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Intramolecular O–H insertion of acetodiazoacetate esters
gave cyclic ethers of up to 86% diastereomer excess when 2,4-
pentanediol was employed as a chiral tether. The selectivity of
the reaction was suggested to be determined at the later stage
of the reaction after dissociation of the catalyst.

A diazo compound reacts with an alcoholic function in the
presence of a proper catalyst to result in the O–H insertion,
which is considered to be an effective method for the formation
of ethereal functions.1 Since an achiral diazo carbon transforms
to a chiral ethereal �-carbon during the reaction, stereocontrol of
this reaction provides a useful asymmetric synthesis. However,
only a few examples were reported for this issue. For the reaction
of phenyldiazoacetate or (E)-styryldiazoacetate esters derived
from chiral alcohols, the stereochemical purity of the product
was moderate up to 53% diastereomer excess (de) with a achiral
rhodium catalyst2 and 70% de with an chiral catalyst having a
matched configuration.3 The diastereoselective O–H insertion
starts with generation of the rhodium carbenoid. The succeeding
stereodirected addition to an alcohol (or water) gives a chiral
rhodium-associated ylide (1), the stereochemistry of which
should carry over in retention to the final product (Scheme 1).
However, the low de of the product compared with the stereo-
controllability of the chiral auxiliary (R�) in the initial addition
suggested that the rhodium dissociation/proton transfer process
is not fully stereospecific or part of the rhodium ylide is convert-
ed to an achiral metal-free ylide (2) to give a stereoisomeric
mixture.

The 2,4-pentanediol (PD) tether is a promising stereocon-
troller applicable to diverse reactions, where the stereochemistry
of the intramolecular reaction is strictly controlled.4 The PD
tether also controls a reaction of the cyclic intermediate generat-
ed by the internal addition.5 Hence, the PD tether was expected
to control the O–H insertion both in the initial addition and in the
succeeding proton transfer.6

The substrates 3–5 carrying different diazo groups were pre-

pared from stereochemically pure (R,R)-2,4-pentanediol.7 On
addition of Rh2(OCOCF3)4 (5mol%) in dichloromethane, 3
and 5were consumed smoothly at rt, but the reaction of 4 needed
some higher temperature. The yields of the cyclic ethers 6–8 ob-
tained were 100% from 3, 76% from 4 (at 50 �C), while 0% from
5. Inefficient intramolecular reaction with 5 to give 8 is attribut-
able to the steric repulsion between the two aromatic groups at
the initial adduct shown in Scheme 2.8 Since the reaction of 3
does not generate a new stereogenic center, we selected aceto-
diazoacetate as a source of the carbenoid, and stereoselectivities
of the O–H insertion with 4 and the related substrates 9–11
shown Figure 1 were studied.

When 4was treated with Rh2(OCOC3F7)4 (5mol%), a more
reactive analogue of Rh2(OCOCF3)4, the cyclic products 7 was
obtained almost quantitatively at rt, while the same reactions
with 9–11 involved some side-reactions to give the cyclic ethers
12–14 in 42–55% isolation yield. All the cyclic ethers consisted
of pairs of the diastereomers, but the enol isomers were not de-
tected by the 1HNMR in CDCl3. The de values determined by
the NMR are given in Table 1, and were found to be insensitive
to the catalyst employed; the same de values were obtained with
Rh2(OCOCF3)4 in dichloromethane at rt or in benzene at 50 �C.
The reaction with Rh2(OAc)4 was sluggish even at 50

�C, but the
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Figure 1. Structures of the substrates 9–11 and the O–H inser-
tion products 7 and 12–14.
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de obtained were still the same. So far, the PD tether of 4 having
heterochiralities was found to be the best chiral tether to result in
86% de.

Stereochemically pure 7 and 12 (>99% de) were obtained
by a single recrystallization of the diastereomeric mixtures,
and the stereochemistries of the major isomer at the �-position
were determined to be R for the both compounds by the X-ray
analyses as shown in Figure 2.9 The �-proton is placed close
to the aromatic ring, and the acetyl group sticks out.

The stereochemistry of (R)-7 indicates that the O–H inser-
tion with 4 does not proceed via the concerted and stereo-reten-
tion rhodium/hydrogen replacement at the initial adduct given in
Scheme 2. Since the stereoselectivity was insensitive to the
ligands of the rhodium catalysts, the rhodium metal should be
dissociated prior to the generation of the chirality by the proton
transfer. This mechanism is different from that reported for the
asymmetric O–H insertions using the phenyl- or styryldiazoace-
tate,2,3,10 but is reasonable because of the acetoacetate structure
of 4 stabilizing negative charge developed by the dissociation of
the rhodium catalyst. In such a reaction process, the chirality
generated by the carbenoid addition to the O–H function disap-
pears once, and then, the isomerization of the resulting metal-
free ylide needs to be stereo-differentiated. The stereocontrol
of such a reaction on a cyclic compound consisting of PD is
possible as deduced from the strict stereocontrol observed
in the hydrogen addition to a 10-membered ring radical inter-
mediate.5

In the last part of this report, we will present evidence that
the stereogenic center is established during the insertion reac-
tion, but not after the reaction. The de values were changed by
the treatment with excess t-BuOK in t-BuOH at 30 �C and by
the following quench with aqueous NH4Cl. The results of the
isomerization largely depended on the quenching conditions;
e.g., between 48% and �40% in the case of 7. Base-catalyzed
isomerization in CDCl3 reached immediately the equilibrium
by the addition of DABCO (3% v/v) at rt. The de values in
equilibrium given in the last column of Table 1 are very similar

to those obtained by the O–H insertion in all four substrates.
These results seem to indicate that the isomerization

occurs during the operation of the O–H insertion reaction, but
it was clearly excluded by the following experiments. The
isomerization did occur by the addition of acetic acid (3%
v/v) in CDCl3 at rt (t1=2 ¼ 12 h), but this is too slow to govern
the stereochemistry of the O–H insertion reaction. The addition
of Rh2(OCOC3F7)4 did not cause any isomerization at rt for 24 h.
Further, the O–H insertion reaction of 9 to give 12 was carried
out in the presence of stereochemically pure 7, which was recov-
ered unchanged as the same stereochemically pure form.

In the present report, it is shown that the PD-tethered reac-
tion is effective to perform the stereocontrolled O–H insertion
reaction with the acetodiazoacetate esters. The stereocontrol
factor is apparently different from that with the other diazo
esters, and the stereoselectivity must be controlled at the later
stage of the reaction, the proton transfer step.
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Table 1. Stereoselectivity and the best yield of the O–H inser-
tion reaction with 4 and 9–11, and the de of 7 and 12–14 in
equilibrium (catalyzed by DABCO)

Substrate
Product

(the best yield)

De

of insertion

De

in equilibrium

4 7 (76%) 86% 86%

9 12 (46%) 68% 66%

10 13 (54%) 80% 80%

11 14 (42%) 20% 18%

7 12

Figure 2. ORTEP drawings of 7 and 12.
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