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- INTRODUCTION
Several investigators have reported the condensation
of ethylenic oxides with sodio-activated methylene groupings
to produce, on certain further treatment, a variety of

lactones and acids; Traube and Lehmann (52, 53) condensed

ethylene oxide with ethyl sodio-malonate and on acidification

obtained 2-carbethoxybutyrolactone:

CH, _co Et  oh - c/)‘ioza" f/(! - c".‘/ - Co, £t
| S0 hacH 2 aeld c=o

- ~ l co. £t ——> CH,
CHy, CoEt. CHyoH O/

They carried out aisimilar reaction with epichlorhydrin and

also condensations in which they replaced the.malonig ester
with acetoacetic ester. Haller and Blanc (12) used the same
type of condensation in a synthesis of terebic aecid.

Coffey (5) condensed cyclohexene oxide with ethyl sodio-
‘malonate and, after hydrolysis and elimination of carbon |

dioxide, isolated cyclohexanol acetic lactone:

_CoEE
Cha
Seg et
o S
\\\%ydrolysis
caoH
< ~Co,, T

Kendall,-Ogterberg, and MacKenzie (18, 19), starting with

the same cohdensatioﬁ, synthesized &-(2-ketocyclohexyl)- -

glutariec acid by eondensing the first condensation product
with p~bromopropionic ester, hydrolyzing, decarboxylating,
and then oxidizing the resulting lactone with magnesium

hydroxide and bromine:
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MeRae, Charlesworth, and Alexander (21) used Kendall's
méthod to synthesize‘2-ketocyciohexyl succinic acid by
using efhyl bromoaceﬁate in place of the ethyl_p—bromo-
piopionate. They showed also that alkyl halides may be
used in place of the bromoacetic ester or the bromopropionic
ester to prepare ketocyclohexyl substituted aeids.,In
. another Eéper (22) McRae,.Charlesworth, and co-workers
"report similar reactions with ethylene oxide and propylene
oxide. |

Recently a comparativély new ethylenic compound,
dihydropyran, first reported invl953, became available to
us through the courtesy of E, I. Du Pont dé.Nemours & Company.
It was thought that this substance might show reactions
similar to those of cyeclohexene and that it might be possible
to rgpeat with it the reactions carried out with cyclohexene
. by the earlier-wofkers mentioned., It was to check thié

hypothesis that the work to be deseribed was undertaken,
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The oxiderf dihydropyran is not reported in the
literature, It was decided to attempt to prepare it by the
method used for cyclohexene oxide by McRae, Charlegworth,
and Alexander (21). This involved carrying out the

following reactions:

0

or

0 HOBr 0'&' | NaOH
0

| Both hypochlorous and hypobromous acid seemed %o add to the
dihydropyran readily enough, but efforts to isolate the

halohydriné from the reaction mixtures failed., It was_found
possible, however, to prepare both the chlorohydrin and the

bromohydrin by the hydrolysis of the dihalides:

' ' ce el
0 == Qi
17 oH
. 0
ra : 2
0 & oH

Both the chlorohydrin and the bromohydrin were found to react

readily with sodium hydroxide solution, but the desited oxide

has not as yet been isolated from the resulting solution,




. NOMENCLATURE
The dihydropyran»used}in'this investigapion is referred
to in the literature by such a variety of names that it is
advisable to review the naming system for the pyrans and
hydropyrans before discussing the substance further.

There are two possible pyrans:

I and IT l N

Of these, I is called 1,4-pyran or ¥-pyran and II is called
1,2-pyran or &-pyran. Néithei of them is known but derivatives
of both have been prepared. 3

Partial hydrogenation of the twad pyrans can lead to two

dihydropyrans: N
IIT and IV

iII may be derived from either I or IT and hence may be
referred to by any one of the following names:
- 5;g-dihydro-l,4-pyran, 5,g-dihydro—X-pyran,
2,3-dihydro-1,4-pyran, 2,3-dihydro-¥-pyran,
) 5,4—dihydro-1,2;pyran, 5,4;dihydro§thyran.
IV is derivable from II only and hence may be called:
5,6-dihydro-l,2-pyran or S,é-diﬁydro-q-pyran.
Both of the dihydropyrans are also sometimes referred to as
epoxides. Thus IIT is called'epoxy-l,5-pentene-4 or epoxy-l,5-
pentengfl‘and Iv epcxy-l,s-pentene-z br epoxy-1, 5-pentene-2.
Obviously, either IIT or IV by the addition of
anothgr molecule of hydrogen gives the same tetrahydropyrén.

 This tetrahydropyran is also called pentamethylené,oxide angd |
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epoxy-l,5-pentane,

Both.of the dihydropyrans and the tetrahydropyran are
known,

The dihydropyran IIT, first reported in 1933, is the
Substance used in this investigation. To avoid the comnstant
repetition of the cumbersome names in the discussion which
folloWs, it will be called simply dihydropjran and the ring

positions will be designated as follows:
4 14

s 3 ' |5

of

. 1 : .
The dihydropyran IV, first reported in 1947, will be

mentioned two or three times in this thesis. To distinguish
it from the dihydropyran III, it will be.called the new
dihydropyran andvits structure will be indicated.

.The saturated ring will be called tetrahydropyran and

the ring positions numbered as for dihydropyran.
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7 HTISTORY OF DIHYDROPYRAN | ,
The dihydropYran was first isolated in 1933 by
the French chemist, / Raymond Paul (32), while he was

studying furan derivatives, He had prepared epoxy-l,4-pentene—4,

but in meagre yields, from tetrahydrofurfuryl bromide by

treatment with caustic potash:

{ !
cyz CH - CHA& _m_a C’”a /C = C/'/,_
\o/ \o

In an effort to prepare the same substance by the dehydration

of tetrahydrofurfuryl alecohol with alumina:

C'Ha - C’I-lz CHZ nd Ch'z
(’[{ - A& - __—_'? = CH

he obtained instead a new olefinic product. This new substance
readily added a molecule of hydrogen to form a known pyran
derivative, tetrahydropyran ’_ , reported by Clarke (4)

in 1912. This suggested that \ the new compouﬁd was‘a

dihydropyran and therefore had one of two possible structures:

A or B (iij
’ o - N0/

Of these Paul (33) chose structure A, because the reactions of

his dihydropyran suggested the presence of a vinyl group

~CH=CH-OR. He found, for instance, that acid hydrolysis

opened the ring to form an aldehyde, a reaction which he
-considered "ineonceivabie“ in the case of structure B. He
found also that the dibromide of his dihydropyran, which was

formed readily, tended to fume in moist air, presumably due
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to the liberation_of hydrogen bromide as follows:

-il&

The dibromide of structure B would be expected to be more
stable. Paul (32) points out also that the methylenic
transposition which takes place on the dehydration of

tetrahydrofurfuryl alcohol with alumina:

CHy - CH, ‘,CWQ
('.” | ﬂ[ 03 CHy \CH
2 /(’}I-C'Ilzoil ——_—_9 ' "
No” - #,0 cH, A

7/
N~

is a type of reaction which has been observed by others

It is reported, for instance, by Ramart-Lucas and Amagat (46):

Ret-cuon 249 R R
~ CH,o -—-—————é} -~ CH=CH-R
R~ 2 _”a
and by Dojarenko (8): ‘
- _CH, _—CH, — CH
¢§;’ ‘;jcy-‘mﬁoy ._;fgé91_€> - CH, ]
¢, =420 N AL

Subsequent work with Paul's dihydropyran, which will be
dealt with later, has confirmed the structure which he
assigned to it, :

| For some years after his ‘discovery of the new compound
Paul seems to have been the only chemlst 1nterested in
dihydropyran, Many of its reactions were studied in his
laboratory and a series of papers thereon published in the
French journals, After the outbreak of war in 1959 the
chemists of I. G. Farbenindustrie in Germany andwthose of
Imperial Chemical Industrieevin Great Britain began to take
an interest in the compound. Some of the results of their

work were published during the war in the form of patents in




o

Germany and France and in Britain respectively. At the end
| of the war some of the confidential reports on dihydropyran
of a Dr. Ritter of I.‘G. Farbenindustrie fell into American
hands and attracted the attention of the chemists of E, I.
Du Pont de Nemours & Company. Recent work in the field has
been done mainly by them. The reaetions that have been
carried out by all these workers will be referred to in the
‘nexst sectioh{ _ |

It is interesting to note here that the other posdible

dihydropyran N\ hes now been prepared also and its

reactions ” studied, again in the laboratory of
Raymond Paul (42). A comparison of its reactions with those
of the earlier dihydropyran confirms that these substances

have the assigned structures,
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THE CHEMISTRY OF DIHYDROFYRAN AND OF ITS DERIVATIVES

Dihydropyran can be prepared by passing the vapor of
tetréhydrofurfuryl alcohol over heated alumina, the method
originally used by Paul (33). The alcohol loses water and

a methylenic transposition enlarges the furan ring to the

pyran ring: . /CWi
- CH. CH
fhooh  ana
CHy (CH-cHyoH ~ o > CH CH
N7 2 \ :
~o - Y

According to Paul, thorium dioxide may be used in place of
aluminum oxide but acidiec dehydrating agents suchﬁas _
Phosphoric¢c anhydride do,notwgive results, On the other hand,
'Bremner and McNeil (2) of Imperial Chemical Industries have
patented a piocess using a mixture of aluminum 6xide and
phosphofic anhydride. Limited quantities of dihydropyran,
for research, are now available from E, I. Du Ponﬁ de
Nemours & Cdmpany, whq hope to have it on the market shortly
at a reasonable price. v

' - Dihydropyran is a mobile, ¢olorless liquid, which boils
at 8660. at normal pressure. It is slightly soluble in
water and soluble in most organic solvents. It is a very
reactiﬁe compound. It shows both the addition reactibns
characteristic of olefines and ring-opening reactions which
produce a variety of open-chain compounds, Many of its
derivatives are themselves very reactive and promise to be
useful in the synthesis of a variety of new products. The
important derivatives that have been made, the methods of

preparing them, and their outstanding reactions, so far as
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they have been studied, are summarized in the following
paragraphs.

Tetrahydropyran

Paul (33) found that dihydropyran, in the presence of
platinum black, adds a molecule of hydrogen in the cold,

forming tetrahydropyran:

Q) == ()

This compound had previously been prepared by Clarke (4),
Who had obtained it by the hydrolysis of 1,5-dibromopentane

in the presence of zinc oxide:

ChHy ~ CH, - CHy = CHy
2: 2~ CHz Ha0 v 310 . CHy :::
by Pl
N ek, - cHy B ~2HE N eHy - ek

To confirm that his hydrogenation product was tetrahydropyran,
Paul reversed Clarke's reasction by submitting his compound
to the action of gaseous hydrogen bromide and obtained

1,5~dibromopentane:

S - cHy” - Hao S CHz - e//z&

So good was the yield of this reaction that he recommends it
as an excellent source for the dibromopentane, which had been
difficult to obtain in pure form by the earlier method of
von Braun (1), ) .

The chemists of I. G. Farben (27) found that hydrogen
chloride similarly opened the ring of ﬁetrahydropyran to
produce 1,5-dichloropentane: |

_CHy — CH, ~CHy = CHEE

] ;
(,lz \0 + 2:‘/” ~ Cl/z

>
NeHy - oy - Hy0 N cwy, - eHyl

They opened the ring also by the action of acid chlorides,
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in the presence of zine chloride, forming esters of the type
R.CO.O.(GH2)5.01: _
— CH, — CH, Ze. . .

SScH, — CHy
Hawkins and Bennett (15) elaim that chlorine substitutes

readily in the tebrahydropyran ring. They passed chlorine
into tetrahydropyran at 709 and isolated the following

trichloro- and tetrachloro-~ derivatives:

o/ Q"‘ ng
The‘chldrination process is facilitated by the use of
chlorination catalysts such as ferric chloride or aluminum
chloride, iron turnings, iodine, or actinic radiation, |

particularly if it is desired to produce a highly

chlorinated body.

Hydrolysis Products

Paul (34, 37) reports that dihydropyran, in thg presence

of mineral acid, readily adds a molecule of water. The

hydrolysis is effected rapidly by boiling but the yields are

better when the reactants are simply left in contact at

room bemperature. The produét is the expected epoxy-pentanol:

o | | oo

This cyeclic aleohol has aldehyde properties, leading Paul (57)
to conclude that it exists in equilibrium with the open-chain

aldehyde form, g;hydroxyvaleraldehyde:
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» ’,H
O ——‘——95 HO.(’/-&.CH_,‘.C//Q. CI{:(-CQO
oH '

The Du Pont chemists (9) have apparently isolated a bicyelic
ether, di-2-tetrahydropyryl ether, as one of the products of
hydrolysis:

O 2oe Q) 2L

They claim there is equilibrium between glhydroxyvaleraldehyde
and this ditetrahydropyryl ether but that the two forms can
be separated by distillation from neutral solution.

So far as reactions are econcerned, S-hydroxyvaéeraldehyde
is the important form. It is épparently a very useful
intermediate in the preparation of a variety of compounds.
Schniepp and Geller (50) submitted it to catalytic hydrogen-
ation and obtained i,5-pentanediol: |

. /H
HO. CH,.CHy . CHy. CH,. c\\o —*—’L,- HO. cHy. CHy. CHy . CHy CHyoH

Woods and Sanders (57) treated it with 1iquid ammonia and
hydrogen; in the presence of a catalet,vand obtained

S-aminopentanol-1l:

_H
HO. Oty CHy. CHy. CHy € M * M oy, cHy. . cHy. CH,. CHy NY,

This last reaction was carried out earlier by the chemists of
I. G, Farbenindustrie (27, 28), who extended it to a number
of amines:

H | |
//a.[c';/,)q.c\\ *CHy Nty + Hy ———>  HouCH,) . oHy NHCHy
| cHy
ld
. 3

O
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+ Ho (CH). Nty + H, ———> Ha.(cn). NH (cHy) . o

p .
#o. (cwz)q.c;o * HO(CH)o NHy + Hy —— Ho.(CH,) . NH(CHy) . 0K

From these and similarly constituted substanées, by
condensation with aliphatic di-isocyanates, they claim to have
obtained polyamides of interest to the textile industry.

Using aromatic amines similarly and dehydrating the resulting

phenylaminopentanols by passing them over heated alumina they

prepafed N-phenylpiperidines:

. - H
Hoe. (_c//_,)‘/, CL o+ GHe NHy + Hy ——> Ho.(CHy ) . NH. G He
ﬂzaa
J . - H,0
Ho.(ety),.c + HN + Hy
, o
ro-Cap a0,
..//ao
CH, - CH3

It is interesting to note here that Paul (33) prepared
N-phenylpiperidine from his 1,5-dibromopentane by condensing

it with aniline:

_CHy- CHy B
\e//-t' C%& ‘ "-?///34.
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Alcohol Addition Products

Paul (34, 37) reports that dihydropyran boiled with ”
alcohols, in the presence of a trace of hydrochloric acid,
adds the alcohol to the double bond forming alkyl‘tetrahydro—
pyryl ethers. For example, with methanol one obtains 2-methoxy-

tetrahydropyran:

.+ CHzoH A/ce 0

These ethers have no aldehyde properties. They probably do not
exist to any appreciable extent in the open-chain fbrm as does
Z=-hydroxytetrahydropyran, which exists mainly as J:hydroxy-
valeraldehyde.fThe alkyl group apparently stabilizes the ring.

The Du Pont chemists (9) have extended this reaction to
glycols and polyvinyl aleohols, Fof instance, with ethyleﬁe
glycol they obtained di-2-tetrahydropyryl glycol ether:

cu~<w 0 ().aeﬂ_1 CHy- O O

With polyvinyl alcohols they obtained polyvinyl‘z-tetrahydro-
pyryl ethers:

| ~CHy= CH~ - CHy = CH -
. { )
() + on | ==L 0
; " <
| | r

They claim that these products have possible application as

‘plasticizers, e,g. in vinyl chloride resins,
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Halogen Derivatives

Paul (35, 38) reports the preparation of a number of
bromine derivatives of dihydropyran, He found that dihydropyran
feacted energetically with bromine in the cold, adding a

molecule of bromine to the double bond:

Br
y- 3 .
+ P, > [:i:[am
0 ' _ 0

This dibromide is not very stable., When heated, it loses a

molecule ofihydrogen bromide, forming the unsaturated mono-

bromide, S~bromodihydropyran:

Br Br
Heal
Ar - HBr ‘

It also reacts readily with water, forming different products
according to the conditions, Left in contact with water for

some time at room temperature it forms a symmetric ether:

- A By’ N\ A |
- & Hod BN 77 N 0 —

' In the presence of an alkaline reagent -- Paul used lead

hydroxide -~ the hydrolysis gives the bromohydrin, 2-hydroxy-

S-bromotetrahydropyran:

b ~+ //20 fg(ﬂ”)" =9 A
O

The bromohydrin was found to have aldehyde properties,

indicating that it exists to some extent in the aldehyde form,

tx-brqmo—S—hydroxyvaleraldehyde:
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| -
TTT—= HO. CHy. CHy CHy. CH. e;o
. Titration with sodium hydroxide, of which it neutralized a
hearly equivalent quantity, showed that it readily lost a
molecule of hydrogen bromide..

Paul found also that dlhydropyran rapidly adds dry hydrogen

bromide in the cold, forming 2-bromotetrahydropyran:

Q (0

The corresponding chlorine derivatives, as well as others, ‘
were first reported by the chemists of I. G. Farben (B7, 28, 29).
They secured a patent in France and in Germany in 1945 (58) for
gsome of their methods of preparayiqn. The publication of these
results prompted Pauiv(él) to report that he had carried out,

* earlier than the Germans, the following reactions:

' e
) v —s (1%
o’ - 0
“ @uancrs, (N
e ~Hee '
0
. & &
| @ Aok et “zAx > o o— o

&
l‘/oﬂ
—> o, C’// C ‘——'9 H
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He found that chlorine, like bromine, added readily to the

| double bond of Qihydropyran, forming 2,3-dichlorotetrahydropyran, SRR

When distilled with diethylaniline at normal pressure, the
dichloride loses a mﬁlecule of hydrogen chloride férming’the‘
more stable 3-chlorodihydropyran. Left in contact with water

at room temperature, the dichloride, like the dibromide, forms
a syﬁmetric bieyclie ether. Paul claims, however, and here
‘other workers in the field disagree with him, that when the
“hydrolysis is carried out in the presence of an alkaline
reagent, the chlorohydrin can not be isolated, as can the
bromohydrin under similar conditions. He found that in the
presence of an alkaline reagent the dichloride dissolved-
rapidly in water and that the resulting solution had all the
| characteristics of aldehydes. On treating it with hydroxylamine
he extracted, in good yield, the oxime of tetrahydrofurfural,
indicating that the reaction had gone as pictured by the
equation. He did obtain the chlorohydrin, but With a poor
yield, by direct addition of hypochlorous acid to dihydropyran,
using acetic monochlorurea solution‘as the source of hypbchlorous
acid.

}In the meantime in Great B;itain the .chemists of Imperial'

Chemical Induétries were working along the same.lines. In 1945
~ they patented (13, 15, 16) their methods for the following

reactions:
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It should be noted that they prepared Z,S,S—trichloroﬁetra—
hydropyran by adding a molecule of chlorine to the double bond
of B-Ghlorodihydropyran. They also extended the chlorination

beyond the addition reaction to produce 2,2,3,3-tetrachloro-
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tetrahydropyran. Disagreeing with Paul (41), they claim that
the chlorohydrin,‘2-hydroxy-S,ehlorotetrahydropyran, can be
prepared by hydrolysis of the dichloride in the presence of
alkaline reagents. They also obtained the chlorohydriﬁ by the
addition of hypochlorous acid to dihydropyran. They found also
that.the symmetric ditetrahydropyryl ether, made by Paul by
the hydrolysisvof the dichloride, could be made by condensing
the chlorohydrin with 5-chldrodihydropyran and a similar ether
by condensing the chlorohydrin with dihydropyran itself.

The I. G. Farben chemists (27) héd prepared some of the .

same compounds, as well as others. They mention the following

o ‘ L
0 : o
_*+#o T Ho. CH,.CH,.CH,. CH. %o
el -;rcz .
\ . . cl L
& L., ' L +Ho c
(j <t (T2 e (I
+ /',_30

It should be noted that the German chemists, like the British

reactions:

chemists (15), claim the preparation of the chlorohydrin by
the hydrolysis of the dichloride, disagreeing with Paul (41).
Moreover, they claim that the chlorohydrin, like the bromo-

. hydrin, exists in equilibrium with an aldehyde form. In
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addition to 2,3,3~trichlorotetrahydropyran, which the British
~ chemists also prepared, the Germans made_2,5-dibrdmo-3-chloro-
tetrahydropyran by adding a molecule of bromine to 3-chloro-

dihydropyran, They also hydrolyzed both of these compounds,

obtaining 2-hydroxy-3,3-dichlorotetrahydropyran and 2-hydroxy-
3-chloro-3-bromotetrahydropyran. Both of these hydroxy
derivatives were found to have no aldehyde properties, differing

in phis reSpect from‘2-hydroxy-B-chlorotetrahydrqpyran.

Apparently two halogen atoms attached to the carbon in the
S3-position tend to stabilize the ring. _

In another report (29) the German chemists claim the
preparation of B-thbrotetrahydropyran by the addition of a
molecule of hydrogen chlgyidevté dihydropyran, a reaction

which Paul (35) had accomplished with hydrogen bromide:

Q= =0
0 S o

Many of the bromine and dhlorine compounds mentioned

have been found useful in the synthesis of other compounds,

Paul (36) used 2-bromotetrahydropyran to prepare &-alkyl
and &(~aryl tetrahydropyrans by the Grignard reaction:

+ Rhg X -——9‘\ + X Ar
Ja 3 Qe /g

He made in this way &-ethyl, «~-propyl, and.q@phenyltetra-
hydropyran. Then, by the action of hydrogen bromide and
heat, he opened the tetrahydropyran ring and obtained

l,5—dibromides, where R was alkyl:
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and olefinic monobromides where R was aryl, the dibromides
being'unstable"in this case:

| B

’ + 4B ’ _ N

OR '—9_"/30 &.fcﬁ/,_)s. CHy - CH. R :-/W &,(cﬂd)g,cv[ CH R
0 | . _

He also used the dibromide in a Grignard reaction and obtained;

but in smaller yields, 2-R- S-bramotetrahydropyranS'

Qo — () - o

He made in this way Z-ethyl— and 2—phenyl-B-bromotetrahydropyran

i r

Later (41)‘he used the dichloride similarly to obtain

ZqR-S-Ghiorotetrahydropyrans:

Ny o .
' RrgX —mm> + X
0 « ’ })7 o} K }"2‘

Thﬁs he obtained 2-n-butyl~ end 2-phenyl-3-chlorotetrahydropyran,
The German chemists carried out a variety of reactions

with the chlorine derivatives of dihydropyran. They claim (27)

that both the dichloride and trichloride react readily with

the sodium derivatives of hydroxy-compoundé to form the

correspondlng ethers:

AN -
+ )I¢0R cz
: 4 & i )?J.CQ oe
0~
AN/ 4
ok ce + ha OR ’
No & —)L:LCZ DR

X
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Also, both of these chlorides are readily converted to esters,

presumably by reaction with potassium or silver salts of

carboxylic acids:

e . A
. CO. —_—
& + Ko -k 0.€0.R
0 0
, . |
& .+ Karcoof
0 e K > ¢>Cb,@

The last ester may be produced also by aeylation of the

eorrespbnding 2~hydroxy~derivative mentioned earlier:

%ze + &.C0.R
g% e | 0.co.R
»in all of these reactlons R may be either alkyl or aryl.
It should be noted that in all cases the substitution takes
place on the o-carbon atom. |

In another report (28) it is pointed out that the
dichloride will not condense with ammonia to form an amino-
chlorotetrahydropyran bub that the reaction takes place

readily with aniline:

cL
0 & '%N ~HQ

Tertiary bases like pyridine and dimethylaniline will not

react in this way. _

The Germans also used the chlorides to prepare nitriles (29).
They had found earlier (27) that hydfocyanie acid would not
add to dihydropyran to form the expected 2-cyanotetrahydropyran.
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An attempt using 2-chlorotetrahydropyran and cuprous cyanide,

however, produced this compound:

| + CeCN
0 B

Hydrogenation of this cyanide gave a small yield of amino-
methyltetrahydropyran:
+ RH, . >

¢ ;_ ; L CH, . NHy
o’ ¥ ' o

The 2,5-dichlorotetrahydropyran also reacted readily with

cuprous cyanide to form 2-cyano-~-3-chlorotetrahydropyran:

(oo = (1
el T
o |

Heating this cyanide with piperidiﬁe produced 2—Cyanodihydro-
pyran, which, by alkaline hydrolysis, formed dihydropyran-2-

carboxylic acid:

o _ .
éﬁ&tﬂﬁiﬁ' HoH
QCN ~Ne& , @Cﬂ alhale @COO/[

Phosgene Addition Product

Hawkins and Bennett (14) report that phosgene, when
dissolved in dlpydropyran and left standing at room temperature,

adds to the double bond as follows:

. coce }
l +~ Coll, — > o .
0 | 0 . ,

The’product readily loses hydrogen chloride to form
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dihydropyran-3-carbonyl chloride, which hydrolyzes to the

corresponding acid:

Cow coaH
-/-/Cé + //;‘

~//CZ

Esters and amides of this acid are easy to prepare from the

chloride, Hawkins and Bennett prepared & number of these.

Products of Pyrolysis

Wilson (55) heated dlhydropyran with a mixture of equal

parts of alumina and silica and obtained a mixture of

ethylene and aecrolein in yields as high as 62%:

/CHZCH
CH, :
[ —£20—3> CH = CH + CHy = CH.CZ
CH, CH S< 0,

No” , .

Other catalysts which can be used are basic aluminum phosphate, "

titanium dioxide, and thorium dioxide.

Opening of the Hydropyrap Ring

As has been mentioned earlier, the tetrahydropyran ring

tends to open wheﬁ there is an -OH group attached to the
- q-carbon atom. Both the 2—hydroxytetrahydropyran”and the
2-hydroxy-B-halétetrahydropyrans exist in equilibrium with

- open~chain aldehyde forms:

p ‘ | | Py

Oaf/ 6—-—? ./'/0' C/:&.C/{z.cﬂa.Cﬁ/z.C§o
0 -

X A

T——= Ho.CH; CHy.CH,. éu . C‘o
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It should be mnoted, however; that the halohydrins are somewhat
more stable in the cyclic form than the 2-hydroxytetrahydro-

pyran, and that when there are two halogen Substituents'on the

~carbon as in
g %% and %a
0 OH
o )

the substances do not normally exist in aldehyde forms. For

all theé other hydropyran derivatives that have been mentioned

~the ring is reasonably stable.

A%t higher temperatures certain acidic reagents‘will open
the ring at the oxygen bridge. Paul (33, 58), as‘has been
menfioned‘previously, accomplished the reaction:with ary
hydrogen bromide, at a maximum temperature of 1009, and
obtained in this way 1,5-dibromides ffom tetrahydropyran and

X~-R-tetrahydropyrans:

*f/”f’ ABe.CH,.CH,. CHy . CHy. CHy . Br
- H, |
. )-8
2 g, CH,. CH,. CHy. CH,.CH . R
R ~#©

0

The Farben chemists (27) found that dry hydrogen chloride

accomplished the same purpose:

-+2Md

CL.CHy. CHyo CHy. CHy CHy . CE

They found that the ring could be opened also by the use of

acid chlorides, in the presence of zine chloride:



B

O + R C'O.VC€ .ﬁ_cz_z_) R.CO0. 0. (Cf/z)s_.cé
0~ . o :
Paul (39, 40) made a thorough study of the opening of

hydropyran and hydrofuran rings, using as reagent acetic
anhydride, in the presence of anhydrous zinc chloride. He
found that a temperature of 190° or higher was needed to
open the ring and that two types of products tended to form,
a diacetate and an ethylenio acetate:

ch co CHy CO, (cgz)s « CHy . CH(CHyCO,). R
. TNy ——> and/or
-~
0 R CHycCo CHy COy (CHy), » CH = CH. R

The extent of ring opening and the relative proportions of
the two types of products depended on the nature of the
c{v-substituent”R. Paul found that the more positive and polar .
R was, the more difficult the ring was to open and the
smaller was the yield of the éthYlenicvaqetate. When R was H,
i.e. for tetrahydropyran itself, the ring opened to a much
smaller extent than when R was an alkyl group, and ‘the
diacetate was the only product. When R was alkyl the ring
opened more readily and the ethyienic product tended to
predominate, although the diacetate was still formed, The
longer alkyl side chains tended to give more of the ethylenic

@roduct. When R was aryl resinification resulted.
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Mechggisﬁs of the Reactions of the Hydropyrans
and of their Derivatives

Paul (35) points out that dihydropyran is essentially a
"vinyl ether and shows the great reactional aptitude of this
type of compound. , , S

The exceptional reactivity of the double bond of the -
- vinyl ether group ;CH==GH;O;R Tirst attracted thé attention
of Meyer and Lenmhardt (23). After studying a large number of
ethylenic addition reactions, they concluded that the double
bond of thisvgroup was specially "activated" as compared with
ordinary ethylenic bonds. Modern theory -- see, for example,
Kharasch and Mayo {20) -- gives the following explanation for
this phenomenon: (i) when an electron-attracting group is
- attached to a carbon atom, the shared pair of electrons is
closer to this group than it is to the earbon atom; (ii) when
one of the carbon atoms in a double bond has an electron-
éttraeting group attached to it, one of the tWo pairs of
shared electrons is closer to that carbon atom which has the
least electron-attracting groups attached to it., Hence, in

the vinyl ether group, where an oxygen atom is aﬁfached to

 one of the carbon atoms of the ethylenic bond, (i) the pair

of electrons shared by the oxygen and fhe X-carbon are closer
to the oxygen atom, since it has a nuclear charge of +6
compared with the carbon's +4, and (ii) the electrons of the
double bond'are displaced in the direction of the B-carbon,
as follows: ‘€ € :0:R

HH
In this arrangement one would expect the of-carbon to be

somewhat positive and the ﬁ-earbon somewhat negative:
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_CH=CH-0-R. This is what may be called the "normal
jonization" of the double bond in vinyl ethers, This
ionization explains the greater than normal activity of
this type of double bond as compared with the ordinary
ethylenic bond. ,

Acéording to this view dihydropyran normally has its

of~carbon slightly positively charged and its p-carbon slightly

negatively charged: _

+
One would expect, therefore, that substances which ionize
readily, such as hydrogen halides, would add very readily to
the double bond of dihydropyran, the negative ion going to
the of-carbon and the poéitive ion to the ﬁ-earbon. This is,
in fact, what happens, Paul (35) found that hydrogen bromide

adds almost instantaneously:

O v —
0 + , A,

-The I, G, Farben chemists (29) found that hydrdgen chloride
‘adds similarly, although one does not normally expeet it o
add so readily to an ethylenic bond. |

Accepting this view of the addition réactions, one must

assume that hydrogen, chlorine, and bromine add as follows:

- <—H
Q{ A T
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Similarly, for phosgene§

_ ‘__-é.:d: _ eo‘&_
Q{ L\

It is interesting to note, and perhaps of some importance,

that there is evidence that the negative group adds first to
the «-carbon and then the positive group to the B-carbon.
Nozaki and Ogg (26) found that lithium bromide and hydrogen

bromide catalyze the addition of bromine to vinyl bromide:
CH, = CHAr + Br, —> fr.cH,-CHA.,

This means that the addition of the negative ion is the rate-
determining faetor. Since vinyl bromide should show the same
ionization of ﬁhe double bond as dihydropyran: 5H==EH-Br,

it is to be expected that the negative ion adds first also

to dihydropyran,

Water and alcohols do not normally add to ethylenic
‘bonds. Paul f37) found, however, that in the presence of
acid fhey do add to dihydropyran. Since they do not ionize
: appreciabxy, it is probable, as Paul points out, that there

is an intermediate addition of aeid and then displacement of

the negative ion of the aeid by -0H or -OR:

+/~/ce ‘ -+ ”Ok
-/-/Ce

The ease with which a halogen atom in the of-position is
replaced by -OH, -OR, as well as by -0.CO0.R, is one of the
striking properties of the halogen derivatives of dihydropyran,

to which attention is drawn by the Germans (27) and by Paul (38),
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It is true of the three types:
x.
X X '
0 . 0 :
Paul says this property is common to all o(~halogen ethers

X XA

but gives no other examples and does not explain further.
Related to this property is the relative instability of the
dihalides, which lose hydrogen halide on distillation to

form 3~halodihydropyrans:

X Loal X
0

Paul (38) points out that this property is characteristic
of d—ﬂ-dihaloethers and gives several other examples. He
attempts to explain the phenomenon by assuming an equilibrium

between normel and oxonium salt forms:

= — -~

: H\ =— —_— | + HX

&Q R 0 )

This would account for the ready loss of a molecule of hydrogen
halide by the dihalide, which is all that Paul olaims for it,-
but it does not explain the easy displacement of «-haiogen by |
~0H, -ORQ and -0.C0,R, which would seem to be a related
property. Both properties could be explainéd by assuming an

ionization equilibrium of the following type:

0
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The dihalide would then decompose as follows, the hydrogen

halide driven off by heat bringing the reaction to completion:

o+
X X =
— s + X
(Y =
| 0
Because of the nature of the ring, the positive charge on the
tetrahydropyryl ion would tend to be concentrated on the

&-carbon and combination with the negative groups -OH,-OR,

and -0.C0.R is understandable:

\g
Compounds like would tend to be
' . 0.C0. R '

more stable than , Since the negative groups -0OR
0 &

and -0.C0.R have much less tendency to lead aﬁ‘independent

existence than has the chloride ion. The situation is other-
wise with the o« -hydroxyderivative, since the»hYdroxyl ion
resembles the chloride jion in its stability. Here, however,
another factor enters the picture. With -OH in the &-position
the ring tends to open, as has been mentioned, to form an
aldehyde, thus preventlng the re~ionization of the hydroxy-

derivative:

W
w — OM ——> #oH)y T,
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The tendency of «-hydroxytetrahydropyrans tg exist in
opeﬁ chain aldehyde forms is mentioned by Paul (38) and by
the Farben chemists (27) . Both the simple X-hydroxy compound
and the &-hydroxy-p-halotetrahydropyran show this phenomenon.
Apparently there is here a type of tautcmérism in which a
proton wanders from an oxygen atom in a l-position to another

o "

oxygen atom in a 3-position: 0 C -0 - and as a result

ﬁ\_—/,/z
electrons are displaced so as to open the ring. The change

taking place may be pictured thus:

Paul notes that a 2-hydroxy-3~halotetrahydropyran is less
aldehydie in nature than Z-hydroxytetrahydropyran itself and
the German chemists claim that a 2-hydroxy-5,Z-dihalptetra-,
hydropyran does not exist in the open‘ohain form. Electro-
negative groups on the ﬂlcarbon, as might be expected,
inhibit the formation of the carbonyl bond on the y-carbon.
One othér characteristic of the halohydropyrans, to
which same.study has been given, should be noted. The 3-halo-
dihydropyrans, formed when the dihalotetrahydropyrans are
‘heated are unusually unreactlve compounds as compared with
dihydropyran itself, Paul (38) found that S-bramodlhydropyran
may remain in contact with hydrogen bromide or with water
for weeks and show no evidence of reaction, although

dihydropyran itself reacts readily with both reagents in the
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cold. On the other hand, it has been found (27) that they

do add chlorine or bromine:

e | e
A+l — gj
0 .

These phenomena can be accounted for, as Paul points outb,
by the abnormal ionization of the double bond in these

-

compounds: Br -~ §=§ -0 = |
The bromine atom attached to ﬁhe ﬁ-carboﬁ gauSes it to have
a positive character, just as the oxygen atom attached to
the q—oarbon makes it positive. Thus there is no tendency

to add an electropositbive group to the double bond, although

the electronegative halbgens can be added.




THE METHODS AND RESULTS OF THIS INVESTIGATION

Purpose of this Work |

As wes explained in the Introduction the original
purpose of this investigation wes (i) to repeat with
dihydropyran the reactions carried out by McRae, Charles-

worth, and Alexander (21) with cyclohexene:

+~ //ar:! )?a.o/{ o
o .
‘ Br
* //0& | Na. 0H 0

and (ii) to use the resulting oxide in condensations with
sodio-activated methylene groupings, as was done by these
workers, and earlier by Coffey (5), and by Kendall and

‘co-workers (18, 19).

Earlier Preparation of the Chlorohydrin

The chlorohydrin of dihydropyran, 2-hydroxy~-3-chloro-
tetrahydropyran has been prepared before.'Hawkins and
‘Bennett (15) obtained it as a crystalline solld by hydro-
lyz1ng the dichloride:

az +fl’40
e —//ce

The more direct method, the addition of hypochlorous acid

to dihydropyran, has also been attempted., Paul (41) apparently

isolated the chlorohydrin by this method but his product
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failed to crystallize and the yield was small, Hawkins and
Bennett (13) also carried out the addition reaction but
apparently made no attempt to purify the erwde liquid product

obtained, In view of these results, it seemed worthwhile to

try again the addition of hypochlorous acid to dihydropyran.

Preparation of Hypochlorous Aciq

Solutions of hypochlorous acid suitable for reaction

with ethylenic compounds have been prepared by a number of

methods. Fortey (10) passed chlorine into a mixbture of ice
and water containing freshly preeipitatgdvmercuric oxide in
suspension, Wohl and Schweitzer (56) passed chlorine into a
suspension of sodium bicarbonate in ice-cooled water_untii
the bicarbonate disappeared. Osterberg.and Kendall (31) |
bubbled carbon dioxide through & suspension of bleaching
powder in water and filtered off the caleium carbonate
formed, - Colemen and Johnstone (é) recommend e variation of
Fortey's method. None of these, however, c¢laim a hypochlorous
acid content of more than 4% for the solutions so prepared.

Detoeuf (7) found monochlorurea solution, acidified with

acetic acid, a better source of hypochlorous acid, McRae,
Gharlesworth, and Alexander (21) recoummend Detoeuf's method,

which consistently gave them solutions 10% to 15% in hypo-

chlorous acid, This was the method it was decided to use in
this work, It was found to‘be a very satisfactory source of

hypochlorous acid.




Attempted Preparation of the Chlorohydrin
by the Addition Reaection

Paul (41) apparently used monochlorurea solution as
source of hypochlorous acid in his attempt to prepare the
chlorohydrin of dihydropyran by the addition reaction,
Unfortunately he gives no experimental details, In this
work the reaction was carried out by the procedure used by
- McRae, Charlesworth, and Alexander (21) with cyclohexene.
Since the desired chlorohydrin is a solid, it was hoped
that it would crystallize from the ether extract after
evaporatioh of the ether, but it failed to do so after
\10 days in the refrigerator. Distillation under feduced
‘pressure failed to give the liquid product obtained by
Paul, In faect, decomposition seemed to set in before the
temperature he mentions,7125-125°, was reached. The liquid
turned a dark brown when heated at this temperature and

almost no distillate came over. Even when the temperature

was not raised above 1000, there were signs of decomposition.

The liquids distilling up to 1000 at 20 mm, contained acetic
acid amnd, very probably, 3-chlorodihydropyran., The latter
substance, which boils at 1410 at 760 mm., is said to be

formed (15) when the chlorohydrin is decomposed by heat:

°ﬁ'0

The residue, after the liquids boiling below 100° at 20 mm.
had been distilled off, eventually deposited crystals when

~left in the refrigerator.
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The crystals obtained in this way were not the chloro-
vhydriﬁ. Recrystallized from alcohol, they were found to be
white needles melting at 105-108°. Hawkins and Bennett (15)
report the melting point of the chlorohydrin to be 64°,

A chlorine analysis showed that the product contained

27 .,78% chlorine, as compared with a calculated 25.97% for

the chlorohydrin. The mélting point and chlorine anélysis

indicate that the product is the dichloroditetrahydrqpyryl

ether:. e«

o
0’ .
This substance melts at 10809, according to Paul (41), and
has a chlorine content of 27.79%.
The formation of this_efher from the chlorohydrin,
under the conditions'used here, is not an improbable reaction.

Hawkins and Bennett (15) report that the chlorohydrin, when

heated loses water to form 3~chlorodihydropyran:

Elsewhere (16) they report that S-Ghlorodlhydropyran readlly

reacts Wlth the chlorohydrln to form the dichloroditetrahydro~
pyryl ether:

0
There seems, therefore, no reason to doubt that the

chlorohydrin is actually formed first in the reaction carried
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out here. The high temperature of the distillation, however,
in the attempt to isolate it, causes it to go over into the
ditetrahydropyryl ether, There are, obviowsly, two possible
methods that offer hope of isolating the chlorohydrin from
this reaction: (i) to distil at a lower temperature by
further reducing the pressure, or (ii) to bring about
crystallization from the ether extraect, It is the writer's

intention to make further efforts in this direction.

Preparation of Hypobromous Acid

When'the addition of hypochlorous acid to dihydropyran
provided the difficulties noted, it was decided to attempt
instead the addition of hypobromous acid. This reaction has
apparently not‘aé yet been attempted. To carry it out, it
‘was necessary to find a convenient source of hypobromous
‘acid. | B

McRae, Charlesworth, and Alexander (21), in their work
with cyclohexene, obtained hypobromous acid from monobrom-

urea solution, After the difficulties encountered in

attempting to isolate the chlorohydrin from the monochlorurea

reaction, however, it was thought best to try another method.

& literature search revealed that at least two other methods
have been used successfully. Mokiewsky (24) prepared hypo-
bromoﬁs acid, for reaction with ethylenic compounds, by
adding bromine to an aqueéuS-suSPension of mercuric oxide

- and treating the resulting solution with a slight excess of

potassium sulfide to precipitate the merecury, Read and




eollaborators discovered a more expeditious method, They
found that many olefines react with dilute solutions of
bromine in water to give good yields of thé b:omohydrins.
The method was first used by Pope and Read (43)-to prepare
the bromohydrin of indene. Read and Williams (48) used it
to prepare ethylene bromohydrin., Read and Reid (47) list
an impressive number of éthylenic‘compounds for which the
method was suecessful. These workers found aiso that, in
spite of the instability of hypobromous acid,:the.yields
were often better at temperatuies as high as 90° than at
0° or room temperature. This method seemed worth a trial
with dihydropyran.

Attempted Preparation of the Bromohydrln
by the Addition Reactlon

Since dihydropyran is a volatile liquid, it was
decided to carry out the addition reaction at room temp-
erature, as Read and Reid (47) 4id for amylene, The
dihydropyran was emulsified with water, using a mechanical
stirrer, and bromine was added gradually in the form of
7% bromine in 10% potassium bromide solution, Extraction
with ether and the usual treatment gave a yellow liquid
which failed to deposit erystals on standing some days in
the refrigerator. Distillation at 20 mm, gave a colorless
distillate which separated into two layers, one of which
proved to be water. Above 1209, although the boiling in
the flask was stillA#igorous, the distillation was very

slow and the liquid gradually turned black. When the
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distillation was stopped, at about 125°, the residue
solidified, The solid is a tar-like material, from which
it has not been found possible to isolate any crystals.
The distillate, dried to remove the water, was redistilled
at 20 mm, and ceollected in two fractions: a colorlegs
fraction under'lOOO and a yellowish fraction 100-125°,
Both of these again had a water layer, both eventually
turned a dark brown, and neither deposited crystals.

The phenomena observed in the distillation are most
easily interpreted by assuming that the bromohydrin is
formed in the reaction and that it decomposes when heated,

like -the chlorohydrin:

Br
_Aeal
oH —H 0

0
This would account for the water in the distillate; The

3-bromodihydropyran is said to boil at 630 at 22 mm..(55)'
and is probably present in the distillate. The distillate
turning brown and the tar-like residue are probably dué
to pdlymerization reactions, which have been noted else-
where as a property of 3-bromodihydropyran. The Farben
~chemists (27) report that they heated 2;5-dibromotetra-
hydropyran in an attempt to obtain S-brqmodihydropyrah, a.
reaction which is reported by Paulv(SS), but obtained only
dark brown tar-like material,

The important fact that emerges from‘thése experiments

on the addition of hypochlorous and hypobromous acids to
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dihydropyran is that both the chlorohydrin and the bromohydrin
are unstable to heat, They can not be digtilled from a
solution, excépt perhaps at very low pressures. Subsequent
experience with these substances in the course of this work
gives further confirmation of this, It is, howevei, probably
possible so to modify the methods used here for the addition
reactions as to make the isolation of the addition products

a possibility.

Hydrolysis of the Dihalidés

Both the.ehlorohydrin and the bromohydrin of dihydropyran
have been prepared (15, 38) by the hydrolysis of the dlhalldes.
+//z
- Hx
The halohydrins, however, are not invariably the products of
this h?drolysis reaction, The nature of the produet depends
upon the conditions under which the reaction is carried out.
Paul (38) studied the hydrolysis of the dibromide. He
found that when it was simply left in contact with water at

room temperature the product formed was the dibromoditetra-

0—10

of lead hydrox1de the bromohydrin was formed:

hYdropyryl ether:
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s PR e oH
0 0

Later, Paul (41) attempted to repeat the same reactions
with the dichloride. lLeaving it in contact with water at
room temperature produced, as with the dibromide, a ditetra-

hydropyryl ether:

O 20 e 80

Hydroly31s with heat or in the presence of an alkaline

reagent, however, gave a different result than with the
dibromide, He found that the reaction'was rapid and that

an aldehydie solﬁtion was formed, Treatment of this éolution
with hydroxylamine gave the oxime of tetrahydrofurfural.

Paul interpreted the course of the. reactlon as follows
c# e’

' Ho.(cH.
ol +//20 /7 a)
& -:‘/CZ -I~/C€\

Hawkins and Bennett (15), on the other hand, did

0

isolate the chlorohydrin from the hydrolysis of the
dichloride in the presence of alkaline reagents, They

agitated the dichloride with sodium carbonate solution

or with an aqueous suépension of calcium carbonate and
apparently had no difficulty in exbtracting and crystal-~

lizing the chlorohydrin,
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Preparation of the Halohydrins

After the failure to isolate the halohydrins from the
addition reactions, it was decided to try to prepare them
by the hydrolysis of the dihalides. A modification of one |
of the procedures used by Hawkins and Bennett (15) was ' e
employed and it gave both the chlorohydrin and the brcmo;
hydrin without difficulty.

The dihalides_were prepared by adding chlorine or

bromine élowly to dihydropyran, kept cooled to 00, without

a solvent, The crude dihalide was then addéd gradually to

a solution of sodium carbonate in water, also cobled to Oo,

and stirred mechanically. The halohydrins crystallized out

df the reaction mixtﬁre When it was left standing in the

‘refrigerator. A further quantity was obtained by exbtracting :

“the liquid with ether, o 1 ;_
The halohydrins ébtained in this way contain some |

impurities, probably the dihaloditetrahydropyryl ethers,

but after two or three recrystallizatiohs from anhydrous

ether the products were found to have the reported melting

points. Chlorine and bromine analyses confirmed thatb they

‘were the expected substances.,

The Dihaloditetrahydropyryl Ethers

These ethers have been mentioned a number of times.

Paul (38, 41) obtained them by leaving the dihalides in
contact with water at room temperature for some time..

The work of Hawkins and Bennett (15, 16) indicates that
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these substances are probably formed by the following

reaction:

Both the dihalides and the halohydrins tend to decompose

to form the 3-~halodihydropyrans:

X
3 —Hx
07
. X
Leal ‘ X
oH ~ Hp O

(o 1

Therefore, unless these two decomposition reactions are
prevented by keeping the temperature at or near 00 during
the preparation of the dihalide and the hydrolyéis feaction,
ﬁhe hélthdrin formed in the hydrolysis will tend to go
- over into the ditetrahydropyryl ether more or less., The
presence of acid has been found to promote the formation of
the ether., If the halohydrin is the desired product, the
vacid formed in the hydrolysis must, therefore, be neutralized
by_an alkaline reagent, |

In this work the dichloroditetrahydropyryl ether wés
obtained (see page 37) in the atbtempt to isolate the ehloro-
hydrin from the addition of hypochlorous acid to dihjdropyran.
It will be seen that the conditions there were favorable for
“the formation of the ether.

The dibromoditetrahydropyryl ether was obtained from a
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- sample of the bromohydrin in a manner which illustrates
how readily the bromohydrin goes over into the ether,
Crystals of the bromohydrin were left for some days on a
watch glass, at times exposed to sunlight, to dry. They
dried at first,;then became moister again for no apparent
reason, The pasty mass that resulted was filtered with
suction, part’of it recrystallized from ethyl ether and
the melting point determined, The melting point had jumped
from 75°, that of the original semple, to 105°. This
melting point, and a bromine analysis later, indicated that
the bromohydrin had changed to the ether. The reaction
probably took place in the following steps:

Ar ' Bnr
Keal

o = —HO > o
0 ~Q

Ar : . [: :: Br Ah]: :

+ —_——

OH : ; -0

0 07 0’ 0

Properties of the Halohydrins

The chlorohydrin and bromohydrin of dihydropyran are
‘both low;meiting crystalline solids, the former melting at
64° and the latter at 79°. They are soluble in water,
alephol, and ether. -

Their teﬁdency to decompose when heated and to change
to the ditetrahydropyryl ethers has been discussed.

Both of these substances have aldehyde properties:

their water solutions reduce Fehling'!'s solution and
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ammoniacal silver nitrate. This is explained by assuming-

that they exist in equilibriumywith aldehyde forms:

X " A |
(TjIOH TT—= HO.CHy CHz-CHy .CH.C s
0 .

Their water solutions can also be titrated with sodium
hydroxide and neutralize it nearly quantitatively. This

suggests that the halohydrins tend to act as acids:

X - : X '
+ OH & —— + H,0
oN : o
0 , o)

There is no evidende as yet that the negative ion tends

to go over: into an ethylenlc oxide:
Q__)() ‘

Methods of Preparing Ethylenic Oxides

Ethylenlc oxides have been prepared by two general

- methods: (i) treating a halohydrin with sodium or potassium

hydroxide:

X OH 0

2 - ‘C Ra OH 7\
NN - HX /C:-/C\

(i1) perbenzoic acid oxidation of an olefine:

o

VAN
C=¢C + CH.CO.O0H —mm> -C + CH.COH
VAN /N ¢’ R ’ /C\ /' \ €S ?

Procedures using the first method are described by Brunel (3),
who prepared cyclohexene oxide by treating the iodohydrin

in ethereal solution with powdered potassium hydroxide, and
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more recently by Osterberg (30), who prepared the same oxide
by stirring the chlorohydrin‘withaa water solution of sodium
hydroxide. The perbenzoic acid oxidation method seems to
have been used first by Prileschajew (45). Procedures using
it are described also by Godchot and Bedos (11), Nametkin
and Brussoff (25), and Hibbert and Burt (17). Essentially
The method,eonsists in treating the olefine'with an ether

or chloroform soluﬁion“of perﬁenzoic acid at 0° or room

temperature,

Attempted Preparation of the Oxide of Dihydropyran

Paul (42) attempted to prepare the oxide of dihydropyran
by perbenzoic acid oxidation of dihydropyran but did not .
sueceed in isolating such an oxide.

In this wark an attempt\was made‘to prepare the oxide
by the method of Osterberg (30), also without success.

Very probably the oxide, if it.exists at all, is a
somewhat unstable substance, One would expect it to be
unstable to heat, as are the dichloride and the chlorohydrin,
and therefore, unless it is a solid at ordinary ‘temperature,
. 1t would be difficult to isolate., Only distillation at very

low pressure offers any hope.




EXPERIMENTAT, DETATIS

Preparation‘of Monochlorurea Solution

This solution, to be used as a source of hypochlorous
acid, was prepared by the method of Detoeuf (7), as described
by McRae, Charlesworth, and Alexander (21) .

Urea (120 grams, 2 moles), precipitated chalk (80 grams,
excess), and water (100 ml,) were placed in a liter flask
and cooled in an ice-water mixture. Chlorine gas wes passed
in until “the Welght had increased by 71 grams (l mole).

The solutlon was then diluted to 400 ml. Wlth'water and the
excess calcium carbonate filtered off.

This solution, when acidified with glacial acetic acid,
produces hypochlorous acid, The potential hypochlorous acid
‘content can be estimated by titrating the iodine which it
frees from potassium iodide with standard thiosulfate’
solution, using starch as indicator.

For a typical run, 1 ml, of the solution added to 10 ml.
of 2M potassium iodide solution and 25 ml. of water, acidified
with acetic acid,‘and titrated with 0,110 N sodium thiosulfate
solution, required 48,5 ml, of the thiosulfate. This indicated
a potentiai hypochlorous acid content of 12.7%.

When left standing, even in the refrigerator, the
solution deteriorates. One sample went from 12% down to 10%
overnight. It should, therefore, be used as soon as possible

after preparation,
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Attempted Preparation of 2-hydroxyg5;ch1brotetrahydr0pyrah

by Addition of Hypochlorous Acid to Dihydropyran

V (ji:Ice
+ Hotd ——7>
o OH

This reaction was attempted by the method used for

cyclohexene by Detoeuf (7), as modified by McRae, Chairlesworth,
and Alexander (21), , | |

Monochlorurea solution (265 ml, eontalnlng mole
potential hypochlorous acid), dlhydropyran (46 grams, excess)
glacial acetic acid (25 ml, ), 1ce (200 grams), and water
(200 grams) were placed in a 2-liter flask with a mechanicalr
stirrer and kept cooled in an ice-water mixture. After two
hours, tltratlon of a sample showed that all the hypochlorous
acid had been used up and the reactlon was over,

Difficulties were encountered in attempts to isolate the
product of the reaction. Several procedures were tried:
(1) Following the method of McRae and coaworkers the reaction
mixture was steam distilled, the distillate saturated with |
salt and extracted with ether The ether extract was dried
- over sodium sulfate and the ether distilled off. The re51due,
a pale yellow liquid, was left in the refrlgerator with the
hope that the ehlorohydrln would crystallize. No erystals
'had formed after ten days. Distillation of the liquid at
20 mm, on the water bath produced first a colérless
distillate, malnly acetic acid ang Probably unused dihydre=

pyran, and, as the temperature rose toward 10009, signs of

decomposition, The heating was conbinued on an oil-bath,with
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the hope that the chlorohydrin would be obtaineq as a
| liéuid boiiing at 123-125°‘at 19 mm,, as Paul (41) had
obtained it. There was vigorous boiling in the distiliation
flask but only very slow distillation. The residue in the
flask gradually turned black. The distillate,.a small
quantity of a brown liquid, deposited crystals when left
in the refrigerator for two days. Reorystalllzed from
’,alcohol ‘these had a melting point of 105--106O as compared
w1th a reported meltlng point of 64° for the chlorohydrin.
(ii) It wes thought that the steam distillation may have
'decompesed the chlorohydrin and therefore in the next trial
this was eliminated. The reaction mixture was saturated with
salt and extracted with ether directly. Again the liquid
left after eveppra?;on’of the ether failed to deposit
crystals. It was distilled as before at 20 mm. with similar
results. Again the liq@id mentioned by Paul was not obtained.
The distillate from 100° up was a brown ligquid which gave
‘the same crystals as before. |

(iii) In a third trial the distillation at the hlgher temp-
’ eratures, which probably decomposes the chlorohydrln wa.s
‘eliminated. The reaction mlxture_wasAsaturated with salt

and extracted with ether. After evaporation of the ether,
. only the low;boiling fraction, mainly acetic’acid and probably
unused dihydropyran, which came over under 70° at 20 mm.;
was distilled_off. The‘residge, when left in the refrigerator,

~deposited crystals. These, recrystallized from alcohol, were




white needles melting at 105-108°, indicating that the
product was the same as before gnd;not the chlorohydrin,

| The yield of this product was 10 grams,. |

The melting point, and a chlorine analysis, indiecate
- that the product is the diechloroditetrahydropyryl ether:
[/ c
‘ 0
' : 07 .

Paul (41) gives the melting point of this substance as

| 1080, the Farben chemists (28) give 1069, and Hawkins and

'Bennett (16) 105-10%79,
The course of the reaction, leading to the formation

of this product, is probably as follows:

O Q (L—O

This has been discussed earlier (page 57). The low yield'of

the ether, about 15%, indicates that not all the chloro-
hydrin was converted to the ether, Probably some of the
3-chlorodihydropyran, which boils at 1410 at 760 m,
distilled off directly with the low-boiling fraction at

20 mm,, instead of combining with the chlorohydrin to form

the ether,
A chlorine analysis here and subsequent halogen

analyses were carried out by the semi-micro method of |
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Sucharda and Bobranski (51). In this method the sample is
submitted to combustion in the presence of a platinum
catalyst and the chloride formed is absorbed in barium

carbonate. The barium carbonate is then titrated with =

standard silver nitrate solution using a weight-burette.'

Chlorine -analysis of the presumed dichloroditetrahydro-

pyryl ether : 18,34 mg. of sample gave sufficient
chloride to react with‘2.740 grams of standard silver
nitrate solution (1,000 g.= 1,860 mg. chloride).

Percentage _ 2,740 x 1.860 x 100 _ 27,78%
chlorine ~ 18,34

Calculated for the dichloroditetrahydropyryl
ether, C,qf) 0501, R7,79% chlorine.
Calculated for the chlorohydrin,

C H 0,01, 25,97% chlorine.
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Attempted Preparation of 2-hydroxy-3-bromotetrahydropyran
by Addition of Hypobromous Acid to Dihydropyran

I + HoBr o Q
° A OH

This reaction was attempted by the method used by

Read and Reid (47) to prepare the bromohydrin’of amylene.
Dihydropyran (42 grams, % mole) was stirred mechan-
ically with 1 liter of water while brdmine was added

gradually in the form of 7% bromine in 10% potassium

bromide solution until the color of the bromine persisted.
The reéction mixture was extracted with ether and the
extract dried over sodium sulfate. The residue after the
evaporation‘of the ether was a yellow oil with a pleasant
odor, This was left in the refrigerator for some days
with the hope that the bromohydrin wouldvcrystallize‘but
no cf&stals appeared, The ligquid was then distilled at
20-22 mm. Up to 120° the distillate was colorless and
separated into twc'layers. One of the lajers proved to

be water, indicating that decomposition was taking place

in which water was a product. Above 1209, although
| vigorous boiling cohtinued in the flask, little distillate

came over and the liquid in the flask thickened and turned

darker in color., Distillation was stopped at 125°.
The residue in the distillation flask was a tar-like
material, from which it has not been found possible to

isolate crystals. The distillate, dried. over sodium sulfate
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to remove the water present, also failed to deposit
crystals on standing for scmé days, It was redistilled
at 20 mm, and collected in two fractions: I, up to 1009,
colorless; II, 100-125°, yellowish., Both had water layers,
iike the original distillate. Left in the refrigerator,
neither formed crystals. Eventually both turned a dark
bréwn. ) ,

As has been mentioned elsewhere (page 40), the phen-
omena observed in the distillation here can be interpreted
most easily by assuming that the bromohydrin is formed in

the reaction and is decomposed during the distillation as

follows: fr
—Jéﬁﬂi—a
oH - #z0
0

The S-bromodihydropyrén-formed, which boilsvat 630 at 22 mm,,
will be present in the distillate, along with the water
formed in the decomposition of the bromohydrin. The 3~bromo-
dihydropyran is known to have a tendeney to polymerize, |
which accounts for the tar-like residue and for the distil-

late turning brown.
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Preparation of 2,3-Dichlorotetrahydropyran

e
e, —s
e
() 0 .

Paul (41) carried out this reaction by passing

chlorine into‘dihydropyran dissolved in anhydrous ether
or carbon tetrachloride cooled tb ~10°, Hawkins and
Bennett (15) cooled only to 00 and 4id the reaction
both with and without a solvent. In this work, because
the dichloride was to be used tb prepare the chlorohydrin
‘which is somewhat unstable to heat, it was thought best
not to use a solvent which would have to be distilled off
later, 7 B

Dihydropyran (84 grams, 1 mole) was cooled to 0° and
chlorine wa.s paSsed in until the weight had increased by
71 grams (1 mole of chlorine). The stream of chlorine
must not be too rapid. If the reaction is hurried, the
heat of reaction brings some decomposition, indicated by
evolution of.hydrogén chloride. The operation takes three
to four hours.

The product is a heavy yellow liquid which fumes in
moist air., It should be kept in the refrigerator until
used, It was used in the crude form for the preparatioh

of the chlorohydrin.
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Preparation of 2-hydroxy-3-chlorotetrahydropyran

by Hydrolysis of 2,3-dichlorotetrahydropyran

r 2 f/zo ()z“zcaa) > » d

e ~ Hce oH
o’ 0

Paul (41) did not succeed in isolating the chlorohydrin

from the hYdrolysis of the dichloride in the presence of an
‘alkaline reagent. Hawkins and Bennett (15), however, pre- -
- pared the chlorohydrin successfully by this method, They
mixed the crude dichloride with an aqueous suspension of
calecium carbonate or with sodium carbonate solution and
stirred the mixturé, at room temperature or with éooling,
until the bulk of the oil had disappeared, As is to be |
expected, they obtained better yields when they cooled the
'reéetion mixture. They found the reaction more rapid with
sodium carbonate solution, | |
In this work the method using sodium carbonate solution

was adopted but instead of mixing the reactants the erude
dichloride was added gradually in small portions to the
carbonate solution, It was found that this gave better
. yields. The reaction mixture was also kept cooled to 0°
throughout the.progress of the reaction.

~ Sodium carbonate (53 grams, % mole) dissolved in water
(200 ml1,) was stirred mechanically while cooling to 0° in
an ice-water mixture., The crude dichloride (155 grams, 1 mole)
was added gradually over a period of two to three hours.

The stirring was continued for an hour after the addition




of the dichloride had been completed, After the reaction
was over, indicated by no more evolution of carbon dioxide,
there was a heavy yellow oil below the water layer., Left

in the refrigerator, the bulk of the oil solidified, It

~was filtered with suction. The agueous filtrate, still
containing oil droplets, was extracted with ether and the

extract dried overlsodium-sulfate. Evaporation of the ether

gave a liquid which, when cooled in the refrigerator for

some days, deposited more crystals.

» The total yield of the reaction was 80 grams, about
.80% of the theoretical, calculated on the basis of the
original dihydropyran. ‘ 7

The crude crystals melted at 47-51°, Becrysta;lized
three times from anhydrous ether, théy melted at 640, the
reported melting pointvof'the chlorohydrin,

- Chlorine analysis: 32,46 mg. of sample were found

to contain sufficient chlorine to react with 4,671 grams
of standard silver nitrate solution (1,000 g.= 1,798 mg.

chloride) .

Percentage _ 4,671 x 1,798 x 100 = 25.87%.
cehlorine — 32 .46

Calculated for the chlorohydrin, Cgllg0501, 25.97%.
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Preparation of 2, 3-Dibromotetrahydropyran

. | N
+ Bry, c——> e
' 0

Paul (35, 38) carried out this reaction by adding
bromine gradmnally to dihydropyran dissolved in carbon
tetrachloride or anhydrous ether and cooled to =159,

In this work no solvent -was used and the reaction
was carried out at 0°, Possibly the lower temperature
used'by Paul would increase the eventual yield of the
bromohydrin, )

Dihydropyran (84 grams, 1 mole} was stirred in a
large flask cooled to 00 while the calculated quantity
of bromine (160 grams, 1 mole) was dropped in slowly
over a period of about three hours. The reaction was
more vigorous than with chlorine and some hydrogen
bromide was evolved. ‘

The product was a heavy yellow liquid whieh was
used in the crude form for the preparation of the bromo-

hydrin.




Preparation of 2-~hydroxy-3-bromotetrahydropyran

by Hydrolysis of 2,3-dibromotetrahydropyran

ﬁm‘ Ha O ()?436"73) ﬂ’b
0 Br - H B

Paul (38) used lead hydroxide to neutralize the

hydrogen bromide liberated in the hydrolysis. In this
work it was found more convenient to use sodium
carbonate solution as in the hydrolysis of the dichloride.

The crude dibromide (244 grams, 1 mole) was added
gradually over a period_of two to three hours to ?qdium
carbonate (53 grams, % mole) dissolved in water (300 ml.)
whiéh was stirfed mechanically end cooled to 00,

When the reaction was over, there.was a dark yellow
o0il belowvthe water layer, The mixture was placed in the
refrigerator, where the oil had crystallized after two
days, The crystais were filtered off and the filtrate
extracted with ether. This extract, dried over sodium
sulfate and the ether evaporated, gave a further crép of
erystals, , |

The yield of the crude crystals was 75 grams, ‘42% on
the basis of the orlglnal dihydropyran. The crude crystals
melted at 50-609, Recrystallized several times from
anhydrous ether, they melted at 790, the reported melting
point of the bromohydrin,

Bromine analysis: 35,00 mg. of sample gave sufficient

bromide to react with 3.874 grams of standard silver nitrate
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solution (1,000 g.= 4,053 mg,. bromide)

 Percentage _  3.874°x 4,053 x 100 — 44,.86%
bromine T 35,00

Calculated for the bromohydrin,

CSHgOzBr, 44 ,14% bromine.

Formation of the Dibromoditetrahydropyryl Ether

from the Bromohydrin, 2-hydroxy-s-bromotetrahydropyran

A sample of the bromohydrin (65 grams) was left on
a watch glass to dry, at times exposed to the heat of_the
summer sun, After some days it was found to have become
 pasty. On filtering-witﬁ suction.and recrystallizing
 from ether, it was found that the melting point had
jumped from 75°, that of the original sample, to 105°.

The work of Hawkins and Bennett (15, 18) on the
chlorohydrin indicates that the heat of the sun had
brought about the following reactions:

Br ﬂm

0 .04‘/ “""2

s - O oy

Paul (55) reports the melting point of this dibromo-
ditetrahydropyryl ether to be 110°, On further recrystal-.
lization the product gave this melting point.

Bromine analysis: 20,39 mg. of sample gave sufficient
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bromide to react with 2,351 grams of standard silver nitrate
solution (1,000 g.= 4,053 mg, bromide),

Percentage _ 2,351 x 4,053 x 100 _ 46,72%
bromine - 20,39

Calculated for the dibromoditetrahydropyryl ether,
CyoH,g0%BTs, 46.46% bromine.

Aldehydic Properties of the Halohydrins

Paul (38) found that the‘bromohydrin reduced Fehling's
solution when heated and also ammoniacal silver nitrate.

In this work it was found that both the chlorohydrin
and the bromohydrin show these aldehyde reactions. Neither,
however, gives Schiff's test.

The reducing properties of these halohydrins are
thought to be due to an equilibrium of the cyeclic form with

-an aldehyde form:

X
H
O ==  HO-CH,. CH,. CHy. eH. 4'\0

An attempt to prepare a crystalline oxime of ‘the
chlorohydrin failed. No further attempts to prepare
crysta;linevaldehyde derivatives were madeﬂ

Paul (38) treated the bromohydrin with phenylhydrazine
in ether solution and isolated crystals of the hydrobromide
of phenylhydrazine, in place of the expected phenylhydrazone,
Apparently with this reagent the substance acts as a |

- bromohydrin rather than as an aldehyde.
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Acid Reaction of the Halohydrins

Paul (38) titrated the bromohydrin of dihydropyran

with sodium hydroxide solution and found that it neutral-

ized it almost quantitatively. He found, however, that -
it tended to take a slight excess of sodium hydroxide.

In this work}the sape reaction was attempted for
the chlorohydrin, with similar results.

» A recrystalllzed sample of the chlorohydrin

(O 5646 grams) was dissolved in water and diluted to
100 mlf The equivalent qﬁantity of sodium hydroxide
(O,ldég grams) was similarly dissolved and diluted to
100 ml, Titration of 25 ml, of the chlorohydrin
solution, using phenolphthalein as indicator, required

29 ml., of the alkali solution.

Attempted Preparation of the Oxide of Dihydropyran

h.OH
-HZZ

This reaction was attempted by the method which
Osterberg (30) used to prepare cyclohexene oxide.
The chlorohydrin (17 grems, 1/8 mole) was added to

a solution of sodium hydroxide (5 grams, 1/8 mole) in

water (100 ml.)., The mixture was stirred mechanically
at room temperature for two hours, No oil separated from

the solution, The reaction mixture was extracted with
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ether and the extract dried over sodium sulfate., Evapor-
ation‘of the ether left & small residue of liquid, which
failed to deposit erystals and showed no constancy in
boiling point, It is probably a mixture of decomposition
products.

Concentration of the residual water solution brought
crystallization Qf.sodium'chloride, indicating that |
hydrogen chloride had been lost by the chlorohydrin
during the reaction. |

It is very probable that the oxide of dihydropyran,
if it exists at all, is an unstable substance. One would
expect it to be unstable %0 heat, as are the dichloride

and the chlorohydrin, and hence difficult to isolate.
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CONCLUSIONS

Hypochlorous and hypobromous acids probably add directly
to the double bond of dihydropyran but the isolation of
the resulting halohydrins is complicated by the fact

that these substances are somewhat unstable to heat.

Both the chlorohydrin and the bromohydrin of dihydropyran
can be easily prepared by the hydrolysis of the dihalides

in the presence of an alkaline reagent,

The halohydrins tend to decompose when heated to form

S-halodihydropyrans. These substances react readily with
the halohydrins themselves to form dihaloditetrahydro- _
pyryl ethers, These ethers are more easily isolated than

the halohydrins,

Both the chlorohydrin and the bromohydrin show some
aldehyde reactions and‘ﬁherefore probably exist in

equilibrium with open-chain aldehyde forms.

Both of these halohydrins also tend to act as acids.

They neutralize sodium hydroxide almost gquantitatively.

. The oxide of dihydropyran, if it exists, is probably

unstable to heat and hence diffiecult to isolate.
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SUGGESTIONS FOR FURTHER WORK

Isolation of the Halohydrins from the Addition Reactions
Sincé this investigation has provided some evidence
that hypochlorous and hypobromous acids add to the double
bond of dihydropyran, probably further attempts should
be made to isolate the halohydrins produced. The faet
that they are solids at ordinary temperature should meke
it possible to obtain them as crystals from an ether
extraet of the :eaction mixture, as they are éctually
obtained when prepared from the dihalides, If cooling
in the refrigerator produces no results, more drastic
cooling with solid carbon dioxide might be effective.
High vacuum distillation, which’has not been tried,
obviously also offers some hope of successful isolation

of these halohydrins,

Further Attempts to Prepare the Oxide

| Whether the oxide of dihydropyran can be prepared or
not has not been exhaustively investigated. Pe:benzoic
- aeid oxidatien”of dihydropyran was attembted by Paul and
Tchelitcheff (42) but they did not succeed in isolating
an oxide. He:e one attempt was made by the method of
Osterberg (50),.also without success, Thé method used
by Brunel (3), treating a halohydrin in a non-aqueous
solvent with a solid alkaii, might well be tried, There

is a possibility that the oxide may be more stable in the

absence of water.




Condensations with Sodio-activated Methylene Compounds

When this work was begun, it was planned to use the
oxide of dihydropyran in condensations with activated
methylene compounds, as earlier workers (see pages 1-2)
had used cyciohexene oxide. Because of the eiusive
ehafacter of dihydropyran oxide, there is not too much
hope that such a plan can be realized. Condengsations
with the halohydrins themSelves might be attempted~but
-in these the hydropyran ring is likely to open so that
derivatives like those made from cyclohexene oxide would
probably not be obtained.r B

A study of thé chemistry of dihydropyran indicates
that the various types of o/~halogen derivatives offer a
more promising point of attack on this problem. These
substances should condense'readily with malonic ester,

acetoacetic ester, and similar compounds, as follows:

12 - CH
0 Nco, £t , o/ Nco, £t
L , ' e
7/(_'0255 la 0 SE S ‘ /C'Ozﬂ'
a <A, ' cH
0 Nco, Et 0~ NCo £t
el 1)
rce £t A ce
@ 6’7/:. A Reokft o it i
o Neco,Et 07 Scoy £t

From the condensation products a wide variety of other
- substances should be obtainable., These reactibns, there-

fore, offer an extensive field of work.
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Possible Work on the New Dihydropyran

N

first reported by Paul and Tchelitcheff (42) 0

The more recently discovered dihydropyran,

in 1947, is much more likely to show reactions like those
of c&clohexene than‘the older dihydropyran investigated
here. A stable oxide of this new compound has been pre-
pared by perbenzoic acid oxidation. Therefore, if the
new dihydropyran were available, it is very pfobable
that the'reactions carried out with cyclohexene by
Coffey (5), Kendall and co-workers (18, 19), and McRae,
Charlesworth, and Alexander (21) could be repeated.
Paul and Tcheliteheff prepared the new substance
by a slow distillation of 4-bromotetrahydropyran with

potassium hydroxide in glycol:

B o 5
| N
+ KOH —m—> + KBn + #0
‘ o’

They do not explain how they obtained the 4-bromotetra-
hydropyran, which is not a readily available compound,
A literature search indicates that it can be prepared

by the following series of reactions:

0 o)
H
I
. CH,- C =~ CH,
CHS-C_CHS -y > 1 2 f 2
Eto,C Co £t ~ 2 Et0H PN AN =
! 1 oc Yo 0 o
E£0C Co,£t (o = <R




CQ <9
e, CH CH . CcH CH
__éEZ__;p fl Il — i i
- /C‘c'o CH /C‘”
# 0 o 4 Mo He (cuf'..l,-wf)
IT TIIT \
oH
Br \ o
/ \CH
- F&g f”z ":
. CHy CH,
/
0 No

Acetone condensed with 2 moles of ethyl oxalate, in the
presence of sodium ethylate, gives an ester (I), which can
be hydrolyzed with concentrated hydrochloric acid to form
chelidonic agid (11). These reactions are desoribed by
Riegel and Zwilgmeyer (49). Willstatter and Pummerer (54).
used chelidonic acid to make J-pyrone (III). Prelog and
co~Workers-(44)'submitted Y-pyrone to"oatalyfic hydrogen-
ation and obtained tetrahydropyranol-4 (IV), from which
they made 4-bromotetrahydropyran by treatment with phos-
phdrus bromide, It would be'interesting to attempt the
pre@aration‘of the neW'dihydropyran using this series of
reactions,

Apart from the report by Paul and Tchelitcheff (42),
the new compound has not as yet been mentioned in the
chemical literature., These men carried out a few reactions
only. Many other possible ones remain to be tried.

It is the writer's intention to do further research (
-on the dihydropyrans and fheir derivatives along the lines

suggested in the concluding section of this thesis.
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