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Abstract—A new sesquiterpene alcobol, dactylol, having an uncommon bicycio [6.3.0] undecane skeleton has been
isolated from the sea hare Aplysia dactyomela. Chemical degradation and NMR studies using a shift reagemt
stercochemistry.

established the structure and refative
of a substituted cyclopentanone degradation prodwct.

Sea hares have vyiekded a variety of novel natural
products. 13 We have ?rekus!yreponedmlsohnonof
sesquiterpene  ethers’ and halogenated non-terpenoid
ethcrs’ from a Caribbean sea hare, Aplysia dactylomela.
Pharmacological testing has established® that dactylyne,
one of the halogenated non-terpenoid ethers, significantly
prolongs pentobarbital hypnosis in mice, apparently by
inhibiting pentobarbital metabolism. In our costinuing
mhforhobmﬂymecompounds{mmnm
mal we have isolated a new sesquiterpene alcohol,
dactylol, 1. ltsfuseds.Snnaskelewnuunoommlor
sesquiterpenoids.*

Daaylolwummaﬂynohwd“‘bymudcm
tography of the crude hexane extracts of whole, dried
Subsequently we have obtained dactylol from isopropyl
alcobol extracts of the digestive glands of A. dactylomela
as follows. The concentrated alcohol extracts were ex-
tracted with dichloromethane, then the dichloromethane
solubles were partitioned between hexane and 10%
aqueous methanol. The hexane solubles were distilled at
jow temperature, and the fraction distilling from 53° to
67° at S microns which contained dactylol was chroma-
tographed over Sephadex LH-20 and silica gel. Fractions
rich in dactylol were resolved with high pressure liquid
chromatography using a Partisil 10 column to give pure
dactylol; m.p. 50.3-51.5°C, [a)o+22.5, after recrystal-
lization from hexane.

Dactyiol, CisHxO (combustion and mass spectral
Myns)mchammzeduamy:bobdbyvm
of hydroxy! absorption at 3500 cm™" mniss‘pectmm
and a quaternary carbon signal at 3 83.3 in the '’C NMR
spectrum. The >C NMR spectrum also revealed that
there are only two unsaturated carbons (& 1255, d;
135.4, s5) in dactylol, indicative of one trisubstituted
double bond; hence a bicyclic carbon skeleton was in-
dicated.

The 'H NMR spectrum of dactylol, 1, see Fig Ila,
contains signals for two quaternary methyl groups (3
0.88, 6H, s),oocseooodarymcthyl(aond.ovethpped
with the 8 0.88 signal) and one vinyl methyl group (8
1.80). Since the vinyl methyl group is coupled with a
complex triplet at 8 5.45, 3 -CH-CH=C(CH,)- unit was
indicated. Expansion of this partial formula to -CH,-

CH=C(CH;)-CH~C(OH)- was suggested by the
mneen” of an AB quartet in the allylic region (8 2.10,
35, 1= 14),

The sbeolute configuration was derived from ORDICD data

The above partial formula could be developed still
further from NMR spectra taken in the presence of 0.4$
mole ratio of Eu(fod);. Under these conditions signals
for each of the non-equivalent protons in dactylol could
be identified, see Fig. 1(b) and structure 1. The AB
quartet originally found at 8 2.10 and 2.35 was shifted to
8 6.56 and 8.44, thus substantiating the proposed position
of the hydroxyl group. Decoupling revealed that the two
allylic methylene protons (8 3.3, 4.9) coupled to the
olefinic proton (8 7.1, J = 8, 10) interact further only with
each other (J = 13). Such a limited spin system could be
accounted for by joining this allylic methylene group to a
mmarbou.te.mebarhulheauninﬂdimﬁhyi
groups. Spectral evidence for a second quaternary
carbon in dactylol was derived from the Eu(fod), shifted
C NMR spectrum which possessed only two quater-
nary carbon signals, § 93.94 (carbinol carbon) and 36.41.
Thus the partial structure for dactykol could be expanded

to -C(CH;):—CH:-CH-C(CH;)-CH:-JI(OH)-.

Chemical degradation confirmed the above partial
structure and established the ring sizes. Permanganate-
periodate oxidation” of dactyiol afforded a hydroxy keto
acid, 2a (IR 3600, 1700cm™') which upon esterification
(CH:N,) yielded a hydroxy keto ester, 2b. These
products retained all of the original carbons of the

{a}
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CCLL0.45 mole ratio Eu(fod),.
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the double bond
NMR spectrum of

natural product and so confirmed that
was contained within a ring. The 'H
2 exhibited an AB quartet (3 2.42,2.76, J=17) ap-
propriate for the non-equivalent protons of the acetone
side chain. In addition, the expected signals for methyl
ketone, methyl ester, secondary methyl, and two qua-
ternary methyl groups were observed.

Treatment of 2» with sodium carbonate in methanol
induced the retro-sidol removal of acetone as expected
for this structure, and afforded an 85:15 mixture of the
epimeric keto csters 3 and &. The keto ester mixture
showed carbonyl absorption at 1750cm™" indicative of
the presence in 3 and @ of a cyclopeatanone moiety
which had been unmasked in the retro-aldol reaction.
Confirmation of the cyclopentanone feature was
obtained by basic hydrolysis of 2b in aqueous methanol
which gave a keto acid mixture (3a, 4a) that exhibited
infrared absorption characteristic of both cyclo-
pentanone (17S0cm™") and carboxyl (1715cm™)
functionalities. One of the rings in dactylol is thus
established as five-membered and hence the second is
eight-membered.

The gross structures of keto esters 3 and 4@ were
confirmed by mass spectral and NMR data. The isomers

gave virtually identical low resolution mass spectra
(GC/MS)'mewmotunonmmspectmmolﬂ\c
mixture of epimers showed significant cor-
responding to (-CHCO.CH,)*, ((CH;C-CHr
CO,CH,)’, and (2-methylene-3-methyicyclopentanone)®
fragments, in agreement with the proposed structure.
NMR analysis of the mixture confirmed that the keto
esters possessed one secondary and two quaternary
methyl groups, and a set of methylene protons (8 2.17, s)
deshielded by an ester group. On thermodynamic
grounds the predominant product is assigned the trans
structure 3, and the minor compoonent the epimeric cis
structure .

The locus of the secondary methyl group oa the cyclo-
pentane ring and the relative stereochemistry of 1 were
ascertained from decoupling of the europium shifted 'H
NMR spectrum. The protons that resonated at 8 11.1,
6.85, 6.04, and 4.3 (brd underlying band) were shown to
be mutually coupled, and two of these protons (8 6.04
and 4.3) were further coupled to the methine hydrogen (8

8.85) adjacent to the 2° methyl group. This confirms the
-C(OH)-CH-CHCH(CH,)- sequence in the five
membered ring, and is in accord with the expectation
that the proton absorbing at 3 11.1 is adjacent to the 3*
hydroxyl group. The methine hydrogen, 8 8.85, is also
coupled to the proton absorbing at 8 .16 (J = 8-10), and
the latter in turn is coupled to the proton that resonates
at 8 7.62 (J = 8, 15). The 15 Hz (geminal) coupling in the 8
7.62 signal is due to interaction with the § 4.3 proton (d,
J=15). These interactions and chemical shifts are
consistent with the structure 1, in which the methine
proton (8 885) at Cy is cis to the OH, and
the Cyo protons are frans to each other. The lack
of observable coupling between the protons absorbing at
8 4.3 and 5.16 is attributed t0 a near 90° dihedral angle
existing between them, which is best accounted for by a
trans ring juncture. A cis ring juncture would be expec-
ted to result in a much lower field absorption for the ring
juncture methine hydrogen in the presence of europium.
Hence the relative stereochemistry shown in 1 was
established for dactylol.

Analysis of the circular dichroism data for the trans
keto ester 3, leads to an absolute configurational
assignment for dactylol. The CD curve of 3 shows a
strong positive Cotton effect (#=+11316; max,,
295 nm) in contrast to the strong negative Cotton effect
reported® for (R)-2-methylcyclopentanone and (2R, 38) -
trans - 2, 3 - dimethykcyclopentanone. Hence 3 is
assigned the 2S, 3R configuration and, accordingly, the
absolute configuration of dactylol is 1S5, 8S, 9R as depicted
in formula 1.

The CD curve of the minor cis isomer 4 exhibits the
negative Cotton effect (8 = —7,367; max, 294 nm) anti-
cipated from literature analogs® and supports the 2R, 3R
configuration for 4b.

Dactylol represents a new carbon skeleton among
sesquiterpenes. The [6.3.0] bicyclic ring system in dacty-
lol is uncommon amoag sesquiterpencs, the most closely
rehlednmskeletoobemathnolumndendnncmd
related compounds.® Appropriate opening of the cyclo-
propane ring of aromadendrene would produce the ring
system of 1.

Dactylol has a rearranged isoprenoid skeleton. The
proposed structure is one of twenty-nine generated by
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the CONGEN computer program® from the structural
segments deduced from chemical and spectral data.
None of the eight computer generated structures
wnumxmudymﬁuwenemtsumﬁedaﬂofme
¢ data.
Thchkclydwmymceo(dactykﬂfmmdm.&
dactylomela is the red alga Lawrentia poitei. Dactylol has
been isolated by Fenical’® from samples of this alga
collected in the Florida Keys.

EXPERIMENTAL'

Isolation of dactyiol. Ses hares were coiected and extracted as
described previously. ™ The combimed fractions 15-18 (6.3g)
from the Florisil chromatograpby described carlier were
rechromatographed on TLC mesh silica gel (60g) using a besn-
zenc-hexane (7:3 viv) mixture as cluant. Pooling of several
fractions exhibiting similar TLC profiies gave 238 mg of impure
dactylol which was rechromatographed to afford 109 mg of crys-
talline slcobol.

Dactylol was also obtained from the isopropy! akcohol extracts
from a baich of aninals collected at Bimini, Bahamas in 1975,
The akcobol was decanted, filtered, and comcentrated at reduced
pressure. The coacentrate was suspended in water (final volume
1200mi) and extracted with dichioromethane continuousty for
24 h. Evaporation of the dichioromethane yieided a dark green oil
(388 »).

A 2503 portion of the dichloromethane extract was dissolved
in 1500 m) of methanol-water (9:1) and extracted with hexane
three times (150, 2x00mi). Evaporation of the combined
hexane extracts gave a dark, viscous residue (170 g).

A 32.1g portion of the hexane extract was distiled at 53-67°
and Su to yield an orange distillate (3.58 g). This was chromato-
grapbed on & column of Sephadex LH-20 (450 g) in chloroform-
methanol (1:1). TLC analysis of fractions revealed that dactylol
occurred predominantly in an 85 mi fraction (3.93 g) that began to
elute 600m! after the void volume. A 3.82g portion of this
fraction was adsorbed on a column of Bio-Sil A (100, Bio-Rad
Laboratories, Richmond, Calif.) and efuted with toluene in 3-mi
fractions. Fractions 13-18 were combined as inxdicated by TLC
analysis and evaporated to give 544 mg of 2 pale yellow, viscous
otl. This was subjected to HPLC separation oo Partisi-10 using
hesane-THF (9:1) to vield 134 mg of crystalline dactylol. The
estimated yield of dactylol from digestive glands was 0.09%,

Recrystallization of dactylol from hexane gave an analytical
sample, m.p. 50.3-51.5°C, [a]p +22.5" (¢ 1.76, CHQYy); IR (neat)
3600, 3300, 3090, 3070, 040, 2960, 2870, 1460, 1370, 1360,
1265 cm™". 100 MHz 'H NMR (CCL) 8 091 (s, 6H, quaternary
methyts); 0.95 (d, 3H, sec. methyl), 1.53 (brd s, 3H, vinyl methyl),

212, 237 [AB g, 2H, J = 14, >c-qcn,>-cn,-é<om.1. 547

{complex ¢, 1H, olefinic proton); ’C NMR [CDCl;, 0.45 mole
ratio Eutfodh] 8 20.11 (@) 28.569 (), 29484 (). .78 (@),
32.195 (1), 36.412 (), 38978 (1), 40.506 (t), 42.083 (1), 45.960 (1),
46517 (d), S4.797 (d), 93.944 (5), 126.485 (d), 137.292 (s); mass
spectrum (70 eV) m/e (rel intensity) M 222 (10), 207 (3), 204 (5},
189 (4), 161 (4), 153 (100) base peak, 111 (53), 110 (45), 97 (35), 81
24), 69 (47), 55 (30), 43 (20), aad 41 (48). Anal. Cak. for

CisHxO: C, 81.02; H, 11.78. Found: C, 81.08 . H, 11.90%.
Conversion of dactylol to h and 2. The procedure of
Lemicux-von Rudioff was used.” Stock oxidant solution (40 mi)

maddedinmmlpotﬁomtodaaykg u)&aotvedina

mi

The organic layers were combined, dried and evaporated to give
104 mg (36%) of a clear odl: IR (CCL) 3520, 1710 (ord) cm™'; 'H
NMR (CCL) 3 1.03, 1.04 (s, 6H, overtapping d, 3H, quantersary
and secondary methyls), 2.15 (s, JH, ~COCH,), 2.22 (3. 2H,
—CHy-CO:H), 2.4, 2.78 [AB q, 2H, - CO-CH-C(OH)-].
Trestment of the hydroxy keto acid 2a with diazomethane in
ether afforded the ester 23 as an ol in quantitative yield; IR
(CCL) 3600, 1T35cm™"; NMR (100 MHz, CCL), 8 1.00 (s, 6H),
1.03 (d, 3H), 2.10 (s, 3H), 2.19 (s, 2H, ~ CH~-CO:H), 2.42, 2.76

[ABq.2H,I=17, —CO-CH:—& (OH)-}; M* 284 (2), 252 (), 24
(4), 211 (6), 195 €10), 153 (23), 135 (18), 115 (30), 97 (23), 74 (10},
T3 (34), 69 (32), 55 (55), 43 (100).

Conversion of B 10 X, &. An 18 mg sampie of 2 in 2mi of
methanol saturated with sodium carboaste was allowed to stand
at room temperature overnight. The reaction mixture was dituted
with water (Sml) and extracted five times with cther. The
combined ether layers were dried (MgSO.) and evaporated to
give 8 keto ester product judged by GC amalysis (Column A) to
be 35% 3 and 15% @&. The keto ester mixture showed the
{ollowing spectral properties: IR (CCL) 1748cm™'; 'H NMR
(CCL, 60 MHz) 8 1.00 (s, 6H, quaternary methyh), 1.16 (d,
secondary methyl), 2.17 (s, 2H, = CHr-CO.CHy), 3.56 (s, 3H.
OCH;); MS [m/e (clemental composition, error, frag-
ment assignment)] 226.15843 (CiyHz 0, +1.56, M*), 194.12994
(CisHyOy, —0.73, M* ~ CHyOH), 179.10678 (C1 K0, — 041,
M® —-CH,+CH,OH), 153.12947 (C\oH /0, +1.53, M* -CHr-
COCH,). 115071636 {CH\0:,  +046  [CICH;) - CHy-
COCHyI'L. H1LO9M (CH,0, -1.64, M- CICH-CH-
COCH,), 97.06685 (CoHyO,+1.51, mje 111-CH,), 83.04842
[CsHAO, - 1.26, (A’-cydopeum)‘], 73.06436 [C.HyO, - 0.97,
{- CH-COLCHy)*}.

The keto alcobol ester 28 also underwent a retro-aldol rucoon

graphy of approximately 10 mg of 2 (imjection temp. 260°C; col.
temp., 175°C, column A) afforded 4 mg of an ~ 85/1$ mixture of
3% and & as determined by reinjection on an analytical column
{col. B).

Comversion of 2a to Ju end 4. A 52mg sampie of 2s was
stirred st room temperature for two days in 2mi of aqueous
methanol {1:1 v/v) saturated with sodium carbomate. The resc-
tion mixture was extracted five times with small portions of ether
which were combined, dried (MgSO.) and evaporated to give
trace amounts of 3 (IR, NMR, GC). The basic aqueous
Mhmhcph:emdﬂuodvuhammwdﬁadw
tiously with 1| N HC), and extracted five times with cther. The
combined ether ¢ Mchnedmdcvupomedwma
mixture of 3 and 4a: IR (CCL) 1750, 1715cm™"; 'H NMR (60
MHz, OCL) 8 1.03 (s, 6H), 1.13 (d, 3H), 2.23 (s, 2H, -CH»-
CO:H).

Conversion of 1A 1o 3a and 4a. A S2mg sample of Ja was
dissolved in 5% aqueous sodium carbonste (25 ml) and stirred at
roomtanpfattﬁh Acidification to pH 3.6 followed by ex-

cther to remove traces of neutral components, then acidified with
{ M H;SO0. to pH 1.7, and extracted again to give 47 mg of the
acid mixture 3n/da. The 'H NMR of this product was the same as
thet of 3a/da derived from aqueous basic hydrolysis of 2 (see

* above).

Pnpamaono]pm&md. The acid mixture Ja/de was

ments. For the major isomer 3: CD (0.0043 M, EtOH) [#]:x; O;
[#) 2059 + 11,316 (max); (81 O; ORD (0.0043 M, EtOH) [8)use +

106, [Olam+ 141,  [0)se+ 180; [0loe+448; [#]rs +1,247;
(Obin1y +6.928; (0O, [0l —8372.  [0)rsime - 5.196;
[0)aee — 10,162,

For @: CD (0002 M E:OH) {#hin O [#]xuwes— 529
(inflection); [0} ~ 7,367 (max). [#be O: ORD (0.002 M,



na

EtOH) (0l — 189; (0w — 236: (#}saa— 297: [0)ese — 603; [Ors -
1.282; (0hwan11 = 5-304; (0l O: [O)nrarmrs + 4.008: (01 O.
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municating his results to us while our work was in progress.
""Meiting points are uncorrected. [R spectrs were takea oo
. NMR spectra
were acquired on Varian T-60 or X1L-100 instrements in the
solvents specified; signals are reported in parts per million (8)
dowunfield from isternal tetramethylsilane. Mass spectra were
obtained on Hitachi RMU-7, Finnegan 3000 D, and CEC
(Dupoet, Moarovia, Calif.) 110 mass spectrometers. A Gaertner
polarimeter was used for obtaining the optical rotation; a
JASCO, Inc., Model J-20 spectropolarimeter was employed for
ments. Micro-analyses were obtained from Mr. E. Meter,
Departmest of Chemistry, Stanford University, Stanford, Cali-
forsia. Chromatographic adsorbeats used were Florisil (Fisher,
100-200 mesh) and silic acid (MaBinckrodt, siicAR CC-7,
Brinkman TLC mesh, and Whatman Iac., 10 4 micropsrticulate
silica gel: Partisil 10). Gas chromatographic columns used were:
(A) 85fix8mm ID glass, 109% OV-225 om 60-80 mesh
chromasord W; (B) 61t x 1/8in. OD ss, 3% OV-225 on 80-100
mesh chromasord W.



