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The geometric structure and conformational properties of 3,3,6,6-tetramethyl-1,2,4,5-tetroxane (diacetone
diperoxide) have been studied by gas electron diffraction and quantum chemical calculations (MP2 and B3LYP
methods with 6-31G(d,p) and 6-3tG(2df,p) basis sets). The molecule possesses a chair conformation with
Con symmetry and the following geometric parameters for the six-membered mingalues) have been
determined: @O = 1.463(5) A, C-O = 1.432 (4) A, O-C—0 = 108.2(7}, C—0—0 = 107.7(4}, ¢-
(C—0—-0—-C) = 63.7(4}, and (O—0O—C—-0) = —63.9(4}. A small contribution of less than 3.5% of a

twist conformer withC, symmetry cannot be excluded. Quantum chemical calculations predict a contribution
between 1 and 2%. Additional calculations for the parent compound 1,2,4,5-tetroxane (diformaldehyde
diperoxide) demonstrate that methyl substitution at the carbon atoms has a minor effect on the ring geometry
but a strong effect on the conformational properties. Methyl substitution reduces the energy difference between
twist and chair conformers by more than 5 kcal/mol.

Introduction CHART 1: Conformations of the Six-Membered Ring

. . Molecule
The structural and conformational properties of saturated

cyclic compounds depend to a large extent on two effects, angle
deformation energy (Bayer strain) and torsional energy (Pitzer %
strain). The magnitude of these effects depends strongly on the
conformation of the ring. The chair conformation of cyclohexane Cait” “Tist” “Boat”
with D34 symmetry represents an ideal case where both straindecreases from 5.3 kcal/mol for the parent compound to 3.1
energies are almost zero with-C—C bond angles close to  kcal/mol for 1,1,4,4-tetramethylcyclohexahelowever, another
tetrahedral and adjacent Glgroups staggering each other-( molecular mechanics (MM3) calculation predicted the relative
(C—C—C—C) torsion angle close to 8 In rings which contain energy of the twist conformer to be 5.6 kcal/mol higher than
heteroatoms, different bond lengths occur and bond angles andhat of the chair form of 1,1,4,4-tetramethylcyclohexéne.
dihedral angles deviate more strongly from their ideal values, In the present work, we report structural and conformational
causing an increase of both strain energies. Saturated six-Properties of 3,3,6,6-tetramethyl-1,2,4,5-tetroxane(g0s)-
membered rings can adopt also a twist or boat conformation Me, or diacetone diperoxide (DADP), derived by gas electron
besides the chair form, which is known to be favored in diffraction (GED) and quantum chemical calculations. This
cyclohexank (see Chart 1). compound belongs to the group of explosive cyclic peroxides,
For cyclohexane, an experimental value for the enthalpy butitwas found to be considerably less explosive than triacetone
differenceAH° = 5.5 kcal/mol between twist and chair has been  triperoxide, the nine-membered oxygerarbon ring’
reportec® Molecular mechanics calculations predict energy ~ This compound has been studied quite extensively in the solid
differences in a wide range between 4.8 and 7.9 kcalfrhoty- state and in solution by experimental techniques and also by
level ab initio calculations (HF, B3LYP, and MP2 with 3-21G* quantum chemical methods. Two independent X-ray studies
basis set) result in an energy difference varying from 6.25 to resulted in chair structures with ne@g, symmetry’# The study
6.50 kcal/mot The boat form corresponds to a transition state Of Dubnikova et af. compares the experimental structural
between two twist conformations. According to molecular Parameters with calculated (B3LYP/cc-pvVDZ) values. From
mechanics calculations reported by Allinger et al., substitution Photoelectron spectra, a«O—0—C dihedral angle of 6873
of hydrogen atoms by methyl groups lowers the energy Was derived.

difference between chair and twist conformers. The energy ~From dynamic proton nuclear magnetic resonafeNMR)
spectra, free activation energié&* = 15.4 kcal/mol®and 15.3
*To whom correspondence should be addressed. E-mail: shiykov@ kcal/mol! have been determined for chathair inversion.
isugt.ru. S ) Solid-state vibrational spectra (infrared (IR) and Raman) have
. lvanovo State University of Chemical Technology. been recorded and assigned on the basis of calculated DFT
Ivanovo State University. ) . . .
s Unversidad Nacional del Centro de la Provincia des Buenos Aires.  frequencies? These calculations yielded an energy difference

I'Universita Tibingen. of about 2.7 kcal/mol between chair and twist conformatitns.
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Figure 1. Potential energy curve for the chair-to-twist conversion, "flap" angle, degrees
obtained by calculations at fixed dihedral angigC—~0—-0-C) in Figure 2. Potential energy for boat-to-boat conversion through the
step of 20 with all other geometric parameters being optimized. Black planar ring form. The boat form was found to be a saddle point of
balls show the oxygen atoms in the molecule drawings. second order. Black balls show the oxygen atoms in the molecule
drawings.
TABLE 1: Calculated Energy and Gibbs Energy Differences 9
between Twist and Chair Conformers (kcal/mol) w22 H21
method/basis AE AG° (298 K) H20
B3LYP/6-31G(d,p) 2.81 2.30
MP2/6-31G(d,p) 3.04 2.57
B3LYP/6-31HG(2df,p) 2.74 2.29
MP2/6-311G(2df,p) 3.22 2.88 i

Our attempt to determine the experimental structure of the _
parent compound 1,2,4,5-tetroxang(€,O4)H, (or diformal- \c7
dehyde diperoxide) failed. The experimental radial distribution H13
function showed a very strong peak around 1.2 A, corresponding yy
probably to G=O bonds. This indicates either an impure sample
or decomposition of the sample. To compare our experimental
and calculated results for 1,1,4,4-tetramethylcyclohexane with H12
those of the parent compound, we performed quantum chemical
calculations. Since rather controversial results for the confor-
mational energy differences of cyclohexane and its tetramethyl J
substituted analogue have been reported in the literature (see H15
above), calculations have been performed for these mOIeCUIeSFigure 3. Molecular model of chair conformer of DADP with atom

as well. numbering.

Quantum Chemical Calculations The boat structure was considered in our calculations as well,
using the B3LYP/6-31G(d,p) method. This structure corresponds
All guantum chemical calculations were performed with the to a saddle point of second order and lies about 30 kcal/mol
Gaussian03 program packagdhe DFT and MP2 approxima-  higher than the chair conformation. As it follows from the
tions with small (6-31G(d,p)) and large (6-3t®(2df,p)) basis  analysis of the vibration modes, the molecule tends to transform
sets were applied. In the first step, the geometries of chair andfrom the boat to the twist and chair structures because of the
twist conformers were optimized with the two methods and basis modes corresponding to the imaginary frequencies of and
sets. Both conformers correspond to stable structures with nogei cm2, respectively. In addition, we explored the potential

imaginary frequency. energy profile for one of the possible ways for behbat

The calculated energy differences and Gibbs free energy conversion, through the planar ring structure (Figure 2). The
differences between chair and twist conformers are summarizedenergy difference between the planar and boat structures is 10.5
in Table 1. These differences depend only slightly on the method kcal/mol.
and basis sets applied. The HF approximation with 6-31G(d,p) The geometrical parameters derived with large basis sets are
basis sets predicts much smaller valddsandAG® (1.60 and given together with the experimental values in Table 2.
0.98 kcal/mol, respectively, not given in Table 1). From the Numbering of the atoms chosen for the chair conformer is
AG° values in Table 1, a very small contribution of 2% or less indicated in Figure 3. Vibrational amplitudes and corrections
of the twist conformer is predicted. were derived from a calculated force field (B3LYP/6-31G(d,p))

In a second step, the potential for chaiwist conversion was  using the method of Sipaché¥,and they are included in
calculated with both computational methods and small basis sets.Table 3.
Energies were calculated at fixed values for one of the ¢wo Calculations for the parent compound, 1,2,4,5-tetroxage H
(C—0—0—C) dihedral angles in steps of 2@vith all other (C204)H> (or diformaldehyde diperoxide) were performed with
geometric parameters being optimized. The potential curves areB3LYP and MP2 methods and small basis sets as well as with
shown in Figure 1. In these curves also the energies for fully the MP2 approximation and large basis sets. For cyclohexane
optimized geometries of both conformers are indicated. The and its tetramethyl substituted compound, only the B3LYP/6-
predicted barriers for chaiitwist conversion are 14.6 (B3LYP)  31G(d,p) method was applied. Results of these calculations are
and 17.1 kcal/mol (MP2). given in the Discussion.
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TABLE 2: Experimental and Theoretical Geometrical Parameters of DADP (Distances in A, Angles in Degrees)

chair twist
GED X-ray calcd calcd
Ih1, Opgd ref 8 ref # B3LYP® MP2® B3LYP® MP2®
distances
0-0 1.463(5)p 1.475 (2) 1.471(4) 1.452 1.455 1.441 1.444
C-0O 1.432(4)p 1.433(2), 1.436 (2) 1.431(5), 1.447(5) 1.429 1.422 1.436 1.430
C3-C7 1.523(6)ps 1.513(2) 1.509(8) 1.519 1.510 1.518 1.509
C;—C8 1.518(2) 1.514(6) 1.521 1.512 1.518 1.509
01---05 2.320(5)p4 2.312 2.310 2.326 2.323
C7—H11° 1.092 (11)ps 1.090 1.090 1.091 1.092
C8—H14 1.086 1.087 1.089 1.090
bond angles
O0-C-0O 108.2(7) 107.6(1) 107.0 108.0 108.7 108.1 108.7
C-0-0 107.7(4) 107.6(1), 107.3(1) 107.6(3), 107.1(3) 108.3 107.0 106.6 105.0
O—-C3-C7 104.7(2)ps 104.7(1), 104.5(1) 104.4(3), 104.1(4) 104.7 104.3 104.7 104.3
0O—-C3-C8 112.4(2)p; 112.9(1), 112.9(1) 113.4(3) 112.6(4) 112.5 112.5 112.3 112.2
Cc-C-C 114.1(3) 113.5(1) 113.4(3) 113.7 113.9 114.7 115.2
<C—C—H>¢ 110.8(2) p 110.4 110.3 109.7 109.8
torsion angles

flap 58.8(3)ps 57.6 59.9
C-0-0-C 63.7(4) 64.5(1) 65.2(4) 63.1 63.7 —76.7 —78.3
O0-0-C-0O —63.9(4) —64.7(1) —65.2(4) —62.9 —64.8 35.7 36.6

aData given in the text of ref 7. There is also a somewhat different set of the X-ray data given in Table 1 of that reference. No error limit was
indicated for G-C—0O angle.? Results with 6-313-G (2df,p) basis sets are given for all quantum chemical calculatigkscording to the calculations,
all C—H distances differ less than 0.001 A, except for the C8H14 (and C10H20 see Figure 3) for which the value is given separately. The differences
between the individual EC—H valence angles are less thah thus the average value is indicated only. In the GED column, the results of
least-squares analysis are given with the mentioned differences set to the calculated values (8&mtmithinties were taken agrn;) = (0scad
+ (2.5015))Y?, whereoscae = 0.002 and ois is a standard deviation in least-squares refinenfefite difference between two different-©
distances was set to 0.002 A during the GED analysis.

TABLE 3: Experimental and Calculated Vibrational effusion cell which had the following dimensions of the inner
Amplitudes of the Chair Form of DADP and Vibrational length x diameter: 20x 7 mm for the cell and 1.% 0.6 mm
Corrections Ar (A) without Those for Nonbonded Distances for the effusion nozzle. The scattered electrons were collected
Involving Hydrogen Atoms .

on the Kodak Electron Image films of @ 12 cm at 1.3uA

tern? hy I(GED) I(BSLYP) Ar=rfm-ra primary electron beam intensity and 90-s exposure time. During
C-H 1.092  0.077(2): 0.076 0.0016 the experiment, the residual pressure in the diffraction chamber
8:8 i-jgg 8-825(192 8-82(1) 8-888513 was 2.510°® Torr. The data collected on six photographic films

_ ’ 051(1)e : : at 338-mm nozzle-to-plate distance were used for the further
c-C 1.523 0.052(1) 0.051 0.0001 . . L
o105 2.320  0.055(1) 0.059 0.0025 analy5|s. The optical densities of the phot.ographs were megsured
01:--C3 2.337  0.064(1)s 0.063 0.0031 with the computer-controlled microdensitomégesn the basis
02---C7 2.339  0.070(1h 0.070 0.0025 of the Carl Zeiss Jena MD100 model. Experimental molecular
8;82 3?4513 8-83%‘; 8-83 8-88}18 scattering intensities curves sM(s) in theange of 2.4-27.4

) . . . “ ST
0104 2742  0.066(2) 0.066 0.0039 A~*are shown in Figure 4.
Ol--C8 2.837  0.104(2y 0.104 0.0059 Mass spectra of the effusing molecular beam were recorded
C3--C10  3.429  0.098(3) 0.097 0.0073 simultaneously with collecting the diffracted electrons. Electron
8%8; i-ggg 8-8;28& 8-83? 8-8821 impact (50 eV) was applied to ionize the neutral species. The
C7--C10 4339  0.144(7) 0144 00126 mass spectrometric section was evacuated down td@r9 _
C8-C10 4.545  0.093(7) 0.096 0.0107 _Torr. The mass spectrum contains very few peaks. The major
C7---C9 5.483  0.081(22) 0.075 0.0131 ion present in the mass spectrum with a mass of 43 amu (100%)

corresponds to the fragment [GHC=O]*. Two peaks occur
atm/e 58 and 59 amu with equal intensities of about 14% each.
The most probable assignment of these peaks may beJ{€EH
Experimental Section C=0]* (58) and [CH—C(0)=0]* (59). The highest observed
Synthesis. DADP was synthesized according to the method Mass was 101 amu (3%), corresponding probably to the loss of
described in the literatuf®. The compound was purified by & methyl radical and an oxygen molecule by the molecular ion
recrystallizing from ethyl acetate until a constant melting point (Ve 148). Neither molecular ion nor other ions witiée higher
was obtained. The purity was also checked by GC and IR than 101 were detected at the relative intensity level 0?10

a See Figure 3 for atom numbering.

analyses. comparing to that ofive 43. Peaks atve 16 (O') and 28 (CO)
GED/MS. The experiment was performed with the combined Were of about 2% each.
Ivanovo GED/MS apparattisconsisting of the EMR-100 gas- The only mass spectrometric investigation of diacetone

phase electron diffraction and the APDM-1 monopolar mass diperoxide reported so far presents only plotted data with no
spectrometric units. An accurate wavelengtiy 0.04344(4) A numerical relative intensities givéf. Visually, this mass

of the electrons, accelerated by roughly 74 kV voltage, was spectrum recorded at 70 eV ionizing electron energy agrees with
determined from the diffraction patterns of polycrystalline ZnO. ours, except for the peak at 59 amu which was not observed in
The sample was evaporated at 18 from a molybdenum the cited study. This may possibly be because the ionizing
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. EXP **O)diagonal (C**C)iing, and (O+-C) distances. The preliminary
—— THEOR geometry of the chair form was then refined by least-squares
fitting of the molecular scattering intensities. In the analysis,
overall Cy, symmetry and locaC,, symmetry for the methyl
/\ f\ M) groups were assumed. The following independent geometric

f‘ 1Vl parameters were used for describing the geometry of the ring:
U \/\/ \/ v r(0—0), r(0—C), r(01---05), and the “flap” angle between

the OCO plane and the rectangle, formed by the oxygen atoms
(see Figure 3 for atom numbering). The difference between axial
AsM(s) and equatorial €C bond lengths was constrained to the
5 p 10 5 20 s 30 calculated value (see Table 2). The OCC angles for equatorial
s AT and axial methyl groups were reflped separately. On the basis
> of the quantum chemical calculations, al-& bond lengths
were assumed to be equal, except for the bondsH8! and
C10-H20 which were constrained to be shorter by 0.004 A. A
mean value of €C—H angles was refined and differences
between angles were set to calculated values.

Vibrational amplitudes have been collected in seven groups
and the differences between amplitudes within each group were
constrained to the calculated values. With these constraints, nine
independent parameters { pg) and seven groups of vibrational
) amplitudes (G—17) were refined simultaneously. Geometric

parameters and vibrational amplitudes derived with the B3LYP/

6-31G(d,p) method were used as starting values. Vibrational

(@ corrections,Ar = rpy — I, calculated with the method of
Sipachet® were incorporated in this refinement. The following
correlation coefficients had absolute values larger than p.6:
pz = —0.83,p2/ps = 0.60,ps/ps = —0.67,p2/l> = 0.80,pg/l. =
r,A —0.73, andpg/ls = —0.63. The final geometric parameters

Figure 5. Experimental radial distribution curve (above) and the derived by the GED analysis are included in Table 2, together
differences (exp- theor): (a) and (b) for the twist and chair structures  With X-ray data and quantum chemical results. The vibrational
from B3LYP/6-31G(d,p) calculation®(= 29.2 and 3.0%, respectively)  amplitudes are given in Table 3, together with calculated

and (c) for the chair conformation after least-squares refinement of the gmplitudes and vibrational corrections. The difference curve (c)
all geometric parameters and vibrational amplitudes= 2.2%). in Figure 5 corresponds to these refined values.

In a final step, least-squares analyses were performed for
voltage is different from ours. The peak for the molecular ion mixtures of chair and twist conformers. Since the calculated
Y ’ P (B3LYP/6-31G(d,p)) structure for the chair conformer repro-

ls,stai)ki)l?tenéflThzoﬂoﬁelgﬁ;?r;c;rrrg?f;tgizi;?iim;a\)vil—: ziﬁgr:?wduces the experimental radial distribution function surprisingly
y 9 well (see difference curve b in Figure 5), the calculated

frgt;:ngyggtirﬁafhg?r?glm deedcc?:ﬁgobs)i/tiholgho;eggélg:)%r; ngaigps Filﬁc parameters for the tvv_ist conformer are expectgd to reproduce
the presence ai-octane was studied at temperatures of-403 the real structure of this for_m equally weII._ For t_hls reason, only
523 K21 which are significantly higher than the temperatures the parameters for the qhalrform were reflneq n these.anallyses.
the sample was exposed to in our studies. Reflneme_nts were carried out for different fixed (_:0ntr|but|ons
. iy o of the twist conformer. Thér-factor decreases slightly from
The relative intensities of the ions in the mass spectra showeds 51 g 2.16% for a contribution of 1% twist form and increases
no change during the course of the experiment until complete nqticeably for higher contributions (Figure 6). According to the
evaporation of the sample from the container. After the sample pyamilton criterion, the contribution of the twist conformer is
was completely sublimed, no visible traces of any possible |ags than 3.5% at a significance level of 08Bprresponding

impurity or decomposition product was detected on the inner {4 AG? > 2.0 kcal/mol. This confirms the calculated values
walls of the sample container. given in Table 1.

Figure 4. Experimental (dots) and calculated (full line) molecular
scattering intensities sM(s) and the difference (expheor) for the
refined chair structure. Agreement facr= 2.2%.
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GED Analysis Discussion

The modified KCED-35 program was applied for the analysis ~ The GED analysis results in a chair conformation of DADP
of the electron diffraction intensiti€d.The experimental radial ~ six-membered ring, with a negligible contribution of the twist
distribution functionf(r) derived by Fourier transformation of  form at room temperature. This result is in agreement with our
the molecular intensities is shown in Figure 5, together with quantum chemical calculations which predict a contribution of
the difference curves between experimental and calculatedless than 2% twist. In the crystal, slightly distorted chair
(B3LYP/6-31G(d,p))(r) functions for twist and chair structures.  structures were fount® Considering experimental uncertainties
The difference curves for twist (a) and chair (b) confirm the and systematic differences between geometric parameters
very strong preference for the chair conformer predicted by our derived by X-ray diffraction on crystals and GED, the values
calculations. A detailed analysis of the terms contributing to obtained with the two methods are in very good agreement
the radial distribution curves indicates that the strongest (Table 2). Similarly, both quantum chemical methods, B3LYP
difference between chair and twist occurs in the range-2.5 and MP2, reproduce the gas-phase structure very satisfactorily.
A. This range corresponds predominantly to differences in (O Calculated bond lengthse(values) are systematically shorter
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amount, and the torsional angle around the@bond,p(O—
C—0-0), decreases by abouft Bpon methyl substitution. The
O—0 bond length and torsional angle around this banG—
0O—0-C), are almost unchanged. The predicted barriers for
chair—twist conversion 14.6 (B3LYP) and 17.1 kcal/mol (MP2)
obtained in this work are comparable to the experimental values
AG* = 15.4 kcal/mol® and 15.3 kcal/mat from dynamicH
NMR spectra.

The effect of methyl substitution on opposite carbon atoms
in cyclohexane has been studied by molecular mechanics
methods. Whereas the calculations of Allinger €t piedict a
conformational energy difference of 5.3 kcal/mol for cyclohex-
20 ' 5 10 15 ane and 3.1 kcal/mol for 1,1,4,4-tetramethylcylohexane, MM3

. 0 calculations by Weiser et lresult in a value of 5.6 kcal/mol

Twist content, % for the latter compound. Because of these inconclusive resuilts,
Figure 6. Agreement factoR; for different molar contribution of the e performed B3LYP/6-31G(d,p) calculations for both com-
:‘Q’AS;J?LT&E?VT‘S?&E?E@ at”;iext:crjs ?Lg‘ﬁ;gﬁg df(l)inrnn;swfc:?r;ﬂr;i(:ivtvgltlﬁe pounds. These calculations predict conformational energy dif-
uncertainty in the twist conFt)ent according to the Hamilton’s (F:)ritezﬁon ferences of 6.4 kcal/mol for cyclohexane and 4.2 I_(C&|/m0| for
at significance level 0.05. 1,1,4,4-tetramethylcylohexane. These results are in agreement
with the MM calculations of Allinger et &.and predict a
decrease of the energy difference upon methyl substitution,

by about 0.005 A (€0, O-0, and C-C bonds) and by about  although considerably less than that derived for the tetroxane
0.010 A (C-H bonds) than experimentay; values. Bond angles rings.
in the DADP ring (108.2(7) and 107.7(})are slightly smaller

than those in cyclohexane (111.3(R)whereas dihedral angles  Acknowledgment. We thank the Deutsche Forschungsge-
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those in cyclohexane (55.1¢J¢“ The latter angle is close to  eration (413 RUS 113/69) including a fellowship for S. A. S.
the ideal value in the open-chain molecule £t€H,—CH,—

CHs which implies minimal torsional strain. In the tetroxane References and Notes
ring, however, the torsional angle around the@bond of 63.7-
(4)° deviates strongly from the ideal value observed for the open- (1) Hassel, OQ. Re. 1953 7, 221.

i —0O— i ~ O—O)— (2) Squillacote, M.; Sheridan, R. S.; Chapman, O. L.; Anet, F. A. L.
ghha'g n?oIeClIJIe ?lﬂgaﬂ C';& fo:j which ZECTr? o-C J. Am. Chem. Sod 975 97, 3244.
Inedral angié o (8)has been determined.Thus, con- (3) Kellie, G. M.; Riddel, F. GTop. Stereocheni974 8, 261.

siderable t.orsior.lal strain is expecteq to b.e present in the  (4) Nori-Shargh, D.; Amini, M. Jafari, M.; Deyhimi, F.; Jameh-
tetroxane ring. Since the-80—0 angle in the ring (107.4(2) Bozorghi, S.J. Chem. Re2005 508.

is close to the value in dimethyl peroxide (105.2§% and the (5) Allinger, N. L.; Hickey, M. J.; Kao, JJ. Am. Chem. Sod.976
O—C—0 angle (108.2(7) is close to the tetrahedral, angle 9% 2741.

strain is negligible. Also, the bond lengths in the rin@)—0) 827(76?) Weiser, J.; Golan, O.; Fitier, L.; Biali, 3. Org. Chem1996 61,

= 1-463(5_)'& andr(C—O_) = 1.432(4)A, are almost equal to (7) Dubnikova, F.; Kosloff, R.; Almog, J.; Zeiri, Y.; Boese, R.; ltzhaky,
those in dimethyl peroxide(O—0) = 1.457(12)A and(C— H.; Alt, A.; Keinan, E.J. Am. Chem. SoQ005 127, 1146.
0) = 1.420(7)A, within the combined error limits. (8) Gelalcha, F. G.; Schulze, B.;boecke, PActa Crystallogr.2004,

Information about the structural properties of the twist csqgolgo.d her. P.: Elling, Wiebigs Ann. Cheml979 1473
conformer of DADP and its relative energy has been derived (9) Rademacher, ~ =Ing, VHIEDIgS Ann. Lhe ’
. . (10) Murray, R. W.; Story, P. R.; Kaplan, M. L1. Am. Chem. Soc.
from quantum chemical calculations. Bond lengths and bond 1966 88, 526.
angles are very similar in chair and twist conformers (Table 2).  (11) Brune, H. A.; Wulz, K.; Hetz, WTetrahedron1971, 27, 3629.
Torsional angles, however, differ appreciably. The dihedral angle  (12) Jubert, A. H.; Pis Diez, R.; Cafferata, L. F. RRaman Spectrosc.
around the @O bond changes from about®%i the chair form 1999 30 (6), 479.

to about—77° in the twist form, and the angle around the-O 49513)5 Jubert, A. H.; Pis Diez, RJ. Mol. Struct. (THEOCHEMR00Q

bond changes from about64° to 36°. The change of this (14) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.: Scuseria, G. E.; Robb,
torsional angle by about 3@s expected to increase the torsional M. A.; Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, K.
strain in the twist form. The geometry and conformational RIA Burant, é. CC MII_Iar’UI, J.SM-i lyer)gfg, Sl.?S.; T?\ImasPI, tJ Barong, \2;
T 1 H H ennuccl, b.; Cossl, ., Scalmant, ., Rega, ., Petersson, LA
properties of ring compounds Whlch contaln oxygen atoms, such Nakatsuji, H.. Hada, M. Ehara, M. Toyota, K.. Fukuda, R.: Hasegawa, J.-
as tetroxane, depend alsp on orblt.a! mterac.tlons.betwee.n theshida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li,
oxygen electron lone pairs and vicinal antibonding orbitals X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Adamo, C.; Jaramillo, J.;
; i iti i i Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.;
(ar_:_%me“(i eflfec?j n addltlc:jr.]ffto angleband tor5|on_al Stragn' hai Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.; Voth, G. A;;
€ ca Cl{ ated energy difference between twist and chair Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich, S.; Daniels,
conformers is between 2.8 and 3.2 kcal/mol. On the other hand,A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A. D,
this energy difference is considerably larger for the parent E?f@fih%@;hgh ||< FE_f%SmSa{”% J. B-JBOS'ZL_J- \é E_U"hQ-:kBaEOUFl;_ ﬁ- G,
H - H Imord, S.; Closlowskl, J.; Stetanov, B. B.; Liu, G.; LiIashenko, A.; PISKOrz,
compound 1,2,4,5-tetroxane, for which calculations pl_red_lct P.: Komaromi, I.. Martin, R. L. Fox, D. J.. Keith. T.. Al-Laham. M. A.
values between 8.1 and 8.8 kcal/mol. Thus, methyl substitution peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.; Johnson,
at the opposite carbon atoms lowers this energy difference byB.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, J. BAUSSIAN 03,
more than 5 kcal/mol. On the other hand, methyl substitution rev'ig’”s(?-oz'h Ga“\js'/‘:‘g' :\’A‘Ci- S\’:’a”'t”%%rd’GgTéggo""
has a minor effect on the ring geometry of the chair conformer, ~ (2) Sipachev, V. AJ. Mol. Struct.2001, 67, 567. _
. A the-O—0 anales (16)_ Mc Cullough, K. J.; Morgan, A. R.; Nonhebel, D. C.; Pauson, P.
The C-0O bonds lengthen by about 0.02 A, g L.; White, G. J.J. Chem Res. Synop98Q 2, 34. Cafferata, L. F. R.; Eyler,

decrease by abouf 2the O-C—0 angles increase by the same G. N.; Mirifico, M. V. J. Org. Chem1984 49, 2107.



Structure and Conformation of Diacetone Diperoxide

(17) Girichev, G. V.; Utkin, A. N.; Revichev, Yu. Prib. Tekh. Eksp.

1984 2, 187 (in Russian). Girichev, G. V.; Shlykov, S. A.; Revichev, Yu.

F. Prib. Tekh. Eksp1986 4, 167 (in Russian).

(18) Girichev, E. G.; Zakharov, A. V.; Girichev, G. V.; Bazanov M. I.
Izv. Vyssh. Uchebn. Zed., Tekhnol. Tekst. Proms200Q 2, 142 (in
Russian).

(19) Bertrand, M.; Flisar, S.; Rousseau, Y. Org. Chem.1968 33
(5), 1931.

(20) Ledaal, T.Tetrahedron Lett1969 44, 3661.

J. Phys. Chem. A, Vol. 111, No. 7, 200¥373

(21) Cafferata, L. F. R.; Lombardo, J. Dit. J. Chem. Kinet1994 26,
503.

(22) Andersen, B.; Seip, H. M.; Strand, T. G.; Stglevik ARRta Chem.
Scand.1969 23, 3224.

(23) Hamilton, W. C.Acta Crystallogr.1965 18, 502.

(24) Ewbank, J. D.; Kirsch, G.; Sc¢fa, L. J. Mol. Struct. 1976
31, 39.

(25) Haas, B.; Oberhammer, Hl. Am. Chem. Socl1984 106
6146.



