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TOWARDS ACYCLIC 1,1-LINKED POLYCYCLOBUTANES AS POTENTIAL

SYNTHESIS OF TERCYCLOBUTANES AND ATTEMPTED SYNTHESIS OF
QUINQUECYCLOBUTANES

2313 Dol

Q.. a ctnoile Qi @ Toos o110 e AT e TS
2did \Jauu-;\alu.uu, \./ullbl.\)pll DLCCIICLK, HITIUA VIL YU, LULZ .['ll,]bl,

Institut fiir Organische Chemie der Universitit Gottingen,”
Tammannstrasse 2, D-37077 Gottingen, Germany

Institut fiir Anorgani%che Chemie der Universitit Gottingen,”

Tammannstrasse 4, D-37077 Gottingen, Germany
Received 6 January 1999; accepted 25 January 1999

Abstract: Acyclic 1,1-linked polycyclobutanes 1 should be potentially prone to rearrange to polyspiranes
with a helical primary structure. In an ¢xploratory study, the synthesis of the tercyclobutanes 8 (5-6-7-8)
and 15 (9-10-11-12-16-15 or 14-15), and scveral approaches to quinquecyclobutanes with the - and 3-
ketoesters 35 (15-33-34-35) and 24b (23-24a-24b), respectively, as most promising precursors are
described. © 1999 Elsevier Science Ltd. All rights reserved.

Introduction

Acyclic 1,1-linked polycyclobutanes 1' are an unknown but topologically interesting class of compounds.
According to MM3(92)-calculations” on the septicyclobutane 2 (R' = R? = CH;) as a model, they adopt a helical

conformation A as thermodynamically most stable conformation (AH® = 152.8 kcal/mol). It is therefore tempt-

ing to speculate that a conformationally controlled multiple cyclobutylmethyl to cyclopentyl rearrangement of a
(‘l“’fﬂ ]I‘ 1ninotinn ll‘;’l"\(" NroNIIrcir If\ [ , Dl - (—‘ -n” 2 frond \ I‘l\ll]l ]I"Jl{ ey a nvuon;r,\nt\ 1 l‘lli‘f 2y f\];l"l] nri_
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calculated identity pcriods of the two helical species A (5.5 A) and 4 (5.7 A) arc nea arly identical.
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analytical point of view, a synthesis and rearrangement o

From an ar of a quinquecyciobutane insicad of a
septicyciobutane was most desirable. In this case, a diastereoseiective rearrangement to a helical tetraspirane
could still occur, but the number of possible sterecoisomers was restricted to four (two).* However, also a sexi-
cyclobutane with a possible formation of up to eight (four)* stereoisomeric pentaspiranes seemed acceptable.
From a synthetic point of view, the synthesis of a sexicyclobutane via a dimerization of a suitable functionalized

tercyclobutane appeared most promising. We therefore explored this possibility first.
Synthesis of Tercyclobutanes

For the synthesis of tercyclobutanes, we first explored the annelation of a cyclobutane to the readily
available dicyclobutyl ketone 5° via a sequence of cyclopropylidenation, epoxidation, rearrangement and reduc-
tion (5-6-7-8). We then used this sequence to transform the B-ketoester 10, itself obtained by ring opening of 9,
to the tercyclobutanecarboxylic acid 15 (10-11-12-16-15), until we leamed that 15 could more conveniently be

To our disappointment this

prepared by ring opening of the trispiranc 14' using a modified procedure of Swan.*
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An obvious possibility to transform the carboxylic acid 15 into a sexicyclobutane w halo rb
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tion with subsequent coupling. However, none of the methods employed™™ delivered a halogenate
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tane (172 or 17b). Mixtures of a halogenated bicyclooctane (18a or 18b) and a bicycloctene (19) were formed
ad MLie o o wctantan thd this it lintn tarccalnhots ~ :
instead. This demonstrates that the intermediate tercyclobutyl radical rearranges with extreme ease

N
15 17 I 18 l 19
NaOH/AgNO,/Br,/CCl, a | X=Br (-) a I X=Br (32%) (15%)
Barton bromodecarboxylation a| X=Br (-) a I X=Br (17%) (20%)
Pb(0OAc) JLICYTHF bl X=CI (-) b | X=Cl (36%) (12%)

Attempted Synthesis of Quinquecyclobutanes

After a synthesis of halogcenated tercyclobutanes as potential precursors of sexicyclobutanes had been
failed, we explored the suitability of the 1,3,5-trione 20° and its derivatives 23" and 26 for a synthesis of quin-
quecyclobutanes. We first learned from an attempted dicyclopropylidenation of 1,3-dione 21, prepared by
cleavage and decarboxylation of 20, that even weakly basic ylides may provoke a fragmentation. Instead of the

desired diolefin 22 we isolated the monoolefin 6 as cyclopropylidenation product of §, itself formed by fragmen-

tation of 21. To avoid this fragmentation, we proceeded to the 1,3-dione 23. Ring opening using a method of
P TR . PR T 3 thn & Latamarhavulic arnid 242 whicrh wac Y 1
Gassman™ delivered the &-ketocarboxylic acid 24a, which was esterified to 24b and subsequently treated with

W
cyclopropylidene triphenylphosphorane. However, this time no reaction occurred.
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a quinquecyclobutane from a
spiroalkylated cyclohexane, we opened the monoketone 26 using the same procedure as for 23. Once again, the
result was disappointing. As could have been expected, the ring opening was accompanied by an allylic
rcarrangement and instead of the desired diolefin 28 we isolated its isomer 27. Despite of this fact, we used this
compound as a model to cheque the feasibility of a twofold ring enlargement. Towards this end, 27 was first
esterified to 30, then epoxidized to a single diepoxide 31 of unknown stereochemistry, and finally treated with
boron trifluoride etherate to induce the ring enlargements. To our surprise, the only isolable product was the

orthoformate 29,'° apparently formed by attack of the ester carbonyl to the ring-opened oxaspirohexanc in &

| S
position (31-32-29). The oxaspiropentane in B-position reacted normally and delivered the expected

cyclobutanone. This demonstrates, that the Orlgmally chosen olefins 25 and 28 would have been the wrong
oxaspiropentane in 6-position too. We therefore returned to an investigation of the carboxylic acid 15, but this
time as a potential educt for a chain clongation.
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For the chain elongation of the carboxylic acid 15, we reacted the corresponding acid chloride 33 with 1-
lithio-cyclobutanecarboxylic acid tert-butyl ester'’ to give the B-ketoester 34."* Treatment with boiling hydro-
chloric acid yielded the corresponding ketone 36. As could have been expected from the behaviour of 24b, an
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rings via a [2+1]cycloaddition and a subsequent ring enlargement. In both cases, high temperatures had to be
employed,”® and in the case of the B-ketoester 34, concomitant fragmentation with formation of 37 was ob-
scrved. In light of this fact, the 8-ketoester 24b regains importance. In this case, a fragmentation is impossible
and a methylenation could lead to another promising candidate for a synthesis of a functionalized quinquecyclo-
butane via a [2+1]cycloaddition strategy. Research following these lines is in progress.

Li_  COO+-Bu Ph,P=CH,
AN 2<) A O 4811 10°C A
, 96h/120°C
COR %C()()—[-Bu H%COO{—BU
NN\ 72% NN NS NV VANA
. [~ 15 R=OH 34 35 (32%)
SOC]
» L 33 R=Cl (61%) + 37 (13%)
HCl i 42%
~ Ph,P=CH, ~
48W110°C
H%H HMH
VA VAV 57% LU
36 37
EXPERIMENTAL
IR spectra were recorded on a Perkin-Elmer 298 spectrophotometer. 'H and "C NMR spectra were
measured on a Varian FT 80A, XL 200, VXR 200 or a Bruker AMX 300 spectrometer using CDCl; as solvent,

n
and CHCl; (84 = 7.24 ppm) and CDCl; (8¢ = 77.00 ppm), respectively, as standards. Be spectr were studlcd by
APT (attached proton test) to determine the number of protons attached to each car
tained with a Varian MAT 311A, 711 or Finnigan MAT 95 mstrumem operated at
for Macherey & Nagel Polygram SIL GIUV2s4 plates. Colourless substances were d

3.5% alcoholic 12- mnlvhdnnh_(vs horic acid (Merck) and subsequent warming. Boilin

QLG DLVY v 1 4y

corrected. Of the solven ether (L1A1H4), tctrdhydrnfuran (LiAlHy) and benzcn
cated and distilled.

(Cyclobutyl-cyclopropylidene-methyl)~cycl0butane (6): To a stirred suspension of potassium-tert-
butoxide (12.4 g, 110 mmol) in dry benzene (340 ml) under mtrogcn was added cyclopropylmphenylphos-
phonium bromide'* (42 2 g, 110 mmol) and the mixture heated to 60°C. After 2 h the tempcrature was lowered
to 45°C, a solution of 6.08 g (44 mmol) 5 in dry benzene (20 ml) was added, and after further 2.5 h at 45°C the
reaction was complete according to tlc [pentane/ether 9:1; Re = 0.80 (6), 0.40 (5)]. The mixture was hydrolyzed
with water (200 ml), the aqueous phase was extracted with pentane (50 ml), and the combined organic phases
were washed with water (200 ml), dried (MgSOs) and concentrated through a 20 cm Vigreux column (bath tem-
perature 120°C). The residue was [ractionated in vacuo yielding 5.95 g (83%) of pure 6 as colourless liquid, b.p.

1
55°C/0.4 torr. 'H NMR (300 MHz, CDCl;, CHCl; int): 8 = 0.98 (s, 4H), 1.62-1.92 (m, 4H), 1.94-2.14 (m, 8H),

3.00 (quin, J = 9 Hz, 2H); "C NMR (50 MHz, CDCls, CDCl; int): § = 0.22, 18.76, 28.03 (Cix), 39.98 (Cier),
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111.69, 134.00 (Cua); MS m/z 138 (35), 55 (100). Anal. Calcd for Cy,Hys: C, 88.82; H, 11.18. Found: C 88.87;
H, 1109

[1,1751°,1" ] Tercyclobutan-2"-one (7): To a vigorously stirred mixture of 6 (500 g. 32.5 mmol),
dlchlﬂrememans 420 mI and catiiratad cndinm hicarhanata (120 mI) w as addad urthin 18 aun at N1 o cnlintinn

11l QI Jatuviaweu oUUlulll qucuuuuaw LAJWU 1] VWD GARBLAL WILLILML fJ il Gl VU v a DUl“uUll
of m-chloroperbenzoic acid (8.41 g, 80% w/w, 39.0 mmol) in dichloromethane (40 ml) and the reaction progress
monitored by tlc [pentanefether 9; I; Re = 0. 80 (6), 0.55 (epoxide), 0.45 (7)]. After 2 h at 0°C, 6 had been
completely consumed. The organic layer was separated, washed with 1 N sodium hydroxide (3 x 60 ml), dried
(MgSO,) and concentrated on a rotary evaporator (bath temperature 30°C/15 torr). The residue was dissolved in

anhvdrone othar flm mh haran trifluaride atherate (170 mo 1 20 mmal) wac urlrlan] at % f‘ undar nitranogen and
mlll]ulum W LLEA/R ERALS RSRE fy UATEU/EL W MLAUURIVILC WAV AW \J i\ lllé Ao d\J llllll\)l} V¥ D & W LR L .uuue\-‘l.’ AaEng

after 20 min the rearrangement to 7 was complete. The mixture was washed with saturated sodium bicarbonate
(3 x 30 ml), dried (MgSO,,) and concentrated on a rotary evaporator (bath temperature 20/15 torr), and the
residue was fracuonated in vacuo yielding 4.76 (82%) of pure 7 as colourless liquid, b.p. 65°C/0.4 torr. IR

(film): 1750 cm™ (C=0); 'H NMR (300 MHz, CDCl;, CHCl; int): 8 = 1.60-2.05 (m, 14H), 2.35-2.53 (m, 2H),
2.70 (1, I = 9 Hz, 2H): "*C NMR (20 MHz, CDCl;, CDCl; int): 5.73, 18.22, 24.05, 24.63 (C.a), 37.99

e PN b 7 Lii L INAVERN \&U IVELRZ, CXOR3, LUl L. U 71Ty AU ey &7 ~ \MgekJy 1.

= |
(Ca), 43.15 (Cae), 74.19, 215.90 (Copar); MS m/z 178 (4, M), 80 (100). Anal. Caled for CroHygO: C. 80.85; H,
10.18. Found: C 81.07; H, 10.18,

[1,17;1°,1 ]Tercyclobutane (8): A solution of hydrazine (2.60 g, 80% w/w, 65.0 mmol) and 7 (2.40 g,
13.5 mmol) in diethylene glycol (20 ml) was heated under nitrogen with stirring to 160°C until tc [pentane/ether
9:1; Re=0.73 (8) 0.45 (7) 0.00 (hydrazone)] indicated that 7 had been consumed (20 h). Powdered potassium

P PO I s ama PO R PO b S |

nyuruxiuc \‘l IU g 0‘} U lIlﬂlUl) was dUUCU dIlU ad llllXLUIC Ul IlyuIMllB d!lu waier was umuucvu Ull until tﬂb

internal temperature reached 190°C. After 3 h at this temperature, the evolution of nitrogen had been ceased.

The mixture was diluted with water (30 ml), acidified with concentrated hydrochlorid acid and extracted with

pentane (3 x 40 ml). The combined extracts were dried (MgS80,), the solvent was distilled off, and the residue

(2 05 g) was chr()matogrdphed on silica gel (0.05-0.20 mm) in pentane/ether (9 I; eoiumn 60 x 3.5 c.m) yie]ding
o SO s € ao anlaiislace Tirestd ey NINAD /90N NALT : _ 1

1 UU g \/1J/0) Ul pUlC O ad bUlUUllUbb Ll(.iUlU I INWVIR LUV LVll_lL, k,lJbl} k./nk,l"; uu) U -_ l UU'I 7U \IH 10ﬂ)

2.12-2.30 (m, 2H); ’C NMR (50 MHz, CDCl;, CDCl; int): 8 = 14.94, 17.76, 22.83, 23.62 (Cea), 41.93 (Ceen),
44.82 (Cquan); MS m/z 136 (25, M"-C;Hy), 80 (100). Anal. Caled for CioHyo: C, 87.73; H, 12.27. Found: C
87.77; H, 12.32.

1-Cyclobutanecarhonyl-cyclobutgmecarboxylic acid tert-butyl ester (10): A solution of potassium-
tert-butoxide (1.35 g, 12.0 mmol) and 9 (4.11 g, 25.0 mmol) in tert-butanol (100 ml) was stirred at room
temperature under mtrogen until tc [pentane/ether 9:1; R[ 0. 34 10), 0.18 (9] indieated that 9 had been

mmmmmmmmm A (2N Tha Ailisiad th watar (80 nd ad th athar

8N Tha
cunsuiucu \JU uuu; 1ne luuu.unb was auuled with water \J\I uu; ang extractea wuu CUict \J X v uu} 1

extracts were dried (MgSQ,), concentrated on a rotary evaporator (bath temperature 30°C/15 torr), and the
residue was distilled in vacuo yielding 5.23 g (88%) of pure 10 as colourless hqmd b.p. 82-85°C/0.8 torr. 'H
NMR (200 MHz, CDCl;, TMS int): & = 1.41 (s, 9H), 1.70-2.45 (m, 12H), 3.33 (quin, J = 8 Hz, 1H); BC NMR

(50 MHz, CDCls, TMS int): & = 15.57, 18.29, 25.98, 27.41 (Csek) 27 90 (Corim), 42.07 (Ceen), 59.17, 81.46,
) 00). An:

171 sS4 YT 2 (( MS m/> 1 (18 MY C . H.Y R (1 od for . H..O) .- (O ’7“ S5- H O 1N
171,00, &Uf. LT quan/, VNS KL 104 (10, 1VX "\ 4K1§)y, O& \1UU ). A \.u UL 40322873, ., j1u.JJ,

Found: C 70.67: H, 9.37.

_fr‘vnlnhnh)|=nvn|nnrnnvl|flpnempfhv Nacvel nhnfqnpnnrl\nvvlln acid hxrt!hntvl octor (l l'\ To a
\Lycoedulyl-cyCopropyicen-meihyl -Cycigduianecarsoxyuc acic ouly: ester

stirred suspension of potassium-tert-butoxide (4.9 4 g, 44.0 mmol) in dry benzenc (120 ml) under nitrogen was
added cyclopropyltriphenylphosphonium bromide'® (16.9 g, 44.0 mmol) and the mixture heated to 60°C. After 2
h the temperature was lowered to 45°C, a solution of 10 (3.50 g 14.7 mmol) in dry benzene (8 ml) was added,
and after further 56 h at 45°C the rcaction was compiete according to tic {pentane/ether 97:3; R¢ = 0.41 (11),
0.21 (10)]. The mixture was diluted with pentane (50 ml) and hydrolyzed with water (20 ml). The organic phase
was decanted, the residue was extracted with ether (2 x 20 ml), the combined organic phases were concentrated
through a 20 cm Vigreux column (bath temperature 120°C), and the residuc was fra(,tlonated in vacuo yielding
325 ¢ (84%) of pure 11 as colourless hquld b. p 86°C/0.6 torr. IR (ﬁlm) 1720 ecm™ (C-O) 'H NMR (300
MHz, CDCls, CHCL; int): & = 1.03 (AA -part of a AA'BB -system, 2H), 1.10 (BB -part of a AA'BB -system,
2H), 1.40 (s, 9H), 1.60-2.20 (m, 8H), 2.26-2.44 (m, 4H), 3.00 (quin, J = 9 Hz, 1H); ’C NMR (75 MHz, CDCl;,
CDCl; int): 8 = 0.50, 0.90, 16.70, 18.84 (Ce), 27.99 (Cprim), 29.04, 30.84 (C.), 38.75 (Cen), 55.00, 79.68,
115.77, 132.45, 175.70 (Cquar); MS m/z 206 (12, M™- C,4Hg), 57 (100). Anal. Caled for C7HpOn: C, 77.82; H

9.99. Found: C 77.85; H, 9.84.

i1, 7.JU.
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1-(2-Cyclobutyl-oxiranyl)-cyclobutanecarboxylic acid tert-butyl ester (12): To a vigorously stirred
mixture of 11 (2.70 g, 10.3 mmol), dichloromethane (100 ml) and saturated sodium bicarbonate (30 ml) was
added within 10 min a solution of m-chloroperbenzoic acid (2.74 g, 80% w/w, 12.7 mmol) in dichloromethane

(15 mD and the reaction nroeoress monitored by tle Inentane/ether :1: R = 0 &0 (11) 0 46 (11 Afiar | 5 11

VAo BRERJ EINE WAL AL LINIE PIIUEIUSO TIRULILL VICW UY UL PV VUHILL 701y B = V.UV \BEJy, V.RU (Rdwf]. T3 1.0 13,

had been consumed. The organic layer was separated, washed with 1 N sodium hydroxide (3 x 30 ml), dried
(MgSOy) and concentrated on a rotary evaporator (bath temperature 30°C/15 torr) yielding 2.77 g (97%) of
crude 12. Chromatography of 0.50 g on silica gel (0.05-0.20 mm) in pentane/etber (9:1; column 26 x 1.5 cm)

yielded an analytically pure sample as colourless liquid. IR (film): 1720 cm™ (C=0); 'H NMR (200 MHz, CDCls,
CHC int): § = 0.65-1.00 (m, 4H), 1.40 (s, 9H), 1.55-2.50 (m, 12H), 2.63 (quin, ] = 8 Hz, 1H); ’C NMR (75

SoAEA3 i TU \Dy Sa3j, 1.0J074LUN L&ii)y & U Ritly 4 T U KAy ERX), iviEIN

MHz, CDC13, CDCl; int): 8 0. 88 1.45, 16.67, 18.86, 24 28, 25.66 (_Cw_(_), 27.50 (Cprim), 27.95 (Cear), 36 67
(Ceen), 53.10, 59.28, 67.26, 80.20, 174.30 (Cquar); MS m/z 166 (14, M*-2C4Hy), 57 (100). Anal. Calcd for
C17H2605: C, 73.34; H, 9.41. Found: C 73.58; H, 9.29.

2°-0x0-[1,1";1°,1""Jtercyclobutane-1-carboxylic acid tert-butyl ester (16): To a solution of crude 12
(2 28 g, 8.2 mmol) in anhydrous ether (80 ml) was added at 0°C under nitmgen with stirring boron trifluoride

wrntas (1 14 = Q) eenonn S < P Py — s [ PR N AL /1 N AL
ClllCld.tb \1.10 g, 0.4 llllllUl} auu luU reaction PIORICSS lllUll.llUlL,U Uy UL u)CllLdllCICLllCI y l I\f = U.40 (14}, U.OO

(16)]. After 1.5 h, more boron trifluoride etherate (0.58 g, 4.1 mmol) was added, and after a further hour the
reaction was complete The mixture was diluted w1th ether (30 ml), washed with 10% potassium bicarbonate (4
x 30 ml), dried (MgSO,) and concentrated on a rotary evaporator (bath temperature 40°C/15 torr). The residue
(2.15 g) was ehromatographed on silica gel (0.05-0.20 mm) in pentane/ether (9:1; column 70 x 3.5 cm) yielding
1.70 g (75%) of pure 16 as colourless liquid. IR (film): 1760, 1720 cm™ (C=0); '"H NMR (200 MHz, CDCl,,
CF

v
ICl; int): & = 1.45 (s, 9H), 1.60-2.65 (m, 15H), 2.72-2.85 (m, 2H); *C NMR (50 MHz, CDCl;, CDCl, int): &
=1597, 17.52, 18. 80 25.31, 25.75, 26 03 (Cscr) 28.04 (Cpnm), 29. 99 (Csex)s 37 25 (C(m) 44, 69 (Csex), 51.82,
74.21, 80.51, 174.67, 214.25 (Cqm) MS m/z 166 (38, M*-2C4Hg), 57 (100). Anal. Calcd for C7H260:: C,
7

3.34; H, 9.41. Found: C 73.28; H, 9.27.

[1,117,17 ] Tercyclobutane-1-carboxylic acid (15): A. From 16: A mixture of hydrazine (130 mg,
80% wiw, 3.24 mmol), powdered potassium hydroxide (303 mg, 5.40 mmoi) and 16 (300 mg, 1.08 mmoi) in
diethylene glycol (1.5 ml) was heated under nitrogen with stirring to 160°C until tic [pentane/ether 7:3; Rf = 0.56
(16), 0.33 (15), 0.21, 0.11], indicated that 16 had been consumed (3 h). After additional 2 h at 190°C the
mixture was diluted with water (15 ml), acidified with concentrated hydrochlorid acid to pH 2 and extracted with
ether (3 x 20 ml). The extracts were dried (MgSO4) evaporated to dryness (bd.l.h temperature 30/15 torr), and
the residue was chromatographed on silica gel (0.05-0.20 mm) in pentanc/ether (7:3; column 26 x 1 5 c¢m)
Yieldmg 75 mg (33%) of pure 15 as colourless solid, m.p. 65°C. IR (KBr): 3600-2500 (OHm%) 1700 ¢cm™ (C=0);
H NMR (300 MHz, CDCl;, CHCI; int): 8 = 1.60-2.00 (m, 12H), 2.10-2.40 (m, 7H); “C NMR (75 MHz,
CDCl;, CDCl; int): S = 15. 11, 15.72, 18.17, 23.72, 24.63, 26.92 (Csx), 41.02 (Cin), 46.85, 53.42, 184.26
(Cquan); MS m/z 208 (8, M™), 79 (100). Calculated for Cy3Hz00,: 208.1463. Found: 208.1463 (MS).

B. From 14: To a suspension of potassium-tert-butoxide (44.9 g, 0.400 mol) in tert-butyl—methylether (320 ml)
was added at room temperature under nitrogen with stirring water (2 40 g 0.133 mol) and 14" (7.61 g 0.040

p, O | A N NY rMONn

mOl), bdublﬂg a bllgnuy ex()[ncfml(, efieci. Afier 1 n, the mixture was nyurmchu with 2 N hyuf()(,nl()ﬂL acid (ZLoU
ml). and the oreanic nhnep washed with water (3 x 100 ml) and dried (CaCly). Evaporation of the solvent (bath

Ril), Qi uiv VigGaiae Qi Gax AGR22 /. AV ApUIGnL NP Ladv

temperature 45°C/ 15 torr) yielded 8.16 g (98%) of 15 as nearly eolourless solid, m.p. 65°C. The 'H and 12C
NMR data were identical with those of an authentic sample.

3a-Bromo-6a-cyclobutyl-octahydro-pentalene (18a) and 3a-cyclobutyl-1,2,3,3a,4,5-hexahydro-
pentalene (19) A From 15 by Hunsdlecker degradanon At 60°C, a solution of 15 (625 mg, 3. OO mmul) in

lug, J \I\l illlll\)l) lll WdLCl \L llll} Wdd dUUUU, bauauig a wuwc plCLlplLdlC r\ll\/l 0 ll dL TOO0m LClllpCl dlulU UIC plC‘
cipitate was filtered off, washed with water (3 x 5 ml), methanol (3 x 5 ml) and ether (3 x 5 ml) and dried
(50°C/12 torr, 12 h) yielding 800 mg (85%) silver salt of 15. 630 mg (2.00 mmol) of this salt were added por-
tionwise at -35°C under nitrogen with stirring to a solution of bromine (320 mg, 2.00 mmol) in tetrachloro-
methane (2 mi). After the addition was complete, the temperature was raised to -25°C until the gas cvolution
fiad been ceased (30 min). The mixture was filtered, the residue washed with ether (20 ml), and the combined
filtrates were washed with saturated sodium bicarbonate (2 x 5 ml) and dried (MgSQOy). The solvents were distil-
led off (bath temperature S0°C/1S torr), and the residual slightly yellow oil (470 mg) was chromatographed on
silica gel (0.05-0.20 mm) in pentane [column 30 x 3 cm; Ry = 0.80 (19), 0.62 (18a)] yielding 50 mg (15%) of 19
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and 152 mg (32%) of 18a as colourless liquids. 18a: "H NMR (200 MHz, CDCl;, CHCl; int): 8 = 1.25-2.35 (m,
18H), 2.62-2.82 (m, 1H); C NMR (75 MHz, CDCl;, CDCl; int): 8 = 17.60, 23.05, 25.57, 35.47 (C.u), 45.66

(Cien), 45.73 (Coar), 58.48, 83 00 (Cquar); MS m/z 242 (2, M), 163 (100). Calculated for C;,H;oBr: 242.0670.
Found: 242.0670 (MS). 19: 'H NMR (200 MHz. CDCL:. TMS int): 8 = 1 10-1.30 (m. 2H). 1.45-2 20 (m. 13H)

Ve TN I NS \AVALF ). ANAVAIN \ UV AVLIL ALy NVl 13, X AVAD L1V & == R AW L.V \lMly &ikjy 1.907&L.4U \1Liy, 1T23),

2.25-2.70 (m, 3H), 5.21 (m., 1H); °C NMR (75 MHz, CDClL;, CDCl, int): & = 17.93, 23.93, 24.96, 25.03,

26.25, 34.80, 35.77, 36.72 (Ceax), 42.42 (Ceerr), 61.28 (Cyuar), 117.98 (Cien), 155.47 (Cquan); MS m/z 162 (8, MY,
91 (100). Calculated for Cy;Hys: 162.1408. Found: 162.1408 (MS).

B. From 15 by Barton bromodecarboxylation: To a solution of 15 (417 mg, 2.00 mmol) in dry benzene (10
ml) were added under nitrogen with stirring oxaly! chloridc (1 ml) and a drop of N N»dimcthylformamide After

Nk e aaa Ao an a4 PUPp FAATa VR V-2

dt oom u:mpcrcuurc, UIC SOIVCIIL dllu €XCEeSS ()Xd..lyl (Jll()fl(.l were ulblll_lCU OlI LDdU’l lcmperalure OU /10 [01’1’),
d the residual crude acid chloride was dissolved in 2-bromo-2-chloro-1,1, 1-trifluoroethane (7 ml). 2-Mercap-
topyridine N-oxide sodium salt (298 mg, 2.00 mmol) and a catalytic amount of 4—dimethylaminopyﬁdine were
added, and the mixturc was irradiated with a 500 W tungsten lamp while heated to reflux. After 1 h, tc
[pemane/ethcr 2:1; Rf =0.95 (18a 19)] indicated that the reaction was complete. The mixture was diluted with

mnanmtama sirackhad soritle cagrreentad o Aol P PP | PRI P

pentane, washed with saturated sodium bicarbonate (2 x 5 ml) and saturated sodium chioride (1 x 5 ml) and
dried (MQQOA The solution was concentrated (bath temperature 5 50°C/15 torr) and the residual brown oil (400

LITICAL A¥2 (U381 S LY Viip Qs

mg) chromatographed as descnbed above to y1€1d 82 mg ( 17%) of 18a and 65 mg (20%) of 19. The 'H and 13C
NMR data were identical with those of authentic samples.

3a-Chloro-6a-cyclobutyl-octahydro-pentalene (18b) and 3a-cyclebutyl-1,2,3,3a,4,5-hexahydro-
pentalene (19): A stirred solution of 15 (417 mg, 2.00 mmol) and lead tetraacetate (913 mg, 95% w/w, 2.00
mmol) in anhydrous tetrahydxofumn (8 ml) was saturated with nitrogen (30 min) until lithium chloride (10 mg +

7K Y M) e ag addad Aftar tha fie tha ~1ad N and afin
1J 1115, ~ Y lluuUl[ Was WUCU ul lWU ll\!lu\lllb Fattieg ulb IJIDL pUlllUll \.HD ILllAH.uC Was CG01ea tU UL, aliu aicr

the second portion this temperature was maintained. Tlc |[pentane/ether 9:1; R¢ = 0.78 (18b, 19), 0.15 (15)] indi-

!53 LJQ

cated that after 40 min the reaction was nearly complete. The mixture was warmed up and after 1 h diluted with
pentanc (15 ml), washed with saturated sodium bicarbonate (1 x 10 ml), water (2 x 10 ml) and dried (MgSOy).

The solvent was distilled off (bath temper atule 50°C/15 torr) and the residual yellow oil (305 mg) chromatogra-

ad silica gel (005020 mm) i ST 2y v L . R.=0NDKRN 14\ N KA I1QI.\'I vialding 141
yubu Oon suica Bl V.UV mm) i p\,uwuxb l\.\uuluu JU X 5 CM; I’\f = V.OU (a7, U.OS (100 ] yita Uulé 141 lus

(36%) of 18b and 40 mg (12%) of 19 as colourless liquids. The lH and “C NMR data of 19 were identical with
those of an authentic samplc 18b: 'H NMR (200 MHz CDCls, CHCI; int): 8 = 1.25-2.15 (m, 18H), 2.58-2.78
(m, 1H); C NMR (75 MHz, CDCls, CDCl; int): 8 = 17.87, 22.84, 25.43, 36.04 (Cs), 43.47 (Cier), 44.54
(Csex), 58.01, 86.20 (Cquan); MS m/z 79 (100). Anal. Calcd for C;HyyCl: C, 72.52; H, 9.64. Found: C 72.73; H,

q A0

7.,

,. , -

1”"-Cyciobutanecarbonyi-[1,17;1
nnlnec;nm tert-hutavide (22 2 n' !QQ mm(_)l) mn

VUMQQI 21 WAL RS uulr\luu N A et 0 et ARARRR
added under nitrogen with stlrnng within 10 min at 40°C a soluuon of 23° (9.00 g, 60% w/w, 19.8 mmol) in
dimethyl sulphoxide (40 ml). After 20 min, tlc [pentane/ether 7:3; R¢ = 0.50 (23), 0.30, (.26 (24a)] indicated that
the reaction was complete The mixture was diluted with water (12() ml), acidified with 20% hydrochlori(, acid to

S TT '1 P, PR T [P A [oJaY

pi1 £ and BX[rdueu with e[ﬂer (1 X lUU Hll, 3 x 40 ml} The combined exiracis were dried UVlgDUA) dﬂ(l
concentrated on a rotary evaporator (hath temperature 30°C/15 torr), and the residual oil was chromatographed

...... trated on a rotary evaporator (bath temperature 3 5 torr), and the residual oil chromatographe
on silica gel (0.05-0.20 mm) in pentane/ether (7:3; column 60 x 7 cm) yielding 5.63 g (98%) of crude 24a (purity

75%). A second chromatography yielded analytically pure 24a as coloutless solid, m.p. 125°C. IR (CCly): 3500-
2800 (OH,), 1740, 1685 cm™ (C=0); '"H NMR (30() MHez, CDC13, CHC]3 1nt) b = 1.53-1.73 (m, 3H), 1.73-
2.15 (m, 9H), 2.15-2.45 (m, 12H), 3.69 (quin, J = 8§ Hz, iH), 11.0 (br s, 1H); BC NMR (50 MHz, CDCl,,
CDCls int): & = 15.49, 15.62, 15.74, 17.72, 25.05, 25.99, 28.01, 28.85 (C), 44.25 (Cien), 51.95, 52.68, 58.68,
182.37, 219.45 (Cyuan); MS m/z 290 (1, M), 55 (100). Anal. Caled for CysHac0s: C, 74.45; H, 9.02. Found: C

74.62; H, 9.08.

17-Cyclobutanecarbonyl-[1,17;1",1" ]tercyclobutane 1-carboxylic acid ethyl ester (24b): To a stir-
red solution of crude 24a (5.13 g, 75% w/w 13.3 mmol) in acetone (100 ml) was added potassium carbonate
(3.46 g, 25.0 mmol) and ethyl iodide (31.2 g, 200 mmol) and the mixture heated to reflux. After 2 h, tic

i”] tercyc obutane-1-carboxylic acid (24a): To a solution of
‘I\ !1 ,X I‘P (dﬂ m]\ '\l’}d \'1‘7“ tor (I nQ ﬁn mmn]\ ‘l?A\

AN YU dzdij da 2R YA b’ VR anasaatsay

mmrmtnmafatln. 7T, D _NE2 ALY N AT N2 (AT adinatad sthat thhia sanmtimiss xsao momerselota RA A tha
LpC“ IC/CUICT /.0, I\f = V.02 (&), UL/, U LD (&d)] ingicatca wnat ULC IUdbtlUll Wad bUlllplCLC LVIUB\. 01 i
solvent and the excess ethyl iodide were distilled off (bath temperature 85°) until 10% potassium carbonate (50
ml) was added. Thc mixture was extracted with ether (2 x 50 ml), and the extracts were washed with water (2 x

40 ml) and dried (MgSQ,). The solvent was distilled off (bath temperature S0°C/15 torr) and the residue (5.7 g)
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was chromatographed on silica gel (0.05-0.20 mm) in pentane/ether [9:1; column 40 X 6 cm; R¢ = 0.41, 0.33
(24b)] yiclding 3.52 g (91%) of pure 24b as colourless oil. IR (ﬁ}m) 1710, 1670 cm™ (C=0); 'H NMR (200

MHz, CDCl;, CHCL int): 8= 1.27 (t, J = 7 Hz, 3H), 1.45-2.45 (m, 24H), 3.84 (quin, J = 8 Hz, 1H), 4.07 (g, ] =
7 Hz, 2H); "C NMR (50 MHz, CDCl;, CDCl; int): 8 = 13.98 (Cprim), 15.47, 15.50, 15.93, 17.67, 24.98, 25.90,
27.90, 28.31 (Cau), 43.92 (Cien), 51.71, 52.56, 58.40 (Couart), 60.32 (Coes), 177.37, 217.82 (Couar); MS m/z 318

(5, M™), 55 (100). Anal. Caled for C20H3003: C, 75.43; H, 9.50. Found: C 75.30; H, 9.43.

1-{[1-(Cyclobutylidene-cyclopropyl-methyl)-cyclobutyl]-cyclopropylidene-methyl } -cyclobutane-
carboxylic acid (27): To a solution of potassium- -tert- butoxide (4.49 2, 40.0 mmol) in dlmcthyl sulphoxide (15
ml) and water (216 mg, 12.0 mmol) was added 26° (1 00 g, 3.40 mmol) and the mixture heated under mtrogen

with stirring to 70°C. After 18 h, tic [pentane/ether 7:3; R¢ = 0.67 (26), 0.44 (27)] indicated that the reaction

was complete. The mixture was diluted with water (50 ml), acidified with 10% hvdrn(‘hlnnr acid to pH 2 and

MR AR, 2230 RAAASAR YWiewi (8 anakar LR ORI &AL A

extracted with ether (3 x SO ml). The combined extracts were dried (MgS(L) concentrated on a rotary
evaporator (bath temperature 30°C/1S torr), and the residual oil was chromatographed on silica gel (0.05-0.20
mm) in pcmdne/ether (7:3; column 62 x 3.5 cm) yielding 690 meg (65%) pure 27 als colourless solid, m.p. 110°C.

00-2700 (OH...) -1 lyy :
IR (CCly): 3200-2700 (OH.), 1685 cm™ (C=0); 'H NMR (300 MHz, CDCl;, CHCl; int): & = 0.42-0.47 (m,

4H), 1.02-1.12 (m, 3H), 1.18-1.28 (m, 2H), 1.60-1.85 (m, 5H), 1.98 (m., 1H), 2.20-2.32 (m, 2H), 2.38-2.75 (m,

LY T sy =.2072.450 1y W22/, 1.0V S22/, 138/ L. 4UTL. 0L am 2]y L. 2074

10H), 11 0 {(brs, IH) “C NMR (50 MHL CDClg, C‘DC‘I; int): & = 1 43 3.82, 4.85 (Csck) 12.86 (Ceen), 17. 22
17.57, 18.14, 32.35, 32.43, 32.68, 33.82 (C.x), 55.05, 55.14, 119.64, 132.11, 133.83, 137.53, 183.74 (Cyuun);
MS m/z 312 (2, M"), 185 (100). Anal. Calcd for C,HyO,: C, 80.73; H, 9.03. Found: C 80.75; H, 8.96.

1-{{1- (Cyclobutylidene-cyclopropyl-methyl)—cyclobutyl]-cyclopropylidene-methyl}-cyclobutane-

carboxylic acid ethyl ester (30): To a solution OI 27 (606 mg, 1.94 mmol) in acetone (20 ml) was added potas-

gitim carhanata (ASN mo 226 mmal) and athyl 1adide (200 g 25 mmo) and the miviinre haatad ¢ rafli A ftar
S Caroondt (4ou Mg, 5.40 MiNoy and Culyi 10GIGC (\J.7v g, 43 Mimoy) and e mixture neated to renux. Atter

2 h, tlc [pentane/ether 9:1; Re = 0.55 (30), 0.32, 0.18 (27)] indicated that the reaction was complete. Most of the
solvent and the excess cthyl iodide were distilled off (bath temperature 85°C) until 10% potassium carbonate (6
ml) was added. The mixture was extracted with ether (2 x 10 ml), and the extracts were washed with water (2 x

P P ANG

6 mi) and dried (MgSOy). The soivent was evaporatea (bath temperature 30°C/15 torr) and the residue (685 mg)

chromatnaranhad an cilica oal N NS0 20 mm) in nantana/ather (Q-1- onliomn AN v 7§ pm) vialding SR mo
LilidiidwigiapnCa it suica £C1 \UL.Ud-ULAU I 1 l}\,uuul\.rl\/u..l\/l 7.1, COUMn 5 X 2.0 Omy) yiCaailiy OOV i

(88%) of pure 30 as colourless oil. IR (film): 1710 ¢m™ (C=0); '"H NMR (300 MHz, CDCl,, CHCI; int): § =
0.37-0.43 (m, 4H), 0.98-1.08 (m, 3H), 1.15-1.25 (m, 2H), 1.20 (t, } = 7 Hz, 3H), 1.58-2.75 (m, 18H), 4.09 (g, J
= 7 Hz, 2H); °C NMR (75 MHz, CDCl;, CDCl; int): 8 = 1.56, 3.89, 4.82 (Cex), 12.76 (Cier), 14.14 (Cm),

17.36, 17.66, 18.21, 32.54, 32.90, 33.90 (C.x), 55.20, 55.60 (Cqun), 60.34 (Cuw), 119.45, 132.31, 134.09,
136.52. 176.89 (C.....): MS m/z 340 (9. M. 185 (100). Calculated for Cr:H1,O5: 2402 Found: 3402407
g L FNTD S \\.'quﬂn,’ AVRYD AT L JTTU (A AVR }, L0 \IU\J] NIV ULIANCS RO SR A8NT) TN o L “TNT bt A UUIIL, JTV.LTTU L

;

{2 [1- (Z-C_‘,'Q‘"F"““" 1-nvn-eplrn[2.3]hgx-7-vl\.nvnlnhnh/" 1'““"5?!!’9[, 7}}; ﬂt'Z‘_‘,’!}*CyC!Q'
butanecarboxylic acid ethyl ester (31): To a vigorously stirred mixture of 30 (650 mg, 1.91 mmol), dichloro-
methane (30 ml) and saturated sodium bicarbonate (8 ml) was added within 10 min a solution of m- chloroper-
benzoic acid (1.03 g, 80% w/w, 4.78 mmol) in dichloromethane (8 ml). After 2 h, dc [pentane/ether 9:1; R¢ =
0.52 (30), 0.35, 0.30 (31)] indicated that the reaction was complete. The organic layer was separated, washed
with 1 N sodium hvdrnvidp ('% x 20 ml\ dried (Moqn \ and concentrated on a rotary evaporator ( (hath tempera-
ture 30°C/15 torr). Thc rcmdual crude dlep0x1de (9‘55 mg) was chromatographed on sxhca gel (0.05-0.20 mm) in
pentane/ether (7: ’i column 34 x 4 c¢m) yielding 485 mg (68%) of pure 31 as colourless solid, m.p. 84-86°C. IR
(CCly): 1720 em™ (C=0); 'H NMR (300 MHz, CDCl;, CHClL; int): 8 = -0.12-0.04 (m, 1H), 0.09-0.19 (m, 1H),
0.24-0.34 (m, 2H), 0.95-1.15 (m, 3H), 1.21 (t, J = 7 Hz, 3H), 1.26-1.38 (m, 2H), 1.50-1.90 (m, 8H), 2.00-2.15
(m, 2H), 2.20-2.90 (m, 8H), 3.97-4.10 (m, 1H), 4.15-4.28 (m, 1H); C NMR (75 MHz, CDCl;, CDCl int): § =
-0.57, 1.68, 2.41, 4.05 (Csex), 9.92 (Cprim), 13.91 (Ceer), 13.98, 16.20, 16.42, 26.25, 26.90, 27.25, 30.95, 31.72,
32.03 (Csx), 49.84, 53.99 (Cyuan), 60.74 (Cyey), 61.27, 66.80, 68.40, 71.21, 175.36 (Cguar); MS m/z 175 (100).
Anal. Caled for Cp3H3,04: C, 74.16; H, 8.66. Found: C 74.28; H, 8.60.

Rearrangement of 31 to orthoester 29: The crude diepoxide 31 obtained from epoxidation of 30 (580
mg, 1 70 mmol) was dissolved in ether (20 mi), cooled to 0°C and treated with boron trifiuoride etherate (284
mg, 200 lunu’u} After 20 miu tic lpcm"“elmhcr 9 1 Rf ={. 49, 0. 38 0 31 (31) 0.24 (29), 0. 16, 0.1 lUj indicated
that the reaction was complete. The solution was washed with saturated sodium bicarbonate (3 x 10 ml), dried
(MgS0O,) and concentrated on a rotary evaporator (bath temperatur ¢ 30°C/15 torr), and the residue (69() mg)
was chromatographed on silica gel in pentane/ether (9:1; column 50 x 3.5 cm) yielding 140 mg (23%) of pure 29
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as colourless solid, m.p. 143°C. IR (CCl,): 1760 cm™ (C=0); 'H NMR (300 MHz, CDCl;, CHC}; int): & = 0.57-
0.67 (m, 1H), 0.70-0.83 (m, 2H) 0.86-0.96 (m, IH), 1.19 (t, J = 7 Hz, 3H), 1.29-1.39 (m, 1H), 1.45-2.60 (m,
18H), 2.78-2.90 (m, 3H), 3.04 (m., 1H), 3.58 (m,, 2H); "C NMR (50 MHz, CDCl;, CDCl; int): 6 = 1.57, 4.12,
10.76 (Ceex), 13.02 (Cpiw), 15.09 (Coe), 15.38 (Cien), 15.62, 20.49, 25.15, 25.56 (coincidence of two lines),
27.67, 32.48, 35.74, 45 28 (Cier), 48.77, 50.51 (Cquan), 56.49 (Ciex), 76.15, 83.65, 88.61, 121.54, 215.79 (Cquan);

MS m/z 372 (3, M¥), 123 (100). Anal. Caled for Co3Ha;04: C, 74.16; H, 8.66. Found: C 74.06; H, 8.51.

[1,1717,1"]Tercyclobutyryl chloride (33): To a solution of 15 (39.5 g, 0.190 mol) in thionyl chloride
(29.7 g, 0.250 mol) was added under nitrogen with stirring a drop of N,N-dimethylformamide and the mixture
heated to reflux until the gas evolution had been ceased (2.5 h) Frd(,llt)nd] dlsnllauon yielded 26.1 g (61%) of

22 o andmsaslace il 11NN & sminee V- R 1 sy, 1ol mIRAD /200 AATT.
puit 55 as colourless uquLu, b. p- L1u"LC/u0 01T, IR (L1 )2 1785 cm \\, Uj, nINMR {(OUU vinz, Lle,l3,

CHCI; int): 8§ = 1.55-2.05 (m, 12H), 2.15-2.45 {(m, 7H); l(" NMR (50 MHz, CDCl;, CDCl; int): 5— 15.08,

AVRZ AL, . = 1270

15.24, 18.23, 24.19, 24.64, 27 70 (Csck) 41.36 (Ctm) 46 25, 63.47, 178.13 (Cguan); MS m/L 91 (100). Ana.l
Caled for C3H,oClO: C, 68.86; H, 8.45. Found: C 68.77; H, 8.57.

1-([1,17;17°,1""} Tercyclobut-1-carbonyl)-cyclobutanecarboxylic acid tert-butyl ester (34): To a 1.6

M solution of n-butyllithium in hexane (45 ml, 72 mmol) was added at 0°C under nitrogen with stirring a solu-
tion of duisopropylamine (7.29 g, 72 mmol) in anhydrous tetrahydrofuran (6 mi). After I h at 0°C the solution
rae ranlad tn 700 1ntil o shitanacarhavulic anid tart_hotylactasi! (119 L L I | vl dad A ftar 20
waa CUUIVAL WU FO uuux v_yuluuuuuu,\,aluu:\yu\, ALV Wy Uul)’lbbu.al (1i.4 5 I & llllllUl} waa CI.UU\./U Mawer ou
min at -78°C the mixture was warmed up to room temperature, a solution of 33 (18.1 g, 80 mmol) in pentane
(30 ml) was added, and after 1 h at room temperature the mixture was hydrolyzed with saturated ammonium
chloride (50 ml). The organic phase was dried (MgSO,) and concentrated on a rotary evaporator (bath

BV P eVl

temperature 30°C/15 torr), and the residue (26.5 g yellow oil) was chromatographed on silica gel (0.05-0.20

m) 1in nantana/ather [:7 saliimn 28 v 10 cm R =N 75 (2AY N2 (18] vielding 17 Q g (720 of 24 (rarity
mimn) i pentand/etier {6:4; ¢ouumn 23 X 1U ) iy = U713 (59), V.51 (13)] J.u.duuls 171.7 B\J1&70) UL O \yuxu._y

95%) and 4.0 g (27%) of 15 as colourless solids. The '"H NMR data of 15 were in accord with those of an
authentic sample. An analytically pure sample of 34 was obtained by a second chromatogrAphy in pentane/ether
(95:5; Re = 035) Colourless solid, m. P 70-77°C. IR (KBr) 1715, 1680 ¢cm™ (C—O), 'H NMR (300 MHz,

CDCls, TMS int): 8 = 1.50 (s, 9H), 1.65-1.90 (m, 8H), 1.90-2.10 (m, 6H), 2.10-2.58 (m, 11H); BC NMR (50
M7 l"r\l"L YL, u\r\ S=182 1848 1607 1R 13 24 26 25 29 ")’7(\! V27 R2(C .\ IR (.Y A1 I
IVER Ry N RAN ATy RSN L) U LI, I, AJ.T0, LUNL, LULY,y & &y L ildy LT7.0%y &7.00 \piim/y ©0. &5\ sekty Ti. e
(Ceer), 49.02, 57.10, 60.64, 81.65, 171.67, 211.18 (Cyuan).; MS m/z 346 (M 1), 57 (100). Anal. Calcd for

CyoH3404: C, 76.26; H, 9.89. Found: C 76.25; H, 9.97.

1-(1-[1,17;17,1"" 1 Tercyclobut-1-yl-vinyl)-cyclobutanecarboxylic acid tert-butyl ester (35): To a stir-
red suspension of potassium-tert-butoxide (1.07 g, 9.5 mmol) in dry benzene (10 ml) under nitrogen was added
methyltriphenylphosphonium bromide (3.57 g, 10.0 mmol). After 2 h at reflux most of the benzene was distilled

off under nitrogen until the temperature of the remaining slurry reached 110°C. 34 (1.73 g, 5.00 mmol) was
added and after 48 h at 110°C and 96 h at 120°C tlc fnPnfanP/PthPr 95:5; Ry = 0.80 (37), 0.51 (35), 0.29 (34)]

indicated that most of the starting material had been consumed The mixture was dxluted with benzcne (15 ml)
and hydrolyzed with water (1 ml), the organic phase was decanted, the residue was extracted with benzene (5
ml), and the combined organic phases were washed with water (5 ml) and dried (MgS0O4). The solution was con-
centrated (bath temperature 40°C/15 torr), and the residue (3.1 g) was chromatographed on silica gel (0.05-0.20
mm) in nenmnelpfhpr [9:1; column 16 x 3 cm; Ry = 0.89 (37), 0.76 (35), 0.59 (34)] vielding 1.14 g of a mixture

of 37, 35 and 34 as yellow oil. A sccond chmmatography on sﬂlea gel (0.05-0. 20 mm) in pentane ether (95:5;
colum 95 x 3 ¢m) yielded 160 mg (13%) of 37 and 550 mg (32%) of 35 as colourless liquids, and 160 mg (9%)
of 34 as colourless solid. lhe 'H NMR data of 37 and 34 were identical with those of authentic samples. 35: IR
(film): 1715 (C=0), 1620 cm™ (C=C); '"H NMR (200 MHz, CDCls, CHCl; int): & = 1.50 (s, 9H), 1.60-2.60 (m,
25H), 4.90 (s, 1H), 4.98 (s, 1H); BC NMR (75 MHz, CDCl;, CDCI; int): & = 15.36, 15.64, 16.28, 18.42, 24.93,

25. 88 (Cet)s 27. 77 (Corim ) 30. 24 32.55 (Csck) 41.49 (Cw,,), 49.16, 52.02, 55.98, 79.95 (Cquan) 112.89 (Csx),
157.66, 175.83 (Cquan); MS m/z 344 (M", 1), 180 (100). Anal. Caled for C,3Ha60: C, 80.18; H, 10.53. Found: C
80.42; H, 10.28.

Cyclobutyl-[1,17;1",1""Jtercyclobut-1-yl-methanone (36): A mixture of 34 (10.4 g, 30 mmol) and 18%

hydroch]oric acid (60 mi) was heated to reﬁux After 8 h, tic [pentanel'ether 95:5, Re = 0.83, 0.56 (36), 0.43

M ad il £y ~F o nda ad vinnn loe AAamnAnan Tha salad and actractad ith
\J"}J MIUILQLLU Lllb lUlll.ldLlUll (1 an uuuboubu ulipuial \/\.llll}JUllblll ine lulAl.bub was C0018a anda \.Aua\.u,u WlLll

ether (1 x 40 ml, 1 x 20 ml), the extracts were neutralized over solid sodium carbonate, the solvent was

evaporated (bath temperature 30°C/15 torr), and the residue (8.1 g yellow oil) was chmmatographed on silica
gel (0.05-0.20 mm) in pentane/ether (95:5; column 95 x 5 c¢m) yiclding 3.10 g (42%) of 36 as colourless oil and
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2.90 g (28%) of unchanged 34 as colourless sohd The 'H NMR data of 34 were identical with those of an
authentic sample. 36: IR (film): 1720, 1690 cm™ (C=0); 'H NMR (300 MHz, CDCl;, CHCl; int): 8 = 1.50-2.35

(m, 25H), 3.28 (quin, J = 9 Hz, 1H); ”C NMR (75 MHz, CDCl;, CDCl int): § = 15.38, 15.53, 18.23
{coincidence of two hnpc\ 24 A.I 24. 752 25. ’\'ﬁ 26 24 ((“ \ 4174 42 43 {F ,4\ 4702 5070 215 50 ((" Y

VWRIRR BV ANl A ALXENAT Jy e TT R PASIY A Tl ey SIS Ty drd N \Noqumi)y

MS m/z 246 (M, 8), 55 (100). Anal. Calcd for C17Hz(,0. C 82.87 H, 10. 64. Found. C 83.08; H, 10.46.
1-(1-Cyclobutyl-vinyl)-[1, s17317,1 " ltercyclobutane (37): To a stirred suspension of potassium-tert-

butoxide (3. 25 g, 29. 0 mmol) in dry benzene (100 ml) under mtmgen was added mc&ylmphenylphosphommn
bromide (10.4 g, 29.0 mmol) and the mixture heated to reflux. After 2 ost of the benzene was distilled off
under nitrogen until the tempcralurc. of the remaining slurry reached 110 36 (986 mg, 4.00 mmol) was added

and tha tamnarates oaintoinad tHa Tnantane/ethar OL-8. D _ N QN /37
an

st thnd thaa cnnn

A" [\ & 7r2LN\Y
3, 0.55 (36)] indicated that the reac-
d hvdrnlvzed with water (2 ml). The

il LUC wlupcuuuu, HIaHILAICU uuLu uc lpCllLd.llUlCulCl Z0.J, Nf — U.0U \
tion was annlete (48 h). The mixture was diluted with pentane (50 ml

organic phase was decamed the residue was“e—;ctvra\'c,,-tgélr\;qt;\" "[;ex\ﬁ;me; A(lv 'i() ml) and the Lomblned organic
phases were washed with water (3 x 50 ml) and dried (MgSQOy). The solvent was evaporated (bath temperature

30°C/ lb torr) and the residue chromau)graphed on silica gel (0.05-0.20 mm) in pentane/ether (95:5; column 48 x

28 ~ salding 888 mo (8T e 37 als colourless oil IR (film NE el oy 1L NINMD 70 RAET
3.5 cm) yieiamg 355 mg O/ %) of pure 57 ais Coiouriess oil. 1R {1im 1): 1625 cm {(U=U); 1 INVIR (ZUU IINZ,

(V)
CDCl;, CHCL int): 8 = 1.50-2.30 (m, 25H), 2.69 (quin, J = 9 H , 1H), 4.97 (s, 1H), 5.08 (s, 1H); "C NMR (75
MHz, CDCls, CDCl, int): 8 = 15.38, 15.53, 18.11, 18.62, 24.72, 25.06, 27.86, 31.38 (Cy), 38.86, 41.86 (Cien),
47.90, 53.58 (Cquar), 108.11 (Csa), 157.92 (Cquan); MS m/2 2 (M* 2), 108 (100). Anal. Calcd for CisHas: C,

o -

88.45; H, 11.55. Found: C 88.75; H, 11.44.
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P2)/c,a= '347.7(2‘, b = 1104 2(4) ¢ =1463.4(2) pm, a = y 90, Bp=11496(1)°, V=1. 9743(5) nm’.
8566 reflections with 4.05 < 8 < 25.08° were measured on a Stoe four-circie diffraciomeier using mono-

A
4
chromated radiation Mo K COf these, 3491 were unsed for the structure determination and refinement

The structure was solved by direct methods. The anisotropic refinement with geometrically positioned H
atoms (riding model: C-H = 96 pm, ZHCH = 109.5°) converged at R, = 0.0468 (wR; = 0.1213). All
calculations were performed with the program SHELX TL. All relevant crystallographic data have been
deposited with the Cambridge Crystallographic Data Centre.
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Molecular structure of 29 (hydrogen atoms omitted)
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