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The Reactivity of Polyhydric Phenols Towards Air and m-chloroperben- 
zoic Acid. The Nature of the Monomeric Products 

By Gareth D. John and Patrick V. R.  Shannon,* Department of Chemistry, University College, Cardiff 
CF1 1XL 

The products of a series of polysubstituted phenols, previously shown to exhibit increasing reactivity towards oxygen, 
were characterised when air and m-chloroperbenzoic acid were used separately as oxidants. 

The latter reagent gave compounds derived from oxidation of the unsaturated side-chains and, for the more 
reactive phenols, products derived by oxidation at the aromatic nucleus. in  the case of air, only the more reactive 
phenols gave products, and these were mainly derived by oxidation at the aromatic nucleus. In particular 2,4-di- 
isopentenylphloroglucinol gave 3.4-dihydroxy-2.4-di-isopentenylcyclohexa-I ,5-dione which w a s  isomerised in 
sodium carbonate to 3.4-dihydroxy-2-isopentenyl-4-isohexenoylcyclopent-2-enone. 2.4.6-Tri-isopentenyl- 
phloroglucinol gave 3,4-dihydroxy-2,4,6-tri-isopentenylcyclohex-2-en-l,5-dione which, on prolonged exposure 
to air, afforded 3.5-dihydroxy-2.5-di-isopentenylcyclopent-2-ene-l.4-dione. 

IN an earlier paper of this series we drew attention to 
the differences in reactivity of a series of substituted 
polyhydric phenols towards oxygen, in relation to the 
specific question of the aerial-oxidation of the hop 
constituents, the deoxyhumulones (1). By competi- 
tive experiments it was shown that the higher the 
number of substituents on the benzenoid system, the 
greater the reactivity, and that certain substituents 
were more effective than others. Thus alkyl or alkeliyl, 
and hydroxy groups conferred greater reactivity than 
acyl groups. The products of these oxidations were 
known to be complex, and only in the case of the deoxy- 
humulones (1) were they characterised, albeit incom- 
pletely. In  the preceding paper, those products and 
their interrelationships have been discussed in more 
detail, and we now describe the characterisation of some 
of the aerial-oxidation products of the other polyhydric 
phenols. In  the investigations of aerial-oxidations of 
hop constituents it has often proved valuable to use 
chemical reagents, e.g. lead tetra-acetate,2 organic 
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per acid^,^ and persulphate salts to obtain oxidation 
products which are also formed amongst those derived 
from air ; notable examples include c o h ~ l u p o n e , ~ ~ ~  
t ric yclodeh ydroisohumulone,z and humulinone .7-9 We 
therefore also examined the products obtained when 
m-chloroperbenzoic acid was used as an oxidant for this 
series of phenols. Peracid reagents are particularly 
associated with attack at  double bonds lo whereas 
reagents such as lead tetra-acetate are more likely to 
initiate reaction on the aromatic nucleus where the 
resulting free radicals are highly stabilised. 

Each of the series of phenols (2)-(7) (of which aceto- 
deoxyhumulorie (6) is the subject of the preceding paper) 
was allowed to react separately with air and the peracid. 
Whilst the latter reacted with all the compounds, air, 
as expected,l gave no reaction with the first three, but 
reacted readily with ( 5 ) ,  (6), and (7). 

The simplest of the phenols (2) reacted smoothly with 
m-chloroperbenzoic acid to give the hydroxychroman 
(8) in high yield, whose structure followed unambigu- 
ously from its spectral data. In  particular the cyclis- 
ation of the side-chain [presumably as its epoxide (cf. 
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ref. ll)] to give the hydroxychroman ring system was 
confirmed by the a carbinyl proton signal at t 6.17, 

OH 

R1  = O H , R 2 =  CH2CH:CMeZ 
H 

Me P 
R 

( 8 ) R  = O H  
( 9 ) R  = O T O S  

( l 0 ) R  = H 

(dd, Jsx  8.4 J B X  9.1 Hz) and associated CH, multiplet 
centred on T 7.14 (JAB 16.6 Hz). The magnitudes of 
the coupling constants are in accord with a time- 
averaged conformation with an equatorial OH group. 
Tosylation of (8) in pyridine gave the tosylate (9) which 
was reduced with lithium aluminium hydride to the 
crystalline chroman (10) identical to an authentic 
sample.12 Treatment of (8) with 9-toluenesulphonic 
acid in refluxing benzene gave the benzofuran (11) 
rather than the chromen (12). Similar ring contractions 
have been anticipated p rev iou~ ly .~~  Peracid oxidation 
of aldehydes structurally related to (2) can give both 
hydroxychroman or 2( l-methyl-l-hydroxy)ethyldihy- 
drofuran ring systems.14 

The di-isopentenyl analogue of (2), (3) l5 gave a more 
complex mixture with the peracid. Column chromato- 
graphy afforded a mixture of two components, barely 
separated by t.1.c. The field desorption (FD) mass- 
spectrum l6 on the mixture gave a single molecular ion 
of 304 a.m.u. (1OOyo) showing the addition of 1 oxygen 
atom to (3) and the U.V. spectrum (Amx. 289 nm) was 
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typical of a dihydroxydialkylacetophenone with a sub- 
stituted para-OH group (A(alkali),,. 288 nm). 

In the lH n.m.r. spectrum of this mixture, four high- 
field singlets could be seen at t 8.81, 8.75, 8.70, and 8.66 
suggesting both the 2-( l-hydroxy-l-methylethy1)dihy- 
drofuran and the 2,2-dimethyl-3-hydroxydihydropyran 
grouping respectively. The associated carbinyl methine 
proton signals could be seen at 2 5.26 (t, J 9 Hz) and 
6.15 (t, J 6 Hz), and two distinct low-field chelated OH 
signals appeared at  t -2.54 and -2.86. The allylic 
methylene signal was observed at  T 6.8, hence the 
structures (13) and (14) are proposed for these two 
components. The products of oxidative cyclisation of 

8’ 
( 1 1  1 

M e  

( 1 3 )  

PMe 0 

( 1 4 ) R  = O H , R ’ =  H 
( 1 5 ) R  = H , R ’  = O H  

( 1 6 ) R  = A C  
( 3 1 )  R = CH2CH:CMe2 

0 

( 1 7 ) R  = H , R 1  = Ac 
( 1 8 ) R  = A c , R 1  = H 
( 1 9 ) R  = CHzCH:CMez ,R1  = A c  

( 3 2 a ) R  = CH2CH:CMe2,R1  = H 
HO ‘ OH ( 3 2 b ) R  = H ,R1  = C H 2 C H : C M e 2  

Ho%R1 R ( 3 3 ) R  = C H z C H 2 C M e 2 , R 1  = A c  

the alternative side-chain [e.g. (15)] would be expected 
to show the remaining =CH*CH,- signal at T 6.6 as in 
the starting phenol (3), but the observed (C-3) allylic 
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methylene signals in (13) and (14) appear at z 6.8 as for 
C-3 in (3). 

The phenol (4), also unreactive to air, gave three 
isolable products with equimolar amounts of the peracid. 

The least-polar red, semisolid compound, M+ 250 
(looyo) (FD), showed a U.V. spectrum almost identical 
with that of humuloquinone l7. The 1H n.m.r. spectrum, 
apart from the expected isopentenyl and acetyl signals, 
showed the anticipated very low field OH signal z -8.65 
due to the 6-membered chelated OH group and this 
product must, therefore, be the dehydroacetohumulo- 
quinone ( 16). 

The remaining two compounds were obtained as a 
sharp melting (179-181 "C) solid mixture, giving a 
single spot on t.1.c. FD and (EI) mass spectra indicated 
a common molecular ion of 252 a.m.u. The U.V. 

spectrum, whilst typical of the basic monosubstituted 
acylphloroglucinol in neutral solution, showed a batho- 
chromic shift of the main band in alkali from 292 to 
325 nm suggesting a free para-OH group. The lH n.m.r. 
spectrum, in keeping with the presence of a mixture, 
showed two major O-CMe signals at z 8.58 and 8.68 
with two minor signals at T 8.71 and 8.62, but indicated 
only the hydroxychroman ring system (T 6.22, t ,  J = 7 
Hz). In  the low-field region two singlets were seen, the 
major one, a t  z -3.68, was consistent with the ortho- 
cyclised hydroxypyran structure (17). Presumably 
smaller amounts of the para-cyclised isomer (18) were 
also present in the mixture. 

Of the remaining three phenols (5), (6), and (7), all 
of which are sufficiently reactive to undergo oxidation 
in air,l the aerial-oxidation products of the acetodeoxy- 
humulone (6) have already been discussed (see preceding 
paper). Oxidation of (6) with 1 mole equivalent of m- 
chloroperbenzoic acid gave the oily hydroxychroman 
(19) identical in all respects with the sample obtained by 
aerial oxidation (see preceding paper), The other 
major product obtained was the tricyclic chroman (20). 
The latter, which showed the expected U.V. spectrum and 
a single (molecular) ion m/e 336 in the FD mass spectrum, 
gave evidence of the two oxidised ring systems, the 
hydroxypyran and 2( l-methyl-l-hydroxyethy1)dihydro- 
furan, with triplets in the lH n.m.r. spectrum at  T 6.21 
( J  = 6 Hz) and 5.29 ( J  = 9 Hz) respectively. A low- 
field singlet (1 H) at  T -3.75, and the fact that (20) 
was formed easily from (19) with the peracid, established 
the orientation of the two rings as shown and the com- 
pound was identical to that formed from (6) in air (see 
preceding paper). The peracid reaction on (6) also gave 
smaller amounts of a mixture of isomeric tricyclic 
compounds which were not completely characterised but 
whose spectroscopic properties indicated different com- 
binations of the dihydropyran and dihydrofuran ring 
system. 

The dialkenylphloroglucinol (5) when kept for several 
months at ambient temperatures, slowly oxidised to two 
observable new products of higher polarity. The most 

l7 G. Harris, G. A. Howard, and J. R. A. Pollock, J .  Chem. SOC., 
1952, 1906. 

polar, from its FD and EI mass spectra, showed M' 
278.152 3 (C16H2204), i.e. the addition of one oxygen 
atom to (5), and showed a base peak at m/e 69, suggesting 
the cleavage of a dimethylallyl group at  an sfi3 ring 
carbon. In  the lH n.m.r. spectrum the normal signals 
from the side-chain vinylic methyls and hydrogens were 
evident as were the corresponding methylene signals 
(T 6.95, d ,  J = 7 Hz and 7 7.4, m) (from C-6 and C-4 
respectively). The only other signals apart from the 
quaternary OH proton (7  7.85 s,) were two lines centred 
in z 6.5 and a minor broad singlet at T 4.02. These 
signals were in keeping with the nuclear methylene (AB 
system) and vinyl hydrogen groups in the tautomeric 
pair (21) and (22) respectively. The former signal was 
very close to that a t  7 6.47 (m) for the incompletely 
characterised tetrahydro-analogue reported earlier.ls 
The cyclohexane (21)/(22) was readily isomerised under 
alkaline conditions to the cyclopentenone (23) whose U.V. 

spectrum [A,, 270 nm, A,, (acid) 253 nm] was almost 
identical to that of its tetrahydro-analogue (24) m.p. 
156 O C . 1 8  Hydrogenation of (23) gave (24), m.p. 155- 
156 "C, whose l H  n.m.r. spectrum was identical to that 
reported. la 

The formation of (23) [rather than the isomer (25)] from 
(21) contrasts with the ring contraction of humulone 
(26) to the isohumulones (27) and supports the sug- 
gestion of Shaw l9 that the anomalous acid and base- 
catalysed ring-contraction of the model humulone (28) 
to (29) must be preceded by deacylation of (28) to (30). 
Similar conclusions may be drawn from results with the 
tetrahydro-derivative of (22) and i t  seems clear that 
the absence of the exocyclic carbonyl in humulones (26) 
confers the alternative regiospecificity on the ring 
contraction. The second product of aerial-oxidation of 
(5) was a red oil which was obtained as a red gum after 
chromatography. FD mass spectrometry (M+ 276) 
showed that addition of one oxygen to, and removal of 
two hydrogens from, (5) had occurred, and the lH n.m.r. 
spectrum showed only the signals of the now identical 
dimethylallyl side-chains. The U.V. spectrum and 
elemental analysis confirmed the quinone structure (31). 

The effect of peracid on (5)  was to produce both 
compounds (21) and (31), the former in much diminished 
yield, but in addition, attack at  the double-bonds gave 
much larger amounts (ca. 20%) of a crystalline solid 
whose mass spectra (EI and FD) confirmed the gain of 1 
oxygen atom (M+ 278 a.m.u.) and whose U.V. spectrum 
closely resembled that of the starting phenol. The 
hydroxychroman structures (32a or b) were indicated 
by the l H  n.m.r. resonances at  T 6.24 (t, J = 6 Hz, 1 H) 
7.4 (in, 2 H) and 8.76, and 8.72 (2 s, 6 H) which replaced 
those of one of the dimethylallyl side-chains of (5 ) .  
Small-scale hydrogenation and Friedel-Crafts acetyl- 
ation of (32) gave a single product, M +  (FD) 322 a.m.u. 
whose U.V. spectrum [A,,, (EtOH) 293 nm, (alkaline 
EtOH) 240sh and 336 nm] EI, mass spectrum, and t.1.c. 

l8 W. J.  G. Donnelly and P. V. R. Shannon, J .  Chem. SOC. ( C ) ,  
1970, 524. 

l9 S. J. Shaw, Chem. Comm. ,  1968, 183. 
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characteristics were identical with the hydroxychroman simple showing two distinct dimethylallyl side-chains, 
(33) (see preceding paper). Hence the orientation (32a) and the resonances of the methylene doublets ( T 7.47 and 
follows for the unsaturated hydroxychroman. 6.92, each J = 7 Hz) established the structure (36). As 

The final phenol (7) in the series had been shown expected the i.r. showed a strong OH stretching band at 
earlier by kinetic studies to be the most reactive to 
oxygen, and this was borne out in the present work. 
After 3 weeks in the air at 0 "C the oily phenol (7) had 
partly oxidised to two main products. Column chro- 
matography gave the first as an oil, M +  346.2125 
(C,,H,O,). Fragment ions in the EI mass spectrum at  
M - 69, M - 55 - 69 and m/e 69 and 55, corresponding 
to cleavage of dimethylallyl side-chains both a and p to a ( = R 1  = 2 ' c  : c  M e  2 
ring, implied their attachment to sp3 and sp2 hybridised 

OH 
0 

HO "*: R 

( 2 4 1 R = R1 = CH 2CH 2C Me 2 

( 2 9 ) R  = R' = E t  

( 2 2 )  ' 
carbons respectively. The U.V. spectrum was very 
similar to that of compound (22). From the IH n.m.r. 
spectrum it was evident that  the three dimethylallyl 
side-chains of (7) remained unaffected. The C=CMe, 
signals ( T  8.30 and 8.36) and the corresponding olefinic 
signal ( T  4.95) were accompanied by two multiplet 
signals in the ratio 2 : 1 at T 7.4 (4 H) and 6.98 (2 H), 
characteristic of singly and double allylic CH, groups 
respectively. A four-line signal centred on T 6.57 (1 H) 
(Jax + J s x  12 Hz) could be assigned to the ring- 
methine pioton of a cyclohexadione (cf. ref. 20) and 
the above facts lead only to the diastereomeric structures 
(34). The non-conjugated carbonyl group was confirmed 
by a band at 1 720 cm-l in the i.r. spectrum. 

The second compound, obtained pure only after p.l.c., 
was shown by FD and EI mas spetrometry to have M+ 
264.135 3 (C15H2,04). The molecular formula implied 
a gain of two oxygen atoms and a loss of an isohexenoyl 
side-chain from a ring-contracted form as in (25). The 
U.V. spectrum [A,,. (acid EtOH) 275 nm, A,,, (alkaline 
EtOH) 240 and 325 nm] was also in accord with a 5- 
membered ring and was very similar to  that of t,he di- 
ketone (35).,l The lH n.m.r. spectrum was unusually 

2o ' High Resolution N.M.R. Spectra Catalogue ', Spectrum 

21 J. S. Burton and R. Stevens, J .  Chem. SOC., 1963, 4382. 
512, Varian Associates, Palo Alto, California, 1962. 

(26)R = CH2CHMe2 

( 2 8 ) R  = Me,R1 = R2 = M e  
R 1  = R 2  = CH:CMe, 

HO 3i)- 
(30) 

HO 
HO 

( 3 4  1 Y 

0 OH 0 OH 
(35 1 (36) 

(37) 

vmX. 3620 cm-1 and the adsorption in the C=O region 
(vmaX. 1 745 and 1 690 cm-l) was very similar to that 
(1 740 and 1 680 cm-l) for (35).,l 

It seemed possible that the diketone (36) might be 
formed directly from (34) in air. 
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In  fact (34), at room temperature (as in oil) for two 
days gave, after p.l.c., a 55% yield of the diketone (36), 
identical characterisation (t.1.c. and u.v., n.m.r. , and 
i.r. spectra) with the sample isolated from oxidation of 
the phenol (7). This evidently ready conversion is 
relevant to the problem of the formation of hulupones 
(37) in air.22 (cf. ref. 23). 

Oxidation of (7) with peracid gave a very complex 
mixture from which only small amounts of (34) could be 
isolated. 

The range of structures established for the oxidation 
products of these phenols (a) from air and (b )  from 
peracid tends to indicate a different function for each of 
the oxidants. Both reagents can oxidise the unsaturated 
side-chains , but whilst peracid is predictably unselective, 
oxygen shows a more discriminative reactivity. Both 
reagents will attack the aromatic nucleus, but only in the 
more highly substituted phenols. 

The validity of the use of m-chloroperbenzoic acid to 
simulate the effect of oxygen on this group of multi- 
functional compounds must , therefore, be considered 
carefully. 

EXPERIMENTAL 

General conditions are as described in the preceding 
paper. Light petroleum refers to that of b.p. 40-60 "C 
unless stated otherwise. FD refers to field desorption 
mass-spectra. I .r. spectra were measured in chloroform 
solutions. Where spectral data (u.v., n.m.r., or mass) 
have been deposited as Supplementary publication (SUP 
No. 22144, 13 pp.) for a compound the name is asterisked.* 

Aerial Oxidation of 2,4-Dihydroxy-5-isopentenylacetophe- 
none (2).-The above ketone (15 mg), m.p. 144 "C (1it.,l6 
146145 "C) was dissolved in deuteriochloroform (0.5 ml) 
in an n.m.r. tube and left to oxidise slowly a t  20 "C for 20 
weeks. The solvent level was maintained at 0.5 ml and 
progress of autoxidation was followed by n.m.r. spectro- 
scopy. 

Peracid Oxidation.-The ketone (2) (100 mg), m-chloroper- 
benzoic acid (100 mg) and p-toluenesulphonic acid (4 mg) 
were dissolved in chloroform (12 ml) and the mixture stirred 
a t  19 "C for 2$ h. The mixture was then washed with dilute 
aqueous sodium carbonate (2 x 50 ml) and water (2 x 50 
rnl) and then dried (MgSO,*H,O). Evaporation of the 
solvent under reduced pressure gave a white solid (88 mg). 
Recrystallisation from light petroleum (b.p. 30-40 "C) 
and chloroform gave 6-acetyl-3,7-dihydroxy-2,2-dimethyl- 
chroman (8) * as colourless crystals (65 mg), m.p. 135.5- 
136.5 "C, (Found: C, 65.8, H, 6.6. C13H1604 requires C, 
66.1; H, 6.8%). 

Tosy1ation.-The hydroxychroman (8) (100 mg) and p -  
toluenesulphonyl chloride (84 mg) were dissolved in dry 
pyridine (4 ml) and the mixture stirred a t  20 "C for 6 days. 
Chloroform (25 ml) was added and the mixture washed with 
dilute hydrochloric acid (0.5~; 8 x 20 ml) and water 
(6 x 25 ml) . The chloroform layer was dried (MgSO,.H,O) 
and evaporation of the solvent under reduced pressure gave 

No sign of oxidative breakdown was observed. 

a brown oil (97 mg). Chromatography on silicic acid 
(25 x 2.5 cm) and elution with ether-light petroleum 
(2 : 3) afforded a white solid (30 mg). Recrystallisation 
from light petroleum (b.p. 30-40 "C) and chloroform gave 
colourless crystals of the tosylate (9) * (16 mg), n1.p. 114.5- 
116 "C (Found: M+, 390.114 2. C,,H,,O,S requires M ,  
390.113 7). 

Reduction of the Tosylate (9).-The above tosylate (20 
mg) in freshly dried ether (100 ml) was treated with an 
excess of lithium aluminium hydride, added slowly a t  such 
a rate that  the reaction mixture boiled gently. When 
reduction was complete (t.l.c.), the excess of reagent was 
destroyed with moist ether. The reaction mixture was 
then poured onto an excess of ice-cold dilute sulphuric 
acid. The ether layer was washed with water (2 x 25 ml), 
dried (MgSO,-H,O), and evaporation of the solvent under 
reduced pressure gave a solid (14 mg). P.1.c. gave a white 
solid (8 mg), which after recrystallisation from light petrol- 
eum and chloroform afforded the chroman (10) (3 mg), 
m.p. 114-115 "C, identical in all respects (t.l.c., u.v., and 
n.m.r.) with an authentic sample,12 m.p. 115-116 "C, 
mixed m.p. 113.5-115.5 "C. 

Dehydration of (8) to the Benzofuran ( 1 1) .-The hydroxy- 
chroman (8) (50 mg) was gently heated under reflux in 
benzene (10 ml) with p-toluenesulphonic acid (50 mg) under 
a slow stream of oxygen-free nitrogen. The dehydration 
was followed by t.1.c. After 2 h, the mixture was concen- 
trated (140 mg), ether (25 ml) was added to it, and the 
mixture extracted with aqueous sodium carbonate ( 1 yo 
w/v; 4 x 25 ml). The ether layer was washed with water 
(4 x 25 ml) and dried (MgSO,*H,O). Evaporation of the 
solvent under reduced pressure yielded a brown oil (24 mg), 
which gave a single spot on t.1.c. P.1.c. afforded a crystal- 
line solid (10 mg). Recrystallisation ( x  2) from light 
petroleum (b.p. 30-40 "C) a t  low temperature yielded 5- 
acetyZ-6-hydroxy-2-isopro~yZbenzo[b]furan ( 1 1) * as yellow 
crystals (2 mg), m.p. 57-58.5 "C (Found: C, 71.0; H, 
6.4. C&& requires C, 71.5; H, 6.5%). 

Aerial Oxidation of 2,4-Dihydroxy-3,5-di-isopentylaceto- 
phenone (3).-The ketone (3) (15 mg), m.p. 108 OC (Lit.16 
109-110 "C) in deuteriochloroform (0.5 ml) was kept in an 
n.m.r. tube at 20 OC for 19 weeks, progress of autoxidation 
being followed by n.m.r. No sign of oxidative breakdown 
was observed. 

Peracid Oxidation.-The ketone (3) (200 mg), Yn-chloroper- 
benzoic acid (250 mg), and p-toluenesulphonic acid (25 mg) 
were stirred in chloroform (25 ml) for 1 h at 19 "C. Work-up 
as for compound (2) yielded an orange gum (240 mg) , which 
was chromatographed in silicic acid (27 x 2.5 cm). 

Elution with ethyl acetate-light petroleum (2 : 3) gave a 
mixture of two spots (barely separated) as an oil (40 mg), 
identified as (13) * and (14) *, RF = 0.60, 0.58 (CHCl,). 
Elution with ethyl acetate-light petroleum (7 : 3), gave an 
oil (140 mg), which after repeated p.1.c. gave a single spot in 
several t.1.c. systems, RF = 0.28 in chloroform, 285 
and 315sh nm, Lz (alkaline EtOH) 287 and 345 nm. 
Analysis by FD mass spectrometry and n.m.r. spectroscopy 
showed this oil (20 mg) to be a complex mixture. 

Aerial Oxidation of 2,4,6-Trihydroxy-3-isoj1entenylaceto- 
phenone (4).-The above ketone (15 mg), m.p. 171-172 "C 
(lit.,,, 172") in deuteriochloroform (0.5 ml) was kept in an 

* For details of the Supplementary publications scheme, see 

22 J.  P. Regan, European Brewery Convention, Proceedings of 

n.m.r. tube a t  20 " c  for 20 weeks. Progress of admidation 
23 W. Reininger, Chem. Ber., 1973, 106, 1309. 
24 W. Riedl, J. Nickl, K. H. Risse, and R. Mitteldorf, Chem. 
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12th Congress, Interlaken, 1969, 471. B e y . ,  1956, 89, 1849. 
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was monitored by n.m.r.; no sign of change was observed 
over this period. 

Peracid Oxidation.-The ketone (4) (250 mg), m-chloroper- 
benzoic acid (250 mg), and p-toluenesulphonic acid (10 mg) 
were stirred in chloroform (30 ml), a t  20 "C for 2 h. Work- 
up as for the oxidation of compound (2) gave a red oil 
(240 mg) . Chromatography of this oil on silicic acid (27 x 
2.5 cm) and elution with ethyl acetate-light petroleum 
(1 : 4) gave an oil (45 mg) which after p.1.c. gave the quinone 
(16) (12 mg) as a red gum which could not be recrystallised 
(Found: C, 62.2; H, 5.5. C13Hl,05 requires C, 62.4; H, 
5.6%). 

Elution with ethyl acetate-light petroleum (2  : 3), gave 
an oil (55 mg), which after careful recrystallisation from 
chloroform and light petroleum (b.p. 30-40 "C) afforded 
a yellow crystalline mixture (18 mg) of the two isomeric 
hydroxychromans (1 7) and ( 18). * These isomers were 
inseparable by chromatography or recrystallisation, and 
gave a single spot on t.1.c. The sample had m.p. 179- 
181 "C (Found: C, 61.9; H, 6.2.  C13H1605 requires C, 
61.9; H, 6.4%). 

Peracid Oxidations of Deoxyacetohumulone (6) .-(i) With 
1 mole/l mole. Deoxyacetohumulone (6) (200 mg), m.p. 
78-79 "C (lit.,25 78-79 "C), m-chloroperbenzoic acid 
(150 mg), and p-toluenesulphonic acid ( 8  mg) were stirred 
in chloroform (24 ml) a t  20 "C for 1.5 h. Work-up as for 
the oxidation of (2) gave a brown oil (208 mg). P.1.c. (plates 
3 x 20 x 20 cm) afforded unchanged deoxyacetohumulone 
(71 mg) and a band containing the major components of 
the reaction (85 mg). Column chromatography on silicic 
acid (15 x 2.5 cm) and elution with ethyl acetate-light 
petroleum (1 : 4) afforded the hydroxychroman (19) as an 
oil ( 19 mg) , identified unambiguously by comparison (u .v., 
t.l.c., and n.m.r.) with the sample obtained by aerial oxid- 
ation of (6) (see preceding paper). 

Elution with ethyl acetate-light petroleum (2 : 3) afforded 
a solid (12 mg). Recrystallisation from boiling chloroform, 
acetone, and light petroleum (b.p. 30-40 "C) afforded 
crystals of the hydroxychroman (20) * m.p. 197.0-199.5 "C 
(softening a t  196.0 "C) (Found: M+, 336.157 1. C18H2406 
requires M ,  336.157 3).  

(ii). With 2 mole/] mole. Deoxyacetohumulone (6) 
(200 mg), m-chloroperbenzoic acid (230 mg), and p- 
toluenesulphonic acid (25 mg) in chloroform (25 ml), were 
stirred a t  20 "C for 0.5 h. Work-up as before gave a yellow 
solid (208 mg) , which was chromatographed on silicic acid 
(25 x 3.0 cm). 

Elution with ethyl acetate-light petroleum (1 : 4) gave 
the hydroxychroman (19) (8 mg) as an oil, which was 
identical in all respects to that obtained above. 

Elution with ethyl acetate-light petroleum ( 2  : 3) 
afforded the tricyclic compound (20) as a solid (35 mg), 
m.p. 196-199.5 O C ,  mixed m.p. 196-198 "C identical to 
that obtained above. 

Conversion of Compound (19) into (20).-The hydroxy- 
chroman (19) (28 mg), m-chloroperbenzoic acid (20 mg) 
and p-toluenesulphonic acid ( 2  mg) were stirred in chloro- 
form (10 ml) a t  19 "C for 0.5 h ;  work-up as for compound 
(2) gave a yellow solid (21 mg). P.1.c. yielded a pale cream 
solid (8 mg) which was recrystallised from chloroform and 
light petroleum (b.p. 30-40 "C) to give the colourless solid 
(20), m.p. 195-198 "C. Its U.V. and lH n.m.r. spectra 
were identical to those for the specimen (m.p. 197.0-199.5") 
described above. 

Oxidations of Di-isopentenylphloroglucinol (5) .-(a) Aerial 

oxidution. The phenol (5) (2 .5  g; oil) was set aside to 
oxidise in the air a t  20 "C for 3 months. The oil was then 
chromatographed on silicic acid (36 x 3.5 cm). 

Elution with ether-light petroleum (1 : 4) gave a red oil 
(51 mg) which was purified by p.1.c. to yield the p-quinone 
(31) as a red gum (17 mg). It was identical (t.l.c., u.v., 
i.r., and n.m.r.) to the sample obtained from the peracid 
oxidation of (5) (see below). Elution with ether-light 
petroleum (2  : 3) gave the starting phenol (5) as an oil 

Elution with ether-light petroleum (7 : 3) gave the 
cyclohexadione (21) * as an oil (145 mg), which gave a single 
spot on t.l.c., RF 0.36 (Found: M+, 278.152 3. C16H2,0, 
requires M I  278.151 8. 

The dione (21) 
(140 mg) in methanol (3  ml) was added to boiling aqueous 
sodium carbonate ( 0 . 1 ~ ;  20 ml) under nitrogen. After 20 
min the mixture was poured onto ice, acidified ( ~ N - H C ~ ) ,  
and extracted into ether, The ether layer was washed with 
water (3  x 20 ml) and dried (MgSO,-H,O). Evaporation 
of the solvent under reduced pressure yielded an oil (129 
me). Chromatography on silicic acid (26 x 2.0 cm) and 
elution with redistilled ethyl acetate-light petroleum (2 : 3) 
gave the cyclopentenone (23) * as an oil (35 mg). The 
oil was unstable and high-resolution mass spectrometry was 
not immediately available. After 4 weeks FD mass spectro- 
metry gave m/e 278 (48%) ( M + ) ,  294 (100%) (M+ + 0),  

Hydrogenation of compound (23) to (24). The cyclo- 
pentenone (23) (35 mg) in ethanol (4  ml) was hydrogenated 
over 10% palladium on charcoal (25 mg) a t  19 "C and atmos- 
pheric pressure. After uptake of 2 mole equiv. of hydrogen, 
the catalyst was filtered off and the solvent evaporated 
under reduced pressure to leave a gum (22 mg). Crystal- 
lisation a t  0 "C gave a solid which after recrystallisation 
( x  2) from chloroform and light petroleum (b.p. 30- 
40 "C) gave (23) as a colourless solid (5 mg), m.p. 155- 
156 "C (1it.,l8 157.7-158 "C). The U.V. and IH n.m.r. 
spectra of (24) were identical to those reported 

Di-isopentenylphlorogluci- 
no1 (5) (1.175 g), m-chloroperbenzoic acid (520 mg), and p- 
toluenesulphonic acid (100 mg) were stirred in chloroform a t  
19 "C for 0 .5  h. Work-up was as described above, and an 
oil was obtained (1.24 g) ,  which was chromatographed on 
silicic acid (30 x 2.5 cm) . 

Elution with ether-light petroleum (1 : 4) yielded the 
quinone (31) * as a red gum (168 mg) (Found: C, 69.6; 
H, 7.1.  C,,H,,O, requires C, 69.5; 7 .3%).  Elution with 
ether-light petroleum (7 : 3) gave the dione (21) as an oil 
(12 mg). Its t.1.c. and u.v., i.r., and n.m.r. spectra were 
identical to those of the characterised sample obtained from 
the air oxidation of (5). 

Elution with ether-light petroleum ( 4 :  1) gave crude 
(32a) (121 mg) which, after p.1.c. gave an oil (51 mg). 
Crystallisation from chloroform and light petroleum (b.p. 
30-40 "C) gave a brown solid (22 mg), recrystallisation 
( x 2) of which gave the hydroxychroman (32a) * as brown 
crystals (10 mg), m.p. 52-53.5 "C (Found: M', 278.151 5. 
Cl,H2,0, requires M ,  278.151 8). 

The hydroxychroman (32a) (10 mg) in 
ethanol ( 3  ml) was hydrogenated over 5% palladium on 
charcoal (10 mg) a t  20 "C and atmospheric pressure. After 
uptake of 1 mole equiv. of hydrogen ( ZI 0.6 ml), the catalyst 

(1.12 g). 

Isomerisation of compound (21) to (23). 

310 (62%) ( M  + 0 2 ) .  

for (23).  
(b) Peracid oxidation of (5). 

Hydrogenation. 

25 E. Collins and P. V. R. Shannon, J.C.S .  Perkin I ,  1973, 419. 
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was filtered off and the solvent evaporated under reduced 
pressure to leave an oil (9 mg) , which gave a single spot on 
t.l.c., A,,,. 278 and 290 nm, Amax. (alkaline EtOH) 270sh, 
282sh, 292sh, and 333 nm. 

Acylation of the hydrogenation product. The above 
hydrogenated product (9 mg) and aluminium chloride (15 
mg) were stirred in nitrobenzene (2.5 ml) and acetyl chloride 
(0.2 ml) was added slowly. The mixture was stirred a t  
20 "C for 3 days. T.1.c. analysis showed the formation of 
one spot of lower polarity than the starting compound. 

Ether (25 ml) was added and the mixture extracted with 
sodium hydroxide solution ( 1 ~ ;  30 ml). The alkaline 
phase was washed with ether ( 3  x 20 ml), acidified (4N- 
HCl) and extracted into ether (3  x 20 ml), and dried 
(MgSO,*H,O) . The solvent was removed under reduced 
pressure to leave an oil (7 mg). This was subjected to p.1.c. 
and afforded an oil (ca. 1 mg), A,,, 293 nm, A,,,, (alkaline 
EtOH) 240sh and 336 nm. This compound was identified 
unambigiously as the saturated and acylated hydroxy- 
chroman (33) and shown to be identical to a fully character- 
ised sample of the hydroxychroman (33) (see preceding 
paper) (t.l.c., u.v., and EI mass spectrum). 

Oxidations of Tri-isopentenylphloroglucinol (7) .-(a) Aeria l  
oxidation at 0 "C. The trisubstituted phenol (7) (1.01 g) 
was kept a t  0 "C and left to autoxidise slowly over 3 weeks. 
The oil was then chromatographed on silicic acid (column 
35 x 2.5 cm). Elution with ether-light petroleum (3 : 7) 
yielded the dione (34) * as an oil (60 mg) (Found: M+, 
346.212 5 .  C,,H,,O, requires M ,  346.214 3). 

Elution with ether-light petroleum (7 : 3) gave a yellow 
oil (110 mg) which was purified by p.1.c. to give the cyclo- 
pentenone (36) * as a yellow gum (55 mg) (Found: M+, 
264.135 3. 

The remaining complex mixture of minor oxidation 
products were washed off the column using methanol to 
leave a thick brown gum (675 mg) . 

Aerial oxidation of compound (34) to (36).-The dione 
(34) (35 mg) from the aerial oxidation of (7) was kept as an 
oil to oxidise a t  20 "C for 2 days. T.1.c. analysis showed 
the formation of one red spot. P.1.c. afforded the compound 
(36) as a yellow oil (15 mg), whose t.1.c. and other properties 
(u.v., ix., and n.m.r.) were identical to those of the sample 
obtained from the air oxidation of the phenol (7) .  

(b) Peracid oxidation. The phenol (7)  (0.505 g), m- 
chloroperbenzoic acid (270 mg), and p-toluenesulphonic 
acid in chloroform (20 ml) were stirred at 19 "C for 0.5 h. 
The mixture was worked up as for the oxidation of com- 
pound (2) to give an orange oil (460 mg). Chromatography 
on a silicic acid column (17 x 2.0 cm) and elution with 
ether-light petroleum ( 1  : 4) afforded an oil (25 mg), which 
gave a single spot on t.1.c. It was shown to be identical 
to the dione (34) by comparison (t.l.c., u.v., n.m.r.) with the 
sample obtained from aerial oxidation of (7) .  

C1,H,,O, requires M ,  264.136 2) .  
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