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Abstract - Imidoylhenzotriazoles were prepared from the corresponding 

amides and 1.1'-sulfinyldibenzotriazole, generated in situ from l-trimethyl- 

silylbenzotriazole and thionyl chloride. The imidoylbenzotriazoles are stable 

precursors for the synthesis of imidates and thioimidates. 

Imidoyl chlorides are useful and versatile intermediates in organic synthesis.' They are precursors for the 

synthesis of a multitude of functional groups such as imidates,' thioimidates? amid ine~ ,~  imidoyl cyanides,j 

alkylated imines6 etc. Imidoyl chlorides are generally prepared in situ by treatment of the corresponding 

amides with phosgene, diphosgene, oxdyl dichloride, phosphorus pentachloride, phosphorus trichloride or 

arylphosphorane ~hlorides. '~ Although the preparation of imidoyl chlorides normally provides good yields, 

side-reactions such as self-condensation have been reported at elevated temperatures if a-CH groups are 
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present in the imidoyl ~h lo r ide .~  A major disadvantage in the use of imidoyl chlorides is their extreme lability 

towards hydrolysis. Therefore, imidoyl chlorides are seldom isolated or purified. 

We previously8 described the preparation of a series of I-imidoylbenzouiazoles (4) and called attention to their 

potential use as stable substitutes for imidoyl chlorides. The imidoylbenzotriazoles (4) were previously 

obtained by treatment of secondary amides with phosphorus oxychloride in the presence of triethylamine and 

trapping of the intermediate imidoyl chlorides by benzotriaz~le.~ This method gave good results for 

imidoylbenzotriazoles with aromatic suhstituents on nitrogen. We now describe a method which is more 

general and allows the synthesis of N-alkyl substituted imidoylbenzotriazoles. We have now studied the 

reactions of 4 with sodium alkoxides and sodium thiolates (Scheme 2). 

RESULTS AND DISCUSSION 

Preparation of 1,l'-sulfinyldibenzotriazole (2) in situ for the preparation of imidoylbenzotriazoles (4). 

1.1'-Sulfinyldiimidazole as an imidazole transfer reagent has recently been reviewed? 

1,l'-Sulfonyldihenzotriazole has also shown to he a versatile reagent for the dehydration of aldoximes and 

amides to nitriles."' However, the analogue l,l'-sulfinyldibenzotriazole (2) has not been previously reported. 

We now describe the preparation in situ of reagent (2) and its use as a benzotriazole transfer reagent for the 

conversion of amides to imidoylhenzotriazoles (4). 

1,l'-Sulfinyldibenzotriazole (2) was prepared from I-uimethylsilylhenzotriazole and thionyl chloride at 0-20 

O C  in tetrahydrofuran; its suucture was supported by nmr data. It is stable in THF solution under an anhydrous 

atmosphere hut is decomposed instantaneously to benzotriazole by water. In all cases, we used the solution of 

l,l'-sulfinyldibenzotriazole (2) directly for the next step. 

Imidoylbenzotriazoles (4) were prepared from amides and 1.1'-sulfinyldihenzottkdzole (2) at 20 'C (Scheme 

I). The mechanism for the formation of 4 probably involves intermediates such as 3 which are similar to those 

found in the reaction of amides with phosphorus halides. Dissociation of l,l'-sulfinyldibenzotriazole leads to 

the formation of the benzotriazolylsulfinium cation which adds to the amido oxygen. Consequently, 

henzotriazolate attacks the imonium function of 3 with subsequent elimination of the henzotriazolylsulfinate 

ion (Scheme I). 
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Scheme 1 

Table 1 : Preparative Data of Imidoylbenzotriazoles (4). 

Yield Lit. mp or CHN Analysis 
R2 

Molecular 
No. R1 Found (Required) 

(%) Hz Formula H% N% mp(OC) C% 

4h Me p-EtOC6H4 25 10010 Cl,Nl,N40 99-100 68.55 (68.55). 5.84 (5.73, 19.77 (19.99) 

4i p-MeC6H4 Ph 62 90110 CmHL6N4 100.101 76.84 (76.90). 5.13 (5.161, 18.09 (17.94) 

4j p-Bfi6H4 i-Bu 58 79/21 C17H17N4Br 73-74 57.41 (57.1% 4.95 (4.80). 15.52 (15.68) 

" 67% yield and >80% yield calculated based on the 'H nmr spectrum. 

Products (4) were purified by column chromatography; preparative and spectroscopic data are summarized in 

Tables 1, 3 and 4. The characteristic carbon signals of C=N in the "C nmr spectra appeared at a higher field 

(ca. 154 ppm) than the corresponding C=O signals of the amides (ca. 165 ppm), which is especially imponent 

for monitoring those reactions in which the products readily decompose on tlc. Most imidoylhenzotriazoles (4) 

thus prepared were obtained as a mixture of E and Zisomers according lo the nmr spectra presumably with thc 

E-isomer, derived from the more stable (Q-benzouiazolylsulfinium cation (3) (Scheme 1) via an 

additionlelimination mechanism, predominating. 4h was ohtained as a single isomer, presumably this is also 
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Scheme 2 

Table 2: Preparative Data of Imidates (5), Compound (7) and Thioimidates (8) 

R ~ , ~  

NaSR I ROH, 20 OC 
or NaSRfTHF, reflux 

8 

i-Pr 

Cpd. Reaction yield bp Molecular CHN Analysis. Found (Required) 
Solvent (%) (OClmmHg) Formula C% W% N% 

5a Methanol 85 77-79/10" C9Hl,N0 

5b Ethanol 70 51-54/2b C1$3,,NO 
5d Methanol 72 oil C ~ z H ~ 7 h " =  75.71 (75.39). 8.95 (8.90), 7.10 (7.33) 

5e Ethanol 43 oil C I ~ H I ~ N O  75.71 (76.00), 9.12 (9.33), 6.87 (6.87) 

7C Ethanol 8 oil CI,HI~NO 75.66 (76.00), 9.10 (9.33). 7.15 (6.87) 

8a Ethanol 94 oil C I ~ H I ~ N S  79.96(80.30), 6.90(7.16), 5.91(5.85) 

8b Ethanol 91 oil CZIHWNS 79.17 (79.46), 6.03 (6.03). 4.41 (4.41) 

8c THF 77 oil C I I H I ~ N S  68.61 (68.36), 7.97 (7.83), 7.22 (7.25) 

8d THF 90 oil C I ~ H I ~ N S  76.12 (75.79), 7.33 (7.11), 5.11 (5.20) 

"Lit. bp" 91-92 oU17mmHg; lit. bpl' 212-213 "C; CNmr data of compound (7): 'H Nmr S 0.94 , 
(d, J=6.8Hz,3H),0.96(d,J=6.8Hz,3H),1.24(t,J=7.0Hz,3H),1.98(septet,J=6.8Hz,1H), 3.35 

(m, In), 3.59 (m, lH), 4.35 (d, J = 6.8 Hz, lH), 7.45 (m, 3H). 7.80 (m, 2H), 8.32 (s, 1H); 13C Nmr S 
15.11, 17.61, 17.88, 33.84.64.09, 102.11, 128.19 128.56, 130.86, 135.77, 158.99. 
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Table 3 : 'H Nmr Data' (6, multiplicity, J (Hz), integration) of Imidoylbenzotriazoles (4). 

Benzouiawl-I-yl group 

No 1 K 4  H-5 H-6 H-7 

4a 

4b 

4c 

8.16 7.15 7.67 8.46 
(d, 8.3) (t, 8.3) (t, 8.3) (d, 8.3) 

8.14 7.50 7.62 8.48 
(d, 8.3) (t, 8.2) (t, 8.2) (d, 8.3) 

8.08 7.50 7.62 8.51 
(d, 8.3) (m) (m) (d, 8.3) 
8.10 7.48 7.60 8,47 

(d, 8.3) (m) (m) (d, 8.3) 

4e 

4f 

8.10 7.46 7.58 8.45 
(d, 8.2) (d, 8.1) (t, 8.1) (d, 8.2: 

8.11 7.46 7.56 8.43 
(d, 8.3) (t, 8.3) (t, 8.3) (d, 8.3) 

8.08 7.42 7.66 8.51 
(d, 8.3) (I, 8.2) (I, 8.2) (d, 8.3) 

7.95 7.33 7.45 8.27 
(d, 8.3) (m) (m) (d, 8.3) 

8.12 7.47 7.60 8.53 
(d, 8.3) (I, 8.2)(t, 8.2)(d, 8.3) 

I 

6.84 (d, 7.8, 2H), 7.02 (t, 7.8, IH), 
7.34-7.43 (m, 5H), 7.22 (t, 7.8, 2H) 

7.20 - 7.60 (m, 10H),n 4.75 (maj., s, 2H). 4.63 (min., s, 2HY 

7.02 - 7.48(m, 5H) 

2.75 (maj., s, 3H). 
3.00 (min., s, 3H) 

2.70 (s, 3H) 

2.76 (s, 3H) 

0.94 (maj., t,7.3, 3H), 0.86 (min., t, 7.3.3H). 
1.46 (maj., m, ZH), 1.30 (min., m, 4H), 
1.73 (maj., m, ZH), 3.55 (maj., t, 6.8, 2H). 
3.35 (min, t, 6.5.2H) 
1.02 (maj., d, 6.7,3H), 0.93 (min., d, 6.7, 3H), 
2.04-2.12 (m, IH), 3.35 (maj., d, 6.5, ZH), 
3.18 (min.,d,6.5,2H), 
3.25 (maj., s, 3H). 3.14 (min., s, 3H) 

6.95 (d, 7.6, ZH), 7.18 (t, 7.6, lH), 
7.42 (t, 7.6, ZH) 

7.00 (d, 8.6, 2H), 7.58 (d, 8.6, 2H) 

1.44 (t, 7.0.3H). 4.06 (q, 7.0, ZH), 
6.87(d,8.8,2H),6.96(d,8.8,2H) 

I I 
"signals for the benzotriazole and aromatic rings of the minor isomers could not be assigned: 
bsignals for R' and R2 could not he assigned; maj. = major isomer, min. = minor isomer. 

2.31 (s, 3H). 6.85 (d, 7.5, 2HL7.02 (t, 7.5, lH), 
7.12(d,7.8,2H),7.20(d,7.5,2H),7.24(d,7.8,2H)b 

7.27 (d, 8.5, ZH), 1.02 (maj., d, 6.6,6H), 0.96 (min., d, 6.6,6H), 

the more thermally stable E-isomer. Acetamide derivatives (4f-h) apparently give higher E-stereoselectivity 

(Table 1). 

7.66 (d. 8.5. ZH) 

Imidoylbenzouiazoles (4) are stable at room temperature for months in a pure state (without any special 

precautions) which makes them the convenient alternatives to the sens~tive imidoyl chlorides. The N-aryl 

substituted imidoylbenzotriazoles (4) are more stable towards hydrolysis than the imidoylhenzotriazole with an 

N-alkyl substituent. Thus, N-aryl substituted imidoylhenzotriazoles can be isolated on a silica gel column, 

while purification of N-alkyl substituted imidoylbenzotriazoles requires a basic alumina column to avoid 

2.07 (m, lH), 3.34 (maj., d, 6.4, ZH), 
3.16 (min., d, 6.6.2H) 

decomposition. 
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Table 4 : I3C Nmr Data' h r n )  of Imidovlbenzotriazoles (4). -. 
Benzotriazol-1-yl group" 

No C=N R' 
C-4 C-5 C-6 C-7 C-7a C-3a 

R2 

4f 119.7 124.3 125.4 115.7 131.3 146.6 154.0 16.2 120.2, 147.3 
129.2 (two signals overlap) 

4g 119.4 125.4 129.3 115.2 130.6 145.9 154.4 16.3 116.6, 122.4 
131.7, 146.1 

4h 119.6 125.3 129.1 115.7 131.3 146.6 156.0 16.2 14.9, 63.7, 115.0 
121.6, 140.2, 154.0 

4i 119.7 125.3 128.9 115.1 131.9 147.0 153.7 110.4, 120.3, 121.3, 123.9, 127.2 
128.7, 130.0, 140.5, 146.3, 21.4" 

4j 119.6 125.1 130.1 115.1 131.6 146.2 153.3 124.3, 128.8 1 20.6 (20.4). 29.9 (29.5) 
131.8 (two signals overlap) 59.1 (59.5) 

" Signals for benzotriazole and aromatic rings of the minor isomers could not be assigned; signals 
for  and RZ could not be assigned; values in brackets correspond to the minor isomer. 

Preparation of alkyl imidates (5) using imidoylbenzotriazoles (4). Reaction of imidoylbenzotriazoles (4) 

with two equivalents of alkoxide in alcohol led to imidates (5) in good to excellent yields (Scheme 2). The 

N-aryl substituted imidoylbenzotriazoles, after basic aqueous work up, gave the imidates (5a-c) with >95% 

purity according to the 'H and 13C nmr spectra. Imidoylbenzotriazoles (4) with R'= aryl (4d) and R'= CH3 (4f. 

with acidic protons) both gave imidates (5) in the same range of yields. The formation of imidates (5) probably 

involves an addition of the sodium alkoxide to the C=N bond followed by the elimination of the benzouiazole 

group. Reaction of N-isobutylimidoylbenzotriazole (4d) with sodium ethoxide gave a mixture of the expected 

imidate (54 and the rearranged product (7) which were isolated in 43% and 8% yields, respectively. With 

methoxide, imidate (5d) was isolated in 72% yield and the rearranged product similar to 7 was detected in 5% 

yield by the IH nmr spectrum but was not isolated. The mechanism for the formation of the rearranged 

product (7) probably involves an RONa-catalyzed-rearrangement of the C=N double bond followed by an S d  

reaction with sodium alkoxide (Scheme 2). 
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Table 5 : 'H Nmr Spectroscopic Data (6, multiplicity, J(Hz), integration) of 5 and 8. 

5d 7.28-7.42 
(m, 5H) 

5e 7.38 (m, 5H) 

8bU 2.29 (s, 3H), 
6.9-7.3 (m, 4H) 

8c 1.95 (s, 3H) 

6.74(dd, 7.4,0.9, 2H), 7.01 (It, 7.3,0.9, IH), 
7.26 (Id, 7.51, 1.39.2H) 
6.74 (d, 7.2, ZH), 7.01 (t, 7.5, IH), 
7.26(1, 8.1.2H) 

0.88 (d, 6.5,6H), 1.79 (d, 6.5, IH), 
3.07 (d, 6.6, ZH) 

0.87 (d, 6.6, 6H), 1.78 (septet, 6.5, IH), 
3.07 (d. 6.6.2H) . .  . . 
6.73 (d, 7.3, ZH), 7.07 (t, 7.3, IH), 
7.2-7.3 (m, ZH), 7.38 (d, 7.1, 2H) 
6.71 (d, 6.9, 2H), 6.95 -6.98 (m, IH), 
7.06 (d, 6.9.2H) 
6.74 (d, 7.5, 2H), 7.03 (I, 7.5. IH), 
7.28 (I, 7.5, 2H), 

6.38 (m, ZH), 6.60 (m. 7H) 

3.77 (s, 3H) 

..33(t,7.1,3H), 4.21 (q.7.1.2H) 

3.80 (s, 3H) 

1.33 (1.7.3, 3H1.4.24 (q, 7.3, 2H) 

4.28 (s, 2H), 7.2-7.4 (m, 5H) 

4.20 (br, 2H), 6.9-7.3 (m, 5H) 

1.40 (d, 6.8, 6H), 
3.86 (septet, 6.8, 1H) 

0.65(d,6.8,6H),3.95(m, 1H) 

In the absence of sodium alkoxide, refluxing imidoylbenzotriazole (4f) in ethanol led to the complete recovely 

of the starting material, which proves the necessity of a bast: during the reaction and also demonstrates the 

thermal stability of imidoylhenzouiazoles (4). The imidoylbenzouiazoles (4) can thus be seen as stable 

precursors for imidates (5) and alternatives to the labile imidoyl chlorides. 

Preparation of alkyl thioimidates (8) from imidoylbenzotriazoles (4). In an analogous and conven~ent way, 

imidoylbenzotriazoles (4) were reacted with sodium thiolates, generated in situ from thiols and a base, to give 

the corresponding thioimidates (8) in good yield. Thioimidates (Sa-b) were prepared in ethanol at room 

temperature whilst the preparation of imidates (5) required reflux for 10 h, apparently because thiolates are 

more nucleophilic than alkoxides. Under reflux, the same reaction gave a mixture of imidate (5) and 

thioimidate (8). With the more sterically hindered isopropylthiolate (for &-d), a small amount of imidates (5) 

was still produced even at room temperature. The formation of the side products (5 )  can be avoided when THF 

is used as a solvent. Reaction in THE is slower and reflux is necessary to complete the reactions. Basic 

conditions are required to prepare thioimidates (8) as evidenced by refluxing phenylmethanethiol and 

imidoylbenzotriazole (40 in THF resulting in recovery of the starting materials. A11 products were purified by 

distillation or column chromatography without decomposition. The spectroscopic data are summari7ad in 

Tables 5 and 6. Structures were confirmed by elemental analyses. 



238 HETEROCYCLES, Vol. 40. No. 1,1995 

Table 6 : 13C Nmr Spectroscopic Data of Compounds (5) and (8). 

I 

"The spectrum was recorded at 65 OC; Good spectrum could not he obtained and signals for R' and RZ 
could not be assigned. 

The reaction of imidoylbenzotriazoles (4) with very strong nucleophiles such as Grignard or lithium reagents 

did not give satisfactory results. Grignard reactions of N-aryl substituted imidoylbenzotriazoles (4) were 

studied previously. They usually gave a complicated mixture of a variety of compounds, some of which 

resulted from nucleophilic attack on the benzotriazole n i t r ~ g e n . ~  Grignard reactions of N-alkyl substituted 

imidoylbenzouiazole (4). attempted in the present work, gave only amides, formed from hydrolysis of the 

starting material. The reaction of 4 with butylamine resulted in recovery of the imidoylbenzotriazole, while 

lithium butylamide gave a complex mixture. 

In summary, the benzouiazole transfer reagent, 1.1'-sulfinylbenzouiazole, has allowed the development of a 

general route to imidoylbenzotriazoles, which provides stable alternatives to labile imidoyl chlorides, as 

illustrated by convenient preparations of imidates and thioimidates. 
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EXPERIMENTAL SECTION 

Tetrahydrofuran and ether were distilled from sodiumhnzophenone ketyl under nitrogen before use. Melting 

points were determinded using a Bristoline melting point apparatus and are uncorrected. lH and I3C nmr were 

recorded in CDCI, on a Varian VXR-300 (300 MHz) or a GE QE300 (300 MHz) spectrometer using TMS as 

an internal standard for IH nmr and CDCI, for "C nmr. Elemental analyses were performed in this 

Department under the supervision of Dr. D. Powell. 

General Procedure for the synthesis of imidoylbenzotriazoles (4). 

To a solution of 1-trimethylsilylbenzotriazole (5.73 g, 30 mmol) in 20 ml of tetrahydrofuran at 0 OC, thionyl 

chloride (1.8 g, 15 mmol) was added dropwise, the reaction mixture was stirred for 1 h at 0 OC and 

subsequently at room temperature for 6 h. The amide (10 mmol) was then added and the mixture was stirred at 

room temperature or at reflux. The solvent was evaporated and the crude mixture was purified by column 

chromatography to yield the imidoylbenzouiazole (4). 

General prwedure for the synthesis of imidates (5). 

To a solution of imidoylbenzotriazole (41 or 4d) (6 mmol) in 10 ml of the dry alcohol, 2 equiv. of the 

corresponding alkoxide (prepared from the alcohol and 1 equ. of sodium) was added and the reaction mixture 

refluxed for 16 h. The mixture was then poured into an aqueous solution of sodium hydroxide (1 N) and 

extracted with dichloromethane (3 x 30 ml). The organic Layer was dried (MgS04). filtered and the solvent 

evaporated under reduced pressure. The resulting imidates (5) were obtained as pure oils. Compound (7) was 

isolated by column chromatography from the reaction of 4d with sodium ethoxide. Nmr data are given as a 

footnote in Table 3. 

General procedure for the synthesis of thioimidates (8). 

To a solution of 5 mmol sodium ethoxide in 30 ml of dry ethanol, 5 mmol of thiol was added dropwise and 

stirred for 15 min. The imidoylbenzotriazole (4) (2.5 mmol) dissolved in 10 ml of dry ethanol was then added 

and the mixture stirred for 16 h at room temperature. The mixture was then poured into an aqueous sodium 

hydroxide solution (1 N, 30 ml), extracted with dichloromethane (3 x 30 ml), dried (MgS04) and the solvent 

removed under reduced pressure. The crude product was purified by column chromatography (Merck silica gel 

230-400 mesh) using hexanes as eluent. 
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