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During last decade, many benzotriazol-1-yl derivativeselectron-releasing groups, benzotriazol-1-yl and sulfonyl.
were synthesized by A. Katritzky and others for biologicalWe tried qualitatively to test bond strengths of their C-N and
activities! industrial purposeand simply synthetic interest. C-S bonds by pyrolysis and hydrolysis. For examples, 3-
They reported that benzotriazol-1-yl group (Bt-1-yl) acts agbenzotriazol-1-yl)-3- toluenesulfonylpenta@ke was pyro-
same manner of halogen atohwthough Bt-1-yl group is lyzed in chlorobenzene under nitrogen stream afC7nd
more stable than halogen atoms. This property makes vetyydrolyzed in a closed system at 180, respectively
easy to synthesize the compounds with electron-releasingscheme 3). The pyrolysis 8b gave two compounds, 3-tol-

groups such as amif@cylamind alkoxy, acetoxy? alkyl- uenesulfonyl-2-penter#®(11.2%) by the C-N bond cleavage
thio,® phenylthiol® yraminoalkyt* andy-methoxybenzyf at  and p-toluenesulfoxyp-toluenesulfonatd 0a (8.4%) by the
a-position of (benzotriazol-1-yl)alkyl derivatives. C-S bond cleavage, respectively, and the hydrolysi8bof
gave three compounds, diethylketdiie benzotriazole and
Nd“wjiz N/,wj\,{‘?‘_‘[s)[ @Z p-toluenesulfonic acid as a result of both C-N and C-S bond
@ X2 @ R20 cleavages concurrently. The new compo@nd mixture of
synandanti-form, was formed due to the breaking of the C-
1 2 N bond by heat (see nmr spectrum in Figure 1 and experi-
R1 and R? = -H, -Me, -Et RI and R2 = -H, -Me, -Et mental section). We now presume that the compdidad
Z = -N-,-0-, -S-Aryl/Alkyl Z=-H,-Me

was formed by the breaking of the two C-S bonds, followed
While many (benzotriazol-1-yl)alkyl derivativels with by the dimerization of two sulfonyl groups. Althoughpdi(
electron releasing groups at tleposition, including the toluenesulfonyl) was already reported as a structOkg*
compounds mentioned above, were reported, the derivativd®owever, the nmr spectra of the compodfdhas two dif-
with arene (or alkane)sulfonyl groups were unknown. In thisferent signals of methyl protons and ten carbon-13 signals
study, we synthesized arenesulfonyl derivatives of (benzotrifor two tolyl groups, which supports the structur@a
azol-1-yl)alkane2 for synthetic interest, and we also testedinstead ofLOb. The general information for synthesis of the
pyrolytic and hydrolytic properties of C-N and C-S bonds incorresponding compounds is shown in Table 3.

gave the mono-methylated compoufad(55%) and the di-
methylated compoun@a (30%) respectively (Scheme 2).
The general information for the synthesis of the correspond
ing compounds is shown in Table 3.

The center carbons of the compoufidand8 have two Scheme 1
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1-(Benzotriazol-1-yl)-1-benzenesulfonyl and 1-(Benzotri- ; , CmoH
azol-1-yl)-1-toluenesulfonyl methanda-6| were synthe-
sized from the substituted benzotriazoles in three step soch
(Scheme 1). The general information for the synthesis o
benzotriazol-1-yl derivatives is shown in Table 1 and 2. The X N, .
yields of the last steps were in range of 50-90% (Table 1). Y]@N\}“ N asoaar. @[NN
Lithiation ata-position of 1-(Benzotriazol-1-yl)-1-toluene- \\é@_Z ¥ e
sulfonyl methanebg, followed by the reaction with ethyl ¢° 5
iodide, gave a mixture of mono-ethylated compoutid il x v oz
(50% vyield) and di-ethylated compout (28%), which T & =
were isolated by column chromatography. The methylatior b| Me H H S My o
. . ¢ NO, H H Ny
of 1-(Benzotriazol-1-yl)-1-benzenesulfonyl meth&aeavith ¢ o ® wm A
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Table 1 Yields and general informations for synthesis of benzotriazol-1-yl derivatives

Products reactants solvents & reaction time reaction product yield, %
(mol) reagents (hr) temp. (C) color (rec.sol.§

3aBtH corresponding - - - - -
3b 5-methylBtH o-phenylene- 99(CsHe)
3c 5-nitroBtH diamine(0.1) AcOH(2eq.)/ reddish 97(GsHe)
3d 5-chloroBtH NaNOy(2eq.) 3 0/80 brown 91(GsHe)
3e5,6-dimethylBtH 93(GsHe)
3f naphth[1,2d]BtH 94(CsHe)
4aBt-CH,OH 3a(0.04) Ether/CHO(1.25€eq.) 2 reflux brown 94(EtOH)
4b 5-methyIBt-CHOH 3b(0.04) 87(EtOH)
4c¢ 5-nitroBt-CHOH 30(0.04) 90(EtOH)
4d 5-chloroBt-CHOH 3d(0.04) 96(EtOH)
4e5,6-dimethylBt-CHOH 30.04) 70(EtOH)
4f naphth[1,2d]BtCH.OH 3f(0.04) 92(EtOH)
5aBt-CH,CI 45(0.04) Bz/SOCh(2eq.) 2 reflux brown 81(EtOH)
5b 5-methylBt-CHCI 4b(0.04) 86(EtOH)
5¢ 5-nitroBt-CHCI 4¢0.04) 57(EtOH)
5d 5-chloroBt-CHCI 4d(0.04) 81(EtOH)
5e5,6-dimethyIBt-CHCI 4¢0.04) 82(EtOH)
5f naphth[1,2d]Bt-CH.Cl 4f(0.04) 99(EtOH)
6aBt-CH,SG:Ph 5a(0.05) DMSO/NaSQCesHs 12 40 yellow- 92(EtOH)
6b 5-methylBt-CHSG,Ph 5b(0.02) or NaSQCsH4-CHjs brown 85(EtOH)
6¢ 5-nitroBt-CHSO:Ph 50(0.02) (2eq.) 93(EtOH)
6d 5-chloroBt-CHSO,Ph 5d(0.02) 89(EtOH)
6e5,6-dimethyIBt-CHSO:Ph 5¢0.02) 73(EtOH)
6f naphth[1,2d]Bt-CH2SO.Ph 5f(0.02) 64(EtOH)
69 Bt-CH,SO, Tol 5¢(0.02) 59(EtOH)
6h 5-methylBt-CHSG;Tol 5h(0.02) 50(EtOH)
6i 5-nitroBt-CHSQ; Tol 5i(0.02) 71(EtOH)
6j 5-chloroBt-CHSQO,Tol 5j(0.02) 69(EtOH)
6k 5,6-dimethylBt-CHSOG:Tol 5k(0.02) 48(EtOH)
6l naphth[1,2€]Bt-CH2SC; Tol 51(0.02) 52(EtOH)

3BtH = benzotriazole, Bt- = benzotriazol-1-yl, Ph = phenyl, Toktolyl. ®recrystalizing solvenf0/80 = first step GC & next step 86C.

Table 2 Important spectral data of benzotriazol-1-yl derivatives prepared

Products m/z (rel. intensity) 'H NMR IR
/base ped 0 (CDCh) (KBr, cnmih)

3a - - -
3b 133(69)/104  7.89(d, 1H), 7.63(s, 1H), 7.36(d, 1H), 2.47(s, 3H) 3303, 2773, 1200, 797
3c 164(76)/63  9.23(s, 1H), 8.85(d, 0.67H), 8.30(dd, 0.33H), 7.93(d¢1H) 3312, 1514, 1346, 827
3d 153(100)  7.93(s, 1H), 7.84(s, 1H), 7.48(d, TH) 3323, 1480, 814
3e 147(70)/118  7.64(s, 2H), 2.41(s, 6H) 3306, 2886, 1446, 1210,
3f 169(67)/141  8.44(s, 2H), 8.12-8.06(m, 2H), 7.53-7.43(m, 2H) 3158, 2819, 1231, 768
4g - 8.08(d, 1H), 7.93(d, 1H), 7.59(t, 1H), 7.44(t, 1H), 7.24(br, 1H), 6.05(s, 2H) -
4b 104(100)  7.92-7.71(m, 1H), 7.34-7.11(m, 2H), 6.11(d, 2H), 2.57(s, 3H) 3319, 2946, 1595, 1512
4c 164(100)  8.99-7.95(m, 3H), 7.16(d, 2H) 3206, 2896, 1524, 1348, 1093
4d 153(100)  8.00-7.14(m, 3H), 6.03(d, 2H) 3457, 2949, 1097, 841
e 118(100)  7.69(s, 0.5H), 7.54(s, 1H), 7.41(s, 0.5H), 6.01(s, 2H), 2.33(s, 3H), 2.10(319B))2953, 1074, 842
af 141(100)  8.53-7.38(m, 6H), 7.04(br, 1H), 6.10(s, 2H) 3211, 2953, 1069, 847
5& - 8.06(d, 1H), 7.89(d, 1H), 7.62(t, 1H), 7.46(t, 1H), 6.68(s, 2H) -
5b 181(30)/91  7.90-7.19(m, 3H), 6.30(s, 2H), 2.50(d, 3H) 3035, 1221, 807
5¢ 212(10)/177  9.06-7.82(m, 3H), 6.47(d, 2H) 2949, 1543, 1390, 1097
5d 201(31)/138  7.99-7.30(m, 3H), 6.26(dd, 2H) 2949, 1097, 841
5e 195(41)/132  7.76(s, 1H), 7.35(s, 1H), 6.28(s, 2H), 2.37(d, 3H), 2.10(s, 3H) 2976, 1085, 852
5¢ 217(28)/140  8.61-7.40(m, 6H), 6.09(s, 2H) 3039, 1399, 1066, 855
6a - 8.04(d, 1H), 7.73-7.28(m, 8H), 5.98(d, 1H) -
6b 287(tF)/91  7.85-7.19(m, 8H), 5.80(d, 2H), 2.47(d, 3H) 3001, 1152, 807

6c 132(100)  8.95-7.52(m, 8H), 6.54(s, 2H) 2949, 1565, 1390, 1183
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Table 2. Continued

Products M2 (rel. intensity) 1H NMR IR
Ibase pdd J(CDCh) (KBr, cmi})
6d ; 7.97-7.28(m, 8H), 6.29(dd, 2H) 2943, 1387
6e 301(tF)/91  7.92-7.31(m, 7H), 6.28(s, 2H), 2.39(s, 3H) 2949, 1183, 841
6f - 8.60(s, 1H), 8.09-7.47(m, 10H), 6.40(s, 2H) 2999, 2933, 1305, 1150
6P - 8.03(d, 1H), 7.75(d, 1H), 7.60(t, 1H), 7.46(t, 1H), 7.40(d, 2H), -
7.24(d, 2H), 5.59(s, 2H), 2.42(s, 3H)
6h ; 7.86-7.15(m, 7H), 5.77(d, 2H), 2.48(d, 3H), 2.34(s, 3H) 3004, 2907, 1322, 1152
6i ; 8.95(s, 1H), 8.41-7.30(m, 6H), 6.43(s, 2H), 2.45(s, 3H) 2949, 1565, 1183
6j - 7.84-7.16(m, 7H), 5.80(d, 2H), 2.46(s, 3H) 3080, 2978, 1451, 1152
6k 118(100)  7.69(s, 1H), 7.37-7.16(m, 5H), 5.75(s, 2H), 2.37(s, 3H), 2.35(s, 3H), 2.34(s 288D, 1188, 848
6l - 8.09-7.23(m, 10H), 6.21(s, 2H), 2.38(s,3 H) 2996, 2899, 1320, 1152

3GC/mass spectra (70 eVW)°C NMR dataj4a: 145.53, 132.30, 127.38, 124.12, 119.08, 110.96, 76:241,45 52, 131.64, 128.03, 124.39, 119,37,
109.87, 53.356¢: 130.18, 128.76, 128.71, 124.75, 120.16, 110.34, 77.40, 76.98, 76.56 B Z4&ce. dsolv. = acetone-d
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1-yhalkyl arylsulfonesl2 by the attacking of nucleophiles
may occure easily to give many corresponding alkyl arylsul-
fones, because benzotriazol-1-yl group has very similar
property to halogen atoms as mentioned in the introductioneactions with alkoxide and thioalkoxid&4(and17),*® the
above, and may be substituted by versatile nucleophileseduction {5)*® by NaBH, the reaction with amined),'®
Scheme 4 shows several expected reactions of (benzotriazalnd the Friedel-Craft reactioh8),!’ etc. (Scheme 4). We are
1-yl)arenesulfonyl alkanek2 Grignard reaction1@®),'* the  going to deal with them in the next studies.

Table 3. Analytical and spectral data of compouhd0(see Scheme 2 and 3 for their structures)

oroduct Found Calcd IHNMR 13C NMR
(%) (%) 5(CDCh) 5(CDCh)
7a C,58.72 C,58.52 8.03(d, 2H), 7.76(d, 1H), 7.58(m, 2H), 7.38(m, 5H), 146.13, 134.81, 132.56, 129.24, 129.15,
H,453 H,4.56 6.03(q, 1H), 2.25(d, 3H) 128.76, 128.36, 124.64, 120.17, 111.07,
N, 14.70 N, 14.63 74,51, 12.99
7b  C,60.58 C,60.93 8.05(d, 1H), 7.56(t, 1H), 7.42(t, 1H), 7.29(d, 2H), 146.18, 132.67, 131.61, 129.86, 128.99,
H,5.33 H,5.44 7.15(d, 2H), 5.80(t, 1H), 2.78(qi, 2H2.37(s, 3H), 128.35, 124.61, 120.16, 111.14, 80.35,
N, 13.24 N, 13.33 0.93(t, 3H) 71.69, 21.64, 19.81
8a C,59.69 C,59.78 8.06(d, 2H), 7.56(m, 2H), 7.44(t, 1H), 7.31(t, 1H), 134.61, 132.86, 129.57, 129.24, 128.93,
H,5.00 H,5.02 7.15(d, 2H), 2.35(s, 6H) 128.33, 128.08, 124.37, 120.14, 113.90,
N, 14.00 N, 13.95 81.73, 22.24
8b C,62.18 C,62.95 8.06(d, 1H), 8.01(d, 1H), 7.56(t, 1H), 7.41(t, 1H), 146.52, 145.60, 133.26, 130.42, 129.50,
H,6.17 H,6.17 7.07(d, 2H), 6.82(d, 2H), 2.98(si, ZHP.83(si, 2H), 129.32, 128.05, 124.23, 120.05, 114.14,
N, 12.20 N, 12.24 2.33(s, 3H), 1.19(t, 6H) 87.64, 23.30, 21.61, 8.08
9 C,56.75 C,56.23 7.67(d, 2H), 7.36(d, 2H), 4.17(q, 1H), 3.01(q, 0.4H),  203.02, 180.11, 145.37, 129.70, 129.33,
H,6.34 H,6.29 2.94(q, 0.6H), 2.67(q, 0.6H), 2.60(q, 0.4H), 69.88, 37.16, 21.67, 11.99, 7.48
2.47(s, 3H), 1.40(d, 3H), 1.08(t, 3H)
10 C,60.66 C,60.42 7.47(d,2H), 7.25(d, 2H), 7.21(d, 2H), 7.13(d, 2H), 144.04, 142.02, 140.46, 140.44, 136.47,
H,510 H,507 2.42(s, 3H), 2.38(s, 3H) 130.18, 129.34, 127.59, 21.64, 21.46

aqi = quintet.’si =

sixtet.
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(5-nitroBtH), 3d (5-chloroBtH), 3e (5,6-dimethyIBtH) and
3f (naphth [1,2d]BtH) were prepared by the similar proce-
dure. The general information for the reaction products, sol-
. . vents, reaction times and yields is shown in table 1 and nmr,
- = = ir spectra and GC/mass data in Table 2.

NP ' 1-(Benzotriazol-1-yl)-1-hydroxymethanes To an ether
(100 mL) solution of3b (40 mmol), was added form-
aldehyde (50 mmol), and the resulting solution was refluxed
for 2 hours. After the solvent was removed and water (30
mL) was added, the solid was filtered under reduced pres-
sure. Brown crystal of 1-(5-methylbenzotriazol-1-yl)-1-
hydroxy-methanedb (5-methylBt-CHOH) was recrystal-
: : 1 : . lized in ethanol: yield 87%, mp 118-130©. The compounds
'_j[ - - - 4c¢ (5-nitroBt-CHOH), 4d (5-chloroBt-CHOH), 4e (5,6-di-
ds e TG sl s 2 s e as o methyl-Bt-CHOH) and4f (naphth[1,2d]Bt-CH,OH) were
Figure 1. *H NMR spectrum of 3-toluensulfonyl-2-penter@® (  prepared by the similar procedure. The information of the

_—

(solv. CDC}) reactions and the products is shown in Table 1 and 2.
1-(Benzotriazol-1-yl)-1-chloromethanes To a benzene
/SQ‘Z (80 mL) solution ofdb (33.4 mmol), was dropwise added
R “S024r SOCE (67 mmol, 5 mL), and the solution was refluxed for 2
R2 1 hours. After the solid was washed with water (50 mL) and
R,)\SOZM TRZSNa R 50,4 dried with anhydrous MgS©OBrown crystal of 1-(5-methyl-
13 ng @4 13 benzotriazol-1-yl)-1-chloromethari (5-methylBt-CHCI)
@EN\N was recrystallized in ethanol. Yield 86%, mp 85°86 The
N compoundsse (5-nitroBt-CH,CI), 5d (5-chloroBt-CHCI),
R|)\SOZAr 5e (5,6-dimethylBt-CHCI) and5f (naphth[1,2d]Bt-CH,CI)
AClL 2 ezl were prepared by the similar procedure. The information of
Ar ,{as leONa\ NRZR3 the reactions and the products is shown in Table 1 and 2.
R S0,ar , R s0sar 1-(Benzotriazole-1-yl)-1-arenesulfonylalkanes A mix-
18 )O\R 16 ture of 5b (13.4 mmol) and sodium benzenesulfinate in
R{ SO2r DMSO (30 mL) was warmed at 4C and stirred for 12
Scheme 4 hours. After the product was extracted with chloroform (150
mL), the solution was washed with water (150 mL) 3-4 times
Experimental Section and the organic layer was dried with anhydrous Mg3@d

after the solvent was removed, yellowish brown crystal of 1-

Apparatus for identification of compounds. 'H and  (5-methylbenzotriazol-1-yl)-1-benzenesulfonylmethabb
13C nmr spectra were taken on the Varian XR 300 (BrukeX5-methylBt-CHSO,Ph) was recrystallized in ethanol: The
AVANCE 400), and chemical shifts given in ppm downfield compounds 6¢ (5-nitroBt-CHSG,Ph), 6d (5-chloroBt-
from TMS as the internal standard. IR specta were taken o08H,SO:Ph), 6e (5,6-dimethylBt-CHSO:Ph), 6f (naphth-
the Mattson Research Il Model. And we also used GC/magd,2-d|Bt-CH.SO:Ph),6g (Bt-CH.SO:Tal), 6h (5-methyIBt-
spectrometer (Hewlett Packard 5971A), Elementary AnaCH.SQO:Tol), 6i (5-nitroBt-CHSO:Tol), 6j (5-chloroBt-
lyzer (Carbo Erbo EA 1108) and Melting Point ApparatusCH,SQ:Tol), 6k (5,6-dimethylBt-CHSO,Tol) and 6l

(Jencons 9200). (naphth[1,2d]Bt-CH>SO:Tol) were prepared by the similar
Synthesis of 1-(benzotriazol-1-yl)-1-arenesulfonyl procedure. The information of the reactions and the products
methanes 6. is shown in Table 1 and 2.

5-Methylbenzotriazole 3b (5-methylBtH) To a cold (Benzotriazol-1-yl)alkyl arylsulfone 7 and 8.
solution of 3,4-diaminotoluene (0.1 mol) dissolved in 2 eq. Alkylation of 6aand 6g To6a(10.5 mmol) in THF (80
of glacial acetic acid and 30 mL of water, NaN®lution (2  mL), LDA solution (12 mmol,n-hexane) was dropwise
eq.) in 25 mL of water was once poured, and followed byadded for 10 min at -28 under nitrogen stream, and then
temperature rising at 75-8C for one hour. Oily substance was dropewise added the solution of methyl iodide (12
was formed when stirred for 3 hours in an ice bath. The reagnmol) at an ambient temperature. The reaction mixture was
tion mixture was extracted with 100 mL of chloroform and stirred for 5 hrs at room temperature, and the solution was
washed with distilled water twice. After dried on MgSO poured into ice water (150 g), neutralized with 2% HCI and
the solvent was removed, the crystal was washed with extracted with chloroform (8 50 mL). The organic layer
hexane and was recrystallized in benzene. Reddish browmas dried with MgS®and the solvent was removed. From
crystal of 5-methyl derivative8b of benzotriazole(H-Bt) the residue 1-(benzotriazol-1-yl)-1-benzenesulfonylethane
was obtained in 99% yield. mp 79-&D. The compound3c 7a and 2-(benzotriazol-1-yl)-2-benzenesulfonylprop&ae
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were isolated by column chromatography (Merck silica gel
60/230-400 mesh and toluene : ACOEt=20: 1, 1st @art 3.
2nd part7a). Ethylation ofég gave 1-(benzotriazol-1-yl)-1-
toluenesulfonylpropangb and 3-(benzotriazol-1-yl)-3-toluene-
sulfonylpentan@&b through the similar procedure. The infor-
mation of products and the reactions is shown in Table 3.

Pyrolysis of 8u  8b (1.72 g, 5 mmol) dissolved in chloro-
benzene was heated at 165-1ZGor 20 min under nitrogen
stream. The solvent of the reaction mixture was removed by
distillation under reduced pressure, and from the residue
three compounds, gifoluenesulfonylllOg the starting mate- 5.
rial 8b and 3-toluenesulfonyl-2-pentefigvhich appears as a
mixture ofsynandanti-isomers (not isolated, see Figure 1),
were obtained by column chromatography (toluene : AcCOEt
=20:1). The information of the products is shown in Table
3.

Hydrolysis of 8b:  The water solution (1 mL) &b (1.14
g, 3.3 mmol) and phenylhydrazine (0.76 g, 7 mmol) was
heated at 156C for 1 hr in a small steel bomb which was
tightly closed. After the reaction mixture was neutralized g
with 5% NaOH solution and 10 mL of water was added, the
solution was extracted with GHI, and the solvent was 9.
removed. From the water solutigntoluenesulfonic acid
was recovered and from the residue two compounds werk0.
isolated by column chromatography (toluene : AcCOEt = 20 :
1), which are diethylketone phenylhydrazone (formed froml1-
diethyketonell), benzotriazole. The information of the prod-
ucts is shown in Table 3.
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