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Abstract

Tetrazolyl and benzisothiazolyl naphthylmethylic ethi®esd4(a—e) are stable crystalline compounds that can be synthesised in high yields by
reaction of the corresponding naphthyl methantds€) with the derivatizing agena and2b. Experimental conditions for palladium-catalysed
hydrogenolysis of etherd, 4, with a hydrogen donor and with molecular hydrogen, were investigated. Analysis of the structure and reactivity
indicates that naphthylmethylic ethéand4 are structurally similar to the corresponding benzyloxyderivatives around the ether bond but exhibit
different reactivity. Structural analysis for these compounds is based on crystallographic structure determinations, for 5-(2-naphthylmethoxy
phenyltetrazole3a) and 3-(2-naphthylmethoxy)-1,2-benzisothiazole 1,1-dioxdd® @nd molecular orbital DFT(B3LYP)/6-311G(d) calculations,
for all ethers. It can be concluded from this investigation that 5-chloro-1-phenyltetRazadits as a better derivatizing agent for naphthyl methanols
than 3-chloro-1,2-benzisothiazole-11-dioxite this contrasting with what has been observed with phenols, allylic and benzylic alcohols.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 1,2-Benzisothiazole-3-one 1,1-dioxide (saccharin) has been
frequently used as a key element of biologically active com-

Naphthols and naphthyl derivatives are widely used in organipounds|[13,14] Also, it is a cheap and versatile starting mate-
synthesis, as starting materials, protecting groups or syntheti@al for the synthesis of related heterocyclic derivatiV&s].
intermediate§l,2]. Alarge variety of compounds containing the Benzisothiazolyl and isothiazolyl compounds are used in agri-
naphthalene unit show important applications in crucial areas;ulture, as herbicides, fungicides and pesticiflelg] and in
mainly in pharmaceutical and biotechnological industf&4]. medicing[17].

Tetrazoles and benzisothiazoles have also received much Heterogeneous catalytic transfer hydrogenolysis of aryloxy
attention due to their important applications. Many medicaland allyloxy-tetrazoles and -benzisothiazoles has been used
applications of tetrazole5—8] derive from the fact that the in the hydrogenolysis of phenols and allylic alcohols, and
tetrazolic acid fragment;CNgH, has similar acidity to the car- presents a practical and selective synthetic alternative to other
boxylic acid group—CO2H, and is almost isosteric with it, but methods[18,19] The hydrogenolysis of the -€@H bond is
is metabolically much more stable at physiologic . In  achieved after conversion of the hydroxyl group into an ether
addition, tetrazoles also found application in agricul{d@, as  with the electron-withdrawing heteroaromatic tetrazole or ben-
stabilizers in photography and photoimagiiid] and as gas- zisothiazole. Derivatization weakens the original@bond and
generating agents for airbafg<]. increases the nucleophilic susceptibility of the carbon atom. The

effect of the heterocyclic part of these ethers on th®©®ond
strength has been clarified through X-ray stud@%21] The

* Corresponding author. Tel.: +351 289800100x7642; fax: +351 289819403 X(ent of cleavage and selectivity depends on the nature of the
E-mail address: mcristi@ualg.pt (M.L.S. Cristiano). catalyst. We have also devised experimental conditions for easy
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to carry and selective conversion of benzyl alcohols to toluenedioxide2b, affording high yields of the corresponding tetrazolyl
in good yields, over Pd/C, via transfer hydrogenolysis of the coror benzisothiazolyl ether3 and4, which are stable crystalline
responding benzyl tetrazolyl and benzisothiazolyl ethers, usingompounds amenable to full characterization. A methodology
hydrogen donors. High yields, low reaction times and selectivityfor selective hydrogenolysis of naphthyl methanblwia het-
can be achieved for the reduction, and tetrazolyl and sacchargroaromatic ethedand4, under mild conditions,cheme lis
ethers exhibit similar reactivitj22], interpreted on the basis of provided. Toluene, THF, ethyl acetate and dichloromethane were
structural data obtained by X-ray crystallography and molecutested as solvents. The effect of substituents on the naphthylic
lar orbital calculations. Palladium is normally used because it ising and on the benzylic carbon was also investigated. From
known as a good catalyst for hydrogenolysis and, unlike rhodiunthe results obtained, it is clear that the heteroaromatics tetrazole
or platinum catalysts, does not dearomatise the [233 and benzisothiazole behave differently as derivatizing agents
Continuing our ongoing research program on the synthesim the hydrogenolysis of naphthyl methanol, in sharp contrast
and reactivity of tetrazol\jR4] and benzisothiazolyl derivatives, to what was observed with other hydroxylic compounds. The
we have now investigated the efficiency of tetrazole and bensolvent nature and the introduction of substituents close to the
zisothiazole as leaving groups for heterogeneous catalytic reduether linkage were also found to affect reactivity. An interpreta-
tion of them-extended 2-naphthylic methanols, over 10% Pd/Ction of the reactivity of ether3 and4 is based on their structural
using a hydrogen donor or molecular hydrogen. These alcohobnd electronic features, obtained through solid-state analysis and
are easily derivatized with heteroaromatic chlorides 5-chlorotheoretically, and on comparative adsorption abilities onto the
1-phenyl-tetrazol@a [25] or 3-chloro-1,2-benzisothiazole 1,1- catalyst surface. Considering the observed structural similari-
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ties in ether8 and4 around the reactive center, in keeping with trate was evaporated to dryness at room temperature to give
what had been observed previously with the corresponding ber brown solid. Recristallization from toluene gave compound
zylic derivatives, the presently observed difference in reactivitylb (2.54 g, 13.49 mmol, 90% yield) as pale yellow crystals;

cannot be ascribed to ground state structural features. mp 383-384 K; IR (KBrvmax 3280 (O-H), 2966, 1625, 1513,
1471, 1251, 1085, 983, 804 crhy MS (El): m/z 188 (M]*, 100).

2. Experimental Similarly, 2-naphthyl phenylmethandle) was obtained from 2-
naphthyl-phenyl-ketone (3.00 g, 12.90 mmol). Recristallization

2.1. General ofthe resulting pale yellow solid from toluene gave compoLnd

asyellow crystals (2.52 g, 10.76 mmol, 84% yield); mp 365—-367

All chemicals were used as purchased from Aldrich. Solvent¥; IR vmax 3370 (O-H), 3058, 3027, 2871, 1600, 1492, 1452,
for extraction and chromatography were of technical grade1270, 1120, 1022, 813 cmy; MS (EI): m/z 234 (M]*, 100).
When required, the solvents used in reactions were freshly
distilled from appropriate drying agents before use. Analyti-2.3. General procedure for the preparation of ethers 3
cal TLC was performed with Merck silica gel 6G4z plates
and visualization was accomplished with UV light. Flash chro-  The required naphthylmethylic alcohb(7.00 mmol) in dry
matography was carried out using Merck silica gel 60 (230-400HF (10 mL) was added to a suspension of sodium hydride
mesh ASTM). Melting points were recorded on a Stuart Sci{55-60%, 0.50g, 12.50 mmol) in dry THF (20 mL), at room
entific SMP3 Melting Point Apparatus and are uncorrectedtemperature, under an inert atmosphere. When effervescence
Proton NMR (300, 400 MHz) spectra were obtained on a Varhad ceased (30 min), a solution of 5-chloro-1-phenyltetrazole
ian Gemini 300 FT or a Bruker AM-400 spectrometers using(1.50g, 8.30 mmol) in dry THF (10 mL) was added slowly.
CDCls, with TMS as an internal referenc&£0.0 ppm). Mass The mixture was refluxed with stirring until TLC analysis
spectra were obtained on a VG 7070E mass spectrometer Ilfioluene/acetone 5:1) indicated the absence of starting mate-
electron ionisation (El) at 70 eV. Data are reported in the fornrial. The crude was extracted with dichloromethane G0 mL)
mlz (intensity relative to base = 100). Infrared spectra (IR) wereand the organic layer was dried over anhydrous sodium sulfate.
obtained on a Mattson 1000 FTIR spectrophotometer, over KBiEvaporation of solvent to dryness under reduced pressure and
Elemental analyses were performed in an EA1108-Elementakcrystallization from toluene afforded ethérs
Analyser (Carlo Erba Instruments). Gas chromatography was
carried out on a Chrompack CP9001 instrument fitted with &.3.1. 5-(2-Naphthylmethoxy)-1-phenyltetrazole (3a)
flame ionisation detector and a CP-SIL 5CB capillary column From 2-(hydroxymethyl)naphthalene (1.11g, 7.00 mmol).
(25mx 0.35mm), using 1,2,4,5-tetramethylbenzene as internalhe reaction mixture was refluxed for 2 h. Recrystallization
standard for measurement of relative retention times and fdirom toluene gave compour as colourless crystals (1.70g,
quantification of product yields. GC-MS analyses were per5.63 mmol, 80% yield); mp 412—-413 KH NMR (300 MHz,
formed using a Hewlett Packard 5890 Series Il gas chromatd=DCls): §, 5.80 (2H, s), 7.40-7.60 (6H, m), 7.69-7.72 (2H, d),
graph with a 5971 series mass selective detector (El 70 eV). X.85-7.91 (3H, m), 7.98 (1H, s) ppm; URax2964 (C-H, CHp),
CP-WAX 58CB capillary column with 25 m length and 0.25 mm 1593 (G=N), 1566, 1099, 1070 (G0-C), 1024, 764 cm*; MS
i.d. (Chrompack) was used. The initial temperature sfG®&vas  (El): m/z 302 ([M]*, 100).
maintained during 3 min and then a heating rate @€Bnin was
used until a final temperature of 250 was reached. Adsorp- 2.3.2. 5-[(2-Naphthyl-(3-methoxy))methoxy]-1-
tion experiments were determined by analysis of HPLC chrophenyltetrazole (3b)
matograms, obtained on an Agilent 1100 Series chromatograph From (2-hydroxymethyl-3-methoxy)-naphthalene (1.32g,
with a 655A-22 UV detector and Shimadzu SPD-M6A Photodi-7.00 mmol). The reaction mixture was refluxed for 6 h. Recrys-
ode Array. A Merck LiChroCART 125 column (RP-18u%n)  tallization gave compoundb as pale yellow crystals (1.54 g,
was used and the runs were performed using a mixture of wate.63 mmol, 66% yield); mp 366-368 KH NMR (400 MHz,

and acetonitrile (40:60) as the eluent. CDCl): 8, 3.95 (3H, s), 6.20 (2H, s), 7.20 (1H, s), 7.25-7.45
(4H, m), 7.55-7.58 (1H, 1), 7.65-7.67 (2H, d), 7.80—7.83 (1H,

2.2. Preparation of alcohols 1b and le d), 7.85—7.95 (2H, m) ppm; IRmax 2966 (G-H, CHy), 1590
(C=N), 1556, 1504, 1456, 1251, 1095¢{0—C), 921, 746 crn*;

2.2.1. 2-Hydroxymethyl-(3-methoxy)-naphthalene (1b) MS (EIl): m/z 332 (]M + H]*, 100). Calculated for H16N4Ox:

A solution of NaBH; (0.96 g, 30.00 mmol) in dry ethanol C, 68.66; H, 4.85; N, 16.86. Found: C, 68.38; H, 4.87; N,
(25mL) was added slowly (during 20 min) to a solution of 2- 16.81.
methoxy-1-naphthaldehyde (2.81 g, 15.00 mmol) in dry ethanol
(25 mL) under anhydrous conditions. The mixture was stirred.3.3. 5-[1-(2-Naphthyl)ethoxy]-1-phenyltetrazole (3c)
at room temperature until TLC analysis (dichloromethane From 1-(2-naphthyl) ethanol (1.21g, 7.00 mmol). The reac-
as eluent) indicated the absence of starting material (1 h}ion mixture was refluxed for 20h. Recrystallization from
Dichloromethane (100mL) was added to the reaction mixtoluene gave compourdd as yellow crystals (1.75 g, 5.54 mmol,
ture and the whole was washed with brinex(80mL) and  79% yield); mp 420-422KIH NMR (400 MHz, CDC}):
the organic extract was dried over sodium sulphate. The fil§, 1.95-1.98 (3H, d), 6.30-6.35 (1H, q), 7.30-7.55 (5H, m),



244 L.M.T. Frija et al. / Journal of Molecular Catalysis A: Chemical 242 (2005) 241-250

7.58-7.68, (2H, d), 7.73-8.93 (5H, m) ppm; Max 2981  2.4.2. 3-[(2-Naphthyl-(3-methoxy))methoxy]-1,2-
(C—H, CHa), 1594 (G=N), 1554, 1498, 1382, 1351, 1126, 1055 benzisothiazole 1,1-dioxide (4b)

(C-0-C), 901, 756 cmi'; MS (El): m/z 317 (M + H]*, 66). From (2-hydroxymethyl-3-methoxy)-naphthalene (1.13g,
6.00 mmol). The reaction mixture was refluxed for 4 h. Recrys-

2.3.4. 5-{1-[2-Naphthyl-(6-methoxy)]ethoxy}-1- tallization gave compoundb as pale yellow crystals (1.16g,

phenylietrazole (3d) 3.29mmol, 47% vyield); mp 373-375KH NMR (400 MHz,

From 1-(2-methoxynaphthalen-6-yl)ethanol (1.42g, 7.00CDCh):4,4.12-4.15(3H, s),5.65-5.68 (2H, s), 7.32—7.40 (2H,
mmol). The reaction mixture was refluxed for 20 h. Recrystalt): 7.52=7.56 (1H, d), 7.72-7.85 (4H, m), 7.82-7.87 (1H, s),
lization from toluene gave compourd as pale yellow crys- 8-02-8.05 (1H, d), 8.29-8.32 (1H, d) ppm; iRax 2952 (C-H,
tals (1.60 g, 4.62 mmol, 66% vyield); mp 408-409%4 NMR CHy), 1594, 1450, 1336, 1247, 1182, 1095, 817, 746€MS
(400 MHz, CDCb): 8, 2.00—2.05 (3H, d), 3.95 (3H, s), 5.70-5.75 (EI): m/z 323 (M + NH,] ", 38).

(1H, qg), 7.05-7.25 (3H, m), 7.35-7.38 (2H, t), 7.42—7.45 (1H,
d), 7.70-7.73 (2H, d), 7.80 (1H, s), 7.85-7.88 (2H, d) ppm; |R2.4.3. 3-[1-(2-Naphthyl)ethoxy]-1,2-benzisothiazole
Vmax 2967 (G-H, CHg), 1610 (G=N), 1492, 1378, 1265, 1164, 1.I-dioxide (4c)

1027 (G-O-C), 744 cntl; MS (El): miz 347 (M + NHa4]*, 17). From 1-(2-naphthyl) ethanol (1.03 g, 6.00 mmol). The reac-
Calculated for GoH1gN4O»: C, 69.35; H, 5.34; N, 16.17. Found: tion mixture was refluxed for 6h. Recrystallization from
C, 69.25: H, 5.30: N, 15.93. toluene/dichloromethane (3:2) gave compoudads pale yel-

low crystals (1.05g, 3.12mmol, 45% yield); mp 348-350K;
1H NMR (400 MHz, CDC}): 8, 1.45-1.55 (3H, d), 4.20-4.26
(1H, q), 7.25-7.27 (1H, s), 7.45-7.63 (4H, m), 7.75-7.80 (2H,
d), 7.83-8.10 (4H, m) ppm; IRmax 2926 (G-H, CHy), 1658,
1599, 1450, 1277,1276, 1116, 819, 754¢iyMS (El): m/z 354
([M +NHg4]", 34).

2.3.5. 5-(2-Naphthylbenzyloxy)-1-phenyltetrazole (3e)

From (naphthalene)(phenyl)methanol (1.64 g, 7.00 mmol)
The mixture was refluxed for 36 h. Recrystallization from
toluene gave compounge as pale yellow crystals (1.449,
3.81 mmol, 54% yield); mp 398—400 KH NMR (400 MHz,
CDClg): 8, 6.88-6.90 (1H, s), 7.16—7.20 (1H, d), 7.24-7.26 (2H
t), 7.38-7.44 (3H, m), 7.45-7.65 (5H, m), 7.80-7.87 (2H, m)
7.88-8.05 (4H, m) ppm; IRmax 2956, 1621 (EN), 1565, 1498,
1393, 1354, 1156, 1067 {©-C), 755 cnt; MS (El): m/z 395
(IM +NHg4]™", 10).

'2.4.4. 3-{1-[2-Naphthyl-(6-methoxy)]ethoxy}-1,2-
'benzisothiazole 1,1-dioxide (4d)

From 1-(2-methoxynaphthalen-6-yl)ethanol (1.21g, 6.0
mmol). The reaction mixture was refluxed for 6 h. Recrystal-
lization gave compoundd as pale yellow crystals (1.12g,
3.05mmol, 44% yield); mp 377-380 KH NMR (400 MHz,
2.4. General procedure for the preparation of ethers 4 CDCls): 8, 1.55-1.58 (3H, d), 3.91 (3H, s), 5.05-5.11 (1H,

q), 7.10-7.12 (1H, d), 7.13-7.15 (1H, s), 7.45-7.54 (2H, d),

A mixture of the required naphthylmethylic alcohol 773782 (3H, m), 7.90-8.05 (4H, m) ppm; IRwax 2962,

1 (6.00mmol), 3-chloro-1,2-benzisothiazole 1,1-dioxide 1606, 1460, 1261, 1162, 1074, 1030, 893, 843, 815]CIMS
(1.21g, 6.00mmol) and anhydrous sodium carbonate (3.82 §iy: s/ 384 (M + NH4]*, 43). Calculated for gH17NO4S: C,

35.90mmol) in toluene (60mL), was refluxed with stirring g5 3804: H, 4.66%: N, 3.81%. Found: C, 65.43%: H, 4.65%: N,
until TLC analysis (DCM as eluent) indicated the absence ofy 7404

starting material. The excess of base was filtered off and then
dichloromethane (100 mL) was added to the reaction mixture; 4 5. 3_(2-Naphthylbenzyloxy)-1,2-benzisothiazole
The crude was washed with diluted hydrochloric acid (1M,; 1_gioxide (4e)

3 x 50 mL), then with brine (3« 50 mL) and finally dried over From (naphthalene)(phenyl)methanol (1,41g, 6.00 mmol).

anhydrous sodium sulphate. Evaporation of solvent to drynesphe reaction mixture was refluxed for 24 h. Recrystallization
under reduced pressure and recrystallization from a mixture Qfave compounde as pale yellow crystals (0.95g, 2.38 mmol,

toluene/dichloromethane (3:2) afforded compoudds 34% yield); mp 362-365K!H NMR (400 MHz, CDC}): 6,
5.62 (1H,s), 7.41 (1H, d), 7.50-7.62 (5H, m), 7.65-7.67 (1H, d),

2.4.1. 3-(2-Naphthylmethoxy)-1,2-benzisothiazole 7.70-7.82 (5H, m), 7.94-8.12 (4H, m) ppm;#Rax 3059, 1334,

1,1-dioxide (4a) 1290, 1249, 1184, 748 cm; MS (EI): m/z 417 (M +NHa]*,

From 2-(hydroxymethyl)-naphthalene (0.95g, 6.00 mmol).21).
The reaction mixture was refluxed for 4 h. Recrystallization gave
compound4a as colourless crystals (1.10g, 3.38 mmol, 56%2.5. Typical procedure for transfer hydrogenolysis of ethers
yield); mp 423-425 K;'H NMR (400 MHz, CDC}): 8, 5.10 3 and 4 using sodium hypophosphite
(2H, s), 7.10-7.15 (1H, s), 7.45-7.50 (2H, d), 7.58-7.63 (1H, d),
7.80-7.90(4H, m), 7.92—7.97 (2H, m) 8.05-8.10 (1H, d) ppm; IR  Palladium-on-charcoal (10%, 0.10 g) was added to a stirred
vmax3029 (G-H, CHy), 1427,1311,1184,1043, 748,582t solution of 3-(2-naphthylmethoxy)-1,2-benzisothiazole 1,1-
MS (El): m/z 323 (JM]*, 100). Calculated for gH13NO3S: C,  dioxide (Ba) (0.10g, 0.31mmol) and an internal standard
66.86%; H, 4.05%; N, 4.49%. Found: C, 66.70%; H, 4.17%; N,(1,2,4,5-tetramethylbenzene, 0.10g) in THF (25mL) and the
4.51%. mixture was heated to reflux. Sodium hypophosphite (0.204g,
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1.89mmol) in distilled water (5mL) was added, and theTable1

progress of the reaction was monitored for formation 0fSeIected strugtural data qbtained from X-ray cr_ystallographic ana_llysis and
2-methyl-naphtha|ene by gas chromatography, and for thg}gl_ee?gﬁ;;ziz;l calculations for heteroaromatic naphthylmethylic ethers
disappearance of the starting material by thin layer chro-

matography. Other ethers were treated similarly. Yields forStructure  Bond distances) g”lg"ézf) C7—  Method
transfer hydrogenolysis of ethefs and 4 are presented in a b c
Table 3 3a 1.328 1.472 1.494 1139 X-ray
3a 1.324 1.468 1.498 1152 B3LYP/6-311G
2.6. Typical procedure for reduction of ethers 3 and 4 using 3b 1345 1453 1508 1151 B3LYP/6-311G
molecular hydrogen 3c 1.340 1.495 1513 117.3 B3LYP/6-311G
3d 1.344 1503 1.524 116.3 B3LYP/6-311G
. _ 3e 1.324 1472 1519 116.0 B3LYP/6-311G
Pglladlum—on—charcoal (10%, 0.02g) was gddec_i to a stirred, 1314 1.459 1495 116.2 X-ray
solution of 3-(2-naphthylmethoxy)-1,2-benzisothiazole 1,1-4a 1.324 1.454 1506 119.2 B3LYP/6-311G
dioxide (a) (0.05g, 0.16 mmol) and an internal standard4b 1341 1486 1505 119.6 B3LYP/6-311G
(durene, 0.07 g) in THF (25 mL). The final mixture was trans-4¢ 1343 1494 1514  120.2 B3LYP/6-311G
ferred to a pressure reactor and kept under molecular hydrogen 1338 1500 1519 1186 B3LYP/6-311G
P P yarogga 1.335 1493 1508 119.7 B3LYP/6-311G

(1atm). The reaction was monitored by gas chromatography:
. . . pe a 1 i
Reduction products were identified by GC—MS and by compar=Atom numbering as ischeme 1

ison with standard samples. Other ethers were exposed to similar

reaction conditions. Yields for reduction of eth&and4 are
presented iffable 3 3. Results and discussion

Ground state structural features are often used for predicting
and interpreting reactivitj29]. The effect of converting naph-
thyl methanols in ether3 4 may be assessed through structural
analysis obtained by X-ray crystallography. Crystal structures
of 3-(2-naphthylmethoxy)-1,2-benzisothiazole 1,1-dioxite (
Fig. ) and of 5-(2-naphthylmethoxy)-1-phenyltetrazoBa,(

Oig. 2) were determinedT@bles 2 and B

2.7. Comparative adsorption experiment

A solution of 5-(2-naphthylmethoxy)-1-phenyltetrazGe
(20mL, 1.0x 1004M in THF) was vigorously stirred with
palladium-on-charcoal (15mg) in a round bottom flask for
10 min. The catalyst was filtered off and the remaining solutio
analysed by HPL_C.The percentage of adsorption was cglculate_ Solid-state analysis of compourda shows that there are
by the decrease in ”“? peak area for the compound. This eXpe{\'K/o molecules in the unit cell, but only one will be discussed
mentwas repeated with a solution of 5-((2-naphthylmethoxy)-3;

o) phenytetazoth G0, L.0< 10 “MinTH) {256 Y e dentea o i free s e oo -
and palladium-on-charcoal (15 mg). The percentage of adsorp; Y grap y 9 Y

tion was three times greater for 5-(2-naphthylmethoxy)-lf%he naphthalene skeleton is very similar to that of naphthalene

[30], the same holding for that of the saccharyl skeleton com-
0, - - -3-
Pnheetﬂ)(;gi;ti?&een(flitf)a)zc:reapz ;?)/2)5 ((2-naphthylmethoxy)-3 pared with saccharif81]. Analysis of the bond lengths around

the central ether linkage (sequence of atoms-@¥Z-C8-C9;

Fig. 1 and Table 2 shows that the heteroaromatie-O bond

2.8. Computational details (C7-01) has a length of 131.4pm and the “benzylic>@

o ) . bond length (C803) is 145.9 pm (mean 131.9 and 147.2 pm,

The equilibrium geometries for naphthylmethylic ethersiespectively, for benzyloxy tetrazoles and benzisothiazoles). The

3—4(a—e) were fully optimized at the DFT level of theory pong angle CZ01-C8 is 116.2, near the value required for

with the standard 6-311G(d) basis set, using the Gaussiag, s hybrid. The length for bond G&9 is 149.5 pm (mean

98 program[26]. DFT calculations were carried out with the 149 8 for benzylic derivatives) and is unexceptional for aCH

three-parameter density functional abbreviated as B3LYP, whicRgnnected to an aryl rini@2]. Thus, the bond to be hydrogenol-

includes Becke’s gradient exchange correcf#] and the Lee, ysed, C801, is very long, whereas bond €@1 is very

Yang and Parr correlation functiorf@B]. No symmetry restric-  ghort.

tions were imposed on the initial structures. Selected results for Crystallographic analysis & reveals general features sim-

compoundsi—4(a—e) obtained with Gaussian 98 are presentedijar to 4a. Analysis of the bond lengths around the central ether

in Table 1 linkage in3a (sequence of atoms €D1-C8-C9; Fig. 2 and
Table 2 shows that the heteroaromatic-O bond (C7O1)
2.9. X-ray crystallographic studies has a length of 132.8 pm and the “benzylic=QG bond length

(C8-01) is 147.2pm (mean 131.9 and 147.2 pm, respectively,
Experimental data for the X-ray diffraction studies of for benzyloxy tetrazoles and benzisothiazol@2). The length
crystalline 5-(2-naphthylmethoxy)-1-phenyltetrazoba)(and  for bond C8-C9 is 149.4 pm (mean 149.8 for benzylic deriva-
3-(2-naphthylmethoxy)-1,2-benzisothiazole 1,1-dioxidéa)( tives) and is again unexceptional for a £konnected to an
are presented ifiables 2 and 3 aryl ring [31]. Thus, for the tetrazolyl derivativ@a the bond
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Table 2

Selected bond lengths and angles for 5-(2-naphthylmethoxy)-1-phenyltetraapén@ 3-(naphthalen-2-methoxy)-1,2-benzisothiazole 1,1-dio>dim)a(é, °)

3a 4a

N(3)—N(4) 1.370(2) N(3)N@4)—C(1) 122.31(17) C(HC(6) 1.380(4) C(2rC(1)y-C(6) 122.6(3)
N(3)—N(2) 1.294(2) C(AN(@4)—C(1) 130.83(18) C(1)yS(1) 1.768(3) C(C(1y-s(1) 130.1(2)
N(4)—C(7) 1.339(3) N(2-N(@3)—N(4) 106.47(17) C(6yC(7) 1.469(4) C(6yC(1)-S(1) 107.3(2)
C(7-N(1) 1.312(3) N(1)yC(7)-0O(1)  128.40(2) C(AN(1) 1.293(4) N(IyC(7y-0O(3) 123.7(3)
C(7-0(1) 1.328(3) N(LC(7yN(4) 111.00(2) C(AH0(1) 1.314(4) N(IL}C(7)-C(6) 118.4(3)
C(8-0(1) 1.472(3) O(LC(7y-N(4)  120.61(19) C(8)O(1) 1.459(4) O(3yC(7C(6) 117.8(3)
C(8)—C(9) 1.494(3) O(LyC(8y—C(9) 106.71(18) C(8YC(9) 1.495(5) O(3YC(8yC(9) 107.8(3)
C(9)-C(10) 1.363(3) C(AN(1y-N(2) 104.26(18) C(9yC(10) 1.406(5) C(AN(1y-S(1) 108.9(2)
C(10y-C(11) 1.427(4) C(AHO(1)y-C(8) 113.93(17) C(9HC(18) 1.359(5) C(AO(1)y-C(8) 116.2(2)
N(1)—N(2) 1.380(2) N(3N(2)—N(1) 111.40(17) N(¥S(1) 1.663(3) N(1FS(1)-C(1)  95.88(14)
N(2)—N(3—N(@4)—C(1) —-179.8(2) S(1XC(1)-C(2)—C(3) —177.4(3)

N(2)—N(3)—N(4)—C(7) —0.3(2) C(2-C(1)y-C(6)—C(7) 178.5(3)

N(3)—N(4)—C(7)—N(1) -0.3(2) S(1)-C(1)y—C(6)—C(7) -2.7(3)

N(3)—N(4)—C(7)-0(1) 179.6(2) C(4C(5)-C(6)—C(7) —179.7(3)

O(1)-C(8)—C(9)—C(10) 68.3(2) C(1rC(6)—C(7)—N(1) 1.9(5)

O(1yC(7N(1)y—N(2) —179.4(2) C(1yC(6)-C(7-0(1) —-178.4(3)

N(4)—C(7y—N(1-N(2) -0.1(2) O(1)-C(8)—C(9)—C(10) 80.1(5)

N(1)—C(7-0O(1)—C(8) 3.2(2) S(LXN(1)—C(7-0(1) —179.6(3)

N@4)—C(7y-0(1)-C(8) —175.9(2) C(6)-C(7)—-N(1)—S(1) 0.07(16)

C(9-C(B8)-O0(1)yC(7) —175.9(2) N(13-C(7y-0O(1)—C(8) —0.9(2)

C(7)-N(1)—N(2)—N(3) 0.0(2) C(8)-O(1)—C(7y—C(6) 179.3(4)

N(4)—N(3)—N(2)—N(1) 0.2(2) C(7y-O(1)-C(8-C(9)  —175.5(3)

to be hydrogenolysed, €®1, is also very long, whereas bond

obtained for the bond lengths and angles{O7—-C8) through-

C7-01 is considerably shortened. out the series of naphthyl ethe¥s—e and4b—e (Table 1 bonds
Theoretical calculations for the naphthylmethylic eth®&rs a, » andc in Scheme }, are very similar to those obtained by

4 were performed with the Gaussian 98 program package as-ray crystallography for derivative3a and4a. Thus, all ethers

described in the experimental section. Selected results presentark structurally similar around the central ether linkage.

in Table l1are in perfect agreement with data obtained by X- The favourable delocalisation of the ether oxygen lone pair

ray crystallography for compoun@a and4a. Also, the values on the heteroaromatic system by an effective p-conjugation in

Table 3
Experimental data for the X-ray diffraction studies on crystalline 5-(2-naphthylmethoxy)-1-phenyltet@®aled 3-(naphthalen-2-methoxy)-1,2-benzisothiazole

1,1-dioxide ga)?

Formula
Formula weight
Crystal system

Cell parameters at 213K
a(A)
b (A)
c(A)
a ()
B()
4O
Volume (A3)
VA
Calculated density (mgn¥)

Linear absorption coefficient (mm)

F(000)
0 range {)

Reflections collected, unique

Completeness to Refinement method

Data, restraints, parameters
Goodness of fit o2

Final R indeces [> 20 (/)]

R indeces

Absolute structure parameter
Largest diff. peak and hole (A3)

G7H12N40
288.31
Triclinic

6.4787(13)
9.4652(19)
12.824(3)
98.72(3)
100.03(3)
97.28(3)
755.9(3)
2
1.267
0.083
300
2.20-24.25
4164, 2239ifit) =0.0392]
0 =226.06, 92.6% full-matrix least-squares Bh
2259/0/208
0.868
R1=0.0413, vk2 =0.0907
R1=0.0783, vk2=0.1030
—0.03(5)
0.179 and-0.206

Ci1gH13NO3S
323.35
Orthorhombic

14.504

12.884

16.040

90

90

90

2997.3
8

1.433

0.231

1344

2.11-22.99

16226, 4087R{int) =0.0537]
#=22.99, 100.0% full-matrix least-squares h

4087/1/415

0.906
R1=0.0345, vk2 =0.0688
R1=0.0463, k2 =0.0715
0.08(7)

0.330 and-0.257

a8 SHELXL 97: Program for the Refinement of Crystal Structures, Universitutjriigen, 1997.
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Fig. 1. Crystal structure of 3-(2-naphthylmethoxy)-1,2-benzisothiazole 1,1-didaide

ethers3a and4a is the cause for the increase in the “benzylic’  For the unsubstituted 2-naphthyl tetrazolyl etBgrtransfer
bond lengthsFrom these data, it is clear that structural featureshydrogenolysis is achieved quantitatively after 5min in THF,
around the ether linkage are similar for naphthyl derivatd/@ds 10 min in ethyl acetate and 30 min in DCM, under reflux. At
and for the benzylic analoguf22]. These results have provided roomtemperature hydrogenolysis still occurs selectively in THF,
further evidence that both tetrazolyl and saccharyl rings (X irbut is slower (1 h; entries 1, 2). Using molecular hydrogen,
ethers3 and4; Scheme Jexhert similar electron-withdrawing hydrogenolysis of this ether also occurs selectively, in over 90%
effects, resulting in an activation of the “benzylic” bond towardsyield, in refluxing THF or at room temperature (2 h; entries 4, 6).
hydrogenolysis. On extended reaction times (18 h), hydrogenation of 2-methyl

Experimental conditions were tuned for reduction of ethersnaphthalenéa is observed in high yield, at room temperature,
3,4 to naphthyl derivative§ over palladium on charcoal (10%), but much less in refluxing THF (87% versus 8%; entries 5, 7).
using a hydrogen donor or with molecular hydrog8olfeme 1 Thus, hydrogenolysis &fa can be achieved in excellent yields
andTable 4. The reaction times reported correspond to the maxin refluxing THF, with sodium phosphinate or molecular hydro-
imum yields obtained for each set of reaction conditions. Sodiungen. With this source of hydrogen, further reductiorfafcan
hypophosphite is known as an effective reducing agent for cabe obtained in very high yields by extending the reaction time,
alytic hydrogenolysis and hydrogenation of several functionabht room temperature.
groups and was also used in the present investig$®ipy33] The introduction of a methoxy group on position 3 of the
Toluene, THF, ethyl acetate and dichloromethane were tested aaphthyl ring (compoundb) appears to alter substantially
solvents. The effect of substituents on the naphthylic ring anthe reactivity. Maximum yields ofb obtained are 59 and
on the benzylic carbon was also investigated. 35%, in THF and toluene respectively (5h; entries 10, 11).
In order to clarify the reasons for this difference in reactivity,
comparative adsorption experiments for compoufasand
3b were carried out. From these experiments, it was observed
that, in the same experimental conditions, the percentage of
5-(2-naphthylmethoxy)-1-phenyltetrazole adsorbed onto the
catalyst surface was about 3 times greater than that of 5-((2-
naphthylmethoxy)-3-methoxy)-1-phenyltetrazole (8.5% versus
2.8%). Thus, the methoxy group appears to hinder adsorption
of ether3b onto the catalyst surface, resulting in a decrease
in yield of hydrogenolysis. This effect is more pronounced in
toluene than in THF, because the former competes more for
active sites than the later.

The introduction of a methyl group on the benzylic car-
bon (compoundc) also results in a decrease in the yield of
hydrogenolysis and an increase in time of reaction. Maxima
of 55 and 47% yields of 5c are obtained after 6 h, in THF and
toluenerespectively (entries 12, 13). If the methyl group attached
to the benzylic carbon is replaced by a phey) the yields of
Fig. 2. Crystal structure of 5-(2-naphthylmethoxy)-1-phenyltetra3ale hydrogenolysis are similar to those obtainedJor(entries 12,
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Table 4
Experimental conditions and yield for the transfer reduction of heteroaromatic naphthylmethylic3ether{a—e) to give compound$, 6 and7(a—e)
Entry Ether Solvent Temp®C) Hydrogen source Reaction time Yiélsl (%) Yield® 6/7 (%)
1 3a THF Reflux NabPG,/H,0 5min 99 -
2 3a THF 25 NakPG,/H,0 1h 83 -
3 3a Toluene 25 NakPO,/H,0 1h 80 -
4 3a THF Reflux H (1atm) 2h 92 -
5 3a THF Reflux H (1 atm) 18h 82 8
6 3a THF 25 H (1atm) 2h 90 -
7 3a THF 25 H (1 atm) 18h 2 87
8 3a DCM Reflux NabPO,/H,O 30 min 96 —
9 3a Ethyl acetate Reflux NagPO,/H,0 10 min 91 -
10 3b THF 25 NakPOG,/H,0 5h 59 -
11 3b Toluene 25 NakPO,/H,0 5h 35 -
12 3c THF 25 NakPOG,/H,0 6h 55 -
13 3c Toluene 25 NakPO,/H,0 6h a7 -
14 3d THF 25 NakPQG,/H,0 6h 61 -
15 3d Toluene 25 NakPO,/H,0 6h 44 -
16 3e THF 25 NakPO,/H,0 5h 52 -
17 3e Toluene 25 NakPO,/H,0 5h 33 -
18 4a THF Reflux NahPO,/H20 15h 70 -
19 4a THF 25 NabPG,/H,0 19h 57 -
20 4a Toluene 25 NakPG/H20 24h 40 -
21 4a THF Reflux H (1atm) 2h 84 -
22 4a THF Reflux H (1 atm) 18h 81 3
23 4a THF 25 H (1 atm) 2h 23 -
24 4a THF 25 H (1 atm) 18h 5 16
25 4a DCM Reflux NakPG,/H,0 3h 43 -
26 4a Ethyl acetate Reflux NaHPO,/H,0 4h 35 -
27 4b THF 25 NakPO,/H,0 15h 42 -
28 4b Toluene 25 NakPO/H20 15h 20 -
29 4c THF 25 NakPO,/H,0 19h 46 -
30 4c Toluene 25 NakPO,/H20 19h 15 -
31 4d THF 25 NakPO,/H,0 19h 37 -
32 4d Toluene 25 NakPO,/H20 19h 17 -
33 4e THF 25 NakPO,/H,0 23h 37 -
34 4e Toluene 25 NakPO,/H20 23h 31 -

2 Obtained by gas chromatography with reference to durene as internal standard.

13 and 16, 17). Comparing results obtained for compaknd the time of reaction dearomatization &f is favoured (entries
with those obtained for compourdd indicates that the intro- 23, 24).

duction of a methoxy group on the naphthylic ring in position It appears from these results that the best set of conditions for
7 does not appear to further affect the reactivity (entries 12, 18elective hydrogenolysis of ethé4 requires molecular hydro-
and 14, 15). gen in refluxing THF.

In all equivalent sets of experimental conditions, the As was observed for etheBsthe introduction of a methoxy
hydrogenolysis of benzisothiazolyl ethdrs slower and lower group on the naphthylic ring, adjacent to the ether linkaid, (
yielding than that of the corresponding tetrazolyl ethers. Thisa methyl, or a phenyl group on the benzylic carbéngndd4e)
behaviour contrasts with what was observed for benzyloxyteresults in a decrease in reactivity (entries 27, 28; 29, 30 and 33,
trazoles and -benzisothiazolg?], since these exhibited simi- 34, respectively). In keeping with what had been observed for the
lar reactivity. For the unsubstituted benzisothiazolyl derivativecorresponding tetrazolyl derivatives, substituents in positions
4a, hydrogenolysis using sodium hypophosphite is also seleclose to the reaction centre hinder the adsorption of the substrate
tive, but much slower and low yielding than for the tetrazolyl onto the catalyst, inhibiting H-transfer. Again, the effect is more
derivative3a. Maximum yields obtained are 70, 43 and 35%, in pronounced in toluene because less active sites are available, for
refluxing THF, DCM and ethyl acetate respectively (entries 18substrate adsorption.

25 and 26). At room temperature, the product yield lowers to 57 Dearomatization o5 only occurs when using molecular
and 40%, in THF and toluene respectively (entries 19, 20). Fonydrogen, and is only of some meaning in terms of yields if the
etherda, the best product yield (84%) and lower reaction timesystem is kept at room temperature. Under reflux, the percent-
(2 h) are obtained when using molecular hydrogen in refluxingage of conversion df in tetrahydronaphthalené/{) is very low

THF. On extended heating to 18 h, dearomatizaticfaafccurs  (entries 5, 22). Yields of tetrahydronaphthalene are much higher
in only 3% yield (entries 21, 22). However, at room temperaturdrom ether3a than from etheda. For hydrogenation to occur,

the maximum product yield decreases to 23%, and on extendingethylnaphthalene has to be adsorbed onto the catalyst surface.
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