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A series of methyl-substituted pyrrolidines has been used to indicate the synthetic potentialities of the mercuric acetate
oxidation of saturated tertiary amines containing a five-membered ring. The 1,2-; 1,2,5-, 1,3,4- and 1,2,2 5-substituted

pyvrrolidines yield the corresponding A%-pyrrolines.

In 1,2,2-trimethylpyrrolidine the double bond is introduced at the un-

substituted «-carbon, and the product is the dimer, 1,53,5-trimethvl-3-(1,5’,5'-trimethyl-2’-pyrrolidyl)-A2-pyrroline, 1-
Methylpyrrolidine vields both dimer and trimer of the oxidation intermediate, 1-methyl-A2-pyrroline, and 1,3-dimethyl-

pyrrolidine also yields a dimer.
by hydrolysis, furnishes new hygrine-like bases.

Reaction of the enamine dimers and trimer in solution with ethyl acetoacetate, followed
With 1,3,4-trimethylpyrrolidine, the ‘‘dimeric’”’ (minor) product is the

result of further oxidation of one of the A2-pyrroline moieties to a pyrrole, namely, 1,3,4-trimethyl-2-(1/,3’,4’-trimethyl-2’-

pyrrolidyl)-pyrrole.

The success of the mercuric acetate oxidation of
piperidines as a svnthetic route to piperidines more
highly substituted, to A%-tetrahydropyridines and to
A’-tetrahydroanabasines? led us to test the utility of
this oxidation method with cyclic tertiary amines
of ring size other than six-membered. The results of
the mercuric acetate oxidation of a series of substi-
tuted pyrrolidines are reported in this article, and
those of the seven-, eight- and nine-membered rings
in the article following.®

While we have concentrated on the oxidation of
simple models in the five-membered ring series,
Favre and Marinier® have demonstrated a struc-
tural application of the mercuric acetate oxidation
of the pyrrolidine moiety in conessine alkaloid de-
rivatives. They found that dehydrogenation of di-
hydroheteroconessine and of dihydroconessine
yielded the same ternary iminium perchlorate,
showing that the two dihydro derivatives were
epimeric at C-20. In the bicyclic compound some-
what related to the amine moiety in conessine,
namely, 2,3-dimethyl-2-azabicyclo{3.3.0]octane,
mercuric acetate introduced a double bond at the
3-position.” In the simpler series™ which we have
been studying concurrently, the action of mercuric
acetate on 2,5-dimethyl-1-ethylpyrrolidine (I) in
aqueous acetic acid led to 2,5-dimethyl-1-ethyl-A2-
pyrroline (II) or 2,5-dimethyl-1-ethyl-Al-pyrro-
linium perchlorate (III) in the salt form. The en-
amine was characterized readily by the observed
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shift toward higher frequency (34 cm.—') of the
double bond stretching maximum in going from II
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to its protonic salt III.8=!® The yield of the 1,2,5-
trisubstituted pyrroline was not as satisfactory as
that obtained in the six-membered ring series, i.e.,
1,2,6-trimethylpiperidine — 1,2,6-trimethyl-A%-tet-
rahydropyridine.* The fault may be laid at least
in part to the susceptibility of the initial product to
further oxidation in solution and to the instability of
the enamine II.

The mercuric acetate oxidation of 1,2-dimethyl-
pyrrolidine (IV) yielded 1,2-dimethyl-A%-pyrroline
(V)811-13 plus dimeric material (VIII and/or
VIiIa). The monomeric enamine was converted to
the known 1,2-dimethyl-A!-pyrrolinium perchlorate
(VI), which reacted with potassium cyanide to give
2-cyano-1,2-dimethylpyrrolidine (VII). The cyano
group in this compound was displaced rather than
reduced on treatment with lithium aluminum hy-
dride, in confirmation of the complete substitution
on the 2-carbon* and the location of the double bond
as indicated in the precursor salt V1.
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1,2,2-Trimethylpyrrolidine (IX) was oxidized
smoothly with mercuric acetate, and the dimer of
the corresponding enamine, 1,5,5-trimethyl-A%-pyr-
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roline, was obtained in good yield. The product
was recognized as the dimer by its physical proper-
ties and analysis, and the structure of the dimer
could be assigned unequivocally in this case as X,
1,5,5-trimethyl-3-(1/,57,5’- trimethyl-2’- pyrrolidyl)-
A%-pyrroline, since unigue electrophilic and nucleo-
philic centers are available for condensation in the
pyrroline monomer.!¥ The product was character-
ized further by reaction with ethyl acetoacetate,
followed by hydrolysis, to give 2-acetonyl-1,5,5-tri-
methylpyrrolidine (XI). This conversion indicates
the reversibility of dimer formation under the re-
action conditions.}* The mercuric acetate oxida-
tion of 1,2,2-trimethylpyrrolidine thus provides a
synthetic route not only to a representative substi-
tuted pyrrolidylpyrroline but also to a substituted
hygrine.

The oxidation of the simplest member of the se-
ries, 1-methylpyrrolidine (XV), yielded two major
products, one of which was the expected dimer of 1-
methyl-A%pyrroline, 1-methyl-3-(1'-methyl-2'-pyr-
rolidyl)-A%pyrroline (XVI), characterized by phy-
sical properties and analysis. The other product
was the trimer, of probable structure 1-methyl-3-
[1’-methyl-3’-(1”-methyl-2”- pyrrolidyl) - 2’- pyrro-
lidyl]-A2-pyrroline (XVII), according to molecular
weight, analysis and analogy with the trimer of 1-
methyl-A2-tetrahydropyridine.” Both dimer and

XVIII

XV

trimer were convertible to d/-hygrine or 2-acetonyl-
1-methylpyrrolidine (XVIII), by treatment with
ethyl acetoacetate in aqueous ethanol, followed by
hydrolysis. Dimeric dehydrogenated product (XX)
was obtained from 1,3-dimethylpyrrolidine (XIX)
by mercuric acetate oxidation and was also converti-
ble to a hygrine derivative, probably 2-acetonyl-

{14) The condensation may be symbolized as taking place between
the ternary iminium acetate or hydroxide form (XII) of 1,5,5-tri-
methyl-A2-pyrroline (XIII) and XIII, both of which may be considered
to be in equilibrium with the pseudobase and sec.-aminoaldehyde forms

of the monomer in the dilute acetic acid-acetate solution. A similar
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combination would represent the self-condensation of 1-methyl-A2-
tetrahydropyridine,4 in slight variance with the concept of Schépf.15~17
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1,4-dimethylpyrrolidine (XXI) or a mixture of this
and 2-acetonyl-1,3-dimethylpyrrolidine.

An interesting variant in the "‘dimeric” product
was obtained when 1,3,4-trimethylpyrrolidine
(XXII) was the substrate for mercuric acetate
oxidation. The major product was the expected
enamine, 1,3,4-trimethyl-A%pyrroline (XXIII),
which formed a perchlorate (XX1V) of the ternary
iminium type. Incidentally, the pK,’ values for
1,3,4-trimethyl-Al-pyrrolinium perchlorate, 9.6 in
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water and 8.75 in 669, dimethylformamide, are
very similar to those obtained for an analogous
compound in the six-membered ring series, 3,5-di-
ethyl-1-methyl-A'-tetrahydropyridinium  perchlo-
rate, pK,' 9.47 (water) and 8.46 (669, DMF),
and the acid strengths of both conjugate acids are
greater than those for cyclic ternary iminium salts
substituted on the a-carbon.!®!*% The minor
product from 1,3,4-trimethylpyrrolidine (XXII)
had elemental analysis and molecular weight con-
sistent with the molecular formula C;sHauNs.  Since
the intermediate 1,3,4-trimethyl-A%pyrroline would
not be expected to undergo self-condensation
on the B-carbon, we assumed that overoxidation
might have occurred to give some 1,3,4-trimethyl-
pyrrole, which could then have undergone condensa-
tion with XXIII on the a-carbon of the pyrrole to
yield 1,3,4-trimethyl-2-(1/,3’,4/-trimethyl-2'-pyr-
rolidyl)-pyrrole (XXV). Exact analogy is found in
the work of Fuhlhage and VanderWerf* on the
reaction of Al-pvrroline and Al-tetrahydropyridine
with pyrroles. The presence of the pyrrole moiety
was confirmed by the strong pine splint test (in the
cold) which was given by the C;sHxuN, compound,
but not by representative enamines among those
described above, and by the possibility of intro-
ducing an aldehyde group into the molecule by the
method usually used for making pyrrolealdehydes,
so that the structural assignment XXV has a
sound basis.
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The most highly substituted pyrrolidine investi-
gated?® as an oxidation substrate was 1,2,2,5-tetra-
methylpyrrolidine (XXVTI), which was converted to
1,2,5,5-tetramethyl-A%pyrroline  (XXVII), iso-
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lated as 1,2,5,5-tetramethyl-Al-pyrrolinium per-
chlorate (XXVIII) in 78% yield.

In summary, the extension of the mercuric ace-
tate oxidation reaction to five-membered ring com-
pounds affords a route to variously substituted
pyrrolines and pyrrolidines and to ‘‘dimeric” and
“trimeric”’ products of unusual composition. The
pyrrolines which can be produced by the mercuric
acetate oxidation suggest applications in various
enamine condensations.?® From the representative
pyrrolidine examples here provided, it is now possi-
ble for us to predict the site of oxidation of almost
any alkyl-substituted pyrrolidine.

Experimental®

Saturated Amines.—The following known saturated ter-
tiary amines were used as precursors: l-methylpyrrolidine,?
b.p. 75-78° (750 mm.), %D 1.4222; picrate,® m.p. 223-
225°; 1,2-dimethylpyrrolidine,? =2 b.p. 94-96°, n¥p 1.4205;
picrate,® m.p. 236-239° dec.; 1,2,2-trimethylpyr-
rolidine,1.27.31 b p. 118-120°, n%p 1.4299; picrate, m.p. 268°
dec.; 1,3-dimetliylpyrrolidine,®:32:33h p. 95-97°, n%p 1.4192;
picrate, m.p. 183-184°; 2,5-dimethyl-1-ethylpyrrolidine, 34
b.p. 130.5-134°, n%p 1.4334; picrate, m.p. 187.5-191.5°; 1-
methyl-1-azacycloheptane,® b.p. 141-144°, »%p 1.4510;
picrate, m.p. 220.5-221.5° dec.

Mercuric Acetate Oxidation of 2,5-Dimethyl-1-ethylpyr-
rolidine. General Procedure for Mercuric Acetate Oxida-
tions.—A mixture of 12.3 g. (0.10 mole) of 2,5-dimmethyl-1-
ethvlpyrrolidine and 130 g. (0.50 mole) of mercuric acetate
in 500 ml. of 5%, acetic acid (959, water) was heated on the
steam-bath with stirring for 2 hours. The first precipitate
appeared 17 minutes after heating was begun. The reaction
mixture was cooled, and the precipitated mercurous acetate
was collected by filtration and washed with 59, acetic acid
(washings added to filtrate), then with acetone (washings
discarded). The precipitate, dried by suction on the filter,
weighed 31 g. (609, of theoret.). The filtrate was saturated
with hydrogen sulfide, the mercuric sulfide was removed,
and basification with potassium carbonate was followed by
ethier extraction, as in the general directions for the oxidation
of substituted piperidines.* The ether was removed by
slow distilling through a helices-packed column, and the re-

(22) Cf. C. Sandris and G. Qurisson, Bull. soc. chim. France, 345
(1958), for 2,2,5,5-substitution.
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Clooney for the determination of the infrared absorption spectra.
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JournNaL, 78, 4917 (1956).
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(32) F. F. Blicke and C,-J. Lu, Tuis JournaL, 74, 3933 (1952).

(33) H. T. Clarke and L. D. Behr, *'Org. Syntheses,” Coll. Vol, II,
John Wiley and Sons, Inc.,, New York, N. Y., 1943, p. 562.
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sidual liquid was distilled from sodium under nitrogen
through a Holzman column, yielding 2.80 g. (23%,) of 2,5-
dimethyl-1-ethyl-A%-pyrroline, b.p. 41° (29 mm.), s#%D
1.4421, pllaud lm 1644 cm, L

Anal. Caled. for CgHysN: C, 76.74; H, 12.08; N, 11.19.

Found: C, 76.80; H, 12.12; N, 11.26.

2,5-Dimethyl-1-ethyl-Al-pyrrolinium perchlorate crystal-
lized from ethanol as colorless needles, m.p. 244-245.5°,
yRuel 1678 cm., 71,

Anal. Caled. for CH;sCINO,: C, 42.57; H, 7.15; N,
6.21. Found: C, 42.42; H, 7.42; N, 6.10.

Mercuric Acetate Oxidation of 1,2-Dimethylpyrrolidine.—
For the oxidation of 10 g. (0.10 mole) of 1,2-dimethylpyr-
rolidine with mercuric acetate the general procedure was
followed except that after the removal of mercuric sulfide
the aqueous filtrate was extracted with several portions of
chloroform. However, no product appeared in these ex-
tracts. The aqueous residue was basified, extracted, and
dried in the usual manner. Distillation of the ether extracts
gave 2.9 g. (349%,) of a mixture of 1,2-dimethyl-A2-pyrroline3
and 1,5-dimethyl-3-(1’,5(and/or 1’,2’)-dimethyl-2’-pyr-
rolidyl)-A2-pyrroline, the boiling point of the mixture rang-
ing from 105° (750 mm.) to 148° (16 mm.). The fact that
the product was a mixture was indicated by the infrared
spectrum (liquid film) which showed strong maxima at 1640
cm, ™! (1,2-dimethyl-A%-pyrroline)® and at 1658 cm. ™! (1,5-
dimethyl-3-(1/,5'(and/or 1’,2’)-dimethyl-2’-pyrrolidyl)-aA2-
pyrroline) as well as weak maxima at 1700 and 1757 cm. ™},
the latter two maxima possibly being due to hydrolysis of
the enamiines to the amino-ketone aud aminoaldehyde, re-
spectively.® The anomalous boiling point may be due to
the reversible dimerization of 1,2-dimethyl-A%-pyrroline as
described by Craig.!213  For this reason as well it was very
difficult to separate pure components by fractional distilla-
tion, and vapor phase chromatography was not successful.
Hence, the yield of each product could not be determined.
Nevertheless, infrared spectra indicated that the lower boil-
ing fractions were richer in 1,2-dimethyl-A2-pyrroline while
the higher boiling fractions were richer in dimeric material.

1,2-Dimethyl-Al-pyrrolinium perchlorate,® formed by
adding perchloric acid to an ether solution of the lower boil-
ing fractions, crystallized from ethanol as colorless plates,
m.p. 239-240.5° dec., »N¥4! 1701 cm. ~L8,

Anal. Caled. for CeHCINO,: C, 36.46; H, 6.12; N,
7.09. Found: C, 36.32; H, 6.32; N, 7.00.

1,2-Dimethyl-A%-pyrroline was obtained from the per-
chlorate by basification and extraction with pentane, and then
by distillation, b.p. 58-59° (98 mm.), »i% 1640 cm. L.
Because of the instability of this compound, it was difficult
to obtain the free base analytically pure.

Anal. Caled. for CsHyN: C, 74.17; H, 11.41; N,
14.42. Found: C, 73.34; H, 11.39; N, 14.51.

Dimeric material, 1,5-dimethyl-3-(1’,5'(and/or 1’,2')-
dimethyl-2’-pyrrolidyl)-A%pyrroline was obtained by redis-
tillation at 126-130° (22 mm.), »¥p 1.4983, »im 1658 cm. 1,
but decomposed rapidly.

Anal. Caled. for CypHaN,: C, 74.17; H, 11.41; N,
14.42. Found: C, 73.26; H, 10.90; N, 14.43.

Reaction of 1,2-Dimethyl-Al-pyrrolinium Perchlorate
with Potassium Cyanide.*—To a solution of 3.8 g. (0.02
mole) of 1,2-dimethyl-Al-pyrrolinium perchlorate in 25 ml.
of water was added 3.5 g. (0.054 mole) of potassium cyanide
and a portion of ether. The mixture was shaken and ex-
tracted with further portions of ether. The combined ether
extracts were dried and concentrated, and the residual 2-
cyano-1,2-dimethylpyrrolidine?” was distilled, b.p. 77° (22
mm.), 72D 1.4440, »in 2220 cm. "}, yield ca. 70%.

Anal. Caled. for CG;H,2 N2t C, 67.70; H, 9.74. Found:
C, 67.60; H, 9.79.

Reaction of 2-Cyano-1,2-dimethylpyrrolidine with Lithium
Aluminum Hydride.¢—A slurry of 2.4 g. (0.063 nole) of
lithium aluminum hydride in 200 ml. of dry ether was stirred
while a solution of 1.9 g. (0.016 mole) of 2-cyano-1,2-di-
methylpyrrolidine in 50 ml. of anhydrous ether was added
dropwise, and the mixture was then heated at reflux for 5
hours. Excess reagent was decomposed by the cautious

(36) R. Lukes, V. Dédek and L. Novotny, Chem. Listy, §2, 654
(1958).
(37) W. Hertler, Ph.D. Thesis, University of Illinois, 1958,
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dropwise addition of a saturated aqueous solution of potas-
sium carbonate. The entire solution then was extracted
several times withh ether. The combined ethereal filtrates
were concentrated, and the residual oil was converted to the
picrate of 1,2-dimethylpyvrrolidine??; m.p. 240° dec., yield
8.5 g.(609%).

Mercuric Acetate Ozxidation of 1,2,2-Trimethylpyrroli-
dine.—Oxidation of 9.4 g. (0.083 mole) of 1,2,2-trimethyl-
pyvrrolidine by the general procedure described gave 6.89 g.
(749,) of 1,5,5-trimethyl-3-(1’,5',5 -trimethyl-2 ’-pyrrohdyl)
A?-pyrroline, b.p. 125-127° (15 mm.), »¥%p 1.4790; »im
1648(s), 1757(w) cm. ™! (latter band possibly due to hydrolv-
sis of some enamine to aminoaldehyde).3

Anal. Calcd for CHHgsNz: C, 75.6
12.60; mol. wt., 222.4. Found: C, 7
12.52; mol. wt., 236 = 11.

Condensation of 1,5,5-Trimethyl-3-(1’,5’,5'-trimethyl-2'-

pyrrolidyl)-A%-pyrroline with Ethyl Acetoacetate.—A solu-
tion of 2.6 g. (0.012 mole) of 1,5,5-trimethyl-3-(1’,5,5-tri-
inethvl-2’-pyrrolidyl)- A2-p\ rrolme and 65 g. of eth)l aceto-
acetate in 65 ml. of 509, aqueous ethanol was allowed to
stand in the dark under nitrogen at about 25° for several
davs. Theu 1056 ml. of 12 N hydrochloric acid was added,
and the resulting solution was heated on a steam-bath for 5
liours. The solution was reduced to a small voluine under
vacuuni, and the residue was washed with etlher to remove
non-basic material. The aqueous layer was basified with
potassium carbonate and extracted exhaustively with ether.
The combined basic ether extracts were dried, filtered, and
concentrated. The residue was fractionally distilled to give
1.3 g. (833%) of a colorless liquid, 2-acetounyl-1,5,5-trimethyl-
pyrrollidine, b.p. 95° (16 wmm.), n#%»D 1.4539, »im 1708(s)
cu.

Anal. Caled. for CHypNO: C, 70.96; H, 11.32; X,
8.28. Found: C, 70.94; H, 11.36; N, 8.42.

The picrate crystallized from ethanol as fine yvellow needles,
m.p. 157-158°.

Anal. Caled. for C;4HaoN,Og: C 48.24:
14.07. Found: C, 48.09; H, 5.63; X, 14. 33.

The perchlorate crystallized from ethanol as colorless
prisms, m.p. 127.5-129°.

H, 5.57; X,

Anal. Caled. for CmHzoCL\-Osf C, 4453, H, 747, N,
5.19. Found: C, 44.83; H, 7.23; N, 5.13.

Mercuric Acetate Oxidation of 1-Methylpyrrolidine.—
Oxidation of 20 g. (0.235 mole) of 1-methylpyrrolidine® hy
tlie general procedure vielded two major products: (a)
Dimmer: 1-methyl-3-(1’-methyl-2 -pyrrohdyl) A2-pyrroline, 37
b.p. 103° (21 min.), »%p 1.4945, vield 5.1 g. (259), »in
1645 cm.?. (The crude material had a very weak infrared
band at 1690 cmn. ™!, whichh could be indicative of a trace

amount of I-methyl-2-pyrrolidone.)

Anal. Caled. for CyoHypNe: C, 72.24; H, 10.91; N,
16.85; mol. wt., 170.3. Found: C, 72.05; H, 10.87; X,
16.48; mol. wt., 169 = 8§ (cryoscopic).3?

(b) Trimer: 1-methyl-3-[1’-methyl-3’-(1’’-methyl-2"’-pyr-
rolidyl)-2’-pyrrolidyll -A%-pyrroline, b.p. 173° (21 1),
n®p 1.5072, piim 1645(s) cm. ™ yield 5.1 g. (259).

Anal. Caled. for C;HxN;: C, 72.24: H, 10.91; N,
16.85; ol. wt., 249.4. Found: C, 71.71; H, 10.76; X,
16.65; mol. wt., 246 == 12 (cryoscopic).

Condensation of 1-Methyl-A2-pyrroline Dimer and Trimer
with Ethyl Acetoacetate.—A solution of 3.0 g. (0.023 1nole)
of the dimer of l-methyl-A%-pyrroline and 65 g. of ethyl-
acetoacetate in 65 ml. of 509, aqueous ethanol was allowed
to stand in the dark under nitrogen at 25° for 11 days. Tlhe
procict, 2-acetouvl-l-methyvlpyrrolidine or d/-hygrine, fol-
lowing isolption in the manner described above for 2-uce-
tonyl-1,5,5-trimethyIpyrrolidine, was fractionally distilled,
b.p. 83° (19 mum.), »#2p 1.4552, vield 0.55 g. (139%), »"n
1708 cu1. 7Y picrate, im.p. 149.5-151° (reported 148°,40 149

!37a1 ADDED IN PROOF—See also R. Luke§, J. IleSek and J.
Trojdnek, Coliectinn Cgech. Chent. Commnns., 24, 1987 (1959),

138) 0. E. Edwards, M. Chaput, F, H. (l,xrke and T. Singh, Tun.
J. Chen,, 32, 785 (1954).

(34 T Pregl, "Quantitative Orgamc Microupalysis Sth
vdiden. J. and A, Churchill, Ltd.. Londrm, 1951,

103 16, ', L. J. Anet, G. K. Hughes and I2, Ritchie,
wd Res., 2, 617 (1849},
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151,°41 155°42), The coudensation of the trimer of T-methyl-
A?2-pyrroline with ethyl acetoacetate under the same con-
ditious yielded di-hygrine in approximately the same
amount, We have not studied variations in the conditions
for the purpose of obtaining a maximum yield.

Mercuric Acetate Oxidation of 1,3-Dimethylpyrrolidine. —
Oxidation of 20 g. (0.20 mole) of 1,3-dimethyvlpyrrolidine
with mercuric acetate according to the general procedure
gave 8.4 g. (439,) of the dimer, 1,4-dimethyl-3-[1’,4'(and/or

’,3")-dimethyl-2’-pyrrolidyl]-A2-pyrroline, b.p. [11-113°
(22 mm.), n?p 1.4879, »fi7 1638 cm. 1.

Anal. Caled. for CpHNy: C, 74.17; H, 11.41; X,
14.42, Found: C, 74.38; H, 11.21; N, 14.17.

Condensation of ‘‘1,4-Dimethyl-A%-pyrroline Dimer’’
with Ethyl Acetoacetate.—A solution of 0.52 g. (0.011 mole)
of “‘1,4-diinethyl-A2-pyrroline dimer’”” and 20 g. of ethyl
acetoacetate in 17 ml. of 509, aqueous ethanol was allowed to
stand in the dark under nitrogen at about 25° for 13 days.
The product was 0.39 g. (479;) of 2-acetonyl-1,4-dimethyl-
pyrrolidine (or a mixture of this and 2-acetonyl-1,3-i-
methyvlpyrrolidine), b.p. 80° (15 mun.), #2p 1.4489, »fim 1708
cm. 7L

Anal. Caled. for CGHi;NO: C, 69.63;
9.02, Found: C,69.66; H, 10.74; N, 8.99.

The picrate crystallized from ethanol as fine yellow nee-
dles, mi.p. 141-143.5°

Anal. Caled. for C10H20V403 C -16 81,’
14.58. Fouud: C, 46.66; H, 5.08; N, 14.8%7.

1,3 4- Trxmethylpyrrohdme.—«The geueral procedure for
reducing imides to amines with lithium aluminum hydride in
ether was used to reduce 1,3,4-trimethy lsuc‘cinimido“ (n*D
1.4698) to 1,3 4tr1methvlpvrrohdme in 789, vield, Db.p.
114-115°, »%p 1.4209.

Anal. Caled. for C;HyN: C, 74.27; H, 13.36;
Found: C, 73.95; H, 13.50; N, 12.55.

The picrate crystallized from ethanol as yellow ncedles,
m.p. 203-204°.

Anal. Caled. for CyHysN,O5: C, 45.61; I,
16.37. Found: C, 45.40; H, 5.41; N, 16.23.

The picrolonate crystallized from aqueous cthianol as
vellow-orange needles, m.p. 183.5-184.5°.

H, 11.04; N,

H, 5.25; X,

N, 12.37.

5.30; N,

Anal. Caled. for CyH»N;0:: C, 54.10; H, 6.14; X,
18.536. Found: C, 54.22; H, 6.26; N, 18.42.

Mercuric Acetate Oxidation of 1,3,4-Trimethylpyrroli-
dine.~—Oxidation of 10 g. (0.088 mole) of 1,3,4-trimetliyl-
pvrrolidine by the general procedure described guve two
major products: (a) 1,3,4-Trimethyl-A2-pyrroline, b.p. 40°
(30 mu.), #2°p 1.4382, vim 1648 cun. Y, vield 5.2 g. (529().
Instability of this product and possibly codistillation with
solvent interfered with the analysis.

Anal. Caled. for C;H,N: C, 75.61; H,
Found: C, 74.38; H, 11.48; N, 12,22,

The perchlorate crystallized from cthanol as colorless
needles, n1.p. 101-1023, pXu' 1693 cmr. 1, pK’, 9.6 (water),
8.75 (869, dimethylformamxde) mol. wi. 211 + 2 (theor.
211).44

Anal. Caled. for CG;H\CINO:: C, 39.72; H,
6.62. Found: C, 39.98; H, 6.95; N,6.95

(b)  1,3,4-Trimethyl-2-(1’,3’,4’-trimethyl-2’-pyrrolidyl)-
pyrrole, b.p. 120-125° (19 mm.), n‘SD 1 5031, vield 1.07 g.
(119); »5S% 2760(s), 1530(m) cu1. AF‘OH 220-230 my
(platean), € 6950. The compound gave a stroug pine splint
test in the cold, wlhereas representative enamnines hicrein de-
seribed did not give a good pine splint test under the same
conditions.

Anal. Caled. for CyHauN.: C, 76.31; H, 10.98; X,
12.71:; wmol. wt., 220, Found: C. 76.44; H, 11.04; XN,
12.97; 1mol. wt., 223 =11 (crvoscopic, with camplior).

11.79; N, 12.60.

6.67; N,

(41} F. Galinovsky. A. Wager and R. Weiser, Monatsh. Chemn ., 82,
551 (1951).

“42) 1°, Sorm., C6ll. Caech. Chem. Communs., 12, 245 (1917).

(43) C. A, Miller and L. M. Long, THis JOURNAL, T5, 373 (1953):
see (5. 2, MceCasland and S. Proskow. ibid.. 76, 6087 (1954); see alsu
J. Trojanck and J. Pospigek, Coli. Czech. Chem. Cmniuvs., 24,
$07 (10593,

{14y The authors express ther sincere appreciution Lo Dr. Harold
Boaz, Eli Lilly aud Co., Indianapolis, Ind., for malking these hHgures
wvatlable to us.
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Using the general method of introducing an aldehyde func-
tion on pyrrole,* compound (b) was converted to 1,3,4-tri-
methyl-2-(1",3",4’ - trimethyl- 2’ - pyrrolidyl) - 5 - pyrrolecar-
boxaldehyde, b.p. 90° (1.9 mm.), »¥p 1.5438, »SS4 1650
em. ™Y AEQH 272 (¢ 9000), 304 mu (e 6830).%

2,2,5-Trimethylpyrrolidine,* b.p. 113-114°, n%4.5p 1.4212,
was converted to the hydrochloride, m.p. 185-187.5°, color-
less prisms from ether-ethanol.

Anagl. Caled. for C;HyCIN: C, 56.17; H, 10.78; N,
9.36. Found: C, 56.28; H, 10.56; N, 9.57.

1,2,2,5-Tetramethylpyrrolidine.—Methylation of 2,2,5-
trimethylpyrrolidine in the usual manner with formic acid
and formalin produced 1,2,2,5-tetramethylpyrrolidine, b.p.
128-130°, »¥-5p 1.4273.

Amnal. Caled. for CgHyyN: C, 75.52; H, 13.47; N, 11.01.
Found: C, 75.65; H, 13.61; N, 11.22.

The picrate crystallized from ethanol in the form of yellow
needles, m.p. 241-241.5° dec. (reported 224-226°).

Anal. Caled. for CyyHeoNO:: C, 47.19; H, 5.66; N,
15.72. Found: C, 47.22; H, 5.55; N, 15.78.

The perchlorate crystallized from isopropyl alcohol as
colorless needles, m.p. 223.5-225°.

Anal. Caled. for CHisCINOy: C, 42.20; H, 7.97; N,
6.15. Found: C,42.22; H,7.70; N, 6.00.

The hydrochloride separated from ethanol-ether as color-
less prisms, m.p. 212-213°.

(45) R, M. Silverstein, E. E. Ryskiewicz and C. Willard, Org.
Syntheses, 36, 74 (1936).

(48) See W. Herz and J. Brasch, J. Org, Chem., 23, 1513 (1958).

(47) R. B. Moffett and J. L. White, 74id., 17. 407 (1952).

(48) R. Lukes and M. Veéerd, Coll. Czech. Chem, Communs., 19, 263
(1954).
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Anal. Caled. for CgHyCIN: C, 58.70; H, 11.08; N,
8.56. Found: C, 58.64; H, 10.89; N, 8.50.

Mercuric Acetate Oxidation of 1,2,2,5-Tetramethylpyr-
rolidine .-——Oxidation of 9.0 g. (0.071 mole) of 1,2,2,5-tetra-
methylpyrrolidine was carried out in the usual manner except
that the final ethereal solution was treated dropwise with a
solution of 1:1 709, perchloric acid:ethanol until the mix-
ture was acid to congo red. Recrystallization of the pre-
cipitated salt from isopropyl alcohol yielded 12.45 g. (78%,)
of 1,2,5,56-tetramethyl-Al-pyrrolinium perchlorate, colorless
needles, m.p. 189-191°, pNudl 1677 cm. .

Anal. Caled. for CgHyCINOy: C, 42.57; H, 7.15; N,
6.21; O, 28.23. Found: C, 42.53; H, 7.06; N, 6.15; O,
28.15.

The corresponding base, 1,2,5,5-tetramethyl-A2-pyrro-
line, was distilled under nitrogen, b.p. 83° (120 mm.), n2D
1.4639, but decomposed rapidly, »82 1635(s) (C==C) and
1695(vw)em. 7 (possible hydrolysis of some of the enamine
by water vapor to the aminoketone).3

The picrate crystallized from ethanol as yellow-orange
needles, m.p. 223-224° dec., yN4! 1677 cm. ! (> C=N"1<).

Angl. Caled. for C HisN.O7: C, 47.45; H, 5.12; N,
15.81. Found: C,47.62; H, 5.04; N, 15.72.

Mercuric Acetate Oxidation of 1-Methyl-1-azacyclohep-
tane.*9-Oxidation of 14.2 g. (0.13 mole) of 1-methyl-1-aza-
cycloheptane® with mercuric acetate and isolation by the gen-
eral procedure yielded 3.89 g. of crude product, »i2 1655
cm. !, On distillation, 0.9 g. of starting material was re-
covered but no enamine. The distillation residue was hard
and resinous.

(49) See also ref, 5.
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Unsaturated Amines.

XV. The Mercuric Acetate Oxidation of Medium Rings

Containing Tertiary Nitrogen!

By NELSON J. LEONARD AND W. KENNETH MUSKER?
RECEIVED MAY 23, 1959

The major product of mercuric acetate oxidation of 1-methyl-l-azacyclodctane (I), then a treatment with hydrogen

sulfide and hydrochloric acid, has been shown to be 2,4,6-tris-(6’-methylaminohexy1)-trithiane trihydrochloride (II).

The

corresponding products, 2,4,6-tris-(7’-methylaminolieptyl)-trithiane trihvdrochloride and 2,4,6-tris-(5’-methylaminopentyl)-
trithiane trihydrochloride, are obtained from 1-methyl-l-azacyclononane and 1-methyl-l-azacycloheptane, respectively.
The conversions indicate that cyclic amines of ring size seven to nine (and higher) undergo ring opening under conditions

which permit equilibration between open and closed forms.

As a result of the experiments described herein, the main course

of the mercuric acetate oxidation of I:nedium-ring tertiary amines may be predicted and conditions may be selected so as to
effect over-all—when a final Raney nickel desulfurization step is included--a carbon-nitrogen hydrogenolytic scission.

A logical extension of the study of the mercuric
acetate oxidation of monocyclic tertiary amines,
which thus far has dealt mainly with five-! and six-
membered ring compounds,® was to determine the
course of the oxidation with seven-, eight- and nine-
membered rings, since unusual behavior could be
predicted for the tertiary amines of medium ring
size. Indeed, we were not disappointed, since the
major products obtained from the mercuric acetate
oxidation of 1-methyl-1-azacycloheptane, 1-methyl-
l-azacyclodctane and l-methyl-1-azacyclononane
were unlike those obtained from the amines of classi-
cal ring size.

Some variation in the usual conditions® was neces-
essary in order to obtain identifiable products.

(1) For article XIV in this series, see preceding paper by N. J.
Lconard and A. G. Cook, THis JoURNAL, 81, 5627 (1959).

(2) USI (U. S. Industrial Chemicals Co.) Fellow, 1958-1959.

(3) N. J. Leonard and F. P. Hauck, Jr., THIS JOURNAL, 79, 5279
(1957).

Thus, since the treatment of l-methyl-1-azacyclo-
heptane with excess mercuric acetate in 5%, acetic
acid for 2 hours on the steam-bath, followed by the
normal sequence of filtration, precipitation with
hydrogen sulfide, basification and ether extraction,
yielded no monomeric material,’ we modified the
isolation procedure with a termination sequence of
hydrochloric acid treatment and evaporation fol-
lowing the hydrogen sulfide reaction. Well-char-
acterized products were obtained from the seven-,
eight- and nine-membered ring compounds by this
means. The product from 1-methyl-1-azacyclodc-
tane (I) under the modified conditions will be dis-
cussed first. The reaction involved essentially two
stages, mercuric acetate oxidation at 45-48° during
50 hours and hydrogen sulfide-hydrochloric acid
treatment. The crystalline organic product, m.p.
236~239° dec., contained chlorine, nitrogen and
sulfur in a ratio of unity, corresponding to an em-



