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Abstract. Compounds$, 4,10, 12, 16,17, and19have been  Further typical conversions of these have been tested giving
prepared as possible starting materials for liquid crystals corg, 7, andl4for example. Useful intermediat&6 and17 were
taining two cyclobutyl moieties combined in a 1,3-fashion. also made.

Continuing our work on cyclobutyl group containing  The keto functions of compoundscan be reacted
potential liquid crystals [1-4] we prepared a series ofvith Grignard reagents whereby potential precursors of
new compounds with two cyclobutane groups as startiquid crystal forming molecules are generated. It turned
ing materials for further study. We want to documentout to be impracticable, however, to prepare unsymmet-
here general methods to generate a number of 1,3-subeal compounds in this way: Lacking selectivity did
stitution patterns in this class of compounds. not allow to react only one oxo group effectively with

the first Grignard reagent. Thuth, for instance, gave

an unpleasant mixture & the monoadduct, and the
Compounds with Two Cyclobutane Groups starting compound. Onl§ could be separated in pure

form.
Whereas the direct addition of ketene to simple dienes

is inefficient, dichloroketene is known to give products

such as monoadduta [5] in satisfactory yields. Pref- 4, __ | fca Q ‘ ’ O ocF,
erentially, CbC=C=0 must be prepared from trichloro- HO o

acetyl chloride and the zmc/copper couple. The pres-

ence of phosphorus oxychloride increases both purit
and yield of products [6]. It is believed that it complex-
es the formed zinc chloride and thus retards side reac-
tions.

In our hands, cycloaddition of dichloroketene to con-
jugated and isolated dienes yields both monoadduc
(1) and (usually lower yields of) bisadduc®.(The to use for the formation of unsymmetrical products. It
latter compounds are new to the literature. Both typeés known that the reaction variant with titanium tetra-

of cyclobutanones can be dehalogenated with zinc |ﬁ?|°r'de andlilnc leads to I?'OIS [7] \évhereasl Jidk .
acetic acid to give compoun@sr 4, respectively. AlH , gives alkenes normally [8]. When applying this
type of reaction t6 as an example, both reaction vari-

ants gave the diol isomer mixtufén 62 and 36% yield,
g\:k‘ respectively. Various methods to remove the two OH
CH,,

)écheme 2Preparation of the symmetrical compouind

ts 1he McMurry coupling is another method difficult

groups were unsuccessful.

/\CHZ n/\ - /\CHz)

o 2 )f( h )f( NI
. /\CH (cH C5H11—</¥—0 — c5le~v<§_<>~wc5Hll
6 7

Scheme 1Preparation of cyclobutanondsand4 Scheme 3Reductive dimerization of compougdo give7
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It was decided thereafter to prepare unsymmetricallghe subject of extensive experimentation in our labora-
substituted cyclobutyl-cyclobutangi vinylcyclobu-  tory [4]. A 84% yield ofl4 (isomer mixture) could be
tanes. Two approaches were developped, and these ae&hieved finally by use of sodium borohydride in trif-
exemplified here with the conversiobs— 10 and luoroacetic acid [4, 11].
3a - 14, respectively.

Other Useful Cyclobutyl Building Blocks

1. PhaP=CH, 3.NaOCI/TEMPO / . . .
BWH%W e CSH11—<>~“/ Compound3a is relatively sensitive. For further reac-
8 9 tions, it is best to prepare the ketal(83% yield) first.
s o1.cooclzn This could be used for Heck couplings with haloarenes,
o CSH“MMO—<>:O although yields were only moderate. (24% with 1-bro-
- enlHoAe 10 mo-4-trifluormethoxybenzene as an examdlB)was

also hydroborated (45%). The transformation of the
formed alcohol to the bromide was performed prefer-
entially via tosylation and subsequent substitution by
bromide/removal of the protecting group (77%). Reke-
For the first mentioned sequence, a starting reactiotalization yielded 90% of the useful reaction intermedi-
of 6 with the methoxymethylene Wittig reagent and sub-ate compounda®.
sequent hydrolysis to the aldehyde was envisioned. This,
however, could not be performed under any circumstanc-
es, so that the cyclobutanonecyclobutylcarbaldehyde 3a

O, [e]
~ >  Br
conversion had to involve a detour: A methylene Wittig \/QQ /\/<>§’j

reaction was followed by hydroboration (using Brand- e Me

strom’s method [9]) to give the hydroxymethyl com- O-THP
pound8. This was oxidized with sodium hypochlorite g% D/©>§%< D/@)ﬁ%
in the presence of 2,2,6,6-tetramethylpiperidine-1-oxyl e ¢ «©

(TEMPO) [10] to yield the aldehyde, which in turn was o ;‘ R osiMe,

subjected to a second Wittig methylenation givéhg ¢ R=THP

Dichloroketene addition and reduction as before finally

led to the wanted for compourdd. It is obvious that Scheme 6Preparation of compound$ and19

this process is tedious, and therefore an alternative was

called for.

Scheme 4Synthetic sequence to give compourd

Another problem addressed was the positional direct-
ed functionalization of 2,2,4,4-tetramethylcyclobutane-
LAmMgEr PSMe; 3 ciccociz 1,3-dione. In the literature [12], this compound is hy-
2 c|SiMe3/pyndme 4.2n1HOAC drogenated in methanol in the presence of triethylamine.
11 We found that the main product is methyl 2,2,4-trime-
F thyl-3-oxohexanoate under these circumstances. The
yield could be increased to 95% bfaby working in
5 AMger ethyl acetate as a solvent with Raney nickel as a cata-
. O O 3 lyst. The hydroxy function was protected thereafter by
H,Cy

3a

trimethylsilyl (giving 17b) or tetrahydropyranyl (giv-
ing 179. A subsequent conversion bfb with an aryl
Grignard reagent could not be achieved, possibly due
Scheme 5Preparative sequence for compourdd to steric crowding17c, however, underwent a similar
reaction without difficulty, and.8 was obtained as a
mixture of sterecisomers. Hydrolysis and Swern oxida-
The second sequence started v@#h A first Grig-  tion transformed this compound 16, a useful starting
nard addition and trimethylsilyl protection of the hy- material for further elaborations.
droxy group gave compourd. This was reacted with Summing up then, the methods sketched here allow
dichloroketene and then reduced (and deprotected sier the synthesis of variously substituted potential li-
multaneously) in the usual way yielding a mixture ofquid crystalline compounds which contain two cyclo-
diastereomerd 2. A second Grignard reaction intro- butane rings in a 1,3-substitution fashion. Unfortunate-
duced a different aryl residue, ah8iwas obtained. The ly, there is little or no stereoselectivity in these reac-
final reductive removal of the two hydroxy groups wastions.

H7Cs
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Our work was supported, in part, by the Merck KGaA, Darm-1,2-Bis(3-oxocyclobutyl)ethar{éb), 93%,m.p. 52—-54 °C.
stadt, and the "Fonds der Chemischen Industrie”. CigH10, Calcd.:C72.26 H8.42
(166.22) Found: C 72.22 H 8.49.

. 1,4-Bis(3-oxocyclobutyl)butar(@c), 98%,m.p. 43—44 °C.
Experimental C,H; O, Calcd.:C74.19 H9.34
b.p.srefer to air bath temperature of Kugelrohr distillations. (194.27) Found: € 74.11  H 9.43.
. . 1,2-Bis(3'- -3'(p-tri -
2,2-Dichloro-3-vinylcyclobutane(1la) and 2,2,2',2'-Tetra- bhtysle?rginrej(}é?roxy 3 (p-trifluoromethoxyphenyljcyclo
chloro-1,1'-bicyclobutane-3,3'-dione(2a) (General Pro-
cedure for Dichloroketene Additions) A freshly prepared Grignard reagent ( from 1.7 equiv. of

. . R-bromo-trifluoromethoxybenzene and 2 equiv. of Mg in
13.5 g (250 mmol) of butadiene were condensed at —60 cher) was dropped into 1 equiv.4if in ether under argon.

in 400 ml of dry ether in which 45.6 g (698 mmol) of freshly e nixiire was refluxed for 2 h, then stirred over night at
prepared dry zinc/copper couple were suspended. A MIXtUre, Working up and chromatography (silica gel, hexeme/

of 124 g (683 mmol) of trichloroacetyl chloride and 105.6 ) i ; 0 °
(689 mmol) of phosphorus oxychloride was dropped in atgl;:ﬁzzl(:ayl ectgli[ﬁ.é)étgggheg i-gg/gﬁfm.p. 145c.

ca. 0 °C under argon within 4—6 h. The mixture was stirre .

for 48 h at r.t., the zinc was filtered off, and the filtrate was 490.20) Found: C 58.93 H 4.81.

decomposed carefully with 500 ml of ice-water. The organic, (4. . A 1.

phase was separated and washed with aq. saturated NaHC )(1 Hydroxy-3*-pentylcyclobutyl)-3-pentyl-1-cyclobutanol
until neutral, then with saturated brine. After drying {8@,)

the solvent was removed vacuoand the residue was frac- 14.6 g (77 mmol) of TiGlwere dissolved in 150 ml of dry
tionated. First fractionia, b.p. 83—85 °C/15 Torr (Lit. [5] THF at—15 °C. 10.7 g (163 mmol) of zinc dust were added
60—74/4 Torr); 24% yield. 1H NMR: &ppm = 6.04-5.91 gradually under stirring in a nitrogen atmosphere. 10.0 g
(m, 1H), 5.35 (t, 2H) = 10.3 Hz), 3.56—-3.39 (m, 1H), 3.32— (72 mmol) of compound [2] in 40 ml of dry THF were
3.22 (m, 2H). — Second fractio2a, b.p. 110-125 °C/ dropped in, and the mixture was refluxed for 5 h. Thereafter,

0.2 Torr;m.p. 175 °C; 37% vyield. — IRv/cnm1 = 1808. — 200 ml of 20% ag. potassium carbonate was added, the phas-
1H NMR: d/ppm = 3.75-3.22 (m). — MS:/m= 190 (base es were separated and filtered. The aqueous layer was ex-
peak rel. to**Cl; C,H,Cl, = retro [2+2] addition). tracted thrice with 25 ml ether each time, and the combined

organic phases were dried ¢$8&,) and concentrated. The
residue was distilled into a kugelroHs.p. 95 °C/0.2 Torr;
yield 6.2 g (62%). 1H NMR: dppm = 2.55-2.25 (m, 4H),
1,1'-Bicyclobutane-3,3'-dione (4a) (General Procedure for 39025(N1r,'212f,/§;n ,8%48325%8;3{(): ?TR?(:Z”&H:):; SIE)/IOS_n;ZZ(:)O
Dichlorocyclobutanone Reduction) (br). ' ' |

28.49 g (103 mmol) oRa in 100 ml of acetic acid were C;gH3,0, Caled.: C76.54 H12.13
dropped into a suspension of 65.37 g (1 mol) of zinc in(282.47) Found: C 76.26 H 12.45.
400 ml of acetic acid within 1 h whereby the temperature

rose to ca. 60 °C. Thereafter, the mixture was stirred at 70(3-Pentylcyclobutyl)methan¢8)

80 °C for 2 h. It was cooled to r.t., filtered, and then diluted3s 1 g (250 mmol) 06 and 102.6 g (254 mmol) of methyl-
Wlth 2 | of water. It was e_xtracted four times with 100 ml of triphenylphosphonium iodide were suspended in 230 ml of
dichloromethane each time. The combined organic phasedsry THF and cooled to —20 °C. A solution of 29.2 g
were washed with saturated aq. NaH@®neutrality, then (260 mmol) of KOtBu in 100 ml of THF was added very
with saturated brine. After drying (B8O,) the solvent was  gjowly so that the coloration faded after every drop. At the

CgHgCl,O, Calcd.: C34.82 H2.19
(275.94) Found: C 34.80 H 2.30.

removed|ln vacuo Ielawnngg (84%) of4a, mp. 75 °C. = gnq the solution was stirred over night at r.t. The mixture
IR: vienm = 1770. H NMR: dppm = 3.29-3.16 (m, 4H),  was given to 100 ml of saturated aq. JOH and phases were
2.84-2.61 (m, 6H). separated. The aqueous phase was extracted with ether and
CgHyO,  Calcd.: C69.54 H7.30 dried (N3SQ,). A part of the triphenylphosphine oxide was
(138.17)  Found: C69.45 H 7.20. precipitated on addition of 200 ml of petroleum ether. This

The following compounds were prepared similarliL#p2a, was filtered off. On concentration additional oxide was pre-
4a 3-Vinylcyclobutanoné3a), 90%, known compound [13]. cipitated. Total removal of the solvent furnished 19.6 g (55%)
1,2-Bis(2,2-dichloro-3-oxocyclobutyl)ethafgb), 57%,m.p. of 1-methylene-3-pentylcylobutanehich was used as such

89-92 °C. without further purification. 17.5 g (68 mmol) of tetrabutyl-
C.-H..Cl.O, Calcd.: C 3951 H 3.32 ammonium borohydride and 18.5 g (134 mmol) of the just
(31003_189)4 2 Found: C 39.60 H 3.45. mentioned alkene were dissolved in 70 ml of dry dichlo-

_ . romethane. 24.8 g (228 mmol) of ethyl bromide were added,
1,4-Bis(2,2-dichloro-3-oxocyclobutyl)buta(®g), 43%,mp.  and the mixture was refluxed for 30 min. Water ( 15 ml) and

91 °C. 35 ml of 21 NaOH were added to destroy the excess of
C1H1,ClO, Caled.:C43.41 H4.25 BH,~, and then 30 ml of 30%.8, were added very slowly.
(332.05) Found: C 43.27 H4.30. An exothermic reaction occurred. After stirring over night,
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phases were separated, and the aqueous phase was extrattatdediately using a similar methology as with compo8nd
with dichloromethane. The combined organic layers were conwhich led to3-Hydroxy-3-(3",4",5"-trifluorophenyl)-1,1'bi-
centrated to dryness, and the residue was taken up in wateyclobutan-3'-ong12), m.p. 98—99 °C; 40% yield over 2
and ether. The next operations were phase separation, extrateps. — IRv/cnm1= 3409, 1766. — MSnz= 270 (M), 174
tion of the organic one with ether, drying g88,), removal  (base peak). IH NMR: &ppm =7.17-7.11 (m, 2H ), 3.19—
of solvent, and kugelrohr distillation, leaving 15.4 g (74%) of3.06 (m, 2H), 2.88 (s, 1H), 2.79-2.52 (m, 5H), 2.29-2.09
8, b.p. 50-60 °C/0.15 Torr. This was used without further (m, 3H).
purification.

3,3'-Dihydroxy-3-(p-propylphenyl)-3'-(3",4",5"-trifluorophe-
3-Pentylcyclobutylcarbaldehyde nyl)-1,1'-bicyclobutang13)

18.0 g (115 mmol) of the above mentioned alcohol, 40 ml ofThis was prepared frofRvia reaction withp-propylphenyl-
dichloromethane, 0.18 g (1.16 mmol) of TEMPO, and a solumagnesium bromide; 65% yield).p. 122—-124 °C. — 500
tion of 1.37 g (11.5 mmol) of KBr in 10 ml of water were MHz. —H NMR: &ppm = 7.43-7.41 (m, 1H), 7.27-7.26
stirred under nitrogen at —20 °C. 150 ml (301 mmol) afia 2 (m, 1H), 7.20-7.13 (m, 4H), 2.65—2.51 (m, 5H), 2.39-2.26
NaOCI solution were adjusted to pH 8—-10 by the addition ofm, 2H), 2.20—2.14 (m, 2H), 2.09-2.02 (m, 5H), 1.65-1.62
solid NaHCQ and then dropped into the reaction mixture in (m, 2H), 0.67—-0.92 (m, 3H).

such a way that the internal temperature was kept at 106,;H,5F;0, Calcd.:C 70.75 H 6.45

15 °C. Stirring was continued for another 15 min., then pha{390.44) Found: C 70.48 H 6.45.

ses were separated, and the aqueous one was extracted with

dichloromethane. The combined organic layers were washeg-(p-Propylphenyl)-3'-(3",4",5"-trifluorophenyl)-1,1'-bicy-
consecutively with 100 ml of 10% HCI containing 1.6 g of clobutane(14)

Kl, 60 ml 10% aq. N55,05, 60 ml of water, 100 ml of satu-
rated NaHCQ, again 60 ml of water, and then dried. The 4.0 g (105 mmol) of NaBjtwas added SIOWI},’ to 100 ml of
gry trifluoroacetic acid under argon at 0-5 °C. After warm-

solvent was removed, and the compound was distilled into g t0 15 °C. a solution of 4.08 g (10 mmol)idfin 20 ml of

] 0, - o _ .

E;JCgrre]_lgc;h; £8Id1174£.3 %]LI—(|8N1I\? g' p &égngSQE/{)(?&JTSrZrHZI)R CHZCI was added within 15 min. The mixture was stirred at
The product V\;as used as such r.t. for 19 h, then quenched carefully with water. The pH was

' made alkaline by addition of solid NaOH, ether was added,
and the phases were separated. The aqueous phase was ex-
(3-Pentylcyclobutyl)ether(®) tracted with additional ether. The combined organic phases
This was obtained by a Wittig reaction analogous to the cornwere washed with concentrated brine, then dried$9g),
version of6. Yield 53%. — IR:v/lcmr1 =1638. It had the ex- and the solvent was removed. The raw residue (3.57 g) was
pected NMR signals for eis/transmixture and was used as taken up in dichloromethane, filtered over silica gel and then

such without further purification. chromatographed on silica gel with petroleum ethgr40—
60 °C)/CHCI, 10:1 leaving 3.15 g ( 84% yield) of a colour-
3-(3'-Pentylcyclobutyl)cyclobutanori#0) less oil. 'H NMR: &dppm =7.17-7.08 (m, 4H ), 7.00-6.92

: . . (m, 1H), 6.81-6.75 (m, 1H), 3.45-2.91 (m, 1¢is[trans
This was prepareda dichloroketene addition and Zn reduc- cyclobutane signals]), 2.73—2.65 (m, 1H), 2.61—2.51 (m, 3H),

tion analogously td. 78% (addition step) and 75% (reduc- 2.07—1.90 (M, 3H), 1.70—1.58 (M, 4H), 1.34—1.23 (m, 3H)

tion) yield, respectivelyb.p. 100—-105 °C/0.2 Torr. — IR: - _
vicnTt= 1785, 2H NMR: dppm = 3.12-2.93 (m, 2H), 2.72— gegagk)o 91 (m, 4H). — MSwz = 358 (M', 60), 117 (base

é gg ((m 73|H_|)) 1.86-1.70(m,2H), 1.48-1.18 (m, 8H ), 0.90—, CoiHoeFs Calcd. C 77.07 H 7.03
m .

Cof,0  Caled.: C 8035 H11.41 (358.44)  Found: C 76.80 H 7.33.

(194.32) Found: C 80.30 H 11.31. 1,1-Ethylenedioxy-3-vinylcyclobutaiiEb)

1-(3',4',5- Trifluorophenyl)-1-trimethylsilyloxy-3-vinylcyclo- By ketalization of3a with ethyleneglycol, 83% vyield).p.

butane(ll) 62-64 °C/15 Torr.

Addition of 3,4,5- trifluoromethylphenyl-magnesium bromide C8"'1202 Calcd.: C 68.54 H 8.63
to 3ausing similar conditions as withh — 5 yielded 83% of ~ (140.18) Found: C 68.50 H 8.94.
1-(3',4',5'-trifluorophenyl)-3-vinylcyclobutandb,p. 105 °C/ . .

0.4 Torr, which was dissolved in dry ether and treated at 0 o3-(2-Bromoethyl)-1,1-ethylenedioxycyclobutd6)

with pyridine (1.8 eq.) and freshly distilled chlorotrimethyl- 15was transformed into the hydroxymethyl derivative by hy-
silane (1.5 eq.) immediately. After stirring over night, the sep-droboration/oxidation as in tf&synthesis. Without purifica-
arated pyridinium hydrochloride was filtered off and washedtion, this was tosylated, and the tosylate was reacted with 1.5
with ether. The organic phase was washed successively witkg. of LiBr in dry acetone for 7 h at reflux temperature. Work-
water, saturated ag. NaHG@nd brine, then dried and con- ing up gave 77% @&-(2'bromoethyl)cyclobutanonkep. 48—
centrated. The residue was fractiondtedacuogiving 80% 53 °C/0.05 Torr. The ketal was regenerated in the usual way.
of 11, b.p. 75 °C/0.4 Torr. 21H NMR: dppm = 7.20-7.06 Yield 90%;b.p. 60—70 °C/0.1 Torr.

(m, 2H), 5.99-5.84 (m, 1H), 5.06—4.95 (m, 2H), 2.66—2.21CgH,4BrO, Calcd.: C43.46 H 5.93

(m, 5H), 0.01 (m, 9H). The compound was reacted furthe(221.09) Found: C 43.33 H 5.93.

412 J. Prakt. Chen200Q 342 No. 4



Preparation of Cyclobutyl Group Carrying Cyclobutanones

FULL PAPER

3-Hydroxy-2,2,4,4-tetramethylcyclobutanofig a

by hydrogenation of the respective diketone in ethyl acetate
with Raney-Ni catalyst at 40 °C under 2.5 bar gpressure  [1]
for 7 h. Yield 95%;m.p. 112—114 °C (Lit. [12]: 114 °C). —

13C NMR: &ppm = 222.0 (CO), 77.3 (CHOH), 60.0 (C-quart), {g}

23.05 (CH), 17.05 (CH).

2,2,4,4-Tetramethyl-3-trimethylsilyloxycyclobutan¢héb)

With CISiMey/pyridine in ether, 88%.p. 60 °C/15 Torr.

C;H,,0,Si Caled.: C 61.63 H 10.34

(214.38) Found: C 61.33 H 10.36. [4]
[5]

3-Tetrahydropyranyloxy-2,2,4,4-tetramethyl-1-(4-trifluoro-

methoxyphenyl)cyclobutan(l8) 7]

17awas transformed intd7cin the usual way, and this was
treated in dry THF with 1.5 eq. of trifluoromethoxymagnesi- [8]
um bromide at 50 °C for 3h. Working up yielded 5094 8f

m.p.79 °C as a mixture of diastereomerdH-NMR: &/ppm (9]
=7.35-7.14 (m, 4H), 4.58—-4.56 (m, 1H), 3.87 (s, 1H), 3.94—
3.72 and 3.50-3.45 (m, together 2H), 1.90-1.52 (m, 6H),
1.34 (s, 6H), 1.23 (s, 3H), 1.17 (s, 3H). [10]
C,H,F3;0, Caled.: C62.84 H7.01
(388.43) Found: C 61.72 H 6.90. [11]
3-Hydroxy-2,2,4,4-tetramethyl-3-(4-trifluoromethoxy- [12]
phenyl)cyclobutanongl9) 13]

18 was deprotected by stirring over night in methanol in the[
presence of a trace pftoluenesulfonic acid. After isolation,
the diol was treated at —70 °C with 2 eq. of oxalyl chloride, 4
eg. of DMSO and 10 eq. of triethylamine and slowly warmed
to r.t. Working up with water, extraction with GEl,, wash-

ing with 1% ag. HCI, sat. NaHGOand sat. brine, drying
with Na,SO,, and removal of the solvent furnished 55% of
19 m.p. 82 °C. -'H NMR: dppm = 7.42-7.36 and 7.27—
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