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A general NMR spectroscopy protocol for determination of absolute configuration of thiols, that includes the introduction of new aryl- tert-
butoxyacetic acids as chiral derivatizing agents (CDAs), is described.

IH NMR has become a very convenient tool for the and cheap procedures for the reliable assignment of the
assignment of absolute configuration of a variety of organic absolute configuration of thiols should be very useful.
compounds. Derivatization of the substrate with selected In this communication, we describe a procedure for chiral
chiral derivatizing agents (CDAs) and interpretation of the secondary thiols that requires derivatization of the thiol with
A6 parametersAoRS Ad™2 AoB2..) obtained by compari- the two enantiomers of 2-methoxy-2-phenylacetic acid
son of two NMR spectra (either from two diastereomeric (MPA) and comparison of théH NMR spectra of the
derivatives or from a single derivative at different temper- corresponding diastereomeric thioestdrsaddition, the new
atures or before/after formation of a metal complex) allow and more efficient reagentt2st-butoxy-2-(2-naphthyl)acetic
one to infer the configuration. Chiral substrates that are acid (2-NTBA) is presented.
amenable to treatment with these methods include primary To establish a general and validated methodology for the
and secondary alcohols, primary amines, carboxylic acids, assignment of configuration of thiols and to know which one
cyanohydrins, diols, triols, and amino alcohéls. yielded the largestAoRS values] we derivatized theR
Thiols, the simplest organic compounds of sulfur, are enantiomers of 2-methoxy-2-phenylacetic acid (MPA,
relevant not only for their presence as natural products and3,3,3-trifluoro-2-methoxy-2-phenylpropanoic acid (MTPA,
their roles in biochemistry but also for their applications in  2), Boc-phenylglycine (BPG3), and 2-(9-anthryl)-2-meth-
the preparation of other organosulfur compodnaisd for : . . :
their uses as catalysts in asymmetric syntriience, easy y2) & S SThe Chemisty of the Thiol Group: Pars [&don
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oxyacetic acid (9-AMA,4) with racemic pentane-2-thiol

(chosen as model compound for the screening, Figure 1a).
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Figure 2. Partial 'H NMR spectra of the §)- and §-MPA
thioesters of §-butane-2-thiol §) (CDCls, 250.13 MHz).
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Figure 1. (a) CDAs1—4 selected for this study amiioRSabsolute
values (ppm, Me groupstalic) of their thioesters with pentane-
2-thiol (CDCk, 250.13 MHz). (b) CDAsL6—19 and AdRSvalues
(ppm, italic) of butane-2-thiol thioesters (CD{250.13 MHz).

MPA (1) generated the largest separation of chemical shifts

between diastereomeric thioesters, and as a result, it was

selected to continue the studies.

Next, we decided to examine the NMR behavior of the
(R)- and the §-MPA thioester derivatives of a series of thiols
of known absolute configuration and see-jiist as in the
case of secondary alcohols, primary amines, and other
functional groups-a correlation between the absolute con-
figuration and the NMR chemical shifts was present.

Figure 2 shows the'H NMR spectra of the MPA
derivatives of §-butane-2-thiol ). It is easily observable
that the signal corresponding to gHl) is more shielded in
the (9- than in the R)-MPA thioester. The opposite situation
holds for CH(3) and CH(4), which are more shielded in
the R)- than in the §)-MPA thioester. These differences of
chemical shifts expressed A®RSshow a positive sign for
CHz(1) (A0RS= +0.07 ppm) and a negative sign for gH
(3) and CH(4) (AoRS= —0.05 and—-0.06 ppm, respectively).

Likewise, thelH NMR spectra of the )- and the §)-
MPA thioesters of the structurally diverse thidds-15 of
known configuration (Figure 3) showed signs AHRS for
protons of the side chains {land L) identical to those with
the same spatial relationship3r(positive for Ly and negative
for Ly).

This distribution ofAdRSsigns is coherent for all the thiols
studied and correlates with the configuration; therefore, it

and the corresponding\oR® signs. These results can be
explained on the basis of the presence, in each diastereo-
meric thioester, of NMR relevant conformer/s in equilibria
where the shielding effect produced by the phenyl ring of
the auxiliary affects mainly one of the substituents ¢r

L,) of the thiol—the one located closer to-ithus serving to
connect the configuration of the auxiliary part with that of
the thiol.

A combination of theoretical studies and experimental
evidence led to the identification of the significant conform-
ers. A short account follows.

We performed geometry and energy calculattons
dihedral anglesb; [O—Cy—Cpr—Cpy], @, [O—C,—C=0],

®3 [0=C—S—C,],” and @, [(O)C—S—Cy—H] belonging

to the MPA thioesters of methanethiol and butane-2-thiol
(both taken as model compounds).

The resulting scenario shows equilibria between two
predominant species of conformers that are named, according
to the geometry ofd, at the MPA moiety, synperiplanar
(sp, minor) and antiperiplanaap, major and NMR relevant).
The situation depicted resembles that of the MPA derivatives
of amines (Figure 4&.

(6) DFT (B3LYP/6-31G*) both in gas and solution (PCM) with Gauss-
ian03. See: Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.;
Robb, M. A.; Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin,
K. N.; Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone, V.;
Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A,
Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.;
Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li,
X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken, V.; Adamo, C.;
Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J,;
Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.;
Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich,
S.; Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A.
D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A.
G.; Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A.;
Piskorz, P.; Komaromi, I.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham,
M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.;
Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, Hdussian
03, revision C.02; Gaussian, Inc.: Wallingford, CT, 2004.

can be used to determine the absolute stereochemistry of (7) Conformational analysis on simple thioesters had previously shown

the thiol. Figure 3 shows the spatial arrangement gE i

(5) A value of A6RSfor a given substituent is the difference between its
chemical shift in the R)-CDA derivative minus that in theS-CDA
derivative.
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that thecis planar form around thé; angle was the prevailing conformation

in a variety of solvents. See: (a) Nagy, P. |.; Tejada, F. R.; Sarver, J. G.;
Messer, W. S., Ji. Phys. Chem. 2004 108 10173. (b) Deerfield, D.
W., Il; Pedersen, L. GJ. Mol. Struct. (THEOCHEM)L995 358 99. (c)
Reven, M. F.; Boese, R.; V@ova, C. O. D.; Oberhammer, H.; Willner, H.

J. Org. Chem2006 71, 616.
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Figure 3. Values of A6RS(ppm) and sign distribution for the MPA (plain) and 2-NTB#a(ic) thioesters of thiol$—15 (CDCl;, 250.13

and 500.13 MHz). The 3-D model and tA&RS signs obtained from

those data are shown in the frame.

Subsequently, when the thiol is derivatized with tRe
enantiomer of MPA, one of the substituents of the asym-
metric carbon (k, Figure 4a) faces the phenyl ring in the

R= OMe (MPA); -Bu (2-NTBA)
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Figure 4. (a) Antiperiplanargp) and synperiplanasf) conformers
in the equilibria of R)- and ©)-MPA (and 2-NTBA) derivatives
of thiols, amines, and alcohols. (b) Values and signédfs for
MPA thioesters, amides, and esters with the ssesbutyl skeleton.
(c) Complexation of theR)-MPA thioester of §)-octane-2-thiol
and @)-octan-2-amine with barium(ll).

main conformer p), experiencing a measurable shielding
effect. The other substituent {Lis shielded in the least
populated conformersf). Overall, the shielding affects
mainly to L in this thioester. When theS-MPA is used
instead, a similar analysis shows that the shielding affects
largely to the other substituent (LFigure 4a).
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These theoretical results justify the experimemaiRS
signs found in thioestes—15. For instance, in theR)-MPA
derivative of @-butane-2-thiol %), the ethyl group is
subjected to the aromatic shielding effect of the phenyl ring
of the auxiliary in the most populated formag), while in
the (§-MPA derivative, it is not (Figure 2). The difference
of chemical shifts, expressed A8RS is in this case negative,
and this sign is therefore associated with that particular spatial
location of the chain with respect to the phenyl ring of the
auxiliary (corresponding to 4.in Figure 4a). For its part,
the methyl group is in front of the phenyl ring in the NMR
relevant conformergp) of the (5-MPA derivative, but it is
not in the R)-MPA derivative. Accordingly, it presents a
positive AORSsign, also associated with the stereochemistry
of the chiral center (corresponding to lin Figure 4a).
Exactly the same correlations are obtained for thioesters
6—15.

The existence of thesep/sp equilibria and the spatial
arrangement betweens/L, and the phenyl group were
experimentally confirmed from several sources of evi-
dence: (a) Replacement of the MPA moieties by an acetate
group and evaluation of the anisotropic effects of the phenyl
groups on b/L,. (b) Comparison ofAdRS signs of MPA
thioesters with those of MPA amides and esters presenting
identical carbon skeletons (Figure 4c) reinforce the analogy
between thioesters and amidep predominant conformer)
as opposed to esterminor conformer). (c) Low-tempera-
ture NMR experiments withR)- and §-MPA thioesters
(from 298 to 183 K; CgCD,Cl, 4:1) showed no significant
changes, indicating that the equilibria are already shifted
toward the most populated conformeegp) at the highest
temperature. (d) Complexation of MPA thioesters with
barium(ll) [Ba(ClQy),; CDsCN] induced an NMR response
analogous to the well-established behavior of MPA amides
in the same circumstances: a redistribution of #pésp

(8) In MPA amidesap forms are the most populated and NMR relevant.
In MPA esters, where thap/sp forms are also present, the equilibria are
shifted in the opposite way argphconformers are major and NMR relevant
(Figure 4a).
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equilibria toward thesp conformer? The experiments were as shown by the fact that the introduction of only the

performed with the R)- and §-MPA thioesters of 9- 2-naphthyl group (derivatization of butane-2-thiol with
octane-2-thiol and theR)- and §-MPA amides of §-octan- 2-NMA 19, Figure 1b) is not enough to increase significantly
2-amine (Figure 4c). the AoRSvalues.

The above results are fully coherent with the presence of Geometry and energy calculations analogous to those
a predominant form in solution where the spatial location described above for MPA confirmed the similarity between
of the phenyl group with respect the/L, substituents is  the conformational equilibria of the MPA and 2-NTBA
similar to the one depicted in thep forms. thioester derivatives: thap conformers are the predominant

The ap conformation is also present in the solid state, as forms in both cases (Figure 4a).
shown in the diffraction X-ray spectroscopy of a crystal of T4 sum up, a correlation between the absolute configu-
the -MPA thioester of 1-thigs-p-glucose tetraacetate ration and the NMR spectra of their MPA and atgh-
(10).*°Itis noteworthy that the proximity shown in the crystal  pytoxyacetic acid derivatives holds for all the compounds
(see Supporting Information) between the phenyl group and of Figure 3 that possess substituents that are acyclic, cyclic,
the acetate at C(2) could also be detected in solution satyrated, unsaturated, oxygenated, etc. It can therefore be
throughout a NOESY experiment. considered to be widely general for thiols and be used for

Although theAdRS values obtained with MPA are good  tpeir configurational assignment. Experimental (chemical
enough to assign the configuration, we decided to explore ghjfts analysis, low-temperature NMR, selective formation
the possibility of obtaining higheto~values by replace-  of metal complexes) and theoretical (energy calculations) data
ment of the methoxy and phenyl groups present in MPA By corrohorate the certainty of the conformations presented in
tert-butoxy and naphthyl/anthryl groups. In this way, we Figyre 4a and substantiate the model for users (in order to

expected to increase the predominance obhieonformers,  pjace in space Land L according to theindRSsigns) shown
a more intense anisotropic effect and a more favorable i, Figyre 3.

orientation of the aryl rings toward iIL,. Three CDAs
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