
MOLECULAR -REARRANGEMENTS AND 
' 

TRANSFORMATIONS IN miTERPENES 

THESIS SUBMITTED FOR THE DEGREE OF DOCTOR 

OF PHILOSOPHY (SCIENCE) OF THE 
' 

UNIVERSITY OF NORTH BENGAL 

SWAPAN KUMAR CTlANVA~ lvf.So.~ 'B.Edt. 

Department of Chemistry 
University of North Bengal 

Raja Rammohuripur,Darjeeling, 
· West Bengal, India. 

2002 



STOCKTAKING .. 2011 1 

. 168'125 



AC.KNOWLEDGEMENT 

The present thesis embodies. the results of research carried out by the 

author. at the Department of Chemistry, University of North Bengal, Raja 

Rammohunpur, Dist. Darjeeling, West Bengal, India. 

The author takes this opportunity .to record his deep sense of gratitude 

to his supervisor. Dr. S.N.Bose, Prof. in Chemistry, _University of North Bengal 

·for his valuable suggestions, continuous guidance and ':lntiring interest 

throughout the research programme. . 

The author .is highly . indebted to Dr. B. Basu, Chemical Center, Lund 

University, Sweden for 1H NMR (300 MHz) and 13C NMR (75 ~Hz) spectra. 

The author is highly indebted to Dr~ U. K.Saha, Fachbereich Chemie 

der Uriiversitat Konstanz, Konstanz, Germany ~r.several ElMS spectra. 

The author is thankful to Prof. J. Gauronski, Adam MiChiewiez 

University, Poland . for arranging circular dichroism (CD} spectra. . . 

The author is grateful to Prof. S. Lahiri, Indian AsSociation for the 

Cultivation of Science , Calcutta for providing ·laboratory ·facilities for 

irradiation with medium pressure ·mercury iamp. 

The author i.s thankfulto Prof. B.C. ~anu and Prof. N.G;Kundu, lnd.ian 

Association for the Cultivation of Scien~ for providing laboratory facilities for 

catalytic hydrogenation experiment. 

The author is also grateful to the Director, Central Drug Research 

Institute, Lucknow for arranging some NMR and mass spectra. 

. The author is indebted to Dr. A.KNanda, Reader in Chemistry and Dr. 

AK.Majumder, Scientific Officer, Dept. of Chemistry, University. of· North 

· Bengal for UV, IR and several FTIR spectra. 



The author is indebted to Prof. B.P.Pradhan and Dr. T.K.Roy, both of 

Dept. of Chemistry, University of North· .Bengal for their various help and 

encouragement. 

The author expresses his thanks to Dr. Satyajit Chakraborty, Dr. 

Pranab Ghosh, Dr. Animesh Roy, Late Dr. Rajen Sinha, Dr. Madhusudan 

Basak, Dr. Chaitali Deb, Mrs. Jyotsna Mothey, Mr .. Nagen Pradhan and Mr. 

Niranjan Mirdha of this Department for their valuable co-operation. 

The author is thankful to the authorities. of the Dept. of Chemistry, 

University of North Bengal for extending laboratory facilities etc. 

The author expresses his gratitude to his beloved parents, mother-in

laW, wife Mrs. ~ukl.a Chanda, elder s_lster Mrs. Sipra Sarkar, . bro~her-in-law 

Mr. Niranjan Sarkar, niece Miss Palfabi and Miss Shubhashree and also to 

Mrs. Sipra Bose, wife of Prof. S.N. Bose for their keen interest and 

encouragement. · 

The author, finally, thanks the authority and colleagues of his school, 

where he Works for their constant inspiration. 

Depar:tment of Chemistry 
University of North Bengal, 
Raja Rammohunpur, 
Dlst. Darjeeling, West Bengal, 
India. 

July, 2002. 

S.Wa.pQ '1'\.. I<M.. "W\.~ cA-a,a. 'V!.aLa.. 

(SWAPAN KUMAR CHANDA) 



1 

SUMMARY 

The work embodie4 in this thesis has been divided into two parts. 
a . 

PART-I 
This part deals with the prep~tion and photoohetUistty of cross-conjugated 

eydohexadiencme riug A uf friedclaue triterpene aud has been divided intu four 

chapters. 

CHAPTER· I. 
This chapter gives a short review on the photoche!pistry of cross-conjugated 

cycJohexadien~es. Herein· mainly structuraJ aspects have been reviewed in a few 

sections. 

CHAPTER-II 

In this chapter mechanistic aspects of the cross-conjugated cycl6he~adien6ne 
p~toche_mistry are reviwed in brief in a few sections. 

CHAPTER-lll 

This chapter deals with the present work on the preparation and 
photochemistry of cross-conjugated cyclohexadienone ring A offriedelane triterpene 

and bas been divided into three ~ections. 

SECTION- A 

This section describes the synthesis of the key compound~ friedel-1(10)~ 3-

dien-2-one (V), a cross conjugaied cyclohexadienone system in ring A of friedelane, 

by a sequence of reactions using pentacyclic triterpene, friedelin (I) as the lead 

. compound. 

C3oHsoO 
Friedelin (friedelan-3-one)A(l) mp 260°-261?C- obtained as the chief 

constituent · from cork waste QY extraction followed by purification by column 
chromatography~ was reduced by sodium borohydri.de to .afford f.riedelan-31}-ol (II)~ 

mp 282-284°C. IR(nujol) 3430 cm-1 . (OH). C30H,20. Dehydration of (ll) with 

phosphoryl chloride in pyridine on steam-bath fQr 4 hr gave the olefin, friedel-l· . -

ene(Ill), C30Hw mp 265-266°C. IR spectrum displayed bands at 780 and 750cm-1 

indicating the presence of a trisubstituted double bond. Compound (Ill) was subjected 
. . 
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to two successive oxidations. The first oxidation with sodium dichromate in benzene
ACOH (1 : 1) at reflux temperature ( 4 hr) yielded (60%) the conjugated ketone, friedel-

3-en~2-one (IV), C30H480 (crystallised from ethyl acetate) mp 287-28~C. Its UV 
spectrum showed absorption maximum at 236 nm (s7600) (MeOH), IR (nujol) 1658, 

1620, 850, 720cm-1 (cyclohexenone chromophore). 1H NMR (300 MHz. CDC13) gave 
signaJs :fOra v:inylpm-ton ato 5.65 (d, J- 1Hz, 1H), vinyl methyl 1.84(d, J- 1Hz, 

3H) due to small splitting for allyUc coupling, besides seven saturated tertiary methyls 

between 0.91 and 1.14, 13C chemical shift values (75 MHz. CDCI3) at 200.62 (C = 
0), two olefinic carbons at 172.06 and 125.32.In addition, signals for 27 saturated 
carbon atoms occured between 55.60 and 17 .62. (IV},~,on further oxidation with DDQ 
in dry dioxane under nitrogen blanket at reflux temperature for 3 hr afforded the key 

compound (V), mp 280-281PC ·(crystallised from EtOAc) C30H460. Combination of 

spectral data. enabled(==.:-,to deduce its cross-conjugated cyclohexadienone structure . 

. It showed UV maximum at 246 nm (MeOH) (& 17150), IR (nujol) bands at 1646, 
' .. 

1610, 1584 and 890· cm-1• 1H NMR spectrum exhibited resonances for 7 saturated 

methyl groups between o 0.92 to 1.25, one vinyl methyl at 1.95(d, J -1Hz, 3H) and 

two olefinic protons_ at 6.11 (d,,J- 1Hz, lH) and 6.02 (lH, s). 13C NMRspectrum 
displ~yed peaks at a 187.55 ( C = Q),four olefinic carbons at 177.50, 167.29, 125.68, 

121.86 and 25 saturated ·carbons between 50.16 to 17 . .73; ElMS exhibited molecular 
ion peak at mlz 422 (M+ 48%) and prominent fragments at 407 (M +- C}\). 298, 286, . ~ . 
27L 229, 203,- 182, 175. 135, 95, 81. 30 . . 
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(IV) 

Friedel-3-en-2-one 
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iii 

(V) 

Friedel-l (10), 3-dien-2-one 

(Bicyclohex [3.l.O]~one type photoproduct) 

(VII) 
Phenoli~ product 
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SECTION -B 

, · This section describes the. photoirtadiation of;the synthesised key compound 

(V). isolation and elucidation of the structure of the major photoproduct, the bicyclo 

[3.1.0] hexenone (Vn, also popularly known as the l~piodnct. . 

The photolysis of the cross-conjugated cyclohexadienone (V) at 254 nm (low

pressure mercury ,lamp) i~ dry dioxane at ambient tempera~re under nitrogen 

atmosphere for 15· min. was carried out. The progress of the photoreaction was 

monitored by TLC. Using pet ether-ethyl acetate (4:1) as eluent a colourless compound 

has been obtained, which on cry~tallisation from ethyl acetate afforded n.eedles cvn. 
(62%), c30H460, mp 305"C. Bicyclo [3.1.0] hexenone structure (also caUed popularly 

as lumiproduct) of (VI) was determined by combination of .physical techniques~ UV 

spectrum showed absorption maximum at 241 nm (MeOH) (s 8200) (conjugated 

ketone), IR (nujol) at 1675, 1595cm-1 (cyclopentenone). A detailed analysis of 1H 

NMR, 13C NMR and ElMS enabled us to deduce the structure of (VI). 1H NMR showed 
resonances at 3 5.65 (d, J- 1Hz, 1H) for olefmic proton and at 2.14·(d, J- 1Hz, 3H) 

for vinyl methyl goup and between 0.92 to 1.15 for sevent tertiary methyls. 13C NMR 
revealed resonances at 3 206-(C = 0), two elefinic carbons ~t 175 and 133~ besides 27 

sp3 carbons between 58.80 and 16.84. ElMS registered molecular ion ~k at mlz 
422 (M"", 73%) and other impQrtant fragmented ions at 407 (M""- CH

3
), 298, 218, 

204, 175, 161, 149,.136, 123, 109 and 95. 

Since lumiproduct VI itself is photolabile, prolonged irradiation results in a 

complex reaction mixture. · 

Considerable attention has been directed to and works have been reported on 
the stereochemical aspect of cyclohexadienone photochemistry. This photoreaction 
appears to be stereospeCific and proceed with inversion of configuration at the . 

mlgrating carbon atom. Since conflicting and ambiguous results have occasionally 

been encountered, the problem of stereochemistry has to be resolved satisfactorily. 

In the light of currently accepted view the stereostructure of the lumiketonehas been 

assigned to be (VI). The stereochemistry has also been discussed in. the light of 

chiroptical measurements. 
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SECTION-C 

This section describes the isolation and characterisation of the phenolic 

photoproduct (Vm obtained on irradiation of the key compound (V) for an extended . . 

period. Also it is formed as a· secondary photoproduct upon irradiation of the 

· lumiproduct (VI). 

On carefully monitoring· the photolysis by TLC it has been nQticed that a . 
second spot made its appearance on prolonged irradiation. The phenol (VIij was 
Sl!bsequently isolated as a white solid on silica gel chromatography. It was crystallised 

from ethylace~~e a8 needles mp 198°C. It exhibited absorption maximum at 281 nm 

(s 2250) in UV spectrum and a strong IR band at 3320cm-1 "indicative of phenolic OH 

group. Mass spectrum recorded a molecular ion peak at mlz 422 sho~ing that (VTI) is 

isomeric with (V) as well as (VI) and suggest to originate from an intramolecular . 

J)hotorearrangement. It was further substantiated by an accurate mass m.easurement 
in high resolution mass spectrum (HRMS, M+ observed.mlz 422.250l;calculated for 

C3Ji460 mlz ~22.2508) which supported the molecular formulation as CJi460. Owing. . 
to the paucity of the material its NMR spectrum could not be recorded. Based on 
above-mentioned spectral observations coupled with currently accepted mech~stic 

considerations, we propose the structure (VTI ) for the phenolic product. 

CHAPTER-IV 

Experimental portion has been described in this chapter. 

• I 
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PART·ll 

This part deals with the preparation and molecular rearrangement of 2a, 3a

epoxy lupan-1-one catalysed by boron trifl~oride and by ultraviolet. irradiation and 

·has been ·divided into three chapters. 

CHAPTER-I 
. This chapter· gives a short review on the molecular rearrangement of a,~

epo~y ketones, SECTION- A : induced by the Lweis acid, boron trifl1,1oride~etherate 
and SECTION - B : induced by. ultraviolet irradiation. 

CHAP.TER-ll 
This chapter describes the present work on p~eparation and molecular rear

rangement of 2a, 3a - epoxy lupan-1-one (XII) catalysed by. boron trifluoride and 

by ultraviolet irradiation and has been presented in three sections. 
' ' 

SECTION-A 
This section desc.ribes the synthesis of 2a, 3a-epoxy lupan-1-one 001) using 

lup~l (Vlll), a pentacyclic triterpene of lupan series, as 'the lead compound, obtained 

abu'shdantly from the plant Zanthoxylum budrunga growing in North Bengal. 

Compound (VIm on catalytic reduction furnished lupanol (IX) which on dehydration 

with phosphorus oxychloride in pyridine afforded lup-2-en(X). Oxidation of (X) with 

sodium dichromate in benzene-acetic acid mixture ( 1:1) yielded the conjugated ketone, 

Jup-2-en-1-one Q{ I), A.max 220nm, v max 1667cm-1• Since the system 2-en-1-one ·of ring 

A in triterpenes is stable towards alkaline hydrogen peroxide, attempts to epoxidise 

the conjugated ketone (XI) with alkaline H20 2 had failed. Consequently, an alternative 

methc,ld had been adopted for the preparation of the epoxy ketone (Xll). Lup-2-ene 

(X) on selenium dioxide ·oxidation in dioxane with· a few drops of water added in it, 

gave the allylic' alcohol, lup-2-ene-1a-ol (XIII). Compound (XIII) was epoxidised 

with metachloro-perbenzoic acid in chloroform to .Yield the epoxy alcoh~l, 2a,. 3a

epoxy lupan-la-ol(XN). The key comp<)un, 2a, 3a-epoxy lupa,n-1-one (XII) was 

then prepared by the chromium trioxide-pyridine oxidation of (XIV)~ In 1H NMR 

· spectrum, appearance of resonances at a 3.1 (doublet, J =4Hz) and a 3.27 (doublet, J 

= 4 Hz) enabled to assign 2a, 3~-epoxy ketone stereochemistry for (XII). 
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SECTION -B 
This section deals with th~ molecular rearrangement·of the synthesised a.,j3-

epoxy ketone· (Xll) induced by the Lewis acid~'BF3 - Et:zO. 

· BorQn trifluoride catalysed rearrangement of (XII) in dry benzene at ambient 

temperature afforded the ring A contracted keto ald~hyde. 2-formyl-A-nor-lupan-1-
. . 

one (XV) in 60% yield. It practically exists in solution as the enolised form (XVI). 

The ~tmcture of the rearranged product was deduced by the physical techniques UV, 
IR, NMR and mass spectra. Of the two possible enolised forms (XVn and (XVIn. 
the former one (XVI)' was supported by aldehydic proton singlet at o 9.4 in the 1H 

NMR analysis. 

·The attack by BF3 upon (Xll) opeils the epoxide ring to generate electron

deficient centre which subsequently undergoes rearrangement to afford ring-A 

contracted keto aldehyde (XV). 

SECTION -C 

This section deals with the photolysis of the epoxy ketone (Xll). Since a,J3-
. epoxy ketones are much susceptible to photochemical alteration, it was felt pertinent 

to irradiate (Xll) and make a comparison of the light-induced rearranged pro<:fuct 

with that of acid-catalysed rearranged one (XV). 

Irradiation of (XII) in dioxane with medium pressure mercurry lamp (1.. > 290 

nm) at ambient temperature under argon atmosphere for 0.5 ht. bas been carried out. 
Isolation of~ same keto aldehy4e (Xv) has been achieved ~n good yield (52%). 

The identity has been established by comparison ofmp, mmp, UV, IR, 1HNMR and 
mass determinations. Since the?jhltial product (XV) is also photolabile, irTadiation · 

for an extended period results in a complex reaction mixture giving a low yield of 
. . . 

(XV). The diradicat genemted from excited singlet manifold by homolysis of Ca -0 
bond rearranges to the keto aldehyde (XV) by a process in whieh the bond-migration 

and carbonyl formation steps are considered to be concerted. 

CHAPTER- III 

This .chapter gives the desCription of the experimental portion. 

!l;i 

I 
' 
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CHAPTER.:.I 

(A short ·review· on Structural Aspects of Cross-conjugated· 
Cyclobexadienone Pbotochenlistry) 

Introduction : 

The photochemical rearrangements involving cyclohexadienones. in general 

and cross-conjugated cyclohexadienones (2,5 cyclohexadienones} in particular, 

are r~markably facile, but fascinatingly complicated. Light induced rearrangement 

of a-santonin-(1 ~a sesquiterpene CfOS$-COnjugated cyclohexadi~none,was recorded 

in the literature as early as 1830. Considerable efforts have been directed by a 

group of Italian workers at the beginning of the last century1• The pioneering 

studies by Barton, Jeger, Vantamelen and tpeir groups resolved the.structure and 

stereochemistry of various photoproducts of a.-santonin2-9. Subsequently, it was 

observed, that photo transformations in cross-conjugated cyclohexadienc;mes are 

fairly general and could be correlated with a.-santonin photoproducts. Several 

detailed reviews11-
17 have appeared concerning this rapidly expanding research 

activity that unveiled the deep-seated, multistep photochemical rearrangements 

and also on the progress in underStanding the mechanistic aspects of these reactions. . 

Since the field has expandeo enormously and a wealth of information 

conceining the rea~tion products and mechanism have accumulated,we wish to 

divide the review on the photochemistry of cross-conjugated cyclohexadienone in 

two chapters : Chapter-I, that deals with the structural aspects of the plethora of . 

photoproducts, generally obtained in this type of compounds and Chapter II, that 

deals with the mechanistic aspects of the formation of photoproducts. 

Concerning Chapter I, so vast is the progress achieved in this field and 

the process has encompassed such a wide variety of molecular structural types 

that it is difficult to cover them in detail and photochemists look at this with awe. 

Thus, here, a short but comprehensive discussion has been attempted, which is 

representative rather than exhaustive. 

Depending upon structural variations, substitution patterns, solvent 

polarities and different exciting wavelength used, a multitude of products are 
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obtained through a multistep process. When a cross-conjugated cyclohexadienone 

is ph~tolyse<} in nonpolar solvents such as. dioxane or ether using exciting 

wavelength of 254 run, the prinicpal product obtained is the bicyclo [3.1.0] hex-3-. 

en-2-one, a cyclopropyl ketone (also ~ailed as lumiproduct, analogous to 

lumisantonin 2). On prolonged irradiatiion secondary transformation oflumiketone 
gives rise to several spiro-ketones and eventually phenols. Interestingly, when 

irradiation is effected in acidic solution the lumiproduct is not obtained, instead, 

the major photoproduets obtained are mixture of spiro-ketols having a spiro [4,~] 

ring system and hydroxyhydrazulenones (517 fused). Since we are concerned here 

with the irradiation of the cross-conjugated cyclohexadienone in anhydrous as well 

as aquous diQxane where lumiproduct and phenol are principal products, our review 

will involve the formation of lumiproducts and phenols depending upon structural 

variations and substitution patterns. 

Since the photochemical transformation of a-santonin(l) has been studied 

earliest and since a IQt of 1nformations regarding structure, stereochemistry and 

mechanism have gathered based on this molecule,· it is worthwhile to take up the 

discussion of. a.-santonin (1) first (SECTION-A). Then we discuss the monocyclic 

cross·conjugated cyclohexadienones (SECTION-B) followed by bicyclic 

(SECflON-C) and then extended to polycyclic compounds including steroids 

(SECTION-:0). A short discussion ·an formation 'of phenolic products has been 

made (SECTION-E). Some heterocyclic compounds have been dwelt upon 

· (SECTION-F). Also we have focussed on anomalous behaviour of some 2,5-
cyclohexadfenones (SECTION-G). 



3 

SECTION-A 
(A short review on Santonin ~ Lumisantonin Photorearrangement) 

Barton and coworkers5 observed that irradiation of a-santonin(!) in neu

tral media gave an isomer lumisantonin(2?. This compound was also obtained by 

Buchi, · Jeger an~ Cocker and their groups3 ~ The structure was deduced by chemi· 

cal degradation and intensive spectroscopic s~tfies. It showed IR bands in nujol 

at 1765 (y-lactone)~ 1703 and·l663cm-~ (tt~P unsaturatedcyelopentenone) Amax239 

nm (e 5860) indicating an a,j3-unsatumted ketone. Three C-Me groups were de

termined both chem~cally and by quantitative IR measurements. 

(2) was readily hydrogenated to a dthydroderivative (3) which showed IR 

bands at 1770 (y-lactone) and 1703cm-1• The later frequency at 1703cm-1 is in· 

dicative of a bicyclo [3.1.0] hexan-2•one system. On refluxing with a.quous AcOH 

(3) furnished an isomer (4) and the corresponding tertiary alcohol(~). The com-
. I . 

pound (4) exhibited IR bands at 1765 (y-lactone) and 1735 (normal 

cyclopentanone)cm-1• UV showed only an isolated ethylenic linkage in its uv spec

trum. The production of an additional ethylenic linkage under such mild condi-· 

tion,.in conjunction with speetral data, provides a proof of the presence of a con

jugated ketone group and cyclopropane ring in lumisantonin(2). The constitution 

(5) follows from its genesis and the failure to show absorption in the far ultravio

let region and appeamnce ofiR bands at3430 (OH), 1750 (y-lactone) and 1726 

. cm-1 ( cyclopentanone). 

Treatment of (2) with Os04 gave a ·crystalline glycol (6) having IR bands 

at 3360(0H)~ 1770 (y-lactone) and.1726 cm-1 (cyclopentanone) and UV absorp-. 

tion same as dihydrolumisantonin (5). It consumed 2 mole of periodic acid to 

afford a C-14 aldehydic acid which is regarded as existing in the lactol form (7), 

since it showed no UV or IRaldehyde absorption. It gave a positive Fehling's test 
. . 

and was oxidised by Cr03 to afford an anhydride (8), IR. band at 1830 (anhydride) 

and 1770 cm-1 (superimposed anhydride andy-lactone bands). The position of the 

anhydride band at 1830 cm-1 is what might be expected for a succinic anhydride 

attached to cyclopropane ring. This.evidence conclusively proved the presence of 

·'{he grouping (-C- CH = CH-) in lumisantonin. This was further confirmed by 

ozonolysis. (2) on treatment with ozone yielded formic acid and a compound (9) 

which exhibited IR band at 3440 (OH) and 1755 cm-1 (broad band). Alkaline Hz02 
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cleaved the compound (9) to afford,:.)·.::--',::·, .. : ... ~ ;. ~·~<:'~(10), the constitution of 

which followed when it was obtained also by opening the lactone-ring of lactol (7) 

with alkali. 

Treatment of (2) with hydrogen bromide in AcOH for a short period gave a 

non-conjugated cyclopentenone (11), IR band (in CC14) at 1792 (y-lactone), 1752 

(Br ~unsaturated cyclopentenone) and {in nujol) at 1627, 802~ 752 and 722 cm·1 

(triply substituted ethylenic linkage) .. Boiling in pyridine converted (11) to a new 

non~conjugated dienone (12) and some re-fonned.lumisantonin. Therefore, the 
opening of the cyclopropane ring is reversible. The bromoketone ( 11) was· un

stable at room temperature, it 1iquified and then resolidified to produce a new 

conjugated dienone (13) which contained three C.-Me groups and registered IR 

bands at 1760 ( y-Jactone ), 1697 and 1 ~60 (con juga ted cyclopentenone) and at 1630 

and 722 cm-1 (trisubstituted double band). UV spectrum disclosed an a,J3-unsatur

ated ketone band at 220 nm.- The ketone (13) absorbed two moles of hydrogen and 

furnished a saturated ketone.(14). 

The results described above show that lumisantonin (2) must contain the 

partial structure (15). The further rearrangements described below enabled Barton 

et al. to ascertain full structure of lumiproduct as (2). With aqueous-Ac0H(2) gave 

the 10-hydroxy compound (18) and with AcOH containing a trace of percloric 

acid, 1~-acetoxy derivative·~} (l8a) was obtained. These rearrangements can be 

interpreted as in ( 16) or as involving an intermediate ( 17) which undergoes further 

rearrangement as indicated. 
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Tbe Stereoche~istry of Lumisantonjn : 
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Barton and Gilham6 carried <)ut a detailed degradative study to deduce the · 

stereochemistry oflumisantonin(2). I& stereochemistry has been evaluated at every 

centre of asymmetry. It has been shown that the cyclopropane ring is fused cis to 

its attached five and six-memebred rings. The photorearrangement is strerospecific 

with inve~ion of configuration at the angular methyl group. 

The centres of asymmetry at position 6, 7 and 11 are not al(ered in the 

photoisomerisation. Since these centres do not have bonds permitting the UV ab
sorption needed for this reaction and since all four possible S8J]tonins epimeric at 

C-6 and C-11 have been irradiateed and shown to furnish four different transfor

mation products30• a fact best explained if C-6 • C-7 and C-11 are not altered in 

any way on irradiation. 
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The cis relation between the 3,4 and J ,S-bonds in (2) has already been 

proved5• Thus the dicarboxy lie acid obtained by openi:qg ring A of (2) gives spon

taneously the .anhydride (20). This rules out the possibility of the two carboxyl 

groups of the acid attached in the trans manner to the cyclopropane rin.g. The reac

tions described below established the configuration of the Me group at C-10 in 

(2). Dihydrolumisantoni~~-;;, __ :. ··(19) was oxidised with Cr03 to afford-the diketo 

acid (22). This exhibited an- interesting UV absorption Amax 220nm (&5600).
1 
By 

analogy with the ready reduction of the system 

I I 
-co ·-C= C-CO-to -co -CH -cH- CO :.... by dissolving metals, 

it was predicted that there would exist a cyclopropylogous reaction of the type 

. '-./ . . c 
- . /\. . 

-co-c -'t-eo-~ 
I I 

......... / 

/c" 
- CO-CH CH~ co

l I 

which could be applied to the diketo acid (22) that on reduction with a Zn-Cu 

couple in acetic acid readily furnished the diketo acid (21). The presence of two 

cyclohexanone carbonyl groups in thi~ acid was shown by IR spectrum. Reduction 

with borohydride gave a dihydroxy acid which lactonised spontaneously. Subse

quent oxidatic;>n yielded the k~tolactone (23). The stereochemistry of the ring junc

tion in this ketolacton.e was ascertained by comparing ORD curve, which showed 

·a single Cotto~ Effect with a trough at 310 nm [M]- 24000) with that of fri~elin 

(26) to which it is analogous. The dispersion curve also corresponded, but with 

inversion of a-tetrahydrosantonin (27). Since this lactone was _stable to digestion 

with alkali, the configuration of the ketolactone (23) at position-4 is regarded as 

-equatorial (a). If it is assumed th~t the,borohydride reduction of the diketo acid 

(21) and subsequent manipulations have not inverted Ute configuration at C- 4, 

then this compound must be assigned with a 4a-Me group as already indicated in 

(21). A non~crystalline isome~ (24) was obtained by NaOH treatment of the keto 

. acid (21) at steam-bath · temperature. Reduction with borohydride: produced a 

dihydroxy acid which spontaneously lactonized. This was oxidised, without iso-

.·. lation. to a new keto lactone (25) by Cr03 oxidation. The Keto lactone (25) showed 

a:.»ow cui'Ve which has a single Cotton Effect with a trough at 31 Onm ([M]-38<>0") 

very similar ~o that recorded above for the isomer (23). These results are inter

preted as_ follows : 
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Since . the diketo acid has already the more stable trans-decalin ring fused 

and almost certainly. an equatorial Me group at C- 4. the only configuration that 
can be inverted by the mild treatment with alkali must be that at position C ~ 7. 

Thus the hydroxyl group and propionic side chain of (19) must, because of ring. 

fusion, both be axial as sho\vn in lumisantonin (2). This is further corroborated by 

the fact that lumisantoninic acid and its dihydroderivative do not.lactonise unless 

the· condition is forceful. The_ configuration at position-6 in the two keto-lac

tones(23) and (25) are regarded as ~and a respectively. because of the changes in . ' 

rotation they exhibit in opening of the lactone ring in alkali. The lactone rings in 

both these compounds are formed spontaneously from the parent hydroxy-acids. 

Since the· propionic acid side chain of (23) is~ (axia~) spontaneous Iactoniution 

is, in any case, only possible if the configuration is J3 at position-6 (cis-lactone 

formation). 

The configuration at position-4 in lumisantonin was detennined in the fol

lowing way. In their early work Barton et al.5 demonstrated thatlumisantonin on 

careful treatment with hydrogen bromide afforded the doubly unsaturated 

ketolactone (28) where the configuration of (2) at position- 4 is preserved. The 

ORD curve of the compound (28) Showed a-single Cotton Effect with a trough 

near 330 run ([M] -57000) of enantiomeric type of that of a comparable model 

steroid (29). The latter had a-single Cotton Effect with a peak near 330 nm· ([M] + 
48000). The configuration atposition-4 in (2) must be, therefore, opposite· to that 

at positipn-13 in (29) as written into formula (2). Thus, the stereochemistry of 

lumisantonin (2) at every centre of a$ymmetry is defined. 

The structural assigriment of lumisantonin (2) was also independently 

established by ArigonP et al. and Cockeil et al .. 
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SECTION-B 

(A short review on the Photochemistry of MonocycUc 2,5-CyCiohexadienones) 

For extensive study Schuster and co-workers18 have elegantly chosen the com

pound 4-:methyl-4-tricbloromethyl cyclohexadienone (30) which is easy to synthesise 

and has also molecular simplicity. This model compound possesses a trichloromethyl 
substituent at C- 4 which can be ~pelted readily as radical. Photolysis of (30) in ether · 

or 2-propanol afforded po-cresol (31) and products C2Cl6 and CHC13 are derived from . . 

CC13• This supports the proposition of the primary photochemical intenned.iate ~ a 

radical-like species. To adduce further evidence for radical i~termediate they ther-
• 

mally generated Me2COH by decomposing \>enzoyl peroxide at BO"C in isopropanol 
in which (30) was 1added. P-cresol (31) was obtained along with CH03 in good amount 

?! ?! 
PhCOOCPh + (30) + Me2CHOH. ---+) (31) + CH~ + Me2C = 0 

0 
II. 

Q hv 

~ cc~ 

(30) 

• • 
CC13 + H --7> CHC13 

) 

• 

OH 

~ 

(31) 

• 
+ cc~ 

2CC13 ---~) C2
Cl6 
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On the other hand, irradiation in benzene yielded the .lumiproduct (32}. 

Schuster et al. also utilized this compound for providing uinequivocal proof for 

the intermediacy of zwitterion at the later stage of this deep-seated rearrange

ment. A close look at the structure of (30) shows that due to the presence of the 

electron - withdrawing trichloromethyl substi~ent su,~eptibility of this intertne-

. diate to nucleophilic trapping increases considerably in the transition state. It makes 

[1,4] rearrang~ment to lumiproduct as in (S1) :and the cyclopropyl cleavage as in 

(82) less favourable and increases the possibility of zwitterion (33) for trapping as 

· well as kinetic study. Protonation of (33), which has been envisaged as the com

mon intermediate for (32), (35), (38) and (39) in acidic methanol, ethanol or iso

propanol gives (34) which is captured by solvent to yield the alkoxy ketone (35). . . . 

The product (35) is a unique one since. the postulated zwitterion skeleton is pre~ 

served in it. In the absence of an appropriate. electrophile, the zwitteriqn is cap

tured by nucleophile such as alcoholic solvent and added halide ion to afford (36) 
' l " . . ... 

and (37), respectively, which subsequently fmgmented to give (38) and (39) by an 

hv 

cc~ CCI 
(30) 3 H. 

I 
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anionic Grob-type process. On increasing LiCl con~entration in methanol and 

trifluroethanol the ratio (39)1(32) and (38)1(39) increase linearly and the quantum .• 

yield of the fonnation of the zwitterion (33) approaches to unity. 

In contrast to (30) the closely related bycyclic dienone ( 40) is ine~ under 

·similar condition of irradjation22• Probably lesser stabilitY of the dichloromethyl 

radicaJ could be the reason for the failure of (40) to undergo expulsion. Also the 

failure to take part in lumiproduct formation can be accounted for by the 

destabilising election-withdrawing effect of the dichloromethy 1 group on the usual 

intennediate ( 41) possessing an electron deficient n-system. 

(40) (41) 

Pavlik et al.23-24 irradiated 2,6 - dimethyl-4H-pyran-4-one (42) in 2,2,2-

trifluroethanol and obtained the stereoisomeric products ( 43) (major isomer) and 

(44) (minor one). These products are formed by nucleophilic trapping and frag

mentation. of the zwitterion intermediate just as in the ~chloromethyl analogue 

(33) .discussed above. 

+ 

(42) (43) OH (44) OH 
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Subsequent to photoexcitation of cyclohexadienones which are generally 

nearp:lanar, 13~ 13' bonding is postulated which leads to puckering of the ring sys· 

tem. In depth studies have been conducted to determine the factors that govern the 

steric and regioselective course of cyclohexadienone-bycyclohexenone 

photoconversiont particularly in monocyclic system. In the absence of other per

turbations in the system the direction of ring puckering seems to be steric in 

nature. Rogers and Heart25 observed that increased steric requirements of sub

stituents at C-3 to C-5 may direct the bulkier of the C-4 substituents [n-propyl in 

(45)] into the endo orientation. The molecular motion leading to exo orientation 

would require the larger substituent (n-propyl) to pass by the substituent (CH3) 

which becomes more difficult with their increasing ~i~e. In the series (45a) • (45c) 
• C46c;.~C!)/(47o..-e) · , 

they25 demonstrated that the ratto of the products A _ , as shown below, 

support their proposition, provided the inversion of configuration on the [1,4] 

shift is assumed. 

(45a)R = R'=H 

hv 
----~ 

46a)R=R'=H 

+ 

(47a)R=R'=H 

( 45b )R=C~, R'=H ( 46b )R=C~, R'=H ( 47b )R=C~, R'=H 

(45c)R=R'~ (46c)R=R'~ (47c)R=R'~ 

-

46a 44 
47a =56 
46b 68 .---...... =-
47b 32 

46c 91 
- =-
47c 09 

In order to examine the relative contribution of electronic and steric ef-

fects, Schuster and coworkers1s-19 have chosen the cyclohexadienorie (30) and its 

methyl homolog ( 48)26 possessing trichloromethyl group at C- 4 which can exert 

steric effect due to bulky - CC13 group as well as electro?ic effect arising from 

co.umbie charge repulsion between the electron-rich CC13 group and the dienone 

1t-system. The cyclohexadienone (30) afforded (32) as the sole product while ( 48) 
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·gave both exo (50) and endo (49) as major and minor products, respectively. The 

stereochemistry of the products were ascertained on the basis of spectral data.· , 

hydrogenation experiment and an X-ray crystal analysis. The results are rational

ized mechanistically on the basis of competition of steric effect favouring an endo 

orientation in the intermediate and derived lumiketone of the bulkier substituent 

(CC~) at C- 4and columbic effects favouring an do orientation of CC13 and other 

(30)R=H 

(48)R.=~ 

-~ )I 

hv r(')r'. 
~)~ 

R :- .' CC1
3 

I 

H 

(49)R=~ 

+ 

H 

(32)R=H 

(SO)R=Cl\ 

electron-rich group. In t:Jtese systems, it is clear that electronic effects dominate in 

the reaction C9Urse. · 

. A few cases of cyclohexadienone photorearningement have been reported 

in which the [1,4] 'shift can take place in two nonequivalent directions and in which 

the double bond substitution in ihe bi;;,cyclohex.enone products seem to exert a 

selective lnfleunce in the dir~tion in which migration. proceeds. The product 

formation reflects a p~ference for a., (3-di or P- monosubstituted double bond. 25-27 

Miller28 observed that irradiation of (51) containing allyl group at C- 4 

. gave (52) . NMR analysis of the product showed that the cyclopropyl proton and 

the allyl group are on the same carbon which can only be C - 6. The geometry of 

C - 6 was deduced from the un~ually high fie~d absorption ( t 7 .96)of the allylic 

methyleiu~ group. This absorption appears at approximately the same position as · 

· that of the allylic methylene group of (53), but is about 0.4 ppm higher field than 

the allylic methylene absorption of (54). The allyl group in (52), therefore. must 

be· in the shielded erulo position over the 1t-electron cloud of the cyclopentenone 

ring. Irradiation of (55) c~ntaining trans 2-butenyl group at C - 4 afforded (56). Its 

spectra indicated that the ~ture of the product was indeed analogous to that of 
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(52). Besides, the NMR spectrum clearly showed that the trans-2-butenyl group 

of (55) remains unchanged during the reaction. 

(51) 

(53) 

h).l ) 

(55) 

{57) 

1.68'i25 

(52) 

(56) 

0 

(54). 

I 
I 

~ 
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The selective rearrangement of (55) to (56) combines preferential endo puckering ~ 

with a [1,4] shift toward the product with an a.-monosubstituted double bond. This 

reversion of the [1,4] shift trend could be due to less severe steric compression 

between methyl and t-butyl groups in (56) than in the alternative (57). 

On irradiation of 4-p-bromophenyl-4-phenyl-~.5-cyclohexadienone (58) 

Zimmerman. and Grunewald29 obtained two isomeric cis and trans 6-p

bromophenyl-6-phenyl-bycyclo-[3.2.0]-hex-3-en-2-ones (59a) and (59b). That they 

were the stereoisomeric produc( was establi~hed by their reductive conversion, as 

shown below, to the known 6,6-diphenyl bicyclo [3.1.0] hex-3-en-2-one(61). Cu

prous,:~yanide inN-methyl pyrrolidone resulted each to these epimeric (59a) and . . 
(59b) to the corresponding 6-p-cyano-phenyl-6-phenyl bicyclo [3.1.0] hex-3-en-

2-one isomers (60a) and (6ob), respectively. These were demonstrated to lle iden

tical with the products of photolysis of 4-p-cyanophenyl-4-phenyl cyclohexadienone 

(62). Therefore, the dienone irradiation afforded only the usual ·type-A 

photorearmngement and no C- 4----=? C- 3 aryl migtation. 
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0 0 

~tophenone 

Ph-p-Br 

. 
·Ar' •· 
H 

.H . 

Cu,O ) 

Py 

0 

A ... H 

lJrPh 
: Ph 

·H 

(58) (59a)Ar =Ph, Ar'= Ph- p-Br (61) 

(S9b) Ar'= Ph, Ar =Ph -Br(~) 

CuCN 
N-methyl pyrrolidone r~l pyrrolidone 

0 

hv 
acetophenone 

Ph-p-CN 

0 
I H 

:Ar' 
H 

Ar 

(60a)Ar= Ph, Ar' =Ph- p- CN 
(60b) AI'·= Ph, Ar =Ph - p- CN 

The first example of photochemistry of 2,5-cyclohexadieilones with a 4-

vinyl substituent was reported by Hart and Nitta.31
• The initially fonned luniproduct 

resulted in an unusual skeleton rearrangement. 

0 

hv 
7 

Cope 

(63) (65) 
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Th~ .structure of the product ( 64) was deduced from its spectral data and method of 
synthesis. Elemental analysis and the mass spectrum showed that (64) was an isomer ' 

· . 2C30n"!XI 
of (63).Thecalbonylabs:)lptbn vc=o 1753 cm-1 and uv "'-A(s 24), end absorption of 

s~trum at 220 nm (E 7149) clearly eliminated the anticipated structure (65). The 

NMR spectrum showed one· vinyl proton at a 5.13(m), two aliphatic methyls at o 
1.03(m) three allylic methyls at~;' 1.67 (m) and two additional allylic protons at o 
2.17(m), all consistent with the assigned structure (64). One plausible path from (63) 

to (64) is via the unstable endo-vinyl·comp<)und (65), a lumiproduct which being a 
cis-divinylcyclopropane spontaneously undergoes·(<;>pe rearrangement to (64): 

' . 

In'l991 A.G.Schultz and R.R Hazrington32 reported ·that enantiomerically 

enriched 4-cat'bomethoxy-3,4-dimethoxy-2,5-cyclohexadien-1-one(66) undergoes a 

completely disastereoselective (but not enantiospecific) type A photorearrangement 

at 366 nm to give 6-carbotnethoxy-4,6-dimethoxy bicyclo-[ 3,l,Q1 .S]-hex-3-en~2-one 

in 81% yield (67), which is photostable at 366 nm but rearranges to disastereoisomer 

(68) ~d phenols (69) and (70) at > 300 nm. 

0 

81% 

~ 1 
.. ~.Me )(Stable at 366 run) 

~4-.:::..Jt ~02M . 

MeO H 
(67) l730mil 

MeO CO~e 

(66) 

;&cO~e 
MeO . OMe 

OH 

(68) (69) 
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It is proposed that ground state conformational effects control the type A pho

tochemistry of ( 66) and that rearrangement to ( 67) OCCQrs in accordance with the prin- ' 
ciple of least· motion in the trruisition state for rearrangement to diastereomerically 

related zwitterions of ( 66). Irradiation of (71) in benzene solution at 366 nm gave a 3: 1 

mixture of 7-oxatricyclodecenones (72) and (73). It is interesting to note that 1'-oxa
substitution on the 4-(3'- butenyl) side chain is compatible with intra-molecular 2+2 

photocyclo addition, which occurs to the apparent exclusion of the type A photo

rearrangement. 

2' 

(71) 

0. 

II 

58% 

(72) 

+ 

0 

II 

18% 

(73) 
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SECTION -C 

(A short review on BicycHc Cross-conjugated Cyclohexadiec.noones) 

Like photochemistry of monocyclic cyclohexadi~ones, bicyclic ones also 

have been studied intensely. Fonnation of lumiproduct is fairly general. It has been 
. -

observed earlier that a good amount of Jumiproduct ~an be achieved from 4-methyl 

dienone (74c) by using the broad energy spectrum from a high-pressure mercury lamp. 
. . 

In contrast, the unsubstituted (74a) or 2-methyl systems (74b) afford low yield of 

lumiproducts.lnitially, this difference of lumproduct fonnation has been attributed to 

a basic difference in reaction pathway and various explanations have been 

afforded37-40. Later it has been observed that most of the other products obtained from 

the unsubstituted dienone (74a) and similar unsubstituted steroidal dienone(75)39AO 

are secondary photoproducts which are derived via the lumiproduct. Hence, the dif

ference between unsubstituted and 4-methyl substituted systems. actually stems from 

the basic difference. in the mte of converrion of dienone to lumiproduct and the mte of 

destruction of lumiproduct to other secondary photoproducts and is not a fundamental 

difference in reaction pathway. 

(74a), ~ =R4 =H 
(74b), ~=Me, R4 = H 
(74c), ~=H,R4=~ 

(75) 
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Although the photostationary concentration of the lumiproducts from many 

unsubstituted (74a) or 2-methyl substituted dienones (74b) are quite low in the 

presence of the broad spectrum of high-oressure mercury lamp, this difficulty often 

can be overcome by the use of mono$omatic light source of 253.7 nm available 

from low-pressure mercury lamp40.41• At this particular wavelength, the absorption by 

the lumiproduct is usually only about a sixth of the starting dienone and hence the 

rB:te of lumiproduct formation significantly exceeds the rate of further conversion of 

lumiproduct to secondary photoproducts. Consequently. interruption of irradiation at 

the appropriate time afforded lwniproducts in good yields. This technique also 

improved further the yield of lumiproduct from 4 .. methyl substrates. 

In an effort to learn more about the nature of the effects of alkyl substituents in 

the photochemical rearrangement of cross-conjugated cyclohexadienones, Kropp'~3 

studied the photochemical properties of the 2-methyl-1, 4-dien-3-one (74b) in both 

neutral and acidic media. Irradiation of (74b) in dioxane gave the linearly conjugated 

product (78) as the principal product via at least three distinct photochemical 

rearrangements involving the cyclopropyl ketone (75a) (lumiproduct) and (77) as 

intermediates , 

(74b) (75a) (77)1 

tv 

OH 

(83) (79) (78) 
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1\vo Il)inor products formed in neutral as well as acidic media had been characterised 

as phenols (79) and (83). He also commented upon the significant role of the 2-methyl 

substituent in the photochemical properties of (74b). 

Utilizing photochemical tecluiique as a synthetic tool, Caine and co-workers34 

developed a convenient synthesis of a precursor to the spirovetione sesquiterpenes. 
They photolysed the bicyclic hexadienone and obtained the· tricyclic lumiketone(75b) 

in good yield. Structure of (7Sb) was deduced by combination of physical techniques. 
UV f{:>eCtrmn mowed ;..max 234 nm (E 4820) , IR at 1695 em·' (conjugated 

cyclopentenone) and 1H NMR signals at a 0.96 (8, J = 6.7 Hz, 3H, 7- ~), 1.18 (S, . 

·3H, 1- C~). 5.82 (q, JAB= 5.5, JBX = 1.1 Hz; lH, 4-H}and 7.19 (q, JAB= 5.5, JAX= 0.8 

Hz, 1H, 5-H). Mass spectrum registered molecular ion peak at rnlz 176 (M+). 

- -" 
4 5 

8 

(74a) 

(76) 

10 
6 

hv > 
A.= 2537A0 4 :::-..., 

' 5 
dioxane, 250C 

(75b) 

95%C,H,OH~ 
NaOH,·~ . 

..,~-

0 
(77a) 

9 
~804 :> 

8 HOAc-Ac20 

The key compound (75b) was first treated with H0Ac-Ac20 in H
2
S0

4 
to afford the 

spirodienone (76) which ultimately gave rise to the spiroenone (77a) a precursor of 

spirovetivone, on catalytic reduction in alcoholic alkali. 
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Caine et av~ also used this photochemical method for the interconversion of nootkatane 

and spirovetivone sesquiterperies. The dienone (74d) which is related to the nootkatane • 

system since it contains a methyl substituent at C- 4, was prepared by DDQ o~dation 

of the corresponding cis-dimethyl octalone36 and irradiated in anhydrous dioxane at 

254'nm to produce the lumiproduct, the tricyc~odecenone (75c) in 62% yield. This 

primary photoproduct is itself photolabile and undergoes further rearmngement pre

sumably via dipolar intennediates such as (76a) which is considered to arise by 

electron· excitation, .cleavage of the internal bond of the cyclopropane ring and elec- . 
tron demotion. The dipalar species undergo 1 ;2 methylene migration to yield a spiro 

dienone (77b ). 

DDQ ~A:) .... 5. 6 ou 7 

1 
cis-dimethyl octalone (74d) 

hv 

J 
(76a) 

hv }rm9 

4~8 
s ' 7 

(75c) 

(77b) 

They35 also studied the photochemical behaviour of various bicyclic dienone with 
sesqUiterpene carbon skeleton. 3,4-dehydron~one <'79a) which was prepared by 

DDQ oxidation of n<:Wtkatone (78a), on irmdiation at 254nm in anhydrous dioxane 
·""?! 

afforded the lumiproduct, the tricyclodecanone (80), which on further irradiation in . 

45% aqueous acetic acid for 30 min using pyrex-filtered UV light yeilded the 

spirotrienone (81), the bicyclic trienone (82) and dehydronootketone (79a).~ 46, 37 
and 12% yield, respectively. 



'-I 

(78a) 

DDQ h 
0 

26 

(79a) 

0--y· hv ),,'"' 
AcOH) ~ \__/ + 

.. -:::::::-

(81) 7 

JL. 
, 

(80) 

(82) 
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SECTION-D 
(A short review on Photochemistry of Polycyclic Cross-conjugated 

· Cyclohexadienones including Steroids ) 

We begin with steroids. Steroids are.a class qf substances upon which all sorts of 

reactions including photochemical reactions have been applied. This is mainly due to 

their significant biol~gical properties. 

Jeger and coworkers'*2 first carried out photoreaction of 0-acetyl-1-

dehydrotestorterone (83a) with broad spectrum high-pressure mercury lamp in diox

ane and recorded the fonnation of the corresponding lumiproduct(84a) in low yield 

(11%). Later, in same solvent but using a low pressure lamp (2537A0
) Jeger et al.43 

observed the formation of lumiketone (84a) in high yield (62%)~ Prolonged irradia

tion in dioxane solution yielded a complex mixture of products from which (our phe

nolic and five ketonic compounds inclucUng the lumiproduct (84a) were isolated. 

Spectral data, NMR and rotatory dispertion data were advanced in support oflumiketone 
structure (84a). 

(83a) R1 = R:z = H 

(83b) ~ = c~. R:z = H 

(83c) ~ =H, ~=~ 

(83d) R1 =~=C~ 

OAC 

hv 

(84a) R1 = R:z = H 

(84b) R1 = Cl\. R:z = H 

(84c) R1 =H, ~=~ 

(84d) R1 =~=C~ 

This photoreaction has been successfully utilised to achieve the selective in

version of configuration at C-10 and the accomplished th~ synthesis of lOa - test

osterone with UllJUl~ angular configuration starting from (83a) in seven steps. 44 
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Arigoni, Jeger" and their gropup studied the effect of methyl substituent at C-

4 tstosterone derivativ.e(83c) on lumiproduct fonnation. Upon irradition with high' 

pressure lamp in diaxane solution (83c) they obtained corresponding lurniketone 

(84c) in 60-70% yield. They have also carried out photolysis of2,4-dimethyl analogue 

(83d) under same irradiation condition and recorded the fonnation of the lumiproduct 

(83d) in good. yield (60%). On the other hand, 1-dehydrotestosterone derivative 

(unsubstittited) (83a:) under the same condition of irradiation yielded a mixture of 8 

compounds. Thus, it appears that5 the photochemical isomerisation of cross-conju

gated steroid dienones is profoundly influenced by the presence of a methyl substitu

ent at c- 4. 

Schaffner, Jeger and coworkers46 also noticed that on irradiation 2-methyl sub

stituted testosterone derivative (83b) in dioxane with broad spectrum high pressure 

lamp afforded the corresponding lumiproduct (84b) as one of the products. Furthernore, 

the close relationship between;' the seqilence of rearrangement initiated by the irradia

tion of (83a) and its 2-methyl homologue (83b) has been carefully observed. 

Because of the photolability of the PrimarY photoproduct, the lWniproduct, 

prolonged irradiation gives rise to several secondary photoproducts. Propensity for 

the formation of secondary photoproducts is more pronounced at higher wavelengths 

of broad spectrum high pressure mercury lamp. This difficulty can be frequently cir
cumvented by the use of low-pressure lamp emitting almost monochromatic wave
length of 2537 A o. At this particular wavelength , the absorption of the lumiproduct is 

about one sixth of the starting dienone. Consequently, the rate oflumporoouet forma
tion: considerably exceeds t:IW rate of further conversion of the lumiproduct to second
ary photoproducts. Thus, by 8fl"esting the photoreaction at an appropriate time the 

lumiproduct can be obtained· in significant yield. 

R (85) 

OH 

hv 

0 

R 

R ~ R CH,, c,.~5, n-butyl 
tsobutyf ana Isoamyl 

(86) 
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Schuster and Barringer'" synthesised several 4-alk.ylated dehydrotestosterones 

(3) (R = H, ~. C2H3, n-butyl, isobutyl and isoamyl). and conducted their photolysis 1 

at 2537 A o in dioxane. The corresponding lumiketones (86) were obtained with Wriable 

quantum efficiency. The ph~toreaction is qunched by 1,3-cyclohexadiene and 

r,-.~:r-i-:s·:·piperylene. Low-temperature absorPtiOn. and emission studies ~dicated the lowest · 

triplet in such systems in the n, n* triplet. It has been suggested tJuit the two lowest 

triplet states Tn,1t* and Tn:,n* are in equilibrium at room temperature. Studies also 

showed the differential quenching capabilities of the dienes which bad been ascribed . ' 

to the . relaxation ~f the spectroscopic triplet (Et = -70 kcal moi-1) to a triplet (Et ~ 60 

kcallmol) whose geometry may approximate to that of the previously postulated 3,5-

bonded intermediate. Radiation!~ decay from the triplet was not thought to be the 
reason for the inefficiency in this reactions, but rather return to the starting material 

from some intermediate along the reaction pathway to product, had been suggested. 

Pete and Wolfuu~el48 irradiated 4-methoxy-cholesta- 1,4-<fi.en-3-one(8·~) in 

dioxane at 360 nm and got the luntiproduct (88). The structure of the photoproduct 

was deduced by spectroscopic methods coupled with hydrogenation to a saturated 

ketone (89). The uv spectrum of (88) in hexane exhibited absorption at 242 ( 4500) 

and 285(1360) nm and IR bands at 1740, 1660 and 1575 · cm~1 ~ NMR spectrum 

showed resonances at 33.41 (S, 3H), 5.77 (d, 1H) and 7.10 (d, 1H). The hydrogenated 

product (89) displayed uv absorption at 227 (34. 70) nm, IR. bands at 1715, 1180, 1003. 

900cm-• and an NMR r~sonance at 33.41 (S, 3H) besides other resonances. 

hv 

dioxane 

(87) 

(89) 

~ 
Pd/C) 
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Barton and Taylor*9 first carried out the photoiysis of prednisone(90a) and its 

acetate (90b) and assigned the structure (9la) and (9lb) for the corresponding • 

Iumiproducts. Since their assigned structure differed from that expecte4 (92a) and 

(9~ ~),based on the new generally accepted methanism for photoisomerisation of cross

conjugated dienones, reinvestigations of the photochemistry were undertaken by 

Williams et al. ~ 

(90a)R=H 
(90b)R=AC 

(91a) R=H 
(9lb) R=Ac 

C~OR 

I 
COoH 

(92a)R=H
(92b)R=Ac 

, 
, , 

The assignment of the structure and stereochemistry of (92a) and (92b) was by 

comparison of their spectral data wiUt those of lumip~ucts (94a) and (94b), -derived 

by photoisomerisation of 17~-~cetoxy-1-dehydrotestosterones (93a)51 and (93b)S2 in 

dioxane with 254 nm light. The structure of the luiniproduct (948) was proven by 

chemical degradation52 and by CD measurement. 54 The UV of the lumiproduct (92b) 

A.lllli,X 266nm (e 2500) is in close agreement with that of (94b) 268 run (e 2950)53:The 
1H NMR spectra of the A-ring protons in the lumiproducts(92a) and (92b) show a very 

characteristic coupling pattern similarto that described for (94a)S2• Namely, in the 
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I o,,,, : 
hv _ _,..;;;,;;----)~ 

(93a) R = 2H, R
1 

= Ac 
(93b) R=O, R1 =Ac 

~,' , 

(94a) R = 2H, R1 = Ac 
(94b) R= 0 , R1 = Ac 

, 'PI; 

(95a) 

NMR spectra of (92a), (92b) there are two doublets centred at 87.26 (7.20) and 

5.87(5.86) with J = 6.0Hz, indicating the presence of an a, (3-unsaturated ketone in 

the ring A. Double irradiation ~periments indicate that the H-1 of (92a), (92b) is 
~s 

ooupl:rlm :both the H -3 andH -4, tluoogh the calbonyl /t·w as am~ .:in (94a~2• 

_ In 13C NMR spectra for (92a), me chemical shift assignments for the carbon atoms in 

rings A and B of (92a) are based on those of lumisanotonine (95a) and bicyclo [3.1.0] 

hex..:3-en-2-one and C and D rings of cortisone acetateS~. A significantly ddfferent 13C 

NMR siands- fo-;1. a radically different structure (91) would be expected. Proof of the 

stereoch~stry of the lumiproduct was obtained ~ a comparison of CD of (92a) 

and (92b) with the model compounds (95a) and (94a). In all cases they show a nega

tive CD of similar magnitude around 345nm followed by a positive CD around 275 

nm, again of similar magnitude. The CD of structures similar to (91) show no maxima 

or minima with an amplitude greater than 10.354, Thus, CD supports very s~gly. '1 

sttucture (92) and excludes the structures similar'to (91), Furthermore, the absence of 
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peaks in the mass spectra of (92a) and (92b) at M+ - -95 and M+ - 96 also argues 
against structures such as (91). 

· Finallyt a comparison of 1umiproouctone acetate with that prepared by Barton 
and Taylor49 showed them to be identical and hence, their structure for lumiprednisone 
acetate should be (92b ). 

Presence of a functional group in the close proximity of a reactive centre some
times modify the course of reaction and/or reaction rate. Schaffner, Jeger and cowork
ers56 conducted irradiation of steroidal A-ring cyclohexadienone containing 11-keto 
group (95b) and 9(11)-ene(96) in dioxane and obtained virtually quantitative · 
photoisomerization to (97) and (98) respectively. These conversions are consistent 
with the previously established general scheme of cross-conjugated cyclohedadienone 
under neutral condition. This also revealed that a keto group at 11 or a double bond at 
9(11) position did not exert any: no?ticeable influence on the course of this 
phototransfonnation. 

OAc 

H 
hv Q~,' 

H di ., oxane ...... , 
~,' 0 

(95b) 
OAc 

(97) 
OAc 

0 

(96) (98) 

In order to examine the effect of the presence of C-11 ~ and 11 f3 - hydroxy 

groups on the course of lumiproduct formation, Williams et al.57 ~ed out photoly

sis of 21-acetoxy prednisolone (99) and 11-a hydroxy pregna-1,4- dien-3, 20-dione 
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(100)_in ne11tral condition and got the expected lumiproducts ·(101) and (102) respec

tively. This led to the inference that the presence of an a- .or ~-hydroxyl group at the 1 . 

C-11 position in ring-C of a steroid does not change the general photoisomerisatio~ 

path of an A ring cross-conjugated cyclohexadienone. 

_,_1 o . 'l'·' hv ' . 
dioxane') 

' ...:::::, , 
0 

(99) .R1 = a-H, J3-0H, .Rz=a-OH, J3-COC~OAc; (101) R1 = a-H, J3-0H 

' ·-Rz =a-OH, J3-COC~OAc 

. '(102) R1 = a~OH, J3-H: . 

~=a-OH, J3-C~ 

On the other hand, the presence of a hydrOxyl group at C-1 0 of C-19 norsteroid 
gives the anomalous reaction product di~ussed in ·p G,ae G~,;~_, 

' ( 
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Cyclopropyl ketone (lumiproduct) formation is fairly general for 2,5-

cyclohexadienone (cross-conjugated) and is not limited to those having the hexadienone ' 
chromophore in ring A only • IIT8diation of a B-ring .containing this chromophore in 

steroid, 313-acetoxylanosta-5,8-dien-7-one (103), gave a product to which the struc

ture and stereochemistry (105) was assigned58.s9• This is the expected product from 

re81T8Dgement of the cyclopropyl intennediate (104) in the usual fashion. 

Ac 

(103} 

Aca,(--.. 
, " ~l\: , .,:; '~· 
·:.. -:·~J • . 

H 

(105) 

·~ 
hv > CJI50H 

E) 

(104) 

0 

H 

A cO 

In dioxane solution, the B-nor dienone (106) is converted exclusively to 
is 

the linear dienone (108). The preference for f~sion of the 5, 10 bond in the pro-

posed intennediate ( 1 07) has been attributed to the relief of enhanced ring strain 

which is introduced by the five-membered B-ring as compared to the structurally 
analogous intermediate having a six-membered B-ring. 
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OAc 

hv 
dioxane > 

H 

(108) 

The 6(3, 713 methano homolog of steroid (109), upon irradiation in dioxane 
isomerises readily to the bicyclohexenone (110) while the oo, 7o.- isomer (111) is 

extraordinarily stable toward irradiation .61 
.. 

l__.tOAc 
yJ· hv 

--~ 

(109) (110) 

• 
0 

(111) (112) 
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The apparent failure of ( 111) to react may be due to the high steric strain 

which would be introduced1by the two adjacent three-membered rings on ring B upon 

1 ,5-bridging. This could cause reversal of primary diradical fonnation ( 112) and cor- · · 

responding zwitterion might not be fonned. In contrast, a steric inhibition of similar 
' . 

magmtude would not arise in the reaction of (109) having a trans arrangement of the. 
. . . ' 

two cyclopropyl rings in the priJ!!ary.photoche.mical s~p prior to the reairangement at 

·the stage of a, dipolar ground .state intermediate. · .Interesti_ngly, (113), the 7 a-methyl 

honnolog of (83a), isomerizes to(114) smoothly62~ In this case, the steric interaction in . 

the primary product structtk can be expected to be less severe than in (1)2). · · 

OAc 

hv 

(113) (114) 

Several steroidal spirodienones have been subjected to photochemical trans

formation. They are obtahted either as secondary produ~ts during prolonged pho

tolysis of steroidal 2,5-cydohexadienones or by synthetic methodology. Upon ir

q~diation, steroidal spirodienones (115a- c) afforded the principal bicyclohexenone · 

photoproducts (116a- c) and (117a.,;. c). Their relative distributions are 116a/.117a 

ca~ 3:1, 116b/117b ca. 1:30and 9~c/98c ca. 5:1. The reaction course of these cases 

can' be rationalised by . the steric and regioselective controls narrated by 

Schaffneru.M. The princi~l factors that govern the steric and regioselective courses 

are (i) the puckering of the ring system on (3, f31 bonding~ (H) the configurational 

fate of the migrating carb~n in the subsequent [1, 4] shift and (iii) the direction in 

which this migration pr9ceeds. 
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R 

(llSa) R=~ =H 
(115b) R=~=R1 =H 
(115c) R = ~ R1 = c~ 

(116a) R=R1 =H 
(l16b) R = C~, Ri = H 
(116c) R = H, R

1 
= CH3 

+ 

(117a) R=R1 =H 
(117b) R=C~,R1 =H 
(117c) R = H, R

1 
= CH3 

It is interesting to note that photolysis of (118) gives rise to the photoprod

uct ( 119) in preference to the alternative possibility ( 1 ~). This selectivity is perhaps 

attributable to a preferred fonnation of the more stable 13-methyl-substituted-enone 

system of ( 119)6s. . 

) 

(118) 

(120) 
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Hart and Lankin66 observed that symmetrical dod~ydrotriphenylene (121) 

·on oxidation.:with ~;~~,~~~'·and l}F3 afforded the polycyclic, cross-conjugated 

spirocyclohexadienone (122) along with linearly-conjugated isomer (123). The cross

conjugate compound ( 122) on irradiation in methanol ~sing a Vycor filter yielded the 

lumiproduct (124) in good amount. C~ging the solvent from methanol to ether gave 

(123) which was also obtained ·by irradiation of (124) in ether. 

CF3COfi, ~FrEW + (123) 
C.f~Cl2,- 65° 

(121) (122) 

0 

(113) 
(124) 

. An interesting case of polycyclic cyclobexadienone (125) has beep reported 

by Zimmennan67• (125) can not' rearrange photOc:hemieally to afford ·the type A 

rearrangement product (126) owing to the constrain imposed by the geometry of the 

molecule. Here, p -p' bonding should not be inhibited, but the [ 1 ,4] migration generally 
. ' ' ' 

accepted at the last stage of the rearrangement is geometrically impossible .. Thus, 

instead of 1uriliproduct, the product phenol ( 127) is foJ1lled by elimination of methyl 

as methane caused by abStruction of hydrogen from hydrogen dQ:'n~ting solvent at the 

excited dienone triplet state (128). 

. J 
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hv 
) 

oc~ 

> 

0 

~ 

(126) 

OCH3 

(127) 
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SECTION-E. 

(Formation of PhenoHc Photoproducts) 

Since the primary photoproducts i.e.lumiproducts (also called cyclopropyl 

ketones) possesses bicyclo [3.1.0] hex-3-en-2-one skeletone, can themselves be con

sidered as dienone in which one of the double bonds has been replaced by a cyclopro

pane ring~ This renders ~e lumipioducts photolabile and this is one of the reasons for 

complexity. of the 2,5-cyclohexadienone phototransfonnations. These lumiproducts 

ori further irradiation or 2~-cyclohedadienones on prolonged irradiation in aqueous 

dioxane, alcohols or in acid give rise to phenolic compounds as ultimate products 

through a complicated ·series .of intermediates involving several dienones and 
cyclopropyl ketone photoproducts. These transfonnations are initiated usually by pho-

. tolysis of the internal cyclopropyl bond.which fonns part of the cyclopentenone ring. 

The quantitative conversion of the terpene umbellulone ( 129) . to . thymol (131 )68 

serves as an example. Similarlyt a mixture of 029) and its isomer ( 132) was converted 

to-thymol (13}) and the isomeric phenol (133).69 
. - ' ' 

hv 
) );) 

!J e 0 0 OH ~ 
/"". 

(129) (130) (131) 
I 

(129) + hv ) 
+ 

(133) 
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Intermediates of the type similar to ( 135) fonned by cleavage of the 4-5 bond 
of cyclopropyl ketone of type (134) [cf. 137] are also encountered in the well-known ' 
acid - catalysed dienone- phenol reammgeinents. In dienone-phenol reammgement 

there is a delicate balance between two pathways of rearrangement : (a) I ,2 migration 

of the angular methyl substituent [cf. (138)] and (1?) rearrangement through a spiro 
intennediate (139)70 to afford (140). The photochemical intermediate (135) also ex

hibits both types of rearrangement. However, in contrast to the acid-catalysed rear

rangement • two pathways of photorearrangement have seldom been observed to oc
cur simultaneously. ·Rearrangement through the spiro ~n~ediate (136) has, in most 
cases, been found to be preferred except for seveial cases discussed below. 

(134) (135) ~ eo 

(136) 

HO 
(138) 

(139) HO (140) 
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Rearrangements not inyo)ying giro intermediates : 

Lumisantonin (2) does not undergo photorearrangement through spiro 

intermedi~te but involves 1,2 methyl shift to give linearly conjugated 

cycloh~dienone(4a). Failure of the rearrangement via spiro intennediate has been 

attributed to highly strained. trans fusion of two five membered rings71
•72 . in spiro 

:intei]J'e:ii3te (141} . 0 w :ing m ihe pms:nce of cis fus;rl y-lactone ring formation of . . ~ 

spiro intennediate (145) would be more favoured in 6-epi- a santonin (142) and 

therefore, considerable phenolic product is ob~ed73 
• 

(141) 

(145) 
~:( 

(144) 0 
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.A second system is represented by the dienone (146) in which rearrangement 

through a spiro intermediate did not occur. Upon photolysis bicyclic 2,5-

cyclohexadienone (146) in aqueous acidic media gave the phenol (149), besides sev

eral ketonic products. Here , also, 1 ,2-methyl shift has been propased for the forma

tion of the intermediate (150) which eventually yielded the phenol (149). The failure 

of this system to reammge through a spiro intennediate has been attributed to a com

bination of steric interactions involving the ring-B substituents72~ 

(146) 
(147) 

/ (148) 

(149) (150) 

An interesting case has been registered, in which electronic, rather than steric, 
factors are attributed for the failure of rearrangement via a spiro intermediate. Irradia
tion of the carbethoxy lumiproduct (151) gave the phenol (153) in high yield. The 

presence of the electron-withdrawing carboethoxy substituenl$ on the ring A which is 
already electron-defic~ent, gives rise to destabilisation of the spiro intermediate ( 154), 
or ft could be due to greater migratory aptitude of the carbethoxy group. The migra
tion might be assisted as depicted in (155). 
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<::"o (151) 
(152) 

I 
g 1 (153) . 

o,d_ OCH 
..... / 2 s c 

(154) (155) 

Rearrangements yia s_pjro intermediates ; solvent effects ; · 
Numerous studies have been reported in the literature on the 

phototmnsformation of lumiproducts tq phenols. In several cases marked solvent effects 

have been observed. Some of them are discussed below : 

Ganter and coworkers74 observed that upon irradiation, the lumiporuduct ((84b) 

from the 2-methyl steroid (83b) furnished ultimately two linearly conjugated 

hexadienones (159) and (160) and unidentified phenol in about 15% yield. The reac

tion proceeds through several spiro products (156), (157) and (158). 
OAc 

(83b) 

+ 

(159) (8%) 

hv > 
dioxane 

+ Phenol 

15% 
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Kropp7s. 76 photolysed the lumicompound ( 162) obtained from the bicyclic · 

2,5-hexadienone (161) which is structurally related to the steroid derivative (83b·). 

Through several spiro intermediates such as (163) the linearly conjugated 

cyclohexadienone (166) arid the phenolic product (165) were obtained. This pho

toreaction is markedly effected by solvent. In nonacidic media, the dienone (166) 

is the principal product accompanied by only trace of phenolic product (165) 

while in acidic media !}le two products (166) and (165) are obtained in approxi

mately equal yield. 

hv 

(161) (162) 

( 

(165) (166) 

(16':>) (IG6) 
From (161) ~OH trace 50% 

(163) ~OH trace 57% 
(163) 45% HOAc 33% 47% 
(162) ~OH trace 62% 
(162) 45% HOAc 28% 33% 
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Photolysis of the spiro dienone (167) afford~ a mixture of the a~ and f3-
tetrahydtonapthols (169) and (170). Though nOt isolated, this phototransformation 1 

undoubtedly involved the cyclopropyl ketone (168). The ratio of the two phenolic 
' . . 

products (169) and (170)·was found to be considerably dependent upon the solvent 

used, the latter product being favoured in acidic media. 

(167) 

OH 
OH 

+ '(}() 

(169) .(170) 

(I b9) <no). 
ether . 2 1 
t-BuOH I 1 
HOAc 1 2 

Formation of phenols from the irradiation of the cyclopropyl ketone (172) 

which is obtained from the photolysis of the cyclohedadienone (171) as the primary 

product, also exhibited noticeable solvent effects30• Aqueous dioxane yielded 2,3-

diphenyl-phenol (177) as principal product with trace of its isomer 3,4-

diphenylphenol (178), while in 50% acetic acid gave the two diphenyl isomers in 

approximately l:l ratio. 



(177) 

Aq.dioxane 22.32% 
50% AcOH.' 1 

-47 

(178) Ph 

trace 
1 

In excited state of these cyclopropyl ketones in acidic media, a proton be

comes available which greatly controls the photochemical behaviour. It has been dem
onstrated by Zimmerman that in a series of buffered aqueous dioxane solutions 

the mtio of the phenolic products (177) and (178) from (171) follows the acidity de

pendence that would be predicted for equilibrating dipolar (179) or cationic interme~ 

diates (180)79• 
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OH 

~~ 
(180) Ph (179) 

The reactions of (172) on direct irradiation were considerably less efficient 

than the lumiproduct (172) fonnation from the dienone(17l).The fonner reaction sJmws 

• = 0.16 a~ainst the later. cjl= 0.85. It has been proposed that the difference could be 

attributed to the reversible fission(s) of either cyclopropane bond(s) in triplet (173). 

On the other hand, a concerted breakage of both ~nds (internal and external 

cyclopropane bonds) and direct collapse of singlet excited (172) to th~ diene ketene 

( 172a) which when trapped with nucleophile gives unsaturated acid /ester ( 172c ). Al

ternatively, the breaking of the external cyclopropane bond in triplet (17$) gives rise 
- ' . .. -· 

to 1,4 biradical (172b) which subsequently affords (172a) by spin inversion and 

central bond cleavage. This scheme of photoreaction is particularly well documented 

at low temperature irradiation82 and several cases have been reported. 83•84 

Ph 
(181) 

OH 

+ 

OH 

Ph 

Ph 

The influence of solvent acidity. on phenol fonnation as· mentioned earlier 29 is 

ul. d be edi ted ti uill'b . . . et:r 3) d . . . (174) as wo p.l! c or eq rating zw1ttenon--.;.,: an cauomc species , 
consideration based on maximisation of resonance stabilization79 and on minimiza

tion of charge separation80 in the dipolar half-migrated species favour intermediate 
(175) while migration in the protonated fonn (174) would be expected to predomi

nate via (176) toward the more positive C- 4 in accordance with moleCular orbital 

calculations 79• 

Several other cases of lumiproducts ~ phenols conversion were reported. 

smatl~bserved that photolysis of the cyclopropyl ketone (181) in aqueous dio:JIC mie 

. also afforded two phenols as $hown: above : 
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Similarly, it was observed that irradiation Qfthe 2-formyl dienone (182) in . . 

dioxane yielded a complex mixture of products. from which the phenol ( 183) was ' 

isolated and characterised85• Trace amount of ( 1-84) was also obtained. The for-
. . . 

ID:ation of (183) was accounted for by the intervention ·of the ketones (185) to 

(186a) as intermediates. 

(182) \.v 

CHO 

(185) (186) . (186a) 

Jeger et al.86
•
71

•
87 made an extensive analysis of the photo reaction of ste

roids having. substituents in ring A and also ~ithout substituents in ring A. Jeger 

et al. 86 observed that photochemical behaviour of dienones having no A-ring sub-
. .· th d 4 . 3 ( l<3.::f).t;Yf?_€ st1tuents ·such as e an toste -1, -d1en- -one· .A-~.: JS much more complex than 

that of their _2;,. and 4- methyl analogue~ A complex mixture.of products usually 

results, since there are no substituents· present to stabilize preferentially some of · 

the reaction pathways that are availa~ie. As a conseque~ce , irradiation of (87) ih · 
dioxane gives a mixture of photoproducts from which four phenolic (189~J 192) 

and five ketonic_ products including (188), (193)-(195) have been isolated.86 1nter-

estingly, the. relative amounts of ketonic and phenolic products vary with the ex

tent of .irradiation. Phenolic components are· favoured on prolonged irradiation. 

Chart=! shows .the pattern of interconversions sugg~s~ed by them. 86 Upon irradia

tion in atacial acetic acid the same four phenols [189;- 192] were obtained in 
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yields of 1 to 20 per cent .87 In some occasions,.it has been noticed that choice of 

, the appropriate solvents considerably reduce the complexity of photoproducts e.g. , 

photolysis of (187) in refluxing aqueous acetic acid affords predominantly the 

'phenol (189) accompanied by the expected hydroxy ketone photoproducts71 •
87

' while 

irradiation in methanol a 2: 1 mixture of the two phenols (190) and (192) is formed 

in good yield87• 

Chart"' I, 

T {189) 
cl 

(187) 

0 

(188)' (194) 

(191) OH(192) (195) 

Prednisone acetate (196) in ethanol, on photolysis, afforded lumiprednisone 

acetate (197) and isomeric dienone (198). When the latter was irradiated in diox

ane·a phenoHc product was obtained (199) or (200)88.89• AJJ these three productS 

(198), (199) and (200) would be expected products arising out of the further 

rearrangement of ( 197). Interestingly, the phenolic product was not formed in etha

nol and hence it appears that the intennediate (20 1) exhibits a solvent effect analo

gous to those described above for similar species. 



0 
(196) 

OH ""-t._ 

I I) 
or 

(199) 
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0 
.~ 

+ 

"hv (197) ~ 

OH 
(200) 

bore 
(dioxane 

oe 

Pbotoconve[sion of lumiproduct to phenol at low temPerature : 

I~ 

(201) 

Photoreaction of lumiproduct carried out at low temperature 91 enabled ph.oto
chemists to make extensive refil\tments· of the reactive intermediates involved. The 

mechanistic path for the formati9n of cyclohexadienone and phenolic product, dis

cussed earlier, by the cleavage of the internal cyclopropyl bond of lumiproduct may be 

operative at the ambient temperature and above.· At low temperature around ·19{)0C 

products may result via the formation of very transient ketene carbene and 

cyclopropanone intermediates as originally proposed for the fonnatiori of photosantonic 

acid from luniisantonium. . 
(la.nd.ll) , 

Schemes"depicted below describes the genesis of carbene ketene and 

cyclopropanone species starting from a model bicyclo [3.1.0] hexeno~~~tkdiation 
of (212) at temperature of -190"C leads to the formation of the unrearran~ed ketene 

(215) as shoWnip. the scheme-L The process occurs by breaking the external rather 

than the internal cyclopropyl J:x>nd [(213) --+(214)]. The reaction may also be .de

scribed as concerted electrocyclic reaction of [4+2] type92 •. ·,., ::..__· ~ .. ~.:·>~,.--' ~~- ·---./ :~~-; ,· 1 . - ..... · . - .. . ·~_...._.._ __ ____.. __ ......... .... 
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"t-J:te th~nnal closure of ketene (215) to linearly conjugated 2,4-cyclohexadienone (216), 

the precursor to phenols in C-6 un - or monosu~tituted cases:; .is a general reaction. In 

several instances, ketene carbene (218) formed via (217), gives rise to ketene diene 

(219) produced with·rearrangement of C-6 substituent~ 

It was .postulated tbad!i~excited state (221)is produced (Scheme-IT) that can 
' ....... _. 

lead to a ring opened . zwitterion (222) which is the ring opened form of the 

cyclopropanone (223). ·The observation that cyclopropanone (204), the closed form 

of the zwitterion (203), is formed upon photolysis of (202) and matri~ -· isolated 

lends further evidence to the zwitterion · hypothesis93•9". This rearrangement to 
' . ' . 

cyclopropanone (223)99 can be viewed as an allowed supmfacial [1, 3] sigmatropic92 

shift. Thermal a-symmetric heterolysis can then give rise to the zwitterions (224) and 

(225) which ultimately produce phenol.(s). Formation of the zwitterion (224) has been 

indicated by nucleQphillic trapping to the prodUct. (226) by methanol. 

0 

0 hv e> 
> 

(202) (203) (204) 

Chapman and coworkers94 noticed that the lumiproduct (205). on irradia

tion at -19QOC afforded the cyclopropa,none (206) in the first photochemical step99• 

Further irradiation at low temperature resuslted in decarbonylation to diene (207). 

On the other hand, warming of (206) .in the presence of furan gave a 2 + 4 adduct 

which is cha~cteristic of~ three-membered ketone. Phenol. (211) obtained at room 

temperatuie is likely to involve heterolysis of (206) to zwitterion (208), rearrange:

ment to · spirodienone (209), and a subsequent two-step photochemical sequence 
. ' . . 

via the spirob~cy~lohexenone (210). 
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I 

(205) : (206 : 
I 

0 

I 
I 

hv co·· 'CO+ ---19-o-o(!~ --: 
I 

(207) 

0 : ----/ 

m~~bv 
I . 

(208) 
(209) 

HO 

(211) 

'· 
-.. \ . .. 
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Scheme-l 
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· of 11 substituent) 

R' 
a 

R 

(214) 

(219) 

Phenol 
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R'' 

0 

R'' 
,/ 

R .. 

(227) 
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Now, we wish to discuss typi~ three photorearrangements of lumiproduct conducted 

at low temperature. It is to be observed that in one instant (a), a phenol will be fonned 
via unrearranged ketene hexadiene, in another (b), phenol results· from ~ged 

ketene hexadiene while in the third case(c) phenol is not fanned, instead linearly 

conjugated eyclohexadiene is generated, which ultimately gives either acid or ester 
depending on· the presence of the nncleophile water or alcohol. 

. (a). Umbellulone (228) undergoes smooth aro$tisation to thymol (232)95-98 in metha
nol at room temperature, proceeds at -19<re via (229), which on wanning cyclised to 

dienone (231) as is characteristic for such dien keteties. It has been demonstn,tted that 

nucleophilic trapping by added metrumol to give (230) can. compete with the cycliza

tion only below -SOOC. 

hv 
-190"C > 

(229) 

HO 

y Me02Cl) 
--~) 

-~· 

(230) 

(232) 

+ (231) 

(b) The bicyclic cyclopropyl ketoester (233) ~ges at room temperature to 

the phenol (235). The reaction. is mediated through the rearrnaged ketene diene 
(234). established at -19QOC.91 

(2~4) (235) 
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(c) Lamisantonin (3(A~ave on irradiation at -100'C the ketene (236) which ther

mally gave mazda santonin (4a). In~restingly. (4a} on .irradiation ·gave the same 

. ketene (236). The cyclisa.tion to (4a) is slower in comparison to. the cyclisa.tion of 

(229) -+(231) and on warming in the presence of ethanol the ketene was quantita

tively converted to phOtosantonin (237). Due to the presence of dimethyl substitu

ents at C - 1 in (4a) further conversion to phenolic product by aromatisation of ring 

A is prevented. 

hv 
-l90od' 

(236) 

(237) 
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Section- F 
(Hetero 2,5-.Cyelohexadienones Photorearrangement) 

Phototransfonnation of 2,5-cyclohexadienones containing heterQatoms such 
( 

as 0, N, Sand Si produced quite interesting result. End pr.oducts have been obtained 

via the intennediate lumiproducts which being unstable could not be isolated in 

most cases. Heterocyclic cross-conjugated cyclohedadienones e.-g. pyrone (238) 

isoflavones (241) and 4-pyridone (243) yielded 2H-pyran-2-one (240),100• 101 

isocoumarin (242)103 and 2-pyridone (245)102 via the unstable lumiproducts (239), 

(241a) and (244) respectively. It has been postulated that the final products were 

fonned by a d®ble fragmentation - thennal reclosure process from the lumiproduct 
' . 

as shown in case or' pyrone (238). This diene ketene mechanicm luis also been put 

forward for the photorearrangement .of spiro bicyclohexenone64 (246) to linearly 

conjugated cyclohexadienone (248) through the intennediate dienketene (247). The 

fonnation of this intennediate has been supported by low temp. photoreaction of 

lumi-sa:ntonin(31)md unbellulone (228)68·69 to mazdasantonin(,4a)and thymol (232) 

respectively. Fonnation of some amount of ring-opened ester (230) from (229) in the 

presence of nucleophile methanol provided additional evidence for the ~etene 

mechanism. 

Ph 

(238) R· 
R =- CH3, Pn 

Ph 
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. I 

hv 

(243) (244) 

hv 

(236) 

(228) 
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In contrast, ~-W bonded intermediates formed from the irradiation of 

thiopyranones (249) and silyl compounds (250) did not give rise to lumporoducts but 

produced decomposition products (251) 104
•105 or nucl~ophile captured 

cyclopentenone106 products (252). 

hv,t-BuOH 
) 

~ 
(252) OBu-t 



61 

SECTION-G 
(Anomalous Photorearrangement of 2,5-Cyclohexadienones) 

Although the formation of lumiproduct is fairly general, the presence of cer

tain structural features in cross-conjugated cyclohexadienones (e.g. strain involved in 
ring skeleton or presence of certain polar substituents ) lead to abnormal products. 

These either inhibit the formation of usual cyclopropyl intermediate or induce it to . 

rearrange in an unusual way. 

The spiro-cyclo propan containing cyclohexadienone moiety (253) is highly 

strained and did not prOduce the expected cyclopropyl ketone but gave rise to 

several phenolic derivatives.•01 

(253) 

+ 

OH 

hv 
ether 

OH 

-~ 

I 
CH-CHOC~ 

I I · 
c~ c~ 

+ 

c~c~ 

+ 

c~c~ 

I 
CHOC~ 

I I 
C}\ C}\ 
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Usual cyclopropyl intennediate which would be highly strained in this case, .is 
not formed. In contrast, the cyclohexadienones eontaining spiro-cyclopentane ring 

e.g. (254) and (255) are not $0 strained and underwent facile reaJJ:gement to give 
the normallumiproducts (256) and (257) respectively.76 

0= 

(254) 

0= 

{255) 

hv · 
di 

) 
oxane 

62% 

(256) 

13% 
(257) 

Instead of the expected lumiproduct (259), irradiation of the steroidal B

nordienone(258) in dioxane yielded the abnormal product (260).~ This transforma-
. . 

tion presumably involves rearrangement of the cyclopropyl intermediate (261) via 

rupture of the 5-10 bond with concomitant expansion of the. fi:ve-membered B-ring. 
· tha.YI the 

This process should be a bit more facile J\ ::rearrangement to (259) which is somewhat 
strained. 

(258) 

(260) 
""-t_ If"' . 

c.. '\ tl.. 

(x-~ 
9~(261) 
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The anomalous products not only arise from cyclohexadienone compounds 

having strained. rings, but also from substrates having substituents such as . ' 

trichloromethyl, acetoxy or hydroxy at the para (C-4) position with respect to 

cyclohexadienone keto chromophore, when heterocyclic cleavage leads to a highly 

stable free radical expulsion of C- 4 sUbstituent. Thus, irradiation of. dienone (262) 

(containing- CCI3substituent) in ethereal or hydrocarbon solvents gives p-cresol as a 

major product together with CH~ and C~CC~ 108• qn the other hand, irradiation in 
aqueotis dioxane gives the normallumiproduct (263).109 

OH 

C..;_Q 
hv 
ethef 

• RH I ' + CC13 } CHC13 + 
3 

~ ' 

C~ CCI3~. b C~ 
0--t 0 

(262) ~t' ~ 

UXCI\ 
Cl\ 

(263) 

C-CI 3 

In contrast, the bicyclic dienQne containing -CH02 substituent (264) is inert 

under .similar condition of irradiation. 110 The failure of (264) to undergo expulsion of 
the angular -CHCI2 ·group may probably be due to the lesser stability of the 

dichloromethyl radical. Failure to produce usuallumiprodnct can be attriabuted to the 

. destabilizing electronn - withdrawing effect of the -CHC12 group in the usual ~' W
bonded intennediate which has an electron-deficient 

(264) 
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Expulsion of an acetoxy group from the para-position has also been observed. 
lmldiation of (266) produced estradiol-17-acetate (267) in significam yield.111 The 

presence of a hydroxyl group at para position also modifies the course of the photo 

reaction. Photolysis of (265) gave both the spiro-ketone (268) and estradiol-17 -acetate 
(267).112 Rearrangement to (268) is an expected fate of the cyclopropyl intermediate · 

(269). 

(265): R=H 

(266):R=Ac 

(269) 

+ ro
/~ 

I . 

HO 

(267) 

Collapse to a ketonic photoproduct (271) was also noticed in the case of the 
hydroxydienone (270).113 

(270) 

hv ~ 
aq.dio e 

C5) 

<b. 

(271) 
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In the case of methoxy substit~ent at para position nonnal cyclopropyl ke

tonep.IDductsw:ene :fbmr.e:f14 e.g. (272) and (273) on photolysis afforded (274) and 

(275). 

(272) R = t-butyl 
I 

(273) R = methyl 

hv 

(274) R = t-butyl 

(275) R =methyl 
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CHAPTER-II 

(A short review on Mechanistic Aspect of Cyclohexadienone 
Photoehemistry) 

Introduction : 

Because of facile, fascinating but complicated nature of deeP":"seated molecular 

rearrangements of cross-conjugated cyclohexadienones initiated by UV-irradiation 

between 250 to 360 run their mechanisms have attracted' a good deal of work over 

last three .decades. Eventually, a deep-insight into the various aspects of the 

mechan~sms16•17 has been achieved .. A unifying concept has been arrived at 

encompassing the polar state proposition put forward by Chapman12 and non polar 

mdical type ~ies developed during initial stages of electron excitation and demotion 

as postulated by Zimmerman and Schuster.78 

0 

· Scbeme-m 

~ 
(280) 

:0 'l(n) 

11t) 

Rl ~ 
(279) 
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Formation of bicyclo [3, 1, 0] hexenone(230) from ph?to-reaction of a model 

2,5-cyclohexadienone (276) has been considered to prOceed through a series of steps · 

involving n, 1t* singlet exited· state (276),inter system crossing to the triplet n, 1t* state 

(277),13, 13' bridging (reb®"nding) to furnish (278) which is still an electronically 
c -- . . 

e~ted molecule ofthe n, 1t* type and results in ground state\:zwitterion (279) which 

fearranges finally to the luniiketone (280). The cyclohexadienon~ bicyclohexenone 

tr~sfonnation can be viewed in- a formal manner as a concerted era + 1t2a cyclo 

addition in terms of conservation of orbital sym~try principles formulated by Wood

ward-Hoffman. The process can also be desected into. the initial fonnation of a new 

bond between~. Wcarbonatom (279) fpllowed by [1, 4]- sigffiatropic shift across 2-

oxybutenyl frame with inversion of configuration. at the migrating carbon atom. In 

4 R4 
) 

R I 

~ ~~ 
R,~ (280a) -~ o· /C280b) 

4 

· (280c) 

R , 
I 

(283) 

Phenol 

+ 

·oHJ 

~ 
(284) 

Phenol 

lumiproduct (280a) prolonged irradiation .. eventmilly gives rise to secondary 

photoproducts e.g. phenols (283) and (284) and ketones (281) and (282) as indicated 

above dependfng upon the nature of substitution. In the beginiung we shall consider 

evi~C:mce in support of mdical species genemted durlDg initial electron excitation 
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(SECTION-A) and subsequently involvement of Zwitterionic polar species following 

electron demotion (SECTION- B). Finally, we shall discuss on the spin multiplicity 

of excitation i.e. singlet vs. triplet (SECTION - C) and evidence on the electronic 

configuration i.e. n, 1t* vs. 1t, 1t* of the reactive excited·state (SECTION-D). 
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SECTION-A 

(Involvement of Free Radical Interm~tes) 

Convincing evidence was sought by Schuster group107•115 for involvement of 

free-radical intermediate using spiro-dienone (285). Photolysis of (285) in ether yielded 

four principal products (286), (287), (288) and (289). Fonnation of these products 

clearly demonstrated the involvement of free -radical intennediates and hence strongly 

disfavours the idea o{ polar state description of the excited state. 

0 OH OH 

hv + + > 
(286) (287) 

(285) ~~ CHz~ 
fR 

+ + ·.0J 
RCHC~ c~c~ 

(288) (289) 

I 
(R=C~CH~~~ 

Further-in-depth study was carried on better model compound trichloromethyl 

dienone(290) which is practically strainless as compared to highly strained spiro 

dienone (285) and oontains.a trichloromethyl substituent at C4 which is easily expellable 

as radical. on irradiation (290) afforded chloroform, hexachloroethane and p-cresol 

as depicted in the scheme below. This reaction has been found to occur efficiently in 

solvents e.g. 2-propanol, diethyl ether and cyclohexane which are known as good 

hydrogen donors ·toward free radicals. A ketyl radical (291) is first generated by 
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abstraction of hydrogen by triplet excited dienone(290) · and then elimination of the 

substituent as radical occurs from the radical (291 ). This reaction could be quenched 

by triplet quenchers and sensitized by triplet sensitizers18• Rate constant for H

abstraction derived from Stem- Vol~y··plot was 3.9 X lOS M-l' s-1• This value is 

considerably higher than H-abstraction by standard.n, 1t* triplet sueh as benzophenone 

(Kobs- 106 M-tS-1) but close to value derived for· mtt111Ilolecular rH absp-action in the 

Norrish type_ II reaction (K008- lOS M-ts-1). When flash photolysis was carried out 

on (290) in degassed isopropyl ether, ethyl ether or cyclohexane, but not in benzene, 

CC14 or t-BuOH, a long-lived transient which ~Yed by first order kinetics with a 
lifetime of - 200 J.lS was obserVed.117 This transient exhibited mxaima at 540 and 

580 nni were assigned to ketyl radical (291) by comparison with the spectrum of the 

parent'cyclohexadienyl radical (~91) and precursors (presumably the dienone triplet) 

were intercepted by oxya:~n and ditertiary- butyl nitroxide but 1,5-CY.clohexadiene 

only intercepts the precursor. P-cresol and CHC13 were· also obtained in good yield 

when (290) was thennolyzed it 800 in presence of benzoyl peroxide in isopropyl alcohol. 

This affords a technique to geJ:!erate Me2COH radical from isopropanol by a non

photochemical path, which can initiate the radical chain reaction. 
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0 0 
II II 

PhCOOCPh + (290) + Me2CHOH -?p-cresol + CHC~ + Me2C = 0 

H 

0 

hv> ts•~ SH 
~ 

cc~ 

(290) 

cc~ 
(294). 

(298) 

cc~ 

(291) 

• • [ CC13 + SH --7 CHC13 + S' 

• • 
CC13 + CCI3----!}- Cl

3
C- CCI

3 

e 

> 

OH 

cc~ 

(292) 

] 

, cc~ 

OH 

(293) 
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These studies unequivocally prove the free mdical nature of the lowest dienone 

triplet state. In 2-propanol, hydrogen abstraction which leads to (293) competes with 

. the ionic route to (301). The addition oflithium chloride selectively reduced the yield 

_ of only the later product. This demonstmtes the sequential formation of dienone triplet 

state (291) and ·&witterion (295) in accordance with the Zimmennan-Schuster mecha

nism. When irradiated in hydrogen-donating solvent cyclohexadienone (305) afforded 

phenol (306) and methane following the same mechanistic route as (290)-----) (293) . 

The compound does not react in benzene and all attempts to trap a Zwitterion interme

diate with nucleophile or 1,3-dipolarophiles was unsuccessful.67 

oc~ 

(305) 

hv 

RH 

OH 

oc~ 

(306) 
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In order to examine the possibility of formation of bicycJohexenones at the 

bridged biradical state after (3 - (3' bonding, Swenton et.aL 83 conducted the photo

chemistry of 2,5-cyclohex.a.dienones both in solution state and gas phase. At the photo 
energies used in the e~tation of the dienones ( < 4 ev) in isolated ·molecules, it is 

unli~ely that polar structures in which unit charges are separated by the distance of 

one C- C bond are attainable. In polar solvents, on the. other hand, with high dielectric 

constant of medium as well as solvation can lower the energy with respect to the 

ground state of these structures to a point where they may be accessible to the elec

tronically exited dienone molecules. Thus, involvement of the intermediacy of ionic 

species may be examined by the companson of the. photochemistry of a given com

pound in the gas phase at low pressure and in solution in a polar solvent. Irradiation of 

(276a) and (276b) in solution in cyclohexane at 3~370 nm gav~ two isomeric ke

tones (28Pc) and (280d) and (282a) and (282b). Irradiation of (276a) at the same 

wavelength in aquous dioxane gave in addition to (280c) two phenols characterised 

as (283a) and (283b ). 

(276a) R=C~ 
(276b) R = C6H5 

0 

&<: 
(280C) R=C~ 
(280d) R = C6H5 

(283a) 

(282a) R=C~ 
(282b) · R = C6Rs 

R 

(283b) 
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The gas phase irradiation of (276a) at 366 nm at 85°C and at pressure of 6 torr. 

gave at first (280c) but as soon as about 6% of (280c) had built up in the reaction 

system, (282a) began to appear. The mass balance was excellent upto about IS% . 

·conversion of (276a). There is no doubt that (276a) leads to (280c) which in turn 

gives (282a). In contrast to irradiation of aqueous dioxane where involvement of 

mesoionic intennediates has been proposed118 at least in this instance (276a) can be 
transfonned to (280c) via nonionic intennediate. This conversion may be viewed as a 

specific example of the vinyl methane to vinyl cycloprop~e rearrangement which is 

known to be a general photochemical process119• Based on this idea, the following 

· mechanism has been advanced. 

o't 0 

hv 
) ) 

(276a) 

In the vapour pha~e the transformation of (280c)' and (282a) should also in· 
volve a nonionic. pathway, whereas the formation of the phenol~ (283a).and (283b) 
from (280c) probably involves zwitterionic intennediates since it is only observed in a 

polar medium. The formation of (282a) is reduced by the presence of methanol which 

supports the intermediacy of a ketone which ultimately can cyelize to yield (282a) as 

. shown below : 
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hv 

Ci\ 
(280c) 

The assumption that unitchar~e .separation necessary for zwitterion formation 

is not possible in vapour. state and hence .the reaction proceeds from e;lteited bridged 

biradical species , has been challenged by Schuster18 who argued that the available 

excited state energy of ca. lO<)KcaVmole might still be sufficient to accommodate the 
~' . - , I . 

energy requirement for charge .separation in the vapour state. The regioselective trans-

formation (303) to. (304) in t-butyl aicohol serVes a better case in favour of rearrange

ment in the.biradical stage120
• In a zwi~rionic inteimediate~ [1,4] shift would have 

been expected to give the 5..cy~o isomer rather thaD. the product (304). · 

hv 

t-Buoa 
) 

NC 

(303) (304) 

An the p~sicochemical studies described above supposes a description of 

· the primary photochemical. intermediate as a radical like species. 
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·SECTION -B 

(Involvement of Zwitterion Intermediates) 

Formation of a vast multitude of products on photoexcitation of 

cyclohexadienones and bicyclohexenones has got strong resemblence to the products 
obtained from ground state . electron deficient species, although the rearrangements 

do not completely rule out involvement of biradi~l species (278) and. (280a). 

Nonetheless some type of products, for instance, formation of hydroxy ketone in 
acidic medium 'is really difficult to explain without participation of zwitterion 

intermediates (279) and (280b ). 

(307) Ar = p - CJI~r 

e 
0 

) 

0 . I 
.. H 

Ar~ I I 
.. 
Ph 

h 
.. .. 

Ph 

(308) Ar = CJI5 (310) Ar= Glfs 

(309) Ar = p - CJI4Br (311) Ar-cJI~r 

hv ,__ _____ __, 

. OH 

@ 
(314) 
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Zimmerman developed experiment$ 121-124 to generate -zwitterion in ground 

state process of the type (279) and (280b) which undergo rearrangement to 

~cyclohexenones and phenols respectively. Favorsldi-type rearrangement, as described 

'-!ii. :n;~ r:--~;-.·.~·;:':~b<ih/e; of the bromoketone (307) furnished in high yield (309), one of 

the stereoisomeric photo ketone of the corresponding dienone(311 ). The bromo ketone 

(312) yielded the phenols (313) and (314) on treatment with t-BuOK in the same ratio 

as is obtained from the photolysis of (308). This result supports the propOsition that 

generation of phenol from irradiation of bicyclohexenone 

proceeds through the- intennediacy of zwitterion. Under both direct irradiation29 and 

triplet-sensitized condition the stereo isomeric ketones (315) and (316) in aqueous 

t~butanol ream\nges to similar ratios ofphenols (317) and (318). No cyanophen. yl 

migrated product was formed. Therefore, phenyl migration oCcured to a positive cen

tre rather than to a radical one and hence gave support that demotion to zwitterion 

must have preceded the rearrangement. 

_-_h_v __ ~> c&: 
·I 

(315) R = Ph, R' = p-CJI4CN 

(316) R'= Ph. R=p- C6H4cN. 

+ 

Formation of (321), a close form of zwitterion (320), which can be matrix 
. ' 

isolated from the irradiation of (319) leads further support93.94 for zwitterion hypothesis. 

hv 
71K 

(321) 
(matrix isolated) 
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A. direct evidence that leads to the definitive involvement of zwit~terions in 

these types ofphotoreammgement in solution would require their capture, when formed 

p~otochemically from di~ones by nucleophiles before further conversion oocurs. 

The dienone (290) and related compounds have been found . to be very suitable for 

this purpose and subjected to extensive studies 1&-
21

• The build up of positive charge at 

C- 4 in (290) has greatly enhanced owing to the attachment of electron-withdrawing .' 

trichloromethyl substituent and hence making [ 1,4] rearrangement and cyclopropane 

cleavage in (279) less favourable . This also improved the succeptibility of these 

intermediates to capture by nucleophile and rendered the zwitterion (295) accessible 

for trapping and kinetic study. The species (332) has been found to be the common 

precursor of products (296), (298), (301) ~d (302). In alcohols (methanol, ethanol, 

propan-2-ol )acidified with hydrogen chloride protonation of (295) gives (297) which 

by capature of solvent affords (334). It is unique in the sense that these_are examples 

of dienone photoproducts in which the skeleton of the proposed zwitterion is pre

served. In absence of the appropriate electrophile (332) was captured by nucleophiles 

such as alcohol solvent and added halide ions to yield (299) and (300) respectively, 

which then undergo fragmentation in an anionic Grob-type process giving (301) and 

(302). In 2,2~-trifluoro ethanol and methanolt the ratios (302)1(296) and (302)1(301) 

has been noted to incease linearly as the LiCl colicentration in the solutions was . 

increased and the quantum efficiency of formation of zwitterion (295) was nearly 

unity. 

Just as the trichloromethyl compound (290) discussed above, zwitterion derived 

from 4H-pyran-4-ones e.g. (322) should also be succeptable to nucleophilic trapping 

and fragmentation. This exp:~~ta_~~~'f!~ :was borne out when it was recorded23.24 that 

irradiation of (322) in 2,2,2-trifluoro ethanol afforded the stereoisomer(323) (major 

isomer) and (324) (minor one) clearly resulting from trapping of zwitterion 

intermediate. 

(322) (323) OH (324) 
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A few ~xamples can be cited to demonstrate that nature of the photoproducts 

. formed is explained by proposition of zwitteri9n intermediates. 

OAc 

(325) 
(326) 

hv 

(327) 

4-hydroxycyclohexadienones (y-substituted with respect to carbonyl group) 

(325) and (327) furnished ring contracted photoisomerls~ enediones, (326)112 and 

(328)ll3 respectively on photolysis in anhydrous and a9ueous dioxene. Many more 

cases125~128 of similar photoisomerization have since been reported. Rec~ntly Caine 

et al.129 have demonstrated the formation of, amongst other products~ tricyclic ke- . 

tones of the type (330), (331) in polar solvent (acetic acid) on irradiation of bicyclic 

cross conjugated cyclohexadienones having 8-oxysubstituents, (329a-c). 
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H 

hv 
AeOH ) 

0 (329) 

(32}) 
a=R=COPb 
b = TBDPS (tertiary butyl 

diphenyl Silyl) 
c = SEM [B-trimetbyl Silyl 

ethoxy methyl]· 

o:::?' I 

I . (330) 
OAc 

(330) 
a=R=COPh 
b=R=TBDPS 
c=R=SEM 

+ 

0 (331). 

+ other products 
(331) 

a=R'=COPh 
b=R=TBDPS 
c=·R=SEM 

The tricyclic acetoxy-ketones (330a-c) and (331a-c) were derived from 

trapping of Zimmerman-Schuster cyclopropyl carbocation intermediate (332) 

by acetic acid. These products provided the first examples of solvent trapping 

of Zimmerman-Schuster intermediates ~uring photolysis of "fused-ri_ng cross

conjugated cyclohexadienones. 

This type of reaction was report~. by Schuster and coworkers117 in monocyclic dienone 

(290) discussed earlier. Interestingly product of the type (330) or (331) was not 
. . . 

formed1
36-

131 when irradiation was carried out on the substrates 6/5 fused dienones 

without con~ning 8-oxy;@_~n · substituents. -Therefore, in dienones such as (329) it 

appears that the C-1 oxysubstituents reduce the rate of cleavage of the cyclopropane 

ring of the ~rman-schuster intermediate (332) sufficiently t~ permit the tn!p-
phig process OCC'Qf. This effect ~~iferic and/or el~nic in origin. . · 
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Schuster and Liu21 observed that addition of LiCl had absolutely no effect on 
the efficiency oflumiketone formation on photolysis of santonin or dienone(310) in 

2,2,2-trifluoro-ethanol and no new products were obtained. This shows that either (a) 
· ·iwitterions are not reaction intermediates in these systems or (b) ,z.J,vitterions are ac
tually involved but their lifetimes are much shorter than that of (279). The authors 
favoured the explanation (b). Since lwruketone formation is the only primary reaction 

Occurring on photolysis of santonin and (310), zwitterions in these cases have only 

two options.(i) decay to the ground state dienone and,(ii) [1,4] sigmatropic rearrange

ment. Since the lukiketone formation has high quantum efficiencies ( - 0.85), it is 

evident that lifetime of zwitterion is determined principally by rate of lumiketone 

formation. 

Fisch and Richards132
•
133 observed the formation of a blue transient intermedi

ates from the irradiation of smi~nin. lwnisantonin and soine a-haJoderiv~tives in glasses 

or polystyrene at 77°K. These intermediates are not paramagnetic and· considered to 
. ' 

be cottesponding zwitterions. This assignment must be considered tentative as these 

species could not be trapped. 

In summery, the discussion so far made clearly points to the· involvement of 

diradical species during electronic excitation and demotion followed by zwitterion r, 

generation in the ct:oss - conjugated cyclohexadienone and bicyclohexenone 
photorearrangement at ambient t~rature as postulated in Zimmerman-Schuster 

mechanism. 

Much work has been done to elucidate the mechanism134 of the photochemical 

reannagernent of 4,4-disubstiwted cyclohexadienones (333) to form 6,6-disubstituted 

bicyclo [3.1.0] hex-3-ene-2-ones (334), products which themselves suffer subsequently 

further rearrangements. ring opening and so'on. 
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9:: hv 
), 

.. 
R R 

(333) (334) 

It was proposed at early stage78 (e.g. when R =phenyl) that the initial cold 

product was a Zwitterion (335) which subsequently rearranged to (336). 

Strong evidence124
•135 for such an intermediate is the· fact that both the 

dehydrobromination of (337) with base and the debromination of (338) with sodium 

produce (334 ). 

Br 

t-BuOK ) (334) 

. (337) 

Ni ( 

Br .. .. 

(338) 

With a view to understanding regios(electivity in cyclohexa<;lienone ·photo

chemistry, Zimmerman and Pasteris145 studied the photochemistry of 3-cyano-4,4-

diphenul-2,5-cyclohexadienone (303a) and also the dark genemtion of the 1-cyano-

6,6-diphenylbicyclo [3.1.0] type A zwitterion (351 ). Despite the possibility of the for

mation of both 4-cyano-6,6-diphenyl bicyclo [3.1.0] hex-3-en-2-one (304a)' and its 5-

cyano isomer (340) only the 4-cyano regioisomer was formed both in direct and m

methoxyacetophenone sensitized irradiations . The independent generation of the 

ground-state type A zwitterion was achieved by base treatment of 1-Cyano-2-bromo-

6,6-diphenyl bicyclo [3.1.0] hexan-3-one (347) and its 4-bromo isomer (348).Both 



83 

reactions led to the regioselective formation of the 4-cyano bicyclic photoproduct. In 

addition, the reaction of diiron nonacarbonyl with 1-cyano 2,4-dibromo-6,6-diphe

nyl bicyclo [3.1.0] hexan-3.:.one (349) led to the same bicyclic product. Hence, the 

type A zwitterion leads to complete regioselectivity·to that isomer of bicyclic 

product (350) having the cyano group on the residual double bond and the photo

chemistry is consistent with a zwitterion?~J pathway. It has also been observed 

that the regioselectivity did not depend on solvent polarity. 

Zimmerman and Pasteris146 also carried out the irradiation of 3-meth~xy-

4,4-diphenyl-2,5-cyclohexadienone (303b). Here, too, the product is regioselective 

with a preference for formation of 4-methoxy-6,6-diphenyl bicyclo [3.1.0] hex-3-
. ' . 

en-2-one (304b) relative to 5-methoxy isomer (346a) formed (1.4:0 in benzene. 

. (303a) , R = -CN 
(303b ), R = -OCH3 

Ph 

Ph 

(304a)~ R = -CN 
(304b ), R = - OCHj 

31 
4 

Ph 

5 
R Ph 

(346), R= .:....CN 
(346a), R = ~OCH3 



Ph 

Ph 

L•BuOK 
1 t-BuOH 

Br. 
CN 

(347) 

Ph 
Ph 

(348). 

Ph 
Ph 

t-BuOK 
L-BuOH 

Br 
(349) 

84 

Br l / 
Ph 

CN 

(351) \. 

0 Ph 

CN (350) 

Ph 

Ph 

(Zwitt~rion Mechanism for the Dark type A· Rearrangement) 

· Schuster and Liu 14-7 presented a detailed kinetic study which showed that a 

zwitterionic species is an obligatory intermediate in the photochemical conver

sion of 2,5-cyclohexadienone to lumiproduct. Lithium chloride present in the 
reaction mixture successfully intercepts the zwitterionic intermediate. Their studies 

on the temperature dependence of the zwitterion-derived photoreactions also 

reveal that the main source of inefficiency in the system appears to be electrocyclic 

reversion of zwitterion to the cyclohexadienone by an orbital symmetry forbidden 

pathway that becomes increasingly important as the temperature is raised. 
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SECTION- C 

(1\rfultiplicity and Energy of the Reactive ·Excited State ) 

A good deal of efforts has been directed to study the nature ofmultiplicity, · 

energy and electronic configuration of reactive excited state· of corss conjugated 

cyclohexadienone photochemistry. Numerous rileooanistic proposals that have piled 

up over last three decades, will now be considered in the light of available data. 

Photoconversion of santonin and dienones (310) and (311) to lumiketone 

on direct irradiation has been favoured to be very efficient and the quantum yield 

almost approaches to unity. Same quantum efficiency has been recorded on 

sensitised reaction from triplet sensitizer such as benzophenone (ET = 68.5 Kcall 

mole) or acetophenone (ET = 73.6 KCal/mole). ~is gives some idea that the 

photoreactio11 occurs from triplet state and S__,.T intersystem crossing efficiency 
' ' 

is nearly unity. This was further strengthened by the observation that the 

photoconversion is completely quenched if irradiation of a-santonin at 3660A or 

(290) under a pyrex filter148 is carried out in piperylene as a solvent, a triplet state 

quencher . Similar results were obtained with another triplet state quencher 1,3-

cyclohexadiene. 

Schaffner et al. made an interesting observation that y- irradiation oftolune 

or benzene solutions of 1-dehydrotestosterone acetate induced isomerisation to 
' . ' 

the corresponding. lumiproduct with a G-vafue of 1.9 to 3.0, which on further 

irradiation afforded the same mixture of ketonic and phenolic products as obtained 

by photolysis at A. > 280 nm. Since isomerization could not be induced in the 

absence of an aromatic sensitizer, triplet se~sitization.by aromatic ~olvents have 

been proposed136• 

Although the sensitization studies with triplet sensitizers and quenching studies 

with piperlin (1,3-pentadiene) and. 1,3~yclohexadiene indicate the involvement of a· 

triplet path, the result from another triplet quencher napthalene renders the quenching 

studies inconclusive as regards the precise nature, energy and iden~ty of quenchiable 

triplet. Low temperature phosphoresence measurements of a-santonin, (290) and (31 0) 

· led to the determination of the lowest spectroscopic triplet state energy to be Et = 68 

KCallmole. This values indicates that triplet.energy transfer to napthalene (E, = 61 

KCallinole). 1,3-pentadiene (Et= 57-59 KCallmole) and 1,3-cyclohexadiene 
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(Et = 53 KCal/mole) ·should take place at the same diffusion-controlled rate. Contrary 

to the expt'ttlt~K~napthalene failed completely to quen~h (310) and the quenching ability 

of 1 ,3-pentadiene has been found to be considerably lower than 1 ,3-cyclohexadiene in 

case of santonin, (290) and (310). 1\vo possible explanations have been advanced16• 

Firstly a triplet exiplex 3(DA)* fonna~on between the donar (D) and acceptor (A) has 

been proposed. It might diminish the rate constants for energy transfer by factors 

other than the difference in donor (D) and acceptor (A) triplet energies and it is different 

for different acceptors. Secondly,· the quenching of the spectroscopic dienone triplet . \ 

might not occur, since the relaxation to a lower-energy geometry might be. sufficiently 

fast. Furthennore, this relaxed quenchable triplet was considered to adopt a geometry, 

interposed between (277) and (278). which has an out-of-plane twist of the dienyl 

radical moiety and possesses an energy.about or lower than 60 KCal/inole. 
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SECTION -D 

(Electronic Configuration or Reactive Excited State [n, 1t* vs.1t, 1t*]) 

Cross-conjugated cyclohexadienones show an intense absorption band 

centred around 240 .nm ~nd another less intense band around 300 nm. The former 

band is associated with 1t-1t* and the later to n-1t* electronic transitions. All the 

usual photochemical rearrangements undergone by dienone systems can be .ef

fected by photolysis at ei~er wavelength. Of course, the qu_antum efficiency and 

chemical yields of various products vary substancially. As because the initiation 

of the photoreaction can occur at wavelengths corresponding to low energy n, 1t* 

transition, it is often assumed that reactive excited state is of n, 1t* character. This 

has been the basis of Zimmerman-Schuster78 mechanism of cyclohexadienone . 

photorearrangement. 

Since the photoreaction· occurs from a triplet state, as discussed earlier, 

this could be 3n, 1t*. This contention has been supported 137•138 by low ~em perature 

phosphorescence measurements of (290) and some other monocyclic dienones in 

glases. On the basis of short emission life time (about 0.5 msec.), direction of 

emission polarization, effect of solvent polarity on emission wavelength and the 
similarity of the vibrational pattern of the phosphorescence emission spectrum 

wfth that characteristic ofn, 1t* emission,sapf.oY't tne 3Yl./7T* confi;J-t-t'~"<'ition.. 

Phosphorescence was thought to originate· from 3n, 1t* state. However, phos

phorescence excitation measurement at 4.2 K and investigatioan of heavy atom 

effects on santonin and some analogues~39 led to the proposition that phosphores

cence in later cases stems from 31t, 1t* state lying below the 3n, ·1t* state. There is 

also strong vibronic interaction betWeen the two states. Interestingly, Schuster has 

observed that (292a}, 3-methyl analogue of (292) possesses a lowest 31t, n* state 

though (292) a 3n, ·1t* state. It shows that slight change in geometry by introducing 

a substituent or conformational flexibility may switch over from one energy state 

to the other. The T 2 state can be thermally populated from an unreactive T 1 state, 

particularly when the two triplets are energetically proximate, at ~bient tem

perature as observed140 in case of certain aryl ketones. Therefore, reaction of the 

type e.g. ~, l3' bonding [(~78).-..t (279) .Scheme -m )] from an 3il, 1t* state (T 1 or 

T 2) ·is ~til~ a distinct possibility. To adduce further evidence in support · of in

volvement of 3n, ·Jt* excited state, Zimmerman et al.141 generated triplet acetone 
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from thermolysis of dioxitane (339), which by triplet.excitation converted (310) 

to (308). Then, an idea of effecting intramolecular electronic excitation by inter

nal incorporation of a dioxitane moiety was envisaged by him in order to effect 

. unimolecularrearrangetnent in excited state. These are examples of photochemis

try without light, since in these cases excitation energy is not derived from irra- · · 

diation but derived from thermolysis. 

The lumiketone (308) was formed in considerable yield (16.6 ± 3.2%) on 

·thermolysis of five different dioxiqmces (340a - e). In four cases, the alternative 

(341a-d) have higher triplet energies than (310), but in the fifth case (340c) the 

reaction course was not altered despite the product ( 341e) acetonapthone has lower 

energy 1t, it* triplet (Er =59 KCal/mole) than then, it* triplet of (310) (Er = 68.5 

· KCal/mole) .. The argument has been advocated that the higher energy· n, 1t* 

triplet of (31 0) is formed preferentially to the lower enertgy x, x* triplet of (341 ). 

This also supports the view that the n,1t* iriplet of (310) is kinetically formed and 

rearrang·es prior to any equilibration with the 1t, x* excited state. 

0 

A > h ¥ + 

0 
(339) Ph . Ph 

(310) . (308) 

~ 
. ~ + ctPh+ (~ 

Ph 

) 

(340) 
(308) (341) 

a=~ =Me~~ =Ph; b=R1 =Me, R=n..:MeOPh; 
c=R1=Bu, ~=Ph, d=R1=~ =Me ; 
e = R1 =Me, ~ =2-na~h. 
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Although this strengthens sUpport for the involvement of the n,x* excited 

state; proposed long ago, cannot rule out yet the possibility that n,x* triplet of (31 0) is . 

not reactive but thennally populates the higher-l~ing 31t, 1t* state atter which the 

rearrangement occurs. 

Schaffner and coworkers142•143 have carried Qut an interesting photoreaction of 
(342) giving further insight into this mechanistic aspect. This reaction is structurally 

related to the f3,f3' bonding process in (278)~(279) and afforded the photo product 

( 34~.0 which is formed vi~ two competing rearrangement paths fuitiated by bridging 

from the olefinic 13-carbon of the cross-conjugated ketone in (342) as depicted below 

.COPh· 

CO Ph 

CO Ph 

(342),. 

(345) 

(344) 

The· phosphorescence spectrum of (342) is ·that of a 1 ,8-bridged napthalene . 
. . 

and posses·E,=58.2 KCaUmole. The quantum yield of the photorearrangement has 

been determined at different wave length as well as on sensitization with donors of 

different triplet energies between 61.9 to 68.9 KCa1/mole. It has. also been observ~ 

that all of these occurred at similar rates close to diffusion-limited in benzene [(2.8-

·4.2) x 109M-1Sec-1]. A nanosecond ~sient intermediate at room temperature has 

been demonstrated in laser flash experiments and e s rat 77K and IR spectroscopy in 

77-294 K range exhibited two- biradical intermediates (343) and (344).-They have 

envisaged that the initial excitation leads to an upper singlet (S2)7t, 1t* state which is 

followed by a highly efficient intersystem crossing to populate T2 (60<E,,63KCall 

mole) or by direct formation ofbiradicals with an Cfficiency similar to that from~ or 
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by both reaction pathways. Irradiation with 435 nm generates lowest-lying napthalene 

triplet ,state. Reaction from this state or energy transfer from phenanthrene (Er=61.9 

KCal/mole) occurs with via thermal population of T2 or separate inefficiency path. 

They also adducetlevidence144 Lo sho~ Utal Uie rearrmgemenl (342)-7 (345) occurs 
also from ground state thennal process reversibly through competing .stepwise and 

thermally allowed concerted processes. 
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CHAPTER-lll 

(Preparation and Photochemistry of Cross-Conjugated 
Cyclohexadienone Ring A of Friedalane Triterpenel49) 

Introduction : 
Light-induced molecular transformations of substrates possessing 

· cyclohexadienone chromophore in ~eneral and 2,5-cyclohexadienone (also known as 

cross-conjugated cyclohexadienone) in particular, have been studied extensively. These 

photoreactions are facile and fascinating. but highly complex in ilatllre. Often a plethora · 

of products are obtained through a multistep process depending upon structural 

variations, substitution patterns, solvent polarities and different exciting wave lenghts 

used. When a cross-conjugated cyclohexadienone is photolysed in no~polar solvents 

such as dioxane or ether using exciting wave length of254 nm, the principal product 

obtained is the bicyclo [3.1.0] hexen-3-one , a cyclopropyl ketone (also pOpularly 

known as a lumiproduct). This·lumiproduct is itself photo labile and ultimately gives 

rise to several unsa~ted ketones (2,4-and 2,5-cyclohexadienones) and phenols on 

prolonged irradiation. Lumiproduct may not be obtained as the principal product if 

the exciting light .used is of wave length ranging from 300 to 360 nm. Eventually, 

unsaturated ketones and phenols are main isolable photoproducts formed at the expense 

of the unstable lumiproduct. The story does not end there. Interestingly, when irradiation 

is effected in acidic solution such as aqueous or glacial acetic acid lumiproduct is not 

obtained, instead ~ the major photoproducts obtained are mixture of two hydroxy 

ketones, on,e 5n fused hydrazulene type and other spiro [4,5]deearie type. Such extra

ordinary versatility, which is generally characteristic of compounds possessing the 

cyclohexadienone chromophore, renders the study of their photochemical behaviour 

attractive from the preparative as well as mechanistic view point. 

When this versatile photoreaction is applied in the synthesis of natural products, 

the chemists ate often confronted with a major problem. This is because ·most of the. 

naturally ocCurring substances do not possess this inbuilt photoactive chromophore. 

This problem can Qe circumvented by introducing this photolabile moiety in a molecule 

by a sequence of reactions before a photoreaction is attempted. Following this strategy, 

therefore, the modem-day synthetic chemists have found a powerful tool in the 

adaptation of organic photochemistry for prep~rative purposes. Since this 

· phototransformations'have great synthetic potential, these have heeD intensely applied 
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for the partial and total synthesis of several fused-ring and spiro-cyclic miturally 

occurring sesquiterpenes1498
•
150 such as ~-vetivone151 • a'-vetispirene152• diterpene 

grayanotoxin II153, unnatural l()arsteroid154, lOa-testosterone acetate, aporphine . . 

alkaloid, boldlnem. 

Since the application of this photoreaction in the triterpene natural product is 

scant, we have planned to apply this photoreaction for the synthesis of useful triterpene 

derivatives. A closer look at the structural feature present in triterpene reveals that 

because of the presence of 4,4,10-trimethyl ring A system (352) in triterpenes such as 

a-amyrin,- ~-amyrin and lupane series (Scheme~IV), the introduction of this 

chromophore in ring A is not feasible. In contrast, this can be introduced in ring A of 

friedelane triterpenes (353) having 4,5-dimethyl ring A system. Therefore; we,at first, 

have introduced this cross-conjugated cyclohexadienone moietY in friedalane by a 

sequence of reactions and appli~ phototransfonnation upon it. We have been motivated 

to undertake this work for. several reasons : ( 1) some of the friedelene derivatives are 

biologically active1S6, (2) no photoreaction has been. reported on cross-conjugated 

cyclohexadienone ring A derivatives of friedelane triterpenes, (3) interesting and novel 

compounds obtained from this photolysis are difficult to prepare by conventional 

chemical methodology. Furthennore, the lead compound fried~n (354) can be easily 
. I . 

obtained in good yield from cork waste, necessary for this type of multi step synthesis. 

We have divided this work in three sections. First one deScribes the preparation 

of the photolabile key compound, the cross-conjugated cyclohexadienone ring A of 

friedelane, friedel 1(10), 3-dien-2-one (358) [SECTION- A) and the second one 

photolysis of the key eompound (358) for preparation oflumiproduct (360) [SECTION

B) and the phenolic product (361) [SECTION-C). 
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SECTION -A 

( Preparation of the key compomi«;l (358) : Scheme - IV) 

To achieve this preparation, we have used friedelin (354) as the lead compound. 

Cork waste provides a good number of substances of w~ch the triterpene ketone 

friedelin is the chief constituent. Friedelane-3-one , friedelin (354), m·.p. 26Q0-261 oc 
(litl57 m.p. 261-2630C) C30H500, IR (nujol) ~705cm-1 (C=O) (Fig. I) was abund~ntly 

obtained from the benzene extract of cork waste in a soxhlet apparatus for 20 hr. followed 

by .Purifi~tion through ~olumn chromatography (0.43% yield, based on dried cork 

waste). SodiUm borohydride reduction offriedelin (354) in dioxane-methanol mixture 

at ambient temperature for 24 hr. afforded friedelan-3J3-ol(Scheme-N) (355) c~~20, 
m.p. 282-284°C (lit tss m.p. 283-2850C), IR (nujol)3430cm-1(0H) (Fig. 2). Dehydration 

of this alcohol (355) with phosphoryl chloride in pyridine on steam-bath for 4 hr. 

_gave an olefin1~ C~w m.p. 265-2660C. IR spectrum displayed bands at 780 and 

750 cm-1 indicating the presence of a trisubstituted double bond (Fig. 3). Because of . . . 

its low solubility 1H NMR could not be recorded. I~ mass spectrum (Fig.4) showed 

strong molecular ion peak at mlz 410(M+), but did not register a peak mlz 342 (M+-

68). The latter peak has been ascribed to the retero Diels-Alder fragmentation of ring 

A of a ~2-hydrocarbon 178• Thus, the ab~ence of a peak at m/z 342 gave a strong 

evidence that the hydrocarbon was a A 3- hydrocarbon(356) and not a A2- hydrocarbon 

(356A). In order to provide further evidence for the presence of A3- double bond, 

~~eOi'~~~it{?~· of the oelfin was undertaken. Se02 oxidation of (356) in acetic acid 
afforded the compound friedel-3- en-23-al (356b) m.p. 265°C, UV( Fig.5) showed the 

A. at 227nm, 330 nm characteristic for a,j3-unsaturated aldehyde. IR (Fig.6) showed 
lllllll 

the bands at 2720, 1680, 1640, 1420, 830 cm-1 for a,f3-unsaturated aldehyde. 1H 

NMR (Fig. 7) spectrum of this derivative could be readily taken in CDC13 colution. 

Besides showing signals for 7 tertiary methyl groups at saturated carbons between 6 

0.74 -1.14, it showed signals at 

6 6.52 (lH, m, -cH;::: C- CHO),'o 9.24 (lH, S, -CH = C 1-:-.H). Thus, the A3 

I . · I I . 
. - 'c . c 0 ' \ 
- structure of the olefin (356) was .assigned on a firm basis. ' 
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The. olefin (356) was then subjected to oxidation with sodium dichromate in 

benzene - acetic acid ( 1 : 1) at reflux temperature for 4 hr. to afford a substance ( 60% 

· yield) which was crystallised from eth~l acetate. The spectral measurements enabled 

us to deduce its structure as the conjugated ketone, friedel-3-en-2-one (357), C
30

H
48

0, 

m.p. 287-28~C (lit158 m.p. 291-292-"C). Its UV spectrum (Fig. 8) showed absorption 
-. 

maximum at 238 nm. (& 7600) in methanol, IR (nujol) (Fig. 9) exhibited bands for 

cyclohexenone chromophore at 1658, 1620, 850, 720 em·•. Under closer examination 

of 1H NMR ( 300 MHz CDC13) spectrum a splitting due to a smal~ allylic coupling160 

indicates the presence of a system (A) in (357). The spectrum (Fig. 10) gave signals 

:fbra vmylpmton at8 5.65 (d, J- 1Hz, III), vinyl methyl at 1.84 (d, J -1Hz, 3H, 

C~), besides seven saturated tertiary methyls between 0.91 and 1.14. 13C NMR spec

~ (75 MHz, CDC13 ) (Fig. 11) recorded peaks at 8 200.62 (C = 0), two olefinic 

carbons at 172.06 and 125.32. In ad,dition, signals for 27 saturat¢ carbon atoms 

occurred between 8 55.60 and 17.62 [Fig. llA, expand~ (8 16 to 57)]. 
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. After the introduction of enone · chromophore system iii (357}·we. envisaged 

the introduction of another double bond between C-1 am C-10 which would enable us 

to· construct cross-conjugated chromophore system. For this purpoSe, we have used 

the mild oxidant dichlorod.icyano benzQHuinone (DDQ) jn neutral medium, dioxane, 
. te.~e•o..l:Zt....-e . 

. under nitrogen blailket at reflux[or_~.5 hr. After purification through the column chro-

matography a white compound was obtained. It was crystallised from ethyl acetate 

to provide needle_ (358), C3Jl460, m.p. 280-281°C.· Combination of spectral data 

enabled us to deduce its cross-conjugated cyclohexadienone structure (358). It showed 

uv m axir1 urn ¢"1 eoH) (FiJ~l2) at246nm t 17150) andiR (nujal) bands (Fig.13) at 

1646, 1610, 1584 and 890 cm·1• 1H NMR (300 MHz, ~) (Fig. 14) exhibited reso

·nances for 7 saturated tertiary methyl groups between 3 0.92 to 1.25, one vinyl methyl 

at 1.95 and two olefinic protons at 6.11 and 6.02. A closer look at the spectrum showed 

that the olefinic proton at S 6.11 ap~ as a doublet with small splitting ( 1- 1) due 

to.allylic coupling with the vinyl methyl group at 31.95 (J- 1) and the other olefinic 

proton at 3 6.02 as singlet [f1ig. 14A, expanded (8 0.8 to 2.25]. These spectral obser-. 

vations enabled us to assign singlet peak at 6.02 due to olefinic proton at C - 3 and the 

vinyl methyl at C - 4. Thus, the cross-conjugated c~mophore system in (358) has 

· been established and this k~y compound has been assigned structure, friedel- 1(10), 

3-dien-2-one. (358). This has been further substantiated by nc _N.MR spectrum (Fig. 

15) which showed res<?nances at 3 206 (C _= 0), 177.50, 167.29, 125.68 and 121.86 

(four olefinic carl)ons) and 25- sp3 carbons between 50.16 and 17.73 [Fig. 15 A,_ 

expan~ed (S 15 to 55)]. EIMS(Fig. 16) registered molecular ion peak at rnlz 422 
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Scheme - IV 

3 
i 
I 6 

H(352) 
(a.-amyri~ ~-am~ Lupane-Type) 

Friedelin 
(Friedelan-3-one) 

c 

a 

(357) 
Friedel-3-en-2-one 

. 3. 

(353) 
· (Friedelan type) 

H 
I 

(355) 

Friedelan-3-~-ol 

(356) 

Friedel-3-ene 

d 

0 . 

~ 
3> 

(358) 
Friedel-1((10), 3:Wen-2-one 

Reagents and Conditions : (a) NaBH4, dioxane-methanol (2: 1 ), r.L, 24 br; (b) POC13, Pyridine,tsteam bath, 4 br; (c) 

N~Cr207' AcOH-PhH (1 :1), reflux, 4 hr; (d) DDQ. dioxane,~. reflux, 2.5 hr. 

[Synthesis of the key compound, friedel-LJlO), 3-dien-2-one (358) fromfriedelin 

(354)) 
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(M..., 48%) and, other importmit fragmented ions at 407 (M+- CH
3
), 298,286, 271, 

229, 203, 182, 175, 135, 95 and 81. Circular dichroism (CD) spectrum in dioxane . 
(Fig. 17) recorded maxima one positive at 260 nm (As +10.4) and other negative 

· at 239 nm (A& - 7.7). This too, provides additional information regarding the 
proposed structure of (358). 

0 
~ 

(358) 

Scheme-V 

·; (359) 

~· 

7 (360). 
Lumiketone 

(Bicyclohex [3.1.0]-enone type 
photoproduct) . 

[Conversion of tire key intem1ediate (358) to the lumiketone photoproduct (360)] 
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Section- B 

(Formation and characterisation of the Lunliproduct (360) ) : Scheme - V) 

The cross-conjugated cyclohexadienone (358} ,:th,at synthesised by a 

sequence of reactions, was photolysed with low pressure mercury lainp (more 
. . 

than 95% of emitted wavelengths 254 nm) in dry dioxane at ambient temperature 

under nitrogen blanket (Scheme-V). Initially, we carried out irradiation for 15 

min. Experience gather~d over the past several years by different groups inferred 

that irradiation-for a short time "in nonnucleophilic neutral solvent in an. '.inert 

atmosphere is the.most appropriate -condition for lumiproduct formation. Its yield 

considerably increases by using irradiation at 254 nm. This· is due to much lower 

UV absorption of lumiproduct at this wavelength in comparison with the starting 
I ••. • 

dienone and hence possibility of further conversion of primary photolabile 

lumiproduct to secondary photoproduct(s) is considerably reduced. The progress 
. . 

of the photoreaction was monitor~ by TLC and we noticed that short irratiation 

for approxhnately 15 min. gave almost. single product, lumiketone (360). From 

column chromatography of the reaction mixture, using pet ether-ethyl acetate ( 4: 1) 
as eluent a colourless compound was obtained which on crystallisation from ethyl 

aretate af!b.n:ied fine needles .1n 7 470 yeili (360) C30H460 m.p. · 305°C. B~cyclo '[3 

.1.0]- hexenone structure of the lumiketone (360) was deduced by a combination 

of.physical techniques._· 

UV spectrum (Fig. 18).(Me0H) showe4~bsorption maximum at 241 nm (E 

8100) for cop.jugated ketone, IR (nujol) (Fig. 19) at 1675, 1595 cm-1 for 

cyclopentenone system. A d~tai~_ed analysis of 1H NMR (300 MHz, CDC13) (Fig. 

20) Ehow ed res::mances at S 5.65 ( d, J ~ 1, 1 H) for olefinic proton and at 2.14 ( d, 

J- 1, 3H) for vinyl methyl group and be~ween 0.92 to 1.15 for seven saturated 

tertiary methyls [Fig. 20A, expanded (3 0.6. to 2.4)]. Thus, here also we have 

noted a'small splitting due to allY,lic methyl coupling indicating the maintenance 

of the structural feature (A) as in (357) and (358). 13C NMR (75 MHz, Cf:IC13) 

. (Fig. 21) revealed resonances at() 206 (C = 0), two olefinic carbons at 175 and 

133, besid~s 27 sp3 carbons between 58.80 and 16.84 [Fig. 21A, expanded (8 25 

to 60~].EIMS (Fig. 22) registered molecular ion peak at m/z 422 (M+, 7~%) and 

other jmportant fragmented jons at 407 ( Mt... CH
3
), 298,218, 204; 175, 161, 149,· 

136, 123, 109 and 95. 
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Elemental composition coupled with mass spectral measurement shows that 

it is isomeric with the starting dienone and must therefore result from an intramo

lecular photorearrangement. 

It has long been worked out by several groups that 2,5-cyclohexadienone 

~ bicyclohexenone photorearrangement occurs from an excited triplet state. 

We have also observed that this photoreaction has been sensitized by the triplet 
state sensitizer benzophenone and quenched by the. triplet state quencher 

napthalene. We have noted it carefully that this phoiotransformation is efficiently 
. . 

quenched even by a small concentration of the quencher napthalene. This led us . . 
also to infer that this photoreaction occurs from excited triplet manifold. In lbae 

with ~bservation previously made, we too noticect that it is a very effi~ient photo

reaction. The quantum efficiency for lurniproduct formation was measured by 

using standard procedure of ferri-oxalate actinometry and sho~·ed . ~ ;:: 0. 77. 

StereochenUstcy of ·Lumiketoue (360) : 

· Since. we have not yet. touched upon the stereochemistry of lumiketone 

formation, here we wish to give first a brief revie~ of lumiketone stereochemistry 

and then to extend it for discussion of our lurniketone (360) stereochemistry. 

. Chronological events that have been postulated for the photoch~mical conversion 

of 2,5-cyclohexadienone to bicyclohexenone (lumiketone) make the determination 

of stereochemical course of this uniq~e rearrangement quite complicated. ~' ~'

bonding (3,5 bonding) occuring after the initial excitation leading to substantial 

puckering of the cyclohexadienone ring system, the configurational fate of the 

migrating carbon in the subsequent [1,4] sigmatropic shift and the direction in . . . 
which this migration proceeds are all to be taken into consideration before a clear 

picture concerning the stereochemistry .~erges. 

·Schaffner, Jeger and coworkers64•162 carried out an extensive· study on the 

steroid 2,5~yclohexadienones--7lumiketone photor.earrangement and proposed 

· an inversion. of configuration when both modes were a priori possible. 1\vo spiro

dienones (362) and (363) gave lumiketones (366) and (367), respectively and the 

proposition was made that the reaction occ.urs via intermediates (364) and (365). 

If the absolute configuration of the dienones and lumiketones as depicted here are 

correct, the rearrangement must have occurred with' inversion of configuration 
( 

i.e. endo group in the zwitterion intermediate remains endo in the final product. 

They have advanced complex arguments based in part on the chemical relationship 
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of these molecules to others of known absolute configuration. Since these molecules 

are rigid and constrained, the determination of absolute configuration of this type· 

of rearrangement be based on experiments design~ molecules having a system 

totally,freeofstencco~. r-"""'~ J ~ 

o--:-
~=/ hv ~ ' 

>~ !r-1 
I o~ 

' (362)' 
0 0 (364) · (366) 

hv 
) 

(363) (367) 

(365) 

Rodgers and Hart163 observed that irradiation of monocyclic, nonrigid (strain

fr~) dienones of the tYPe (368) with different alkyl groups at C-4 invariably leads to 

predom~nent fonnation of lumiketones with bulkier alkyl groups in the endo orienta

tion (369). This tendency becomes ~ore pronounced as the·steric requirements of the 

subStituents at C-3 and C-5 in (368) increase. This has been explained in the .following 

way. The conversion of 2,5-cyclohexadienone to dipolar ion proceeds from a nearly 

planar geometry to that of fused bicyclo [3.1.0] ring system. In this conversion, C- 4 

cail move either up or down • If it moves up, placin~ R1 e1ulo , then at some stage ~ 

must pass by groups A and Bon C..:3 and C- 5. The situation becomes oppsite ofC- 4 
I. 

moves down. When repulsions between· ~ and/or ~ on C- 4 and A and/or B are 

significant, prediction may be made that if R1 is larger than ~. the product' with ~ 
endo will predominate. 
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(369) 

\ ~ 

,A C-4mov G 

3 ,' up 0 
B Rt endo path 

. (368)• 

To test tJ?.eir propoSal Rodgers163 and Hart carried out irradiation of 4-propyl-

4-methyl-2,5.:.Cyclohexadienones in methanol with 2537Ao lamp. The bicyclic ke-, . 

tones were separated by VPC and identified by spectroscopic techniques UV, IR and 

NMR The increase in yield of the product with larg~r (propyl) group er..do as hydro

gens at C- 3 and C-,5 in (370) are successively replaced by methyles is consistent with 

their postulate that the stereocheri:tistry can be controlled by sterlc factors. Thus, the 

direction of ring puckering, induced at the outset of 3,5-bonding, seems to be pre- · 

dominti!Hy steric in ~e absence of other perturbations in the dienone system and 

increased sterlc requirementS of the silbstituents at C- 3 and C- 5 directs the bulkier 

C- 4 substituent in the endo orientation. This rationalisation, however, is based on the 

assumption that the position of substituents at C- 6 (C- 4.of the starting dienone) is 

unchanged in the subsequent [1, 4] sigmatropic shift leading to the lumiketone. This 

means that the product stereochemistry is determined in the first stage of the ~ction. 

In the ground state rearrangement ofthe dipolar ion (373)164
, the [1,4] sigmatropic 

shift is predicted ·to occ~ with inversion of configuration at C- 6,16$·166 maintaining 

~e exo-endo orientation of the substituents at C-6 ou proceeding from the intermedi

ate ·(373) to. the lumiketone, but direct experimental evidence providing unequivo

cally that ihe light-induced rearrangement proceeds in the same m~er, has not yet 

been obtained. However, circulllS(antial evide~ce to this effect is available167
• 
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e Cii,(n) 
hv 

3H,(n) 

+ 

~ R· s 

~ Rs 

(370a) ~=R5 =H. ) (371a)44% +· ( 372a) 56% 
(370b) ~=~.Rs~H . ) (37lb) 68% + ( 372b) 32% 
(370c) ~=Rs=C~ ~ (371c) 91% + · (372c) 9% 

[1, 4] . . 
mverston 
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In order to examine the electronic effect on the stereochemical course of this 

phototransformation, Schuster and Patel168 have initiaJly conducted irradiation of a 

strain-free mon~y.:.,"Clic system with a strong electron-withdrawing CC13 group at 

C- 4, :4-methyl-4-trichloromethyl-2,5-cyclohexadien-1-one (373a). The sole lumi~etone 

formed was (374a) having the CC1
3 

group in the exo orientation. Sctiuster and Prabhu169 

later photolysed 3,4-dimethyl-4-trichloromethyl-2, 5-cyclohexadien-1-one (373b), a 

C-3 methyl homologue of (373a), in a number of solvents. The effects on the 

photochemistry ·produced by introduction of the additional group are varied and 

pronounced. In t-bu~~T} alcohol, both epimeric.lumiketones (374b) and (375) were 

formed in a ratio of about 5 : 1. Structure and stereoche:rr..ist.-y have been deduced · . 

from spectral data, hydrogenation experiments and an X-ray crystal analysis and was 

shown that the major product (374b) has the CC13 group in exo orientation. 

0 

hv 

(373a) R=H 
(373b) R=C~ 

~~Cl3 

(374a) R=H 
(374B) R=C~ 

cr 
~. 3. 

(375) R=C~ 

;.-,. Schuster and Cut-rali170 have also conducted irradiation of Spirodie11one (376) 

without having strain or unusual electronic effects to ~mplicate interpretation. Isomeric 
spirolurniketones (379) and (380) have been obtained. Interestingly, stereoisomeric 

3,5-bonded intermediates (377a and 377b) and dipolar ions (378a and 378b) are possible 

in the generation of lumiketon~. The final step in the lumiketone generation is a 
J 

sigmatropic change of order [1,4] which could occur in two distinct stereOchemical 

modes. The intermediate (378b) could rearrange concertedly to lumiketone (379) by a 

pivot mechanism with retention of configuration at the migrating spiro carbon atom. 

Bond formation, on the other hand, could occur with inversion of configuration at the 
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spiro carbon atom leading (378b) to (380). The latter stereochemical mode is predicted 

tbr o:mrene::i .reanangan-ent of the ground statE zw-.3:tlerion171 and in~ersion of 

configuration has indeed been noted in several thenDal [1, 4] Sigmatropic reamuigement 

of systems anaiogous to (378)172-
174

• Mention may be made in this c~ntext _tha~ 
rearrangement by two successive 1 ,2-alkyl shifts171 can also lead to same stereochemical 

result. 

hv > 

(376) 

• 
0 

. R' 

(377a) R =Me, R' =H 
(377b) R=H, R'=Me 

+ 

(379) 

) 

e 0 

R' 
(378a) R =Me, R'=H 
(378b) R = H, R' =Me 

(380) 

\Vith a view to investigating the effect of electron-rich group, Schuster and 

Pravu169 conducted irradiation of generalised model cyclohexadienone (381) contain

:ing cc~ substituent at C- 4. The intennediate (382) (CCl3 exo) or (383) (CC1
3 

endo) 

· results by either upward or dowanward movement respectively~ ofC- 4 by disrotatory 

.ring closure with fonnation of3,5-bond. Thedownwanlmotion to give (383) is favoured 

by steric factors because this avoids interaction of flanking substituents at C- 3 and 

C- 5 with buU .. ·yCC13 group. However, this same motion brings ~e electron-rich CC1
3 
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group dose to the dienone 1t system introducing ~oulombic charge repulsion. In the 

extreme situation when (383) is fully fonned, an extensive repulsion between the nearly 

parallel CC1
3

, and) C = 0 dipoies occurs. Thus, the formation of (383) is electroni

cally unfavourable although sterlcally favoured, compared with the formation of (382). 

The fonnation of ~elusive exo isomer (374a) from dienone (373a) indicates only one 
' r ' ' 

mode of disrotatotry ring closure takes place, as suggested by Rodgers and Hart163• 

· Hence the electronic effects dominate the reaction in this system. In case of (373b) 

where only one methyl group has been introduced, electronic effects are har~ly un

changed from those in (373a), but the steric effectS operate against the formation of 

(382). Here, com~titive formation of both intermediates (382) and (383) with (382) 

still in. excess takes place. Thus, it seems that there is a subtle balance of steric and 

electronic effect. Products ~ulting from (383) appears to occur in substantial amount 

in polar so~ventS where steric eff~t can exert a more prominent role as Coulombic 

.interactions can be reduced to some extent due to solvation. Other election-withdraw

ing groups such as CF3, CN, COzR. cail exert the same electronic effects169. 

,~ 
·~ • 0 

~ 
) (374a) 

or 

. (381) (374b) 

~ 
• ~ 0 

• (383) 0 

j 
(375) 
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Thus, it appears that stereochemical course of this photoreaction is quite compli

cated and depends, particularly in a strain~free nonrigid system such as monocyclic 

or of similar type, upon steric and electronic effects. Besides, polarity of a solvent 

which exerts its influence by solvation, is also a factor of considerable importance. 

Ours is a system which is pentacyclic triterpenoid friedelane, and is, 

consequently, much constrained and rigid in nature comparable to tetracyclic steroid 

system. Although it has not yet been proved conclusivelym that cyclohexadienone 

-..--7-) lumiketone rearrangement occurs mandatorily by inversion of configuration at 

the migrating carbon atom, Schaffner and coworkers175 have produced extensive data 

inclu4ing circular dichrois.m spetroscopic measurements177 to establish that in rigid 

system such as steroid inversion of configuration takes place. 

CD Study of the Lumiproduct (360) : 

· . Circular dichioism (CD) arising from differential absorption of left and right 

cirucularly polarised radiation, is an important technique for the study of chiral 

geometries and chirally discriminating inter~cUons in asymmetric substances and 

biomolecules. This CD technique has been ap~'ied by Schaffner and Snatzke to study 

stereochemistry of lumiproduct formati~n in steroids. In order to learn more about 

stereo-chemistry,we have measured CD spectra of the cross-conjugated dienone· (358) 

and its lumiproduct {360).~(358~ (Fig. 17) showed in dioxane +ve Cotton Effect at 260 
..__. . . 

run ( ~s +10.4) and a-ve Cotton Effect at 239 run ( ~s -7.7), while (360) in dioxane 

(Fig. 23) exhibited +ve Cotton Effect at 353 run ( ~e +3.8), negative one at 271 nm 

(As -10.4) and a positive one at 237 run (As +11.5). 

· CD spectral change associated with conversion of steroid cross-conjugated 

dienones to lumiketone photoproducts bears a resemblance with that of triterpenoid 

friedelan dienone (358) to the 1umiketone (360) photoconversuion. This observation 

coupled with general mecluinistic considerations established on a firm basis, led us to 

propose the stereostructure (360) for the luiniproduct as depicted in the scheme-(V) 

with inversion of configuration at -the migrating carbon atom. · 

Further confirmation of the stereostructure rests on X-ray crystal structure 

detennination. Despite our best effort to develop suitable crystals, necessary for crystal 

lographic study, from, a number of single as well as mixed solventS, we have been 

unsuccessful. Hence, further study of the stereostructure of (360) could not be 

undertaken. 
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Section- C 

(Isolation and Characterisation of the Pheno6c Product (361) : 
Scheme-VI). 

When this photoreaction was carefully monitored by thin layer chromatography 

it was noticed that during the first phase of reaction (less than 15 ·min.) only single 
spot oflumiproduct (360) [Rr= 0.63, EtOAc: C~6(1:9)] described above, appeared; 

but on prolonged irradiation (mote than 15 min.) a second spot [Rr == 0.80, EtOAc : 

Cll6(1:9)] made its appearance, which we have identified as phenol (361) desCribed 
below. It has also been observed that the spot of phenol (361) became more intense at 

the expense of the lumiproduct (360) which is eventualiy reduced in intensity. Besides, 

several other low intensity spots were also detected making the whole ~on more 
complicated. . 

Since it is well known that in may cases. phenol is the ultimate product of 

cross-Conjugated cyclohexadienone photochemistry formed via lumiproduct. it QCCUrred 

to us that our phenol (3($1) could be fanned. as a ~table secondary product via the 

primary lumiproduct (360). This propositi.on was proved correct when we found that 

the isolated lumiketone (360) on photolysis under the same irradiatioan conditions 
afforded the phenol (361 ). Consequently, we have advanced the mechanism of its 

formation as shown m the Scheme- VI. . 

The irradiated material was subjected to silica gel column chromatography. 
After a forerun of tarry material pet. ether- ethyl acetage (4:1) eluted a white solid 

which on crystallisation from ethyl acetate yielded needles m.p. 1980C. It showed 

absorption maximum at282 nm (s 2250) (Fig. 24) and a strong IR (Fig. 25) band at 

3320 cm-1 indicative ofOH group. The mass spectrum (Fig. 26) recorded the molecular 

ion M• at 422 mlz showing that (361) is isomeric ~ith the lumiproduct (360) and 

results. from intramolecular photorearrangement. Further ~pport for molecular 
formulation as C

30
H

46
0 came from an accurate masS measurement in the high

resolution mass spectrum (HRMS, M• observed mlz 422.2501, calculated for C30H460 
m/z422.2508). Based on already established. mechanistic path oflumiketone~ phenol 

·reammgement coupled with spectral measurements we have assigned most plausible 

.structure (361) to the phenol. Because of paucity of the material we were unable to 

record its NMR S{)ectrum. Consequently, the structUre could not be ascertained on a . ' 

firm basis. 
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Scheme•VI 

hv > 
254nm ) 

in dioxane,. 
I 

H 
r.t., N

2
• 

(360) 

> 
# 

0 · I 

(361) 
' 

[Fonnation of Phenol (361)from Lumiproduct (360)] 
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BASU-SNB-55 
EXP1 PULSE SEQUENCE: STD1H 
DATE 04-U-96 
SOLVENT CDCL3 
FILE SNB55H 

OBSERVE PROTON 
FREGUENCY.299.943 MHZ 
SPECTRAL HIDTH 4000.0 HZ 
ACG. TIME 4.096 SEC 
PULSE HIDTH 53 DEGREES 
AMBIENT TEMPERATURE 
NO. REPETITIONS 25 

DATA PROCESS.ING 
FT SIZE 32K 

TOTAL TIME 1.7 MINUTES 

" 

1 . ' 
Fig. 1 0 s H NMR spectrum of friede 1 ~-en--2~~ (3.57 ) 

6.1 10.0 



BASU-SNB-55 
EXP1 PULSE SEQUENCE: STD13C 
DATE 04-U-96 
SOLVENT CDCL3 
FILE SNB55C 
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lr 
I!B-SNB1 
EXP1 PULSE SEQUENCE: STD1H 
DATE 01-28-96 
SOLVENT CDCl3 
FILE SNB1H 

OBSERVE PROTON 
FREQUENCY 299.943 MHZ 
SPECTRAL WIDTH 4000.0 HZ 
ACQ. TIME 4. 096 SEC . 
PULSE WIDTH 53 DEGREES 
AMBIENT TEMPERATURE 
NO. REPETITIONS 21 

DATA PROCESSING 
FT SIZE 32K 

TOTAL TIME 1.4 MINUTES 

,J 

1/ 

1/ 

Fig. 14 s 1H Nbft· spectrt.trn of friede 1 -1 (1 0) ,'3-dien-2-o~ (~8 ) 1/ 
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BB-SNB1 
EXP1 PULSE SEQUENC8 STD1H 
DATE 01-28-96 
SOLVENT CDCL3 
FILE SN81H 

OBSERVE PROTON 
FREQUENCY 299.943 MHZ 
SPECTRAL WIDTH 4000.0 HZ 
ACG. TIME 4.096 SEC 
PULSE WIDTH 53 DEGREES 
AMBIENT TEMPERATURE 

·NO. REPETITIONS 21 
DATA PROCESSING 

FT SIZE 32K . 
TOTAL TIME 1.4 MINUTES 
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BB-SNB-1 
EXP1 . PULSE SEGUENC8 STD13C 
DATE 01-28-96 
SOINENT COCL3 
FILE SNB1C 

OBSERVE CARBON 
FREQUENCY 75.429 MHZ 
SPECTRAL WIDTH 20000.0 HZ 
ACG. TIME 0.992 SEC 
RELAXATION DELAY 0.5 SEC 
PULSE ·WIDTH 31 DEGREES 
AMBIENT TEMPERATURE 
NO. 'REPETITIONS 273 

DECOUPLE PROTON ' 
LOW POWER 2 DB 
WALTZ-16 MODULATED 
CONTINUOUS DECOUPLING 

DATA PROCESSING ' 
LINE BROADENING 1.0 HZ 
FT SIZE 64K . 

TOTAL TIM~ 6.8 MINUTES 

• 

13 -
Fig.15 1 c N.MR spectr\lm of friedel -1 (10), 3-dien-2-one (3>8.) 
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88-SNB-II 
EXP 1 PULSE SEQUENCE: STD1H 
DATE 01-28-96 
SOLVENT CDCL3 
FILE 5NB2H 

OBSERVE PROTON 
FREGU.ENCY 299.943 MHZ 
SPECTRAL NIOTH 4000.0 HZ 
ACG. TIME 4.096 SEC 
PULSE WIDTH 53 DEGREES 
AMBIENT TEMPERATURE 
NO. REPETITIONS 20 

DATA PROCESSING 
FT SIZE 32K 

TOTAL TIME 1.4 MINUTES 

[,--

v 

~ '''''~1 ''J'=='I'''-.1 ,,-,, .i . jW}PU ' '""'"" I~ 6 I I I I I I I I I I ..._, '""'"" . '·J I " " o " " ' 
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fig.20 : 1H ·NMR s~ctrum of the lumiproduot (~60 ) 



BB-SNB-II 
EXP1 PULSE SEQUENCE: STD1H 
DATE 01-28-96 
SOLVENT CDCL3 
FILE SNB2H 

OBSERVE PROTON 
FREQUENCY 299.943 MHZ 
SPECTRAL WIDTH 4000.0 HZ 
ACQ. TIME 4.096 SEC 
PULSE WIDTH 53 DEGREES 
AMBIENT TEMPERATURE 
NO. REPETITIONS 20 

DATA PROCESSING 
FT SIZE 32K 

TOTAL TIME 1.4 MINUTES 
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Fig. 20A 1 Exparded 
1
H NMR spectr\.l.ll10f the luwd.product ( 360 ) 
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BB-SNB:-II 
EXP1 PULSE SEOUENC8 STD13C 
DATE 01-28-96. 
SOLVENT CDCL3 
FILE SNB2C 

OBSERVE CARBON 
FREQUENCY 75.429 MHZ 
SPECTRAL WIDTH 16501 ;7 HZ 
Aco: TIME 0.993 SEC 
RELAXATION DELAY 0.5 SEC 

-~ 

PULSE WIDTH 31 DEGREES 
AMBIENT TEMPERATURE 
NO. REPETITIONS 339 

DECOUPLE PROTON 
LOW POWER 2 DB 
WALTZ-16 MODULATED 
CONTINUOUS OECOUPLING 

DATA PROCESSING 
LINE BROADENING 1.0 HZ 
FT SIZE 32K 

TOTAL TIME 8.5 MINUTES -
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File : Saha64-II, Vers. 1, of Do, 13.06.1996, 11:55 h 

Spectrum 6 

·Comment : EI-MS/70eV /T= .,.;l.:r.t?~c 
Co~mission : SUBSTANZBEZEICHNUNG Sci 64II 
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File SahaSCI64, Vers. 1, of Do, 13.06.1996, 11:44 h 

Spectrum 9 

Comment : EI-MS/70eV/T=. 2.10.
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109 

CHAPTER-IV 

(Experimental Section) 

General : 

Melting points are uncorrected. The pet ether used throughout the investiga
tion had b.p. 60- 800. NMR spectra were determined on a Varian AMX 300 spectro
photometer using chlorofonn- d solution cc;:r,:ntaining tetramethylsilane as reference . 

· . - fo'~' 
This instrument operates at 300 MHz for 1H and 75 MHzi\13C. TheIR ~pectra were 
recorded in Pye Unicam-SP-3008 and Shimadzu FfiR- 8300 spectrophotometers. the 

mass spectra were detennined with Jeol JMS-D300 mass speCtrophotometer using 

direct sample introduCtion in the ion source. UV absorption spectra were takeri in 

Shimad-Zu UV-240 spectrophotometer in 95% ethanol solution unless stated other
wise. CO-spectra were detennined with Jobin Yvon-m spectrophotometer in dioxane 

solution unless stated otherwise. TLC was done on chromatoplate of silica gel G 

(E.Merck) and spots were visualized by exposing to iodine vapour in iodine chamber . 
. ' 

In case ofUV absorbing components, _TLC was carried out on precoated Merck silica 

gel60 F 2S4 aluminium sheets and spots were visualised by UV light. Column chroma

tography was performed on silica gel (60-120 mesh). 

Photoirradiation was carried out_with a low-pressure UV lamp (16 W), > 95% 

of irradiation.at 254 nm. SlUilple solution for irradiation was degassed with nitrogen 

for-15 min before irradiation and passage of nitrogen continued for entire irradiation 

period. 

Extraction of cork wastge : Isolation of Friedelin(354) 

Dried and pawdered cork waste (2 kg) was extracted with pet ether in soxhlet 

apparatus for 20 hr. Pet ether was distilled off and the gummy residue(11g) was puri

fied by column chromatography over siliet1 gel. Elution with pet ether as eluent gave 

a white solid (9. g) which on crystallization fro~ c~oroform-methanol afforded 7.2 g

of pure friedelin (354)~ m.p. 26{)0- 2610C (lit. m.p. 262°-263°C)~ [a]0 - 39.7° which 

was identical with an authentic sample of friedelin (TLC comparison done). 



%Analysis for C3;Iso0 

Found : C = 84.35 

Calculated : C = 84.44 

IR (nujol) : 1705 cm·1 ( C = 0) 

'tlO 

. H =11.91 

H = 11.81 

Fig. I 

NaBH4 reduction of FriedeHn (354) in dioxane-methanol mixture : 
Preparation of Friedelan-3Jl~ol (355) . 

. 6g Friede1in(354) was .dissolved in 350 ml distilled dioxane by little warming. 

After cooling down at room temperature 90 ml MeOH and 6g NaBH4 were added to it . 

and the mixture was kept for 72 hours at room temperature (1g NaBH4 was added 

additionally after 24 hours and another 1g NaBH4 was added additionally after 48 
hours). After 72 hours dil. HCl was added into the mixture until acidic and the mixture . . . . \ . .. . .. 

was taken up hi CHC13 and the CHC13 layer was waShed with repeatedly until neu-
- . ' 

tml. The CHC13 layerwas dried with anhydrous.Na2S04 and evaporated to dryness. A 

crude mass (5.8g) offriooelan-3f3-ol(355) containing a little amount ofFriedeJin (354) 

was obtained (TLC compoarison done)~. The ·crude mass was subjected to column 

chromatography on silica gel. Pet ether:ethyl acetate (4:1) eluted a white solid which 

on crystallisation from CHCI3 -.MeOH afforded pure Friedelan-3~-ol(355), crystal-
, - . . 

line white solid, 4.8g, m.p. 282"-284°C (lit. m.p. 283° - 285"C). 

%Analysis for C~52Q 
Found · 

Calculated 

IR (nujol) 

. ; 

C= 83.81 

c = 84.11 

3430 cm·1 (OH) 

H= 11.90 
. H=-12.15 

Fig. 2 
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Dehydration ofFriedelan.:Jp-ol(355) with phosphoryl ~loride in 
pyridine ·: Preparation of Friedel-3-ene (356) . 

4.7g ofFriedelan-3J3-ol(355) was dissolved in 180ml dry pyridine (little warm

ing). 25ml POC13 w~ added and the mixture was_ heated gently over ste.ambath for 

2.5 hrs. The mixture was cooled, poured into crushed ice and the precipitated brown 

mass was filtered, dried and chromatographed on silica gel. Elution with pet ether 

gave a white solid ( 4;fg) which on cyrstalllzation from a large volume of chloroform 

afforded pure friedel-3-ene (356) m.p. 266~-267°C (lit. ni.p. 268°-2690C). 

%Analysis for c~so· 

Found C = 86.2 · H = 11.9 

Calculated : . C = 87.8 H = 12.1. 
IR (nujol) C = 7SO cm-1, 750 cm-1 (trisubstituted double bond) Fig. 3 

Mass (70 ev) m/z 410 (M+), 395, 361,219, 190 Fig. 4 

. Selenium dioxide oxidation of Li3-Frledelene (356): Preparation of 
Friedel-3-en-23-al (356B) 

· A,3_ friedelene (356) (0.5g) was dissolved in 1litre acetic acid; O.Sg selenium 

dioxide was added and .refluxed for 4 hr. The hot solution was filtered, cooled and 

poured into .water. The mix~ was· extracted with et}ler, washed with water until 
' o ~ I 

neutral and dried (N~SO 4). The solid was chromatographed over silica gel. Elution 

with pet ether- ethyl acetate (9:1) gave a white solid which on crystallisation from 

chlorofonn..:methanol furnished the crystalline compound friedel-3-en-23-al (356B). 



Found 

Calculated 

UV (ethanol) 

IR (Nujol) 

i H NMR (iOO MHz) 

: C=84.73 

: c = 84.78 

112 

H = 11.5 

H = 11.41 

227 nm, 330 nm (a,f3-unsaturated aldehyde). (Fig.S) 

: · . 2720, 1680, 1640, 1420~ 830cm-1 .(signals for a,f3-

unsaturated aldehyde). (Fig. 6) 

. l> 0.74- 1.14 ( 7 methyls) 

6.52 (- C= c-·CHO, 1H, m) 

, I I 
H C -
. ~ 9.24 (-rr-r·IH,S) 
H C H (Fig. 7) 

. . 

Oxidation of Friedel-3-ene(356) with N~Cr207 in benzene - AcOH : 
Preparation of Friedel.-3-en-~2-one (357) 

A mixture of Friedel-3-ene(35",)(~:~~).• Na2Cr20 7 (6g) , benzene (350 ml) and 

glacial AcOH (350 ml) was refluxed for four hours. After· ~ling water was added 

and the organic material was· taken up in CHC13• NaHC03 was added and made 

neutral by repeated washing with water. The CHCij. solution was dried by anhydrous 

Na2SO 4 and then evaporated to dryn~ss. The solid (3._Qg) t~us obtained was 
- . . ~/ 

chromatographed over silica gel. · 

Fractions eluted with pet' ether.;.ethyl acetate ( 4: 1) were combined and 

. crystallisation from ethyl acetate to afford pure friedel-3-en ._2-one(357), a crystalline 

white compound (2.2g), m.p. 287°-2890C (lit. m.p. 29l0 -2920C). 



%Analysis of C30H480 

Found C = 84.22 

C= 84.9 

113 

H = 10.89 

H = 11.32 Calculated 

IR (nujol) 

UV(MeOH) 

·- 1658, 1620,850, 720cm-1 (Cyclohexenonechromophore). Fig.9 

236nm ( & 14500) Fig~ 8 

lHNMR ( 300 MHz, CDC1
3
): a 5.65 (vinyl proton,cJ,_:j-~:1 Hz, 1 H) 

o 1.84 (vinyl methyl, :d-J~ ?.J~ 1 H'2 ' 3 H ) 
o 0.91 too 1.14 (seven saturated t-methyl). Fig. 10 

. 1~C NMR (751\-tHz, CDC~)· : 200.62 (C = 0) 

ucNMR 

[Expanded (o 16 to 57)] 

-172.06 and 125.32 (two olefinic carbons) 

55.60 to 17.62 (27 saturated carbon atom). Fig. 11 

: B 17.62, 17.89,18.45, 18.79, 18.93; 20:06, 

28.04, 29.91, 30.15, 31.71, 32.02, 32.12, 

32.64, 34,24, 34.50, 34.91, 35.21, 35.82, 

36.92, 37.56, 38.14, 39.13, 39.58, 40.01, 

42.65, 52.52, 5_5.60. Fig..llA 

DDQ oxidation of Frledel-3-en-2-one (357) :·Preparation of Frledel-
1(10), 3-dien-2-one (358) 

2g of friedel..;2:-en ;~2~one (357) was dissolved in 200 ml of dry distilled dioxane. 

To it 2.5g ofDDQ was added and the mixture was refluxed for 3 hours under nitrogen 

blanket. The mixture was kept for 48 hrs at roo~ temperature and then filtered through 

neutral~03dheflltrate,dilutedwithwater,extractedwithCHC~,washedwithN~C03 
and then with water until neutral. The liquid was dried with anhydrous N8zSO 4 and 

then evaporated to dryness to afford a solid ( 1.7 g), TLC (EtOAC: cpH ~ 1:9) of which 

revealed the presence of two spots. One spot (Rr 0. 73) was due to presence of unreacted 

starting material (357) and the other of the oxidised product (358) <Rr 0.55). The 

crude reaction mixture was chromatographed over silica gel. Elution with pet ether

ethyl acetate (4:1) yielded a white solid which on crystallisation from ethyl acetate 

afforded fine needles of (358) (35% yield), m.p. 27')0 -'280"C. 
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%Analysis of C30H460 

Found : C = 84.9 H= 10.2 

Calculated : C = 85.3 H = 10.9 -, 

IR(nujol) 

UV(MeOH) 
1H.NMR 

· : 1646, 1610, 1584·and 890 cm-1 

: 246nm 
.) 

: o 0.92 to 1.25 (seven saturated methyl group) 

. Fig.13 

Fig.12 

a 1.95 (one vinyl methyf;.d, l~ 1 H~ ;1· 3, H));/~ . . 
(d,:r~111z,tH) ' · .. 

1HNMR 

o 6.1L ,./\ ·.· ; o 6.02 (lH, S) (two olefinic protons) Fig. 14 -
; .) /' •

1 
). ~I , . i ' 

[Expanded (8 0.8 to 2.25)] Fig.14A 
13 CNMR : o 187.55.(C.=0) 

t3CNMR 

0 177.50, 167.29, 125.68, 1~1.86 (four olefinic carbons). 

. a 50.16 to 17.73 (25 saturated carbons ) Fig. 15 
. 

. . 
[Expanded (o 15 to 5.5)] 

ElMS (70eV) 

0 17.73, 18.63, 19~17, 20.28, 23.93~27.52, 28.06, 29.90, 30.69, 

31.63, 31.98, 32.43, 32.58, 33.97, 34.90, 35.23, 35.75, 37.10, 

39.12, 39.22, 39.36, 40.89, 42.60, 43.93, 50.16. Fig. 15A 

: M+ 422 (48%), 407 (M•- CHj), 

298;286~271,229,203~ 182, 

175, 135, 95, 81 rnlz. ~ig.16 

CD (dioxane) : && + 10.4 (260 nm). 

-7~7 (238 nm) Fig.17 

Photolysis ofFriedel-1(10), 3-:dien-2-one (358) :Formation of Phenolic 
Product (361) and Lumiproduct (360) 

300mg'.offrieqel-1(10), 3-dien-2-one(358). was dissolved in 110 m1 dry and 

distilled dioxane, the solution was degassed by passing nitrogen for 15 min and was 
irradiated at ambient temperature with 254 nm low pressure mercury lanip ~n nitrogen 

· atmosphere for 15, 30 and 65 minutes (each time the progress of the reaction was 

. monitored in TLC (precoated plates). The photoreaction was almost complete in 45 
minutes (only a trace of starting material could be observed). Dioxane was removed 
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at 400C under rotary vacuum evaporator and the mass obtained was washed with 

water in CHC~ solutiqn. It was evaporated to dryness and the solid obtained (280 mg. 

was subjected to TLC. 
TLC revealed three spots. One ~as due to unreacted starting material (Rr 0.55) 

and other two were of photo products (R1 0~63 and. 0.80). the crude photolysed 

material was chromatographed on silice gel. The first photo product (phenolic) (361) 

elut(fd in pet ether-ethyl acetate (8:1) was crystallis(fd from ethyl acetate to give fine 

needles (yield< 1.5%) (R10.80), m.p. 1980C. · 

UV(MeOH) 

IR(nujol) 

ElMS (70eV) 

Accurate mass 
measurement in 
high ~solution mass 
spectrum (HRM"S) 

: A.max 280 (log& 3.42) 
(tetrasubastituted phenol) 

: vmax 3281(0H) 

1574 cm·1 (aromatic) 

M+ 422(85%), 407 (M+- CH3) 
(92%), 205, 187, 175,161, 149, 109,95 mlz. 

: Found mlz 422.2501 
Calculated for C~460 m/z 422.2508 

Fig. 24 

Fig.25 

Fig.26 

Fractions eluted with pet ether : ethyl acetate ( 6 : 1) were combined ~d on 
crystallisation from ethyl acetate afforded needles of lumiproduct (360) (Rr 0.63) 
(yield 53% ). 

Found 
Calculated 
IR(nujol) 
UV(MeOH). 
1HNMR 

1HNMR 

: c = 84,81 .H = 10.4 
: C = 85.3 H= 10.9 
: 1675, 1595cm·1 (CyclopentenoneO 
: 241nm (conjugated ketone). . . 
: a 5.65 (Olefinic proton, d, J- 1Hz, lH) 
a 2.14 (Vmyl methyl group), d, J- 1Hz, 3H 
a 0.92 to 1.15 (seven terti8ry methyl)· 

[Expanded (3 0.06 to 2.4)] 
13CNMR .: a206(C=0) 

3 175 and 133 (two olefinic carbons) 
a 58~80 to 16.84 (27 sp3 carbons) 

Fig.19 
.Fig.18 

Fig.20 

Fig.20A 

Fig.21 
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13CNMR 
LBxpanded ( o 15 to 60)] 

0 16.84, 17.61, 19.07, 20.85, 22.34, 22.55, 28.01, 29.82, 
'31.50, 32.14, 32.24 ( 2 Cs), 32.52~ 35.10, 35.43, 35.73 
(2 Cs), 37.21, 37.99, 38.58, 39.27, 39.70, 40.83, 42.37, 
50.69, 55.06, 5~.80. Fig •. 21A. 

ElMS (70 eV) M+ 422 (73%), 407 (M+ -~). 298,218, 

C. D. (Dioxane) 

204,175,161,149,136,123,109 and 95. Fig.22 

: 253nm (AS :: + 3.8) 

271 nm (AS= -10.4) 

. 237 nm (A8 = + 11.5) 
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CHAPTER-I 

(A Short Review on the Molecular Rearrangement of a.,~·Epoxy 
ketones Induced by (1) the Lewis Acid, Boron Trifluoride .and (2) 

by Ultra-violet Irradiation) · 

Introduction : 

For several decades, ring contracted reactions involving molecular rear

rangements have attracted the attention of organic chemists. These provide conve-. . 

nient and expedient methods for the preparation of many naturally occurring and 

novel synthetic compou~ds. Of several techniques adopted for ring contraction, 

moleeular rearrangement of cx,j3·epoxy ketones induced by the Lewis acid, 
boron~fluoride- etherate is a un~que one and has successfully been utilised by 

many groups. This is because of easy availability and pronounced reactivity of 

boron trifluoride. Interestingly, this same molecular rearrangement, in many cases, 
of a,j3·epoxy ketones luis al.so bee~ effected by ultraviolet irradiation. Conse

quently, we have divided this review into two sections, SECTION- A, induced by 

BF3-etherate and SECTION· B. induced by ultr:&-violet irradiation. 
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SECTION A 

(Induced by BF3~Etherate) 

House1 initially noticed that acid-catalysed isomerisation of trans

benzalacetophenone oxide (1) yielded <Xmfonnyldeoxybenzoin (2) involving a in.traniOa 

lecular migration of the benzoyl group. 

C6H5
COCH-CHC6H5 -~) C6H5COCHC6H5 . \I I 

0 CHO 
(1) (2) 

House and Wasson2 then observed tha~ 2·benzalcyclopentanone oxide (3a), 2- · 

benzalcyclohexanone oxide (3b) and 2-benzalcycloheptanone oxide (3c) have 

undergone isomerisation ~o 2-phenyl-1,3-cyclohexanedione (4a), 2-phenyl-1,3-

cycloheptanedione ( 4b} and 2 ... phenyl-1 ,3-cyclooctane<lione (4c) respectively, on 

treatment with BF3·E~O in benzene .solution. When the sam~ cyclohexanone and ·. 
cycloheptanone derivatives were ~ted with BF3 in ether solvent, the products were 

fluorohydrins (5a-b) which ultimately produced (4a-b) on treatment with benzene. 

The products in these cases resulted from ring expansion. 
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Ho1.1se and Wasson3 have further extended their study and have observed 

that cyclic epoxy ketones of the type (6, n>l) in the presence of BF3-etherate 

undergo molecular rearrangement with reduction in ring size Qfketones to produce 

the ketoaldehyde (7). This reaetion is fairly general and . provides a convenient 

method for the conversion of a,~-epoxy cyclohexanone derivatives to the· 
COfn!Sponding ring contracted a-formyl or a-aceyl cyclopentanone accompanied 

in certain instances by 1 ,2-cyclohexane diones. 

0 

(6) 

R 

'-----<==0 

(7). 

Isophorone oxide (8) gave the ring contracted ketoaldehyde (9) as the major 

.Product along with some defonnylated product (10) and 1.2--diketone (11). Amaunt of 
(1 0) increased considerably on alkali treatment of (9). 

0 
(8) 

Me 

0 
(9) 

.o 
(10) 

e 

Me 
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On the other hand, 2,3-epoxy-2-methyl cyclohexanone (12) afforded the ring

contracted {3-diketone (13) as the sole product. They invoked the intermediate (14) 

which subsequently on ring contraction formed (13). 

0 
(12) 

BF, ) ~H 
'l('coc}\ 

0 
(13) 

This reaction did not produce ring-contracted cyclobutanone derivatives from 

corresponding cyclopentanone e.g. from the rearrangement of (15a, b),(l6a, b) were 

the only products isolated as the enol fonn of a-diketone. 

(15b)R=CH3 

BF 3 -etheratf) 
benzene J::' 

I 
0 

(16a) R = C6Hs 

(16b)R=~ 

This rearrangement is not monopoly of epoxy ketones. Suitable epoxides also 

can undergo this reaction. Setting and coworkers4 carried out molecular rearrange
ment of monoterpenoid , limonene oxide (17) induced by ZnBr2 and obtained a ring 

contracted aldehyde (18), a ring-contracted ketone (19) and a uncontracted ketone, 

dihydrocarvone(20) in 30%, 10% and 59% yield, respectively. They also applied this 

reaction on carvomentheneoxide(21) and obtained similar type of products (22), (23) 

and (24). 
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(17) (18) . (19) (20) 

ZnBr2 ) 

?! 

y+ 
~ 

(21) (22) (23) (24) 

Kartha and Chakrabartis studied the action of BF3-ethetate on epoxides and 
·epoxy:ketones. They noted that BF3 not only induced molecular rearrangement of · 

epoxyketones but also of epoxides. The success depends on the nature and position of 

the double bond from which epoxides are prepared. Several cadinenic and selenic 

epoxides deriVed from sesquiterpenoids, on treatment with BF3 have been found to 
undergo ring-contration resulting in the fonnation of fully substituted aldehydes. The 

epoxide (26) derived from dihydrokhusinol (25) by MCPBA on BF3 treatment afforded 

ring-contracted crystalline hydroxy aldehyde (27) possessing characteristic IR hands 
at 2703 and 1712 ·cm·1.The epoxyketone (28) derived fro:m (25) by Cr03 oxi<lation . 

_followed by epo~dation by alkaline H20 2, on BF3 treatment gave the ring-contraqed 

ketoaldehyde (29) showing IR bands at 2725. 1709 (CHO) and 1742 (cyclopentanone). 
The ketoaldehyde (29) on LAH treatment afforded the crystalline diol (30), and . 

chromatography through slightly alkaline alumina gave the defonnylated product, the 

cyclopentanone (31), the structure Of which was supported by NMR analysis which 
displayed a peak at 't 7.8 (3H) ·due to three protons a to the carbonyl group. · 



(i) Cr03 

OH .. .. 
MCPBA ·>" 

(ii) ~0/NaOH 

. (28) 

I -

I 

I 

H 
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I 

H 
(26) 

H 

(29) 

BF3 ) 

HO---
' 

I ' 

OHC H A 
(27) 

HO~C 

0 
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The epoxide (33) derived from a-santenolide (32) on BF3-ethera:te treatment 

gave fully substituted ring -contracted aldehyde (34) which exhibited IR bands at 

2703, 1724 (aldehy~), 1767 cm·1 ('Y-Iactone). The NMR spectrum is in conformity 

with its assigned structure. 

With a view to developing a method for partial sy_nthesis of the A-ring-con

tracted triterpene acid. cianothic acid (35). Chatterjee and colleagues6 took up the 

study of BF3-ehterate catalysed rearrangement of the model triterpene, la, 2a
epoxylupan-3-one (36) following the same procedure prescribed by House et al.5• 

However, in this reaction, they could not isolate the ketoaldehyde (37), but obtained 

only the keto~e, A-narlupan-2-one (38) in good yield. Most probably, the intermedi
ate ketoaldehyde (37) that was formed initially underwent easy loss of the formyl . . 

group under the reaction con~ition. 

HO 

(36) 

0 

_II .. .. 

(35) 

(37) r 

(38) 
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Gan~ly et al. 7 canied out BF3-catalysed rearrangement of la, 2a-epoxy lupan-

3~one (36) ood obtained a crystalline u~d a ketol which showed v max 3500(0H}, 
1712 (cyclohexanone)cm-1, A. end absorption at 208 nm; on acetylation it gave a 

, max 

crystalline acetate viDU 1740. 1220 (acetate). 1725 cm-1 (cyclohexanone). The NMR 

spectrum of the acetate showed sign.als at o 2.21 (-COCH3} and a sharp singl~t at 

o5.45 ' ~Ac 
c <'H 

which prior to acetylation appeared at a 4.5. Finally, olefinic Me signal of the· rear-
rangement product appeared as a singlet at o 1.3. Based on the above observation, the 

rearrangement product was assigned structure l-methyl~2a-bydroxylup-1(10)en-3-

one (39a) and the corresponding acetate (39b). Here, most probably due to the pres

ence of a neopentyl system adjacent to the epoxy ketone system, methyl migration 

· occu!l'ed instead of ring ~ntraction. 

(36) 

QR 
... 
' 

BF3 -Et;O ) 
Benzene /; 

0 

(39a) R=H ~ 

(39b) R=-C-Me 
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SECTION -B 
(Induced by UV Irradiation) · 

When atoms with 1t-bonding electrons such as carbonyl group, are attached 

to the carbon atom of. adjacent three membered cyclopropyl or a,~~epoxiketone 
group having. bent" bondings, some overlapping and interaction between the bent 

bonds and the 1t-orbitals oecur giving rise to delocalisation. This delocalisation .has 

·been .sw.died by UV,8•9 IR8 • NMR10 aQ.d theoreticaP1•12 considerations. The interaction 

becomes· maximum when the three-membered. ring lie parallel to the 7t.orbital of the 

carbonyl group. The delocalised orbitals of the three-membered ring in this geometric 

. position overlap with the non bcmding ~electrons of the. carbonyl oxygen. This 

sq:tall amount of admixed 1t character makes the n,7t* somewhat· comparable to the 

. allowed n,n* transition. As a result, the electric-dipole-transition moment of the 

n,1t* transition which is symmetry-forbidden in simple ketones, is no.longer forbidden 

in these systems13•14• 

Simple acyclic a.,f3-epoxyketones e.g. 3,4-epoxy-4-methyl-2.:pentanone (40) 

~n photolysis using wavelength above ~50 nm gave 3-methyl-pentane-2,4-dione 

(41) in yields of 2 to 12 per cent'~ Since the photoproduct 1,3-diketone (41) is also 
. ' 

photolabile, its yield is low and on further irradiation( 40) and ( 41) gave acetalde- . 

hyde~ acetone, methyl ethyl ketone, methyl isopropyl ketoQ.e, 2-butenyl acetate (42) 

and other high-boiling components. These host of products are obtained as second

ary processes particularly in the absence of any radica~ or ion -stabilizing groups. 

(40) 

MeCOC21\ + MeCOCHM.e + 

Me 
(41) 

hv · )MeCHO+ MeCOMe +-

YAe 
o ·Me· 

(£1Z) 
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Formation of (42} is accounted for in the following way: 

~~ 
(41) Me 

~~ 
Me • + Me--c~

0 

• 
) 

+ Me~ • 

t H 

~e 
(42) 

The photolysis of rnonocyclic isophorone oxide (43) ina variety of solvents 

gave a mixture of 1 ,3 diketones 2-acetyl-4, ~dimethylcyclohexanone ( 44) and 2,5 ,5-

trirnethylcyclohexanone- 1,3-dione (45) in 9: 1 ratio. 

Me 

hv 

Me 
Me 

(44) 

Me 

0 

+ 

0 

(45) 
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An analogous finding was reported in the polycyclic a,f3-epoxy ketone de

rivative of steroid16• On irradiation. the oxE_des (46) and (47) produced the 13-
diketones as a result of an alkyl group shift from the ~ to the a carbon. Irrespective of 

the relative configuration of the oxide ring, two stereoisomeric pairs ( 46a, 46b) and 

(47a. 47b) yielded a single 1,3-diketone. It has been demonstrated by Wehrli and 

coworkers17 that the photochemical transformations occu_~ng in. the 3-oxo-4,5-

oxidosteroids systems are stereospecific. 

h" ) 

hv 
> 

(47a,47b) 

Photolysis of stereoisomeric 4-methyl{estosterone oxides (48a, 48b) afforded 

the (3-diketones (49a) and (49b) which are sterespeeific, differing only in their con

figuration at C- 4. The stereospecificity has been accounted for by assuming that the 

cyclodecane system of the transition state retains the re~tive spatial arrangements• 
of the reaetion eentres in the starting epoxy ketone which makes the -observed ste

reospecificity of this rearrangement possible. 



(48a) 

, , 
Me 

(48b) 

hv 

hv 
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> 

(49a) 

> 

0 
(49b) 

ieger et al ... 8 carried out studies on the stereoehemical requirement of the ~
alkyl-group migration in some detail. From irradiation of a dioxane solution of 1~, 

2~- oxid~ 17~-acetoxy-5~-androstan-3-one(SO) a mixture of the 1 ,3-diketone(51) and 

ketoaldehyde (52) were obtained.'Si~ilarly, the Sa-isomer (53) gave the related 1,3-

diketone (54) and keto aldehyde (55). 



H 
(50) 

I . 

I 

t 

H 

(53) 

hv 

hv 

141 

H 
(51) 

+ 0 

.+ 

. . 

.H 
(52) 

t 
I 
t 

H 
'(5S) 

It has·been envisaged that these products are fonned as a result of migration, 

of carbon atom 10 and of a competing 1~2 hydrogen shift. In order to explain the 
obsel'Ved stereospecificity Jeger18 bas proposed that the hydrogen shift or the 1,10-

bond migration is concerted with the formation of carbonyl at C:.. L 
' 1 • • 

Johnson and co\vorkers15 carried out irradiation of 3-phenyl-5,5-dimethyl-2,3-

epoxycyclohexanOile (56) and obtained 2-benzoyl-4,4-dimethylcycl()pentanone (57) 

and surprisingly, no deteCtable quantity of the iso~eric cyclohexadienone. This pref

erential shift of alkyl rather than aryl group - an unusual order of migratory aptitude 
. ' . 

for the photochemical rearrangement of a,f3-epoxyketones to 13-diketone~ seems to 

be a fundamental chamcteristic of the reaction. 

Ph 
Ph 

hv 

(56) Me (57) 
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The absence of phenyl migration and the same preferential order of migra

tion has been observed too in many open-chain epoxy ketones (58)19• (59)20 and (61)21 • 

This appears to be not due to steric factors but rather suggestive of considerable 

bond-breaking in the transition state of this phototransformation. 

~COO\ 
Me 

hv ~)~(· Ph 

(58) 
0 0 

PM~--Ph Ph hv > 
~ 

/h 
H h I (59) 

0 

/0\ 
0 

Ph H-CH-COPh 
hv 

) 

N02 
N02 

(60) 

/0\ 

·~ ©-CH- CH-COPh 
Cl- hv ) Cl 0 0 

(61) 
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Zimmennan et al. 22 proposed a mechanism for the photochemical conversion 
of a.,(i-e:p.oxyk~tones to (i,;.di-ketone. This reaction occurs from n~7t* excited state in 
which the electron density at the carbonyl carbon is enhanced relative to that in the 

ground state. Substituents alpha to th~ carbonyl group would readily be expelled by 

elimination either as anion or as odd electron species from the n,1t* ex~ited manifold. 

Whether the excited state expels an anion or a radical is related to the ability of the 

environment to stabilize the ionic species by solvation. The unusual migratory apti

tude behavioui' in this system has been explained by Zimmerman by homolytic 

carbon oxygen fission as shown in the scheme : 

The preferred expulsion of the methyl radical as opposed to the phenyl radical 

in the case of epoxyketone is analogous to the direction. of radical fragmentation 

noticed in the decomposition of cumyl peroxide18 and phenyldimethylcarbinyl hy

pochlorite13. Upon direct irradiation in solution (6o) undergoes n,1t* excitation to 
form an excited state which rearranges and produces 1,3-diphenyl-3-buten-2-ol-1-

one (64 ). After the n,n* promotion one remaining 2p electron is still localised on 

oxygen which shows beh~vionr characteristic of reactive al~oxy radicals, one prop

erty of which is hydrogen abstraction. Abstraction of the y-hydrogen. gives rise to a 

species in which the odd electron is conjugated .with the oxirane group. Homolytic 
•, 
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ring cleavage followed by intramolecular disproportionation rationalises· nicely the· 

observed product as depicted below : 

0 

(63)' 

HO 
\. 

• · C-Ph 
~~· 

p~/ 

hv 
n,1t*. 

fl~ . 
--~)r Ph-C---CH --(C -Ph 

\,.~ 
/ 

r ~ 
Ph-C-CH~ 

I I 
OH OH 

(64) 

> 

This mechanism requires proximity. of the benzoyl and methyl groups for 

effective hydrogen transfer to ~r. That cis-dypnone oxide fails to give this reaction 

supports this proposition 22• 

Markos and Reusch24 observed that epoxy ketone photorearrangements are 

not sensitive to the. presence of oxygen or changes in the solvents. Furthermore, the 
known triplet quenehers such as piperytene and 2,5-dimethyt -2,4-hexadiene used in 

concentration ranging from 0.1 to 9.0 M, did not ·affect the rate and course of 

rearrangement, led to the proposition that this phototransformation is derived from 

singlet manifold. Besides, acetophenone (0.5 M), a triplet state sensitizer, did not 

function as a sensitizer for the rearrangement in acetonitrile solution. The low quantum 
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. yield observed for some of these rearrangements has been attributed to poor efficiency 

for the [81} ~1~3 diradical formation or an unfav~urable competition between 
rearrangement and 9ximne,ring formation from the diradicaL A reportzs concerning· 

the thermal decomposition of 13-methyl-Jl-phenyl-,p-peroxypropiolactone noted a 
~ ' 

fivefold preference for methyl migration vs. phenyl a~d suggi!Sted a 1,3-diradical 
intermediate similar to the photoreaction. This unusual migrational aptitudes suggest 

that migmting group must have radical chamcter. 

An inter~ng case of phot04"~tion of 0.,13-epoxy ketone-on the nature ~f 
the carbonyl grQUp has been noted. In con~t to 3,4-epoxy-4-phenyl-2•pentanone 

(58) which rearranges to 13-diketone (62), the structurally related trans-dypnone oxide · 

( 6'3) exhibitS an entirely different photochemical sequence22• T~ striking· di~erence . 
in the photochemical behaviour of (63) and (58). is due to th~ greater delooalisation 
of the electrOJ;l in the benzoyl group which' decreases the posibility of ring scission 
in (63). On the other ha:nd, the excited acetyl group hi (58) has the electron in the x* 

' . I' 

orbiW localised. on the carbon and consequently, more available for fJ-elimination. 

M\ :y1 
C · .CH- C__:..Me 

Ph/ "-..(/ . • . 

Me :r/1. " .. , 
---7'> c-cH = c - Me 

. /j 
Ph 

0
• · 

(58) 

. Irradiation of trans-dypnone oxide (58) in· aqueous ~.thanol i~ interesting20• 

Under· this condition (58) isomerised to the diastereosomer cis i8omer (66). In addi" 
tion, acetophenone and a-hydroxyacetophenone were obtained. Formation of these 
products has been explained by zwitterion type of intermediate. It has been postu~. 

lated that the zwitterionic species can rotate about 'the- central c- c single bond. 

resulting in the formation of the diastereosomer after collapse~ It can also react with . 

a molecule of water to forni an interme<tiate glycol (6s:): which subsequently under- . 

goes photochemical · dealdolisation to furnish acetophenone and a.
hydroxyacetophenone. 
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Ph 
~e ..COPh Me .Ph \ cg ... ' c-o 
PhJ\;7(H hv ) '•,!-( !!,0 > 

·. (58) 8 ~ _ 

, 

. ~H-

r to 
Ph--1~-

. Me / '-Ph 
OH r) 

PhCOMe + PhCOC~OH 

SX>Ph 

~Me \rf H 

(66) 
.t 

a,~-epoxy. ketones in several cases undertgo cis-trans isomerisation under 

photolytic condition. It would imply the reversible fonnatjon of a reactive intennedi:
ate. Homolytic c-c bond fisSion and rotation prior to collapse would also account 

. foi this cis-trans isomerisation. When an ether solution of a- and ~- pulegone oxides 

(67) and (68) were irradiated15 rearrangement to the· stereoisomeric 2-acetyl-2.5-
dimethylcyclohexanones (69) and (70) as well as isomensation to (67) and (68) were 

both observed. The ~te of isomerisation appears to he slightly greater than the rate . . 

of rearrangement. The ·steady state coneentrati~n of (69) and (70) is roughly 7% with 

(69) predominating .. 
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·' 

' -~ 

(67) 
~e·· 

H 

Me/~ 
Me 0 

0 

( 69) cis-methyl groups 
(70) trans-methyl groups 

Wuthrich and coworkers26 carried oui studies on rearrangement and 
racemisation of spirocyclic a.,f}-epoxy ketones induced by direCt: UV irradiation as 

well as· triplet sensitized by acetophenone. Spirocyclic cx,J3-epoxyketone (R)-(,-)(71) 

has undergone racemisation and rearrangement to the enantiomeric SJ)iro-f3- di ke

tones (R)-(+) (72) and (S)-(-) (72). Th~ have applied spectral techniques including 

ORD/CD measurement for structure eluCidation as well as racemisation studies. 

They have postulated the intermediate diradical type (X), produced. by Ca-0 ep

oxide cleavage. for r~rrangement requires that the rate of rearrangement is greater 

than.the rate of rotation around the Ca- CP in (X) and the rate difference is greater in 

singlet-generated (X) than in the triplet analogue. The reclosure of diradical (X) and/ 

or. photolytic Ca - Cj, cleavage to diradieal (Y) and reelosure can account for the 

racemisation of (71 ). 



(S)- (+). (71) 

0 
(R)-(+1) (72) 
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(R)- (-) (71) 

. (X) 

(S)- (-) (72) 

(Y) 

Gibson27 conducted photolysis of the epoxide (73) derived from epoxidation 

of (-) trans-vervenone. Upon irradiation with a medium-pressure mercury arc lamp 

for 12 hr ptentane or benzene solution of (73) produced a complex reaction mixture 

analysis of which by gas chromotography showed that starting material (73) compiised 

. 56% of the mixture. Isolation of t~e products by preparative GLC and analysis by 

spectroscopic methods allowed the identification of the enol lactone (74) 

(30%), its isomer (75) (2%) and an inseparable 3:1 mixture of the ring-contracted 

d~ketone (76) (12%). When irradiation was perfonned with lamps emitting at 300 

nm, only the ring-contracted diketone (76) was formed although at a slow rate. 

0 
(73) 

0 

(76) 

+ + 

(75) 
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In order to synthesise spiro J3-diketon.es, williams et al.28 subjected a.,J3-epoxy 

ketones to photochemical, thermal and ac'id:..catalysed rearrangements . 2a 

cyclopentenylidene- cyclopentan-1-one oxide (77) and 2-cyclohexylidenecyclohexan-

1-one oxide (79) have been isomerised photochemically and thermally via 1 ,2-alkyl 

shift to spiro [ 4.5] decane - 1 ,6-dione (78) and spiro [5 .6] dodecane -1.7- dione (80), 
respectively. On the other hand, acid-catalysed isomerisation of (77) occurs via 1,2-

acyl shift to yield spiro [4.5] decane -6,10-dione (81). Interestingly, in the presence 

of tri-n-buty I stannane isomcrisation does not take place and the reaction provides 
conjugated ketone with the elimination of epoxy oxygen, 2-cyclopentylidene 

cyclopentan-1-one (82) and 2-cyclohexylidenecyclohexan-1-one (83) were formed 

respectively from the epoxy ketones (77) and (79). 

(81) 

(79) 

(77) n= 1 
(79) n = 2 

(77) 

hv 
or~~ 

hv 
or{i > 

o-

(78) 

(80) 

0 

(n-b.:;l),sidtJ::rQ 
(82) n= I 
(83) n= 2 
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Wehrli et al.29 reported the formation of a strained four-membered ring (85) 
from the photolysis of (84) a eyelo_pen.tane_·epoxy ketone. This constitutes the first· 
example of rearrangement to a cyctobutanone derivative. The formation of this strained 

four-membered ring led them to prefer a single step or synchronous route for rear-

. rangement from 1 ,3-djradical. 

·~ 
----.:::::-~0 

(84) 

OH 

(enolised) 
(85) 

MuZart and Pet~ prepared· ei>oxides ®rived from 2-benzylioone-5a-cholestan-
3.;one. The photOchemical behaviour. of these compounds depends considerably on 

~hemistry. No photoepimerisation has been noticed. Expected P~iketones are 

fonned. A 8 ·hydrogen abstraction by the benzoyl group is involved in the photolysis of 

these diketones. 

Ph.· 
\h H0:t hv HO 

~· 
+ 

·o H I 
I 

(88) 199A, H 
(89) 48% 

p 
hv 

) (88) 43% + (89) 17% 

I 

H 

Ph hv (88) (89) .88/89=1 ) + . 
I 

H 
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The initially formed J3-dicarbonyt· compounds are themselves photolabile and 

prolonged irradiation lead to further phototransformation. for example. the epoxy 

ketone (91) first give.s rise to ~-<Uketone (92) which·undergoes partly a.-cleavage and 

acyl-alkyl diradical <lisproportionation to the enolised unsaturated aldehyde-ketone 

(93)31. 

hv ~ 

I. 
0 

(92) ( enolised) 

In the presence of tri-n-butylstannane, a very good hydrogen donor, the pho

tolytic reaction of epoxy ketones takes a different courseJ2.33• The ster~idal epoxy 

ketone (94). on irradiation at.>. 3iO nm in benzene solution is rapidly converted to a 

mixture of compounds (98) and (99) (74%~ combined yield) and (1~) (26%). It is 

proposed that the intermediate keto-oxy radical (95) which is in equilibrium with the 

isomer (97) through the diketo-alkyl radical (96) on addition of a stannane hydrogen 

produce (99} and (98}. respectively. The formation of saturated ketones (100, Sci and 

S~) has been post~llated to involve the intermediacy of testosterone acetate (lOOa) 

resulting from the addition of a second hydrogen to the enol forms of (95) and (97) 

and subsequent elimination of water. 
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l 
OH 

0 
(99) (96) 

(lOOa) 

bv "> 
RH 

( 61) (Sa+ S~) 

OH· 

~ 
(100) 

t A:J. . 
A discussion on the photochemistry of steroid UJi. h ~ -4,5-epoxy-3-ketop.e 

system (101) is of m«.c:h interest3<f. The corresponding rearranged 3,5-diketone(l02) 

·is obtained in exceilent yield upon excitation with light of wavelength 2537A to its 

· 1t,1t* absorption band. This photolytic rearrangement does not occur on excitation 
. . 

with light of wavelength 3300A to its n,1t• absorption band. This wavelength 
dependence photoreaction of a!, W - unsaturated a, ~- epoxy ketones has been 

attributed to the 1t*-assisted cleavage_ and occurs selectively in the presence of 

additional noneonjugated keto groups which absorb in the longer wavelength only. 
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Here too, the rearrangement is stereospecific indicated by the reaction of the 4J3-

methyl homologue (103) which give the 413- methyl diketone (104). 

hv ) 

(101) (102) 0 

hv 

(103) 
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CHAPTER-II 

(Preparation and Molecular Rearrangement of2a., 3a.-Epoxy Lupan·l· 
one(l09)catalysed by Boron Trifluoride and by UltraVIolet Irradiation*) 

Introduction : 

Over the past several d~ades molecular rearrang~ent of a,j3-epoxy ketones 

ind~ced by Lewis acids has been studied extensively. A large num~r of substances 
including steroid and terpenoid4-6.?a epoxy ketones have been investigated and yielded 

compounds of synthetic importance. Equally' i~teresting studies haVe been conducted 

on molecular rearrangement of these substrates by photolytic reactions. 

An a.,J3-unsaturated ketone~ glochidone (36a), a pentacyclic triterpene of 

lupane series~ obtained from Glocludioti hohenackeri by Ganguly and coworkers.71 

on tre~tment with alkaline hydrogen peroxide followed by hydrogenation afforded , 

la, 2a-epoxy lupan-3-one (36). They carried out7 BF3- catalysed rearrangement of 

(36) and obtaine4 the product 1-methyl-2a-hydroxy-lup-1(10)en-3-one (39a). Here, 
most probably due to the presence of a· neopentyl system adjacent to the epoxy ke

tone system, methyl niigration occured instead of ring contraction. 

With a view to ,synth~~ng the naturally occurring ceanothic acid (3S) , a ring 

-.~-_>contracted triterpene hydroxy acid of lupane series, Chatterjee et al6• also studied -- . " 

initially the same rearrangement on the same substrate (36) which they used as a 

model· compound. They did not report the .same product (39a), but reported the 

formation of the ring-cc;mtracted nor-ketone (38), presumably formed by the· 

eUmina~on of formyl group from the initial product, 2-formyl cyclopentanone (37). 

It is surprising to note that two groups of workers reported the formation of two 

d~fferent.types of products i.e. methyl group migrated product (39a) by Ganguly et 
al? and .ring-contrac~~ product (38) by Chatterjee et al.6 from the same molecular 

rearrangement on the same substrate (36). 

•s.N.Bose and S.K.Chanda,.Jnd .1. Chem., .40B, 510-514 (2001) [reprint attached at 
· the end of the thesis] · 
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A close look at the structure of ~upeol (105) revealed that an epoxy ketone, 

2a., 3a-epoxy lupan-1-one (109) could be constructed synthetically in ring A of lupane. 
which would be isomeric with la, 2a.-epoxy lupan-3-one (36) and which also pos

sesses a neopentyl system adjacent to epoxy ketone grouping. In view of the interest

ing studies conducted by Ganguly et al. 7 and Chatterjee et at 6 on epoxy lupanone 
(36) the ·study of this isomeric epoxy lupanone ( 109) would be interesting too. Our 

objective, therefore, has been to synthesise the desired epoxy ketone (109) by a mul

tistep synthesis starting from the lead c::.omJ)ound lupeol (105), obtained abundantly 
from the plant ZanthOxylum budnmga growing in North Bengal. Then, we have planned 

to carry out molecuiar rearrangement on the synthesised compound (1 09) induced by . . 

the Lewis acid, BF3-etherate. Since the photorearrang~ment of cyclic epoxy ketone 
also gives interesting rearranged product, it was felt worthwhile to conduct photore

action of this compound (109) induced by UV-irradiation. The purpose has been to 

see whether Lewis aeid induced rearrangementand UV-induced rearrangement would 
furni~ the same product or not. 

Thus~ we have divided our presentation into three sections. Firstly, the synthesis 

of the key c::om:pound 2a. 3a-epoxy lupan-1-one ( 1 09) from the starting ~teriallupeol 
(105) [SECTION- A], secondly, the molecular rearrangement of the epoxy ketone 

(109) induced by BF3-etherate to· give 2-formyl-A-nor-lupan-1-one (110) [SECTION 

- B] and thirdly or finally the molecular rearrangement of the epoxy ketone (109) 

induced by UV irradiation. to give the same product (110) with a conclusion on the 

whole · process [SECTION - C ]. 
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SECTION-A 

Synthesis oftbe Key Compound 2a, 3a.-epoxy lupan-1- one (109) from 
lupeol (105): (Scheme-l) 

The lead compound for this synthetic .sequence, lupeol (105), was obtained 

abund~tly from the plant Za11tlwxylum budru11ga growing in North Bengal. Extraction 

was carried out with either pet ether or benzene in a soxhlet appearatus for 20 hr. The 

extract was concentrated and pUrified by column chromatography over silica gel. 

Elution ~ith pet ether: ethyl acetate (9 :1) as eluent. afforded lupeol (10~) as white 

solid , crystallised from chloroform-methanol as needles, mp 224-2150C (lit.39 mp 

215-216°C) .. It showed (Fig.l) IR bands at 3420 for OH group and-1630, 890cm·• for 

= CHz. C()mpound (1~) on catalytic reduction with Pd/C in ethyl acetate furnished. 

lupanol (106) mp 202-203"C (lit.40 mp 201-2020C). IR spectrum showed a band at 

3390 em·• for OH group but did not register bands for= ~ (Fig.2). Lupanol (106) 

on phosphorous oxychloride dehydration in dly pyridine yieldedlup-2-ene (107), mp 

190-192oc·(lirn mp 192-1930C). It showed IR band at 1630, 850 cm·1 for C =C. 

Oxidation of (107) with sodium dichromate in .. benzene-acetic acid mixture (1:1) 

afforded the conjugated ketone b)p-2-en-1-one (108).in 65% yield. It exhibited (Fig. 

3A) UV absorption at 220 nm (s 15200) and IR (Fig. 3) bands at 1667, 1625 cm·1 

showing the presence of cyclohexenone system in (108). 

Next, we attempted epoxydation of the conjugated ketone( 1 08) with alkaline 

hyd~ogen peroxide which is an usual reaction,. but our repeated attempts failed to 

obtain the desired epoxy ketone (109). At this juncture a literature ·survey revealed 

·. that the system 2-en~ 1-:one of ring-A in triterpenoids is stable towards alkaline hy

drogen,peroxide epoxydation as noted by Bar,ton and cowork:ers35• Consequently, we 

adopted an alternative method for the prep~tion of the epoxy ketone (109). The 

olefin, lup-2-ene(107) on selenium dioxide oxidation in dioxane with a few drops of 

water added in it gave the allylic alcohol, lup-2-ene-la-ol (113) following the reac

tion conditions prescribed by Vystrcil et al.36• The crude re.action mixture was 

chromatographed over silica gel. Elution with ·pet ether-ethyl acetate (3: 1) gave a 

white solid which on crystallisation from chloroform -:.methanol gave needles of lup-

2-en-1a-ol (113) in moderate yield (48%). It showed IR bands at 3424 (OH) and 

1625, 862 em·• (C =C). Its 1H NMR spectrum (Fig. 4) showed resonances at 83.6 (m, 

lH)for- CHOH, 5.5 (d, 1H,J = 12 Hz)forC;-H and 5.7 (q, lH, forC2-H)besides 

8 saturatw methyls between 0. 7 to 1.1. · 



(105). 

w 
or' .... 

(109) 

tori 
~ 

HO 

H 

~ 
I 
I 

(<d)( 

158 

Scheme -1 
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e1 
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~( 
(113) 

(112) 

Reagents and conditions: (a) H{Pd-C, ETOAc, ~ 4hr (b) POC~ Py, 4hr, water-bath (c) Na,_Cr20.,. 
C}I6-AcOH ( 1: 1), 3 hr, reflux (d) ~02, NaOH, rt (c) Se02, dioxane, traces of water, 6 hr, reflux (f) m
CPBA, CHC~,, S"C, 72hr(g) Cr03, Py, SOC, 48h (h) BF 3-etherate, C}i6' lhr, rt {i) hv> 290 nm, dioxane, 0.5 
br. rt. 



159 

The compound (113) was epoxidised36 with metachloro-perbenzoic acid in 

chloroform tQ yield the epoxy alcohol 2a, 3a•epoxy lupan-1a-ol (114). We have 

prepared the key compound, 2a, 3a- epoxy lupan-1-one (109) by the chromium 

trioxide-pyridine oxidation of (114) in 48% yield. The key compound (109) exhibited 

IR band (Fig. 5) at 1695 cm-1 for carbonyl of epoxy ketone. In 1H NMR spectrum 

(Fig.6) appearance of resonances at a 3.1 (doublet, 1 = 4 ]ii) and a 3.27 (doublet, 1 = 
4Hz) enabled us to assign 2a, 3a-epoxy ketone stereochemistry for (109). Vystrcil 

and coworkers36 settled the stereochemistry for (114), the precursor of (109), as 2a, 

3a-epoxy Iupan-1a-ol by carrying out its conversion with LAH to 1a, 3a-dihydroxy 

lupane of known structure. This conversion was achiev~d by them in connection· 

with conformational analysis of the ring-A of 1 ,3-dihydroxy derivatives of pentacyclic 

triterpenoids36• ElMS mass spectrum of (109) (Fig. 7) also supported its formulation 

as epoxy lc.tftone structure. Besides showing other ion peaks, the mass spectrum 

recorded molecular ion peak 440 m/z and a peak at 397 (M+-isopropyl). 
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SECTION -B 

Molecular,_, Rearrangement of the Key Compound, Epoxy Ketone (109) 
Induced by BorontriOuoride -Etherate : (chart-2) and (Scheme-l) 

The epoxy ketone ( 1 09) was then subject~d to molecular rearrangement 

induced by the Lewis acid, boron trifluoride-etherate in dry benzene at ambient 

temp.erature for 1 hr. Chromatography of the crude reaction mixture afforded the 

ring-A contracted keto aldehyde, 2-formyl-A~nor-lupan-1-one (llO)in 60% yield. It 

practically exists in solution as the enolized form (Ill ).The structure of the rearranged 

product was de~uced by the combination of physical techniq~es. UV spectrum (Fig. 

8) showed . maximum absorption at 227 nm in methanol, which shifted to 292 nm in 

0.1 M NaOH. IR recorded bands at 3450 (OH), ·1110 (unsaturated aldehyde) and 

1595 cm-1 (C =C). 1H NMR exhibited (Fig. 9) resonances at a 0.7- l.'J, (8 ~H3s), 
and 9..4 (S, lH, -cHO). BMS spectn,lm (Fig. 10) showed molecular ion peak at 440 

(M+), 397 (M+ -isopropyl) m/z beside& several other prominent peaks. Elemental 

analysis coupled with mass sp~tral data established that the molecular rearragement 

is intramolecular. Of the two possible enolized forms (111) and (112), the former 

one ( 111) was supported by an aldehydic proton singlet at a· 9.4 in the 1 H NMR analysis. 

Chart- 2 

(110) 

(116) (115) (117) 
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The mechanistic aspects of this ring·- contracted reaction have been throughly 

investigated1.2. Most possibly the ion (113) (Chart -2) generated by the attack of BF3 

on (109) gives rise to carbocation (114) which eventually rearranges to the ring

contracted product (110). The whole process might by synchronous. 
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SECTION -C 

Molecular Rearrangement of the Key Compound, Epoxy Ketone (109) _ 
Induced by Ultraviolet Irradiation : (Chart - 2) and (Scheme - 1) 

' . . . ~~ 

The photoreartangement of cyclic epoxy ketones is well documented34.37• Upon 

photolysis, they afford 1,3-diketones or keto-aldehydes. We have carried out irradiation 

of (109) in dioxane at A._> 290 nm at ambient temperature under argon-atmosphere · 

for 0.5 hr. We have been able to isolate the same keto-aldehyde (110) in good yield 

(52%). Identity was established by m.p. and m.m.p. determination and by comparison 

of speetral data (UV, IR, 1H NMR and mass). Since the initial product (110) is also 
' . 

photolabile, irradiation for an extend~ period results in a complex reaction mixture 

giving a low yield of (110). 

This photoreaction occurs from ex cit~ singlet manifold34.37 .38 via diradical 

generated by homolysis of C
11

- 0 bond,. the retention of configuration34 in the result

ing 1 ,2-diketones obtained from -the stereoisom-eric steroidal epoxy ketones supports 

the proposition of a predominently concerted rearrangement maintaining close or

bital overlap throughout the entire radical migration34• Accordingly, the mechanistic 

pathway ·of the photorearrangement of (109) studied by us can be depicted as in 

Chart- l. The diradical (115) or (116) gen:etated initially on photoexcitation rear

ranges to the keto-aldehyde ( 110) by a process in which the bond-migration and car

bonyl formation steps are concerted. 

During publication of this paper, one reviewer very pertinantly commented 

that the keto ketene (117) could be an attractive intermediate in this reaction pathway 

(Chart • l), but no product corresponding to this intermediate has been isolated. 

In concb:~sion, the molecular rearrangement conducted by us on isomeric epoxy 

ketone (109) induced by either BF3-etherate at ambient temperature or under photolytic 

condition, enabled us to obtain t,he ring contracted keto-aldehyde (110) in line with 

the finding of the original workers3• Though Chatterjee et al.6 did not ~btain the . 

rearranged ring contracted keto-aldehyde (37), but obtained a ring contracted ketone 

(38), presumably formed by defomiylation of the intermediate keto-aldehyde (37). 

Incidentally, we did not observe the formation of methyl migrat~ product of type 

(39a) isolated by Ganguly et al. 7 
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DATE 04-U-96 
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FREilUENCY 299. 943 l9fZ 
SPECTRAL WIDTH ~000.0 HZ 
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PU.SE WIDTH 53 DEGREES 
AMBIENT TEM'EAATU'IE 
NO. REPETITIONS 22 

DATA PROCESSING 
fT SIZE 321C 

TOTAL TIME 1.5 MINUTES 

. '1 . Fig. 4 s H NMR spectru.vnof lup-2-en~-ol (113 ) 
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CHAPTER - III 

(Experimental Section) 

General: 

Melting points were determined in a sulphuric acid bath and are uncorrected. 'l'he 

. pet ether used throughout the investigation had b.p. 6()..800C. 1H NMR spectra were 

lE!CQldej on aVNXL-200 ::pe:tmpho1aneter:in CDC~ solution using TMS as internal 

reference; IR spectra on a Pye Unicam-Sp..300S and UV on a Schimad-Zu UV-240 

spectrophotometer&; and mass spectra (ElMS) on a Jeol JMS-0300 mass 
spectrophotometer, using direct sample introduction into the ion source at 70 e V. TLC 

was done on chromatoplate of silica gel G (E.Merck) and spots were visualised by exposing 

the plates in iodine vapour. 

Isolation of Lupeol (lOS) 

· Stem-bark of Zanthoxylum budrungftl was extracted in a soxhlet apparatus for 20 
hr. with benzene. the extract was cQncentrated and purified by column chromatography 

over silica gel .. Elution with pet ether : ethyl acetate (9: 1) as eluent gave lupeol ( 1 05) as 

white solid. crystallised from chlorofonn-methanol as needles. m.p. 2314-2150C (lit39 

m.p. 215-216°C), which was identical in all respect with authentic sample oflupeol. 

%AnalysiS of ~H500 

Found : C=84.41 

: C= 84.50 

H= 11.61 

H= 11.73 Calculated 

IR(nujol) : 3420 (OH), 1630, 890 ( = ~) em-•, Fig.l. 
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Preparation of Lupanol (106) from Lupeol (105) 

) 

To a solution oflupeol ( 105) (21 mmoles) in ethyl acetate ( 450 ml) was added Pd

C (5%, lg) and hydrogenated for 5 hr. Pd-C was removed by filtration and the filtrate on 
concentration afforded fine white needles of lupanol (106), m.p. 202-2030C (lit40 m.p. 
201-20i°C). 

% Analysis of C30H510 

Found : C = 83.92 H = 12.11 

Calculated : C = 84.11 H = 12.15 

IR (nujol) : 3390 cm-1 (OH} Fig.2 

Mass : M• 428 m/z , 385 (M+- isopropyl), 367 (M+- isopropyl-~0) and seveml 

other peaks. 

Preparation of Lup- 2 -ene (107) from Lupanol (106) 

To a solution oflupanol (106) (16 mmoles) in.dry pyridine (200 ml) was added 

phosphorus oxychloride (25 ml). The reaction mixture was kept on a water-bath for 4 hr. 
and theil overnight at room tempemture. It was poured· on ice-water. The precipitated 

brQWn solid obtained on filtration was chromatographed ~n silica gel. Elution with pet 

ether gave lup-2-ene (107) (yield 65%) as white solid, m.p. 1~1920C (lit41 m.p. 192-

1930C). 

% Analysis of C30H50 

Found : C = 87.91 

Calculated : C = 87.80 

H= 12.11 

H= 12.19 

IR (nujol) · : 1630,850 cm-1 (C =C) 

Preparation of Lup-2-en-1-one (108) from Lup-2-ene (107) 

To a solution oflup-2- ene (107) (11 mmoles) in benzene : acetic acid (1 : 1, 300 

ml) sodium dichromate (15,.mmoles) was added a:nd the mixture retluxed for 3 hr. The 
/ excess oxidant was destroyed by addition of methanol (20 ml). The reaction mixture was 

extracted with ether (500 ml), washed with N~C03 and then with water until neutral. 

The brown mass obtained on evaporation· was chromatographed over silica gel. Elution 
with pet ether: ethyl acetate (4:1) as eluent gave (108) as white solid (Yield 55%), m.p. 

1~195°C. 
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%Analysis of C30H480 

Found : C = 87.13 

Calculated : C = 87.26 

UV (MeOH) : 220 nm 

165" 

· H= 11.19 

H= 11.32 

1R. (nujol) : 1667, 162Scm-1 (conjugated ketoQ.e) 

Fig.3A 

~g. 3 

Alkaline Hydrogen Peroxide treatment of Lup-2-ene-1-one (108) 

To a solution of (108) (2.5 mmoles) in dioxane (50 ml) was added aqueous 

hydrogen peroxide (30%, 8 ml) and aqueous NaOH (6N. 10 ml) arid stirred over a 

period of2 hr. After usual work-up unchanged starting material (108) was recovered 

in almost quantitative yield (mp and mmp). 

Preparation of Lup-2-en-la-ol (113) from Lup-2-ene (107) 

To. a solution of (107) (5.2· mmoles) in dioxane (200 mt)·Se02 (6.7 mmole) 

was added. After addition of traces of water (4 drops) the mixture was refluxed for 8 
hr. The warm filtrate obtained on removal of Se was poured into aqueous KOH solution 

(2.5%, 1.2 L). The precipitated solid was chromatographed over silica gel. Elution 

with pet ether.: ethyl acetate (3:1) gave a white solid which on crystallisation from 

chloroform-methanol gave needles oflup-2-en-la-ol (113), m.p. 201-202°C.(lit36 m.p. 

203-204°C). 

% .Atlalysis of C3Jl500 

Found : C = 84.12 H = 11.61 

H= 11.81 Calculated : C = 84.44 

1R (nujol) 

1HNMR 

: 3424 (OH), 1625, 862 cm-1 (C =C) 

: 8 0.7- 1.1 ( 8 C~s), 

3.6 (m, 1H, CHOH), 

5.5 (d, lH, J = 12Hz • C3 - H), 

5.7 (q, lH, C2 ~H) FigA 

Mass : M+ 426 mlz, 383 (M+: isopropyl), 366 (M+- isopropyl -OH) and 

· several other peaks. 
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Preparation of la-hydroxy-2a., 3a.-epoxy Lupane (114) from Lup-2-en-
1a-ol (113) 

To a solution of (113) (10.5 mmoles) in chloroform (55 ml) was added m-CPBA 
(14.6 mmoles). The reaction mixture was kept at soc for 72 hr.~ extracted with ether (250 

ml), washed with N~C03 solution and then with·water until n~utral. The white solid 

obtained on evaporati~n ofsolvent, was crystallised from chloroform- methanol to furnish 
pure (114) (yield 72%), m.p. 233-2340C (lit36 m.p. 2320C). 

%Analysis of CJI500 2 

Folind : C =81.47 

Calculated : C = 81.33 

Mass : M+ 442 mlz 

H = 11.09 

H= 11.35 

Preparation of 2a., 3a·epoxy Lupan-1-one (109) from 1a·hydroxy-2a, 
3a-eeoxy Lupane (114) 

To a solution of (114) (2.5 mmoles) in pyridine (20 ml) was added a slury of Cl0
3
' 

(3.6 mmoles) in pyridine (I 5 ml) at SOC and kept at this temperature for 48 hr. The 

reaction mixture was dilu~ with eth~l acetate (200 ml). The precipitate was filtered off. 

The clear brown filtrate was treated with aqueouS HCI (10%), washed with water until 

neutral. Evaporation of the sal vent left a brown mass which was chtomatographed over 
silica gel. Elution with pet ether: ethyl aeetate ( 4:1) yielded a white solid which on 

. cyrstallisatuion from chloroform-methanol afforded fine needles of (109) (yield 48%), 
m.p. 191°C. 

%Analysis of C30H500 2 

Found : C = 81.45 H = 10.68 

Calculated : C = 81.81 H = 10.91 

IR (nujol) : 1695 em·• (C = 0) Fig. 5 

1H NMR : B 0.72-1.1 ( 8~s), 

3.11 (d. tH, J =4Hz, C3- m. 
3.27 (~ lH, J =4Hz, C'l:- H) Fig. 6 

. Mass (ElMS) : 440 (M•), 

397 mlz (M+ -isOpropyl), several other peaks. Fig 7 
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BF3- etherate rearrangement of 2a, 3a-epoxy Lupan-1-one (109) : 
preparation of 2-formyl-A-nor-Lupan·1·one (110) 

The epoxy ketone (109) (1.2 mmoles) m· dry benzene (25 ml) was treated with 
freshly distilled BF3-ethemte (5ml) at room temperature for 1 hr. The reaction mixture 
was diluted witl1 water, extracted with ether and washed with water. On evaporation a 

thick gum was obtained which was purified by chromato~phy over silica gel. Pet ether 

:ethyl acetate (7:3) eluted a whilte solid (110) (yield 60%), m.p! 93-940C. 

%Analysis of ~H4802 

Found : C = 81.55 

Calculated : C = 81.78 

H= 11.02 

H= 10.91 

UV (MeOH) : 227 nm, shifted to 292 nm in 0.1 M NaOH 

IR (nujol). : 3450 (OH), 1710 (unsattiratedaldehyde), 

1595 (C =C) ~m-1 (enol form). 

:5 0.7- 1.2 (8 ~s), 

9-4 {s, lH, -cHO) 

Mass (ElMS) : . 440 (M+), 

397 mlz (M+ -isopropyl), several other peaks. 

Fig.8 

Ffg.9 

Fig. tO 

·Photolysis of 2a, 3a-epoxy Lupan·1•one (109) : Formation of2-fo~yl· 
A-nor-Lupan~1-one (110). 

A solutionof(l09)(1.1 mmole) indrydioxane(100ml)was itradiatedfor0.5 hr. 
with medium pressure mercury lamp plac~ in a central water-cooled pyrex immersion 
well under argon atmosphere at ambient temperature. Evaporation of the solvent in a 

· rotary vacuum evaporator folloWed by chromatography of the crude product on silica 
gel using pet ether: ethyl acetate (7:3) as eluent gave a white solid (yield 52%).which 
was found to be i~tical with (110) (previously prepared) by mp and mmp detenninations 

and by comp~son of s~tral data (UV, IR, '1H NMR and mass) • 



168 

REFERENCES 

1. H.O.House, J. Am. Chem. Soc., 78, 2248 (1956). 

2. H.O.House and R.L.Wasson, J.Am.Chem.Soc., 78, 4394 (1956). 

3. H.Q.House and R.L.Wasson, J.Am.Chem.Soc., 79, 1488 (1957). 

4. R.L.Setting, G.L.Parks and G.L.K.Hunter, J. Org. Chem., 29, 616 (1964). 

5. C.C.Kartha and ~.K.Cbakravarti, Tetrahedron, 21, 139 (1965). 

6. S.K.Kundu, A. Chatterjee and A.S.Rao, Chem. Ber., 101, 3255 (1968). 

7. A.K.Ganguly, T.R.Govindachari and A. Manmad, Tetrahedron, 23, 3847 (1967). 

7a. A.K.Ganguly, T.R.Govindachari, P.A.Mohamad, A.D.Rahimtulla and N. 

Viswanathan, Tetrahedron, 22, 1513(1966). 
' 

8. R.H.Eastman, J.Am.Chem.Soc., 76, 4115, 4118 (1954); 77, 6643 (1955) 

9. E.M.l{osowar and M. Ito, Proc. Chem.Soc., 25 (1962). 

10. T. Shono, T. Morikawa, A.Oku and R.Oda, Tetrahedron Lett., 791 (1954). 

11. A.D.Walsh, Trans. Faraday Soc., 45, 179 (1949). 

12. C.A.Coulson and W. Moffitt, Phil. Mag., 401 (1949). 

13. C. Djerassi, W. Klyne, T. Norin, G. Ohloff and E. Klein, Tetrahedro~&, 21, 163 

(1965). 

14. A. Padwa, Org. Photochem., 1, 91 (1967). 

15. C.K.Johnson, B. Dominy and W. Reusch, J. Am. Chem. Soc., 85, 3895 (1963). 

16. C. Lehmann, K. Schaffner and 0. Jeger, Helv. Chim. Acta, 45, 1031 (1962.). 

17. H. Wehrli, C. Lehmann, K.. Schaffner and 0. Jeger, Helv. Chim. Acta, 47, 1336 

(1964). 

18. 0. Jeger, K. Schaffner and H. Wehrli, Pure Appl. Chem., 9, 555 (1964). 

19. H.E.Zimmerman, B.R.Cowley, C.Y.Tseng and J.W.Wilson, J. Am.Chem.Soc., 

86, 947 (1964). 

20. H.E.Zimmerman, Abstracts of the Seventh National Organic Chemistry Sympo 

sium. June, 1961, Bloomington, Indiana, p. 31. 

21. S. Bodforss, Chem. Ber., 51, 214 (1918). 

22. H.E.Zimmerman, B.R.Cowley, C.Y.Tseng and J.W.Wilson, J. Am. Chem. Soc., 

86, 947 (1964). 

23. C. Wallin~ and A. Padwa, J.Am.Chem.Soc., 85, 1593 (1963). 

24. C.S.Markos and W.Reusch, J. Am. Chem. Soc., 89, 3363 (1967). 

25. F.D.Greene, W.Adam and g. Knudsen, Jr., J. Org. Chem., 31, 2087 (1966). 

26. J. Wuthrich, A. Siewinski, K. Schaffner and 0. Jeger, Helv. Chim. Acta, 56, 

239 (1973). 

26ct. D. 5. Weiss , O-rganic Photochemistty ,£_, 396 (1991). 



169 

27. T~ Gibson, J. Org. Ch_em., ·39, 845 (1974). 

28. J.R.williams, G.M.Sarkisian~ J. Quigley~ A. Hasiuk and R. Vandervennen, J. 
Org. Chem., 39, 1028 (1974). 

29. H. Wehrli, M.S.Heller, K. Schaffner and 0. Jeger, Helv. Chim. Acta, 49, 2218 

(1966). 

30. J. Muzart and J.P.Pete, Tetrahedion, 34, 1179 (1978). 

31. H. Wehrli, C. Lehmann, P. keller, J.J.Bonet, K. Schaffner. and 0. Jeger, Helv. 
Chim. Acta, 49~ 2218 (1966). 

32. P. Keller, G. Eggart, H. Wehrli, K. Schaffner and 0. Jeger, Helv. Chim. Acta~ 50, 

2259 (1967). 

33. K. Schaffner, Pure AppL Chem., 16, 75 (1968). 

34. K. Schaffner in "Organic Reactions in Steroid Chemistry .. , Vol. II ed. J. Fried 

and J.A.Edwards, Van Nostrand Reinhold Co., New York, 1972., p 310-311. 

35. D.H.R. Barton, E.:F.Lee arid J.R.McGhie, J. Chem. Soc., (C) 1031 (1968) .. 

36. K. Waisser, Budensinsky, A Vitech and A Vystrcil, Colin. Czech, Chem. Commun., 
. ' 

37, 3652 (1972). 

37. Modern Molecular Photochemistry, N.J.rutto. Benjamin/Cumin, California, 
1918, p. 551-559. 

38. Organic Photochemistry, ed. R.O. Kan, McGraw Hill, New Yo~ p 133 (1966) .. 

39. Encyclopaedia of Terperwids, Vol.2, edited by J.S.Glasby Wiley & Sons, . 

Chechester, p 1578 (1982) .. 

40. Encyclopaedia· ofTerpenoids, Vol. 2, edited by J.S.Glasby, Wiley & Sons, 

Chechester~ p 1982, p 1572 (1982). 

41. Encyclopaedia ofTerpenoids, VoL 2, edited by J.S.Glasby, Wiley & Sons, 

. Chechester, p 1575 (1982). . . 

42. Glossary of Indian Medicinal Plants (Suppliment), edited by R.N.Chopra, N .. 

Chopra and B.S.Verma (CSIR, New Delhi). 



·: 

I 
I 

I 
I 
I 
i 
j 

l 
I 

r·----~r------~-- --------,: 

f ~ettibn v:/_Ch~nzistry -- I 
~ . I . ' I 

-t.·. ·.-.. .... _ ~- - . - / ·~-l 

62 . Proc. 87th Ind. Sc. Cong. Part Ill (Advance Abstracts) 

9 9. Preparation_ and Photochemistry of Cross-Conjugated 
Cyclohexadienone Ring A of Friedelane Triterpene 

S. N. Bose and S. K. Chanda 
Department of Cfiemlstry, 
North Bengal University 

Darjeeling 734 430, West Bengal 

Key words Cross-conjugated cyclohexadienone, Friedelin, 
Photochemistry, Lumiproduct 

Because of the presence of 4,4, 1 0-trimethyl ring A system in 
triterpenes a-amyrin, 13-amyrin and lupane series, the introduction of 
photolabile cross-conjugated cyclohexadienone chromophore in ri_ng 
A is not feasible. In contrast, in friedelane triterpene having 4,5-
dimethyl ring A system this can be introduced. Thus, by a sequence 
of reactions starting from friedelane the key compound friedel-1 (I 0), 
3-dien-2-one, a cross-conjugated cyclohexadienone system in ring A, 
was synthesised. This upon tJV irradiation at 254 nm in neutral and 
non-nucl~ophilic solvent, dioxane, in nitrogen atmosphere at ambient 
temperature yielded the bicyclo- (3.1.0) hex-3-en-2-one derivative 
(lumiproduct) in good yield (62% ). Its structure has been elucidated 
by the combination of UV, IR, PMR, CMR and El mass spectral 
analysis. The stereoch~mistry has been studied by chiropti~al (CD) 
measurements. Prolonged irradiation results in a complex reaction 
mixture. 
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Using lupeol 7 as lead compound 2a, 3a-epoxy h.ipan-1-one 
11 has been synthesised by a sequence of reactions: Boron 
trifluoride catalysed molecular r~arrangement of 11 in benzene 

· yields 2-formyl-A-nor-lupan-1-one 15 (enolized). Same 
rearrangement is also achieved in dioxane under photolytic 
condition. 

House and Watson1 have observed that cyclic epoxy 
ketones of the type (1:n> 1) in the presence of boron 
trifluoride-etherate undergo molecular rearrangement 
(Chart 1) with reduction in ring size of ketones and 
produce the keto aldehydes 2. Later, Kartha and 
Chakravarti2 studied the action of boron trifluoride on 
some sesquiterpene epoxy ketones and epoxides and 
found that in each case an aldehyde was formed by 
contraction of a six-membered ring to a five
membered one. Ganguly et. al? carried out BF3-

catalysed rearrangement of 1a, 2a-epoxy lupan-3-one 
3 and obtained the product 1 - methyl-2a-hydroxy
lup-1(10)en-3-one 4. Here, most probably due to the 
presence of a neopentyl system adjacent to the epoxy 

·ketone system, methyl migration occurred instead of 
ring contraction. In contrast. Chatterjee et. al.4 also 
studied the same rearrangement on the same substrate 
3 and reported the formation of the nor-ketone 5, 
presumably formed by the elimination of formyl 
group from the initial product, 2-formyl 
cyclopentanone 6. In this note we wish to report first 
the partial synthesis of the isomeric epoxy ketone 11 
possessing a neopentyl system adjacent to the epoxy 
ketone moiety and then the molecular rearrangement 
of 11 induced by BF3-etherate as well as induced by 
ultraviolet irradiation to give 2-formyl-Anor-htpan-1-
one 15. 

t Presented in part in proceedings of 851
h session of Indian Science 

Congress, Part III, page 29, Hyderabad, 1998. 
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Chart 1 

The starting material for the preparation of 11 is 
the triterpene lupeol 7, obtained abundantly from the 
·benzene extract of Zanthoxylum budrunga5 followed 
by chromatographic purification. Compound 7 on 
catalytic reduction (Scheme I) furnished lupanol 8, 
which on dehydration with phosporus oxychloride in 
pyridine afforded lup-2-ene 9. Oxidation of 9 with 
sodium dichromate in benzene-acetic acid mixture 
(1:1) yielded the conjugated ketone, lup-2-en-1-one 
10, Amax 220nm, Vmax 1667cm·1

• Though it was 
expected to give the key compound 2a, 3a-epoxy 
lupan-1-one 11 on treatment with alkaline hydrogen 
peroxide, our repeated attempts failed to obtain the 
desired epoxy ketone 11. At this juncture, a literature 
survey revealed that the system 2-en-1-one of ring-A 
in triterpenes is stable towards alkaline hydrogen 
peroxide as noted by Barton and coworkers6

• 

Consequently, we adopted an alternative method for 
the preparation of the epoxy ketone 11. Lup-2-ene 9 
on selenium dioxide oxidation in dioxane with a few 
drops of water added in it, gave the allylic alcohol, 
lup-2-ene-1a-ol 12 following the reaction conditions 
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Scheme I 
Reagents and conditions. (a) H2/Pd-C, ETOAc, rt, 4hr (b)J'OC{, Py, 4hr, water-bath (c) Na2Cr20 7, C6H6-AcOH (1:1), 3hr, reflux (d) 
H20 2, NaOH, rt (e) Se02, dioxane, traces of water, 6hr, reflux (t) m-CPBA, CHCI3, soc, 72hr (g) Cr03, Py, S°C, 48h (h) BF3 - etherate, 
C6H6, lhr, rt (.:~ hv > 290 nm, dioxone, O.Shr, rt. 

prescribed by Vystrcil et. al 1
• Compound .12 was 

epoxidised7 with metachloro-perbenzoic acid in 
chloroform to yield the epoxy alcohol, 2a, 3a-epoxy 
lupan-la-oll3. We have prepared the key compound, 
2a, 3a-epoxy lupan-1-one 11 by the chromium 
trioxide-pyridine oxidation of 13. In 1HNMR 
spectrum, appearance of resonances at 8 3.1 (doublet, 
J = 4Hz) and o 3.27 (doublet, J = 4Hz) enabled us to 
assign 2a, 3a-epoxy ketone stereochemistry for 11. 
Vystrcil and coworkers7 settled the stereochemistry of 
13, the precursor of 11, as 2a, 3a-epoxy lupan-1 a-ol 
by carrying out its conversion with LAH to 2a, 3a
dihydroxy lupane of known structure. Boron 
trifluoride catalysed rearrangement of 11 in dry 
benzene at ambient temperature afforded the ring A 
contracted keto aldehyde, 2-formyl-A-nor-lupan-1-
one 14 in 60% yield. It practically exists in solution as 
the enolized form 15. The structure of the rearranged 

product was deduced by the physical techniques uv1 
IR, NMR aud mass spectra (see Experimental). Of the 
two possible enolized forms 15 and 16, the former 
one 15 was supported by aldehydic proton singlet at 
q 9.4 in the 1H NMR analysis. 

The mechanistic aspects of the ring contraction 
reaction have been thoroughly investigated1

•
2

• Most 
possibly the ion 17 (Chart 2) generated by the attack 
of BF3 on 11 gives rise to carbocation 18 which 
eventually rearranges to the ring contracted product 
14. The whole process might be synchronous. 

The photorearrangement of cyclic epoxy ketones is 
well documented8

•
9

· Upon photolysis, they afford 1,3-
diketones or keto-aldehydes. We have carried out 
irradiation of 11 in dioxane at A> 290 nm at ambinet 
temperature under argon-atmosphere for 0.5 hr. We 
have been able to isolate the same keto-aldehyde 14 in 
good yield (52%). Since the initial product 14 is also 
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photolabile, irradiation for an extended period results 
in a complex reaction mixture giving a low yield of 
14. 

This ph-otoreaction occurs from excited singlet 
manifold8

•
9 via a diradical generated by homolysis of 

Ca"""O bond, the retention of configuration9 a in the 
resulting ~-diketones obtained from the 
stereoisomeric steroidal epoxy ketones supports the 
proposition of a predominantly concerted 
rearrangement maintaining close orbital overlap 
throughout the entire radical migration9

• Accordingly, 
the mechanistic pathway of the photorearrangement 
of 11 studied by us can be depicted as in ~~~a;-rt 2. 
The diradical 19 or 20 generated initially on 
photoexcitation rearranges to the keto-aldehyde 14 by 
a process in which the bond-migration and carbonyl
formation steps are concerted. 
, Though the ketoketene 21 could be an attractive 
intermediate, no product corresponding to this 
intermediate has been isolated. 

In conclusion, the molecular rearrangement 
conducted by us on isomeric epoxy ketone 11, 
induced by either BF3-etherate at ambient temperature 
or under photolytic condition, enabled us to obtain the 
ring contracted keto-aldehyde 14 in line with the 
finding of the original workers 1• Though Chatteljee et 
al.4 did not obtain the rearranged ring contracted keto
aldehyde 6, but obtained a ring contracted ketone 5, 
presumably formed by deformylation of the 
intermediate keto-aldehyde 6. Incidentally, we did not 
observe the formation of methyl migrated product of 
the type 4 isolated by Ganguly et aP. 

Experimental Section 
General. Melting points were determined in a 

sulphuric acid bath and are uncorrected. The pet.ether 
used throughout the investigation had B.P. 60-80°C. 
1H NMR spectra were recorded on a VNXL-200 
spectrophotometer in CDCh solution using TMS as 
internal reference; IR spectra on a Pye Unicam-Sp-
300S and UV on a shimad Zu UV -240 
spectrophotometers; and mass spectra (ElMS) on a 
Jeol JMS-D300 mass spectrophotometer, using direct 
sample introduction into the ion source at 70 e V. TLC 
was done ori chromatoplate of silica gel G (E.Merck) 
and, spots were visualised by exposing the plates in 
iodine vapour. 

Isolation of lupeol 7. Stem-bark of Zanthoxylum 
budrunga5 was extracted in a soxhlet apparatus for 
20 hr. with benzene. The extract was concentrate9 and 
purified by column chromatography over silica gel. 
Elution with pet-ether-ethyl acetate (9:1) as eluent 
gave lupeol 7 as white solid, crystallised from 
chloroform-methanol as needless mp 214-15°C (lit 10 

mp 215-16°C); IR (nujal): 3420 (OH), 1630, 890 cm-1 

(=CHz). 
Lupanol 8. To a solution of lupeol 7 (21 mmoles) 

in ethyl acetate (450 mL) was added Pd-C (5%, 1g) 
and hydrogenated for 5 hr. Pd-C WI;!S removed by 
filtration and the filtrate on concentration afforded 
fine white needles of lupanol 8, mp 202-03°C (lit11 mp 
201-02°C), IR (nujal: 3390 cm-1 (OH), C3oHszO (M+ 
428 rnlz). ' 

Preparation of lup-2-ene 9. To a solution of 
lupanol 8 (16 mmoles) in dry pyridine (7.PO mL) was 
added phosphorus oxychloride (25 mL).' Tpe reaction 
mixture was refluxed on a water-bath ,for 4 hr and 
then overnight at room temperature. It was poured on 
ice-water. The precipitated brown solid obtained on 
filtration was chromatographed on silica gel. Elution 
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with pet. ether gave lup-2-ene 9 (65%) as, white solid 
mp 190-192°C (lit. 12 mp 192-93°C); IR (nujal) :1630, 
850 cm-1 (C = C). 

Preparation of lup-2-en-1-one 10. To a solution 
of lup-2_:ene 9 (11 mmoles) in benzene-acetic acid 
(1:1, 300 mL) sodium dichromate (15 mmoles) was 
added and the mixture refluxed for 3 hr. The excess 
oxidant was destroyed by addition of methanol (20 
mL). The reaction mixture was extracted with ether 
(500 mL), washed with Na2C03 and then with water 
until neutral. The brown mass· obtained on 
evaporation was chromatographed over silica gel. 
Elution with pet. ether-ethyl acetate (4:1) as eluent 
gave 10 as white solid (55%), mp 194-95°C, UV 
(CH30H): Amax 220 nm, IR (nujal): 1667, 1625cm·1 

(conjugated ketone). · 
Alkaline hydrogen peroxide treatment of lup-2-

en-1-one 10. To a solutin of 10 (2.5 mmoles) in 
dioxane (50 mL) was added aquous hydrogen 
peroxide (30%, 8 mL) and aqueous NaOH (6N, 10 
mL) and stirred over a period of 2 hr. After usual 
work-up unchanged starting material 10 was 
recovered in almost quantitative yield (mp and mmp ). 

Preparation of lup-2-en-1a-ol' 12. To a solution of 
9 (5.2 mmoles) in dioxane (200 mL) Se02 (6.7 mmole) 
was added. After addition of traces of water (4 drops) 
the reaction was refluxed for 8 hr. The warm filtrate 
obtained on removal of Se was poured into aquous 
KOH solution (2.5%, 1.2L). The precipitated solid was 
chromatographed over silica gel. Elution with 
petether-ethyl acetate (3:1) gave a white solid which 
on crystallisation from chloroform-methanol gave 
needles of lup-2-en-1a-ol 12, mp 201-02°C (lit.7 mp 
203-04°C), C3oHsoO ~426 rn/z), IR (nujal) : 3424 
(OH), 1625, 862 cm·1 (C=C), 1HNMR : o0.7 - 1.1 
(8CH3S), 3.6 (m, 1H, CHOH), 5.5 (d, 1H, J =12 Hz C3 
-H) and 5.7 (q, 1H, C2- H). Anal. Calcd fqr C3oHsoO: 
C, 84.44; H, 11.81. Found: C, 84.12; H, 11.61%. 

Preparation of 1a-hydroxy-2a, 3a-epoxy lupane 
13. To a solution of 12· (10.5 mmoles) in chloroform 
(55 mL) was added m-CPBA (14.6 mmoles). The 
reaction mixture was kept at 5°C for 72 hr, extracted 
with ether (250 mL), washed with Na2C03 solution 
and then with- water until neutral. The white solid 
obtained on evaporation of solvent, was crystallised 
from chloroform-methanol to furnish pure 13 (72% ), 
mp 233-34°C (lit.7 mp 232°C); C3oH5002 (M+ 442 
rnlz), Anal. Calcd for C30H5o02; C, 81.33, H, 11.35. 
Found: C, 81.47; H, 11.09%. 

Preparation of 2a, 3a-epoxy lupan-1-one 11. To 
a solution of 13 (2.5 mmoles) in pyridine (20 mL) was 
added a slurry of Cr03 (3.6 mmoles) in pyridine 
(15 mL) at 5°C and kept at this temperature for 48 hr. 
The reaction mixture was diluted with ethyl a<;etate 
(200 mL). The precipitate was filtered off. The clear 
brown filtrate was treated with aqueous HCl (10%), 
washed with water until neutral. Evaporation of the 
solvent left a brown mass which was chromato
graphed over silica gel. Elution with pet. ether-ethyl 
acetate (4:1) yielded a white solid which on 
crystallisation .from chloroform-methanol afforded 
fine needles of 11 (48%) mp 191°C; IR (nujal): 
1695 cm·1 (C = 0); 1H NMR: o 0.72 - 1.1 (8CH3S), 
3.11 (d, 1H, J =4Hz, C3- H) and 3.27 {d, 1H, J =4Hz, 
CrH); Mass : 440 (M+), 397 rnlz(M+-isopropyl). 
Anal. Calcd. for C30H5002: C, 81.81; H, 10.91. Found: 
C, 81.45; H 10.68%. 

BF3-etherate rearrangement of 11.· Preparation 
of 2-formyl-A-nor-lupan-1-one 14. ·The epoxy 
ketone 11 (1.2 mmoles) in dry benzene (25 mL) was 
treated with freshly distilled BF3-etherate (5 mL) at 
room temperature for 1 hr. The reaction mixture was 
diluted with water, extracted with ether and washed 
with water. On evaporation a thick gum was obtained 
·which was purified by chromatography over silica 
gel. Pet. ether-ethyl acetate (7:3) eluted a white solid 
(60%), mp 93-94°C, UV (MeOH); A.max227 nm, 
shifted to 292 nm in 0.1M NaOH, IR (nujal): 
3450(0H), 1710 (unsaturated aldehyde), 1595 (C=C) 
cm-1, 1H NMR : o 0.7-1.2 (8CH3S), 3.ll(d, HI, J-..: 
4Hz C3 H), 3.27 (d, lH, 1 41ob, C!=II1 and 9.4 (s, 
1H, -CHO); Mass : 440 (M+), 397 inlz (M+
isopropyl). Anal. Calcd for C30~802: C, 81.81; H, 
1091. Found: C, 81.55; H, 16.72%. 

Photolysis of 11 : Formation of 2-formyl-A-nor
lupan-1-one 14. A solution of 11 (1.1 mmole) in dry 
dioxane (100 mL) was irradiated for 0.5 hr with 
medium pressure mercury lamp placed in a central 
water-cooled pyrex immersion well under argon 
atmosphere at ambient temperature. Evaporation of the 
solvent in a rotary vacuum evaporator followed by 
chromatography of the crude product on silica gel 
using pet. ether-ethyl acetate (7 : 3) as eluent gave a 
white solid (52%) which was found to be identical with 
14 by mp and mmp determinations and by comparison 
of spectral (UV, IR, 1H NMR and mass) data. 
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