
CONFORhlATIONAL ANALYSIS OF ASYMMETRIC ETHANES 

EXTRACI’ION OF ACYCLIC CONFORMATIONAL LIGAND CONSTANTS FROM 
TIME-AVERAGED GEMINAL, FWORINE ANISOCHRONISM 

solutiobphasc equilii invoiviag the three 
awaquivaknt confm about the C-P bond of 
amino acid derivatives RCHrCHNHR’ COR’ and thcii 
subtkinterp&ymongstcacbothxandwiththeback- 
boainpcpti&3aretoahrgcdelgeerespomibkforthc 
&tail!? of protein folding and for the coafofmatioaal 
cbangu assocktcd with enzymatic activity. tan present 
tentative knowkdge of tbcK facton stalls almost 
exchlsivdy from the combiIJal evahla& of tbc three 

. types of vkinal nuckar coupiiag wts ‘J,“,“, 
‘Jluck ad ‘J,“,% and has been coanpctcntly reviewed 
by Bystrov’ (for some kading papers to men recent 
work, Refs. 2-7), This p&km. which in Bystrov’s well- 
reasoned jlbdgamt fcprcscllts one of the mo5t pressing 
am of am- b&#gank clu&tJy, is part of 
the larger pbysic&qa& pfddcm of the confor- 
m&oual analysis of asymmlhc ethanes. 

Tbcremtbrccrcasonswbytbcco&rmationalanaly- 
sis of asymwtric ethMc3 is vastly kss developal than 
that of IfdisubstiMed etbancs or of carbocychs and 
heteRXy&c compotmds. Tbc &St resides in the dear& 
of exp&mentaJ methods. Moat standard spectroscopic 
and phw techniques of conformationai 
analysis must capitulate to the compkxity of the prob- 
km, with NMR remaining tbc virUly sok survivor. 
Thesec4mdumsistsintbcfactthatuaasU&& 
titative coafe illfonuatk0 against WhicEE 
indiKct evidcace ex.tmctai from ‘L#c study of time- 
averaged vi&al coup&rg coostants could be checked, is 
la@y miss& This bck is, to our kxmkdgc, ampktc 
foe amino acid derivatives and, with the exception of our 
own work.’ almost so for ruymmetric ethanes in general. 
Fdy. tbm is a concepU p&km. which appears lo 
have QoDt k&Y ~xdandwhichisconnected 
withtbccircun&ancethattheconforma&EJeenagctics 
in asymmetric ethanes of tbz type RCGKXYZ dways 
dcpmds, for constant gani~I mups G, on the three 
variabk @D& X, Y ad 2 and the suhstitucnt R simul- 
haneody. Whnt one would really like to have is some 
quantity dtuacteristk of just one of these ligaods, suit- 
aMy avcr8gcd ovw a series of d&rent m to 
whkhthisligandiscommon,withthchopcthatsucha 

number might play a rok in the conformational analysis 
of iuyawmtric ethanes that would be conceptually 
analogous to the fam&ar “A vahus” or “conformationai 
caergies” pertinent to cyclic compounds. 

when we contemplated these questions some 10 years 
agoit~tousthatthcchancesofestablishinga 
solid foundatioo in this area depended critkaUy on the 
~tc~ofa~n~k~for~~~~ 
G, and for a variety of reasons” it became ckar tbat this 
co&! not be hydrogen but had to be fluorine. In 14 
representatives of the structural type RCFEXYZ we 
i&ul$lKxa&#inm~thehtenrplrotatioaonthc 
NMRtimcscakbyrecordingthc”FNMRspztmat 
temperatures as low as - IW. Out of the 42 possible 
codormen the spectra of 40 could not only be detected, 
anaiysed, integrated and assigoal, but we also managed 
to assign ail 80 fluorine nucki individually, with some 
residual doubt remaining in only two or three cases. With 
this information it was possiMe to calculate the absolute 
sign of the geminal fluorine anisochronism at ambient 
temperature, and that in turn permitted the extraction of 
acyclic conformational l&and constants on the basis of a 
heuristic mathematical model. 

Our original sampk included a compktc series of 10 
compounds with R = Br and all possibk combinations of 
the S ligands H. F, Cl, Br and Ph. The heuristic mathe- 
matical model predicts that the @and constants extrac- 
ted from that series should be transferable, within a 
scaling factor, to other series with a d&rent R Before 
venturing into the amino acid field it was therefore 
considered rksirabk to test this point explicitly by syn- 
tbcsising a compktc set of IO compounds contain@ the 
same ligands but with R-Cl, and also to enlarge the 
cdl&on of &and constants by investigating a few 
additional, easily acccssib& compounds containing new 
liga&. The results of this study are rcporled in the 
present peper. 

The asymmetric ethanes investigated in this work arc 
enumerated in Tabk 1. They inch& the four compounds 
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Tab& I. Compouod key la ti asymm&c etbuws RCFKXYZ 

Compound R x Y 2 Cmpour.d R x Y 2 

1 

1 

1 

i 

I 

6 

7 

e 
9 

10 - 

11 - 

12 - 

!A 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

H 

H 

Ph 

H 

H 

H 

H 

H 

H 

Ph 

Ph 

Ph 

F 

Ph 

Ph 

Ph 

F 

F 

Cl 

F 

F 

Cl 

Cl 

Ph 

Ph 

Ph 

F 14 - 

c: LI 

Br ‘6 

Cl 17 - 

BT 8 

Br 19 - 

Cl 22 

Br 11 

BI 2.2 

0r 22 

2r 

Cl r 

Br 16 

F 11 

Ph 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Br 

Br 

Br 

H Ph Cl 

H CH, Ph 

n Ph OH 

H Ph OCH, 

H Ph I 

H F I 

CH, Ph Cl 

CHI Ph Br 

Ph OCH, Br 

CF, F Cl 

F Cl I 

H Ph OH 

H Ph OCH, 

CF, F Br 

2, 3, 7 and 19 for which NMR data have already been 
reported: To@hcr with the ten annpout& hoa~4e 
goustol-lObutwitbR=Brthismalresupatistdn 
asymmetric RCFXXYZ ethaxs all told. 

ThcrcacGlscqucnc.csusedforprcparin8tbc~ 
poulMls not previcusly described in the literature arc 
sumarisalirlschcw1.AkoiDcuaIaretwoknowll 
compouods synthesised by novd routea. Tbc remaining 
compoundsofTabklnotlistaiinScbeme1coukleithcr 

SF+ matctumm -13 
Sk 

hcoctmm - u 

F”) 
“c5:ph 

OH 

I 
MBr 

21 50 31 

!3chc8x I. 

bcpurchaSalorwmmsdc~tolitcratllrcp~ 

CdUXCS. 

In two CaSeS mixtures of prcxilM3s were obuinai, 
which could be quantitatively separated by preparative 
gk; tbc percentages cited in scheme I refer to relative 
ykld8.Werlsomentioathattk~matcrialfortbc 
prcparatioa of 9, &roalo-&&Mlborosty, pre- 
viously o&air& in poor ykkl by hydrogen chloride 
elimirrationfrom3,coddbcpepnredingoodyiddby 
hydrogen bromide climi&on from 1,2dihromel,l- 
d&rmx2-pba@ttu.‘O All the otbcr details of the 
syntheses are nol of sent interest ill the context of 
theprcscntpnpertobcdiscu58aiherccxpliciuyaodarc 
rekgatcdtotheExperimentai.Thesuaeapplicstotbe 
smxturc proofs. which in atl cases fouowal ulmm- 
Sguouslyfromthcckmcntalanatyscs,tbcmassPnd1R 
spaztraar~Ithc’Haod’~NMRdata. 

x = h&c - AYKAY - AzXAs - Ax) 



ligand constants A. referred to the m A,, - 0. The 
Letter thus have the formal “dimcn&m” of the cubic root 
of a chemical shift, but are of anuse really also dimen- 
sia&ss quantities if the chemical shifts arc expressed in 
P9m. 

Unless noted otherwise, the “FNMR data refer to 
0.4M solutions in CFCI, and have bee0 extracted frofn 
the spectra by standard computer analysis. The A con- 
stants for the bsominc series. reportaf for vinyl chloride 
solutimls, have been rccakl&tcd for the CKL sohl- 
tions. Our previously us& computer program was 
augmented by a statistics package, devcbped for another 
purpose,” and we can therefaCe M)w also specify the 
standard deviations for the bromiacscrks A constants. 

The ambient-temperature ‘VNMR data for I-10 are 
cdkctcd in Tabk 2. from which the absolute magnitudes 
of the gcminal chemical shift dillcrences of Tabk 3 can 
becakulPtcd.Thcs~of(A)for1,3aml7anLraorm 
from the previous low-temperature work.’ Obviously, no 
sign information is required for 9. 0n the basis of the 
extensive qualitative and semiquantitative information 

aboul chemical shift trends gathered and discussed car- 
lkr the correct signs can be deduced for 4. s and 6 
beyond doubt. &umcots of that type also strongly 
5uggcst the listed signs for 1. 8 and lb, but are not 

altogcthcr conclusive in these cases owing to the nla- 
tivdy small ma@uks of the oumbcrs. we have there- 
fore pcrformaI separate least-SquarH akuMuls with 
all posu’bk sign combiuations for 1,) and 10 and have 
found that only the wmbinatiafl (--+I gives rise to an 
acceptable fit to the chirality functions and to standard 
dcviationsinthcti&andconstantscMlpnrabktotblXc 
extracted from the bromine series, where direct sign 
information was avail&k for all IO compau&? 

The unscaled ligand constants extracted from both 
scricsaregivcninTabk4,togethcrwithtbcirsta&rd 
&viati4ms. aDd the thforcticpl values of tbc chirality 
functions back-ted from the lignnd constants are 
listed in columns 3 and 6 of Table 3. 

Weorraowinrpositiontotestthepradictioo’ofthe 
harristic mathematical model concern@ the trans- 
ftrability of the ligand parameters from one series to 
another. From the theory’ it follows that 

and with the normalisation definition p, = I we simply 
hWt 

Tab& 2. Ambient-tcqwmtre ‘7 NMR data for l-l. 

Chunlcal .hlft‘(ppo)aOb’c coup11r.9 conetantS(Ht) 
and 

Compound <b,,> <bgB gb,,, j <J AB>i IxJ,>i i’JB,,> i’JAQp~ .cJBQD sJMO’ 

1 -65.407 -66.573 -167.338 169.2 16.9 16.6 7.1 7.2 44.0 

1 -58.165 -61.316 163.1 7.4 10.3 

1 -53.357 -59.125 161.7 6.0 14.1 

1 -67.292 -69.808 -148.197 170.9 15.0 15.1 3.7 4.6 40.0 

I -65.195 -68.209 -151.488 170.0 18.9 18.1 4.2 6.5 41.2 

a -60.152 -61.992 160.8 5.1 6.5 

1 -66.177 -66.757 -120.887 168.9 10.0 10.2 

s -63.049 -63.864 -122.001 167.3 13.0 12.0 

9 -58.914 -58.914 

S -65.815 -66.675 - 71.094 163.5 11.9 11.2 

A and 8 rofor to the downfield and upfield qomloal fluorlna chenlcal shifts. reqsectlvely, 14 to 

the fluorlno and 0 to the hydroqon atom at the a.ynrmstric carbon. 

Chrical shlfta are relatlv. to lntsrnal CFCl,. 

Standard deviations are ~4 unlta ln the lame dlqlt llmted. 

Standard dwlatlons are q2 unltn ln the last dlqlt lleted. 
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Tabk 3. Tiirvcngcd pemiaal !?wninc 8nisoctim and Obmrehl chhlity function values for he c4mpktc 
Ctlbriacandhiacscrics 

Compound < .3 , 
obsd ( h , 

cslcd Compound’ ( I? , 
obsd “:‘calcd 

1 -1.166 -0,551 1’ -1.883 -1.087 

t 3.151 3.082 2’ 4 .a72 4.649 

1 6.36E 4.644 3’ 9.762 7.783 

I 2.596 2.872 4’ 3.87S 4.075 

1. 3.014 4.112 5’ 4.388 5.919 

6 1.840 2.251 6’ 3.311 3.866 

I 0.580 -0.761 2’ 0.0 -1.661 

! -0.815 -1.283 8’ -2.037 -2.951 

I! 0.0 0.489 9’ 0.0 0.732 

Lo 0.860 0.274 o* 1.674 0.716 

A The prhad campcund labels refer to the series with R = Br 

and the sama llqmdr am for the unprlmed labels: l a ref. 8. 

R %I AP ‘Ph Ql A 
Br 

Br 0 -0.80 -1.63 -2.69 -3.15 

to.19 to.47 10.17 to.12 

Cl 0 -0.82 -1.33 -2.32 -2.68 

?0.26 10.49 $0.16 *0.13 

foraUcompoundindicui;inotkrwords,thcratios 
&“I&” sboukl be umstan! and equal to the substibutot 
parameter p fot chhine. Ilure are two ways to check 
this hypoth&. one coukl use tbc cxpcrifncntal 
anisoc~vJues(columns2and5ofT*3) 
~~f~~~~~~k~ 
chirality function vahres fcolumns 3 and 6 of Tabk 3). 
~~~~is~y~f~,~~y 
bacowthCCXpcrimcntalilIf~tjOflOCUUSLtheu: 

quantities ahAy in properly svcm@I form, but also 
because patbokgkd situaths (i.e. divish by zero as 
would be Equiral for the cxpuirncntal pnirs 7/r and 
9W)arcmuchksslikdytoarisc.StiU,somccanis 
mxusaryinticakulationsanditwiUoot&to 
perform them tbou&tks$ly. This caveat fdbws from a0 
aroraadysiaofaquutientq=aIb.&ndardtahiques 
oferrWplQpa@ionkadto 

u.* = Wbf + kdb=I’ 

from which one c&ains for tbc rchtive enors 

(u&Y - (u~a~+(~b)*. 

The error in the qutient will therefore blow up if either 
theoumcratorortJEdcfWnhW~vcrysmoll. 
Fort!mtrcasonitmakcsnoseasetoincludecompound 
18 in the test. Restrict& tbc cakuhhs to 13 OIX 
obtainsanavcrageratioof059withaauimumscattcr 
of +O.ll and -0.17, thus i&cd 6%melhg tbc pas- 
~~~~~~Of~~l.~ 
s~~by~~vec~~a~r 
mctb&foractudfyCxk&hgpnistoavaaecdl 
tividupt ratios with.thc weighting factors 



where 

fp&-‘” = 1.17+0.04 

and thereby ef?* a further averaging of the normahsed 
l&and constants A over more than one series. 

with this point utablisbal for the two compkte series 
l-l? and l’-1U we can now proceed to the determination 
of A constants for sew ligds and of p parameters for 
new substituents. Naturahy, it would be d&abk to do 
this by invatigating complete series of asymmetric 
cthaneswithantnlargedsetofhgands,sincethiswouid 
not only furnish fwtkr hgand parameters but would also 
place the already determined ones on a firmer basis, but 
the labor in such an enterprise incmases as n !/(3!(n - 
313, where n is the numbtr of Iii. As a sensible first 
approach we therefore decided to be satished with ap- 
proximate non-kast-squares determinations. Such a pol- 
icy demands that only OIIC new ligand bt introduced at a 
timeforcompoundswithR=C1orR-Br,andthatthe 
old @and set be used for compounds with a different R. 
ft~&~~~~~~s~~~ioT~l 
we~~d~~~~~~t~~.By~~ 
token, the compounds 29 and 31 of Scheme 1. athugh 
bei asymmetric fluoroetbanes also, were not in&&d in 
the present study. 

The “F NM? data for 11-27 arc coUcctd in Tables 
S-7. There is tm experimental sign information for the 
time-averaged geminal fhunitm anisochronism in thex 
cases, except for 19: and we will therefore have to rely 
on internal consistency arguments in the cakutlations. 
Luckily, no sign information is needed for 11,12,lS, a, 
21 and22. 

No ambiguity exisu for the methyl ligand occur&g in 
15,2)and2l.Thevanishinga@ochrqisminaIlthree 
instances rigoro&y demands Icx, = Am, although this 
accidental my woukf no doubt be lifted oo suit- 
aMe enkugement of the compound set. For the three 
~~~18,i~~~~~~~S~Of~ 

anisochronism is known’ for 19 and can be deduced 
unquivocall~ for 18 to be positive. A formal least- 
squaresfittothesigncombinatioost+ + +)andt+ + -1 
yielded A, VahJes of - 3.61 zo.30 and - 3.20 +0.&t, 
respectively. of which the former must obviously be the 
correct one. siy. only the sign combmations tt 0 t) 
for (17, 22 24) and (+ +) for (16 u) led to c4?nsistcot 
results for LH, and ioH. From I1 and 12 one obtains 
pi = 0. A very small value of @ is indeed cxpeeted 
&eoreticaIly~ but its exact quality to zero is un- 
doubtedly again a consquerxz of the limited compound 
set. 

On the other hand, an analog~s approach to the two 
pairs (U, 14) and (23.27) did not permit the resolution of 
the ambiguities. For instance, three of the four poss!We 
sign combinations for (23,M led to widely differing Acp, 
values, but with comparable formal “erro$‘. We must 
therefore refrain from citiq3 numbers for ACP, and pm. 
Ckariy, in these cases one has to await the resutts from a 
larger co&&on of compounds to ftx the parameters 
even approximateiy. 

The essential results of the present paper are now 
presented in Table 8, where the normalised acyclic con- 
formational ligand constants are juxtaposed to the car- 
responding conformational free energies (in kd mol-‘) 
in the cycbbexane system.” To the extent that the 
intrinsic contriitioo to the gem&i anisochronism may 
be negkcted,’ the ~hqristic model demands’ that the 
dii?erencu io the A constants be ptuportionol to the 
energy diffuences between the cimfonners, and since 
the &and parameters are referred to i, =O. they them- 
s&es represent quantities characteristic of hypotb&al 
binary cquilii in which each tigand is individually 
w against hydrogeo; in other words, the heuristic 
model provides the desired theoretical framework for 
codeoshg the disparate conformational ids 
~~~a~~~of~~~~~~ 
into a few aumben which play, in an averaged fashion 
ad within a scafiiq factor, a rok in the confmtional 

11 -121.172 -121.172 20 -61 ,347 -61.347 

11 -117.966 -117.966 ?.L -57.508 -57.508 

13 -105.722 -109.494 -121.166 - t -61.232 -61 .232 

tr -100.170 -102.560 11 -64.735 -65.734 

15 - 56.280 - 56.280 - I( -62.301 -65.190 

16 - f2.1221d 15 0.S40jd 

LL - 61.447 - 63.552 Is -54.920 -58.236 

18 - 46.169 - 55.191 - 11 -57.105 -59.026 

I_? - 62.813 - 65.288 -158.387 

‘-’ Sor Table 2. 

d The individual ‘* I chemical shifts are l tronqly concentration dopondmt. Only 

the absolute chwical *hilt dlfformces extrapolatd to 1nflnit.o dilution fra 

measurementa at 6 different concentration8 arm lieted. 
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T&k 6. Ad&at-temparhvr “F corrplip( cotumts (Hz) for some of he cocnpounds 11-fl= 

Capound ! <J ABa~ I<JM>l I’JBn)i ;<JAo), .‘JBQ’l ; <JAp’ ; !‘JBp’, : ‘Jnq’ 

11 10.6 10.6 55.1 55.1 - 

12 11.1 11.1 55.1 55.1 

11 256.9 13.4 13.4 a.4 8.0 44.5 

li 242.2 10.0 11.1 

II 10.9 10.9 

17 165.6 7.2 a.0 - 

a 158.2 5.1 17.5 

19 169.4 26.1 5.1 22.2 9.4 47.3 

26 163.8 7.3 9.2 

a See Tablo 2. 

b P refers to the hydrogen atca bound to the same carbon as A and 8. 

’ Standard dwlatlonn l re ~2 units lo the lant dlglt llstud. 

Tab&7.Abdutemgnhkadtbecimervaagcdpminrl 
fhloIhe lrlkhmb for 11-n 

Capound 1 <A> 1 ccmpoun4 ;<a>. 

11 0.0 lo 0.0 - 

12 0.0 " 0.0 

11 3.772 21 0.0 

14 2.390 11 0.999 - 

II 0.0 1( 2.889 

16 2.122 Is 3.540 - 

17 2.105 16 3.316 - 

I.! 9.022 11 1.921 

19 2.475 

analysis of asymmetric ethanes that is conccptunlly 
a&kgW to that of the umformatbaal free energies 
&ncnt to the cycbhexanc system. 

Comparitoa ktwccn cdumns 2 and 3 of Table 8 
rcvcaIssomenmarkabkdiucrencu. In the cycbhcxarx 
xriuthchWyhdogmscxhibitvirtUllythesame 
“size”. which is a frequently discussed and alkgedly well 
uadmtood ~~~WMMM (see. . however. Ref. 131, 
whereas their acyclic confc4rNMMl ligand constantJ 
foIbw mm cbscly the van dcr Wash radii. It is of 
cOursc well known, though sometimes slighted, that 
s&r “size” Of a sub&tucnt may have littk to do with 
the position Of umform8tiorml c&Iii; polar effect9 
can play a unnparabk de and. even mtxc importantly, 
cQnformatbMl CquiIMa may dtpend critically on UK 
smxtmal framcworlr to which the ligand is attached. 
This is particularly true for substitucnts devoid of axial 
symmetry. A sbiking demOnstrati Of this point is pro- 
vided by the phtnyl group, which herds the list of Tabk 
8 for the cycbhcxanc system, hut raugcs far below the 
heavy habgens in the asymmetric ethfules. l-he reps00 

H 0 0 

P 0.a4 * 0.16 0.15 

Ph 1.60 t 0.36 3.0 

CR9 1.6 1.7 

OH 2.5 0.52 

OCR8 2.5 0.6 

Cl 2.70 t 0.13 0.43 

BI 3.15 * 0.10 0.3a 

I 3.6 0.43 

’ The values for uhlch standard 

dsvlations arc given reproscnt 

welqhtcd averages of the tbm 

cmplats mrles with R - Br 

and R - Cl: the crrorn were 

obtolncd by full error propagation. 

foe this diflcrcnce is pesumahly that the phcnyl group 
can assume a bisected oricntatba in the latter system, 
hut not in the former. 

In view of the vast amount Of etlort invested in the 
quantitative conf0rrnatAal analysis of cycbhexanes 
and their hcterocyclic an&gues. the present work on 
asymmetric ethanes must he regarded as a mere begin- 
ning It is hciievcd, however, that the foundations of the 
heuristic rnathcm&cal model and its practical usefulness 
are by now sutTkicntly well estaMishcd that we can, with 






