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Abstract - 3, 4-Dihydreisoquinoline-N-phenylimine reacted with gis-3, 4-di-
chloro, —dihydroxy and -diacetoxycyclobutenes to give the sterically disfa -
voured gyn adducts as dominant products; with carbenyldioxy and dicarbo -
methoxycyclobutenes repulsive steric interactions led to the prevailence of
the aptf adducts, An increased gyn selectivity was found for the r*eactmions

of 3, 4-dihydroisoquinoline-N-oxide with diacetoxycyclobutene and of nitro

substituted 3, 4-dihydroisoquinoline-N-phenylimines with dichiorocyclobutene,

. . . 1-4 .
One of the outstanding problems in 1, 3-dipotar and Dleis—AldeP4'5 cycleadditions is the

azomethine imines (2)-{4) with cis-3, 4-disubstituted cyclobutenes (1a)-(1e) and of the azomethine
oxide (5} with (12). The yet unknown cis-3, 4-diacetoxycyclobutene {ic) [oil; Vmax , 1750 cm"1

(0coMe); S (COCH,) 6,43 (m,H-1 and Ha2), 5.72 (m,H-3 and H-4), 3,12 (s,Me)] was prepared

in quantitative yield by acylation of {1b), 2c

The pyrazolidines (6)-(i1} (Table 1 and Scheme) were obtained by heating the dimers of azomethi-
ne imines (2)-{4) and cyclobutenes {1a)-(1e} in boiling benzene, The quantitative composition of
the reaction mixtures was obtained by column chromatography separation. The exo, syn-adducts

(6}, (8) and {10} [with the exception of (Gb)] were characterized by a smaller RF {tlc) than the

For syn-anti and exo-endo nomenclature see ref, 1, pp, 403-405,
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In this paper we would like to present the results of the reactions of three
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corresponding gxo, anti-adducts (3), (3_), (u). This tic behaviour Is In agreement with a predicta-
bie targer dipole moment for the syn compounds.za N o engo products, e,g, endo, anti adducts
(Lﬂ), were detected in the reaction mixtures showing that the 1, 3-dipoles reacted with the cyclo- )
butenes only in the sterically favoured exo disposition,

Reduction of {Gd) and {7d) with LiAIH, afforded (8b} and (7b}, respectively,
o plivy Py g

4
The structures were assigned on the basis of 1I—|nmr spectra whose characteristic patterns are il-
lustrated by the data of three pairs of adducts reported in Table 2, In the anti adducts H~-7 reso -
nated at higher field values than H-G while in the syn isomers H-7 appeared at similar or lower
field values than H-G, This finding is consistent with the exo, anti structures (Z‘), (3) and (LL)
where H-7 is shielded by the N-Ar group. The alternative endo, anti structure (li) should be ex~
cluded because for that structure H-6 would have appeared at higher field values than H-7 as a

result of the strong shielding by the phenyl moiety of the tetrabydroisoquinoline system, Moreover

H-4 resonated at lower field values in the gyn series than in the anti ohe and in the former resul-
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Tabie 1
o Syn / Anti o Syn /[ Anti
Comp., Mp (°C) ratlod Comp, Mp {°C) ratio®
(6a) 170 - 172 1. 35 (6b) 185 — 187 > 16
. >

(7a} 120 - 122 {7b) 158 — 160

AR A

{8a)® 256 - 257 30 (6c) 192 - 196 s
P - At .
(0a)¢ 200 - 211 {(7¢) 149 - 150

{10a)" 238 - 230 {(63) 223 - 225

o 2.1 e 0,15
{11a)€ 236 — 237 (7d) 215 - 217

e’ S~

(12c) 162 - 163 (Ge) d

A~ 4,6 e < 0,05
{13c) 106 - 107 (7e) 146 - 149

A At

%The values represent the mean of two indipendent runs, Overall yields we-

re = 80%. Lower yields have been found for the reaction of (4) with {1a) (25%)
B A

owing to competitive isomerization of {4) to a benzotriazole-1-oxide derivati-

9 . - . -
ve and for reaction of {2) with {(1e) (40%) owing to isomerization of {1e} to

1, 4-~dicarbomethoxybutadiene,
bDetected {trace amounts) by tlc analysis of the ¢crude reaction mixture

CYeHow d MNot detected

ted practically unaffected changing CDCI3 with Csoe' This result was expected for a protoh

which is deshielded and whose solvation is hindered by the neighbouring groups at positions & and

7. Exo, syn structures (6}, (8) and (10) are consequently assured,

The .J4 5 found for the pyrazolidines (6}-(11) was = 6,8 Hz a value unexpectedly quite different
] A AeA

from those found for the corresponding isoxazoelidines [adducts of (5} to cyclobutenes; cf,

2b, 2¢

J, =6,0for {13c) and < 3.0 Hz for (12a)-(12e} and (13a}, (13b), {13d}, (136)1' Therefore
AAnn, A A, - Arhan Anas A~

4,5
J4 5 shoul d be used with caution when choosing between cig, trans structures for compounds of
]
this type,
AN At

4]
X-ray analysis of (6a), {6d} and {10a) confirmed our structural assignement,
—

Nitrone (i) has been reacted at room temperature with (,LE.) to give a mixture of the adducts (l&g)
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Table 2
a,b

THinme [5 (CDC|3)]

data and (in parentheses)AcS =<§(CDCI3) - 5(CBDG)'

Comp, H-1 Hed H-5 He& H-7 -J4' 5

(5c) 4,48 5.13 3,58 5,43 5,86 8.5
{0,63) {-0,07) (>0, 48) (o0,28) {0, 08)

{7¢) 4,67 4,53 3,30 5.44 5.10 8.0
{0,17) { 0,33} (0,31} {0, 22) (0,12)

(gg) 4,59 5,23 3.77 5,49 6,8
{0. 79} (-0, 10} (0,50} {1.05)

(z’j) 4, 47 A, b1 3.52 5,13 4,84 7. dt
(0.65} (0.66) (0,75} ( 1.05) (0. 76)

(fff) 4,97 5,40 3,97 5,33 8.0
(1.33) {0,01) (>0, 77) {0,97)

(3«3) 4,70 4,48 3.58 4,70 4,52 8.5
(0,32} (0. 35) {0, 26) (0,42} (0,50}

3 Signal multiplicity: doublets for H-4 and multiplets for other protons

s}
J inHz

ana {L:if} {Table 1}, which have aiso been obtained on acetylation with acetylchioride of the pre -
viously described (lﬁ:) and (L:EE)L %€ The following syn/anti ratios were obtained?™ %€ in the
reactions of (i) with cyclobutenes: 2,7 for (E), =16 for (13), 0,05 for {1d) and 0. 14 for (li)'

The syn/ant] ratios found in the reactions of (ﬂzn) and (SW) with cyclobutenes (~1n) are, in our opinion,
determined by positive electronic interactions which lead to gyh approach whereas steric repul-
sion between 1, 3~dipoles and the cyclobutene substituents (steric size: COOMe > C[ > OCOMe> OH)
favoursthe anti appreach, The results suggest a [oose correlation between the former effect and
substituent electronegativity (electr‘onegativity OCOMe = 0H > ClI >COOMe) .7 In addition, the
high syn selectivity observed for {1b} may be due also to hydrogen bond in the transition state

2c
between OH and N-Ph group of the 1, 3-dipole, Moreover the prevailence of anti attack for {1d}

[in which the electronegativity of the substituent group is similar to that of (LE)] can be ratlona-
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lized by a preferential attainement of conformation of type A over that of type B (Scheme), Confor-
mation A is possibly stabilized by a through space interaction between TT:“.O and TTCC orbitals,
The present work has also evidenced that the introduction of an electron withdrawing substituent
in the 1, 3-dipole, on going from (’i) to (i} and (j‘), resulted in an enhanced syn selectivity in the
cycloaddition with (L«'il). A similar effect was previously aobserved in the reaction of nitrile oxides
with (lf].za In the case of (_ii‘), however, electronic effect is to some extent neutralized by steric
hindrance brought in by o--I\JO2 group,
Qur conclusion is that 1, 3-dipolar cycloaddition on 3, 4~disubstituted cyclobutenes is rather sen-
sitive to both two previously proposed electronic effect: (i) the intramoiecular perturbation betwe~
en G*and TT orbitals of dipolar‘ophile;'3 {ii} the intermolecular interaction between LL.JMO1 3-di
, 3~di-

R R 2a . - R .
pole and lone pairs of Z substituents, Qualitatively, the higher the electronegativity of Z the
stronger is the (i) effect which allows a better dispersion of the partial negative charge, arising
on the dipolarophile in the oriented compiexes as a consequence of the dominant HOMO1 a-dipole
, 3-

- LUMO interaction, when 1, 3-dipofe attacks on the syn face than when the attack is
cyclobutene
: 3 - . . .
on the anti face, ~ As regards (ii) effect electronwithdrawing substituents on the 1, 3-dipole will

53
lower its LLIMO and consequently syn attack results accelerated, 2
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