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Abstract: By addressing the relative stereochemistry of the four acyclic portions via organic synthesis, the complete
relative stereochemistry of maitotoxin (MTX) has been establishddBasThe relative stereochemistry of the €.1

C.15 portion was elucidated via a two-phase approach: (1) the synthesis of the eight diastereomers possible for
model C, representing the C-AC.11 portion, and the eight diastereomers possible for mDdeépresenting the
C.11—-C.15 portion, and the comparison of their proton and carbon NMR characteristics with those of MTX, concluding
that9 and 35 represent the relative stereochemistry of the corresponding portions of MTX; (2) the synthesis of the
two remote diastereomeBd and52, and comparison of their proton and carbon NMR characteristics with those of
MTX, concluding that51 represents the relative stereochemistry of the-@© 15 portion of MTX. The relative
stereochemistry of the C.3%C.39, C.63-C.68, and C.134C.142 acyclic portions was established via (1) the synthesis

of the 8, 8, and 16 diastereomers possible for mo#gels, and G, respectively, and (2) the comparison of their

proton and carbon NMR characteristics with those of MTX, concluding8hat17, and187, respectively, represent

the relative stereochemistry of the corresponding portions of MTX. Some biogenetic considerations have been given
to speculate on the absolute configuration of MTX. The vicinal proton coupling constants observed for fipdels

81, 117, and 187 were used to elucidate their preferred solution conformation. Assembling the preferred solution
conformations found for the four acyclic portions allows one to suggest that the approximate global conformation of
MTX is represented by the shape of a hook, with the €339 portion being its curvature. MTX appears to be
conformationally relatively rigid, except for conformational flexibility around the-6C79 and C.12-C.14 portions.

On the basis of the experimental results gained in the current work, coupled with those in the AAL-toxin/fumonisin
area, it has been pointed out that the structural propertig4, &1, 117, 187 and their diastereomers are inherent to

the specific stereochemical arrangement of the small substituents on the carbon backbone and are independent from
the rest of the molecule. Thus, it has been suggested that each of these diastereomers has the capacity to install a
unique structural characteristic through a specific stereochemical arrangement of substituents on the carbon backbone,
and that fatty acids and related classes of compounds may be able to carry specific information and serve as functional
materials in addition to structural materials.

I. Introduction variety of biological events; most notably, it has been shown

to act on the voltage-sensitive €achannels.

Ciguatera is a type of poisoning induced by ingestion of coral  yasumoto has played the seminal role in the advancement
reef fish, which annually affects an estimated 20 000 people of the chemistry of MTX, including its isolation and structure
worldwide! The toxification mechanism of these species was elycidation® The gross structure of MTX was elucidated in
not known until 1976, when Yasumoto and co-workers showed 1993. The relative stereochemistry of the fused rings as well
that the epiphytic dinoflagellat&ambierdiscus toxicus the as the directly connected ether rings was reported in 1994.
causative organism whose toxins are transferred to the coralHowever, the relative stereochemistry of the chiral centers
biota through the food chain, ultimately residing in carnivorous embedded in the four acyclic portions, i.e., at the-@Cl115,
fish2 Several extraordinarily complex natural products, includ- C.35-C.39, C.63-C.68, and C.134C.142 portions,remained

ing ciguatoxin, which was isolated by Scheuer in 1D&rd unknown. In this paper, we present our efforts to establish the
the structure of which was elucidated by Yasumoto in 1989, relative stereochemistry of these four acyclic portions, and
were identified as the toxic principles 6. toxicust2 Among consequently the complete relative stereochemistry of MTX,

these, maitotoxin (MTX;1A, Figure 1) is unique in terms of ~ Via organic synthesis. On the basis of the vicinal proton
its molecular size and structural complexity as well as its coupling constants observed for the models of these four acyclic

extremely potent bioactivity. MTX is known to trigger a wide

portions, we also suggest the preferred solution conformation

of MTX.8°10

® Abstract published ifAdvance ACS Abstractgugust 1, 1996. (5) (a) Takahashi, M.; Ohizumi, Y.; Yasumoto, I..Biol. Chem1982

(1) For recent reviews, see: (a) Yasumoto, T.; Murata@Wlem. Re. 257, 7287-7289. (b) Kobayashi, M.; Ochi, R.; Ohizumi, YBr. J.
1993 93, 1897-1909. (b) Faulkner, D. Nat. Prod. Rep1995 12, 223~ Pharmacol.1987 92, 665-671. (c) Soergel, D. G.; Yasumoto, T.; Daly, J.
269. (c) Strichartz, G.; Castle, ®harmacology of marine toxins. Effects ~ W.; Gusovsky, FMol. Pharmacol.1992 41, 487-493.
on membrane channel&CS Symposium Series 418; American Chemical (6) (a) Murata, M.; lwashita, T.; Yokoyama, A.; Sasaki, M.; Yasumoto,
Society: Washington, DC, 1990; pp-20. T.J. Am. Chem. S0d.992 114 6594-6596. (b) Murata, M.; Naoki, H.;

(2) Yasumoto, T.; Bagnis, R.; Vernoux, J. Bull. Jpn. Soc. Sci. Fish Iwashita, T.; Matsunaga, S.; Sasaki, M.; Yokoyama, A.; Yasumotd, T.
1976 42, 359-365. Am. Chem. Soc1993 115 2060-2062. (c) Murata, M.; Naoki, H.;

(3) (a) Scheuer, P. J.; Takahashi, W.; Tsutsumi, J.; Yoshid&ciEnce Matsunaga, S.; Satake, M.; Yasumoto,JT.Am. Chem. Sod 994 116,
1967, 155 1267-1268. (b) Nukina, M.; Koyanagi, L. M.; Scheuer, P. J.  7098-7107. (d) Satake, M.; Ishida, S.; Yasumoto,JT.Am. Chem. Soc.

Toxicon1984 22, 169-176. 1995 117, 7019-7020.
(4) Murata, M.; Legrand, A. M.; Ishibashi, Y.; Yasumoto, J. Am. (7) The numbering used throughout this paper represents the position of
Chem. Soc1989 111, 8929-8931. the corresponding carbon atom in MTX.
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Figure 1. 1A: Maitotoxin.
Il. Relative Stereochemistry
1. C.1-C.15 Acyclic Portion. This portion of MTX

contains seven unassigned chiral centers on the acyclic back-
bone. In order to establish the complete relative stereochemistry

of MTX, the configuration of these chiral centers relative to

the C.15 position must also be addressed. Therefore, 128
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possible diastereomers exist to represent the relative stereo-

chemistry of this portion of MTX. A new concept was recently
advanced to address this type of problem, and its validity and

usefulness were demonstrated by the stereochemical assignment

of the AAL-toxin/fumonisin family of natural productd.
This concept was first illustrated using AAL toximT The
backbone of AAL toxin  had seven unknown asymmetric

OH
NH,

A:R-= CHQCHQCH=CM62

centers, and therefore there were 64 possible enantiomeric pairs
of diastereomers to represent its stereochemistry. Its stereo-
chemistry could be established via organic synthesis; namely,
all of the possible diastereomers could be synthesized and
compared with the aminopentol backbone derived from the
natural product. However, there were two concerns about this
standard approach. First, the synthesis of 64 possible enantio-
meric pairs of diastereomers represented a substantial effort.

Phase Il

ol

- BEM —
F ] —

B : R = (CHy)gMe

Second, and more critically, even if all of the possible

diastereomers were prepared, there was no assurance that all of

them could be differentiated by currently available spectroscopic
and/or chromatographic techniques.

The new approach consisted of three phases. The amino-

pentol backbone derived from AAL toxinaTwas composed of

Phase il

independent from its opposite half. Thus, modalsand B
should represent the relative stereochemical characteristics of

two distinct halves with the asymmetric centers separated by (1o |eft and right halves of the AAL toxin AT backbone
five methylene units (Scheme 1). This separation was assumedrespectively. With this assumption, the first phase of this

to be great enough for each half to have chemical properties

(8) The complete relative stereochemistry of MTX was given as a part
of the presentation at the Glaxo symposium (November 1995), the Prelog
lecture (November 1995), and the 211th National Meeting of the American
Chemical Society (March 1996) by one (Y.K.) of us.

(9) Since we began our work, Tachibana and co-workers reported the
relative stereochemistry of the C:38.39 and C.63C.68 portions of
MTX: (a) Sasaki, M.; Matsumori, N.; Murata, M.; Tachibana, K;
Yasumoto, T.Tetrahedron Lett1995 36, 9011-9014. (b) Sasaki, M.;
Nonomura, T.; Murata, M.; Tachibana, Retrahedron Lett1995 36,
9007-9010.

(10) We thank Professor Murata for a preprint, discussing the-C.9
relative stereochemistry assignment by long-range carpooton coupling
constants: Matsumori, N.; Nonomura, T.; Sasaki, M.; Murata, M.; Ta-
chibana, K.; Satake, M.; Yasumoto, Tetrahedron Lett1996 37, 1269
1272.

(11) (a) Boyle, C. D.; Harmange, J.-C.; Kishi, ¥. Am. Chem. Soc.
1994 116, 4995-4996. (b) Harmange, J.-C.; Boyle, C. D.; Kishi, Y.
Tetrahedron Lett.1994 35, 6819-6822. (c) Boyle, C. D.; Kishi, Y.
Tetrahedron Lett1995 36, 5695-5698 and references cited therein.

approach involved (1) the choice of modélsandB properly
representing the structural characteristics of the left and right
halves of AAL toxin Ta, respectively; (2) the synthesis of all
the diastereomers possible farand B; and (3) the determi-
nation of which stereocisomers & and B represent the left
and right halves of the AAL toxin 4 aminopentol backbone,
respectively. There were eight diastereomers possible for the
left half and four diastereomers possible for the right half.
Therefore, this operation required the synthesis of only 12
diastereomers instead of 64 and would allow us to determine
the relative stereochemistry of the left and right halves of the
aminopentol backbone of AAL toxin AT

The second phase was to determine the relative stereochem-
istry between the left and right halves of the AAL toxin T
backbone. The left half is represented by an oval, and since
only the relative stereochemistry of the left half would be known



7948 J. Am. Chem. Soc., Vol. 118, No. 34, 1996 Zheng et al.

at this stage, it could exist in either &or S configuration. Scheme 2
The same holds true for the right half, which is depicted as a A
rectangle. Coupling of thR left half with theSright half would

provide anR—Saminopentol backbone. Likewise, coupling of o oH oTes

the R left half with the R right half would yield anR—R omem 2 7 omem Do W s~ A oMM
aminopentol backbone. In the case of diastereomers bearing H)g\/ /\hlAe/e\/ m
chiral centers in close proximity, the pair could be distinguished

from each other. However, as the diastereomers in question 2 3 4

had chiral centers at remote positions (we refer to such cases

asremote diastereomeyghe degree of chemical communication oTBS oTBS

©

between the two remote moieties should be negligibly small, if c 5~ A_OMPM + A OMPM
. . . 4 8

any exists. Indeed, the proposed first phase of this approach £ /\I/\I/\/
relied on this very assumption. We planned to apply the concept

of molecular recognition to distinguish these remote diastere- 5 (Ratio of 5:6 = 1:1.2) 6
omers from each other. Interactions of these diastereomers with d ‘ d
an achiral foreign molecule might differ significantly enough

to be detected by currently available spectroscopic and/or
chromatographic techniques.

The final phase of this approach was to distinguish the
enantiomers of the AAL toxin £ aminopentol backbone, i.e.,
R—Svs S-Ror R—-Rvs S-S This problem could be solved oTBS 7
by several methods, including the possibility of using a chiral,
instead of achiral, foreign molecule for molecular recognition.

The validity and usefulness of this approach was demonstrated e
first for determination of the relative and absolute stereochem-
istry of the aminopentol backbone of AAL toxinaTand then

for the aminotetrol backbone of fumonisin.B

Returning to the C.2£C.15 moiety of MTX, we were curious
to test whether two structural moieties spaced by only two
methylene groups could be treated independently, in order to
determine its relative stereochemistry by synthesizing only 18
diastereomers instead of 128, i.e., eight diastereomers possible
for model C, eight diastereomers possible for modkl and
two remote diastereomers. Atthe same time, however, we still

hoped that some residual chemical communication between the B ?H

left and right halves of this portion of MTX could be detected Ao

by currently available spectroscopic means. In this context, it Ve

should be noted that even a trace amount of the natural product 13

was not available for our work, and we solely depended on the |b-e

published NMR data to conclude the complete relative stereo- $ i i l
chemical assignment. 14 15 16 17

a(a) (E)-(R,R)Crotylboronate 4 A molecular sieves, PhMe;78
°C, 79%; (b) (1) TBSOTT, pyr, CkCl,, 23 °C; (2) catecholborane,
RhCI(PPh)s, THF, 23°C;%* 10% NaOH, HO,, 23 °C; (3) (COCI},
DMSO, EgN, CH,Clp, =78 °C; (c) vinyllithium, THF,—78°C, 3 h, 0
°C, 10 min, 79% over four steps; (d) (1) TBSOTT, pyr, &Hb, 23°C;
(2) 0sQ, NMO, EtOH-THF—H,0 (1:2:1), 23°C, 16 h; NalQ, 23
°C, 24 h, 76% over two steps; (BE)-4-(tert-butyldimethylsiloxy)-2-
buten-2-yl)lithiumé THF, —78 °C, 30 min; (4) (COCHh, DMSO, EN,
CH.Cl,, —78°C, 88% over two steps; (5) DDQ, GBIl,—pH 7 buffer
(10:1), 23°C, 1 h, 80%; (6) P¥P—CH,, pentane, 0C, 90 s, 67%; (7)
(COCl), DMSO, EgN, CHxCl,, —78 °C, 96%; (e) (1) (4-(1-ethoxy-
ethoxy)-3,3-dimethylbutyl)lithiun¥® THF, —78 °C, 15 min, 85%; (2)
SQsepyr, pyr, 23°C, 15 h¥” (3) HFpyr..® MeOH, 23°C, 48 h, 89%
over two steps.

146 147

0S0;Na

chemistry at C.7 and C.8 was set by using the Roush boronate
HO HO chemistry!® The reaction of theH)-(R,R-crotylboronate with
the aldehyd@'4 was predicted to yiel8 preferentially. Indeed,
c D . ; ;

this pair of reagent and substrate led almost exclusively to a
single diastereomer. The olefdwas converted to the aldehyde
4, which was then coupled with vinyllithium, to yield a 1:1.2
mixture of the two expected allylic alcohofsand 6, which

In order to test this experimentally, modeélsand D were
chosen to represent the G.C.11 and C.1%+C.15 portions,
respectively. Scheme 2 summarizes the synthesis of all dia-

stereomers possible f&. The relative and absolute stereo- (13) (a) Roush, W. R.; Walts, A. E.; Hoong, L. K. Am. Chem. Soc.

1985 107, 8186-8190. (b) Roush, W. R.; Palkowitz, A. D.; Ando, K.
(12) Yasumoto and co-workers completed an astonishing work to make Am. Chem. Sod99Q 112, 6348-6359 and references cited therein.

the proton and carbon chemical shift assignment for each atom with 0.01  (14) England, P.; Chun, K. H.; Moran, E. J.; Armstrong, R. W.

and 0.1 decimal place accuracy, respectively. Tetrahedron Lett199Q 31, 2669-2672.
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were chromatographically separated. The relative and absoluteChart 1. Difference in Proton Chemical Shifts between
configuration of5 and 6, consequently 0B, was established = MTX and Each 0f9—12 and14—17 (500 MHz, 2:1

via NMR analyses of their cyclic derivatives, and the optical CD3CN—D,0)?

purity of 3 was estimated to be approximately-780%15

The diastereomers and6 were subjected to the seven-step 0.4 10
transformation, i.e., (1) protection of the C.5 alcohol, (2) 1 o e o [ o e e e o S S e
oxidative cleavage of the vinyl group to generate the C.4 0 -
aldehyde, (3) coupling with the lithium reagent to form the-€.3
C.4 bond, (4) oxidation of the resultant allylic alcohol to form 02
the enone, (5) deprotection of the C.9 alcohol, (6) olefination  -0.4
to form the diene, and (7) oxidation of the C.9 alcohol to form
the C.9 aldehydes. Each of the aldehydesnd 8 was then 0.4 11 12
subjected to the next carbewarbon bond forming reaction to 0.2 b ] b
yield the two possible C.9 diastereomers, which were separated 0 :
by chromatography. Nuclear Overhauser effect (NOE) experi- 1Bt o -] 1 i
ments with the C.8 and C.9 acetonides, prepared from both 02
diastereomers, established their C.9 stereochenifstigach -0.4
diastereomer was then subjected to sulfation at C.9, followed :
by deprotection, to furnish the four diastereomérs12. 0.4 14 15
Following the same sequence of reactions onsjweadduct 0.2
13, obtained from the reaction & with (2)-(R,R-crotylbor- 0 —
onate, the remaining four diastereomerd—17 were also bbb M BB 1 S5
obtained (Scheme 2B). -02

All of the eight diastereomers were subjectedtband!3C 0.4
NMR studies. Charts 1 and 2 show the difference in the
chemical shifts of protons and carbons between MTaxd each 0.4 5 1 17
diastereomer synthesized. This exercise clearly demonstrated 0.2 -
that (1) each diastereomer exhibited distinct spectroscopic 0
characteristics differing from the others, and (2) only the =it i) e
diastereome® displayed spectroscopic characteristics that were 0.2
virtually identical to those of MTX, therefore establishing that 0.4
the relative stereochemistry of the &.C.11 portion of MTX - ?_ §_ § oo~ § vwo ~a33 § oo~ ?_ ® o

is represented by that &
Model D was chosen for the study of the spectroscopic
characteristics of the C.HC.15 portion of MTX. Scheme 3

outlines theﬂsynthesis (.)f the C.—lG:_.19 portion_ _from the be the desired diastereomer, which was confirmed later (see
aldehydel 8™ readily ava|l.able fromp-ribose. Addmon Of. th? Scheme 4). The major diastereomer was then converted into
allyl group was best achieved by the reaction of allylindium the aldehydd 9. Addition of the RoushZ)-(R,R)erotylboronate

b_romide with 18 to yieId_ a 6:1 mixture of the_two pos_sible to 19 furnished the expected produ2d exclusively, whereas
diastereomers. The major product was tentatively assigned 10 ddition of the correspondingZ)-(S,S)eagent gave 1.5:1

(15) The absolute configuration and optical purity3ofere established mixtures of20 and 21 Similarlly, addition of E)'(RvR)'?nd
via its transformation into the Mosher ester of 2-methyl-1-butanol and (E)-(S,S)erotylboronates td9yielded a 9:1 and 1:1.2 mixture
comparison of it with the corrresponding Mosher ester prepared f8m ( of 22 and 23, respectively.

(—)-2-methyl-1-butanol (Aldrich). The relative stereochemistryb@nd6 . ,
was established via the NMR ‘study of the cyclic compoundsd ii, On the basis of the precedents of Roush’'s wdrkhe

prepared from them in four steps, i.e., (1) BnBr/NaH, (2) TBAF, (3) @sO  exclusive product formed withZ)-(R,R)erotylboronate was
Naclj%' and (4)dAfQO{ﬁyrf ﬁnt the e?rly pfhase :J_f th?—| work, the fT!'XtUtrfEOf anticipated to be20, whereas the major product formed with
and6 was used for the following transformation. However, using the pure )
materials,5 and 6 were demonstrated to yieldand 8, respectively. (E)-(R,R)erotylboronate was expected to,ba Thus,20 and

22 should have the same stereochemistry at C.14 but the

2 The x- andy-axes represent carbon number axdl (Ad = durx
— OsyntheticModeliN PPM), respectively, for all the charts in this paper.

D R opposite stereochemistry at C.15, which was confirmed from

Ll the following experiments (Scheme 4). Oxidation of the C.15
8057 Me Bno”s"7 Me hydroxy group of20, deprotection of the C.19 alcohol, and

it des=1.4Hz i £ g5 = 8.0 Hz reductive cyclization furnished exclusively the expected C.15
Jrg=9.7Hz J7,8=10.1Hz equatorial produc®6; the vicinal proton coupling constants

(16) The relative configuration o and 10 was established from the ~ (J15,16= 9.7 Hz andlig 10= 9.5 Hz) observed fo26 led to the
NOE experiments of the acetonidésandiv, prepared in three steps, i.e.,  conclusion that the C.15 and C.19 substituents were equatorial.

(1) pyr/dioxane/120C, (2) MeC(OMe)Me/PPTS, and (3) A©/pyr. The ; ;
acetoniddii exhibited clear cross peaks between the C.8/C.9 and C.7/C.10 The same sequence of reactions2arthe major product formed

protons, whereas the acetoniledid not show the corresponding cross ~ BY Fhe reactiqn Of E)-(R,R)erqtylboronate V\{ith 19, also
peaks but did show cross peaks between the C.7/C.9 and C.9/C.145 protonsfurnished the identical equatorial produb. Since 20 was

Me Me formed from(Z)-crotylboronate an@2 was formed fromE)-
g%“e crotylboronate, their C.14 and C.15 relative stereochemistry
A should besynandanti, respectively.
This conclusion was further supported by two additional
OAc i OAc experiments. F_irslzo ggve_excl_usiveI)EG via the alternative
(17) Tadano, K.: Maeda, H.; Hoshino, M.; limura, Y.; SuamiJTOrg. mode of reductive cyclization, i.e20 — 25 — 26; the C.15
Chem.1987, 52, 1946-1956. stereochemistry o0 was retained in this transformation,
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Chart 2. Difference in Carbon Chemical Shifts between Scheme 3
MTX and Each 0f9—12 and 14—17 (125 MHz, 2:1 oBn  OBn
CD3;CN—D>0) H
1 TBSO (E)Bn (o]
2 18
a
0 R L
-2 b OBn OBn b
— H. 19_n-Pr e
-4
[e] OBn OMPM
f 2 e
20 + 21 22 + 23
1 : 0 ZRA E-(R,A) 9 : 1
15 : 1 Z(59 E~(S,9) 1 12
Me OBn OBn Me OBn OBn
PR 19 nPr NS 19 n-Pr
“ooT i 14 O
HO  OBn OMPM HO  OBn OMPM
20 22
Me OBn OBn Me OBn OBn
N 15, 19_n-Pr A 15 19_n-Pr
14 T 3 “yY T i
HO  OBn OMPM HO  OBn OMPM
21 23
2 (a) (1) Allyl bromide, In, DMF, 23C, ratio ofo:3 = 6:1, 85%¢°
(2) Hy, Lindlar catalyst, EtOAc, 23C, overnight; (3) NaH, MPMCI,
DMF, 23°C, 12 h; (4)n-BusNF, THF, 50°C, 30 min, 84% over three
-4 steps; (5) (COCEH DMSO, EgN, CH:Cl,, —78 °C, 92%; (b) crotyl-

H o
_ngv‘%mwhgwm _ngwgmwhgwm boronate 3 A molecular sieves, PhMe;78 °C.

Scheme 4

whereas the C.19 stereochemistry was retained in the previous A
mode of reductive cyclization. Second, the majati-product

. . . Me OBn OBn Me OBn OBn
23, obtained with the(E)-(S,S)erotylboronate, furnished ex- \/E\‘Q\/'\“’/"-Pf A S A 19 npr
clusively 28in the three-step sequence of reductive cyclization 1wy ¥ i e 14 O
OH OBn OMPM o OBn OMPM

(Scheme 4B). The vicinal proton coupling constadis {s =
9.7 Hz andJig 19 = 9.5 Hz) demonstrated that the C.15 and
C.19 substituents d28 were equatorial, and consequen?$
was the C.14 diastereomer26. These results were consistent
with the conclusion derived from the previous experiments.
The Roush crotylboronate chemistry should allow the addition
of the next propionate unit t@6 and 28. However, it was
difficult to predict the influence of the pre-existing stereocenters 06n

on the overall stereochemical outcofieThe aldehydeg9and 25 26
38, derived from26 and28, respectively, were subjected(6)- Tb

(R,R, (E)-(S,S); (2)-(R,R); and(Z)-(S,S)erotylboronates, fol-

lowed by hydroboration and deprotection, to yield the expected g “fe‘s i OB?Q pr a g “5'815 8 OB,"Q P
products (Scheme 5). All of the possible diastereon3&rs 14 - 14

37 were obtained from the aldehyd29, whereas only two OH OB OMPM O OB OwPM
diastereomerd3 and44 were obtained from the aldehy@8. 22 27

While these observations were intriguing, it was necessary
to obtain the remaining two diastereomers for the present work,

which was accomplished as summarized in Scheme 6. The B
conjugate reduction of the enomts, followed by hydride (A
reduction and deprotection of the TBS and benzyl group, gave SN
a1.0:1.9:1.6:1.0 mixture of the four possible diastereom8ys OH OBn OMPM
44, 46, and 47. The last two products corresponded to the
diastereomers not obtained in the previous experiments. 23
All of the eight diastereomers were subjectedhband3C 2 (a) (COCI}, DMSO, EtN, CH,Cl; —78°C; (b) (1) DDQ, CHCl—

- : - H,0 (10:1), 23°C, 1 h: (2) BR-OEb, ESiH, CHCN—CH,Cl, (10:
NMR studies. Charts 3 and 4 show the difference in the Y= 5,:c 15 min; 7506 over three steps; (c) (1) TESOTY, 2.6-lutidine,
(18) For a review of double stereodifferentiation, for example, see: CHClz; (2) DDQ, CHCl,—Hz0 (10:1), 23°C, 1 h, 80% over two
Masamune, S.; Choy, W.; Petersen, J. S.; Sita, LARyew. Chem., Int. steps; (3) (COC} DMSO, EgN, CH,Cl,, —78°C, 72%; (d) (1) HFpyr,

Ed. Engl.1985 24, 1-76. THF, 23°C, 3 h, 76%; (2) same as step b2, 82%.
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Scheme 8 Chart 3. Difference in Proton Chemical Shifts between
A MTX and Each 0f34—37, 43, 44, 46, and47 (500 MHz, 2:1
CDsCN—D0)

w
[3)]
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Chart 4. Difference in Carbon Chemical Shifts between
Me Me MTX and Each 0f34—37, 43, 44, 46, and47 (125 MHz, 2:1
n-Pr CDsCN—-D,0)

FOho™ 101 I 35
OH
39,41 43, 44
a(a) Crotylboronatg4 A molecular sieves, PhMe;78 °C; (b) (1)
catecholborane, RhCI(EP) (cat.), THF, 3-23 °C, 1 h; 10% NaOH,
30% H0,, 0—23°C, 3 h, 80%; (2) H, Pd(OH} on C (cat.), EtOH, 23 — —
°C, 3 h, 99%. 4 p— P38 37
2
Scheme 8 0
oTBS Me RS WS W O -
a -4
38 — .
gno” Y oen HO™ Y~ T"oH 4 43] ] 44
OBn OH T T e
2
45 43, 44, 46, 47 o
(Ratio of products =1.0:1.9: 1.6 : 1.0) PUM—
2 (a) (1) 4-tert-Butyldimethylsiloxy)-1-buten-2-yl iodid& 1% NiCl/ 4
CrCl,, THF—DMF (2:1), 23°C, 23 h; (2) (COCHh, DMSO, E&N, :
CH,Cl,, —78 °C, 33% over two steps (48% recovered aldehgép 4 a6 [ 47
(b) (1) (CuHPPhR)s, wet PhH, 23°C, 3 h, ratio ofa: g at C.12=1:1, Py '
89%7* (2) DIBAL, CH:Cl,, —78°C, 0.5 h, then 23C, 10 min, 85%; :
(3) n-BuNF, THF, 23°C, 1 h, 95%; (4) H, Pd(OH} on C (cat.), EtOH, 0
23°C, 3 h, 95%. R A A :
-4 |
chemical shifts for protons and carbons between MTX and each Seosiower afoxfeen

of the diastereomers synthesized. This exercise once again
demonstrated that (1) each diastereomer exhibited distinct

spectroscopic characteristics differing from the others and (2) these products should knti, and they should correspond to

only diastereomes5 displayed spectroscopic characteristics that €ither 30 and 31 or vice versa. The major produ@D was
subjected to a sequence of degradation reactinghich

were virtually identical to those of MTX. . ; .
The C.12 and C.13 stereochemistry3sfwas then addressed. furnished the trio9 (Scheme 7). Seven well-separated signals
/cA)\rSla?:tt%dtl’?g::IZreSggr;:lggaigglttl\zg @p&i}iéeg?;ﬂﬁggs in (19) This degradation was carried out according to the protocol used in
h A the palytoxin case: Ko, S. S.; Finan, J. M.; Yonaga, M.; Kishi, Y.; Uemura,
a 2.2:1 ratio. Therefore, the C.12 and C.13 stereochemistry of D.; Hirata, Y.J. Am. Chem. Sod.982 104, 7364-7367.
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Scheme ¥ throughput and, more importantly, unambiguous stereochemical
assignment of the newly introduced chiral center at C.9. The
first carbon-carbon bond formation was accomplished by
coupling of the aldehyd&3 with the dibromo olefirb0, to yield

an easily separable 1.5:1 mixture of the two expected products
54and55. The acetylenic bond i64 and55 provided a useful
handle to establish the stereochemistry of the newly introduced
chiral center via degradation reactidiis.

Formation of the C.3C.4 bond was achieved by coupling
the aldehyde56, derived from54, with the lithium reagent
prepared fromE)-4-(tert-butyldimethylsiloxy)-2-buten-2-yl bro-
mide2> Oxidation of the resultant allylic alcohol and depro-
tection of the C.9 alcohol provided the enobB& Wittig

a(a) (1) O, —78 °C, MeOH; NaBH, 94%; (2) MeC(OMe)e, reaction, sulfation of the C.9 alcohol, and deprotection of all
p-TsOH (cat.), 23°C, 1 h; (3) H, Pd(OH) on C (cat.), EtOAc, 52% the silyl protecting groups furnished the final prodaf which
over two steps; (b) (1) NalQ THF—pH 7 buffer (1:1), 23°C, 0.5 h;
(2) MCPBA, CHCl,—pH 7 buffer (2:1), 23°C, 5 h; (3) LAH, THF,
23 °C, 0.5 h; (4) MeOHp-TsOH (cat.), 23°C, 2 h, 46% over four Me
steps.

HO Me,_ Me Me  Me

was isolated as its sodium salt by silica gel column chroma-
tography. Using the same chemistry but wsi$ the antipode
of 53, the remote diastereom&2 was also synthesized (Scheme

Figure 2. Crystal structure o60. The TBS groups in the ORTEP

representation were removed for clarity. 8B)
were observed in itd3C NMR spectrun?® establishing the The two remote diastereomesd and 52 were subjected to
relative stereochemistry fat9, and consequently that f@O. NMR studies. Charts 5 and 6 summarize the difference in the

This conclusion was further supported by a single crystal X-ray chemical shifts observed between MTX and the remote dia-
analysis 060 derived from31 (Figure 2)2! These experimental ~ Stereomers. As expected, both the remote diasteredihersd
results established that the relative stereochemistry of the-C.12 52 were found to exhibit NMR characteristics, particulafie
C.15 portion of MTX is represented by that 60. NMR, very similar to each other, and very similar to the NMR
Having established the relative stereochemistry for both the characteristics of MTX in that regioft. However, upon close
C.1-C.11 and C.12C.15 portions, we planned to synthesize ©Xamination of theiH NMR spectra, small but significant
the two possible remote diastereoméi® and 52, and to differences were detected betweghand52 and also between
compare their spectroscopic characteristics with those of MTX. 92and MTX. Itis important to recognize that the differences
Obviously, the olefin31 (Scheme 7) was an ideal starting (23) In the modeC series, the C.9C.10 bond was formed by coupling
material for this synthesis, but one practical problem had to be the aldehyde with the alkyllithium reagent. However, in the mdikb2
addressed, i.e31 was obtained only as the minor product via series, the'attempted preparations_of the corresponding lithium reagent failed.
the crot It;oronate chemistr Amona several reagents and The coupling of the acetylene anion prepared fié@nwith the complete
-roty Istry. g sev g C.1-C.9 aldehyde was very efficient, but the selective reduction of the
conditions tested, the addition of the zinc reagent prepared fromacetylene over the diene proved problematic.
crotyl bromide to the aldehyd29 in THF at—93 °C gave the (24) The relative configuration d4 and55 was established from the

. vicinal coupling constants observed for the bis-acetonidewlvi, prepared
most satisfactory restdz The method to construct the two from them in 5 steps, i.e., (1) Lindlar catalyst, (2) BnNOGENH)CCly/

remote diastereomers was then studied, and the synthetic routerfoH, (3) 05, followed by NaBH, (4) HCI (cat.)/aqueous MeOH, and (5)

shown in Scheme 8 met our requiremetitisicluding material MeC(OMe}Me/PPTS.
Me Me Me  Me
(20)13C NMR (125 MHz, CDC}) 6 75.4 ppm, 66.8, 66.6, 39.5, 38.7, OXO OXO
14.0,9.7.
(21) We thank Dr. A. Marcus Semones in this group for this X-ray o3 AN
analysis. Me—\'é Me  OBn
(22) Zn(0), Cr(I1), and In(0) were tested in several solvent systems at a Me Me
wide range of temperatures. Among them, Zn(0) in THF88 °C yielded Vg = 9.0 Hz Vi:Jgg=20H:z

a 51:35:9:5 mixture}H NMR) of the products, with the major product
being the desire@1 and the second major product beid@ The desired (25) Meyer, S. D.; Miwa, T.; Nakatsuka, M.; Schreiber, S.JL.Org.
product31 was isolated in 44% yield on a preparative scale. Chem.1992 57, 5058-5060.
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Scheme 8
A
oTBS
/\EVYZ\/OMPM
éH Me

53
c
TBSO Me TBSQ Me
s H H s - :
TEs0 /\/\I/\M ® + TESO/\E/Y\A/12\®
TBSO Me OH TBSO Me OH
54 Ratio of 54 : 55=1.5:1 55

a(a) (1) TBSOTS, E4N, CHCl,, 98%; (2) Q, CH,Cl,—MeOH—
pyr (10:5:0.3); NaBH, 78%; (3) TESCI, BN, DMAP (cat.), CHCI,,
23°C, 1 h, 96%,; (4) H, Pd(OH} on C (cat.), EtOAc, 23C, 1 h,
90%; (5) (COCI), DMSO, EgN, CH.Cl,, —78 °C, 79%; (b) (1) Na,
NHs, —33°C, 1 h, 100%; (2) TBSCI, AgN@ pyr, DMF, 23°C, 12 h,
86%; (3) TBSOTH,i-PrLNEt, CH,Cly, 23 °C, 42 h, 88%; (4) @
CH,Cl,—MeOH (12:1),—78°C; NaBH,, 23°C, 1 h, 82%; (5) (COC})
DMSO, EgN, CH,Cl,, —78 °C, 99%; (6) PhHgCBy PPh, PhH, 80
°C, 1 h, 97%% (c) 50, n-BuLi, —78 °C, 1 h, then (°C, 6 min,—78
°C; 53, 25 min, 97%; (d) (1) K 1% Rh on A}O; (cat.), EtOAc, 100%;
(2) p-methoxybenzyl 2,2,2-trichloroacetimidate, TfOH (tracel(Et

23°C, 12 h, 37% (60% recovered starting material); (3) PPTS, MeOH

Et,O (3:2), 23°C, 0.5 h, 93%; (4) (COC}) DMSO, EgN, CH,Cl,,
—78 °C, 85%; (e) (1) (E)-4-tert-butyldimethylsiloxy)-2-buten-2-
yDlithium, THF, =78 °C, 20 min; (2) (COCRH, DMSO, EtN, CH.Cl,,
—78°C, 76% over two steps; (3) DDQ, GBI,—pH 7 buffer (10:1),
23°C, 40 min, 90%; (f) (1) CH=CHOEt, PPTS, CkCl,, 23°C, 6 h,
95%; (2) PRBP=CH, pentane, 0C, 3 h, 76%; (3) PPTS, ED—MeOH
(3:1), 23°C, 6 h; (4) TBSCI, EiN, DMAP, CH,Cl,, 23°C, 2.5 h, 86%
over two steps; (g) (1) S&pyr, pyr, 23°C, 12 h, 96%; (2) HFpyr,
MeOH, 23°C, 20 days, 79%.

J. Am. Chem. Soc., Vol. 118, No. 34, T753

Chart 5. Difference in Proton Chemical Shifts between
MTX and Each of51 and52 (500 MHz, 1:1
CsDsN—CD50D)

0.4 51
0.2
0 L
-0.2
-0.4
rra@3TnoonGonermagosiee
0.4 592
0.2
0 i
-0.2
-0.4
a2 ¥Focon Soo 2or rugnTS e

Chart 6. Difference in Carbon Chemical Shifts between
MTX and Each of51 and52 (125 MHz, 1:1
CsDsN—CD30OD)
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were particularly distinct in the chemical shifts of the protons
in the bridging area between the two remote side$his being

(26) We thank Professor Murata for information on the revised assign-
ment of the carbon chemical shift for the C.12 methyl groii§.0 ppm).

The chemical shift for the C.3 carbon of MPXappears to have been
misassigned.

(27) We chose a geminal dimethyl group at the C.12 position of model
C, in order to simplify the spectroscopic analysis. Interestingly, we observed
that the geminal dimethyl groups & exhibited a small but distinct
diastereotopic property in itdHH NMR spectrum, which was the first sign
of the presence of some detectable residual communication between the
two halves.
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recognized, it became evident that the remote diasterebiner
represents the stereochemistry of the corresponding moiety of
MTX.28

The experimental results given in this section provided the
answers to the two questions raised earlier. Although bridged
by only two methylene groups, the left-side and right-side
moieties could still be treated independently, yet small but
distinct communications between these two moieties were
detected by currently available spectroscopic means, which
allowed the assignment of the relative stereochemistry of the
C.1-C.15 portion of MTX.

2. C.35-C.39 Acyclic Portion. The C.35-C.39 portion Ea : X SO.Na
of MTX contained two unassigned chiral centers on the acyclic Eb.XoH
backbone. It is important to note that, in order to establish the
complete relative stereochemistry of MTX, their configuration
relative not only to C.35 but also to C.39 must be determined. ) . . .
By this means, the relative stereochemistry at the remote stereoselectively ‘?e synthesized by coupling ',[he lacka@neith
positions, for example C.35 and C.39, can be established. Weth® acetylene anion generated from the dibromo oléfin
decided to address these questions via (1) the selection of gollowed by silane reduction; (3) botB2 and 63 could be
model properly representing this portion of MTX; (2) the Prepared from the common synthetic intermediie (4) the
synthesis of all the possible diastereomers with respect to the
C.35, C.36, C.37, and C.39 chiral centers; (3) the comparison Scheme 9

or 66, followed by dihydroxylation; (2) the acetylerg& could

factor might give an unforeseen effect on their proton and carbon NMR
spectra, we synthesized two additional modeiisandviii, both of which

exhibited NMR characteristics very similar to those5df andvii is even

closer to those of MTX thaB1l Below is depicted the difference in proton ﬂ ﬂ
(500 MHz, 1:1 GDsN—CDs0D) and carbon (125 MHz, 1:150sN-CDs-
OD) chemical shifts between MTX and each i andviii. The x- and
y-axes represent carbon number akdl (A0 = dmtx — OsyntheticModelin
ppm), respectively.

E Yo Yo,
A ~AJIAG

of the NMR characteristics of each diastereomer with those of on on
MTX; and (4) the identification of which diastereomer represents  +o., oH HO. WOH
the spectroscopic properties of the corresponding part of MTX. oo oH Ilj\/w
Unlike the C.1C.15 moiety, the chiral centers present in this 60 meer ©
region are in close proximity to each other so that each ﬂ 97
diastereomer should exhibit spectroscopic characteristics dif- on Ho
fering from those of the others. We chose mo#elwhich N o vo,, Ao
contained the four chiral centers in question. This strategy called o = ko (Ij
for the synthesis of eight possible diastereond@rs. N T
The synthetic plan of all of the eight diastereomers is outlined 61 61
in Scheme 9. Several comments are in order: (1) the four ﬂ ﬂ
diastereomer§g2—75 could be prepared via the acetylebté . "
i.e., reduction 064 selectively into thecis- or trans-olefin 65 C/\EIOH‘ mm
(28) In order to eliminate the possibility that any electronic and/or steric 500 RO °
|

OH Me Me
H T i H
2 ABAG

Me QSONa HO

vii viii
PROTON
0.4 J m
0.2
0 o
-0.2
-0.4
a3 ncon Fon22rrngothor mradieoon Sua2SrragnTFue
CARBON
a i .‘ﬁ i 72,73,74,75: X =H 76,77,78,79: X=H
80 : X = SO3Na of 75 81:X=503Naof 78
2
oM - (29) Tachibana and co-workers recently reported the relative stereo-
2 chemistry of this portion of MTX. At the onset, they relied on the NMR
data to select one diastereomer, correspondingltmver the remaining
-4 seven diastereomers, and they synthesized that diastereomer to conclude
the relative stereochemistry of this portion of MTX. It is interesting to note

2.3 ) Qs - S B onerafoneive . .
~eeZeFoor Foograforive ~anfvInenfoo2rafortoe that 74 and 75 are the C.39 and C.35 diastereomerg8frespectively.
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remaining four diastereome6—79 should be available via
the same synthetic sequences but with the lact6®ethe
antipode of62.

Scheme 10 outlines the synthesis of the lac®@fom 823
The silane reduction of the ketol, formed via addition of
butenylmagnesium bromide to the lact®B® was expected to
give the equatorial produd@3;3! indeed, this reduction was
highly stereoselective, yielding the desired equatorial product
with a stereoselectivity greater than 20:1. The cyclization to
form the second ring was best achieved by sodium hydride
treatment of the pentol monomesyle&84. The C.33 deoxy-
genation was effected by the Barton procedidrand removal
of the hydroxymethyl group to form the lactone was carried
out in three steps.

Scheme 16

OBn OBn OH
BnO,,, OBn g B0, OBn  h  MsO_HO,, OH
 — —_—
OBn OBn OH
[e] (¢] (o) [e]
82 83 84

[+

H H oH
H
o OMPM o OMPM o OH
e 33 d o
P E— OH -
z T OH
H (¢} ¢} H 0735 0735

86 85 61

a(a) (1) 3-Buten-1-ylmagnesium bromide 8t —78 °C, 15 min,
91%:; (2) EtSiH, BRsOEt, CH,Cl,—CHsCN (1:1), —20 °C, 15 min,
98%; (b) (1) @, MeOH-CH,ClI; (2:1); NaBH,, 88%; (2) MsClI, EiN,
CH.Cl, 0 °C, 15 min, 98%; (3) K, Pd(OH} on C (cat.), MeOH, 23
°C, 4 h, 100%; (c) NaH, DMF, 23C, 12 h, 74%; (d) (1)p-
MeOPhCH(OMe), p-TsOH, DMF, 23°C, vacuum, 12 h, 97%; (2)
NaH, CS, Mel, THF, 23°C, 30 min, 95%; (3p-BusSnH, AIBN, PhMe,
110°C, 1 h, 75%; (4) DIBAL, CHCl,, —78°C, 30 min, then OC, 1
h, 98%; (e) (1) PP, imidazole, 4, PhH, 70°C, 3 h, 98%; (2) DBU,
1,2-dichlorobenzene, 20@, 15 min?3(3) O;, MeOH,—78°C; DMS,
23°C, 1 h, 32% over two steps.

I

We planned to use the same tr&il, an intermediate in the
synthesis of the lacton&6, for the synthesis of the dibromo

J. Am. Chem. Soc., Vol. 118, No. 34, I755
Scheme 1%
H OH H? N };1 o
J— ‘41
= 40 — TBDPSO_
I~
No OH HOw* N ol
] H
61 61 87
°]
BnO " BnO " HO "
BnO, ] 4 Bno : o c HO, o
B AN HO_ TBDPSO._
\|/\\ o ) NN NN
Br H H
90 89 88

a(a) (1) TBSCI, DMAP, E{N, CH:Cl,, 23 °C, 3 days, 77%; (2)
1,2-thiocarbonyldiimidazole, PhMe, 116C, 4 h, 95%; (3) 1,3-
dimethyl-2-phenyl-1,3,2-diazaphospholidine, Z3 3 h, 81%; (4) 1%
HCI in 95% EtOH, 23°C, 5 h, 96%; (5) TBDPSCI, imidazole, pyr, 23
°C, 11 h; (b) Os@ NMO, t-BuOH—acetone-H,O (1:1:1), 23°C, 48
h, 67% over two steps; (c) (1) BnBr, AQ, EtO, 35°C, 12 h; (2)
BnBr, n-BusNI (cat.), NaH, THF, 23°C, 5 h; (3) 3% HCI in MeOH,
23°C, 12 h, 72% over three steps; (d) (1) MsCIgNEtCH.CI,, 0 °C,
15 min, 96%; (2) NaCN, DMSO, 9tC, 1.5 h, 98%:; (3) DIBAL, PhMe,
—78°C, 10 min, 94%; (4) PhHgCBr PhH, 80°C, 1.5 h, 87%.

Scheme 12
BnO OH Ho
BnO, OBn a HO, WOH _OMs HO o
Meo™ 07 NcHo Meo™ o Meo™ o H
91 92 93
c l
p-MeOPh
H H 0
0 WOBn BnO, O H
B W e d 0 °
-
« o 4 34] 33
0~ ~o MeO" ~07Z o L
H H MeO™ “07E
A
96 95 94

a(a) (1) EtQCCH=PPh, PhH, 23°C, 2 h, 71%; (2) H, Lindlar
catalyst, EtOAc, 23C, 16 h, 100%; (3) DIBAL, CHCIl,, 0 °C, 15
min, 96%; (4) MsCl, EfN, CH.Cl,, 0°C, 15 min, 99%; (5) K Pd(OH}
on C (cat.), MeOH, 23C, 12 h, 100%; (b) NaH, DMF, 23C, 4 h,
92%; (c)p-MeOPhCH(OMe), HBF,;, DMF, 23°C, 12 h, 88%; (d) (1)
DIBAL, CHCl,, 0°C, 1 h, ratio of products= 1:1.3, 96%; (2) for the

olefin 90 as well (Scheme 11). For this purpose, it was minor isomer, i.e., C.33-OMPM, NaHh-BuNI (cat.), BnBr, THF-
necessary to invert the stereochemistry of both C.40 and C.41DMF (3:1), 23°C, 2.5 h, 93%; CAN, CHCN—H,0 (9:1), 23°C, 40

alcoholic groups of61, which was effectively achieved via
selective protection of the primary alcohol, olefin formation from
the remainingis-diol, 33 and then osmylation, to yield the desired
diol 88 as the major product.

The synthesis of the lactor@s, the antipode o086, from
9134is summarized in Scheme 12. Once again, the cyclization

to form the second ring was achieved with the tetraol monomes-

ylate92. Although reductive cleavage of the anisylidene gfdup
in 94 derived from the diol93 was not selective, both
regioisomers were usable for the synthesi9®by deoxygen-
ation at C.33 under the Barton conditions, hydrolysis of the
methyl glycoside, and oxidation of the resultant lactol to the
lactone.

(30) Dondoni, A.; Scherrmann, M.-Q. Org. Chem1994 59, 6404~
6412.

(31) Lewis, M. D.; Cha, J. K.; Kishi, YJ. Am. Chem. Sod 982 104,
4976-4978.

(32) Barton, D. H. R.; McCombie, S. W. Chem. Soc., Perkin Trans.
11975 1574-1585. For a review on this subject, for example, see: Hartwig,
W. Tetrahedron1983 39, 2609-2645.

(33) Corey, E. J.; Hopkins, P. Bletrahedron Lett1982 23, 1979
1982.

(34) Barnes, J. C.; Brimacombe, J. S.; Kabir, A. K. M. S.; Weakley, T.
J. R.J. Chem. Soc., Perkin Trans.1P88 3391-3397.

(35) Takano, S.; Akiyama, M.; Sato, S.; OgasawaraCKem. Lett1983
1593-1596.

min, 80%; NaH, imidazole (cat.), GSMel, THF, 90%; BuSnH, AIBN,
PhMe, 110°C, 0.5 h, 63%; for the major isomer, i.e., C.34-OMPM:
NaH, imidazole (cat.), CSMel, THF, 15 min, 93%; BgSnH, AIBN,
PhMe, 110°C, 0.5 h, 61%; DDQ, CkCl,—H,0 (10:1), 23°C, 40 min,
83%; BnBr, NaHn-BusNI (cat.), THF—DMF (3:1), 23°C, 2.5 h, 76%;
(e) (1) THF-CRCOH—H,0 (1:1:1), 65°C, 26 h, 85%; (2) (COC})
DMSO, EtN, CH.Cl,, —78 °C, 76%.

Coupling of the lacton86 with the acetylene anion generated
in situ from the dibromide90,3¢ followed by silane reduction,
gave once again the desired, equatorial acetyddrexclusively
(Scheme 13). Partial reduction of the acetyl@e(Lindlar
catalyst) to thecis-olefin 98, followed by osmylation, gave a
17:1 mixture of the two possible dio® and100. On the basis
of the empirical rulé®’ their stereochemistry was tentatively
assigned as indicated. Thansolefin 101 was stereospecifi-
cally obtained from the acetyler$¥ in three step® and then
subjected to osmylation, to yield a 6:1 mixture of the two
possible diols102 and 103 Once again on the basis of the

(36) Corey, E. J.; Fuchs, P. Metrahedron Lett1972 3769-3772.

(37) () Cha, J. K.; Christ, W. J.; Kishi, Yretrahedron Lett1983 24,
3943-3946. (b) Christ, W. J.; Cha, J. K.; Kishi, Yetrahedron Lett1983
24, 3947-3950.

(38) Attempted photochemically- or radically-induced direistto-trans
isomerization gave no promising results.



7956 J. Am. Chem. Soc., Vol. 118, No. 34, 1996 Zheng et al.

Scheme 18 Scheme 12

H

FINIR NS SN P SN

99 (Ratio of 99:100 = 17:1) 100

‘]

101 102 (Ratio of 102:103 =6:1) 103

./37Y 3g=2.6,3.1Hz J37' 3g=4.4,113 Hz
a(a) (1) TBSOTT, E4N, CH,Cl,, 23°C, 68%; (2) (COCH, DMSO,

EtsN, CH,Cl,, —78 °C, 99%; (3) H, Pd(OH} on C (cat.), EtOAc, 23
°C, 0.5 h, 98%.

99, 100, 102, 103 76,77,78,79 Scheme 18

a(a) (1)n-BuLi, 90, THF, —78°C, 1 h, then C°C, 10 min;96, —78
°C, 0.5 h, then 23C, 95%; (2) E4SiH, BFyOEt, CH,Cl,—CH:CN

A
(1:1), —25°C, 0.5 h, 83%; (b) K Lindlar catalyst, EtOAc, 50 min, f o “aLHL ;rr,ﬂ‘ oH H“&
61%; (c) OsQ@, NMO, t-BuOH—acetone-H,O (1:1:1), 23°C, 12 h, Hﬁ"—‘j&/—t& -~ owo + owo
91%; (d) (1) PBSNH, EtB, PhMe, 23°C, 3 h, 88%% (2) NIS, THF, 'k A nlo o RETH
23°C, 1 h, 89%* (3) n-BuLi, THF, —78°C, 10 min, 63%5 (e) OsQ,
NMO, t-BuOH—acetone-H,O (1:1:1), 23°C, 4 days, 96%; (f) K
Pd(OH} on C (cat.), MeOH, 23C, 12 h, 100%.

108 (Ratio of 108:109 = 10:1) 109

empirical rule, their stereochemistry was tentatively assigned
as indicated.

Although the empirical rule is very reliable for predicting
the stereochemical outcome of the osmylation of allylic alcohols
and their derivatived’ it was desirable to have further experi-
mental support. Thus, the two diastereoni2and103were

‘]
k . OH OH
converted into the six-membered ketdl84 and 105 respec- Hf:j\/\/t}& L, Wy}i + Fgﬂ\/\/p;‘t
H H " on " " :

tively (Scheme 14). The vicinal coupling constants observed
for the C.37 and C.38 protons indeed verified the stereochemical
assignment based on the empirical rule.
Following exactly the same sequence of reactions summarized
in Scheme 13 but with the enantiomeric lacto86, the B
remaining four diastereomerB08 109 111, and 112 were
obtained, and their stereochemistry was assigned as indicated~°
(Scheme 15). o
The C.40 alcohol of MTX exists as a sulfate, which must OH
affect the NMR characteristics of the protons and carbons in 108, 109, 111, 112 72,73, 74,75
this region of the molecule. However, the degree of the effects,
particularly on the protons and carbons at C.35 through C.38,
may be so small that some meaningful information is expected were diastereomers with respect to the C.35 and C.39 posifions.
to be gained in comparison of the NMR characteristics of the On the basis of these experiments, we were confident in
eight diastereomeric polyol®—79 derived from these diaster- concluding that the stereochemistry @B represents the
eomers with those of MTX. Thus, all of the eight diastereomers stereochemistry of the corresponding part of MTX. Neverthe-
were deprotected and then subjected to#Heand 1°C NMR less, further experimental support to verify this conclusion would
studies. The NMR characteristics observed for the C.34 throughbe desirable, and we decided to examine the spectroscopic
C.39 protons and carbons of each diastereomer were comparegroperties of the C.40 sulfates corresponding toA@and 75
with those of the corresponding protons and carbons of MTX diastereomers.
(Charts 7 and 8). This exercise indeed demonstrated that (1) Scheme 16 summarizes the synthesis of the C.40 suBétes
the diastereomef8was the best match with the relevant portion and81from 112and102 respectively. The key feature in this
of the natural product and (2) the diastereorm®&mas not as transformation was the regiospecific reductive cleavage of the
good as78 but close. It is interesting to note th@8 and 75 C.40-C.41 benzylidene group with DIBAES to yield exclu-

110 111 (Ratio of 111:112=2:1) 112

aFollow steps af of Scheme 13.
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Chart 7. Difference in Proton Chemical Shifts between
MTX and Each of72—79 (500 MHz, 1:1 GDsN—CDs;0D)
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Chart 8. Difference in Carbon Chemical Shifts between
MTX and Each of72—79 (125 MHz, 1:1 GDsN—CD30D)
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sively the C.40 alcoholl14 The sulfates80 and 81 were
isolated as their sodium salts and then subjected to NMR studies.
Chart 9 shows théH and13C NMR characteristics in the
C.34—C.40 region of these diastereomers in comparison with
MTX, clearly supporting the previous conclusion that the C.35
through C.39 stereochemistry &1, corresponding to78,
represents the relative stereochemistry of the €@39 portion

of MTX.

3. C.63-C.68 Acyclic Portion. The relative stereochemical
assignment of the C.63C.68 portion was addressed with the
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Scheme 16
A

0l

a(a) (1) AgO, pyr, 65°C, 2 h, 92%; (2) H, Pd(OH) on C (cat.),
EtOAc, 23°C, 5 h, 100%; (3) DDQp-MeOPhCHOMe, CHCl,, 23
°C, 2 h, 93%; (b) (1) MeONa, MeOH, 2%, 1.5 h, 95%; (2) NaH,
BnBr, THF—DMF (3:1), 23°C, 3 h, 95%; (3) DIBAL, CHCl,, —78
°C, 5 min, then C°C, 20 min, 85%; (c) (1) S®pyr, pyr, 23°C, 12 h,
84%; (2) K, Pd(OH) on C, MeOH, 23°C, 12 h, 100%.

Chart 9. Difference in Proton (500 MHz, 1:1
CsDsN—CD30D) and Carbon (125 MHz, 1:1
CsDsN—CDs0OD) Chemical Shifts between MTX and Each
of 80 and 81
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same approach as the one used for the €@29 portion. We
chose modeF, which possessed the relevant chiral centers at
C.63, C.64, C.66, and C.68. This strategy required the synthesis
of all eight possible diastereomers and the comparison of their
NMR characteristics with those of the natural prodiict.

(39) Tachibana and co-workers recently reported the relative stereo-
chemistry of the C.63C.68 portion of MTX? They opted to synthesize
the four diastereomers sharing the same relative stereochemistry at the C.63
and C.64 positions. They relied on the NMR experiments in order to exclude
the diastereomers bearing the opposite relative stereochemistry at the C.63
and C.64 positions. It is interesting to note thdDand141were the C.68
and C.66 diastereomers di7, respectively
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OMe

Scheme 17 outlines a synthetic plan for all eight diastereo-
mers. The 1,3-diol group in15-118 may be introduced via
reduction ofg-hydroxy ketonesl19 The S-hydroxy ketones
119could be obtained via a 1,3-dipolar cycloaddition process,
i.e.,, 121+ 122 — 120— 119 and the proposed 1,3-dipolar
cycloaddition was expected to yield the two possible C.64
diastereomers. Both the olefin and the nitrile oxide required
for the cycloaddition reaction could be obtained from a common
intermediatel23 The four diastereomerkl5-118 should be

secured by these experiments, and the remaining four diaster-

eomersl38-141(Scheme 21) should be available by repeating
the same sequence of synthesis with the antipodi2af
Interestingly, we noticed that the common intermedi28
shares its structural feature with that found in the €.€837
portion of halichondrins, suggesting that its ring system could

Scheme 17

OMe

115,116, 117, 118

Zheng et al.
Scheme 18
H H
:_O (o]
o
\Q , "
"o “oTBS
OTBS
125
lb
H H
z 0 OH
Ok :
o “ores
oTBS CO,Me
127a: 0-OAc 126a : o-OH
127b : B-OAc 126b : B-OH

OMe

cShe

a(a) (1) K.COs, MeOH, 23°C, 12 h; (2) PhCH(OCH)2, CSA, DMF,
50°C, 2 h; 81% over two steps; (3) TBSCI, AgNGQyr, DMF, 23°C,
4 h, 90%; (4) Os@ NMO, t-BuOH-THF—H,0O (3:1:1); (5) NalQ,
MeOH; 80% over two steps; (bEJ-ICH=CHCO,CH;, 1% NiClL/
CrCl,, THF-DMSO (trace), 23C, ratio of 126a126b = 2.5:1, 80%;
(c) (1) p-nitrobenzoic acid, DEAD, P, EtO—PhMe (2:1), 23°C;
(2) KoCOs, MeOH, 86% over two steps; (d) (1) 4@, pyr, 91%; (2)
n-Bu,NF—imidazole (4:1), THF; (3) DBU, CkCly; 77% over two steps;
(e) (1) TBSOTHf,i-PrNEt, CHCIl,, 83%; (2) DIBAL, EtO, —78 °C,
10 min, 23°C, 1 h, 90%; (3) DMTrCI, pyr, DMAP, DMF, OC, 10
min, 23°C, 3 h; TBSCI, AgNQ, pyr, DMF; PPTS, MeOH, CkCly;
88%, three steps; (4) GHNaH, THF, 23°C, 89%; (5)n-BusNF, THF,
23°C, 12 h; (6) BnBrn-BusNI (cat.), NaH, DMF, 23°C, 24 h; 82%
over two steps; (f) (1) DIBAL, CkCI,, —78 °C, 30 min, 23°C, 12 h,
83%; (2) b, PhsP, imidazole, PhH, 23C, 1 h; (3)n-Bus,NCN, DMF,
55°C, 4 h; 82% over two steps; (4) DIBAL, PhMe,78 °C, 2 h, then
1 N HCI, 23°C, 2 h; (5) HNOH-HCI, NaOAc, EtOH, 23°C, 1 h;
76% over two steps.

127a 127b

CO,Me

be constructed by adopting the method developed for the
synthesis of halichondrirf8. Indeed, this was effectively carried
out (Scheme 18). The axi@-allylglucose tetraacetate24**

was used as the starting material, and the €EG#5 bond was
formed via the Ni(ll)/Cr(I1)-mediated couplifgof the aldehyde
125 with methyl (E)-S-iodoacrylate, to yield a 5:2 mixture of
two possible diastereomers. These diastereomers were inter-
convertible via the Mitsunobu reactidh. On the basis of the
previous example¥, the stereochemistry of the major product
was tentatively assigned. The bicyclic ring system was ste-
reospecifically constructed via the Michael reactténThe H
NMR analysis of the Michael adduct acetatgs/a,b derived

(40) (a) Aicher, T. D.; Buszek, K. R.; Fang, F. G.; Forsyth, C. J.; Jung,
S. H.; Kishi, Y.; Scola, P. MTetrahedron Lett1992 33, 1549-1552. (b)
Aicher, T. D.; Buszek, K. R.; Fang, F. G.; Forsyth, C. J.; Jung, S. H.; Kishi,
Y.; Matelich, M. C.; Scola, P. M.; Spero, D. M.; Yoon, S. K.Am. Chem.
Soc.1992 114, 3162-3164 and references cited therein.

(41) Giannis, A.; Sandhoff, KTetrahedron Lett1985 26, 1479-1482.

(42) (a) Jin, H.; Uenishi, J.-i.; Christ, W. J.; Kishi, ¥. Am. Chem.
Soc 1986 108,5644-5646. (b) Takai, K.; Kimura, K.; Kuroda, T.; Hiyama,
T.; Nozaki, H. Tetrahedron Lett1983 24, 5281-5284.

(43) Mitsunobu, OSynthesis 981, 1—-28.

(44) Protection of the allylic hydroxy group was necessary to have a
clean and efficient cyclization.
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Scheme 19 Scheme 26

oTBS CO,Me

H H
OTBS CO,Me

120a,b

132a: o-OH
132b : B-OH
121
B
— H Hd
ol o0 0Bn
MeQO
IS 00 ¢
HO® Y Non Bno” Y é o”f 7
OH OBn
134 135

a(a) (1) Benzylation and silylallylation, see ref 31; (2) Mel, NaH,
THF, 23°C; (3) Na, NH, THF, —78 °C; (4) TBSOTf, i-PrNEt,
CH,Cly, 23°C; (b) (1) &, CH,Cl,—MeOH (3:1),—78°C; PhP, 98%;
(2) (E)-ICH=CHCO,CHg, 1% NiCL/CrCl,, THF, 23°C, ratio of132a
132b= 1:1, 90%; (c) (1)p-nitrobenzoic acid, DEAD, P#, PhMe, 23
°C, 4 h; (2) KCOs;, MeOH, 99%; (d) (1) AgO, pyr; (2) HFpyr,
CH:CN, 0°C, 4 h, 67%; (3) DBU, CKCl,, 20 h, 81%,; (4) TBSCI,

AgNQO;, imidazole, DMF, 89%; (e) (1) DIBAL, EO, —78°C, 10 min, 115.116. 117. 118 OMe

23°C, 1 h, 95%; (2) PvCl, pyr, 0C, 92%; TBSCI, imidazole, DMF, R

23 °C, 2 h; DIBAL, ExO, —78 °C, then 10 min, 23C, 1 h, 100% a(a) (1) NCS, CHd, pyr (trace), 23°C, 1 h; (2)121, i-Pr.NEt,
over two steps; (3)2] PhP, imidazole, PhH, 95%; (PhSeNaBH;, CHCl;, 0 °C, 15 min, then 60°C, 24 h; 56-60%; (b) Mo(CO3,
EtOH, 23°C; NalQy;"" i-PpNH, 81% over two steps; (4)-BusNF, CHsCN—H,O (8:1), 80 °C, 70-80%; (c) NaBH(OAc), AcOH—
THF; BnBr, n-BusNI (cat.), NaH, DMF, 23°C, 24 h, 91% over two CHsCN (1:1), 23°C, 10 h, 86-90%; (d) Pd(OHy on C (cat.), H (1
steps. atm), MeOH-EtOAc (1:1), 90%.

from the major and minor diastereomédi6a,bobtained in the subjected to the three-step sequence of transformation, i.e., (1)
Ni(ll)/Cr(I)-mediated coupling reaction, confirmed the tentative reductive cleavage of the-NO bond with molybdenum hexa-
stereochemical assignment; most critically, the coupling constantcarbonyl4® to yield 8-hydroxy ketonesl19a,b (2) reduction
between the C.74-H and C.75-H was found to be 10 Hz for of the resultanf-hydroxy ketonel19awith sodium triacetoxy-
1273 whereas it was approximately 2 Hz fb27b. With this borohydride?? to give a ca. 4:1 ratio of the two possible diols,
evidence for the stereochemical assignment, the major Michaelwhich were separated by silica gel column chromatography; and
product1l27awas then transformed into the aldoxirh29, (3) deprotection of the benzyl groups, to furnish the polyols
As pointed out, the olefin partnek21 for the 1,3-dipolar 115and 116, From the second cycloaddition produci9b,
cycloaddition could be prepared from some intermediates in the third and fourth polyol&417and118were similarly obtained
Scheme 18. For technical reasons, however, it was decided tha{Scheme 20). Exactly the same chemistry was applied for the
the C.55 alcohol should be converted to its methyl ether at the olefin 135derived from 1,6-anhydro-glucose 134), to furnish
very beginning of the synthesis. Thus, using the same chemistrythe remaining four diastereomet88—-141 (Scheme 21).
as the one shown in Scheme 18, the axiallylglucoside All of the eight diastereomers were then subjected to'khe
derivative 131, readily available from 1,6-anhydm-glucose and13C NMR study, and the chemical shifts observed for the
(130,34 was converted into the olefii21 (Scheme 19A).  C.62 through C.69 protons and carbons of each diastereomer

Similarly, its antipodel35was obtained from 1,6-anhydie-  were compared with those corresponding to MTX (Charts 10
glucose 134 Scheme 19B%5
The 1,3-dipolar cycloaddition betweé@1and129took place (47) With TBS groups as the hydroxy protecting groups, the 1,3-dipolar

; . ; cycloaddition failed to give acceptable yields. Change of the TBS groups
smoothly at 60C, to yield a 3:2 mixture of the expected adducts into benzyl groups resulted in improved and reproducible yields.

120a,bin 50—60% combined yield/® The two adducts were (48) For a review on the nitrile oxide coupling reaction, for example,

separated by silica gel column chromatography and then see: Torssell, K. B. GNitrile Oxides, Nitrones, and Nitronates in Organic
SynthesisVCH: New York; 1987; Chapter 2.

(45) Coleman, G. H. IiMethods in Carbohydrate Chemistihistler, (49) Baraldi, P. G.; Barco, A.; Benetti, S.; Manfredini, S.; Simoni, D.
R. L., Wolfrom, M. L., Eds.; Academic Press: New York and London, Synthesisl987 276-278.
1963; Vol. Il, pp 397399. (50) Evans, D. A.; Chapman, K. T.; Carreira, E. B1.Am. Chem. Soc

46) 134 was prepared from commercially availahlglucoset® 1988 110, 3560-3578.
prep: y
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Scheme 21 Chart 11. Difference in Carbon Chemical Shifts between
MTX and Each o0f115-118 and138-141 (125 MHz, 1:1
CsDsN—CD3;0OD)
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Chart 10. Difference in Proton Chemical Shifts between
MTX and Each 0f115-118 and 138—141 (500 MHz, 1:1
CsDsN—CD30D)

—h
(44
i

0.4] 6

A o v

14

~J
[==]
-

A N O N

N M T I O
© © v o

67
68
69

Scheme 22

0.2
-0.4 : Meo

wOBn
W

=3
@
-k
0

0.4] -
0.2 | | .

H
.............. 119a : B-OH OMe
0 1.— 119b : o-OH
-0.2 la -c

-0.4

-
b

0.4 140
0.2 i oad! : OAc OAc

AAAAAAA o
0 i | | 142a : B-OAc

-0.2 142b : 0-OAc
-0.4

oo™ 0N WOKhINOOD NMSTWWMONMNNMNOOO®D
wc%wwwwooo WWwWwowwoOooo

and 11). This exercise clearly demonstrated that (1) each
diastereomer exhibited distinct spectroscopic characteristics
differing from the others and (2) only the diastereomdi?
displayed NMR characteristics that were virtually identical to
those of this portion of MTX.

Having demonstrated that the diastereorh&v represents 142a 142b
the relative stereochemistry of this portion of MTX, we then 2(a) Hp, Pd(OH) on C (cat.), EtOAe-MeOH (1:1); (b) CHC}—
established its stereochemistry from the following experiments. MeOH (5:1), PPTS, 23C; (c) AcO, pyr.
Since the diastereomd:l7 originated from the cycloaddition and 5.3 Hz) at 5.56 ppm for the isom&#2b derived from
product betweeri21 and129, the stereochemistry at the C.63 119h whereas a broad doublet of doublets was obserdesd (
and C.68 positions was firmly known, but the stereochemistry 5.5 and 2.6 Hz) at 5.39 ppm for the isonigt2a derived from
at the C.64 and C.66 positions was not established at this stagel19a Coupled with the fact that the newly formed six-
In order to establish the C.64 stereochemistry, the diastereomersnembered ring clearly adopted a chair conformation (for
119gb were transformed into the cyclic hemiketal peracetates exampleJs2 63= 9.8 Hz forl42aandJs; 3= 9.6 Hz for142b),
142ab, respectively (Scheme 22). The C.64 proton signal was the values of these vicinal coupling constants established the
observed as a doublet of doublets of doubléts=(11.3, 9.5, C.64 stereochemistry df17 as depicted in Scheme 23.
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Scheme 28 Scheme 24
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2 (a) MeC(OMe)Me, PPTS, CHCl,, 23°C.
Me Br
The relative stereochemistry between C.64 and C.66 was then /\/\/\)\
determined from the following experiments. Both the diols TBORSO Br
137a,h obtained from the reduction of th&hydroxy ketone Me
119bwith sodium triacetoxyborohydride, were converted into 153
the acetonidesl43a,b (Scheme 23). The vicinal coupling Me Br Me Br
constantslss esp) = 9.8 Hz andlgs),66 = 6.1 Hz were observed TBDPSOWBr TBDPSO/\)\_/\/kB,
for the acetonidé43aderived from137a whereas the constants Me s
Jea56) = Jes(s),66 = 12.0 Hz were observed for the acetonide 154 155

143b derived from 137b  These vicinal proton coupling
constants confirmed the stereochemistry at C.64 and C.66,
thereby establishing thatl7 (Scheme 23) represents the relative
stereochemistry of this acyclic portion of MTX.

4. C.134-C.142 Acyclic Portion. The C.134-C.142 por-
tion of MTX contained five chiral centers in question, giving
rise to 16 possible diastereomers. We decided to adopt the sam
approach as the one used for the C:8539 and the C.63
C.68 portions, and we cho$g as the model for this purpose.
The angular methyl substituents were substituted by hydrogens
to simplify the synthesis with the belief that this substitution
would not greatly alter the structural characteristics of the acyclic
chain.

of the acetylene anion generated from the dibromo ol&fia
with the lactonel45, followed by silane reduction, is expected
to yield stereoselectively the equatorial acetylddé, which
could, in turn, be reduced to either tlrans or cis-olefin 147

or 148 Osmylation of these olefins should give the four diols
T49-152 Application of this synthesis to the remaining three
acetylene equivalents53—155 should result in the remaining
12 diastereomeric diols.

The synthesis of the lacton&45 began with methylip-
glucopyranoside derivativd56°! (Scheme 25). The C.129
alcohol was removed under the Barton conditions, and the
equatorialC-glycosidation was stereoselectively accomplished
Me OH by addition of allylmagnesium bromide to the lactoh&7,
followed by silane reduction.

Scheme 26 summarizes the synthesisaati- and syn
dimethyl dibromo olefinsl61 and 164 The relative stereo-
chemistry of the C.138 and C.139 methyl groups was set by
the Diels-Alder reaction. It should be noted that these
syntheses were purposely carried out in a racemic form so that

Eie] H H
Me Me Me

C.134-C.142 partial structure of MTX

" i o H all of the four required diastereomers of dibromo olefins were
7 135 obtained in only two syntheses.
Me O o i The anion, generated from the racemiti-dimethyl dibromo
G oA olefin 161, was coupled with the lacton&45 followed by

triethylsilane reduction in the presence of:#E,O0. The NMR
Scheme 24 outlines a synthetic plan for all 16 diastereomers. Spectra of the crude reaction mixture showed no detectable
The proposed synthesis is convergent, in which the problem of amount of the axial products, but the two equatoaati-

preparing these diastereomers was first reduced to the prepara- (51) Koto, S.; Takebe, Y.: Zen, 8ull. Chem. Soc. JpL972 45, 291—
tion of four acetylene intermediates. For example, the coupling 293.
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Scheme 25
OH
BnO,,, WOBn
BnO,,, WwOBn a ‘(129
129 — OBn
0Bn o o
MeO* o

156 157

B0, wOBn
: /\)f\/k/
OBn
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a(a) (1) (i) NaH, CS._;, Mel, THF, 23°C; (ii) BusSnH, AIBN, PhMe,
110 °C; 90% over two steps; (2) 1N HCI, AcOH, 6T, 70%; (3)
(COCl), DMSO, EtN, CH,Cl,, —78°C, 60%; (b) (1) allylmagnesium
bromide, THF,—78 °C; (2) ESiH, BRs*OEt, CH,Cl,, —20 °C; 55%
over two steps; (c) (1) (i) catecholborane, (BERhCI, THF, 23°C;
(i) 30% H,O,, 3 N NaOH, 23°C, 90% over two steps; (2) Jones
oxidation, 80%; (3) H, Pd(OH} on C, MeOH, 23°C, 85%; (4)
PhCH(OMe}), p-TsOH, DMF, in vacuum at 50C, 90%; (5) CSA,
PhH, 80°C, 95%.

I

Scheme 26
A
WP Me Br
iy HO/\)\/\/ onb_ TBDPso/\%g\w:/\/l\er
LIS Me
159 160 161

Me

B
COEt Me Br
Q 2. HO/\)\'/\/OH L TBDPSOWBV
"CO,Et Mo X
164
3(a) (1) LAH, THF, 23°C, 85%; (2)p-TsCl, pyr, 23°C, 90%78 (3)
(i) LAH, THF, 65 °C; (ii) O3, CH;Cl,, —78 °C; (iii) NaBHJ, THF—
CH,Cl,—MeOH, 23°C, 30% over three steps; (b) (1) TBDPSCI, pyr,
DMF, 23°C, 33%; (2) (COCl, DMSO, EgN, CH,Cl,, —78°C, 80%;
(3) PPh, CBrs, 0°C, 95%.

Scheme 27

Me Br
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145 a
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TBDPSO Br 166a,b

Me

racemic 164

a(a) (1)n-BuLi, THF, —78°C; (2) ESiH, BR-OEL, CH,Cl,, —
°C; 70% over two steps.

dimethyl acetylened&65a,bwere chromatographically insepa-
rable at this stage. Similarly, the combinationl@fs and164
furnished exclusively the two equator@indimethyl acetylenes
166a,bas an inseparable mixture (Scheme 27).

The anti-dimethyl acetylene mixtur&65a,bwas converted
into the trans-olefins 167a,bin three steps, which were then
subjected to osmylation, to furnish the four possibleodiols

Zheng et al.

Scheme 28

TBDPSO

racemic

165a,b
|b
T P
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Ar\)\t; H/YY\tf
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a(a) (1) PhASnH, BEg, PhMe, 23°C; (2) NIS, THF, 23°C; (3)
n-BuLi, THF, —78°C, 75% over three steps; (b),H.indlar catalyst,
EtOAc, 23°C, 95%; (c) Os@ NMO, H,O—acetone-t-BuOH (1:1:1),
23°C, 2:1.

172a

under Lindlar conditions to theis-olefins 172a,hh which were
subjected to osmylation, followed by chromatographic separa-
tion, to furnish the four possibkerythrodiols 173—176(Scheme
28).

Using the same methods, the fatreo diols 178-181 and
the four erythro diols 183—-186 were obtained from the two
equatorialsyndimethyl acetylene466a,b(Scheme 29).

These diastereomers were subjected to a sequence of reactions
to furnish all of the 16 modeld487—202 (Scheme 30). As
before, their'H and 13C NMR characteristics were examined
in reference to those of the natural product (Charts 12 and 13).
This exercise demonstrated that (1) each diastereomer once again
exhibited distinct spectroscopic characteristics differing from
those of the others; (2) only one diastereom&7?, exhibited
spectroscopic characteristics that were virtually identical to those
of the C.134-C.142 portion of MTX; and (3) this matching
diastereomer was found to be one of the four possible diaster-
eomers belonging to theyndiol/anti-dimethyl series, i.e., the
diastereomers originating frot68—171

The relative stereochemistry of the matching diastereomer
was deduced from the experiments shown in Scheme 31. The
methyl group at C.3 ofY-citronellal 203 was transformed
into the C.164 methyl group df67g establishing the relative
stereochemistry at C.134, C.138, and C.139. Osmylation of
167ayielded a 2:1 mixture of the two possililereodiols, with

168-171 Fortunately, these four diastereomers were easily the matching diastereomer being the minor prodil&. On
separable by silica gel column chromatography at this stage.the basis of the empirical rufé,the stereochemistry of the

The anti-dimethyl acetylene mixtur&65a,bwas also reduced

minor, matching diol was assigned to b&7. This assignment
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Scheme 29 Chart 12. Difference in Proton Chemical Shifts between
MTX and Each 0f187—202 (500 MHz, 1:1
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aThe structures 0 77a,band182a,bcorrespond to those d67a,b M-

and 172a,b in Scheme 28, respectively, except that the C.138 02
configuration is opposite in this series. Follow stepscaf Scheme
28.

Scheme 38

Me OH
H H H
F (o] OH
Me OH A A OH
: 0" =
H
187-202
a(a) (1) MeC(OMe)Me, PPTS, DMF, 23C, 95%; (2)n-BusNF,
THF, 23°C, 95%; (3) (COCH, DMSO, EtN, CH.Cly; (4) n-BulLi,
PhPCHsBr, THF, 0°C, 77% over two steps; (5) aqueous AcOH, 50
°C, 99%. 0.4 199 2
. . 0.2
was further supported from the results on asymmetric osmylation -
using both AD-mixa. and AD-mix 3 reagents$? the diol 187 M Bw. .  BEEEEREN = N
was formed as the major product with AD-mix whereas the 0.2
diol 188 was the exclusive product with AD-mig. These 04
results were consistent with the principle of double stereo-
differentiation!® i.e., the precedents known for asymmetric 0.4 201 202
induction with these AD-mix reagertfscoupled with the
. : - 0.2
stereochemical outcome predicted by the empirical¥ul€hus,
the relative stereochemistry of this diastereomer, and conse- L B
quently this portion of MTX, was established 487. -0.2
5. Complete Relative Structure. MTX contains 32 rings, 0.4
all of which exist as fused-ring systems. Using primarily the SBen

NMR methods, Yasumoto and co-workers have successfully
determined the relative stereochemistry of these fused-ring

(52) For a recent review, see: Kolb, H. C.; VanNieuwenhze, M. S.; portions. At three places, the fused-polycyclic systems are
Sharpless, K. BChem. Re. 1994 94, 2483-2547. connected directly via a single carbecarbon bond, i.e., the
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Chart 13. Difference in Carbon Chemical Shifts between
MTX and Each 0f187—202 (125 MHz, 1:1
CsDsN—CDs0D)
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K/L-, O/P-, and V/W-ring junctures. Relying on the NOE and
8Ju,n data with the aid of molecular mechanics calculations
(MM2), they have also studied the relative stereochemistry of

Zheng et al.

Scheme 31

H Me Me Me

—»a /\)\/\
OWMB TBDPSO A coMe

203

204

l b
Me Br

Oy /\/'\/\)\
W C  TeDPSO o

187

a(a) (1) NaBH, MeOH, 23°C; (2) TBDPSCI, pyr, DMF, 23C;
(3) O3, NaOH, MeOH-CHCI,, —78 °C, 50% over three steps; (4) (i)
LDA, PhSeBr, THF,—78°C; (ii) 30% HO,, CH.Cl,, 0 °C, 59% over
two steps; (b) (1) MeLi, Cul, THF, BFOE%, —78 °C to 0°C (3:2
anti/syn;” (2) LAH, THF, 23 °C, 51% over two steps; (IR)}(—)-
1-(1-naphthyl)ethyl isocyanate, 48 PhMe, 60°C, 82%; (4) LAH,
THF, 50°C, 51%; (5) (COCH, DMSO, EtN, CH,Cl,, —78°C, 79%;
(6) PPh, CBIrq4, 0 °C, 95%; (c) (1)n-BuLi, 145 —78 °C; (2) E&SiH,
BF;:OEb, CH:Cl,, —25 °C; 70% over two steps; (3) BBnH, BES,
PhMe, 23°C; (4) NIS, THF, 23°C; (5) n-BuLi, THF, —78 °C, 70%
over three steps; (d) (1) AD-mix, H,O—t-BuOMe—t-BuOH (1:1:1),
23 °C, 53%; (2) MeC(OMeMe, PPTS, DMF, 23°C, 90%; (3)
n-BusNF, THF, 23°C, 95%; (4) (COCH, DMSO, EtN, CH.Cl,, —78
°C; (5) n-BuLi, PhsPCHBr, THF, 0 °C, 77% over two steps; (6)
aqueous TFAMeOH—-H;0O (1:1:1), 50°C, 99%.

these ring junctures and have proposed the strudifiras the
partial relative stereostructure of MTR. Coupled with this
information, the present work allows the assignment of the
structurelB (Figure 3) as the complete relative stereochemistry
of MTX.

(53) The relative stereochemistry of the K/L- and O/P-ring junctures has
been determined on the basis of the NOE &gy data with the aid of
molecular mechanics calculations (MM2). However, the presence of the
C.155 methyl group precludes the use of #gy data between the ring-
juncture protons for elucidating the relative stereochemistry at-629200.

Thus, their conclusion on the relative stereochemistry of the V/W-ring
juncture was less sound than that on the O/P- and V/W-ring junctures. The
experimental data given in ref 6¢c and its supplementary material do not
necessarily exclude the alternative relative stereochemistry, cf. the partial
structurex. In principle, the two possible stereostructuresndx should

be distinguishable from the patterns of the NOE connectivity among the
protons at C.98(), C.98(3), C.99, C.101, and C.155. However, because of
many overlapping peaks present in the spectrum given in the supplementary
material, this distinction was not obvious. It should be noted that the relative
stereochemistry of the alternative possibibitycoincides with that of the

K/L- and O/P-ring junctures. If the alternative possibility is the case, the
stereochemistry of MTX is represented by the structure bearing the opposite
relative stereochemistry at C.5 through C.9918fand 1C.

188

102
!
8

(§:HO EH i
3 3
156 155 O

Stereoview of x

Stereoview of ix
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Figure 3. 1B: Complete relative structure of maitotoxin.
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lll. Absolute Stereochemistry and ciguatoxir?®57 That suggested absolute configuration of

gambiertoxin 4B/ciguatoxin matches that of brevetoxin B,
assuming that the C-Iring A moiety of gambiertoxin 4B/
ciguatoxin and the C.42ring K moiety of brevetoxin B
represent the head (or tail) in a biogenetic sense. The biogenetic

Obviously, MTX is structurally similar to brevetoxins,
ciguatoxins, and related marine natural proddgtdt is likely
that these natural products share the same absolute configur

e ) X )
RAO%( Onbth|s assutm dptg) nt,tlihe absczlute ts)tc—:re?chtemlstry dOf structural correlation of MTX with gambiertoxin 4B/ciguatoxin
may be suggested, but there are two obstacles 10 ConsIdel agq gphscure than that with brevetoxin B; focusing on a vicinal

First, among these natural products, brevgtoxirQBSI is the . dimethyl group present in both natural products, the G142
only member whose absolute stereochemistry has been deflnl-rmg F moiety of MTX appears to correspond to the ring M/L
tively established® Second, the structural correlation of moiety of gambiertoxin 4B/ciguatoxin. On the basis of these
brevetoxin B and MTX is not trivial, particularly assigning, in

considerations, the more likely absolute structure of MTX then

a biogenetic sense, the head and tail to these natural productsSeems to ba C (Figure 4), the antipode dfB.

However, focusing on the structural resemblance between the
ring E—Y portion of MTX to the ring K-D portion of
brevetoxin B, one may suggest that the absolute configuration
of MTX is more likely 1B. However, the work by Hirama, As noted, MTX contains 32 rings, all of which exist as fused-
Yasumoto, and co-workers should also be noted. On the basisiing systems. Except for two, they am@ns-fused, and they
of the CD spectrum of the synthetic AB ring model, they are expected to be relatively rigid conformationally, which is

suggested the absolute configuration of gambiertoxin2{m)( indeed demonstrated through the extensive NMR studies by
: : _ Yasumoto and co-workefs At three places, two of these fused-
(54) It should be noted that ciguatoxins and MTX are known to originate - ho|ycyclic portions are connected directly via a single carbon
from Gambierdiscus toxicysvhereas brevetoxins are froBymnodinium - . .
breve. carbon bond, i.e., the K/L-, O/P-, and V/W-ring junctures.
(55) Lin, Y.-Y.; Risk, M.; Ray, S. M.; Van Engen, D.; Clardy, J.; Golik, =~ Yasumoto and co-workers have also studied the preferred
J.; James, J. C.; Nakanishi, B. Am. Chem. So0d 981, 103,6773-6775.
The absolute configuration of brevetoxin B was determined by using the  (56) Suzuki, T.; Sato, O.; Hirama, M.; Yamamoto, Y.; Murata, M.;
dibenzoate chirality method on a gibromobenzoate derivative. The recent  Yasumoto, T.; Harada, Nletrahedron Lett1991, 32, 4505-4508.
total synthesis of brevetoxin B by Nicolaou (Nicolaou, K. C.; Rutjes, F. P. (57) The original suggestion has recently been supported by further
J. T.; Theodorakis, E. A.; Tiebes, J.; Sato, M.; Unterstelled, Bm. Chem. experiments: a private communication from Professor Masahiro Hirama
Soc 1995 117, 10252-10263) confirmed the assignment. at Tohoku University (March 1996).

IV. Preferred Solution Conformation
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conformation for these moieties by NMR methods, coupled with
force-field computation. It is worth noting that the K/L- and

Zheng et al.

Figure 6. Preferred solution conformation df17 (top), based on
selected vicinal proton coupling constants in Hz (bottom: 500 MHz;
1:1 GDsN—-CDsOD).

conformation, which is fully consistent with numerous examples
studied in this laborator§f Second, as seen from the confor-
mation drawn on a diamond latti€&the C.135 hydroxyl, C.138
methyl, and C.139 methyl do not cause steric destabilization
due to 1,3-diaxial-like interactiorf8;?° whereas the C.136
hydroxyl group has a 1,3-diaxial-like relationship with the C.134
C—0O bond. However, it should be noted that 1,3-diaxial-like
interactions involving two €O bonds are much less significant
than ones involving one or two-&C bonds. In addition, in

O/P-ring systems are structurally similar to the case studied by y,ig conformation, the C.136 hydroxy group and the ring oxygen

Still,>8 and their conformational characteristics match each other

well.

on the Fring are placed well to form a hydrogen bond, which
may provide some stabilization. Third, the backbone of this

In order to estimate the overall conformational properties of acyclic portion predominantly adopts an extended conformation.

MTX, the information regarding the remaining acyclic portions,
i.e., C.I-C.15, C.35-C.39, C.63-C.68, and C.134C.142,

Fourth, as noted above, the NMR characteristics observed for
model 187 were virtually superimposable on those of the

must be addressed. The vicinal proton coupling constants rejevant protons and carbons of the natural product, and the

observed for models1, 81, 117, and187 provide indispensable

preferred conformation of this portion of MTX should ad-

conformational information. It should be restated that, as the gqyately be represented by the preferred conformatic8@f
NMR characteristics observed for these models were virtually Analysis of the vicinal proton coupling constants observed

superimposable on those of the relevant protons and carbonsgr model117 (Figure 6) clearly demonstrates that the G-63

of MTX itself, the preferred conformations found for these

C.68 portion ofl17 and, consequently, of MTX preferentially

models should adequately represent the preferred solutiongqonts a well-defined, extended conformatibh7A. The L/IM-

conformation of MTX as well.

Figure 5 summarizes the vicinal proton spin coupling
constants observed for mod&B7, suggesting the preferred
conformation of this portion of MTX to be represented187 A
Several characteristics are worth noting. First, the G:X34.35
C-glycosidic bond preferentially adopts thexcanomeric

Figure 5. Preferred solution conformation df87 (top), based on
selected vicinal proton coupling constants in Hz (bottom: 500 MHz;
1:1 GDsN—CD;0D).

(58) Li, G.; Still, W. C.J. Am. Chem. S0d.993 115, 3804-3805 and
references cited therein.

and N/O-rings are dioxais-decalins, for which two conforma-
tions bearing both rings in a chair form were possible. However,
the vicinal coupling constants of the ring protons, for example
Js2,63= 10.5 Hz andleg 9= 9.4 Hz, demonstrate the preferred
conformation of these ring systems to be the one depicted, in
which the C.63 and C.68 substituents are equatorial.

Similarly, the preferred solution conformation of the C:35
C.39 portion of the mode81 and, consequently, of MTX is a
well-defined, extended conformatioBlA (Figure 7). Once
again, bothC-glycosidic bonds, i.e., the C.38.36 and C.38
C.39 bonds, preferentially adopt tlexcanomeric conforma-
tion,>® and there is no obvious steric destabilization due to 1,3-
diaxial-like interactions in this acyclic region. Intriguingly, this
preferred conformation makes the backbone of MTX turn in
the shape of the letter U, cf. the arrows indicating the direction
of the carbon backbone.

The C.:-C.15 portion of51 and, consequently, of MTX is
conformationally less well-defined than the other acyclic
portions (Figure 8). Assuming an extended conformation for
the carbon backbone &fL and placing the established relative

(59) (a) Wu, T. C.; Goekjian, P. G.; Kishi, Y. Org. Chem1987, 52,
4819-4823. (b) Wei, A.; Haudrechy, A.; Audin, C.; Jun, H.-S.; Haudrechy-
Bretel, N.; Kishi, Y.J. Org. Chem1995 60, 2160-2169 and references
cited therein.

(60) The destabilization energy for 1,3-diaxial Me/Me, Me/OH, and OH/
OH groups on a cyclohexane ring have been estimated to 3.71A7
and 1.9 kcal/mol, respectively; see: Corey, E. J.; Feiner, N. Brg. Chem.
198Q 45, 765-780 and references cited therein.
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81A

(GO

Figure 7. Preferred solution conformation &1 (top), based on
selected vicinal proton coupling constants in Hz (bottom: 500 MHz;
1:1 GDsN—CDsOD).

stereochemistry on this extended backbone provide a clear
picture for conformational analysis, cf. the conforrb&A,; the

C.7 Me/C.9 OS@ groups and the C.12 Me/C.14 Me groups
are in 1,3-diaxial-like relationship and cause severe steric
destabilizatior?®®% The vicinal proton coupling constants
observed for the C+#C.9 and C.12C.14 regions indeed
indicate that the carbon backbone B does not adopt
preferentially the ideal extended conformation.

With respect to the C:#C.9 region, there are two conformers,
51Band51C, which are free from the steric destabilization due
to the 1,3-diaxial-like interactiong1B resulting from rotation
of the C.7C.8 bond of51A, and51C resulting from rotation
of the C.8-C.9 bond of51A (Figure 8). The observed vicinal
proton coupling constantsy g = 5.7 Hz andJgg = 5.1 Hz®!
may suggest the conformational properties of this region to be
described primarily by rapid interconversion between these two
conformers. Indeed, the NOESY experiméashowed clearly
the cross peak between the C.6 and C.9 protons, which is
obvious in the conformeb1B but not in the conformeb1C,
as well as between the C.9 and C.7-methyl protons and the C.7
and C.10 protons, which are contrarily obvious in the conformer
51C but not in the conformeb1B.

The conformational analysis of the C:2€.14 region can
be treated in a similar manner. The extended conforsiéy
suffers from steric destabilization due to the 1,3-diaxial-like
interactions, whereas the conforn®diD is free from such steric
destabilization and the conformBLE is less sterically desta-
bilized than the extended conforn&tA.5960 The vicinal proton
spin coupling constantd;, ;3= 5.4 Hz andJy3 14 = 6.3 Hz5!
may indicate the conformational properties of this region to be
described primarily by rapid interconversion between these two
conformers, with more weight dsiLD. Once again, the NOESY
experiment& showed clearly the cross peaks between the C.12
and C.14-methyl protons and the C.11 and C.14 protons, cf.
the conformer51D, as well as between the C.12 and C.15
protons and the C.14 and C.12-methyl protons, cf. the conformer
51E. It is interesting to note that the conformation found in
the X-ray analysis 050 (Figure 2) corresponds to the conformer
51D.

Assembling the preferred solution conformations found for
the four acyclic portions allows us to suggest that the ap-
proximate global conformation of MTX is represented by the
shape of a hook, with the C.3%2.39 portion being the
curvature. As pointed out, MTX is conformationally rather

(61) The very similar vicinal proton coupling constants were recorded
on the smaller model (J7s = 6.1 Hz andJg o = 5.4 Hz) and35 (J12,13=
5.5 Hz andJ13,14= 6.8).

(62) These NOESY experiments were conductedsnviii (footnote
28), 9, and 35. Interestingly, no definitive cross peaks which might be
expected for conformes1A were detected.

J. Am. Chem. Soc., Vol. 118, No. 34, T8y

HO

51D 51E

Figure 8. Preferred solution conformation 6f: 51A, a hypothetical,
extended conforme%1B,C: two preferred conformers with respect
to the C.7C.9 portion and selected vicinal proton coupling constants
in hertz (500 MHz; 1:1 @sN—CDs;OD); 51D,E, two preferred
conformers with respect to the CA£Z.14 portion and selected vicinal
proton coupling constants in hertz (500 MHz; 1:3DGN—CD;OD).

rigid, except for the C.#C.9 and C.12C.14 portions, which
are expected to provide conformational flexibility.
V. Closing Comments

It is remarkable and intriguing that the four small acyclic
models51, 81, 117, and187, even much smaller mode®sand
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35, beautifully represent the structural characteristics of the (54 pages). See any current masthead page for ordering and
corresponding portions of MTX itself. In connection with this, Internet access instructions.

we should point out once again the fact that all eight diaster-

eomers of the left half of the AAL toxin backbone as well as Note Added in Proof. (a) On exchanging manuscripts with

all four diastereomers of the right half exhibited differing and the Tachibana/Yasumoto group (June 27, 1996), we learned that
distinct spectroscopic behavior from each other, and this trend they have reached the same conclusion by a different approach.
was also recognized on all the acyclic portions of MTX. This (b) According to a fax letter from Dr. Murata (July 1, 1996),
implies that the structural properties of these substances arethe C.3 carbon chemical shift was incorrectly reported (see ref
inherent to the specific stereochemical arrangement of the small26); the correct chemical shift is 136.0 ppm, which matches
substituents on the carbon backbone, and independent from theperfectly with the values observed for the remote diastereomers
rest of the molecules. In other words, each of these diastere-51(135.8 ppm) an&2 (135.8 ppm) and also for two additional
omers has the capacity to install a unique structural characteristicmodelsvii (136.0 ppm) andiii (135.9 ppm) mentioned in ref
through a specific stereochemical arrangement of small sub-27.

stituents on the carbon backbone. Then, it is tempting to suggest (c) We have recently completed the synthesis and NMR
the possibility that fatty acids and related classes of compoundsstudies of the modebd andxii, representing the two possibilities
may be able to carry specific information and serve as functional for the stereochemistry of the V/W-ring juncture (see ref 53).
materials in addition to structural materials. As seen from the charts below§(ppm)= dmrx — OsyntheticModel

in IH (500 MHz) and3C (125 MHz) chemical shifts in 1:1
CsDsN—CDsOD between MTX andi andxii, respectively), it

is now evident that the original assignment, igfin ref 53, of

In order to save the journal space, the experimental details, including the ring juncture is correct: Oinuma, H.; Cook, L. R.; Kishi,
synthetic procedures and spectroscopic data, are included in they Unpublished work.

supporting information.

VI. Experimental Section
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details, including the synthetic procedures and spectroscopic data

(63) Related to this, we should mention a recent example from this
laboratory, which demonstrated that the binding affinity of the H-type Il
human blood group determinant toward the lectin | was strongly affected
by changes in their preferred solution conformation at the ground state (Wei,

A.; Boy, K. M.; Kishi, Y. J. Am. Chem. Sod 995 117, 9432-9436).

(64) Evans, D. A;; Fu, G. C.; Hoveyda, A. H. Am. Chem. S0d.988
110 6917-6918;1992 114 6671-6679.

(65) Compound ((E)-4-(tert-butyldimethylsiloxy)-2-buten-2-yl)lithium
was prepared by lithiatiort-BuLi, THF, —78 °C, 30 min) of (E)-4-(tert-
butyldimethylsiloxy)-2-buten-2-yl bromick.

(66) (4-(1-Ethoxyethoxy)-3,3-dimethylbutyl)lithium was prepared by
lithiation (t-BuLi, THF, —78 °C, 30 min) of 4-(1-ethoxyethoxy)-3,3-
dimethylbutyl bromide, which was in turn prepared from 3,3-dimethylox-
etane in four steps: (1) vinyllithium, BFOEb, —78 °C; (2) ethyl vinyl
ether,p-TsOH; (3) @, MeOH then NaBH; (4) PhP, imidazole, By.

(67) Bocker, T.; Lindhorst, T. K.; Thiem, J.; Vill, VCarbohydr. Res.
1992 230, 245-256.

(68) HFpyr was prepared by mixing 30.0 g of aqueous HF (49%) and
14.9 mL of pyridine.

(69) (a) Araki, S.; Ito, H.; Butsugan, Y. Org. Chem1988 53, 1831~
1833. (b) Kim, E.; Gordon, D. M.; Schmid, W.; Whitesides, G. MOrg.
Chem.1993 58, 5500-5507 and references cited therein.

(70) Compound 4tért-butyldimethylsiloxy)-1-buten-2-yl iodide was
prepared from 3-butyn-1-ol in three steps: (@BusSnH, CuCN,n-BuLi;

(2) TBSCI, imidazole, DMF; (3)4

(71) (a) Mahoney, W. S.; Brestensky, D. M.; Stryker, J.JMAm. Chem.
Soc.1988 110 291-293. (b) Koenig, T. M.; Daeuble, J. F.; Brestensky,
D. M.; Stryker, J. MTetrahedron Lett199Q 31, 32373240 and references
cited therein.

(72) (a) Seyferth, D.; Simmons, H. D., Jr.; Singh,JGOrganomet. Chem.
1965 3, 337-339. (b) Seyferth, D.; Heeren, J. K.; Singh, G.; Grim, S. O.;
Hughes, W. B.J. Organomet. Chenl966 5, 267-274.

(73) Williams, D. R.; White, F. HJ. Org. Chem1987, 52, 5067-5079.

(74) (a) Nozaki, K.; Oshima, K.; Utimoto, KI. Am. Chem. S0d.987,
109 2547-2549. (b) Nozaki, K.; Oshima, K.; Utimoto, Kletrahedron
1989 45, 923-933.

(75) Hofmeister, H.; Laurent, H.; Schulze, P.-E.; WiechertTBtrahe-
dron 1986 42, 3575-3578.

(76) Mahler, H.; Braun, MTetrahedron Lett1987, 28, 5145-5148.

(77) Grieco, P. A.; Miyashita, MTetrahedron Lett1974 1869-1871.

(78) Mori, K.; Ueda, H.Tetrahedron1982 38, 1227-1233.

(79) Yamamoto, Y.; Nishii, S.; Ibuka, T. Chem. Soc., Chem. Commun.
1987 1572-1573.

(d) We learned that Tachibana and co-workers have recently
concluded the absolute configuration of MTX to be represented
by 1C via (1) degradation of MTX (Nal@oxidation, followed
by NaBH; reduction) to the C.136C1.42 primary alcohol and
(2) chiral gas chromatographic analysis of the resultant primary
alcohol. We have also developed a method to determine its
absolute configuration, which involves (1) degradation of MTX
to the C.136-C.142 primary alcohol via the known proced€fe,

(2) its esterification with g-naphthyl analog of Mosher acid,
and (3) HPLC analysis. The naphthyl analog of Mosher acid
was used for improvement of the sensitivity of detection; it
allowed an analysis of the absolute configuration of MTX with
much less than 0.01 mg. The absolute configuration of MTX
from two different sources, Wako Chemicals USA (Catalog No.
131-10731, Lot YLE9504) and Calbiochem-Novabiochem
(Catalog No. 442620, Lot B 11288), has recently been examined
by this method: Kim, H.; Kishi, Y. Unpublished results.
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