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Abstract—Anastreptene (%), a tetracyclic mono-ene of the same skeleton as mytiol (10) has been found as a
common constituent of essential oils derived from liverworts. The relationship to mytiol is established by spectral
comparison between the hydroboration products and the related ketones from anstreptene and myliol degradation
products. The additional degradative chemistry for anastreptene could not be rationalized based on the original
myliol assignment (4), but accord with the recent revision based on X-ray crystallography and provide a
confirmation of the stereochemical assignments for myliol and anastreptene.

That the liverworts (Hepaticae) are an unusually rich
source of sesquiterpenes has been convincingly demon-
strated by recent work from Hineck,® Matsuo ef al.’
Herout’s group,® and our laboratorics.> A number of
novel skeletons have been found of which those of
bazzanene (1), g-barbalcne (2)*** (and gymnomitrol
3*), and myliol (4)** remain unique to the Hepaticae. The
barbatenes have been found in virtually every leafy
liverwort (20° taxa of Junmgermanniales have been
examined in our laboratories) studied. The indicated
stereochemistry of S8-barbatenes, supported by all three
published degradative  studies,’”** is clearly
diastereomeric to the related fungal products, the tri-
chothecanes.’

! 2 R=H
3 R=OH

4t

Sesquiterpenes presumed to be derived from 11-
membered ring intermediates or germacrenes, when
isolated from liverworts have uniformly® been strictly
enantiomeric to the vascular plant products.™'

We now present a detailed structure elucidation for a
novel hydrocarbon (C,sHz,) which has been encountered
in numerous oi] samples over the last S years. It was not
until the oil of Anastrepta orcadensis'® was examined
that this entity was recongnized. For this reason the
crystalline hydrocarbon was designated anastreptene.

RESULTS AND DESCUSKION
Anastreptene is easily recognized in oil samples by its
unique gc retention properties. The relative retention
(a-copane as the standard) of anastreptene is radically,
for a non-aromatic hydrocarbon, altered on columns of
differing polarity, a (phase): 0.840 (Apiezon-L), 1.1§

tWe illustrate here the structure proposed in 1971 and the
only one available to us throughout this work.
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(Carbowax 20 M) and 1.22 (DEGS). When isolated anas-
treptene can be recognized by its crystallinity’' (m.p.
91-93%), high degree of unsaturation (MW 202), and un-
usual spectra: although IR and NMR indicate a noncon-
jugated olefin the UV spectrum is very intense (190 nm, e
8,700) with substantial absorbance at lower energy (¢ =
4400 @ 215 nm). The NMR spectrum displayed, besides
three singlet Me resonances, a vinyl hydrogen (5.18) a
multiplet vinyl Me (1.71), and two allyl protons (in-
tegration from 1.9 to 2.8 ppm). In addition a complex
multiplet at 0.25-0.70 ppm (integrating for 2-3 H) sug-
gested a cyclopropyl ring system. With these data we
were led to consider structures in which the olefin and
cyclopropane were conjugated. A number of studies of
acid-catalyzed reactions based on this premise were, and
remain in retrospect, uninformative.

We therefore set about a typical degrative sequence
for an endocyclic olefin. Osmylation of anastreptene
afforded a single crystalline glycol (m.p. 91-93°) in 90%
yield indicating a distinct sideness to the olefinic bond.
That only the expected changes had occurred was
evident from the NMR spectrum which still displayed
cyclopropyl hydrogen signals, three singiet Me's (now
coincident at 1.04 ppm) as well as a new Me carbinol
singlet at 1.28ppm. A methine signal appearing at
3.75 ppm, ascribed to the secondary alcobol unit, was an
approximate quartet with one coupling due to the OH
indicating a neighboring methylene. On reaction with
P(OAc), under mild conditions a keto-aldehyde could
be obtained, but not purified due to its rapid decom-
position on chromatography orf on storage in the
presence of catalytic amounts of basic materials. The
aldehyde could be separated from polar by-products
based on its greater solubility in dry hexane, and when so
obtained displayed two CO absorptions (1732; 1718,
2735cm™"). The NMR clearly showed the aldehyde chain
(A) and thus partial structure B for the olefin. The signal
of the adjacent methylene collapsed to a simple ABX
pattern on irradiation at the -CHO resonance. The
methyl ketone grouping was not as obvious in the NMR,
a multiplet (w,,=3Hz) at 1.71ppm being the only
signal which could be attributed to the acetyl Me.
Attempts at an aldol condensation of the keto-aldehyde
were not successful.

The keto-aldehyde was not stable to storage giving
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among other products, an unsaturated acid. The same
acid was obtained (~30% yield) when the PY(OAc),
cleavage was run for longer periods. The partial structure
(C) of this material follows from the spectroscopic data.

On hydroboration anastreptene afforded two secon-
dary alcobols and oxidation of the mixture afforded a
single ketone which was clearly a cyclopentanone (voo
1742cm™"). The hydrogen coupling to the doublet-Me
could be located in the hydroboration product and
decoupling at the Me signal produces a sharp doubiet for
this resonance indicating no additional neighboring
hydrogens. From this partial structure D for the ketone
and E for anastreptene could be assigned with complete
certainty. At this stage the possible relationship to mytiol
(4) was recognized. The spectral properties of the ketone
were essentially identical to those reported® for a
degradation product of myliol. In accord with this, the
hydroboration product afforded guaiazulene on dehy-
drogenation, albeit in low yield. The 100 MHz NMR
spectrum of the myliol degradation product'? proved
superimposable with that of the hydroboration-oxidation
product obtained from anastreptene.

% G

Our careful reconsideration of the degradative work on
myliol* indicated that this work also served to indicate
partial structure E together with evidence for a cyclo-
propanc ring bearing at least two, likely three, hydro-
gens, two additional rings, and three singlet Me's—pre-
cisely the indication of our work and in no way a
convincing demonstration of the suggested structure (4).
Previous experience in the spirovetivane series '*'* made
us chary of accepting either dehydrogenation experiment
as a proof of skeleton for anastreptene (or myliol). In
fact the osmylation-cleavage sequence on anastreptene
was clearly inconsistent with the skeletal assignment
which implied structures §, 6 and 7 for the olefin, alde-
hyde and acrylate in the sequence.

In particular, the methine a to CO of the ketoacid was
a sharp doublet (J = 11 Hz), not a triplet. And the major
fragment in the ms of the ketoacid was C,H;0,, a
composition quite difficult to arrive at from formula 7 in
which a minimum of nine C atoms separate the oxygens.
Two skeletal assignments (8, 9) that overcome these
problems and still provide a rational for guaiazulene
production are shown below. With the recent report of a

10 R=H
11l R=COCgH4Br
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revised structure for myliol (16) via X-ray crystallo-
graphy of the p-bromobenzoate (11),'* we will leave the
discussion of efforts to distinguish between §, 8 and 9 to

their present published form'* and present only a-

rationale based on the new myliol structure.
Anastreptene can thus be viewed as 9 with osmyl-
ation and hydroboration proceeding predominantly from
the a-face affording diastereomers 12. The stereoche-
mistry is confirmed in the coupling constants J,g 4>
Jro2e™Jrpua=7585Hz for both 123 and 120
Throughout the series of compounds with the full con-
straints of the tetracyclic system, H-1 appears as a sharp
doublet (4-6 Hz) at ca. 1.3-1.4 ppm, a feature consistent
with the dihedral angles observed in models. In the case
of aicohol 12a, Lanthanide Induced Shift (LIS) studies
using sequential addition of Ew(POD), revealed that only
the C-2 hydrogen cis to the hydroxyl couples with H-1.t
These stercochemical features are shown in projection.
The full LIS assignments appear in the Experimental. The
spectral properties of the cleavage product and retro-

tThe full set of LIS values for the major hydraboration
product distances measured from models of 12a using either
(LIS h=Ar™ or (oLIS)\=lA-miary with o =06
0.7ppm comparable to correlstions for compounds of
well defined rigid structures.”” However disstereomers i and 4
buedonskdctomSmdlmpecnvdyaneomnble

2 Ries

$There appears to be some confusion on this point in the
mytiol article.* Thet dihydromybiol displaying a triplet of doo-
blcts at 4.47 ppm (assigned structure 16 in the preseat work) is
called the less polar ooe in this text, but 2 small R, is quoted in
the i X

§Note that the C-10-Me interferes with S-approsch at C-3 or
over C4,5 to a much greater extent than at the C-4 exocyclic
doodle boad of mybiol (16).

YJAkhough the alcobols and ketoaes proved to be dificult to
analyze by gc we eventmlly found that aa SF-96 column gave
acceptable resolution and minimal decomposition (Experi-
mental).
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Michael product accord with expectation for 13 and 14. For
the latter a boat conformation produces a 150-160° dihedral
for the underiined protons (J = 11 Hz).

Although the LIS-structure correlations cannot pro-
vide a proof of structure they do establish that only
structure 12a (not any diastereomers of it) fits to the
major hydroboration product of anastreptene once the
skeleton is assumed. However oxidation of this material
afforded a ketone identical to that derived from the “less
mobile” dihydromyliol, that hydrogenation product
obtained in somewhat lower yicld.t The “less mobile™
dihydromyliol can be assigned structure 16 based on both
the tic data and the expectations concerning the relative
ease of hydrogenation from the o- and f-face.§ Thus it
was necessary to assume rapid equilibration at C-4 when
alcobol 12a is oxidized or upon isolation of the ketone
product (18). That such an equilibration would favor 18
(over 17) was resonable based on the interaction of the
Me groups at C4 and C-10 in structure 17.

In order to clarify these questions we reexamined the
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hydroboration of anastreptene in order to isolate alcobol
16 which should be the minor product. Alcobol 16 could
be isolated in 26% yield and displayed a 100 MHz NMR
superimplosabie with the marvelously detailed one pro-
vided by Benesova and Herout for the myliol hydro-
generation product. The cis relationship of the OH and
C-10-Me is evident in the 0.24 ppm downfield shift for the
Me signal relative to isomer 12a. Oxidation of alcoho! 16
afforded the ketone (18) which returned predominantly
(75°%) alcohol 16 on borohydride reduction reflecting the
hindrance of the C-10-Me.

When the oxidation product of alcobol 12a, using less
than one equivalent of H,CrO,, is examined by gc{ prior
to chromatographic purification, ketone 17 can be detec-
ted as the major product. This material could not be
isolated without extensive conversion to its epimer (18).
With these results the stereostructure of myliol 10
revealed in the X-ray crystal structure” is fully
confirmed by degradation and spectroscopic data.

Anastreptene (%), a very common liverwort con-
stituent, also is in the same skeletal class. There is no
apparent rationale for its prevalence in Hepaticae based
on co-occurrence, but it should be noted that (+)-cyclo-
colorenone (19) has been found in a number of Porella
species™ and in Plagiochila acanthophyila.™
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General mahods. The geoeral methods have been detailed
previously.* Additional gc phases employed in this work are: B,
silicone SF-96; E, silicone SE-$2. All relative retention data for
oxygenated sesquiterpenes employed cedrol as the standard
(RR = 1.00) either directly or indirectly. NMR spectra at 60 and
100 MHz are for CDCl, soins unless otherwise stated. High
resolution mass spectral data (AEI-MS-9) were obtained by a
computer controlled scan of masses for compound and a
perfluoro standard. The computer reports masses for noo-stan-
dard peaks to 0.0001 amu together with the best fitting formula,
with error (in mmass) by comparison with five oeighboring stan-
dard peaks. Therefore our ms data is reported as follows: mass
(% of base peak, formula or other designation of peak identity,
error in mmass).

Isolation of anastreptene (9). The isolations from Anastrepta
orcadensis** and Diplophyllam albicans*® have already been
described. The propertics of the material freshly collected by
prepanative gc and recrystallized from EtOH are: m.p. 91-93;t
ms, mie (%) 202172 (P, C,,;Hy, 59), 187 (42), 159 (100), 145 (53),
131 (65) and 105 (47%): [a)p = +29° (¢ 0.26, CH,CN); UV-CD
(CH,CN) 190 (¢ = 8,700, Ae ~ +4.5), 215 (¢ = 4500, shoulder; A¢
(max) = +5.5), 235 (e = 2700, A¢ = +2.2); IR (CCL) 3060 (vinyl-
H). 3045 (cyclopropyl-H), 1640 (C=C), 1456, 1448, 1436, 1375,
1328, 1308, 1170, 1067, 1040, 1025 and 892cm™'; 8 0.24-0.72
(2-3H, cyclopropyl), 0.76 (3H, Mc ), 0.99 (6H, 3), 133 (1H, d,
6.5 Hz), 1.71 (vinyl-Me, m.) and 5.18 ppm (1H, m).$

The widespread natwral occurrence of anastreptene. The
essential oils of Barbilophozia species previously reported® to
contain s compooent eluting at [,'™ = 1403 were reexamined.

Barbilophozia lycopoidiodes No. 1

Peak No. % | Rl I assignment
1 60 1270 1496.5 ?
2 11 1404.5 1582 anastrepienc
4 b 1498.3 (1656) ?
6 18 1534 1716 B-barbatene
7 3 1536 1ms
L] 6 1554 a-alaskene?

1Crystais of anastreptene have been examined (J. Clardy, lowa
St.), but apparently are disorded even at reduced temperatures.

$ORD-UV-CD in peotane: [aly = +32°, €xn.313 = 4300, Aty =
+5.2 (max).

wl-16
NoBH,
E10H
Barblophozia lycopoidiodes No. 2
2 126 1410 anastrepteoe?
4 19 1498 1656 ?
6 8 1530 1714 B-barbatene
] 10 1555 a-alaskene?
Barbilophozia attennata No. |
1 38 1267 1493 ?
2 3 1406 1583 anastreptenc
4 6 1419 1617
6 16 1532 1716 p-barbatene
7 4 1554 a-alaskene?
8 b 1595
Barbilophozia attennata No. 2
1 2% 1266 1490 ?
2 4 1403 1581 anastreptene
4 8 1418 1617
b 6 1480 1698
Sb ] 149.5
6 18 1532 1714 p-barbatene
7 15 1561

The occurence in Scapanria aspers, aequiloba and undulata
bas been documeated*” and more receatly anastreptene bas been
found in oils derived from Scapania paludosa and nemorea ™

Aftempted degradation of anastreptene via osmylation followed
by lead tetraacatate cleavage. A soin of 9 (186 mg. 0.92 mmol) in
4.5 ml pyridine was added dropwise to a soln of osmium tetrox-
ide (250 mg, | mmol) in 3 ml benzene and the mixture was stirred
for 48hr at room temp. To the mixture was added S40mg
NaHSO0,, 9 ml water and 6 ml pyridine and the mixture stirred for
2 hr. Extraction with CH,Cl, (3 times) and washing with CuSO,
aq and water gave dark colored soln. Evaporation of solvent
;ve 250mg of brownish oil which was chromatograpbed on
peutral silica and 195 mg (0.83 mmol) of crystalline diol was
obtained, m.p. 91-93°. Recrystallization from CCl, gave 12b (m.p.
90-90.5") with the following spectral properties: 8 0.2-0.9 (~3H,
cyclopropane), 1.04 (9H, ), 1.28 (3H, ), 2.85 (OH, d, ~9), and
3.75 ppm (CHOH, q, 8.5 Hz); IR (CHCl,) 3595, 3500 (OH), 3050
(cyclopropane), 1460, 1390 (doublet), 1100, 1075, 1020 and
895 cm ™. Sublimation afforded an analytical sampie, m.p. 91-93*
ms 236.1752 (11, C,4H,0,-22), 221.1518 (6, C,H;0,-22),
218.1646 (23, C, Hy0-~-24), 175.1116 (23, C,H,0-06),
163.1490 (35, C,,H,y+0.2), 107.0872 (36%, C,H,, + 1.2 mmass),
68.96 amu (100%).

(A) To a stirred soln of 12b (100 mg; 0.424 mmol) in Tml
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pyridine was added 250 mg (0.54 mmol) recrystalized Pb{OAc), at
room temp. The reaction was quenched after | hr with addition
of ethylene glycol to decompose excess reagent. The organic
material was extracted with ether after dilution with large
amounts of water and the extract was washed with sat CuSO, aq
and water and dried over Na,SO,. Evaporation of solvent yielded
93 mg of heterogeneous oil which gave several more polar spots
besides the major one on the tic plate. Being least polar, the
major product was largely separated from the rest by its rels-
tively better solubility in hexane. NMR and IR spectra of the
major hexane soluble product indicated 13 (88 mg): 8 0.77, 0.83
and 1.02 (3 Me s), 1.71 (3H, m, W, ~3 Hz), 273 (MN of AMNX,
Jun =165, Jyx = 8.4, Jyx =53, Jaou=Jan=20) and 997 ppm
(1H, H,, CHO, t, 20 Hz); IR (CHCl,) 1732, 1718 and 2735 cm™".

A soln of the crude keto-aldehyde (88 mg, impure) in 2ml
McOH was added to a soln of KOH (290 mg) in 0.5 ml water and
2.8 ml MeOH. The mixture was stirred for 2 hr at about 45° and
then was poured into 30 ml brine and extracted with ether. The
organic layer was washed with water and dried over MgSO,.
Upon evaporation 70 mg of yellowish ol was obtained. The oil
was chromatographed on preparstive thin layer plates but
nothing isolated from the plate was of any significance.

(B) Another batch of diol (135 mg, 0.57 mmol) was also oxi-
dized with P{OAc), (900 mg, 2 mmol) by the procedure used
above except that the reaction was stirred for 1.8 hr and during
work-up 1 N HC| was used for washing instead of sat CuSO, aq.
NMR of crude product (95 mg) showed major new peaks in
addition to those from keto-aldehyde 13. IR of the crude oil
indicated a carboxylic acid. Preparative tic afforded 41.5mg
(31%) of 14 as the most polar zone: 8 7.9 (CO,H, broad), 731
(1H, d, 16), 5.73 (1H, d, 16), 2.88 (14, d, 11 Hz), 2.18 (3H, 3), 1.09,
1.05 and 0.89ppm (3 Me 3); IR (CHCl,) 2500-3600, 1705, 165$
(C=C-CO,H), 1390, 1365, ~1120 and 915 cm™'.

Further purification by acid-base extraction followed by
sublimation afforded an analytical sample, m.p. 128-132*: ms
250.1580 (S, C,HypOy+12), 235.144 (15, C,H,/0+10),
177.0578 (15, C,HyO, + 2.6), 149.0236 (67, CoH,0, - 0.2), 81.0684
(48, C(Hy - 2.0), 43.0542 (57, C,H, - 0.6) and 43.0178 amu (100%,
C,H,0 - 0.6 mmass).

Hydroboration-oxidation of anastreptene

Hydroboration initially at (°, using excess. Apastreptese,
60mg in | ml dry THF, was treated with 1 ml of 1 M BH, THF
(3.3 eq.) initially at ¢, then at ambieat for 2.5 br with stirring. At
this point the reaction was maintained at ca. 30* whie adding
100 ] of 3N NaOH and 300 1 of 30% aqueous H,0,. After 2hr
the product was isolated with ether with the addition of water,
affording 4Smg of oily product. Prepanative layer chromato-
graphy (Si0;, 8% EtOAc in éH) afforded two products. The
polar isomer (12a), 34 mg (52%), displayed: IR (film) 3340 (OH),
3040 (cycloprophy-H), 1470, 1390, 1380, 1045 (C-O), 960, 940 and
895cm™"; R, (5% EtOAc/PhH, Si0,) =021; & (60 MHz), 1.02,
1.08, 1.16 (Me), 1.30 (1R, d, 6), 2.0-2.6 (2-3H, m) and 3.77 ppm
(1H, CHOH, q., 7.7 Hz). A later 100 MHz spectrum established
that this material is not identical to myliol degradation product
15'? which also displays a quartet at 3.77 ppm. Ooly 6 mg (9%) of
the less polar isomer was isolated: R, (5% EtOAc/PhH, Si0,) =
0.37; 8 4.5 (CHOH, tripiet of doublets J, = 9.5,J, = I Hz), 2.15-2.95
(2-3H), 0.98-1.30 ppm unresolved Me-signals).

Upon oxidstion (25 mg CrO, in 15 ml pyridioe, 16 br, 25%) 25 mg
of the major alcobol afforded after addition of water, ether
extraction, and prepanative tic (benzene, Si0Qy), 16 mg (64%) of
oily product. The chloroform soin was treated with gaseous H,S
to remove trace metals for spectral comparison: IR (film) 3050,
1743 (C=O), 1461, 1379, 1348, 1230, 1144, 1074, 1023, 970, 913 and
885cm™'; & (60 MHz) 0.88, 1.03, 1.10 (3 Me, 3), 1.17 (Me, d),
21-3.0ppm (3H, m). At 100 MHz the spectrum was strictly
mpenmpoubie with that of myliol degradation product 18'? (see

Hydmbombao/nunmwumleAwho{
I'M BHy THF (3ml, 3 mmole) was added slowly to a son of
anastreptene (80 mg, 0.4 mmole) in anhyd THF and the mixture
stirred at room temp. for 3hr. Excess hydride was cautiously
decomposed with water and 3N NaOH (0.2 ml) added followed
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by 30% H,0, (0.6 ml). The mixture was stirred at 30-40° for
2.5 br and thea poured into 60 m] of H,0, extracted with ether,
wasbed with water and dried over Na,SO,. Removal of the
solvent folowed by chromatography of the residue on prepars-
tive thin layer plates afforded two epimeric alcobois. The more
polar isomer (30 mg, 38%, m.p. 95-96") proved ideatical to the
material obtained above. A 100 MHz NMR coafirmed the pre-
vious assignments and a series of Ew(FOD), additions provides
LIS data:'" 8 1.025 (6H, s, Me LIS = 1.57 and Me LIS = 2.50),
1.07S (3H, s, Me LIS=256), 1.16 3H. d, 7.5, LIS=6.13), 130
(1H, d. 6, LIS = 3.7%), 2.0-2.6 (2-3H, including a 1H resonance,
an A of ABX @ 218, J,p =155, J.x =73, LIS=727), and
3.77 ppm (1H, CHOH, q.,J = 7.7 Hz, LIS = 17.2 ppm). In addition
the LIS studies revealed a quintet (J = 7.9) displaying LIS = 12.7§
extrapolating to an initial 8 of ~2.03; NMDR indicates coupling
to the doublet Me. The B of the previous ABX was also located
(8 initial by extraplation, 1.63) and displayed LIS =126 anda §
line 1:2:2:2:1 pattern when separated from its closely coupled
oeighbors. The formula for the polar isomer (12a) was coofirmed
by mass spectrometry, m/e: 220.1830 (29, C,;H,,0 +0.4), 202.174
(30, C,sHyy—0.6), 177.1284 (61, C,;H,;0+0.6), 159.1176 (100,
Cy3H s +0.4), 107.0870 amu (62%, C,H,, + 1.0 mmass).

The more mobile zone yiclded 21 mg (26%) of 16: 8 1.01, 1.035
and 1.31 (3 Me s), 1.06 (Me, d, 7.7), 1.43 (1H, d, 4), 2.3-2.7 (2H,
m), and 4.48ppm (CHOH, tripiet of doublets, J,=9.2, J, =
26Hz). This NMR, and the corresponding [R spectrum, were
superimposable on those of myliol degradation product 16"
{see discussion for assignment).

Gc proved to be the most effective method for analysis. The gc
retentions (relative to cedrol) are: RR,'™ = 0.89, RRy™ = 1.07,
RR.™ = |.34 and RR,>™ = 1.22 (for isomer 16); RR,'™ = 0.89,
RRy™ = 0.96, RR ™ = 1.28, RRp™ = 1.21 (for the polar isomer,
12a).. Gc analysis of the initial hydroboration mixture revealed
these isomers in the ratio 34:66.

Oxidation of the alcohol isomers

(a) The less polar isomer (16). The soln of 0.5 mi diethyl ether
and 11 mg (0.05 mmol) minor hydroboration product was chilled
in ice bath for about 30 min. Chromic acid soln™ (50 ul) was also
cooled ip an ice bath for 30 min. The chilled chromic acid soin
was added to the stirred soln of alcobol dropwise. After addition,
vigorous stirring was continued for an additional $ min. Then the
mixture was dituted with Et,0, wasbed with NaHCO, and water
and dried (Na,SO,). Removal of the solvent followed by
chromatography on SiO, thin layer plate gave 9.5 mg of clear oil;
IR (CHCly) 1742cm™"; 8cpc, (100 MHz and 60 MHz) although
noleamlywpenmpoublewnh(wolmyboldeatdmon
product 18,“'? all characterizable bands correspond i
singlet Me's at 0.88, 1.03 and 1.095; a doublet (J = 7.5) Me at 1.16;
a one proton doublet (H-1) at 1.35; and a-H's at 2.19 (d, 19.5) and
2.67 ppm (dd, 19.5, 6.5 Hz). G¢ analysis revealed one major peak
(82% 18: RR,™ = 0.98, RR.™ = 1.10) and minor one (18% 17:
RRy™ = 1.09). On standing overnight in 9:1 MeOH-H,0 con-
taining solid K,CO,, s portion of this product showed the same
two gc components in the ratio 69:31.

(B) The more polar isomer (12a). Using the procedure above
26.4 mg (0.12 mmole) of major alcobo! gave 24 mg of ketone: IR
(CHCl,) 3050, 1742, 1472, 1426, 1400, 1390, 1305 and 880 cm™'. The
100 MHz NMR was absolutely superimposabie with that of myl-
jol degradation product 18**'? and corresponded to that of the
material obtained from the minor hydroboration product. This
chromatograpbed product did not display the characteristic Me-
signals and a-H signals reported for the other myliol degradation
mone(pmnmbiyl'f) Gc analysis revealed the same major

22097, 18) but more of the minor com-
= 1.08, 17). The ms confirmed the formula:
218.1678 (14, C,;Hz0 + 0.8), 175.1422 (21, C 1 H,o - 6.4), 147.1184
(35, CyH,s+30), 1381008 (5, C,H,,0-36), 105.06% (55,
CqH, - 0.8), 41.0388 amu (100%, C,H, - 0.2 mmass).

The procedure was repeated using S mg of major akcobol 122
and oaly 0.9 equiv chromic acid. The crude ether extract in this
case displays by.,c largely the other isomer: 39% RR,™ = 0.97
(18), 61% RR,™ =108 (17). When treated with me
K,CO, the ratio changed to 6:3. The crude product (39% less

:
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retzined isomer 18) was subjected 1o preparative tic affording for
the major zome ( omﬂmkmm)mﬂ
amalyzing as 62% =098 and 38% RR,2™ = 1.09: cpi-
merization OCCUrs on prepanative tic.

Further transformations of crude ketome 18. The preparative
tic isolated ketone (original derived from the more polar hydro-
boration product), ca. 3 mg, was reduced with ethanolic NaBH,
and the product was analyzed by tic and gc: tic (R,) —0.21 (very
minor), 0.26 (very minor), 0.37 (major); gc (RRy™)—0.96 (5%)
1.06-1.07 (70%) and 1.17-120 (13%). This indicates that the
stable ketooe from the more polar hydroboration product (12a)
returns (on reduction) largely the less polar hydroboration
product (16). Epimerization has occurred at the Me-center during
isolation of the ketooe and ketone 18 reduces to give largely
(75°%) the 8-OH isomer.

The mixture of alcobols (~3 mg) was dehydrogenated with
130 mg of Se in the presence of 80 ul of hexadecane and 10 ul
octadecane at 280° for 39 mint under argon.® Workup as pre-
viously described™ folowed by chromatography oa basic Al,O,
(mymtdadedbtuhummpwdwmmomuol
- ™ 366, 349, 303, 288, 283 am).$ Gc
analysis revealed Smhmlene—g: std. = cadalene RR,™ =
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