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The reductive amination of polynuclear aromatic hydrocarbons provides a new synthesis of novel secondary and

tertiary amines.

The conditions affecting this reaction of aromatic hydrocarbons with alkali metals and amines

were studied. Reductive amination takes place concurrently with, and at times in preference to, metal-amine

reduction when an aromatic hydrocarbon is treated with sodium and a secondary or primary amine.

This side

reaction to the Birch-type reduction takes place readily with naphthalene and alkylated naphthalenes and gen-
erally at the 8 position of the less substituted ring, provided that there is no alkyl group at either vicinal position.
Steric effects in both the aromatic hydrocarbon and in the amine influence the competition of reductive amina~

tion and Birch-type reduction.

The reduction of naphthalene to 1,2,3,4-tetrahydro-
naphthalene (1) by sodium in liquid ammonia was
first studied in 1914.% Later it was shown that four
atoms of sodium were involved, though a large excess
was present.® In 1939, naphthalene was shown to
react with two atomic proportions of sodium in liquid
ammonia at —75 to —65° to form a red complex
which, on decomposition with methanol, gave 1,4-di-
hydronaphthalene (2).”® The complex was found to be
stable at low temperatures but ammonolyzed above
—50° to form 2, which was isomerized to 1,2-dihydro-
naphthalene (3). The latter isomer then reduced at
this temperature to 1. It was therefore concluded that
the reduction of naphthalene to 3 is a stepwise process,
involving successive formation of a disodium adduct,
protonolysis of the adduct to 2 and sodium amide,
base-induced rearrangement of 2 to 3, and, finally,
reduction to 1. Similar results were obtained with
calcium.” It was inferred that the organometallic
intermediates in these reactions are salts, and that the
reduction is initiated by the addition of electrons to the
naphthalene nucleus to form a radical anion and di-
anion. Other contributions to our understanding of
dissolving metal reactions have been made™* and
general discussions are available.’e

Birch, in the early 1940’s, greatly extended Wooster’s
earlier observations,®8 and, as a result, the Birch re-
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Chem. Soc., 88, 1837 (1966).
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Carel, Amer. Chem. Soc., Div. Petrol. Chem., Preprints Gen, Papers, 11,
No. 3, 65 (1966); (b) E. J. Eisenbraun, D. V. Hertzler, W. P. Duncan, M. D.
Raba, P. W. K. Flanagan, and R. D. Grigsby, bid., 18, No. 1, 226 (1968),

(3) (a) R. C. Bansal, Ph,D. Thesis, Oklahoma State University, July 1966;
(b) American Petroleum Institute Research Project 58A Graduate Research
Assistant, 1962-1966; (c) American Petroleum Institute Research Project
58A Graduate Research Assistant, 1966-1968; (d) National Science Founda-
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(4) National Science Foundation Research Participation Program for Col-
lege Teachers, summer 1967, GY-2420.

(5) P. Lebeau and M. Picon, Compt. Rend., 188, 1514 (1914),

(6) C. B. Wooster and F. B. Smith, J. Amer. Chem. Soc,, 8, 179 (1931).

(7) (a) W. Hickel and H. Bretschneider, Justus Liebigs Ann. Chem.,
540, 157 (1939); (b) A. P. Krapcho and A, A. Bothner-By, J. Amer.
Chem. Soc., 81, 3658 (1959); (¢) A. P. Krapcho and M, E. Nadel, 7bid., 86,
1096 (1964); (d) J. J. Eisch and R. M. Thompson, J, Org. Chem., 27, 4171
(1962); (e} J. J. Eisch, ibid., 28, 707 (1963); (f) O. J. Jacobus and J. F.
Eastham, J. Amer. Chem. Soc., 87, 5799 (1965); (g) H. O. House, “*Modern
Synthetic Reactions,”” W. A, Benjamin, Ine,, New York, N. Y., 1965, pp
50-77; (b) W. Hckel, Fortsch. Chem. Forsch., 6, Part 2, 1 (1966); @) J. J.
Eisch, ‘“The Chemistry of Organometallic Compounds,” The Maemillan Co.,
Inc., New York, N, Y., 1967.

duction has been applied extensively in synthetic
organic chemistry.”® The Birch reduction of poly-
nuclear aromatic hydrocarbons and other aromatic
systems has been thoroughly explored and reviewed.®
Birch routinely included aleohols in his reaction mix-
tures. These were considered to be the source of
protons for the reduction of aromatic systems.

Other authors have modified the original procedure
utilized by Birch. Significant contributions regarding
the relative merits of lithium and sodium resulted
from the work of Wilds and Nelson!® and, subse-
quently, from that of Dryden and coworkers!!® and
Harvey.'*® The use of calcium hexammine in the
selective reduction of aromatic hydrocarbons has been
reported.!’® Benkeser and coworkers pioneered the
use of low molecular weight amines such as methyl-
amine, ethylamine, and propylamine instead of liquid
ammonia.’? More extensive reduction results when
these amines are used, since there is an increase in
solubility of organic molecules and the reaction tem-
perature may be higher. Reggel and coworkers showed
that lithium in ethylenediamine appears to be the
most powerful metal-amine system and can reduce
aromatic hydrocarbons to saturated hydrocarbons.!%-¢
Slaugh and Raley!®d reported reduction of benzene and
alkyl-substituted benzenes with sodium-ammonia at
60-130°. Reduction of aromatic hydrocarbons has
also been achieved by electrolysis in the presence of
lithium chloride using a low molecular weight amine or
ethylenediamine!#* or hexamethylphosphoramide! sol-
vent.

(8) C. B. Wooster and K. L, Godfrey, J. Amer. Chem. Soc., 69, 596
(1937).
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and D. M. Mohilner, ¢bid., 89, 186 (1967).
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Results and Discussion

We previously demonstrated? that amines and
sodium may be used in the reduction of naphthalene
and alkylated naphthalenes to dihydronaphthalenes
and tetrahydronaphthalenes. However, in some cases,
the low yields of reduced hydrocarbons pointed to the
formation of side reaction products. These were
identified as hydrocarbon dimers?®¥ and secondary
or tertiary amines, of which N-(1,2,3,4-tetrahydro-2-
naphthyl)hexamethylenimine (4) is typical. The hy-
drocarbon reduction products accompanying 4 are
shown in Scheme I. In the case of naphthalene, 1
is the dominant volatile hydrocarbon product, and
with certain amines, the presence of 2 can be detected?®
in the early stages of the reaction. The tertiary amine
4 results from amination of 3.1

ScueMme 1

“ (CH sNH : : “
N(CHz)s
“ @O/ + dimers

Various primary and secondary amines were used to
test the generality of the reductive amination reaction.
The results are summarized in Table I. Reductive
amination products and hydrocarbon dimers (re-
ductive dimerization) exceed the Birch-type reduction
products when primary amines are used. For ex-
ample, cyclohexylamine and n-hexylamine gave 33 and
289, vields of N-cyclohexyl-1,2,3,4-tetrahydro-2-naph-
thylamine (5) and N-n-hexyl-1,2,3,4-tetrahydro-2-
naphthylamine (6), respectively, whereas N-ethyl-
1,2,3,4~tetrahydro-2-naphthylamine (7) and N-ethyl-
1,2,3,4-tetrahydro-1-naphthylamine (8) were ob-
tained in 179, combined crude yield and the conven-
tional Birch-type reduction products were essentially
absent. The hydrocarbon dimers are a complex
mixture, of which 1,2,3,4,1/,2’3" 4'-octahydro-2,2'-
binaphthyl (9)* and 5,6,6a,6b,11,12,12a,12b-0cta-
hydrodibenzo [a,glbiphenylene (10) generally pre-
dominate.?

NHCH,CH;

ce

) OTe
oQ N

)
o OO0

(15) Presented before the Southivest Regional of the American Chemical
Society, Albuquerque, N. M., Nov 30-Dec 2, 1566.

The dimer 9 has been reported to form in the reaction
of naphthalene with sodium® and ethylamine or with
either sodium!™ or magnesium!” and ammonia.

The formation of a carbon-nitrogen bond during
reductive amination generally takes place at the 8
position of the naphthalene nucleus. The observed
major exceptions occur with ethylamine and pyz-
rolidine (Table I), which gave 8 and l-pyrrolidino-
1,2,3,4-tetrahydronaphthalene (11), respectively. In
both cases, these are the minor products.

The yield of reductive amination product appears
to be very susceptible to steric effects in the amine
moiety. Forexample, 2-methylpyrrolidine and 2-meth-
vlpiperidine afforded small amounts (ca. 1-59) of
reductive amination products, whereas 2,5-dimethyl-
pyrrolidine and 2,6-dimethylpiperidine failed to give
more than trace amounts of such products. How-
ever, all of these amines cause reduction and reductive
dimerization of naphthalene, as shown in Table I.

Several alkyl-substituted naphthalenes were sub-
jected to reductive amination with sodium and hex-
amethylenimine. The results may be found in Table
II. It is of interest that reductive amination for these
examples takes place in the less alkyl-substituted ring
of the naphthalene nucleus and at the 2 position. If
the ring is substituted by alkyl groups in both rings,
reductive amination may not take place.l:? For ex-
ample, 2,6-dimethylnaphthalene (25), 1,4,6-trimethyl-
naphthalene (26), and 2,3,6-trimethylnaphthalene
(27) failed to give reductive amination products; how-
ever, extensive Birch-type reduction or reductive
dimerization of the individual hydrocarbons took place.

JOORN OIS C O L

25 26 27

A definite assignment for the position of attachment
of nitrogen for the reductive amination products from
1-methylnaphthalene, 2-methylnaphthalene, and 2-t-
butylnaphthalene in Table IT could not be made, since,
for example, the nmr data did not permit distinetion
between 19a and 19b.

Consideration of the foregoing data and the probable
mechanism™ for formation of 1-3 strongly suggests the
overall sequence in Scheme II. This rationalization
explains the formation of 1,2,3,4-tetrahydronaphtha-~
lenes as well as reductive amination products from
1,2-dihydronaphthalenes. We suggest that, for re-
duction and presumably for reductive amination, the
necessary protons come from the amine solvent and
not from the water used to quench the reaction. We
also suggest that the amination step takes place by
nucleophilic addition of the anion of hexamethyl-
enimine to the conjugated double bond of 3 and sub-
sequent abstraction of a proton from hexamethyl-
enimine by anion 31, as shown in Scheme II It
seems less likely that addition to 2 takes place, since
2 is readily isomerized to 3. Under the same conditions,
cyclohexene and cyeclooctene gave no evidence of reac-
tion.

(18) L. Reggel, H. W. Sternberg, and I. Wender, Nature, 190, 81 (1861).

(17) (a) W. Hilckel and M, Wartini, Justus Liebigs Ann. Chem., 686,
40 (1965); (b) P. Markov, D. Lasarov, and C. Ivanov, ibid., 704, 126 (1967).
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Scuems II
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= QO
31 32
TasLe I
REDUCTIVE AMINATION OF NAPHTHALENE AT RooM TEMPERATURE
p————-—Reductive amination products Hydrocarbons—————
Amine Compd Structure A 1 3 Dimers?
Cyeclohexylamine 5 @O/ NH_O 33 2 2 43
n-Hexylamine 6 @:)/NH(CH2>5CHG 28 0.3 0.8 47
Bthylamined 7 @O/ NHCH,CH; 17¢ 1 80
N
Ethylenimine 12 @O/ f I f f
Pyrrolidine 13 @O/NG 350 20 36
Piperidine 14 @O/N\.(/CHY)S 46 4 0.7 11
Hexamethylenimine 4 @O/ N EH 28 8 0.4 35
™\
Morpholine 15 @O/N\_/O 33 32 8
2,6-Dimethylmorpholine 16 @O/N\ :0 52 7 7 12
N-Methylpiperazine 17 N New, 64 6 0.8 5
QU
Dipropylamine 18 ():O/N(CHZ(%CH“)Z 6 4 9 55
2-Methylpyrrolidine 5 23 30
2,5-Dimethylpyrrolidine . 25 36
2-Methylpiperidine 5 42 N 36
2,6-Dimethylpiperidine 5 4 85

@ Yield based on consumed naphthalene.
contained ca. 25% 2. ¢ At 15°.

¢ Nmr analysis showed this product to be a mixture of 7 and 8 (16:1).

b Containing several dimers, of which 9 and 10 are major constituents. °This f_ra.ction
/ The extreme sensitivity of

12 to acid does not allow the usual isolation procedure, and only sufficient quantities of 12 for identification and ana‘lysis were isolated.
The hydrocarbons were not investigated in this case. ¢ Gas chromatography analysis showed this product to be a mixture of 11 and 13

(1:11).
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Scueme I11
HN (CH.)s  yeaction D0
Na mixture
33 34
no deuterium in
either hydrocarbon
27
DN(UHy,  reaction H,0
mixture 33 + 4
deuterium in
both hydrocarbons
TasLe IT
REDUCTIVE AMINATION OF ALKYLATED NAPHTHALENES WITH SODIUM AND HEXAMETHYLENIMINE AT 25°
Yield of
reductive ~—Yield of hydrocarbon products,%—
amination Steam- Non-
Starting material produet,* % ~————8tructure of reduective amination products——— volatile? volatile
N CHD, N (CHy
1-Methylnaphthalene 17 andjor @i)/ 37 21
19a 19b
N CH N (cHye
2-Methylnaphthalene 43 m andr @:)/ 24 15
20a 20b
N (CHy), N (CHy)e
2-t-Butylnaphthalene 43 X(@O/ = andfor }(@O/ ~ 15 7
21a 21b
. N THD;
1,4-Dimethylnaphthalene 51 ~ 17 8
22
. N (OH,
2,3-Dimethylnaphthalene 69 :@ij’ A 11 7
23
1,4,5-Trimethylnaphthalene 25 37 8

24

= Yield calculations based on consumed aromatic hydrocarbon. ®The compositions of these hydrocarbon products remain under

study.

Evidence to support Scheme II was obtained by
subjecting 27, as shown in Scheme III, to conventional
sodium and hexamethylenimine reaction conditions
and subsequent hydrolysis of the reaction products
with deuterium oxide to yield 33 and 34, which were
shown by nmr and mass spectrometric studies to be
completely free of deuterium. However, when N-deu-
teriochexamethylenimine was substituted for hexa-
methylenimine in thereactionand hydrolysiswaseffected
with water, substantial deuterium incorporation was
observed in 33 and 34. These studies gave 33 and 34
in a 5:1 ratio, which is in agreement with the data
shown in Table II. The nmr studies showed that there
was no positional selectivity in deuterium incorporation
in 33 and 34. However, a preference for deuterium
exchange at benzylic positions was observed for re-
covered 27.

That addition of amine anion to a conjugated olefin
is reversible in the reductive amination reaction was

demonstrated by the competitive study shown in
Scheme IV. The formation of hydrocarbons 1 and 3
and the mixture of amines 11 and 13 was confirmed
through instrumental studies and conclusively estab-
lishes that reductive amination is indeed a reversible
process.

Scueme IV

or® - @0
L/

N

eyl

11 + 13

[_—Jx Na

N
P
H
P S—

+ 1 4+ 3+ expected
products
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AMINATION OF 2 AND 3

Tasre III
————— Yield of hydrocarbons,® Zp———-mr——: —_—
Hydrocarbon Amine Source of base Yield of 4, % 1 8 Dimers
2 H@Hz)s Na 66 24 6 4
3 BN CH; Na 53 30 7 5
3 HY CH), n-Buli 64 e 35 1

@ Yields determined by glpc analysis,

The addition of the anion derived from the reaction
of n-butyllithium with hexamethylenimine to 2 and 3
(Table III) also substantiates Scheme II and is of
interest because it takes place in a nonreducing system.
Further, the addition of primary and secondary amines,
in the presence of sodium to conjugated olefing is
known.'®* For example, styrene stirred with sodium
and ethylenimine at 45° gives an 899, yield of 35.1%
Other experiments designed to test nucleophilic addi-
tion to 3 showed that 36 could be formed from the
anion derived from the reaction of n-butyllithium and
thiophenol but that sodium hydride in dimethyl
sulfoxide caused the formation'® of the dimer 37 rather
than the adduct comparable to 38 obtained from 1,1-
diphenylethylene.’®* The formation of dimer 37 may
also be caused by heating 2 with potassium {-butoxide
in DMSO? or by heating 2 or 3 with KOH in DMSO.
The latter gives a mixture of dimers containing varying
proportions of 9, 10, and 37.

~ N SPh
=
35 36

0

h !
@: pp,~ CHCH.CH,SCH,

37 38

Experimental Section?

The amines used in this work were purchased from the usual
sources except for gift samples??»? and 2-methylpyrrolidine, which
was prepared from 5-methyl-2-pyrrolidone by LiAlH, reduction.
All amines were distilled from potassium hydroxide before use.
The dispersed sodium was prepared by stirring freshly cut sodium
pieces in hot xylene.

Structural Assignments.—The structures of the reductive
amination products were assigned from nmr data summarized in

(18) (a) H. Bestian, Justus Liebigs Ann., Chem., 566, 210 (1950). (b)
A, P. Stuart and C, E. Scott, U. 8. Patent 3,118,938 (1964); Chem. Abstr.,
60, 9167 (1964).

(19) C. Walling and L. Bollyky, J. Org, Chem., 29, 2699 (1964).

(20) Private communication from M, Baum., We acknowledge his prior
preparation of 87, which proved to be identical with 87, from our reactions,

(21) Nmr spectra were obtained with a Varian HR-80 spectrometer.
Peak positions are reported in terms of parts per million downfield from in-
ternal TMS standard in CCl solvent. Mass spectra were obtained with a
Consolidated Electrodynamics Corp. Model 21-1038 C mass spectrometer.
Glpec analyses for the hydrocarbons were obtained with a Hewlett~Packard
Model 5750 gas chromatography apparatus fitted with thermal conductivity
and hydrogen-flame detectors using helium as a carrier gns. The financial
assistance from the Research Foundation, Oklahoma State University, PHS
Grant 5-505-FR077-04, which made this instrument available is gratefully
acknowledged. Elemental analyses were carried out by Galbraith Labora-~
tories, Inc., Knoxville, Tenn,

(22) (a) We are grateful to the Union Carbide Co. for supplying amines
used in the preparation of 6 and 16-18. (b) The ethylenimine used to pre-
pare 12 was supplied by Dow Chemical Co. (¢) We thank the Sun Oil
Co. for the high-purity naphthalene used in these studies.

Table IV and observation of the molecular ion peak in the in-
dividual mass spectrum (Table V). Acceptable elemental anal-
yses (C, I, and N) were obtained for each amine and are pre-
sented in Table VI.2t

Reductive Amination of Naphthalenes.—All reductive ami-
nation reactions were carried out under a nitrogen atmosphere in
2 300-ml, three-necked flask equipped with air condenser and mag-
netic stirrer. The reductive amination with ethylamine was
carried out at 15° under a Dry Ice condenser, but in all other
cases the reactions were carried out at room temperature.

Reductive Amination of Naphthalene with Sodium and Hexa-
methylenimine.—To 6.4 g (0.05 mol) of naphthalene®® and 4.6 g
(0.2 g-atom) of dispersed sodium contained in the reaction flask
was added 100 ml of hexamethylenimine. A red color usually
developed within 20 min. The mixture was stirred at 25° for
12 hr, and unreacted sodium which had agglomerated was re-
moved. The reaction mixture was poured cautiously onto ice
water and the red color disappeared. The product mixture was
acidified with 109, aqueous hydrochloric acid. After the hydro-
carbons had been removed by extraction with ether, the aqueous
layer was made alkaline with dilute sodium hydroxide, and sur-
plus hexamethylenimine was removed by steam distillation.
The residue from steam distillation was extracted with ether.
Drying (Na,S0,) gave 6.2 g (359, yield) of crude N-(1,2,3,4-
tetrahydro-2-naphthyl)perhydroazepine (4); distillation gave a
colorless oil (28, yield), bp 134-136° (0.8 mm).

The ether extract containing hydrocarbons was concentrated
and then steam distilled to separate the volatile hydrocarbons
from the Cy dimers. Extraction of the volatile fraction with
ether, drying (MgS0,), and concentrating afforded 0.55 g
(8.4%) of 2 20:1 (1 to 3) mixture. The ratio was determined by
glpe on a Carbowax 20M column. Extraction of the residue of
hydrocarbons from the steam distillation gave 2.3 g (359,) of a
mixture of crude dimer hydrocarbon products, including 9 and 10.
A similar procedure was used for the reductive amination of
naphthalene with other amines.

Isolation and Identification of 1,2,3,4,1/,2’,3',4'-Octahydro-
2,2’-binaphthyl (9) and 5,6,6a,6b,11,12,12a,12b-Octahydrodi-
benzola,g] biphenylene (10).—Dimer 9, mp 80-83°, crystallized
from an ether extract of the previously described steam distill-
ation as white crystals and was recrystallized: mp 84-85°;
nmr (CCL) 6 6.99 (s, 8, ArH), 2.73 (g, 8, ArCH), and 1.65 (m, 6,
CH,); mass spectrum (70 eV) m/e (rel intensity) 262 (42), 131
(100), 130 (39), 129 (32), 104 (40), and 91 (29).

Dimer 10 crystallized from an ether solution of the nonvolatile
hydrocarbon residue in the reaction of naphthalene with ethyl-
enediamine. It was purified by crystallization from ether—
petroleum ether as colorless crystals: mp 179-180°; nmr
(CCL) 6 6.99 (s, 8, ArH), 2.76-3.46 (m, 6, ArCH), and 1.20-
2.07 (m, 6, CH,); mass spectrum (70 eV) m/e (rel intensity)
260 (41), 131 (38), 130 (40), 129 (100), 128 (63), and 115 (21).

Reductive Amination of Naphthalene with Sodium and Ethyl-
enimine.—To 6.4 g (0.05 mol) of naphthalene and 4.6 g (0.2
g-atom) of dispersed sodium contained in the reaction flask, 100
ml of ethylenimine was added. After the mixture had been
stirred at 25° for 12 hr, unreacted sodium was removed and the
surplus ethylenimine was distilled under vacuum (water aspira-
tor). The residue in the flask was diluted with water and shaken
with ether. The ether extract was washed with water, dried
over anhydrous sodium sulfate, and filtered. Distillation of
ether gave 7.0 g of dark oil. Gas chromatographic analysis of
this oil on a 10 ft X 0.375 in. column of base-washed Chromosorb
W coated with 259 Carbowax 20M showed 289, tertiary
amine 12. Since 12 is very sensitive to acid, it was purified
directly from the mixture by preparative gas chromatography
using the above column.,

Reduction of 2,3,6-Trimethylnaphthalene (27) with Sodium
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TasLe IV
NMR Dara FoR REDUCTIVE AMINATION PRODUCTS

Aromatic protons

Compd absorption, § ppm
4 6.93 (4 H, s)

5 6.89 (4 H, s)

6 6.94 (4 H, 8)

7 and 8 6.96 (4 H, s)
12 6.97 4 H,s)

11 and 13 6.92 (4 H, s)
14 6.91 (4 H, s)

15 6.91 (4 H, s)

16 6.93 (4 H, s)

17 6.95 (4 H, s)

18 6.94 (4 H, s)

19a or 19b 6.81 3H,s)
20a or 20b 6.76 (3 H, s)
2la or 21b 6.95 (3 H, s)
22 6.71 (2 H, s)

23 6.96 (2 H, s)

24 6.72 (2 H,s)

@ Methylene protons not adjacent to nitrogen.
adjacent to nitrogen or aromatic ring.
side of aziridine ring. / Methylene proton at C;.
aziridine ring,.

tons adjacent to nitrogen. ! Protons at C,, Cs, and C..

and N-Deuteriohexamethylenimine.—A mixture of 3.20 g
(0.02 mol) of 26, 3.0 g (0.13 g-atom) of sodium, and 100 ml of
N-deuteriochexamethylenimine (65% D) was stirred at room
temperature under a nitrogen atmosphere for 50 hr. The amine
solution was decanted from the unreacted sodium and poured
over crushed ice. The aqueous mixture was acidified with con-
centrated HCl and extracted twice with ether. The ether layer
was washed twice with water and dried over anhydrous sodium
sulfate, and the ether was distilled, leaving 2.8 g of oil. TUn-
reacted starting material and compounds 33 and 34 were iso-
lated by preparative gas chromatography. Mass spectrometric
analysis of 33 showed the following incorporation (ds, %) of
deuterium: dy, 1; ds, 3; ds, 6; dr, 10; ds, 155 do, 17; dio, 17; duy,
14; dis, 9; dis, 4; dis, 2. The nmr spectrum did not show any
selective deuterium incorporation. The mass spectrum of 34
showed the following incorporation (d», %) of deuterium: dy,
13; ds, 20; dg, 23; dy, 20; ds, 13; do, 7; dio, 2. The mass spec-
trum of recovered 27 showed the following incorporation (d., %)
of deuterium: dy, 13; ds, 20; ds, 23; dr, 20; ds, 13; do, 75 dro, 2.
The nmr spectrum showed the benzylic to aromatic proton ratio to
be 6.2: 5 compared with 9:5 for nondeuterated 27.

Exchange of Amino Groups in a Reductive Amination Prod-
uct.—A mixture of 0.643 g (4.12 X 1073 mol) of 2,3-dimethyl-
naphthalene, 1 g (4.12 X 10~2 mol) of 4, 0.379 g (1.65 X 10~%
g-atom) of sodium, and 16 ml of pyrrolidine were stirred under
a nitrogen atmosphere for 12 hr. The amine and hydrocarbon
products were separated by the procedure given for the reductive
amination of naphthalene with sodium and hexamethylenimine.
Gas chromatographic analysis of the volatile hydrocarbon mix-
ture showed the presence of 1 and 3. Mass spectrometric analy-
sis of the amine mixture which was not volatile to steam showed
parent ions at m/e 229 and 201. This latter parent ion corre-
sponds to the molecular weight of 11 or 13, which can arise only
from an exchange of pyrrolidine for the hexamethylenimine
group of 4.

An Attempted Reaction of Cyclooctene with Sodium and Hexa-

® Methylene protons not adjacent to nitrogen or aromatic ring.
¢ Protons adjacent to aromatic ring and nitrogen indicating 6% 8.
¢ One methylene proton at C; and one at Cs.
i Protons adjacent to aromatic ring and nitrogen indicating 439, 11.

Other proton absorptions, § (ppm)
1.60 (8 H, s), 1.14-2.25 (2 H, m),? 2.74 (9 H, m)°
0.61 (1 H, NH, s), 1.25-1.85 (12 H, m),* 2,71 (6 H, m)°
0.75 (1 H, NH, s), 0.88 (3 H, methyl, s), 1.31 (8 H, g),2
1.92 (2 H, m)?2.70 (7 H, m)°
0.96 (1 H, NH, s), 1.08 (3 H, methyl, t), 1.72 (2 H, m),®
2.76 (7T H, m),° 3.82 (0.06 H, m)4
0.95(2H, t),°1.20 (1 H, m),” 1.60-2.50 (2 H, m),®
1.56 (2 H, t),*2.72 (4 H, benzylie, t)
1.67 (4 H, ), 1.31-2.23 (2 H, m),? 2.61 (9 H, m),*
3.68 (0.43 H, m)
1.47 (6 H, s),* 1,50-2.20 (2 H, m),> 2.46-2.69 (9 H, m)°
.66 (2 H, m),?2.55 (9 H, m),c 3.54 (4 H, q)¢
1.15 (6 H, 2 methyl, d), 1.80-2.90 (11 H, m),t 3.25-4.00
(2 H, m)
.65 (2 H, m)?2.20 (3 H, methyl, 8), 2.26-2.90 (13 H, m)°
0.90 (6 H, methyl, t), 1.52 (4 H, m),* 1.90 (2 H, m),”
2.50 (4 H, t),% 2.77 (3 H, q)!
.22-1.93 (2 H, m),” 1.59 (8 H, s),* 2.13 (3 H, methyl,
d), 2.68 (9 H, m)
1.26-1.89 (2 H, m),” 1.58 (8 H, s),* 2.21 (3 H, methyl, s),
2.69 (9 H, s)
1.28 (9 H, methyl, s), 1.59 (8 H, )% 1.95 (2 H, m),’
2.72 9 H, m)
.63 (10 H, s),% 2.14 (6 H, methyl, s), 2.66 (9 H, m)*
.32-1.91 2 H, m),* 1.58 (8 H, m),* 2.11 (6 H, methyl, s),
2.64 (9 H, m)
.11 and 1.23 (3 H, methyl, d, J = 7 ¢ps), 1.60 (8 H, ),
1.80-2.49 (2 H, m),* 2.14 and 2.23 (6 H, methyl),
2.68-3.30 (8 H, m)°

-t

b

—

[Sa—Y

sy

¢ Methylene protons
¢ Methylene protons on one
» Methylene protons on other side of
i Protons adjacent to oxygen. * Methylene pro-

methylenimine —A mixture of 5.5 g (0.05 mol) of eyclooctene,
4.6 g (0.2 g-atom) of sodium sand, and 150 ml of N-methylpiper-
azine was stirred at room temperature under a nitrogen atmo-
sphere for 5 hr. No color developed and heat was not evolved
from the reaction mixture. The reaction mixture was decanted
from the sodium sand onto 400 ml of crushed ice. The aqueous
reaction mixture was extracted with ether and the ether layer was
extracted with excess 109, HCl. The ether layer was then dried
(Na:S0,4) and gas chromatographed. Only one peak, identical
in retention time with that of cyclooctene, in addition to ether
was observed. Under these conditions, cyclooctane would have
been detected. A similar experiment with cyclohexene failed to
produce any cyclohexane.

Reductive Amination of 1,2-Dihydronaphthalene (3) with
Sodium and Hexamethylenimine.—A mixture of 5 g (0.04 mol)
of 3, 3.5 g (0.15 g-atom) of sodium, and 150 m} of hexamethyl-
enimine was stirred vigorously at room temperature for 20 hr
under a continuous flow of nitrogen. The amine and hydrocar-
bon products were separated as previously described for the
preparation of 4. The crude, gold-colored product (5.5 g) was
distilled to give 5.1 g (58%) of 4, bp 137° (8 mm). The volatile
hydrocarbon fraction was shown by glpe analysis to be a 4:1
mixture of 1 and 3. A trace of Cy hydrocarbon dimers was iso-
lated.

A duplicate run using 2 instead of 3 gave 4 in 669, yield and a
4:1 mixture of volatile hydrocarbons 1 and 3.

Reaction of 1,2-Dihydronaphthalene (3) and Hexamethyleni-
mine by Means of n-Butyllithium.—To a 300-ml, three-necked
flask equipped with condenser, stirrer, nitrogen inlet tube, and an
addition funnel were added 100 ml of hexamethylenimine. A
solution of 89, n-butyllithium~hexane (60 m!)? was added under
nitrogen over a period of 15 min. The temperature of the reac-
tion flask was maintained at 25° by external cooling. A solution

(23) The concentration of n-butyllithium was determined by hydrolysis of
an aliquot and titration with standard hydrochloric acid.
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TaBLE V
Mass SPECTRAL DATA oF REDUCTIVE AMINATION PRODUCTS

Molecular ion

peak (intensity Peaks by relative intensities

Compd as % of ) fragmentation, m/e
4 229 (4.5) 229, 124, 41, 225, 227,128>
230, 229, 228, 227, 226, 225°
5 229 (6.0) 186, 130, 131, 229, 41, 562
230, 229, 187, 186, 158, 146°
6 231 (3.3) 160, 131, 30, 130, 156, 231«
232, 231, 230, 229, 227, 1610
7and 8 175 (6.7) 175, 56, 130, 28, 131, 104«
176, 175, 174, 173, 172, 171
11and 13 201 (4.1) 28,27, 96, 199, 201, 197«
202, 201, 200, 199, 198, 197>
12 173¢ (2.7) 130, 129, 115, 104, 28, 128«
173,172, 158, 147, 146, 145*
14 215 (5.6) 110, 215, 211, 84, 213, 412
216, 215, 214, 213, 212, 211t
15 217 (9.5) 217,130, 112, 28, 131, 1292
218, 217, 216, 215, 172, 159°
16 245 (8.7) 245,130, 131, 42, 129, 41«

246, 245, 244, 243, 172, 160°

Molecular ion

peak (intensity Peaks by relative intensities

Compd as % of 2) fragmentation, m/e
17 230 (3.4) 43, 58, 42, 70, 130, 2304
231, 230, 229, 228, 186, 172°
18 231 (1.7) 202, 131, 198, 27, 43, 414
231, 229, 227, 203, 202, 200°
19a and /or 19b 243 (4.8) 243,239, 41, 124, 129, 144=
244, 243, 242, 241, 240, 239°
20a and/or 20b 2434 (3.9) 239, 243, 41, 124, 241, 129«
244, 243, 242, 241, 240, 239¢
2laand/or21b 285 (3.0) 281, 266, 41, 285, 57; 1244
286, 285, 284, 283, 282, 281¢
22 257 (4.2) 253, 257, 158, 159, 41, 143«
258, 257, 256, 255, 254, 253¢
23 257 (1.8) 98, 28, 253, 41, 255, 304
257, 256, 255, 254, 253, 252°
24 271 (3.9) 28, 256, 271, 41, 157, 172¢

272, 271, 270, 269, 267, 257

@ 8ix strongest peai{s. b Last six peaks with intensities greater than 0.59% of total ion yield. <A 0.5% CuiHpN impurity was

detected. ¢ Sample as the hydrochloride when admitted to mass spectrometer.
TasLE VI
ANavyricAL DATA oF REDUCTIVE AMINATION PRODUCTS
Reductive
amination e Caled, % Found, % ————————
products Formula C H N C H N Bp, °C (mm)
4 CieHN 83.78 10.11 6.11 83.56 10.23 6.14 134-136 (0.8)
5 CieHasN 83.78 10.11 6.11 83.76 10.25 6.08 129-131 (0(8)
6 CieHasN 83.05 10.89 6.05 83.43 11.01 5.79 127-129 (0.8)
7 and 8 CpHiNe 82.23 9.78 7.99 82.22 9.64 8.07 66-68 (0.2)
12 CyoH;sN 83.19 8.73 8.09 82.98 8.79 8.02 6870 (1.5)
11and 13 Cy4H;pN?b 83.53 9.51 6.96 83.59 9.58 6.81 107-109 (0.5)
14 CusHaN 83.66 9.83 6.51 83.49 9.78 6.61 119-121 (0.8)
15 CuHisNO 77.38 8.81 6.45 77.11 8.89 6.43 126-128 (0.8)
16 CisHsNO 78.32 9.45 5.71 78.54 9.65 5.64 127-129 (0.8)
17 CisHg.N, 78.21 9.63 12.16 78.28 9.75 12.01 133-135 (0.8)
18 CieHysN 83.05 10.89 6.05 83.12 10.98 6.02 112-114 (0.8)
19a or 19b CrHpsN 83.89 10.35 5.76 83.67 10.46 5.62 145~-147 (0.9)
20a or 20b CuHy:N 83.89 10.35 5.76 83.90 10.36 5.73 136-138 (0.2)
2laor2lb CpoHy N 84.14 10.95 4.91 84.04 11.13 5.15 163-165 (0.6)
22 CisHaN 83.99 10.57 5.44 84.18 10.83 5.52 151-153 (0.5)
23 CiHyN 83.99 10.57 5.44 84.03 10.23 5.68 147-149 (0.3)
24 CioH2eN 84.07 10.77 5.16 84.26 10.91 5.00 180-182 (2.0)

e This sample is a mixture of 7 and 8 in a ratio of 16:1.

of 6.5 g (0.05 mol) of 3 in 10 ml of hexane was next added over a
period of 10 min. The reaction mixture was stirred for 12 hr at
25°. This reaction gave 7.25 g (64%) of 4 and 1.6 g (35%) of
unreacted 3.

Reaction of 1,2-Dihydronaphthalene (3) by Means of n-Butyl-
lithium and Thiophenol.—To 80 ml of thiophenol contained in a
reaction flask equipped with condenser, nitrogen inlet tube,
stirrer, and an addition tube, 30 ml of an 8% solution of n-butyl-
lithium~-hexane was added over a period of 15 min. A white pre-
cipitate formed. To the stirred suspension, 3.25 g (0.025 mol) of
3 was added, and the reaction mixture was stirred at 25°. After
a 12-hr period, the reaction mixture was diluted with water and
treated with 109, sodium hydroxide solution. This basic solu-
tion was extracted with ether and the ether extract was steam dis-
tilled to remove unreacted 3 (1.5 g, 489,). The residue from the
steam distillation was extracted with ether, dried (MgSO.),
and concentrated to 4.0 g of crude dark oil. Evaporative dis-
tillation gave 2.92 g (489,) of 36: nmr (CDCl;) 6 7.19 (m, 5,
ArH), 6.92 (s, 4, ArH), 3.32 (m, 1, CH adjacent to S), 2.88 and
2.72 (m, 4, ArCH;), and 1.99 (m, 2, ~CH,— nonbenzylic and not
adjacent to S); mass specttum (70 eV) m/e (rel intensity) 240
(34), 131 (100), 130 (71), 129 (39), 115 (29), and 91 (28).

An ether-insoluble, ethyl-acetate-soluble produet, mp 59-60°,
weighing 1.8 g, was isolated. This was identified as diphenyl di-

b This sample is a mixture of 13 and 11 in a ratio of 11:1.

sulfide by comparison with authentic material through melting
point and mass nmr spectra.
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