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4) but with the concomitant protonation of a third group absorbing 
around 1710 cm-I, keeping the total number of charges constant.I7 
It is not clear which mechanism shields the additional charge in 
5,6-diH-META-I. 

The data presented in this work provide evidence that saturation 
of the 5,6-double bond of the retinal chromophore leads to the 
formation of a new intermediate (BSI) a t  80 K, in which the 
retinal chromophore adopts a relaxed conformation, although the 
protein can be assumed to be rather rigid at  this temperature. This 
phenomenon is indicative of a tightly packed protein geometry 
in the vicinity of the ionylidene ring which hinders the relaxation 
of the twists caused by the cis-trans isomerization at the BATHO 
stage of the unmodified pigment. Due to the greater flexibility 
of the chromophore in 5,6-diH-ISORHO, the relaxation process 
can occur already at  lower temperatures. In the native pigment, 
since the relaxation process leading to the BSI intermediate is 
slower, it can be resolved a t  room temperature with use of na- 
nosecond spectroscopy.I2 These results show that the steric in- 
teraction of the chromophore with the protein is important in 
regulating the relaxation process during the reaction cascade. This 
agrees well with the previous results on the photoreactions of 
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9-demethylrhodop~in’~ and of 13-demethylrhodop~in,’~*’~ which 
also possess a blue-shifted intermediate either at the BATHO state 
(9-demethylrhodopsin) or between BATHO and LUMI (1 3-de- 
methylrhodopsin). The similarity between the BSI intermediate 
and the additional intermediate of 13-demethylrhodopsin has been 
emphasized recently.20 

In addition, in the LUMI and META-I intermediates of the 
artificial pigment, cis-5,6-diH-ISORHO, molecular changes of 
the protein occur which differ from those observed for the cor- 
responding unmodified intermediates. Some of these molecular 
changes take place already at  lower temperature. Again, this can 
be explained by the greater flexibility of the retinal chain. The 
possibility that these alterations affect the G-protein activation 
is under investigation in our laboratory. 
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Abstract: Mosher’s (IH) method to elucidate the absolute configuration of secondary alcohols was reexamined by use of high-field 
FT NMR spectroscopy, which enables assignment of most of the protons of complex molecules. There is a systematic arrangement 
of Ab (bs  - 8,) values obtained for the (R)- and (S)-MTPA esters of (-)-menthol, (-)-borneol, cholesterol, and ergosterol, 
the absolute configurations of which are known. Analysis of the Ab values of these compounds led to a rule that could predict 
the absolute configurations of natural products. When this rule was applied to some marine terpenoids including cembranolides 
and xenicanes, their absolute configurations were assigned and a part of the results were confirmed by X-ray structural analyses. 
In the case of sipholenol A, which has a sterically hindered OH group, this rule is inapplicable. But the problem is overcome 
by inverting the OH group to a less sterically hindered position; the resulting epimer gives systematically arranged Ab values, 
which enabled the elucidation of the absolute configuration. Comparison of the present method with Mosher’s I9F method 
indicates that the latter one using I9F NMR lacks in reliability. 

Introduction 
Determination of the absolute configurations of organic com- 

pounds has become an important task of the natural products 
chemist as well as the synthetic chemist. There are a few physical 
methods, e.g., exciton chirality methodl and X-ray crystallography, 
that fill this need, but they have some limitations. There are also 
several chemical methods used to predict the absolute configu- 
rations of organic substances.2 Among them, Mosher’s method3 
using 2-methoxy-2-phenyl-2-(trifluoromethyl)acetic acid (MTPA) 
esters has been most frequently used. 

Mosher proposed3 that, in solution, the carbinyl proton and ester 
carbonyl and trifluoromethyl groups of the MTPA moiety lie in 
the same plane (Figure lA).4 The PCILO calculationS on this 
MTPA derivative demonstrates that the proposed conformation 
is one of the two stable conformations. Another stable confor- 
mation is the one in which the methoxy group comes close to the 
ester carbonyl. On the other hand, the X-ray studies on the 
(R)-MTPA esters of 4-trans-tert-butylcyclohexano16a and 1 - 
(R)-hydroxy-2(R)-bromo- 1,2,3,4-tetrahydr0naphthalene~~ reveal 
that the MTPA moiety is in the conformation that is almost 
identical with the one proposed by Mosher. Furthermore, the band 
profile analysis5 of the IR adsorptions (in CClJ on the (R)-MTPA 
esters of several cyclohexanols exhibits that the Mosher’s con- 
formation of the MTPA moiety is much more preferable (7:3) 
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than the one with CF3 group anti (0 = 180O) to the ester carbonyl. 
When the MTPA group is in the hypothesized conformation, 

Mosher pointed out that the IH NMR signal of L2 of the (R)- 
MTPA ester will appear upfield relative to that of the (S)-MTPA 
ester due to the diamagnetic effect of the benzene ring. When 
Mosher first put forward this analysis, the NMR instruments most 
commonly available were 60-100-MHz instruments and the 
complete assignment of protons of complex organic molecules was 
practically impossible. This is mainly why the modifications using 
19F NMR3b or lanthanide-shift reagents7 have been used instead 
of the original method. 

( I )  Harada, N.; Nakanishi. K. Circulur Dichroic Specrroscopy - Exciton 
Coupling in Orgunic Stereochemistry; University Science Books: Mill Valley, 
CA, 1983. 

(2) Fiud, J.  C.; Horeau, A.; Kagan, H. 8. In Srereochemisrry; Kagan, H. 
B., Ed.; Geroge Thieme Publishers: Stuttgart, 1977; Vol. 3. 

(3) (a) Dale, J .  A.; Mosher, H. S. J .  Am. Chem. Soc. 1973,95, 512. (b) 
Sullivan, G. R.; Dale, J.  A.; Mosher, H.  S. J .  Org. Chem. 1973, 38, 2143. 

(4) Mosher did not claim models shown in Figure 1A to be preferred 
ground-state conformations of the molecules under consideration (see ref 3). 

(5) Merckx, E. M.; Vanhoeck, L.; Lepoivre, J. A.; Alderweireldt. F. C.; 
Van Der Veken, B. J.; Tollenaere, J .  P.; Raymaekers, L. A.  Specrros: In?. 
J .  1983, 2, 30. 

(6) (a) Doesburg, H. M.; Petit, G. H.; Merckx, E. M. Acre Crysrullogr. 
1982,838, 1181. (b) Oh, S. S.; Butler, W. H.; Koreeda, M. J .  Org. Chem. 
1989, 54, 4499. 

(7) Yamaguchi, S.; Yasuhara, F.; Kabuto, K. Tetruhedron 1976,32, 1363. 
Yamaguchi, S.; Yasuhara, F. Tetruhedron Lett. 1977, 89. Yasuhara, F.; 
Yamaguchi, S. Ibid. 1977,4085. 
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Figure 1. (A) Configurational correlation model for the (R)-MTPA 
derivatives and the (S)-MTPA derivatives proposed by Mosher. (B) 
MTPA plane of an MTPA ester is shown. HA.8.c and Hx,v,z are on the 
right and left sides of the plane, respectively. (C) Model A to determine 
the absolute configurations of secondary alcohols is illustrated. Model 
A is a view of the MTPA ester drawn in (B) from the direction indicated 
by the outlined arrow. 

H2 

T h e  most important factor in use of these modified methods 
is the difference in steric bulkiness of the substituents on the 0- 
and @-carbons (Figure 1 B); the steric repulsion between the phenyl 
group of the MTPA moiety and the 0-substituents is essential to  
bring about the chemical shift difference of the CF3 (I9F) or OMe 
( ' H )  group. However, as  we pointed out  previously,8 certain 
compounds (e.g., 5 and 6 )  can adopt a conformation in which 
@-substituents are placed far from the M T P A  moiety and other 
substituents (on the 7-, 6-, or c-position) may have greater steric 
interaction with the M T P A  group. In such cases, a simple com- 
parison of the bulkiness between the 0-substituents is meaningless. 
T h e  intrinsic drawback of these methods, however, is that  they 
depend on only two data points; that  is, they are concerned with 
the chemical shift difference between two CF3's (I9F) (or two 
OMe's ('H)) of the ( R ) -  and (S ) -MTPA esters. 

Recently, we have reported on the high-field FT N M R  ap- 
plication of Mosher's method8 to elucidate the  absolute configu- 
rations of secondary alcohols by using high-field 'H NMR 
spectroscopy. This  method enables one to  examine the chemical 
shift differences of as many protons as can be assigned by means 
of up to  date  NMR techniques including 2D spectra such as  H,H 
COSY and HOHAHA spectra. We feel that, as this method relies 
on u larger number of data points (Le., all of the protons assignable 
by 2D NMR techniques), it is more reliable than the above- 
mentioned variations of Mosher's method. Two analogous 
methods, one using 0 - m e t h y l m a n d e l a t e ~ ~  and the other using 
M T P A  esters,I0 have been reported. 

The  basic concept of the present method is essentially the same 
as Mosher proposed: T h e  idealized conformation is depicted in 
Figure 1 B. (For convenience, the plane and the conformation of 
the  MTPA group will be called the  MTPA plane and the ideal 
conformation, respectively.) Due to the diamagnetic effect of the 

(8) (a) Kusumi, T.; Ohtani, 1.; Inouye, Y.; Ishitsuka, 0. M.; Kakisawa, 
H. 16th IUPAC International Symposium on the Chemistry of Natural 
Products, Kyoto, May-June, 1988; Abstract Pa17. (b) Kusumi, T.; Ohtani, 
1.; Inouye, Y.; Kakisawa, H. Tetrahedron Left. 1988,29,4731. (c) Ohtani, 
1.; Kusumi, T.; Ishitsuka, 0. M.; Kakisawa, H. Ibid. 1989, 30, 3147. 

(9) Trost, B. M.; Curran, D. P. Tetrahedron Left.  1981,22,4929. Trost, 
B. M.; Belletire, J. L.; Godleski, S.; McDougal, P. G.; Balkovec, J. M. J .  Org. 
Chem. 1986,51,2370. Adamczeski, M.; Quifid, E.; Crews, P. J .  Org. Chem. 
1990, 55, 240. 

(10) Takano, S.; Takahashi, M.; Yanase, M.; Sekiguchi, Y.; Iwabuchi, Y.; 
Ogasawara, K. Chem. Left. 1988, 1827. 
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benzene ring, the HA,B,C,,, NMR signals of the (R) -MTPA ester 
should appear upfield relative to  those of the ( 8 ) - M T P A  ester. 
T h e  reverse should hold t rue for HX,Y,~ , . , .  Therefore, when A6 
= 6s - bR, protons on the right side of the MTPA plane (Figure 
1 B) must have positive values (A6 > 0) and protons on the left 
side of the  plane must have negative values (A6 < 0). This  is 
illustrated in Figure IC. Now, Mosher's method can be extended 
as  follows: (1) Assign as  many proton signals as possible with 
respect to  each of the  (R)-  and (S ) -MTPA esters. (2) Obtain 
A6 values for the  protons. (3) Put  the  protons with positive A6 
on the right side and those with negative A6 on the left side of 
model A (Figure 1C).  (4) Construct a molecular model of the 
compound in question and confirm that  all the  assigned protons 
with positive and negative A6 values are actually found on the  
right and left sides of the MTPA plane, respectively. The absolute 
values of A6 must be proportional to the distance from the MTPA 
moiety. When  these conditions are all satisfied, model A will 
indicate the correct absolute configuration of the  compound." 

This paper describes the scope of the high-field FT NMR 
application of Mosher's method and focuses on the  elucidation 
of the absolute configurations of some marine terpenoids. 

Experimental Section 
Materials. Commercially available (+)- and (-)-MTPA acids (Ald- 

rich, No. 15,526-8, [ala 72O; No. 31,803-5, [aID -72O, respectively), 
(-)-menthol, (-)-borneol, cholesterol, and ergosterol (Tokyo Kasei) were 
used without purification. (+)- and (-)-MTPA chlorides were prepared 
according to literature.'2 Other natural products are those obtained in 
our laboratory. 3a-Cholesterol (15a) was prepared according to ref 31. 
Friedelan-3@-01 (14a) and friedelan-3a-ol (16a) were prepared by re- 
duction of friedelin" with NaBH414 and lithium in liquid ammonia,lS 
respectively. Usually 1-10 mg of secondary alcohols was used in the 
MTPA ester preparation. 

Preparation of (R)- and (S)-MTPA Esters. The followings are the 
typical procedures. 

Method A. (R)-MTPA Ester of Sanadaol (9a). To a solution of 
sanadaol (1.9 mg, 6 pmol) in pyridine (20 pL) was added (+)-MTPA 
chloride (2.3 pL, 12 pmol), and the solution was allowed to stand at room 
temperature for 13 h. 3-[(Dimethylamino)propyl]amine (1.4 pL, 12 
pmol) was added, and after IO min of standing, the solvent was evapo- 
rated. The residue was subjected to preparative TLC (Merck, Kieselgel 
60, F254, CH2C12), affording the pure ('H NMR) (R)-MTPA ester 9b 
(1.4 mg, 44%). 

Method B. (R)-MTPA Ester of Friedelan-38-01 (14a). A solution 
of friedelan-3fl-ol (6.6 mg, 15 pmol), (dimethy1amino)pyridine (7.5 mg, 
61 pnol), and triethylamine (3.1 pL, 22 pmol) in 0.5 mL of dichloro- 
methane (distilled from P205) was treated with (+)-MTPA chloride (5.6 
pL, 30 pmol), and the mixture was allowed to stand at room temperature 
for 15 h. 3-[(Dimethylamino)propyl]amine (3.7 pL, 29 pmol) was added, 
and the residue obtained after evaporation of the solvent was applied to 
preparative TLC (hexane-CH2CI2 (2:3)) to give pure ('H NMR) 
(R)-MTPA ester 14b (8.7 mg, 77%). 

The MTPA esters of la, 2a, 3a, 421, and 9a were prepared by method 
A, and those of 5a, 6a, 7a, 8a, 12a, 13a, 14a, Ha,  and 16a were obtained 
by method B. The NMR properties of the products are listed in Table 
1 (see supplementary material). 

NMR Measurement. A Bruker AM-500 spectrometer was used. All 
ID 'H NMR spectra were recorded in CDCI,. The data size was 32K, 
and the spectral width was 15 ppm (digital resolution per point 0.46 Hz). 
For determination of chemical shifts, a Gaussian window function (LB 
= -2, GB = 0.2) was used to transform the FIDs. 2D H,H COSY 
spectra were recorded with an F2 size of 2K and an F1 size of 512W 
when FlDs were collected, and only the FI direction was zerofilled to 1K 
when they were transformed. Spectral widths were ambient but were 
narrowed to 1.5 ppm when the spectra were measured for 14 and 16 to 
enhance the digital resolutions. Phase-sensitive NOESY spectra were 
taken with use of a microprogram (NOESYPH) with pulse delay of 2-3 s 
and mixing time of 1-3 s. The data size was usually 4K (F2) X 256W 

(1 1) The A6 values are practically independent on the concentration (3-50 
mM) of the sample solutions. Use of C6D6 instead of CDCl, resulted in the 
A6 distribution patterns different from those found in the present method. 
Therefore, it should be emphasized that the present methodology is valid only 
when CDC13 is used as a solvent. 

(12) Dale, J. A.; Dull, D. L.; Mosher, H. S. J .  Org. Chem. 1969, 34, 2543. 
(13) Corey, E. J.; Ursprung, J. J. J .  Am. Chem. SOC. 1952, 78, 5041. 
(14) Kakisawa, H.; Horie, T.; Kusumi, T. Bull. Chem. Soc. Jpn. 1975,48, 

(15) Huffman, J. W.; Charles, J. T. J .  Am. Chem. SOC. 1968, 90, 6486. 
727. 
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Figure 2. Ab valucs obtained for the MTPA esters of (-)-menthol (la), 
(-)-borneol ( 2 4 ,  cholesterol (3a), and ergosterol (44 .  A6 values are 
expressed in hertz (500 MHz).  

(F1) when FlDs were collected, and the F1 direction was zerofilled to 
1K when the FlDs were transformed. N O E  difference spectra were 
recorded with use of a microprogram (NOEDIFF) with a pulse delay of 3 
s and an  irradiation period of 1-2 s. Usually 3-30 mM solutions were 
used for the 'H N M R  spectra. 
Results and Discussions 

Validity of the Method (Use of Known Compounds). For the 
purpose of confirming if the chemical shift behaviors of the protons 
actually accord with the rule, the following compounds la-4a, 
the absolute configurations of which are known, were examined 
(Figure 2). In all cases, assignments of the protons were es- 
tablished by H,H COSY, phase-sensitive NOESY, and decoupling 
and NOE difference spectra at  500 MHz (CDCI3). The con- 
centrations of ( R )  and (S)-MTPA esters of a compound were 
adjusted to be the same, and the measurement of the 1D spectra 
was performed on the same day to minimize chemical shift change. 
Due to the extraordinary stability of the superconducting magnet, 
the chemical shift of the internal standard CHC13 did not vary 
( < I  Hz; <0.002 ppm) irrespective of sample solutions. 

As an example, (-)-menthol derivative lb  can be used to 
demonstrate the validity of the present methodolgy: It is evident 
that protons with A6 > 0 are located on the right side of the 
MTPA plane and the ones with A6 < 0 on the left side. Also, 
A6 values are proportional to the distance between the protons 
and the MTPA moiety. The results obtained for compounds 2b, 
3b, and 4b again show the validity of the rule. In the steroid 
derivatives 3b and 4b, and A6 values for methyls on C- 10 and - 13 
are zero, possibly because they lie on the MTPA plane. The 
methyls on the side chains of 3b and 4b are too far from the 
MTPA group and so A6 is zero. It should be noted that the 
@-carbons of these compounds are both secondary. In such a case, 
the conventional methods using I9F NMR or lanthanide-shift 
reagents are not applicable. It is interesting to compare the values 
observed for the methine protons (a) on the carbons bearing 
MTPA moieties of lb-4b; A6's of lb  and 2b have positive values, 
whereas those of 3b and 4b are zero. If the ( R ) -  and (S)-MTPA 
groups exist in  the ideal conformation (Le., the methine proton 
is just in the MTPA plane), the A6 values should be zero. We 
think that the methine proton should be anisotropically affected 
more by the carbonyl group than by the phenyl group; the distance 
between the methine proton and the carbonyl oxygen is 0.18 nm, 
and that between the proton and the center of the benzene ring 
is 0.55 nm. Conformational deviation of the MPTA moiety from 
the ideal position would be less in  3b and 4b, in  which both of 
the @-carbons are secondary and the steric compression from them 
to ( R ) -  and (S)-MTPA is nearly equal (A6 = 0), than in l b  and 

pyvy  
0 1 3 0 1 3  

1 0  

1 1  
9 8 ; R . H  

b; R = MTPA 

Figure 3. Ab values obtained for the MTPA esters of marine terpenoids 
Sa-9a. 
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Figure 4. Ab values obtained for the MTPA esters of sipholenol A (IZP), 
episipholenol A (13a), friedelan-38-01 (14s), 3a-cholesterol (ISa), and 
friedelan-3a-ol (16a). 

2b, in which the nonequivalence of the substitution grade of the 
@-carbons (one is secondary and the other is tertiary or quaternary) 
would result in distortion of the conformation(s) of either of the 
( R ) -  and (S)-MTPA groups (IASl >> 0). 
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Figure 5. COSY 45 spectrum (500 MHz, CDC13) of the (R)-MTPA ester 16b. 

Application to Marine Terpenoids. During this decade, the 
secondary metabolites of marine organisms have been studied 
because many of them exhibit important biological activities and 
their chemical structures are often unique.16 It occasionally 
happened that marine organisms, e.g., sponges, soft corals, and 
seaweeds, produce organic substances that are enanthiomeric to 
the ones found in terrestrial creatures.” Thus, determination 
of the absolute configurations of marine natural products are 
extremely important to deduce, for instance, the difference of 
biosynthetic pathways between the marine and terrestrial or- 
ganisms. 

In Figure 3 are summarized the results of the present method, 
which was successfully applied to marine diterpenes 5a,8J8 6a,8319 
7a,M 8a?I and 9a,22 the absolute configurations of which had been 
unknown. Without exception, protons with positive and negative 
A6 values are found on the right and left sides of the MTPA planes, 
respectively, when their absolute structures are drawn as in Figure 
3. (When viewing the structure, one should remember to view 
it from the direction so that the structure may seem as illustrated 

(16) Faulkner, D. J .  Nar. Prod. Rep. 1984, I ,  251; 1984, I ,  551; 1986,3, 
I ;  1987, 4, 539; 1988, 5, 613. 

(17) Ishitsuka. 0. M.; Kusurni, T.; Ichikawa, A,; Kakisawa, H. Phyro- 
chemistry 1990, 29, 2605. 

(18) Yamada. Y.; Suzuki, S.; Iguchi. K.; Kikuchi, H.; Tsukitani, Y. Horiai, 
H.  Chem. Pharm. Bull. 1980, 28, 2035. 

(19) Uchio, Y.; Eguchi, S.; Kurarnoto, J.; Nakayarna, M.; Hase, H. Ter- 
rahedron Lerr. 1985, 26. 4487. 

(20) Kusumi, T.; Nkongolo, D. M.; Goya, M.; Ishitsuka, M.; Iwashita, T.; 
Kakisawa, H. J .  Org. Chem. 1986, 51, 384. 

(21) Enoki, N.; Ishida, R.; Matsumoto, T.  Chem. Lerr. 1982, 1749. &hi, 
M.; Masui, N . ;  Kotsuki, H.; Miura, I.; Tokoroyarna, T. Ibid. 1982, 1927. 

(22) Ishitsuka. M.; Kusumi, T.; Kakisawa, H. Tetrahedron Lerr. 1982, 23, 
3179. 
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in model A (Figure lC).) The absolute configuration of the 
cembranoid 6a was also confirmed by X-ray analysis on its p- 
bromobe.nzoate.sb In the MTPA derivative of crenulacetal B (74, 
A6 of the methine proton on C-19 is +20. The proton may seem 
to be located on the left side of the MTPA plane in structure 7b, 
but actually it exists on the right side of the plane (see the ste- 
reochemical structure 7c). 

Me 

7 c  
H 

Among the compounds, sanadaol ( P - c r e n ~ l a l ~ ~ )  (9a) may be 
worth mentioning: Sanadaol has been chemically c ~ r r e l a t e d ~ ~ , ~ ~  
with dictyodial a major component of some brown algae 
of the Dictyota family. The absolute configuration of the carbon 
framework of 9a, determined by the present method, turned out 
to be. enantiomeric to the one of xenicine (ll), which was isolated 
from a marine soft The absolute configuration of 8a, 
which coexists with dictyodial in Pachydictyon coriaceum and 
has the same xenicane skeleton, reinforces the validity of the 

(23) Kirkup, M. P.; Moore, R. E. Phytochemistry 1983, 22. 2527. 
(24) Ishitsuka, M.; Kusurni, T.; Kakisawa, H. Chem. Lei?. 1983, 999. 
(25) Finer, J.; Clardy, J.; Fenical, W.; Minale, L.; Riccio, R.; Battaile, J.; 

(26) Vanderah, D. J.; Steudler, P. A.; Ciereszko, L. S.; Scmitz, F. J.; 
Kirkup, M.; Moore, R. E. J .  Org. Chem. 1979, 44, 2044. 

Ekstrand, J. D.; van der Helm, D. J .  Am. Chem. SOC. 1977, 99, 5780. 
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conclusion, The same absolute configuration of 9a has been 
established by the total synthes i~ .~ '  

Exceptlm to the Rule a d  I Cswntermasure. i n  our attempt 
to elucidate the absolute configuration of the marine triterpene 
sipholenol A (?.&),** we noticed that AB values of the protons on 
the A and B rings of the MTPA derivatives are irregularly ar-  
ranged as seen in structure 1Zb. The data, of course, could not 
be used to determine the absolute Configuration. However, this 
case shows another advantage of the present method. I t  has a 
self-examination mechanism to know if the observed data can 
be used or if they should be abandoned. 

Examination of the molecular models of l2b indicates that the 
QMTPA group takes a n  axiallike orientation and is sterically 
compressed by two axial protons on C-2 and -7 (I%),  which may 
compel the MTPA group to take the conformation greatly different 
from the ideal one. Therefore, 12a was converted into 13a,28b 
i n  which the OH group exists i n  a sterically freer equatorial 
position, by oxidation of 1% (PDC in dichloromethaneB) followed 

1 2 c  

by reduction with sodium borohydride. Delightfully, the positive 
and negative AB values of 13b were found to be systematically 
arranged, which enabled us to assign the absolute configurations 
of 13a and 12a as shown in the respective  structure^.'^ The 
absolute configuration was verified by X-ray crystallography work 
on the (5')-MTPA ester of sipholenol A (IZa).'] 

In  order to confirm that steric compression to the MTPA group 
may cause an irregular arrangement of A6 values, friedelan-3p-oIl4 
(E4a) and 3 a - c h o l e ~ t e r o l ~ ~  (15a) were examined. Owing to the 
rigidity of the rings, the hydroxy groups are oriented i n  axial 
directions in these compounds. The AB values of the MTPA 
derivatives 14b and 1% are, as anticipated, irregularly distributed 
(Figure 4) and are in good contrast to the results obtained for 
their epimers 3b (Figure 2) and 16b (Figure 4), AB value ar- 
rangements of which completely accord with the rule. It should 
be emphasized here that recent NMR techniques made it possible 
to assign ail the protons of I&, a highly saturated triterFcne. The 
H,H COSY spectrum of the (R)-MTPA ester of 16a is shown 

(27) Nagaoka. H.; Kobayashi, K.; Yamada, Y. Tetrahedron Lett. 1988, 
29. 5945. 

(28) (a) Shmueli, U.; Carmely, S.: Groweiss, A.; Kashman, Y .  Tetrahe- 
dron Lett. 1981,22, 709. (b) Carmely, S.; Kashman, Y. J. Org. Ch'hem. 1983, 
48- 3517. (c) Carmely, S.; Kashman. Y. M a p .  Reson. Chem. ISM,  24, 332. 

(29) Corcy, E. J.; Schmidt, G. Terrahedron Lett. 1979, 399. 
(30) Qhtani, 1.: Kusumi, T.; Kashman, Y.; Kakisawa, H. J. Org. Chem. 

1991, 56, 1296. 
!31) Inouyc, Y . ;  Ohtani. I.; Kusurni, T.; Kashman, Y.; Kakisawa, H. 

Chem. Len. 1%. 2073. 
(32) Box, A. K.: Lal, B.: Hoffman 111, W. A.; Manhas, M. S. Terruhedron 

kfr. 1973, 1619. 

Table 11. Absolute Configurations Predicted by the Moaher'a Method 
UsinR IPF NMR and the Present Method Usinn 'H  NMR SDectrorcopy 

cnnfinu- _- ._.... 
ration agree- 

pound (SI-MTPA (R)-MTPA d , - 6 , ,  I9F ' H  mcnt 
I9F chemical shift (6)' 

-0.12 R R 0 lbb 4.34 4.46 
2bb 4.25 4,15 0,IO S R X 

-0.24 R S X Sb' 7.27 7.51 
-0.19 R S X 6bd 7.08 7.27 

7bc 5.21 5.44 -0.23 R R 0 
0.10 S R X 8bc 7.53 7.43 

1 2bd 6.03 5.25 0.78 S 6 0 
t 3bC 4.53 4.59 -0.06 R R 0 
14bb 4.88 4.97 -0.09 R SY X 
16bb 4.53 4.41 0.12 s R x 

"The I9F NMR spectra were recorded on a Bruker AM-270 (9 and 6b) 
and a JEOL FX-90Q spectrometer in CDCI,. Chemical shifts are from that 
of TFA, a solution of which was measured separately. bAbsolute configu- 
ration is already known. CAbsolutc configuration had been unknown. 
dAbsolute configuration was confirmed by X-ray analysis by us. #The 
present Mosher's methcd is inapplicable to this compound. 

in  Figure 5 .  The long-range ('4 couplings (W-typ@) from a 
methyl to the vicinal axial protons (e.g., from H3-24 to H-4 and 
H-6; the cross peaks due to the long-range coupling are encircled) 
were quite helpful for the assignments. 

The above results may suggest a general device to  overcome 
the problem of the present method: If the AS values of the MTPA 
derivatives of a secondary alcohol are irregularly arranged and 
cannot be used, conversion of the hydroxy group (by use of, e.g., 
the Mitsunobu method,32 hydrolysis of the t ~ s y l a t e , ~ '  oxidation 
to the ketone followed by r e d u ~ t i o n ~ ~ )  and application of the 
MTPA method to the epimeric alcohol may work. 

Cmp- with tk Conventional Method Using I9F NMR. Of 
the 14 compounds prepared for the present study, 10 are suitable 
for the conventional method using I9F NMR s p e ~ t r o s c o p y , ~ ~  
because the substitution grade of the 2 &carbons is different in 
the respective compounds (3b, 4b, 9b, and ISb are expections). 
I t  is evident from Table I 1  that the predicted absolute configu- 
rations by the I9F method are correct for compounds Ib,  7b, 12b, 
and 13b but wrong for compounds 2b, Sb, 6b, 8b, 14b, and 16b. 
Thus, probability of the correct prediction made by the I9F method 
is less than 50%! This finding indicates that  the absolute con- 
figurations of the natural products in the literature determined 
by I9F N M R  spectra of MTPA esters ought to be all reexamined 

Supplementary Material Available: Table I, listing 'H NMR 
spectral data of the MPTA esters, and Figure 6 ,  showing the 
numberings of the compounds used in this experiment (4 pages). 
Ordering information is given on any current masthead page. 
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