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REACTIONS OF SOME HALOGEN DERIVATIVES OF
TETRAHYDROPYRAN-2-OL!

By E. H. CHARLESWORTH AND A. GIESINGER

ABSTRACT

The 3-halotetrahydropyran-2-ols have been found to readily give derivatives
of tetrahydrofurfural in aqueous alcohol under weakly basic or acidic conditions.
In strongly alkaline solution tetrahydropyran-2,3-diol and its anhydro-polymers
were formed. 3,3-Dichlorotetrahydropyran-2-ol and 2,3,3-trichlorotetrahydro-
pyran have been converted by aqueous alkali to viscous sirups which appear to
contain 2-hydroxytetrahydropyran-3-one and its tautomers. On oxidation with
permanganate these sirups have yielded succinic acid.

INTRODUCTION

The aldehydic properties of tetrahydropyran-2-ol (I) were explained by
Paul (7, 9) on the assumption that it existed in equilibrium with é-hydroxy-
valeric aldehyde (II). Paul’s view has since been confirmed by other workers,
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particularly Schniepp and Geller (14) and Woods and Sanders (17). The latter
authors obtained a crystalline 2,4-dinitrophenylhydrazone.

The 3-halotetrahydropyran-2-ols (IV), readily prepared by the hydrolysis
of the corresponding 2,3-dihalides (III) in the presence of mild alkaline
reagents, have been reported by Paul (8, 10, 11), by I.G. Farben (5), and by
Hawkins and Bennett (1, 2). As these possess some aldehydic properties, it
has been assumed that they exist in equilibrium with a §-hydroxyvaleric
aldehyde form (V). Crystalline derivatives, however, are not reported, although
Paul (11) did isolate a liquid oxime of tetrahydrofurfural following the
hydrolysis of the 2,3-dichloride. Paul (9) found that 3-bromotetrahydropyran-
2-0l reacted rapidly with phenylhydrazine, but gave only crystals of phenyl-
hydrazine hydrobromide. This latter reaction suggests that in the presence of
an organic base the bromohydrin loses hydrogen bromide more rapidly than
it acts as an aldehyde.

In view of their undoubted aldehyde properties, it seemed desirable to prepare
crystalline derivatives of these halotetrahydropyranols and thus to determine
the nature of the aldehydic substances derived from them. Both the chloro-
and bromo-tetrahydropyranol were found to react with substituted phenyl-
hydrazines to yield the same halogen-free derivatives, namely,

(i) a 2,4-dinitrophenylhydrazone, m.p. 133-134°;
(ii) a 2,4-dinitrophenylosazone, m.p. 242°;
1 Manuscript received November 14, 1956,
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(iii) a p-nitrophenylhydrazone, m.p. 146°;

(iv) a p-nitrophenylosazone, m.p. 246°;

(v) a p-benzylphenylhydrazone, m.p. 74-75°.

In all cases these derivatives are identical with corresponding products made
from an authentic sample of tetrahydrofurfural (VI) prepared by the method
of Scheibler, Sotscheck, and Friese (13). Hurd and Edwards (3) obtained the
same derivatives from tetrahydrofurfural produced by heating tetrahydro-
pyran-2,3-diol (VIII) under reduced pressure. '
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The 3-halotetrahydropyran-2-ols lose hydrogen halide so readily that they
can be titrated with aqueous sodium hydroxide. In each case it is possible to
isolate a quantitative yield of the sodium halide salt. We had hoped at first
to use this method to obtain the oxide (VII). However, in view of the fact that
an organic base when extracting hydrogen halide leaves tetrahydrofurfural
as a residue, it seemed that the effect of sodium hydroxide might be the same
and thus represent a convenient method of preparing tetrahydrofurfural.

The organic product from the reaction proved to be rather elusive. Organic
solvents do not extract it in appreciable amounts from the aqueous mixture.
Even continuous extraction proved inadequate. The water had to be removed
almost completely, either by absorption on drying agents or better by evapora-
tion, before the product could be taken up in organic solvent.

The nature of the product varies somewhat according to the conditions.
If the reaction mixture is kept near room temperature throughout the process,
a considerable portion of the product is soluble, with some difficulty, in ether.
This ether-soluble substance is aldehydic, but it is a higher boiling liquid than
tetrahydrofurfural. It gives the same dinitrophenylosazone, m.p. 242°, as
tetrahydrofurfural, but not the phenylhydrazone obtainable from that
substance. It readily reduces periodic acid to iodate and forms a 3,5-dinitro-
benzoate, m.p. 174°. This substance seems to be tetrahydropyran-2,3-diol
(VIII), which Hurd and Kelso (4) prepared by hydrogen peroxide oxidation
of dihydropyran. :
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At higher reaction temperatures less of the product is ether-soluble. Small
fractions can be extracted with other solvents, but the bulk is soluble only in
alcohol and water. Evaporation of the solvent in each case leaves a high
boiling sirup which is not easily purified by distillation. In one case a solid,
m.p. 190°, precipitated from aqueous solution. In another case a chloroform
extract yielded a solid, m.p. 101-102°. The properties of these substances
indicate that they are the same C;H 1604+ materials as are reported by Hurd
and Edwards (3), who obtained them by heating tetrahydropyran-2,3-diol.
The lower melting of these two compounds was also obtained by Swadesh and
Dunlop (16) from another source. The two groups of workers seem to agree
that it has the structure XIII and that it is formed from the diol by the route
shown. The structure of the higher melting compound has not been established,
but the indications are that it may be XIV. Compound XV has been isolated
by Hurd and Kelso (4). Our high boiling sirups are probably mixtures of
compounds XIII, XIV, and XV and perhaps more complex structures. '
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No material was isolated that seemed to be the oxide (VII). If formed at
all, it was apparently unstable and hydrolyzed to form the diol (VIII).
Other attempts by Paul and Tchelitcheff (12) and by Hurd and Edwards (3)
to obtain the oxide have not been too successful.

3,3-Dichlorotetrahydropyran-2-ol (XVII) is mentioned briefly in the
literature in a wartime I.G. Farben report (6) and in a German patent (18).
We have prepared this substance by warming the 2,3,3-trichloride (XVI)
with an equivalent of sodium carbonate solution. It is less aldehydic than the
simpler halohydrins discussed earlier, but resembles them in some of its
properties. It reduces Fehling’s solution when warmed for some time; it
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forms the same dinitrophenylosazone, m.p. 242°, but does not form an inter-
mediate hydrazone. When dissolved in warm alcohol, it can be titrated with
aqueous sodium hydroxide solution and neutralizes two equivalents of the base.
In this reaction the 3,3-dichlorotetrahydropyran-2-ol loses its entire halogen
content.
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When 2,3,3-trichlorotetrahydropyran (XVI) is warmed and stirred with 3
moles of aqueous sodium hydroxide solution, the organic layer gradually
disappears and the alkali is neutralized. A dark red reaction mixture results.
The organic product can be isolated by evaporating the water and extracting
the residue with alcohol. A quantitative yield of sodium chloride is left behind.
On evaporation of the alcohol a viscous dark red halogen-free sirup is left.
This material is thought to contain an equilibrium mixture of tetrahydro-
pyranone-3-ol-2 (XVIII) and a-keto-s-hydroxyvaleric aldehyde (XIX),
together with more complex substances. It is aldehydic, reducing Fehling’s
solution rapidly when warmed. With 2,4-dinitrophenylhydrazine it gives,
near room temperature, an almost immediate precipitate of the expected
2,4-dinitrophenylosazone (XX), m.p. 242°. On oxidation with potassium
permanganate, both in alkaline and acid solution, succinic acid (XXII) has
been obtained. Intermedjate compounds such as a-ketoglutaric acid (XXI)
have not been isolated as yei {-om the above oxidations or with milder oxidiz-
ing agents. '

EXPERIMENTAL

Derivatives of 3-Halotetrahydropyran-2-ols

Both 8-chloro- and 3-bromo-tetrahydropyran-2-ol were prepared by the
hydrolysis of the corresponding dihalides with aqueous sodium carbonate
solution, following the directions of Hawkins and Bennett (2) for the prep-
aration of 3-chlorotetrahydropyran-2-ol. The methods used for the prepara-
tion of the derivatives listed below were essentially those described by Shriner
and Fuson (15).
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(@) 2,4-Dinitrophenylhydrazones

The 3-chloro- and 3-bromo-tetrahydropyran-2-ol were treated at room
temperature with 2,4-dinitrophenylhydrazine reagent. Voluminous orange-
yellow precipitates were formed. Qualitative tests showed no halogen in the
products. After repeated crystallization from absolute ethanol both products
were obtained as yellow needles which melted at 133-134°C. There was no
depression of the melting point when the two products were mixed.

(b) 2,4-Dinitrophenylosazones

The 3-halotetrahydropyran-2-ols were refluxed with excess 2,4-dinitro-
phenylhydrazine in aqueous alcohol, in the presence of a few drops of con-
centrated hydrochloric acid. An orange-red precipitate formed in each case.
On recrystallization from acetone or nitromethane orange needles were
obtained which in both cases melted at 242°C. The mixed melting point
indicated that the products from the two halotetrahydropyranols were the
same,

(¢) p-Nitrophenylhydrazones

The 3-halotetrahydropyranols were warmed for a few minutes with an
alcoholic solution of p-nitrophenylhydrazine and a trace of acetic acid. The
orange-red precipitates were halogen-free. Several recrystallizations from

absolute methanol gave the same orange yellow needles which melted at
146°C.

(d) p-Nitrophenylosazone ,

This can be produced by prolonged heating (four hours) with excess p-nitro-
phenylhydrazine and a little concentrated hydrochloric acid. A dark red pow-
der separated on cooling. On recrystallization from methanol it 'separated as
fine dark red crystals which melted at 246°C. with slight decomposition.

(¢) Bensylphenylhydrazone

The 3-halotetrahydropyran-2-ol in water (1 gm. in 7 ml.) was treated with
benzylphenylhydrazine hydrochloride in 959, ethanol (1 gm. in 10 ml.).
The mixture was warmed for a few minutes. On cooling a yellowish white
precipitate formed. It was recrystallized from methanol in almost colorless
needles which melted at 74-75°C.

(f) Comparison with Tetrahydrofurfural Derivatives

The derivatives from the halotetrahydropyranols described above were
compared with the corresponding derivatives from tetrahydrofurfural,
prepared by D. G. Hay in these laboratories by the method of Scheibler,
Sotscheck, and Friese (13). Mixed melting points and other tests proved that
the above products were identical in all respects with derivatives from tetra-
hydrofurfural.

Tetrahydropyran-2,3-diol (VIII) and Related Compounds

3-Chlorotetrahydropyran-2-ol (13.6 gm., 0.1 mole) dissolved in water
(100 ml.) was treated with sodium hydroxide solution (4 gm. in 100 ml.)
and allowed to stand for three to four hours at room temperature. The solution
was made just acid with a few drops of dilute hydrochloric acid and allowed to
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evaporate at 35-40°C. The residue was extracted with absolute ethanol,
leaving behind a quantitative yield of sodium chloride. The alcoholic extract
was allowed to evaporate at room temperature. The residue (10 gm.) was
extracted several times with ether. Evaporation of the ether gave a high
boiling sirup (8 gm.) which is thought to be tetrahydropyran-2,3-diol. Found:
C,51.1; H, 8.07%; Calc. for CsH1005: C, 50.9; H, 8.479%,.

The same product can be obtained more conveniently in larger quantities
by treating crude 2,3-dichlorotetrahydropyran, made by direct chlorination of
dihydropyran, with 2 moles of sodium hydroxide and isolating the product as
described above.

The product gave the previously described dinitrophenylosazone (m.p.
242°) when refluxed with 2,4-dinitrophenylhydrazine. It reduced periodic acid
to iodate and formed a 3,5-dinitrobenzoate, m.p. 174°C.

When the reaction with sodium hydroxide was carried out at 100° on the
water bath, very little of the organic product was soluble in ether. The high
boiling sirup obtained was probably a mixture of substances of higher mole-
cular weight than the diol. In one trial a chloroform-extracted product solidi-
fied. When recrystallized from ethanol it separated in elongated plates which
melted at 101-102°C. Found: C, 59.7; H, 8.10%,; Calc. for C;oH40,: C, 60.0;
H, 8.00%. The melting point and analysis indicates that this is one of the
C1oH1604 substances which Hurd and Edwards (3) obtained by heating
tetrahydropyran-2,3-diol.

In another trial when excess solid sodium hydroxide was added to the

chlorohydrin solution and the mixture left standing, a small quantity of very

fine white powder settled out. This melted at 190°C. and could be the other
C10H 1604 substance obtained by Hurd and Edwards.

8,8-Dichlorotetrahydropyranol-2 (XVII)

2,3,3-Trichlorotetrahydropyran (9.5 gm.), prepared by the method of
Hawkins and Bennett (2), was stirred with sodium carbonate solution (2.6
gm. in 100 ml. of water) at 35-40° for 10 hr. The reaction mixture was then
subjected to continuous extraction with ether. After evaporation of the ether a
solid recrystallized from aqueous alcohol in plates which melted at 88-89°C.
The I.G. Farben chemists (6) reported 90° as the melting point of 3,3-di-
chlorotetrahydropyran-2-ol.

This product was less aldehydic than the halohydrins, but it did reduce
Fehling’s solution on warming for some time. When the product was treated
at room temperature with 2,4-dinitrophenylhydrazine it did not form a
dinitrophenylhydrazone, but when the reaction mixture was heated the
previously described 2,4-dinitrophenylosazone (m.p. 242°C.) was precipitated.

When the dichlorotetrahydropyranol was dissolved in warm alcohol, it
could be titrated slowly with aqueous sodium hydroxide solution and neu-
tralized two equivalents of the base.

2-Hydroxytetrahydropyran-3-one (XVIII)

2,3,3-Trichlorotetrahydropyran (19 gm., 0.1 mole) was warmed to 35—
40°C. so it would remain in the liquid phase, and sodium hydroxide solution
(12 gm., 0.3 mole, in 150 ml. of water) was added. The mixture was kept at the
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temperature indicated and stirred until the organic layer had disappeared —
about 10 hr. The reaction mixture still slightly acid was then allowed to evap- ~
orate at just above room temperature. The residue was extracted with absolute
ethanol, leaving behind a nearly quantitative yield (16 gm.) of sodium chloride.
The alcoholic extract on evaporation gave a very viscous, dark red sirup
(10 gm.). No method of purifying it has been found. Its reactions indicated
that it was mainly 2-hydroxytetrahydropyran-3-one in equilibrium with an
open chain aldehyde form.

It reduced Fehling's solution rapidly when warmed. With 2,4-dinitrophenyl-
hydrazine it gave an almost immediate precipitate of the expected 2,4-dini-
trophenylosazone (m.p. 242°), previously described.

The crude red sirup was treated at room temperature for several days
with an alkaline solution of potassium permanganate. The manganese dioxide
was filtered off and the filtrate acidified with dilute sulphuric acid. Further
decolorization of the permanganate now occurred. When this acid oxidation
was complete the excess permanganate was destroyed with a little sodium
bisulphite, the solution evaporated to dryness, and the residue extracted
with ether. On evaporation of the ether a solid acid (m.p. 186°) was left.
This was identified as succinic acid by the preparation of the p-bromophenacyl
ester (m.p. 210-211°) and the p-nitrobenzyl ester (m.p. 87-88°). Mixed
melting points of these derivatives with samples prepared from an authentic
specimen of succinic acid showed no depression.
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ABSTRACT

In this investigation various halogen derivatives
of dihvdropyran were prepared, by methods described by
earlier workers, Those having halogen in the 2-position
were hydrolyzed to obtain the corresponding tebrahydro-
pyran-2-0ls. The aldehyde properties of these substances
were studied and crystalline derivatives prepared. In
the case of the 5~halotetrahydropyran-2;ols these
derivatives showed that the presumed aldehyde forms were
not stable, that in the presence of phenylhydrazines,
in weakly basic or in acid solution, they lost hydrogen

halide to go over into tetrahydrofurfural.

Tetrahydropyran-2-0l1s with one or two halogen atoms
at the 3-position were found to neutralize readlily an
alkalili solution. The resulting organic product had the
halogens replaced by hydroxyls. Tetrahydropyran-2,3-diol
and 2-hydroxytetrahydropyran-3-one were obtained by such
reactions. These were shown to be aldehydic substances

and a number of their derivatives were prepared.

The easily hydrolyzable 2-halotetrahydropyrans were
found to react readily also with dodium methylate to
produce 2-methoxytetrahydropyrans. These could be
hydrolyzed by dilute acid to form the corresponding

tetrahydropyran-2-0ls,




A reaction between dihydropyran and formaldehyde,
suggested by the work of Beets and others on certain
dienes, was also attempted. It was found to go readily

but the isolation of pure products has not as yet been

accomplished.
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INTRODUCTION

Dihydropyran, the substance first prepared by
Paul (39) in 1933, was the starting material for the

reactions of this investigation. It has the structure:

It and the ring compounds obtainable from it are
named in a variety of ways in the chemical literature.
In this work the substance will be called simply
dihydropyran and the corresponding saturated ring
tetrahydropyran. The ring positions will be numbered

ag shown,

Paul and others (23, 36, 38, 42, 45, 48, 69)

have prepared halotetrahydropyrans of the types:

X
X %
X X X
0 0 0

They found that the halogen atom in the 2-position
is readily exchanged for hydroxy and alkoxy groups.

Dihydropyran itself and its 2-halogen deriveatives
have been hydrolyzed (23, 36, 41, 44, 45, 69) to give
tetrahydropyran-2-ols such as the following:



X X
OH OH aH
o 0 0
oH
Tetrahydropyran-2,3-~diol, 0 has also been
o
prepared (27). o

Some of these substances have been found (27, 36,
45, 48) to have aldehyde properties, said to be due
to an open-chain aldehyde in equilibrium with the

ring form:
— ~H
== HocH, cucH, cHy <2,
O
O
X
X ‘ -
. //occ”(ch/l CH, CH Cto
OH
0

Paul (45) found also that d=bromotetrahydropyran-
2-0l1 readily neutralized an equivalent of an alkali
solution. He seems to have made no effort, however, to

isolate an organic product from the neutralization.

Ditetrshydropyranyl ethers of the types

-0 O GO



were obtained as by-products when the 2-hydroxy
derivatives were prepared. A number of alkyl tetra-

hydropyranyl ethers of the types

‘ :
OR OR OR
0 0 0

have also been prepared (31, 41, 44, 52, 66, 68).

In this investigation various halogen derivatives
of dihydropyran were prepared, by methods described by
earlier workers. Those having halogen in the 2-position
were hydrolyzed to obtain the corresponding tetrahydro-
pyran-2-ols. The aldehyde properties of these substances
were studied and erystalline derivatives prepared. In
the case of the 5~haloteﬁrahydropyran-z-ols these
derivatives showed that the presumed aldehyde forms were
not stable, that in the presence of phenylhydrazines,
in weakly basic or in acid solution, they lost hydrogen

halide to go over into tetrahydrofurfural:
'
X = Hooﬁe@cw;éyc;g il S l ‘0:”
oK 0 o
O

Tetrahydropyran-2-0ls with one or two halogen atoms
ét the 3-position were found to neutralize readily an
alkali solution. The resulting organic product had the

halogens replaced by hydroxyls:



X )?a, OH o OH
o OH
0 0
0
§( P )?4, OH Z
oK O#H
0] 0

The 2-halotetrahydropyrans were found to react
readily with sodium methylate to give 2-methoxy-
tetrahydropyrans:

X OCH.

0 0
A reaction between dihydropyran and formaldehyde,
suggested by the work of Beets and others (4, 5, 6, 7,
13, 15) on certain dienes, was also attempted. It was
found to go readily but the isolation of pure products

has not as yet been accomplished.

All the reactions studied during the course of
this investigation are summarized on the flow-sheet

following.

Part of this work has been published in the
Cenadian Journal of Chemistry, March 1956. A reprint
is attached.
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LITERATURE REVIEW

Dihydropyran and its Reactions

Dihydropyran can be prepared by passing the wvapor
of tetrahydrofurfuryl alcohol over heated alumina, the
method originally used by Paul (40). The alcohol losesg

water and a methylenic transposition enlarges the furan

ring to the pyran ring:
/Cb{l
~
CHy -~ H, 28,05 CHa ﬁﬂ
/ I} = /
CHy  CH ~cHyok O CHy  CH
\O/ \0/

The substance is now commercially available.

It is a mobile colorless liquid which boils at 860
at normal pressure. It is only slightly soluble in
water but soluble in most organic solvents. It is very
reactive, showing both the addition reactions
characteristic of olefines and ring-opening reactions
which produce a variety of open-chain compounds ., Many
of its derivatives are themselves very reactive and are

useful reagents in syntheses,

The literature on the reactions of dihydropyran
and its derivatives is becoming voluminous. The most
recent review of the field is one by Jones and

Taylor (32) in 1950. A number of new reactions have



been studied since then. The following list gives a

picture of the chemistry of dihydropyran and its more

jmmediate derivatives:

Reaction
, Ho
Ptn/&u?)zi
0O
_HX
| e

Xz

Y

\)

0
()
J

()
&!
9
oy

(jf:Iﬁ
X
0

References

(2), (40)

(38), (42), (45)

(23), (36), (69)

several trichloro

and tetrachloro
substitution
products

(23)



Reaction References

Yo (41), (44), (e5)
(=) \ |
Q@
0 0
H
\\\\\\4 OoH
0 0
g=e
O
o 0
X ey Ox (23), (36) , (45),
(othnZe) (48)
OH
o]

(5633(54),(55)’
(69

X x (38), (42),
Hou OOO (45); (48)
0 (0]

R
S
Y
/
Q
o %x*
h

(X
0
(.



Reaction

ce )
ze : 4 &
_—
1“4 0
0 0 0
e @&
-+ >
oK l (Hzce) o
0 0 0 0

References

(387)

(24)

(24)

(21)

(22)

(41), (44), (66)
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Reaction References

| &y + RoH L (51)
([;'Cds) Joﬁ ‘
0 0

(51)

ct L
RoH
0 | 0

20
(36)

(50)

e ' cL
O — Q=
17 OR
0 0
()G e ()
~Z
O
B~ RoH S A (88)
/g’b /VIVB JOQ
0 0 ‘

0 CHs
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Reaction

O QO QR

O,

& KRR

& ’/R

A

OCOR

< (¢

OCOR

DY,

CHy COOH

ococH,

CHz; COOH

—

OCOC%

6”3 Coo)&b

c co
#acood 0COCH,

OO Q0

&
C//3C'OO)?4, e
CHycooH O COCHy
R Iy B

@

References

(36)

(36)

(10)

(10)

(9)

(9)

(43)



Reaction References

Y Rby s X (12), (29),
0 0
X o
O _Ked @ . @ (51)
R R R
0 0 0
& KoH h-v/f%gc’é ‘
o T L, o
0 0

O Co CN 0 (38)
5 o o CN
Cg N
Qi (-
“4 CN
0 0

O Hen O (61)
OR
o~ 9K NE N7
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Reaction References
/CooE{;
Jta G- 0 - = [cookE (58)
& émmz {’K :
0 O CooFt

p ) ‘

= HOCH CH H, cH, T (41), (44)
OH

~H ‘ v
Ho CH, /cv/z)3 <<, .._’f./ie. HOCH, (mg)g CH,OH (57)

K N se) (3
Ho cHy(cH,), C3ip __.._h_iie, Ho e (cty), CHu N, £59;: 263% ,
/(_’//;l
HX CHa  CH, .
CHX ety X (36), (40)
0
cHy
VAR .
froce Ha (36)
(5 “62) cw, cHLCC
0 5(’0/8
(et €), 0 H €O (M) SO ey (am)
3

Q%iﬁ) +
CH,CO, (C'/{zjg CH = CH,
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2-Chlorotetrahydropyran

The chemists of I.G. Farben (38) made this compound

by passing dry hydrogen chloride gas into dihydropyran:

+ HC&

&
0 0

The product distilled at 42° at 11 mm., It was used to

prepare 2-cyanotetrahydropyran:

Ce CN

@ cN
0 0

Schudel and Rice (58) used it in malonic ester

condensations:

COOFt
}Za, C’-/? R Emmsess /CadEt-
& \Caaft‘ C:"' R
0 0 LooErt

for R = H, Et, Ph, PrMeCH, iso-Pr, Bu, iso-Bu, and others.

2,3=Dibromotetrahydropyran

Paul (42, 45) added dry bromine to dihydropyran in
ether or carbon tetrachloride solution at -15°. A vigorous
reaction took plaece and a dibromide boiling at 96-98° at
9 mm, was distilled off.

Ar
- A,
Anr
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The product, a colorless liquid which fumed in air,
could not be purified by distillation. Rectified slowly
through a long column it decomposed to give 3-bromo-
dihydropyran, a liquid boiling at 630 at 22 mm,
Sr B
. —7 |
0 0

When the dibromide was left in contact with water
for some time at room temperature, it formed a

symmetrical ether:

B Br B

B 0
0 0 0

In the presence of an alkaline reagent, the hydrolysis
gave the bromohydrin:
ﬂﬁ‘ HOH ‘ ﬂjb

0 0

Paul (43) also used the dibromide. with Grignard
reagents to prepare 2-ethyl-3-bromo- and 2-phenyl-
S3=bromotetrahydropyran:

Br F/z-zﬁ/g/z - P
fr R
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| Woods and Sanders (68) treated the dibromide
with anhydrous alcohols in liquid ammonia and
isolated 2-alkoxy-3-bromotetrahydropyrans:

Br RoOH Br

A Nty OR
0 0

Bremner and Jones (9) treated it with anhydrous
sodium acetate and acetic acid in acetic anhydride

solution and isolated 2-acetoxy-3-bromotetrahydropyran:

~ﬂ/L c'//sc’oo/-/

0 0

0 CcocH,

2,3=Dichlorotetrahydropyran

The preparation of this substance has been described
by Paul (48) and by Hawkins and Bennett (23). Chlorine
passed into dihydropyran at 0° was found to add rapidly
to the double bond:

o
| + & — (jﬁtjl
: 154
0 0]

The product distilled at 89-90° at 20 mm. (74° at 11 mm,).
It was a colorless, viscous liquid, which fumed in air.
When distilled at normal pressure it lost hydrogen

chloride to form 3=-chlorodihydropyran:
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0 0

Left in contact with water at room temperature

it was converted (48) to the ditetrahydropyranyl

44 HoOH \¢ 4
@ 0 :
0 0

Hydrolysis in the presence of sodium or calcium

ether:

0

carbonate (23) yielded the chlorohydrin:

e e
HMHoH
K, CO. >
& R oH
0 0

The I.G. Farben chemists (36) found that the
Cl-atom in the 2-position was readily exchanged for
-OR and -OCOR, but they reported no details.

Woods and Sanders (68) prepared 2-alkoxy-3-chloro-
tetrahydropyrans by treating the dichloride with

anhydrous alcohols in liquid ammonia:

4 ROH c

&2 N OR
0 0
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Quennehen and Normant (50) obtained 2-ethoxy-3-chloro-
tetrahydropyran by treating the dichloride with sodium
ethylate:

& & Hs O N

e 03, H,
0 0 2e

Bremner and Jones (9) prepared 2-acetoxy-3-chloro-
tetrahydropyran by treating the dichloride dissolved
in acetic anhydride with anhydrous sodium acetate and

acetic acid:

4 CHy COOMa ct
oy CHiCO0H

a 0

oCco C/’IB

Riobe (51), Jacobson (29), and Crombie and Harper (12)
used the dichloride in Grignard reactions to prepare
2-alkyl-3-chlorotetrahydropyrans:

ct R Jng B c«

@ R
) 0

The I.G. Farben chemists (38) treated it with

cuprous cyanide to prepare the 2-cyano~-derivative:

e 2o CN ce

(e y
O .

C
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3-Bromodihydropyran

Paul (42, 45) obtained this substance by slow
distillation of the dibromide at atmospheric pressure
through a long column:

A pr
4 AL ‘
0 0

It distilled at 63° at 22 mm. Its olefinic activity was

found o be much less than that of dihydropyran.

The I.G. Farben chemists (36) were not able to
isolate this‘substance'by simple distillation of the
dibromide. They found that hydrogen bromide was lost
rapidly but the product resinified.

3=-Chlorodihvdropyran

This substance has been reported by Paul (48),
by Hawkins and Bennett (23) and by the I.G. Farben
chemists (36, 37). It was obtained by slow distillation
of the diehloride at atmospheric pressure:
4 e

e —Hce
0 0

It was found to be a stable, colorless liquid, which
boiled at 141° at 760 mm, According to the I.G. Farben

chemists (37), after standing for some time it became



acid in reaction due to impurities which they were not

able to remove,

Although it is not an active olefinic compound,
the I.G. Farben chemists (36) found that it added
either chlorine or bromine in exothermic reactions to

form trihalides:

ee X,

i
\ X

0

A number of other addition reactions have also

been reported.

Hawkins and Bennett (24) found that in the presence

of a trace of hydrogen chloride 3-chlorodihydropyran
would add 3-chlorotetrahydropyran-2-ol to form the
ditetrahydropyranyl ether:

O 20 = Q50

Jones and Bremner (31) treated it with chlorine
and aleohols in the presence of calcium carbonate and

produced z-alkoxy-z,5-dichlorotetrahydropyrans:

et &, + RoH %%
(5”&6’03) 7 O@



Riobe (52) prepared 2-alkoxy-3-chlorotetrahydro-
pyrans by treating 3-chlorodihydropyran with the
calculated quantity of the aleohol:

cl _ RoH e

OR
0 0

Bremner and Jones (10) treated it with acetic acid

and isolated 2-acetoxy-3-chlorotetrahydropyran:

ce ‘ (f‘//sc‘oo// 4

0CoCH,

2,3, 3=-Trichlorotetrahydropyran

This substance was prepared by Hawkins and Bennett (23)
and by the I.G. Farben chemists (36) by passing chlorine
into 3-chlorodihydropyran:

' et e, 7
c
0 0

The product distilled at 86° at 8 mm, (92-94° at 15 mm.,)
and set to a solid melting at 31-32°,

The I.G. Farben chemists (36) obtained from it the

2-hydroxy derivative on mere shaking with water:

4 14
)4 HoH &4
& OH
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They also prepared (37) the corresponding ditetrahydro-
pyranyl ether:

& oL &
/74 , & ¢
SO ]
& 0o
s) 0 0

As in the case of the dichloride, they reported (36)
thet the Cl-atom in the 2-position is readily
exchanged for -OR and for -OCOR but gave no details.

Bremner and Jones (9) treated the trichloride
with anhydrous sodium acetate and acetic acid and

produced 2-acetoxy-3,3-dichlorotetrahydropyran:

C&i CHy COO A éc%
eo C’f/5c.‘00/‘/ OC’OC//a
0 0

Riobe (55) isclated a liquid isomer of the
trichloride which hydrolyzed to give the same
2-hydroxy derivative as the trichloride prepared

by the earlier workers.

2,3-Dibromo-3~chlorotetrahydropyran

The I.G. Farben chemists (36) prepared this
substance by adding bromine to 3-chlorodihydropyran:

et B, v

B

|



The product was distilled at 125-127° at 20 mm. It
formed a 2-hydroxy derivative on shaking with

water:
él 4
Br HoH B
e OH
0 0

The Tetrahydropyran-2-0ls

A number of the reactions of these substances
have been given special study in the present work.
Their known properties, as described in the literature,

are summarized in the following paragraphs.

Tetrahydropyran~2=01l

This substance was first prepared by Paul (41, 44)
by treating dihydropyran with a very dilute hydrochloric

acid solution:

HoH
f (Hee)

0~ 0

OH

The product distilled at 80-81° at 16 mm. It had aldehyde
properties, giving Schiff?s, Fehlingt!s, and Tollens® tests.
Paul ascribed these properties to an equilibrium with

an open-~chain aldehyde form:

H
=== HO CHCH,CH CH, C%
OH
0
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He prepared an oxime, m,p. 92-93°. Woods and Sanders (67)
and Wilson (63) prepared a 2,4-dinitrophenylhydrazone,
the former giving m.p., 109°, the latter m.p. 112-113°.

By catalytic hydrogenation, Schniepp and Geller (57)
converted it to 1,5-pentanediol:

_H o
/o CHy cw; CH, cfé (’:0

T HOCH, CHCH H, CHLOH
By treatment with liquid ammonia and hydrogen, Woods

and Sanders (67) prepared an aminoaleohol:

_H N H3+ My
————————

Ho ClycHycrtycrty e 2

H O CH, CHy CHy CHY CHY N,

The I.G. Farben chemists (36, 37) had carried out the

latter reaction also with amines.

Tetrahydropyran-2, 3-diol

Hurd and Kelso (27) prepared this substance by
hydroxylation of dihydropyran, using hydrogen peroxide
in tert. butyl alcohol, with osmium tetroxide as

catalyst:

oH

: oH
4] 0
The product was a high-boiling liquid, which decomposed

when attempts were made to distil it, even at low

bressures. It was found to be soluble in water and in
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organic solvents. It reduced Benedictts solution at 90°.
It gave a 3,5-dinitrobenzoate, m.p. 174-175°%, and a

2,4-dinitrophenylosazone, m,p. 242°.

Hurd and Edwards (26) prepared a 2,4-dinitrophenyl-
hydrazone, m,p. 132-133°,

Hurd and Edwards (26) also subjected the diol %o
heat under reduced pressure. At 150° and 1 mm. pressure
it lost water and yielded tetrahydrofurfural and two

crystalline isomers, m,p. 103° and 190°, of formula
C10%16%
C H,, O

oH
= C/H + Cpiey
~0})/ =~
:(); o

3-Bromotetrahyvdropyran-2=-0l

This substance was first prepared by Paul (45)
by treating crude 2,3-dibromotetrahydropyran with water
containing suspended lead hydroxide:
A wort 8-

& /9—@(0/{)2
0 0

OH

He isolated the product as a crystalline solid, m.D.
79-80°. He found that it reduced Fehling's solution
when hot and ammoniacal silver nitrate, but d4id not

affect Schiff!s reagent. He attempted, without success,
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to prepare a phenylhydrazone. With phenylhydrazine in

ether, it gave him crystals of phenylhydrazine hydro-

bromide. He concluded that it lost hydrogen bromide

more readily than it acted as an aldehyde. Titration S

with sodium hydroxide showed that it neutralized an

alkali like a monobasic acid.

3=Chlorotetrahydropyran-2-=o0l

Hawkins and Bennett (21) obtained this substance
by passing chlorine into dihydropyran kept suspended

in water by stirring:

ly + Hz0 4

OH
0 0

The product distilled at 95-100° at 2 mm. and set to
orystals melting at 64°, It did not reduce bromine
water in the cold, nor Schiffts reagent, nor ammoniacal

silver nitrate, but reduced hot Fehlingts solution.

Hawkins and Bennett (23) also prepared this
chlorohydrin by adding 2,3-dichlorotetrahydropyran to
water containing dissolved sodium carbonate or

suspended calecium carbonate:

&2 HOH
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Paul (48), in attempting to prepare the substance
by alkaline hydrolysis of the dichloride, obtained an
aldehydic solution from which he prepared the oxime of
tetrahydrofurfural. He explained the reaction as

follows: &
, _H
HO CHy CH,CHy CHC S

& =
/ %t ,H
- . 10,:

0 OH 0 C

3,3=Dichlorotetrahydropyran-2-ol

The I.G. Farben chemists (36) obtained this

substance by shaking the trichloride with water:

¢l
Caég HOH . &
& OH
0 0

The product distilled at 122-124° at 15 mm. and set
to crystals of m.,p., 90°., It was found to be insoluble
in water and not aldehydic,

Riobe (54, 55) found that it crystallized as a
hemihydrate of melting point 85.50, according to one
report, or 83.50, according to the other report. He
found also that in agueous solution it was quite
aldehydic, reducing Schiffts reagent and ammoniacal
silver nitrate and giving crystalline derivatives

characteristic of aldehydes. He isolated a bis-semi-



carbazone melting at 258° and a bis-2,4-dinitrophenyl-
hydrazone melting at 1210, according to one report,

or 216°, according to the other report. From analyses
he concluded that these were derivatives of 5-hydroxy-

s.ketovaleric aldehyde formed as follows:

7 P
& HO CH, CH, CH, C C’QO

OH
I} .

HO Chy CH CH & C s 4
o

Ether Derivatives of the Tetrahydropyran=2=01s

Ditetrehydropyranyl Ethers

These are usually by-products whenever the tetra-
hydropyran-2-01ls are prepared. The following have been

reported in the literature:

(a) This substance was obtained
, ___IiAi] as a by-product when Paul (44)
A 0 0 prepared tetrahydropyran-2-ol.
It is a liquid boiling at

106-~110° at 12 mm, Paul found that it was easily hydro-

lyzed by dilu%e;acids to form tetrahydropyran-2-ol.

(b) ' Hurd and Kelso (27) obtained
ol 4o this ether as a by-product in
0 their preparation of tetra-

hydropyran-2,3-diol. It was
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found to be a crystalline solid melting at 142-143° and
soluble in water., It formed a 3,5-dinitrobenzoate, m.D.
245-246°, Warming it with dilute hydrochloric acid at
70° converted it to tetrahydropyran-2,3-diol.

(e) This substance was prepared
(:/t:[jf‘ by Hawkins and Bennett (24)
5 0 o by dissolving 3-chloro-
tetrahydropyran-2-0l in

dihydropyran and saturating the solution with hydrogen
chloride gas. The product boiled at 115-121° at 2.5 mm,

(a) Paul (48) obtained this
& @ substance when he left
5 0 0 2,3-dichlorotetrahydro-

pyran in contact with water

for some time, It was found to be a solid of m.p. 108°.

Hawkins and Bennett (24) made it by dissolving 3-chloro-

tetrahydropyran-2-0l in S-Ghlorédihydropyran and
saturating the solution with hydrogen chloride gas.
They found that it resisted hydrolysis by hot water
and did not react with alcoholic potash, nor with
sodium ethoxide, nor with the sodio-derivative of

diethyl malonate,
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(e) Paul (42) obtained thHis
A~ j%]ijf:) substance by leaving
5 0 0 2, 3-dibromotetrahydropyran
in eontact with water for

some time., It was found to be a solid melting at 1100,

which was hydrolyzed only slowly by dilute aeids.
(£) This substance was reported
ﬁé é? by the I.G. Farben chemists
‘ o 0 5 (37) as a product of the
basic hydrolysis of

2 ,3,3=trichlorotetrahydropyran. It was obtained as a
solid melting at 136-137°,

Alkyl Tetrahydropyranyl Ethers

‘Paul (41, 44) prepared the first of these, 2-methoxy-
tetrahydropyran, by the addition of methanol to dihydro-

pyran, in the presence of a trace of hydrogen chloride:

CHy OH
(#ce)
oc
0 . 0 s

=

The product distilled at 128-129° at atmospheric pressure.
It was found to be easily hydrolyzed by dilute acids at

ordinary temperatures.

In recent years a number of other similar ethers

have been prepared by a variety of methods.
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Woods and Kramer (66) used Paulfs method to prepare

a series of ethers like Paul's:

Ko#
’ (#cz)

0 0

OR

The series included methyl, ethyl, n-propyl, n-butyl,
allyl, phenyl, benzyl, and furfuryl tetrahydropyranyl

ethers,

Woods and Sanders (68) prepared 2-alkoxy-3-bromo- |
tetrahydropyrans by treating 2,3-dibromotetrahydropyran
with anhydrous alcohols in liquid emmonia:

Br

\OE

A RoH
B A -
0 0

Jones and Bremner (31) prepared 2-alkoxy-3-chloro-
and 2-alkoxy-3,3-dichlorotetrahydropyrans by treating
dihydropyran and 3-chlorodihydropyran, respectively,
with chlorine and anhydrous alcohol in the presence of

basiec reagents:

2, + Row 54
| o
0 0
e2
Lty RoH . ce
_ ok
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Quennehen and Normant (50) treated 2,3-dichloro-
tetrahydropyran with sodium ethylate to obtain
2=-ethoxy-3=-chlorotetrahydropyran:

@ G s OXe ce

@ 0c, 4
0 0 2T

Riobe (52) prepared a series of 2-alkoxy-3-chloro-
tetrahydropyrans by treating 3-~chlorodihydropyran with
the calculated quantity of alecchol:

& ROH 4

| > o5
O 0

Woods and Sanders (68) and Riobe (53) have succeeded
in removing hydrogen halide from 2-alkoxy-3-halotetra-
hydropyrans, by treatment with strong alkalis in absolute
alcohols, to obtain 2-alkoxydihydropyrans:

’ l
— HX
19] OR
o R o

The Reaction of Olefines with Formaldehyde

Formaldehyde reacts readily with certain dienes
having a conjugated system of double bonds, particularly
in the presence of acid catalysts, This reaction has

been studied in recent years by a number of workers.
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Gresham and Steadman (20) heated 2-methylpenta-
diene-1,3 with paraformaldehyde, without a catalyst,

. . cH.
and obtained a dimethyldihydropyran: (3
CHy ~ CH LS
i
CH o oH (8}
p { 1 > i l;/
< 3'“C'; C”Z C//3—C\ /C 2
K, CH,

Butadiene and piperylene were found not to react with

formaldehyde under the same conditions.

Dermer, Kohn and Nelson (13), on the other hand,
treated butadiene with paraformeldehyde in the presence

of sulfuric acid and isolated 4-vinyl-.m-dioxan:

/C’//z
ChHo = CH — CH = CH, o, \e/4~C/-/==C//2
+ _— | 2
2 C//ZO O\ Vs
cH,

Beets and co-workers (4, 6, 7, 15) found that the
acid-catalyzed reaction goes readily with certain aryl-
alkenes, such as styrene, 1,2-dihydronaphthalene, and

indene. The products are m-dioxans which when hydrogenated

yield arylaliphatic alcohols. Thus with styrene:

eH,
77 N\ CH = CH, —-—————-—9’? CH0 7 N\ a; e,
- < " N/ | f

2
@ CH CHL CH O
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They found (5), however, that 2-vinylpyridine, A-bromo-

gtyrene and g-bromostyrene did not show this reaction.

Beets and Drukker (5) attempted to explain why
reaction takes place in some cases and not in others.
They suggested that formaldehyde acts as an electro-
philie reagent and attacks the diene molecule at a
carbon atom which is somewhat negative. In some of the
conjugated dienes one of the terminal carbon atoms
becomes negative as a result of an electron shift

produced by the approach of the formaldehyde molecule:

4
CHy = CH — CcH = CH CH, O
XU 4

T -

<<i::j§§%cv/=£igﬁk Ten 07

In other cases the formation of a negative‘centre at
such a carbon atom is inhibited by some structural
feature of the molecule., Thus in 2-~vinylpyridine the
positive nitrogen atom prevents the electron shift

which would make the terminal carbon atom negative.
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From theoretical comsiderations
dihydropyran would be expected to have . 3
a negative carbon at the 3-position. 3 2
This has been shown to be the case. ° '
Paul (42) and others (38) found, for instance, that dry

hydrogen halide adds to the double bond as follows:

HX

| X
0 0

Other reactions confirm this tendency for positive
ions to go to the 3-position. One would expect,
therefore, that dihydropyran should be attacked by
formaldehyde at the 3-position in mueh the same way
as are conjugated dienes at a negative terminal
carbon atom. In view of this it was decided to
undertake an investigation of the reaction between

dihydropyran and formaldehyde.
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DISCUSSION OF RESULTS

Preparation of the Tetrahydropyran-2-ols

The methods used by earlier workers for preparing

the tetrahydropyran-~2-0ls have been described (pages 24-28),

In this investigation these substances were obtained

by hydrolysis of the 2=halotetrahydropyrans, in the

bresence of a half mole proportion of sodium carbonate.

This method, used by Hawkins and Bennett (23) to

prepare 5~chlorotetrahydropyran-2-ol, was found to be

generally applicable. It was very rapid with 2-chloro-

tetrahydropyran, slower with the 2,3-dihalides, and
still slower with the 2,3,3-trichloride. In each case

the halogen atom in the 2-position was replaced by

hydroxyl:
0 &
X
0 X
a
el
&
o

HOH
0 f
HOH A
-ZL /&2603 Of/
0
16
HOH e
jé }742603 OH



When a larger proportion of sodium carbonate was
used, or better sodium hydroxide, and more time was
given, the halogen atoms in the 3-position were also

substituted by hydroxyls:

C’g < )7@ oL OH

& OH
0 0

& _ 0

& 3 }ZQ O -~

co OH
0 ‘ 0

These two reactions will be discussed later under

another heading (pages 44-50).

Aldehyde Properties of the Tetrahydropyran-2-0ls

All the tetrahydropyran-2-ols have been reported

to be more or less aldehydiec.

Tetrahydropyran-2-ol

Paul (41, 44) found that tetrahydropyran-2-ol
itself gave Schifffs, Fehling's, and Tollens' tests
for aldehydes. He explained its aldehydic nature by
postulating an equilibrium with 5;hydroxyvaleric
aldehyde:
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His view has since been confirmed by other workers,
particularly by Schniepp and Geller (57) and Woods
and Sanders (67). Paul (44) prepared a crystalline
oxime and Woods and Sanders (67) and Wilson (63)

prepared a 2,4-dinitrophenylhydrazone.

The 3-Halotetrahydropyran-2-0l1s

The 3-halotetrahydropyran-2-0ls have also been
found to be somewhat aldehydie. Paul (45) noted that
3=bromotetrahydropyran-2-o0l reduced Fehling's solution
when hot and ammoniacal silver nitrate but 4id not
affect Schiff's reagent. Hawkins and Bennett (21)
found that 5~ehlorotetrahydroPyran—z;ol also reduced
hot Fehling?!s solution but did not affect Schiffls

reagent nor ammoniscal silver nitrate.

Because of these aldehyde properties it has been
assumed (36, 48) that the 3-halotetrahydropyran-2-ols
also exist in equilibrium with a JLhydroxyvaleric
aldehyde form: ‘

X X
== HOCH CHCH CH CL
OH

0
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No crystalline derivatives of these postulated aldehyde
forms have been reported. Paul (45) found that 3-bromo-
tetrahydropyran-2~0l reacted rapidly with phenylhydrazine,
but he succeeded in isolating only phenylhydrazine
hydrobromide. In attempting to prepare 3-chlorotetra-
hydropyran-2-ol by alkaline hydrolysis of the
2,%3-dichloride, Paul (48) obtained an aldehydic solution
from which he made the liquid oxime of tetrahydro-

furfural. He explained this reaction as follows:

/C? /7/
o = HO CHy CHy CHQ CH E L,
oH - Hee
0
[: :151H
0 ~ O

In view of their undoubted aldehyde properties,
it seemed desirable to prepare crystalline derivatives
of these halotetrahydropyranols and thus to determine
the nature of the asldehydiec substances derived from
them. This has been accomplished. Both the chloro-
and the bromotetrahydropyranocl were found to react
with substituted phenylhydrazines to give crystalline
products. All of these products were found to be
halogen~free. Moreover, with each of the phenyl-
hydrazines the same phenylhydrazone was formed under

the same conditions whether the chloro- or the bromo-
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compound was used as the starting material. The
following derivatives were thus obtained:

(i) a 2,4-dinitrophenylhydrazone, m,p, 133-134°;
(ii) a 2,4-dinitrophenylosazone, m,p. 242°;

(iii) & p-nitrophenylhydrazone, m.Dp. 1460;

(iv) a p-nitrophenylosazone, m,p. 246°;

(v) a p-benzylphenylhydrazone, m,p. 74-75°,

In view of Paul's suggestion (48) that the chloro-
tetrahydropyranol tends to go over into tetrahydro-
furfural, these derivatives were compared with
corresponding products obtained from an authentiec
sample of tetrahydrofurfural prepared by the method
of Scheibler, Sotscheck, and Friese (56). All were
found to be identical with the tetrahydrofurfural
derivatives. Except for the p-nitrophenylosazone,
all these substances had been previously prepared
by Hurd and Edwards (26) from tetrahydrofurfural
obtained by heating tetrahydropyran-2,3-diol under

reduced pressure.

Thus one can conclude that the 3-halotetrahydro-
pyran-2-o0ls, in the presence of phenylhydrazines,
lose hydrogen halide to go over into tetrahydro-

furfural:
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X - HX [ l
> C’/H
0 oK 0 o
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/ -
HO CHyCHy CHy CH € 2,

The postulated thydroxyvaleric aldehyde forms may

or may not be intermediates in this reaction.

3,3=-Dichlorotetrahydropyran-2-0l

3,3-Dichlorotetrahydropyran-2-0l has been
reported by the I.G. Farben chemists (36) to exist
only in the cyelic form. Presumably this means that
they detected no aldehyde properties. Riobe (54, 53),
however, has found this substance gquite aldehydic,
It gave the usual tests for aldehydes with Schiff's
reagent and ammoniacal silver nitrate. He obtained
from it a erystalline bis-semicarbazone melting at
258° and a bis-2,4-dinitrophenylhydrazone melting
at 1219, according to one report, or 216°, according
to the other report. From analyses he concluded that
these substances were derivatives of SH-hydroxy-
2-ketovaleric aldehyde formed from the open chain

form of the dichlorotetrahydropyranol:

H
o HOCH CHy CHy € ~€ 5
& = A
oy
0 l
H

HOCHy CHy CH, i’ —C’;O
o
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The work here showed that the dichlorotetrahydro-
pyranol does have some aldehyde properties, but not to
the extent described by Riobe. It did not affect Schiff's
reagent and ammoniacal silver nitrate but reduced
Fehling's solution when warmed for some time. It gave
crystalline derivatives with semicarbazide and with
2,4-dinitrophenylhydrazine. With the latter reagent it
gave the orange-colored 2,4-dinitrophenylosazone, M.D.
2429, obtained also from the simpler halohydrins and
from tetrahydrofurfural. With semicarbazide hydro-
chloride it gave a white solid whose melting point
depended upon the temperature at which it was immersed
in the melting point bath. When immersed at room
temperature and heated rapidly it melted at 215°, with
decomposition, When immersed at 210°, it melted at
2250, with decomposition. Three recrystallizations

from water failed to change this melting point.

Apparently this kind of phenomenon has been observed
with other semicarbazones, Campbell (11) has written
"The melting points of many semicarbazones are dependent

on the rate of heating, and frequently are not sharp.”

Although the melting points reported by Riobe are
not the same as those found here, there is little doubt
that the same substances were prepared in each case.

Their preparation here from other starting materials,



which suggest the structure they must have, has shown
that they are derivatives of S5-hydroxy-2-ketovaleric
aldehyde, as Riobe has suggested. This will be more
evident later in this discussion (pages 51-54).

It is uncertain, however, whether there is a dichloro-
hydroxyvaieric aldehyde in equilibrium with the ring
strucbure of the dichlorotetrahydropyranol.

Reactions of the Halotetrahydropyran-2-01s
with Sodium Hydroxide

Paul (45) had found that 3-bromotetrahydro-
pyran-2-0l could be titrated with sodium hydroxide
and neutralized it like a monobasic acid. Apparently
he made no effort to isolate an organic product from

the reaction.

In the present work it was found that 3-chloro-
tetrahydropyran-2-0l behaves similarly. A quantitative
yield of sodium chloride could be isolated from the
reaction. It was hoped at first that the organic
product might be the oxide:

& Mo 0K
~HCZ 0
o~ 0

However, in view of the faet that an organic base when

extracting hydrogen halide leaves tetrahydrofurfural
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as residue, it seemed that the effect of sodium hydroxide
might be the same and thus represent a convenient method

of preparing tetrahydrofurfural.

The organic product from the reaction proved to be
rather elusive. Organic solvents did not extract it in
appreciable amounts from the aqueous mixture. Even
continuous extraction proved inadequate. The water had
to be removed almost completely, either by absorption
on drying agents or better by evaporation, before the

product could be taken up in organic solvent.

The nature of the product varied somewhat according
to the conditions. When the reaction mixbture was kept
near room temperature throughout the process, a
considerable portion of the product was soluble, with
some difficulty, in ether. This ether-soluble substance
was aldehydic, but was a higher boiling liquid than
tetrahydrofurfural. It gave the same dinitrophenyl-~
osazone, m.p. 242°, but not the dinitrophenylhydrazone
obtainable from that substance. It also gave a semi-
éarbazone, which proved to be identiecal with that
obtained from 3,3-dichlorotetrahydropyran-2-ol (page 43).
It readily reduced periodic acid to iodate and formed
a 3,5-dinitrobenzoate, n.p. 174°. These properties
suggested that the product was tetrahydropyran-2, 3-diol,

in equilibrium with a valeric aldehyde form:
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}Za/ OH OH

o ~OH 5 OH
\\\ OH

(ot
HO CHy CHy CHy CH C 5

This substance had been previously prepared by Hurd and
Kelso (27) who made it by hydrogen peroxide oxidation
of dihydropyran and obtained from it a dinitrophenyl-

osazone, m,p, 242°, and a dinitrobenzoate, m.p. 174°,

When the reaction between the chlorotetrahydro-
pyranol and sodium hydroxide was carried out at higher
temperatures, less of the product was ether-soluble.
Small fractions could be extracted with other solvents,
but the bulk was soluble only in alcohol and water.
Evaporation of the solvent in each case left a high
boiling sirup which could not be purified by distil-
lation. In one case a solid, m,p. 190°, precipitated
from aqueous solution. In another case a chloroform
extract yielded a solid, m.p. 101-102°. The properties
of these substances indicated that they were the same
CldH1604 materials as were reported by Hurd and
Edwards (26), who obtained them by heating tetrahydro-
pyran-2,3-diol. The lower melting of these two
compounds was also obtained by Swadesh and Dunlop (62)

from another source. The two groups of workers seemed
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to agree that it has the structure (A) and that it
was formed from the diol by the following route:

oH X
F— HO CHy CHy CHz CH C <

OH

° N

C"/’/x - C;”z

CHy (,' = CHOH
CH,- O 27;/ OH
0 O - <A, o0
]
@ X 1

B
CHz a4 CHy C~CHLO0H
O Oy 1 {

oH Qo

The structure of the higher melting compound has not
been established. The indications are that it may be

one of the following:
(j\jJ::O:]:jf:} (:Ati[:o D
0 0 Q 0 O:j:;/:]
Hurd and Kelso (27) also isolated an ether of the

strueture:
o Ao
O
8] 0

Our high boiling sirups were probably mixtures of a
number of these compounds, and perhaps more coumplex

struectures.
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No material was isolated that seemed to be the
oxide., If formed at all, it was apparently unstable

and hydrolyzed to form the diol:

o HOH ot

. OH

0 0
Other attempts by Paul and Tchelitcheff (49) and by
Hurd and Edwards (26) to obtain the oxide have not

been too successful.

Tetrahydropyran-2,3-diol has been prepared also
by treating 2,3-dichlorotetrahydropyran with two mole
proportions of sodium hydroxide, without isolating

the intermediate chlorohydrin:

oH

cg 2}2@0/-/

o@ 00”

This was less laborious and gave a better overall

yield.,

3, 3=-Dichlorotetrahydropyran-2~0l, when dissolved
in warm aleohol, could also be titrated with aqueous
sodium hydroxide solution and neutralized two
equivalents of the alkali, In this resction it lost
its entire halogen content. The product is thought %o
be 2-hydroxytetrahydropyran-3-one, in equilibrium

with an open chain valeric aldehyde form:
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The same product was obtained more expeditiously
by treating 2,3,3-trichlorotetrahydropyran directly

with three mole‘proportions of aqueous sodium hydroxide

solution:
& _0
4/ 3/7¢O// . -
le OH
0 0

The reesction was slower than in the case of the dichloride.
The mixture had to be warmed and stirred for several

hours before the reaction was complete. Then evaporation
of the water and eitraction of the residue with absolute
ethanol left a quantitative yield of sodium chloride.

On evaporation of the aleoholic extract there remained

a very viscous dark red halogen-free sirup, whieh could
not be purified by distillation. It was used in the

crude form for the preparation of derivatives.

One hope for the purification of this new substance
is chromatographic adsorption. A serious difficulty in

the application of this technique is the fact that the
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material is practically insoluble in most organic
solvents., A trial run using aluminum oxide as adsorbent
showed that the substance is readily adsorbed from

its solution in ethanol. No method was found, however,

of recovering it from the adsorbent.

The presumed 2-hydroxytetrahydropyran-3-one was

found to be very soluble in water and alcohol but

insoluble in other common organic solvents., Its solution

was strongly aldehydic, reducing Fehling's solution
rapidly when warmed. With 2,4-dinitrophenylhydrazine
it gave, near room tempersture, an almost immedlate
precipitate of a 2,4-dinitrophenylosazone, MeDo 2&20,
of known structure (26, 27)., Similarly, with b—nitrow
phenylhydrazine it gave a p-nitrophenylosazone, M.D.
2460, previously prepared in this work from tetrahydro-
furfural and the halotetrahydropyranols,., It also gave
a disemicarbazone which had been obtained from
3,%-dichlorotetrahydropyran-2-ol and from tetrahydro-
pyran-2,3-diol, The structures of these substances are
obvious from the sources from which they have been

obtained. They suggest an aldehyde of the structure

H
Ho cHy Cofy CHy € =L
o

‘which is the open chain form of Z2-hydroxytetrahydro-
pyran-3-one. This will be apparent from the following

sections,
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2,4-Dinitrophenyihydrazones of Tetrahydrofurfural
and of the 3-S5ubstituted Tetrahydropyran-2-0l1lsg

Tetrahydrofurfural forms & 2,4-dinitrophenyl-
hydrazone of m,p. 133-134°, which on heating with
excess reagent goes over into a 2,4-dinitrophenyl-
osazone of m,pP, 242°, The 3=halotetrahydro-
pyran-2-0l1ls, probably via tebtrahydrofurfural,
yield the same products. Tetrahydropyran-2,3-diol,
according to Hurd and Edwards (26), forms a different
2 ,4-dinitrophenylhydrazone, M.Pe. 152-1550, not
prepared here, but the same 2,4-dinitrophenyl-
osazone. 3,3-Dichlorotetrahydropyran-2-0l and our
presumed 2-hydroxytetrahydropyran-3-one give the
same dinitrophenylosazone without an intermediste
hydrazone. The latter compound forms the osazone
particularly readily. The structures of these
substances must be those pictured on the following

page.
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p-Nitrophenylhydrazones

Tetrahydrofurfural forms a p-nitrophenylhydrazone,
MeD. 1460, which with excess reagent goes over into a
p-nitrophenylosazone, m.p. 2460. The 3-halotetrahydro-
pyran-2-0ls give the same two derivatives., The osazone
obtained here, like the 2,4-dinitrophenylosazone, m,p.
242°, must be a derivative of 2-keto-5-hydroxyvaleric
aldehyde, the aldehyde form of g=hydroxytetrahydro-
byran-3-one., Our new substance, presumed to be 2=-hydroxy-~
tetrahydropyran-3-one, was found to give this derivative

readily, a confirmation of the structure assigned to it.

Disemicarbazones

The presumed 2;hydroxytetrahydropyran-z—one gave
readily a white crystalline semicarbazone which melted in
the range 215-2250, the melting point depending on the
temperature at which it was immersed. Analysis for nitrogen

indicated that this was the expected disemicarbazone:

HOCH, CH, CHy €~ CH = N -NH O NA,
7
N~ NH CONH,
The same derivative was obtained, on longer heating of the

reaction mixtures, from both tetrahydropyran-2,3-diol and
3, 3~dichlorotetrahydropyran-2-ol, Undoubtedly, if time had
permitted, the same substance could have been prepared Tfrom

tetrahydrofurfural and the 3-halotetrahydropyran-2-ols,
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McElvain (34) has listed a semicarbazone of tetrahydro-
furfural of m.p. 166o but has not given the literature
source. Presumably this is the mono-semicarbazone,
which might be expected to go over into the disemi-
carbazone prepared here, just as the dinitrophenyl-
hydrazone goes over into the osazone.

Oxidation Products from Tetrahzdrongan-z,s-diol
and 2-Hydroxvtetrehydropyran-3-0ne

Tetrahydropyran-2,3-diol and 2-hydroxytetrahydro-
pyran-3-one might be expected to give a series of

oxidation products such as the following:

oH _0
oH OH
0 0
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HOCHy CHy CHy CH c;;’ HO CHy CHy CHy € ~C s g
oH bo)
[o] _ o]
\ \
_oH - C,oﬂ
HO CHy CHy CHy c"// c ~o HOCH, CHy CH 3 =5
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Substance II, x-hydroxyglutaric acid, and substance III,
the corresponding lactonic acid, have been prepared by
Ingold (28) by hydrolysis of «~bromoglutaric acid.
Substance V, A=ketoglutaric acid, has been prepared by
several methods (8, 18, 28, 64) and a number of its

derivatives are known.

Permanganate oxidation, either alkaline or aecid,
of either tetrahydropyran-2,3-diol or 2-hydroxytetra-
hydropyran-3-one was found to yleld substance VI,
succinic acid. Apparently permanganate is too drastic
a reagent to make possible the isolation of an inter-
mediate product. The reaction indicates that o-keto-
glutaric acid decarboxylates, or decarbonylates,

readily.

By nitric acid oxidation of tetrahydropyran-2,3-diol
there was isolated a white crystalline product of m.p.
980, which seems to be substance 1II, X-hydroxyglutaric
acid. Ingold (28) found the melting point of this
substance to be 98—1000, with decomposition. By the
same process it was hoped to obtain «~ketoglutaric acid
from 2-~-hydroxytetrahydropyran-3-one but none of this
product was isolated. Instead there was obtained a
high melting organic solid whose nature has not as yet

been determined.
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Ditetrahydropyranyl Ether Derivatives o
of the Tetrahydropyran-2-0ls

Ditetrahydropyranyl ethers have usually been
isolated as by-products in the preparation of tetra-
hydropyran-2-ols. This was the case in Paults
preparation of tetrahydropyran—Z-ol (44), Hurd and
Kelso's preparation of tetrahydropyran-2,3-diol (27),
and Hawkins and Bennett's preparation of 3-chloro-
tetrahydropyran-2-0l (23). They isolated, respectively,
the ethers:

(L QRO QR0

Paul (42, 48) found that such ethers were formed when
the 2,3-dihalotetrahydropyrans were left in contact

with water for some time at room temperature:

O
X 0 0 |

According to Hawkins and Bennett (24) the formation of

0

these ethers is catalyzed by the presence of hydrogen
halide. On the other hand, heating the ethers with

dilute acids is said (287, 44) to re-convert them to the
corresponding tetrahydropyran-2-ols, apparently with

some difficulty in the case of the halogenated ethers (42).
The halogen atoms in the halogenated ethers are firmly
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held., Hawkins and Bennett (24) found that they resisted
the action of alcoholic potash, sodium ethylate, and

the sodio-derivative of malonic ester.

In the present work no particular effort was made
to prepare these ethers but a number of them were
obtained as by-produects in the preparation of the
tetrahydropyran-2-o0ls, Higher temperature seems to
promote the formation of the ethers at the expense
of the yields of the tetrahydropyran-2-0ls, A sample
of 3-chlorotetrahydropyran-2-o0l refluxed for an hour
on the oil bath, for example, was converted almost
completely to the corresponding ether. 3-Bromotetra-
hydropyran-2-0l seemed to go over into the ether even
more readily. The halogenated ethers were found to be
very stable compounds. Refluxing them with alkali for
days had little or no effect on them. Refluxing them
with dilute acid eventually converted them to the

halotetrahydropyranols:
X
X HOoH
0 cHee) OH
0 0 0

2-Alkoxybetrahydropyrans

At one stage in this work it was intended to

investigate malonic ester condensations with 2-chloro-
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tetrahydropyrans. A series of such reactions had been
carried out by Schudel and Rice (58) using 2-chloro-
tetrahydropyran with various substituted malonic
esters and sodium hydride as condensing agent. In the
work here, trial runs were made with both 2-chloro-
tetrahydropyran and 2,3-dichlorotetrahydropyran and
malonic ester, using sodium and absolute ethanol as
condensing agent., The results were disappointing.

The bulk of the product consisted of more volatile
liquids than the expected high boiling tetrahydro-
pyranyl malonic esters. It was suspected that these
more volatile products might include 2-ethoxytetra-
hydropyrans formed by a reaction competitive with

the malonic ester condensation, the mere substitution
of the ethoxy group for chlorine, This led to an
investigation of methods of preparing 2-alkoxy-
tetrahydropyrans.

2-Ethoxytetrahydropyran was prepared by treating
dihydropyran with absolute ethanol in the presence of
a trace of hydrogen chloride gas, the method Paul (44)
had used to prepare 2-methoxytetrahydropyran.
Subsequently it was discovered that Woods and Kramer (66)
had prepared the same substance by the same method.
Comparison with one of the fractions from the malonic

ester condensation with 2-~chlorotetrahydropyran
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indicated that 2-ethoxytetrahydropyran was one of the
produets. This meant that the 2=chlorotetrahydropyrans

must react very readily with sodium alkoxides.. .

This was confirmed by treating each of the three
2-chlorotetrahydropyrans with sodium methylate. All
reacted rapidly to form the expected 2-methoxytetra-

hydropyrans:
K//_; O Na

& oc

0 0 #s
o CH3 O M a

0 & ~ O CHy
L A
@ CHz 0 Na e
& oc

A similar reaction had been previously carried out by
Quennehen and Normant (50), who treated 2,3-dichloro-
tetrahydropyran with sodium ethylate to obtain
2=ethoxy-3-chlorotetrahydropyran:

o el

& L\O 0Cy H,.

The 2-methoxytetrahydropyrans prepared here had

O

all been previously prepared by other methods.
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Paul (41, 44) produced 2-methoxytetrahydropyran by
treating dihydropyran with methanol in the presence
of hydrogen chloride:

CHs OH
| (#2)
Oy

0 O 3

Riobe (52) obtained 2-methoxy-3-chlorotetrahydropyran
by treating 3-chlorodihydropyran with the calculated
quantity of methanol in the presence of hydrogen

chloride:

éé (’//30” Cg

(wce)
) 0

O
(’//3

Jones and Bremner (31) made both 2-methoxy-3-chloro-
tetrahydropyran and 2-methoxy-3,3-dichlorotetrahydro-
pyran by btreating dihydropyran and 3-chlorodihydropyran,

respectively, with chlorine and methanol:

4 CHy 0 ¢t
OCH,
o 0
14
| & Ly vcton ce
, oex,

Comparison of the boiling points and refractive

indices of the substances prepared here with those
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of the substances prepared by these workers indicated
that they were the same, Analysis for chlorine
confirmed this conclusion for 2-methoxy-3-chloro-
tetrahydropyran. In the case of 2-methoxy-3,3-dichloro-
tetrahydropyran the chlorine analysis was high,
indicating, probably, that the product was contaminated
with unused 2,3,3-trichlorotetrahydropyran, whose
boiling point is very close to that of the methoxy
derivative., Both of the methoxychloro-compounds were
hydrolyzed by heating with dilute hydrochloric acid,

a reaction which takes place readily, and the resulting

tetrahydropyran-2-0ls isolated:

& HoH e
(#ce)
OCH, OH
0
o 4
ce HOH e
OCH, Hee) \o OH

The chlorine atoms in the 3-positions of these
2=-methoxytetrahydropyrans were found to be firmly held,
A sample of 2-methoxy-8-chlorotetrahydropyran refluxed
fTor eight hours with aqueous sodium hydroxide was

recovered unchanged.,
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Possible Mechanisms for the Réa‘ctions
of the Tetrahydropyran-2-ols

Tetrahydropyran-2-0l and its 3-hydroxy and 3-keto
derivatives act almost exclusively as aldehydes in
their reactions. They give readily crystalline derive
atives characteristic of aldehydes., This is explained
by assuming that they exist in equilibrium with
5;hydroxyvaleric aldehyde forms:

_H
= Ho CHy CHy CHly CHz Cs
OH
0
oH oY
== HocH, CHCH, CH TS
OH
0

o
40 174 ,h’
0 ~ HOCHo O Ha € Cx g
ot
0

By analogy, the aldehyde properties of the 3-halo- and
the 3,3-dihalotetrahydropyran-2-0ls are explained by
assuming that they also exist in equilibrium with
J-hydroxyvaleric aldehyde forms:

X X o
/ -
= HO CH, CHy CHy CH C =,

o
0 H
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%
X XX n
\_.——‘*- HOCH,CH, CHy € -C 0
OH
e}

The present work has shown, however, that no aldehyde
derivatives containing halogen are obtained from these
compounds. Instead one obtains derivatives of tetra-
hydrofurfural or of 5-hydroxy-2-ketovaleric aldehyde.

To explain this kind of result it has been assumed by
earlier workers (48, 55) that the o-halogen atoms in
the of~haloaldehydes are exceptionally easy to remove.

Thus the mechanisms are pictured somewhat as follows:

-H - A
HOCH CHYy CHY SH C\\a KO CH, CH CH, < <L
x X
- HX
IHoH
- ZHX
O: o HOCH CHCHy C =<5
\L Ho OH
- H,c

2
_H (isolated)
:O:‘C=/v~mm>

-H
HoH HO CHy CHL CH, C; _Ca-o
\ o
H
Ho CHR CHy CHL €H € = Ny
oH
N y (f‘/
HO CH CH, CH, C'C;/y —— HO CH CH CTH2 i’— C=N-NHR
c AR N~ NHR

(isolated)



It must be conceded that g-haloaldehydes are
possible intermediates in the formation of the
derivatives which are obtained from the halo- and
dihalotetrahydropyranols. This explanation of these
reactions, however, presents a number of difficulties.
The «~haloaldehyde forms are said to exist in water
solution, but not in non-polar solvents. Yet Paul (45)
found that 3-bromotetrahydropyran-2-ol, with phenyl-
hydrazine, lost hydrogen bromide in ether solubion.
The halo- and dihalotetrahydropyranols are isolated
from aqueous reaction mixbures, which indicates that
they and their o ~haloaldehyde tautomers are fairly
stable in water. Yet halogen-free derivatives are
formed readily, some even in cold water. If the
o-haloeldehydes exist, one would expect to isolate
halogen-containing aldehyde derivatives, at least in
the cdld.

Literature information on the reactions of o-halo-
aldehydes is secanty. Only comparatively few of these
substances are known. Their behavior with such reagents
as hydroxylamine, semicarbazide, and phenylhydrazines
has not been extensively investigated. Meister (35)
claimed the preparation of a liquid oxime of ehloro-
acetaldehyde. Kling (33) prepared erystalline semi-

carbazones of both diehloro- and chloroacetaldehyde
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and found that they lost their halogen content on
boiling with water. Franke (16, 17) apparently did not
succeed in isolating halogen-conbaining derivatives
from of~bromoisobutyric and of-bromopropionic aldehydes
but obtained only derivatives of the hydrolysis products.
Information regarding the conditions under which Franke
prepared the derivatives is not available, This earlier
work on ¢o-haloaldehydes does not throw too much light
on our problem but it does suggest that it should not
be impossible to obtain halogen-containing semicarb-
azones and phenylhydrazones from our «-haloaldehydes,

if such aldehydes exist.

The reactions of the 3-halotetrahydropyran-~2-ols
can be explained without assuming the existence of
p{~-haloaldehydes. Another explanation is suggested by
the fact that these substances can be tltrated with
aqueous alkali, like an acid. This phenomenon
suggests that these halohydrins, in thé presence of
a proton acceptor, react by dissocciating as follows:

X X

> - H7
oY 1,

0 0

Alexander (1), reasoning from work by Bartlett (3)
on the chlorohydrins of cyelohexene, believes that

the loss of a proton is the first step in the hydrolysis



of halohydrins. If that is the case with the chloro-
hydrins of ocyclohexene, it is certainly probable here,
where the halohydrins act like acids.

On this assumption the halohydrins could give the

derivatives one actually obtains by the following

routes: X oyt ¥
—

OH
e

(0]
0
oH
(isolated)
oH
0
, ‘\l »

HO CH CHoy CHy C’/f g

l/ OH

HO CH, CHL CH, C/f <2

H
o1 4/“4’6/,? < 1 ]
, Cs

/V”/V,y
~H »
HOCH, CH, CH, C C O

2 . isolated)

pra

w
_H
HOCH, Cllg CH, c;-—@: N-NHER

(isolated) 7~ NH R
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The anion formed by the loss of the proton can stabilize
itself in either one of two ways, one leading to tetra-
hydrofurfural and the other to the epoxide of dihydro-
pyran. The latter path seems to be favored in the
Presence of strong alkalis. The oxide is not stable

and hydrolyzes to the diol.

Examination of a model of the halohydrin molecule
suggests that the loss of the proton and the chloride
‘ion might be almost simultaneous, that a hydrogen halide
molecule is lost. The residue could then stabilize itself
either by forming the oxide or rearranging to tebtra-

hydrofurfural, as pictured.

It is realized that proposing a new mechanism for
these reactions is somewhat presumptuous with the rather
meagre data that are available. It is suggested, however,
that there is as much support for the proposed mechanism
as there is for the haloaldehyde intermediates which
lose their -halogen atoms without fail in all their

aldehydie reactions.
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Reaction of Dihydropyran with Formeldehyde

When dihydropyran was stirred with aqueous form-
aldehyde, in the presence of a few drops of hydrochloric
acid, the mixture warmed up rapidly and became homo-
geneous in 10 to 15 minubes. The reaction also took
place when no aecid was added, but it then took two to
three hours, with some warming, to bring homogeneity.
Two mole proportions of formaldehyde seemed to react.

ITf the reaction was like those carried out by Beets
and co-workers (4, é, 7, 15), there should have been

a dioxan formed as follows:

+ 2 CHRO o

It proved to be diffieult to isolate any pure
product. Attempts at distillation, even under pressures
obtained with a high vacuum pump, always brought
considerable decomposition, with liberation of form-
aldehyde. Some fractionations were attempted at 15-20 mm,
but they were complicated by frequent pressure
fluctuations and consequent temperature changes. No
constant boiling liquid was obtained. All fractions
collected were found to contain free formaldehyde,

detected by its odor and by the preparation of its
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2 ,4~-dinitrophenylhydrazone.

The residue from the fractionations, a viscous
liquid boiling above 150° at 20 mm., offered the best
hope of being the desired dioxan. A carbon-hydrogen
analysis of one sample gave 58.50% carbon and 9.06%
hydrogen; the dioxan requires 58,33% carbon and 8,33%

hydrogen.

In the presence of acid particularly, there is a
competitive reaction, the hydrolysis of dihydropyran
to form tetrahydropyran-2-ol, but this is slower than
the main reaction. A fraction boiling in the range
80-90° at 20 mm., meking up about 25% of the total
product, was found to contain a considerable proportion

of the tetrahydropyranol.

If the expected dioxan is produced in the reaction
between dihydropyran and formaldehyde, it should be
possible to reduce it to an alcohol, as Beets did with
his dioxans. In this case the reduction product should

be tetrahydropyran-3-methanol:

CHy
\O ('/,/20/'/
, .
CH,
0] lod 0

This substance has been made by another method by

Geyer and Mortimer (19).
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A sample of the presumed dioxan, the high boiling
residue from the fractionations, was subjected to
reduction with sodium and amyl alcohol. The reduction
product, fractionated under reduced pressure, failed
to show much constancy in boiling point. One of the
fractions collected, b.p. 120-140° at 18 mi,, refractive
index n%s 1.460, could contain the expected alcohol.
Geyer and Mortimer (19) have reported b.p. 68-690 at
2 mu. and refractive index n30 1.4629. The yield of
fhis material was small, No crystalline derivatives
characteristiec of an alcohol have as yet been obtained

from it.

This reaction between dihydropyren and formaldehyde
is worth further study. Probably the best approach would
be to make no attempt to purify the product from the
first reaction but to reduce the crude material, perhaps
with lithium aluminum hydride, and then fractionate the

reduction product.
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EXPERIMENTAY, DETATIS

Preparation of 2-Chlorotetrahydropyran

This substance was prepared by the addition of a

molecule of hydrogen chloride to dihydropyran:

+ HZ

-

@
0 0

Dry hydrogen chloride, obtained by dropping concentrated
sulfuric acid into concentrated hydrochloric acid, was
passed into dihydropyran (42 g., 0.5 mole), cooled to
0°, until the weight had increased by 18 g. (0.5 mole of
hydrogen chloride). The gas was absorbed smoothly in the
course of one to two hours. Thé produet was purified by
distillation under reduced pressure. It boiled at 45-46°
at 12-13 mm, The yield was 50 g., 83%.

The product was used to prepare tetrahydropyran-2-ol
(page 76) and 2-methoxytetrahydropyran (page 109).

Preparation of 2,3-Dichlorotetrahydropyran

This substance was prepared by the addition of a
molecule of chlorine to dihydropyran, using a procedure

deseribed by Hawkins and Bennett (23):

+CZ_2 Q
&

O 0
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Dry chlorine gas was passed into dihydropyran (84 g.,

1 mole), cooled to 0°, until the weight had inereased
by 71 g. (1 mole of chlorine)., The gas was absorbed
smoothly in the course of two to three hours. The
product was used in the crude form. It can be distilled
under reduced pressure but decomposes to some extent.

It is reported to boil at 74° at 11 mm.

The crude dichloride was used in the preparation
of 3-chlorodihydropyran (immediately following),
3-chlorotetrahydropyran-2-ol (page 79), tetrahydro-
pyran-2,3-diol (page 90), and 2-methoxy-3-chloro-
tetrahydropyran (page 110),

Preparation of 3-Chlorodihvdropyran

This substance was prepared by heating 2,3-dichloro-
tetrahydropyran, as described by Hawkins and Bennett (23):
el @
s —HCe T 1
0 0

Crude 2, 3-dichlorotetrahydropyran (155 g., 1 mole) wag
heated at atmospheric pressure under a reflux condenser
until hydrogen chloride was evolved. The temperature

was maintained so that the evolution of hydrogen chloride
continued at a moderate rate. After several hours, when

the evolution of gas grew less, the residue was distilled
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at atmospheriec pressure, A colorless liquid (125 g.)
distilled at 138-150°, Redistilled at atmospheric
pressure, this yielded a purified product (98 g.)
boiling at 141-142°, This was a yield of 83%.

The product was used to prepare 2,3,3~trichloro-

tetrahydropyran, described below,

Preparation of 2,3, 3-Trichlorotetrahydropyran

This substance was prepared by a method described
by Hawkins and Bennett (23), the addition of chlorine
to 3=-chlorodihydropyran:

ce
& + &, - &
&

O 0
Dry chlorine gas was passed inbto 3-chlorodihydropyran
(59.2 g., 0.5 mole) at room temperature until the
weight had increased by 35.5 g. (0.5 mole of ehlorine).
Distillation of the produet at 15-16 mm. gave a liquid
(80 g.) boiling at 92-94°, which solidified on cooling
to give a solid melting at 31-32°, This was a yield of
84%.

The product was used in the preparation of
3, 3=dichlorotetrahydropyran-2-0l1 (page 99 ), 2-methoxy-
3, 3-dichlorotetrahydropyran (page 111), and 2-hydroxy-
tetrahydropyran-3-one (page 100).
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Preparation of 2,3-Dibromotetrahydropyran

The addition of a bromine molecule to dihydropyran
is best carried out in a solvent, as described by

Paul (42, 45).

e O
0 0 ~

Bromine (40 g., 0,25 mole) was added gradually, drop by

drop, to dihydropyran (21 g., 0.25 mole) dissolved in
dry ether (50 ml.) while cooling to 0° and stirring.
The ether was taken off with the water pump. No attempt

was made to purify the product by distillation.,

The crude product was used for the preparation of

3-bromotetrahydropyran-2-ol (page 80 ).

Preparation of Tetrahydropyran-2-0l

This substance was prepared by two methods.
Method 1

This is the method originally used by Paul (41, 44).
It consists in treating dihydropyran with water in the

presence of a trace of mineral acid:

He H
(mec2)

OH
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Dihydropyran (42 g., 0.5 mole) was stirred at room
temperature with water (50 ml.) and concentrated hydro-
chloric acid (5 drops). The mixture warmed up gradually
as the reaction proceeded. In 45 minutes the dihydropyran
layer had disappeared. The solution was stirred for
another 15 minutes and then left to cool to room temp-
erature. It was then saturated with potassium carbonate,
which caused an organic layer to separate. The organic
layer was taken up in ether and the aqueous residue
also extracted with ether. The combined extracts were
dried over sodium sulfate and the ether distilled off.
The residue (45 g,) was distilled at 15 mm, bthrough a
short column, It was separated into three fractions:

(1) a liquid (25 g.) boiling at 78-80°: (2) a liquid

(5 g.) boiling at 108-1129; and (3) a higher boiling

residue which showed no constant boiling point.

According to Paul (44), the first fraction is the
tetrahydropyran-2-0l; the second is the corresponding

ether formed from two molecules of the alechol:

oH  Ho TR OOO
"0 0 ' 0 0

Method 2

Tetrahydropyran-2-0l was prepared by hydrolysis

of 2~chlorotetrahydropyran with sodium carbonate solution:
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HOH
0 0

OH

2=Chlorotetrahydropyran (30 g., 0.25 mole), prepared
as described earlier (page 71), was added, drop by
drop, to a solution of sodium carbonate (15 g. in

50 ml. of water)., There was vigorous effervescence,
heat was produced, and an organic layer settled outb.
The organic layer was taken up in ether and the aqueous
residue extracted with ether. The combined extracts
were dried over magnesium sulfate and bhe ether
distilled off. The residue (20 g.) was fractionated
through a short column at 13-14 mm. Two fractions were
collected: (1) a liquid (12 g.) boiling at 75-77°, and
(2) a liquid (5 g.) boiling at 105-110°. There was a

higher boiling residue.

To confirm that the products by this method were
the same as by Method 1, the refractive indiscss were
compared and found to be the same. The lower boiling ‘

fraction, tetrahydropyran-2-0l, had refractive index

n%4 1.,451; Schniepp and Geller (57) have reported

n3% 1.4514. The higher boiling fraction, the ether,

had refractive index n§4 1.460; Paul (44) has reported

17

np’ 1.4659,
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2,4-Dinitrophenylhydrazone of Tetrahydropyran-2-ol

Tetrahydropyran-2-0l (1 ml.) was added to a
saturated aleoholic solution of 2,4-dinitrophenyl-
hydrazine (10 ml,.) containing a trace of hydrochloric
acid. The mixbure was warmed and then allowed to cool.
A yellow precipitate settled out. Recrystallized three
times from ethanol it melted at 112-113°,

Woods and Sanders (67) have reported the melting
point of this substance as 109°. Wilson (63), however,

has reported 112-113°,

Preparation of 3-Chlorotetrahydropyran-2-0l

This substance was prepared by three different
methods.,
Method 1

This consisted in passing chlorine into an aqueous
suspension of dihydropyran, a method used by Hawkins

and Bennett (21):

e

‘ Cl, + HoH

oM
0 0

Dihydropyran (84 g., 1 mole) emulsified with water (200 g.)
using a mechanical stirrer, was cooled to 0° while chlorine
(71 2., 1 mole) was passed in. The mixture was neutralized
with sodium capbonate until no more gas was evolved.

Extraction with ether, drying, and distilling of the
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ether left a yellowish liquid. Cooling in the refrigerator
for several days brought down a white precipitate (30 g.)
which melted at 58-600. The product was nearly pure but
the yield was low (22%). Reerystallized from dry ether,

the product melted at 64°,

Method 2

In this method hypochlorous acid solution was
added to dihydropyran. The hypochlorous acid was made
by the method of Detoeuf (14), monochlorurea solution
acidified with acetic acid., Paul (48) had used this

method with somewhat inconclusive results.

@

‘ + HOoCl

o
0 0]

Urea (60 g.), precipitated caleium carbonate (40 g.),
and water (200 g.) were placed in a 1 liter flask,
cooled to 0°, and chlorine passed in until the weight
had increased by 36 g. (0.5 mole chlorine), The solution
was then diluted to 300 ml. and the excess calcium
carbonate filtered off. Washing increased the final
volume to 340 ml, Titration with standard sodium thio-
sulfate indicated that this solution had a potential

hypochlorous acid content of 10%.

Dihydropyran (42 g., 0.5 mole), glacial acetic acid (25 g.)
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and water (200 g.) were added to the monochlorurea
solution thus prepared and the mixture cooled to 0° ang
stirred mechanically. The dihydropyran phase disappeared
in two hours. The excess acid was then neutralized with
caleium carbonate and the excess carbonate filtered off.
The solution was extracted with ether and the extract
dried over sodium sulfate. Distillation of the ether
left a yellowish liquid, which, after some days in the
refrigerator, deposited white crystals (32 g.) of
melting point 48-52°,

This method is more laborious than Method 1. It

gave a better yield (47%) but the product was less pure.

Method 3

This, the most convenient way of getting good
yields of the product, consists in the hydrolysis of
2,3=dichlorotetrahydropyran with an equivalent of
sodium carbonate solubion, a method used by Hawkins

and Bennett (23).

@ Ha ce

cr ’;g',' }?42(;03
0 ~0

OH

Crude 2,3-dichlorotetrahydropyran (155 g., 1 mole),
prepared as described earlier (page 71), was added
gradually over a two-hour period to a solution of

sodium carbonate (53 g., 0.5 mole) in water (200 g.),
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cooled to 0°, and stirred with a mechanical stirrer.
Water was added to clear the cloudy solution. Extractlon
with ether, drying, and evaporation of the ether yielded
a yellowish liquid. Left in the refrigerator, this
deposited white crystals (86 g.) which melted at 45-500.
This was a yield of 63%.

The product was difficult to purify. Several
recrystallizations from anhydrous ether were required
to bring it up to melting point‘64°, the reported
melting point of the pure substance. For most purposes
it can be used in the crude form, since the ditetra-
hydropyranyl ether impurities present are not active

chemically.

Preparation of 3-Bromobtetrahydropyran-2-ol

This substance was obbained, but in poor yields,
by the addition of hypobromous acld to dihydropyran,
using monobromurea solution acidified with acetic

acid as source of hypodbromous aeid.

Hydrolysis of the dibromide with sodium carbonate
solution proved to be the better method. Paul (45) used
an aqueous suspension of lead hydroxide to hydrolyze

the dibromide.
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B B

HOH

s f)zalfoa oK
0 D

Crude 2,3-dibromotetrahydropyran (61 g., 0,25 mole),
prepared as deseribed earlier (page 74), was added
gradually to sodium carbonate (13,2 g., 0,125 mole)
dissolved in water (100 ml.) while cooling to 0°.

The solution was extracted continuously with ether,
the extract dried over sodium sulfate, and the ether
distilled off. The residual liquid when cooled in the
refrigerator deposited white erystals (36 g.). This
was a yield of 80%. The produet reerystallized from
anhydrous ether melted at 79°.

Crystalline Derivatives of the 3-Halotetrahydropyran-2-0ls

Both 3-chloro- and 3-bromotetrahydropyran-S-ol
were found to be aldehydic., They reduced Fehlingts
solution when warmed. They gave readily 2,4-dinitro-
phenylhydrazones and 2,4-dinitrophenylosazones, less
readily p-nitrophenylhydrazones, p-nitrophenylosazones,
and benzylphenylhydrazones, These derivatives contained
no halogen. The chlorohydrin and the bromohydrin gave
the same produet with each of the phenylhydrazines.
Comparison of the produets with authentic tetrahydro-
furfural derivatives showed them to be identical with

these.



2,4-Dinitrophenylhydrazones

Dinitrophenylhydrazones were prepared from the
z-halotetrahydropyran-2-ols by three different methods.
FEach method gave the same halogen-free product.

Method 1
This is a general method recommended by Shriner

and Fuson (60).

To 2,4-dinitrophenylhydrazine (0.8 g.) was added
concentrated sulfuric acid (4 ml.) and then water (6 ml.)
dropwise, with swirling, until solution was complete.

To the warm solution 95% ethanol (20 ml.) was added.

The ehlorohydrin (1 g.) was dissélved in 95% ethanol

(40 m1.) and this solution added to the freshly prepared
dinitrophenylhydrazine solution. The mixture was allowed
to stand at room temperature. Crystallization began after
twenty minutes. After allowing to stand overnight, orange
yellow erystals (3 g.) were filtered off. Recrystallized
several bimes from absolute ethanol, with decolorizing
charcoal, the product was yellow and melted at 135-134°,
A qualitative analysis showed that the product contained

no chlorine,

The same method was used to make a dinitrophenyl-
hydrazone from the bromohydrin, Here also the product
was yellow and melted at 133-134°, It contained no

bromine. A mixed melting point test with the product
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from the chlorohydrin indicated that the two substanges

were the same,

Method 2
This is a method used by Hinz, Meyer, and Schucking
(25) to prepare the dinitrophenylhydrazone of tetrahydro-

furfural.

The chlorohydrin (2.7 g.) was stirred into a
solution of 2,4-dinitrophenylhydrazine (3.9 g.) in
normal hydrochloric acid (1 liter) at 0° and allowed
to stand in the refrigerator overnight. A yellow
precipitate was formed. Recrystallized three times

from absolute ethanol, it melted at 133-134°,

Carrying out the reaction in the cold, as here,

gave a purer product.

This method was used also to prepare a dinitro-
phenylhydrazone from the bromohydrin and gave the

identical product.

Method 3

This is a method recommended by Johnson (30) for
the preparation of dinitrophenylhydrazones, It has the
advantage that a solubtion of 2,4-dinitrophenylhydrazine

in phosphoric acid is stable and can be kept indefinitely.



2,4-Dinitrophenylhydrazine (1 g.) was heated
with 85% phosphoric acid (12 ml.) on the steam bath,
diluted with ethanol (8 ml.) and clarified by suction
f£iltration through filter cel. Chlorohydrin (0.7 g.)
dissolved in ethanol (3 ml,) was added and the
solution left in the refrigerator. A sticky brown
solid was eventually filtered off, the filtration
being exceedingly slow. Several recrystallizations
fyom ethanol were needed to obtain the yellow crystals,

m.p. 133-134°,

2.4-Dinitrophenylosazones

The 2,4-dinitrophenylhydrazone obtainable from the
chlorohydrin or the bromohydrin readily goes over into
an osazone, Higher temperature and exscess reagent favor

the formetion of the osazone rather than the hydrazone.

The 2,4~dinitrophenylhydrazone (0.7 g.) was added
to a solution of 2,4-dinitrophenylhydrazine (0.5 ge)
in methanol (200 ml,) econtaining a few drops of
concentrated hydrochloric acid, The mixture was
refluxed on the water bath for an hour, when a solid
began to separate. It was left to cool to room
temperature and the orange solid was filtered off.
Recrystallized from acetone or nitromethane, it

melted at 242°,
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To confirm that the dinitrophenylhydrazones from
the chlorohydrin and the bromohydrin were the same,
this same product was prepared from dinitrophenyl-

hydrazones from both sources.

p=-Nitrophenylhydrazones

The chlorohydrin or bromohydrin (0.5 g.) was added
to a solution of p-nitrophenylhydrazine (0.5 g.) dissolved
in ethanol (15 ml.) and a drop of glacial acetic acid was
added. The mixture was warmed for a few minutes in hot
water and then allowed to stand at room temperature.
After two days an orange red precipitate had formed.
Several recrystallizations from absolute ethanol gave

orange yellow crystals melting at 145-1460,

The product, which was halogen-free, was the same

whether the chlorohydrin or the bromohydrin was used.

This substance did not precipitate as readily as

the 2,4-dinitrophenylhydrazone.

p-Nitrophenylosazones

On prolonged heating with excess p-nitrophenyl-

hydrazine the hydrazone is converted to the osazone.

The p-nitrophenylhydrazone (0.5 g.) was added to
a solution of p-nitrophenylhydrazine (0,5 g.) in

methanol (100 ml.) containing a few drops of concentrated
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hydrochloric acid. The mixture was refluxed on the water
bath for four hours and then allowed to cool, A dark red
powder setbled out. On recrystallization from methanol
the product consisted of fine dark red crystals which

melted at 246° with slight decomposition.

The product was the same whether the hydrazone

used came from the chlorohydrin or the bromohydrin.

Benzylphenylhydrazones

The chlorohydrin or bromohydrin (1 g.) dissolved
in water (7 ml,) was added to benzylphenylhydrazine
hydrochloride (1 g.) in 95% ethanol (10 mi.). The
mixture was warmed in hot water for a few minutes.

On cooling a yellow precipitate formed. Recrystallized
from methanol the product was obtained as almost

colorless needles melting at 74-75°.

The produect from the bromohydrin weas the same as

from the chlorohydrin,

Comparison with Tetrahydrofurfural Derivatives

The melting points of the halogen-free derivatives
obtained from the 3-halotetrahydropyran-2-o0ls were the
same as those reported for similar derivatives of
tetrahydrofurfural by Hurd and Edwards (26). This
suggested that in these reactions the halohydrins

had gone over into tetrahydrofurfural, as Paul (48)
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had found in the preparation of an oxime:

X ~ HX l )
=2 C:/-/
0 ~o

CH or

ON ,X,HA

HO CHyCH, <H, CH C:o

To confirm that our products were tetrahydrofurfural
derivatives they were compared with products obtained
from authentic tetrahydrofurfural, prepared in thése
laboratories by D.G. Hay, using the method of Scheibler,

Sotscheck, and Friese (56). They proved to be identical.

Preparation of Tetrahvdropyran-2,3-diol

Titration of 3-chlorotetrahydropyran-2-ol
with sodium hydroxide

Chlorohydrin (0,341 g.) was dissolved in water
(25 ml.) so as to meke a 0,1 M solution, This was
titrated with 0.1 N sodium hydroxide solution, using
phenolphthalein as indicator. The reaction was slow
in the c¢o0ld but rapid when the chlorohydrin solution
was warmed. 26,3 ml., of the sodium hydroxide solution
were required, indicating that the chlorohydrin acts

like a monobasic acid,

When the reaction was carried out on a larger
scale it was found that the yield of sodium chloride

was invariably quantitative. Isolation of the organiec
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product of the reaction proved difficult but was
eventually accomplished by two different methods.
Carbon-hydrogen analysis and preparation of
derivatives indicated that the product Was tetra-
hydropyran~-2,3=diol.

H
& Ka OH - o

0/{ OH
0 O

Method 1

3-Chlorotetrahydropyran~-2-ol (13,6 g., 0,1 mole)
was dissolved in water (100 ml.) and a solubion of
sodium hydroxide (4 g. in 100 ml.) added to it. The
mixture was allowed to stand for three to four hours
at room temperature. It was then made just acid with
a few drops of dilute hydrochloric acid and allowed
to evaporate at 35-40°. The residue was extracted with
absolute ethanol, leaving behind a quentitative vield
of sodium chloride. The alcoholic extract was allowed
to evaporate at room temperature. The residue (10 g.)
was extracted several times with small portions of
ether. Evaporation of the ether left a colorless,

high-boiling sirup (8 g.).

This product could not be distilled without

decomposition, even under reduced pressure.

Dried in a vacuum dessicator for several days,

it gave the carbon-hydrogen analysis expected for
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tetrahydropyran-2,3-diol. ‘
Found : 1lst run, C, 51.,5%, H, 8.18%;
ond run, C, 51,1%, H, 8.07%.

Calculated for CgH,,0z : C, 50,9%, H, 8.47%.
Method 2

5_Chlorotetrahydropyran-2-o0l (68 g., 0.5 mole)
dissolved in water (500 ml.) was added to a solution
of sodium hydroxide (20 g., 0.5 mole) in water (500 ml.)
at room bemperature. After standing overnight the
solution was made just acid with dilute hydrochloric
acid. Anhydrous sodium sulfate (200 g,) was added to
the solution and the mixture allowed to stand for a day.
The solution was then poured into a fresh quantity of
sodium sulfate and the previous drying agent extracted
with ether. This procedure was continued until the
liquid residue was small and completely soluble in
ether. The ether solubion was combined with the extracts
Prom the drying agent, was dried and the ether evaporated.

The residue (25 g.) was a colorless sirup.

The yield by this procedure was not as good as by

Method 1.'
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Tetrahydropyran-2, 3-diol
from 3-Bromotetrahydropyran-2-o0l

The diol can be made from the bromohydrin by
the same method as from the chlorochydrin, This was
indicated by a trial run on a small scale., The
reaction was not attempted on a larger scale.

Tetrahydropyran-2,3-diol
from 2,3-Dichlorotetrahydropyran

This is the most expeditious procedure for the

preparation of the diol,

CH
0 @ O

A solution of sodium hydroxide (40 g., 1 mole) in
water (1 liter) was prepared and left to cool to room
temperature. One~half of this solution was added to
crude 2,3-dichlorotetrahydropyran (77.5 g., 0,5 mole)
and the mixture stirred at room temperature., Heat was
produced as the reaction proceeded., In one hour the
organic phase had disappeared and the solution was no
longer alkaline, More of the sodium hydroxide solution
was then added gradually over the next two hours and
the stirring continued. The solution turned yellow and
eventually brown. The sodium hydroxide was neutralized
fairly rapidly. When nearly all of it had been added

the solution remained alkaline. It was then made just
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acid with dilute hydrochloric acid and allowed to
evaporate at 35-40°. After some days, when the water
had evaporated, the reslidue was extracted with absolute
ethanol, leaving behind sodium chloride (55 g.). The
alcohol was allowed to evaporate at room temperature.
The residue was a yellowish sirup (55 g.). It was
extracted with many small portions of ether. After
drying and evaporation of the ether, there was left

a colorless viscous liguid (40 g.). This was the

tetrahydropyran-2,3-diol,

The remaining, ether-insoluble product was partially
soluble (5 g.) in chloroform but the bulk of it was
soluble only in alecochol and water. Its nature has not
been determined.

Properties and Derivatives
of Tetrahydropyran-2, S-dlol

Tetrahydropyran-2,3~-diol is a colorlesgs, viscous
liquid, which does not boil without decomposition even

under reduced pressure,

It is soluble in water and alcohol and, with some

difficulty, in ether.

Its refractive index was found to be n%z 1,478,

Hurd and Edwards (26), who prepared the substance by

another method, have reported n%s 1,480,
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Tt was found to reduce Benediet's solution rapidly

when warmed, as d4id Hurd'®s compound,

Periodie aeid Oxidation

Tetrahydropyran-2,3-diol reduced periodic acid to
iodate rapidly at room temperature. According to Shriner
and Fuson (60) this reaction is characteristic of

H-hydroxyaldehydes and 1,2-diols,

Diol (1 drop) was added to periodic acid solution
(2 mi. of a solution containing 0.5 g. of the acid per
100 ml. of water) which contained concentrated nitric
acid (1 drop). After shaking the mixture gave an
immediate precipitate of silver iodate on the addition

of 3% silver nitrate ( 1 drop).

2.,4-Dinitrophenylosazone

Tetrahydropyran-2,3-diol (0.5 g.) was dissolved
in absolute ethanol (50 ml.) and 2,4~dinitrophenyl-
hydrazine (0.5 g.) added. The mixbure was refluxed
for a few minutes. Then concentrated hydrochloric acid
(1 m1,) was added and the refluxing continued for a
few minutes more. The solution turned brown. On
cooling and filtering a solid product was obtained.
Several recrystallizations from nitromethane gave

orange crystals melting at 242°,
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The producet was found to be identical with +the
dinitrophenylosazone obtained earlier from the halo~
tetrahydropyranols (page 84). Hurd and Kelso (27),
who made tetrahydropyran-2,3-diol by another method,
prepared a 2,4-dinitrophenylosazone, m,p. 2420, from

their diol by the procedure used here,

Disemicarbazone

Tetrahydropyran-2,3-diol (1 g.), semicarbazide
hydrochloride (1 g.) and sodium acetate (1.5 g.) were
dissolved in water (10 ml,). The mixture was shaken
vigorously and was heated in boiling water for one
hour, It was then cooled in the refrigerator overnight.
By next day a precipitate had settled oub. Recrystallized
from agueous ethanol, with charcoal, it was a white
crystalline solid, which melted with decomposition in
the range 215-225°, depending on the rate of heating.
When immersed in the melting point bath at room
temperature, it melted at 215°; when immersed at 210°,
it melted at 225°, Repeated recrystallization failed

to give it a sharp and definite melting point,

The same product was obbtained from 3,3-dichloro-
tetrahydropyran~2-0l (page 100) and from B-hydroxy;
tetrahydropyran-3-one (page 104), It is the disemi-
carbazone of the aldehyde form of the last of these

conmpounds,
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3,5=-Dinitrobenzoate

Tetrahydropyran-2,3-diol (1 g.) was dissolved in

pyridine (10 ml.) and 3,5-dinitrobenzoyl chloride (3 g.)

was added. The reaction mixture was allowed to stand

for a week at room temperature. It was then treated with

water and 5% sodium carbonate solution. The gummy
product, recrystallized three times from an ethanol-
ethyl acetate mixture, gave fine white crystals which
melted at 174°, Hurd and Kelso (27) reported a
3,5=dinitrobenzoate, m,p, 174.5-175.50, prepared from

thelr sample of tetrahydropyran-2,3-diol.

Permanganate Oxidation

Tetrahydropyran-~2,3-diol (1 g.) was dissolved in
water (10 ml.), 5% sodium hydroxide solution (1 ml.)
was added, then 2% pobassium permanganate solution,
with ocecasional shaking, until the color remained
permanent. This took several days and a considerable
volume of the permanganate solution (150-200 ml.).
The manganese dioxide which had been precipitated was
filtered off. The solution was then acidified with
dilute sulfuric acid. In a few minutes it had lost
the permanganate color. More permanganate was added
until the color was again permanent, Sodium bisulfite
was then added to decolorize it and the solution

evaporated to dryness., The residue was exbracted with
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acetone and the acetone-extracted product (0.5 g.)

was recrystallized from.acetone;benzene. After another
recrystallization, from water, with charcoal, it
melted at 183°. A mixed melting point test with
authentic succinic acid indicated that this product

was succinic acid.

Nitric Acid Oxidation

Tetrahydropyran-2,3-diol (5.9 g.) was dissolved
in water (35 ml.) and concentrated nitric acid (14 ml.)
was added. On warming the mixture on the water bath
a vigorous reaction took place, with evolution of oxides
of nitrogen. When the reaction was over, the mixture was
evaporated on the water bath down to about one-third of
its original volume. Water (15 ml.,) was then added and
the evaporation repeated. The addition of water and
evaporation was repeated twice more., Then the reaction
mixture was evaporated to dryness. The residue solidified.
The solid (5 g.) was recrystallized from ethyl acetate,
with charcoal; then from a mixture of acetone and benzene.
It =till melted over a considerable temperature range,
75-85°, Recrystallization from wet ether then gave white

erystals melting at 98°.

The product could be K-hydroxyglutaric acid. It
has not as yet been analyzed. Ingold (28) has reported
the melting point of of~-hydroxyglutaric acid as 98-100°,
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Compounds Related to Tetrahydropyran-2,3-diol

When the reaction between S-Ghlorotetrahydro;
pyran-2-0l and sodium hydroxidé is carried out under
conditions other than those which yield tetrahydro-
pyran-2,3-diol, very little of this substance can be
‘isolated from the products. In two cases, small
quantities of other substances were isolated: one a
solid melting at 101;1020, the other a solid melting
at 190°.

The Compound with m,p. 101-102°

3-Chlorotetrahydropyran-2-ol (15.6 g., 0,1 mole)
was dissolved in water (100 ml,.) and treated with a
solution of sodium hydroxide (4 g.) in water (100 ml.).
After standing for two to three hours, the mixture was
extracted continuously with ether, first from basic
solution for three hours, then from acid solution for
three hours., The extracts were dried and the ether
evaporated. The residue was negligible., The agueous
solution was then allowed to evaporate in air at room
temperature. The residue was extracted with chloroform,
then with alcohol, leaving a nearly quantitative yield
of sodium chloride. The alecoholic extract yielded a
brown liquid from which no pure compound has been

isolated. The chloroformic extract gave a white solid,

which, recrystallized from ethanol, melted at 101-102°,



This white solid is thought to be the same as the
compound of m.p. 103° mentioned by Hurd and Edwards (26) .

They assigned to it the structure:

‘ l :C'//,‘~O\
07 S0~ e N
Their conclusion was supported by ‘the work of Swadesh

and Dunlop (62),

Our produet eontained no chlorine. Carbon-hydrogen
analysis gave C, 59.7%, H, 8,10%. Caleulated for Hurdts

compound, 010H1604 : C, 60,0%, H, 8,10%.

The substance was not aldehydic., It did not reduce

Benedict's solution even after prolonged heating.

When warmed with dilute hydrochloric aeid, it
dissolved rapidly. When the resulting solution was
warmed with a methanol solution of 2,4=-dinitrophenyl-
hydrazine, a red precipitate gradually formed. This,
recrystallized from nitromethane, proved to be the
orange-colored dinitrophenylosazone, m,.p. 2420, met

in other parts of this work.

These reactions are similar to those given by

the compound of Hurd and Edwards (26).
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The Compound with m,p. 190°

3-Chlorotetrahydropyran-2-0l (15;6 g., 0,1 mole)
was dissolved in water (150 ml,) and excess solid
sodium hydroxide (5 g.) was added. The solution heated
up and turned yellow as the sodium hydroxide dissolved.
On standing it became orange yellow and turned cloudy.
In most trials the cloudiness did not settle out as a
precipitate and could not be filtered off. In one case,
however, a white solid precipitated in sufficient
quantity to make filtration possible. The solution was
made just acid with dilute hydrochloric acid and was
filtered. The white solid, after drying for some time,

was found to melt at 190°, with some decomposition.

The source of this compound and its melting point
suggested that this might be the second CldH1604
substance obtained by Hurd and Edwards (26) from tetra-
hydropyran-2, 3-diol. Some of the reactions described by
these workers were tried and the results indicated that
this was the same substance, Its structure is nob

definitely known,

It had no effect on Benedictts solution. When
refluxed with dilubte hydrochloric acid it dissolved
graduslly. The hydrolysis product was extracted
continuously with ether and, after evaporation of the

ether, taken up in methanol. The methanol solution
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warmned with a little 2,4-dinitrophenylhydrazine in
the presence of a few drops of hydrochloric acid
gave the orange-colored dinitrophenylosazone, Mm,D,

242°, met previously . (page 92).

Preparation of 3,3-Dichlorotetrahydropyran-2-0l

This subsitance was prepared by hydrolysis of
2,3, 3-trichlorotetrahydropyran with one equivalent

of sodium carbonate solubion:

19 e
o4 HoH - e
4 M, CO g
7% z z¢<3 oK
0 0

2,3, 3=Trichlorotetrahydropyran (9,5 g., 0,05 mole),
prepared as described earlier (page 73), was stirred
with a solubtion of sodium carbonate (2;6 g. in 100 ml.
of water) at 35-40° for 10 hours. The reacﬁion mixbture
was then extracted continuously with ether, After
evaporation of the ether, the residue (7 g.) solidified.
Reerystallized from agueous alcohol, it melted at 88-89°,
Analysis : Found : Cl, 41.64%.

Cl, : Cl, 41.52%.

Caleulated for Csﬂsozu*g

The I.G. Farben chemists (36, 69) reported 90° as
the melting point of 3, 3-dichlorotetrahydropyran-2-ol.
Riobe (54, 55) has reported 83.5° and 85,5°.
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Properties and Derivatives of
3, 5-Dichlorotetrahvdropvran-z-ol

This substance was found to be less aldehydic
than the 3-halotetrahydropyran-2-0ls, but it 4id

reduce Fehlingt!s solution on warming for some time.

When it Waé treated with 2,4;dinitrophenyl~
hydrazine reagent at room temperature like the BQhalo—
tetrahydropyran-z;ols (page 82), it did not form a
dinitrophenylhydrazone, When the reaction mixture was
heated, however, the previously described 2,4-dinitro-

phenylosazone, m.p, 2420, was precipitated.

When it was treated with semicarbazide hydro-
chloride, using the same procedure as for tetrahydro~
pyran-2,3-diol (page 93), it yielded the same disemi-

carbazone as that substance.

When it was dissolved in warm alcohol, it could
be titrated slowly with aqueous sodium hydroxide

solution and neutralized two equivalents of the base,

Preparation of 2-Hydroxytetrahydropyran-3-one

This substance was prepared by treating
2,3, 3-trichlorotetrahydropyran with three mole

proportions of sodium hydroxide:
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e
4 320K =9

& OH
0 0

2,3, 3-Trichlorotetrahydropyran (19 g., 0,1 mole) was
warmed to 35-40° so that it would remain in the liquid
phase, and sodium hydroxide solution (12 g., 0.3 mole,
in 150 ml, of water) was added. The mixture was kept
at 35-40° and stirred until the organic layer had
disappeared, about 10 hours. The reaction mixture,
still slightly acid, was then allowed to evaporate at
just above room temperature. The residue was extracted
with absolute ethanol, leaving behind a nearly
quantitative yield (16 g.) of sodium chloride. The
aleoholic extract on evaporation gave a very viscous,
dark red sirup (10 g.), which could not be distilled
without decomposition. No method of purifying it has
been found. Its reactions indicated that it was mainly
2-hydroxytetrahydropyran~3-one in equilibrium with an

open chain aldehyde form:

Since the product is colored, chromatographic
adsorption suggested itself as a method of purification.

With a view to using this method, the solubility of
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the substance in various solvents was investigated.
It was found to be very soluble in water and in
ethanol, but appeared to be entirely insoluble in
petroleum ether, benzene, chloroform, ether, acetone,
carbon tetrachloride, and ethyl acetate. This limited
solubility is a serious difficulty in applying the

chromabographic adsorption technique.

To test whether the substance was readily adsorbed,
a dilute solution in ethanol (1 g. in 500 ml.) was
run through a column (15 em. x 1,5 tm.) of activated
alumina. The colored material was found to be completely
adsorbed in the top third of the column. Attempts to
recover the substance from the adsorbent, using

ethanol and water, were unsuccessful.

The red sirup was used in the crude form for the
preparation of derivatives. These were found to be
products such as one would expect from the aldehyde

form of 2-hyvdroxytetrahydropyran-3-one.

Properties and Derivatives of '
2~quroxvtetrahydropvran—B-one

This substance was found to be strongly aldehydic.

It reduced Fehling's solution repidly when warmed.
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2,4-Dinitrophenylosazone

2,4-Dinitrophenylhydrazine (0.4 g.) was dissolved
in concentrated sulfuric acid (2 ml.) and water (4 ml,)
and 95% ethanol (10 ml,) was added. To this solution
was added 2-hydroxytetrahydropyran-3-one (0.5 g.)
dissolved in 95% ethanol (10 ml.). There was an almost
immediate precipitate. On filtration and recrystallization
from nitromethane, the product was found to be the orange-

colored dinitrophenylosazone, m.p. 2420, met previously.

The product obtained here had been made earlier
from tetrahydrofurfural, the 3=halotetrahydropyran-2=0ls,
tetrahydropyran-2, 3-diol, and 3,3-dichlorotetrahydro-
pyran-2-0l. In all these cases it had precipitated only
after the reaction mixture had been refluxéd for a time,
Here no refluxing was required and the precipitate was
almost immediate., This suggests that the following
ketoaldehyde was present:

HO CH, CHy CH, S-—c?;
o

o

p=-Nitrophenyvlosazone

2-Hydroxytetrahydropyran-3-one (0.5 g.) was added
to a solution of p-nitrophenylhydrazine (0.5 g.) in
95% ethanol (15 ml.). Glacial acetic acid (3 drops)
was added. The mixture was warmed in boiling water

for an hour and allowed to stand. & black precipitate
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sebtled out. Recrystallized from methanol, the product
consisted of fine red crystals which melted at 246°,

with decomposition.

This product was found to be the same p-nitro-
phenylosazone obtained previously from tetrahydro-
furfural and from the 3-halotetrahydropyran-2-ols.
Its structure can only be:

HOCH, CH, CH, %’-f‘//= W= NH CHy (N0, )
‘ N - NH G Hy (W0,)

Disemicarbazone

2-Hydroxytetrahydropyran-3-one (1 g.), semi-
carbazide hydrochloride (1 g.) and sodium acetate
(1.5 g.) were dissolved in water (10 ml.)., The mixture
was shaken and warmed in boiling water for half an
hour. On cooling a precipitate settled out. Recrystallized
from aqueocus ethanol, with charcoal, the product was a
white crystalline solid which melted, with decomposition,
in the range 215-2250, depending on the temperature atb
which it was immersed in the melting point bath. When
immersed at room temperature, it melted at 8150; when
immersed at 2100, it melted at 225°, Repeated
recrystallization failed to give it a definite melting

point,.

This product is thought to be the disemicarbazone

of the aldehyde form of 2—hydroxytetrahydropyran-z-one.
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It has the structure:
HO CHy CH CH, g’ - CH = V- N CONH,
N-NH CO N,
Analysis for nitrogen supported this concliusion,
Found : N, 36,55%.
Calculated for C?H1405N6 : N, 36,52%.

The same product was obtained from tetrahydro-
pyran-2,3-diol (page 93) and from 3,3-dichlorotetra-
hydropyran-2-0l (page 100) but somewhat less readily.

Pernanganate Oxidation

2-Hydroxytetrahydropyran-3-one (1 g.) was dissolved
in water (10 ml.), 5% sodium hydroxide solubtion (1 ml.)
was added, then saburated pobtassium permanganate
golution, with ocecasional shaking, until the color
remained permanent., This took several days. The manganese
dioxide was filtered off and the filtrate acidified with
dilute sulfuric acid., Further decolorization of the
permanganate now occurred. When this acid oxidation was
complete, the excess permanganate was destroyed with
a little sodium bisulfite, the solution evaporated to
dryness, and the residue extracted with ether. On
evaporation of the ether, a solid was left., This,
recrystallized from water, melted at 186°, It was

sueccinie acid.,



= 106 =

The acid was identified by the preparation of the
p-bromophenacyl ester, m,p, 210-211°, and the p-nitro-
benzyl ester, m.p. 87;880, using the procedures of
Shriner and Fuson (60). Mixed melting points of these
derivatives with samples prepared from an authentic

specimen of suceinic acid showed no depression.

Nitrie Acid Oxidation

2-Hydroxytetrahydropyran-3-one (1 g.) was subjected

to nitric acid oxidation, using the same procedure as

was used in the case of tetrahydropyran-2,3-diol (page 95) .

The only product isolated was a high-melting organic

solid, whose nature has not been determined.

Preparation of the Ditetrahydropyranyl Ethers

The ditetrahydropyranyl ether derivable from two

molecules of tetrahydropyran-2-ol,

oH HO 6]
0 0] 0 8]

was obtained as a by-product in the preparation of

tetrahydropyran~-2-0l, deseribed earlier (page 74).

The halogenated ethers
@ & B B
and
0 0
0 o 0 0

were isolated in small amounts in some runs of the
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preparations of the 3=halotetrahydropyran-2-o0ls.

When the dihalides were treated with sodium carbonate
solution, as described earlier (pages 79-81), the
bulk of the organic phase dissolved gradually in the
aqueous reaction mixture. There was usually left,
however, a small quantity of an oil which did not
dissolve. When this was separated from the agueous
solution, before the extraction with ether, and was
cooled in the refrigerator, it solidified. The solid

proved to be the ether.

These ethers were obtained also when attempts
were made to purify the 3-halotetrahydropyran-2-0ls
by distillation under a pressure of 15-20 nm,
Invariably there were signs of decomposition in the
distilling flask and the distillate, when i%
erystallized, proved to be the ether rather than the
halohydrin,

Refluxing a 3-halotetrahydropyran-2-0l for an
hour by heating it on an oil bath at 180-200° and then
allowing it to stand for a few days in the refrigerator,

gave a solid product which was the corresponding ether.

The halogenated ethers are white crystalline
solids. They were identified and distinguished from
the corresponding halotetrahydropyranols by their

melting points. Paul (42, 48) has reported the melting
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point of the brominated ether to be 110° and that of
the chlorinated ether 108°,

When 2,3, 3-trichlorotetrahydropyran was left in
contact with water for several months, the whole
mixture solidified. Recrystallization of the solid
from agueous ethanol gave white crystals melting af

136-137°, the reported (37) melting point of the

=T

Preparation of 2-Lthoxytetrahvdropyran

This substance was prepared by the method
Paul (41, 44) had used for 2-methoxytetrahydropyran,
the addition of the alcohol to dihydropyran in the
presence of dry hydrogen chloride:
G Hs OH

\ vy
0 0

Dihydropyran (21 g., 0,25 mole) was dissolved in
absolute ethanol (50 ml.). Absolute ethanol (3 ml,)

saturated with dry hydrogen chloride was added. The

nmixture warmed up. When the initial reaction was over,

it was heated to reflux for two hours and allowed to

stand overnight. The acid was then neutralized with
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a little powdered calecium carbonate and the alcohol
taken off under reduced pressure. The residue, distilled
under reduced pressure, yielded a liquid (16 g.)

boiling at 40-41° at 13 mm, The product boiled at
141-142° at 742 mm, and had refractive index n%° 1,426.

Woods and Kramer (66), who prepared 2-ethoxytetra-
hydropyran by the same method, have reported b.p. 146°
at 760 mm. and np 1.4248,

Anglysis: Found : C, 63,67%, H, 10,91%.
Caleculated for C,H;,05 : C, 64,62%, H, 10.77%.

Preparation of 2-Methoxytebrahydropyran

This substance was prepared by treating 2-chloro-

tetrahydropyran with sodium methylate:

Etly & N

@ Ocy
0 0 7

2-Chlorotetrahydropyran (30 g.,, 0,25 mole), prepared
as described earlier (page 71), was added slowly to
sodium methylate (13,5 g., 0.25 mole) suspended in
methanol (50 ml.) and cooled to 0° in ice water. The
mixbure was allowed to stand overnight. It was then
heated to reflux for two hours, cocled, and the liquid
filtered from the precipitated salt. The latter was

dissolved in water, freeing a further quantity of



- 110 -

organic liquid, which was extracted with ether. The
water solution, on evaporation, gave a quantitative
vield of sodium chloride. The ether extract was added
to the original product in methanol and the mixture
dried over megnesium sulfate. The ether and methanol
were distilled off at atmospheric pressure. The residue,
distilled under reduced pressure, gave a liquid (12 g.)
boiling at 35-360 at 20 mm, and ab 126-127° at 745 mm,
It had refractive index n%l 1,428,

Paul (41, 44), who prepared 2-methoxytetrahydropyran by

another method, reported b.p. 128° at atmospheric

15

pressure and refractive index np 1.4262.

Preparation of 2-Methoxy-3-chlorotetrahydropyran

This substance was formed when 2,3-dichlorotetra-

hydropyran was treated with sodium methylate:

@ CHg O Ha &

’Cb O CH,
O 0

Crude 2,3-dichlorotetrahydropyran (39 g., 0.25 mole),
freshly prepared as described earlier (page 71), was
added gradually to a slight excess of sodium methylate
(14 g.) suspended in methanol (50 ml.) and cooled to 0°.
There was vigorous reaction., When all the reagent had
been added and the initial reaction was over, the

nmixture was heated to reflux for two hours. After
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gooling, water was added to dissolve the precipitated
salt, The organic product was then extracted with ether
and the extract dried. The water solubion gave a
quantitative yield of sodium chloride (14 g.). The ether
extract, after evaporation of the ether and methanol,
gave a liquid produet (22 g.) boiling at\69;700 at 18 mm,

and having a refractive index n%7 1,458,

Analysis : Found : Cl, 23,65%.
Calculated for C.H,70501 : C1, 23,56%.

Tones and Bremmer (31), who prepared 2-methoxy-3-chloro-
tetrahydropyran by another method, reported Db.pP. 38-40°
at 2 mm. and refractive index ng® 1.4576.

Preparation of ZAMethaxy-B,3—diehlorotetrahydropyran

This substance was obtained by treating

255,5—trichlorotetrahydropyran'With sodium methylate:

@ a

& CH3 0 Aa e

& OCH
0 o 3

2,3, 3-Trichlorotetrahydropyran (19 g., 0,1 mole),
prepared as deseribed earlier (page 73), was added to
a siight excess of sodium methylate (6 g.) suspended
in methanol (25 ml,) and cooled to 0°. The mixture
had to be warmed to start the reaction but had to be

cooled again after starting to keep it from becoming
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violent. When the initial reaction was over, the
mixture was warmed to reflux for two hours. Water was
then added to dissolve the precipitated salt and the
solution was extracted with ether. The ether extract,
after drying and evaporation of the ether and methanol,
was distilled under reduced pressure and yielded a
1iguid product (10 g.) boiling at 84-860 at 13 mm,

and having refractive index n%6 1,498.

A chlorine analysis, which gave 44.,99% chlorine as
compared with the calculated 38,38%, indicated that
the product was not pure. The probable impurity was
unreacted 2,3,3-trichlorotetrahydropyran whose
boiling point, 92-94° at 15;16 mn., is close to that
of the product. There was not enough sample left to

purify by fractionation.

Jones and Bremner (31), who prepared 2-methoxy-
3, 3=-dichlorotetrahydropyran by another method, reported
the boiling point as 40-42° at 2 mm,

Hydrolysis of the Ethers

The tetrahydropyran-2-ethers are hydrolyzed by
refluxing with dilute hydrochloric acid to produce the

corresponding btetrahydropyran-2-ols:

X HoH — X
(Hee)
OR OH
0 0
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2-Methoxy-3-chlorotetrahydropyran
2JMethoxy-S—Ghlorotetrahydropyran (2 g.) was
pefluxed with dilute hydrochloric acid (15 m1,) for
an hour and a half. The acidity was ‘then neutralized
with powdered calcium carbonate, the excess carbonate
Piltered off, and the solution extracted with ether.
The ether extract, on drying and evaporabion, yielded

3.chlorotetrahydropyran-2-ol (1.5 g.).

Bis-(3-chlorotetrahydropyran) -2-ether

The ditetrahydropyranyl ether (2.5 g.) was refluxed
with dilute hydrochloric acid (35 ml.) until the solid
had gone into solution, about 10 hours. The acid was
then neutralized with powdered calcium carbonate, the
mixture filtered and the filtrate extracted with ether.
Drying and distillation of the ether left a residue
(2 g.) which solidified on cooling in the refrigerator.

The product was 3-chlorotetrahydropyran-2~0l.

Ghlorctetrahxdropxganxl Ethers
With Sodiwn Hydroxide Solutbion

2.-Methoxy-3-chlorotetrahydropyran (2 g.) was refluxed
with 5% sodium hydroxide solution (10 mi,.) for eight
hours. Isolation of the organic material led to the
recovery of the bulk of the original ether,

Bis-(3-chlorotetrahydropyran)-2-ether was similarly
refluxed with sodium hydroxide solution for several days

and no apparent reacbion resulted.
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Reaction of Dihydropyran with Formaldehvde

Acid-catalyzed

Dihydropyran (84 g., 1 mole) was stirred at room
temperature with aqueous formaldehyde (160 ml, of 40%
solution) containing a trace of concentrated hydro-
chloric acid (3 to 4 drops). The mixture warmed up
and became homogeneous in 10 to 15 minutes. At this
stage it had become quite hot. The solution was
stirred until it had cooled to room temperature. It
was then extracted with ether and the extract dried
over anhydrous calcium sulfate., After evaporation of the
ether, the residue was fractionated under reduced
pressure, 15 to 20 mm, There was considerable decomposition
during the fractionation, indicated by liberation of
formaldehyde and consequent pressure fluectuations., The
temperature rose gradually for the most part and no

constant boiling liquid produet was found.

Fractions such as the following were collected,
the quantities varying from run to run as indicated:
(1) under 30°/20 nm. (10 to 15 g.);

(2) 30° - 90°/20 mm,, mostly 80-90° (25 to 30 g.);
(3) 90° -~ 1259/20 m. (5 to 10 g.);

(4) 125° - 150°/20 mm. (10 to 15 g.);

(5) Residue (25 to 30 g.).

Fraction (1) had a strong odor of formeldehyde and
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on standing deposited a white solid, probably para-

formaldehyde.

All fractions contained some free formaldehyde. This
was indicated by the facet that they all gave its
2,4-dinitrophenylhydrazone, identified by comparison

with a sample prepared from authentic formaldehyde.

Fraction (2) should contain the hydrolysis product of
dihydropyran, tetrahydropyran-2-0l, whiech is formed

when dihydropyran is treated with water in the presence
of acid. This fraction was re-fractionated several

times and finally a portion, b.p. 77-78°/14 mm., was
obtained which was the tetrahydropyranocl. This made up
about half the tobal. It was identified by the
preparation of its 2,4;dinitrophenylhydrazone, m.p.
112-113°, and by an analysis: found: C, 58,73%, H, 9.52%;
caleulated for 0'51{1008 : G, 58,82%, H, 9,80%.

Fraction (5) is the most likely to contain the expected
dioxan, which is probably high-boiling. This conclusion
was supported by an analysis: found: C, 58,.50%, H, 9.06%;
calculated for the dioxan, CpH, 505 ¢ C, 58,33%%, H, 8.33%.
A sample of this material was reduced with sodium and

amyl alcohol.

High vacuum distillation was attempted but the large

guantities of formaldehyde pulled off made it impractical.




- 116 -

In some runs the reaction mixture was refluxed
for & time after it became homogeneous, since there
was a possibility that the reaction had not gone to
completion. In these cases the mixture bturned yellow
and became quite viscous. Fractionation then gave less
of the low=boiling fractions, but the residue tended

to resinify.

Uncatalyzed Reaction

When the reactants were mixed in the same proportions,
but omitting the trace of acid, and the mixture was warmed,
the dihydropyran layver disappeared in two to three hours.
Extracvion with ether and fractionation, as deseribed
for the catalyzed reaction, led to a series of liguid
fractions, all containing formaldehyde, such as were

obtained in the catalyzed reaction.

Reduetion of the Presumed Dioxan

Into a three-neck flask fitted with a condenser
with caleium chloride tube, a mercury-seal stirrer, and
a dropping funnel and gas inlet, were placed sodium
(15.6 g.) and dry toluene (35 ml,.,). The mixture was
heated to reflux temperature in an atmosphere of propane,
while stirring vigorously. The presumed dioxan (24 g.)
dissolved in sec. amyl alcohol (50 ml.) was added
gradually. The refluxing and stirring were continued

until all the sodium had disappeared., When the reaction
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secemed to be over, the solution was poured into ice
water. The aqueous mixbure was extracted with ether
and the extract dried over anhydrous calecium sulfate.
The ether, toluene, and amyl aloohol were taken off
under reduced pressure. The residue (15 g.) was
distilled at 18 mm, and separated into three fractions:
(1) uwp to 180°; (2) 120° - 140°; (3) residue.

No constant boiling product was isolated.

The fraction boiling at 120-140°/18 mm, had refractive
index n%8 1,460, This could contain the expected tetra-
hydropyran-3-methanol, Geyer and Mortimer (19) have
reported its boiling point as 68;690/2 mm., and refractive

index n%o 1,4629.

An attempt to prepare a 3,5-dinitrobenzoate from

the product was not successful,
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CONCLUS IONS

2-Chlorotetrahydropyrans can be converted to tetra-
hydropyran-2-0ls by hydrolysis with sodium carbonate

solution.

A1l the tetrahydropyran-2-ols have aldehyde properties
but these are somewhat less pronounced in the 3-halo-

and the 3,3-dihalotetrahydropyran-2-o0ls.

For tetrahydropyran-2-ol, tetrahydropyran-2,3-diol,
and 2-hydroxytetrahydropyran-3-one, the aldehyde
properties are due to J:hydroxyvaleric aldehyde forms

in equilibrium with the ring structures.

The 3-halotetrahydropyran-2-ols have a tendency to
lose hydrogen halide and as a result are converted
into tetrahydrofurfural, or tetrahydropyran-2,3-diol,
and finally 2-hydroxytetrahydropyran-3-cne, the
extent of the change depending upon the reagent and
the conditions. This tendency to form aldehydic
substances accounts for the aldehyde properties of
the halotetrahydropyranols. There is no evidence

of w-halo—é;hydroxyvaleric aldehyde forms.

3,3-Dichlorotetrahydropyran-2-0l also has a tendency

" %o lose its halogen content. This converts it to

2-hydroxytetrahydropyran-3-one, which is in

equilibrium with an aldehyde form.




6. In the presence of phenylhydrazines, the 3=~helo~
tetrahydropyran-2-ols tend to go over into tetra-
hydrofurfural and thence with excess reagent to
2-hydroxytetrahydropyran~-3-one. Thus they give
phenylhydrezones of these two substances. Under
gimilar conditions, 5,5-dichlorotetrahydropyran—z—ol_

gives derivatives of 2-hydroxytetrahydropyran-3-one.

7., With strong alkali the 3-halotetrahydropyran-2-ols
are converted to tetrahydropyran-z,S;diol and
5,5—diéhlorotetrahydropyran-z—ol is converted to
2-hydroxytetrahydropyren-3-one., The same two
substances can be prepared more expeditiously by
the action of the alkali on 2,3-dichlorotetrahydropyran

and 2,3,3-trichlorotetrahydropyran, respectively.

8, Tetrahydrofurfural, the 2-halotetrahydropyran-2-~0ls,
tetrahydropyran-z,S;diol, and 5,5-diohlorotetra;
hydropyran—z;ol, all yield derivatives of the
aldehyde form of 2-hydroxytetrahydropyran-3-one.
These derivatives are obtained more rapidly, however,

from 2-hydroxytetrahydropyran-3-cne itself,

9, Tetrahydropyran-2,3-diol and 2-hydroxytetrahydro-
pyran-3-one both give succinic acid when oxidized
by permanganate. With nitric acid, tetrahydro-
pyran;z,z-diol gives what appears to be X-hydroXy-

glutaric acid.
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ll'

1=2.

13.
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Probably other intermediate oxidation products
can be obtained from both substances with milder

reagents .

Ditetrahydropyranyl ethers tend to be formed from
the tetrahydropyran-z;ols when these are subjected
to heat or are left standing for some time in the
presence of a trace of acid. These ethers are
therefore common impurities in the tetrahydro-

pyran-2=cls.

Refluxing the ditetrahydropyranyl ethers with dilute
acids re-converts them to the tetrahydropyran-2-ols,
This hydrolysis reaction takes place more readily

for the alkyl tebrahydropyranyl ethers.

9.Chlorotetrahydropyrans react readily with sodium

alkoxides to form 2-alkoxybtetrahydropyrans.

Dihydropyran reacts with formaldehyde, the reaction
being catalyzed by acid. The product, however, 1is
difficult to isolate because it decomposes when

abtempts are made to distil 1it.
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SUGGESTIONS FOR FURTHER WORK

Malonic Ester Condensations
With the 2-Chlorotetrahydropyrans

Tn this work trial runs were made of malonic
ester condensations with 2-chloro- and 2,3-dichloro-
tetrahydropyran, using sodium and absolute ethanol
as condensing agent, The results were disappointing.
A competitive reaction of sodium ethylate with the
5.chlorotetrahydropyrans is thought to be one reason

for the failure (pages 57-59).

Schudel and Rice (58) carried out the reaction
with 2-chlorotetrahydropyran using sodium hydride as
condensing agent and toluene as solvent and isolated
a number of tetrahydropyran-2-malonic esters. There
is little doubt that the same reaction would go with
2,3-dichloro- and 2,3, 3-trichlorotetrahydropyran to

give the corresponding malonic esters.

Purification of 2-Hydroxytetrahydropyran-B—one

2-Hydroxytetrahydropyran-3-one decomposes when
attempts are made to purify it by distillation.
Extracting the impurities from it, or vice versa, by
the use of organic solvents also fails, because the
erude material is very soluble in water and alecohols
and apparently insoluble in other common organic

solvents., The fact that it is a colored material
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suggests the ehromatographic adsorpbion technique.

A trial run using aluminum oxide as adsorbent
sndicated that the substance is readily adsorbed from
its solution in ethanol. Difficulty was encountered,

however, in recovering it from the adsorbent.

The solubility of the material in such a limited

number of solvents is a serious handicap (pages 101-102).

Probably other, less commonly used solvents, should be
investigated. Other adsorbents should also be tried.
There may be a combination of solvents and adsorbent
that will make possible the use of the chromatographic
adsorpbtion method to purify this substance.

Oxidation Produects fron Tetrahzdrogz;an-zzs-diol
and o-nyoroxyoetrahydropyran-3-one

Tetrahydropyran-2,3-diol and Z-hydroxytetrahydro;
pyran-3-one should give an interesting series of
oxidation pfoducts (page 54). Permangenate oxidation
' of either one leads to succinic acid. Nitric acid
oxidation of tetrahydropyran-2,3-diol gives what
appears to be of-hydroxyglutaric acid. Milder
oxidizing agents should give others of the possible

produets.,

Reaction of Dihvdropyran with Formaldehyde
The m-dioxan expected as a product of this

reaction seems to be too unstable to isolate by
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distillation (pages 68;69). No other method of
purification suggests itself. Probably the best
procedure would be to take the crude product on to
the next stage and hope that a pure produet can be
isolated by fractionation there. Beets and co-workers
(4, 6, 7, 15) isolated m-dioxans and reduced them to
aleohols. One of their procedures for the reduction
of m-dioxans, or perhaps reduction with lithium
aluminum hydride, applied to the crude product here,
might make possible the isolation of the expected

aleohol from the reduction product.
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