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ABSTRACT

A partial stereochemical assignment of quartromicins A; (R = a-p-galactosyl) and D; (R = H, Mt = Na*, K*, Ca™) is presented.

The quartromicins® are a structurally unique group of

ic acid units connected by enone linkers in a head-to-tail

metabolites from actinomycetes species with a wide array fashion. Quartromicins Aand Dy are G symmetric and

of biological properties, including activity against several
important viral targets including herpes simplex virus (HSV)

type 12 influenza? and human immunodeficiency virus
(HIV).3 Members of the quartromicin family are also known
to inhibit phospholipase A(PLA,).* PLA;, is a human

therefore contain two distinct spirotetronate subuhitdich

we have designated as the galacto and agalacto fragments,
respectively. However, no information on the relative or
absolute stereochemistry of the quartromicins has been
reported. In connection with our studies on the synthesis of

enzyme that catalyzes the hydrolysis of membrane phos-the quartromicins® we have developed a partial stereochem-
pholipids in the synthesis of eicosanoids, an important stepical assignment of quartromicinszAnd D, the details of
in the inflammatory response associated with arthritis, which are described herein.

psoriasis, asthma, and atheroscler®sis.

We anticipated at the outset that it would be possible to

The quartromicins are characterized by a novel 32- assign the stereochemistry of quartromicinsahd D; by
membered carbocyclic structure consisting of four spirotetron- comparison of the publishetH NMR daté for the natural
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products with that of spirotetronatés-4,”® which represent

all four of the possible stereoisomers of the galacto and
agalacto subunits. Spirotetronatzand3 were synthesized
from precursors whose stereochemistry was assigned by
X-ray analysis. Spirotetronatel has been synthesized by
three different routes, including one involving an enantio-
selective Diels-Alder reaction of an acyclic4)-1,3-diene*0

(7) Roush, W. R.; Barda, D. ATetrahedron Lett1997,38, 8781.
(8) Roush, W. R.; Barda, D. ATetrahedron Lett1997,38, 8785.



s as equatorial in each of these four structures (Figure 2). The

shielded nature of the quaternary methyl group (C(4)-#e;
galacto fragment agalacto fragment 1.05-1.07) in1 and2, compared to the deshielded chemical
shifts for C(4)-Me in diastereomeBsand4 (6 1.27 and 1.19,
respectively), allows us to assign the C(4)-Me group as
equatorial in the former and as axial in the latter, vide infra.

Comparative'H NMR data for the galacto and agalacto
fragment of quartromicin Pare presented in Figure'3.

agalacto fragment galacto fragment

quartromicin Ag,

R = o-D-galactosy! 5, galacto fragment 6, agalacto fragment
quartromicin D3, R=H Hoga: 6 2.04; nga’27 =11.0Hz Hy4 062.37; J11a‘9 =86Hz
( M* = Na+, K+, Ca"*) Hggb: 51.94; J29b,27 =58Hz H11b: 01.54; J11b,9 =0Hz
C(22)-Me: § 0.83 C(4)-Me: §1.23

Figure 1.
Figure 3. Selected'H NMR data for the galacto and agalacto

fragments of quartromicin H(*H NMR data obtained in ED).

Unfortunately, as we have noted previouskpirotetronate
model system® and4 preferentially adopt conformations
with C(13) of the tetronic acid units in axial positions with Inspection of these data makes it possible to assign the
respect to the cyclohexenyl ring, completely opposite to the Secondary C(27)-Me group as equatorial in the galacto
conformational preferences tfand3 and also opposite to ~ frRIMENtS (Jzgaz7 = 11.0 HZ; Joen27 = 5.8 Hz), and C(9)-

the preferred conformations of the galacto and agalacto Me as axial in the agalacto fragmefiJiia,o= 8.6 Hz;Jiin o
fragments of the natural quartromicins (vide infra). The = 0 Hz), given the strikingly differentii, 9andJzon 27values
conformational preferences df-4 are easily assigned by for the two substructures. Moreover, we assign C(22)-Me
inspection of the largéH—'H coupling constant between @s equatorial in the galacto fragméntowing to the highly

Hiaand H (€.9,d11a9, which defines the C(9)-methyl group  Shielded chemical shifté(0.83) of this unit, compared to
the considerably more deshielded C(9)-Me in the agalacto

_ fragment6 (6 1.23), which must be in an axial position in
order to avoid anisotropic shielding by the spirotetronate unit.
The latter assignment is supported by the strikingly similar
chemical shift of the axial C(4)-Me of spirotetrona@go
1.27), which has the same local stereochemical environment

Mo as 6. Therefore, on the basis of this analysis we conclude
Hnﬁ 0 that the galacto and agalacto fragmentsieahe two methyl
OTBS groups in trans relationships and that the two spirotetronate

Heos 6 1.99: J 108Hz Hurs 5 2.04: J 10.4 Hz units of the quartromicins must be epimeric at the C(30)

11a 99 J11a,9=10.8 HZ  Hyqq 045 Ji1a,9=10. ;

Hie 8 1.73; Jino=63Hz  Hyyp: 8 1.83; Jypo = 6.6 Hz and C.(12) stereocenters, respect!uay. o

C(4)Me: 51.07 C(4)-Me: §1.05 Additional support for the assignment ¢fans-diaxial
methyl groups in the agalacto fragmedhtcan be gleaned

0oTBS TBSO—__OMOM
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(11) The'H NMR data summarized in Figure 3 are literature values taken
from the Supporting Information to ref 1.

(12) We have also considered the possibility that all four of the
spirotetronate units of the quartromicins have identical stereochemistry, such

Hi1a: 8 2.00; Ji139=10.3Hz Hy1a 3 1.95; Jy159=8.3Hz that the natural product exists with the two galacto fragments in a dimethyl
Hip: & 1.84; Ji1pg=6.6Hz  Hyqp: 8 2.08; Jy1pg=6.8Hz equatorial conformation (i.e., analogous to the conformations depicted for
C(4)-Me: §1.27 ' C(4)-Me: 51 .19 ' 1 and5) and with the two agalacto fragments in “inverted” conformations

as depicted in structur2 However, extensive molecular modeling studies
. . . . 1 have failed to identify a sufficiently stable quartromicin stereoisomer that
Figure 2. Conformational analysis of spirotetronatés4 (‘*H would satisfy these criteria. Accordingly, we regard this possibility as highly
NMR data obtained in CDGJ. unlikely at this time. We thank Dr. Marty Pagel (Indiana University) for
assisting with the molecular modeling studies.
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H24al 81.77; J24a’23 =10.0 Hz H24a: §2.28; J24a,23 =7.4Hz

oy Heoar 8 2465 Jooq19=7.5 Hz Hoap: 81 84; Joapos=67 Hz  Hogy: 81.67; Joapq= 0 Hz
H &n 2%?%)3 1e-_9§’1 éjiOb’w =0Hz Hao: 83.17 Hao: 83.45
PA-46101 A o _ .
aglycon Figure 5. SelectedtH NMR data for9 and10 (in CDCl).
9 "o
e OH micin D3 must have the stereochemistry and conformations
O " Hip | > depicted in Figure 3?the absolute stereochemical relation-
H,,Me H ships between the two fragments has not been assigned.
8 Consideration of possible biosynthetic sequences for con-
Hy1a: 82.47; Jiya0 = 8.6 Hz struptio_n of5_and6 I_eads us to s_peculate that a Prins-type
Hy1p: 81.59; an:g =0Hz cyclization might be involved, as illustrated in Figure 6. This
Figure 4. SelectedtH NMR data for7 and8 (in CDCl). s
from the data summarized in Figure 4. PA-46101A is a e
spirotetronate-containing natural product whose structure and
stereochemistry are known on the basis of an X-ray crystal o] Me\ ==
structure analysi¥ The data summarized in Figure 4 for Q 5
the PA-46101A spirotetronafe (Jz0a,10= 7.5 HZ; Joop,10= X 11 o] H
0 Hz; 6 1.24 for C(16)-Me) are strikingly similar to the data
reported in Figure 3 for the agalacto fragmériThe coupling e | reface siface +
. _ . attack on attack on

constant data reported for spiroac&#él;1, 9= 8.6 Hz;J11p9 carbonyl carbonyl

= 0 Hz), the stereochemistry of which also was assigned by
X-ray methods, support the conclusion that if the C(9)-Me
group is axial, theld; 1 owill be very small, as is the case in
the agalacto fragmerg.

Our assignment of the stereochemistry of C(9)- and C(22)-
Me groups in quartromicin fragmen&and6 is based on
the strikingly different chemical shifts of the quaternary

methyl groups in the two isomers, which we have attributed 12, galacto series

to anisotropic shielding by the tetronic acid fragment when (endo spirotetronate)

C(9)-Me and C(22)-Me are equatorial. Support for this

conclusion is provided by the data in Figure 5, deriving from /1 7
synthetic studies on kijanolidé!>The important information O Me
here is the substantially shielded chemical shift of H(2D) ( o %

3.17)_ in the endo spirot_etronateg,14 compared_ to the 14, agalacto series
considerably more deshielded H(20) (d 3.45) in t® (exo spirotetronate)

spirotetronatd 01> TheH NMR data summarized f& and
10 once again illustrate the characteristic coupling constantsFigure 6. Possible biosynthesis of fragmeriisind6.
that enable the secondary methyl group (e.g., C(27)-Me in
5 and C(9)-Me in6) to be defined as equatorial or axial on
the cyclohexenyl ring system.

While it can be concluded from the data presented here
that the galacto (5) and agalacto (6) fragments of quartro-

postulate would permit both spirotetronate series to be
derived from a common biosynthetic intermediate such as
11, in which the stereochemistry of the C(9)-methyl group

has already been set in earlier biosynthetic steps. Accord-

(13) Matsumoto, M.; Kawamura, Y.; Yoshimura, Y.; Terui, Y.: Nakai, ~ingly, the two spirotetronate¥2 (corresponding to the galacto

H.;Ifs;\idkadT.; Kshg(ji, 2. A_ntibiot.b993,43ﬁ_.739. A e fragment5) and14 (corresponding to the agalacto fragment
4155.) akeda, K.; Yano, S.; Sato, M.; Yoshii, £.Org. Chem1987,52, 6) would be produced with identical absolute stereochem-
(15) Roush, W. R.; Brown, B. BJ. Org. Chem1993,58, 2151. istries at C(9) and C(6) and with the absolute configuration
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of the C(12) spirotetronate center being opposite in the two respectively) in RO, the NMR solvent used in the analysis
structures. This is the stereochemical relationship depictedof the natural quartromicins, reveals that they have the same
in Figure 3 for fragmentss and 6 and in the proposed conformational preferences as db and 2 in CDCl.
stereostructure of quartromicing And s in Figure 7. Therefore, we think it unlikely that the differences in the
conformational preferences @ and 6 are due to solvent
effects alone.

In conclusion, we have developed a partial stereochemical
galacto fragment agalacto fragment assignment of quartromicinszfand D; by comparison of
published'H NMR data for the natural products with NMR
data for a number of structurally related spirotetronates.
Consideration of a possible biosynthetic origin of the
spirotetronate systems presented in Figure 6 leads us to
suggest that the two spirotetronate substructures have identi-
cal stereochemistry at C(6) and C(9) and are epimeric at the
spirotetronate center C(%). The resulting quartromicin
stereostructure presented in Figure 7 currently serves as our
primary target for total synthest8 This exercise will permit
the absolute stereochemistry of the galacto and agalacto

o0 i . .
HO Me W on subunitss and 6 to be assigned unequivocally.

agalecto fragment - galacto fragment DD

quartromicin Ag,
R = o-D-galactosyl

quartromicin D3, R=H OMOM
M* = Na*, K*, Ca** o
( ) o8 H\ OH
Figure 7. Proposed structures of quartromicing @nd D;. Hitp Ve
H11a§
CO;Me 16

According to the 's'tereochemlcal assignment presentedH”a: §1.92: Jyraa=106Hz  Hipg: 8 1.80; Jyyaq =100 Hz
above, the qua_\rtromlcm galacto fragm_érﬁnd the agalacto Hyqp 8 1.78: an’,g —66 Hz Hype 8 1.92: Jiyp = 6.7 Hz
fragment6 are in the same stereochemical series agitit® C(4)-Me: 50.92 C(4)-Me: 5098
and exo spirotetronated and 2, respectively. Thendo—
exonomenclature that we use in describing the stereochem-Figure 8. Conformational analysis @&nhde andexospirotetronates
ical features ofl and 2 derives from the recognition that 15and16in D;O.
these compounds may be synthesized from products of
(formal) endo-or exo-Diels-Alder reactions of am-acetoxy
acrylate dienophile and a 1,1,3,4-tetrasubstituted diéde. Acknowledgment. Financial support provided by the

An interesting issue concerns the very different confor- National Institutes of Health to W.R.R. (GM 26782) is
mational preferences of the synthetio-spirotetronat2 and gratefully acknowledged.
the agalacto unid of the natural product. We speculate that
this may be due to constraints present in the macrocyclic
natural product that do not influence the conformatior2 of
when free in solution. Conformational analysis of grelo-
and exo-spirotetronated5 and 16 (related tol and 2, OL025771H

Supporting Information Available: *H NMR data for
1-4,15, and16. This material is available free of charge
via the Internet at http://pubs.acs.org.
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