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Electrochemical Generation of Unstable Nitrogen Species. Part 4.”
Electrochemical and Chemical Oxidation of Cyclic and Open-chain
Diamines. The Formation of Cyclic Hydrazine Derivatives
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Tokyo Institute of Technology, Nagatsuta-machi, Midori-ku, Yokohama 227
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Intramolecular N,N-coupling by the electrochemical oxidation of cyclic and open-chain diamines such as
3,3,7,7-tetracthylperhydro-1,5-diazocine (1) and N,N-dimethyl-2,2-diethyl-1,3-diaminopropane (2) was inves-
tigated with the use of platinum, silver, nickel, and carbon anodes. In the case of 1, cyclic hydrazine derivatives,
3,3,7,7-tetraethyl-1,5-diazabicyclo[3.3.0]octane and  1-(2-ethyl-2-formylbutyl)-4,4-diethyl-4,5-dihydropyrazole,
were formed in high current efficiency. In the case of 2, the corresponding hydrazines, 1,2-dimethyl-4,4-diethyl-
pyrazolidine and 1-methyl-3,3-diethyl-4,5-dihydropyrazole, were obtained in low current efficiency, because C-N
bond cleavage took place before N,N-coupling. A carbon anode was found.to be effective for N,N-coupling
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of such diamines.
and lead tetraacetate.

A number of studies have been carried out on the
electrochemical oxidation of amines from both
electrochemical and organic synthetic viewpoints.?
However, only a few papers deal with electrooxidative
N,N-coupling reaction. N,N-Coupling is known only
in the case of aromatic amines,3% ¢.g., the formation
of azobenzenes from aniline derivatives.

The initial electrode process of the oxidation of
amines is supposed to be one electron transfer from
a lone pair of electrons of a nitrogen atom to form a
cation radical. In the case of aromatic amines, the
life time of the cation radical intermediate thus pro-
duced is so long that it can give rise to various in-
termolecular coupling products.

In the case of aliphatic amines, the cation radical
and radical intermediate is so unstable that N,N-
coupling is difficult, C-N bond cleavage and/or nucleo-
philic substitution on an «-carbon supposedly taking
place. In their work dealing with anodic N,N-coupl-
ing of aliphatic amines, Blackham et al.” found that
2,2'-dimethyl-2,2'-azopropane and 2,2'-dimethyl-2,2'-
azoxypropane, with a total current efficiency 469,
are formed from ¢-butylamine. Recently, Bauer and
Wendt® and Fuchigami et al.?9 found that secondary
amines such as dibutylamine and piperidine give the

Chemical oxidative N,N-coupling of 1 and 2 was studied by using sodium peroxodisulfate

corresponding hydrazine compounds in current ef-
ficiency lower than 509%,.

In the case of chemical oxidation, no paper dealing
with N,N-coupling of aliphatic amines seems to have
appeared except for the formation of 1,1’-bipiperidines
from piperidines reported by Nomura et al.1%

We have investigated the intramolecular oxidative
N,N-coupling of a cyclic diamine and an open-chain
diamine such as 1 and 2. Intramolecular N,N-coupl-
ing seems to occur more easily than intermolecular
coupling, since reaction sites in the intramolecular
N,N-coupling would be closer to each other. Nei-
ther electrochemical nor chemical oxidation of such
aliphatic diamines seems to have been carried out
so far. The chemical oxidative N,N-coupling of 1
and 2 was studied by using sodium peroxodisulfate
and lead tetraacetate as an oxidizing reagent.

Results and Discussion

Electrochemical Oxidation of 1 and 2. Electroly-
sis of 1 was carried out in acetonitrile at a constant
potential using various anode materials. In order to
prevent 1 from becoming inert to oxidation due to
the formation of salt during the course of electrolysis,

TasLE 1. RESULTS OF THE ELECTROCHEMICAL OXIDATION OF 3,3,7,7-TETRAETHYLPERHYDRO-1,5-D1azociNE (1)
r to ields of products®
Entry Anod.e pﬁ?e(r)lctlfal E@ rlzz/tlioolaof éllg(c:)tl:‘rii:ityf Yields of product Recovery of 1

material ") “sop)  °C LiOH/1  (x 10* G/mol) 3 4 %

1 Pt 0.8 25 2 7.72 9 (23) 7 (53) 75
2 Pt 1.1 25 2 7.72 7 (18) 8 (60) 83
3 Pt 1.5 25 2 7.72 8 (20) 6 (45) 80
4 Pt 1.1 3 2 8.30 10 (23) 11 (76) 62
5 Pt 1.1 —12 2 7.33 9 (24) 9 (71) 56
6 Pt 1.1 25 0 7.72 4 (10) 10 (75) 89
7 Pt 1.1 25 10 18.14 12 (13) 21 (67) 40
8b Pt 1.1 25 2 7.91 579 13 (63) —
9 C 0.3 25 2 9.07 14 (30) 10 (64) 51
10 Ni 0.7 25 2 8.30 12 (28) 8 (56) 69
11 Ag 0.3 25 2 9.46 trace 11 (67) 66

a) Values in parentheses show current efficiency (%).

b) Electrolysis of 3.

c) Recovery of 3.
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lithium hydroxide powder was suspended in the anolyte.
The electrolytic conditions and results are summarized
in Table 1.

Two products were detected by gas chromatography.
One was identified as 3,3,7,7-tetraethyl-1,5-diazabi-
cyclo[3.3.0Joctane (3) by comparison of the mass
fragmentation! and retention time with those of an
authentic sample synthesized separately.') The other,
isolated by column chromatography on almina with
dichloromethane, was identified as 1-(2-ethyl-2-formyl-
butyl)-4,4-diethyl-4,5-dihydropyrazole (4), its structure
being confirmed by the following results:

a) The compound shows a positive Tollens test.

b) In the IR spectrum, the characteristic strong
absorption of a carbonyl group was observed at 1740
cm1,

c¢) In the NMR spectrum measured in CCl, with
TMS as the internal standard, the characteristic signal
of an aldehydic proton was observed at 9.30 ppm,
the other signals being explained in terms of the struc-
ture of 4.

d) In the mass spectrum, the molecular ion (m/e
238) was observed together with appropriate fragment
peaks such as mfe 209 (M+—CHO and/or M+—Et)
and 139 (M+—Et,CCHO).

e) The results of elemental analyses of the free
base and the 2,4-dinitrophenylhydrazone of 4 agree
with the calculated values within normal errors.

The compound thus isolated is neutral colorless
oily material; such a l-substituted dihydropyrazole
derivative is unknown so far.

As shown in Table 1, N,N-coupling products were
formed as expected, their current efficiency being
generally good.

In the case of a platinum anode, both 3 and 4 were
formed in approximately equal yields. A change in
the anode potential caused no appreciable change
in yield. However, the total current efficiency changed
with anode potential and electrolytic temperature.
N,N-Coupling proceeded efficiently at lower tempera-
ture. In the absence of lithium hydroxide, the current

t  The mass spectrum of 3 was measured with a gas
chromatograph-mass spectrometer.

decreased more rapidly than in its presence, the yield
of 3 being reduced to about one half, while that of
4 increased. The reason for this has not been clari-
fied yet. In the presence of 10 equivalents of lithium
hydroxide, ca. 193000 C/mol of electricity was con-
sumed and the ratio of 4/3 doubled, suggesting that
the more the electricity passes, the higher the yield
of 4. Carbon and nickel anodes gave 3 in slightly
higher yields than 4.

The electrochemical oxidation of 1 proceeded at ex-
tremely low potentials in the cases of carbon and silver
anodes, the latter giving only 4, though the current
efficiency was relatively low. In the case of a silver
anode, the initial electrochemical reaction gives an
oxide coating on the electrode surface. This seems
to effect the oxidation of 1. The low current ef-
ficiency of 4 in the case of the silver anode can be
attributed to the formation of silver oxide, since the
corrosion of the silver anode surface was observed
during the course of electrolysis. Hampson et al.12-14)
also found that platinum and silver anodes give dif-
ferent products in the oxidation of aliphatic mono-
amines in an alkaline solution. A nickel anode!®
behaves like a silver one, but no such tendency
was observed in the present work.

Since 3 can be oxidized at a lower potential than
1'" and 4 is formed by electrochemical oxidation
of 3, 4 seems to be formed by further oxidation of
3 produced in the course of the electrochemical oxi-
dation of 1.

Formation of 3 and 4 might proceed as shown in
Scheme 1.

Intramolecular N,N-coupling of the open-chain di-
amine (2) was investigated. Electrochemical oxida-
tion of 2 was carried out at a constant potential in
1 M NaOH solution instead of acetonitrile in the
case of 1, since the anode was passivated in the ace-
tonitrile solution.

Three basic products were detected in the electrolyte
by gas chromatography. 1,2-Dimethyl-4,4-diethyl-

tt This was shown by current density vs. anode potential
curves of 1 and 3. Such bicyclic diamines have extremely
low oxidation potentials.!®)
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pyrazolidine (5) was identified to be the authentic
sample synthesized separately by gas chromatography
and mass spectrometry. 1-Methyl-3,3-diethyl-4,5-di-

TABLE 2. NMR SPECTRAL DATA

Compound NMR (6 ppm)®
H* 0.80 (12H, t, H2, He, H!, H»)
ab eNi k! 1.20 (8H, q, H?, HY, Hk, Hm)
1 >< >< 1.75 (2H, s, Hs, HY)
e N7 = 2.53 (s) and 3.36 (s)
H, (8H, He, HY, HI, H))
He 0.78 (6H, t, H2, He)
ab e N 0.88 (2H, s, Hs, HY)
2 >< 1.25 (4H, q, HP, HY)
—~ NN 2.30 (4H, s, He, HY)
. 2.35 (6H, s, Hi, HJ)
ab eNS& i 0.80 (12H, t, H2, He, Hi, HY)
3 >< | >< 1.45 (8H, q, Hb, HY, Hi, H¥)
— MrNg7 N\ 2.47 (8H, s, He, Hf, He, HY)
CHzO 0.80 (6H, t, H2, He)
a___b e_N\ '___J 0'82 (GHs t, Hj’ Hl)
. = N 1.50 (8H, m, Hb, H!, HKk)
N N—/ N\ 2.78 (2H, s, HY),
cd T n km 2.96 (2H, s, H")
6.24 (1H, s, He),
9.30 (1H, s, Hs)
a b e g 0.80 (6H5 ta Ha’ Hc)
s NG 1.40 (4H, q, H" HY)
>< 111_ 2.21 (6H, s, Hs, HY)
¢ d T 1 2.38 (4H, s, He, HO
b N 0.80 (6H, t, He, HY)
6 N/ 1.40 (4H, q, H, HY)
> - 2.70 (5H, s, HY, He)
a4 TN 6.25 (1H, s, He)
i 0.74 (6H, t, He, H?)
ab eqN 1.32 (4H, q, HP, H9)
7 >< >h 1.90 (4H, s, He, HI)
— NN 2.11 (6H, s, He, Hi)
| 2.62 (2H, s, Hb)

a) Measured in CCl, with TMS as an internal standard.
s: Singlet, t: triplet, q: gartet, m: multiplet.
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hydropyrazole (6) and 1,3-dimethyl-5,5-diethylper-
hydropyrimidine (7) were isolated by column chro-
matography and preparative gas chromatography, re-
spectively. Their structures were confirmed by means
of elemental analyses and spectral studies.

In the NMR spectrum of 6, the characteristic signal
of an imino proton was observed at a low magnetic
field such as 6.25 ppm; in that of 7, the signal of N-H
protons disappeared and that of singlet methylene
protons appeared newly at 2.62 ppm. The compound
was further identified by a mixed-melting-point test
with a sample prepared from 2 and formaldehyde
in an alkaline solution.

The basic products obtained are new. Their NMR
spectral data together with those of the starting di-
amines, 1 and 2, are summarized in Table 2.

When a large amount of electricity was passed in
the electrolysis, a large amount of acidic substances
were formed in addition to the basic products, but
their structures could not be established.

The results of electrolysis of 2 are summarized in
Table 3.

The N,N-coupling product, 5, expected in this
reaction, was scarcely formed; it was detected in a
very small amount only in the case of using a carbon
anode. In addition to 5, a highly oxidized product,
6, having a N-N bond was formed in a low yield.
6 was formed at the highest current efficiency 169,
at a carbon anode, but scarcely formed at all at plat-
inum and silver anodes. 7 was formed in a consider-
able yield at anodes other than nickel.

2 as well as 1 can be oxidized at a low potential
at a carbon anode.

Since the oxidation of 5 was much easier than that
of 2 (Fig. 1)1t and 6 was also formed by electrochem-

ttt At a carbon anode, a negative shift of current uvs.
potential curve was induced in the presence of diamine,
2 (Fig. 1), no shift being observed at a platinum anode.
Such a tendency was also observed in the case of 1.

TABLE 3. RESULTS OF THE ELECTROCHEMICAL OXIDATION OF N,N’-DIMETHYL-2,2-DIETHYL-1,3-PROPANEDIAMINE (2)®
H Me
— —N-Me — —N-Me — —N — —N
X onme — e+ e Y
— —N-Me — —N-Me — —N-Me — —N
H Me
2 5 6 7
Amount of Yields of pr cts? /9 o
Entry Anoc!e pﬁxtrg:tifal electricity products® /% Recovery of 2 = Others?
material (7 TSOE)  (x 104 G/mol) 5 6 7 % mg
12 Pt 1.2 9.65 0 trace 10 58 —
13 Pt 1.2 38.60 0 trace 26 13 60
14 C 0.5 9.65 trace 4(16) 8 65 —
15 C 0.5 38.60 trace 4(4) 23 17 55
16 Ag 0.7 9.65 0 14) 4 77 —
17 Ag 0.9 9.65 0 trace 3 80 —
18 Ag 0.9 62.73 0 4(3) 10 51 —
19 Ni 0.55 62.73 0 0 0 80 -
209 C 0.4 9.65 299 19 (76) — — 41
a) 2: 1 mmol (158 mg). b) Values in parentheses show current efficiency (%). ¢) Acidic products. d) Elec-

trolysis of 5. e) Recovery of 5.
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TABLE 4. RESULTS OF CHEMICAL OXIDATION OF 1 AND 2

Yields of products/%, Recovery of 1 or 2

Diamine Oxidizing reagent 5
3 4 5 6 7 %o
1 Na,S,0,/Ag* (1 eq./mol) 46 trace — — — 24
1 Pb(OAc), (1 eq./mol) 5 24 — - - 65
1 Pb(OAc), (3 eq./mol) 4 89 - — — 0
2 Na,8,04/Ag* (1 eq./mol) - — 11 14 26 36
ical oxidation of 5 at a lower potential than the oxi- 1.2

dation potential of 2, 6 seems to be formed by further
oxidation of 5 produced in the course of the electro-
chemical oxidation of 2. Since 7 was formed in a
good yield by the reaction of 2 with excess formal-
dehyde under the same conditions as the electrolysis
of 2, 7 seems to be formed by the reaction of 2 with
formaldehyde produced in the course of the electroly-
sis.

From the results and the formation of l-methyl-
4,4-diethylpyrazolidine (8),11t detected by a gas chro-
matography-mass spectrometer, electrochemical oxida-
tion of 2 might proceed as in Scheme 2.

Chemical Oxidation of 1 and 2. Nomura et al.
found that sodium peroxodisulfate is effective for N,N-
coupling of piperidines in the presence of silver ions.1?)
We investigated chemical oxidation of 1 and 2 with
sodium peroxodisulfate and also lead tetraacetate in
order to compare the results with those of electro-
chemical oxidation. The results are summarized in
Table 4.

In the oxidation of 1 with sodium peroxodisulfate,
the reaction stopped at the initial step of N,N-coupling,
3 being formed as the sole product. On the other
hand, oxidation with lead tetraacetate afforded a
highly oxidized product, 4, far exceeding 3 in amount,
though one equivalent of the oxidation reagent was
employed. 4 was also formed in an excellent yield
with use of three equivalents of the reagent.

In the oxidation of 2 with sodium peroxodisulfate,
5, which could scarcely be obtained by electrolysis,

tttt  Its structure was tentatively determined by a study
of the MS fragmentation: mfe 142 (M%), 127 (M+—Me),
126 (M+—Me—H), 113 (M*+—Et).

0.8

0.6 |

0.4

Current density (A/dm?)

0.0 0.2 +0.4 40.6  +0.8
Anode potential (V vs. SCE)

Fig. 1. Current density ss. anode potential curves of
2 and 5 in IM NaOH at a carbon electrode.
—@—: 1 MNaOH (50 ml), —ll—: 1 M NaOH (50
ml)+2 (1 mmol), —A—: 1MNaOH (50ml)+5
(1 mmol).

was formed in ca. 109, yield. However, the highly
oxidized product 6 was formed in a greater amount
than 5, though a large amount of the starting ma-
terial remained. In the case of an open-chain di-
amine such as 2, the oxidation reaction did not stop
at the initial step of N,N-coupling, differing entirely
from that of a cyclic diamine such as 1. In the oxi-
dation using lead tetraacetate, the analysis of products
was difficult because of the formation of a large amount
of polymer. Daniels and Martin!? found that N,N'-
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TABLE 5.
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EFFICIENCIES OF ELECTROCHEMICAL AND CHEMICAL OXIDATIVE N,N-COUPLING

Efficiency of N,N-coupling
(Current efficiency or yield %)

Anode material or H H
oxidizing reagent — —N— — — — N— — —
X i X Pl N
— —N— — _ —N— — N—
H H
C 94 16 low
Pt 99 4 low
Ag 67 3 low
Ni 84 0 0
Na,S,04/Ag* (1eq.) 46 25 611
Pb(OAc), (1eq.) 29 — 5

diakyl-1,3-propanediamines affords only unchanged di-
amines, though the N,N’-diaryl derivatives give N,N-
coupling products by the oxidation using manganese
dioxide.

Comparison of Electrochemical and Chemical Oxidation.
Efficiencies of electrochemical and chemical oxidative
N,N-coupling of 1 and 2 together with piperidine!?
are summarized in Table 5.

A precise comparison of N,N-coupling efficiencies
can not be made because of different reaction conditions.
However, points to be noted are as follows. The
intramolecular N,N-coupling took place more easily
in electrochemical oxidation than in intermolecular
oxidation. In the former reaction, N,N-coupling
of the cyclic diamine proceeded more readily than
that of the open-chain diamine. In the case of the
cyclic diamine, current efficiency of the N,N-coupling
was good, regardless of anode material. In the case
of the open-chain diamine, efficiency changes a great
deal with anode material, a carbon anode being most
effective for N,N-coupling. A nickel anode was very
effective for the oxidation of 1, but not for 2 and
piperidine.

In contrast, the structures of amines did not cause
such a large difference in the results in chemical oxi-
dation. Selectivities for the oxidation products differ
a great deal in chemical and electrochemical oxida-
tion; e.g., 3 and 4 were formed in higher selectivity
by oxidation with sodium peroxodisulfate and lead
tetraacetate, respectively, than that in the electro-
chemical oxidation, selectivity for 7 being higher in
the electrochemical oxidation.

Experimental

Materials. 3,3,7,7 - Tetraethylperhydro-1,5-diazocine (1)
and 3,3,7,7- Tetraethyl-1,5-diazabicyclo[3.3.0)octane (3): 1 and
3 were prepared according to a modification of Kemp’s
procedure.’) To a stirred solution of 3,3,7,7-tetraethylper-
hydro-1,5-diazocine-2,4,6,8-tetrone (0.097 mol) in dry THF
was gradually added a solution of diborane hexahydride
(0.36 mol) in THF at 0—5°C. Stirring was carried out
at 0—5°C for 1 h and then at room temperature for 1h.
The mixture was refluxed for 24 h. After cooling, 3 M HCI
(1 M=1mol-dm=3) (200 ml) was added and THF was
removed under reduced pressure. The residual solution

was refluxed for 1 h. After cooling, the solution was made
alkaline and was extracted repeatedly with ether. The
extracts were dried over Na,SO, and filtered. Hydrogen
chloride gas was passed through the ether solution and the
precipitates were collected by filtration. The crystals were
treated with methanol at room temperature and insoluble
parts were collected by filtration. Recrystallization of the
matter from methanol-water (9:1, vol. ratio) gave pure
hydrochloride of 1: mp 231—233 °C (Ref.!b 219—220 °C).
From this salt, the free base of 1 was obtained by treatment
with sodium hydroxide and extraction with ether: Yield
36%; mp 31—31.5 °C; m/e 226 (M*). Found: C, 73.78;
H, 13.67; N, 12.149%,. Calcd for C;,HyN,: C, 74.27; H,
13.36; N, 12.37%. The methanolic solution of the filtrate
was concentrated to dryness under reduced pressure. The
residue was mixed with aqueous sodium hydroxide solution
and the solution then extracted with ether. After drying
of the ethereal extracts and concentration under reduced
pressure, the residual oily substance was distilled under
reduced pressure to give a fraction (3): Yield 7%, bp 115—
116 °C/3 Torr; mfe 224 (M+).

N,N’-Dimethyl-2,2-diethyl-1 ,3-propanediamine (2): The com-
pound was prepared as a dihydrochloride by reduction of
N,N’-dimethyl-a,a-diethylmalonamide with diborane by a
procedure approximately the same as in the preparation of
1. Recrystallization from methanol-ethanol (10:1, vol. ratio)
gave pure dihydrochloride: Yield 459%; mp 265—267 °C.
Found: G, 46.45; H, 10.94; N, 12.189%,. Calcd for CyH,,-
N,Cl,: C, 46.75; H, 10.46; N, 12.18%. The free base of
2 was obtained as an oil substance from the dihydrochloride:
mfe 158 (MT).

1,2-Dimethyl-4,4-diethylpyrazolidine (5): Using approxi-
mately the same procedure as above, 5 was prepared from
1,2 -dimethyl-4,4-diethylpyrazolidine-3,5-dione.'® Purifica-
tion by column chromatography on alumina with hexane—
ether (3:1, vol. ratio) gave 5 as an oily substance: m/e 156
(M+), 141 (M+—Me). Monohydrochloride of 5: mp 165.5—
167.5 °C (from hexane). Found: C, 56.31; H, 11.36; N,
14.54%,. CGCaled for C,H,N,Cl: C, 56.08; H, 10.99; N,
14.53%.

1,3-Dimethyl-5,5-dicthylperhydropyrimidine (7): 'The dihydro-
chloride of 2 (0.5 mmol) was dissolved in 20 ml of 1 M sodium
hydroxide, and then 1 ml of 379, aq formaldehyde was added.
After stirring for 2 h, the solution was extracted repeatedly
with ether. Thorough evaporation of the ethereal extract,
dried over anhydrous sodium sulfate under reduced pressure
gave 7 as an oily substance: Yield 869, ; m/e 170 (M), 155
(M+t—Me), 126 (M+*—Me—Et). Dihydrochloride of 7: mp
217—218 °C (from isopropyl alcohol).

General Electrolytic Procedures. Electrolysis was carried
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out at a constant potential as follows. An H type cell divided
with a sintered glass diaphragm was used. Platinum, carbon,
nickel, and silver plates (2X4 cm) were used as an anode.
A platinum anode was treated with concd nitric acid and
the others were carefully polished with an emery paper No.
3000 before electrolysis. 0.1 M Et,NOTSs acetonitrile solu-
tion (50 ml) suspending lithium hydroxide powder and 1 M
NaOH (50 ml) were used as an anolyte for electrolysis of
1 and 2, respectively. To the anolyte was added 1 mmol
of diamine (1 and 2) and then a current was applied.

Analysis of Products. Electrolysis of 1: After electroly-
sis, the anolyte was acidified with hydrochloric acid. Ace-
tonitrile was evaporated under reduced pressure, the residual
aqueous solution being made strongly alkaline with sodium
hydroxide. The alkaline solution was extracted repeatedly
with ether and the ethereal extracts were subjected to gas
chromatography (column packing, PEG 20 M, column tem-
perature, 186 °C).

1- (2-Ethyl-2-formylbutyl)-4,4-diethyl-4,5-dihydropyrazole
(4) was isolated as an oily substance by column chromatog-
raphy on almina with dichloromethane: m/e 209 (M*).
Found: C, 70.44; H, 11.35; N, 11.71%,. Calcd for C,,H,e-
N,O: G, 70.54; H, 11.00; N, 11.759%.

Electrolysis of 2: After salting-out with sodium chloride,
the anolyte was extracted repeatedly with ether and the
ethereal extracts were subjected to gas chromatography.
Analysis for 5, 6, and 7 was carried out on a PEG 20 M
column and that for 2 on Chromosorb 103.

In the case of a low material balance between the starting
diamine and the products, the above alkaline solution, which
was extracted with ether, was acidified with hydrochloric
acid. After the acidic solution had been extracted repeatedly
with ether, the ethereal extracts were concentrated, the acidic
polymer obtained being weighed.

1-Methyl-3,3-diethyl-4,5-dihydropyrazole (6) was isolated
by column chromatography on almina with dichloromethane:
mfe 140 (M*), 111 (M+—Et). Picrate of 6: mp 129—
130 °C. Found: C, 45.37; H, 5.07; N, 18.91%. Calcd
for C;,H;,N;O,: C, 45.53; H, 5.18; N, 18.96%. 1,3-Di-
methyl-5,5-diethylperhydropyrimidine (7) was isolated by
preparative gas chromatography: mje 170 (M+). Dihydro-
chloride of 7: mp 217—218 °C. Found: C, 50.05; H, 10.11;

N, 11.33%. GCaled for C,;H,N,Cl,: C, 49.39; H, 9.95;
N, 11.52%.

Chemical Oxidation. Oxidation of 1 and 2 with Sodium
Peroxodisulfate: To a stirred mixture of 1 (1 mmol), 0.5 M

NaOH-acetone (8—10ml), and a catalytic amount of
silver nitrate (0.02 mmol), was added dropwise a solution
of sodium peroxodisulfate (2 mmol) in water (2 ml) at 0 °C.
After stirring at 0 °C for 2 h, a small amount of silver oxide
was filtered off and the filtrate was extracted repeatedly
with ether. The ethereal extracts were subjected to gas
chromatography.

Oxidation of 2 with sodium peroxodisulfate was carried
out without acetone as a co-solvent in a similar way to that

Electrochemical Generation of Unstable Nitrogen Species. Part 4
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above.

Oxidation of 1 with Lead Tetraacetate: To a stirred solution
of 1 (1 mmol) in dry benzene (15 ml) was added lead tetra-
acetate (I mmol) in a nitrogen atmosphere. After stirring
at room temperature for 1 h, the precipitated lead acetate
was filtered off. The filtrate of benzene was washed with
1 M NaOH, dried over Na,SO,, and then filtered. The
filtrate was subjected to gas chromatography.

Oxidation of Piperidine with Lead Tetraacetate: Piperidine
was oxidized in a similar way to that above. Analysis of
the product, 1,1’-bipiperidine, was carried out in a similar
manner to that described previously.?

This work was supported by a grant from the
Kawakami Memorial Foundation.
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