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ORGANIC PREPARATIONS AND PROCEDURES INT., 25 (3), 315-319 (1993) 

1,l'-CARBONYLDIBENZOTRIAZOLE AND 1,l'-SULFONYLDIBENZOTRIAZOLE. 

VERSATILE REAGENTS FOR THE DEHYDRATION OF ALDOXIMES AND AMIDES 

TO NITRILES 

Alan R. Kahitzky', Gui-Fen Zhang and Wei-Qiang Fan 

Department of Chemistry, University of Florida, Gainesville, FL 32611-2046 

Aldoximes and primary amides can be dehydrated to nitriles in many ways. Effective reagents for 
the dehydration of aldoximes are acetic anhydride,l diphenyl hydrogen phosphonate (PhO),PHO? 2,4,6 
trichloro-s-triazine? N,Ncarbonyldiimidazole," 1-trifluoroacetyl-imidazole? TiCl, in absolute CCl,? and 
dicyclohexylcarbodiimide in the presence of Et,N and Cu(I1) ions? Recently, 22'-oxalyldi(o-sulfobenz- 
imide) has also been used! Among these, the mildest procedures for the dehydration of aldoximes to 
nitriles utilize N,N-carbonyldiimidazole4 and trichlorotriazine.3 Most of the other preparations of nitriles 
from aldehydes require vigorous acidic or basic conditions?-" tedious work-up procedures, unusual 
nxgentszBJ2 or pyrolysis! Phosphorus pentoxide has been the most common agent for the dehydration of 
primary amides to nitriles,', but several others, including POCI, and CC14-Ph3P,14 TiCl,-Ba~e,~~ phosphorus 
tris(diethylamide)16 and HMPT," have also been used. The present paper illustrates 1.1'-carbonyldibenzo- 
triazole (1) and 1.1'-sulfonyldibenzohiazole (2) to be efficient and versatile agents for the dehydration of 
both aldoximes and amides under mild and neutral conditions. 

1 2 
l,l '-Carbonyldibenzotle (1) and l,l'-sulfonyldibenzotriazole (2) are readily prepared by the 

reactions of 1-(trimethylsily1)benzotriazole with phosgene and sulfuryl chloride, respectively, in excellent 
yields.'*J9 l,l'-Carbonyldibenzotriazole has previously found applications in the synthesis of nucleosides 
and polyprenylpyrophosphate sugars.2021 We have recently demonstrated the utility of these two reagents in 
the preparation of N-alkylbenzotriazoles22 and N-alko~ycarbonylbenzotriazoles.2~ 
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KATRITZKY, ZHANG AND FAN 

RCH=N-OH 1 or2 
T H F )  RCN 

2 
fToluene RCONH, 

3 4 5 

Various aldoximes 3. prepared from aromatic aldehydes and hydroxylamine as previously 
described,N reacted readily with l,l'-carbonyldiberntriazole 1 in refluxing THF to give the carresponding 
nihiles 4 in 64-84% yields. Similar treatment of Cchlorobenzaldoxime with l,l'-sulfonyldibenzohiazole 2 
in THF afforded 4chlorobenzonitrile in 71% yield. Our method gives yields similar to those reported for 
other dehydmting agents (cf. Table 1); however, the process is quite general and should be particularly 
useful for acid- and/or base-sensitive aldehydes. For example, t r i f l u o d c  anhydride q u k  at least two 
equivalents of a base to catalyze the reaction and to remove the acid generated,z while 2.4.6-trichloms- 
hiazine and dicyclohexylcarbodhide are effective only in the presence of pyridins or of hiethylamine and 
Cum)? Treatment of oximes with pchlomphenyl chlomhionoformate in the presence of pyridine gives 
moderate yield of nitriles (42-70%).% In our reaction, just as for many otha dehydrating agents. the stereo- 
chemishy of the aldoxime had little effect on the reactionas both Z and E aldoximes gave similar results, 
and it is likely that the oximes are isomerized undex the reaction condition:' The oximes used and the yields 
of the purified nitriles are summarized in Scheme 1 and Table 1. 

TABLE 1. Dehydration of Aldoxirnes and Amides 
Yield No. R Reactant Product Reagent ) mp. ("C) lit mp. ec) 

4a aldoxime nitrile 1 64 oil Oil 

4b p C c d 4  aldoxime nitrile 1 84 91-93 91-93 

4b p C c d 4  aldoxime nitrile 2 71 91-93 91-934 

4c p C H 3 m 6 H 4  aldoxime nitrile 1 75 57-59 57-594 

4d 3-Py aldoxime nitrile 1 71 51-52 50-524 

4a Ph amide nitrile 2 62 oil Oil 

4c f l H 3 ~ d 4  amide nitrile 2 14 51-58 57-59 

4e pCH30Cd4CH2 amide nitrile 2 83 oil 2a6ns(xnmHg9 

4f 1440H.ICH2 amide nitrile 2 69 oil 183-7/13dgm 

All samples of nitriles were identical ('H and '% NMR) to authentic specimens by independent methods. 

Aromatic and aliphatic primary amides reacted with l,l'-sulfonyldibenzotriazole 2 in toluene to 
give nitriles in good yields (Table 1). Conventional reagents for carrying out the dehydration of amides to 

nihiles, mainly phosphorus compounds, such as POCI, and CC14-Php14 are often toxic and frequently reac- 
tive towards other functional groups. Dehydration of amides by hexamethylphosphoric triamide quires 
heating at EO-240"c.*9 Our method offers possible advantages in the preparation of sensitive nitriles as 
l,l'-sulfonyldiberntriamle and 1,l'carbonyldibenzotriazole can be used for dehydration under neutral and 
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1,l'-CARBONYLDIBENZOTZOLE AND 1,l'SULFONYLDIBENZOTOLE 

RCH=N-OH 

RCONH, 

6 

mild conditions. All cases gave good yields (62-83%). The reactions of primary amides or thioamides with 
NN-sulfimyldiimidazole afforded Nhiles in low to moderate yields (1 149%);" however, N,N-mbonyldi- 
imida7.de is inert toward amides. Our work shows that 1.1'-sulfonyldibenzotriazole is more reactive than 
these two imidazole derivatives. 

The nitriles prepared were characterized by comparisons ('H NMR and 13C NMR) with authentic 
specimens (Table 1). The reaction sequence can be rationalized by the formation of intermediate 6 from the 
reaction of 1 with an aldoxime (or of 7 fmm 2 with an amide), followed by a ready elimination of benzotria- 
zole to give the nitrile as shown in Scheme 1. This mechanism is supported by the isolation of by-product 
benzotriazole. 

In conclusion. 1 ,l'-carbonyldibenzot.riamle and 1 ,l'-sulfonyldibenzotriazole are versarile dehydra- 
tion reagents. They are effective in dehydrations of aldoximes and amides under mild conditions. 

EXPERTMENTAL SECTION 

Melting points were determined on a Kofler hot stage microscope and are uncorrected All the 'H and '% 
NMR spectra were recorded on a Varian VXR-300 spectrometer in CDCl,. The IR spectra were obtained 
on Perkin-Elmer 1640 FTIR spectmphotometer in Nujol. Preparation of 1,l'carbonyldibenzotriazole and 
1,l'-sulfonyldibenzotole were reported previously." Aldoximes were prepared using the literature 
method." THF was dried over sodium and benzophenone and distilled prior to use. 

General Procedure for the Dehydration of A1doximes.- A mixture of an aldoxime (10 mmol) and 1,l'- 
carbonyldibenzotriazole (2.64 g, 10 mmol) or 1,l'-sulfonyldibenzotriazole (3.00 g, 10 mmol) in THF (20 
ml) was stirred under reflux for 24 hrs. The solvent was evaporated and the residue was dissolved in diethyl 
ether, washed with N3C0, (5%. 20 ml) and dried over MgSO,. The solvent was removed and the crude 
nitrile was purified by column chromatography (silica gel, CHCI,). 
General Procedure for the Dehydration of Amides.- A mixture of an amide (10 mmol) and 1,l'- 
sulfonyldibenzotriazole in toluene (20 ml) was refluxed with stirring for 2 hrs. The solvent was removed 
under vacuum. The residue was poured into N%CO, solution (5%. 30 ml) and extracted with diethyl ether, 
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washed with water and dried over MgSO,. The solvent was evaporated and the crude product was purified 
by column chromatography. 
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