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THE NMR SPECTRA OF SOME 2-SUBSTITUTED INDANES AND THEIR
TRICARRONYLCHROMIUM COMPLEXES

W. R. JACKSON. C. H. McMULLEN, R. SPRATT axp P. BLADON

Depariments of Chemistry, Queen's Unicersity, Belfast (Northern Ireland) and University of Strath-
clyde, Glasgow {Scotland)

{Received Apmil 13th, 1963)

2-Substituted indanes are A,B.X systems but since J14., Jap- and Jgp. are all
nearly zero the A,B, part of the spectrum can be treated as (AB),!. The AB part of
the spectrum consists of two quartets which were well separated when the spectra
were determined at oo Mcps and which occurred ca. 7.0 7. The X proton is split into
nine lines in the ideal case as in 2-indanol and its acetate. In all other cases the X
proton was not resolved as its 7 value became equal to that of the aromatic protons
{in the acetate complexes} or to the AB protons (in methyl 2-indanecarboxylate and
its complexes) whilst in the alcohol complexes further coupling with the hvdroxylic
proton gave an unresolved multiplet. The difierences in the chemical shifts of the
individual protons were large compared with their coupling constants and a first order
analysis of the spectra {AB}1.X was used. This approach has been justitied in similar
systemns® 3 and coupling constants obtained from spectra at different field strengths
{10 and 100 Mcps} did not vary by more than 1 cps. The chemical shifts and coupling
constants are recorded in Table 1. 2-Indanol and its acetate have Jaix cz. 6 and Jpx
ci. 3.5. These values are similar to tho=e reported for 2-aminoindane? and are consistent
with a non-planar ive-membered ring. The Karplus equations* may not be applicable
to the indane ring syvstem? but a cos*) dependence of Jivicinal protons) withf (dihedral
angle} may stil! be approximatelyv correct. If this is the case the distortion of the C.,
atoms from non-planarity must be in the direction that makes the substituent R
adopt a pscudo-equatorial position and the proton Hx a pseudo-axial one (see IV).

H

Thus -~ BX — - AX = 120°. Distorilon in the other s¢nse {(so that - AX -=- ~» BX
= 1207} seems to be precluded by expectation of much smaller coupling constants
even if an increased factor in the 2cos*) term were used, as has been suggested for
six-membered ring compounds®. Distertion in the postulated sense would make the B
{trans to X) protons lie more out of the plane of the benzene ring and the A (cis to X)
protons lie more in the plane. The A protons would thus be deshielded while the B
protons much less so, or even shielded by the ring current®. This explanation contrasts
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with a recent interpretation of the spectrum of z-thioacetexyindane® where the non-
planarity of the five-membered ring was not considered. The B protons cis to the
thicacetoxy group were considered to be preferentially deshielded by the carbonyl
group. Such deshielding is vers- long range compared to that of the benzene ring and
could not be used to explain the spectra of 2-hydroxy- and z-aminoindanes. Long-
range shielding associated with diamagnetic shielding of the carbon—carbon bonds =, 8
to the A and B protons and the exocvclic carbon-oxygen bond® may also contribute
towarnds the difference in chemical shift between A and B protons.

trans-Tricarbonyl(2-indanol)chromium (III, R = OH) and its acetate (III,
R = OAc) both have J1x" and Jgx’ 6 which would suggest that the ring is becoming
more planar (see V). The A protons though arc now more out of the plane of the
benzene ring than in the parent ligands are now ¢is to the carbonyvl chromium residue
and could be expected to be deshielded by the group. The chemical shift of these
protons thus remains similar to that in the parent ligands.
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If this suggestion is correct then in the corresponding c¢is compounds (II, R = OH,
OAc) the B protons are now the ones at lower fields. Thus Jaix ca. 1 and Jgx ca. 6.
These J values are consistent with further distortion of the ring in the same sense as in
the parent ligand, f.e. as 2 AX approaches 60° (swhere cos®l = 6.25). BX approaches
1307 (cos*( == 1) and the preferred conformation of the molecule can be represented as
in (V1). The infrared spectra of dilute solutions of the crs-alcohol compound (IT, R =
OH) showed intramolecular hydrogen bonding between the hyvdroxyl group and the
chromium carbonyl residue®. The coupling constants from the NXMR spectrum of this
compound do not exclude the possibility of such a conformation in which C, must be
dizplaced towards the chromium carbenyl residue but if a cos*) dependence holds it
does not seem to be a highly probable one. The concentrated solations used in NMR
speciroscopy encourage intermolecular hvdrogen bonding and it appears probable
that conformations with intramolecularly bonded hvdroxyl groups do not significantly
contribute to the overall structure in these solutions.
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The spectra of methyl 2-indanecarboxylate (I, R = CO,Me) and its cis- and
trans-tricarbonyvichromium complexes (IT and I11, R = CO.,Me) could not be analysed
as the absorptions of all five A.B,X protons were superimposed. The five protons in
the parent ester appeared as a distorted triplet from 6.7-6.9 7 which indicated that
the chemical shifts of the A and B protons must have become nearly equivalent. This
would be compatable with the ester adopting the conformation (VII) with the ester
group staggered to the non-planar ring.

heand

The B protons, with less aromatic deshielding, could be expected to be preferentially
deshielded by the carbonyl group and absorb at a similar field strength to the A
protons.

Finally the relative signs of the coupling constants for vicinal and geminal
hydrogens in the indane ring system were determined. The spin-decoupling method?,10
cannot readily be applied toan A.B,X system and 2-bromo-1-indanone whose spectrum
is of the ABX type with three widely separated quartets at 100 Mcps was used. Selec-
tive irradiation of the branches of the A and B quartets and observation of the ap-
pearance of the decoupled multiplet, lead to unambiguous assignment of like signs of
coupling constants for vicinal hydrogens opposite to that for the geminal hydrogens,
as was to be expected from previous work3.11,

EXPERIMENTAL

The indane compounds have been previously described®. 2-Bromo-1-indanone,
m.p- 36-37°, was obtained by the method of House ¢t al.12.

NMR spectra and double irradiaiion experimants

Solutions 5-10%; (w/¥) were prepared in deuterochloroform containing 0.5°%;
tetramethylsilane as intermal standard. Spectra were determined using a Perkin
Elmer R.10 spectrometer at 40 Mcps and on a Varian H.R.100 spectrometer at 100
Mcps. Line positions were calibrated by the sideband technique.

TABLE 2
DOUBLE IRRADIATION OF 2-BROMO-I-INDANOXNE

Proton and itnes Decoupling  Lines

trradiated Sreguzncies  collapsed
(wa —e3y)

B {1 and 2) 133.5 11, 12

B {3 and 4) 115 9, 10

A (5 and 6) 87.8 10, 12

A{7and 8} 69.8 g, 11

" The lines are numbered in the order of descending field strength.
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The decoupling technique as applied to 2-bromo-1-indanone was similar to that
described previouslyS.-13. Spectra were observed in the first 2 kHz high field sideband
(w,) and additional field medulation at a variable frequency {w,} was made available
for selective nuclear saturation. The HX quartet always regained its shape when
{w. — w,) was increased beyond the optimum coupling value.

SUMMARY

The XMR spectra of z-indanol and its acetate indicate that the cyvclopentane
Ting is non-planar and that the substituent group adopts a psecudo-equatorial position.
The cvclopentene ring in cis-tricarbonyvl{z-indanol)jchromium (II, R = OH) and its
acetate (II, R = OAc) appears to be even more distorted but almost planar in the
corresponding frans-compounds. No evidence could be found for strong intramolecular
hvdrogen bonds in the cis-alcohol compound. The spectra of methyl 2-indanecarbox-
ylate and its carbonylchromium complexes are also discussed. Relative signs of
coupling constants in the five-membered ring have been determined.
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