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Abstract .  Introduction of  a methoxycarbonyi group on the plane nonsymmetric double bond of 23-dioxa and 23- 

oxaza bicyclo[2.2.2Ioct-5-enes brought about a clear-cut iacrease in syn selectivity of their reactions with 1,3-dipoles. 

Pursuit of higher facial selectivity in the reactions of plane nonsymmetdc unsaturated systems is certainly a 
central target of synthetic organic chemistry while understanding of the factors that control stereochemical 
outcomes continue to be a challenging subject for theoretical studies. 1 Thus, there is a heightened expectation for 
every finding which can help to achieve the synthetic goal and can throw light on the theoretical aspects of this 
problem. Much discussion has been focused on the role of substituents, in particular heteroatoms, at an allylic 
stereogenic center in determining selectivity of ~_*me__k to plane nonsymmetric double bonds and dienos v/a steric, 
electrostatic and s t e t e x ~ l ~ c  effects. 1 In this context, substituents directly a t~ae.hed to the double bond, but 
without stereogenic centers, can only play a complementary role, if any, and have received much less attention. 

For example, it is known that in acyclic olefins introduction of a substituent in cis position with respect to 
an allylie stereogenic center can highly influence the stereocbemical outcome of their reactions mostly by making 
the inside position (Felkin-Anh-Houk model) more sterically congested than the outside one. 2 Very few d~ta have 
so far been reported for cyclic olefins. 3 Farina et al. made the interesting, but difficult to rationalize, observation 
that syn selectivity of attack of diazomethane to 5-methoxyfuran-2(SI-I)-one was increased when a vinyl hydrogen 
was replaced by either chlorine or bromine atoms. 3a Continuing our studies about diastereoselectivity of the 
reactions of cyclic olefins, 4 we here report the interesting finding that a significant increase in syn selectivity of 
1,3-dipolar cycloadditions to 2,3-dioxa and 2,3-oxazabicyclo[2.2.2]oct-5-enes could be achieved by introducing 
a metboxycarbonyl group on the double bond, i.e., on going from la-e  to ld-f.5, 6 
The Table gathers the facial selectivity data for the reactions of dlammethane (2), 2Mlazopropane (3) and a cyclic 
ultroue, i.e,, 3,4-dihydroisoquinoline-N-oxide (4), with the dipolarophiles 1 (Scheme).7, s On passing from the 
reaction of diazomethane with la  (X = O, syn:anti -- 91:9) to those of the same 1,3-dipole with l b  (X = NCOPh, 
syn/anti = 82:28) and l e  (X = NPh, syn/anti = 48.5:51.5) there was a progressive decrease in syn a t t ~  with 
respect to the dihetero bridge which parallels not only a decrease in eiecurmegativity of the X substituent but also 
an increase in sterie crowding of the syn face. However, all the more remarkable, a clear-cut increase in syn 
diastereoselectivity was observed when a vinyl hydrogen in la-e was replaced by a methoxycarbonyl group, i.e., 
in the case of ld-f .  In fact, not only, as expected, the reactions of d i ~  with l d - f  were found to be fast 
and regiospecific but also the reaetkm of l d  was 100% diasteretmelecfive and in the case of l e  and I f  syn 
selectivity was at least as high as 90%. Selectivity data for ~ reactions of 2-diaTopropane with compounds 1 
fully confirmed the effect of the methoxycarbonyl group, that is, the presence of this group adds a favor of ~ 0.7 
kcal tool -1 for the syn attack in the reactions of diazoalkanes with compounds 1. 
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Syn R 1 = H R 1 = CO2Me 
Anfi:Syn Anti:Syn 

CH2N 2 96:4 b 95:5 
PhCOCNO 87:13 86:14 

" ~ R  1 PhCNO 88:12 89:11 

20a: R 1 = H; 20b: R 1 = CO2Me bRef. 4a 

The effect of  the methoxycarbonyl group was found even stronger, i.e., higher than 1.2 kcal mo1-1, in the 
reactions of  the highly polar dihydroisoquinoline-N-oxide (4). For example, on going from l e  to I f  there was an 
increase in reaction rate and regioselectivity accompanied by a complete reversal of  diastereoselectivity: from 
cleaxly prevalent anti attack in the case of  l c  (syn/anfi = 32:68) to excellent syn selectivity for I f  (syn/anti = 
94.5:5.5). Also t-Bu nitrone exhibited a similar behavior to that of  4. 

Less interesting were the results of  the reactions of  nilxile oxides 5 with l a  and l d  to afford 18 and 19 
(Scheme): the observed selectivity enhancement, in particular in the reactions of  electrou-lXX~ derivatives (e.g., 
PhCOCNO), was not so dramatic as in the case of  diazoalkanes and nitrones. 

In contrast to above results, syn/anti ratios in 1,3-dipolar cycloadditions to bicyclo[4.2.0]oet-7-enes 20  
were found independent of the presence of  a methoxycarbonyl group on the double bond as clearly documented 
by the facial selectivity data reported in the Scheme and by the fact that only anti adducts were detected and 
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Table. Syn/anti ratios of the reactions of diazoalkanes and nitrones with dipolarophiles I at room ~ t u r e . 7  

Reactions with diazomethane (2, R = H) Total AG#anti-AG#sy n 

Dipolarophile 6-(syn) 7-(syn) 8-(anti) 9-(anti) yield (%) (kcal mo1-1) 
l a  a 91 9 82 1.37 
l b  55 27 13 5 78 0.85 b, 1.00 ¢ 
I c 28.5 20 35 16.5 95 -0.12 b, 0.11 c 
I d - 100 d - 90 >2.5 c 
1 e 95 5 95 1.74 e 
I f 90 10 95 1.30e 

Reactions with 2-diazopropane (3, R = Me) 
Dipolarophile 10-(syn) l l - ( syn)  12-(anti) 13-(anti) 
l a  a 97.5 2.5 72 2.16 
l c  32 34.5 18.5 15 90 e 0.32 b, 0.49 c 
1 d 100 d 78 >2.5 c 
I f 97 3 86 2.05 c 

Reactions with 3,4-dihydroisoqulnoline-N-oxide (4) 
Dipolarophile 14-(syn) 15-(syn) 16-(anti) 17-(anti) 
l a  a 70 30 29 0.50 
l c  21 11 34 34 83 -0.28b,-0.67 e 
l d  95 f 5 f 90 1.74 b 
I f  92 2.5 5.5 f 83 1.66 b 
aRefereuce 4b bFor the 6/8, 10/12 and 14/16 syn/anti pairs. CFor the 7/9, 11/13 and 15/17 syn/anti pairs, din 
the limits of detection of 1H NMR (300 MHz) and TLC analysis, eon the reacted lc. fNot detected. 

isolated from the reaction of dihydroisoquinoline-N-oxide and t-Bu nitrone, respectively, with both 20a and 
20b. Compounds 20 do not contain heteroatoms. This observation strongly suggests that the increase in syn 
selectivity on going from l a -e  to l d - f  is mostly the result of reduction in repulsive electrostatic interactions 
between the attacking 1,3-dipole and the heteroatoms of I which disfavor the syn attack, lb,c In fact, the presence 
of the methoxycarbonyl group should substantially increase the electron accepting character of the double bond 
with a strengthening of the HOMOL3_dipole-LUMOdipolamphil e interaction. As a result, at the transition state there 
should be an enhanced electron transfer from the 1,3-dipole to the double bond moiety of the dipolarophile 
accompanied by a dispersal of this charge on the conjugating and electron atwacfing group. The resultant reduction 
in electron density on the 1,3-dipole should leads to a lessening of repulsive coulombic interactions with the high 
electron density located on the heteroatoms of the dipolarophile. However, the fact that the largest syn selectivity 
enhancement occurs on going from 1¢ to I f ,  i.e., for compounds containing the least electronegative X 
substituent, clearly demonstrates that other factors should be at work. 9 Thus, we are now computationally testing 
the above hypothesis as well as the influence of the COOMe group both on the planarity of the double bond to in 
the ground state and on the hyperconjugative interactions, at the "IS, between the incipient bonds and the aUylic o 
bonds, i t  The presence of the methoxycarbonyl group could also alter the trajectory of approach of the 1,3-dipole 
to the dipolarophile thus changing the relative effect of the steric factors in the two approaches. 4b To clarify this 
problem it win also be mandatory to investigate what is the effect of other groups (e.g., Me and OMe). 

But, for the time being, we feel that it is very interesting to realize that the presence of electron attracting 
groups on a double bond of a rigid cyciic olefm can impressively change the stereodirec~g power of allylic 
heteroatoms. Moreover, our results and those by others 2,3 demonstrate that substituents (without stereogenic 
centers) on a plane nonsymmetric double bond, of both cyclic and acydic olefins, must be taken into account 
explicitly (not only for their steric but also for their electronic effects) in the discussion of face selectivity. 12 
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