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ISOLATION AND IDENTIFICATION OF
THE ANTI-ISOHUMULONES AND THE
ANTI-ACETYLHUMULINIC ACIDS
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Abstract—The  asti-schamuioncs [S-(}MIM-ZMMMM}

enoyl)-cyciopeatane-1,3-diones) aad the aati

acids [$-(3-methybutanoyl)-2-(3-methylout-2-cayl)4-

sati-acotyhamalinic
1,3-dicaes] have besa isolsled from as isomerisstion reaction mixture of bume-
lose [2-(3-methylutanoy()46-di(3-methylbut-2-cayl)-6-hydroxy-cyclobexane-1,3,5-tricae) by counter-currest dis-
tribution aad ideatified by spoctroscopic techaiques. The formation mochanism is presested and the stereochemical

During the brewing process the hop a-acids (1, Fig. 1)

exactly the same as a normally brewed beer.* Heace,
bitter contributions must come from other sources. It has
indeed bocn shown that compounds, occurring in beer,
such as the allo-iso-a-acids (3, Fig. 1)’ deacyiated anti-
ischamolose (4, Fig l)'nd'nduivnﬁvu‘[w

anti-acetyfhumalinic
beowiiaic acid (€, Fig. 1)), tricyciodehydroisobumalone
(7, Fig. 1)’ and the hulupomes (8, Fig. 1),* have bittering
propertics. The bitter streagth, bowever, is roughly oaly
sbout helf that of the iso-a-acids, except maybe for the
bulupones.

We now report the isolatios and ideatification of the
aati-Hsohumuloncs (9, 16, Fig. 2), which are twice as
bitter as the iso-a-acids and are therefore the most bitter

abundances (M + H)" :(M+ H)* + (M - H)*. This ratio is
a measure of the probability for formation of linear
H-bonds,' which is, in this case, much more pronounced
in the cis isomer 9. Hence, the (M + H)-ion is stroagly
stabilised, while such stereochemical feature does oot
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0 argement," used t0 discora between the epimeric anti-
R WR* o R LoR* sohumuloncs, bolds here also. The ratio of the abue-
. ~ v dasce of the (M + H)*-ion, ie. m/z 309, to the sum of the
wo’ 4. om sbeadasces of the (M + H)*-and the (M- H)"-ioas, ie.
R ajz 309+ m/z 307, is 0.9 for the cis isomer and 0.71 for
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_the trams isomer. It is obvious that the cis compownd is

more apt 10.form a lincer hydrogea bridge with a proton
from the reactant gas than the correspooding frems

MM&(I&

The sew compounds of the aati-serics contain 2 chiral
ceatros and occur as such ia epimeric pairs. Appareatly,
onolisation within the 3-methylbutanoy! side chein, al-
though feasible, doos aot occur. It is very kkely that the
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Anti-isobumulones and anti Domalinic scids
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Rx-CH,CHm=C [CH3ly
R=-COXCH,CHICH3),
H'= -CIOICHCHsCICHy),

Fig. 3.

B-triketo system compared to an enolised p-diketo
molety'l’htsphenomenonproeeedseﬁmnﬂyonlymdu
well defined oxidative conditions.® Consequently, the
yield of the anti-ischumulones and derivatives is con-
siderably lower than that of the isohumulones and
derived products.

The importance of the anti-isohumulones lies in their
extremely strong bittering power. Taste trials by a selec-
ted panel revealed that the anti-isohumulones are twice
as bitter as the corresponding ischumulones, while the
anti-acetylhumulinic acids have about half the bitterness
of the isohumulones. The anti-isohumulones are now the
most bitter hop acids known. Furthermore, the anti-
isobumulones are more soluble in water than the iso-
humulones, which is demonstrated by the respective
distribution coeficients in CCD. Hence, a better utilisa-
tion potential in the brewing process than the usual bitter
acids is expected.

EXPERIMENTAL

The UV spectra are recorded on s Cary 15 spectrophotometer,
the 300 MHz 'H NMR spectra on s Varian HA 300 machine (10%
solution with TMS as internal refereace), the mass spectra on &
AET MS-50 mass spectrometer and on 3 Finnigaa 3200 chemical
ionisation mass spectrometer, equipped with 6000 data systemn.
The optical rotations are measured with a Perkin Elmer Model
141 polarimeter. The preparative separations were carried out in
a Iaboratory-built fully automatic CCD apperatus, containing 400
cells.

Preparation and isolatior of 9, 16, 11 and 12

The pH of as aquecus 2 l-solution of sbout 0.055 mole
potassium humalate (203 of 1s; 3.095 KOH) was adjusted to 11
with 1N KOH. This clear soln was boiled for 90 min, sud-
sequently cooled and scidified with ice-cold 2N HCl to pH = 1.
The aqneous layer was thoroughly extracted with iso-octane (4x).
The combined layers were dried over MgSO,. Evaporation of the
solvent left a brown residue, which was distributed in the two
phase system ether: 0.25 M phosphate-citrate buffer. Compounds
9 and 10 have & K-value of 2.3 and 4, respectively, at pH 5.5 after
1850 transfers. Compounds 11 and 12 have a K-valve of 0.75 and
1.16, respectively, np!l-umerwuufen.

Identification of 9, yellow ofl; [a]* ia MeOH = —56.3%; the
pK.-value in MeOH:H0 (1: l)uSJ?Fond.C 6HS4; H, 876
Calke. for C3;HyOs: C, 69.5%; H, 8.34). UV: Ao, (€): 224 (11200)
am; 270 (9700) am in 0,1 N HCL:MeOH and 255 (15900) am,
shoulder 2720nm i 0,1 N NaOH:MeOH. 'H NMR: 8 (CS;;
pyridine; CDCly 4:1:1): 090 (3H, d, J =625 Hz); 0.91 (3H, d,
J =625 Hz); 1.40 (3H, s); 1.46 (3H, 9); 1.52 3H, 3); 1.56 OH, s);
2.13 (1H, m, X part of ABX systém); 2.54-2.88 (4H, m, AB parts
of 2 ABX systeams); 3.13-3.29 (2H, AB part of ABX sysiem;
Jan= 1851 Hz; Jox=68Hz; Jyx=7.2Hz); 421 (IH, 2); 498
(1H, X part of ABX system); 5.21 (1H, X part of ABX system); 8
{CDCly); 4.29 (0.5H, 5); 4.62 (03 H, 5). MS: sz (%): 362 (11);
344 (2), 293 (12); 275 (25; 265 (60); 247 (30); 225 (14); 207 Q4);
197 (18); 191 (45); 97 (4); 85 (S0); 69 (100); 57 (45); 41 (79).

91

Identification of 18, yellow oil; {a]] in MeOH=-7°. The
pK,-vakue in MeOH:H,0 (1:1) is 3.15 (Found: C, 89.80; H, .94,
Cale. for C1HyeOs: C, 69.99; H, 8.34). UV: A nux(e): 225 (10400) nm,
shoulder 275 (5530) um in 0, 1 N HCL:McOH and 255 (14300) um,
shouider 275am in 0,1 N NaOH/MeOH. 'H NMR: 3 (CDCL)
099 (3H, d, I=6Hz); 101 (3H, d, I=6Hz); 1.6 (3H, 1); 1.83
(3H, 5); 1.65 3H, 9); 1.67 (3H, 3); 277 (1H, &, X part of ABX
system); 2.65-3.40 (4H, m, AB parts of 2 ABX systeans); 3.1-3.5
(2H, m, AB part of ABX system); 4.72 (0.6 H, 3); 497 (1H, m, X
part of ABX system); 532 (1H, m, X pert of ABX system); 5.34
(04 H, 5). MS: m/z (%): 362 (B); 344 (2); 293 (16); 275 (18); 265
(33); 247 (33); 255 (24); 207 (29); 197 (6); 191 (14); 97 (15); 85 (18);
69 (13); 57 (49); 41 (100).

Idauﬁcmu of 11, yellow oil; [c]p in MeOH = ~ 18.8°; the
pKa-value in MeOH:H,0 (1:1) is 3.8 (Found: C, 66.01; H, 7.63.
Cake. for CH30s: C, 66.21; H, 7.85). UV: Ag., (€): 225 (11580)
nm, shoulder 265 (9220) um in 0,1 N HCl:MeOH; 255 (14800) nm,
shoulder 270nm in 0,1 N NaOH:MeOH. 'H NMR: 8 (CDCly)
0.97 (3H, 2xd); 0.99 (3H, 2xd); 1.6 3H, s); 1.71 (3H, »); 2.17 (1H,
m, X part of ABX system); 221 (15H, s); 226 (15H, s);
2.75-2.87 (4H, m, AB parts of 2 ABX systems); 428 (0.5H, 9);
461 (0.5H, s); 5.03 (1H, 2xd, X part of ABX system). MS: m/z
(9): 308 (1); 290 (2); 265 (57); 247 (60); 166 (23); 121 (33); 85 21);
69 (34); 57 (36); 43 (100); 41 (23).

Identification of 12, yellow oil; [a]F = ~6.4° in McOH; the
pKa-value in MeOH : H;0 (1:1) is 3.7 (Found: C. 66.58; H, 8.03,
Calc. for CsH3404: C,66.21; H, 7.85). UV: A gy, (€): 227 (12400) nm,
WK(Mmmo.l NHC!.MeOHndﬁO(le)nm.
shoulder 20am ia 0,1 N NaOH:MeOH. 'H NMR: 3 (CDCL)
0.97 3H, xd); 0.99 GH, 2xd); 1.58 (3H, s); 1.65 (3H, 3); 217 (IH,
m, X part of ABX system); 2.38 (105 H, 5); 241 (195 H, s);
2.62-2.93 (4H, m, AB parts of 2 ABX systems); 4.73 (065 H, 3);
496 (1H, 2xd, X part of ABX system); 5.36 (0.35 H, 3). MS: m/z
(%): 308 (3); 290 (2); 265 (35); 247 (47); 166 (27); 121 (24); 85 (56);
69 (98); 57 (60); 43 (100); 41 (95).
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