Chemistry of Heterocyclic Compounds, Vol. 35, No. 11, 1999

STRUCTURE OF “DIMETHYLENETRICYCLOHEXANONE”

T. 1. Akimova, V. V. Nesterov, M. Yu. Antipin, and V. L. Vysotsky

The structure of the product of condensation in basic medium of two molecules of formaldehvde with three
molecules of cvclohexanone has been proved using X—ray structural analvsis.

The product of condensation in basic medium of two molecules of formaldehyde with three molecules of
cyclohexanone (“‘dimethylenctricyclohexanone™) was first prepared and its composition shown to be GoH300; by
M. N. Tilichenko [1]. By an IR study of this compound it was shown not to bc the triketone I, as might have been
expected from the diketone condensation scheme proposed by him [2]. The spectrum showed the absence of
carbonyl group absorption and the presence of absorption for the OH group. On this basis, and by analogy with the
properties of a series of substituted §-bicyclanones, formula II was proposed for the compound. It was shown that
heating above the melting point caused decyclization to triketone I and that the latter was converted quantitatively
to the starting compound by the action of an alcoholic solution of base.

OH~
3 + 2CH.0 — ==

OH

v

A more recent study [3] based on the analysis of BC NMR spectra and the study of the reaction of
intermediate products in the “dimethylenetricyclohexanone™ conversion has led to the proposal that the structure is
21-hydroxy-2,22-dioxahexacyclo[ | 2,6,2,0'‘”‘,03‘“,03"4,0I l‘Zz]docosane (11D).

However, there has been a recent report [4] describing the product of cyclohexanone and paraformaldehyde
condensation in a base medium, which coincides in melting point and Mo spectrum with compound III, but for
which structure TV was proposed (not the same as structure 111). We have repeated the method [4] and found that
the material so obtained does not show a depressed melting point upon mixed melting with Il and that the IR and
"C NMR spectra coincide. In order to eliminate this contradiction we have tumned to an X-ray structural analysis
which has uniquely shown that the structure is, in fact, IlI. The overall view of the molecule is given in Fig. | and
bond lengths, valence and torsional angles are given in Tables I, 2, and 3 respectively.
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TABLE 1. Bond Lengths (d) in the Molecule of Compound I11.

Bond d. A - Bond d, A

O-Ciy 1.415(2) Cly)-Clo) 1.543(2)
On—Cany 1.462(2) C()-C(la) 1.561(2)
Ox—Cuy 1.436(2) C()~Clin) 1.524(3)
O-Cam 1.443(2) ChLa-Cn) 1.527(3)
On—Ciaoy 1.404(2) Ci,)-Ct12) 1.535(3)
CirCuy 1.511(2) Ci2)-C1») 1.530(3)
CurCim 1.5232) C123-Ct) 1.530(2)
CiarCen 1.525(3) C(:)-Cl1a) 1.522(2)
CiarCin 1.514(4) Ctia-Clis) 1.524(2)
CaCis 1.522(4) Cla)-C(1a) 1.543(2)
Cis-Cies 1.530(2) Cli:)-Clie) 1.516¢3)
Ciop-Cin 1.534(3) Clia)-Cl1) 1.513(3)
Cin-Cen 1.542(2) C7)-C(1y) 1.530(2)
Cisi-Cam 1.532(2) C)-Clo) 1.532(2)

TABLE 2. Valence Angles (o) in the Molecule of Compound 111

Angle , deg. Angle . deg.

CarOurCy 114.70¢10) Cun-Cui-Cun 113.92)
CurrO-Ciom FL318(11) CunCuzn-Ciam 109.19(¢13)
Oiy-Ciiy-Onzy 108.54(11) Can-Cua—Can 115.002)
Ou-Ci-Cizy 107.46(12) Com-Can-Can 108.6(2)
Oa-CurCe 107.23013) Can-Cin-Cuz 114.9(2)
Oi-CitCin 110.02(12) Cun-Chan-Cus 112.0(2)

Ollrcl | I‘Cm;
Ciar-Cir-Cian
Cu-Ci-Cinn
CuarCor-Cey
C( IJ‘CN)‘CM
Ciy- Ciar-Cion
CirrCwrCis)
Ct l)‘C< h)'CHl
Cl S)—C(h)“c( n
C(M_Crﬂ_cl 0
Ciao-Ce=Cor)
CI zul—cm_cﬂll
Ci7=Cosr-Co)
Ciar-CierCurmy
ConCiaCom
Cro-Cesi—Cam
Ciu0y-CooyCesy
C-Coam-Cany

110.0(12)
113.43014)
111.0(2)
111.3(2)
111.5(2)
112.0¢2)
11014
107.46(13)
113.6(2)
109.95(13)
107.55(13)
108.26(12)
110.32(14)
106.42(12)
108.61(12)
115.35(13)
116.5(2)
113.4(2)

CanCuaCam
Cusi-CoayCam
CA lh)—CH.‘D‘Cl [RH)
ConCun-Cusy
CA lm‘C( 1 7)—C( 18y
C( t 71‘C« lxrct 4y
Ou-Cooi-Cas
O0y-Cio-Cay
C( lsr'C(lo)‘CA “n
Ol I '_C( WI’CIK)
Cin=Coroy-Cesy
CitarCan-Cuy
O »“Cxlm‘olll
Oiv~Caor-Curyy
Opy-Cran-Ciiyy
O-Ciaoy-Cisy
O‘:l_cl :ll)_C(x)
CtIZ)—CG(n‘ClK)

113.00(13)
110.15(14)

111.4(2)

111.3(2)

112.3(2)

112.002)
106.80(12)
106.74(12)
108.60(13)
106 88¢1 1)
114.09¢13)
113.27(12)
108.78(11)
112.41(13)
107.18(12)
108.17(12)
109.22(11)
111.02(13)



Fig. 1. Overall view of molecule 111

As is apparent from Fig. 1 and Table 4, in the molecule of substance III the tetrahydropyran rings are in a
boat conformation and the cyclohexane has a chair conformation. The geometrical parameters for the molecule
(bond lengths and valence angles) are standard [5].

In the crystal the intermolecular hydrogen bonds Qay-HoyOp) (2-X, -y, 1-z) [Oay-O 2.823 (2), Oar-Hin 0.83
(2), Heor~Op) 2.00 (2) A, Oiar-Heoy Oy angle 167 (2)° ] cause the molecules of compound I to exist as dimers (Fig. 2).

Fig. 2. Projection along ac axis of the crystalline structure of I1I. Broken lines
shown the intermolecular hydrogen bonds O-H:--O.
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TABLE 3. Torsion Angles (1) in Compound I1I

Angle T, deg. Angle 1, deg.
Cimr00-Coy-0izy 3441 CuionrCirny Cony=Curoy 54.0(2)
CowrOu-Ci-Coy 170.1(1) CarOu-Cun—Cas 129.7(1)
Ci1a=001y-Ciy=Cioy -66.0(1) CarOuy-Can-Can -L14.3¢1)
Cnr-OnCur-Ce -63.2(1) Ciir-Ouy -Con-Cis 7.2(2)
Ci20mO0p2-Cii-Ciay -179.0¢1) Cun-Cus-Cuvy-Ouy 58.42)
Con-0i2-Ciiy-Cim 57.2(1) Cun-CunrCim=Can -56.4(2)
OurCaurCoarCin 68.1(2) Cun-Cas-Ciar-Cisy 176.2(2)
Oe-Cin—Cia~Ciny -175.4(1) CisrCouarCiaa-0ny 70.1(2)
CiorCoar-CiarCon -33.7(2) CusrCaar-Couo-Ony -56.0(2)
Ciuy-Coo-Cia-Ceay 35.H2) CunCun-Cun~Cusy -175.1¢D)
Ciay CiCiarCiy -56.2(2) Casr CuarCror-Cuim 58.8(2)
C(?FC(JFC(S)_CM 55-0(2) C(Ui ’Cll»\rcq l‘)rcm ‘47-3(2)
Oun-Cii-CiorCisy -68.2(2) Cii5-Ci-Cooy-Cisy 173,410
Oi-Ciiy-Ciar-Cisy 172.3(1) Cran-Cisi—Cia-Ony -61.0(1)
Co-CarCim-Cisy 52.2(2) Cin-Cooy-Curay-Ony 54.5(1)
Oin-Cayr-Cin-Cin 56.6(1) Cior Cesi-Coao-Ouyy 178.9(1)
O0-Ciiy-Cia-Civy -62.9(1) CinCurrCoorCosy -178.8(1)
Cio-Cii-Cion—Cim 177.0(1) Cir-Cony=Crio=Ciigy -63.3(2)
Cn Ho le)"Cu-FClll ‘52~2(2) C(“i‘C(N)‘CH"I_Cn 18y 61.1 (2)
CiairCis—Cees Cons -173.42) Ciaoy-Cisy=Cio—Ciiy 56.2(2)
Cir-Cin=C2-Cim 3.5(2) Cioy-Coor-Crn—-Con 17L8¢1)
Ch’FCmFC('rFC(Xl 1287(2) erc,sr'cl |u)—C114| -638(2)
Cir Cin-Cio=Coam 54.1(2) Cor O Czor-Oum -L11.3(1)
Cun'cx'l‘Cm*CN) 171 -L)( l) Cll) OK!D’CC(‘)‘CII!) IZ(\‘)( 1 )
CiorCin—Cir-Cuiwy -60.7(2) Ciy-Oc-Con-Cis 6.6(1)
Con-Crar-Cn-Crioy -49.2(2) Cin-CiunrCian-0n -176.4(1)
CorrCiy=Cior-Cony -166.7(1) Cin-Coz-Con-0iy 57.6(2)
CioyCsr Con—Cuim 69.8(2) Coy-Cozr Cizn -0y -56.9(2)
Cm‘cﬂu’ C:Im'Cnll» -”.7(2) Clllrctlflfclzul’om ]77-|(| )
CM 'CA |an1 IIFCHJD —43.8(3) Clll)"cxlll Cl:tn‘cm (‘2-3(2)
Cim-Cinr- Con-Cany -68.1(2) CanCuz-Cian-Cia -63.7(2)
Crlm"cxllrct I:)*Clzm 5"-5(2) CW‘C(N) CG(»)’OUI 55-6(2)
C(!ﬂl"c(l:rct IS)‘CIIJ) -5l 2(2) Cw: ‘Cl.\'r Cdm’om '(’3-5(2)
Can-Coan-CanCay 701.1(2) CoroCes=Cizn-O4y 171.9¢1)
CiurCan—Cua—Cus 169.5(1) Cioy-Ci-Ciao-002y -62.6(1)
Ciz-CosCon=Cuoy 44.4(2) Cio=Crgy Coam-Orzy 178.2(1)
Ciun-CaaCasrCom 174.1(1) Co-Cisi=Cian-Oi2y 33.6(1)
Cin-CianCasi—Cae -59.2(2) Cir=Cosi=Cian~Coiny 179.4(1)
CiuyyCosi-Coum~Cun 55.3(2 Co=Cii=Ciany Cuiny 60.2(2)
Citsi-Cun-Cun-Can -52.4(0) Ciin-Co=Coon-Cii2y -64.3(1)

TABLE 4. Coordinates (x10%) and Isotropic Equivalent (for Hydrogen
Isotropic) Atomic Thermal Parameters in Compound III.

Alom X v = U
1 2 3 4 5
O, 7044(1) 2066(1) 4961(1) 30(1)
O R686(1) 895(1) 4877(1) 3N
O 10119(1) 1957(2) 5636(1) 41(1)
Cuy 7911(1) 2116(2) 4538(1) 30(1)
Cin 7559(1) 1401(3) 3759(1) 44(1)
Ci 6796(2) 2697(3) 3329(1) 58(1)
Cu 7251(2) 4577(4) 3296(1) 75(1)
Cis 7592(2) 5305(3) 4082(1) 59(1)
Cim 8349(1) 4026(2) 4535(1) 38(1)
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TABLE 4 (continued)

1 2 3 4 5
Con 8615(1) 4601(2) 5360(1) 40(1)
Cis 8450(1) 3001(2) 5889(1) 3N
Con 8863(1) 347703) 6709(1) 49(1)
Cin 8981(2) 1913(3) 7268(1) 59(1)
Cuny 9436(2) 212(3) 6945(1) 57(h)
Can 8970(1) -249(2) 6139(1) 39
Cun 7831(1) -842(2) 6068(1) 43(1)
Cia 7058(1) 658(2) 6184(1) 37(1)
Cis 5936(1) 61(3) 5964(1) 48(1)
Cam S1711) 1497(3) 6158(1) 58(1)
Can 5391(1) 3291(3) 5799(1) 52(1)
Cus) 6524(1) 3878(3) 5977(1) 42(1)
Cim 7285(1) 2421(2) 5768(1) 29(1)
Cian 9081(1) 1401(2) 5636(1) 31
Ha 10451(15) 1029(26) 5547(10) 46(5)
Heyy 7271(15) 135(29) 3822(11) 57(6)
Hen 8155(15) 1336(24) 3496(10) 45(5)
Hi 6578(16) 2187027 2819(13) 64(6)
Hs 6171(17) 2798(27) 3587(11) 57(6)
Hu 6756(19) 3470(33) 3036(13) 80(7)
Hin 7R68(19) 4490(31) 3009(14) 77(7)
Hisiy TRB0(18) 6488(32) 4075(12) 73(7)
Hesyy 6960(17) 5446(27) 4367(12) 58(6)
Heony 8982(14) 3946(22) 4288(9) 374
Hey 8195(16) 5671(27) 5490(11) 58(6)
Hion 9322(15) 5003(26) 5461(10) 48(5)
Hen) 8443(16) 4462(29) 6882(12) 64(6)
Hu, 9559(16) 4003(27) 6670(11) 60(6)
Huan, 9461(17) 2262(28) 7709(13) 65(6)
Hion 8306(16) 1603(25) 7473010) 51(5)
Han 9358(17) R13(31) 7286(13) 70(7)
Hiun 10165(18) 375(29) 6941(12) 63(6)
Huy 9347(13) -1256(24) 5957(9) 41(5)
Hos 7742(16) -1856(28) 6417(11) 59(6)
Hiia 7635(15) -1422(26) 5540(12) 56(5)
Hiuy 7077(14) 1009(24) 6700(11) 46(5)
Ha, 3831(16) -1146(29) 6196(11) 60(6)
Hsa) 5858(14) -253(27) 5424(12) 54(5)
Hitons H81(17) 107%27) 5981(11) 60(6)
Hay 5227017 1613(29) 6708(13) 69(6)
Hopo, 4978(17) 4333(31) 5944(12) 69(6)
Hin 5230(15) 3156(26) 5263(12) 57(6)
Husny 6630(14) 5009(28) 5716(11) 51(5)
Hsy 6651(15) 4127(26) 6522(12) 55(6)

EXPERIMENTAL

X-Ray Structural Investigation of Compound I11. Colorless crystals of compound III (C20H3005) are
monoclinic, at 25°C: a = 12.936 (6), b = 7.400 (4), ¢ = 17.807 (9) A, B = 95.96 (4)°, V' = 1696 (2) A’, dee = 1.247 g/em’,
Z = 4, space group P2(1)/n. Unit cell parameters and intensities of 3471 reflections were measured on a Siemens
P3/Pc, four circle automatic diffractometer (\MoKa graphite monochromator, 6/2 scanning, Omx = 27°).The
structure was solved by a direct method and refined in a full matrix, least squares analysis in the anisotropic
approximation for nonhydrogen atoms. Hydrogen atoms were localized directly by difference Fourier synthesis
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and refined in the isotropic approximation. Final values of the difference factors were R1 = 0.043 for 2436
independent reflections. All calculations were carried out using the SHELXTL PLUS and SHELXL-93 programs.
Coordinates and isotropic (equivalent for non-hydrogen atoms) atomic thermal parameters arc given in Table 4.

The X-ray structural investigation was carried out with the financial support of the Russian Fund for Basic
Research (project Nos. 97-03-33783 and 96-15-97367). '
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