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Construction of macrocyclic trienes by diene-ene RCM
of tetraenes was examined. In the reactions, macrocyclic
trienes were obtained as a mixture of two isomers with E,Z-
configured 1,3-diene moiety. The formation of two isomers
can be understandable by the E-Z isomerization of the
initially generated ruthenium-alkenyl carbene intermediate.

Naturally occurring macrocyclic compounds exhibit a wide
range of biological activities and are attractive molecules as
synthetic targets.! Various types of reactions, such as macro-
lactonization, Horner—Wadsworth—-Emmons reaction, alkyl-
ation of B-ketoesters, Stille coupling, ring-closing metathesis
(RCM), and amidation, have been used to construct the
macrocyclic ring. Among them, RCM is a most attractive
strategy due to the accessibility to the RCM-precursor and the
tolerance to various functional groups.? However, the geometry
of the double bond formed by RCM is difficult to control.’
Moreover, in the case of diene-ene RCM, the formation of ring
contracted macrocyclic compounds via ethanolysis of the diene
moiety may also interfuse.’®

Grubbs ruthenium—carbene complexes have both powerful
metathetic ability and versatile nonmetathetic applications.*?
On the basis of their properties, several tandem processes
involving the ruthenium-catalyzed olefin metathesis reaction
were developed over the past decade.® In the course of our
studies on development of a novel tandem reaction involving
RCM,” we designed a combination of macrocyclization by
diene-ene RCM and transannular Diels—Alder reaction (TADA)
for constructing tricyclic frameworks (Scheme 1). However,
satisfactory results for the tandem RCM/TADA protocol were
not obtained. On behalf of the tandem RCM/TADA product,
the RCM products, i.e. macrocyclic trienes, were obtained as an
unpredicted mixture of two isomers with E,Z-configured 1,3-
diene moiety. In this paper, the details of the macrocyclization
by diene-ene RCM of teraenes are reported.
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Scheme 1. Hypothesized tandem RCM/TADA protocol.
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Scheme 2. Reaction of tetraenes E- or Z-1a with Grubbs 1st
catalyst.

First, we examined the reaction of tetraenes E- and Z-1a with
Grubbs 1st catalyst to construct a 5-6-6 ring system via the
tandem RCM/TADA protocol (Scheme 2). Although several
reaction conditions were attempted, the formation of the com-
plex mixture by self cross-metathesis and/or the recover of
tetraenes E- or Z-1a with low isolated yield was observed.

Next, the reaction of tetraenes E- and Z-1b, which was
expected to construct a 7-6-6 ring system via the tandem RCM/
TADA protocol, was examined (Table 1). In these reactions,
the first step of the tandem protocol, RCM of tetraenes E- and
Z-1b, proceeded to afford macrocyclic trienes E- and Z-2b,
respectively, although the TADA product, 7-6-6 ring system
3b, was not obtained. Interestingly, macrocyclic trienes E- and
Z-2b were observed by 'HNMR as a mixture of two isomers.
According to the coupling constants of the two isomers in
THNMR measurement, the newly formed 1,3-diene moieties by
diene-ene RCM were assigned as a E,Z-configuration, respec-
tively (Figure 1).8 However, the two-dimensional structure of
the two isomers was not clearly determined due to the overlap
of the methylene-proton signals in '"HNMR. At this moment,
the possibility of regio-isomerization via [1,5]-sigmatropic
migration of hydrogen cannot be dismissed.’

The effects of additives (p-benzoquinone!'® and Ti(Oi-Pr),'!)
on the reaction of tetraenes E- or Z-1b with Grubbs lst cata-
lyst were also examined (Table 1, Entries 2, 3, 5, and 6).
The reaction was accelerated by the addition of Ti(Oi-Pr)4
and proceeded at room temperature. However, the additives
affected neither the ratio of the two isomers nor the reaction
yield.

With macrocyclic trienes E- and Z-2b in hand, the con-
struction of a 7-6-6 ring system by TADA was also attempted
under various conditions. However, tricyclic product 3b was
not obtained. Therefore, tetracne E-lc, which was expected
to afford an electronically more reactive macrocyclic triene
toward TADA reaction, was used for the reaction with Grubbs
Ist catalyst (Scheme 3). The treatment of tetraene E-1c¢ with
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Table 1. Reaction of Tetraenes E- or Z-1b with Grubbs
Ist Catalyst

COgEt Grubbs '13t
A N _ _ (10 mol%)
EZ-1b CH,Cl, (1 mM)
COLEt
4 CO,Et
_ 3b
two isomer
E,Z-2b
Entry  Tetracne  Conditions Product??
1 E-1b reflux, 18 h E-2b:48%
(1.4:1)

2 p-benzoquinone E-2b:36%
(20 mol %), (1.7:1)
reflux, 1.5h

3 Ti(Oi-Pr)4 (1.0 equiv), E-2b:43%
rt, 19h (1.8:1)

4 Z-1b reflux, 17h Z-2b:57%

(10:1)

5 p-benzoquinine Z-2b:65%
(20 mol %), (7:1)
reflux, 1.5h

6 Ti(Oi-Pr)4 (1.0 equiv), Z-2b:51%
rt, 19h (10:1)

a) Isolated yield. b) The ratio of two isomers are in paren-
theses. The ratio was determined by 'HNMR analysis of the
crude product.
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Figure 1. 'HNMR spectra (CDCl;, 500 MHz) of E- and
Z-2b.
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Scheme 3. Reaction of tetraene E-1¢ with Grubbs 1st catalyst.

Grubbs 1st catalyst afforded macrocyclic triene E-2¢ as a
mixture of two isomers with similar selectivity to the reac-
tion of tetraene Z-1b (Figure 2).% In the "HNMR spectra of
macrocyclic triene E-2¢, the methylene-proton signals were

Bull. Chem. Soc. Jpn. 2015, 88, 146—148 | doi:10.1246/bcsj.20140250

e}
major: 3Jpamp = 14.5 Hz, 3Jpeng = 10.1 Hz
minor: 3Jpanp = 14.9 Hz, 2Jpeng = 10.4 Hz
Hq Hp, He
H HY  He —_l Ha Hgy
° E-2¢ N e

B €5 w4 Wz K ) Bg B0 52

Figure 2. 'HNMR spectra (CDCl3;, 500 MHz) of E-2c.
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Figure 3. Two isomers of E-2¢ based on the key 'H-'H
COSY and TOCSY correlations.
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Scheme 4. Proposed mechanism for the reaction of tetraene
1 with Grubbs 1st catalyst.

moderately separated. On the basis of the key 'H-'H COSY
and TOCSY correlations, the two isomers of macrocyclic triene
E-2¢ were assigned to the predicted E,Z-configured 1,3-diene
as a major isomer and the isomer of E,Z-1,3-diene moiety
(Figure 3). The formation of the isomerized E,Z-configured
1,3-diene can be understood by considering the £E~Z isomer-
ization from ruthenium-alkenyl carbene complex I to II
(Scheme 4).'? At the end, heating triene E-2¢ at 250°C gave
the 7-6-6 ring system as a single isomer, although the reaction
yield (18%) was low.

In conclusion, the diene-ene RCM of tetraenes 1 with
Grubbs Ist catalyst was examined and macrocyclic trienes 2
were obtained as a mixture of two isomers with E,Z-configured
1,3-diene moiety. The formation of two isomers can be under-
standable by the E—Z isomerization of the initially generated
ruthenium-alkenyl carbene intermediate I. The results may
be in accordance with the formation of three isomers in the
RCM-macrocyclization of trienes, which was briefly reported
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by Fiirstner et al.3* To the best of our knowledge, this paper is a
first distinct report of the E—Z isomerization of the ruthenium—
alkenyl carbene intermediate in diene RCM. The E-Z isomer-
ization should be also considered in the design of diene RCM.

Experimental

General Procedure for the Reaction of Tetraene 1 with
Grubbs 1st Catalyst. To a solution of tetraene 1 in CH,Cl,
(1.0 or 10 mM) was added Grubbs 1st catalyst (10 mol %). The
reaction mixture was refluxed. After the reaction was complete,
the reaction mixture was cooled to room temperature and treated
with DMSO (50 equiv relative to Grubbs 1st catalyst).!> After
3 h, the solvent was evaporated under reduced pressure. The
residue was purified by column chromatography on silica gel.

E-2b: pale yellow oil; IR (thin film): 3016, 2978, 2927, 2858,
1709, 1643, 1457, 1365cm™'; 'THNMR (500 MHz, CDCl): §
6.72 (t, /= 8.3Hz, 1H, H,), 6.31 (dd, J = 10.5, 5.1 Hz, minor-
Hp), 6.25 (dd, J=15.2, 10.5Hz, major-H,), 6.06 (t, J=
10.5 Hz, major-H,), 6.04 (t, J = 10.5Hz, minor-H,), 5.64 (dt,
J=15.2, 7.5Hz, major-H,), 5.53 (dt, J = 15.1, 7.5Hz, minor-
H,), 5.39 (dt, J = 10.5, 8.7 Hz, minor-Hy), 5.29 (dt, J = 10.5,
8.5 Hz, major-Hy), 4.18 (q, J = 7.1 Hz, 2H), 2.27-2.22 (m, 2H),
2.20-2.05 (m, 6H), 1.49-1.35 (m, 10H), 1.29 (t, J=7.1Hz,
3H); BCNMR (125MHz, CDCl;): 8 168.4, 168.3, 142.6,
142.4,132.9 (x3), 132.5, 129.7 (x2), 129.3, 128.0, 127.8, 60.3,
31.1, 30.8, 29.8, 29.5, 29.3, 29.1, 28.3 (x2), 28.0, 27.8, 27.7
(x2), 26.9, 26.8, 26.7, 26.2, 26.1, 26.0, 14.3; HR-EIMS m/z
[M™] calcd for C;gH»30, 276.2089, found: 276.2100.

Z-2b: pale yellow oil; IR (thin film): 3016, 2978, 2927,
2858, 1712, 1639, 1446, 1377cm™', 'HNMR (500 MHz,
CDCl3): § 6.30 (dd, J=15.1, 10.7 Hz, minor-Hy), 6.22 (dd,
J=15.1, 10.6 Hz, major-Hy,), 6.03 (t, J = 10.7 Hz, minor-H,),
5.99 (t, J = 10.6 Hz, major-H,), 5.90 (t, J/ = 6.6 Hz, minor-H,),
5.81 (t, J=6.7Hz, major-H,), 5.66 (dt, J=15.1, 7.4Hz,
minor-H,), 5.56 (dt, /= 15.1, 7.4 Hz, major-H,), 5.47 (dt, J =
10.6, 8.4 Hz, major-Hy), 5.32 (dt, /= 10.7, 8.5 Hz, minor-Hy),
4.20 (g, J = 7.1Hz, 2H), 2.46 (q, J = 6.7 Hz, 2H), 2.28 (t, J =
6.4Hz, 2H), 2.23 (t, J = 6.7 Hz, 2H), 2.14-2.06 (m, 4H), 1.49-
1.44 (m, 4H), 1.42-1.33 (m, 4H), 1.30 (t, J=7.1Hz, 3H),
BCNMR (125MHz, CDClLy): § 168.4, 142.5, 133.1, 132.3,
129.5, 129.3, 127.4, 60.0, 33.3, 30.4, 29.0, 28.4 (x2), 27.6,
27.4,27.2,25.5, 14.3; HR-EIMS m/z [M*] calcd for CigH530,
276.2089, found 276.2095.

E-2c: pale yellow oil; 'THNMR (500 MHz, CDCls): § 6.72
(tq, J = 7.6, 1.3 Hz, minor-H,), 6.64 (tq, J = 7.5, 1.3 Hz, major-
H.), 6.16 (dd, J=14.9, 11.0Hz, minor-Hy), 6.11-6.00 (m,
major-Hy, H), 5.53 (dt, J = 14.9, 7.4 Hz, minor-H,), 5.52 (dt,
J=14.5. 7.2 Hz, major-H,), 5.32 (dt, /= 10.1, 8.5 Hz, major-
Hy), 5.25 (dt, J = 10.4, 8.3 Hz, minor-Hy), 2.62 (t, J = 6.6 Hz,
major-2H), 2.57 (t, J = 6.1 Hz, minor-2H), 2.29-2.22 (m, 2H),
2.14-2.06 (m, 2H, major-2H), 2.06-2.03 (m, minor-2H), 1.91—
1.84 (m, minor-2H), 1.82-1.72 (m, major-2H), 1.78 (d, J=
1.3 Hz, 3H), 1.54-1.45 (m, 2H), 1.44-1.39 (m, 2H), 1.34-1.26
(m, 2H); *CNMR (125 MHz, CDCl3): § 202.7, 143.4, 137.5,
134.1, 130.1, 129.0, 126.9, 35.8, 30.6, 28.1, 27.4, 26.9, 26.6,
25.3, 24.7, 11.5; HR-EIMS m/z [M™] calcd for C;sH»,0
232.1827; found 232.1829.
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NMR and MS measurements were made using JEOL JMN-
LA500 and JEOL SX-102A instruments, respectively, at the
Natural Science Center for Basic Research and Development
(N-BARD), Hiroshima University. We appreciate the reviewers
of the manuscript for valuable comments.

Supporting Information

Experimental procedures and spectroscopic data. This mate-
rial is available free of charge on J-STAGE.
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