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IHTRODUCTIOE: Eohlpann reported that quinolizidine derivatives poe- 

eessing a trane ring juncture exhibit characteristic absorption bands 

in the infrared (1). These bands appear at 2700-2800 om-1 and are 

characteristic of hydrogens on carbon atome adjacent to the nitrogen 

oriented trans to the lone pair. Several oriteria were established 

and the absorption rae considered due to a type of interaction betreen 

the lone pair and the trane bc_B bond. The EEB epeotra of quinolizi- 

dine (I) and h-methylquinolizidine (II) vere examined in an attempt 

to determine more precisely the nature of such an interaotion, and ae, 

models during the couree of the investigation of the spectra of Lupin 

alkaloids. 

ASSIGEEEKTS: The lowest field signal in quinolizidine (I) appeared 

as a doublet,'T-7.18, 7.34, corresponding to two protons *1 . The re- 

mainder of the absorption rae represented by a broad peak oentered 

near 8.57 rith a distinct shoulder st 08. 8.07, roughly oorreepond- 

l r The present chemical shifts are slightly different from those of 
Katritzky (5) due to the differences in solvent, i.e. DCClr vs. CCle. 

2553 
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ing to one proton. The area of the lorest field eignal exoluded as- 

elgnment to the Clo-proton and the shape, the narrow band width of 

eaoh pc!ak, indicated that the signal is due to equatorially, rather 

than axially oriented protons. This hypothesis vae confirmed inde- 

pendently as follows. 

The apeotrum of quinoliaidine (I), cf. FIG. 1, in TFA (tri- 

fluoroacetic acid) exhibited three distinct signals: a doublet with 

peaks at 6.41 and 6.627, similar in appearance to the low field 

signal of I in DCCls, roughly corresponding to two protons; a broad 

diffuse peak near 7.0~ approximately equivalent to three protons and 

a large peak corresponding to the remaining protons at 8.19~. Due 

to the protonation of the quaternary nitrogen, the signals of all 

Quinolizldlne (I) in 

: 

a. DCCls 
b. TFA 

FICIJRE 1. NW4 of Qulnolizidine (I) 
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hydro@ne adjacmt to - nitro#an shift to l uffioientl~ low field8 

so as to be olearly dletin&ehaEle. Thus the distinct doublet aan 

be reaeonabXy aeeigued to the SqUStOd81 Ca and C, protons and the 

broad absorption near ?.O(to the axial protone at CI, Ca and Clo. 

The aeel~ent of the lowest field eigaal to the equatorial protons 

pareUele the assignmenta in oarbohydratee and In the cyoloheune 

series (2). Further txonfinetion of theee assignments wee obtelned 

from the spectrum of ~methylquinolieldlae (II)F:II' in rhloh the methyl 

eubetituent was equetorielly oriented. The l peotm exhibited an17 

one low field eignel, e dlffree doublet, et ae+. 6.?~aorreepoudiug to 

a single proton, which tea definitely be l eelgned to the C, eqtu- 

torial hydrogen. A hi& field doublet due to the methyl group wee 

obeewed et WY& J - 6 cpe. 

The chmioti ehlft of the ulal Cc md CI potone of I in DC013 

wea determined by the deompling teahnique uhioh showed these axial 

protons to abeorb at O-93 ppm*' to higher field eapmd rfth the 

squat&e1 protons. 

DISClJSSIOXft Interestingly, the ahemiaal shift dlfferenoe of 0,93pp 

of &versus Beq, althou& eubutantlally larger thaa l beezved in 

~.yo3ohemao and l ug& east&to derivatives 421, Is oumpazable (or. 

O,sppr) when the nitrogen lop0 psir le l ffeetlv8ly bouud es Is TPA 

toluklorrs, Ftuthermore, thee-proton rigmale of H-+lkylpiporldino 

*e The ample of bet41 ulwlisidlm wu prepued by the prooedure 
deeoribd @ Wrltzky (sj. Tke nthyl group ie trane to the Cle 
axial protonand the tranerilrgjmuture M omnfirredbyoharaator- 
ietio Bends in the Infrared spectrum, 

"3 The bend width of irredirtloa ie $ ope, 
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derivaxiver appeu near 7.7hlr or approximately midway botnen Ii= 

and H '(I algnala of qnlnollrldlna (I) (3). Rerumably thllr large 

ahlit difference might be observed In plperldlne derlnrtivem of 

fixed ohair oonformatlon. 

The ratlonallsation of.the phenomena observed In the Infrared 

and MH will be mado in terma of the dlfforonaa In the eleatronlo 

boding oharaotor b&-on C&.q and C4-Q 9!Wo imotors aan bo 

dmdnood from tbhlmann*a data rhlah ohor that the foroe aonotant 

for the Cc-E_ atrotohlng la ouller than for Cd-H 
09. 

1, Tbofoharaoter of the 4 atomlo orbital In the C4-Hu dl- 

reotlon Ia lugor than In the CI-H l 9' 
2.. W bonding energy of the ulol Q-E bond ir doorerred 

which can be explained b;r pmrtlolpatlon of thernltrogen lone pair 

in UI oatlbondlng J orbital between C4 and the ulal hydrogen (of. 

pig 2). 

Pour porlrlble faotora oan be aonaldered M oaualng the observed 

ohmmioal ahlit dlffarenoo ktroen the axial and equatorial 04 and 

&hydrogen8 of quinollsidlne. 

1. !l!h@ eleotron density at the axial hydrogen 10 gro8ter than 

at the aquatorlal hydrogen atom. 

2. !llu rtamla magnotlo ~uooeptlblllt~ of Cd lr more dlragnotlo 

for the uiml oomponemt than for the equatorial. Thlm oan be ex- 

plaimd by partial double bond oharaoter between Cd-g, thuo plmoing 

the axiEl proton perpendloular to thin double bomd. 

3. There io an offeot arising from the magnetic anlrotropy of 

nltrogon. However If thlo wre the OWI., the anlaotroplo susooptl- 

bility in the dlrootion of the lone pair should ba dlam8gnetlo olnoo 
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the ohomical ehift of Ha=18 higer than H_. Iht prerloua rtudioa 

on morphine de~imtl~ee chow qualitatively that the na#netio l oroepb 

ibllity in thir direotion le paramagnetlo (k). 

I. AE eleotrlo field affooto Heq mom rtrongly than H,. 

Such aa eleotrlo field effeot rould orIgInate from the dfpole moment 

umoolakd with the nitrogen lolv pair. Howover the differonoe of 

auoh an offeot on H_ and Heq ic rather eaall and oould not aamunt 

for the obrerred ehlft differenoe. 
l 4 

0 _ 
FIGUBB 2. 

From the above ooneidoratione regwding the IaLrared and lME 

the follorlng rationallaatlon ie propoeod, In eaturated oyolia 

nitrogen oompoudm in rhioh the direotion of the nitrogen lone pair 

is fixed, partial partloipatiaa of the lone pair in l C?C-Hu 

orbital on the adjaoent earboa takoe plaO@. The partioipation of an 

+, An electric field at Ear and H ie repreeented by : E = 

I-J, where R = 21, the dit:anoe from B to Hax or Heq i 

Q * h5. i @eq 

Tkl Eax 

- 90.; $9 1 D.u., dipole moment of Ly atom. 

-w x l/8 I ld e.e.u. and E 
=q 

- l/8 x ld e.6.u.. 

The difference of the chemical shift due to an electric field Is ; 

AvE - -2 I 10-"Es - IdLeE (6). PI fe alnoet zero, thue AdEax - 

O.Oh x 10-e and Eeq - O.Olk x 10-e. Thle magnitude could not ao- 

count for the observed value. 
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OlOotrOn in euOh 8 a"w u orbital 8110~8 eomo overlrp between the 

5" and lone pair Orbit810 generating l ome double bond ohuaoter 

between C4 and B, 8xid rimultaneoualy inoreaelng the electron deneity 

8t the C4 axial proton. Snob an interaotion 08n only be expected in 

the Ear direotion rinoe 8 d C-H eq orbital llee in 8 plan. perpen- 

dicular to the lone pair. 

Thne the diamagnetic: anieotroplo eneoeptibility of C4 (and also 

at the equivalent Ce-position) in the Cc-H,, direction is luger 

due to gprtial C8-I double bond *c ehar8oter and the lnoreaeod eloc- 

tron deualty at Ha, could aooount for the unnsu8lly large ehift 

dlfferenoe between the aXi and OqU8tOrial hydrogen8 at C8 (and ale0 

Ce) In guinolizidine derirative8. Thie 8180 rationalises Bohlmann'e 

trans quinollsidine band in the infrared. 
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*e The magnetic aniaotropy of 8 doubly bonded 
given a8 -13.5 x lO-'O e.e.m.O.g.e. (of. ref. 
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oarbon atom (px) ie 
8) and the difference 

Of the chemical shift between H 

bb _ w ,:.$e'~e:~~~ted by 

Using the values, R - l.lf, 8,, - C*, #eq = 90*, the chemical shift 
differenoe of H8r and H ie 

The value of (I (the etate denkdof hyperconjugation) is about 3 $ 
from the obrerred AU(0.93 ppm). This eeeme to be of the right order 
of magnitude on the b8eie of 8n independent calculation by the second 
order prrtmrbation method. 



No.37 NWl effects of cyclic tertiary amines 2559 

REFRRERCES 

1. F. Bohlmann, I&., 2, 2157 (1958). 

2. 1. Y. Jackman, Application of Muclear Yagaetio Resonanoe in 

Omanic Chemistq, P 116, Pergsmoa Press, London (1959). 

3. H. Caitkarp and F. Korte, e., 9& 2856 (1962). 

b. S. Okuda, N. laksgera, and S. Yaraguohi, Cham. Pharm. &lull., 

2, 1b5 (1963). 

5. T. Y. Moynhen, K. Shofield, R. A. Y. Jones, A. R. Katritrky, 

J. when. Soc., 1962, 2637. 

6. A. D. Buckingham, Csnad. J. Chen., 2, 300 (1960). 


