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Ah&se-Dipole moments, NMR, IR and Raman spectra of rrnc-1,2dihalogenoiodans were deter- 

mined. Linear relations were found to exist between the squares of the dipole moments and the vi&al 

proton spin coupling constants. It is concluded that the diaxial conformer predominates in solution. 

JNTRODUCTION 

IN CONTINUATION of our studies on the conformation of halogenated 5-membered 
ahcyclic’ -’ and heterocyclica ring compounds, the present paper investigates the 
conformational properties of the trans-1,2dihalogenoindans, where a cyclopentene 
ring is fused to a benzene ring* The following compounds were studied by means of 
dipole moments, NMR, IR and Raman spectroscopy: trans-1,2_6ichloro- (I), rrans- 
2-bromo-l-chloro- (II) and trans-1,2_dibromoindan (III). 

I: x, = x2 = Cl 

II : X, = Cl, Xz = Br 
III: X, = X, = Br 

RF. 1. 

The conformation of the cyclopentene ring, The conformation of the cyclopentene 
ring is assumed to be that of an envelope, because the torsional forces about a double 

bond are so much larger than those about single bonds as to cause planarity of four 
of the five C atomsI (atoms 1,2,3 and 5 in Fig. 2). 

Fm. 2 Cyclopentene model 

Planar cyclopentene contains two eclipsed etbane fragments and two staggered 
propcne fragments. When the molecule is puckered there is a decrease in eclipsing 

+ Whereas the halogeooindanones have been quite thoroughly studied by means of dipole moments’ 
and speotroscopic methods,‘G’” no studies on the conformation of Jmlogenoindaos have thus far appeared 
in the literature. 
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energy along two bonds and a smaller increase in eclipsing energy along the other 
bonds. Therefore, the total eclipsing energy decrease as the molecule is puckered 
is smaller than in cyclopentane. The planar constellation represents a barrier separ- 
ating two energy minima (Fig. 3), which may have different conformational properties 
(e.g. with axial and equatorial substituents). 

The detailed equilibrium conformation of cyclopentene has been calculated by 
minimizing the bond angle strain and torsional strain.‘4-16 The largest ring dihedral 
angle tijl was found to be 20-25”, in good agreement with the results from micro- 
wave investigations.“. ‘* The relation between the out-of-plane distance of C-4 (h) 
and the dihedral angles $2X and tix4 was calculated by James.“’ 

e b l p 

a 

a 
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FIG. 3 The conformers of cyclopcntenc with axial and equatorial vakncies. 

RESULTS 

A. Dipole moments and NMR spectra 
The dipole moments at 25” and the 100 MC/S NMR spectra of compounds I-III 

were measured in benzene and in carbon tetrachloride.+ Consider the following 
system (Fig. 4) : 

AA EE 

FIG. 4Thhc CUllfOrflWSOf trrms-1,24ihd~Oiadans. 

As the differences in the chemical shifts of the individual protons are large compared 
with their coupling constants, the derivation of these parameters from the spectra 
was based on the ABMX approximation,” with J*x = Jxx = 0. In order to test 
the validity of this approximation, the parameters found were used to calculate 
exact ABCD spectrat These spectra were subsequently analyzed as ABMX spectra, 
yielding coupling constants that were practically equal (within O+l c/s) to the input 
values. 

The hydrogen at C-l (Hx) appears at the lowest field, followed in turn at higher 
fields by the hydrogen at C-2 (H,,,) and the two hydrogens at C-3 (H, and H,). The 
H, signal appears as a doublet having the separation J,. The H, resonance is 
rather complex; the distance between the outer peaks is equal to JAM + JBM + Jwc. 

l The 60 MC/S NMR qxstrum of compound III in CDCl, has bocn r~ported_‘~ 
t The cakulatiooe were cnrried out on an Xl computer by means of a Fnquint IV program_ 
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If, and H, yield an octet (AI3 of an ABMX type, in which X has only a minimal 
influence on AB). The peaks at the higher field were assigned to H,, because Jm 
is expected to be closer in value to JAbl than to Jm (the dihedral angle eAL( is equal 
to $i,,,x; the small difference between JM and JW is due to an electronegativity 
effect, see below). 

The values of the chemical shifts, coupling constants and dipole moments of 
compounds I-III are presented in Table 1. The sign of the geminal coupling constant 
J,, is supposed to be negative on account of data for similar ring systems.21,22 

The observed values of p2 are related to pi,., and &x of the individual diaxial 
and diequatorial conformers by : 

P 2 = JhPL:A f (1 - TL4l &E w 

where x,,,, is the molar fraction of the diaxial fam (x,,~ + xEE = I). Similarly, the 
vicinal coupling constants arc related by the expression : 

J = XAAJA,, + (1 - x,,,,) Jee (2) 
From Eqs (1) and (2) it is seen that a linear relation between $ and J should 
exist3* ‘1 6* 23 with a slope : 

Figure 5 shows plots of p2 against JAM and Jwc, which obey the relations : 

p2 = &62J, + 1.65 

jl2 = O-73 J,* + 1.64 

(4) 

(5) 

TABLE 1. DIPOLE MOMENTS (D), CHEMICAL SHIFTS (PPM FROM TMS) AND COUPLING CONSTANIS (c/s) POR 

trUn.Y-l,2-DWUKX!NOlNDA~ IN BENZENE (B) AND IN CARBON TEIRACHLOIUDE (?-) 

Compound Dichlaro- (I) Bromochloro- (II) Dibromo- (III) 

Solvent B T B T B T 

P 2-01 1.95 1.89 l-84 1.54 1.55 

6HA 2.80 297 2.92 3-11 2.94 309 
6H, 3.25 3.47 3.36 360 3,43 360 

6HM 4,32 4.43 4.37 4.49 463 4.14 

~Hx 5.09 5.16 525 532 5.50 5.57 

J AB - 16-9 - 16,9 - 17.2 -170 -17.5 - 17.7 
.I AY 3.9 3.5 3.1 2.8 1.2 1.2 

J BY 6.0 6.0 5.8 58 5.3 5.3 
.I YX 3.2 3Q 27 2-s 1-O I.0 

It is supposed that the dibromo compound III exists almost exclusively in the 
diaxial conformation for the following reasons : 

(i) An allylic Br atom prefers to occupy exclusively the axial position in the cyclo- 
hexene system.24-26 
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(ii) No increase of the dipole moment and vicinal coupling constants of the dibromo 
compound on changing the solvent from carbon tetrachloride to benzene is observed, 
whereas a small increase of these parameters occurs for the dichloro and bromo- 
chloro compounds I and II. This suggests that the equilibrium in the dibromo 
derivative lies far towards one (i.e. the diaxial) conformer. 

(iii) In the diaxial conformer, the torsional angles between the equatorial protons, 

ti AM and tjMx, are of the order of 95”. Therefore, on account of the Karplu.s*27 
equation : 

J RR =Acos2JI,-Bcos1(/,+C (6) 

JAM and Jhcx should have a low value of about 05-15 c/s, which is in good agree- 
ment with the observed coupling constants of &ULS-1,2dibromoindan. 

(iv) The IR spectra of compound III in the liquid (solution in CS,) and solid (KBr 
pellet) state are identical (cf. section B), suggesting that only one conformer is present 
in solution. 

J AM 

J 

FIG. 5 p2 against J,,,, and Jm for compounds 1411.0 Solutions in benzene, 0 solutions in 

carbon tctracbloride. 

l The theoretical Karplus parameters (for cthane) arc: A = 9, B = @5. C = -@3 c/s. However, 

differcut systems require different parametem Throughout this papa an arbitrary value of B = @5 c/s 
will be retained (d. Rd. 5) 
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Therefore, we assume for the nuns-1.2dihalogenoindans: pAA = 1.5 D. The 
dipole moment of the diequatorial conformer can be calculated with the aid of 
Eqs (7) and (8), derived in Ref. 5 : 

pi,, = 4~; sin’ K (30s’ 3 (120 + $) -t D (7) 

& = 4&in~acos~~(120 - $)+ D (8) 

where pLp is the partial moment along the C-X bond, K is the valency angle C--C-X 
and JI is the ring dihedral angle. The correction term D accounts for the induced 
moment in the ring. Taking pM = 1.5 D, pp = 2.05 D2*, a = 11@5”, +h = 2Y*, it 
follows that the induction term D = 0.91 D2, yielding a value of 2*75 D for PEE. 

The relation between the experimental slope H = dk*/dJ and the Karplus para- 
meters A and B was also derived in Ref. 5 : 

H = dj?/dJ = 
2~; sin’ a 

Acos$ + B (9) 

Introducing the following set of parameters into expressions (41, (51, (6) and (9): 
H, = dp2/dJ, = O-62, H2 = dp2/dJW = 0.73, + = 25”, pP = 245 D, a = 110.5”, 

PA.4 = 1.5 D, pEE = 2.75 D, we find the following Karplus parameters and coupling 
constants for the -CHX-CH,- moiety : 

A = 12.6, B = 0.5, C = CM c/s (10) 

(JAMLA = J2c3r = 1.0 c/s (111 

(J&e = J2.3. = 9.7 c/s (12) 

and for the <HX-CHX- moiety : 

A = 10.6, I? = 0.5, C = 0.7 c/s (13) 

(JMX)AA = J ic2e = 0-8 C/s (14) 

(JdEe = J1,21 = 8.2 c/s (151 

The Karph parameter A is greater for the <HX--CH,- than for the 
xHX--CHX- moiety, in accord with the observation2’ that the vicinal coupling 
constants decrease with increasing electronegativity. The derivation of the Katpfus 

TABLE 2. MOLAR FxAclloEG XM AND FIUB ENE~KW DIFFERENCES AGOBcIA (kabl/mole) AT 2s”C 
IN BENZENE AND IN CARBON TETRACHLORIDE 

Compound 

trans-l,2-dichloroindan 

trans-2-bromo- I -chloroindan 
frans-1.2-dibromoindan 

Benzene Carbon tctrachloridc 

XA.4 AC” x.4.4 AG” 

w7 042 @7, O-5, 
@76 0% 079 @70 

>@95 >095 
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parameters presented here is based on the assumption of trigonal symmetry about 
the projection axis and on the supposition that the orientation of a proton to the 
x-electron system of the benzene ring has no iniluence on its coupling constants. 

With the aid of the experimental dipole moments and the values of pi:, and &# 
the molar fractions xAA of compounds I and II were calculated. These values and 
the free energy differences at 25”, AG&,,,, are collected in Table 2. 

The following conclusions can be drawn from Table 2 : 

(i) The diaxial conformer is favoured over the diequatorial one. Down the series 
from chlorine to bromine an increase in percentage diaxial conformer is observed: 
this trend is similar in the aans-1,2-dihalogenocyclopentanes3*S and in the rrans- 
1,2-dihalogenocyclohexanes.s~z9 

(ii) The “benzene effect”, 6AG” = AG” (benzene)-AG” (Ccl,), is equal to 0.1 
kcal/mole, i.e. much smaller than the values thus far observed for other vicinal 
rruns dihalogenides (O-2505 kc.al/moIe). JO The “benzene effect” in vicinal dihalo- 
genides may be mainly caused by the solvent-dependence of the halogen-halogen 
interaction in the diequatorial conformer, *30 the small value of 6AG” found for the 
dihalogenoindans might then be due to the large dihedral angle between the equa- 
torial C-halogen bonds (957, causing a small halogen-halogen interaction as com- 
pared with that in the cyclohexanes or cyclopentanes. 

The X part of the NMR spectrum of the dichloro compound I was also taken in 
tetralin at several temperatures, ranging from &160”. The spectra show an increase 
of Jm with temperature (Table 3). 

TABLE 3. Jrol 0F comum I in nnmuw AT 
SEVERAL TEMPERATURlS 

T F-3 JMX (c/4 

40 3-w 
70 355 

100 3.65 
130 3-75 
160 3.85 

According to the relations K = x,,J(l - xEB) and 

AH” As” 
logGK = - 2.3R-f + E 

a linear relation between log K and l/T should exist (Fig. 6). The values of log K 
were calculated using the parameters (Ju& = 08 c/s and (J&xx = 8.2 c/s ac- 
cording to Eqs (14) and (15). From the plot of log K against l/T we find: 

log K = -123/T+ 013 (17) 

It follows that: AH&,,, = 05, kcal/mole, AS&-,,, = 06 e.u. Then AG&,, 
(25”) = O-4 kcal/mole, in satisfactory agreement with the value calculated directly 
from JMx at room temperature in tetralin (3.3 c/s gives AG”(25”) = 04 kcal/mole). 
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log K 

-Q25- 

t I . . 1 . . 1 . 1 . . 
220 250 280 310 

-5 
x10 f PK-‘1 

Fro. 6 Plot of log X against l/T for rtms-1,2dichloroindan in tetralin. 

B. IR and Raman spectra 
The IR and Raman spectra between 400 and 800 cm-’ of the compounds I-III 

are presented in Table 5 (see also Figs 8 and 9). A comparison of the frequemies 
with the values of reported indan spectra3’* 32 shows a reasonable agreement. 

1 1 I 1 I r I 

7 6 5 4 3 2 1 0 

Ro. 7 100 MC/E NMR qmtrum of naml,2dichloroindan in carbon tetmchlori&. 
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100 
3000 2600 1400 1200 1000 600 600 4 

RCJ. 8 IR spactrum of trw1.2dichloroinda (solution in CS,). 

t I 1 I L -1 900 ma 500 3QO 100 cm 

FIG. 9 Raman spectrum of tianrl.2-dichloroinda (solution in tettiydrof~). 

IO cm-’ 
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In this region the C-halogen stretching vibrations should occur. These frequencies 
are highly dependent on the geometrical arrangement about the neighbouring C 
atoms. The single most important factor seems to be the nature (C, H, etc.) of the 
atom or atoms anti to the halogen. By an extension of a notation, introduc,! 
earlier,“. 34 was derived3s*36 an empirical set of parameters which allows the 
assignment of the CAY and C-Br stretching frequencies according to the chemical- 
geometrical combination (cf. also Ref. 37). The chemical type of halogenide is specified 
by P (primary), S (secondary) and T (tertiary), the atom or atoms in anti-position 
are indicated by a subscript (H, C, 0, X (halogen), p (oxygen lone pair or n-electrons)). 
Various types of vibration are collected in Table 4. These values are probably 
accurate to f. 20 cm- I. 

TABLE 4. CCI AND C-Br STRJZCHWG PARMETEU 

FOR VARIOUS CHEb(lCAL4.ZOb(ETRICM COMBINA- 

T-IONS 

Type C-cl (cm-‘) C-Br (cm- ‘) 

S HH 611 535 
S X” 650 596 
Sn: 742 686 
S HP 561 537 
S%, 708 632 

TABLE 5. IR Arm RAMAN SPLCI-RA OF tmf5-l,2-DIHALoGENOINDANs Em 400 AW 800 cm-’ 

IR indan Dichloro- (1) Btomocbloro- (II) Dibromo- (III) 

Stanescu Bardct Raman Raman 
et 01.3’ et al.3z (GE& igY; ($) (&I (C&t UHF) 

416 (s) 415 425 (w) 420 (20) 421 (w) 426 (11) 417 (w) 425 (w) 
l - 412 (VW) 480 (w) 464 (W 473 (9) 458 (VW) 467 (sh) 

518 (m) 519 503 (VW) 514 (60) 501 (w) 510 (42) 486 (m) 493 (45) 

584 (w) 584 540 (m) 545 (52) 535 (m) 540 (29) 530 (m) 534 (23) 
616 (m) 615 600 (m) txJ0 (45) 586 (s) 589 (54) 593 (m) 594 (27) 

- - 662 (s) 658 (48) 605 (s) 606 (43) 572 (vs) 571 (27) 
- - 690 (ml 688 (100) 681 (m) 683 (loo) 655 (m) 657 (LOO) 

68O(vw) - - - - - - - 
702 (m) 702 707 (m) 71s (37) 707 (m) 713 (60) 705 (s) 712 (23) 
140 (vs) 738 735 (vs) 745 (32) 732 (vs) 737 (54) 725 (vs) 732 (23) 

- 757 (w) - - - - 

760 (vs) 750 782 (m) 787 (KM) 778 (m) 782 (92) 760 (s) 769 (23) 

l I-Phenylindan displays a medium band at 485 cm- *, wbercas this band is absent in the spectrum 
of 2-phenylindan. ” Therefore, this band may be characteristic of l-substituted indans. 

t The IR spectrum of solid trans-lJ-dibromoindan (KBr pellet) is identical to that taken from the 
solution in CS,. 
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The dibromo compound III displays a very strong IR band at 572 cm- ‘, which 
is rather weak in the Raman spectrum, and a strong Raman active band at 657 cm-l 
which is rather weak in the IR spectrum. Recent investigations carried out in this 
laboratory’*‘* 36* 38 on the C-halogen stretching frequencies of vi&al dihalogenides 
have shown that this combination of bands is highly characteristic of the approxi- 
mately anti-planar arrangement of the X-C-C-X system (X = Cl or Br); evidence 
has been accumulated from some ftity compounds, including homocyclic and 
heterocyclic 5- and &membered rings and open-chain compounds. Therefore, the 
two bands can safely be assigned to the strongly coupled carbon-bromine stretching 
vibrations of the diaxial conformation, the Raman active vibration being due to the 
symmetrical mode and the strong IR band originating from the asymmetrical mode. 
The analogous AA bands in the dicbloro compound I obey the same intensity rule 
and are similarly assigned. 

The assignment of the axial C-halogen stretching frequencies in the bromochloro 
compound II is less unambiguous: this derivative displays a strong Raman band at 
683 cm- ’ which is rather weak in the IR spectrum, and two strong IR bands at 
605 and 586 cm-l which are rather weak in the Raman spectrum. Either of these 
bands may be due to the asymmetrical C-halogen stretching vibration. However, 
as the band at 605 cm-’ yields a better agreement of the average C-X stretching 
frequency with the value calculated from Table 4 (see Table 6), we tentatively assign 
this mode to the asymmetrical C-halogen vibration. 

In Table 6 theaxial C-halogen stretching frequencies for compounds I-III are 
compared with the values calculated from Table 4 (an Sx, type for the C,-X vibration 
and an !& type for the C,-X mode). The agreement is satisfactory. 

TABLE 6. AXIAL C-HALOGEN STRETCHING FREQUENCIES (IR VALLCIB IN cm-‘) IN tra-1,2-DmllLo- 
GBNOINDANS, COMPARED WITH THE VALUES CALCULATED PROM TABLE 4 

Compound Symm. C-X str. Asymm. C-X str. Average AV 

rrans-1,2-dichloroindan 690 662 676 28 

talc. 679 

trans-2-bromo-l-chloroindan 681 605 643 76 
CdC. 652 

tranF-1,2dibromoindan 655 572 613 83 
&AC. 614 

In the axial conformers of tbc trims-2J-dihalogenotetrabydropyrans the same types of carbon-halogen 
stretching vibrations occur: an S,, type for the C1-X vibration and an S,, typz for the C,-X mode. 
The average va.lucs of the symmetrical and asymmetrical C-X etretching modea and the Av vaka for 
these compounds ~re?~ 

tran.L!,3dicblorotetrahydropyran : 691 cm-‘, 93 cm-’ ; 
trnns-3-bromo-2-chlorotetrahydropyran : 645 cm - *, I10 cm- ’ ; 
amts2.3dibromotctrahydropymn : 611 cm- I, 110 cm- ‘. 

The average frequency values are in excellent agreement with tlk values found for tht corresponding 
indans; the Av valufil axe smaller in the S-mu&end ring compounds, eapseiauy for the dichloride, which 
has also been found for the tr~l,2dihalogcnocyccyflopmtlmcs* and for the trans-3&dihalogcaotetra- 

hydrofurans.” 
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The weak band at 757 cm-’ in the IR spectrum of the dichloro compound I may 
be assigned to an equatorial C-halogen stretching mode. Although the diequatorial 
conformer of the bromochloro derivative II is also present, be it in a rather small 
amount (cf. section A), no band due to the equatorial C-halogen vibrations can be 
found in the range where the EE modes should appear (65&W cm-‘). However, a 
number of medium to strong other bands occur in this region, which may welt overlap 
the weak C-halogen bands. 

Therefore, we conclude from the infrared and Raman spectra that the diaxial 
conformer predominates in the trans-1,2dihalogenoindans, which is in accord with 
the results from the dipole moments and the NMR spectra (section A). 

CONCLUSION 

The main conformational characteristics of the Iruns-1,2dihalogenoindans are 
summarized below : 

(1) The results obtained by means of dipole moments, NMR, IR and Raman 
spectroscopy are consistent. 

(2) Two conformers (diaxial and diequatorial) are in dynamic equilibrium. The 
diaxial form is favoured over the diequatorial one, especially in the dibromo com- 
pound, which seems to exist almost exclusively in the diaxial conformation. 

(3) The “benzene effect” is found to be unusually small (Dl k&/mole) as com- 
pared with the values found for other vicinal rransdihalogeno compounds (O-25- 
05 kcal/mole). 

EXPERIMENTAL 

SYntkJeS 
trans-1,2-Dichloroindan (I) was pnpared by chlorinating iudcnc employing sulfuryl chloride according 

to the method de~&bed;‘~ b.p. loSo/ mm; nis 15690 (Lit.” b .p. 83-8Yj3 mm ; n;’ 15690). (Found: 

Cl, 37.8. Calc. for C9H&12 (187W): Cl, 379 Y’J. 
tram-2-&owl-chloroindaa (II) was obtained from klenc and N-bromosuccinimid+ICl in CH,Cl, 

at -20” by tbe procedure dcwribed;‘z b.p. 9Y/a-5 mm; no ao 1.5965. (Found: Hal, 493. Calc. for 

C,HIBrCl (231.53): Hal, 49.8%). 
trans-1.2.Dibromoindan (III) was prepared by the addition of bromine to indent in CH,Cl, at -H)“; 

m.p. 32” from pentane-etber (Lit.” m.p. W33”) (Found : Br, 58.2. Calc. for C,H,,Br, (275.98): Bt, 57.9 %). 

Dielectric mearurements. The electric momenta were determined by measuring dielectric constants and 

densities of 5 solns of each compound in benzene and in CCl, (molar fraction range &OQi) at 25” as 

TABLE 7. NUMERICAL DATA OP THJ! MEASIJRFMlZ~ OF THE DIPOLE MOMENT-3 

Compound Solvenr d lp P xl RD P 

I B 5.8970 -0848 13u46 4760 2Ql 

T 5.1281 +oim 12525 4760 l-95 

II B 5.2953 - 1.426 12340 5048 1.89 

T 4.6966 +o.olS 119.46 5@48 1.84 

III B 3.8334 -2083 101.92 53.36 1.54 
T 3.6083 -a148 10275 53.36 1.55 

a B = benzene. T = carbon tetrachloridc. 
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described.” -l-he total polarization P zO was ealculatcd by the method of Halwxstadt and Kumkr;” the 
dipole moments followed from 

,u= 001281 x lo-‘s [(PzO - Rd TY 

The 100 MC/S NMR spectra were taken with a Varian HA-100 NMR spectrometer, using TMS as 
internal standard. Tbc solns in benzene and in CC& WCIC approximately IO % wt/vol. 

The IR spectra were obtained with a Unicam double beam spcctrophotometcr (SP 100). Tbe spectra 
were taken from solns ( _ 30 mg/ml) in CS,. 

The Raman spectra were raxrdal on a photo&&c Hilger and Watts Ramanspcctrometcr with 
scanning attachment Data on the pcrformancc of this apparatus have been givcu &where.” Tlx. spectra 
were made with slit widths corresponding to 10 en-‘, swumin spaxi 60 cm-‘min-‘, time constant 
2.5 sa?. 
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