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Abstract- Latifolin (1),the major constituent of n.;ﬁggg;_%g
gave trans 1={2,4-dimethoxy-3~hydroxyphenyl)=2«(2=hydroxyphenyl)
¢yclopropane as the sole photo di- N -methane rearrangement
product. In contrast, its simpler analogues, 3-{2,4,5=trime-
thoxyphenyl).3~phenyl prop-i-ene(3) and 3—(5.4—d1mthoxyphenyl)
~3-phenyl prop—i»eno(gg.qavc 111 mixture of cis and trans
cyclopropanes., Dye-sensitized photooxidation of latifolin( g
and dihydrolat’.folm {16) gave novel xanthan derivatives(

and ( involving a crucial step of photooxidative demethyl-
ation followed by cyclisation. Similar reaction of the closely
related propane gave, interestingly the benzofuran 20.The
propene 22, lack ng free hydroxyl or double bond, gave onlz
the quinone indicating that quinones are intermediates in
the above oxidations. The allyl alcohol 24, having similar
feature, undergoes oxidation to the corresponding aldehyde

26 and the benzophenone 28 but not to a quinone.

Latifolin (1), the major constituent of the heartwood of Dalbergig latifolia
is an important neoflavonoid, Its dimethyl ether 2 was shown in a preliminary
ran'mr:t:1 to undergo a facile ghotorearranqemnt. known under the general name of
di-n-methane rearrangement '3. We report here a detalled investigation of this
rearrangement with latifolin itself and some of its simpler synthetic analogues.
The isolation and characterisation of several novel photocoxidation products of
latifolin and some relatad compounds are also reported in this paper.
RESULTS AND DISCUSSION

Latifolin |, on irradiation with UV-light filtered through pyrex gave a
single photoproduct. Its IR spectrum showed a strong peak at 1031 cm™
{eyclopropane) in addition to two hydroxyl peaks at 3%00 and 3580 en~l.1ts H
NMR spectrum exhibited two singlets at § 4.01 and 4.10 equivalent to six
protons of two methoxyl groups, in addition to two multiplets centred at § 1.25
and 1.93 as expected of cyclopropanic protons. Its mass spectrum indicated that
i1t is isomeric with latifolin itself. On the basis of these spectral data it
was assigned the structure 1«(2,4~dimethoxy-3-hydroxyphenyl)=2«{2-hydroxyphenyl)
cyclopropane (3). This was further confirmed when on methylation it gave the
tetramethoxy compound § identical with the product reported earlier from the
photorearrangenent of latifolin dimethyl ether 2. The assignment of trans
stereochemistry ear:l.ie::1 to § was based on spectroscopic grourxds. Hence 3 also
should have trans orientation.

Photoirradiation of the simpler analogue, 3~(2,4,5«-trimethoxyphenyl)=3-
4817
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phenyl prep-i-ene (3), under the same conditieas gave a aixture of two clesely
related cyclopropanic compeunds (TLC) which ceuld be uparatod by repeated
column chrematography en alumina te a higher melting (93-94 ) and a lewer
melting (69-71°) eompounds. Since beth had the same molesular weight (MS) they
must be isemerie cis and trans cyeleprepane compeunds. The higher melting
isomer was assigned the tramns configuratioa 7 as the chemical shifts of the
aromatic protons ia the TR spestrum of this compound were more deshielded
than these of the cerresponding protoms ef the lower melting isomer. Such
effeets have been observed earlier™, The lower melting isomer (-.9.69-71 )
should therefore have the cis configuratien. 'H NMR speetrum of the reactien
mixture taken before separatien exhibited two sets of peaks for eaeh type of
protons. Comparison of the area under the peaks of aromatic protons at & 6.18
and 6,20 to H, and H, of the cis isomer § and at O 6.35 and 6,42 due to
eorruponding proton of the trans isomer 7 showed that the mixture consists of
approximately equal amounts ef cis and trans cyelopropanes.
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Similarly irradiation eof 3-(2,4-dimethexyphenyl)-3=phenyl prop-i-ene(4)
vielded a viseous liquid which was feund te be 2 mixture of two cempeunds
having very clese R’ values on unoa impregnated TIiC plate. From 1H NMR and
MS spestra this alse appeared to be a 1:1 mixture of ecis and trans isemers of
cyclepropane derivatives 9 and 10. It was not pessible te separate this mixture.

Thus, unlike latifolia (1) and its dimethyl ether 2 the di- JT -methane
rearrangement of simpler analegues gave beth ois and trans isemexrs.

Attempted phetochemisal rearrangement of 1,1=diaryl cycleprepanes, as
pessible intermediates in di-JT —methane rearrangement, examined with 1,1-
diphenyl cyclopxopaao6 {(13) and its higher analegue 14 shewed that such small
ring systems do met underge any change under these cenditioms. The required
cyclepropanes 13 and 14 were synthesised from the corxesponding 1,1-diaryl
ethylenes 11 and 12 by Simmea=Samith :oactiona.

The Ce=eccurrence of lanfoun9 with a number of exyheterecyclic and ether
oxidation preducts prompted us to explore the pessibility eof photochemical
oxidatioen reastions of latifolin,
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Latifolin (1) on phetoirradiatioa in 0(:14 in the presence of rese-bengal

7". 2 new predugt whieh could be charasterised as the xanthan derivatives 3.
H NMR gpectrum of this produet displayed the presence of one methexyl group at
8 3.8 and one D0 exchangable preten at S 5,25, The absence of the methexyl
peak at § 3.9 and the OH peak atS 5.7 originally present im the 'H NMR spectrum
of latifolin imdisated that these sites were invelved in the formation of the
heterecyclic ring in 13. In a docoupling experiment, irraditien of the
multiplet centred at 8 5.9 caused the dowblet of the proten centred at8 4,49
sollapse to a singlet and simultaneocusly the multiplet of -(:l*l-c);[2 protons
changed to a doublet., Similarly on irradiation of the doublet situation at

D 4,45, the multiplet of ~Cli=CH,, proton collapsed to a double doublet thus
showing that the ethylene side chain of | is intact in 15 and is not involved
in the cyclisation, The mass spectrum ef 13 exhibited a molecular ion peak at
n/z 254 together with peaks at 253 (M*-H) and at 227 (u*-csz) correspending

to the loss of the beazylic preton and the side chain -Cl'l-(:ﬂ2 respectively
from the melecular ion, From these data the new preduct could be assigned the
structure 3-methoxy-4~hydrexy-6-vinyl xanthan (13). Dihydrelatifolin (16) em
dye=gensitized photeoxidatien also gave a mnew product 17 having similar
structure, Comparison ef the TR spestrum of 16 and the phetepreduct {7
revealed again the absence of one methoxyl and eme hydroxyl greup present in 16.
Its mass spectrum which exhibited molecular ion peak at m/z 256 alongwith ether
peaks at 255 (u"-H) and 227 (u+-c2H5), is in agreement with the cyclised
structure 3-methoxy~4-hydrexy-6—ethyl xanthan(iZ). The fermatien of 13 and 17
from latifolin(1)and dihydrolatifolin (16) in these dye-sensitized phote-
exidations apparently involves a crucial step of exidative demethylation
followed by cyclisation with the free hydroxyl group of the secend ring. A free
OH group in ring A para to the methexy group is essential to start this reaction
as latifolin dimethyl ether 2 and dihydrelatifolin dimethyl ether 18 failed to
underge any change when subjected to similar photooxidation.

CH30 R2 CH30 Ro
R) Ry
R (o] R
Rg 3 3
24, R|*R3 *H,R2 "OH,R4"CH20H 28, R| *"R3*H,R2=0H
25, Ry*R,*R3*0CH3,Rq"CH20H 29, R = R2=*R3=0CH3

26, R *R3*H,R>*0H,R4*CHO
27, R "R2"R3*0CH3,R4q " CHO

In erder to throw more light ea this novel reactien, we studied the
photooxidation ef the closely related prepenyl compound 19 lacking a hydrexyl
group in the second ring. Surprisingly it gave a new interesting preduct which
could be assigned the structure 20 as its H e spectrum exhibited on methexyl
(% 3.9), one hydrexyl ( 3 5.75, D0 exchangable) and a methyl greup as shewn
by a new singlet at B 2.45. Comparisen ef this spectrum with that of the
starting material revealed that the methoxyl peak at 33,5 and the doublet due
to the side chain methyl group of 19 is absent indicating their involvement
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in the formation of the new preduct 20. Its mass spectrum gave a molecular ien
peak at m/z 254 but did not show K'-(-CHeCH,) peak as in 13 er M'-(CH,CH,) pesk
as in 17. Instead this spectrum shewed a strong peak at m/z 211 indigating less
of c2H30 unit as expected from a 2-methyl benzefuran derivative, On this basis
it was assigned the structure as 2-methyl-3-phenyl=3-hydroxy-6-me thexy
benzofuren (20). The complete methyl ether, 3-=(2,4,3-trimethoxyphenyl)-3-phenyl
prop-2-ene (21) again did net undergo any phetechemical change under similar
conditions,

SCHEME I

Apparently the first step in the formation of the benzofuran 20, is again
oxidative demethylation. Hewever, the quinoneid intermediate, lacking a hydroxyl
group in ring B, involved the propene side chain instead, in this precess,
finally ylelding 20.

Indeed the first step in above phetooxidations is oxidative demethylatien
of the partial methyl ether of the pars quinol system in ring A, as 3-(2,4-
dimethoxy~5-hydroxyphenyl)=3-phenyl propane (22), prepared by hydrogenation of
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propenyl compeund 19, gave on similar phetsexidation the quinone 23 which ceuld
not underge further cyclisation as it lacked features like ortho hydroxy group
in ring B er a propenyl deubls bond. The structure of 23 was confirsed by its
mass spestrum (M",256) and 'H NMR spectrum which exhibited the presence of one
methoxyl greup (5 3.8) and two shielded arometic pretons (85,95 and 6.6) and
the absence of ene methoxyl peak at 3 3.7 as well as one D0 exchangable OH
peak at B 3.25 originally present in H R spectrum of 22. Scheme II and III
depicts the possible mechanism ef these oxidative demethylation and cyclisations
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R OH R
[°=
H /C"g H
{ ~H
CH30 00 CH30 6/0
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o o
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R OH
3l \ 30
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SCHEME I

The Primary requirement in these oxidative demsthylations is a para quinol
partial methyl ether system as present in 1,16,19 and 22. A free phenolic group
alone is not sufficient te give the quinene intermediate. The cinnamyl alcohol
24 having one phenolic group was tried next to see whether a side chain allylie
hydroxyl group can participate in this cyclisatien, It did net give any
cyclised product, instead it gave the substituted cinnamaldehyde 26 by oxidation
throeugh hydroperoxide intermediate as shewn in Scheme I, Similar mechanism
involving hydroperexide intermediates for oxidations of olonna“ and allyl
alcohols'2 nave been prepesed earlier. The benzophenene 28 1is formed by further
oxidation of 26, Similarly the fully methylated cinnamyl alcehol 25 also gave
the cinnamaldehyde 27 amnd the benzophenons 29.
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The mechanism of dye-sensitized photoexidative demethylatien eof para
quinol partial methyl ethers have been described earlier by Saite et 2113 whe
pestulated the agency of beth singlet exygen and excited triplet sensitizexr fer
the initiating step of hydrogen abstractien frem the phenel. The cembinatien eof
resulting radical with the triplet exygen followed by slimination ef HCHO from
the complex finally yields the para cuineme. Similar quineneid intermediates
must be forming in the present cases alse as evident from the isolation ef 23.
However, the cyclisation of the quinoneid intermediates to the xanthans 13 and
17 is rather nevel and its mechanism is net very clear.

The mechanism for the formation of the benzofuran 20, through the quinone
intermediate 33 and 34, is envisaged in Scheme 1II. Mechanism involving similar
intermediates have been pestulated oarli.or“ for light induced conversion of
monosubstituted benzoquinenes to benzofurans.

Oxidation of latifolin with free radical imitiator like x3{(Fo(CN)6]
following the procedure of Sarkanen and wiliis!d gave a yellew dimeric preduct
wp.200°(d), (u*.sos) and net the xanthan'® shewing that singlet exygen and
excited triplet sensitizer play a specific role in these dye-sensitized phete-
exidative cyclisations excluding the pessibility ef exclusive invelvement ef
free radicals.
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EXPERIMENTAL PROCEDURES

Melting points are uncorrected. IR spectra were recorded on a Perkin
Elmer-437 Spectrephetometer. UV gpectra were recorded in ethanol solutien on a
Varian 634 Spectrophotomster. ‘H NMR gpectra were recorded on a Varian BM-360
(60 MHz) spectremeter. Chemical shifts are reperted in ppm D scale relative to
TMS as internal standard. MS spectra were ebtained on a Zeel JMS-D300 mase
spectrometer,

Izzadiation ef latifalin (1)

Latifolin (1, 300 mg) in benzene (300 ml) was irradiated with light frem
a high pressure -;nury lamp filtered through pyrex fer 6 heurs. The residue
ebtained after removal of selvent was purified by chrematogrsphy over silica gel
using benzene as eluant when it gave the cyclepropane 3 (175 mg) which crystall-
ised from ethanel as coleurless cubes, n.p.111-12° (Found: C,70.9; H,6.3;
(:'.’l-l‘.o4 requires C,71.3; H,6.3%). MS: m/z 286 (M'). 1l~l NMR (CDC13):81.00-1.50
(24,m -CH2- of cyclopropane ring); 1.71-2.16 (2H,m,benzylic); 4.01 (3!1,.,00!13),
4.10 (3!1,.,0(:113); 5.3 (1H.0.At-a'l,020 exchangable); 5.8 (1H,0,Ar-0ﬂ,020
exchangable); 6,66 (1H,s,aromatic); 6.75 (1H,s,arematic); 6.9-7.3 (4H,m,
aromatic)} 'R'::i 3580(0H), 3500 (OH) and 1031 cm~! {cyclopropane).

On methylation 5 gave the tetramethoxy compeund 6, p.91°, identical with
the preduct obtained by the photorearrangement of latifolin dimethyl ether (2)
(11t mp.92-93°).

- =1=ene (3)

3-(2,4,5-trimethexyphenyl)=3=-phenyl prepene (3, 300 my) was phetolysed as
above when it yielded a mixture (TLC) of two very clesely related compeunds,
These were separated by repeated column chremategrephy on alumina follewed by
crystallisation from hexane when it gave 7 (I.P-93-94°) (Found: C,76.13 H,7.13
Cyatng0s Tequires C,76.1; H,7.0%). MS: w/z 284 (M'), Ty R (CDC14) s §1,06-1.41
(2H,l,-CH2-); 1.86-2,50 (2H,m,benzylic); 3.70,3.75 (9H,8,3XDQ‘13); 6,35
(1H,8,H, or Hb); 6.42 (1H,3,Hb or H.); 7.10 (SH,m,arematic),

Repeated crystallisatien frem hexane of the residue from mether liquer
gave 8 (30 mg), m.p.69=71° (Feunds C,76.4; H,7.3; CqghlygO; Tequires C,76.1;
H,7.0). MSt w/z 284 (M%), 'H NMR (CDC1,)s § 1.05-1.42 (2H,m,~CH =)} 1.85-2.50
(2Hm,benzylic)}; 3.45, 3.53 and 3,56 (9H.3c,3xOCH3); 6.18 (1H.s,l~l. or Hb); 6.20
(-ﬂi,.,Hb or H.); 6.91 (3H,m,arematic).

= (4)

3-(2,4-dimethexyphenyl)=3-phenyl propene (4,300 mg) was photolysed ss
described earlier when it gave a mixture, On Aqms impregnated TLC plates it
gave two spots corresponding to cis 10 and txens 9 isomers which could net be
separated. The mixture gave the following spectral data. MS: m/z 254 (M');
AKET 1032 cu™ (cyclopropane). 'H MR (CC1,)181.25 (2H,m,~CH,-); 1.90 (2H,m,
benzylic); 3.60, 3.68 (6!*1,.,2)(00!'13 for cis isomer); 3.76 and 3.81 (6H,s,
2XOCH, fer trans isomer); 6.40 (QH.I.H. and Hc); 6.80-7.2% (6H,-,Hb and
arematic).
Synthasis of 1-(2.4.5-trimethexvehenyll-1-(2-nethoxyahenvl cvclostosans (13)

To a stirred suspension of Zn-Cu couple (3,9 ¢) and catalytic amount eof
cuprous lodide in dry ether (400 ml), was added methylene iedide (4 g) and
1=-(2,4,5~trimethexyphenyl )=1=(2~methoxyphenyl) oﬂ\yleno7 (11, 4.5 ¢g). The
reaction mixture was gently refluxed for 24 hr, and then cooled and filtered,
The filtrate was washed with NaHCOs, brine and dried., The selvent was removed
and the residue purified by column chremategraphy over silica gel using hexane
as the eluant when it gave 14 which crystallised from hexane as colourless
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platu, n.p.120-2°. (Founds C,72.13 H,6.6.C,gH requires C,72.6; H,7.0%).
AC!:C‘ 3 1034 ca~1 (cyclepropane). MS: m/z 314 &3 YT (CDCJ. )1 31,12
(4H,8,2x-CHi,=) 3 3,75, 3.81 and 3.90 (12H,8,4x0CH, ); 6,43 (m.-.m-aue); 6.7~
7.3 (SH,-.arontic).

Ehetesxidatien eof Latifolin (1)
Latifolin (1, 200 mg) in ccl, (200 ml) containing a suspension ef rose

bengal (100 mg) adsorbed on silica gel (2 g) was irradiated with light from
tungsten lamps (600 W) while a gentle stream of air was bubbled threwgh the
solution to keep the suspensien stirred. After 24 hrs. (TLC), the selutien was
filtered and selvent removed under reduced pressure., The residue was chremate-
graphed over silica gel using hexane and benzene as eluants, Hexane-benzene
{1:1) eluate (230 ml) on evaperation afferded 15 which crystallised from
methanel as light needles (100 myg), mp. 80-81. (Found: ,75 7; H,%.3.
°16 4403 Tequires C,73.9; H,5. 5%). MS: w/z 254 (M), 283 (M'eH), 227 (M -cz)i3)
TH NMR (coc13): §3.8 (3,8,0CH,); 4.45 (1H,s,J=gHz, -l:-cu-cnz); 4.9 (1H,m,-
cu-cui); 5,2 (1u.-.-cu-cuz); s, 25 (1H,a,-0ﬂ,020 exchangable); 5.9 (1H,m,~
-bH—Cﬂ-CHz); 6.5 (1H,s,aromatic), 6.65 (1H,s,aromatic); 7.1 (4H,m,aromatic).

Bhetooxidation of dihydrelatifolin (16)

Dihydrelatifolin (16, 200 mg) in ccl, (200 ml) was photoexidised as above,
After 24 hrs, the reaction mixture was worked up as usual and the residue
chromatographed over silica gel using hexane and benzene as sluants, Hexane-
benzene (131, 250 ml) eluate yielded 17 as viscous liquid (120 mg) which was
further purified by preparative TLC followed by distillatien under vacuum
(0.1 mm Hg) at 190° (bath) when it was obtained as a coleurless liquid (I-'ound:
c,74. 7; Hy5.9. cwnmo3 requires C,75.03 H,6.3%), MS: m/z 256 (M'), 235 (M'-W),
227 (M "°2“5)' H MR (CDC1,): 8 0.7 (3H,t »=CH,CH )3 1.7 (2H,m,~GH,CH )3 3.8
(3H,s,0CH, )s 3.82 (1H,t -C!iC“ CH ); 5.2 (1H,s, =OH,D,0 exchangable); 6.6 (1H,s,
arontie); 6.7 (1H,..mnt1c); 1 0 (4H,m,aromatic),

Wﬂwmwm (19)

3-(2,4~dimethoxy=5=hydrexyphenyl)=3-phenylprop=2-ene = (19,200 mg) in
cc1, (200 m1) was photoexidised as above., After 48 hrs. the reaction was worked
up as usual and the residue chromatographed ever silica gel when it gave 20
which crystallised from methanel as coleurless plates (125 mg), l.p.121°c
(Foundx C,75.1; H, 5.2. C“H 0 requires C,75.6; H,5.5%). MS: m/x 254 u )Y
239 (M*=cH 3h2n (" ~CH,0). “4 e (CDC1,)38 245 (3H,8,=CCly)s 3.9 (3,8,
OCH ); 5.75 (‘lH,s,Oﬂ,D O exchangable); 6. 9 & 7.0 (2H,2s,para mntic protons);
7.4 (w,-,arontic).

Hydzogenation of 3=(2,4-dimethexy=5-hydrexvehenyl)=3-phenyl prop.2-ene (
A solution ef 3-(2,4=~dimethoxy-5-hydroxyphenyl)=3=phenyl prop-2-on13°

(19, 1 ¢ ) in ethyl alcohol (200 ml) containing Pd/C (10X, 100 mg) was stirred
in H2 gas until one mole of the gas was absorbed. The reactien mixture was then
filtered and the solvent removed to furnish gg which crystallised from
methanol as colourless needles (800 mg), mp. 58°, (!-‘ounds CoT4.6; H,7.2,
Cy7Hg00; Tequires C,75.0; H,7.4%). MS: w/z 272 (W*). 'u & (coc1,):30.82
(3H,%,-CH,Cli,) s 1.93 (2H,m,~tHGE,CH,) ;3 3.7 (3H,8,0CH); 3.8 (3H..,0¢H )s 4.2
(1H, t,-éﬂ-ca CH )v 5.2% (1H,s,0H, D0 exchangable); 6.5 & 6.9 (2H, 20,parn
aromatic ptotons); 7.5 (3H,m,arematic).

Eheieoxidation of 22

3-(2,4-dimethoxy~-5~hydroxyphenyl)=3-phenyl prepane (22, 200 mg)in ccl,
(200 m1) was photooxidised as earlier for 48 hrs. when the reactien appeared
te be complete. Remeval of solvent from the filtrate. and chromategraphy ef
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the residue over silica gel yielded 23 which crystallised from methanol as
yellow needles (140 mg), mp. 152® (Found: C,74.7; H,6.6. C,cH, O, Tequires
C,73.05 H,6.3%). MS: m/z 236 (M'-CH,), 228 (N*-CO), 227 (M*=CHCH,). ' MR
(09013)38 0.9 (3H,t,-CH20H3); 1.9 (m,-,-bumzcﬂ3): 3.8 (3H.-.00H3); 4.1
(1H,t,~BCH,CH,)5 3.95 & 6.6 (2H,2s,para aromatic protons; 7.3 (3H,m,aromatic).

MMWWM (24)

3-(2-hydroxy—4-methexyphenyl)-3-phenyl allyl alecohel” (24, 350 mg) in
ccl, (500 ml) was pheteexidised as earlier for 48 hrs. The reaction mixture was
worked up and the residue chromatographed ever silica gel eluting the celumn
with benzene when it gave the benzophenene 28 which crystallised from methanel
as colourless needles, (Found:s C,74.1; H,5.9. C 4!{ 20 requires C,73.7; H,5.3%).
Ms: w/z 228 (). "H MR (CDCL,): 83.8 (3H,8,00H,); 6.5 (1H,s,0H,D.0
exchangable), 7.4=7.6 (8H,m,arematic pretens),

Further elutien with benzene (200 ml) gave 26 as viscous liquid MS: m/2
254 (%), 'u m (COC1;)383.8 (3H,8,00H;), 6.6 (1H,d,~L=CHHO); 7.5~7.7
(8H,m,aromatic); 9.7 (1H,d,-C=sCHCHO),

Bhetoexidation of 3-(2.4,5-trimethexyehenyl)-3-(2-methexy phenvl) allvl
alcohel (23)

3-(2,4,5-trime thexyphenyl)-3—(2-methoxyphenyl) allyl alcohol* (25, 500 me)
in C(:l4 (500 ml) was pheteoxidised as earlier for 48 hrs. Chromatography of the
mixture over silica gel using benzene as eluant gave 27 as pale yellow pewder
(TLC pure ) from methanol. mp.107-8° (Feund: C,69.2; H,5.9. C H2°0 requires
C169.5; H,6.1%). MS: w/z 328 ('), "u NMR (CDC1,)5$3.20 (3H,s,004,), 3.8
(12H,m,4x0CH,) 6.5 (14,d ,-C=CHCHO), 6,7 (1H,s,aromatic); 6.8 (1H,s,arematic);
7.0 (4H,m,aromatic); 9.45 (1H,d,-C=CHCHO).

Further elution with benzene yielded 29 which crystallised as light
yellew prisms from methanol, mp.92-3° (Feund:s C,67.1; H,6.4,C,H, .0, Tequires
Cy67¢53 H,6.,0%), MS: m/z 302 (u*). T4 N (CDCL,): S 3.8 (12:4,-.41:&:&{ )3 6.6%

’ 14 3 3
(tH,s,aromatic); 6.75 (1H,s,arematic); 7.05 (4H,m,aTematic),
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