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Abstract A new type of ring closure. charnctcri7rd by the formation of a naphthaknc nuckus con- 
densed IO a y-lactonc rmg. is described. It appears to bc general for acidesters. acid-lactoncs and 
dlcarboxylic acids derived from the Stobbc products of bcnlyl kctonn. 

FOR the preparation of tricyclic compounds of type I, starting material II is available 
by the Stobbe reaction of 2-phenylcycloheptanone (III). 

I II 

This ketone is easily prepared from 2chlorocycloheptanonc and phenylmagnesium 
bromide.‘** Its condensation with dicthyl succinatc is best carried out with sodium 

hydride as catalyst in boiling benzene. Sodium t-pentoxide gives lower yields and does 

not permit the recovery of unchanged III, which probably undergoes self-condensation. 
With sodium hydride, a 30 40 per cent yield of acidic products (expcctcdly Iv) is 
obtained and 40 per cent of III is rccovcred. 

From the oily acidic products. a solid acid of the expected composition and m.p. 
144’ was obtained in 7 per cent yield. The spectrum (233 mrr, log 3.89) appears to 

confirm structure II, as the isomer IV would be expected to absorb at 220-225 mp.3 
The hypsochromic shift in the spectrum of II as compared with styrcnc (245 m,ul. 
may he ascribed to stcric hindrance.’ which may also explain the relatively low 

extinction coefficient. 

I nz 

1 M. S. Kc-man and M. I). Farbman. J. Amtr. C’hrm. Sec. 66. 1550 (1%). 

* R. T. Arnold, J. S. Buckley and R. M. Dodson. 1. Amer. Chcm. Sot. 72. 3153 (1950). 

’ Ii. E. Ungnadc and I. Ortega. J. Amer. Chrm. SW. 73. 1564 (IYSI). 

’ R. B. Carlin and H. I’. Land4 1. Amer. Chrm. Sot. 75. 3969 (1953). 
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Cyclization of II with polyphosphoric acid gave a neutral product of the formula 
C,,Hi,O,, which is not a ketone. Its ultra-violet spectrum rcsemblcs closely that of 
naphthalcne: in the infra-red, a pronounced maximum was observed at 1823 cm-l, 
pointing to the presence of a fi,y-unsaturated y-lactone system5*o for which a value of 
I 800 cm-l is accepted. 

The following mechanism for the formation of C,,H,,Os is proposed, leading to 
the structure of 6.7-bcnzo_4,5_cyclohcptcnocoumaran-2-t~nc (VII). 

Compound II cyclizcs to V which isomerizes immediately to the z-naphthol 
derivative VI in the manner known from the classical z-naphthol synthesis from 
3-benzylidcnepropionic acid .’ Compound VI. a dcrivativc of o-hydroxyphenylacetic 
acid. is incapable of independent existence and forms the corresponding coumaran-2- 

one (VII).O 
When the crude acidic product of the Stobbe reaction of III is heated with 

hydrobromic and acetic acids, in order to hydrolysc the ester group in (11) and cause 

dccarboxylation.lg an oily product is obtained, which upon treatment with poly- 
phosphoric acid again yields VII. The oily product has an infra-red band at 1778 cm-i, 
and thus appears to be a saturated y-lactone. 5.6 Formula VIII is in agreement with 
this and explains the transformation into VII. 

The mechanism proposed for the formation of VII suggests that benzyl ketones 
would undergo in the Stobbe reaction, the same sequence of transformations. Indeed, 
analogous observations have been made with 2-phcnylcyclohcxanone and phcnyl- 

acetone. 
The condensation of 2-phcnylcyclohcxanone with diethyl succinatc in the prescncc 

of sodium hydride in boiling benzcnc give a 61 per cent yield of oily acidic products, 
but only a 9 per cent yield of a defined acid m.p. Il5’, to which according to the 
spectrum (which is similar to that of benzene) formula IX of 3_carbethoxy-3- 
(3-phenylcyclohcx-I-en-2-yl)-propionic acid is ascribed.” Polyphosphoric acid gave 
X, which has infra-red and ultra-violet spectra (see Table I) almost identical with VII. 

‘J. F. Grove and Ii. A. WIIIIS. /. Chrm. Sot. 877 (1951). 
* R. S. Rasmussen and R. R. Bratlain. J. Amer. Chum. Sot. 71. 1073 (194Y). 
: R. Fuug and H. Itrdmann. &r. Dcsrh Chrm. Grs. 16.43 (1883); IJeblgs Ann. 227. 242(188S); R. Fittlg, 

Rrr. Dlrch. Chcm. C;n. 20.3182 (1887); R. FIIQ and L. Ltcbmann. ficbigs Ann. 255.257 (ll38Y); R. Flltig 
and H. Salomon. Ibid. 314. 73 (IYOI). 

’ A. v. Raeyer and I’. Fritsch. &r. Drrch. (‘hem. Crs. 17. 973 (1884). 
’ In the ahove tchcmc. II has been tacitly assumed that in the fin1 step (II - V) the ester group is used 

dtrutly for cycltzation. II 1s possthle that tmually wer exchange takes place [C. D. Gucsche and K. I.. 
Scligman. 1. Amcr Chrm. Sot. 75.2579 (1953); C. I). Gui.schc. M. W. Wendr and K. L. Schgman. Ibid. 
80, 3711 (1958): W. S. Johnson and A. Goldman. Ibtd. 67. 430 (1945)]. that the intermed~accs V and 
VI conlam a carbcthoxy. and not a fret carboxyl group. and that the molcculc of ethyl alcohol IS lost tn Ihe 
formatton of the soumaran-2-one system (VI -0 VII). 

lo W. S. Johnson. J. W Percrscn and W. P. Schnetdcr. 1. Amer. Chrm. Ser. 69. 74 (1947). 
‘I C D. Guts&c and K. L. Seligman. J. Amer. Chcm. Sue. 75. 2579 (1953); C. D. Gutsche, hi. W. Wend1 

and K. L. Schgman. Ibid. 80. 371 I (lY5R). 
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The condensation of phcnylacetone with diethyl succinatc has been studied by 
Dice and Allen’*. The use of sodium hydride in boiling benzene (no reaction takes 
place in the cold) results in a 80 per cent yield of a mixture of two half-csters X1 
and XII (R = &H,). exhibitins a broad absorption band between 225 and 240 mp. 
The mixture of the corresponding acids XI and XII (R H), obtained by hydrolysis 

with barium hydroxide, also shows this band. Treatment of the mixture of either 

these half-esters or acids with polyphosphoric acid gives the same product, which 
according to analysis, infra-red absorption at 1823 cm ’ and the ultra-violet spectrum 
(Table I) is 4methyl-6.7-benzocoumaran-2-one (XIII). 

VII ; 294 (3.72) W(3.70) 318 (3.63) 334 (3.43) 

X 291 (3.74) 302 (3.IY) 316 (3.62) 331 (340) 

XIII 284 (3.73) 291 (3.75) 301 (3.43) 327 (3.20) 

Naphthalene 267 (3.70) 278 (3.70) 287 (3.60) 311 (340) 

EXPERIMENTAL 

2-Chlorocyclohtpprunotu. I* A vigorous current of chlorme was bubbled through s swpcnslon of 
224 g cycloheptanonc in 600 ml water umil the weight of the mixture had increased by I40 g (about 
i hr). The hcaby layer of 2chlorocyclohrptanon was scpararcd, washed well with water. dried over 
magnesium sulphare and distilled. yicldmg 2chlorocyclohcptanone. b.p. 1 IS-1 16“ (30 mm). I75 g 

(60 f,). 
2-Phcny/cyclohrprunune. To a sulution of phcnylmugncsium bromide (I.5 moles: from 36 g 

magnesium and 235 g bromobcnzere in 400 ml dry ether). a solution of 146.5 g (I mole) Zchloro- 
cyclohcptanone in MO ml dry ether was added with stirring keeping the mixture boiling gently. 
Stirring was continued for I hr more. the ether dIstilled off and rcplaccd by 400 ml dry benzene. and 

” 1. R. Dir= and G. R. Allen. 1. Amer. Chrm. Sot. 74. 1231 (1952). 

*’ The spectra were examined only above 250 mp. 

I’ M. S. Newman, M. D. Farhman and H. Hipsher. Oqan~ Synrhnrs Coil. Vol. Ill. p. 188. John Wllcy. 
New York (1955). 
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the mlxturc rcfluxcd for 8 hr. Afier cooling. ice and water were added. and 1he benrenc layer washed 
with dil. sodium carbonarc and water, dried and distilled yielding 2-phenykycloheptanone (56g; 
30;,:); b.p. 130-134.’ (34 mm).” The 2,4-dinirrophenylhydrazone after recrystallira1ion from 
c1hanol had m.p. 138’ (lit.” 138”). 

3-Cur~~hoxy-)-(2’-phettyiryci~hept-l~n- I -yl)_propionic acid (II) 

To a suspensron of I2 g (0.5 molt) sodium hydride m 300 ml dry benzene. 87 g (0.5 mole) dicthyl 
succma1c. 62 g (0.33 mok) 2-phenylcycloheptanonc and 0.5 ml absolu~c c1hanol wcrc added. Af1cr 
rcfluxing 3 hr with vigorous stirring, the mixture was cooled and acidified wr1h 35 g acclic acid. Ether 
and water were added and the orgamc layer cxtracrcd several limes with S”,$ sodium carbonale 
ytclding an “acidic fracrron”. The orgamc layer was rhen washed wuh water, dried and concemratcd 
yielding a “neutral fraction”. 

:Veurro//rucrton. The resrduc was rri1urarcd with pe1 e1hcr (40 60 ) and yielded 5-6 g dictbyl 
succmosucxzina1c. from ethanol m.p. 126 From the filtra1c. 24 g (40?.) 2-phenylcycloheptanone was 
recovered. 

Acidic/racfion. The alkaline cx1ract was acidified with drl. hydrochloric acid and the oily product 
cxrracrcd wcth ether. The cthcrcal sol&on uas washed with water and sodium chloride solulion. 
drrcd and cvaporakd leaving 31 g (307:) of an oil. which slowly crysrallircd. Triruration with 
methanol and IWO rccrysrallira1ions from cyclobexanc gave 7 g (7 “2) of II as colourless crys1als. m.p. 

143-144 1::: 233 m/r (3.89). P c-o::: 1715 cm ‘. (Found: C, 72.1; H. 7.2. C,,H,,O, 
requires: C, 72.1 ; ii. 7.6:;). 

6.7-&n:od,5-cycloheprenocoumaran-2-me (VII) 

(a) A mrx1urc of 2 g II and 50 g polyphosphorrc acid was heated with stirring at 100’ for 3 hr. 
After the additmn of ice and waler, the product recrystallized from butanol yielding I.3 g (82%) of 

VII. m p. 168’. iYz:i’ 294 (3.72). 304 (3.70). 318 (3.63). 334 rnp (3.43). pc_&!: 1823 cm”. 
(Found:C, 80.5; H, 67. C,,H,,O, requires: C. 80.9; H. 6.3%). 

(b) The same produc1 is obtained in be11cr yield as follows: The acidic fraction (5 g). 50 ml hydro- 
bromic acid (48 “i). 75 ml ace1ic acid and 25 ml water wcrc rctluxcd for 14 hr. The volatik products 
were removed in twcuo and the residue 1rcatcd wnh waler and a mixlure of ether and ethyl acetale 
(I : I ). Removal of the organic solvents lcf1 an oily residue which af1cr distrllatron yielded 2.5g (53 %) 
of an oil. perhaps VIU, exhibiting two s1rong carbonyl bands in the infrared a1 1717 and 1778 cm I. 

The distilla1c (2 g) was hca1cd with 50 ml polyphosphoric acid a1 100” for 3 hr. The product after 
addition of ice and wa1cr. was recrystallized from butanol yielding I.2 g (70%) of VII. m.p. and 
mixed m.p. 16X’. 

4-6fefhy/-6.7-hcn:ocou~run-Z-onc (XIII) 

(a) A mixlure of 67 g (0.5 mole) phcnylaatonc, 130 g (0.75 mole) dicthyl succinatc and I ml 
absolute ethanol was added IO a suspension of 18 g (@75 mok) sodium hydride in 300 ml dry bcnztnc 
and the mixrure rcfluxcd for 6 hr. After cooling, 50 ml glacial aauc acid. ether and water wcrc addai. 
The acidic product was extracted from the bcnzcnc layer with sodium carbonate (5 %). acidified with 
dil. hydrochloric acid and again cthcr cxtractcd. The product (IlOg; 84%) distilled at 200-210” 
(0.5 mm). The ultra-violet absorption [in ethanol broad band from 225 rnp (log r 4.16) IO 240 rnp 
(log t 4.1 S)] indicated the prcscna of a mixture of 3-carbcthoxy4mcthyL5-phcnyl-3- and Qpcntcnoic 
acid (Xl, XII ; R - C,H,). Thts mixture (10 g) trcatcd with 150 g polyphosphoric acid, yielded 5.7 g 
(750,;) of XIII which recrystallized from bu1anol. m.p. 158’. iy,“f:a 284 (3.73). 291 (3.75). 301 (3.43). 
327 rnp (3.20). ~~...&“,: 1X23 cm I. (Found: C. 78.9: H. 5.4. C,,H,,O, rcqutns: C. 78%; H. 
5, I “Q. 

(b) Isolation of the dlwrboxylic acids XI and XII (R .- H). To a solution of 400 g baruun 
hydroxide in I I. 5O”,b ethanol. 20 g of (he half-esters XI and XII (R C,H,) was added and the 
mixture boikd for 5 hr. Aflcr coohng, the barium salts were collected and acid&d with dil. hydru- 
chloric acid. The free organic acids rpara1cd as a white solid, which after two rcctystallizations-from 
tolucnc had m.p. 148 152 and. according IO Dia and Alkn’x. was a mixture of the two dicarboxylk 

“c‘. D. G&he. /. Amrr. cIrm. SW. 71, 3Sl3 (1949). 
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acids. The ultra-violet spectrum showed a broad band from 210 rn,rA (log 6 447) to 242 w (log c 
384). indicating the prescnoz of such a mixture. (Found: C, 66.8; H. 6.3. C,,H,,O, requires: C. 
66.7: H. 6.00,3. 

Cycliution of 2 g of this product with 50 g polyphosphoric acid yielded 1.2 g (82 “4 of XIII. m.p. 
and mixed m.p. 158’. d,,, ‘“(“a 283 (3.77). 291 (3.77). 301 (3.56). 327 mlr (334). L7t.o’,:: 1823 cm I. 

3-Car&/hox~-3~3’-phcn~ic~cl~hexen-l-en-2-~l~propionic acid (IX) 

To a suspension of 4.2 g (0.175 mok) sodium hydride in 100 ml dry bcnrxnc, 30.5 g (0.175 mole) 
dierhyl sucrinatc. 20 g (@ 1 I5 mole) 2-phenykyclohcxanon I’ and 0.3 ml absdurc ethanol were added, 
and the mixture boikd for 6 hr. After cooling, I2 ml glacial acetic acid, ether and water wcrc added. 
The organic layer was extrx~cd several times with sodium carbonate and the alkaline extract acidifkd 
with dil. hydrochloric acid. The ody material. which scparatcd, was extracted with ether and the 
ether dried and evaporated kaving an oily rcziduc (21 g; 610;). Upon trituration with a mixture of 
benzene and methanol it yteldcd 3 g (9“;) of IX as colourkss crystals, m.p. I I5 after rcctystalltition 
from cyclohcxane. A,,, x”nt 242 (2.45). 247 (2.42). 254 (2 43). 259 I m/c (2.45). (Found: C. 71.0; iI. 7.4. 
C,.H,O, rcquircs: C. 71.5; Ii, 7.3”,). 

6,7-&nzo-4,5-c~clohexenocoumoran-2-one (X) 

Cycli,ation of 2 g IX with 60 g polyphosphoric acid yicld_ed I.9 g (80”,) X. from butanol m.p. 
182’. A~r&‘r291 (3.73). .302(379). 316 (3.62). 331 m/r (340) Vc-&~‘,B.: lK23cm ’ (Found: C. X0.4; 
H. 5.X. C,,H,,O1 rcquircs: C. 80.7: H. 59”!J. 


