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ABSTRACT 

The photodimer of coumarin is shown to have the head-to-head cis cyclobutane structure I. 
.An isomer, obtained by the lactonization of o-hydroxy-trans-cinnaniic acid, is shown to  have 
the head-to-tail trans structure 11. The photodimers of o-niethoxy- and o-hydroxy-trans- 
cinnamic acids have been interrelated. 

The pl~otoclimer of coumarin has been known for nearly 60 years (I). In the last 20 
years, the photodin~ers of several substituted cournarins have also been prepared (2). 
These have been of interest, as the substituted coumarins, e.g., the furanocoumarins, are 
 know^^ to  react with the skin in presence of light (3). Some of these furanocoumarins, 
e.g. xantl~otoxin, have in fact been used for the treatment of sltin depigmentation as 
occurs in leucoder~na, in both the Middle East and in India (2, 4). The photodimers of 
these compouncls are known (3) but the structure of the dirners have not been deter- 
mined. The present work describes the elucidation of the structure and stereochemistry 
of the photodimer of coumarin, the parent compound in this series. 

A cyclobutane-type structure was assigned to these diiners (2) by analogy with the 
dimerization of the cinnamic acids to la,3~-diphen~~lcyclobutane-2cr,4~-dicarboxylic 
(a-truxillic)' and la,2a-diphe~~~~lcyclobutai~e-~,4~-dicarboxylic (0-truxinic) acid (6). 
The similarity in ultraviolet absorption spectra of 3,4-dihydro-7-methoxycoumarin and 
of the photodimer of 7-metl~oxycournarin (111) lent support to a cyclobutane structure 
in which the 3,1-clouble bonds of the two pyroile rings were involved (8). An iilcolnplete 
X-ray diffraction study on I11 published in 1958 (9) confirmed the presence of a cyclo- 
butane ring; no coi~clusions regarding the disposition of the rest of the lnolecule were 
drawn.3 

On the basis of a cis fusion9f the cyclobutalle ring to the 6-membered pyrone rings, 
four structures can be considered for coumarin dimers, and are represented in Fig. 1. 
Tllere are two sets of structural isomers, head-to-head and head-to-tail, each of which 
can exist i n  a cis or trans form. The problems of isomerism are siinpler than in the case 
of dimeric cinnamic acids, where 11 possible isomers can exist. 

The elucidatioll of the structures of the cinnamic acid diiners is largely due to the 
extensive worli of Stormer and his collaborators (for a suininary see ref. 6). The German 
worlters distinguished among the various isomers by carrying out optical resolutions on 
suitable derivatives. With the physical methods now available, these time-consuming 
procedures are no longer necessary. For example, infrared spectroscopy can be useful in 
distinguisliing between 5- and 6-membered anhydrides, thus allowing a distinction to be 

' A  puelinzinary accoz~nt of this work was published i n  Chenz. & Ind.  (London), 897 (1960). Presented i n  
part at the Annzral Confevence of tlze Clzenzical Institute of Canada, Ottawa, June 15-15, 1960. 

?The relative stereochemistvy of sz~bstitz~ents on the cyclobz~tanc ring i s  designated a and following Fieseu's 
conz~ention for carbohydrate derivatives ('7). 

3Tlzis work i s  erroneously reported i n  tlze Annual  Reports of the Chemical Society (London), 1958, as slzowing 
a head-to-head strz~ctzrue for I I I .  

4Recently, Corse, Finkle, and Lundin (10) have postz~lated a transfz~sion of cyclobzrtane rings to a cyclohexane- 
1,C-dione ring to e.~plain the n.m.r. spectrunz of the photodimer of 1,s-dicarbomethoxy-3-ketopenta-l,d-diene. 
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FIG. 1. Four isomeric structures for coumarin di~ners. I represents the photodimer of coumarin, and 11, 
the dilactone derived from the photodimer of o-hydroxy-tra?as-ci1111arnic acid. 

made between the head-to-head (truxinic) and head-to-tail (truxillic) type dimers. 
Furthermore, n.m.r. spectroscopy can be a powerful tool in determining the relative 
stereochemistry of substituents on a cyclobutane ring, by talriilg advantage of the synl- 
rnetry properties of these derivatives. Both these methods proved very valuable in the 
present work. 

The photodimer of coumarin was prepared according to the method of Ciamician and 
Silber (I), viz., irradiation of an ethanolic solutioil of couillariil with sunlight. The same 
compound was also obtained by Schonberg's method ( l l ) ,  irradiation of a suspension of 
cournarin in water. 

The only meaningful worlc reported on the photodimer of couillarin was Schonberg's 
observation (11) that  i t  dissociated to  coumarin 011 heating. This has been confinned in 
the present study. de Jong's experiments (12) on I were of little value, as the products 
obtained were poorly characterized; no elemental analyses were recorded. For example, 
alkali fusio~l of I was reported to  give an acid, m.p. 157", which was clai~lled to be a cyclo- 
butane dicarboxylic acid. Attempted repetition gives only salicylic acid, 111.p. 158'. 

In the present worlc, I was fouild to give a di-o-l~ydroxyphenylcyclobutane-dicarboxylic 
acid (IV), C18Hl606, by dissolution of I in hot alkali, followed by careful acidificatioil 
below 0". The acid cyclized very readily to I in presence of a trace of acid a t  roo111 tempera- 
ture. The cyclization also to011 place on heating, so that  the melting point of IV was not 
its true melting point, but that  of I. The stereochen~istry of IV and I was therefore 
identical. 

In order to obtain a dimethyl ether dimethyl ester of the same stereocheinistry as 1, 
methylation of IV was tried with diazomethane. However, even after proloilged treatment, 
the matcrial was largely phenolic. Methylation with dimethyl sulphate and allcali toolc 
place slo~vly, but after 36 hours a t  room temperature, 65-7570 of phenolic coil~pound had 
reacted, as estimated by the change in ultraviolet absorption spectrum in going from an  
alkaline to an acid solution (13). As this was expected to be a mixture of epimeric, as well 
as partially and fully rnethylated, products, the crude inaterial was treated with diazo- 
methane. A crystalline dimethyl ether dimethyl ester, V, C9eHz.rO6, 111.p. 11O0, was obtained 
in 70% overall yield. I t  was found to be hoinogeilous by chron~atography. 
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The n.1n.r. spectrum of V (Fig. 2) was very informative. The spectrum revealed the 
preseilce of four clifferent5 methoxyl groups (T, G.2G, (3.32, 6.59, ancl 6.82(15)). Thus V can 

FIG. 2. Tlle n.m.r. spectrum of V in  c a r b o ~ l  tetrachloride solution. T values refer to  tetramethylsilane 
a s  internal standard. 

contain no elements of symmetry (axis, plane, or center), based on a time-average struc- 
ture. This was in agreement with the unsymmetrical nature of the spectrum oi the cyclo- 
butane protoils (T, 5.0-6.3). The aromatic protons occurred a t  lowest field (T, 1.98-3.6), 
ancl intensity measurements showed that  the ratio of aromatic protons to methoxyl 
protons was 8.12. 

The absence of syinilletry deduced from the n.1n.r. spectrum elinliilatecl 9 of the I 1  
possible structures for a dimethyl ether dimethyl ester derived from the four possible 
structures for I (Fig. I ) ,  ta1;ing into account the possibilities of epimerization. The I 1  
structures (dl-structures being couilted as one) are shown in Fig. 3. 

The esters call be divided into two groups, five, a to e, derived from a heacl-to-tail 
(truxillic type) and six, f to  k,  from a head-to-head (truxinic type) acid. Structures a to  e 
call be eliminated for V, as all of them have an element of symmetry; a has a center, 
b and e have a plane, and c and d have both a plane aild an axis of symmetry. Sone of 
these compounds can give rise to  four methyl bands in the i1.m.r. spectrum. \;\illereas a ,  
c, and d should give rise to oilly two bands correspoilding to six protons each, b aild e 
would be expected to give rise to  three bands in the ratio of 3:3:6. The ester V, and there- 
fore I ,  can not be derived from a head-to-tail type structure. Of the six truxinic or head- 
to-head types, four structures, f ,  g, I z ,  and i, call be elimiitated. All these will give rise to  
only two methyl bands, a s 5  and g have a plane of symmetry and h and i have an axis of 
symmetry in the plane of the cyclobutaile ring. The two remaining structures, j and k ,  
are the only possible structures for V, as they coiltaiil no element of symmetry. Each of 
them is formed froill a head-to-head type structure for I. 

In order to  distinguish between the two possible structures j and k for V, the ester was 
treated with sodium methoxide in methanol. A11 epiineric ester, VI, C22H.'406, 111.p. 138", 
was obtained. The i1.m.r. spectrum of VI showed only two methyl bands (T, 6.32 and 
6.46), each corresponding to six protons; an element of symmetry had been restored 
during this epiinerization. The ester VI was shown to  be a cis diester as follows. Hydrol- 
ysis of VI with alltali gave a dicarboxylic acid, VII,  C20H2006r i11.p. 202". With acetic 
anhydride, VII gave an anhydride, VIII ,  C20H1805, 1n.p. 121". No epimerization took 

6The bands at T 6.26 and 6.32 are tentathely assigned to the ~nethoryl groz~ps on the phenyl rings by coniparison 
with the n.nt.r. spectru?it of the fz~lly  methylated Product obtained fro~iz the pltotodinzer of 7-metlzorycoz~~narilt (14). 
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COOR Fj 
(0) 

Xr 

q ,JOR ( b )  

O O R  

C O O R  

I 
C O O R  

( i )  
P 

R = M e  ( k )  

FIG. 3. The 11 isomeric structures for a dirnethyl ether dimethyl ester derived from the four structures 
depicted in Fig. 1. V, VI,  and XI are referred to in the text. Only one enantiomer of a dl-structure is shown. 

place in this sequence of reactions, as VIII could be converted to VII with alltali a t  room 
temperature and further to VI with diazomethane. The carbony1 frequencies of the 
anhydride (1854 and 1768 cm-I) were characteristic of a 5-membered anhydride (16) 
and were identical with those of the model compound la,2a-diphenylcyclobutane- 
3p,4@-dicarboxylic (p-truxinic) anhydride (6). The formation of a 5-membered anhydride 
from VI, via the reaction sequence described above, confirmed the head-to-head type 
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ANET: COUM.4RIN AND RELATED COMPOUNDS 1253 

structure for VI, and therefore for V. The application of symnzetry principles to the 
interpretation of the n.1n.r. spectrum of V was correct. 

0 1  the two structures for V, viz., j and k, only the foriiier can give rise to an  epiineric cis 
diester. The latter, k ,  which is itself a cis diester, can not epiinerize to a new cis ester, but  
can only give rise to  a trans ester. The structure k is therefore excluded for V, which must 
be la,2a-di-o-metlzoxyplzenylcyclobutai~e-3a,4-dicarboxylate j .  Epi~nerization of this 
ester can lead to two possible cis esters, the all-cis la,2a-di-o-inethoxypl~enylcyclobutane- 
3a,4a-dicarboxylate Cf) or la,2a-di-o-inethoxyphenylcyclobutane-3,-dicarboxylate (g). 
Of these, the former can be ruled out as it is unliliely that V, with three eclipsed inter- 
actions, would epinzerize to an ester with four eclipsed interactions, and the ester VI 
m~ls t  be la12cr-di-o-inet1~oxyphenylcyclobutaie-3,4-dicarbox1ate (g). 

The structure for V establishes the stereochemistry of the two aryl groups. These are 
1 :%cis in V and VI, and must also be cis in their precursors, IV and I ,  as no epimerization 
of aryl groups is liliely under the reaction conditions employed. Since the dicarboxylic 
acid IV cyclizes so readily to the dilactone I ,  the two carboxyl groups must be cis to the 
o-hydroxyphenyl groups. The complete structure and stereochemistry of IV and I is 
therefore Ia,2a-di-o-1~ydroxyphenylcyclobutane-3a,a-dicarboxylic acid for IV, and the 
correspondi~~g dilactone for I. These coinpounds therefore represent the hitherto unlinown 
w-truxinic acid type." 

Having established the structure for the photodimer of coumarin, the structures of 
the photodiiners of two related compounds, viz., o-hydroxy-trans-ciiznainic acid and 
o-inethoxy-trans-cinnainic acid, can be considered. These are of interest, as the photodimer 
of o-hpdroxy-trans-cinnamic acid has been reported to  cyclize to  a dilactone, 11, n1.p. 
320" (19, 20), which is isomeric with the photodimer of coumarin. 

The photodilners of the substituted cinnamic acids were prepared by irradiation of the 
crystalline acids with sunlight (19, 21), or with ultraviolet light (20). The photodimer of 
the o-hydroxy acid IX was reported to  inelt a t  320°, which is undoubtedly not its true 
inelting poifit, hut the melting point of the cyclized dilactone 11. The photodiiner of the 
o-methoxy acid was reported to  melt a t  264". These dirners were assigned a head-to-tail 
trans cyclobutane structure by Stobbe and Breiiier (22) by analogy with the dinierization 
of trans-cinnamic acid to 1a,3P-diphenylcyclobutane-2a,4~-dicarboxylic acid (a-truxillic 
acid). However, this analogy is not strictly valid, as Bernstein and Quirnby (23) denlon- 
strated that different crystallille forms of trans-cinnamic acid give structurally different 
acids, i.e. head-to-tail (a-truxillic) or head-to-head (0-truxinic acid). The struct~ires of 
I X  and X could not be considered as established. ve 

In the present work, I X  and X were prepared by irradiation of the crystalline acids 
with ultraviolet light. In the case of the o-inethoxy acid, the dimer obtained by this 
method had the same melting point (264") as that reported in the literature (21). 'The 
structures of these compounds were investigated, by essentially the same approach as 
followed for I. However, as both the o-hydroxy and o-methoxy compounds were available 
in this series, the stereochemistry was established by mal;ing use of the interrelationships 
shown in the scheme below. 

The dimers I X  and X were shown to have the same stereocheniistry a t  all the centers, 
by preparing the same dimethyl ether dimethyl ester XI ,  n1.p. 132', from each acid with 
diazomethane in ether. No epimerization seemed liliely under the conditions employed. 

GAlthoz~glz all 1 1  dinteric c innamic  acids  Itave been reported (6), the  preparat io?~ of la,2a-diphe~zylcyclobz~tane- 
Sa,4a-dzcarboxylit; (w- truxinic)  and  l a , 2 ~ - d i p h e n y l c y c l o b z ~ t a n e - 3 ~ , 4 a - d ~ l i c  (p- truxinic)  acids b y  Shemya-  
k i n  ( 1 7 )  i s  doz~b l f z~ l .  Ettl inger ( 1 8 )  has  sz~ggested that  these are lactonic acids ,  but the evidence Izas not  bee?^ 
publisl~ed. 
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AcOH 
: 

o-hydrosycinnamic acid dimer or heat clilactone I1 
+-- 

I S  S a O H  

I CI-I ?N? 

la,3~-cli-o-methosyphcnylcyclobuta1~e- 
2a,4a-dicarboxylic acid 

AczO 
o-methosycinna~~~ic acid dimer -- + la,3~-cli-o-rnethoxypI~e1~ylcyc1ob~1ta~ie- 

2a,4a-dicarboxylic anhyclricle 

Treatment of X with boiling acetic anhydride containing a trace of p-toluenesulpl~onic 
acid gave an anhydride, C&1805, 111.p. 188" (XII) ,  in good yield. The same anhydride 
could be obtained if the toluene sulphonic acid was omitted, but the yield of XI1 was 
very poor. The anhydride was shown to be intramolecular fro111 its molecular weight 
(323) and 6-membered from its infrared spectrum (carbonyl bands a t  1814 and 1762 cm-1) 
(16). The model co~lipou~id la,3~-diphenylcyclobutane-2~~,4a-dicarboxylic anhydride 
(-y-truxillic anhydride) (6) showed the sanie frequencies, aiid these were sliglitly higher 
than those of glutaric anhydride (1802 aiid 1761 c~II -~)  (16). Tliis may reflect the strain 
iiivolved in fusing a 6-membered anhydride 1 :3 011 a cyclobutane ring. The n.1n.r. spectru~n 
of XI I ,  measured in pyridine (2-2), showed two methoxyl bands (7, 6.87, 6.93); the two 
aryl groups were in different stereochemical environment, i.e., one group was cis and tlie 
other trans to the anhydride ring. Thus the aryl groups were situated 1::3-trans on the 
cyclobutane ring. 

The stereocheiiiistry of the two carboxyl groups relative to the aryl groups was shown 
as  follows. The dilactone I1 was easily hydrolyzed to  I X  and the latter relacto~lized to 
give 11. Tlie stereocl~emistry of I1 and I X  was identical. The easy interconversions of I1 
and I X  implied a cis relationship of the carboxyl and o-liydroxyphenyl substituents. The 
carbox) 1 groups were therefore 1 :3-trans, and each of them was cis to one of the aryl 
substituents. That  the lactoiiizatioii of I X  to give I1 ilivolved the formation of 6-membered 
dihydropyrones was showii by the thermal deco~llpositioil of I1 to give coumarin. The 
compounds I X  and X were indeed derivatives of la,3~-diplienylcyclobuta1ie-2a,-2~- 
dicarboxylic (a-truxillic) acid, and tlie isomer I1 was the head-to-tail trans compound. 

The formation of the anhydride XI1 had involved the epinierizatio~i of one of the car- 
boxyl groups. This was co~lfiriiied by treating XI1 with alkali a t  roo111 temperature, which 
gave a new acid, C20H200,j, 111.p. 225-226" (XIII) ,  mixed 111.p. with X, 199-220". Tlie 
acid XI11 was readily converted into its anhydride, and was therefore la,3P-cli-o-methoxy- 
phenylcyclobutaiie-2a,4a-dicarboxylic acid. Treatment of XI11 with diazonlethane gave 
a low-melting ester which readily epiiilerized to XI .  The ester was not obtained crystalline, 
but its n.m.r. spectruin did show three niethyl bands in the ratio of 1:1:2. The pattern 
changed rapidly to that given by di~iiethyl la,3~-di-o-i~iethoxyphenyl-2a,4~-dicarboxylate 
(XI),  if traces of acid or alkali were added. 
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The assignment of the cis structure for the photodimer of coumarin (I) has now received 
full confirmation by Professor Griffin, Yale University (private communication). Ozonol- 
ysis of I gives lo(,2o(,3o(,4o(-tetri~carboxgicycI0b~itale identical with the one prepared 
b>- Griffin and Veber (25). 

I t  is of interest that Schenck has recently reported (2G) that  irradiation of coumarin in 
presence of benzophenone gives a new diiiler. A head-to-head trans structure has been 
suggested for it. 

HI1 meltillg points are ~lncorrected. Infrared spectra \\.ere deterrllined on a Perkin-Elmer 'Infracord' 
instrument cscept those of anhydrides, which were nleasured on a Perlcin-Elmer single-beam double pass 
instrument. Thc n.m.r. spectra \\;ere recorded on a Varian V-4302 GO Mc/s i~lstrument. 

la,2a-D~i-o-1z~~dro.~ypl~e11~~l-j!a,~a-dica~bo~y1~ic Acid Dilactoue: thc Photodinzer of Coumarin ( I )  
Coumarin (300 g) was dissolved in 3 1. ethanol and esposed to sunlight in eight stoppered pyres flasks 

(500 ml) for 4 \~celcs (May-June). After 1 \yeel<, thc solution turned pale yellow and started depositing 
crystals. 'Ihcse \yere removed periodically, and a total of 4.5 g was collected in 4 weeks. Two crystallizations 
froin glacial acetic acid gave 4 g of I ,  111.p. 2GO-262" (clecomp.) (lit. 111.p. 260" (1)). The ethanolic mother 
licluors \vcre oncc again irratliated; after a further 6 weelrs, 1 g of I u7as collected. No crystalline material 
apart fro111 cou~narin \\;as isolated from the dccp I-cd solution. 

The sanle compound \\.as also obtained \vhen a suspension of 20 g coumarin in 300 1111 water was irradiated 
with sunlight. The yield of I u7as 185 mg, which was isolated by extraction of unchanged coumarin wit11 
ether. 

Alka l i  Fll.sio7l of I: Forlrlatio?~ of Salicyclic Acid 
One hundred ~l~illigrams of I was heated with 0.5 g solid potassium hydroxitle a t  275' for 10 minutes. 

Thc melt \vas c,ooled, 5 1111 water added, and the misturc acidified with hydrochloric acid. Extraction with 
cthyl acctatc galre a gum from \vhich 22 Ing salicylic acid was isolated by extraction with hot petroleum 
ether (b.p. 80-100"). Recr):stallization froin the same solvent gave a sample, 111.p. 15So, u~ldepressed with 
an autllel~tic sample. The infrared spectra (nujol mull) of the two sanlples were superposable. 

Hydrolysis of I :  l a , 2 a - D i - o - I 1 y d v o x y ~ j I ~ e n y l ~ l o b ~ ~ ~ i c  Acid ( I  V )  
'Three l l ~ ~ i ~ d r e d  milligl-a~ns of I were dissol\al in 5 in1 of hot 10% potassium hydroside. The solution was 

filtcred ant1 coolcd to 0'. A11 ice-cold solution of S y o  hydrochloric acid \\;as added gradually with strong 
cooling, talcing carc to 1;eep the temperature a t  0-5'. The addition of acid was stoppcd \\:hen the solutioi~ 
turned mill;y. Tllis \\,as then allo\\rcd to stand a t  0' for 15 minutes. The precipitated acid was liltercd off 
ant1 \vashed \vith 10 1111 of a citrate-phosphate buricr of pII 7, and then with 5 ml mater, follo\vcd by 30 ml 
pentanc. The solid \\.as talecn LIP ill acetone and filtcred. Thc acetone solution gave 127 mg of the cyclobutane 
acid I\ '  on cvaporatioii of the so l \~c l~ t  bclow 10". (Found: C, 66.0; I-I, 4.7. Calc. for ClsI-I1606: C, 65.8; 
rr ,  zl.n%.) 

JIctl~ylatiorl of I :  IJirizcll~yl 1a,2a-Di-o-~ttethosypl1e11ylcg'clob~~ta~1e-3a,~p-dicarbosylate (11) 
i\ soluti011 of 1 g of I ill 10yo potassi~i111 hydroxide was stirred with dimethyl sulphate (1 ml addecl a t  

intervals) for SG hours. 'The solution was kept strollgly alkaline, more potassium hydroxide was added as  
ncccssary. .-\fter acidification with hydrochloric acid, the product was estracted \\rith ethyl acetate mhen a 
gum (0.98 g) \\.as obtained. Attempts to  obtain a crystallii~c material did not succeed. The gum was therefore 
treated with csccss cthcreal diazomctl~ane a t  room tcmperat~lrc. i\fter 2 hours, the excess diazomcthane 
\vas dcstroyccl by cautious adtlition of acetic acid and the cthcr estracted with 1% allcali (t\\,ice) and then 
\\-it11 water till neutral. The ether extract was dried over anhydrous sodium sulphate and the ether rcmoved 
under rctlucccl p~.cssure. The residue (0.78 g) crystallized on treatment with a little ethyl acetate follo\\wl 
by pctrolcum cthcr (b.p. 30-60"). 'l'he crystals, m.p. 104-10So, were chromatographed ovcr alumina, and 
benzelle-cthcr (9:l)  cluted 0.75 g of the dimethyl ctller dimetllyl ester V, 1n.p. 110'. (1;oulld: C, 68.7; I-I, 6.2. 
Calc. for C??I-I?dOe: C, 68.7; 1-1, ti.3y0.) 

Epirrrerizoliotl of V :  DDir~rethjd la,2a-Di-o-~1r~tl~oxyphe~~ylcyclob~~1a~~~-S~,~~-di~arbosylate ( V I )  
'Ihc tlinlcthyl ester \I (200 mg) \\.as rcflused under nitrogen \\,it11 a solution of 100 nlg of sodiuni ill 25 1111 

mctha~lol. ;\ftcr 6 hours thc met l~ai~ol  was removed, a i d  the residue treated with dilute hydrochloric acid 
ant1 cstl.;~ctcd with ethyl acetate ( 3 x 2 0  1111). Thc organic layer was \\~ashcd \vith dillltc allcali alld dried 
(sotl i~~m sulphate). Rcmo\:al of ct11yl acctate gave 171 nlg of \/I, crystallizillg from ethyl acetatc - petrol 
cther in colorless plates, m.p. 138". (1;ound: C, 68.5; 1-1, 6.2. Gllc. for C??H?.,OG: C, 68.7; 14, G.3y0.) 

fIydrolysis of V I :  l a , 2 a - I J ~ i - o - t ~ ~ c t l ~ o . ~ y ~ ~ I ~ e ~ z y l c y c l o ~ y l i c  i lc id  ( V I I )  
'Thc cstcr \:I (100 mg) \\:as rcfluxcd with 10yo potassium hydroxide (S nil) containing a few drops of 

cliosanc for S hours. The allcalinc solution \\mi cstractecl \\:ith ethyl acetate to relllove ~lnchangcd ester \;I, 
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and the aqueous layer acidified with hydrochloric acid. Extraction with ethyl acetate gave 60 mg of VII,  
which after crystallization from the same solvent ~llelted a t  202' with decomposition. (Fo~und: C,  67.2; 
1-1, 5.5. Calc. for C20H2006: C, 67.4; 11, 5.0%.) 

Methylation of V I I  
The acid VII (20 mg) was treated with diazomethane in ether. After 1 hour a t  room temperature, the 

ether was evaporated to give 20 mg of VI, m.p. 137-138", niixed 111.p. with VI 138'. The infrared spectra of 
the two san~ples (nujol mull) were superposable. 

A7zhydridc frovr V I I :  la,2a-Di-o-metltoxypIte?t~~lcyclobzltane-S,~~-dicarboxylic Anhydride ( V I I I )  
The acid VII (40 mg) was refluxed with acetic anhydride (3 ml) for 1 hour. The acetic anhydride was 

removed under reduced pressure, and the residue dissolved in chloroform. The chlorofor~n solution was washed 
with aqueous sodium carbonate, and the chlorofor~n layer dried over anhydrous sodiun~ sulphate. Evapora- 
tion of the solvent followed by crystallization from acetone - petrol ether gave 28 mg of the anhydride 
VIII,  m.p. 121" after three crystallizations. (Found: C,  70.8; I-I, 5.5. Calc. for C?oHleOr,: C, 71.0; H, 5.6%.) 

Hydrolysis of V I I I  
The anhydride VIII (20 mg) was stirred with 5% aqueous sodium hydroxide a t  room temperature for 10 

hours. The aoueous layer was extracted with chloroforn~ to renlove unchanged anhydride (2 me). .-\cidification . -. 
of the aqueous layer fbllowed by extraction with ethyl acetate gave 15 of an hcid, m.p. 202" (decomp.). 
Mixed melting point with a sample of VII was undepressed, and the infrared spectra (nujol mull) mere 
superposable. 

Photoditlzer of o-Hydroxy-trans-cinnamic Acid: l a , 3 ~ - D i - o - h y d r o s y p I r e n y l c y c l o b u t a n e - 2 ~ ~  A c i d  
( I X  l 

T ~ O  gkams of o-hydroxy-trans-cin~la~llic acid prepared from coumarin (27) was irradiated with ultraviolet 
light (Hanovia, Type 306). From time to time, the solid was stirred. After 48 hours the solid was extracted 
with hot chloroforn~, in which the monomer is insoluble. Evaporation of VIII gave 0.4 g of VIII. The melting 
point of VIII reported in the literature (320") was the same as  that of the dilactone 11, into \vhich it is 
converted on heating. 

Dilactone of I X :  la,S~-Di-o-hydroxyphenylcyclobz~talre-2,-dicarboxylic Acid Dilactolze ( 1 1 )  
The acid IX (200 mg) was heated with acetic anhydride for 5 minutes. The  anhydride was removed 

 under reduced pressure and the residue treated with aqueous sodiu~n carbonate. The insoluble dilactone 
(163 mg) was collected and crystallized from glacial acetic acid, n1.p. 324" (decomp.). 

Hydrolysis of 11 
The dilactone I1 (100 mg) was dissolved in 5% aqueous potassiunl hydroxide on heating. The solution 

was filtered, cooled to O0, and acidified cautiously with hydrochloric acid till neutral. After standing for 
15 n~inutes, the precipitated acid was collected (40 mg) and found to  be identical with I X  (infrared spectra). 

Decomposition of 11: Fortiration of Coii71zarin 
The dilactone I1 (50 mg) was heated a t  300' for 10 minutes in a test tube. i\n oily distillate collected 

a t  the top of the tube and was treated with a little ether when i t  crystallized. The crystals, m.p. 68", were 
found to  be identical with coumarin (mixed m.p.). 

Methylatio7r of I X :  Dimethyl  la,3~-D~i-o-n1etho.vypIzen~~lcy~lobz~ta~re-2a,-dicarbo.ylate ( X I )  
The  acid I S  (100 mg) was suspended in 30 ml ether containing a few drops of nlethanol. An excess of 

diazomethane in ether was added and the m i x t ~ ~ r e  allowed to stand a t  room temperature for 3 hoors. I t  
was worked up in the usual manner to  give 25 111g of the dimethyl ether dimethyl ester X I ,  m.p. 132" after 
crystallization from ether. ( F o ~ ~ n d :  C. 68.4; I-I, 6.4. Calc. for CPPH~JOG:  C, 68.7; H ,  6.3%.) 

Photodi?i~er of o -Methoxyc inna~~i i c  Acid:  la,S~-Di-o-?1rctlroxyplrenylcyclobz1ta?te-2ol,4~-dicarboxylic Acid ( X )  
An acetone solution of o-nlethoxy-tmns-cinnamic acid prepared by the methylation of coumarin (28) 

was evaporated on two watchglasses (7-cm diameter) by a fast stream of air. The snlall crystals thus deposited 
were irradiated by a Hanovia lamp for 36 hours. Fro111 time to  time the solid mas taken up in cold acetone 
to  relnove the sparingly soluble dimer X, and the acetone solution recycled. S (1.8 g) as  collected from 4 g 
of the monomer, and crystallized from chloroform-methanol, m.p. 264" (lit. (21) m.p. 26-1"). 

Il[ethylation of X: Dinzethyl la,S~-Di-o-nzethoxypIre~zylcyclobzrtane-2,-dicarboxylate ( X I )  
The acid (120 ~ n g )  was esterified with diazonlethanc as  described above to  give the same diester (130 mg), 

X I ,  1n.p. 132". h?ixed nlelting point with a sample prepared from I X  was undeprcssed and the infrared 
spectra ( n ~ ~ j o l  m~111) were superposable. 

ATrhydride f r o ~ t  X :  la,S~-Di-o-~1zetAoxyplretzylcyclobzrta~~e-2a,~a-dicarboxylic Acid  Anhydride ( S I I )  
The  acid X (200 mg) mas refluxed with 7 1111 acetic anhydride containing 5 mg p-toluenesulphonic acid 

for 6 hours. The acetic anhydride was retnoved under reduced pressure and the residue talien up in chloro- 
form. The chloroform extract was washed with alkali and dried over anhydrous sodium sulphate. Concentra- 
tion of the chloroform solution follo~ved by addition of petrol ether (b.p. 30-60") gave a crystalline anhydride 

C
an

. J
. C

he
m

. 1
96

2.
40

:1
24

9-
12

57
.

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
A

E
T

 K
IE

L
 o

n 
11

/0
9/

14
. F

or
 p

er
so

na
l u

se
 o

nl
y.
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(154 mg) which, after three crystallizations from chloroform - petrol ether, melted a t  188'. (Found: C, 70.9; 
H ,  5.6; mol. wt. (Rast), 323. Calc. for C?oHlaOa: C, 71.0; H ,  5.6; mol. wt., 338.) The infrared spectrum 
(CCIJ showed carbonyl bands a t  1814 and 1762 cm-l. 

Hydrolysis of XII:  la,S~-Di-o-~~ietko~y~i~e7tyl~ycIob~1tane-2a,~a-dicarboxylic Acid ( X I I I )  
The anhydride XI1 (170 mg) was treated with 10% aqueous sodium hydroxide a t  room temperature 

for 18 hours. The aqueous layer was extracted once with chloroform to  remove unchanged anhydride, and 
the aqueous layer acidified. Ethyl acetate extraction gave the acid XI1 (104 mg), which after crystallization 
from acetone - petrol ether melted a t  225-226'. Mixed inelting point with X was 199-220". (Found: C, 67.2; 
H, 5.9. Calc. for C?OH?OOO: C, 67.4; I-I, 5.9%.) 
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