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Crystal Structure of Cycloundecanone at —165°C

P. GROTH

Department of Chemistry, University of Oslo, Oslo 3, Norway

The crystals are monoclinic with space group
P2,/c, cell dimensions a="7.305(2)A, b=>5.600(2)
A, ¢=24.566(T)A, p=91.29(2)°, and four mole-
cules in the unit cell. The structure was solved by
direct methods and refined by full-matrix least
squares technique to an R-value of 4.8 %, (Ryw=
5.7 %) for 1416 reflections recorded on an
automatic four circle diffractometer. The con-
formation may be described as “triangular”
with the carbonyl group in an asymmetric
position.

Very little structural information for the eleven-
and higher odd-membered saturated rings is
available. To the best of the authors’ knowledge,
an X-ray analysis of cyclodecylamine hydro-
bromide ! has not led to a clear picture of the
conformation. Strain-minimization calculations
of medium and large cycloalkanes have been

carried out for a period of more than ten
years,*-® and it seems to be need for detailed
structure information.

Cycloundecanone was synthesized (by T.
Ledaal at this university) from cis 2,12-di-
bromocyclododecanone according to the proce-
dure of Garbisch and Wohllebe,® and redistilled
under reduced pressure (b.p. 111 —-113° (9 mm),
m.p. 15°C). Identification was performed by the
aid of high resolution NMR and IR-spectra.

The crystals are monoclinic with space group
P2,/c, cell dimensions a= 7.305(2) A, b= 5.600(2)
A, c=24.566(7) A, f=91.29(2)°, and four mole-
cules in the unit cell. The intensities were
measured (at —165°C) on a Syntex PI dif-
fractometer with Enraf-Nonius liquid nitrogen
cooling device (modified by H. Hope). With an

Table 1. Final fractional coordinates and anisotropic thermal vibration parameters with estimated
standard deviations (multiplied by 10® for oxygen and carbon atoms, and 10* for hydrogens). Hnl

are Hn2 bonded to Cn.
ATON X Y 4 L] 811
0 79003(23) 102807(30) 28446( 7) 1989¢
€t 03867(32) 31138(41) 19583C 8) 1212¢
c2 102306(33) 36482(43) 17114(10) 1873¢
c3 110263(34) 15012(46) 13971(18) 1061(
c4 98142(34) 6645(43) 9192¢ 9) 969¢
(4] 94533(33) 235325(48) 4714¢ 9) 1016¢
ce 74731(33) 28232(46) 2425(10) 1204¢(
[14 60236(34) 31995(43) 6598(18) 980¢(
cs 62853(34) S7408(43) 8753(19) 982(
4] 49250(34) 63929(43) 13348(10) 998¢
[$1] 52165(34) 50364(48) 18665(18) 1094¢(
c1 71702(343 S51912(47) 211085(109) 1387¢
w21 18996(32)  3935(42)  2016(10)  1,9¢ ,3)
H22 10169(38) 4988(46) 1420¢19) 2,8C ,8)
33 11231(31)  212(48)  1652¢18)  2,8C ,8)
W32 12256(33) 2008(42) 1285¢C 9) 2,8¢( ,8)
H4y 06268(32) 223(49) 1069¢ 9) 1,6¢ ,8)
Ha2 10420(28) ©797(40) 757¢ 8) 1,4¢ &)
11} 18293(29) 2206¢40) 104¢ 9) 1.2¢ ,8)
Hs2 971d(29) 4191(43) 618¢( 9) 1,80 ,9)
I3} 7139¢32) 845(46) 106(10) 2,3¢ ,9)
HE2 7379(30) 3596(43) *92(18) 2,1C 9
L24) 6151(29) 20089(42) 988¢ 9) 1,6C 5)
N72 4778(34) 3218(43) 485¢410) 2,3¢ )
M8y $957(31) 6909 (44) 8s8(10) 2,40 8
H82 7460(31) 6002(38) 1003¢ 9) 1,3C 9
HoY 3616(34) 8188(42) 1205¢C 9) 2,2¢ %)
H92 5141(31) 8179(48) 1415(18) 2,2¢ 5
HioY 4937(29) 3288(42) 1814¢ 9) 1,3C 5)
Hi82 4341 (38) 86368(47) 2137(11) 2,9¢ ,6)
M1ty 7118(30) 5031 (44) 2498(10) 2,2( %)
H112 7705(31) 6655¢47) 20208¢ 9) 1,80 %)

822 833 812 813 823
44)  1343¢ 59) 107¢ 3) «298( 82)  215¢ {6) e8¢ 22)
88) 1382( 82) 47¢ 4} e172(104) 53¢ 24) «8( 30)
50) 1463¢ 82) 740 4) e177(186) e190(¢ 23) e62( 32)
54) 1658(¢ 87) 88C 4)  4B8(111)  e7a( 24) eddt I))
88) 1450( 81) 79¢ 4) 98(111) s1¢ 233  e88¢ 32)
48) 1652( 86) 63¢C 4) w183(106) 63¢ 22) el6¢ 29)
51) 1786¢( 89) 63( 4) ef22(114) @33C 22) 1¢ 32)
se8) 1637( 68) 73C 4) «169(107)  «65( 22) 39¢ 3N
58) 1504¢ 81) 86( 4) w57(104) @I7( 22) 130¢ 32)
81) 1405( 86) 106¢ 4) t121(106) 10¢ 23)  e88¢ 31)
51) 1847¢ 91) a7¢ 4 26(113) 121C 24)  «171C 33)
54) 1388( 86) 78¢ 4) «631(110) 9C 24) e126C 31)
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Table 2. Observed and calculated structure factors on 10 times absolute scale.
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Table 2. Continued.

sssssene

1350 =6 49 LH

observed-unobserved cutoff at 2.5 o(I), 1416
reflections were recorded as observed. The radia-
tion was MoKa and 20,,,, = 50°. No corrections
for absorption or secondary extinction effects
have been carried out.

The structure was solved by direct methods *
and refined by full-matrix least squares
technique. Anisotropic temperature factors were
introduced for oxygen and carbon atoms. The

* All programs used are included in this reference.
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1 @ 47 6 84 (1]
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1 1186 121 e 4 77 7
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4 3 3 1 9% (2]
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1 4 LX)
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L] 10 79 76

4 9 He B,z O
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3 61 60 e 2 54 33
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5 a8 38 2 123 116
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14 s 87 N 8,ks |
8 8% S7 5 82 54
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L 104 93 1 2 3
L] a7 54 2 s 51
[] 8 33 3 66 64
4 142 142 s 68 58
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o 47 52 L) 48 o
1 3 23 Hs 8,%s 2
2 8 39 4) o8 28 []
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4 12 56 68 e 4 36 3
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L) 18 39 34 e 64 60
7 Hs  7,ks | 0 34 24
[ 4] 35 2 36 30
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weights in least squares were obtained from the
standard deviations in intensities, o(I), taken as

o(I)=[Crp+ (0.020y)TT+

where Cy is the total number of counts, and Oy
the net count (peak minus background). The
atomic form factors were those of Hanson et al.?
except for hydrogen.® The R-value arrived at
was 4.8 9, (weighted value Ry =5.7 %) for 1416
observed reflections.

Final fractional coordinates and thermal
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Table 3. Interatomic distances, bond angles and dihedral angles with estimated standard deviations.

DISTANCE 13 DISTANCE
Oe €1 1,213¢( ) Ci = C2
€3 e Ca4 3,528¢ 3) Cae C8
c6e €7 1,537¢ 3) c7 e C8
€9 o €10 1,522( 3) €18 o Ci3
ANGLE t*)

Oe Cl e C2 120,5¢2)

Cil o Cl e €2 119,3( 2)

€2~ €Y= C4 113,8¢ 2)

C4e C5e C6 113,8¢2)

Coe C7 e« C8 314,00 2)

€8 o €O e Cld 116,0( 2)

€10 e Ci1 » € 113,9( 2)

DIMEDRAL ANGLE t°)

C{t e C2e C3S e C4 »30,8( 3)

C3e C4deo CS5 e C6 139,8(¢ 2)

¢S » C6w C7 « C8 w83,6( 3)

C7 « t8 = €9 o C19 ©64,6C 3)

€9 » CiB o Cit » C1 98,1( 3)

Cif = Cle C2e €3  189,7¢ 2)

parameters with estimated standard deviations
are given in Table 1. The expression for aniso-
tropic vibration is:

exp[ — (B11h*+ B22k? + B33I2+ B12kk + B13hl+
B23kl)]

A comparison between observed and calculated
structure factors is presented in Table 2.
The principal axes of the thermal vibration

Fig. 1. Schematical drawing of the molecule.
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I13) DISTANCE 1)
1,518¢ 3) C2 e C3 1,932¢ 3)
1,536C 3) C5 @« C6 1,54B( 3)
1.523¢C 3) cC8 e C9 1,827¢ 3)
1,538¢ 3) Cit = Ci 1.516( 3)

ANGLE )
0e Ci e Ciy 120,1C 2)
€l e C2« (3 114,3¢ 2)
C3 e C4m (S 118,4C 2)
C5 e« C6w C7 114,2¢ 2)
C?7 e C8 e (9 118,6( 2)

C9 » C10 = C11 114,6¢ 2)
DIHEDRAL ANGLE )
C2e Cle C4a e CS »81,3¢C )
Céde C5@ C6 o C7 . wbd,8( 3I)
C6e C7 e« C8 =« (9 173,7¢ 2)
Cs @« C9 » C13 o Ci11Y «35,7¢ 3)
Cld e Cit e C§ @« €2 @i27,2¢ 2)

ellipsoids for oxygen and carbon atoms were
calculated from the temperature parameters of
Table 1. Maximum root mean squares ampli-
tudes range from 0.17 A to 0.20 A for carbon
atoms, while that of oxygen is 0.24 A. Due to
the size of the molecule, no rigid-body analysis
of translational, librational, and screw motion
has been carried out.

Interatomic distances, bond angles, and di-
hedral angles are given in Table 3. The standard
deviations, in parentheses, are estimated from
the correlation matrix of the last least squares
refinement cycle. Fig. 1 is a schematical drawing
of the molecule.

Temperature dependency of the NMR-spectra
of cycloundecanone in the range — 80°to — 170°
indicates a single asymmetric conformation.!®
Strain minimization calculations for eyclounde-
cane * give four conformations with aboutequally
low enthalpies, one of which corresponds roughly
to the ‘“triangular” ring skeleton of cycloundeca-
none.

Except for gauche bonds, the agreement of cal-
culated dihedral angles of cycloundecane * and
those of Table 3 is rather poor. The asymmetric
position of the carbonyl group confirms the
NMR-indication mentioned above. The C=0
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bond direction is approximately normal to the
plane defined by C1,. . .,C11. H41 —-H71 [2.10(4)
A] is the only H — H distance being significantly
shorter than the van der Waals contact of 2.4 A.
As may be seen from Table 3, bond distances
and angles are normal. The mean value of C—C
_bonds (excluding C1—-C2 and C1-Cl11 of 1.5156
A and 1.516 A, respectively) is 1.532 A. A
corresponding average for C — C —C bond angles
is 114.6°. C—H bond lengths range from 0.93
A t0 1.03 A with estimated standard deviations
of about 0.04 A. C—C—H and C—-H—C angles
are found between 104° and 114° (e.s.d. ~2°).

o

The (C11— (ID!I —C2)-group is planar (to within
0.008 A) and the C—0O bond distance of
1.213(3) A agrees within error limits with corre-
sponding distances in cyclohexane-1,4-dione 1
[1.220(6) &; 1.223(8) A].

No short inter molecular contacts are ob-
served.
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