FULL PAPER

Regio- and Diastereoselective Synthesis of a-Cyanoamines by Anodic
Oxidation of 6-Membered a-Silylamines
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The electrochemical cyanation of N-benzyl-substituted cyclic
six-membered a-silylamines including tetrahydroquinoline
and piperidine derivatives was studied. The results of these
investigations demonstrate that o-silylamines are valuable
precursors for the preparation of the corresponding a-
cyanoamines. The TMS group o to the N atom not only
governs the chemoselectivity of the iminium formation
through a preferential desilylation reaction under the
experimental conditions (i.e., amine cation radical
desilylation versus deprotonation), it also lowers the
oxidation potential of tertiary amines compared to their non-

TMS  counterparts. Both the stereoselectivity and
regioselectivity of the cyanide addition were investigated
with 3-methylpiperidine as the model compound. The
formation of a single cis diastereoisomer in which the 2-
cyano group is axial and the 5-methyl group is equatorial,
indicates that the addition of the cyanide anion onto the
iminium species is under stereoelectronic control. In
addition, the redox reaction involving the intermediate
nitrogen-centered cation radical and the cyanide anions
played no role, because the a-silyl radical has such a short
lifetime.

Introduction

The chemistry of iminium salts is of crucial importance
in both the laboratory and in in vivo syntheses of various
alkaloids.l'l Most of the initial synthetic attempts towards
such intermediate species exploited the enamine — iminium
equilibrium to effect additions of electrophiles and nucleo-
philes, respectively.?l It is also well reported that such spec-
ies are stable only under a very restricted set of conditions,
and that cyanide anions are useful for trapping iminiums
salts. The a-cyanoamines thus obtained have proved to be
powerful synthons for the preparation of various piperidine
derivatives.[¥] Another possibility that has been explored is
the direct oxidation of the requisite amine to the desired
iminium salt, with oxidizing agents such as mercuric acet-
ate,™ chlorine dioxide,! or dichlorodicyanoquinonel® to
effect the amine — iminium transformation. The product
distribution indicated a strong preference for endocyclic
oxidation, but unfortunately the behavior of highly unsym-
metrical amines such as 3-alkyl-substituted piperidines has
not been studied under such reaction conditions, and conse-
quently this more straightforward route has received less at-
tention.

Photochemical or electrochemical methods that are re-
ported to proceed by Single Electron Transfer (SET) have
also not received much attention. It is generally performed
under milder conditions and the desired o-cyanoamines are
obtained in good yields.”? The general absence of regiose-
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lectivity with the electrochemical method limits its utility
for the preparation of an otherwise interesting set of inter-
mediates.®!

Continuing our investigations of the electrochemical
preparation of various a-cyanoamines® we became inter-
ested in the studies of Mariano,!'” who elegantly pointed
out the synthetic use of a-silylamines as a valuable source
of silylmethylamine cation radicals that can promote intra-
molecular cyclization. These investigations not only show
that the intermediate silylmethylamine cation radical is ef-
ficiently desilylated, but also that problems may arise from
the use of the incipient a-amino radical intermediate. This
latter species is readily oxidized to the corresponding imin-
ium salt, but this unwanted side reaction can be avoided
by proper selection of photosensitizer and substituent. In
a similar field of research, Fox and Mariano!'!l exploited
the fact that o-silylamines are easily and regioselectively
oxidized to reactive iminium cations which are valuable
intermediates in Mannich-type cyclization reactions.

In two recent papers we described the electrochemical cy-
anation of various aromatic N-alkylamines including tetra-
hydroquinoline, benzazepine, and phenylpiperidine sys-
tems.”) We were able to demonstrate that electrochemistry
is an efficient tool for the preparation of the corresponding
a-cyanoamines. These efforts also pointed out that prob-
lems associated with the nonselective deprotonation at both
the N—CH, positions can be avoided with the right selec-
tion of amine N-substituents. From our results it also be-
came clear that the regioselectivity of the cyanide addition
could be improved. For this, cyclic a-silylamines seemed to
be a promising possibility. Our preliminary results on the
anodic cyanation of 6-membered cyclic tertiary a-silylam-
ines are presented here.
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Results and Discussion
Electrochemical Investigations

A glassy carbon electrode was used for cyclic voltamme-
try measurements. Peak potentials were expressed in V ver-
sus SCE and the ohmic drop was not corrected. The a-
silylamine 4 was dissolved in methanol, containing lithium
acetate (15 g/l) as supporting electrolyte and sodium cyan-
ide (4 equiv. per mol of substrate) as trapping agent. Under
these reaction conditions two irreversible peaks were re-
corded at +0.5 V and +1.1 V. The first oxidation peak re-
sults from the amine — iminium transformation and the
second oxidation peak is attributed to the oxidation of a-
cyanoamine 5. In the absence of cyanide anions, a single
peak was recorded at +0.5 V. The potential of the first oxi-
dation peak is significantly smaller (A = 0.25 V) than that
of the non-TMS counterpart (+0.75 V)Pl whilst the se-
cond oxidation peak is unchanged. This result is consistent
with that of Cooper,['”l who reported a similar decrease in
the first oxidation peak of various aromatic a-silylamines.
Yoshidal!'®l and co-workers also reported a large decrease
in the oxidation potential of a-silylcarbamates. On the other
hand, each of the voltammograms of the aliphatic a-silyla-
mines 10 and 14, which were recorded under similar reac-
tion conditions, contained a single peak at +0.75 V.I'4l It is
worth noting that the cyclic voltammograms of non-TMS
counterparts of 10 and 14 in this medium contain no oxi-
dation peaks because of their higher oxidation potential
values. Taken together, these results indicate that selective
transformations to the desired a-cyanoamines could be per-
formed at the first oxidation peak during macroscale elec-
trolyses.

Oxidation of the Aromatic Silylamine 4

First, we decided to focus our interest on the electro-
chemical behavior of aromatic a-silylamines. The tetra-
hydroquinoline system was selected as the model compound
and the silylated precursor 4 was prepared according to the
method developed by Meyers!!* and co-workers as outlined
in Scheme 1. The macroscale electrolysis of 4 was per-
formed at a porous carbon electrode (diameter = 50 mm;
thickness = 12 mm). The flow rate of the solution (f) per-
colating through the electrode was regulated at f = 5 mL/
min and the current was calculated according to Faraday's
law for a theoretically 2 Faraday per mol process.

Lithium acetate was selected as the supporting electrolyte
and 4 equiv. of sodium cyanide was added in the inlet solu-
tion. High conversion yields (up to 95%) were indicated by
the disappearance of the first peak in the voltammogram
registered at the outlet solution, and therefore no recycling
was necessary. Moreover, the second oxidation peak at +1.1
V, attributed to 5, is evidence of selective transformation at
the first oxidation peak. After the usual workup procedure,
the crude material was purified by column chromatography
to afford the desired cyanoamine 5 as a single product. The
'H-NMR spectra are consistent with ring cyanation and
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Scheme 1. Reagents and conditions: (i) tBuLi (1.1 equiv.), THF,
—78°C, Me;SiCl; (if) N,Hy, 80°C, 2 h; (iii) BzIBr (1.1 equiv.), aq.
Na,CO; (20%), 60°C, 3 h; (iv) — 2 e, — H", NaCN (4 equiv.)

contain a characteristic 2-H signal at 6 = 4.29. Moreover,
the absence of a signal at 6 = 0.1 is spectral evidence that
the oxidation process yielded an iminium ion at the site of
TMS substitution. The high regioselectivity of this sequence
prompted us to investigate the piperidine ring system
further.

Oxidation of the Aliphatic a-Silylamine 10

The piperidine ring is an integral feature of many natural
products.l'® Finding synthetic procedures to functionalize
such systems is therefore a significant challenge. In a series
of papers, Gawley and co-workers demonstrated that an ox-
azoline auxiliary mediates the ortho metalation of piperi-
dine derivatives.!'”l The ethoxyoxazoline 7 was prepared in
multigram scale by a two-step procedure starting from the
commercially available ethanolamine. Compound 7 was
treated with piperidine in the presence of a catalytic amount
of NH4CI to afford the desired precursor 8, which may be
deprotonated by sBuLi in the presence of a catalytic
amount of TMEDA (0.1 equiv.). No difficulties were enco-
untered when 10 was synthesized by successive treatments
with hydrazine followed by an alkylation with benzyl bro-
mide under classical Schotten—Baumann conditions
(Scheme 2). The expected o-silylamine 10 was filtered
through a silica column, and it is significant that the a-
silylamine can be readily separated from the non-TMS
counterpart since they have very different Ry values.

The '3C-NMR spectrum contained a typical doublet sig-
nal (!J = 118 Hz, C-2) at § = 55 which collapses during a
gated decoupling experiment at 6 = 1.85 (2-H). The magni-
tude of the 3J ax/ax coupling constant (12.0 Hz) indicates
that 2-H is in an axial orientation and that the trimethylsilyl
group is therefore equatorially situated. Macroscale electro-
lyses, under the conditions used to oxidize 4, were carried
out on the o-silylamine 10, which was percolated through
the porous anode and electrolyzed. The voltammogram re-
corded at the outlet solution showed that the oxidation
peak disappeared. After electrolysis was completed, the sol-
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Scheme 2. Reagents and conditions: (i) Et;O"BF,~, CH,Cl,, 20°C,
16 h; (ii) PTSA, 80°C, 5h; (iii) sBuLi (1.1 equiv.)/TMEDA (0.1
equiv.), THE, —78°C, Me;SiCl (1.1 equiv.); (iv) N,Hy, 80°C, 7 h;
(v) BzIBr (1.1 equiv.), ag. Na,COj3 (20%), 60°C, 3 h; (vi) — 2 e, —
H™*, NaCN (4 equiv.)

vent was distilled off and the crude material was purified
by column chromatography to afford 1118 as the sole prod-
uct in 75% yield.

Oxidation of the Unsymmetrical a-Silylamine (14)

Having demonstrated that a piperidine ring can be cyan-
ated in satisfactory yield under these experimental con-
ditions, we decided to apply our method on unsymmetrical
amines. To this purpose, the 3-methyl-N-benzylpiperidine
was selected as the model compound. The electrochemical
and chemical preparations of unsymmetrical a-cyanopiperi-
dine derivatives have little preparative value since a mixture
of regioisomers is generally obtained.!'®) Many synthetic ef-
forts towards such substrates have exploited the presence of
a A>* double bond to control the regiochemistry during
the dihydropyridinium salt formation.?”) To overcome the
problem associated with the nonselective formation of an
iminium salt at the electrode, we took advantage of the fact
that unsymmetrical amines could be lithiated regiospecif-
ically.?”l We expected the a-silylamine to be oxidized to a
single iminium salt which would lead to the formation of a
single a-cyanoamine from the reaction. The synthesis of 14
was therefore performed under the same conditions used to
synthesize 4. The two-step procedure including the lithi-
ation and silylation of 12 afforded 13 as the sole product.
The cleavage of the amidine function was carried out under
Meyers’ conditions?!1 and the alkylation of the intermedi-
ate secondary amine with benzyl bromide afforded the de-
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sired a-silylamine 14 (Scheme 3). There have been very few
literature reports on the two-step lithiation — silylation
procedure with unsymmetrical piperidines. However, the
stereochemistry of the resulting 2,5-disubstituted amine was
assigned to be trans. 1?21 A detailed examination of the spec-
trum of 14 confirmed these assignments.
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Scheme 3. Reagents and conditions: (i) tBuLi (1.1 equiv.), THF,
—78°C; (if) Me3SiCl; (iii) NoH,, 80°C, 7 h; (iv) BzIBr (1.1 equiv.),
aq. Na,COj; (20%), 60°C, 3 h; (v) — 2 e, — H", NaCN (4 equiv.)

The large 3J (6ax/5ax) value for the resonance of 6-H? at
& = 1.33 clearly indicates that the methyl group (5-CHj3) is
equatorial. On the other hand, 2-H gives rise to a doublet
of doublets [°J (2ax/3ax) = 13.65Hz, 3J (2ax/3eq) =
2.65 Hz] at 6 = 1.74. Taken together these results clearly
indicate that both the trimethylsilyl and methyl groups are
in a trans-diequatorial conformation. The cyanation reac-
tion was readily achieved under the conditions used to oxid-
ize 10. We were pleased to find that 15 was the only product
shown by the 'H-NMR spectrum. On irradition at § = 1.68
(5-H), the signals at 6 = 2.05 (6-H*) and 6 = 0.87 (5-CHj3)
collapsed to a doublet and a singlet, respectively, and a vici-
nal coupling of 5 Hz was also lost from the resonance of 6-
HP. In addition, a broad signal at § = 3.71 was attributed
to 2-H, to place the cyano and the methyl groups in a cis-
1,4-axial/equatorial orientation.

Mechanism of the Direct Cyanation Procedure

The electrochemical process of tertiary amines has been
reviewed by several authors3l and can be summarized as
follows (Scheme 4). The first electron abstraction yields a
planar cation radical 17, a short-lived intermediate, which
plays a major role in the oxidative process. The loss of a
proton at the N—CH, positions is the most fundamental
process of such a species, but C—C cleavages® have also
been encountered instead of deprotonation. If an unsym-
metrical starting amine (16) is used, the following steps (i.e.,
deprotonation, oxidation, and subsequent trapping with cy-
anide anions) lead to a mixture of products, which are cyan-
ated at one of the two ring positions (18 and 19), or at the
alkyl substituent on the N atom. The product distribution
18/19 provides a direct indication of the site of depro-

2647



FULL PAPER

E. Le Gall, J.-P. Hurvois, S. Sinbandhit

tonation, but sometimes a single ring-cyanated product
(R = H) is detected, a feature long explained by a preferen-
tial electrode adsorption mode.®®! However, structural ef-
fects involving the interaction between the partially occu-
pied orbital on the nitrogen atom of the intermediate cation
radical and the a-CH orbitals must be taken into account

and gives a better explanation for the observed re-
Sults.[IOa,23a,23c,24]

NC° N H H CN
Bzl Bzl
19 18

Scheme 4. Electrochemical pathways for the unsymmetrical amine
16 (R = CHj)

There have been very few publications on the cyanation
of 3-alkylpiperidine derivatives, mainly because the oxi-
dation of unsymmetrical amines yield an equimolar mixture
of cyano adducts.['] The nonselective deprotonation reac-
tion (Scheme 4) at either the o or o position relative to the
nitrogen atom explains the lack of regioselectivity of the
cyanide addition.

As confirmation, we carried out the anodic oxidation of
the unsymmetrical amine 16 (R = CHj;), and indeed, an
unseparable mixture of a-cyanoamines 18 and 19 was de-
tected either by VPC or 'H-NMR spectroscopy. Moreover,
the presence of a singlet resonance system at 6 = 4.81 is
evidence that cyanation has taken place at the N-Bzl group.

An examination of our results (Scheme 5) shows that de-
silylation (path a) of the nitrogen-centered cation radical 22
is a fast process which is responsible for the high yields of
the desired a-cyanoamines 5, 11, and 15. It is important to
note that cyanide anions play a significant role during the
course of the electrochemical reaction. It is well reported
that nucleophilic substitution occurs easily at the electro-
positive silicon atom, and is therefore responsible for the
rapid cleavage of the C—Si bond.>) Our results are in
agreement with those reported by Mariano!'% in which it
was highlighted that the cleavage of the C—Si bond at the
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radical cation stage was strongly enhanced by the presence
of silophiles like CsF or nBuyNF in MeOH solutions.
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Scheme 5. Electrochemical pathways for the disilylamines 10 (R =
H) and 14 (R = CH,)

The remarkable 2 Faraday per mol process encountered
during the macroscale electrolyses performed at a porous
graphite felt anode is worthy of additional comment. The
current (calculated according to a bielectronic process) is
given by the expression i [A] = 2 X f X 96500 X 103 m/
60 (See Experimental Section: General Procedure for the
Electrochemical Oxidation). In other words, the current
intensity is related to the Faradic process and to the quan-
tity of substance flowing through the porous electrode per
second. In our previous studies of the electrochemical prep-
aration of various a-aminonitrile derivatives from aromatic
amines, we noticed that under similar reaction conditions
coulombic excesses (up to 2 Faraday per mol of substrate)
were recorded at the graphite felt anode. For example, it is
necessary to raise the quantity of electricity up to 4 Faraday
per mol of substrate to transform the N-benzylpiperidine to
the corresponding cyanoamine in a single passage through
the porous anode. This points to competitive oxidation
which does not consume the substrate but rather the cyan-
ide anions by homogeneous electron transfer?”! involving
the transient cation radical species 17 (Scheme 4) and the
cyanide anions which are slowly oxidized at the carbon elec-
trode (a 0.5 M methanolic solution of cyanide anions does
not give rise to any oxidation peaks under the conditions
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used to oxidize the silylamines). Such homogeneous elec-
tron transfer was described by Papouchado® who re-
ported the oxidation of CN~ to CN* by the stable radical
cation formed by the anodic oxidation of tri-p-anisylamine.
Generally speaking, the redox reaction involving a substrate
and a mediator is under both thermodynamic and kinetic
control.?8] However, although the lifetime of the cation
radical is often considered to be short, a redox reaction in-
volving the transient intermediate 17 can partially occur in
slightly basic media. In contrast, the lifetime of the nitro-
gen-centered cation radical 22 can be reduced by rapid loss
of the SiMe;™ group (Scheme 5) in the presence of silo-
philes such as cyanide anions. Therefore, the magnitude of
the redox reaction between the TMS-containing cation rad-
ical 22 and the cyanide anion will be strongly reduced to
that reported for the non-TMS-containing cation radical 17
in which the deprotonation reaction is slow owing to the
low acidity of such species. 232

Stereoselectivity of the Cyanation Procedure

The important point to note from examination of struc-
tures 5, 11, and 15, is that each of them adopts a confor-
mation in which the cyano group is axial. This preferred
orientation has been likened by Husson and co-workers to
the well-known anomeric effect. 3 Moreover, the origin of
the axial orientation of the cyanide group can be under-
stood if one considers a mechanism with prior formation
of an iminium species (Scheme 6). The subsequent ap-
proach of the cyanide anion from the axial direction is un-
der stereoelectronic control in which a maximum overlap
between the incoming nucleophile and the developing lone
pair of the nitrogen atom must be maintained. "’

CN~
P
“ . Me_,,sﬁ_ Me
le—IEI Hs
22
- SiMey”
-€
Wzﬁ
le o , le‘

le—Nﬁ le—N)ﬁ\

H;

15b rac-15a

Scheme 6. Stereochemical pathway for amine 14

The addition reaction (path a) between the cyanide anion
and the iminium species 247, in which the methyl group is
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equatorial, affords the cis-axial/equatorial isomer 15a. It is
also important to note that the alternative isomer 15b[%
[which result from the axial approach of CN~ to the
pseudoaxial methyl isomer 25% (path a’)] has never been
encountered alongside 15a.

Molecular mechanics calculations!! in which the anom-
eric effect was not considered, showed that the chair confor-
mations of both the cis (15a) and trans isomers (15b) are
close in energy (i.e., 0.5 kcal/mol). The two iminium species
24* and 25% are in fact in equilibrium, with an inversion
barrier of 0.4 kcal/mol.[*?l However, the trans system, in-
volving both the iminium compound 25% and the a-cy-
anoamine 15b, in which the methyl group at C-5 is axial
should be higher in energy because of the 1,3-diaxial inter-
action between the axial hydrogen atom at C-3 and CH3-5
On the other hand, in the cis system (24% and 15a), a small
gauche interaction between the equatorial methyl group
and the diequatorial hydrogen atoms 4-H and 6-H is pos-
sible, resulting in the energetically more favored conformer
15a. It should be emphasized that the stereochemical out-
come is maintained throughout the course of the cyanation
procedure and that the high degree of stereoselectivity enco-
untered is consistent with the hypothesis that an iminium
cation is involved in the electrochemical process.

Conclusion

This work is an extension of our previous studies dealing
with the electrochemical preparation of various a-cyanoam-
ines. The “electroauxiliary” concept developed by Yoshida
and co-workers was applied successfully to the oxidation of
either aromatic or aliphatic tertiary amines. Unsymmetrical
o-cyanoamines were prepared with complete regio- and
stereoselectivity and purification proceeded without diffi-
culties, so that silylated precursors could be prepared in
multigram scale. Another interesting property of silanes for
synthetic chemists is their stability under rather drastic con-
ditions. This permits a latent functionality which can be
liberated when required. In addition, the shift of the oxi-
dation potential of the a-silylamine towards less anodic val-
ues allows a selective oxidation without affecting other am-
ino groups which could be present within the structure.

Experimental Section

General: Column chromatography purification was performed with
70—230 mesh silica gel (Merck). — TLC analyses were carried out
on alumina sheets precoated with silica gel 60F,s4, Ry values are
given for guidance. — Elemental analyses were performed at the
“Service Central d’Analyse, Département Analyse Elémentaire
(Vernaison).” — IR spectra were recorded with a Nicolet 205 FT-
IR instrument or a Perkin—Elmer FT-IR 16PC (KBr powder or
dichloromethane). — NMR spectra were recorded with a Bruker
AH 300 FT spectrometer at the “Centre Régional de Mesures Phys-
iques de 1'Ouest (CRMPO)” at 300 MHz ('H) or 75 MHz ('3C).
Chemical shifts are expressed in ppm downfield from TMS, and
coupling constants (J ) are given in Hz. The assignments are based
on chemical shifts and coupling constants (' and long-range coup-
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ling). "H NMR: AB systems are presented in the following order:
H? (§ centered) the more shielded, H" (§ centered) the more deshi-
elded. '3C NMR: broad-band and gated decoupling spectra were
recorded. — High-resolution mass spectra were obtained with a
Mat 311 double-focusing instrument at the CRMPO with a source
temperature of 170°C. An ion-accelerating potential of 3kV and
ionizing electrons of 70 eV were used. — Analytical capillary gas
chromatography was performed with a Hewlett—Packard 5890 gas
chromatograph equipped with a programmable temperature con-
trol, a flame ionization detector and an HP-5 column (Chrompack
CP-Sil 8C, 30 m X 0.32 mm X 0.35 um).

Materials: All glassware was oven-dried (120°C) over a 24-h period
and cooled under a stream of argon. — All reagents were obtained
from a commercial source and were distilled prior to use. Tetra-
hydrofuran and diethyl ether were distilled from sodium and benzo-
phenone, under N,. Solutions of sec-butyllithium (sBuLi) and tert-
butyllithium (zBuLi) were purchase from Acros, used without ti-
tration, and stored under argon. Chlorotrimethylsilane (I M in
tetrahydrofuran) was purchased from Aldrich. — Air-sensitive re-
agents were transferred by syringe or with a double-ended needle.
— Triethyloxonium tetrafluoroborate (Et;O*BF,~) was prepared
according to ref.[33] The crystalline solid was dissolved in anhy-
drous CH,Cl, to afford a 2 m solution which was stored at —20°C
under N, for one month without loss of quality.

General Procedure for the Electrochemical Oxidation: The o-silyla-
mines 4, 10, and 14 were dissolved in methanol (Carlo Erba RE
99.6%), containing lithium acetate dihydrate (20 g/, Aldrich 98%)
as the supporting electrolyte and sodium cyanide (4 equiv. per mol
of substrate) as the cyanating agent. The solution was filtered
through a Millipore (5 um) system and electrolyzed in a flow cell34
(Figure 1) fitted with a graphite felt anode (diameter = 50 mm,
thickness = 12 mm). The flow rate (f) of the solution was regulated
by a peristaltic pump at /= 5 mL/min, and the current (i; + i,)
calculated according to a bielectronic process (2) is given by the
expression: i [A] = 2 X f X 96500 X 1073 M/60 where M represents
the molar concentration of the substrate. The outlet solution was
concentrated under reduced pressure, the crude material was taken
up in water (100 mL/g of the starting compound) and extracted
with dichloromethane (2 X 100 mL/g of the starting compound).
The organic layer was dried with MgSO, and concentrated. The o-
cyanoamines 5, 11, and 15 were purified by column chromatogra-
phy on silica gel (eluent: diethyl ether and petroleum ether).

Electrolyte outlet
4

®

iy

Electrolyte inlet

Figure 1. Flow cell design;[*¥ a: porous anode (graphite felt); c:

cathode (stainless steel); d: cationic membranes; E|, E,: power sup-
ply
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1-Benzyltetrahydroquinoline-2-carbonitrile (5)

Synthesis of Amidine 1: To a solution containing the formamide
derivative of the tetrahydroquinoline (8.05g, 50 mmol) in dry
CH,Cl, (100 mL) was added dropwise (by double-ended needle)
1.1 equiv. of Et;0*BF, . The reaction mixture was stirred at room
temperature for 16 h under N,. zert-Butylamine (4.38 g, 1.2 equiv.
in 10 mL of CH,Cl,) was added dropwise over a 30-min period and
was allowed to react with the imidate salt at room temperature for
an additional 5 h. The solvent was distilled off under reduced press-
ure and the crude oil was purified by distillation (bp 90—95°C, 1
X 1072 Torr) to afford 1 as a colorless oil (80%); VPC: g = 8.0 min
(120—220°C at 9°C/min).

tert-Butyl(3,4-dihydro-2 H-quinolin-1-ylmethylene)amine  (1): 'H
NMR (CDCl;3/200 MHz): § = 1.25 [s, 9 H, C(CHj;);], 1.90 (quint,
3J=6.0Hz, 2 H, 3-H), 2.75 (t, *J = 6.5 Hz, 2 H, 4-H), 3.75 (, 3J =
6.2 Hz, 2 H, 2-H), 6.80—7.20 (m, 4 H), 8.15 (s, 1| H, N=C—H).

Metalation of 1:!'>°1 To a solution containing the amidine 1 (4.32 g,
20 mmol) in THF (40 mL) at —78°C was added (by syringe) 1.1
equiv. of rBuLi. The solution was allowed to warm to —25°C and
was stirred for 1 h at —25°C to afford a red anion solution. The
solution was cooled to —78°C and Me;SiCl (1.1 equiv.) was added
by syringe and the solution turned slightly yellow. The solution was
allowed to warm up to —30°C for 1 h. The reaction mixture was
quenched with water and extracted with CH,Cl, in the presence of
K,CO;3 (10%). The combined organic phases were dried with
MgSO, and concentrated in vacuo. The crude material was distilled
(bp 103°C, 3 X 1072 Torr) to afford 2 as colorless oil (4.9 g, 85%);
VPC: tg = 9.3 min (120—220°C at 9°C/min).

tert-Butyl(2-trimethylsilyl-3,4-dihydro-2 H-quinolin-1-yl-
methylene)amine (2): '"H NMR (CDCI5/200 MHz): § = 0.00 [s, 9
H, Si(CHs3)s3], 1.15 [s, 9 H, C(CHs3)3], 1.80—2.20 (m, 2 H, 3-H),
2.60—2.83 (m, 2 H, 4-H), 4.36 (t, >J = 5.7 Hz, 1 H, 2-H), 6.80—7.18
(m, 4 H), 8.03 (s, | H, N=C—H).

Hydrazinolysis of 2: The following is adapted from a general pro-
cedure described by A. 1. Meyers.['**! To a solution (20 mL, water/
ethanol = 1:1) of 2 (0.56 g) was added 3 equiv. (0.5 mL) of glacial
AcOH followed by 3 equiv. (0.52 mL) of 98% hydrazine. The reac-
tion mixture was refluxed for 1 h and poured onto a solution of
KOH (10%) and extracted with Et,O. The combined organic layers
were dried with K,CO5; and concentrated in vacuo. The crude ma-
terial was purified by column chromatography (diethyl ether/petro-
leum ether, 10:90) to afford the o-silylamine 3 (0.5 g, 70%) as a
colorless oil.

2-Trimethylsilyl-1,2,3,4-tetrahydroquinoline (3): 'H NMR (CDCly/
200 MHz): 6 = 0.00 [s, 9 H, Si(CH3)s], 1.57—1.80 (m, 1 H, 3-H%),
1.83—2.00 (m, 1 H, 3-HP), 2.64—2.80 (m, 3 H, 2-H and 4-H), 6.41
(d, 3J = 82Hz, 1 H, 8H), 6.53 (t, >J = 7.2Hz, 1 H, 6-H),
6.82—6.99 (m, 2 H, 5-H and 7-H).

Benzylation of 3: The a-silylamine 3 (0.5 g) was refluxed for 2 h in
a 10% K,COs; solution in the presence of 1 equiv. of BzIBr. The
solution was extracted with Et,0, dried with K,COs3, and concen-
trated in vacuo. The crude oil was chromatograped on silica gel
(diethyl ether/petroleum ether, 10:90) to afford 4 as a slightly yellow
oil (0.64 g, 90%).

1-Benzyl-2-trimethylsilyl-1,2,3,4-tetrahydroquinoline (4): 'H NMR
(CDCl15/200 MHz): 6 = 0.00 [s, 9 H, Si(CH3)3], 1.90—2.28 (m, 2 H,
3-H), 2.70—2.90 (m, 2 H, 4-H), 3.05 (td, 3J = 3.6 Hz, *J = 1.2 Hz,
1 H, 2-H), 4.35 (AB, 2J = 16.7Hz, 1 H, 2'-H?), 4.69 (AB, 2J =
16.7 Hz, 1 H, 2’-H"), 6.40—6.60 (m, 2 H, 6-H and 8-H), 6.83—7.00
(m, 2 H, 5-H and 7-H), 7.13—7.38 (m, 5 H).

Eur. J. Org. Chem. 1999, 2645—2653



o-Cyanoamines by Anodic Oxidation of 6-Membered a-Silylamines

FULL PAPER

Electrolysis of a-Silylamine 4: Compound 4 (0.6 g, 2.1 mmol) was
dissolved in methanol (0.5 L) and oxidized (i = 70 mA) in the pres-
ence of sodium cyanide (4 equiv.) and lithium acetate. Chromato-
graphic purification (diethyl ether/petroleum ether, 10:90) gave 5%
(0.350 g, 70%).

1-Benzyltetrahydroquinoline-2-carbonitrile (5): '"H NMR (CDCls):
8 = 2.20-2.30 (m, 2 H, 3-H), 2.83 [dt, 2J(4a,4b) = 16.4 Hz,
3J(4a,3) = 3.8Hz, 1 H, 4-H?, 3.18 [ddd, 2J(4bda) = 16.4 Hz,
3J(4b,3) = 10.4 Hz, 3J(4b,3) = 6.9 Hz, 1 H, 4-H"], 429 (m, 1 H,
2-H), 4.34 [AB, 2J(2'a,2’b) = 16.3Hz, 1 H, 2'-H?%, 4.77 [AB,
2J(2'b,2'a) = 16.3 Hz, 1 H, 2'-H®), 6.68 [d, 3J(8,7) = 8.4 Hz, 1 H,
8-H], 6.76 [td, 3J(6,5 and 7) = 7.4 Hz, *J(6,8) = 1.0 Hz, 1 H, 6-H],
7.02—-7.10 (m, 2 H, 5-H and 7-H), 7.25—7.38 (m, 5 H, 4'-H to 6'-
H). — 13C NMR (CDCl3): § = 24.47 (C-4), 25.55 (C-3), 49.55 (C-
2), 53.93 (C-2), 112.63 (C-8), 118.60 (CN), 118.80 (C-6), 121.72
(C-4a), 126.98 (C-4"), 127.58 (C-7), 127.62 (C-6"), 128.88 (C-5'),
129.25 (C-5), 136.87 (C-3"), 142.77 (C-8a).

1-Benzylpiperidine-2-carbonitrile (11)

Synthesis of Oxazolidin-2-one (6): 61 g (1 mol) of ethanolamine and
13.8 g (0.1 equiv.) of K>,COj3; were heated (145°C) in the presence
of diethyl carbonate (240 g, 2 equiv.) in a three-necked flask. Etha-
nol was distilled off during 2 h. After cooling, the crude oil was
extracted with CH,Cl, (3 X 200 mL) and the resulting solution was
filtered through a Buchner funnel. Excess diethyl carbonate and
CH,Cl, were distilled off and the solid oxazolidin-2-one was crys-
tallized from ethyl acetate (white plates, mp 86°C, 52 g, 60%).

Oxazolidin-2-one (6): 'H NMR (CDCIl3/200 MHz): § = 3.61 (t,
3J = 6.8Hz, 2 H, C=N—-CH,—), 442 (t, 3J = 6.8Hz, 2 H,
O—CH,~), 6.15 (s, br., 1 H, NH).

Synthesis of Ethoxydihydrooxazole (7): To a solution of oxazolidin-
2-one (6) (21.75 g, 0.25 mol) in dry CH,Cl, (100 mL) was added
(0°C) dropwise (by double-ended needle) a solution containing 1.1
equiv. of Et;O*BF, . The colorless solution was stirred at room
temperature for 16 h. The solution was poured onto a cold satu-
rated sodium carbonate solution. The organic layer was dried with
MgSO, and the solvent was evaporated in vacuo (< 40°C). The
crude material was distilled (bp 45°C, 2.5 Torr) from CaH, to af-
ford 7 (22.5 g, 80%) as a colorless oil.

2-Ethoxy-4,5-dihydrooxazole (7): '"H NMR (CDCl;/200 MHz): § =
1.29 (t, 3*J = 7.1 Hz, 3 H, O—CH,—CHs), 3.75 (t, 3J = 8.4 Hz, 2
H, C=N—-CH,—), 4.21 (q, 3/ = 7.1 Hz, 2 H, O— CH,—CH,), 4.33
(t, 3] = 8.4Hz, 2 H, O—CH,—).

Condensation of Ethoxydihydrooxazole (7) with Piperidine: Ethoxy-
dihydrooxazole (7) (9.2 g, 80 mmol), and piperidine (7.5¢g, 1.1
equiv.) were refluxed (5 h) in benzene in the presence of a catalytic
amount (0.4 g, 0.1 equiv.) of p-toluenesulfonic acid. After cooling,
the solution was washed with a saturated NaHCO; solution and
extracted with Et,O. The resulting organic layers were dried with
MgSO, and concentrated in vacuo. The crude material was distilled
(bp 70°C, 3 X 1072 Torr) to yield 10 g (80%) of 8; VPC: 1z =
3.9 min (120—220°C at 9°C/min).

1-(4,5-Dihydrooxazol-2-yl)-piperidine (8): 'H NMR (CDCly/
200 MHz): 6 = 1.40—1.55 (m, 6 H, 3-H and 4-H), 3.20—3.30 (m,
4 H, 2-H), 3.70 (t, 3J = 8.2 Hz, 2 H, C=N—-CH,—), 4.20 (t, 3J =
8.2Hz, 2 H, O—CH,—).

Metalation and Silylation of 8: A solution (40 mL, Et,O/THF, 9:1),
containing a mixture of 8 (3.08 g, 20 mmol) and TMEDA (0.1
equiv.), was cooled to —78°C. An sBuLi solution (23 mL, 1.5
equiv., 1.3 M) was added dropwise (by syringe). The solution was
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warmed up to —24°C and maintained at this temperature for 2 h.
The solution was cooled at —100°C and 30 mL of a 1 M solution
of Me;SiCl was added dropwise. The resulting solution was gently
warmed to room temperature over 3 h. The solution was quenched
by addition of a 20% solution of K,COs3 (20 mL) and extracted
with CH,Cl,, the organic layers were dried with MgSO, and con-
centrated. The crude reaction mixture was distilled in vacuo (bp
80°C, 3 X 1072 Torr) to afford 9 in 70% yield (3.2 g); VPC: tg =
6.0 min (120—220°C at 9°C/min).

1-(4,5-Dihydrooxazol-2-yl)-2-trimethylsilylpiperidine (9): 'H NMR
(CDCl15/200 MHz): 6 = 0.04 [s, 9 H, Si(CH3);], 1.35—1.80 (m, 6 H,
3-H to 5-H), 2.85—3.04 (m, 1 H, 2-H), 3.40—3.59 (m, 1 H, 6-H?),
3.62—3.86 (m, 3 H, 6-H® and C=N—-CH,—), 4.09—4.30 (m, 2 H,
O—CH,-).

Hydrazinolysis and Benzylation of 9: To a stirred suspension
(10 mL, ethanol/water, 1:1) of 9 (0.94 g, 4.15 mmol) was added
0.8 mL of glacial AcOH and 0.7 mL of 98% hydrazine. The reac-
tion mixture was refluxed for 5h and the reaction was monitored
by VPC. After completion, the solution was washed with a KOH
solution (10%) and extracted with Et,O. The solution was dried
with MgSO, and the solvent evaporated in vacuo to afford the
secondary silylamine (0.5 g) in 70% yield; VPC: tg = 2.77 min
(90—220°C at 7°C/min). The crude material was further alkylated
without further purifications. To a stirred solution (20 mL) of
Na,CO; (10%) was added the secondary a-silylamine (1.2 g) in the
presence of 1.30 g of BzIBr (1 equiv.). The suspension was refluxed
for 2 h and extracted with Et,O. The organic layers were dried with
MgSO, and concentrated in vacuo. The crude material was chrom-
atographed through a silica column (petroleum ether/ether, 1:1) to
yield 10, 1.5g (80%) as a viscous oil; VPC: tg = 7.65min
(120—220°C at 9°C/min).

1-Benzyl-2-trimethylsilylpiperidine (10): R; = 0.8 (petroleum ether/
diethyl ether, 80:20). — IR (neat): v = 2708, 2780, 2928, 3026 cm ™.
— 'H NMR (CDCl3): 8 = 1.13—1.30 (m, 1 H, 4-H®), 1.40—1.57
(m, 3 H, 3-H?, and 5-H), 1.63 [dq, 2J(3a,3b) = 10.0 Hz, 3J(4,2) =
3.0 Hz, 1 H, 3-H"], 1.70—1.81 (m, 2 H, 4-H® and 6-H?), 1.86 [dd,
3J(2,3a) = 12.0Hz, 3J(2,3b) = 3.0Hz, 1 H, 2-H], 2.75 [dt,
2J(6a,6b) = 11.5Hz, 3J(6b,5) = 3.5Hz, 1 H, 6-H®], 3.07 [d,
2J(2'a,2'b), 13.0 Hz, 1 H, 2'-H?], 4.07 [d, 2J(2'a,2'b), 13.0 Hz, 1 H,
2'-HP], 7.19—-7.36 (m, 5 H). — 3C NMR (CDCls): § = 24.94 (C-
3), 26.13 (C-4), 27.35 (C-5), 54.15 (C-6), 55.92 (C-2), 61.65 (C-2'),
126.67 (C-6"), 128.14 (C-5"), 128.68 (C-4'), 140.34 (C-3'). — MS;
miz (%): 247 (1.10) [M*], 232 (5), 174 (100), 91 (74). — C,sH,5NSi:
calcd. 247.1756, found 247.1747 (MS). — C,sH,sNSi (247): calcd.
C 72.81, H 10.18, N 5.66, Si 11.35; found C 73.04, H 10.32, N 5.65,
Si 10.40.

Electrolysis of 10: Compound 10 (0.45 g, 1.82 mmol) was dissolved
in methanol (0.5 L) and was oxidized (i = 60 mA) in the presence
of sodium cyanide (4 equiv.) and lithium acetate. Chromatographic
purification gave 11 (0.27 g, 75%) as a pale yellow oil.

1-Benzylpiperidine-2-carbonitrile (11): R; = 0.4 (petroleum ether/
diethyl ether, 80:20). — IR (neat): v = 2221, 2252 cm™ '(CN). — 'H
NMR (CDCls): 8 = 1.49—-1.89 (m, 6 H, 3-H, 4-H, and 5-H), 2.42
[td, 2J(6a,6b) = 11.5 Hz, 3J(6a, 5a) = 11.5 Hz, 3J(6a, 5a) = 3.0 Hz,
1 H, 5-H?], 2.79 [dm, 2J(6a, 6b) = 13.0 Hz, 1 H, 6-H"], 3.52 [d,
2J(2'a, 2'b) = 13.0 Hz, 1 H, 2'H%], 3.69 [d, 2J(2'a, 2'b) = 13.0 Hz,
1 H, 2'H"), 3.72 [t, 3J(2H, 3H) = 3 Hz, 1 H, 2-H], 7.25-7.35 (m,
5 H). — 3C NMR (CDCl,): § = 20.47 (C-4), 25.01 (C-5), 28.64
(C-3), 49.71 (C-6), 52.09 (C-2), 60.74 (C-2'), 116.70 (CN), 127.57
(C-6"), 128.52 (C-5"), 129.04 (C-4"), 127.02 (C-3"). MS; ml/z (%o):
200 (18) [M*], 173 (23), 109 (67), 91 (100). — C,3H¢N,: calcd.
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200.13134; found 200.1318 (MS). — C;3H,;6N, (200): caled. C
77.96, H 8.05, N 13.99: found C 77.13, H 8.17, N 13.73.

1-Benzyl-5-methylpiperidine-2-carbonitrile (15)

Synthesis of the Piperidine Formamidine 12: A solution of 3-methyl-
piperidine (2.5 g, 25 mmol) in 10 mL of toluene was refluxed (6 h)
in the presence of 3.2 g (1 equiv.) of N,N-dimethyl-N’-tert-butyl-
formamidine>'® and a catalytic amount (0.150 g) of NH,CI. After
cooling, the solution was poured onto 20 mL of 10% K,COj; solu-
tion and extracted with Et,O. The organic phases were dried with
MgSO,. The crude oil was purified by distillation to afford 12 (3 g,
66%) as a colorless oil (bp 46°C, 5 X 1072 Torr); VPC: 1p =
5.4 min (90—220°C at 7°C/min).

tert-Butyl-(3-methylpiperidin-1-ylmethylene)amine (12): 'H NMR
(CDCI5/200 MHz): 8 = 0.80 (d, 3J = 6.6 Hz, 3 H, CH3-3), 1.08 [s,
9 H, C(CH3)3], 1.22—1.80 (m, 6 H, 3-H to 5-H and 6-H?), 2.28
(dd, 2J = 12.7Hz, 3J = 10.5Hz, 1 H, 2-H?), 2.61 (td, 2J = 3J =
11.6 Hz, 3J = 3.3 Hz, 1 H, 6-H®), 3.57 (dm, 2J = 12.7Hz, 1 H, 2-
HP®), 7.35 (s, 1 H, N=C—H).

Metalation and Silylation of 12: A solution (40 mL, Et,O/THF, 8:2)
of 12 (3.62 g, 20 mmol) was cooled to —78°C and treated dropwise
with a 1.5 M solution of BuLi (15 mL). The solution was allowed
to warm to —20°C and was maintained at this temperature for 1 h.
It was then cooled to —78°C and treated with Me;SiCl (22 mL, 1.0
M, 1.1 equiv.) for 4 h after which the reaction mixture was warmed
up to 0°C. The reaction mixture was diluted with 37% HCI (10 mL)
and washed with Et,O (50 mL); the resulting organic layer was dis-
carded and NaOH pellets were added to the aqueous phase to turn
it basic. The aqueous mixture was extracted with CH,Cl, and dried
with MgSO,. The crude product was purified by column chroma-
tography on silica gel (petroleum ether/Et;N, 90:10) to afford 13 as
a colorless oil (4.25 g, 85%); VPC: tg = 9.2 min (120—220°C at
9°C/min).

tert-Butyl[(2R*,5R*)-5-methyl-2-trimethylsilylpiperidine-1-yl-
methylene)lamine (13): Ry = 0.8 (petroleum ether/Et;N, 90:10). —
IR (CH,Cl,): ¥ = 1636 cm ™! (C=N). — '"H NMR (CDCl;): § =
0.09 [s, 9 H, Si(CH3);], 0.86 (d, 3J = 6.6Hz, 3 H, CH;-5),
0.99—1.04 (m, 1 H, 4-H?), 1.14 [s, 9 H, C(CH3)5], 1.30—1.45 (m, 1
H, 3-H®), 1.50—1.68 (m, 2 H, 3-H® and 5-H), 1.79—1.89 (m, 1 H,
4-HP), 2.31 [dd, 2J(6a,6b) = 12.8 Hz, 3J(6a,5) = 10.2 Hz, 1 H, 6-
H?], 2.47 [dd, 3J(2,3) = 10.5 Hz, 3J(2,3) = 2.8 Hz, 1 H, 2-H], 4.00
[ddd, 2J(6b,6a) = 12.8 Hz, 3J(6b,5) = 4.1 Hz, “J(6b,4) = 1.4 Hz 1
H, 6-H"], 7.39 (s, 1 H, N=C—H). — *C NMR (CDCls): § = 0.00
[Si(CH3)3], 19.22 (CH;-5), 26.44 (C-3), 30.11 (C-5), 31.50
[C(CH3)3], 35.15 (C-4), 50.63 (C-2), 53.03 [C(CHj3);], 53.76 (C-06),
150.81(C=N). — MS; m/z (%): 254 (10) [M*], 239 (6), 197 (12), 98
(100). — Cy4H30N,Si: caled. 254.21782, found 254.2175 (MS). —
C14H30N,Si (254): caled. C 66.07, H 11.88, N 11.01, Si 11.04; found
C 66.04, H 11.88, N 11.26, Si 11.35.

Deprotection and Benzylation of 13: A solution (ethanol/water, 2:8)
of 13 (2 g, 7.86 mmol) and glacial AcOH (1.6 mL) was treated with
98% hydrazine (1.6 mL). The mixture was refluxed for 5 h and the
reaction was monitored by VPC, two successive additions of 98%
hydrazine were necessary for the completion of reaction. The solu-
tion was cooled and poured onto 10 mL of 10% KOH solution and
extracted with Et,O. The combined organic layers were dried with
M¢gSO, and concentrated in vacuo to yield the secondary o-silyla-
mine [1.2 g; VPC: tg = 3.4 min (90—220°C at 7°C/min)]. The crude
oil was alkylated in the presence of 1.1 equiv. of BzIBr. After being
refluxed for 2 h in a 10% solution of NaHCOj3 (20 mL), the suspen-
sion was extracted with ether and the combined organic layers were
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concentrated and purified on silica (petroleum ether/ether, 1:1) to
yield 14 (1.2 g, 60%); VPC: tg = 8.0 min (120—220°C at 9°C/min).

(2R*,5R*)-1-Benzyl-5-methyl-2-trimethylsilylpiperidine (14): R; =
0.80 (petroleum ether/ether, 50:50). — IR (CH,Cl,): ¥ = 1600, 2948,
3026 cm~!'. — 'H NMR (CDCl/300 MHz): & = 0.10 [s, 9 H,
Si(CH3)s), 0.69 (d, 3J = 6.5Hz, 3 H, CH3-5), 0.75—1.00 (m, 1 H,
4-H®), 1.33 [t, 2J(6a,6b) = 3J(6a,5) = 10.0Hz, 1 H, 6-H?,
1.45-1.68 (m, 3 H, 3-H, and 5-H),1.70—1.79 (m, 2 H, 2-H and 4-
HP), 2.68 [ddd, 2J(6b,6a) = 11.5 Hz, 3J(6b,5) = 3.5 Hz, *J(6b,4) =
1.5Hz, 1 H, 6-H"], 3.0 [d, 2J(2'a,2'b) = 13.1 Hz, 1 H, 2'-H#], 4.05
[d, 2J(2'b,2'a) = 13.1 Hz, 1 H, 2’-H"], 7.19—7.42 (m, 4 H,). — 13C
NMR (CDCl3/75 MHz): § = —1.22 [Si(CH;);], 19.93 (CH;-5),
27.68 (C-5), 29.98 (C-3), 35.08 (C-4), 55.36 (C-2), 61.58 (C-2'),
62.01 (C-6), 126.67 (C-6"), 128.17 (5'), 128.65 (C-4"), 140.32 (C-3").
— MS; m/z (%): 261(< 1) [M*], 188 [M — SiMes]" (100), 91 (57). —
C,6H,;7NSi: caled. 261.19127; found 261.1911 (MS). — C,¢H,;NSi
(261): caled. C 73.49, H 10.41, N 5.36, Si 10.74; found C 71.41, H
9.75, N 4.88, Si 10.10.

Electrolysis of 14: Compound 14 (0.825 g, 3.15 mmol) was dis-
solved in methanol (0.5 L) and oxidized (i = 101 mA) in the pres-
ence of sodium cyanide (4 equiv.) and lithium acetate. Chromato-
graphic purification (diethyl ether/petroleum ether, 50:50) gave 15
(0.55 g, 80%) as a pale yellow oil.

(2R*,5R*)-1-Benzyl-5-methylpiperidine-2-carbonitrile (15): R; =
0.80 (petroleum ether/ether, 50:50). — IR (CH,Cl,): v = 2220 cm ™!
(CN). — 'H NMR (CDCI3/300 MHz): § = 0.88 (d, 3J = 6.4 Hz, 3
H, 5-CH;), 1.12—1.35 (m, 1 H, 4-H?), 1.62—1.91 (m, 4 H, 3-H, 4-
HP® and 5-H), 2.05 [t, 2J(6a,6b) = 3J(6a,5) = 11.5 Hz, 1 H, 6-H%],
2.76 [dm, 2J(6b,6a) = 11.7 Hz, 1 H, 6-H"®], 3.52 [d, 2J(2'a,2'b) =
13.2Hz, 1 H, 2’-H%], 3.68 [d, 2J(2'b,2'a) = 13.2 Hz, 1 H, 2’-H"],
3.70 (s, br., 1 H, 2-H), 7.23—7.37 (m, 4 H, H). — 3C NMR (CDCls/
75 MHz): 6 = 19.24 (CH3-5), 28.60 (C-4), 29.04 (C-3), 30.75 (C-5),
51.53 (C-2), 57.07 (C-6), 60.51 (C-2'), 116.61 (CN), 127.60 (C-6"),
128.53 (C-5"), 128.98 (C-4'), 137.01 (C-3"). — MS; mlz (%): 214
(10) [M™*], 187 (6) [M* — HCN], 157 (14), 123 (20), 91 (62), 84
(26), 57 (100), 41 (61), 28 (43). — Cy4HgNs: caled. 214.14700,
found 214.1480 (MS). — C4H 3N, (214): caled. C 78.46, H 8.47,
N 13.07; found C 78.84, H 8.56, N 12.58.
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