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Alkaline hydrolysis of formylated ethylenediamines of the general structure R'-N(X)-CH,CH,-N(CHO)-R* (R!, R? = H,
benzyl, benzoyl; X = H, CHO) was studied in mild conditions. Breaking of the N-C amide bonds took place easily for
HN-CHO or (benzoyl)N-CHO, hardly for (benzyl)N-CHO, and did not occur at all for N-COPh. Generally speaking,
the various amide bonds underwent hydrolysis according to the following qualitative order of increasing reactivity:
PhCO-N(H or alkyl)(alkyl or CHO) << HCO-N(alkyl), < HCO-NH(alkyl) <<HCO-N(H or alkyl)(COPh). Reactions
with benzaldehyde of various hydrolysis-derived amines were also investigated and found to give Schiff bases and/or
imidazolidines, according to the particular substrate structure. The 'H- and '*C-NMR features of all compounds of
interest are presented and discussed. Hindered rotation about the C-N amide bond(s) caused £/Z isomerism in mono- and
diformylated derivatives.

INTRODUCTION

Similarly to the behavior of other N-benzylazacycloalkanes,' preliminary investigation' on the RuO,-
mediated oxidation of 1,4-dibenzyl- and 1-benzylpiperazine suggested the formation, along with
benzaldehyde, of the acyclic diformamides 1A-E (formulae in Scheme 1). They were accompanied also by
other compounds, which could derive from them during the reaction mixture work-up, by hydrolysis.
Therefore, these last compounds are not true oxidation products, but their presence could be indicative for
the previous formation of 1A-E. To clarify this point, we decided to study the hydrolysis of 1A-E in
conditions as close as possible to those employed for the RuO4-oxidation mixtures work-up. As presented in
the next Section A4, a qualitative reactivity order resulted for the hydrolysis of various types of amide bonds
in 1A-E. Despite the vast experimental data on the amide hydrolysis (including enzymatic) existing in the
literature,™ few competitive reactions have been undertaken since now.*’” Our paper shows that there is
much work to do even in this apparently overstudied field.

Some of the hydrolysis products are primary or secondary amines. During the RuO,-mediated
oxidation, they are formed in the presence of benzaldehyde and, consequently, could react with it. This was
the reason that suggested us to study these reactions too. The respective results will be presented later in
Section B.

Identification of the RuO,-oxidation reaction products was' and should be'® mainly achieved by 'H-
and "C-NMR spectroscopy. Consequently, particular attention was paid now to the NMR features of all
hydrolysis- and benzaldehyde-derived products (Section C).

* Corresponding author: hpetride@cco.ro
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RESULTS AND DISCUSSION
A. Hydrolysis experiments

The formulae of the possible hydrolysis products (i.e., 1F, 2A-I, and 3A-F) originating from 1A-E, as
well as that of 4, are shown in Scheme 1. To gain in clarity, we labeled by 1 and 2 superscripts the two
nitrogen atoms in 1-3. Imidazoline 4 was found as a minor reaction product during the preparation of some
diformylated compounds (see Experimental Part). It probably resulted by thermal cyclodehydration of
monoformylated intermediates of type 2.%
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Table 1

Hydrolysis of some formamides

Reaction Time Substrate conversion Hydrolysis products

Entry Substrate conditions® (hr) (%)° (vield, %)

0 1 2 3 4 5

1. 1A AorB 6 0 no reaction

2. 1B A 6 31 2B (22),2G (71.5), 3B (6.5)

3. 1B B 2 29 2B (21.5),2G (72.5), 3B (6)

4. 2B+2G B 2 35(2B), 11 (2G) 3B (100)°

S. 1C A 2 10 2C (100)

6. 1C B 2 55 2C (100), PhCO,H (<0.2)

7. 2C AorB 6 0 no reaction

8. 1D B 1 70 3D (100)

9. 1D B 0.5 30 2D (38), 3D (62)

10. 1D+1E/ B 1 68 (1D), 100 (1IE) 3D (100),2E (50), 3E (50)

11. 2E B 1 48 3E (100)

“ A: substrate/CH,Cl,/NaOH/H,O = 1/10/10/10 (mmole/mL/mmole/mL), room temperature; B: as in A, but
benzyltriethylammonium bromide (0.1 mmole/mmole of substrate) was added too. ® Calculated with respect to its initial amount.
¢ Relative to the corresponding reacted substrate. ¢ 2B/2G/3B=44/51/5% (molar). ¢ Cumulated yield./ 1D/1E=1/2 (molar).

Hydrolysis experiments were performed at room temperature, in heterogeneous mixtures of
CH,Cly/aqueous NaOH, and for 0.5-6 hours. These mild conditions mimic those adopted for the RuO,-
oxidation mixtures work-up."” It is conceivable that the reaction occurs at the interface of the two phases,
namely aqueous and organic, where the nucleophile (HO") and the substrate are present, respectively.
Therefore, besides the presumably different substrate reactivity, the ease of the hydrolysis could be highly
dependent on the mixing degree of the two phases. Accordingly, two sets of hydrolysis experiments were
performed, that is without or in the presence of a surfactant [benzyltriethylammonium bromide (BTEAB)].



Amide hydrolysis 247

The most important results are summarized in Table 1 and discussed below using Schemes 2 and 3. The
effectively observed hydrolysis paths were typed in bold within these schemes and in the main text.

Hydrolysis of the symmetrically substituted diformamide 1A would give in a first stage the
monoformamide 2A and, subsequently, the diamine 3A. Each step involves the expelling of a formic acid
molecule as a formate anion. This reaction sequence was not found experimentally, the diamide 1A being
recovered unaltered, even in the presence of BTEAB (Table 1, entry 1).

Diformamide 1B might be initially hydrolyzed to 2B and/or 2G, depending on the cleaved amide bond:
N'-CHO and/or N>-CHO (Scheme 2, routes b; and/or b,, respectively). Both intermediates should give the
same diamine 3B, as a final reaction product (routes b; and b,). All these reactions seem to occur really.
Thus, after six hours of reaction, 2B, 2G, and 3B were all identified in the reaction mixture (Table 1, entry
2). In the presence of BTEAB, a similar result was obtained after two hours of reaction (entry 3). Because
the amount of 3B was relatively low, we can speculate about the HN-CHO/(benzyl)N-CHO reactivity ratio
in 1B. Thus, two hypothetical limiting cases might be considered for the reaction of entry 3: (i) all 3B
resulted from 2G and (ii) 3B resulted from 2B only. Using the data of entry 3, we obtained (2G+3B)/2B = 3.65
in the first case and 2G/(2B+3B) = 2.64 in the second. Therefore, the calculated reactivity ratio HN-
CHO/(benzyl)N-CHO for 1B could lie between these two values. Unfortunately, distinct hydrolysis of 2B or
2G could not be studied because they were not obtained separately (see Experimental). However, working
with a 0.86/1 mixture of 2B/2G, it was possible to see their hydrolysis to 3B (entry 4). We note that
(benzyl)N-CHO in 2G resulted to be 3.2 times /less reactive than HN-CHO in 2B (entry 4, column 4:
35/11=3.18). This experimental value is within the range calculated before (i.e., 2.64-3.65) for the reactivity
ratio HN-CHO/(benzyl)N-CHO in 1B. Consequently, a value close to 3.2 could be advanced too for the
mentioned reactivity ratio in 1B.

These results imply that an N-monoalkylated formamide could undergo hydrolysis more easily than an
N,N-dialkylated one (i.e., N>-CHO in 2B and 2G, respectively). This is well documented in the literature and
it was ascribed as originating from the different energies required to reach the tetrahedral intermediate in the
rate-determining step.” The N'-CHO function is of an N,N-dialkylated formamide type in both 1A-B, but
showed very different reactivity. This cannot be explained yet with the data at hand. A more extensive study
on the hydrolysis paths b;-b, will be published soon.'

2C —a,—> 3C
l\lli(/C a/ \32 \33
[ cHo H N N

I
CHO ~ > b 2G —b,— 3B
N"C b N 2 7
a Sa CHO _b
b ~+ [ CHO /\ 2 b /
Bz NP(b b,\ . 3
1C ¢ 1B | ! 2B
\ Bn Bn=benzyl
Bz=benzoyl
c, 2H C,
Scheme 2

Hydrolysis of 1C might be, almost in principle, more complicated, because it contains three types of
amide bonds prone to be broken. Thus, in a first stage, cleavage of N'-CHO, PhCO-N', and/or N*-CHO
bonds of 1C could give the diamides 2C, 1B, and/or 2H, respectively (Scheme 2, routes a-c, resp.).
Subsequent hydrolysis of these diamides would yield the monoamides 3C [from 2C (route a;) and/or 2H
(route ¢;)], 2G [from 1B (route b,) and/or 2C (route a,)], and/or 2B [from 1B (route ;) and/or 2H (route
¢;)]. All these monoamides should give the same final hydrolysis product, namely the diamine 3B. In our
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reaction conditions, the hydrolysis mixture obtained from 1C contained 2C as a practically single reaction
product (Table 1, entries 5 and 6). No other NMR signals, attributable to 2H, 1B, or their possible hydrolysis
products, were observed in the respective reaction mixtures’ spectra. This means that only the route a was
followed during the hydrolysis of 1C. Because of these results, we did not synthesize further 2H. We
checked also the behavior of 2C and found its inertness in our reaction conditions (entry 7). At a higher
conversion of 1C, a very small amount of benzoic acid was also found (entry 6). This does not change our
previous conclusions on the active hydrolysis route of 1C, but, at the same time, it suggests that alternative
pathways (i.e., b) could be also followed in more drastic reaction conditions.

Although belonging to the same general type of an N,N-disubstituted amide, the N'-CHO group in 1A
is unlike that in 1C because of the different nature of one N'-substituent, namely benzyl and benzoyl group,
respectively. The higher reactivity towards hydrolysis of N'-CHO in 1C versus that in 1A might be ascribed
to the different electronic effects provided by the incriminated substituents: electron-withdrawing in 1C, but
electron-releasing in 1A. In fact, it is known that electron-withdrawing N-substituents accelerate the amide
hydrolysis rate.” On the other hand, the data of entries 5 and 6 of Table 1 show that, within the imidic moiety
of 1C (i.e., PhCO-N'-CHO), the formyl group is much more able to undergo hydrolysis than the benzoyl
one. This behavior has some precedents in the literature. Thus, N-formylbenzamide (i.e., PhnCO-NH-CHO), a
compound very similar to the imidic moiety of 1C, proved to be stable in pure water, but very easily
hydrolysable in dilute NaOH aqueous solution. In this last case, only benzamide resulted,”® that is the HN-
CHO bond was broken and not Ph\CO-NH. A similar result was obtained during the mild alkaline hydrolysis
of N-acetylsalicylamide.’

By Pl a—= 3D\
| 4 a \\ a,
N? pd a, \
CHO RN b
H 2| -~ — 3E
N7 CHO b, b, bg\
b N N\C/ _bs 3F
~ [ CHO ~ | X b .7
Bz 1 CHO z \b7\x ZF/ 0
1D N* Sp, ) 7
b 3 b
3 \ / 8
Bz=benzoyl Bz 1F
1E
Scheme 3

In principle, the hydrolysis of 1D could follow the general Scheme 3, but, taking into account the
previously discussed behavior of 1C, the route b seems unlikely. In fact, after one hour, the unique reaction
product found was 3D (Table 1, entry 8), meaning that the active routes have been a and a;. When the
hydrolysis mixture was worked-up after a shorter reaction time (entry 9), the NMR spectra indicated the
presence, besides 3D, of another compound, which was not 1E, 2E, nor 3E. Its NMR features (see Tables 2
and 3 in Section C), as well as its disappearance at longer reaction time with concomitant enhancement of the
amount of 3D, suggested the structure 2D. Attempts to synthesize 2D failed, but its transient formation
during the hydrolysis of 1D is not doubtful.

Compound 1E was not obtained in a pure state, but mixed with 1D."° Looking at Scheme 3, it results
that the hydrolysis of 1E can be really studied even in this case, because the expected routes b;-b;y (from
1E) do not interfere with a and a; (from 1D). The reaction mixtures derived from 1D+1E showed the
formation, along with 3D, of 2E and 3E (Table 1, entry 10). Additional experiment starting from 2E
confirmed its unique transformation into 3E (entry 11). Accordingly, the hydrolysis of 1E occurred only
through the reaction paths b, and bs. This was the reason that allowed us not to synthesize further and
study 1F, 2F, or 2I.
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Summing up all information of this Section, it results that an amide bond may be hydrolyzed in mild
alkaline conditions according to the following qualitative order of increasing reactivity: PhCO-N(H or
alkyl)(alkyl or CHO) << HCO-N(alkyl), < HCO-NH(alkyl) << HCO-N(H or alkyl)(COPh).

B. Reactions with benzaldehyde

As presented before, the mild hydrolysis of 1A-E gave mono- and/or diamines. According to the
substitution degree at the aminic nitrogen atom level and selecting only the amines effectively observed in
Section 4, the monoamines can be divided into primary (2G, 3E) and secondary (2B). Analogously, the
experimentally found 3B can be seen as a (N?)-primary-(N')-secondary diamine. Although not found in the
hydrolysis mixtures of 1A, we attached 3A to the diamines’ group, as an example of a secondary-secondary
derivative. In all these compounds, the aminic N-substituents (if any) are of alkyl type. From these four kinds
of amines, only the secondary monoamines cannot react efficiently with benzaldehyde. Consequently, we
will discuss below the reactions of benzaldehyde with the remaining three types of amines. The formulae of
the expected reaction products are shown in Scheme 4.

N=CH-Ph IR
X N
~
N Bn=benzyl [N} Ph
| Bz=benzoyl |
R
Bn
5: R=Bz, X=H
6: R=Bn, Xx=CHO 7: R=Bn
8: R=Bn, X=H 9: R=H

Scheme 4

It is well known that primary monoamines react easily with benzaldehyde to yield the corresponding
Schiff bases. In fact, starting from 3E or 2G, the azomethine compounds 5'' and 6 were obtained,
respectively (see Experimental Part).

It is also known that N-alkyl- or N,N’-dialkylethylenediamines react with benzaldehyde to give Schiff
bases and/or imidazolidines."” For instance, only imidazolidine 7 could result from the N' N°-dialkylated
diamine 3A. At the same time, starting from the N'-monoalkylated diamine 3B, both 8 and 9 are expected as
reaction products. These predictions were entirely confirmed by our experiments (see Experimental Part).
For instance, only 7 was obtained from 3A, but a 1/2 mixture of 8/9 resulted from 3B. Compound 7 was cited
by Chapuis and his co-workers,'> but without any details about preparation or characterization. We repeated
its preparation in order to cover this gap. Derivatives 6-9 are all new compounds. Unfortunately, 6, 8, and 9
were obtained mixed with other compounds and all attempts to isolate them were unsuccessful. Their
presence was deduced from the corresponding NMR spectra.

C. NMR spectra

As mentioned in the Introduction, the various RuOs-oxidation reaction products obtained from 1-
benzyl- and 1,4-dibenzylpiperazine should be identified especially by NMR spectroscopy.'® Accordingly, we
considered highly necessary to have at hand the 'H- and C-NMR features of all compounds studied in this
paper. The corresponding data are tabulated in Tables 2 and 3. The 'H- and *C-NMR chemical shifts are
expressed in ppm (8 scale) and were measured relatively to internal (CH3)4Si (85=0 ppm) and the CDCl;
peak (8c=77.01), respectively. Proton signal multiplicity is abbreviated as s-singlet, d-doublet, dd-doublet of
doublets, t-triplet, td-triplet of doublets, g-quartet, m-multiplet, br-broad singlet, ABq-AB quartet. The
assignments were made by two-dimensional NMR experiments, including the long-range 'H-"C
heteronuclear correlation.
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Table 2
'H-NMR data“ of compounds of interest
Compd. Chemical shifts (400 MHz, 8, ppm, J in Hz, CDCl;) and assignments®
2B°T [2.77+2.78 (t+t, J=5.6, 2H, CH,-N"), 3.33+3.38 (q°+q,° J=5.6, 2H, CH,-N?), 3.77+3.78 (s+s, 0.3+1.7H, Bn), 6.99
(br, 0.85H, N*H); 8.02+8.14 [d (J=11.0)*+d (J=1.2),¢ 0.15+0.85H, N*>-CHO].
2C° | 3.42 (t, J=5.6, 0.58H, CH,-N?), 3.49+3.52 [q (J=5.6)"+s, 3.32H, CH,-N' and CH,-CH,], 4.47+4.59 (s+s, 1.42+0.58H,
Bn), 6.86 (t, J=5.6, 0.29H, NH); 7.23+7.27 (d+d, J=7.4, 1.42+0.58H, Hgy, of Ph-CH,), 7.29-7.35 [m, 3.71H,
Hineta+Hpara Of Ph-CH, and NH (at about 7.33)], 7.37+7.41 (t+t, J=7.4, 2H, Hpero of Ph-CO), 7.46+7.48 (t+t, J=7.4, 1H,
Hpury of PE-CO), 7.70+7.79 (d+d, J=7.4, 0.58+1.42H, Horo of Ph-CO), 8.12+8.34 (s+s, 0.29+0.71H, N*-CHO).
2DY  |3.73 (q,° J=5.6, 2H, N'-CH,), 4.14 (t, J=5.6, 2H, N*-CH.,), 8.89 (s, I H, N>CHO).
2E°  |3.46+3.52 (q“+tm,¢ J~5.4, 0.24+1.76H, CH,-N?), 3.54 (m,¢ J~5.4, 2H, CH,-N"), 6.67 (br, 1H, N°H); 7.22 (br, 1H, N'H)/
7.36+7.43 (t+t, J=7.6, 2H, Hye), 749 (t, J=7.4, 1H, Hpy,), 7.77+7.80 (d, J=7.6, 2H, Hompo), 8.01+8.19 [d (J=12.0)5+
d (J=1.2),2 0.12+0.78H, N*-CHO].
2GS? | 2.77+2.78 (t+t, J=6.0, 2H, CH,-N"), 3.21+3 31 (t+t, J=6.0, 1.06+0.94H, CH,-N?), 4.43+4.54 (s+s, 0.94+1.06H, Bn),
8.23+8.32 (s+s, 0.53+0.47H, N°-CHO).
3B | 1.75 (br, 3H, N'H+N?H,)/ 2.66 (t, J=6.0, 2H, CH,-N"), 2.77 (, J=6.0, 2H, CH,-N%), 3.77 (s, 2H, Bn), 7.20-7.33 (m, 5H, Ph).
3C | 2.0 (br, 1H, N®H); 2.80 (t, J=5.6, 2H, CH,-N?), 3.47 (q,° J=5.6, 2H, CH,-N"), 7.18 (br, 1H, N'H); 7.20-7.30 (m, 5H, Ph-CH,),
7.35+7.43+7.76 (t+t+d, J=7.2, 2+1+2H, HpnetrHHpar Hortho f Ph-CO).
3D"  |3.84 (s, 4H, CHy-CHy), 7.47+7.60+7.71 (t+t+d, J=7.5, 4+2+4H, HperHHpnatHortno)-
3E 1.69 (s, 2H, N*H,)/ 2.83 (t, J=5.6, 2H, CH,-N?), 3.41 (q,° J=5.6, 2H, CH,-N"), 7.33+7.42+7.80 (t+t+d, J=7.6, 2+1+2H,
HinetatHparaHHortno), 7.74 (br, TH, N'H).
4 3.15 (t, J=10, 2H, CH,-N-Bn), 3.80 (td, J=10 and 1.6, 2H, CH,-N=CH), 4.29 (s, 2H, Bn), 7.00 (t, J=1.6, 1H, N=CH).
5 3.75 (br, 2H, CHy-NH), 3.77 (br, 2H, CHy-N=CH), 7.20 (br, 1H, NH); 7.25-7.45 (m, 6H, HyetHpara Of PA-CO and Ph-CH),
7.69 (d, J=7.6, 2H, Hyyo of Ph-CH), 7.78 (d, J=7.6, 2H, Hypyyo of PA-CO), 8.25 (t, J=1.3, IH, CH=N).
6! |3.54+3.57 (t+t, J=5.6, 1.08+0.92H, CH,-N-CHO), 3.64+3.78 (td+td, J=5.6 and 1.4, 1.08+0.92H, CH,-N=CH),
4.48+4.58 (s+s, 0.92+1.08H, Bn), 7.68+7.73 (dd+dd, J=7.6 and 2.0, 1.08+0.92H, Hoyp, of Ph-CH=N), 8.04+8.25 (t+t,
J=1.4, 0.54+0.46H, CH=N), 8.21+8.30 (s+s, 0.54+0.46H, CHO).
7 2.40-2.54+3.09-3.22 (m+m, 2+2H, CH,-CH,), 3.18+3.78 [d+d (ABQ), Jag=13.2, 2+2H, Bn], 3.83 (s, 1H, CH), 7.12-7.27
(m, 5H, Ph-CHy), 7.32+7.38+7.64 (t+t+d, J=7.4, 1+2+2H, Hyart Himetr+ Hormmo Of Ph-CH).
8 293 (t,J=5.2, 2H, CH,-NH), 3.71 (t, J=5.2, 2H, CH,-N=CH), 3.79 (s, 2H, Bn), 8.24 (s, |H, CH=N).
9?  |2.27-2.37+3.06-3.18 (m+m, 1+1H, CH,-NH), 3.00-3.02+3.06-3.18 (m+m, 1+1H, CH,-N-Bn), 3.11+3.78 [d+d (ABq),

Jag=13.0, 1+1H, Bn], 4.17 (s, 1H, CH), 7.57 (d, J=7.2, 2H, Ho.s, of Ph-CH).

“ Data useful in product identification are listed only. Coupling constants J are given in the order of cited multiplicity. ® Bn
stands for benzylic protons. © Two unequally populated E/Z isomers are present; the values belonging to the major one are
underlined. ¢ Data derived from mixtures of compounds (see Experimental Part). ¢ Triplet with D,0./ Vanishes with D,0. ¢ Singlet
with D,0. " In a CDCly/trifluoroacetic acid mixture.

Table 3
BC-NMR data® of compounds of interest

Compd. Chemical shifts (100 MHz, §, ppm, CDCl;) and assignmentsb
2B°?  [37.3+40.1 (CH,-N°), 47.6+47.8 (CH,-N"), 53.1+53.3 (Bn), 139.2+139.5, 161.5+164.8 (CHO).
2C¢  |37.8+38.9 (CH,-N'), 41.6+46.3 (CH,-N?), 45.6+51.8 (Bn), 126.8(sh)*+126.9 (Cono 0f PA-CO), 127.5+128.1 (Copno of Ph-CHy),
127.8 (Cpara Of Ph-CHy), 128.3+128.5 (Cipeta Of Ph-CHy), 128.8+129.0 (Cppera Of Ph-CO), 131.4+131.6 (Cpyry of Ph-CO),
133.83+133.87 (of Ph-CO), 135.4+136.4 (of Ph-CH,), 163.3+164.5 (N>-CHO), 167.6+167.9 (N'-CO).
2D¢ | 38.6 (N'-CH,), 39.9 (N*-CH,), 164.5 (N*-CHO), 167.9 (N'-CO), 172.7 (N*-CO-Ph).
2E° | 38.2+41.5 (CH,-N?), 40.2+40.8 (CH,-N"), 126.9+127.7 (Cortno)> 128.3+128.4 (Cpners), 130.7+131.5 (Cpara), 133.8+133.9,
162.7+165.2 (N*-CHO), 168.3+168.5 (N'-CO).
2G%Y  |38.9+39.2 (CH,-N'), 44.5+49.6 (CH,-N?), 45.4+51.6 (Bn), /35.8+136.3, 163.2+163.5 (N>-CHO).
3B |41.5(CH,-N?), 51.7 (CH,-N"), 53.7 (Bn), 126.8 (Cpara)» 128.0 (Cortno)s 1282 (Coneta), 140.2.
3C  |39.5 (CHyN"), 47.9 (CHy-N?), 53.4 (Bn), 126.98 (Coptho Of P1-CO), 127.04 (Cpar of Ph-CH,), 128.1 (Coptyo of Ph-CH,), 128.40
(Crneta Of Ph-CHy), 128.42 (Cypeiy of Ph-CO), 131.25 (Cpay f Ph-CO), 134.6 (of Ph-CO), 140.0 (of Ph-CH,), 167.7 (CO).
3D°  |40.5 (CH,), 127.2 (Corno)s 1292 (Crmeta)s 131.3, 133.5 (Cpara), 172.3 (CO).
3E  |41.0 (CHy-N?), 42.4 (CH,-N"), 126.7 (Cortho)» 128.0 (Crneta)s 130.9 (Cpara), 134.2, 167.8 (CO).
4 47.8 (Bn), 47.9 (CH,-N-Bn), 54.4 (CH,-N=CH), 136.9, 157.4 (N=CH).
5 40.5 (CH,-NH), 59.9 (CHp-N=CH), 126.7 (Coutno Of Ph-CO), 127.9 (Corro 0f Ph-CH), 128.2 (Cpyea Of Ph-CO), 128.3 (Cpea OF
Ph-CH), 130.6 (Cyyry of Ph-CH), 131.0 (Cpory of Ph-CO), 134.3 (of Ph-CO), 135.6 (of Ph-CH), 162.5 (CH=N), 167.4 (CO).
67! |43.4+47.9 (CH,-N-CHO), 46.3+52.7 (Bn), 59.29+59.35 (CH,-N=CH), 135.6+136.0 (of Ph-CH=N), 128.17+128.23 (Cono of
Ph-CH=N), 131.0+131.9 (Cparo of Ph-CH=N), 136.3+136.7 (of Ph-CHy), 162.6+163.2 (CH=N), 163.1+163.5 (CHO).
7 50.6 (CH,-CH,), 56.8 (Bn), 88.9 (CH), 126.7+128.0+128.5 (CH of Ph-CH,), 128.1+128.3+129.5 (CH of Ph-CH), 139.1
(of Ph-CH,), 140.3 (of Ph-CH).
8 49.4 (CH,-NH), 53.7 (Bn), 61.2 (CH,-N=CH), 136.1 (of Ph-CH=N), 140.3 (of Ph-CH,), 161.9 (CH=N).
97  44.6 (CH,-N-Bn), 52.4 (CH,-NH), 56.5 (Bn), 83.0 (CH), 127.7 (Cou of Ph-CH), 136.1 (of Ph-CH), 139.5 (of Ph-CH,).

“ Data useful in product identification are listed only. ® Bn stands for benzylic carbons. The value of aromatic Cipso Is given in
italics. ©* See footnotes ¢, d, and & of Table 2, respectively.
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The NMR data of 1A-E are missing from Tables 2 and 3, because we already reported them.'® We
remember here that 1A-B presented all possible E/Z stereoisomers, that is three and four, respectively,
but 1C and 1E only those derived from the hindered rotation about N*-CHO.'’ The easily available
data"® of 3A were omitted too from Tables 2 and 3. In order to have a complete NMR characterization,
the '"H-NMR spectral features of 3E were instead maintained in Table 2, even if similar to those reported
elsewhere."

Monoformamides 2B, 2C, 2E, and 2G presented two £/Z isomers, meaning that the hindered rotation
about the N*-CHO amide bond was slow enough for the NMR-time scale at room temperature.'*"” As for
1C-E," we did not see distinct isomers due to the rotation about the N-COPh bond(s) in 2C-E or about N*-CHO
in 2D. This signifies that either (i) the registered spectrum was an average one (i.e., free rotation) or (ii) only
one particular isomer was present (i.e., “frozen” rotation). A choice between them is not possible with the
present data, but low-temperature NMR experiments might enlighten these cases. For 2B and 2E, it was easy
to assign Z- and E-conformation to the HN*-CHO group in the major and minor isomer, respectively. This
became possible because of the quite different coupling constants (J) between the adjacent NH and CHO
protons. In fact, it is known'"'® that J is small (~2 Hz) for a syn-NH-CHO relationship (i.e., Z-conformation),
but large (~12 Hz) for an anti-one (i.e., E-conformation). It emerges that the preferred conformation of N*-CHO
in 2B and 2E is Z.

By analogy with our previous data,'’ we assigned E- and Z-conformation to the N>-~CHO bond in the
major and minor isomer of 2C, respectively. For 2C and other similar cases,'” the N>-CH,(Ph) methylene
protons were deshielded and the corresponding carbon atoms shielded on passing from E- to Z-conformation.
If these opposite shifts are taken for granted, we are forced to assign a Z-conformation to N*-CHO in the
major isomer of 2G. In other words, the preferred conformation of the discussed amide bond could be £ in
2C (E/Z=71/29%), but Z in 2G (E/Z=47/53%), although in a quite relatively smaller degree.

A case similar to 2G seems to be that of 6. According to the aforementioned deductions, the
Z-conformation of N-CHO in 6 was slightly preferred too (£/Z=46/54%). We note also that the CH,-N=CH
protons in both £/Z isomers of 6 were long-range coupled with 1.4 Hz. The same type of coupling was seen
in a cyclic Schiff base, the imidazoline 4.

Equally interesting were the NMR data of imidazolidines 7 and 9. In both compounds, the benzyl
protons appeared as AB quartets with Jag of about 13 Hz. This anisochronicity can be ascribed to the
existence of the asymmetrically substituted CH-Ph carbon atom.

CONCLUSIONS

Mild alkaline hydrolysis of compounds of general formula R'-N(X)-CH,CH,-N(CHO)-R* (R', R*=H,
benzyl, benzoyl; X = H, CHO) occurred at the N-CHO function only. The formamide moiety was easily
hydrolyzed if it is of NH-CHO or (benzoyl)N-CHO type, but the (benzyl)N-CHO bond was broken more
hardly. The following qualitative order of increasing reactivity resulted: PhCO-N(H or alkyl)(alkyl or CHO)
<< HCO-N(alkyl); < HCO-NH(alkyl) << HCO-N(H or alkyl)(COPh). According to their particular
structures, some of the amines formed by hydrolysis reacted with benzaldehyde to afford Schiff bases and/or
imidazolidines. All hydrolysis- and benzaldehyde-derived compounds were unambiguously synthesized and
fully characterized by NMR spectroscopy. In the NMR spectra at room temperature, some of these
compounds presented E/Z isomerism due to the hindered rotation about the N-CHO amide bond. The
preferred conformations were (Z)-NH-CHO and (E)-(benzyl)N-CHO, but for two compounds the (Z)-
(benzyl)N-CHO conformation was slightly more stable than the (£)-one. In the case of imidazolidines, the
N-CH,-Ph protons were anisochronous in the corresponding NMR spectra, because of the asymmetry
induced by the chiral N-C-N carbon atom.
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EXPERIMENTAL PART

General. Melting points were taken on a Boetius hot plate and are uncorrected. 'H- and '>C-NMR spectra were registered
either on a Varian Gemini A 300A apparatus or on a Bruker Avance DRX 400 instrument.

Materials. Diformamides 1A-E were from our earlier work.'” Commercial 3A-B (from Aldrich) and 3F (from Merck) were
used as purchased. CDCly was supplied by ITIMCD (Cluj-Napoca, Roumania). Compounds 3D,'® 4.* and 5'' were prepared
according to the indicated procedures. The 'H- and *C-NMR spectral features of all compounds of interest were included in Tables 2
and 3, respectively. Derivatives 2C, 2E, 3C-E, 4, 5, and 7 presented satisfactory (+0.3%) elemental analyses for C, H, and N.

Generation of N-(2-benzylaminoethyl)formamide (2B) and N-benzyl-N-(2-aminoethyl)formamide (2G). An equimolecular
mixture of 3B and HCO,Et in CH,Cl, as a solvent was refluxed for 20 hours. Solvent evaporation (max. bath temperature of 40°C,
water pump) left a viscous residue which consisted of a 39/42/4.5/5.5/9% (molar) mixture of 2B/2G/4/3B/1B (by NMR). The
calculated yield (2B+2G+4+2*1B vs. introduced HCO,Et) was about 95%. The residue was partitioned between CHCIl; and dilute
aqueous HCI. The separated aqueous phase was carefully basified with saturated aqueous NaHCO; until pH 6, extracted with
CH,Cl,, and the organic layer separated, dried (Na,SO,), and evaporated to afford a 44/51/5% (molar; by NMR) liquid mixture of
2B/2G/3B. The recovery yield was about 60%. Monoamides 2B and 2G proved to be thermally sensitive. Attempts to isolate them
by distillation gave complex mixtures containing various amounts of imidazoline 4.

N-(2-Benzylformylaminoethyl)benzamide (2C). A mixture of 3C (0.9 g, 3.54 mmole) and excess ethyl formate (5 mL, 62 mmole)
was heated at reflux for 10 hours. The residue obtained after solvent evaporation was triturated with ether and recrystallized from
CHCly/ether to give 0.7 g (yield 70%) of 2C, as colorless crystals melting at 100-101°C.

Generation of N-formyl-N-(2-benzoylaminoethyl)benzamide (2D). Compound 1D'° (322 mg; 1 mmole) was hydrolyzed
for 30 minutes in the conditions specified in Table 1 (entry 9) and the reaction mixture was worked-up as described below. The NMR
spectra in CDCl; as a solvent indicated the presence of 2D in a 38% yield (calculated with respect to the reacted 1D), along with
unreacted 1D and some 3D. It was not possible to isolate 2D, because of its too high reactivity towards water giving always 3D.

N-(2-Formylaminoethyl)benzamide (2E) was prepared in an 82% yield from 3E and excess ethyl formate, as described for
2C. Colorless crystals melting at 104-105°C (from EtOAc) (lit."” mp 105-106°C).

N-(2-Benzylaminoethyl)benzamide (3C). Reduction of 5'' with excess NaBH, in methanol gave 3C (yield 85%). It was
purified through its hydrochloride, melting at 206-207°C after recrystallization from 2-propanol (lit."" mp 206-208°C).

N-(2-Aminoethyl)benzamide (3E) was obtained by heating, at 90-95°C (internal temperature) and for 33 hours, a mixture of
ethyl benzoate and a three-fold molar excess of ethylenediamine (3F), as suggested in the literature.?**! The evaporation residue was
treated with CHCl; and the insoluble 3D (yield 15%, based on ethyl benzoate) separated by filtration. Chloroform was eliminated in
vacuo and the resulted crude 3E was purified through its hydrochloride, as indicated elsewhere.?” The oily free base 3E, obtained in a
50% over-all yield (relative to ethyl benzoate), was soluble in CHCl;. It should be kept under nitrogen in tightly closed vessels,
because it rapidly absorbs CO, from the air to afford a crystalline carbonate (lit.”> mp 132-140°C, with decomposition), sparingly
soluble in CHCl,. Attempts to distillate 3E gave partially or totally 2-phenyl-2-imidazoline.***

Generation of N-benzyl-V-(2-benzylideneaminoethyl)formamide (6). (A) The previously obtained mixture of 2B/2G/3B
was heated with benzaldehyde in benzene. Solvent evaporation left a residue of which NMR spectra indicated the presence of 6
instead of 2G. Attempts to isolate 6 were unsuccessful. (B) The crude 1/2 mixture of 8/9 (see below) was refluxed for 4 hours with a
large excess of HCO,Et. Evaporation gave a yellow liquid in which the corresponding formamides, namely 6 and the N-formyl
derivative of 9, were present (NMR results). Attempts to separate them were unfruitful.

1,3-Dibenzyl-2-phenylimidazolidine (7) was obtained in an 85% yield by azeotropic distillation with benzene of the
requested water amount liberated from a stoichiometric mixture of 3A and benzaldehyde. Colorless crystals melting at 98-99°C
(from ethanol).

Generation of N-benzyl-N’-benzylidene-1,2-ethanediamine (8) and 1-benzyl-2-phenylimidazolidine (9). An equimolar
mixture of 3B and benzaldehyde was refluxed in benzene until all formed water separated in the Dean-Stark apparatus. The residue
obtained after solvent evaporation consisted of a 1/2 mixture of 8/9 (cumulated yield of about 90%; by NMR). Attempts to isolate
them by fractional recrystallization, distillation, or by column chromatography failed.

Hydrolysis experiments. One mmole of substrate was dissolved in 10 mL of CH,Cl, and 10 mL of an aqueous 1 M NaOH
solution was then added. Occasionally, 27 mg (0.1 mmole) of benzyltriethylammonium bromide (BTEAB) were added too to the
reaction mixture before starting the stirrer. The heterogeneous mixture was magnetically stirred at room temperature and for the
desired reaction time. The two layers were separated (Note 1) and the aqueous phase was continuously extracted with CH,Cl,. The
new organic layer was combined with the older one, anhydrized (Na,SO,), and the solvent evaporated at the water pump to leave the
residue 1. The alkaline aqueous layer was acidified with HCI and continuously extracted with CH,Cl,. Treatment of the organic layer
as before gave the residue II. Residues I and II were separately dissolved in CDCl; (Note 2) and analyzed by NMR (Note 3) in the
presence of a known amount of cyclohexane, as an internal standard for the integrals’ measurement. When possible, the amounts of
the various reaction products, calculated from the NMR spectra, were corrected by blank experiments concerning the same work-up
as before, but applied to synthetic mixtures of compounds. Residue II contained all benzoic acid (if formed).

Note 1. When starting from 1D or 1D+1E, most of 3D precipitated during the reaction, as a white solid. It was recovered by
filtration, before separating the two layers.

Note 2. If the residue I contains 3D, the first NMR analysis in CDCl; as a solvent was followed by a second one in a
CDCl;/CF;COOH mixture.

Note 3. In the case of 3E-containing residue I, the NMR analysis should be performed immediately, to avoid the fast
transformation of 3E into its CDCls-insoluble carbonate.?



Amide hydrolysis 253

16.

17.
18.

19.
20.
21.
22.
23.
24.

REFERENCES

a) H. Petride, C. Draghici, C. Florea and A. Petride, Central Eur. J. Chem., 2004, 2, 302-322; b) H. Petride, in preparation.

B. C. Challis and J. Challis, in The chemistry of amides, J. Zabicky, Ed., Interscience Publishers, London, 1970, chapter 13,
especially pp. 816-841.

See for instance, X. Lopez, J. I. Mujika, G. M. Blackburn and M. Karplus, J. Phys. Chem. 4, 2003, 107, 2304-2315; J. 1. Mujika,
Y. M. Mercero and X. Lopez, J. Phys. Chem. A, 2003, 107, 6099-6107; Z. L. Wu and Z. Y. Li, J. Org. Chem., 2003, 68, 2479-2482;
R. Aggerwal, F. Benedetti, F. Berti, S. Buchini, A. Colombatti, F. Dinon, V. Galasso and S. Norbedo, Chem. Eur. J., 2003, 9,
3132-3142; S. Raimondi, L. Forti, D. Monti and S. Riva, Tetrahedron Asymmetry, 2003, 14, 1091-1094; R. V. Ulijn, B. D. Moore,
A. E. M. Janssen and P. J. Halling, J. Chem. Soc., Perkin Trans. 2, 2002, 1024-1028; R. C. Titmas, T. S. Angelis, R. Sugasawara,
N. Aman, M. J. Darsley, G. Blackburn and M. T. Martin, Appl. Biochem. Biotechnol., 1994, 47,277-292; W. J. J. Van de Tweel,
T. J. G. M. Van Dooren, P. H. De Jonge, B. Kaptein, A. L. L. Duchateau and J. Kamphuis, Appl. Microbiol. Biotechnol., 1993,
39,296-300; B. Y. Lui and R. S. Brown, J. Org. Chem., 1993, 58, 732-734; T. Beard, M. A. Cohen, J. S. Parratt, N. J. Turner, J. Crosby
and J. Moiliet, Tetrahedron Asymmetry, 1993, 4, 1085-1104; H. T. Fife, Acc. Chem. Res., 1993, 26, 325-331; R. S. Brown, A. J. Bennet
and H. Slebocka-Tilk, Acc. Chem. Res., 1992, 25, 481-488.

D. A. Tomalia and J. N. Paige, J. Org. Chem., 1973, 38, 422-430.

J. Liebscher and H. Hartmann, Z. Chem., 1974, 14, 358-359.

Q. E. Thomson, J. Am. Chem. Soc., 1951, 73, 5914-5915.

M. T. Behme and E. H. Cordes, J. Org. Chem., 1964, 29, 1255-1257.

P.J. Edge, D. R. Marshall, L. A. Mulligan and D. Lloyd, Chem. Ind. (London), 1969, 203.

RuO4-oxidations were carried out in water/CCly mixtures (ref. 1). In the present study, we used CH,Cl, instead of CCl, because
some substrates were scarcely soluble in the latter organic solvent.

H. Petride, C. Draghici, C. Florea, M. Maganu and S. Udrea, Rev Roum. Chim., in press.

. M. Kraml, L. G. Humber, J. Dubuc and R. Gaudry, J. Med. Chem., 1964, 7, 500-503;
. C. Chapuis, A. Gauvreau, A. Klaebe, A. Lattes and J. J. Perie, Bull. Soc. Chim. France, 1973, 977-985.
. C. J. Pouchert and J. Behnke, “The Aldrich Library of BC and '"H FT NMR Spectra”, Aldrich Chemical Company, Inc., 1993,

vol. 2, spectrum n. 583B.

. P. L. Barker, P. L. Gender and H. Rapoport, J. Org. Chem., 1981, 46, 2455-2465.

See for instance, W. E. Stewart and T. H. Siddall, III, Chem. Rev., 1970, 70, 517-551; H. Kessler, Angew. Chem., Int. Ed. Engl.,
1970, 9, 219-235; M. Oki, Top. Stereochem., 1983, 14, 1-81; M. Oki, in “Applications of Dynamic NMR Spectroscopy to
Organic Chemistry”, VCH Publishers, Deerfield Beach, FL, 1986, pp. 43-54 and 161-164.

L. A. La Planche and M. T. Rogers, J. Am. Chem. Soc., 1964, 86, 337-341; A. J. R. Bourn, D. G. Gillies and E. W. Randall,
Tetrahedron, 1964, 20, 1811-1818; M. Liler, J. Chem. Soc. (B), 1971, 334-338.

See number 10 and the references cited therein.

G. Ewin and J. O. Hill, Aust. J. Chem., 1975, 28, 909-912; G. G. Limarola, F. Petit and M. Evrard, Bull. Soc. Chim. France,
1975, 1295-1301.

E. Babad and D. Ben-Ishai, J. Heterocycl. Chem., 1969, 6, 235-237.

A.J. Hill and S. R. Aspinall, J. Am. Chem. Soc., 1939, 61, 822-825.

F. C. Schaefer, J. Am. Chem. Soc., 1955, 77, 5922-5928.

H. K. Hall, Jr., J. Am. Chem. Soc., 1956, 78, 2570-2572.

H. I. X. Mayer and W. Berends, Rec. Trav. Chim. Pays-Bas, 1965, 84, 314-333.

S. R. Aspinall, J. Org. Chem., 1941, 6, 895-901; L. A. Courtland, G. Dinga and R. Pflaum, J. Org. Chem., 1956, 21, 561-564.



