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When performed in the presence of cyanide and at pH smaller
than 5, the RuO4-mediated oxidation of secondary amines BnNH-R (1a-b; R=Me, Et) gave mainly 1-cyanoformamidines BnNR-C(=NH)-CN (2a-b) and their hydrolysis products Bn-NRCOCN (3a-b), Bn-NR-CN (4a-b), Bn-NR-CONH2 (5a-b).
Carboxamides 5a-b can result also directly from 1a-b.

INTRODUCTION*
Amidines are interesting compounds in many
fields of chemistry and technology. They have
been used extensively as pharmacological agents,1
pesticides,2 linkers in solid-phase reactions,3 or as
electrophiles,4 but also in organic synthesis to build
heterocycles,5 as protective groups for primary
amino function (i.e. in nucleosides),6 and even in
asymmetric preparations.7
The synthesis of amidines starts in principle
from amines and compounds having C=N or C≡N
bonds like those in amides or nitriles.8 Actually,
the reactions proceed well with some more active
derivatives, such as metallated amines, imidoyl
halides or imido esters. Quite unexpectedly, our
experiments on the RuO4-mediated oxidation of
secondary amines9 like N-methyl- (1a) and Nethylbenzylamine (1b) revealed the formation of 1cyanoformamidines 2a-b (Scheme 1). Trial
experiments showed also that the compounds 3-5
*

Bn-NH-R

RuO2, NaIO4
NaCN

NH
Bn-NR

+ others
CN

derived from 2. We report in this paper the
experimental proofs on the structures 2-5 and their
affiliations. The quantitative results are presented
in Table 1. To gain in simplicity, the entries of
Table 1 (let be x and y) will be cited as T1-x,y,
throughout this paper.
RESULTS AND DISCUSSION
In the same conditions as those for the tertiary
aliphatic amines, studied by us before,10 the RuO4mediated oxidation of secondary amines 1a-b in
the presence of NaCN gave a plethora of reaction
products (T1-1,2), which, for practical purposes,
were divided in two categories: 2-5 and 6-25. As
indicated in Scheme 1, the compounds 6-25 have
various structures: imines (6), α-diamines (7),
amides
(8-12),
α-aminonitriles
(13-17),
cyanoimines (18-19), cyanonitrones (20-21),
nitrones (22), etc. All of them derive from the
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oxidation of 1a-b, by a mechanism which will be
presented elsewhere.9 Just as an example, imine 6b
is the result of the oxidative attack at the benzylic
site of 1b; nucleophilic addition of water or HCN
at the C=N bond of 6b gave benzamide 8b or
aminonitrile 13b, respectively. Analogously, the
oxidative attack at the N-α-alkylic site of 1b
produces the imine Bn-N=CH-CH3, which is
trapped by water or HCN to give acetamide 10b or
α-aminonitrile 15b, respectively.

At variance with 6-25, derivatives 2-5 are not
oxidation products of 1a-b. They originate from
another oxidation step, that of cyanide. For instance,
1-cyanoformamidines 2a-b resulted as the addition
adducts between 1a-b and dicyan, where dicyan
came from the oxidation of cyanide by the co-oxidant
(Scheme 2, route a). Actually, this type of reaction is
widely used to obtain 1-cyanoformamidines8b, 11 and
we followed it to synthesize 2a-b for the first time
(see Experimental).

Bn-NH-CH2R
1a-b
RuO4, NaCN

Bn: benzyl
co-oxidant: NaIO4, NaIO3, K 2S2O8

co-oxidant

imines (6), diamines (7)
amides (8-12), aminonitriles (13-17)

1-cyanoformamidines &
related compounds
(2-5)

cyanoimines (18-19)
cyanonitrones (20-21)
nitrones (22), others (23-25)
R: H (a), Me (b), Ph (c)

2a-b Bn-N(CH2R)-C(=NH)-CN

14a-b Ph-CH(CN)-N(CH2R)-Bn

3a-b Bn-N(CH2R)-CO-CN

15a-b Bn-NH-CH(CN)-R

4a-b Bn-N(CH2R)-CN

16a-b Bn-N(CH2R)-CH(CN)-R
17

5a-b Bn-N(CH2R)-CO-NH2

Bn-NEt-CH2-CN

6a-c Ph-CH=N-CH2R

18a-b Ph-C(CN)=N-CH2R

7a,c (Bn-NMe-)2CH-R

19a-b Ph-CH=N-CH(CN)-R

8a-b PhCO-NH-CH2R

20a-b Ph-C(CN)=N(O)-CH2R

9a-b PhCO-N(CH2R)-Bn

21a-b Bn-N(O)=C(CN)-R

10a-b Bn-NH-CO-R

22a-b Ph-CH=N(O)-CH2R
23 PhCHO

11a-b Bn-N(CH2R)-CO-R
12

24 PhCN

Bn-NEt-CHO

13a-b Ph-CH(CN)-NH-CH2R

25 PhCONH2

Scheme 1
Table 1
Oxidation of 1a-b in the presence of cyanide
Entry
nr.
0
1.

Substrate
(conv., %)a
1
1a (13)

Methodb
2
A

Reaction products (yield, %)c
Compds. 2-5
Compds. 6-25
3
4
2a (2.9), 4a (1.0), 5a 6c (1.2), 8a (0.4), 9a (8.9), 10a (0.7), 11a (1.8), 13a (6.3), 14a (15.3),
(4.5)
15a (2.2), 16a (18.2), 18a (0.6), 19a (0.3), 20a (0.4), 21a (0.8), 23
(0.9), 24 (0.9)
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2.

1b (37)

A

3.

1a (74)

A1

4.

1b (72)

A1

5.
6.

1b (89)
1a (10)

A2
A3

7.

1a (25)

A4

8.

1b (14)

A4

9.

1b (10)

A5

2b (4.2), 4b (0.9), 5b 6b (5.2), 6c (1.8), 8b (0.5), 9b (2.7), 10b (0.6), 11b (0.6), 12 (1.0), 13b
(8.0)
(15.6), 14b (8.1), 15b (10.9), 16b (1.0), 17 (9.9), 18b (0.8), 19b (0.5),
20b (0.5), 21b (0.9), 22b (7.8), 23 (0.5), 24 (1.5)
2a (36.6), 3a (0.2), 4a 9a (2.8), 11a (1.7), 14a (5.3), 16a (2.7), 24 (0.6)
(0.4), 5a (30.8)
2b (50.3), 3b (0.2), 4b 9b (2.6), 11b (2.2), 12 (8.3), 14b (3.4), 17 (2.9), 24 (0.5)
(0.5), 5b (17.2)
5b (84.1)
6b (0.7), 6c (1.0), 9b (0.3), 11b (0.6), 12 (0.3), 22b (0.5), 23 (2.7)
2a (1.0), 4a (0.5), 5a 6c (1.2), 8a (0.9), 9a (7.4), 11a (2.7), 13a (6.2), 14a (15.7), 15a (14.8),
(6.4)
16a (16.0), 24 (0.4), 25 (0.6)
6c (1.7), 7a (3.0), 7c (3.3), 8a (2.9), 9a (16.0), 11a (2.7), 13a (23.0),
14a (5.4), 15a (4.8), 16a (2.4), 24 (1.9)
6c (4.4), 9b (17.9), 11b (2.3), 12 (4.6), 13b (17.0), 14b (1.1), 15b (6.1),
16b (5.0), 17 (0.6), 23 (1.7), 24 (1.7)
2b (19.7), 3b (0.2), 4b 6c (2.2), 8b (1.2), 9b (5.6), 11b (1.8), 12 (2.2), 14b (6.9), 17 (0.6), 24
(3.9), 5b (1.8)
(0.3)

a
Conversion calculated against the reacted substrate. b Reaction conditions (for 1 mmol of substrate): A - RuO2 (10-15 mg), cooxidant NaIO4 (4 mmol), NaCN (4 mmol), CHCl3/water = 10/20 (mL/mL), room temperature, 3h; A1 - as in A, but AcOH (1 mL) was
added too; A2 - as in A, but KOCN (2 mmol) was used instead of NaCN; A3 - as in A, but K2S2O8 (3 mmol) was used as a co-oxidant;
A4 - as in A, but NaIO4 was replaced by NaIO3; A5 - as in A4, but AcOH (1 mL) was added too. c Yields (molar ratios of
product/reacted substrate) are calculated from NMR and MS spectra (see also Experimental), regardless of the stoichiometry.

Formamidines 2a-b are not very stable, but full
spectral characterization was possible (see
Experimental). Thus, the 1H-NMR spectrum of 2a
shows two rather broad singlets for methyl and
benzyl protons at 2.98 and 4.65 ppm, respectively.
Interestingly, the corresponding carbon signals are
missing, but very broad signals (centered at about
34 and 55 ppm, respectively) could be seen in
more concentrated solutions. However, the
C(=NH) signal (142.6 ppm) was coupled with
methyl and benzyl protons in the long range
heteronuclear correlation experiment (HMBC), in
accord with the proposed molecular structure. Its
high field-shifted value is due to the electronic
effect exerted by the C≡N substituent. Unlike 2a,
the amidic analog 3a presented two sets of signals
for its protons and carbons (i.e. two species are
present) and well resolved 1H-13C correlations
(either for directly bound atoms or for long range
connections). The same is true for the pair 2b/3b.
The mentioned NMR features of 2 can be due
to the restricted rotation about the (Bn)N-C(=NH)
single bond,12 similarly to the well-known rotation
about the (Bn)N-C(=O) amidic bond13 in 3. The
reason of this E/Z isomerism lies in the partial
double bond character of these bonds. On going
from one amidic isomer to another, the
corresponding energetic hill (∆G#) to be passed is
high enough (usually 20 kcal/mol) for the NMRtime scale and separate signals are generally
observed for each isomer, which is actually the
case of 3. On the contrary, the just described NMR
characteristics of 2a correspond to a mediate

spectrum, taken around the coalescence
temperature. In other words, the ∆G# value in 2
should be smaller than that in 3. Indeed, it is
known that rotational barriers for simple amidines
fall mostly in the range of 12-15 kcal/mol.12 Full
characterization of the restricted rotation in 2a-b
and 3a-b is out of the scope of this paper.
The instability of 2a-b is due especially to
hydrolysis. The rate of reaction is greater in
alkaline media,9 in accord with the literature data
on the hydrolysis of amidines. It is known that the
hydrolysis rate is subjected to general acid-base
catalysis14 and that base-catalyzed reactions are
usually more rapid than those in acidic media.14,15
The last hydrolysis product is the corresponding
parent amine 1, but various amounts of the
intermediates 3-5 can be seen in the earlier stages.
Compounds 3-5 are hydrolysable compounds too,
but at different rates. For instance, on one hand,
carbamoyl cyanides 3 are much more reactive
(3→1) than 2 and, on the other hand, cyanamides 4
are at least three times more easily hydrolysable
than
carboxamides
5
(4→5→1).
These
considerations might explain the relative amounts
of 2-5 found by us in T1-1,2. The fact that some 1
resulted always during the hydrolysis of 2 has two
important consequences: (i) the “real” conversions
of 1a-b should be higher than those written in
column 1 of Table 1 and (ii) the inverse situation
holds for the yields in columns 3 and 4.
Unfortunately, these corrected values cannot be
known. All transformations of 1-5 are summarized
in Scheme 2.
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Bn-NR-COCN

1-5 R
Bn: benzyl
ox: oxidation

a
b

H2O

3a-b

Me
Et

1a-b

H2O

NH
ox

(CN)2 + Bn-NH-R
1a-b

Bn-NR-CN

Bn-NR
route a

2a-b

CN-

H2O

CN
H2O

ox

route b

CNO- + Bn-NH-R

H2O

Bn-NR-CONH2
5a-b

1a-b

4a-b

H2O

1a-b
Scheme 2

The sums 2+3+4+5 cover only about 10% of
the reacted amine in our standard9,10 A-conditions
(T1-1,2), for which pH ~ 9. On changing the pH at
about 4.5, the same sums become about 68% (T13,4). This is due to two factors acting in the same
direction in acid vs. alkaline media: (i) the
(1) CN- + H+

HCN

At the same time, the highest contributions in
the indicated sums belong to 2 and 5 whatever the
pH, but their ratio depends on it. Thus, 2a/5a is 0.6
in T1-1, but 1.2 in T1-3. Analogously, 2b/5b
passes from 0.5 (T1-2) to 2.9 (T1-4). Again, this
pH-dependence might reflect the greater stability
of 2 in acidic media. However, in our opinion, in
basic media, the formation of cyanate [either by
direct oxidation of CN-, or by hydrolysis: (CN)2 +
H2O → HCN + HCNO] is relatively favored and
extra 5 could result by the direct reaction 1 + CNO.
This last possibility is exemplified in T1-5, where,
by using OCN- instead of CN-, about 84% of the
reacted 1b was found as 5b, without traces of 2b,
3b, and/or 4b. The analogous reaction with 1a is
missing from Table 1, to avoid unnecessary
duplication of results. This alternative path to
obtain more 5 is also shown in Scheme 2 (route b).
At the beginning of this work, we suspected
that cyanamides 4 came from the reaction 1 + ICN
→ 4 + HI, where ICN is the reduced form of IO4in the presence of cyanide. However, the additional
experiments of T1-6,7,8 cancelled out this
supposition. More specifically, when using K2S2O8
as a co-oxidant (T1-6) instead of NaIO4 (T1-1), the
cyanamide 4a is still formed, despite the fact that

equilibria (1) and (2) are shifted more to the right
and (ii) as mentioned before, since 2 is more
stable, less 1 is generated by hydrolysis and,
consequently, the quoted yields and conversions
are more close to the “true” values.
(2) HCN

oxidant

(CN)2

ICN cannot be present. Clearly, the oxidation HCN
→ (CN)2 was involved in both cases and dicyan is
the source of all four derivatives 2a-5a. It emerges
also that the reduced form of the co-oxidant IO4was IO3- and not I+ (as in ICN). We verified this by
titration:16 at the end of reaction, the initial amount
of IO4- was found to be a mixture of about 80%
IO3- and 20% of unreacted IO4-.
What happens when NaIO3 replaces NaIO4 as a
co-oxidant? As indicated in T1-7,8, all compounds
2-5 were missing. This means that, unlike
periodate, iodate cannot oxidize HCN into (CN)2 at
basic pH. This is not surprising since the iodate, a
less powerful oxidant than periodate, requires acid
conditions to operate.16 In fact, all 2-5 reappeared
by setting the pH value to about 4.5 (T1-9 vs. T18).
EXPERIMENTAL
General. Melting points were taken on a Boetius hot plate
and are uncorrected. Elemental analyses were performed with
EAS32 Station Costech 2002. FT-IR spectra were registered
on a Bruker Vertex 70 apparatus. NMR spectra were recorded
with a Varian Unity INOVA 400 spectrometer, operating at
400 MHz (1H) and 100 MHz (13C). Mass spectra were
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for C11H13N3. FT-IR spectrum (neat; νmax, cm-1): 3328, 2230,
1598. MS spectrum (m/z, %): 187 (27, M+), 186 (23), 158
(60), 134 (18), 106 (12), 91 (100), 79 (16), 77 (11), 65 (22).
Benzylmethylcarbonocyanidic amide (3a). Carbamic
chloride Bn-NMe-COCl (26) was prepared from 1a and
triphosgene (Aldrich) in anhydrous benzene and in the
presence of Et3N as HCl scavenger.32 The major impurity in
the crude product was (Bn-NMe-)2CO. Distillation gave pure
26 with b.p. of 118-120°C/1 mmHg (lit.32 b.p. 98-99°/
0.15 mm Hg). A solution of 26 (2.94 g, 16 mmol) in
anhydrous dichloromethane (10 mL) was added dropwise to a
stirred solution of tetraethylammonium cyanide (Aldrich;
2.5 g, 16 mmol) in anhydrous dichloromethane (15 mL) and
the whole mixture was stirred for one hour. The solvent was
evaporated, the residue taken in ether and the red solid
discharged by filtration. Ether evaporation leaves 2.5 g of
liquid 3a (90% yield). The analytical sample was obtained by
column chromatography on silica gel with benzene as eluent.
The NMR characteristics shown in Table 2 matched well those
given in the literature.33
Benzylethylcarbonocyanidic amide (3b) was obtained as
an oil (yield 88%), from N-benzyl-N-ethylcarbamoyl
chloride32 and tetraethylammonium cyanide, just as described
for 3a. The purification was achieved by column
chromatography on silica gel eluted with a 2/1 hexane/ethyl
acetate mixture. Elemental analysis (%): found 70.31 (C), 6.69
(H), 14.58 (N); calculated 70.19 (C), 6.43 (H), 14.88 (N) for
C11H12N2O. FT-IR spectrum (neat; νmax, cm-1): 2230, 1685,
1498. MS spectrum (m/z, %): 189 (10), 188 (78, M+), 187
(14), 159 (58), 107 (18), 92 (16), 91 (100), 79 (30), 77 (11),
65 (23).
Benzylmethylcyanamide (4a). A solution of 1a (6.05 g,
0.05 mol) in CCl4 (150 mL) was combined with an aqueous
solution (140 mL) of NaCN (2.7 g, 0.055 mol). To this
heterogeneous mixture and under vigorous stirring a solution
of iodine (12.7 g, 0.05 mol) in CCl4 (300 mL) was added
dropwise at a rate ensuring the complete decolorization of the
reaction mixture. The mixture was stirred for one hour, the
lower layer separated, washed with aqueous 5% Na2CO3
solution, and anhydrized over Na2SO4. Solvent evaporation
and distillation of the residue gave 28a as a colorless liquid
(6.2 g, yield 85%) with b.p. 120°C/8 mmHg (lit.34 b.p. 139142°C/12 mmHg). MS spectrum (m/z, %): 146 (M+, 16), 92
(8), 91 (100), 65 (11.5).

obtained by electron impact (70 eV), with a GC-MS 6890
Agilent apparatus. The gas-chromatograph module consisted
of an Agilent 19091s-433 capillary column (0.25 mm × 30 m)
fitted with 5% phenyl methyl siloxane, operating under
constant flow of helium as carrier gas and a temperature range
from 40 to 300°C with a 10°C/min heating rate.
Materials. Compounds 1a, 6c, hydrated RuO2, K2S2O8 (all
from Aldrich), 1b, 10a, 23-25, NaIO3, and NaIO4 (all from
Merck) were used as purchased. Derivatives 6a-b, 7a, 8a-b,
10b, 11a-b, 12, 16a-b, and 17 were from our previous
work.10b Compounds 7c,17 9a,18 9b,19 13a,20 13b,21 14a-b,22
15a,23 15b,24 18a-b,25 19a,26 19b,27 20a-b,28 21a-b,23 22a,29
and 22b30 are all known and were prepared according to the
indicated procedures. The NMR characteristics of 2-5, the
most interesting compounds from the point of view of this
paper, are presented in Table 2, where the chemical shifts are
expressed in ppm against internal (CH3)4Si (δH = 0) or CDCl3
(δC = 77.16). Compound 7c appeared only in the conditions of
T1-79,10b and for this reason its NMR features were also
included in Table 2.
N-Benzyl-N-methyl-carbonocyanidimidic amide (2a).
Dicyan gas, generated from copper sulphate (10 g, 0.04 mol)
and potassium cyanide (7.8 g, 0.12 mol),31 was passed at 6°C
and under argon through a solution of 1a (1 g, 8.2 mmol) in
anhydrous benzene (15 mL). The solution was washed with
saturated Na2CO3 aqueous solution, anhydrized over Na2SO4
and then the solvent was removed. The obtained viscous liquid
(1.2 g; yield 84%) is 2a sufficiently pure (~95%, by NMR).
The compound is moderately stable at room temperature and it
can be kept unchanged for a few days only. Decomposition
occurs also on attempted distillation. The analytical sample
was obtained by a rapid passage through a short column of
basic alumina (Merck) eluted with a 7/3 (v/v) benzene/ethyl
acetate mixture. Slow chromatographic process caused partial
or total transformation of 2a. Elemental analysis (%): found
69.03 (C), 6.19 (H), 24.51 (N); calculated 69.34 (C), 6.40 (H),
24.26 (N) for C10H11N3. FT-IR spectrum (neat, cm-1): 3328
(νNH), 2226 (weak, νC≡N), 1672 (νC=N), 1448. MS spectrum
(m/z, %): 173 (M+, 28), 172 (27), 158 (28), 120 (40), 106 (12),
92 (9), 91 (100), 77 (10), 65 (24).
N-Benzyl-N-ethyl-carbonocyanidimidic amide (2b) was
obtained as an oil (yield 80%), from 1b and dicyan, as
described for 2a. Elemental analysis (%): found 70.27 (C),
6.75 (H), 22.68 (N); calculated 70.56 (C), 7.00 (H), 22.44 (N)
Table 2

NMR characteristics of 2-5 and 7c
Compd.
2a
2b

3a c
3b c

4a

Chemical shifts (CDCl3, δ, ppm) and assignmentsa
δH: 2.98 (s, 3H, CH3), 4.65 (s, 2H, Bn), 7.22-7.26 (br d, J~7.8, 2H, o), 7.28-7.42 (m, 3H, m+p), 7.56-7.76 (br s, 1H,
NH);b
δC: 32-36 (v. br, CH3), 53-57 (v. br, Bn), 111.4 (C≡N), 127.7 (~br, o), 128.2 (p), 129.0 (m), 135.9, 142.6 (C=N).
δH: 1.13 (t, 3J=7.0, 3H, CH3), 3.43 (q, 3J=7.0, 2H, CH2), 4.63 (s, 2H, Bn), 7.24 (d, J=8, 2H, o), 7.26-7.50 (m, 4H, m+p),
7.52-7.72 (br s, 1H, NH);b
δC: 12.0-12.6 (br, CH3), 41.5-42.5 (v. br, CH2), 49.5-50.5 (v. br, Bn), 111.5 (CN), 127.6-126.8 (br, o), 127.95 (p), 128.9
(m), 136.35, 142.1 (C=N).
δH: 2.91+3.16 (s+s, 1.5+1.5H, CH3), 4.59+4.76 (s+s, 1+1H, Bn), 7.22-7.46 (m, 5H, o+m+p);
δC: 32.3+35.5 (CH3), 50.5+54.7 (Bn), 110.6+110.8 (CN), 127.7+128.5 (o), 128.6+128.9 (p), 129.1+129.3 (m),
133.9+134.3, 144.9+145.3 (CO).
δH: 1.10+1.26 (t+t, 3J=7.1, 1.35+1.65H, CH3), 3.38+3.56 (q+q, 3J=7.1, 0.9+1.1H, CH2), 4.61+4.76 (s+s, 1.1+0.9H, Bn),
7.23-7.29 (m, 2H, o), 7.32-7.43 (m, 3H, m+p);
δC: 11.9+14.1 (CH3), 40.1+43.2 (CH2), 47.7+52.3 (Bn), 110.8+111.0 (CN), 127.7+128.45 (o), 128.48+128.85 (p),
129.1+129.3 (m), 134.3+134.85, 144.7+145.2 (CO).
δH: 2.78 (s, 3H, CH3), 4.16 (s, 2H, Bn), 7.30-7.45 (m, 5H, o+m+p);
δC: 37.9 (CH3), 57.3 (Bn), 119.0 (CN), 128.5 (o), 128.7 (p), 129.0 (m), 134.45.
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Table 2 (continued)
4b
5a
5b
7cd

3

3

δH: 1.24 (t, J=7.2, 3H, CH3), 2.92 (q, J=7.2, 2H, CH2), 4.17 (s, 2H, Bn), 7.30-7.40 (m, 5H, o+m+p);
δC: 12.5 (CH3), 44.9 (CH2), 55.4 (Bn), 117.6 (CN), 128.2 (o), 128.3 (p), 128.7 (m), 134.7.
δH: 2.91 (s, 3H, CH3), 4.49 (s, 2H, Bn), 4.52-4.64 (br s, 2H, NH2),b 7.20-7.30 (m, 3H, o+p), 7.34 (t, 3J=7.2, 2H, m);
δC: 34.9 (CH3), 52.5 (Bn), 127.3 (o), 127.6 (p), 128.9 (m), 137.6, 159.2 (CO).
δH: 1.16 (t, 3J=7.16, 3H, CH3), 3.33 (q, 3J=7.1, 2H, CH2), 4.48 (s, 2H, Bn), 7.20-7.37 (m, 5H, o+m+p);
δC: 13.3 (CH3), 42.4 (CH2), 50.3 (Bn), 127.1 (o), 127.6 (p), 128.9 (m), 137.8, 158.9 (CO).
δH: 2.11 (s, 6H, CH3), 3.60+3.68 [d+d (ABq), JAB=13.7, 2+2H, Bn], 3.95 (s, 1H, N-CH-N), 7.18-7.46 (m, 15H,
o+m+p+o’+m’+p’);
δC: 37.8 (CH3), 57.2 (Bn), 87.7 (N-CH-N), 126.7+128.3+128.8+140.3 (p+m+o+i, resp.), 127.6+127.8+129.0+135.6
(p’+m’+o’+i’, resp.).

a

Benzyl and aromatic (ortho, meta, para) protons or carbons are abbreviated as Bn, o, m, and p, respectively. Aromatic ipso carbons
are given in italics. b Vanishes with D2O. c Two E/Z isomers are present. The values belonging to the major one are underlined; if of
equal population, the “major” isomer was chosen arbitrarily. d Sign prime (‘) for Ph-CH atoms.
Benzylethylcyanamide (4b) was obtained from 1b (0.05
mol), as described for 4a. Colorless liquid (7.2 g, yield 90%)
with b.p. 140°C/8 mmHg (lit.34 b.p. 160°C/12 mmHg). MS
spectrum (m/z, %): 160 (M+, 16), 92 (8), 91 (100), 65 (9).
N-Benzyl-N-methylcarboxamide (5a). Nitrourea35 (0.7 g,
6.7 mmol) was added portionwise to a solution of 1a
(0.86 mL, 6.7 mmol) in acetonitrile (20 mL). The mixture was
heated at reflux for one hour and then cooled at 0°C. The
precipitated white solid was recovered by filtration and it was
dried in an oven at 100°C. Yield 0.76 g (70%) of white solid
with m.p. 133-135°C. Elemental analysis (%): found 65.71
(C), 7.19 (H), 17.33 (N); calculated 65.83 (C), 7.37 (H), 17.06
(N) for C9H12N2O. FT-IR spectrum (solid, cm-1): 3387, 3188,
1655, 1592, 1492. MS spectrum (m/z, %): 165 (12), 164 (M+,
98), 121 (15), 120 (71), 119 (24), 118 (35), 106 (64), 92 (13),
91 (100), 79 (17), 77 (17), 65 (25), 51 (12), 44 (41), 42 (28).
N-Benzyl-N-ethylcarboxamide (5b) was prepared in 55%
yield from 1b and nitrourea, as described for 5a. M.p. 71-72°C
(from acetonitrile). Elemental analysis (%): found 67.25 (C),
7.68 (H), 15.99 (N); calculated 67.39 (C), 7.92 (H), 15.72 (N)
for C10H14N2O. FT-IR spectrum (solid, cm-1): 3456, 3398,
3213, 1630, 1598, 1497. MS spectrum (m/z, %): 178 (M+, 25),
120 (18), 106 (40), 92 (11), 91 (100), 79 (11), 77 (10), 65 (14),
44 (11).
Oxidation of 1a-b. To a solution of NaCN [196 mg
(4 mmol) in 10 mL of water] was added RuO2.xH2O (10-15
mg), followed by amine (1 mmol in 10 mL of CHCl3) and the
co-oxidant (4 mmol of NaIO4 or NaIO3, and 3 mmol of
K2S2O8; each in 10 mL of water), in this order, and the
reaction mixture was vigorously stirred at room temperature
for 3 hours. The mixture was filtered from a black solid and
the two layers of the filtrate separated (Note). The aqueous
layer was extracted with CHCl3, the new organic layer
combined with the older one, anhydrized (Na2SO4), and the
solvent removed to give the residue I. The last aqueous layer
was acidified with HCl, the CHCl3-extraction repeated in
order to obtain the residue II. Known quantities (usually
0.2 mmol) of p-dimethoxybenzene (DMB; internal standard)
were added in residues I and II, the new mixtures taken up in
CDCl3 and the NMR and GC-MS spectra recorded. For most
reaction products, the yields were calculated against DMB
from the NMR data. In the case of compounds in small
amounts or difficultly discernible by NMR (like 24 or 25), the
yields obtained from the MS spectra against DMB were
corrected using known mixtures of DMB and pure
compounds. As usually,10 the yield of benzaldehyde (23) in
Table 1 includes that of benzoic acid.
Identification of the various reaction products was
performed on preliminary experiments, by adding small

amounts of pure compounds into the analyzed CDCl3
solutions and comparing the new NMR and GC spectra with
the older ones. Meanwhile, the aforementioned residues were
chromatographed on columns filled with silica gel or neutral
alumina and eluted with hexane (or benzene)/ethyl acetate (or
CH2Cl2) mixtures. The substrates 1a-b, practically the main
constituents of the samples, remained at the start point and
could be recovered with methanol as eluent. The NMR and
GC analyses of the various fractions evidenced the existence
of all major compounds listed in Scheme 1 and clarified the
formation of some products (like 9a-b, 24, 25), hardly
observable in more complex mixtures. At the same time, pure
samples of 14a-b were obtained this way. As mentioned in the
main text, column chromatography cannot be used to separate
from the reaction mixtures sensitive compounds such as 2a-b.
Note. Sometimes, acetic acid (1 mL) was added before
adding the co-oxidant (T1-3,4,9). In this case, the reaction
mixture was first basified (aq. Na2CO3), before the filtration
step.

CONCLUSIONS
Oxidation of aliphatic secondary amines
BnNHR (1a-b; R=Me, Et) by the RuO4/cooxidant/NaCN system is in competition with the
addition reaction between 1a-b and dicyan, where
dicyan comes from the oxidation of NaCN itself.
The addition gives 1-cyanoformamidines BnNRC(=NH)-CN (2a-b), which, at their turn, hydrolyze
partially towards BnNR-CO-CN, BnNR-CN, and
BnNR-CONH2. The co-oxidant nature and the
reaction pH govern the competition. Powerful cooxidants like NaIO4 or K2S2O8 and pH < 5 favor
the addition reaction. No addition occurs at all with
a softer co-oxidant like NaIO3 and at pH ~ 9. A
reaction scheme is developed and discussed.
REFERENCES
1.

M. Gall, J. M. McCall, R. E. TenBrink, P. F.
VonVoigtlander and J. S. Mohrland, J. Med. Chem., 1988,
31, 1816-1820.

1-cyanoformamidines
2.
3.
4.
5.
6.
7.
8.

9.
10.

11.
12.
13.

14.

(a) V. K. S. Leung, T. Y. K. Chan and V. T. F. Yeung,
Clin. Toxicol., 1999, 37, 513-514; (b) J. I. Moss, J. Econ.
Entomol., 1996, 89, 1151-1155.
P. S. Furth, M. S. Reitman and A. F. Cook, Tetrahedron
Lett., 1997, 38, 5403-5406.
S. J. Benkovic, T. H. Barrows and P. R. Farina, J. Am.
Chem. Soc., 1973, 95, 8414-8420.
V. G. Granik, Russ. Chem. Rev., 1983, 52, 377-393.
S. Vincent, C. Mioskowski and L. Lebeu, J. Org. Chem.,
1999, 64, 991-997 and references cited therein.
A. J. Meyers and R. Hutchings, Heterocycles, 1996, 42,
475-478.
(a) P. J. Dunn, in “Comprehensive Organic Functional
Group Transformations”, A. R. Katritzky, O. Meth-Cohn
and C. W. Rees (Eds. in Chief), Elsevier, Amsterdam,
1995, vol. 5, ch. 5.19, p. 741-782; (b) J.-A. Gautier, M.
Miocque and C. Combet Farnoux, in “The Chemistry of
amidines and imidates”, S. Patai (Ed.), J. Wiley & Sons,
London-Sydney-New York-Toronto, 1975, ch. 7, p. 284312.
C. Florea and H. Petride, J. Sorb. Chem. Soc., 2016, 81,
475-486.
(a) H. Petride, C. Drăghici, C. Florea and A. Petride, Cent.
Eur. J. Chem., 2004, 2, 302-322; (b) H. Petride, O. Costan,
C. Drăghici, C. Florea and A. Petride, Arkivoc 2005, Part X,
18-32. (c) H. Petride, C. Drăghici, C. Florea and A. Petride,
Cent. Eur. J. Chem. 2006, 4, 674-694.
(a) T. K. Brotherton and J. W. Lynn, Chem. Rev., 1959,
59, 841-883; (b) H. W. Woodburn and L. N. Pino, J. Org.
Chem., 1951, 16, 1389-1394.
D. G. Neilson, in “The Chemistry of amidines and
imidates”, S. Patai (Ed.), J. Wiley & Sons, LondonSydney-New York-Toronto, 1975, ch. 9, p. 387-398.
(a) W. E. Stewart and T. H. Siddall, III, Chem. Rev.,
1970, 70, 517-551; (b) M. Oki, “Applications of
Dynamic NMR Spectroscopy to Organic Chemistry”,
VCH Publishers, Deerfield Beach, FL, 1986, p. 43-54
and 161-164; (c) M. B. Pinto, “Acyclic Organonitrogen
Stereodynamics”, J. B. Lambert and Y. Takeuchi (Eds.),
VCH Publishers, New York, 1992, ch. 5, p. 149-175; (d)
M. Avalos, R. Babiano, J. L. Barneto, P. Cintas, F. R.
Clemente, J. L. Jimenez and J. C. Palacios, J. Org.
Chem., 2003, 68, 1834-1842.
(a) R. H. De Wolfe, in “The Chemistry of amidines and
imidates”, S. Patai (Ed.), J. Wiley & Sons, LondonSydney-New York-Toronto, 1975, ch. 8, p. 349-384; (b)

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

325

J. D. Halliday and E. A. Symons, Can. J. Chem., 1978,
56, 1463-1469.
C. Flinn, R. A. Poirier and W. A. Sokalski, J. Phys.
Chem. A, 2003, 107, 11174-11181.
A. Afkhami, T. Madrakian and A. R. Zarei, Analyt. Sci.,
2001, 17, 1199-1202.
M. Sekiya and I. Sakai, Chem. Pharm. Bull., 1969, 17,
32-35.
L. Skulski, G. C. Palmer and M. Calvin, Rocz. Chem.,
1964, 38, 789-810.
A. H. Lewin, M. Frucht, K. V. J. Chen, E. Benedetti and
B. Di Blasio, Tetrahedron, 1975, 31, 207-215.
A. Padwa, K. F. Koehler and A. Rodriguez, J. Org.
Chem., 1984, 49, 282-288.
Kh. Shakhidoyatov, Zh. Org. Khim., 1973, 9, 1373-1376.
H. Sarai, K. Ito and M. Sekiya, Chem. Pharm. Bull.,
1973, 21, 2257-2264.
H. Tokuyama, T. Kuboyama, A. Amano, T. Yamashita
and T. Fukuyama, Synthesis, 2000, 1299-1304.
A. L. Lungis and M. G. P. Stegen (to American Home
Products Corp.), US Patent 3,202,674 (Aug. 24, 1965);
Chem. Abstr., 1965, 63, 14872d.
E. Cawkill and N. G. Clark, J. Chem. Soc. Perkin Trans.
1, 1980, 244-248.
O. Tsuge, K. Ueno, S. Kanemasa and K. Yorozo, Bull.
Chem. Soc. Jpn., 1986, 59, 1809-1824.
K. D. Gundermann, K. Burzin and F. J. Sprenger, Chem.
Ber., 1972, 105, 312-324.
R. N. Butler, E. C. McKenna, J. M. McMahon, K. M.
Daly, D. Cunningham and P. McArdle, J. Chem. Soc.,
Perkin Trans. 1, 1997, 2919-2924.
T. Kawakami, H. Ohtake, H. Arakawa, T. Okachi, Y.
Imada and S.-I. Murahashi, Bull. Chem. Soc. Jpn., 2000,
73, 2423-2444.
H. Ohtake, Y. Imada and S.-I. Murahashi, Bull. Chem.
Soc. Jpn., 1999, 72, 2737-2754.
L. Hahn, Ber., 1935, 68, 1974-1986.
K. Koyano, H. Suzuki and C. R. McArthur, Bull. Chem.
Soc. Jpn., 1977, 50, 1872-1877.
Y. Hirata, A. Yada, E. Morita, Y. Nakao, T. Hiyama, M.
Ohashi and S. Ogoshi, J. Am. Chem. Soc., 2010, 132,
10070 - 10077.
W. L. Garbrecht and R. M. Herbst, J. Org. Chem., 1953,
18, 1003-1013.
C. Holstead and A. H. Lamberton, J. Chem. Soc., 1953,
3349-3352.

