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chemical shift of each signal, relative to the reference methyl iodide
signal. All the chemical shifts reported here have been corrected to
a Me,Si reference by the relationship
H, (obsd) — 977 — T(°C) X 0.70

25.2

ppm (Me4Si) =

The 13C NMR spectra for the remaining heteroorganic ions and
precursors were obtained on a Varian Associates Model XL-100
spectrometer equipped with a broad decoupler and variable tem-
perature probe. The instrument operates at 25.2 MHz for carbon-13,
and is interfaced with a Varian 620L computer. The combined system
was operated in the pulse Fourier transform mode, employing a
Varian Fourier transform accessory. Typically 3000-5000 pulses, each
of width 20-30 us, needed to be accumulated in order to give a satis-
factory signal to noise ratio for all signals of interest. Field frequency
stabilization was maintained by locking on the fluorine-19 external
sample of fluorobenzene. Chemical shifts were measured from the
carbon-13 signal of 5% carbon-13 enriched tetramethylsilane in a
1.75-mm capillary held concentrically inside the standard 12-mm
sample tube.
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The 3C NMR spectra of several bicyclo[3.3.1]nonanes, 9-methyl-9-azabicyclo[3.3.1]nonanes, 9-oxabicyclo[3.3.1]-
nonanes, and 9-thiabicyclononanes with bridgehead substituents are interpreted. Heteroatom bridgehead substitu-
ents cause downfield shifts of the resonances for y-anti carbons 3, 5, and 7 in agreement with previous results for
bridgehead substituents and in contrast to the upfield v-anti shifts induced by heteroatoms in monocycles. Equato-
rial tertiary hydroxyl groups in cyclohexanols cause downfield shifts of the y-anti carbons.

Within the last several years, 13C NMR spectroscopy has
emerged as a very powerful tool for structural analysis in or-
ganic chemistry.! The power of this technique derives in large
measure from several empirically determined, rather well-
ordered types of effects exerted by substituents on the
chemical shifts of the various carbon atoms in a particular
molecule. For example, it has been demonstrated on numerous
occasions that a carbon atom disposed y-gauche to a methyl
group resonates at a relatively higher magnetic field than when
it is located ~v-gauche to a hydrogen or y-anti to a methyl
group.? Steric interactions are usually cited as being respon-
sible for such upfield shifts. Interestingly, it has also been
found that downfield shifts are observed when the encum-

bered carbon is separated from its steric antagonist by four
bonds.? While the experimentally obtained vy and 6 “steric”
shifts are opposite in direction (thus indicating that the
shielding mechanisms include significant contributions from
terms of other than a steric nature), their individual consis-
tencies render them very valuable in stereochemical assign-
ments.

Recently, Eliel and co-workers have disclosed their in-
triguing findings related to the upfield chemical shifts ob-
served for carbon nuclei v to a heteroatom.? Briefly, their data
have confirmed that a gauche heteroatom (N, O, F, S, Cl)
produces an upfield (steric) shift of a 1C NMR signal greater
than the upfield shift caused by a gauche carbon group
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Table I. Carbon-13 Chemical Shifts for 1-Substituted Bicyclo[3.3.1 ]nonanes?. b

Nucleus Substituent C-1 C-2(8) C-3(7) C-4(6) C-5 C-9
45— 8a,X=H 28.2 31.9 22.8 31.9 28.2 35.2
8b, X = OH 69.2 39.7 23.1 30.3 32.3 43.6
P T 8c, X =Cl 71.8 421 24.5 29.8 32.9 46.0
X 8d, X = CO,H° 41.0 33.2 22.0 30.4 28.0 36.0
iy 9a, X=H 52.3 26.4 20.4 26.4 52.3 40.94
9b, X = OH 82.5 33.8 22.0 25.6 57.6 34.2d
& 9c, X =Cl 90.6 37.6 23.1 25.3 58.9 37.6d
<: o 10a, X=H 66.5 29.3 18.8 29.3 66.5
10b, X = OH 94.0 36.3 20.6 28.4 72.4
N 10c, X =ClI 99.9 40.2 21.7 27.8 74.2
(CHN* Cr 11a, X =H 65.0 27.2 184 27.2 65.0 53.04
11b, X = Cl 93.8 38.8 22.0 26.6 73.3 50.2d
X
S 12a, X =H 33.2 32.1 21.6 32.1 33.2
12b, X = OH 76.9 41.1 23.4 30.8 40.8
X

@ Expressed in parts per million. » Compounds 8—10 measured in CDCI, with internal Me,Si; compound 11 measured in

D,0 with external NaO,S(CH,),Si(CH,),. ¢ Signal for CO,H, 185.9. 4 Chemical shift for NCH,.

(methyl or methylene); moreover, their investigation has
demonstrated that a carbon atom situated y-anti to a second
row heteroatom (N, O, F) generally resonates at a significantly
higher field than a carbon nucleus located v-anti to a methyl
or methylene group or to a third row heteroatom (S, Cl). As
pointed out by Eliel et al., the only exceptions at that time®
to the shielding v-anti effects occurred in systems having the
heteroatom attached to a bridgehead carbon as reported by
Maciel and co-workers for the bicyclo[2.2.2]octane (1) and
adamantane (2) frameworks.8 Subsequent to Eliel’s survey,*

° ,
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the 13C NMR spectra of some bridgehead functionalized de-
rivatives in the bicyclo[2.2.1]heptane nucleus [i.e., norbor-
nanes (3),% tricyclenes (4),°P camphenes (5a),°¢ camphors
(5b),%d and camphenilones (5¢)%] have been studied; both
downfield and upfield y-anti shifts were observed with these
substrates. Also, the conversion of «-isospartein (6a) to 7-

hydroxy-a-isospartein (6b) results in a 1.3-ppm upfield shift
of the bridgehead carbon (9).10:11

Significantly, all the compounds in Eliel’s survey? have the
heteroatom attached to primary or secondary carbon atoms.
By necessity, all bridgehead substituents are attached to
tertiary carbons. The following data indicate that changing
from primary or secondary substrates to tertiary compounds
reverses the direction of the v-anti effect for monocyclic sys-
tems also.

In order to gain additional information pertaining to the
directions and magnitudes of the vy-anti effect of bridgehead
substituents we have measured the magnetic resonances of
the carbon atoms of a few 1-substituted bicyclo[3.3.1]nonanes.
In addition, we have studied the 13C NMR of several sub-
strates with a heteroatom (N, O, S) incorporated into the
molecular framework at the 9 position of the bicyclo[3.3.1]-
nonane system.%12 The heterobicyclic materials were chosen
for study in order to ascertain whether or not the ring het-
eroatom (which is part of the antiperiplanar arrangement; see
formula 7a) would alter significantly the vy-anti effects found

X X

r [

7a 7b

for the parent carbobicyclic counterparts. Furthermore, the
bicyclo[8.3.1]nonane geometry contains a second ~-anti ar-
rangement (see structure 7b) which, because of differences
in bond angles and lengths,!3 could give rise to y-anti effects
different from those exhibited by 7a.

Results and Discussion

Table I collects the chemical shift data for the various 1-
substituted bicyclo[3.3.1]nonanes we have examined. The
assignments of the chemical shifts are based on the relative
intensities of certain signals, splitting patterns observed with
fully coupled spectra, and general, well-documented sub-
stituent effect trends.! Table II lists the specific effects of
bridgehead substituents on the chemical shifts of the carbon
atoms.

Carbobicyclic Compounds. The conversion of hydro-
carbon 8a to bridgehead alcohol 8b results in carbon 5 being
deshielded by 4.1 ppm while carbon 3(7) is shifted downfield
by only 0.3 ppm. Likewise, the transformation of 8a to chloride



2242 J Org. Chem. Vol. 42, No. 13, 1977

Wiseman and Krabbenhoft

Table II. Bridgehead Substituent Effects for Bicyclo[3.3.1]nonanes®®

Compd Function C-1 C-2(8) C-3(7) C-4(6) C-5 C-9
8b OH 41.0 7.8 0.3 -1.6 4.1 8.4
8c Cl 43.6 10.2 1.7 -2.1 4.7 10.8
8d CO:H 12.8 1.3 -0.8 -1.5 ~0.2 0.8
9b OH 30.2 7.4 1.6 -0.8 5.3 —6.7¢
9c Cl 38.3 11.2 2.7 -1.1 6.6 -3.3¢

10b OH 27.5 7.0 1.8 -0.9 5.9
10c Cl 33.4 10.9 2.9 -1.5 7.7
11b Cl 28.8 11.6 3.6 -~0.6 8.3 —-2.8¢
12b OH 43.7 9.0 1.8 -1.3 7.6

@Chemical shifts for substituted compound minus chernical shifts for parent, expressed in parts per million. ¢ Negative values indicate

upfield shifts. ¢ For NCHj.

Table II1. Survey of y-Anti Effects of Bridgehead Substituents®?

Type I¢ Type 11¢

Compd Carbon X = 0OH X =Cl X = COH Carbon X =0H X =Cl X =CO.H Ref
1 3(5,8) 0.4 2.2 -1.5 8
2 3(5,7) 4.1 4.7 -0.2 8
3 4 -1.6 -1.6 14 3(5) 0.5 1.1 0.2 %9a
4 1 3.5 1.2 1.7 9b
4 2(6) -1.4 -1.3 —-1.0
5a 4 -2.9 -2.1 0.4 3 0.3 1.0 1.2 9¢
5a 5 1.1 1.9 0.7
5h 1 1.1 0.5 -0.9 2 -2.7 -5.6 -2.7 ad
5b 6 -2.0 -1.3 -0.8
5¢ 4 -4.1 -2.6 -0.9 3 -0.6 0.4 1.2 9e
5¢ 5 5.2 8.7 3.7
8 b} 4.1 4.7 -0.2 3(7) 0.3 1.7 —-0.8

@ Expressed in parts per million. ® Negative values indicate upfield shifts. ¢ See text for explanations of types.

8c produces downfield shifts of 4.7 and 1.7 ppm for carbons
5 and 3(7), respectively. Thus, it appears that the type of v-
anti arrangement (i.e., 7a or 7b) can be important. For con-
venience the y-anti effect produced by the arrangement de-
picted in 7a is classified as type I (the y-anti carbon is a
bridgehead carbon) while the v-anti effect corresponding to
7h is defined as type I/ {the v-anti carbon is not a bridgehead
carbon). To help visualize how the two types of v-anti effects
found for alcohol 8b and chloride 8¢ relate to the results of
previous reports dealing with bridgehead substituted carbo-
bicyclic systems, Table IT has been assembled. First of all, it
is interesting to note that the type I y-anti effects for the very
similar frameworks adamantane (2) and bicyclo[3.3.1]nonane
(8) are identical (as are the corresponding « and 3 substituent
effects®?). Perhaps this fact indicates that the small differ-
ences in the pertinent corresponding bond angles or bond
distances are inconsequential in the transmission of the y-anti
substituent effect. The other type I effects shown in Table III
are mostly shielding. Perhaps the change in direction of the
v-anti effects of the bicyclo[2.2.1]heptane substances (3-5)
compared to the bicyclo[3.3.1]nonane substrates (2 and 8)
reflects the substantial difference in CCC angle at the carbon
joining the bridgehead carbons: 93.1° in the case of 3 (X = H)
and 111.3° for 8a.!3 However, the tricyclene system (4) re-
mains anomalous ever: though it is geometrically similar to
the norbornane skeleton.!3P Clearly, more data are needed
before a general explanation of the type I v-anti effect can be
advanced reliably. On the other hand, there does seem to be
a unifying trend for the type II v-anti effects: for the hydroxy
and chloro substituents the shifts are generally deshielding,
with a chlorine producing a shift about 1 ppm greater in
magnitude than a hydroxyl group.

Heterobicyclic Materials. Previous reports on 9-het-

erobicyclo[3.3.1]nonanes have not considered the effects of
bridgehead functionality on the chemical shifts of the carbons
comprising the bicyclic systems.6:12a-c.e Examination of the
data contained in Tables I and II reveals some interesting
trends. Again, the type I v-anti effects are substantially
greater in magnitude than the type II y-anti effects. For the
bridgehead hydroxy derivatives the differences between the
type I and type II y-anti effects are 3.7 ppm for the 9-aza
skeleton (9), 4.1 ppm for the 9-oxa skeleton (10), and 4.8 ppm
for the 9-thia skeleton (12). These values compare favorably
with the related difference of 3.9 ppm found for the carbobi-
cyclic system (8). For the bridgehead chloro substrates the
differences between the type I and type II y-anti effects are
slightly larger than those found for the hydroxy derivatives
(3.9 ppm for 9¢ and 4.8 ppm for 10¢) and are somewhat greater
than that found for the carbobicyclic system (3.0 ppm for 8c).
An attractive rationalization of the observed differences in
the magnitudes of the type I and type II y-anti effects is based
upon the geometrical freedom of the bicyclo[3.3.1]nonane
framework: the type ] arrangement (7a) allows only for bond
angle and/or bond length changes, but no changes in the di-
hedral angle formed by the two planes X-C(1)-C(9) and
C(1)-C(9)~C(5) which must remain near 180°. However, for
the type II arrangement (7b), the dihedral angle formed by
the planes X-C(1)-C(2) and C(1)-C(2)-C(3) can vary. In fact,
for most of the compounds we report this angle is probably less
than 180° due to flattening of the six-membered rings to re-
lieve the C(3)-C(7) steric interactions.132 Interestingly, the
cationic nature of the N,N-dimethylazonia derivative 11b
appears to have little effect on the difference between the type
I and type II effects relative to the parent N-methylamine
derivative 9¢ (4.7 vs. 3.9 ppm, respectively).

Analysis of the data on the type I and type II y-anti effects
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Table IV. Differences in Bridgehead Substituent Effects between Corresponding 9-Heterobicyclo[3.3.1]nonanes and
Bicyclo[3.3.1]nonanes®

C-1 C-2(8) C-3(7) C-4(6) C-5

Entry Comparison () B3 (v-ID () (v-I)
1 9b-8b —-10.8 0.4 1.3 0.8 1.2

2 9c-8¢ —-5.3 1.0 1.0 0.5 1.9

3 10b-8b -13.5 -0.8 1.5 0.7 1.8

4 10c-8¢ -10.2 0.7 1.2 0.6 3.0

3 11b-8¢ -14.8 14 1.9 1.5 3.6

6 12b-8b 2.7 1.2 1.5 0.3 3.5

@ Substituent effects for the 9-heterobicyclo[3.3.1]nonanes minus the substituent effects for the bicyclo[3.3.1]nonanes expressed

in parts per million.

Table V. y-Anti Effects for Tertiary Hydroxyl Groups

Reference v effect
Compd ba §(CH, ref)? S6(H ref)e CH, refd H refe Item
CH,
C-3 32.2f 31.9¢ 32.1% 0.3 0.1 1
OH C-5 24.37 23.48 24.3¢ 0.9 0.0 2
CH
CH.
C-3 30.67 28.9¢ 27.68 1.7 3.0 3
OH C-5 23.87 23.28 21.3¢ 0.6 2.5 4
CH
. P .
\N\OH C-3,5 32.4f i 31.57 i 0.9 5
CH.
NOH C-3,5 25.17 i 22.61 i 2.5 6
oH C-3 45.8 { 43.47 H 2.4 7
C-5 24.01 i 22.3" i 1.7 8

2 Chemical shift, parts per million from Me,Si, of designated carbon. ¥ Chemical shift, parts per million from Me,Si, of
designated carbon in reference compound wherein the OH group is replaced by CH,. ¢ Chemical shift, parts per million from
Me,Si, of designated carbon in reference compound wherein the OH group is replaced by H. 9 y-Anti effect, parts per million,
relative to CH, reference compound. ¢ y-Anti effect, parts per million, relative to H reference compound. / Reference 15.

& From Table 3.5, p 65, ref 1, based on primary data reported in ref 2b. # Calculated values for standard compounds ob-
tained as described in ref 4, footnote 24. / The y-anti effects relative to CH, are not entered in the table for items 5—8. The
calculated resonances of the pertinent carbons in the CH, reference compounds would be the same as for the H reference
compounds since the effect of an equatorial methyl group on the 7 ring methylene is negligible. Accordingly, the calculated

v-anti effects will be the same for both reference series.

from the viewpoint of comparing directly the heterobicyclic
and carbobicyclic materials indicates that the heterobicyclic
compounds show consistently greater deshielding effects than
the corresponding carbobicyclic substrates (Table IV). The
other comparisons assembled in Table IV show that the «
effects of the carbobicyclics are substantially more deshielding
than the heterobicycles, except for sulfur; the 3 effects are
slightly more deshielding in the case of a bridgehead hydroxy
substituent and slightly less deshielding with a bridgehead
chloride atom; the 6 effects of the carbobicyclic compounds
are all slightly less deshielding than those of the heterobicyclic
substances.

Conclusions and Comparisons with Monocyclic Com-
pounds. The consistency of our results for the substituent
effects in these bicyclic compounds is quite good. In particular,
replacement of a bridgehead hydrogen with chlorine or hy-
droxyl causes a downfield shift in the resonances of carbons
3, 5, and 7. In a single example a bridgehead carboxyl group
causes a slight upfield shift of the resonances of these car-
bons. 4

Since the shifts caused by bridgehead hetero substituents
are opposite in direction to those caused by the same functions
in monocyclic systems, we must inquire of the reasons for the
difference. The key parameter seems to be the degree of

substitution of the carbon bearing the hetero substituent.
Every example in the survey of v-anti effects in monocyclic
systems* has the hetero substituent placed on a primary or
secondary carbon. By necessity all examples of bridgehead
substituted compounds have the hetero function on a tertiary
carbon. Recently, Senda et al. have analyzed the 13C NMR
spectra of some tertiary cyclohexanols. Selected compounds
from their study form the basis of Table V. The chemical shifts
of carbon atoms y-anti to an equatorial hydroxyl group are
compared to the chemical shifts of the analogous carbons in
hydrocarbons wherein the hydroxyl function is replaced by
hydrogen or methyl.

The v-anti effects recorded for items 1-4 are based entirely
on measured literature values. Those in items 5-8 are based
on literature values for the alcohols!® but calculated values
for the reference compounds, as was the practice in the earlier
survey of y-anti effects.? The alcohols are drawn in their
predominant conformations.!®

The v-anti effects for the set of alcohols in Table V are
uniformly downfield, except for item 2 (H reference), which
is zero. Accordingly, the degree of substitution of the func-
tionalized carbon is an important factor in determining the
direction of the y-anti effect for hydroxyl. Hydroxy groups in
tertiary cyclohexanols and chloro and hydroxy groups at the
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bridgeheads of bicyclic and tricyclic ring systems usually cause
downfield shifts of the the resonances of y-anti carbon atoms.
Further examples will be required to determine the generality
and reliability of this phenomenon.20

Experimental Section

13C NMR spectra were measured at 25.15 MHz with a JEOL JNM
PS-100 spectrometer interfaced with a Nova 1200 computer.!®
Compounds 8-10 were run in CDClj; solution with internal Me4Si;
compounds 11 were run in DyO solution with external NaO;S-
(CH4)sSi(CHy)s. With the exception of 8¢,17:18 all of the materials
employed in this study were available from previous studies or pre-
pared according to literature procedures.!?
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N-Benzoylnorecgonine methyl ester, N-benzoylpiperidine, and N,N-diethylbenzamide exhibit one set of 'H
NMR signals for aromatic protons whereas cocaine and seven other benzoate esters, acetophenone, «,a,a-trimeth-
ylacetophenone, a,a,a-trichloroacetophenone, benzamide, and N-ethylbenzamide have two sets separated by ca.
6 0.6. The observed unusual magnetic equivalence of the first three compounds is attributed to the steric interaction
of the dialkylamine and the phenyl group with the resultant loss of coplanarity between the phenyl and carbony!

functional groups. .

During the course of our investigations on the photo-
chemical behavior of cocaine (I),! its photoproducts,? and
related compounds,® the aromatic protons of cocaine were
observed to occur as two groups of multiplets in the 1H NMR
spectrum at 6 7.93 (m, 2 H) and 7.36 (m, 3 H), whereas the
aromatic proton resonances of N-benzoylnorecgonine methyl
ester (II), cocaine’s O — N benzoyl migration-demethylation
product, appear as a sharp singlet at § 7.45, Table 1. This in-
vestigation examines the reasons for the surprising proton

R;N CO,R,

R,
I, R, = COPh; R, = CH,; R, = CH,
IL R, = H; R, = CH,; R, = COPh
IIL, R, = COPh; R, = CH,; R, = H
IV, R, = COPh; R, = H; R, = CH,



