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Abstract-The separation and identification of nine previously undetected volatile, moderately water-soluble 
compounds in hops are described. The occurrence of the gem-dimethyl group m every structure strongly 
suggests isoprenoid participation in then origin. Although the ketone, two acids, and four alcohols identified 
also occur in certain fruits, the 3-methylbut-2-en-l-al and 2,2-dimethyl-.5-oxo-2,5-dihydrofuran appear to be 
characteristic of hops. 

INTRODUCTION 

IN RECENT years many workers have been concerned with the identification of the constituents 
in the essential oil of hops. Hop oil is a complex mixture consisting mainly of terpenes and 
oxygenated substances. Most of the major constituents of steam-distilled hop oil have now 
been identified, and an excellent review ofthe literature has recently been published.’ Although 
the likelihood of a volatile, water-soluble fraction has been postulated, this has remained 
undetected because it is not readily isolated by normal steam distillation methods.2* 3 In the 
brewing process, hops are normally boiled in the wort for about 2 hr. It is also common 
practice to add hops to barrels of new beer. The hops are steeped for about 3 weeks. This 
process is known by experience to give added hop character to beer. Hence the volatile, 
water-soluble fraction of hops may be of considerable importance in beer flavour and aroma.4 

A special distillation-extraction apparatus and technique for the examination ofworts and 
beers has been described in which the steam distillate was continuously extracted with a suit- 
able solvent.s This method was used in our current work to provide an extract containing 
volatile constituents possessing moderate water-solubility. A preliminary communication 
described the isolation and identification of 2-methylbut-3-en-2-01 as the major constituent 
of the extract examined.6 

In this study eight more compounds which appear to be the most important in the extract 
from a quantitative viewpoint have now been identified after separation by gas-liquid 
chromatography (GLC). 

RESULTS AND DISCUSSION 

Hops (variety Bullion) which had been stored for approximately 6 months, were employed 
to provide various extracts. The normal steam distillation method3 was used to obtain an 

* Hop Research Department. 
t Agricultural Research Council Unit on Plant Growth Substances and Systemic Fungictdes. 

1 R. STEVENS, Chem. Rev. 67,19 (1967). 
2 G. A. HOWARD and C. A. SLATER, J. Inst. Brewing 63,491 (1957). 
3 R. G. WRIGHT and F. E. CoNNERY, Am. Sot. Brewing Chemists Proc. 87 (1951). 
4 R. G. BUTTERY and L.C. LING, Brewers’ Dig. 71(1966). 
5 S. T. LIKENS and G. B. NICKERSON. Am. Sot. Brewing Chemists Proc. 5 (1964). 
6 R. D. HARTLEY and C. H. FAWC&, Chem. Znd. 16Oi (1967). 
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FIG. 1. CIIROMATOGRAMS (FROM TOP TO BOTTOM) OF MATERIALS A, B AND C OBTAINED FROM HOPS 
BY (a) NORMAL STEAM DISTILLATION, (b) DISTILLATION-EXTRACTION AND (C) EXTRACTION AT ROOM 

TEMPERATURE. 

Peak Nos. 1-3 correspond to compounds listed in Table 1. Condltlons of chromatography are glvenm 

the text. The solvent peak nearest the start in (b) and (c) IS due to ether. 
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FIG. 2. CHROMATOGRAM OF EXTRACT D. THIS WAS OBTAINED BY EXTRACTION OF MATERIAL B WITH 
WATER AND THEN EXTRACTION OF THE AQUEOUS PHASE WITH ETHER. 

Peak Nos. correspond to compounds listed in Table 1. Conditions of chromatography are given in the 

text. The solvent peak nearest the start is due to ether. 
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essential oil extract (A). An extract (B) was prepared from the same pocket of hops by the 
distillation-extraction technique5 using ether as solvent. A third extract (C) was obtained 
by grinding similar hops with ether at room temperature. Aliquots of fractions A, B and C 
were examined by analytical GLC (see Figs. l(u), l(b) and l(c)). A comparison of Figs. l(u) 
and l(b) reveals that the fraction B isolated by the distillation-extraction technique contained 
proportionately more of several compounds with low retention time. Figure l(c) also shows 
appreciable quantities of these compounds indicating that they were not artifacts produced 
during the distillation process. 

Fraction B was further extracted with water and the aqueous phase extracted with ether. 
This extract (D) was examined analytically by GLC and the results are shown in Fig. 2. 
The major constituents of this fraction were isolated by preparative GLC and identified 
mainly by physical methods (see Tables 1 and 2). Each compound had a characteristic 

TABLE 1. CQMPOUNDS ISOLATED FROM HOPS 

Peak 
no.* Compound 

Relative GLC relative 
amount? retention2 Methods of identification 

1 3-Methylbutan-2-one 6.9 0.41 GLC, i.r., PMR, U.V. 
2 2-Methylbut-3-en-2-01 100 0.57 GLC, i.r., PMR, u.v., MS, D 

: 
2-Methylpropan-l-01 3.3 0.69 GLC, i.r. 
3-Methylbutan-l-01 1.8 1XtO GLC, i.r. 

5 3-Methylbut-Zen-l-al 5.7 1.05 GLC, i.r., PMR 
6 3-Methylbut-2-en-l-01 13.1 1.31 GLC, i.r., PMR 
7 2-Methylpropanoic acid 9.6 1.97 GLC, i.r. 
8 2,2-Dimethyl-5-oxo-2,5-dihydrofuran 
9 3-Methylbutanoic acid ;:; 

2.17 GLC, i.r., PMR 
2.26 GLC, i.r. 

* Peak No. in chromatogram Fig. 2. 
t Based on peak areas in Fig. 2. 
$ 3-Methylbutan-l-01 eluted after 45 min. 
GLC = Gas-liquid chromatography-authentic and natural compounds had the same retention time. 
i.r. = Infra-red absorption spectroscopy-authentic and natural compounds had identical spectra. 
PMR = Proton magnetic resonance spectroscopy-spectrum of natural compound agrees with structure. 

% 
= Ultra violet absorption spectroscopy-authentic and natural compounds had identical spectra. 
= Mass spectrometry-authentic and natural compounds had identical spectra. 

D = Derivative (see Ref. 6). 

odour. The most abundant compound was 2-methylbut-3-en-2-01 which represented at least 
0.02 per cent of the kiln-dried hops,6 compared with a total essential oil content by the 
Wright and Connery technique3 of 0.6 per cent. Of the compounds found, none has been 
shown previously to be present in hops. According to a recent review,’ the ketone, two acids, 
and four alcohols identitied have been detected in various fruit aromas. 3-Methylbut-2- 
en-l-al and 2,2-dimethyl-5-oxo-2,5-dihydrofuran, however, have not been found in any 
other natural product and so may well prove to be characteristic of hops. Every compound 
isolated contained the gem-dimethyl group and six of the nine constituents had the isoprene 
skeleton. 

Consideration has been given to the interrelationship of these compounds. It has been 
shown that 2-methylbut-3-en-2-01 is converted to 3-methylbut-2-en-l-01 under acidic con- 
ditions* and therefore it is possible that the latter compound was formed in this way. This 

7 H. E. NUTSTEN and A. A. WILLIAMS, Chew. Znd. 486 (1967). 
s I. N. NAZAROV, I. N. AZERBAYEV and V. N. RAKCHEEVA, Zzuestiu Akad. Nauk SSR 419 (1946). 



TA
B

LE
 2.

 S
PE

C
TR

A
L D

A
TA

. 1
.~

. A
ND

 
U.

V.
 
SP

EC
TR

A
 

FO
R 

NA
TU

RA
L 

AN
D 

A
U

TH
EN

TI
C

 C
O

M
PO

U
N

D
S.

 PM
R

 
SP

EC
TR

A
 FO

R
 N

A
TU

R
A

L CO
MP

OU
ND

S 
E 0
0 

Po
si

tio
n 

of
 b

an
ds

 
in

 s
pe

ct
ra

 
- 

PM
R

 
r--

-- 
--

_-
 

---
- 

So
ur

ce
 o

f 
C

om
po

un
d 

3-
M

et
hy

lb
ut

an
-2

-o
ne

 

2-
M

et
hy

lb
ut

-3
-e

n-
2-

01
 

2-
M

et
hy

lp
ro

pa
n-

l-0
1 

3-
M

et
hy

lb
ut

an
-l-

01
 

3-
M

et
hy

lb
ut

-2
-e

n-
l-a

l 

3-
M

et
hy

lb
ut

-2
-e

n-
l-0

1 

2-
M

et
hy

lp
ro

pa
no

lc
 

ac
id

 

2,
2-

D
Im

et
hy

l-5
-o

xo
-2

,5
-d

lh
yd

ro
fu

ra
n 

3-
M

et
hy

lb
ut

an
oi

c 
ac

id
 

i.r
. 

(c
m

-l)
 

__
--

__
 

29
80

,1
72

5,
 

14
77

, 1
36

4 
11

98
,1

15
0,

 1
10

5 

34
70

,3
25

0,
28

80
,1

66
0 

14
05

,1
38

0,
11

60
, 

92
0 

36
80

,3
35

0,
29

80
, 

14
80

 
14

00
, 1

37
5,

10
42

, 
94

2 
36

00
,3

30
0,

29
20

,1
46

7 
13

87
, 1

37
0,

10
58

, 
10

05
 

16
80

,1
63

6,
14

50
,1

38
0 

12
00

,1
17

2,
11

28
, 

10
47

 

36
80

, 3
38

0,
29

50
, 

16
80

 
14

56
,1

38
7,

10
40

, 
99

0 

29
60

, 
17

15
, 1

48
5,

14
27

 
12

98
,1

24
5,

 
94

5 
29

80
, 

17
60

, 1
61

0,
 1

28
0 

11
35

, 
97

2,
 

95
0,

 
70

5 
29

50
, 

17
10

, 1
47

5,
14

17
 

13
08

,1
22

0,
11

75
, 

94
0 

7 
(m

-4
 

8.
94

d 
(7

) 
7.

96
 

8.
74

 
8.

56
 

4G
lq

; 
4.

88
,5

 
10

m
 (J

I=
 

17
, J

2=
 l

o)
* 

- - 

60
3d

(-
1)

,5
82

d(
-1

) 
2.

13
m

 (
9)

 
0.

06
d 

(8
) 

8.
88

 
8 

29
; 

8.
33

 
6.

01
d 

(7
) 

4 
65

t 
(7

) 
- 8.
52

 
4 

08
d 

(6
); 

2.
72

d 
(6

) 
- 

A
ss

ig
nm

en
t 

U
.V

. (n
m

) 
au

th
en

tic
 

sa
m

pl
e 

C
M

e2
 

C
O

M
e 

C
M

e2
 

O
H

 
H

$=
C

H
 

- 
B

D
H

 

= 
C

M
ez

 
C

=C
H

 
C

H
O

 
O

H
 

= 
C

M
ez

 

C
:%

H
 

- 

C
M

ez
 

H
C

=C
H

 
- 

19
0 

EK
 

19
2 

K
L 

- 
B

D
H

 

- 
Sy

nt
he

si
ze

d?
 

EK
 

= 
Ea

st
m

an
 

K
od

ak
. 

K
L 

= 
K

oc
h-

Li
gh

t 
. 

B
D

H
 

=B
rit

ls
h 

D
ru

g 
H

ou
se

s. 
i.r

. 
=I

nf
ra

-r
ed

 
sp

ec
tra

 
(c

le
ar

 f
ilm

 o
r 

ca
rb

on
 

te
tra

ch
lo

rld
e 

so
lv

en
t).

 
PM

R
 

=P
ro

to
n 

m
ag

ne
tic

 
re

so
na

nc
e 

sp
ec

tra
 

(6
0 

M
C

/S
, c

ar
bo

n 
te

tra
ch

lo
rld

e 
so

lv
en

t, 
te

tra
m

et
hy

ls
lla

ne
 

in
te

rn
al

 
re

fe
re

nc
e)

. 
C

ou
pl

in
g 

co
ns

ta
nt

 
(J

, 
c/

s)
 m

 p
ar

en
th

es
is

 
d 

= 
do

ub
le

t, 
t =

 tr
ip

le
t, 

q 
= 

qu
ad

ru
pl

et
, 

m
 =

 m
ul

tip
le

t. 
* 

A
pp

ro
x.

 
fir

st
-o

rd
er

 
an

al
ys

is
 o

nl
y.

 
u 

v.
 

=U
ltr

a 
vi

ol
et

 s
pe

ct
ra

 
(w

at
er

 s
ol

ve
nt

). 
7 

D
et

ai
ls

 g
iv

en
 i

n 
te

xt
. 

Sy
nt

he
sl

ze
dt

 
9 F F 

- 
B

D
H

 
: 2 

- 
Sy

nt
he

sI
ze

dI
- 

- 
B

D
H

 



Identification of volatile, water-soluble compounds from hops (Humulus lupulus L.) 1399 

alcohol could also arise from 3-methylbut-2-en-l-al by dismutation, but it was shown by 
GLC that this reaction did not in fact occur since 3-methylcrotonic acid, the other product 
which would be formed in this reaction, was absent from the extract. 

As the materials isolated from hops are soluble in water it is likely that the efficiency of 
the extraction technique was not very high. Hence the amounts of the compounds available 
for identification could be smaller than those present in wort produced in a brewing process 
using the same quantity of hops. 

Fresh green Bullion hops from the bine were extracted (to give fraction E) in the same 
manner as that used to obtain fraction C from hops which had been kilned and stored. 
Fraction E was shown by GLC to contain a constituent with the retention time of 2-methylbut- 
3-en-2-01. The amount of this compound present in the fresh hops was very small compared 
with the stored material. Examination of the extract (F) from fresh kilned hops gave a similar 
result to the fresh unkilned sample, indicating that 2-methylbut-3-en-2-01 was not produced 
during the drying process. It seems likely therefore that this compound mainly arises during 
storage after kilning. 

The compounds found could have been formed by oxidation in air of the terpenoid 
compounds present in hop resin (e.g. the a-acids, i.e. humulone and analogues, or p-acids, 
i.e. lupulone and analogues) or those in hop oil (e.g. the sesquiterpenes). The a-acids are 
responsible for the characteristic bitterness of beers. 

It is well known that hops lose a- and p-acids and essential oil during storage. At harvest, 
kiln-dried Bullion hops normally contain approximately 8 per cent of a-acid and 1 per cent 
of oil but after 4 months’ storage at room temperature about one-tenth of each of these is 
lost by oxidation.g This variety has the highest a-acid and essential oil content of any English 
hop and also loses a-acid at the fastest rate. g Many brewers are unable to use this variety 
directly in the copper due to the production of an off-flavour. 2-Methylpropanoic and 3- 
methylbutanoic acids, with their rank aromas, might contribute to this. Work is at present 
in progress to examine this possibility. 

Bullion is a commercial hop variety known to have a noticeable blackcurrant aroma and 
it is therefore of interest that five of the nine compounds isolated from extract D in the 
present work have been found in distillates of blackcurrant. 7 Investigations are continuing 
to identify the highly polar volatile compounds that remain in the aqueous extract after 
ether extraction. 

EXPERIMENTAL 

Preparation of Materials A-C, E and Ffrom Hops (var. Bullion) for Separation by Analytical GLC 
Material A was obtained by the method of Wright and Connery3 using ground kiln-dried hops (100 g) 

that had been stored for 6 months. 
Material B. An aliquot was taken of the ether solution from the distdlation-extraction carried out as 

described below (see preparation of material D for separation by preparative GLC). 
Materials C, E and F. Hops (two cones each time, approx. 0.4 g kiln-dried or 2 g green) were extracted 

with redistilled ether (10 ml for kiln-dried cones, 100 ml for green cones) by grinding m a pestle and mortar. 
After filtration the ethereal solution was dried over anhydrous magnesium sulphate and concentrated to a 
small volume (approx. 0.5 ml) in a stream of nitrogen. 

Material D. An aliquot was taken from the material prepared for preparative GLC (see below). 

Conditions of Analytical GLC 
A Pye series 104 Chromatograph having a flame ionization detector was employed with an 18-ft glass 

column (i.d. 4 mm) containing 10 per cent Carbowax 20 M on 100-120 mesh acid-washed celite. The rate 

9 R. D. HARTLEY, J. Inst. Brewing 73,538 (1967). 
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of flow of argon carrier gas was 15 ml/mm and the gauge pressure 70 p.s.i. The column oven was program- 
med from 80-210” at l”/min and held at the upper limit. The sample sizes and amphfier attenuations were 
as follows: Material A, 0.4 ~1, 2 x 10-s; B, 4 ~1, 10-s; C, E and F, 15 ~1, 5 x 10-g; D, 4 ~1,5 x 10-s. 

Preparation of MateriaI D for Separation by Preparative GLC 
Ground hops (600 g var. Bullion) were added to water (5 1.) and distilled-extracted by the method previ- 

ously descrtbed.6 The ether extract was removed after 3 hr and distillation-extraction continued for a further 
3 hr to provide a second extract. The combined ethereal fractions (B) from eight batches (total volume 80 ml) 
were extracted with an equal volume of water. The centrifuged aqueous sol&on was then extracted with an 
equal volume of ether. The ethereal solution was concentrated to a small volume (10 ml) ma stream of nitrogen 
and drted over anhydrous magnesmm sulphate. 

Preparative GLC 
The drted ethereal solution from above was separated m batches (0.5-1.0 ml each time) using a Pye Series 

104 chromatograph fitted with a manual-preparattve kit and flame ionization detector. GLC conditions were 
as follows: 18 ft glass column (i.d. 4 mm) containing 10 per cent Carbowax 20M on 100-120 mesh acid- 
washed celite, rate of flow of argon carrier gas 15 ml/min, gauge pressure 70 p.s.i. and amplifier attenuations 
2 x 10-s or 5 x 10-a. The temperature programmes were 60-210” (for isolatton of peak Nos. 1, 4 and 5). 
70-210” (for isolation of peak Nos. 2 and 3) and 80-210” (for isolation of peak Nos. 6-9) at a rate of Increase 
of 1 “/mm. 

Examination and isolation of the authentic compounds by GLC was carried out using similar conditions 
to those employed for the natural compounds. Sources of authentic compounds are given in Table 2; the 
methods of preparation for the synthesized compounds are given below 

Synthesis of Authentic Compounds 
3-Methylbut-2-en-l-al. 3-Methylbut-2-en-l-01(25 mg) was dissolved in chloroform (1 ml), freshly precipi- 

tated manganese dioxtde (200 mg) was added, and the mixture shaken then allowed to stand. After 16 hr GLC 
indicated a 90 per cent conversion to 3-methylbut-2-en-l-al. The reaction solution was decanted from manga- 
nese dioxide, dried over anhydrous magnesium sulphate and 3-methylbut-2-en-l-al isolated by preparative 
GLC. 

3-Methylbut-2-en-l-01. This was prepared by the method already reported* and isolated by preparative 
GLC. 

2,2-Dimethyl-5-oxo-2,5-dihydrofuran. Methylmagnesium iodide was prepared in dry ether (30 ml) from 
magnesium (1 .O g) and methyl iodide (6.6 g). This solutton was added dropwise at 0 to 5” with stirring to maleic 
anhydride (2.0 g) in dry ether (30 ml). After stirring for 30 min, N sulphuric acid (50 ml) was added. After 
drying the ethereal layer and concentrating it tenfold, the yield (l-2 g) was estimated by analytical GLC. 
The product was Isolated by preparative GLC. The i.r. and PMR spectra were identical with those obtained 
using the natural compound. 

Natural and authentic compounds were shown to be identical usmg the methods listed in Table 1. The 
mam spectral peaks are given m Table 2. The instruments used to determme the i.r., PMR, u.v., and mass 
spectra were a Parkin Elmer 21, Varian A-60A, Unicam SP.700 and A.E.I. MS9 respectively. 
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