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PART - 1A

SYNTHESIS OF CHROMANS AND
BENZOPYRYLIUM SALTS INVOLVING

HYDRIDE TRANSFER




INTRODUCTION



Bengopyryliun salts and chromans are a well
known class of compounds, The benzopyrylium salts are
important due to their relationship with naturally
occurring flavylium salts namely the anthocyanines and
the anthocyanidines, The chroman ring system is found
in tocopherol, catechins and leucoanthocyanidines, In
view of their importance, the atove class of compounds
have been studied in detail and several methods are
available for their synthesés, The present discussion
will be restricted to the pertinent aspects of their
preparation directly from chromenes or chromene percursors

@8 this has a bearing on the subject of the present thesis,

The conversion of a A% or A®-chromene to
benzopyrylium salts has always been achieved by the use
of an oxidising agent, FeCl, being one of the most widely
used reagents, There are numerous examples of such
conversions in literature of which the following are a
foew (charts 1 and 2),

Lowonboinl found that the isomeric A?'- and Aa-z.
4~-diphenylchromenes can be oxidised by hc15 or P(:‘I0 or
I2 to give the ssme 4~phenylflavylium salts,

4=Chromanones (I) react with Grignard reagents
and the resulting ¢~chromancls (II) readily lose nzo and
yield A°~chromencs (III), The latter on oxidation in

acid solution give benzopyrylium adtol (IV).
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é~liethoxy=2,4~diphenylbenzopyrylium ferric
chloride (V) was obtained® by refluxing 2,6é~dimethoxy=
2y4~diphenylchroman (VI) with AcCH and POCla. through
the Ag-tlascno intermediate (V1I).

Robinson, et 013 used chloranil as an oxidising

agent for the preperation of 7=hydroxy-f=-phenyl=4~-
enisylflavylium salt (VIII), Resoreincl and
p~anisylideneacetophencne was treated with chloranil and
ethanolic hydrogen chloride, The formation of (VILI)
doubtless proceeds through the intermediate flavene (IX)
which is oxidised by chloranil,

Similarly Miller and ﬁobinnon’ used chloranil
in conjunction with Pocla for the conversion of
p=(2=hyd roxy-l=-naphthyl)-ethyl methyl ketone (X) to the
naphthopyrylium salt (XI),

Triphenylmethyl porohloratob has recently been
used for the dehydrogenation of chromancls and chromenes
to the benzopyrylium nucleus,

Bonthrone and Roids used triphenylmethyl
perchlorate in AcOH, where it functions as a dehydrating

3

agent as well, by virtue of the free perchloric acid which

is produced in the reaction,

+ -
Phac 010‘ + OKSCOQH = PhSCO.COO)!a * 8010‘
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Under the conditions, 4~chromancl (XIiI) was
directly converted to benzo[bd]pyrylium perchlorate (XI!I),

The above method has been applied by Degoni,
et al‘ to obtain the unstable dbenzopyrylium perchlorate
(XIV) from Ar'-ohmom.

It is thus seen that although several workers
have obtained benzopyrylium selts from chromenes, they
have invariably used an oxidising agent in their
preparation, There are some instances in literature
where workers have observed the formation of such salts
from chromenes in the absence of oxidising agents
(chart ?), These observations have led to spcculation as
regards their mechanism of fomation, The conversion of
chromenes to pyrylium salts in absence of oxidising
agents has been generally attributed to air oxidation.

Perkin and -’*&7' during their work on the
synthesis of brazilin, described the following experiment:-—
When a stream of dry HCl was passed through a solution
of deoxytrimethyl brazilone (XV) in eola CHCl, with
erdinary precautions to exclude air, an orange orystalline
substance was gradually deposited ccnsisting of
hydroehloride of isobrazilein trimethyl ether (XVI)., This
has been described as a ‘remarkable'’ property of substaance
(xv).
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Similarly rmndonborga. et al have described
an isoflavylium chloride which was obtained by treating
anhydrocatechin tetramethyl ether (XVII) with ethereal
HCl, They formulated the salt as (XVIII), Later it
was shown by Beker® that the salt was identicel with the
true isoflavylium salt (XIX) obtained by them by the
oxidation of (XVII) with KinO,, The formation of (XIX)
from (XVII) without the use of an oxidising agent was
explained by Baker as being due to serial oxidation, IHis
observation that the formation of (XIX) in an atmosphere
of hydrogen was slow and the yield poor lent support to
his explanation,

Y. Asahina, et a1lC who obtained the flavylius
salt (XX) from the chromanol (XXXI) suggested the following
sequence of reactions for this conversioni= The chromanol
(XXI) wes dehydrated to give the leuco base (IXII) which
immediately oxidises in the presence of air to the carbinol
base (XXIII) which with acid gives the salt (XX),

xuun in his work on the synthesis of
benzopyrylium salts had made the following observations
(chart 4):= o=~Hydroxytensylidenediacetophenone (XXIV)
in the presence of HCl and hcls gave the unsubatituted
flavylium ferriec chloride (XXV), The 4~phenacylflavylium
salts (XXVI) could however be obtained by treating
4~phenacylideneflavene (XXVII) with acid,
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The formation of 4~phenccylideneflavene (XXVII)
from (XXIV) was explained as in chart 4,

The convereion of chromene (XXVIII) to the
dehydrogenated product (XXVII) and hence to the
flavylium selt (XXVI) without the use of an oxidising
agent was described by liill to be an ‘obscure'’ fomm of
oxidation™®, The ylelds of (XXVII) obtained by acid
treatment never exceeded 50f, Since dihyd:rochalkone and
acetophenone »ere also isclated in these experiments,
Feureatein, et .112 suggested that dihydrochalkone may
be the result of the reduction of chalkone formed, the
chromene (XXVILI) being dehydrogenated in the process,
However, the formation of a ohalkone in these reactions

has not been explained,

Later in 1955, King, et al*® during their work
on epiafelechin have also reported the conversion of the
flavene (XXIX) to the flavylium chloride (XXX) in presence
of HCl as being due to atmospheric oxidation,

OMe
MeO 0) O
+]

_

OMe OMe Cl~

( XXIX) (XXX)
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Since no reduction products have been
identified in any of these transformations, it has been
assumed that aerial oxidation is involved, In 1959, a
by-product was isolated in such experiments but was not
identified, 7Thus Krohmke, et all® treated
4=phenylflavene (XXXI) in glacial AcOH with 63,.5% HBF,
and obtained 4-phenylflavylium fluoborate (XXXII), The
filtrate on work up gave a crystalline solid m,p, 1¢1-42°
which was not identified by them, On treating (XXXI)
with 708 HCLO, they isolated the 4=phenylflavylium
perchlorate and the same unidentified by-product as in
the previous case,

Ph Ph
+
N H X Unidentified
* * Product
~
(0] Ph Ph
X =

(XXXI) (XXXII)

The only instance where an attempt has been
made to rationalise the above type of obvservations was
by Smith, et 1115 {chert 5), The suthors observed that
when the chromene (XXXIII) was refluxed with 60§ HgS80,
a white solid appeared in the condenser. This solid
proved to be the known £2,5,7,5~tetramethyl-6~hydroxy-
chroman (XXXIV), Two mechanisms have been proposed by
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the authors for the conversion of (XXXIII) to (¥XXIV).

The first mechanism visualises the hydrolysis and loss

of (:O2 from (XXXIII) to form 2,6,7,6-tetramethyl=6=-
hydroxyehromene (XXXV) which later suffers ring fission
by the action of ngso‘ to give the hydroguinone (XXXVI),
The latter then disproportionates into the corresponding
quincne (XXXVII) or its decomposition producte while
redueing the chromene (XXXV) to chroman (XIXIV), The
authors indicate that the maximum yield of chroman by
such a mechanism would be BUf, Alternatively it was

also suggested that the chrumene (XXXV) would
disproportionate direetly into the chroman (XXX1V) and a
benzopyrylium salt such as (XXXVIII), The authors
suggest that since only %eum of hydrogen is transferred,
two molecules of the chromene (XXXV) would be necessary
to reduce one of its molecules to the chroman (XXXIV)

and 80 the maximum yield that can be expected is 3§, ‘he
above authors supported the first mechanism to explain
their results, Although they could not isolate the
benzopyrylium salt, the deep color which developed in the
resction favoured the second mechanism, 7The authors while
suggesting disproportionation of the chromene to the
chroman, explained their results as due to radicals which
nay be formed, However, it appears from the present

work that the above intermolecular reaction is an ionic
process involving hydride transfer,
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211ax*® 1n 1963 has shown conclusively that
Aaomuﬁmom disproportionate under acid conditions
to thiaschroman and thianaphthalenium salte and they
also recorded that the corresponding oxygen and nitrogen
heterocyclic derivatives also behaved similarly.

This report has been overlooked by Jurd®’ who
haes shown in 1967 that the floy-2-ene (XXXIX)
disproportionates to give the flavan (XL) and the
flavylium salt (XLI) in the presence of acid and states

(XXXI1X) (XL) (XLI)
that no reduction product has ever been identified in

such reactions before,

Although a large number of benzopyrylium salts
have been prepared, these mostly have a substituent in
the 2-position (except the isoflavylium salts), About
the only other salts reported in literature without a
2-substituent arei~

(1) bengopyrylium perchlorate (XIV) already
mentioned
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(2) 4~methoxybenzopyrylium --1%18 (XLiX)

OMe

b SO3~
+ P~ NO;~CgHgq=S03
O/

(XLI)
(3) 4~hydroxy bdenzopyrylium salt (XLIrr)®

OH

AN

(xim)

The paucity of literature on the above pyrylium
salts is probably due to the extreme reactivity of the
2-position which makes the salt highly susceptible to
nueleophylic attack,

Compound (XIV) has been reported to be very
unstable, The atability of (XLII) and (XLIII) i
probably due to the fact that the positive charge can

resonate between the two oxygen atoms,

Degani, et al® have shown that thianaphthalenium
salts are more stable than the benzopyrylium salts by



studying the equilibriums~-

S N
s P
0 S (0] S

CIO4

(X1V) (XLIV) (XLV)
When bengopyrylium perchlorate (XIV) and

2%-tniachromene (XLIV) were dissolved in acetonitrile,
UV spectrum of the product showed the characteristice of
thianaphthalenium perchlorate (XLV).



PRESERT WORK AND DISCUSSICH
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The present work deals with the study of the
dehydration of 4~methyl-4-chromanols in the presence
of perchloric acid which leads to the simultaneous
formation of a chroman and a benzopyrylium salt instead
of the expected A"’-ohroncno.

The 4=~methyl=4=~chromancls were prepared as
shown in chart 6,

Interaction of phenol and substituted phenocls
with propiolsctone in ag, alkeline solution gave
)20 which on cyclisation with
PPA gave 4~chromanones (Il)n. The latter on
interaction with MeMgl gave é~methyl=4é-chromanols®>
(111) = (VI).

p~phenoxypropionic acids (I

Dehydration of é-methyl=4=chromanocl (III) with
HC10, (60%) gave a mixture of 4~methylchroman (VII) and
4~methylbenzopyrylium perchlorate (VIII),

4~Methyl=A =chromene (1X)%! wes obtained by the
dehydration of (III) with & mild dehydrating agent like
0\;80‘. (IX), on treatment with KG].O‘. also ylelded (VII)
and (VIII),

An authentic semple of chroman (VII) was
prepared by the catalytic hydrogenation of (IX) for
comparison with the product obtained above, The above
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reactions are explained on the basis of formation of
“OM-AS-MQBO (IX) as an unstable intermediate
which disproportionates in the acidic medium to give the
chromen (VII) and the bensopyrylium salt (VIII) (chart 7).

The disproportionation involves an
intermolecular transfer of a Cp hydrogen as hydride from
(IX) to the 4 position of its protonated form (IXA).

The yield of the chroman and bensopyrylium salt can thus
not exceed 50%,

d~liethyl=~4=chromanol (III) (1 g) was treated
with 6 ml 1010, (60%) at 60-70°, The reaction mixture
extracted with pet, ether (60~80°) and solvent evaporated
to yield a liquid which was identified as <4-methylchroman
(VII) by its analysis and UV spectrum, The compound wes
found to be identical with authentic 4-methylchroman
prepared by hydrogenation of (IX).

The uclo‘ layer from the reaction after removal
of 4~methylchroman was yellow in colour and showed max,
absorption at 320 my and 240 mu, This is in egreement
with the UV gpectrum of (VIII) (isolated in later
experiments), On addition of ether, the HCIO‘ solution
showed max, absorption at B30 and 424 mu and a shoulder
at 500 mu, If the HCLO, solution was diluted with excess
EtOH instead of ether the following visible spectrum was
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obtained:~ Jmax, at 642, 626, H20, 495 mu but the
colour of the solution changes with time showing the
instability of the produet formed, However, when the
goloured solution was acidified with excess 11010‘ it
showed the characteristic benzopyrylium salt spectrum
(A max, 320, 240 mu).

The colour changes and the UV spectrum indicate
that the coloured products, formed in solution, on
protonation give back the original chromophore of the
bengopyrylium cation, The structure of the coloured
products could be that of a cyanine dye such as (X),.
Since no pure dye of this structure could be isolated, it
is possible that (X) gives a polynuclear condensation
product of the type (XI) by virtue of its reactive methyl
group (chart 8),

The HOIO‘ layer saturated with ether kept
overnight in the cold gave a negligible guantity of the
coloured product, In order to improve the yield of the
latter, 2 g of (III) was treated with 7 nl of HCLO, 60%
at 70° using trityl chloride as an external hydride
abstractor, On diluting with ether and allowing to stand
overnight in the cold, 21C mg of a ccloured product was
obtained to which it was not possible to assign any
definite structure,
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Purther attempts were made to get the coloured
product in a purer form by treating the chromanol (III)
with 70§ HOl0, et room temperature and at 10°, but the
reaction failed to give any definite products,

Finally the chromanol (IiI) was added
portionwise to 70§ HOL0, at ~16°, Chilled ether was
added to saturation at such a rate that the temp, did not
rise above «10°, Under these conditions a crystalline
yellow precipitate of ¢~methylbenzopyrylium perchlorate
(VIII) was obtaimed, The compound was extremely
unstable and turned red within a few seconds, Filtered
in an atmosphere of dry 'z and taken up immediately for
analysis it gave the correct chlorine content, Itse HMR
spectrun in the triflurcacetic acid confirmed the

structure,

Similarly (chart 9) é~methoxy-4-methyl=d=
chromanol (IV) geave é-methoxy-é=methylchroman (XII) and
é~methoxy=4~nethylbensopyryliun perchlorate (XIII), (XIII)
could be jisolated by carrying out the reaction at room
temperature and saturating the 3010‘ solution with ether
without allowing the temperature to rise above -10°,

(XIII) wes also very unstable and had to be taken
immediately on filtration for analysis and NMRE spectrum
determination,

é,6~Dimethyl=-¢=~chromancl (V) on treatment with
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HC10, gave 4,6~dimethylohroman (XIV) but it was not
possible to isolate the salt (XV) although its fomation
was shown by UV spectrum of the reaction mixture,

7-lethoxy=4=-methyl=4~chromanocl (V1) was
treated with 708 HC10, at room temperature to give
7=nethoxy=4-methylchroman (XVI) and 7T-methoxyed~
methylbenzopyrylium perchlorate (XVIiI).

The perchlorate (XVII) was much more stable as
compared with (VIII) and (XIIX), Obviously the two
resonating structures that are possible by charge
distribution between the oxygen atoms contribute to the
stability of the salt,

CHsz CHsz
A Z |
€ T
+ + P
H3CO HyC
Clog Clo,

(XVi)
Since the salt (XVII) was quite stable,

attempts were made to convert it to a cyanine type of
dye, by adopting the following procedures but no pure
dye wes obtained,

(1) The chromenol (VI) was heated with 60%
HC10, at 100° in the presence of trityl chloride.

(2) The salt (VI) was refluxed in gl. AcOH with



trityl chloride,

(2) One equivalent of the salt (VI) was
treated with 1/2 equivalent of sodium methoxide, The
colour was totally discharged,

(4¢) Acetonitrile wus used as a mild base and
the salt (VI) was refluxed with it,

Attempts were also made to obtain a dye from
(I1I) by dissolving it in gl, AcOH and passing dry HOL in
the presence of anhy. reclz. Only tarry coloured
producta were isolated,

In this respect the benzopyrylium salts behave
quite differently from their sulphur ana.logue-" where it
was possible to isolate a thiacyanine dye (XVIiI) from
thianaphthalenium perchlorate obtained from similar
disproporticnation reactions,

CHs

X i
f/ _—
S” ™CcH

clog

( XVII)

The oxygen and sulphur atoms, because of their
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unshared electrons, are capable of releasing electrons in
conjugative interaction with electron deficient groups

or with electron withdrawing unsaturated groups through
their mescmeric ability, In the case of sulphides such
electron release involves contribution from a 2p-Zp

bond between C and S whereas in the case of ethers a
2p=2p 77 bond between C and O is involved, Experimental
facts as well as theoretical considerations support the
concept that a 77 bond involving two 2 p orbitals
contridbutes more to the stability of a molecule than a
bond formed vetweem 2p and JIp orbitals, However, when

0 and S form part of a conjugated ring system there is a
fundamental difference in the nature of their conjugation,
In these cases the sulphur atom not only displays
electron releasing but also electron accepting
conjugation effecets as well, becsuse of the vacant 354
orbitals on sulfur,

For similar reasons unlike ether oxygen atom,
sulfide sulfur can participate in the resonance
stabilisation of free radicel centres and of elegotron rich

centres,

—C—§— =T/ —C=S5—
| |
= ©
—Cc—S5 — —C=S§—
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In structures contributing to such
stabilisation the sulfur atom hes expanded the number of
electron in the outer valence shell from 8 t0 & and 10

respectively.

sulfide sulfur thus differs from ether oxygen,
since in oxygen the 2nd valence shell has no d orbitals

to accormodate electrons in excess of 8,

ihis fundemental difference between the
electronic structures of oxygen and sulfur are probably
responsible for the large difference iu stability of
thiacyanine dye of the type (XVIll) as compared to ite
oxycen analogue,

The disproportionation reaction has been
extented to ¢~methyl=5,6=benzo~4~chromancls (XIX-1XI)
which contain two one or no hydrogen in tne £ positicn
(ehart 10).,

The chromanols were ;repared from the
corresponding 5,6-bengo-é~chromanines ( XII=XX1IV) 87,24,28

by the action of cuaugx.

Treatment of (XiX) with perchloric acid (olp)
at 60-70° gave Hathyl-ﬂ.b-benmchmu“ (XXV) and
l=methylnaphtho(2,1=b) pyryliun perenlorate (XxVI) ..

*Numbering as in Patterson's "Hing Index"™ (1950) end
Chemical Abstruots.
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Compound (XX) on treatment with HO10, similarly gave
2y4=dimethyl 5 ,6~bensochronan (XXVII) and 1,3~dimethyl=-
naphtho(2,1-b) pyrylium perehlorate (XXvIiI) ,

When (XXI) wes treated with HCLO, 1,%,%~
trimethylnaphtho(2,1-b) pyran (XXIX) was the only product
formed there being no possibility of hydride transfer
from the 2 position,

The struoture of (XXIX) was confimmed by UV
analysis and NMR,

The naphthopyrylium salts were gquite stable
and could be isolated without difficulty, The naphthalene
ring system contributes to the stability of the salts as
the +ve charge can be delocalised over an extended
conjugated system,

" heaistry of hydride | :

Since the hydride tronsfer takes place at a
planar carbonium ion which is capable of accepting the
hydride from either side of the molecule, it was of
interest to study the stereochemistry of a chroman formed

by disproportionation where stereo isomers were possible,

*Numbering as in Patterson's "Ring Index® (1969) and
Chemical Abstracts,
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With this end in view, disproportionation of
2 yé~dimethyl=d=chromanocl (X' X) and a.«-aumm—b’-
chromene (XXXI) was studied (chart 11),

t=-lethyl=4~chromenone (XXXII) was prepared”’
by the action of formaldehyde on the sodium salt of
o~hydroxypropiophenone, The chromancl (XXX) was obtained
by reacting (XXXII) with Ci,iigle

The action of HCIO‘ on (XXX) yielded 2,4~
dimethylbenzopyrylium perchlorate (XXXIII) end 3,4~
dimethylchroman (shown to be a 5031850 mixture of cie
(XXXIV) and trans (XXXV) isomers).

Dehydration of (XXX) with anhydrous Ouso‘ gave
%,4~dimethyl-A =chromene (XXXI) which was also obtained
by sodium borohydride reduction of (XXXIII), The UV and
H4R spectrs of (XXXI) eonfirmed that it was pure A=
ohromene with no impurity of the A’~isomer., Catalytie
reduction of (XXXI) gave the pure cis 3,4~dimethyl
chroman (XXXIV), When (XXXI) was treated with HClO, it
likewise gave (XXXIII) and a 50350 mixture of ols=2,4~
dimethylehroman (XXXIV) and trane-3,4-dimethylohroman
(xXxxV),

That the ¥,4~dimethylchroman obtained by
disproporticnation was a 50350 mixture of eis and trans
isomers was shown by the study of ite NMR and VPC,
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Similar studies with (XXXIV) obtained by catalytie
reduction confirmed it to be a pure cis compound,

NMR (Pig. 1) spectrum of cle=3,4~dimethyl-
chromen (XXXIV) obtained by catelytiec hydrogenation of
(XXXI) was as follows (the position of the protons are
indicated in ppm and J values in cps,)s=

(a) two methyl doublets at 0,97 amd 1,17 (J = 7).,

(b) two pairs of overlapping quartets for the
benzylic methine proton at C, centred at 2.9 (m‘.a = §).
The coupling constant 6 for C, and C, protons confirmed
their cis orientation,

(e) a complex band for CymH centred at 2,15,
(4) a bend for 0-cng-protom centred st 8,9,

(e) a multiplet for four aromatic protons
centred at 6.9,

NiRk spectrun (Fig., 2) of the mixture of ecie~ and
trans-dimethylchromans obtained by treatment of (XXX) amd
(XXXI) with perchloric acid showed the following
characteristics:~

(a) four pairs of methyl doublets at 0,97, 1.17,
0.91 and 1,27, Of these, the two pairse at 0,07 and 1,17
belong to the cie~isomer (XiX1IV) as seen from the NMR
spectrum of (XXXIV), obtained by catalytic hydrogenation
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of (XXXI), The other pair at 0,91 end 1,27 (e small
emount of which is also discernible in the catalytic
reduction product (XXXIV) is due to the trans isomer
(XxXV),

Integration showed the ratio of the two iscmers
to be 50350,

(b) The band for G, proton in this nixture wes
too complex for analysis., The C, and c‘ protons show as
a complex band from B-7,

(e) & complex band for O-CH, protons centred
at 3,86,

(d) a multiplet for four aromatic protons
centred at 6.8,

The HMR data agreed with the following VPC
analysis (Pig. 3).

Using a 50 £t 53-20 (Golay) column (ecol. temp,
125°, H, flow rate 376 ml/min), (XXXIV), obtained by
catalytic hydrogenation of (XXXI), gave a peak with
retention time of 9 min, 36' showing 90% of eis isomer
and 10f of trans isomer with a retention time 8 nin, 15°,
The product obtained by acid catalysed disproportionation
of (XXXI) on the other hand under similar conditions gave
two peaks with retention time 9 min, 36' and 8 min, 15'



corresponding to BOf of each of the isomers (XXXIV)
and (XXXV) respectively.
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The ultraviolet spectra were recorded in 95%
ethanol, unless otherwise stated (Dl2 Ratio Recording
Spectrophotometer, PHeciman and Perkin Blmer 350
Speectrophotometer), ) max values are given in my and log €
values in parenthesis, NMR spectra were takea in carbon
tetrachloride unless otherwise stated (Varian A=60),
Values are reported in ppm and J values in eps, IR
gpectra were taken as indicated using Perkin Elmer
Infracord 137, M,Ps, are uncorrected and boiling points
refer to bath temperatures unless mentioned (liquids
being distilled in bulb tubes).

(1) g=Fhenoxypropionie acids (la - Id)

The acids were prepared as reported in the

literature=C,

(1) p=Phenoxypropionic acid (Ia)

Propiolactone 72 g and phenol (94 g) gave la
(28 g m.p. 90-92° (11,20 9¢-08°).

(11) p=(p-Methoxyphenoxy)=propioniec acid (Ib)

Proplolactone (18 g) and p~methoxyphenol
(51,04 g) gave Ib (B.5 g), m.p. 106~108° (11,20 106-7°).

(1i1) j~(p~Methylphenoxy)-propioniec acid (Ie)

Propiolactone (18 g) and p-cresol (R7.0% g) gave
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Ie (6,08 g), m.p. 142=8° (11%.%0 144~85°),
(4v) j~(m~-Methoxyphenoxy)=propioniec acid (Id).

Propiolactone (12 g) and memethoxyphenol (20,6 g)
gave 1Id (8.7 g), m.p. 80-82° (11t.%C g1-829),

(2) Chromanones (Ilas = 11d)

The acids (Ia = Id) were cyclised with PPA at
60-70° for 1 1/2 to 2 hrs, The reaction mixture was
poured over ice and extracted with ether, The ether
extract was washed with HalCO, solution and mtogjgvspomted.
The residue distilled to give the corresponding |

chromancnes (IIa - IId).
(1) 4~Chromanone (Ila),

Ia (9.7 g) with PPA [P0 (45 g) and H,PO,
(28 m1)] gave IIa (7.682 g) bep. 100°/1 mm,

(11) é~Methoxy=4~chromanone(IIb),

Io (2 g) with PPA [Py05 (12 g) and HgPO,
(7.5 5l)] gave (IIb) (2.0%6 ), bep. 148-51°/7 mm (11t.°}
178=-80°/23 mm).

(1i1) 6~Methyl=<¢~chromancne (Ile).

Io (6 g) with PPA [P0y (34 &) end HyPO,
(18 m1)] gave (IIc), bep. 117-118°/8.56 mm (11t,%2



160-62°/28 mm).
(iv) 7=Methoxy-4é~chromenone (IId).

1a (6 g with PPA [(PpUy (28 g) and HyPO,
(16 m1)] gave (IId) (3,48 g), b.p. 138-40°/1.5 mmj m.p.
58° (11t.°} 88°).

(2) sciethyl-¢-chronanols® (1LI=VD)

The chromancnes (Ila - IId) were treated with
two equivalents of OBSIGI at 0°. The temperature was
gradually allowed to come to room temperature and the
complex decomposed with mx‘m solution to give the
chromanols (III - VI),

(1) 4~Methyl=d=chromanol (I 'I),

(11e) (B ) gave (I1I) (%.9 g)y m.ps 105=6°
(pet. ether, b.p, 60-80°) (11t.%} 107°),

(11) 6~Methoxy-4-methyl=4~chromancl (IV).

(1Ib) (2,08 g) save (IV) (1.2 @)y meps 72=73°
(p.t. ether, b.p. 00-00°) (11‘.21 "10).

(111) 4,6-Dimethyl=4-chromanol (V).

(11e) (2 g) gave (V) (1.5 g)y mepe 11¢-115°
(pet. ether b.p. 60-80°) (11t.2% 116°).

3
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(iv) 7=Methoxy-4~methyl=4=chromanol (VI).

(11d) (8.6 g) gave (VI) (8,92 g). The
produet was obtained as a viscous oil, It was used
without further purification as IR taken as a thin film
showed strong OH absorption and no carbonyl impurity
(114,22 a.p. €29,

(4) Bab-Bengo-¢~chromenope (XXI1)“%,
(1) p=2=Naphthoxypropionitrile.

¢y=Naphthol (80 g) was refluxed with acrylonitrile
(138 ml) for 20 hours using triethylamine (7.5 ml) as
catalyst instead of triton B as reported to give 49 g
of the product m.p. 106=107° (11t.%° 108-106°).

(i1) Cyelisation of j=~2~-naphthoxypropionitrile
to give (XXII),

f=2=Naphthoxypropionitrile (2 g) with 85§
sulphuric acid (20 ml) gave (XXII) (1,315 g) b.p.
126-129°/0,015 mm,

(8) E=Methyl=5,é~bengo-¢=chrougnone (XXIIL)®4,
(1) Preparation of p-nnpbthylorotmtoea.

p~Naphthylcrotonate (27.4 g)y ReDe 54~55° was
obtained by condensing p-naphthol (20,16 g) with crotonyl



chloride (14,720 g) in dry benszene (100 ml) in the
presence of magnesium turnings (0.2 g).

(i1) Cyeclisation of j=naphthylerotonate to
give (XXIII),.

The ester (22 g) was treated with 60 ml HF
for 3 hours at room temperature, The crude product
(20 g) wes not distilled as reported, but purified by
chromatography over alumina eluting with pet, ether
(60=-80°) to give pure (XXIII) (6.8 g), m.p. 72=73°
(1it, 7:=74%),

(6) 2,2-Dimethyl=5,6=bengo-4~chromanone (IXIV)

(XXIV) could not be prepared as roportoda'.
was obtained by the following procedure:-

(1) Preparation of (~naphthyl-2,2-dimethyl-
acrylate,

2,2~Dimethylacrylic acid chloride (8,6 g) wes

It

refluxed with f=naphthol (10,5 g) in dry benzene (50 ml)

with magnesium turnings (200 mg) for 2 hrs, to give the

ester (16.7 g) (yield, 96%), m.p. 54=56°,

(i1) Cyclisation of (=~naphthyl=2,2-dimethyl
acrylate to give (XXIV),

The ester (22,3 g) was treated with HP

«
.

3¢
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(60=70 nl) at room temperature for 2 hours, HF was
removed by passing a stream of lge The reaction mixture
was dissolved in ether and the ether extract washed five
times with 1.5% alkali solution and then with 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.% g) on further
purification by three crystallisations from pet. ether
(e pe 40-60°) gave pure chromanone (XXIV), m.p. 79=81°
(11¢.% n,p. 82°).

(7) 4-lothyle,é-bengo=g=ohromeanol™ (X1X)

The chromanone (XXII) (1.3 g) with 2 equivalents
of CHglgl gave (XIX) (0.98) m.p. 122-4° (pet. ether,
venzene) (1it.>t 124°).

(8) 2,4=Dimethyl~8,6~bengo=4~ohromanol (XX)

A solution of chromenone (XXIII) (5,89 g) in
ether was added dropwise at 0° to two equivalents of
Clighigl in ether, The reaction was allowed to come %o
room temperature very gradually and then refluxed for one
hour, The Grignard complex was decomposed with 20F
agueous ammonium chloride and the ether layer washed with
2% aqueous NagSy0y solution and saturated brine. Removal
of ether gave (XX) as a white solid (5.56 g) (yield, 88%).
On erystallisation from ethanol it gave white needles,
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mep. 134=-236° (Pounds C, 78,73 H, 6.8; Cyglly g0 Tequires:
Cy 78.9' H, 7.1’)0

(9) 248s4=trinethyl=5,6=benso=4=ghromanol (XXI)

The chromancne (XX1IV) (5.65 g) with Clighigl as
above gave crude (XXI) (4.42 g). The latter on several
crystallisations from ethanol gave white needles m,p.
161~63° (2.6 g3 yield, 42%) (Pounds C, 79.2; H, 7.8,
0y glyg0 requiress C, 79.3; H, 7.4%). ‘

(10) ZzMethyl-é-chromenone (JXXII) was prepared by treating
the sodium salt of o~hydroxypropiophenone with fomaldehyde
as toportcd". However, the experimental details have not
been deseribed, By adopting the following procedure,
(XXXII) was obtained in yields varying from 27=50f%,
c~Hydroxypropiophenone (6 g) was dissolved in the required
quantity of sodium hydroxide in water (40 ml) at 50°,
Aqueocus (37=41%) formaldehyde (B ml) was added and the
nixture heated at 50° for 78 min, After keeping at room
temperature for £ hours the nixture was extracted with
ether, The ether extract washed free of alkali gave a
liquid which was distilled. The fraction distilling
between 112-126°/ * mm was collected, On redistillation
(XXXII) wes obtained (b.p. 113~15°/3 mm) (Pounds C, 74.2;

Hy 6,84 Oy i, Op requires: C, 74.1; H, 6.2%).

(11) Z.4-Dimethyl-4-chromanol (X)X) was prepared as
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deserided above, The chromanone (XiIXII) (8.22 g) gave
(XXX) as a colourless viscous oil (8,79 g). The latter
showed a strong OH absorption and absence of carbonyl
band in IR and was used as such in subsequent reactions,

(12) g-Mothyl-p®~chromene™ (1X)

(I1I) (B.1 g) was refluxed in dry Ogilg with
anhydrous CuSOg to give (IX) (2.8 g).

(13) g-lethylohroman

A solution of (IX) (0.26 g) in ethyl acetate
and 30f palladised carbon (10 mg) was treated with hydrogen
till absorption ceased, Removal of solveant and
distillation of the residue gave 4-methylchroman &s a
colourless 1iquid (0.16 g), bep. 80-90°/5 mm, (Pound:
Cy 80,63 Hy 8.1. 0y H,,0 requiress C, 81.0; H, 8.1%).

UV speotrums- 274 (&,28), 283 (2.32),

(16) 2,4-Dimetnyl-d®~ohromens (XXXI)

A solution of the chromanocl (XxX) (6 g) in dry
bengene (250 ml) was refluxed with anhydrous CuSO, (3 &
Water formed in the reaction was removed azeotropically,
The bengene solution was filtered and evaporated, The
residue distilled to give (XXXI) (4.98 g3 yield, 92%),
bepe 102-7°/2-4 um, (Pounds C, 82,8 H, 7.7, 0;H),0



requires: O, 82,63 H, 7.6%),
UV spectruns= 07=8 (2,65), 266 (2.74).
NMR (Pig. 4)3~-

(a) a peak at 1,75 of 3 proton intensity for
ca-hiothyl

(b) a peak at 1.95 of 3 proton intemnsity for
0‘-lot!w1

(c) a signal at 4,54 of 2 proton intensity

for 02 methylene protons

(d) a complex band at 6,88 for 4 aromatie

protons

(15) Cis=3,4=-Dimethyl chromen (XXXIV)

A solution of (XXXI) (0.3 g) in ethyl acetate
(10 ml) and 10f palladised carbon (100 mg) was treated
under stirring with hydrogen at atmospheric pressure till
hydrogen absorption ceased., FRemoval of solvent and
distillation of the residue gave (XXXIV) (0.20 g3 yield,
66%) as a colourless oil, b.p., 106°/6 mm, (Founds C,
81,73 H, 8.7, ©,,H, 0 requiress O, 8l.4; H, 8,7%).

UV spectrums- 276 (2,29), 283 (%.27).
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The chromancls and bengochromancls were treated

with 60f aquecus perchloric acid (5~10 ml per gm of the
compound) at 60-70° for 2 hours, except in the case of
chromanol (IV) which was treated with 70f aqueous
perchloric acid at room temperature for 2 hours, The
resotion mixture was extracted with petroleum ether

(bep. 60=80°), The solvent extract was washed with
equeous sodium bicarbonate solution, and water, After
drying (nazao‘) s the solvent was removed and the residual
liquid distilled in vacuum whereby the chromans were
obtained as colourlese liquids. The perchloric¢ acid
solution left after extraction with petroleum ether was
cocled in en ice bath and ether 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 (III), (IV) and (V), the above
perchloric acid treatment gave dark violet solutions from
which very small quantities of coloured compounds were
isolated which, however, have not been examined fully

80 far, The benzopyrylium selt from (III) and (IV)

were isolated in experiments described separately.



The physical constants, properties, yields and
elementary analysis of 4~-methylchromans obtained by the
disproportionation of 4-methyl=d=chromancls are
described in Table I,

The physicel constants, properties and elementary
analysis of 4~methyl bensopyrylium perchlorates obtained
by the disproportionation of 4-methyl-4-chromanols are
described in Table II,

a7

(IX) (1,08 g) was treated with 60% HOLO, (10 ml)
as described above to give (VII) (0,27 g, yield 27%)
identified by its UV spectrum () mas, 274, 284). The
HC].O‘ layer, after removal of (VII) showed the UV
characteristics of (VIII) () max, ®19, 2¢0). On the
addition of ether to the 3010‘ layer, the usual dark

coloured solutions were obtained.

(xxXxI) (3 g) was treated with 60% HC10, (12 =l)
as described above to give a 50350 mixture of cis=3,4~
dimethyl chroman (XXXIV) and trans=3,4=dimethyl chroman
(XXXV) (1.39 g3 yield, 46%), b.p. 81=83°/2,76~3.26 mm,
(Pound: C, 81,73 H, 8,3, Onﬂuo requiress C, 8l.43
Hy 8.7%)0
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UV spectruus~ 278 (3.42), 285 (3.38),

(19) 4=Hethylbengopyrylium perchlorate (VIII)

The chromancl (III) (0,50 g) was gradually
added to aquecus 70§ perchlorie acid (2.5 ml) at -18°,
The resction mixture was kept for 1 hour at =13 to -186°
with occasionel atirring, Ohilled ether was added very
gradually keeping the temperature below «10%, After
adding ether to saturation point, the mixture was allowed
to stand for a few minutes end then filtered in an
atmosphere of nitrogen and washed with dry ether, The
erystalline perchlorate (VIII) wes immediately analysed
and its NME spectrum in trifluorcacetic acid also
immediately taken, The perchlorate (yield 16 mg) had no
sharp m,p. It shrinks at 95° and melts at 105-110°,

NMR (’1‘. 5) t

(a) a three proton pesk for the Cymethyl group
at 2,36

(b) a multiplet for the four aromatie protons
and 08 proton between 8,16 and 8.8

(e) a one proton doublet (J=4,5) for the O,
proton at 9,69



a7

(20)

Chromanol (IV) (0.5 g) was gradually added to
70§ aguecus perchloric acid (2.6 ml) cocled in an ice-
salt bath, ¢The resction mixture was them kept at room
temperature for one hour, after which it was again
cooled in an ice-salt bath and ether added to saturation
point, The yellow precipitate obtained was immediately
filtered and washed with ether, The crystalline
perchlorate (XIII) (0,15 g) was immediately analysed
and its KMR spectrum recorded in triflucroacetic acid,

MiR (Pig. 6):~

(a) & three proton peak for the 4-methyl group
at 3.26

(v) a peak for the é-0CH, group at 4,16

(e¢) a multiplet for the three arcmatic protons
and the (:8 proton between 7,67 and 8,26

(4) = one proton doublet (J=4,5) for the C,
proton at 9,36,

(21) Z-Methoxy-é-methylbengopyryiium perghlorate (XVIL)

The chromanol (VI) (4.6 g) on treatment «ith
70%f agueous perchloric acid (12 ml) at room temperature
for two hours gave on saturation with ether (XVII)(1.72 g).
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NME (trifluorcacetic acid)s-

(a) a three proton peak for the 4=-methyl group
at 8,2

(v) & peak for the 'I--Ot':ll3 group at 4,27

(¢) a multiplet for the three aromatic protons
and the 08 proton between 7,67 and 8,7

(d) a one proton doublet (J=5) for the Cy
proton at 9,2

(22) 2,2,3=Trimethyinaphtho[2,l-blpyren (XX1X)

A solution of compound (XXI) (0.6 g) in benszene
(7 ml) was stirred with 60f perchloric acid (1 ml) for
16 minutes at room temperature, The benzene layer was
washed with aqueous sodium bicarbonate, Hemoval of
benzene and distillation of the product geve a pale yellow
1iquid (0,82 g), bepe 120-40°/0,2 ma, On redistillation,
a white s0lid was obtained which after three crystallise~
tions from petroleum ether (b.p. 40-60°) gave (XXIX) as
colourless cubes, m,p. 81-82° (ut."” 74-76°) (Pound:
Oy 86,25 Hy 7eds 0yglly o0 requires: C, 86,7, H, 7.1%).

UV spectrumi- 347 (2,64), 513 (2.60), 201 (&.64),
244 (4.74).
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(a) a six proton peak for the J,3=dimethyl
group at 1.4

(b) a three proton peak for the ¢,-methyl
group at 2,36

(c) a one proton peak for the (!g proton at
B5.87

(d) a multiplet for the six aromatic protons
between 6,67 and 8,15



AXXX

(22°2) 983 $(0P°2) 843 4°8 P°T8 '8 2°T8 PIWMIY sseInOoT0) uwm 3/ 38-T8 92 + AIXXY XXX

(22°2) 332 (83°¢) BT o9 "d°m

(09°c) 293 1(89°2) 943 s

(9g°2) 882 1(88°P) 322 8% 6°¥8 8°. 3°@. PITO® #3Tus  §°0/,09-0%T 92  IIAXX xx

3.3 g ase

12°3) 61 ¢ 3.» 8« 089=19 .n.-

0L°2) 443 .

gv°q) 462 28.¢ T°4 8°%8 8°9 8°M8 PTTO® 23 TWR a.w\oo?ﬁa 0e AXX XIX

(9v°2) 883 !(0s°2) @8 6°% T°%. 0°8 4°22 PYNDYY seeranorop wm 5/ 96-06 G2 IAX IA

(22°g) 683 t(6%°2) 182 9°8 Q°I8 6°8 <2°T8 PIDIY eraganorep mwm g/ GT-GOT »°¥2 AXX A

.8.3 »63 £(30°%) 632  6°4 T°% 6°4 2°%. PYNDIT seerxnoT0) mWm 3/,G3-00T 83 IIX AT
(42°2) 283 f(0%°2) @43 T1°8 0°18 0°8 §°T8 PIDIL ssoTanoTo) W $/G8-GL O3 IIA 111

n 0 H 0

pexinbay punog
(3 Por) xwm PTOTL *pduod
unxjoeds An sysirsuy oouwiveddy *d°q/*d°m % wemoryy Jurzamyo

pIoR ojaoTuozed WiTe juemEady L ‘sTouSmOIY) WOXJ cUBEOIYOTAYoN-~H JO sTeeqjuls

T STEVL



(01°%) 832 ! (.2°%) 293 seTpeou
(Poton %ou) 4°2T 3*» 0°TE 0°PT L'V 3°T§  mOTTeL eTed o%=09T 4T IITXXX XXX
(98°%) 962
f(29°%) g°983 sy
(Povrom T + HOOY) @°TT 23°% 2°88 2°IT T°? 9%°8g moTTeL wepye) ol8¢ 12 IIIAXX X
@o.tvvaan t(gz*v) 383 soTposu
("otom #T + HOOV) T°3T 4°2 T°48 8°3T 9°¢ 3°4S MOTTeL uepYTod o323 63 TAXX XIX
$(23°%) 892 (TOTOH gou) 6°3T 0°% 0°8F 2°ZT S°% 9°y  PaIOTOO-IIng oS8-38T 83  IIIAX Ia
(99°2) 04=693
f(g0°*y) gaz ¢ v?..n.v 863 soTpeouOIOTw
£(s2°9) @92 (Totom gou) 12T - - 6°31 - - BoTTOX 4991 13 ITIX AT
(18°%) 0%3 ‘ g2 TPoOUOIOTE
t(or*») 212 (Yorom gou) eyt - - 0°QT - - s0TTex OTT~S0T 3 IITA III
™ = 0 10 H 0
paxynbey punog :
(3 Fo1) (rm uy) xww ¥ pToTL *pdmod
(3ueatoe) wmxydeds An gysiteny sounxsaddy *d*w ¢ uswmory) Furiawas

Poton mate erouemoayo Furiwexy Lq sejexorTyosed mayrLifdoysudeu puwe wnyriihdosueq Jo STseMyUAS

g FTUVY



CURCLUSIUN



52

The reactions described above show that
Az-ohmouu. disproportionate in acid media to give
chromans and bensopyrylium salts as a result of
intermoleculer transfer of the C, hydrogen from Ae-
chromene to the 0‘ position of its protonated oﬁociu.

The method has been used for the preparation of
some unstable bengopyrylium salts without a substituent
in the 2 position and the corresponding chromans,
Bengochromans and naphthopyrylium salts have also been
prepared,

For the bioyelic A'-chromenes studied, it has
been established that the hydride transfer reaction is
nonsterecapecific and that the hydride can attack with
equal ease from either side of the planar molecule to
give 50380 mixture of cis and trans products,

The disproportionation reaction can explain
the observations made by previous workers (c.f.
introduction), The observed formation of benzopyrylium
salts from chromene in the absence of oxidising agent or
alr is most probably the result of disproporticnation
rather than aerial oxidation as has been usually assumed,
Where the oxidation has been attributed to the presence
of .ubotanco.o like chalkones or hydroguinones the direct
disproportionation of the chromenes involved offers a more
rational explanation,
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AR CIE

SODIUM BOROHYDRIDE RUDUCTION OF
NAPHTHO (2-1,B) PYRYLIUM PERCHLORATES



The bengopyrylium nucleus is highly susceptible
to nuecleophilic attack by virtue of the faet that the
positive charge of the pyrylium cation stabilised by
aromatization does not reside solely on the oxygen
atom but is distributed in the ring (I - I1II),

(1) () )

Although a systematic study of the relative
electrophilicity of the Oe and o‘ position has not been
done it is generally observed that any mucleophilic
attack takes place preferentially at the Cp poant.onl'g.

positive
Although the »¥e charge on oxygen can get delocalised
to the £ or 4 carbon atom with equal facility by
mesomerism, the electronegativity of the hetero atom

makes the carbon atom next to it more electrophiliec.

It is also uona that the reactivity of the

2-methyl substituents is more than that of a 4-methyl
substituent for condensation reaction involving these
methyl groupe for e.g. preparation of oxacyanines, This
is because the f-carbon atom is more electron deficient
than the é~carbon atom making the e-oaa protons more
acidie to give the methylene bases (IlIa) which are the
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reactive intermediates in the above reaction,

CHy CH
A Xy, + HX
-
0 \CH 0 \
3
X~ X (N a)

Caloculations of electron dmuy‘ in the
pyrylium salts also show that the position oz and ce are
the favoured ones for nucleophilic attack, although no
definite conclusions can be drawn from experimental
evidence, It is however®, known with certainty that
bulky substituents decisively direct the attack at the
Cp or C, positions (chart 12),

Symmetrically substituted pyrylium salts (IV)
are converted into benszene doriv;tivons by boiling with
10% NeOH by the initial attack of OH at Cp to give the
intemediate (V),

The condensation of nitromethane’ with 2,6
diphenyl=é-methylpyrylium salt (VI) gives exclusively the
4~H pyran (VII), It seems probable that the influence
of the less bulky methyl group favours addition at Cq
atom 80 strongly that no addition at Og-cu'bon atons
takes place,

Similar trends in nucleophilic attack are observed



Chart 12
CHy CHy
NaOH N IS P o TS i
—==- =
H4C 0o CHs HC 0 OH
OH CHs
(V)
CH3z
H3C OH
/N02
CH3N02 |
CgHs H5C6 0] C6H5
(vim)
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in the bmzopyryuunl'z series (chart 12), The

benzopyrylium perchlorate (VIII) is cleaved by alkali
by initial remction at the C, position to gdve (1IX),

Also 2,7 ,4~triphenylbenzopyrylium salt® (x)
gives the 2.2,3.htotrnmlods-chromno (XI) by the
atteck of Ph at the 2 position,

In the case of the 2,3~diphenyl benzopyrylium
salt® (XII) the attack 1s on the unsubstituted
4~position giving 2,%-diphenyle=é=(<~naphthyl)=h"=
chromene (XIII),

It appears from the above discussion that the C,
position in the benzopyrylium salt is more reactive, In
both the unsubstituted and 2,4~disubstituted salts the
nueleophylic attack occurs at the 2-position, whereas
in the case of 2,%disubstituted compounds the attack
is at the unsubstituted and therefore the unhindered
4-position, In the present work nuecleophylie substitution
in naphthopyrylium selts has been studied,



Chart 13

+/
o o)
H

clog

(VII) (IX)

CeHs

CeH
XY ¢° phmgsr
—

CeHs

Clog

(X)
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[::]:fiI:CGHS o QOH7MgBr
Ao
0 C6H5

(X10)

N
SCH
|
OH ﬁ—H
(0]
CeHs
x-Cehs
CeHs
0
CeHs
(X1)
QOTF
CeHs
8 ~catle

(Xm)
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It has been shown that both electronic and
steric factors affect the products formed by the attack
of a nueleophilic reagent on the pyrylium nueleus, No
such studies have been reported on the maphthopyrylium
salts,

The present work deals with a study of the
nueleophilic attack on the naphthopyrylium salts I and
its derivatives (II~IV) (chart 14).

The perchlorates (II) and (IV) were prepared
as described in Part IA. The perchlorates (I)® and (III)
were prepared from §,6~bensoghromanols (V® and VI) which
were obtained by the LAH reduction of the corresponding
ketones (cf. Part IA).

clo;

(VI); R=CH, (1); RyR' = H
(I1); R=GH,, R'=H
(III); ReH, R'=CH,

(Iv); R.R'.Oﬂa

*Numbering as in Patterson's Ring Index and Chemical
Abstracts,
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clog

N/ 2
W

ClO4

Chart

NQBH4

NQBH4

Y

NaBH4

NaBHg4

Y

14

(IX)
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Sodium borohydride reduction was chouen as a
typical resction where nu“' is the attacking nucleophile
for the above perchlorates., Depending on whether the
attack iz at cz or 01 position 3H-pyren or 1H-pyran
would be the resulting product, A measure cof the
ratio of the two isomeric pyrans formed would thus
indicate the relative renctivity of the two carbonium
ions at 01 and 03.

The ratio of the isomeric pyran was determmined
by *he HMR of the reaction products, The HWR were taken
in carbon tetrachloride (Varien A 60), Values are given
in ppm and J values in cps,

(I) was treated with Halbli, end the reaction
worked up (as described in experimental section), The
distilled liquid (yield, 75%) of analytical purity waes
found to consist of 48§ nephtho(2,1=b)=3H-pyran (VII)

and (55§ naphtho(2,1=b)=-1H-pyran (VIII) from NMR evidence.

The NMR of the above mixture showed the
following characteristics for (VII) and (VIII) (Pig. 7):-
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(a) a quartet :or the 08 methylene protons
at 4,76 “K-Hb = 3,6); (‘K-Ho = 1,75)

(b) a pair of triplets for the Cp methine

(c) a pair of triplets for the Y methine
proton at 6.54 (Jno_m - ‘on)' (JHO"H. - 10”)

(d) the aromatic protons are shown between
6,82 and 7,82

Cwviir)

(a) a band for the 0, methylene protons at 2,6

(b) a pair of triplets for C, methine proton

The 03 methine proton is merged with the aromatic

region as seen from integration,

The ratio of the 01 methylene protons of (VIII)
to the (}a methylene protons of (VII) was 56345,

The perchlorate (II) with a methyl substituent
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in the c1 position was similarxly reduced to give an
analytically pure liquid in 75% yield, The liiR showed
it to consist of more than 95§ of naphtho(2,l=b)=1l=
methyl=3i-pyran (IX), the other iscmer (X) being
present to the extent of only 5%,

The HMR spectrum (FPig. 8) showed the followiug
characteristics for (IX):=-

(a) a peak for the 0, methyl group at 2.3
(b) a vand for the 0a methylene protons at 4.43
(e) a band for the (!2 methine proton at 5.54

(d) the aromatic protons are shown from
6.“ - 8.18

The isomer (X) was indicated in the NiR by a
doublet for C,-methyl at 1.3 (J = 7).,

The ratic of the Cy methyl in (IX) to the 01
methyl in (X) works out to be 956:6,

The perchlorate (III) with a Clig-in the ?
position was next reduced when it gave 76f of analytically
pure material consisting of 82¢ of naphtho(2,1l=b)=2=
methyl=lH-pyran (XI) and 18§ of naphtho(2,1=b)=i=
methyl=ZH~-pyran (X1I),
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The NMR (Fig. 9) showed the following
characteristics for (XI)s-

(a) a fine doublet due to allylic coupling for
C, methyl at 1,86 (J = 1)

(b) a band for the 0, methylene protons at .56
(¢) a band for the Cp vinyl proton at 4,71

(d) the aromatic protons are shown from 6.81
to 7.8

The presence of (XII) was shown by the
following charascteristice of NME spectrumi-

(a) a doublet for the Cy methyl group at 1.41
(J = 6,8)

(b) a doublet of doublet centered at 5,6 for
the 02 vinyl proton.

The ratio of Cy methyl in (XI) to the Cqy methyl
in (XII) is 82,18,

1,3 Dimethylnaphtho(2,1-b)-pyryliun perchlorate
(IV) wes reduced by NaBii, to give 93% of enalyticelly
pure liquid which consisted of 80% 1,2~dimethylnaphtho(2,
1~b)=ZH=pyran (XIII) end 20§ of 1,%~dimethylnaphtho(2,
1=b)=1H-pyran (XIV).

NdMR (Fig. 10) showed the following characterie-
ties for (XIII)g=



ay

(a) a doublet for Cy methyl at 1.5 (J = 6,5)

(b) a signal with fine splitting for 01 methyl
protons at 2,3 4

(e¢) a band for (:3 methine proton at 4,6
(d) a multiplet for Cp vinyl proton at 5,287
(e) the aromatic protons are shown from 7-8,1

The presence of the lH-pyran isomer (XIV) was
seen by (a) a doublet for 0, methyl at 1.44 (§ = 6)
{one of the peaks is merged with the adjacent peak for
the Oy~methyl of (X111)]s (b) 2 peak showing a fine

aplitting due to allylic coupling for the c8 methyl group
at 1. Pe

The ratio of the Oa methyl peak for (XIiII) to
the Cy methyl peak of (XIV) 4is 80320,

The results of the above reactions are summarised
in the following table:-
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Compound 1E-pyran # yleld 3B-pyran § yleld
(1) (vii) 56 (viin) <4
(1D (x) 5 (1X) 98
(111) (x1) 82 (X11) 18
(1IV) (xIv) 20 (XI1I1) 80

The almost ejual formation of li= and JH-
pyrans in the reduction of the unsubstituted salt (I)
shows an ecual distribution of the positive charge at (J1
and 08 positicns of the naphthopyrylium cation, The
8lightly higher reactivity of the o position is probably
due to the fact that the charge at 01 can be more
effectively stabilised by the naphthelene ring then in
the benzopyrylium series, It appears that carbonium
ion structure with the charge on Cq coniributes more
effectively to the cationic structure of a naphthopyrylium
salt,

In the perchlorate (II) with a methyl
substitutent in the 01 position, the attack is entirely
at the Cy,~position, GSince (as we have uon'abovo)
electronically c1 and ca are almost equally reactive and
the presence of a methyl group on ¢ would only enhance
the stability of the carbonium ion at 01 through
hyperconjugetion, it is appareat that the attack by Bi
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is directed to the 05 position because of steric
factors, The 01-posiuon is sterically hindered because
of the presence of the methyl group and the reduction
thus takes place preferentially at ca-posluon. Similar
results were observed with 0a substituted perchlorate

(I I) where the presence of a methyl group at ca-pouuon
causes steric hindrance and the attack is preferentially
at the Ol-curbon!.\- ion, It should be noted, however,
that the yield of 3H-pyran (XII) (by attack at the
hindered carbonium ion) in this case is more than the
yield of lH-pyran (X) formed (by the attack at the
hindered carbonium ion) during the reduction of (II),.
This indicates that cl"position carrying a methyl group
is far more hindered that ca-po-nion carrying the same
group. This is further borme out by the fact that when
both c]_— and Oa-ponuona are substituted by a (!ﬂa group
as in the case of (IV) the attack is preferentially on
the Cy carbon atom giving 80% of “H-pyran (XI1I), This
difference in the steric hindrance offered by a miz group
in Gy and 08 positions may be due to the presence of the
peri hydrogen of the naphthalene l&aty which could cause
more resistance to the incoming nucleophile,



EXPERIMENTAL



The ultraviolet spectra were recorded in 95§
ethanol using Perkin Elmer 280 Spectrophotometer, ) max

values are given in mu.

Helting points are uncorrected and boiling
points refer to bath temperatures (liquids distilled in
bulb tubes),

Sa6-Benzordé=chromanol (V)

8,6~Benzo~4~chromanone (3.456 g) in dry ether was
added dropwise to LAH (100 mg) in ether with stirring,
After addition was complete the reaction mixture was
refluxed for two hours, Excess LAH was decomposed with
water and the ether layer dried (33280‘) and evaporated to
give (V) (2.478 g), m.p. 107-208° (11t.?, m.p. 109-109.5°).

2-Methyl=H ,6~benzo=-4~chromanone (1.08 g) was
reduced as above to give the chromanol (VI) (1.06 g) m.p.
91-93°C (Founds C, 78.7; H, 6.43 C) H 0,. requiress C, 78,5
H, 6.5%).

Trityl chloride (2,088 g) with 70% HOLO, (1 ml)

was heated on a boiling water bath for 15 min, AcOH (5 uzl)
was added and the reaction brought to room temperature,
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Chromanol (V) (1.5 g was added to the above mixture and
stirred for one hour, It was then cooled in an ice-salt
bath and diluted with ether, The yellow precipitate was
filtered and washed with ether to give the perchlorate
(1) (118 mg), =.p. 196° (11%.%, m.p. 200°).

Zzigthylnaphtho[2,1=blpyrylium perghlorate (111)

(I1I) was prepared as above from the chromanol
(VI) (107 mg) trityl chloride (179 mg), AcOH (1 ml) and
708 8010‘ (0.3 ml1),

(I1I) (76 mg) was obtained as a yellow powder
m.p. 181-83°,

N‘mi reduction of (I)

(I) (118 mg) was dissolved in methylene chloride
(10 m1), It was stirred with NaBii, (100 mg) at room temp.
ti1l the initial green colour of the solution disappeared
(2 hours), The 082012 solution was washed with wager till
free of alkali, dried over xagso‘ and evaporated under
reduced pressure, The residue obtained is immediately
distilled to give a colourless liquid (57 mgs yleld 7%),
b.pe 100-110°/0, 01 =m (Pounds C, 86.2; Hy 8.7, O, 4l 0
requiress C, 688,73 H, 5.5%).

UVi= ?50(8). 338’ 311. 298' 281. 240,
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NamlJ[ reduction of (1I)

The perchlorate (1I) (0,368 g) was dissolved
in CHCl, (26 ml) and a saturated solution of NarH, in
ethanol was added dropwise till the original yellow
colour became colourless, The reaction was worked up
as above to give a pale yellow liquid (184 mg; yield 75%),
b.p. 120-140°/0.4 mm (Pound: C, 85.7; H, 6.4. Oy H .0
requires: C, 85,73 H, 6.2%),

W'- 2‘3, 299. 312' o .

NaBH, reduction of (III
- ] (111)

Perchlorate (III)(110 mg) was reduced as above
to give a colourless liguid (62 mg; yield 76%), b.p.
100-120°/0,01 mm (Pounds C, 86.1; H, 6.7, CH;p0

requiress C, 85,7; H, 6.2%),
th" 580, 813' 280(5). 2‘0.

xmi reduction of (IV)

Perchlorate (IV) (0,308 g) was reduced as above
to give a colourless liquid (0,196 mg; yield, 92,6%), b.p.
106°/0,05 am (Pounds C, 86,8; H, 6,8, CygBy 0 requiress
C, 86,73 H, 6.7%).
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The nm‘ reductions carried out on naphtho(Z2,
1-b) pyrylium perchlorate and substituted naphtho(2,1-b)
pyrylium perchlorates indicate that in the unsubstituted
salt the charge in the pyrylium nueleus is almost equally
distributed at the ':)1 and c=5 positions, The presence of
a methyl substituent in the 01 or 08 position directe
the attack preferentially to the unsubstituted position,
but a methyl substituent at the c1 position offers
greater steric hindrance to an incoming nuelephile than
a methyl substituent in the c3 position with the result
that a 01 substituted position in the above salts is
less vulnerable to nueleophilic attack than a similarly
substituted ca-ponuton.
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STEREOCHEMISTRY OF HYDRIDE TRANSEER
IN OXYGEN AND SULPHUR HETEROCHESSICS




IRTRODUCTION
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Very scant work appears in literature regarding
the sterecchemical aspects of intermolecular hydride

transfer in acid media,

Kr.or" has studied the energetics of the hydride
transfer reaction with particular reference to t=butyl
carbonium ion with hydride transfer agents in concentrated
sulphuric acid and found that the reaction which appears
to predominate at the interface is firet order in ion and
donor concentration, and is subject to large steric
requirements, He observed a large difference in the
activation energy of hydride transfer from methyleyclo-
hexane as compared with methyleyelopentane (1l K,cal/mole)
to the t~butylcarbonium ion in conc., sulphuric aecid.

This difference in the activation energy is
understandable if reaction proceeds through a bimolecular
transition state with large steric requirements, The
4 K,cal/mole difference in activation energies is attributed
to the comparative ease of fomming the methyleyelopentyl
ion compared to the methyleyelohexyl ion, The remaining
difference may be attributed to the high degree of steric
crowding in the transition state, Dreiding models
prepared by him indicated that the attack of a t=butyl
ion on equatorial methylcyeclohexane i.,e, on the axial
hydrogen leads to considerable interaction between a

methyl group of the ion and the 3,5 axial hydrogens of
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methyleyclohexane, In this configuration the interacting
groups are nearly twice as close as in the corresponding
attack on methyleyclopentane,

Denc, et -12 studied the kinetics of hydride
transfer from xanthene to a series of triarylmethyl
cations and estimated the steric effect of replacing
one of the aryl groups on a triarylmethyl cation by first
methyl and then hydrogen, They found that for a constant
& pK.+ (difference in pK,+ between cation reacting and
cation forming) replacing aryl by methyl increases the
rate of hydride transfer four fold and replacing aryl by
hydrogen increases the rate 600 fold.

In the transition state of intermmoclecular
nydride transfers, the C* =i~ =C* system must be linear,
#olecular model show that much deviation from linearity,
particularly in the transfer of hydride between triaryl
methyl cations, leads to interpenetration of atomie
redii, Also for 1,6-transannular hydride shifts, models
indicate that a linear arrangement is most probable,
while for l,2-intramolecular hydride shifts, the O=~H-C
system must form a triangle,

The cyolisation of the l,4=diketome (I) to give

the steroidal intermediate (II) has been reported”. This

oyclisation involves a reduction step during
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disproportionation of the intermediate (I1I) formed
during cyclisation, (II) is thus obtained by the
abstraction of a hydride by (III) from another such

molecule,
0 0
P [
OH
I\IJ H3CO N
CH3z CH3

(1) (1) ()

Since the bulk of the hydride donor can make
its approach preferentially from one side of the sterioid
plane, this mechanism of formation of (II) involves
stereochemical implications, The authors have suggested
¢~configuration for the C_~H in (II) since in this case

9
the hydride donor can make its approach from that side,

Several interesting cbservations (chart 185)
have been made in connection with intramclecular hydride

trangfer reactions,

In certain suitably constituted bicyclic systens
a 135 hydride shift® sometimes takes place with surprieing
ease, Chromatography on alumina causes a complete
isomerisation of l-hydroxy-t~methyl-cis=b-hydrindanone (I1IV)
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to B=hydroxy-8-methyl-cis-l=hydrindancne (V), This
strietly .atom.pooino isomerisation probably proceecds
by an intramolecular 15 hydride shift promoted by
alumina, The relative stabilities of five and six
membered cyeloalkanones and cyecloalkanols provide the

driving force for rurrmcntb.

In the transannular reactions of medium sized
rings it has been found that with the same ring system,
the kind of transannular hydride shift that occurs may
vary. For example the synthesis of 1,6~diol (VI)‘ from
cyclodecene (VII) by the action of peroxyformie acid,
clearly indicates that a 1,6 shift must have occurred,
whereas acid catalysed rearrangement of Gé-methyl=6-
cyclodecanediol (VIII) to G-nothylcyclodocanono’ (1x)
ococurs through a 1,6 hydride shift,

Similar exemples can be drawn from the chemistry
of other rings systems. These differences may arise fronm
electronic control end conformational restrictions by the
different substituents, The unsubstituted rings can
utilise more conformational possibilities than substituted
rings and mixtures of compounds by possible hydride shifts
can result, Conformational restriction as well as
electronic effects of various substituents may simplify

the reaction course,

Also the stereospecificity encountered in some of



the transannular hydride shifts is noteworthy, Ole~l,d~
diocl is formed from cis-cyclooctane and trans-1l,4 diol

8.9.10.

from trans-gycloootene Similar stereospecificity

is found with cie~ and tr-no-cyelodooonu.. In these

ring systems, the ring geometry is essentially unchanged

in pessing from epoxide to carbonium ion to rearranged
carboniun ionll, One lobe of the p orbdital of the
carbonium ion protrudes into the ring in proximity to
intraannular hydrogen where it is protected from attack

by the nucleophilic reagent, thus the transaennular reaction

ie otomapooinou.

The above considerations emphasise the fact that
in both inter- and intra-molecular hydride transfer
reactions, stereochemical factors play an important role,
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It has been seen (of, Part IA) that in the
2 chromene, hydride transfer
takes place with equal facility on either side of the

planar carbonium ion leading to the formation of 603160

¢is~ and trans-?,4~dimethylchroman,

disproportionation of Z,4~4

The present work deals with the study of the
stereochenistry in tricyclic systems (with both sulphur
and oxygen as the hetercatom) where hydride transfer takes
place in a more rigid system at a ring junction,

Chart (16) describes the scheme of synthesis
followed in the thiew-series,

fleaction of m-methoxythiophenol with the mamnich
base a-dmothylmnouothyloyolohcmonon gave 2=(m=
methoxyphenyl-mercaptomethyl)=-cyelohexanone (I),

Cyelodehydration of (I) with 60% HC10, gave by
dupropottiouuon“ P=thia~l,2,3,4,9,10,48,10a~0cta~
hydrophenanthrene (II) and 9=thie-l,2,%,4=tetrahydrophe=-
nenthrylium perchlorate (III),

Reduction of the perchlorate (III) with Ka3i,
furnished the f=thie~1l,2,7,4,9,10~hexahydrophenanthrene
(IV)., 1Its structure was confirmed by UV and NMR spectrum,

Catalytic hydrogenation of (IV) gave the B/C cis
thiachroman (IIA),
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Disproportionation of thiochromene (IV) also
gave the thiachroman (II) and the perchlorate (III),

That the thiachroman (II) was a mixture of isomers
was indicated by its conversion to the sulphone (V).
Treatment of (II) with 30% HgOp in AcOH gave the sulphone
(V) in 93¢ yleld with a melting point range 127-48°. The
orude sulphone (V) (0,38 g) was orystallised once from
MOB-B,O to give 0,246 g of an analytically pure sample
which also melted over a range (127-41°%).

The B/C ecis-thiechroman (IIA), on similar
oxidation, gaove a sharp melting sulphone (VA) (m.p. 150-52°)
in 92¢ yield, (VA) (0.486 g) on one crystallisation from
Aooa—u,o gave 0,379 g of analytically pure material m.p.
151-52°,

Both the crude sulphones (V) end (VA) ran as a
single spot on TLC with the same R, value (silica gel 300
mesh) in the following solvent system,

(a) Benzenesithyl acetate (1:¥, 231%, 11l, 91l)
(b) Pet, ethersecetone (3:l)
(e) Benzene:MethanolsAcOH (4531834)

The original thiachromens (II) and (IIA) likewise
showed a single spot on TLC with the seme R, values in the
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following sulvent systems:~ Benzene:Petroleum ether (1::,
1:1, 331). The TIC studies thus precluded the presence
of any other impurity apart from the sulphones (VA) and
(ve).

NiiR spectrum of thiachroman (II) amd (IIA) did
not reveal any significant difference at first sight, It
was not possible to distinguish between the 010‘ and C,,
methine and the %o methylene protons because of the close
chemical shifts of these protons,

An attempt was made to get a clearer picture of
Cqq 8nd cm. protons by preparing a sulphonium salt (VI)
from (II), which would cause the C,o methylene protons to
be shifted downfield, However the NMR spectrum of (VI)
did not help towards the desired end,

CoH5CHOH
HCLO,
+
H CO S ~ HgCo S

|
Clog~

() (V1)

The NMR spectrum of sulphone (V) and (VA) were
likewise identical and an attempt to clear the signals for

c‘n end 0105 protons by deuterating the 010 methylene



protons was also not successful as there seemed to be
indiscriminate deuteration,

The content of cis~ and trans-isomers in (II)
was finally determined by VPC. (Fig. 11) using a 16 ft,
1/4 in, dia, column of 0,25% MegSiCl, and 20f Apeizon L
on 60-80 mesh of chromosorb, Pure cis thiachroman (IIA)
appeared as a single peak with retention time of 67.3 mts,
(column temp, 288°; flow rate (helium) 60 ml/min,), Under
the same conditions (II) showed 2 peaksi- one (77%)
identical with the cie-isomer with a retention time of 67
mins, and another peak (22%) with a retention time of 74
min, for the trans~isomer (IIB), That the peak at 67 min,
was identical with the cis-iscmer at 67.3 min, was shown by
the gas chromatography of a mixture of (II) and (IIA),.

The above VPC results were further confimmed by
Raney nickel desulphurisation of (II) and (IIA) to give
l-nethyl-2-p-methoxyphenylcyclohexanes (VII) and (VIIA),
The VPC study of the desulphurization product (Pig. 12) was
carried out under the same conditions as above, (VIIA)
prepared from pure cis-thiachroman, appeared as a single
peak with a retention time of 16.2 min,, whereas (VII)
prepared from thiachroman (II) was shown t0 be a mixture of
72¢ cis~isomer (VIIA) with retention time 16.2 min, and 28%
of the trans-isomer (VIIB) with retention time 13 mins,
The identity of the desulphuriged products was confirmed by
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NMR spectrum of the mixture which showed the following
characteristics (Pig, 1% and 14)t~ a CHg doublet at 0,67
(J = 7 cps)} a 9-proton band for the methylene protons

at 1,623 benzylic proton centered at 2,76; -0Ciy at 3,7%;
4 aromatic protons centered at 6,87, These protons
exhibited clearly the typical AB type quartet (J = 9) for
a p~disubstituted phenyl group, In the IR of (vii),
vesides the above characteristics the methyl doublet was
sceompanied by a slight hump which may be due to the trans
isomer and which was absent in (VIIA).

That (II) was a mixture of cis-trans isomers was
also revealed by a careful comparison of the HMi spectra
of (1I) and the pure cis-isomer (IIA) teken at both 60 MC
and 100 ¥C, The spectra of the two compounds were alnost
identical except in the aromatic region, In the spectrum
of the pure cis-compound (IIA) (Pig. 15) the Oy aromatic
proton meta to -0083 group appeared as a doublet as 6,93
(J = 9,8), No other peaks were discernible near this
doublet, In the spectrum of (II) (Fig. 16), however, apart
from the above mentioned doublet, another doublet of weaker
intensity (ratio ca, 803120 by integration) was visible
slightly dowmfield at 7,15 (J = 9,56) and was due to the
aromatic g proton for the trans isomer (IIB) present in
(II), This doublet was even more clearly visitle in the
100 MC spectrum reproduced in FPig. 17, The ausignment of
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this lower field doublet to °B proton of trans~isomer
(IIB) was bascd on the recent work by lNagata et a1l® who
reported that in the parent octahydrophenanthrene (VIII)
the chemical shift of the aromatic c‘ proton is dependent
on the B/C cis-trans configuration, This proton is
strongly deshielded owing to the steric effect of an
eguatorial O-8 proton, the degree of deshielding depending
upon the distance between the c‘ and cb protons expressed
as a van der Waals compression factor, This factor varies
with both B/C ring junction and conformations, but, in
general, the trans isomer exhibits the highest compression
and therefore the largest deshielding of the c‘-proton.
This proton appears up to 0.2 ppm downfield compared to
the same proton in the cis isomer,

The above results show that the disproportionation
of thiachromene (IV) proceeds stereoselectively leading
predominantly to the cis isomer (77%).

The bieyelie 3,4~dimethylthiachromani®® (IX)
prepared by similar disproportionation was subjected to
VPC studies and was found to consist of 85% of the cis isomer
and 16% of the trans iscmer, Using a 6 ft. 1/4 in.
dismeter column of 20f polyester on firebrick (column temp,
200°y Hy flow rate 60 ml/:in.), pure ois ?,4=dimethyle
thiachromani®® (Pig. 18) showed a single peak with retention
time 4.4 mins, Under the same conditions 3,4-dimethyl-
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thischroman, obtained by disproportionation, showed two
peaks, one (85%) identical with the cis isomer and
another (15%) with a retention time of .3 mins, for the

trans isomer,

In the oxa series the tricyeclic chroman H-oxae-
1,2,794,9,10,4a,10a~0ctahydrophenanthrene (X) and its
pure cis isomer (XA) were synthesised according to the
scheme outlined in Chart (17).

Since it is not possible to condense pheocls with
mannich base to get the phenoxy ketones, as in the case of
thiols, a method had to be developed for the preparation
of £-(phenoxymethyl)=cyclohexanone (XI)., This was achieved
by rescting the scdium salt of phenol with 2-tosyloxymethylene-
cyeclohexanone (XII), The tosyl group being a good leaving
group could be easily displaced by the nuecleophilic attack
of the phenolate anion to give almost quantitative yield of
2= ( phenoxymethylene)-cyclohexanone (XIII) which on catalytic
reduction afforded the desired product (XI).

The tosylate (XII) was obtained by the tosylation
of s-wdromothylomonlohoxmm“ in methylene e¢hloride,
in the presence of pyridine, (XII) was stable in solution
in the cold, but decomposed rapidly when isolated. Its
identity was confirmed by IR,

An attempt was made to cyelise (XIil) direetly
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with acid to give ;‘ho perchlorate (XIV) dbut in presence of
acid (XIII) cleaved to give phenol and tarry products,

Cyelisation of (XI) with 70% HC10, and subsequent
extraction with pet, ether and benzene followed bLy saturation
of the perchloric meid layer with ether gave O=oxa-1,2,%3,4=
tetrahydrophenanthrylium perchlorate (XIV), the identity of
which was confirmed by UV and NMR spectra,

The perchlorate (XIV) on reduction with HatH, gave
O=oxa~l,2,%,4,9,10~hexahyd rophenanthrene (XV) whose structure

was confirmed by its UV and HMR spectra,

Disproporticnation of (XV) with 708 HC10, gave the
chroman (X) and the perchlorate (XIV),

Catalytic reduction of (XV) gave the B/C cis
chroman (¥A),

That (X) was a mixture of isomers was shown by VPC
(Fig. 19) using a 2 f£t, 1/4 in, diemeter tung oil column
(ecolumn temp, 185° Hy flow rate 100 ml/min,), pure cis ~ohman
(XA) appeared as a single peak with retention time of 6.4 mins,
Under the same conditions (X) showed two peaks, one (65%)
identical with the cis isomer with retention time 6.4 mins, and
the other (Z6f) with a retention time of 7.5 min, for the

trans isomer (XB),

The above results show that the hydride transfer
reaction shows @ higher degree of stereospecificity in both
bicyelic and tricyclic systems in the thias~series, as
compared to these systems in the oxe~series, It is known
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that in the parent octahydrophenanthrene series of
compounds, the ring B/C cis and trans-configurations are
thermodynamically about equally stable. This is due to

a flattening effect of the aromatic ring A over the rest

of the molecule, which reduces the difference in the energy
levels of the cis- and trans-isomers. Assuming then that
the 9-thiaoctahydrophenanthrene and 9-oxa-octahydrophenan—
threne derivatives described here are subject to similar
considerations, the cis- and trans-isomers would be
expected to have similar thermodynamic stabilities, and if
the course of hydride transfer was governed only by the
thermodynamic stability of the end-product, one could
expect approximately equal quantities of cis- and trans-
isomers showing lack of stereoselectivity. Since in the
thie-series both the bicyelic and trieyclic compounds gave
predominantly the cis-isomer thermodynamic control in such
hydride transfers alone cannot explain the results, Rather,
steric factors play a major role and the stereochemistry of
the ion and the transition state appear to control the
hydride transfer. This could perhaps also explain the slight
preponderance of the cis-isomer in the tricyclic oxa series

as compared to the bicyclic system (cf. Part IA).

The question then arises as to the nature of steric

control operating in the above thia series.

in
In view of the fact that/the oxa-series the bicyeclic
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¥ ,4~dimethylchroman (cf, Part IA) is formed as only

a 50350 nixture of cis~trans isomers with lack of
stereospecificity, whereas the &,¢~dimethylthiachroman
similarly obtained consists of 867 of the cis iscmer and
the greater cdegree of stereospecificity (77%) achieved in
the formation of 9=thie=l,:,%,4,9,10,4a,10a~0ctanydro=-
phenanthrene as compared to its oxygen analogue (65%), it
appears that the substituents i:u the U= and 4~positions
are not the only sterecc.eaically controlling factors for
hydride tracsfer, Rather some other mechaniam seems to ve
operating in the thie-series, OUne possivility that appears
attractive is the participation by the sulphur atom in
the carbonium icn formed by protomation of thiachromenes,
Such participation would essentially bloeck one face,
resulting in stereoselectivity during hydride attack,

This reasoning is well in line with tlhe

explanation offered by Prclocn

to explain the
stereospecific hydroxylation of cyeloctenes aud cyclodecenes

{ef, introduction).

in attempt has been made to substantiate this
theory of sulphur participation (chart 18), The aicohols
(XVI), (XVII) and (XVIII) were treated with 60§ 1{010‘ to
see Af it were possible to isclate a 4~membered sulphonium
salt, The formation of such a salt would result by the
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_interaction of sulphur electron with the carbonium ion
formed on acid treatment,

The ketosulphide (XIX) was prepared by condensing
thiophenol with the mannich base 2-(dimethylaminomethyl)-
eyclohexanone, Heduction of (XIX) with LAH gave (XVI),

The aleohol (XVII) was obtained by reacting (XIX) with MedgI,

The ketone (XX) was prepared by condensing
thiophenol with 2-methyl-(6é~dimethylaminomethyl)=-

oyolohonnonou. LAH reduction of (XX) gave the aleohol (XViIii).

Treatment of slcohol (XVI) with 60% HOL0, gave
e sulphonium salt, but it was not poseible to assign any
structure to it from its UV and NMI analysis data, Alcohol
(XVII) did not yield any perchlorate.

Aleohol (XVIII) gave a five-membered sulphonium
salt (XXI) by the rearrengement of the primary carbonium
ion formed, to the tertiary carbonium ion, The structure
of (XXI) was confimmed by its UV, HMR spectra and by NaBH
reduction to give (XXII), The formation of (¥XXI) indicates
that the carbonium ion does come under the influence of
sulphur electrons, It is possible that such speecies are
also formed in the case of (XVI) and (XVII) but the salts
are t00 unstadle for isolation, PFurther studies are

necessary to verify the theory proposed above,
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The condensation of tosylate (XII) with phenol
described above was extended to w-methoxyphenol and
p~naphthol (chart 19) to examine the general applicability
of the method for the preparation of _ﬁ(mlomothylm)-
cyclohexanones of the type (XIII),

Condensation of the sodium salt of memethoxyphenol
with the tosylate (XII) gave 3(m-methoxyphenoxymethylene)-
cyclohexanone (XXIII), Catalytic reduction of (XXIII) gave
2= (m=methoxyphenoxymethyl)=cyclohexanone (XXIV),
Cyelodehydration of the latter with 70f perchloric acid gave
7=pethoxy=9=oxa=1,2,2,4,9,10,4a,10e~00tahyirophenanthrene
(XXV) and the methoxy derivative of (XIV) which however
could not be isolated,

VPC of (XXV) using a 6 ft. 1/4 in, dismeter
polyester column (oolumn temp, 206° H, flow rate 100 ml/min,)
showed 2 peaks, one (65%) with retention time 14,7 mins, and
another (25%) with retention time 16,7 mins. showing (by
analogy) that (XIV) also consists of 65% cis- and 25§
trans~isomers,

Similar series of reactions were carried out
starting from j~naphthol,

Condensation of sodium salt of j=naphthol with
(XII) gave 2=({-naphthoxymethylene)=ecyelohexancne (XXVI) in
quantitative yields which on catalytic reduction gave
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2= ( p=naphthoxyme thyl)=-eyelohexanone (XXVII),

Cyelisation of (XXVII) with 70% HC10, gave the
chroman, 5,6~bengo=f=oxa=1l,2,7,4,9,10,48,10a=0ctahyd ro-
phenanthrene (XXVIIl) =nd 5,6~bengo=0woxe~l,2,5,4=tetrahydro
phenanthrylium perchlorate (XXIX), The structure of the
latter was confirmed by its NHR spectrum,

The perohlorate (XXIX) was reduced with llaBK‘
and the produet (liquid) obtained, was hydrogenated to
give the cis-~chroman,b,é~bengzo=-9=oxa=1,2,%,4,9,10,4a8,10a~

octahydrophenanthrene (XXVIIIA),

The VPC studies on (XXVIIXI) and (XXVIIIA) are
in progress,

The NMR spectra of the two produets (XXVIII) and
(XXVIIIA) were the same except for the faet that in
(XXVIII) one of the Cq methylene protons andthe %10a
methine proton showed as two bands centered at 2,16 and
2,25 whercas these protons in (XAVIIIA) were shown as a
single band centered at 2,35,

Since phenoxyvinylketones can exhibit cis~trans
isomerism, it was of interest to study the stereochemistry
of the phenoxyketones obtained in the course of the above
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work, Their stereochemistry was indirectly detemmined by
studying the anilino=-ketones prepared by the condensation
of emines with tosylate (XII),

Aniline was condensed with tosylate (XII) to give
2=anilinomethylenecyclohexanone (¥XX),

a7 o 5

I |
H H

(XXX) (XXXI)
Aniline was also condensed with hydroxymethylene-

cyelohexanone to give 2=(snilinomethylene)=cyclohexanone (X¥XI)
The IR of (X'X) and (XXXI) were superimposable,

but there were significent differences in the IMR of (XXX)

and (XXXI) whereby it was possible to assign the cis

structure to (XXX) and the trans structure to (XXXI),

HMR of (XXX) in 0c1, (Fig. 20)1~-

(a) a ¢ proton band for G, and Cg methylene
protons centered at 1,74

(b) a 4 proton band for Oy and Oy methylene
protons centered at 2,41

“Prepared by 1, Ravindranathan of this labvoratory,.
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(¢) a 6 proton multiplet centered at 7,12 for
the 5 aromatic protons and the vinyl proton

(d) a one proton band for the N-i proton at
12,24 (exchangeable with ngo)

The significant differences noticed in the IR of
(XxX) and (XXXI) were as followss-

(1) the position of the vinyl proton and
(41) the position of the li~i proten.

Whereas in the MR speetrum of (XXX) the vinyl protom is
merged with the aromatic region as seen from integration,
in the spectrum of (XXXI) this proton appears as low as
8,12 (JOH - " 14) due to deghielding effect of the
carbonyl group, thus indicating that the carbonyl group
in (XXXI) is on the same side as the vinyl hydrogen and
trans to the amine function.

Similarly the HNH proton in the NMR of (XXX) is
gshown way down at 12,24 as a result of the deshielding
effect of the carbonyl group due to hydrogen bonding thus
showing that the carbonyl group in (XXX) is on the same side
a8 the amine function, In the MMR of (XXXI), no signal is
seen below 8,12, The signal for the N~H proton ls merged
with other signals at higher field.

n-Anisidine was condensed with the tosylate (XII)
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to give cis 2-(m-anisidinomethylens)~cyelohexanone (XXXII)
which was identified by its IR and NMR spectra,

QN
H5CO Y
|
b

(XXXII)

NMR . (om:i!)t (Fig. 21)

(a) a ¢ proton band for c‘ and Cy methylene
protons centered at 1,74

(b) a 4 proton band for Cy and 06 methylene

protons centered at 2,82

(¢) a 3 proton peak for the methoxyl group at

(d) a 5 proton multiplet for the 4 aromatie protons
and the vinyl proton centered at 6,78

(e) a one proton bend for the N-H proton centered
at 12,24 (exchangeable with neo)

From the chemical shifts of the N¥=H and vinyl

proton which are the seme as in the case of (X¥XX), Compound
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(XXXII) was also assigned the cis structure,

It is seen that the condensation of tosylate
(XII) with smines leads to the formation of cis-eminovinyl
ketones, Since the condensation would take place by an
addition elimination mechanism, the tosylate (XII) must
have trans configuration, The condensation of this
tosylate (XII) with phenols or amines thus constitutes a
stereospecific method for preparing the corresponding
cis 2-aryloxymethylenecyclohexanones and cis 8-
arylaninomethylenecyclohexanones,



EXPERIMENTAL
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Melting points and boiling points are uncorrected.
The b.ps., refer to both temperatures unless mentiocned
(liquids being distilled in bulb tubes).

UV spectra were recorded (“ecimann and Perkin
Elmer 250 spectrophotometer) in 95§ ethanol unless otherwise
stated, A max values are given in mu and log € in
parenthesis,

IR gpectra were recorded (Perkin Elmer Infraecord
137) as thin films, unless otherwise indicated., Values

are given in cn.]'.

NMR epectra were taken in carbon tetrachloride
unless otherwise mentioned using a Varian A 60 spectrometer,
Values are given in ppm and J values in cpe.

(1) 2-diethylsmigomethylcyclohexanone

It was prepared as roportodn.

A mixture of m-methoxythiophencl (3.6 g) end
£=(dimethylaminomethyl)=cyclohexanone (3,876 g) was heated
at 120-126° for half an hour under a stream of nitrogen,

The reaction mixture was diluted with ether, washed with

dil, RaOH and dil, iCl, The ether layer dried over Nays50,
and ether removed when keto sulphide (I) (5.319 g, yield, 83%)
b.pe 137-38%/0,009 nm) was obtained (Pound: C, 67.2; H, 7.73
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Sy 12,8, 0y M, 40,8 requiress C, 67.3; H, 7.5y 8, 13.1%).

(%) Cyelodenydration of (1)

(1) (1.5 g) was stirred with 60% HOIO‘ for 2
hours at 50-60°., The resction mixture was extracted with
pet, ether (b.p. 60~80°), Pet, ether extract was washed
with sodium bicarbonate solution and wawtaosr.o bdtl;ﬁ.r?e d(nnzso‘)
and solvent removed when a thick liquid (0.69 g). The
latter was chromatographed over alumina (Bockman grade I)
using pet, ether (60-80°) as eluent, The major fraction
gave a liquid which on distillation gave thiachroman (II)
(0.412 g, yield, 20%), b.p. 120~-26°/0,001 mm (Pound: C, 71.9;
Hy 7.6; 8, 13,2, Ol‘luos requiress C, 71.7; H, 7.743
8, 12.6%).

UV spectrums- 221 (4.45), 287 (3.96), 201 (3.47),
299 (3.40).

Ha 4 2
Hc 1

HzCO s
Hb

(1)
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(a) a complex band for 8 methylene protons
(cl-o‘) centered at 1,62

(b) signals for the 0, methylene protons, % 0a
and c“ methine protons from 2,03 to .42

(¢) a 2 proton methoxy peak at 3,73

(d) a quartet for He proton at 6,53
(Vgomtia = 9453 Jjoump = %)

(e) a doublet for H, proton at 6,58 (Vipmsie = &)
(£) a doublet for H, proton at 6,93 (Jy . .. = 9.5)

(g) a low intensity doublet at 7,15 ("Ha-ao = 9,5)

The ucxo‘ layer from the above reaction, after
removal of thiachroman (I) was cooled in an ice bath and
saturated with ether when it gave the perchlorate (III) as
yellow needles, m.p, 172-3° (0,78 g; yield 39%) (Found:

Sy 9493 Cl, 10,6, 0y H, Cl0g8 requiress S, 9.6; Cl, 10.7%).

UV spectrum (ACOH + 11010‘) t= 273 (4.60), 240
(2.66), 420 (3.86).

(¢) g=inta-1,2,2,6,0,10-hoxahydrophenanthrene (IV)

The perchlorate (III) (3,324 g) was dissolved in
methylene chloride (25 ml), A saturated solution of NaiH,
in ethanol was added dropwise till the solution becsme
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colourless, A few drops of amcetic acid were added to
decompose excess ICBH‘. The reaction mixture was diluted
with water and washed with xunco, solution, The methylene
chloride (dried over nqzso‘) was evaporated under reduced
pressure and the residual liquid distilled immediately to
give the thiachromene (IV) (2,08 g3 yield, 89%), b.p.
140~160°/0,01-0,009 mm (Pounds C, 72.1; H, 6.8; 5, 14,0,
CyeHy g08 Tequiress C, 72.39; H, 6,943 5, 12.78).

UV spectrumi= 256 (4.14), 280 (3,08),

HMR (Fig. 22)
3
Ha 4 2
Hc X 1
H5CO ~Ng~ 10
Hb
(1V)

(a) a 4~proton band for the Cp and C, methylene
protons centred at 1,70

(b) a é4=proton band for the C, and C, methylene
protons centred at 2,25

(¢) a single 2-proton peak for the °10 methylene
proton at 2,07
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(d) a ¢ proton methoxyl peak at 2,70

(e) a one proton doublet of doublets for He
centred at 6,50 (Jﬂo-ll‘ = 8,63 JBo-Hb = 2,8)

(£) a one proton doublet for the Hy proton at

(g) a one proton doublet for Ha proton at 7,06
(Igg-ge = 8+8)

(h) a very low intensity signal at 5,62 which
may be due to the other isomer (7=-methoxy-9-thie=1l,2,3,4,
9y4e~hexahydrophenanthrene)

(5) Disproportionation of (IV)

Thischromene (IV) (2,38 g) was stirred with 60%
HC10, (20 ml) for 2 hours st 60°, Feaction mixture was
worked up a8 in Experiment 3, to give the thiachroman (II)
(yield, ?8%) and perchlorate (III) (yleld, 34%).

(6) ¢

The perchlorate (III) (2,67 g) was reduced with
n.ma‘ as in Experiment 4, the residual liquid after removal
of methylene chloride was dissolved in ethyl agetate and
hydrogenated with 10%¥ palladised carbon (0.8 g) at
48 1b/sq.in, for 23 hours., After removal of solvent the
residue (o0il) was distilled when it gave thiaschroman (1IA)
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(1.7 g yield, 90%), bep. 120-28°/0,001 mm (Founds
Ce 71,53 I, 7.93 8, 13.6. 01‘31808 “qu‘m' Cy 70,73
Hy 7.743 S, 13,6%).

uv .mtm." 220 (‘.“). 259 (3.93)' 295 (3.‘7).
303 (3.41),

iR Identical as for (II) except for the low
intensity doublet at 7,15,

(7) 9=Thiarl,2,3,659,10,48,10a~0ctahydrophenanthrene=
2.9~dioxide (V)

A mixture of thiachromen (II) (0,280 g), acetic
acid (2 ml) and 30§ hydrogen peroxide (4 ml) was stirred
for half an hour at room temperature and the mixture left
overnight, 30% hydrogen peroxide (0.5 ml) was added and
the reaction left at room temperature for a further pexbd
of 24 hours, after which it was cooled. The white
precipitate obtained was filtered and washed with dil, AeCH
to give the crude sulphone (V) (C.40 g3 yield, 92%), m.p.
127-48°), 0On erystallisation from dil, acetic acid the
sulphone gave oolourless needles, m.p. 127-41° (Founds
Cy 63,13 Hy 6,93 8, 12,2, ouunoa requiress C, 63.1;

Hy 6.8; 8, 12,1%),

(a) a complex band for 8 methylene protons
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(cl-o‘) centered at 1,63

(b) signels for 4 protons for the 0, methylene,

0“ and cma-othino protons between 2,1 and 2,6

(¢) a 2 proton peak for the methoxyl group at 2,82

(d) a multiplet for 3 aromatic protons centered
at 7,08

(8) Cls=gmthiorl 2,8,48,0,10,48,100-0gtahydrophengnthrene=
2a9-dioxide (VA)

Oxidation of the thiachroman (ila) (0.476 g) as
in the above experiment gave the sulphone (VA) (0.485 g;
yield, 91%) m.p, 150~52°, The latter on erystallisation
from dil, acetic acid gave thick white needles, m,p,.
151-52° of the sulphone (VA) (Poumd: C, 63,23 H, 6.8;
9y 11,9, €y H,) 0,5 requiress Cy 63.1; H, 6.8; 5, 12,0%).

NMR was identical with (V).

(9) Z-letnoxy=l,8,5,409,10,42,100-00tahydro=0n

&

A mixture of the thiaschroman (II) (0,286 g), 60 ml
BCIO‘ (0.5 ml) and benzyl aleohol (0.5 ml) was stirred at
room temperature overnight, Ether was added to the
reaction mixture and the pale yellow amorphous solid filtered
and washed with ether when it gave (Vi) (0.R67 g; yield, 65%),
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m.ps 143-48° (Founds S, 8.3 Cl, 7.4. CpHogCl0sS
requires: 5, 8,43 Cl, 7.5%).

MR

(a) a 8 proton band centered at 1,68 for the
methylene protons

(b) a complex multiplet between 2,7 and 4,21
for the methine and -8’-0!12-othylono protons

(e) a peak for the methoxyl protons at 3,76

(d) a 2 proton band for s’-cnz-m methylene
proton centered at 4,82

(e) the 8 aromatic protons were seen as a
7 proton multiplet centered at 7.48 and a 1 proton intensity
doublet at 6,58

(10) Desulphurigzation of (I1I)

Thiachroman (II) (0,106 g) was refluxed in ethanol
(15 ml) under stirring with Raney nickel (1,1 g) for helf
en hour, FReaction mixture was filtered and washed with
ethanol, Alecohol was evaporated from the filtrate under
rveduced pressure and the residual liquid distilled when it
gave (VII) as a colourless oil (0,085 g) b.p. 80-100°/0.26 mm,



(11) Desulphurigation of (IIA)

Thiachroman (IIA) (0.110 g) treated as above
gave (VIIA) (0.086 g), b.p. 80-100°/0.25 mnm,

It was prepared as roportod“.

(1%) 2-Tosyloxymethylenecyclohexanone (XII)

A solution of hydroxymethylened cyclohexanone
(13 g) in methylene chloride (50 ml) and pyridine (10 ml)
was cooled to -10°, To the above cooled solution wes added
during half an hour a solution of p-toluene sulphonyl
chloride (20 g) in methylene chloride (50 ml) amd pyridine
(6 ml), The reaction mixture was stirred for ¥ hours
maintaining the temperature below 0°, Ice cold water was
then added to the reaction mixture and the methylene
chloride layer washed thoroughly with water (8-10 times).
Removal of methylene chloride under reduced pressure geve
(XII) as & white solid (28 g; yield, 80%),

IR spectrum {n 0011) Pig. (28)3~

Tosylate bands at 1185 and 13783
Carbonyl function at 1680,
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(14) 2=(Phenoxymethylene)=ovelohexsnone (XIII)

Sodium phenate was prepared by adding phenol
(2,26 g) in dry benzene to a suspension of sodium hydride
(1.2 g3 50%4in oil) in benzene and the mixture stirred at
room temperature for 2 hours, To the above suspemnsion
of sodium phenate was added a solution of the tosylate
(x11) (7 g 4in benszene (100 ml) and the reaction lixtnri
stirred for 2 hours and then left overnight. 7The mixture
wis filtered and the filtrate washed with water, dried
(80250‘) and bengzene removed when (XIII) (4,12 g3 yield 82%)
was obtained, The product was purified by chromatography
over Grade IV nmeutral alumina using pet. ether (b.p.
60-80°) as eluant, The product from the major fraction on
distillation gave (XIII) as a colourless oil, 120-40°%/
0.2 mm (Founds O, 76.93 H, 7.3, 01831602 requiress C, 77.2;
Hy 6.9%),

IR spectrum (Fig. £9):«,j=~unsaturated ketone band
at 1690 double bond at 1620,

(15) 2=(Phenoxymethyl)-gyolohexanone (XI)

(X111) (2,786 g) was hydrogenated at atmospheric
pressure in ethyl acetate in presence of 5% palladised
carbon (0.50 g) till hydrogen absorption ceased (6 hrs.).
The reaction mixture was filtered and the solvent removed,
The residue was dissolved in ether and the solution washed
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with 1¥ NaOH, water, dried (NayS0,) and ether removed.
The residue on distillation gave (XI) (2,42 g; yield 86%)
vop. 120°%/0,1 mm (Founds C, 76.03 Hy 8,0, C,g4H, (Op
requiress C, 76.4; H, 7.8%).

IR spectrun (Fig. 30)1= Saturated ketone band
at 1710,

(16) 2=Oxa=1,2,3.4=~tetrahydrophenanthrylivm perohlorate (X1V)

A mixture of the ketone (XI) (1.296 g) and 708
HC].O‘ (2 ml) wes stirred while cooling in an ice bath
for 1 hr, and then at room temperature for 1 hr, The
reaction mixture vas extracted with pet, ether and the
aclo‘ layer saturated with ether, The pale yellow ecryetalline
80l1id which separated out was filtered and washed with ether
to give (XIV) (0.4 g yield, 29%), m.p. 200~2°, (Pounds
Cly 12,9, 0CygqH, 4010, requiress Cl, 12.5%).

UV spectrum in 70§ HO10 3= 240 (4.23), S262
(2.45), 324 (2,99).

+ 2
Clo,~

(XIV)
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(a) a complex band for 2 pairs of methylene
protons (c2 and Cy centered at 2,19

(b) a complex bend for the axial 0, and C,
methylene protons centered at 3,25

(¢) a complex band for the equitorial ¢y and C
methylene protons centered at 3,76

4

(4) a multiplet for the 4 benszenoid protons
centered at 8.4

(e) a singlet for the %o proton at 9,54

The perchlorate (XIV) (115 mg) was dissolved in
methylene chloride (15 ml) and a saturated solution of NaBli
in ethanol was aided dropwise till the solution became
colourless, The methylene chloride layer was washed with
water t1ll free of alkali, dried (xaeso‘) and solvent
removed, The liquid obtained was distilled immediately when
it gave (XV) (60 mgs yield, 80%), colourless liquid b.p.
100-120°/0,1 mm (Pound: ©, 82,73 H, 7.3, C iy 0 Tequires:
Cy 83493 Hy 7.5%).

UV _spectrumi~ 205 (2,71), 266 (2.78).



BER (XV) (Pig. 24).

(a) a 6 proton complex signals for the methylene

protons centered at 2

(2) a 2 proton band for the 0y methylene
proton at 4,51

(e) a é4~proton multiplet for the aromatic
protons centered at 6,88

(18) C.

The perchlorate (XIV) (300 mg) was reduced with
mmu‘ as above and the liquid obtained on removal of
methylene chloride was dissolved in ethyl acetate (10 ml)

and hydrogenated at atmospheric pressure in the presence
of 5% palladised carben (B0 mg) for 3 hours, The reaction
was filtered, ethyl acetate removed by distillation and
the residual liquid distilled to give (XA) (160 mgy yield,
81%) es a colourless liquid, b.p. 100°/0.1/(Founds C, 82,2
Hy, 8.6 ouxuo requires: C, 82,9; H, 8.5%).

LV_spectrums- 227 (2,71), 275 (3.34), 282,65
(3.26),

BMR (Pig. 28)

(a) a 9 proton band for the eight methylene protons
and the 010. methine proton centered at 1,82



(b) a one proton band for the bensylie proton
centered at 2,82

(e) a two proton bund for the 0=CH, methylene
protons centered at 4,04

(d) a multiplet for the four aromatic protons
centered at 6,84

(19) 2isproportionation of chromene (XV)

The perchlorate (187 mg) was reduced with NaiH,
as above and the liquid obtained treated with 70§ HC10,
(1 ml) in the cold, The reaction mixture was kept at
room temp, for 1 hr, and worked up @s in Experiment 23 to
give the chroman (X) (52 mg; yield, 25%), b.p. 100°/0.1 ma
(Pounds C, 82,93 H, 8.4, cunno reqguiress C, 83,03
Hy 8.8%),

UV _spectrums- 287 (Z.7), 278 (2.31),
282.,5 (3.24).

KMR identicel with (XA).

From the mno‘ layer was obtained the perchlorate
(XIV) (97 mg; yield, 24%).

(20) 2-(Phepyimerceptomethyl)oyelohexanone (XIX)

Thiophenol (3.3 g) was condensed with



121

2= dimethylaminomethylcyelohexanone 13 (4.6 g) as in
fxperiment £ to give (XIX) (4.5), b.p. 122-24°/0,06 mnn
(Pound: C, 70,93 H, 7.1 8, lésds 04l (05 requires:
Cy 70.93 H, 7.13 8, 14.5%).

(21) 2-(Phepvimercaptomethyl)oyclohexsnod (XVI)

The ketone (XIX) (8 g) was refluxed with LAH
(0.7 g) in ether (100 ml) for 2 hours, Excess LAH decomposed
with water and ether removed wheredby (XVI) (4.515 g), b.p.
128-26°/0,001 mn was obtained,

IRs Absence of carbonyl band; OH band at 2400,

(22) g

The ketone (XIX) (1 g) was treated with Meligl 2

equivalent at 0° The complex was decomposed with NFi‘c].

golution and ether evaporated to give (XVII) (1 g.

IRs Absence of carbonyl bandy OH band at 3400,

The product was used as such for further reaction.

(27) g-Methyl_(6~dimethylaminomethyl cyolohexanone

It was prepared as ropomdu.

(2¢) 2=(Phenylmercaptomethyl)-6-methyl-gyclohexanone (XX)

Interaction of thiophenol (4.4 ml) and 2-methyl=
(6~dimethylaminomethyl-cyclohexanone (8.4 g a8 in
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Bxperiment 1 gave (¥X) (2,66 gj yield, 271), byp. 129-30°/
0.2 nm (Pounds C, 72,13 H, 8,0; S, 1%.,9, cuumso
requiress O, 71,83 H, 7.7; 8, 1%.7%).

(28)

Interaction of the ketone (Xx) (2 g) =nd LAH
(0,300 g) as in Experiment (21) gave (XVIII) (1.87 g;
yield, 79%), b.p. 120-40°/0.16 mm (Pound: C, 71,2; H, 8.6}
Sy 12,2, 0y Hy 08 requires: C, 71.2; H, 8.5; 5, 12,.5%) .

A mixture of the alcohol (XVIII) (0.40 g) end 60%
Hclo‘ (¢ m1) was stirred at room temperature for 4 hours and
then at 60-70 for 4 hrs, The reaction mixture was extracted
with benzene and ether added until the uclo‘ layer was
saturated, The mixture was filtered and cooled when (XXI)
separated as colourless cubes, m.p. 181-82° (0,127 g3 yield,
24f) (Founds 8, 9,73 C1, 11,2, 01‘319010‘5 requires: 8, 10.0;
c1, 11.1%).

UV spectrums 276 (2.01), 267.5 (3.14), 261 (.14),
256 (%.12), 229 (4¢.04).

MMR (rifivoroagetic acid) (FPig. 26)
(a) a & proton peak for the methyl group at 1,206

(b) a 8 proton complex band for the methylene
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protons between 1,73 and 2,6

(¢) a one proton band for the methine proton

centered at 3,8

(d) a 5 proton peak for the aromatie protons
at 7,88

(27) lia.Bllji reduction of (XXI)

To (XXI) (0.21 g) in methylene chloride (25 ml)
wes added a suspension of Naiil, (0.10 g) in 98% eleohol
( 2ml), The resction mixture ~=s stirred for 3 1/2 hours,
A drop of AcUH was added to decompose excess Nanﬂ‘. the
methylene chloride layer washed with sodium bicarbonate
solution and water, Removal of solvent gave an oil which
on distillation gave (XXII) (0.065 g; yield, 45%) as a
colourless liquid (Pound: C, 76,83 H, 9.1; S, 14,6,
Cy¢lioo8 Tequires: C, 76.4; H, 9,13 5, 14.5%),

iR

(a) a 2 proton doublet for the methyl on the
secondary oarbon at 0,82 (J = 4).

(b) a 3 proton peak for the methyl on the
tertiery carbon atom at 1,21

(¢) a 8 proton band for the methylene protons
centered at 1,66
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(d) a one proton complex band for the methine
proton at 2,8

(e) a 5 proton multiplet for the aromatic protons
gentered at 7,27

(28) 2=(m-iethoxyphe:ioxymethylene)=cyelohexanone (IXIIL)

m-Methoxyphenol, sodium hydride (1,68 g; 50% in
0il) and tosylate (XII) (9.8 g) were reacted as in
Experiment 14 to give (XXIII) (7.5 g3 yield, 99%), be.p.
140-260°/0.1 um (Founds Cy 72.8; H, 7.2, C H) 0, Tequiress
Cy 72.43 H, 6,9%),

IRs oyp~unsaturated ketone band at 1690;double
bond at 1610,

(29) 2

(XXIII) was hydrogenated as in the preparation in
Experiment 15 to give (XXIV) (2,22 g3 yield, 61%), b.p.
120-40°/0,06 um (Pounds C 71,73 Hy 749 C By Oy requires:
Cy 71,73 H, 7.6%)

IR:saturated ketone band at 1700,
(20) 2=(f~Haphthoxymethylene)=-cyclohexanone (XXVI)

f=Naphthol (2.88 g), NaH (0.48 g, 50f in oil) and
tosylate (XII) (5.6 g) were reacted as in Experiment 14 to
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give (XXVI) (4.9 g yield, 97%), b.p. 160-70°/0.,1 ma (with
decomposition),

IR (Pig., %1): «,/~unsaturated ketone band at
1690; double bond at 1645,

(21) 2-(i-Naphthoxymethyl)=-gyglohexanone (XXVII)

(XXVI) was hydrogenated as in Experiment 15 to
give (XXVII) (0.8l gj yield, 80%), m.p. 76=79° (Found:
Cy 80,23 Hy 7.3, 0Oyply a0, requiress C, 80,23 H, 7.1%).

IR (4n 001‘)'; saturated ketone band at 1720,

(32) gyelodehydration of (XXVII)

The ketone (XXVII) (0,81 g) was added to 70%
HC10, (2 ml) cooled in an ice bath, The mixture was atirred
at room temperature for 2 hre, and then worked up a8 in
Experiment 3 to give the chroman (XXVIII) (0,318 gj yield,
42%). The product was purified by passing over Grade IV
neutral chromatographic alumina and eluting with pet,
ether (60-80°), The product on distillation (b.p. 160°/
0.1 mm) gave (XXVII) m.p. shrinks at 88°, melts at 90-98°
(Founds /85,63 H, 8.0, Cy iy g0 requiress/88,7; H, 7.6%).
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( XXVl )

(a) a 7 proton bend for the methylene protons
centered at 1,49

(b) a two proton multiplet for one of the Cq
methylene protons and the °10¢ methine proton, centered at
2,15 and 2,38

(e¢) a one proton band for the C4q Methine proton
centered at 3,28

(d) a two proton multiplet for the 0-Cliy group
centered at 4,26

(e) a multiplet for the six aromatic protons
centered at 7,32

The uclo‘ layer gave the perchlorate (XXIX)
(0.207 g3 yield, 29%) m,p. 198-200° (Pounds €1, 10,1,
Clvﬂuclob requiress Cl, 10.")0



HME (Pig. 27) in trifluorcacetic acid

Clo5

(XXIX)
(a) a 4 proton band for Cy and Cqy methylene

protons at 2,23

(b) a 2 proton band for the ¢y and c‘ axial protons
at 3,31

(e) a 2 proton band for C, and 0‘ equitorial
protons at 4,08

(d) a doudlet for the C, proton at 7,99

'

(£) a doublet for the Cg proton at 8,6

(‘Be"ay = 9.’)

‘() a multiplet for Ha centered at 8,92

(h) a sharp singlet for the 0o proton at 9,14

(52) 8,6~Benszo=-9=oxa~1,2, 894,9,10,48,10e0ctahydrophenanthrene
LOVIIIA)

The perchlorate (XXIX) (280 mg) was reduced with
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Nd!l‘ and subsequently hydrogenated as in Experiment 18 to
give (XXVIIIA) (0.12¢ g; yield, 70%), b.p. 160°/0.1 mn;
m.p. 81-83° (Pound: C, 85,8; H, 8,0, 0gla0 requiress

Cp 85,73 H, 7.6%).

JMR: Same as (XXVIII) (see discussion).

(%¢) 2=(AnilinoCmethylene)-cvolohexanone (XXX)

To a solution of aniline (1.86 g, 0.02 mole) in
benzene (10 ml) was added a solution of the tosylate (XII)
(2,818g; 0,01 mole) in bensene, The reaction mixture was
left overnight at room temp., and then filtered to remove
aniline salt of p~toluenesulphonic acid. The filtrate was
washed with water, concentrated and cooled when it gave (XXX)
(1.05 g) m.p. 145-46°,

IR (WI‘) (Pig. %2) : P=i band at 31903 carbonyl
band at 16885,

(38) 2

Compound (XXXII) was prepared as above starting
from m-anisidine (2,463 0,02 mole) and tosylate (XII) (2.8 g;
0.01 mole) (0,62 g3 m.p. 118-119°),

IR (0!!018) (Pig. 38): NH band at 31903 carbonyl
band at 16686,



CONCLUGIUN
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The above studies on the stereochemistry of
hydride transfer reaction show that a higher degree of
gtereospecificity is observed in the disproportionation
of thiaschromenes than the corresponding chromenes. It
mey be concluded from these observations that the sulphur
atom plays a distinet role in directing the course of
hydride attack,

A stereospecific method for the preparation of
cis S-aryloxymethylenecyclohexanone and cig=8=
arylasminomethylenecyelohexanone is described,
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