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SUPERSONIC JET STUDIES OF BENZYLAMINES.
GEOMETRY OF THEIR MINIMUM ENERGY CONFORMATIONS
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Abstract: Supersonic jet mass resolved excitation spectroscopy is employed to demonstrate that the minimum
energy conformation of benzylamine and a number of 1ts ortho-unsubstituted (i e , sterically unhindered)
denivatives 1s the perpendicular form for which 1(C -C -C -N)=90°.
ortho 1pso o

Benzylamine (1) and its analogues form an important class of organic molecules. They are important
intermediates 1n organic syntheses, have been used 1n many mechanistic studies, and form the substructural
backbone of many natural products and synthetic drugs. In spite of the general value of benzylarmnes and
their simple molecular skeleton, very little 1s known about their conformational propertues. Nearly 20
years ago, Weintraub and Hop

finger reported conformational energy calculations on benzylamine in which a

—

folded perpendicular conformation was preferred. Based on one of the few experimental studies of this
system, Schaefer has suggested that 1 exists 1n either the perpendicular 2 or gauche 3 {1 = 60°)

conformation.
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Supersonic jet mass resolved excitation (S 1< S 0) spectroscopy (MRES) has been employed to

. : 3 3
determine the mmnimum energy conformatons for a vanety of alkyl-,” a hydroxy,” b hydroxymethyl—,3c

3d 3 f
methoxy,  ethoxy, © and aminobenzenes 3

For the purposes of conformational analysis, mass resolved

excitation speetra (MRES) are obtained for jet expanded, isolated molecules at near 0 K. Qne origin

0 4
transiion (00) 15 observed for each individual stable conformation, and the converse. Conformational

analysis is accomplished by using structural
and symmetry relationships, as established
previously

The MRES of 1 evidences a single,
strong. Og ransion at 37 515.8 cm_l.
indicating that only a single conformation (2.
3 or 4) obtains for benzylamine. To
disunguish between these three conformations,
3-methylbenzylamine (5) was examined If §
exists in either the gauche conformation 3 or
the planar conformation 4, then its MRES should
show two Og transitions, one each for the syn
and anu conformers. Alternatively, if the
perpendicular conformation 2 obtains, then a
single 08 transition would be observed The
MRES of 515 shown n Fagure 1A As observed
for a number of other meta-methyl substituted
arormatic compounds,5 the doubling of many of

the transitions in Figure 1A 15 due to the free

rotor moton of the aromane methyl group
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Figure 1, MRES of 5 and 6 (ecm™1).
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To distinguish between origin ransitnons and transitions 1o higher vibrational levels, the MRES of

the deutenated derivative 6 was obtamned (Figure 1B) Significant 1sotope shufts of the higher energy

. 6
transitions are observed, establishing that these are due to vibromic features.” Hence, as only a single

0

0 0 transition 1s observed for § and 6, the perpendicular conformation 2 1s assigned as the stable

conformation in S 0

To confirm this assignment, the MRES of (36833 01y 2
4-ethylbenzylamine (7) (Figure 2A) and its
amine (8) (Figure 2B) were obtained. The two (ay
intense transitions at the low energy portion '
of each of these spectra are two ongns, as ‘ ' MY

demonstrated by the observed 1sotope effects
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origins are from the syn and anu perpendicular ;

=

conformanons 9 and 10 respectively. The

0
intensity of the 0, ransitions for 1 and 5-8,
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and the absence of progressions 1n low lying
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torsional modes indicate that the preferred ‘ .
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conformaton in S1 18 the same as that in SO’ Figure 2. MRES of 7 and § (em-1).
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The effect of 3-methyl and 4-ethyl substitution on the spectra of these benzylamunes 1s very
sumilar to that caused by the same substituents on the MRES of the 1sosteric ethylbenzene (11)7 and benzyl
3¢
alcohol (12)."" The torsional angles for 11 and 12 are 1__ (C -C. -C-C)H= - -C -
¢ 11( ortho "ipso o {3) le(cortho Cipso C(x O[
90°, as is now found for these benzylamnes, In contrast, note that MRES has found, 1n agreement with

3d

other techniques, that for methoxybenzene, 7(C -0 -C_)=180°.

-C
ortho "1pso “a B
In conclusion, MRES has shown that stencally unencumbered benzylamines exist 1n the perpendicular
conformation 2 in both § 0 and S . In addition, MRES is capable of observing individual spectroscopic

transitions from each of the two stable conformations of 4-ethylbenzylamne.
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