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Abstract: Sulfonates of cis-1,2-disubstituted cyclopropanols are
converted into 2-substituted 1,3-alkadienes in moderate to good
yields under the action of magnesium perchlorate and triethylamine
in diethyl ether. High trans-stereosel ectivity was observed for the
preparation of the alkadienes with a 1,2-disubstituted double bond.
The stereochemical outcome in the reaction is consistent with a
concerted reaction mechanism involving an Mg(ClO,),-initiated
cationic cyclopropyl-alyl isomerization of the cyclopropyl
sulfonates which is accompanied by a deprotonation.
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Tertiary cyclopropanols are readily available compounds
and their synthetic applications are based mainly on the
ring opening reactions, when one of the bonds adjacent to
the carbinol carbon atom (C1-C2 or C1-C3 bonds in cy-
clopropane ring) undergoes cleavage.! Recently we dis-
closed a simple and useful procedure for converting
sulfonates of tertiary cyclopropanolsinto alyl halides un-
der the action of magnesium bromide or some other metal
halides in diethyl ether.? This reaction includes C2-C3
cyclopropane ring cleavage and proceeds via a cationic
cyclopropyl—-allyl rearrangement, which isinduced by the
metal halide assisted heterolytic cleavage of the carbon-
oxygen bond in cyclopropyl sulfonates. Transfer of the
halide anion from the Lewis acid further captures the
alylic cation thus formed.
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In this work we have elaborated a convenient method for
the transformation of sulfonates of 1,2-disubstituted cy-
clopropanols into the 2-substituted-1,3-alkadienes, based
on the same mode of cyclopropane ring cleavage.

cis-1,2-Disubstituted cyclopropanols 1 were obtained by
the treatment of appropriate carboxylic esters with an
alkyl magnesium bromide in the presence of titanium(lV)
isopropoxide®# and were further smoothly converted into
cyclopropyl sulfonates 2 by a standard procedure
(Scheme 1).° The interaction of mesylate of 1-benzyl-2-
methylcyclopropanol (2a) with magnesium perchloratein
diethyl ether gave 2-benzyl-1,3-butadiene (3a) in 40%
yield. The dehydrosulfonation of mesylate 2a proceeded
more effectively in the presence of triethylamine and
crude alkadiene 3a was obtained in 76% yield (see
Table 1, entry 1). However, the product contained near
10% impurities (*H NMR). The product could not be
separated off by column chromatography on silica gel or
alumina.

Alkadiene 3a was formed in moderate to good yields and
could be easy purified by column chromatography when
tosylate 2b was used as substrate (entry 2). The reaction
proceeded more clearly and more homogenously in the
mixture of diethyl ether and dichloromethane (3:2) as a
solvent.

Tosylates of the 1-alkyl and 1-haloalkyl substituted cyclo-
propanols 2 also gave the corresponding 1,3-alkadienesin
moderate to good yields (entries 3-8).
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R! = alkyl, benzyl, haloalkyl; R = H, alkyl; R? = Me, p-CH,C H,

Scheme 1
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Tablel VYieldsof 2-Substituted 1,3-Alkadienes in the Reaction of
Cyclopropy! Sulfonates with Mg(ClO,), in the Presence of Et;N

Entry Cyclopropy! sulfonate®®  Product®

OMs
2w

Yield (%)

1 Ph CH,
3a
2a
OTs 3a
2 Ph\/b\ e, 70
2b
3 OTs )I\/ 80
C13H27 CHs C13H27

4 OTs \/\)j\/ 46
Cl Z
Cl\/\)V\CHa

5 i /\)J\/ 45
Br CH, Br
OT
6 > JJ\/\ 65'9
H,C CgH,, H,C CHj
OTs £ g
! Cl\/\)v\/ C]\WCHS 3
oT
8 ° /U\% 67'¢
CeH,3 C,H, CeHig CH,

aTypical procedurefor the preparation of cyclopropyl sulfonates, see
ref 6

b Selected data of substituted cyclopropy! sulfonates, see ref.”

¢ Typical procedure for the preparation of 2-substituted 1,3-alka-
dienes, see ref.®

4 Selected data of 2-substituted 1,3-alkadienes, see ref.>

¢ |solated yield after column chromatography on silicagel.

fIn*H NMR spectrum the signal s of the corresponding Z-isomer were
not observed.

9 The stereochemistry of the 1,2-disubstituted double bond was
assigned by the coupling constant of vicinal ol€efinic protons
(J=15.6 Hz).

High selectivity toward formation of 1,3-alkadienes with
trans-disubstituted olefinic bonds (entries 6-8) is a re-
markable feature of this reaction. We believe that the
origin of the observed high trans-/cis-stereosel ectivity
arises from a concerted mechanism of the reaction and in
this respect there is a formal similarity to the Julia rear-
rangement of secondary cyclopropyl—carbinyl systems to
homoallyl halides.’® The latter transformation was ration-
alized by a concerted mechanism of cyclopropane ring
opening in the most preferable conformation of the start-
ing cyclopropyl carbinol.'® In fact, if concerted mecha-
nism of the dehydrosulfonation of compounds 2 is also
realized, the transition statesleading to trans- and cis-iso-
meric 1,3-alkadienes (entries 6-8) can be depicted by the
Newman projection formulas A and B, respectively
(Scheme 2). Non-bonded interactions between hydrogen
atoms on the R! and R? groups in tosylates 2 probably
sufficiently destabilize transition state B relative to A,
providing the high trans-stereosel ectivity of the reaction.
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R! = alkyl, benzyl, haloalkyl; R?= alkyl; B = Et,N or Et,0

Scheme 2

In summary, an efficient two-step method for the conver-
sion of readily available tertiary cis-1,2-disubstituted cy-
clopropanols 1 to terminal 2-substituted 1,3-alkadienes 3
has been elaborated. The method is characterized by
high trans-diastereoselectivity toward formation of the
1,3-alkadienes with disubstituted double bond.

Acknowledgment
Thiswork was carried out with support of the INTAS program.

References

(1) For reviewssee: (a) Gibson, D. H.; De Puy, C. H. Chem.
Rev. 1974, 74, 605. (b) Kulinkovich, O. G. Chem. Rev.
2003, 103, 2597.

(2) Kozyrkov, Yu. Yu.; Kulinkovich, O. G. Synlett 2002, 443.

(3) (& Kulinkovich, O. G.; Sviridov, S. V.; Vasilevskii, D. A.;
Savchenko, A. |.; Pritytskaya, T. S. J. Org.Chem. USSR
(Engl. Transl.) 1991, 27, 250. (b) Kulinkovich, O. G.;
Vasilevskii, D. A.; Savchenko, A. |.; Sviridov, S. V. J. Org.
Chem. USSR (Engl.Transl.) 1991, 27, 1249.

(4) For reviews see: () Kulinkovich, O. G.; de Meijere, A.
Chem. Rev. 2000, 100, 2789. (b) Breit, B. J. Prakt. Chem.
2000, 342, 211. (c) Kulinkovich, O. G. Pure Appl. Chem.
2000, 72, 1715.

(5) (&) For preparation of mesylatessee: Ollivier, J.; Dorizon, P.;
Piras, P. P.; de Meijere, A.; Salaiin, J. Inorg. Chim. Acta
1994, 222, 37. (b) For preparation of tosylates see: Fieser, L.
F.; Fieser, M. Reagents for Organic Synthesis, Vol 1.;
Wiley: New York, 1967, 1179.

(6) Typical Procedure: Tosyl chloride (2.86 g, 15 mmol) was
added at once to a solution of 1-benzyl-2-methylcyclo-
propanol (1a, 1.62 g, 10 mmol) in dry pyridine (15 mL) at
0°Candthemixturewasleft overnight at r.t. After treatment
with ice water (100 mL) and Et,O (3 x 15 mL), the organic
phase was washed with 5% H,SO, (15 mL), ag NaHCO,
(2x 15 mL) and dried with anhyd Na,SO,. After
evaporation of the solvents the residue was purified by
column chromatography on silicagel (eluent benzene) to
give 1.22 g (51%) of tosylate 2b as a colorless oil.

(7) H NMR (400 MHz, CDCI,): Entry 2: § =0.47 (t, J=6.8
Hz, 1 H), 1.16 (d, J= 6.8 Hz, 3H), 1.35 (dd, J, = 10.6 Hz,
J, =6.4Hz, 1H), 1.52-1.65 (m, 1 H), 2.40 (s, 3H), 3.05 (d,
J=16Hz, 1H),328(d,J=16Hz, 1H), 7.22 (d, J=8Hz,
2 H), 7.30-7.40 (m, 5 H), 7.62 (d, J = 8 Hz, 2 H). Entry 6:
8=019(t,J=6.4Hz 1H),0.87 (t, J=7.2Hz, 3H), 1.05~
1.40(m, 16 H), 1.54 (s, 3H), 2.43 (s, 3H), 7.31 (d, J = 8 Hz,
2H), 7.75(d, J=8Hz, 2 H). Entry 8: 0.18 (t, J = 6.8 Hz,
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1H),0.85(t,J=7.2Hz,3H),0.87(t,J = 7.2Hz, 3H), 0.98—
1.10(m, 1 H), 1.12-1.55(m, 19 H), 1.80-1.90 (m, 1 H), 2.43
(s,3H),7.31(d, J=8Hz, 2H), 7.75(d, J= 8 Hz, 2 H).
Typical Procedure: A solution of sulfonate 2b (0.32 g, 1
mmol) in Et,O (1 mL) was added to a mixture of Et;N (0.21
mL, 1.5mmol), Mg(ClO,), (0.67 g, 3mmol), CH,Cl, (4 mL)
and Et,O (6 mL) at r.t. When the reaction was complete
(control by TLC), 2% H,SO, (10 mL) was added to the
reaction mixture and the water layer was extracted with
Et,O, the organic layer was washed with sat. NaHCO,
solution (2 x 10 mL) and dried over N&,SO,. After
evaporation of the solvent, the residue was purified by
column chromatography on silicagel (eluent petroleum
ether), yielding 0.10 g (70%) of diene 3a.
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IHNMR (400 MHz, CDCl,): Entry 2: 5 = 3.59(s, 2H), 4.94
(s, 1H),5.09(d, J=10.8 Hz, 1 H), 5.20 (s, 1 H), 5.27 (d,
J=17.6Hz,1H),6.47(dd, J, = 17.6 Hz, J, = 10.8 Hz, 1 H),
7.18-7.34 (m, 5H). Entry 6: § =0.92 (t, J = 6.8 Hz, 3H),
1.20-1.50 (m, 10 H), 1.87 (s, 3H), 2.14 (m, J= 7 Hz, 2 H),
4.89 (s, 2H),5.70 (dt, J, = 15.6 Hz, J, = 7 Hz, 1 H), 6.17 (d,
J=15.6Hz, 1 H). Entry 8: 0.87 (t, J = 6.8 Hz, 3H), 0.92 (t,
J=7.2Hz, 3H), 1.25-1.55(m, 10 H), 2.08 (9, J=7 Hz, 2
H),2.19(t,J=7.2Hz, 2H), 4.85(s, 1H), 4.88 (s, 1L H), 5.68
(dt,J, =15.6Hz,J,=7Hz,1H),6.06 (d,J=15.6 Hz, 1 H).
() Julig, M.; dulia, S.; Guegan, S. Y. Bull. Soc. Chim. Fr.
1960, 1072. (b) Julia, M.; dulia, S.; Tchen, S. Y. Bull. Soc.
Chim. Fr. 1961, 1849. (c) Brady, S. F.; llton, M. A ;
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