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Abstract — Neutral aminyl radicals {3) generated by anodic oxidation of lithium
alkenylamides (2 ) were found to undergo a stereo- and regioselective cyclization
to give gis-l-alkyl-2,5~-disubstituted pyrrolidines ( 5~ Bl) in moderate yields.
The ¢is stereochemistry of St -5# was confirmed by comparison with the correspond—
ing trans-l-alkyl-2,5-disubstituted pyrrolidines which were prepared by aminamercu-
ration of 1C- 14, The structure of trans-1,2-dimethyl~-5-phenylpyrrolidine (17}
was established by an X-ray crystallographic analysis of its ammonium bromide 21,
Various aminyl radicals examined in this studywere found to combine exclusively
with the internal carbon of their double bond to give a five- ( 53~ 658) or six~
membered ring (13). Ro product arising from the cyclization is obtained from N-
methyl-l-phenylbut~3-enylamine (14).

Ever since cyclization of a hex-5-enyl radical has been found to give a five~
membered carbocycle regioslectively,1 carbon radical cyclization has been exten-
sively studied from both mechanistic2~4 as well as synthetic viewpoints.s These
investigations have demonstrated that the carbon radical cyclizations are useful for
the preparation of some of the five-membered alicyclic and even for some hetero-
cyclic compounds.6 In contrast, little attention has been paid to the cyclization
of neutral nitrogen-centered radicals (aminyl radicals),7 although protonated
aminyl radicals (aminium radicals) or aminyl radicals complexed to metal ion are
known to undergo facile cyclization.8 In most of the reported cyclizations of
neutral aminyl radicals, N-chloroalkenylamine has been used as a precursor of the
radical and, hence, cyclization often gives a product containing a chlorine atom.7
It has been reported that aminyl radicals can be generated by means of an anodic
oxidation of lithium alkylamidesg in the same way as we have generated the carbon
radicals by the electrolysis of lithium ester enolates.10 We have already reported

281



282 M. TOKUDA et al.

a preliminary result that the neutral aminyl radicals generated by anodic oxidation
of lithium alkenylamides underwent a stereoselective cyclization to give cis-1~-
methyl-2,5-disubstituted pyrrolidines 5¢-5f and Sh.11 We describe here a full
detailed result of these cyclizations and also describe a regiochemistry and a
stereochemistry of the aminyl radical cyclizations. This cyclization provides a
new method for the stereoselective synthesis of cis-l-methyl-2,5-disubstituted
pyrrolidines.

RESULTS AND DISCUSSION

Our synthesis of cig-l-methyl-2,5-disubstituted pyrrolidines by means of cycli-
zation of the aminyl radicals is outlined in Scheme I. Treatment of alkenylamines
1 with butyllithium at -78 °C readily affords lithium alkenylamides 2. Anodic
oxidation of 2 at the platinum anode generates the aminyl radicals 3 which under-
go cyclization to give the substituted pyrrolidines § .

Cyclization of N-alkylpent-4-enylamine. In our first attempt, N-methylpent-
4-enylamine ( 1a) was converted into 2a. Electrolysis of 2a at a constant
current of 25 mA/cm2 in a 30:1 mixture of tetrahydrofuran (THF) and hexamethyl-
phosphoric triamide (HMPA) containing 0.25M lithium perchlorate at -10 °C led to a
70% conversion of 18 and gave 58 in a 6% yield together with a large amount of

_FL n-Buli { \
R‘I — — R‘l .'——

T:IH _78° TIILI
R2 R?
1a R'=H, R2=CHs 2a-2h

1b R'=H, R%= C3Hy

1¢ R'=CgHs, R%=CHj

1d R'=p-CH3CsH,, R%=CH3
1e R'=p-CH30CgH, , RZ= CHj
1f R'= R2=CHj : ( \
19 R'=CH3, R2=C4Hq R

1h R'=CHs, RZ=CH; !

Scheme |.
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Table I. Cyclization of 1a - 1h by anodic oxidation of 2a-2h?

Amine Temp. Product Yield gf 5 Recove;ed 1
°c $ 3
1a -10 Sa 6 30
1 -50 Sb 7 66
1c -10 5c 52 29
1c -50 5¢ 41 48
1d -10 5d 48 44
1e -10 Se 46 50
11 -10 5¢f 31 9
11 -50 5f 20 20
1g -78 59 2 50
1h ~-10 5h 34 4
1h -78 Sh 26 10

aElectrolysis of 0.06M 2a- 2h in a 30:1 mixture of THF-HMPA containing
0.25M LiCl0, was carried out at a platinum anode by the use of a divided cell.

Electricity passed was 1.2 Faradays per mol of 2a - 2h.

bDetermined by GLC

analysis using an internal standard method. Yields are based on 2 employed.

an unidentified complex

mixture (Table I). Similarly, lithiation of N-propylpent-

4-enylamine ( 1b) to 2b followed by electrolysis at =50 °C led to 34% conversion of
1band gave 5b in a 7% yield. The electrolysis of 2b in the same solvent contain-
ing 0.1M KI instead of LiClO4, however, gave N-propylpent-3-enylamine 6 (20%) due

to an isomerization of the terminal double bond of 1b along with an 8% yield of 5b.

In contrast to the

successful cyclization of 1a and 1b, the stable aminyl

radical with a more bulky phenyl group generated from N-phenylpent-4-enylamine (7)
failed to cyclize to give a pyrrolidine derivative. The starting amine 7 was

recovered unchanged.

No product arising
generated by a hydrogen
probably because of its
neutral aminyl radicals
undergo the cyclization

(-

|
C3H7

N R O I G S

CH3
10 X=H
11 X=Li

from the cyclization of the aminyl radical 3b, which was
abstraction of 1b with tert-butoxy radical, was detected
slow cyclization.12 However, our results showed that the
such as 3aand 3b generated by means of anodic oxidation
to give pyrrolidines §a and §5b, albeit in low yields.

qH\— CsHs'—/_';'}— CHj3 CsHs_CNH\“"

| |
CeHs CHa CHs
7 8 9

5§ °N NX
CH; CHs CH;
12 13 14 x=H

15 Xx=Li
Chart 1.
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Cyclization of l-substituted N-alkylpent-4-enylamine. Synthesis of cis-N-
alkyl-2,5-disubstituted pyrrolidines. Although the aminyl radicals generated from
the lithium amides of 1a and 1b cyclized with only low efficiency to give pyrroli-
dines Ha and 5b, it was considered that the N-alkylpent-4-enylamines with a substi-
tuent attached to the C-1 may give better yields of cyclized products. The

rate of the cyclization is expected to be faster in these substrates due to gauche
interactions between the C-1 and the C-2 groups.13

1-Substituted N-alkylpent-4-enylamines 1c-1h were prepared as shown in the
sequence outlined in Scheme II. The results of the anodic oxidation of lithium
N-methyl-l-phenylpent-4-enylamide ( 2¢) under various conditions are summarized in
Table II. As expected, 1,2-dimethyl-5-phenyl pyrrolidine (8c), a product of the
cyclization, was obtained as a sole product when electrolysis of 0.06M 2¢ in THF-
HMPA was conducted in an anode chamber by the use of a divided cell at -10~-50 °C
(entries 4-9). Spectral results of B¢ were in agreement with the assigned formula.
The configuration of the 2,5-disubstituents was ascertained to be cis and this will
be discussed later.

The best yield (52%) of pyrrolidine §c¢ was achieved when a mixture of THF-HMPA
containing 0.25M lithium perchlorate was conducted at a constant current of 25
mA/cm2 with platinum anode by the use of a divided cell at -10 °C. The electroly-
sis at -50 °C gave 5¢ in a lower yield. Electrolysis of 2c¢ with unseparated anode
and chathode chambers gave pyrrolidine $§¢ with accompanying formation of the by-
products 8 and 9 (entries 1 and 2). Spectral analysis revealed that the structures
of byproducts 8 and 9 were N-methyl-l-methyl-4-phenylbutylamine and N-methyl-1-
phenylpent-3-enylamine. Amine 8 may be formed by the reductive cleavage of 5c.

It was observed that the yield of 5¢ diminished when electricity of more than 1.2
Faradays was passed. Thig indicates a decomposition of 8¢ at the anode, owing to
prolonged oxidation (entries 8 and 9). The isomer 9 may be formed by the removal
of the allylic hydrogen of terminal olefin 1c with the strong base 2c. The forma-
tion of the byproducts such as 6 and 9 due to isomerization were observed when the

Table II. Anodic oxidation of 2¢ under various conditions?®
Supporting Current Yield, %b
Entry electrolyte density Temp. Recovered 1¢
M) mA/cm? °c 8P 5c 8 9
1€ 15-5 0 5 9 6 33
2¢€ 0.1M KI 25 0 4 22 14 17
3 5 0 7 29 0 23
4 0.1M KI 25-5 -50 58 10 0 trace
5 0.25M LiC104 25-18 -50 48 41 0 0
6 0.25M LiClO4 25 -10 29 52 0 0
7d 0.25M LiClO4 25-18 -50 52 41 0 0
g® 0.25M LiClo, 25 -10 21 25 0 0
of  0.25M Liclo, 25 -50 14 8 0 0
109 0.1 Liclo, 25 0 67 0 0 0

aElectrolysis of 0.06M 2c in THF-HMPA was carried out at a platinum anode by
the use of a divided cell. Electricity passed was 1.2 Faradays per mol of 2c.
bDetermined by GLC analysis using an internal standard method. Yields are based
on 1¢ employed. “Undivided cell was used for electrolysis. dConcentration of
fElectricity
passed was 3.0 Faradays per mol of 2c. 9Instead of 2¢ , the amine 1c¢ was directly

2¢ was 0.13M. eElectricity passed was 1.7 Faradays per mol of 2c.

electrolyzed in methanol solution.
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electrolysis was carried out at 0 °C in the presence of potassium iodide as an
electrolyte. The completion of the electrolysis under these conditions required
a longer time owing to a smaller current density (entries 1-4). No pyrrolidine §
wag obtained by a direct anodic oxidation of amine 1¢ itself.

The formation of lithium salts of N-methyl-1l-(4-methylphenyl)pent-4-enylamine
(1d), N-methyl-1l-(4-methoxyphenyl)pent-4-enylamine ( te), N-methyl-l-methylpent-4-
enylamine (1f ), and N-methyl-l-ethylpent-4-enylamine (1h) followed by the similar
anodic oxidation in THF-HEMPA containing 0.25M LiClO4 at a platinum anode by the use
of a divided cell also gave cis-l-methyl-2,5-disubstituted pyrrolidines 85d, Se, 5f,

and 8h in fair yields. The results are shown in Table I. Throughout the above
cyclizations, no trans 2,5-disubstituted pyrrolidine isomers were obtained. The

cylization is therefore highly stereoselective. Only a very poor yield of
pyrrolidine 5g was obtained by the anodic oxidation of the lithium salt of unsatu-
rated amine 1@ with a bulky butyl substituent attached to the nitrogen.

Regiochemistry of aminyl radical cyclization. It has been well established
that the cyclization of hex-5-enyl and related carbon centered radicals takes place
regioselectively in an exo mode to afford a five-membered ring.l_s Our results
clearly indicate that the intramolecular combination of neutral aminyl radicals

generated from N-alkylpent-4-enylamines takes place regioselectively in an exo mode.
The total absence of piperidine derivatives as a result of an endo cyclization was
confirmed by GLC analysis of the products obtained by anodic oxidation of the
lithium salts of unsaturated amines la-1h.

We further studied that the regioselectivity of the cyclization of aminyl
radicals by examining the products arising from the cyclization of aminyl radicals
generated from N-alkylhex-5-enylamine and N-alkylbut-3-enylamine. Lithiation of
N-methyl-l-phenylhex-5-enylamine (10) followed by the electrolysis in HMPA-THF
containing 0.25M LiclO4 at -50 °C led mostly to the regeneration of the starting
amine 10, although a small amount of a product 13 was detected by GC-mass spectro-
metry. Product 13 may be identified to 1,2-dimethyl-6-phenylpiperidine (13 ) on
the basis of its mass spectrum.l4) Electrolysis of 11 in THF-HMPA containing 0.1M
KI as an electrolyte at 0 °C, on the other hand, gave N-methyl-l-phenylhex-4-enyl-
amine (12) in a 72% yield and a trace amount of the starting amine 10. The
isomeric unsaturated amine 12 is most likely to be formed by the intra- or inter-
molecular removal of the allylic hydrogen of 11 by the negatively charged nitrogen
of 11. Isomer 12 was obtained in a 93% yield when lithium salt 11 was stirred for
2 h at 0 °C followed by hydrolysis.

Finally,lithiation of N-methyl-l-phenylbut-3-enylamine (14 ) and electrolysis
of the lithium amide 18 at -50 °C gave no cyclization product. The starting amine
14 (43%) was recovered together with an intractable high boiling mixture.

Stereochemistry of N-alkyl-2,5-disubstituted pyrrolidines obtained by electro-
chemical cyclization. The stereochemistry of 8c¢-5h was established as follows.

A catalytic hydrogenation of 2,5-dimethylpyrrole over a platinum catalyst followed
by N-methylation gave a single 1,2,5-trimethylpyrrolidine; this was identical to
the 5f obtained by electrolysis. This result can be taken as a supporting evi-
dence that the 2,5-dimethyl groups of 8f are cis oriented. It has been reported
that the intramolecular aminomercuration of N-propyl-l-methylpent-4-enylamine
followed by the reduction with sodium borohydride gives a mixture of 2,5-dimethyl-
pyrrolidines and 2-methylpiperidinea.15 No assignment was made of the stereo-
chemigstry of the 2,5-disubstituents of the pyrrolidines. We therefore subjected
alkenylamine 1f to this intramolecular aminomercuration in order to prepare
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pyrrolidine §f and its trans isomer (16) for comparison with the pyrrolidine
formed by electrolysis. Treatment of 1f with mercury(II) chloride in THF-Hzo
followed by reduction with sodium borohydride gave two isomeric pyrrolidines in 10%
and 49% yields and the pyrrolidine formed in a lower yield with a shorter retention
time in GLC was identical with 5f obtained by electrolysis. The two substituents
in 16 obtained in a higher yield must therefore be trans oriented. The similar
intramolecular amination of 1¢ also gave two isomeric pyrrolidines in 17% and 35%
yields together with recovered 1c. The pyrrolidine with a shorter retention time
in GIC formed in a 17% yield was identical with B¢ cobtained by the electrolysis.

1) HgCta
14 P 5% . CH3—'£;>‘""“CH3
2) NaBH, |
CHz
16
1) HgClz
1c —— 5S¢+ G “HCHz
2) NaBH; }
CHs
17

Although pyrrolidine 5¢ gave only its oily quaternary ammonium iodide 18 and
bromide 19, the isomeric pyrrolidine 17 formed in a 35% yield gave a crystalline
quaternary ammonium iodide 20 or bromide 21. The configuration of the 2,5-
disubstituents was then established by X-ray crystallographic analysis of the
quaternary ammonium bromide 21, The molecular structure of 21 is shown in Fig. 1.
The two substituents attached to the C-2 and C-5 of 17 are trans oriented. On the
basis of this result the phenyl and the methyl groups of 8¢ are established to be

cis oriented.
CGHS’(:)‘CHs

A

5¢ « CHaX

CH3 CH3X™
18 x=1
19 Xx=8Br

17 + CHX ——» CsHs—(;)"“"CH:s
CH; CH3X~

20 x=1
21 x=8Br

Intramolecular aminomercurations of other amines 1d, 1e, 1g. and 1h similarly
gave pairs of two isomeric pyzrolidines.16 The pyrrolidines formed in much lower
yields with shorter retention times in GIC were always identical with the pyrroli-
dines 8d, Se, 5g, and 5h obtained by electrolysis. We therefore assume that all
the 2,5-disubstituted pyrrolidines obtained either in lower yields in the amino-
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Figure 1. The molecular structure of cis-1,2-dimethyl-5-phenylpyrroli-
dine quaternary ammonium bromide (21) and crystallographic numbering scheme.

mercuration reaction or by electrolysis of lithium salts of the l-substituted N-
alkylpent-4-enylamines have cis 2,5~disubstituents. It should be noted that al-
though Lattes and his colleagues reported the formation of significant amounts of
piperidine derivatives together with pyrrolidine derivatives from their intra-
molecular aminomercuration , no appreciable amounts of piperidine derivatives were
obtained in our aminomercuration.

The present experiments have established that the neutral aminyl radicals
generated by the anodic oxidation of the lithium salts of l-substituted N-alkylpent-
4-enylamine cyclize in a highly regio- and stereoselective manner to give cis-1-
alkyl-2,5-disubstituted pyrrolidines. It is worth noting that this stereochemical
outcome of the cyclization of the aminyl radicals is not parallel to the results of
the cyclization of 2-substituted hex-5-enyl carbon radicals which is known to take
place in a non-stereoselective manner; the cyclization of 2-substituted hex-5-enyl
radicals gives cis- and trans-1,3~-disubstituted cyclopentanes in a ratioc of
0.56:113 and that of l-substituted hex-5-enyl radicals affords cis- and trans-1,2-
disubstituted cyclopentanes in a ratio of 2.3:1.17 More experiments must be
carried out before any firm explanation can be made of the stereochemistry of the
cyclization that leads to the exclusive formation of the cis isomers in the present
electrolysis. The observed high stereoselectivity in the cyclization, however,
might be attributable to the adsorption of the radical species on their unhindered
face by the electrode surface.

EXPERIMENTAL

General method. THF was dried over sodium benzophenpne ketyl and distilled
before use. HMPA was dried over calcium hydride and distilled at a reduced press-

ure under nitrogen before use. IR spectra were determined with a Hitachi Model

285 spectrometer. 1H NMR spectra were measured with a Hitachi R~90H (90 MHz), a

JEOL FX200 (200 MHz) (Faculty of Pharmaceutical Science of this University), or a

Ygrian XL200 spectrometer (200 MHz) (solvent CDC13, SiMe4 as an internal reference).
C NMR spectra were measured with a JEOL FX100 (25 MHz) (solvent CDC13, SiMe4 as

an internal reference). Mass spectra were obtained with a JEOL JMS-D300 mass

spectrometer. Quantitative GLC analyses were carried out with a Hitachi 063 instru-

ment by an internal standard method.
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Preparations of alkenylamines. N-Methyl- (fa) and N-propylpent-4-enylamine

{1b) were prepared in yields of 71% and 85% from l-bromo-4-pentene and the appro-
priate amines according to the published method.18 1—Bromo—4-pentene19 was
prepared by bromination of 4-penten-1—ol20 obtained by the reaction of tetrahydro-
furfuryl chloride with sodium metal. 1a: bp 110-112°C; n2® 1.4281; IR (neat) 3300,
3090, 1640, 990, 910 cm_l; 1H NMR (CDC13) § 0.69 (s, 1H), 1.49 (gqi, 2H), 2.06 (q,
2H), 2.34 (s, 3H), 2.50 (t, 2H), 4.8-5.1 (m, 2H), 5.5-6.0 (m, 1H). 1b: bp 92-95°C
(107 mmHg) ; n2® 1.4340; IR (neat) 3270, 3070, 1640, 990, 910 cm '; 'H NMR (CDCI,)
& 0.90 (t, 3H), 1.23 (s, 1H), 1.2-1.7 (m, 4H), 2.10 (g, 2H), 2.58 (t, 2H), 2.63
{t, 2H), 4.8-5.1 (m, 2H), 5.6-6.1 (m, 1lH).

1-Substituted N-alkylpent-4-enylamines 1¢-thwere prepared according to the
following procedure (Scheme II) unless stated otherwise. A Grignard reagent from
magnesium {0.17 mol) and l-bromo-3-butene (0.17 mol)} in diethyl ether (150 mlL) was
added to aldehyde (0.17 mol) dissolved in diethyl ether (40 mL) and the mixture
was heated under reflux for 1 h. The usual work-up of the solution gave the
corresponding alcohols (30-67%). To pyridinium chlorochromate (PCC, 0.11 mol) in
dichloromethane (100 mL) was added the alcohol (0.074 mol) dissolved in dichloro-
methane (10 mL)} and the mixture was heated under reflux for 3 h. After the mixture
had been passed through a short silica gel column, a distillation of the products
at a reduced pressure gave the unsaturated ketones (70-90%)}. A mixture of the
ketone {0.064 mol), an excess of methylamine, and magnesium sulfate (20 g) in dry
diethyl ether (70 mL) was heated in an autoclave at 70-80°C for 17-22 h. After
magnesium sulfate was removed by filtration, a product imine dissolved in anhydrous
methanol (20 mL) was treated with sodium borohydride (0.053 mol) at room tempera-
ture. After evaporation of most of the solvent, the desired amine was extracted
with diethyl ether and the solution was washed with water and saturated sodium
chloride solution successively; it was then dried over anhydrous magnesium sulfate.
Distillation gave 1¢-Th (50-76%).

N-Methyl-l-phenylpent-4-enylamine (1¢). This amine was prepared by the two
different methods: (a), the reaction of l-bromo-3-butene (0.22 mol) and N-
benzylidenemethylamine (0.067 mol) according to the procedure of Moffett,21 by
which distillation gave 3.28 g of 1¢ (19 mmol, 28%); (b}, the Grignard reaction.
Bp 123-126°C (16 mmHg); n20 1.5153; IR {(neat} 33306, 3090, 3065, 3030, 1640, 1135,

D
Mg Rl
A ~"Br + RCHO ——» N
Et,0 OH
PCC
1) RINH, 1
F?’ = - F!~\n//~\\,,»§§b
NHR2 2) NaBH, 0

Scheme il
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995, 910 cm~!; 1y NMR (CDC13) §1.3 (s, 14), 1.6-2.2 (m, 4H), 2.17 (s, 3H), 3.39
(t, 14), 4.8-5.1 (m, 2H), 5.5-6.0 (m, 1lH), 7.2 (s, SH); mass spectrum m/z 175 (M+,
0.5), 120 (100), 91 (7), 42 (28). Anal. Calcd for C N: C, 82.23; H, 9.78; N,
N, 7.99. Found: C, 82.30; H, 9.85; N, 7.86.

N-Methyl-1-(4-methylphenyl)pent-4-enylamine (1d). Bp 77-78°C (0.7 mmHg); ngo
1.5130; IR (neat) 3300, 3075, 1640, 1135, 995, 910, 820 cm-l; 1H NMR (CDC13) § 1.45
(s, 1H), 1.5-2.1 (m, 4H), 2.26 (s, 3H), 2.33 (s, 3H), 3.41 (t, 1lH), 4.8-5.1 (m,
2H), 5.5-6.0 (m, 1H), 7.13 (s, 2H); mass spectrum m/z 189 (M+, 0.7), 135 (10), 134
(100), 105 (5), 91 (5). Aanal. Calcd for C N: m/z 189.1518. Found: m/z
189.1543.

N-Methyl-1-(4-methoxyphenyl)pent-4-enylamine (1@). Bp 99-100°C (0.15 mmHqg);
éo 1.5209; IR (neat) 3320, 3070, 1640, 1610, 1505, 1240, 1035, 995, 908, 828 cm—l;
1y nMr (CDC13) § 1.34 (s, 1H), 1.6~2.1 (m, 4H), 2.25 (s, 3H), 3.40 (t, 1H), 3.80
(s. 3H), 4.8-5.1 (m, 2H), 5.5-6.0 (m, 1lH), 6.86 (4, 2H), 7.18 (d, 2H); mass
spectrum m/z 205 (M+, 2), 174 (7), 151 (11), 150 (100), 121 (6). Anal. Calcd for
Cy3H gNO: m/z 205.1467. Found: m/z 205.1470.

N-Methyl-l-methylpent-4-enylamine (1f). A mixture of 5-hexen-2-one (0.102

12117

13f19

n

mol), diethyl ether containing excess methylamine (60 mL), and magnesium sulfate
(10 g) in an autoclave was heated at 70-80°C for 22 h. After the magnesium sulfate
was filtered off, the mixture was stirred overnight in the presence of sodium
borohydride (0.079 mol) and anhydrous methanol (200 mL). The usual work-up and
distillation gave 1f(55%): bp 130-131°C; ngo 1.4308; IR (neat) 3400, 3075, 1640,
1160, 995, 910 cm™*; 'H NMR (CDC1;) 6 1.07 (d, 3H), 1.22 (s, 1H), 1.2-1.6 (m, 2H),
2.11 (g, 2H), 2.40 (s, 3H), 2.3-2.7 (m, 1H), 4.8-5.1 (m, 2H), 5.5-6.1 (m, 1H);
mass spectrum m/z 113 (M+, 0.6), 98 (2), 58 (100). Anal. Calcd for C7H15N: m/z
113.1204. Found: m/z 113.1211.

N-Butyl-l-methylpent-4-enylamine (1g). A mixture of 5-hexen-2-one (0.15 mol),
butylamine (1.37 mol), and magnesium sulfate (15 g) was heated under reflux for
3.5 h. After magnesium sulfate had been filtered off, the mixture was reduced with

sodium borohydride (0.2 mol) in anhydrous methanol (150 mL). The usual work-up and
distillation gave 15.1 g of 19(97 mmol; 67%): bp 82-84°C (15 mmHg); ngo 1.4345;

IR (neat) 3350, 3070, 1640, 1160, 995, 910 cm 1; ‘H NMR (CDC1,) § 0.84 (t, 3H),

0.98 (d, 3H), 1.30 (s, 1H), 1.0-1.7 (m, 6H), 2.03 (g, 2H), 2.56 (m, 3H), 4.8-5.1
(m, 2H), 5.5-6.0 (m, 1H); mass spectrum m/z 155 (M+, 2), 140 (2), 100 (100), 58
(9), 43 (33). Anal. Calcd for CqygHy Nt m/z 155.1672. Found: m/z 155.1647.
N-Methyl-l-ethylpent-4-enylamine (th). Bp 78-80°C (50 mmHg) ; n;o 1.4350; IR
(neat) 3300, 3075, 1640, 995, 910 cm-l; 1H NMR (CDCl3) § 0.88 (t, 3H), 1.17 (s,
1H), 1.3-1.7 (m, 4H), 2.11 (g, 2H), 2.40 (s, 3H), 2.3-2.6 (m, 1lH), 4.9-5.2 (m, 2H),
5.6-6.1 (m, 1H); mass spectrum m/z 127 (M+, 1.3), 98 (25), 72 (100), 57 (10), 42
(9). Anal. Calcd for CBH17N: m/z 127.1358. Found: m/z 127.1352.
N-Phenylpent-4-enylamine (7). This amine was prepared from aniline (0.2 mol)
and l-bromo-4-pentene (0.05 mol) according to the published method.22 Distillation
of the reaction mixture gave 5.6 g of 7 (0.035 mol; 70%): bp 127.5°C (13 mmHg);
ng® 1.5454; IR (neat) 3415, 3050, 3020, 1640, 1600, 1500, 995, 915 cm 1; lu NMR
(CDC13) § 1.73 (gqi, 2H), 2.20 (g, 2H), 3.16 (t, 2H), 3.50 (bs, 1H), 4.9-5.2 (m,
2H), 5.6-6.2 (m, 1lH), 6.67 (m, 3H), 7.18 (m, 2H); mass spectrum m/z 161 (M+, 18),
106 (100), 77 (17). Anal. Calcd for CllulsN: m/z 161.1202. Found: m/z 161.1202.
N-Methyl-l-phenylhex-5-enylamine (10). This amine was prepared from l-bromo-
4-pentene and y_—benzylidenemethylamine.21 A solution of N-benzylidenemethylamine
(0.0615 mol) in 20 mL of anhydrous diethyl ether was slowly added to the Grignard
reagent prepared from l-bromo-4-pentene (0.25 mol) and magnesium (0.24 g atom).
After being stirred at reflux temperature for 2 h, the mixture was worked up as
usual. Distillation gave 3.1 g of 10 (0.0164 mol; 278%): bp 89-92°C (1 mmHg);
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ngo 1.5113; IR (neat) 3300, 3070, 3025, 1640, 1135, 915, 765, 705 cm~1l; lH NMR
(CDC13) § 1.0 (s, 1H), 1.3 (m, 2H), 1.58 (q, 2H), 1.99 (g, 2H), 2.20 (s, 3H), 3.39
(t, 1H), 4.8-5.1 (m, 2H), 5.4-6.0 (m, 1lH), 7.27 (s, 5H); mass spectrum m/z 189 (M+,
4), 174 (1.2), 120 (100), 104 (9). Anal. Calcd for Cy3HgN: C, 82.48; H, 10.12;

N, 7.40. Found: C, 82.20; H, 10.17; N, 7.25.

N-Methyl-1-phenylbut-3-enylamine (34). This amine was prepared from allyl
bromide and N-benzylidenemethylamine in the same way as 10. The reaction of N-
benzylidenemethylamine (0.20 mol) with the Grignard reagent of allyl bromide (0.80
mol) gave 25 g of 14 (0.155 mol; 78%): bp 41-43°C (0.2 mmHg); ngo 1.5146; IR (neat)
3350, 3080, 3030, 1643, 1135, 920, 765, 705 cm—l; 1H NMR (CDCl3) § 1.47 (s, 1H),
2.27 (s, 3H), 2.41 (t, 2H), 3.56 (t, 1H), 4.95-5.25 (m, 2H), 5.5-6.0 (m, 1H), 7.36
(8, 5H); mass spectrum m/z 161 (M+, 20), 146 (17), 120 (93), 84 (100). Anal. Calcd
for C,,HgN: C, B1.93; H, 9.38; N, 8.69. Found: C, 81.71; H, 9.305 N, 8.55,

General procedure for aminyl radical cyclizations. The typical procedure for

lithiation and anodic oxidation is to add butyllithium (2.1 mmol) dropwise to
unsaturated amines 1 (2.0 mmol) in 10 mL of THF at -78°C followed by stirring at
=10°C for 30 min; this afforded the corresponding lithium salts 2 in a good yield.
Lithium amides 2 in a mixed solution of THF (30 mL) and HMPA (1 mL) containing
0.1-0.25 M lithium perchlorate or potassium iodide as a supporting electrolyte was
transferred to an anode chamber and the mixture was electrolyzed at -10~-78°C
under a nitrogen atmosphere using a platinum plate anode (2x2 cmz). Electricity of
1.2-1.4 Faradays per mol of 1 was passed. During the electrolyses, a precipitation
of lithium metal on a cathode was observed. After electrolysis, the anolyte was
dissolved in 150 mL of diethyl ether and the solution was washed with water,
saturated sodium chloride solution, and dried over magnesium sulfate. The usual
work-up of the solution gave a product mixture which was subjected to distillation
followed by preparative GLC or column chromatography. Spectral data of the
products thus obtained are given below.

1,2-Dimethylpyrrolidine (5a): bp 84-87°C; 1H NMR (CDC13) § 1.00 (4, 3H, J=5.8
Hz), 1.3-1.9 (m, 6H), 2.16 (s, 3H), 2.90 (m, 1H), mass spectrum m/z 99 (M+, 17),
98 (11), 84 (100), 71 (16), 56 (34).

2-Methyl-1-propylpyrrolidine (5b): bp 133-138°C; n’® 1.4344; IR (neat) 1455,
1190 cm-l; 1y MR (CDC13) § 0.89 (t, 3H), 1.06 (4, 3H, J= 5.8 Hz), 1.2-2.3 (m, 9H),
2.5-2.9 (m, 1H), 3.0-3.3 (m, lH); mass spectrum m/z 127 (M+, 12), 112 (57), 98
(100), 84 (11), 70 (25), 69 (18). Calcd for CgH;.N: m/z 127.1358. Found: m/z
127.1355.

cis-1,2-Dimethyl-5-phenylpyrrolidine (8¢): ngo 1.5152; IR (neat) 3030, 3055,
1600, 1495, 760, 705 cm '; w MR (cDC1,) § 1.19 (4, 3H, 3=5.9 Hz, c-CHj), 1.6
(m, 2H), 2.0 (m, 2H), 2.09 (s, 3H, E-CH3), 2.34 (m, 1H, J=5.9 and 7.5 Hz, CZH),
3.15 (t, 1H, J=8.1 Hz, CSH), 7.33 (m, 5H); 13C NMR (CDCi,) § 19.4 (q, CZ-CH3), 31.8
and 32.9 (t, t, ¢, c!), 38.4 (q, Newy), 62.2 @, c?), 72.4 (@, c®), 126.5, 127.2,
127.9, and 143.9 (phenyl). Irradiation of the doublet at § 1.19 ppm caused the
multiplet at § 2.34 ppm to collapse to a triplet centered at § 2.34 (J=7.5 Hz).
Mass spectrum m/z 175 (M+, 3), 160 (100), 98 (21), 91 (4), 42 (6). Anal. Calcd for
SPLITLE m/z 175.1361. Found: m/z 175.1376.

cig-1,2-Dimethyl-5-(4-methylphenyl)pyrrolidine (5d): ngo 1.5126; IR (neat)
1510, 1200, 815 cm™'; 'H NMR (CDC1,) 6 1.18 (4, 3H, J=5.9 Hz, C’-CH,;), 1.6 (m, 2H),
1.9 (m, 2H), 2.08 (s, 3H, NCH3), 2.33 (s, 3H, C6H4CH3), 2.3 (m, 1H, CZH), 3.10 (t,
1H, J=8.0 Hz, CSH), 7.12 (d, 2H), 7.24 (4, 2H); mass spectrum m/z 189 (M+, 16),
188 (12), 174 (100), 143 (14), 98 (34), 42 (14). Anal. calcd for Cy3HygN: m/z
189.1517. Found: m/z 189.1509. Product 5d was readily isclated in a 38% yield by
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column chromatography (alumina; hexane-diethyl ether 20:1).
cig~1,2-Dimethyl-5- (4-methoxyphenyl)pyrrolidine (5e): nSO 1.5168; IR (neat)
1610, 1510, 1245, 1045, 835 cm '; 'H NMR (CDC1;) § 1.17 (d, 3H, J=5.9 Hz, C2-CH,),
1.4-1,7 {m, 2H), 1.96 (m, 2H), 2.07 (s, 3H, N—CH3), 2.29 (m, 1lH, -Czﬁ), 3.09 {44,
14, J=7.8 and 8.3 Hz, —CSH), 3.80 (s, 31, OCH3), 6.85 (d, 2H), 7.26 (d, 2H); mass
spectrum m/z 205 (M+, 20}, 204 (14), 191 (14), 190 {(100), 98 (26), 42 (12).
Decoupling of the doublet due to the methyl protons at § 1.17 caused the multiplet
at § 2.29 to collapse to a triplet (J=8.0 Hz). Anal. Calcd for Cy3H;gNO: m/z
205.1467. Found: m/z 205.1472.

¢is-1,2,5-Trimethylpyrrolidine (5f): IR (neat} 1450, 1215 cm_l; lﬂ NMR (CDCl ]
§ 1. 12 (d, 64, J=5.9 Hz, C2—CH3, CS-CH ), 1.36 (m, 2H), 1 82 (m, 2H), 2.15 (m, 2H,
CZH C H), 2.22 (s, 3H, N- CH3), mass spectrum m/z 113 (M 12), 98 (100), 70 (6),
56 (6). Anal. Calcd for C7 15N. m/z 113.1202. ggund m/z 113.1175.

¢cig-1~Butyl-2,5-dimethylpyrrolidine (5g): n D 1.4372; IR (neat) 1460, 1205
em ™, o Mg (CDC1,) § 0.92 (t, 3H), 1.10 (4, 6H, 6.2 Bz, c?-cu,, c>-cay, 1.36
(m, 6H), 1.75 (m, 23), 2.55 (m, 4H, N-CH,, C’H, C°H); mass spectrum m/z 135 o,
12), 140 (64), 112 (100), 84 (14). Anal. Calcd for CIOHZIN' m/z 155.1673. Found:
m/z 155.1661.

cis-5-Ethyl-1,2-dimethylpyrrolidine (5h): IR (neat) 1460, 1210 cm 1; B NMR
(CDCl } 6§ 0.88 (t, 3H), 1.10 (4, 3H, J=5.9 Hz, CS—CH ). 1.34 (m, 2H), 1.7-1.0 {m,
4H) , 1 97 (m, 1H, czﬂ), 2.15 (m, 1lH, CSH), 2.23 (s, 3H. N-CH ), mass spectrum m/z

127 (M , 2), 112 (3), 98 (100). Decoupling of the doublet at § 1.10 causes the
multiplet at 6 2.15 to collapse to a doublet of doublet (J=7.5 and 6.5 Hz). Anal.

Calcd for CgH;.N: m/z 127.1362. Found: m/z 127.1374.

N-Propylpent-3-enylamine (8): IR (neat) 3300, 3020, 1660, 1135, 970, 705 cm°1;
1y NMR (CDC1,) § 0.92 (t, 3W), 1. 4 -1.7 {m, 6H), 2.27 (g, 2H), 2.63 (g, 4H), 5.5
{m, 2H}; mass spectrum m/z 127 (H . 2), 98 {12), 72 (100), 43 (20). Calcd for
CgHy,N: m/z 127.1358. Found: m/z 127.1351.

N-Methyl-l-methyl-4-phenylbutylamine (8): IR {(neat) 3300, 3020, 1600, 1495,
845, 695 cm’l; 1y nmr (CBC1,) 6 1.02 (4, 3H), 1.44 (s, 1H), 1.2-1.8 (m, 4H), 2.37
(s, 3H), 2.5-2.8 (m, 2H, 1H), 7.2 (m, SH); ‘3¢ NMR (CDCLy) 6 19. 8 @, cl-cuy), 27.9
{t, C3), 33.9 (g, N-CH3), 36.1 (t, Cz), 36.5 (t, C ), 54 8 (4, C y, 125.7, 128 3,
128.4, and 142.5 (phenyl); mass spectrum m/2z 177 (M , 0.4), 162 (0.9), 58 (100}.
Anal. Calecd for CyoHjgN: m/z 177.1516. Found: m/z 177.1516.

N-Methyl-l-phenylpent-3-enylamine (9): IR (neat) 3320, 3030, 1660, 1605, 1595,
1135, 765, 705 cm™'; 'H NMR (CDC1) 6§ 1.55 and 1.80 (d, d, 3H), 1.61 (m, 2H), 1.94
(m, ZH), 2.26 (s, 3H), 3.52 (t, IH), 5.4 {m, 2H), 7.27 (s, 5H); mass spectrum m/z
175 (Mt , 0.2), 120 (100), 391 (5), 42 (21). Anal, Calcd for CqpHyoN: m/z 175.1361.
Found: m/z 175.1385.

N-Methyl-l-phenylhex-4-enylamine (12): IR {(neat) 3320, 3070, 3025, 1660, 1135,
970, 765, 705 cm-l; 1H KMR (CDC13) 4 1.04 (s, 1H), 1.55 and 1.80 (each 4, 3H), 1.61
{m, 2H), 1.90 {(m, 2H), 2.22 (s, 3H), 3.41 (t, 1H), 5.15-5.6 (m, 2H), 7.28 (s, 5H};
mass spectrum m/z 189 m*, 0.4), 120 (100), 42 (4}. Anal. Calcd for Cy3HigN: m/z
189.1517. Found: m/z 189.1542.

Preparation of cis-1,2,5-trimethylpyrrolidine (5f) by catalytic hydrogenation.
2,5-Dimethylpyrrole (1.0 g, 10.5 mmol) was hydrogenated over Pt02 (50 mg) in 20 mL
of acetic acid according to the method of Rob1e8.23 Hydrogenation was carried out
overnight at 70°C at a pressure of 3-4 Kg/cmz. After the removal of Ptoz, the
mixture was treated with 100 mL of 20% potassium hydroxide solution and the organic
materials were extracted with diethyl ether. The usual work-up and distillation
gave 0.15 g of cis-2,5-dimethylpyrrolidine (15%): bp 115-118°C; ngo 1.4419; IR
(neat) 3250, 1150, 1015 cm 1; 1y M {(cDCl4) 6 1.17 (4, 6H, J=6.3 Hz), 1.28
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{(m, 2H), 1.57 (s, 1H), 1.87 (m, 2H), 3.11 (m, 2H); mass spectrum m/z 99 (M+, 4),
98 (21), 84 (100), 71 (16). Anal. Calcd for CgHyaN: m/z 99.1046. Found: m/z
99.1041.

Butyllithium (1.3 mmol) in hexane was added at -78°c to cis-2,5-dimethyl-
pyrrolidine (1.3 mmol) in 10 mL of dry diethyl ether and the mixture was stirred
for 0.5 h at 0°C. After the solution was again cooled to -78°C, methyl iodide
(1.3 mmol) was added and the solution was stirred for 1 h at -78°C and then over-
night at r.t. The usual work-up and preparative GLC (0V-17) afforded cis-1,2,5-
trimethylpyrrolidine (8f) as a single product. Its spectral data were identical to
those of §f obtained by the anodic oxidation of 2f. Anal. (authentic sample) Calcd
for CoH;gN: m/z 113.1204. Found: m/z 113.1196.

Aminomercuration of N-methyl-l-phenylpent-4-enylamine (1€). Mercury (II)

chloride (2.36 g, 8.7 mmol) was added to a stirred solution of amine 1¢ (1.42 g,
8.1 mmol) in 30 mL of THF and water (1l:1). The mixture was stirred for 24 h under
a nitrogen atmosphere. Sodiuvm borohydride (350 mg, 9.2 mmol) was added to the

mixture and it was stirred at r.t. for 3 h. After a saturated Na CO3 solution had

been added to the mixture, it was stirred for an additional 4 h. 2After most of
THF had been evaporated, the residue was diluted with diethyl ether and washed with
brine. The ethereal layer was dried over MgSO4, filtered, and concentrated.
Distillation gave a fraction boiling at 103-106°C (16 mmHg), which showed three
peaks upon GLC analysis. The three fractions due to these peaks were isolated by
a preparative GLC (CW 20M).

The first fraction was identical with cis-pyrrolidine §¢. The second fraction

was identified to be trans 1,2-dimethyl-5-phenylpyrrolidine (17): IR (neat) 3060,

3025, 1600, 1195, 755, 695 cm '; 'H NMR (CDC1,) 6 1.04 (d, 3H, J=6.9 Hz, c?-cuy),
1.55 (m, 1H), 1.8 (m, 1H), 2.13 (s, 3H, N-CH,), 2.27 (m, 2H), 3.37 (m, 1H, J=6.9,
6.6, and 3.2 Hz, C°H), 3.69 (dd, 1H, J=8.0 and 6.7 Hz, C°H), 7.29 (s, 5H); 15C NMR

(cDCl3) 6 14.8 (q, c2 CH;), 31.8 and 33.2 (t, t, c3 or c%), 35.0 (q, N-CH 3)s 58.3
(q, CZ), 66.9 (d, C ), 126 8, 127.6, 128.2, and 144.1 (phenyl); mass spectrum m/z
175 * » 3), 160 (100), 98 (25). Anal. Calcd for C;,H,,N: m/z 175.1359. Found:
m/z 175.1349. Decoupling of the doublet due to the methyl protons at ¢ 1.04
caused the multiplet at § 3.37 to collapse to a double-doublet (J=3.2 and 6.6 Hz).
The third fraction was identified to be the starting amine 1¢. A quantitative
analysis by GLC showed that the aminomercuration of 1¢ gave 5¢, 17, and the recov-
ered 1¢ in yields of 17%, 35%, and 34%.

Aminomercuration of N-methyl-l-methylpent-4-enylamine (1f). Amine 1f (0.45 g;

4 mmol) was treated with mercury(II) chloride (1.15 g; 4.2 mmol) in the same way as
1c. GLC analysis of the reaction mixture showed the presence of two fractions,
each of which was isolated by a preparative GLC.

The first fraction was identical with the authentic sample of 5f. The second
20

fraction was identified as trans-1,2,4-trimethylpyrrolidine (16): ng 1.4345; IR
(neat) 1215, 1125 cm *; 'H NMR (CDCl,) 6 0.99 (d, 6H, J=6.4 Hz, C°~CHy, C°-CHj),
1.37 (m, 2H), 2.00 (m, 2H), 2.30 (s, 3H, N-CH3), 2.97 (m, 2H, Czﬂ, CSH); mass

spectrum m/z 113 (M+, 18), 98 (100), 85 (13), 71 (20), 70 (17), 57 (48). Anal.

Calcd for C;H g N: m/z 113.1202. Found: m/z 113.1169. Quantitative analysis by
GLC showed that the aminomercuration of 1f gave 5f and 16 in the yields of 10% and

49%.

Preparations of guarternary ammonium iodides 18 and 20 of pyrrolidines §c¢ and

17. A large excess of methyl iodide was added to amine 5¢ (46 mg; 0.26 mmol) in
5 mL of diethyl ether and the mixture was stirred at r.t. for 2 h. Evaporation of
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the solvent and the unreacted methyl iocdide gave cis-1,1,2-trimethyl-S5-phenyl-
pyrrolidinium iodide (18) as an o©il (62 mg; 0.20 mmol): lﬂ NMR (CDC13) § 1.53 (4,
3H, J=6.8 Hz), 2.09 (m, 1H), 2.55 (m, 3H), 2.61 (s, 3H), 3.18 (s, 3H), 4.53 (m,
1H), 5.66 (dd, 1H, J=7.3 and 11.7 Hz), 7.48 (m, 3H), 7.71 (m, 2H). Decoupling of
the doublet due to the methyl proton at § 1.53 caused the multiplet at § 4.53 to
collapse to a doublet of a doublet (J=7.4 and 10.2 Hz). Attempts te induce
crystallization of the oil were unsuccessful.

Similarly, trans amine 17 (148 mg, 0.85 mmol} was treated with a large excess
of methyl iodide. Evaporation of the solvent and an excess of methyl iodide gave
a product (174 mg, 0.55 mmol). Recrystallization from acetone~diethyl ether gave
trans~1,1,2~trimethyl-5-phenylpyrrolidinium iodide (20) as white needles: mp 151-
152°C. IR (Nujol) 1265, 925, 780, 765, 705 cmfl; 1H NMR (CDC13) § 1.64 (4, 3H,
J=6.8 Hz), 2.18 (m, 1H), 2.65 (m, 3H), 2.86 (m, 3H), 3.30 (s, 3H), 4.18 (m, 1lH),
5.33 (t, 1H, J=7.8 Hz), 7.48 (m, 3H), 7.75 (m, 2H). Decoupling of the doublet due
to the methyl protons at § 1,64 caused the multiplet at § 4.18 to collapse to a
triplet (J=7.8 Hz).

Preparations of quarternary ammonium bromides 19 and 21 of pyrrolidines 5¢€ and
JJE Methyl bromide generated from sodium bromide (30 mg), methanol (20 mL), and
sulfuric acid (14 mL) was bubbled in a solution of 5€ (92 mg, 0.53 mmol) in 5 mL of
diethyl ether for a period of 3 h. Evaporation of the solvent gave 19 as an yellow

0il. Attempts to induce crystallization failed.

Similarly, 17 (235 mg, 1.24 mmol) in 10 mL of diethyl ether was treated with
methyl bromide. Evaporation of diethyl ether and methyl bromide gave an oil, which
in turn gave crystals (147 mg, 0.55 mmol) by dilution with hexane. Repeated
recrystallization of the crystals from acetone-benzene gave trans-1,1,2-trimethyl-
S5-phenylpyrrolidinium bromide (21) as monoclinic crystals: mp 174-176°C; IR {Nujol)
1265, 980, 915, 780, 760, 710 cm '; lm NMR (CDC1,) § 1.61 (d, 3H, J=6.9 Hz), 2.17
{m, 1H), 2.64 (m, 1H), 2.90 (s, 3H), 3.38 (s, 3H), 4.12 (m, 1H), 5.45 (dd, 1H,
J=6.8 and 7.8 Hz}, 7.47 (m, 3H), 7.75 {(m, 2H). Decoupling of the doublet due to
the methyl protons at § 1.61 caused the multiplet at § 4.12 to collapse to a
triplet (J=7.9 Hz). Anal. Calcd for CIBHZONBr: C, 57.79; H, 7.46; N, 5.18; Br,
29.57. PFound: C, 57.54; H, 7.45; N, 5.31; Br, 29.52.

X-Ray crystallographic analysis of 21. A colorless single crystal with
dimensions of about 0.5x0.4x0.4 mm was used for data collection. The crystal data

were as follows: C13H20NBr, mol wt 270;21, monoclinic, space group P21/c,_3
a=13.105{4), b=10.111(4), c=10.769(4) A, B=112.72(2)°, z=4, dc=l.364 g cm ~. The
cell dimensions and diffraction intensities were measured on a Rigaku four-circle
diffractometer at the High-Brilliance X-ray Laboratory of Hokkaido University,
using graphite-monochromated Mo Kua radiation {A=0.71073 ;). The 8-26 scanning
technique was applied at a 8 scan rate of 4° min-l; the background was counted for
15 s at each end of the scan range. Three standard reflections, measured at
intervals of every 100 reflections, showed no significant decrease in intensity
during the course of data collection. The intensities were corrected for the
Lorentz and polarization factors, but not for the absorption of the extinction
effect. In the range of 28 values up to 53°, 1884 selected for the structure
factors above the 30 (F) level were selected for the structure determination.

The structure was solved by the Monte Carlo direct method,24)

and refined by
the block-diagonal least-squares method with anisotropic temperature factors.
After all the hydrogen atoms had been located in a difference Fourier map, further
full-matrix least-squares refinements were carried out including the hydrogen

atoms. The final R value was 0.045. A perspective view of the molecule in the



294

M. ToKuDA er al.

Table III. Bond distances (A} and bond angles (°)

c{1)-C(2) 1.514(9) c(2)-c{1)-C(11) 115.6(5)
c(1)-c{11) 1.531(9) C(2)-c(1)-N 103.2(5)
C(1)-K 1.530(7) C{11)-C(1)-N 112.8(5)
cl2)-c(3) 1.530(10) €(1)-c(2)-C(3) 106.6(5)
c{3)-c(4) 1.510(7) €{2}-c(3)-C(4) 106.8(5)
C(4)-C(5) 1.510{(7) C{3)-c(4)-C(5) 116.6(4)
G{4)-N 1.551(7) C(3)-C{4)-N 102.0(4)
c(5)-c(6) 1.393(9) C(5)-C(4)-¥ 112.2(5)
c{5)-c(10) 1.384(7) C{4)-c(5)-C(6) 122.8(5)
c(6)-c(7) 1.373(11) C(4)-Cc(5)-c(10) 119.9(5)
c(7)-C(8) 1.361(10) C(6)-C(5)-C{10) 117.3(5)
c(8)-0(9) 1.372{13) C(5)-C(6)-C(7) 120.3(6)
c{(9)-c(10}) 1.387(10) C(6)-C(7)-C(8) 122.2(8)
c{12)-§ 1.509(8) C(7)-c(8)-C(9) 118.5(7)
C{13}-N 1.496(7) C(8)-C(9)-C(10) 120.3(7)
C(5)-C(10)-C(9) 121.4(7)
C{1)-8-C{4) 102.4(4)
Cl{1)-N-C{12) 112.3(4)
C(1)-¥-C{13) 112.6(5)
C(4)-N-C(12) 108.3(5)
C{4)-N-C(13) 114.104)
C(12)-N-C(13) 107.2(4)

crystal is presented in Figure I. Bond distances and bond angles are shown in

Table IIX.
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