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A&w%-Tkaiment of end&? or ex~~~~ro~y-l~~~tu~~ ketds In-4 with ptoiumc&fonic acid in dry 
~rc~ultsmarrvcnibkC,bsidgcdcavagcandaflord3~quitibriumrmxtuns wkre2-substituted-wt,3- 
dioxolan-t-ylbcyclooctanona 6-d art present as main products. Y&ids in 64 inmare as the stcric 
hindrancz of the substitucnu at C, in she substrate increase as we% &uterium exchange cxpcnmcnts arc in 
favour of an intramokcular 1,3-hydride shift from Cl to C,. 

Reactions alfording cyclooctanc derivatives are 
interesting because g-membered rings arc present in 
some ctasscs of naturally occurring compounds.’ 
Direct cyclization of linear precursors results in poor 
yictds because of unfavorable entropic and, mainly, 
enthalpic factors.’ Better results are obtained by one- 
or two-carbon ring expansions3 as well BS by 
fra~~ntation reactions of bicyclic precursor~,~ i.e. 
bicycio[3.3.l]nonane dcrivativa.‘~’ 

As far as b~yc~ononaoe fra~~ntatjo~ art 
concerned, one of us previously reported that the 
hydroxy ketaf en&la atfords the cyclooctanonc 6a 
(Schcmc 1) in high yield when treated with p 
tolucncsulfonic acid (TsQH).~ Since compound 6a 
andjor refated products are suitable for further 
synthetically useful modifications, and in view of the 
quite easy preparation of bi~cfo[3*3.I~nonan~ 
derivatives,’ we decided to study systcmaticaliy the 
aforementioned reaction. 

Thus, in order to investigate whether this 
rcarrangcmtnt depends on (af the nature of the 
~u~tjtuent at C, and/or (bf the ~n~guration at Cz in 
the substrate, exe-2 and endo- cpimcrs of compounds 
la-4 were prepared and treated with TsOH. 

Hydroxy-Kate e&-la was prepared according to 
theliterature,~while thcepirner~x~law~obt~n~,~ 
cxpcctcd,” from the atkene 3a’* aftcrcpoxydation to 4a 
followed by LiAIH, cleavage of the oxyrane ring. 
Lithium ahrminium hydrideconverted the monoketafs 
zb and Zc, prepared from known substratcs,9**D to the 
hydroxy-kctahr tband Icasmixturcsolen&-2andexo 
2 cpimers. ~ioxoianation of f carbcthoxy- 
bicyclo[3.3.1]non-2tn-9-one’ ’ gave tht ketal 3d, 
which wascpoxidixed told. Boron t~fluo~dc~t~~ 
rearrangement of the latter compound gave, as 
expectui,” a mixture of the exe-hydroxy alkcncs 5, 
which were hydrogenated to the bydroxyk~~ exe- td. 
Subsequent equilibration over Raney nickd eve the 
epima en&- Id. 

Con~~rat~o~ of all exe-1 epimers followed from 
the presence of a sharp signal in their IR spectra 
corresponding to a singk intramolecular H-bond. 
On the contrary, only intermolecular H-bonds were 
detect4 in the IR spectra of all e&o-t epimrs. 

All reactions were performed in dry benzene with 
TsOH as a catalyst in O.I6 molar ratio with respect to 
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the substrates. The structures of the various reaction 
products arc shown in Scheme I, while the GC 
composition of the reaction mixtures obtained both 
under reflux and at room temperature is reported in 
Table 1 (runs l-18). 

Structures 6&d and ?b and E were assigned by 
spectroscopic analogy with 6a.t while the epfmerfc 
ketols 8b were recognized by IR and ‘H-NMR 
comparison with the known stereoisomeric ketols8c.f’ 
Attempts to resolve the epimcrs %d were unsuccessful as 
well as their preparation through separate acid 
hydrolys~~fheethylen~ioxygroupinex~-ideal 
Id. Therefore, exe- and endo4U were recognized as 
acetates by GC comparison with samples obtained by 
separate acctyiation of exe- and en&-Id followed by 
kefal hydrolysis under mild conditions. 

Formation of cycloocfanona 6 proved to be 
reversible both under dry (runs 19-22 in Tabk 1) and 
under aqueous acidic conditions. tinder the laftcr 

-, -- - -- 
*The proton carried by the 1.3-dioxolan-Z-y1 group 

appears as a pseudo-triplet in the ‘H-NMR spectra of 6e-d 
and 7b and c. 1711s ut~~pcctcd multlpltity is likely related to 
the carbonyl group (or dioxolan group) at C, because the 
proton tn question appears a$ a doublet aRcr WoIU-Kirhner 
reduction of 6a? 

conditions, cyciooctanoncs 6) and c behaved as 
previously reported for 6a* to give cpimcric mixtures Of 
kttols 8band c, likely through sponfancouscydization 
ofthe intermediafeformylcyclooctanone9bandc.Thc 
same treatment of 6sl gave a complex mixture not 
further investigated. 

Rcsuifs of runs l-18 in Table 1 show that the acid 
catalyzed rearrangement of bicyclononane derivatives 
1 is a genera1 way to obtain functionalized 
cyclooctanona 6. Equilibria are shifted towards 
cycloocfanoncsat reilux temperature. but the yieldsare 
affected, in some instances, by competitive subsfituent- 
regulated (vi& infro) transketalization proccsscs. These 
latter pro~~ively (~mpare runs 5 and 9)consume the 
cyclooctanoncs 6 to give diaattals 7 together with the 
unstable formykyclooctanona 9, which cyclizc to 
kctols8. Howcvcr,compkxmixtur~andlowyiclds~n 
be suppressed by carrying out the reactions in the 
prcscncc of ethylene glycol. as shown in run 10 where 
diacefal 7c is produced quantitatively. 

The nature of the substifuent at C, in the substrate 
plays a small efkct on the bridge cleavage process. in 
fact, when the transketalizafions are suppressed by 
carrying out the rcarrangemcnts at room temperature 
for a short time (runs II-18 in Table I), no 
significant differences in the amounts of the various 
cyclooctanoncs 6 are observed. On the contrary, the 
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Table I. Action of TsOH (0.16 mol) on lad and 6a-d in dry benzene 

Run’ 
-- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

-. 

Reaction mixture composition (GC”/,)b 
Time - 

Substrate (hr) e&o-l exo- 1 6 7 8 (endo + exo) 
- --.-.~ ~---- 

endo- la 3 2.1 tract 93.6 
exe-la 3 1.8 trace 94.2 _ 

endo-lb 3 8.7 10.3 66.1 4.5 4.0’ 
exo-lb 3 9.0 7.3 68.4 4.3 3.7’ 
endo-lc 3 2.9 9.8 38.9 22.0 lXd 
exo-lc 3 2.8 10.4 37.0 24.0 16d 
endo-ld 3 3.2 4.1 58.0 10.6’ 
exe-ld 3 2.9 4.0 60.1 _ 9.4’ 
endo-lc 6 0.9 4.5 19.3 32.7 2Sd 
lc (endo + exor 3 trace trace - 97.4 
endo-la 2 84.5 trace 13.5 
exo-la 2 5.3 78.4 11.3 
endo- 1 b 2 81.5 10.7 5.4 
exo-lb 2 6.1 85.8 3.8 _ 
endo-lc 2 83.0 10.6 2.7 _ 
exo-lc 2 4.5 90.5 1.8 _ 

endo-Id 2 95.5 1.0 1.0 
exo-ld 2 1.5 95.4 trace 
6a 18 4.5 trace 91.2 
6b 18 8.6 10.3 15.3 _ 

6c 18 2.2 6.4 61. I 11.3 9d 
6d 18 2.4 7.3 46.1 _ 30.1’ 

‘Runs I -10 were carried out under reflux, while runs 1 l-22 were carried out at room temperature. 
b All GC percentages are given with reference to n-eicosane as an internal standard, excluding runs 7,8,17, 

18 and 22 where n-tetracosane was used. 
‘Value in defect as partial decomposition occurs under CC conditions. 
d Isolated in mixture by PLC. 
’ Reaction carried out in the presence of excess ethylene glycol. 

role of the substituent is important in determining the 
extent of the transketalization processes, which 
increase as the steric hindrance of the substituent at C, 
in 6 decreases. This is in agreement with the well-known 
order of dioxolanation of 2-substituted ketones. I4 The 
absence of diacctal 7d in the reaction mixture of Id is 
likely due both to steric factors and to the high amount 
of enolic form in 6d, while the presence of ketols &I can 
be a consequence of hydrolysis of the acid sensitive Id 
and 6d during the workup. 

neither dideuterated nor undeuterated materials were 
present in the latter mixture, so indicating the absence 
of any intermolecular hydride transfer. Consequently, 
only intramolecular shifts take place and the en&-l 
epimers should be the reactive species. 

The similar composition of the reaction mixtures 
obtained from pure endo- or exo-epimers 1 (runs 1-8) 
suggests that epimerization ofthe substrates and bridge 
cleavage compete at comparable rates. Accordingly, at 
room temperature (runs 1 l-.18) the amounts of 
epimerized substrates are always comparable or higher 
than the rearranged ones. Therefore, no direct evidence 
can be drawn about stereochemical requirements in the 
bridge cleavage, but mechanistic considerations (vi& 
infia) are in favour of the endo configuration as the 
reactive one. 

The mechanistic pathway which better accom- 
modates, in our opinion, the experimental results can be 
described as depicted in Scheme 2. Protonated endo 

epimers 13, coming from the starting material or after 
epimerization of the exo epimers, undergo intra- 
molecular 1,3-hydride shift giving rise to the oxygen- 
stabilized ions 14. Cleavage ofCr-Cg bond follows and 
affords the enols 15, the overall process being reversible. 
The formation ofcyclooctane derivatives through C,--- 
C, bond cleavage of bicyclo[3.3.l]nonane derivatives 
has been already observed,5 but these processes are 
base-promoted and require an endo leaving group at 
C,. On the contrary, some acid catalyzed cyclizations of 
oxygenated cyclooctenes to bicyclo[3.3.l]nonanes 
have been reported,15 these processes being related to 
our reversed reaction. 

Since previous experiments and considerations on The behaviour of la4 is at variance with that usually 
the orbital symmetry conservation were in favour of a observed in reactions of 9-hydroxy and 9-tosyloxy- 
stepwise mechanism involving hydride shift from C, to bicyclo[3.3.l]nonanes where Cy carbonium ions are 
C,, 6 evidence for it to be intramolecular was obtained involved.” In these cases, hexahydroindenes are 
as follows. A 1: 1 mixture of the deuterium labelled always produced through the shift to C, of the 
hydroxy ketals 10 and 11 was reacted to give a mixture bridgehead bonds, the migration being strongly driven 
of the labelled cyclooctanones 1Ze and 12f in high yield. by the electron releasing abilities of the substituents at 
‘H-NMR data of the latter mixture accounted for all C,. In our case, the protonatcd ketal group induces only 
startingdeuterium and allowed to assign the& carbon a small amount of positive charge at Cs and, as a 
and the 1,3-dioxolan-2-yl carbon as final incorporation consequence, the role of the substituent is reduced, the 
sites. Mass spectrum of the starting mixture 10-11 in rearrangement being driven by the formation of the 
comparison with that ofthe l&f mixture showed that oxygen-stabilized ions 14. 
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Scheme 2 

EXPERIMENTAL 

M.ps are uncorrected. All distillations were carried out 
usingashortpathcolumn. ‘H-NMRspectrawererecordedon 
a Varian EM-360instrument using TMSas internal standard. 
IR spectra were obtained on a Perkin-Elmer 257 instrument, 
while Mass spectra were recorded on an AEI-MS 12 
spectrometer. The term column chromatography refers, 
unless otherwise stated, IO the use of a Waters Prep LC-500 
instrument with standard silica gel columns. 

CC analyses were carried out on a HP-5880A instrument 
(FID) by using either a 2 m-long column (2% Carbowax 20M 
on Chromosorb G, %I00 mesh) or a 0.6 m-long column (2% 
OV-IO1 on Chromosorb W, IO&l20 mesh). 

exo - 2,3 - Epoxy - 9,9 - (ethylenedioxy) - 1 - phenylbicyclo[3.3. I] - 
nonane (4~) 

Alkene 3n (3.0 g), prepared as described,‘* was dissolved in 
dry CHCI, (100 ml) and treated with m-chloroperbenzoic acid 
(2.3 g) at room temp overnight. The usual workup left 4a (3.1 
g); m.p. 145-146’ (from hexane); IR Y,, (Ccl,): 3100, 2940, 
1180,1145,1000cm-‘; ‘H-NMRh(CCI,): 7.7&6.80(5H.m, 
Ph),3.60-1.20(15H,m);Massspectrumm~z(%):272(M+, 12), 
I84 (60), I57 (19). 155 (29), I I3 (42). 99 (base peak). 

exo - 2 - Hydroxy - 9,9 - (echylenedioxy) - 1 - phenylbicycio - 
[3.3.l]nonone (exe-la) 

Compound 4a (3.0 g) in dry THF (100 ml) was added lo a 
suspension of LiAIH, (0.5 g) in THF (300 ml) and the mixture 
was refluxed for 6 hr under N2 stream. Excess hydride was 
destroyed with NH,CI and the organic layer was separated. 
Solvent removal gave exo-la (2.5 g); m.p. 133134” (from 
hexane); IR Y,, (Ccl,): 3520 (unaffected by dilution), 3060, 
2920, 1175, I 115, 1025 cm-‘; ‘H-NMR 6 (Ccl,): 7.80-6.85 
(5H, m, Ph), 4.33 (IH, br s, OH), 4.18 (IH, br s, C,-H), 4.10- 
3.65 (4H, m, 0-CHz-CH,-O), 2.40-1.30 (1 IH, m); Mass 
spectrumm/z(%):274(M+,22),256(43),212(18), l84(36), 170 
(35), 1 I5 (40). I I3 (46), 103 (49), 99 (base peak). Found : C, 
74.39; H, 8.00. Calc for C,,H,,O,: C, 74.45; H. 8.03. 

9,9 - (Ethylenedioxy) - I - mefhylbicyclo[3.3.I]nonan - 2 - one 

(2b) 
I-Methylbicyclo[3.3.l]nonan-2,9-dione’ (16.4 g), ethylene 

glycol(6.5 g) and TsOH (0.1 g) were refluxed in benzene (450 
ml) for 24 hr by removing the formed water. Washing with 
N IHCO, (sat soln), solvent removal and column chromato- 

graphy (hexane_EtOAc 9: I as eluent) gave starting material 
(4.5 g) and Zb(l5.5 g); b.p. 92”/0.5 mm; IR v,,, (Ccl,): 2940, 
1715.1130,1120,1060cm~‘;‘H-NMR6(CCI,):3.93(4H,s, 
0-CH,-CH,-0). 2.70-1.30 (IIH, m), 0.93 (3H, s, 
C,-CH,); Massspectrumm/z(%): 2lO(M’, basepeak), I82 
(7l), 167 (24), 166 (23). 

endo - 2 and exo - 2 - Hydroxy - 9.9 - (ethylenedioxy) - I - 
mefhylbicyclo[3.3.l]nonune (endo-lb and exo-lb) 

Ketal 2b (IO.0 g) in 350 ml of dry Et,0 was reduced with I 
equivalent of lithium aluminium hydride at room temp. The 
usual workup followed by column chromatography (light 
petroleum-EtOAc 95: 5 as eluent) gave exe-lb (2.3 g) in the 
first fractions; b.p. ll8’/1 mm; IR v,,, (Ccl,): 3520 
(unaffected by dilution), 2880, 1120, 1060, 1040 cm-‘; ‘H- 
NMR&CCI,):3.95(4H,m.O-CH,-CH,-0),3.77(1H,br 
s, C,-H), 2.3gl.20 (l2H, m), 0.98 (3H, s, C,-CH,); Mass 
spectrum m/z (x,): 212 (M’, 90), 194 (30). I I3 (86). 99 (base 
peak).Found:C,67.15;H,9.40.CalcforC,,H,,O,:C,67.29; 
H, 9.43. Later fractions contained endo-lb (7.2 g); m.p. IO& 
107” (from hexane-ethyl acetate); IR v,, (CCl3: 3560.2984 
1120, 1060 cm-‘; ‘H-NMR 6 (Ccl,): 3.92 (4H, s, 
0-CH,-CH,-O),3.85(lH,1, J = 5 Hz,&-H),2.3&1.20 
(12H,m),0.93(3H,s,C,-CH,);Massspectrumm,’z(%):212 
(M’, 66). 1 I3 (72), 108 (base peak). Found: C, 67.23; H, 9.45. 
Calc for C,zHz,,O,: C, 67.29; H, 9.43. 

9.9 - (Erhylenedioxy) - bicyclo[3.3.l]nonnn - 2 - one (2~) 
9,9-(Ethylenedioxy)bicyclo[3.3.l]non-3 -en - 2 - one (5.0 g), 

prepared as described,” was hydrogenated over IOX, PdjC in 
ethyl acetate at room temp. The usual workup gave 2c (5.04 
g);b.p.115”/1mm;lRv,,,(CC1,):2940,1715,1120cm~’;‘H- 
NMR 6 (Ccl,): 3.83 (4H, s, 0-CH,-CH,-0), 2.5Gl.00 
(12H,m); Massspectrum m/z(%): 196(M+, 56). 168(39), I52 
(33), 140 (29). I25 (54). 112 (base peak). 

endo - 2 and exo - 2 - Hydroxy - 9,9 - (ethylenedioxy) - 
bicyclo[3.3.l]nonane (endo-lc and exo-lc) 

Ketone 2c (5.0 g) was added dropwise to a suspension of 
LiAIH, (0.25 g) in diethyl ether. After 0.5 hr stirring, the usual 
workup gave a crude mixture which was separated by column 
chromatography(light petroleumdiethylether 3: 2 aseluent). 
First fractions contained exo-lc (2.5 g); b.p. 123”/1 mm; IR 
v,,, (Ccl,): 3520 (unaffected by dilution), 2980, 1120, 1085, 
1040 cm-‘; ‘H-NMR 6 (Ccl,): 3.95 (4H, m, 
0-CH,-CH,-0), 3.75 (IH, br s, Cz-H), 3.54(br s, OH), 
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(drrd with 1 N HCl overnight, washod with hot water until 
negative test for chloride ion and act~vairaf at I 10’ overnight). 
Elution with the usual solvent gave ~1.3-&xolon-2-y&2- 
car&thoxycycl~ta~nc(~0.74~3P~).endo-11(0.2g),ex~ 
Id (0.05 g) and an unscparabk thermally unstabk mixture of 
cndo-2 and exe-2-kydroxpl~ff~hoxybicyclof3.3.1 Jnonra- 
Y-one (endo- and ex&d, 0.22 g, 1 -I?&). In the same way epima 
mdtttd (0.2 8) afforded iid (0.06g) and the tptmeric mixture &I 
(0.02 g) togcthcr with tracts of exe- and end&d 

C~~powd64:b.p.90”~Q.05mm;IRv,.(CCl,):2980.2r)40. 
1740, IilS, 1650,1610,1225,1040~-?T’H-NMRb(CC1,): 
12.08 (O.SH, s, cnolic OH), 4.67 (1 H, pseudo t, G-CH-G), 
4.Og (2H. q. J _ 7.0 Hz), 3.75 (4H. m. G-CH,--CHI--Gk 
2.70. l.lO(l l.SH. m), 1.26(3H, t, J - 7.0 Hz); Mass spectrum 
m;z I”‘,) 2701M l . 59). 224 (141.208 (22). 170(lfl. 99 (291.73 
(base pepk). Found: C. 6218; H. 8.10. Calc for’C,,H,;O,: 
C. 62.22; H. 8.15. 

Compounds cndo- and cxo-lkl (in mixture): IR v, (CU.): 
3440. 1740, 1710 cm ’ : Mass spoctrum M ’ at 226 m,::. 
Kctols endo- and ex&d were rccognizcd after aatylation of 
t~mtxtu~~nthc~ualwayandG~~compa~~~n~th~~~ 
obtained as follows. Alcohol en&Id (0.1 g) was aatylatod at 
room tcmp to give quantitatively the endo-2-aathoxy 
de~vative(b.p.98~~O,OSmm~IR v_(CCl,): 1?45,l?Mcm~‘) 
which was suspended in aqueous tanaric acid (sat win) and 
stirred overnight at room temp. Extraction with Iit,O, 
washing with NaHCO, and PLC (hexane. EtGAc 8: 2) 
afforded the enda-2-ocethoxpl-carbclhoxybiryclo(3.3.1~ 
noman-g-one; bp. 95 Xl.05 mm; IR Y_ (CCL,): 1745, 1730. 
17201.m ‘;‘H-N~R6(CCI,):S.l4(1H,m,C,-H~4.f5(2H. 
q.J - 7.OHz).2.~2.10(llH.m).l.90(3H.~OC--CH,),I.25 
(3H. 1. J 7 7.0 Hz); Mass spectrum m,‘r (“b): 268(M ‘. 16). 226 
(22). 2OIlf43). lll(t(basc peak). In a wmdar way alcohol exu-Id 
(0.1 g) was aat ylatcd under refhrx for 1 hr and deketalirxd to 
give the exe-2-cucrhoxpl-cmbcIhoxybicploE3.3.1 Jnonun-9- 
tme; bp. 89 ,Q.OS mm: IR o_(CCl,): 1745,1730,17lS cm- ’ ; 
‘H-NMR6(CC1,)~5.44(1H.br+C,-Hk4.13(2H.q.J = 7.0 
Hz). 2.60 1.00 (l1H. mk 1.90 (3H. s, OC-CH,), 1.27 (3H, t, 
J - 7.0 Hz); Mass spectrum m;z I%): 268 (M *. 16). 226 (25). 
208 (32). 180 (base peak). 

Quanwo~i~~ GC’ analyses. All rearrangcmcnts were 
repcatcdbothundateRuxandat room tcmpbyusing5Omgof 
each substrate and 0.2 mol of the appropriate GC standard. 
Standards. reaction conditions and product yields arc 
rcportcd in Table 1 (runs I- Ig). In run 5. after 3 hr reftux ~hc 
rmxturt was halval. A portion was analyzed to give results 
reportcd as run 5. and the residual portion was rcfluxcd for 
additional 3 hr to give raults rcportcd as run 9. In run IO. 
cxccss ethylcntglycol was added to an cquimolar mixtun 
ofendo- andexo-Ic(.U)mg)and a trap was used to remove the 
produce& water. 
Anion of ucids nn 6b II or room remperarure 

(a) Under dry conditions. The usual amount of TsOH was 
added to bcnzcnic solutions of 661 containing the 
appropriate GC standard. and the nnxturcs were strrrcd at 
roomtcmpfor 1X hr.Aftertheusualworkup.GC‘analyscsgavc 

the rcsutts reported in Tabk 1 (NIU 1% 22). 
(b) Under aqutour conditions. Pure sampks of&-d (50 mg) 

wcrtsuspendaiin 2N HCl(1 ml)andstirr&at room tanpfor 1 
hr. ‘The resulting mixtura were catractcd with Et# washed 
with NaHCO, andpun~~by Pl.C.(‘ompound6bgavcendv 
gg (26 mg) and ex&b ( 10 mg). compound 6c afforded en&& 
(22 mg) and exo-Sc (12 mg). while M gave a complex mixture 
not further inrcstipatcd. 

cxo - 2 - ffydroxy - 9.9 - (cihylenedioxy) - I - plvnylbicycb - 
j3.3.l‘lnonune - 3 - d, (IO) 

The epoxy derivative 4a (0.15 g) and excess LiAlD, were 
rcIluxcd in dry dtmcthoxyethane (25 ml) for g hr. The usual 
workup, followod by PLC allowcd to isolate 10 (0.12 g); ‘H- 
NNR(CDCl,):idcnticai to thatofexo-la, but theintegration 
rntherangc2.4&1.306accountsfor IOH.Massspcct~mm,!z 
(o~/,):27S(Y’,341,25?(5?).213(21klg5(32).17l(23~99(har 

peak). 
Deurerium exchunye expernnenr. Compound 11 (50 mgk 

prcparai as dcscribcd6 and IO (50 mg) were dissolved in dry 
benzene and treated with the usual amount of TsGH at room 
tcmp overnight. The usual workup followed by PLC gave IZe 
andl~(~mg)asamixturcidcnt~l(TLC,~~IR)to~;’H- 
NMRcl(CCl~showcd Ikand IZfin 1: 1 ratto:7.4@7.10(5H, 
tn. Ph). 4.82 (05H, pseudo I, O-CH--Ok 3.83 (4H. m, 
O-CH,--CH,---Ok 3.56 (I H. m, C,--Hk 2.60 2.20 (l.SH, 
m. C,=H,). 2.20 1 .lO (9H, m); Mass spectrum: MM + 1 = 
5.1, .M?.i - I - 5X.6. The M;M + 1 and M;M - 1 valua 
recorded for the starting mixture of IO and I I arc 5.2 and 58.8, 
RSpXWClf 
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