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P A R T  0 N E

OXIDATION OP 2,3 -DIHYDRQPYRAN
WITH POTASSIUM PERMANGANATE



I. INTRODUCTION

2,3-Dihydropyran (I), an unsaturated cyclic ether, is
a very reactive compound. The present investigation was under
taken to oxidize I with aqueous potassium permanganate solution.
It was expected that 2,3-dihydroxytetrahydropyran (II) would be 
the main product formed by the hydroxylation of I with a theo
retical amount of potassium permanganate under controlled conditions. 
However, it is possible that the dihydroxy compound II may undergo 
oxidation to yield degradated products.

CH
0

I II
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As can "be seen, the presence of a double bond in the 
dihydropyran molecule makes it very reactive* Many reactions 
of the addition type verified this prediction. When hydrolyzed 
with dilute mineral acid solutions, dihydropyran adds a mole of 
water at the double bond to form 2-hydroxytetrahydropyran and a 
bicyclic acetal, di-alpha-tetrahydropyryl ether, as a by-product 
(l). The cyclic hemiacetal exists in equilibrium with the 
open chain hydroxy aldehyde.

II. HISTORICAL

/ C\2 / A /°'H?HoC CH
+ HgO . r —

o 

+

* 2 < V : h H g C ^ H O H

2-hydroxy- di-alpha-tetra-
tetrahydropyran hydropyryl ether

HOCHgCHgCHgCHgCHO

delta-hydroxyvaleraldehyde

Dihydropyran is readily halogenated with chlorine to 
form 2,3-dichlorotetrahydropyran (2), or with bromine to form 
the corresponding bromo derivative.

2,3-dichloro
tetrahydropyran
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Recently Hurd and Kelso (3) reported the preparation 
of 2,3-dihydroxytetrahydropyran by the oxidation of 2,3-dihydro- 
pyran with hydrogen peroxide in tert-butyl alcohol, using osmium 
tetroxide as catalyst.
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Hydroxylation of a double bond with oxidizing agents 
such as potassium permanganate and hydrogen peroxide is well 
known. Under controlled conditions, a glycol is usually the 
oxidation product. It can be represented by the following 
general equation:

RCH=CHR + (0) + H20 ----> RCHDHCHOHR
a glycol

Milas and Sussman (4) reported the syntheses of iso
butylene glycol from isobutylene, trimethylethylene glycol 
from trimethylethene, glycerol from allyl alcohol etc*, by 
using hydrogen peroxide in anhydrous tert-butyl alcoholic 
solutions, with a small amount of osmium tetroxide as catalyst. 
Because of the stability of this oxidizing agent at room 
temperature, it is preferred over other oxidizing agents.
The same authors later synthesized ethylene glycol from 
ethylene, propylene glycol from propylene and cetene glycol 
from cetene (5). They also prepared the dihydroxy compounds 
from the corresponding unsaturated ones with functional groups 
attached, e. g. ethyl dihydroxybutyrate from ethyl crotonate (6). 
According to Bfieseken, alpha-glycols were obtained by the oxida
tion of unsaturated compounds, using potassium permanganate in 
neutral or slightly alkaline solution, or by using peracids in 

acid solution (7).
Since 2 ,3-dihydroxytetrahydropyran could be prepared

III. THEORETICAL AND DISCUSSION OE RESULTS



5
ty the oxidation of 2 ,3-dihydropyran with hydrogen peroxide, it 
seemed of interest to try and prepare this same compound by the 
oxidation of 2,3-dihydropyran with potassium permanganate.

Stoichiometric amounts of dihydropyran and potassium 
permanganate in neutral aqueous solution were used in the oxida
tion under various conditions. When the oxidation was performed 
at 0°C, the expected reaction can be represented by the following 
equation:

3
HpC CH

2 | l! +
h2^ o /cH

2KMn04 + 4H20
/C^

h2c choh
»  3 I I + 2Mn0p

yCHOH

II +
2K0H

Attempts to isolate the dihydroxy compound II were 
unsuccessful. As was shown previously, 2-hydroxytetrahydropyran 
can exist in equilibrium with the open chain delta-hydroxyvaler- 
aldebyde. Analogously, it can be reasoned that 2,3-dihydroxy- 
tetrahydropyran, which may be formed as an intermediate, may 
also be in equilibrium with the open chain compound, alpha/ielta- 
dihydroxyvaleraldehyde (III).

HOCHgCHgCHgCHOHCHO

III

II
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Since the oxidation product was very soluble in water 
and insoluble in organic solvents, it was impossible to separate 
the product completely from the aqueous solution. The 2,4-dinitro- 
phenylhydrazone of the crude product was prepared and analyzed.
The analysis of the 2,4-dinitro derivative checked well with the 
postulated formula III. Further evidence to substantiate the 
postulate that III was the intermediate was obtained by the 
oxidation of 2,3-dihydropyran with potassium permanganate at 
room temperature. Under these conditions, if compound III is 
the intermediate it should be oxidized to alpha-ketoglutaric 
acid, which on decarboxylation would yield beta-carboxypropion- 
aldehyde. This aldehyde then would be oxidized to succinic acid.

H0CH2CH2CH2CH0HCH0 (CHO JCHgCHgtCO )COOH + 2H20

(cho)ch2ch2(co)cooh ( 0 ) 3 hoocch2ch2(co)cooh

alpha-ketoglutaric acid

hoocch2ch2(co)cooh ------- » hoocch2ch2cho + co2

beta-carboxy
propi onaldehyde

hoocch2ch2cho ( 0 ) ? hqocch2ch2cooh

succinic acid

The formation of succinic acid by the oxidation of 
2,3-dihydropyran at room temperature was actually established 
experimentally. The mixed melting point of the succinic acid 
isolated and an authentic sample of succinic acid showed no 
depression. Since the amount of potassium permanganate used
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was much less than the theoretical quantity, the reaction might 
be regarded as a complicated one, giving a mixture of degradated 
compounds as indicated in the above equations. Extremely poor 
yields and isolation difficulties prevented further investigation 
and definite structure proof of these intermediates.



TRIAL ONE A Solution of 12.5 grams (0.08 mole) of potassium 
permanganate (theoretical amount) in 300 ml. of water was added 
to a mixture of 10 grams (0.12 mole) of 2,3-dihydropyran* and 
25 ml. of water in a 500-ml. flask, which was immersed in an 
ice-bath. This potassium permanganate solution was added drop- 
wise (over a period of three hours) so that the temperature of 
the reaction mixture was maintained at about 0°C. After the 
resulting manganese dioxide was removed by filtration, the clear 
alkaline filtrate was extracted with several portions of ether.
The extraction, however, was a failure since no residue remained 
when the ether was removed by distillation on a steam-bath.

TRIAL TWO A similar reaction was carried out, using 25.2 grams 
(0.3 mole) of dibydropyran and a stoichiometric amount of potas
sium permanganate (31.6 grams -0.2 mole- in 850 ml. of water). 
After the manganese dioxide was removed by filtration, the alka
line filtrate was acidified with the theoretical amount (17 ml.) 
of concentrated hydrochloric acid. Most of the water was removed 
by distillation at 55°C and 60-70 mm. The residue was extracted 
with benzene and the extract was separated from the insoluble 
substances.

After the benzene was removed by distillation, about 
2 grams of a syrupy liquid remained. The 2,4-dinitrophenyl-

* obtained from the Du Pont Company.

8.

IV. EXPERIMENTAL
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hydrazone of this crude product was prepared according to the pro
cedure "by Shriner and Fuson (8). This derivative, a yellow 
solid, was recrystallized several times from a mixture of dioxane 
and water. It had a melting point of 228-231°C.

Anal. Calcd. for C, 44.30; H, 4.73,
Found. C, 44.41; H, 4.43.

TRIAL THREE The previous reaction was repeated with varied 
adjustments. The quantity of dihydropyran used was 23 grams
(0.27 mole). To this was added slowly a solution of 15 grams 
(0.1 mole) of potassium permanganate in 200 ml* of water. An
additional 39 grams (0.25 mole) of solid potassium permanganate 
were added, in small amounts, to the reaction mixture. Upon 
further addition of potassium permanganate, the reaction mixture 
remained violet, showing that the oxidation was completed.
The oxidation reaction was carried out over a period of about 
four hours; no constant temperature control was used. After 
removal of the manganese dioxide, the solution was acidified 
with concentrated sulfuric acid. Evolution of a gas was 
observed; this gas was proved to he carbon dioxide by the lime- 
water test. The evolution of the carbon dioxide gas was hastened 
by warming and stirring.

Then the solution was concentrated to 50 ml. by 
vacuum distillation. After this concentrated solution was 
saturated with anhydrous sodium sulfate, four ether extractions 
were made with 50-xnl. portions. The combined ether extracts 
were dried over anhydrous sodium sulfate, filtered to remove the 
drying agent, and then subjected to distillation to remove the
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ether. A semisolid was formed when the residue was cooled in 
an ice-hath. The dry white solid, without recrystallization,
had a melting point of 177°C. Pure succinic acid melts at 185°C. 
The mixed melting point of the white solid isolated and an authen
tic sample of succinic acid was 184°C.
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V. SUMKAKf

The oxidation of 2,3-dihydropyran with aqueous potas 
sium permanganate under various conditions was disscussed.
At 0°C one of the oxidation products was identified as alpha, 
delta-dihydroxyvaleraldehyde. Under more vigorous oxidizing
conditions, the final product obtained was succinic acid.



VI. BIBLIOGRAPHY

1. Woods, Org. Syn., 27, 43 (1947).
2. Paul, C. A., 28, 2356 (1934).
3. Hurd and Kelso, J. Am. Chem. Soc., 70, 1484 (1948).
4. Milas and Sussman, ibid., 58, 1302 (1936).
5. Milas and Sussman, ibid., 59, 2345 (1937).
6. Milas , Sussman and Mason, ibid., 61, 1844 (1939).

II7. Boeseken, C. A., 22, 2549 (1928).
8. Shriner and Puson, "Indentification of Organic Compounds” 

3rd. ed., John Wiley and Sons, Inc., Hew York, (1948).



P A R T

SYNTHESES

T V 0

OP

2- (N- ALKYIAMINO ) TETRAHYDROPYRANS



I. INTRODUCTION

Attempts to synthesize 2-(N-alkylamino)tetrahydro- 
pyrans were carried out in the present work. Both direct 
amination and the Hofmann reaction for the preparation of these 
amines were investigated. The general formulas for the products 
are represented as I and II.

H2?
CHo
CHr

H2CW

2
CHNHR

'0'
I

h2c
/ h 2

. ?*2H2Cx ^CHNRg

II
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It has been shown in the first part of this paper that 
many reactions of 2,3-dihydropyran are due to the presence of the 
adjacent double bond to the ether group. In addition to those 
mentioned, there are a few more which are of interest to the 
present work.

Alcohols (l) and polyhydroxy compounds (.2), in the 
presence of mineral acids or acid salts as catalysts, form 
addition products as illustrated by the following equations:

II. HISTORICAL

irH
,CHr
V

ROH H*

“A o / 11 H 2 ^ o/CHOR

alkyl-2-tetra- 
hydropyryl ether

CHp J
HpC CH CHoOH
si II + i

HpC CHp HpC 
H+ 2\ 1 2 2| 

H2ĉ  /CHOCH2Cî )H3xHgC^ yCH CH20H

CH<-
CHc

di-(2-tetrahydropyryl)glycol 
ether

h 2c/ ĉ CH -ch2-ch-
OH

H+.
>n

-ch2-ch-

X,

N

o2c\/CH2

X
—c
2 H2

polyvinyl-2-tetra- 
hydropyryl ether
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Hydrogen bromide and hydrogen chloride react with. 
2,3-Aihydropyran to form 2-bromo and 2-chlorotetrahydropyran 
(2)(3) respectively.

/ ^ 2

^1 f  
H2 V CH

HC1
HgC CHg

H2CX0/ HC1

2-chlorotetra
hydropyran

The following reactions show that the halogen in the 
2-position is highly reactive (3)(4)(5)(6):

CH_/  N2
H2Q CHCl 

HoC. CHCl
distillation.

-HC1
H2C

/ °\ 2  
CC1
I!
,CH

pyro lysis  ^

5-chloro-
dihydropyran

Cl
CHgzdCHO

alpha-chloro
acrolein

CH2=CH2

ethylene

CHp/ \2HpC CHCl
2l l

HgC CHCl

HpC CHCl 
HpO CaC03 | 1

------- *  H0C CHOH
+ HC1

2-hydroxy-3-chioro
te trahydropyran
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HgC CHC1
1 + CuCN

,CI 
'■O'

H2Qn CHC1

CHp
/ \2

HoC CHC1
► I I

HoC CHCH
 ̂ N)/

2-cyano-3-chlo ro - 
tetrahydropyran

CuCl

H2 \ 0/ HC1

9̂2I + CuCH

CHp
/  'X

HoC CHr

HpC JCHCH ̂\o/
2Hg

CHg
H2(/ XCHg

I I

2-aminomethyl-
tetrahydropyran

2-Alkyl- and 2-aryltetrahydropyrans, such as ethyl-, 
propyl- and plienyltetrahydropyran, can "be prepared by the 
Grignard reaction with 2-bromotetrahydropyran (3).

CHo
/

HgC CHg

HoC CHBr
 ̂ N0X

CgHgMgBr

/ h2
HpC CHP

■ * 1 1  + MgBrg
H2<S „ / JHC2H5

2-ethyltetra-
hydropyran

Schulemann, Schonhofer and Wingler (6) reported the 
aminoalkylation of amines or their substitution products by
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treating them with aminoalkylhalid.es in the form of their salts. 
They prepared beta-diethylaminoethylaniline from aniline and 
diethylaminoethylchloride hydrochloride.

(C2H5)21TCH2CH2C1.HC1 * SCgHgNHg ----->

di ethylamino ethyl- 
chloride hydrochloride

(CgHgJgHCHgCHgHHCgHg f aCgHgUHg.HCl
beta-diethylamino-

ethylaniline

Secondary cyclohexylarylamines (7) were prepared by 
Kranzlein and Corell by the alkylation of primary aromatic amines 
with halocyclohexanes. These secondary amines on further alky
lation with ethyl sulfate were converted into tertiary amines.

Carleton and Woodward (8) were able to replace the 
hydrogen of an amino group in a nonphenolic aromatic amine by 
an alkyl radical, as in the production of mono- and diethyl 
anilines from aniline. The amine was caused to react with an 
alkyl alcohol, such as ethyl alcohol, or the corresponding alkyl 
chloride under super-atmospheric pressure.

According to Hickinbottom (9), when an alkyl bromide 
was heated with an excess (usually 2.4-4 moles) of a primary 
aromatic amine, the corresponding secondary amine was the 
predominating product.
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III. THEORETICAL AND DISCUSSION OE RESULTS 

A. DIRECT AMINATION
Woods and Kramer (1) have shown that alcohols react 

"by addition with dihydropyran to form cyclic hemiacetals.

Since primary amines contain active hydrogens, it 
seemed of interest to investigate the possibility of adding 
amines across the double bond of dihydropyran to form 
2-(N-alkylamino)tetrahydropyrans.

In a similar manner, secondary amines should form 
2-(N,N-diaLkylamino)tetrahydropyrans.

RgNH
HpC CHo2j , ~
H2CNo/PHNR2

The primary amines that were used in this investigation 
were ethylamine, benzylamine and aniline. A mixture of dihydro-
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pyran and an excess of the amine was refluxed for three to five 
hours. Under these conditions, no reaction occurred with the 
above amines since the dihydropyran and the original amines were 
recovered. A negative nickel chloride test (10) for the detec
tion of secondary amines in the reaction product further sub
stantiated that no reaction had occurred.

Similar reactions were run with the secondary amines 
diethylamine and piperidine. Piperidine did not react with 
dihydropyran. It was found that diethylamine did react with 
dihydropyran to form in poor yield, 2-(U,N-diethylamino)tetra- 
hydropyran. This was proved by the synthesis of the above amine 
by an alternative method which will be described later.

Since the direct amination reaction was not a general 
preparative method for these amines, the Hofmann reaction for 
preparing amines was then investigated.

B. HOIMAHI! METHOD
The classical Hofmann method for preparing amines 

from ammonia or its derivatives and an alky- or arylhalide is 
well known. It is perhaps the most universal method for 
preparing amines. In the present work, the alkylation of 
primary and secondary amines with 2-chlorotetrahydropyran was 
investigated. The general equations for the Hofmann reactions 
are as follows:

RX + R*HH2 -> RUHR* + HX (a)

RKRg 00HX + R2HH + HX



20.

Applied, to the present work, X stands for chlorine, R* for 
either alkyl or aryl group and R for the tetrahydropyryl ring. 
In "both cases the formation of by-products, i. e. RgRR* in 
reaction (a) and (RgUR^)* in reaction (b) was suppressed by 
the use of excess amounts of the reactant amines.

The procedure for the preparation of the alkylating 
agent, 2-chlorotetrahydropyran (III), was similar to that used 
by Paul (3).

H4  f  * HCl _  fz11 + iiOl
h9g c h
^ \ q/ ^ \ o / CHC1

Ill

A slow stream of dry hydrogen chloride was passed through dihy- 
dropyran until the theoretical amount of hydrogen chloride was 
absorbed. During the passage of the hydrogen chloride, the 
reaction mixture was cooled in an ice-bath.

Since the chloro compound would decompose on standing 
at room temperature, it was immediately added slowly, with 
vigorous stirring, to an excess amount of amine in absolute 
ether cooled to 0°C. The reactions of 2-chlorotetrahydropyran 
with ethylamine, diethylamine, benzylamine and aniline should 
proceed as follows;
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32

^ 0/H°X+
2C2h5:hh2

h2c ch2
H2q^^CHEHC2H5 

IV

+ C2H5]ffi2 .HC1

H2C ch2

" * V
CHC1

+ 2(C2H5)2l!JH
/ h

HpC CHp■> | T  + (CpHc ) pHH .HC1
H 2 ^ o/C m ( c2H5)2

HgC CHg

H 2 < o/ HC1
+ 2CgH5CH2HH2

HgC CH2
■> ~ | | ~ + CfiH=CHpHHp.HCl

HgC^pHKKCHgC 6H5

VI

*2?
/ %

CH,

HpC CHC1
^ \ q/

+ 2C6H5HH2
/°N?

C CHr%
HpC CHHHC.H* 2 n^ /  6 5

C6H5HH2 .HC1

V II

The hydrochlorides formed from the different amines 
used in the syntheses were removed by filtration and identified 
by their melting points and by their derivatives.

Because of their low boiling points, the excess ethyl - 
and diethylamine and the solvent were easily removed from the 
reaction mixture by distillation. The resulting crude amino- 
tetrahydropyrans were purified by vacuum distillation. The 
yields obtained of the 2-(H-ethylamino)tetrahydropyran ( IV ) ,



and 2-(lT,lsr-diethylamino)tetrahydropyran (Y) were 19.5% and 
respectively.

An attempt was made to prepare the benzenesulfonamide 
of IV "by causing benzenesulfonyl chloride to react with IV.
It was found, from the analyses for carbon and hydrogen, that the 
product isolated was the benzenesulfonamide of ethylamine.
A mixed melting point of the sulfonamide isolated and an authentic 
sample of the benzenesulfonamide of ethylamine showed no 
depression.

A mixture of the isolated product V, from the diethyl- 
amine reaction, and benzyl chloride was heated under reflux for 
a short time. The solid thus formed was purified and then 
analysed for carbon and hydrogen. From the analyses it was 
concluded that this solid was not the expected quaternary salt 
of V but rather the benzyl chloride salt of diethylamine,
( [C6H5CH2NH(C2H5)g]+Cl*’) . A mixed melting point of the product 
isolated and an authentic sample of the benzyl chloride salt of 
diethylamine showed no depression.

Since benzylamine is soluble in water and the amine 
VI is not, the excess benzylamine was removed from the reaction 
mixture by extraction with water. The liquid residue was dried 
over anhydrous potassium carbonate and then subjected to vacuum 
distillation. A 47^ yield of 2-(H-benzylamino)tetrahydropyran 
(VI) was obtained.

An attempt was made to prepare the benzenesulfonamide 
of VI. The results of the analyses for carbon and hydrogen 
did not check with the expected sulfonamide. Instead, the

22.
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analyses agreed well with the dibenzenesulfonamide of benzylamine 
itself, i. e. (CgHgSOpJplICHgCgHg. For comparison, the latter 
compound was made by treating benzylamine with an excess of 
benzenesulfonyl chloride in the presence of alkali.

2MaOH2C6H5S02C1 + C6H5CH2NH2 ---- =* (CgHgSOg )2UCH2CgH5 + 2NaCl
+

2H20

The melting points of the sulfonamide which was analyzed and that 
of the dibenzenesulfonamide of benzylamine were identical.
A mixed melting point of these two products showed no depression} 
hence the two sulfonamides were the same.

The procedure that was used for the preparation of 
2-(K-phenylamino)tetrahydropyran (VTI) was similar to that used 
for the preparation of those amines already mentioned. Since 
aniline has a rather high boiling point and is insoluble in water, 
it was impossible to remove the excess aniline from the reaction 
mixture by distillation or by extraction with water. Therefore, 
an attempt was made to prepare the benzenesulfonamide of VII 
directly from the crude product.

From the analyses for carbon and hydrogen, it was 
found that the expected sulfonamide of VII was not obtained.
The analyses, however, checked very well for the dibenzenesulfon
amide of aniline, (CgHgSO^pUCgHg. The melting point of the 
product which was analyzed was the same as that listed in the 
literature for the dibenzenesulfonamide of aniline.



Because of the abnormal behavior of these 
2-(N-alkylamino)tetrahydropyrans, no suitable derivatives could 
be prepared. That these amines were actually obtained was 
substantiated in two cases by carbon and hydrogen analyses of the 
free amines themselves. The results of analyses for amines 
V and VI were found to check with the postulated formulas. On 
account of the fact that upon standing, IV turned from colorless 
to a dark yellow color, suggesting decomposition, and that VTI 
was difficult to purify, these two amines were not analyzed.

Thus it may be concluded that the amines V and VI 
were prepared by the alkylation of the corresponding amines with 
2-chlorotetrahydropyran. It seems permissible to assume that 
compounds IV and VTI were obtained by analogous reactions.

It remains to be explained why the benzenesulfonamides 
of the original amines were obtained when the 2-($T-alkylamino)- 
tetrahydropyrans were treated with benzenesulfonyl chloride.
All evidence indicated that the aminotetrahydropyrans on long 
standing or in the presence of benzenesulfonyl chloride or benzyl 
chloride dissociated into dihydropyran and the corresponding 
reactant amine.

24.

HpC CHo
I I

HgG^ ^pHNHR
c6h5so2c i_

£H? /  \2 
h2c ch

V + KNHg

RNHg + C6H5S02C1 JteO£» C6H5S02EHR + KaCl + HgO

C6H5S02HHR + C6H5S02C1 (C6H5S02)2im + HaCl + HgO
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IV. EXPERIMENTAL

A. DIRECT AMIKATION
PREPARATION OP 2-1N.N-DIBTHYIAMINO)TETRA HYDRO PYRAN (V).

A mixture of 15 grams (0.18 mole) of 2,3-dihydropyran 
and an excess amount of diethylamine, 17.3 grams (0.24 mole), 
was refluxed gently for three hours. The reaction mixture was 
then subjected to distillation. After the unreacted reagents 
were removed, a brownish liquid, boiling at 180°C was obtained. 
The yield wa3 1.5 grams. This product was proved to be 
2-(N,N-diethylamino)tetrahydropyran, which was also prepared by 
the Hofmann method later.

B. PREPARATION OP 2-CHL0R0TETRAHYDR0PYRAN.
Into 15 grams (0.18 mole) of 2,3-dihydropyran in a 

50-ml. flask immersed in an ice-bath, a stream of hydrogen 
chloride gas was passed (for 25 minutes) until the weight of 
hydrogen chloride absorbed was 6.6 grams, the stoichiometric 
amount. The resulting liquid chloro compound, without purifica
tion, was used in the subsequent reactions.

C. HOEMANN METHOD
1. PREPARATION OP 2- (N-ETHYLAMINO) TETRAHYPROPYRAN (IV). 

Twenty nine grams (0.24 mole) of freshly prepared 
2-chlorotetrahydropyran were added slowly, with stirring, to 
31 grams (0.69 mole) of ethylamine in 50 ml. absolute ether 
cooled in an ice-bath. Considerable amount of heat was evolved
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as the reaction proceeded. A white hygroscopic solid, formed 
in the reaction, was removed hy filtration. This solid melted 
at 130°C and was proved to be ethylamine hydrochloride. A 
brown liquid was obtained as filtrate; it gave a positive 
nickel chloride test. After the excess ethylamine was removed 
by evaporation, the residual liquid was caused to react with 
benzenesulfonyl chloride in 10^ sodium hydroxide. The sulfonamide, 
after recrystallization from carbon tetrachloride, had a melting 
point of 56°C. It was analyzed for carbon and hydrogen.

Calcd. for c, 57.96; H, 7.11,
Found. c, 51.82; H, 5.96,
Calcd. for C8Hll02NS: c, 51.80; H, 5.95.

The mixed melting point of the benzenesulfonamide 
prepared above and that of ethylamine was 54°C.

The product (IV) of a similar run using 21.6 grams 
(0.17 mole) of freshly prepared 2-chlorotetrahydropyran and 
24 grams (0.53 mole) of ethylamine was separated from any 
unreacted reagents and solvent by fractional distillation.
A colorless liquid fraction weighing 3.5 grams, equivalent to 
a 19.5 percent yield, boiling at 185-I90°C, was obtained.
It gave a positive nickel chloride test. After standing for 
two days, the liquid turned dark yellow and gave a negative 
nickel chloride test, indicating decomposition. Therefore, 
no attempt was made to analyze the product.
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2. PREPARATION OF 2- (N.U-DIETHYLAMIM))TETRAHYDRQPYRAN (V) .

Twenty nine grams (0.24 mole) of freshly prepared 
2-chlorotetrahydropyran were added slowly, with stirring, to 
30 grams (0.41 mole) of diethylamine in 50 ml. absolute ether 
cooled in an ice-bath. Heat was evolved as the reaction pro
ceeded. A white hygroscopic solid, formed in the reaction, 
was removed by filtration. This solid melted at 215°C and was 
proved to be diethylamine hydrochloride. The exce^e-lmreacted 
reagents and solvent were removed by distillation from the fil
trate. The residual brown liquid thus obtained was refluxed 
with benzyl chloride in benzene for five minutes. The benzyl 
chloride salt, after recrystallization from chloroform, had a 
melting point of 188-189°C. This compound was analyzed for 
carbon and hydrogen.

Anal Calcd. for C^gHggONCl: c, 67.70; H, 9.23
Pound: c, 66.05; H, 9.12
Calcd. for Ci;lH18NC1: c, 66.15; H, 9.08

The results of analyses did not check with the post
ulated composition for the benzyl chloride salt of V but rather 
checked with that of the original amine, [CgHgCHgNHCCgHgJg^Cl". 
Therefore the latter was prepared by refluxing diethylamine 
with benzyl chloride in benzene for 20 minutes. The pure 
product after recrystallization from chlorofoun had a melting 
point of 185°C. The mixed melting point of the benzyl chloride 
salt of diethylamine and that of V was 188°C.



The amine (V), prepared from a similar run using 21.6 
grams (0.18 mole) of freshly prepared 2-chlorotetrhydropyran and 
39 grams (0.53 mole) of diethylamine, was isolated "by distilla
tion. A colorless liquid, boiling at 180-190aC, weighing 11.2 
grams (47^ yield), was obtained. It gave a negative nickel 
chloride test. The sample that was submitted for analysis was 
purified by vacuum distillation; it had a boiling point of 
43-50°C at 1 mm.

Anal. Caled. for CgH^QN: C, 68.75; H, 12.18,
Found: C, 68.31; H, 12.22.

3. PREPARATION OF 2- (K-BEkZYLAMINQ) TETRAHYDROPYRAN (YI).
To 36 grams (0.34 mole) of benzylamine, dissolved in 

50 ml. of ether and cooled in an ice-bath, was added slowly, with 
stirring, 14.4 grams (0.12 mole) of freshly prepared 2-chloro- 
tetrahydropyran. Considerable amount of heat was evolved by the 
reaction. A pale yellow solid which was formed was removed 
from the reaction mixture by filtration. This solid melted at 
245°C and weis proved to be benzylamine hydrochloride. The fil
trate was then washed with two portions of water (200 ml.) to 
remove most of the excess benzylamine. After the solvent (ether) 
was removed by distillation, a slightly brown liquid, giving 
a positive nickel chloride test, was obtained.

To this brown liquid product, cooled in an ice-bath, 
was added with stirring, proportional amounts of benzenesulfonyl 
chloride and 10 percent sodium hydroxide. A yellow semisolid 
substance, insoluble in alkali, was formed. After it was

28.
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recrystallized from 95^ ethyl alcohol, the solid melted at 
128-130°C. The analyses for carbon and hydrogen were as follow: 

Anal. Calcd. for Ci8H21°3NS: C, 65.23; H, 6.38,
Pound: C, 58.94; H, 4.36,
Calcd. for C glL^O HSg* C, 58.90; H, 4.43.

Because the results of analyses did not check for the 
benzenesulfonamide of the postulated compound, but did check 
for the composition of the disulfonamide of benzylamine, the 
latter was prepared from the original amine, i. e-, benzylamine 
directly. It was prepared by treating benzylamine with an 
excess amount of benzenesulfonyl chloride in sodium hydroxide 
solution. The disulfonamide of benzylamine melted at 130°C.
A mixed melting point of this sulfonamide and the benzenesulfon- 
amide prepared from the reaction product was 130°C.

The product (VI), obtained from a similar run using 21.6 
grams (0.18 mole) of freshly prepared 2-chlorotetrahydropyran 
and 57 grams (0.53 mole) of benzylamine, was washed with water 
(300 ml.). After the solvent (ether) was removed, the product 
was dried with potassium carbonate and then subjected to vacuum 
distillation. A first fraction of 8 grams boiling at 75-85°C. 
and 1 mm. was collected. This fraction gave a negative nickel 
chloride test and was mainly benzylamine. A second fraction 
of 5 grams boiling at 103-106°C and 1 mm. was obtained. This 
fraction gave only a faintly positive nickel chloride test.
A third fraction of 13 grams boiling at 122-124°C and 1mm.
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(bath temperature about 160°C) gave a positive nickel chloride 
test- Two grams of a syrupy substance were left as residue.
A sample of the third fraction was analyzed for carbon and 
hydrogen.

Anal. Calcd. for C^gH^ON: C, 75.35; H, 8.96,
Found: C, 75.68; H, 8.77.

4. PREPARATION OF 2-(N-PHENYIAMNO ) TETRAHYDROPYRAN (VII).
To 50.7 grams (0.55 mole) of aniline, dissolved in 

60 ml. of absolute ether and cooled in an ice-bath, 21.6 grams 
(0.18 mole) of freshly prepared 2-chlorotetrahydropyran was added 
slowly, with stirring. Considerable amount of heat was evolved 
by the reaction. A pale yellow solid melting at 240°C was 
formed by the reaction and proved to be the aniline hydrochloride. 
It was removed from the reaction mixture by filtration.

The filtrate, after the solvent was removed by evap
oration, was a viscous brown liquid which gave a positive nickel 
chloride test. An attempt was made to remove the excess aniline 
from the product by vacuum distillation. After a fraction of 
20 ml. was collected by distillation at 50-54°C and 1 mm., the 
remaining liquid would not distil but formed a viscous polymer
like substance. The distillate gave a negative nickel chloride 
test and it was proved to be mainly aniline.

Since the attempt to isolate the product by distillation 
was a failure, the separation of aniline from VII and the pre
paration of the sulfonamide of VII by Hinsberg^ reaction was



tried. The product mixture of another similar run was treated 
with benzenesulfonyl chloride and sodium hydroxide at 15°C.
A semisolid substance, insoluble in alkali, was formed.
After recrystallization from 95 percent ethyl alcohol, a white 
solid melting at 140-141°C was obtained. It was analyzed for 
carbon and hydrogen.
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Calcd. for C17H19°33ISJ c, 64.32; H, 6.03
Pound. c, 58.03; H, 4.07
Calcd. for C18H15°4KS2: c, 57.80; H, 4.05

The results of analyses did not check for the ben
zene sulfonamide of VII, however, the values did check for the 
composition of the dibenzenesulfonamide of aniline. The melting 
point of the latter as listed in the literature is 143-144°C; 
this is in agreement with the melting point of the compound 
that was analyzed.
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V. SUMMARY

The attempted syntheses of 2-aminotetrahydropyrans 
by direct amination were described. 2-(N,M-'Diethylamino) tetra-
hydropyran (V) was synthesized, in poor yield.

By the Hofmann method, 2-(N-ethylamino)- (IV), 
2-(B,N-diethylamino)- (V), 2-(N-benzylamino)- (VI) and 
2-(H-phenylamino)tetrahydropyran (VII) were prepared. Of these 
amines, only V and VT were isolated and analyzed. Since IV 
decomposed on standing and VII was difficult to isolate, these 
two compounds were not analyzed. However, it seems permissible 
to conclude that compounds IV and VII were obtained by analogous 
reactions. The steps included the reaction of 2-chlorotetra- 
hydropyran, obtained by the addition of dry hydrogen chloride to 
2 ,3-dihydropyran, with an excess amount of the corresponding 
amine. 'When attempts were made to prepare derivatives of these 
aminopyrans, it was found that the latter dissociated into their 
parent substances.
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