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ABSTRACT

Treatment of 1 with DEAD in the presence of BF3 3OEt2 gave 2 (R = H), which was N-alkylated to give 2 (R = CH2CO2Et), and insitu eliminated (E1cb)
to give R-carbamoyl ketals.

During the past several years we have investigated
methods for the introduction of amine functionality into
organic molecules.1a�c More recently, we have examined
the “ene reaction” of dialkyl azodicarboxylates to give
allylic hydrazine derivatives, and the subsequent cleavage
of the N�N0 bond to give allylic carbamates by an E1cb
elimination process rather than the usual reductive
methods.2,3a�c Attempts to apply this type ofmethodology

to ketones 1 in the form of their R-N,N0-dialkyldicarbox-
ylate hydrazine derivatives 24a�m was thwarted by selec-
tivity problems in the E1cb N�N0 bond cleavage reaction
that resulted in 4 as the major product (and tautomer)
rather than 3 (Figure 1).5 Attempts to rectify this situation
by using silyl enol ethers was unsuccessful because of
desilylation in the N-alkylation step (migration of the
R3Si group to the terminal N atom) and consequently
loss of selectivity in the elimination step.
To solve this unwanted reactivity, it was decided to

examine the reaction of ethylene ketals with diethyl azo-
dicarboxylate in thepresenceof aLewis acid. Thiswould in
effect remove enolizable R-ketone hydrogen atoms.
It was expected that the open enol form of 5 (Scheme 1)

would react with the diethyl azodicarboxylate to form an
oxonium ion that will reclose the cyclic ketal and result in
R-hydrazination of the ketal to give 5a. This type of ketal
reactivity has analogy in the bromination of ethylene ketals
as described in 1962 by Eaton.6a�c

It was found that treatment of 5 with DEAD in the
presence of BF3 3OEt2 (0.2 equiv) in 1,2-dichloroethane
(DCE) and quenching the reaction with ethylene glycol
gave 5a (80%). These conditions were applied to other
substrates with varying amount of BF3 3OEt2 (Scheme 2,
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see the Supporting Information for full experimental
details). It was found that using these hydrazination con-
ditions on different substrates resulted in lower yields, and
the desired product was accompanied by varying amounts
(5�20%) of diethyl hydrazine dicarboxylate (DEADH2),
even though the starting DEAD reagent was pure. Dialkyl
azodicarboxylates react competitively ashydride acceptors
and oxidation reactions are not uncommon.7a,b In parti-
cular, DEAD has been used to oxidize primary and second-
ary alcohols into aldehydes and ketones, respectively.8a,b

Unfortunately, efforts to prevent the formation ofDEADH2

were unsuccessful.

Treatment of 5with methyl bromoacetate, Cs2CO3, and
CH3CN led to incomplete alkylation of the terminal
hydrazino nitrogen atom.2 Even the use of large excesses
of base and/or alkylating reagent resulted in substantial
amounts of isolated starting material. It seemed plausible
that the N-alkylation event was accompanied by competi-
tiveO-alkylation and that theO-alkylatedproducts hydro-
lyzed back to starting material during workup. Changing
to a base with a smaller counterion than cesium and
carrying out the reaction in a less polar solvent than
CH3CN would, in principle, promote N-alkylation. It
was found that NaH in diglyme at 0 �C led to the
anticipated improvements and allowed the N-alkylation
to proceed in excellent conversion.

In addition to solving the alkylation difficulties, these
new conditions were easily adapted to a one-pot alkylation/
cleavage procedure. Increasing the temperature of the
alkylation reaction of compound 5a from 0 to 50 �C gave
the R-carbamoyl ketal 5b in 90% yield.9 These same

Scheme 1. R-Functionalization of Ketals and E1cb Elimination
To Cleave the N�N0 Bond

Figure 1. E1cb elimination of the N�N0 bond.

Scheme 2. Two-Step Formation of R-Carbamoyl Ketalsa

aConditions a: NaH (3 equiv), BrCH2CO2Et (1.5 equiv), diglyme,
0�50 �C.
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conditions were extended to the other R-hydrazino ketals
(Schemes 2 and 3) with varying efficiency.
It was further found that during the development of the

one-pot procedure it was also necessary to change from
methyl to ethyl bromoacetate as the alkylating reagent.

When methyl bromoacetate was used, we observed sig-
nificant ethoxy to methoxy transfer in the carbamoyl
group of the product (trans-esterification). These results
suggest that the excess ethyl bromoacetate is hydrolyzing
in situ, liberating methoxide. It is also notable that the
R-carbamoyl ketals were notN-alkylated under theN�N0

bond cleavage reaction conditions. This result suggests
that the excess alkylating reagent decomposes before
N�N0 bond cleavage occurs.
To examine the regioselectivity of theBF3 3OEt2-mediated

reactionwithDEAD,we treated some unsymmetrical ketals
to the standard reaction conditions (Scheme 3). As expected
from the proposed enol ether mechanism (Scheme 1), the
more highly substituted adducts (thermodynamic) were the
major products 10a, 11a, and 12a, respectively. The less
substituted adducts 10b and 11b were very minor products
and, in the case of the reaction of 12, were not detected. The
major products were treated to the N�N0 bond cleavage
conditions toproduce the correspondingR-carbamoylketals
10c, 11c, and 12b, respectively. These adducts would be
particularly difficult to access by other methods.
In summary, a regioselective C�N bond-forming reac-

tion operating through the Lewis acid activation of ethy-
lene ketals has been developed. This chemistry was used in
concert with a one-pot anionic N�N0 bond cleavage
reaction forming R-carbamoyl ketals. It is expected that
this rare functional array will find synthetic applications
where orthogonal amine�ketone protection is required.
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Scheme 3. Regioselective Formation of R-Carbamoyl Ketalsa

aConditions a: NaH (3 equiv), BrCH2CO2Et (1.5 equiv), diglyme,
0�50 �C.
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