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The structure and conformation of 2-chloro-1-phenylethanone,@HLT(=0O)Ph (phenacyl chloride), have

been determined by gas-phase electron diffraction (GED), augmented by results from ab initio molecular
orbital calculations, employing the second-order MatlBtesset (MP2) level of theory and the 6-31G(d)

basis set. The molecules may exist as a mixture of different conformers with-ti@& Bond either syn
(torsion anglep = 0°) or gauche to the carbonyl bond. At 179, the majority of the molecules (20 11%)

have the gauche conformatiop & 112(3¥). Torsion is also possible about the-€h single bond. Both
experimental and theoretical data indicated, however, that the phenyl ring is coplanar or nearly coplanar with
the carbonyl group. The results for the principal distancgsand angles({,) for the gauche conformer

from a combined GED/ab initio study (with estimated @ncertainties) are the followingt(C—C)pnenyi =
1-394(2) (average vaIue) A(Cphenyl_ccarbony) = 1-484(5) Aar(ccarbonyl_calkyl) = 1-513(5) A,V(C_CD =
1.790(5) A,r(C=0) = 1.218(6) A r(C—H)pnenyi = 1.087(9) (average value) A(C—H)ax, = 1.090(9) A
(average value)JCphenyr—C=0 = 119.5(9%, UCphenyr—CecarbonyrCaiyt = 119.2(10j, OC—C—CI = 109.8-

(12)°, OC;—C1—Cearbonyi= 122.8(15), OC—Cawy—H = 111.2 (ab initio value).

Introduction sector and Kodak Electron Image plates. The nozzle temperature
was 179°C. The acceleration voltage was 60 kV (electron

carbonyl groups and attempted to find the factors that determinewa\’e'length 0.048 71 A), an dd nozzle-to-plat%glistances of 745.1
the conformation of such compounds. Among these are mol- ™M (long camera, LC) and 299.3 mm (middle camera, MC)

ecules with the general formulas GIE—C(=0)X, where X= were used. The voltage/distance calibration was done with CO
H,1 CHa2 or CI2 and CbHC—C(=0)X, where X= CH,* CI,5 as the reference. The analytical procedures for the data reduction
or PhS Different conformers have been observed in these have been described elsewhére’® The data covering the
molecules where either-€CI or C—H eclipses the carbonyl ~ ranges 2.5 YA~ < 14.75 and 8.5G< s/A™* < 36.50, with
group. For some of the molecules, estimates of energy differ- As= 0.25 A™1 (s= 4741 sin6 and @ is the scattering angle),
ences between conformers have also been determined, anavere processed as previously describe@ihe average experi-
results for bond distances and valence angles have been reportednental intensity curves are shown in Figure 1. Radial distribu-
A further aim was to study one particular member of this series tion (RD) curves (Figure 2) were calculated in the usual way
of molecules, namely, that with only one chlorine atom and X by Fourier transformation of the functiond'm(s) =

= Ph. A study of 2-§:hloro-l-phenylethanone, QEH-C(=0)- ZoZci(AcAc) " IsIn(s) exp(—B<), with B = 0.0020 A2 and

Ph (phenacyl chloride), was therefore undertaken. Other mol-\yhere A = s?F and F is the absolute value of the complex
ecules where a carbonyl group is attached to a phenyl ring havegcitering amplitudes. The scattering amplitudes and phases were
also been investigated earlier (PEEJ)X, with X = H,” CI.8 taken from tabled

C(=0)H? C(=0)CHz,°® or C=0O)PH9, and our results for ) , . ,
2-chloro-1-phenylethanone are compared with some of these Molecular Orbital Calculations. Ab initio molecular orbital

In the past, we have studied molecules containing one or more

earlier results. calculations at the Hartreg~ock (HF) and second-order Mglher
Plesset (MP2) levels of theory with the 6-3#®(d) basis set,
Experimental Section using the Gaussian 98 prografindicated that the molecules

exist as a mixture of two stable conformers. These conformers
are denoted syn (EIC—C=0 torsion angle close to°0C—ClI
eclipsing G=0) and gauche (€tC—C=0 torsion angle~12C,

C—H eclipsing C=0). For both conformers, the phenyl ring
was calculated to be coplanar or nearly coplanar with the
carbonyl group. Some of the geometrical parameters obtained
tOslo University College. from the theoretical calculations are shown in Table 1. The
* Norwegian University of Science and Technology. constraints used for some of the structural parameters in the
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Gas-Phase Electron Diffraction.The sample of 2-chloro-
1-phenylethanone was obtained from Fluka Chemie AG. The
purity of the sample was reported to be better than 98%, and it
was used without further purification. The diffraction experi-
ments were made with the Oregon State apparatus using an
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Figure 1. Average experimental intensity curvadi,(s), for 2-chloro- Difference

1-phenylethanone (phenacyl chloride) shown together with a theoretical
intensity curve calculated from the final model. The difference curves
are experimental minus theoretical.

electron-diffraction model described below were obtained from | | | | ! |

these MP2/6-31+G(d) calculations. 1 2 3 4 5 6 A
Normal Coordinate Calculations. Vibrational quantities are  Figure 2. Radial distribution curves for 2-chloro-1-phenylethanone.

an important part of the model used to analyze the experimentalThe experimental curve was calculated from the composite of the two

gas-phase electron-diffraction data. Ab initio frequency calcula- average intensity curves with the use of theoretical data for the region

) . . i -1 2 — ;

tions (HF/6-31%G(d)) provided theoretical force fields for the 0 = YA = 2.25 andB/A? = 0.002. The difference curves are
lecular vibrations. To calculate the vibrational parameters _experlmental ‘minus theoretical. The vertical Ilne_s indicate important

molec . . . ) interatomic distances and have lengths proportional to the distance

(amplitudes, perpendicular corrections, and centrifugal distor- \eights.

tions) from these force fields, the program SHRMK was
used. The calculated vibrational quantities were used to convertsimyltaneously to the two average intensity curves (one from
the r, distances used in the electron-diffraction model to the gzch camera distance) using a unit weight matrix. The geom-
geometrically consistent distances. . _ etries were defined on the basis of geometrically consistent
Analysis of the Structures. The theoretical calculations parameters. These were converted to théype required by
indicated that the molecules exist as mixtures of two different pe scattering intensity formula by using calculated values of
conformers both with the €0 bond nearly coplanar to the  centrifugal distortionsdr), perpendicular amplitude corrections
phenyl ring and with the €0 bond either syn or gauche to (k) and root-mean-square amplitudes of vibratitn (
the C—Cl bond. The gauche conformer was found to be the i \yas possible to refine simultaneously most of the important
predominant one. In the model adopted in the analysis of the g,cural parameters, the amplitudes associated with the bonded
electron-diffraction data, both conformers were included and jisiances (except-€H), and the conformational composition.
the galuche conformer was defined by the following param- gy cture parameters that could not be refined were constrained
eters: /Z[r(Cphenyl_Ccarbony) + T(Ccarbony]_CalkyI)], r(lehenyl_ at the ab initio values (MP2/6_35H—:[3(d)); see Table 2.
Cearbony) ~ T(Cearbonyr—Caikyt), F(C—Clonenys 1(C=0), 2[r(C— Results from the final refinements are given in Table 2. A
E)ghew' +é§0_?é'ky']’ r(C_H)Phe"CY' _DCr:(—C(;H)a—m ru((é:(ég theoretical intensity curve calculated for the final model is shown
pheny~ C=0, LCpnenyCearbonyC, alkyl™ s in Figure 1, together with experimental and difference curves.
Cl, DCo~Cr—Cearvony ¢(C2CCO), andp(OCCCI). Inthe phenyl g r6 5 contains the corresponding RD curves, and the

ring, all C.:_C bonds were assumed equal and the valencg anglescorrela’tion matrix for the refined parameters is given in Table
in the ring were all assumed to be 220The theoretical

calculations showed these assumptions to be reasonable. The’
molecule is depicted in Figure 3, where the two conformers
are shown. The atom numbering scheme is also shown.
In the gas-phase electron diffraction (GED) model, the  Of the two possible conformers (syn and gauche position of
structure of the syn conformer was defined from the parametersthe C—CI bond relative to the €0 bond), the theoretical
in the gauche conformer by constraining all parameters, exceptcalculations found the gauche conformer to be more stable. It
the torsion angles, to the differences observed in the (MP2/6- was found to be 3.7 kJ mol (HF/6-31H-G/(d)) or 5.6 (MP2/
311+G(d)) theoretical calculations. 6-3114+G(d)) kJ moit lower in energy than the syn conformer.
The electron-diffraction refinements were carried out by the Least-squares refinements carried out on the electron-diffraction
least-squares methad8l,adjusting a theoreticasly(s) curve data showed that a model consisting mainly of the gauche

Discussion
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TABLE 1: Results from the ab initio Calculations for 2-Chloro-1-phenylethanone

MP2/6-311G(d)

HF/6-313-G(d)

parametey gauche syn gauche syn
r(C=0) 1.223 1.218 1.188 1.183
r(C—Cl) 1.787 1.767 1.794 1.773
I (Cphenyr—Cearbony) 1.494 1.499 1.496 1.503
I (CearbonymCalky1) 1.523 1.527 1.525 1.524
F(C—H)phenyl,av 1.087 1.087 1.074 1.074
r(C—H)aikyl,av 1.090 1.092 1.077 1.080
r(Ci—Cy) 1.406 1.406 1.390 1.391
r(C;—Cy) 1.398 1.399 1.386 1.386
r(Cs—Cy) 1.400 1.399 1.384 1.384
r(Cs—Cs) 1.402 1.402 1.388 1.388
r(Cs—Ce) 1.396 1.396 1.381 1.381
r(Ci—Ce) 1.406 1.406 1.393 1.393
OC,CiCs 119.6 119.5 119.2 119.1
OC4CsCs 120.1 120.2 119.9 120.0
HCiCCs 120.0 120.1 120.4 120.5
0C1CeCs 120.2 120.2 120.4 120.5
HCCsCa 120.2 120.2 120.0 119.9
OC3CsCs 119.9 119.8 120.1 120.0
UCsCaCearbonyl 118.0 117.6 117.8 117.7
OC2C1Cearbonyi 122.3 122.8 122.9 123.2
O CphenyCearbonyCalkyi 119.1 116.1 120.1 116.6
O CohenyCearbony© 121.7 121.4 121.6 121.3
O CaikyiCearbony©O 119.2 122.5 118.2 122.1
gcccl 108.1 109.5 108.1 109.9
d(C,CCO) —10.2 155 -2.6 0.0
@d(OCCCl) 114.1 -2.9 108.4 0.0
energy (hartree/mol) —842.872 386 676 —842.870 257 017 —841.475 230 343 —841.473 809 243
AE (kJ/mol) 0.00 5.59 0.00 3.73

@ The distances are in angstroms, and the angles are in degrees.

conformer (90(11)%) and with a small amount of the syn
conformer gave the best fit to the electron-diffraction data. Thus,

position. For X= Cl, however, we have larger amounts of a
conformer where the €X and C=0 bonds are syn to each

this conformational mixture was used to calculate the structural other. We may assume that the potential for torsion about the
parameters in Table 2 and the theoretical intensities and RDH,CIC—C(=0)X single bond may be determined mainly by

curves shown in Figures 1 and 2, respectively. A model with
the gauche conformer alone gave only a slightly poorer fit to
the experimental data. It is therefore difficult from the electron-
diffraction analysis alone to say with absolute certainty that a

two forces, steric repulsion and electrostatic interaction. If X
= H, CHgs, or Ph, there is one large dipole on each of the two
central carbon atoms {fg,—Cl and Gamony™0). The molecule

will have the lowest energy when these dipoles are pointing

syn conformer is present in the gas phase at the temperature ohway from each other. This will give an anti or a gauche

the experiment. The experimental result for the conformational
composition corresponds to a free energy differencA®fey,
= 8.3 kJ mot, The theoretical value from the MP2/6-316-
(d) calculations isAG°teo = 7.5 kJ mof?, corresponding to a
theoretical conformational mixture of 88% gauche and 12% syn.
Using the theoretical value for the entropy difference, including
the fact that there are two equivalent gauche forms, an
experimental energy difference A&fE°ex, = 6.4 kJ mot? can
be obtained. This value is in good agreement with the MP2/6-
3114+G(d) value of AE®eo = 5.6 kJ mot™,

In Table 4, the structure and the conformation of molecules
with the general formula CI,C—C(=0)X (X = H!, CHg?, CI3,
or Ph) are compared. For all molecules, except fer XlI, the
predominant conformer is the one with the-& and C=0
bonds pointing away from each other in a gauche or anti

Gauche

Syn

Figure 3. Diagrams showing the numbering scheme and conformers
of 2-chloro-1-phenylethanone.

conformation. The steric repulsion will increase, however, when
X is approaching the Cl atom. This repulsion is probably larger
for X = Ph than for X= CHz or X = H. The CICCO torsional
angle is therefore expected to decrease in the order M,

CHs, and Ph, and this finding is born out experimentally (see
Table 4). The torsion angle is close to 280 chloroacetalde-
hyde' (X = H), 138(7Y in chloroacetore(X = CH3), and 112-

(3)° in phenacyl chloride (%= Ph). For X= ClI (CIH,C—C(=
O)CI), the predominant conformer was found to be the one with
C=0 syn to C-X. However, in this molecule, there are two
dipoles on one of the carbon atoms{&ony—Cl and Garbony™

0O) and the dipoledipole interactions are therefore similar in
both the syn and the anti conformers. Since the steric repulsion
between Cl and O probably is smaller than the repulsion between
Cl and ClI, the major conformer is expected to be syr(C

syn to C—CI). This is also observed experimentally.

In addition to the different possible positions ofO relative
to C—ClI, the molecule may also have different positions for
the G=0 bond relative to the phenyl group. In earlier studies
of similar moleculeg; 10 it was found that &0 normally is
coplanar or nearly coplanar with the phenyl group, possibly
because of the effect of conjugation between the phenyl ring
and the carbonyl group in a planar conformation. Both MP2
and HF calculations also indicated that the@ bond is nearly
coplanar with the phenyl group. When attempting to refine the
CCCO torsional angle for the gauche conformer, a value2sf
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TABLE 2: Structural Parameters Obtained from Electron-Diffraction Refinements and from Theoretical Calculations for the
Gauche Conformer of 2-Chloro-1-phenylethanone

electron diffraction ab initi®
parametey rny/Ony rde
l/Z[r(Cphenyl_ccarbonyD + r(Ccarbonyl_calkyl)] 1.498 (5) 1.508
r'(Cphenyl_ccarbony) - r(Ccarbony]_calkyl) [_0029] —0.029
r(C—C)phenylav 1.394 (2) 1.401
r(C=0) 1.218 (6) 1.223
Y[ (C—H)phenytavt 1(C—H)aiyta] 1.089 (9) 1.088
I’(C—H)phenyLa\,— I'(C—H)a|ky|,av [—0.003] —0.003
r(C—Cl) 1.790 (5) 1.787
OCphenyCO 119.5 (9) 121.7
OCohenyCearbonyC 119.2 (10) 119.1
OCCHakylav [111.2] 111.2
gcccl 109.8 (12) 108.1
0C2CiCarbony 122.8 (15) 122.3
®(C,CCOYauche [—10.2] -10.2
(I)(OCCCI)gauche 112 (3) 114.1
®(C,CCO)yn [15.5] 15.5
AE® (kd/mol) [-2.9] -2.9
Olgauche 0.90 (11) 0.88
AE® (kJ/mol) 6.7 5.6
AG® (kJ/mol) 8.3 75
parameter Ih1 I refined e I calculated
r(C—C)phenyiav 1.394 (2) 0.046 (4) 1.401 0.045
1 (Coheny—Cearbony) 1.484 (5) 0.051 (10) 1.494 0.050
I (CearbonyCalky) 1.513 (5) 0.053 (10) 1.523 0.051
r(C—Cl) 1.790 (5) 0.053 (4) 1.787 0.053
r(C=0) 1.218 (6) 0.033 (4) 1.223 0.036
r(C—H)phenylav 1.087 (9) 1.087 0.074
r(C—H)alyav 1.090 (9) 1.090 0.074
r(Cy - -O) 2.338 (14) 0.058
r(Caly* + *O) 2.385 (17) 0.061
r(Cy* * *Ca)ay 2.414 (3) 0.055
1(Ce * *Cearbony) 2.456 (21) 0.066
1(Cz* * *Cearbony) 2.527 (18) 0.066
r(Cy * *Caiky)) 2.586 (20) 0.070
r(Coarbonyt * *Cl) 2.708 (23) 0.092
r(Cr + *C)ay 2.787 (4) 0.062
r(Cg: * -O) 2.733 (38) 0.099
1(Co* * *Caiiy) 2.991 (35) 0.109
r(Cz - -Cl) 3.206 (80) 0.232
r(Cy - -Cl) 3.313 (39) 0.179
r(Cy - -O) 3.606 (16) 0.068
r(0- - -Cl) 3.579 (44) 0.190
r(Ca* * *Cearbony) 3.795 (13) 0.067
r(Cs* * *Cearbony) 3.748 (15) 0.067
r(Ce* * *Caiky)) 3.831 (23) 0.076
r(Cs: * -O) 4.124 (38) 0.101
r(Ca* * *Cearbony) 4.270 (7) 0.070
1(Cs* * *Caiy)) 4.381 (36) 0.113
r(Cs - -Cl) 4.470 (89) 0.274
r(Ce + -Cl) 4.624 (35) 0.266
r(Cs - -O) 4.748 (15) 0.074
r(Cs - -O) 4.954 (26) 0.089
I’(C5‘ . ’Calkyl) 4.993 (22) 0.081
I’(C4‘ . ’Calkyl) 5.214 (27) 0.099
r(Cs - -Cl) 5.512 (72) 0.298
r(Cs - -Cl) 5.575 (49) 0.306

a2 The distancesrf and amplitudesl) are in angstroms, and the anglé€y @re in degrees. The values in parentheses @@ include estimates
of uncertainties in voltage/nozzle height and of correlation in experimental data. The values in square brackets were kept constant at the calculate
values.” The MP2 level of theory and 6-3#1G(d) basis set were used.

(0° is coplanar) was obtained, with a large uncertainty df. 32  experimental value for the=€0 bond is in better agreement
In the final least-squares refinement of the electron-diffraction with the MP2 result. If higher levels of theory are used, we
data, the CCCO torsional angle was therefore kept constant atnormally find a shorter value for<€0 using MP3 compared
the ab initio (MP2/6-311G(d)) value. with MP2, while the MP4 level of theory gives a larger value
In Table 2, the electron-diffraction results are presented again. Calculations made for chloroacetaldehyde gas®©C
together with the MP2/6-311G(d) results. In general, the values  values of 1.179 A (HF), 1.213 A (MP2), 1.199 A (MP3), and
are in reasonable agreement. As can be seen from Table 1, only1.218 A (MP4).
small differences in parameter values are observed when the Some bond distances and valence angles for previously
level of theory is changed from HF to MP2. One exception is studied phenyl compounds with carbonyl groups are reported
the G=0 bond length. The €0 bond is calculated to be longer in Table 4, where results from this study and from theoretical
by the MP2 level of theory compared with the HF results. The calculations are also shown. As expected, theQCdistances
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TABLE 3: Correlation Matrix ( x100) for Parameters Refined in the Final Least-Squares Refinements for
2-Chloro-1-phenylethanone

a

OLs i 2 3 4 I's Os O7 O P9 0w In l12 l13 l14 o
1 Y5[r(Cohenyr—Cecarbony) + I'(CcarbonyrCaiy)] 0.0017 100 22 30 24-10 -7 34 9 —22 —-16 —29 22 11 —-25 15
2 1(C—C)phenyl,av 0.0004 100 =15 -4 -14 26 34 1-15 9 27 4 45 43 9
3 r(C=0) 0.0019 100 66 3 4 20 9 4 -1 —78 5 14 —-69 -8
4 1/2[r(C—H)pheny|,a\,+ 1(C—H)ayl,a 0.0032 100 1 18 3 9 0 -2 —64 6 20 —56 9
5 r(C—Cl) 0.0017 100 —11 7 —20 12 25 1-15 -8 -4 —41
6 OCphenyCO 0.3473 100 —9 27 21 -6 —-18 -7 17 -8 21
7 [OCCCI 0.4272 100—-32 —-30 —34 6 13 16 8 —20
8 [CphenyCcarbonyC 0.4995 100 —-18 21 —19 6 2 —14 31
9 P(C,CCO)auche 1.2309 100 27 —6 —17 —4 —7 —26
10 |]CphenypphenyCcarbonyI 0.5238 100 14-18 5 13 —59
11 (C—C)phenyi 0.0013 0 100 —2 —-11 92 —20
12 I(C—CI) 0.0014 100 -5 0 21
13 I(C=0) 0.0014 100 4 3
14 1(Cphenyr—Cearbony) 0.0036 100 —12
15 «a 0.0386 100

a Standard deviations from least-squares refinements. The distaj@sl(amplitudesl) are in angstroms, and the anglés) @re in degrees.

TABLE 4: Parameter Values Obtained for 2-Chloro-1-phenylethanone and Related Molecules with the General Formula
CIH,C—C(=0)X, where X = H, CHs, or Cld

Parameter * ] o 0o 0o
CIHZCLC// CIHZCLC// Clec—ac// CIHZCLC//
H CH, cl Ph
2-Chloro-1-ethanone 1-Chloro-2-propanone Chloroacetylchloride | 2-chloro-1-phenylethanone
(Chloroacetaldehyde) (Chloroacetone)
ED () |HF |MP2 |ED(r) HF |MP2 |ED(r;) |HF |MP2 |ED(r) HF |MP2
r(C=0) 1.206(3) |1.179]1.213 |1.2153) |[1.186 [1.219 |[1.182(4) |1.162 |1.195 |1.219(6) 1.188 [1.223
r(C-C)(a) 1.521(5) |1.514|1.516 |1.535(18) |[1.524 [1.525 [1.521(9) |1.514 |1.515 |1.515(5) 1.496 |1.494
rC-Cl) 1.782(4) |1.786(1.779 |1.785(3) 1.791 [1.783 |[1.782(18) [1.778 |1.775 | 1.790(5) 1.794 | 1.787
ZCCCl1 110.4(3) |111.0(110.5 |113.7(9) 113.7 |[113.2 [112.9(17) [111.1 |110.5 [109.8(12) 108.1 {108.1
ZCCO 123.3(6) |122.1]122.5 |[121.5(16) (1182 [118.6 [126.9(9) |124.6 |125.0 |119.5(9) 118.2 [119.2
®CLCCO® 180 138(7) 116.4(77) 112(3)
%Conformer® | 94(7) 95(8) 23(7) 90(11)
References 1 2 3 This Work

aThe distances are in angstroms, and the angles are in degrees. For molecules with several conformers, the parameters are given for the most
stable one? ®CICCO is defined as 0 when=€0 eclipses €-Cl. ¢ % of the conformer given by th&CICCO angled The theoretical calculations
were performed using the 6-316G(d) basis set.

TABLE 5: Parameter Values Obtained for 2-Chloro-1-phenylethanone and Related Molecules with the General Formula
PhC(=0)X, where X = H, Cl, CHCI,, or C(=0O)H®

Parameter * Qa Qa 0. Da [
bB bB bB bB bBI2 o
H o 0 "CH,CI o "CHCI, o
saulNeg |
Benzaldehyde Benzoyl chloride 2-Chloro-1- 2,2-Dichloro-1- Phenylglyoxal
phenylethanone phenylethanone
ED (1) HF MW (r5) HF MP2 |ED (rp) HF MP2 |ED (rp) HF MP2 ED (rp) HF MP2
HC=0)(a) 1.212(3) [1.185 [1.210° 1.166 |1.198 |1.220(6) [1.188 [1.223 |1.206(3) |[1.186 [1.222 [1.228(3) [1.189 [1.227
#(C-C)phenylave| 1.397 (3) [1.387 [1.399° 1.397 [1.401 [1.395(2) [1.397 [1.401 |1.403(2) |1.387 [1.407 |1.400(2) |[1.388 |1.402
HC-C)(b) 1.479 (4) |1.484 [1.452(6) 1.487 |1.487 |1.486(5) [1.496 [1.494 |1.494(6) [1.495 [1.491 1.487 (9) [1.489 |1.485
r(C-Cl) 1.807(2) 1.784 [1.792 [1.792(5) [1.794 [1.787 |1.778(3) |1.777 [1.776
ZCCCl1 116.3 |115.1 |109.8 (12) |[108.1 |108.1 [112.2(2) |[112.2 |111.3
ZCCC(o) 119.2 (11) |120.1 |119.1 [120.7(5) |[121.9 |121.6 [120.3(5) |123.1 |121.7
ZCCOP) 123.6 (4) |124.8 |123.19(35) |125.4 | 1254 |119.5(9) |[118.2 [119.2]|120.1(7) |122.9 |[122.1 122.8 |123.0
Reference 7 8 This work 6 9

aThe distances are in angstroms, and the angles are in degrees. For molecules with several conformers, the parameters are taken from the most
stable oneP Assumed? The theoretical calculations were performed using the 6+&(H) basis set.

in the phenyl ring are quite similar for these compounds, CI (this study),r{(C=0) = 1.220(6) A, and in PRC(=0)—
independent of the groups attached to the ring. There are largeltCHCL,® rg(C=0) = 1.207(6). Results from the ab initio
differences observed in the=€O bond. In PA-C(=0)—CH,- calculations, however, indicated that these distances should be
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nearly equal. We have no good explanation for this difference
observed between the experimental and theoretical results.
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