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Conformational analysis of six-membered ring nitrogen-containing heterocycles has been a

topic of interest for many years.1  A considerable amount of research has been aimed at addressing

the question of whether the lone pair of electrons on nitrogen prefers the equatorial or axial position

in such systems.  When the substituent on the nitrogen is hydrogen difficulties arise in assessing

the position of the lone pair by NMR due to exchange processes with acid impurities and because

inversion is rapid at room temperature.  In the case of piperidine, it was determined that the

conformation with the lone pair in the axial position is thermodynamically favored by  0.36

kcal/mol which gives a 35/65 equilibrium mixture at room temperature.2  However, analysis of the

1H NMR spectrum at -70 0C of N-methyl-1,3-diazacyclohexane showed that the preferred   
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conformation is one in which the N-H bond is in the axial orientation; i.e. the lone pair prefers the

equatorial position.3  Apparently, the second nitrogen produces an anomeric effect which stabilizes

this conformation.4  Again, a mixture of conformational isomers is present at room temperature. 

We describe here the first observation of the predominance of a single isomer containing an axial 

N-H in a six-membered ring at room temperature.

Reaction of 2-pyridinecarboxaldehyde with anhydrous NH3 in CH3CN yielded 2,4,6-tri-(2-

pyridyl)-1,3,5-hexahydrotriazine (1) as clear, colorless crystals upon standing overnight (Scheme

I).5,6

Scheme I  
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The structure of 1 is assigned to the chair conformation illustrated in Scheme I.  Single

crystal X-ray diffraction7 (vide infra) and solution NMR studies confirm the axial orientation of

the N-H bonds both in solid state and solution.  Especially convincing for the solution structure is
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the 1H NMR data (Figure 1).8  The H-C-N-H coupling constant of 11.4 Hz is consistent with a

trans geometry.9  

Figure 1. 

A particularly noteworthy feature of the 1H NMR spectrum is the sharpness of the N-H

resonance.10  The 15N-H coupling constant was measured from the 15N satellites in the 1H NMR

to be 61.3 Hz, which is a typical value for 1J(N-H) in secondary amines.11  Since 15N-H and

vicinal CH-NH coupling are clearly observed, the protons on the nitrogens are not exchanging to

any significant extent.  Non-exchanging protons attached to nitrogen are normally severely

broadened due to coupling with the 14N nucleus which possesses a quadrupole moment.  

Therefore, the N-H proton of compound 1 must be decoupled from the 14N nucleus in order to

show such a sharp resonance.  This natural decoupling is almost certainly caused by very rapid

relaxation of the 14N nucleus.12  For such a rapid relaxation to be occurring, an extremely efficient

relaxation mechanism must be operating.  At this time the cause of this efficient relaxation is

uncertain.  We speculate that there is a large electric field gradient at the nitrogen nucleus which is a

result of the predominance of one isomer in which the lone pairs are all in the equatorial position.13

A large electric field gradient gives rise to a large quadrupolar coupling constant thus providing an

efficient relaxation mechanism.14 

The orientation of all the N-H protons in the axial position was rather striking and we
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initially postulated that this preference was due to internal hydrogen bonding to the pyridine

nitrogens which stabilized this conformation.  This hypothesis appeared to be partially supported

by the X-ray crystal  structure.  The structure determined by single crystal X-ray analysis15 is

shown in Figure 2.  No solvent or water molecules are present in the crystal lattice.16  The chair

conformation of the triazane ring is clearly established, all the N-H and C-H hydrogens being trans

to each other.  The dihedral angles between planes defined by the pyridine rings (P2-P4, nitrogen

labeled for identification) and the plane defined by the least squares plane drawn through the

triazane ring (P1) are: P1/P2 (N4) = 90.40, P1/P3 (N6) = 108.30, P1/P4 (N5) = 81.60.17  As a

consequence, the distances between the pyridine nitrogen atoms and amino hydrogens with which

they could potentially form hydrogen bonds are non-equivalent: H1-N4 = 2.547 Å, H1-N6 =

2.800 Å, H3-N4 = 2.524 Å, H3-N5 = 2.401 Å, H5-N5 = 2.612 Å, H5-N6 = 2.441 Å.  The fact

that the nitrogen atoms of each pyridine ring point their lone pairs between the amino hydrogens of

the triazane ring and even appear to orient themselves preferentially toward one hydrogen suggest

that there might be some hydrogen bonding interaction. 

Figure 2. 

To test the hypothesis that hydrogen bonding is responsible for the conformational bias

being observed for 1, two other pyridine isomers, 2 and 3, were synthesized by the same

procedure used for producing 1.18  A comparison of the chemical shifts and coupling constants of

each isomer is shown in Figure 3.19  Note that the vicinal N-H, C-H coupling constants for 

Figure 3.  
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isomers 2 and 3 are similar to 1, albeit somewhat smaller.20,21  These coupling constants indicate

that isomers 2 and 3 adopt the same conformation as 1.  Since it is not geometrically possible for

the lone pair of the pyridine nitrogen in isomer 2 or 3 to be directed toward the N-H in the triazane

ring, intramolecular hydrogen bonding is effectively ruled out  as the sole factor responsible for

compound 1 assuming a conformation with all the N-H's axial at room temperature.  However,

comparison of the N-H chemical shifts in isomers 1-3 (see Figure 3) show that there is a

deshielding effect operating in 1 presumably due to a weak intramolecular hydrogen bonding

interaction with the ortho nitrogen in the pyridine ring.  This shift is not simply due to inductive

effects since the C-H resonance is shifted less than 0.1 ppm going from compound 1 to 3 whereas

the N-H is shifted more than 1 ppm. 

Since hydrogen bonding is not the source of the strong conformational preference for the

lone pair to be in the equatorial position in compounds 1-3 then another mechanism must be

operating.  If one conformational isomer predominates at room temperature by more than 99% (as

is the case for 1) then it must be at least 3 kcals/mol more stable than any other isomer.  A

stabilization energy of this magnitude can readily be attributed to the anomeric effect.22  The

anomeric effect has been estimated to be worth about 1.4 kcal/mol.23  There are at least 3 full

fledged anomeric interactions in a triazane such as 1 since each lone pair can donate electron

density into at least one C-N antibonding orbital.  These interactions total to 4.2 kcal which can

readily account for the >99% preference of one isomer.  

Acknowledgement.  M. Modrick is acknowledged for technical assistance and Professor

A. Katritzky for helpful discussions.

Supplementary Material Available:  Tables of bond distances and angles and atomic

coordinates and equivalent isotropic displacement parameters for compound 1.  Ordering

information is given on any current masthead page. 
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the triazane ring C-H do not support this reasoning.  If the conformation with the lone pair axial

were present to any appreciable extent one would expect to see an upfield shift for the C-H

antiperiplanar to the lone pair.1  A significant upfield shift is not observed for the C-H protons
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predict.  Also, no Bohlman bands (2700-2800 cm-1), which are indicative of a nitrogen lone pair

being antiperiplanar to a C-H bond, are observed in the solution IR spectrum of these

compounds.21  These facts suggest that nitrogen inversion may indeed be frozen out in triazanes 1-

3 at room temperature!   
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