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ABSTRACT: An Fe/Cu-mediated one-pot ketone synthesis
was reported. Unlike Ni- and Pd-mediated one-pot ketone
syntheses, the reported Fe/Cu-mediated method allowed
selective activation and coupling of alkyl iodides over vinyl
iodides. The newly developed one-pot ketone synthesis was
applied to a synthesis of vinyl iodide/ketone 13, the left half of
halichondrin B, as well as vinyl iodide/ketone 8a, the C20—
C26 building block of halichondrins.

he addition of organometallic reagents onto carboxylic

acids or derivatives gives a simple solution for ketone
synthesis. One drawback associated with this method is the fact
that desired ketones often react further with organometallic
reagents. Weinreb ketone synthesis offers an ingenious solution
to overcome this drawback.' In recent years, it has been
demonstrated that Ni- or Pd-mediated coupling of an activated
form of carboxylic acid with an organometallic offers an
alternative solution.”

We recently reported a one-pot ketone synthesis with
alkylzinc halides, prepared in situ from alkyl halides via a single
electron transfer (SET) process, and were curious to extend
this concept to development of Cu-mediated one-pot ketone
synthesis for two reasons.” First, Cu-mediated one-pot ketone
synthesis might exhibit a reactivity profile different from Ni-
and/or Pd-mediated one-pot ketone syntheses; for example, the
latter methods do not match well with nucleophiles bearing
vinyl and/or aryl halides.” Second, it is well recognized that
overaddition of organometallic reagents is not the issue for
cuprate-based ketone synthesis.” In this letter, we report the
development and application of Fe/Cu-mediated one-pot
ketone synthesis.

For the feasibility study of the proposed reductive coupling,
we chose the substrates shown in Scheme 1, because this pair of

Scheme 1. Substrates Used for Feasibility Test

o o
TDBPSO I —»TDBPSO\/\)I\/\
NN X)J\/\CGH4OMe-p CeHOMe-p
1a 2a: X=Cl 3a
2b: X = SPy-2

substrates was used for the study on Pd- and Ni-mediated one-
pot ketone synthesis in this laboratory.”® The first attempt
under the arbitrarily chosen condition [2a (S equiv), la (1
equiv), MnPc (10 mol %), CuCN (1 equiv), LiCl (3 equiv),
THF (C = 0.2 M), rt, 6 h] gave 3a in 35% isolated yield. Being
encouraged by this result, we optimized the coupling condition,
including (1) radical initiator and loading,” (2) copper source,”
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(3) LiCl effect,” (4) 1a:2a molar ratio,"’ (5) reducing metal,""
(6) solvent and concentration,'* and (7) additives." Through
this study, the conditions that include “1a (1.0 equiv), 2a (3.0
equiv), Fe(TMHD); (10 mol %; 4 in Scheme 2), CuCl, (1.0
equiv), Mn (2 equiv), LiCl (3 equiv), DME (C 0.4 M), 0 °C,
15 h” were found to be effective for the (1a + 2a)-coupling
(76% isolated yield)."*

Scheme 2. Fe-Catalysts Used in the Study
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The scope and limitation of this method was then studied
under the conditions of Method A in Scheme 3. Overall, the
efficiency of Cu-mediated one-pot ketone synthesis was
comparable with that of Pd- and Ni-mediated one-pot ketone
syntheses. As expected, however, the Cu-mediated method
exhibited an appealing reactivity profile; that is, unlike the Pd-
and Ni-mediated method, the Cu-mediated method allowed
selective activation and coupling of an alkyl iodide over a vinyl
or aryl iodide, cf, 1j—m. Related to the ongoing project, we
were interested in this selectivity. In particular, we recognized
the possibility of synthesizing 8a, the C20—C26 building block
of halichondrins, via the coupling of 6 with 7.1°

Under the condition of Method A (Scheme 3), the one-pot
ketone coupling gave the desired product 8a. However, fine-
tuning was necessary to efficiently perform the coupling. The
activation rate of alkyl iodide in 7 was slower than that in the
model 1j. With a higher loading of Fe(TMHD),, the coupling
rate was accelerated as expected, but the product was
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Scheme 3. Scope and Limitation
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Method A: 2a (3.0 equiv), 1a~q (1.0 equiv), Fe(TMHD)3 (10 mol %), CuCl, (1 equiv),
LiCl (3 equiv), Mn (2.0 equiv), DME (C 0.4 M), 0 °C, 15 h

Method B: 2a (1.0 equiv), 1a~q (1.2 equiv), FeBry(dppb) (5 mol %), CuCl, (1.0 equiv),
LiCl (3 equiv), Mn (2.0 equiv), DME (C 0.4 M), 0 °C, 15 h

Method C: 2b (1.2 equiv), 1a~q (1.0 equiv), FeBr,(dppb) (5 mol %), Cul (1.0 equiv),
Cp,ZrCly (1.0 equiv), LiCl (3 equiv), Mn (2.0 equiv), DME (C 0.4 M), 0°C, 15 h
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accompanied by a small amount of side-product 8b (X = H).'
Tuning the Fe(TMHD); loading provided a practical solution
to overcome this problem; with 13—15 mol % catalyst, the (6 +
7)-coupling gave the desired ketone 8a (75% isolated yield),
along with a trace amount of 8b (<1% yield), in 15 g scale
experiments (Scheme 4).

Scheme 4. Synthesis of the C20—C26 Building Block of
Halichondrins via Fe/Cu-Mediated One-Pot Coupling
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Fe(TMHD); (15 mol %): 6 (3 equiv) + 7 (1.0 equiv): 15 g scale; 75% isolated yield
FeBr,(dppb) (5 mol %): 6 (1.5 equiv) + 7 (1.0 equiv): 10 g scale; 72% isolated yield
FeBr,(SciOPP) (5 mol %): 6 (1.5 equiv) + 7 (1.0 equiv): 5 g scale; 80% isolated yield

Similarly, the Fe/Cu-mediated coupling with the vinyl
bromide corresponding to 7 gave the desired product in a
comparable yield.

As illustrated in the transformation of 6 + 7 — 8a, the Fe/
Cu-mediated one-pot ketone synthesis, initiated with Fe-
(TMHD);, exhibited a unique profile of reactivity, which

might be difficult to achieve by the Pd- or Ni-mediated one-pot
ketone synthesis. Nevertheless, we were anxious to improve
one particular aspect of this coupling, i.e., a 3:1 molar ratio of
electrophiles and nucleophiles. For the case of (6 + 7)-
coupling, the unbalanced molar ratio of electrophile and
nucleophile was acceptable, because 6 was significantly less
expensive than 7. However, it would not be appealing to apply
this coupling for the inverse case, ie, a more expensive
electrophile compared to the nucleophile.

It was speculated that some of 6 was wasted during the
activation process of the Fe-catalyst; in order for Fe(TMHD),
to function as a radical initiator, Fe(III) should be reduced to
Fe(1I) by Mn metal. The reduction released one molecule of f3-
diketone, which consumed some of 6 in a nonproductive
manner. If so, this side reaction could be avoided with use of an
Fe(Il)-initiator. For this reason, various radical initiators were
screened for the Cu-mediated ketone coupling. Among them,
FeBr, (dppb) was found to promote the (la + 2a)-coupling
well."” Through optimization, it was found that the coupling
was effectively achieved under the following conditions: FeBr,-
(dppb) (S mol %), acid chloride (1.0 equiv), iodide (1.2 equiv),
CuCl, (1.0 equiv), LiCl (3 equiv), Mn (2 equiv), DME (C =
0.4 M), 0 °C, 15 h."” Interestingly, FeBr,-(dppb) gave a better
coupling yield than the corresponding FeCl,-(dppb).'® Under
the optimized condition, the coupling was tested with the molar
ratio of 1a/2a being 1.2/1.0 and 1.0/1.2, to give 3a in 90% and
87% isolated yield, respectively. With the 1.2/1.0 molar ratio of
nucleophile and electrophile, the coupling efficiency was
studied for the substrates listed in Method B in Scheme 3.

The FeBr,-(dppb) condition was applied for the (6 + 7)-
coupling, to give 8a in 72% isolated yield. The coupling yield
was further improved up to an 80% yield, by replacing FeBr,:
(dppb) with the FeBr,-complex prepared from the SciOPP-
ligand, recently reported by Nakamura and co-workers."’

Phosphine-based FeBr,-catalysts allowed us to efficiently
achieve the one-pot ketone synthesis, even with a near 1:1
molar ratio of nucleophiles and electrophiles. Encouraged by
this result, we attempted to apply this approach to a synthesis
of vinyl iodide 13, the left half in the halichondrin-B series, as
well as closely related vinyl iodide 11.”° In the latter series, we
were able to prepare the acid chloride and demonstrated that
the coupling gave the desired product 11 in 20—25% overall
yield from the carboxylic acid.”" However, in the former series,
we could not prepare the required acid chloride. Overall,
because of their instability during preparation and/or coupling,
these acid chlorides were not useful for our purpose. Under
these circumstances, we focused on a 2-thiopyridine ester as an
alternative electrophile, because it proved to be an excellent
electrophile in the Zr/Ni-mediated one-pot ketone syn-
thesis.”*

With this background, we tested the (la + 2b — 3a)
coupling under the conditions of Method B and obtained the
desired product in ~15% yield. Being encouraged by this result,
we optimized the coupling, thereby revealing that the 2-
thiopyridine ester was not stable under the conditions of
Method B; namely, 2b rapidly decomposed in the presence of
CuCl,, as anticipated from the literature precedent.”” However,
the 2-thiopyridine ester was found to be stable in the presence
of Cul, immediately suggesting the coupling in the presence of
Cul, instead of CuCl, (Method C). The coupling efficiency
under this condition was studied for each substrate listed in
Scheme 3.
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The Fe/Cu-mediated one-pot ketone synthesis under the
conditions of Method C furnished vinyl iodide 13, the left half
in the halichondrin-B series, as well as closely related vinyl
iodide 11, with a 1.0:1.2 molar ratio of electrophile and
nucleophile (Scheme 5). This new synthetic route had a few

Scheme S. Substrates Used for Feasibility Test of Fe/Cu- or
Co/Cu-Mediated Ketone Synthesis
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Coupling Condition:
9 or 12 (1.0 equiv), 10 (1.2 equiv), FeBry(SciOPP) (5 mol %), Cul (1.0 equiv),
ZrCp,Cl, (1.0 equiv), LiCl (3 equiv), Mn (2.0 equiv), DME (C 0.4 M), 0 °C, 15 h

appealing aspects, including (1) a higher degree of convergency
and (2) introduction of the C39 vinyl group before the ketone
coupling via a standard transformation of terminal acetylene to
trans-vinyl iodide.”*

Finally, the behavior of two commonly used radical probes
was tested under the three coupling conditions (Scheme 6). As
expected, the observed results indicated that a radical
intermediate(s) was involved in all three sets of coupling
conditions.

Scheme 6. Substrates Used for Feasibility Test of Fe/Cu- or
Co/Cu-Mediated Ketone Synthesis
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In summary, an Fe/Cu-mediated one-pot ketone synthesis
was reported. Unlike Ni- and Pd-mediated one-pot ketone
syntheses, the Fe/Cu-mediated method allows selective
activation and coupling of alkyl iodides over vinyl iodides for
one-pot ketone synthesis. The newly developed method was
applied to a synthesis of vinyl iodide/ketone 13, the left half of
halichondrin B, as well as vinyl iodide/ketone 8a, the C20—C26
building block of halichondrins.
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