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The first total synthesis of a marine-derived potent antitumor antibiotic, (+)-spiroxin C, was achieved via a TBAF-activated Suzuki—Miyaura
cross-coupling reaction as a key step, which was also shown to be useful for the synthesis of sterically hindered binaphthyl derivatives.

(x)-sproxin C

Recently, natural products bearing a bisnaphthospiroketalnatural products have been reportddowever, synthesis of
structure have been attracting much attention because of theispiroxins requires an additional-€ bond formation to
unique structures and biological activities. For instance, achieve the formation of the unique basic skeleton, and in
preussomerins were reported to show antibacterial, antifun-fact, there is no report dealing with synthesis of spiroxins.
gal, and also ras farnesyl-protein transferase inhibitory | this paper, we describe the first total synthesis of racemic
activities! Spiroxins A—E (la—e), isolated from a marine- spiroxin C (1c).

derived fungal strain LL-37H248, are another type of such . . L . .
compounds, in which, differently from preussomerins, two Our retrosynthetic analysis of spiroxin @ is shown in

naphthoquinone moieties are directly connected by a C—c Figure 2. The two epoxide moieties were expected to be
bond in place of one ether linkage, forming a unique stereospecifically introduced from a sterically less hindered

which is the major Component produced in Cu|ture, was also basic bisnaphthospiroketal Skeleton, the SpirOketal structure
reported to show antibacterial activity against Gram-positive Was planned to be constructed after formation of a binaphthyl
bacteria and antitumor activity against ovarian carcinoma in structure. The binaphthyl derivative was expected to be
nude mice, the mechanism of which was suggested to be
due to its single-stranded DNA cleavage activitgowever, (2) (a) McDonald, L. A.; Abbanat, D. R.; Barbieri, L. R.; Bernan, V. S.;
details of the DNA cleavage mechanism are not clear. A Discafani, C. M.; Greenstein, M.; Janota, K.; Korshalla, J. D.; Lassota, P.;
; Tischler, M.; Carter, G. TTetrahedron Lett1999,40, 2489. (b) Wang,

number of total syntheses of the preussomerins and relate  Shirota, O.: Nakanishi. K. Berova, N.: McDonald. L. A.: Barbieri, L.
R.; Carter, G. TCan. J. Chem2001,79, 1786—1791.

* Address correspondence to this author. Phon€81()6-6879-8200. (3) (a) Wipf, P.; Jung, J.-KJ. Org. Chem1998, 63, 3530—3531. (b)
FAX: (+81)6-6879-8204. Barrett, A. G.; Hamprecht, D.; Meyer, TThem. Communl1998, 809—

(1) (a) Singh, S. B.; Zink, D. L.; Liesch, J. M.; Ball, R. G.; Goetz, M.  810. (c) Ragot, J. P.; Alcaraz, M.-L.; Taylor, R. J. Retrahedron Lett.
A.; Bolessa, E. A.; Giacobbe, R. A.; Silverman, K. C.; Bills, G. F.; Pelaez, 1998,39, 4921—-4924. (d) Chi, S.; Heathcock, C. @lrg. Lett.1999,1,
F.; Cascales, C.; Gibbs, J. B.; Lingham, R.B.Org. Chem 1994, 59, 3-5. (e) Ragot, J. P.; Steeneck, C.; Alcaraz, M.-L.; Taylor, R. JJK.
6296-6302. (b) Vilella, D.; Sanchez, M.; Platas, G.; Salazar, O.; Genillound, Chem. SocPerkin Trans. 11999, 1073—1082. (f) Wipf, P.; Jung, J.-&.
0.; Royo, |.; Cascales, C.; Martin, I.; Diez, T.; Silverman, K. C.; Lingham, Org. Chem1999,64, 1092—1093. (g) Wipf, P.; Jung, J.-&.Org. Chem.
R. B.; Singh, S. B.; Jayasuriya, H.; PeldezJFnd. Microbio. Biotechnol. 2000,65, 6319—6337. (h) Barrett, A. G. M.; Blaney, F.; Campbell, A. D.;
2000, 25, 315—327. (c) Krohn, K.; Floérke, U.; John, M.; Root, N.; Hamprecht, D.; Meyer, T.; White, A. J. P.; Witty, D.; Williams, D. &.
Steingover, K.; Aust, H.-J.; Draeger, S.; Schulz, B.; Antus, S.; Simonyi, Org. Chem.2002,67, 2735—2750. (i) Inoue, M.; Nabatame, K.; Hirama,
M.; Zsila, F. Tetrahedron2001,57, 4343—4348. M. Heterocycle2003,59, 87-92.
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only as a key intermediate for the synthesis of spiroxins but
also as a chiral auxiliary,we decided to undertake the
synthesis of binaphthyls having twaeri-substituents using
the Pd(0)-catalyzed cross-coupling reaction as the first step.
Enol triflates5 were easily obtained from the correspond-
ing tetralones?7 under conventional conditiorfswhile
attempts to prepare organotin or organoboronic acid from
bromide9avia lithiation resulted in failure, probably due to
steric interaction with the hydrogen at thperi-position.
However, the Pd(0)-catalyzed coupling reactiorafwith

spiroxins A-E (1a-e) | preussomerin G _| diboranelO successfp_lly proceeded to give _oraganoboronate
4a under the conditions reported by Miyaura’s grdup.
R' R”” R R* R° R° R’ Boronates4b and4c, bearing a methoxy group at tperi-
A C -0- H OH -—Oo- position were also successfully prepared under the same
B G -O0- C OH -O- conditions from bromid®b and triflate 11, respectively.
C H -0- H H -O-
D H OHH HH -0
E C -O- ¢l OHOH H
Scheme B
Figure 1. Structures of spiroxins A—El@—e) and preussomerin Ch_~
G. R |
2,
a N NTf2 8
obtained by coupling of two naphthalene units that were
derived from known compounds. 7M B Mo 3%
a: R=Me o a:R =Me, o
b:R = MOM =1 D¢ 57% b: R = MOM, 95%

aMOM = methoxymethyl, Tf=trifluoromethanesulfonyl,
NaHMDS = sodium hexamethyldisilazide. Reagents and condi-
tions: (a) NaHMDSS8, THF,—78°C; (b) BCk, CH.Cl,, —78°C;
(c) MOMCI, NaH, DMF, 0°C.

At first, we examined a coupling reaction betwetand
5a(Table 1). However, the desired coupling prodBatvas
not obtained at all under the usual conditiSnand the
product obtained wa%2, which is a homocoupling product
of 5a (Run 1). This result suggested that boronddewas
not so active that transmetalation betweéa and an
organopalladium species did not procéatie therefore tried

Scheme 2

MOMO OTf MOM OO a
O‘ =
g X2 Br X' OMe
9 )e
sb 7 a X' =OMOM, ¥ =H ] p¢f OO
b: X' = H, X? = OMe 0O ©

Figure 2. Retrosynthetic analysis of spiroxin C.

MeO OMe oo

a

As the binaphthyl derivativ8 has two oxygen substituents OO 4 ; \
at bothperi-positions, synthesis of compoufBdby a coupling a: X' =OMOM, X = H, 85%
reaction was expected to be difficult due to steric repulsion. MeO OR b: X' = H, X2 =OMe, 46%
In fact, synthesis of 1;ibinaphthyls having twoperi- 6:R = H—]p 0% c: X' =OMe, X? = OMe, 83%
substituents by a homocoupling reaction has been repbrted, 1:R=Tf
but tq the be;t of our knowledge, synthesis by.a Cross- a Reagents and conditions: (a) Pd(RRMO, KOAC, DMF, 80-
coupling reaction has not been reported. As binaphthyl gg °c; (b) T£,0, i-Pr,NEt, CH,Cl,, 0 °C.
derivatives having tw@eri-substituents are important not
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R Oe T Scheme 3
(0]

Additive MeO Br Br
Pd(PPhg), (4 mol%) MeO
4a-c + 5
THF, reflux B “Br
L O ‘ b 18

3 93%
a X' = MOMO, X® =H 12
b: X' =H, X2 = MeO
¢ X' = MeO, X2 = MeO

14: R' = Me, R%2 = Me o
15 R = H, R = Me - _]c66%

3c: R=MOM o, o
I iAo %% e - RZ=Med O

17: R' = Piv, R? = H=_Je 70%

Table 1. Pd(0)-Catalyzed Cross-Coupling Reactiordadnd 5

boronate 4 triflate 5

run time, vyield,
no. Xt X2 R additive h %
12 a, MOMO H a, Me K3PO4 (1.5 equiv) 19 (ol
2 a, MOMO H a, Me CsF (1.0 equiv) 24 28
3 a MOMO H a, Me TBAF (1.0 equiv) 21 50
4 a, MOMO H a, Me TBAF (2.0 equiv) 14 78
5 b,H MeO a, Me TBAF (3.0 equiv) 0.75 67 ReH
- 19:R = 0,
6 ¢, MeO MeO b, MOM TBAF (3.0equiv) 15 82 20:R = Piv h 87%

aThe reaction was carried out in dioxane at°€3 ® CompoundL2 was
obtained in 34% yield. TBAF= tetra-n-butylammonium fluoride.

spiroxin C (1¢)

I | PdOTf

5a MeO OTf -Pd(0)
T MeO 12 aPiv = pivaloyl, TBHP = tert-butyl hydroperoxide, DBU=
-2TIOH 1,8-diazabicyclo[5.4.0]undec-7-ene, NBSN-bromosuccinimide,
O‘ AIBN = 2,2'-azobisisobutyronitrile. Reagents and conditions: (a)
conc HCI-MeOH—-THF (1:4:4), OC to rt; (b) PhI(OCOCE),,

MeCN—-THF—-H,0 (2:2:1), 0°C; (c) LiBr, DMF, 130°C; (d) NaH,
Figure 3. Possible mechanism for the formation 1#. THF then PivCl, 0°C; (e) 1.2 M HSO;—MeCN—THF (4:3:1), 0
°C to rt; (f) 18, CH,Cl,, 0°C; (g) TBHP, DBU, CHCl,, 0°C to rt;
(h) NaH, THF then PivCl, OC; (i) NBS, AIBN, benzene, reflux;
(i) NaHCG;, DMSO, rt; (k) TBHP, DBU, CHClI,, 0 °C to rt.

to activate boronatela to complete the transmetalation
procedure. Desurmont and co-workers reported that CsF can
work as an activator of pinacol-boronafeynder the condi-
tions by which3awas obtained, but the yield was low (Run Several attempts to construct the basic spiroketal skeleton,
2). After several attempts, the addition of TBAF was found it was found that treatment with 2,4,4,6-tetrabromocyclo-
to be the most effective (Run 3). Increasing the amount of hexadienone (18) was effective to obtainAlthough enone
TBAF afforded a better result (Run 4). The coupling reaction 2 was epoxidized stereospecifically, the pivaloyl group was
betweemb and5a, both of which have a methoxy group at  also removed simultaneously under these conditions to afford
the p'e'ri—position,' also successfully'proceeded undgr these monoepoxidel9 as the sole produét From a molecular
conditions to give3b (Run 5). Binaphthyl3c having  nqqe| of2, it was found that a conformation @fwas highly
O-_sub_shtuents at the swtable_ pOS'F'O”S for t_he synthesis Ofrestricted as shown in Scheme 3 because of the spiro-ketal
spiroxin C (1c) was also obtained in good yield (Run 6). . . .
structure. The stereochemistry of the epoxide was assigned

S_yntheS|s of spiroxin C1() from binaphthyl3c was to be as shown from consideration of the fact that the peroxy
achieved as follows. The methoxymethyl group3afwas . . . )
anion approached from the sterically less hindered side,

removed by acidic treatment to giue, oxidation of which o . .
with PhI(OCOCR), yielded naphthoquinone monoacetdl which is the other side of the axial-€®© bond as shown..

After demethylation of the phenolic methoxy group 1, After reprotection of the hydroxyl group, the benzylic
the resultant phenolic hydoxyl group @6 was protected position of20 was brominated with NBS, then treated with
with a pivaloyl group to afford161! Acetal 16 was DMSO to produce enongl. Under the previous conditions,
hydrolyzed by acidic treatment, yielding hemiacédtal After epoxidation and deprotection 1 also took place stereospe-
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cifically to produce spiroxin CXc) as the sole product, the
spectral properties (IRH NMR, and'3C NMR) of which
were identical with those of an authentic sample. The

reaction activated by TBAF would be of great use for the
synthesis of sterically hindered binaphthyls. Some issues,
such as the reprotection of the C-9 hydroxyl groupléf

stereochemical outcome of the last epoxidation procedureand the low yield of the benzylic oxidation at the C-1

would be also explained similarly to that of the previous
epoxidation.

In conclusion, we have achieved the first total synthesis
of spiroxin C (Lc) (15 steps and 1.3% overall yield from
7a) involving a SuzukiMiyaura cross-coupling reaction as
a key reaction. The present Suzthkiliyaura cross-coupling

(4) For the synthesis of 88limethoxy-1,1-binaphthalene see: (a) Artz,
S. P.; de Grandpre, M. P.; Cram, D.J].Org. Chem.1985,50, 1486—
1496. (b) Kolotuchin, S. V.; Meyers, A. 0. Org. Chem1999,64, 7921—
7928.

(5) (a) Fuji, K.; Kawabata, T.; Kuroda, Al. Org. Chem1995 60, 1914~
1915. (b) Tanaka, K.; Asakawa, N.; Nuruzzaman, M.; FujiTKtrahedron
Asymmetn1997,8, 3637—3645. (c) Fuji, K.; Sakurai, M.; Kinoshita, T.;
Tada, T.; Kuroda, A.; Kawabata, Them. Pharm. Bull1997,45, 1524—
1526. (d) Tanaka, K.; Asakawa, N.; Nuruzzaman, M.; FujiTKtrahedron
Asymmetryl997,8, 3637—3645. (e) Fuji, K.; Sakura, M.; Kinoshita, T.;
Kawabata, T.Tetrahedron Lett1998, 39, 6323—6326. (f) Tanaka, K;
Nuruzzaman, M.; Yoshida, M.; Asakawa, N.; Yang, X.-S.; Tsubaki, K.;
Fuji, K. Chem. Pharm. Bull1999,47, 1053—1055. (g) Muller, P.; Nury,
P.; Bernardinelli, GHelv. Chim. Acta200Q 83, 843—-854. (h) Corminboeuf,
O.; Renaud, POrg. Lett.2002,4, 1731—-1733.

(6) Comins, D. L.; Dehghani, ATetrahedron Lett1992, 33, 6299—
6302.

(7) Ishiyama, T.; Murata, M.; Miyaura, N.. Org. Chem1995 60, 7508—
7510.

(8) Miyaura, N.; Suzuki, AChem. Rev1995,95, 2457—2483.

(9) A possible mechanism for the formationk#is proposed; see Figure
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position of 20, remain to be solved. Further improvement

of the present synthetic route and synthetic study of the
optically active spiroxins are now in progress, and the results
will be reported in due course.
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(10) Desurmont, G.; Dalton, S.; Giolando, D. M.; Srebnik, M.Org.
Chem.1996,61, 7943—7946.

(11) At first, we selected a methyl group as a protecting group of the
C-9 hydroxyl group. However, every attempt for demethylation after
construction of the spiro-ketal structure resulted in failure.

(12) At first, we tried to introduce the two epoxide moieties simulta-
neously after derivatization to a bis-enone derivative, which, however, was
so unstable that we were unable to employ it for epoxidation. In contrast,
the monoepoxid@ was stable enough to handle.
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