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Sumrrary: Cyclcbutenes 1-3 react with diazomethane coverir?g the cw@ete range of facial selectivity. Non planarity of 
the double bond rroiety and consequent energetic asyrwtry of out-zf-plane distorti-, rminly dz tcfl/C-X andfi/C-H 
interactions. @lel the sterwchemistry of cycloaddition. 

?he reactions of cis-3,4_disubstituted cyclobutenes with 1,3dipoles, often characterized by non-intuitive con- - 

tra-steric &ninance of syn attack, have played an important role in the investigation of *-anti selectivi-ty in - 
1-5 

1,Wipolar cyclcadditions. Although several qualitative factors have been advanced to explain experimental 

fir&w, their quantitative control has been very limited and, actually, the facial selectivity observed has so far 

eluded a convincing theoretical rationalization. 

In the li&t of great and growing interest recently accorded to facial selectivity in organic reactions, 

pticularly in cycloadditions, 
6 
we report here scr~ theoretical results and new suitable experimental data, which 

allow us to start apprw&ing this problem in a systematic way. 

Diaxmethane reacted with bicycle [3.2.0] hept6ene 1, cis-3,4_ca&o~ldioxycyclobutene 2, and cis3,&diacetoxy - _ 

cyclobutene 3 to give the sole anti adduct, a __ mixnre of anti and syn ad&&s (64:?6) and the sole e adduct, -- 

respectively. 
7 

Cwing to the low dipole mxent of diaz~thane and its small steric requirement, the observed 

selectiviv can be ascribed, confidently, to an "in'rinsic" propensity of the partner dipolarupkile to suffer e 

or/and anti attack on its diastemtOpic faces. Covering the complete range of selectivity, l-3 lend themelves as good 

models to challenge the factors govern- that stereoselectivity. 

lhe simple hypothesis that the favored attack should be assisted by the less expensive cut-of-plane bend- of 

the olefinic hydrogens is quite appealing in that it explores a conisibuticn tich is independent of the partner 

reagent, of the reaction mechanism wd of the orbital control. 
8 
As a consequence of this distortion the T( -type AO's' 

take neti hybrid characters and directions, and nudify their intramolecular overlaps; furthem=, if the asmtion is 

nade that the l,Z-dipole reaction centers approach their yarbzrs along the directiorzs of the m-type hybrids, the ir+ 
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tmmleculsr repulsive interactions are efficiently rehced, minly for * attack. 

Bhc~~I.srgecmtryoptimization lo of13reveals that the plane of CR bonds is significantly mt in 1 (Q,= 

5.1"), anti-bent in 3 (@= -3.2O), and nearly coplanar wit% the cyclobutene ring in 2 (0 = 0.6"). lhis txhaviour - 

parallels the exp~tital ste-lectivity, snd offers a first indication that *(anti) txxding in the isolated - 

di@src&ile rqy be cne driving force for anti(*) stereoselectivity, m that m si@ficant bending (e.g. in 2) is - 

kund to lack of selectivity. 

tiencmparingeqml (~=tX)O)~and~distortions in the STO-ZG approximation, me finds that-ding 

is energetically favmred with 4.17 kcalhole in 1; the qpite cxxurs in 3 (-2.70 Kcalhle), whereas in 2 e 

bending is cnly slightly favor& (0.56KceUmle). The results are collected in the Table. 

C&e a@n the calculated tsend appears to fit ihe experiment. It is interes~tc observe that even the 

explanation of snti attack cm lneed not intie the "intuitive" steric effects. The results stmgly suggest that - 

in+z-aml~ar interactions, respx-sible for nm-plamrity in the free mkmle, are also responsible for the 

mergetic asymmztryofcutxf+ane distortions srd, in turn,, for tie occurrem e ofstemxelectivity. 

?hearalysisofintsamolecularinteracticnsneedstoresorttotfiecunw tczcmcepti smtl_lI-e of chemistry, 

-tlytermedss the OJrrentMo1ecular mxkl (m),11 tie basic cmcepts of tich are hybridization, lccalizaticn 

and delocalization,Tlorbitals, lone pairs, 8um&+pxe ncn-bmhd inwtiorLs (TSI) and ++rm&b& intemcticm 

(TEI). Even if argmats a-d conclusiom have a :~:_4Lkkive value, the actxal evaluation of terns rquires scme well 

defined choices, first of all the prmxdwe for obkahing hybrid atmic orbitals (HAO). 

t&bridizationhas teenperfonwdaccmdingtc the.%himmLccalizatim Criterion (iTX);12 theMIXpmzedureisthe 

choice of the urktary tramfomatim of the Slater A0 basis "best suited" for assim HAO's to specific dkmk, 

*-system or la-te pairs. Ml calculatioxi are invariant m such a tmnsfmtion, tic m the off-diagonal elements of 

tie energymatz-ix cank readas specific interacticms defined in the mlecularcmtmt. Elhimtim of selected ele- 



4655 

Table. Theoretical results. ikeq&s inKcal/n-ole 

CalCulatiCn 

SIC-X 
crw2 
s% 
kcalizati~ 

Delocalizaticn: 
l.TBI+TSI 
2.TSI 
3.71/d 
3.lw-x 
5.wc-H 
6. 4.+5. 

Ehperirrent 
arrti:syn 

Bicyclcheptene c!ahonyldi~cyclobutene Diacetrzqcycldxhne 
plzmar q, opt 5.150 &?ZY planar +cpt 0.65O AKW planar +cpt-3.x~ ACP 

a.27 BEF 4.17 0.03 F!EF 0.56 0.11 F!EF -2.70 
0.36 PEF 5.06 XL03 w 0.05 0.10 REF -2.70 
O.cO 0.03 1.29 O.CKl 0.03 1.27 O.@J 0.03 1.25 
a.60 238.M 0.33 a.05 550.92 0.35 -0.27 879.47 -0.35 

0.60 -238.04 4.73 0.03 -550.92 -0.30 0.27 -879.47 -3.05 
0.55 -59.47 4.74 O.cO -238.78 -0.21 0.24 al.40 -2.93 
0.35 -34.44 5.12 O.cO -37.13 -0.w 0.14 -40.16 -2.80 
0.Q -17.25 3.15 4.C.Q -21.29 -1.41 0.19 -19.27 -3.62 
-0.23 -12.16 1.16 0.02 -14.89 0.91 -0.14 -19.80 0.26 
0.15 -28.65 4.37 -O.al -35.81 a.46 0.15 -39.41 -3.37 

loo:0 64:36 0:103 

FIEF: rxk-erxe energy (optimiz&out-of+3ne distortion); planar: energy difference fYw +he optimized &S-on; 
ntX)O: difference of total energies of f20° kentrrolecules (E -E 

-x)0 +x)0 
); s:% k-@rid character ofTY-type AO. 

ments fkm the energy matrix &xld correspxd ta the sqpressimofthe--elated interacticns, ad the MO calculation 

should disclose their effects on the r~~lecularprqxrties. So, for exarrple, eliminaticn ofallnxkcnded interactions 

(TSI+'IBI) prcduces afullylccalized description (M) arekndorbitals arlcnepzdrs, the densi@ matrix has non-zer~ 

off-diagorx3l el-ti mly for bends) whose electrmic energy, orbital energies, ne- etc. are sawwhat 

different from fhse of the carplete calculation, here the full delwalization due to TSI axI TBI is allowed. The 

mere suppression of TSI &es notprccke lccaliza.tion; hxever, its the off-diagonal blocks of the density matrix 

acquire fairly well localized structures, the calculatim is significant for singling out the effects of the 

delocalization due to tkcse interactions. Also, cne can try to single out the role of subsets of l31, e.g.Tl/d 

interactiorzs or inter-e&ions between orbitals involved in rxx-ccntigwus to&s, suppxed to be relevant for the 

problem in study; a necessary requisite for the significance of the procedure is the c&-t blanking of tile 
13 

correspca?dingelaxx~ts of tie density matrix. 

M3calculationshave been done in the CNKV2appraximaticn; in spite of the documented failure of NW methods in 

reproduci~thegrwmdstate erxk-tzendjngofthesyn-se ring system, 14 ~tdcesappearthatinourcases 

theemdegrwnd state distcrtias fcnndbySTCXGoptimiz&ions are fairly well nzprc&ced by CNiX/2 (#=5.5', 

0.3' and -3.0' for 1,2.3 respectively); furtheznxxe, the differences be*en thef2V distorted rrolecules show tfie 

same trerdas inSTC-3Zcalculations. 

The results of the analysis are collected in the Table. As expected, Ml localizatic~l inkcduxe large 

destabilization energies (col- 3,6,9), fav- pl- cznformaticns (columns 2,5,8) sold suppresses the asymneky of 

outiof-plane distortions (colums 4,7,10). Inversely, delcralizaticn dx to 'IS1 + 'IBI is reqonsible for both 

distortedgrowd state ccnfbrmations znd distorticnasymnetries. Separatelycconsidered, TSI display only a part (fhzm 

25 to 40%) of the stabilization due to delccalizaticn, hereas they corkrikute the t&ality of the asymxtry (A+xF). 

fbmg TSI,V/6 interacticns acc0u-k for the hole disto~ticn aqwr&ry. Fairly large ccntributicns to the bending 
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asYmne@J appear to be ch tom/C-X andTE/C-H, i.e. the interactions between '&err-type HZ and the orbitals involved 

in the C-X and C-H bonds of the ahns C3 and C4: these contributions add up in 1, thus accounting for the preferred 

G txndillg (anti attack), oxnterbalance in 2 (mixture of syn and e at-tack), tiereas in 3 the negative 

contri!xticn of?T/C-X (anti bending, z attack) is largely prevalent. 

By comparing calculations 4. and 5. with 6. (Table), the deviation fmn additiviQ can ix checked (calm 3,6,9) 

andfouralquitereasonable forh+MO, but to0 large to rely on tie s&l differences of colurras 2,5 and 8. 

Investigations an other factors (charge-tsansfer stabilization, electitatic and steric interactions), which at-e 

supposed to be mxe relevant witi l,%dipoles other than diazome?lane, are in progress. 
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