ( lo) ,  188 (6), 187 (100). loa: 
nmr 8.35 (s), 4.85 (br); mass spectrum 218 (13), 217 (92), 216 
((io), 215 (29), 200 ( l 5 ) ,  199 (38), 189 (54), 188 (33), 187 (46), 
m* 165 (217 .+ 189). l l a :  nmr 7.83 (s), 6.4 (m) 6.17 (m); 
mass spectrum 200 (29), 199 (loo), 198 (36), 197 (35), 184 (33), 
171 (40), 169 (35). 12a: nmr 8.0 (s); mass spectrum 202 (12), 
201 (70), 200 (24), 173 (loo), 145 (29), m* 122.0 (173 + 145). 
l-(2-Hydroxyethoxy)-l,Z,3,4,6,7-hexahydro-3,3,6,6-tetramethyl- 

8(5H)-acridinone (17).-7 (0.25 g) and 1 ml of ethylene glycol 
were refluxed under NZ for 2 hr, cooled, and diluted with chloro- 
form to precipitate 24 mg of 8. The filtrates were chromato- 
graphed on a thick layer of silicic acid with 1 : 1 hexane-ether. 
Extraction of the band 0.1 em from the base line provided 120 
mg of 17. Recrystallization from benzene-hexane provided ma- 
terial of mp 137-139"; uv max 239 nm (e 9500), 293 (6700). 
Anal. Calcd for C I ~ H ~ ~ O ~ K :  C, 71.89; H, 8.57; Found: C, 
71.90; H,  8.48. 

Acid Treatment of 7.-An 102-mg sample of 7 was heated with 
0.25 ml of 0.1 A' sulfuric acid in triglynie in a sealed tube under 
nitrogen at 225' for 40 min. The solution was cooled, diluted 
with water, and filtered. The precipitate was washed repeatedly 
with water, and dried to provide 70 mg of 9, mp 149-151". 

9-Deuterio Derivative of 7.-A solution of 670 mg of sodium 
oxalate in 20 ml of deuterium oxide was adjusted to pD 1 with 
concentrated deuteriosulfuric acid, and a total of 75 g of 170 
sodium amalgam was added in five portions over a period of 1 hr 
together with the further addition of deuteriosulfuric acid as 
required to maintain the pD at  -1. To this solution was added 
1.0 g of dimedone reagent. On standing overnight the solution 
precipitated 0.9 g of the adduct which was crystallized from 
aqueous ethanol. 

A 0.416-g sample of this material was treated as above with 
ethanolic ammonia to produce material identical with previous 
preparations of 7 but lacking an nmr peak at  6 4.50 ppm. 

The prod- 
uct was taken up in benzene and filtered. The precipitate was 
chromatographed on thin layer, developing with 5% methanol 
in chloroform to provide a sample of 8b:I7 m/e 275 (35), 274 
(loo), 273 (BO), 272 (30), 259 (27), 216 (39), 215 (23), 204 (49), 
m* 152 (274 + 204). The benzene solution was examined by 
glc-ms to provide the following spectra: 9b, 272 (35), 257 (15), 
244 (17), 216 (IOO),  215 (26); lob, 275 (25), 274 ( I O O ) ,  273 (32), 
259 (33), 256 (20), 241 (20), 218 (53), 191 (45), 190 (65), 189 
(12); l lb ,  256 (42), 241 (loo), 240 (12), 83 (70); 12b, 258 
(loo), 257 (20), 243 (43), 202 (89), 201 (24). 

Mixed Anhydride of 7 and Acetic Acid (22).-A 5.0-g sample of 
recrystallized 7 was stirred in the dark with 25 ml of acetic 
anhydride for 4 days. The suspension was diluted with ether 
and filtered to provide 5 . 3  g of the mixed anhydride, mp 184- 
187". Crystallization from chloroform-ethanol provided ma- 
terial of mp 183-184"; uv max 363 nm ( e  6900); ir 3240, 3070, 
1810, 1730, 1640, 1610, 1662. Anal. Calcd for CmH250jX: C, 
66.83; H,  7.01; X, 3.90. Found: C, 66.44; H,  7.48; E, 3.79. 

Pyrolysis of this material was carried out as before. 

(17) The suffix "b" denotes structures modified by substitution of D for 
H a t  C-9. 



THERMAL REACTIONS OF ALLYLIC ALCOHOLS 

Acid Dehydration of 10.-A 10-mg sample of 10 was heated 
with 0.2 ml of 4 M acetic acid in triglyme. The solution was 
diluted with benzene and washed repeatedly with water. The 
organic layers were concentrated to  dryness under reduced 
pressure to yield an 11-mg residue, which was shown by glc and 
nmr to  be a mixture of 10 and 11, approximately 1:1, slightly 
contaminated by triglyme. 

Conversion of 9-Deuterio-7 to 9-Deuterio-lO.-An 11-mg sam- 
ple of 9-deuterio-7 was heated under nitrogen with 0.1 ml of 
triglyme a t  240' for 30 min. The solution was diluted with 
benzene and hexane and chilled. The precipitate amounted to  
3.3 mg. The filtrates were washed repeatedly with water and 
concentrated to dryness under reduced pressure. The residue 
was crystallized from benzene to provide 4.3 mg of 9-deuterio-10, 
mp 148-151". The nmr spectrum was identical to that of 10, but 
lacked the aromatic proton absorption. Collection of 420 spectra 
and integration by cut and weigh showed that -5y0 of this 
possessed an aromatic proton, 6 8.5 ppm; mass spectrum m / e  
276 (3), 275 (22), 274 (loo), 273 (32), 272 (19), 259 (30), 256 
(22), 241 (19), 218 (48), 216 (38), 162 (60). 

Interaction of 8 and 10.-A mixture of 73 mg of 8 and 76 mg 
of 10 was heated under nitrogen a t  280' for 5 min. The product 
was taken up in benzene and filtered to  recover 45 mg of 8. The 
benzene solution was concentrated to dryness to leave 103 mg. 
Analysis by nmr and glc showed the following composition: 9, 
29%; 10, 547,; 12, 12%. When heating was continued 70 min, 
recovery of 8 amounted to 177,; the composition of the benzene 
soluble portion was 9, 467,; 10, 15%; 11, 670; 12, 34%. 

Interaction of 9,9-Deuterio-8 and 10.-A sample of dideuterio- 
paraformaldehyde (0.32 g)  was converted to the dimedone deriva- 
tiver4 (2.5 g), of which 0.5 g was heated with 5 ml of ammonia 
in a steam bath overnight to provide 0.38 g of dideuterio-8. 
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This material was recrystallized from ethanol. A recrystallized 
sample (20 mg) was mixed with an equal weight of 10 and heated 
in a sealed tube under nitrogen a t  284' for 7 5  min. The material 
was suspended in benzene, filtered, and the filtrate concentrated 
to dryness (32 mg). Glc showed 9, 437,; 10, 13%; 11, 17%; 
12, 28%. Mass spectra: 9-deuterio-9, m/e 273 (8), 272 (31), 
271 (5), 216 (loo), 215 (12); 10, identical with that of pure 
material; 11, identical with pure material, except for m / e  256 
119) and 241 (38); 1-deuterio-12 and 1,9- dideuterio-12,260 (24), 
259 (72),258 (72), 244 (45), 243 (46), 204 (42), 203 (loo), 202 (95). 

This material was chromatographed on a thick plate eluting by 
1: 1 hexane-ether. The slowest moving band provided 10, with 
nmr identical with that of known material; the next band pro- 
vided 9-deuterio-9 with nmr identical with known material, but 
lacking the aromatic proton; the fastest moving band provided 
a 1:l mixture of 11 and 9-deuterio-12 with the nmr 6 7.88 ppm 
(relative strength 0.6), 7.76 (0.9), 6.25 (d, 1.0), and 5.75 (d, 
1.0). Intensities were determined by cut and weigh of the spec- 
trum obtained by accumulating 225 spectra. 

Interaction of 8 and 11 .-A mixture of 1.2 mg of 11 and 1.5 mg 
of 8 was heated under nitrogen a t  280" for 18 min. Glc analysis 
of the volatile components of the mixture showed 9: 11: 12 in the 
approximate ratio 8:4:3. 

Registry No. -7, 27448-28-8; 7 methyl ester, 

0; 10 acetate, 35619-83-1; 11, 27447-99-0; 12, 27361- 

23, 36619-89-7 ; bis(l,3-dioxocyclohexyl-2)acetic acid, 

35619-794; 8, 2645-77-4; 9,27361-25-7; 10, 35619-82- 

27-9; 16, 35619-86-4; 17, 356194374; 22, 35619-88-6; 

35619-90-0. 
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Optically active trans-3-penten-2-01 was used as the substrate for Claisen-type reactions with A7,N-dimethyl- 
acetamide dimethyl acetal and triethyl orthoacetate. The products, the N,N-dimethyl amide and ethyl ester, 
respectively, of 3-methyl-4-hexenoic acid, were formed in greater than 90% optical purity and with inversion of 
configuration. The magnitude of asymmetric induction observed makes these reactions particularly useful for 
the stereospecific introduction of a carbon-carbon bond a t  an asymmetric center. 

Stimulated by recent practical modificationsI2 the 
Claisen rearrangement of allyl vinyl ethers (eq 1) has 

seen increasing use in synthesis. A characteristic 
feat'ure of t'he reaction, responsible in large measure for 
its success, is the high degree of stereospecificity which 
extends to the creation of asymmetric cent'ers in high 
optical yield as well as to the production of predom- 
inantly trans double bonds.3 
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Foundation (GP-9094 and GP-28056X), to  whom the authors express their 
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D.  H. Rich, L. Werthemann, R. A. Arnold, T. T. Li, and D. J. Faulkner, 
J. A m e r .  C h e m .  Soc., 92, 4463 (1970): (e) G. Buchi and J. E. Powell, J r . ,  
ibid. ,  89, 4559 (1967); 92, 3126 (1970). 

Of a number of variants of the Claisen rearrange- 
ment, t'wo have proven particularly valuable for prac- 
t'ical synthetic applicat'ion in attaching a two-carbon 
chain because, in cont'rast, to the original procedure, 
they can be carried out' directly on an allylic alcohol 
without the need to  isolate a vinyl ether intermediate. 
They are (a) the reaction of an allylic alcohol with 
N,N-dimet'hylacetamide dimethyl acetal (I) or its 
equivalent', 1-methoxy-1-dimethylaminoethylene (11), 
a reaction discovered by Rleermein4 and systematized 
by Eschenmoser and coworkers5 and which provides a 
one-step route t'o unsaturated amides (eq 2); and (b) 
the acid-catalyzed thermal reactmion of allylic alcohols 
with triethyl orthoacetat'e (111), recently reported by 

(3) (a) J. D. Morrison and H. S. Mosher, "Asymmetric Organic Reac- 
tions," Prentioe-Hall, Englewood Cliffs, N.  J., 1971, p 375, and references 
cited therein: (b) A. Jefferson and F. Scheinmann, Quart. Rev., C h e m .  Soc.,  
22, 391 (1968), and references cited therein. 
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Ann. Cham.,  641, l (1961) .  

(5) A. E .  Wick, D. Felix, K. Steen, and A. Eschenmoser, Helu. Ckim. 
Acta, 47, 2425 (1964); D. Felix, K. Gschmend-Steen, A. E. Wick, and A. 
Eschenmoser, i b i d . ,  52, 1030 (1969). 


