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ether layer was extracted with two 100-ml. portions of 109, sodium
hydroxide, dried, and concentrated. Distillation of the residue
vielded 7.53 g. (729%) of 5-benzylthio-1-pentanol, b.p. 144° (0.5
mm.), n®¥p 1.5488.

Anal. Caled. for CpH;s08: C, 68.52; H, 8.63. Found:
C, 68.42; H, 8.50.

The infrared spectrum of the material was identical with that
of the cleavage product of 2-benzylthiotetrahydropyran (Table
III).

Notes

Nortes

Vor. 30

Other Compounds.—Also synthesized in the course of this work
was the 2-tetrahydropyranyl derivative of ethyl mercaptoacetate,
b.p. 98-99° (2 mm.).

Anal. Caled. forCyHi60:8: C,52.91;H,7.90. Found: C,
53.01; H, 7.83.

The bis-2-tetrahydropyranyl derivative of mercaptoethanol,
b.p. 136-138° (3 mm.), was also synthesized.

Anal. Caled. for CuHz:0:8: C, 58.50; H, 9.00. Found:
C, 58.60; H, 8.90.
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Having studied the reduction of 2-tetrahydropyranyl
ethers! and 2-tetrahydropyranyl thioethers? with lith-
ium aluminum hydride-aluminum chloride, we were
interested in the reduction of the corresponding 2-tetra-
hydropyranyl-N,N-dialkylamines. As was to be ex-
pected on the basis of the fact?® that oxazolidines, unlike
ketals and monothioketals, are hydrogenolyzed by
lithium aluminum hydride alone, without the need for
added Lewis acids, 2-piperidinotetrahydropyran, 2-
morpholinotetrahydropyran, and 2-benzylaminotetra-
hydropyran were similarly reduced to substituted 5-

aminopentanols. The starting materials (which are
(j_ , A%, RR'N(CH:),0H
0 NRR :

simple models for nucleosides) are readily prepared from
2-chlorotetrahydropyran and the appropriate amine.
The reduction product from 2-piperidinotetrahydro-
pyran was identical in infrared spectrum and other
physical properties with an authentic sample of 5-piperi-
dino-1-pentanol prepared from pentamethylene chloro-
hydrin and piperidine.

Hydride reduction of 2-alkylaminotetrahydropyrans
provides an alternative to the previously described*®
catalytic hydrogenation which also yields 5-alkylamino-
1-pentanols.

Experimental

2-Chlorotetrahydropyran.>—Hydrogen chloride gas was bub-
bled into a solution of 33.6 g. (0.4 mole) of dihydropyran and 100
ml. of anhydrous ether at 0° until no more was absorbed. Con-

(1) E. L. Eliel, B. E. Nowak, R. A. Daignault, and V. G. Badding, J. Org.
Chem., 80, 2441 (1965).

(2) E. L. Eliel, B. E. Nowak, and R. A. Daignault, 1bid., 30, 2448 (1965).

(3) N. G. Gaylord, Ezxperientia, 10, 351 (1954).

(4) I. Scriabine, Bull. soc. chim. France, 14, 454 (1947).

(5) C. Glacet and J. C. Couturier, Compt. rend., 262, 1624 (1881).

(6) J. G. Schudel and R. V. Rice, U. 8. Patent 2,522,966 (1850); Chem.
Abstr., 45, 62234 (1951). .

centration and distillation at reduced pressure gave 28.8 g. (609%,)
of 2-chlorotetrahydropyran, b.p. 40-42° (16 mm.), lit.* b.p.
40° (15 mm.). The product was stored in a refrigerator over
anhydrous potassium carbonate until used.

2-Piperidinotetrahydropyran.—In a 500-ml. three-necked flask
equipped with a magnetic stirrer and condenser was placed 27.6
g. (0.2 mole) of anhydrous potassium carbonate, 20.8 g. (0.25
mole) of piperidine, and 100 ml. of anhydrous ether. A solution
of 12.7 g. (0.1 mole) of 2-chlorotetrahydropyran in 100 ml. of
ether was slowly added from a dropping funnel. After addition
was complete, the turbid solution was boiled for 6 hr., cooled,
and 100 ml. of water was added to dissolve the salts. The ether
layer was separated and the aqueous layer was extracted three
times with 100-ml. portions of ether. The combined ethereal
extracts were dried over potassium carbonate, decanted, and
concentrated. Vacuum distillation of the residue gave 11.9 g.
(71%) of 2-piperidinotetrahydropyran, b.p. 93-94° (7 mm.).
The infrared spectrum was compatible with the assigned struc-
ture.

Anal. Caled. for CH(NO: C, 70.93; H, 11.32; N, 8.27.
Found: C, 71.00; H, 11.28; N, 8.00.

2-Morpholinotetrahydropyran was similarly prepared from 9.6
g.(0.11 mole) of morpholine in 489, yield (8.2 g.): b.p.88-89°
(7 mm.), n®p 1.4776; lit.5 b.p. 111.5° (12 mm.), n*p 1.4809.
The infrared spectrum indicated absence of starting materials.

2-Benzylaminotetrahydropyran was analogously prepared from
11.8 g. (0.11 mole) of benzylamine in 47%, yield (9.0 g.) and
boiled at 114° (5 mm.). The infrared spectrum indicated sub-
stantial absence of benzylamine.

Anal. Caled. for CLHNO: C, 75.35; H, 8.96; N, 7.32.
Found: C,75.19; H,9.27; N, 7.01.

Reduction of 2-Piperidinotetrahydropyran.—Lithium alumi-
num hydride (0.1 mole) in the form of a clear ethereal solution
(ca. 1 M) was placed in a three-necked flask equipped with a
condenser, drying tube, stirrer, and dropping funnel. The solu-
tion was diluted with 50 ml. of ether, and 8.5 g. (0.05 mole) of
2-piperidinotetrahydropyran in 100 ml. ether was added drop-
wise. The solution was boiled for 2 hr., cooled, and decomposed
by the addition of 4 ml. of water, 4 ml. of 159, aqueous sodium
hydroxide, and again 12 ml. of water. The precipitated solid
was removed by suction filtration and washed with several por-
tions of ether, and the combined ether filtrate was dried over
potassium carbonate and concentrated. Distillation of the
residue at reduced pressure gave 7.0 g. (82%) of 5-piperidino-1-
pentanol: b.p. 99-101° (0.75 mm.), n'¥p 1.4804; lit.” b.p. 140°
(13 mm.), n'%-5p 1.4820. The infrared spectrum showed the
expected presence of OH and was identical with that of an authen-
tic specimen (see below).

Reduction of 2-Morpholinotetrahydropyran.—From 6.0 g.
(0.05 mole) of 2-morpholinotetrahydropyran was obtained 5.5 g.
(929%,) of 5-morpholino-1-pentanol: b.p. 116-118° (3 mm.),
n¥p 1.4750; lit.5b.p. 151° (10 mm.), n*p 1.4780. The infrared
spectrum showed a prominent band at 2.95 u and was different
from that of the starting material.

Reduction of 2-Benzylaminotetrahydropyran.—2-Benzylamino-
tetrahydropyran was reduced on a 0.031 M scale (6.0 g.) by pro-
portionally diminishing the amounts of reagents given above.

(7) C. Glacet and T. M. Deram, Compt. rend., 289, 889 (1954).



Jury 1965

Distillation of the product gave 0.66-g. forerun, b.p. 42-50° (6
mm.), identical in infrared spectrum with benzylamine, and 4.05
g. (67%) of 5-benzylamino-l-pentanol, b.p. 152~168° (6 mm.),
lit.* b.p. 174-178° (11 mm.). The infrared spectrum was com-
patible with the assigned structure.

S-Piperidino-1-pentanol from Pentamethylene Chlorohydrin.—
In a 250-ml. three-necked flask equipped with a condenser, mag-
netic stirrer, dropping funnel, and thermometer were placed 25.5
g. (0.3 mole) of piperidine and a pellet of potassium hydroxide in
100 ml. of water. Pentamethylene chlorohydrin (13.9 g., 0.1
mole) was added dropwise at room temperature. The mixture
was then heated at about 78° for 2 hr. and cooled. Potassium
hydroxide pellets were added until two layers formed. These
were separated, and the aqueous layer was extracted with three
100-m). portions of diethyl ether. The ether extracts were com-
bined with the original organic material, dried over potassium
carbonate, and concentrated. Distillation at 175 mm. led to
removal of excess piperidine. The residue distilled at 100-112°
(5.5 mm.), n'®p 1.4799, and weighed 12.7 g. (74%); lit.” b.p.
140° (13 mm.), n!®®p 1.4820.
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Previous work?? has shown that free-radical aryla-
tion* of benzene with diaroyl peroxides involves aryl-
cyclohexadienyl radicals (I) as intermediates. Among
the criteria employed to demonstrate the intermediacy
of these radicals has been isolation of their dispropor-
tionation and dimerization products? [dihydrobiaryls
(II) and tetrahydroquateraryls (III)], an apparent
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isotope effect in the formation of arylbenzene (IV)
when benzene-d is the substrate,® and the appear-
ance of dideuterated biaryls with the same starting
material.? The apparent isotope effect is due to a
discrimination between 1-deuterated 1l-aryleyclohexa-

(1) The Radiation Laboratory is operated under contract with the Atomic
Energy Commission. This is AEC Document No. CO0-38-413,

(2) D. F. DeTar and R. A. J. Long, J. Am. Chem. Soc., 80, 4742 (1958).

(3) E. L. Eliel, 8. Meyerson, Z. Welvart, and 8. H. Wilen, ibid., 82,
2936 (1960).

(4) D. R. Augood and G. H. Williams, Chem. Rev., 87, 123 (1957); G. H.
Williams, “Homolytic Aromatic Substitution,” Pergamon Press Ine.,
New York, N. Y., 1960; H. Zollinger, ‘“Azo and Diazo Chemistry,"” Inter-
science Publishers, Inc., New York, N. Y., 1961, pp. 153-159.
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dienyl radicals and undeuterated arylcyclohexadienyl
radicals in regard to hydrogen abstraction (to give IV)
vs. hydrogen acceptance or dimerization (to give II
or III). Dideuterated biaryls result from dehydro-
genation® of dideuterated dihydrobiaryls which arise
in the disproportionation process when the substrate
is benzene-d.

The failure of the above three criteria in the case of
arylation with nitrosoacetanilide (NAA) and phenyl-
agotriphenylmethane (PAT)® was originally interpreted

0
@—N(NO)CCH, ©—N=N—C (CeH)s
NAA PAT

to indicate that free arylcyclohexadienyl radicals (I)
are not intermediates in arylation with these reagents.
Instead, the intervention of certain caged radicals
was postulated.®! Subsequently, however, it was
pointed out’~ that the absence of disproportionation
or dimerization products does not rule out the inter-
vention of aryleyclohexadienyl radicals. Rather, this
failure may be ascribed to the presence, in relatively
high stationary-state concentrations, of radicals that
can act as efficient hydrogen abstractors. With such
radicals present, the aryleyclohexadienyl radicals (I)
give hydrogen to yield IV before they have an op-
portunity to disproportionate or dimerize to give II
or III. In the case of PAT,® the relatively stable
hydrogen abstractor is the triphenylmethyl radical
PhyC:. With benzoyl peroxide as the radical source,
there is no corresponding stable hydrogen abstractor
(benzoate radicals being rather fleeting), and so dimeri-
zation and disproportionation become important side
reactions to arylation.

It was less clear why there is little or no dispropor-
tionation or dimerization when the arylating reagent
is NAA. Clearly, assuming a high stationary state
concentration of acetate radicals as hydrogen ab-
stractors is unreasonable in view of the known! in-
stability of these radicals. Nevertheless, “cage effects”
are not involved.!!

The long-standing mystery of the NAA reaction
has now been elegantly solved by Riichardt and co-
workers,'%1® who have presented convincing evidence!?
that NAA is converted to a diazoanhydride, ArN=
N—O—N=NAr, prior to arylation. The diazoanhy-
dride then gives rise to Ar. (the arylating agent),
nitrogen, and Ar—N=N—O:. The latter radical
is rather stable and thus, like PhyC-, accumulates in
quite high stationary-state concentration and acts as
an efficient scavenger for the arylcyelohexadienyl
radicals I, preventing their dimerization and dispro-
portionation and converting them, instead, to aryl-
benzene IV and ArN=N-—OH. The latter then reacts

(5) Cf. M. Eberhardt and E. L. Eliel, J, Org. Chem., 27, 2289 (1962).

(8) E. L. Eliel, M, Eberhardt, O. Simamura, and S, Meyerson, Tetrahedron
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