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Unusual regioselectivity in a Diels--Alder reaction of isoprene 
with levoglucosenone 
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The ZnCl2-catalyzed [4+2]-cycloaddition of isoprene with levoglucosenone is highly 
regio- and stereoselective. 
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Condensations of isoprene with asymmetric dieno- 
philes (alkyl acrylates, ! -3  methacrylates, 4 0t-ethylacry- 
lates, 5 acrolein, 6 styrene, 7 dichlorovinylroborane, 8 me- 
thyl vinyl ketone, 9 acrylonitri le,  l° etc.) result in 
cyclohexene derivatives, which are regioisor-:eric with 
respect to the position of the methyl group at the double 
bond. The ratio of  regioisomers is usually a from 3 : 2 to 
9 : l, ,,'hereas in reactions catalyzed by LiCIO 4 II and 
AICI3, lz the corresponding ratio is 19 : 1. Similar re- 
sults have been obtained in reactions of isoprene with 
phenylmaleic anhydride, t3 indene, 14 and 2-substituted 
derivatives of  dichlorovinylborane,  s The observed 
regioselectivity of the reactions was successfully ex- 
plained by the frontier molecular orbital theory. 15 Ac- 
cording to C N D O / 2  t6 and ab initio 17 calculations of 
the electronic structure of  isoprene, the negative charge 
at C(1) is somewhat higher than that at C(4) (the 
charges at C(I)  and C(4) in the S-cis form of isoprene 
are -0 .14  and -0 .13,  respectively). Therefore, in the 
transition state of  cycloaddition involving enones, a 
bond is preferably formed between C(I )  and the more 
electropositive 13-carbon atom of the activated double 
bond. In the examples given, irrespective of the nature 
of the reagents and the reaction conditions, the above- 
noted electronic control of the reaction is realized to a 
certain extent, although in some cases, steric factors 
predominate.IS Nevertheless, stereocontrol does not play 
a major role for isoprene, because the methyl group is 
small and remote from the reacting centers in the transi- 
tion state. Effective steric control of  the regiochemistry 
of [4+21-cycloaddition of isoprene is probably possible 
only for specific dienophiles, which can "feel and differ- 
entiate" steric hindrance created in the transition state 
by the methyl group of isoprene. In the present work, we 
studied the reaction of isoprene with one of dienophiles 
of this kind, viz., levoglucosenone (1) 19 (Scheme 1). 

It was shown 2° that this reaction catalyzed by ZnCI 2 
in CH2C12 at -20 °C occurs smoothly and regioselectively 
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with the preferential formation of adduct 2; the fraction 
of the "electronically controlled" adduct 3 in the reac- 
tion mixture is 5--7 %, and the overall yield of  
regioisomers is 75--80 %. Conversely, the thermal reac- 
tion of isoprene with enone 1 (toluene, 160 °C) is not 
regioselective, as endo adducts 2 and 3 are formed in a 
6 : 4 ratio and in an 80 % overall yield. 

The preferential formation of isomer 2 in the cata- 
lytic reaction is evidently caused by steric control, which, 
however, does not imply the control of  product forma- 
tion, 21 i.e., thermodynamic stability of  the end products 
2 and 3. It was shown in a separate experiment that the 
pure isomer 2 does not change under the conditions of 
the thermal reaction (toluene, 160 °C, 5 h). This sug- 
gests that neither interconversions 2 ~ 3 according to 
the retrodiene scheme nor epimerization at C(7) occur. 
The C(3)--C(6) fragments of the cyclohexene moiety in 
the boat conformation in the molecules of  isomers 2 and 
3 as well as in the similar adduct 4 22 are exo-oriented 
with respect to the pyranose ring and do not manifest 
noticeable differences in the spatial shielding of the Me 
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group. Hence ,  steric control  apparent ly occurs  in the 
transi t ion state and is kinetic in nature. For  example ,  
the endo orientat ion of  the diene in pre-complex  A 
leading to adduct  3, which is required at the transi t ion 
state, zz,z3 is unfavorable due to steric interact ion o f  the 
methyl group with the acetal O atom, whereas there is 
no such h indrance  in pre-complex  B (Scheme 2). 

Scheme 2 
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2:  X = H ,  Y = Me  

3 : X  = Me, Y = H  

4 : X = H , Y = H  

The ass ignment  of  isomers 2 and 3 was based on a 
compara t ive  s tudy o f  13C N M R  spectra and their  com-  
parison with the data  for adduct  4. 22,24 The diagnost ic  
chemica l  shifts are those o f  allylic carbon atoms,  C(3) 
and C(6) ,  for which  a dist inct  (+)-13-effect of  the methyl 
group 25 ( -4  ppm)  is observed on going from adduct  4 to 
isomers 2 and 3. These chemica l  shifts for compounds  
2 - - 4  are 20.65, 24.41, 20.35 ppm (C(3)) and 28.85, 
24.97, 24.05 ppm (C(6)) ,  respectively. 

Experimental  

IH and 13C NMR spectra in CDCI 3 were recorded on a 
Bruker AM-300 spectrometer (300 and 75.47 MHz, respec- 
tively) using SiMe4 as the internal standard. TLC was per- 
formed on Silufol chromatographic plates (Czech Republic). 
Optical rotations were measured on a Perkin Elmer-141 instru- 
ment. Mass spectra were recorded on an MX-1306 instrument 
(ionization energy 70 eV, temperature of the ionization cham- 
ber 30 to 50 °C). 

Synthesis of tricyclic enones 2 and 3. A. A mixture of 
levoglucosenone 1 (1,84 g, 14.6 retool), isoprene (3.0 mL), 
and toluene (15 mL) was heated for 5 h at 160 °C in a sealed 
Pyrex tube. The tube was opened, the solvent was removed on 
a rotary evaporator, and the residue was chromatographed on 
silica gel using ethyl acetate--hexane (I : 9) as the eluent to 
give 2.25 g (80 %) of a mixture of adducts 2 and 3 in a 6 : 4  
ratio, which was difficult to separate. 

B. One crystal of anhydrous ZnCI 2 was added with stirring 
to a solution of levoglucosenone 1 (5.0 g, 3.9 mmol) and 

isoprene (4.1 g, 6,0 retool) in CH2CI 2 (20 mL), and the 
mixture was kept for 16 h. The mixture was then washed with 
water and saturated NaCI, dried with MgSO4, and concen- 
trated. The residue was chromatographed on silica gel using 
ethyl aeetate--pentane (! : 9 )  as the eluent to give 5.8 g 
(75 ~)  of adduct 2. 

(l$,2S,7R,9R)-5-Methyl- 10,12-dloutrleyclo[7.2. !,0 z'7]- 
dodec-4-en-8-one (2). Rf = 0.66 (ethyl acetate--hexane, 
I : !), m.p. 103--105 °C (cther--hexane, I : 9), 
laiD 2t --39.1 ° (c 1.0, CHCI3). Found (%): C, 68.20; H, 7.25. 
CIIHI403. Calculated (%): C, 68.06; H, 7.20. IH NMR, 8: 
1.65 (s, 3 H, Me); 1.84--2.70 (m, 5 H, CH, CH2); 3.12 (t, 
I H, C(7)H, .16,7 = 7.0 Hz); 4.03 (dd, I H, C(I l)--H(endo), 
Jsem = 7.4 Hz, JIl,I = 5.0 Hz); 4.2 (d, I H, C(ll)--H(exo)); 
4.48 (d, I H, C(I)H, JIt I = 5.0 Hz); 5.12 (s, 1 H, C(9)H); 
5.38 (m, I H, C(4)H). '13C NMR, 8:20.63 (C(3)); 23.52 
(Me); 28.85 (C(6)); 37.55 (C(2)); 40.99 (C(7)); 67.19 (C(I I)); 
77.15 (C(I)); 101.61 (C(9)); 117.86 (C(4)); 131.51 (C(5)); 
202.28 (C(8)). MS, m/z (!~ (%)): 194 [M] + (71), 120 
IM-C3H6021 + (45), 166 I M - C O I  + (36), 148 
I M - C H O - O H I  + (39), 130 I M - C H O - O H - H 2 O I  + (28). 

(1 S,2S,7R, gR)-4-Methyl- 10, ! 2-dioxatricyelo[7.2.1.02.7] - 
floflec-4-en-8-one (3). IH NMR, 8 (in a mixture with iso- 
mer 2): 1.86 (s, 3 H, Me); 3.20 (t, 1 H, C(7)H, .I6,7 = 
7.0 Hz); 5.12 (s, I H, C(9)H); 5.38 (m, I H, C(4)H). 
13C NMR, 8:23.23 (Me); 24.41 (C(3)); 24.97 (C(6)); 38.68 
(C(2)); 40,27 (C(7)); 67.19 (C(II));  77.15 (C(I)); 101.61 
(C(9)); 118.71 (C(4)); 130.91 (C(5)); 202.28 (C(8)). 

( l S,2 S, 7 R, g R)- l O,12-Dioxatricyclo [ 7.2.1.OZ.Tl flodec-4-en - 
8-one (4). 13C NI~R 24 (cf. Ref. 22): 20.35 (C(3)); 24.04 
(C(6)); 38.04 (C(2)); 40.53 (C(7)); 67.25 (C(I 1)); 77.24 (C(I)); 
101.62 (C(9)); 123.95 (C(4)); 124.61 (C(5)); 202.19 (C(8)). 
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