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A study of the valence isomerization of cis-dienones and

a -pyrans has been carried out involving three examples (A, B and

C). Example A was investigated with temperature variable n. m. r.
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At room temperature the pyran form is the more stable isomer and
at equilibrium the mixture consists of 96% pyran and 4% dienone.
At 737 the equilibrium mixture contains 79% pyran and 21% dienore,

and at 112° the mixture consists of 55% pyran and 45% dienore. On




the basis of these data the énthalpy difference is 700 cal./mole with
the pyran the more stable form. The rate of interconversion is rap-
id. At 73° when the system has reached thermal equilibrium, chem-
ical equilibrium has already been attained. The rate at room tem-
perature is slow enough so that the disappearance of dienone shows

a half-life of a few minutes.

The dienone of example B was obtained by reduction of 2, 4, 6-
trimethylpyrylium perchlorate with sodium borohydride. Evidence
for the presence of a transient intermediate in this reaction was
obtained. This intermediate was not isolable and was not unequivo-
cally identified. However its spectral properties were in accord
with those expected of a pyran. The intermediate was converted
to the dienone with k~ 7 x 10—3 sec. -1 at 21°. The dienone is in
this case the dominant isomer at room temperature. The presence
of the pyran in the equilibrium mixture could not be conclusively
proven.

Addition of one mole of hydrogen to l-phenyl-3-cyclohexenyl-
-2-propyn-1l-one gave a mixture of products. A rather unstable
compound having )\max338 mpuwas isolated in a somewhat impure
state from this mixture. The physical properties of this substance
were in reasonable agreement with those to be expected of the a-py-

ran form (equation C). Further addition of hydrogen gave a mixture

of the tetrahydro-pyran, l-phenyl-3-cyclohexylpropan-1-one and an




unidentified ketone. On the basis of these data the substance with
kmax 338 was tentatively assigned the a -pyran structure in equation
C. Its instability with respect to polymerization prevented the accu-
mulation of further data with respect to the valence isomerization
process.

It is concluded that while S_i_s_—pentadienal is more stable than
o -pyran itself, the valence equilibrium is rather finely balanced,
and may be typed in favor of either valence isomer by rather minor
changes in structure. By comparison with the valence isomeriza-

tion of cis-hexatrienes to cyclohexadienes the dienone and a -pyran

isomerization is at least one million times faster.
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SOME FEATURES INFLUENCING THE VALENCE
ISOMERISM OF CIS-DIENONES TO a -PYRANS

INTRODUCTION

Ingold in 1922 coined the term valence tautomerism in connec-
tion with someTattempts to prepare isomers of benzene (34). Ten
years prior to this, Claisen had shown that ethyl O-allylacetoacetate
rearranged when heated to give ethyl C—allylacetoacetatg (20). Sev-
eral decades later Cope found that ethyl Z-Vallyl—2—cyano_—3—butenoate
rearranged similarly to give ethyl 2-cyano-2, 6-heptadienoate (21).

Today we recognize both of these reactions as typical examples of

=, o |
_ NN . Claisen

AN
P

Cope

valence isomerization. This process may be simply defined as the
uncatalyzed intramolecular interconversion of isomers.
Recent work in these laboratories has involved a study of the

mechanism of the triene-cyclodiene thermal isomerizations (67, 87).

~N
7

This is a logical extension of earlier studies of the Claisen




rearrangement. As a part of this work, the valence isomerization
of cis-dienones and a -pyrans, recently termed electrocyclicreac-

tions (94), is of great interest since a -pyran is one of very few

' — a -pyran
~ ~ \

simple molecules still unknown today. In fact the number of a -py-
rans in which neither of the two double bonds is stabilized as apart of

an aromatic ring (the well known benzo pyrans), is exceedingly small,

N

O

benzopyran

and the chemistry of these simple a -pyrans is virtually unknown
(17, p. 809). One reason that may be advanced for this apparent
gap in our chemical knowledge is that for the all carbon system,
the cyclohexadiene form is predicted from heats of formation data
to be of lower enthalpy than the cis-triene by 12-16 kcal./mole (77).
On the other hand, the enthalpy difference favors the cis-dienone
form when an oxygen is present by approximately 10-15 kcal./mole
(30, 31, 77). The isolability of the a -pyran form will thus depend
in many cases on the rate of the valence isomerization.

Prompted by these facts, we initiated an investigation of the
valence isomerization of cis-dienones and o -pyrans. In particular,

the features influencing the interconversion rate and the equilibrium




constant for the isomerization were the first targets for our studies.
This thesis will describe some of the results of a first survey of

these factors.




HISTORICAL

One distinguishing characteristic of the literature of a -pyrans
is the scarcity of material. Until Windaus (9 3) reported in 1917 that
mannitol could be convefted to a -methyl-a -pyran, no mention of the
simple heterocycle appears in the literature. Evén this early report
of a simple a -pyran has not passed the test of time, for Auwers (2)
showed in 1921 that the structure assigned the product was incorrect,
and that it was really 2-vinyl-2, 5-dihydrofuran. Three decades then
passed by before a further communication with respect to a simple
o -pyran appeared in the literature. This also was to prove to be a
negative result.

Though a -pyrans are not common substances, their aromatic
equivalents, pyrylium salts, are very well known. These substanceé
react readily with hydroxide ion to give a new substance, called a
pseudo base. These pseudo bases can be formulated as hydroxy-a -
pyrans (I), unsaturated ketones (III) or as monoenols (II} thereof.

In 1952, Berson (8) presented good spectral evidence that for the
2,4, 6-triphenyl derivative, the unsaturated diketo form (1II) is the
only identifiable material present, though he admitted that the meth-

od could not disprove the presence of traces of the other desmotropes.
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In this connection it should be mentioned that L. R. Morgan, Jr.
(71) has assigned the open-chain enol aldehyde structure to the pseu-
do bases obtained from lithium aluminum hydride reduction of an

a -pyrone, equation 1.

0, Liag THE dil. 7,50, AN
O | - 4 cold cold © (O I (1)
YO X Qﬁ ~O
O H=

The assignment was based on spectral evidence, viz )\max 230mp
(9333), 280mpu (27, 120) and 315mp(7000) and ¥ = 1650 cm. 1 No
further studies of such pseudo bases have been reported.

In 1956 Schinz, who was studying the chemistry of ketones
conjugated with cis double bonds, reported (86) that the spectral
properties of the products obtained by the addition of one mole of

hydrogen to some enynones (equations 2 and 3)

- CH=CH-C= C-C-CH; 3 s J\
24 O
R=CH v

613
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were not in agreement with those expected for the dienones. Thus
he was led to assign his products the a -pyran structures IV and V.
In general he found that the hydrogenation step led to mixtures from
which he was unable to separate analytically pure substances. An
attempt to prepare a phenylsemicarbazone of V provided only the
trans-dienone derivative.

In an attempt to prepare the unknown cis-p-ionone, Btichi and
Yang (15) irradiated m-ﬁ-ionone. The main monomeric product
obtained from the irradiation mixture was not the desired cis-f-
ionone. Biichi and Yang provided convincing evidence that it pos-

sessed the a -pyran structure (VI). The product has )\maX286mp.(7240),

~ -1
v = 1650, 1595, 1215, 1120, 1085, 1020, 780 and 690 cm , all of

= I (4)
O
VI

medium to strong intensity. Catalytic hydrogenation over Raney

nickel; with the uptake of two moles of hydrogen, gave the known

| N
O”™~ Raney Ni 0]
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1,3, 7, 7-tetramethyl-2-oxabicyclo [ 4. 9. 0] decane. * The pyran was
reported to form an unstable semicarbazone, different from that of
trans-P-ionone, and assumed to be that of the unknown E_i_s_—ﬁ-ionone.
Upon hydrolysis, the semicarbazone gave again the a -pyran. The
authors suggested that cis-p-ionone and the a -pyran (VI) are in
mobile équilibrium with the a -pyran form being the predominant
component at room temperature. They were unable to find any spec-
tral evidence for the cis-ketone form.

The formation of pseudo bases by treatment of pyrylium salts
with hydroxide ion has been found to be an example of a general re-
action of pyrylium salts with nucleophiles. The nucleophile may at-
tack at either the a - or Y- position. Between 1955 and 1962, three
research groups reported the formation of a -pyrans or a -pyran in-
termediates as the result of treating pyrylium salts with organometal-
lic reagents. Hafner and Kaiser (45) reported that if a pyrylium salt
is treated with cyclopentadienyl anion, substituted azulenes are

formed in good yield via an a -pyran intermediate, equation 5. They

"‘Numbering order for the a -pyran and for the 2-oxabicyclo-4,
4,0-decane systems. (Confer Chemical Abstracts. )

)
'-7 o~
),
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further pointed out that had the attack taken place at the 4 position,

the resulting y-pyran, which was not detected, could not have led to
the formation of an azulene.

Dimroth and Wolf (28) reported that the reaction of pyrylium
salts with benzyl magnesium bromide led to the formation of y-py-
rans {equation 6a). Their report suggested that some a -pyran was
formed as well, though the latter product was not conclusively iden-
tified. A later report (see p. 13) provided further information about
the source of the a -pyran product. Kobrich and Wunder (59, 60) re-
ported a similar reaction between pyrylium salts and Grignard re-
agents, During the work-up of the reaction mixture they used dilute
solutions of mineral acids, and reported the isolation of dienones
only. Presumably the o -pyran was an intermediate in the reaction.
Their structural assignments were made from spectral information,
and confirmed by reduction or oxidation of the products to known

compounds.




Reaction of vinyl Grignard reagents with the monoenol ethers
of B-diketones was reported by Crisan and Normant (24) to give di-
enones (equation 7). Hinnen and Dreux reinvestigated the products
of this reaction using n. m.r. spectroscopy, and reported on the
basis of the data listed in Table I that VIII and IX were obtained (50).
Furthermore, they reported that the same products were obtained
when 4, 6-dimethyl-a -pyrone was treated with methyl Grignard. In
the original paper describing this reaction, Gompper and Christman
(42) had reported the isolation of VIII but not IX. Unfortunately the
properties ascribed to VIII By Gompper and Christman dornot agree
with those found by Hinnen and Dreux. Thus the former report
A 272,278mp(1660) and ¥ = 1600, 1720 while the latter gave \

max max

282mp(3800)

Y‘MgBr{}//\( ? N = ()
VIIL
Q\ KJ] X{o’

|
"N, RMgX )ﬁ( RMgX R (8)
/ﬂo/l\\ g L g4 /\O/L
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Table I. N.M.R. data” reported by Hinnen and Dreux for compounds
VIII and IX

& value No. H's Assignment and Coupling Constants

at 25 mc for VIII

1.23 6 Geminal methyls
1.61 6 Methyls at C-4 and C-6
4. 70 2 Vinyl hydrogens
at 60 mc
1.61 (d) 3 Methyl at C-6 J = 1.5 cps
1. 72 (q) 3 Methyl at C-4
at 25 mc for IX
1.21 6 Geminal methyls
1. 72 3 Methyl at C-6
2.16 2 Methylene hydrogens
4. 35 and 4. 55 2 Terminal vinyl hydrogens
5.20 1 Hydrogen at C-5
at 60 mc
2.16 (t) 2 Methylene hydrogens J =1.5

cps

ale
2

CCl4 solvent TMS standard

Kobrich (60) has also raised some questions about the struc-
tural assignments of Gompper and Christman. The latter had re-
ported that 4, 6-dimethyl-a -pyrone reacted with phenyl Grignard
reagent to give 2, 2-diphenyl-4, 6-dimethyl-2H-pyran, )\max 204 mp
(22,400), 227 (11, 200) and 323 (10, 000). Noting that the ultraviolet

spectral data were not in accord with the structure assigned,

Kobrich suggested an alternate reaction pathway (equation 9) leading
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to products whose ultraviolet spectra are in better agreement with

the findings reported.

X, RM X N RM X
| —8 s R — I
O (@) Ié

g

O ™R RO
While engaged in the synthesis of a series of y-pyrans, Schulte
and his coworkers (81) noted that the product obtained from the re-
action of 3-(y-phenylpropargyl) acetylacetone with hydrogen bromide
in glacial acetic acid possessed properties suggestive of an a-pyran
form (equation 10). It appeared to these authors that the y-pyran

originally formed underwent an acid-catalyzed hydrogen shift to

give the fully conjugated o-pyran, \

nax290mp(9000), 360 (7500),

v = 1610, 1225 cm™~! (equation 10).

O O

H3Cco0 \/J\
@-c-—-—c-CH é:H HBr | I ——\/”\/j (10)
= 2 ,C:OHOAC® O @ O ~

rd
H;C A

Another example of a nucleophilic attack on a pyryllium salt
was recorded by Balaban and Nenitzescu (4). Sodium borochydride
was found to react with an aqueous solution of 2, 4, 6-trimethylpyryl-
ium perchlorate overlayered with ether to give two compounds,

2,4, 6-trimethyl-4H-pyran and 4-methyl-3, 5-heptadien-2-one

(equation 11). They proposed that the dienone was formed from
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an a -pyran intermediate, but this was not detected.

(11)

c1o4

The synthesis of 5-chloro-2H-pyran was attempted recently
via the route of equation 12 by two groups working independently (1,
79). Both groups reported that the only isolable substance was 2-
chloropentadienal. Neither could find any evidence fo;' the existence

of the a -pyran.

I ” CCl2 m O "HCL
o~ \ 140°

quinoline
] -1
Cl v = 1695 cm
S (12)
m le\” 6 = 9.45(S)1H
P N . 2
O '> HRO 7. 1(M)2H

5.9 (two trip)2H

Fischer and Schroth (36) reported recently that enamines re-
act with chlorovinyl ketones to give an intermediate readily convert-
ible to a pyrylium salt on treatment with strong acid (equation 13).
While no particulars were supplied,the authors indicated the inter-

mediate as a tautomeric pair of structures (XII).

X1
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An o -pyran was proposed by Dolby and Debono as an inter-
mediate in the thermal dehydrogenation of XIII (equation 14). No

evidence that the intermediate might be isolable was given (32).

(14)

The early report of Dimroth and Wolf (see p. 8) on the poss-
ible formation of an o -pyran by treating a pyrylium salt with benzyl
magnesium bromide has been elaborated on by those authors (29).
They now report the initial formation of a y-pyran only. However
irradiation of the y-pyran produced an unusual 1, 3-shift of the
benzyl group forming an a -pyran (equation 15). The various struc-

tural assignments were supported by spectral evidence.

(15)
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DISCUSSION

Studies of the relations between cis-dienones and a -pyrans
have been rendered extremely difficult since no adequate syntheses
for either of the isomers have been worked out, no completely satis-
factory methods of purification have been developed, and no generally
applicable techniques of structure identification are available. Ki-
netic complications may exist, and indeed for the cases under investi-
gation will be shown to be the source of considerable difficulty.
This difficulty stems from the fact that when the valence isomeriza-
tion becomes rapid at normal working temperatures, only processes
which proceed far faster than the interconversion rate will provide
useful information. Furthermore, the isolation of individual isomers
is precluded under such conditions, and all studies must be made on
mixtures. The major investigative weapons of value in such cases
are the various spectral measurements. Thus we shall consider
first the predictable utility and limitations of each of the spectra for

the cis-dienone-a -pyran system.

Spectral Properties of Dienones and o -Pyrans

Structural identity of isolated compounds is often established
today by conjunctive use of ultraviolet, infrared and n.m.r. spec-

troscopy. Similarly, the identity of one or more components of a
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mixture may be established purely by spectral means, and in some
instances a quantitative measure of the amount present may be ob-

tained.

The Ultraviolet Regions

Ultraviolet spectral theory has not reached a level which will
permit the calculation of the complete spectrum of a given complex
substance. Thus we are dependent upon model compounds and em-
pirical rules for establishing the frequency of the maximum absorb-
ance expected of a new substance. The common set of empirical
rules used to predict )\max for conjugated ketones and olefins is
known as Woodward's rules. These are given in modified form in
Table II. The values given under the enone heading permit the calcu-

lation of \ for trans-dienones.
max

Table II. Woodward's rules for prediction of )\maX(EtOH). (35, p. 17 19).

enones dienes
Parent Chromophore 215 214
Homoannular 39 253
Double bond added 30 30
Alkyl group or ring ~ 5
a position 10
f position 12
Yy and other 18
OR same as alkyl 0
exo double bond 5 5
solvent corr ection 0
hexane +11

ether + 7




16
Table III. Ultraviolet spectra of trans-dienones.

Compound Amax
calc. found ref.
CH2 = CH-CH = CH-CHO 245 259 (11)
Me
CH2 = CH-C = CH-CHO 257 268 (11)
CH, = CH-CH = CH-COMe 245 260 (47)
MeCH = CH-CH = CH-COMe 263 272 (47)
hex CH - CH-CH - CH-COMe 263 278 (86)
MeO-CH = CH-CH = CH-CO Me 263 297 (47)
X
@(\/LO 299 296 (15)
280 289 (35, p. 20)
o/
A 280 279 (35, p. 20)
317 315 (35, p. 20)
i1
O
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In Table III acomparison of the calculated vs. observed results in a
series of examples is given to illustrate the kind of accuracy to be
expected. In the present case, however, one difficulty arises in

that we are dealing with the cis-dienone, not the trans. Generally,

such a change in configuration has only a small influence on the posi-

tion of \ . Table IV shows the \ for a series of comparable
ma max

cis- and trans-dienones. Since a similar situation pertains with

cis and trans enones as well, it seems safe to conclude, that the
values calculated from Woodward's rules will be applicable to either

cis or trans-dienones with about equal accuracy.

Table 1V. Ultraviolet spectra of some cis- and trans-dienones.

——

Compound N
RN max
trans EE ref.
CH, = CH-IEI/IH = CH-CHO 250 259 (11)
e
CH, = CH-¢ = CH-CHO 268 265 (11)
CH,CH = CH-CH = CH-COCH, 272 (a%cis) 279 (15)
O ,\\ 286(calc.) 292 (35, p. 20)
N
331(calc.) 305 (26, p. 15)
O a—"

It is not clear whether the lower accuracy, clearly obtained with
acyclic dienones, is a function of the mobility of these systems,

or the lower degree of substitution. Thus, for the moment at least,
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some degree skepticism must apply to the predictions made fo
acyclic dienones.

The wavelength of maximum absorption of dienes can also be
predicted by Woodward's rules. The diene system of an a -pyran
is a homoannular diene. Table V shows the general accuracy to
be expected for dienes of this type. One major modification in
the a -pyran is the presence of the enolic ether function. Though
the oxygen possesses unshared electrons, capable of playing a
role in the diene chromophore, the rules report that such an oxy-
gen has no influence on the )\max' However, the point is of suffi-
cient importance to warrant a more careful inspection. The avail-
able data pertinent to the question are listed in Table VI. It seems
reasonable to conclude that the enol ether or enol ester function may
in many non-steroidal cases cause a bathochromic shift of 15-20
mp. In the original derivation of the modified Woodward's rules,
the Fiesers deduced, apparently on the basis of a number of ster-
oid enol ethers and esters, that such a shift was unlikely. The
overall data do not supp'ort that view, even though the source of
the anomaly is not at present indicated.

The molar extinction coefficient is often useful in differenti-
ating between cis- and trans-dienones, and between homoannular
and heteroannular or acyclic dienes. Normally the extinction co-

efficient is smaller for the cis- than for the trans-dienone, and
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Table V. Ultraviolet spectra of homoannular dienes.
Compound N max
calc. found ref.
273 263 (26, p. 12)
278 272 (26, p. 13)
@} 278 281 (26, p. 13)
\[
283 282 (35, p. 16)
HO
323 329 (35, p. 17)
HO
' 313 315 (35,p.17)
A
323 310 (26,p. 13)
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Table V {Continued)

Compound A
max

calc. found ref,

giit7 263 235 (88, p. 33)
[::::r/ 263 259 (88, p. 111)

263+11 ({isococtane)
248 (58, p. 157)
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Table VI. Ultraviolet spectra of some conjugated enol ethers.
Compound A
max
calc. found ref .
CH3CH = C(OEt)-CH = CH2 219 230 (58, p. 165)
A _OCH,CH,CH = CH-CH = CH-O Me 219 246 (12)
EtO CH = CH-CH = CH2 214 237 (81)
AcO CH = CH-CH = CH2 214 231 (81)
HO CH,-CH,-C % C-CH= CHOMe -- 237 (12)
HO CHZ-CH = CH-C=CH -- 223 (58, p. 53)
HO CHZ-CE C-CH =CH2 -- 232 (58, p. 53)
CH, (cycloheptatrien
actual)
262 279 (75, p. 239)
88, p. 186
OCH, (88, p )
313 315 (25)
Ac O




Table VI. (Continued)
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Compound )\max
calc. found ref.
J[:::]\;:ii\\ 303 306 (35, p. 17)
Ac O N
} 353 355 (35, p. 18)
Ac O/
234 238 (91)
Ac O
239 246-261 (16)
7
| 273 286 (15)
O
' Ac 224 242 (75, p. 302)
/
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Table VI. (Continued)

Compound . \
max

calc. found . ref.

Me o.@ 263 272 (58, p. 160)
MeO@“OMe 263 275 (88, p. 152)
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Table VII. Molar extinction coefficients of cis- and trans-dienones.

Compound €
cis trans ref.
CH,=CH-CH=CH-CHO i9, 100 -- (11)
in hexane .25, 300 34,000 (11)
CH,=CH-C(CH,)=CH-CHO 14, 300 15, 000 (11)
in hexane 19, 100 24, 000
CH,CH=CH-CH=CH-COCH, 9, 780
(25cis) 20, 000 (15)
C¢H,;CH=CH-CH=CH-COCH, (7, 780) 26, 300 (86)
CH,CH=CH-CH=CH-CHO -- 26,900 (9)
CH,CH=C(CH,)=CH-COCH, 14, 100 --
/‘\/L\O - 10, 700 (15
~
MO _- 24,000 (49)

23, 800




Table VIII. Molar extinction coefficients of dienes.

25

Compound £ ref.
CH2 = CH-CH = CH2 20, 900 (58,p. 27)
CH3CH = CH-CH = CH-CH3 22,400 (58, p. 107)
/
@_/ 8,520 (58, p. 129)
W 2, 240 (68, 5. 31)
Q 4,900 (88, p. 111)
7,410 (58, p. 157)
7 N\
k 5, 620 (58, p. 219)




Table VII. (Continued)
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Compound £ ref.
{ ,\\ 11, 900 (35, p. 16)
/\,/‘%
| 20, 000 (35, p. 16)
i 13, 670 (53)
CH,=CH-C=CH; 8, 900 (58, p. 48)
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smaller for the homoannular than other dienes. Table VIIshows
representative values for several cases of dienones, and Table VIII

for dienes,

The Infrared Region

The most important band which can be used to identify a dienone
is that due to the carbonyl stretching frequency. This is expected to
appear near 1660-1670 cm -1 (7, p. 136), and should be the most in-
tense band in the spectrum. Though generally the carbon-carbon
stretching vibrations give rise to very low intensity bands, conju-
gation with a carbonyl group both intensifies these bands and shifts
them toward lower irequencies. Representative values are shown
in Table IX for both C = O and C = C bands of dienones. The char-
acteristic feature of the 1550-1750 region of the spectrum of a di-
enone is the presence of three bands between 1670-1580 cm. -1 de-
creasing in intensity as the frequency decreases.

With only a single a -pyran clearly and completely identified,
information about the infrared spectra of these compounds is mini-
mal. However, certain predictions can be made with reasonable
certainty by extension from the spectra of related compounds. Es-
sentially a -pyrans are enol ethers having a second double bond con-

jugated to the first, and should show modified enol ether spectra.

It is known that the enol oxygen notably enhances the intensity of the
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Table IX. Infrared spectra of some dienones.

band ref.
Compound C=0 C=C C=C
CH3CH=CH-CH=CH—CHO 1677 1642 1608 (10)
n-hex CH=CH-CH=CH-COMe cal675 1640 1600 (86)
/\/\L
"0 1780 1660 1600
\
/\>
1669-1666 1616-
O 1619 1587 (57)

cal670 1630 1605

1]

CH ,CH=CH-C(CH

3 =CH-COCH

)
3 3 1667 1640 1620

/\/L
@ =70 cal675 1629 1603 (86)
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carbon-carbon stretching absorption of a double band but does not
appreciably alter the frequency (70). While strong, these bands
are normally sharper and less intense than those associated with
the carbonyl stretching mode. When two double boads are present,
two absorption bands are to be expected in this region (7, p. 41).
Table X shows the pattern of bands expected.

Enol ethers generally have strong ether bands in the region
between 1180-1250 cm—l. These lie however close to a band present
in the spectra of dienones, and are therefore not generally too help-
ful for structure analysis in the case at hand. Thus the major region
which can be used é priori to distinguish between the dienone and the
isomeric o -pyran is the 1550-1700 cm.-larea. The a -pyran is ex-
pected to give rise to two relatively strong bands in this region rather
than the three of a dienone. The a -pyran bands may be expected to
be less intense and often at lower frequencies than the two higher

frequency dienone bands.

Proton Magnetic Resonance Spectra

Chemical shifts for some of the types of protons found in the
valence isomeric dienones or a -pyrans are listed in Chart I. Where
appropriate values have not been determined, some model compounds
are shown to provide reference data. The data clearly show that for

the valence isomers, the following changes in chemical shift for
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Table X. Infrared absorption of enols, dienols and a -pyrans.

Compound Absorption ref.
R—O-CH=CH2 1615+ 5 70
C H,-C=CH 1655 69

4
7 omr Z
C4H90-CH=CH2 1650 69
1669 69
N

~O Vcm

2
(j 1644 69

O

[ ﬂ 1630 69

@)

Me-('I:CH-CE C-Me 1630 69
OcCH,
1650 1595 15
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CHARTI

Chemical shifts (in § referred to TMS=0) for some types of

protons.
O O ,CH3
-&-cH, 2. 10 4 ~9.0 Jo=c. ° 1.65
CH; 1.97
. 61
\\'/L\\’_,/H 5. 53 ref. 61)
H  COOR
6. 56 7. 82
"’y CHs 2.28
\‘ \' COOR (ref. 61)
H HS5.66
6.57
CHj3 2. 20
Me OOC -\/'K/coo Me
(ref. 56)
H5.73
CH3 2.08
HZégsl' t not tain) (ref. 11)
) ignment not certain rel.
W
CHO 10.1
CH: 2. 26

%/\\\»{CHO 10. 1

H (assignment not certain) (ref. 11)
6.51

7. 22
H CHg2.21

(see also ref. 6)
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CHART I (Continued)
Chemical shifts (in & referred to TMS-0) for some types of protons,

(ref. 45)
nf ﬂ
418 o ~CH,1. 7
H 4, 34
(I (ref. 54 p. 62)
O H 6. 22
2.36 H
1{4 63 (ref. 68)
*f‘\J\H 6.16
H 5.6
~ H 4. 88
O~ NCH, 1. 70
2.98
H 4.53
L/ J: (ref. 80)
H 6.27
H 5. 88
5.21 H
Hﬁ}{ 4.94 (ref. 80)
4.26 AN N AH 6. 41
C,H




33

equivalent protons are to be expected. All are based on clear
cut models except the values for the p-protons of the cis-dienal.
These were derived from the values obtained from the trans-

dienone combined with the shifts noted in the cis and trans-ester

examples. Since however the Y-proton in the ester is situated
nearer to the carbonyl group, the deshielding effect should be
larger in that case than for the p-proton of the dienone. Accord-
ingly a shift approximately three-fourths that noted for the ester
was used. The chemical shift assignments for the various pro-
tons of the valence isomers are without doubt accurate enough to
show that a clean differentiation of the two will be pessible on this
basis alone.

In certain instances coupling constants may help to confirm
a decision reached on the basis of chemical shift data. For ex-

ample, the known a-pyran has a coupling constant for the protons

l Jab: 6.1 cps

on the p- and y-carbons of 6.1 cps. For a cis double bond the

coupling constant is normally in the 8-12 cps. range, and in con-

jugated systems commonly tends toward the upper limit. The
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ratios among protons of the various types present in the molecule,

easily assessed by integration when sufficient separation is present,

may provide further assistance.
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RESULTS

Valence Isomerism of cis-B-Ionone and
2-Oxa 1, 3, 7, i-tetramethylbicyclo | 4, 4, 0]
deca-3, 5-diene

Biichi and Yang (15) reported the formation of the a -pyran (VI)
by the irradiation of trans-P-ionone. They provided a firm experi-
mental foundation for their o -pyran assignment. Though they were

unable to find any direct evidence to indicate a valence isomerization

VI

between the a -pyran and cis-p-ionone, treatment of the pyran with
semicarbazide gave a semicarbazone different from that of trans-
B-ionone, and presumed to be the derivative of the elusive _g_i_s_-ﬁ-
ionone. Mild hydrolysis of the semicarbazone regenerated the
o -pyran. The results suggest a mobile equilibrium between the
two valence isomers.

Having experienced a number of experimental problems with
the investigation of a similar valence isomerization in a related

system (19, 66) we were prompted to study this apparently stable

o -pyran as a model. The generation of the a -pyran (VI) proceeded
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exactly as de‘scribed by Biichi and Yang, with the physical properties
of our product coinciding exactly with those reported by them. Our
jnvestigation of the product via n. m. r. spectroscopy once again pro-
vides complete confirmation of the a -pyran structural assignment.
The relevant chemical shifts and coupling constants are shown for

the various protons in figure I. However, certain extraneous peaks

1.07and 1.136 5.606

=

Hy4.89

| =
ch 6. Ocps.

O "';‘CH§ 1. 706 g = 1. lcps.
1. 326 ab

Figure I. N. M.R. data for a -pyran VL
in the spectrum, which could not be attributed to the a -pyran moved
us to make a more careful inspection. Ultimately a set of six bands
was uncovered which is listed in Table XI. It is of great interest to
note that the entire set of peaks are exactly those which might be
expected of the cis-f-ionone. The assignments on such a basis are
shown in figure II. The J_; found is in very reasonable accord
with a cis-coupling constant in a conjugated system, and is smaller
than the 17 cps value we have observed for the ’cx-_a£§_—cbupling

1.02 6.3
S

,/\\:[Hb 6. 035 . =125 cps
; ab
QP CH, 2.095

3
Figure II. N.M.R, data for cis-f-ionone.

constant for trans-P-ionone. The shift of the Ha protons from
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7.23 5 (trans-B-ionone) to 6. 38§ is in the direction expected when

a carbonyl group is moved from the position cis to one trans to that

proton (56). A careful integration of the peak areas for the two AB
protons of the o -pyran and of the assumed cis-dienone showed a 9:1
ratio of the a -pyran to dienone. Unfortunately the temperature of
the sample in the n. m. r. probe was not determined. It was well

above room temperature, and we may estimate that it was between

35 and 40°,

Table XI. Extraneous peaks in the a -pyran spectrum.

Singlet 1,028
Singlet 2. 098
Modified AB doublets 6.03 and 6. 386
(low field pair split into two unresolved Jap=12. 5cps
multiplets)

When a variable temperature probe for the n.m. r. spectrome-
ter was obtained the a -pyran was examined further. If the above
interpretation is correct, the amount of the dienone (less stable
isomer) at equilibrium should increase with increasing temperature,
and the process should be reversible. Both predictions are borne
out by experimental results. At 73°, the bands attributed to the
cis-dienone have increased in intensity relative to those of the a -

pyran. In fact it is possible from this spectrum to find yet another

peak assignable to the cis-dienone. A band at l1.528, which can be
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assigned to the ailylic methyl group on the cyclohexenyl ring clearly
shows a weak coupling to the Ha olefinic proton. At this tempera-
ture the ratio of the a -pyran to cis-dienone is 79:21, an equilibrium
constant of 3. 8 for the dienone to pyran interconversion. At 112°
the ratio reached the equilibrium level of 55:45, or a K of 1. 2.

From this data it can be calculated that AF§5° = -0.92

+
kcal/mole, aH® = -0. 71 kcal mole and 4S = 0. 66 e.u. Based on
these data, 4% of the dienone is to be expected at 20°.

The rate of interconversion of these two valence isomers is
rapid enough at 73° so that chemical equilibrium is established at
least as fast as thermal equilibrium in the sample tube. On cooling
to 40°, the approach to chemical equilibrium was slow enough to
to see after the sample had reached thermal equilibrium. Though
we did not measure the rate or the order of the reaction, complete
equilibrium was attained in a few minutes at 40°. Compared with
the rate of valence isomerization of c_i_s_-hexatriene to cyclohexa-
diene, th‘is rate is roughly six powers of ten faster (67).

Valence Isomerization of 2,4, 6-Trimethyl-2H-pyran
and 4-Methyl-3, 5-heptadien-2-one '

Balaban and Nenitzescu (4) found that the action of sodium
borohydride on 2, 4, 6 -trimethyl-pyrylium perchlorate gave two

products which were separable by distillation. They assigned the
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lower boiling product the y-pyran structure (XIV) and the higher
boiling one the dienone structure (XI). The spectral data published
were rather sketchy for both substances. The authors suggested

that the dienone was formed via a valence isomerization of the

| == [ |+ |al —
O N
t X1

X1V - X111

a-pyran, but no evidence for the presence of such an intermediate
was given. Fascinated by the idea that such apparently minor alter-
ations in the a-pyrans VI and XIII could produce such a drastic
change in the apparent equilibrium, we decided to reinvestigate

this system.

Repetition of the directions of Balaban and Nenitzescu gave
rise to two products, separable by fractional distillation, exactly
as they had described. The n. m.r. spectrum of the lower boiling
material {contaminated with the higher boiling material) showed a
doublet (J=6.8 cps) at 0. 98 ppm, a doublet (J=0.8 cps) at 1. 71 ppm,
an unresolved multiplet centered at 2. 79 ppm, and a third doublet
(J=3.2 cps) at 4. 38 ppm. These data clearly demonstrate that the
y-pyran from XIV is correct.

0.98% 2. 796

m3c” O7 cH; 1.718  CHj

X1V : XI
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Similarly, the n.m. r. spectrum of the higher boiling product,
discussed in detail below, unequivocally identified it as the dienone.
The dienone spectrum consisted of a quartet (J=6. 7, g1, Ocps) at
1.81 ppm, a doublet (J=1. Ocps) at 1. 91, a sharp singlet at 2. 10 ppm,
a singlet at 5. 98 ppm (a spectrum at -22° begins to resolve this
peak to a quartet, J=1.0cps) and the AB portion of a modified ABX3

pattern (J, p=15. 0, JA B

-~ . N =0. i :7_ 3 =
X 1.0 JBX 6. 7cps) with N 63 and v
6. 17ppm. Comparing these chemical shifts with those given by
Jackman and Wiley (56) shown in Chart I, p. 31, it is quite clear

that the 3, 4-double bond has a cis-configuration since the C5—proton

is shifted to low field (7. 636) due to their cis and trans relationships

to the deshielding carboxyl group. The 4, 5-double bond must be

of trans -configuration because the JA of 15cps is too large for a

B

cis related hydrogen pair in this situation.

If the dienone were formed via the a -pyran XIII as seems
eminently reasonable, it would be expected to have exactly the
geometry which it has been shown to possess by our n. m. r. studies.
Two separate attempts were made to gather more evidence pertaining
to the question of the valence isomerization between XIII and XI.
First there appear peaks of low intensity in the spectrum of the
dienone in three areas which cannot be attributed to the dienone or

the y -pyran XIV which is present as a trace impurity. These

peaks are a doublet or pair of peaks at 4. 77 and 4. 85 ppm, and two
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further multiplets at 5. 20 and 5. 36 ppm. When the dienone is

heated to 100°, the series from 4. 77 to 5. 366 show a slow increase
in intensity over a 35 minute period. Allowed to cool to 35°, the
sample shows some dimunition of the absorption at 4. 77, 4. 85 and
5.36, but the 5. 20 band remains unaltered. While it is indeed poss-
ible to assign the doublet at 1. 185, and two of the four peaks between
4. 77 and 5. 36 to the a -pyran, this explanation is in itself not suffi-
cient to account for all of the observations.

If the a -pyran XIII were indeed formed by attack on the boro-
hydride on the pyrylium salt, and then the a -pyran underwent an
uncatalyzed ring opening, it seemed possible that the pyran might
be identified as a transient intermediate. In order to render the
rate of disappearance of such a possible intermediate as low as
possible, the reaction was carried out at low temperature. When
the borohydride reaction was carried out at 0° for a short time under
an overlayer of either pentane or carbon tetrachloride, an unstable

substance was shown to be present in the organic layer by spectral
studies.

The carbon tetrachloride solution was dried at -78°, thawed
and placed in the n. m.r. probe at -22° C. Aside from peaks due to
the dienone and the y-pyran there appeared in the spectrum the
doublet (J=6.5) at 1. 18, a singlet at 1. 56 ppm, another singlet at

1. 76 ppm superimposed on a band due to the dienone, a paorly

resolved multiplet near 4. 6 ppm and two singlets near 4. 8and 4.9
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ppm. All of these peaks diminish rapidly from the spectrum when
the solution is warmed to 35° C. The final spectrum corresponds

to that of a mixture of XIand XIV with a trace of XIII.

CH, 1.6-1.8 (1.56)

(4.9) 5. 2 HL 2N, H 4. 9 (4. 8)

(1.18) 1.3 H.C
I 4 CH, 1. 7(1. 76)

4.4 (4. 6)

In the figure above the values for the chemical shifts of the various
protons in XIare predicted, and the values given above in the spec-
trum of the transient material are listed in parentheses. The cor-
respondence is not unreasonable.

Similarly, the pentane solution was diluted suitably with pen-
tane and examined in the ultraviolet region. An absorption peak at
27Tmp was observed which disappeared in 10 min at room tempera-
ture leaving only a single stronger peak at 273mp., The dienone
shows )\maX283 in the ethanol which when corrected for the solvent
change would be 272 mu in pentane. From the N hax of 286 for
Buchi's pyran o value of 280 would be predicted for XIII. Again the
correspondence is reasonable. Measured via the absorbance
changes at 253. 5 mjs, a rate of 7x 10-3 sec. ! at 21° was ob-

tained for the rate of disappearance of the transient intermediate.
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At present we consider that these data are more suggestive

than demanding of the valence isomerization process.

Some Studies of the Partial Reduction of
1-Phenyl-3-cyclohexenyl-2-propynone

The initial attempt made in these laboratories to investigate
valence isomerizations of dienones and a -pyrans made use of the

1-phenyl-2, 4-pentadienone/6-phenyl-2H-pyran system (19, 66).

SAL N

The rationale underlying this choice of reactants was the larger
bathochromic shift expected when a phenyl group is linearly conju-
gated to a chromophore than when it is cross-conjugated. Hence
the pyran form should have a )\max near 315mpu and the dienone
near 275 mp. Differentiation between the two purely on the basis
of ultraviolet spectra should be possible, and indeed an analysis

of mixtures of the two should also be feasible. Attempted synthesis
of the cis-dienone by partial reduction of l1-phenyl-2-pentyn-4-en-

l-one failed because the terminal vinyl group added hydrogen too
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rapidly, and only l-phenyl-2-penten-l-one was isolated.

To alleviate this competition a more heavily substituted double
bond was indicated and thus l-phenyl-3-cyclohexenyl-2-propyn-1-
one was chosen. This compound was easily prepared, was reason-
ably stable and was cleanly characterized, Addition of about one
mole of hydrogen to this acetylenic ketone over palladium-on-calcium
carbonate or Lindlar catalyst gave a mixture of products. The mix-
ture proved most intractable to attempts to separate pure compounds
from it by distillation or chromatography. However two features
characterized the mixture in all cases. In no mixture was the triple
bond ever absent, even when 1. 3 moles of hydrogen had been added.
Also the ultraviolet spectrum of the mixture always showed a new
absorption band at 338 mu. The acetylinic ketone has )\max = 304,
and a synthetic sample of t_r_a_n_s_-1-phenyl-3-cyclohexeny1-2-propen-
l1-one was found to have )\max = 307. 5mp. Since trans-chalcone has
)\max = 307.5 and its cis isomer, )\max = 295, the most likely candi-

date for the substance with the 338mu absorption seemed to be the

a pyran (XVII). Unfortunately the substance responsible for this

=0
C=C -COC¢ Hs \) = O/\j’
)

XV XVl XVl

absorption (referred to hereafter as compound A) resisted all our
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attempts to isolate it in pure form. Despite this we have been able
to provide a considerable body of evidence which suggests that
compound A is most reasonably assigned the structure I

The major problem relating to compound A and its isolation
became apparent very quickly. Compound A was not stable in the
reaction mixture, since the 338 mu band diminished in intensity quite
rapidly. Absorption at 338 mu would vanish after the reaction mix-
ture had been stored in the refrigerator under nitrogen for a few
days. Partial separation of compound A from other components of
the mixture was achieved by rapid chromatography over silica gel.
Compound A eluted with hexane shortly before the acetylenic ketone.
Though the rate of disappearance of A was lower in the purified
state, it seemed to be inherently unstable even in solution, and
rapidly decomposed to form a tacky polymer when isolated neat.

Compound A was isolated in semi-pure form as a light yellow
oil, )\max 338 mp in cyclohexane. An extinction coefficient of about
10, 000 was determined via direct examination of an eluate, followed
by evaporation of an aliquot. This extinction is based on an assumed

molecular formula of C O for compound A. Analysis of several

15716
different samples gave carbon-hydrogen values in fair accord with

this formula, but the carbon value was always too low. The ultra-

violet spectrum of A showed no absorption between 338 and 260 mp

where solvent absorption prevented further measurement.
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The infrared spectrum of compound A was obtained on a neat
sample obtained by evaporation of the solvent and immediate exam-
ination of the resultant liquid. Certain conclusions are immediately
obvious. The monosubstituted phenyl ring is present as indicated
by bands at 686 and 755, as well as a strong band at 1500 and one
of lower intensity at 1600 cm._l. There is no carbonyl group present,
but there are bands of moderate intensity at 1575 and 1660 cm.—l
Though the band at 1660 might be attributed to a carbonyl impurity,
it is at a lower frequency than that of E‘_aﬁ_s_—l-pheny1-3—cyclohexenyl—
2-propen-l-one prepared for comparison purposes. Furthermore

the trans dienone shows the expected series of bands at 1665, 1610,

1590 and 1585 of decreasing intensity, whereas the spectrum of com-
pound A has only bands at 1660 and 1575,and these are of reversed
intensity relationship. This pattern is more nearly the one expected
of a conjugated enol ether. Finally the trans-dienone has a strong
band at 1115 cm._l, the original acetylenic ketone showed a strong
doublet at 1280 and 1290 cm. —1, while compound A had only a single
strong band at 1083 cm. -1. The data do not provide unequivocal
evidence for a structural assignment, but are in better accord with
a pyran than a dienone form.

Considerable difficulty was experienced in obtaining a reason-
able sample for examination in the n. m. r. spectrometer. The best

spectrum obtained showed a complex series of peaks lying between
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427 and 456 cps (phenyl group), a single sharp peak at 5. 49 ppm,
a poorly resolved doublet (?) at 484 ppm, and a group of unresolved
bands between 75-130 cps. The ratios of the areas under the peaks
are 5.0:1. 7:0. 75:8. 5. These ratios do not correspond to those ex-
pected for a dienone. The spectrum differs in several other char-
acteristics from the spectrum expected of a dienone. Thus the
aromatic protons show a smaller range of chemical shift values

{29 cps) than for the trans-dienone (48 cps). There is no nearly

equal absorption due to allylic and non-allylic protons as is expected
of the dienone. Predicted values of the various chemical shifts

and couplings for the cis-dienone and the a -pyran are shown along
with the values obtained for compound A in the chart below. Once

again the predicted chemical shifts for the three protons given

CHART I

Predicted Chemical Shifts and Coupling Constants
for the cis-dienone and the a -Pyran

H6. 2

7.0
\fH (7=10-12)
Q" ‘/L‘H6.8

N

O 5.2

4.6
A o T’@
5.49 (2H) h

4,

85 (1) N~y 5. 0
H

(J=6)

confirm the idea that A is not the cis-dienone. And once again the

data are in better agreement with the pyran structure than any other.
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One peculiar feature of the spectrum of A is disturbing if the
a -pyran form is assigned. The protons of C4 and C5 of the pyran
are expected to show up as an AB pair with Jvb cps. A gives one
singlet at 5.495. These are indeed the two hydrogens introduced in
the reduction, since use of denterium gave a denterium-bearing A
which showed no 5. 49 singlet but was otherwise identical with the
normal spectrum of A. One possible explanation for this is that
the phenyl group is so situated with respect to the proton at C4
that it gives rise to enough deshielding to move it downfield, and
coincidentally to exactly the same position as the C5 proton.

It is quite certain from these data that compound A is not the
cis-dienone. Providing that no skeletal rearrangement has occurred,
the a -pyran XVII provides the best fit for the properties of compound
A. Certainly the mild conditions used for the hydrogenation and pur-
ification process should reduce the probability of such a rearrange-
ment to a minimum. However further evidence supporting the un-
rearranged skeleton for compound A was obtained. A sample of
compound A was reduced under more vigorous conditions over a
Pd catalyst. Careful chromatography of the reduction product on
alumina gave three fractions, one identified as the tetrahydropyran

(XVIII), a second as l-phenyl-3-cycloh exyl-l-propanone (XIX),

-1 '
and the third an unidentified ketone having ¥ = 1710 cm. . This

latter ketone was not 2-( y-phenylpropyl) cyclohexanone, since its
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infrared spectrum was not identical with that of an authentic sample

Hy
Compound A —TH——\ m +
O &

XVIII XIX

of the substituted cyclohexanone. The ratio of the three products
was approximately 20% XVIII, 30% XIX and 50% of the unknown ketone.
The structure of XVIII was confirmed by its hydrogenolysis

over Pd to form the known 2-(Y-phenylpropyl) cyclohexanol (23).

H,Pd/C

O @ HOAC o-H@

This alcohal was isolated in the cis form. Direct reduction of the
acetylenic ketone over platinum gave XIX in high yield.

On the basis of these data we have tentatively assigned com-
pound A the structure of the a-pyran XVII. If this is a correct
assignment the pyran is not in equilibrium with any large amount
of the cis-dienone. Treatment of compound A with 2, 4-dinitrophenyl-

hydrazine gave a 2, 4-dinitrophenylhydrazone different from that ob-

tained from the trans-dienone. While the derivative was not con-

clusively identified as derived from the cis-dienone, the forma-
tion of a ketonic derivative from a non-ketone reluctant is

certainly eplicable of A is the a-pyran. The results of the

hydrogenation of compound A are also nicely explained if A
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is the pyran and it is in mobile equilibrium with traces of the

@

I -
[j/:\l@ — oj‘@

cis-dienone. Unfortunately the instability of A with respect to poly-

merization has prevented further investigation of its properties.
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CONCLUSIONS

This work has produced the first direct evidence of a valence
isomerization between an a -pyran and a cis-dienone. For the mole-

cules shown in equation (16), temperature variable n. m. r. studies

N = d (16)
ol o
allowed us to identify the spectrum due to the hitherto unknown cis-
dienone. The equilibrium constant for the reaction was measured
at three temperatures. It was shown thereby that the enthalpy differ-
ence between the two valence isomers was 700 cal. with the pyran
being more stable. Rough thermochemical calculations indicate the
dienone to be more stable by 10-15 kcal/mole. It appears that this
calculation gives a gross overestimate of the enthalpy difference,
since it is unlikely that the dienone above is some 13 kcal less stable
than pentadienal, or alternatively that the pyran is more stable by
a similar amount than a -pyran itself.
The structure, configuration and conformation of the 4-methyl~
3, 5-heptadien-2-one obtained from the reaction of 2, 4, 6-trimethyl-
pyrylium ion with borohydride ion was established. Though it proved

impossible to obtain unequivocal evidence to show that the dienone

was formed by ring opening of an o -pyran, reasonable evidence in
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support of this hypothesis was obtained. Assuming this mechanism

N BH, AN
+

to be correct, we deduce that the valence isomerization in this

case favors the cis-dienone at equilibrium with K~100. The drastic

Me e
~ N
D = L v
-4 < \O
Me

change in equilibrium constants between cases (16 and {17) by com-
parison with the slight alteration of substitution pattern again sup-
ports the conclusion that the basic energy difference between the
dienone and a -pyran is less than the rough thermochemical esti-
mate.

Finally, we have obtained evidence which permits the tenta-
tive assignment of the pyran structure to one product of the semi-

hydrogenation of 1-phenyl-3-cyclohexenyl-2-propyn-1-one. The

- : - Oﬂ/®

Pq Ny \\/

spectral properties of this substance, which was not obtained in
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pure form, show that no identifiable amount of cis-dienone is

present in equilibrium with it. Once again if the structural

= OO,
)] o@D

assignment of the pyran is correct K>100 as shown. Again a minor
structural alteration has produced a profound change in the equili-
brium.

In Table XII the various o -pyrans or related cis-dienones which
have been reported either in this thesis or the literature are listed

with the more stable valence isomer as assigned listed at the right.

Y  — =
7 O\

Only in the case of our first example shown above is evidence
provided for the presence of both isomers at equilibrium. It must
be noted that the considerable difficulties we experienced in attempt-
ing to provide reliable structural evidence for the pyran of equation
18 suggests that some of the structural assignments reported in the
literature should be viewed with reservation. Taken at their face
value however, the data of Table XII provide no simple rules for

predicting the more stable valence isomer in a given case. We can

suggest that a phenyl group tends to stabilize the pyran form. Also
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in the absence of other stabilizing features an a -pyran having a

hydrogen on the a -carbon will be less stable than the isomeric cis-

dienone. A structural basis for these suggestions is not immedi-
ately apparent. All the results reported support our earlier obser-
vation that pentadienal is more stable than a -pyran itself, but that

the enthalpy difference is considerably smaller than is estimated
from thermochemaical data.

In the discussion given above it has been tacitly assumed that
the data reported were observed with equilibrated mixtures. Since in
most cases no attempt to equilibrate the material was made, the as-
sumption need not necessarily be accurate. If however the valence
isomerization process is rapid at room temperature the equilibration
will be achieved automatically. Explicit evidence is provided in this
thesis that the valence isomerization of equation 16 is indeed rapid at
room temperature. At 70-100° the conversion of a -pyran to dienone
form is rapid enough so that when the sample has achieved thermal
equilibrium it has already reached chemical equilibrium. At 35° the
dienone reconverts to o -pyran so rapidly that the half-life of the di-
enone is only a minute or two with respect to the valence isomeriza-

tion of equation 17, we have shown that a transient intermediate is
formed during synthesis of the dienone. This intermediate which has

spectral properties compatible with those expected of the a -pyran con-

verts to the cis-dienone with k~7 x 10-3sec. -1 at 21°. Review of the

literature shows that in all cases where the synthesis produced
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one valence isomer directly and the other form was more stable,
no evidence has been reported for the appearance of the direct
product. We conclude therefore that valence isomerizations be-

tween cis -dienones and a -pyrans are generally rapid at room tem-

perature.
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EXPERIMENTAL

1-Phenyl-3-cyclohexenyl-2-propyn-1l-one. -XV

A solution containing 0, 61 mole of the bromomagnesium salt of
l-ethynylcyclohexene in 250 ml of ether was prepared according to
the procedure of Churchley (19). To this cold solution was added
65 g. (0. 6 mole) of freshly distilled benzaldehyde in 100 ml of ether.

The reaction mixture was allowed to stand overnight and was then

hydrolized with saturated ammonium chloride. The ether layer was
dried over anhydrous magnesium sulfate, and the ether was removed

in vacuo. The crude l1-phenyl-3-cyclohexenyl-2-propyn-1-o0l was

used directly in the next step.
A mixture of 22 g (0. 22 mole) of chromium trioxide, 50 ml of
water and 18 ml of concentrated sulfuric acid was added slowly to |
a cold solution of 41 g (0. 19 mole) of the above alcohol in 46 ml of
acetone. Addition required 1 hr., after which the mixture was stirred
for 2 hrs. more. The reaction mixture was extracted with ether, the
ether extracts dried over magnesium sulfate, and the ether removed

in vacuo. The product was chromatographed over activity ITII alumina

using petroleum ether (b.p. 35-60°) as eluant. A light yellow oil,

n?3D 1. 6040, N, ,.304 (10,800), 11630, 1608, 1580, 1320, 1280-90,

800, 702 cm-1 was isolated in 84% yield. This substance gave an n.m.r.
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spectrum consisting of a pair of singlets at 7.8 and 7.4, (5H), a
multiplet at 7.45 (1H), another at 2. 25 (4H) and a third at 1. 685(4H).
Churchley (19) has reported n23D 1.5960 and )\max 304 (9500), 286

{10, 900) and 260 (12, 800) for this substance,. -

Semihydrogenation of 1-Phenyl-3-cyclohexenyl-2-Propyn-1l-one

All hydrogenations were carried out using a catalyst containing
5% palladium on freshly precipitated calcium carbonate. A variety

of conditions was employed including the catalyst poisoned according

to Lindlar (63), added synthetic quinoline and several different sol-
vents. Some conditions are listed in table XIII. In all cases the
crude reduction product was essentially the same judged by the infra-
red spectra obtained. Directions for the procedure finally adopted
as a normal operating method are given below.

A suspension of 200 mg of 5% palladium on freshly precipitated
calcium carbonate in ca. 15 ml of cyclohexane was saturated with
hydrogen at one atmosphere pressure. A solution containing 400 mg.
of freshly chromatographed l-phenyl-3-cyclohexenyl-2-propyn-1l-one
was added to the reaction flask via a serum cap. The reaction mix-
ture was stirred vigorously at room temperature with a magnetic

stirrer. Hydrogenation was carried out under one atm. of hydrogen

and was arbitrarily interrupted after one mole of hydrogen had been

taken up. The entire process was carried out in a flask wrapped in
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in black paper to exclude light. The rate of hydrogen absorption
depended upon the purity of the substrate in a marked degree. Sam-
ples stored 24 hrs. in the refrigerator after chromatography virtu-
ally completely inhibited the reduction. It was imperative that the
substrate be chromatographed immediately prior to hydrogenation.
After the predetermined amount of hydrogen had been absorbed, the
catalyst was removed by filtration, and the solvent by evaporation.

in vacuo.

Table XIII. Variations in conditions for the reduction of 1-phenyl-
3-cyclohexenyl-propynone with 5% Pd/CaCOg3.

Weight (g. ) of Catalyst % by
Substrate Weight of Substrate Solvent remarks

0. 25 5 4 ml EtOAc

0. 25 10 10 ml EtOAc

0.25 27 10 ml EtOAc

0.25 50 10 ml EtOAc

0.25 20 1 ml EtOAc

0.25 20 25 ml EtOAc

0.25 20 10 ml EtOAc heat lamp

used

0.25 260 10 ml EtOAc

0.19 10 10 ml cyclohexane

0.19 20 20 ml cyclohexane
+ 9 drops of
quinoline

0.25 20 10 ml EtOAc Lindlar

catalyst
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Compound A (3-phenyl-2-oxabicyclo 4.40 deca-3,5-diene?). XVII

The crude hydrogenation product from above was chromato-
graphed on ca 25 times its weight of silica gel (Mallinckrodt silicic
acid 100 mesh, chromatography grade) using a low boiling saturated
aliphatic hydrocarbon (pentance, hexane or petroleum ether b, p.
30-60 were all used successfully ) as eluant. Pressure was used to
speed the flow of eluant. A small amount of the over reduced ketone
XIX eluted first and was followed quickly by an unstable yellow oil,
Amax338 (ca. 10, 000)(cyclohexane solvent), ¥ = 1660m, 1600m,
1575m, 1500s, 1373m, 1340m, 1265m, 1240w, 1225w, 1083vs,
1050w, 1025m, 7558, 686s cm™~l. The substance polymerized to a
tacky semi-solid on brief storage. The acetylenic ketone XV
followed this fraction.

Anal, Calc'd for Cy15H(O: C, 84.95; H, 7.59. Found: C,
84.10; H, 7.62: C, 83.84; H, 7.61: C, 83.00; H, 7.57.

When the yellow oil was treated with the 2, 4-dinitrophenylhy-
drazine reagent according to Shriner and Fuson (85, p. 111) a 2, 4-
dinitrophenylhydrazone, m.p. 151-2°9, was obtained in low yield.

Anal, Calc'd for C, 1HyoNy4O4: C, 64.28; H, 5.14. Found:

C, 63.99; H, 5.61.
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1-Phenyl-3-cyclohexyl-l-propanone XIX

A suspension of 2. 66 g. of platinum oxide in 39.0 g. (0. 184
mole) of 1-phenyl-3-cyclohexenyl-2-propyn-1l-one was shaken under
20 psi. of hydrogen in a Parr Shaker. Approximately 3.3 moles
of hydrogen was absorbed. Chromatography of the crﬁde reduction
product over activity III alumina gave ca. 80% of a white solid, m.p,
43°, ¥ = 1676 vs, 1593w, 750m, 736M, 690S cm. ., & = 7.4 and 7.5

mult. (5H), 2.85 triplet (2H) and broad absorption between 1.9 and

1.0 (14H).

Anal. Calc'd for CISHZOO: C, 83.28; H, 9.27. Found: C,

83.54; H, 9.15.
A 2, 4-dinitrophenylhydrazone, m.p. 181-2, was prepared ac-
cording to the directions of Shriner and Fuson (85, p. 1ll11).

1 . . .
Anal. Calc'd for C21H24N4O4. C, 63.62; H, 6.10. Found:

C, 63.40; H, 6.01,

A solution of 12.0 g. (0. 057 mole) of 1-phenyl-3-cyclohexenyl-
2-propyn-1l-one in cyclohexane was hydrogenated over 1.0 g. of 5%
palladium or calcium carbonate until 0. 9 mole of hydrogen has been
absorbed. Silicic acid chromatography, as described under the
preparation of compound A, gave 6. 95 g. of material, A 338

max

(10, 400). This 6.95 g. of compound A was again hydrogenated over

2.2 g. of 5% palladium on calcium carbonate in cyclohexane.
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Absorption ceased after 1.58 moles of hydrogen had been used.

Chromatographic separation of this product over 30 times its weight
of activity II-III alumina using gradient elution with pentane contain-

ing increasing amounts of benzene gave 30-40% of 1-phenyl-3-cyclo-

hexyl-1l-propanone, m.p. 42-43°, in the later fractions.

3-Phenyl-2-oxabicyclo[ 4. 40] decane XVIII

A. From Compound A

The two step hydrogenation of 1-phenyl-3-cyclohexenyl-2-pro-
pyn-1l-one described above gave a product which was chromatographed
over activity II-IIT alumina. The early fractions containing 750 mg.
(ca 20%) of an oil which was rechromatographed on activity II alumina
to give 600 mg. of a colorless oil, b.p.~ 100° (0. 5mm.), ¥ = 1455m,
1383m, 1215m, 1155m, 1095s, 1060vs, 988s, 950s, 750vs, 696vs

-1

cm & = 7.2m, (5H), 4.3, m(1H), 3. 65m(1H), 1. 9-1. 2m(13+H).

Anal. Calec'd for CISHZOO: C, 83.28; H, 9,32. Found: C,

83.00; H, 9.12.

B. From 2-(3-phenyl-3-hydroxypropyl)cyclohexanol

One gram (6. 0043 mole) of 2-(3-phenyl-3-hydroxypropyl)
cyclohexanol was heated under reflux with 25% sulfuric acid for 3
hrs. The reaction mixture was cooled and the organic products ex-

tracted with ether. The ether extracts were washed with dilute
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sodium bicarbonate solution and dried over anhydrous magnesium
sulfate. Removal of the ether gave a colorless oil which the n. m. r.
and infrared spectra showed to be a mixture of the various stereo-
isomeric forms of the desired ether, b.p. 100-110° (0. 5mm), nzoD

1.538.

Anal. Calc'd for C15HZOO: C, 83.28; H, 9.32. Found: C,

82.97; H, 9.32.

Cis-2-(y-phenylpropyl)cyclohexanol

A sample (100 mg.) of 3-pheny1-2-oxabicyclo[ 4.4.0] decane
obtained by further hydrogenation of compound A was treated with
hydrogen at 1 atm pressure over 25 mg. of 5% palladium on char-
coal in 5 ml of glacial acetic acid. The product was a clear oil
which gave a 3, 5-dinitrobenzoate, m.p. 101-102°. The dinitro-
benzoate of cis-2-( y-phenylpropyl)cyclohexanol has been reported

(23) to melt at 101-102°.

2-(3-phenyl-3-hydroxypropyl)cyclohexanol

A sample of 2-(B-benzoylethyl) cyclohexanone, ¥V = 1710, 1680,
was prepared from cyclohexanone and phenyl vinyl ketone according
to the procedure of Cope (22). To 2.3 g. (0. 01 mole) of this dione
in ether solution was added 0.38 g (0. 01 mole) of lithium aluminum

hydride. Excess hydride was destroyed with moist ether and the
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reaction mixture was treated with saturated ammonium chloride
solution. The product was taken up in ether, the ether solution

was dried over magnesium sulfate and the ether removed in vacuo.

The diol was recrystallized from pentane, m.p. 110-111°, ¥ =3332s,
1587w, 1486m, 1442s, 1058s, 760m, 6955 cm. -1 and was obtained in
8G% yield.

Anal. Calc'd for C, H ,O,; C, 76.88; H, 9.46. Found: C,

15772272’
77.05; H, 9. 65.

2-(y-Phenylpropyl) cyclohexanone

Cinnamyl bromide, 29 g. (0. 15 mole), was added slowly to a
solution of 21 g. (0. 14 mole) of cyclohexanone pyrolidine enamine
in 150 ml of acetonitrile. The mixture was heated under reflux for
18 hrs. in a nitrogen atmosphere. Most of the acetonitrile was re-
moved by distillation and 75 ml. of water was added to the residue.
This was boiled for 15 min., cooled and the organic product was tak-
en up in ether. The ether solution was dried over magnesium sul-
fate and the ether removed in vacuo. An oil, b.p. 109-121 (0. 15

21
mm.), n D 1.5570, 14.9 g. (50%) was obtained. This compound

24
has been reported to have b, p. 193° (13 mm), n D 1.5620 (23).
One gram of the cinnamyl ketone was hydrogenated in 10 ml

of glacial acetic acid over 100 mg of platinum oxide at one atm. of

hydrogen pressure. The product, isolated in the usual manner,
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. -1
v = 1710 ¢cma. , has been prepared previously by Cornubert (23).

Trans-1-Phenyl-3-cyclohexenyl-2-propen-1-ol

A solution containing 5.0 g. (0. 029 mole) of 1-phenyl-3-cyclo-

hexenyl-2-propyn-1l-one in 100 ml of ether was added slowly to a
cold suspension of 0, 82 g. (0. 024 mole) of lithium aluminum hydride
in ether. The mixture was stirred 5 hrs. at room temperature and
then was heated for 15 min. under reflux. After having been
cooled, the mixture was carefully treated with a saturated ammoni-
um chloride solution, The ether layer was washed with water, dried
over anhydrous magnesium sulfate and finally concentrated tc ca.
100 ml. total volume. An equal volume of petroleum ether (b. p.
30-60°) was added and a white solid, m.p. 64-65°%: 3160, 1630, 1185,
1088, 1015, 960, 915, 838, 755, 700 cm. >, 3.0 g., precipitated.

Anal. Calc'dfor C,_H._O: C, 84.61; H, 8.46. Found: C,

15718
84,30; H, 8.46; C, 84.50; H, 8.83.

Trans-1-Phenyl-3-cyclohexenyl-2-propen-1l-one

The alcohol above was oxidized with Jone's reagent as de-
scribed in the preparation of 1-phenyl-3-cyclohexenyl-2-propyn-1-
one. Chromatography of the oxidation product on activity II alumina
using 5% benzene in petroleum ether (b.p.30-60°) gave a yellow oil

which crystallized from petroleum ether (b.p. 30-60) as an off-white
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solid, m.p. 68.5-69.5°, )\maXBOT. £ (23, 850), ¥V = 1665s, 1610m,
1590w, 1585m, 1280s, 1205m, 1170m, 1115s, 1012m, 975 m,
760m, 685m, cm. '1, & = 7.8 and 7.4, m(5H), 7.0,q(2H) J=15.5
cps, 6.2, m(1H), 2. 2, m{4H), 1. 7, m(4H).

Anal. Calc'd for C15H160: C, 84.95; H, 7.59. Found: G,

85.05,; H, 7.77.
A 2,4-dinitrophenylhydrzone, m.p. 225°d., was prepared
according to the procedure of Shriner and Fuson (85, p. 111).
Anal. Calc'd for C, H, N O,: C, 64.28; H, 5.14. Found:

217720 474"
C, 64.10; H, 5. 80.

1, 3, 7, -tetramethyl-2-oxobicyclo-{440)-deca-3 5-diene VI

This compound was prepared by the method described by
Biichi and Yang (15) except that a Hanovia ultraviolet lamp #679A
(450 watt) was used for a 3 hour irradiation period. Product ratios

were similar to those reported by Buchi and Yang.

4-Methylhepta-cis-3-trans-5-dien-2-one XI

This compound was prepared according to the directions of
Balaban, Mikai and Nenitzescu (4) from 2, 4, 6-trimethylpyrylium

perchlorate (27).
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The Transient Intermediate (XIII)[ 2, 4, 6-trimethyl-2H-pyran?]

Spectral studies on the transient intermediate in the formation

of a 4-methyl-hepta-3, 5-dien-2-one were carried out as follows.

A. Ultraviolet Studies

A suspension of 0. 5g. (2. IM moles) of 2, 4, 6-trimethylpyryli-
um perchlorate in 100 ml.of pentane and 10 ml. of water was cooled
to 0° in an ice-bath and 0.2 g. {53 M moles) of sodium borohydride
was added. The mixture was stirred vigorously for 10-15 secs.
and about 25 ml of the pentane layer was poured into a test tube
stored in a Dry-Ice acetone bath. A few drops of this solution was
added to 3 ml. of pentane and the behavior of this solution was ex-
amined in the region between 250-280 m p with a Cary model 15
spectrophotometer.

The rate of disappearance of this intermediate was measured

by determining the absorbance of a pentane solution at various time

Acw-At
Acw

intervals at 253.5 mp. A plot of 2. 3 log (
-1

) vs time gave a

straight line with slope 7 x 10" “sec.

B. N.M.R. Studies

Preparation of the intermediate was carried out exactly as

described above except that spectral grade carbon tetrachloride (10ml)
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was used in place of pentane. After the reaction had proceeded for
15 secs. a portion of the carbon tetrachloride layer was pipetted
into a test tube containing ca 2 g. of anhydrous magnesium sulfate.
The test tube was placed in a Dry-Ice bath for several minutes.

The frozen material was quickly thawed, the drying agent was re-
moved by filtration, and the filtrate was transferred to an n. m. r.

sample tube. The n.m.r. spectrum was determined at -22°C.

Spectral Measurements

Nuclear magnetic resonance spectra were determined on the
Varian A-60 High Resolution NMR Spectrophotometer equipped with
a variable temperature probe. All runs were made on neat samples
or with solutions in carbon tetrachloride. Tetramethylsilang (TMS)
was used as an internal standard.

Infrared Spectra were run on the Beckman IR8 Infrared Spec-
trophotometer equipped with a sodium chloride prism.

Ultraviolet spectra were determined on the Beckman model
DB Spectrophotometer equipped with a Beckman recorder. The
kinetic study using ultraviolet data was carried out with the Carey
model 15 Spectrophotometer.

Melting points (corrected) were determined in a Buchi melting

point apparatus.
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Freshly generated material.
Spectra run at -22°.
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