
FORCEFIELD CALCULATIONS FOR SOME 
UNSATU~T~ CYCLIC HYDROCARBONSt 

l3npihA force-6&l (N of mokcukr 
mechanics) CalCuktio~, with @oaWkal optimizah 
bymeansofi&ativecompu&w~,caabecar- 
~~t~y~c~~,e~~~~y~ 
OfgllIklllOk&S.‘Such~~wben 

combidwithNMRmddirccts-data,arevay 
vahubkapdcanprovideadeepuoders~oftbe 
cXnlformabonal prop&es of cyclic molecuks. In this 
paper, we present c&&ions on a variety of cyclic 
uttsaturatal bydrocarbous carried out by means of the 
procedure and computer program developed by Boyd.- 
‘IIteparametersoftbeforce6eldusedbythisautbcrfor 
satumtal hydroavbws bave been found to be very 
satisfactory for cychihes.” However, the 
parameters for the etbyknk group in Boyd’s program 
are kss satisfactory, in our opinion. espechUy when a 
twisted doubk bond is present, as is sometimes the case 
in medium rings. For cxampk, tmnrcyhoctene, al- 
thoughadmittedIyavefystrainaiandtwistedok8n, 
cannot be satisfactorily ~IW& with Boyd’s parametersP 
Ail&CZgDdSpl2gU2andEna~andLhll‘lUlVC 
employed torsional and out+klle parameters that do 
reproduce the geometry of rmns-cyclooctene. 

Ihr+&i calc&tions. The force-fkld used by hoer 
and Won’ is more complkated tban Boy&s, and 
~o~an~~of~~~s,~~ 
iDtlWhlcedmainlytoimprontbecelculatedVfi 
frcq=ncks. but the cross terms have apparently littk 
effect on the strain energy, or on the cakuhted th- 
modyppmicprapertics. 
~~ a+ Sprague’ haye reportaj cakhtions of 

rmahoas and emerges of a sews of otehs and 
t&eirforcefkldreproducescom?ctlythgeometryof 
tmn.+cyclooctene. The procedure osed by these authors 
&&%3 rise to certain probkms wln!n t&e symmetry is 
constrained or when conformational trahtion states are 
e~.~~~s~~~~ 
0fdetaminiqpwbHberagiVefl~tryobtainedina 
force-tkldcakukthisatrue(local)enqgyminhmm 
withre8pccttoanysmaIldistohinofthmokcok.A 
tcstforatrue&cal)mrpy minimumanbemrdsiftbe 
vii frequencies of the conformation are cal- 

tlldswoxkwuruppoedbytheN&ml!kimcehm- 
d8tioo. 

~~~Of~~~~~ 
cm~~~orc~suitabkfofeumiakg . . 

translm~.Patbs~collfot- 
ma&mscankiavesGgatedwithforc+fieldcak&hs 
by%iving”atorsionalaaQle~insomecasesmore 
thanonetohItaialigk.‘Intbisprocedure,tbe 
torsional potential is cImu@d to force the desired 
jpiMlCtIiCChoqge,bUttbe~naDyiSCSkuLtedWitbtbG 

aormaltomhalpotentinl.Oocca~closetotbe 
tmnsitionstateisobtai&,tbecakukhscaabecar- 
rkdoutinamwmalnnnna.shccconvape#xtoan 
e~~~~~~y~~~~~ 
millimUmintbenWdifkdN~proadun. 

Ibm-pdd pammeia Fhnpii force-md 
parametaXforthestnie-elWgy&ukbonsaresllown 
inTabk1andantbesameast&seusedbyBoyd’witb 
the following excqtions: (a) torsional and out-o&pkae 
parameters for do&k bonds, (b) a conjugath eaagy 
term in the form of a *fold tcrsioual potential for 
sipok bonds flanked by two doubk bonds, and (c) 
parameters for the acctyknic moiety. 
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CzC~bendingisthcsamcasthetusedbyAlhgerand 
MCyCL’6 

Approximate-fortrial~ofthesix 
mokcuksprcacntulinthispaperwerec&uktalby 
meanSoftbG~C00RR1’withto&4Wgk8 
c&mated from DIG- mokcuhr mod&. The 
cakuktionll were carried out on qII IBM-360191 
compute at the Campus Comput& Network of 
ucLA.t 

tmns-w The L?Xlf- of tmnrcycl* 
octcnc has been de&mmed by ekctrobdi8traction 
measuremcllts” to be a twiseair<hair. !3imikr cob 
formation8occurinvarioustmuqdooencmctal 
compkxca’9 and in rmns-2qchctcnyl dinitrhn- 
zQate.m Tin! twist-cJmir* anlf- actWIly 
wasp&ktedcorr&ybycmp&alforc&kldcal- 
CllhtiOll9."TbC~~~withtb8pMmetas 

givcniaTabk1isingoalsgwmentwithpreviom 
cal~andwiththeexpaimentrldata(Tabk2). 
Thcringtorsionalangkofthcdoablebondinrmns- 
cyclooctene is about 136”. indhthg a highly twisted 
doubklMXKi.TIlas,tlhmok-cuk!MrWllasancxcclknt 
tcstofforcefkupuamlWa fatbeda&kboml., 

CyhhJETbecbiralbatf~tmir~ill19n:’ 
ha!3bccnfoundtobctheconfarnllhonofcydohexeae 

tcabXhdltomic~faamfamrtionrdirclwedh 
p4palreWlihbkfmalt&ultbaaoareqntaL 

by ckchua-II mauKements.p sii 
conclusionswaereachalbyIRandRamanstudksf) 
andfMmx-raydihcthlmaulurementaofwbstitutcd 
cycIobexencs.~ Ring inversion in cyclobcxcDc and in 
some of ita derivatives have been inve&ated by 
dynamicNMR qKeoacqy,= and has been the subjact 
ot a mlmbcr of rtudks. Thamodynamic mcMmemcnta~ 
on cyclokxene have been interpreted in terms of a 
hXtIWCOfhdf&liTdboatCOllfOl-UWiO~whastb9 

formai8thepredomiaantconformathandismore 
stabkthantbcboatby2.7hl/mol.Sincethefrcc- 

mediate Abe riog invcrskll of th llah&kn 
Howcv~ forcelkld rcsulta’~~ aDd.geWal anlsiha- 
ths~siowtbatthebo0tishtualiyatrahtionstata 
amI ix 6.1’ or 6.!3%4mol high in awgy than the 
half&. Tk expdmad fnecwrw bahr (AG+) 
forringimJ~inpprthuydeuteratsd;cyclobexenesis 
5.F or S.Pkcal/md. On t&i assump& that tbc only 
conthhtoA~ariacsfromfcstionpathwny 
mdplkitydisthaef~Rh2,adthattbciwtopc 
effa%aren&ibk,aAH’of5.5kcal/mollmabcen 
esstimatad3fortlleriughnrsionbarrkfiocyclollexene, 
since AG+ =AIf+- TAS+. However, this andyaim 
Iic&ctathcfactthattbebaKchairk~~andeties 
aqixtmeoftwominw-imaipcod~,~ 
tbebofItbftclhl.Tbeentropyofmixillgum~is 

stnln-Enorgy lhstnlmd va1u.s FkrCu&ts 

Tom' of Angles or Dlstmas 

llmdStmtchln9b 

c J-H 
SP 

CspJ-ii (dlyl,tc ‘%-, 

cspJ’,, (non-dlylk -t+, 

c,p’csp 

csp’csp J 

Clp~-Csp~ (SW@ bond) 

Csp~-Csp~ (-la bond) 

c J-t 
SP SP 

J 

C J-c J 
SP SP 

uond-h91. lhdln9c 

"-C J-w 
SP 

"-CspJ-H 

H-CqJ-Csp m H-C 
SP 

J-e,J m 

"% SP 
J-C J 

-P rp 
J-c J 

H-c*pJ=spJ 

csp’c*p’c*p J 

Clp-Cw~-Clp~ 0~ Csp~-Cw~-Csp~ 

or Clp~-CspJ-Csp~ OT Cspdlp~-Csp~ 

Csp~-Clp~-Clp~ 01' Clp~-Clp~-Clp~ 

C J-c J-C , 
SP 9 SP 

!: !!r 
1.070 5.080 

1.090 4.554 

1.090 4.460 

1.212 lO.am 

l.& 5.200 

1.460 5.800 

1.330 6.800 

1.600 5.100 

1.990 4.m 

s 
118.9 

197.9 

109.5 

120.6 

119.6 

1m.o 

111.0 

124.7 

119.0 

52 
0.290 

0.M 

0.608 

0.605 

0.360 

0.3BO 

0.800 

0.620 

0.660 



F~-fasomo-cyclicll~ 

T&h 1. (CM.4) 

Strafn-EnorQy lhstraInd Valws Forw Constants 

led of k9lrr or Mstanm 

2881 

out-of-Plana 9mdlngd 

Toolocul Strrln' 

c-csp,-c a-c 
SP 

c-csp’-cspl-c 

C-csp”Csp’-C 

Mci~-bonded 1ntmct1ans' 

0 

0 

L 

t60~190 

t120~0 

0~190 

0 

0 

0.090 

0.280 

4 g 
0.01% 1 

-0.0133 -1 

-0.029S 1 

-0.1135 -1 

-0.11% -1 

I 9 

c c . . . . . 4.45 104.0 3.090 

c H . . . . . 0.96 30.0 3.415 

H H . . . . . 0.19 19.4 3.?SO 

' Emr9Ios l m In mltx of 10"' ofgh~lrculr; r In Angstm; 2. *. g 

Indrgrm. To co#wwt 10'" rrg/aolmllr to kcavmol. IWPlY bY 144. 

b E(rJ 0 &(r - E.1. -- 

c r(2) - q&ee2. wgos to br rrducrd to radians for use. 

d aa = 4!.gg2. uimro(=/sa_) is tha an910 baaal tha novml to thr plan. 

l&candtiFevoctorfra~to~ Ata~11theaut+f-p1Meaa. 

’ g4, = 4qB + CortL). 

f r”b (rJ = A&6 + 8 exp(-CL). 



Stlrln-Enorpy Calculrtions Eloctrm~ Dlffmctlm 

lhlsSMy E' Ab F 

8md LwthS'(i) 

1-2 1.324 1.339 1.336 1.332 

2-3 1.492 1.604 1.499 1.496 

3-4 1.647 1.641 1.646 1.649 

4-6 1.667 

6-6 1.669 

8ond &mm (') 

l-2-3 119.1 117.9 118.9 121.9 (0.4) 

z-3-4 107.9 106.4 104.0 W.6 (0.2) 

3-4-I 114.7 116.0 116.6 113.8 (0.2) 

CC6 116.0 117.0 119.7 118.8 (0.3) 

C-C-H 120.6 121.9 ld.6 118.4 (1.0) 

Olhadrrl hnla (0) 

l-2-3-4 -86.6 -87.0 -92.6 -91.1 (0.4) 

2-3-4-s 60.7 60.0 46.4 64.2 (0.6) 

3-4-6-6 -81.0 -80.6 -76.7 -82.8 (0.3) 

4-6-6-1 114.4 114.8 110.9 111.8 (0.6) 

C-C-C-C 136.4 138.0 146.0 lJb.o (0.2) 

H-C=C-W 1n.o 177.6 1m.4 171.6 (6.6) 

' 0. Errr and 5. Llfson. J. k. Chm. Sot., 05, 4121 (1973). 

b N. L. Allin9.r ind J. T. S+mgur. u.. 9$ 6734 (1972). 

' II. Trmttdw. Acta .ilmm. Sand.. Su. 8, 29, 29 (1976). 

w . 1 . . . 
. . 



‘hbk3.Clkxlhtsdtbmiu~~~invYiolupameb#,dcydobexcne(~) 

St&n-Emrgy MawCMr coat 

ca#tributions (II-HC* C*) WI, C*) 

k&-60* u, 9 w 4-40. M,'308 @“20* w4 - 10. 0, = 0' 

Bmd Stretching 0.14 0.14 0.17 0.21 0.23 0.23 0.23 

Bond--10 6mding 0.21 0.63 1.23 1.60 1.18 1.10 1-W 

Out-d POW ihndfng 0.m 0.00 0.W 0.m 0.00 0.00 0.m 

TonWul Strdn 1.24 1.94 3.64 4.77 6.10 6.46 6.54 

!bn-bandedInter- 3.29 3.03 3.01 3.22 3.51 3.63 3.67 

actfan 

Total Strein Enwv 4.86 5.64 7.47 *.#1 11.02 11.42 11.52 

Strefn-Energy Chair 

Contributions (III-C, C,) 

8uet-1 Boa-2 Mst-Mat-1 lwst-&et-2 

(III-81. CJ (III-P* Cl) (III-TM, C,) (XWlB2, Cl) 

lbnd Stmtehfng 0.18 0.25 0.24 0.24 0.25 

IWd-Angle Bmdtng 0.11 0.53 0.56 0.46 0.5p 

Torslmrl Straln 0.23 4.86 4.66 4.3s 4.36 

Out-of-Plem 8wndtng 0.01 0.05 0.62 0.m 0.01 

Nan-W Interectlms 2.67 4.31 3.95 3.86 4.05 

Total Strain Emrgy 3.73 9.94 9.42 8.91 9.22 



Iv-m (1) (C,) IV-lB0) CCJ IV-la 0) K,l 

pip. 4. CUhtal sbriocnaly proeb fa, 

TableJ.ClrlcllLtedrtnin~(LaUmol)dwiour~n-rtrteseopletriecfatheintacoavarioad 
‘&air” & “bou” faolika ia mctilyknecycbhexllM (III) 

Strain-Energy lkivm Angle(s) 

II-11 III-R III-l3 III-116 III-llz 111-m III-T34 

Bond Stretching 0.24 0.26 0.34 0.23 0.26 0.33 0.36 

Bond-Angle Bcndlng 1.95 2.69 3.13 2.M 2.31 2.96 3.43 

Torsional Str.sln 6.10 5.64 6.33 6.05 6.39 6.66 7.16 

Cut-of-Plane Ikndlng 0.04 0.09 0.02 0.10 0.06 0.02 0.00 

Non-bonded Interactlms 3.46 3.36 3.51 3.25 3.39 3.57 3.64 

Total Straln Energy 11.79 11.96 13.33 11.83 12.41 13.53 14.79 

Strain-Energy 

Cmtrlbutims 

1,3.5-Cvclooctatr~cne (IV) 1.3.6~Cyclmctatrieiw (VI 

Tnlst-9oat goat Half-Chair Twist-goat-Chair Half-Chair Transitfm Strtr 

(IV-T& Cl) (Iv-g. Cs) (IV-HC. C2) (V-TBC. C,) (V-Hc. C,) (V-T) 

gmd Stretching 0.24 0.24 0.45 0.20 0.26 0.40 

Bond-Angle ktwiing 6.20 2.54 11.15 2.14 6.64 9.13 

Out-of-Plane kndlng 0.19 0.22 0.55 0.10 0.00 0.20 

Torsional Strain -2.16 4.80 -2.14 4.90 2.10 1.80 

Non-go&d Interrctlms 2.86 3.46 2.g5 2.94 2.07 2.87 

Total Strain Energy 6.61. 11.26 13.24 10.28 12.07 14.40 
-_-_--__ 

twc&tamimthaflViotbegaapbascbydectroa ooly inmtimal ooc cmf- which Ima rP 
ditbuion.Itwoaldbc~.ofculr8e,tohpve tmxhtdy~.rymmetry. 
directstnlcmddrEImIvfaann~nwithtk Wellavearrialootmextenrivefacc5dd6tudyoh 
reaultnoftbcforca&ld- 

cyclfmoll~ Ajtbga umi May& have ppblbhsa 
forhidd cahhhma fa cyckmmync They qpamtly 



maricaLBy~~ofthiacoaformrtioafromS1 
to -W raotha energy-minimum geomstry, VI-B (CJ, 
wllkb ia 0.4kcd/md kra arable than VI-A, was 
obtained. The trdtioo !&ate (VI-Tl) !3epnhg VI-A 
from VI-B wan faund to be 6.4kcal/md above VI-A. 
confamrtion VI-A can be amvatcd to yet anotbu 
akecgyduimum cohnha, VIC, by driviag &,. 
nlistattcxcoaf~lmaoIwo-fokltiofrymmetry 
anditsutninearrgyil3O.7kcaumolabovetbatofvI-A. 
Tbccocagybarrkforillrcwnv~ofvI-Awitb 
vI~iakadmtcdtobe9.0LcrllmdThusthaelKc 
three fcuvdy low- calfe for 
cy~mnyac. 

codotntlm svlrtrv cald. stn1n 
CFrr w 

Mst-bat (Iv-n) 5 0.0 0.0 

Boat (L-B) 2r 4.3 4.6 

Half-Chair (IV-HC) 22 6.2 f 0.6b 6.6 

6.7 f O.ti 

' In units of kal/ml. rrlatfw to tulst-boat. 

b Ref. 36. 

c Rf. 37. 

Strrln-Ewrgy Cmtrfbvtlms VI-A VI-6 VI-C VI-D n-n VI-R 

Bond Stretching 0.(18 0.63 0.66 0.62 0.66 O.# 

Bad-lkglr Bmdlnq 6.31 3.59 7.05 13.23 7.40 6.62 

Torsiaul Strain 3.56 6.49 4.62 1.76 7.62 6.93 

Mm-km&d Intoratlms 4.42 4.92 3.40 3.26 5.66 5.71 

To-1 Strain Enwqy 15.19 15.63 15.93 19.07 21.55 24.22 



VI-C cc$ VI-A(C,) VI-erq 

Pff 8. Cakuhtul sIhuwqy proruC far intamnvmion of vu& cmformtiom d cyclonoa~ (VI). 
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