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SYNTHESIS OF CHROMANS AND BENZOPYRYLIUM
SALTS INVOLVING HYDRIDE TRANSFER*

B. D. TiLak and Z. MuLiIANI
National Chemical Laboratory, Poona 8, India

(Received in UK 9 May 1967 accepted for publication 5 June 1967)

Abstract—Synthesis of chromans and benzopyrylium salts by acid catalysed disproportionation of
A*-chromenes and dehydration of 4-chromanols is reported. The disproportion of A3>-chromenes involves
intermolecular hydride transfer which was found to be non-stercospecific in the case of 3,4-dimethyl-
A3-chromene. Thus the latter on acid treatment gave a 50: 50 mixture of cis- and trans-3,4-dimethylchroman.

THE cyclization of 2-arylmercaptoethyl alkyl ketones with acids to give thiachromans
and thiapyrylium salts'~> and that of 2-arylaminoethyl alkyl ketones to give deriva-
tives of quinoline and tetrahydroquinoline* has been reported. The above synthesis
involves acid induced disproportionation of A3-thiachromenes and 1,2-dihydro-
quinolines which are formed as intermediates. The disproportionation of these
dihydro derivatives involves intermolecular hydride transfer. The present paper
which describes an extension of the above work, deals with the study of dehydration
of 4-methyl-4-chromanols and their derivatives in the presence of perchloric acid.
A reference to early studies on the present work was also made in a previous com-
munication.’

Interaction of phenol and substituted phenols with propiolactone in aqueous
alkaline solution gave 2-phenoxypropionic acids®* which on cyclization with poly-
phosphoric acid (PPA) gave 4-chromanones.® The latter on interaction with MeMgl
gave 4-methyl-4-chromanols® (I-1V).

8 1
LR =H; ILR=6-Me; III,R =6OMe; IV,R = 7-OMe

Dehydration of 4-methyl-4-chromanol (I) with perchloric acid gave a mixture of
4-methylchroman (V) and 4-methyl-1-benzopyrylium perchlorate (VI). 4-Methyl-
A3-chromene (VII), obtained by dehydration of I with anhydrous copper sulphate,®
also yielded V and VI on treatment with perchloric acid. The chroman V was also
prepared by catalytic hydrogenation of VII. Although some instances of formation of
pyrylium salts by the action of mineral acids on chromenes in the absence of oxidizing
agents have been reported earlier,%® the formation of these salts is attributed to air
oxidation. The simultaneous formation of chromans in these reactions which also

* NCL Communication Number 1050.
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appears likely as will be seen from the present paper has, however, not been reported.

The following sequence of reactions and their mechanism is suggested as a most
likely explanation to account for the simultaneous formation of chromans and
pyrylium salts by acid treatment of 4-chromanols and A3-chromenes :-

=15 -

VIIA

SURTA e oRee

VHA Clo;

I CuSO, vy RIS, H2

The disproportionation of VII involves intermolecular transfer of C-2 hydrogen
atom as hydride to the carbonium ion [C~4 position in VIIA (cf. Ref. 1-4)]. 4-Methyl-
1-benzopyrylium perchlorate (VI), isolated under very carefully controlled experi-
mental conditions, was extremely unstable and changed rapidly to an unidentified
red dye.

Dissolution of the red dye in perchloric acid gave a yellow colored solution which
gave a UV spectrum identical with VI (in perchloric acid). As against corresponding
dyes derived from 4-methylthianaphthalenium perchlorates'~® which could be
isolated and identified, the above red dye derived from VI could not be isolated in
an analytically pure form.

The substituted 4-methyl-4-chromanols (II, III and IV) on treatment with per-
chloric acid likewise gave the corresponding chromans VIII, X and XII and the
1-benzopyrylium perchlorates (IX, XI and XIII) respectively. Compound IX was too
unstable for isolation but its formation was shown by the UV spectrum of the per-
chloric acid solution of the reaction mixture after removal of the chroman VIIL
Whereas IX was extremely unstable and XI decomposed within a few hours, 7-
methoxy-4-methylbenzopyrylium perchlorate (XIII) was much more stable pre-
sumably because of the stabilization of the cation by the 7-OMe group.

H,
NS
>
6/
ClO¢
11 — VII;R = 6-Me + IX;R = 6-Me
HI - X; R = 6-OMe + XI; R = 6-OMe

IV - XII; R = 7-OMe + XII; R = 7-OMe
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4-Methyl-5,6-benzo-4-chromanols listed below were prepared from the corres-
ponding 5 6‘benzo-4¢chromanones -9

H,
OH
MeMgl

X1v; R XV R.R
XVL;R = H XVIL;R = H
XVII;R,R = Me XIX;R,R' = Mc

Treatment of XV with perchloric acid gave 4-methyl-5,6- benzochroman'?® (XX)
and 4-methylnaphtho-[2,1-b] pyrylium perchlorate (XXI)

g6

.

Y

07 Clo;

XX1

Xv

Compound XVII, on treatment with perchloric acid, similarly gave 2,4- -dimethyl-
5,6-benzochroman (XXII) and 2,4-dimethylnaphtho-[2,1-b]-pyrylium perchlorate

XII).
O Qe
AN
w— O, T
0~ “CH, 07 “CH,

Clog
XXI11 XXIn

When XIX was treated with perchloric acid, 2,2 A-trimethylnaphtho-(2,1-b)-pyran’®
(XXIV) was the only product formed there being no possibility of hydride transfer.

O
=

H,

0~ “CH;

XXI1v

With the view to study the stereochemistry of chromans obtained by hydride
transfer, 3,4-dimethyl-4-chromanol (XXV) [prepared by interaction of 3-methyl-4-
chromanone (XXVI)!! with MeMgl] was treated with perchloric acid. As expected
the reaction yielded 3,4-dimethylchroman (shown to be a 50: 50 mixture of cis-XXX
and trans-XXVII 34-dimethylchromans) and 3,4-dimethylbenzopyrylium per-
chlorate (XXVIII).

Dehydration of XXV by heating with anhydrous copper sulphate gave 3,4-dimethyl-
A3-chromene (XXIX) which was also obtained by reduction of XXVIII with sodium
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borohydride. The structure of XXIX was confirmed by its UV and NMR spectra.
Catalytic hydrogenation of XXIX yielded 3,4-dimethylchroman (XXX). NMR
spectrum of the latter reveals it to be nearly pure (ca. 90 %) cis-XXX. When XXIX was
treated with perchloric acid it yielded XXVIII and a 50: 50 mixture of cis-3,4-dimethyl-
chroman (XXX) and trans-3,4-dimethylchroman (XXVII). Thus treatment of both
XXV and XXIX with perchloric acid gave a 50:50 mixture of cis-XXX and trans-
XXVII-3,4-dimethylchromans along with XX VIII.

(0]
XXV

' Vil
L H,, Pd/C t )oi

HCIO, - |

NMR spectrum of cis-3,4-dimethylchroman (XXX) obtained by catalytic hydro-
genation of XXIX was as follows (soln in CCl,, the position of the protons are in-
dicated in ppm and J values in c/s):

(a) Two methyl doublets at 0-97 and 1:17 (J = 7); (b) The benzylic methine proton
at C, showed two pairs of overlapping quartets centered at 29 (JH, ; = 6); The
coupling constant 6 for C, and C; protons confirmed their cis orientation; (c) A
complex band for C,-H centered at 2:15; (d) A band for O—CH,-protons centered
at 3-9; (e) Four aromatic protons centered at 6:9.

NMR spectrum of the mixture of cis- and trans-dimethylchromans obtained by
treatment of XXV and XXIX with perchloric acid showed:

(a) Four pairs of Me doublets at 0-97, 1-17, 0-91 and 1-27. Of these, the two pairs at
097 and 1-17 belong to the cis-isomer XXX as seen from the NMR spectrum of XXX
obtained by catalytic hydrogenation of XXIX. The other pair at 0-91 and 127 [a
small amount of which is also discernible in the catalytic reduction product XXX]
is due to the trans isomer XXVII. Integration showed the ratio of the two isomers
to be 50:50.

(b) The band for C, proton in this mixture was too complex for analysis. The C,
and C, protons show as a complex band from 2-3.

(c) A complex band for O—CH), protons centered at 3-85.

(d) Four aromatic protons centered at 6-8.

The NMR data agreed with the following VPC analysis:
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Using a 50 ft SE-30 (Golay) column, (Col. temp 125°, H, flow-rate 375 ml/min),
XXX, obtained by catalytic hydrogenation of XXIX, gave a peak with retention time
of 9 min 36" showing 90 % of cis isomer and 109, of trans isomer with a retention time
8 min 15’. The product obtained by acid catalysed disproportionation of XXIX on
the other hand under similar conditions gave two peaks with retention time 9 min
36’ and 8 min 15’ corresponding to 50%, of each of the isomers XXX and XXVIII
respectively.

CH,
SON J-
0 (l) S
CH,

XXIXA XXX1 XXX11

The lack of sterospecificity in the intermolecular transfer of hydride from the
2-position in one molecule of XXIX to the 4-position of its protonated derivative
XXIXA may be due to the similar thermodynamic stability of the cis and trans end
products XXX and XXVII (cf. the nearly equal thermodynamic stability of cis- and
trans-octohydrophenanthrene’?). The acid catalysed disproportionation of XXIX
however differs from the acid catalysed disproportionation of 7-methoxy-9-thia-
1,2,3,49,10-hexahydrophenanthrene (XXXI) where hydride transfer gives pre-
dominantly cis-7-methoxy-9-thia-1,2,3,4,4a,9,10,10a-octahydrophenanthrene (XX XII)
(vield, 77%).!? In order to throw further light on the stereochemistry involved in
the hydride transfer in the acid treatment of A3-chromenes, it is proposed to study the
disproportionation of the oxa-analogue of XXXI.

EXPERIMENTAL

General method for the syntheses of 4-methyl-4-chromanols (I-1V). Phenols were condensed with
propiolactone to give B-phenoxy acids.® The latter were cyclized with PPA at 60-70° for 14-2 hr to give
the relevant chromanones in 75-85 %, yield. The chromanones were treated at 0° with MeMgl, the Grignard
complex being decomposed with NH,Cl soln to yield I-1V.

5,6-Benzo-4-chromanone XIV. B-2-Naphthoxypropionitrile was prepared by the condensation of
B-naphthol with acrylonitrile using Et,N as a catalyst.” Cyclization of the condensation product by
interaction with 85% H,SO, gave X1V’

2-Methyl-5,6-benzo-4-chromanone (XVI). B-Naphthyl crotonate'* on cyclization with HF gave XVI.®
The chromanone was preferably purified by chromatography over neutral alumina instead of distillation
as reported, m.p. 72-73° (jit..* m.p. 73-74°).

2,2-Dimethyl-5,6-benzo-4-chromanone (XVIII). The compound could not be obtained by the method
reported.” It was prepared by the following procedure:

B-Methylcrotonic acid chloride (8:6 g) was reftuxed with B-naphthol (10-5 g) in dry benzene (50 ml) in the
presence of Mg turnings to give the B-naphthyl ester (157 g) m.p. 54-56° (yield, 96 %). The latter (22:3 g)
was treated with HF (60-70 mi) at room temp for 2 hr. The acid was removed by passing a stream of N;.
The reaction mixture was dissolved in ether and the ether extract washed 4-5 times with 1-5%, NaOHagq
and then with saturated brine till free of alkali. The crude chromanone (18:6 g) was chromatographed
over neutral alumina (400 g) using pet. ether (b.p. 60-80°). The product (11-3 g) on further purification by
3 crystallizations from pet. ether (b.p. 40-60°) gave pure XVIII as white cubes (6 g), m.p. 79-81° (lit.,*
m.p. 81°).
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4-Methyl-5,6-benzo4-chromanol (XV) was prepared as reported earlier (lit.,* m.p. 124°).

2,4-Dimethyl-5,6-benzo-4-chromanol (XVII). A soln of XVI (589 g} in ether was added dropwise at 0°
to 2 equivts of MeMgl in ether. The reaction was allowed to come to room temp gradually and then
refluxed for 1 hr. The Grignard complex was decomposed with 209, NH,Claq and the ether layer washed
with 2% Na,S,0;aq and saturated brine. Removal of ether gave XVII as a white solid (556 g; 88%).
On crystallization from EtOH it gave white needles. m.p. 134-135°. (Found: C, 78-7; H. 68; C, H,,O
requires: C, 789; H, 7-1%,)

2,2,4-Trimethyl-5,6-benzo-4-chromano! (XIX) was prepared from XVIII {5-65 g) as above to yield crude
XIX (442 g). The latter on several crystallizations from EtOH gave white needles m.p. 161-163° (2:6 g,

43%). (Found: C, 79-2; H, 78; C;sH, 5O requires: C, 79-3; H, 74%,.)

2,2,4-Trimethyl-5,6-benzo- A®-chromene (XXIV). A soln of XIX (0-6 g) in benzene (7 ml) was stirred with
60 % perchloric acid (1 ml) for 15 min at room temp. The benzene layer was washed with NaHCO, aq.
Removal of benzene and distillation of the product gave a pale yellow liquid (0-53 g), b.p. 120-140° (air
bath)/0-2 mm. On redistillation. a white solid was obtained which after 3 crystallizations from pet. ether (b.p.
40-60°) gave XXIV as colourless cubes, m.p. 81-82°. (Found: C, 86:2; H, 74; C,H, (O requires: C, 857;
H, 719%.) UV spectrum in alcohol 4,,, (log &) —347 (3-64} 313 (3-60), 301 (3-64), 244 (4-74). The NMR
spectrum in CCl, confirmed the structure XXIV (positions of protons in ppm: 1-4 for 2,2-dimethyl; 2-36
for 4-methyl, 5-37 for C,-proton, multiplet at 6-67-8:15 for aromatic protons).

3-Methylchromanone (XXVI) was prepared by treating the Na salt of o-hydroxypropiophenone with
formaldehyde as reported.!' However the experimental conditions have not been described. By adopting
the following procedure XXVI was obtained in yields varying from 27-50%,: o-Hydroxypropiophenone
(6 g) was dissolved in the required quantity of NaOH in water (40 ml) at 50°. Aqueous (37-41%) form-
aldehyde (5 ml) was added and the mixture heated at 50° for 75 min. After keeping at room temp for 2 hr,
the mixture was extracted with ether. Work up gave a liquid which on fractional distillation gave a fraction
distilling between 112-126°/3 mm. The latter on redistillation gave XXVI b.p. 113-115°/3 mm. (Found:
C,742; H; 6:5. C(,H,,0, requires: C, 74-1; H, 62%,.)

3,4-Dimethyl-4-chromanol (XXV} was prepared as described above. The chromanone XXVI (8-23 g)
gave XXV as a colourless viscous oil {8-79 g). The latter showed absence of a carbonyl band in IR and was
used as such in subsequent reactions.

3,4-Dimethyl- A%-chromene (XXIX). A soln of XXV (6g) in dry benzene (250 ml) was refluxed with
anhy CuSO, (3 g). Water formed in the reaction was removed azeotropically. The benzene soln on work
up gave a liquid which on distillation gave XXIX (4-98 g;, 92%) b.p. 102-107°/3-4 mm. (Found: C, 82-8;
H, 7-7; C,,H,,0 requires: C, 825; H, 76%,) UV spectrum in EtOH 2,_,, and log ¢}: 307-308 (3-65),
266 (3-74).

cis-3.4-Dimethylchroman (XXX). A soln of XXIX (03 g) in AcOEt (10 ml) and 109, Pd-C (150 mg) was
treated under stirring with H; at atm press, till H, absorption ceased. Removal of solvent and dlsullauon
of the residue gave XXX as a colourless oil (0-20 g) b.p. 106° (bath temp)/5 mm.

4-Methylchroman (V). A soln of VII prepared from I as reported® (0-25 g} in AcOE, and 30% Pd-C
(50 mg) was treated with H, until absorption ceased. Removal of solvent and distillation of the residue
gave V as a colourless liquid (0-16 g) b.p. 80-90° (air bath)/5 mm.

General procedure for treatment of 4-methylchromanols, benzochromanols or A-chromenes with 607,
perchloric acid. The chromanols and benzochromanols were treated with 60% aqueous perchloric acid
(5-10 ml per gm of the compound), at 60-70° for 2 hr, except in the case of IV which was treated with
70% aqueous perchloric acid at room temp for 2 hr. The reaction mixture was extracted with pet. ether
(b.p. 60-80°). The solvent extract was washed with NaHCO;aq and water. After drying (Na,SO,) the
solvent was removed and the residual liquid distilled in vacuum whereby the chromans were obtained as
colourless liquids. The perchloric acid soln left after extraction with pet. ether was cooled in an ice bath
and cther gradually added under agitation until the mixture was saturated with ether. The reaction
mixture gave the relevant perchlorates which separated out in a few cases as crystalline solids. In the case
of chromanols I, I and I1l, the above perchloric acid treatment gave dark violet solns from which very
small quantities of colored compounds were isolated which however have not been examined fully so far.

4-Methylbenzopyrylium perchiorate (V1). The chromanol I (0-50 g) was gradually added to aqueous 709,
perchloric acid (2-5 mi) at — 15° The reaction mixture was kept for 1 hr at — 13 to —15°, with occasional
stirring. Chilled ether was added very gradually keeping the temp below —10° After adding ether to
saturation point, the mixture was allowed to stand for a few min and then filtered in an atmosphere of
N, and washed with dry ether. The crystalline VI was immediately analysed and its NMR spectrum in



£ ag7
e 4

trifluoroacetic acid also immediately taken. The perchiorate (yield, 16 mg) had no sharp m.p. It shrinks at
95° and melts at 105-110°. (Position of protons in ppm: 3-36 for 4-methyl; 8:16-8-8 for four aromatic
protons and C, proton; 9-59 a doublet for C, proton.)

6-Methoxy-4-methylbenzopyrylium perchlorate (XI). Chromanol III (0-5 g) was gradually added to 709,
aqueous perchloric acid (25 ml) cooled in an ice-salt bath. The reaction mixture was then kept at room
temp for 1 hr, after which it was again cooled in an ice-salt bath and ether added to saturation point.
The yellow ppt obtained was immediately filtered and washed with ether. The crystalline XI (0-15 g) was

immediately analvsed and its NMR snectrum recorded in triflucroacetic acid. fposition of protonsin npm:
mmeGialty ana;yses and its IN MK specirum reCoraes m INGuoroacelc acit. (position o1 protonsn ppo

326 for 4-Me; 4:16 for 6-OMe; 7-67-8-26 for three aromatic protons and C, proton; 9-36 a doublet for
C, proton.)

7-Methoxy-4-methylbenzopyrylium perchlorate (X11I). The chromanol IV (4-6 g) on treatment with 70,
aqueous perchloric acid (12 ml) at room temp for 2 hr gave, on saturation with ether, XIII (1-72 g). The
NMR spectrum in trifluoroacetic acid showed the following characteristics: (position of protons in ppm:
32 for 4-Me; 4-27 for 7-OMe; 7-67-8-7 for three aromatic protons and C; proton; 9-2 a doublet for C,
proton.}

The physical constants, properties, yields and elementary analysis of 4-methylchromans (prepared by
perchloric acid treatment of the relevant chromanols and A3-chromenes) are recorded in Table 1. The
data on catalytic hydrogenation of VII and XXIX is also reported in this Table,

The physical constants, properties and elementary analysis of 4-methylbenzopyrylium salts (obtained
by perchioric acid treatment of 4-methylchromanols) are recorded in Table 2.
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