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Abstract,- This article presents a systematization of the availa-
ble synthetic procedures for the preparation of 4H-pyrans.
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1.- INTRODUCTI

The chemistry of pyran derivatives, many of which are present in a.variety of na
tural products, has been widely studied and is covered even in general treatises of
Organic Chemistry®. Reviews on simple aromatic pyran derivatives,such as pyronesZ:3

ON

and pyrylium salts" have been published.
However, the situation is different® with the 4H-pyrans {or y-pyrans},

marily to the instability to be expected of such dienolic ethers

properties.

®

I
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Thus, the synthesis of the unsubstituted 4H-pyran (I), the instability of which
was predicted on the basis of 0.M, calculations®, was unsuccesfully attempted”«®
and was not finally achieved until 1962, independently by Brandsma et al.® and Ma-
samune and Castelluccil®, It was, in fact, found to be an extremely unstable com-
pound.

However, a high degree of stabilization of the pyran nucleus i3 achieved with
the presence of substituents such as the phenyl group and other unsaturated groups
and this fact has allowed the development of reasonably general synthetic procedu-
res for substituted 4H-pyrans,

These syntheses of 4H-pyrans will be classified in this article in two main gro
ups: syntheses by heterocyclization of open chain compounds and syntheses from com
pounds in which a six-membered oxigen ring is already present.

2.~ SYNTHESIS OF AH-PYRANS BY CYCLIZATION REACTIONS

2.1.- Cyclization of &-dicarbony? compounds

Due to the wide applicability of the Paal-Knorr synthesis of furans®.11.12 from
y-dicarbonyl compounds, the ring closure of &§-diketones was the basis for the first
attempts to prepare 4H-pyrans, according to the scheme below.

- -H 0
\oo/"—‘\oo\—“—“ N—1 |
ot 50 0
H

However, the ease with which aliphatic §-diketones cyclize to cycloheXenones
through an intramolecular aldol condensation!¥-1% prevents this synthesis in most
cases. The formation of 4H-pyrans has only been achieved with dicarbonyl compounds
in which adequate structural features prohibit the cyclization to cyclohexenone de
rivatives.

Thus, the lack of appropriate enolizable hydrogens in diphenacyldiphenylmethane
(I1) permits its cyclizatien to 2,4,4,6-tetraphenyl-4H-pyran (III) 1in high yield
upon treatment with phosphorus pentoxide, as reported by Peres de CarvalholS5.16,
However, such a reaction i1snon of general application to the synthesis of 4H-pyrans.
If the two phenyl groups are not present in the 4-position, the resulting pyrans
(IV) are too unstable to be isolated and, in the reaction conditions, disproportic
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nates to pyrylium salt (V) amd tetrahydropyran (VI}!7,
Also, in the preparation of pyrylium salts starting from diketones, the existen-

ce of an intermediate 4H-pyran has been postulated. This species dehydrogenates in
the reaction medium and leads finally to the pyrylium saltl®.19,

The cyclization of é-dialdehydes to 4H-pyrans is also possible in a two step re
action which is based on the procedure described by Brandsma and Arents?® for the
preparation of divinyl ethers, which involves treatment with hydrogen chloride fo-
1lowed by dehydrohalogenation of the resulting dihalogenated ether. Thus, the un-
substituted 4H-pyran (I) can be obtained by application of this method to glutaral
dehyded, Similarly, glutaraldehyde derivatives lead to some otherwise inaccesible

monoalkyl substituted 4H-pyrans (VII)21,

R R R
HC1/CHpCL, CeHsNEE, ]

CHO CHO c =0l 0
VII

R= H or Alkyl

The preparation of thiopyrans (VIII) can be achieved by a modification of this
procedure involving the use of hydrogen sulfide in the first step?-21,

Ry R

R R

2 1)HCT/SH, N 2
CHO CHo 2)CeHsNEE: s
VLI

Ry, Ro= H or Alkyl

In some instances the direct, one step cyclization of dialdehydes, such as 3,3-
diphenylglutaraidehyde, to 4H-pyrans (1X) can be carried out in good yfeld upon
treatment with tosyl ¢hloride2Z2,

Ph Eh Ph Ph
tosyl chlori-
de7pyriaTeT |1

0

CHO CHO

The preparation of 2,6-difunctionalized 4H-pyrans is achieved by wusing, as the

starting dicarbonyl compound, a,or -diketopimelic acid,which upon treatment with

cyclizes to 4H-pyran-2,6-dicarboxylic acid (X)® , a compound of so0

sulfuric acid,
optimized25.26  and has

me biclogical interest23.2% This synthesis was later

been made extensive to 4-substituted derivatives and derivatives in the carboxyl

group26-28,
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However, all attempts to prepare the unsubstituted 4H-pyran by decarboxylation of X
have resulted in decomposition of X8,

K R
H250, |
HOOC-Np 07 ™~Co0H HOOC 0 COOH
X

R= H, Me, Et, n-Hexyl
The cyclization with sulfuric acid of the so-called methylenebis-a-tetronic acid
{(XI} to pyran XII is an extension of these reactions2?,

X1 11

A 3,5-difunctionalized 4H-pyran (XIV) 'is obtained as & by-product in the prepara
tion of benzylidenebis-(acetoacetic ester) (XIII) resulting from the cyclization of
the later20.,31,

Ph Ph
Et0,C COE ko, COzEt
e

N /, '
Me-Ng Q¥ Me Me 07" ~Me

XITI ) X1V

A rather general method of cyclization of ﬁfdicarbony1 compounds to 4H-pyrans was

developed by Wolinsky and Hauer. They found that the diketone resulting from the
zinc chloride catalyzed condensation of pulegone (XV) with ethyl acetoacetate cycli
zed to 4H-pyran XVI32, The use of acetic anhydride as the solvent prevents the for-
mation of the cyclohexencne.

COzE! CO,Et COZEt
4 £ __InCly . T2
20 o Ac,0 X0 07 o

Xy Xvi

This reaction can be applied to a variety of a,g-unsaturated ketones {(XVII) and
g-dicarbonyl compounds (XVIII). The é-diketone (XIX) obtained from this in situ con-
densation always cyclizes to the 4H-pyran (XX)33, Although the yields are-not high,
the ready avgi]abi1ity of the starting materials and the Tack of an alternate route
to these compounds makes this an attractive synthetic procedure. However,if a,g-un-
saturated aldehydes (XVII, R3=H} are used, the corresponding less substituted py-
rans are too unstable to be easily handled and purified.

—340—




HETEROCYCLES, Vol 14, No 3,

Ry o Rl R % Ry R 9
i =X x
= Ry =X Incl, -{ | X
O*~Ry v Acl RN 07N Ry N0-Y
0
XVIL XVIII XIX XX o=
a: X=0Et; Y=Me
b: X=Y=Me
¢: X=0Et; Y=Ph

A further extension of this synthesis involves the generation of &-diketones thro
ugh the condensation of g-dicarbonyl compounds with aldehydes33.3%  The 4H-pyrans
obtained (XXI), which have only a substituent in the 4-position, are rather unsta-
ble compounds.

:
—-Me  7nc1,

R-CHO +<
C—X Acs0

X= Me, OEt

2.2.- Cyclization of acetylenic carbonyl compounds

The second veaction type leading to 4H-pyrans is the cyclization by the attack
of a carbonyl oxigen to a carbon-carbon triple bond.

Treatment of §-acetylenic ketones {XXII) with zinc carbonate brings about the for
mation of pyrans (XX1I1}35, If a terminal alkyne is used {R;=H), the formation of
the pyran does not occur and furans are obtained instead.

R —% %
3 cs.  InC0s 97
- ST [ |
Ry X0 y Ry”™~0-"“R,

2

XXII XXIII
Ry= Alkyl or Aryl; Ry,R3= Alkyl
This reaction can also be applied to 2-(3-phenylpropargyljcyclohexane-1,3-dione
{XXIV)3%6 and 5-phenylpropargil barbituric acid (XXV)37 and the corresponding bicy-
clic 4H-pyrans XXVI and XXVII are obtained. In both cases, the presence of the phe

nyl group is heccessary,

0 Ph

XXV XXVI
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=t 0L,

XXy XXVII

A particuiar example of this synthesis of 4H-pyrans is the trimerization of pro-
pargyl aldehyde to XXVIII3® for which a wrong structure of 2H-pyran was formerly pro

3 H
posed3?, g
it
- C
QHC CHO
= _Piperiding

3HC=C~CHO acetate N
0]

XAVITY

The synthesis of methylene-4H-pyrans of type XXX from the reaction of acylmethy-
lenephosphoranes with benzoyldiazomethane appears also to occur through the cycliza
tion of an intermedfate acetylenic ketonre (XXIX)}*%-*%, Acid chlorides, acid anhydri

?h

CH
1l
2.PhgP=CH—CO-Ph + Ph-CO—CHMNy ——— c,/(’ ‘—*'O
o~ O Ph

AXIX

des and g-keton esters®™* and substituted malonic estersh® rveact also with the phos-
phoranes to give pyrans.

A similar synthesis involving the reaction of allenes XXXI with phenylacetylene
to give XXXII has also been described"“®,

S(CF:;)Z
COE
{C F3)2C—C C +Ph—C=CH ——» [ ]
CD Et Ph~~p OEt
XXXI XXXII

2.3.- Cyclization of é~cyanoketones.

The nucleophilic attack of a carbonyl oxygen to a cyano group 1s a third way of
cyclization leading to the 4H-pyran ring.

In this manner, the Michael addition of malononitrile (XAXIIT, X=CN) or ethyl cya
noacetate (XXXIII), X=CO0,Et) to a-aroylcinnamonitriles (XXXIV, Y=CN) affords a &-cya
noketone (XXXV), the spontaneous cyclization of which in the reaction medium,follo-
wed by an imino-enamine tautomerization, yields pyrans XXXYI®7-%9,
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Ar
> gfl: Piperi- X v
NC dine/EtOH Ne 0% ]
XXXIIT  XXXIV XXXV XXXVI

X= CN or CO,Et; Y= CN, CO,Et or COMe

Since the starting compounds are easily accessible through a Knoevenagel conden-
sation of aromatic aldehydes and benzoylacetonitriles, and the pyrans XXXVI are ob-
tained in high yield, this reaction is a useful synthetic procedure for the prepara
tion of 2-aminopyrans. It can be made extensive to ethyl «-benzoylcinnamates {XXXIV,
¥=CO,Et)}5? and a-ylidene-g-diketones (XXXIV¥, Y=COR)5%,

2-Aminopyrans result also52 from the reaction of benzoylacetonitriles with malo-
nonitrile in a one step reaction through a self condensation of the benzoylacetoni-
trile followed by a Michael addition of malononitrile and cyclization to XXXVII.

Ar N Ar CHy CN Ar CHFCN
NC—CHy " R CN (C NG CN NG CN
A—CO=CHz-CN ———m= _— N P —_
0ar CN 0Far P N-~0 -~ ~Ar
XXXVII

The 1imitation of these reactions lies in the fact that they can only be applied
in those cases in which the starting compound has an electron withdrawing group Y,
since the presence of such a group stabilizes the enolic form of the carbonyl group
in the intermediate &-cyanoketone. Thus, the reaction of malononitrile with benzyli
deneacetophenones (XXXIV, Y=H) affords only the s-cyanoketone (XXXV, Y=H) which can
not be cyclized to the 4H-pyrans3.

4,4-Disubstituted 2-aminopyrans {XL) can be prepared by cyclization of the §-cya
noketones resulting from the reaction of other activated olefins, such as XXXIX,
with active methylene compounds containing appropriate functional groyps (XXXVIIT)S5%:55

Yoc> NC][CN_"_*%Y

XXXVITD  XXXIX
Z= CN or COaEt; X= CGH5-C0; Y= Me or CGH_r,

If cyclie diketones (XiLI}, such as dimedone, are used as active methylene compo-
unds, bicyclic 2-aminopyrans (XL1I) result5%,56,

NC~CN

XL 1 XXXIX
R= H, Me
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In a similar manner, barbituric acids give rise to pirimidopyrans37, Finally,the
reaction of ethylcyanoacetate with the sodium salt of 3-bromo-2,4-pentanedione
{XLII1), which dimerizes in situ to an activated olefin, is another example of a cy
ciization of a §-cyanocketone to 2-aminopyran (XLIV)58

MeQC OMe
MeOC~, come | (& MeQC C0zEt
2. {CH3—CO) CBr Na ———p j[ CO Et [ ]
MeQC~" ~COMe M Q- NH
XLIII ¥LTV

2.4.- Cycloaddition of triple bonds to a,p-unsaturated carbonyl compounds

Besides the cyclizations described, [4+2] cyclioaddition reactionsof carbon-car-
bon triple bonds to «,8-unsaturated carbonyl! compounds have also been employed for
the synthesis of 4H-pyrans. The most appropriate dienophiles seem to be the ynami-
nes (acetylenic tertiary amines).

Thus, the reaction of ynamines XLVI with a,B-unsaturated ketones XLV is a good
procedure for the obtention of N,N-dialkylaminopyrans in moderate yield39.60 through
an ionic, highly regioselective cycloaddition.

c R
=~ ]
¢ — || |
R0 ! Ry~ 0~NEtp
ef g R,R;,Ry=Me or Ph
ALY XLVI XLVII

Silylated ynamines (XLVI, R=Me,;S%) give rise to the corresponding pyrans (XLVII,
R=Me ;5i )61,

Cyclic a,g-unsaturated ketones (XLVYIII) afford bicyclic pyrans {XLIX} by reaction
,with ynamines XLVI®&Z,

Q e
Ph-HCs _CH-Ph ¢ ,
+ | ——
, C
| NEtz
Ef “Et (l:H Ph
XLVIII T XLVI XLIX

Pyrans LI resulting from the reaction of ynamines with unsaturated ‘diketones L
have shown antihypertensive and coronary diTating activity3!

Ry Me
¢

Rz
R]_CO — i R]"COIJIME
+ L — | ]
R, =Atkyl
Me~0 ) Mewg~NEt; 1 - <Y

R,=ATkyl or Aryi
L XLVI LI
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These cycloaddition reactions can also be applied to a,f-unsaturated aldehydes
(LII}, but the yields are Tower because, besides the corresponding pyran (LIII} ,
the reaction affords alsoc a biethylenic amide of type LIV, resulting from the {2+2]
cycloaddition of the ynamine to the carbonyl group®3d,

i "
Ry~ R| R
T ——"OL,
~ NEt =
: N © 2 R NEty
eV Et
LII XLVI LIII
R R
Ryi=H, Ph N\C—-NBZ 4—‘
R= H, Me, Ph 8

LIy
The B-ketoesters (LV) react also with ynamines yielding 6-amino-Z-alcoxypyrans
(LVI)6%,

R ?e R
> |
M Me( Nt
e0 /N\ 0 2 R,Ri= H,Me
Et Et
LV XLVI LVl

In the case of unsubstituted esters (LY, R=R'=H), the formation of a cyclobuta-
ne derivative, through a [2+2) cycloaddition to the ethylenic bond of the ester,
competes with that of the pyran.

Besides the ynamines, the only other type of dienophile used for 4H-pyran syn-
thesis has been ethoxyethyne, which yields bicyclic pyran LVIII, by reaction with
LVIIGES,

Ph ~CH
Il I +
N\N 0

|
Ph

LVII v LVIII

3.- SYNTHESIS OF 4H-PYRANS FROM COMPOUNDS WITH PREFORMED OXIGEN RING

3.1.- From pyrylium salts
The ready availability of pyrylium salts“ makes them suitabie starting materials
for the preparatién of 4H-pyrans and several reactions leading to these pyrans have
been studied.
3.1.1.- Reduction of pyrylium salts
The catalytic reduction of 2,4,6-triphenylpyrylium salts (LIX} was reported to
yield pyran LX®®, hut there was no subsequent confirmation of this reaction,
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Ph Ph

- | Catalytic, [
P X8 py Nydrogenat Ao Neh
LIX LX

The reduction of substituted pyrylium salts LXI to pyrans LXII with sodium boreo-
hydryde is also possible67.88 but, together with the 4H-pyran, 2,4-dien-1-ones
{LXIII) are formed by way of 2H-pyrans resulting from the hydryde attack at the 2-
position®8:5% and, in some instances, 1,5-diones are also formed through ring ope-

ning of the 2H-pyran7?9.

R’ R’ R
- MaBH ~
—_——
@ L+ |
RAE AR R0~ R RS0~ ™R
LXI LXIT
RJ
I
R= Ph, alkyl R oz a2
R'=H, Ph, alkyl
Lx11l

The relative amounts of products depend on the substituents R and R'7l. The hi-
gher yield in 4H-pyran is obtained when the substituent in the 4-position is hydro
gen (LXI, R'=H), due in part to steric effects., However, an increase in size for
the 2-substituents causes an increase in the amount of 2-attack, lowering the yield
in 4H-pyran. This fact has been rationalised on the basis of the Hard and Soft Acids
and Bases Theory, taking into account the effect of the substituents on the coeffi-
cients of the 2 and 4 positions of the pyrylium ring,

Several other agents, such as formate ion, are also able to reduce pyryliumsalts
to the corresponding 4H-pyrans in Tow yields?2.73,

A particular case occurs in the cathodic reduction of pyrylium salts bringing
about their reductive dimerization, through a pyranyl radical, to bipyrans LXIy76.77,
The same result is achieved using zinc?® or the potassium salt of cyclooctatetra-

ene?? as the reducing agent,

R’
-~ ' Cathodip

R \8 R reduction
LXI

R« Me, Ph, t«But; R'= H, Me
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Dipyranyl ether LXVI and dipyranyl thioether LXVII are obtained in low yield by
treatment of 2,6-diphenylpyrylium perchlorate (LXV) with water in DMF/piperidine
and sodium sulfide respectively80.81,

3.1.2.- Alkyiation of pyrylium salts
A convenient method leading to 4H-pyrans consists in the nucleophilic addition
of R anions to 2,6-disubstituted pyrylium salts, in which the y-attack is preferred
dye to steric factors and to the higher reactivity of the y-position in respect to

the a-anes®.
Thus, 2,6-diphenylpyrylium perchlorate (LXVIII) reacts with Grignard reagents

yielding 4H-pyrans LXIX®2-8%, similar reactions are known in the flavylium derivatj
ves®3: 86 | ithium phenyl acetylide reacts in the same manner as Grignard reagents 87

R R
- RMgC1
=1 I
PhSE~ph PhN0~"Ph
LXVIII LXTX R= Alkyl or Aryl

Pyrylium salts bearing substituents in the 4-position (LXX) are also able to re-
act with Grignard and other organometallic reagents®8-91 but, together with the 4H-
pyran (LXXI), a certain amount of 2H-pyran LXXII resuiting from a-attack of the nu-
cleophile is also obtained, In some instances, the pyran undergoes ring opening to
the corresponding dienone (LXXIII)®2., The relative amount of products depends on

R3 R Ry M3 R3
Ry R R, R R, R
-~ R-m R 4 R R 4
R-<E~Rs RI“~0-"Rg R0 Ry
Ky 5

LXX LXXI LXXII LXXIII

Ri~-Rs= H, Me, Phy; R= Me, n-But, i-prop, t-But,
the nature of the substituents and the organic group of the organometallic reagent,
as well as the nature of the metal (Mg, Na, Li} and the solvent used as the reac-
tion medium. An attempt has been made to rationalise these results on the basis of
the Hard and Soft Acids and Bases’rheory92‘5“.
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Pyrylium salts LXIV react also with the anions of active methylene compounds such
as 1,3-diketones, malononitrile, ethyl cyanoacetate -and ‘benzoylacetonitrile yield-
ding 4H-pyrans LXXy&2.25-97

- X
oy & -
RJ:SlR <Y R R

LxxIv LXXV
X,Y= COR, CH, CO,Et
In the same wanner behave other carbon nucleophiles such as the anions of nitro«
methane82.83 acetone?? cyanide ion8l+28_ which, by reaction of 2,6-disubstituted
pyrylium salts affords 4-cyanopyrans (LXXVI} which can be hydrolised to the corres
ponding 4-pyrancarboxylic acids (LXXVII}.

CN COOH
' CKNa Hwdrolysis
e e
Ar 8 Ar Ar o] Ar Ar 0 AT
LXXIV LXXVI LXXVII

Finally, some nitrogenated nucleophiles such as potassium phtalimide®! or phos-
phorus nuclecphiles?? also transform pyrylium salts into 4-substituted 4H-pyrans,

3.2.- From other pyran compounds
Other pyran-type compounds can also be used as starting materials for the prepa

ration of 4H-pyrans.
Gompper and Christmannl99-102 haye reported the reaction of y-pyrones LXXVIII

with Grignard reagents to yfeld 4,4-disubstituted 4H-pyrans (LXXIX), but this reac
tion was later contested3?,

9 R
RMgX
O
Me 0 Me Me 0 Me

LXXVIII LXXIX

R= Alkyl or Aryl
The reaction of ¢yanide fon with Kojfc acid (LXXX) is another of the few exam-
ples of transformation of pyrones into 4H-pyrans (LXXXI)10%,

NC~_-OH
| || ——— || |
0~ “CHyOH 0~ “CHyOH

LXXX LXXXI

Eliminatfon reactions of dihydrop&rans Tead also to 4H-pyrans, Thus, the pyroly-
sis of 2-acetoxy-2,3-dihydropyran (LXXXII) allows the preparation of unsubstituted
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4H-pyran (1) as an unstable compound isolable only by gas chromatographyld.

350°C
QL2 O
0 QOAc 0]

LXXXII I

Similarly, 2,2-dimethoxy-2,3-dihydropyran (LEAXXIII) yields 2-methoxy-4H-pyran
(LXXXIV) upon treatment with aluminium tert-butoxidel®",

Al (OBU) 3
l oe— =1 |
0 0 OMe
OMe

LXXXIEI LXXXIV

The rearrangement of some 2H-pyrans, such as LXXXV, can also form d4H-pyrans
(LXXXVI)IUS'“’B.

Cl
1
¢l | ™~ Clroom temp. E
el g Ay rearranse
LXXXY LXXXVI

2-Hydroxy-2,4,6-triphenyl-2H-pyran {LXXXVIL), resulting from the hydrolysis of
2,4,6-triphenyipyrylium perchlorate, has been reported to afford 4H-pyrans LXXXVIII
in low yield by reaction with Grignard reagentsl?7,

Ph Ph R
~ RMgx

| Bh | ]
0 Fh"™~0~"Ph
OH

LXXXVII LXXXVITI

R= Aryl or benzyl

4,- MISCELLLANEOUS SYNTHESES )
Other special reactions leading to 4H-pyrans will be finally mentioned.
The photo-oxidation of benzene in aqueous acidic solution under UV irradiation

0,/1ight
Qhr=—ad®
pH= 0~"~CHOQ

LXXXIX
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affords a Tow yield of 2-formyl-4H-pyran (LXXXIX)108.109

4-Formyl-4H-pyran (XC) can be prepared in quantitative yield, within seconds,
through an interesting acid-catalyzed rearrangement of sym-oxepin oxide ({XcI1)!10,
Similarly, 4,5-dimethy1—§1m-oxep1n oxide (XCII) rearranges to 4-methyl-d4-acetyl-4H-
pyran {XCIII} or 2,6-dimethyl-4-formyl-4H-pyran {XCIV) depending upon the reaction
conditions used for the in situ generation of the oxepin oxidelll,

HO
0
ME-SO:;H
[ —— |
0
XC XCI
M COMe

Me-S05H
/ \ XCIII
spontaneous CHO
Me/ N0/ *Me \‘H:;;E\“\\sﬁﬁh
temp. l ]

XCII Me g Me
XCIV

Finally, 4-(Z-chlorovinyl)-3,5-diformyl-4H-pyran (XCV) has been prepared by al-
kaline hydrolysis of 2-chtoroacroleinll?:113 and 5-chloro-2-formyl-4H-pyran {XCVI),
by heating of 2-chlercacrolein dimerll%,

CH=CH—CI
OHC CHO cl
3 8!
o] 0 CHO
Xcv XCVI

From this survey it can be concludéd that the best procedures for the preparation
of 4H-pyrans are those which involve cyclization or cycloaddition reactions. The
obtention of these heterocycles from other pyran derivatives, such as pyrylium
salts, wusually affords a mixture of 4H-pyran and a variable amount of 2H-pyran or
the products derived from its ring opening.

In any case, none of the known synthetic methods of 4H-pyrans is of general ap-
plicability and the election of one or other of them must be determined by the na-
ture of the substituents present in the ring.
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