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ABSTRACT

HoN

Tetrafibricin (1)

With use of the NMR databases in achiral and chiral solvents, the complete stereochemistry of tetrafibricin (1) has been elucidated without
degradation of the carbon framework.

In 1993, Kamiyama and co-workers at Nippon Roche through the stereochemical assignment of the desertomycin/
reported the isolation of tetrafibricin (1) fro®treptomyces  oasomycin class of natural produétas well as the myco-
neyagawaensisTetrafibricin () is the nonpeptidic fibrino-  lactones. In this letter, using the NMR database in achiral
gen receptor inhibitor, which shows potent antiaggregation and chiral solvents, we report the complete stereostructure
activities on human plateletsAlthough the gross structure  of tetrafibricin (1) without degradation of the carbon
was elucidated through extensive two-dimensional NMR framework.
analysis’ the stereochemistry still remains to be addressed According to the analytical procedure we have previously
(Figure 1). We have developed the concept and logic for a developed, tetrafibricin (1) consists of five independent ste-
universal NMR database approach to assign the relative andreoclusters, i.e., the stereoclusters containing the-ClR,
absolute configuration of an unknown compound without C15-C19, C23-C29, C33, and C37 stereogenic centers,
degradation and/or derivatizatiéiThe feasibility, reliability, respectively. For assignment of the complete stereochemistry,
and applicability of this approach have been demonstratedit is necessary to establish both the absolute and relative
configuration for the first three stereoclusters and the absolute
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configuration for the last two. If there were a method |

available for assigning the relative configuration at the remote
stereogenic centers, the problem in hand could be simplified
significantly.

In this context, we wondered whether the stereochemical
information of one stereocluster is transferred to the other
through a ketone via a hydrogen-bonding netwoik.a

meaningful degree of communication were detected between g 1 2.stereagenic center

the two stereoclusters, the CiC19 portion could be

considered as a single stereocluster. With this expectation,

we first studied the NMR behavior of theyn- andanti-1,5-
dihydroxy-3-ketones (Figure 2). Experimentally, however,
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Figure 2. Structures of 1,5-dihydroxy-3-ketones.

it was found that the degree of the communication between
the C4 and C8 carbons is negligibly smallhus, we
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Figure 3. NMR databases andB for elucidation of the relative
configuration of 1,3,5-triols and 1,3-diols.

us to predict its relative configuration. The following
predictions can be made from the NMR data reported for
2.3 The C15 chemical shift= 67.8 ppm in DMSO#d) is
typical for syn'syn1,3,5-triols, suggesting the C13/C15/C17
relative configuration to be syn/syn. Similarly, the C25 (63.9
ppm) and C27 (63.8 ppm) chemical shifts are typical for
anti/anti-1,3,5-triols, predicting the relative configuration of
both C23/C25/C27 and C25/C27/C29-triols to be anti/anti,
respectively, and consequently the relative configuration of
the C23—C29 tetraol to be all anti.

searched for an alternative method and recognized that, if on the contrary, as the reported C17 chemical shift (67.2

the C13 ketone is reduced to the corresponding alcohol(s),

ppm) lies between the value expected for typiswh/syn-

the two independent stereoclusters in question should _beandsyrianti-(or anti/syn)1,3,5-triols, these data alone do not
treated as one stereocluster; consequently, the relativeyje|d a conclusive assignment. In this connection, the NMR

configuration between the original two stereoclusters could

database we have previously reported provides valuable

be assigned. Interestingly, Kamiyama and co-workers alreadyinformation. The chemical shift marked with a dot in NMR

reported the detailed NMR data in DMSdy-for two C13
alcohols2 and3 derived from1.2 For this reasofwe focused
on 2 and3.

databaseB is diagnostic for distinguishingyn- fromanti-
diols (Figure 3)t° The C19 chemical shift reported f@ris
69.4 ppm, very close to the value found for gya-diol (C17/

Because of its self-contained nature, the center carboncig) of NMR databasB.!! Thus, the relative configuration

indicated by the dot in the five-carbon framework, shown at C15/C17/C19 must be either syn/syn or anti/syn but not
in the box in Figure 3, exhibits a unique chemical shift, which  syn/anti. Combined with the C13/C15/C17 relative config-
is dependent on the relative stereochemistry of substituents;ration (syn/syn, vide ante), the possibility of anti/syn can
present within this framework but independent from the pe eliminated, thereby establishing the C15/C17/C19 relative
stereochemistry of substituents present outside this frame-configuration to be syn/syn. Consistent with this conclusion,

work. The chemical shift in NMR databgefor the central
carbon, indicated by the dot (Figure 3), &yn/syn-,syn/
anti- andanti/syn-, andanti/anti-1,3,5-triols was found to
be around 68, 66, and 64 ppm in DMSIg-respectively,
but was found to be insensitive to the functionalities present
outside of this carbon framewotR.Thus, a chemical shift
analysis of the central carbon in a 1,3,5-triol moiety allows
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the C15 chemical shift reported f8r(C13-epimer of2) is
65.9 ppm, a typical value for syn/anti-(oranti/syn-)1,3,5-
triol, predicting the C13/C15/C17 relative configuration of
3 to be anti/syn.

As reported previously, the methyl group marked by a dot
in the NMR databas€ (Figure 4) is a degenerate, self-
contained carbon, and its chemical shift is diagnostic for
assigning the relative configuration of 2-methyl-1,3-di8ls.
The C41 chemical shift\= 7.5 ppm in DMSOs) reported
for 2 suggests its C11/C12/C13 relative configuration to be
syn/syn as indicated in Figure 1. This assignment is further
supported by the C41 chemical shift (9.8 ppm) reported for
3 (C13-epimer of2), which indicates the C11/C12/C13
relative configuration to be syn/anti.

(10) Kobayashi, Y.; Tan, C.-H.; Kishi, YHelv. Chim. Acta 2000, 83,
2562—2571.

(11) By employing this database, the relative configuration at C27/C29
is also assigned as anti (C29 2f67.7 ppm).

(12) Other examples of 2-methyl-1,3-diol for anti/syn (or syn/anti) and
anti/anti are found at 9:810.6 ppm and 11:612.2 ppm in DMSOds,
respectively. For details, see ref 5c.
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Figure 4. Structures of NMR databa<@ for elucidation of the

relative configuration of 2-methyl-1,3-diols. Figure 6. Structure of bidentate chiral NMR solvent, BMBp-
Me, and the general trend @fdrr-ss for the adjacent carbon
exhibited by isolated alcohols.

Overall, the analysis of th€C chemical shifts reported
for the 13-dihydrotetrafibricins2and3) allowed us to assign
the relative configuration at CHC19 and C23-C29 as Our second experiment was to establish #@ NMR
indicated (Figure 1). To establish the complete stereostructurechemical shift differences (Ag_s9 for 3 in perdeuterated
of tetrafibricin (1), it was necessary to establish the absolute (R)- and (S)-BMBA-p-Me (Figure 6Y:18 As long as both
configuration of at least one stereogenic center present inadjacent carbons are %garbons, a secondary alcohol
each of the four stereoclusters C1€19, C23—C29, C33,  exhibits the general trend &fdrr_ssfor the adjacent carbon
and C37. The NMR database approach in chiral solvents as summarized in the box in Figuré®t-owever, we have
recently developed in this laboratory is ideally suited for this recently observed the opposite trendAafrr_ssfor benzyl,
purpose. biaryl, and tertiary alcohol¥. Specifically related to the

Two types of chiral solvents, mono- and bidentate solvents, current case, we synthesized and studied the behavior of

represented by DMBA N,a-dimethylbenzylaminé) and Adrr_ssof E andF (Figure 7)2°21 Upon comparison with
BMBA-p-Me (vide infra)}® have been developed; the bi-

dentate solvents are powerful for assigning the absolute_

configuration of a stereochemically isolated, saturated sec-
ondary alcohol (separated by a two-or-more methylene bridge yur gatabase NMR database F
OH OH

from other alcohols), whereas the monodentate solvents are Me\/\.)\./\ /\/\)\t/\
= Me e

for assigning the absolute configuration of more than two e el
alcohol-containing stereoclusters. 0030— ©004 0.040 ©0
Our first experiment was to determine tH€ chemical NSNS SE30 SP) %
shift differences Adr-s) for 3 in perdeuteratedR)- and §)-
) C €.30-C.40 portion of _4 L I
DMBA.1 Figure 5 shows the significant®’C Adr-s Compoﬁ?,d";”" 0(6)902 e—T T—eo.c(ao

NN Figure 7. Observed signs and values (in parts per million) of

Adrr-ssin bidentate chiral NMR solvent, BMBA-Me, of NMR

NMR database A1 NMR database C1 databasek andF for the absolute configuration and compouhd
HO i - Ve Ho S ue
0.05 ® 0.080 —>®™—©0.05 these NMR databases, the)rr-ss 0bserved for the C32/
NMR database D C34 and the C36/C38 carbons ®f(and 2) suggested the
' absolute configurations at C33 and C37 as shown in Figure
HO L Me 7
0130— L—@o08
OH OH OH QOH OH OH OH OH OH (13) Kobayashi, Y.; Hayashi, N.; Kishi, YOrg. Lett. 2002,4, 411—
: H : 414.
2N ~
30 2% 4 15 10 ! (14) We gratefully acknowledge Dr. Kamiyama at Nippon Roche for a
®0.05 f \—@0_10 generous gift of 20 mg of tetrafibricin (1). By following Kamiyama’s
0.09@— 0.040— L © 0.09 procedure (ref 3), this sample was converted to a mixture (12 mgpofi

3.
(15) For details, see Supporting Information of ref 4c.
(16) For detailed conditions of the measurement, see Supporting Informa-

C.10-C.31 portions of compound 3

Figure 5. Observed signs and values (in parts per millionAék-s tion.
in chiral NMR solvent, DMBA, of compound and NMR database (17) For preparation of perdeuterated BMBAMe, see Supporting
Al, C1, andD for elucidation of the absolute configuration. Information.

(18) 13C NMR data of2 and3 were obtained in a 5:2:1 w/w mixture of
perdeuterated BMBA-p-Me (350 mg) and CREL40 mg)/DMSO-d (70

. . mag).
detected® A comparison of thesé\dr-s values with the (19) Kobayashi, Y.; Hayashi, H.; Kishi, Y. Unpublished results.
Aodr-svalues observed for NMR databagek, C1, andD* (20) CompoundsE and F were prepared by Brown’s asymmetric

: : allylation. For details, see Supporting Information.
allowed us to conclude the absolute configuration of the ™21\ R data of NMR B oL iore. obtained in BMBA.-

C10—C30 portion of3 as indicated. p-Me (350 mg)/CDGJ (140 mg) (5:2 wiw).
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Figure 8. Mosher’s esters of degradation products of tetrafibricin

1).

linearmycin A (10): The reported "3C-NMR chemical shift of C16Me, C37,
C43, C45 and C57 suggests the relative configuration to be
syn/syn-C15/C16/C17, syn-C35/C37, antilantilanti-C41/C43/CA5/C47,

For the case of a stereocluster containing more than two

groups, more than two independent setsAdk-s can, in syn-C55/C57, respectively.

principle, be found for assigning the absolute configuration o oH

of a given stereocluster. In other words, a cross-checking "GDZ'_‘EVg;‘ nﬁly oS AANA A -
system is installed for this method. Indeed, the two inde- a4 Y 4 e fre © Me

pendent sets oAdr-s in DMBA were found, to assign the

absolute configuration for both the C1C19 and C23-C29 HN

stereostructures (Figure 5). 50 20 30
On the other hand, only one set of thérr—-ssis available

for deducing the absolute configuration of a given isolated

alcohol: the absolute configuration at C33 and C37 was

predicted from one set aldrr-ssin BMBA-p-Me (Figure .y ~s/057 10 pe syn/syn, syn, anti/anti/anti, and syn,

7). 5
Party because o tis reason and party because this wadi TR 1 08 SO0 B ICRERTE: TG PONE
the first example of an application of the BMBg-Me Y

method to an unknown natural product, we decided to through a combination of degradation, gaft NMR, and

. . X : MS analysis (Figure ¢ We believe that the method
g;fgg:;:ggig'&fg:t:zogl:;igggf'\?vgrgtrgnsza;i?;sgg ((:R3)7 reported here can be extended to establish the complete
and (S)-Mosher estefs-9 of (S)-butane-1,2.4-triol (4) and stereostructure of both linearmycin AQ) and lienomycin

" . X 22 \nr . (112).
?E)hciggzmﬁ?t(rggu;igj)écyggh;h?nsiits:ghg?:ﬁ dsgmtgles In conclusion, we have elucidated the complete stereo-

. . e . . f fibricin (1) vi NMR h
ozonolysis, reduction, and esterification with Mosher acid structure of tetrafibricin (1) via an database approac

. . . in achiral and chiral solvents. This conclusion has been
chloride, to furnish the expected degradation products. Upon | . :
. . derived from the analyses dfC NMR profiles of 13-
comparison ofH NMR spectra, the two correspondinig)¢ . Lo : .
. dihydrotetrafibricin only. In our view, this example further
Mosher esters derived from the natural product were found . o e .
to be identical to syntheticR)-Mosher esters and 7 but illustrates the reliability, applicability, and versatility of the
. : ! ynthet o universal NMR database approach in achiral and chiral
different from synthetic (S)-Mosher est&@nd9, confirm- solvents
ing the predicted absolute configuration at C33 and C37. '

Last, we should comment on the structure of two natural ~Acknowledgment. We gratefully acknowledge Dr. Ka-
products, linearmycin AI0)? and lienomycin (115 closely miyama at Nippon Roche for a generous gift of tetrafibricin.
related to tetrafibricin (1) (Figure 9). There is no stereo- Financial support from the National Institutes of Health (NS
chemical information available fdi0. However, on the basis  12108) is gratefully acknowledged.
of the chemical shifts reported f&0, we predict the relative
configuration at C15/C16/C17, C35/C37, C41/C43/C45/C47,

OH OH OH

Figure 9. Reported structures of linearmycin AQ) and lieno-
mycin (11).
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