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A CONVENIENT METHOD FOR THE DETERMINATION OF
ABSOLUTE CONFIGURATION AND ENANTIOMERIC EXCESS
OF BICYCLIC SECONDARY CARBINOLS

N. Kalyanam and D, A. Lightner®
Department of Chemistry, University of Nevada
Reno, Nevada 89557 USA

Methods based on nmr spectroscopy are becoming increasingly important in the determination
of absolute configuration and enantiomeric excess (e.e.) of optically active compounds. These
involve either examination of nmr spectra of partially active compounds in a chiral media or
conversion of partially active compounds to diasteromers (using an optically pure auxiliary com-
tls2

pound) whose nmr spectra are examined with or without added shift reagen Yamaguchi et.al.

have described> an lH-nmr method of determination of absolute configuration and e.e. of secon-

dary carbinols using MIPA derivatives?

in the presence of added Eu(fod)z shift reagent. But no
systematic study on the stereochemically important bicyclic secondary carbinols has appeared.
We report here the determination of absolute configuration and e.e. of bicyclic carbinols
through the study of both 19¢ and lH nmr spectra of their MIPA derivatives in the presence of

Eu(fod) 3.

The induced shifts for -OCHz ([LIS]_ OCHs) and -CFz ([LIS] CFS) signals in 14 nmr and 19F
nmr respectively are summarized in the Table. It is evident that R-(+)- -MTPAS derivatives of B-R
alcohols® have higher [LIS]_ -OCH,4 and [LIS]_ CFy values than R-(+)-MTPA derivatives of B-S alco-

hols.® This can be rationalized using the follow1ng empirical models. 37
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The lower steric hindrance experienced by the complexing shift reagent in 12 than in 14
should increase the steady state concentration of 12 over 14; hence, [LIS]-OCH;z, and [LIS]_CF3
for R(+)-B-R (11) must be larger than those for R-(+)-B-S (13). However, for 3, 4 and 5 no use-
ful separation of -OCHz groups for the diastereomers 11 and 13 is obtained in the 1H-nmr [(i.e.)
A[LIS]_QCH3 = 0], but the -CF3 signals for the corresponding diastereomers are well separated.
Thus 19F-nmr offers a distinct advantage over Honmr. The simple two line spectrum for the
diastereotopic -CFz signals in 19¢_nmr with no interfering signals is clearly preferable to 1h-
nmr method in which the carbinyl, olefinic and aromatic hydrogens interfere with the downfield-
shifting signals for -OCHz groups. Also in most cases [LIS]_CF3 are generally larger than
[LIS]-OCHs'

It can be seen from the table that A[LIS]-OCH3 and A[LIS]_CF3 are of the same magnitude for
3, 4 and 5. The results are readily explicable in terms of the models proposed (vide supra).
;or—g and—‘i, R; and Ry are of the same magnitude and hence A[LIS] values must be similar. For
5, both Ry and Ry become equally sterically congested in going from 3/4 to 5. Higher increases
in A[LIS]-OCH3 and A[LIS]-CF3 for 6 and 7 can also be explained by the models proposed. For
example, the diastereomer R~(+)-B-R of 6 derives additional stabilization in 12 because the syn
-OCH3 group is sterically disposed to coordinate with Eu(fod)z (see 15), whereas such a situation
does not exist for R-(+)-B-8 isomer of 6. The increased coordination of Eu(fod)z with the B-R
isomer relative to the B-S isomer is expected to give increased A[LIS]_OCH:‘ and A[LIS]_CFS. This
conclusion is supported by the fact that [LIS]EYA*OCHZ for R-(+)-B-R isomer (1.03) is greater
than [LIS].S)E'OCHS for R-(+)-B-S isomer (0.96).
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Table: Lanthanide Induced Shifts of the Methoxy and Trifluoromethyl
Groups in the Acid Moiety for the Diastereomeric R-(+)-MTPA
Esters in the Presence of Eu(fod)z
Structure o
Entry| the Carbinyl ly-nmr patab 19¢_nmr Datab
Moietyd
[LTST ocHs for [ILIS]_ochz O [LIS] cps for [[LIS].cEr5 fo
cH, R-(+)-B-R R-(+)-B=S  |A[LIS).gcH, R-(+)~B-R R-(+)-B-S PILIS]_cF4
Derivative Derivative Derivative Derivative
R
L. OH
1= 5.7 - - 3.7 - -
GH3
2d 8:\ O 18.7 14.7 4.0 22.3 18.7 3.6
3€ LbRM 10.9 10.9 0 14.2 13.9 0.3
L. OH
R E
£ L& 5
1.6 11.6 0 14.7 14.3 0.4
VES 7 ol 1
RLH
& Fu . 5.2 0 13.3 12.7 0.6
5& | s 15.2 1
R
H
6 4.8 4.4 0.4 7.9 7.0 0.9
7% 8.2 6.9 1.3 10.6 9.4 1.2
8l 17.5 14.2 3.3 19.9 17.3 2.6
ok 14.2 11.8 2.4 15.5 13.5 2.0
oxt
Ry
R, OH
10K fw 12.8 11.2 1.6 15.9 13.9 2.0
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Table (continued)

a. Absolute configuration for all the compounds are known except for 7 and 8. The absolute
configuration of 7 is established in this work.

b. The spectra were obtained on a JEOL FX~100 Fourier transform spectrometer in CDClz solvent
with TMS and CFCl; as internal standards for “H- and ““F-nmr respectively; [LIS] values
were evaluated using (Eu(fod)sz/Mosher esters) molar ratios from 0.1-0.5.

c. Only the pure (1R, 2R) isomer used; C., S. Pak, Ph.D. dissertation, University of Nevada,
Reno, 1977.

d. Prepared by C. S. Pak according to H. C. Brown and N. M. Yoon, J. Am. Chem. Soc., 99, 5514
(1977). -

e. Prepared by B. V. Crist according to the procedure described by H. C. Brown, N. R. Ayyangar
and G. Zweifel, J. Am. Chem. Soc., 86, 403 (1964).

f. C. 8. Pak, Ph.D. dissertation, University of Nevada, 1977.

g. Prepared by the reduction of a mixture of d- and dl-camphor by K-Selectride according to
the procedure described by B. Ganem, J. Org. Chem., 40, 146 (1975).

h. Prepared by G. L. Landen and J. Gawronski; originally described by D. A. Lightner and
D. E. Jackman, J. Am. Chem. Soc., 96, 1938 (1974).

i. Prepared by the oxymercuration of 8-ethylenedioxy-[3.2.1]-bicyclooct-6-ene and resolved
as the half acid-phthalate; L. May and N. Kalyanam.

j. Prepared by W. K. Yokoyama according to the procedure by J. Meinwald, J. Crandall and
E. Hymans, Org. Synthesis, 5, 86 (1973).

k. D. A, Lightner and W. A. Beavers, J. Am. Chem. Soc., 93, 2677 (1971).
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