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An additional system with a different relative location 
of the reacting sites was synthesized. Keto acid 14 was 
prepared by an Arndt-Eistert reaction of keto acid 
13.15 Irradiation of diazo ketone 16 in cyclohexane or 

CO2H 

thene system (3). We describe two novel synthetic 
routes to this system.3 

13 14, R = -OH 
15, R = -Cl 
16, R = -CHN2 

17 

benzene enabled isolation of diketone 17 I l a from the 
reaction mixture in a yield of 24%: mp 74°; ir 1782, 
n i O c m - ^ n m r 5 3.35(m, 1 H), 2.60 (m, 1 H), 1.20 ppm 
( s , 3 H ) ; M + = 164. 

Photochemical additions of double bonds to (^-un­
saturated ketones have been studied intensively and 
numerous cases of intramolecular additions are 
known.16 The structures of such products have been 
determined, but it is not always clear what factors 
govern the orientation of addition. In the photochem­
ical cycloaddition of allenes to cycloalkenones,17 the 
direction of the addition was such that oxidation of the 
exocyclic double bond led to a 1,3-diketone. 

Thus, we have presented three examples of intra­
molecular photochemical addition of ketenes to double 
bonds conjugated to ketones. It was found that the 
direction of addition in the cases studied in this work 
was such that the products contained the carbonyl 
groups in a 1,4 relationship, as opposed to the addition 
of allenes. It was shown that without excitation of the 
enone system no cycloaddition occurred. 
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Two Syntheses of the 
2,4a-Ethano-2,3,4,4a-tetrahydroxanthene System 

Sir: 

The naturally occurring compounds morellin (I)1 and 
gambogic acid (2)2 and their relatives have a nucleus 
consisting of the 2,4a-ethano-2,3,4,4a-tetrahydroxan-

(1) G. Kartha, G. N. Ramachandran, H. B. Bhat, P. M. Nair, V. K. 
V. Raghavan, and N. Venkataraman, Tetrahedron Lett., 459 (1963); 
F. M. Nair and K. Venkataraman, Indian J. Chem., 2, 402 (1964); H. 
B. Bhat, P. M. Nair, and K. Venkataraman, ibid., 2, 405 (1964); C. G. 
Karanjgaonkar, P. M. Nair, and K. Venkataraman, Tetrahedron Lett., 
687(1966). 
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land, and S. Mongkolsuk, Tetrahedron, 21, 1453 (1965); S. A. Ahmad, 
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1,R1 = MeJR2 = CHO 
2, R1 = CH2CH2CH=CMe2; R2 = CO2H 

The first involves the Diels-Alder reaction of dieno-
philes with 3,4-dihydroxanthene (4). The diene 4,4 mp 
32-34° [ X ^ 5.92 (m) M; X*°H W 290 (6400), 298 (sh, 
6000), 314 (sh, 3700) nm; 6CDC'3 2.29 (d, / = 2 Hz, 4 H), 
3.29 (s, 2 H), 5.56 (m, 1 H), 5.68 (d, J = 9 Hz, 1 H), 
6.96 (m, 4 H)], was prepared from the dihydroxanthe-
none 55 by treatment of its tosylhydrazone 6, mp 219— 

X 

CCO 
5,X = O 
6,X = NNHTos 

220°, with methyllithium. Reaction of 4 with di­
methyl acetylenedicarboxylate gave the adduct 7, mp 
92-96° [KZl' 5.70, 5.78, 5.97 (w), 6.09 (w) M; XJT" (a) 
269 (2100), 278 (1700), 305 (650) nm; 5CDC1] 1.70 (m, 4 
H), 3.48 (br s, 2 H), 3.69 (s, 3 H), 3.73 (s, 3 H), 4.17 
(d oft, J = 6,3 Hz, 1 H), 6.11 (d o f t , . / = 6,2 Hz, 1 H), 
7.04 (m, 4 H)]. Reaction of 4 with propiolonitrile 
gave the adduct 8, mp 75-78° [X^x

4 4.54 (m) p.; X^x
0" (e) 

270 (1600), 276 (1400) nm; 5CDCl3 1.62 (m, 4 H), 3.40 
(d of d, J = 17, 1.5 Hz, 1 H), 3.51 (d of d, J = 17, 2 
Hz, 1 H), 3.71 (m, 1 H), 5.95 (d of t, J = 6, 2 Hz, 1 H), 
7.14 (m, 5 H)]. The structures of these adducts follow 
from their pmr spectra and the conversion of 8 at 163° 
to 4-cyanoxanthene (9), mp 91-93° [X^x* 4.49 (w) n\ 
XLe°H (e) 252 (7000), 279 (2100), 307 (4200) nm; 5cm~h 

4.04 (s, 2 H), 7.29 (m, 7 H)], further characterized as the 
corresponding acid 10, mp 185-186° (lit.6 mp 183°) 
[X™x

c'! 3.04 (m), 5.76, 5.86 (sh) M; X^x
0" W 248 (8200), 

279 (2400), 303 (2800) nm], and methyl ester 11, mp 

7,R1 = R1 = CO2Me 
8,R1 = C^R2 = H 

R1 
9,R1 = CN 

10, R1 = CO2H 
11, R1=CO2Me 

48-49° [X^0'1 5.82 ^; X^X
0H (e) 248 (8200), 278 (2300), 

305 (3200) nm; 5CDC,! 3.94 (s, 3 H), 3.99 (s, 2 H), 7.11 
(m, 6 H), 7.72 (d of d, J = 7, 2 Hz, IH)]. 

(3) Very recently another synthesis has been reported by A. J. Quil-
linanand F. Scheinmann, Chem. Commun.,966(1971). 

(4) Acceptable elemental analyses have been obtained for all com­
pounds characterized by melting point; parent peaks for these com­
pounds have been observed in their low-resolution mass spectra. 

(5) Prepared by condensation of 1,3-cyclohexanedione with o-hy-
droxybenryl alcohol in HMPA; cf. P. Yates, D. J. Bichan, and J. E. 
McCloskey, Chem. Commun., in press. 
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The second route developed to system 3 involves 
the intramolecular Diels-Alder reaction of a 6-acryloxy-
2,4-cyclohexadienone formed by a novel variant of the 
Wessely oxidation. The feasibility of this pathway was 
investigated by treatment of mesitol (12) in acrylic acid 
with lead tetraacetate at room temperature. This gave 
the dienone 13, which was not isolated, but was con­
verted at 70° to 14, mp 111-112° [ X ^ 5.58, 5.74 y.; 
\IT 312 (e 180) nm; 5CDC'3 1.26 (s, 3 H), 1.44 (s, 3 H), 
1.93 (d, J = 2 Hz, superimposed on m, 5 H), 2.84 
(d of d of d, J = 9, 5, 2 Hz, 1 H), 3.30 (d of d, J = 5, 
2 Hz, 1 H), 5.79 (br s, 1 H)]. The structure of the latter 
was established by its spectra and its conversion on 
treatment with aqueous base followed by periodic acid 
to the lactol 15 [X^x

0'3 3-4, 5.71, 5.86 /i; 5CiHsN 1.50 (s, 
3 H), 1.82 (s, 3 H), 2.23 (br s, 3 H), 2.45 (m, 1 H), 3.15 
(m, 2 H), 3.53 (m, 1 H), 6.07 (br s, 1 H)]; this was con­
verted by lead tetraacetate to 16, mp 56-57.5° [X^x'1 

5.64 ju; 5CDCl3 1.40 (s, 3 H), 1.42 (s, 3 H), 1.90 (d, J = 
2 Hz, 3 H), 2.0-2.6 (m, 3 H), 3.19 (d of d, / = 4, 2 Hz, 
1 H), 6.12 (br s, 1 H)], which on treatment with pal­
ladium/charcoal in refluxing 2-methoxyethanol gave 
3,5-dimethylbenzoic acid. 

The xanthene 177 on treatment in acrylic acid with 
lead tetraacetate at room temperature gave the dienone 
18, which was not isolated but was converted at 80° to 
19, mp 116-118°[XSx

cl!5.58,5.72M; X^°H(e)271 (1410), 

275 (1380), 310 (200) nm; 5CDC'3 1.39 (s, 3 H), 1.84 
(d of d of d, J = 13, 11, 2 Hz, 1 H), 2.26 (d of d of d, 
J = 13, 3.5, 1.5 Hz, 1 H), 2.70 (d of d, / = 11, 1.5 Hz, 
1 H), 3.42 (d of d of d, J = 7, 3.5, 2 Hz, 1 H), 3.59 
(d,J = 2 Hz, 2 H), 6.28 (d of t, J = 7, 2 Hz, 1 H), 7.14 
(m, 4 H)]. 

(7) Prepared by reduction of 3-hydroxy-4-methylxanthone8 with 
lithium aluminum hydride; cf. A. Mustafa and O. H. Hishmat, J. Org. 
Chem.,22, 1644(1957). 

(8) Y. S. Agasimundin and S. Rajagopal, Monatsh. Chem., 97, 423 
(1966). 
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Epimerization at the 9 Position in Substituted 
Bicy clo[6.1.0]nona-2,4,6-trienes1 

Sir: 

Compounds containing the bicyclo[6.1.0] skeleton 
display a wide variety of rearrangements and have 
posed particularly vexing problems of mechanism.2 

The unsubstituted molecule3_s and 9-monosubstituted 
compounds6-8 rearrange mainly to cz's-dihydroindenes. 
9,9-Dialkyl-substituted compounds, by contrast, give 
predominantly ?ra«s-dihydroindenes.9-11 When the 
9 position is substituted with a cyano group,1213 a 
spirofluorene14 or a spirocyclopentadiene,1S bicyclo-
[4.2.1]nonatrienes are produced. 

It has been suggested910 that the m-dihydroindenes 
are formed from the coiled arrangement (1) and the 
/rafts-dihydroindenes from the extended form (2). 

2 1 

This explains the reluctance of the 9,9-disubstituted 
compounds to give the cis product as the coiled form 
should be severely destabilized by endo-9 substitution.16 

A long-standing problem has been the behavior 
of e«efo-9-methylbicyclo[6.1.0]nonatetraene (3a). Al­
though one might reasonably expect this compound to 
mimic the 9,9-dimethyl substance, which also possesses 
an endo methyl group, it does not. Like its epimer 3b, 
the products of rearrangement are mainly cz's-dihydro-
indenes.8 The recent report17 that the products of 
thermal rearrangement of 3a are not identical with 
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