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ABSTRACT: In this study, a CuCN catalyzed process of the diarylcadmium compounds by
electrophilic amination method was developed using novel acetone O-(4-chlorophenylsulfonyl)oxime
and acetone O-(2-naphthylsulfonyl)oxime. Herein, it has been demonstrated that primary arylamines
can easily be obtained with good yields at room temperature by CuCN catalyzed amination of
diarylcadmium reagents. It was settled down that the yield of primary arylamines depended strongly
on the steric and electronic effects of organocadmium reagent and amination agent. In both amination
reagents, meta-substituted arylamines were obtained in higher yields than para-substituted aryl amines.
All reactions involving organocadmiums were carried out under an argon atmosphere by standard
syringe/cannula methods. Amines as reaction products were separated from the reaction mixture as
benzamide derivatives and purified and melting points, *H NMR analysis determined their accuracy.
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INTRODUCTION

Transition-metal-catalyzed C-N bond-forming is one of the most considerable scaffold
transformations in organic synthesis for the various aryl amines. For these reasons, various procedures
have been evolved for aryl C-N bond formation, for example, the reduction of aromatic nitro
compounds (Jayapal et al., 2018), nucleophilic aromatic substitution (Shoji et al., 2019), Ullmann
Reaction (Ullmann, 1903; Wang et al., 2019), Buchwald-Hartwig method (Snieckus and Kélmel,
2019), Chan-Lam coupling (Campbell Brewer, 2019) (Figure 1). The investigated methods relating to
aryl amines let obtaining amines in good yields, but these methods have significant drawbacks, which
are a high temperature, long reaction condition, high pressure, expensive or specific catalysts, and
ligands.

Especially in recent years, Yu and coworkers have identified electrophilic amination of
arylboronic acids with azo compounds using Cp*Rh(111) catalyst, which is quite expensive (Lau et al.,
2016). In addition, Kiirti and co-workers accomplished the various arylmetallic reagents with NH-
oxaziridine as an amination agent with managed to implement long reaction time and low temperature
(-78°C) conditions by electrophilic amination reaction (Behnke et al., 2018). Furthermore, Sato and co-
workers described the methodology for preparing primary aryl amines, using an N-methoxyamine and
triarylboroxin by copper-catalyzed electrophilic amination 85°C in 24h (Fukami et al., 2018).

Besides, Olah and his co-workers unveiled an aromatic C-H electrophilic amination method to
construct primary anilines. They managed to obtain various functionalized primary anilines, by using
NaNs as amination reagents in the presence of boron trifluoride monohydrate at 55 °C temperature
between 12 and 72 hours reaction conditions (Prakash et al., 2016). Moreover, Smith and their co-
worker used N,N-dialkyl-O-benzoylhydroxylamines as an aryl C-N amination agent with
organolithium employing siloxane transfer agent (Nguyen and Smith, 2013). The electrophilic
amination reaction was achieved effectively in the presence of Cul as catalyst (10 mol%) and dpca as
an additive (10 mol%).

R-NO, Reduction of aromatic nitro compounds
- R-NI1;

— Nucleophilic aromatic substitution (SNAr)
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Figure 1. C-N bond formation methods
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To date, various organometallic reagents are identified to implement electrophilic amination,
including organomagnesiums, -zincs, -lithiums, and —coppers (Daskapan, 2011). Among of them, the
Daskapan group designed several electrophilic amination procedures for organozinc (Daskapan, 2006;
Daskapan et al., 2009; Daskapan and Koca, 2010), organomagnesium (Erdik and Dagkapan 2002;
Daskapan and Cengiz, 2009), and organocopper (Daskapan and Cigek, 2017), reagents. In general,
reactions of organocadmium reagents have focused on C-C bond formation in the absence of Cu(l)
catalyst (Aponick et al., 2002; Jiang et al., 2017). For the first time in our previous study was reported
electrophilic amination method with organocadmium reagents in the presence of Cu(l) metal-catalyst
(Daskapan and Korkmaz 2016). In our current study, the efficacies of diarylcadmium reagents were
investigated by using different ketoxime derivatives.

MATERIALS AND METHODS

General Procedures for Materials and Equipment

All reactions involving diarylcadmium reagents were performed in flame-dried glassware with
standard syringe/cannula techniques under an atmosphere of dry, oxygen-free argon. Melting points
were determined on a Gallencamp capillary melting point. NMR spectra was recorded on a Bruker
DRX-400 high-performance digital FT-NMR spectrometer. THF was freshly distilled from sodium—
benzophenone solution under dry argon and kept over molecular sieves (4 A 4-8 mesh) under an argon
atmosphere. CuCN salts were purified before use (Barber, 1943). Organomagnesium bromides were
prepared in THF by conventional standard methods, and their concentrations were determined by the
method of Watson and Eastham (Watson and Eastham, 1967). Aryl bromides were commercially
available and used without further purification.

The synthesis of novel acetone O-(4-chlorophenylsulfonyl)oxime (1) and acetone O-(2-
naphthylsulfonyl)oxime (2)

/

e

(”) DMF, Et;N, 1 h, - 10 °C C\I) CHs
R—8—Cl + (CHy),"NOH S - R——0-N

O 0 CHj;
R: 4'C]C6H4, C10H7 Up to 60%

\

J

Figure 2. Synthesis of novel ketoximes

Acetonoxime (13.70 mmol), DMF (4mL), and triethylamine (1.9 mL) were placed into 100 mL
flask. This flask was immersed into ice bath and set up on a magnetic stirrer. Then, 4-
chlorophenylsulfonyl chloride (13.70 mmol) was added attentively piece by piece keeping stirring in
5-10 minutes. Resulted reaction mixture stirred for 1 hours keeping in ice bath. Then white solid
formed by gently dilute of reaction mixture by adding 50 mL of ice water. This crude product was
filtered off under vacua and dried in a desiccator. The dry white solid was crystallized from hexane-
benzene (5: 1) mixture (Figure 2).

Aceton O- (4-klorofenilsulphonyl) oxime (1) (1.962 g, 58%, mp 89-92 "C); *H NMR spectrum,
(400 MHz, CDCIs) & (ppm): 7.91-7.89 (d, 2H, Ar-C-H), 7.51-7.49 (d, 2H, Ar-C-H), 1.98 (s, 3H, CHs3),
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1.92 (s, 3H, CHs). ¥C-NMR spectrum (100 MHz, DMSO-ds) &( ppm): 165.36 (R!R?C=N), 140.46,
134.33, 130.22, 129.24 (Ar-C), 21.62, 16.96 (R-C).

Aceton O- (2-naphtylsulphonyl) oxime (2), (2.161 g, 60%, mp 92-95 “C); *H NMR spectrum,
(400 MHz, CDCl3) & (ppm): 8.56 (s, 1H, naphtyl-H), 7.93-7.90 (m, 4H, naphtyl -H), 7.68-7.59 (m, 2H,
naphtyl -H), 1.98 (s, 3H, CHs), 1.89 (s, 3H, CHa). **C-NMR spectrum (100 MHz, DMSO-ds) 5( ppm):
165.10 (R'R?C=N), 135.35, 132,80, 131.93, 130.70, 129.44, 129.30, 129.13, 127.93, 127.58, 123.32
(naphtyl-C), 21.64, 16.95 (R-C).

Amination of Ar.Cd

A solution of Cdl2 (0.3662 g, 1 mmol) in anhydrous THF (3 ml) was cooled to —10 °C under an
argon atmosphere, and phenylmagnesium bromide (2 mmol) in THF was added dropwise by syringe.
The reaction mixture was stirred for an additional 10 min, the cooling bath was removed, and the
resulting suspension was allowed to warm to room temperature. To this mixture, CuCN catalyst (1.25—
12.5 mmol%) and a solution of 1 (1 mmol) or 2 (1mmol) in dry THF (3 ml) were added.

RESULTS AND DISCUSSION

The optimization conditions of the electrophilic amination reaction with 1 and 2 as amination
agents began to implement the different ratios of CuCN catalyst and various reaction times with
diphenylcadmium reagent. (Table 1, Entry 1-12). Initially, it was applied 1 as an amination reagent
with 2.5 mol% CuCN at room temperature for 90 minutes employing diphenylcadmium reagent and
pleasingly, was obtained the desired product in 51% yield (Table 1, Entry 1). Giving the same reaction
time, the desired product yield was determined to be 69% by using the catalyst ratio of 7.5 mol%
CuCN (Table 1, Entry 2). We determined more or fewer catalyst ratios than 7.5 mol% reduced the
yield (Table 1, Entry 3 and 4). Similarly, longer and shorter reaction times than 90 minutes decreased
the yield (Table 1, Entry 5 and 6). It was uncovered that the best phenylamine yield was obtained 7.5
mol% CuCN catalysis and 90 minutes utilizing 1 as an amination agent. Similar steps were followed
for 2 as animation reagent. Attempts to decrease or increase the amount of CuCN provided an
enhancement of the optimal condition for 2. The best arylamine yield was determined 90 minutes with
10 mol% CuCN catalyst ratio for 2 as amination agent.

The next step, we explored the scope of the Cu-catalyzed electrophilic amination of various
functional diarylcadmium reagents with 1 under the optimized reaction conditions. Diverse
diarylcadmium reagents containing electron-donating groups (EDG) and electron-withdrawing groups
(EWG) underwent effective coupling with 1 to form the corresponding primary amine derivatives in
good vyields (Table 2, 3a-j). In particular, the di(m-methoxyphenyl)cadmium reagents smoothly
underwent electrophilic amination to provide the desired product in high yield (3b).

On the other hand, the di(3,4,5-trimethoxyphenyl)cadmium reagents proceeded with slightly
lower efficiency (3j). Notably, It was observed that the yield of meta(-Cl)-substituent (3c) was higher
than the para(-Cl)-substituent (3a). Then, we checked-up the use of the other amination agent (2) with
functional diarylcadmium reagents, focusing on the capacity to achieve the desired product via an easy
protocol. Unfortunately, we have found that the copper-catalyzed electrophilic amination efficiency of
the diarylcadmium reagents with 2 was generally lower than 1.

2105



Adem KORKMAZ 11(3): 2102-2111, 2021

Copper-Catalyzed Electrophilic Amination of Diarylcadmium Reagents Utilizing Acetone O-(4-chlorophenylsulphonyl)oxime
and Acetone O-(2-naphthylsulphonyl)oxime as Amination Agent

Table 1. The optimization conditions of the CuCN-catalyzed electrophilic amination of PhoCd with 1
and 2
1.THF, CuCN, r.t., 60-120 min.

a -
PhyCd™ =+ tor2 2.Concd HCI, r.t. Ph-NH,

Entry Ar Amination Agent CuCN(%) Time(min.) Yield®(%0)
1 CeHs 1 2.5 90 51
2 CeHs 1 7.5 90 69
3 CsHs 1 5 90 54
4 CeHs 1 10 90 36
5 CsHs 1 7.5 60 59
6 CeHs 1 7.5 120 37
7 CeHs 2 5 90 32
8 CeHs 2 2.5 90 34
9 CeHs 2 7.5 90 37
10 CeHs 2 10 90 51
11 CeHs 2 10 120 47
12 CeHs 2 10 60 35

3Ar,Cd/1=1. *Yield of phenylamine was isolated as its N-benzoyl derivatives, and this known compound was
identified from its melting point, *H NMR analysis.

Table 2. CuCN-catalyzed electrophilic amination of the functional diarylcadmium reagents with 1 and
2

CuCN(7.5% for 1),
CuCN(10% for 2),

(— c#t + 1and?2 THF, r.t. 90 min. - _ NELY
R\/ /5 an Coned HCIL r.t. R\/ J 7

3 a-j
Structure of Primary Arylamines

NH, NH, NH,
1’ :

OCH, Cl
3a 3b 3c
1(51%) 1(81%) 1 (60%)
2 (60%) 2 (79%) 2 (65%)
H,CS
Cl
3d 3e 3f
1(62%) 1(51%) 1 (50%)
2 (60%) 2 (57%) 2 (55%)
H;CO F /©/
3i
1 (41% 1 (55% 1(58%)
2 (69%) 2 (43%) 2 (41%)
H,CO NH,
3j
1 (46%)
H,CO 2 (38%)
OCH;,

2Ar,Cd/1=1. Yield of amines were isolated as their N-benzoyl derivatives, and these
known compounds were identified from their melting point, 'H NMR analysis.
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Empirical research for this study aims to build up a novel designed method for providing primary
amines (Figure 3). Additionally, this research has been designed to determine whether as amination
reagents of the acetone O-(4-chlorophenylsulphonyl)oxime 1 and the acetone O-(2-
naptylsulphonyl)oxime 2 are suitable for electrophilic amination reaction with diarylcadmium
reagents. At the same time, part of this study aims to investigate the effectiveness of 1 and 2 as the
amination reagents with diarylcadmium reagents in electrophilic amination. Both qualitative and
quantitative experimental data were used in this investigation. This paper is exhibited that the primary
amines are directly accessible utilizing acetone O-(4-chlorophenylsulfonyl)oxime and acetone O-
(naphthylsulfonyl)oxime as the root of electrophilic nitrogen for electrophilic amination with
diarylcadmium reagents.
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Figure 3. The graph of the various functional diarylcadmium reagents versus the primary amine yields
using 1 and 2 as amination agents

A mechanism for CuCN catalyzed electrophilic amination of diarylcadmium compounds has
been proposed by using the literature data of organocopper compounds and copper-catalyzed coupling
of organozinc reagents in the literature, and explanations have been made considering these
mechanisms (Yoshikai and Nakamura 2012; Dziedzic and Spokoyny, 2019). The proposed mechanism
for CuCN catalyzed amination of diarylcadmium iodides with ketoximes is given in Figure 4.

The Mechanism Evaluation of Diarylcadmium Reagents with the Same Functional Group in
Different Positions

The rate-determining step can prefer oxidative addition or the reductive elimination step in the
mechanism depending on the reaction conditions, the nucleophile structure, and the electrophile.
Furthermore, both the electronic effects and steric effects of these structures are effective in selecting
the rate-determining step (Gonzalez-Perez et al., 2012; Liu and Xi 2019). In the case of the amination
of diarylcadmium containing a functional group, it is not possible to give a precise sequence of
activity. Steric hindrance and electronegativity can be evaluated where they are performed under the
same reaction conditions. Thus, for the diarylcadmium reagents having the same functional group at
different positions, the rate-determining step can be estimated as the oxidative addition step or the
reductive elimination step thanks to the amine yields obtained. For example, when comparing (4-
ClCsHa4)2Cd reagent and (3-CICeHa).Cd reagent, the yield of 3-Cl substituted reagent had been found
to be higher (see Table 2). It has known that the chloro-substituent has the property -1 >> +M.
Electron-withdrawing (-1) efficiency of the —CI siibstitiient is more dominant comparing electron-
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donating, and responsible for the low activity of the organocadmium reagent. It has known that the
chlorine group in the (4-CICsHa4).Cd structure at the 4-position is greater remote distance from the
position than the chlorine group in the (3-CICsH4)2Cd structure. This event affects the nucleophilic
character of the functional diarylcadmium reagent. In this case, the efficiency of the (4-ClCeH4).Cd
reagent should have been more active because of a weak electron-withdrawing feature compared to 3-
CI substitiient. But, the experimental data has shown that the (3-ClICsH4)2Cd reagent gave a better
amine yield than the (4-CICsH4)2Cd reagent. In experiments conducted under the same reaction
conditions, if there is an opposite situation to the value of the electronic effect, it is inevitable to
interpret a steric effect in the evaluation of the mechanism. The 3-position substituent may be said to
have a more significant steric effect than the 4-position substituent, because it is more branched, i.e.,
bulky. Simultaneously, it is possible to say that the substituent at the 4-position has a more linear
structure than the 3-position. For these reasons, since the 3-position substituent is bulky, there is going
to be a steric hindrance in the reductive elimination step. Thereby, it is considered to induce unstabilize
the resulting transition state complex. Due to the instability of the transition state complex at the
reductive elimination step, the complex is considered rapidly going to degrade. In this instance, the
reductive elimination step would be more straightforward, and the resulting product yield going to
increases. As can be seen in the experimental data, it was seen that these theoretical notions were
supported.

R
Y=N-LG
R
CN CdAr
I R ml £
ArCuCNCdAr R'>=N—CIU_LG
Ar
R
cdl, ) CuCN J=N-Ar
R
2AtMgBr ———» Ar,Cd lHCI
ArNH,

R,R:CH;, CH,
LG: 0SO,(4-CIPh), 0SO,(2-naftil)
Ar: CgHs, 4-CH3;0CgH,, 3-CH30CgH,, 4-CH;C¢H,, 4-CH;SCgHy, 4-CIC¢H,, 3-CIC4H,,
4-FCgHy, 3.5-(C1),CHs, 4-C1-2-CH,CHs,
Figure 4. Proposed CuCN catalyzed reaction of diarylcadmium reagents

Also, It has been evaluated the methoxy group, one of the other functional groups we used in the
reaction mechanism. It has known that the electronic effects of the methoxy group have the properties
—I << +M. Wherein the mesomeric effect is known to be more effective than the electronegativity
effect for the methoxy group. By position, the 4-methoxy group contributes more mesomeric additive
to the phenyl ring than the 3-methoxy structure. Therefore, the diarylcadmium reagent activity of the
4-methoxy group should be higher than the 3-methoxy group. Unfortunately, it was observed that the
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yield of the 3-substitiie position higher than the 4-substitiic position (See Table 2). It was explained
this yield difference as follows.

Looking at the structures, the structure of the meta-substituent has appeared to be more angled
than the para-substituent. The structure of the para-substitute has a more suitable linear form than the
meta-substitute. Hereby, the meta-substituent diarylcadmium reagent at the reductive elimination step
causes instability in the intermediate structure due to the steric hindrance. The intermediate complex
owing to the unstable structure has thought to broke down fast and facilitate the product's formation as
primer amine. As can be seen in the experimental data, it has been seen that these theoretical concepts
are supported in both chlorine and methoxy functional groups.

The Evaluation in terms of the Leaving Group of the Amination Nitrogen Source in the Reaction
Mechanism

A part of this study's objective was to understand the effect of the scaffold structure of 1 and 2
amination agents on the reaction mechanism in the electrophilic amination reaction with
diarylcadmium reagents. According to the proposed mechanism, copper nucleophile acts on the
electrophilic nitrogen of ketoxime as an amination agent in the first step and locates the nitrogen by
separating the leaving group. In this case, it is possible to say that if the leaving group's stability
increases, we can say that it is better to leave. The sulfonate group is known to stabilize by dispersing
the negative charge on resonance and, as a result, is an excellent leaving group. Accordingly, the
electron-withdrawing group in the scaffold structure facilitates this resonance, while the electron-
donating groups will slow down.

When we look at the stability of the leaving group at 1 and 2, it can be stated that the chlorine in
the structure of the 1 increases the stability of the leaving group after leaving, thereby increasing the
arylamine yield. However, it can be said that the stability of the naphthyl group bound to the
sulphonate in the 2 after being separated has a considerable effect compared to the
chlorophenylsulfonate group. Because, the naphthyl moiety has a resonance character that negative
charges becomes distributes very well. It has known that there are usually multiple conditions affecting
the reaction mechanism such as a steric effect for naphthyl moiety. In that case, It could be talking
about the steric effect in the reaction mechanism. It was understood from the resulted arylamine yields
compared to 1 that the naphthyl group's resonance stability was not more effective than the steric
effect. Therefore, it is more appropriate to say that most of the efficacy of 1 and 2 are more affected by
steric hindrance in the oxidative addition step rather than the leaving group.

While the transition state complex is formed in the oxidative addition step, it is thought to be
difficult to form due to the naphthyl group whis is the steric barrier in 2. Therefore, the transition state
complex caused to be more unstable, resulting in decreases in aryl amine yield. It has been explained
why the effectiveness of the amination reagent (2) to which the naphthyl group is attached is low.
Indeed, empirical observations supported these explanations.

CONCLUSION

Given the easy preparation of diarylcadmium compounds, the mild reaction conditions, the ease
of product purification, and the Cd's recovery, this method comprises a useful application to reach
diverse primary arylamines. Furthermore, It has been determined that the electrophilic source 1 is a
more effective amination reagent than amination agent 2 for diarylcadmium reagents. Moreover, the
structure of the substrate (especially the stability of the leaving group and steric effect), the steric and
electronic effect of the functional group bound to the diarylcadmium reagent were observed to affect
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the reaction efficiency. The nucleophile and electrophile structure depending on the reaction
conditions has been understood that the rate-determining step affects at oxidative addition or reductive
elimination. As a result, it is possible to say that these studies will be a driving source for the
electrophilic amination reaction of organocadmium reagents. It can be achieved a good yield of the
primary amines by adjusting the amination reagent and organocadmium reagent framework structure.
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