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Abdmc&2Azabicycio(2.2.2)octan-3~~ I, N-isopropylpivaloylamidc 2 and 4aPtricyclo(4.3.1.1’J)u~n-S-one 
3 have been pepped with a “N label. The amides were reduced to the corresponding amines 2-azabicy- 
Jo(2.22)octa~ 4. N-isopropyl-N-neopcatylamine 5 and 4-azatkyclo(4.3.1.1”)undccaoe 6. The “C spectra of 
these compounds and their hydrechlorldes were measured and the "N"C spin coupling constants intcrpretcd in 
terms of their confomlational dependoace. 

The spin coupling constants of the ‘% nucleus to nuclei 
other than hydrogen are of incressipe current interest.’ It 
was hoped to develop the “N”C spin couplii into a 
new conformational probe with some importance for 
biological material.’ Very recently several papers dealt 
with the theoretical calculation of these coupling 
constants.” After the lkst experimental results. 
however, it soon was realii9S’o that vicii 15N’% spin 
coupling constants in saturated systems were hardly 
capabk of resolution although a theoretical study for the 
peptide linka@’ predkted a Rarplus type” behaviour of 
the vicinal ’ N’%! spin coupling constants with values 
between 2.0 and 3 Hz. 

One of the possible reasons for the observed absence 
of vicinal coupling constants in amides” could have been 
a rotational or conformational averaging in the molecules 
so far studied. We have initiated a study where the ‘“N 
kbelofanamidelinkageispartofarelativerigidsystem 
and have therefore synthesixed the cis- and tmar-amides 
1 and2to@erwith4-axatrkyclo(4.3.1.1’qundecan-5 - 
one (4-axaho moademantan-S+te) 3 where the exact 
conformation of the amide lit&age is not known 0 priori. 
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Fmthermore we have reduced these molecules to their 
corresponding amines 4, 5 and 6. The choice of the 
molecules 1 and 2 was determined by the fact that these 
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compounds have been standard models for the cis- and 
tmar-amide linkage already used in IR spectrosc~py.‘~ 

We were interested whether ‘JIS, would reflect the 
difference between cis- and tmn8-amides. Compounds 1 
and 2 have only one distinguishable C atom that displays 
a vi&al spin coupling constant across the amide linkage. 
Therefore we include in this study, 3 where several C 
atoms of a rigid system could show long range spin 
coupling constants. 

In the amines 4-6 the pokrixing effect of the CO group 
is no longer present. Besides quinuclidine’ and l- 
awa&nantane ’ no other axabicyclic amines have been 
examined for confonnational dependence of the “N’% 
spin couplii constants in amines. For all the compounds 
reported here the free bases as well as their hydro- 
chlorides were measured a&he effect of protonation on 
the spin coupling constants was studied. 

1. ‘% chemical shifts. The “C chemical shif:s of the 
amides 1-3 and their hydrochloridesare given in Table I. 
To our knowledge no systematic ‘% study of amides and 
their protonation shifts has been published; ‘% chemical 
shifts of kctames were reported by Williamson and 
Roberts.” The chemical shifts of 1 have already been 
published.“’ The assignment of the amide resonances is 
straightforward for all C atoms using standard tech- 
niques except for the relative assignment of the C atoms 
~in~positiontotheCOgroupandtheCatoms~to 
theNIIgroupinland3.Theassignmentforlbyvan 
Binst and Tourwe” was based on a comparison with the 
chemical shifts of bicyck@.2.2)uctan - 2 - one and is 
corrobated by the protonation shifts found in this work. 
Protonation shifts turned out to be identical in direction 
andsImikrinmagnitudeforallthreeamides.Theco 
goup is deshklded by about 3-4ppm. A sin&r 
dowaCieldshittistruefortbeCatomototheNHIpoup. 
TbeCatomsototheCOgoupmdBtotbeNHlpoup 
are shklded and the C atom B to the CO group still 
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Tabk I. “C chemical shifts sad “N”C spin coupling constants of the smkkr l-3 aad theii hy&cchlort&s in 
CDCI,. 

;=0 U-NH U-GO &NH &Co 

” 

(46.5) (33.6) (25.9) (23.3) 

12.1 7.5 5.1 
J 

(16.2) (6.3) (2.5) 
1 

C-l C-6 C-2 C-7/8 c-3/4/5 

41 .l 39.5 22.6 27.6 

(46.9) (36.9) (21.1) (26.9) 

9.5 6.5 0.4 

(6.3) (2.3) 

c-5 c-3 C-6 C-2/‘11 c-r/10 C-l/8 C-9 

S;:;;f2, 45.9 41.5 36.6 30.1 27.3 35.1 

(46.5) (36.0) ,(33.6) (29.5) (26.4) (33,81 

‘12.3 6.3 7.0 
J 

9 (15.1) (7.2) (3.5) 

J 
a) Chemical shifts in pm vs Ye4Si.spin coupling constants in Hz. 

values in parenthems for the hydrochloridms. 

experiences a minor upfteld effect. This pattern as visu- 
alii in formula 7 is remarkable in view of the dis- 

0 

CkYC.- I! --AH-CrC~ 

+ ++ +-# 
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cussion on protonation sites for amides.” We have car- 
ried out a model INDO calculation for propionicacid-N- 
ethylamide using the program of Dobosh and 0sthmd” 
which shows that the total valence electron density of 
the carboxyl C atom is diminished by O-protonation and 
enhanced by N-prdtonation. 

In principle the same findings and diiculties hold for the 
amines (Table 2). The. relative assignment of the C atoms 
being in fi and 7 position to the NH group was solved for 4 
by Morishima d 01.19 by contact shift measurements. Cur 
assignment for 6 is based on incremental shifts of the NH 
group and use of the chemical shift data of 
tricyclo(4.3.1.13~ (homoadamantane).~ l%ie to 
the small shift differences in the hydrochlorides the 
relative assignment between these C atoms in 4 and 6 is 
only tentative. FQtally it is interestin to note that on 
protonation the CH2 group o to the NH group is shielded 
byaboutZ5ppmwhereastheCHgroupcrtotheNis 
deshielded by about 1 ppm. an effect already clarhied by 
Morishima et al. for 2-methylpiperidine~’ 

2. ‘5N’% spin spin couphg constants. The spin 
couplin9 constants for the amides and amines are given 
in Tables 1 and 2, respectively. From the values of the 
neutral amides in the 6rst column of Table 1 it is clearly 
seen that ‘J ‘?+I’% spin couphqg constants do not 
signitkantly retlect the difference between a cis- and 
trans-amide. O-proton&ion enhances the coupling 

OH 
I +,RZ 

R” 
C-NH 

8 

constants .of the carboxyl group as expected from 
formulaII.The’JNcnvolueto~CHgrwpisoboutone 
quarter the ‘JNCO couplin9 constant. Here protonation 
decreases all values even furt&r. The Rrotorrptios effect 
seems to be strongest for the tmns-amidc. ‘JNC coupling 
constantsacroastbewnide~areabouthxlfofthc 
values for ‘JNCO to the carboxyl pup, on protonation 
these couplings are halved sgain. JNc to the C atoms /3 
to the NH group are hardly capable of resolution. Vicinal 
couplii constants are not found for any of the amides. 
This clearly suggests that conformational or rotational 
effects are not responsible for the observed absence of 
these values in other amides.‘o 

Cur INDO calculation of the Fermi contact contribu- 
tion to the 15N13C spin coupling constants in propionic- 
acid-N-ethyhunide yielded the values in Hz given in 
formula 9. whore the spin couplit~ constants in paren- 

9 
CHa-CHs--E-fiH-CH^Hs 

1.8 3.0 14.4 14.3 -2.6 a 

(1.2) (-0.7) (20.6) (10.8) (2.7) 

thesis arc for theGprotonated form. A compakn with 
the mean values of our experimental results demon- 
stratesthattheorderofmagnMe,butmoreimportant 
the effect of protonation, are unrectly represented by 
the calculation for ‘J~co, ‘J,xE,~ and 2J~coc~2. Cal- 
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T&k 2. ‘Jc &mkaI shifts and “N’?Z apIn cuupIii constants of the amines 4-6 muI tImir bydrocidorides in 
CDCI,. 

cY ,CH3 
cn~c-cn*Rtf-cn 

cH3 2 ’ hI3 
3-5 7,s 
5 

6 5 

-CH~K -CH-N- #-NH P-NH F-NH 

C-3 C-l c-4 C-b/? C-5/8 

46.9 43.4 24.4 26.9 24.7 

(44.7) (44.7) (22.4) (22.8)’ (22.4)’ 

2.5 2.6 

(-b) (-b) 

C-l C-6 C-2 C-7/8 C-3/4/6 

59.9 49.5 31.2 23.0 27.0 

(54.3) (51.3) (30.5) (16.3) (27.5) 

3.5 4.2 1.6 2.6 1 .o 

(4.3) (3.6) (0.6) 

c-5 C-3 C-6 c-2/31 c-7/10 c-r/a c-9 

! 53.4 50.1 33.2 39.2 37.3 26.7 35.9 
& 

1W.S) (51.5) (30.3) (35.8) (33.6) (251.5) (33.9) 

3.4 3.1 
‘J 

(3.7) (3.5) 
a) Chwhxal 4hifts in Pm ~6 i(04ss, spin eo~pl~np constants 

in liz,valu~8 in POr~nthesos for the hydrochlorides. b) ot ob- 

aervod due to i6ochronism of the srgnals. -2) relcrtive assignment tentative. 

c&ion of the N-protonated form did not yield satis- 
fectory results. 

In the amines 4-6, the coupling constants are in the 
usual order as reported for other amines’ end are 
somewhat enham& by ~ The only molecule 
in this ~v~~n which shows vi&al coup&g 
constents is ~n~~~ 5 with values 
similar to n-propyfamme.S 

In this work we heve demonstmted that for rigid 
compounds lSN13C values, ia comparision to ‘%‘% spin 
coupIii collstantP ere not very well suited as a con- 
formational probe since vicinel spin coup@ constants 
ere d&ult to resolve. Gemimd and one bound spin 
coupling constants, however, do give some information 
especially in comparing of the neutral with the protoaated 
COIIpOUIdS. 

-AL 

~~~~~~~~~e~by~ 
proc&umsintheiimnturewitItthediIfcrancetbatdur!tot& 
cuatufthciabcIkdmateriaitbesepracedumsbadtokscakd 
down and suitably modined. &?ducth of the amides was best 
acilicwd IMing the diicthylsu magent. The I&u- 
chIoridcs were prepmcd directly in the NMR tube by bubbIin6 
dryHcIlplsUlro~thesoIn.Tbc’~~wwmo~ona 
Varian XLIiNMJ spectrometer equipped with a 16R 620L 
computer and a Varian dkc system. Thus, 32 K FT spectra were 
usuaIlyobtailledwiulnoexpollc~~8ndwitha~ 
rsaoIo~llofttsrttMla0.2Hz/point. wherelloeauplinpcoils~ 
are &en, the vahies UT lowez thal OAHZ. spt&trn were 
~~y~ribr#~inratbadilute~nsofCDcI~durto 
~~~~~~* 

A~~~3-~ wak was mQpor&d by rcamKch6mnt 
Be 631-5 of the Ikutscbe Farsc~mscbaft. Ths hcip of 

Hans Kdetscb and Gari iiS& with the syntheses is gratcfulIy 
acknowklped. We thuk Dr. K. Stcinbacb for extensive heip 
with cumbinuf GLC/mass spectrometry. 
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