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Abh’actz Iterative force-field calculations have been carried out on conformations and conformational processes of 
cyc.k&canw&l). Twentyseven possible conformtions oi 1. were consid& and the lowest encsgy conformation 
is calculated to be the [3232]-Zone. 

Owing to their unusual reactivities’ and excessive strain* medium-ring ketones have been the subject of 

extensive experimental and theoretical investigations.23AHowever little structural information is available on these 

ketones!*5 For cyclcdecanone(1) , low-tempezatum x-ray data show that it exists as a “crystal-lattice” rectangular 

conformation with the carbonyl gmup situated at a non-corner position on a long side of the [2323] conformation of 

cya%&zir~~ YXs same cor&orma~onhas’oeen erqrhqyeb%rtie~m~~&n of ‘Inelow--%3 anhy3C 

NMR spectra of lP.7 Two distinct averaging processes have been observed in the dynamic 1H NMR spectra of 1. 

an& tiesepocesses an isscn5ati wirh bee enemy bfinim 0% 6.5 mb3,3kc&m&; otiy $le’Sowex energy process 

has been &ser~ed in &e &W&C W 2WR specaa of 2.7 zimirec fc~ce-%eM c&&z&zs heave &en canied out on 

1.8 

&me-field Calcw Boyd’s iterative computer program9 with modified parameter@ was employed for 

theforce-SE% rzsxaililjons. kgpo~me C~~SPar~~~ties wm czixxhtiby meaDs ti ibtprogran, 

C(DDRD%&Lb to&m& a&es e&mar& frrw, Dn%%q@%~ ~OLXX&V DXXE& Ps~&~tati~~np wzze 

explored by the migration of a specific carbon atom from a comer to an tijacent noncorner position (or sequences of 

such migrations).3J* As a result of the migration three torsional angles change by about 1200 : One torsional angle 

passes through 00 and the other two pass through 1200 in a sequential o&z3J3 The appropriate torsional angles 

wcere chang& w incrementi ti 1&Y+. The sti ener$~cs mti in tis sMy cDnespDn~ Xo m&e&es in B 

hypothetical motionless state at WK. However zero-point energy and vibrational enthalpy effects am expected to be 

similar for tbe different conformations of 1. The present calculations wlll converge to either an energy minii M 

maximum with respect to distortions corresponding to a normal mode of vibration.9 Hence the vibrational 

frequencies of all the conformations of 1 were calculated and ln each case 3N-6 real vibrational ~uencies were 

otcained, W&&L Matis &a( eacfi aE &ese cot&rmations comqou& Q a (rue <&x.Q eaer%y minimum wit6. 

respect to any small geometric distortion. FM the conformational transition states of cyclodecanone 3N-7 real 

frequencies were obtained. 

ConfortWional Nomenclaa The nomenclature used in this work to describe the conformations of 1 is an 

ertmsim DT 6x5 zdz&2 p7fqm.d fix 2.k se ~TI+%~&Bx~~~~ ECTZAFZQEW Qtr cf2miwhe 

sides of a conformation are indicated within a square bracket starting with the side containing the carbonyl function. 

The direction of numbering around the ring is then dictated by the carbonyl group and starts at the corner position 

nearest to this group. In cases whem the carbonyl function is symmetrically located on a side, the direction around 
7405 
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the ring is chosen so as to have the second number the smallest possible. The position of the carbonyl group (from 

the nearest comer position) is indicated outside (after) the square brackets. This conformational labelling system 

should not be confused with the chemical labelling of cyclodecanone, where 1 refers to the carbonyl carbon, 2 (or 

a) to the CHz next to the carbonyl, and so on. Dale’s “wedge” system 3~3 has been employed to represent the three 

dimensional molecular conformations. The magnitude and sign of each torsional angle are indicated alongside the 

respective carbon-carbon bond. 

ConformationS; The initial geometries required for the force-field calculations have been obtained by the 

formal replacement of methylene groups with carbonyl functionStin the five low energy conformations of 

cyclcdecane: [23233, [14141, [2233]. [1333], and 113241. 3~ts Such replacements result in a total of twentyseven 

possible conformations for 1; three conformations are derived from [2323] and three from [1414] whereas six, five. 

and ten conformations are derived from [2233], [I3331 and [1324] respectively. The calculated torsional angles of 

the lowest energy member of each group of derived conformations are shown in figure 1.15 The force-field 

calculations indicate the existence of eighteen conformations of 1 with relative strain energies lower than about 3 

kcal/mol . Contributions to the total strain energy of each of these conformations am listed in Table I. The temaining 

nine possible conformations of 1 have relative strain energies of 4 kcal/mol or mom and in each of these nine 

conformations the carbonyl function is situated at a corner position.la 

The lowest energy conformation of 1 is calculated to be the [3232]-2one (Table I) in agmement with x-ray 

and NMR data on 1. The calculated torsional angles of the [3232]-2one (figure 1) am in excellent agreement with 

the torsional angles of crystalline 1 as determined by x-ray diffmcdon methods.6The minor differences between the 

calculated and experimental torsional angles can be mainly attributed to crystal lattice forces in solid 1 which may 

distort the crystal conformation from that of an isolated molecule. The [2323]-2-one is only 0.4 kcaVmo1 (Table I) 

less stable than the preferred [3232]-2-one, and both of these conformations are formally derived from the [2323] 

conformation of cyclodecane.ls The next two conformations in order of increasing energy are the [2233]-2-one and 

[3331]-Zone both of which have virtually the same strain energy and are formally derived from the [2233] and 

[ 13331 conformations of cyclodecane respectively. t3 The lowest energy conformadon~of 1 that can be derived from 

[1324] and [1414] of cyclodecane are the [3241]-2-one and [4141]-3-one which are 1.19 and 1.92 kcal/mol 

respectively higher in energy than the preferred [3232]-2-one (figurel). Force-field calculations show that the 

[3232]-2-one is the only conformation expected to be populated at low-temperatures in agreement with the ‘H and 

13C NMR data. However other conformations with relatively low calculated strain energies (0.4-1.9 kcal/mol) may 

become slightly populated near or above mom temperature (Table I). All the conformations of 1 with the carbonyl 

function at a corner position have relatively high strain energies and are not expected to be important in 1. Two 

members of this group namely the [1333]-l-one and [2323]-l-one have relative strain energies of 2.42 and 3.23 

kcal/mol respectively while the rest of the group ate at least 4.0 kcal/mol higher in energy than the [32321-Zone 

conformation of 1.16 The replacement of a non-corner methylene group in cyclodecane with the smaller carbonyl 

functiont7 d ecreases the repulsive proton-proton interactions, whereas such repulsive interactions are generally not 

affected when the methylene group beiig replaced is at a ccuner position. 

conformational The pseudorotation of the lowest energy [3232]-2-one conformation of 1 

occurs via two distinct pseuorotation paths. The first path (Cs-pseudorotation) involves the conversion of the 

[3232]-2-one into its mirror image conformation via the [2323]-2-one as intermediate and pseudoN%adon partner. 

The second path (Cs-pseudorotation) involves the conversion of the [3232]-2-one into either the [32231-l-one or 
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otherwise the [2332]-l-one as intemeriiate and pseudorotation partner. Force-field calculations on two possible Cz- 

pet&rotation cycles : ([32321-2-one -> [3322]-2-one -> [2323]-l-one -> [3223]-l-one) and ([3232]-2-one - 

>[3322]-2-one -> [2323]-l-one -> [2332]-l-one) show that the transition states associated with these two paths 

have batriers of 9.1 and 9.5 kca&ml mpectively, relative to the [3232]-2-one. 

Formfield calculations on a possible Cs-pseudorotation cycle: ([3232]-2-one -> [2233]-2-one -> [2323]-2- 

one) show that the transition state associated with this cycle has a bamier of 7.5 kca.lJmol relative to the [3232]-2- 

one. lQ 
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The calculated barriers for the pseudorotation processes in 1 are in reasonable agreement with the barriers 

determined experimentally for these two processes. Hence the Cs- and &processes have been determined by 

dynamic tH and 1sC NMB to be associated with free energy barriers of 6.5 and 7.3 kcal/mol respectively while the 

calculated barriers for these processes are 7.5 and 9.1 kcal/mol respectively. 

Table I. Calculated Strain Energiesa (kcal/mol) of various conformations of Cyclodecanone18 

conformation Er Es l$ Es Enb ET AJZ 

[3232]-2-one 
[2323]-2-one 
[2233]-2-one 
[3331]-Zone 
[3313]-2-one 
[3322]-2-one 
[3241]-2-one 
[4132]-3-one 
[3133]-2-one 
[3142]-2-one 
[4132]-2-one 
[3223]-2-one 
[4231]-2-one 
[4141]-3-one 
[2314]-2-one 
[1333]-l-one 
[4141]-2-one 
[2323]-l-one 

0.714 
0.694 
0.617 
0.549 
0.540 
0.626 
0.635 
0.635 
0.558 

:zz 
O&8 
0.630 
0.560 
0.599 
0.601 
0.589 
0.826 

4.765 
4.336 
3.176 
2.280 
2.003 
3.825 
3.622 
3.621 
2.187 
2.859 
2.859 
4.411 
3.348 

2’*z 
21495 
2.064 
5.835 

1.264 
2.519 
4.304 
5.363 
6.117 

z*;z 
3:930 
6.132 
5.471 
5.471 
3.973 
5.037 
6.578 
6.656 
6.404 
7.167 
2.257 

0.050 4.485 

zzz 
4.121 

0:029 
3.752 
3.676 

0.013 3.404 
0.045 3.826 
0.050 4.233 
0.050 4.233 
0.030 3.737 
0.026 3.877 
0.026 3.877 
0.015 3.940 
0.012 4.108 

z!z 
3.998 

0:001 
3.725 
4.196 

!:Z 
4.110 
5.593 

11.28 0.00 
11.68 0.40 
11.89 0.61 
11.90 0.62 
12.08 0.80 
12.27 0.99 
12.47 1.19 
12.47 1.19 
12.64 1.36 
12.83 1.55 
12.83 1.55 
12.99 1.71 
13.13 1.85 
13.20 1.92 
13.46 2.18 
13.70 2.42 
13.94 2.66 
14.51 3.23 

a) The following symbols are used: 
Er, bond length strain, Ea bond angle straim Eg, torsional strain; Es, out-of-plane bending strain; Enb, non-bond 

strain; ET, Total strain energy; AE, Strain energy relative to [32321-Zone. 
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