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la a prcvh paper, the photonduction of cyclo- 
kxMoDcs mt 0 stibbddd. in bydfo$eo-daKw solveots 
RH1. vu shown to kad to diastemw cycle 
bcxands. 



Theexpcrimcntal~vity~b&&nedbytbe 
formula: 

sc _ 3SJ-&imcthykydobexanoi withaxial OH (1$4mJu) 
33$-trimttbykydobewds(IJ-cir)+(lJ-fmru) 
b, 

-b, 
Forty-four vabm of s, were nvllumd flstbk 1). 

Tbeaimi8toexpressmrtbemotidUytbet~kc- 
tivityasafunctbdpuu#(at wbicbwindk 
ratiosofekmenhrytnteco4ntants.AcompuWrtreat- 
mcnt allows these pMmctat tOkVWiCdUMiltJN 

avcfagc rcla!ive error, between the tbeoreticd value of 

Hypdhelis of a pharludkal cmrm 
Nmnafcdandydsojt&etxpnrbrratdwtwof 

e. if the by&oxycy*xyl radicd ia 
??qwihl” si&! of the I-hydroxy3J5-thethyC 
in fast equilii. 

(VI 

TbediupotPnnceoftbuemdicdstfuoUgbiiis- 
mumtbakadstomoreorkss&oftxatamouatsof 
PxhKlH (1.5 fmru) or cqmtohl-OH (1~5 &I cyck 
bexaDd8tFadngutbtymmon~rsdvti.n?t 
“_ Sk? of the lay&oxy33J-trimettlyl- 
cycbbexylrxdicd,wbicbiskasbi&&,islikdytobe 
morrIeadilyaohtaI.TbeeqrprortJ8ttackoftbe 
sohated rndhI, which kuh to the axi&OH (13 mu) 

0.590 a.221 1.m 5.000 0.660 0.093 0.411 3.630 

0.620 O.JBJ I.## 3.506 O.&W 0.136 0.456 5.210 

0.410 0.027 0.030 1.620 0.620 0.160 0.761 5.210 

0.723 0.2r9 1.960 6.%0 0.663 0.210 1 .W6 3.210 

O.UO O.fS? 0.660 4.680 0.710 0.230 i .625 s.210 

0.660 0.164 o.uo 5.150 0.3Ul 0.219 OS33 12.990 

0.600 0.206 0.690 6.580 0.400 0.164 0,033 11.360 

0.630 0.276 0.6&O 1lAQ 0.410 0.116 0.033 6.690 

0.660 0.329 I,Ooa 1O.W O.bfO 0.214 o&33 6.620 

0.6SO 0.316 I.066 IO*&26 0.410 0.66s 0.633 4.650 

0.630 0.309 1.m 9.090 O.bM 0.03s o.a33 3.160 

0.390 0.071 0.030 6.164 0.360 0.031 0.739 1.680 

0.390 0.032 0.050 3.920 O.MO 0.031 0.326 1 A60 

0.600 0.046 0.030 3.210 0.660 0.026 0.)36 1 A60 

0.600 0*032- 0.030 2.210 OACO 0.023 0.031 1 .MO 

0.66U 0.012 0.030 0.910 0.660 0.027 0.200 I .3to 

0.360 0.161 0,300 6.360 0.610 0.0)) 0.200 I .630 

0,660 0.220 0.932 6.360 0.630 o.oIo 0.200 1.960 

0.660 0.233 1.316 6.360 O.WO fo.066 0.200 2.220 

0.693 0.19@ ¶ .b31 3.650 OS70 0.063 0.200 3.270 

0.670 0.132 0.997 3.650 o,s80 0.067 0.200 3.560 





(2) Tbc phnu ruikab are cdvatai by tbe cyck 

(1) 01: -0.41 (2) 01: -4.65 
aa: 2.73 01: - IO.58 
ap -6.67 a3: -26.5661 
0; 1.07 ad 0.41 F=0.236 

F- 1.7s as: -0.89 as: I.08 
4: I.26 /.I: 68.06 

K: 0.031 K: S.13 

nuctwoassumption,caMotB1thcexperimco~dala. 
In the fht w, five pram&m (aI. a& ah a4 ad have 
crraticvaluuaDdtbcrdativecrrWollachdatumpaint 
averagu2O%.Iathemccodcasc,tboughtbcrcsidud 
crMrislow(796)faurpanmctcrsposscsscrratkvahlcs 
al. al. oc aI. 

Thcscrcsultxthcref~krdtodixcardthcbypothuis 
t&taplarmrdcalceatre,whkhi8morcoflcss 
datcdbythciuitialkctoncorby2-pmpad,istbe 
ori&l of varuona of tbc atcrWddvity of photo- 
rc&c!hl. 

Hypothesis of a pyrmidfd ndcd casfre 
SQUUEPRStUdkShVZpKdtdCkUCU!Cvideace 

forpynlniddrodicrl auucmcs (16 to 22), in putiahr 
for tbe bydrox~yi radical.= Tbc adcuhth of 
R)imotoxDdFuklli pralktdtitbc2~yl 
r%liCdWtUpyRddd. 

In Ibe are of the bydroxycycbbcxyl radial, tbc 
pyrddds~.putfoMfdbyI(rplm=wucor- 
mbomkdbyobinir&(SCF,STO3G)~car- 
rial out for us by Dcnq~et.~ Devaquct add sbow that 
thcmoststabkstrWurccomspoadstoap~- 
tbnangkofcfLW(~ a=5P.S) and that, in 
thccuurscoft&invcrsicm~bytbexcdcals. 
thcdcalcentretpIafmr,withancNrgyof 
activatba of ca. 33 kcal ma&-‘. -l&Se data arc &own 
on Fw I. 

Fii I. Frcecacqydhpuaforfreciwasbn 

(a) Co4&undoml stabifify of the 33~trhethyfhr- 
drarl&Wdd 

TbchypotbcsbofapyrPmidPlra&alcentreimplks 
thattbca&atbnencrgyofthehydrogeoflxrtionreac- 
tionbbwcrthun.oroftbcsanuor&rofrqnitukass. 
tkeDcrgydacthrha~~foftbcinvarioaoflbc 
mIicah.HydrugcohxcltionontbcrodialrLindeeda 
bhmuta!jon rcscthl whose Mhmh energy is tikdy lo 
be very Low.” 

So as to sbow that tbc hydroxycycbbexyl redkals 
posses$ SOme co- stddity, coalpctitive 
kiD&swcrclXuTkdoutbetwccoradical&uttrLtioo 
ad tbc invarioo of the radicals formed from pure 
diutcrco~ 3SSrimcthykycbhcxanob. 

TbelimoftberertioaistoOiveriseto1&bydroxy- 
cv*xvl fsdid pbot0c-Y (bc GWOCH,) 
from both Ciia.stereoixonuric 33$trimcthylcyclo&x- 
ads. 

Pbcllyl disd5& c+H,!Sc&H, is also invdvd in the 
rcactkm;itsr&istotransferdeutcriumbythefoIbwing 
mdanism.n 

Atthcendofrcaction.thctotdpcrccat8#ddeu- 
tedal akoho4s (retention %+invcrsioo %), then the 
perccotage of isomer&al alcohol @v&on 96) were 
mcasud. 

wbetcver the initial diastcn?oisomr, the inversioa 
percentage was always found to be lower thaa the retta- 
tbn percenta@. 

TbtvPhwoftberetentioa%/invenion%nlioisS+l 

(XI) 

(XIIU 



CJLSH + t-8uoo - C&SD + t-&ON o(V) 

KVI) 

&H&r+tg4& - C3(.ssc3(. (XVII) 

for fmn8 3$$-aimctbykycbkaad sod 1 I * 2 for tbc 
cis i.laaw. 

nit? result c#zmhmh Ih8t the bydroxycyckhexyi 
dCdS,OCUXt!EyZUC~*kCCptbt”~~“d 
tbc corn of tk parent cycbkxAnol; tbk in- 
vcrsionnteissbwwithrespccttoth&rcduchantc. 

(b) sdwriocl 
Tbc¶~itywastbowlltokvaryiug~tbc 

kctonecoacenmtioowasincfaaippo(whalpnorba 
ketotwwasad&dtotbcpbL?torahc&msdium.lothe 
case of 3S5-tIkthykycbku axl of 4t4lutyL 
cYclobtuaoae* lUliDCEWiUtkpfoportiwdhUU- 
cycb&xaDol wu ObMXvaI.’ This result was fht inter- 
prrtal in tams of a s&&e bydrogeo exchange be- 
tween the carboayl coalpoamd UMI the bydroxycycle 
hcxyl radicals fatmcd thro& pMo&hon. 

Asrllutteroffrt,tirsrumptioa isrukdoutby 
~expcfimcntalresukWbtotheaddcdkctoac(e.g. 
2-mcthykyd0bcxanone) is wt pborondrribk, the cor- 
rapo4ugakabdcalmotbe~wbaastbcspw 
variathn of stcfamcktivity is obaavcd. 

Tthk.dustocollsi&rthttkkctoacianotinvdval 
ioPb~exchWgeprocessbut~in~ 
r of sckctivc sdvath of the bydroxyhtcd radt- 

; 
\ ./ 

C;-_;O,m.)-j-_O- 

/ F - 

z J 
=o t HO-C 

\ 
KIXI 

Tbcsc solvatioa m=pnJotous~~put 
fonud by S&a&- ‘hey should lower tbc invcrsioa 
burkloftlBfadk&ifrefC?cnceismrdetowtrotb 
kDown for tricoordinrtbd atoaWb 

-fbctwapynmW~ndicalsucnot 
tikclytobeschtedintbcsamcwry;inputiculr,tbc 
cqmto&WH (&) radkal [r,] can be expected to be 
morcsohtal(andthustobemMeN!3dilyinv~) 
than tk axinl OH (rmru) radkal [rd. ha@us stcrk 
&ctioaswaeobntvedbyS&apiro”wbocauMsbow 
that Eu@Xi)J amIpkxc¶ the cqutohl OH cycb- 
bcx8m4monstron&ythult!e8xiaLOHisouWs. 

Iihise.thesndydtbcchroatltoQnphicrctcntioa 
timcsoftkdhstaedsomric cycbbc~” aho kd 
to convcrghg results: tbe cqurtorLI_OH cy&bcxat&s 
intcmctmorcrtro~ywiththestath?uyphauaedtheir 
rctcntjolltiuu~bppa. 

Asforfrecinvarion.aneacfgy~caabcdmwll 
for the inversioo assisted by dies- py~&I 
fdiCdS;~~Vatl!d~ill-blikdytOOCClU 

8SiIlIbCiW&Of8dnttdcuknio~.” 

(c) Nrmerical anaiysir of the aperimaual rrertvulcc- 
tivitiu 

WtitbcscopcofourbypotlEsh.thenuhlsare 
@aeWalfromthecydobewoae uiipkt state intefact- 
~witbtwoN!dLI+8#ab,(2-propadorcPx,dh 
hfm) with an inithl ster#nekcttvity $ which is 
modifkdbytbeinvariooru&onsoftherAcals.A 
stcadystaam&hvity$isthuarercbedbcfontbc 
rxuutou d tbc dismutaho rc&Aauswhicbk!adtotbc 
cyckbt~b with a SWkctivity s. -he fInal 
staeowktivitySbtbconlyonewhicbcanbcreacbal 
expcrimeotaay. Tbc varicus stepsaresummuizedilltbc 
folbwhgmcchem: 



b, 

i 

OH 

+ A 
i 

h t /L . i 

6. 

H 

r -k+ +katonu+~ 

b9 

A ocuon + 2-propanol 



In au the LTakahs which ate to folbw. tbc . . . 
s&m&cmmSurdcitasdfmtbcWH 
cntity,w&rcRiacquuohl(mn~),mdwhicbisrcfcr- 
fcdtobytbcuhxipt2 

Tbec&Uhhl01tbC~~taCUSCbctivitySiscU- 
rkdoutbyfouo~tbcabovefactioaschatKwkicb 
cpnbCdiAkditlt03stCpS: 

r-Sl-$-sc 

arTcspm&ngtotbccalcuktiondtbtinitiplS,stady 
$, and finrl Sf smvitia. mpcctivcly. 

(1) Calcmlah of rlcc Mthl rterwrdatkity $ 
TbChitidS-kCtivity$is&taminsdtitbC 

kveloftheintcmthktweattktripktamdtttcpbe 
toceducipl agents. la 8 previous wo&” i&cd. we 
sbowdtbutwokiabdpbo&Kaitbciuga&atswcfc 
invotvcd:2-pmpMolladrl:1rtoechicweoiccoutpkx 
bctlvcenkuoneMdakoholQmbabtyatleaoklcobol 
cmpkx tmmcfJ CPX) 

Tbc fate constants for tbc tripktcompkx (kr,) pad tbc 
bipkt-2-pmpamA 0 intarctions. aswdluthccquil- 
lbrium coustM1 K’ for tbc kctmc-2-l cx’alpkx. 
wucdetaminal: 

t,-(13s*0.3)x IdM-‘s-’ 

k,,=(O.7*0.2)~ lO’M-‘s-’ 

K’-(lJi0.2)x lo-‘kc’. 

nxdil?efenttam8ofthisexpresshwc?ccrlcutPtsd 
sUcU!&dy. 

Ffar invdm of radical rr: (d&k, 
Equhn (4) led, to: (dr&Jth - i,[r,] - grJ wkre i, 

aalharctbcntcsoffrceiuvarioa of mlids. rl md r2 

rrsptctivdy. 

Askmi kvusioclof mdid rl: (drddt)J. 
hcqn(xxIv)coMpoubtorrrrctioaofinv& 

whkbiswistalbytbtcyck&xwnc.onaccaunt,of 
the dihcncc in tbc energy kvd (a few kc4 between 
theffcepyr8mundkals8tMItbcsolvatalphuie- 
tcrmcdh.itisrasotmbkto urUmetbrtthCS~- 

StatcConCcll~~thcp&lmrftdicrlpiS~ 

h4nthisuurmpbon,tbepamaphndtbatinta- 
mrdiateintbcdiamut&archcths(fofumtjond 
cyckhcxanol) was diuc&ed. The steady-state cqm- 
tion for radical p could tbca be written from oqn 
(XXIV), coa8idctiug only equiah: 

OhI + I&D [Iretoacl- (I; + WI - 0 

-he vui8thofcuacattrationdndicPlr2duriugtbc 
as&al invcrsioa is: 

L’-& 

& 
I 

Ractiom of dismwth: (dddtk 
The three kids of dab bdq pracot (rl, r2. 

(CH&OH) led to the diamtttath rcacths. h to 
tadhI r,. tbt vahe of the OrdaDipr Ibw is given by: 

drx ( > Jr, - -2Ud - 2LIrlXr21 -2Urdbl 

wtlich~totbtdimutation~wturt 
radical r2 is invokd: 

r2 t ra 3 
r2+rlA cycbhexawlt~. 

r,+i5 

Intbenmrmyuintheabovcctakdh&thc 
bydroxycydohcxyImiidsrlaadr~arcaU8u4mndto 
dismtakrttbts8mcnteabcnut&alixaidis- 
anttahn.rtiisogartiP(atrdiUefcnt~. 



35&i B.mv~Ual 

tht is: 2@1$ + i,[r,] -i&J t (L,[rJ - Ur2l) btoncl - 

2Lr, [rzl’-ZLLD [r&l-2t [rzl (Irll+Irzl)B-O. As 
both hydmxycydohcxyi mdk8l8 ut also in tbc steady 
St&: 

[OH’1 - M + hl - &-&. 

ad 

[rJ - $~[OH'l. 

The light intensity I., which is absorbed by 3.35 
trimhykycbhcxmooc. can be related to the i&dent 
light intensity to: I = b(l- IO-” [Iretooel) for 8 ama 
Ieogth of OIE ccotimctef. wbcfe 75 ix tbc mdpI ex- 
tin&o cod3cimt of tbc ketone at the wavckngth of 
imdi&ll (310 nm). 

After puMutrisrtio0, the exprcssioo of tbc steady 
stecerroackctivity is: 

Thcnlemingofthesefourocwparaoutmcanbcprc- 
&cd oow: 

ilti2 

j = 2a.b~ 
j,-& 

I-,+4 v-- v”& wo 
(a) j ouasum tbc rate of free invcmbo of the bydroxy- 
cyclohcxyl radkxls and refer9 to both mtkds r, and r2; 
(b) j, refers to futicd rl only; (c) v abaaum tbc raft of 
assistal inversioo of the bydmxycycbhcxyl mdkals: as 
above, this vrhw, without my subsa@& refers to both 
mdicals 11 and r2; (d) v, refers to radical 11 only. 

(3)C/&h of rhe Jlrrpl~rrercordcc+iry S, 
- !%. wtncb refers to the 

cyc.b&xaDdsfonnai.i8thcoefyoncwhkbcanbc 
reached expcrimcotany. 

h there is, indeed, no equihXum reaction between the 
cycbhmandr famed during tIE pbotomductbo rcac- 
tioa. 

4=7(0<7<I) fDWUCStbCpTOF&OO0fuLI-oH 
cycbbcti, 62, which is fomcd dur& tbc dismutatioo 
rI + r2 (cih supm). 

(4) Ruvlrr 
10 8 computer cakul8tbo. tbc pvunetcnCOOt8iOdiO 

tbcIlbcoretiule~ W~fltUdSOtltUthCdUiVC 

err01 on the t&omical and expcriac~td tbd 

SkfCOHktiVitiCSSfcouldbCminirnl.TbeOumaial 

ahm of tbc optimkl panmcttn are tJJc foIlow& 
om: 

SIW, = 0.3 2 0.06 
!&x - 0.7 + 0.2 

v-420.4 
v,-2650.1 

j=O.UiO.I 
j,-0.16T0.04 
y =0.5*0.04 
4 - 1.2+0.25 

Tbcsc plfametcfs coalply with the fouowil@ coaditioas: 
O<&,<l; O<scrX<l; O<v,<v; O<j,<j; 0<7< 
l;~>O.Tbcmidualcmroneacbdatumpointisso 
samIlastobccbscto7%,onthcrvaye.Tbchypo- 
tbcsis of a pymnidal radical, whose invcmioo fate 
&pcadsonasomioopfocess.tbcrcforc,albwstk 
observed mintions of stmosckctivity during the pho- 
toreductioo of 3.33~trimcthykycbhcxaaooc by ~-PO_ 
pmol to be occountai for. 

TbCSC&hCUlbCC-0lTChtCdWithsOme~WhiCb 

Were foimd, experimentally iu i&pc&nt expcfimcots. 
In tbc minimimtioo cakuImtion W the two 
~m~ol;e~ are.the free inversion fate 

MOM?flCpynmidrldiC&;j2 

r&n lo radical r2; j, to radical rl 

TlliomuJtcanbcmparcdwithtbcval~dthc 
rctcotionlinvcfaion ratios that were auasufed in&pm- 
dcodyfaCthcwk&emdkddcumi&ooftbedi8x- 
tmoisomcrk 3SStrimcthykycbbcxmolx (oldc rrpm): 

fcteotion 
invation I 

- s 2 1 for CiS 33J-uimcthycycbhcxml 
= II 2 1 for mu 3S5trimcthykycbhcund 

Thcrctcntioatmispro&oadtot&hydrogreoIb- 
StW&nte:itrlroc4XESp0OdStot&diJW&ll 
whoscratc~isk_whkhixthcsuntforbord 
ruti& rI md r2. 

ulldcftbeaecoDditioru.thcratioofthcr8tcsofin- 
version. j, pad b, of radkals rI and r2 can be c&t&cd 
r&ily: 

fetcotioo 
inversion (r,) 

Xhvcrsio0(r3_~_~ 
mention 5*1 j,’ 

In both ca8c3: 1.7<(jJj,)<3 which ir mother d&ive 
argumeot favouring the pymnm stNctlue of tbc 
hydroxycydohexyi r&As. 

Theaboveresuhs -temcarIkrurumg 
tbs.” IO pcdicah. the involvemeat of two diUacnt 



NurnuicdunlpisofIbrs tcifmektivity of ptlotodoction c-4 cycic4wMones Md of ils lwiuions 3s87 

reducing cnuues in tbc p4Kmraluctba 0-f cycb- 
hcxanoncs in 2-proppad--cuwly, 2-pfowol and a 
phatorcducing compkx CPX (which is likely to be 
formed from the cndic specks of the cycbhcx8none and 
2-pmplnol~ws tbc obscrvcd stcrcOsckctivity vari- 
atbnstoheaccountcdfor.ThesttwocompttitivcprQ- 
cuxcs do not seem to induce the snmc initial 
SWOsCkctivity: 

~=0.30+0.06 

!G- = 0.76 f 0.20. 

The only iovdvanent of CPX cannot Dccount for the 
overall stcrcosckctivity varifltbM observed. The in- 
vestigation of the photorcductbn of 3SJ-trimethyl- 
cycbhexa~~nc in cycbhcxanc had shown that the 
s&eo&?&vity @ended on the kctonc concentratioo. 
As a matter of fact, in cycbhewe. tlR photonduciao 
compkx CPX wax not involved as the quantum y-kid of 
phWrcdu&n rullaiA colutant. Au the cycbhcxalK4 
formed therefore multi from a direct intcmctbn of the 
cycbhcxalmnc tripkt with cycbhcxanc, which induced 
the only initial StneoKkctivity suu. Tbe StQeosdtC- 
rhity variation. that was observed in cycbbexanc. is to 

llbc,implifyingasWptjon,umtwereuscdforthe 
cakuktbns relative to the inversion rca&ns of tbe 
pynmidalRdicalscanbcmWkckarernow:thcnMdcl 
(free of solvatcd) invczsion me&l&an chosen arc 
anrabgu to those put forward by Nicmcye~ for the 
illvcrsbn of carbanbns. 

TEcfrecerergy~chosenforfrceinvcrsbnwas 
ant&cat with the ob inifio calculation of Dcvoquet;’ 
on the contrary. in the case of assisted inversion 
(soivatcd radicds), a solvatal planu reaction inter- 
maiixtc was considerai. but its effect on tbc 6nal 
terco&&vityh&gihk(nodismut8Gonfromt& 

LtaiplrrrPrradkaloccurs).Thcintroductionofthis 
uWmedieanowxthcstcricsekctiontohe8ccolmtaJ 
foriasrimpkwry.~itbept~ontbesdvotionoftbc 
pyramidd r&i&; the equx.torial-OH radical r~. hcing 
monst8bkMdmorcsolvatcdtoo,wiutuinvcrtalmore 
readily, ttuough assisted inversion. whence the shift 
towudsthecycbhcxandwhichisaobaprthcther- 
m&namic produt. However, a ditlcrcncc hctwccn. our 
model and that of Niemcya is to be pointed out: UK 
sdv&on of tbc bydroxyht#l fadids. contnrily to that 
ofc&Mbas,occunatthcbydroxyktalgroup(mdnot 
directly on the reaction catity). 

NevatMcss. a preferential urbilisrtion might aperate 
t!m3ughinteractbnbctwccnthcrAcalcenaandtbcr 
sj3tcmoftbccubonylgrwp.sucbanruumption, 

miuimum apparcatly tits better tbt iatcrconvcrsion of the 
radicals. this latter assumption ody was 

In the 

!Ztenosekctivity cmrd thus depends on tbc solvatbn 
of tbc hydroxycycbhcxyl ti: 

(a) The energy of tbc non solvatai rulicds is such 
that the energy hatrier alb* tbcir iutcrconvcrsion is 
highcrthxnthcactiWAlem?rgyn?quin?dfortheirdis- 
mutatioa;thiacasciscb3dyrdataitoaco&uratbnal 
control. 

(b) The sdvatcd radkals, ha+ a lower inversion 
tmrricrinvertmorceuilythMtheyreact;accord&to 
the Curtin-Hammett piacigle, the tfarl rta#nekctivity 
isthmdctcrmidbytbeactivationcncr+oftbc 
rexaicm” 
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