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The r~ertorclrc~~rll) of photorcductton dcpndt on crpruncntrl condluow In !.propmol m ~MIKLLLT. If bartcs 
wth rhc c)cbhcummc/Z.propand molar ratto. wth the mcldcnt I@I mtenwj and wrh rddaon of radical 

uabenger$ (phcnyl dlrulbrk. I.hctcncl 
The prtunr rcruhc can tw mtwprcttd at rht radical %lcp Thcv UC dwuwd xccwdq to lwo rssurnpms of 1 

rtnrrl) planu or pynmrdrl n&Cal ccntrt 

U~JITL now the sttreoctumlcal aspect of cyclohcxanone 

phototcductton ha5 not been cxttnslvtly mvestlgatcd. 
Ncverthclt~r. In a slightly different field, Stcnevcld’ 

reported the formation of optlcllly active ketones during 
the photoreductIon of cunphorquinonc by cyclohexanols 

But Coylc,’ disregarded this aspect rn the photoreduction 

of 3-methyfcyclohcxanon rn methanol 

As no systematic mvestlptlon eemcd to have been 
undertaken. WC took up this problem and our prehminar-y 

rtrultr concerning the pholoreductlon of vanously 

su~tituted cycfohcxanone\ aerc reported in a prev~our 
paper.‘These cmpwndr arc easily rcductd m hydrogcn- 

donor solvents SO long at they are not CI substituted 
These reaction5 can be tummari7ed as follows. 

cent) and with a stcreoselcctrvity depending upn the 
txpenmentJ condrtlonr 

AIM shown 15 the presence of V~JIOUI couphng 
products (cl. c:. 1. r) m dlffcrcnt amount\ according to the 
nature of the hydrogen donor, as well a$ small quantrtlts 

of photolyG% product\ (e) lNomsh clca~~gc. type 1 for 
example). The presence of coupling products suggtjt5 a 

radical mcchrnirm. Moreover, this type of mechanksm IS 

commonly accepted for cyclohcxanone photmductmn 

hy !.propanol’ a\ well at for the simultaneous addition 
rtactionr ’ 

Norumojrhr cxcmi mrt T’hc n, IT* tnplet state of the 

cyclohexanoncs 15 the only one rcsponslbfc for the 

photoreduction Plperylenc solutions (10 ’ or IO-’ %I) 

b, 

The cowerpondiw diastereosiomcric c)clrrhexanols Ib, $10~ down the rcactlon and a concentntlon of 0.02 M 

and by) arc mainly obtain4 Nith good yield (about 90 per quencher the reaction In the same wab. a 0.01 M 
naphthalenc Iolutlon lowers the qmtum yield of 

l Envoycr Its &prtuvcr CI toutc c~~crpor&ncc A M trues. photo&u&on of a 0.02 .M cyclohcxanonc solution In 

L’ER de ch~mlr orpquc. UnwcwtC PJUI Slbltur. I HI. route de !-progrnol VW@ = I.1 I.* All these data, which are 
h’a&onnc-3fQT, Toubuu Ccdcr consistent with the mtcrvcntion o( a triplet uatc. art m 

Ul 
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6 + RH - fi + R' 

good agreement wrth accepted facts*’ con- inter- 

mokcular photoeductions. 

Stcreoxlcct~v~t~ measured from (b, and b) drastctcoi- 
sonuric cyctohcxanolr. dcpcnds to a veq large extent on 
the cxpcnmental conditions but not on the converston 

value in the range 04?%* 
Eflfrr 01 the molur ruric, Irtron4hydrogm donor. For 

the majority of photoreducing agents, cspccirlly 2- 
propanol. and as long as the light intensity remains fwly 
weak (I -- S x IO” Q/t) the stertosckctivlty is changuq 
mktdly when the molar ratio is varyq. In cvcry case. 

the ratlo b,/b, - b: (I,l-rru~- or l,4-crscyclohcxanol) 
IS increasing as the kttonc/hydrogcndonor molar ntlo 

Increase5 

A\ WC Sdn UC ln Table I .I.!.<-tnmcth~lcyclohcxanonc 
Ir <how\ the grcatet change In ~tcteoulcctivity That I\ 

the rearon why we chose this ketone for the next \ttp of 
our m~cWgatlon * 

low 
Stcrc04tcw1tp b,h 
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Effm of rhr naturt of thr hydmgrn donor soltmt. 

Tabk 2 shows a distinct change In stceo&ctivity w a 

function of the molar ntio wilh the mrjonty of solvents 

except for ethers where the cw is non s&nificmt. 

In these s4hnts, the reduction is in campetition with 8n 
addition rcactmn whoK relative r~gnikmcc is deter- 
rm~I by the ether mvestlgatcd (additionlrcductmn = 111 

wilh dicthykthcr and 114 wnth diis4propyktMr rtspcc- 
~lvcly) but not by the kttonclcthtr molar ratio. The 
rtructwc of the photoadducts was dctcrmrncd when the 

solvent was dieopropykthcr. Here we arc concerned 
both with the two diutcrtoisomcric ether-akohds 6 in 
whou mixtutc.c type Imrncr IS prcdomrnant. (c,lc, l c: = 

709t) 

2-propanol adds on cyclohcxlnoncs but tlu yield of the 

adducts is s~gniflcant only if the incident li&t intcnslty 15 
relatively high. 

Efecf of lighr imnsily. l-k prtv~our data led us to 

investqate the contnbution of thus factor to the 

sttrcosckctivlty of reduction and corrtlatlvely to the 
relative amounts of coupliw products. For that purpo~ 
we decided to work with 2-pro-1 but rim~lu vtitrons 

also occur with cyclohcxanc. 
Under Ihc selected expcnmcntal conditicms (Tabk 3) tbc 

main wuplq products were both diutercoisoomtric dids 

7 whcrtm the cl type Isomer was prcdommmt (r,/c, + ci = 

75%). 
Snull amounts of other compounds were also found 

with h@ Intensity undiation This was probably due to 

symmetric pmacolr 8 (2-Y% In the mixture after rcrctton) 

tqcthcr with products whore structure h8s not baca 
cstrblishcd, but vhich resulted presumably of furthtr 
t.ransposltron. Tabk 3 shows that the h&cr the mcidtnt 
light mtcnrlty was. the weaker the cyclohcxanol bJb, + b, 

ratio was Under these conditions (6 x lO”Q/s) the 

chantc In stertoultct~vlty cs kctont/2-propand molar 

ratn, is small and a large proportion of coupling producb 

II found 
Rmarlt. WC have checked that the tfltcts reported In 

Tabk 3 could be correlated only with changes in light 
tntcnslty and not with conclatlvc chnges In tcmpcratw. 
When light intcnslty was constant. the ratio bJb, + b, was 
enhanced from Ul to 56% by rusq t)K tempcnture from 

- IS’ to +&Y whilst an increase of hght mtenslty had the 
revere cfIcct 

Photorrdvcrmn ~tmos&cr~t ity and ruduol scawngtrs 
Tk prcvlous results show that m sll cues whtrc the 

change In stereoselectivlty I’S molar ratio was small (ethers 
or 2,propanol under relatively Intense madirtion . . *) a 
correlated high ratio of photdducts could be found. It 
suggested that the addition can be related to the 



T&k 3 Vvlrtlorr UI the c/b rat10 and photor+ductmn rtcrrovkc+ 
t~vity t’l wicdtnl l&l intcnslry lkttonc lr-005 M In 2qwopanoIl 

Inckdcnl kg?11 addw+n/rcdwl~on 
mtcnuty (Q/s) IbJlb, - lb, F%) tchlq 

6 x lo’* 41 I! 
0 I* IO” 46 4 

OO! x IO” 54 2 

photorcducuon s~crtoseltctivrty. Since the two processes 
compc~c from the same radical spccres, we examined the 
role of radical scavengers during the reactian process. 

We used successively H cornpour& which rdcct 
hydraen transfer reactrons UKI scavc~en which add 
dirtclfy to the radicals. 

&&cr o/ c&myl compownd~. Kctmcs tkmselvts 
CM k ccmsidmd u ndrcrl scavengers. In fact. 11 IS 
known” ” that they react with kctyl radicals md cause a 
hydrogen transfer reactron. 

The addition of cubonyl compounds had the same effect 
On sttnowlccltvity 1s an increase of the 
cyclohexanonclhydro8cn donor molar ratio. However the 
quantum yreld of photoreduction of ketone la IO 
2-propanol was not chanpd by a further additm of a 
photatdwbk or non-phororeducibk cyclohtxuranc (h. 
cyclohexanonc. 2-mCthyl<yclohcxanooc) f-f-able 41, 

Mmovcr. the photoreduction quantum yield of a 
cycbhcxrnoru by 2-fnopanol can be generally ngudcd 
as independent of the addition of a new cyclohexanonc 
COrnpound 

A sigruficmt increase can be observed in Ihc b,/b, + 
b, ho of cyclohcxanol whrch ever type of cyclohcxm- 
one was photoreduced. 

Ketone Ir 0~4) ?~Mcthylcycbhcxancwu (Ml @red 

096 0 OP 
OW 010 028 

&&cl oj phenyl diruljhft. T?JC scav’cngrq cfkct of 
phcnyl disutfidc may be understood from the following 
reactmns:” 

R, . 
RHH 

+ C.H,SSC.H, - 
2 

Rs* l CASH + CAS’ 
R, 

RI R, 
R %H + C,H,S* - R >0 + m,SH 

1 2 

The phdocbducth quantum yield of ketone la in 
2-propand was halved upon ddltion of 3 K IO’ M phcnyl 
dlstik. As m OK previous case the b,h, + b, nrn, of 
alcohol increaser. 

Rem& The sttrcosclcctivity chuyc obscncd upon 
addq cubonyl corn@ or phcnyl d~sulfidc IS not 
related IO any mRtr filter eflcct. Such a stcrtosckctivi~y 
change induced by a mcce intensity variation woufd 
rquk m&d a much lower intensity (I/100), whtreu 
the r4 cb factor is only one half. 

T&k 6 Phot&ctaon Irwwkctwy of 
tctorw la (009 MI In ?$wqmol upon &litJcm of 

phrnyldrsuti(l - 5 * lO”Q/rl 

QSsw4) * lo’ Cycbbcxuml 1 b, (% I 

0 U 
I 22 49 
2.44 -54 

f&k 5 Compctwe pho~orcduclron of kctoacl Ir and Sa ICI !.propmol (I - ! x IO” Q/s) 

Ketone Ir. 0.03 M K~taec~ OQZM 

Krtw L(Ml Cycbhexaad lb, (9) Kcrom la (Ml c,cbhcxaJXA s, 1% 

0 39 0 I7 
001 # 0 02 !I 
005 !U 001 24 
007 63 007 29 
0 I6 73 O.II 32 



OH 

9 

Tabhe 7 Photmrducttm ~tmoskct.wlty of tttom Ir tmtml 

Cycfohexmd lb&lb, + lb, 1%) 

Dhtuq ycnl (%I I-krrC# btnmnc or r.BuOH 

Efl~r oJ I-h~ru. The addition of I-hcxcne slows 

dom the photorrductlon of ketone la m 2-propanol+ 
Here, it IS not a dilution effect, for the addition of a 

dilubng apnt. which doer not absorb at )o run (I-BuOH. 
Cj&) does nti actually c-c the photoreduction tune 

(for a t0 per cent convcnlon) before there 1s a SO per cent 
dilution Under these condittons. the addition of 1 -htxenc 

to the 335trimcthylhydroxycyclohcxyl radical” gave 

I-hcxyl 335trimcthykyclohexanol 9 
It was mainly a c, type dtastcreoisomcr Stcrcosclcctrv~ 

sty it varying according to thcce rddttirms* <lightly with 
inen diluting aetnts and more z!gnificantl) with I.hcrcnc 

In ever) cast. the b,lb. + & ratlo of cyclohcxanol 
decreased. In short, the stcreowltcti~lty change can k 

r-tlonahzcd on the ha& of the effect5 produced by the 

rnoictlc\ interacting with tht radical fhose which occur at 
the hydrqcn transfer tkp 1ncrcaSc the b,/b, - b: ratio 

(carbony compound<, phcnyl dl4fidel and ttu~. which 
react with the hldrot)c)clohcxyl radical at the p orh~tal 

(I-hcacne. 4vcnt). loucr this ralm 

The mvcstig4tlon of the stereoselectivity vanatlon 
process allows us to deal with the problem of the ongin of 

the stcrcoAcctJvlty itself We can consider the possible 
intervention of two nn’ cxcW! states mK irradirtion 
wavelength used-300. 3 IO nm-concs 

PO 
nds to the nrr’ 

absorption band of cycbhcxanontr.’ Nozahr (I ol.” 

showed that the qttrcosckctivtty of intramokcular 
photorcduction of macrocycllc c~clmones dqxndt 

*WC have shown thaf under w crpmnentll condwm 
pwcol~ UC rcl~t~rcl) uabk and do no4 krd 10 du~ttrcoI)QmtK 
c yckhcxmolr 

upon the multiplicity of the cxcW state concerned. Our 

quenching txpctirncntr allow this usumptlon to lo 
neglected since ad&Ion of ptpcrylcnc quenches any 
reaction even at a OeO2 M concentntion. Furthermore 

lower concentrations of ptpcrylcnc (IO” and IO” Ml do 

not induce any stercosclcctivity v-lion. 

In the same way, WC can exclude any involvement of a 
reverse reaction of seclcct~vc photooxydatJon of diu- 
tercolsomtric cyclohcxanolr 

H OH 

M 

+ CHKOCH, A 

A u + CHIC’HOHCH, 

Thus phtiootitkm stcrtoltlectivity IS In fact very 

muked. since the cycbhcxanol lb, is ox&ted I 3.5 tunes 
futcr than Its ~tcrcosiomct Ib: but the trend of the 

vanation as a function of the molar ratio IS not consistent 
vnth this assumption: it is in mixtures where ketone is the 

most abundant that the lb,/lb, + lb: ra~o of cyclohcxurol 

IS the hi-t. 

Ruling out these paths. the ongin of stereoselectivity 
must be related with the geometry of the hydroxy- 
cycbhcxyl radical. this radical bang a precursor of the 
cyclo)lcxands,t either It is planar or pymmdal. However 
this assumes that the actlvution energy for the hydrogen 

abstraction 1s smlller than or of the WC magnitude order 

as the activation cnw required for radical invenion. 

Accordmg from a given geometry for these trursltion 

radical spacics. various assumpttons can be put forward. 

Planor rodicul crntn 

The radical ctntre of hydroxycyclohcxyl spcc~s may be 
constdcrcd planar as suegestcd by Gnttcr and Al~rr” to 

txplam the results of radrcal rtactlon between I-octcnc 

and diastcrcolsomcnc 4-f-butylcycbhcxanols (Sb, and 
Nl In the prtwnce of pcrox&s. 

Under this arsumptmn the ~tercosckctivlty churgcs 
may be expluncd. (a) by the compctltion between wveral 

rcducin8 agents, or fb) by different mcchurisms which 
rnvolvt free or ca@ radlcah, or (cl by the txlsttncc of a 

conformational equihbnum of the cyclohexanc ring. or (dl 

finally by the ptilcipatlon of solvatcd spcc~e~ with 
Merent stcric hindrances. 

A. Paflicgxarmn 01 srtvrol rrducrng agrnrs.” In the 
put~ular COK of 2-propand we can trpccl that the 
reduction of the hydrocyclohexyl radKal proceeds 
through tither the solvent itself or the hydroxyalkyl 
mdicals. 

So that the two rcducrron processes lead to d~lkrcnt 
alcohds. It 1s to be assumed fhat the cyclohcxanol lh. 

prcdommant when the cyclohexanonc/2-propanol molar 
ratio 1s low. amet from reduction by !-popanol 



Stcrcoukctrv~ty In the photoduct~on dc~cbhcranonc~ UI 

OH HO H 

b l RH’ - fi + R. 

Reciprocally, rk cycbhcxanol lb,. whose proportron 

mcrcaws with the molar raflo. can k correlated with 
mtcrvcntton of hydroxyalkyl radicals Any rad1ca.l 

~avrnpr rddttiun should dccrcax the proportion of 
cycbhcxa~~ol Ib,. whereas. on the contrary. a rl~ of lqbt 
mtcnsity would incraax rk slallonary concentration of 
rk radicals In each case, I)K reverse tCItct was 

experimentaNy found. flables 3 and 4) 
B Coot &ct.” 11 is also poGblc that two competitive 

reactions. either inside a solvent cae or out of the cage, 

occur Each one leads to differen diastcrcolsomtnc 
nl105. In fact. the ldditlon of inen solvents with d&rent 

vlscosittes. hkt knrcne or r-butyl alcohol. has a slmrlu 

tflect. There agam. tk vanou~ radical yavcngcrs used 
(I-kxtne. phcnyl d~suftidc) had not the umc khavlour 
(Tables 6 and 71, 

C. ~on/orm~rional rquiltbnum rn h,vdroxyryc~lohrx~l 

nn# The parttcption of a rwistcd form 1s put forward by 

Landor arwt Rtgan” IO txdarn Ihc par!~ula.r srercoAcc- 

luuty of the rtductron of ketone Ir by rnctall~ hydndcs. 

.4s regards lk hydroxyqclohcxyl radlcaIX the more or 

less important tntcnenticm of such a conformation rnqhl 

explain lk stereoselectivity VrrialIorrs in tk case of 

ketones la. 21. Ir but ~MM m Ihe case of ketones of r*d 

conforrnatKm fh and S& 

D. Sofcofrd rudirals ” It can ah be suggested that 

both face> of tk hydroxycyclokxyl radical are dllTer- 
cntly solvatcd bj tk cycbhexanont or b) Ihe hydrogen 

donor solvent. II I\ hktly that the kss hmdcrtd equatorial 
side 1% prcfcrentially wfvatcd In such a <au. tk 

formatIon of cyclohcxanol lb: whtch proceeds through 
ax4 approach of the hydrogen donor. I\ favored. When 

ik molar ratro keront/hydrogcn donor 13 mcreaud. 

wlvarion by the photorcducmg agent kcomes lets 
impotiant and an mcreau in the c~clohcxanol lb, 

proportIon it observed. 
The trend an rhc srcrcoulectrvlty change 1s consisten! 

with Ihlt assumption. however Ihe rclatibc importance of 

solvallon IJ nor known and it is not easy to cxplam uhj a 
further cyclohexanonc addition changes significantly Ihc 

stcreos.clc&vlty nablc 5) whilst a cosolvent ha\ only a 

slight effect. (Table 7) This difference may rcf!cct the 

cxt<Icnce of dlflertnr solbarlon types Thus. an mtcrvcn- 

tion of 4vatton or astoclation IX hkcl) 10 explun 

reported varutlons. However solvatlon. possibly. is only 
one parameter In a more complex proccr3 Other effects 
can also mducc stcrcoelcctwlty vanalkons and tkrcforc 

the po5sthlc paflupatlon uf pyramidal radtcal\ was al\o 
mvcslqalcd 

Pyrumidol rodrrul wnrrr 
II couk! tx wggcsted that the radical, frum INS gtomrtq, 

bear5 stcrtochemical Information. 



Such a possibility IS supported by numerous reports. 
Some ESR studies have provldtd clear cut evidence for 
pynmidal Meal structure? in particular for the 
hydroxyi? ropyl ndicaLm The calculations of Fujimoto 
and Fukui predicted, that the t-norbunyl radical was 
sli@ly pyramidal. Such stT\1ctws are also involved In 
the interpret&n of reactti mechanisms b10 

Participation oj IWO pyramrdal hydrvxwyclohexyl 

radic&. Assuming that the radicals concerned ut not 
plaw two radicals spcc~es rl and rr (d1agra.m I) rrr 
posslbke 

T?WK ndiclls can to undergo, tnver~ton (A. 0). rcduc- 
tion (8). addition (0 or oxidation (El reactions. In the 
particular case of 3Aknmcthykyclohcxanonc la, the 
presence of 8n 8xla.l 3.Me group promotes qurtorial 
attack. The main reaction IS photorcductton (B). 

On the basis that activatian energy is smaller for 
hydrogen abstractIon than for radical Inversion. the 
stereoselectivity of cyclohcxrnol lb can be conelated 

with the ntio of the populations rl and r:. 
All the stcrcosclcct~vity v24rirtJons can be then rational- 

md by assuming that the previously mentIoned fclgents 

can be classifkd in two gfoupr: 

(a) those which react upon the OH group (cubonyl 

compou~s. phcnyl disulfibc) attack more readily the 

radla lr:; their actlon thus increases the IbJlb, + lb: 

rat10 of cyclohcxmol. 

fi) those which convtrscly. like I-hcxtnc or the 
radicals issued from the solvent. attack more readily the 
radical Ir, and thus provide an lncrtasc in the ratio 

IbJlb, + lb. The sIl@t stereoselectivity variation ob 

served in ctkfs or rn !.propanol under strong light 
intensity can be explained by compctltion between 

hydrogen transfer (0) reduction (B) or addltlon (0 
feactlonsGe (Tables Z and 3). 

thlutio-n by means of a consolvent II hkcly to promote a 
spontaneous mvccslon (monomolecular reaction) rather 

than rcductlon. addition and hydrogen transfer rtactrons 
lbimoftcular reacttons) (Table 7). 

If this assumptmn seems m good wetment with our 

data, thm ctit~al points must be dlscusrcd. 

(a) the radical may be only 4ghtly bent-In this case. 

itr effect wouk! not te veQ rmponant. Cb) at room 
temperature some spontaneous Inversion may occur. 
Some work on similar ndK& have shown there ir lome 

loss of configuration in there condltlons. 
(c) al last. it IS known that the axial attack of rad~lls 13 

often prcferentd bccaug reactlvrty II so hi& that the 

tnnsition state is not very shIfted alon reactmn 

coordinate and stenc hmdranccs are not very efficient 
In summary, both assumptlonl (lotvatlon or arsocti- 

tmn. and pymm~dal radical ccntrc) can be involved to 
cxplarn rcportcd results. But we cannot exclude any of 
there IWO mtcrprctrtions or fhclr slmultancou, Involve- 

ment. 

Worrmals Sdvcnt~ were punfied by clarsuJ methods. specul 
cue vu taken In puticrt~on of !qqa.nd &w3MlWon cm 

magncwm Qwlrqs) tranwwrlon W7Q II 2-W am Tk cycbhcfl. 
anonc~ YC~C htiutlllcd on a BOctu splnn~n# band column. the 

4+r+butykycbhcwwnt k was punfed by ~~ccc~~wc rccryurlh. 

Uflonr in rtw *~tcr+lrlcohol tystcm (m p 487. the rraas.2- 

dtcrlone s1 was obwncd by prepuawe GLPC from mdustnrl 
?&crlooc (Cub Erbr. cdumn dcvlcc ucon polar 10%. KOH 
!I#; on chromowb W .W60 ! mcttr~ long. I = 113’. Flow 
140 mUmn Icolumn PI n:: - I 4810 fwws wthcntbc ~1’ I48B 

Appom~s 4md mr0wds Three rypcs of rppurtus UC used to 

cury out lrrdulnm 

Irl I phorahtmlcrl rewor “Rfiyonct” M&l R P R IO0 wth 

16 RPR )ooo A Lmp uld 1 rolrtq crrculu rwnublt where tk 
WWJ~ sampk arv piwed The hghr mtcnslty vw~)ns were 

obluncd In *ary~n# the numkr of llmpr or by rbrquuc rued 

wtcns 

cb) 1 quartz pbtiahcmKd rcxtor v~th a Hlnovlr 4W)W 

med~urn pmsun metcur) LMlp wllh a vrtrr ca41~ ~lccvc The 
wluww~~ were dctrrwd b) R PJ, bubbllw Tk tcmp C~M$C$ 

were obwlned hy an ouMc ctrcuhw o( a Wuw~tlc fluid 
(cl a ryticm uulgour 10 the prtrws one hrr a qwt slecvc 

contwung I filtarng win (SO.Co. TH,O 2.X &II - KCr fSO.1,. 
l?H,O. 60oJ1 I q I cm) rnd tK,CrO: 0 I JI* NI,CO, IQ 

I q Obcm) wlatmg 1k IIJOA I~ru Jr =JOnm I - 
0 6 I IO” Q/r A wnubk of I2 cm In durnctcr supports the 

WllplC% 
The kefow wlns (1 534~) were plrccd in pyrrr tubt, lad 

dcgawd kfotc urzdrrtaon b) the freeze thaw method WCC 

dent4 cycks to about 10 ‘km wcrt crmed out I%W tuba 
were then vacuum K&d IwIth quurr tuber. &fr~a wu 
u)uevcd by mcrnc of rn IMI gas bubbll~) 

S~creos~kctw~ty was mcrrurcd at IO per cent UI ruc11011 

progrcrr (column ucun poIu 3%. KOH 6%. on chromowrb W 

MM. 4 I meters bru I q I NY. flow 3 mllmn column Al In each 
case rhc me~surrnwntr were confirmed by PMR yectrr 

Quantum )&I\ were meawed vlthm the appualur ICI us~rq the 

knrophcno~trknzh~drd and frnroralate s)~tcrns as wrnomc 
ten For chromrtgaphlc arulyr~~ (column A) !acK(ano) was 

ad&d 1% an Internal standard 
S~~hrwr and wa~tf~rof dwrmlaalrnas The PMR tpcctrr 

wrc carrrcd out II MI MHz VI CDCI. with rddltxxt of neutd 
anhyd alumme (Vanan f M mtcrnal reference TM9 l?w mau 
spectra wcrc recorded on a quadru@ar QSU rppwa!us 

iionaU@n cfwg) ?OeVI rnd the IR tp~cfn on a Beckman IR ?tI 
apparatus. onl) charrctcnrr~cl sIgnai\ UC mdlcatcd The phtie 
chcmlcll syntkw of rk rcrtraq alco4~~ls were carned out wwrthm 

the rppuatur rbr 
! . 11 Hbdmrr + ?.J.! fnmrrhilf rrlrrh~rvl)~ rwpmpwr 

p~~paw (61 A 0 1 Iu soIn of Ir In dlwprop) ktkr wu urrdlrrcd 

untrl complete Jl~pcmncc (24 hr) ,~cld !!‘3 IRcn the 

alcohols 6 were ~wlrtcd h) prcparatwt GLPC icdumn PI 
r=IWT.rt=I!mn.P.UR ppmd=tA!(IHwptupkl.I=6H1 
CH eopropyll. 6 q ! MJ I IH OHI an&w of thl* c~grd showed a 

weak field multlpkl and a h@ field doublet m Ihe MPO ratlo 
attnbutcd to th dlastereowmers cI and c, rcrptctwcl) ” TM 
rabo was conwtent wrth anJ>tKal Cl PC data Yatr m:r .W 

cu.JlI. 141. 123. 101, 81 
! (1 . Hvdmar . 3.3.! rnmrrhdrrrlchrrvl~ ! hvdmrvpnl. 

pow (11 A 0 4 M roln of Ir In .T propan ~1% ~nadufcd rn a 
quurr rkt\c until compktc druppcurncc. weld I W The did, 
7 were ~wolatcd by prtpuatlrc GLPC (column PI ! 150’. 
rt=4!mn PMR ppmd - 2 60 I IH wgkt 0H of lateral chun). 
d - ,’ 20 clH OH of ttu rmgl. an+r~r of the Iatw multlplct 
4wwed a Ml} rcsoibcd doubkt In the ,‘V! rat10 tCDC’l,~wll 
upanted In C,H.*one\ponbng lo bc4h d~a~lCrCowmCr cl and c, 
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