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SUMMARY: The nonconjugated bicyclo[3.2.1]octa-2,6~diene (]) affords with
4-methyl-1,2,4-triazolin-3,5-dione (MTAD) the homo-cycloadduct (g) product
and the rearranged urazoles (%) and (é) through dipolar cycloaddition, while

ene-reaction and (2+2)-cycloaddition are not observed.

Bicyclo[3.2.1]octa-2,6-diene (l), although a nonconjugated diene and thus
incapable of (2+4)-cycloaddition, is nevertheless expected to show a great
diversity of dienophilic reactivity. For example, it could react with 4-me-

thyl-1,2,4-triazolin-3,5-dione (MTAD) via (2+2)-cycloaddition1 at the C2—C3

1a,2

and the C_.-C, sites, ene-reaction at the Cq position, homo-cycloaddition3

6 77

at the C2—C7 and C3

sites. Thus, (l) constitutes an ideal substrate to explore the compe-

~C¢ sites and dipolar cycloaddition4 at the C2-C3 and

c.-C
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titive nature of these diverse cycloaddition routes.
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We report that in the reaction of MTAD with (l) dipolar cycloaddition com-
petes effectively with homo-cycloaddition, but both the ene- and (2+2)-routes
are not observed. To the best of our knowledge (l) constitutes the first bi-

cyclodiene for which dipolar cycloaddition wins over homo—cycloaddition.5
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While (l) is unreactive towards maleic anhydride and even singlet oxygen,
tetracyanoethylene leads to an intractable product mixture. However, on reac-

2Cl2 with ca. 1.5-fold molar excess

of MTAD at 25°C for 48 h, the three urazoles (%) to (é) are formed in 31, 11
1

tion of a ca. 0.5 M solution of (4) in CH

and 37% yields6, respectively (as determined by 'H NMR). The pure compounds

were isolated by silica gel chromatography using CHZCl as eluant. Satisfac-

1 13

2

tory elemental analysis and 'H and C NMR and IR spectral data support the
proposed structures of the urazoles.7
The minor course of reaction of (4) with MTAD is homo-cycloaddition to

afford urazole (%). Although the 13

C-H coupling constants of ca. 170 Hz sug-
gested that urazole (%) contains a cyclopropane ring, an unequivocal struc-
ture assignment of (%) was only possible on X-ray analysis. Not even traces
of homo-cycloaddition with cyclobutane formation, i.e. attack at the C2—C7
site was observed, showing that cyclopropane formation, 1.e. attack at the
c

-C,. site, is prefered. Inspection of Dreiding models suggests easier access

376
in (l) for the cyclobutane homo-adduct, but no examples of this mode of homo-
cycloaddition appear to be reported.5

Both dipolar cycloaddition routes4 are observed for (l), leading to the
rearranged urazoles (%) and (é), of which attack on the more strained double

bond (CG_C site) affording (é) predominates. While the determination of the

7
structure of (%) was straightforward in view of its high degree of symmetry,
an unequivocal assignment of the double bond position in (%) was difficult on
the basis of its spectral data.7 For this purpose we prepared the correspon-
ding urazole from 4,4-dimethylbicyclo([3.2.1}Jocta-2,6~diene with MTAD. The
gem-dimethyl substitution simplified the 1H NMR spectrum sufficiently, so
that on high field analysis the double bond could be placed with certainty
as assigned in urazole (Q). Furthermore, on mechanistic grounds urazole (Q)
would be the expected products, as shown in Eqgq.1.

The lack of ene-reactivity of (1) towards MTAD is at first surprising, but
its 6,7-benzo derivative shows similar behavior towards PTAD.8 Inspection of
Dreiding models of (]} implies that the allylic hydrogens at C-4 are not well

1a,9

alligned for ene-reaction. The fact that (2+2)-cycloaddition 1is not ob-

served in the MTAD reaction of (i) suggests that this forbidden cycloaddition
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mode requires higher activation energies and is thus not competitive. Only
under more drastic conditions, especially when other cycloaddition routes
are prevented, does (2+2)-cycloaddition take place.1

In conclusion, the bicyclodiene (1) illustrates that of its various pos-
sible cycloaddition modes, i.e. dipolar-, homo-, ene- and (2+2)~-routes, only
the first two take place, with the dipolar route being prefered. The reasons
for this selectivity are not apparent at this point and to provide an under-
standing, 1t seems essential to explore in detail the product patterns of

other complex bicyclodienes that exhibit competitive cycloaddition behavior.
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The product distribution is 5:1:4 for PTAD as dienophile.

1

Urazole (%), 14% yield, mp 156.5-157°C (prisms from EtOH); H NMR (CDC13,

TMS) ¢ (ppm) : 1.30-2.20 (H 7H, m); 2.45 (1H, g, J=6Hz); 3.10

1,2,4,7,8'
(N-CH 3H, s); 4.60 (CHN, 1H, m); 4.77 (CHN, 1H, dd, J=3.6 and 6Hz).

13

3l
C NMR (CDC13, TMS)s (ppm) : 155.80 (s, CO); 154.12 (s, CO); 57.89 (4);

50.09 (d); 33.78 (t); 33.59 (t); 31.12 (d); 25.18 (q); 19.57 (d); 16.73

1

(d); 16.50 (d). IR (KBr)vicm '): 3075, 3000, 2980, 2960, 2900, 1770, 1710,

1465, 1400, 1350, 1300, 1270, 1215, 1180, 1125, 1080, 1020, 1000, 940,

930, 870, 830, 790, 760, 740, 720, 610. Urazole (%), 4% yield, mp 143-

1

144°C (needles from ether): 'H NMR (CDCl3, T™MS) s (ppm) ¢ 1.70 (H 4H, m);

4(8)"

2.72 (H5, 1H, broad s); 3.06 (N-CH 3H, s); 3.10 (HZ’ 1H, m, =9 ,3Hz) ;

37 J1,2
=4 ,.8Hz); 6.00 (H7, 1, m, J6,7=8.4Hz,
13

4.18 (H 2H, dd4,

J1(3),4(8-exo0)
=1.5Hz); 6.60 (HG’ 1H, m,

1(3)7

=6.6Hz, =6.6 Hz). C NMR (CDC13,

J2,7 Is,7 Is,6
TMS) § (ppm) : 156.71 (s, CO); 140.73 (d); 123.74 (d); 54.54 (d); 42.20 (d);
33.65 (d); 27.35 (t); 25.35 (g). IR (KBr)v(cm_1): 3035, 2970, 2860, 1765,
1700, 1450, 1400, 1360, 1220, 1100, 1070, 1010, 940, 910, 860, 810, 760,

700, 600. Urazole (é), 19% yield, mp 90-91°C (needles from ether): 1H NMR
6H, m); 3.05 (N-CH

(CDC1l,, TMS)6(ppm): 1.73-2.70 (H 3H, s); 4.18

37
13

4,5,7,8'

(CHN, 1H, broad s); 4.58 (CHN, 1H, m); 5.68 (H 2H, m) . C NMR (CDC1

2,3 3
TMS) § (ppm) : 158.63 (s, CO); 158.34 (s, CO); 128.16 (d); 123.35 (d); 66.11

(d); 62.34 (d); 45.48 (d); 35.38 (t); 34.47 (d); 33.04 (t); 25.57 (g). IR

(KBr) v (cm ™!

): 3040, 2945, 2900, 2840, 1765, 1700, 1450, 1390, 1360, 1260,
1200, 1150, 1085, 1050, 1030, 1020, 990, 770, 750, 690, 620.
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