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ABSTRACT 

Infrared, ultraviolet, and nuclear magnetic resonance spectra of the following compounds are 
reported: 2-indanone (I), trans- and cis-hexahydro-2-indanone (V and XI) ,  l-chloro-2- 
indanone-1,3,3-d3 (111), 1-bromo-2-indanone-l,3,3-d3 (IV), l-chloro-trans-hexahydro-2- 
indanone (VII), 1-bromo-trans-hexahydro-2-indanone (VIII), some deuterated forms of these 
compounds, 2-chlorocyclohexanone-2,6,6-d3, and 2-brornocyclohexanone-2,6,6-da. 

2-Indanone and trans-hexahydro-2-indanone each display two peaks in the carbonyl infrared 
region with intensity ratios of approximately 40:l. The origin of these doublets is discussed. 

Nuclear magnetic resonance spectra were determined to  indicate the presence or absence of 
ring mobility, and spin-spin coupling data were used to  support some of the conclusions 
deduced from the infrared data for some of the compounds. 

INTRODUCTION 

I t  has previously been reported (see ref. 1 and references cited there) that film, solution, 
and I<Br pellet infrared spectra of the 2-indanone ring system consistently gave a carbonyl 
doublet, whereas only one carbonyl frequency is reported for the 1-halo-2-indanones (2). 
To determine the origin of this doublet, we have re-investigated these spectra and prepared 
some appropriate a-substituted indanones. In addition, the ultraviolet and nuclear 
magnetic resonance (n.m.r.) spectra of these conlpounds are reported. 

EXPERIMENTAL 

Most of the infrared spectra were determined in replicate on a Perkin-Elmer model 21 spectrophotometer 
calibrated against atmospheric water vapor peaks a t  1 784.95, 1772.6, 1768.17, and 1756.82 cm-1 (25"), 
with a calcium fluoride prism a t  a con~puted spectral slit width (S ' )  of 1.75 cm-I in the carbonyl band 
region (3). The precision of the carbonyl band positions is estimated to  range between 0.5 and 0.1 cm-1 
depending on the symmetry of the peaks that are measured. The frequency accuracy of the v 1  values is 
believed to  be better than f 1 cin-1, but the lower frequency vlI peaks may be accurate to  only f 2 cm-1 

For part X X I  i n  this series see A. Balasz~bramanian et al., Can. J.  Cliem., 43, 2603 (1966). Earlier papers in 
this series appeared tinder the general title "Light Absorptiorz Studies". 

?Contribution No. 739 front the Department of Chemistry, Fordham University. 
3National Science Foundation Predoctorate Fellow, 1959-1968. Present address: Chemistry Departnzent, 

Woodstock College, Woodstock, Maryland, U.S.A. 
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because of overlapping with the stronger, higher frequency peaks. The integrated absorption intensities 
(mole-' 1 cm-% 10-4) were calculated from the equation (4) 

The accuracy of the A values is estimated to be +5%. Solute concentrations were about 0.015 f 0.002 
mole/l. Base lines were determined by Wright's method (5). The cell thickness (0.548 n1111) was determined 
from interference fringes. A Perkin-Elmer heated cell assembly (sodium chloride windows; Bodenseewerk, 
Germany) was used to obtain spectra of liquids a t  elevated temperatures. 

Ultraviolet absorption spectra were determined by standard methods in 1 cm cells with a Cary model 15 
spectrophotometer. The accuracy of the A,,, values is estimated to be f l  mp, and the precision of the 
molar absorptivities f 5y0 or better. Most molar absorptivity values were reproducible to within f27,.  

Kuclear magnetic resonance spectra were obtained in carbon tetrachloride solutions on a Varian r\ 60 
model with tetramethylsilane as an internal standard. i-\ microcell (Varian) was used for compounds which 
were available only in small amounts. 

All solvents that were used were commercially available, spectroanalyzed solvents, redistilled when 
necessary. Chloroform was freed from its preservative by shaking it with concentrated sulfuric acid. r\fter 
separation and filtration through soda lime and anhydrous sodium sulfate, the chloroform was distilled; a 
cer~ter fraction was used. 

Solne of the compounds were prepared and purified by standard methods, as described in the literature, or 
were commercially available. The remaining compounds were prepared as  follows (melting and boiling 
points are corrected; elemental analyses by Schwarzkopf Microanalytical Laboratory, 56-19 37th Avenue, 
Woodside 77, New York; deuterium analyses by Mr. J. Nemetli, Department of Chemistry, University of 
Illinois, Urbana, Illinois). 

2-Indanone-1,1,3,3-d4 (11) was prepared by reflusing 2-indanone (I;  6.6 g) eight times for 4 h with 10 ml 
portions of DzO (99.5%, Isomet Corp.). No basic catalyst mas used since its presence was found to accelerate 
self-condensation. The product was purified by steal11 distillation (with DzO), chromatographed from a 10 cm 
colu~nn of silica (Mallinckrodt, 100 mesh) with redistilled pentanc (Eastlnan) containing 5y0 reagent grade 
anhydrous ether (I;isher), and finally crystallized from pentane to yield 2-inda?~one-l,1,3,S-d~, (11; 2.2 g), 
m.p. 57.0-57.5 "C. 

Anal. Calcd. for CgD.lH.,O: D, 50.00 atom yo excess D. Found: D, 49.05 atom yo. 
trans-I-lexahydro-2-i11da1101ie-1,1,3,3-d (VI) was prepared by refluxing trans-hexahydro-2-indanone (V; 

prepared by I-IiickeI's method (G)) four times for 4 h with 10 ml portions of DaO, each containing 15 mg of 
sodium carbonate. i-\fter extraction with peroxide-free anhydrous ether, the product was dried (XaCSOd), 
evaporated in vacuum to 2 mi, and chromatographed on a 19 mm (inside diameter) column of specially 
prepared silicic acid. (Mallinckrodt 100 mesh silicic acid (300 g) was washed five times with distilled water 
(3 I ) ,  the water being decanted after ca. 5 min settling. .4fter filtration, this silicic acid was further washed 
with 95% ethanol and absolute ethanol and then heated for 2 days a t  120 OC. To this was then added 3% 
D?O, and the mixture was shaIcen for 24 h.) Elutioii with pentane containing 3% aahydrous ether and solvent 
removal gave trans-lzerahydro-2-inda~zone-1,1,S,S-d.1, n~~~ 1.4741. The infrared spectrum showed complete 
or-deuteration in a freshly prepared sample (see Discussion). 

1-Chloro-trans-hexahydro-2-indanone (VII) was prepared by direct chlorii~atio~i a t  0 OC of trans-hexahydro- 
2-indanone (V;  500 mg) in the presence of a sinall amount of water (3 ml) until a slight excess of the theo- 
retical amou~it  of chlorine that was necessary (257 nig) had been added. After extractioti with peroxide-free 
ether, the products were dried (Na2SO4), reduced in volunie, and chroniatographed as previously described, 
but protected from light and heat as  much as possible. Re-cliromatography gave I-chloro-tr~~ns-kex~~hydro-2-  
indanone (VI I ; 26 mg), 12nZ5 1.4998. 

Anal. Calcd. for CglllaOCI: C, 62.G; H,  7.G; CI, 20.5. Found: C, 62.6; I-I, 7.45; CI, 20.7. 
l-Bromo-trans-hexahydro-2-i11da1101ie (VIII) was prepared by direct b ro~n ina t io~~  (bromine; 576mg 

dissolved in methylene chloride; 10 ml) of trc~ns-hexahydro-2-indanone (V; 500 mg) dissolved in methylene 
chloride (15 ml). Sunlight was usually necessary to initiate and to accelerate the reaction, and sometimes 
more concentrated solutions had to be used. After solvent removal under vacuuln, the products were worked 
LIP as described for the chloro compound, but in addition all processes were carried o ~ ~ t  in an atmosphere of 
nitrogen. l-Bron~o-~rans-lzex~~Izydro-2-i1zda1zoe (VI I I) thus obtained had nG5.? 1.5269. 

Anal. Calcd. for CgH130Br: C, 49.6; H ,  6.0. Found: C, 49.0; H,  5.6. 
1-Chloro-trans-hesahydro-2-indanone-1,3,3-d3 ( I S )  was prepared by direct chlorination of trans-hexa- 

hydro-2-indano1le-1,1,3,3-d4 (VI; 447.5 mg) as  described for the preparation of l-chloro-trans-hexahydro-2- 
indanone (VII), except that D?O was used instead of M?O in all instances. 1-Cl1lorc-trn?zs-l~ex~~I~ydro-2- 
inda~zone-l,S,3-d~ (IX;  35 mg) thus obtained had IZD?.~-" 1.5002. 

;\n;~l. Calcd. for CgI-IloD30CI: C, 61.5; 1-1 (+ D),  7.G5; CI, 20.2; D, 23.1 atom % cscess D. Found: C, (31.7; 
1-1 (+ U), 7.9; CI, 20.1; D, 18.5 atoll1 %/o 

l-Bromo-lic~ns-hesnhydro-2-indn1o1e-l,:~,:~-d~ (1) was preparetl l ~ y  b ro~nina t io~~  of trnns-hesahydro-2- 
indanouc-l,l,3,3-d., (VI; 391.8 mg) as tlescribcd for the preparation of l-bromo-~ia~~s-hesa1~y~!ro-2-inda1io1ie 
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(VIII), except that DzO was used instead of 1320 in all instances and that fluorotrichloromethane (Freon 11) 
was used as the solvent. I-Bromo-trans-herehydro-2-indenone-1,3, (X) was obtained in poor yield (9 mg) 
and, not consistently so, as a light yellow-brown liquid. 

Anal. Calcd. for CgI-IloD30Br: C, 49.1; H (+ D), 6.1. Found: C, 47.5; 1-1 (+ D), 5.9. 
Irradiation with a mercury lamp resulted almost exclusively in the dibromo compound. 
1-Chloro-cis-hexahydro-2-indanol~e (XII) was prepared from cis-hexahydro-2-indanone (XI; prepared as  

described in  ref. 6) as in the preparation of the correspol~ding trans isomer. I t  showed nDq5 1.5065, but the 
elemental analysis indicated that, even after three chron~atographs, the product still contained some 
dichloro impurity. 

Anal. Calcd. for CgI-1130Cl: C, 62.6; H,  7.6; Cl, 20.5. Found: C, 61.5; M, 7.3; C1, 23.2. 
I-Bronzo-cis-lzexaltydro-2-indc~none (XIII) was prepared in the same way as the trans isomer (VI I I) and had 

nD2" 1.5283. The elemental analysis indicated the presence of some dibromo compound as ail impurity. 
Anal. Calcd. for CgH130Br: C, 49.8; 1-1, 6.0; Br, 36.5. Found: C, 49.3; H ,  5.8; Br, 38.2. 
2-Chlorocyclohexane-2,6,6-d3 was prepared froin cpclohexanone-2,2,6,B-d( (480.4 mg) by chlorination (343.5 

nlg chlorine) as in the preparation of 1-chloro-tm7zs-hexahydro-2-indanone-1-d ( IS) .  2-Cl~lorocyclo- 
lzcxanone-2,6,6-d3 (123.2 mg) thus obtained had 7 z ~ ~ ~ . ~  1.4827. 

Anal. Calcd. for C G I ~ G D ~ O C I :  C, 53.1; H (+ D), 6.9; CI, 26.1; D, 33.3 atoll1 yo excess D. Found: C, 53.3; 
M (+ D),7.1; C1,26.1; D, 31.5atom 96. 

L-B~ovrz0cyclolzerna~zone-2,6,6-d~ was prepared from cyclohexanone-2,2,6,6-d., (748 mg) by sunlight-catalyzed 
broinination (1.17 g bromine) as in the preparation of l-bromo-tra~ts-hexnhpdro-3-i1~dano~~e (VIII). Purifica- 
tion and redistillatiolt yielded 2-bron~ocyclohexc~no~~e-2,6,6-d3 (149.7 ~ n g ) ,  nu22,5 1.5107. 

Anal. Calcd. for Cs13aD~ORr: C, 40.0; H (+ D), 5.2;  Br, 44.4; D, 33.3 atom yo excess D. Found: C, 40.2; 
1-1 (+ D),5.3;  Br,44.1; D,29.6atom yo. 

1-Chloro-2-indanone-1,3,3-d3 (111) was prepared from 2-indailone-1,1,3,3-d4 (11; 509.0 mg) by chlorination 
(150 mg chlorine) as in the preparation of l-chloro-trans-hexahydro-2-i1~da1~011e-l,3,-d (IX). After crystalli- 
zation from pentane, l-cltloro-2-i~tda~zo~ze-1,.S,3-d~ (111; 174.1 mg) had m.p. 71-71.5" (Brutcher et al. (7) 
report m.p. 71-71.5' for the 11on-deuterated analogue). 

Anal. Calcd. for CgHnD30CI: C, 63.7; I3 (+ D), 4.36; CI, 20.0; D, 43.0 atom yo excess D. Found: C, 63.9; 
H (+ D), 4.5; C1, 21.1; D, 42.0 atom %. 

1-Bromo-2-indanone-1,3,3-d3 (IV) was prepared by direct bromination (bromine; 471.8 mg dissolved in 
methylene chloride; 10 ~ n l )  of 2-indanone-1,1,3,3-d4 (11; 401.0 nlg) dissolved in methylene chloride (10 ml). 
*After solvent removal under vacuum, the products were worked up as for compou~~d  I I. I-Bromo-2-indanone- 
1,3,3-d3 (IV; 424.7 mg) was crystallized from 5% ether in pentane and had n1.p. 90-91' (Brutcher et el. (7) 
report m.p. 91' for the non-deuterated analogue). 

*Anal. Calcd. for CeH.,D30Br: C, 50.5; I3 (+ D), 3.45; Br, 37.3; D, 42.9 atom % excess D. Found: C, 
50.2; I 1  (+ D), 3.3; Br, 37.2; D, 41.0 atom yo. 

DISCUSSION 

In f rared  Spectra  
T h e  relevant spectral da ta  are listed in Table I .  2-Indanone-1,1,3,3-dh (11) and 2-inda- 

none (I) are presumably planar or near-planar molecules (see also discussion of n.1n.r. 
spectra). T h e  frequency displacements of the main carbonyl bands in carbon tetrachloride 
solution observed on halogen substitution for compounds I11 and IV relative to  these 
bands in compound I1 (20 and 0.0 c i ~ l - ~ ;  see Table I)  are similar to the displacements 
observed on halogen substitution of the non-deuterated analogues (10 and 13 cm-l; see 
Table 11) and in other related molecules (7). T h e  halogen-substituted indanones I I I and 
IV may be slightly non-planar (see discussion of n.il1.r. spectra), bu t  there is no reason t o  
suppose tha t  the planarity of the indanone system is appreciably disturbed. 
X small spectral displacement is observed bet\veen the main carbonyl bands of coin- 

pounds I and I1 (0.5 cm-l), i f  the bands are  measured under identical conditions; similar 
sinall displacements may occlir between compounds I11 and IV and their respective non- 
deuterated analogues. Inspection of the actual traces (Fig. 1) also shows that  for 2- 
indanone (I) and c o i ~ ~ p o u n d  V subsidiary bands occur a t  1728.8 cm-I and 1 7 0 6 1  cm-l, 
respectively, which are  less intense and displaced in the deuterated compounds I1 and VI.  

number of possible explanations can account for the appearance of tn.0 carbo~lyl  
bands. Before these are discussed, however, a number of possibilities inay be ruled out.  

First, the  absence of any  concentration dependence within the  concentration range 0.25 
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I :  R  = R , = H  i7; R = R ,  = H  
It; R  = R , = D  m ;  R = R ~ = D  

m ;  R = D . R ~ = C P  lLU ; R = H  . R I = C P  
IP; R - D ,  R I S B r  = I [  R = H  . R I =  Br 

nc. ; R =  0  , R , =  C I  

X ; R = O  . R I = B r  

to 0.025 mole/l for compounds I and V (see Table I) eliminated intermolecular associa- 
tion complexes. The  absence of such interactions is also indicated by the absence of a 
subsidiary band in the cis isomer (XI). 

Next, enolization is unlikely as an explanation since no OH absorption could be detected 
in the infrared spectra, even a t  elevated temperatures. Figure 2 shows the overtone bands 
a t  2.859 p (3 498 cm-1) and 2.878 p (3 475 cm-1) for colnpounds I and V, respectively, 
which are identified as such since these bands also occur in the deuterated analogues a t  
2.863 p (3 493 cm-1) for compound I1 and a t  2.885 p (3 466 cm-1) for compound VI (see 
Fig. 2). Moreover, the n.m.r. spectra of compounds I ,  Ti, and X I  show no hydroxyl 
protons (see Figs. 4d, 4i, and 41). 

Conformational isomerism also seems unliltely, since in such an equilibrium, when the 

FIG. 1. Carbonyl bands in carbon tetrachloride solutions of 2-indanone (I), 2-indanone-1,1,3,3-d4 (Il , ,  
tra?zs-hexahydro-2-i11dal1011e (V), tra?zs-l1exal1ydro-2-i1~da1~01~e-1,1,3,3-d.~ (VI), and cis-hexahydro-2-indanone 
(XI). 
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2.859 

OVERTONE 
y 

OVERTONE 

( ALIPHATIC I 

2.878 
c = o  

OVERTONE 

2.885 
C = 0 

OVERTONE 

FIG. 2. Infrared spectra of compounds I, 11, V, and VI (carbon tetrachloride solution) in the 2.5-3.5 p 
reglon. 

temperature is raised, the less-favored isomer would be expected to equilibrate with the 
more stable form. Figure 3 shows no such equilibrium for compounds I and V. 

"Hot bands" also probably do not account for the subsidiary bands in compounds I and 
V, because such an explanation cannot readily account either for the changes observed in 
the deuterated analogues or for the observed spectral changes when the solvent is altered 
(see Table I). J1Ioreover, hot transitions would be expected to be temperature dependent, 
and no such dependence is observed (see Fig. 3). 

Finally, the presence of impurities, particularly water vapor, was looked for as a possible 
explanation of the subsidiary band, but careful repurification did not affect the observed 
spectra. 

On the other hand, weak Fern~i  coupling is a possible explanation for the subsidiary 
bands observed in coinpounds I and V; such weak coupling between overtones and (or) 
combination bands on the one hand, and the strong carbonyl fundamental band on the 
other hand, may account partly for the small displacements observed in the main carbonyl 
bands of compounds 11,111, IV, and VI and their non-deuterated analogues. The hypoth- 
esis of Fermi coupling similarly may also account, a t  least partly, for the decreased 
intensity of the subsidiary band in compound I1 and in coinpounds where the a-hydrogen 
atoms have been replaced by deuterium (see Fig. 1). If this explanation is correct, Fern~i  
coupling seeins to be more effective in compound V than in 2-indanone (I). This can be 
rationalized on the basis that the cyclopentanone ring in trans-hexahydro-2-iildanone (V) , 
unlike this ring in 2-indanone (I), is not planar (see discussion of n.1n.r. spectra and refs. 7 
and 8 and references cited there) ; possibly the molecule is then in a more favorable confor- 
matioil for Fermi coupling to occur. No pronounced doublet formation could be detected in 
the cis isomer (see Fig. I) ,  which, however, may exist in a different conformation. 

J'Ioreover, some of the solvent changes (see Table I) are similar to those occurring in 
cyclopentanone (9) and ethylene carbonate (lo),  where Fermi resonance has been suggested 
as an explanation of the observed doublet. 

I-Iowever, there are difficulties with this explanatioil, based on Fernli coupling. First, the 
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TEMPERATURE ( O C )  
FIG. 3. Effect of temperature or1 the C=O stretching abscrption in film 

solutions of 2-indanone (I) and trans-hexahydro-2-i11da11011c (V). 
and syrrz-tetrachloroeth)rlene 

n~a in  carbonyl bands in compounds I and V are only weakly sensitive to isotopic substitu- 
tion; hence, it is unliliely that one of the excitations corresponds to a coinbination band or 
overtone involving predominantly a-hydrogen motions. Also, there are no plausible bands 
in the infrared spectrum, overtones or coinbination bands of ~vhich could readily account 
for the Fermi coupling. 

Kext, it inay be noted that the observed \veal< band could represent a u.eal< funda- 
mental vibration of the conlplex molecule. Such a vibration may be forbidden in a 
inolecule in \~hich  the local symmetry (carbonyl and a-carbonyl region) is relative1~- high, 
as in the cis isomer (IX), xvhere no subsidiary band is observed. If this is so, the various 
changes of position and intensity I\-ith substitution inay predo~ninantly reflect mass 
changes. 
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TABLE I 
Main infrared carbonyl bands ol some indanol~es 

Compound 
~ n l n r '  A v r  vnlnx" 

Solvent (cm-') (cm-') A (cm- 1 

v I 
VII 
VIII 
I X 
x 
S I 

Cyclopentanone (9) 

CCI, I 747.1 
CI-ICI, 1736 .6  

*These bands were found to be concentration independent (by using different path lengths) within the concentration range 0.25 t o  
0.025 mole/l. 

Also, it is possible that the \veal< transition corresponds to a combination band which 
for symmetry reasons, or because of the absence of anharmonic mixing \\-it11 the carbonyl 
fundamental vibration, is behaving independently with respect to substitution. That is, no 
Fermi coupling need be involved for a t  least some of the ~llolecules studied. 

Further, it is possible that in the aromatic systems the symmetr~. tends to inhibit 
Fernli coupling but that in some of the trans-hexahydro molecules it allo\\rs more Fenni 
coupling. Then, i f  the local symmetry (carbonyl and a-carbonyl region) is greater in the 
cis molecule, as seems likely, this could account for the absence of the subsidiary band in 
the cis molecules. In any case, Ferini coupling applies only to the interaction bet\\reen a 
fundamental vibration and an overtone or combination tone, and carbonyl stretching 
~uodes not only involve stretching of the C=O bond but also motions of the adjacent C-C 
and C-1-1 bonds and bond angles. Hence, it is probable that changing the adjacent masses 
changes significantly the form of the mode and thus its frequency. Any Fermi coupling 
may therefore only be a secondary interaction superimposed 011 this more fundamental 
effect. For example, the displacement in the carbonyl band for compound VIII on deutera- 
tion (-0.4 cnl-I; see Table I) may be caused by the non-equivalence of the a-positions on 
bromo substitution. Whatever their precise origin, these perturbations are unfortunate, 
since therefore the displacements observed on 1-chloro or 1-bromo substitution, i?z  the 
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absence of the above-mentioned effects, cannot readily be determined. I t  is these displace- 
ments which are used to provide information concerning the conformation of the halogen- 
substituted compound. The uncorrected displacements obtained for these and some 
reference compounds on chloro and bromo substitution are listed in Table 11. 

TABLE I1 

Displacements (in CCI4 solution) observed on substituting a chlorine or bromine atom in the positioii 
adjoining the carbonyl group 

~ ~ n a x  (cm-I1 Displacement (in cm-1) 
observed on substitution with: 

v,,, 1-Chloro 1-Bromo - 
Reference compound (cm-l) derivative derivative C1 Br 

2-Indanone* (I) 
2-Indanone-l,l,3,3-d4 (11) 
Cyclohexanonet 
Cvclohexanone-2.2.4.444 
trans-1lexah~dro:2:iidaione (v) 1747 .1  1760 .5  1 7 6 3  13.4  15 .9  
trans-Hexahydro-2-indanone-1,1,3,3-d~ (VI) 1 744. 8 1 759.1 1 753.6 14.3 8 . 8  
cis-Hexahydro-2-indailone (XI) 1 7 4 4 . 2  l ' i 6 0 . 3  1753 .3  16.1  9 .1  

*Data from ref. 2. 
tData from ref. 11. 

Ultraviolet Spectra 
The data (Table 111) show that,  in some of the compounds investigated, slight spectral 

variations are observed in the n --t a* carbonyl band transitions on deuteration of the 
neighboring carbon atom. This is not inconsistent with the infrared data, which have 
indicated that the carbonyl stretching mode in the ground state is affected by a-substitu- 
tion; hence the excited-state carbonyl stretching mode may also be affected by such 
substitution. However, the ultraviolet data must be interpreted cautiously since most of 
the compounds studied exhibit, like cyclopentanone, a number of peaks in the region 
studied; hence the location of the maximal absorption cannot readily be determined. Only 
the main maxima are recorded in Table 111. For compounds I to IV, the low-intensity 
n --t a* electronic transition could not be measured, because of the large benzenoid 
absorption. 

TABLE I11 
Main ultraviolet maxima (n + T* transitions) of trans-hexahydro-2- 
indanone and of appropriate reference compounds in cyclohexaile 

solution 

Compound h x  Emax 

trans-Hexahydro-2-inda~lone (V) 301 30 
trans-Mexahydro-2-indanone-1,1,3,3-d4 (\'I) 301 30 
1-Chloro-trans-hexahydro-2-indailone (VII) 322 50 
1-Chloro-trans-hexahydro-2-indanone-l,3,3-d3 (IX) 317 50 
1-Bromo-trans-hexahydro-2-indanone (VIII) 321 70 
1-Broino-trans-hexahydro-2-indanone-l,3,3-d3 (X) 318 115" 
Cyclohexanone 293 15 
Cyclohexai1oi1e-2,2,6,6-d4 291 15 
3-Chlorocyclohexanone 304 35 
2-Chlorocyclohexanone-2,6,6-d3 303 35 
2-Bromocyclohexano~~e 312 100 
2-Bromocyclohcxanoi~e-2,6,6-d3 312 100 

*Shoulder superimposed on another peak. 

Nuclear Magnetic Resonance S;bectra 
The n.rn.r. spectrum of cyclohexanone exhibits two peaks, one caused by four a- 

carbonyl hydrogens and the other by the six remaining hydrogeils (12). Cyclohexanone- 
2,2,6,6-d4, on the other hand, exhibits only one peak with no spin-spin splitting (see 
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TMS X =  Cl o r B r  
1.80 

(m) (m) 

1.75 1.51 

H H 

(c )  0) 

H H 

- 

(d ( k )  
7.16 

(nm) 
H 

H 
TMS 

I .  

-1--_ 

( f )  

H 

7.43 
5.26 3.61 

4.03 - 

l S l ' I ' l ~  1 1  ' I '  I (  ) 1 ] I I I , I ( I I I 1 * I I I  
8.0 7.0 6 0  5.0 4.0 2 0  2.0 1!0 0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 

FIG. 4. Xuclear magnetic resonance spectra in carbon tetrachloride solution of (a) cyclohexanone-2,2,6,6- 
d4, (b) 2-chlorocyclohexano1~e-2,6,6-d~, (c) 2-br~nioc~clohexanone-2,6,6-d3, (d) I ,  ( e )  11, ( f )  l-brorno-2- 
indanone, (f) I-chloro-2-indanone, (17.) 111 and IV, (2) V, (j) 1'11, (k) V I I I ,  (1) X I ,  (nl) S I I ,  and (?t) XI11 
(TMS = tetramethylsilane). 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

Y
O

R
K

 U
N

IV
 o

n 
11

/0
9/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



768 CANAUIAN JOURNAL O F  CHEMISTRY. VOL. 4.4, 1966 

Fig. &a). This shows that the ring is mobile. Liltelvise, the n.ii1.r. spectrum of 2-chloro- 
cyclohexanone (12) gives no indication of ring rigidity. The n.rn.r. spectra of the 
chlorinated and brominated trideuterio analogues (see Figs. 4b and 4c) show two distinct 
pealts, one caused by the two hydrogens vicinal to the halogen and the other by the 
remaining four hydrogens on the ring. All these data coilfirill the mobility of the cyclo- 
hexanone ring. 

The n.1n.r. spectruin of compound I does not show any splitting (Fig. 4d), and that of 
its deuterated analogue (11; see Fig. 4e) shows only one sharp pealt. 1-Bromo-2-indanone 
(see Fig. 4f) and 1-chloro-2-indanone (see Fig. 4g) yield three peaks in the ratio 4:2:1. 
Both spectra sholv a small amount of fine structure in the peak caused by the aromatic 
hydrogen atoin; siinilar effects are observed in the deuterated analogues (I11 and I\'; see 
Fig. 4h). This splitting is ascribed to the inductive etiect of the halogen atom. The spectruin 
of 1-bromo-2-indanone shows a doublet for the geminal hydrogens (see Fig. 1J), thus 
suggesting that these hydrogens are not identical, one being slightly axial and the other 
slightly equatorial, presumably because of the steric etiect of the larger bron~ine atoll1 and 
its inore axial character. 

The spectra of trans-11exahydro-2-ii1di1i10i1e (V) and its halogenated analogues (VII and 
\'Ill) suggest a rigid systein with considerable spin coupling (see Figs. 4i, 4j, and 4k). The 
spectrum of the corresponding hydrocarbon also indicates a rigid systcin (13). hJIoreover, 
1-chloro-trans-hexahydro-2-indanone (VII) gives a single pealt (see Fig. 4j)  a t  4.07 p.p.111. 
with a band width of about 8 c.p.s. This relatively large band width suggests a limited 
amount of splitting between the angular hydrogen and the hydrogen gerninal to the chlo- 
rine atom. Such a splitting is consistent i f  the angle between the two hydrogen atoms is 
about 85" (see I<arplus' corrected equation (14)), but splitting probably also occurs across 
the carbonyl group with the inethylene protons. 1-Bromo-trans-hexahydro-2-indanone 
(VIII) sho~vs a siinilar pealt with a band I\ idth of about 1G c.p.s. (Fig. 4k) ; this splitting is 
coilsistent with an angle, as defined above, of about 40". The chloro and broillo derivatives 
(IX and X)  of the appropriate deuterated compound (VI), as anticipated, give n.1n.r. 
spectra identical with that of the parent coinpound (VI). The spectruin of cis-hexahydro-2- 
indanone (XI ;  see Fig. 41) indicates a mobile molecule, as do the spectra of the corre- 
sponding halogen derivatives (XI I and XI  I I ; see Figs. 4vz and 4n). cis-I-Iydrindane has 
been sho\vn to have a low energy barrier to rotation (13). 

1-Chloro-cis-hexahydro-2-indanone (XII) exhibits four pealts for the hydrogen geminal 
to chlorine (see Fig. 4?12), which can be explained by assuming t\vo lion-equivalent 
a-positions, located in a molecule which itself can assuine two conformational isoniers. 
1-Bromo-cis-hexahydro-2-indanone shows t\vo peaks, with a possibility of further un- 
resolved spin-spin splitting for the hydrogen geminal to bromine. This call be explained by 
assuming that,  for this con~pound in both isomers, the conformatioil containing the bro- 
mine atom in the axial position is preferred. 
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