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Syntheses of 3,6-anhydro-2-deoxy-7-phenylglyconolactones (+)-1 and
(+)-2 with D- and L-glycero-D-ido configuration, respectively, as well
as of their enantiomers (-)-1 and (-)-2, from D-glucose are presented.
The key steps are, (i) phenylmagnesium bromide additions to C1 or CS
of glucose-derived aldehydes 7 and 10, respectively, and (ii), palla-
dium(I)-catalyzed oxycarbonylation of intermediate 1-phenyl-D- and
-L-5-hexenitols 8/9 or 14/15. The syntheses proceed in 7 steps with
6 % and 18 % over-all yield for (+)-1/ (+)-2, and in 6 steps/ 11 % and
16 % for (-)-1/ (-)-2 ( from monoacetone glucose). The absolute
configurations of goniofufurone (+)-1 and its 7-epimer (+)-2 thus
established are in accord with those of all suggested biogenetic
precursors and allowed, e.g., to propose the absolute configuration of
(+)-goniopypyrone, a related cytotoxic, bicyclic styryllactone, and
structures of potential biosynthetic intermediates not identified so far.

From the ethanol extract of the stem bark of Goniothalamus giganteus
Hook. f. & Thomas (Annonaceae) a number of cytotoxic mono- and
bicyclic lactones with dihydroxystyryl fragments has been isolated.
Among these, (+)-goniofufurone (+)-1 and (+)-goniopypyrone (a
structural isomer with [3.3.1]-skeleton) showed significant activity in
tests with several human tumor cell lines® while that of (+)-7-epi-go-
niofufurone (+)-2 proved insignificant as compared to adriamycin.>

The structure and relative configuration of (+)-1 and (+)-2 were also
deduced by McLaughlin and his group from NMR spectra and crystal
structure determinations,” > see Scheme 1. The absolute configurations
were established independently by Shing ef al.® and ourselves' in the

course of  syntheses of the unnatural enantiomers
HO
(+)-1 (+)-2

(-)-1" © and (-)-2,' using glucoheptonolactone® and D- g]ucose re-
spectively, as chiral starting materials. In the preliminary paper' we
have also suggested a biogenetic relatlonshnp classifying the various
styryllactones™” accordmg to the increasing degree of oxygenation.
From this comparison pathways for the formation of (+)-goniofufurone
and (+)-goniopypyrone from known monocyclic precursors
(goniotriols) were proposed, as well as the absolute configuration of
(+)-goniopypyrone,' vide infra.

Meanwhile, high attention has been given to this class of compounds,
as demonstrated by the rapid development of new total syntheses of
goniofufurone (+)-1,""" its enantiomer (-)-1,"? of the 7-¢, pi compounds
(+)-2° and (-)-2, and of (+)-goniopypyrone." '“!" Most of the
strategies applied there involve intramolecular Michael addition to an
unsaturated ester/ lactone from cis-selective Wittig reactions to build
the fully substituted tetrahydrofuran part.*> ' ' The other approaches
include as a key step a Wittig cyclization® or C-glycosxde formation of
an a-alkoxystannane, derived from D -glucuronolactone.

We report herein details of the synthesis of the unnatural enantiomers
(-)-1 and (-)-2,' and of the natural congeners, (+)-goniofufurone (+)-1
and the 7-epimer (+)-2. The strategy followed is shown in Scheme 2.
In both routes the phenyl group is introduced via Grignard addition
with moderate diastereoselectivity (optimization not studied), at Cl
and CS, respectively, of the D-glucose educt, to allow for an entry into
both series of enantiomers. For the crucial step, bicyclization of re-
spective 1-phenyl-5 S-hexenitols,' advantage is taken of recent pro ess
with Pd(Il)-catalyzed carbonylations of unsaturated polyols'
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Scheme 1. Structures of natural goniofufurone (+)-1 and 7-epi-goniofufurone (+)-2, and of unnatural enantiomers (-)-1 and (-)-2. Compounds
shown are systematically named and numbered as anhydfo-z—deoxyglyconolactonss
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Scheme 2. Retrosyntheses for 1 and 2 from monoacetone D-glucose ( C1 marked e for clarity)
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Scheme 3. Synthesis of unnatural goniofufurone (-)-1 and 7-spimer (-)-2.
aminopolyols,”®* that have turned out bicyclic lactones/ lactams with O OH O Ol
high regio-preference and excellent stereoselectivity, without necessity | 2 | o
of OH-protection.” N gy
HO OH HO >,
The intermediates for the bicyclizing oxycarbonylation, the 1-phenyl-5- o
hexenitols 8 and 9 with D-gulo and D-ido configuration, were obtained A A
from commercially available monoacetone D-glucose 3 via D-xylo-5-
hexenose 7' (see Scheme 3) along the route already reported,'® 0
involving several known steps.’** The Grignard addition to 7 HO OH OH Q %
proceeded in moderate yield, with [2:3]-diastereoselectivity. Since ~ o] A “uOH
separation of 8/ 9 (D-gulo/ D-ido) did not occur readily by simple
chromatography, the mixture of diastereomers 8/ 9 was exposed to the HO HO OH OH 0.0
CO/ PdCly/ CuCly system. After smooth conversion, at room tem- 7(
perature and atmospheric pressure, a mixture of bicyclic lactones (-)-1 B B

and (-)-2 (C7-epimer) resulted which could readily be separated by
flash chromatography, cf. Scheme 3.

The compound eluting first was isolated in 33 % yield after crystalliza-
tion and, according to analytical/ spectroscopic data and specific
rotation, was identified as (-)-goniofufirone (-)-1.

The chromatographic separation next gave a fraction containing (-)-1
and (-)-2 (11 %), and then a fraction with the more polar isomer was
recovered, yielding (-)-2 in 49 % after recrystallization. From 'H NMR
data and coupling constants it was concluded that (-)-2 constituted the
7-epimer of the above goniofufurone (-)-1,' and this was confirmed
when NMR data together with the structural analysis of natural (+)-2
became available.?

Thus, the absolute configurations of natural (+)-goniofufurone (+)-1
and its 7-epimer (+)-2 being evident from unambiguous syntheses of
the enantiomers, " ® specific routes to the former could be addressed, as
done by several groups meanwhile.”™ Since the oxycarbonylation had
served so well in the first part of our work, access to the L-enantiomers
of 1-phenyl-5-hexenitols was defined as the actual problem to be
solved. With monoacetone D-glucose again chosen as a suitable start-
ing material, now phenyl had to be introduced at CS5, after shortening
at this end, and the vinyl group was to be built up from the C1 termi-
nus, see Scheme 2. This “reversal” of events in fact has become a
useful strategy in syntheses of Gomiothalamus lactones, in particular
when the first effort did end up with the unnatural enantiomer, - % 7
vide supra. 1t is based, of course, on the fact that chiral derivatives A*
of an achiral dialdose like xylo-dialdopentose A can be elaborated
sequentially at either end, see Scheme 4. The same applies to D-glyc-
ero-D-gulo-heptono-y-lactone B*, a chiral derivate, so-to-say, of the
corresponding achiral heptitol B (also, of A, with successive glycol

cleéa\_,'al eﬁ) 2vxvhich has been used in several elegant syntheses by Shing et
al> "%

Scheme 4

Monoacetone D-glucose on periodate cleavage gave the xylo-
dialdofuranoside 10 which without purification was treated with excess
phenylmagnesium bromide in THF to afford a ca 3:1 mixture of L-ido/
D-gluco-pentoses 11a/ 11b**' (Scheme 5). Since an increased number
of free OH groups present proved detrimental to the success of the
Wittig methylenation (vide infra), this material was di-O-benzylated
(70 % yield). From 12a/ 12b on hydrolysis with aqueous acetic acid
the furanose 13 was obtained, now a mixture of 4 diastereomers (pairs
of Blo-anomers), that were opposed to an excess of Wittig reagent. >
The phenyl-hexenitols of L-ido and L-gluco configuration, 14 and 15,
respectively, were isolated in 55 and 17 % afier chromatographic
separation. The oxycarbonylation of these enitol substrates went
smoothly, employing the standard conditions" ' (Scheme 5).

The final step, removal of the 7-O-benzyl (with 5-O-benzyl) group
seemed critical since O7 itself is located at a (secondary) benzylic posi-
tion, and reductive cleavage could have been 2 dead end to this
approach. Fortunately, both with 16 and 17 the hydrogenolysis pro-
ceeded with high chemoselectivity, when atmospheric pressure of
hydrogen/ ca. 5 % palladium catalyst (Pd, 10 % on charcoal) in metha-
nol were employed.” Both (+)-7-gpi-goniofufurone (+)-2 and (+)-
goniofufurone (+)-1 were produced in high purity and good yield
(Scheme 5). The NMR data (see Tables 1, 2), m.p.s, and specific rota-
tions of these samples agree well with the data reported in the
literature, see Experimental.

To sum up the synthesis part, both enantiomers of goniofufurone and
also of its 7-epimer have been prepared from monoacetone D-glucose
in 7 and 6 steps, respectively. The two diastereomers, originating in the
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Scheme 5. Synthesis of (+)-1 and (+)-2

moderately selective Grignard addition, were obtained in 6/ 18 and 11/
17 % yield, respectively, which compares favourably with the other
routes proposed so far. The unnatural enantiomers ()l and (-)-2
showed marginal cytotoxicity to human tumor cell cultures,” similar in
this respect to the natural 7-epimer (+)-2.> Concerning future work in

Table 1. 'H-NMR Data of Compounds 1, 2, 8, 9, 11, 12, 14-172P¢

this area, routes based on the above oxycarbonylation should iend
themselves to efficient introduction of other aryl groups, by Grignard
addition, and further to building other bicyclic lactone systems such as
the [3.3. 1]-stmcture present in gomopypyrone the most active com-
pound of this series found so far.**

Chemical Shifts & [ppm]
Compound 5-H 4-H 3-H 2H 1-H

Others

11a 498 424 3.61 4.46 6.01
11b 492 419 429 454 5.81
12a 465 428 4.16 452 578
12b 466 445 3.30 443 5.97

1H 2-H 3H 4H 5H 6He 6H

8 475 377 373 422 591 521 535
9 482 314 370 420 576 5.17 5.32
14 458 3.97 320 434 583 5.16 532
15 438 3.82 388 432 587 520 535

1.31, 1.49 (2 CHj), 7.31-7.57 (CeHs)
1.31, 1.4 (2 CHj), 7.31-7.57 (CgHs)
1.16, 1.31 (2 CHj), 4.18, 4.30, 4.53, 4.62 (2 CHy), 7.12-7.38 (CgHs)
1.22, 1.43 (2 CHy), 3.98, 4.29, (CH,), 4.36 (CHj), 7.12-7.33 (CgHs)

7.26-7.36 (CeHs)

7.32-7.46 (CoHs)

2,55, 3.00 (2 OH), 4.27, 4.46, 4.48, 4.71 (2 CHj), 7.24-7.41 (CgHs)
2.45 (2 OH), 4.15, 4.42, 4.56, 4.69 (2 CHy), 7.25-7.41 (C¢Hs)
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Table 1. continued

Chemical Shifts 5 [ppm)

Compound 7-H 6-H 5-H 4H 3-H 2-H, 2-H, Others

16 471 435 371 483 510 276 2.66 4.32, 4,37 (CHy), 4.42 (CHy), 7.23-7.36 (CeHs)
17 485 418 4.43 469 4.87 259 247 4.24, 4.38 (CHy), 4.69 (CHy), 7.23-7.41 (CgHs)
()1 473 386 440 491 486 231 286 5.47 (7-OH), 5.70 (5-OH), 7.29-7.43 (CgHs)
(-2 477 385 3.65 478 494 246 2.90 5.13 (7-OH), 5.54 (5-OH), 7.26-7.43 (CqHs)
(+)-1 474 3.87 442 493 486 232 2.86 5.52 (7-OH), 5.75 (5-OH), 7.29-7.44 (C¢Hs)
(+)-2 477 384 365 478 493 246 290 5.28 (7-OH), 5.53 (5-OH), 7.25-7.43 (CgHs)

Coupling Constants J [Hz]

Compound 12 Jog  Jag s Jasr ez Jsse ez Jeeez JeHgPh
11a 37 08 27 84 - - - - - -
11b 37 08 26 82 - - - - - -
12a 38 - 27 92 - - - - - 10.6, 12.0
12b 38 - 32 85 - - - - - 11.3,11.3
8 74 20 40 68 1.0 11 104 172 19 -

9 71 20 43 66 10 11 104 172 19 -
14 71 31 49 59 15 15 105 171 15 113,114
15 82 16 58 62 15 15 104 172 15 112,114

Coupling Constants J [Hz]

Compound  Janzx vong oxa Jaa  Jas s Jer  Json rom JeHaPh
16 189 21 59 50 16 43 68 - - 11.0, 115
17 188 10 55 44 % 32 89 - . 113113
()1 186 Y 61 41 9 26 87 39 49 -

()2 186 -2 63 46 0 31 77 48 47 -

(+)-1 186 4 61 41 2 26 88 40 50 -

(+)-2 186 2 63 46 4 32 77 47 ap .

# Recorded at 250.1 [(-)-1, (+)-1, (-)-2, (+)-2 in DMSO-dg, 8, 8 in CD;0D, 16, 17 in CDCly)

and 300.1 (11 in CD,30D, 12, 14, 15 in CDClg).

b Assignments of chemical shifts/ couplings of (-)-1, (-)-2 based on H,H-COSY measurements.

° The OH signals and the respective spin-spin-splitting were removed by addition of D,O.

d Coupling Jzn3 or trans-coupling J, s not resolved.
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Table 2. "*C-NMR chemical shifts of compounds 1, 2, 8, 9, 11, 12, 14-17%"/

Compound C5 C-4 C-3 C-2 CA Others

11a 76.4 87.8° 746° 869 107.4 24.4, 28.0 [C(CHa)z), 113.7 [C(CHa)2), 129.2, 129.9, 130.2, 143.3 (CgHs)

11b 765 87.4° 73.1° 856 107.2 27.4, 28.0 [C(CHg)s), 113.6 [C(CHa)z], 129.0, 129.6, 130.2, 144.6 (CeHs)

12a 782 829 819 821 1050 26.8, 26.3 [C(CHa)z], 70.3, 72.4 (2 OCH), 111.5 [C(CHa)2], 127.4,
127.6, 127.7, 127.8, 128.0, 128.3, 128.4,137.8, 138.2, 139.3 (3 CgHs)

12b 783 823 811 820 1049 27.1, 26.4 [C(CHa)s), 70.4, 72.6 (2 OCHy), 111.3 [C(CHa)2], 127.5,
127.6, 127.7, 127.8, 128.1, 128.4, 128.5, 137.9, 139.1, 140.0 (3 CgHs)

c1 C2 C3 C4 C5 C6

8 76.69 75.9° 755° 74.2° 139.3 1176 127.9, 128.7, 129.4, 144.3 (CgHs)

9 76.8% 76.2° 75.7% 75.3% 139.2 1175 128.5, 128.9, 129.5, 143.3 (CgHs)

14 816 80.5° 75.7% 7367 137.9 1165 70.7,74.2 (2 OCH,), 127.0, 127.6, 127.7, 128.3, 128.4, 128.5,
128.6, 128.7, 137.7, 138.1, 139.0 (3 CgHs)

15 81.69 80.0° 75.0° 74.6° 137.7 117.2 70.44, 75.16 (2 OCH,), 127.7, 127.8, 127.9, 128.0, 128.2,

128.4,128.5, 137.8, 138.3, 140.8 (3 CgHs)

Compound C-7 C6 C-5 C4 C3 C2 CA

Others

16 77.7° 84.2% 82.6% 852° 82.6° 362 1756
17 76.9° 85.0° 78.2¢ 85.4° 81.0° 359 175.4
()1 75.6 855 750 898 787 37.0 178.4
()2 717. 853 73.4 882 77.0 362 176.4
)1 758 85.6 750 898 78.7 372 1787
+)-2 715 851 732 880 768 361 1762

70.9, 72.3 (2 OCH,), 127.6, 127.8, 127.9, 128.2, 128.4, 128.5,
128.9, 128.7, 137.2, 138.2, 138.2 (3 CeHs)

70.2,73.3 (2 OCH,), 127.6, 127.9, 128.0, 128.1, 128.3, 128.5,
128.6, 137.4, 138.0, 139.1 (3 CeHs)

128.3, 128.9, 129.5, 143.9 (CqHs)

127.3,127.6, 128.5, 142.7 (CgHs)

128.4, 129.0, 129.5, 144.0 (CgHs)

127.1,127.4, 128.1, 142.6 (CeHs)

2 Recorded at 75.5 MHz (11 in CD5OD, 12, 14, 15 in CDCl5) and at 62.9 MHz [(-)-1, (+)-1, 8, 9 in CD;0D, (-)-2, (+)-2 in DMSO, 16, 17 in CDCly).

b Assignments for chemicat shifts of 12, (-)-1, (-)-2 based on C,H-COSY measurements.

° Assignments based on § changes expected for the change C-C-OH -- C-C-O-C-C, see Ref. 18.

4 Tentative assignments.

® The sequence of chemical shifts of CgHs in all casis as follow: m-C,

p-C. o-C (alld),i-C (s).

f Chemical shifts and assignments for 1, 2 in complete agreement with Lit.%%; cf. Ref. 1.

Biogenetic Relationships

The preliminary communications had clarified the absolute configura-
tions!  of the goniofufurones,z' 3 hence subsequent syntheses could be
directed to the natural enantiomers (+)-1 and (+)-2.”"* Further, the
‘iogenetic formation of (+)-goniopypyrone had been proposed to
occur by Michael cyclization of 7-epi-goniotriol,' and the absolute
configuration L-glycero-D-gulo was deduced on that basis." It has been
gratifying to see several reports on successful syntheses of (+)-
goniopypyrone along this line meanwhile.”” '* 15 The absolute
configurations of the bicyclic “goniolactones”, if established, now are

in complete agreement with the ones known of the related monocyclic
lactones from Goniothalamus species. In Scheme 6 an effort is made to
group the structures of these styryllactones, C - N, accompanied by the
respective Fischer projection formulas that had facilitated the above
conclusions." The order of increasing degree of oxygenation pre-
sumably reflects the biogenetic pathway, leading to several comments
and conclusions with regard to the configuration at individual stereo-
centres, to the origin and role of monocyclic precursors, and
concerning probable modes of bicycle formation:**
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(i) Absolute configurations: In all compounds of proven absolute con-
figuration (C, D, F, G, I, K - N) the orientation of the oxy-function at
C5 is “L”; C4 - oxygenation, first encountered in (+)-goniotriol G and
met againin I, K - N is “D” throughout; similarly, for C6 in E, G, I, K
- N the “D” arrangement is found. In other terms, with oxygenation at
C4/ C5/ C6 the D-xplo configuration is present in all cases. As a con-
sequence, the absolute configuration of (+)-goniothalamine oxide E*
and (-)-goniofupyrone J* can safely be predicted as L-xplo and D-
glycero-D-gulo, respectively, as presented in Scheme 6. Further, based
on the “C6 argument”, the unusual S-membered monocyclic lactones
H, (+)-goniobutenolide(s) [ A: 4Z-isomer; B: 4F-isomer, not shown]
which were recently isolated and shown to have a threo-diol group,”
should belong to the L-threo series, and for the 8-membered lactones
(gonioheptolides) isolated recently* the absolute configurations D-
glycero-D-talo are derived similarly.

(ii) Biogenetic order of monocyclic lactones: The first member of the
styrylpyrone series is (+)-kawain C, not isolated from Goniothalamus
species so far (the directing factor for isolation being brine shrimp le-
thality tests to find highly cytotoxic or other bioactive compounds>?),
with a single sp® - stereocentre.”® ** Kawain C might arise from a
cinnamate starter to which two acetate units have been joined;™ re-
duction/ methanol elimination from C would lead to (+)-
goniothalamine D, the simplest “goniolactone” (the parent of all
others). The next biogenetic event apparently is epoxidation of the 6,7-
double bond, as evidenced by (+)-goniothalamine oxide E,* of L-xylo
configuration, as concluded above. The latter assumption is supported
by the structure and proven absolute configuration of (+)-goniodiol
F,* which would arise by OH-addition at the benzylic C7-position of
the epoxide E with Walden inversion. In this way the D-arabino set at
€5/ C6/ C7. met again in several more advanced members of this

SYNTHESIS

family (G, I, J, H), would arise (“D” - epimer at C7, vide infra). The
next stage is represented by (+)-goniotriol G , formally the 4-
hydroxylation product of the diol F; this reaction might also occur at
the stage of D to give O (Scheme 7), followed by epoxidation/
hydrolysis as above,™ or from E, via 4-hydroxylation/hydrolysis
(epoxide opening). The 4-hydroxy derivative P of the epoxide E (“4-
hydroxygoniothalamine oxide”), not identified up-to-date, would also
account for the formation of the bicyclic lactones I and J through
intramolecular epoxide-opening by the 4-OH group.

(iii) (Monocyclic) Precursors of bicyclic lactones I - N: For (+)-alt-
holactone (goniothalenot) 1, formation from the monocyclic epoxide P,
as suggested by Sam er al.™ is thé most likely way, and addition of
H20 to I would account for the occurrence of (-)-goniofupyrone J*
(and again answer the question as to the absolute configuration). The
following congeners, K and L, may constitute products of a Michael
addition of 7-OH to C3 from monocyclic lactones Q and R, i.e. 7-epi-
goniodi- and -triol. An alternative way of formation for 4-
deoxygoniopypyrone K (and goniopypyrone L) would be hydration of
goniodiol F (-triol G) to give S, an “isogoniotriol”, and O-cyclization
to C7 with inversion. (+)-Goniofufurone M [(+)-1] similarly could
arise from Michael addition of 6-OH of a “furo-goniotriol” T, the bu-
tenolide isomer of goniotriol G not identified so far. Finally, the
formation of 7-epi-goniofufurone N [(+)-2] is conceived to occur by
Michael addition of 6-OH of the 7-epimer of T (“7-epi-furogonio-
triol”); an alternative cyclization mode of 3-OH to C6 is less probable
since this would require an L-erythro ( C6/ C7) precursor with “L” -
configuration at C6, not seen in any of the "goniolactones" presently
known. It is easy to predict that one or the other of the intermediates
O - T will be found in Goniothalamus plant extracts when fractions
containing less bioactive material are scrutinized.
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0 0 0 0 0 0
B H rH rH rH H
OMe H H H H 0 Ly
OH
1 H
H— H OH OH
H H OH OH HO
¢ Ph D Ph E Ph ¢ Ph G Ph W Ph
(+)-kawain (+)-goniothalamin (+)-goniothalamin (+)-goniodiol (+)-goniotriol (+)-goniobutenolide A
5R oxide (5R, 65, 75) (5R.6S,7R) (45, 5R, 6R, 7R) (B:4 E) (6575)

L-glycero L-glycero L-xylo

HO
On X 0 0
Ph Ph Ph—“\}o
700 YN0 S0 ;=0
HO HO
ol 20 0

HO
'I—H
~H —OH
N =
0 0
—OH —OH OH
K Ph

(+)-altholactonea (-)-goniofupyrone (+)-4-deoxygonio-
(45, SR, 6R, 7R) (35, 45,55, 6R, 7R) pypyro?!\g
D-gluco D-glycero-D-gulo (3R, 5R, 65,75)
L-ide

HO
o
L0
HO H

Q
OH
L Ph

D-arabino D-gluco* L-threo*

HO
H O,'
"X\
w070
0

o

—o

O,,,
of “0"0
Q I“
HO HO
OH HO—
M Ph N Ph
(+)-goniopypyrone

(35,45, 5R,6R, 795)
L.-glycero-D-gulo

(+)-goniofufurone (+)-1
(3R, 4S, 55, 6R, 7R)
D-glycero-D-ide

(+)-7-epi-gonio-
fufurone (-)-2
(3R, 45,55, 6R, 75)
L-glycero-D-ido

Scheme 6. Absolute configuration of mono- and bicyclic lactones isolated from goniothalamus species ( except C).
“altholactone = goniothalenol*® %, An asterisk* denotes absolute configurations now proposed, the other ones having been established earlier
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Scheme 7. Potential intermediates in the biosynthesis of styryl-pyranones / -furanones ( "gonio-lactones”)

Solvents and reagents were purified and dried according to standard procedures.
CuCly (Aldrich), PdCly (Janssen), monoacetone D-glucose (Janssen), 10% Pd/C
(Degussa), LiAlH4 (Janssen) were purchased. TLC analyses were carried out with
Si60 F54-coated aluminum sheets (E. Merck) using EtOAc/ petroleum ether (bp
30-75 °C) mixtures; detection by UV at 254 nm, phosphomolybdic acid (10 % in
EtOH) or sulfuric acid (40 % in Hp0). Silica 32-63 mm (Woelm) was used for
flash chromatography, eluents as above. Melting points were determined on a Tot-
toli apparatus or heat bar ( Kofler); they are uncorrected. Optical rotations were
measured on a Perkin-Elmer 241 MC polarimeter using the Drude method to calcu-
late {a]p from values found for 546 and 579 nm. IR spectra were recorded on a
Perkin-Elmer 4120 spectrometer. NMR spectra were obtained from Bruker AC 200
and 250 and Varian VXR 300 spectrometers (‘H: 200.1, 250.1, 300.1 MHz; "°C:
50.3, 62.9, 75.45 MHz) with TMS as internal standard (d = 0.00 ppm); evaluation
of "H-NMR spectra according to 1st order interpretation; multiplicity of ’C-NMR
signals from broadband-decoupled or DEPT spectra; endo- and exo-situated H are
designated Hy, Hy.

1,2-0O-Isopropylidene-3-O-mesyl-a-D-xylo-S-hexenofuranose (S) was prepared
from monoacetone D-glucose 3 as described. '® 4%

1,2-O-Isopropylidene-o-D-xylo-S-hexenofuranose (6):

Prepared by LiAlH4 reduction of mesylate § (6.00 g, 22.7 mmol) according to
Lit.%; 3.95 g (94 %), mp 58 - 61 °C, [0.]% -51.4 (c = 1.890, CHCl3) {Lit."' 81 %,
mp 63 °C, []Z -51.5 (c = 1.1, CHCI3) after sublimation}.

o/ f-D-xylo-5-Hexenofuranose (7): Prepared from hexenofuranose acctonide 6
(3.90 g, 20.9 mmol) according to Lit."®; yield 2.66 g (87 %), []> -3.1 (c = 1.25,
MeOH)

{ Lit'® 87 %, [o]Z -2.9 (c =0.85, MeOH)}.

1-Phenyl-D-gulo- and -D-ido-5-hexenitol (8) and (9):

At 0 °C under nitrogen a solution of the hexenofuranose 7 (1.30 g, 8.898 mmol) in
dry THF (50 mL) was added dropwise during 1 h to a solution of phenylmagnesium
bromide (< 44.5 mmol, 5 equivv.) in THF (50 mL) freshly prepared from bro-
mobenzene (6.98 g, 4.68 mL, 44.5 mmol) and magnesium (1.08 g, 44.5 mmol),.
The mixture was stirred at 0 °C for 4 h, and then at r.t. for 20 h, before quenching
with cold, saturated aqueous ammonium chioride (40 mL). The organic layer was
separated and the aqueous layer was extracted with CH2Clp (5 x 50 mL). The or-
ganic solutions were combined, dried (Na2S04), and filtered. Removal of solvent
(20 mbar) gave a mixture of the diastereomers 8 and 9 as a colourless syrup which
was purified by passage through a silica-filled column (80 g of silica, column 3.5
cm x 23 cm; eluent EtOAc). Yield 1.078 g (54 %), R 0.3 (with EtOAc), [1:1]2133 -5
(c =0.52, MeOH).

The product consisted of a 40:60 mixture of D-gulo / D-ido isomers 8 / 9 (from 'H
and *C-NMR).

OH
H
HO 0 RN HO HO ==
H Ph
Y Ph Y 0~ 0 0~ "0
OH OH HO  OH
0 0 0
H H |
| H OH H
OH
HO
OH OH OH
HO OH OH
R Ph s Ph T Ph
7-epi-goniotriol "4-deoxygonio- "goniofurone”
pyrone”
L-ido D-gluco D-gluco
Ci2Hj6O4  calc. C64.27 H719
(224.2) found 63.98 733

IR (film): n = 3450 (br s, OH), 2920 (s), 2860, 1562, 1482, 1195, 928 (all m) cm™.

3,6-Anhydro-2-deoxy-7-phenyl-L-glycero-L-ido-1,4-heptonolactone [(-)-
Goniofufurone] [(-)- 1] and 3,6-Anhydro-2-deoxy-7-phenyl-D-glycero-L-ido-1,4-
heptonolactone [(-)-7-epi-Goniofufurone] [(-)- 2]:

A 50 mL-flask, purged with CO and connected to a balloon filled with CO, was
charged with PdCly (55.3 mg, 0.312 mmol), CuCly (anhydrous; 1.258 g, 9.36
mmol), NaOAc (anhydrous; 768 mg, 9.36 mmol), a mixture of the diastereomeric
tetrols 8 and 9 (40:60; 700 mg, 3.12 mmol), and AcOH (25 mL). Following the
typical procedure lit.,'® the deep green mixture was stirred at r.t. for 16 h (until
coloured yellow to ochre), then filtered through a short tube filled with cellulose (5
g). AcOH was removed by rotary evaporation (20 mbar) and the residue was puri-
fied by chromatography (silica gel, 80 g, column 3.5 cm x 23 cm, elution with
EtOAc). Fraction 1, goniofufurone (-)-1, 258 mg (33 %), colourless crystals (from
EtOAc/ n-hexane 1:1), mp 149 - 150 °C, [0.]';;0 -10.3 (c = 0.480, EtOH), Rf 0.41
(with EtOAc) { Lit, data for (+)-1: mp 152 - 154 °C, [ot],zj2 +9 (¢ = 0.5, EtOH);
Lit."? : mp 152 - 154 °C, [ ]% -8 (c = 0.79, EtOH)}. Fraction 2, 7-epi-goniofufis-
rone (-)-2, 383 mg (49 %), colourless crystals (from EtOAc/ n-hexane 2:1), mp 189
- 190 °C, [a]® 957 ( ¢ = 0519, DMSO), Ry 0.29 (EtOAc as above)
{ Lit.3, data for (+)-2: mp 190 - 192 °C, [ot]f,2 +108 (c = 0.2, EtOH); data for (-)-2:
Lit.": mp 194 - 195 °C, [a]Z 105.3 (¢ = 0.17, EtOH) [cf. footnote with Ref.13];
Lit." mp 208 - 209 °C/ sintering at 190 °C, [al]% -92.5 (¢ = 1.1, acetone)}. In
addition, 86 mg ( 11 %) of an intermediate fraction containing both (-)-1 and (-)-2
was collected (from NMR).

C13H1405  calc. C62.39 H564
(205.3) found (-)-1 62.58 513
found (-)-2 62.61 5.81

(-1, IR (KBr): n = 3450 (br s, OH), 1750 (s, CO), 1440 (m), 1185, 1060, 1045 (all
s), 900 (w) cm™.

(-)-2, IR (KBr): n = 3450 (br s, OH), 1748 (s, CO), 1445 (w), 1195 (m), 1065, 1045
(all s), 910 (w)cm™'.

1,2-O-Isopropylidene-S-C-phenyl-#-L-ido- (11a) and -a-D-gluco-pentofuranose
(11b):

Prepared from monoacetone D-glucose 3, modifying procedures of Inch® and
Lichtenthaler,” respectively. To a solution of 3 (7.997 8, 36.3 mmol) at 0 °C in
water/ MeOH (1:2, 200 mL) was added in one portion NalO4 (15.53 g, 72.6 mmol)
and stirring was continued at 0 - 10 °C for 2 h (TLC monitoring). The solvent was
removed on a rotavapor (20 mbar, 25 °C), the residue was partitioned between
CHCI3 (3 x 50 mL) and water (15 mL), dried (MgSO4), and concentrated to give a
colourless oil which was dried (P05, 0.01 mbar) for 2 h. The crude product of diol
cleavage 10 (6.7 g) was dissolved in dry THF (150 mL) and the solution added
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dropwise during 2 h at 0 °C to a solution of phenylmagnesium bromide in THF
(200 mL), prepared from bromobenzene (28.4 g 19 mL, 181 mmol) and magne-
sium (4.40 g, 181 mg-atom). After stirring at 0 °C for 4 h, then at r.t. for 20 b, the
mixture was quenched with cold, saturated aqueous NH4Cl (150 mL) and extracted
with CHCly (5 x 100 mL). After drying (MgSO4) and evaporation a yellow oil
was obtained, which was purified by flash chromatography (silica gel 150 g, col-
umn 3.5 cm x 40 cm; eluent EtOAc). Yield 6.7 g ( 69 %), colourless crystals, mp
135 - 152 °C, [oc]]z)l +15.4 (c = 1.005, MeOH), Ry 0.5 (with EtOAc). The product
consisted of a 3:1 mixture of L-ido/ D-gluco isomers 11a/ 11b as determined by 'H-
NMR.

C14H1805  calc. C63.15 H6.81

(266.3) found 63.25 6.84

IR (KBr): n = 3392 (br m, OH), 2987, 1496 (both w), 1455, 1376, 1316, 1236 (all
m), 1216 (s), 1180 (w), 1076, 1008 (both s) cra™.

3,5-Di-0-benzyl-1,2-0-isopropylidene-5-C-phenyl- B L-ido- (12a) and -oe-D-
gluco-pentofuranose (12b):

To sodium hydride { 917 mg of a 60 % dispersion in oil, 24.4 mmol, washed with
Et20 (3 x 20 mL)] in dry DMF (2 mL), was added a solution of the mixture 11a/
11b (2.168 g, 8.14 mmol) in DMF (5 mL) at 0 °C. This was followed by the addi-
tion of benzyl bromide (4.18 g, 2.90 mL, 24.42 mmol) during 2 min with stirring
which was continued at r.t. for 5 b (TLC monitoring). The reaction was quenched
with MeOH (10 mL) to destroy excess sodium hydride and concentrated (20 mbar,
30 °C). The residue was treated with brine (20 mL) and extracted with Et20 (4 x
15 mL); the solutes were dried (Na2SO4) and evaporated. The crude product was
purified by flash chromatography (silica gel 100 g, column 3.5 cm x 27 cm; eluent
EtOAc/ i-hexane 1:1). Yield 2.53 g (70 %), yellow oil, [a]th 245 (¢ = 1.81,
MeOH), Rf 0.6 (with EtOAc/ i-hexane 1:1). The product consisted of a 3:1 mixture
of L-ido/ Dgluco diastereomers 12a/ 12b (determined by ‘'H-NMR).

Cy8H3005  calc. C75.31 H6.77

(446.5) found 7543 6.74

IR (CHCI3): n = 3005 (s), 1498, 1452 (both m), 1375, 1160, 1070, 1035 (all s),
970, 850 (both m) cm™.

3,5-Di-0-benzyl-5-C-phenyl-o/ f1-ido- and -o/ f-D-gluco-pentofuranose (13a/
13b):

The pentofuranose acetonide mixture of 12a/ 12b (2.30 g, 5.15 mmol) was dis-
solved in aqueous AcOH (1:1, 50 mL) and heated to 90 °C for 10 h (TLC
monitoring). Removal of solvents in vacuo (20 mbar) yielded a yellow oil which
was purified by chromatography on silica gel (100 g; column 3.5 cm x 27 cm, elu-
ent EtOAc/ i-hexane 1:1). The furanose 13 was obtained as a yellow, analytically
pure oil, consisting of a 3:1 mixture of both diastereomers (by *C-NMR); yield
2.02 g (97 %), Re 0.29, 0.26 (with E1OAc/ i-hexane L:1), [0]% +8.8 (c = 1.00,
MeOH).

Cys5H2605  calc. C73.87 H6.45

(406.5) found 73.21 6.39

IR (CHCI3): n = 3440 ( br m, OH), 3032, 3008 (all m), 2936 (w), 1496 (m), 1456
(s), 1400 (m), 1216 (s), 1168 (w), 1044 (s), 928, 912 (all m) cm™.

'H-NMR data were inconclusive because of overlap of signals due to the presence of
two anomers of the two diastereomers.

C-NMR (CDCl3), mixture of 4 isomers: d = 70.21, 70.26, 72.66, 72.78, 71.06,
71.51, 71.70, 74.28 ( all t; CHp), 73.97, 74.28, 78.56, 79.46, 80.13, 80.42, 81.57,
82.01, 83.43, 83.53, 83.91, 84.39 (all d;, C2, C3, C4, C5), 96.66, 96.83 ( o - ano-
mers), 103.10, 104.12 ( 3 - anomers) ( all d; relative peak intensities 9:58:6:27; C-
1), 127.42, 127.59, 127.94, 128.08, 128.15, 12837, 128.59 ( all d; o-, m-, p-
CgHs), 131.51, 137.63, 137.87, 138.25 ( all 5; i-CgH5).

1,3-Di-O-benzyl-1-phenyl-L-ido- (14) and -L-gulo-5-hexenitol (15):

To a stirred solution of methyitriphenylphosphonium bromide (8.345 g, 23.37
mmol, 5 equiv) in dry THF (30 mL) at -5 °C under Ar was added dropwise BuLi
(1.6 M in hexane, 14.6 mL, 23.4 mmol, 5 equivv.). After 1 h a solution of the fu-
ranose 13 (1.90 g, 4.67 mmol, L-ido/ D-gluco ca 3:1) in THF (10 mL) was added at
-10 °C. The stirred solution was kept for 40 h at r.t., then quenched with cold satu-
rated aqueous ammonium chloride (50 mL), and extracted with Et20 (5 x 10 mL).
The crude mixture of the diastereorers 14 and 15 was purified by chromatography
(sitica gel 200 g, column 3.5 cm x 55 cm, eluent EtOAc/ i-hexane 2:8); fraction 1:
tetrol 15 (L-gulo), 315 mg (17 %), colourless oil, [at]¥ -21.3 (c = 0.755, MeOH),
Rf 0.26 (with EtOAc/ i-hexane 4:6); fraction 2: tetrol 14 (i-ido), 1.035 g (55 %),
colourless oil, [a]5 +21.5 (¢ = 1.180, MeOH), R 0.22 (with EtOAc/ i-hexane
4:6).

SYNTHESIS
CreHog04  calc. C77.20 H 6.98
(404.5) found 14 77.12 7.02
found 15 77.25 6.96

IR (CHCI3) of 14: n = 3547 (br m, OH), 3022, 1498 (all m), 1450 (s), 1395, 1344
(alt m), 1226, 1202, 1058 (all 5), 956, 906, 860 (all w) cm™.
IR (CHCI3) of 15: n = 3548 (br m, OH), 3024, 1498 (all m), 1450 (s), 1395, 1342
(all m), 1225, 1200, 1050 (all 5), 956, 904, 868 (all w) cm™.

§,7-Di-0-benzyl-3,6-anhydro-2-deoxy-7-phenyl-L-glycero-p-ido-1,4-
heptonolactone [(+)-5,7-Di-0-benzyl-7-epi~goniofufurone] (16):

Procedure according to the preparation of (-)-1 and (-)-2; tetrol 14 ( 398 mg, 0.984
mmol), PdCly (17 mg, 0.098 mmol), CuCly (397 mg, 2.95 mmol), NaOAc (242
mg, 2.95 mmol), and AcOH (20 mL); stirring under CO (balloon) at r.t for 8 h. Af-
ter work-up the crude product was purified by chromatography (silica , 30 g,
column 1.8 cm x 15 cm, elution with EtOAc/ petroleum ether 1:3), and a colour-
less, analytically pure oil of 16 was obtained; yield 360 mg (85 %), [ot]‘nS +69 (¢ =
0.40, CHCI3), Ry 0.18 (with EtOAc/ petroleum ether 1:3).

Co7H2605  calc. C75.33 H 6.09

(430.5) found 75.27 6.12

IR (Film): n = 3014, 2932 (both m), 1786 (s, CO), 1603 (m), 1497, 1454, 1356 (all
s), 1307, 1264 (both m), 1186 (s) cm’.

5,6-Di-0-benzyl-3,6-anhydro-2-deoxy-7-phenyl-b-glycero-p-ido-1,4-
heptonolactone [(+)-5,7-Di-O-benzyl-goniofufurone] (17):

Procedure as above; tetrol 15 (232 mg, 0.573 mmol), PdCl3 (10 mg, 0.057 mmol),
CuClp (231 mg, 1.72 mmol), NaOAc (141 mg, 1.72 mmol) and AcOH (20 mL);
stirring under CO (balloon) at r.t. for 8 h. The crude product, a yellow oil, was pu-
rified by passage through silica (20 g, column 1.8 cm x 10 cm; EtOAc/ petroleum
ether 1:3); yield of 17 as an analytically pure colourless oil 219 mg (89 %), [a]; -
5.6 (c = 0.325, CHCl3) { Lit™®, [0]” -5.8 (c = L0, toluene)}, Ry 0.20 (EtOAC/
petroleum ether 1:3).

Co7Hz605  calc. C75.33 H 6.09

430.5) found 75.19 6.15

IR (Film): n = 3018, 2932 (all m), 1784 (s, CO), 1604 (m), 1498, 1454, 1356 (all
s), 1308, 1266 (both m), 1188 (s) cm”",

3,6-Anhydro-2-deoxy-7-phenyl-D-glycero-D-ido-1,4-heptonolactone, [(+)-Gonio-
fufurone] [(+)-1]:

Hydrogenolysis of 17 (150 mg, 0.348 mmol) was done in MeOH (50 mL) with
10 % Pd-C (20 mg), according to the procedure given by Prakash er al..’ Yield of
(+)-1: 71 mg (82 %), colourless crystals, mp 148 - 150 °C (from EtOAc/ n-hexane
1:1), [(JL]ZD2 +10.4 (c = 0.185, EtOH), { Lit>: yield 86 %, mp 149 - 150 °C, [OL];')S
+10.5 (¢ = 0.6, EtOH); Lit.%: mp 152- 154 °C, [a]Z +9 (c = 0.5, EIOH)}.
C13H1405  calc. C62.39 H5.64

{205.3) found 62.32 5.1

IR (KBr): n = 3450 (br 5, OH), 1750 (s, CO), 1442 (m), 1185, 1061, 1046 {(all s),
903 (w) cm”, [IR (and NMR) data in agreement with those given in Ref.2].

3,6-Anhydro-2-deoxy-7-phenyl-L-glycero-D-ido-1,4-heptonolactone  [(+)-7-epi-
Goniofufurone] [(+)-2]:

Prepared as above from 16 (175 mg, 0.40 mmol), 10 % Pd-C (35 mg, 0.05 equiv. of
Pd) in MeOH (9 mL}) under Hp (1 atm), with stirring at r.t. for 12 h. Yield 84 mg
(84 %), colourless crystals mp 193 - 195 °C (from EtOAc/ n-hexane 2:1), [OL]IZ:,2
+100 (c = 0.46, EtOH) { Lit.>: mp 190 - 192 °C, [ot]f)2 +108 (¢ = 0.2, EtOH)}.
C13H1405  calc. C62.39 H 564

(205.3) found 62.51 5.69

IR (KBr): n = 3450 (br s, OH), 1750 (s, CO), 1445, 1325, 1250 (all w), 1067, 1045
(all s), 1015 (m), 912 (w) cm™.
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