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" The Photochemistry of 6-epi-santonin

ABSTRACT To tost the hypcthesiérghepi~santonin‘s
different stereochemistry mnight allow a phenolie photo-
product, wnlike santonin, several irradistions of Ge-epi-
sanbonin were run in an attempt to isolate a phenol.
Although no phenol could be isolated, the vresults were
amblguous as to whether a phenol was actually present.
An atbtempt to determine the product distributbtlon was
also made, bub was not completed.

4
INTRODUCTION: ‘The most typical photoproduct for a 2,%-
cyclohexadieonone is & phenol, by & process analogous
to the acid-catalyzed dienone~phencl rearrangement.
An interesting exception is santonin (I) which has no
phenollic photoproducts in
aprotic solventsy Thore are

obviously two possible aiff-

erences hetween santonin and
an ordinary 2,li-cyclohexa=
dienone which could explain
this behavior: the methyl group on C-li or the y-lactone
ring. If one considers the sterecochemigtry of sanbonin,
he discovers that the trang lactone makes the molecule
quite rigid end this rigldity might bo responsible for
the failure to produce a phenol. In order to test this

theory, an epimer of santonin, é-epi-santonin, with =
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cis lactone was made and its photochemigtry studied
to gee if it did produce a phenol and also bo sec whab
other differences might be found in producbs and pro-

duet distribubtions.

RESULTS $ The Tirst irradistion of G-apiw-santonin
was done using s small sample éiséﬁved in benzene,
sealed in an evacuated IR tube, and was run overnightb.
An HMR spectrun taken of the mixture alter ireadiation
indicated moderaste quantities of (II). 4An extraction
5 of seidic compounds with 5%

| Nalll was atbempted, bubt was

! \l' hampered by the formation of
e o an enmlsion with the benzone,
- VPC, however, indicated the

presence of only one neubral

photoproduct, and there was evidence for an selidie
product. An infrared spectrum of the seidic subsbance
in ehloroform showed a poslk at 1776 ew” for the y-
lactone, and one at 1603 em' , possibly a phenyl nue-
leus, bub neither corresponding to a carboxylic acid,
indicating that the acidic subsbtance may be a phonol.

On the basis of ﬁh@sa regults, it was decided to
run a much larger sample and do a gquantitative extrsace
tion, using chloroform as a solvent instead of benzene
in order to get around the emulsion dAifficulty mentlioned
ghove., 5 NaOH definitoly extracted somebthing and
caused g separabion inte a neubrsl and an aclidice frac-
tlon. The acidic fraction turned red-brown with FeCl,,

indicating the presence of a phenol. It wes decided
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to chromatograph this agidie Lraction on silieca gel
to purify it, but = mistake was made in elubion solvents.
When this wlstalte was discovered, the colwm was flushed
with ethyl acetate. This solution, however, gave no
evidence of 2 santonin-like compound, and it was desided
that the columm hed either cauvsed the decomposition of
the aclidiec product or held it all back,

After the next irradlatlon, several abtempbs wore
made to obtain a phenol in the erystalline state,
After 1rréaiation, the solution was sgtripped of benzene
and the residue was redissolved in chloroform snd extrace
ted with 5% NaOH as before. The NaOH solution was
acidified by bubbling serbon dioxide through it, so
-as to precipitate a phenol. The only precipitate
formed, even after standing in the refrigerator, was
proved to be inorganic by an infrered spectrun and a
melting point determination. The solution was scid-
ified with 55 HCL and extracted with chloreolform.
The chloroform was dried and stripped off and the
residue welghed, glving a visld of 8.9 of possibly
rhenolic material. Infraved asnd ultraviolet spectra
were inconclusive on this material, however. Two diff-
event methods of acetylation were atbempted, bub nelther
produced a erystalline product which could be identi-
fled as a sanbonin compound,

At this point, it was decided that some of the
earlier problems might be the result of air oxidation,
either during the irrsdiation or after, so an irradi-

ation under nitrogen was tried, and the produet dis-
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Table I

Results of Liguid-Iidgquid Chromatopraph

of Acidie Fraction

Cuts Welght(mg) IR Bandsfem” ) Comments
2 8 ' , Impure
1 1 1780,1730,1630,1567 iR, UV
30 27 1780,1730,1608,1557 MR, UV
2h 2 Inpure
23,19 27 1775,1670,16110,1605,1580 NMR, UV
17,18 8 1780,1675,1608 uv
13,144,151k 1?763473611 605 uv
62 It 1790,1695,1605
61 I 1770,1600
ha,b2 7 17741730, 1600 uv

0 L Inpure

bribution was to be fownd using liguideliquid partition
chromatographty. The irrediation proceoded for twelve
hours with dry nitrogen bubbling through, end the
benzene solutlon was worked up in the ususl menner

and separated into an acidic and a neutral fraction.
The acldie fraction accounted for LhH% (22.;8 mg) of the
original 500 mg of saiple. This materisl wags chroms
atographed onn & Celite BLE eoluwm using nitromethone

as a gbationary phase and 5:1 hexenetbenzene (by volume)
as o mobile phase, equilibrated beforehand. When the
gample was disscolved in nitromethane to charge the
coluwan, a small smount would not dizsolve. 16 was
geparated and an infrered spectrum was baken whilch
indicated it was a santonin compound and probsbly had

& hydroxyl group, but probably was not a phenol.
Hothing more was done with 4t. OCutes of about 100 ml
were talen, dried, welighed, and an infrarved spectrun
of the veglon from 1500 ea’ to 1900 en” x smd taken,
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along with MR and ultraviolet spectra in some cases.
A total of 159 mg of the original 222 mg was recovevad,
Indicating either o very polar component that did not
come off the column or a decomposition on the solumm,
See Table I for data sbout the various fractions
identified,

The neutral fraction was the, chromatographed in
the game manner. In this cese, 17k mg of 278 ng was
recovered. The same analysis as with the seidic frection
wasg sbartéﬂ‘buh not completed. The only useful inforw
mation was that the major fraction had sn infrared
snechbrum different frow that of G-epl-mapdagsantoning
the expected mejor product. This faoct may be due to
decompogition of the fraction while gitbing in the
cuphoard during the anelysis of the seidic fraction,
or bo its sbtaying on the ecolwmn, although sontonin
experdende would indicate that the labber posgibllity

is wnlilkely.

DISCUSSTION: On the bagis of these vesulbs, it is
hard bo say snythlipg sbout the @Xi&téﬂﬂ$f¢? nox-oxl o
tince of a phenolic photoproduct of &-epi-sanbonin,
Cortainly, the existinee of an acldlec gomponent which
is net & carboxylic aelid would indicate o probable
phenolie fraction. Unfortunately, the data obtained
on the final irradiation with the liguid-licuid chro-
mabograph arve not sufficlient to say mucgh, The infrared
spectrs ave oxtremely hard bo interpret withoub the

other wavelengbhae presont, and in Tact, they wore
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used mainly to check for the y~lactone band indiecating
whether the product was a sanbtonin compound or nob.
Also the fractions show wmany differences in the infre-
red, but the three for which on NHMR speetrum wag taken
all have the same NIR spectrm, Presumably, some of
the peaks arve due to small amounts of Impuritios,
with only a few of those listed corresponding Lo peoeks
in the major product. Further, the calibration is
not very good, since the spectra were not taken to be
used in identification. The MR spechrm wes also
hard to inberpret because the concentration of sample
was not very high {(in fact, the the ethanol peaia from
the chloroform are ag strong as the main pesk present
for the compound) aond the noise drowns out all bub one
peak, abt {=1.0 which appeard wnsplit. This peak may

be methyl groups or
Ioble II:Ultraviolet Data

methylene groups, bub

Cuts Ag e (100}
Hax it gives little infore
1519,23,30 235 shoulder
309 mation sbout the product.
352 shoulder
The ultraviolebd spoctrs
13=15 235 shouldey
307 are probebly the most
hih2 232 shoulder informative of the three,
30h shoulder
but they are wnilormly
17518 307

nepabive. See Table T1,
These absorptions are all ebout the same intensitby,
but the actual value of the extinetion cos¥ficiont
is not Inown because the concentrations were not meas
sured. The bands display none of the {ine structure

asgoclated with aromatic aebsorpbions, and they don not



page 7
geen to oceur at the right wavelength for phenols,
either. The 235 myu shoulder apparent on all but the
last one (cuks 17 and 18) is sbout right for a conju-
gated ketone which could be s product. The absorpbtions
around 300 m;, may be n—fn% c’é\banyl transitions, but these
would be much weakeyr than the 235 my band, which they ave
not.

It seems apparent from the work: that has boen
done that this investigation ought to be conbtinued,
and that with a continuation along the same lines as
the Investipgabtions reported, good resulbts could be
obtained, The main problems encowntered were apparent
-~ ingtability of some products ond lack of time to develop
suitable methods. The liguid~liquid partition shrom=
atography anpears to be sbout the best method of sep-
aration, mmd it was found to work quite well for santonin.
It is, however, rathor ‘aaﬁﬁfus and time consuning.
The initial sepavation of an ascidic and a neubral
conponeny presents problems because benzeno forus
emulsions very easily, while base exbractions from
chiloroform may lead to degredations caused by carbones.
It might be betbor not o do this initisl separation.
Pinslly, the frvadistion mmat be done in a neubtral
atmosphere to aveld possible alr oxidations. I would
like to say once more that I think the project is

wortiniile end I would like Ho see it continued.

FXPBRIVMENTAL:

I. Purification of é-opiesontonin: A large quantiby of
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&egpi~gantonin was obbained from M, Piseh and puriliesd
by Eahromatagr&phy on 130 gms grade 1II glumina. The
golvent was 311 benzenethexene. ihe purified product
wae o white erystelline solid, molding point 10L.1w
105.09¢C,
ITs Irrediations: All the irrediations were done in
waber- jackebted Immersion resobors with s 100 wl solubion
volume., The light source was a 200 w Hanovia ulira-
violet lamp with & urenyl glass filter. 4 solubion
ol gbouk 5&6 mg (mecurately weighed) beepi=-santonin
Cin 100 ml benzene and placed in the reacgtor. Irradi-
ationg were run for shout bwelve hours, since thisg
period had been shown carlisr to lead to complete
reaction. The irradiation under nitrogen us: d an
immersion reactor with a Lritted plasgss disk at the
bottom fitted with a stopeock to admilt the nitrogen.
Hitrogen used was CIT high purity dry nitrogen. After
the irradintion was over, the benzehe solution was
poured out and the reacter was washed with several
portions of bonzene, then the benzene was stripped
off, leaving a powdery hrownish residue.
I1I. Separation into neubrsl and acidle fractionss
The vesidue from the irradistion was dissolved in
chloroform end extracted with 50 NalH soveral times
{usually aboub eight), ench extraction resulbing in
a colored aqueous layer. The residual chlorolform
layer was dried over Hgsﬁh’an& gtripped of solvent.
The NaOH solubtion was acidified with HCL snd resxbracted

again requirddg several extractions to get the color
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out, This chloroform solubtion wes dried over ﬁgﬁﬁh
and stripped of solvent.

IV, Chromabograph of acidie fraction on silice pels
The acidic fraction from one of the irrvadisbions wes
diggolved in benzene and put on & ecolumn of 15 gms
Davidaon #ilice gel deactivated with o9 distilled water
by weight {covresponds to prade ITI aluminal., The
colum was to be run with benzene~othyl acebabte in
varying amounts until the substence came off, bub i
was &ﬁ@avaved that nitromethane had been us.d instead
of ethyl scetate, so the colunn was thoroughly fiushoed
with ethyl acetate. The resulbing solution showed no
y~lactone peak in the infrarved.

V. Atbempted crystaellizetions snd derivativea:

A+ Slow neutralization with carbon dioxide: After
extraction of the irredistion mixture with NaOH, the
agueocus solution was slowly neubtralized by bubbling
garvbon dioxide through it, 4After Phe pH had reached
7s no crystallizetion had ocourred, so the solubtion
wag cooled in an ice bath, After this failed to cause
o precipltste, it was cooled oveornight in a refrigore
ator, “his caused precipitation of a very high molbing
{(>300°C) white erysbtalline product, which had nor-lactone
pegk in the infrared. The solutlion wasz acidificd and
extracted as belorve.

B. fcetylation: The product obliained altor recxirac-
tion of vhe basio solution wes reacted with acetic
anhyderide to form an scebtabe by two procodurest

1. Ulessolve the phenol in 3N Hadl snd add
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fce. This is followed by acetic anhydride. The mizture
iz shaken for one minute,

2. Reflux the phenol snd acebic anhydride
for 10-15 minubes, bthen pour inbto cold waber. This
solutlon is bolled to destroy the excess acobtic anhyw
dride and then cooled,

Both these progedures pave a fine, yellow-oronge
80lid produst in small yisld after cooling, bub the
Infraved spectrum showed no yelactone pesk for a sanbonine
1ike comi:mmﬁ‘

VI, Liguide-liquld partition chromatograph: The sup-
rorting meberial was Colibe SLE prepaved in the following
mennert it ic wached overnight in hot 617 HCL and then
vdnsed with water. This proceduve is repeabted coxeept
ot three wator pinses are used, Nexbt the Celite is
washed overnight in 111 methanoliethyl acetate mnd then
rinzed six times with water. It is thon oven drded for
twelve hours, after which 1t ls vready L& usc.

The solvents used were nitromethane as g stationary
phose and 511 hexenetbonsene (by volune) as a mobile
vhage, ALl the solvonts were rediabllled and dried,
and thoe pheses wore equilibrated on e shalkier for two
hours before uste

The coluwn wes preopaved by charging 320 gme Celite
with 160 nl sbabionary phegse and peeking 1% in a 20 oz
200 en wabter joaclobed column. The substance o be
chromatopraphed was dlasgolwed in 10 ml stationovy
phase and adsorbed on 20 gus Cellite, Then packed on

top of the obthier Celibe. the columeand the golvend
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sunply were thormostbated Ho 20.0°C gnd the eolum wag
allowed Ho equilbrabe fop 30 min before the meobile

hase was shtartod through it. The solvent was nlso
aquilibrated in a themsostated conbalner before use.

The eubs wore gbout 100 ml each, and were collocted
on an subonabtic cub collecbor. They wore transferrved
to welighed beakers and the solvent wes bolled off.
The residue, if any, wos welghed and dissolved in chloro=-
Lorm, trenaferred to & test tube, and an infroved spocts

mm of the reglon 1500 om’ «1900 em”  wop mum,
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