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Abstract: Supersomc Jet mass resolved excitation spectroscopy 1s employed to demonstrate that the mmlmum 

energy conformanon of benzylamine and a number of its ortho-unsubstituted (i e , sterically unhmdered) 

denvatlves 1s the perpendicular form for which r(C -C 
oltho ipso 

-C -N) = 90”. 
a 

Benzylamme (1) and Its analogues form an important class of organic molecules. They are important 

intermediates m orgamc syntheses, have been used m many mechamstlc studies, and form the substructural 

backbone of many natural products and synthetic drugs. In spate of the general value of benzylammes and 

their simple molecular skeleton, very little IS known about then conformational propernes. Nearly 20 

years ago, Weintraub and Hopfinger reported conformatlonal energy calculations on benzylamine in which a 

folded perpendicular conformanon was preferred.’ Based on one of the few expenmental studies of this 

system, Schaefer has suggested that 1 exists III either the perpendicular 2 or gauche 3 (7 = 60”) 

conformation. 
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Supersomc jet mass resolved excitation (S, + soI spectroscopy (MRES) has been employed to 
3b 

determine the minimum energy conformations for a variety of alkyl-,Sa hy&o~y,~ hydroxymethyl-, 
3C 

methoxy, 
3d 

ethoxy, 
3e 

and ammobenzenes 3f For the purposes of conformattonal analysis, mass resolved 

excttatton spectra (MRES) are obtained for let expanded, isolated molecules at near 0 K. One origin 

(0 
0 

transitron 
0 

) is observed for each individual stable conformation, and the converse. 
4 

Conformational 

and symmetry relationshtps, as established 

The MRES of 1 evidences a single, 

strongO~transu!nn at 37 515.8 cm 
-1 

, 

indicatmg that only a single conformation (2. 

3 or 4) obtams for benzylamme. To 

distmgutsh between these three conformations, 

3methylbenzylamine (5) was examined If 5 

exists in etther the gauche conforrnatton 3 or 

the planar conformation 4. then its MRES should 

show two 0 
0 

0 
transitions, one each for the syn 

11, 
,(B) ‘1’ 

14” I”l/il(i ? 

and anti conformers. Alternatively, if the 
iI1 )r6’ /it?::;’ 

perpendicular confomratton 2 obtains, then a ; I i 
0 Al 

’ i ,d \_yi& rJ 
_mLrt,d i; d % 

smgle O. transtnon would be observed The - _~...I 
5 0 0 

As observed 
50 

MRES of 5 IS shown tn Figure 1A 
100 1 5 0 2 0 (I 

Figure 1. MRES of 5 and 6 (cm-l). 
for a number of other meta-methyl substituted 

arorndtic compounds5 the doublmg of many of 

the transittons in Figure 1A 1s due to the free 

rotor mouon of the aromatic methyl group 

CH,NH, CD2NfJ2 

6 
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To distinguish between ongrn uansmons and transmons to hrgher vrbratronal levels, the MRES of 

the deutenated denvatrve 6 was obtained (Frgure 1B) Srgnifrcant Isotope shifts of the higher energy 

transmons are observed, establishmg that these are due to vrbronrc features. 
6 

Hence, as only a szngle 

0: transition IS observed for 5 and 6, the perpendrcular conformation 2 1s assigned as the stable 

conformatron in S 
0 

To confu-m this asngnmcnt, the MRES of 

4-ethylbenzylamine (7) (Frgure 2A) and its 

deutenated analogue 4-(ethyl-d$benzyl-a,a-d2- 

amme (8) (Frgure 2B) were obtained. The two 

mtense transitions at the low energy portron 

of each of these spectra are two ongms, as 

demonstrated by the observed isotope effects 

for the higher energy mansmons These 

origms are from the syn and arm perpendicular 

conformanons 9 and 10 respectively. The 

rntensrty of the 0: transitrons for 1 and 5-8, 

and the absence of progressions rn low lying 

torsronal modes indicate that the preferred 

(B) I’ 

I 
-50 0 sn 100 150 200 210 

conformauon rn S 1 IS the same as that in S 0 , Ftgure 2. MRES of 7 and 8 (cm-l). 

namely 2. 

CH,CH, 

7 

CD,NH, CH2 

8 
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The effect of 3-methyl and 4-ethyl subsutuuon on the spectra of these benzylanunes 1s very 

smular to that caused by the same subsntuents on the MRES of the tsostenc ethylbenzene (11)’ and benzyi 

alcohol (12). 
3c 

The torsional angles for 11 and 12 are T 
11 ortho-‘ipso 

(C 
-c&) = z (c 

-c -0 
12 orthomCipso LX 

90*, as is now found for these benzylammes. In contrabt, note that MRES has found, m agreement with 
[ 

other techniques, that for methoxybenzene, 7(C -C -0 -c ) = 180”.3d 
ortho ipso a p 

In conclusion, MRES has shown that stencally unencumbered benzylammes exist in the perpendicular 

conformation 2 in both SO and S I. In addmon, MRES is capable of observmg individual spectroscopic 

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

References and Notes 

(1) Weintraub, H. J. R.. Hopfinger, A J J Theor. Blol. 1973,a. 53. 

(2) Parr, W. J. E., Schaefer, T Act. Chem. Res. 1980, u, 400. See, also Schaefer, T.; Danchura, 

W.; Nemzcura, W. Can J. Chem 1978,x, 2229 

(3) (a) Seeman, J. I ; Secor, H V.; Breen, P. J.; Grassian, V H ; Bernstem, E. R. J. 

$QL, 1989, m, 3 140 and references cited therem. (b) Yamamoto, S.; Okuyama, R., Mlkatni, N , Ito, M. 

Chem Phvs I&t. 1986, m, 1 (c) Seeman, J. I.; Secor, H V.; Im, H.-S., Bernstein, E. R ,I Chem. 

SOL Chem. Commun 1990, 87. (d) Breen, P. J., Bernstem, E. R , Secor, H V.; Seeman, J. I J Am Chem. 

Sot. 1989,111, 19% (e) Bernstein, E R , Im, H -S., Secor, H V., Seeman, J. I., submitted for 

publlcatlon. (f) Seeman, J I.. Secor, H. V., Im, H -S.; Bernstein, E R. ,I Am. Chem $0~ 1990 112 I-, 

7073. 

(4) Observation of a single ongm transmon In thts work tmphes either that (a) only a single 

stable ground state conformanon exists under the condtuons of the expansion, (b) one conformanon IS 

ngtuficantly more stable than the others, or (c) less likely, but possible, the tTanSmon energies for 

two ortgin transibons are unresolved. 

(5) See, for example: Breen, P. J.; Warren, J A.; Bernstein, E. R.; Seeman, J. I J Chem. Phvs 

1987,82, 19 17 

(6) See, for example, reference 3d 

(7) Breen, P J ; Bernstein, E R.; Seeman, J. I. J. Chem PhyS 1987, a, 3269 

(Received in USA 2 April 1991) 


