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by the infrared spectra of these samples. A perceptible 
amide band was present after 10 minutes, and the spectra 
indicated that the reaction essentially was complete a t  the 
end of 3 hours. After 24 hours, the spectrum was identical 
with that of an authentic specimen of oxyhydrastinine.ls 
A t  that time the manganese dioxide was removed by filtra- 
tion and washed twice with chloroform. The chloroform 
solution was washed three times with dilute hydrochloric 
acid and concentrated to give a solid which was recrystal- 
lized from cyclohexane, 86 mg., m.p. 96-98’ (reportedla for 
oxyhydrastinine 97-98’). A mixed melting point with an 
authentic sample, m.p. 97-98’, showed no depression. The 
acid solution gave 37 mg. of crude unreacted hydrastinine, 
m.p.  87-96’, identical in its infrared spectrum with the 
starting hydrastinine. The yield of oxyhydrastinine was 
76% based on the starting material consumed and the re- 
moval of 11 aliquots. 

2-Hydroxypyran.-A solution of 1 mmole of 2-hydroxy- 
tetrahydropyranlg in 2c) mi .  of chloroform was stirred with 
1.0 g. of manganese cli.J.de at  room temperature for 24 
hours. Samples of 1-milliliter volume were withdrawn a t  
0, 75 and 1273 minutes. A moderately strong lactone band 
a t  5.78 p was found after the reaction had run 75 minutes. 
A t  the end of 1275 minutes the band a t  5.78 H was very 
strong. The hydroxyl band a t  2.95 fi  showed a concurrent 
decrease in intensity but still was present a t  the end of the 
reaction. The reaction product gave a positive fuchsin test. 

(18) M. Freund and W. Will, Bey . ,  20, 2401 (1887). 
(19) G. F. Woods, Org. Synfhcscr, 27, 43 (1947). 

The reaction product was converted to its silver salt which 
was identical in  its infrared spectrum with that of an authen- 
tic specimen.20 

Lycorenine.-The alkaloid was obtained in trace amounts 
from Lycoris radiata Herb. by a conventional procedure*] 
and recrystallized from methanol-acetone for analysis; m.p. 

(c 1.12, chloroform). The material was identical with an 
authentic specimen kindly furnished by Prof. S. Uyeo. 

Anal. Calcd. for C18H23NOa: C, 68.12; H, 7.31; N, 
4.41. Found: C, 68.21; H,  7.33; S, 4.34. 

A solution of W mg. of lycorenine in 31 ml. of chloroform 
was oxidized by the above method with 0.5 g. of manganese 
dioxide. After 1.75 hours, the reaction mixture was filtered 
and the manganese dioxide vas washed nith ethanol. The 
combined organic solutions $5 ere concentrated to a bron n 
oil that was triturated with ethyl acetate. Fractional crys- 
tallization from ethyl acetate gave 11 mg. of impure 1ycore:- 
ine, m.p. 182-188’ and 30 mg. of a lactone, m.p.  174-17!-, 
a portion of which was sublimed for analysis, m.p. l tn-  
176”, ( c Y ] ~ ~ D  +93.6’ (c 0.84, chloroform). The compound 
showed strong lactone absorption in chloroform at  5.84 p.  

198-200”; [CZ]’~D + 1 4 4 O  (C 1.03, methanol); [CY]~~D f18O0 

Anal. Calcd. for C18H21N04: C, 68.55; H ,  6.71; 5, 
4.44. Found: C,68.46; H,6.61;  N,4.66. 
_____ 

(20) TV. W. M’esterfield, J .  Biol. Chcm., 143, 177 (1942). 
(21) \V. C. X’ildrnan and C .  5.  Kaufman, THIS JOVRXAL, 76, 5815 

(1954). 
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The base degradation product of tropinone methiodide (I), hitherto considered to be a dihydrobenzaldehyde (11), is shown 
One component of the mixture, cycloheptadien-3,5-one (VI),  has been isolated and 

The Diels-Alder reactions 
to be a mixture of cycloheptadienones. 
characterized. 
of these dienones as well as of tropone and tropilidene are discussed. 

Evidence for the formation of cycloheptadien-2,4-one (V) was also obtained. 

The structure of tropinone is firmly established 
on the basis of sound degradative evidence supple- 
mented by independent syntheses.2 The report 
that tropinone methiodide (I) is converted under a 
variety of basic conditions into dimethylamine and 
a dihydrobenzaldehyde (11) according to equation 1 
is, therefore, rather surprising.a Such a transform- 
ation would necessitate the contraction of the seven- 
membered ring to a cyclohexane derivative. 
Several different base-catalyzed ring contractions 
of carbonyl compounds are well known, which 
provide some formal analogy for the reported 

(1) A preliminary Communication of some of the results reported in 
this paper has appeared in Chemistry and Indus fvy ,  1063 (1953). 
(2) For convenient reviews of the chemistry of tropinone see T .  A. 

Henry, “The Plant Alkaloids,” Churchill, Ltd., London, 1949, 4th 
Edn.. or R. H. F. Manske and H.  L. Holmes, “The Alkaloids,” Aca- 
demic Press, Inc., New Yorlc, N. Y., 1950, Vol. 1. 

(3) (a) The fact that this transformation could be carried out under 
relatively gentle conditions was initially considered to provide evidence 
for the presence of a bridged cyclohexane nucleus in tropinone. When 
later developments disproved this hypothesis, the transformation 
seems t o  have been ignored or forgotten. The reaction was discovered 
almost simultaneously by R. Willststter, Ber., 2s. 393 (1896); and 
G. Ciamician and P. Silber, i b i d . ,  29, 490 (1896). The second double 
bond in I1 was postulated t o  be in either of the two dotted positions. 
(b) The same “dihydrobenzaldehyde” had been obtained earlier from 
anhydroecgonine dibromide: see A. Einhorn, i b i d . ,  26, 451 (1893); 
A. Eichengrtin and A.  Einhorn, ibid. ,  23, 2870 (1893). 

I I1 

skeletal rearrangement of tropinone. One of these 
is the benzilic acid rearrangement of cyclic a- 
dike tone^,^ a second is the Faworskii rearrangement 
of a-haloketones5 and a third is the conversion of 
tropolone and its derivatives into benzenoid com- 
pounds6 It does not seem possible, however, to 
construct mechanisms directly related to any of 
the mechanisms of the above-mentioned rearrange- 
ments, which would be capable of accommodating 
the tropinone ring contraction. Since the forma- 
tion of a dihydrobenzaldehyde seemed intrinsically 
unlikely, and since the structural evidence available 
(4) Two examples of this type of contraction are cited b y  R. C. 

Fuson, “Advanced Organic Chemistry,” John Wiley and Sons, Inc., 
New York, N. Y., 1050, p. 360. For a discussion of the reaction 
mechanism see C. K. Ingold, “Structure and Mechanism in Organic 
Chemistry,” Cornell University Press, Ithaca. N .  Y., 1953, p. 
480. 

( 5 )  R. B.  Loftfield, THIS JOURNAL, 73, 4707 (1951). 
(6) See, for example. W. von E. Doering and L. H. Knox, i b i d . ,  74, 

5683 (1962). 
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for the degradation p r o d ~ c t ~ ~ . ~  appeared equivocal, 
a reinvestigation of the nature of Willstatter's 
product has been ~nde r t aken .~  

The degradation product to be expected would 
be simply cycloheptadien-2,B-one (111) or perhaps 
some double bond isomer (IV-VI). The aim of 
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the initial experiments was, therefore, to distinguish 
betwcen the cycloheptanone and cyclohexanone 
skeletons for this material. 

Under a variety of basic reaction conditions, 
tropinone methiodide8fg gave rise to a product, 
C7H80, in about 30% yield. This product, which 
had an odor strongly reminiscent of benraldehyde, 
reduced Tollens reagent and Fehling solution, but 
failed to give a Schiff aldehyde test. I t  seems 
reasonable to assume that i t  is the same material 
that the earlier workers had in hand. The com- 
plexity of the infrared spectrum of this product 
(including five bands in the double bond stretching 
region) as well as the complexity of its ultraviolet 
spectrum (showing strong absorption a t  214 and 
291 mp, the intensities of which varied from run to 
run) pointed to a mixture of absorbing species 
being present, rather than any single chemical in- 
dividual. The crude mixture took up two moles 
of hydrogen over Adams catalyst, and gave rise 
to cycloheptanone, as was demonstrated by com- 
parison with an authentic sample'O via infrared 
spectra, melting points and mixture melting points 
of semicarbazones and 2,4-dinitrophenylhydra- 
zones. Skeletal  rearrangement ( i i i y i n g  the e l im inn-  
tion reaction i s  t h u s  precluded. 

It remains to identify the specific components 
in this mixture. One conclusion which can be 

2 4 6 8 IO 12 14 
WAVELENGTH Al . 

Fig. 1.-Infrared absorption spectrum of cycloheptadien-3,5- 
one. 

(7) These studies were hegun independently a t  the  hlassachusetts 
Insti tute of Technology and Cornell University, and were continued 
cooperatively. Those results not included in the  preliminary com- 
munication (ref. 1) were obtained mainly in t h e  latter laboratory. 
(8) Tropinone was prepared zlia the  now standard "bioyenetic" 

route. T h e  authors are indebted t o  Dr. Max Tishler of Merck and Co., 
as well as  t o  Dr. Alex Nickon and Prof. L. P. Fieser of Harvard Uni- 
versity, for generous gifts of tropinone during the  early phases of t h e  
work. 

(9) L. C. Keagle and W. H.  Hartung, THIS JOURNAL, 68, 1608 
(1946). 

(10) Cycloheptanone was kindly supplied by Prof. A .  T. Blomquist. 

drawn without any additional data is that cyclo- 
heptadien-2,4-one (17) must be present, since it 
alone could account for the ultraviolet absorption 
a t  291 mp." The facts that the crude degradation 
product gave rise to a semicarbazone, m.p. 110- 
123", A i m a x  223 mp (log E 4.02) and 303 mp (log 
E 3.56),'* and to a 2,4-dinitrophenylhydrazone, m.p. 
144-147", Amax 888 nip (log e 4.46), are in accord 
with the presence of this isomer, but this evidence 
is weakened by the possibility of double bond 
migration during the formation of the derivatives. 
There is also a strong suggestion that cyclohepta- 
dien-3,5-one (VI) is contained in the mixture, 
since i t  is unique in possessing the unconjugated 
carbonyl group whose presence is indicated by the 
5.85 p band in the infrared.I3 

Pursuing the characterization of these dienones 
further, an attempt was made to isolate pure com- 
ponents by fractional distillation. The effort was 
rewarded by partial success; an initial fraction, 
b.p. 45' (4.9 mrn.), consisted of nearly pure cyclo- 
heptadien-3,5-one (VI). The structural assign- 
ment rests on the following data : 

(1) The double bond region of its infrared 
spectrum showed only two maxima, 5.85 and 6.27 
p (see Fig. 1). The former provides direct evi- 
dence for an isolated carbonyl function. 

( 2 )  h semicarbazone of this fraction showed 
Amax 223 mp (log E 4.17) typical of a saturated serni- 
carbazone, and only weak absorption at  longer 
wave lengths. 

(3) A 2,4-dinitrophenylhydrazone showed Xmax 
371 mp (log E 4.35) and no second maximum at  
longer wave lengths. 

The ultraviolet spectrum of VI showed relatively 
weak absorption at  290 p (log E 2.75), but had a 
broad peak in the region of 213-214 mp (log E 

3.74). This observation is surprising, since the 
absorption is not in accord with the spectrum of 
1,3-cycloheptadiene (Ama, 248, log E 3.S7),I4 which 
might appear a t  first sight to be a suitable model 
compound. The most reasonable rationalization 
of this discrepancy is that there is some sort of 
transannular interaction between the diene system 
and the carbonyl group. Several cases of the dis- 
placement of enone  absorption maxima by nearby 
but unconjugated groups have come to light 
recently. Thus 3,5-dihydroacetophenone (ITIT) 

0 

VI1 VI11 

(11) E. E. van Tamelen and G. T. Hildahl, THIS JOURNAL, 75, 
5451 (1953) have reported Xman 292 mu, e 5100 for 1'. Eucarvone, with 
one extra substituent on the  dienone system, shows 303 rnr, 
log E 3.83, according t o  Y .  R. Naves and P. Ardizio, H e l a .  ('him. 
Acta .  33, 329 (1949). 

(12) W. Eucarvone semicarbazone XAm.tx 223.5 mir (log c 4.02) and 
309 (log I 4.21) reported by Naves and Ardizio, ref. 11. 

(13) Although i t  is unlikely tha t  either V or VI  would be produced 
as initial products, the opportunity for isomerization during the degra- 
dation is obviously present. I n  experiments in which the  base treatment 
was limited to only one minute. and the product worked up immedi- 
ately, i t  was noted tha t  no Xmax a t  291 mu appeared in the ultraviolet 
spectrum of the  total crude product. 

(14) E. Pesch and S. I,. Friess, THIS JOURNAL, 73, 5756 (1960). 
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shows a bathochromic shift of ca. 10 mp,15 while the 
bicyclic structure VI11 and its methiodide show 
hypsochromic shifts of 8 and 19 mp, respec- 
tively. 16, l7 Although these examples demonstrate 
that neighboring unsaturation or dipoles can in- 
fluence enone absorption, there do not seem to be 
data recorded on which to base expectations con- 
cerning similar influences on diene absorption. 
At this stage, therefore, the ultraviolet spectrum 
of VI does not provide a structural clue, but rather 
poses a separate problem. 

Confirmation of the conclusion that the first 
distillation fraction consists of VI  was provided by 
the reduction of this compound to cycloheptadien- 
3,501 (IX) by sodium borohydride. The structure 
of this alcohol follows from its ultraviolet spectrum 
(A,,, 242-245 mp, log e 3.80), showing typical cyclo- 
heptadiene absorption. It is further supported by 
the failure of manganese dioxide to oxidize i t  to a 
ketone, a reaction which would be expected to 
occur readily for any of the other double bond 
isomers.l8 

rr)OH IX 

\\- 
Although VI  could be isolated in reasonably pure 

state, higher boiling fractions were all mixtures 
enriched to varying degrees in V. Sodium boro- 
hydride reduction of these dienones gave rise to 
mixed dienols which were partially reconverted to 
V by manganese dioxide, as revealed by the re- 
appearance of the 291 mp maximum in the ultra- 
violet region. 

With a view to exploring the reactions of these 
dienones in greater detail, a series of Diels-Alder 
reactions was carried out. Cycloheptadien-3,5- 
one (VI) reacted slowly with N-phenylmaleimide to 
yield an adduct, C17H1503N, m.p. 201-204". How- 
ever, fractions of degradation product enriched in 
cycloheptadien-2,4-one (V) gave rise to the same 
adduct. In  view of the expected interconverti- 
bility of V and VI ,  i t  is impossible to predict 
whether this adduct should have structure X or 
XI.19 Decision in favor of X I  was made on the 

HSC6NY0 o = L  

s XI XI1 

(15) K. Bowden and E. R. H. Jones, J .  Chem. Soc., 52 (1946); 
E. A. Braude, E. R .  H. Jones, F. Sondheimer and J. B. Toogood, ibid., 
607 (1949). 

(16) V. Georgian, Chemislvy asd  Industry ,  930 (1954). 
(17) A. Marchant and A. R. Pinder. i b i d . ,  1261 (1954). 
(18) For recent examples of the use of this highly specific oxidant 

for allyl alcohols, see C. Amendolla, G. Rosenkranz and F. Sondheimer, 
J .  Chem. SOL., 1226 (1934); and M. Harfenist, A. Bavley and W. A. 
Lazier, J. Org. Chem.,  19, 1608 (1954). 

(19) (a) The stereochemistry shown here and henceforth is arbi- 
trarily assumed on the basis of ( 1 )  maximum overlap of unsaturation 
in the transition state and (2) minimum steric repulsion in the final 
products. (b) I n  an exploratory experiment this ketone adduct was 
reduced with sodium borohydride and compared with authentic XI1 
(described below). Although the two compounds were different, 
no conclusion can be drawn, due to the possibility of stereoisomerism 
at the carbon bearing the hydroxyl. 

basis of two independent sets of experiments. 
The first of these consisted of an unambiguous 
synthesis of structure X via the dienol IX,  in which 
there should be no double bond mobility. The 
dienol I X  reacted with N-phenylmaleimide to give 
the adduct XII ,  m.p. 185-188") which gave X, 
m.p. 188-19l0, on Oppenauer oxidation. Direct 
comparison of infrared spectra of X with the 
adduct obtained from the dienones showed the two 
ketones to be different. This finding indicated 
that the dienone adduct must be XI. The struc- 
tural problem was solved directly by a synthesis 
of XV from tropone (XIII)*O via a Diels-Alder 

0 

XIY XY 

additionz1 followed by catalytic hydrogenation of 
the adduct (XIV). Catalytic hydrogenation of the 
dienone adduct, m.p. 201-204", gave rise to a 
product indistinguishable from XV prepared from 
tropone. I t  may therefore be concluded that the 
dienone adduct has structure XI, derived from 
cycloheptadien-2,4-one. 

I t  is interesting to note that a t  the same time the 
identity of the reduced dienone adduct with the 
reduced tropone adduct supports structure XI 
for the former, a perhaps more significant result of 
this correlation is its demonstration that tropone 
itself reacts normally with dienophiles. To as- 
sume tacitly that tropone would react as a typical 
diene might be unjustified in the light of its many 
unique properties and in view of the abnormal 
behavior of tropilidine (XVI) in the Diels-Alder 

J O Y 0  

O - 4  0 - or I"\ u +A 
XVI XVII 

O q o  

0 
XVIII 

(20) Tropone was prepared by a bromination-dehydrobromination 
procedure, starting with mixed dienones (dihydrotropones). This 
series of reactions provides a direct path for the conversion of tropinone 
into tropone. 

(21) The ability of tropone to participate in a Dieis-Alder reaction 
with maleic anhydride has already been demonstrated (T. Nozoe. 
T. Mukai, K. Takase and T. Nagase, Proc. Jagan Acad. ,  28, 477 
(1952); C. A . ,  46, 2678 (1954)), although the structure of the adduct 
was not proven. 
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reaction. The tropilirlene-maleic anhydride ad- 
duct has recently been shown to possess structure 
XVII, derived from norcaradiene, rather than 
structure XVIII.22 Tropone, on the other hand, 
would not be expected to behave analogously, 
since such behavior would necessitate generating a 
cyclopropanone ring. 

The study of the degradation reactions of srme 
closely related bicyclic molecules is now in progress. 

Experimental :j 

Tropinone Methiodide (I).-Small quantities of succin- 
aldehyde dioxime were converted into tropinone by a modi- 
fication of the Robinson "biosyntlir~is,"Q.2~ using acetone di- 
carboxylic acidz5 and inethylaniine hydrochloride. Since 
difficulty was encountered in preparing the dioxime from 
p > - r r ~ l e , ~ , * ~  this starting material Tras abandoned in favor of 
2,5-diethoxytetrahydrofuran .*' Hydrolysis of this furan in 
aqueous hydrochloric acid, followed by neutralization with 
calcium carbonate, furnished aqueous solutions of succiiidi- 
aldehyde suitable for use in the suhsequeiit condensation 
ivith acetone dicarboyj-lic acid ;ind methyl:irninc.9 Treat- 
ment of the crude tropir~oiir \\ itli nictliyl iodide gave <lie 
crystalline methiodide I. 

Degradation of Tropinone Methiodide .--Tropinoiie nietli- 
iodide ( I )  (35 g., 0.12 mole) anti sodiiiiii bicarbonate (21 g., 
0.25 mole) were dissolved in hot \vater and steam distilled 
for 30 minutes. (Treatment of I with silver oxide, folloived 
by filtration and steam distillation, failrd io  give tlic 80% 
vield of degradation product reported by b'illstiitter.a) 
?he distillate coritained oily yello;r. droplets, \r.hicli were 
extracted into ether. After drying over iuagnesium sulfate, 
the ether extract was evaporated down to give 4.3 g. (3270)2s 
of reddish liquid. This product, with a penetrating, benzal- 
dehyde-like odor, reduced Tollcns reagent arid Fehling 
solution in the cold, hut did not affect Schiff reagent.2Y 

The infrared spectrum of crude product included strong 
bands at  5.85 and 6.03 JL, moderate bands a t  6.13, 6.27 and 
6.32 p ,  In  the ultraviolet: 391 m p ,  log e 3.20; 
a t  210 mp, log e is 3.70. The I)rotluct yielded a crude 
semicarbazone. 1ii.p. 119 -12:8', 1 m p  (log E 4.02) 
and 303 nip (log e 3.5G'). 

The 2,4-dinitropl1cii)-lI1ytlrazoric clecoiiiposeti 011 'itteiiiptetl 
I-ccrystallizntion from nnol. The  crude deriv:ttive \\-as 
chromatographed 011 s gel, ivitli Iieiizene :is tlie eluent. 
T h e  initial fraction gave highest-melting solid, 11i.p. I?-*- 
147', XX;::'~ 2ii5, :%8 mp; log E,,,, ,  z ~ . t I ,  4.46. Attempts 
to  prepare the oxime and pheii~-lliytirazorie~'~ from un- 
distilled degradation product were unsuccc~ssful. 

Distillatipn of Degradation Product.--C:treful distillation 
of the degradation product through a thirtl- inch Podbielniak 
partial reflux column afforded a colorless, constant-boiling 
first fraction ( A )  and increasingly ycllo&li fraction ( R )  
ivliieli boiled over a considerable r:inge. 

1:ractioii A: b.p.  '45.0" (5.0 i i i i i i . ) ,  12% 1 ..?130, d 2 " d  

1,1128, . l f l<D calcd. (as VI) :jl.>:;, found 31.5i, infrared 

( 2 2 )  K. Alder and G. Jacobs, Ber. ,  86, 1528 ( I X 3 ) .  Ci. R. P. 
Kohler, &I. Tishler. 14. Potter a n d  IT. T .  T<,rnpcon, T H I S  JOURNAL, 61, 
1057 (1039); and 11.. r o n  E. Doering ani1 1. 11. Knox, ibid., 73, 828 

Analyses are b y  hlr .  hl. 
Libowitz, Geller Labs. ,  Hackensack, S .  J., and Schwarzkopf Micro- 
analytical Lab.,  Woodside, N. Y .  Infrared spectra were recorded 
<in a Perkin-Elmer double-beam spectrophotometer, hlodel 21: solids 
ivere determined as  Kujol mttlls. Ultraviolet absorption spectra \lere 
measured with a Beckman quartz spectrolihotometer. Model Dl?. 

(19313. 
(23)  All melting points are uncorrected. 

f 2 4  C .  Schiipf and G. Ixhmann,  A v n . ,  518, I (1!23i). 
(23'1 R. Adams, 11. h l .  Chiles and C. F. Rawweiler, "Orqanic Syri- 

theses," Coll. Vol. I ,  John Wiley and Sons, Inc. ,  New I'ork, N. l7 , I!) t7 ,  
p. 10. 

( 2 6 )  K .  Willstatter and W. Huebner, Rev. ,  40, 3869 (1907). 
127) We are indebted t o  the  Carbide and Carbon Chemicals Com- 

(28) This was the  average yield of many runs. 
(29) Willstiitter, ref. 3a,  reported tha t  the  crude material reddened 

Schiff reagent, reduced Fehling solution a t  elevated temperature, and 
reduced Tollens reagent in t h e  cold. Probably the  only significant 
conclusion t o  be drawn from these color tests is t h a t  the  degradation 
product is easily oxidized. 

pany for a very generous sample of this furan. 

niax. a t  5.86 (strong) and 6 . 2 7 ~  (moderate) (see Fig. l ) ,  
A,,,, Fraction A yielded a serni- 
carbazone, recrystallized from methanol with some decom- 
position, m.p. 135-140" 223, 300 m p ;  log emax 
4.17, 2.71. 

i i t o ~  ') - 1 . 3  214 mp, log eIIIRk 3.74. 

A w l .  Calcd. for C8HllON3: C, 58.16; H, 6.71; N, 
23.44. Found: C, 58.05; H ,  6.55; N, 25.36. 

An impure 2,4-~iinitrophenylhydrazone from fraction A 
dccoinposed on attempted recrystallization, but could be 
eluted from a silica gel column with 30% ether in petroleum 
ether. Thc shrpest  melting fraction showed m.p. 95-98', 
A l , x s x  ( ' I i C i ,  371 m p ,  log e,,lilr 1 3 5 .  

Fraction I3: b.p. 46-56" (3.0 mm.),  n% 1.5209, infrared 
b:inds as in crude ni:iterial, 291 nip, log enla\- 8.2 t o  
3.6 (in various runs). 

A n d .  Calcd. for CiH~O: C, 77.75; H ,  7.4.5. Found 
(fraction B): C, 7 . 3 3 ;  H, 7.26. 

Rapid Degradation.-A 2-g. sample of I was degr:ided as 
described above, but the reaction mixture u-as ste:im dis- 
tilled for only one minute. The usual work up procedure 
provideil 0.1 g. of a liquid, infrared max. at 5.87, 6.08, 
6.18 arid 6.24 p ,  AE::~ 233 m p ,  log 3.80, with only 
\i.enk ahsorption i n  the vicinity of 291 nip. 

Catalytic Hydrogenation of Degradation Product.-Plati- 
i i i im dioxide (0.1 g.) \vas suspended in :i fe\v ml. of ethyl 

itc :tnd prercduced i i i  a standard scmimicro liydrogena- 
tioil apparatuq. 1-ntiistilled degradation product (0.,57 g., 
l1 .0~1~~3 mole) \vas added. ilbsorption of hydrogen (0.0091 
mole) stopped after 2.1 hours. Removal of catalyst by 
kiltrat ion and evaporation of the solvent at reduced pressure 
g:ive a tan liquid (0.58 g.).  Infrared spectra of this liquid 
a i i t i  a sample of authentic cycloheptanone,1° repurified uia  
its scmicarbazoiie, were indistinguishable. 

The hydrogenated product gave a semicarbazone, m.p. 
10:3--164", and a 2,4-dinitrophenylhydrazone, m.p. 146- 
117", the melting points of which were uiidepressed by ad- 
mixture ivitli autlieiitic samples of thcsc derivatives. In- 
fr:lred coinparison of thesc materials with the authentic 
siiiiples again revealed no differences. 

Cycloheptadien-3,5-01 (IX) .-A solutioii of sodium boro- 
li!.rlridc (1.2 g.. 0.032 mole) i i i  rnctllanol (15 ml.) was added 
tli.oli,vise to \.I (1.74 g. ,  0.040 mole) in methanol (10 ml.). 
7'11r w l u t  ion became copper colored after four hours stand- 
iiig. 1)ropwise addition of dilute sulfuric wid brought the 
pI3 to 7, discharged the color and gave a white precipitate. 
The rnixture I\ as filtered, added to  a concentrated aqueous 
solution of anitnonium sulfate contained in a separatory 
funnel, and extracted three times with ether. The com- 
hilied ether extracts, after washing with water atid drying 
ovvr magnesium sulfate, were evaporated to give 3.90 g. 
(v l%)  of R p:ilc yellow liquid. Vacuum distillation under 
iiitrogeri gavv :t colorless alcohol, h . p .  73.0" (2.5 mm.),  
J/Y"I)  1.62ti.i, iiifr;uetl inax. at 3 . 0  and 6.21 p ,  x:$:" 242- 
2.4,: rnp,  log e,,,1\ 3.84. T h e  alco!iol turlied yellow on 
\tciiiding. 

:1nuZ. C'ilcd. for CiHioO: C, y(i.32; H, 9.15. Found: 

4 p-nitrohenzoate, m.p. 81.5-82.5' after three recrys- 
on.; from ethanol, \vas obtained in the standard 

C, 76.07; H, 9.12. 

. lnol. Calcd. for C14HlrOaN: C,  64.85; H ,  5.05; LT, 
,5.10. Found: C ,  65.00; H, 5.12; N, 5.29. 

Treatment of IX with Manganese Dioxide.-A sample of 
IX  w d i  stirred overnight in petroleum ether solution in the 
presence of a tenfold excess of active manganese dioxide.30 
The product, isolated hy filtering the reagent and evaporat- 
ing off the solvent, had an infrared spectrum identical vi th  
tli,it of authentic IX. 

Sodium Borohydride Reduction and Manganese Dioxide 
Reoxidation of Dienone Mixture.-Undistilled degradation 
product (0.34 g., 2.91 m p ,  log emax 3.38) was reduced 
with eycess sodium borohydride, as described above. The 
product consisted of a brownish liquid (0.19 9.) with infrared 

(30 )  This reagent was prepared by the  procedure of J. Attenburrow, 
A. F. B. Cameron, J .  H.  Chapman, R.  hI. Evans, B. A.  Hems, A. B. A. 
Jansen and T. Walker, J. Chem. Soc., 1094 (1Y52).  
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bands at  5.85, 6.03, 6.13 and 6.32 p greatly reduced in in- 
tensity compared to the starting material. The band a t  6.27 
p was absent, the new bands a t  3.0 and 6.21 p appeared. 
In the ultraviolet region, this mixture showed AXE:* 244, 
292 mp, log emax 3.74, 2.88. Thus the product appears to  
contain some of the cycloheptadien-3,5-one and cyclohepta- 
dien-2,4-one, as well as the corresponding alcohols. 

The liquid mixture (58 mg.) was dissolved in a few ml. of 
petroleum ether and stirred for one hour in the presence of 
active manganese dioxide (600 mg.). The product was 
isolated as a pale yellow oil (35 mg.), and showed bands 
at  6.03, 6.13 and 6.32 p,  characteristic of the dienone V,  
as well as shoulders a t  5.85 and 6.21 p.  In the ultraviolet, 
there were XXzL2H 241, 292 mp, log emax 3.66, 3.34. The 
latter provides a good indication of the regeneration of 
V. 

Diels-Alder Reaction of VI.-A distilled sample of VI 
(0.69 g.) was dissolved in dry benzene (25 ml.) and pure N- 
phenylmaleimide (1.01 g.) was added. The mixture was 
protected by a calcium chloride tube and refluxed under 
nitrogen for ten days. On the third day, the appearance 
of white crystals was noted. These increased perceptibly 
in quantity through the eighth day. On cooling, filtering 
and drying, 1.23 g. (76%) of well-formed crystals (XI) was 
obtained, m.p. 200-206". Three crystallizations from 
benzene provided an analytical sample, m.p. 199-202'. 

Anal. Calcd. for C17H1503N: C, 72.58; H,  5.37; N, 
4.98. Found: C,72.83; H ,  5.48; N, 5.05. 

Diels-Alder Reaction of Dienone Mixture .-In a second 
experiment, a distillation cut which was chiefly V was used. 
A solution of ketone (2.20 8.) and N-phenylmaleimide (3.53 
g.) in benzene (75 ml.) was refluxed for eight days. Crystals 
appeared within the first day. An adduct was isolated 
from this mixture which consisted of 3.40 g. (60%), m.p. 
201-204' after two crystallizations from benzene. This 
adduct was shown to be XI  by mixture melting point and 
infrared comparison. 

Diels-Alder Reaction of Cycloheptadien-3,5-01 .-Distilled 
dienol (1.50 g.) was refluxed with N-phenylmaleimide (2.46 
8.) in benzene (50 ml.) for seven days, as described above. 
No crystals appeared, but on cooling, 1.29 g. (33%) of star- 
shaped crystal masses ( X I ) ,  m.p. 176-179', separated. 
Two recrystallizations from benzene raised the melting 
point to 185-188", which was unchanged by further re- 
crystallization. 

Anal. Calcd. for C17H1703N: C, 72.06; €I, 6.05; N, 
4.94. Found: C, 72.29; H, 6.10; N, 4.89. 

Reduction of XI by Sodium Borohydride.-A solution of 
the ketone adduct XI (1.85 g.) in chloroform and methanol 
was reduced with sodium borohydride (0.15 g.) in methanol 
in the usual way. Working up after five hours of reaction 
time yielded 1.54 g. of white crystals and a viscous liquid. 
Three crystallizations from benzene gave a product, m.p. 
164-168" (forming an opaque melt which became clear a t  
172'). The infrared spectrum of this product differed 
markedly from that of XII.  

Anal. Calcd. for C17H1103x: C, 72.06; H,  6.05; N, 
4.94. Found: C, 72.99; H,  6.20; N, 4.64. 

Oppenauer Oxidation of XI1.-Following the model pro- 
cedure described in "Organic  reaction^,"^^ the alcohol ad- 
duct XI1 (0.27 9.) underwent Oppenauer oxidation in the 
presence of toluene, cyclohexanone and freshly distilled 
aluminum isopropoxide. The usual isolation procedure 
yielded a white solid which on twofold recrystallization from 
benzene gave 0.15 g. (56%) of X, m.p. 188-191'. The 
product gave a positive test with hydroxylamine reagent, 
and had lost the hydroxyl band clearly visible in the infra- 
red spectrum of the starting material. The infrared spec- 

(31) C. Djerassi, "Organic Reactions," Vol. VI, John Wiley and 
Sons, Inc., New York. N. Y., 1951, p. 235. 

trum also differed markedly from that of the ketone adduct 
XI.  

Anal. Calcd. for CliH1803N: C, 72.58; H, 5.37; K, 
4.98. Found: C, 73.35; H ,  5.63; N, 4.68. 

Tropone (XIII).-A solution of undistilled degradation 
product (3.0 g., 0.028 mole) in 50 ml. of carbon tetrachloride 
was cooled to -5'. Bromine in carbon tetrachloride (71 
ml. of 0.408 M solution, 0.028 mole) was slowly added, with 
stirring, producing a yellow solid. Removal of solvent a t  
diminished pressure left a rapidly decomposing solid. Most 
of this residue dissolved, with evolution of gas, in water con- 
taining excess sodium carbonate (10 g.). The aqueous solu- 
tion was extracted with five portions of ether. After drying 
over magnesium sulfate, the ether was evaporated to give 
2.8 g. of a dark liquid. Distillation in an ordinary sidearm 
flask gave 0.7 g. of a tan liquid (XIII) ,  b.p. 60-70" (0.1 
mm.), XXzy 224, 228, 231.5, 239, 312 nip, log emax 4.30, 
4.32, 4.33, 3.69, 3.92 ( c f .  Dauben and Ring0ld,3~ X X z  
225, 228, 231.5, 239, 312.5 mp, log em, 4.26, 4.34, 4.34, 
4.10, 3.92). 

The 2,4-dinitrophenylhydrazone,Zl thrice recrystallized 
from ethyl acetate-ethanol solutions, formed fine, purplish 
needles, m.p. 174-176". 

A sample of the original solid product was sublimed twice 
in vacuo; the ultraviolet spectrum in water containing a 
little sodium carbonate was that of relatively pure tropone, 
A X 2 2  225, 228, 232, 239, 312, log emx 4.43, 4.36, 4.36, 
4.12, 3.93. Calculation of extinction coefficients was 
based on the assumption that the solid was tropone hydro- 
bromide, C7Hi0Br.33 This was confirmed by titration of 
an aqueous solution for bromide ion with silver nitrate, 
using eosin as an indicator (molecular weight calcd., 187; 
found, 196, 197). 

Tropone Adduct (XIV) .-A solution of distilled tropone 
(0.40 g.) and N-phenylmaleimide (0.70 g.) in xylene (15 
ml.) was kept a t  100-110" for two hours. Considerable 
amounts of solid crystallized out, as the solution became 
increasingly dark. On cooling, filtering and drying, 0.83 g. 
of grey crystals (XIV) was obtained. Two recrystalliza- 
tions from benzene-chloroform and one from ethyl acetate- 
chloroform provided an analytical sample, m.p. 234-236'. 

Anal. Calcd. for C17H1303N: C, 73.11; H,  4.69; N, 
5.02. Found: C, 73.11; H, 4.41; nf, 5.29. 

Hydrogenation of Diels-Alder Adducts XI and XIV. A.- 
A suspension of platinum dioxide (80 mg.) in ethyl acetate 
was prereduced and the tropone adduct XIV (186 mg.) was 
added. Hydrogenation became very slow and was stopped 
after the uptake of 43.6 ml. (at 20" and 733 mm.). The 
product was isolated and recrystallized from ethyl acetate 
to give 90 mg. of white needles (XV), m.p. 169-174". An- 
other run yielded a product, m.p. 168-170'. 

B.-The ketone adduct XI  (228 mg.) was hydrogenated 
as described above. Hydrogenation proceeded slowly be- 
yond the theoretical extent of 20.0 ml. (at 19' and 740 
mm.), and was stopped after the uptake of 32.4 ml. Isola- 
tion of the product and recrystallization from benzene gave 
190 mg. of white needles (XV) m.p. 165-170O (m.p. 171- 
174" in another run). The mixture melting point of these 
needles with the product obtained in part A above showed 
no depression (m.p. 168-172'). Infrared spectra of both 
samples were indistinguishable. Hydrogenated adduct re- 
covered from the mother liquors of both :rystallizations 
yielded an analytical sample, m.p. 170-173 . 

Anal. Calcd. for C1iH1703N: C, 72.06; H,  6.05; iY, 
4.94. Found: C,72.02; H,5.82; N,4.76. 

ITHACA, N. Y 

(32) H. J. Dauben and H. J. Ringold, THIS JOURNAL, 73, 876 

(33) W. von E. Doering and F. L. Detert, i b i d . ,  73, 876 (1951). 
(1951). 


