
Withtbsrsvahmthseathtedkatdformrtionof 
fzyckqmpme im -14.67Wmok A8 tile oxpchmtd 

C 

c-c C-H c-c-c c-c’ 
'C 

+ 4.49 - 4.14 - 1.10 + 0.06 



beat d form&ion d cychppanc L +1273kcaumok, 
it8 rtraiu eogey amoulltx to 27.4kcal/mok. 

RathertllUltOh8ttbCVkOIlS~~tO 

risextrainaqmrately~tobefocedwitlltkdidacllh 
ta&da8&niqiahleatothcilMchml~ 
wcdccidedtodcalwithlhgatrainan3rgksaarwbok. 

l%enu& 
Chuobjc&ewxsto&elop8mo&lfacakak& 

ringdnincacrgkx~a&ouklbeerrily-to 
a&itha&~andshldre8ultinavay 
faatprosnm,atkastahm&edtimas~faotcrthamok- 
cukf mechanic9 cahktionr. We wcpc prepued to 
l38&kcsomeecculncyforihexakedcpwd. 

Welmveckvclopedaximpkma&lforcstimhg~ 
stmin~.ka6qtsppoximrtionthestr8inemrgy 
dOpdyCyClkcompormd~cOhkN!dcU~rd- 
ditiveintbestmineaergiuoftkco~~Tbe 
strainenefgydrrirtgwithagiveaxixewa8takena8 
hxving a cat&ant VahM, inf+n&nt d ttIe~spe& 
tMkcuk~bandandit8~p8wa.~~~~ 
oathtqpro~- 
tXdhthdtWO~WC?8inhDdPcdd 
ltlc~~~ofa~t;mctmew~ 

takenfromtbcsmalk&~dxmaht~(SSSR).We 
lmve’devcloped a CalQata poqrm which de- 
theSSSRfromtbclktdbondsdamoka&.“A&k 
fromitxgcnualimporturce~14theSSSRkputicutrly 
appqhtefortb8plnpa8edcstimhg~@train..ti8 
withthesmxIlringxwbercmo8tdth8&8inenqy 
hd8S.Fblt&itWopldbe~~tOucilp6ti 
enugktoriQpWhicll8rcenvdope6of~oo#. 
Farexampkthcsbnillenl!rgyWhkhlm6tobc88skacd 
toCy-isOOl~~iQdCCaliW~ 
the two 6-membued rioga d dechc lmve a lo- 
memberedriogasenvelqlc.Inlkrdincthe- . 
mtaXthskrgoly~forthectrlinenagyd 
cycMxanedonotexistmymae. 

F~tlEi&idU8l~~~th8!SSR.tbeShiIl 
cM!cgydthemonocycliccarbocyclkcsqouodh 
takelLH~diccompormdrareootyettratcd 
ex&itlyubngunotalmckatexperimenWd8ta~ 
~vihbk.FMlltllCpIE8elltlyLnorrrndrbitrppeu,tbU 
themoriatroduwdby~tbe~dths 
tarbocyclefarrbctsrocy~canpooadiBEm8ll.For 
exaa@e, tbe araia energka d cycbpmpam, oxhe, 
and8ziridk8rc27J,27.28nd27.1~,~- 
tively.simikrtratdslAdforthekr#ErringL~onlyfor 
aulfurcompounQstrain~ueummllyrparlla;for 
thiranc the vahle is 19.9kcal/mak. Tk reaaona lk 
pXlm&lyint&lopOerCSbondkngthsalKltk 
xuKllkrc-s-cbendiplf~.Inttwf~wewill 
cXmhetbedisc~iolltocarbacyclic~. 

Forthemonocyck8valuea8reuignulrccadipOto 
(1) ripe size, (2) mlmber d doubk bomlx md (3) mlm~ 
dalleneor&i&bandx.T&k2lktxvalucsfarIto 
hnehaEdringx. 

withollrrdcrencesta&fordeaniugriDg8tMinener- 
gks’fortbccumpolhe~qoaeofteanearlythe 
aameringstminen&awereobt&daxgiveobyCox 
.andPilclw?orBensoa”Inhationxwlnsemarethan 
onedoubkbondoccuninoneringnodiffezontktionhr 
becnmadeastotbeloc#iondtbweiloubkbonds- 
except d alknc type bonds--becrpre only acant 
CxpChClhldptr~fhkbk.W~fht#v8hN%good 
estimuerdringttrainen&oxaabcmadefarsub& 
tuted monocyclic amponxk. This &moa&&a the 

tlng SJtUrJtJd 1 double 2 do~lr ~llanr triple 

SIJJ band bmQ bond bond 

3 27AJ 53.aJ - - ‘- 

4 26.5' 30.0' 50.0c - - 

5 6.2' 5.7J 6.0d 30.0’ 30.~1~ 

6 0.0’ 1.3J 2.6J 20.0c 20.0c 

7 6.2J 4.9 4.3’ 15.0c 15.0c 

a 0.9 Lob 6.1f 10.OC 10.06 

3 4 5 6 7 6 

9.0" 

5.0 3.0 

2.0 0 0 

0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 0 
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10.2’ 

l.Sb -l.gc 

-1.4a -3.F -2.1C 

0.9’ 0’ 0.F -o.oc 

-4Y -2.5 -O.ad -0.5 0 

-6.5’ -3.0 -1.0 0 0 0 

I 4 5 6 7 0 

30.4’ 
4 

ll.Ob 

5 7.6’ 2.4’ 

6 6.1’ 3.4’ 6.7’ 

7 7.5 3.0 4.0 3.0 

6 7.0 3.0 4.0 3.0 2.0 

CZitkh;WC~that~WortWiUpfO*U6With 

dataforthaeCxmpou&. 
TkvaluadTabh34dhcttysbowtbeerror . mtnhcedbyanapproachbasedentinAyooaddiMyd 

thefiugstraincneIjJydindSlmlringLAacanbcwen, 
thisapproxhationhquiteawi&~dvaMity.But 
the~fortheextraWsdrillganubinathswas 
conadsredtoo~aodfora!dustodopttbeprerent 
modelwhidlaxrectsfortk8etxmfs.Thl&thcfia# 
straiQall!rgydbicyclicc4mpomhisnprodWd 
ex4y.Tkimiivihalvah1~~dTabks~S#ivea 
qImnt+ve mcas0edtk-~ffl?cts(bondulgle 
dddamrtKlnr 

=z= 
-, 0th 

nohnded’ wlual jahh# two 
ringsthro&one,hvoathreeat&nM. 

VahWs for 4dithal systanr (e.g. bicy- 
dop.2.2lofAuke)naeaccusadeandhavebamip 

8cantnJowanapb&htins. 
cak&baMon~o&fms 

baveappW!d.‘Dweusedtbemtoobtaiuvalucsforthe 
riogatrainprameMsforthe3e24ingcombinrtioas. 

(A) Polycycfic st?mctm?w 
NanxaUy,itistanptingtotuttkpafarmancedthis 

mOdeI with @ycydic systems. As only Wcradic 
expaimentaldataoapolycycScc0mpou&areavahbk 
values from mokcahr mechanics calculations~ were 
usedasatestaampk. 

Roaltbecompou&listedillRd.4oallsystems 
Lxmsi&gofC,s-cr6iM!albcfedliogswerctaken 
(Table 6). The biadamaotaaes, dhdaamntnncr aad tri- 
adawWWsweredhegh?dbutothcrwknoselec- 
tioowaspaformed.lncolumn3dTabk6thevalues 
for tlhe strain elKQy cakhtai by the molecular 
mechalk m&Id d WcyC?P are con-. 

Thrccapproackstotbeestimrtioadtberingstrain 
enasyd*pdycy*- were taken. 

Fiit,tbcstraheaapie,waec&htedbyadd&tbe 
atraincnr+sdthemonocycksdthcSSSRdatk6, 
cdumll4).Asthemdecllhrmecbanicacak~lls~ 
andtbeboadandgroup&tivityschemeusedbyusP 
have !#lightly di!kent rderence states for unstrained 
mdccb,tbcstrahcnc+adrbemooocyclcslistcdin 
Rd.lcrWCXCth3ltOlMkCtbCVdlK%COllSi6tC~t.Tbe 

dmate6tllll6obtaincdafeoftcnquiteclo6ctothe 

~alwa from the molcdu mechnics calculations. But 
themally~witllshblC&vhthlsmaLethisep 
proach unacceptable as a WtKxal methal. 

Secondly, the model developed here, i.e. uxkdk+ 
moaocycks alnl2-ring WalbiBaths explicitly, was ap- 
plialwithvahEsfortbebiiclicCxlncthnpafaateters 
taLenfromTaMes~S(~~T~k7,setb,colmn2); 
thercsultsareincolumn5dTabk6.Theproccdure 
shaab+lstratedwitJlcompormd3~~1).Astbe 
uxrc&on prameta-s were obtainal from bicyclic 
compoluldstbl?irapp~intlleestimationdliog 
strain ena-gics d polyck compounds is qu&hmble. 
Butontbewhde,- improvanellts OVCJ the 
valuesfromaddiWydstraincnergksofmowcycksis 
obtainal. But c&sin treads can be seen which prompt- 
edustomakemod&ahskadingtoourthirdmethod. 

Agai&themodelofworkiagwithpammetl!nfor 
monocycks and 24ir4 combii was used. But we 
tookintoacunmtcMaiu&viatjonsinthe*shain 
pecgydcoahhhmdtwo~whentheyare 
lacaparted into polycyclk -. Withoatgoillg 
intotbdebilrdcnu ~dtbeindividualdmgea 
mjustlisttknewpammetczsinTabIe7,setc,colunm 
3. It b ow 9 tht fume expaimental data win 

~Ade~~8cktcmh& tlae V&es through 

The#miaa&kdtOrizepbleimprOVelDCOtSill 

theeshatedriugstrainenm+s(Tabk6,column6). 
Tbecompou&studiodcoverawideraogcdanctural 
diversity, from tri- to cnoea-cyclic rystems (dh 



1 Iptt-Tricyclo[4.2.0.~*$ctmr 74.55 78.90 75.10 78.90 -4.36 

2 syp lri~clo[4.2.0.02*~ octanr 79.45 70.90 75.10 78.90 0.56 

3 Ttlqclo[3.2.1.03g6]octam 41.46 40.66 37.06 41.26 0.20 

4 Trlcyclo[3.3.0.02*~octmr 40.29 40.86 45.35 47.46 0.83 

5 Trlcyclo[3.3.0.03*7j~c 47.15 21.84 24.54 25.14 22.01 

6 w Triqclo~:2.1.02*5jnonme 42.51 40.86 40.16 42.26 0.25 

7 wdo_Trlqclo[4.2.1.02*~nonma 47.33 40.86 40.16 42.26 5.07 

6 Tticyclo[4.2.1.03*7+m 22.57 21.84 20.04 21.24 1.33 

9 Trlqclo[4.3.0.03*7jnonrnr 25.47 21.84 24.64 25.14 0.33 

10 'T*lqclo[3.3.1.03't]~~~ 20.07 15.99 20.69 21.29 -1.22 

11 Trlcyclo[4.3.0.03’B]m~ 34.17 l5.99 21.89 22.99 11.18 

12 Trl~clo[4.2..1.~$mne 36.28 40.86 32.56 37.36 -1.08 

13 Tricyclo[5.3.0.04’1$ncw 20.74 15.99 17.29 17.89 2.85 

14 pip Tricyclo[5.2.1.02’6]~ma 22.65 21.84 22.14 22.74 -0.09 

15 ~Triqclo[6.2.1.U2’6jdmne 27.11 21.84 22.14 22.74 4.37 

16 m-Trlcyclo[5.2;1.02*6]drunr 41.65 21.84 22.14 28.94 12.71 

17 e Trlqyclo[5.2.1.01D5]~ 23.86 21.04 22.14 22.74 0.94 

18 ~Trbyclo[5.2.1.01+ocuu 31.K 21.84 22.14 28.94 2.21 

19 Trlcyclo[5.2.1.03~$eum 19.26 15.99 18.59 20.79 -1.53 

20 Tri~clo[6.2.1.04*10&me 16.68 21.84 15.54 17.34 -2.66 

21 Trlqilo[4.4.0.03~8]&me 26.12 4.29 20.19 l$l9 6.93 

22 Trlqclo[4 . 3 . 1 . 03*7]Ccan. 20.77 8.71 19.01 21.21 -0.44 

23 Ttlcyelo[5.2.1.04D~Qunr 21.18 15.99 17.39 19.09 2.39 

24 Triqclo~.4.0.03’4deme 30.90 10.14 16.04 18.74 12.16 

25 Trlqclo~.4.0.03'2]decm 23.59 15.99 21.89 22.99 0.60 

26 Tricyclo~.2.2.01*5]C~~ 29.65 21.84 2O.M 27.14 2.21 

27 Tricyclo~.3.1.03*Rjdwna la.29 10.14 20.34 17.74 0.55 

28 m- Trlcyclo[4.2.1.12s5+na 40.38 15.99 22.79 22.79 17.59 

29 mtl-Trlqclo[4.2.1.12*5]dccw 30.66 15.99 22.79 22.79 7.87 

30 MM&n- 6.87 4.29 24.39 13.29 -6.61 

31 [2.2.2]Prqmllanr 73.28 78.90 73.20 78.W -6.62 

32 [3.3.3jPnyellMa 16.49 21.84 15.54 17.34 -0.85 

33 [4.4.4j Propellam 14.23 4.29 1.59 1.59 12.64 

34 T~tnglclo[6.3.1.02~6.06'1qdodr~~ 18.22 11.57 28.57 21.17 -2.95 

35 Tetracyclo[5.3.1.12s6.04$bdoun~ 25.02 5.72 31.62 16.82 8.20 

35 TltrrQIclo[6.4.0.02DL0.05*4'dodrunr 39.14 17.42 27.92 9.32 7.K 

37 ~trcyclo[6.4.0.~‘~4’1~7’1~curr U.49 35.40 35.20 37.60 6.89 

38 ~,~T.trrcyclo[6.2.1.13h2~~- 

doCcJM 40.84 29.K 31.62 32.42 0.42 

39 ~.pypTetrrqclo[6.2.1.13r6.02*2]- 

doddcme 39.88 29.K 31.82 32.42 7.46 



QClUlk8IM Ring Strain Emrpy (kul/alr) 

1 b c d l 

40 ~do,~l.tracyclo f6.2.1. 13*f02+ 

do&cam 49.69 29.U 31.82 32.42 17.47 

41 Clrbw 165.87 131.5 116.3 131.6 34.37 

42 1etrrqc10[4.2.0.02*5.03J$ct.ne 111.98 105.2 95.7 105.2 6.78 

43 Rnta~clo[4.3.0.02*5.03D9.04*~ nomm 118.13 112.48 93.68 109.48 8.65 

u Pentrcyclo[4.4.0.0 2*?03Dl!04*‘ilCcam 112.75 106.63 97.13 106.63 6.12 

45 Hexacyc10[5.4.1.02*6.03*10.05~?08*1q- 

d&CUlO 57.53 62.7 47.7 57.0 0.53 

46 lbuqc10[5.3.0.02~6.03910.04~9.05~8]- 

drcana 135.72 138.78 113.78 133.78 1.94 

47 Hq1tacy~lo[6.4.0.~‘~.O~~l2.O~~~~:- 

05JO.06+Jcdacan 155.19 159.23 147.83 159.23 -4.04 

48 Hept~C10[l2.4.0.02’7.0’J7.05~10.’ 

08*13*011JdJ oct&decam 115.40 8.58 43.38 21.l8 94.22 

49 lwyclo[7.5.1.03J3.05’“.07*ll.- 

olO* y 38.61 pantrdrcam 43.68 22.68 28.68 9.93 

50 oodacalmdmM 42.98 80.08 27.68 42.58 0.40 

2913 

4420 

4520 

4620 

5510 

5520 cfr 

mi!!i 

5530 

5620 CA 

trans 

5630 

6620 & 

tgw& 

6430 

-1.9 0 

-3.1 -1.0 

0 0 

0 0 

-2.1 -1.5 

-2.1 4.7 

2.4 2.4 

0.1 1.2 

0.1 0.1 

3.4 3.4 

-0.9 -0.9 

-0.9 1.8 

6.7 3.0 

10.1 10.1 
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StIUCWCdOUnotintrOdllCCCithUOlWOfthUC.Cff~ 

aklibal H..R Mmbom&d~oroa 
boadanBkstnibouradditivityuhaneworka 
sutons@ywcll.~iuitiany&velopedfof 
maWmdb&.lic8yatems,whcreexsctacuntntofring 
strain enagies is given, the effecta in polycyclic 
cOmpoaads~reprodpcadWCn,tOO.~dC~ 

canbeauxuntedforbydditionalstninnmdanhn~, 
andwecangainadirectutimatcofthemagnih&of 
the effect& 

The acbcme h extremely simple; by hpdon of a . . 
c.omhmonal formula tbc monocycled 8nd the ntimbcr 
andtypuoftwHingcunbiMtioMare~~llle 
appro&evhcsarctakcnfr6matabk.Addingtkm 
upkadrtotbecdimatcoftberingstraineneqy(Fig.1). 

‘idi6thC8tUtiUg~hWIlU~Wll~tOMCtU 
thelltbertrainamgydthemrtiqJnlatah~tobe 
evIlloated only (WCC. 

ILttheSfXdapgroach,OlllythOU~Ued 
dlTCdWllkhCltUthrtomlthtputiciprtehthCrepc- 

thThu&tbc8trainensrOyattkructionaiteh 
t?ahatddiuctly.wehavetbeadvan~thatonlyput 
dthemokcuklmtobe8cMnedmakin#the~ 
fa8tes.ontheotbcrbaDd$aseachfWtionmiglltpfoa!cd 
atditTerentplac8aofamolccdc,~8tutingmataid8 
bavetobcevahutedforcsch- 

Twoexampkx(Rg~2and3)akdlilh~ateomtwo 
eppra4hcbm.(-nu?atomamarkedinthcfigureIildcate 
th! readon site.) 

a (4) 26.30 

(5) 7.26 

(5) 7 26 

bkycllc ccmbimlims* 

(4520) -3.1 

w%?o) -3.1 

(5!%3Ol 2.4 

37.06 kwvmoh 

Ph.1.Emihdriu@~~~_~2~- 
(3 for - . 

Hg.2Buctimh 

IBJ c 

III 

IEI 
Figs 3. Jtexih B. 

EiiJ 
Ill 

w 



RwtionB(Rg.3) 
1. Withtbc!MRtklirstapproachlcadsto: 

&rtingmakal Sx(4)+8x(U2D) 
&=t 4x(4)+5x(u2Q) 
diifereoce (~+3x(U~) 

z witbtbcsecondapprwb: 

startiagmakxial 4x(4)+8x(4420) 
proauct 2x(4)+4x(U2Q 
d&cencc 2x(4)+4x(442@. 

Thus, tbe second approach d&y accounts for tbc ring 
strainenrzgyaftwocycMutanelingswbcnoaebondof 
cubalu?isbfokcn.pTbeestimateforthe&ascofshain 
; om l!Kldee is 53.0kcal/mok; mokular 

cakA&ms give 539 kcallmok. -IIds shows 
~~~~~f~~~cff~~~ 
~On~~~~~~~~~ 

d4bes~~~~fTOmcgrors~thesekctiOno4~ 

Simpkscarchmethodsaadadditkmofafewvahws 

~~.~~~~~~~h~o~ 
theimm&atcviciityoftbcreactiansitc.Tbrywitbtbis 
m&ld,compMationtimcsafcratbcriodependeatoftk 
sizcoftbccntircmolcc&.Thisisabigadvantageovcr 
mokcularmccbanicsarquantummc.cbanicalcakuMow 
l%crc, compwion times kcrcasc lXpidlyWitbthesiZCoi 
the mokcules. 

~~~~~U~~P~l~~~y 
wed in EROS? our program ayilml for geaSa& 
sequeacesofrcactioasaQdforsyntlIcsis~.In~ 
systanrwtionsarc~nuatcdtbroq&ama&ma@A 
formaEsm.Tbccstimatjonof~of~andill 
thisamtcxtofriagstrailleDergka,isoncoftbcevalua- 
~~~~OU~~~‘ 

SLmmfny. The model developed bcfe aIlours to exactiy 
nproduccringstmine.w8icsofmooo-andbicyciic 
strwucs.Noexplicittrcitmcotofstcmochemirrtryis 
wccssary.TbomodAisanaddiMtysclunw;fingstraia 
eoargksareestimatedbyaddiogupn~bcrs,aproce- 
durcsimplcenou&to~pcxf~~bymspc&n.~ 
~~y~~.~~~y*~by~a~ 

IkvttPonsmtbCstrPmCMgkBpteonlytobC 
expcctalforsubswcdcan~witbrpgrecinbk 
nonbondcdorpolarintcarctiolts. 

AsfarasdataonbEterocyclic~are~wn 
thCydUDOll8htCtll$t**StCaiDC#rsy~Of 
arbocycliccompol&mgoodaplxo~forthc 
~~~~~N~~.W~~~ 
on betcfocyclic comjxnmds bccom& avaihbk qxzi3c 
vablesfortbcscsyskmscuuidbeassigwdaluiin- 
wqorakdintoourmodclinastraightfonvardmaontr. 
until #)sy systems with 3- to 8-mcmM rings have 
beenaMlyzuLItsboukibcnotedtbntmobcoks 
~ ~~~~~~ 

han&dwitluwt-. 
WtiMUpti&g mcccssowmodeic8nbcappkdto 

polycyclic -. Ripostraincn&8safa~ 
wietyofcompomdrUepredictadcmecdy.Apprecir 
abkdeviatkocuuonlyiapolycyclicsysttmswlwn 
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