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Oxidative Decarboxylation of Ditert-butyl Dicarbonate
and Theoretical Studies on the Mechanism
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Whereas the oxidative decarboxylation initiated by oxidiz-
ing agents is richly documentédhe decarboxylation with : 7\ \ (1) MeCN
sulfur cation radical has only marginally been investigated. /v\[ D \ oco \ (2) H,0, NaHCO,

For example, treatment of tbutylazodicarboxylate (Me cio;

CO,C-N=N-CO,CMe;) with two equivalents of thianthrene 2

cation radical perchlorate (ThCIO,~, 1)°® in acetonitrile |

solution produced primarily carbon dioxide, nitrogen, and 2 —jNHCOCHJ + o200, o+
cation-derived producfsThis led to the interesting investi-

gation that the azo linkage accelerates decarboxylation wit 3

clean loss of Mwithout more cation radical. However, we

have found that C-C bond cleavage otadi-butyl oxalate . Q
(MesCO,C-CO:CMe;) which has no extrusive linkage such /\‘/ D LAY
as azo group of azqdlparboxylaa;eve_ry dlfflcult?_ These _ N /;\s @ j \/}
results sparked special interest to us in the possibility of oxi s

dative decomposition of a model compoundtedi-butyl

dicarbonate 4) with C-O-C instead of C-N=N-C bond. Scheme 1

Along with experimental work, we have undertaken theore-

tical studies for the geometries and energeti&tofredict  tive decarboxylation o2 is not catalyzed by the acid but is
its fragmentation pattern. proceeded by ET mechanism exclusively.

Di-tert-butyl dicarbonate?) reacts with 2 mol equiv of A theoretical study of the fate of newly-formed dicarbon-
cation radicall in acetonitrile solvent at room temperature ate cation radical(’), an electrophilic reactive intermediate,
and undergoes oxidative decarboxylation with C-O bondwill be promising for understanding experimental results. In
cleavage, giving a 76% (0.76 mmol) Nftert-butylacet- a comparative study of different theoretical methods for the
amide @) along with rapid evolution of CO16% (0.16 calculation of the geometries and energetics of the stationary
mmol) of thianthrene-5-oxide (ThO), and 73% (0.73 mmol)states Hartree-Fock (HE)and density functional theory (DFT)
of reduced oxidant, thianthrene (Th) as determined by quammethods were examined. It was found that the calculated
titative GC and GC/MS analyses (Scheme 1). Without doubigeometries and energetics do not differ dramatically between
amide,3 arose from hydration, during workup, of a Ritter- two methods, but the best agreement with the experimental
type intermediate (M,EN=*CMe) from reaction of MgC* results is found with unrestricted Becke’s three-parameter
with solvent acetonitrileThO is often obtained very small hybrid functional (B3LYP). The B3LYP methods using the
amounts (>0.5%) as a side product in reactiorfs afising ~ UB3LYP/6-31G//UB3LYP/6-31G basis levet was found
from hydrolysis ofl by watef either present adventitiously to be the best DFT technique for calculating the activation
or added during workup. In the present reaction, howevegnergy barriers for decomposition @f. All structures
the ThO (16% based di) was a primary rather than a side including the cation radical, radicals, and neutral species
product of reaction. This result suggests that the oxygemere fully optimized and all stationary structures were con-
atom in ThO comes entirely fror®. The more detailed firmed by vibrational frequency analysés.
mechanism is explained later. Analogous results for the for- Three possible fragmentation patterns Zbrwere exam-
mation of ThO from reactions bbutyl peroxide’, oximes® ined: (a)t-butyl cation and the remaining radic@ COOCQ-
cyclic alcohol*! and 2,3-dimethyl-2,3-butanediblwith 1 t-bu), (b)t-butoxy radical and the remaining catig&QO-
have been reported. COx-t-bu), and (c) tbuOCOQO) and (-buOCQO). From the

In order to exclude all doubts of autocatalytic effects bycalculations, there are no transition states (TS) in (a) and (b)
the trace acid liberated from the electron transfer (ET) readragmentation patterns at the B3LYP level respectivay,
tion, we have studied the control reaction of HCHd2 in TS are not located on the potential surface at all. Also, the
MeCN. A large amounts (99.8%) of starting dicarbonte, radical ©COOCQ-t-bu) in (a) and the cationGOOCQ-t-
were recoverd. These observations indicate that the oxiddsu) in (b) were not in the stationary point. Furthermore the

radical (OCOOCQ-t-bu) is too unstable to retain its struc-
"Corresponding Author. Tel: +82-62-530-2493, Fax: +82-62-ture and decomposes into ¢&hd t-butoxy radical. How-
530-2499, e-mail: wklee@chonnam.ac.kr ever, only in the (c) pattern there have been TS at the B3LYP
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Figure 1. B3LYP energy profile for the decomposition2f
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the spin density of C=0 bond has little changed from 0.805
in cation radical" to 0.781 in the TS the spin density of
central oxygen has greatly changed from 0.076 to 0.206.
This result reveals that the majority of the unpaired spin in
the radical4 is centered on the terminal oxygen unlike totally
delocalized structure dfbutoxycarbonyl diazenyl radical.
Consequently, the cation radical &funderwent decompo-
sition, givingt-butyl cation, carbon dioxide, and the radical

6. Based on the results calculated here, the most viable, step-
wise fragmentation mechanism can be proposed as in Scheme
2.

Thet-butoxy radical 6 was generated by the loss of £O
spontaneously frord, and was then trapped Hy giving
intermediate’. The amide3 was formed by & loss of ThO
from the7 (ROTh").*+12In other words, oxygen-atom trans-
fer occurs with the formation of ThO aBdf concordantly
formed alkyl cations. The function of the center oxygen

level as shown in Figure 1. The calculated TS energy istom of2 is a good electron donor fioand is to promote
-767.72750 H which was confirmed by one imaginary vibra-oxidative decomposition. The supposition here is éiean-

tional frequency at -166.4 cfand the activation energy is
2.64 Kcal/mole.

Furthermore, B3LYP-DFIcalculations were performed
on radical4 and5. The B3LYP calculations indicate thét
and5 decompose very rapidly to affotébutoxy radical §)
andt-butyl cation with loss of COrespectively. The fully

not be oxidized byl and behaves, instead, nucleophild: If
butoxy cations are formed by the oxidatioréaén this reac-

tion t-butanol should be found by the hydrolysis of;&&*-
ClO4~. However, we could not finibutanol in the reaction
and this observation supports Scheme 2. In principle, the
yields of 3 should equal the sum of Th and ThO and the

optimized structures for the cation radical and the transitioryield of Th and ThO should be the same. There are discre-

state with B3LYP bond distance&)(and bond angles (deg)
are depicted in Figure 2. Thus it appears that-theyl car-

pancies in this run, for example, the yield of Th (73%) is
much more than expected (50%), but the reason for which is

bon-oxygen and the carbonyl carbon-center oxygen bonds

breakage occurred by lengthening of the C-O bonds fron +

1.562 to 1.766, and from 1.542 to 1.932 respectively. While 0 0 T C. O break o o)
—’*(}C{}C ]

Figure 2. The fully optimized structures of the cation radical and
the transition state showing bond longtid§ @nd bond angles
(deg.). Values in brackets indicate spin densities at oxygens.
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