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- The Photochemistry of' 6 ... epi-santonin 

-f.kat 
ABSTRACT: To test the hypothesisA6~epi-santonin1 s 

dif ferent stereocharn.istry might allow a phenolio photo ... 

pX>oduct, unlike santonin, several irradiations of 6-.api• 

sm1tonin were run in an s.ttem.pt to isolate a phenol , 

Although no phenol could be isolated, the results wer& 

ambiguous as to 1-mether a phenol 1-1as actually present. 

An attempt to determine the 1,rod.uot distribution was 

also made., but was not con1pleted. 

4 
I NTRODUCTION: The most typical photoproduot for a 2,$~ 
eyclohexadienone is a phenol, by a process analogous 

to the a.oid-catalyzed dienone ... phenol rearrangement. 

An inte)."lesting oxoeption :ts santonin {I) which 11.as no 

0 

phenolic photoproducts in 

aprotic sol vents~ ihere are 

obviously two possible dii'i'­

erences between santonin and 

I 
.an ordinary 2,li-oyolohexa- · 

die11one which oou.lcl explain 

this behavior: tho methyl group on C-4 or the r -laotone 

ring. I.f one considers t he stereochemistry of santonin., 

he discovers that the trans laetone raa.1-:es the molecule 

quite rigid and this rigidity might be responsible i~or 

the .failure to produce a phenol . In orde1') to test this 

theor:h an epimer of santonin, 6-epi-santonin, with a 
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cis le.etone was niade a11.d its ph0,tooh.mrJ..stry studied -
to see if' it did produce a phenol and also to soe what 

other differences rd@')1t be found in products a:n.d pro­

du¢t distributions. 

RESULTS: 
D 

was clone using a. small s'1l11ple disst-Ved in benzene_ 

sealed in an avaoua.ted l!MR tube, end was :run ovemight. 

An liMR speetru.r;1 taken of the rdxture after irradiation 

indicated-moderate q_uentities of (II). An oxtraetion 

of aei<lic • oompounda wi tlt 5% 

NaOH was attempted, but was 

han1pered by th.a .fon11&tion of 

an 11nu.lsi.on with the ben~ene. 

VPC, however, indicated the 

presen~e of only one neutral 

photopx•oduet, and there was evidence for s.n ae.idie 

product. An infrared spaetrum. of the .a.eidie substance 
' 

in ehloroi'ol."m showed .a peak at 1776 om.·1 for the y -

lactone, and one ~t 1603 ,em' , possibly a phenyl nuc­

leus, but neither oo:r:t?esponding to a oarboxylie ae;td, 

indicating ths.t the acidic substance xnay be e. phenol. 

On the basis of thes$ results, it was deeided to 

X'U.n a mu.oh larger Sfli"llpla and clo n quantitative extrao­

tion., using chloroforra. as a solvent instead of benzene 

:b.'1 order to get around the emulsion dif:f'icul ty nie:ntioned 

above. ;:,r; lts.OH (laf'initely extracted something and 

eaused a, sepa:ration into a neutral and on acidic f~rao~ 

tion. The acidic .fxiaetion tu.med red-brown with FeCl:1 , 

indicating tlle presence of a phenol. It was deoicled 
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to chromatograph this aoidie fraotion on silica gel 

to purify it .. but a mistake was made in elution solvents. 

When this 111:tstalte was discover.ad, the coltUiln was flushed 

with ethyl acetate. This solution, howe•vet-1 gave no 

evidence of a santonin ... like compound, and it was decided 

that the column had either eaused the dacom.pozition: ot 

the acidic product or held 1.t all bt'lck. 

After the next irradiation, several atte111pts we:re 

made to obtain a. phenol in the crystalline state. 

After irradiation, the solution was stripped of' benzene 

and the residue was redissolved :tn chloroform e:nd e~"trac- • 

tad with 5f& Na.OH as b-efore. The Ne.OH solution was 

aeidified by bubbling ·ct$.rbon dioxide through it, so 

, as to p.reoipi tate a phenol. The only preeipi tate 

formed, even a:fter standing in the re:f'rigerat\'lr, was 

proved to be inorganic by an infra11 ~)d speetrurn and a 

m.elting point deterro.ina.tion. The solution was acid .. 

ified td. th 5'.'; HCl and extracted with ohlo1~oi'ol"ln. 

1J.1he chloro.fon;1 wa$ dried and stripped of'!.' and the 

residue we.ighed., giving a yield of 8.9;:; or possib.ly­

phenol!o materiel.. Infra.1--ed and ultraviolet spectrtt. 

were inconclusive on this material, however .. '11\m cliff' ... 

erent methods o.f acetylation wette attempted, but neS. th.er 

produced a c.eysto.lline p:t'oduct which could be identi­

fied as a santonin compoun.d. 

At this poi1;1t 1 it was decided th(.tt some of' the 

earlier problems might be the result of air o:,d.dation, 

either during the irradiation or a.:eter, so an irradi­

ation under nit;rogen was tried, and thE) product dis-
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Tabl;,,! I 
Results .Q! Lifill!d- Li,gu:l.d (lhrom,at,og:rap_}! 

2!. Acidie Fraction . . . 

!B. B_ands ( onf ' J 

1780, 1730,16.30,1567 
1780, 1730,1605. 1557 

1775,1670,1640,1605,1580 
1780,.1675,160;> 
1776. 1736,.1605 
1790,1 695,1605 
1770,1600 
177ll, 17,3l.J., 1600 

Oon:n:n.ents 

Impure 
MMR, UV' 
:NHR, UV 
I 1npure 
?,ff,m, UV 
UV . 

UV 

UV 
ImputJe 

t~ibut:ton was to be t"ound using liquid•liquid parti t:ton 

ehromatography. The in'ttdiation proceeded fo~ twelve 

houv.s. with dry nitrogen bubbling through, and the 

benzene solution ws.s -worleed. up in the usual manner 

and separated into an ae:tdio and a neutral fraction. 

The aaidie. fraction e.ecounted . to.r lµJ.% ( 222 xng) of the 

original .500 mg oi' sam.ple. ~:his material was ch:rom ... 

a to graphed on a Celi te 5!i5 eoluron using ni tromethane 

as a stationary phase and 5:1 haxane:ben~ene (by volmno) 

as a. mobil~ phase 1 equilibrated beforehand. When the 

smnple was dissolved in nitromethane to ch~ge the 

eolurtl!l,, a small amount would not diasolVEh It wa.s 

sepat"'t:1ted and an inf~e.red speet~um was talr:en which 

indioa.tec1 it wsi.s a smton1n oorr1pound end probably had 

a hydroxyl groupt but probably WB;S not a phenol. 

'Nothing more was done with it. Cuts of about 100 ml 

were taken, dried, weii?)ted, and an 1nf~a.red spectrum 

of the :r>egion from 1500 em-1 to 1900 em-1 x ~ taken, 



along with m.i!R and ul.t:vaviolet spectra. 5.n so1ne cases. 

A total o:t' 1 $9 r!lg of' the original 222 mg was reoover~H1, 

:tndieat:tng either n very polEI~ e~mpo:nent that did not 

come off the eoluxn.n o:ri a deeomposi tion on the eol:wn,,.Y}. 

See T~bla I fo:t• data a.bout the VQ.l!lious fractions 

identified. 

11he neut:r>al .fraction was the~ clnooma:ta,graphed in 

the same mannev. In this oase, 17lf. mg of 278 iug was 

reeovered. The same anaJ.yai$ as with the ae:tdie fre.ot:ton 

was started but not Qempleted. The only useful in.for• 

matlo11 was that the major fvaetion had. an infvai ... ed 

speet:rimn. d,iff erent i:'rom the.t of 6--epi ... m,azdnS'.~tonin., 

the expeeted nlajor product. This fact nua., be due to 

deoomposi tion of the .:ftra.etion 'Wl1ile sitt:b:1g in t he 

cupboard during the analysis of the aeidie, f'ract:ton, 

01'" to its staying on the colwim; although snntonitl 

expeJ?ienee would indicate that the latte.:r- possibility 

:ts unlikely. 

D!.SOUSSIOM: On the 'be.sis of these :t?esults, it is 

e 
tfltloe of a phenolic photoproduct of 6-epi-santonin. 

e 
Ce:t1tainly, t he existmca of an acidic oomponant which 

i s 11ot a ea!"boxylic aetd. would indieate a probable 

pheno15.¢; fraction. Unfortune:t0ly, the (latQ obtained 

on the finnl irradi&tion witlt the liquid. .... liquid c111~0 ... 

1natog:rta.ph are not suftieient to say mu.oh. !J:1he i:nf?Ja.t-od 

speetra ave extven10l:y- hard to inter,pret wi 11hout the 

othe:r wavelengths present , m1d in i'aet, they ·wi:;rre 
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used mainly to check f'or the 1-lactone band indicating 

'Wi'lether the prod.uqt was a Sm:ltonin compound or not. 

Also the tractions show ra:ru.1.y dit.f erences in the i..~ra .... 

red~ but the three £or- which an Nr1R speetrUi."U :was. taken 

all have the ·same M4R ~pectrum, P~esuntably, so.me of 

the peaks al"& due to small tJUt10unts of :unpui.,ities, 

with onl.y a .few oi' those listed oorreaponding; to pee.ks 

in the n1ajor product. Fttt>ther, the oalibPation ia 

not veey good, since the spectra were not ta.ken to be 

used in identification. The NI-IR spe:c·trum ,-1e.s also 

hard to interp:ret because the eencentration of amnple 

was not vecy high (ii'l faet, the th$ eth$l.1.ol peak s :t"rorn. 

the chloroform are na stN)ng as the r11a:tn peak present 

.for the compound) and the noise drowns out. all 'but one 

peak., at & =1. 8 which appears tmsplit. This peak 'i11$.Y 

Te,ble II :Ultraviolet Data . --.-~ ' - ~ ~ 

Guts \ 1ow (mp) 

1.,19,23,30 235 ahoulde~ 
309 

13-15 

}..f.1 ,42 

17,18 

352 shoulder 

235 shoulder 
307 

232 shoulder 
304. shouldel"" 

307 

be r11etl1;yl groups 01~ 

i~ethylene g~oupa, but 

it gives little in.for• 

:mation about the product. 

The ultx-aviolet spectra 

are probably the 100st 

informative of the t ht-ee, 

but thejf l!We urd.:torr11ly 

negative. See 11able• II . 

These a.bso3:'1'tiona ar$ all about t he s;ab'le 1nten-si ty, 

but the actual. valuEJ of the extinction eee!tieient 

:ts not known because the ooncentrations were not m.ea• 

S'U.red. The band:a display none of t he flne st:ru.eture 

assoeiated with ru..,omatie absorptions, and they don not 
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seem to oceur at the right wavelength .for phenols, 

either. 1"he 335 r.iip ahoulder appal:'ent on all but the 

last one { auts 17 and 18} ia about .right i"or a con ju ... 

gated. ketone whieh could be a pt'Oduet. The abso1"'ptions 
.r 

a.round 300 mfa n1ay be n41T* c~bonyl trsnsitions, but these 

would be much weaker than the 235 mµ bsnd1 which they are 

not,, 

It seems appare11 t from the work that has baeii 

done 1~h.at this investigation ought to be n.ontinued, 

and that with a oon tinuation along the sSir..e: lines a.a 

the investigations ;report.E;)d.; good results could be 

obtained. '11J.le main problems anemmte·red 1-1<9:re apparent 

instability of some products ond lack of time to develop 

suitable methods. The liqu;td .. liquid partition oln.">0»1-

atogro.phy appears to be about the bef:lt m~thod of sep­

aration., an.d it was .tound to woxik quite well fo:r santon:tn. 
0 

It is, however, rather ted$,_us Md time consuming. 

The initial sepa.~ation of an aeidio and a neutral 

eo:rnponent presents problOtr'..s beeaus-e benz&ne tor:alS 

era.ulsions "'tJery easily, while base e.:xtraotions from 

chloroform may lead to degradations caused by ca?'benes. 

It might be bette1" n.ot to do tr.J.s initi.al separatd.on. 

Finally, the irradiation 1nuat be done in a neutral 

atmosphere to avoid possible air o:r&.dations.. I would 

lilte to aay onc,e more· that I think t he proj-ect is 

wo:vthwhile e.nd I would like to see. it continued .• 

EXPBR!t•lEUTAt; 

I. fur:tf'i.cat1.011 of 6"!'epi-santon.in: A lnrge quantity oi' 
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6--epi-santonin waa obtained from. H. Piseh Md pu;rified 

by ehromatograph.y on 130 gins grade II aluniina. '1:he 

solvent was. ::u•i b,enzenethexene. 'i.he purified produet 

·was a white eeys·ball:i.n$ solid, molting point 104 . ·1 .... 

105.0°0. 

II. lrradia:biona t All the ir1-iadiations were done in 

wate~ .... jacketed imraersion reactors with a 100 ml solution 

volume. The light aoUll'oe wa$ a 200 1>t He.novia ult:va­

violet lamp with a Uflanyl gla.s.& filte·v. A s,oJ.ution 

of about ,500 mg ( aoeuratel;1 we.i ghed) 6-epi-santonin 

in 100 ml b&nzen~ and plae-ed in the r1:H1otoro.. I~~ad1 ... 

ationa were run for abflut twelve houl:1s, since th.is 

period ha.d heen shown ea~lie:r to lead to complete 

reaction. The i:ttradi&.tie.n under nitr.€tg~n us ,,d an 

immer-sion res.eto~ ·with a fritted glass ·disk at the 

'bot'b01u. fitted vd th a stope.oek to a&li t the ni t1 .. ogel.'l,. 

Wi tl'-'ogen used w.aa CIT high purity dry n1 trogen. After 

the i1.,ra.diatit->n 11as. ove:r, t he benzehe solution was 

poured eut and the reaeto:i, was washed with sav,e:ral 

portions ot: ben~ene, then the benzene was strip1~ed 

off, leaving a powdeey brownish r@.si dUEh 

III~ Separation intH') neutral and aoidie fractions: 

The ~$aidue from the ir?Jadiat:lon uas dissolved in 

chloroforn1 end e,c.trac.ted with 5% Na.Oil neve:ral times 

(usually about eight), eae..1-i extraotion resulting in 

layeri was dr,ied over Mgso4 and stripped of solvent. 

The Nl".011 .aQlution was acidif'ied with HGl and reex·traeted 

ugnin requir&dg several extrae~iona to get the colo~ 
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This ehlo~o.t'om solution was , dl?ied over MgS01 ,1. 
$nd stripped o:r solvent. 

IV. Oh:t"oma.tog1"1nph of a.oidie: f1taetion on silica gel t 

The acidic fraetion .front one of the irradiations 'k,aa 

d.i.sa:olved in benzene and put on a ool:umn of 1 :5 gz-ns 

Dav1d$on s:tlioa gel deactivated with !J;\; distilled wate:r 

by weight, (eol?respont1$ to grade III alundma). The 

<.H>l:umn was to be run -with benzene-eth,.l ace·tate in 

varying amounts until th~ substance orune off, but it 
5 

was ~eovered that ni t:ro.'1'lethans ha.d been u&v,d instead 

of ethyl. aoetate, so the colunm. was tl:10-:vougtily fluahed 

w.1.th ethjrl aee.tatE,. The ~ean.tlting solution showed no 

y ... laetone peak in the infra1:>ed. 

V. Attempted oeystalli$e.tions end d.eri V'fJ.ti ves: 

A. Slow neut1,a.li.zatien with carbon dioxide: Ai'tel'i 

eJlt.traet:ton of the iJ:1radie.t:ton mixt-ure w.t-bh lie.OH, the 

S.qtteous s-olution was slowly neutr,,nlized. by bubbling 

ea1?bon dioxide tlu'ough 1 t II After t he pH had reaeh.ed 

1, no c~ystalli£ation had oeoUl,.~ed, SH) t he solution 

was cooled in an ice ba:bh, Afttiv this failed to es:use 

a prieeipitate, it waa eooled overnight !n a ti'efriger­

atoP. '.l1h.is caused precipitation of a. very h1g1?. nlelting 

(>300°0) white erystalline product, whia..~ had no r ... 1acto11e 

peak 1n the inf:vt.uN;)d.. The solution l:tas acidified and 

e.xt:vacted as bei"o1~e. 

B. Aeetylationt Th.$ p1.,oduct obtained after :ireext1.,ac• 

tion o'i: the basic solution w.as 1:>ea.oted 1'1ith aeetie 

nnhydt>ide ·bo form an acetate by two pr•ooedur1ea i 

1. Dissolve tba phenol in 3N '.ei aOH and add 



iea. r.Phis is followed by acetic anhyd1~id~. The mixtu1,;e 

is shaken ft>~ one tuinute. 

2. Reflux the phanol end o.eet!e anhydride 

f'or 10-1.$ minutes., ·then pour into cold wate~. Th1.s. 

solution is boiled to destr-oy the excess aeet!c anl1;:r• 

a.ride and then oooled. 

Both these p:voe·adures gave a fine, y (illow-01'l~e 

.solid product in s1nall y,leld after eoolinsll but the 

ini'l"a:i.?ed spectt'Uiil showed no y-laetone peel;:; f o:.t1 n s.antonin• 

,.ike eo1npoun.d. 

VI . Liquid-liquid pci,x;tition chromatograph: The aup­

poz,ting :material war~ Celi te 545 prep~ed in the follov-rl.ng 

nwmer: it is washed ovem.:tght :h1. hot 611 HCl ,and then 

an.sad vd:th wate~. This pr:oeeduve is repeated except 

that tlwee wato:r 1~111.ses ax~e used. Ne,i::t the Celi te is 

washed overnight in 1 :1 methi?,nol~ethyl acetate and then 

1,insed aix: ·M.mes with wate1~. It 5.s tho11 oven d.1'1:i.ed for 

twelve hcr:1rs,. afte1"' wh.ich it is ready t6 use. 

The aolve1'lts used im:rQ 1:1:i.tromethnne as a stationary 

phase and 5t 1 hexane fbent~one (by vo.lum.o) na a mobile 

and ·{;ho nllases were oou.1.lib:t:ated on e. shaker for two 
- • - ' < 

hours before use. 

:r'.ne colurjm was prepa~ec:1 by cha1.,ging 320 gms Ce11 te 

w:l th 160 w.J. sta.tion~y phs.se and. paeld.ng it i n a 20 e1YJ:X; 

200 cin W:?.tel? je.e\teted. column. 11:he substance to be 

ohro1natog:raphed wua dissolved. 111 1 O ml statio:nB.ey 

phase a.Vld a.clso1"'bed on 20 gu1s Cel1.te, then pael•:oc:1 on 

top of .fr;;he othe1'1 Celite. :il1e eol:umne.e,nd th.e aolve11t 
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SW"Jply were t hel:'111..osta.tod to 30. o 0 c a,.71.d i;he eolur1m. was 

allowed to eqtt:1.lbrate f oi, 30 rriin bei'orie the mobile 

p11~so wae stal:a·l.iod tl?..1"0~:i. it,. i.rh0 solver.i:t was also 

equilib:rat,:>c1 i:n a 1:;hermoa-tated container bef o.re use .. 

Tha ctits wer•e about 100 ml each, and were colleeted 

on an !i.utomati e out oollocto~.. 1Ihey wer>e trn:."'lafeJ;-,r,ed 

to weig11ec1 beakers and the) sol vent we.s boiled .off. 

The residue, if' a"'ly, was ·weighed ru.1c:1 diasolv0d :ht ohloro­

f orm,. transferred to a ·test tube, a:i:1d at in.tr~ed speot­

ru.m of the re;ion 1500 errf' -.1900 cn11 wna r1.u1ll 
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