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Abstract—7-[(6’,7"-dihydroxy-3',7"-dimethyl-2"-octenyl)oxy] coumarin has been isolated from the peel
oil of grapefruit (Citrus paradisi). NMR, IR, UV, mass spectral and analytical data together with
chemical data are presented as cvidence of its constitution.

DURING an investigation on the composition of peel oil from grapefruit (Citrus
paradisi), a hydroxylated coumarin (I) was isolated by column chromatography.!
After recrystallization from ethyl acetate, compound I melted at 124-125° with
[«)2 = -+27°. The elemental analysis of I agrees with a molecular formula of
C,4H3,05. The OH determination showed that I contained two OH groups. The UV
absorption spectrum of I is virtually identical with that of 7-geranyloxycoumarin?-3
and is unchanged by the addition of base, indicating the absence of a free phenolic
OH group. The IR absorption spectrum of I discloses bands at 3550 (m), 3400 (m),
1725 (s), and 1615 (s) cm~1. The first two bands are in the OH region while the latter
two arc indicative of the coumarin lactone ring and an aromatic ring, respectively.
A mol wt of 332 is obtained by mass spectrometry.

The NMRS® spectrum of I in CDCl, (Fig. 1) discloses signals at 6-25 (doublet,
C-3 proton, J = 9:5 ¢/s) and 7-65 ppm (doublet, C-4 proton, J .= 9-5 ¢/s), as expected
of coumarin compounds.!*? Signals at 7-38 (doublet, C-5 proton, J = 9-0 c/s)
and 6-88 ppm (multiplet, C-6 and C-8 protons) are typical of the aromatic protons
of a 7-alkoxyl substituted coumarin.” A signal at 4-62 ppm (doublet, J = 65 /s, 2H)
is assigned to the methylene protons at C-1’. These protons occur at 4-64 ppm in
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7-geranyloxycoumarin.! At 60 mc the vinyl proton at C-2’ appears at 5-53 ppm!-?
(triplet, J == 6-8 c/s, IH). At 100 mc this absorption appears as a triplet (J — 6-8 cfs)
with each peak further split into quartets (J = 1:2 ¢fs). This splitting and coupling
constant along with stereochemical considerations and the reported trans arrangement
of the Me group to hydrogen in geraniol® suggests the vinyl proton is trans to the Me
group in [. Attempts to observe the split in the Me group failed. The signal at 1-78
ppm (singlet, 3H) is assigned to the vinyl Me group at C-3". This chemical shift is
identical to that of the vinyl Me group (178 ppm) in 7-geranyloxycoumarin! and
similar vinyl Me groups.®1® The two methylene groups C-4' and C-5', appear at

TMS;

i i
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Fia. 1. NMR spectrum of compound I in CDCl,.

2-30 ppm (multiplet, 4H). The signal at 3-38 ppm (multiplet, 1H) is assigned to the
proton attached at C-6". The two terminal Me groups appear as singlets at 1-18 and
1-22 ppm (total 6H). This constitutes an upfield shift of about 0-48 ppm over that
seen for the terminal Me groups in the isobutylene system.!-?* This upfield shift is
viewed as the result of the lower deshiclding effect of the OH group in relation to a
C=C double bond.”™ The Me groups of isobutylene glycol appear at 1-16 ppm in
deutcrated acetone.’! Protons in place of the OH groups would have an even greater
diamagnetic influence on these Me groups.” The different shielding values for the
two terminal Me groups of compound I suggests that C-6’ is asymmetric as the case
would be if I is a 6’,7°diol. A signal could not be observed for the OH groups of I in
CDCl;. However, when the NMR spectrum of I in deuterated DMSO was obtained,'?
a broad signal centcred at 4-18 ppm (2H) appeared (Fig. 2). This signal is assigned
to the OH groups since it disappeared on the addition of D,O to the solution. The
NMR spectrum of 7-geranyloxycoumarin in deuterated DMSO is devoid of signals
in the region 3-54-5 ppm. Also, treatment of I with acetic anhydride and potassium
acetate gives a product, the NMR spectrum of which in CDCly shows one acetate
peak at 2-12 ppm and a paramagnetic shift of about 1-36 ppm for the C-6" proton.

* A. R. Pinder, The Chemistry of the Terpenes p. 35, Wiley, New York (1960).
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This order of shift is typical of acylation of secondary alcohols.*® The t-OH group is
well known to acetylate with difficulty, if at all.

In addition to the smali parent peak at mfe 332 (59,), which is a refiection of the
facile fragmentation of the allylic aliphatic side chain,!-!* prominent ions are recorded
at mfe 274, 171, 162, 153, 135, 134, 111, 81, 71, 59 and 43.

The partial fragmentation of I is shown in Fig. 3. The ion a, m/fe 171 (21 %) is the
result of the facile fission of the allylic side chain between C-1’ and the ether oxygen!*
of compound 1. This fragmentation with hydrogen rearrangement also produced ion
b, mfe 162 which forms the base peak. The ready loss of CO from this a-pyrone
system gives the benzofuran type ion ¢, mfe 134 (26 9;). The ion d, m/e 153 (91 %) is
formed by the removal of a water molecule from ion a, m/e 171 while the loss of two
molecules of water from ion a, m/e 171 gives ion ¢, mfe 135 (209). Fragmentation

-OH

362 418

FiG. 2. Partial NMR spectrum of compound I in deuterated DMSO, showing a broad
hydroxyl proton absorption at 4-18 & relative to TMS at 0.

of the vicinal glycolic ion a, m/e 171 between C-5" and C-6’ followed by removal of a
hydrogen atom from the hydrocarbon fragment and dehydration of the glycol
portion'® gives ions f, m/e 81 (47%;) and an ion such as g, mfe 71 (66 %), respectively.
Cleavage between the 1,2-glycol structure of ion a results in the oxonium ion h,
mfe 59 (46%,) and a fragment which after the loss of a hydrogen atom forms ion i,
mfe 111 (20%).'® The ion j, mfe 274 (11%,) and again ion h, m/e 59 is explained by
fragmentation between the 1,2-glycol structure with hydrogen rearrangement of
compound L.!51® This fragmentation pattern is characteristic of an isobutylene
glycol.'$ The loss of a Me group and a hydrogen atom from ion h, m/e 59 gives the
stable acetyl ion k, m/e 43 (959;).* The absence of a m/e 69 ion Me,—C=CH—CH;,*
is consistent with a 1,2-glycol arrangement at the C-6" and C-7 positions of compound
I. This mfe 69 ion accounts for the characteristic base peak in the fragmentation of
geraniol and similar terpenes.!’ '

The fluorescence excitation and emission spectral® shows A5°¥ 352 my and AE:0H

em
390 myu; these values are in the range obtained for similarly constituted coumarins.!-1®
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The sum of the physical evidence indicates the constitution of I to be 7-[(6,7'-
dihydroxy-3',7’-dimethyl-2"-octenyl)oxy] coumarin.
"

Me Me
7 6 [ 4 | 2 v

N 0o__0
C—CH—CH,— CH,—C=C—CH,—0

me” 1] ¥
OH OH H #

I

The above conclusion is confirmed by the following chemical evidence. Compound 1
gives a ncgative magnesium-hydrochloric acid test for flavonoids. Mild acid hydroly-
sis of I gives 7-hydroxycoumarin, a reaction which is characteristic of an allylic
ether substituent at C-7 of coumarin.? Lead tetraacetate oxidation of I gives acetone
and the aldehyde II. The aldehyde was confirmed by elemental analysis, IR, UV,
NMR and its 2,4-DNPH derivative.

Me T‘
AN
C—CH—CH, —CH,—( =C—CH,—O O 0 rroncy
/l I | HOA
Me c
OH OH H Z
(o) Me
o
I \ l
Me—C—Me + >c—cu.—cu.—c=c——cu.—o O °
H |
H =
u
EXPERIMENTAL

1solation of 7-((6°,7 -dikydroxy-3',7'-dimethyl-2'~octenyloxy) coumarin (I).

Cold-pressed Florida grapefruit pecl oil™ (5 gals) was concentrated, extracted, chromatographed
and the fractions analysed by TLC.! The chromatographic fraction numbered 191* was concentrated
in vacuo. The residue was recrystallized first from EtOH and then from AcOE:t giving compound I
as crystals, m.p. 124-125° and [x]p’ = -+ 27°. (Found: C, 68-95; H, 7-27; OH, 10-13. C,yH,0,
requires: C, 68-65; H, 7-28; OH, 10-22%(.) The IR spectrum displayed bands at ¥%B. 3550(m),
3400(m), 1725(s), and 1615(s)cm™*. The UV spectrum showed A5or 322 mu (4:19), 253 mu (3-42),
and 243 mu (3:61). The NMR spectrum showed signals at 6-25 (doublet, C-3 proton, J — 9-5cfs),
7-65 (doublet, C-4 proton, J = 9-5¢/s), 7-38 (doublet, C-5 proton, J = 9-0¢/s), 6-88 (multiplet, C-6
and C-8 protons), 4-62 (doublet, J = 6-5¢/s, 2H), 5-53 (triplet, J = 65 c/s, IH), 1-78 (singlet, 3H),
2-30 (multiplet, 4H), 3-38 (multiplet, 1H) and 1-18 and 1-22 ppm (two singlets, total 6H, two terminal
Me groups). The mass spectrum showed prominent jons at m/e 274, 171, 162, 153, 135, 134, 111,
81,71, 59, 43 and a mol wt of 332. The fluorescence cxcitation and emission spectra showed ABLOH
352 mu and AR 390 myu.

T-Hydroxycoumarin. A sample of I was dissolved in 1 % ethanolic HC! and held at 40° for 3 hr.
The soln was then evaporated under a stream of N,. The residue was dissolved in McOH and streaked
on TLC plates of silica gel. The developing system was toluene, AcOEt, and AcOH (5:4:1). The
band on cach plate corresponding to authentic 7-hydroxycoumarin and showing a positive reaction
with FeCly-K,Fc(CN), spray reagent (only a small portion of each plate was sprayed) was scraped

® We also found compound I in California grapefruit oil, see Ref. 2.
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from the plates and cluted with EtOH. The recovered material, after evaporation of EtOH, was
identified by a comparison of its UV spectrum and diagnostic bathochromic shift when treated with
dil NaOH aq™ as well as its R, values in four different solvent systems with authentic 7-hydroxy-
coumarin.

Formation of acetone and the aldehyde (1I). A soln of I (100 mg) and lead tetraacctate (150 mg)
in ACOH (S ml) was stirred overnight at room temp. Water (2 ml) was added and the soln evaporated
in vacuo. Approximately 2 ml of distillate was collected in a liquid N, cooled trap. The distillate was
treated with a 2,4-dinitrophenylhydrazine soln.™ The resulting crude phenylhydrazone was chromato-
graphed on silica gel (10 g). The column was developed by gradient clution of hexane with increasing
amounts of AcOEt. The isoiated Z,4-dinitrophenyihydrazone of acctone was identified by a com-
parison of its m.p., mixed m.p., IR and UV spectra with an authentic sample. The residuc resulting
from the vacuum distillation was diluted with water (10 ml), neutralized with NaHCO, and extracted
with AcOEt (3 x 10 ml). The AcOEL!t extracts were combined, washed with water and dried over
Na,SO,. Evaporation of the AcOEt in vacuo gave almost pure product (76 mg) m.p. 102:5°. Re-
crystallization from a mixture of AcOEt-hexane gave U as prisms, m.p. 104:6°. (Found: C, 70-4;
H, 5-92. C,H,,0, requires: C, 70-57; H, 5-927;.) The NMR spectrum of II between 3-5 and 80
ppm was essentially identical to that of I. The two terminal Me groups seen at 1-18 and 1:22 ppm in
the spectrum of I were absent in II. The vinyl Mc peak remaincd unchanged at 1-78 ppm. A signal
in the NMR spectrum of II at 10-85 ppm (triplet, J — 1-3 ¢/s, 1H) was assigned to the aldehydic
proton. The UV spectrum showed AR0® 323 mu (4:15). The IR spectrum displayed bands at
Yo 2815(w), 2715(w), both characteristic of the CH stretching absorption in aldehydes® and
1725 cm ¥(s) C---O.

The 2,4-dinitrophenylhydrazonc of II exhibited m.p. 153-5°. (Found: C, 58-5; H, 4:46; N, 12:3.
Ci3H;00,N, requires: C, 58-40; H, 446, N, 12:399,.

References to specific products of commercial manufacture are for illustration only and do not
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