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Abstract— The synthesis of novel psoralens structurally related to methoxsalen (1) and tnoxsalen (2) are
dewenbed The targeted denvatives were chosen as deactivated substrates which are expected to form only
monofunctional photoadducts v tiro. avoxding the potentially mutagenic DNA cross-hink exemplified in
structure 3 A mine-step preparation of 3. 4-benzomethoxsalen 4 from resorcinol (8) 1 outhined and involves
a Claisen rearrangement of the tncychic O-allyl coumann 12 followed by an oxdative cleavage 10 the
hydroxydihydrofurocoumann 14 and dehydration to 4 The syntheses of tnoxsalen analogs from the
tncyclx 1613 descnbed and requires preparation of the ketones 19 and 20, which are ultimately converted
to the coumannyl O-acetic acads 23 and 24 Cychzation of these speaes provides the C(4°) substituted
psoralens 30 and 31 The final target structure 29 1s prepared tia the dibromide 28 which cychizes directly

to the cyclohexanotnoxsalen 29

The hological activities of the linear class of fur-
ocoumanns commonly known as the psoralens has
been known for more than 3000 years.' The Indian
wacred book “Atharva Veda®™ and the old Buddhist
Bower manuscnpt' both mention the treatment of
leukoderma using matenal from the plant Psoralea
corylifolia Today, 8-methoxypsoralen (methoxsalen)
(1). a naturally occurnng furocoumann isolated from
the extracts of Ammu majus Linn, and the tnmethyl
analog tnoxsalen (2) are effecive photo-
chemotherapeutic agents for the treatment of pso-
nasus *

1R.»R,=H R, >0CH,
2R. =R, - R, <CH,

The mechamism of action of these medianals in-
volves an imtial intercalation into the DNA helix,
forming a reversible molecular complex facilitated by
the planar nature of the furocoumann system * Upon
irradiation a photoreaction occurs, yrelding the cova-
lently bonded structure 3 (shown as the photoadduct
of methoxsalen (1) wath two thymine residues)—a
result of (2 + 2] cycloadditions of the thymune olefinic
moiety with the A and A' double bonds of the
psoralen nucleus This photobinding, which occurs
only with the pynmidine-type nucleotides. effects
cross-linking between opposite strands of DNA when
the reaction occurs with bases situated on com-
plementary strands * However, psoralens that react in
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this so<called hifunctional mode have been shown to
he mutagenic in procaryotic and cucaryotic systems.’

In order to avoid this hability, we decided to
deactivate the A' double bond of methoxsalen (1) to
an extent that the photoreaction would be precluded
In additon, since intercalation 15 a requisite first
step. the plananty of the system should also be
maintained These  considerauons  suggested
3. 4-benzomethoxsalen (4). a furocoumann that
should be capable of reaction 1n only a mono-
functional sense, as a target structure meeung these
two requirements The synthesis of this potential
monofunctional methoxsalen analog 4 is presented in
Scheme |

A Peckmann condensation® of resorcinol (5) with
xcarbethoxycyclohexanone (6). carned out in conc
sulfunc acid at 0 . yielded the tncyclic coumann 7'
Acctylaion of the C(3)-OH with aceuc
anhydnde/pyndine, | 2, ynielded the acetate 8 which
underwnt a smooth Fnes rearrangement'’ to generate
the methyl ketone 9. Minor amounts of the isomenc
product 9a were readily removed by one recrystal-
hzation from ethanol The selecive formation of the
desired ketone 9 15 1n agreement with the enhanced
reacuvity of the C(8) posiion vs C(6) n
1-hydroxycoumann (9) toward Fnedel-Crafts re.
agents "’
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¢ metapenodate 1in a tertiary solvent system  of
6 X methanol:water/ethyl acetate, 3 2 1, at 25°. Ths
CH, - | N afforded the hydroxylated dihydrofurocoumann
/\\Q/\A)Q 0 RO 14" which lost the elements of water upon heating 1n
HO - 8 neat formic aad yielding 3, 4<yclohexano-
methoxsalen (15) Finally, dehydrogenation of 15
1 ”n with Pd:C in diphenyl ether at 260° was employed to

The acetyl function present in 9 15 a masked
phenohic group at this point, allowing a selective
allylanion of the free C(3)-OH, affording the O-ally!
coumann 10 The required C(4)C--O bond was gener-
ated next by treatment of 10 with basic hydrogen
peroxide ! The resulting phenol 11 was mcthylated
with  dimethylsulfate/potassium  carbonate in
refluxing acetone to produce the anisole denvatve 12.
Introduction of the C(2)-side chain substiluent was
carned out by a Claisen rearrangement'’ of 12 in
refluxing dimethylamhne. yielding the allyl phenol
13 ' Oxidative cleavage of the allyl substituent was
achieved with osmium tetroxide (cat)‘potassium

complete the synthesis of the target structure—3, 4-
benzomethoxsalen (4).

Our attention was next directed toward the pre-
paration of potential monofunctional denvatuves of
tnoxsalen (2). Fusion of a benzene ring to the meth-
oxsalen molecule in a target such as 4 certainly
sequestered the A’ double bond of the psoralen
nucleus. However, such a marked perturbation of the
UV chromophore might have untoward con-
sequences with respect to the photobiology of the
system. Therefore, we deaided in this case to employ
substituents on the tnoxsalen system which would
not senously alter the furocoumann chromophore
but might rather exert their deactivation of the {2 + 2}
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cycloaddition reactions through stenc effects. No-
tably, annelation of a cyclohexane nng to the A’
double bond of the psoralen nucleus. as was done 1n
the 3, 4-benzomethoxsalen precursor 18, in fact ac-
complishes this goal. Adaptation of this concept 0
the tnoxsalen system targets the key structure 29. The
synthesis of this substance and two of its derivatives
30 and 3] (substituted alternatively at the 4° carbon)
are depicted 1in Scheme 2.

The Pechmann reachon  product of
2-carbethoxycyclohexane and 2-methy] resorcinol,'
the tncyclic phenol 16, was acylated with benzoyl
chlonde or acetic anhydnde to yeld the correspond-
ing esters 17 and 18, respectively. A Fnes
rearrangement’’ afforded the C(2) subsututed ke-
tones 19 and 20 which were alkylated with ethyl
bromoacetate:potassium carbonate 1n refluxing ace-
tone to yield the desired ethyl esters 21 and 22
Saponification afforded \he corresponding acds 23
and 24 which underwent a facile benzofuran syn-
thesis, cychaing to the corresponding target psorakens
30 and 31 in the presence of sodium acetlate in
refluxing acetic anhydnde'™.

Dnrectly allylaung the tncyche 16 yielded the O-
allyl denvative 28 which underwent a Claisen rear-
rangement to afford the allyl coumanin 26 Bro-
mination of the corresponding acetate 27 yiclded
crystalline dibromide 28 which cychized directly to the
cyclohexanotnoxsalen denvalive 29 upon treatment
with ethanolic potassium hydroxide."

In summary. we have prepared several novel denv-
atives of the photochemotherapeutic agents meth-
oxsalen (1) and tnoxsalen (2) which may offer less
mutagenic habilies owing 1o the eapected deacti-
vating eflects of the chosen nuclear subsuituents upon
DNA  cross-linking  Further  collaborative in-
vestigations into the photobiology of the target
structures as well as studies related to mutagemanty
are currently underway.

EXPERIMENTAL
Mps were determined on 8 Rinco Model M-50
melting point apparatus and are uncorrected IR spectra
were obtaned by uung a Beckmann IR-9  spec-
trophotometer A Cary |4 recording spectrophotometer
was used for UV absorption spectra NMR spectrs were
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determined with Vanan T.60 and HA 100 spectrometers
using TMS as the internal reference. Mass spectra were
recorded on a CEC 21-110B mass spectrometer at 70eV
using & direct insertion probe. TLC was carned out by
using Merck F-254 sika gel plates.

TX.9.10-Tetrahydro-3-hvdroxyl -6H-dibenzold, dlpyran -b-
one(T) To a mixture of 1100g (1.0mol) of $ and 164 4 g
1 17mols) of 6 at 0 was added 0.5L of conc H,50,
drapwise over | hr with mechanmical stirnng The reaction
was stirred at 0 for 2 5 he, diluted rapidly with 3. wc/water
and stirred an additional 2hr The tncychic 7 was filtered
off and dned 10 afford 930 g (44°,) crude product used
drrectly 1in the next step. For analysis. the compound was
recrystathzed from abs. E1OH to pve a white solid mp
18S dec (" mp 201-2). IR (KBr) 3495 (OH), 1683
(€COYL 1620 em ' UV max (CH,OM 321 (15.200) nm,
NMR (DMSO) & 738 (4, 1H. Ar-H), 6.70 (m. 2H. Ar H),
27 thm. 2HL CHL)L 239 (dm, 2H, CH)L 178 (m, 4H,
CH.CH,), mass specirum m ¢ 216 (M base). 201, 188,
160, Anal (O, H,0, 2t6 24 C.H

3odeerony T RS 10-tetrahyvdro 6H-dibenzolb.  dlpyran-6-
one (B) A soln of 267.0 g (1 24 mols) of 710 950 mL warm
pyrdine was treated with 465 ml. Ac,0 n one portion The
reaction was allowed 1o proceed at ambient temp dunng
which time the product separated. The mixture was concen-
trated on g rotary evaporator attached 1o a vacuum pump
The ressdue was tnturated with F1OAC pentane, 1 1, and
the product was fiitered off, washed well with pentane, and
dned o afford 2936 g (92°,) of 8 For analyss, a sample
way recrystathzed from abs. EtOH (o yield a white sold
mp K6 (X7 (bt mp I86) IR (KBr) 1768 (Ac). 1718
(CQ), 1208 em . UV max (CH,OH) 272 (10.500), 282
(10,500}, M0 ¢11,300) nm. NMR (CDCEH) 8 766 9 (m, 3H,
Ar-HL YR 260m 4H. Y« CH, 232 (s, YW, Ac), 1.8) (m,
4H, CH.CHL), mass spectrum moe 258 (M), 216
M CHLCO. based, 208, 188 Anal (C,H, 0, 25827
C.H

4 Acervl- 189,10 tetrahydro. 3. hvdroxy - 6H - dibenzo[b,
dlpyran-6.0ne (9) Anintimate mixture of S0 0 g (0 194 mol)
of 8 and 1250 g AICH, anhy was heated at 130" for | hr
Ihe reaction evolved coprous amounts of HCL To the hot
rmixture was added rapdly sufficient oe water to umulta-
neously hydrolyze the unreacied AICH and its complexes
and cool the accompanying reaction By this work-up, 9
sparsted as a fine light yellow powder which was filtered
off, wathed with water, and dned to afford 490 g (9K°,) of
crude 9 The product was recrystalbized from 2L of abs
FIOH 10 yield 400 g of pure 9 as a white sohd. mp
101710 dne™ mop 171, IR (KBn) 1723 (CO). 1630
(CH,COY em 0 UV max (CH,CH) 208 (25800), 27}
(10,0200, 275 (10,080). 308 (10,000}, 336 (7400} nm; NMR
(OO 8 T60, 684 (4. 2H. Ar H) 295 (s. JH. CH)),
29-26 (m, 4H. 2 x CH,), 1.8 (m, 4H, CH.CH.) mass
spectrum m ¢ 258 (M base). 243230, 216 (M° CH.CQ).
Anal (C,\H,,0,. 25821 C. H

& dcervldallvinxy ¥y 7, 8. 9. (O-tetrahvdro-8H-dibeno -
{b.dlprran-6-one (10). A soln of 3.53 g (1368 mmols) of 9
n 73 mL scctone was treated wath 131 mL (1305 mmols}
allyl bromude and 227 g (16 42 mmol) K,C0O,. anhy and
hecated under reflux for 24 hr. The reaction was cooled and
the solid was filtered off and washed with acetone. The
filtratc plus washings were comuned and evaporated to
yield 199 g (98° ) of 10 of sufficient punty for use in the next
step. For analyws, a sample was recrystalhzed from EtOAc
to yield a white solid mp 125 126, IR (KBr) 1709 (broad,
CH.CO, CO), 1600, 1100 om 'L UV max (CH,OH) M8
{15,800 am, NMR (CDCl) 4 746, 651 1q. 2H. Ar-H),
$95 53 (m. I, CH CH,). 464 (m. 2H, CH,CH-CH,).
270 (m, 2H, CH,), 2.99 (s. M, CH,). 2.55 (m, 2H. CH,),
I X1 (m, 4H, CH,CH,). mass spectrum m-e 298 (M ° ), 280
(M " -H,0), 241 (base). Anal (C,H,0, 298 34) C H.

Y{4ilvioxyy T, 8, 8 1D-retrahydro 4-hyroxy -6H-dibenzo.
{b. dipyrun -t-one (11). A suspension of 117 g (0.39 moD) of
10 10 495 ml. IN NaOH was heated under reflux for 0 78 hr,

P N Conkatony and D L Covkatont

cooled 10 0 and treated dropwise at that temp wath 109 mL
W, H.O, After 2 hr. the reaction was acidified with IN
HCHto pH 1 and 106 1 g (100°,) of 11, was filtered off and
air-dnied. The matenal was used directly in the next step
For analysis. a sample was recrystallized from abs FtOH to
pve a white sohd mp 213 214 ;. (IR (KBr) 3425 (OH),
1690 (C0), 1652cm ', UV max (CHOH) 260 (12,200). 313
(13.800) nm, NMR (DMSQ) 6 9 21 (s. 1H. OH), 6 58, 6 .44
(q. 2H. Ar H), 62-53 (m, W, CH-CH,). 463 (m, 2H,
CH,CH - CH,), 270, 239 (m. 4H, 2 % CH.L 172 (m, 4H,
CHLCHL), mass spectrum moe 272 (M 7)) 231 (M " allyl,
base), 203; Anasl (CH,0,. 20230) C.H

3 - (AlIexy )1 89,10 - tetrahvdro - & - methozy - 6H -
dibenzolb, d] pyran-6-0nr (12) A soln of 129 8 g (0 45 mol)
of 11 n | SL acetone was treated with $6 4 mb (0.60 mol)
and 91 g K, CO, anhy The reaction was heated under reflux
for Shr cooled, and the sohd was filtered off and washed
well with acctone. The filtrate and washings were combined,
evaporated. and the resdue was tturated with abs EtQH
to afford 1148 g (897,) of 12 Recrystalhzation from FiOH
afforded a first crop of 590 g of pure 12 4 a white solid
m.p 103 104, IR (KBr) 1707 (CQ). 1606, 1260, 1145, 1098
cm LUV max (CHOH), 208 (32.500), 246 (6300), 285
(6400), 115 (15.000) nm. NMR (C1X1,)8 7 16, 6 80 (q. 2H.
Ar-H)y 6282 (m. M. CH CH,). 467 (m, 2H.
CHOH CH), 397 (o0 IH, OCH,), 28-25 (m, 4H.
2= CH.L 180 (m. 4H, CHCHL) mass spectrum mo¢ 286
(M1 248 (M CHCH CH,, basey, 217, 185 Anal
{CHL0,. 386 13) C. 1

2 Al 3 ydrovy - & - methosy - 78910 -tetrahydro
- 6H - dibenzofb. ) - pyran - 6 - one (13) A soin of
$29 g (0185 mol) of 120 0 S L. N, N-dimethylamhine was
heated under reflux for 6 hr and then cooled The reaction
was partiionod between 6N HCHice) and CH.CL The
agucous phase (pH ~ 1) was extracted 2 x with CH,CY,
The organk phases were combined, dned over Na S0, and
evaporated The reudue was recrystailized from EtOa, to
afford a first crop of 152 g of 13 The mother hquors were
chromatographed over | Skg silka gel. eluing with
F1OAc hexane, 1.3 Fractions containing the product were
combined and evapotated to viekd 20 7 g The total yield of
Y was 359 g (68°) as a white wohd, mp 183 184
{EOAC) IR(K Bry 3240 (OH), 1684 (CO), 1643 em ' UV
max (CH,OH) 207 (35800). 32 (15300) nm; NMR
(COCTD A6 98 s, TH Ar H). 623 (s, TH.OH). 6 1-4 9 (m,
JHOCH CHE)L 306 (s 3HL OCH )L 342 (hd. 2H, ArCH )L
28-28 (bm. $HL 2 « CHLL 179 ¢m. 4H, CH.CH,). mass
spectrum m ¢ 286 (M, bdase). 271 288, 230, Anal
(CH,,0, 2260 C.H

{+1 - 1.234910 - Hexahvdro - 9 - hvdroxy - 7 -
methuyy-St-benzofuro- {6, Scli2ibenzopiran-5-ome (14). A
soln of 152 g (330 mmol) of 1310 300 mL of the tertiary
solvent system of MeOH-EtOAc water, 3 2 1 was treated
with 60 g potassium meta-penodate and 1S ml of an
aqueous woln of osmium ictroxide contaiming 10 mg of
00, ml The reaction was stirred vigorously (mechanxcal
stirning) at X8 for Shr and was then partioned bhetween
water CHLCL. The organi extracts were combined, dned
over Na SO, and evaporated to yield 153 g (100°,) of 14,
For analysis, & sample was recrystallized from FtOAc 1o
yreld pure 14 as & white sohd. m p 138 139 IR (KBr) 3335
(O, 1693 (CHO). 1662 cm ', UV max (CH,OH) 207
(50.800), 256 (5500). 325 (16.000) nm. NMR (CD(C1,) 8978
{1, < 1H, CHO tautomer), 7.05 (s, tH, Ar H), 621 (m,
< tH, CHOH), 4.5 (s. < 1H. OH). 407 ¢s, JH, CH ). 178
{m, 2H, Ar-CH.)L 28 28 (m. 41, 2 x CH,y)L 1 80 (m, 4H,
CHLCHL). mass specirum m ¢ 288 (M "), 259 (base). 231
Anal (11,0, 288 30) C. H

1,234 - Tetrahrdro 7 - methovy - SH - benzofurol6,
S<cl2benzoprran-S-one (13) A soln of 16 7 g (57 93 mmol}
of 1410 225 mL formic acsd was heated under reflux for | by,
cooled. and evaporated o dryness, The resudue was chro-
matographed over sihca. eluting with EtOAc hexane. 2 3 to
afford K40 g (34”1 of pure 18 as a white sohd: mp.
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194- 195 (ethyl avetate), IR (KBr) 1706 (CO). 1205, 1123
an . UV max (CH,OH) 210 (29.500), 248 (24.000), 26)
(16.600). 299 (11,300) nm. NMR (CDC1,) 7 63, 6. 78 (q. 2H,
HC-CH). 739 (s. IH, Ar-H). 429 (s, 3H, OCH,), 29-26
(m.4H, 2 x CH,). 20-1 8 (m. 4H. CH,CH,). mass spectrum
mie 270 (M CH,). 242,227, 214. Anal (C,H,,0,. 270 28)
C. H

T Methouy-SH -henzofuro|6, S<l2|benzopyran-S-one (4)
A solnof 50 g (18 3 mmols) of 181n 100mL diphenyl ether
was treatod with 2 0 g 10°, Pd:C and heated under reflux for
$ hr The reaction was cooled, filtered through Celite to
remove the catalyst, diluted with 2L pet cther (bp 38-37)
and allowed 10 stir overnight at room temp The product
was filtered off. washed wath EtOH and dned to afford 2 80
g (57°,) of crude 4 Further punfication was effected by
recrystalizatuon from abs F1OH 1o pve pure 4 as a white
sohd mp 185 186 IR (KBr) 1718(¢CO). 1262, 1110em "',
UV max (CH,OH + DMSO. 99 1) 12} (7700) nm. NMR
(CDC), + DMSO) 8 8 35 (dd. LH. C(4) H). 812 (dd. 1H.
CORHYL 790 (s, TH, (C(11y H). 781 (ddd. TH. C(2} H).
76X 685 (q. 2H, C(9 H and C(10)-H). 7 34 (ddd. IH,
C(3) H). 4 29 (1, JH, OCH,). mass spectrum m- e 266 (M *,
basc}, 251 (M CH,). 223. 195, 167,139, Anal (C,H 0O,
266 25) C. H

3. Hvdroxy - 4-methy!-7.8.9,10- teirahydro -6H - dibenzo -
[b.dlpyran-6-one (16) A suspension of 32 09 g (0 259 mol)
2-methyl resorcinol in 42 $ mL 3 carbethoxycyclohexanone
was treated dropwise at 0 with 200 mL conc H,S0), (me-
chanical sirnng) over 15 min The reaction proceeded at 0
for 2 $hr and was then diluted wath 15 L 1ce water and
sirred vigotously for | hre The product was filtered off.
inturated with F1OH and yiclded $90 g (99°,) of 16 For
analyus. a sample was recrystalhized from abs EIOH 1o
afford pure 16 as a white solld mp 268 269 (It mp
268 ). IR (KBr) 270 (OHL 1675 (CO). 1100em ', UV max
(CH,OH) 247 (5100). 256 (5000). 321 (15,700) nm NMR
(DMSO)) & 723 675 (4. 2H. Ar H). 28-24 (m, 4H,
2xCHO 2160, VH.CH). VK | 6(m, 4H CH,CH,). mass
spectrum me 230 (M * base), 218 (M -CH)). 202, 174,
Anal (¢, 1,0, 23026) C.H

Y. (Ben:oviory ) -4 - methvl - T89.10 - tetrahvdro - 6H -
dibenzao(b, d) prran-b-one (1T) A soln of 460 g (0 02 mol)
of 16 1n W00 ml pyndine was heated to 90 , treated with 28 ¢
ml. (002 mol) benroyl chlonde, and allowed to cool to
room temp The product separated upon the addition of 2L
xe water and was filtered off, washed well with dil HCY and
air-dned Recrystallization lrom EtOAc yxelded 30 6 g (76°,)
pure 17 as a white sohd mp 217218, IR (KBr) 1736
(PRCO). 1712 (CO), 1275 1125 em ', UV max (CH,0H)
229 (24,100}, 280 (15,600 nm. NMR (CDC1,) 682 70 (m,
TH. Ph « Ar H). 28 25 (m. 4H. 2 x CH,), 233 (s. 3H,
CHyb 20-1 B (m. 411, CH,CH,). mass spectrum m:e 34
(M=°), 229 (M -PhCO). 105 (PRCO ", bae). 77, Anal
(C4H,0,. M3 C.H

3 - Aceioxy - 4 - methyi - 189,10 - rerrubydro -
6H - dihenzo[b. dlprran - 6 - one (18) A soln of 36483
0159mol) of 16 in 100mL pyndine was treated at
90 wth 50 ml. Ac,() and set assde 1o cool After Jhrat 25,
the product was filtered off, washed with cther, and re-
crystalhized from EtQAc to yield 28 61 g (66°,) pure 18 as
awhitesohd mp 162-163 IR (KBr} 1765 (Ac). 1711&CO),
1210, 1090 ecm ', UV max (CH,OH) 277 (11.700). 309
(9200) nm. NMR (CDCl,) & 736, 693 (q. 2H, Ar H),
28-25(m. 4H, 2 x CH,), 235 (s, JH, Ac). 227 (s. 3H.
AT-CH,). 191 7(m, 44, CH,CH,). mass spectrum m /e 272
(M) 244, 230 (M " -CH,CO. base). 215, 202, 174, Ansl
(C H,,0,. 27230 C. H

2-Benzoyl-3-hydroxy-4-methyl-7, 8, 9, 10-retrahydro-6H-
dibenzo(b, d} pyran-6-one (19) An intimate muxture of 50 60
810 152 moljof 17 and 150 g ALCT,, anhy was heated at 150
for 1 Shr. The reaction was quenched wath 2L we/water and
cooked to room temp The crude product was fltered off,
washed with water and smr-dned The matenal was punfied
by recrystalizauon from abs E1OH to yield 3782 g (75%,)
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pure 19 as a hight yellow solid mp 211 212 IR (KBr) 1720
(CO), 1622 (PhCO), 1120 ecm "', UV max (CH,0OH) 274
(30.400). 351 (8100} nm. NMR )CDC1,) 4 12 45 (3, 1H. OH).
77-74(m 6H.Ph+ Ar H).26 25(m 4H, 2 x CH,).2 30
(s. IH.CH,), 1 9-1 6 (m. 4} CH,CH,). mass spectrum m e
134 (M*. base). 319, 305. 105, (PhCO"). 77. Anmal
(C,H,,0,. 33437 C. H

2- Acetyl-3-hydroxy - 4 -methyl- 189,10 - tetrahydro-6H.
dihenzo-{b. dlpyran -6-one (20) An inumate mixture of 28 60
g (0 105 mol) of 18 and 75 g AIC],, anhy was heated at 150"
for 1 Shr The reaction was quenched with 1L e water and
allowed to cool to room temp The product was filtered off,
washed well with water, and air-dned to yweld 27 8 g (97°,}
of 20 For analyus. a sample was recrystalized from abs
EtOH 10 yield pure 20 as a white solld m p 235236, IR
(KBr) 1725 (CO). 1639 {Ac). 1400, 1118 cm ' UV max
(CH,OH) 212 (16,750) 261 (28,700). 244 (8600) nm, NMR
(CDCL)S125(s. TH.OH). 770 (s. 1H. Ar-H). 28-26(m,
2H.CH,). 28(s. 3H, CH. CO). 26-2 5 (m, 2H. CH,). 2 58
(s. 3H. Ar-CH,). 20-1 6 (m, 4H, CH,CH_). mass spectrum
m:e 272 (M° . base). 257 (M CH,). 244, 229 (M * -Ac).
Anal (C,(H,0,.27230) C.H

[(2- Benzoy!-1.89.10- retrahydro-4 - methyl-6.0xo-6H -
diben:o(b. d)-pyran-3-viYoxylacetc acid ethyl ester (21) A
soln of 3735 (0112 mol} of 19 1n 350 mL acetone was
treated with 1360 mL (0 123 mol) cthyl bromacetate and
17 54 g K,CO,. anhy The misture was heated under reflux
for 4 hr, cooled to 25°. and filtered The solid was washed
well with warm acctone The combined filirate and washings
were evaporated to afford 4597 g (98°,) of 21 of sufficient
punty for use in the next step For analyus, a sample was
recrystalized from CH,(C1;abs EtOH to yield pure 21 as a
white sohd mp 144 145 IR (KBr) 1753 (ester). 1713
(CO). 1673 (PRCO). 1210, 1100 ¢m ', UV max (CH,OH)
265 (26.700) nm_ NMR (CDC1,) 4 78-7 4 (m. SH. Ph). 740
(5. IH. COlr-H)., 441 (s, 2H, OCH,CO). 414 (q. 2H,
OCH,CH,). 2R 25(m.4H.2 x CH;). 2 45 (s, JH. Ar-Ch,).
1916 (m. 4H. CH,CH,), 118 (1, IH, CH,CH,). mass
spectrum m:e 420 (M ), 402 (M * -H,0), 391 (M * -Et), 374
(M* EO), M2 (M° FiOCO), 105 (PhCO*), Anal
(C,H,,0,. 42046) C. H

[(2- Acetvi- 189,10 tetrchydro- & - methyvi- 6 . 0x0-6H -
diben:o(b, d)-pyran-3-vidoxylaceic acid ethyl ester (22) A
soln of 27 8 g (0 102 mol) of 20 1n 0 SL acetone was treated
with 124 mL (0 112 mol) ethy! bromoacetate and 160 g
K.CO, anhy The mitture was heated under reflux for S hr
and filtered while hot The filtrate was cooled and evapo-
rated 1o gve 34 3 g {94* ) crude 22 Recrystalhzation from
F1OAc afforded 25 53 g (70°,) pure 22 a5 a white solid m p
132 133 IR (KBr) 175K (ester). 1724 (CO). 1678 (Ac). 1200
cm . UV max (CH,OH) 254 (25.800), 281 (11,400), 314
(8300) nm. NMR CDC1,) 8 713 (s. IH. Ar-H). 4 51 (. 2H.
OCH,CO). 426 (q. 2H{. CH,CH,). 29-28 (m, 2H, CH,).
269 (s. JH. Ac). 26-25 (m, 2H, CH,). 244 (s, JH,
Ar-CH,). 19-1 6 (m. 4H. CH,CH). | 30 (t. 3H, CH,CH,).
mass spectrum mie 358 (M°). 243 (M* CH). 285
(M* CO,F1). 269, 43 (CH,CO" . base). Anal (CH.,0,.
239 C.H

[(2- Benzovi-789,10- retrahydro-4 - methyl-6-0x0-6H -
diben:zob, d]-pyran-3-yllonylacetic and (23) A suspension
of 40 B2 g (97 2 mmol) of 21 1n 300 mL N NaOH was heated
at 75 for 20 hr cooled. and acrdified with 6N HCl to pH |
The mixture was extracted 3 x wath CH,Cl; The organic
catracts were pooled. dned over Na SO, and evaporated 10
afford 35 30 g (93°,) pure 23 For analyus. 2 uampie was
recrystalhized from EtOAc/pentane 10 pve a white sold
mp 177-178 | IR (KBr) 3220-3060 (CO,H). 1765 (CO,H),
1715 (CO). 1665 (PhNCQO). 1600, 1125 om ' UV max
(CH,OH) 265 (23.800) nm, NMR (CDCL,) 4 (10 58) bs, |H,
CO,H). 78-73 (m. SH. Ph), 744 (3. IH, C(1)-H), 448 (s,
2H. OCH,). 27-25 (m, 4H, 2 x CH,). 239 (3. 3H. CH,).
18-17 (m, 4H, CH,CH,), mass specirum 392 (M *). 174
(M -H,0). 331. 105 (PhCO *. base). 77. Anai (C,,H,0,.
319241) C.H
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[(2- Aceivl-1.89.10-teirahydro-4-methyl-6-0x0-6H - -

sob. d)-pyran-3-yoxylacetic acid (24) A suspension of
21958 (61 31 mmol) of 22 1n 0 SL N NaOH was heated at
78" for $ hr. cooled. and acrdified with 6N HClto pH | The
mixture was extracted 3 x with CH,C1; The organx phases
were combined, dned over Na,SO,. and evaporated to yield
1788 (88°,) of 24 Recrystallization from abs EtOH
afforded 126 g (62°,) pure 24 as a white sohd mp
179 180 . IR (KBr) 3240 (OH), 1760 (CO,H), 1680 (Ac),
1600 cm ~ ', UV max (CH,OH) 255 (25.950), 314 (8400) nm.
NMR (CDCl, + DMSO) 4 11-9 5 (bs. 1H. CO,H), 7 74 (s,
IH. Ar-H). 447 (s, 2H. OCH,). 29 28 (m, 2H. CH,). 2 68
(s. 3H. Ac). 26 24 (m. 2H, CH,), 242 (s, 3H. Ar-CH,).
2017 (m, 4H. CH,CH,, mass spectrum m:e 330 (M ",
base}). 315 (M* CH,). 269. 257, 43 (CH,CO’). Anal
(C4H, O, 3034 C. H

1.2.3.4-Tetrahydro-7-methy!- 10 - phenyi- SH - henzofuro(6,
S<h2lbenzopyran-5-ome (30) A soln of 21.12 g (33 9 mmol)
of 23 1n 200 mL Ac,O was treated with 40 g NaOAc, anhy,
and heated under reflux for 3 hr and cooled The volatibes
were removed at the pump and the residue was inturated
with ether The insoluble product was parutioned between
water and CH,(0;, The organic phase was dned over
Na,SO, and evaporated to pve 170g (96°;) of 0 For
analysis, a sample was recrystallized from CH,(1,/EtOH 10
yeld a pak yellow soid mp 228-229 . IR (KBr) 1710
(CO). 1600, 1120cm ', UV max (CH,OH) 247 (28.000), 300
(15.900) nm. NMR (DMSO) 4 8 36 s, IH. PhAC-CH), 788
(bs. IH. Ar-H). 78 74 (m. SH. Ph). 30-28 (m. 2H. CH,).
250 (s. 3. CH,). 2624 (m. 2H. CH,), 1917 (m, 4H,
CH,CH,). mass spectrum m'e 330 (M°. base) 3IS
(M* -CH,). 302, 264, Anal (C;H,O, 33038 C. H

1.2.3.4 - Tetrahydro - 1,10 - dimethvl - SH - denzofuro(.
S<)[2] ben:zopyran-S-one (31) A soln of 1 8 g (5 45 mmol)
of 24 1n 25mL Ac,O was treated with 3 6 g NaOAc. anhy.
heated under reflux for 2 hr, and then cooled to room temp
The volatiles were removed at the pump and the reudue was
partiioned between water and CH,Cl, The organic phase
was dned over Na SO, and cvaporated (o give 0 86 g (56%,)
of 31 For analyus, a sample was recrystallized from abs
F1OH to yweld pure 31 as a white sohd m p. 204 205 | IR
(KBr) 1707 (CO). 1118 em ', UV mar (CH,OH) 211
(31.500). 249 (25.050). 263 (12.580). 301 (12.480) nm. NMR
(CDClL,) 8 743 (s, 2H, Ar-H) snd CH,C-CHO), 29-2 8 (m,
2H. CH,;). 27-26(m. 2H. CH,). 254 (s. 3H. Ar-CH,). 2 24
(d. 3H. CH,CH-CHO). 1917 (m. 4H. CH,CH,), mass
spectrum m:e 268 (M * base). 253 (M * -CH,} 239, 225. 212,
Anal (C,.H,0, 2681])C.H

3{Alhioxy }-4-meihyi- 189,10 teirahydro- 6H - didenco -
(b. d}-pyran-6-one (25) A soln of 270g (0 117 mol} of 16"
in 0 5L acctone was treated with 11 25 mL (0129 mmol)
allyl bromide and 19.48 g (0 141 mol) K, CO,. anhy The
mixture was heated under reflux for 28 hr and then filtered
while hot 1o remove inorganics The filtratc was evaporated
and the reudue was tnturated with cold EtOAc to afford
30 49 g (9%°,) of 28 Recrystalhzation from EtOAc yelded
1878 g pure 28 as a white solid mp 144-145" IR (KBr)
1710 (CO). 1610, 1115 eom ', UV max (CH,OH) 204
(59.300). 244 (5900). 256 (5350). 320 (16.250). NMR
(CDC1,) 87326 79(q. 2H, Ar-H), 6 09 (m. IH, CH-CH,).
545, 530 (m. 2H, CH-CH,), 460 (m, 2H, CH,CH-CH,)
29-26(m. 4H, 2 x CH,). Z33(s.3H. CH,). 19 | 7(m, 4H.
CH,CH,). mass spectrum m.e 270 (M "}, 229 (M -C,H,,
base), 201, i87. 135, Anal (C,,H,,0,. 27033 C.H

2- Allyt-3-hydroxy-4-methyl-1.89.10- tetrakydro- 6H -
dibenzo[b. d)-prran-6-one (26) A soln of 1821 g (67 44
mmol) of 28 1 100 mL N, N-dimethylaniine was heated
under reflux for 20 hr The reaction was cooled and poured
into a separatory funnel containing e and an excess 6N
HCl The product was extracted 3 x with CH,Q1;, The
organic cxtracts were pooled. dned over N3.SO,. and
evaporated 10 yield 11 71 g (64°%,) pure 26, mp 162-163 .
after recrystalhizavon from EtOAc IR (KBr) 3280 (OH).
1676 (CO). 1605, 1110 ecm '. UV max (CH,OH). 207

P N Conrarone and D L CoNvaLONT

(44.800). 255 (3900), 327 (15.100) nm. NMR (CDC1,) 87 1)
(s. 1H. Ar- H), $99 (m. 1H. CH-CH.)}, $ 78 (s. IH, OH),
$16{m. 2H. CH-CH,). 348 (m. 2H. Ar CH,). 29-26 (m.
4H. 2 x CH,). 233 (5. 3H. CH,). 19-1 7 (m. 4H. CH,CH,).
mass spectrum moe 270 (M °, base). 255 (M * -CH,), 242,
214, Anal. (C,.H,,0,. 270 }) C.H

3. Acetoxy -2-allyl-78.9.10- tetrahrdro - 4 - methy! - 6H -
dibenzo(b. d}prran-6-one (IT) A soln of 456 g (1689
mmols) of 26 1n 12 ml. pyndine was treated at 90 n one
portion with 6 mL A¢,) and allowed 10 stand at 25 for
0 Shr The volatles were removed at the pump and the
residue was tnturated with FtIOAc hexane, 1 7, 1o yield $ 2
g(99°,)of I7 For analysis. a sample was recrystallized from
EtOAc to pve pure 27 as a white solid mp 125126, IR
(KBr) 1760 (OAc). 1710 (CO), 1636, 1230, 1140 cm = ', UV
max (CH,OH) 206 (41.700), 278 (11,600), 31S (8300) nm,
NMR (CDCl,) 8 726 (s. IH. Ar H), 590 (m. IH,
CH CH.). $21, $1) (m, 2H, CH CH,). 3129 (bs. 2H,
Ar-CH,). 28 25 (m. 4H. 2 x CH,), 2 W (s, 3H. Ac). 3 24
(s. 3H, Ar-CH,). 1 $-1 7 (m, 4H. CH,CH,}. mass spectrum
me 312 (M) 270 (M* -CH,CO. base). 135, 242, 214,
Anal (C,,H,O0,. 31236). C.H

3. (Acetvioxy)-2- (23 - dibromupropyl) - 7.8.9.10 - tesra -
hvdro-4-methy]-6H-dibenzo(b. dlpyran-6.one (28) A soln of
459g (14 TYmmols) of 27 1n 7S mL dry Ca,Cl, was treated
dropwise at 25 over Smin with a soln of 0 764 mL Br in
146 mL of the same solvent After 2 hr the reaction was
evaporated and recrystallized from EtOAc pentane to yreld
470 g (68°,) purc 28 as a white sohd mp 152-15V, IR
(KBr) 1755 (OAc). 1713 (CO). 1235. 1140 cm "', UV max
(CH,OH). 205 (42.500). 276 (12.000), ¥13 (8200) nm. NMR
(CDCL) 4 741 (s. IH. Ar-H). 4 -4 2(m, IH. CHBr). 391,
365 (m. 2H, CH,Br). 164, 281 (m, 2H. Ar-CH,). 28-2$
(m. 4H, 2 x CH,). 242 (s, 3H. OAc), 225 (s. 31, Ar-CH\).
1917 (m, 4H. CH.CH,). mass spectrum m-e 470 (M *),
428 (M ° Ac. basc). 349.270. 243, 215, Anal (C,,HyBr,O,.
47217) C. H. Br

1. 2. Y 4&Tetramdro-7. 9-dimerhyi-SH-henzofurol6,
S<l2] benzopyran-S-one (29) A soln of 6 81 g (14 42 mmols)
in 360 mL abs EtOH was treated wmith 72 g KOH and
heated at 53 for Shr The reaction was cookd and evapo-
rated The residuc was tnturated with abs EtOH and the
remaining solid was filtered off and washed well with water
Recrystalhzation from EtOAc afforded 2 4 g (62°,) pure 29
as a white sohd mp 174175 IR (KBr) 1708 (CO). 1633,
1120 em ', UV max (CH,OH) 209 (27.500), 249 (217.820).
297 (10.480). 328 (7800) nm. NMR (CDC1,) 8 7 37 (s. |H,
C(11»-H). 6 32(q. IH, C(10-H), 29-2 5(m, 4H_. 2 x CH,),
255(s. 3H. Ar-CH,). 248 (s, Y, C(9-CH,). 19 1 7 (m,
4H. CH,CH,). mass spectrum m'e 268 (m ", base). 253
(M -CH,). 240, 225, 221, 212, Anal (C,.H 0O, 268 }1)
C.H
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