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--The IR and Raman spectra of rrmrr-2,3dichhxo-(I), rranr-2-bromo-3chloroflI) and rrans- 
2,3dibromotetralin (III) were mcasual in solution and in the solid state. The specva from the solutions 

cm&m our previous results from NMR and dipok moments, i.e. that the cfhriol form strongly pre- 
dominatea in the liquid stati. On the other hand, the solid state spectra indicate that the three compounds 
cryMa& in the &qlmroriul umfomlation. 

INTRODUCTION 

IN A previous paper2 the conformational features of Puns-2,3dichloro- (I), tram-2- 
bromo3chloro- (II) and rrmts-2,3dibromotetralin (III) were discussed on the basis 
of &pole moments and NMR spectra in several solvents. 

I:X,=X,=cl 
11:X, = Br,X, = Cl 

III: X1 = X, = Br 

The main features are summarized below : 
(i) In analogy with cyclohexene the non-aromatic part of the tetralin system is 

assumed to occur in the half-chair form, the ring dihedral angles #12 and 42s being 
about 45” and 6CP, respectively. This picture is qualitatively consistent with the X-ray 
result of a tetrachlorotetralirk3 

(ii) In solution a conformational equilibrium exists between a diaxially (AA) and a 
diequatorially (EE) substituted form (Fig. 2), with the diaxial conformer predominating 
to a large extent (-95 % for III in CC&, w 80% for I in benzene). 

FIG. 2 AA s EE equilibrium in rronr-2,MihalogcootctAina 

(iii) As normally found with vicinal dihalogenides,** s down the series from 
chlorine to bromine an increase in percentage of diaxial conformer is observed, 
whereas in benzene the conformational equilibrium is shifted towards the more polar 
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diequatorial form to the extent of 02-0.3 kcal/mole as compared to solution in 
carbon tetrachloride (“benzene effect’** 6). 

In the present paper the conformation of compounds I-III is investigated by means 
of IR and Raman spectroscopy, in solution as well as in the solid state. The most 
important part of the spectra for our purpose is the region between 500 and 800 cm- ‘, 
where the carbon-halogen stretching vibrations should occur. These frequencies are 
highly dependent on the geometrical arrangement about the neighbouring C atoms. 
As has been described earlier,‘* * each type of C-Br or C-Cl stretching vibration 
can be specified by P (primary), S (secondary) and T (tertiary halogen), with the atom 
or atoms in anti-position indicated by a subscript (I-I, C, 0, X (halogen), etc). With 
each type a specific C-Br or Ca stretching frequency is associated. The types 
pertinent to compounds I-III are S, (650 cm- 1 for C-Cl and 596 cm- ’ for C-Br) 
and S, (742 cm-’ for C-Cl and 686 cm-’ for C-B@. The accuracy of these 
figures’ is 5-10 cm-’ in systems with “normal*’ bond angles (viz chair-shaped rings 
like cyclohexanes). 

For vicinal dihalogenides in the anti (diaxial) conformation two strongly coupled 
C-halogen stretching vibrations are usually found? an intense Raman band at the 
higher frequency (v,_,) which is weak in the IR spectrum, and a strong IR band 
(vu,._) at a lower wavenumber, which is weak in the Raman spectrum. Even in the 
antiplanar Br-C-C-Cl systems the C-Br and C-Cl stretching modes appear so 
strongly coupled that a symmetrical and an asymmetrical band are observed obeying 
the same rule as the dichlorides and the dibromides. The average value of these two 
wavenumbers can be predicted’ by taking the average of the two stretching para- 
meters associated with the “types” described above. 

The vibrations of vicinal dihalogenides in the gauche @equatorial) form are found 
as medium-intensity bands in the IR as well as in the Raman spectra.’ The coupling 
is much weaker than in the anti system. 

RESULTS 

Fig. 3 shows schematically the IR and Raman spectra of I, II and III in the solid 
state and in solution between 500 and 800 cm-l. The exact wavenumbers for the 
various spectra, together with the intensities, are collected in the experimental part. 

Spectra in solution 
The IR spectra were taken in CS2, the Raman spectra in THF (which has no 

Raman bands in this region). The Raman spectra in CC14 solution between 500 and 
730 cm-’ were identical to those taken in THF. 

The dibromo compound III displays a very strong IR band at 550 cm-‘, which is 
weak in the Raman spectrum, and a strong Raman active band at 637 cm-‘, which is 
weak in the IR. According to the picture described above these two bands may safely 
be assigned to the C-Br stretching vibrations of the diaxial form. 

Tba~at584cm-‘iaIIIis~~~rr~inthtRMnnspectrumaodweakintbeIR,butinIand 
II a bmd at about the same fnqumcy is found, therefore ruling out the possibility that this band should 

nprasnt the rymmstrial C-Br stretching band in III (cf. aho Table I). 

The analogous AA bands in the bromochloro (II) and in the dichloro (I) derivatives 
are similarly assigned (Table 1). In Table 1 the axial C-halogen stretching frequencies 
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for I-III are compared with those for the corresponding trMs-1,2dihalogenocyclo- 
hexanes* (also SW types) and with the values accepted for the Sm vibrations. The 
agreement is satisfactory. 

TI~~L~~.A~uLC-~~AUMEN SnlmxNNG FnBQuENclm (a VALUBP M CM - 1) IN tranv~3-DtnMac3ENcnErRA- 
LIN, ODMPARED WllW lH@ VALIJB FUU f~onF-~.2-DlliALOt3ENOCY~~ 

Compound symm. c-x str. Asymm. c-x str. Average Av 

tr-2J-Dichlorotetralin 676 649 663 27 
tr-lfDichlorWyclobauac 690 610 650 80 

S, Wore) 650 
tr-2-Bromo-3-chlorotctralin 664 600 632 64 
tr-l-Brome2-chlorocyclohexane 665 580 623 85 

S, (bromochloro) 623 
tr-2,3-Dibromotetralin 636 550 593 86 
tr-1,24Mromocyclohcxane 653 542 597 111 

S, (bromo) 5% 

Depolarization measurements of the strong symmetrical C-halogen stretching Raman 
bands yielded p = I */I,, = @20, @19 and O-20 for compounds I, II and III, respec- 
tively. As expected, these bands are thus highly polarized. Similar measurements’ on 
the symmetrical C-Br and C-Cl stretching vibrations in some other vicinal 
dihalogenides in the anti form (ethanes, dibromocyclohexane, cyclopentane and 
-tetrahydrofuran) yielded pvalues ranging from 015 to O-21. 

From Table 1 it appears that the Av values for the tetralins are rather smaller than 
for the corresponding cyclohexanes, especially in the case of the dichloro compound. 
Such unusual low Av values for the dichlorides have thus far been found only in 
5-membered ring compounds, i.e. in trrms-l~-dichlorocyclopentane’0 (36 cm- ‘), 
trans-l&lichloroindan” (28 cm- ‘), trans-3,4-dichlorotetrahydrofuran’2 (25 cm-‘) 
and trans4!,3dichlorotetrahydrofuran” (20 cm- ‘). 

From the spectra in solution, no assignment can be made for the equatorial 
C-halogen stretching vibrations, as the diequatorial form has only a small molar 
fraction in the equilibrium mixture (see previous section) and as several weak bands 
occur in the region in question (650-800 cm- ‘). 

Solid stare spectra 
The IR spectra were taken from KBrdiscs and the Raman spectra from powdered 

samples. 
Inspection of Fig. 3 reveals that the characteristic pattern of the C-halogen stretch- 

ing vibrations due to the diaxial form is n& present in the solid state spectra of either 
of the three compounds. 

In fact, at about the some frequency of the ae.ymm&cal C-Br stretching vibration in the liquid state 
~ofIIladIIl.a~iealsoobeavcdinthesolidaPtespcctrP.Howcva,thisbandiscatainly 
due to anotbex mode, M no hand is found at tbc. wavenumber of the aymmeWiad C-halogen &etching 
vibrations of I. II and III and of the MymmctIiaLl one of I. 

The dibromo compound III displays both in the IR and in the Raman spectrum in 
the solid state a strong band at 660 cm- ‘, which is found as a very weak mode in the 
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spectra in solution. This band might be attributed to the equatorial C-Br stretching 
band, and it seems, therefore, that compound III crystallizes in the diequatoriul 
conformation. In compounds I and II the spectral pattern in the solid state between 
650 and 800 cm- ’ is also very different from that in solution, but due to the large 
number of strong bands close to each other it is difficult to assign one of them to a 
C-halogen stretching band. However, taking the absence of the axial C-X stretching 
bands into account, it may be concluded that also these compounds exist in the 
diequatorial conformation in the solid state. 

With these compounds we have, therefore, the situation that in solution the diaxial 
form predominates very strongly, whereas in the solid state the diequatorial form is 
found. A similar situation exists in 2-bromo- and 2-chlorocyclohexanone,14 which 
crystallize in the equatorial conformation, whereas the axial form of the former has 
a molar fraction of 0.9 in diluted Ccl4 solution.‘. l5 In the corresponding tram-1,2- 
dihalogenocyclohexanes, * the bromochloro and dichloro compounds (in solution 
only slightly more stable in the diaxial form) crystallize in the diequatorial conforma- 
tion, whereas the dibromo derivative crystallizes in the (most stable) diaxial form. 

CONCLUSION 

From the IR and Raman spectra between 500 and 800 cm-’ of trans-2,3-dihalo- 
genotetralins the following conclusions appear : 

(a) In solution strong bands characteristic of the C-halogen stretching modes of 
the diaxial form are found. This is in agreement with earlier conclusions from NMR 
and dipole moment data,’ i.e. that the AA form strongly predominates in solution. 

(b) The average of the symmetrical and the asymmetrical C-X stretching mode is 
in good agreement with the value accepted for the SxH type. The unusual low value 
for Av in the dichloro compound was thus far only found in the case of vicinal diaxial 
dichlorides of 5-membered rings. 

(c) The solid state spectra indicate that the three compounds do not crystallize in 
the diaxial conformation that predominates in solution, but rather in the diequatorial 
form. An analogous behaviour is found with some other cyclic halogeno-substituted 
compounds. 

EXPERIMENTAL 

The compounds were aynthcized BJ previously dcscr&xL2 
7% IR spectru were obtained with a Perk&Elmer 225 grating IR spuztrometcr. The spectra were taken 

from solutions (5 30 mg/ml) in carbon diaullidc, and from KBr disca. The wavenumbers in the range 
400-1600 cm-’ arc presented below: 

tram-2,~Dichlorot (Cs,): 430 (m), 462 (w,b), 482 (WV), 506 (w), 514 (VW), 579 (w), 600 (w), 649 (vs), 
676 (w), 697 (w), 715 (w), 730 (ah), 742 (vs), 765 (w), 802 (w), 855 (sh), 868 (a), 900 (rnh 919 (w), 929 (w), 948 (sh), 
959(vs),9988(w), 1014(w,b), 1039(w), 1108(m), 1114(shA 1154(vw), 1163 (VW), 1181 (w), 119O(vw), 1216(s), 
12Mj (w), 1260 (m), 1272 (w), lu19 (VW), 1344 (m), 1360 (VW), 1401 (m); 

I&m (KBr) : 431 (e), 450 (vw), 460 (m,d), 514 (w), 579 (w), 599 (sA 696 (w), 727 (v&744 (vs), 754 (sh), 798 (m), 
861 (sh), 872 (m), 900 (vx), 920 (m), 950 (m), 1024 (VW), 1030 (WV), 1038 (w), 1053 (VW), 1108 (m), 1153 (vwh 
116O(sh), 1198(m), 1212(m), 1250(m), 1275(w), 1290(m), 1300(w), 1335(vw), 1350(w), 1430&d), 1450(m), 
148$(s), 1500 (m), 1581 (m), 1604 (vw). 

trans-2-J#romo-3-chlortetr&n (CS,): 430 (m), 449 (VW), 465 (VW), 479 (w), 503 (w), 581 (8). 600 (vs), 
664 (m), 683 (w), 708 (w), 730 (ah), 740 (va), 762 (w), 786 (m), 855 @I), 864 (a), 894 (w), 917 (VW), 929 (w), 959 (s), 
988 (w), 1018 (w), 1040 (w), 1108 (abb 1111 (m), 1155 (w), 1174 (m), 1212 (m), 1240 (w), 1260 (w), 1268 (w), 
12g4 (VW), 1304 (v-w), 1343 (m), 1361 (VW), 1403 (m). 
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Idem (KBr) : 430 (m), 448 (m), 464 (w), 511 (w), 563 (w), 5% (s), 680 (s), 711 (m), 743 (vah 752 (sh), 783 (6). 
859 (m), 869 (rnh 893 (m), 918 (m), 950 (m), 1019 (VW), 1026 (vwb 1038 (WA 1048 (VW), 1108 (w), 1154 (vwh 

1178 (s), 1205 (m), 1245 (w), 1271 (w), 1289 (m), 1298 (w), 1334 (w), 1346 (w), 1429 (m,d), 1450 (w), 1486 (aA 

1500 (w), 1583 (m), 1606 (vw). 
trans-2,3-Dibromozerr&1 (CS,): 433 (m), 476 (w), 495 (w), 550 (vs), 588 (vw), 636 (w), 662 (VW), 704 (vwh 

737 (vs), 759 (w), 763 (sh), 859 (r), 888 (VW), 930 (m), 960 (vs), 988 (m), 1018 (w,b), 1041 (m), 1109 (s), 1158 (I), 

1171 (sh), 1212 (aA 1224 (m), 1260 (m), 1287 (VW), 1305 (w), 1342 (m), 1349 (ah), 1364 (w), 1408 (m). 

Idem (KBr): 421 (m), 439 (s), 455 (m), 508 (m), 556 (m), 588 (va), 660 (a), 708 (w), 738 (vs), 746 (ah), 763 @I), 
856 (m), 862 (sh), 885 (m), 912 (m), 948 (m), 1013 (VW), 1019 (VW), 1035 (w), 1104 (w), 1152 (I&), 1175 (a), 1212 

(vw), 1240 (VW), 1262 (w), 1283 (w), 1293 (ah), 1322 (VW), 1329 (vw), 1339 (VW), 1346 (vw), 1426 (m,d). 1450(w), 

1483 (m), 1498 (m), 1579 (m), 1600 (VW). 
The Raman spectra were recorded on a Cary 81 spectrometer with He/Ne laser source. The spectm were 

taken from solutions (_ 20%) in tetrahydrofuran and in carbon tetrachloride. and from powdered samples. 
The depolarization ratios were determined in CC& solution using UV cells according to the method 

described16 The 314 and 459 cm-’ bands of CC& were used for calibration, yielding p = 076 and 001. 

respectively. The p values are reproducible to fOQ2 The wavenumbera (for the solid state spectra in the 
range 400-1600 cm- ‘) are presented with the meamred pa3k intensities on the usual relative scale cmtensity 

of the strongeat line = 100). 

tranA!&D&Morotezralin (solid): 436 (7), 465 (26), 515 (8X 600 (8), 698 (IS), 728 (62), 752 (MO), 796 (27), 
865 (7.b), 900 (13), 919 (4), 955 (VW), 984 (VW), 1038 (50), 1053 (sh), 1105 (7), 1156 (24). 1199 (30), 1214 (9A 
1276 (15), 1291(9), 1298 (9), 1327 (VW), 1335 (VW), 1349 (7), 1435 (26), 1582 (19 1604 (9). 

I&m (THF): 510 (33), 650 (6), 594 (39), 679 (100x 700 (VW), 718 (100). 736 (78), 750(56), 766 (VW), 802 (11) 

Idem (CC&): 508 (33), 650 (a), 592 (39), 678 (lOO), 696 (vw), 715 (lOO), 735 (45). 
trans-2-BromoG-chloro-chlorotctrolin (solid): 433 (IS), 448 (23 464 (24A 512 (8), 562 (a), 5% (8), 682 (71), 712 

(42),750(100),781(29),861(15),896(18),918(6),954(vw), 1038(73). 1102(9),1156(33),1178(18),1198(33~ 

1245 (VW), 1271(15), 1289 (9), 1296 (9), 1334 (6), 1346 (9), 1433 (33), 1582 (18), 1605 (9). 
Idcm (THF): 507 (20), 600 (7), 583 (So), 664 (100). 684 (7), 710 (40), 731(47), 750 (17), 765 (VW), 785 (7). 

Idem (CCl.): 503 (18), 600 (S), 582 (55), 665 (100X 683 (5), 709 (47). 730 (41). 
tram+2,3-Dibronotctralin (solid): 424 (la 443 (12), 458 (17), 509 (7x 556 (4), 588 (lo), 662 (76). 708 (1% 

748 (MO), 762 (U), 790 (2), 859 (lo), 888 (16), 914 (6), 953 (2), 1022 (5) 1038 (52), 1095 (7,d), 1154 (24), 1178 
(19), 11% (21), 1263 (12), 1287 (9), 1296 (7), 1332 (5), 1345 (7& 1430 (24), 1581(12), 1602 (10). 

Idem (THF): 500 (9), 550 (6), 584 (64), 637 (lOO), 667 (6), 708 (16), 732 (a), 750 (6), 765 (VW). 
Idem (CCl.): 498 (lo), 550 (5), 582 (57), 637 (lOO), 664 (S), 704 (II), 730 (29). 
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