
Terwhedron. Vol. 24, pp. US to 552. Pcrpmon Preu 1968. Mated in Great Bntin 

ORGANIC REACTIONS WITH POLYPHOSPHORIC 
ACID-VII*? 

WAGNER-MEERWEIN REARRANGEMENT IN THE 
INTERMOLECULAR ACYLATION OF CYCLOHEPTENE~ 

S. B. KULKARNI and SUKH DEV 
National Chemical Laboratory, Poona, India 

(Receiued in the UK 24 April 1967; accepted&w publication 8 May 1967) 

Abstract-Acetylation of cycloheptene in polyphosphoric acid at -65” is shown to be accompanied by 
ring-contraction to furnish 2-methyl-A’-acetylcyclohexene as the main product. The same rearrangementg 
occurs during the one-step acylation-alkylation of cycioheptene with crotonic acid. 

A ONE-STEP synthesis of certain polycyclic systems, involving the action of an as- 
unsaturated acid on a cycle-olefm, in the presence of polyphosphoric acid (PPA), 
iw3 includes bicyclo[0,3,3] octane and bicycle f0,3,4] nonane derivatives (I, II) 
which have been prepared by the action of crotonic acid on cyclopentene and cyclo- 
hexene respectively. As a logical extension of the reaction, cycloheptene and crotonic 
acid should give, under similar conditions, the bicyclic ketone III, a useful intermediate 

for the preparation of 1-methylazulene. However, when the ketone obtained was 
reduced, dehydrated and dehydrogenated, no azulene was formed. Probably some 
rearrangement occurred, at the stage of PPA condensation, and this called for an 
investigation, which is now reported. 

Reaction of cycioheptene and acetic acid 
The reaction of cyclopentene and cyclohexene with acetic acid and PPA4 proceeds 

normally to give the corresponding al%unsaturated methyl ketones. The reaction 
of cycloheptene with acetic acid (1 mol : 1 mole) in PPA, at 65-70”, afforded a product 
in - 30% yield, which by GLC was found to consist essentially of one component. 
By comparison of its retention time and IR spectrum, it was shown to be different 
from an authentic A’-acetylcycloheptene (IV). If Th e compound was readily identified 
(PMR, IR, GLC) as 2-methyl-A’-acetylcyclohexene (V),7 an authentic sample of 

* Part VI, J. Indian Chem Sot. 34,429 (1959). 
t Communication No. 1074, National Chemical Laboratory, Poona. 
$ Abstracted from the Ph.D thesis of S. B. Kulkarni, Bombay University (1966). 
0 Tbe rearrangement which takes place in these reactions was disclosed in an earlier communication.’ 
11 This was obtained by the action of MeLi on Al-cycloheptone carboxylic acid.’ The compound has 

been prepared earlier by other methods6 
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which was later prepared by the reaction of acetic acid and methylcyclohexene in 
PPA, for direct comparison. Thus, the reaction of cycloheptene with acetic acid in 
PPA proceeds with concomitant ring-contraction to furnish essentially V. 

In another set of experiments the molar ratio of cycloheptene and acetic acid was 
varied and it was found that with a molar ratio of 15 of cycloheptene and acetic 
acid, a 45% yield of the product was obtained which was shown by CLC to consist 
of ~85% of V and 10% of IV. With still higher ratios a different reaction resuited 
and forms the subject of another ~o~uni~tion.* 

In the earlier stages of this work the condensation of cycloheptene and acetic 
acid was carried out at -So, the product consisted of two components (GLC) in 
the ratio 35 :65 (increasing RT). This product showed in the IR spectrum yc;;o at 
1706 and 1680 cm” suggesting that in addition to V a non-conjugate ketone is 
also formed. From the RT of V, it is clear that the non-conjugated ketone corresponds 
to the component with the lower RT. However, in several later experiments, which 
were carried out under identical conditions as well as a variety of different &onditions 
(F&&Z Experimental) onIy the conjugated ketone (GLC, IR) was formed,? 

During the course of this work it was found that from pure 2-methyl-A,‘-acetyl- 
cyclohexene 0, either a yellow (m.p_ 107-108”) or a red (m.p. 125-127”) 2&dinitro- 
phenylhydr~one (or a mixture) could be prepared, depending on the method of 

TABLE 1. PMR SPECTRAL ASS~GNMBN1s op THB TWO ~,~-DIM’~ROPHENYL- 

HYDRAZONB PRiXi 2-WL-d’-A~ CYCLOHEXENE 

2,4-Dinitro~b~~ylhydr~o~e from 

Assigrkmcnt 2-Methyl-A’-acety~cydohcxene A’-Acetyl- 

Yef Iow red 
cyclohexene 

Cld3 

>m< 96 fs) 106 fsi - 

Cl&--c==N-- 130 (s) 132 (s) 130 fs) 

=e_cfLI - - 390 (b1 

NH 672 M(b) 6% fb) 
Aromatic 484 (2X, m) 484 (2H, m) 490 (2H, m) 
protons 538 (IN, d, 538 (lH, d, 554 (1 H, b) 

J = 2 c/s) J = 2 c/s) 

*Spectra taken in CCI+ and valuts are reported in c/s from TMS; s = 
singlet, b = broad singlet, d = doublet, m = multipbt. 

t Trace impurities in P,OI and/or phosphoric acid might have been reqxmsible for this divergence. 
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preparation (aide Experimental). Furthermore, when the red derivative was warmed 
with alcoholic H,SO,aq and left aside for a long time, it slowly underwent complete 
change over to the yellow product. The PMR spectra’ of the two preparations 
show significant differences Fable 1), which ensure that the two products are not 
merely polymorphs but are stereoisomeric. Several examples of the isolation of 
stereoisomeric 2,4dinitrophenylhydrazones have been reported.8b* *‘* ’ Though 
Karabatsos et al.* have been able to deduce the configuration of severaf 2,4dinitro- 
phenylhydramnes by PMR, their results which are based on studies of saturated, 
aliphatic aldehyde and ketone derivatives, are difficult to extend to the present case 
of an c&unsaturated ketone derivative wherein further complication arises due to 
the possibility of s-c& and s-truns isomerism. 

Condensation of cycloheptene and crotonic acid 
The reaction of cycloheptene and crotonic acid, in equimolar proportions, in 

presence of PPA at 70 + 2”, furnished a ketonic product in ~40% yield GLC of 
this material showed it to consist of seven components in which the last three com- 
ponents (5, 6,7, increasing retention time; relative proportions being 1:5 :3 respec- 
tively) predominated to the extent of over 80%. In view of the results obtained in 
the condensation of acetic acid and cycloheptene, reaction of crotonic acid with 
methylcyclohexene was also carried out under the above conditions. The product 
from this reaction was shown by GLC to consist of essentially ( >90%) the same 
three components (5, 6, 7 in almost the same proportions) of the cycloheptene- 
crotonic acid condensation. These compounds, from each experiment, were separated 
by preparative GLC and the IR spectra of the three products from each source were 
found to be identical with the IR spectra of the corresponding fractions. Thus, it is 
clear that the products from the cycloheptene-crotonic acid reaction represent 
ring-contracted ketones. 

TABLE 2. hOPERTIFf OF THE PRODUCIS FROM THE CONDENSA~ON OF 

CYCWEPTENE AND CROTONIC ACID 

GLC component No. 

5 6 7 

b.p.130 mm 
ni” 

RRT’ 
Semicarbazone, m.p. 
2,4-DNP, m.p. 
1:” mp (E) 
#z’O cm_ 1 
$$c=c cm- 1 

137-38” 138-40” 138-40 
- 15010 1*5045 
1 1.18 1.32 
- 181-83” 172-74” 

138-40 150-51” 181-83” 
232 (10,400) 235 (10,450) 232 (13,350) 

1709 1675 1709 
1626 1650 1626 

l Relative retention time with respect to 5. 

Table 2 summarizes some of the characteristics of these three products. The com- 
ponents 6 and 7 readily furnished semicarbazones and these compounds were, thus, 
further purified by regeneration from these derivatives; it was ascertained that no 
isomerization took place during the regeneration step. 
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All the three compounds analyse for C1 1H160 and from their W and IR spectral 
data are clearly ap-unsaturated cyclopentenones.10 Important features of the PMR 
spectra of these compounds are the presence of one quaternary Me, one vinylic Me 
and, one vinylic proton in each compound (Table 3). These spectral characteristics, 
taken along with the mechanistic reasoning, I1 led to the following four possible 

formulations (VI-IX). 

TABLE 3. PMR SPECTRAL ASSIGNMENTS FOR THE PRODUCTS FROM THE 

CYCLOHEPTENSCRGTOMC ACID CONDENSAT’ION’ 

Assignment 
GLC component No. 

5 6 7 

C 

I 
fi~C-C--C 62 (~1 67 (~1 74 (s) 

I 
i: 

&C-C== 123 (d, J = 1.5 c/s) 115 (s) 122 (d, J = 2 c/s) 

342 (m) 343 @O 3440-Q 

I! 

* See footnote to Table 1 for remarks. 

\ 

~ 
0 

VI 

\ 

~ 
0 

\ a tie 
VII 

y \ a 
0 

VIII IX 

A synthetic sequence, involving intramolecular acylation of suitably constituted 
la&ones with PPA, forms the subject matter of another communication.12 This work 
was carried out with the twin purpose of effecting an unequivocal synthesis of 3,8- 
dimethylhydrind-2-ene-l-one (VIII/IX) and for investigating certain mechanistic 
aspects of intramolecular acylations with lactones. This synthesis led to the formation 
of only one of the two isomers (VIII or IX) and this has been found to be indistin- 
guishable (UV, IR, PMR) from the component 5. Its stereochemistry is discussed 
later. 
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The remaining two components 6,7 were found to be an epitneric pair by partial 
transformation of 6 into 7 by a short base treatment and hence, must be represented 
by the pair VI-VII. A synthesis of 3,9dimethylhydrind-2ene-l-one (VI/VII) has 
been reported. I3 From the reported m.ps of its semicarbazone (m.p. 176-177”) and 
2,4dinitrophenylhydrazone (m.p. 184-185”), component 7 must be identical with 
this. The-se authors do not define its stereochemistry. ‘Ihe final stage in their synthesis 
is a cyclization step involving heating with PPA at 60-65” for 6 hr ; the product was 
found to be stable to refluxing methanolic NaOMe and hence must be the thermo- 
oynamically more stable c&-ketone VI.* The truns structure VII can now be assigned 
to the component 6.t$ 

Close similarity in the vc”O and vc=;’ values of components 5 and 7 suggests that 
the former also has the c&configuration VIII. 

DISCUSSION 

Although Wagner-Meerwein rearrangements with PPA have been observed,16 
the present work is the first example of a ring-contraction during an acylation- 
alkylation reaction with PPA. The results are readily rational&d in terms of the 
solvatql carbonium ion XI However, it must be mentioned that when the lactone 
XI is treated with PPA, no ring-contraction occurs and only the expected bicyclo[0,3,5] 

X XI XII 

XIII 

decane derivative XII results, I7 the formation of which must have involved at one 
stage the species XIII. The difference in the fate of X and XIII must be due to the 
higher stability of the latter ion. 

The alternative possibility that cycloheptene undergoes ring contraction before 
acylation could not be ascertained as in a single experiment, when cycloheptene 

* Then is considerable evidencG4 to show that in simple a-hydrindones &s-junction is thermodynamic- 
ally more stable and the presence of an angtdar Me group only further accentuates the equilibrium in 
favour of the cis-isomer. An olefinic linkage at C,-C, is not expected to alter the picture. 

7 Normatly one would expect that in a PPA reaction the thermodynamically more stable product 
would predominate because of strongly equilibrating conditions. However, in the preeent work, conden- 
sation of cycioheptene and crotonic acid at 65” was carried out for just 15 mm as otherwise, undue 
poiymerixation occurred, Hence-, though component 6 is formed in larger quantities, the product is not 
expected to represent the quilibrium stage. 

$ Data has been presentediS to show that in some hydrindanones, the less stable epimer shows its 
C-=0 absorption at higher frequencies; this is not the case in the present instance. 
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was treated with PPA for 10 min under the conditions of the acylation experiments 
with a view to isolate any I-methylcyclohexene, only a dimer and a polymer resulted 
which were not studied. 

EXPERIMENTAL 

All m.pa and bps are uncorrected. Pet. ether refers to the fraction b.p. 4&60’. All solvent extracts were 
dried over NazSO,. IR spectra were taken on a Perkin-Elmer Infracord model 137E, either as smears 
(liquids) or in Nujol (solids). UV spectra were taken on a Perk&Elmer Spectrophototneter, model 350, 
in 95% EtOH, unless stated to the contrary. All PMR spectra were taken in lO-20% soln in Ccl* with 
TMS as the internal standard, on a Varian Associates A-60 spectrometer; peaks are reported in c/s from 
TMS. 

Analytical GLC was done on Perkin-Elmer Vapour Fractometer, model lWD, using Hz as the carrier 
gas and a 2-meter column (external diam 6 mm) packed with 20% diethylene glycol succinate on Cbromo- 
sorb W. For preparative GLC, a 2.5 cm x 3 meter column, packed with the same material, was used. 

Reaction of cycloheptene with acetic acid 
(i) Equimolur ratios of reactants. To PPA, preparcd from P,OI (70 g) and HBPO, (d = 1.75; 30 ml)‘* 

at 65-70“, a mixture of cycloheptene” (96 g, 01 M) and gl. AcOH (6 g, 0.1 M) was added dropwise with 
stirring during 5 min. After stirring at 65-70” for 1 hr. the vermillion-red reaction mixture was poured 
onto ice-water (400 ml) and the product extracted with pet. ether (50 ml x 4). Tbe extract was washed with 
water, NaHCOj aq (10 ml x 3), brine and dried. The solvent was flashed off and tbe residue distilled : 
colorless liquid, b.p. 13O-132”/80 mm, yield 3.5-40 g. GLC (temp 160”; gas press: 15 psi) revealed essenti- 
ally one component. IR spectrum : C%Q 1685 ; C===C 16 13 cm- ‘. Senticarbatone (pyridine metbod) was 
crystallized from EtOH, white crystals m.p. 225-227” (Lit.‘: m.p. 225-227”). 

(ii) Reaction of cycloheptene with excess of acetic acid. Cyclobeptene (96 g, 01 M) and gl.AcGH (30 g, 05 M) 
were reacted in PPA (70 g P20, and 30 ml HsPO,) at 5%&l”, as above and then worked up in the same 
manner to give, after distillation, a colourless liquid: b.p. 134140”,%0 mm, yield 5.2 g GLC (as above) 
showed the presence of 85% 2-methyl-A’-acetylcyclohexene and 10% acetylcycloheptene in tbe product, 
RRT of these components being 1 and I.33 respectively. 

Reaction ofmethyicyclohexene with acetic acid 
I-Methylcyclohexene (9-6 g) and AcOH (6 g) on interaction in PPA (SW), by following the procedure 

and quantities given above under (i), gave a product (4 g), b.p. 120-122’140 mm, ng4 1.4950, identical in 
all respects with the product obtained by the procedure (i). 

2,44Xntrophenythydrazones of 2-methyl-A’ -acetylcyclohexene 
(i) HCI method. 2-Methyl-A’-acetylcyclobexene (06 g) and 2,4-dinitropbenylbydrazine (a51 9) were 

added to EtOH (30 ml) After the addition of 1 drop of cont. HClaq the mixture was warmed on a water 
bath till clear. Red crystals started separating immediately, followed later by yellow crystals The product 
(@5 g, m.p. 97-100”) was dissolved in a little benzene and tbe soln chromatograpbed on alumina (neutral/II, 
15 cm x 1.5 cm). Benzene-pet. ether (1: 3; 25 ml x 5) eluted the yellow compound, while the red zone was 
later eluted with benzene (25 ml x 2). 

Tbe yellow derivative was obtained as leaflets from EtOH, m-p. 107-108”; & 365 q (e, 19,300). 
(Found: C, 566; H, 56; N, 17.2. C,SH,,,OoNo requires: C, 56.6; H, 5.7; N, 176%.) 

Red derivative crystallized from EtOH as deep red leaflets m.p. 125-127’ (Lit.@” m.p. 125”); i,, 370 
mp (E 18,400). (Found: C, 56.2; H, 5.5; N, 17.2. CIsH,sO,N, requires: C, 56~6; H, 5.7; N, 176%.) 

(ii) HISO, methud. When the ketone was added to the reagent (50 mg) dissolved in couc H,SO, (02 ml) 
water (02 ml) and EtOH (2 ml), only a yellow deriv, m.p. 107-108” (EtOH) was obtained 

(iii) The red deriv (mp. 125-127”) was suspended in a small volume of aq. alcohol containing a few drops 
of cone H,SO, and beated on a waterbath for 5 min and left. After 2 hr a mixture of red and yellow crystals 
(m.p. 86-91”) bad separated, which on being allowed to stand for a long time (one week) had completely 
changed to yellow crystals, m.p. 107-108”. 

A’-Acerylcyctohepten. Ar-Cyclobeptene carboxylic acid5 (05 g, m M) dissolved in 25 ml dry ether 
was introduced (@5 hr) with stirring to an ethereal soln of MeLi (prepared from 60 mg Li and l-2 g Mel 



Organic reactions with polyphosphoric acid-VI1 551 

in 20 ml ether) at -0” and the reaction allowad to procoed at that temp for 1 hr. Afta stir&g for another 
hr at room temp, the reactian mixture was worked up (with 5% H,SO,aq) to yield, after distillation a 
colourless liquid (@35 g, 71%): b.p. 125-127”/50 mm, n$’ l-4730. 

Semicarbuzone (pyridine method) was obtained as a white powder from EtOH, m.p. 192-193” (Lit.,6” 
m.p. 195-197”). (Found: N, 21.3. C&H1,ON, requires: N, 21-S%.) After regeneration (oxalic acid-heptane 
methodlo) from the semicarbazone, the ketone had : b.p. 126”/50 mm; & 235 nqr (s 11.000) ; IR spectrum : 
C==O 1681;C+C1639cm-‘. 

Reucrion of cycloheptene and methylcyclohexene with crotonic acid 
(i) Condensurion ofcycloheptene and crotonic acid. To PPA (from 70 g P,Os and 30 ml H,PO, of d 1.75) 

maintained at 70 f. 2”, crotonic acid (8.6 g, @l M) was added in one lot with stirring. Cycloheptene (9.6 g, 
01 M) was next introduced (5 ruin) and the reaction mixture stirred at that temp for another 15 min and 
then worked up as described earlier. After distillation, the product was obtained as a liquid, b.p. 137-MO”/ 
30 mm, ng’ l-5051, yield 5.3 g. 

(ii) Metlrylcyclohexene and aotonic acid. The condensation was carried out as described above, using 
l-methylcyciohexene instead of cycloheptene. The product had: b.p. 138-140°/30 mm, ni’ lWl0, yield 
5.6 g. 

GLC of both the products was carried out at 180” and 15 psi press. 
Separarion of components. Details are given for the separation of the product obtained from cyclo- 

heptene-crotonic acid condensation. The same procedure was followed for the product obtained under (ii). 
A total of 2 g (0.5 g x 4) of the product was injected on a preparative column at 200” and 15 psi press 

using N2 as the carrier gas. The first 4 minor peaks were collected together (0.3 g) and were found to be 
non-ketonic in nature and were rejected The remaining three components (5, 6 and 7) were collected 
separately in yields of 0*2,0+7 and 0.3 g respectively. 

Componenr 5 (VIII). This did not give a crystalline semi-carbazone. (Found: C, 801; H, 9.6. C, ,H,,O 
requires: C, 8@4; H, 9*7%.) Its 2,4-dinitrophenylhydrazone crystallized from alcohol as a red powder, 
m.p. 138-140”. (Found: N, 16.02. C,,HzoO,N, requires: N, l&27%.) 

Component 6 (VII). The semicarbazone (pyridine method) crystallized from alcohol, m.p. 181-183’. 
(Found: N, 18.8. C12H,,0NJ requires: N, 19.0x.) After regeneration from the semicarbazone, the ketone 
displayed properties listed in Table 2. (Found : C, 801; H, 9.6. C, , H,,O requires: C, 80-4; H, 9.7%.) 
Its 2,4-dinitrophenylhydrazone separated from alcohol in bright red leaflets, m.p. 152-153”. (Found: N, 
15.74. C,7H2004N4 requires: N, 1627x.) 

Component 7 (Vi). The semicarbazonejpyridine method) crystallized from alcohol as a white powder, 

m.p. 172-174‘. The ketone was regenerated from this to give the pure compound having properties listed 
in Table 2. (Found: C, 802; H, 9.4. C, 1H,,O requires: C, 80.4; H, 9.7%.) Its 2,4-dinitrophenylhydrazone 
crystallized from alcohol as a deep red powder, m.p. 181-I 83”. (Found : N, 16@4. C, ,Hz00,,N4 requires : 
N, 16.27 %.) 

Epimerizarion of components 6 and 7 
Component 6 was refluxed with KOBu’ in t-BuOH (from 0.2 g K and 5 m1 t-BuOH) for 3 hr (N2) and 

worked up in the usual manner to give a product (20 mg), containing some 20% component 7, besides 
6 (GLC). 

Under the above conditions, 7 was recovered unchanged. 
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