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Experiments on the Synthesis of Tetracyclines. Part X1I.l Extension of 
the Acetal Photocyclisation Process 

By D. H. R.  Barton," P. D. Magnus, and J. 1. Okogun, Department of Chemistry, Imperial College, London 
s.w.7 

In analogy to earlier work, the acid-catalysed photocyclisation of 3- [Z-(dioxolan-2-yl) benzyl]chromone (I1 ; 
XX = O*CH,.CH,*O) to give 6.6-ethylenedioxy-5aa.6.11 .l 1 aa-tetrahydro-1 ZH-benzo[b]xanthen-l2-0ne (111) 
and its trans- (5aaH,11 aPH)isomer (IV) has been effected. I t  is suggested that this photocyclisation process 
will be of general synthetic utility. 

I?; Part V we described an acid-catalysed photochemical 
reaction for forming the C(l1a)-C(12) bond in our 
projected tetracycline synthesis. This photochemical 
reaction in a generalised form should lend itself to the 
creation of linear carbocyclic structures that would 

Part XI, D. H. R. Barton, P. D. Magnus, G. Smith, G. 
Streckert, and D. Zurr, J.C.S.  Perkin I, 1972, 542. 

Part V, L). H. R. Barton, D. L. J .  Clive, P. D. Magxius, and 
G. Smith, J .  Chen?. SOC. (C), 1971, 2193. 

otherwise require circuitous procedures. A further 
example of the application of this reaction is now 
described. 

Chroman-4-one (I) was condensed with o-phthal- 
aldehyde in ethanol at reflux with triethylamine as 

(a) G. B. Bachman and H. A. Lavine, J .  Amer. Chein. Soc., 
1948, 70, 599; (b)  0. Dann and H. Hofmann, Chem. B e y . ,  1962, 
95, 1446; (c) W. E. Parkhan and A. D. Huestis, J .  Antev .  Chem. 
Soc., 1962, 84, 813. 
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catalyst. To obtain reproducible yields it was necessary 
to complete the reaction by evaporating off the solvent 
and heating the mixture to 140-170". The product 
(11; XX = 0) was identified as the endocyclic double- 
bond isomer of the benzylidenechromanone by the U.V. 

spectrum [A,, 305, 298, 245, 227, and 207 nm (e 8680, 
9230, 20,480, 28,850, and 33,700)]; c j .  chr~mone ,~  h,, 
297 and 245 nm ( E  6600 and 9770). In the n.m.r. 
spectrum the benzylic protons gave a singlet a t  T 5-75; 
the olefinic proton resonated at  T 2.20, the aldehyde 
proton at -0.3, and the aromatic proton $eri to the 
carbonyl group at  1.8 (dd, J 2 and 8 Hz). The aldehyde 
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was converted into its acetal (11; XX = O*CH,*CH,*O) 
by standard procedures. Photolysis of the product in 
benzene containing o-chlorobenzoic acid (medium- 
pressure mercury lamp) proceeded rapidly and in 
reasonable yield (65%). The first-formed product was 
the cis-isomer (111) which under the acidic reaction 
conditions was epimerised to the trans-isomer (IV) . The 
trans-isomer (IV) was isolated by chromatography; 
A,, (EtOH) 320, 254, and 214 nm (E 2360, 6640, and 
25,300). The n.m.r. spectrum of compound (IV) was 
complex and was deciphered with the aid of spin de- 
coupling. The proton HA gave rise to a doublet by 
coupling to Hg (JAB 14 Hz); HB is coupled to both 
benzylic protons (J  6 and 12-5 Hz) and the benzylic 
protons are coupled to one another ( J  18-5 Hz). The 
cis-isomer was isolated by preparative t.1.c. and was 

B. K. Ganguly and P. Bagchi, J .  Org. Chem., 1956, 1416. 
K. R. Huffman, M. Loy, and E. F. Ullman, J. Amer. Chem. 

SOL, 1966, 87, 6417. 

readily epimerised to the trans-isomer by treatment with 
triethylamine in ethanol. 

The acetal (IV) was converted into the diketone (V) 
by treatment with trityl fluoroborate in dichloro- 
methane followed by water, since direct acid hydrolysis 
gave complex mixtures. Compound (V) was isolated in 
high yield (vmX. 1695, 1685, and 1610 cm-l). When it 
was treated with aqueous sodium hydroxide solution, 
the xanthone (VI; R = H) was formed (vm, 3330,1650, 
1635, and 1603 cm-l), presumably through autoxidation 
of the enolate anion. No product corresponding to the 
naphthalene formed by P-elimination of phenolate anion 
from compound (V) was isolated. The hydroxyxanthone 
(VI; R = H) was characterised as the acetate (VI; 
R = Ac) and the methyl ether (VI; R = Me). Zinc 
dust-acetic acid reduction of the acetate (VI; R = Ac) 
gave the xanthen (VII;  R = Ac), T 5.8 (benzylic 
proton). Comparison of the U.V. spectrum of the 
xanthone (VI; R = H) with that of the known 11- 
hydroxy-isomer 5*6 confirmed the structure. 

EXPERIMENTAL 

M.p.s were taken with a Kofler hot-stage apparatus. 
1.r. spectra were measured for Nujol mulls and U.V. spectra 
for solutions in ethanol unless stated otherwise. N.m.r. 
spectra were taken for solutions in deuterochloroform at 
room temperature with Varian A60 and HA100 spectro- 
meters. Mass spectra were determined with an A.E.I. 
MS9 high resolution spectrometer. Light petroleum refers 
to the fraction of b.p. 40-60". 

3-(2-FormyZbenzyZ)chrornone (I1 ; XX = 0) .-Chroman- 
4-one (2.53 g) and o-phthalaldehyde (2.45 g) in absolute 
ethanol (15 ml) and triethylamine (15 ml) were heated at 
reflux for 20 h. The mixture was then kept under a 
stream of nitrogen while being heated in an oil-bath a t  
140-170". After 1 h a 1 : 1 mixture (10 ml) of ethanol 
and triethylamine was added and the resulting mixture was 
kept a t  140-170" for a further 5 h. It was then evapor- 
ated and the residue was chromatographcd in benzene over 
alumina to give the chroinone (11; XX = 0) (4-1 g), m.p. 
(from benzene-light petroleum) 131-134", vmx. 2760, 1695, 
and 1635 cm-l; for U.V. and n.m.r. spectra see Discussion 
section (Found: C, 77-2; H, 4-7. C1,H1,O, requires C, 
77.3; H, 4.6%). 

O*CH,*CH,*O) .-The chromone aldehyde (I1 ; XX = 0) 
(2.8 g) in dry benzene (350 ml) and ethylene glycol (10 ml) 
containing toluene-P-sulphonic acid monohydrate (29 mg) 
was heated a t  reflux for 18 h. The vapour was allowed to 
percolate through a thimble containing calcium hydride. 
The cooled solution was added to aqueous sodium carbonate 
(10%; 250 ml). The aqueous layer was extracted with 
benzene (100 ml). The combined benzene extracts were 
dried (Na,SO,) and evaporated to yield the metal (11; 
XX = O*CH,*CH,*O) (3.2 g), m.p. (from benzene-light 
petroleum) 106-108", vmx. 1645 and 1615 cm-l, A,, 320, 
300, 227, and 205 nm ( E  7765, 7560, 27,650, and 21,760), 
z 6.0 (6H, m), 4.0 (LH, s), 2.5 (8H, m), and 2-7 ( l H ,  dd, 
J 2 and 8 Hz) (Found: C, 73.9; H, 5.3. C,,H,,O, re- 
quires C, 74.0; H, 5.2%). 

6 W. A. Henderson, jun., and E. F. Ullman, J .  Amer. Chew. 
SOL, 1965, 87, 5424. 

3-[2-(DioxoZan-2-yl)benzyZJdzrosno~ze (I1 ; xx = 
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Photolysis of the Acetal (11; XX = O*CH,*CHa*O).-The 

acetal (500 mg) and o-chlorobenzoic acid (750 mg) in dry 
benzene (450 ml) were irradiated for 6.5 h with a medium- 
pressure mercury arc lamp in an atmosphere of nitrogen. 
The refluxing solution was evaporated to dryness and the 
residue (from six such runs) (6 x 500 mg) was chromato- 
graphed on neutral alumina (with benzene). 6,6-EthyZene- 
da'oxy-5aa, 6,11,1 lap-tetrahydro- 12H-benzo[b]xanthen- 12-one 
(IV) (1-8 g), eluted first, had m.p. (from benzene-light 
petroleum) 145-147", vmx. 1690 and 1610 cm-l, hmax, 
320, 251, and 214 nm (C 2360, 6640, and 25,300), T 2.0 
(lH, dd, J 8 and 2 Hz), 24-3.2 (7H), 5.5 (5H, m), and 

(Found: C, 74.1; H, 5-4. C1&604 requires C, 74.0; H, 
5-2%), m/e 308 (Me,  ClBH1,04) and 162 (base peak 

The mother liquors from crystallisation of isomer (IV) 
contained a mixture of isomers (111) and (IV), and could be 
converted wholly into the latter by treatment with ethanolic 
triethylamine. The cis-isomer (111) (5aaH, 1 laaH) was 
isolated by preparative t.1.c. [silica gel; benzene-ethyl 
acetate (4 : l)], m.p. (from benzendight petroleum) 172", 
v- 1690 and 1610 cm-l, &= 320, 254, and 249 nm ( E  2920, 
8250, and 7920), 7 2.0 (lH, dd, J 8 and 2 Hz), 5.43 (lH, d, 

and 10 Hz (Found: C, 74.2; H, 5.2. C1,H1604 requires C, 
74.0; H, 5.2%), m/e 308 (M+, Cl~H1604) and 162 (base peak, 

By use of the foregoing photolysis procedure the acetal 
(11; XX = O*CHa*CH2*O) (2 g) was converted into a 
mixture of compounds (111) and (IV). The proportion of 
(IV) increased with the time of irradiation. The mixture 
(111) and (IV), on treatment with ethanolic triethylamine 
(1 ml in 12  ml) gave pure isomer (IV) (850 mg). 

5aa,l lap-Dih~~~obenzo[b]xunt~en-6(  1 lH),lZ-dione (V) .- 
The $vans-acetal (IV) (700 mg) in dichloromethane (50 ml) 
under nitrogen a t  0" was treated with trityl fluoroborate 
(790 mg). The mixture was allowed to warm to room tem- 
perature and stirred for 17 h. Dichloromethane (50 ml) 
was added and the solution poured into saturated aqueous 
sodium hydrogen carbonate. The aqueous layer was 
extracted with dichloromethane (3 x 40 ml) and the 
extracts were combined, dried (Na,S04), and evaporated. 
The crystals obtained were washed with ether to give the 
xanthendione (V) (410 mg), m.p. (from dichloromethane- 
methanol) 210" (decomp.), vm, 1695, 1685, and 1610 cm-1, 
aZ, 320, 300, 251, and 211 nm (E 2440, 2660, 20,850, and 
36,400), T 1-7-3.0 (8H, m) and 4.5-6.7 (4H, m) (Found: 

6.6 (3H, m); J F & l l s  14, Jl l tb .11 6 and 12.5, Jl l rX.l@ 18 Hz 

~lOHl002) * 

J 2.6 Hz), 5.83 (4H, m), 6.9 (3H, m); Jm.1la 2.5, Jlle.11 9 

Cl,HlOO,+) * 

C, 77.1; H, 4.7. C17Hia00 requires C, 77-3; H, 4.6%), 
m/e 264 (Me,  C1&@3) and 118 (base peak, C,H,O). 

6-Hydroxy-l2H-benzo[b]xanthen-12-one (VI ; R = H) .- 
The dione (V) (200 mg) in methanol (20 ml) and aqueous 
sodium hydroxide (2 g in 25 ml) was stirred at  room tem- 
perature for 15 h. The mixture was cooled to 0" and 
acidified with N-hydrochloric acid (65 ml). The yellow 
crystals that separated were washed with water and dried 
to give the benzoxanthone (VI; R = H) (180 mg), m.p. 
(from methanol-dichloromethane) 265-270" (decomp.), 
vmx 3330, 1650, 1635, 1603, 1585, and 1575 cm-l, Amax. 414, 
316, 302, 267, and 235 nm (c 2880, 6480, 7200, 63,360, and 
26,400), T 0.5 (lH, exchanged by D20), 1.6 (lH, s), 1-6 
(2H, m), and signals for six aromatic protons (Found: C, 
77.8; H, 4.0. C1&& requires C, 77.9; H, 3.8%). 

Acetylation of the dione (V) (155 mg) in acetic anhydride 
(1 ml) and pyridine (1 ml) with exposure to air gave 6- 
acetoxy-l2H-benzo[b]xantken-l2-one (VI ; R = Ac) (135 mg), 
m.p. (from benzenelight petroleum) 221-223", v- 1765, 
1666, 1635, and 1603 cm-l, A,, 390, 321, 310, 260, and 
238 nm (E 2680, 6440, 6440, 60,660, and 27,480), 7 1-2 (lH, 
s), 1.17 (lH, m), and 7.45 (3H, s) (Found: C, 74.9; H, 4.1. 
C1,H1,04 requires C, 75.0; H, 4.0%). 

Methylation of the dione (V) (100 mg) in acetone (7 ml) 
with methyl iodide (1 ml) and anhydrous potassium 
carbonate ( 1 g) gave 6-methoxy- 12H-benzo[b]xanthen- 12-om 
(VI; R = Me) (65 mg), m.p. (from methanol-dichloro- 
methane) 186-188", v,, 1665, 1615, and 1600 cm-l, 

400, 322, 311, 262, and 238 nm (C 4860, 5940, 7570, 
77,760, and 28,070), T 1.32 (lH, s), 165 (lH, dd), and 5.8 
(3H, s) (Found: C, 78-3; H, 4.4. Cl,Hl,O, requires C, 
78-3; H, 4.4%). 

6-A cetoxy-l2H-be~zso[b]xanthen (VII ; R = Ac) .-The 
acetate (VI; R = Ac) (150 mg) in glacial acetic acid (5  ml) 
was treated with zinc dust (1.0 g) a t  87" for 1 h. The cooled 
mixture was poured into water and extracted with dichloro- 
methane. The dichloromethane layer was washed with 
saturated sodium hydrogen carbonate solution, dried, and 
evaporated. The residue was extracted with benzene 
leaving 35 mg of material. The extract was purified by 
preparative t.1.c. to give the xanthen (VII; R = Ac) (55 
mg), m.p. (from benzene-light petroleum) 173", v,, 1766 
cm-l, A,, 335, 320, 298, 285, 256, 248, and 224 nm (E 1480, 
1480, 5940, 6930, 25,230, 31,170, and 58,880), 7 2.2 (2H, m), 
2.42 (lH, d, J 3.5 Hz), 2.42 (lH, m), 2.53 (lH, d, J 3-5 Hz), 
508br (2H, s), and 7.45 (3H, s) (Found: C, 78.4; H, 5.0. 
C19Hll103 requires C, 78.6; H, 4.9%). 
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