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ABSTRACT
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enantioselectivity: R: 5=12:1
Me with the ligand: R'=£Bu,

: 2_n_ 3_
OH R“=2-naphthyl, R°=Me

Via an X-ray analysis, the sulfonamide bearing R? = i-Pr, RZ = Me, and R® = Me is shown to be a tridentate ligand to a Cr(lll) salt. This class
of ligands, represented by R! = t-Bu, R? = 2-naphthyl, and R® = Me, is effective to achieve an asymmetric Ni/Cr-mediated coupling reaction
and, with the C14-C38 segment of halichondrins, its synthetic potential has been demonstrated. A possible mechanism is suggested for the
process.

As demonstrated in a number of examples, the Ni/Cr- be applied to a synthesis of the C17-C20 and C23-C27 ring
mediated coupling reaction has shown its unique potential systems present in the halichondrins. However, to use the
most when applied to a polyfunctional molectifeThus, this Ni/Cr-mediated coupling reaction for practical purposes, two
reaction shows its uniqueness particularly at a late stage inspecific issues must be addressed. First, since this coupling
a multiple-step synthesis where scalability and practicability reaction is typically carried out in the presence e#3equiv

are not necessarily the priority. In connection with the

ongoing efforts for development of a practical synthesis of _
halichondrins (Figure 1) and/or halichondrin analogtiés,
we are specifically interested in the overall transformation
depicted in Scheme 1. Obviously, such a transformation can
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of CrCl,, itis highly desirable to develop a method to reduce
the amount of Cr salt. Second, it is also desirable to develop

It was soon recognized that replacement of aHeydrogen
indicated in6 with a methyl group resulted in a major impact
on the asymmetric induction, c¥.1°

Being encouraged by this preliminary observation, we then
made extensive efforts on the optimization Hfthrough
which several promising ligands have emerged, including
9~11 (Figure 2)%12

(4) For isolation of the halichondrins from different species of sponges,
see: (a) Pettit, G. R.; Herald, C. L.; Boyd, M. R.; Leet, J. E.; Dufresne, C.;
Doubek, D. L.; Schmidt, J. M.; Cerny, R. L.; Hooper, J. N. A.; Rutzler, K.
C.J. Med. Chem1991,34, 3339. Pettit, G. R.; Tan, R.; Gao, F.; Williams,
M. D.; Doubek, D. L.; Boyd, M. R.; Schmidt, J. M.; Chapuis, J. C.; Hamel,
E.; Bai, R.; Hooper, J. N. A; Tackett, L. B. Org. Chem1993,58, 2538.

an asymmetric process to control the stereochemical course(b) Litaudon, M.; Hart, J. B.; Blunt, J. W.; Lake, R. J.; Munro, M. H. G.

This analysis immediately calls for development of a
catalytic, asymmetric Ni/Cr-mediated coupling reaction.
Using dihydrocinnamaldehydel)( and 2-iodo-1-hexene
(2), we searched for a suitable chiral ligand to realize the
Ni/Cr-mediated coupling in an enantioselective manner
(Scheme 2). In this connection, we first quote the example
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previously studied in this laboratory: the C29—C30 bond
of the halichondrins was asymmetrically formed in the
presence of chiral dipyridyl ligandl” Disappointingly 4 was
found not to give an enantiomeric excess for the current
system. Among numerous chiral ligands tested, the Kibayashi
ligand5® gave a modest but definitive asymmetric induction.
With consideration of the i, similarity between phenolic
and sulfonamido groups, the Fujisawa ligafdwas then
tested, which gave a slightly improved asymmetric induction.
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(10) The ligand7 was briefly tested with other nucleophiles under the
conditions of 7/CrCL/NICl, (no NiCl, for allyl chlorides)/EsN/THF and
some representative examples are listed béfow.

©\/\CHO v R @\R/l:“’

OH
R—X
= Me
| Me (\/\/ Cl/\/
|
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(11) The sulfonamide ligands were prepared by three different routes:
(a) (1) 3-methyl-2-nitrobenzoic acid/(CO@IPMF (cat.)/CHCI,, (2) L-
valinol/EN/CH,Cly, (3) Ho/Pd-on-C/MeOH, (4) MeSg&LI/DMAP/pyirt;

(b) (1) 3-methylanthranilic acid/triphosgene/toluene-dioxaneL{2)linol/
DMF/100°C, (3) MeSQCI/DMAP/py/rt; (c) (1) 3-methylanthranilic acid/
L-valinol/EDCI/MeCN, (2) MeSQCI/DMAP/py/rt. Among them, the first
route was found to be the most effective and to have a good applicability
for preparation of this class of sulfonamide ligands. For the experimental
details, see the Supporting Information.

(12) Three conditions, (1) BX/THF, (2) NaH/(Bn)(-Bu)sNCI/THF, and
(3) NaH/1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU) or
1,1,3,3-tetramethylurea (TMU), were routinely used to screen a ligand (see
the Supporting Information for the experimental details). The ratios given
in Scheme 2 were obtained under condition 3, whereas the ratio given for
8in Scheme 2 and the ratios given in Figure 2 were obtained under condition
1.
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: R'=t-Bu, R?=2-naphthyl, R=Me :
10 : R'=j-Pr, R%=4-MeOPh, R®=OMe :
11 : R'=-Pr, R%=Me, R®=OMe :

: R'=i-Pr, R%=Me, R°=Me :

Figure 2.

Curiously, the major enantiomer formed in the presence

of these sulfonamide ligands was found to be opposite to

that formed in the presence of the phenol ligdnds well

as theC,-symmetric semicorrin ligan® (Scheme 2334
These observations led to a speculation that the coordinatio
mode of a sulfonamide ligand is different from that of a
phenol or semicorrin ligand. A single crystal of the Cr(lll)/

Figure 3. For clarity, only the oxygen of THF is showrA
represents the X-ray structure . Bond lengths: CrN! = 2.05
A; Cr—N2=2.03 A; Cr—0 (O of THF)=2.04 A; Cr—CF = 2.30
A, Cr—0 (O of sulfonamide)= 2.11 A; C—CI2 = 2.27 A. Bond
angles: N—Cr—N? = 85.0°; N—Cr—0O (O of THF)= 88.8°; O
(O of THF)=Cr—CIt = 91.0°; CF—Cr—N! = 94.5°; N—Cr—0
(O of sulfonamide)= 89.6°; N—Cr—0O (O of sulfonamide)=
69.4°; O (O of THF)-Cr—0O (O of sulfonamide)= 85.5°; Cl—
Cr—0O (O of sulfonamide)= 98.6% N1—-Cr—CI?2 = 92.0% N?—
Cr—CPR =94.4° O (O of THF)—Cr—C = 91.3°; CI-Cr—CPk =
97.7°.B represents the X-ray structure 8. Bond lengths: Cr—
NI =2.06 A; Cr—N2 = 2.05 A; Cr—0 (O of THF) = 2.06 A;
Cr—CIt=2.32 A, C—0 (O of sulfonamide}= 2.28 A; Cr—Me =
2.05 A. Bond angles: N-Cr—N2 = 84.8% N2—Cr—0O (O of THF)
= 89.3% O (O of THF)}-Cr—CIt = 91.0°; CI—Cr—N! = 94.3°;
N1—-Cr—0O (O of sulfonamide) 90.3°; N—Cr—0O (O of sulfon-
amide)= 66.5; O (O of THF)—Cr—0 (O of sulfonamide} 84.6’;
CI'—Cr—0 (O of sulfonamide)= 102.7°; N—Cr—Me = 91.5°;
N2—Cr—Me = 94.7°; O (O of THF)-Cr—Me = 91.9°; CI-Cr—
Me = 96.2°.
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sulfonamide ligand comple&?2 [7/Cr(III)(Cl)o(THF)] was
obtained, and its X-ray analysis ultimately demonstrated that
the sulfonamide? is a tridentate ligand (Figure 3).In
addition, the X-ray structure revealed several unique struc-
tural features, including the following: (1)2 possesses an
almost perfect octahedral structure, (2) the isopropyl group
is cis to the sulfonamide chain, (3) one of the sulfonamide
oxygens is located above the phenyl ring, and (4) the
sulfonamide nitrogen is trans to one of the chlorides.
Naturally, we attempted to prepare a single crystal of alkenyl-
Cr(lll)/sulfonamide ligand complexes but without much
success. However, a single crystal of the methyl-Cr(lll)/
sulfonamide ligand complet3 [7/Cr(lII)(Me)(CI)(THF)]
was obtained® whose structure was found to be amazingly
similar to that of12 (Figure 3)¢

These Cr(lll)/sulfonamide ligand complexes do not neces-
sarily correspond to the organometallic species actually
involved in this chemical transformation. Nonetheless, it is
tempting to use the X-ray structures to speculate about
possible events (Panel A in Figure 4). At present, it is not

"
Al

(@] Me (0] Me
o, 2N ] e P
— N Me N Me
THR, R
o\ T\ o\
N—Cr—0O- ;- N—Cr—O: -
Rt »R? T )—R2
Cl y Cl
Me™ Me Me™ Me
L . 4 L § _

Figure 4. A depicts the proposed two modes of coordination of
12 with an aldehyde, whered depicts the proposed two modes
of rotation of a coordinated aldehyde.

established whether the bond-forming step involves a mono-
or bimetallic species. However, we assume a four-centered
process involving one vinylchromium speciédVe further

(13) (a) Lowenthal, R. E.; Abiko, A.; Masamune, Betrahedron Lett
1990, 31, 6005. (b) Corey, E. J.; Wang, Zetrahedron Lett1993, 34,
4001.

(14) For a recent review, see: Braunstein, P.; Naudyrigew. Chem.,
Int. Ed.2001,40, 681.

(15) The X-ray crystals were obtained as follows: {INaH/THF/rt/1
h, (2) CrCh-(THF)3/rt/1 h (THF), (3) pentane dilution far2 or (3) (Me)Al/
toluene/—5°C/1 h, rt/14 h, (4) pentane dilution fdi3. The X-ray analysis
of 13 was conducted on the crystal obtained from the antipodé of

(16) Methyl-Cr(lll)/sulfonamide compled3 reacted smoothly withi
to yield the expected product with the major enantiomer corresponding to
(R)-3.
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assume the following: (1) the methyl-Cr(lll)/sulfonamide || AR

ligand complexi3represents the alkenyl-Cr(lll)/sulfonamide Scheme 3. Ni/Cr-Mediated Coupling
ligand complex that participates in the bond-forming process, Me
(2) an aldehyde takes over the THF-ligation site, and (3) . _OMPM y Me
the aldehyde coordinates to the metal center witk-tnans gﬁ/ TBSO 0 A_OMPM
conformatiod®2° and, with progress of the reaction, the o7 W
aldehyde rotates toward the alkenyl group, cf., an arrow. With “cHo TBSO RO
these assumptions, only two coordination modesnd b O/
betweenl and 12 need to be considered. Interestingly, the “Me
top-right quarter in complek2 is sterically more congested
than the bottom-right quarter, and thd2 complexa, which
leads to the observed major enantiomer, is considered to be
favored over thel/12 complexb.

We assume that the bond-forming events in the presence

of the semicorrin ligan® are parallel to those in the presence aThe Ni/Cr-mediated coupling was carried out in a glove box

of the .sulfonamid.e Iig_and_, inC'_Uding the alkenyl group as follows: 7 (3 equiv) was treated with NaH (3.3 equiv) in THF
occupying the axial ligation site. Because of ti@&- at rt for 30 min. To this solution were added C3@38 equiv) and

symmetric nature, the alkenyl-Cr(Ill)-semicorrin complexes (Bn)(n-BukNCI (1 equiv) and the mixture was stirred at rt for 1 h.
c andd are identical (Panel B in Figure 4). However, with 14 (1 €quiv),15 (2 equiv), and then NiGI(1 equiv) were added,

. nd the reaction mixture was stirred at rt for 8 h and diluted with
progress of the reaction, the aldehyde needs to rotate towar HF (ca. 0.01 M). This mixture was cooled down+d5 °C and

the alkenyl group, reSl_JIting in Qesymmetrization of the WO  treated witht-BuOK at—15 °C. The overall stereoselectivity was
complexes; namely, this operation leads to the two transition ca. 20:1 in the presence @f whereas ca. 3.5:1 in the absence of

states in which the isopropy! group in the ligand is either 7. For the details, see the Supporting Information.
trans or cis to the Rgroup in the aldehyde moiety. For this
steric reason, the latter transition state, which leads to the |n the following paper, we report an extension of this
observed major enantiomer, is considered to be favored overstoichiometric process to the catalytic procéss.

the former.

The explanations given are consistent with the currently ~ Acknowledgment. We are grateful to the National
available experimental observations. However, with no direct Institutes of Health (CA 22215) and Eisai Research Institute
experimental evidence, it should be considered as a workingfor generous financial support. D.D. thanks the National
hypothesis. Nevertheless, it should serve us in designing andnstitutes of Health for a postdoctoral fellowship (1 F32
developing the next generation of chiral ligands for the Cr- AI50373-01).
mediated reactions.

Having had some success in the development of asym- Supporting Information Available: Experimental details
metric Ni/Cr-mediated coupling under the stoichiometric for Schemes 2 and 3, and for the synthesis of sulfonamide
conditions, we then used the C14-C38 segfmefithe right ligand 7. This material is available free of charge via the
half of halichondrins as well as the C14-C35 segment of Internet at http://pubs.acs.org.

ER-086526' and ER-07634%9 for demonstration of its
. . OL0269805
usefulness. The example shown in Scheme 3 is representa-
tive 22
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