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MCI The IR and Raman spoxra of )_halogcno- and rrMI-3.4dlhlogenoletrahydrorwPlrJ were 

recorded. The conformations wtth the halogen atoms In axial posItton wart found to palomina~e IO 

solution. the subsrltuents oaxpymg the most puckcrcd pan of the nng. For the 3-halogcno compounds. 

this conclusion IS confirmed by the dqok moments. 

INTRODUCTION 

INcontinuation ofaseriesofstudieson thcco~ormationaadgoomctry ofhalo~ted 

cycloptnm=% I-’ the present paper deals with the conformational propertks of 
3-bromo- (I), 3-chloro (II), tra-3,4dibromo (III), rrcns-3-bromo4chIoo (IV) 
and truns-3,ddichlorotctrahydrofuran 0, by means of dipok moments and IR and 
Raman spectra. Thus far, only a single study on the conformation of tetrahydrofurans 
has appeared in the literature. Gagnaire and Vottero’ studkd the conformation of 
some isomers of 2,5dimcthoxy-3,44bromotetrahydrofuran and of trmu-25di- 
methoxy-cis-3,4dihydroxytetrahydrofuran. Reviews covering the literature on wn- 
formational analysis of the furanoid sugars are available.’ 

I II III Ip P 

General principles 
Like cyclopentane, the tttrahydrofuran (THF) ring is puckered.**’ However, the 

rotation of the puckering around the ring (pseudorotation”) is probably not free,* as 
in cyc1opentant.‘~ ” A potential energy barrier is assumed to occur because an 0 
atom in planar arrangement is not seriously troubled by bond eclipsing Fitzer and 
Donath* calculated a torsional barrier to pseudorotation in THF of 2.5 kcal/mok, 
using their model for cyclopentane (maximum torsional angle 48.1”). Reaznt X-ray 
data for a number of substituted furanoses” suggest that the THF ring is somewhat 
less puckered (maximum torsional angle 39“) and a roevaluation of the barrier op 
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posing pseudorotation is therefore in order.. Figure 1 shows the most stabk C1 or 
half-chair13 form and C, or enve10pe’~ form for THF. 

a 

a 
(b) 

(c) 

FIG. I Half-chair form m perspcct~e (a). m projectIon (b) and cnvclope form (c) with 
axial. quatorial and bnaslonal valenc~a. 

There is no 4 priori reason to assume that either of these basic conformations actually 
represents the most stabk conformation in any given substituted THF. In order to 
describe these forms and all intermediate ones it is convenient to introduce a 
pseudorotation parameter A, which is calkd “the phase angk of pseudorota- 
tion “.‘O* ‘**” Along the pseudorotation circuit, A varying from 0” to 720”. 10 C, 
and 10 C, forms are met. If A is taken as zero for an arbitrary C, form C, forms arise 
at A = 0”. 72”, 144”, . . ., etc and C, forms at A = 36”. 108”, NM”, . . ., etc. (cf. Figs 2 
and 3). The C1 forms at A = 0” and A = 360” are not identical, because an axial 
substituent in the former case has become equatorial in the latter and vice oersu. 

Introduction of substituents at C-3 and C-4 (Fig 4) raises the barrier restricting 
pseudorotation still further. The barrier separates two energy minima which have 
different conformational characteristics (e.g. with equatorial and axial substituents) 
in the c8st of mono- and crua.s-disubstituted compounds. In each minimum, A may 
oscillate. We introduced the term pseutfolibrafion’ for this phenomenon. For 3- 
substituted tctrahydrofurans, 20 energetically different C2 and C, forms exist. For 
tronr-3,edisubstituted compounds, only 11 of the 20 forms are energetically different. 

The calculation of the total torsional potential energy as a function of A has been 
carried out for 3halogeno- and truns3,4-dihalogenotctrahydrofurans according to 
the method described earlier.’ Assuming a potential function of the type: 

v,, = )v;(l + Cos 31LlJ) (1) 

the following V” values are substituted :‘* l6 

l Recent studies* of be far IR spectrum of THF ru~peu that tb bmicr opposing pccudoroul~on is 
ratbcr lower than thought pm%~~ly.@ HOWC~. further work 01) this probkm must be awaited before it 
an be m u rttkd defiiitivcly. 
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no. 3 Pscdorotatioo drcuit between A I - 72” and + 108” for 3-hdogcoo-THF. 

(a) lb) 

no.4 
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CH,--CHI = 2.8 kcal/mole (V,, in Fig 4a) 
CHX<HI and CHXKHX = 36 kcal/mole (V,, and V,, in Fig 4a, VxS. V,, and 

V,, in Fig 4b) 
CH,a = 107 kcal/molc ( V, 2 and VI, in Figs 4a and 4b). 

For cyclopentanc, the appropriate torsional angles till can be calculated from the 
maximum torsional angle (JI,) for any value of A.“*” As a first approximation, 
this method can be applied to THF.* Taking $, = 39”,” the torsional angles for 
the halfchair form depicted in Fig la are: $0 = 39”, JIt = 32”. $z = 12”; for the 
envelope form (Fig lc): #0 = 37”. $I = 23”. d12 = 0”. 

In Fig 5 a plot of V against A is shown for the 3-halogeno- and trans-3.4-dihalogeno 
compounds.t Each dot represents one of the basic conformations depicted in Figs 2 
and 3. Non-bonded and dipolcdipole interactions have not been included in these 
calculations, bond angle deformation was also neglected. However, it is expected that 
inclusion of these interactions will not change the general shape of the potential 
energy curve.’ The following conclusions can be drawn : 

I 

-216. -144. -72' 0' .72' .144* ,216’ A 

Ro. 5 The shape of the torsional brwr to pwdorotation m 3-halogeno_THF (full line) 
and in 1ronr3.44halogcno-THF (dotted liner Y in kcal/mok. V, = V,, ,,,,. 

1. For the monohalogeno compounds the torsional energy minima correspond to 
the forms for which A = 10” (halogen axial) and A = 370” (halogen equatorial), so 
they do not correspond to one of the basic conformations. The minimum is 2.9 kc-al/ 
mole below the top of the barrier. 

l For c)clopcaunc. $I_ is independent of A. The poalbiluy thal #_ varies with A for THF u n~@~Ied 
in the present approach. Tbc r&lion be~wecn the five torsional an&s +, (i = 0, I. 2 3.4) and A is tbcn 
given by $, = ti_ cos (iA + ja) with C% - 144”. 

t The akulatlons were amal OUI on the XI computer by mcaos of a program dcvued by H. J. GCUC 
a4 B. Hcsper. 
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2. For the truns-34dihalogeno compounds, the torsional energy minima corres- 
pond to the symmetrical half-chair forms for which A = 0” (halogens axial) and 
A = 360” (halogens equatorial), 30 kcal/mole below the top. 

3. For both classes of compounds, the conformations in which the halogen atom 
or atoms occupy the most puckered part of the ring and the oxygen atom occupies 
the planar part, are strongly preferred. 

4. The energy wells of the tetrahydrofurans are steeper than those of the corres- 
ponding halogenocyclopentanes. ’ Hence, the amplitude of pseudolibration (i.e. the 
spreading in geometry of the conformations that contribute predominantly to the 
observed physical properties) is probably smaller in the former case than in the latter. 
This prediction is confirmed by our work on the IR and Raman spectra of chloro- 
cyclopentane,’ 3chloro-THF, trans-1.2-dichlorocyclopentane* and tranr-3,4di- 
chloro-THF (see below). 

A. IR and Raman spectra 

RESULTS 

The IR and Raman spectra of compound III and the Raman spectrum of com- 
pound I are shown in Figs 68. Of special interest is the spectral range -800 cm - ‘, 
where the carbon-halogen stretching vibrations occur. The CC1 and C-Br stretching 
frequencies in aliphatic halogenides depend on the geometrical arrangement about 
the neighbouring C atoms. The single most essential factor seems to ~MZ the nature 
(C, H, halogen, 0, etc.) of the atom or atoms anti to the halogen. By an extension 
of a notation introduced earlier,“’ an empirical set of parameters was derived’* 
which allows the assignment of the C Br and CC1 stretching frequencies according 
to the chemical-geometrical combination. The chemical type of halogenide is 
specilicd 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)). Data for various types 
of vibration are collected in Table I’s (cf. also Ref. 19). The values presented in 
Table I are probably accurate to f 20 cm- ‘. 

C-Br (cm ‘) c Cl&m ‘) 
. .- -~ 

535 5% 611 650 

686 5% 650 142 

728 767 

(a) 3-Hologenorerrahydrolurans. The bands observed between 500 and 800 cm- ’ 
are collected in Table 2. 
The very strong bands found at 535 cm- ’ for 3-bromo-THF and at 605 cm- ’ for 
3-chloro-THF can safely be assigned to the axial C-halogen stretching frequency 
(S, type); they agree very well with those found for the corresponding 3-halogeno- 
tetrahydropyrans’s*‘” (535 and 595 cm- ‘, respectively). These bands are by far the 
strongest of the spectrum. 
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Tbt RNDM I- of bromo- and cblorocyclopcat~~ show very atroag buxb with about tbc same 
frcqurncka u tirn for campoW I and II (514 and 590 cm-‘, rapoctivcly). Tbac bands arc ti 
assigned to the ax101 C-halw vibration.’ Tbc IR spcc!n of tbeu compouoda hrvc been diacus&,2’ 
bu1 no dcflnitc rrrlgalnal1 WU made. Tbc axial c4 lWChi0~ mode for cblofwyclopalunc appears 
much broader than tbar for )-cbloro-THF, tu@sting I larger amplitude ol pacudolibntiw for the 
former compound Tbia b in agramcnr with the tbcorctical prcdictionr 

3 _ . --___. _. -- ----- 

I 

-. ._‘._~ 

tool I C-Y. -.-_+ 

3ooo moo~400 no0 moo wo wo 450 <WV’ 

Ro. 6 Infrared tpu~rum of rw3,4dibromo_THF (solution in CSI). 

-- _ . 
-00 1300 1100 WC 700 000 a00 

Ro. 7 Raman spectrum of rwu-Wdibromo-THF (pure liquid). 

Ro. 8 Raman spearum of 3-bromeTHF (pure hqtid). 
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TAMI 2. IR AND RAWAN SFTCTRA OF ~-fmDbt~ AhV 3-cti~unuTHF ETW?ES 5Ocl 

ASD 8oocm-’ 

SBromo-THF (I) 3-Chloro-THF (II) 
- - -. -. ..- - ..--- - 

IR F-Z) Raman Cl@ IR (‘=,) Raman (Ii@ 
.-. .-_. -. - .- -. _- 

535 (vs) 528 (VI) 605 (vs) 604 Ws) 

655 (w) 650 (WV) 667 w 665 w 
740 (W 740 (VW) 758 (VW) 758 (VW) 

795 (VW) 795 (VW) 

The assignment of the equatorial C-halogen stretching frequency (SC0 type) is more 
difficult. The weak bands at 655 cm- ’ (compound I) and at 667 cm- ’ (compound II) 
probably correspond to a band at 654 cm-’ in the spectrum of THF,z’*23 which is 
assigned to a CH, rocking mode. 23 The very weak bands at 740 cm-’ (compound I) 
and at 758 cm- ’ (compound II) may be due to the equatorial C-X vibration; they 
agree rather well with the Sco frequencies (cf. Table 1) and with the equatorial C-X 
frequencies for the corresponding 3_halogenotetrahydropyrans’0 (720 and 760 cm- ‘, 
respectively). However, the spectrum of THF itself shows bands at 725 and 761 
cm- 1.22*23 Thus, the assignment is not conclusive, but it is clear that the equatorial 
conformation, if present at all, is hardly detectable. We conclude that the axial form 
predominates to a surprisingly large extent, which is in accord with the dipole 
moments of these compounds (see section B). The results of the above discussion are 
summarized in Table 3. 

TABIJ 3. CARBOS-HALOGES ~TILLTCHINC~ FREQUESUFS (IR VALIJB IS cm ‘) 

IS 3-HAIAY;EW)~AHYDIL(n’C’RANS AND -TI?TRAHYDROPYRANS.20 (‘(MUPARED 

WTTH THE EMPIRICAL VALLX3 GIVES IN TARW I 

Compound or type 

S, (bromo) 

&, (bromo) 
3-Bromotctrahydrofuran 

3-Bromotetrahydropyran 

S, (chloro) 

Sco (chtoro) 
3Chlorotetrahydrofuran 

3-Chlorotctrahydropyran 

Axial C-X str. Equatorial C-X str. 
-. -.- .-- 

535 

728 

535 740? 

535 720 
._. _. .-._ 

611 

767 

605 758? 

595 760 

(b) trans-3,4-Dihalogenoterrahydro~~. The IR and Raman bands between 500 
and 800 cm- ’ for compounds Ill-V are presented in Table 4. 
Consider the strong bands displayed by the dibromo compound III : 

(a) A very strong Raman active band at 632 cm- ‘, which is weak in the IR spectrum. 
(b) A weak Raman band at 558 cm- ‘, which is very strong in the IR spectrum. 

This combination of bands is highly characteristic of an approximately antiplanar 
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111 

I 
IV V -- -.-_ ._.- . . _~ 

IR G,) Raman (W IR W,) Raman ! IR (CS,) Raman (liq) 
.-. _ ~. . -- --.. . ..- . ..- 

558 (vs) 558 (8) 598 (VI) 597 (34) 663 (VI) 660 (sh) 
632 (w) 632 (100) 673 (m) 672(100) 

715 (w) 724 (4) 

i 688 (sh) 687 (vs) 

722. (w) 724 (6) 721. (w) 721 (w) 

761 (w) 769 (4) 768. (w) 775 (6) 772. (w) 768 (w) 

l From the spectrum of the neat liquid 

arrangement of the XC<-X system (X = Cl or Br);** ‘**‘* evidence has been 
;iccumulated from about fifty compounds, including 5- and &membered rings and 
open-chain compounds. The two bands are therefore assigned to the strongly coupled 
C-Br stretching vibrations of the diaxial conformation (Sir, type), the Raman active 
vibration being due to the symmetrical mode and the strong IR band originating 
from the asymmetrical mode. The analogous au bands in the bromochloro IV and 
in the dichlorocompound V obey the same intensity rule and are similarly assigned. 
The axial C-halogen stretching frequencies for compounds III-V are compared with 
those for the corresponding cyclopentanes,* tetrahydropyrans” and cyclohex- 
anes1a*24 in Table 5. 

TABU 5. AXIAL C’-HALOGEN’ STIIETCMIPY~ FTUXJUENCIFJ (IR VMUS IS cm-‘) IS rrrmr-3.4-rw~~o~~w 
TFTRAHYDROIIXAW AND -TI?TRAHYDROPYRAM. lo IrCmr- 1.2-DIHAL(~~~CII)PLKTAh~’ AhD -CY<I(% 

HMAMS”. I4 COYPARW WITH THE VALLXS GIVES IN TABLE I. 

Compound or type 
Symm. Asymm AVCIXgC nv 

c-x SW. c x str. 
.-. __~ ._~ .-. 

S,, (bromo) 5% 

rruns-3.4Dibromo-THF 632 558 595 74 

want-I&D~bromocyclopcntanc 607 542 575 65 

rrans-3.4~Dibromo-THP 665 555 610 110 

trolls- 1.2~Dibromocyclohcxanc 653 542 597 III 
-- _. - .-- -._ - 

S,,, (bromochloro) 623 

rrans-3-BromoQchloro-THF 673 598 635 75 

rrancl-Bromo-2-chlor~cloptane 650 582 616 68 
~ronr-I-Bromo-2-chlorocyclohcxanc 665 580 623 85 

_. .- 

S,,, (chloro) -‘.- 

--_ _ .-~- . . ._ - _._ 
650 

franr-3.4DAloro-THF 688 663 675 25 

rront-1.2-Dichbrocyclopcntanc 688 652 670 36 

rranr-3.4-Dichloro-THP 715 647 681 68 

rrant-l,2-Dkhlorocycbhcxanc 690 610 650 80 
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FromTable 5 it is seen that the characteristic frequency difference Av = v,~_, - 

v,,,,, is definitely smaller in the S-membered than in the bmembered ring com- 
pounds, especially for the dichlorides. As this very low value for Av is also found for 
rrans-I 2dichloroindan” (28 cm- ‘), it seems to be characteristic of oic. axial di- 
chlorides of S-membered rings 

As the C-X stretching bands of truer-1,2dichlorocyclopentane appear very 
broad and diffuse, we suggested’ that this compound exhibits appreciable pseudo- 
libration. For rranr-3,4dichloro-THF these bands appear sharp, suggesting that the 
energy well for the former compound is much less deep than for the latter (Fig 5). 

Carbon-halogen bands due to the ee conformation (Sco type) appear to be absent 
in the spectra The weak bands appearing at about 720 and 770 cm- ’ in the spectra 
of compounds III-V are not ascribed to the equatorial C-X vibrations; no shift to 
higher frequency is observed in the series BrBr -+ BrCl + CICI. Besides, THF 
itself22*23 shows bands at 725 and 761 cm- ‘. Thus, the diaxial conformation should 
predominate to an extent of at least 90%. 

B. Dipole moments 
The dipole moments have been measured in benzene and in carbon tetrachloride 

at 25’ (Table 6). 

Compound P (GH,) P (CCU 
- - - _- --_. .- - .-_ -. 

SBromo-THF (I) 2.11 2433 
SChloro-THF (II) 2.16 2.10 
rruns-3.4-Dibromo-THF (Ill) l4J7 IO1 
tronr-3-Brome4-chloro-THF (IV) IQ1 IQ1 
rrans-3.4-Dkhloro-THF (V) I.03 I05 

The estimated dipole moments of the AA and EE conformers of the dihalogenides. 
based on the following partial moments (Fig 9): ~1~ W 1.5 D, p2 5 05 D, p3 + 2.7 
3D,are:p,= 1 D,P,,= l-2-1.5 D. As the difference between these moments is 
very small, no definite conclusions can be drawn as to the conformer distribution of 
compounds III--V. 

RG. 9. 



3028 H. R. B~JYS. C. ALTONA and E. HAWGGA 

Calculation of the dipole moments of the conformers of the mon&alogenides, 
taking the partial C-X moment equal to 2&2-l D and the C-0-c moment equal to 
1.5 D, yields : pA = 2.15 f @l D, p, = 1.45 + 0 1 D. Thus, it is clear from the 
dipole moments measured for compounds I and II that the axial form of the 3-halo- 
genotetrahydrofurans predominates to a large extent, in accord with the conclusions 
drawn from the vibration spectra (section A). 

CONCLUSlOh’ 

The vibration spectra and dipole moments of the 3-halogend- and rruns-3,4- 
dihalogenotetrahydrofurans indicate that the axial conformations predominate in 
solution. This strong preference for axial forms is also shown by the corresponding 
cyclopentanes. ‘*3*4 It is noteworthy that with the corresponding 3-halogeno- and 
rrarts-3.4dihaIogenotetrahydropyrans 2o the equatorial conformers are predominant. 
The halogenated tetrahydrofurans are expected to be less flexible than the halo- 
genocyclopcntanes, which is confirmed by the appearance of the carbon-halogen 
stretching modes. 

EXPERIMENTAL 

3-BromTHF (I) was prepad by a mcth& ckscribed*~ for the synthesis of 2-chloroindan from 2- 

indanol. 20 g 3-bydroxy-THF @h&a, n, ” 14482) was converted into the corrupondlng rosylate with 55 g 

tosyl chloride in 71 g pyridinc. The tosylate was stirred with 76 g dry LiBr in ux) ml &ethylene glycol 

for 8 br at loo”. 650 ml water was added and the mixture was ex~ractcd with CH,Cl,. The organic layer 

was dried over MgS.0, and the solvent was remova! at diminished pressure Fractionation of the tzsidue 

yielded 3-bromo-THF. b.p. 48”/10 mm; nb’ I.4913 (Lit.” b.p. 49’/1 I mm; II:’ I.49121 (Found: Br, 51.9. 

Cak for C,H,OBr (151Ql): Br, SZ.T,;). 

3-Chbto-THF (II) was prc~ared from the tosylrtc of 3-hydroxy-THF and LiCl by the method described 

for I: b.p 35’ 10 mm; n;” I-4530 (L~I *s.” hp 59-61 30 mm; no *O 1.4530). (Found. Cl. 33 I Calc for 

C,H,OCI (106.55): CL 33.3>;j 

trans-3.4-Dibromo-THF (III) was obtained by the addition d Brl to LSdihydrofuran in CH,CI, at 
-m; b.p. BY/IS mm; do 15565 (Lit ‘O b.p. 8@-83’/10 mm; no I’ 1.5502). (Found: Br. 699. Cak for 

C,H,OBr,(U991): Br. 69%). 

rran.~-3Brom~4-chbro-THF (IV) was prepared from LS-dlhydrofuran and N-bromosucanimide-HCI 

m CH,Cl, by tbc procedure described;” b. p. 69’/15 mm; do 1.5200. (Fouod: halogen 61.8. Cak. for 

C,H,OBrCl(l8545): balogcn 62.2%). 

rrmu-3,4+khloreTHF (V) was obtuncd by chlorinating 2,Sdihydrofuran employing SO,Cl, according 

to the method described.” b.p. S2”;lS mm; nk I.481 I (Lit ” b p 05 86”.‘63 mm. no 14821 (tcmp not 

sta~cd)j (Found: CL WI. Cak. for C,H,OCII (141W: Cl. Z03%). 

The puricy of the compounds was also checked by means of the 60 MC/S NMR spectra An analysis of 

the spectra was not possibk on aazount of theu complexity. 

Dielecrric mcpcwemmts 

The ckctric moments were determined by measunng dielectric constants and densities of 5 or 6 solns 

of eaqb compound in bcnzmc and in carbon tctrachloridc (molar fraction range -2) at 2s” as da- 

cribcd ’ The total polarization P 1o was calculated by the method of Halverstadt and Kumkr ;” the &pole 

moments followed from 

p = 01281 x lO~“[(P,, - R,) T]’ 

The @wed sprcrro were obtained with a Unicam double beam spcctrophotomcter (SP 100). The spectra 

were ~akcn from solutions (- 30 mg/ml) in carbon disulfidc. and from rhc nca~ liquids The wave numbers 

in the range 4lW 1 SO0 cm- ’ in CS, arc prcscnlcd below. 
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TAEILE 7. ~UXERICAL DATA W THE UEASUREMENl3 Df THk. DIPOLE MouRh79 

Compound Solvent’ 2’ tJ P 10 RD P 
- - - - - -. -. .- - ..- _-. - .._- .-_ 

I T 5182 +oooO l12Ql 2198 2G3 

B 6,169 - Ial 11861 27.98 2.11 

II T 5444 +@I61 1 IS.21 25.10 2.10 

B 6.331 - 0312 l2@53 25.10 2.16 

Ill T l-682 -0233 SPl6 35.10 I .Ol 

B I .128 - I.916 59.27 35.70 I ,Ol 

IV T I 377 -069 s3.43 32.82 IQ1 

B 1.397 - I.305 53.53 32 82 I.01 

V T I.354 +0099 s24cl 2994 ltJ5 

B 1.375 -0728 51.42 2994 I*3 

’ T Q carbon tctrachloride. B = benzene. 

3-Bromo-7’HF (I). 53S(vsA 655(w). 14O(vwA 842(wA 902(shA 92O(vs). 97O(shA lO52(vsA lC’gs(vs). 

1180 (m). 1230 (s). IZSS (shA 1326 (vw). 1360 (vwv). 1438. (m,b) 

3-Chloro-THF (II): 605 (nA 661 (WA 758 (vw). 795 (vwA 848 (WA 90) (vsA 928 (sh). 975 (sbA 1065 (vs). 

1088 (VSA II92 (WA 1215 (WA 1250 (&A I265 (sA 1330 (WA 1443. (bm). 

Irons-3,4Dibromo-THF (Ill): 558 (VSA 632 (WA 115 (WA 161 (WA 897 (sA 923 (shA 981 (VW). 1013 (vw), 

1042 (shA 1080 (vs). I I58 (IA I I93 (WA 1221 (WA 1268 (mA 1320 (WA 1458. (mA 1465. (m). 
rrans-3-Bromo+chloro-THF (IV): 598 (VI), 673 (mA 122. (WA 168. (WA 900 (vsA 928 (sbA 914 (VW). 

994 (vwA 1016 (vwA 1058 (vsA I I10 (mA I I95 (m). 1216 (sh). 1242 (WA 1273 (mA I322 (WA 1468. (m.d). 

rrrsru-3,CDichloro-MF (V): 663 (VI), 688 (&A 121. (WA 112. (WA 823. (WA 848. (WA 900 (VI), 932 (sh). 

972 (VW). 1001 (VW). 1019 (WA 1084 (VI). Ill0 (shA II85 (shA 1206 (IA 1255 (WA 1216 (mA 1322 (WA lw 

(mA 1461. (m). 

The Ruman specrro were recorded on a photoelectric Hi@r and Watts Ramanspcctromcta with scan- 

ning attachment. Data on the pcrformana d this apparatus bavc been given elsewhere.” lbe spectra 

were taken from tbc neat liquids. witb slit widths corresponding to IO cm-‘. scanning spa-d I cm- ‘see ‘, 
lime cooslaal 2.5 Kc The frequencies io cm - ‘betw&nMOmdl500cm~‘mprrrtntbdwiththcmeor- 
ured peak intensities on tb usual relative scak (intensity d tbc rtroogcst Ime - 100). 

3-Bronm-THF (I): 290 (38). 312 (32). 528 (100). 650 (WA 740 (VW). 84s (WA 902 (sh). 920 (38). 982 (WA 
1045 (20). 1082 (WA 1180 (22). 1230 (25). 1326 (VW). 1364 (WA 1436 (28). 1470 (35). 

3-Chloro-THF (II): 336 (shA 362 (60). 604 (100). 665 (20). 758 (VW). 795 (vwA 850 (VW). 906 (shA 932 (95), 

988 (20). 1060 (35). 1090 (ISA 1218 (55. vbA 1248 (sh,bA 1336 (vw), I365 (vwA 1040 (shA 1465 (45). 
rrw-3.4Dibromo-THF (III): 311 (lE.bA 558 (8). 632 (IOOA 124 (4). 169 (4). 897’(7A 933 (l6A 986 (8). 

1013 (vwA 1062 (1). II80 (131. 1213 (shA 1233 (IgA 1321 (VW), 1365 (VW). 1465 (9). 

rrans-3-Bromo-eChloro-THF (IV): 240 (34). 302 (24A 353 (31). 597 (34A 672 (IOOA 124 (6A 775 (a), 898 

(l8A 935 (32). 990 (21). 1061 (ISA 1115 (241 I222 (12). 1247 (31). 1330 (WA I362 (WA 1466 (24). 

tronr-3.4-Dtchloro-THF (V): 203 (b.w), 266 (22A 342 (sb). 370 (52A 660 (shA 687 (lo01 121 (WA 768 (w), 

897 (20). 935 (32). 998 (23). 1062 (18). I I98 (MA 1220 (24A 1258 (MA 1326 (WA 1362 (WA 1463 (27). 

khowledycmenr- The authors arc indebted to Dr H. J. Gmsc for carrymg out the calculations on the 

Xl computer, and to Miss 1. J. Hartman for recording the infrared spectra. 
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