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~bstracs-The stcreochemrstry of the cyclobutanones I-7. resulted from the reactron of r~butykyanoketene wirh 
bicyclo(2.2.l]heptene. bicyclo[2.2 I)heptadiene. I.4 - dihydro . 1.4 . methanonaphthakne. I.4 . drhydro 9 (I . 
mcrhykthyhdenc) . 1.4 . methanonaphthakne. I.4 . dihydro I.4 . cporynaphthaknc. 1.4.4a.8b retrahydro . 1.4 
methanobipbenykne ( Io.4ao.4acr.8bu) and 1.4.4a.8b . retrahydro I.4 methanobiphenyknct Ia.Qa.la&Ab~) was 
established as havmg I!X cyclobutaoone ring exe and the I-Bu group in the a configurarion. These hrdtngs 
rcprexnr a srcreochcmrcal argument in favour of a -2, t .2. reaction mode of r-burylcyanoketenc IO the ahovc 
mentioned bicyclo(2.2.I]hcp1ene derivatives. Observations regarding prcservarron of rhc orrginal configurarions of 
afkcncs as well as the geometrical distorsion of the cyclobutanones are shortly discussed 

Since Moore’s discovery in 1970’ of the synthesis and 

chemistry of t-hutylcyanokete (TBCK), several papers 
have been published pointing OUI its extraordinary reac- 
tivity in cycloaddition reaction. Not only the pedestrian 

entry into the chemistry of TBCK precursor? and the 
unorthodox preparation of this particular ketenc are 

remarkable, but also the ever increasing number of 
ketenophiles. spanning over a variety of struclurcs. 
which in general all give Qmembercd ketones in clean 

and stereospecific reactions. Thus, reactions were re- 

ported with alkcnes.‘“” dienes6.“.” alkynes.” 

allcnes. ‘0~“-‘7 iminoethers“ and carbodiimide.‘” 

The cyclobutanones obtained. for example, from al- 
kenes and TBCK have a stereochemistry of the Cmem- 

bcrcd ring with the bulky group always cis to the largest 
group from the olcfinic moiety.“L’o in other words the 

isomer with the most crowded stcric arrangements of the 

substituents. These results are easily rarionalized if 

a -2. + -2, reaction mode is accepted. as it has been 

defined by Woodward and Hoffmann.” 
In the present paper, we would like IO present new 

evidence for a -2.~ -2. reaction mode of TBCK in its 
reaction with hicyclo]2.?.l]hep1ene derivalives. Our 
evidence is hased on the stereochemistry of the resulted 
polycyclohutanoncs as i1 was derived from ‘H-N.HR and 

qualitative lanthanidc induced shift (LIS) spectra.m 

DtscurGI0!V0FlHE~.rs 

We have chosen as kctenophiles the bicy- 
clo[2.2.l]heptcnc derivatives, which have been already 

mentioned in the summary of the present paper. 
Paradoxically. though SUbSkiteS possessing this skeleton 
have generated many fundamental concepts and reac- 
tions in organic chcmistry.*‘-z4 they were subjected IO 

reactions with kctenes” only seldom and in a non- 
systematic manner. By analogy with other reactions. 
such as the clcctrophilic addilions” we think that the 
srudy of the reaction between ketenes and bicy- 
cloI2.2. ljheptenc derivatives could shed light on the 
mechanism of cycloaddilion reactions. In the present 
paper we discuss only one feature of the reaction 
mechanism. derived from the finding that the cyclobu- 

tanone ring in rhe adducts I-7 is exe in rcspecl lo lhe 

bicyclo[2.2. ljheptane skeleton and has an a-configura- 

tion for the I-Bu group. In a future publication we would 
like infer olio, IO comment the observation that in the 

reactions of olefins mentioned in the summary with 
THCK, only cyclohutanones were isolated hut never. so 

far. rearranged products. even in the case of those 

substrates known IO rearrange very rapidly. if a car- 
benium (or a carbcnium-like) ion were involved. Thus. 

one could conclude the transition SI~IC of the cycload- 
ditions is concerted. 

A. 7he cyclobutanone ring has an cxo-configurarion 

The reaction between ketene and an alkene could be 

regarded as involving in its early stage an elcctrophilic 
attack of the carbonyl C atom on the double hond. In our 

case. the double bond is part of the bicyclo[2.2. I]heptenc 
skeleton, for which it is well documented that the clec- 

trophilic attack occurs from the exe side (see g).“.” 
Indeed such a reaction course has been observed based 

on thorough experimental support for diphenyl.“” dich- 

lorO-,*‘b chloroalkylketcnes”‘.d and TBCK’* especially 

with bicyclo[2.2.I]heptene and only occasionally to 

bicyclo[2.2.l]heptadiene. To these known examples, we 
would like IO add hve new ketenophiles giving the 

cyclobutanones j-1 not yer used IO our best knowledge 

for Ihis purpose. Although the stereochemistry of com- 
pound I. has been discussed in one of our previous 
publications.’ as it resulted from quantitative LIS spectra 

simulations, and that of compound 2. independently 
synthesized in our laboratory, for which the stereo- 

chemistry has been established only partly based on 
chemical means,’ both compounds arc discussed again in 
this paper. Our present new arguments support for 
compound 1 and complete for compound 2 the previous 
conclusions. 

The exo configuration of the cyclohutanonc ring in 
compounds l-7 results from IWO reliable features of their 
‘H NMR spectra. 

(i) II is documented 1ha1 the vicinal coupling consum 
bclween the bridgehead proton and the endo-proton is 
smaller 6 I Hz) than the vicinal coupling constan bet- 
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wcen the bridgehead proton and an exo-proton (2- 

S Hz)% (see 91 and 9h). All cyclobutanones l-7 display in 
their ‘H-KMR spectra low values for the coupling con- 

stants between the cyclobutanone and bridgehead pro- 

ton. This observation resulted from the examination of 
the ‘H-NM spectra. simplified especially for compound 

4 and 5, then from the ‘H-SMR-LIS of compound l-3.6 
and 7. confirming the assignments of signals and finally 

from the double resonance experiments carried OUI on 
the complex of compound 1 with Eutfod),.” Thus we 
tentatively conclude that even in the case in which the 
hicyclo[?.?.l]hcptanc system is condensed IO a cyclo- 
butane ring, the value of vicinal coupling constants 
between the original bridgehead protons of the hicy- 
clo(2.2.ljheptane derivatives and the proton from the 
cyclohutane ring, common IO both cyclic systems, is still 
valid as in the parent system. However we are aware that 
definite conclusions will be drawn only after more 
elaborate NMR study of such polycyclic systems. 

(ii) Careful ‘H-NMR studiesh.b of the hicy- 
clo[2.2.l]heptane system have shown that the coupling 
constant between endo-mdo protons is about of 9Hz. 
while the coupling between e_xo-exe protons is higher. of 

Table I ‘H-NMR chemical shifts (in 6. ppm. internal ‘TVS) of 
protons H’ and H’. their coupling constant (in Hz) and their 

relative molar mduced shifts 

Compound H’ H’ J,,I.,,: ?4lS,~/MIS,I 

I 3.x ? 73 1.5 I.” 

2 3.68 2.73 7.5 1.;; 
3 377 2 73 7.5 1.21 
4 3.67 2.87 a - 

s 3.a7 29a n - 

6 3.74 2.60 7.5 1.8 
1 3.2a 2 36 75 I ?I 

co. I2 Hz (see Qc and W). The vicinal coupling constant. 
between the cyclobutanone protons, in all compounds 
1-7. are in the range 7.543 Hz. revealing therefore their 
endo nature and by extension the exe configuration of 
the cyclohutanom ring. 

R. The t-bury1 group has an a-conjigurution 
Next we would like IO present some arguments 

concerning the configuration of the I-Ru group in the 
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cyclobutanones l-7, concluding that it has according to 

the Chemical Abstracts nomenclature the configuration 

Q. e.g. pointing toward the methylene bridge of the 

bicyclo]2.2. I jheptane skeleton. Compounds with such 
configuration correspond to the isomer with the higher 

steric strain. Such a reaction course is a normal outcome 
in the chemistry of ketenes, being, in fact, the stcric 
argument for the ,2.+ -2, reaction mode. The t-butyl- 
cyanokctenc approaches the double bond. in the early 
stage of the reaction with the bulky I-Bu group such as to 
minimize anv stcric interactions with other substituents. 

As the reaction goes on the -2. 7 -2. reaction mode 
requires three simultaneous rotations I, II and III. which 

have as final result the isomer with the highest steric 
crowding (Fig. I). 

t-Bu 

Fig. I The rransrrion state for rhe cycloaddition of TRCK IO an 
alkene. In a ,!, + .?. rcacrion mode I. stands for the larger 

luoup. 

In the ‘H-NMR spcc~ra of cyclobutanones I-7, the 
peaks due IO the two protons vicinal IO the CO group and 

to the CN group were assigned by analogy with the very 

simple ‘H-NMR spectra of compounds 4 and 5. and 
confirmed by I.IS-spectra of the remaining cyclobu- 
tanones l-3, 6 and 7. We have assigned peak at lower 

field. appearing at 6 = 2.3-3.0 ppm (see 10 and Table I) to 

the proton H’ tvicinal to the CO group). chemical shift in 
the range of the reported signal for the corresponding 

protons from the parent cyclobutanonc II.m The chemi- 
cal shift of [he proton H’, cis IO the cyano group being 
dcshielded has a value of 6 = 3.3-3.9 ppm (see 10 and 

Table I). In the parent cyclobutanonc II, the protons 

belonging to the nonvicinal methylene group have a 
chemical shift of 6 = I.96 ppm. This dramatic downfield 

shift of the same protons in compounds 1-7. could be 
reasonably attributed to the presence of a cis-cyano 

group. The argument regarding the deshielding effect of a 

cyano group cis to a proton is nicely supported by 

Moore er a/.,” who isolated both isomers I&s and 12b 
from the reaction of I,?-cyclononadienc with TRCK. Our 

experiments in the reaction of TBCK with olefins.‘.’ 

never gave rise IO other isomers, preventing the pos- 
sibility of a comparison with the compound having a 

cyano group frans to a vicinal proton. 
The above assignments are supported also by quali- 

tative LIS experiments carried out for compounds l-3.6 

and 7. The molar induced shift (MIS) obtained by ex- 
trapolatingm the induced shifts to I: I molar ratio of 
Eutfod), and substrate is. expected, higher for the proton 

H’ closer IO the CO group, assigned here as having the 

higher field chemical shift. Indeed in all cyclobutanoncs 

studied here by 1.1s method (t-3. 6 and 7). the ratio 
YlS,,dMIS,,t is equal IO 1.21-1.29 (Table I). 

C. The olejn preserves its original configuration 

The cyclobutanones 6 and 7 have the benzo ring with 
the same configuration as in the starting olefins. 13 and 
14. respectively, exo in 6 and endo in 7. 

w & 
13 ’ 14 

The endo configuration in 7 resulted from the upfield 
position of the signals of protons H’ and H’ with co. 

0.24-0.5 ppm. than the chemical shifts of the same 
protons in the case of similar cyclobutanones presented 

in Table I. An exo configuration of the benzene ring 

increases the distances from this one IO H’ and H’ 
protons. together with an unfavourable geometrical 

position of the ring. Therefore the configuration of the 
aromatic ring in 6 resulted from the lack of its shielding 

cffec~ on the chemical shifts of protons H’ and H’ (‘fable 

I). Should a carbenium ion be involved in the transition 
state of the cycloaddition reactions. then the skeleton of 

hydrocarbons 13 and especially 14” would undergo 
inversion of configuration of the benzene ring. 

I). The cyclobutanone ring is generally nonplanar 

In the case of polycyclic cyclobutanones. having 
substituents with small or modest steric requirements, 

attached only on the cyclobutanone ring, one would 

expect planarity of the Cmembercd ring. Cyclobu- 
tanones 1-4. 6 and 7, however. since the I-Bu group is 

pointing toward the methylene group, one would expect 

s-3.3-39 6.1.96 

10 11 

iA*9 a. i.93 

12a 12b 
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some nonplanarity in lhc cyclobutanone ring and some 
distorsions of the bicyclo[2.2.l]beptane skeleton. owing 
to steric strain. We think that the distorsions are more 

important along the side having the I-Bu group and 
protons H’ and H’. Since the I-Bu group is rotated, 

presumably outward. the dihedral angle between H’ pro- 
ton and the bridgehead proton H’. is becoming 

favourable for a coupling constant observable in the 

‘H-NMR signal of both protons (Fig. 2). Indeed H’ 
signals. in (he case of cyclobutanones I-3.6 and 7 appear 

as a doublet of triplets, as a consequence of coupling 

with the proton H‘ as well as with the long range 

coupling with that proton from the methylene bridge. 
which completes the W-shaped pattern. These con- 

clusions were nicely supported by double resonance 
experiments carried OUI compounds 6 and 7 at 100 M Hz. 
In the case of compound 4, this long-range coupling is no 

longer possible, and indeed the H’ signal is a doublet of 

doublets (Fig. 2). The side bearing the CO group the H’ 
and H’ protons are probably not or less distorted. since 

the signals of H’ and H’ protons in the case of com- 
pounds 1-4. 6 and 7 appear as a doublet, as in fact one 
would expect for a normal pattern. 

The replacement of the methylcne group in the bridge 
of a bicyclo[2.2.l]hcptane skeleton by oxygen, lead to 

steric repulsions with the bulky I-Bu group more di- 
minished, conclusion resulted from the fact that in the 

cyclobutanone 5 the H’ signal (Fig. 2) is a doublet. as 
result of the coupling only with the H2 proton. This is 

what one would expect if the cyclobutanone ring were 

planar. 

ConciudinR remarks 
Our aim in the present paper was lo bring new stereo- 

chemical evidence for a ,2,+ -2. reaction mode in the 
cycloaddition of ketenes to nonpolar olefins: all sub 

stratcs presented here possessing the bicycloI2.2. I lhep- 
tene skeleton. They yield with TBCK cyclobutanones 
with exe-configuration and the I-Bu group has the a- 

configuration. These conclusions have resulted from the 

‘H-NMR and qualitative ‘H-NMR-LIS spectra of 

cyclobutanones 1-7. 

The cyclobutanoncr l-7 gave all sa~irfaclory ekmental 
analyses. their IR and ‘H-NMR spec(ra support Ihe proposed 

s~ructurcs. Experimental detaifr of lheir preparation will be pu. 
bbshed in a forthcoming paper.” The LIS-spectra were obtamcd 
with a Varian A6OA ‘H-NMR spectrometer, using as shift 
reagent F~tfod),, which was added incrementally IO a weighed 
amount of ketones I-3. b and 7 in Ccl, (with infernal T.MS). The 
do&k resonance experiments for compound 6 and 7 were car. 
ried OUI on a HA-100 NMR spectrometer. The MIS values were 
calculated using fst degree polynomial regression. The cal- 
culated values have acceptabk standard errors and r] values 
Calculations were carried out on a HP-39tMA cakularor using 
tbc program “Polynomial Regression”. HP Srar. Pac. Vol. I. Parr 
0!%3&708oo. page I. 
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