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Abstract. Recently, Chlorindazone DEhas become anim- cal properties of the known compountiand2 have been
portant analytical reagent for tldetection of gunshot resi- completed. 2-Chloro-4-hydrazinobenzonitrd&), 2-bromo-
dues from newly introduced ammunition. A simplified syn- 4-hydrazinobenzonitriledp) and a new azo dye, 1-(3'-chlo-
thesis of the precursor of the azo dy@-amino-6-chloroin-  ro-4'-cyanobenzene-1'-ylazo)-2-hydroxynaphthalene-3,6-di-
dazole ), from commercially available 2,4-dichlorobenzoni- sulfonic acid, disodium salf), have been investigated.

trile (3a) has been described. The physical and spectroscopi-
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ple, the analysis of gunshot residues provides evidence falroxynaphthalene-3,6-disulfonic acid, disodium salt (Fluka).
idues by chemical or spectroscopic means. For common am-

disodium salt, @Na,Og, for lead and barium [1]). Physical

type of ammunition, the classical methods for analysis of e
times boron. For the detection of copper and zinc, the azo dye
reagent for the formation of coloured metal ion complexes

the type of ammunition used. The area distribution of resiHowever, the amin2is not easily obtained [7]. We present a
munition, these leading elements are typically heavy metals

methods are also used for the detection of resideigs (

gunshot residues are naturally not applicable. The bullets have

Chlorindazone D3 has been used in criminology as a suita-

including of copper and zinc [3]. These complexes were meas-
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For the reconstruction of shooting events, gunshot residues Chlorindazone DS can be readily prepared from 3-ami-
are an indispensable aid in forensic investigations. For exanmo-6-chloroindazole?) (see [6] for applications) and 2-hy-
dues around the target is a measure for the shooting distancibstantially simplified preparation @fby using the com-
The gunshot residue is in many cases invisible for the namercially available 2,4-dichlorobenzonitrilgdg) (Merck) as
ked eye. Its detection is performed by measuring certain typstarting material.
ical components of the ammunition (leading elements) in res-
such as lead, barium, or antimony. Preferentially, sensitive /©E</ /@:
wet-chemistry colour reactions with certain complex-form- CI N\ HaN
ing agents have been used for visualizing the area distribu- 3ab
tion of these compounds on a targeg. rhodizonic acid, ' ab
X-ray fluorescence analysis, scanning electron microscopy,
and ICP mass spectrometry [2]).
For more than ten years a new ammunition is available, the
so-called ‘toxin-reduced’ or ‘lead-free’ ammunition. For this
lead cores that are surrounded by a copper/zinc alloy and do
not leave behind traces of lead or of other heavy metals typi-
cal for conventional ammunition. However, such ammuni-
tion leaves behind copper and zinc as telltale metals, some-
ble reagent [2]. The coloured reaction products are highly
specific for these elements: ChlorindazoneID§enerates a
purple complex with zinc ions and a blue one with copper
ions [3]. Chlorindazone D$was first described in 1969 as a
ured by spectrophotometric methods [4]. Besides these agschemel Preparation of 3-amino-6-chloroindazo® énd
plications, indicator strips containing Chlorindazone DS of the azo dyes Chlorindazone D&nd 1-(3'-chloro-4'-cy-
subsequently have been used for measuring calcium and magpobenzene-1'-yl-azo)-2-hydroxynaphthalene-3,6-disulfonic
nesium ions in water [5]. acid, disodium salty)
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Results and Discussion disulfonic acid (Fluka) in an analytically pure form and ex-
cellent yield. Ultracentrifugation for the separation and sub-

. . . . sequent isolation df is essential. Physical and spectroscop-
Reaction of 2-bromo-4-chlorobenzonitr@e with hydrazine  ; : :

hydrate [7] or treatment of the 4-chloro substituted diazo-'c(fatI prqpeglezrsh(N dMR’ IR) h'th%rto TjOt re%or(tje_d tk;]avg been
tized 2-cyanoaniline with Sngih HCI [9] gives 3-amino-6- etermined. The dye— prepared as described in the Exper-

, . : . imental part — forms a compound with one molecule of etha-
chioroindazoleZ). The yield for the indazole derivaties nol in its molecular unit, as verified by thermogravimetric

low, but the substance is the indispensable precursor of the, v is” TGA). elemental analysis, and NMR spectra. Its
complex-forming reagerit The synthesis of the indazdte thermical decomposition starts at 287 °G,(E).

 We roated as staring material commercially avaiiable 2,4, PO/ te Synthesis o the reagent Chiorindazond nsie
dichlorobenzonitrile 3a) (Merck) with two equivalents of should be taken not to use 3-amino-6-chloroindaz)ledn-

X ; ; S . taminated with 2-chloro-4-hydrazinobenzonitride) for the
hydrazine hydrate iN-methylpyrrolidone to obtain in a final ; g ; . ;
yield of 21% 3-amino-6-chloroindazol&)( Unfortunately, following reason: Like the amir the substituted hydrazine

the hvdrazine reacts preferentially wakLin the 4-position 4aforms with NaNQ and an excess of hydrochloric acid a
€ nydrazine reacts preie y WHg P substituted benzene diazoniumchloride (3-chloro-4-cyanoben-
to form 2-chloro-4-hydrazinobenzonitrildd). As a result,

the final reaction mixture contains besides the desired 3-amf. ' diazoniumchloride), which finally reacts with the diso-

no-6-chloroindazole?) an threefold excess df as deter- g'zuomd;g[ [cifngfl r\c;\)/(ey stgtgﬁzgi;g’rggésﬂgg :/l\;:rll?ctho the
mined by!H NMR spectroscopy. For the separation of thes ' .
components one can take advantage of the differeptakK ®has not been reported before, by spectroscopic methods. The

. ; L . azo dyes forms — carefully drieih vacuo— a dihydrate, as
ues of the aming and the hydrazinda: Acidified with hy- : 4 .
drochloric acid, at pH 2 to 3 the less basic hydragmgre- confirmed both by TGA and elemental analysis. Thermic

cipitates exclusively although not quantitatively; the ar@ine decomposition sets in at 326 “Cold)-

stays in solution as ammonium salt. At pH 4 to 6, a mIXturel’he authers thank Willfried Schramm, Ph. D. (Advanced Di-

ﬁ:iftqlrjal ian:ottf n:]s %f dtzﬁ;nduiﬁilcsagg;a;f](e:gh Ereo;ncr?il:a(\:/gc? agnostics, Battle Ground, WA 98604, USA) for valuable in-
ure, 1so'ation and final p ormations and discussions and Markus Blomenhofer (Uni-
by repeated crystallization from ethanol. — Another metho

for removal minor amounts of the undesideds to form its ersity of Bayreuth, Department of Macromolecular Chem-

hydrazones: Short treatment of a mixture dfand4a with istry 1) for TGA measurements.
acetone at room temperature converts exclusively the substi-

tuted hydrazindaas the stronger nucleophile into its hydra-
zoneb, whereas the amirgremains unchanged. Because the

hydrazoné (R =0.58) is much less polar compare®( All solvents were distilled before use. — TLC: Silica gel

= 0.20) and teta (R; = 0.28), separation by column chroma- 60 Fs4glass plates (Merck). — Melting points: Buechi 510

tography as the method of choice is straightforward (TLC in ! ) )
cyclohexane/AcOEt, 1:1). apparatus. — TGA: STA 409 (Netzsch), heating rate 10

The method described in the literature [7] for synthesizingKé r:lgbaouly'll'vlllg:-spggttgr?]ee}teerr [()yeskilnoélzrﬁlasrs}’)ﬁ—zzl% T;:\ra—
3-amino-6-chloroindazole] starts with the mixed haloni- %AHZ) and 13C (67%4 MHz) NMR: JNM-EX 270 (JEbL)
trile 3b; but the synthesis &b is cumbersome at best. The _ o 0 e oD oic o s Gone BC 1H-shift correlat- ’
use of3b compared t@a has a certain advantage because ite d ZgD-NMR spectr% or — for quarternar,y carbon atoms — by
gﬁg grroet?pc tll\éehggogne%r? lﬂgig%igbtw;?tﬂzsg;onr:;ggtigeo;]y' comparison of the experimental shifts with the calculated data
3bis almost quantitative and, surprisingly, no 2-bromo-4-hy-[8]' — MS: MAT 8500 mass spectrometer (MAT). — Elemen-

drazinobenzonitrile4b) was mentioned as a side product [7]. EaEII:rr?:%zg. BITOEK Bayreuth, CHNO-Rapid instrument
To confirm these results, we prepared in a multi-step synthe- :
sis1) 2-bromo-4-chlorobenzonitrile3p) starting with 4-
chloro-2-nitrotoluene (Merck) in six steps (overall yield about
15%). But, we were not able to obtain the sizeable yiell of
reported [7] starting frorBb. Only traces of and also ofthe 81.0 g (473 mmol) 2,4-dichlorobenzonitrigsj (Merck) and
new compoundb were formed, most of the starting material 50.6 ml (49.0 g, 1.0 mol) of hydrazine hydrate was treated in
3b remained unchanged. However, reaction of 2-bromo-4425 ml ofN-methylpyrrolidone (4.5 h, 130 °C). The reaction
chlorobenzonitrile 3b) with hydrazine hydrate at increased mixture was poured into 150 ml oftf5HCI and filtered (res-
temperature and reaction time provided 41% of 3-amino-6idue about 10 g);®KOH was added to the filtrate to adjust
chloroindazole%). Although, we achieved under these con- the pH to 2—3. From the mixture, 33.0 g of 2-chloro-4-hy-
ditions a respectable yield, it is at the cost of difficult-to-ob-drazinobenzonitrile4a) separated as white solid and was re-
tain 3b as starting material for the synthesiof moved by filtration. To the filtrate, some mone KOH was
The azo dye Chlorindazone DISwas obtained from 3- added (pH 4-6) and additional 34.0 g of the mixtur2anid
amino-6-chloroindazole2 and 2-hydroxynaphthalene-3,6- 4a (1:1) separated. Repeated crystallization from ethanol

Experimental

3-Amino-6-chloroindazol@) and 2-Chloro-4-hydrazinoben-
zonitrile (4a)

1) via 2-amino-4-chlorotoluene [11], 2-bromo-4-chlorotoluene and 2-bromo-4-chlorobenzoic acid [both 12], 2-bromo-4-chlo-
robenzoylchloride [13] and 2-bromo-4-chlorobenzamide[9] as intermediates
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yielded 16.5 g (21%) &-amino-6-chloroindazol@) as col-
ourless needlesn.p. 222-223 °C ([7] 221 °C)R = 0.20
(cyclohexane/AcOEt 1:1). — IR (KBryfcm-1= 3 210(broad,
NH), 1690 (C=C). — MS (70 eV)n/4%) = 169 (25) [M],
167 (100) [M], 138 (20), 132 (5) [M—CI]. 1H NMR (ds-
DMSO): d/ppm = 5.45 (s, 2H, N}J, 6.90 (dd3J = 8.6 Hz,
4J=1.5 Hz, 1H, H-5), 7.26 (¢)= 1.5 Hz, 1H, H-7), 7.69 (d,
3) = 8.6 Hz, 1H, H-4), 11.50 (s, 1H, NH).13C NMR (ds-
DMSO): dppm =109.3 (C-7), 113.4 (C-9), 118.4 (C-5), 122.4
(C-4), 131.8 (C-6), 142.2 (C-8), 149.8 (C-3).

For analysis, a sample of cruda was recrystallized from
ethanol to yield pur@-chloro-4-hydrazinobenzonitriléta)
as a colourless solign.p. 166.2—-167.9 °CR; = 0.28 (cy-
clohexane/AcOEt 1:1). — IR (KBry/em1= 3317, 3242 (all
NH), 2220 (CN), 1600 (C=C), 1488. - MS (70 eM)Z%):
169 (30) [M], 167 (100) [M], 138 (20), 132 (10) [M—-CI]. —
1H NMR (ds-DMSO): d/ppm = 4.42 (s, 2H, N§J, 6.69 (dd,
3J=8.8 HzAJ= 1.9 Hz, 1H, H-5), 6.90 (¢J=1.9 Hz, 1H,
H-3), 7.49 (d3] = 8.8 Hz, 1H, H-6), 8.11 (s, 1H, NH). —
13C NMR (ds-DMSO): dppm = 96.1 (C-1), 110.2 (C-5), 110.5
(C-3), 118.5 (CN), 135.2 (C-6), 137.0 (C-2), 156.9 (C-4).
Exact Mass for @HgCIN,: Caled.: 167.0250; Found:
167.0250.

2-Bromo-4-chlorobenzonitrilé3b)

A mixture of 6.72 g (28.6 mmol) 2-bromo-4-chlorobenz-
amide [9] and 4.38 ml (7.14 g, 60.0 mmol) thionylchloride
was heated under reflux for 5.5 h. The product was poure

1H NMR (ds-DMSO): dlppm = 4.38 (s, 2H, N}J, 6.73 (dd,
3)=8.8 Hz,4J=2.0 Hz, 1H, H-5), 7.06 (dJ = 2.0 Hz, 1H,
H-3), 7.47 (d,3] = 8.8 Hz, 1H, H-6), 8.05 (s, 1H, NH). —
13C NMR (ds-DMSO): dlppm =98.7 (C-1), 110.5 (C-5), 113.8
(C-3), 119.6 (CN), 126.1 (C-2), 135.4 (C-6), 156.8 (C-4).
Exact Mass for @HgBrNj: Caled.: 210.9745; Found:
210.9745.

1-(3-Chloro-4-cyanophenyl)-2-(2-propenyl)hydraz e

2-Chloro-4-hydrazinobenzonitrild) (170 mg, 1.02 mmol)
was dissolved at room temperature in 20 ml of acetone. After
about 5 min, the solvent was evaporated at room temperature
in vacuoto yield 200 mg (95%) o6 as a white solidm.p.
163.5-164.2 °C (ethanoly; = 0.58 (cyclohexane/AcOEt
1:1). — IR (KBr): vicm1 = 3304(NH), 2217 (CN), 1605
(C=C), 1522, 1483. — MS (70 eMn/4%): 209 (20) [M],

207 (100) [M], 152 (20), 56 (75). 1H NMR (cs-DMSO):
dppm = 1.91 (s, 3H, CH)l, 1.98 (s, 3H, CHl), 7.04 (dd3J =
8.8Hz4)=1.9 Hz, 1H, H-6), 7.21 (dJ= 1.9 Hz, 1H, H-2),
7.62 (d,2J=8.8 Hz, 1H, H-5), 9.62 (s, 1H, NH).13C NMR
(dg-DMSO): dppm = 18.1 (CH), 25.5 (CH'), 98.9 (C-4),
111.4 (C-6), 112.2 (C-2), 118.1 (CN), 135.6 (C-5), 137.0 (C-
3), 150.5, 151.1 (C-1, C=N).

Exact Mass for GH1oCIN3: Caled.: 207.0563; Found:
207.0563.

1-(6'-Chloroindazole-3'-yl-azo)-2-hydroxynaphthalene-3,6-
fisulfonic acid, disodium salEtOH(Chlorindazone DS)

into 50 g of ice/water and stirred for 1 h. The precipitate was

removed by filtration, washed (water), and diilegdacuoto
give 5.90 g (95%2-bromo-4-chlorobenzonitril€3b) as col-

Chlorindazone D& was synthesized from 6.60 g (39.5 mmol)
of 3-amino-6-chloroindazol&) in 120 ml of N HCI, 3.30 g

ourless powder. A sample for analysis was recrystallized fronf46.5 mmol) of sodium nitrite as 20% (w/w) aqueous solu-

cyclohexanem.p. 68.2—69.5 °C ([7] 60 °CR = 0.60 (cy-
clohexane/AcOEt 9:1). — IR (KBry/cm-1= 3075, 307Z4all
CH), 2231 (CN), 1581 (C=C). — MS (70 e\/4%): 219
(19) [M*], 217 (100) [M], 215 (86) [M], 138 (17) [M—Br],
136 (70) [M—Br], 100 (60). “H NMR (dg-DMSO):
dppm =7.71 (dBI=8.4 HzAJ= 1.9 Hz, 1H, H-5), 7.99 (d,
3J = 8.4 Hz, 1H, H-6), 8.11 (d}J = 1.9 Hz, 1H, H-3). —
13C NMR (c-DMSO): dppm = 113.9 (C-1), 117.2 (CN),

tion, and 21.44 g (40 mmol) of 65% (w/w) aqueous 2-hy-
droxynaphthalene-3,6-disulfonic acid (Fluka) in 120 ml 1
NaOH at 5 °C [2]. At pH 71 was collected as a red solid
from the supernatant by centrifugation (30 min, 10 000 rpm)
and carefully washed: (1) with a small amount of water, (2)
several times under vigorous stirring with hot ethanol, and
(3) finally with diethyl ether. After drying, 19.71 g (86%)

was obtained as a dark red powder; TGA (a sample was dried

126.9 (C-2), 129.4 (C-5), 133.4 (C-3), 136.6 (C-6), 139.3 (Cfor 16 h at 130 °C/0.001 Torr; dridds slightly hygroscop-

4).

3-Amino-6-chloroindazol@) and2-Bromo-4-hydrazinoben-
zonitrile (4b)

3.29 g (15.2 mmol) 2-bromo-4-chlorobenzonitriBb) was

treated with 9.60 ml (9.70 g; 194 mmol) hydrazine hydrate in

9.6 ml of ethanol for 8 h at 80 °C. After pouring the mixture
into 40 ml of 31 HCI and removing some solid substance by
filtration, the filtrat was adjusted to pH 8—9 by BOH. The
resulting crystalline solid was removed by filtration and dried
(a mixture of equal amounts ®and4b, IH NMR). Repeated
recrystallization from ethanol gave 1.02 g (39%)Ydkee
above) and

2-Bromo-4-hydrazinobenzonitrilgib), 1.35 g (42%)m.p.
156.0—157.1 °CRf = 0.50 (cyclohexane/AcOEt 1:1). — IR
(KBr): vicmr1=3347, 3320, 328@ll NH), 2213 (CN), 1598
(C=C). — MS (70 eV)m/4%) = 213 (95) [M], 211 (100)
[M+], 198 (36), 196 (40), 132 (20) [M—Br], 116 (30). —
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ic): Tonset= 287 °C; loss of weight until 180 °C is 9.59%
(EtOH: 8.03%). — UV/Vis (HO): Apnax(lg €) = 466 nm (4.05)
with shoulders at 420 nm and 540 nm ([4a] 465 nm (3.99)
and [4e] 466 nm (4.08)). — IR (KBry/cm-1 = 3448(broad,
NH, OH), 1618, 1459, 1190, 1194, 1 056, 1 0384+-NMR
(ds-DMSO): dppm = 7.45 (ddBJ = 8.6 Hz,4)= 1.5 Hz, 1H,
H-5'), 7.77 (d4) = 1.5 Hz, 1H, H-7"), 7.95 (dd) = 8.6 Hz,
4J=1.5 Hz, 1H, H-7), 8.12 (dJ= 1.5 Hz, 1H, H-5), 8.39 (s,
1H, H-4), 8.43 (d3) = 8.6 Hz, 1H, H-4"), 8.56 (4) = 8.6 Hz,

1H, H-8), additionally the signals for EtOH at 1.05 (q) and
3.46 (t). 13C NMR (d-DMSO): dppm = 111.4 (C-7'), 112.5
(C-1), 121.8 (C-4"), 124.5 (C-8), 124.8 (C-5"), 126.1 (C-10),
126.3 (C-5), 128.0 (C-7), 130.9 (C-9"), 132.2 (C-6"), 133.2
(C-9), 135.4 (C-4), 138.3 (C-3), 142.6 (C-6), 145.9 (C-8"),
151.8 (C-3"), 156.9 (C-2), additionally the signals for EtOH
at 18.6 and 56.1.

C;17HyCIN4Na,0;S, - EtOH (572.9)

Calcd.: C39.83 H264 N9.78

Found: C39.00 H2.80 N 9.85.
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1-(3'-Chloro-4'-cyanobenzene-1'-yl-azo)-2-hydroxynaphtha- [5]
lene-3,6-disulfonic acid, disodium salt dihydr&&
[6]

Prepared from 1.67 g (10.0 mmol) of 4-hydrazino-2-chlo-
robenzonitrile 4a) in 30 ml of N HCI, 2.40 g (35 mmol) of
sodium nitrite as 20% (w/w)aqueous solution and 5.36 g (10
mmol) of 65% (w/w) agueous 2-hydroxynaphthalene-3,6-di-
sulfonic acid (Fluka) in 30 mINLNaOH at 5 °C. At pH 7, the
orange-red precipitate was collected by centrifugation and
washed with a small amount of water, ethanol, and diethyl-
ether, then dried, yielding 1.08 g (21%) orange-red powder
of 5 asdihydrate, TGA (a sample was dried for 16 h at 130
°C/0.001 Torr): Tset= 326 °C, loss of weight until 180 °C is
5.83% (2HO: 6.6%). — UV/Vis (HO): A (lg € = 320
(4.08), 480 (4.34) with shoulders at 403 nm and 504 nm. — IR
(KBr): vicm-1=3 445 (broad, OH), 2228 (CN), 1599, 1553, [7]
1500, 1478, 1199, 1039, 9951H NMR: dppm = 7.81

(dd,3) =8.4 HzA)=1.2 Hz, 1H, H-7), 7.87 (d, d&] = 8.8 (8]
Hz,4J=1.8 Hz 1H, H-6"), 7.90 (d¢) = 1.2 Hz, 1H, H-5), 8.01

(d, 3J = 8.8 Hz, 1H, H-5'), 8.06 (dJ = 1.8 Hz, 1H, H-2}), 9]
8.24 (s, 1H, H-4), 8.37 (&) =8.4 Hz, 1H, H-8). LCNMR: |,y

dppm = 107.8 (C-1), 115.7 (C-4'), 116.7 (C-6"), 116.8 (CN),
118.2 (C-2'), 122.8 (C-8), 126.9 (C-10), 127.6 (C-5), 128.3
(C-7), 132.0 (C-3"), 133.4 (C-9), 136.4 (C-5'), 137.5 (C-3),[11]
141.3 (C-4), 142.1 (C-6), 148.4 (C-2), 152.8 (C-1').
C17HgCIN3Na,0,S, - 2H,0 (547.8) [
Calcd.: C37.27 H221 N7.67 [13]
Found: C37.20 H2.46 N 7.47. {
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