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The lower  se lec t iv i ty  of the methyla t ion  of 4 -me thy l -7 ,8 -d ihyd roxycoumar in  as compa red  
with the methyla t ion  of 6 ,7 -d ihydroxycoumar ins  is explained by means  of the pK a values  
and data f r o m  the PMR and IR s pec t r a  by the sl ight d i f ference in the acidi ty  of the hydroxyl  
groups  in the 7- and 8-posi t ions .  

The alkylat ion of eseulet in,  i .e. ,  6 ,7 -d ihydroxycoumarm (Ia), and 4 -me thy l -6 ,7 -d ihyd roxycoumar in  
(Ha) p roceeds  p r i m a r i l y  at the oxygen a tom in the 7- o r  6-posi t ion,  depending on whether  1 or  2 moles  of 
alkal i ,  r e spec t ive ly ,  is used {1, 2]. This  is explained by the fact  that  main ly  the monophenoxide ion is 
f o rmed  under  the infiuence of 1 mole  of a lkal i  due to the m o r e  acidic hydroxyt  group  in the 7-posit ion;  how- 
ever ,  ff the re  is suff icient  a lkal i  for  convers ion  of both hydroxyl  groups  to anions,  the m o r e  basic (and in 
this case  m o r e  nucleophilic) anion in the 6-posi t ion is p r i m a r i l y  alkylated.  

We have c a r r i e d  out the methyla t ion  of 4 -me thy l -7 , 8 -d ihyd roxycoumar in  {4-methyldaphnetin) (Ilia) 
with dimethyl  sulfate  and the methyla t ion  of Ia, Ha, and lIIa with d iazomethane.  

To fac i l i ta te  the identif ication of the products  of methyla t ion  of IIIa, we synthes ized its 7- and 8- 
monomethyl  e thers  (IIIb, c, r espec t ive ly) .  Compound IIIb was obtained by a known method [3]. The synthe-  
s is  of IIIc was accompl i shed  by a new method, inasmuch as the methods desc r ibed  in the l i t e r a tu re  a r e  
e i ther  too complex  o r  lead to one of the i somer i c  e thers  of insufficiently definite s t ruc tu re  [4, 5]. We ob- 
tained IIIc f r o m  the acces s ib l e  4 - m e t h y l - 7 - h y d r o x y - 8 - a c e t y l c o u m a r i n  [6] (IV) via the following scheme:  
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The in t e rmed ia te s  W-VII) have not been desc r ibed  in the l i t e r a tu re .  Substance IIIe d i f fers  f r o m  IIYa with 
r e s p e c t  to its IR spec t rum,  pK a value, and ch roma tog raphy  on paper  and Sflufol. 

The r e su l t s  of the methyia t ion  of HIa in the p r e sence  of i mole  of NaOH proved  to be somewhat  unex-  
pected: a mix tu re  of app rox ima te ly  equal amounts  of i somer i c  e the r s  IIib, c (in yields of 9.1 and 13.1%, 
r e spec t ive ly ,  toge ther  with 7.9% IIId) was fo rmed .  The yie lds  of e thers  IIIb, c (7.1 and 13.8%) a l so  di f fered 
only s l ight ly  in the p r e s ence  of 2 moles  of NaOH, and it was  even m o r e  difficult to evaluate  the re la t ive  r e -  
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TABLE 1. pK a Values and Data f rom 
Hydroxycoumarins 

Corn- pK a in 
pound 70% alcoho~ 

Xa b 
VIlIa~ 

XIa" 
IXa 

Ia 
IIa 
tc 

Iie 
Ib 

lib 

XIIa b 
Ilia 

9,22 
9,35 

10,40 
10,56 
8,60 
8,76 
8.96 
8,90 

10,40 
10,57 

the IR Spectra of 

9,00 
9.15 

IIIc 8,99 
lllb 10,02 

IR 
recording conditions 

C 
CHCI3 ,c=10 -3M,d=lcm 

CHCI3, c=lO-3M, d=l cm 

CCI4, c~lO-4M, d=5 cm 

CCI4, c=lO-4Md, d=5 crn 

CHCI3, c=lO SM, d : l  am 
r 

CCla, c=10-4~de d=5 CI "n  

CC14, c=lO-4M.,d=5em 

spectra 

~OH" C 1TI'I 'vc~ o, ClTI "1 

3600, narrow 

3602, narrow 1723 

3550, narrow 11733,inflect. 1752 

3570, narrow 1742 and1731, doublet 
with equally in- 
t ealse c o m -  

[3552. broad;shoulder " [ 17p~ 

at3615 [ 
3518, narrow i 17~4 
[3565 11749 

aThe s tandard e r r o r  in the determinat ion was no more  than 0.06 
pK a units in all cases .  
bCompounds Xa, XIa, and XIIa a re ,  respect ively ,  7-hydroxy- ,  6- 
hydroxy- ,  and 7 ,8-dihydroxycoumarins .  
CIn CC14 solution (c 10 -4 M, d = 5 em), vOH 3600 cm -1. 
dWhen c = 10 -3 M, the indicated frequencies  do not change. 
ewhen c = 10 -3 M, the f requencies  a re  3560 and 1748 cm -1, 
respect ively .  

act ivi t ies  of the 7- and 8-phenoxide ions in this case  in view of the fact that a considerable port ion of the 
s tar t ing mate r ia l  is converted to the diether (21.6%), and it is not known which monoether  is its p recu r so r ,  

R 'r R~ 
I 

OR 

I,II a-d II[ a-d 

I R"=H;  II,III R'=CHa;  | - I I |  a R = R ' = H ;  b R = H ,  R'=CH3; c R=CH3, 

R ' = H ;  d R = R ' = C H  3 

The resul t s  of the methylation of Ia and IIa under the same conditions as those in the prepara t ion of 
IIIa (the yields of the react ion products in all  of these experiments  were determined by means of the PMR 
spectra)  a re  in agreement  with ea r l i e r  data obtained when the  react ion products were  analyzed by paper 
chromatography  [1, 2]. Thus, the following compounds (yields in percent  given) are  formed in the methyla-  
t ion of Ia and IIa with 1 mole o f  alkali: ]b 40.2, Ic 4.6, I d  5.4, I]b 20.6, Hc 2.6, and IId 2.4. When 2 moles  
ofa lkal i  a re  used, the following compounds are  formed (yields in percent  given): Ib 6.6, Ic 36.3, Id 13.2, 
]2b 6.2, IIc 31.2, and lid 13. Moreovere the  e r r o r s  i n t h e  determinat ion a re  such that they do not affect the 
conclusions regarding  the p r i m a r y  direct ion of alkylation (see the exper imental  section). 

In o rde r  to at tempt to explain the indicated behavior of IIIa in alkylation react ions we determined the 
ionization constants  of IIIa and its i somer ic  e thers  IIib and IIIc and compared  them with the ionization con- 
stants of Ia and IIa and thei r  monoethers  (Table 1). An examination of the PKa values makes it possible to 
conclude that the 7-hydroxy derivat ives  with a methoxy group in the 6- o r  8-posit ion are  s t ronger  acids 
than the 6-hydroxy-  o r  8-hydroxy derivat ives with a 7-CH30 group. This corresponds  to the difference in 
the acidity between 7- and 6-monohydroxycoumar ins ,  and the experimental ly  found pK a values of o-dLhy- 
droxycoumar ins ,  consequently, a re  related to the 7-OH group. The second ionization constant is not de ter -  
mined by potent iometry  in an aqueous alcohol medium; as in pyrocatechol  [7], it possibly cor responds  to 
pK a -> 12. The 4-methyl -subs t i tu ted  compounds have higher numer ica l  pK a values than the corresponding 
4-unsubst i tuted hydroxycoumarins :  on the average,  the difference in the pK a values of the corresponding 
hydroxy derivat ives is 0.15. Compound llIb is a s t ronge r  acid than IIb, which may be explained by the elec- 
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t r on -accep to r  effect of the r ing-es te r  group. The introduction of CH30 or  HO groups into the 6- (or 8-) 
position of 4 -me thy l -7 -hydroxycoumar in  (VIIIa) intensitifes the acidity of the hydroxyl group in the 7-pos i -  
tion, and the effect of the 6-OH group in the esculetin se r ies  is s t ronger  than the effect of the 6-OCH 3 group, 
but the r e v e r s e  tendency exists in the dephnetin se r ies :  the pK a of IIIa is 9.15, while the pK a of Ilic is 
8.99. It is t rue that the e r r o r s  in the measurements  may level out this small  yet appreciable difference. It 
may be assumed that the CI-I30 group in 8-methoxy derivative IIIc is part ial ly removed f rom conjugation 
with the benzene ring as a consequence of s ter ic  hindrance (which is observed in molecular  models).  How- 
ever,  the presence  of a CH30 group in the 7-posi t ion of the 4 -methy l -6 -hydroxycoumar in  (Ha) molecule 
does not change the pK a value. In the benzene ser ies ,  the introduction of a methoxy group into the ortho 
posit ion relat ive to the phenolic OH group also does not change the pK a value, but the presence  of an ortho 
hydroxyl group increases  the acidity. One may therefore ,  with a cer ta in  degree of caution, assume that 
4 -methy l -8 -hydroxycoumar in ,  the ionization constant of which has not been determined (because of the low 
access ib i l i ty  of this substance or  its 4-unsubsti tuted homolog), is close in acidity to liIb (pK a ~ 10). Thus, 
the l e s s - exp re s sed  select ivi ty of the alkylation of Ilia as compared  with Ia and IIa in the presence  of 1 or  2 
moles  of alkali should be explained by the sma l l e r  differences in the acidities of the hydroxyl groups in the 
7- and 8-posit ions.  This is also in agreement  with the resul ts  of methylation by diazomethane: the yields 
of Ilib and liIc a r e  8.7 and 6.5%, respect ively  (IIId 1.5%), while Ic and IIc a re  not formed at all  under these 
conditions, and the yields of Ib and lib a r e  10.8 and 12%, respect ive ly  (Ib 3.4% and lid 2.4%). 

As in the case of pyrocatechol  monoether  [8, 9], the presence  of in t ramolecular  hydrogen bonding was 
observed in a study of the IR spec t ra  (in CHCI 3 and CCI~) of monoether  derivatives of II and IIL The intra-  
molecu la r  hydrogen bond in monoethers  IIb, c and IIib,c is charac te r i zed  by an energy that cor responds  to a 
band shift of 30-80 cm -1 in CC14 or  CHC13 solutions if it is supposed that the free hydroxyl groups of the 
monoethers  should have approximately  the same stretching vibration frequencies,  i.e., ~3600 cm -1, as 
monohydroxycoumarins  (for example, Villa and IXa). 

The hydrogen bond in 7-hydroxy derivatives IIc and IIIc is s t ronger  than in 6 (8)-hydroxy derivat ives 
IIb and liIb, inasmuch as lic and IIIc a re  re la t ively s t ronger  acids,  and the oxygen atoms of the CH30 groups 
in IIc and IIIc bear  re la t ive ly  higher e lect ron densities than in IIb and IIIb. The hydrogen bond is s t ronger  
in liic than in lic; this may be associa ted  with the high e lectron density on the oxygen atom of the methoxy 
group of liIc, confirming our  assumption of removal  of this group f rom conjugation with the benzene ring. 
The f requency of the OH group in 8-hydroxy derivative Ilib is somewhat lower than in 6-hydroxy derivative 
lib, and this cor responds  to the higher acidity of IIIb. However, it is difficult to sufficiently accura te ly  
es t imate  the relat ive e lec t ron densit ies on the carbon atoms in the CH30 groups of lib and IIib. On the 
bas is  of indirect  data, namely, f rom the pK a values of 7-hydroxy derivatives IIc and liIc, it can be stated 
that there  should notbe a substantial  difference in the e lec t ron-donor  cha rac te r  of the oxygen atoms of these 
groups with respec t  to the proton. It follows f rom quantum-chemical  calculations* by the simple Hiiekel 
method with Pullman pa rame te r s  [10], without introduction of an auxil iary inductive parameter ,  that the 
residual  charge  on the oxygen atoms of the 6-OH and 7-OH groups of Ia is 1.9319 and 1.9222, respectively,  
as compared  with 1.9105 and 1.8987 for  6,7-dimethoxycoumarin,  1.9320 and 1.8986 for  Ib, and 1.9104 and 
1.9224, respect ively ,  for  Ic. All of these values a re  in agreement  with the ionization constants and the IR 
spec t ra  in the region of the stretching vibrat ions of OH groups.  However, in the 7 ,8-dihydroxyeoumarin  
se r i e s  the quantum-chemical  calculations by the indicated method frequently do not cor respond  to these 
experimental  data, apparent ly mainly because the inductive effect of the heteroatoms and the stei ' ic fac tors  
were  not taken into account in the calculations.  We note that the oxygen atom of the heteroring,  as was 
a s sumed  for  7 ,8-dihydroxy-  o r  7 -methoxy-S-hydroxychromones  [11], ra ther  than that of the CHuG group 
may  part icipate in the format ion of an in t ramolecular  hydrogen bond in Ilib. The tes t  with FeCI 3 serves  as 
a confirmation of the fact  that in compounds of the Ilia, b type there  is a possibil i ty for  coordination of the 
proton of the 8-OH group with the heterocycl ic  O atom. In concentrated alcohol solutions, 7 -e ther  IIIb gives 
a g reen  colorat ion with FeC13. In contras t  to this, esculetin monoethers  of the Ib, c and IIb, c type do not 
give a color  react ion with FeC13. 

The in t ramolecular  hydrogen bonds in monoethers  IIb, c and [lib, e and also in Ilia and VliIa-IXa are  
disrupted in te t rahydrofuran  (THF) solution, and the s tretching vibrations of the OH groups in the IR spec-  
t ra  (c 0.1 M) appear  as broad bands at 3200-3230 cm -1 for  lib, c; iIIb, e; Ilia; and VIIIa; and at 3263 cm -I 
for  IXa. The in t ramolecular  hydrogen bonds of compounds of the indicated type are  evidently completely 
disrupted in aqueous and alcohol solutions and therefore  do not affect the ionization constants under these 

* The calculations were  made by M. E. Pe re l ' son ,  to whom the authors exprss  their  gratitude. 
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conditions.  As in THF,  p r i m a r i l y  in t e rmolecu la r  hydrogen bonds a r e  f o rmed  in the c rys ta l l ine  s ta te .  F o r  
example ,  the IR spec t r a  of Ic, Ha, Ilia, IIIb, IXa, and VliIa a r e  cha r ac t e r i z ed  by broad POH bands at 3333, 
3280, 3100-3450, 3200-3445 (and 3550), 3330, and 3150 cm -1, r e spec t ive ly .  Of the spec t r a l  c h a r a c t e r i s t i c s  
of monoe the r s  II and HI we also note the higher  values  of the f requenc ies  of the s t re tching v ibra t ions  of the 
C = O  group in the III s e r i e s  as  com pa red  with li. 

E X P E R I M E N T A L *  

Leningrad  ,,slow" pape r  impregnated  with 0.1 M sodium bora te  solution was used fo r  pape r  c h r o m a -  
tography  by the method in [12]; the s y s t e m  for  ascending ch romatography  was butanol sa tu ra ted  with water ,  
and the c h r o m a t o g r a m s  were  developed with UV light. Genuine individual subs tances  or  the i r  a r t i f i c ia l  
m i x t u r e s  w e r e  used in al l  ca ses  fo r  moni tor ing.  

The yie lds  of reac t ion  products  we re  de te rmined  f r o m  the PMR spec t ra  with a Var ian  T-60 spec -  
t r o m e t e r .  A genuine sample  of N~methyl -N-phenylbenzenesul fonamide  with mp 78.5-79.5 ~ s e rved  as  the 
r e f e r e n c e  compound. The CH30 groups  were  identified by the addition of genuine s amples  of the e thers  in 
model  and working exper iments .  

The acid  d issoc ia t ion  cons tan ts  w e r e  de te rmined  po ten t iomet r iea l ly  in 70% ethanol (by volume).  The 
solution concent ra t ions  for  t i t ra t ion  w e r e  1 �9 10 -3 M, and the pH values  we re  m e a s u r e d  with a PHM-26 
p H - m e t e r .  

Methylat ion of 4 -Methy l -7 ,8 -d ihydroxycoumar in  (IIIa). A) A total  of 1.89 g (15 mmole)  of dimethyl  
sulfate  was added in th ree  port ions in the course  of 3 h with s t i r r ing  at 0 ~ to a solution of 0.96 g (5 mmole)  
of l iIa and 0.6 g (15 mmole)  of NaOH in 8 ml  of wa te r ,  a~d the mix tu re  vms s t i r r e d  for  another  hour and 
f i l t e red  to give 0.35 g of the known diether.  (IIId) with mp 131.5-133 ~ [9]. The alkaline f i l t ra te  was acidif ied 
to give 0.43 g of a p rec ip i t a te  containing (according to paper  chromatography)  liIc with R f  0.47, liIa (at the 
s ta r t ) ,  and t r a c e s  of IIId with R f 0.91. The prec ip i ta te  was t r e a t ed  with 50 ml  of hot toluene, and the 
toluene ex t r ac t  was cooled and f i l tered.  The f i l t r a t e  was evapora ted  to one- th i rd  of its or ig inal  volume 
and al lowed to stand to give 0.1 g (10%) of IIIc with mp 156-157.5 ~ containing t r a c e s  of Ilia (no more  than 
0.5%). The Ilic obtained in this m anne r  was identical  to a genuine sample .  

B) A 0.96-g sample  of IIIa was methyla ted  by means  of dimethyl  sulfate  in acetone  containing K2CO3 by 
the method in [10]. The c rude  product ,  which, accord ing  to pape r  chromatography ,  contained both mono-  
e the r s ,  a d ie ther ,  and the s ta r t ing  substance,  was  t r ea t ed  with 5% NaOH, and the mix tu re  was f i l te red  to  
give 0.22 g of Ilid. The a lkal ine  f i l t ra te  was acidif ied to give 0.45 g of a prec ip i ta te ,  which was t r ea t ed  
with toluene as  d e s c r i b e d  above to give 5% of 1Ili) with rap 155-156.5 ~ containing t r a c e s  of IIIc and IIt~; IIIb 
d e p r e s s e d  the melt ing point of a genuine sample  of IIIe and was identical  to a genuine sample  of IIIb ob-  
tained by the method in [9]. 

C) A 1.89-g (15 mmole)  sample  of dimethyl  sulfate  was added to a solution of 2.88 g (15 mmole)  of 
IIIa and 0.6 g (15 mmole)  of NaOH in 180 ml  of alcohol,  and the mix ture  was s t i r r e d  at 20 ~ for  5 h and 
al lowed to stand fo r  ~ 16 h. It was  then acidif ied (with r e s p e c t  to Congo red) with HC1, and the liquid was  
r e m o v e d  comple te ly  by vacuum dist i l lat ion.  The dry  res idue  was t r e a t e d  with 10 ml  of water ,  and the mix-  
tu re  was al lowed to stand at  4 ~ for  ~20  h. The resul t ing prec ip i ta te  was r emoved  by f i l t rat ion,  washed 
with 5 ml  of water ,  and vacuum dr ied  ove r  P20~ to give 3.04 g of product  (product A). The aqueous f i l t r a te  
was ex t rac ted  with dichloroethane (five 1 0 - m l  port ions)  and methylene chlor ide  (five 10 -ml  port ions) .  The 
combined organic  solutions were  washed with w a t e r  (two 10 -ml  portions) and vacuum evapora ted  (near the 
end with the addit ion of two 10 -ml  por t ions  of CC14). The r e s idue  was vacuum dried over  P205 to give 
0.30 g of product  (product B, a s em i e ry s t a l l i ne  mass ;  the monoether  content in a l l  of the expe r imen t s  was 
0.2-5.3%, while the d ie ther  content was 2.4-7.1%). All of the aqueous solutions were  vacuum evapora ted  to 
d ryness ,  and the res idue  was vacuum dried o v e r  P205 and ex t rac ted  with methylene chlor ide  (three 30 -ml  
port ions)  by refluxing each t ime  fo r  15 min.  Carbon t e t r ach lo r ide  (two 5 - m l  port ions)  was added, and the 
solvents  w e r e  r e m o v e d  comple te ly  by vacuum dis t i l la t ion (product C r ema ined  in the flask; the e the r s  and 
s ta r t ing  m a t e r i a l s  w e r e  absent  in this and subsequent  exper iments ) .  

* The  au thors  thank V. S. T r o R s k a y a  fo r  r ecord ing  the tK spec t r a .  
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TABLE 2. R e s u l t s  of Methy la t ion  of D i h y d r o x y c o u m a r i n s  

Reaction I Yields of ethers, a % 
--i ........ !- ~0verall . . . . . . . . .  ~1 . . . . .  ~er-a-l-IF--T---1 ]overall 

conditions Ib ~e Id yield, ,Ib nc I lld yield,]ulblIHelH1dlyield 

ImoleNaOH, ! 
lm'o!e (CHa)2SO4, 40,2 : 

alcohol 20 ~ N 2!0 h 
2moleNaOH, 
1 mole (CHa) ~SO~. 6,6 

alcohol20 o, N 20 h 

DMFA + ether 10,8 

4,6 5,4 
i 
L 

I .  

36.3 13,2: 

i 

0 b 3,4 

50,2 20,6 

56,1 6,2 

14,2 12 

L 
2,62,4 25,6 

31,2 .13,0 50,4 

0 b 2,4 14,4 

9,l :13,1 

7,1 13,8 

8,7 6,5 

7.91 30.1 
I k 

21,6 i 42,5 

: 1 

1 , 5  16,7 

aThe  y i e ld s  of e t h e r s  in m i x t u r e s  of A and C a r e  p r e s e n t e d  in 
the  e x p e r i m e n t s  c a r r i e d  out wi th  a lka l i .  
b T h i s  compound  a l so  was  not  de tec ted  by pape r  c h r o m a t o g r a p h y .  

PMR spectrum in pyridine-benzene (1:3),* 6, ppm: 1.9 (m, 4-CH3),~ 2.9 (s, CH 3 reference), 3.5 (s, 
OCH 3 Hid), 3.6 (s, 7-OCH 3 Illb), 3.75 (s, 8-OCH a llie), 3.8 (s, OCHa Hid). The yields of the ethers are given 
in Table 2. Unchanged IIIa (56.4%) was recovered. 

D) A 15-mmole sample of Illa was methylated in the presence of 30 mmole of NaOH as in the preced- 
ing experiment. See Table 2 for the yields of ethers. Unchanged lila (35.6%) was recovered. 

E) An ether solution of diazomethane (13.2 mmole) was added at +3 ~ to a solution of 0.84 g (4.4 
mmole) of IHa in 4 ml of DMFA, and the mixture was held at 3 ~ for 30 rain and allowed to stand at 20~ for 
~16 h. It was then vacuum evaporated (near the end with two 10-ml portions of CC14), and the residue was 
vacuum dried over P205 (see Table 2). Unchanged Ilia (65.3%) was recovered. 

Methylation of 4-Methyl-6,7-dihydroxycoumarin (Ila). A) A 15-mmole sample of Ha was methylated 
with dimethyl sulfate in alcohol in the presence of 15 mmole of NaOH in analogy with Ilia. PMR spectrum 
of solution i [pyridine-benzene (1:2)], 6, ppm: 3.6 (s, 6-OCH 3 Ilc and IId), 3.45 (s, 7-OCH 3 llb and lld). 
The assignment was made by means of 4-methyl-6-methoxy-7-trideuteromethoxycoumarin obtained by 
methylation by means of CDal of a genuine sample of IIc in CDaOD solution. Pyridine (I ml) and 0.6 ml of 
C~H5SO2CI were added to i ml of a pyridine solution of products A and C, and the mixture was heated at 
60-80 ~ for 4 h (solution 2). PMR spectrum of solution 2, 6, ppm: 3.9 (unresolved OCH 3 signals lid), 3.65 
(unresolved OCH 3 signals of benzene sulfonates Ilb and IIc), 3.2 (s, CH 3 reference), and 2.2-2.4 (In, 4-CH3). 
The yield of Ild was determined by analysis of solution 2, while the yields of lib and IIc were determined by 
analysis of solution 1 (Table 2). Unchanged Ha (74.3%) was recovered. 

B) A 15-mmole sample of Ilia was methylated in the presence of 30 mmole of NaOH in analogy with 
Ilia (Table 2). Unchanged Ila (34.9%) was recovered. 

C) A 4.4-mmole sample of IIa was methylated with diazometh~ne as in the case of Ilia (Table 2). 
Unchanged IIa (77.0%) was recovered. 

Methylation of 6,7-Dihydroxycoumarin (In). A) A 15-mmole sample of Ia was methylated in the pres- 
ence of 15 mmole of NaOH in analogy with Ilia (Table 2). 

B) A 15-mmole sample of la was methyiated in the presence of 30 mmole of NaOH in analogy with 
Ilia (Table 2). 

C) A 4.4-mmole sample of Ia was methylated with diazomethane as in the case of IIIa (Table 2). 

Because of the systematic error  in the integration, the reproducibility of the measurements was 
~2%.  The e r r o r  in  the d e t e r m i n a t i o n  of the y i e lds  of the  e t h e r s  wi th  r e s p e c t  to the l e a s t  i n t e nse  PMR 
s i g n a l  was  - 20% as  c o m p a r e d  wi th  ~3% for  the m o s t  i n t ense  s igna l .  In e x p e r i m e n t s  involving the m e t h y l -  
a t i on  of Ha wi th  1 and  2 m o l e s  of NaOH, t h r e e  c o n t r o l  a n a l y s e s  each  of genu ine  m i x t u r e s  of the a p p r o p r i a t e  
c o m p o s i t i o n  w e r e  made .  The  a v e r a g e  dev ia t ion  in  the d e t e r m i n a t i o n s  in the s t a n d a r d  m i x t u r e s  w e r e  as  

* Other  so lven t s  a r e  l e s s  su i t ab le  b e c a u s e  of the low s o l u b i l i t i e s  of the  i nves t iga t ed  s u b s t a n c e s  in t hem,  
and  in p y r i d i n e  a lone  the p ro tons  of a l l  of the CH30 groups  g ive  an  u n r e s o l v e d  s igna l  a t  4 ppm. 

t The  fol lowing a b b r e v i a t i o n s  a r e  u sed  h e r e  and  subse que n t l y :  s is s ing le t ,  d is doublet ,  t is  t r i p l e t ,  q is 
q u a r t e t ,  and  m is m u l t i p l e t .  
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follows (in percent) :  for  ilb - 0 . 8  and - 1 . 4 ,  for  IIc +23 and +10, and for  IId - 3 4  and - 2 7 ) .  An additional 
ana ly s i s  was  a l so  made  in the de te rmina t ion  of IId in control  expe r imen t s  with 1 and 2 moles  of NaOH. F o r  
2 . 2 a n d  5.9% I Id ,  IIa was  taken in amounts  co r respond ing  to the pe rcen tages  of monoe the r s  and IIa in the 
control  mix ture .  The deviat ions in the de te rmina t ions  were  as follows (in percent ) :  -16 .7  and -6 .6  in the 
ana lys i s  of the mix tu re  in pyridine and - 5 3 . 4  and - 1 6 . 3 ,  r e spec t ive ly ,  a f t e r  benzenesulfonat ion (the ave -  
r age  deviat ion of ~30% in the de te rmina t ion  of IId is, consequently,  a sys t ema t i c  e r r o r  and it can be taken 
into account) .  

4 - M e t h y l - 7 - b e n z y l o x y - 8 - a c e t y l c o u m a r i n  (V). A mix tu re  of 7.64 g (35 mmole)  of pure 4 - m e t h y l - 7 - h y -  
d o r x y - 8 - a c e t y l c o u m a r i n  (IV) [6] with mp 168-169 ~ 8.9 g (70 mmole)  of benzyl  chloride,  and 12.09 g (88 
mmole)  of anhydrous  K2CO 3 in absolute  ace tone  was re f luxed  fo r  40 h. The acetone was r emoved  by d i s -  
t i l lat ion,  10% NaOH was added to the res idue ,  and the alkal ine mix tu re  was ex t rac ted  with dichloroethane.  
The organic  l aye r  was evapora ted ,  and the res idue  was t r ea t ed  with pe t ro leum e ther  and e ther  to give 5.8 g 
(54%~ according  to ch romatograph ic  data, the product  did not contain impuri t ies)  of V with mp 140-141 ~ 
(from alcohol).  Found, %: C 73.9; H 5.4. C19HI~O 4. Calculated,  %: C 74.0; H 5.2. 

4 - M e t h y l - 7 - b e n z y l o x y - 8 - h y d r o x y c o u m a r i n  (VI). A 1.39-g sample  of coumar in  V was oxidized by the 
Dakin method [3], and the reac t ion  mix tu re  was acidif ied with hydrochlor ic  acid and ex t rac ted  with d ich loro-  
ethane. The organic  l aye r  was evapora ted  par t ia l ly ,  e ther  was added to the res idue ,  and 0.82 g (64.6%) of 
VI with mp 183-184 ~ (from alcohol) was  r e m o v e d  by f i l t ra t ion.  Found, %: C 72.4; H 5.0. Cl~H1404. Cal -  
culated,  %: C 72.3; H 5.0. 

4 - M e t h y l - 7 - b e n z y l o x y - 8 - m e t h o x y c o u m a r i n  (VII). A 1.13-g sample  of coumar in  VI was methyla ted  
with d imethyl  sulfate  in the p r e s e n c e  of K2CO3 in absolute  acetone  by refluxing the mix ture  for  7 h. The 
solvent  was r emoved  by dist i l lat ion,  5% NaOH was added, and the mix tu re  was ex t rac ted  with ch loroform.  
The organic  l aye r  was evapora ted  to give i .13 g (95%) of VII with mp 141-142 ~ (from alcohol).  Found, %: 
C 72.9; H 5.5. C18Ht~O 4. Calculated,  %: C 73.0; H 5.4. 

4 - M e t h y l - 7 - h y d r o x y - 8 - m e t h o x y c o u m a r i n  (Illc). A 0.89-g sample  of VII was debenzylated in alcohol 
o v e r  P d / B a S O  4 to give 0.58 g (94%) of IIIc with mp 162-163 ~ (the product  was t r ea t ed  with e ther  and then 
r e c r y s t a l l i z e d  f r o m  benzene); a mix tu re  of the product  with i s o m e r  IIIb (mp 160 ~ had mp 120-122 ~ Chro-  
ma tography  of IIIc on p a p e r  gave  a spot with R f  0.50 that  f l uo re sce s  in UV light. I somer i c  IIIb f o rmed  a 
brown spot with R /  0.40 that  did not f luo resce .  The R f  values  of IIIc and IIIb on Silufol w e r e  0.63 and 0.53 
(ethyl aceta te) ,  0.~0 and 0.37 [ethyl a c e t a t e - c h l o r o f o r m  (1 : 1)], and 0.55 and 0.42 [ethyl a c e t a t e - c h l o r o f o r m  
(2 : 1)], r e spec t ive ly .  According to the l i t e r a tu re  data, IIIc has mp 163 ~ [4] and IIIb has mp 160-161 ~ [3]. 
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