Acta Chemica Scandinavica B 29 (1975) 695—702

Carbon-13 NMR Studies of Labdane Diterpenoids
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Studies of the 1*C NMR spectra of ten labdane
derivatives using shift reagents, deuterium
labelled compounds, and spin-lattice relaxation
time measurements have permitted assignment
of all signals. Axial, and sterically distorted
methyl groups are shown to have longer relaxa-
tion times than their equatorial counterparts.

Considerable interest has been focused on
carbon-13 nuclear magnetic resonance (**C
NMR) spectrometry of complex natural pro-
ducts ! and its utility for solving structural,2
stereochemical *2¢ and conformational 7 pro-
blems in the terpenoid field has been
demonstrated.

The labdane group of diterpenoids is of
general occurrence in Nature and comprises
members regarded as intermediates in the
biosynthesis of tri and tetracyclic diterpenoids.!®
In tobacco, which contains a series of labdanes,
some of them probably also constitute pre-
cursors of many of the nor-terpenoids en-
countered.’® A *C NMR study of the labdanes
was therefore deemed of interest and this
work * describes the *C NMR spectra of ten
labdane derivatives. The utility of spin-lattice
relaxation time (7',), which has been shown to
reveal unique structural information,?-* is also
briefly explored as a tool for solving assignment
problems in this series.

RESULTS AND DISCUSSION

All compounds studied (I—X) possess a
labdane or nor-labdane (IX) skeleton and
differ with respect to the oxygenation pattern.

* Part of this work has been presented at Or-
ganikerdagarna, Stockholm 1972,
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Their pulsed Fourier transform *C NMR spectra
were obtained at 25.16 MHz in CDCl; using
TMS as internal standard; in most cases both
proton noise-decoupled and off-resonance de-
coupled spectra were recorded. The assignments
of the observed resonances, which are given
in Table 1 and are discussed in some detail
below, were in many cases aided by studies of
T, and lanthanide induced chemical shifts
(LIS), by intercorrelation and by comparison
of literature data for structurally related com-
pounds. The chemical shifts of the quaternary
carbons for two of the compounds examined
here, manool (VI) and sclareol (VII), have been
reported previously, but without assignment.??

Manoyl oxide (I 8,13-epoxylabd-14-ene).?
A preliminary assignment of the non-trivial
resonances was achieved by comparison with
published data * and use of additivity rules;
for the carbons bound to oxygen, C(8) and
C(13), the chemical shift values of C(2) in tetra-
hydropyran (69.7 ppm) was used as the constant
term.* Some relevant values are included in
Table 1 and it follows that there is in most
cases an astonishingly good agreement, despite
the approximations made, between predicted
and observed values in the case of the methylene
carbons. However, large deviations are generally
encountered for the methyl, methine, and
quaternary carbons, some of which therefore
are omitted in Table 1.

Although neither the C(5) and C(9) signals,
nor the C(8) and C(13) signals could be assigned
on a one-to-one basis on the above grounds
alone, differentiation could be accomplished
with the aid of the shifts encountered on reduc-
tion of the C(14)—C(15) double bond (II, IIa)
and oxygenation of ring A (III - V) (vide infra).
Similarly, the C(16) and C(17) resonances could
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Table 1. Carbon-13 chemical shifts

Compound Chemical shift in ppm from internal TMS
C(1) C(2) C(3) C(4) C(5) C(6) C(7) C(8) ¢C(9) <¢C(10)

I Manoyl oxide 39.0 18.6 42.1 33.2 56.4 199 43.2 74.8 557 36.9
37.2 183 41.6 28.7 49.6 195 424 721 53.2 33.6

IT Dihydromanoyl oxide 39.2 187 422 333 565 199 43.1 745 58.3 36.8
III 2-Oxomanoyl oxide 54.6 211.0 56.4 38.7 55.6 20.1 42.6 746 551 42.2
IV 2¢-Hydroxymanoyl oxide 48.1 64.8 51.1 347 54.8 19.5 43.0 74.5 558 38.5
V 3-Oxomanoyl oxide 37.8 33.8 217.3 47.3 549 20.8 42.5 744 549 36.5
VI Manool 39.0 19.3 42.2 33.3 55.6 24.3 38.3 148.6 57.2 39.7
7 2 0 0 5 2 5 9 15 8

VII Sclareol 39.5 18.84 419 33.1 559 20.4 43.9%° 743 61.4 39.0
VIII Labd-13E-en-8-ol 39.8 185 42.1 33.3 56.2 20.6 43.3 74.1 61.6 39.3
IX 14,15-bisnorlabdan-

8-01-13-0one 39.9 188 419 33.2 560 204 445 73.6 60.6 39.2
X Marrubiin 35.34 18.2 28.6% 43.9 44.9 76.6 31.64 32.3 757 39.8

51 79 169 127 137 186 53 81 94 108

be assigned as these were the only methyl to the equatorial C(18), while the highest field
signals (28.5 and 25.5 ppm) whose positions signal was associated with C(20), which is
changed on hydrogenation. subjected to three 1,3-diaxial hydrogen inter-

Of the C(18), C(19), and C(20) methyl actions.®* These correlations were confirmed
resonances, that at lowest field was ascribed by 7', measurements (vide infra).
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and lanthanide induced shifts.
Comments

C(11) C(12) C(13) C(14) C(15) C(16) C(17) C(18) C(19) C(20)
154 35.8 73.0 147.8 110.1 28.5 25.5 33.4 213 15.3
15.7 30.7 21.5 17.4  Predicted
154 35.8 72.8 37.9 8.0 27.2 248 334 213 15.7
15,5 35.5 73.2 147.5 110.4 28.5 25.0 334 229 16.5
154 353 73.0 147.1 109.7 28.6 254  33.3 22.1 16.3
15.6 35.7 73.4 147.9 110.3 28.5 24.8 26.6 20.8 15.0
17.6 414 73.5 145.1 111.4 27.9 106.3 33.6 21.6 14.4
20.0 424 25.9 Predicted 48
37 51 164 41 44 51 7 0 0 5 Eu(FOD), LIS(Hz)
1844 44.8% 73.0 146.2 110.3 26.2 240 333 214 15.3 a,b: may be interchanged
23.9 44.6 137.0 118.3 13.3 15.9 23.9 33.4 21.5 15.5

42.0 135.5 118.4 12.8 15.0 Predicted 2
184  46.2 ? - - 29.8 24.0 33.4 21.4 15.1
28.3 21.0 125.5 111.0 143.2 138.8 16.6 23.0 184.3 22.3 a: may be interchanged
81 40 22 18 31 31 33 158 666 113 Eu(FOD), LIS(Hz)

The assignments made for manoyl oxide (I)
are in agreement with results obtained for
pimaradienes,'” and podocarpanes.?

Dihydromanoyl oxide (II  8,13-epoxylab-
dane).®® The only resonances due to the
carbons of rings A and B, including substituents,
which do not occur at the same frequencies
in the spectra of manoyl oxide (I) and di-
hydromanoyl oxide (II) are those assigned to
the carbons also representing part of ring C,
z.e. C(8), C(9), and C(17). While these alterations
were useful in distinguishing between the methyl
signals and between the C(5) and C(9) signals,
the minor shifts observed for the other ring C
carbon signals did not aid the individual
assignment of the C(8) and C(13) resonances.
However, examination of a labelled derivative,
14,15-d, ,-dihydromanoyl oxide (IIa),*® pre-
pared by catalytic reduction of manoyl oxide
using deuterium gas, resolved this ambiguity,
since the intensity of the C(13) signal de-
creased drastically, while that of the C(8) signal
remained the same;*” the signals due to C(14)
and C(15) were hardly visible.

2-Oxomanoyl oxide (III 8,13-epoxylabd-14-
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en-2-ome )2 The spectrum of this compound
confirmed most of the assignments made for
the ring A carbons of manoyl oxide (I). Thus
the resonances for C(1) and C(3) are displaced
15.6 and 14.3 ppm downfield in agreement with
what has been found on introducing a keto
group into cyclohexanes 3 and steroids.’%
A deshielding of C(4) and C(10) by 5.5 and
5.3 ppm was also observed and since this is a
noticeably larger effect than that encountered
for the cyclohexanes and steroids, it might
partially be associated with a conformational
change on introduction of the keto group.
The resonances due to the proximate methyls,
C(18), C(19), and C(20) all move less than
2 ppm downfield.

20-Hydroxymanoyl oxide (IV; 8, 13-epoxylabd-
14-en-2a-0l).** As for 2-oxomanoyl oxide (III),
the changes in chemical shifts caused by in-
troduction of an oxygen function confirmed
the initial assignments made for manoyl
oxide (1). Thus, the 46.2, 9.0, and 9.1 ppm
shifts towards lower field of the C(2), C(3),
and C(1) signals and the 1.6 ppm upfield shift
of the C(5) signal agree well with values re-
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ported for cyclohexanols.® In contrast, the
C(10) and C(4) resonances move 1.6 and 1.5 ppm
to lower field, a result which differs from that
reported for cyclohexanols but is in accord
with results obtained for steroids.*
3-Ozomanoyl oxide (V; 8,13-epoxylabd-14-en-
3-one).® The chemical shifts of the B- and
C-ring carbons remained, as expected, approxi-
mately the same as in manoyl oxide (1). The
downfield shifts of 15.2 and 14.1 ppm observed
for the C(2) and C(4) signals, and the upfield
shifts of 1.2 and 1.5 ppm for the C(1) and C(5)
signals conform with steroid results.®* The

MWWWW i

carbonyl group exerts a marked effect on the
vicinal geminal dimethyl groups, C(18), C(19),
as already noted for corresponding triterpenes
(upfield shifts of 6.8 and 0.5 ppm).1%:%®
Manool (VI; labd-8(17),14-dien-13-01).% Al-
though manoyl oxides functionalized in rings B
and C are known,** none of these were
available to us in sufficient quantities. Some
bicyclic labdane diterpenoids (VI—X) capable
of providing similar information were examined
instead. The resonances due to the ring A
carbons were readily assigned on the basis of
the results obtained for manoyl oxide (I).

)

3 9 5

L1

MMWWWWMW’ i Wkw

r

T T
120 80

40 PPM

Fig. 1.13C NMR spectra of scla,r,-eol (VII) recorded at 25.18 MHz as 3.2 M (upper) and 1.3 M (lower)

solutions in CDCl,.
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Addition of Eu(FOD), #:# allowed the two
exo-methylene carbon signals, C(15) and C(17)
to be distinquished as the former, due to the
carbon closest to the coordination site, suffered
the largest shift.

Although the europium shift reagents are
known to cause considerable contact shifts in
addition to the pseudocontact interaction,*®
they were found useful for the present spectral
assignment. The observed LIS, listed in Table 1,
along with corresponding estimated chemical
shifts,** allowed unambigous assignment of
all signals. The shifts of the side-chain aliphatic
carbons were estimated from values for the
appropriate alkane (2,5-dimethyl-heptane) 4
allowing for the influence of the double bond ¢
and the hydroxyl group * and in the case of
C(11) accounting for two p-interactions from
C(17) and C(20). The main reason for the
4.4 ppm deshielding of C(6) in manool relative
the corresponding carbon in manoyl oxide,
is considered to be due to the removal of one
of the three methyl 1,3-diaxial interactions with
the B-hydrogen on this carbon.

Sclareol (VII; labd-14-ene-8,13-diol).*® The
proton noise-decoupled spectrum of a con-
centrated solution of sclareol, Fig. 1, showed
large differences in the peak heights, the qua-
ternary carbon signals being highest, followed
in turn by the methyl, methine, and methylene
carbon resonances. Dilution of the sample
produced a spectrum with peaks of roughly
the same heights. This broadening of the peaks
in the spectra of the concentrated solution is
ascribed to a more effective spin-spin relaxa-
tion because of increased viscosity,? the effect
being most noticeable for carbons with short
T,’s, i.e. the methylenes. This can effectively
be used for an estimate of T,’s, yielding in-
formation otherwise also available from off-
resonance decoupling experiments.

Assignment of the resonances was based in
the case of the A and B ring carbons and methyls
on a comparison with the values for manoyl
oxide (I) and in the case of the side chain
carbons with those for manool (VI). Unequivocal
distinction between C(2) and C(11), between
C(7) and C(12), and between C(16) and C(17)
could not be made at this stage due to the
small shift differences, but confirmatory evi-
dence for the assignments made in Table 1
was obtained from the spectrum of labd-
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13E-en-8-ol (VIII) and from 7', measurements
(vide infra).

Labd-13E-en-8-ol (VIII).*® The ring A and B
carbons were again readily identified utilizing
the results for sclareol (VII) and manoyl
oxide (I) and comparison with values for 3-
methyl-2E-hexene * (relevant values are in-
cluded in Table 1) allowed unambiguous
assignment of the side-chain resonances. The
chemical shifts for C(2), C(7), and C(17) were
virtually the same as those for the corresponding
carbons in sclareol and hence strongly support
the assignments made for the latter compound.
The only remaining signal not accounted for
is due to C(11) and appears at an expected
position, ¢.e. 5.5 ppm downfield of the C(11)
resonance in the sclareol spectrum.

Bis-14,15-norlabdan-8-ol-13-one (1X).** Com-
parison with the data for sclareol (VII) and
labd-13E-en-8-0l (VIII) leaves only the C(11),
C(12) and C(16) resonances to be accounted for.
Of these, the signal at 29.8 ppm is clearly due
to C(16), a value consistent with previously pub-
lished results for long-chain methyl ketones,*
and hence that at 46.2 ppm due to C(12),
since C(12) is expected to resonate at lower
field than C(11).*

Marrubiin  (X; 15,16-epoxy-9-hydroxy-8u«-
labda-13(16),14-dien-19,6 B-olide ) .5 Assignment
of the signals due to the carbonyl,* furyl,s®
and hydroxylated carbons left 13 resonances
to be considered more closely and required
the use of Eu(FOD), and selective decoupling.®®

Coordination of the shift reagent is expected
to take place mainly at the lactone carbonyl
and the tertiary hydroxyl group, and to a much
lower extent at the furan oxygen. This was
largely confirmed by the strong shifts observed
for the unambiguously identified resonances
of the carbons in the vicinity of the lactone
ring. Thus C(19), C(6), C(5), and C(4) are
shifted 26.5, 7.1, 5.5, and 5.1 ppm, respectively,
while the hydroxylated C(9) and the vicinal
C(8) and C(10) are shifted 3.7, 3.2, and 4.3 ppm
respectively. Selective proton irradiation at

*The C(12) and C(16) resonances are weaker
than those of the other carbons, either due to
longer relaxation times, or because of the presence
of small amounts of the ring-closed vinyl ether
(IXa), easily formed in acidic media.’s*® The
spectrum of the latter compound is expected to
differ from that of the parent ketone (IX) only
with respect to the C(12), C(13), and C(16) signals.
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2.34 ppm, the expected position for the 58-H
resonance in the proton spectrum, sharpened
the two peaks at 44.9 [C(5)] and 32.3 [C(8)] ppm.

The methylene resonances were assigned as
follows. The signal at 21.0 ppm, undergoing
the smallest LIS, is assigned to C(12) and is
sharpened on irradiation of the proton triplet
at 2.57 ppm. As introduction of the axial
hydroxyl group at C(9) is expected to shift
the C(1) signal about 5 ppm towards higher
field relative to that for sclareol (VII), the
35.3 ppm resonance can be ascribed to C(1).
Of the resonances at 28.6 and 31.6 ppm, the
former, being the more strongly shifted on
Eu(FOD); addition, is assigned to C(3) and
the latter to C(7). Only one methylene signal
(28.3 ppm) then remains to accomodate C(11).

Of the three methyl signals the least shifted
(16.6 ppm) is ascribed to C(17), while the most
shifted one, also appearing at the lowest field,
is assigned to C(18), thereby leaving only
C(20) to account for the 22.3 ppm signal.
Selective decoupling of the C(18) methyl
proton singlet at 1.34 ppm sharpened the
corresponding carbon signal at 23.0 ppm, while
irradiation at the C(20) methyl proton singlet
at 1.11 ppm and the C(17) methyl proton
doublet at 0.99 ppm removed the splittings
of the corresponding carbon peaks at 22.3
and 16.6 ppm.

The above assignments are consistent with
results obtained for other similar lactones.!?

Manoy! oxide (I)

058 0.55
13 121 5CH3 tHa
5279~CHyCH3
045, o 053" 136

Dihydromanoy! oxide (1)

SPIN-LATTICE RELAXATION DATA

Spin-lattice relaxation times were determined
according to the inversion-recovery method.®
The relaxation times of individual carbons were
measured for manool oxide (I), dihydromanool
oxide (II), manool (VI), and sclareol (VII) and
the data are given in Scheme 1.

Extremely rapid relaxation was found for
the carbons of the rigid backbone of the
bicyclic molecules (VI, VII). This is due to
molecular association which tends to slow down
over-all molecular motion. Longer 7,’s, how-
ever, are observed in the case of the tricyclic
compounds (I, II), which is a consequence of
more rapid tumbling due to the absence of
polar groups. The almost equal 7', values
obtained for the backbone methylene carbons
within each compound suggest essentially
isotropic over-all motion. Under these circum-
stances the dipolar relaxation rate is propor-
tional to the number of directly bonded
protons *® in agreement with the experimental
results.

It is known that internal motion is equivalent
to a shortening of the effective correlation time
Tegg thus resulting in lengthened 7',’s.5* How-
ever, no significant increase in the 7',’s of the
sidechain carbons 11 and 12 was observed for
the bicyclic compounds (VI, VII) suggesting
low conformational mobility for these carbons,
at the concentration used.

1.06 1.90

G
oagts  CHi oh9  Chy
27 J2:04 A%}
0.2 I S 0. E‘ =CH.
Ch, 04 2N HO 6.7 2
0493 W 0.2

Manool (V1)

0.75 0.86 0.77 0.38
CH;  CH, osts  CHy

0.1
ol |7 .3 \Qﬂ%\g
o OH =CH.
&h, o3y o | OH 2
3 Jjo.8

0.38 H

Sclareol (V1)

Scheme 1. Spin lattice relaxation times (7',) for the various carbons of manoyl oxide (I), dihydro-
manoyl oxide (II), manool (VI), and sclareol (VII) measured as ca. 2.0 and 1.3 M solutions in

CDCl, at 50 °C.
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Particularly well investigated is the internal
rotation of a group having only one degree
for internal motion.®®! For a methyl group
undergoing internal rotation at a rate which
ig fast compared to over-all motion, one expects
a relaxation time, 7T',(CH,), which is nine times
longer than in the absence of internal motion.5®
This behaviour was for example shown to
apply for the angular methyl carbon in cho-
lesteryl chloride. In manool (VI), the T,’s of
the methyl carbons were found to range from
0.40 to 1.90 s, clearly showing that some methyl
groups do not spin freely. It has been de-
monstrated by several workers ®~% that steric
erowding lowers the barrier to internal rotation.
The concomitant increased rotation rates lead
to lengthened spin-lattice relaxation times.
In the case of manool, the methyl carbon 20,
experiencing 1,3 diaxial interactions with the
28 and 68 protons and the 19 methyl group,
exhibits the longest 7', (1.90 s) of the methyl
carbons, while C(19) displays a 7, of 1.06 s.
The equatorial C(18) as well as the sidechain
C(16) give rise to significantly lower values
(0.49 and 0.40 s). Analogous findings were
made for the other three compounds (I, II,
and VII). Although in sclareol (VII) much
shorter T,’s were generally observed, again a
significantly increased relaxation time was
found for C(20) when compared with that of
the remaining methyl relaxation times in
this molecule. It should be pointed out in this
context, that absolute values of the methyl
relaxation times are of no relevance when a
comparison of data is made for different
molecules. This is only valid on condition that
the T,’s are normalized, which can be done
by dividing 7', (CH,) by T, (CH), where the
latter implies the relaxation time of a methine
carbon which does not undergo internal re-
orientation.®® These results suggest that exami-
nation of methyl carbon T',’s provides a useful
assignment technique in the diterpenoid field.

EXPERIMENTAL

The Fourier transform 3C NMR spectra were
obtained on a Varian X1.-100-12 WG spectrom-
eter operating at 25.16 MHz and equipped with
an 8-124 XL FT accessory. The instrument was
controlled via a Varian 620 L. 16 K computer.

The samples were usually examined as 1 —2 M
solutions in CDCl,; using TMS as internal
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standard. The influence of concentration on
chemical shifts, as judged from data obtained
for sclareol (VII) at two concentrations (3.2 and
1.3 M), was negligible, except for C(7), C(8)
and C(12)—C(16), which ranged from 0.15
to 0.35 ppm.

An RF flip-angle of about 45° was usually
used to achieve optimum sensitivity enhance-
ments in survey spectra. 8 K datapoints were
used in all experiments and the precision of
the peak positions in the proton noise-decoupled
(PND) spectra was about +0.05 ppm. Single
frequency off-resonance (SFOR) spectra were
obtained by irradiating 400 Hz upfield from
TMS in the proton spectrum. Partially relaxed
Fourier transform (PRFT) spectra were ob-
tained by a modified inversion-recovery
method #% in which a pulse sequence of
(90°—T—180°—~¢t—90°—T) was employed.
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Note added in proof: We are grateful to Pro-
fessor E. Wenkert for informing us prior to
publication about his *C NMR results on lab-
danes, which are consistent with ours except
for some assignments of a few closely spaced
peaks.

REFERENCES

1. Wenkert, E., Bindra, J. 8., Chang, C.-J.,
Cochran, D. W. and Schell, F. M. Accounts
Chem. Res. 7 (1974) 46 and references
cited therein.

2. Nakanishi, K., Crouch, R., Miura, I,
Dominquez, X, Zamudio, A. and Villar-
real, R. J. Amer. Chem. Soc. 96 (1974) 609.

3. Braga de Oliveira, A., de Lourdes Moreira
Fernandes, M., Gottlieb, O. R., Hagaman,
E. W. and Wenkert, E. Phytochemustry 13
(1974) 1199.

4. Magnusson, G. and Thorén, S. Tetrahedron
30 (1974) 1431.

5. Kaisin, M., Sheikh, Y. M., Durham, L. J.,
Djerassi, C., Tursch, B., Daloze, D., Brek-
man, J. C., Losman, D. and Karlsson, R.
Tetrahedron Lett. (1974) 2239,

6. den Hertog Jr., H. J., Kruk, C., Nana-
vati, D. D. and Dev, S. Tetrahedron Lett.
(1974) 2219.

7. Mussini, P., Orsini, F., Pelizzoni, F.,
Buckwalter, B. L. and Wenkert, E. Tetra-
hedron Lett. (1973) 4849.

8. Kato, T., Kabuto, C., Sasaki, N., Tsuna-
gawa, M., Aizawa, H., Fujita, K., Kato, Y.,
Kitahara, Y. and Takahashi, N. 7Tetra-
hedron Lett. (1973) 3861.

9. Taylor, D. A. H. J. Chem. Soc. Perkin
Trans. 1 (1974) 437.

10. Moir, M., Riiedi, P. and Eugster, C. H.
Helv. Chim. Acta 56 (1973) 2539.



702
11.

12.
13.

14.

15.

16.
17.

18.

19.
20.

21.

22.

23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.

34.

35.
36.

Almgvist, Enzell and Wehrli

Nakanishi, K., Gullo, V. P., Miura, I.,
Govindachari, T. R. and Viswanathan, N.
J. Amer. Chem. Soc. 95 (1973) 6473.
Hanson, J. R., Savona, G. and Siverns, M.
J. Chem. Soc. Perkin Trans 1 (1974) 2001.
Abraham, R. J., Holden, C. M., Loftus, P.
and Whittaker, P. Org. Magn. Resonance
6 (1974) 184.

Pregosin, P. 8., Randall, E. W. and
McMurry, T. B. H. J. Chem. Soc. Perkin
Trans. 1 (1972) 299; Moss, G. P., Pregosin,
P. S. and Randall, E. W. J. Chem. Soc.
Perkin Trans. 1 (1974) 1525.

Doddrell, D. M., Khong, P. W. and Lewis,
K. G. Tetrahedron Lett. (1974) 2381.
Knight, S. A. Tetrahedron Lett. (1973) 83.
Wenkert, E. and Buckwalter, B. L. J. Amer.
Chem. Soc. 94 (1972) 4367.

Hanson, J. R. In Newman, A. A., Ed.,
Chemistry of Terpenes and Terpenoids,
Academic, London 1972, p. 155.

Aasen, A. J. and Enzell, C. R. Acta Chem.
Scand. B 29 (1975) 528.

Lyerla, Jr., J. R. and Levy, G. C. In Levy,
G. C., Ed., Topics in C-13 NMR Spectro-
scopy, Wiley Interscience, New York 1974,
Vol. 1, p. 81.

Wehrli, F. W. In Levy, G. C., Ed., Topics
wn C-13 NMR Spectroscopy. Wiley Inter-
science, New York 1975, Vol. 2.

‘Wenkert, E., Clouse, A. O., Cochran, D. W.
and Doddrell, D. J. Amer. Chem. Soc. 91
(1969) 6879.

Wenkert, E., Beak, P. and Grant, P.
Chem. Ind. (London) (1961) 1574.
Dalling, D. K. and Grant, D. M. J. Amer.
Chem. Soc. 94 (1972) 5318.

Dorman, D. E., Jautelat, M. and Roberts,
J. D. J. Org. Chem. 36 (1971) 2757.
Stothers, J. B. Carbon-13 NMR Speciro-
scopy, Academic, New York, 1972, p. 270.
Wabhlberg, I., Almqvist, 8.-O., Nishida, T.
and Enzell, C. R. Acta Chem. Scand. In press.
Grant, P. K. and Hill, N. R. Aust. J. Chem.
17 (1964) 66.

Enzell, C. R. and Ryhage, R. Ark. Kemi
23 (1965) 367.

Grant, P. K. and Hodges, R. Chem. Ind.
(London) (1960) 1300.

Enzell, C. Acta Chem. Scand. 14 (1960)
2053.

Weigert, F. J. and Roberts, J. D. J. Amer.
Chem. Soc. 92 (1970) 1347.

‘Wehrli, F. W. In Axerod, T. and Webb,
G. A., Eds., Nuclear Magn. Resonance
Spectroscopy of Nuclei Other than Protons,
Wiley Interscience, New York 1974, p. 157.
Reich, H. J., Jautelat, M., Messe, M. T.,
Weigert, F. J. and Roberts, J. D. J. Amer.
Chem. Soc. 91 (1969) 7445.

Grant, P. K., Munro, M. H. G. and Hill,
N. R. J. Chem. Soc. C (1965) 3846.
Roberts, J. D., Weigert, F. J., Kroschwitz,
J. I. and Reich, H. J. J. Amer. Chem. Soc.
92 (1970) 1338.

317.
38.

39.
40.
41.
42,

43.
44.
45.

46.

47.
48.

49.
50.
51.
52.
53.
54.
55.
56.
57,
58.
59.
60.
61.
62.
63.
64.
65.

Laidlaw, R. A. and Morgan, J. W. W.
J. Chem. Soc. C (1963) 644.

Lukacs, G., Khuong-Huu, F., Bennet, C. R.,
Buckwalter, B. L. and Wenkert, E. Tetra-
hedron Lett. (1972) 3515.

Barltrop, J. A. and Bigley, D. B. Chem.
Ind. (London) (1954) 1378.

Hlubucek, J., Aasen, A. and Enzell, C. R.
Acta Chem. Scand. B 28 (1974) 289.

Giles, J. A., Schumacher, I. N., Mims, S. S.
and Bernasck, E. Tetrahedron 18 (1962) 169.
Aasen, A., Kimland, B., Almqvist, S.-O.
and Enzell, C. R. Acta Chem. Scand. 26
(1972) 832.

Smith, W. B. and Deavenport, D. L.
J. Magn. Resonance 6 (1972) 256.

Sanders, J. K. M. and Williams, D. H.
Nature (London) 240 (1972) 000.
Gansow, O. A., Loeffler, P. A., Davis, R. E.,
Willcott, M. R. and Lenkinski, R. E.
J. Amer. Chem. Soc. 95 (1973) 3389; 95
(1973) 3390.

Lindeman, L. P. and Adams, J. Q. 4Anal.
Chem. 43 (1971) 1245.

Ref. 26, p. 80.

Hodges, R. and Reed, R. I. Tetrahedron 10
(1960) 71.

Ruzitka, L., Seidel, C. F. and Engel, L. L.
Helv. Chim. Acta 25 (1942) 621.

Ref. 26, p. 144.

Sibirtseva, V. E., Leshchiner, A. S. and
Kustova, S. D. Zh. Obshch. Khim. 35 (1965)
275; Chem. Abstr. 62 (1965) 13184.
Cambie, R. C., Joblin, K. N. and Preston,
A. F. Aust. J. Chem. 24 (1971) 583.
‘Wheeler, D. M. S., Wheeler, M. M., Fetizon,
M. and Castine, W. H. Tetrahedron 23
(1967) 3909.

Ref. 26, p. 300.

Ref. 26, p. 253.

Birdsall, B., Birdsall, N. J. M. and Fee-
ney, J. Chem. Commun. (1972) 316.
Freeman, R. and Hill, H. D. W. J. Chem.
Phys. 53 (1970) 4103.

Kuhlmann, K. F., Grant, D. M. and Harris,
R. K. J. Chem. Phys. 52 (1970) 3439.
Allerhand, A., Doddrell, D. and Komo-
roski, R. J. Chem. Phys. 55 (1971) 189.
Kuhlmann, K. F. and Grant, D. M. J. Chem.
55 (1971) 2998.

Alger, T. D., Grant, D. M. and Harris, R. K.
J. Phys. Chem. 76 (1972) 281.

Levy, G. C. Accounts Chem. Res. 6 (1973)
161.

Gray, G. A. and Cremer, S. E. J. Magn.
Resonance 12 (1973) 5.

ApSimon, J. W. A., Beierbeck, H. and
Saunders, J. K. Can. J. Chem. 53 (1973) 338.
Freeman, R., Hill, H. D. W. and Kap-
tein, R. J. Magn. Resonance 7 (1972) 82.

Received January 11, 1975.

Acta Chem. Scand. B 29 (1975) No. 6



