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[Ru(2,6-CI,TPP)(CO)] catalyzed intramolecular coupling reactions of bisdiazoacetates and intermolecular coupling reactions of monodiazoacetates
to afford the coupling products in up to 76% and 93% yields, respectively. Only the cis isomers were obtained from the reactions. Employing
such a ruthenium-catalyzed coupling reaction of a diazo compound as a key step allowed the synthesis of Patulolide B in 67% yield with a
ratio of >40:1 against its trans isomer.

It is well-documented that metal complexes can catalyze selective intra- and intermolecular coupling reactions of diazo
coupling reactions of diazo compounds to form alkenes compounds catalyzed by a ruthenium porphyrin as a viable
(probably through carbenoid intermediatétpwever, stud-  synthetic methodology for organic synthesis.

ies on using such a process to synthesize alkenes with good The catalyst is [Ru(2,6-€TPP)(CO)] [1, H(2,6-CLTPP)
yields and high cis selectivity are spafséo—asand less = meso-tetra(2,6-dichlorophenyl)porphyrinjwhich was
attention has been paid to the intramolecular coupling previously shown to be an excellent catalyst for three-
reactionsfokPd Recently, we demonstrated the efficiency component coupling reaction af-diazo esters withN-

of ruthenium porphyrins in catalyzing carbenoid transfer to benzylidene imines and alkenes to form functionalized
alkenes, imines, and carbonyl compounds with high selectiv- pyrrolidines? The bisdiazoacetateta—f were prepared by

ity and isolated or characterized some reactive ruthenium conventional reactions (see Supporting Information). Surpris-

carbene speciés* We now report here the highly cis- ingly, the thermodynamically unstable cis isona was
obtained as the single macrocylic product in the presence of

t The Chinese Academy of Sciences. 2mol % catalys_ll. With 1 mol % catalyst, Fhe isolated y|elq
*The University of Hong Kong. was 60%. In view of the major competing process being
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intermolecular oligomerization, we employed a doubly
diluted solution (0.05 mol/L) for the reaction, and a 68%

. ) : Table 2. Intramolecular Coupling of Diazo Compounfia—d
product yield was obtained. Upon extending the carbon
numbern of the bisdiazoacetates, the macrocyclic-18- 2
membered ring products were formed in comparable yields o o | ©
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Table 1. Intramolecular Coupling of Diazo Compounda—f
o entry n product yield (%)
\)OL e 7o 1 1 9a 76
Naay /\/\H/\/O N mO—oCa.> (0] n 2 2 9b 71
o A i PRI 3 3 9c 65
4 o rt . 4 5 od 69
t duct ield (% . . .
ety N procue yield (%) catalystl, the coupling reaction oi3a afforded the cis
1 1 5a 68 product14ain 81% vyield (entry 1 in Table 3); neither the
g ; glg g; trans isomer nor the intramolecular cyclopropanation product
4 4 5d 72
5 5 5e 66 |
6 7 5f 63 Table 3. Intermolecular Coupling of Diazo Compound@8a—h

The most interesting finding is the excellent cis/trans
selectivity: no trans isomer was isolated from the reactions.
To confirm the configuration of the product, the structure
of compoundse was established by X-ray crystal analysis
and is depicted in Figure 1.

Figure 1. Perspective view obe.

Intramolecular coupling of the bisdiazoacetatés—d
prepared from glycols (see Supporting Information) gave the
cis product®a—din up to 76% yield (Table 2). Witled as
substrate, a 23-membered rifig was obtained in 69% yield
(entry 4 in Table 2).

Intermolecular coupling reactions of monodiazoacetates

13a—hwere also examined. In the presence of 0.1 mol %

1622
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entry n product yield (%) TON
1 1 1l4a 81 810
2 3 14b 93 930
3 4 1l4c 83 830
4 5 14d 89 890
5 6 14e 87 870
6 7 14f 85 850
7 8 149 88 880
8 9 14h 82 820

was detected. In the casesld@b—h, their coupling products
14b—h were isolated as the cis isomer in higher yields (Table
3). For example, whed3b was used as a substrate, up to
93% yield of14b was achieved (entry 2 in Table 3).
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There are two possible pathways for the intermolecular 1:1 mixture of the trans2Q2) and cis isomer43) in an overall
coupling reaction of monodiazoacetatesCMCO,R (15) yield of 30%, while with catalyst [Cu(MeCNMPFs, a 1:2
catalyzed by compled: the first is bimolecular reaction  mixture of 22:23was formed in 11% isolated yield.
of the ruthenium carbene intermediate [Ru(2,67GP)- Under similar conditions, we treate?ll with 1 mol %
(CHCOR)] (16) (route 1 in Scheme 1), and the second is [Ru(2,6-CETPP)(CO)] (). After the reaction was completed,

the resulting solution was concentrated and the products were
] identified by'H NMR spectroscopy. Importantly, only a trace
Scheme 1 amount of the trans isomer was detecte@:23 < 1:40).
Patulolide B (23) was isolated in 67% yield (Scheme 2).

route 1 HICOZR
m H” > COR
. H COR |, COR H\H/COZR Scheme 2
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reaction of the ruthenium carbene intermedibBewith the
diazo compound (route 2 in Scheme 1). Analogous pathways 22:23 < 1:40
can be proposed for the intramolecular coupling reaction of
bisdiazoacetates catalyzed by

To provide mechanistic insight, we reacted ruthenium In conclusion, the ruthenium porphyrinis an excellent
porphyrin1 with slightly excess methyl diazoacetate under catalyst for coupling reactions of diazo compounds with
an argon atmosphere af78 °C. When the resulting solution  remarkable cis selectivity. The mechanism was proposed to
was followed by*H NMR spectroscopy, five peaks that did involve the reaction of a ruthenium carbene intermediate with
not originate from the reactants were observed. The peaksa diazo compound. The present protocol provides a con-
atd = 6.24 and 3.77 ppm can be attributed to the coupling venient entry tocis-alkenes, including macrocyclic com-
product, and the three peaksdét 13.28 (1H), 8.38 (8H), pounds featuring @is-alkene motif such as Patulolide B,

and 2.24 ppm (3H) are assignable to the intermediat@R which are of interest in organic synthesis.
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