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Abetmct-9,1~Dicyanoanthracene @CA) sensitizes the electron-transfer photooxygenation of epoxidcs in 
oxygen-saturated acetonitrile to form ozonides. Epoxides with oxidation potentials lower than 2 V vs SCE 
quench the fluorcsaoa of DCA and are converted to the ownides with DCA alone. Epoxidca which do not 
quench the singlet excited state of DCA are unreactive under these conditions. However, the photo- 
oxygenation of these epoxides can be Caccted by addition of biphtnyl (BP) as a catalyst or co-sensitizer. 
Investigations of the stereochemistry of the reactions of cis- and rrans-2.3diaryloxiranes has shown that both 
isomeric cpoxides are converted exclusiveIy to the corrcslxmding c&ozonidea Co-sensitized photo- 
oxygenatioa of ck- and trans-2J-diphenyloxi.rane affords only eis-3,5-diphtnyl-l~~~oxolant. The same 
stereochemical course ia followed for the cl&on-trausfer photo-oxygenation of more easily oxidi.& 2,3- 
dinaphthyloxirancs that do not require BP co-sensitization. The stereochemistry of the naphthyl-substituted 
ozonides has been unequivocably assigned by sn X-ray structure of cis-3~5-bis(2’-naphthyl~l~~trioxoIane. 
The corresponding crans+wnide wss prepared by ozonation of cis-12-~Z-naphthyl)ethene and 
stereochemically identified by chromatographic resolution using high-performance liquid chromatography 
with optically active ( +)-poly(triphenylmethy1 methacrylate) as the stationary phase. These stereochemical 
resultshavebanintaretbdin termsofamechanisminvolvingadditionofsinglct oxygenasadipolarophilcto 
intermediate carbonyi ylides. 

Electron-transfer photo-oxygenation with 9,10- 
dicyanoanthracene (DCA) has, recently, been utiliid 
for the photochemical conversion of epoxides,lp3 
aziridin&’ and cyclopropanes”*%’ to l&%trioxol- 
anes (ozonides), lJ+dioxazolidines and 1,2dioxol- 
anes, respectively. The initial step in DCA-sensitized 
photo-oxygenations is the fluorescence quenching in 
polar solvents of singlet excited DCA by the substrate 
to generate DCA-’ and the substrate radical cation. 
Eriksen and Foote* have calculated that electron- 
transfer quenching of singlet excited DCA should be 
exothermic for substrates with oxidation potentials less 
than 2 V relative to SCE in acetonitrile. Subsequent 
steps in the proposed mechanism for electron-transfer 
photo-oxygenation involve transfer of an electron from 
DCA-’ to oxygen to generate 0; ’ and reaction of 0;. 
with the substrate radical cation to yield the peroxidic 
products. 

The above process is, of course, limited to those 
substrates that are capable of quenching the 
fluorescence of DCA. We have, however, recently 
developed a method for the electron-transfer photo- 
oxygenation of compounds that have oxidation 
potentials greater than 2 V and that, consequently, do 
not quench singlet excited DCA.lg5 To e&et the photo- 
oxygenation of such compounds, a non-light- 
absorbing aromatic hydrocarbon (biphenyl, BP) is 
added to the reaction solution as a catalyst or co- 
sensitizer. We have recently utilized cu-sensitized 
photo-oxygenation to form ozonides from epoxides 
that are unreactive under standard DCA-sensitized 
conditions. An investigation of the ster~hcmlstry of 
the DCA-BP co-sensitized photwxygenation of cis- 
and trans-2,3diphenyloxiranes has shown that both 
epoxides are converted exclusively to the ciS_~zonide.~~ 
We have also observed that the same stereochemical 
course is followed for the electron-transfer photo- 
oxygenation of more easily oxidized 2_3dinaphthyl- 

oxiranes that do not require BP co-sensitization.‘~ In 
contrast, the photo-oxygenation of %3diaryl-2,3- 
dimethyloxiranes yields mixtures of cis- and trans- 
ozonides. In this paper, we provide a full description of 
these results and offer a mechanistic interpretation. 

RESULTS 

DCA-BP co-sensitized comersion of epoxides to 
ozonides 

With the exception of 2,3diphenylindene oxide (7), 
the epoxides shown in Table 1 exhibit oxidation 
potentials greater than 2 V vs the saturated calomel 
electrode (SCE) in a&o&rile and, as a result, do not 
measurably quench the fluorescence of DCA. They are, 
therefore, relatively unreactive towards photo- 
oxygenation with DCA alone. However,in the presence 
of both DCA and BP, the epoxides are converted to the 
corresponding ozonides in high yields. Photo- 
oxygenations were carried out in dry acetonitrile with 1 
x lo-’ M epoxide, 1 x 10 -’ M BP and 6x1O-4 M 
DCA. The solutions were irradiated at 10” under 
oxygen with a 450 W medium-pressure mercury lamp 
using a CuSO,-titer solution. Under these conditions 
only DCA is excited by absorption of the mercury 
emissions at 405 and 436 ma. The reactions were 
monitored by reverse-phase HPLC and further 
analysed by removal of the solvent at 0” under vacuum 
and acquisition of the 300 MHz rH-NMR spectra in 
CDCls. The ozonides were isolated by chroma- 
tography over silica gel and further characterized by 
reduction with Ph,P. 

HPLC analysis indicated that BP is not signi&r.ntly 
consumed during these photo-oxygenations. Control 
experiments have shown that no oxygenation occurs in 
the pwca of BP without DCA. Further, epoxides 1 
and 9 are not converted to the ozonides upon 
irradiation for periods of 30 hr with a 400 W high- 
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Table 1. DCA-BP co-sensitized photo-oxygenation of epoxides 

Epoxide’ 
Irradiation 
time (mm) Ozonide Yield (“A) 

Ph Ph 

4 Ph h 
1 

P 

Qk 

Ph 
Ph 

3 

H A Ph 

Ph 
1) 

H 

Ph Ph 

J9, 
F( % 

15 

13a:R,=R,=Me 
13h:R,=H;R2=Me 

R, ./4, Ph 

PR 
11 

*.R, 

Ma:R,=R,=Me 
14b:R, =H;R,=Me 

180 

180 

90 
100 

4s 
60 

15 11 

(ratio of isomers)d 
37:63 
24:76 

(ratio of isomer+ 
34:66 
25:75 

85b 

65’ 

6Sd 

138~*= 
ad.8 

!?o- 
sod.” 

‘The epoxides are relatively unreactive towards prolonged photo+xygenation with 
DCAintheabsenccofBPwith theexccptionof7 whichproducedtheozonide,Sin4hin 
70% yield. Compound 7 quenches DCA fIuorescence as efficiently as BP (k, for 7 = 
3.2x lo9 M-r s-l). 

b Isolated yields. 
a Yield determined by HPLC. 
dYields and ratios of isomers determined by MO MHz ‘H-NMR 
e Combined yields of both isomers. 

pressure sodium lamp in oxygenated acetouitrile 
containing Rose Bengal, indicating that they do not 
react with singlet oxygen directly. 

Of special interest is the observation that the co- 
sensitized photo-oxygenation of cis- and trans-53- 
diphenyloxiranes (9 and 10) leads exclusively to the 
cis-ozonide, 11. Authentic samples of cis- and try-3,5- 
diphenyl-1,2+trioxolanes (II and 12) were prepared 
by ozonation of stilbene and were shown to be stable to 
the photo-oxygenation conditions. In addition, no 
isumerization of the epoxides was detected by HPLC or 
‘H-NMR at partial conversion of 9 or 10. In the 
absence of BP, only 7% benzaldehyde and no ozonide 
was obtained after 20 hr irradiation. 

In contrast to the above stereochemical results, 
photo-oxygenation of tri- and tetra-substituted 
epoxides leads to mixtures of cis- and frans-ozonides. 

Reaction of cis- and ~anr_23_dimethyl-~3_diphenyl- 
oxirane~ (If and 14a) under co-scnsitkd phot+ 
oxygenation conditions affords a mixture of ozonides 
15a and Ma in approximately a 35 : 65 cistrans ratio of 
isomers (S-900/, combined yields of ozonides). 
Analysis by ‘H-NMR at partial conversion revealed 
that the rrans-epoxide, Ua, undergoes very slow 
isomerization (< 3%) during the photo-oxygenation 
The cis-epoxide, 13a, on the other hand, exhibited no 
isomerization during the reaction. In the absence of 
biphenyl, photo-oxygenation for 15 hr showed 40’% 
conversion to the ozonides in a 55:45 isomeric ratio. 
Ozonidk 1% and 16s were separated by preparative 
TLC over silica and recrystalhzed to afford pure 
samples (1Sa is a liquid while 16m melts at 9596”). In 
order to establish the stereochemistry of these ozonides, 
we have conducted experiments utilizing high- 
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Chromatography of the photo-ozonides 1% and 19b 
exhibited only one peak consistent with the proposed 
cis stereochemistry. An X-ray structure of 1% has also 
confirmed the cis stereochcmical assignment (Fig lb).? 

An investigation of the stereochemistry of the 
reaction with cis- and trun.&%bis-(4’-methoxy- 
phenyl)-2J-dimethyloxiranes (21 and 22) has also 
been carried out. The electron-donating methoxy 
groups lower the oxidation potentials of these epoxides 
and, as a result, they are also reactive in the absence of 
BP. As expected, the ratio ofthecis- and tram-ozonides, 
23 and 24, is similar to that obtained from the DCA- 
BP co-sensitized photo-oxygenation of epoxides 13 
and 14 Fable 2). Ozonides 23 and 24 have been sterec+ 
chemically identified by comparison of ‘H-NMR 
chemical shifts to the data obtained for 15 and 16. 

Oxidation potentials andjhwtescence quenching 
Peak potentials for the irreversible oxidation of the 

epoxides and biphenyl (Table 3) were obtained by cyclic 
voltammetry in a&or&rile vs a saturated calomel 
electrode (SCE). Quenchingof the fluorescence of DCA 
by thesesubstrates wasmeasured in nitrogen-saturated 
acetonitrile using the Stern-Volmer equation : 

W, = I+ k,r CQI 
where lo and I, are relative fluorescence intensities in 
the absence and presence of quencher (Q), T is the 
lifetime of the singlet excited state of the fluorescer. 
Plots of lo/I, vs the concentration of the quencher 
provided values for k,t from which quenching rate 
constants (k,) werecalculated (z for DCA in acetonitrile 
= 15.2 ns)? 

The free energy change (AG) involved in the electron- 
transfer fluorescence quenching of singlet excited DCA 
by a quencher (Q) may be calculated by the Weller 
equation :I2 

AG = 23.06[E(Q_/Q+) 

t Full details of the X-ray structure of ozmide, 1% will be 
published separately. 

3 Our stereochemical remits with 23diaryloxiranes stand 
in contrast to those of Futamura et 0l.l in which the formation 
of trans-ozonides was suggested. 

where E(QjQ’) is the oxidation potential of the 
quencher, E(DCA-‘/DCA)is the reduction potential of 
DCA (-0.98 V vs SCE in a&o&rile), ei/ae is the 
energy gained by bringing the two radical ions to 
encounter distance, a, in the solvent of dielectric 
constant, E (ca 0.06 eV in acctonitrile) and AE,-,,-, is the 
electronic excitation energy of DCA (2.89 ev).’ 
Although reversible oxidation potentials were not 
observed with the quenchers listed in Table 3, AG for 
electron-transfer fluorescence quenching can, never- 
theless, be estimated by using the oxidation peak 
potentials. 

DI!KU~ON 

Epoxides which quench the fluorescence of DCA can 
undergo photo-oxygenation to form ozonides in high 
yield (Table 2). Kirschenheuter and Grit%? have 
similarly found that a strained bicyclic epoxide can be 
converted to the corresponding ozonide. Futamura et 
al.’ have reported that pmethoxyphenyl-substituted 
epoxides also yield ozonides.3 

We have observed that biphenyl (BP) can be used to 
co-sensitize the photo-oxygenation of various aryl- 
substituted epoxides which are unreactive in the 
presence of DCA alone. Although the mechanism for 
BPco-sensitization has not yet been fully elucidated, we 
have offered the following explanation. BP is more 
easily oxidized than the epoxides shown in Table 1 and 
consequently, quenches singlet excited DCA more 
efficiently to generate BP+’ and DCA-’ (Scheme 1). 
Although subsequent electron-transfer from these 
epoxides is endothermic, this process is favoured by the 
longer lifetime of BP+’ compared to singlet excited 
DCA. Mattes and Farid” have made a similar 
suggestion for the co-sensitization by phenanthrene 
and 9-cyanoanthraazne of the electron-transfer 
dimerization ofphenyl vinyl ether. We havepointed out 
that co-sensitization by BP may be considered 
mechanistically analogous to homogeneous redox 
catalysis of electrode reactions.‘* For example, direct 
electroreductions of aliphatic halides (RX) generally 
occur at very slow rates and require large overvoltages. 
However, electrochemically generated radical anions 
of aromatic hydrocarbons can be employed as catalytic 
agents. Electron-transfer from this species to RX forms 

‘DCA* + BP -BPt + DCAr 

0 
6Pt or bCA* +’ LA 0 *‘y Y 

Ar + l + DCA: or BP 

Ar Ar H 
9,lo*r=Ph 

17,18 At = Np 

DCAT + 0, - ozr + DCA 

H H 
o-o 

Scheme 1. 
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the unstable RX-’ and regenerates the hydrocarbon, 
Although this reversible step is energetically un- 
favourable, it is driven by the irreversible de- 
composition of RX -*. A similar mechanism may be 
involved in co-sensitization by BP. Endothermic 
electron-transfer from epoxides, such as 9 and IO, to 
BP+’ would generate the unopened epoxide radical 
cation. This step would be driven by the subsequent 
generation of the ring-opened radical cation and 
trapping by superoxide to form the ozonide. 

The stereochemistry of these reactions provides 
additional insight into the mechanism. DCA-BP 
co-sensitized photo-oxygenation of cis- and rruns-2,3- 
diphenyloxirane (9 and 10) yields exclusively cis- 
ozonide 11. The same course is followed for the 
DCA-sensitized photo-oxygenation of the 2,3-di- 
naphthyloxiranes, 17 and 18, which do not require 
BP co-sensitization. These striking stereochemical 
results would seem to rule out a mechanism involving 
attack of 0;. on the epoxide radical cation to give 
long-lived biradical or zwitterion intermediates as 
such intermediates should lead to a mixture of iso- 
merit ozonides. 

The stereochemistry of these reactions is, however, 
consistent with the intermediacy of ring-opened radical 
cations which may be formed either directly by epoxide 
quenching of singlet excited DCA or indirectly by 
electron-transfer from the epoxide to BP+’ (Scheme 1). 
As barriers to rotation in these species are quite 
low *‘*16 equilibration can occur to afford the most , 
stable &E-conformation. Back electron transfer from 
0;’ or DCA-’ to the radical cations would yield the 
corresponding carbonyl ylides. Subsequent concerted 
addition of singlet oxygen as a dipolarophile to the 
ylides would give the observed products. Manring et 
~1.‘~ have shown that singlet oxygen is formed in DCA- 
sensitized photo-oxygenations by energy transfer 
from singlet and triplet excited DCA to oxygen. 
Singlet oxygen may also be generated as a result 
of back electron-transfer from 0;. to the radical 
cation.” 

In contrast to the stereoselective formation of cis- 
ozonides from 2,3diaryloxiranes, photo-oxygenation 
of the tri- and tetra-substituted epoxides affords 
mixtures of cis- and trans-ozonides (Tables 1 and 2). 
Formation of the isomeric ozonides may involve an 
equilibrium mixture of E,E and E,Z conformers of the 
ring-opened radical cations, Subsequent reduction 
would yield the corresponding carbonyl ylides which 
would be trapped by singlet oxygen to give the mixture 
of ozonides. The proposed intermediacy of carbonyl 
ylides and their reaction with singlet oxygen to form 
ozonides is consistent with the previously reported 
reaction of photogenerated carbonyl ylides with 
dipolarophiles. I9 Of particular relevance are the 
observations of Wonget 01.” and Albini and Arnold.” 
l&Dicyanonaphthafene was used as a sensitizer to 
generatecarbonyl ylides by electron-transfer processes. 
These ylides could be trapped to yield tetra- 
hydrofurans. Reactionofepoxides9,10,17and 18,gave 
products with a c&diary1 relationship. 

Investigations are currently in progress on the 
mechanistic details of BP co-sensitization. However, 
we have found that rate enhancements in the presence 
of BP can be obtained for a variety of DCA-sensitized 
photo-oxygenations. Results of these studies will be 
reported shortIy. 

EXPERIMENTAL 

General. ‘H-NMR spectra were taken on a Nicolet 300 
MHz instrument. Chemical shifts are reported in G~ahea 
downfield from TMS. Mass spectra were taken on an AEI MS 
902 mass spectrometer. HPLC analyses were car&t out on a 
Varian 5000 instrument interfaced with a Vista 401 data 
s&ion. An AU TECH C-1 8 reverse phase column (25 cm x 4.6 
mm, 5 *) eluted with a gradient of 30-looO/, acetonitrile in 
water was used for HPLC. Absorption spectra were recorded 
on a Gary 2 19 UV-visible spectrometer. An Aminc+Bowman 
sptrophotofluorometer was used for lhtorescence quench- 
ing studies. All m.ps were determinbd with a Thomas Hoover 
m.p. apparatus and are reported uncorrectal. Elemental 
analyses were performed by Midwest Microlab. Ltd. 

Muteriuls. The purittcation of acetonitrile, biphenyl and 
9,lOdicyanoanthracene has been described previously.’ 
Samples of cis and trons isomers of a-methy18tilbene,*’ 
a,a’dimethylstilbene,21.22 l+2-bis~l’-naphthyl)ethene,1s 
1,2-bis-(2’-naphthyl)ethene1s and l-(1’-naphthylt2-(2’- 
naphthyl)ethene23 were prepared by lit. methods. cis- and 
tram-2,3-Bis+t-methoxyphenyl)-2-butenes were synthesixed 
by coupling 4-methoxyacetophenone in the presence of TiC13 
and lithium aluminum hydride in THF.24 The physical 
characteristics of thtst alkenes are in agreement with their 
reported properties.25 

Preparation of epoxides. Epoxides 1,3,5,7,9 and 10 are 
known compounds and their physical characteristics have 
been reported previously. ” In general, the epoxides for this 
study were prepared by treatment of the appropriate alkene 
with m-chloroperbenzoic acid in dichloromethane at 10-15” 
for 8-24 hr. They were purified either by recrystallization 
alone or flash silica gel chromatography followed by 
recrystallization. 

cis-2,3-Dimethyl-2,3_diphenyloxirane (13a): m.p. 52-53” 
(Iit.“jm.p. 50-51“); NMR(CDCl,)8 7.052-7.252(10H,m)and 
1.808 (6H, s). trans-2,3-Dimethyl-23diphenyloxirane (14a): 
m.p. 1 IO” (EtOH). (litz6 mp. 106”); NMR (CDQ) 6 7.265- 
7.512 (lOH, m) and 1.286 (s, 6H). cis-2-Methyl-f3- 
diphenyloxirane (1%) : m.p. 51-52” ; NMR (CDCl,) 6 7.043- 
7.257(10H,m),4.152(1H,s)and 1,787(3H,s).trans-2-Methyl- 
2.3diphenyloxirane (14b): m.p. 4647” ; NMR (CDCi,)G 
7.298-7.478 (IOH, m), 3.976 (1H. s) and 1,467 (3H, s). cis-23 
Bis-( I’-naphthyl)oxirane (17~) : m.p. 169-171” (lit.22 m-p. 
167.5-168.5”); NMR (CDCI,) 6 7.179-8.236 (14H, m) and 
5.122 (2H, s). trans-2,3-Bis-(l’-naphthyl)oxirane (I&): m.p. 
145-146” (lit2’ m.p. 142-144”); NMR (CDCl,) 6 7.249-8.051 
(14H. m) and 4.511 (2H. 8). &2,3-Bisj2’-naphthyl)oxlrane 
(17b): m.p. 113-I 14” (lit.” m.p. 112-115”); NMR (CDCI,) S 
7.141-7.828 (14H, m) and 4.597 (2H, s). rrMs-2,3-Bis@‘- 
naphthyl)oxirane(l~):m.p.2l1-212”(lit.’~m.p.215”);NMR 
(CDCI,) b 7.310-8.129 (14H, m) and 4.142 (2H, s). cis-2-(1’- 
Naphthylb342’-naphthyl)oxirane (17~): m.p. 128-129”; 
NMR (CDCI,) S 7.200-8.215 (14H, m), 4.881 (IH, d, J = 4.4 
Hz) and 4.734 (1 H, d, J = 4.4 Hz) ; satisfactory analysis. trans- 
241’-Naphthylb3-(2’-naphthyl)oxirane (18~): m.p. 101-102”; 
NMR(CDCl3)G7.372-8.2I2(l4H,m),4.59O(lH,s)and4.031 
(lH, s); satisfactory analysis. cis-2,3-Dimethyl-2,3-his+‘- 
methoxyphenyl)oxirane : oil ; NMR (CDCl,) 6 7.008 (4H, d, J 
= 8.6Hz),6.604(4H,d,J = 8.6Hz),3.671(6H,s)and1.759(6H, 
s) ; satisfactory analysis. trans-2,3-Dimethyl-2,3-bis-(4’- 
methoxyphcnyl)oxirane: m.p. 127.5-129”; NMR (CDCl,) 6 
7.329(4H.d.J = 8,49Hz),6,914(4H,d,J = 8.35 Hz),3.828(6H, 
s) and 1.265 (6H. s) ; satisfactory analysis. 

General procedure for the photo-oxygenation of epoxides. A 
450 W medium-pressure Hanovia lamp surrounded by a 
C&O,-filter soln’ was employed for the photo-oxygenation 
reactions. An irradiation vessel fitted with a gas inlet tube was 
charged with the appropriate oxirane (1 x loo2 M). biphenyl 
(1 x 10m2 M) if required, and 9,lOdicyanoanthraccne (6 
x 10e4 M) in dry acetonitrile and placed in a water bath at O- 

S”. Dry O2 was bubbled through the soln at a slow rate and the 
soln irradiated for a period offrom 4 min to 3 hr. Aliquots were 
removed at regular intervals and analysed by HPLC and 
NMR. For analysis of the reaction mixture by NMR, the 
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trans-3,5-Bis-(Z’-naphthy&l,2&trioxolane (2Ob). This bS. L. Mattes and S. Farid, in Organic Photochemistry 
ozonide was obtained by purifying the mixture of oxonides (Edited by A. Padwa). Vol. 6, Chap. 4. Marcel Dekker, 
prepared by ozonation of cis-l,2-bisQ’-naphthyl)ethene in New York (1983). 
pentane at -40”. The mixture of isomers was repeatedly l&C. P. Andrieux, C. Blocman, J. M. Dumas-Bouchiat, F. 
&crystallized from acetone. Analysts by NMR of the material M’Halla and J. M. Saveant, J. Electroanal. Chem. Interfacial 
in the mother liquor after the F&h recrystallization showed Electrochem. ll3,19(1980); bJ. M. Saveant, Act. Gem. Res. 
> 90”/, of the desired trans isomer (ring proton at 6 6.606). This 13.323 (1980);’ E. H. Evans and X. Naixian, J. ElectroanaI. 
material was further purified by preparative TLC (benzene- Chem. Int@ociai Electrochem. 133,367 (1982);1J. W. Sease 
hexane, 3 : 7) and, subsequently, recrystallized from acetone : and R. C. Reed, Tetrahedron Lett. 393 (1975);‘H. Lund and 
m.p. 166-168”; NMR (CD,Cl,) 6 7.505-8.182 (14H, m) and J. Siionet, J. Electroan& Chem. lnterjiiial Electrochem. 
6.606 (2H, s). 65,205( 1975) ;‘K. Boujlel and J. Simonet, EIectrochim. Acta 

Resolution of chiral ozonides by high-performance liquid with 24,481 (1979); ‘W. E. Britton and A. Fry, J. Anal. Chem. 
( f )-poly+riphenylmethy?yl merhanylare) as the stationmy USSR (En& Trans.) 47,95 (1975). 
phe. A J ASCO P-Chiralpak OT( +)t reverse-phase column is J. P. K. Wang, A. A. Fahmi, G. W. Griffin and N. S. Bhacca, 
(250 x 1.5 mm) containing ( + )-poly-(triphenylmethyl meth- Tetrahedron 37,3354 (198t). 
acrylate) as the stationary phase was used on a Varian 5OtMI l6 K. N. Houk, N. G. Rondan, C. Santiago, C. J. Gallo. R. W. 
liquid chromatograph for resolution of chirat ozonides. The Gandour and G. W. Griffin, 1. Am. Chem. Sot. 102, 1504 
column was eluted with HPLC grade MeOH at a flow rate of (1980). 
0.2 ml/min at ambient temp. trans-2Ob was completely 1 ’ L. E. Manring, C. Gu and C. S. Foote, J. Phys. Gem. 87,40 
resolved by this column as shown in Fig. l(a). cis-19b, when (1983). 
subjected to the above conditions, led to a single peak in the ’ *J. Santamaria, Tetrahedron Letr. 45 ll(198 1). 
chromatograph. Each of the above isomers showed a single ‘9”G.A.Lee,J.Org.Chem.43,4256(1978);bR.HuisgenandH. 
peak with different retention times on standard C-18 reverse- Mader, Angew. Chem. Int. Ed. Engl. 8.604 (1969); ‘A. M. 
phase columns. The Chiralpak column was also used to Trozxolo, T. M. Leslie, A. S. Sarpotdar, R. D. Small, G. J. 
stereochemieally identify cis and rrans isomers of 150 and J6a. Ferraudi, T. DoMinh and R. L. Harless, Pure Appl. Chem. 
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