
UNSYMMETRICALLY SUBSTITUTED 3,3'-METHYLENE BRIDGED 
2,2'-DIHYDROXYCHROMONES'," 

ABSTRACT 

Unsymmetrically substituted dicoumarol derivatives* have been synthesized by taking 
advantage of the fact that 4-hydroxycoumarins will undergo the hlannich reaction a t  Ca 
ancl also talx part in Michael-type addition reactions. In the presence of methyl iodide, 4- 
hydrosy-3-N-piperidinometl1ylco~1marin and 4-hydrosycournari~~ gave dicoumarol. By using 
~uoilosubstituted 4-hydrosycoumarins a variety of unsymmetrically substit~ited dico~u~l~arols 
have been prepared in good yield. The infrared spectra of some of the ii1terillediates and 
products are reported and discussed. 

A large variety of substituted derivatives of the ailticoagulant dicouinarol have been 
prepared with a view to the productio~l of a more active product having less side eifects. 
These compounds fall into t11.0 main groups: (i) those bearing a substitucilt on the 
bridge methylene group are generally prepared by condensing an aldehyde or ketone 
with 4-hydroxycoumarin; (ii) syinmetrically disubstituted clicot~marols, prepared by 
condeilsi~lg a substituted 4-hydrosycoumarin derivative with formaldehyde, as well as 
combinations of (i) and (ii). Neither of these methods is amenable to the preparation of 
unsymmetrically substituted derivatives (I) of dicoumarol, which are of a twofold in- 
terest: (a )  as possible physiologically active analogues of clico~~marol; (b) a mono- 
hydrosylated dicou~narol may be an active metabolic product of the anticoagulant but 
this hypothesis has never been tested owing to the u~lavailability of such hydroxy- 
dicoun~arols. We have now developed a method which appears to be fairly general for 
the synthesis of this type of compound. 

The methylene group a t  Cg in 4-hydroxyconrna1-i1l is reactive and will undergo I\~Iichael 
addition with suitably activated double boilds. For instance, addition will take place 
across the double bond ill ethylidencacetone (1). Sulliva~l et al. (2) suggest that for- 
mation of dicoumarol itself from formaldehyde and 4-hydsoxyco~imaril~ proceeds by 
this type of addition: the ~lnstable 3-methylene-2,4-dilietochroman is first formed; this 
is very reactive and cannot be isolated but reacts quickly with another molecule of 4- 
hydroxycoumarin to forin dico~~rnarol, this last step iilvolvi~lg a Michael addition. 

'ilfa?zz~script received il/Iay 15 ,  1958. 
Contribt~tion frovt tlte Departiitent of Cheinistry, University of Saskatcltewan, Saskatoon, Snskatchewa?~. 

T l t z s  article i s  basrd on a baber drese?tLed at the Llsl An?tz~al Co?tference a ~ z d  E.vkibilion o f  the Cheitzrcal 
I~tst i tz~te  of Canada, T o r o n t o , - ~ i a ~  36-28, 1958. 

' 

*The chemical nantc for dicoz~marol is 3,3'-?ncthylenebis(2-hydroxychroiltone) (see p. 1506).  On this basis the 
Tlante of ring-monosz~bstituted derivatives becontes very clzi?itsy, e.g., 2-1tydroxy-7-~ncthyl-S-chro?nonyl-2-ltydroxy- 
3-chron~onyl?~tethalte. We propose lo use the na11te dicou?narol to refiresent tlce ring systetiz of 9,3'-nzellzylenebis(2- 
l~ydroxycltro?i~one) and this practice %till be adhered to throughottt this paper. 

Can. J. Chem. Vol. 38 (1958) 
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They obtained support lor this suggestion by condensing 4-hydroxycoumarin (11) with 
an equimolai- quantity of salicylaldehyde to give 3-(o-1iydroxybenzylidene)-2,4-di- 
ketochroman (111), wliich could be isolated, and wliich reacted with 4-hydroxy-G- 
methylcoumarin (IV) to give (V), indicating the stepwise nature of the reaction. In- 
cidentally, (V) mas the only example oE n derivative of an i~nsynin~etricallp substituted 

dicoumarol we were able to fincl in the literature. If 3-methylene-2,4-cli1;etocIi~-oman could 
be generated in  situ in the presence of a substitutecl 4-l~yclroxyco~~marii~ derivative, 
aclditioil would take place to give the required type of compound. Condensation of 
4-hydrosycoun1arii1 with formaldehyde in the presence of a substituted 4-hydroxy- 
coumarin was I-uled out,  since this would probably give rise to an inseparable mixture of 
dicoumarol derivatives. On the other hand, formation of the activated double bond in 
s i t11  from :1 Mannich base was co~lsidered particularly suitable, since, by taliiilg aclvan- 
tage of the active methylene a t  C,,  Robertson and Link (3) and also PI-ochazlca (4) 
introduced a variety of aminomethyl groups in that  position. 

Heating together an eqi~imolar mixture of 4-hydroxy-3-~V-pipe1-idi11011lethylcou1n:tri11 
(VI) and 4-hydroxycoi~marin (11) gave a highly insoluble 'adclition complex' whose 
molecular composition corresponded to  the sun1 of one mole of (VI) ancl onc of (11). 
I n  view of the insolubility and instability of this complex its structure could be that of 
a salt of the type (VIIa). 

I t  was hoped that  the infrared spectrum would shed some light onto its strilcture, so 
that  i t  was first necessary to study the spectrum of 4-hydroxycoumarin ancl that  of 
4-hydroxy-~3-iV-piperidinometl~~~lcounarii, and then to see what changes tool< place 
when these two cornbilled to form the complex. 

Infrared Sfiectra of 4-JI~~droxyco~~marins 
4-Hydroxycoumari~l can exist in a ~ iu~ l lbe r  of tautomeric modificatio~ls, but,  according 

to Arndt ( 5 ) ,  because of resonance stabilization the two main forms are the 4-hydroxy- 
coumarin (11) and the 2-hydroxychromone (VIII) structures (see also ref. rib). 
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(11) ( V I I I )  

As to  which form predominates seems to  depend on the experimental collditio~ls and the 
nature of the substituents i f  present. From a s t ~ ~ d y  of the reactions of 4-hydroxycoumarin 
Iclosa (6) concluded that  the 4-hydroxycoumari~~ form (11) was favored but that  under 
special conditions ol  solvent or acidity the chrolnolle form could be favored. On the other 
hancl, from a consideration of the ultraviolet spectra of 4-hydroxycoumarins in ethanol 
solution, Garden, Hayes, and Thomson (7) suggested that  in this solvent 4-hydroxy- 
coumari~ls could exist in the lceto form (whether structures of types (VIII),  or the 
dilcetonic structure, were meallt is not clear). 

I t  should be possible to distingilish between structures (11) and (VIII) by infrared 
spectroscopy: (11) should exhibit a band for an D,O-unsaturated six-membered ring 
lactone a t  ca. 1710 cm-I (8) ,  whereas (VIIJ) should have a band a t  ca. lG6O cm-I corre- 
spondiilg to the a,P,oll,P1-di-~~nsaturated ketone (9), and none a t  1710 cm-I. An elegant 
application of this principle is seen in the elucidation of the structures of ~~ovobiocin and 
its degradation products; novobiocin and 3-acetamido-7-acetoxy-4-hydroxy-8-methyl- 
coumarin exist in the 4-hydroxycoumarin form (A,,,,, 5.02 p) (lo),  whereas il a free -OH 
group is present a t  C(7) as in dihydronovobiocic acid (10) or in 4,7-dihyd1-oxycoumarin 
(more correctly called 2,7-dihydroxychromone) (11) the chromone structure is the 
stable form (A,,,,, G.0 p). Similarly, the infrared spectra of 4- l~ydroxycoun~ari~~,  4-methoxy- 
coumarin, and 2 - rne t l~ox~~c l~ romo~~e  in the carbonyl region were stildiecl by I<nobloch 
and l'rocliaziia (12). In dilute etllylene chloride solutio~l 4-hydroxy- and 4-methoxy- 
cou~nar i~ l  exhibited a single strong band a t  ca. 1710 cm-I (with a nwdiunl intensity 
shoulder a t  1700 cm-I) corresponding to the a,O-unsaturated six-membered lactone 
structure, indicating that in that solvent 4-hydroxycoumarin probably exists exclusively 
in the 4-hydroxy form. Ou the other hand, 2-methox~rc11ro1none showed a single strong 
band a t  ca. 1650 cm-' corresponcling to the a,fl,ol',b'-di-unsaturated ltetonic stretching 
motion. Again, Wildi (13) reports a single band a t  5.90 p for 4-hydroxy-3-phenylcournaril~ 
in chloroforn~ solution, together with a \veal< -OH stretching band a t  2.87 p .  

Because of solubility and stability considerations it was only possible to measure the 
spectrum of the 'addition complex' obtained above as a Nujol m~rll so that it was desirable 
to sti~cly the spectrum of 4-hydroxycouma~in and 4-hydroxy-3-iV-pipfriclinomethyl- 
coumarin under such conclitioils. The  spectrum of 4-hydroxycoumarin in the solid state 
is much more complex than the solution spectrum. There was no -OH band a t  ca. 2.9 p 

but a nlediurn shoulder ~ v a s  present a t  3125 cm-I together with two medium pealis a t  
2730 and 2 3 0  cnl-l, iildicating that  the -OH group is strongly bonded. In the carbonyl 
region two bands were present: nt 1700 (s) (with an ill-defined shoulder a t  1709) and at 
1673 cm-'(s), the latter being the stronger of the two. The  spectruin of 4-hydroxy-7- 
rnetl~ox~~coumarin is rather similar%with bands a t  3125 (sh)(m), 2760 (w), 2620 (w), 
1707 (s) (mecliun~ shoulder a t  1714 cm-I), and 1672 cm-I (ms). I t  seems rather ~lnliltely 

*Tlais spectrz~ira i s  very similar to that obtained by Dr. R. 13. Thoi?tson a d  co-workers z i s i n ~  the 1CBr disk 
techniqzie. I.Ve uladerstand that they have itzade ala infrared stridy of 4-Iaydroxycoz~ir~arins, which i s  dz~c to be 
pzibli~l~ed soo?a, bz~t as our limited st7idy 7vas necessary for an iwlerprelalio?~ of our resrrlts zve are i~zcludiizg 
it here. W e  would like to tlcank Dr. Tlzo?rzson for sendi?z,o us  a tracing of the s~ectrz~ur of ./t-hj~droxy-7-111et~aox~~- 
cor~nzarin in 1Wr. 
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that  the strong band a t  1673 cm-I sliould be due to the conjugated C=C in the 4- 
Iiyclroxy form; tlie band for this group is probably merged xvitli the strong bro~id band 
a t  1618 cm-I. There are two possible interpretations for the presence of the txvo carbonyl 
stretching bands a t  1700 and 1073 cm-I. One is that  in tlie solid state tlie compound is a 
mixture of the two tauto~neric modifications, (11) giving rise to the higher and (VIII)  
to the lower band. Alternatively, the 1873 cm-I band could arise from partial inter- 
molecular hydrogen bonding betureen the -OH group of one molecule and tlie lactone 
carbonyl group of another; tlie two bands xvould then be due to a mixture of chelated 
and unchelated lactone carbony1 groups in the solid state. In dilute ethylene chloride 
solutioli, S L I C ~  chelation would not take place and only tlie band a t  ca. 1710 cm-1 mould 
be observed. This xvould also fit the fact that  a chloroform solution of 4-hyclroxy-3- 
phenylcoumarin has a single band a t  5.90 p and a weal: -0I-I ba ld  a t  2.87 p (13) (though 
in this case the steric effect of tlie phenyl substituent might prevent effective inter- 
~nolecular chelation). II' the first i~iterpretatioli is accepted one ~voulcl have to assume 
that in ethylene cl~loricle solution the 4-liydroxycoumarin form is stabilized with respect 
to the chromone structure. On the basis of the present evidence it does not seem possible 
as yet to decide between the two alternatives. Tlie same remarks apply also to 4-liydroxy- 
7-methoxyco~~marin, which again exhibits no peak a t  3150 cm-I; in this case the 1672 
cm-I peak is somewhat weaker than the 1701 cm-I one and completely resolved from it. 
4-H~~drox~~-3-iV-piperidinometh~~lcoum;ri has no hyclroxyl band in the 3 p region 

(in Nujol mull). There are two bands a t  27G5 (rn) and 2610 cm-I (w), but  only a single 
band is present a t  1678 cm-I. The  Mannich base, therefore, either exists in the cliromo~le 
form in the solid state, or is completely intermolecularly chelated, which is less likely. 
The absence of an -OH band coultl be due to such a chelation but could also be explained 
by i~lterllal salt formation (VIa) or internal hydrogen bonding (VIb). 

In the absence of a band a t  2440-2350 cm-1 for a n  R,YH+ grouping (14) (VIb) seerns 
the more probable structure. 

The spectrum of the 'addition complex' in Nujol mull shows bands a t  3170 (m) (broad) 
(bonded -OH), 2750 (m), 2730 (sh)(m), 2570 (m),  2470 (m) (R3NH+), 1719 (s) (a,@- 

unsiiturated 8-lactone), ;ind 1672 cm-I (s) (o,@,aJ,@'-di-onsat~lriited \\c=o). These fit 
/ 

structure (VIIb) rather well.' 
Tlie chemical evidence was also in accorcl with this ammonium salt structure for the 

(VIIb) 

"For foot~zole see NOTE o n  p. 1506. 
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addition complex. Thus, it co~~lcl  not be recr~~stallized ~vi thout  decomposition; tn.0 
recrystallizations l r o~n  nitromethane tl-ansformed it completely into dicoumal-01, which 
was also obtained by heating the complex wit11 mineral acid. These properties are in 
accord with tlle l<no~vn I-eactivity of i \ l an~l ic l~  bases cjuaternarjr salts (15). The  structu~-e 
postulated for the complex led us to  the expectation that  i f  4-h~~drox~7-3-N-pipe1-icIi110- 
methylcoumarin was quatcrnized with methj  1 iodicle belore treatment with 4-hydroxy- 
coumarin (11), the11 the addition complex ~voulcl not be formed ancl heating wit11 (11) 
should lead to dicou~narol readily. This was fully confirmed by experiment, no comples 
being formed and dicoumarol ( I ,  R = H)  being obtained in good yield. 

I t  was now necessary to prove that  the reaction had taken place by the addition of the 
added 4-hydroxyco~~marin to the 2,4-dil~eto-3-methylenecI1ron1a11 formed in sit11 from 
the L'Iannich base, and not by a partial reversal of the Mannich condensation follo~ved 
by addition of the 4-11ydi-oxycournari~~ so lormecl to  the chroman (the yield of dicounlarol 
obtained in tlle reaction already exclucles this possibility). This was readily done by 
treating 4-11ydroxy-3-N-piperidi110n1etl~ylcoumari1 metlliodide with 4-hydroxy-7-methyl- 
cournari11 to give 7-methyldicoun~arol ( I ;  R = 7-CH3-) which could also be obtained 
from 4-h~~droxy-7-methy1-3-~~~-piperidinometl11coumari metlliodide and 4-hydroxy- 
coumarin. Because of possible ambiguity owing to  the closeness of analytical figures 

NOTE: Drs. K.  P .  L ink  and S. Preiss have kindly itrformed zrs that they Izave observed a broad band at 1636 
c?lt-' i n  the spectrzrnz of the sodizmnz salt of 4-I~ydrorycoz~nzarin, presz~mably correspondi?tg to the anion 

N O  band at 171.9 c?rr-I was obse~ved. They suggest, therefore, that structzrre ( V I I c )  wozrldjt the infrared dataalso. 

The  fact that we observed (1 sharp band at 1672 cnz-I for this compoz~nd at a nzzrck higher freqzrency than the 
broad bond for the anion see71zs to speak against thzs possibzlzty though it does not rzrle it ozrt by a n y  7nea7zs. 1Ve 
would like to thank Drs. Liltk and Preiss for pornting the possibzlity ozrt to zrs. 

00 

for the 3-piperidinonzethyl derivative i s  ruled ozrt by the absence of a band at 2440-2860 cnr-I. 
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7 ,71-cl i~~~ethyldico~i~~~arol  was also prepared for comparison and shown to be different 
from the unsymmetrical dicoumarol obtainecl above. 

Having established the nature of the reaction, a number of u~lsymrnetrically substituted 
dicoumarols were prepared to examine its scope; 6-methyl-, 6-chloro-, and 7-hydroxy- 
dicou~narol were readily obtained in good yields from 4-hydroxy-3-N-piperidinomethyl- 
coumari~l methioclide and the corresponding substituted 4-1~~7drox~~coumarin. With 
4-hydroxy-7-~nethoxycoumarin a product was readily obtained which consisted mainly 
of the expected 7-~nethoxydicoumarol, m.p. 245-248O, as shown by analysis, ultraviolet 
and infrared spectra, and by demethylation to the 7-hydroxydicoumarol prepared above. A 
small proportion of the product, however, was a highly insoluble higher melting (290-292') 
substance for which good carbon aild hydrogen analytical values could not be obtained. 
That  it was a dicoumarol derivative was shown by its infrared spectrum (dicoumarols 
have a very characteristic type of absorption bands in the 6 p region) which, apart from 
the fact that it had one extra band a t  1110 cm-I (m), was practically identical with that 
of 7-methoxydicoumarol. Also its ultraviolet absorption spectrum in dioxan solution 
was very similar to that of 7-methoxydicoumarol, differing only slightly in the ratios of 
the intensities of the peaks, indicating that the chrornophoric systems were probably the 
same. The starting 4-hydroxy-7-inethoxycoumarin was a pure conlpound, as shown by a 
comparison of its melting point and infrared spectrum with that of a specimen ltindly 
supplied by Dr. R. H. Thomson, and also by demethylating it to the known 2,7-di- 
hydroxychromone. The higher melting by-product was not investigated further a t  this 
stage. The infrared spectra of the dicoumarols were measured and are reported in the 
experimental section. They are in accord with the results of Knobloch and Prochazka 
(12) and will not be discussed here (dicoumarol has been represented by the 4,4'-di- 
hydroxydicoumarin formula throughout this paper for convenience, though the infrared 
data indicate that the correct structure is that of a 2,21-dihydroxydichromone with 
strongly iiltra~nolecularly chelated -OH groups (see ref. 12)). 

The method described here for the synthesis of unsymmetrically substituted 
dicoumarols seems to be of general application. I t  is probable that it can be extended 
to dicoumarols bearing a substituent a t  the bridge methylene group by using aldehydes 
other than formaldehyde in the Mannich reaction. 

EXPERIMENTAL 

The melting points are uncorrected. Infrared spectra were measured with a Perkin- 
Elmer Moclel 21 instrument using sodium chloride optics. Ultraviolet absorption spectra 
were measured with a Becltmann DI< 2 recording spectrophotometer. 
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Reaction between 4-Elydroxycoumarin a?zd ~-FIydro3cy-5-N-pipe~'idinonzetlzylcoz~marin 
4-Hydroxy-3-i~~-piperidinomethylc0~11nari was best prepared by the method of 

Robertson and Link (3). 

(i) Witlzout n/i'etlzyl Iodide 
Pure 4-hydroxycou~nari~~ (0.164 g) and 4-l~ydroxy-3-N-pipei-idii~o1~1ethylcoumarin 

(0.26 g) were dissolved in hot absolute ethanol (5 1111) and the solution boiled u~lder reflux 
for 10 minutes. After 3 ~ni~lu tes  a crystalline solid began to separate out. The cooled 
suspe~ision was filtered, and the addition complex (A) (0.386 g) washed with a little hot 
alcohol. The product, m.p. 255-257', could not be rccrystallized without decompositio~~. 
I t  .was insoluble in ethanol, benzene, chloroform, and carbon tetrachloride but soluble 
in dioxan, tetrahydrofuran, acetic acid, cyclohexanonc, and dimethyl formamide. One 
recrystallization from nitrometharle gave i~npure product, n1.p. 258-260°, and a second 
recrystallization from the same solvent converted the material into dicoumarol, m.p. 
293-295', undepressed on admixture with an authentic specimen. For analysis purposes, 
(A) was washed repeatedly with hot alcohol and dried, the melting point remaining 
unchanged a t  255-257'. Found: C, 68.35; H ,  5.5. Calc. for C21H2306j\r: C, 68.3; H ,  5.5%. 

Heating the addition complex (0.386 g) in ethanol with concentrated hydrochloric 
acid (2 drops) for 1% hours gave dicoumarol (0.129 g, 89.5%), m.p. 290-292'. 

Infrared spectrum of the addition complex (Nujol mull) (main peaks only): 3170 (m) 
(broad), 2750 (m), 2730 (sh) (m), 2570 (m), 2470 (m), 1719 (s), 1672 (s), 1618 (s) (broad), 
915 (m), 768 (s), 684 cm-I (w). 

(ii) Using Methyl Iodide 
4-Hydroxy-3-iV-piperidinomethylcou~nari (0.13 g) was dissolved in absolute cthanol 

(3 ml) and treated with an excess of methyl iodide (1 ml; if molar q~~ant i t ies  are used 
only the addition co~nplex (A) is obtained). 4-Hydroxycoumarin (0.082 g) in hot ethanol 
(3 ml) was added and the solution boiled under reflux for 4 hours, during which time 
dicoumarol gradually separated out. The product (0.151 g) was collected and rccrystal- 
lized from cyclohexa~lone giving pure dicoumarol, m.p. 289-292O. Found: C, 68.21; 
H, 3.36. C19H1206 requires C, 68.0; H ,  3.6y0. 

Infrared spectrum (Nujol mull) (main pealis only): 2770 (w), 2650 (w), 1663 (s), 
1640 (s), 1612 (s), 1575 (sj, 1555 (m), 1112 (s), 913 (rn), 772 (s), 751 (m), 742 cm-I (s). 

~.-EIydroxy-7-metlzyl-3-N-piperidinomethylcoumarin 
A solution of piperidine (0.73 ml) and formaldehyde (0.5 ml, 38y0) in absolute ethanol 

( 5  ml) was added to a boiling solution of 4-hydroxy-7-methplcoumarin (1.0 g) in absolute 
ethanol (10 ml) and the mixture kept a t  5' in the refrigerator for 3 days. The solid which 
separated (1.42 g), m.p. 177-17g0, was recrystallized by dissolvi~lg it in hot ethanol 
and adding anhydrous ether until a turbidity appeared and then alloiving to stand. After 
three such recrystallizations the pure base, m.p. 173-174O, was obtained. Found: C ,  
70.27; H ,  7.04. Calc. for C16H1gO3N: C, 70.31; H, 7.01%. 

7-Methyldicoumarol 
(i) From 4-Hydroxy-7-methylcoz~marin 
A solution of 4-hydroxy-3-N-piperidi~lomethylcoumarin (0.259 g) in ethanol was 

treated with methyl iodide ( I  ml) and after heating for a few minutes a solution of 
4-hydroxy-7-methylcoumarin (0.174 g) in hot ethanol was added and the mixture boiled 
under reflux for 3 hours. The solid which separated (0.31 g), m.p. 256-25g0, was re- 
crystallized from cyclohexa~lone giving 7-methyldicoumarol, m.p. 261-262'. Found: C, 
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68.80; FI, 3.97. Calc. lor C?o1-IllOr;: C ,  68.5; T I ,  4.03%. Irlfrnrccl spectrum (Sujol mull) 
(main pealis o111y) : 2755 (KT), 2620 (n r ) ,  1658 (s), l(X33 (s), 1613 (s), 1570 (nl). 1555 (sh) (m) ,  
1105 (s), 803 (m), 777 ( ~ n ) ,  755 (m) ,  735 cn-I (111). 
The procluct was different from both clicoumal-ol ancl 7,7f-clin~etl~~~lclicouma~-ol.  

111 the absence of methyl iocliclc the correspondi~lg aclclition complcx, m.p. 234-23(i0, 
was obtainccl in 70% yield. I t ,  too, decomposed to give tlie clicoumarol on attempted 
recrystallization, ant1 a specimen pure enough lor arlalysis could not be obtnir~ecl. 

(ii) I;rorn /t-1~ydroxy-7-methyb-S-r\;-~i~eridin~o~~1~et71.yl~o~~n~a~in~ 
1fIethyl iocliclc (1 ml) was adclecl to a solution of 4-l1yclroxy-7-methyl-3-~\~-piperidino- 

metliylcoumari~~ (0.273 g) in absolute ethanol, tlie solution heated for 5 minutes, and 
4-hydroxycoumari~~ (0.162 g) in hot ethanol added. Aftel- boiling under I-eflux for 5 
~iiinutes the procluct began to separate. The mixture was refl~lxed lor another 2+ hours, 
cooled, filtered, and the solid (0.245 g),  m.p. 255-25S0, recrystallized from cyclohexanone 
to give 7-~netl~~~lclicoumarol, m.p. 255-257", undepressed on admixture with the specimen 
obtained as under (i). 

7,7'-Dimeth yldicoz~?narol 
Formaldehycle (2 ml, 38%) was aclded to a boiling solution of 4-hydroxy-7-methyl- 

dicoum;~~-01 (0.5 g) in 50% ethanol (50 ~ n l )  and the solution boiled for 5 minutes giving 
impure procluct (0.454 g) ,  n1.p. 273-293". Recrystallization from glacial acetic acid gave 
7,7'-dimethyldicoumarol, 111.p. 202-294", depressed to 260-270" on admixture with 
7-methyldicoumarol. Founcl: C, 69.21; H ,  4.47. Calc. for CzlHIGOG: C,  69.2; 1-1, 4.44%. 
r2nschutz (16) gives m.p. 273-275' for this compound. 

6-Metlzyldicoz~ma~ol 
This was obtained i l l  89.4% yield lrom 4-hydroxy-(i-n1etI1ylcoumarin, 4-hydroxy-3-3- 

piperidinomethylco~~m:~rin, and methyl iodide. I t  hacl 11i.p. 250-251" (from cyclo- 
hexanone). Found: C,  68.57; H,  4.01. Calc. for C,oH1406: C,  68.57; FI, 4,03%. 

6- CI~lorod ico~~marol 
This was similarly obtained from (i-cl1loro-4-l1~~drox~~cou1narin, 1-h~~lroxj7-3--IT- 

pipericlinometliyIcoumarin, ancl methyl iodide. Yield 90.3%. Recr)~stallization from 
cyclohcxnnone gave pure product, 111.11. 2(i(j-268". 1;ound: C,  62.2; H,  2.93. Calc. for 
Cl&-IllO(iCI: C,  61.0; H, 3.00%. Inlrared spectru~n (Kujol mull) (main pealis only): 
2720 (w), 2595 (w),  1657 (s),  1632 (s), 1607 (m), 1571i (m), 1500 (w),  1109 (m),  914 (w),  
509 (w), 76.5 cm-I (ni). 

7-~~lre t1~o . . i yd icou~~~aro l  
4-Hyclrox.~~-7-metl1ox~~couma1-in u1as prepared from 2-l1ydroxy-l-metl1ox~~acetop11~1io11e, 

cliethyl carbonate, and p~~lverized s o d i ~ ~ m  by tlie method of Desai and Sethna (17) and 
was identical in melting point (nlixed melting point undepressed) ancl infral-ed spectrum 
wlth a specimen liindly supplied by Dr. R. H.  Thomson (Abercleen University, Scotland). 

4-Hy~lrosy-3-.\~-piperidinomethylcoumari1i (5.2 g) in absolute ethanol (30 ml) was 
treated with a large excess of methyl iodide (20 ml). l-H.~droxy-7-methox.~~coumari1i 
(3.84 g) in ethanol (80 nil) was then added and tlie mixture boiled under reflux for 4 
hours. The cooled suspension was filtered and the solid, m.p. 245-260°, extracted three 
times with boiling glacial acetic acid. On cooling, the combined extracts deposited 
slightly impure 7-met l~oxydicou~n~rd  (5.0 g),  which on recrystallization from glacial 
acetic acid gave product (4.0 g), m.p. 245-248". Further recrystallizations from acetic 
acid did not raise the melting point. Found: C, 65.41; H,  4.05. Calc. for CzoFI1407: C, 65.57; 
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H,  3.83%. I~lfrarcd spectrum (Nujol mi111) (maill peaks): 1055 (s) (bro'd), 1620 (s), 
1602 (s), 1363 (s), 1512 (m), 1098 (s), 833 (m) ,  803 (m),  77.5 (m),  732 (m), 7-10 cm-I 
(sh) (m). Ultraviolet spectrum (in clioua11 solutio~l) . A,,,, :323 (infl.), ::17, 307 (infl.), 259 my 
lop3 E :35.1)!), 29.95, 37.52, 20.95. 

The  I-esiclue (0.5 g) il-om thc acetic acid e x t r , ~ c t i o ~ ~  w,ls reLl)stc~llizecl fro111 cyclo- 
hexanone giving colol-less crystals, 111.p. 290-292'. Goocl allalytical figures could not be 
obtai~led lor this compound (found. C ,  0-1.17; H,  -1. 4.I,yO), \vhich clifferccl gl-catlj, in 
solubility from the 7-methos~dico~~maro l ,  111.p. 243-2LS0, obtaii~ed above. The infl-ared 
spectrum nas  iclcntic,~l with that of 7-metl~oxydico~~marol evcept lor a si~lgle \\-eak peal; 
a t  1110 cm-I \i7hich xxlas abscnt in the spectl-urn of the lo~irer melti~ig pi-oduct. The  iiltl-a- 
violet spectrum measured ill clioxal~ is very similar to that  of 7-rnetl~ox~-clicoi11~~arol 
indicating that  no change has occ~~rrccl i l l  the chromophoric s).stem A,,,:,, 32-1 (i~ifl.), 317, 
307 (infl.), 281) my 10-J c (assuming the same ~llolecular ncight as 7-met11oxydico~1marol) : 

33.44, 40 12, 93.70, 2 0 . 3 .  

4,7-Dikydroxycoz~mari7z (2,7-D~hydro.cychrornone) 
A mixture of 4- l~~.dros~~-7-metho?cycoun~,~rin  (0.8 g) ancl a n h g d r o ~ ~ s  aluminu~ii chloride 

(4 g) in dl)- benzene (150 ml) was boiled uncler reflux for O llours. Crushed ice ancl dilute 
hydrochloric acid \Irere thcn added to the cold ~ n i x t i ~ r e  and the benzene evaporated off 
giving 4,7-cliI~g-drosycoumarin (0.7-1 g), m.p. 265-2(3S0, which could be I-ecrystallized 
from dilute methailol. Rauer and Schoder (18) give n1.p. 264' (decamp.) for this com- 
pound. 

7-EIydroxydicoz~marol 
(i) 4 -Mydroxy-3- : \T-p iper id i i~o~i~c t l~y lco~nr i  (0.114 g) ill a b s o l ~ ~ t e  ethanol was treated 

with methyl iodide (2 ml) and then with 4,7-di11ydrosycoi1marin (0.75 g) and the mixture 
refluxecl for 8 hours. Worlci~lg up in the i~sual way gave 7-hydroxydicoumard (0.115 g),  
m.p. 300-3034', \vhich oil recrystallization from glacial acetic acid had m.p. 390-302'. 
Found: C, 64.67; H ,  3.79. Calc. for C19H1?07: C ,  64.77; 13, 3.i13Y0. Infrared spectrum 
(Nujol mull) (main pealis only) : 3380 (m) (hi-oad), 2740 (w),  2600 (w), 1655 (sh) (s), 
1635 (s), 1608 (s), 1573 (s), 1315 (s), 11 13 (s) (broad), 8.56 (m),  808 (m),  798 (m),  770 (s), 
755 (s), 744 cm-I (m). 

(ii) 7-Methoxydicoumarol (0.5 g, m.p. 245-248') :uncl anhyclrous a l u m i n ~ ~ m  chloride 
(2.5 g) in dry benzene (100 ml) were boilecl i~ncler reflux for 8 hours. Crac1;ecl ice and 
dilute h~~clrochloric acid were added to the cold mixture, the benzene was I-enioved, and 
the product recrystallized from glacial acetic acicl giving 7-hyclrosydicoi~marol (0.321 g) ,  
m.p. 300-302' i~ndepressed in admixture with material obtained as u~lcler (i) above. 
The  infrared spectra of the t\vo products \-vere also iclelltical. 

This work was carried out du~i l lg  the tenure (by J.R.G.) of a Thorvaldson Scholarship. 
We wish to thnnl; Dr. R. H. Thornso~l (Aberdeen) for a specimen of 4-hyclroxy-7- 
methox)~coumarin and Dr. L. V i ~ ~ i n g  for the use of a Ueclirna~~n DI< 2 recording spectro- 
photometer. 
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