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Using triol 1 as a representative example of natural products containing two contiguous propionate units, 3C and *H NMR databases for the
stereochemical assignment of acyclic compounds have been created. Chemical shift increments due to the presence of additional functional
groups as well as solvent effects are discussed.

Work on the stereochemical assignments of palytéamL compound in question are (1) inherent to the specific
toxins/fumonising, and maitotoxif in our laboratory has  stereochemical arrangements of (small) substituents on its
yielded a vast volume of experimental data on the structural carbon backbone and (2) independent from the rest of the
properties of fatty acids and related compounds. Thesemolecule. We have therefore suggested the possibility that
studies have shown that the structural properties of afatty acids and related compounds bearing (small) substit-

uents on their backbones have the capacity to create unique

(1) Cha, J. K.; Christ, W. J.; Finan, J. M.; Fujioka, H.; Kishi, Y.; Klein,  structural motifs, to carry specific information, and to serve

L. L.; Ko, S. S.; Leder, J.; McWhorter, W. W., Jr.; Pfaff, K.-P.; Yonaga,

M.; Uemura, D.- Hirata, YJ. Am Chem. S0d982.104, 73697371 and | @S functional materiaf¥. These experimental facts also

preceding papers. suggest the possibility that, given a universal database(s) for
(2) For the stereochemical assignment of AAL toxins and fumonisins various classes of functionalities, the stereochemical assign—

from this laboratory, see: (a) Boyle, C. D.; Harmange, J.-C.; Kishi}.Y.
Am. Chem. Socl994 116 4995-4996. (b) Boyle, C. D.; Kishi, Y.

Tetrahedron Lett1995, 36, 5695—5698 and references therein. For the (3) For the work from this laboratory, see: (a) Zheng, W.; DeMattei, J.

work from other laboratories, see: (c) Oikawa, H.; Matsuda, I.; Kagawa, A.; Wu, J.-P.; Duan, J. J.-W.; Cook, L. R.; Oinuma, H.; Kishi, ¥.Am.
T.; Ichihara, A.; Kohmoto, KTetrahedron1994,50, 13347—13368. (d) Chem. Socl1996 118 7946-7968. (b) Cook, L. R.; Oinuma, H.; Semones,
Hoye, T. R.; Jiménez, J. |.; Shier, W. 7. Am. Chem. Sod 994, 116, M. A.; Kishi, Y. J. Am. Chem. S0d.997,119, 7928—7937. For the work

9409—-9410. (e) ApSimon, J. W.; Blackwell, B. A.; Edwards, O. E.; from the laboratories at Tokyo and Tohoku Universities, see: (c) Sasaki,
Fruchier, A.Tetrahedron Lett1994, 35, 7703—7706. (f) Poch, G. K; M.; Matsumori, N.; Maruyama, T.; Nonomura, T.; Murata, M.; Tachibana,

Powell, R. G.; Plattner, R. D.; Weisleder, Detrahedron Lett1994,35, K.; Yasumoto, TAngew. Chem., Int. Ed. Endl996,35, 1672—1675. (d)

7707—7710. (g) Blackwell, B. A.; Edwards, O. E.; ApSimon, J. W.; Nonomura, T.; Sasaki, M.; Matsumori, N.; Murata, M.; Tachibana, K.;

Fruchier, A.Tetrahedron Lett1995,36, 1973—1976. Yasumoto, TAngew. Chem., Int. Ed. Endl996,35, 1675—1678.
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ment of an unknown compound may be achieved, in contrast

to our previous casés? without synthetic efforts. In this TBwen~®o g wwen~®on S
Letter, we report our first step toward the creation of a Figure 1. Difference in carbon chemical shifts between the average
universal NMR database through analysis of two contiguous and the values ofla—h (100 MHz, C3OD). Thex andy axes

propionate units as an example. represent carbon number af\d (15— — Jave IN PPM, respectively,

To test the feasibility and reliability of this approach, we for all the graphs in this paper.

selected a partial structure typically found in the polypro-
pionate class of natural products. Specifically, we chose triol
1 as a representative example of natural products containing
two contiguous propionate units. Our strategy was then to
synthesize the eight possible diastereoniersh to create

experimental values with predicted values should form a
basis to estimate the chemical shift increments due to
additional functional groups present in an unknown com-

universalH and*C NMR databases for this structural motif. P°UNd-

Several comments on this plan are in order. First, any

compound accommodating two contiguous propionate units : Oé‘* OH

could be used for the present data collection, but we prefer HO Me'©

that the system meet the following criteria: (1) the two side Me ' Me'

chains should be different, thereby enabling @ and*H 1

chemical shifts to be precisely measured and (2) the two C5 Cé6 C7Cs8 C5 C6 C7Cs8

side chains should not bear a substituent(s) which may 1a o o p B 1e B a B B

influence the propionate units via unusual electronic and/or b o a « «a 1" B a o o

steric effects. Second, in the previous cdsésye compared le @ « p o 1g P o B o«
id o« o o B th B o o B

the chemical shifts of synthetic diastereomers with the
chemical shifts of the natural product and used a degree of
chemical shift deviation as the indicator for match/mismatch ~ Among numerous synthetic methods available for the
judgments. For the current purpose, we will use a deviation iterative construction of polypropionates, we elected to adopt
of chemical shift from the average value of the eight synthetic the Brown crotylboration protocbfor the preparation of the
diastereomers as the reference point. Third, to correlate theeight diasteromers possible forin the first chain elongation
NMR data of an unknown compound with a universal (Scheme 1), both the expected syn and anti products were
database, we need to estimate the effects on chemical shiftobtained in approximately 93% and 75% enantiomeric
due to an additional functional group or groups present in
an unknown compound. The left side charshould alow {8 G Seur, ¢ 1t ¢ 3 A chem, sotoes 1o sel,
us to install representative functional groups on the backbones, 1570-1576.

and to determine their effects on the database. Degrees of (5) The enantiomeric excess was estimated from¥R&IMR of its (R)-
such effects could also be estimated via use of an empiricaIMOSher ester. It is worthwhile adding that 4 diastereordéxsid, 4e, and

o . ) . 4h obtained stereospecifically in the second crotylboration were found to
formula for predicting**C chemical shifts. Comparison of  be optically pure.
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Figure 2. Difference in proton chemical shifts between the average Figyre 3. Difference in carbon chemical shifts of eachia—h,
and the values ofa—h (500 MHz, CQyOD). A = O((cDy),50) — O(cpsop) IN ppm (100 MHZ).

excess, respectivefyln the second chain elongation, it chemistry at C.5 and C.6 as well as C.7 and C.8. Second,
should be noted that (1) four diastereomdis, 4d, 4e, and each diastereomer was converted to the corresponding
4h, out of eight were obtained stereospecificall2) three C.5,C.7-acetonide, the NMR analy$e$ which allowed us
diastereomerdla (stereoselectivity= 2:1), 4f (2:1), and4g to conclude the relative stereochemistry at C.5 and C.7.
(1:1), were formed as a mixture of diastereomers, and (3) Third, the eight diastereomers were prepared in an optically
diastereomerdc could not be obtained by this method. active form, the absolute configuration of which was
Diastereomerdc was instead prepared via zinc-mediated determined by the chirality of (IpgOMe used in the first
crotylation (stereoselectivity: 5:1) § which was found also  crotylboration?

to be a stereoselective (5:1) means for the preparation of The!3C and'H NMR spectra of each diastereomer were
diastereomedg. In addition, application of the tin-mediated recorded in three commonly used NMR solvents §OD,
crotylation developed by Keé¢kmproved the stereoselec- (CDs),SO, and CDGJ, and the chemical shift assignments
tivity in the formation of4a (5:1) and4f (5:1)8 Finally, were established through COSY, HMQC, and DEPT experi-
hydrogenation/hydrogenolysis jfPd(OH) on C/MeOH] of ments. The'*C and'H databases were created and shown

4a—h furnishedla—h, respectively. as a deviation in chemical shift for each nucleus of a given
The stereochemistry dfa—h was assigned on the basis diastereomer from the average chemical shift of the nucleus

of the following facts. First, it is well established th&t){ in question (Figures 1 and 2).

and (3-crotylboronates yield anti and syn produttespec- As anticipated from our previous work, each diastereomer

tively, thereby allowing assignment of the relative stereo- exhibited distinct and differing NMR spectroscopic properties
from each other. It should be noted that the diastereomers

(6) For examples similar to the present case, see ref 3a. 1f and1h exhibit relatively small differences in tH&C NMR
(7) Keck, G. E.; Abbott, D. ETetrahedron Lett1984,25, 1883—1886. . e . .
(8) For the case ofa, although the stereoselectivitga(4b) could be database in CEDD but exhibit significant differences in the

improved up to 5:1, a significant amount of the linear product (3:2 'H NMR database. Interestingly, this trend, i.e., the comple-

regioselectivity) was also formed. 1
(9) The3C chemical shifts of two acetonide methyl groups are known mentary nature of théH and™*C NMR databases, was also

to be diagnostic in differentiating syn- and anti-1,3-diol acetonides: (a) Noticed for several cases in our maitotoxin studfes.

Rychnovsky, S. D.; Skalitzky, D. Tetrahedron Lett1990,31, 945—948. Upo i i i
(b) Evans, D. A,; Reiger, D. L.; Gage, J. Retrahedron Lett1990, 31, pon comparison of the chemical shifts found for each

7099—7100. In addition, NOE studies were conducted on the acetonides tonucleus in CROD, (CD,),SO, and CDJ, the presence of
confirm the stereochemical assignment at C.5 and C.7. solvent effects was evident. However, it is important to note

(10) CS ChemNMR Pro version 1.0, Renate Buergin Schaller, Develop- :
ment Centre, Bergstrasse 114, Zurich, Switzerland, installed in CS Chem—that’ upon changlng the solvent from €ID to (CQ)ZSO’

Draw Pro version 4.5, was used. each nucleus of the eight diastereomkais-h was found to
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increment, respectively. The chemical shift increments thus
estimated were found to compare well with the experimen-
tally obtained values both in thed and A1—5 or B1 and

B2—3 series (Table 1). This exercise demonstrates that

Table 1. Experimentd (Upper Line) and Predicté®i(Lower
Line) Increments (ppm) of¥C NMR Chemical Shifts

s o e (ke
HO T N oY Yy Ve [Fhaz AS

I\:Ae Me

1d A3
OH OH v

3
HO\%\/\/\l/\
2 5% Me S} B3
B1 Me Me
1 2 3 4 5 6
5.5 27 +38 02 +02 +03 -02
17O 43 438 02 +03 00 0.0
5015 -1.3 31 403 +02 -0.1
1d 7 %A2 03  -37 01 0.1 0.0
+48.4 +9.7 -6.0 +0.0 +0.1 0.0
914°%a3 U490 4101 62 103 00 200
- - - 4 816 6A4 -11 +0.8 +0.5 +0.6 -0.2
TANOTOLONBIOSTN raoTvONon 2T N -0.1 +0.9 +0.3 +0.0 0.0
. . : . . ] 4109  +30 03 0.0 +02 -0.1
Figure 4. Difference in carbon chemical shifts of eachlaf—h, %1a°%s5 g4 125 03 100 00 200
AO = dcpcr) — O(cosop) IN ppm (100 MHz).
Saq - O 2.7 +3.8 +0.1 +0.5 +0.0
B1 - %82 -43 +33  -02 +0.3 0.0
exhibit approximately same magnitude of solvent effects 381 - dg3 s 2% +06 402
(Figure 3). Consequently, the overall profile of the NMR 400,00, 100MHz

databases in Cf®D and (CR),SO became virtually identi-
cal. On the other hand, upon changing the solvent frorg-CD
OD to CDCB, each nucleus ata—h was found to exhibit a
different magnitude of the solvent effects among the eight
diastereomers. However, a similarity is noticeable in the
overall profile qf solvent effects.betwedtall'c,lblld, le/ _ using the established empirical formula.
1g, andlf/1h (Figure 4). Interestingly, the diastereomers in -
L . . : The reliability and usefulness of our NMR database for
these pairings share the same relative configuration at the . . .
. . he stereochemical assignment of acyclic compounds are
C.5, C.6, and C.7 positions. These observations may sugges{ . : ; . .
. . ; discussed in the following paper using the oasomycin class
that a six-membered intramolecular hydrogen bonding array of natural products as an examole
plays a major role in determining the overall structural P pie.

necessary adjustment(s) to ti€ NMR database due to the
presence of a new array of functional groups can be made

properties of these diastereomers in CR@lhereas it does Acknowledgment. We gratefully acknowledge Dr. Laura
not play a role in COD and (CDR),SO. Cook-Blumberg for her contributions at the early phase of
To determine chemical shift increments on tf@ NMR this program. Financial support from the National Institutes

database due to the presence of additional functional groupspf Health (NS 12108) is gratefully acknowledged.
two series of derivatives afd were prepared, i.eAl—5

andB1—2. Although chemical shift increments were obtained : ) N .
g cedures summarized in Scheme 1, table listing the chemical

also for the’H NMR spectra, we focused only on tA& . . . .
: hifts of acetonides derived frofra—h, database graphs in
NMR spectra because such incremental values could be® .
P (CDs3),SO and CDGJ, and tables listing completdd and

estimated via the empirical formula known in the literature. | . .
; ; 3C NMR assignments afa—h in CD;OD, (CD3),S0O, and
Using the program developed by Renate Buergin Sch¥ller, . = = e
ng fhe prog veloped by verg| CDCl,, and3C NMR assignments ok1—5 andB1—3. This

the chemical shifts were estimated for each carboAIf T X .

5 B1-3, andld. The chemical shift difference between a material is available free of charge via the Internet at
given carbon inld or B1 and the corresponding carbon in hitp://pubs.acs.org.
Al-5or B2—3 was assumed to represent the chemical shift 0L9903786
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