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A B S T R A C T   

1,2-diborolanes with strong and without strong donor substituents have been described, and are also referred to 
as 1,2-diboracyclopentane. The 1,2-diaryl/alkyl-amino-1,2-diboracyclopentanes 2, 3, and 4 were obtained in 
good yield after the reaction of 1,2-dichloro-1,2-diboracyclopentane 1 with ArNHLi and Me3Si-NR2. The struc-
tures of these new derivatives were characterized by nuclear magnetic resonance spectroscopy. The molecular 
structures of 2b, 2c, 2e, 4, and 5f were also determined by single-crystal X-ray diffraction. The newly synthesized 
1,2-borolanes are stable in air and showed particularly high activity against some Gram-positive bacteria.   

1. Introduction 

1,2-Dichloro-1,2-diborolanes appear to be versatile materials for the 
synthesis of 1,2-diborolanes, which can have strong and non-strong 
donor substituents at the boron centres [1–4]. The highly reactive 1,2- 
dichloro-1,2-diborolane 1 is used in the synthesis of cyclic and bicyclic 
compounds and as versatile starting compounds [5]. The binding of 
alkyl or aromatic amines to the boron atoms in the ring leads to the 
stabilization of 1,2-diborolanes in the air, since they probably reach the 
boron atoms via the electrons of the donor atoms and have a homoge-
neous electron distribution with a B-B bond in the ring. Also, the binding 
of aromatic amines to the boron atoms in the ring, instead of alkyl 
amines, makes the diborolanes stable for longer in weak Lewis acid 
(such as CHCl3). Over the years, other small molecule boron compounds 
have also shown promise for their potential use in pharmaceutical 
chemistry. Diazaborines, which are among the heterocyclic compounds, 
have been extensively investigated by dos Santos et al., which have 
strong antimicrobial properties as bioactive boron compounds [6]. Here 
we report easy access to 1 by the reaction of 1,2-diclordiborolane with 
LiNHAr and Me3Si-NR2 followed by the preparation of 1,2-diaril/alkyl- 
amino-1,2-diborolane 2 and 3. The instability of most boron compounds 
in the air has limited research on their biological activity and pharma-
cology. As part of our efforts to produce bioactive boron compounds, we 
developed some of the novel 1,2-diborolane derivatives and presented 
them with our latest findings. Thus, for the first time, we have 

demonstrated the biological activities of 1,2-N-substituted-1,2-dibor-
olane derivatives with strong donor groups. In addition, it was deter-
mined how the antimicrobial activity changes depending on the 
structure of the groups attached to boron atoms. 

2. Results and discussion 

2.1. Spectroscopic data 

The 1,2-diborolanderivatives of 2, 3, and 4 were prepared from the 
reaction of 1,2-dichloro-1,2-diborolane 1 [4] with ArNHLi in THF/n- 
Pentane mixture and Me3Si-NR2 in n-Pentane at 0 ◦C in good yield 
(Scheme 1). 

The constitutions of diborolane derivative were derived from its one- 
and two-dimensional 1H, 11B, and 13C NMR spectra. The NMR spectro-
scopic data of diborolane are similar to one another, but some of the 
chemical shifts differ significantly. To confirm the solid-state structures 
of these compounds, we carried out a single-crystal X-ray diffraction 
study of 2b, 2c, 2e, 4, and 5f. 5 was also previously synthesized by 
Berndt et al. in 2004 [4], and in this study, X-ray crystallographic study 
and antimicrobial properties of 5f were also performed. The NMR 
spectra and some x-ray structures of diborolane derivatives show that 
substituents attached to the boron atoms are not symmetrical. The vol-
uminous substituents (steric effects) twist five-membered rings, and this 
shows the structure of 4 very clearly. Although the substituents attached 

* Corresponding author. 

Contents lists available at ScienceDirect 

Bioorganic Chemistry 

journal homepage: www.elsevier.com/locate/bioorg 

https://doi.org/10.1016/j.bioorg.2020.104494 
Received 6 May 2020; Accepted 17 October 2020   

www.sciencedirect.com/science/journal/00452068
https://www.elsevier.com/locate/bioorg
https://doi.org/10.1016/j.bioorg.2020.104494
https://doi.org/10.1016/j.bioorg.2020.104494
https://doi.org/10.1016/j.bioorg.2020.104494
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bioorg.2020.104494&domain=pdf


Bioorganic Chemistry 106 (2021) 104494

2

to the ring boron atom had a position that was asymmetrical relative to 
one another, a single broad peak was observed in the 11B NMR spectra 
for both boron atoms. Their 11B NMR spectra values range from 52 to 57 
ppm; these values agree with the chemical shifts of 1,2-bis-dimethyl/ 
ethyl-amino-1,2-dibrolane (δ = 54) given in the literature [4]. Of 
those, only in 4, the 11B-shift of the boron atoms was observed as wide 
and schwach band at 57. Surprisingly, only six signals for the 24 carbon 
atoms of the phenothiazinyl groups were observed in the 13C NMR 
spectrum of 4 in the aromatic region, each signal corresponding to four 
carbon atoms. On the five-membered ring, the signals of the boron 
bound carbon atoms at around 28–30 ppm were generated as broad 
signals and other individual carbon atoms at around 24–25 ppm. Some 
aromatic amine carbon atoms of 2 were formed one above the other, like 
in 4, and some are single signals. The 1H NMR spectra of the diborolane 
derivatives, except 3, exhibit three signals for the silyl groups (1:1:1), 
two signals the ring protons (2:1, t and d), and two signals the amino 
protons (1:1, respectively). For 3, the framework protons appear at 0.64 
ppm a doublet, at 1.45 ppm a triplet. For the pyrrolidinyl rings, protons 
appear at approximately 1.69 between 1.79 ppm multiplet (dq) and for 
the proton next to the nitrogen atom at approximately 3.22 between 
3.44 ppm multiplet (dt) (see supporting information). 

2.2. Crystal structures 

The molecular structures of the compounds 2b, 2c, 2e, 4 and 5f were 
determined by single-crystal X-ray diffraction. Molecular structures are 
shown in Fig. 1. In all the crystals, C1 and C3 are chiral centres with the 
configurations of R and S, respectively. As expected due to the sp3 hy-
bridization of the C atoms, all five membered rings strayed from the 
planar geometry. The torsion angle of B1-B2-C3-C2 and B2-B1-C1-C2 of 
the structures 2b, 2c, 2e, 4 and 5f are as follows: − 27.0◦/− 5.3◦, 11.2◦/ 
− 12.0◦, − 24.7◦/− 14.2◦, − 29.7◦/− 13.0◦, –32.0◦/− 6.4◦. Considering the 
geometry of five-membered ring, 2b and 5f are twisted on B2-C3 bonds, 
2c is envelope on C2 atom, 2e and 4 are envelope on B2 atoms. 

Comparing the B-B bond lengths with our previous study [7], in the 
five-member rings, the B-B, B-B bond lengths are in the range of 
1.700–1.747 Å, similar to the range observed in this study. The B-B bond 
length of 5f is a little shorter than that of the other compounds; this bond 
shortening is due to the lack of aromatic rings bonded to the N atoms. In 

2b, 2c and 2e, one aromatic ring is attached to the N atoms, whereas in 
5f, just two methyls are attached. In 4, however, the N atoms are 
members of the aromatic phenothiazine group. This substituent differ-
ence in 4 leads to a little shortening of the B-N bond lengths, compared 
to those of the other compounds. The B-N bond lengths are in the range 
of 1.392 Å to 1.407 Å except for those of 4. Due to substituent differ-
ences, the B-N distances are a little larger in 4 with values of d(B1-N1) =
1.426 Å and d(B2-N2) = 1.469 Å. Details regarding the data collection, 
refinement details, and detailed crystallographic results are given in the 
supplementary file. 

3. Antimicrobial screening (methods) 

3.1. Micro-organisms and condition for cultivation 

Eighteen bacteria and eleven yeast cultures were used in the study. 
Seventeen bacterial strains and three yeast strains were obtained from 
the American Type Culture Collection (ATCC, Rockville, MD, USA) and 
one yeast strain was provided from the Agricultural Research Service 
Culture Collection (ARS, NRRL, Peoria, USA). Other strains were ob-
tained from Department of Microbiology, Faculty of Sciences, Adnan 
Menderes University and Ege University. The list of Gram (+) and Gram 
(− ) bacteria to which the compounds are applied, details of the culture 
conditions and methods applied are given in supplementary data S2.1 
and are shown in Table 1. 

3.2. Antimicrobial assay 

The antimicrobial activities of all the synthesized compounds were 
determined by the agar well diffusion method [10–13] and the mini-
mum inhibitory concentrations (MIC) were obtained by broth dilution 
method [14–16]. 

3.2.1. Disc diffusion method 
The standard method of Antimicrobial Disc Susceptibility Tests re-

ported by the National Committee for Clinical Laboratory Standards was 
used in this study [17,11,13]. Fresh stock solutions (1000 µg⋅mL− 1) of all 
the synthesized compounds were prepared in n-Hexane. The inoculums 
suspensions of the tested bacteria yeasts were prepared from the broth 

Scheme 1. Synthesis of 2,3 and 4 derivatives.  
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cultures (18–24 h) and the turbidity equivalent adjusted to 0.5 McFar-
land standard tube to give a concentration of 1 × 108 bacterial cells/mL, 
1 × 106 yeast cells/mL [8,9]. Details and implementation of the method 
are specified in supplementary data S2.1.1. 

3.2.2. Dilution method 
The antibacterial and antifungal activities of synthesized compounds 

were examined by preparing a microdilution broth [18,14,15]. Details 
and implementation of the method are specified in supplementary data 
S2.1.2. 

3.2.3. Antimicrobial analysis 
The antibacterial and antifungal activities of 1,2-Diboracyclopen-

tanes were experienced and the results were given in Tables 1 and 2. 
Besides the results of used references antibiotics were remarked in 
Table 3. 

Among the compounds tested, compounds 2c, 2e, 5f and 3 indicated 
very strong effect (30–55 mm) against some bacteria. The compounds 
2b, 2c, 2d, 2e, 5g, 3 and 4 showed high effect (18–29 mm) against some 
bacteria. The compounds 2a, 2c, 2e, 3 demonstrated moderate effect 
(12–17 mm) against some bacteria and Candida species. However the 
compound showed very low effect (8–11 mm) against some bacteria. On 

the other hand, used compounds had no effect on many yeasts (Table 1). 
According to Table 1, the compound 2c indicated powerful activity 

(30–45 mm) against M. luteus ATCC 9341, S. mutans, L. monocytogenes 
ATCC 19112. The compound 2e expressed very strong activity (32–40 
mm) against M. luteus ATCC 9341, S. pneumonia ATCC 27336, 
M. smegmatis ATCC 607, L. monocytogenes ATCC 19112, B. cereus ATCC 
11778. The compound 5f remarked high power activity (30–50 mm) 
against M. luteus ATCC 9341, S. aureus ATCC 25923 and S. epidermidis 
ATCC 12228, S. mutans, C. xerosis ATCC 373, M. smegmatis ATCC 607, 
L. monocytogenes ATCC 19112, P. vulgaris ATCC 33420, B. cereus ATCC 
11778, B. subtilis ATCC 6633. The compound 3 displayed vey substantial 
activity (32–55 mm) against M. luteus ATCC 9341, S. aureus ATCC 
25923, S. epidermidis ATCC 12228, B. cereus ATCC 11778, B. subtilis 
ATCC 6633. Otherwise, the compounds 2a, 2b, 2d, 5g, 4 showed 
remarkable activity (12–18 mm) against M. luteus ATCC 9341, S. aureus 
ATCC 25923, S. epidermidis ATCC 12228, B. cereus ATCC 11778, 
B. subtilis ATCC 6633. On the other hand, the compounds 4 indicated 
low activity (8–11 mm) against S. aureus ATCC 25923, S. epidermidis 
ATCC 12228, M. smegmatis ATCC 607, B. cereus ATCC 11778, B. subtilis 
ATCC 6633. Besides, the compounds 2e and 3 demostrated moderate 
activity against C. utilis ATCC 9950 and C. albicans ATCC 10231, 
C. tropicalis, respectively. 

e2c2b2

f54

Fig. 1. Molecular structure of the compounds 2b, 2c, 2e, 4 and 5f. H atoms are omitted for clarity. The intramolecular interaction at 4 is shown by dotted lines. 
Selected geometric parameters are as follows. 2b: B1-B2 1.711 Å, B1-N1 1.405 Å, B2-N2 1.407 Å, B1-C1 1.593 Å; C1-B1-B2 105.4◦. 2c*: B1-B2 1.718 Å, 1.711 Å; B1- 
N1 1.397 Å 1.392 Å, B2-N2 1.404 Å 1.401 Å, B1-C1 1.575 Å 1.584 Å, C1-B1-B2 106.7◦ 106.6◦. 2e: B1-B2 1.704 Å, B1-N1 1.405 Å, B2-N2 1.398 Å, B1-C1 1.573 Å; C1- 
B1-B2 104.5◦. 4: B1-B2 1.712 Å, B1-N1 1.426 Å, B2-N2 1.469 Å, B1-C1 1.585 Å; C1-B1-B2 103.9◦. 5f: B1-B2 1.683 Å, B1-N1 1.403 Å, B2-N2 1.397 Å, B1-C1 1.604 Å; 
C1-B1-B2 104.9◦. *: In asymmetric unit, 2c has two independent molecules. 
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According to MIC values in Table 2 compounds 2c, 2d, 2e, 5f, 3 had 
very strong effect against some bacteria such as M. luteus ATCC 9341 
(compound 2c = 2 μg mL− 1, 2e = 4 μg mL− 1, 5f = 1 μgmL− 1, 3 = 0.5 
μgmL− 1), S. aureus ATCC 25923 (compound 5f = 4 μgmL− 1), 
S. epidermidis ATCC 12228 (compound 5f and 3 = 2 μgmL− 1), 
S. pneumoniae ATCC 27336 (compound 2e = 2 μgmL− 1), S. mutans 
(compounds 2c, 2d and 5f = 4 μgmL− 1), P. aeruginosa ATCC 35032 
(compound 2d = 2 μgmL− 1), C. xerosis ATCC 373 (compound 5f = 4 
μgmL− 1), M. smegmatis ATCC 607(compound 2e = 4 μgmL− 1, 5f = 2 μg 
mL− 1, L. monocytogenes ATCC 19112 (compound 2c = 2 μgmL− 1, 2e = 2 
μgmL− 1, 5f = 4 μgmL− 1), P. vulgaris ATCC 33420 (compound 5f = 2 μg 
mL− 1), B. cereus ATCC 11778 (compound 2e = 4 μg mL− 1, 5f = 2 μg 
mL− 1, 3 = 4 μgmL− 1), Bacillus subtilis ATCC 6633(compound 5f = 1 μg 
mL− 1, 3 = 0.5 μg mL− 1). 

On the other hand, other compounds (2a, 2b, 5g, 4) indicated 

considerable or slight activity against used microorganisms and the MIC 
values ranged between 8 and 256 μgmL− 1). However, none of the 
compounds used had any effect on E. coli ATCC 35218, E. aerogenes 
ATCC 13048, S. typhimirium ATCC 14028, K. pneumoniae ATCC 13882, 
P. aeruginosa ATCC 35032, S. marcescens ATCC 13880, E. faecalis ATCC 
29212, C. glabrata, S. cerevisiae ATCC 9763, D. hansenii NRRL Y-1458, 
T. delbrueckii, H. philodendron, P. pastoris, K. fragilis and D. bruxellensis. 

It is concluded from the antimicrobial activity studies with Diborolan 
(5-membered ring) that the structures show activity through interaction 
with microorganisms via N atoms attached to B atoms. A similar situa-
tion applies to the reference compound streptomycin. 

Considering the molecular structures obtained from the crystallo-
graphic results, if the steric hindrances of N atoms are negligible, the 
interaction with microorganisms is considerable. It can be concluded 
that N atoms interact directly with the walls of microorganisms (except 

Table 1 
Antimicrobial activities of compounds (1000 µgmL− 1) (Inhibition zone mm).  

Test microorganisms Inhibition zones (mm) 
Compounds 

2a 2b 2c 2d 2e 5f 5g 3 4 

Escherichia coli 
ATCC 35218 

_ _ _ _ _ _ _ _ _ 

Enterobacter aerogenes 
ATCC 13048 

_ _ _ _ _ _ _ _ _ 

Salmonella typhimirium 
ATCC 14028 

_ _ _ _ _ _ _ _ _ 

Micrococcus luteus, 
ATCC 9341 

_ _ 45 _ 36 50 _ 55 20 

Stapylococcus aureus 
ATCC 25923 

15 19 21 18 26 35 27 35 8 

Stapylococcus epidermidis 
ATCC 12228 

12 20 21 19 25 40 28 40 10 

Klebsiella pneumoniae 
ATCC 13882 

_ _ _ _ _ _ _ _ _ 

Streptococcus pneumoniae 
ATCC 27336 

_ _ 23 _ 39 _ _ 18 _ 

**Streptococcus mutans _ _ 30 _ _ 35 _ _ _ 
Pseudomonas aeruginosa 

ATCC 35032 
_ _ _ _ _ _ _ _ _ 

Corynebacterium xerosis 
ATCC 373 

_ _ _ _ _ 30 _ _ _ 

Mycobacterium smegmatis 
ATCC 607 

_ _ 13 _ 35 40 _ 19 18 

Listeria monocytogenes 
ATCC 19112 

_ _ 45 _ 40 30 _ _ _ 

Serratia marcescens 
ATCC 13880 

_ _ _ _ _ _ _ _ _ 

Proteus vulgaris 
ATCC 33420 

_ _ _ _ _ 45 _ _ _ 

Entereococcus faecalis 
ATCC29212 

_ _ _ _ _ _ _ _ _ 

Bacilllus cereus 
ATCC 11778 

17 20 18 24 32 43 23 32 8 

Bacillus subtilis 
ATCC 6633 

_ _ 34 _ 25 50 _ 55 11 

Candida albicans 
ATCC 10231 

_ _ _ _ _ _ _ 14 _ 

Candida utilis 
ATCC 9950 

_ _ _ _ 12 _ _ _ _ 

*Candida tropicalis _ _ _ _ _ _ _ 12 _ 
*Candida glabrata _ _ _ _ _ _ _ _ _ 
Saccharomyces cerevisiae 

ATCC 9763 
_ _ _ _ _ _ _ _ _ 

Debaryomyces hansenii 
NRRL Y-1458 

_ _ _ _ _ _ _ _ _ 

**Torulaspora delbrueckii _ _ _ _ _ _ _ _ _ 
**Hansenula philodendron _ _ _ _ _ _ _ _ _ 
**Pichia pastoris _ _ _ _ _ _ _ _ _ 
**Kluyveromyces fragilis _ _ _ _ _ _ _ _ _ 
**Dekkera bruxellensis _ _ _ _ _ _ _ _ _ 

(-):Zone did not occur. 
(*):Special gift from Adnan Menderes University Faculty of Medicine. 
(**):Special gift from Ege University Faculty of Microbiology Department. 
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compound 4). In compound 4, the steric hindrance of N atoms is large. If 
there is a large steric hindrance around the N atoms, the structures show 
low or no anti microorganisms activity. It is apparent that the activity of 
5f is considerably higher than that of 5g. The molecular structures are 
similar, but the main difference is that in 5f, the steric hindrances to N 
atoms are negligible. 

The activities of some of the symmetrical 1,2-diamino-1,2-diboranes 
(4) have also been studied in this context, but have been found to show 
little activity. It is concluded that the examined diborans (4) cannot 
interact with microorganisms, such as diborolan. By examining the 
crystal structures of diboranes (4), the groups bound to the N atom seem 
to form a steric barrier on the N atoms [19]. 

4. Conclusion 

In this study, a practical synthesis of new 1,2-amino-1,2-diborolane 
derivatives at high yields was presented. Amine groups bound to the B 
atoms of diborolane have been found to be air-stable. The produced 
compounds were characterized by means of one- and two-dimensional 
NMR spectroscopy. The structures of 2b, 2c, 2e, 4 and 5f were also 
confirmed by X-ray crystallography. The antibacterial activities of the 
synthesized compounds were assessed against Gram-positive and Gram- 
negative bacteria. Some of the compounds were very effective antimi-
crobial agents. In addition, the compounds’ antioxidant properties were 
evaluated. Given the enormous challenges facing drug discovery in this 
area, the compounds described here can be a starting point to help 
pharmaceutical chemists find new drug candidates. However, our 
studies on biocidal and toxic effects are ongoing. Precise analysis of 
biocidal and toxic effects will be the first step in the development of new 
drugs. 

5. Experimental 

5.1. Synthesis 

General considerations: All reactions were carried out under argon, 
using standard schlenk techniques. Solvents were dried, distilled, and 
saturated with argon. Glassware was dried using a heat gun under high 
vacuum. NMR spectra were recorded on a Varian 400 spectrom eter. The 

chemical shifts are given in ppm, and are referenced against residual 
solvent signals. Elemental analyses were done on a Leco-932. 1,2- 
Dichloro-3,4,5-tris(trimethylsilyl)-1,2-diborolane [4] were synthesized 
according to literatures. All amides and 1,2-dichloro-1,2-diboralene 
were synthesized according to literatures [4]. 

5.2. General procedure for synthesis of 1,2-diarylamino-1,2-diborolane 
derivatives 

An equivalent amount of n-BuLi (2.2 mL, 3.3 mmol, 1.6 M solution in 
hexane) was added dropwise to a THF/hexane mixture (approx. 1:3) 
(approx. 50 mL) from arylamine/amine derivative (approx. 3.2 mmol) 
at 0 ◦C. The mixture was warmed to room temperature and stirred 
overnight. The resulting suspension of ArNHLi/LDA was cooled to 
− 10 ◦C and 1,2-dichloro-1,2-bolonane 1 (2.24 g, 6.4 mmol) was added 
dropwise. All volatile components were removed in vacuum after the 
mixture was slowly warmed to room temperature. The residue was 
extracted 1:1 (ca. 60 mL) in hexane CH2Cl2 mixture. The solution was 
concentrated to a volume of about ca. 30 mL. The concentrated solution 
was kept at − 25 ◦C and the crystals were obtained. 

5.2.1. 1,2-Dianilido-3,4,5-tris(trimethylsilyl)-1,2-diborolane 2a 
Yielding 70%, viscous liquid 
1H NMR (400 MHz, CDCl3, 300 K): δ = − 0.02, 0.05, 0.23(je s, Me3Si), 

1.70 (d, H, 2JH-H = 4 Hz, HCB), 2.03 (t, H, 3JH-H = 4 Hz, HCSi), 6.43, 6.57 
(je s, je H, NH), 7.04–7.042 (d, t, 10H, 2JH-H = 8 Hz, 3JH-H = 8 Hz, H, Ph); 
13C NMR (100 MHz, CDCl3, 300 K): δ = − 3.0, 1.1 (9C, Me3Si), 24.8 (C, 
CSi), 29.5 (br., 2C, CB), 119.8, 122.1, 122.9, 123.6, 127.8, 128.9, 129.3 
(p-, o-, m-C, 10C, Ph), 144.8, 145.2 (je C, i-C, Ph); 11B NMR (128.32 
MHz, CDCl3, 300 K): δ = 56 (2B). 

5.2.2. 1,2-Bis(p-tolidino)-3,4,5-tris(trimethylsilyl)-1,2-diborolane 2b 
Yielding 74%, m.p.: 109 ◦C 
1H NMR (400 MHz, CDCl3, 300 K): δ = − 0.10, 0.03, 0.15(je s, Me3Si), 

1.61 (d, 2H, 2JH-H = 4 Hz, HCB), 1.89 (t, 1H, 3JH-H = 4 Hz, HCSi), 6.30, 
6.44 (je s, je H, NH), 6.47–7.16 (d, t, 10H, 2JH-H = 8 Hz, 3JH-H = 8 Hz, H, 
Ph); 13C NMR (100 MHz, CDCl3, 300 K): δ = − 3.1, 1.0 (9C, Me3Si), 20.8 
(2C, p-Me, Ph), 24.7 (C, CSi), 28.0 (br., 2C, CB), 119.9 (C, p-C, PhMe), 
122.0, 122.2 (4C, m-C, PhMe), 128.2 (C, p-C, PhMe),129.3, 129.7 (4C, o- 

Table 2 
Antimicrobial activities of compounds (MIC, µg.mL− 1).  

Test microorganisms 2a 2b 2c 2d 2e 5f 5g 3 4 Str Flk 

Micrococcus luteus, 
ATCC 9341 

_ _ 2 _ 4 1 _ 0.5 16 32 NT 

Stapylococcus aureus 
ATCC 25923 

32 16 16 16 8 4 8 4 256 32 NT 

Stapylococcus epidermidis ATCC 12228 64 16 16 16 8 2 8 2 128 32 NT 
Streptococcus pneumoniaeATCC 27336 _ _ 8 _ 2 _ _ 16 _ 128 NT 
**Streptococcus mutans _ _ 4 4 _ 4 _ _ _ 64 NT 
Corynebacterium xerosis ATCC 373 _ _ _ _ _ 4 _ _ _ 64 NT 
Mycobacterium smegmatis ATCC 607 _ _ 64 _ 4 2 _ 16 16 128 NT 
Listeria monocytogenes 

ATCC 19112 
_ _ 2  2 4 _ _ _ 64 NT 

Proteus vulgaris 
ATCC 33420 

_ _ _  _ 2 _ _ _ 64 NT 

Bacilllus cereus 
ATCC 11778 

32 16 16 8 4 2 8 4 256 64 NT 

Bacillus subtilis 
ATCC 6633 

_ _ 8 _ 8 1 _ 0.5 128 64 NT 

Candida albicans 
ATCC 10231 

_ _ _ _ _ _ _ 64 _ NT 64 

Candida utilis 
ATCC 9950 

_ _ 64 64 _ _ _ _ _ NT 64 

*Candida tropicalis _ _ _ _ _ _ _ 64 _ NT 64 

Str = Streptomycin, Flk = Flukanozol. 
(-) = No effect, NT: Not tested. 
(*): Special l gift from Adnan Menderes University Faculty of Medicine. 
(**):Special gift from Ege University Facultyof Microbiology Department. 
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C, PhMe), 142.3, 142.7 (je C, i-C, Ph); 11B NMR (128.32 MHz, CDCl3, 
300 K): δ = 56 (2B). Anal. Calcd. For C26H46B2N2Si3 (492.54): C, 63.40; 
H, 9.41; N, 5.69. Found: C, 63.74; H, 10.66; N, 6.27. 

5.2.3. 2,6-Dimethylphenylamino-3,4,5-tris(trimethylsilyl)-1,2-diborolane 
2c 

Yielding 77%, m.p.: 162 ◦C 
1H NMR (400 MHz, CDCl3, 300 K): δ = − 0.40, − 0.04, 0.15 06 (je s, 

Me3Si), 1.61 (t, H, 3JH-H = 4 Hz, HCSi), 1.96 (br. 2H, HCB), 2.02 (br., 6H, 
o-Me, Ph), 2.25, 2.29 (je s, je 3H, o-Me, Ph), 4.81, 5.62 (je s, je H, NH), 
6.86–7.13 (m, 6H, p-, and m-H, Ph); 13C NMR (100 MHz, CDCl3, 300 K): 
δ = − 2,58, 0.79, 1.03 (je 3C, Me3Si), 19.2, 20.0 (je 2C, o-Me, Ph), 25.3 
(C, CSi), 28.4 (br. 2C, CB), 124.2,125.6 (je C, p-C, Ph), 128.2,128.4 (je 

2C, m-C, Ph), 135.2, 135.6 (je 2C, o-C, Ph), 142.3, 142.7 (je C, i-C, Ph); 
11B NMR (128.32 MHz, CDCl3, 300 K): δ = 61 (2B). 

5.2.4. 2,4-Dimethylphenylamino-3,4,5-tris(trimethylsilyl)-1,2-diborolane 
2d 

Yielding 73%, viscous liquid 
1H NMR (400 MHz, CDCl3, 300 K): δ = − 0.07, 0.14, 0.30(je s, Me3Si), 

1.42 (d, 2H,2JH-H = 4 Hz, HCB),1.74 (t, H, 3JH-H = 4 Hz, HCSi), 2.06, 
2.36 (s, je 3H, p-Me, Ph), 2.38, 2.42 (s, je 3H, o-Me, Ph), 5.81, 6.23 (je s, 
je H, NH), 7.00–7.27 (m, 6H, o-, and m-H, Ph); 13C NMR (100 MHz, 
CDCl3, 300 K): δ = − 3,00, 0.89, 1.0 (je 3C, Me3Si), 18.1, 18.3, 20.7 
(insg.,4C, o-, p-Me, Ph), 24.5 (C, CSi), 28.1 (br. 2C, CB), 123.0, 
124.3,126.9, 127.4, 129.8, 130.8, 131.3, 132.6, 133.7 (10C, Ph), 141.0, 

Table 3 
Inhibition zone diameter of the reference antibiotics to test micro-organisms (mm).  

Test microorganisms Inhibitionzones (mm) 
Reference antibiotics 

C30 CN10 TE30 E15 AMP10 P10 K30 OFX5 VA30 CTX30 NS100 

Escherichia coli 
ATCC 35218 

24 21 15 11 – 16 20 28 23 10 NT 

Enterobacter aerogenes 
ATCC 13048 

19 20 14 – – – – 19 – 20 NT 

Salmonella typhimirium ATCC 14028 17 16 15 8 8 15 18 25 21 13 NT 
Micrococcus luteus, 

ATCC 9341 
25 15 26 30 28 13 12 24 14 17 NT 

Stapylococcus aureus ATCC 25923 23 20 22 23 20 12 13 23 13 12 NT 
Stapylococcus epidermidis 

ATCC 12228 
22 17 19 11 17 11 13 22 12 13 NT 

Klebsiella pneumoniae 
ATCC 13882 

21 19 20 14 – 18 19 27 23 14 NT 

Pseudomonas aeruginosa 
ATCC 35032 

22 20 20 21 – 14 20 29 18 14 NT 

Corynebacterium xerosis 
ATCC 373 

20 17 25 26 27 14 12 22 21 20 NT 

Mycobacterium smegmatis 
ATCC 607 

23 18 26 25 19 16 13 30 20 12 NT 

Listeria monocytogenes 
ATCC 19112 

19 14 12 – 12 10 12 29 25 16 NT 

Serratia marcescens 
ATCC 13880 

23 19 13 – 19 18 19 27 27 13 NT 

Proteus vulgaris 
ATCC 33420 

17 24 16 20 – 15 25 26 24 18 NT 

Entereococcus faecalis 
ATCC29212 

16 11 19 – 14 12 13 28 20 16 NT 

Streptococcus pneumoniae 
ATCC 27336 

24 20 25 15 14 19 21 28 29 15 NT 

**Streptococcus mutans 28 22 19 – – – 22 30 – 22 NT 
Bacilllus cereus 

ATCC 11778 
23 24 25 26 – 10 11 28 21 17 NT 

Bacillus subtilis 
ATCC 6633 

22 20 12 25 – 11 11 27 20 16 NT 

Candida albicans 
ATCC 10231 

NT NT NT NT NT NT NT NT NT NT 22 

Candida utilis 
ATCC 9950 

NT NT NT NT NT NT NT NT NT NT 21 

*Candida tropicalis NT NT NT NT NT NT NT NT NT NT 20 
*Candida glabrata NT NT NT NT NT NT NT NT NT NT 20 
Saccharomyces cerevisiae 

ATCC 9763 
NT NT NT NT NT NT NT NT NT NT 15 

Debaryomyces hansenii 
NRRL Y-1458 

NT NT NT NT NT NT NT NT NT NT 19 

**Torulaspora delbrueckii NT NT NT NT NT NT NT NT NT NT 20 
**Hansenula philodendron NT NT NT NT NT NT NT NT NT NT 22 
**Pichia pastoris NT NT NT NT NT NT NT NT NT NT 22 
**Kluyveromyces fragilis NT NT NT NT NT NT NT NT NT NT 20 
**Dekkera bruxellensis NT NT NT NT NT NT NT NT NT NT 19 

C30: Chloramphenicol (30 mg Oxoid), CN10: Gentamycin (10 mg Oxoid), TE30: Tetracycline (30 mg Oxoid), E15: Erytromycin (15 mg Oxoid), AMP10: Ampicillin (10 
mg Oxoid), Penicilin (10 mg Oxoid), Kanamisin (30 mg Oxoid), Ofloxacin (5 mg Oxoid), Vancomycin (30 mg Oxoid),Cefotaxime (30 mg Oxoid), NS: Nystatin (100 mg 
Oxoid). 
(-):Zone did not occur. NT: Not tested. 
(*):Special gift from Adnan Menderes University Faculty of Medicine. 
(**):Special gift from Ege University Faculty of Microbiology Department. 
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141.4 (je C, i-C, Ph); 11B NMR (128.32 MHz, CDCl3, 300 K): δ = 57 (2B). 
Anal. Calcd. For C28H50B2N2Si3 (520.59): C, 64.60; H, 9.68; N, 5.38. 
Found: C, 64.77; H, 10.40; N, 5.24 

5.2.5. 1,2-Di(p-methoxyphenyl)amino-3,4,5-tris(trimethylsilyl)-1,2- 
diborolane 2e 

Yielding 79%, m.p.: 102 ◦C (decomposed). 
1H NMR (400 MHz, CDCl3, 300 K): δ = − 0.15, − 0.04, 0.13 (je s, 

Me3Si), 1.58 (t, H, 3JH-H = 4 Hz, HCSi), 1,79 (d, 2H, 2JH-H = 4 Hz, HCB), 
3.76, 3.81 (je s, je 3H, MeO), 6.07, 6.35 (je s, je H, NH), 6.26, 6.48, 6.76, 
6.88, 6.89, 7.06 (je d,2JH-H = 4 Hz, total. 8H, Ph-OMe); 13C NMR (100 
MHz, CDCl3, 300 K): δ = − 3,07, 0.67, 0.98 (je 3C, Me3Si), 24.6 (C, CSi), 
29.8 (br. 2C, CB), 55.1, 55.4 (je C, OMe), 114.0, 114.2 (je 2C, o-C, Ph), 
121.2, 123.7 (je 2C, m-C, Ph), 138.4, 138.6 (je C, i-C, Ph), 155.5, 156.2 
(je C, p-C, Ph); 11B NMR (128.32 MHz, CDCl3, 300 K): δ = 56 (2B). Anal. 
Calcd. For C25H43B2N2OSi3 (493.50): C, 60.84; H, 8.78; N, 5.68. Found: 
C, 60.40; H, 8.53; N, 4.40 

5.2.6. 1,2-Bis(N-phenothiaziny-3,4,5-tris(trimethylsilyl)-1,2-diborolane 4 
Yielding 86%, m.p.: 167 ◦C (decomposed). 
1H NMR (400 MHz, CDCl3, 300 K): δ = − 0.27, − 0.06, 0.24(je s, je 

9H, Me3Si), 1.81(t, H, 3JH-H = 4 Hz, HCSi), 2.22, 2.35(dd, br. 2H, 2JH-H 
= 4 Hz, HCB),6.53, 6.65, 6.72, 6.83, 6.99, 7.09 (d, t, br., ing.16H,phz.); 
13C NMR (100 MHz, CDCl3, 300 K): δ = − 2.1, 1.0 (9C, Me3SiC), 24.8 (C, 
Me3SiC), 29.5 (br., 2C, CB), 114.4 (4C, C4,6, pth.), 118.2 (4C, C–S), 
122.6 (4C, C3,7 pth.), 126.8 (4C, C2,8, pth.), 127.3 (4C, C1,9, pth.), 141.6 
(4C, C–N); 11B NMR (128.32 MHz, CDCl3, 300 K): δ = 57, 77 

5.2.7. 1,2-Dipyrrolidiniyl-3,4,5-tris(trimethylsilyl)-1,2-diborolane 3 
1.05 g (7.33 mmol) pyrrolidinotrimethylsilane in approx. 30 mL in 

hexane at 0◦ C was added dropwise to a solution with 0.86 g (2.45 
mmol) 1 in 30 mL hexane and the mixture was brought to room tem-
perature warmed and stirred for 15 h. After removing all volatile con-
stituents in vacuo, the residue was obtained as a highly viscous liquid. 

Yielding 86%, viscous liquid 
1H NMR (400 MHz, CDCl3, 300 K): δ = − 0.19, 0.02, 0.06 (je s, je 9H, 

Me3Si), 0.64 (d, 2H, 2JH-H = 4 Hz, HCB), 1.45 (t, H, 3JH-H = 4 Hz, HCSi), 
1.64–1.80 (m, 8H, CH2C, Pyr.), 3.20–3.45 (m, 8H, CH2N, Pyrl.); 13C 
NMR (100 MHz, CDCl3, 300 K): δ = − 3.2, 1.0, 1.6 (je 3C, Me3SiC), 24.1 
(C, Me3SiC), 25.3 (br., 2C, CB), 25.7, 26.2 (je 2C, Pryl.), 50.2, 54.0 (je 
2C, CN, Pryl.); 11B NMR (128.32 MHz, CDCl3, 300 K): δ = 52 (2B). 
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