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Abstract

Assignment of the absolute configuration of a secondary alcohol can be carried out by comparison of its proton
NMR spectra with that of its ester with 9-anthrylmethoxyacetic acid [(R) or (§}-9AMA]. The esterification shifts
observed for the two substituents 1.1/L.2 of the alcohol depend on their spatial location with respect to the anthryl
group. Identification of the substituent that results strongly shielded and of the one not shielded leads to the
absolute configuration of the alcohol. Several open and cyclic alcohols of known absolute stereochemistry have

been tested and the scope and limitations of the method discussed. © 1998 Elsevier Science Ltd. All rights reserved.

Keywords. Alcohols; Configuration; NMR; Stereochemistry

=
ot
—-
jo>)
P
o]
=
8
&0
-
«
o+
=
=)
o
w
-
W
i
@
0
=,
-
=
ge;
=
=
[oV]
]
o <
e,
O
Q
=
o]
—
“,
W
o
=
Q.
Q

e
=
o
(@]
1¢']
[N
o]
H
o
O
o
=
2]
—
wn
-t
v
o
=
o
=
<
o
=
N
o]
=,
Q
=
o)
o>
-
=
[¢]
w
=
o
w
1724
-
o
=%
(¢l
<
_-
=
—
=
e
o
=
[oR
-
95
N
[¢']
=
o
=
=
3
[}
-t
2]
o
=8
[and
=
l¢]

rylmethoxyacetic acid (9AMA), eth
2-(9-anthryl)-2-hydroxyacetate (AHA)] and comparison of the NMR spectra of the resulting

two diastereomeric derivatives. The method is based on the shielding produced in each
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derivative by the aryl ring of the auxiliary reagent on that substituent L.1/L2 of the alcohol
part (substrate) located besides the aryl ring in the main conformer (Figure la-b). In this

way, the R/S configuration of the reagent is linked to that of the alcohol by the NMR

allows assignment of absolute configuration.
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Figure 1.

In an effort to simplify this procedure, we have recently shown that the absolute

configuration of secondary alcohols devoid of anisotropic groups in the vicinity of the OH
e derivative, the (R) or the (5)-MPA ester, if two

=7

NMR spectra are taken at two sufficiently separated temperatures[9] and the sign of AST”Z,
instead of that of ASRS, is considered (Figure 1c). Still, new efforts would be welcome if
additional simplifications are incorporated to further simplify the procedure. The best
conceivable method should involve the preparation of only one derivative, room temperature

NMR experiments and assignment of the fewest and most observable signals with complete

confidence. With this objective in mind, we have explored some new approaches for
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In this paper we wish to communicate that the absolute configuration of secondary alcohols
can be determined using a single derivative, without resorting to low temperature NMR
spectroscopy, by direct comparison of the NMR spectra of the alcohol with that of an ester
with 9AMA.
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A good starting point for this research was provided by furan alcohol 1 (Figure 2b), a
recently isolated marine metabolite [10] Fioure 2h chowe the 30 7 "H NMR cnectra of the
1101 1OV LWL TRACGAR 100w TR LARAL/ WL L. i l&ul\d bt 87 \IRANT YY1 LAAWr /NN AYAR AX. A4 L Nivian ut}\.r\.rblu Wi Lilw

free alcohol 1 and Figures 2a and 2c those of its (R)- and (S)-9-anthrylmethoxyacetic acid

esters (1a and 1b, respectively).
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1(4’) are intensely shielded with
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ester and in the free alcohol. Analogously in the (5)-9AMA ester (Figure 2c), protons H(9"),
H(10%), Me(12’) and Me(13’) are now shielded with respect to those of the free alcohol while
H(6’), H(5") and H(4’) resonate approximately at the same shifts in the ester and the alcohol.
When alcohol 1 is esterified with other arylmethoxyacetic acids such as MPA, the protons
of the substrate are again distributed in two groups depending on the magnitude of the

.1 e R

shielding produced upon esterification.
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Figure 3.

This esterification shift can be quantitatively expressed for each individual proton as the

the two enantiomers of the reagent, two different magnitudes can be measured: Ad4R for the

ester made with (R)-AMAA and AdAS for the (S)-AMAA ester.
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Figure 3 shows the esterification shifts obtained for the furan alcohol 1 with 9AMA (1a
and 1b) and MPA (1c¢ and 1d). The values are far superior to the experimental error and

If these results were general for secondary alcohols, the identification of the intensely

shielded substituent and the substituent that is only slightly shielded (L1/L3), along with

consideration of the absolute configuration of the auxiliary reagent [(R)- or (§)-AMAA],

should allow the assigment of the absolute configuration of the alcohol.

Figure 4.
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In order to test the generality of this approach and to select the best auxiliary reagent,
several secondary alcohols of known absolute stereochemistry were esterified with (R)- and
(S)-MPA and (R)- and (S)-9AMA, and the NMR spectra of the esters compared with those of
the free alcohols. The results obtained with (R)- and (S)-MPA are shown in Figure 4 and

indicate that MPA pI'OClUCGS small esterification snms and even negauve values for some

protons, that not always allow a clear identification of the shielded and non-shielded protons
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shown in Figure 5. These data are fully coherent and confirm the results advanced from the
study of furan 1, i. e. (a) two groups of signals are clearly distin
magnitude of the esterification shift (those heavily shielded and those that are practically non-
shielded) and (b) a correlation exists between the intensity of the esterification shift (A34R or
AdAS ) of a given proton, its spatial location around the asymmetric centre of the alcohol and
the configuration of the 9AMA.

Thus, in the (R)-9AMA ester represented in Figure 5, the most intensely shielded protons
are all located in the right hand substituent (L1) while those that are only slightly shielded are
located in the left hand substituent (L3): A84R L1>>A84R Ly and the reverse occurs in the

(S)-9AMA esters where ASASL1<<ASASL).

Qi ne cpr_bhiitnm~l Y o D
QULCIL dd YEeECo-DbuLdiiul & 1> I\

ASAR]

1%
ul,

\Y

>
oy)
S
=

enantiomeric reagent (5)-9AMA and also when the configuration of the sec-butanol alcohol is
S (the opposite to that shown in the Figure).[11]

In many cases it is not necessary to analyze all the resonances in L1 and L7, and comparison
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where the pairs of protons selected are indicated by dashed arrows. Nevertheless, a more
rigorous approach should consider the effect of the anthryl group on all the protons in L and
in L7 and not just a few. To this end we have measured the mean value of the esterification

shifts of all protons in substituent L1 and those of substituent L2 and used them in the form
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Figure 5. A3 and A8/~ values for (R) and (5)-9AMA esters of alcohols 2-6. Dashed arrows showing possible comparison

proton to proton.
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(i.e. 0.03 vs. 0.68 ppm in 2) in the (R)}-9AMA esters, and compound 4 the smallest (0.13 vs.

pm). The ratio AdmL2/AdmL is a good measure of the capacity to discriminate the
shielded from the non-shielded substituents and, in that series, rises from 1/20 to 1/3. In the
(S5)-9AMA esters the results are even more favorable and the ratio AOmL1/AdmL2 changes
from 1/25 in compound 5 to 1/6 in compound 2.

Although the zone of maximum shielding effect is located up to 3-4 carbon bonds from the
chiral centre, [1] and consequently the protons at those distances are the best candidates, when
protons outside that zone are considered the Adm values still allow a definitive discrimination
between L1 and L. Figure 6b shows the magnitudes obtained for compound 1a considering
either all the protons (ranging from 1 to 7 bonds away; Entry 1) or just the ones located in
the maximum shielding zone (Entry 2). In both cases, the same correct conclusion about the

absolute stereochemistry is reached.

ll'_.. o I ary  th

ain demonstrate that
two groups of protons can be distinguished in every alcohol depending on the intensity of the
esterification shift. However, in contrast to the linear alcohols 1-6, use of just two protons,

one at each side of the asymmetric centre and at approximately the same distance, for

of A3 values is no

Lo o

sufficient to identify the shielded and the non-shielded
different orientations of those two pr g. This means that
although the protons are separated from the asymmetric centre by the same number of bonds,
equivalent aromatic shielding effects are not acting in each case.

This phenomenon is quite apparent when the hydroxyl group is axial as in cis-androsterone
(11), where the a—protons at C-2 and C-4 show very different A§ values depending on their
axial or equatorial orientation. In this case, comparis

son 0 .
H(Z’eq) Vs H(4’ax) leads to erroneous conclusions AdARH(2’eq) vs. AdARH(4’ax): 0.70 vs.
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1ment, [ASARH(2ax) vs.
0.47 ppm; C-2 non-shielded and C-4 shielded] while comparison of the
equatorial ones [ASARH(2’eq) vs. A3ARH(4’eq): 0.70 vs. 0.72] does not afford a definitive

answer in this case.
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Figure 6. Esterification shifts (mean values (A8 L1 and A8yL2) for the (R) and (§)-9AMA csters of alcohols 1-6 expressed

as mean values (A8, .| and A8;L2, 6a) and as a function of the distance to the asymmetric center (6b).
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roxyl group is equatorial, the proton to proton com

center. Such protons are marked with dashed arrows in Figure 7.0n the basis of these resuits,
the use of the mean values AdmL2 and AdmL (Figure 8) instead of single protons becomes of
utmost importance for safe assignments of absolute configuration of cyciic alcohols. Thus, in
the (R)-9AMA esters of alcohols 7-11 the mean values of AdyL1 are, in all cases, much
greater than A0yl while the reverse occurs in the corresponding (S)-9AMA esters. The

Adm values observed for the shielded and non-shielded substituents are different enough to

all~wxy N agg A n rarrant amelisantin ~Ff
alv U addule a vullcll applivativll vl

3
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N

Acid Alcohol
number10 08 06 04 02 00 02 04 06 08 10

(R)-9AMA

7
8
9

10

11

(S)-9AMA 7 ‘

w

10

1

Figure 8. Distribution of A8, (L1/L72) values for the (R) and (5)-9AMA esters of alcohols 7-11.

From a theoretical point of view, the different esterification shifts observed for the
shielded and non-shielded substituents can be explained on the basis of the conformational

composition and structure of the 9AMA esters. In a (R)-9AMA ester, substituent L is located

near the anthryl ring of the reagent in conformer sp (OMe synperiplanar to CH) and is
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therefore shielded, while in conformer ap (OMe antiperiplanar to CH) it is not shielded

(Figure 1a). The reverse holds for L, (shielded in the minor conformer ap and non affected

in sp). As a result, when one compares the spectrum of an alcohol with the configuration
shown in Figure 9a with that of its (R)-9AMA derivative, substituent Lj is shifted much more
than Ly (Figure 9b)
a
i 1 [N}
L2 L1 n
[ /l....L 5
HO'\ =
Ly
o
' HOMe
by s »@(L
15 ' L I H Ar1 \
I 1 e
sp
| | (R)-AMAA
1 1
[+

Figure 9.
Thus, the signals that are shifted upfield upon esterification with (R)-9AMA correspond to the

resonate at the same chemical shift are due to protons not affected by the aryl group in that

conformer and correspond to those in the left hand side (L2, Figure 9¢). The reverse holds

for the (S)-AMA esters and also when the configuration of the alcohol is the opposite.[11]

Conclusions
We have shown that when a secondary alcohol L1L,C(H)OH is esterified of with 9AMA, the
resonances of the ester are distributed in two sets of signals easily distinguishable in the NMR

spectrum. The signals due to one of the substituents (L1 or L)) are heavnly shielded with
remain unaffected. Consideration of the aromatic shielding effect of the anthryi group

indicates that the shielded substituent is the one located near the anthryl group in the major
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conformer sp and, therefore, the absolute configuration of the alcohol (spatial location of L;
/L3) can be correlated with that of the aux1l1ary reagent 9AMA (known) by NMR

configuration of the alcohol can then be performed in the following way: (1) comparison of

the NMR spectra of the alcohol with that of one 9AMA ester (R or §

r S), (2) evaluation

1 A D
Iﬂ n

A [ ¢

5Ly or AdmL1/A8dmL>,) and

OARL ) or ABASL |/ABAS
identification of the shifted and the non-shifted substituents and (3) application of the model
represented in Figure 10.

In the simpler structures, configuration can be assigned comparing the esterification shifts
of only one proton in L and another in L, located at symmetric positions with respect to the
asymmetric center [i.e. A34RL/ABARL, (or ASASL{/A84SL3)]. Comparison of the ASmL
and AdmL7 mean values (mean of the AJ values for each substituent) is in general a much

more rigorous and safer approach.

Auxiliary Experimental Absolute
reagent configuration
[~
L
(ASL{>>A8L, Aﬁl\/ !
(R)-9AMA @\/h J L OH
' .
O-(R)-9AMA I @ Ly
—~ (AdLo>>A8L; < \/\'/
O - on
OH .
Py o somy om K:z\ !-1
(H) or (S5): (ALo>>A8Ly < ’
(S)-9AMA Q"D\'/L‘ : 4 . OH
I (™
O-(S)-9AMA (L) L
kA5L1>>A5L2 4 \l/’
OH

l‘lgult 1U




NMR Spectroscopy. VTH-NMR spectra of samples in CDCl3 (4 mg in 0.5 mL) were
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General. Preparations of diastereomeric esters from the alcohol and O-methylmandelic
acid or 9AMA were carried out by standard procedures with DCC-DMAP in practically
quantitative yieids (see reference i). The reaction mixtures were filtered to remove the
dicyclohexylurea and the esters purified by flash chromatography on silica gel eluting with
dichloromethane. Further purification was accomplished by HPLC (Spherisorb S5W, 10 mm
X 250 mm, hexane-ethyl acetate). For experimental data on compounds 1a-d see reference 10,
2a-b see reference 1, 3a-b

b see reference 1.
(hexane: ethyl acetate, 96:4, 2 mL/min); [ot]p= -79.8 (c= 0.033; CHCI3); TH NMR (300 MHz
4H), 3

3H), 4.91-5.02 (m, 1H), 6.25 (s, 1H), 7.54-8.61 (m, 9H); MS (ED) m/z 336 (M1).
Anal. Calcd. for C22H2403: C, 78.54; H, 7.19. Found: C, 78.52; H, 7.21.
(S)-Pentan-2-yl (S)-a-methoxy-o-(9-anthryl) acetate (3d): Oil; HPLC: tR= 42.5 min

(hexane: ethyl acetate, 96:4, 2 ml./min

hy! acetate, 96:4, 2 mL/min
MHz, CDCI3) 8 (ppm): 0.32 (t, J= 6.9 Hz, 3H), 0.47-0.51 (m, 2H), 1.02-1.45 (m, 2H), 1.15
5-4 8.5

Anal. Caled. for C22H2403: C, 78.54 ; H, 7.19. Found: C, 78.54; H, 7.22.

(R)-Oct-1-yn-3-yl (R)-o-methoxy-a-(9-anthryl) acetate (4c¢): Oil; [o]p= -93.1 (c= 0.043;
CHCI13); lH NMR (300 MHz, CDCI3) & (ppm): 0.82 (t, J= 6.7 Hz, 3H), 1.16-1.31 (m, 6H),
1.64-1.69 (m, 2H), 2.15 (d, J= 2.2 Hz, 1H), 3.43 (s, 3H), 5.36 (ddd, J= J'= 6.6, J"= 2.1 Hz,
1H), 6.30 (s, 1H), 7.54-8.59 (m, 9H); MS (EI) m/z 374 (M*).

Anal. Calcd. for C25H2603: C, 80.18; H, 7.00. Found: C, 80.13; H, 7.05.

(R)-Oct-1-yn-3-yl (S)-a-methoxy-o-(9-anthryl) acetate (4d): Oil; [o]p= +83.5 (c= 0.022;
CHCl3); 1H NMR (300 MHz, CDClI3) & (ppm): 0.57 (t, J= 6.6 Hz, 3H), 0.60-0.79 (m, 6H),
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1.30 (m, 2H), 2.41 (d, I=

6.30 (s, 1H), 7.54-8.37 (m, 9H); MS (EI) m/z 374 (M™).
Anal. Calcd. for C25H2603: C, 80.18; H, 7.00. Found: C, 80.14; H, 7.02.
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I=T'=63. "= 2.2 Hz. 1H)

£y oty L“PV“an § ¥ 3 AAaz)]y

T WwTT ey

Dimethyl-2-O-((R)-a-methoxy-o-(9-anthryl) acetyl)-D-malate (6¢): Oil; HPLC: tR= 31.1
min (hexane: ethyl acetate, 80:20, 2 mL/min); [o]p= -42.8 (c= 0.030; CHCI3); 1H NMR (300

AN /YOT

7.45-8.57 (m, 9H); MS (EI) m/z 410 (M*).
Anal. Calcd. for C23H2207: C, 67.31; H, 5.40. Found: C, 67.28; H, 5.42.
Dimethyl-2-0-((S)- o--methoxy-a-(9-anthryl) acetyl)-D-malate (6d): Oil; HPLC: tR= 31.4
min (hexane: ethyl acetate, 80:20, 2 mL/min); [a]p= +75.6 (c= 0.038; CHCI3); lH NMR (300
MHz, CDC13) 6 (ppm): 2.51 (d, J= 6.3 Hz, 2H), 2.95 (s, 3H), 3.46 (s, 3H), 3.74 (s, 3H), 5.41
(t, J= 6.2 Hz, 1H), 6.38 (s, 1H), 7.45-8.57 (m, 9H); MS (EI) m/z 410 (M).

O7-C. 6731 H 540 Found: C. §721:
S X

Nvg Uil dlyg L1y J7TUL 1L UWLINL, vy U ok

540
ST

s Ay

~~

-glucose (10a): Oil; HPLC: tR=

1H), 4.51 (d, J= 3.7 Hz, 1H), 5.21 (d, J= 3.1 Hz, 1H), 5.78 (d, J= 3.5 Hz, 1H), 6.31 (s, 1H),
7.45-8.62 (m, 9H); MS (EI) m/z 508 (Mt).

Anal. Calcd. for C29H3208: C, 68.49; H, 6.34. Found: C, 68.44; H, 6.32.

Diacetone-3-0-((S)-a-methoxy-(9-anthryl) acetyl)-D-glucose (10b): Oil; HPLC: tr= 23
min. (hexane: ethyl acetate, 80:20, 2 mL/min); [o],= +38.2 (c= 0.009; CHCI3); TH NMR (300
MHz, CDCI3) & (ppm): 1.07 (s, 3H), 1.31 (s, 3H), 1.37 (s, 6H), 3.46 (s, 3H), 3.64-3.68 (m,
1H), 3.76-3.85 (m, 3H), 4.02 (dd, J= 6.6, J'= 3.1 Hz, 1H), 4.70 (d, J= 3.6 Hz, 1H), 5.21(d, J=
3.1 Hz, 1H), 6.30 (s, 1H), 7.47-8.51 (m, 9H); MS (EI) m/z 508 (M™).
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