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Abstract

Solvent-free reaction using a high-speed ball milling technique has been applied to the classical Ullmann
coupling reaction. Cross-coupling biarylation of several nitroaryl chlorides was achieved in good yields when
performed in custom-made copper vials through continuous shaking without additional copper or solvent.
Cross-coupling products were obtained almost pure and NMR-ready. These reactions were cleaner than solution
phase coupling which require longer reaction time in high boiling solvents, and added catalysts as well as
lengthy extraction and purification steps. Gram quantities of cross biaryl compounds have been synthesized
with larger copper vials, a proof that this method can be used to reduce industrial waste and for sustainability.

Keywords: Solvent-free Reaction, Ullmann, Biarylation, Cross-coupling, High Speed, Ball Milling.

Introduction

The importance of aryl-aryl bond formation cannot be overstated. Over the last few years, hundreds of articles
and several reviews addressing this issue have been published [1-5]. Crosscoupling biarylation is considered
the cornerstone of medicinal chemistry and drug discovery, and usually introduced early in the synthesis of
important natural products. Indeed, the presence of a C-C bond between two aryl groups is very common in
many naturally occurring and biologically relevant molecules. The elaboration of this important moiety has
attracted the attention of synthetic chemists since the days of Ullmann and Goldberg who used catalytic copper
in both C-C, and C-Heteroatom biarylation [6-8]. Modern organometallic reactions involving metals such as
nickel, tin, palladium, and ruthenium have been efficient in achieving this goal [9-11]. Given the high costs of
catalysts involving these metals, the need to find simpler and less onerous reagents has, recently, turned the
scientific community back to copper and Fritz Ullmann. The most cost effective method of biarylation is
arguably the copper-mediated Ullmann coupling of aromatic halides. Biaryl coupling using a copper catalyst is
known as the traditional Ullmann Coupling reaction of aryl halides [12]. High temperatures and lower rates of
coupling in case of deactivated aromatic halides were often cited as limitations to this reaction [12b]. Over the
last few years there has been a sort of renaissance for these copper-mediated biaryl forming reactions with the
introduction of newer catalytic systems and reaction partners (or ligands) to improve the yields of cross-coupling
biarylation. Reviews on Cu-mediated crosscoupling reactions by Beletskaya, Ley, and Lemaire have been
expansive on the recent modification aimed at improving these reactions [13-15]. Notwithstanding the cost of
all these metals and catalysts, and in consideration of the enormous environmental cost associated with the use
and removal of waste generated from solvents and metal residues, solvent-less methods forcross-coupling
biarylation offer a certain advantage for both the environment, and the economy [16]. Over the past few years,
synthetic techniques relying on grinding reactants in absence of solvents have become available. The field of
mechanochemistry has emerged with the assumption that mechanical force can produce new chemistries
through bond processing and transformations [17-18]. Mechanochemical processes such as solvent-free
grinding, milling, sonication, and/or applied pressure are fast becoming synonymous to “green” or clean,
sustainable technology [19]. High Speed Ball Milling (HSBM) process has been adapted to several well-known
chemical reactions including alkene bond-forming reactions, and aryl-aryl cross-coupling reactions [20-21]. We

International Educative Research Foundation and Publisher © 2013 pg. 12



International Journal for Innovation Education and Research www.ijier.net Vol:-3 No-6, 2015

hypothesized that a High Speed Ball Milling process applied to Ullmann cross-coupling reaction would be cost-
effective if sufficiently activated haloarenes were to undergo cross-coupling, at room temperature, without
solvent or added copper as catalyst. Palladium catalysts are much more expensive than copper, and the prospect
of avoiding the use of solvents altogether made the HSBM process appealing [22-23]. We have previously
reported on the self-coupling of nitroaryl chlorides under HSBM conditions. Herein, we report a new HSBM
methodology leading to the preparation of cross-biaryl compounds 6 and 7 obtained when 2-chloronitrobenzene
1 underwent a cross-coupling reaction with 2,3dichloronitrobenzene 2, and 2,3-dichloro-1,4-dinitrobenzene 3
respectively. We also report on the preparation of cross-triaryl compounds 8 and 9 from double cross coupling
reactions between 1,5-dichloro-2,4-dinitrobenzene 4 in one hand and 2-chloronitrobenzene 1 and
2,3dichloronitrobenzene 2 respectively.

Materials and Method: The HSBM (High Speed Ball Milling) Method

Using custom-made copper vessels of variable sizes made from copper rods (McMaster-Carr Supply), and a
copper shot (1/8 inch diameter of the vial’s diameter), different nitroaryl chlorides (1-6) were milled together
in different proportion overnight at high speed of 5 m/s in a Parr 2500 shaker. While most products appeared as
solid cast on the inner side of the vial/cap, some products were found as powder as shown in pictures below.
All crude compounds were NMRready, and did not require workup or a lengthy extraction for isolation before
spectroscopic analysis.

!
Fig 1 Shaker (Parr 2500) Fig 2. Reusable Custom made copper vials/caps

Ball milling of the nitroaryl chlorides between the caps of the copper vessel at high speed grinds the compounds
into finite particles which react faster and cleaner in the gas phase. The use of high speed ball milling method
circumvents the addition of catalyst and the use of high boiling and, often toxic solvents at elevated temperatures
[24]. The feasibility of a solventless reaction in an all copper vessel and a copper ball is now an established
method [25]. In our cases, Biarylation consisted of novel solvent-less Ullmann cross-coupling reactions.
Typically, two different chlorinated nitroaryls were subjected to mechanical milling in custom made copper
vials using a spherical copper ball for 12 hr. The resulting crude powder or liquid was generally NMR-ready as
only insignificant amount of inorganic waste was generated in the process. However for the purpose of accurate
melting point measurement, the crude solid was purified by recrystallization. When further purification was
required to separate the products of crosscoupling of different aryl halides, flash chromatography was utilized.

Results and Discussion
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Within a custom-made copper vial and using an all copper ball, ortho-nitrated arylhalides 2-5 underwent

Ullmann type cross-coupling with 2-chloronitrobenzene 1 and 2.3-

dichloronitrobenzene 2 respectively in solvent-free conditions and at room temperature. The custom- made
copper vial, and copper ball, served as sources/sites for catalysis. Coupling, under these conditions, were
performed with simple and complex nitroaryl halides structures as reported below. Building on the general
assumption that Ullmann coupling proceeds most rapidly with aryl halides bearing electron-withdrawing groups
at ortho position to the leaving halogen, known as the ortho-effect, we selected suitably substituted nitroaryl

halides, some commercially available and others prepared in our laboratory.

Table 1: Cross-coupling Biarylation of Nitroaryl Chlorides

Entry Aryl 1 Aryl 2 Biaryl/Triaryl Yield/notes
Cl NO» 65%
1. By product:
O O 2,2 dinitrobiphenyl
N02 NO,
6
Rat/o. 1:1
2. NO, ON  Cl NO, 50%
Cl = By product: 2,2 -
CE Q’Cl C}@ dinitrobiphenyl
NO, (
O,N Cl NO,
1 3 7
Ratio: 1:1
3.
Cl Cl NO; O,N 72%
@ I:E O O By product: 2,2 -
NO, O,N NO, Q dinitrobiphenyl
OoN NO
Ratio: 2:1 : 8 -
4, X~ NO2 \ NO2 0O 75%
@[ CICI \l/\l/ Q\A Q By product: 2,2”
cl AN /(\( dichloro-
02N \/\ 6,6 dinitrobiphenyl
Cl 2N NO? 9
2 4
Ratio: 2:1

Adapting the classical Ullmann coupling reaction of ortho-halogenated nitroarenes to High Speed Ball Milling
(HSBM) process, we have prepared, in good yields, cross biaryl compounds 6-9 in solvent free conditions.
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Table 1 summarizes our results for the syntheses of biaryl compounds. In entry 1, HSBM cross coupling
between commercially available 2,3dichloronitrobenzene 2 and 2-chloronitrobenzene 2 afforded 2-chloro-2’,6-
dinitrobiphenyl 6 in

65% yield and a byproduct, namely 2, 2’-dinitrobiphenyl 5 the self-coupling product of the more reactive 2-
chloronitrobenzene 1. The latter was cross coupled (Entry 2) with synthetic 1, 4dinitro-2,3-dichlorobenzene 3,
obtained by nitration of 2,3-dichloronitrobenzene 2 with potassium nitrate in warm sulfuric acid. The cross
biaryl product, 2-chloro-2’, 3,6trinitrobiphenyl 7 was a yellowish powder which came with 5 the dimer of 1. In
entries 3-4, we explored the possibility of simultaneous Ullmann cross coupling. Tetrasubstituted 2,4-
dichlorol,5-dinitrobenzene 4 was synthesized from 1,3-dichlobenzene and subjected to HSBM cross biarylation
with 2-chloronitrobenzene 1 and 2,3-dichloronitrobenzene 2, resulting in the formation of triaryl compounds 8
and 9 respectively. It should be noted that dimerization of 1 and 2 was also observed, albeit in less proportion
during these reactions. These results provide a validation of the general scope of the HSBM Ullmann biarylation
reaction. Traditional Ullmann cross-coupling reactions have been unreliable until recently because of lack of
selectivity. Often, the isolated yield of the desired biaryl compound did not warrant the tedious separation
process. For this reason, cross-coupling biarylation has been done using other transition metals, especially
palladium. Our results show that cross biarylation using solventless conditions proceed in higher yield and may
be an alternative to palladium catalysts which are known to be incompatible with some functional groups. It is
notable that polymerization, which occurs in reaction conducted at high temperature in solvents such as dimethyl
formamide, or pyridine, was not a factor hence a markedly improved yield of biarylation. Our results also
confirm that in Ullmann-type reactions, the most important factor is activation by a nitro group located ortho to
the halo group, not solubility since coupling may, in many of the HSBM reactions, occur in a “solventless”
phase. The mechanism by which the HSBM biarylation reactions proceed is yet to be elucidated. Any
mechanism would be, however, intrinsically similar to what is believed to occur in the traditional Ullmann
coupling reaction. The use of copper vials and copper balls provides the necessary catalyst for the reaction as
it’s incorporated in the hardware. The inner walls of the copper vial are the reactive sites where the exchange
halogen/metal occurs, aided by the well documented ortho-chelating effect from the nitro group at ortho position
(scheme 1) [26]. The nitro group, or other groups have been found to act as an intramolecular ligand in these
Ullmann coupling reactions in the same role as external ligands which catalyze several Ullmann-Goldberg
Condensation reactions between aryl halides and heterocyclic compounds [27].
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Scheme 1. Ortho-chelation/stabilization by the nitro group.

A single electron transfer (SET) mechanism leads to the formation of an aryl radical followed by oxidative
addition. The formation of an aryl radical is supported by dimerization of highly hindered haloarenes forming
substituted biaryls [28]. In the cross coupling of two different aryl halides, dimerization can be minimized by a
combination of electronic and steric factors. It is noteworthy that the more demanding nitroaryl chlorides were
chosen in lieu of fast reacting nitroaryl iodides, or for instance highly reactive methoxyaryl iodides which form
dimers at higher rates [29].
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Conclusion

The goals of sustainable biarylation methods, so crucial in drug synthesis, remain the development and
systematic use of “green” synthetic techniques that are both efficient (i.e. economical) and environmentally
friendly. Synthetic processes done in solvent-free with no additional catalysts do cut costs and lower risks of
exposure to toxic chemicals. HSBM Ullmann biarylation in general, and our application thereof on solvent-free
homo and cross-coupling of less expensive, and more accessible aryl chlorides demonstrates a proof of the
concept in this area. We are currently using mechanochemistry to explore related biarylation of aryl bromides,
nitriles, carboxylates, sulfonates in order to broaden the scope of HSBM Ullmann biarylation reactions, which
will be disclosed in the near future.
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Experimental

'H and *C NMR spectra were recorded using a Varian Inova 500 MHz or a Varian Mercury 400 MHz
spectrometer. CDCIs was purchased from Cambridge Isotope Laboratories, Inc., Andover, MA. GC- and LC-
MS data were recorded at Valdosta State University in Valdosta, GA or at the University of South Caroline,
Columbia SC. All reagents were purchased from Sigma-Aldrich and used without further purification. Copper
ball-bearings and copper vials were custom-made from copper rods purchased from McMaster-Carr Supply.
Ball-milling was carried out in a modified 2500 Parr shaker.

Typical “HSBM” procedure for the classical Ullmann Coupling of ortho-nitrated aryl halides: A nitro-
aryl halide was measured and placed into a dry custom-made 2.0 x 0.5 inch screw-capped copper vial, along
with a copper shot (1/4 in. diameter). Without adding solvent or catalyst, the vial was screw-capped and inserted
into the compartment of a 2500 model of a Parr shaker (vibrational speed: 5m/s), and the compounds were
milled for 12 hours. The crude product was usually a dry powder, occasionally a paste cast on the walls of the
vial and caps. Preliminary *H NMR of the crude was taken to determine the purity of the sample. Inorganic
biproducts collected in the inner walls of the copper vessels as seen in the lost of shine due to oxidation. Copper
vessels were re-usable after cleaning the inner walls in a mixture of vinegar and salt.

1 H NMR (400 MHz, CDCls, TMS): § (ppm): 8.56 (s, ABB’A’, 2H). GC-MS: m/z, calculated: 237; found:
238

Synthesis of 2-Chloro-2°,3,6-trinitrobiphenyl 7: 1,4-dinitro-2,3-dichlorobenzene 3 (3.27g~10mmol) and
2-chloronitrobenzene 1 (1.57g~10mmol) were loaded into a copper vial charged with a copper ball-bearing
and subjected to high speed ball milling procedure as described above to afford a yellowish powder of 2-
chloro-2,3,6-trinitrobiphenyl 7. 1H NMR showed the presence of the cross-coupling product 7 as well as
2,2’-dinitrobiphenyl 5, the product of self-coupling of 2-chloronitrobenzene 1. The crude mixture was
resolved by flash column chromatography with a 10% solution of ethyl acetate in petroleum ether.
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Synthesis of 2-Chloro-2’,6-dinitrobiphenyl 6: 2,3-dichloronitrobenzene 2 (1.92g~10mmol) and 2-
chloronitrobenzene 1 (1.57g~10mmol) were loaded into a copper vial charged with a copper ball-bearing and
subjected to high speed ball milling procedure as described above to afford a yellowish paste. 2-chloro-2’,6-
dinitrobiphenyl 6 and 2,2’-dinitrobiphenyl 5, the product of selfcoupling of 2-chloronitrobenzene 1 were
separated by flash column chromatography using a 10% solution of ethyl acetate in petroleum ether.

'H NMR (400 MHz, CDCls, TMS): & (ppm) 7.22(d, 1H), 7.55(t, 1H), 7.65(t, 1H), 7.62(t, 1H) 7.78(d, 1H),
8.08(d, 1H), 8.35(d, 1H). *3C NMR (400 MHz, CDCls, TMS): & (ppm): 118.7, 119.8, 125.2, 128.5, 129.7, 130.2,
131.58, 131.59, 131.9, 134.3, 145.8, 146.5. LC-MS: m/z 302, calculated: 278.65; found: 301.2 — 23[Na] = 278.2

Synthesis of 2,3-dichloro-1,4-dinitrobenzene 3: 2,3-dichloronitrobenzene 2 (9.5g — 50mmol) was added into
a stirring solution of potassium nitrate (10.1g — 100mmol) in concentrated sulfuric acid (50mL) in a 125 mL
Erlenmeyer flask placed on a hotplate. The mixture was stirred at room temperature for 6 hr and poured into a
beaker of crushed ice. The light paste was extracted with ethyl acetate, and dried over magnesium sulfate.
Solvent removal under reduced pressure yielded 9.0g (95%) of 2,3-dichloro-1,4-dinitrobenzene 3 as a slow
crystallizing oil.

'H NMR (400 MHz, CDClg, TMS): § (ppm) 7.60(t, 2H), 7.81(d, 2H), 8.22(d, 2H). *3C NMR (400 MHz, CDCls,
TMS): 6 (ppm) 124.0, 131.0, 132.5, 133.5, 140.0, 146.0. GC-MS: m/z 322, calculated: 323; found: 323

Synthesis of 1,5-dichloro-2,4-dinitrobenzene 4: 1,3-dichlorobenzene (14.7g — 0.1mol) was added into a
stirring solution of potassium nitrate (20.2g — 0.2mol) in concentrated sulfuric acid (50mL) in a 125 mL
Erlenmeyer flask placed on a hotplate. The mixture was heated at 90 °C for 1hr and, then at room temperature
for another hour before being poured into a beaker of crushed ice. The light yellow precipitate was vacuum
filtered in a Buchner funnel, and recrystallized in not ethanol to yield 12.5g (97%) of 1,5-dichloro-2,4-
dinitrobenzene 4. Mp (137-140 °C)

'H NMR (400 MHz, CDCl3, TMS): & (ppm): 7.8 (s, 1H), 8.6 (s, 1H). GC-MS: m/z, calculated: 237; found: 238

Synthesis of 2,2°,2”.4’-tetranitrotriphenyl 8: 1,5-dichloro-2,4-dinitrobenzene 4 (3.27g~10mmol) and 2-
chloronitrobenzene 1 (1.57g~10mmol) were loaded into a copper vial charged with a copper ball-bearing and
subjected to high speed ball milling procedure as described above to afford a yellowish paste of 2,2°,2”,4°-
tetranitrotriphenyl 8. *H NMR showed the presence of the cross-coupling product 8 as well as 2,2’-
dinitrobiphenyl 5, the product of self-coupling of 2-chloronitrobenzene 1. The crude mixture was resolved by
flash column chromatography with a 20% solution of ethyl acetate in hexanes, and 5% ethanol.

'H NMR (400 MHz, CDCls, TMS): § (ppm) 7.60(t, 2H), 7.81(d, 2H), 8.22(d, 2H). *3C NMR (400 MHz, CDCls,
TMS): & (ppm) 124.0, 131.0, 132.5, 133.5, 140.0, 146.0. GC-MS: m/z 322, calculated: 322; found: 323

Synthesis of  2,2”-dichloro-2’,4°,6,6”-tetranitrotriphenyl  9:  1,5-dichloro-2,4-dinitrobenzene 4
(3.27g~10mmol) and 2,3-dichloronitrobenzene 2 (1.57g~10mmol) were loaded into a copper vial charged with
a copper ball-bearing and subjected to high speed ball milling procedure as described above to afford a yellowish
paste of 2,2”-dichloro-2°,4°,6,6”-tetranitrotriphenyl 9. 1H NMR showed the presence of the cross-coupling
product 9 as well as 2,2’-dichloro-6,6’dinitrobiphenyl, the product of self-coupling of 2,3-dichloronitrobenzene
2. The crude mixture was resolved by flash column chromatography with a 20% solution of ethyl acetate in
hexanes, and 5% ethanol.

'H NMR (400 MHz, CDCls, TMS): & (ppm) 7.60(t, 2H), 7.81(d, 2H), 8.22(d, 2H). *C NMR

(400 MHz, CDCls, TMS): 6 (ppm) 124.0, 131.0, 132.5, 133.5, 140.0, 146.0. GC-MS: m/z 322, calculated: 322;
found: 323
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Supplemental Materials: NMR and GCMS Spectra 2,2’-dinitrobiphenyl:
1H NMR (400 MHz, CDCls, TMS): O0(ppm) 7.29(d, 2H), 7.60(t, 2H), 7.68(t, 2H), 8.22(d, 2H)
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C NMR (400 MHz, CDCls, TMS): O0(ppm) 124.7(CH), 129.1(CH), 130.8(CH), 133.3(CH), 134.1(CC), 147.1(CNO,)

m
140 120 100 80 60 40 20 pp
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GC-MS: m/z 198, calculated: 244; found: 198 (loss of NO; as shown to be common for nitrated aromatic
compounds by NIST).

File :C:\msdchem\1\data\G.M.52 GISLAIN.D fue €
Operator : John Barbas

Acquired : 16 May 2013 11:27 using AcgMethod LAURA.M
Instrument : 5975C

Sample Name: 2,2'-Dinitrobiphenyl
Misc Info : In CH2Cl2
vial Number: 1
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M.h,m Il N SO e

A T o ;
miz-> 60 70 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 ?70 260 290 300 310 320 330 340

20000{ 51 !

O
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2,2’-dichloro-6,6’-dinitrobiphenyl:
1H NMR (400 MHz, CDCl;, TMS): O (ppm) 7.60(t, 2H), 7.81(d, 2H), 8.22(d, 2H)

Sample: S1
Sample ID: s_20100528_04
File: 5_20100528_04/data/cdcl3_01.£id

Pulse Sequence: s2pul

Solvent: cdel3
Ambient temperature
Operator: Backup
File: cdcl3_01

VNMRS-400 “nmré00" e
g \/
|

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 2.049 sec
Width 6410.3 Hz

8 repetitions

OBSERVE  H1, 399.5186873 MH3
DATA PROCESSING

Resol. enhancement -0.0 Hz
FT size 65536

Total time O min, 31 sec
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C NMR (400 MHz, CDCls, TMS): O (ppm) 123.8(CH), 130.3(CH), 130.8(CAr), 135.1(CH), 135.3(CCl), 148.1(CNO,)

repetitions
, 100.5230126 MHz
399.7751414 MHz

220 200 180 160 140 120 100 80 60 40 20
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GC-MS: m/z 312, calculated: 312; found: 312

"
él?fll

W

June 2015

N
Flle@rvl_(yIdent:B_%S Mer Def 0.25 Acq:22-JUL-2010 18:26:25 +2:07 Cal:CALO72IA
70SQ ET+ Magnet BpM:310 BpI:812412 TIC:11063201 Flags:HALL
File Text:scan 50-850
100% : 310 _8.1E5
954 [irecl V1o ég £7.7E5
90,3 AR e ST — E7.3E5
E ponve ladlly sAFE ki in cay? E
851 £6.9E5
80 - 6.5E5
753 ‘ F6.1E5
[ : NO E
70] (}_’r’ W | £5.7E5
65 ( 0)—(0) £5.3E5
60 ! | Ea.985
3 G < g
55_: | F4.5E5
|
503 | E4.1E5
45_5 149 £3.7E5
b= 218 -3.285
353 £ 2.8E5
30357 £ 2.4E5
253 171 £ 2.0E5
36 L et 2B 502 276 F1.6E5
| L 170 o
1513 206 264 F1.2E5
] | 244 2 E
. 83 IS | 30 o F8.1E4
4 | E
54 l | | y | w | ’ F4.1E4
3 I i | I r
o Lt s ol . o 0 L L s, o Lo C £0.0E0
50 100 150 200 250 300 350 400 450 500 m/z
Cl
X
O:N e
NO2

2,3-Dichloro-1,4-dinitrobenzene 3
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8.60 8.59 8.58 8.57 8.56 8.55 8.54 8.53 8.52 8.51 8.50 8.49 8.48 8.47

PULSE SEQUENCE OBSERVE

H1, 399.5186643 DATA PROCESSING Solvent: cdel3 SAMPLE: sl Nf£2
Relax. delsy 1.000 sec Resol. enhancement -0.0 Hz  Aubient temperature
Pulse 45.0 degrees FT size 65536 Operator: funmr
Acqg. time 2.049 sec Total time 1 minute File: Protonm_20100708_cdel3_01
Width 6410.3 Ez VNMRS-400 “amrd00"
8 repetitions

Semple: sl Nf2
Sample ID: s_20100708_02
File: /home/funmr/data/funmr//sl_N£2/Pr
File: /home/funmr/data/funmr//sl_N£2/Proton_20100708_cdcl3_oi.fid

Pulse Sequence: s2pul

e

| A Jl\
S ——r ‘ — . v
8.6 8.4 8.2 8.0 7.8 7.6 7.4 ppm
PULSE SEQUENCE OBSERVE H1l, 399.5186643 DATA PROCESSING Solvent: cdel3 SAMPLE: sl Nf2
Relax. delay 1.000 sec Resol. enhancement -0.0 Hz Ambient temperature
Pulse 45.0 degrees FT size 65536 Operator: funmr
Acq. time 2.049 sec Total time 1 minute File: Proton_20100708_cdcl3_01
wWidth 6410.3 Hz VNMRS-400 "nmré00"
8 repetitions

Sample: sl N£2
Sample ID: s_20100708_02
File: /home/funmr/data/funmr//sl_N£2/Pr
Pile: /home/funmr/dats/funmz//s]_NE2/Proton_20100708_cdcl3_01.£id B

Pulse Sequence: s2pul
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File :C:\msdchem\1\data\G.M.50 GISLAIN.D

Operator : John Barbas

Acquired : 17 May 2013 13:12 using AcgMethod LAURA.M
Instrument : 5975C

Sample Name: 1,4-Dinitro-2,3-dichlorobenzene
Misc Info : In CH2Cl2 ’
Vial Number: 1

Abundance B T o TIC: GM.50 GISLAIN.D\datams
1.6e+07

1.4e+07

vl

1.2e+07| (/(
A
- & [i
o

. 4000000

o ) ) ; - — - S
Time-> _4.00 600 _ 800 1000 1200 1400 1600 1800 2000 2200 2400  26.00
Abundance Scan 2211 (16.238 min): G.M.50 GISLAIN.D\data.ms

109 2%

800000 144

74

200000 1

100000 82 160

t
190 4
#
0 %0 !H‘T‘IBO || 11 | | a2
T T T T T
miz-> 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240

Cl

NO, NO,
2-Chloro-2’,6-dinitrobiphenyl 6
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Automation directory: shome/funmr/vnmrsys/datasauto_2011.05.20_01
File : shome/funmr/datasfunmr///Proton_20110520_cdci3_04.fid
Sample id : 5_20110520_1

Pulse Sequence: s2Zpul

Solvent: cdcl2
. 25.0¢C

Operator: furmr

File: Proton_20110520_cdc13_04
INOVA-500 “nmr500%

REERYGy 0 1V TR ey

Relax. delay 1.600 sec <
Pulse 45.0 de s i3 3
q. time 2.049 sec e o o
Width 7996.8 nHx ™ Se® ~ RN
8 repetitions | < &S
OBSERVE  H1,2499.8221729 WHz & °3 zansw
DATA PROCESSI®G g S 3
Line broadengng 0.2 Hz g ey PR A%
FT size 65536 = & i~
Total time g min, 30 sec ® L i
2 L i !
! |
BEES
i N
| I b1 Es
‘ i Lo |
[ § F [ | !
H . Vs B |
i t
l ‘ L]
i I i
| {
|
! i i
i ) 3
{ i |
i
2
4
i ‘ A i1y g
< — e - ¥ PN = e A e eV o e atiient N et D bsnr it
8.4 8.3 8.2 8 8.0 7.9 7.8 727 7.6 755 7.4 7.3 7.2 ppm

Automation direciory: shome/funmr/vnmrsys/datasauto_201
File : shome /data,funmr///Carbon_20110603_cdcT3_
sample id : 0603_15

Pulse Sesguence: s2pul
Solvent: cdcl3
Temp. 25.0 C / 298.1 K

Operator: funmr
File: Carbon_20110603_cdc13_22
Bmr509t

INOVA-500 "¢
2 28 g 2
Relax. delay 1.000 sec 823 e
Pulse 45.0 dagrees i e e : 2 %
cq. time 1.300 sec & Sae >3 <
Width 30165.9 Hz - pe i ] - - «
500 repetitions S ] .,,
OBSERVE Ci3, 125.6803553 MHZ o
OECOUPLE H1, 499.8246721 MHz
Power 38 dB
continuously on
WALTZ-18 modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size 131072
Total time 23 min, 5 sec
o I w
5 | s
e Z o g =
== g = 2
., s
i = -
e u %
!
| i
i 1 i
| | |
| i
i i {
[ ] _ : |
1 . ] i
b t || Lo
| £ 1 ] ! | |
1} i i
\ (. o ’
145 140 135 130 125 120 ppm
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BioMultiView 1.2
Mandouma 9-13-11-2: Mandouma, AE 45

Tuesday, September 13, 2011 6:50 PM

page 1 of 1

June 2015

Spectrum from 5.78 min (11 scans) from Mandouma 9-13-11-2, subtracted 2.56e5 cps
3(:11.2

2.4e5+

2.2e5 @

2.0e54

1.8e54 N O

2

1.6e54 N02
0
S 1.4e54 CI
z
2
g 1.2e54
S C12H70N204

—_— Exact Mass: 278.01

Mol. Wt.: 278.65
izt C,51.72; H, 2.53; C1, 12.72; N, 10.05; O, 22.97
409.2 S8e
6.0e44 327.0 {
|
4.0e4+ |
2210 ‘
2.0e44 || \ |
!1‘ L h‘% k| “' | J ! | Jf & i 691.0
000 e | AR AR | L b i A 3
",IE,!N L LJ}WMLM,{ .‘h.;IH 'U‘L}Jfﬂ)“»ﬂ‘:"&t' "*‘P’M-’ i hi;o.w‘l\i,m,{ml.‘wdnj t "qﬁ“il‘jwﬂ‘.‘.‘““ I ‘Nw’u | F LR ¢ T oW P 751.0
T T T T T T T T
210 280 350 420 490 560 630 700 770
m/z, amu

C12H6CIN30Os
Exact Mass: 322.99

O,N Mol. Wt.: 323.65

C,44.53; H, 1.87; Cl, 10.95; N, 12.98; O, 29.66
O,N Cl

NO:2

2-Chloro-2’,3,6-trinitrobiphenyl 7
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o 4
2.2

6%

%9 _/I:/
n _

Lo~ D~ — 178

sa 7 FT

,JOL S=71%
Nol 345

-
" _1 A |
\ . ‘
A Y WO W | WMLUL ML
| R R R | [ TR T \""l“"l""l""I“"l‘“I‘”_'—”“'\""l'ﬁ_’_lT LB EL 2 5 R
9.0 8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 Ppm
N
LU .
. 4+ Dimer
Lol =
o e
Noz
(
) @ | / ’(
f |
SO WO O VS WP
i o e WVl U
IIj_'_T““]""l_" '\"“.‘""[l"_"rll | AR L S i | T | I“'|"’_"'1""[' LN P RS o L0 S I
9.0 8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 pPpm
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er Def 0.25 Acq:31-MAY-2014 22:18:28 +2:13 Cal:CALO53IIA
70SQ °F Magnet BpM:198 BpI:2524354 TIC:18244632 Flags:HALL
File Text:scan 50-850
100 198 Direr b Prud 2586
953 Bttt s F2.4E6
903 ipikng P M v 2,386
853 £2.1E6
80] £2.0E6
753 £1.9E6
703 £1.8E6
651 F1.6E6
603 F1.586
553 F1.4E6
503 F1.386
453 277 F1.1E6
40 s i_l.OEG
35 139 £ 8.8E5
303 £7.6E5
253 £6.3E5
: £ 5.0E5
£3.8E5
288 F2.585
i T2 Lo
250 300 350 abo | 450’ 500 m/z

CICI

O2NNO2
1,5-Dichloro-2,4-dinitrobenzene 4
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&loa

Sample: ypd1000
Sample ID: s_20100623_06 C/'g
File: /heme/funmr/data/funmr//ypdl000/Proton_20100623_cdel3_01.£id e (
o
-

cl

Pulse Sequence: s2pul 0 Q — /\ﬂa

Solvent: cdell / z
Ambient temperature
Operator: funmr

File: Proton_20100623_cdcl3_0i

VNMRS-400 "nmr400™ -

Relax. delay 1.000 sec ,/

Pulse 45.0 degrees
Acq. time 2.049 sec
Width 6410.3 Hz

8 repetitions
OBSERVE H1, 399.5186643 MHz i
DATA PROCESSING i
Resol. emhancement -0.0 Hz
FT size 65536

Total time O min, 31 sec

) —— ) —
; p) J
9.2 9.0 8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8 ppm
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File :C:\msdchem\1\data\GMANDUMA1.D

Operator : John Barbas

Acquired : 2 Apr 2013 9:43 using AcgMethod LAURA.M
Instrument : 597s5C

Sample Name: 1,5-Dinitro-2,3-dichlorobenzene
Misc Info : In CH2Cl2
Vial Number: 1

‘Abundance - TIC: GMANDUMA1.D\data.ms
| 2800000
| 2600000
2400000
2200000
2000000
1800000
1600000/
1400000
1200000
1000000
800000
600000
400000

200000 EQ

o
0

T T T T T B T TR U T
Time—> 600 800 1000 1200 _ 1400 1600 _ 1800 2000 2200 2400  26.00
Scan 2115 (16.189 min): GMANDUMA1.D\data.ms
236

Abundance
9000!

>

oV—<o 174
| om0 74 & N7
! [

8000 144

5000

4000

97

3000

2000

1000 120 132

190 208

176 222
i 253 271 355

! 0 . ! I ! T
miz-> 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 280 300 310 320 330 340 350 360

SN0z OoN

2,24 ,6"-Tetranitrotriphenyl 8

International Educative Research Foundation and Publisher © 2013 pg. 32



International Journal for Innovation Education and Research www.ijier.net Vol:-3 No-6, 2015

L~

batoh 0041
expl  s2pul

% 4
SAMPLE DEC. & VT
dste  “Sep 10 2011  dfrgq 100.575
solvent edels  dn Cciz
Flie i exe dpwe a5
ACQUISETION dof o
sfre 399.946  dm nnn
tn HI  dmm ]
ar 1.998  dmf 100
np 25666 Femp, 0.0
e 6398.0 PROCESS ING
Fi 2600 wiFile
be 16 pro t e
Ypuwr 62 fn not used
P 5.
ai 1.000  werr
Tof 4236 wexp wEr
nt wha,
at wnt
Slock 4
saln not usa.
FLAGS
o n
in n
» Y
DIsPLAY,
> a
wi “+
264

9.4 9.2 9.0 8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm

[ ois b

Flle@;/Ident:Z_ZZ PKD(7,3,7,0.01%,0.0,0.00%,F,F) SPEC (Heights,Centroid) Acq:25-JUL-2010 18:>»

70SQ EI+ Magnet BpM:242 BpI:2181106 TIC:24945516 Flags:NORM

File Text:scan 100-1200 )

100% 242 Wioncl . Bypsam ' fos be 2.2E6
953 ——— e E2.1E6
90 WEE s s [ns pent) E2.0E6

3 (no peats)
851 7 F1.9E6
3 2 ]',« { 110 /t.» &) Lo TR gt
803 £ JiLeere / - § e F1.7E6
3 (hot ol 1,)
753 3 F1.6E
1 Ths ,,/,ﬂ},u,‘ i < i (5 e 6E6
70 . ey E1.5E6
] 4 < o (g iz Fea |
651 138 e / it
603 f £1.3E6
551 E1.2E6
501 F1.1E6
451 F9.8ES5
407 F8.7ES
351 £17.6E5
E 277 \
303 |6.5E5
253 g (ol
53 o 5.5E5
1287 ‘\C) \ < v'/ ‘
( y |4.485
! 363 b S @ i/
4 (V) )3.335
o YA
2.2E5
305
' El.lEB
333
" (0 N pae, B20 B AN 0.0E0
300 350 ado 450 500 550 600 m/z

2,2”-Dichloro-2’,4’,6,6"-tetranitrotriphenyl 9
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N

I T B TR S TRF N TR TN NN A T R e

9 8 7 6

Sample: GhSol

Sample ID: s_20100618_13

File: /hm/!m/du:n/hmm//ﬂ:snl/Carbm:_zolﬂosis_edcls_oi
Automation directory: /hm/flmnr/vmsys/dau/auuo_zozn.cs.18_01

Pulse Sequence: s2pul

Solvent: cdcl3

Ambient temperature

Operator: funmr

File: Carbon_20100618_cdcl3_02
VIMRS-400 "nmr40O™

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 1.300 sec

Width 24505.8 Hz

20000 repetitions

OBSERVE C13, 100.4550480 MHz
DECOUPLE H1, 395.5206619 MHz
Power 35 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 12 hr, 49 min, 49 sec

B ) e i T L e o I Vo B i Gt o W o s e o

B 4 3 2 1 PEm

TT T T I T T[T O T [T T T T T T T T R R B b e R R R B B s L L L R L L B

220 200 180 160 140 120 100 80 60 40 20 0

[T T T T T T

ppm
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ns nn
nt 8 PROCESSING
b 0.20

65536
DISPLAY
28
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