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PHOTOIRRADIATION of zerumbone (I), a medium-ring all-trans 

dienonel, appeared of considerable interest because of the variety 

of pathways available to such a substrate. We now report on such 

an investigation. 

0 

trans-6-oiz-R-Zerumbone and Yr -photoaerumbone 

Irradiation (N2) of 1% heptane solution of serumbone (3 g), 

without cooling (consequently heptane got heated to reflux), with 

a loo-Watt high-pressure mercury vapour lamp (reflector type)2, 

furnished at the photostationary state (6 hr), a product which 

consisted of at least eight constituents (GLC), besides come un- 

changed zerumbone (9%). Of these, two components, with relative 

(to zerumbone) retention times of 0.2 and 0.84, constituted 23% 

and 35% respectively of the product; the remaining six products 

were formed in essentially equal quantities. The two major con- 

stituents could be separated by fractionation and finally puri- 

fied by column chromatography. 

trans-6-cis-g-Zerumbone. The compound with RRTzerumbone 0.84 wa8 

obtained me a colorless solid, m.p. 64-64.5' and is shown to be 

the &- d9-isomer (II) of zerumbone. 

The compound, C15H220, ie clearly antip-unsaturated ketone: 

h;;r 238 D# (G 8,230), 318~ (C 43); IR (Nujol): Cm0 1662 cm-l. 
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Its PMR spectrum3 shows signals for two quaternary methyls (6H 

ainglet at 57 c/s), two vinylic methyl8 (3H doublet at 93 c/s 

with J = 1 c/s and A 3H singlet at 103 c/e) and four vinyl pro- 

tons, which clearly fall in three groups: A 1H triplet centred at 

312 c/e (J = 8.5 c/s), a 1H broad singlet at 390 c/s (WR = 13 c/e) 

and, A 2H AB-quartet centrad at 342 c/s (J = 13 c/8). It is clear 

from these data that the compound has the same functionality as 

serumbone (I) and is monocyclic, and hence, in all probability 

0 

43 / 
II m 

is A geometrical isomer of I. This "As proved by its partial 

hydrogenation (Pd-CaC03/H2) to a tetrahydroderivative, identified 

(GLC, IR) AA tetrahydrozerumbone (III)l'. Since in the IR spec- 

trum of this isomer, the trans -CH=CR- out-of-plane deformation, 

which occurs in Aerumbone At 970 cm 
-1 

is absent, this bond muat 

now have the cis-configuration. - Thus, thi8 product could be 

either trans-6-cis-g-zerumbone (II) or cis-6-cis-9-zerun;bon8*. -- _- 
Of these, structure II is Assigned to this compound, in view of 

the thernal b8hAViOUr of another cis-isomer described later. - 

C -Photozerumbone. The second major component AlSO analyses 

for C15H220, and wa8 obtained AA a liquid: b.p. 84-86'/0.7 mm 

q 1.5048, AZ: 235w (e6,250), 315 mc1 (ClOO); IR: C=O 

1685 cm-', CPC 1650 CLU-~. Its PMR spectrum displays signals 

aseignable to one quaternary methyl (3H singlet at 5'7 c/8), three 

vinylic methyls (3H doublet at 92 c/s, J = 1.5 c/s; 6~ singlet 

l 

In all the isomers of zerumbone, described in this cozmuni- 
cation, the non-conjugatedA?f" must remain trans-configurated 
as in zerumbone. 
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at 106 c/s) and five olefinic protons in which three types are 

easily discernible: C-{-CH = CH2 (a l2-line ABC type epectrum 
/Me 

located between 28) and 363 c/a) -CH2-Cg=C- (a lH broadened 

triplet at 383 c/e; possibly conjugated with the C=O) and 

-CH-C@C/Me (a 1H pair of quintets centred at 317 c/s, J I 10 c/e); 

besides, 
It 

1H doublet (J = 10 c/e) centred at 212 c/a and assign- 

able to -C-Cg-CH- is, in all likelihood, spin-coupled with the 

olefinic proton centred at 317 c/e (same J value). The presence 

of a terminal vinyl group is supported by the deformation bands at 

920 and 1010 IX-' in the IR epectrum. 

The structural features, described above, point to a 

ekeletal rearrangement of the zerumbcne frame-work during the 

formation of this product. The mechanistic Bequence', shorn below, 

l 

The net change ie a Cope rearrangement4, the photochemical 
equivalent of which has been recently reported5. A concerted 
mechanien, involving a 6-membered transition-otate ie contra- 
indicated on orbital symmetry consideration&. However, it 
must be pointed out that this product may be of thermal origin 
(irradiation being carried out in refluxing heptane). Thin 
appears to be supported by the isolation of e-6-trans-9- 
zerumbone (VI), which at 160 + loo smoothly passes- IV 
(vide infra) but, since this thermal reaction does hot occur 
In refluxiag heptane, no clear-cut conclusion is possible. 
In view of its doubtful photo-origin, the ketone has been 
termed Y -photozerumbone. 
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leads to the structure (IV)+ which meets all the spectral data 

requirements. This formulation is supported by its quantitative 

hydrogenation (Pt/AcOR) to a saturated hexahydroketone ( Ycso 

1700 cm-l) and Na-EtOH reduction to a stereoisomeric mixture of 

dihydroalcohola. The latter, as required, gives acetone and 

formaldehyde on ozonolysis and is oxidised by pyridine-Cr03 to a 

dihydroketone ( UCno 1695 cm 
-1 

; $ 1.4900) having all the re- 

quired PMR spectral characteristics. 

The mass spectrum (molecular ion at m/e 218, relative 

abundance 1996, s28 1.6%) shows the base peak ( x2, 8.2%) corres- 

ponding to Cl0 l4 H 0 (m/e 150). readily rationalised in terms of 

ion v. A full discussion 

tailed communication. 

Passage of a hexane 

gave a mixture of epimers 

of the spectrum is reserved for the de- 

solution through an Al 0 /I 
23 

column 

(AgNO -Si02 gel TLC; GLC) in which the 
3 

0 

P 

original ketone and the new epimer were present in the ratio 

35:65 respectively. 

Since, lu -photoserumbone is a cycloheptenone the ring- 

olefinic bond must be cis and consequently, in its genesis, a - 

cis-6-serumbone must be involved. 

cis-6-trans-9-Zerumbone and cis-6-cis-9-serumbone 

When the irradiation was carried out with cooling (effec- 

tive temp.- 30'; immersion-type lamp2), keeping other variables 

essentially the same , photostationary state was reached after 

+Thls was presented at the Symposium on 'Recent Advances in 
the Chemistry of Terpenoids ) held at the National Chemical 
Laboratory, Poona, during June 7-10, 1965. 
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50 hr and the product contained, besides zerumbone (8%) and 
trans-6-a-q-zerumbona (JO%), two new components (18% and 27% 

with F!RT iserumbone of 0.58 and 0.39 respectively) and practically 

none (TLC) of I -photozerumboAe. When the total product was 

reflexed in heptaAe, AO ohange occurred but, after heating at 

160 + 10' for 3 hr the resulting product was practically devoid 

(GIL) of the two new components , mentioned above and, instead, 

oonaiderable amount (TLC, GLC) of p -photozerumboAe had been formed. 

The separation of these new components from the initial photo- 

irradiation product proved exceedingly difficult aAd ultimately 

success could be attained by reducing the total reaction product 

with LiAlIi and separating the alcohol by inverted-column-chro- 

matography '3 over AgNO3-Si02 gel aad, oxidising (pyridine-Cr03) the 

pure alcohol back to the parent ketone. 

cis-6-trana-g-gerumbone. The compound with RRTze umboAe 0.58, 

from its spectral characteristictv ( Yeso 1660 cm 
-f ; AMX 225 “y* 

c 9,280. PMR: two quaternary methyls, 6~ signal at 70 c/e; two 

vinylic methyls, 3X signals at 101 and 112 c/s; and, four 

olefinic protons signal6 in the region 300-380 c/e, containidg an 

Ah-quartet centred at 359 c/s with J = 17 c/s) ie Clearly a geo- 

metrical isomer of zerumbone and since, it still diaplays a strong 
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band at 978 cm 
-1 

in its IR spectrum, must have the 6 9.10 -0lefinis 

and consequently, A617-bond must be & (VI). 

This ketone, on being heated to 160 + loo, smoothly passed 

into a new product, identified (GLC) as the P -photoeerumbone 

(IV). The Agllo and A293 bonds in VII, which have a 1,5- 

relationship can be readily accommodated in a quasi-chair confor- 

mation (VII), the preferred geometry for the Cope rearrangement 8 

and this will lead to the stereochemistry shown in VIII for the 

product. 

Cie-6-cis-Y-Zerumbone. The product with RRTs rumbone 0.39 has 

the following characteristics: ucwo 1662 cm -1 ; X_ 240-p ; 

two quaternary methyls (6H singlet at 68.5 c/s), two vinylic 

methyls (3H signals at 88 and 112 c/s) and four ethylenic protons 

(la broad triplet centred at 301 c/a, J = 7.5 c/s; an AB-quartet 

centred at 339 c/s, J = 13 c/s; 1H broad multiplet centred at 

347 C/6). These data require the compound to be stereoisomeric 

with zerumbone, a conclusion confirmed by its catalytic reduction 

to tetrahydrocerumbone (III)la . Since the compound does not dis- 

play a stfong bandatw970 cm 
-1 

in its IR spectrum, A 9,lO must be 

cis-configurated. - 

When the compound was heated at - 160' for 3 hr the major 

product (60%) obtained proved to be a nor-hydrocarbon: C14H22, 

highest m/e at 190 ( c28 11.8%)*. In view of its spectral cha- 

racteristics ( Xmax 23r~, 
-1 6 12,500; &I$ 1615, 888, 823 cm . 

PMR: 2 quaternary methyls, - 6H signal at 62 c/s; one vinylic methyl 

3H signal at 108 c/s; -C-C&-C- , 
#"I+' 2H AB quartet centred at 342 

c/a with J = 10 c/s; )C=CH 2, a2H quartet centred at 291 c/a 

with J = 1.5 c/s; -C&H-, 1H broad signal centred at 348 c/s ) 

the hydrocarbon has been assigned the structure X, the ready 

formation of which from a cis-cis-serumbone (IX) is readily -- 

*The base peak occurs at m/e 175 ( c28 16.8%). A fuller 

discussion of the fragmentation will be reported later. 
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Q __p?+ 
X 

understood (XI - 

has been assigned 

XII 

XII). In view of this, this serumbone isomer 

thr cis-cis-structure (IX). -- 
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