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Abstract - The retroaldol-aldol isomerization of the epimeric hydroxyketo-
nes 3 and 5 was found to yield predominantly 4 and 6, respectively, under

kinetic conditions in the presence of chelating lithium catrions,
xylic medium & is the preferred kinetic product,

ditions 4 and-i predominate.

Our recent syntheses of pseudoguaianolide52
have essentially centered about the versatility
of the intermediare 1, in which both the trans-
fusion and the configuration at C-4 are firmly
esl:ablicheda. This trans—-fused diketone is ob-
tained from 2~methylcyclopentenone (5 step se-
quence, 61 X overall yield), via the corres-

poanding cis-fused diasterecisomer 3‘.

En route to the pseudoguaianolides the necessa-
ry one-carbon unit at C-10 was introduced by a
chemcselective Wittig reaction (i.e., 1 to 5.
Although the naturally occurring pseudcguaiano—
lides carry a 5 angular methyl group, for
reasons of consistency in the subsequent dis-
cusgion, 5 and 6 are represeated here in the
enantiomeric configuration, As several pseude-
guaianclides possess a 4~hydroxyl group cis
oriented (8 in natural series) with the angular
wethyl substituent (i.e. 6) we decided to exa-
mine the possibility of direct inversion at C-4
via retroaldol-aldol type isomerization of hy-
droxyketones such as 2 and 5. From a more fun-

damental point of view we also wanted to have

pat]

In hydro-
Under equilibration con-

access to the four possible isomers of the sys-
tem, i.e., 3-6. We now report on some inte~"
resting results of the base induced isomeriza-
tion of 3 and 5, and describe syntheses of theirx

C-4 epimers 4 and 6.

H

L

In analogy with the synthesis of 5 (m.p. 66~
68'c)5, the cis~fused isomer 3 (m.p. 39-43°C)
is obtained from diketone 2 via chemoselective
Wicrig reaction {methylenetriphenylphosphorane,
THF; 77 % yield)ﬁ, followed by hydrolysis (py-
ridinium p~toluenesulfonate, EtOH, 70°C; 80O 2
yield). Both 3 and 5 were subjected to diffe-
: 0.2 Z methanolic KaOH
(0,135 molar conc.) at reflux for 16 h; 5 I a~
queous KOH-THF (1:2, 7.1 YI.CI_2 molar comc.) at
r.t. for 30 min; sodium hydride (lzequiv; 50 %

molar conc.)

rent basic conditions

suspension in oil)} in THF (5.0 10
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ar r.t,; lithium diisopropylamide (1 equiv) in
THF at various temperatures, followed by quen-
ching with NH,Cl. After extractive work-up the
obtained mixtures were analyzed by VPC and 1H
NMR spectroscopy. In all cases more than 90 %
of the products formed consisted of the four
isomers 3-6 (table).

Pure cis-fused hydroazulenone 4 was isolated
from the mixture obtained from 3 (KOH, aq THF;
entry 3; 66 I isalared yield). The trans-fused
isomer & was obtained from 5 (entry 7) inm poor
yield. Both diastereoisomers 4 and § vere
structurally identified on spectroscopic7 and
chemical grounds : oxidatiom of 4 (Collins, 90
% yield) led to diketone 7, identical with the
oxidation product of 3 and different from dike-
tone B, which was similarily obtained from eno~

ne 5.

H

7

We assume that, when either 3 or 5 are trea-
ted with methanolic NaOH (entries 1 and 2), e-
quilibrium is reached since almost identical
ratios {within the experimental error of VPC a-
nalysis) of the four isomers are observed in
both cases. Cis- and trans-fused compounds are
formed in nearly equal amounts, &4 and, to a
somewhat lesser extent, 5 being the most stable

isomers. In contrast to this, our earlier ob-

servation is worth mentioning; epimerization of
2 ar C-1 (NaOH, MeOH, r.t., 48 h) leads to an
equilibrium in favor of the trans-fused isomer
1 (ratio 1:2 = 85:15)33. This strongly suggests
that in the latter expetriment the endo orienta-
tion of the bulky erher group at C-¢ in 2 is de-
termining for the preferred formation of trans-
fused diketone 1?.

From the above experimental results it is
clear that, for the purpose of specific inver-
sion at C-4 without concomittant "epimerization"
at €-5 (thus 3 -~ 4, and 5 + ), one should have
recourse to kinetic control. Examination of
the possible transition states for aldol reac-
tion (scheme) reveals that, whereas there is
only one possibility for the formation of trans-
fused compounds (i.e., 5a for 5; 6a for ), two
possibilities exist for the corresponding cis-
fused products (i.e., 3a and ekvfor 3; ﬁi and
ﬁh'for 4); aone would expect, however, transi-
tion states 3a and 4a to be disfavored due to
endo-character of the systems (i.e., C-2 is
axially oriented on the J-membered chair~like
ring). Comparison of the transition states 3b
and 4b further reveals the presence of a syn-
diaxial interaction between O at C-4 and C-10
in the five membered ring of 3b; thus, the
"threo"-transition state 4b is expected to be
the favored cne in the cis-fused series. In
the trans-fused series, destabiliracion of the
transition state 5a by the axial position of
the developing (C-4)-oxygen bond should also
favor the "threo'-transition state 6a. The

somewhat unexpected formation of large amounts

Table
Entry Stare, Reaction conditions I formed (VPC)

prod. 3 4 s 6
1 3 NaOH, MeOH, AT, 16 h 7 40 33 17
2 5 ibid, 7 43 35 14
3 3 KOH, H20*THF, r.t., 30 min 14 72 1 6
4 3 NaH, THF, r.t., 45 min 20 1 2
5 E) ibid., 15 win 10 31 44 15
[ 3 LDA, THF, from -78°C to r.t. over 2 h 15 45 4 27
7 s ibid. g 25 7- 57
B 3 LDA, THF, r.t., 5 min 19 65 3 13
9 5 LDA, THF, added at -20°C, 1B h at O°C 8 25 9 58
Lo 3 LDA, THF, r.t., 24 h 9 41 34 15
11 2 ibid. 10 36 40 15
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SCHEME

cis—fused endo transition states
7-membered ring in quasi Ea-form
(C-2 is axial on 7~ring)

h'o H

Hy

-
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sa

HCH3

S ab
cis-fused exo transition states
7-membered ring in quasi gg-form

{C-2 is equatorial on 7-ring)

(:) : 7-ring residue

a

——

trans-fused transition states

T-pembered ring in quasi Eg-form

{C-2 is equatrorial on 7-ring)

of cis-fused 4 under thermodynamic control is
indicative for a preferred cis-fusion (at
least when the hydroxyl at C-4 is exa-orien-
ted} in these perhydroazulene systems; conse-
quently, in the absence of chelating cations,
the transition state 4b might well be the over-
gll-favored oneg.

Consistent with the above rationale we
found that, when 3 was treated with KOH in
aqueous THF {r.t., 30 min), its C-4 epimer &
was predominaatly formed (> 70 I). The cor-
responding trans-fused 5, however, did not re-
act under the same conditions and was reco-
vered unchanged.

Selective inversion at C-4 {i.e., 3 + 4;
3 + b) was obtaiped when using LDA as a base.
Bath 3 and 5 led to the predominant formation
of 4 and 6, raspecrively, when treated with
LDA (from -78°C to r.t. over 3 h; entries &
and 7). This "memory-effect" may be rationa-
lized as follows : after alkoxide formation
and retroaldol reaction of 3 and 5. the tran-
sition states 4b and 6a, Tespectively, are
formed, before any substantial change in con-
formation (reorientarion af the aldehyde side-
chain with respect to the plane of the enolate

anion), as required for “epimerization" at

C-5, can vake place. Since a ligand associa-
tion of the two oxygens with the lithium ca-

tion would retard complete equilibrarion to

the four isomers, an even more pronounced kine-
tic stereoselection can be expected when using
short reaction rimes and/or lower reaction tem
peratures. In practice, this also proved to he
the case : when 3 was treated with LDA for 5 min
(entry 8) 65 X of 4 was formed, while reaction
of 5 with LDA ar 0°C {entry 9)(no substantial
reaction was found at -20°C) resulred in 58 %
formation of 6. Interestingly, when the reac-
tion on 3 was interrupted after 45 min almost
equal ratios of 4 and 6 were found (};ﬁ;é:g =
12:40:12:36, respectively), suggesting similar
energy contents for 4b and ba when bounded by
the lithium catien. This represents a second
kineric stage in the reaction which is clearly
shown by the time dependent ratio of 6 formed
upon reaction of 3 with LDA (r.t., THF)
13 % (5 min), 37 X (45 min) and 15 % {24 hr).
Upon prolonged reaction times (> 24 h at r.t.)
the stereochemical result becomes consistent
with thermodynamic contrel for the formationm of
alkoxide chelates, and similar ratios are ob-
tained, both when starting from 31 and 5 (en-
tries 10 and 11). t

In the case of less tightened transition-
state compiexes {(e.g., Na+), reaction of 3
with Nal (entry 4} leads to the expected pre-
ferred formation of 4 (vide supra); product 5
under the same basic coonditions (15 min) yields

also predominantly product 4 {ratio 4:6 =
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32:15) due to the rapid dissociation of the pri-
mary formed 6a and further reorganization to

the preferred transition state 4b.

X+
Y
S X=0H,Y«H

10 ¥=0H,X=H

The tetrasubstituted olefin 9 (m.p. 81-82°C),
obtained from 3 via treatment with prehydroge-
nated palladium on catbon (10 % MeOH, 30 min;
56 % isclated yield)lo was also subjected to
isomerization; an equilibrium mixture of 3 and
lglz {ratio 1:2) was obtained when either of
both products was treated with methanolic NaOH

(48 h, r.t.) or THF-aqueous KOH (4 h 10, r.t.).

EXPERIMENTAL SECTION

The w.ps. are uncorrected. The NMR spectra
were recorded at 360 MHz (WH-Brucker} in CDCl,
with TMS as interna! gtandard. Chewical shifts
are expressed in ppm. The IR spectra were re-
corded in CCly.

The VPC analyses were performed on capillary
columns {20 m x 0.5 mm 1.D.) pretreated by high
temperature silylation (HTS) and coated with
ov-1 (df 0.3 ym)l2. The underivatized compounds
were introduced into the columm via a cold on-
column injector device (Carlo Erba 4160). After
injection of the sample at a column temperature
of 40°C, the temperature was programmed to 120°
C at 20°C win-1)

ly spectral data : 3 : 1.27 (3H, s),

4.02 (1H, ~t, £33 = 9.4 Hz), 5. .09 and 4.93 (2H);
4:1.21 {3, ), 4.36 (14, dd, °J = 8.0 and
10.0 Hz), 4.91 and 4.76 (2H); 5 : 0.91 (34, s),
4.24 (IH, dd, 31 » 1,2 and 6.0 Hz), 5.03 and
4.86 (2H); 6 : 0.96 (JH, s), 4.22 (1H, broad ¢,
J = 9 Hz), 5.05 and 4.85 (2H); 7 : 1.32 (34, s),
4.95 (2H); for 8 : 1.16 (24, s), 5.11 and 4.86
(2H); $ = 1.24 (38, s), L.74 (3H, s), 4.13 {IK,
s); for 10 : 1.15 (34, 8), 1.67 (34, s), 4.12
(1R, ddd, 35 = 10.8, 6.8 and 3.2 Hz).
1R spectral dara : 3 :, 3550, 30BC, 2950, 14685,
1540, 1460, 1235, 1090, 900 cmw~1; 5 : 3600,
3500 (br), 3080, 2950, 1685, 1640, 1440, 1370,
1320, 1275, 1070, 900 cm 13 9 : 3620, 3500 (br),
2350, 1690, 1455, 1235, 1060 cu’l; 10 : 3580,
3500 (br), 2950, 1690, 1090 cm l.
MS spectral data : 3 : m/z 195 (6), 194 (M,6),
179 (16), 161 {20), 150 (30), 137 (65), 55
(100); 5 : mfz 195 (4}, 194 (M, 15), 177 (12),
161 (8), 150 (35), 137 (l00), 55 (62); 10 :
miz 196 (%, 14), 176 (42), 161 (48), 127 (100).
Isomerization procedures
Procedure with NaOd-MeOH (entries 1,2).
A solution of the hydroxy-ketone (3, 5 or 9;
90 mg) in 0.2 Z methanolic NaOH (3 wl) was
stirred at reflux for 16 h under nitrogen. Af-
ter removal of the solvent under reduced pres-
sure, the residue was taken up in water and ex-
tracted with ether. The combined extracts were
washed with saturated brine and dried over
MgS0,. The solvent was removed from the fil-
tered solution on a rotary evaporator and the
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residual oil analyzed by VPC.
Procedure with XOH-THF (entry 3).
A sclution of the hydroxy-ketone (3. 5 or 9;
80 mg) in THF (4 wl) and § % aqueous KOH (7 ml)
was stirred for 30 min at r.t. After extractiom
with ether, the combined extracts were washed
with sarurated brine and dried over MgSQ,. The
solvent was removed from the filtered solution
on & rotary evaporator and the residual oil a-
nalyzed by VPC.
Procedure with NaH-TAF (entries &, 5).
To a suspension of NaH (50 % in o1l; 24 mg) 1n
THF (10 ml) was added at r.t. a solution of the
hydroxy-ketone (3 or 5; 97 mg, 0.5 mmol) in THF
(1.5 ml). The reaction mixture was worked up
by pouring it into a saturated NH,Cl solution
and extraction with ethyl acetate. The extract
was dried over Mg80,, filtered and amalyzed hy
vec.
Procedure with LDA-THF {entries 10, 11).
To a solutlion of diisopropyl amine (0.043 wl,
0.31 mmol) in THF (6 ml) was added at 0°C a so~
lution of n-Buli in hexane {0.194 ml of a 1.6 N
solution)., After 5 min the mixture was brought
to r.t, and treated with a solutian of the hy-
droxy-ketone {3 or 5: 60 mng, 0.31 mmol) in THF
(1.1 mol). Work-up was achieved as in the pre-
vious procedure.
t-8-Hydrozy-c-7-methyl-2-methylene—r—i1H-bi-
ayalo|5. 3. Oldeaan*ﬁ—one (3).
To & suspension of methyleng triphenylphospho-
rvane {(from 15.7 g, 44.0 mmol of wethyltriphe-
nylphosphonium bromide and 27,5 ml of 1.6 M n.
butyllithiumhexane solution} in THF {60 nl)
was added a solution of diketome 2 (4.1 g, 14.8
mmel) in THF (20 ml). After 30 min the reac—
rion mixture was poured into a saturated NH,Cl
solution., After extraction with ether, the ex-
tracts were washed with saturated brine, dried
over MgSQ,, and, after filtrationm, comncentrated
on a rotary evaporator. The residual oil was
chromatographed on silica gel using 10 X ether-
hexane as eluent, yielding t-8-(2'-tetrahydro-
yranyloxy)-c 7-methyl-2-methylene-r-1H-bicyclo
5.3.0|decan-6-one as an oil (3.2 g, 77 7).
A solution of this ether (3.2 g, 11.5 mol) and
pyridinium p-toluenesulfonate (200 mg) in EtOH
(100 ml) was heated for 3 h at 65-70°C. After
concentration and addition of hexane, the pre-
cipitate was removed by filtration and the fil-
trate concentrated on a rotary evaparator. The
residual 0il was chromatographed on silica gel
using ether-hexane as eluent., The alcohol 3
(1.8 g, 9.2 mmol) was obtained as a white crys-
talline solid {m.p. 39-43°C; 80 X).
c-8-Bydrozy-c=7?-me thyl-2-methy lene—r—1H-bi-
cyeleo|s. 3.0 decan=6-one (4).
The residual oil, obtained from the isomeriza-
tion with KOH-THF, was chromatographed on sili-
ca gel with ether-hexane as eluent (gradient e~
lution) yielding 4 as an oil (66 I isolated
vield).
e~8-Hydroxy—t-7-methyl-2~methylene-r—1H-bi-
eyelols. 3.0)decan-6-one (§).
From the corresponding tetrahydropyranyloxy de-
rivative (see ref. 3a) by hydrolysis with pyri-
dinium p-toluenesulfonate; after purification
on silica gel (ether-hexane) 5 is obtained as
a uhite crystalline solid {m.p. 66-68°C).
t~8-Hydrozy—t-7-methy1-2-me thy lene-r=10-bi-
cyelolS. 3.0|decan-8-one (€],
To a solution of LDA (from 25.2 mg diisopropyl-
amine and 0.15 ml of 1.6 M n-buryllithium-hexa-
ne solution) in THF (1 ml) was added at -7B°C
a solution of 5 (50 mg, 0.25 mmol) in TEF (1 ml).
The mixture was stirred at -78°C for 1 h, gra-
dually warmed to r.t. over 2 h, and poured into
a saturated NH,Cl solution. After extraction
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with ether, the extracts were washed with 1 %
HCl solution, water and brine. After drying
on MgS0,, the filtered solution was concen-
trated in vacuo and yielded 46 mg of an oil,
which was chromacographed on silica gel using
methylene chloride-ether (2:1) as eluent. Due
to the difficulty of the separation a poor
yield of pure 6 (semi-so0lid) was obtained (ca
10 mg, 20 X).

2, t=7-Dimethy l-r-8-hydroxybicyclo|s.3.0|
dec~1, 2-en—6-one (§).
To a solution of 3 (450 mg, 2.3 mmol) in metha-
rol (12 ml) was added 10 Z Pd on C {50 mg) .
The mixture was stirred under hydrogen atmos-
phere for 30 min, filtered and concentrated in
vacuo. The residual oil was chromatographed
on silica gel with ether-hexane as eluent
yielding 9 as & crystalline compound (w.p. 81-
82.5°C; 250 mg (55 X yield).
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