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--For a series of conformation-inverting ring compounds having similar geometry and 
containing the same or similar vkinal polar substituents a linear relation exisIs bawam the squares 
of the ekctric dipole moments and the sum of the vicinal coupling constanu Jti i JSX. An 
analysis of this relation in terms of the K0rplu.s constants is devcloptd. It is shorm that the com- 
bination of dipok moment data with coupling constants yklds valuable quantitative information 
on firplur parameters, ring &formation and conformational equilibrium constants. 

INTRODUCTION 

ONE of the main difIkulties* encountered in the study of mobile systems under con- 
formational equilibrium by the measurement of electric dipole momenta or NMR 
spectroscopy is that parameters of the individual conformers are a prerequisite and 
often they are not directly attainable by experiment. In favourable cases conforma- 
tionally homogeneous systems furnish the necessary data. Use of such a technique 
requires the assumption that the geometry of the molecule does not suffer from 
deformation by the substituent used as a holding group (cf. p. 2277). In the absence of 
such substrates the parameters of the individual conformers under equilibrium must 
be estimated. 

We introduce here a method that utilizes the correlation between two physical 
properties P and Q of an equilibrium mixture of two forms E and A as follows: The 

properties P and Q are equated to the properties P,, Pg. etc. of the individual con- 
formers by: 

P = X,PE $ (1 -- XdP, (1) 

Q = XPQP -t (1 - x&h (2) 
where x5 is the molar fraction of component E (xx + xA = 1). From (1) and (2) it 
follows that: 

dP/dQ = (Ps - Pa)/(QE - Qh) = AP/AQ = constant (3) 

Provided the properties P,, P,, Qa, QE are independent of the externgl influences 
that are used to vary the quilibrium constant (e.g. change of solvent or temperature) 
a shift of the equilibrium yields a linear relation between P and Q with slope AP/AQ. 
In principle this relation can be extended to three or more dimensions. In particular, 

l Part XXXII: C. Altom, H. J. Geire and C. Romers, Rec. na. Chlm. io pras. 
a E. L. Elicl. N. L. Allinger, S. J. Angyal and G. A. Morrison, Conjbrmariowl AnolysL Chap. 7, 

and Refs. cited tbcrcin. Wiky. New York (N-Y.) (l%S). 
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the object of the present paper is to show that the combination of dipole moments and 
NMR coupling constants yields useful information on mobile as well as on tixed ring 
systems that contain two vicinal dipoles. The method is worked out in detail for 
ricdihalogeoo substituted S- and 6-membered cycloalkaoes and for a-halocyclo- 
hexanones. It can easily be adapted to other systems and/or other properties. 

DISCUSSION 

Consider the rapidly equilibrating two-conformer system: 

R 
AA EE 

The proton couplings of interest are those htweco Hx and HI, HB (ABX-typt). 
Observed couplings are assumed to be time averages of the couplings of the two forms 
under quilibrium. For the compounds under consideration (x = halogen) the 
equilibrium constant is highly solvent dependent. 

Writing J*, = (Jlx + J&u (H, quatorial) and JEl = (Jax -t JBaLL gives 
the observed separation J = Jnx + Jnx of the terminal lines of the HI signal of the 
equilibrium mixture as a sum: 

J 2 (I - x&J_,* ‘. xEEJEs 

Similarly, the squares of the electric moments are related by the expression: 

(IA) 

/4’ = (1 - XI&u**’ ‘- xgrl(g$ @A) 

Combining (1A) and @A), it is seen that a linear relation between cc* and J should 
hold with a slope H qua1 to: 

H = d/P/dJ ..= @& - pA.,*)/(Jpg - JAA) (3A) 

Strictly speaking, Eq. (3A) is valid for a given compound measured in a series of 
solvents, under the assumption that the moments and coupling constants of each 
conformer are practically solvent-independent. However, expression (3A) can be 
applied in a more general way. The experimental results indicate that for a series of 
compounds in various solvents a single straight line is obtained, provided all the 
compounds have similar geometry (i.e. are isogeometric) and carry the same or 
similar polar subs&cots. It was considered worthwhile to investigate the physical 
significance of H in terms of molecular geometry with the aid of the Krrrplus equation’ 
(keeping in mind its approximative nature) and the usual vector calculation of dipole 
moments. To this end equations are developed in which A,ug and AJ are written as 
functions of the appropriate dihedral angles (or projected valeocy angles) of the ring. 

a M. Karplus, /. Ckm. Php 30, 1 I (19S9); /. Am. Chem. Sot. R5.2870 (1963). 
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A. Dipole moments 

Consider the systems: 

where the arrows represent dipole moment vectors. The squares of the electric 
moments follow from the equations (assuming trigonal symmetry about the projection 
axis) : 

pnE’ = 4M cos’ i(120 - vr) + D (4) 

paA* = 4h4 ~0s’ i(120 + tpr) + D (5) 

M = ~(a* sins a, where p, is the partial moment along the C-X bond and a is the 
valency angle C-CSX. A correction term D has been introduced because, at least 
for (aa>l,2dihalogenocycJohexancs, p ,,f found is larger than calculated owing to 
the induced moment in the ring .&’ The possibility that D is a function of cp is ignored 
in the present approach ; in practice D := 08-1.2. From (4) and (5): 

W = PEI’ - PAA t .-- 2fi M sin rp, - (6A) 

For D # 0, Eq. (6A) is valid for 0” < v1 < 60’. for 60” < yI < 90” we find: 

+’ = 4M(1 - f cos vr) (6B) 

B. Coupling constants 

The Kurplus equation is utilixed in the following form: 

J = A cos* ~rlu - B cos ~~~~~ 1 C (0” < v’ i 180”) (7) 

The theoretical Kizrplus constants,’ adjusted to Eq. (7), are: A = 9.0. B = 0.5, 
C = -0.3 c/s. Recent MO calculationd of vicinal couplings in tthane yielded 
coupling constants for various tp values that can h approximated (error CO.2 Cjs 

for 0” < (p < 18000) by Eq. (7) with: A = 94-9.6, B = 19-26, C = 0*2c/s. In the 
present state of our knowledge these “constants** seem best treated as empirically 
adjustable parameters with special emphasis on the greatest constant A. Introduction 

’ E. C. Weasels, T?uG, W&n. 1960. 
’ H. J. Gcisc, Thesis. Lcidcn. 1964. 
u H, J. s Thesis, Leidcn, 196s; o H. J. H~gunan and E. Havinga. Tehaheuhn 22, 2271 

(1966). 
’ H. J. Gcisc, A. T&man and JZ. Hwinga, Terrukuh 22,183 (1966). 
’ R. C. Fahcy. G. C. Graham and R. L. Pkxioni, /. Am. Chem. Sot. 88, 193 (1966). 
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of the ring dihedral angle ypz (0” < vpt < 90”)o gives: 

“ll "X 

X AA “A E E 

JEE = Ju -r J, = J(l20 -i. vD1) + J(& 

JAA = Jee + Jca = JPO -- ~3 + J((pn) 
(8) 

For the trun.r- 1,2dihalogenocyclohexanes J m z J* the diITereoce J- - Jrm being of 
the order of magnitude of 0.142 &lo; Eq. (9) can then be derived from (7) and (8): 

Al = JxE - JAA = d sin ~P&A cos ys f B) (9) 

Throughout this paper an arbitrary value of B = 05 c/s will be retained (it is known 
that J(v = 0’) < J(v = 180”)); A is the “constant” to be determined (the parameter 
C drops out in the difference AI). It is easily verified that a different choice of B, 
adapting the value of A so that for a certain tp range (e.g. v = 5&5Sq the term 
A cos v, + B remains constant, has practically no influence on the numerical value 
of AI (Eq. 9) in the range 0” < vs < 60”. The same argument applies to the expres- 
sions (IO), (I l), (12) and (13) derived below. We will return to this point later. 

The expression (9) has a maximum value near y = 45” (Fig. 1). A few conclusions 
can be drawn from this graph: (i) The value of AJ is highly dependent on A in the 
most interesting region 35“ < y* < 60” (i.e. the range expected for dihedral angles 
of &membered rings in chair or twisted boat forms, the puckered part of 5-membered 
rings, etc). (ii) IO the same range AI changes only by 4.5 c/s for aoy given A. 
Consequently, the experimental determination of AI may be expected to yield a 
reasonable value for A (valid for the system under investigation) euen when fhc geo- 
nierry (cpn) ubouf f/te @en bond is nor exacrfy knonn. 

Of interest are also the curves JAA and JgL US ‘p, (Fig. 2) obtained from (7) and (8): 

J EE = ) cos &A cos w1 - B) i 46 sin pt(A cos y+ + B) + 2C + Q . A (IO) 

JAA = 4 us vatA ~0s vet - B) - 46 sin y*(A cos Q* + B) + 2C + i . A (11) 

Because the unknown C enters into the numerical values, one cannot hope to calculate 
y, with some confidence from (10) or (11). 00 the other hand, when A is known even 
approximately from AI (Eq. 9) a graph such as Fig. 2 may serve to predict the effect 
of a given change in geometry (e.g. a flattening of the ring due to steric strain) on 

JAA and JEE. The slope of the curves and the positions of the maximum and minimum 
are quite insensitive to the exact value of A. It is seen that over the region of v, that 

‘Itistobcnotedthatadifferrnt*enttn~mbecaurenowoDebviewingabnsche~bond. 
Dcviitions from trigonal symmetry about the projcztion axis uLn be calculated for cacb caac of. 
preferably, taken from X-ray or neutron diffraction or similar methods. 

” R. U. L.ukux aad J. W. Lawn, Cuwd. /. Ckm. 42,893 (1964). 
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is most important for cyclohexane stereochemistry JAA (X-proton equatorial) varies 
much less with fp than JEE. Therefore, assuming that rotationdependent electro- 
negativity effects do not interfere, measurements of Jnx Seem to provide a sensitive 
method for studying the effect of steric strain on ring geometry. 

C. Relation between c(’ and J 

Combining the expressions (3A), (6A) and (9) we have: 

2M sin ‘9, 

H = dP”dJ = (A cos v~, + B) sin vr (12) 

cc?; EE 

I / 
.,.’ AA 

L__9*L._. JAX + JBX -- 

with the condition 0” < v < 60”. For the &membered ring (n z vs) this equation 
simplifies to : 

(13) 

The relation between H and y is depicted in Fig. 4 (full line) using the following 
parameters valid for the tranr-1,2dihalogen~clohexanes: c(~ = 2OD, a = 110.5”. 
A = 12.0 c/s, B = O-5 c/s. The A value (12.0) was so chosen as to yield the experi- 
mental slope (H = 0.91) for an assumed value of tp = 53”.U The curve for A = 9, 
B = 05 is also shown (dotted line). As remarked above, any combination of A and B 
can be chosen on condition that A cos cp + B is constant for the given tp, i.e. A and B 
cannot be determined independently by the present method. For example, taking 
B = 0 yields A = 12.8 c/s; for B = 1.5 c/s, A = 10.3 c/s. The interesting point is 
that the resulting curves (B = O-, B = 15) of H vs v differ maximaBy 4% in H 
near (p = 0 from the one shown in Fig. 4 (full line), and much less near the chosen 
v value where the curves cross. Therefore, when tp and the partial electric moments 
are known,” the experimental determination of H for a series of iso-geometric 
molecules also yields A and thus the angular dependence of H on I. Because the 
location of the curve H t’s tp is a sensitive function of the parameter A (see Fig. 4), 
this procedure seems to be potentially valid for determining this parameter. Experi- 
mental data on equilibrium mixtures suffice, whereas application of equations (9). 
(10) and (11) is only feasible when A is known. 

I1 This value is choacn in aocordancz with ckctron diffraction data for cyc~ohcxa~~~‘: Q - 54.5". 

and allowing for a slight extra flattening due to the substituents.***l’ 
I* M. Davis and 0. Hasscl. Acre Char. scud. 17, 1181 (1963). 
** C. Altona, Thesis, L&en, 1964. 
” H. J. G&c, C. Altona and C. Romcn, Tefruhdon 23, 439 (1967). 
lb * is often aoxsibk from physical studies on the parent rings; the electric moments can usually be 

taken safely from model compounds. 
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Fro. 4. Plot of H against * (cxpmsion (13)). Full be: A - 12, B - 05 c/a, 2M - 
792D’; dotted line: A - 9, B - 0.5 cl,, W - 7QW’. 

The Q priori calculation of dihedral angles from Eqs. (12) and (13) seems to be of 
doubtful value because A may be different for other ring systems or different substit- 
uents. However, it is easily verified that when the originally assumed value of v is 
in error by several degrees, the curve of H V.S v is still practically parallel to the true 
one, hence a &urge in H can be correlated, at least semiquantitatively, to a change in Q. 
In this connection it is also interesting to look at the point of intersection (P) of the 
straight line p’ us J with the J-axis (Fig. 3). Formally, WC may write: 

JP = Ju - ~ar’/H (14) 

Substitution of (5). (11) and (13) in expression (14) yields a rather unwieldy relation 
between J, and Q, which is graphically presented in Fig. 5, using the same parameters 
as before. Combination of Figs. 4 and 5 allows a full exploitation of the available 
information. For example, the increase in ring strain on introducing bulky axial 
substituents in clc-1,2dihalogcnocyclohexanes will be relieved by a certain amount of 
flattening of the ring (cf. the results of the X-ray analyses of diaxial and diequatorial 
2,3dihalogenocholestanezV) which in turn should lead to a shift of the line 1 us J 
to the right and a decrease in H. Both predictions are in agreement with the experi- 
mental results. 
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Fe. 5. JP as function of ring dihedral angle tp. Full lioc: A - 12, B = @5, C - 0 c/s, 
dotted line: A - 9, B - @S, C - 0 c/s. 

More complex cases will be dealt with here only briefly. In molecules where each 
AA and EE conformer consists of two conformations of equal energy, interconverting 
via the pseudorotation pathway (as might be the case with certain derivatives of 
cyclopentanela and cycloheptane), there are in general two values of vS (e.g. 46.1” 
and 28.6” for the envelope form of cyclopentanel) and the expression in the denom- 
inator of Eq. (12) be-comes more complicated.M In the case of a three-conformer 
system the relation between k* and J is no longer unambiguous. It can be shownU 
that a straight line is obtained only when special conditions are fulfilled, e.g. where the 
molar fraction of one of the conformers is solvent independent. 

RESULTS 

A. t rans- 1,2- Dihalogenocycloh mtd related compounds 

The experimental results are shown in Table 1. The coupling constants for wns- 
l,Zdichloro- (1) and rrun.r-1,2-dibromocyclohexane (2) in benzene and carbon tetra- 
chloride based on spin decoupling experiments on the compounds deuterated at 
C(1) and C(4)l” were used. In our experience deuteration is not prerequisite to 
obtain the correct value of JU + Jgx in the cases where the Hx protons are equivalent 
by symmetry (AA’BB’XX’ system). For low concentrations (< 10 mole “4 the 
outer peaks in the H,-patterns of 1 and 2 are clearly visible and their distance 
corresponds closely (within O-2 c/s) to the values quoted.1o This fact has been used 
in the analysis of the NMR spectrum of compound 5 and of the tram- 1,2dihalogeno- 
cyclopentanes (cf. the discussion in Ref. 166). The Hx-pattern of compound 10 is 

I-C. Altona. H. R. Buys and E. Havioga. Rec. Trm. Ch. U, 973 (1966); ’ Ibkf. 85, 983 (1966). 
I’ K. S. Pitw aod W. E Dooath, 1. Am. Ckm. Sot. al,3213 (1959). 
I8 ff. R. Buys, forthcomiog thesis, L&den. 
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TAIIU~. DWOU MXCFNTS @) ANO JU + Jsr (c/s) OF ~~~~S-VKZNAL DMUlDef W SAl-URAlXD 

Slx-MeyBeRED~~ 

Compound so1vcnr p 
AG’ 

JAX + Ju mok%EE kcal/mok 

rronr-1,2-Dichkxocyclohcxan 

rrcwu-1,2-Dibromocyclo- 
hexanc 

rrmu-1,2-Dichloro-I-mlhyl- 
cyclohcxanc 

franr-1.2-Dibrom~l-mcthyl- 
cyclohcxane 

2a,3a-Dibromo-rrMs- 
daalin 

la,9a-Dibromo-rrunr- 
dccalin 

2@,3z-Dibromo-3/L 
mclhykholestam 

Sr,6&Dichlorocholcstanc 

ct 2-w 
bz 2.63’ 
d 1.78’ 
bz 2.19 
ct 1*66’ 
bz 1.99’ 
ct 1.36’ 
bz 1.65’ 
ct 1.15’ 

ct 086’ 

bz I.39 

ct 1.11’ 

104’ 
11.Y 

7.v 
9.3’ 

7.6 
8.6 

6.6 
7.2 

5.9 

5.0 

6.6 

s-4 

43 0.17 
59 -0.22 
21 O-78 
35 @37 
18 090 
28 0.56 
8 1.45 

15 I.03 
0 - 

0 

0 

0 

- 

- 

9 rronr-1.2-Dichloro-l,4,4- ct 2.w 15.8 86 -1.07 
trim&yQcbbcxanc bz 3.12’ 16.7 96 -1.88 

10 2c,3e-Diio-rrMldacalin d 3.28’ 15.6 100 - 

‘ct-CCl,,bz-d; ‘Rcf.6; l Rcf.lO; ‘W.Kwutroo, F. A. Meijar and E. Havinga, 
REC. 7iaa. Chim 73,717 (1954); ’ A. Adriumc. private communication; 1 Ref. 7; ’ Assumed lo be 
equal lo the dipok moment of la,kdibm -butylcycbM’ 

more complicated. The peaks (separated 15.6 c/s) that we used to determine JAX + 
JBX are accompanied by other absorptions (separations 22.4 and 30.8 c/s). The latter 
separations would kad to an abnormally high dipole moment and were neglected. 
Compounds 5-8 are conformationally homogeneous (diaxial), as is compound 10 
(diquatorial). The remaining compounds are equilibrium mixtures aa t ee. Figure 6 
indicates that the linear Elation (3) is obeyed within the error of measurement,” with 
the exception of compound 9. The slope H is qual to 0.91 while compound 9 which 

Me 

mainly consists of the ee-conformer displays a significantly smaller slope (H = O-79). 
The point at the hypothetical JP of the latter line was calculated using an iterative 
procedure based on Fig. 5. The experimental results (compounds 14) are adequately 

I’ It may be scan curious a1 !irst sight that the points for the diaxial substrates !LS are tcpnerod along 
the line, i.e. there arc no dctinitivc values for p U and J, that represent he diaxial conformation. 
This cficct is ascribed lo different degree of substitution @ondary and tutiary axial halops have 
slightly ditrucnt ckctric moments’) and differrnca in pmctry. Calculation shows that the rolatjon 
mn cc,’ and J, for &x&f forms with difTerrnc vp val~~ b not strictly linear, but still follows 
the general trend of Fig. 6. 

18 
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J 
I .i . '8, 

CL_ - --A-.-. - _ _---- _ -. - *. _ ______-_ 

c 4 i P . :. 12 1.2 16 18 

FKI. 6. Values of p’ plotted against JAI + J~x of rru~lJ_d~kx~~ 
and related compounds. ‘AC numerals refer lo the uxnpounds kted in Tabb 1. 
q Conformationally homogawow mobcuba, 0 Solutions in carbon lctrachloride, 

0 solution8 in baucoe. 

described by the following set of parameters, using equations (7), (IO), (1 l), (13) and 
Hexp = 0.91: A = 12.0, B = 0.5, C = 0 c/s, 2M = 7-W, R = tp, = 53”. 

For conformationally homogeneous AA and EE dihalogenides having the same 
geometry the above parameters yield: JAA = J, + Ja = 5.6 c/s, Jlr = J, + J, = 
16.3 c/s, paa = 1*07D, ~(a~ = 3*32D, all in good agreement with current figures, 
obtained from similar sy~temsd*“**~ (Ju = 1@2-12.4 c/s, Jm s J, = 3+?*2 c/s, 
J bd = 2-3 C/S, /JAA = 1.1 5 0*2D, /~pp = 3.4 f 0*2D). Our V&C for JEE is larger 
than that derived in Ref. 10 (1394 c/s); however, the latter was based on molar 
fractions xAd and xISE calculated with the assumption that paa = 0. 

Using UK above values of J A&, Jppr Jo*,* and j&& the molar fraction xAA and the 
conformational preference AG” was calculated for compounds 14 at infinite dilution 
in benzene and in carbon tetrachloride (Table 1). These results are probably more 
accurate than data from either the NMR method or the dipole moment method. 
The smaller slope for compound 9 is consistent with yI = tp, = 46” (retaining the 
remaining parameters), i.e. the ring is flattened by about 7”. Evidently, this flattening 
partly relieves the steric crowding in the molecule, which contains two axial methyl 
groups.” The following values are calculated for 9: JAA = 6.2 c/s, JEE = 17.2 c/s; 
p,,,, :- 1.14D, pEg = 3.17D. 
m A. C. Huitrkk, J. B. GUT, W. F. Tragcr and B. J. Nist, Tetruh&on 19, 2145 (1963). 
U H. J. Hagunan and E. Havinga, to he published. 
PIfiSe5~~~tlLafa~ofaIldihadralangksby’Pwith~coacomi~t~ofcbe 

Gc-c v8kncy 8ngkd from 1120 to 1142’ irxreass the cnthalpy of the mobcub hy about 2-2.5 
kcal/mob, a reasonable value in view of the known AH’ of a singb methyl group’ (a. 1.6 kal/ 
mob). 
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B tram+1,2-DiMogcnocycio~tanes 

In the conformational analysis of the traa.r-1,2dihalogenocyclopentanes the 
flexibility of the saturated S-membered ring must be taken into account, i.e. the 
possible existence of a continuous range of conformations of practically equal energy 
(pseudolibtationl3: In a series of previous papersl@ it was shown that the physical 
data can be interpreted as follows. Mainly two conformers, differing in polarity 
(“diaxial” and “diequatorial”) are in dynamic equilibrium. The halogen atoms occupy 
the most puckered part of the ring and the conformers partaking in the equilibrium 
seem well represented as in Fig. 7. The Hs-patterns were analysed in the same way 

FKL 7 

as those of the cyclohexane compoundP (see Fig. 3 in Ref. 166 for a description of 
the spectrum). The results are presented in Table 2. Figure 8 shows that the expected 

T~la2. Drrora wmaw~~ @) AND JAI + Ja (c/s) (H rrw-l,2-awwo?xc~aso~~~~~~&’ 

AO’ 

compod nolunr /I Ju+Ju mob % EE (LA/mob) 

11 rrmu-1PDkhloroqclo ct 148 7.6 16 1M) 
pen- bz 1.64 8.1 21 0.77 

12 rrwu-lJ-Dibromocyclo- : 140 74 13 1.21 
pen- 146 7.8 18 @%I 

l3 rrfUu-lpDiio-l-methyl- ct 1.19 6.8 7 158 
cvclopea- br 1.34 7.2 11 1.23 

‘ct-ccl,,bz-buKMc. 

linear relation (3) is obeyed within the limits of error. Introducing the following set 
of parameters into expressions (12) and (9): Hexp = l-05, tpl = 48-l”, Q¶ = 39*5”,” 

m An alternative interpretation of the masufu! Hx specmm~ would ykld slightly difkuat cowta, 
aa followa: If the qmration between the outer pak, of ach tripkt (l-l.3 c/s) is due to a ral 
long-range coupling bctwcaa HI and ona of tbc protorts HA’. Hi, Ho or Ho’, tha gnph of P’ RI 
J (Fig. 8) should be shifted to lower J-values. Bocaura of the probable steqkkjty of this 
loog-range coupling* the msacwadrlopo~ybein~byM~ownunouot.notexcsoding 
10%. III order to test this possibility spkpm decoupling experhw wtn car&I out at 100 MC. 
&sides cohmiog the origioal asignmentl@ of the mukipkta at 8 - 2.S8, d - 1.79 and d - 
l+S6 ppm (benzene) as being due to the A, B and C protons, rapcctivtly. it apparut that ‘JIO - 
‘Jxc’ - 0. Decoupling HB yielded ID Xdoubbt: JAS - Jw - POc/s, from whii we akulate: 
A I 9.0, B - 05. C - 0 c/s. Decoupling HI gave a rmnrcwlnbk multipkt that cdd not be 
interpreted unambiguously (X part of BB’XX’ spectrum). 
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the same partial electric moment as was used for the &membered analogues (2M =: 
7*02Da) and an estimated increment D = @8D* to account for the moment induced 
in the ring (expressions (4) and (5)) we find: A = 9.5, B = 0.5, C = @4 c/s; J,,* = 
6.2, Jxn = 14.9 c/s; /A AA = 0.9, pIE = 3*16D.N Molar fractions and AG” values 
were calculated as before (Table 2). It is interesting to note that for the cyclopentanc 
derivatives the “constant” A is rather smaller than for the &membered compounds 

55 6.0 6.5 7.c 7.5 8.3 JAX * Lsx 

Fm. 8. Values of pg against JU + J~x of front-l.24ihdogcnocycl~pentula. The 
nutmrals refer to the compounds listed in Tabk 2. C Solutions in carbon tctracldoride 

. solution9 in bcn7eDc. 

(120 c/s). Of course, the true values of vl and fpI that go into the equations are not 
accurately known for lack of X-ray or electrondiffraction data. However, tbe cyclo- 
pentane ring would have to be severely puckered in order to bring its A-value near to 
that required by the cyclohexane rings. Even the so-called maximally puckered model% 
(n = 60”. tpa = 50”) yields an A value of only 11.0 c/s. On the other hand, it is now 
known- that the actual torsional angles in Vans-fused D-rings in steroids are ade- 
quately represented (within l-3”) by the Pitzer and Donath mode1.t’ which was also 
used in the present work. Therefore, thechange of Karplus constant of the CHX-CH, 
fragment (X = Cl or Br) with ring size has to be accepted as essential. Whether in 
the description given this difference somehow presents a reflection of the difference 
in flexibility of the 5- and 6membered ring systems (pseudolibration of the 5-ring 
conf’ormers versus “rigidity” of the Bring chair form) has not yet been analysed. 

w These value d&r slightly from those dcrivcd in Ref. 166 mainly baxuw previously the tbwMcal 

param-* - 9.0 c/3 wan rctakd. 
m F. V. Brutchcr and W. Bau. 1. Am. Chem. Sot. 84.2233 (1962). 
- C. Altona. H. J. Gcira and C. Romen, to bc publhbcd. 
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C. z-Hulogmocyclohexunones 
A review of recent work on the axial-equatorial ratio of a-halogenocyclohexanones 

has appeared.* Excellent Nh4R and dipole moment data are available for the con- 
formationally homogeneous axial and equatorial forms, so that the end points of the 
~2 us J relation are well fixed. Table 3 lists the data for 4r-butyl-2-halogenocyclo- 

TABLE 3. DI~LE MQMENTS (D) AND JAI + JBI (c/s) OF a-Huoowxuxoru%uwws IN VARH)US 

SOLVENTS- 

Compound P 
-_. - --. ----. 
14 rrans-2-Bromo4r-butyl- 

cycloh=== 3.m (bz) 
15 2-Bromocyclohuanonc 3.33‘ (a) 
16 clr-2-Bromo4r-butyl- 

cyclohexanone 4.27’ (bz) 
17 truss-2Chloro4r-bucyl- 

cyclohcxanonc 3.17’ 02) 
18 2-Chlorocyclohcxanonc 3.58, (ct) 

3.68’ 
3.72’ 
3.78’ (bz) 

19 ci.r-2-Chloro4r-butyl- 
cyclohcxanone 4.29’ (br) 

Js + Jnx molt % E AG”(kcal/mk) 
-- - 

5.6’ (a) 0 - 
6.8” (ct) 10 1.6, 

17.9 100 - 

5.5’ (ct) 0 - 

9.5‘ (a) 32 0.4, 
10.7,’ 42 @2l 
11.2,’ 45 0.1. 
11.8. (bz) SO 0 

18.01 100 - 

SC1 = Ccl,. bt - benzsnc; *N.L.AUinger,J.AlliageraadN.A.LeBeS~..AmChrmSoc.%2, 
2926 (1960); e Ref. 27; ‘ T. N. Plicv, Ryy. 1. Phys. Chart. 35, 1054 (l%l); ’ Ref. 32; ’ Rtf. 30; 
’ Mixture of CCl, and benzene with molar ratio SO/SO; A tint, Molar ratio 27/73. 

hexanones as well as some intermediate values obtained from equilibrium mixtures 
a f e of 2-bromo- and 2chlorocyclohexanone. 

Garb&ha’ and others’8 report that the signal due to the H, proton in several 
2-bromocyclohexanones of fixed conformation is further split by about 1.5 c/s. This 
splitting is ascribed to a stereospecific long-range coupling to a Ii, proton (either Oen 
or aate). Interestingly, we observe a similar effect (‘J = 1.3 c/s) in the case of 2- 
chlorocyclohexanone (18, Fig. 9). although the H, proton here flips rapidly from a 
to e and nice rzrsu. This is an example of long-range coupling in mobile systems. 

It was found that J,X + JUX of Zchlorocyclohexanone is highly dependent upon 
the concentration in the two solvents investigatcd.ts In order to make a reliable 
comparison with the dipole moment data the J-values were determined by measuring 
at least four solutions in each solvent (concentration range 24 mole percent) and 
extrapolating to infinite dilution. A plot of p* against J,x + JuX is shown in Fig. 10. 

Within the experimental error the points from the a + e equilibrium and those 
from cis and rrtms-4r-butyl compounds lie on a single straight line. This fact seems 
to establish the validity, at least for the z-halocyclohexanones, of the assumption made 
when working with model compounds,* viz. that as a first approximation the geometry 
of the molecule remains unchanged by the insertion of a r-butyl group. Calculation 

” E. W. Garbisch, /. Am. Gem. Sx. 86, 1780 (1964); Chem & Ind. (1964). 1715. 
” P. Laszlo and J. I. Musher, &II. SIC. Chlm. R. 2558 (1964). 
” This finding harnxx&ts wilh the observations reported in Ref. 26 for 2-bromocycanc in 

CCI, but not with other work.- 
a C.-Y. Chen and R. J. W. LcFtm. /. Chum. Sot. 3700 (1965). 
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UJ 33 
FIG. 9. H, proton signal of 2-chlorocyclohcxanonc in bcmtnc (wt. fraction @18). 

12 1 
J l J 
AX 0x: 

101 - 7 - . 
0 2 4 6 0 10 12 :4 16 10 20 

Fh. 10. Valuer of /A* plottcd against JU -!- JBX of 2-halo9&t~aanoncs The 
numbac refer to the compounda l&d in Tabk 3. o Conformationally homm 

mokcuka, 0 solutions in carbon tctrachloridc, 0 solutiona in banzcnc. 

shows that a change of 3” or even less in tp on substitution is likely detectable by the 
present method. Therefore, the Kurplu parameters arc best determined by using 
AJ=J*- J1 from the lixcd compounds 14 and 16 (Table 3) in expression (9).a1 
With J = 12.3 c/s and I, = 52°,m we obtain: A = 13.8, B = 0.5, C = -0.5 c/s and 
therefore: J,. = 13.5, J, = 1.2, Jm z Jm = 4.5 c/s. 

The above A, B and C values agree surprisingly well with those derived= from 
measurements on 2-bromo&oxostcroids by an entirely different method (solution of 

aI Expression (12) cannot be rpplicd tbwc without corrations bazausc the partial electric momonu 
arc knowna to bc depeodent upon the position (a ore) of tk halogen on C,. We wish to point 
out again that all cxpression~ involving J arcdevclopcd on the basis of thcrupposition that J,. a Ju. 
The validity of this assumption hu not yet been tcafed for the a-halocyclohexanonca 

as N. L. Altingcr. J. Allingcr, L. A. Frcibag, R. F. Czaja and N. A. L&cl. /. Am. Chem. Six 82 
St?76 (1960). 

a v, was cakulatcd from the atomic coordinates of cyclohcxanonc given in Ref. 2, p. 4114. 
y R. J. Abraham and J. S. E. Holker. J. C&m. SW. 806 (lW3). 
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a set of simultaneous equations on the assumption that the kiuph parameters are 
independent of the conformation of ring A). In the present notation their values are: 
A = 13.4 5 0.5, B = 1.0 f 0.5, C = 0 c/s. Recalculation of the dihedral angle in 
the CHBr-CH, fragment of equatorial 2z-bromocholestan-lone with the new values 
yields tp, = 45” in good agreement with the former result 9 tp, = 46”. 

Summarizing, the linear correlation of ,u* and J for compounds having an equilib- 
rium-dependent dipole moment and at least one equilibrium-dependent coupling 
constant may serve several useful purposes: 

(i) it provides a ready check upon the reliability of the observed data. For example, 
apparent discrepancies between the mole fractions xg of a-halocyclohexanones 
calculated from dipole moments and by the NMR method have been discussedsO both 
in terms of abnormally high moments of the 4-r-butyl compounds as well as by taking 
association phenomena into account. It is easily seen that either explanation would 
require significant deviations from the linearity, whereas such deviations are in fact 
not observed (provided the measurements are carried out effectively at infinite 
dilution). 

(ii) The method seems to be a sensitive test of isogeometry of a series of compounds. 
(iii) Reasonable Kurplus parameters and equilibrium constants can be obtained 

from conformationally inhomogeneous systems when the partial electric moments and 
the geometry of the molecule are roughly known. 

It is observed that the points measured in benzene are often slightly above the 
r(‘/J line, those measured in carbon tetrachloride often slightly below (cf. Fig. 6). 
This effect is ascribed to the fact that halogenated compounds with non-rotating 
dipoles often display slightly larger electric moments in benzene than in other solvents. 
This solvent effect, albeit small (about 0.02+03D), makes it dangerous to determine 
the slope d&.lJ from measurements on a single compound in benttne and in carbon 
tetrachloride. Several solvents and/or analogous compounds should be used whenever 
possible. 

EXPERIMENTAL 

The compounds used in the present study were prepared and purifkd by known methods (cf. 
compourxb 147 and 9:’ 5 and 6+ 8:’ 10:” ll-13F). The purity was checked by nxans of IR 
qxctra, NMR spectra and physical constants. Compound 10 was isolatedw in milligram amounts 
only and determination of its dipole moment was not fcasibk. However. the NMR npcarum is 
compatible with the rtnrturc pnxcntly assigned to ti compound (2.e,?e-dibromo-~rawdc&inrMldecalin) and 
ruka out the posibilityY that it could be an 2e.Ja-dibromidc. 

The NMR spectra were raxxdcd on a Varian A-60 qwtmmcter (Tabks 1 and 2) ad on a 
Varian HA-100 zqxctrornctcr (10.12 ad 18). The sampks of the !Ixcd compounds were l&20% 
(wt. vol.); the spectra of the equilibrium mixtures were recorded for several concentrations in order 
to eliminate the possibility of equilibrium shifts. The values of JU i J~x arc probably aczurata to 
+@I42 c/s. The dipok moments were determined at 23” as dscntbsd.lti~o 

We are indebted to Mrs. P. Kranenburg and R. J. de Kncgt for running the NMR spoztra. 

- J. A. van der Linden, Thesis, Lcidcn, 1958; ’ A. Ad- fo-g theais, Lddea 
” W. Htikel and H. Waiblingcr, Lie&s Ann. 666,17 (1963). 


