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min at room temperature, the reaction mixture was washed with
NaHCO; solution and extracted with CH,Cl,. Evaporation of the
CH,CI, gave a crude product that was purified by chromatography
(silica gel, hexane-ethyl acetate), providing 11 as orange-red,
irregular prisms. 1la (69%): mp 121.5 °C; *H NMR (CDCl,) §
9.85 (8, 1 H, aromatic), 8.82 (s, 1 H, aromatic), 8.27 (d, 1 H,
aromatic, J = 8.1 Hz), 7.90 (m, 3 H, aromatic), 7.52 (m, 3 H,
aromatic), 7.42 (dd, 1 H, aromatic, J = 1.9 Hz, J = 5.5 Hz); UV
(CH4CN) nm (log ¢) 422 (3.96), 320 (3.94), 293 (4.01); high-reso-
lution mass spectra, experimental m/z 298.0223 (caled m/z
298.0234). 11b (40%): mp 164 °C; 'H NMR (CDCl;) 4 9.76 (s,
1 H, aromatic), 8.85 (br s, 1 H, aromatic), 8.26 (bt s, 1 H, aromatic),
7.91 (d, 2 H, aromatic, J = 8.7 Hz), 7.88 (m, 1 H, aromatic), 7.41
(br s, 1 H, aromatic), 7.01 (d, 2 H, aromatic, J = 8.7 Hz), 3.90 (s,
3 H, ArOCH,); UV (CH,CN) nm (log ¢) 429 (4.29), 352 (4.07), 239
(4.55); high-resolution mass spectra, experimental m/z 328.0342
(caled m/z 328.0340). 1lc (70%): mp 182-184 °C; 'H NMR
(CDCl) 6 10.15 (s, 1 H, aromatic), 8.86 (d, 1 H, aromatic, Jg5 =
4.4 Hz), 8.78 (dd, 1 H, aromatic, Jg; = 1.3 Hz, J, 5 = 4.8 Hz), 8.25
(d, 1 H, aromatic, J = 8.05 Hz), 8.05 (d, 1 H, aromatic, J = 7.4
Hz), 7.88 (m, 2 H, aromatic), 7.42 (m, 2 H, aromatic); UV (CH;CN)
nm (log ¢) 428 (3.56), 318 (3.62), 265 (3.64); high-resolution mass
spectra, experimental m/z 299.0194 (caled m/z 299.0187).

Dimer 14 of Compound 3f. 2,3-Dichloro-5,6-dicyano-1,4-
benzoquinone (42 mg, 0.185 mmol) was added to a solution of 3f
(50 mg, 0.185 mmol) in acetonitrile (2 mL). The solution was
concentrated to half volume, and upon cooling, a dark solid was
collected by filtration and then dried in vacuo. The crude product
was purified by column chromatography (silica gel, hexane—ethyl
acetate) to provide a red solid: 55 mg; field desorption mass
spectrum, m/z 538.

Oxidation of Compound 3e with TCNQ. A hot solution of
tetracyanoquinodimethane (5.3 mg, 0.026 mmol) in acetonitrile
(1.5 mL) was added to a hot solution of 3e (7.7 mg, 0.026 mmol)
in acetonitrile (1.5 mL). The dark reaction mixture was con-
centrated to half volume, and after cooling, no precipitate had
formed. Evaporation to dryness yielded a residue that on analysis

by field desorption mass spectrometry was shown to be a mixture
of products other than starting materials. Purification by column
chromatography (silica-C,s, water—acetonitrile) of this residue
provided several fractions. First fraction: TCNQ-radical anion!’
19; 5.1 mg; UV (CH;CN) nm 840, 721; in acid 395 nm (TCNQ).
Second fraction: 1:1 adduct 20; 1.6 mg (13%); UV (CH;CN) nm
550, 318; high-resolution mass spectra, experimental m/z 476.0765
(calcd m/z 476.0766). Third fraction: 3e; 4.5 mg (58% recovery
of starting material); UV (CH;CN) nm 442, 308. Fourth fraction:
dimer 23; 1.4 mg (18%); UV (CH;CN) nm 460, 312; EI mass
spectrum 596 (M%), 532 [M* - 28], 531, 431.
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(25*,2'S* 4R* 4'R*65* 6'S*)-4,4’ 6,6-Tetramethylperhydro-2,2’-bipyrimidine (1) reacts with excess formaldehyde
in MeOH to give predominantly the tetracycle (1R*,3S*5R*,75*8bS*,8¢cS*)-1,3,5,7-tetramethylperhydro-
3a,4a,7a,8a-tetraazacyclopentano[def]fluorene (2) and in Et,0 to give exclusively tetracycle
(1R*,38*,58*,7TR* 8bS*,8¢cS*)-1,3,5,7-tetramethylperhydro-3a,4a,7a,8a-tetraazacyclopentano[def]fluorene (3). With
less formaldehyde, compound 1 yields an unusual 1:5 mixture of trans and cis tricycles,
(1R*,35*,4a8*,4bS*,65S*,8R*)-1,3,6,8-tetramethylperhydro-4,5,8a,9a-tetraazafluorene (5) and
(1R*,35* 4aS* 4bS*,6R*,85*)-1,3,6,8-tetramethylperhydro-4,5,8a,9a-tetraazafluorene (6), respectively, in MeOH
solvent but gives almost exclusively the trans tricycle 5 in Et,0. The structure of tetracycle 2 is supported by
X-ray crystallographic data. Compounds 3 and 6 represent new structural types, and they appear to be con-
formationally stable. A mechanistic scheme for the formation of the tricycles and tetracycles which is consistent
with the observed stereochemical changes is proposed.

Introduction

The condensation of 1,3-alkanediamines with glyoxal was re-
discovered recently as a convenient route to perhydro-2,2’-bi-
pyrimidines [2,2’-bis(hexahydropyrimidines].! X-ray crystallo-
graphic analysis has since provided the first unambiguous proof
of the molecular structure of perhydrobipyrimidines as their free

(1) Black, D. StC.; Craig, D. C,; Giitsidis, O.; Read, R. W.; Salek, A,;
Sefton, M. A. J. Org. Chem. 1989, 54, 4771.

amines,2 and 13C NMR data have been used to support the
presence of similar structures in solution.> Subsequent conversion
of perhydrobipyrimidines into perhydro-4,5,8a,9a-tetraazafluorenes
and perhydro-3a,4a,7a,8a-tetraazacyclopentano[def]fluorenes has
also been demonstrated in relatively simple cases.! The latter

(2) Black, D. StC.; Craig, D. C.; Kassiou, M.; Read, R. W. Aust. J.
Chem. 1991, 44, 143.

(3) Black, D. StC.; Kassiou, M.; Read, R. W. J. Org. Chem. 1991, 56,
4308.
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transformations are important because they allow rapid entry into
a series of new, comparatively rigid nitrogen heterocycles. Unlike
their cis perhydro-3a,5a,8a,10a-tetraazapyrene counterparts* and
certain related heterocycles,”” including the 1,4,5,8-tetraazade-
caling,%7 the former polycyclic heterocycles do not show dynamic
NMR behavior in solution. Instead, the cis and trans tricyclic
and cis tetracyclic compounds retain their structural integrity,
except for ring tautomerism which occurs primarily in protic
solvents and to a degree depending upon substituents. Such
rigidity should impart advantages to these compounds in ap-
plications wherein the amines serve as ligands or take part in
coordination or hydrogen bonding. Similar highly ordered systems
are a key feature of many enzyme mimics, including those de-
veloped by Rebek,® Nolte,? and Mock.!®

In continuation of our studies of highly ordered polycyclic
systems derived from perhydro-2,2’-bipyrimidines, we have ex-
amined a series of compounds derived from meso-2,4-pentane-
diamine. Structural variants of the tetracyclic and tricyclic nucleus
have been identified, and the mechanistic implications of their
formation are discussed.

Results and Discussion

The molecular structure of perhydrobipyrimidine 1 has
been determined in the solid state by X-ray crystallogra-
phy.2 Unlike previous precursors to the polycyclic com-
pounds, and crucial to the findings here, this molecule
allows changes in configuration at the aminal carbons to
be monitored.

When perhydrobipyrimidine 1 was treated in refluxing
MeOH with 2-4 mol equiv of formaldehyde, reaction for
1.5 h in the case of 4 equiv and overnight in the case of
2 equiv gave a 3:1 mixture of isomeric tetracycles 2 and
3. The major isomer was separated in 30% yield by
fractional crystallization from Et,0. Its symmetrical na-
ture was evident from the relatively few proton and carbon
signals in its 'H and 3*C NMR spectra (seven proton sig-
nals, ratio 1:6:1:2:1:1:1, and five carbon signals, 1 X CHj,
2 X CH,, and 2 X CH). The methyl groups were deter-
mined to be in equatorial positions from the magnitudes
of the vicinal proton spin coupling constants of the asso-
ciated methine protons (3Jy_y 11.7, 2.7 Hz) as measured
from the methylene proton signals at C2 and Cé.

There are two configurations that the symmetrically
substituted tetracycle might have adopted, 2 or 4. Sin-
gle-crystal X-ray crystallographic analysis (see supple-
mentary material) indicated that the molecule resembled
the former in which the bridgehead hydrogens and methyl
groups were in a trans relationship 2a (Scheme I). The
molecular structure also revealed that the nitrogens were
pyramidalized through somewhat flattened (e.g., the com-
bined C-N-C angles about N(1), N(2), N(3), and N(4)
range from 336.3° to 341.9°) so that the bridging methylene
group was directed in a pseudoaxial position with respect
to each hexahydropyrimidine ring. As a consequence, the

nonbonded electrons on the nitrogen atoms were directed

(4) (a) Caulkett, P. W. R.; Greatbanks, D.; Turner, R. W. J. Chem.
Soc., Chem. Commun. 1977, 160. (b) Krajewski, J. W.; Urbanczyk-Lip-
kowska, Z.; Bleides, J.; Kemme, A. Cryst. Struct. Commun. 1977, 6, 853.
(c) Choinski, W.; Kolinski, R. Pol. Patent, 101,075, March 31, 1979; Chem.
Abstr, 1944, 38, 4274, (d) Weisman, G. R.; Ho, S. C. H.; Johnson, V.
Tetrahedron Lett. 1980, 21, 335. (e) Jazwinski, J.; Kolinski, R. A. Bull.
Pol. Acad., Sci. Chem. 1988, 35, 215.

(5) Jazwinski, J.; Kolinski, R. A. Tetrahedron Lett. 1981, 22, 1711.

(8) Ferguson, 1. J.; Katritzky, A. R.; Patel, R. J. Chem. Soc., Perkin
Trans. 2 1976, 1564,

(7) Muller, R.; Von Philipsborn, W.; Schleifer, L.; Aped, P.; Fuchs, B.
Tetrahedron 1991, 47, 1013.

(8) Nowick, J. S.; Ballester, P,; Ebmeyer, F.; Rebek, J. J. Am. Chem.
Soc. 1990, 112, 8902.

(9) Smeets, J. W. H.; Van Dalen, L.; Kaats-Richter, V. E. M.; Nolte,
R. J. M. J. Org. Chem. 1990, 55, 454,

(10) Mock, W. L,; Irra, T. A.; Wepsiec, J. P.; Adhya, M. J. Org. Chem.
1989, 54, 5302.
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into equatorial positions and aligned with the bridgehead
C-H bonds. The latter finding was used earlier to ra-
tionalize the large one-bond C-H spin couplings observed
for this and all former cyclopentanotetraazafluorene tet-
racycles;® novel arrangements of the trans tricycles were
also identified by an extension of this technique.?

Previously it had been found that the condensation of
perhydrobipyrimidines with aldehydes also proceeded in
ether solvents. In practice, treatment of 1 with 4 molar
equiv of formaldehyde (as formalin) in Et,O at reflux gave
the second, previously minor tetracycle, 3, as virtually the
gole product in 68% yield. The compound could not be
crystallized and was characterized as an oil. Its 'H and
13C NMR features indicated that the substance had non-
equivalent hexahydropyrimidine rings. However, the
molecule retained a plane of symmetry that bisected it and
passed along the central C-C bridging bond. Again, all
four methyl substituents appeared to reside in equatorial
positions, as deduced from the magnitudes of vicinal spin
coupling constants (3Jy_y 11.7, 2.7 Hz for protons at C2
and 3Jy_y 12.1, 3.9 Hz for protons at C6). Structure 3 is
consistent with these findings if the two hexahydro-
pyrimidine rings adopt different configurations. One
possible consequence is for the two rings to have different
chair conformations, 3a (Scheme I), while another is for
one ring to reside in a chair conformation while the other
rests in a boat or twist-boat conformation 8b. These two
arrangements are related as conformers and are therefore
indistinguishable at ambient temperature. The former
structure involves placement of the bridging methylene
groups in pseudoequatorial positions rather than the
pseudoaxial positions found in 2a, but with this comes
major concomitant interring interactions with no obvious
energy advantages. Three-dimensional structures 2a and
3b were therefore deduced for the “symmetrical” and
“unsymmetrical” tetracycles.

Treatment of perhydrobipyrimidine 1 with 1 mol equiv
of formaldehyde in MeOH at room temperature, normal



Heterocycles Derived from Substituted Bipyrimidine

J. Org. Chem., Vol. 57, No. 14, 1992 3903

Scheme I. Mechanistic Pathways Available during the Condensation of Perhydrobipyrimidine 1 with Formaldehyde
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Figure 1. Possible arrangements of the cis tricycles 6 and 7 and
results of NOE experiments.

conditions for formation of tricyclic tetraazafluorene
products, gave no noticeable reaction. Warming the so-
lution in MeOH to reflux gave a mixture of tricycles after
1 h. In all previous examples the trans-fused tricycles
predominated in such product mixtures, sometimes to the
exclusion of the cis-fused tricycles. However, 1 afforded
a 1:5 mixture of trans and cis tricycles § and 6, respectively,
frorg which the cis tricycle 6 was isolated pure in 29%
yield.

Curiously, treatment of 1 with an equimolar amount of
formaldehyde in Et,O at reflux gave only the trans-tricycle
8, admixed with an equal quantity of unchanged per-
hydrobipyrimidine 1, after 1 h. Similar treatment of pe-
rhydrobipyrimidine 1 with 2 mol equiv of formaldehyde
in Et;0 for 1 h consumed all the starting material but again
yieltciled only the trans tricycle 5 which was isolated in 62%
yield.

The trans and cis configurational assignments of 5 and
6 were based mainly upon the number and multiplicity of
proton signals in the !H NMR spectra and were supported
by 13C NMR data. In both cases the methyl groups were
also found to reside in equatorial configurations. The
magnitudes of the one-bond C-H spin coupling constants
from the equivalent methine bridgehead carbons from each
isomer, 1Jc_ 3 141.8 Hz and 'Jo_y 149.8 Hz, respectively,
demonstrated that the orientation of the C-H bonds rel-
ative to the nonbonded electrons on nitrogen were dif-

N

2a

ferent.®> The C-H bonds of the trans isomer must have
resided in axial configurations, as found in earlier examples
of the trans tricycles, and its structure, 5, then appears to
be settled and its formation is not exceptional.

In contrast, the nonbonded electrons on nitrogen in the
cis isomer 6 appears to have been more closely aligned with
the bridgehead C-H bonds. This is the first example in
which such a cis tricycle has been obtained in the pure
state.l! Comparison of the one-bond C-H coupling data
(e.g., oy 149.8 Hz for the bridgehead aminal carbon) with
those for tetracycle 2 (*J_y 164.7 Hz),® prompted us to
consider an analogous structure to 2, represented by 6a
(Figure 2), for the cis tricycle. The smaller observed
coupling for 6 than that observed for the tetracycle could
be attributed to the occurrence of secondary nitrogens in
the tricycle and therefore the possibility of a significant
contribution from nitrogen inversion at these centers.
Inversion of this type would lead to reduced interaction
between the nonbonded electrons on nitrogen and the
central C-H bond.

Another cis tricyclic structure, 7, with cis-methyl sub-
stituents and bridgehead hydrogens was also considered.
For this isomer to have equatorial methyl groups, the
hexahydropyrimidine rings must have resided in alterna-
tive chair 7a or, more likely, boat 7b arrangements of the
rings (Figure 1). NOE experiments provided a clear
distinction between structures 6a and 7a or 7b. Most
notably, irradiation of the bridgehead proton signal (5 3.64)
gave 4% and 6% enhancements of the methine proton
signals at & 2.62 and 2.71, respectively, a result consistent
only with structure 6a. Irradiation of the methine signals
gave reciprocal enhancements which supported the
structural assignment and others which were useful in fully
assigning the remaining proton and carbon NMR signals.

Mechanistic Comments. The reactions using per-
hydrobipyrimidine 1 were much slower than those previ-
ously experienced with other perhydrobipyrimidines.
These observations were made using identical batches of
formalin thus ruling out the effect of acid impurities. One
explanation for the differences in rates is the greater steric
demand of the 4,6-dimethyl-substituted hexahydro-
pyrimidine rings. This may have a bearing on the success
of condensation reactions when groups larger than methyl
radicals are present in the 4- and 6-positions and when

(11) Examples which were admixed with the corresponding trans iso-
mers were reported in ref 1.
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Figure 2. Variation of tricycle concentrations in deuteriomethanol
at 60 °C with time.

larger aldehydes are used in the condensation.

The marked change in selectivity of the reactions in
going from MeOH to ether solvents is also noteworthy.
Others have noted the decrease in the rate of formation
of aminal bonds in nonpolar solvents such as toluene and
nitrobenzene.” Presumably, nonpolar solvents like Et,O
would slow the first step of any condensation reactions
because the reactions involve the generation of very polar,
if not jonic intermediates; these species would be extremely
reactive. Methanol could stabilize such intermediates due
to its strong dipole moment. However, as an hydroxylic
solvent, MeOH might also react with intermediate im-
monium ions (R'IRZN+=CH,) to generate long-lived, neu-
tral amino ether species (e.g., R‘"R2N-CH,-OMe). Reac-
tions carried out in Et,0 should therefore give primary
products while those carried out in MeOH might lead to
secondary products or products obtained under equili-
brating conditions. The preference with which 1 gives the
trans tricycle § in Et,0 is therefore easily understood. This
reaction simply involves bridging of two nitrogens from
1 in its preferred configuration and conformation. Ring
opening of one of the hexahydropyrimidine rings of 5 and
reclosure to generate a cis ring fusion (path a, Scheme I)
would then lead to a direct precursor of the less symme-
trical tetracycle 3. Interestingly, the intermediate cis
tricycle 8 could not be detected in our studies, but pure
samples of tetracycles 2 and 3 were found not to isomerize
or revert to tricycles upon warming their solutions in
MeOH. One can also speculate that the tetracycle 2 is
derived from the trans tricycle 5. Conversion to the sym-
metrical tetracycle 2 must involve the following sequence:
opening of the imidazolidine ring, rotation about the
central C—C bridging bond, and reclosure to give the in-
termediate cis tricycle 6 (path b, Scheme I). Generation
of the cis-fused tricycle 6 might have proceeded directly
from the syn conformation of the perhydrobipyrimidine
1 (path ¢, Scheme I) but is more likely to have occurred
through isomerization of the trans tricycle 5. Indeed,
warming a solution of the pure trans tricycle 5 in CD,0D
at 60 °C in the probe of the NMR spectrometer afforded
a gradual decrease in the concentration of 5 with a con-
comitant increase in the concentration of the cis isomer
6 until an optimum ratio of trans/cis isomers of 67:33 was
reached after 4.0 h (see Figure 2). In this experiment there
was also detected minor amounts of the parent per-
hydrobipyrimidine 1 and the two tetracycles 2 and 3.
Formation of 1 and 2 supported a mechanism involving
opening of the five-membered ring of tricycle 5. However,
the presence of both tetracycles indicated that a mecha-
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nism involving opening of the six-membered ring operated
to at least some extent.

A sample containing primarily the cis tricycle 6 was also
found to isomerize to the trans tricycle 5 in CD;OD, but
the process in this direction occurred much more slowly
(Figure 2) and had not reached equilibrium even after 21
h. Equilibration between the tricycles is therefore possible,
and the trans tricycle 5§ is the more stable partner, but the
barrier to isomerization is greater from the cis tricycle 6.

From these simple experiments a reaction scheme for
the formation of tricycles and tetracycles has been deduced
and is expressed in Scheme I. The driving force for the
latter transformation must be the greater stability of the
cis tricycle 6 over the trans isomer 5. However, the reason
for this preference is not at all clear.

In conclusion, it is noteworthy that all the heterocycles
identified in this study are derivatives of one or other of
the eight major configurations of the perhydrobipyrimidine
skeleton.! Compounds 3 and 6 represent new structural
types, and it is significant that they are conformationally
stable. In addition, this work has provided strong evidence
that trans tricycles are precursors of the cis tricycles and
that they are formed more readily than the latter; two
mechanisms can operate in the conversion of trans to cis
tricycles.

Experimental Section

Condensation of (28*,2’S*4R*4'R*,6S*,6’'S*)-4,4,6,6'-
Tetramethylperhydro-2,2’-bipyrimidine (1) with Form-
aldehyde. (a) With 4 equiv of Formaldehyde in MeOH.
Formalin (0.7 mL of 40%, 10.0 mmol) was added to a solution
of (28*,2'S* 4R* 4’'R* 6S*,6'S*)-4,4,6,6'-tetramethylperhydro-
2,2’-bipyrimidine (1)! (0.6 g, 2.7 mmol) in MeOH (12 mL), and
the mixture was heated at reflux for 1.5 h. The mixture was
allowed to cool and the MeOH removed by rotary evaporation
to give a crystalline residue (0.9 g) which consisted of a sym-
metrical and an unsymmetrical tetracycle in a ratio of 3:1. Re-
crystallization from Et,O gave (1R*,38*5R*,78*,8bS*8c-
§%)-1,3,5,7-tetramethylperhydro-3a,4a,7a,8a-tetraazacyclo-
pentano[def)fluorene (2) as white prisms (0.2 g, 30%), mp
128-130 °C, suitable for X-ray analysis: IR (Nujol) 3350, 3244,
2784, 2702, 1690, 1382, 1360, 1321, 1284, 1222, 1203, 1173, 1126,
1099, 1022, 919, 891, 868, 752, 675, 583, 484, 428, 333 cm™!; 'H
NMR see ref 3; 13C NMR 6 20.51 (q, J = 121.0 Hz, 1-CH;, 3-CH,,
5-CH; and 7-CHjy), 29.30 (t, J = 119.5 Hz, C2 and C6), 51.04 (d,
J = 133.5 Hz, C1, C3, C5 and C7), 61.05, (dd, J = 153.2, 133.2
Hz, C4 and C8), 77.91 (d, J = 164.7 Hz, C8b and C8c); mass
spectrum m/z 251 (M + 1, 7), 250 (M, 51), 249 (100), 235 (38),
206 (21), 192 (20), 179 (75), 164 (34), 152 (24), 138 (20), 109 (24),
98 (60), 69 (25), 56 (67), 41 (38). The same results were obtained
when 2 equiv of formalin were used and the mixture was allowed
to reflux overnight.

(b) With 4 equiv of Formaldehyde in Et,0. Formalin (2.9
mL of 40%, 30.9 mmol) was added to a solution of the
4,4’ ,6,6"-tetramethyl-2,2’-bipyrimidine (1) (2.0 g, 8.8 mmol) in Et,0
(40 mL), and the mixture was heated at reflux for 1.5 h. The
mixture was cooled and the solvent removed to give an oily residue
(1.9 g). The residue consisted of mainly one compound which
was purified by Kugelrohr distillation twice, 120 °C (0.05 mmHg),
120 °C (0.07 mmHg), to give the unsymmetrical tetracycle
(1R*38*58*7R*8bS*8¢cS*)-1,3,5,7-tetramethylperhydro-
3a,4a,7a,8a-tetraazacyclopentano[def]fluorene (3) as a col-
orless oil (1.5 g, 68%), bp 120 °C (0.07 mmHg): IR (film) 3393,
3235, 2965, 2924, 2879, 2740, 2701, 2674, 1656, 1454, 1390, 1368,
1292, 1248, 1223, 1204, 1192, 1173, 1087, 1071, 1030, 1016, 970,
917, 872, 660 cm™!; TH NMR 4 0.92 (dt, J = 13.2, 2.7 Hz, H, 2),
1.12 (d, J = 8.2 Hz, 5-CH; and 7-CHjy), 1.14 (d, J = 6.8 Hz, 1-CHj
and 3-CHj,), 1.34 (dt, J = 13.9, 12.1 Hz, H,,6), 1.40 (dt, J = 13.1,
11.7 Hz, H,,2) 1.60 (dt, J = 14.0, 3.9 Hz, H,6) 2.77 (ddq, J = 12.2,
3.9, 6.2 Hz, H5 and H7), 3.20 (ddq, J = 11.7, 2.7, 6.9 Hz, H1 and
H3), 3.44 (d, J = 2.2 Hz, H,4 and H,8) 4.00 (d, J = 2.2 Hz, Hy4
and H,8), 4.65 (d, J 4.9 Hz, H8c), 4.80 (d, J = 4.9 Hz, H8b); 1°C
NMR 6 20.10 (q, J = 124.8 Hz, 1-CH; and 3-CHj), 23.03 (q, J =
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125.3 Hz, 5-CHj; and 7-CHj,), 28.98 (t, J = 125.2 Hz, C2), 36.90
(t,J = 125.2 Hz, C6), 50.49 (d, J = 134.0 Hz, C1 and C3), 52.14
(d, J = 129.6 Hz, C5 and C7), 70.17 (t, J = 134.4 Hz, C4 and C8),
73.33 (d, J = 169.1 Hz, C8¢), 77.98 (d, J = 164.3 Hz, C8b); mass
spectrum m/z 251 (M + 1, 6), 250 (M, 34), 249 (85), 235 (39), 176
(66), 98 (56); caled for C;Hy:N, m/2z 249.2079, found m/z 249.2069.

(c) With 1 equiv of Formaldehyde in MeOH. Formalin (0.4
mL of 40%, 5.6 mmol) was added to a solution of the 4,4’,6,6'-
tetramethyl-2,2’-bipyrimidine (1) (1.3 g, 5.6 mmol) in MeOH (10
mL). The mixture was heated at reflux for 1 h. Removal of the
solvent gave an oily residue (1.6 g) which was shown from !H NMR
examination to be trans and cis tricycles 5 and 6 in a 1:5 ratio.
Distillation twice by Kugelrohr gave
(LR*38*,4a8*,4bS*6R*88*)-1,3,6,8-tetramethylper-
hydro-4,5,8a,9a-tetraazafluorene (6) in about 95% purity as
a colorless oil (0.4 g, 29%), bp 150 °C (1.0 mmHg): IR (film) 3390
br, 3290 br, 2967, 2930, 1657, 1458, 1438, 1380, 1352, 1338, 1319,
1302, 1221, 1203, 1164, 1117, 1089, 1035, 1018, 936, 880, 856, 799,
707, 623 em™'; 'H NMR 6 0.79 (dt, J = 13.1, 11.1 Hz, H,.2 and
H,7),0.93 (d, J = 6.6 Hz, 1-CH; and 8-CHj;) 0.99, (d, J = 6.5 Hz,
3-CH, and 6-CHy), 1.32 (dt, J = 13.1, 2.8 Hz, H,,2 and H,,7), 2.62
(m, H3 and H6), 2.71 (ddq, J = 11.1, 2.8, 6.7 Hz, H1 and HS),
3.32 (d, J = 4.2 Hz, H,9), 3.64 (brs, H4a and H4b), 3.85 (d, J =
4.2 Hz, H,9); 1*C NMR 4 20.23 (q, J = 123.5 Hz, 1-CH; and
8-CHj,),!2 22.42 (q, J = 122.7 Hz, 3-CH; and 6-CHj),'? 39.81 (t,
J = 119.5 Hz, C2 and C7), 50.51 (d, J = 132.9 Hz, C1 and C8),'?
53.39 (d, J = 129.6 Hz, C3 and C86),12 62.17 (t, J = 146.5 Hz, C9),
75.90 (d, J = 149.8 Hz, C4a and C4b); mass spectrum m/z 238
(M, 2), 237 (7), 126 (66), 113 (100); caled for C;3HyN, m/z
238.2157, found m/z 238.2129.

(d) With 2 equiv of Formaldehyde in Et,0. Formalin (1.7
g of 36%, 17.6 mmol) was added to a solution of the 4,4,6,6-
tetramethyl-2,2’-bipyrimidine (1) (2.0 g, 8.8 mmol) in Et,0 (40
mL), and the mixture was heated at reflux for 1 h. Removal of
the solvent gave an oil (2.2 g) which consisted of one trans tricyclic
compound. Kugelrohr distillation 140 °C (0.1 mmHg) and

(12) Signal assignments may be interchanged with those of the same
type.
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crystallization and recrystallization from EtOAc/light petroleum
gave (1R*39*4a5*4bS*6S*8R*)-1,3,6,8-tetramethylper-
hydro-4,5,8a,9a-tetraazafluorene (5) as a sticky white solid (1.3
g,62%), mp 50-65 °C: IR (Nujol) 3502, 3475, 3274, 3218, 1686,
1464, 1381, 1337, 1300, 1276, 1246, 1213, 1185, 1131, 1108, 1084,
1065, 1041, 984, 965, 928, 907, 887, 836, 796, 700, 660, 551 cm™;
IH NMR 6 0.89 (dt, J = 13.2, 11.0 Hz, H,,2 and H,.7), 1.00 (d,
J = 6.3 Hz, 1-CH, and 8-CH, or 3-CH, and 6-CH,), 1.07 (d, J =
6.4 Hz, 1-CH, and 8-CHj or 3-CH; and 6-CH,), 1.58 (dt, J = 13.1,
3.1 Hz, H,2 and H,(7), 2.60 (ddq, J = 10.6, 3.0, 6.4 Hz, H1 and
H8), 2.72 (ddq, J = 11.4, 3.2, 6.4 Hz, H3 and He), 3.27 (s, Hda
and Hdb),"® 3.78 (s, H9);'® 3C NMR 6 20.49 (q, J = 125.1 Hz, 1-CH;
and 8-CH; or 3-CHj; and 6-CHjy), 22.01 (q, J = 125.5 Hz, 1-CH;,
and 8-CHj, or 3-CH; and 6-CHy), 42.79 (t, J = 125.4 Hz, C2 and
C7), 51.15 (d, J = 133.4 Hz, C3 and C8), 54.57 (d, J = 129.4 Hz,
C1 and C8), 65.40 (t, J = 146.8 Hz, C9), 78.56 (d, J = 141.8 Hz,
C4a and C4b); mass spectrum m/z 238 (M, 5), 126 (69), 113 (100),
87 (18), 69 (20), 59 (17), 56 (15), 44 (31); caled for C,sHysN, m/z
237.2079, found m/z 237.2089.
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(13) Assignments confirmed by C-H correlation experiments.



