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Comparison of the room- and low-temperatdke NMR spectra of the bisR)- or bis-(S-MPA ester
derivative of an open chaisec,se€l,2-diol allows the easy determination of its relative stereochemistry
and in some cases absolute configuration. If the diol is anti, its absolute configuration can be directly
deduced from the signs @672 for substituents RR,, but if the relative stereochemistry of the diol is

syn, the assignment of its absolute configuration requires the preparation of two derivatives (both the
bis-(R)- and bis-§)-MPA esters), comparison of their room-temperafittédNMR spectra, and calculation

of the ASRS signs for the methines #{R;) and Hx(R,) and R/R, protons. The reliability of these
correlations is validated with 17 diols of known absolute configuration used as model compounds.

Introduction (R- and @-enantiomers of an auxiliary reagent such as
The reliable assignment of the absolute configuration of ¢-Methoxye-phenylacetic acid (MPA,1, Figure la) and
organic compounds by NMR is expanding from the initially comparison of the NMR spectra of the resulting diastereomers

studied monofunctionalcompounds (alcohols, amines, car- [(R)-and §-MPA esters, Figure 1b]. _

boxylic acids) to difunctionat? (diols, aminoalcohols) and even The assignment is based on the existence of a correlation

triols3 between the chemical shifts of those derivatives and their
In practice, the procedure requires the preparation of two stereochemistry (absolute configuration). More precisely, it is

derivatives of the substrate (i.e., a secondary alcohol) with the rélated to the aromatic shielding effect produced by the aryl

ring of the auxiliary on the protons of the substrate part that

;godvyhotmdctorrsesrf)oanencle Yshould tk?]e addreS_»sed.f is 60t birthd are located within its shielding cone [i.e., for a secondary alcohol
edicatea to Prof. Miguel Yus on the occasion of nis 11 ay. 5 H H H H 5
t Universidad de Santiago de Compostela. with the _stereophemlstry shown_m I_:lgure 1t_), substituansL
*Instituto de Qmica Orgaica General. more shielded in theR)-MPA derivative than in §-MPA and
(1) g’vl) Seco, J. M.; QUibg E.; Riguera, RChem. Eed 2004 104, 17— the inverse for substituent). Studies on the structure of these
%égi (1% 5233?;392"5” Quea E.; Riguera, RTetrahedron: Asymmelty  garjyatives have shown that MPA esters are composed in
(2) For diols: (a) Freire, F.: Seco, J. M.; Qo E.: Riguera, RJ. Org. solution by a mixture of essentially two conforméisy (major)
Chem2005 70, 3778-3790. (b) Freire, F.; Seco, J. M.; Qo@ E.; Riguera, andap (minor), in equilibrium, and consideration of the relative

R. Org. Lett.2005 7, 4855-4858. (c) Freire, F.; Seco, J. M.; Qo E.; iti ; il ;
Riguera, R.Chem. Eur. J2005 11, 5509-5522. (d) Higashibayashi, S.; pOSItIQn of the aryl ring of the. auxiliary with respect to

Kishi, Y. Tetrahedron2004 60, 11977-11982. (e) Fukui, H.; Fukushi, substituents L/L, of the substrate in each of those conformers
Y.; Tahara, T.Tetrahedron Lett2003 44, 4063-4065. For aminoalco- allows prediction of the shifts and rationalization of the
hols: (f) Leiro, V.; Freire, F.; Quioa E.; Riguera, RChem. Commun.
2005 5554-5556. For others approaches for polyols, see: (g) Kobayashi, (3) Lallana, E.; Freire, F.; Seco, J. M.; Qom E.; Riguera, ROrg.

Y.; Hayashi, N.; Kishi, Y.J. Am. Chem. SoQ003 125 14379-14393. Lett. 2006 8, 4449-4452.
(h) Ghosh, I.; Kishi, Y.; Tomoda, H.; Omura, Srg. Lett.2004 6, 4719- (4) Latypov, Sh.; Seco, J. M.; Qloa, E.; Riguera, RJ. Org. Chem.
4722. 1995 60, 504-515.
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FIGURE 1. (a) Structure of MPA. (b) General procedure for

assignment of the absolute configuration of a secondary alcohol.
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FIGURE 2. Four stereoisomers of 1,2-secondary/secondary diols.

Results and Discussion

anti-1,2-Diols. Figure 3 shows the structure of thel,2-
secondary/secondary dio®s-17 of known absolute configu-
ration used in this workthat are representative of the four
possible stereoisomers (syr-8 and anti C-D, Figure 2). Their
bis-(R)- and bis-§)-MPA ester derivatives were prepared, their
IH NMR spectra taken at different temperatrgz98—183 K),
and the changes in chemical shifts calculated and expressed as
AS 2 values?

The data obtained for the bi®-MPA ester derivatives of
diols 2—5 (anti type C) shows that in all cases substituent R
has a positiveA6™T2and substituent Ra negative one, while
the bis-R)-MPA esters of diols6—8 (anti type D) have the
opposite distribution of signs. With the biSMPA esters of

assignment. Naturally if the substrate contains more than onethe same diol2—8 opposite signs are obtained [negative for

derivatizable group(i.e., a 1,2sec,sedliol or 1,2,3-triol), the
easiest way is to derivatize all of them in a single operation
and find a way to assign the configuration of the two asymmetric
carbons at the same tim&Jnfortunately, analysis of the NMR

R; and positive for R in the case oR—5 (anti type C), and
positive for R and negative for Rin 6—8 (anti type D)]. Thus,
there is a correlation between the distributionAaf™ 2 signs
of Ry/R, and the absolute stereochemistry of those anti C and

data is far more complex because the bis-MPA esters containgnti D diols.

not one but two phenyl rings and the observed chemical shifts

are the result of a combination of the shielding/deshielding
originated by those two auxiliariés.

In the case of some monofunctional compounds (i.e., second-
ary alcohols and primary amines), it is possible to assign the

absolute configuration using only one derivative [prepared from
either R)- or (9-MPA] instead of tw§ by modification of the
probe temperatuf&® or selective complexatiéfr' that modifies
the relative populations of thgp/ap conformers.

In this paper we present the application of this concept to

A rational explanation of those results can be obtained by
consideration of the relative stability and structure ofsp@p
conformerd? (Figure 4a).

(6) (a) Latypov, Sh. K.; Seco, J. M.; Qg E.; Riguera, RJ. Am.
Chem. Soc1998 120 877—882. (b) Williamson, R. T.; Boulanger, A.;
Vulpanovici, A.; Roberts, M. A.; Gerwick, W. Hl. Org. Chem2002 67,
7927-7936. (c) Gar@a, R.; Seco, J. M.; Saulo, Ygquez, S. A.; Quioj,
E.; Riguera, RJ. Org. Chem2006 71, 1119-1130. (d) Yang, Y.; Kayser,
M. M.; Hooper, D.Chirality 2005 17, 131-134. (e) Porto, S.; Durg J.;
Seco, J. M.; Quiog E.; Riguera, ROrg. Lett.2003 5, 2979-2982. (f)

polyfunctional compounds, namely, 1,2-secondary/secondaryGarca, R.; Seco, J. M.; Vmuez, S. A.: Quio, E.; Riguera, RJ. Org.

diols (Figure 2), and report the application of the low-
temperature NMR of the bidRj- and bis-§)-MPA esters for
assignment of their absolute configuration using only one
derivative.

(5) (@) Seco, J. M.; Qg E.; Riguera, RTetrahedron: Asymmetry
200Q 11, 2781-2791. (b) Kobayashi, J.; Tsuda, M.; Cheng, J.; Ishibashi,
M.; Takikawa, H.; Mori, K. Tetrahedron Lett1996 37, 6775-6776. (c)
Tomoda, H.; Nishida, H.; Kim, Y. K.; Obata, R.; Sunazuka, T.; Omura, S.
J. Am. Chem. S0d.994 116, 1209712098. (d) Sinz, A.; Matusch, R,;
Kémpchen, T.; Fiedler, W.; Schmidt, J.; Santisuk, T.; Wangcharoentrakul,
S.; Chaichana, S.; Reutrakul, Helv. Chim. Actal998 81, 1608-1615.

(e) Shimada, H.; Nishioka, S.; Singh, S.; Sahai, M.; Fujimoto, Y.
Tetrahedron Lett.1994 35, 3961-3964. (f) Kobayashi, M.; Aoki, S.;
Kitagawa, |. Tetrahedron Lett.1994 35, 1243-1246. (g) Duret, P.;
Waechter, A.; Figatte, B.; Hocquemiller, R.; Caveé\. J. Org. Chem1998

63, 4717-4720. (h) Alali, F.; Zeng, L; Zhang, Y.; Ye, Q.; Hopp, D. C.;
Schewedler, J. T.; McLaughlin, J. Bioorg. Med. Chem1997, 5, 549—
555. (i) Jiang, Z.; Yu, D-QJ. Nat. Prod.1997 60, 122-125.
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Chem.2002 67, 4579-4589. (g) Seco, J. M.; Tseng, L. H.; Godejohann,
M.; Quifioa E.; Riguera, RTetrahedron: Asymmetr002 13, 2149-
2153. (h) Seco, J. M.; QUéd E.; Riguera, RTetrahedrornl999 55, 569—
584. (i) Lopez, B.; Quima E.; Riguera, RJ. Am. Chem. Sod.999 121,
9724-9725.

(7) (@) For experimental details on dio%-7, see: Cald€nm, F.;
Doyaguez, E. G.; Fémalez-Mayoralas, AJ. Org. Chem200§ 71, 6258
6261 and Caldém F.; Feriadez, R.; Sachez, F.; Fehalez-Mayoralas,

A. Adv. Synth. Catal2005 347, 1395-1403. (b) For experimental details
on diols2, 8—17 see ref 2a.

(8) A 1:4 mixture of CDCI/CS; is a very convenient NMR solvent for
these experiments.

(9) A6™2values are defined as the difference betwéeat the higher
temperatureTs, 298 K in this paper) minus at the lower temperaturd,

183 K).

(10) (a) Thesp conformer has the methoxy and carbonyl groups in a
synperiplanar disposition (in the same plane), while indpeconformer
those groups are antiperiplanar (see ref 4). (b) Theoretical calculations on
bis-MPA esters of 1,2-diols [energy minimization by semiempirical (AM1)
and DFT (B3LYP)] were performed using Gaussian 98; for experimental
details on those calculations, see ref 2a.
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FIGURE 3. Selection of 1,2-secondary/secondary diols employed in this studyAafid? values (ppm, 298183 K, CS/CD,Cl,, 4:1) obtained

for their bis-R)-MPA (blue) and bis-f-MPA esters (red).

Thus, if we examine the structure of the bRHMPA esters

(positive A6™T?. For its part Me(1) is shielded in the minor

of a diol anti C and place the auxiliaries in the more stable conformatiorap, and its signal shifts downfield (negatives™"

conformetO sp, the orientation of the phenyl ring of one of the
MPA units is shielding Rwhile the phenyl ring of the other
unit is shielding both Rand Hx(Ry). In the less populated
conformerap, one MPA unit is shielding Rand the other

shields both Rand Hx(R) (Figure 4b). When the temperature

sign) at lower temperature because the number of molecules in
theap conformer as well as its contribution to the average NMR
spectrum are lower (Figure 3).

Similar analysis of the distribution of the shielding effects in
the bis-R)-MPA ester derivative of the anti-1,2-diols of

decreases, the equilibrium is shifted and the number of siryctural type D show that in thep conformation one of the

molecules in thesp conformation increases and thosedp
decrease.

auxiliaries shields Rand the other shields bothland Hx(Ry)
while in theap conformation one auxiliary shields;Rnd the

The average NMR spectrum reflects those changes, showingpther shields both R1 andciRy). Thus, at lower temperature

the signals for Rmoved to higher field and those of B lower
field as temperature diminishes. This means thdtd® aAd 172
positive and R a negative sign. The experimental restlts

the increasingp population leads to Recoming more heavily
shielded (positivé\6™ 7 and R less shielded (negatived ™™
than at higher temperature, as experimentalishown by

obtained for2—5 (Figure 3) are in perfect agreement with that  compoundss—8 in Figure 3.

prediction.

Figure 5 shows the evolution of the NMR spectra of the bis-

(R)-MPA ester of compound with temperature. In thesp
conformer the two phenyl rings shield M&@vie(7), and H(5);

therefore, the average NMR spectrum at lower temperatures
(from 298 to 183 K) shows an upfield shift for these protons

(11) 'H NMR spectra of bis-MPA esters of diaks-17 taken at different

Identical reasoning applied to the biSHMPA esters of the
same diol®2—8, leads to a distribution chd™2signs opposite
to that obtained from the bisR}-MPA of the same compourt
(Figure 3). A resume of thAd™T2signs of R/R,, characteristic
of each enantiomer of the anti diols, is shown in Figure 6.

Interestingly, although the methine protone.(R;) and Hu-
(Ry) are subjected to the same shielding effects aaikl R,

temperatures are included in the Supporting Information as Figures 55 NO correlation between their shifts and the stereochemistry was

20S.

found (i.e., compounds, 4, 6, and7 in Figure 3). This apparent

J. Org. ChemVol. 72, No. 7, 2007 2299
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C and anti D diols, respectively. OH sp — ap
Me(1)
Me(s"
Mie(7) b)
OH | (R-MPA, < H (A-MPAL
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ASTI250 ap conformer b i FIGURE 7. Distribution of the shielding effects for the biR}MPA
?R : i HE I 253K esters of syn A (a) and syn B (b) 1,2-secondary/secondary diols.
6 1 : ’
5 | ' '

70 OR AT P : Thus, in a type Asyn1,2-diol derivatized as the biR-MPA
shielded in the i UL 21k ester, thesp conformer has one of the MPA units oriented to
sp conformer ! i . . o . . .

; . shield R while the other MPA unit is shielding RFigure 7a).
: : J L Similarly, in theap conformer each substituent is selectively
) X A '“L, ) 183K shielded by one of the MPA units, so that a change insitte
e S S & e ' apratio with temperature leads to the same effect gail R
e L L) (both more shielded) and a positive™* T2 for both R and R
= © © is obtained. Experimentally, this is demonstratedn com-

FIGURE 5. Partial NMR spectra of the bis}-MPA ester of pounds9—11 (Figure 3_)' .
compound3 at different temperatures. Exactly the same thing occurs in the bRHMPA ester of a

. . hel b lained b h hi type B syn diol: in thesp conformer one of the MPA units is
Inconsistency can nevertheless be explained because the methingjo e 1o shield Rwhile the other MPA unit is shielding R

protons are subjected to the effect of only one phenyl group, (Figure 7b), as temperature diminishes tepopulation is

o .o the e of i cfec an b i e S e s ol e stldng o B 3, i acs o
d 9 P a positiveAd™ 2 sign for R and R in perfect agreement with

carbonyl group. The final result of all these influences is - . -

unpredictable, thus rendering protonsi(R;) and H(Rz) no the exp.erlmental rgsults optamed 217 (Figure 3).

diagnostic value for assignment. Ident!cal reasoning appll_ed _to the bS—Q\/IPA_este_rs of_the
syn-1,2-Diols. In the case of theyn1,2-diols the situation ~ Same diol9—17leads to a distribution oh6™signs identical

is quite different because the shielding/deshielding predicted t0 those obtained from the bi¢MPA esters: positivé\o™*1?

for substituents Rand R leads to the same sign distribution for Ri and R in both syn A and B diols as experimentally

of A6™™2in both enantiomers (types A and B); only quantitative Showrt* for compound®—17 in Figure 3.

differences can be expected, and no application to configura- As before, in the syn diols the signs 8™ of Ha(Ry)

tional assignment can be derived. and Hx(Rz) show no correlation with their stereochemistry.
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FIGURE 8. Diagram for assignment of the absolute configuration of anti secondary/secondary 1,2-diols franT¥fesigns.

A resume of the\6™2signs of R/R,, characteristic of each  ence of EDC? (2.2 equiv) and DMAP (catalytic) in dry Ci€l,
enantiomer of the syn diols, is graphically shown in Figure 6. under a nitrogen atmosphere. The reaction was stirred at room
In conclusion, while the low-temperature NMR pattern due temperature for 38 h. The organic layer was sequentially washed

to the signals of substituents/R; in the two enantiomers of ~ with water, HCI (1 M), water, NaHCgJsatd), and water and then

an anti diol are different, the signs @07 for the two dried (Na&SO,) and concentrated under reduced pressure to obtain
enantiomers of the syn diol pair are identical and therefore the bis ester. Final purification was achieved by flash column
cannot be distinguished by this procedure. chromatography on silica gel 23@00 mesh (elution with 8:2 to

Thus, from a practical point of view, if we had one of the 7:3 hexane/ethyl acetate mixtures,~85% yields after purifica-
four possible isomers of an 1,2-secondary/secondary diol andtion). All compounds were characterized by optical rotation, NMR
wished to know which is it, using a minimum amount of sample, (1D, 2D), and MS(EI).
the low-temperature NMR of theR}- or (9-bis-MPA ester NMR Spectroscopy.'H and3C NMR spectra of samples were
derivative would allow us to unambiguously distinguish the recorded at 500 and 250 MH#H chemical shifts are internally
relative stereochemistry of the diol (syn or anti) and if it happens referenced to the TMS signal (0.00 ppm) for spectra recorded in
to be an anti diol assign its absolute configuration, distinguishing CD:Clo/CS; (1:4). 3C chemical shifts are internally referenced to
enantiomer type C from type D (opposite signs faréRd R, CDCl; (77.0 ppm).J values are recorded in Hertz. Low-temperature
Figure 6). If the NMR data indicated that our diol is syn (same *H spectra were recorded at 500 MHz (500.13 MHz). The solvent
signs for R and R), then assignment of its absolute configu- used was a mixture of CIZI,/CS; in a 1:4 ratio.
ration requires the preparation of the other MPA derivative and
comparison of theAoRSsigns for the H(Ry) and Hx(R;) and Acknowledgment. We thank the Ministerio de Educécio
Ry/R; substituent$2 y Ciencia (MEC) and the Xunta de Gallicia for financial support

A step-by-step procedure for assignment together with a ready (CTQ2005-05296/BQU; SAF2003-08765-C03-01; PGIDIT-
to use graphical scheme follows: (1) The diol sample should 0sPXIB209029PR), the Centro de SupercompUtadieGalicia
be converted into either theR)- or the §-bis-MPA-ester  (CESGA) for their assistance with the computational work, and
derivative, its*H NMR taken at two sufficiently different  yamakawa Chemical Industry Co. Ltd. for their gift of MPA.

temperatures (i.e., 298 and 213 K), the signals fafRR . C. thanks MEC for financial support (CTQ2004-03523/BQU).
assigned, and theikd™ T2 calculated. (2) If the signs obtained

for A0 T2 are positive for one substituent and negative for the
other, it is an anti diol, while if the signs are the same, the diol
is syn. (3) The absolute configuration of the anti diol is obtained
by comparison of the signs with those indicated in the graphical

S??ﬁmde lshown Iq FI%”"T ? (4) ][f the trelatlve st?rebochgtm.lstré/ of bis-(R) and bis-§)-MPA esters of diold5and16 (Figures 1S
o1 the dlol1S syn, Iis absolute configuration can only be obtaine 4S);H NMR spectra of bis®)- and bis-§)-MPA esters of diols
after preparation of the other MPA derivative, comparison of 217 recorded at different temperatures (298, 253, 213, and 183

the room-temperatur(_a NMR spectra of the tﬂ&-(gnd bis-6)- K, Figures 5S-20S). This material is available free of charge via
MPA esters, calculation of thAdRSfor the methines kl(R;) the Internet at http://pubs.acs.org.

and Hx(Ry) and R/R; protons, and comparison of the signs
with those described in ref 2a. JO061939R

Supporting Information Available: Experimental data (NMR,
MS, etc.) relative to bis-MPA esters of diol$ and 16, experi-
mental data (NMR) relative to bis-MPA esters of di@s17 at
room and low temperature (29213 K); proton and carbon spectra

Experimental Section (12) TheAd™2signs shown correspond to the bRHMPA esters. The

R dingAd™172 si for the bis§-MPA est be found i
General Esterification Procedure.Esters2—17 were prepared ,C:%Lerngn ngA signs for the bis§ esters can be found in

by treatment of the diol (1 equiv) with the correspondify-(and (13) Dharon, M. K.; Richard, K. O.; Ramasamy, X.Org. Chem1982
(9-o-methoxye-phenylacetic acid (MPA; 2.2 equiv) in the pres- 47 (10), 1962-1965.
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