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Summary

The mass spectra of 8,8-dicyanoheptafulvene and its derivatives, which are con-
sidered to belong to a non-benzenoid aromatic compound, were measured.

The high degree of aromaticity of 8,8-dicyanoheptafulvenes was made clear by mass
spectrometry.

Low mass regions of dicyanoheptafulvene showed the elimination of hydrogen cya-
nide from parent ion and rearrangement to phenylpropiolonitrile ion.

The mass spectra of methoxy dicyanoheptafulvenes showed fragmentation quite
different from that of 8,8-dicyanoheptafulvenes.

The structures and fragmentation processes of dicyanoheptafulvenes were discussed.

(Received June 2, 1964)
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130. Kazuo Tori, Yoshio Hamashima, and Akira Takamizawa : Nuclear
Magnetic Resonance Studies of Bridged Ring Systems. V.*!
Signals of Methyl Groups in Bornane Derivatives.*?

(Shionogi Research Laboratory, Shionogi & Co., Ltd.*3)

In recent years, many studies dealing with nuclear magnetic resonance (NMR) spec-
tra of compounds having a bicyclo[2.2.1]Theptane skeleton have been made in connec-
tion with their stereochemistry.!™® Kumler, ef al.V investigated the spectra of some
3-halogenocamphors and assigned the three methyl signals on the bases of the magnetic
anisotropy effects of the carbonyl group and halogen atoms, and the effect of freedom
of rotation of the methyl groups which is reflected in sharpness (or the amplitude) of
their signals. Wolinsky® also applied the downfield shift of a methyl signal due to the
close approach of a bromine atom for structure estimation of a-bromoderivatives of
4,4-dimethylbicyclo[3.2.1Joctan-2-one and 4,4-dimethylbicyclo[3.2.1]Joctan-3-one, inspect-
ing the NMR spectra of several known compounds such as 3,3-dibromocamphor (XXX)

#1 Part V. K. Tori, K. Kitahonoki, Y. Takano, H. Tanida, T. Tsuji : Tetrahedron Letters, No. 11,
559 (1964).

*2 A part of this paper was delivered at ‘“ The 2nd Symposmm on Nuclear Magnetic Resonance (Japan),”’
in Tokyo, November (1962).

*# Fukushima-ku, Osaka (GB Fik, EEFH, BRR ).
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(1964) and references cited therein.
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and 2-exo-bromobornane for comparison. On the other hand, an angular methyl signal
in steroids is known to be shifted downfield when a substituent is introduced into
a position 1,3-diaxial to the angular methyl group.!*!'® Further, the additivity principle
for signal shifts of the angular methyl groups due to various functional groups has
been well established.!® On the basis of the NMR studies of many hydroxylated ste-
roids, Kawazoe, et a/.'® have concluded that the spatial vicinity of a hydroxyl and
a methyl group causes a marked downfield shift for the methyl signal and that acety-
lation of the hydroxyl group causes a characteristic upfield shift. They have also
applied these findings to some other ring systems including 2-endo-hydroxybornane
(borneol, II) and 2-exo-hydroxybornane (isoborneol, V)!®» and have also explained the
positions of the methyl signals given by each of the four diastereoisomers of 2,3-dihyd-
roxybornane reported by Anet,” who investigated the spectra of these four compounds
to reveal the relation of spin-coupling constants to the stereochemistry of the bicyclo-
[2.2.1]Theptane system. More recently, having studied the spectra of many bornanes in
carbon tetrachloride to discuss mainly the signals of protons on substituent-bearing
carbon atoms in connection with the stereochemistry, Flautt and Erman'® have also
described the large downfield shift of one methyl signal due to some exo-substituents.
However, we consider that these assignments of methyl groups in bornane derivatives
are not clearly made, and hence much work will be required to establish the assign-
ment. In this paper we present '
assignment of the three methyl
signals of some derivatives of bor-
nane (1,7,7-trimethylbicyclo[2.2.1]-
heptane (I))** and camphor (1,7,7-
trimethylbicyclo[2.2.11heptan-2-one
(II')) on much more reliable bases.
Substituent effects on the methyl
signals in bornanes are estimated
and discussed briefly. Some other
features of their spectra are descri-
bed also. Chart 1.

Results and Discussion

All the compounds examined and their NMR spectral data are listed in Table I.
In general, the spectra were analyzed by the first order treatment.

Assignment of the Spectra of Bornane Derivatives

The spectrum of I shows one sharp signal for the methyl groups at 9.17 = in chloro-
form and at 9.217 in pyridine, as predicted by Kumler, ef ¢/. In general, most of
the 2-exo-substituted bornanes examined show three distinct signals for their methyl
groups, one of which gives a sharp signal characteristic of a less hindered methyl

*1 The protons Hepgo and Hezo are abbreviated to Hy and Hy, respectively.

10) For example, see R.F. Ziircher : Helv. Chim. Acta, 44, 1380 (1961); Idem : Ibid., 46, 2054 (1963);
J. C. Jacquesy, J.M. Lehn, J. Levisalles : Bull. soc. chim. France, 1961, 2444.

11) Y. Kawazoe, Y. Sato, M. Natsume, H. Hasegawa, T. Okamoto, K. Tsuda : This Bulletin, 10, 338
(1962).

- 12) K., Tori, K. Kuriyama : Chem. & Ind.(London), 1963, 1525.

13) T. Okamoto, Y. Kawazoe : This Bulletin, 11, 643 (1963); Y. Kawazoe : presented at ¢ The 16th
Annual Meeting of Pharm. Soc. Japan,” at Shizuoka, November (1962).

14) T.J. Flautt, W.F. Erman: J. Am. Chem. Soc., 85,3212 (1963); and also refer to W.F. Erman,
T.J. Flautt : J. Org. Chem., 27, 1526 (1962).
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group.? A broader methyl signal at a relatively lower field in the spectra of 2-exo-
substituted bornanes can be assigned to the 8-methyl group on the basis of the conclu-
sion of Kawazoe, e¢f al.'»'» However, assignment of the other two signals is some-
what difficult. As shown in Fig. 1, the spectrum of 2-exo, 9-dihydroxybornane (V) gives

T
10—CH,

Hyx
MN\ 8-CHs | 9—cH,
in pyridine T™S
Hay OH
@ N TN
HOH,C 10—CH,
OH
8--CH,
v TMS
H2 N» Hg
CH,OH
. 8—CH, 9—CH,
Vi TMS
H,n, Hypo
OH OH
(e) .
6 7 8 9 10

T

Fig. 1. Nuclear Magnetic Resonance Spectra of 2-exo-Hydroxybornane
(), 2-exo, 9-Dihydroxybornane (V), and 2-exo, 10-Dihydroxybornane
(V) in Chloroform at 60 Mc.p.s.

two methyl signals, the one at a higher field having a greater amplitude than the other,
whereas the spectrum of 2-exo,10-dihydroxybornane (VI) shows two methyl signals of
an equal amplitude. These observations show that the sharpest methyl signal at 9.11 +
and the methyl signal at a field lower than the other two (8.987) in NV are due to the
10- and 8-methyl groups, respectively. This result is consistent with that reached by
Wolinsky® who examined 2-exo-bromobornane. The spectra of NV, V, and W observed
in pyridine are essentially the same as when observed in chloroform. However, the
signals of the 8- and 10-methyl groups are shifted markedly to lower fields, whereas
the signal of the 9-methyl group is shifted slightly. Such a large downfield shift of
a methyl group in pyridine is usually seen when the methyl group and a hydroxyl

NII-Electronic Library Service
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group are located closely in a molecule.’*'® This finding is believed to be useful for
assigning the methyl signals exhibited by 2-exo-hydroxybornane derivatives. For ex-
ample, the spectrum of 2-exo-hydroxy-3-endo-aminobornane (XI) shows only two methyl
signals in chloroform; the signal at 8.93 = corresponds to one methyl group and the other
at 9.157 to two methyl groups. In the spectrum of XI in pyridine, these methyl signals
are found well-separated at 8.70, 8.97, and 9.14+, and accordingly are assigned to the
8-, 10-, and 9-methyl groups, respectively. In addition, the 10-methyl signal at 8.97 =
has the greatest amplitude as expected. The methyl signals given by -other bornane
derivatives having a 2-exo-substituent were assigned in a similar manner.

T ! ! l
Hzx 8—CHs
M 9—CH;
: - 10— CH, TMS
in pyridine *
OH
Hzx
(a) ' -
Hay Hox CI
9—CHs
_JW“/\/L. NM
D:0 was added XV 3 OH
NI NHAc
S
4.56
OH
(b)
OAc NAc
9--CHs
, TMS
Ha, Y OAc 10 --CH.
H 8-~ CHjs
NH XVII NHAc
1 1
4.23 4.85
(o ANV || R
! 1 . . '

6 7 8 9 10
4

Fig. 2. Nuclear Magnetic Resonance Spectra of 2-endo-Hydroxybornane
(II), 2-endo-Hydroxy-3-endo-acetamidobornane (XV), and 2-endo-
Acetoxy-3-endo-acetamidobornane (XVI) in Chloroform at 60 Mc.p.s.

The spectrum of I in chloroform exhibits an almost single peak for the methyl
signals as shown in Fig. 2(a). In contrast, the spectrum of 2-endo-hydroxy-3-endo-
acetamidobornane (XV) in chloroform shows three peaks for the methyl groups, one of

15) Refer to N. Nakagawa, S. Tsuji, M. Onishi : presented at * The 16th Annual Meeting of Chem.
Soc. Japan,” in Tokyo, April (1963); G. Slomp, F. McKellar : J. Am. Chem. Soc., 82, 999 (1960).
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which gives the sharper signal at 9.14  assignable to the 10-methyl group (Fig. 2 (b)).
Further, in the spectrum of XV in pyridine, the 10-methyl signal is shifted downfield
(9. 07 7), whereas the other two methyl signals are slightly shifted upfield. The solvent
effect of pyridine appears to exert the downfield shift only on the 10-methyl signal.
Thus the methyl signal at the lower field in the spectrum of II in pyridine can be
assigned to the 10-methyl group. In the spectra of 2-endo-hydroxy-3-endo-aminobor-
nane (X) and 2-endo-hydroxy-3-endo-methylaminobornane (XII), the methyl signal at the
highest field in chloroform which moves to a lower field in pyridine was assigned to the
10-methyl group. These results also support the assighment for the methyl signals of
Il in carbon tetrachloride made by Tiers.'® The methyl groups of other 2-endo-sub-
stituted bornanes were assigned in a similar manner.

Other signal assignments in the spectra of bornane derivatives of M~XVIl were
carried out in the usual way. In general, the signal of the bridgehead proton H, is ob-
scured by other signals. In regard to signal patterns and coupling constants of protons
on the substituent-bearing C,- and C;-atoms, we obtained results similar to those
reported by other workers.>¢' The proton H,y of 2-exo-chlorobornane (X) shows its
signal as a distinct quartet which is easily analyzed by the first order treatment. This
is also the case with the signal of the proton H,y of V in pyridine, which appears as
a second order pattern of the X part of an ABX system in chloroform®'® (see Fig. 1
(@)). As has been observed frequently,’*'” the CONH proton of 3-endo-acetamido group
is coupled with the proton H;y. In Figs. 2(b) and (c) are shown typical examples of
this coupling. This spin coupling was removed by addition of a small amount of deu-
terium oxide to the solutions examined.'®

Assignment of the Spectra of Camphor Derivatives

The spectrum of I in chloroform shows one sharp and two broader signals for the
methyl groups, as shown in Fig. 3(a). Kumler, ef a/.” reported that the former signal
and the lower field signal of the latter arise respectively from the 9- and 10-methyl
groups. The spectrum of XXX also exhibits one sharp and two hindered-methyl signals,
implying that one of the hindered-methyl signals can be assigned to the 8-methyl group
because of the close approach of the 3-exo-bromine atom as described by Kumler, ef al.V
To establish the assignment of the methyl groups in camphor derivatives, we measured
the spectra of 10-substituted camphors. The spectra of 10~-hydroxy-, 10-acetoxy-, and
10-bromocamphors (XX, XXII, and XXIV) show two signals with a greater and a smaller
amplitude for the methyl groups. Thus all the three methyl signals in I were assigned
as shown in Fig. 3(a). These assignments are consistent with those reported by
Kumler, et al.V and Wolinsky.? Then the 9-methyl group in camphors was revealed
to give the sharpest signal in contrast to the case of bornanes. Further, it should be noted
that the 10-methylene signal in XX appears as an AB-type quartet whereas that in XXI
appears as a singlet. The former fact can be ascribed to the hydrogen-bonding between
the 10~hydroxyl and the 2-carbonyl group because the AB-type quartet in XX turns into
a singlet in pyridine. The spectra of 9-hydroxy-, 9-acetoxy-, and 9-bromocamphors
(XXI, XXII, and XXV) show an AB-type quartet for the 9-methylene groups, whose lower
field half peaks are broadened or further split into quartets. On the other hand, the
8-methyl signals of these compounds are somewhat broadened (in XXI and XXII) or split

16) G.V.D. Tiers: ¢ Characteristic Nuclear Magnetic Resonance Shielding Values for Hydrogen in
Organic Structures,”” Minnesota Mining & Manufacturing Co., St. Paul, Minn. (1958).

17) For example, see H.S. Gutowsky, C.H. Holm: J. Chem. Phys., 25, 1228 (1957); K. Tori: Ann.
Rept. Shionogi Research Lab., 12, 114 (1962).

18) H.M. Fales, A.V. Robertson : Tetrahedron Letters, No. 3, 111 (1962).
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T T T T T
9—CHs
10—CHs|li | 8—cH, TMS
Hax Hax
il ] [
(a) MMAAJ\N
AN .
9—CHs
H)o CHZOH
0]
8—CH:  TMS
XX
in pyridine
+ Hio
(b)
{ﬁ.
BrH.C
10—CH, _
0] 8—CH: ™S
XXIIL
H,
(¢) vaﬂjw
1 L L 1
6 7 8 9 10

Fig. 3. Nuclear Magnetic Resonance Spectra of Camphor (I[), 10-
Hydroxycamphor (XX), and 9-Bromocamphor (XXII) in Chloroform at
60 Mc.p.s.

into a doublet (in XXV shown in Fig. 3(c)), indicating the long-range spin coupling be-
tween the 8-methyl and the 9-methylene group.!® Therefore, the spectra of XXT, XXII,
and XXV could not be used for assignments of the methyl signals.

Other signal assignments in the spectra of camphor derivatives of XIX~XXXI were
made in the usual way. In the case of 3-substituted camphors, the signal of the bridge-
head proton H, appears separated.'**® The protons H,, and H,; in I and XXV were
tentatively assigned to the AB-type quartet, whose peaks in the lower field are further
split into quartets, as shown in Fig. 3(a).

Other NMR features except for the methyl signals in all the compounds examined
are consistent with those already reported by other workers.»»*%!  Thus we will dis-
cuss only the methyl signals in the following sections.

19) D.R. Davis, R.P. Lutz, J.D. Roberts : J. Am. Chem. Soc., 83, 246 (1961); D. R. Davis, J. D. Roberts :
Ibid., 84, 2252 (1962).
20) Refer to S.L. Manatt, D.D. Elleman : Ibid., 83, 4095 (1961).
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Taste . Substituent Effects on the Chemical Shifts of Methyl Groups
in Bornanes, in p.p.m.®

Substituent Compounds to be compared 8-H 9-H 10-H

2-endo-OH I~1I —0.03 —0.03 —0.02
—0. 04 —0. 04" —0.01»

(—0.08) (—0.08) (—0.19)

2-ex0-OH I~N —0.19 0.00 —0.06
—0. 20" —0.01» —0.07®
(—0. 50) (—0.06) (—0.28)

2-endo-OAc I~V —0.08 —0.04 0.00
—0.11» —0.05» 40.01»

2-ex0-OAc I~ —0.16 —0.01 —0.01
—0.16» —0.01» —0.01»

2-endo-C1 I~KX —0.10 —0.04 —0.04
—0.12» —0.07® —0.08»

2-ex0-Cl I~X —0.27 —0.04 —0.17
—0. 29" —0.05» —0.20»
2-ex0-Br I~2-exo-bromobornane® —0. 31 —0.04%9 —0.18%9
2-endo—-(p-HO-CoH,) I~XXXIN? —0.20" —0.11» +0. 129
2-ex0—(p~-HO-CeHy) I~XXXIV® +0. 10 40.01%» +0.01»
2~endo-OCeHj; I~XXXVD —0.10® —0.10» —0.10®
2-ex0-OCsHj; I~XXXVI®» —0. 23" —0.04D —0.16"

2-C=0 I~ —0.02 —0.09 —0.12
(+0.07) (—0.11) (—0.03)

2-C=NOH I~XXV 0.00 —0.18 —0.09

3~endo-Cl I ~XXVII —0.08 —0.05 —0.09
3-ex0-Cl T ~3-exo-chlorocamphor® —0.13% —0,13% —0.18%

3-endo-Br I ~XXIX —0.09 —0.04 —0.11
—0. 139 —0.13% —0. 209

3-exo-Br XXIX~XXX —0.31 —0.06 —0.03

—0. 3059 —0. 0769 —0. 03%%

3-endo-NH, M~X —0.04 —0.04 —0.01
(+0.01) (+0.01) (+0.04)

V~XI —0.04 —0.02 +0.04
(—0.02) (—0.01) (+0.04)

3-endo-NHMe I ~XII —0.04 —0.04 —0.01
(—0.01) (—0.01) (+0.03)

V~XIV —0.05 —0.02 +0.04
(—0.04) (—0.03) (+0.04)

I ~XXXI —0.05 0.00 —0.04

XIX~XXXI —0.06 0.00

3wendo-NHAc m~XV —0.08 —0. 05 —0.01
(—0. 04) (+0.01) (+0.05)

V~XVI —0.13 —0.05 —0.02
(—0.07) (+0.01) (+0.03)

VI~XVI —0.13 —0. 06 0.00

VI ~XVIIL —0.11 —0.05 +-0.02

3-C=0 I ~XXVI —0.09 —0.18 —0.07

3-C=NOH I ~XXVIL : —0.03 —0.10 —0.02
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9-OH N~V —0.15 —0.08
(—0.36) (—0.16)
T ~XIX —0.12 +0.01
XXXT~XXXT —0.13 +0.05
9-OAc T ~XXI —0.27 —0.17
9-Br T ~XXII —0.14 +0.01
10-OH V~¥ —0.16 ~0.06
(—0. 15) (—0. 12)
IL~XX —0.14 o011
10-OAc T ~XXT —0.14 —0.14
10-Br T ~XXIV —0.08 —0.18
2-endo-O
>C=O T~XXXVI —0.14 —0.10 —0.13
3-endo-N
Me
i_::_;>c=o T~XXXVI S A oF ~0.20
Me

a) Displacement of the signal positions in CHCI; due to introduction of a substituent into a bornane
skeleton. Plus sign represents an upfield shift. Values in parentheses are the shift values
observed in pyridine.

b) Values derived from the data observed in CCl; by Flautt and Erman.1

¢) Values derived from the data observed in CCl; by Wolinsky,*5,9

d) Values derived from the data observed in CCl; by Kumler, ef al.*5D

Substituent Effects on the Chemical Shifts of Methyl Groups

Table I summarizes some substituent effects on the chemical shifts of the methyl
groups derived from the data in Table I and in the literature %% ‘

As indicated in Table I, signal shifts of the methyl groups due to shielding by
some functional groups appear to hold an additivity principle. In steroids, this principle
for the angular methyl groups has been well established.)® However, it has become
apparent that when conformational changes of rings occur, this additivity principle can
be no longer valid because a change in the spatial relation of a substituent to a methyl
group will generally lead to a different shielding effect on the methyl group.”® Espe-
cially, when a group possessing strong diamagnetic anisotropy such as a carbonyl group
is present in the ring, considerable caution must be exercised.?? Therefore, the shield-
ing values of the methyl groups by substituents may vary depending on the skeleton,
either bornane or camphor, to which they are attached. However, no substantial dif-
ference in the shielding effect between both series was observed, as seen from Table T,
except for a little difference in the shielding of the 10-methyl group. An exo-substi-
tuent has a special feature for shielding of the 8-methyl group, which is remarkably
less shielded than the others by an exo-substituent. This phenomenon is understood
from the fact that the spatial relation of the 8-methyl group to an exo-substituent is
1,3-diaxial-like, as quoted by Kawazoe, e¢f al.'® The observed shift values of the
8-methyl group due to a 2-exo-hydroxyl, a 2-exo-acetoxyl, a 2-exo—chlorine, and a 2-exo—
or a 3-exo-bromine are about —0.20, —0.16, —0.27, and —0.31 p.p.m., respectively. These

*5 To convert the available NMR information to values relative to a common internal reference (TMS),
we have taken 3rugvensene=6.45 p.p.m. from comparison of the data on XXX observed by us with
those of the different workers.1>®

21) A.D. Cross : J. Am. Chem. Soc., 84, 3206 (1962); K. Tori, T. Komeno : Tetrahedron to be publ-
ished.
22) A.D, Cross, I. T. Harrison : J. Am. Chem. Soc., 85, 3223 (1963).
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values are of a similar order of magnitude to the observed angular methyl shifts due
to 1,3-diaxial substituents in steroids. For example, the values of the 19-methyl shifts
due to a 68-hydroxyl, a 68-acetoxyl, a 68-chlorine, and a 68-bromine were reported to
be about —0.23, —0.18, —0.32, and —0.26 p.p.m., respectively.’® These large shift values
have generally been ascribed to the diamagnetic anisotropy, the bond dipole effect and
the steric interaction of a substituent,**~2:2%23 glthough a clear explanation has not been
made so far. The effects of a carbonyl and a hydroxyimino group are readily explained
as their anisotropic shielding effects,?® as shown in Chart 1: the 10-methyl group is
most deshielded and the 8-methyl group is most shielded in II.

Recently, some interesting NMR data on many phenyl-substituted bornanes have
been reported by Flautt and Erman,'® though they did not assign the methyl signals.
Hence, from the reported data we have tentatively assigned the methyl signals of
p-bornylphenol (XXXII), p-isobornylphenol (XXXIV), bornyl phenyl ether (XXXV), and iso-
bornyl phenyl ether (XXXVI) (see Chart 2) as typical examples, and have given the shift

XXXIII
XXXV
0}
XXXVI
Chart 2.

values due to the p-hydroxyphenyl and phenoxyl substituents in Table II. The shield-
ing effect of a benzene ring is well known as the ring current effect.?¥ An examina-
tion of Dreiding models*® shows that the 2-endo-p-hydroxyphenyl group in XXXII can not

*¢ In Dreiding models, a ¢ tetravalent carbon for a four membered-ring >’ was utilized for the C,~atom
in bornane skeleton for convenience.
23) W. Nagata, T. Terasawa, K. Tori: J. Am. Chem. Soc., 86 (1964), in press.
24) L.M. Jackman : *¢ Applications of Nuclear Magnetic Resonance Spectroscopy in Organic Chemistry,”
Chap. 7 (1959), Pergamon Press, New York, N.Y.
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freely rotate around the C,~¢ bond. Therefore, the shielding effect of the 2-endo-p—
hydroxyphenyl group is qualitatively consistent with that anticipated from the Dreiding
models. Interestingly, the 2-exo-p-hydroxyphenyl group in XXXIV is face to face with
the 8-methyl group, as shown in Chart 2. In this situation, the 8-methyl group is highly
shielded by the benzene ring, and accordingly the shift value of +0.10 p.p.m. is very
reasonable. On the other hand, the 2-endo- and 2-exo-phenoxyl groups produce effects
similar to those of other substituents upon the methyl groups in XXXV and XXXVI, as
given in Table II. Dreiding models*® show that the phenoxyl group can freely rotate
around the O-¢ bond, but not around the C,~O bond in XXXV and XXXVI as shown in
Chart 2. Therefore, the benzene ring of the 2-exo—phenoxyl group in XXXVI is situated
at a position where it has less shielding effects on the methyl groups, whereas the
effects of the 2-endo-phenoxyl group are relatively small, as expected. The other data
on the methyl groups in phenyl substituted bornane derivatives described by Flautt and
Erman' can be explained by the above concept.

We have recently synthesized 3-methyl-3a~exo, 7a-exo—-bornano[3,2-dJoxazolidin-2—
one (XXXVI) and 3-methyl-3a-endo, 7a-endo-bornano[3,2-dJoxazolidin-2-one (XXXVII) (see
Chart 3) whose structures were confirmed from the NMR signals of their protons H,,
and H,,.?® The shift values of the methyl signals due to the oxazolidinone group are
given in Table II. Although assignment of the 8- and 9-methyl groups in XXXVII can
not be made, a fairly small value should be obtained for the 8-methyl shift produced
by the exo-oxazolidinone group in XXXVII, as compared with other exo-substituents.
A plausible explanation for this small shift is that the carbonyl group in the exo-oxazo-
lidinone ring exerts a strong shielding effect on the 8-methyl group, as illustrated in
Chart 3, and this can decrease the deshielding effects due to the 2-exo-oxygen and
3~exo-nitrogen atoms.

e
0
N
Me 0°
XXXVII XXXVII

Chart 3.

Thus considerable caution must be taken when estimating the configuration of a sub-
stituent which involves a group having a powerful anisotropy, such as a carbonyl or
a benzene ring, from the methyl signals.

Solvent Effect on the Chemical Shifts of the Methyl Groups

As described earlier, considerable changes in the signal positions of the methyl
groups in hydroxy derivatives of bornanes are caused by altering the solvent from

25) Y. Hamashima, K. Tori, A. Takamizawa : to be published.
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chloroform or carbon tetrachloride to pyridine or benzene. As seen from Tables I and
I, the signal of a methyl group closely situated to a hydroxyl group is shifted to a lower
field in pyridine,»'%? whereas most of the methyl signals move to higher fields in
benzene.'  This solvent effect of pyridine is due probably to the hydrogen-bonding
between the hydroxyl group and a pyridine molecule, which can exert a deshielding
effect on neighboring protons.'*!%2®  On the other hand, the methyl signals in I are
shifted to higher fields in pyridine and benzene. Such phenomenon was usually ascer-
tained when a carbonyl group is present in a molecule studied.?®

Experimental

All the spectra were taken with a Varian A-60 spectrometer, the calibration of which was checked
according to Tiers and Hotchkiss,?> on 109 (w/v) solutions of the samples in CHCl;, CCly, pyridine, and
benzene containing tetramethylsilane (TMS) as an internal reference at room temperature. For the
assignment of a hydroxyl and an amino signal and for the removal of spin coupling effect of a hydroxyl
and an amino proton, a small amount of D,O was added to the solutions.!® Chemical shifts are ex-
pressed in r-values, and coupling constants in c.p.s. Accuracy limits of the measurements are about
+0.02 ¢ for chemical shifts and about +0.3c.p.s. for coupling constants.

We thank Prof. S. Uyeo of Kyoto University and Dr. K. Takeda, Director of this laboratory, for
their encouragement, and also Mr. K. Aono for running some of the spectra.

Summary

Nuclear magnetic resonance spectra of many bornane derivatives have been studied.
The signals of the three methyl groups in the bornane derivatives were assigned. Sub-
stituent effects due to various substituents upon the signal positions of the methyl groups
were evaluated and discussed briefly. The effect on the signal position of a methyl
group on the bridge carbon is considerably greater when a substituent is exo-oriented
than when it is endo. However, an exo-substituent which involves a group possessing
a powerful diamagnetic anisotropy such as a phenyl and a carbonyl group does not
always give a downfield shift to a methyl signal. In such a case, considerable caution
must be exercised when considering the configuration of a substituent.

(Received May 9, 1964)

26) J.P. Kutney : Steroids, 2, 225 (1963).
27) G.V.D. Tiers, D.R. Hotchkiss : J. Phys. Chem., 66, 560 (1962).
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