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ABSTRACT

2 4 4 6 2 4 6
Examples of 13C NMR desymmetrization of meso compounds are presented. On analysis of the NMR profiles of 1,3-diols, the additivity is
recognized to predict the NMR profiles of 1,3,5-tirols.

During the studies of a 1,3-diol NMR database in a chiral . OH OH .
solvent, we noticed that the C.4 and C.8 carbonsyof1,3- HO < “Me
diol 1 exhibited small but definite differences in chemical 1

shift when collected in (R)- and (S)-DMBA (N,o-dimethyl-
benzylamine}. This is a remarkable and intriguing observa- _ _ : :
tion, particularly when one recognizes the meso nature of the meso portion of, we first studied messyn-1,3-diol2a
the C.4—C.8 moiety ofl. To the best of our knowledge, ~2and optically activanti-1,3-diol2bin (R)- and §-DMBA.?
there is only one known example of NMR desymmetrization AS Shown in the graphs in Figure dnti-1,3-diol2b showed
of meso compounds in a chiral solvénn this Letter, we & °C NMR profile similar to that of the examples given in
report examples of*C NMR desymmetrization of meso the preceding LetterAs anticipated, messyn-1,3-diol2a
compounds. We also present examples of the additive naturdndeed exhibited clear NMR desymmetrization of the C.3
of the NMR profiles ofsyn- andanti-1,3-diols, resulting in ~ @nd C.2 carbons from the C.7 and C.8 carbonsRj @nd
predictable NMR profiles of 1,3,5-triols. (S)-DMBA. We also tested meseyn-1,3-diol 3a and
optically activeanti-1,3-diol 3b (Figure 1). Once agaim@nti-
1,3-diol 3b gave the expected NMR profile for the central

Considering thé3C NMR desymmetrization observed for

(1) Hayashi, N.; Kobayashi, Y.; Kishi, YOrg. Lett. 2001, 3, 2249—
2252.

(2) The methine protons of meso dimethyl 2,3-diaminosuccinate were  (3) A Varian Mercury 400 spectrometer (100 MHz) was used to collect
observed as an AB system in chiral 2,2,2-trifluorophenylethanol: Kainosho, all the NMR database data in DMBA, with acetodeas an external
M.; Ajisaka, K.; Pirkle, W. H.; Beare, S. Dl. Am. Chem. S0d.972,94, referenced 29.8) and a lock-signal and with readout of NMR spectra being
5924—-5926. adjusted to 0.001 ppm/point (sw 23980.8, fn= 524288).
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6c, were subjected t6°C NMR studies in R)- and §)-
DMBA, yielding the NMR profiles summarized in Figure
3. It was not surprising now to see desymmetrization of meso
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Figure 1. Carbon chemical shift differences @a,b and 3a,b 0.1
between (R)- andS)-DMBA. Thex- andy-axes represent carbon OH OH OH
number anddr — dsin ppm, respectively, for all the charts in this 0 Me A Me
Letter. -0.1 F A R ! 5 7 1
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carbon, but the chemical shift differenc&d = dg — 09 Figure 3. Experimental and expected carbon chemical shift

was significantly smaller than that observed fonti-1,3-  differences oféa—c between (R)- andS)-DMBA.

diol 2b. Interestingly, meseyn-1,3-diol3a showed no sign

of 13C NMR desymmetrization. The difference observed
betweer2a and3a, as well a2b and3b, may be related to
their conformational preference; the carbon backboraof

is expected to adopt a more pronounced extended conforma
tion than that of3a, and2a provides a better platform for
desymmetrization by the chiral solveht.

1,3,5-triols6a and 6b by the chiral solvent. However, the
magnitude of desymmetrization detected for mast,anti-
1,3,5-triol 6b seemed, at least at the first glance, to be
unrealistically large.

Structurally, the meso 1,3,5-triéla is composed of two

Naturally, we were interested in examining the NMR SYN-1.3-diol units, whereas the meso 1,3,5-tri is

behaviors of other types of meso compounds and selected?®MPosed of twoanti-1,3-diol units. If we assume that
two additional types of substrates: (1) meso 1,2- and 1,4- €¢0gnition by (R)- and (S)-DMBA primarily relies on the

diols and (2) meso 1,3,5-triols. On the basis of the difference 1+3-di0l substructure, the pattern of desymmetrizatiofeof
observed betweerpa and 3a. we chose4 and 5 as and6b might be correlated with the NMR profile of meso

representative of 1,2- and 1,4-diols, respectively. As shown syn-1,3-diol2a and. optically gctiveanti-l,S-diol?b. Figure
in the graphs in Figure 2, a small but definite desymmetri- S SNOWS an exercise of adding the NMR profileafand/
or 2b to that of2a and/or2b and comparing the resultant

composite profile with the profile experimentally obtained
_ for 6a—c in (R)- and (S)-DMBA. The resultant profiles

undeniably demonstrate the presence of additifty.

“}Ie/\)i)i/\/,\,,e The rem_arkgb!e agditivity recognized suggestg a possible
o " mode for discrimination of the absolute configuration By (
4 or (S)-DMBA; the chiral solvent recognizes, at first ap-
0.05 2 proximation, one 1,3-diol structural motif separate from the
- adjacent 1,3-diol structural motif. The following experimental
° .. results indicate that the presence of a bidentate structural
motif in a substrate is important for effective recognition.
005 s 5678 ¥ 12345678910 First, discrimination of enantiomers by (R)- or (S)-DMBA
Figure 2. Carbon chemical shift differences dfand5 between should, in prlnC|pIe, be possible for a subst_rate with a single
(R)- and 6)-DMBA. stereogenic center, and we tested a variety of secondary

(4) Interestingly, the chemical shift differences were significantly ampli-
fied with the introduction of a methyl group witanti-orientation at the

zation was once again detected for bdtand5. cer(lér)alA ggypqﬁ. o o for the chemical <hifs of
. i . . itivity in increments was recognized for the chemical shifts o
Slm"arly’ mesosynsyr+1,3,5 triol6a and mesanti,ant the central carbon of 1,3,5-triol in DMSO: Kobayashi, Y.; Tan, C.-H.; Kishi,

1,3,5-triol 6b, as well as optically activeyn,anti-1,3,5-triol Y. Helv. Chim. Acta2000,83, 2562—2571.
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Figure 4. Carbon chemical shift differencesAp|) of 7a—e
between (R)- andS)-DMBA.

alcohols but with a limited succe$Second, if a bidentate

structural motif is involved in the recognition event, one
would expect the effectiveness of discrimination to be a
function of the proximity between the two functional groups.
Figure 4 summarizes the chiral discrimination of primary/
secondary diols7ra—e, demonstrating the importance of

the proximity between the two hydroxyl groups. In this
context, we expect that a chiral NMR solvent with more
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than one functional group may offer unique and different
potentials?

In summary, examples 6fC NMR desymmetrization of
meso compounds have been presented. On comparison of
the data obyn andanti-1,3-diols2ab with that ofsynsyn,
anti,anti-, andsyn,anti-triolséa—c, the additivity of NMR
profiles was recognized. Through these studies, a possible
mode was suggested for recognition by a chiral NMR solvent,
in which a bidentate structural motif plays an important role
in effective desymmetrization.
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(6) In adding the NMR profile oRa to that of2b to predict the NMR
profile of 6¢, there is another combination, i.e., addition of the opposite
sign of Ad (0r — J0g) of 2ato that of2b. Because of the meso nature2at,
the absolute NMR profile oRa in the chiral solvent is not established.
However, taking account of the NMR profile observed for ¢fe-1,3-diol
portion of 1, we chose the combination shown in Figure 3.

(7) A number of substrates with only one stereogenic center, but no
additional functional group, were tested. Chiral discrimination®) @nd
(S)-DMBA was observed for PhCH(OH)Me, PhCH(Me)&H, t-BuCH-
(OH)Me, andn-BuC(OH)(Me)Ph but not for-BuCH(OH)Me anch-BuCH-
(OH)Me.

(8) Promising preliminary results were observed for several multidentate

chiral solvents, including—v.
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