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AImtract-The cycloadditions of arylazides, benzonitrik oxides and dipbcnylnitrile iminc to norbotnadieae deriva- 
tives la-c &owed varying degree of site- and stereo-selectivity. With dipokrophile lr aryhides and bcnzonibile 
oxides attack, preferentially, the electron-poor tetrasukitukd double bond, while in the case of lb and lc is tbc 
substituted double bond which eaters the cycbaddition. By contrast, 2diazopropaae sod Cpbcnyf-N-methyl- 
nitrone react with the sok tet.maubst&ed double bond of la-c in stereo- and she-spec&c cycloadditiom. The 
quantitative evaluation of the two possible reaction paths was performed by glc analysis. The compounds detected 
were those arising from D&-Alder cycloreversions of tlu thermally labile intermediate adductJ 2 and 3 (!Scbew 
II. The results were rationalized on the basis of a qualitative perturbation treatment which considers frontier orbital 
interactions only. 

Being easily accessible and suitable for studies of reac- 
tivity,” stereochemistry’*M and synthesis.e’2 norbor- 
nadiene and derivatives have gained the interest of a 
large number of researchers. 

We planned this work with the aim to compare the 
relative reactivity of electron-rich vs electron-poor dou- 
ble bonds in cycloadditions with different 1,3dipole and 
therefore we choose norbomadienes 1 as suitable models 
for such an investigation. 

The usefulness of compounds 1, as masked acetylene 
derivatives in the synthesis of pentaatomic heterocycles, 
has already been proved by reacting various 1,3diiles 
with la and lb.9*‘2*” 

In the present work we have studied the relative 
reactivity of the two double bonds of compounds 1r-c 
towards l$dipoles having different FO discussing the 
results in a PM0 treatment context.” 

The reactions of 1Sdipoles with a large excess of 
norbornadiene 1 (molar ratio 1:5) in order to prevent the 
formation of bis-adducts were carried out in anhydrous 
benzene. Azides, mesitonitrile oxide, 2 - diazopropane 
(DP) and C - phenyl - N - methyl&one were reacted as 
such; benzonitrile oxides and diphenylnitrik iininc 
(DPNI) were generated in sitrr from the corresponding 
benzhydroximic acid chlorides and N(a - chloroben- 
zylidene) - N’ - phenylhydrazine, respectively, by adding 
a stoicbiometric amount of trictbylamine. 

The reactions of nitrik oxides, DPNI, DP with 
dipolarophiles 1~ and those of azides and C - phenyl - 
N - methylnitrone with la went to completion at room 
temperature while the reactions of azidcs and C - pbenyl- 
N - methylnitrone with lb and lc required more drastic 
conditions (Experimental). The results are collected in 
Schemes 1 and 2 and Table 1. 

Intermediate cycloadducts 2 and 3 generally were nei- 
ther isolated nor detected because they decompose under 

reaction conditions, as shown in Scheme 1, to give 
heterocycles 69. 

Since we were mainly interested to determine ratios 
path a/path b, in the case of stable intermediate adducts 
(e.g. the reaction of benzonitriie oxides with lb) tbe 
Diels-Alder cycloreversion was promoted by heating the 
reaction mixtures at 120” until the tic disappearance of 
compounds 2 and 3; the resulting 4/S, 617 and 819 ratios 
were evaluated as usual by gk analysis (Table 1). 

The effect of solvent polarity on the path a/path b ratio 
was investigated by reacting mesitonitrile oxide with la 
in a number of solvents. The results obtained are 
gathered in Table 2. The increase in path b/path a ratio 
parailels the increase in solvent polarity with the excep 
tion of methanol and ethanol whereby ratio value falls to 
a minimum. 

In contrast to the behaviour of 2 and 3, adducts lbc 
and 11s were easily isolated from the reactions of C - 
phenyl - N - methylnitrone and h-c (Scheme 2). In 
agreement with the attributed structures l&c and lla, 
the ‘H NMR spectra of these compounds exhibited the 
characteristic resonance of vinyl protons. Site-spcci6c 
addition of nitronc to the tetrasubstituted doubk bond of 
compounds 1 is thus proved. Furthermore, catalytic 
hydrogenation of 10~ and llr gave compounds 1% 
and llr, respectively, which were also obtained from 
reaction of C - phenyl - N - methyl&one with l2~ 
(Scheme 3). 

Structures 10, 11, 13 and 14 are assigned on the basis 
of the present findings and also taking into account the 
strict syn-methylene specificity found in previoasly 
reported reactions of norbornene derivatives With 
numerous l&ctipoks.‘s Pinally, the c&relationship be- 
tween pbcayl and metboxycarbonyl m in corn- 
pounds l@ aal l3 follows from tbe strong shielding 
experienced by a mctboxycarbonyl group [S(CDCl,) 
3.oC2.971 in comparison to the other one [S(CDClJ 
3.71--3.&1]. Tbc metboxycarbonyl groups of llr ad 14r 
resonate at similar field (e.g. lla: S(CDCI,) 3.78 and 3.63) 
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Scheme 2. 

values. Structure 14a was further substantiated by its 
synthesis from 1% as shown in Scheme 3. 

The attack of the borohydride ion was shown to occur 
with high selectivity from the least hindered side of the 
molecule.‘6 Also the attack of 2diipropanc to com- 
pounds 1 to give adducts 15 was stereo- and site-specific, 
yielding the sole syn-methylene adducts at the tetra- 
substituted double bond. Compound 1% was too labile to 
be isolated and the cycloreversion product 17 was 
obtained in quantitative yield. 

In order to evaluate the influence of the X bridge on 
the reaction rates of l$dipoles with compounds 1 a 
kinetic investigation of the reaction between mesitoni- 
trile oxide and dipofarophiles 12 was carried out (Scheme 
5). 

A second order rate constant &=2.21 x 

10e3 1 mol-’ see-‘) was determined by reacting mesitoni- 
trile oxide with an excess of 12a(l:3) in ethanol at 25”, 

following the disappearance of the 1,3dipole UV ab 
sorption at 260 nm. The ratio values kldkltL = 48.1 and 
kldk,k = 1.1 obtained according to the competitive 
method allowed the other two constants reported in 
Scheme 5 be evaluated. 

DLscussION 

Norbornadiene is a classic example of molecule in 
which a through space interaction between two double 
bonds is operative. ’ Significant overlap between the two 
degenerate orbitals beneath the carbon skekton results 
in two new molecular orbit& (HOMO and NHOMO). 
The splitting (0.85 eV) between the bonding and anti- 
bonding combinations has been determined by photo- 
electron (PE) measurements.‘* Similarly, the unoccupied 
orbitals x* mix to give LUMO and NLUMO. In both 
cases, as a consequence of the molecular symmetry, the 
MO coefficients at the four involved carbon atoms are 
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Tabk 2 Sohent effect for the reaction of mesitonitrik oxide with dipolarophik la’ 

Sol vent 1 
13.14 

@W”) l5 path a t%) path b t%) 

@-2 

mw 

m2cL2 

Mecmk 

CHCl, 

MscO,Et 

Tw 

cs2 

Et20 

C6"6 

cc14 

'6%2 

"*CgH14 

EtOH 

MeOH 

06.3 

43.8 

41.1 

42.2 

46 

39.1 

38.1 

37.4 

32.6 

34.6 

34.5 

32.5 

31.2 

30.9 _ 

51.9 

55.5 

.848 

.875 

.683 

.86 

.545 

,576 

.273 

.ooo 

e.081 

M.2 63.8 

39.9 60.1 

40.6 59.4 

43.1 56.9 

44.2 55.8 

4b.6 53.4 

46.5 53.5 

49.4 50.6 

53.3 46.7 

55.5 44.5 

57.1 42.9 

61.8 38.2 

64.7 35.3 

61.0 39.0 

67.8 32.2 

65.2 34.8 

aThe values reported in this table were evaluated by a GLC analysis 

of the reaction mixturea taking into accmt the relative amounts of 

coqmunde$Ar-Mm) and~Ur+les). 

c4k 
+ Ph - CH - N(O)Me 

12 

a: X=0 
b: X=Cl% 
c: X=Me,C=C 

Ptl 

Total 
Yield (W 13 (%I 14 I%\ 

60 90 10 
70 100 0 
77 100 0 

Scheme 3. 
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scheme 4. 

12r, b,c+Ar-CNO w 

I&, b, c(Ar = Mes) 
19,, b(Ar = Ph) 

Dipolarophile 1 $-dipole 
12a Mes - CNO 

&l,mol-’ s-‘)W 

12b Mes - CNO 4.59 
12c Mes - CNO 4.10 

Scheme 5. Second-order rate constants 0 mol-’ s-‘) for cycloadditions of mcsitouitrik oxide to Ltr-t in e-1 
at 25”. 

identical. In norbornadicm derivative lb the localized 
orbiis ?r,, ?r,, (and ?rt, at) are separated by an energy 
gap which can be estimated from the known ionization 
energies (IE) (and electron affinities EA) of ethylene 10.5 
(and -0.84) eV19 and dimethylmaleate 11.0 (and 0.6) 
eV.19 

Therefore the HOMO ad LUMO (resulting from a 
or, - nb and a ~rf + orb conbinations, respectively) extend 
again over the two double bonds but they are now mainly 
localized on the disubstituted and on the tetrasubstituted 
double bond respectively. In other words, the coefficients 
of h (hi) are larger at the disubstituted (tetrasubstituted) 
double bond because this is closer in energy to fib (sf). 
By replacing the methylene bridge with an oxygen atom, 
that is on going from lb to la, the most relevant change 
is a stabilization of all the orbitals as suggested by PE 
measurements on the model compound 26.= 

Compound I shows an IE of 9.44 eV which is 0.47 eV 
higher than that of norbomene (8.97eV);” the above 
statement is also supported by the ub inifio MO cd- 

20 

culations performed on norbomadiene (HOMO, 
-6.94 eV; LUMO, 792eV) and 7+xanorbornadiene 
(HOMO, -7.07 eV; LUMO, 7.62 eV).” It will follow that 
l$dipolar cycloadditions controlled by the HOMO (1,3- 
dipole)-LUMO (dipolarophile) interaction will proceed 



1354 D.CtWTTNACt01. 

along path a whereas path b will be favoured by the 
LUMO (1,3dipole)-HOMO (dipolarophile) interaction. 
Moreover the path a/path b ratio should increase both on 
passing from lb to Ia and by changing electron-poor with 
electron-rich l&dipoles as expected for a stronger 
HOMO (lJdipole)-LUMO (dipolarophile) interaction. 

The results were in full agreement with this hypo 
thesis. In fact the electron-rich 1,3dipoles 2diazopro- 
pane (IE = 7.9 eV)= and C - phenyl - N - methyl&one 
(IE = 8.01 eV),= whose dominant interaction with 
dipolarophile is HOMO (1 $dipole)-LUMO (dipolaro- 
phile) (Fig. 2), react with all cycloaddends according the 
sole path a. 

Moreover, the contribute of path a progressively 
decreases along the series DPNI, phenylazide (IE = 
8.72 eV)23 and benzonitrile oxide (IE = 8.92 and 
10.5 eV)=* (Table 1) as expected from the HOMO 
energies of these 1,3dipoles. A similar trend was also 
found for substituted azides and nitrile oxides where the 
introduction of an electron-withdrawing group (e.g. nitro) 
group) enhances the relative rate of attack to the di- 
substituted double bond of dipolarophiles la-c (path b) 
while smaller and somewhat irregular effect was found 
for the OMe-group. 

The increased path a/path b ratio on going from ben- 
zonitrile oxide or phenylazide to DPNI supports pre- 
vious data which indicated an higher donor character for 
DPNI in comparison to the former two dipoles.= The 
results of Table 1 show that both FO interactions are at 
work in the reactions of DPNI, benzonitrile oxides and 
arylazides: the HOMO (1,3dipole)-LUMO (dipolaro- 
phile) interaction is dominant in the reactions of DPNI 
with 1s~ and in the reactions of nitrile oxides and 
arylazides with la whereas the reactions of benzonitrile 
oxides or arylazides with lb or lc are characterized by a 
LUMO (1 d-dipole)-HOMO (dipolarophile) control. 

The same conclusions may be drawn from the kinetic 

BNO la lb DP 

--Ii- 

It 

Fii 2. Quahtivc diagram of the frontier orbital energies for la, 
lb, 2diax~roparu@P) and benxonitrile oxide. The dominant 

~inieractions are indicate4 (solid arrows). 

ITbe relative rate enhancement of path a promoted by an Cycbaddition of bmwnitrik oxides with dipolamphilu & 
&reased solvent polarity (Tabk 2) suggests a smaller dipole c. To a soln of la, b or c (lO.Ommol) and the appropriate 
moment of the transition state which leads to adducts 2 than that benxohydroximic acid chloride (3.0 mmol) in benzene (50 ml) a 
kading to adduct 3. As matter of fact, cycloadduct 3, isolated stoichiometric amount of EtrN in benxene (2Oml) was added 

* from the reaction of benxonitrite oxide with lb, is cbaracterizd over a period of 2hr under stirring. The organic layer was 
by an higher RF value than that of the related compound 2 (see separated, dried and evaporated to give a residue which was glc 
Experimental) in agreement with a lower dipole moment for the analyzed; the mixtures derived from lb were previously heated al 
former in comparison with the latkr. 120” (2 hr) in order to promote the decomposition of the inter. 

data reported in Scheme 5; the reaction rate for the 
cycloaddition of mesitonitrile oxide to dipolarophile 12 is 
strongly accelerated by the introduction of an electron- 
withdrawing subs&rent in the dipolarophile (e.g. 121). It 
should be pointed out also that path a/path b ratios are at 
best a minimum estimate of the electronic factors 
because the attack to w,, is obviously sterically dis- 
favoured as can be seen comparing the results of the 
sterically encumbered mesitonitrile oxide (IE = 8.35 eV) 
with those of benzonitrile oxide (Table 2). 

Inspection of Table 1 and Scheme 5 reveals a similar 
bchaviour for lb, c and 12b, c in all the examinated 
reactions; the symmetry allowed interaction between the 
exocyclic double bond and & in lc (n. in 12~) gives rise 
to apparent effect neither on the site-selectivity (Table 1) 
nor on the cycloaddition rate of mesitonihile oxide with 
dipolarophile 12b, e (Scheme S).= 

In previous papers we have reported the influence of 
the solvent polarity on the regio-n and syn-anti selec- 
tivity;% the data of Table 2 show a great influence of the 
solvent polarity on site-selectivity. These findings once 
more suggest that caution should be used in the attempts 
to rationalize, in terms of MO perturbational approach, 
the selectivity data for reactions carried out in difftrent 
media.t A point of Table 2 which deserves a comment is 
the lowest path a/path b ratios found for methanol and 
ethanol in disagreement with the trend of the solvent 
effect. An hydrogen bond between these two solvent and 
nitrile oxide should give both to a stabilization of the 
frontier orbitals, with a consequent major 
LUMO(l,3-dipole)-HOMO(dipolarophile) control and an 
increase of the steric requirements for the l$dipole; 
both effects act together in lowering the reaction rate at 
the tetrasubs!ituted double bond. 

‘H NMR spectra were recorded at 36” for CXlr solus with a 
Varian A-60 (60 MHz) spectrometer (Sic, as internal standard); 
Microanalysis were performed on a Carlo Erba Analyzer, Mod. 
1106; all new compounds gave satisfactory elemental analysis 
(20.3%). Glc analysis were performed on a Carlo Erba Gasclt- 
romatograph 2300 with internal uonnalixation. Hplc analysis 
were carried out on a Perkin-Elmer S.3 with an ODS Silix 1 
column, elucnt: methanol-acetonitrile; detector LC6ST (240 MI). 

Dipolarophiles lp lbse and 12’ were prepared by staudard 
methods whereas dipolarophiles 12~~ 1M Lb.p. =92- 
93’10.4 mmHg] and lk [m.p. = 54-W from liit petroletnnl were 
obtained by hydrogenation of the corresponding dkne as pre- 
viously reported for 12x 

Synihe5i.r of standards 4-9. Compounds 413’ P and 8” were 
obtained, in high yield, from the 1,3dipolar cycloadditiou of 
dimethyl acetypendiiboxylate to arylaxides, benxouitrik oxides 
and diphenylnitrile imii respectively. 

Compounds 5 synthesized as previously reported for 1 - 
phenyl - 1.2.3 - uiaxole“fl - p - methoxyphenyl - If,3 - triaxok 
m.p. = 80-82”; 1 - p - nitrophenyl - 123 - triaxole m.p. = 20. 

Compounds 7 and 9” were prepared by heating under refhrx an 
HCl soln of the adducts of vinyl acetate to benxonitrik oxid& 
and dipbenylnitribmuk respectively. The physical data of these 
compounds are in agreement with those reported in the cited 
litcmture; analytical samples of these beterocycles were used in 
glc calibration. 
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mediate adducts which proved stabk at roum temp. IIuze out of 
the four pose&k h&mediate addtmt.9, derived from the reaction 
betuonitrik oxide (Ar=Phblb, were isolated by cdumn chroma- 
tography using cyclohexane-EtOAc 4: 1 as cluent. 

We obtained, in order of elution: excess dipolarophik, 0.1221 
of the ~yu-rnethyknc adduct am.p. 117-l 18” as colourkss prism 
from &OH; ‘H NMR G(CDCl&: 6.7 and 6.1 (m, ZH, okfinic); 
3.8 and 3.5 (s, 6H, OMe)], O.!I023 g of tbc syndcrivative am.p. 
104-6” as colourless prism from EtOH; ‘H NMR S(CDCl,): 5.2 
(d, JH, H-2) Jrs = 8.OHz; 4.05 (d, lH, Hb); 3.85 and 3.80 (s,6H, 
OMe)] and 0.1633g of the o&adduct 3,fm.p. 122-124” as 
colourkss prism from EtOH; ‘H NMR b(CIX&): 5.6 (dd, lH, 
H-2) JI1 =4.3Hz, JU=9.3Hz; 4.3 (dd, 1H. Hd); 3.8 and 3.2 (s, 
6H, Ohfe)]. The ~yn-structure 3 was attributed taking into ac- 
count the low couplii constant between H-2 and H6 (J12- 
OHz) while the syn-structure 2 gained evidence from its catalytic 
hydrogenation to the dihydroderivative 1% (Ar=Ph) which, in 
turn, was obtained from the cyckaddition of benzonitrile oxide 
(Ar=Ph) to 1%. The glc analysis were performed with a glass 
chmn of OV 17 (3%) on GCPS 1~120 mesh. 

pbenylbydrarine (3.0 mmol) in benzene (50 ml), a slight excess of 
Et,N in henzenc (md) we8 added. nc organic layer was 
separated, dried and evaporated to give a residue which was glc 
analyzed. Tic analysis of the mixture lbdiphqhhrik imh 
showed the presence of intermcdii adducts which slowly 
decomposed at room temp. To secure a quantitative decom- 
position, the mixture was heated at ltXP for a slmrt time and then 
81c dYd* 

Cychdditions of 2-diawpmpanc with lo and Ub. c. An 
ethereal soln of 2diiproparte was added, in small amounts, to 
a two fold excess of la-c. The soln was left aside at (P for 24 hr 
then tire solvent evaporated; column chromatogtaphy of the 
residue afforded adducts 17b, 17~ and tl~ pyrazole 18 in nearly 
quantitative yield. 

Compounds 12b, c. reacted with excess of 2diazopropanc 
under similar conditions. furnished, in quantitative yield, adducts 
Mb ad 16e. 

Solvent @ct. The reactions were carried out, at room tcmp, 
by mixing 3 mm01 of la and 2 mm01 of mcsitonitrik oxide in 
3Oml of the solvents listed in Table 2. The solvents were care- 
fully dried with standards methods;” the end of the reactions 
were dctcctcd by UC disappearance of the l$dipole. The ratios 
reported in Table 2 were obtained by gk with a QFl (3%) glass 
column in isothermal (146”) conditions. 

Cyckmdditions of C - phcnyl - N - mcthyhtit~nr to la and 

121. A soln of C - phenyl - N - mcthylnitrone (3 mmol) and la or 
12m (lOmmol), in benzene (5Oml) was left aside, at rocm temp. 
for 20 days, until the tic disapparence of the 1,3dipok. After 
evaporation of the solvent, a column chromatography (silica gel, 
cycbhexapEt0Ac 4: 1 as eluent) of the residue, aRo&d, in 
order of elution adducts llr (or 14a) and 1C (or 13a). Reaction 
yields and isomer ratios are reported in Schemes 2 and 3; 
spectroscopic and analytical data are collected in Tables 3 and 4. 

Cycloaddirions of aryIaz&r.r to h-c. To a soln of la, b or c 
(lO.Ommol) in bcnzcne (50 ml), 3.0mmol arykzides were added. 
The reactions of la took place at room temp whereas those of lb 
and k were carried out under reftux (24 hr). In all cases, we were 
not able to detect the intermediate adducts 2 or 3. Gas chroma- 
tographic analyses were done using a 3% OV-225 (on GGS 
80-100 mesh) glass column. 

Cycioadditions of C - phenyl- N - methylnittvne to lb-c d 
12b, c. A soln of C - phenyl - N - methyl&one (3.Ommol) and 
lb, c, 12b, c, in benzene (So ml), were heated under reflux for 10 
days. After evaporation of the solvent, a column chromatography 
of the residue [silica gel, cycbhexanc-EtOAc 4: 1 as eluent] al- 
bowed to separate adducts lib, c and 13b, c from the excess 
dipolarophik; yields are given in Schemes 2 and 3. Spectroscopic 
and analytical data are gathered in Tabks 3 and 4. 

Cycloodditions of diphenylnitrile tine wifh h-c. To a soln of Cyclbadditions of mesitonittik OXI& to 128, b, c. An ethereal 
la (lb or lc) (lO.Ommol) and N(achIorobenzylidenc) N’- soln of mesitonitrile oxide and a slight excess of 12~ b, c was left 

Table 3. ‘H NMR [S(CDCl,)l data for compounds 1619 

H-l H-5 H-7 H-8 H-9 axe CUe 

lob 

114 
- 

12 

13b 
- 

& 

1% 

15b 

19b __Y 

5.0 

3.22 

3.65 

5.03 

4.74 

2.70 

3.15 

4.84 

3.46 

4.06 

3.0 

3.45 

4.92 

2.98 

3.40 

4.95 

2.92 

3.80 

3.66 

3.40 

4.28 

3.93 

3.60 

3.54 

4.50 

4.75 6.55 6.37 3.77 3.04 

3.02 6.28 3.78 2.97 

3.48 6.33 3.70 3.05 

4.67 6.57 6.42 3.75 3.63 

4.47 1.7-2.20 3.84 3.15 

2.45 1.65-1.40 3.79 3.01 

2.92 1.9-1.55 3.79 3.17 

4.40 2.0-1.6 3.83 3.76 

3.07 6.57 5.96 3.70 3.60 

3.55 6.75 6.20 3.75 3.64 

2.48 1.70-1.5 3.77 3.70 

2.82 1.7-1.4 3.74 3.70 

4.92 2.10-1.60 3.84 3.54 

2.85 1.60-u 3.80 3.50 

3.28 1.65-1.40 3.78 3.47 

4.95 1.90-1.65 3.83 3.61 

2.73 2.0-1.1 3.80 3.55 
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Table 4. Physical and analytical data for compounds 10-19 
I 

Cqst. M.P. Found2 Formula 
Canpound 

RequLred t 

Solvent (T/"C) C H N C H N 

1% 
12 

lob 

1oc 
- 

13a - 

14a 

1Sb 
- 

12 

16b 
- 

E 

18a - 

18b 
- 

18c 
- 

19a 
- 

19b 
- 

EtOHa 

EtOHa 

EtoHa 

EtOHb 

Cyclohexanea 

Cyclohexane' 

Cyclohexane' 

Cyclohexanea 

Cyclohexanea 

Cyclohcxanea 

EtOHa 

EtOHb 

EtOHa 

EtOHa 

EtOH* 

126-127 62.48 5.60 4.18 

Yellow oil 62.55 5.65 4.12 

113-115 66.30 6.14 4.17 

102-104 68.98 6.48 3.58 

114 62.29 6.01 4.10 

Yellow oil 62.18 6.04 4.12 

133-13s 66.02 6.70 4.01 

110-112 68.43 7.02 3.71 

117-118 60.30 6.41 10.03 

121-122 64.18 6.85 8.85 

101-103 59.84 7.21 9.78 

134-13s 63.58 7.52 8.81 

158-160 64.21 6.32 3.84 

156-157 67.70 6.86 3.86 

186-188 69.87 7.21 3.52 

156-157 61.55 5.28 4.32 

137-139 65.48 5.88 4.37 

62.60 5.55 4.06 

66.46 6.16 4.08 

68.91 6.57 3.65 

62.24 6.09 4.03 

66.07 6.71 4.06 

68.55 7.06 3.63 

60.42 6.52 10.07 

64.13 6.97 8.80 

59.98 7.19 9.99 

63.73 7.55 8.74 

64.33 6.21 3.75 

67.91 6.78 3.77 

70.05 7.10 3.40 

61.63 5.17 4.23 

65.64 5.81 4.25 

aAs colourless prism 
b As colourlese needles 

asidc,atroomtcmp,unWthe tlcdisapparencc of the lSdipole. 
Adducts I&, b, c were isolated in nearly quatitativc yield. 

Cyc~oudditions of benzonitrilc oxia’e to 12a, b. To a soln of 
It, b (2.2 mmol) and henzhydroximic acid chloride (2.0 mmol) in 
ether (SOml) a stoichiometric amount of EtaN was added over 
2 hr under stirring. The ethereal soln was filtered and evaporated 
to give adducts 19r, b in high yield (2 75%). 

EtOH (5Oml) and cooled to prevent further reaction. The 
second-order rate constants were determined in the usual way 
from expression (I) where @ is the initial concentration of MNO, 
h that of dipolarophilc l2a. g the concentration of MN0 at time t 
and K~ the second-order 

Synthesis of Ma. To a nitromcthane solnn of 1% (O.ilg), a 
large excess of trimethyloxonium ftuoborate was added: the 
reaction proceeded at room temp (24hr). The solvent was 
evaporated in wuo and tbc residue dissolved in 3Oml of abs 
EtOH. An excess of NaBi& was added, in small portions, during 
30min and stirring was continued for about Mmin. The solvent 
was removed,the residue treated with wattrand extra&xl with 
ether. After usual work up, compound llr was obtained in 73% 
yield. 

Kzt=E,O,$+ (1) 

rate coefficient in I mol-’ s-l. The amount of MN0 at any time 
was determined from the UV absorption, A, 260nm (c = 
16500). and the concentration in the original soln was calculated. 
The kinetic data for MN0 addition to 1% and 12~ were obtained 
from competition experiments with 12a. 

cil~alytic lry&Igen&n of compounds l&c, lla, 15b, 
c. Compounds lb-c. llr, lSb, c (IoOmg) were dissolved in 
EXOH (95%; IO ml) and catalytically (Pd/C 596; IS mg) reduced 
with Hz at 76OTorr and room temp. After uptake of I.0 equiv. 
the reaction was interrupted and the soln Altered and evaporated. 
The resulting dihydro derivatives resulted identical in every 
respect with compounds l3+c, 14a and Mb, c obtained by 
cycloadditions of 12 with C - pbenyl - N - methylnitrone and 2 - 
diazopropane respectively. 

To a soln of 121 (2ommol) and 121 (0.5 mmol) or 12b 
(20 nunol) and lk (20 mmol), in EtOH (100 ml), a deficiency of 
MN0 (0.4mmol) was added; the mixture was left aside at 2S” 
until the I&dipole disappearence (tic analysis). The mixture was 
hplc analyzed and the relative amounts of adducts 18 were 
evaluated in comparison with standard bii mixtures of the 
same compounds. The results were evaluated according to 
Huisgen et aI.” 

Kinch. Kinetic data for MN0 addition to ltr were obtained 
for solns containing an excess of dipolarophiks by following 
spcctrophotomebically the disappearance of the nitrile oxide. 
The samples were accurately weighed into standard flasks and 
made up to 50 ml with spectroscopic grade EtOH, then placed in 
a thermostatted bath at 2.5’. 
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