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Diazetine dioxidela has been synthesized in a single step via oxidatiome§e2,3-diphenyl-1,2-
ethanediamine with dimethyldioxirane, albeit in low yield (7%). Thermal decompositida afforded
predominantly eithetrans-stilbene or diphenyl glyoxime depending on solvent, temperature, and the
presence of an amine catalyst. Reaction in chloroform &6fvored elimination of NO and formation

of transstilbene. The stereospecific formationtadns-stilbene suggests a mechanism of decomposition
in which C—N bond cleavage leads to a diradical intermediate stabilized by the phenyl group. Bond
rotation followed by cleavage of the second-R bond accounts for th&ransstilbene. At 25°C in
chloroform, whiletrans-stilbene was still the major product, some diphenyl glyoxime was also observed
(4% vyield). However,la as a solution in chloroform in the presence ofNEtor 1a as a solution in
DMSO-d,, afforded predominantly diphenyl glyoxime. These results are interpreted in terms of two closely
competing reactions subject to the effects of entropic contributions.

Introduction Diazetine dioxides are formally ring-closed 1,2-dinitroso
compounds$.Nitroso compounds are dimeric in the solid form
as azo dioxides, but retain their monomeric form (or some

equilibrium between the two forms) in solutiéd.The mono-

1,2-DiazetineN,N'-dioxides (diazetine dioxided,in Figure
1) are a class of strained four-membered ring azo dioxide hetero-
cycles. Although the first report of a diazetine dioxide was as

early as 1971, only a handful of such compounds are currently ©o o2
known1~5 Diazetine dioxides have been used as highly effective 5 Q AN=N®
low-energy triplet quenchers in photochemical reactfoasd N R R
have recently been investigated for their biological activity as nfitroso azofdioxide
orm orm

potent vasorelaxant and antiaggregant agenitsDespite their

promise for utility, diazetine dioxides remain little explored. meric forms are easily recognized by their characteristic deep

blue colorl® Several bisnitroso compounds also exhibit this
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Synthesis and Decomposition of a 1,2-Diazetine Dioxide
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FIGURE 1. Possible mechanisms for the decomposition of diazetine dioxides.
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FIGURE 2. Possible products from the decomposition of diazetine
dioxidesla and1b.

closed forms to afford cyclic azo dioxide compourds.
However, none of the known diazetine dioxides exhibit ready
equilibrium between the open (i.e., 1,2-dinitroso) and closed
(i.e., diazetine dioxide) forms in solutid®.One of the more
intriguing aspects of the reactivity of diazetine dioxides is their
tendency to liberate 2 equiv of nitric oxide (NO) upon

Figure 2). For example, decomposition of dioxidesand 1b
could occur stereospecifically (i.e., to affo8a from 1a, and

3b from 1b) or nonspecifically to afford a mixture of stereoi-
someric products (i.e., a mixture 8 and3b from eitherla

or 1b). Stereospecific elimination is most consistent with
mechanism B, while a mixture of stereoisomers would be
expected from mechanisms A and C where the formation of
intermediates allows time for rotation about the centralCC
bond prior to elimination of NO.

Results

The prevailing method for the synthesis of diazetine dioxides
is via oxidation of the corresponding 1,2-bishydroxylamih&¥
We found one brief report, however, on the direct oxidation of
a 1,2-diamine (i.e., 2,3-dimethyl-1,2-diaminobutane) to diazetine

decomposition to yield the corresponding alkene (see Figure dioxide 1c with use of the strong oxidizing agent dimethyl-

1).18 It is the production of the biologically active molecule

dioxirane!3

NO that has suggested the possibility of using diazetine dioxides Subjecting commercially availablmese2,3-diphenyl-1,2-

as pharmaceutical aget$The mechanism by which NO is
liberated still remains a questiéA.

There are several mechanistic possibilities for the decomposi
tion of diazetine dioxides (Figure 1). Mechanism A in Figure 1
results from initial breaking of the azo dioxide=¥N bond (akin

to the monomerization of azo dioxides mentioned above) to form

a dinitroso intermediate2}, which could then release two

molecules of NO to generate the alkene product. Mechanism B
represents a concerted loss of two molecules of NO (or a

molecule of NO, that would rapidly dissociate to two molecules
of NO) along with generation of the alkene. Both a symmetrical
and an asymmetrical version of mechanism B could be
envisioned. In support of the feasibility of this mechanism an
asymmetrical, yet concerted, elimination of Nas been put
forth as the likely mode of decomposition for the related 1,2-
diazetine compoundd. Mechanism C depicts single bond
scission to form a diradical intermediate, followed by loss of
N.O, and formation of the alkene product.

To begin to differentiate between these mechanistic possibili-

ethanediamine to a freshly prepared solution of dimethyldiox-
irane (5 equiv) at O°C resulted in rapid decoloration of the
_characteristic pale yellow color of the dimethyldioxirane and
ultimately affordedcis-3,4-diphenyl diazetine dioxideld) in

00 ©o 09
HoN NH, @N:N®
H“H"H
Ph Ph Ph Ph

1a

low yield (7%) after chromatographic purification. At least part
of the low yield of this reaction is attributable to the unexpect-
edly high reactivity of this compound toward thermal decom-
position (vide infra). Benzaldehyde and benzonitrile were
identified as the major byproducts of the reaction by GCMS
analysis of the crude product mixture. Other oxidants tested
(mCPBA and trifluoroperacetic acid) did not afford the desired
product. Interestingly, attempts at oxidizimgl-2,3-diphenyl-
1,2-ethanediamine with dimethyldioxirane under identical con-

ties, we sought to investigate the decomposition of a suitably gitions led to only trace amounts of suspected diazetine dioxide

substituted diazetine dioxide such that the stereochemical

productlb and this process was not pursued further.

outcome of the decomposition process could be ascertained (see pigzetine dioxidela was characterized by NMR, IR, and
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UV spectroscopy. Of particular note was the strong absorbance
at 264 nm corresponding to the azo dioxide absorption in the

(12) Mazhukin, D. G.; Volodarskii, L. B.; Tikhonova, L. A.; Tikhonov,
A. Y. Medelee Commun 1992 29-30.
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UV spectrum ¢ = 19 000), which is similar to that reported and/or NO,). Similarly, decomposition ofa was followed in

for 1¢c (Amax = 255, ¢ = 10 000)82 In addition, the stretch in ~ CDCl; (sealed NMR tube) at 28C, and while the major product

the IR spectrum at 1541 crhcorresponding to the azo dioxide observed was stilBb (~70% yield) as had been observed in

stretch matches well with the same stretchl(reported at boiling chloroform, a product distribution similar to that in

1540 cnt).82 Both the'H and'3C NMR spectra verified the ~ DMSO-ds was observed, including the observance of small

symmetrical nature of the compound’s structure. Finally, the amounts o4 (4% vyield). The rate of decompositiok € (1.2

thermal reactivity of the compound (described below) cor- 4 0.2) x 10~*s™1) was 7 times slower than the reaction in the

roborates the proposed structure for the compound. more polar solvent DMS@s. Decomposition ofla in the
Heating a chloroform solution ofla to reflux for 0.5 h presence of BN (33% solution in CHG)) afforded4 as the

resulted in the liberation of a dark reddish-brown gas charac- major product.

teristic of NbO4 (apparently generated via air oxidation of

liberated NO gas)H NMR, TLC, and GCMS analysis of the  Discussion

resulting product mixture identified the major product (96%

yield) astrans-stilbene 8b) and lesser amounts of benzaldehyde Decomposition of diazetine dioxides leading to NO and the

corresponding alkenes is the pathway of thermal decomposition

%o 0® observed for all reported diazetine dioxides thus far to our
éN:Né CHCIs, 60°C H  Ph knowledge. As mentlgped ab.ove,.aval!ab.le data sugge.st.that
o\ H —_— the rates of decomposition of diazetine dioxides are very similar.
PN Ph —2NO  PhH The significantly enhanced rate of decompositionlaf (in

1a 3b CDCl) relative to1c (in both cases leading to NO and the

corresponding alkene) suggests that decompositiotaois

(~2%) and £)-1,2-diphenyl-1-nitroethylene{1%). Whenthe  favored relative to diazetine dioxides that are not substituted
decomposition was effected in the heated injector port of the with phenyl groups. This is probably most consistent with
GCMS (350°C), only 3b and NO were observed, suggesting mechanism C in Figure 1 where phenyl substitution could
that the other products were formed from secondary reactionsstabilize a radical intermediate relative to the simple alkyl
of 3b with NO and/or NO,. substituents found in other diazetine dioxides. Rapid rotation

We were interested in the rate of decompositiod@felative about the G-C bond prior to rupture of the remaining—@l
to the known diazetine dioxidéc. Kinetic data reported for a  bond to relieve the steric strain of the proximate phenyl groups
variety of diazetine dioxides suggested similar rates of decom- would rationalize the formation dfans-stilbene3b rather than
position regardless of substitution patterns or the nature of the stereochemically retained cis ison3& Mechanism B in
substituent$:”® We conducted our own rate studies on the Figure 1 is unlikely given that the stereochemistry of the
decomposition ofLc using sealed NMR tubes (in DMS@®) resulting alkene is inverted relative to the starting material.
and followed the loss of starting dioxide relative to an internal Furthermore, Mechanism A is also unlikely given that there was
standard (dichloroethane) via integration. The well-behaved first- no evidence of even transient formation2ofvhich would have
order kinetics observed at 9R € (3.10+ 0.03) x 107°s7Y), given rise to the characteristic deep blue color associated with
100 k= (8.9+ 0.1) x 10°s7%), and 110°C (k= (3.2+ 0.1) alkyl nitroso compounds (as well as bisnitroso compoufhds)
x 1074 s™?) affordedAH* = 31.5 kcal/mol. The major product  during the decomposition dfa.
formed was identified as 2,3-dimethyl-2-butene by NMR The isomerization ollato 4 is possible due to the presence
and GCMS) as expected from previous studiessser amounts  of available hydrogen atoms at the 3- and 4-positions of the
of other products were observed presumably deriving from heterocyclic ring. However, prior to this study, isomerizations
secondary reactions of the alkene product with liberated NO. of other 3,4-dialkyl diazetine dioxides with similarly available
As with 1a, only the corresponding alkene (i.e., 2,3-dimethyl- hydrogens had either not been observed or had not been
2-butene) and NO were observed when the decomposition wasreported:* In contrast, for nitroso compounds and acyclic azo
carried out in the heated injector port of the GCMS. dioxides that have available hydrogensto the nitrogen,

Interestingly, when we set up a similar kinetics run for ijsomerization to oximes is a well-known process, and several
compoundlain a sealed NMR tube, we found that it readily ~experimental and theoretical studies have been rep#ttét.
decomposed in DMS@s even at 29°C (k = (8.1+ 0.2) x Thus, heating the cis dimer of nitrosomethane to°80is
10~* s™). The rate of decomposition dfa is therefore 2.2x reported to lead to the formation of formaldoxime, while at
10> times greater than the rate predicted for at 29 °C. higher temperatures~©@5 °C) monomeric nitrosomethane is
However, the major product formed under these conditions was formed?6 Heating the trans dimer leads only to nitrosomethane
not 3b as had been observed in chloroform. Instead, a number (with no concurrent formation of either cis dimer or formal-
of products were formed, the most significant of which was doxime)!? Furthermore, theoretical studies on nitrosomethane

diphenyl glyoxime4 (27% yield, identified by'H NMR and have suggested that uncatalyzed isomerization to formaldoxime
GCMS). When the reaction was repeated in an open vessel

rather than a sealed tube, odlyvas observed by GCMS, again (13) Gagnon, J. L.; Zajac, W. WIetrahedron. Lett1995 36, 1803~

1804.
o 0© (14) For examples, see refs 3, 5, 7c, and 7d. )
N=N’ HON NOH (15) Batt, L. InThe Chemistry of Aminditroso and Nitro Compounds
(CARNG) > /< and Their Dervatives Patai, S., Ed.: Wiley: New York, 1982; Supplement
H'y N 'H DMSO-d PH Ph F, Part 1, pp 441458.
Ph Ph 29 °C 6 (16) (a) Arenas, J. F.; Otero, J. C.; Pelaez, D.; Sotd, Drg. Chem
1a 4 2006 71, 983-991. (b) Frost, D. C.; Lau, W. M.; McDowell, C. A;

Westwood, N. P. CJ. Phys. Chem1982 86, 3577-3581.
. . (17) (a) Long, J. A.; Harris, N. J.; Lammertsma, X.Org. Chem2001,
suggesting that the remaining products were formed from g6 6762-6767. (b) Adeney, P. D.: Bouma, W. J.; Radom, L.; Rodwell,

subsequent oxidation reactions (presumably from trapped NOW. R. J. Am. Chem. Sod.98Q 102, 4069-4073.
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o OH TABLE 1. Computed Energies of Compounds Relevant to the
o 95c 2 O 8o0C N~ Decomposition of Diazetine Dioxide 1&
2 1 —— ON=N® 2 P

H3C’N HsC  CHs H™H compd E? (hartrees)
la —800.71679
generally has a higher activation barrier than-MC bond 3a —540.83905
: 17 : 3b —540.84665
cleavage leading to loss of N¥*17The picture that emerges NO ~129.93143
from these various studies suggests that formation of forma- 4 —800.75874
doxime occurs exclusively from thaeis-azo dioxide form (by 2 —800.70328

an as yet unknown mechanism), while monomerization (and  apg3|yp/6-311G(d,p)// B3LYP/6-32G(d)> Computed at the most

ensuing G-N bond scission) occurs at higher temperatures.  stable conformation as determined by a Monte Carlo distribution generated
In one regard, compountia is essentially an azo dioxide by a MMFF calculation.

constrained to a cis conformati8its thermal behavior appears

to parallel that of the cis dimer of nitrosomethane. Low- cpcl,) ¢ 7.24 (s, 10H), 6.43 (s, 2H}3C NMR (15 MHz, CDC})
temperature decomposition (ca. room temperature) leads toy 129.9, 129.5, 129.3, 128.6, 78.6; IR (solid) ¢hB065, 2993,
diphenyl glyoxime as the major product in the highly polar 1541, 1452, 692; UV (CkDH) Amax = 264 € = 19 000).

solvent DMSO€ and as a competing reaction product in CPCI Thermolysis of 1a.Diazetine dioxidela (16 mg, 0.07 mmol)
Isomerization probably results from direct conversion of the was dissolved in 1 mL of CHG(passed through a column of /&l
diazetine dioxide rather than via initial ring opening to the to remove acidic impurities) and the solution was quickly heated to
bisnitroso compoun@ since, as mentioned earlier, there is no reflux in a 5 mLconical vial fitted with a reflux condenser and dry-
evidence for even transient formation 2f The direct EiN- ing tube. A reddish-brown gas evolved quickly from the heated solu-
catalyzed conversion dfa to diphenyl glyoxime in CHGJ is tion and dissipated within 30 min. The solution was cooled and

h . - . . .~ . the CHCk removed under reduced pressdk¢ NMR analysis of the
consistent with previous studies of base-catalyzed |somer|zat|onsresulting white solid showed ontyans-stilbene (identified by com-

of azo dioxide Compoyrlds to the cqrrespon.ding oxifdes. parison to a commercially available sample). Analysis by GCMS
Thermal decomposition of diazetine dioxide apparently ~ revealed small amounts of benzaldehyde (2%) @hd (2-diphenyl-

takes place via two closely competing routes: (i) isomerization 1-nitroethylene €1%) in addition totrans-stiloene. The reaction

to diphenyl glyoxime and (ii) €N bond scission to form a  products were identified (GC retention times and mass spectral data)

transient diradical intermediate followed by loss ofto form by comparison to commercially available samples. A control run

trans-stilbene3b. We computed the energies of the compounds established thdtansstilbene is not isomerized ts-stilbene even

involved in both of these transformations at the B3LYP/6- At Ichet high tetmper?t?hresRoftthefGDC |nject|ont_port (fs?)- M

311+G(d,p)//B3LYP/6-31G(d) levels and the results are sum-  Determination ot the =ate of becomposition o ~a

marized in Table 1. The isomerization pathway to form NMR Spectroscopy. Diazetine dioxidela (20 mg, 0.08 mmol)

. . - . . was dissolved in either DMS@; or CDCk and 5uL of 1,2-
glyoxime4 is predicted to be exothermic by 26 kcal/mol, while dichloroethane was added as an internal standard. The resulting

loss of NO to formBb is predicted to be endothermic by 5 kcal/  gojytion was transferred to an NMR tube. For the high-temperature
mol. However, the formation 08b will almost certainly be  inetics runs, the sample was frozen under vacuum and the tube
favored entropically. Thus at room temperature (and especially flame sealed. The samples were submerged in a silica gel bath
in the base-catalyzed reaction) the isomerization process is ableneated to the desired temperature and removed at regular intervals
to compete, while at higher temperatures, where entropic effectsfor analysis by NMR spectroscopy. For the 2@ runs (i.e.,

are more strongly exerted, NO elimination is favored. Notice temperature in the cavity of the NMR instrument), the NMR tube
that formation of the bisnitroso compoud(via mechanism was tightly capped and segled with parafflnl. In all cases, the rate
A) is predicted to be endothermic by 8 kcal/mol and that ©Of decrease of the proton signal corresponding to the hydrogens at
formation of the stereochemically retaineig-stilbene3a (via the 3- and 4-positions of the diazetine dioxide ring was determined

. : . . relative to the internal standard by integration. An average of at
mechanism B) is predicted to be endothermic by 10 kcal/mol, least three runs were taken in each case. The reaction mixtures

which further suggests that these pathways are less likely thanqre analyzed directly by GCMS. The reaction products were

the alternative modes of decomposition. We are currently jgentified (GC retention times and mass spectral data) by compari-
extending our computational studies on model compounds to son to commercially available samples.

more closely examine the transition states expected from the Decomposition of la in the Presence of Triethylamine.
various possible modes of decomposition. Diazetine dioxidela (20 mg, 0.08 mmol) was dissolved in a mixture
of 1 mL of CHCk and 0.5 mL of E{N. The solution was allowed

to sit for 3 h after which it was directly analyzed by GCMS.

Experimental Section

3,4-Diphenyl-1,2-diazetine 1,2-dioxide (1ajTo 122 mL of a Computational Details
freshly prepared solution of dimethyldioxirane in acet8mae: 0°C
(~0.07 M, 5 equiv) was added 0.364 g (1.72 mmolydsel,2- All of the computations reported in this paper were obtained
diphenylethylenediamine (Aldrich) as a solid at one time. The with the Becke3LYP density functional as implemented within the
solution quickly became blue-green in color, which then dissipated Spartan '02 prograrff Geometries and frequencies were computed
within 30 s. The solution was stirred ffdl h and the acetone
removed under reduced pressure. Column chromatography, (SiO (20 Spartan '02 Wavefunction, Inc.: Irvine, CA. Kong, J.; White, C.
1:1 hexane/EtOAc) afforded 0.11 g of a pale yellow solid. This A.; Krylov, A. I.; Sherrill, C. D.; Adamson, R. D.; Furlani, T. R.; Lee, M.
solid was chromatographed a second time $S{tH,Cl,) to afford S.; Lee, A. M.; Gwaltney, S. R.; Adams, T. R.; Ochsenfeld, C.; Gilbert, A.

04 vi ; idl] T. B.; Kedziora, G. S.; Rassolov, V. A.; Maurice, D. R.; Nair, N.; Shao,
26.2:mg of1a (7% yield) as a white solid:H NMR (60 MHz, Y.; Besley, N. A.; Maslen, P. E.; Dombroski, J. P.; Daschel, H.; Zhang,

W.; Korambath, P. P.; Baker, J.; Byrd, E. F. C.; Van Voorhis, T.; Oumi,

(18) Di Giacomo, AJ. Org. Chem1965 30, 2614-2617. M.; Hirata, S.; Hsu, C.-P.; Ishikawa, N.; Florian, J.; Warshel, A.; Johnson,
(19) Crandall, J. K.; Batal, D. J.; Sebasta, D. P.; LinJFOrg. Chem. B. G.; Gill, P. M. W.; Head-Gordon, M.; Pople, J. A. Comput. Chem.
1991, 56, 1153-1166. 2000Q 21, 1532.
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