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The iodinstion of 7-hydroxy- d 5-hydroxy4methylmumari.n and their methyl ethers using different molecular propor- 
tions of iodine ~ o r i d e ,  iodine and iodic acid. and iodine and Smmonis has been studied. The reeults obtained are given 
in Table I. 

In their studies on the bromination of coumarin 
derivativw Sethna and ceworkersl** found that in 
the case of 7-hydroxycoumarin derivatives and 
their methyl ethers the ht bromine atom in all 
casm enters the pyron ring in the 3-position and the 
subsequent bromine atoms enter the benzene ring. 
In the &hydroxycoumarin derivatives, however, 
the first bromine atom was found to enter the ben- 
zene ring in the &poisition. It was thought of 
interest to see whether the same pttem would 
follow in the iodination of these coumarin deriva- 
tives. 

7-€€ydroxy4methylcoumarin(I, R,Rl,&,R1 = 
H) on iodination with one mole of iodine mono- 
chloride gave a monoiodo derivative. The methyl 
ether of tbis did not give a couI13BTilic acid deriva- 
tive on heating with alkali which indicated that the 
iodine atom had not entered the 3-position. The 
methyl ether when subjected to Elbs p e d a t e  
oxidation gave a gad yield of the oxidation prod- 
uct thus indicating that the 6-pOSition must be free, 
for the Elbs persulfate oxidation of 6-substituted 
coumarins is very difficult.' 7-HydroxyS-iodo-4- 
methylcoumarin (I, R,&,R1 = H; Rl=I) struc- 
ture bas therefore been assigned to the iodination 
product and 6-hydroxy-7-methoxy-8-iodAmethyl- 

structure to the Elbs p e d a t e  oxidation product. 
Tbe mother liquor from the crystallimtion of the 
Siodo derivative left a mixture from which no other 
pure product could be isohted. 7-Methoxy4- 
methylcoumarin (I, R=C&; Rl,R1=H) on i d -  
nation with one mole of iodine monochloride gave a 
monoiodo derivative which was Werent from the 
methyl ether of 7-hydroxy-8-iodo-4.-methylcou- 
marin. On hydrolysis this product gave a couma- 
rilic acid derivative which was found, on direct 
comparison to be the same as 6methoxy-3- 
methyleoumarilic acid (11, R,R& = H) obtained 
on hydrolysis af 7-methox~G-bmmo-4-methyl- 

coumarin (1, R=C&; Rl=I; %=OH; R,=H) 
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coumarin.' The monoiodo product is therefore 
7-methoxy43-iodo-4-metbylcoumarin (I, R =CHI; 
R,&=H; RS=I). 

On iodination with two moles of iodine mono- 
chloride I (R,R1,&,R3=H) did not give a pure 
product. However, on iodination with 4 moles of 
iodine monochloride it gave two diiodo derivatives 
(A) m.p. 265" and (€3) m.p. 248-250". The methyl 
ether of (A) gave a monoiodo coumarilic acid 
derivative indicating that one of the two iodine 
atoms had entered the 3-paaition. Further, this 
methyl ether was found to be the same as the 
product Gbtained on further iodination of 7- 
methoxy-Siodo-4-methylcoumarin with iodine 
monochloride. (A) is therefore 7-hydroxy3,8- 
diiodo4methylcoumarin (I, R,&= H; Rl&=I). 
The methyl ether of (B), also obtained by the 
iodination of 7-methoq4methylcoumarin with 
excess of iodine monochloride (6 moles). also gave 
a monoiodo coumarilic acid derivative. It has there- 
fore the alternate structure: 7-hydroxy43,6diiode 
4methylcoumarin (I, R,R1=H; R2,RI= I). 

On iodination with excess of iodine mono- 
chloride I @,Rl,%,R3=H) gave a triiodo deriva- 
tive, the methyl ether of which on hydrolysis gave 
a diiodo cownarilic acid derivative which must be 
6-methoxy4i,7-diiodC-methylcoumarilic acid (11, 
R = CHI; RL&= I). The triiodocoumarin is there- 
fore 7-hydroxy43,6,8-triiodAmethylcoumarin (I, 

did not give any triiodo derivative even on iodi- 
nation with a large excess of iodine monochloride. 

With one mole of iodine monochloride 5-hy- 
dmxy4methylc~umarin (111, R,R1,& = H) gave 
a monoiodo derivative. This on methylation gave a 
product which was the same as the product ob- 
tained on iodination of 5methoxy4methylcou- 

R = H ;  Rl,&,RS=I). I @=CH3; Ri,&,Rz=H) 

(4) n. B. Limaye and N. V. Bhide, Rasay", 1, 136 
(1938) [ C h .  Abstr., 33, 1699 (1939).] 
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marin (111, R = CH,; R&= H) with one mole of 
iodine monochloride. It did not give any coumariJ;- 
acid derivative on heating with alkali. Further, on 
Elbs persulfate oxidation it gave a product in good 
yield indicating that the 6-position was free. The 
products obtained on iodination are therefore the 
8-iodo-derivatives: (111, R,&=H; R1=I and 111, 
R=CH3; R1=I; &=H respectively). On iodina- 
tion with 4 moles of iodine monochloride I11 
(R=CH3; Rl,R2=H) gave only the above mono- 
iodo derivative. However, with a large excw of 
iodine monochloride (16 moles) it gave a diiodo 
derivative, the methyl ether of which did not give 
any coumarilic acid derivative. The diiodo deriva- 
tive is therefore 5-hydroxy-6,&diiodod-methyl- 
coumarin (111, R = H ;  R1,&=I). III(R,RI,&=H) 
did not give any triiodo derivative even with a 
large excess of iodine monochloride.III(R = CH3; 
R1,R2=H) did not give even the diiodo derivative 
with large excess of iodine monochloride. 

Iodination was also carried out using iodine in 
the presence of iodic acid. It was aasumed that the 
reaction took place according to the following equa- 
tion : 

5RH + 41 + HIO, = 5 R I  + 3H20 

I (R,R,R2,R3 = H) on iodination using the above 
molecular proportions gave a mixture of iodo 
derivatives from which only the 8-iodo derivative 

When the proportions of iodine and iodic acid were 
doubled the triiodo derivative (I, R = H; RI, 
R2,R3 = I) WBS obtained. The diiodo derivative 
could not be isolated. I (R=CHa; Rl,R*,Ra=H) 
could not be iodinated by this method under 
similar conditions. III(R,Rl,R2= H) on iodination 
using the molecular proportions given in the above 
equation gave 5-hydroxy-6,8-diiodO-methylcou- 
marin (111, R=H;  R,&=I). The moniodo 
derivative could not be isolated. On iodination 
with double the quantity of iodine and iodic acid 
only the 6,8-diiodo product waa obtained. The 
diiodo product was found to be unstable and on 
prolonged stirring of the reaction mixture iodine 
waa liberated. Iodine was also liberated on crystal- 
lization from hot acetic acid. On refluxing the di- 
iodo derivative with 10% sodium hydroxide the 
iodine atoms were removed and III(R,Rl,R2=H) 
was obtained. I11 (R=CH,; Rl,R2=H) could not 
be iodinated at  all under similar conditions. 

Iodination of the above coumarins with iodine 
in potassium iodide solution in the presence of 
ammonia has also been studied. I (R,RI,RZ,Ra= H) 
with one mole of iodine gave the &idderivative 
I(R,R2,R3= H) ; R1 = I) described above. With two 
moles however it gave a diiodo derivative the 
methyl ether of which remained unchanged on 
boiling with alkali. Further iodination of this com- 
pound using iodine and iodic acid gave the 3,6,8- 
triiodocoumarin (I, R-H; R1,&,R3=I). The di- 

(I, R,R2,R3 = H; R1 = I) could be easily isolated. 

iodo derivative is therefore 7-hydroxy-6,8-diiode 
4-methylcoumarin(I, R,Ra= H; R1,R2 = I) not ob- 
tained by the above two methods. On refluxing this 
diiodo coumarin with 10% sodium hydroxide the 
pyrone ring opened up and an acid was obtained 
to which the &methyl-2,4dihydroxy-3,5-diiodocin- 
namic acid structure has been assigned. I(R = CH3; 
R1,&,Ra=H) could not be iodinated at all by this 
method. 

I11 (R,R1,Rs=H) on iodination with one mole 
of iodine by this method gave a mixture of a mono- 
iodo derivative and a diiodo derivative. The mono- 
iodo derivative was found to be different from I11 
(R,R2 = H; R1= I) described above and its methyl 
ether did not give any coumarilic acid derivative on 
boiling with alkali nor did it undergo Elbs per- 
sulfate oxidation. The monoiodo derivative was 
therefore .%hydroxy-6-icdo+t-methylcoumarin (111, 
R,R1=H; R2=I). The diiodo derivative was 
found, on direct comparison, to be the 6,&diiodo 
derivative (111, R=H;  R1,R*=I). This was ob- 
tained in excellent yield by iodination with two 
moles of iodine. No triiodo derivative could be pre- 
pared by this method. I11 (R=CHa; RI,R2=H) 
could not be iodinated at  all by this method. 

EXPERIMENTAL 

General iodindion prdure8 .  The molecular proportions 
of the &ing material and iodine are given in Table I. 
(A) With iodine monochlotide. The coumarin derivative (2 
g.) was diseolved in a minimum q w t i t y  of glacial acetic 
acid or alcohol and hydrochloric acid (d  1.11; 15 ml.) was 
added. The mixture was then added to a weighed amount 
of iodine monochloride. The reaction mixture was then 
kept in an oven at  50' for 24 hr. It was shaken occasionally. 
The separated iodo derivative was then filtered and washed 
with the same solvent and then crystallieed from acetic acid. 
In the case of 7-hydroxy4methyIcoumarin the solvent 
used waa acetic acid and in the C B B ~  of 5hydroxy4methyl- 
c o d  it was alcohol. In the case of methoxycoumarin 
derivatives acetic acid was used as solvent. It was found in 
the case of methoxycoumarins that the iodination products 
were not readily obtained if hydrochloric acid was used and 
hence it was not used. 

(B) With iodine and iodic acid. The coumarin derivative 
(2 g.) wae dissolved in alcohol by warming and the required 
quantity of iodine crystals were added. To the warm dark 
colored solution obtained the required amount of iodic acid 
diesolved in water wag added with stirring. The reaction mix- 
ture was stirred for 2 hr. further and the iodo derivative 
which separated was filted and washed with alcohol. It 
was crystallized from acetic acid. 

(C)  With ammmia and iodine. The coumarin derivative 
(2 9.) was dissolved in ammonium hydroxide (20%; 50 ml.) 
and the required amount of iodine dissolved in potassium 
iodide solution was added dropwise with stirring at room 
temperature during 0.5 hr. The reaction mixture was stirred 
for a further 1-2 hr. If any product separated it wm filtered 
m d  washed with ammonia. The filtrate waa then poured 
into exceea of dilute ice cold sulfuric acid. The precipitate 
obtained was washed with water and crystallized from acetic 
acid. The monoiodo derivatives remained in solution in 
ammonia while the diiodo derivatives separated out as 
ammonium salts which on crystallization from acetic acid 
gave the free iodo derivatives. 

Preparation of the methyl ethers. The iodo derivatives of 
the hydroxycoumarins were methylated by refluxing their 
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Iodinating 
Agent and M.P., Yield, Analysis, Iodine % 

Coumarin Proportionsa Product Obtainedb oC.G % Fornula Found Required 

7-Hydroxy4methyl- 
(I, R, RI, Et, Ru = 

H) 

7-Methoxy-&methyl- 
(I, R = CHa; RI, Rz, 

RJ = H) 

BHydroxy-4methyl- 
(III, R, Ri, Rz = H) 

5Methoxy-l-methyl- 
(111, R = CH,; 
Ri, B = H) 

A (1:l) 
B (5:2:1) 

A (1:4) 
c (1:l) 

B (5:4:2) 
c (1:2) 

A (1:l) 

A (1:6) 

A (1:l) 

A (1:8) 
B (5:2:1) 
c (1:2) 
c (1:l) 

A (1:l) 

268 

264 

249 

254 

230 

162 

248 

242 

230 

175 

254 

25 CIoH&I 41.91 42.06 
40 
82 
22 ClomaIIt 58.75 59.34 

40 Go&OaI2 59.12 59.34 

36 CioH6OJa 68.69 68.77 
59 
66 C~OHSOJ~ 59.87 59.34 

42 GiHpOJ 39.85 40.19 

75 GiEL3OaI2 57.34 57.46 

38 CioH&I 42.41 42.06 

42d C 1 ~ H ~ O J 2  59.28 59.34 
Bsd 
7343 
30 GoH?OJ 41.97 42.06 

42 CIIHQOJ 39.98 40.19 

~ ~~ 

A = Iodine monochloride; B = Iodine + Iodic acid; C = NI40H + Iodine. 
a The figures in the brackets indicate molecular proportions. A (substance:iodine monochloride), B (8ubstance:iodine:- 

iodic acid), C (8ubetsnce:iodine). All the iodo derivatives are cryetabed from glsci acetic acid. All melting points are 
uncorrected. Hydroxy iodo derivatives start decomposing about 30-40" below their melting points and SnaUy melt at  the 
above temperatures. Methoxy iodo derivatives are sharp melting. 5Hydroxy-t3,8diiodo derivative is unstable and atarts 
decomposing on K i n g  in acetic acid. The yields given are of the crude product. 

TABLE I1 
METHYL ETEERS OF TEUC HYDROXY IODOCOUMARINS MENTIONED IN TAFJLE I 

coumarin 
M.P., 
"C. Formula 

C 

Found quired 

___-.___ 

Re- 

7-Methoxy-8-iodo4methyl- 
(I, R = cEr,; R] = I; s, R~ = 

H) 
6,7-Uime thoxy-8-iodo-4-met hyl- 
(I, R = CHI; Rj = I; & = 

OCHa; R, = H) 

I) 

T) 

?-Methoxy-3,8-diiodo-4-methyl- 
(I, R = CHa; & = H: RI, Ra = 

7-Methoxi-3,6-diiodo-4-methyl- 
(I, R = CHI; RI = H; RL, Ra = 

7-~Methoxy-3,6,%tniod&metbyl- 

7-Methoxy-6,8-diiod~methy!- 
(I R = CHa; Ri, %, Rz = I) 

(I, R = CHI; R,, & = I; Ra = 

5 ?*ieth<ixy- 8-iodo-4-methyl- 

5-Methox) - 6,g.diiod&methyl- 

5-Methoxy- 6-indo-I- methyl- 

(111, R = CH,; R: = I; & = 1%) 

(111. P, = CHa; Ri, & 

(111. R = CHI; Ri = H; & = I) 

1) 

199 

21s 

262 

248 

217 

212 

254 

224 

155 

~ 

41.85 41.77 

41.71 41.62 

29.52 29.86 

29.82 29.86 

23.08 23.25 

29.92 29.86 

41.50 41.77 

30.20 29.86 

41.91 41.77 

I -- __ H 
&- Re- 

Found quired Found quired 

2.69 2.84 40.46 40.19 

2.92 3.18 36.91 36.70 

2.16 1.81 58.03 57.46 

2.30 1.81 57.34 57.46 

1.02 1.25 67.48 67.08 

1.89 1.81 57.18 57.46 

3.24 2 84 39.98 40.19 

1.59 1.81 57.31 57.46 

'2.91 2.84 39.81 40.11) 
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acetone aolutiom with dimethyl sulfate in the p"nce of 
?mhydrolE3po~earbonat.e~ 

6-€I-7-mda&h& . &ndhylc"min (I, R = 
(3%; R1 = I; 4 = OH; R. = H). 7-Methoxy&iod0-4- 
meihylcoumarin (1 g) waa dieaolved in d u m  hydroxide 
solution (10% 40 mL) by warming on a steam bath It waa 
t h f S t O x i d i S e d W i t h ~  - pemlfate (0.9 g. in 40 ml. 
water) Bccording to the p r o d m  d e a c r i i  by Parikh and 
Setbna.6 The product obtained c r p t d h d  * from acetic acid 
in plates, rap. 234". It dimohmi in eodium hydroxide wlu- 
tion to give a deep yellow solution. 

Anal. Calcd. for GtHIO+T: C, 39.77; H, 2.70; I, 38.30. 
Found: C, 40.22; H, 2.68; I, 38.03. 

6-M-yht?ndliC acid (11, R = CHs; RI, 
Fb = H). 7-Metho~Sd-11~thyb~mSrin (0.5 g) WSB 
dmed with hhOI ic  hydroxide (IO%, 30 ml.) 
for 2 hr. on a ateam bath Tbe pmduct obtained, on acidi- 
fication of the diluted solution, waa purisea through d u m  
bicarbonste solution. It crgstalliaed from dilute alcohol in 
naedlee, rep. 186" (dec.). Mixed melting point with the mm- 
pound prepared by hydmlyxiug 7-methoxy~bromd- 
methylcoumarin' waa not lowered. 

6-ai-7- Y- * acid(II, R = CHz; 
Rt = I; & = H). 7-IK&xy4,8-diiodo4methylco~ 
(0.5 g.) waa refluxed with dcoholic $otaeaium hydroxide 
(lo%, 40 ml.). The product obtained on working up the 
reaction mixture aa above cry&aWed from glacial acetic 
acid in needles, mp. 222" (dec.). It gave a violet color with 
aulfuric acid. 

A d  Calcd. for GtHa.1: C, 39.70; H, 2.70; I, 38.30. 
Found: C, 40.12; H, 3.12; I, 38.31. 

The methyl eder was PRpared by refluxing 6methoxy-7- 
Wmethylcoumnrilic acid (0.3 g-) in methyl alcohol 
(W mL) with concentrated sulfuric acid (5 ml.) on a steam 
bath for 8 hr. It myahbed from dilute alcohol in colorless 

Anal. Calcd. for GsHllOJ: C, 41.62; H, 3.18; I, 36.70. 
Found: C, 41.72; H, 3.52; I, 36.83. 

6-M- y Z " a d i C  acid (11, R = CB;; 
R, = H; R, = I) waa obtained from 7-methoxy~,6-dibdo- 
Cmethylcoumnrin by refluxing with alcoholic potaeaium 
hydroxide (1076 40 mL) aa above. It * fromdilute 
acetic acid in colorIeea needles, rap. 218" (des.). It gave a 
violet color with sulfuric acid. 

Anal. Calcd. for G,H&,I: C, 39.77; H, 2.70; I, 38.30. 
Found: C, 39.81; H, 2.75; I, 38.01. 

(5) R. J. Parikh and S. M. S e t h ~ ,  J. Z n d k  C". Sac.. 

needles, rap. 180". 

-- 

27,369 (1950). 

The mdliyl tsta waa prepared aa deecribed before. It 
crgetallized f" petroleum ether (60-80") in colorlem a mp. 160". 

Anal. Cald for CJhI0II: C, 41.62; E, 3.18; I, 36.70. 
Found: C, 41.99; H, 2.72; I, 36.81. 

6Mdkaa&,7- trbmrmnrJlC aGid (II, R = 
c&; RI, Rt = I) waa prepared from 7-methoxy4,6,8- 
triiodo4methylmumarin (1 g) by d u x i n g  with alcoholic 
pots" hydroxide (10% in 50% alcohol) aa above- It 
c- a from glacial acetic acid in colorleea needles, 

Anal. Cald  for GIH&I*: C, 28.82; H, 1.74; I, 55.46. 
Found: C, 28.76; H, 1.84; I, 55.91. 

The methyl Gsta waa prepared aa d e a c r i i  before. It 
ugatsllixed from dilute al&hol in colorless needlea, rep. 
160". 

A d .  Calcd. for CuHl@,I~: C, 30.52; H, 2.12; I, 53.81. 
Found: C, 30.20; H, 2.61; I, 53.79. 
&Ed- - m y -  ' (III,R = 
c&; Rt = I; R, = OH). 5-MethoxyQiodd-methyl- 

40 mL) by warming on a steam bath and by adding a little 
pyridine. It waa then oxidired with p o t "  pemdfate 
(0.9 g in 40 mL water) aa deacrhd before. The product 
obtained m y i t d u d  - from acetic acid in needles, mp. 270". 
It diaaolvee in sodium hydroxide solution to give a deep 
yellow wlution 

Anal. Calcd. for &H,O,I: C, 39.77; H, 2.70; I, 38-30. 
Found: C, 39.81; H, 2.29; I, 38.49. 

mp. 270" (dec.). 

mumarin (1 g.) WBB d i m o l d  in d m  hydroxide (lo%, 

Hf*WWW=Y-W+- * acid waspre- 
pared from 7-hydroxy4,8duod04 "arin (1 g.) 
by refluxing with alcoholic p o b "  hydmxide (10%; 50 
mt) for 1 hr. It cryetalliaed from glacial acetic aeid in 
needlea, rap. 242" (dec.). Attempts to it to the 
original coumarin did not mcceed as on boilingwith concen- 
trated hydrochloric acid iodine waa liberated. 

A d .  Calcd. for C&O&: C, 26.90; H, 1-79; I, 56.95. 
Found: C, 27.13; H, 1.38; I, 56.72. 

taneous methylation and ehrificntion of the above acid 
was carried out by refluxing ita acetone solution with excem 
of dimethyl sulfate in prenence of anhydrous potfmim car- 
bomte. It "d . from alcohol in needlen, mp. 169". 
It decolorized dilute p o t "  "nmgsnate solution and 

M d y l  m y 1  2- w- simul- 

I .  , .  
,. 
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