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Abstract: The synthesis and rearrangement of the cyclobutyl methanol 4 is described. The synthesis
has been achicved by addition of the Grignard reagent 16 to the bicyclic ketone 22. Experimental pro-
cedures for the preparaiion of both compounds are given. Upon ireatment with trifluoroacetic acid and
suhsequent reduction, 4 yields the norbornanes 24 and 25 and (+)-cerapicol (8). Some consequences
concerning the search for other potential precursors of 8 are discussed. © 1999 Elsevier Science Ltd. All rights reserved.
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tabolite of the fungus ceratocystis picea cuitured on solid media and named it (—)-cerapicoi (8). Interestingly,
the same alcohol, albeit in racemic form, had already been obtained twelve years before through formolysis of
the protoilludyl cation cquivalents 1-3 and subsequent saponification [1(2,3)-6-7-8]." Since then, no synthesis

of 8 has been reported.
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rangement to 8 via an initial twofold ring enlargement with transient formation of 5. The present communica-
tion describes its synthesis and details the results of its acid catalyzed rearrangement
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-dimethyl-cyclobutylmagnesium bromide (16)°

For the synthesis o
to the bicyclic ketone 22."" For the preparation of 16, we adopted the procedure of Roberts’ and reacted ma-
lonic acid diethyl ester (10) with potassium pentanolate and 1,3-dibromo-2,2-dimethyl-propane (11)° to give
the dipentyl ester 12. After saponification, the resulting dicarboxylic acid 13 was decarboxylated and subjected
to a Hunsdiecker degradation'® to give the required cyclobutyl bromide 15 (13-14-15). As recommended by

Fraenkel,” the subsequent Grignard reaction to 16 was run in diglyme. In tetrahydrofuran * or ether, extensive
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coupling to 17 was observed.
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10 — 12 X=Y=COOCH,, (58%) 16 (93%) 17
a
L= 13X=Y=COOH  (904)
® Lo 14 X=COOH, Y=H  (98%)
¢ E: 15 X=Br, Y=H (72%)
(@ (1) KOH/EO /Hz()/4h/rﬂx (2) HCI, (b) 2.50/200°C
{c) (1) KOH/AgNO;, (2) Bro/CCly/1.50/-25°C/-5°C

For the preparation of 22, the bicyclic ketone 18" was first methylenated to 19,'? then isomerized to
20, and finally hydroborated to 21 and oxidized to 22" using standard reagents and procedures. This se-
quence via a new and efficient entry to 20 compares favourably with those reported.™®
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(a) PhyP=CH,/10/40°C, (b) 1-BuOK/DMSO/31/80°C
(c) (1) BH/THF/Ih/rt, (2) NaOH/H, O,/ Ih/rt, (d) PCC/CH,Cl/1h/rt

When 22 was subjected to a CeCl; catalyzed addition"’ of the Grignard reagent 16, a single addition
product was formed. Assuming a preferential exo-attack of the reagent, we formulate this product as 4. To our
disappointment, treatment of 4 with p-toluenesulfonic acid in benzene did not provoke any rearrangement. An



undesired elimination with subsequent isomerization, delivering the tetrasubstituted olefin 23 as thermodynami-
~ally mo Wl 3 16 ¢ oo : od 3
cally most stable isomer of originally three olefins was observed instead
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At this stage it became clear, that a rearrangement of 4 could only be enforced by stronger acids, and
that the outcome was unpredictable because of the unknown regio- and stereochemistry of the protonation of
the initially formed 23 and the unknown barriers for the ring enlargements which had to follow. Indeed, it was
only with trifluroacetic acid, that an instantaneous rearrangement of both 4 and 23 took place, leading to identi-
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ixtures of trifluoroacetates, and, after reduction with lithium aluminium hydride, to identical mixtures of

ined the stereoisomeric norbornanes 24 (41%) and 25 (25%)
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umn and gas chromatography.

Of the products formed, (+)-cerapicol (8) was identified by means of its known 'H NMR data in deu-
terochloroform.” To achieve a better separation of overlapping signals and to generate a full data set we per-
formed additional high-field '"H NMR, “C NMR, APT, HETCOR, COSY and NOESY measurements in deu-

terobenzene. These measurements allowed a full assignment of all 'H, and, for the first time, of all "C NMR

racmmanase Nataile nea o ‘ A Aavroaes + 1 M '
resonances. Details are given in the experimental part. with 8 was applied to eluci
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the structure and stereochemistry of 24, and once again, a full assignment proved possible. With the "C NMR
data of 24 at hand, the structure of 25 followed from a large upfield shift of C-6 |8 = 36.20 (25) vs 27.55 (24)],
characteristic for 2-exo substitued norbornanes.!” The same conclusion could be drawn from a comparision of
the mass spectra. In both cases, the dominating fragmentation was an extrusion of 1,1-dimethyl-3-vinylcyclobu-
tane leading from the molecular ion (m/z = 222) to the basic ion (m/z = 112). This result confirms that 24 and

25 differ only in the stereochemistry at C-2.
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erved, the norbornancs 24 and 25 must have been formed by a protonation of C-3 of
23 from the exo and endo side, respectively, foliowed by a bicycio[3.2.0joct-2-yi to bicyclo[2.2. 1Joct-7-yl rear-
rangement and a backside attack of the trifluroacctoxy anion. An analogous rearrangement of 19 is known."”
The mechanism of the formation of (1)-cerapicol (8) is Icss obvious. However, assuming that C-2 of 23 is pro-
tonated preferentially from the exo side, we believe that the initial C4-Cs and Cs-Cs ring enlargements are fol-
lowed by an elimination and a reprotonation adjusting the stereochemistry of the bridge. If not, stereoisomers of
8 should have been formed.

1. CF,COOH 1. CF,COOH
noll.

) o\\H 2. LiAH, —~ /<\ OH 5 LiAH,
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In any case, it is clear from the above that the monofunctional cyclobutyl mcthanol 4 is an unsuitable
precursor for a productive synthesis of (f)-cerapicol (8). However, the situation may change if (potentially)
difunctional derivates as the epoxide 26 and/or the allylic alcohol 28 are emplovcd. In these cases, a ring
enlargement of the cyclobutyl substituent should not be inhibited, even if the 1,3-bridge is formed first. It co
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therefore well be that both compounds rearrange to 27 as another potential precursors of 8 and stabilomer'® of
a series of seven isomeric olefins. Research following these lines is in progress
EXPERIMENTAL
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H and ""C NMR spectra were recorded on a Varian VXR 200, VXR 500 or a Bruker AMX 300 spec-
trometer. For standards other than TMS the following chemical shifts were used: S5(CHCL:) = 7.24, dy(CsDsH)
=7.15, 84 (CD;HOD) = 3.30, 8c(CDCl;) = 77.00, 6c(CsDs) = 128.00, 8c(CD;0D) = 49.00. Mass spectra were
obtained with a Varian MAT 311A, Varian MAT 731, or a Finnigan MAT 95 instrument operated at 70
eV.Analytical and preparative GC was carried out on a Carlo Erba 6000 Vega 2 instrument using a thermal

conductivity detector and hydrogen as carrier gas. Product ratios were not corrected for relative response. R
values are quoted for Macherey & Nagel Polygram SIL G/UV3s, plates. Colourless substances were detected
by oxidation with 3.5% alcoholic 12-molybdophosphoric acid (Merck) and subsequent warming. Boiling and
melting points are not corrected. For the preparation of anhydrous CeCls, finely powdered CeCl; 7H.O was
heated at 140°C/0.1 torr to constant weight.

3.3-Dimethyl-cyclobutane-1,1-dicarboxylic acid dipentyl ester (12): To a solution of potassium
pentanolate in pentanol, prepared from potassium (71.0 g, 1.82 mol) and absolute pentanol (900 ml), was
added under nitrogen with stirring, first, within 15 min at 70°C malonic acid diethyl ester (182 g, 1.14 mol), and
second, within 1.5 h at 130°C 1,3-dibromo-2,2-dimethylpropane (11)° (205 g, 0.89 mol). After the addition
was complete, the reaction mixture was heated for 4h to 130°C until most of the solvent was distilled off at
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ordinary pressure and the cold residue was treated with water (300 ml). The phases were separated, the
aqueous phase was extracted with ether (3 x 100 ml), the combined organic phascs were dried (MgSQO,), the
solvents were distilled off and the residuec was fractionated to yield 140 g (58%) of 12 as colourless liquid, bp

120°C/0.1 torr. 'H NMR (300 Miiz, CDCI;, CHCI: int): § = 0.87 (1, 6, J = 8 Hz), 1.10 (s, 6), 1.20-1.36 (m, 8),

1.54-1.68 (m, 4), 2.35 (s, 4), 4.10 (t, 4, ] = 8 Hz); "C NMR (75 MHz, CDCl;, CHCI; int): 3 = 13.88 (q), 22.21
£aN YT 01 £ N0 1L Fa N AL 7.\ 2N NO 7N A1 NE ra\ AL AL r.\ LL A" N\ 1HI™ AL 7.\
(1), 27.91 (1), 26.16 (1), 29.45 (), 3U.0a8 (8), 41.25 (1), 46.46 (8), 65.47 (1), 172.45 ()

3,3-Dimethyl-cyclobutane-1,1-dicarboxylic acid (13): To a solution of potassium hydroxide (131g,

2.34 mol) in ethanol (350 ml) and water (175 ml) was added 12 (210 g, 0.67 mol) and the mixture was heated
4h to reflux. The ethanol and the liberated pentanol were distilled off as azeotropic mixtures with water
(ethanol/water 96:4, bp 78.2°C; pentanol/water 45:55, bp 95.4°C) and the residue was acidified with
concentrated hydrochloric acid to pH=I (2‘3() ml). The resultmg suspensxon was perforaled for 4h with ether,
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2.5 h). Subsequent distillation y
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12 (s, 3), 1.90-2.12 (m, 4), 3.07 (quint, 1, J = 8 Hz); "C NMR
99 3 32.03 (s), 37.52 (1), 182 77 (s).

): A solution of 14 (32 g, 0.25 mol) in water (70 mil) was
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N, 125 ml) until a solution of silver nitrate (43 g, .25 mol) in

i
]
=
1
=]
3
=]
1]
Iy
=
3
®
N
-
=
(g]
e
o]
=)
=)
=
g
=
[
N

water (140 ml) was added with stirring. After 30 min, the precipitated white-grey silver salt was filtered,
wachad with watar (0 mIY mathanal (200 mID and dAriad (AR h/A \opll\ N1 tr\rm\ Tho wviald fenm tura idantisal
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preparations amounted to 114 g (97%). For the Hunsdiecker degradauop the silver salt (37.6 g, 0.16 mol) was
added portionwise within 15 min at -25°C to a solution of bromine (25.6 g, (.16 mol) in tetrachloromethane

(200 ml). After the mixture had become colorless (30 min), it was allowed to warm up to -5°C and was held
there until the gas evolution had ceased (1.5 h). The precipitated silver bromide was filtered off and washed
with tetrachloromethane (2 x 50 ml), and the combined filtrates were washed with aqueous sodium hydroxide
(2N, 2 x 100 ml), water (2 x 100 ml) and dried (MgSO,). The solvent was distilled over a 30 cm Vigreux
column and the residue was fractionated to give pure 15 as colourless liquid, bp 133°C (lit.” bp 132°C). The
yield from three runs amounted to 58.4 g (72%)."H NMR (300 MHz, CDCl;, CHCI; int): § = 1.10 (s, 3), 1.20
(s, 3), 2.24-2.36 (m, 2), 2.40-2.52 (m, 2), 4.46 (quint, 1, J = 8 Hz); *C NMR (75 MHz, CDCls, CDCl; int): & =

27.55 (g), 31.05 (q), 33.82 (s), 38.47 (d), 47.93 (v).

3,3-Dimethyl-cyclobutylmagnesium bromide (16) and 3,3,3",3"-Tetramethyl-bicyclobutyl (17):
Mg turnings (3.50 g, 144 mmol) and a few crystals of I, were covered with diglyme (40 ml), and a portion of
the full amount of 15 (11.7 g, 72 mmol) was added at 50°C under argon with stirring. The reaction was started
by addition of a few drops of methyl iodide until the rest of 15 was added within 30 min at 50°C. After
additional 2 h at the same temperature, tturation of an aliquot indicated that the solution was 1.36 M (9’%%)

GC analysrs {3 mx 1/4” all glass system, 15% OV 101 on Lhromosorb W AW/DMCS, 60/80 mesh, 5 min

80°C, 20°C/min to 220°C; retention times (min): 6.9 {(15), 9.8 (17 )] revealed that 15 had been Lompxeteiy
consumed and that a small amount of 17 had been formed. An purc sample was obtainced by preparative GC
Colorless liquid. '"H NMR (300 MHz, CDCls, CHCI; int): & = 1.00 (s, 6), 1.10 (s, 6), 1.30-1.40 (m, 4), 1.62-
1.72 (m, 4), 2.08-2.26 (m, 2); "C NMR (75 MHz, CDCl;, CDCl; int): § = 28.97 (q), 30.73 (s), 30.94 (g),
33.08 (d), 37.94 (t); MS m/z 166 (1, M*)e 56 (100). Anal. Calcd for Cy2Ha: C, 86;66, H, 13.33. Found: C,

86.86; H, 13.12.
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(15R,5RS)-1-Methyl-4-methylene-bicyclo[3.2.0]Theptane (19): To a stirred suspension of potassium-
t-butoxide (28.0 g, 250 mmol) in ether (500 ml) under argon was added methyltriphenylphosphonium bromide
(89.2 g, 250 mmol) and the mixturc heated to reflux. After 30 min, most of the solvent was distilled off until the
internal temperature reached 40°C. 18" (21.1 g, 170 mmol) was added dropwise, and, after the exothermic

reaction had subsided, the mixture was heated for ih to reflux. The mlxture was hydrolyzed with water (20 mi),
/as ex i ( 1 ined organic phases were washed with water
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3x ml) and dried (Mg . The solvents were distilled over a 60 cm Vigreux column with occasional
filtration from separated tnphunylpho sphine oxide, and the residue was fractionated to yield 20.4 g (98%) of a
colourless liquid, bp 130-135°C (lit."> 60°C/60 torr), consisting of a § -mixture of 19 and 20 according to

31
GC[3mx 1/4” all glass system, 15% FFAP on Chromosorb W AW/DMCS, 6(/80 mesh, 80°C; retention tim
(min): 2.8 (20), 3.2 (19)]. This material was used for the %ubeeuuent isomerization. The '"NMR data of 19 were
in accord with literature data.'”” The "*C NMR data (50 MHz, CDCl;, CDCl; int) have not yet been reported
and were as follows: & = 22.01 (1), 26.46 (q), 30.15 (1), 33.66 (1), 40.20 (1), 45.77 (s), 48.63 (d), 104.22 (1),

158.33 (s).

(1RS,5RS)-2,5-Dimethyl-bicyclo[3.2.0]hept-2-ene (20): To a solution of potassium-t-butoxide (9.0 g,
80 mmol) in DMSO (80 ml) was added under argon with stirring a 83:17-mixture of 19 and 20 (20.1 g, 165
mmol) and the resulting two-phase mixture heated for 3 h to 80°C. The mixture was diluted with water (300
ml) and extracted with pentane (1 x 200 ml, 2 x 100 ml), and the combined extracts were washed with water (3
x 100 ml) and dried (MgSQy). The solvent was distilled off over a 6() cm Vigreux column and the residue was
fractionated to yield 17.9 g (89%) of pure 20 as colorless liquid, bp 135°C (lit.” 130-137°C). The 'H and “C

NMR data were in accord with literature data.®

(1SR,35R,45R,5RS)-1,4-Dimethyl-bicyclo[3.2.0]heptan-3-ol (21): To a solution of 20 (17.1 g, 140
mmol) in THF (50 ml) was added under argon with stirring a 1 M solution of borane in THF (140 ml, 140
mmol) causing a slightly exothermic effect. After the addition was complete, the mixture was stirred for 1 h at
room temperature until water (35 ml), aqueous sodium hydroxide (3N, 40 ml) and hydrogen peroxide (30%, 30
ml) were successively added such that the internal temperature did not exceed 50°C. After 1 h at room
temperature the mixture was diluted with ether (250 ml) and washed with water (2 x 100 ml) and saturated
ammonium chloride (2 x 100 ml). The combined aqueous phases were extracted with ether (150 ml), the
extract was washed with water (2 x 50 ml) and samrated ammonium chloride (2 x 50 ml) and lhe organic

3
1

pnases were combined and drie
¥,

(ISR 4SR,5RS)-1,4-Dimethyl-bicyclo[3.2.0]heptan-3-one (22): To a suspension of pyridinium
65 mmol) in dichioromethane (220 mi) was added under argon with strring a

solution of 21 (15.4 g, 110 mmol) causing an exothermic effect and the separation of a black grease. After 1.5
h, the sapernatant 'uquxu Was pouIt ed into ether {1 1), the residual grease was exiracicd with cther (2 x 100 mil),
and the combined etheral phases were filtered over silica gel (0.05-0.20 mm, column 25 x 5 cm) and eluted with
ether (300 ml). The solvents were distilled off over a 60 cm Vigreux column and the :‘es:due fractionated in
vacuo to yi.J(_ 134 ¢ \88%) of 22 as colourless !1(_}1_1(_, bp 74-76°C/16 torr. The 'H and "*C NMR data were in

-Dimethyl- ‘yclobutyl)-l,4-d1methyl-buyclo[320]heptan-3-ol “4: A

C>Q
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¢ : 1 e
dropw1sc Atter 15 min at ()°C and 3() min at room temptmture the reaction was compls,te au,ordmg to G [
m x 1/4” all glass system, 15% FFAP on Chromosorb W AW/DMCS, 60/80 mesh, 5 min 160°C, 30°C/min to
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230°C, 5 min 230°C; retention times (min): 3.1 (22), 7.8 (4)]. The mixturc was hydrolyzed with saturated
ammonium chloride (20 ml), the organic phase was decanted, the residue was washed with ether (2 x 50 ml),
and the combined organic phases were dried (MgSQy). Most of the solvents were distilled off (bath temperature
up to 120°C/60 torr) and the residue (5 20 g yellow oil) chromatographed on silica gel (0.05-0.20 mm) in
------------- [9:1, column 80 x § ¢ i (76%) of 4 as colourless oil (purity 97%

s 3 = ahtaiaa U nrenarative (3 1 - soen,
GO). An anal"{ica}}y pure S‘?u"n'ip}e was obtained by preparative GC. 'H NMR (300 MHz, CDCl,;, CHCL ini): 6 =
0£2(d.3.=7H2, 099 6, 3), L1 6 3) 1125, 3), 140 (b, |, OH), L45-170 (m, 6), 1 72-1.85 (m,

)
( ) 1 1, 3),
28 (m, 1), 2.29 (quint, 1, J = 9 Hz); "C NMR (50 MHz, CDCl;, CDCl; int): § = 8.3
(@), 14.85 (l), 28.39 (q), 28,48 (@), 30.41 (q), 30.63 (s), 31.45 (1), 35.78 (1), 36.15 (1), 37.84 (d), 42.37 (s),

43.90 (d), 50.06 (d), 51.28 (1), 85.87 (s); MS m/z 222 (1, M), 55 (100). Anal. Calcd for C;sHy0: C, 81.02; H,
11.79. Found: C, 80.80; H, 11.81.

(1RS,55R)-3-(3,3-Dimethyl-cyclobutyl)-2,5-dimethyl-bicyclo[3.2.0}hept-2-ene (23) To a StlI‘I‘Cd

solution of 4 (666 mg, 3.00 mmol) in benzene (30 ml) was added a solution of anhydrous

n-
(RS LY 21 VUL ARAR7 WS AU @ SNULNL UL 4l v

toluenesulfonic acid monohydrate. After 1h at 60°C, GC analysis [3 m x 1/4” all glass system, 15% FFAP on
Chromosorb W AW/DMCS, 60/80 mesh, 5 min 100°C, 20°C/min to 180°C, 6 min 180°C; retention times
(min): 8.6, 9.1 (23), 9.3, 14.1 (4)] revealed that the minor components of the initially formed 3.5:4.5: 1-mixture
ol three olefins had been isomerized to the major component 23. The mixture was washed with water (2 x 30
ml) and dried (NayCO;). The solvent was evaporated (bath temperature 30°C/15 torr) and the residue (750 mg
yellow liquid) chromatographed on silica gel (0.05-0.20 mm) in pentane [column 12 x 3 ¢cm; R = 0.72 (23)] to
yield 520 mg (85%) of 23 as colourless liquid (purity 92% GC). An analytically pure sample was obtained by
preparative GC. "H NMR (300 MHz, CDCls, CHCl; int): § = 1.03 (s, 3), 1.18 (s, 3), 1.23 (s, 3) 1.53 (brs, 3).

in benzene (0.74 M, 4.05 ml, 3.00 mmol) causing an exothermic effect and an instantancous nrg(_‘ipi[a_ ion of n-

1.55-1.85 (m, 7), 2.10-2.25 (m, 1), 2.25 (br s, 2), 2.53-2.61 (m, 1), 3.19 (quint, I, J =9 1—17) > NMR (75
MHz, CDCls, CDCl; int): 6 = 11.79 (q), 22.97 (1), 25.05 (), 27.17 (d), 28.17 (q), 30.79 (q), 31.72 (s), 33.24
(1), 39.06 (t), 39.64 (1), 41.34 (s), 47.88 (), 55.86 (d), 133.36 (s), 137 72 (s); MS m/z 204 (M*, 4), 176 (31,
120 (82). 105 (84). 01 (100) MS m/z (M cale 204 1878 ohed 204 1878
L& \Ukjy 2UL \UT)y 71 (AU RRANIVAD 1M £ AV J vauv LT 10010, vusu ‘.-\l—r 07,
(1RS,25R,4SR,7RS)-2-(3,3-Dimethyi-cyciobutyi)-1,4-dimethyi-bicycio[2.2.1]heptan-7-ol (24),
(1RS,2RS,4SR,7RS)-2-(3,3-Dimethyl-cyciobutyl)-1,4-dimethyl-bicycio[2.2.1]heptan-7-ol z5) and
(1RS,25R,65R,8SR,11RS)-1,4,4, 8-Tetramethyl tncyclo[621 0> *lundecan-11-ol (Leraplcol) 8): To a
ctivead cnlntinm AF A (1 11 5 K1) maman]) 4 e tnma 1) sxrne addad feiflenmennaats &N s ned ths
SUILICAUL SULUUIVUH UL = (1.11 5, J.U O IILuLy Lll pcumuc 1yuv llll] wad dauucy ullluUl\J&l\»CllL (.I.LIU \ AJ I alid HKC
reaction progress of the resulting homogencous mixture monitored by GC [3 m x 1/4” all glass system, 15%
FFAP on Chromosorb W AW/DMCS, 60/80 mesh, 5 min 100°C, 20°C/min to 180°C, 15 min 180°C: retention

times (min): 9.1 (23), 9.2, 10.1, 10.8 (trifluoroacetates), 14.1 (4)]. After 1 h at room temperature, the starting
alcohol 4 and lhc intermediately formed olefin 23 had been consumed. Water (10 ml) was added, the phases
were separated and the aqueous phase was extracted with pentane (10 ml). The combined organic phases were
dried (Na,COs) and evaporated to dryness (bath temperature 30°C/15 torr) to yield 1.52 g (96%) of a mixture
of triflucroacetates als yellowish oil. This material was dissolved in ether (10 ml) and added to a suspension of
LiAIH, (570 mg, 15.0 mmol) in ether (30 ml) causing a slightly exothermic effect. After 30 min at room
temperature GC analysis [3 m x 1/4” all glass system, 15% FFAP on Chromosorb W AW/DMCS, 60/80 mesh,
5 min 100°C, 20°C/min to [80°C, 15 min [80°C; retention times (min): 9.1, 18.6 (25), 19.2 (24), 22.6 (8)]
indicated that the reduction was complete. The mixture was hydrolyzed by successive addition of water (0.6
ml), 15% NaOH (0.6 ml) and water (1.8 ml), the liquid phase was decanted, the residuc was extracted with

P P S ¥'a Y ) R RPR I cnmtirinnad Aerrrantis mnlhhanoac PSPPI IS "N Faari PN frnen BEOLNIYVE 4o\ s ~11 1 10
ciner (1vimi) d tne combpin organic pnascs WEre concentratea (patn WIMPETALUIC 305 L/ 12 W0IT) 10 YICia 1.10
a (TNECIN ~AF n viles vnoidiza Ammtatining A1T. A VKO P& nnd 100 € nvanedinmg ¢80 £ Qanmnentionm wmrne nnhingad
£ LIVL/0) UL all VI1Y LTUUC, CULIALLILLIEE 1 70 &%, £0 /0 &40 AllU 1£ /0 O aLLULULLLE LU L. oCpalauuil w CIHICYOU
by a combination of column chromatography and GC. First, the whole matenial was chromatographed on silica
gel (0.05-0.20 mm) in dichloromethane (column 90 x 3 c¢m) yielding fractions A (480 mg, R¢ = 0.68-0.52), B
(120 mg, R¢ = 0.52- 0.43), C (80 mg, R¢ = 0.43-0.39), D (400 mg, R; = 0.39-0.36) and E (40 mg, R, = 0.36)
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Then, fraction A, containing 70% 25 and 21% 8, and fraction D, containing 94% 24, were subjected to
preparative GC [3 m x 1/4” all glass system, 15% FFAP on Chromosorb W AW/DMCS, 60/80 mesh, 200°C,
retention times (min): 5.3 (28), 5.5 (24). 7.5 (8)]. 8 and 25 were obtained as colourless liquids and 24 as an
amorphous solid, mp 50-60°C. The same rearrangement was brought about by substituting 23 for 4 under

P, 1ma

otherwise unichanged conditions. The spectroscopic assignments for 8 and 24 refer to the foliowing numbermg

Hl
H/ 10 H H H.r
15 Y H v I 0 ~| 4 I \ ) ‘H
womle L/ 2 H AN o

s OH H  CH, |
4 B oH
8 24
8: '"H NMR (500 MHz, C¢Ds, CsDsH int): & = 0.863 (s, 3, 13-H), 0.900 (d, 1, J = 4 Hz, OH), 0.982 (s, 3, 15-
H), 1013 (s, 3, 12-H), 1.060 (br dd, 1, J = 13, 7.5 Hz, 7-H), 1.124 (dddd, 1, J = 12, 12, 3.5, 1.5 Hz, 9-H)
1.180 (s, 3, 14-H), 1.190 (ddd, 1, T = 12, 12, 4.5 Hz, 10-H), 1.246 (brdd, 1, J = 13.5, 3.5, 5-H), 1.295 (ddd, 1,
1=12,10,35,10-H"), 1.338 (brdd, |, J = 13, 6.5 Hz, 3-H), 1.446 (ddd, 1, J = 12, 10, 4.5 Hz, 9-H"), 1.612
(brdd, 1,J =13, 13 He, 7-H"), 1.745 (ddd, 1, J = 13.5, 8.5, | Hz, 5-H"), 1.784 (ddd, 1, J = 13, 8, 6.5 Hz, 2-
H), 2.110 (ddddd, 1,J = 13, 8.5, 8, 7.5 35H26H)2?22(brdd11~13 13 Hz, 3-H"), 2840 (brd,J =4

Hz, 11-H); "C NMR (75 MHz, C¢Ds, CbDf, int): § = 24.42 (g, C-12), 25.69 (g, C-13), 30.86 (q, (*-m 31.13
(t, C-9), 32.34 (g, C-14), 35.17 (d, C-6), 36.07 (t, C-9), 38.33 (s, C-4), 38.44 (t, C-7), 41.24 (s, C-1 or C-8),
42.15 (s, C-8 or C-1), 42.98 (t, C-3), 47.94 (t, C-5), 51.00 (d, C-2), 84.17 (d, C-11); MS m/z 222 (M", 80),
207 (46), 204 (42), 191 (72), 189 (78), 176 (51), 175 (36), 161 (46), 95 (100). HRMS m/z (M") calc
222.1983, obsd 222.1983.

24: 'H NMR (500 MHz, CsDs, CsDsH int): & = 0.780 (ddd, 1, J = 12, 5, 1 Hz, 3-H). 0.968 (s, 3, 12-H or 13-
H), 0.972 (s, 3, 13-H or 12-H), 1.027 (s, 3, 14-H), 1.042 (dddd, 1, J = 12, 12, 5, 2 Hz, 6-H), 1.134 (s, 3, 15-
H), 1.155 (ddd, 1, T = 12, 10, 5 Hz, 5-H), 1.165 (br s, 1, OH), 1.245 (dddd, 1, J = 12, 12, 5, 3.5 Hz, 5-H"),
1.455 (brdd, 1,J = 10.5, 9.5 Hz, 11-H or 9-H), 1.506 (br dd, 1, J = 10.5, 9.5 Hz, 9-H or 11-H), 1.525 (ddd, 1,
J=12,10,5Hz, 6-H"), 1.752 (dddd, 1, J = 10.5, 8,4, | Hz, 1 1-H or 9-H"), 1.832 (ddd, J = 12, 12, 3.5 Hz, 3-
H"), 1.838 (dddd, 1, J = 10.5, 8, 4, 1 Hz, 9-H" or 11-H"), 1.944 (dddd, 1, J = 12, 10, 5, 2 Hz, 2-H), 2.238
(ddddd, J = 10,9.5, 9.5, 8, 8 Hz, 8-H), 2.875 (brs, 1, 7-H); °C NMR (75 MHz, CeDs, CeDs int): 8 = 18.46 (q,

55 (t, C-6), 28.58 (q, C 14) 29.85 (d, C-8), 31.30 (g, C-15), 32.45

C-i2 or C-13), i8. /4(q,( -i3 or C-i2), 27.
(s, C-10), 33.82 (1, C-5), 39.85 (t, C-3), 40.96 (t, C-9 or C-11), 41.92 (t, C-11 or C-9), 44.75 (s, C-1), 48.91
(s, C-4), 49.14 (d, C-2), 88.28 (d, C-7); MS m/z 222 (M", 5), 193 (14), 112 (100). HRMS nv/z (M") calc

25: 'H NMR (500 MHz, C,Ds, CsDsH int): 8 = 0.86 (br s, 1, OH), 0.955 (s, 3), 0.960 (s, 3), 1.06 (s, 3), 1.13
(s, 3), 1.13-1.25 (m, 4), 1.29-1.45 (m, 5), 1.87-1.94 (m, 2), 2.58-2.68 (m, 1), 2.80 (br s, 1); “C NMR (75

MHz, CsDs, CsDs int): 8 = 16.32 (q), 18.35 (q), 28.82 (g), 31.54 (s), 31.59 (q), 32.68 (d), 33.07 (v), 36.20 (1),
40.56 (1), 40.78 (1), 43.74 (1), 44.85 (s), 48.20 (s), 54.93 (d), 86.80 (d); MS m/z 222 (M", 2), 193 (8), 112

(100). HRMS m/z (M) calc 2221983, obsd 222.1983.
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All stereoisomers of the following compounds have been taken into account: (1RS,5SR)
thyl cyclobutyl)-2,5- chmethyl hlcy@lﬁ[% 2 0]-hept-2-ene (2?), (1 S,SRS') 3- (? 1methy
1 e
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with the onformatlonal search routine HUNTER (Weiser, J Holthausen M C Fu]er L J Comput
Chem. 1997, 18, 1265-1281) and are as follows:

23 29 30
5.1 7.8 (4RS) 83 (4RS)
6.6 (45R) 7.4 (4SR)
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“8

e narl 2,60, 1. A .
tricy 10{6 2.1.0 6}u idcc-2-en-11-0l (31), (}RS,SSRJ RS)-1
RN n2.6
S-en-11-0l (3“2} and (1RS,8RS,1 1RS)- i ,4.4,8-&6{1"2‘111‘6&1‘1"l-tiu,ydviu 2.1.0
- 16
heats of formation were calculated as indicated in ref.

8 8
"ty 6 iy
27 31
-77.0 -71.6  (65R)
-67.6 (6RS)

-67.2 (25R)
-71.6  (2RS)

Campbell, A.; Rydon, H. N. J. Chem. Soc. 1953, 3002-3008.

fi
i,4,4, S-tetrarncthyi—tricycio{’.Z.i,(‘JZ"(”jundecQ(é)—en-i i-oi (2’ ), (iRS,85R, lllfb)-l 4,4,8- tetmmethyl—
i

ol
<

Al uinds . 73
aj nu(,_yuu; LU"L[)UMI[LL\ II} <10 INIVER

n2.0

4,4, 8-tetramethyi-tricycio{6.2.1.0""jundec-

jullUCL U-L‘}ll i -1 (323). 1nc

-69.9 (25R)
-69.9 (2RS)



