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Synthesis and Stereochemical Assignment of 2,5-trans-2',5'-
trans-5,5'-Dimethylperhydro-2,2'-bipyrimidine and Heterocycles
Derived from Its Condensation with Formaldehyde

Michael Kassiou and Roger W. Read*

School of Chemistry, University of New South Wales, P.O. Box 1, Kensington, NSW 2033, Australia

Abstract. 2-Methylpropane-1,3-diamine reacts with glyoxal to give 2,5-trans-2',5'-trans-5,5'-dimethylperhydro-2,2'-
bipyrimidine 5. Subsequent treatment of § (i) with one equiv of HCHO gives a tricyclic product mixture from which
(2R* 4aR* 4bR*,5R*)-2,7-dimethylperhydro-4,5,8a,9a-tetraazafluorene 6a is obtained crystalline, and (ii) with two
equiv of HCHO gives a 1.5 : 1.0 mixture of (2R*,65*,8bR*,8cR*)-dimethylperhydro-3a,4a,7a,8a-
tetraazacyclopentano-[def)fluorene 11 and (2R*,6R*,8bR* ,8cR*)-dimethylperhydro-3a,4a,7a,8a-
tetraazacyclopentano[def]fluorene 12 from which 11 is obtained pure. The configurational assignment of 6a is made
on the basis of molecular mechanics calculations and these lead to a revision of a previous conformational assignment
of the parent tricycle 4a,4b-rans-perhydro-4a,5,8a,9a-tetraszafluorene 7 and of its 9-methyl derivative 9.

Assignment of the relative configuration of substituents in heterocycles derived through aldehyde condensation
reactions with perhydro-2,2'-bipyrimidines 1 remains a non-trivial exercise.! Configurationally different
structural types of the three main heterocyclic skeletons, 1 — 3, have been identified recently by using techniques
such as X-ray crystallography2.3 and 1H and 13C NMR spectroscopic analysis.3-5 The types of structures that
are generated appear to depend upon the substituents attached to the skeleton and upon the reaction conditions.
For example, in an earlier paper,3 condensation of the meso-tetramethyl derivative 4 with excess formaldehyde
gave a 3 : 1 mixture of tetracycles with different heterocyclic configurations when carried out in MeOH. In
contrast, only the minor component was produced when EtyO was used as the solvent. There is a need to
extend these studies to allow the discovery of other structural types and to better understand the control factors
responsible for their selective formation,

In this paper a closely related series of compounds, the unknown perhydro-2,2-bipyrimidine derived
from 2-methylpropane-1,3-diamine and glyoxal, and the products from its reactions with HCHO will be
described. A revision of some earlier conclusions concerning structural assignments of tricycles 2 will be
shown to be warranted and will be discussed.

RESULTS AND DISCUSSION

Condensation of 2-methylpropane-1,3-diamine with glyoxal afforded perhydro-2,2'-bipyrimidine § with
the now familiar arrangement of puckered, equatorially bridged hexahydropyrimidine rings (/co_p2 = 142.0
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Hz) (Fig. 1).46 As expected, the methyl substituents also resided in equatorial positions (3/i5.Ha4 (Has) = 11.3
Hz and 3/y5.He4 (He6)= 4.2 Hz) and thus were in a trans relationship with respect to the second ring system.

Treatment of the perhydrobipyrimidine 5§ with an equimolar amount of HCHO in MeOH readily gave
tricycle, 6, in 52% yield, after distillation. The 1H and 13C NMR spectra showed clearly the presence of a two-
fold axis of rotation, and therefore the trans nature of the tricycle, through equivalence of the signals for the
carbons and protons at positions 4a and 4b while at the same time showing equivalence of the protons on the
bridging methylene group at position 9. In addition it was noted that the methyl substituents were equivalent and
located in equatorial positions. However it was not possible to distinguish stereoisomers 6a or 6b from the
foregoing data. Surprisingly, one-bond C-H coupling data (1/caa_H4a = 1Jcab-H4p = 152.5 Hz) indicated that
the bonds to the protons at the bridgehead positions, 4a and 4b, were closely aligned with the lone pairs on
adjacent nitrogens in the two six-membered rings.# This is the third occasion upon which such large one-bond
couplings have been detected in trans-tricyclic molecules of type 2; the other examples are the parent tricycle 7
(Mc4a-Haa = Ucab_nap = 149.2 Hz), for which a structure with an axial central bridging bond between the two
six-membered rings was suggested, and 9 (\Jc4a_p4a = 151.0 Hz; Vcap_n4p = 139.1 Hz), for which the C4a-
C4b bond was proposed to be axial with respect to one six-membered ring and equatorial with respect to the
other.4

Changing the NMR solvent from CDCl3 to CgDg did not influence greatly the 1Jc.y values for 7 (/c4a-
H4a = 1JCab-Hab = 151.4 Hz) and for its perhydrobipyrimidine precursor (L/co.g2 = 140.9 Hz). Hence
equilibrium factors that might have been affected by solvent appeared to be of little importance.
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Figure 1

Difficulty in assigning configuration to compound 6 and concern over the likely instability of these
unusual structures turned our attention to validating earlier predictions of structure based upon one-bond
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couplings.4 Force-field energy minimisation studies using the MacroModel BatchMin version 3.5a molecular
mechanics computer program? with its MM2 basis set were carried out on C2 symmetric configurations (A and
B, Table 1) of compounds 6a, 6b and 7, and all possible configurational isomers (A - D) of compound 9.
Global minimisation of 250 - 1000 conformations was carried out in each case and the total steric energies of the
minimum energy conformations were recorded (Table 1). Similar minimisations were carried out on the isomers
of compounds 8 (A and B) and 10 (A - D), substances for which smaller one-bond coupling constants (8,
Ycaa-Haa = LUcap-Hapb = 143.1 Hz; 10, 1/c4a-H4a = 141.7 Hz, Lcap-Hap = 138.0 Hz),4 representative of
those of the majority of other trans tricycles of this type, were observed.
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Figure 2

The results for 6a, 6b, 7 and 8 (Table 1) reveal consistently lower energies for tricycles with equatorially
bound rings compared with tricycles with axial bridging bonds. For example, for compound 7, the parent C2
symmetric substance for which an unusually large one bond coupling constant was observed, there was a
conformation with 8a,4b-cis-4b,4a-anti-4a,9a-cis configuration (7B', Fig. 2 and 3) that had axially bound
rings. It was calculated to have a total energy of 117.8 kJ/mol but this was considerably higher than the energy
of the global minimum of the same configuration (7B, 91.34 kJ/mol, Table 1) with equatorially bound rings.

Of the tricycles with 8a,4b-trans-4b,4a-anti-4a,9a-trans configuration, those with conformations that had a
linear arrangement of coplanar hexahydropyrimidine rings, similar to that predicted earlier for compound 8,
were of lowest energy. In contrast, the lowest energy conformations of most 8a,4b-cis-4b,4a-anti-4a,9a-cis
tricycles adopted a linear but twisted arrangement of the rings. The only exception was in the case of compound
6b (Table 1, entry 2B) in which the two global minimum conformers (6bB, Fig. 3) were of equal energy
(116.7 kJ/mol) and were unsymmetrical. Each bore one ring in a boat conformation and the other in a chair
conformation. Rapid equilibration between these two conformers cannot be ruled out as the mechanism by
which the two rings become equivalent in the NMR spectrum, but the next highest energy conformer (6bB’,
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119.4 kJ/mol) (Table 1, entry 2B) was symmetrical and, interestingly, contained rings in chair conformations
joined by a bond which was axial to both rings (see Fig. 2 and 3). The mean planes of the two rings in this
second lowest energy conformation were not twisted, nor coplanar, but were parallel. The preference for axial
bridging of the two rings in this case must be a device to accommodate the methyl substituents in the equatorial
positions on the rings. The altemnative conformation of the cis.anti.cis-isomer, that with axial methy! substituents
and an equatorial bridging bond, 6bB'' (Fig. 3), suffers severe 1,3-diaxial interaction between the methyl
substituent and the peripheral methylene group and has somewhat higher energy (122.5 kJ/mol). However,
6aB, the lowest energy conformation of the same tricycle with 8a,4b-trans-4b,4a-anti-4a,9a-trans configuration
(Table 1, entry 2A) contains axial methy] substituents while retaining the equatorial bridging of the rings (Fig.
3).

Table 1. Selected Configurational Isomers of Tricycles 6a, 6b, and 7 - 10, and the Calculated Steric Energies
of Their Minimum Energy Conformations.
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Compound A B Cc D
Entry number R R2 RS Total steric energy (kJ/mol) of global minimumn conformations$

1 6a Me H H 94.66 93.62 — —
2 6b H Me H 107.5 116.7 (119.4)* — —
3 7 H H H 92.63 91.34 — —
4 8 Me Me H 110.4 129.0 - —

5 9 H H Me 105.8 115.0 115.5 124.4

6 10 Me Me Me 122.7 141.0 130.7 140.1

§ calculated using MacroModel BatchMin version 35a7 * Value in parentheses refers to second lowest enargy conformation.

Comparison of the energies of the global minimum conformations of the trans.anti.trans-tricycles (A) and
the cis.anti.cis-tricycles (B) was revealing. Compound 8A was significantly lower in energy than its isomer 8B
while the energy of the compounds 6aA and 7A were marginally higher than those of their cis.anti.cis isomers
6aB and 7B. Particularly important in the assignment of structure to compound 6, tricycle 6a was of markedly
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lower energy than tricycle 6b in both A and B configurations at nitrogen and there was a slight preference for
the cis.anti.cis isomer of 6a, 6aB, as in the case of compound 7.
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There is consistency in the magnitudes of the bridgehead C—H one bond couplings if one accepts as correct
these supposedly preferred stereochemical structures of compounds 6, 7 and 8. Thus the preferred conformer of
8 (8A) has the antiperiplanar arrangement of C-H and neighbouring tertiary nitrogen non-bonded electrons
which leads to small spin coupling constants. Meanwhile the similarly energetic isomeric partners of 6a and 7
will contribute significantly to an equilibrium mixture. The NMR spin couplings associated with compounds 6a
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and 7 probably reflect this average. Since the minimum energy conformers of the cis.anti.cis isomers of 6a and
7 have the non-bonded electron pairs on their tertiary nitrogens aligned gauche to the bridgehead. C-H bonds
(Fig. 3), there is no negative contribution to the spin coupling from the n—c* interaction and therefore the
magnitude of the coupling should be high.

It appears from the data that the structure of 7 should be revised to that of a rapidly equilibrating mixture
of 7A and 7B in which 7B is preferred, whilst the structure of compound 8 is as was predicted.4 It is also
evident that the dimethyl-substituted derivative 6 should be assigned structure 6a, with the methyl groups cis to
the bridgehead hydrogens, but that 6a is probably an equilibrating mixture of isomers 6aA and 6aB, with 6aB
preferred. This again is consistent with the observed single large one bond C-H coupling.

Analysis of the structures of compounds 9 and 10 was made complex by the unsymmetrical nature of the
molecules. Molecular mechanics calculations of the energies of the 4b,4a-anti isomers (Table 1) gave results that
were consistent with the molecules having structures 9A and 10A in which linear, coplanar arrangements of
their rings were preferred. This is contrary to the earlier conclusion® in which compound 9 was supposed to
have axial and equatorially bound hexahydropyrimidine rings. Indeed, the global minimum conformations of
configurations 9C, 9D, 10C, and 10D were of this axial-equatorial type, but the high energies of these isomers
precluded them from consideration as likely structures. Notably, compound 9B was calculated to have the
twisted conformation that was observed for compound 7B, while 10B was calculated to adopt a boat-chair
conformation of its rings in its most stable conformation. A more detailed analysis of these and other 9-
substituted derivatives will be discussed in a forthcoming paper.

Returning to the reactions of perhydrobipyrimidine 8, treatment of the compound with 2 equiv of HCHO
in refluxing MeOH gave two tetracyclic compounds in the ratio 1.5 : 1 in nearly quantitative yield. Repeated
fractional crystallization eventually gave a pure sample of the major component which was found to have
structure 11.

Me Me

NP N
&

11 12

The gross structure of 11 was evident from analysis of elemental composition and routine spectroscopic
data but assignment of its configuration was possible only after detailed examination of its NMR spectra. The
molecule is constrained to have cis geometry about its central C-C bond and as expected the protons on the
bridging methylene carbon were non-equivalent. More interestingly, the NMR data also indicated that the two
hexahydropyrimidines rings were different. In particular there appeared two 3-proton doublet resonances at &
0.72 and 0.93 from the two methyl substituents and two 1-proton doublet resonances (8 4.60 and 4.79, J = 4.8
Hz) due to the protons attached to the central bridge. There appeared nine signals in the 13C NMR spectrum
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instead of the five expected for a symmetrical molecule. This number best fits a structure with a plane of
symmetry bisecting the hexahydropyrimidine rings and passing along the length of the central bridgehead bond.
The magnitudes of the vicinal spin couplings between the adjacent ring methylene and methine protons (J =
10.8, 4.1 and 11.7, 4.0 Hz respectively) indicated that the methine protons were largely in axial positions. Asa
corollary, the methyl groups must have been in equatorial positions. This finding, with the fact that the
hexahydropyrimidine rings were different but symmetrical, indicated that the cis tetracycle must have had one
ring in the boat configuration and the other in the normal chair configuration. An alternative in which one ring
was in an alternative chair configuration with the central bridging bond axial to the ring was considered less
likely on the basis of NOE difference experiments. Irradiation of the signals for the central bridgehead protons
(5 4.60 and 4.79) gave 7% enhancements of the neighbouring axial methylene (5 2.69) and "axial" methine (3
2.12-2.19) proton signals, respectively (Scheme 1).
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These conclusions about different ring configurations were supported by molecular mechanics calculations
(MacroModel v3.5a) which revealed that the chair-boat conformation (11a, Ecaic = 174.7 kJ/mol) with both
methyl groups equatorial was marginally more stable than the alternative chair-chair conformation with one
methyl group in an axial configuration and the other equatorial (11a', Ecalc = 178.0 kJ/mol). The only chair-
chair arrangement detected by the conformer search that had rings bound by axial and equatorial bonds also had
one methyl group axial and the other equatorial, and was predicted to have much higher energy (Ecalc = 207.8
kJ/mol) than the previous isomers. As a result of these considerations the compound was deduced to have
structure 11 with the stereochemical relationships as shown in 11a and 11a'.

Subtraction of the signals due to 11 from those in the IH NMR spectrum of the crude material enabled the
minor product of the above reaction to be identified as 12. The spectrum gave two 2-proton doublet signals at o
3.40 and 4.07 (J = 2.0 Hz), due to the peripheral methylene protons, and one 2-proton singlet (3 4.67) which
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could be assigned to the central bridgehead protons. Coincidence of the latter proton resonances and the
presence of only one doublet signal (§ 0.72) for the two methyl substituents, confirmed that the compound had
identical hexahydropyrimidine rings. Calculations showed that the "so-called" "normal" tetracycle 12a was of
much lower energy (Ecalc = 152.7 kJ/mol) than either of its configurational isomers 11a and 11a’.

Efforts were made to influence the ratio of 11 and 12 by changing solvent. However, when the reaction
with two equivalents of HCHO was repeated using Et20 as solvent, no distinguishable condensation products
were evident in the complex mixture obtained after normal workup.

Consideration of these findings enables a mechanism (Scheme 1) to be formulated in which the twisted
or coplanar trans tricycle 6a can undergo isomerism through opening of its 5-membered or 6-membered rings to
give the highly symmetrical tetracycle 12 and less symmetrical tetracycle 11, respectively. The preference for
formation of 11 despite the lower steric energy of 12 is remarkable. It indicates that opening of the 6-membered
ring is a lower energy process than the altemative pathway. The reason for this is not clear and requires further
study, but the observation is consistent with the earlier findings® concerning transformations of
perhydrobipyrimidine 4.
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EXPERIMENTAL SECTION

General Methods. The general methods used in this paper were essentially the same as described

previously.>

Preparation of 5,5'-Dimethylperhydro-2,2'-bipyrimidine 5

Aqueous glyoxal (0.4 g of 40%, 2.8 mmol) was added dropwise to a solution of 2-methylpropane-1,3-diamine
(1.0 g, 11.4 mmol) in EtOH (10 mL) precooled to 0°. The mixture was warmed at 70-75° on a water bath for 3.5
h, then refrigerated overnight. The precipitate of partially hydrated 5,5"-dimethylperhydro-2,2°-bipyrimidine §
was obtained as white plates (0.3 g, 40%) mp 118-120°: IR (Nujol) 3305, 3284, 3242, 3212, 3113, 1515,
1457, 1435, 1379, 1330, 1289, 1212, 1164, 1124, 1084, 987, 963, 927, 902, 878, 842, 810, 794, 683, 669
cm~!; TH NMR (500 MHz) 8 0.71, d, J = 6.6 Hz, 5-CHj3; 1.53, m, HS; 2.33, dd, J = 13.0, 11.3 Hz, H,,4 and
Hg,6; 3.07, dd, J = 13.0, 4.2 Hz, H. 4 and H46; 3.30 s, H2; 13C NMR § 16.41, q, / = 122.2 Hz, 5-CHj;
32.35,d, J = 126.5 Hz, C5; 53.23, t, J = 130.2 Hz, C4 and C6; 73.74, d, J = 142.0 Hz, C2; mass spectrum:
miz 198 (M, absent), 99(100%). Anal. Calcd for C10H24N4.§H20: C, 59.2; H, 11.2; N, 27.6. Found: C, 59.4;

H, 11.5; N 27.7.
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Condensation of 5,5'-Dimethylperhydro-2,2'-bipyrimidine 5 with HCHO

(i) with one equiv of HCHO in MeOH. Formalin (0.8 g of 36%, 10.1 mmol) was added dropwise to a solution
of 5,5'-dimethylperhydro-2,2'-bipyrimidine 5§ (2.0 g, 10.1 mmol) in MeOH (20 mL) precooled to 0°. The
mixture was allowed to stir at rt for 1 h and the solvent removed under vacuum at room temperature to give an
oil (2.2 g). Kugelrohr distillation gave (2R* 4aR* 4bR*,5R*)-2,7-dimethylperhydro-4,5,8a,9a-tetraazafluorene
6a as a sticky white solid (1.1 g, 52%) bp 120°/0.05 mmHg. Recrystallization from Et2O gave the tricycle as
clear prisms mp 103-105°: IR 3246, 1462, 1377, 1316, 1301, 1283, 1251, 1226, 1179, 1110, 1082, 1052,
1025, 946, 937, 895, 842, 796, 723, 680, 642, 533, 504, 454 cm™!; 1H NMR (300 MHz) § 0.71,d,J = 6.6
Hz, 2-CH; and 7-CHj; 1.71, m, H2 and H7; 2.28, dd, J = 13.4, 11.2 Hz, H,,3 and H,,6; 2.44, dd, J = 13.3,
11.2 Hz, H,,1 and H,,8; 2.91, ddd, J = 13.3, 4.2, 2.1 Hz, H,(1 and H.g8; 3.03, ddd, J = 13.3, 4.1, 2.1 Hz,
He,3 and Heo6; 3.59, s, H4a and H4b; 3.83, s, (H9)y; 13C NMR & 16.26, q, J = 125.2 Hz, 2-CH; and 7-CHj;
26.52, d, J = 125.7 Hz, C2 and C7; 51.80, t, J = 133.0 Hz, C3 and C6; 53.96, t, J = 134.2 Hz, C1 and C8;
68.10, t, J = 145.9 Hz, C9; 77.38, d, J = 152.5 Hz, C4a and C4b; mass spectrum: m/z 211(M+1, 1%), 210(M,
1), 209(4), 180(2), 138(4), 112(86), 99(100), 89(12), 70(28). Anal. Calcd for C;;H;,N,: C, 62.8; H, 10.5;
N, 26.6. Found: C, 62,7; H, 10.7; N, 26.6.

(ii) with two equiv of HCHO in MeOH. Formalin (1.7 g of 36%, 0.02 mol) was added to a solution of 5,5'-
dimethylperhydro-2,2'-bipyrimidine 5 (2.0 g, 0.01 mol) in MeOH (20 mL) and the mixture was heated at
reflux for 1.5 h. The mixture was allowed to cool and the solvent removed by rotary evaporation to leave a gum
(2.5 g) which consisted of two tetracyclic compounds in a ratio of 1.5 : 1. The gum was taken up in light
petroleum and the solution allowed to stand at rt overnight. The crystals that separated were collected (0.4 g,
18%) and recrystallized from Et20 to give an enriched sample (87 : 13) of the major tetracycle. Crystallization
from a dilute Et2O solution gave a small amount of (2R*,65* 8bR*,8cR*)-2,6-dimethylperhydro-3a,4a,7a,8a-
tetraazacyclopentano[def]fluorene 11 as clear rods mp 125-127°: IR (dissolved in CHCl; and oven dried as a
cast film on KBr plate) 2947, 2919, 2898, 2865, 2820, 2764, 2709, 2674, 1687, 1631, 1511, 1471, 1453,
1375, 1323, 1267, 1217, 1199, 1182, 1133, 1115, 1075, 943, 897, 865, 851, 752, 581 cm™!; 1H NMR (500
MHz) 8§ 0.72,d, J = 6.5 Hz, 2-CHj3; 0.93, d, J = 6.6 Hz, 6-CHj3; 2.01-2.10, m, H2; 2.12-2.19, m, H6; 2.31,
dd, J = 12.2, 10.8 Hz, H,,5 and H,,7; 2.69, dd, J = 14.9, 11.7 Hz, H,, 1 and H,,3; 3.07, dd, J = 14.9, 4.0
Hz, Hegl and H,,q3; 3.42,dd,J =108, 4.1 Hz, HeqS and He,7; 3.74,d,J=2.1 Hz, H 4 and H,8; 3.93,d,J =
2.1 Hz, Hy4 and H,38; 4.60, d, J = 4.8 Hz, H8b; 4.79, d, J = 4.9 Hz, H8c; 13C NMR § 16.31, q, / = 124.9
Hz, 2-CHy; 17.22, d, J = 113.8 Hz, C2; 18.00, q, J = 125.5 Hz, 6-CH3; 27.75, d, J = 124.3 Hz, C6; 51.62,*
t,J = 134.9 Hz, C1 and C3; 53.54,* t, J = 134.3 Hz, C5 and C7; 74.82, d, J = 169.0 Hz, C8c; 75.41,d,J =
165.0 Hz, C8b; 76.64, t, J = 143.4 Hz, C4 and C8; mass spectrum: m/z 222(M, 35%), 221 (62), 193 (18), 178
(17), 151(85), 138 (34), 111(55), 109(29), 84(100), 69(22), 55(32), 42(74). (* These carbon signals may be
interchanged.) Anal. Calcd for C,,H,,N, requires C, 64.8; H, 9.7; N, 25.2. Found: C, 65.1; H, 10.0; N,
25.5. The following signals were used to identify the minor isomer (2R*,6R*,8bR*,8cR*)-2,6-
dimethylperhydro-3a,4a,7a,8a-tetraazacyclopentano[def]fluorene 12: IH NMR (500MHz) 3 0.72,d, J =
6.5Hz, 2-CH3 and 6-CHz; 2.01-2.10, m, H2 and H6; 2.69, obscured multiplet, Hax1, Hax3, Hax5 and Hyx7;
3.07, obscured multiplet, Heql, Heq3, Heq5 and Heq7; 3.70, d, J = 2.0Hz, Hy4 and Ha8; 4.07,d, J = 2.0 Hz,
Hp4 and Hyp8; 4.67, s H8b and H8c¢.
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