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I~ continuation of our work on the synthesis of coumarins from cyclic-5-
ketonic esters,! we have now extended this investigation to the preparation
of coumarins from 4-methyl-, 5-methyl-, and 6-methyl-cyclohexanonc-2-
carboxvlates as well as trans-B-decalone-3-carboxylate by the FPechmann
me-hod. 5-Methvleyclohexanone 2-carboxylate has already been con-
densed with phloroglucinol, orcinol and pyrogallol in the presence of
concentrated sulphuric acid, by Sen and Basu,? but we find that improved
vields of the coumarins from these phenols are obtained by using phosphorus
oxvchloride, while concentrated sulphuric acid is the best condensing agent
for resorcinol and a-naphthol.

E.xactly identical results were obtained with 4-methyl-cyclohexanone-2-
carboxvlate and #rans-B-decalone-3-carboxylate which condensed readily
with the above phenols, but 6-methylcyclohexanone-2-carboxylate under-

went coumarin condensation with all these phenols only in the presence of
phosphorus oxychloride.

We have assumed the coumarin structure for all these products because
of their unusual stability to the action of hot concentrated alkali. Sen and
Basu (loc. cit.) have also observed the same stability in the case of their
coumarins. If they had the alternative structure of substituted tetrahydro-
xanthones or cyclohexenochromones, they would have readily undergone
fission to the alkylcyclohexanones and resorcylic acid as observed by Desai
and Zafar-Uddin® in the case of cyclopentenochromones.

Sen and Basu (loc. cif) assumed that the coumarin obtained from orcinol
and 5-methyvlcyclohexanone-2-carboxylate had the structure of 7 -hydroxy-
5-methyl-5"-methyv]l cyclohexeno-(1’:2": 4 : 3) coumarin but the absence of
fluorescence and yellow colour of the alkali solution of these coumarins are
against the 7-hydroxy structure. “Therefore, we believe that this coumarin is

5-hydroxy-T-methyl-5"-methylcyclohexeno-(1° : 2’ : 4 : 3)-coumarin, and the
12
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same i the case with the other coumarins from oreinol. We have subjectod
the acetates of the coumarins from resorcinol and eyelic-g-ketfonie esters to
the Fries” Transformation in the presence of anhydrous aluminium chloride
under the conditions used by Limayet in the case of T-acetoxy-d-methyl-
cotnarin, and fud that the acetyl gronp migrates to the ring in the 8 position.
The other possible position for migration is 6, hut {he coumaring having this
constitution lave already been syuthesised by the authors (in the press) from
tesacetophicnone and respective evelio-f-ketonie esters, and are found to he
quite different,

When the eyelic-f ketonie esters are compared with their open-chain
confreres like acetoncetic esters, i s found that the former are actually
more reactive than the atter, so fur as the coumarin formation is concerned,
although the evelie esters can be Jooked upon as monosubstituted aceto-
acetic eaters where one of the hydrogens of the methylene group, and one of
the hvidrogens of the methyl proup are veplaced by CH,-CH, o (i the
s of cvelopentanone eater) and - CH, CH, T, groups (o the case of eyelo-
hesanone e ders), This is possibly <11u- to the highly enolie clinacter of the
cvelie gketonie ealers, The sluggishness  of 6 methyvlevelobexanone 2-
carhoxylte s compated with its b menl and domethylamdopues can he
atttibuted to the sterde hindranee offered by the ethyl gronp whieh isin the
ertho position to the enolie hydroxyl, Moreover, whereas the cowmanins from
dihvdric and teihyvdiie phenols obtadned frone 4 methiyh amd b methyl eyvelos
hesanone 2 carboxyviates can be methyladed by dimethybsulphate and alkali,
those obtained from Gmethyvleyelohexanone 2 euboxylate cannot he methyl
ated nneder this condition with the exeeption of the coumarin front tesoreinal,

The nomencliture proposed in Part T oof this series his heen followed
throughout, and in aecordance with it, the coumarins fom fans fdecalone
deathoxylate have been named  frans-octaline-(27 03704 0 8) counarin (1),

0

Fxperimental.

(A) Cowmarins from A-methyleyelohexanone-2-carboxylate.
T-Hydroxy-d"-methyleyelohexeno-(1 027 0 A0 S)-cowmarin, A cooled
solution of resorcinol (25 g) and 4-methyleyclohexanone-2-carhoxylate
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(3-5 g.) in concentrated sulphuric acid (16 c.c.) was left overni;
ordinary temperature. The solid obtained by pouring the mi:
ice, crystallised from dilute alcohol in flat needles melting at
dissolved in alkali with a slight yellow colour and blue fluorescence
trated sulphuric acid dissolved it to a colourless solution giv
fluorescence. (Found: C, 72-8; H, 6-0; C,,H,,0O; requires
H, 6-1 per cent.)

The acetyl devivative obtained by heating the coumarin (O -
acetic anhydride (5 c.c.) in presence of a few drops of pyridine fc
crystallised from alcohol in long needles melting at 176° C. (Found
H, 6-0; C,;H,sO, requires C, 70-6 ; H, 5-9 per cent.)

‘The methyl ether prepared by shaking the 5 per cent. alkalin
of the coumarin (0-5 g.) with dimethyl sulphate (2 c.c.) crystal
alcohol in long, fine needles melting at 123°C. (Found: C, 73-5
Ci5H 1603 requires C, 73-8; H, 6-6 per cent.)

7-Hydroxy-8-acetyl-4'-methylcyclohexeno-(1' + 2”7 1 4 1 3)- cowm
intimate mixture of T-acetoxy-4’-methylcyclohexeno-(1": 2" : 4 : 3)
(2 g.) and anhydrous aluminium chloride (5 g.) was heated in a rous
flask fitted with an air condenser at the temperature of 140° C. fo:
The cooled mixture was decomposed with ice-cold hydrochlorice
the resulting solid was purified through 5 per cent. sodium carbo
tion. ‘The solid obtained on the addition of concentrated hydrock
crystallised from dilute alcohol in fine, silky needles melting at 13
alcoholic solution gave reddish-violet coloration with ferric
(Found : C, 70-3; H, 61 ; C;sH ;0,4 requires C, 70-6 ; H, 5-9 per

Its semicarbazone prepared by heating its alcoholic solution w
carbazide acetate for 15 minutes, crystallised from alcohol in sm:
melting at 236°C. (Found:C, 61-7; H, 5-9; C;;H,,0,N, requires
H, 5-8 per cent.)

7 : 8-Dihydroxy-4'-methylcyclohexeno-(1" : 2° : 4 : 3)-coumarin, was
obtained from pyrogallol (2-5 g.) and concentrated sulphuric acid
It crystallised from dilute alcohol in small, colourless cubes melting :
Its alcoholic solution gave a deep green colour with ferric chlor
alkaline solution showed a weak blue fluorescence, while the con
sulphuric acid solution was deep yellow. (Found : C, 68-1;
C:H,,0, requires C, 68-3; X, 5-7 per cent.)

The dracetyl derivative crystallised from dilute alcohol in fine
melting at 179°C. (Found: C, 65-5; H, 5-6 ; C;,H ;0,4 requires
H, 5 -5 per cent.) '
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The dimethyl ether erystallised from dilute aleohol in pointed needles,
melting at 1" Co (Found @ C, 699 T, 6-5; C, 1,04 requires C, T0-0:
I, 6.6 per cent)

A ~Methyleyelohexeno-(17 02" 04 0 8)-1 ¢ Secwnta phitha-pyrone prepared from
«-naphthol crystallised from rectitied aleohol in Hat necedles melting at 198 C.
(Found © ¢ 8155 T, 6-0; CLT 0, requites C, 818 1, 6-1 per centl)

S-dlyvdroayTopmethvl-A'-methylcvelohexeno-(1° 027 o 4 0 B)-cosmarin. A
mixture of orcinol (2 ), the ester (3 ¢), phosphorus oxyehloride (I ce))
and dry benzene (10 ¢ was heated on a water-hath for one hour under
reflux.,  The residue after the removal of benzene was  erystallised  from
dilute alcohol, when tiny white plates, melting at 260" ¢, were oblained,
Its solution in dilute alkali was  yellow, and non-fluorescent.  (Found :
CoT3-6; 10 640 CI 0y requires ¢, 7587 11, 646 per centl)

The aeelvl derivatioe cryataltised from dilute aleohol in long, fine needles
melting at 18 Co (Found @ G, 7020 T 60 Il 0, requires O, TH-D
H, 6-3 per centl)

The methivl cther crvatallised from dilute aleohol in Tong, tine necdles
melting at 0 Co (Found 0 G, 70 TH 720 CHLO, vequites O T
T, 7.0 per centl)

Do TDivdroy A ancthvicvelobieveno (10 020 0 0 8 cowmarin,  was
similarly obtained from phloroglucinol (26 g.), the ester (3.

o) amd POCE,
(2 o) and crvatallised from chloroform in pltes melting at 260 L s
alkaline solution  wias vellow and  non-fluorescent, (Found ;¢ 682
I, D8 C 0, requires G, 6835 1, h-7 per eent,)

The digeelyl derivative crystallised from dilute aleohol in long prisms
melting at 1287C, (Found @ C, 6563 11, b-H; C M 4,0, requires ¢, 605 ;
H, 5D per centl)

The domethyl ether crystallised from dilute aleohol in tiny plates melting
at 1337 Co (Found : C, 69-8; T, 6-4; C 1,04 requives €, 70-0; 11, 6-6
per cent.)

(1) Cowmarins from H-methvicyclohexanone-2-carboxylate.

T-Iydroxy-6"-methvieyelohexeno-(17 1 2 1 4 @ 3)-cowmarin, prepared  {rom
resorcinol, erystallised from dilute alcohol in fine, colourless needles melting
at 202" ¢ Its solution in concentrated sulphuric acid  gave a violet
fluorescence,  The alkaline solution was faint yellow and had a blue floures-
cence, (Found @ C, 72-7 5 T, 62 ; C) Oy requires C, 73 -0 11, 6+ 1 per cent))

The acetyl derivative crystallised from difote o
melting at 136" C. (Tound: C, 70.3; T7
11, 5-9 per cent.)
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icohol in small needles melting

The methyl ether crystallised from dilute a : elti
= O, requires ¢, 73-8; H, 6-6

at 118°C. (Found: C, 73:6; H, 6:8; CisHise

per cent.) ‘
T-H ydroxy—S—acetyl—t?'—methylcyclohcxeno—(1’ 19 : 4 : 8)-coumarin, obtaincd

b+ the Fries’ Transformation of 7 —acetoxy—5'—methyl-:cyclohexeno—(l.’ 1274 1B3)~
cc;umarin in the usual way, crystallised from dilute alcohol in fine, silkys
needles melting at 142° C. Its alcoholic solution gave reddish-violet colora-
tion with ferric chloride. (Found: C, 70-4; H, 6-0: C,.H,0O,4 requires
C, 70-6; H, 5-9 per cent.)

The semicarbazone was a microcrystalline solid melting at 232° C.

5'-Methylcyclohexeno-(17 1 2" 1 4 1 3)-1: 2-a-naphtha-pyrone, preparcd from
a-naphthol, crystallised from dilute alcohol in mneedles melting at 173° C.
(Found : C, 81-7; H, 6-3; C.sH 160, requires C, 81-8; H, 6-1 per cent.)

T : 8-Dihydroxy-5'-methylcyclohexeno-(1: 2" 1 4 : 3)-coumarin, obtaine.l from
pvrogallol, crystallised from dilute alcohol in tiny plates melting at 231° C.
Its solution in dilute alkali was vellow and fluorescent (blue). “The alcoholic
solution gave deep green colour with ferric chloride. (Found : C, 68-0 ;
H, 5-8. Calc. for C;,H;,0,: C, 68-3; H, 5-7 per cent.)

The diacetyl derivative crystallised from dilute alcohol in small needles
melting at 214°C. (Found: C, 65-2; H, 5-7; C,;JH;30, requires C, 65-5;
H, 5-5 per cent.)

The dimethyl ether crystallised from hexane in needles melting at 123° C.
(Found : C, 69-8; H, 6-6; C;,H,30, requires C, 70-0; H, 6-6 per cent.)

5-Hydroxy-T-methyl-5"-methylcyclohexeno-(1" = 2" : 4 : 3)-coumarin, prepared
from orcinol, crystallised from dilute alcohol in colourless needles melting at
260° C. ‘Sen and Basu (loc. czt) give 249° C]. Its alkaline solution was yellow
and non-fluorescent. (Found: C, 73-5; H, 6-8. Calc. for C;;H,,0O45: C,
73-8; H, 6-6 per cent.)

iI‘he acetylﬂ derivative crystallised from dilute alcohol in fine needles
melting at 134°C. (Found: C, 71-0; H, 6-2; C,,;H,0O, requires C, 71 -3 ;
H, 6-3 per cent)

; The methyl ether crystallised from hexane in flat needles melting at 98° C.
(Found : C, 74-1; H, 7-1; C;,H 30, requires C, 74-4 ;: H, 7-0 per cent.)

5: T—l?z'h_ydroxy—&i’-metkylcyclohexeno--(l': 2’ 4 : 3)-coumarin, prepared frcm
phlo‘roglumnol crystallised from chloroform in tiny plates melting at 262° C
It dissolved in alkali with a yellow colour and no fluorescence. | (Found : C.
68-0; H, 5-9. Calc. for C;,H,;,0,: C, 68-3; H, 5.7 per cent.) -
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The diacetyl derivative crystallised from dilute alcohol in small needles
melting at 117°C. (Found: C, 65-4; H, 5-4; C,;H,,0; requires C, 65-5;
H, 5-5 per cent.) :

(C) Coumarins from 6-methylcyclohexanone-2-carboxylate. .
This ester condenses with phenols in the presence of POCl; only.

T-Hydroxy-6"-methylcyclohexeno-(1" : 2' . 4 : 3)-coumarin—A mixture of
resorcinol (2-4 g.), the ester (4-5g.), POCl; (2 c.c.), and dry benzene (10 c.c.)
was heated under reflux on water-bath for two hours. Benzene was decanted
off, and the residue was extracted with three lots of benzene (15 c.c. each
time). The solvent was removed from the combined extracts, and the
residue crystallised from alcohol in thick, lustrous plates melting at 205° C.
The yellow alkaline solution showed a blue fluorescence while its solution in
concentrated sulphuric acid was colourless but gave violet fluorescence.
(Found: C, 72.7; H, 5-9; C,,H,,0; requires C, 73-0; H, 6.1 per cent.)

The acetyl derivative crystallised from dilute alcohol in needles, melting
at 174°C. (Found: C, 70:5; H, 6-1; C;;H O, requires C, 70-6; H, 5-9
per cent.)

The methyl ether crystallised from alcohol in colourless needles, melting
at 112°C. (Found: C, 73-6; H, 6-5; C;;H ;04 requires C, 73-8; H, 6-6
per cent.)

7 : 8-Dihydroxy-6'-methylcyclohexeno-(1" : 2" : 4 @ 3)-cowmarin, obtained
from pyrogallol, crystallised from alcohol in tiny plates melting at 227° C.
(Found: C, 68-0; H, 5-8; C;,H,,0, requires C, 68-3; H, 5-7 per cent.)

The diacetyl derivative crystallised from dilute alcohol in prisms melting
at 140°C. (Found: C, 65-2; H, 5-5; C;H ;304 requires C, 65-5; H, 5-5
per cent.) , ,
b : T-Dihydroxy-6'-methylcyclohexeno-(1' : 2' : 4 : 3)-coumarin, obtained
from phloroglucinol, crystallised from alcohol in small plates melting, at 275°C.
(Found: C, 68-4; H, 5.7; C,;H,,0, requires C, 68-3; H, 5-7 per cent.)

The diacetyl derivative crystallised from dilute alcohol in needles melting
at 127°C. (Found: C, 65-4; H, 5.-7; C,H; ;O requires C, 65-5; H,
5 -5 per cent.) ' o '

T-Hydroxy-6-ethyl-6"-methylcyclohexeno-(1" : 2" : 4 : 3)-coumarin, obtained
from 4-ethylresorcinol, crystallised from alcohol in rhombic needles, mnielting
at 232°C. Its colourle:s solution in concentrated sulphuric acid gave
violet fluorescence, while the yellow, alkaline solution gave blue fluorescence.
(Found : C, 743 ; H, 7-2; C;H 04 requires C, 74-4; H, 70 per cent.)

A2 F
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The acetyl dervivative crystallised from alcohol in 1u_§trous P
at 118°C. (Found: C, 71-8; H, 6-9; C,sH,,0, requires C, -
per cent.)

The methyl ether crystallised from dilute alcohol in long It
melting at 109°C. (Found: C, 74-7; H, 7-7; Ci;H,,0O3 reqru
T, 7-6 per cent.)

5—Hyd70xy—7—metkyl~6’—methylcyclohexeno—(1’ 1271 4 1 3)-counid
from orcinol, crystallised from alcohol in tiny plates melting
alkaline solution was yellow and devoid of fluorescence. (Fou
H, 6-7; C,sH,,0, requires C, 73-8; H, 6-6 per cent.)

The acetyl devivative crystallised from alcohol in tiny needle
124°C. (Found: C, 71-0; H, 6-5; C;;H;30, requires C, 71-3
cent.) '

6'-Methylcyclohexero-(1" : 2° 1 4 : 3)-1 : 2-a-naphthapyrone, P
a-naphthol, crystallised from dilute alcohol in long needles melti
(Found : C, 81-6; H, 6-2 ; C;3H O, requires C, 81-8; H, 6 -1 1
(D) Coumarins from tya%s—ﬁ—décézlo7ze~3—cmfboxylazfe. '

7-Hydvoxy-trans-octalino-(2' : 3’ : 4 : 3)-coumarin, prepared fr
and the ester, crystallised from rectified spirit in pale-brown g
at 245° C. Its yellow, alkaline solution gave blue fluorescence.
less solution in comncentrated sulphuric acid gave violet fluoresc
.chloride gave green colouration to its alcoholic solution. (Fouw
H, 6-8; C1;H 305 requires C, 75-4; H, 6 -7 per cent.)

‘The acetyl derivaiive crystallised from alcohol in fine colouw
melting at 192°C. (Found: C, 72-8; H, 6-6; C;,H,,0, requ
H, 6-4 per cent.) . v .

The methyl ether crystallised from alcohol in colourless plat
178°C. (Found: C, 76-9; H, 7-1; Ci;3H,,05 requires C, 76 -1
cent.) :

T-Hydroxy-8-acetyl-trans-octalino-(2’ : 3’ : 4.: 3)-coumarin, was
the Fries’ Transformation of 7-acetoxy-trans-octalino-(2°:3": 4 :
and crystallised from alcohol in silky needles melting at 167° C.
solution gave reddish-violet colour with ferric chloride. (Four
H, 65; C;4H,,04 requires C, 73-1; H, 6-4 per cent.)

The semicarbazone crystallised from alcohol in small
258° C.

“plate

Trans-octalino-(2" : 8" : 4 : 3)-1 : 2—a—naphtha]§yroné; obtainec
naphthol, crystallised from acetic acid in pointed needles meltir
(Found : C, 82-6; H, 67; Cy;H,,0, requires C, 82-9; H, 6-6 -
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TN /)1'/1'\'11'1'1ﬁ.\_\'~/h111s'ut'/((ffm)—(:ﬁ' DA s B)-commarin,  obtained  from
pyrogatiol crystallised from aleohol in prismatic needles melling at 2067° C.
The coumarin forms a very sparingly soluble sodium salt, and cannot he methy-
lated by dimethyl sulphate. Hs aleoholic solation gives deep bluish green
coloration with ferric chloride, while concentrated sulpharic acid dissolves
Howith @ vellow colour, (Found: ¢, 71-0; 11, 6-5; C,HLO, requires
¢, TN T 6 per cent,)

The diacetyl derfoative erystallised from aleohol in fine needles melting
at 2007 Co (Found 0 C, 68405 11 5495 G, 0,0, requires €, 68-1; H, 6-0
per cent,)

Sl ydroxy-To-methvl-lrans-octalino-(2' 1 3" 1 4 2 3)-cormarin, prepared  from
orcinol, was @ microcrystalline powder melting at 315° C. It could not be satis-
factorily ervstallised from any solvent.  Its alkaline solution was yellow and
non fluorescent. I could not he methylated by dimethyl sulphate and alkali,
(Found 0 G 7H-80 1, Ty CLILL,,O4 toquires ¢, 613 1L, 740 per cent.)

The weelyl derivative erystallised from aleohol in tiny needles melting at
Bt Co (Found 0 730 T, 640 CyllL, 0y requires € 73465 11, 6-7 per
cent )

b T Dihvdrovy frans octalino (2703 0L D) comarin,  obtained  from
phioroglucinol, covstallised from aleohol in smadl plates melting at 265° C.
o aleobolic solution gave green ecoloration with  ferric ¢liloride.  “The
vellow, atkaline solution was devoid of fuorescence, 1t could not be methy-
ated by sulphate and alkali. (Found @ C, TEH-U; T 6445 CpllyOf requires
C, TE35 H, 643 per eent)

The diacetyl derivalive crystallised from aleohol in needles melting at
P77 C0 (Found 0 ¢, 6795 11, 6.2 Cyll0y requires €, 68-1; 10, 6-0 per
cent.) '

Summary.

Coumarins have heen prepared from alkyleyclo-hexanone-2-carboxylates
and frans-f-decalone-3-carboxylate by condensing various dihydric and tri-
hydrie phenols dther in the presence of concentrated sulphuric acid or phos-
phorts oxyehlorid.  The Tries” Transformation of the T-acetoxy-derivatives
of {he various coumarins  has been studied with the purpose of comparing
the T-hydroxy-8-acetyl derivatives with their 7-hydroxy-G-acetyl isomers.
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