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Zhejiang Key Laboratory of Pharmaceutical Engineering
Hangzhou, 310014, P. R. CHINA
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The Beckmann rearrangement of ketoximes to amides is a powerful method both in
organic synthesis and chemical manufacturing;! the reaction generally requires high temperature
and large amounts of strong Brgnsted acid.! As a result, mild conditions have been sought and
procedures have been reported using supercritical water,? vapor-phase processes,’ and ionic
liquids.* However, there are many limitations with these methods; for example, supercritical
water cannot be widely used and the reaction® in vapor-phase generally requires high reaction
temperature. Thus the use of sensitive substrates is usually impossible. Although, the reaction
conditions are nsually mild in ionic liguid, some of the reagents are very expensive. Therefore,
the development of a green, simple and cost-effective catalytic system for the Beckmann
rearrangement is in great demand.

bis-(Trichloromethyl) carbonate (BTC, triphosgene) has emerged as a versatile auxil-
iary for the synthesis of some important class of organic compounds,’ and its use has proved to
be safe and advantageous over that of phosgene. Vilsmeier reagents generated from DMF and
POCl, (PCi,, P205) have been widely used in acylation, chlorination, chloroformylation, aromati-
zation, annulation and so on.® As a part of our ongoing program directed to the development of
Vilsmeier reagent using BTC/DMF,” we found this type of Vilsmeier reagent® could also be used
for the Beckmann rearrangement with satisfactory results under mild conditions (Scheme I).
Jochims et al.? have reported that oximes react with oxalyl chloride in the presence of Lewis acid
to give nitrilium salts which then rearrange. Compared with this method, our procedure is much
easier to control and more environmentally friendly. Acetophenone oxime (mixture of E/Z
isomers) was used as a substrate to test the feasibility of BTC/DMF system as Vilsmeier reagent
for the Beckmann rearrangement. The reagent 1 (Scheme I) was easily prepared by dissolving
BTC in acetonitrile followed by the dropwise addition of DMF to the mixture at 0°C. Then,
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acetophenone oxime was added-in one portion and the mixture was refluxed for 1 hour. After

completion of the reaction as monitored by TLC, acetanilide (3a) was purified by column chro-

matography in 90% yield.
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Scheme 1

Various reaction conditions were investigated and the results are summarized in Table
1. To determine the most appropriate solvent, the reaction was examined using toluene, CH,Cl,,
CHCl,, THF, CH,CN and DMF; CH,CN was the best solvent (Table 1, Entry 6) in terms of
yields. As shown in Table 1, it was also found that the reaction was facilitated by increasing the

Table 1. Beckmann Rearrangement of Acetophenone Oxime using BTC/DMF under Different
Conditions

Entry Solvent BTC/DMF Reaction Reaction Yield®¢ of
(mmol/mmol) temp (°C) time (h) 3a (%)
1 toluene 1/3 reflux 1 45
2 CH/Cl, 1/3 reflux 1 60
3 CHCl, 1/3 reflux 1 78
4 THF 1/3 reflux 1 53
5 DMF 173 reflux 1 0
6 CH,CN 1/3 reflux 1 90
7 CH,CN 1/3 60 1 66
8 CH,CN 1/3 40 1 45
9 CH,CN 1/3 20 1 0
10 CH,CN 173 reflux 05 73
11 CH.CN 1/3 reflux 2 91
12 CH,CN 171 reflux 2 48
13 CH,CN 1/6 reflux 2 20
14 CH,CN 0.5/15 reflux 2 63

a) Reaction conditions: acetophenone oxime (3 mxﬁol); solvent (2 mL). b) 3a: acetanilide.
c) Isolated yield.
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temperature; under reflux in CH,CN a high yield was obtained in a relative short time. The reac-

tion did not take place at room temperature (Table 1, Entry 9). Furthermore the ratio effect of
BTC/DMF was studied (Table 1, Entries 11-14). It seemed that either an excess of DMF or the

absence of DMF reduce the yields, the probable reason being that a less reactive adduct was

formed in excess of DMF® and there was no Vilsmeier reagent formed in the absence of DMF.

Therefore, the best results were obtained by using 3: 1: 3 mole ratio of oxime: BTC: DMF in

acetonitrile as solvent under reflux temperature.

Based on the above results, a series of ketoximes were examined to evaluate the scope

of this procedure (Table 2). In each case, ketoximes were smoothly transformed to the corre-

sponding amides thin 1 to 6 hours in moderate to high yields. It was shown that aryl ketoximes

Table 2. Conversion of Ketoximes into Amides under BTC/DMF System.?

Entry R! R? Time Yield mp. lit. mp.
h (%) (°O) 4]
3a CH, CH, 1 90 100.3-100.6 114108
3b 3-ONCH, CH, 4 70 147.3-1475 155102
3¢ 4-CH,0CH, CH, 1 95 1240-125.1 13010
3d 3-ON4-CH-CH, CH, 4 8 12621274
3¢ 25CL-4F-CH,  CH, 383 11561162
3f 3-MeCONHCH, CH, 4 82 187.7-188.0 188100
3 CH, CH, 1 99 1636-1637 16310
3h  3-CICH, C,H, 4 81 892893 86!
3 (CHY, 1 50 6206353 6710
3j 123A-tetrahydronaphthalen-1-yl 2 80 92.8-93.7 142.5-143101
3k  2-thienyl CH, 2 83 183.3-183.7 161-162108
31 2-furyl CH, 6 72 1134-1158 92.94!0h
3m 4-CH,OCH, 4-CICH, 5 84° 209.3-2100(3m-1)  210'%
206.2-208.53m-2)  206'%
3n isobutyl CH, 24 --¢
30 CHCH, CH, 24 .

a) Reaction conditions: ketoxime (3 mmol), BTC (1 mmol), DMF (3 mmol), MeCN (2 mL),
reflux; the ketoximes were prepared by standard procedures.['’! b) Overall yield of isomeric

mixtures, the ratio of

MeO
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are more reactive than alky] ketoximes, the best result being obtained with benzophenone oxime
(Table 2, Entry 3g). Furthermore, the asymmetrical aryl ketoxime (4-chlorophenyl)(4-
methoxyphenyl)methanone oxime gave a mixture of isomeric amides 4-chloro-N-(4-
methoxyphenyl)benzamide (3m-1) and N-(4-chlorophenyl)-4-methoxybenzamide (3m-2) in the
ratio of 72/28. The conversion cyclohexanone oxime is low in comparison with aryl ketoximes
(Table 2, Entry 3i) and the transformation of sensitive oximes, such as 1-(2-furyl)ethanone
oxime (Table 2, Entry 3[) and 1-(2-thienyl) ethanone oxime (Table 2, Entry 3k), into the corre-
sponding amides also proceeded smoothly. As expected, electron-donating groups on the
aromatic rings facilitate the reaction while electron-withdrawing groups retard it (Table 2,
Entries 3a-3e). In addition, some aliphatic ketoximes, such as 4-methly-3-pentanone oxime and
2-butanone oxime were not suitiable for this reaction under the described conditions (Table 2,
Entries 3n,30).

Moreover, the aldoximes were also treated with the BTC/DMF system in acetonitrile at
room temperature (Scheme 1). From the experimental results, we found that if the substrates
were aromatic aldoximes, the corresponding nitriles were obtained in excellent yields (Table 3)
and the reactions took place rapidly and most were complete within 10 minutes. The electron-
withdrawing group of 4b slows the reaction (Table 3, Entry 4b). Unfortunately, no desired
rearranged products were detected in our experiments when the substrates were aliphatic
aldoximes (Table 3, Entries 4g-4h). Then, we attempted to optimize the reaction conditions, such
as elevating the reaction temperatures, prolonging the reaction times and changing the solvent,

but there were no improvement was observed.

Table 3. Conversion of Aldoximes into Nitriles under BTC/DMF System.?

Entry R Time Yield® mp. lit. mp.
(%) O ¢C)

da CH; 10 min 97 oil -
4b 3-O,NCH, 30 min 76 1179-1180 1161%
4c 4-MeOCH, 10 min 98 59.9-60.5 5710
4d 4-CICH, 10 min 96 89.3-89.6 9110k
4e 4-Me,NCH, 10 min 99 739-74.0 760
4f 2-Cl-6-F-C H, 10 min 94 59.1-60.2 56-5910m
4g tert-amyl 24h -
4h cyclohexyl 24h -*

a) Reaction conditions: aldoxime (3 mmol), BTC (1 mmol), DMF (3 mmol), MeCN (2 mL),
room temperature; the aldoximes were prepared by standard procedures 1! b) Isolated yield. c)
Not detected.
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A likely mechanism (Scheme 1) for the above transformation involves addition of the
Vilsmeier reagent 1 the hydroxy group of the oxime to form the intermediate, which then
rearranges (o adduct 2. The adduct 2 should then afford directly the nitrile 4 in the case of
aldoxime, or afford the amides 3 upon hydrolytic workup in the case of ketoxime.

In conclusion, we have developed a novel and convenient method for the Beckmann
rearrangement of oximes to afford amides or nitriles. This procedure offers several advantages,
such as mild reaction conditions, good yields and is more environmentally friendly than tradi-

tional approaches. Hence, it is a useful addition to the exiting methods.
EXPERIMENTAL SECTION

Melting points were obtained on an electrothermal melting-point apparatus and are uncorrected.
Infrared spectra were recorded on a Thermo Nicolet Avatar 370 spectrophotometer. 'H NMR
spectra were measured on a Varian Mercur plus-400 spectrometer with tetramethylsilan (TMS)
as an internal standard and CDCl, or DMSO as the solvent. Mass spectra were obtained with a
Finnigan Trace DSQ spectrometer. Elemental analysis was performed on a VarioEL-3 instru-
ment, All chemicals are from commercial sources.

Typical Procedure for the Preparation of Amides.- bis-(Trichloromethyl) carbonate (0.30 g, 1
mmo}) was dissolved in 2 mL MeCN, cooled in ice bath for 20 min, then DMF (0.25 mL, 3
mmol) was added dropwise to the mixture, stirred in the ice bath for 1 hour. Then the ketoxime
(3 mmol) was added in one portion and the mixture was heated to reflux for the time given in
Table 2. After completion of the reaction as monitored by TLC, the reaction was quenched with
saturated aqueous NaHCO, (10 mL) and the product was extracted with ethyl acetate (10 mL x
3). The combined organic layer washed with water (10 mL), dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The crude product was purified by column
chromatography using a mixture of petroleum ether/ ethyl acetate (v:v = 8:1) as the eluent.

Typical Procedure for the Preparation of Nitriles.- bis-(Trichloromethyl) carbonate (0.30 g, 1
mmol) was dissolved in 2 mL. MeCN, cooled in ice bath for 20 min, then DMF (0.25 mL, 3
mmol) was added dropwise to the mixture, stirred in the ice bath for 1 hour. Then the aldoxime
(3 mmol) was added in one portion and the mixture stirred at room temperature for the time
given in Table 3. After completion of reaction as monitored by TLC, saturated aqueous NaHCO,
was added to neutralize the mixture. The product was filtered, washed with cold water (20 mL x
2) then the solid product was purified by recrystallization in CH,Cl, For the liquid product, it

was purified by column chromatography with a petroleum ether/ ethyl acetate (v:v = 8:1) eluent.
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Table 4. Physical Data for Compounds 3 and 4.

Product mp. MS (CI*) IR 'HNMR
“C) m/z (cm) ®)
3a 1003-1006 135(M*% 3295 764(s,1 H,NH),750(d,2H,J=7.6Hz,
1664 ArH),7.30(t,2H,J = 7.6 Hz, ArH), 7.10 (t,
1599 2H,J=76Hz, ArH),2.16 (5,3 H,CH,)
3b 147.3-1475 181 (M*) 3355 8.35(s, 1 H, ArH),7.96 (d,2 H,J = 8.4 Hz,
1675 ArH),7.52 (s, 1 H,NH), 750, 1 H,
1601 /=84 Hz, ArH),2.24 (s,3 H,CH,)
3c 1240-125.1 165(M*) 3243 7.61(s,1 H,NH),7.38 (d,2H,/=8.8 Hz,
1648 ArH),6.83(d,2 H,/= 8.8 Hz, ArH), 3.78 (s,
1605 3 H,OCH,),2.13(s,3 H,CH,)
3d®  1262-1274 194 (M*) 3354 8.12 (s, 1 H, ArH),7.90 (s, 1 H,NH), 7.75 (d,
1675 1H,/=84Hz,ArH),7.27(d,1 H,/=80Hz,
1602 ArH),2.54 (s, 3 H, ArCH,), 2.22 (s, 3 H,CH3)
3e® 1156-1162 223 (M%) 3255 8.38(d,1H,/=112Hz, ArH), 7.62 (s,
221 (MY 1675 1H,NH),741(d,1 H,/=72Hz, ArH),
1518  2.25(s,3H,CH,)
3fc  187.7-1880 192(M*) 3296 993 (s,2H,NH),7.89 (s,1 H, ArH), 7.27 d,
1654 2H,/=80Hz, ArH), 7.18 (t,1 H,J = 8.0 Hz,
1600 ArH),2.03 (s,6 H,2x CH,)
3g 163.6-163.7 197 (M*) 3344 791(s,1 H,NH),7.86(d,2H,J/=7.6Hz,
1655 ArH),7.64 (d,2 H,/=80Hz, ArH),7.54 (1,
1599 1H,/=76Hz,ArH),746 (t,2H,J=7.6 Hz,
ArH),7.36 (t,2H,J = 8.0 Hz, ArH),
7154, 1H,/=80Hz, ArH)
3h 892-893 187 (MY) 3249 7.65(s, 1 H NH), 743 (s, 1 H,NH),7.36 (d,
185 (M*) 1667 1H,7=80Hz,ArH), 722 (t,1 H,J/ =80 Hz,
1596 ArH),7.07 (d,1 H,J =80 Hz, ArH),
239(q,2H,/=7.6Hz, CHZ),
124 (t,3H,/=7.6Hz, CH3)
3i 62.0-63.5 113 (M%) 3299 691 (s,1H,NH),321 (q,2H,/=52Hz,
1661  CH,),246 (1,2 H,J = 4.8 Hz,CH,),
1481 1.64~1.76 (m, 6 H, CH,)
3j 92.8-93.7 161 (MY 2943 954(s,1 H,NH),7.76(d,1 H,/=72 Hz,
1709 ArH),7.52(t,1 H,J=7.2Hz, ArH), 740 (t,
1677 1H,J=72Hz,ArH),724(d,1 H,J =72 Hz,
ArH),3.67(t,2H,J=64Hz,CH,),2.84 (t,
2H,J=68Hz,CH,)),2.04 (m,2H,CH,)
3k 1833-1837 141 (M%) 3252  832(s,1H,NH),6.87(d,1H,/=48Hz,
1653 C=CH),6.84 (t,1 H,J=3.6 Hz, C=CH),
1578 665(d,1 H,J=3.6Hz, C=CH)
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Table 4. Continued...
Product mp. MS (CIY) IR '"H NMR
°0) m/z (ecm™) ®)
31 1134-1158 125(M*% 3200 9.54 (s,1 H,NH),7.20(d,1H,/ = 0.8 Hz,
3033 furyl 5-H), 6.34 (m, 1 H, furyl 4-H), 6.07 (d,
1660 1 H,J = 3.2 Hz, furyl 3-H), 1.96 (s, 3H, CH,)
3m-1 209.3-2100 261 (M*) 3346 10.19 (s, 1 H,NH), 797 (m, 2 H, ArH),
1648 7.66 (m,2 H, ArH), 7.61 (m, 2 H, ArH),
1535 6.93 (m,2 H, ArH), 3.75 (s, 3H, CH,)
3m-2 206.2-2085 261 (M"Y 3357 7.84 (m,2 H, ArH), 7.72 (s, 1 H,NH), 7.59 (m,
1655 2H,ArH),734 (m,2 H, ArH),6.99 (m,2 H,
1531 ArH), 3.88 (s, 3H, CH,)
4a ol 103 (M%) 2229 7.58~7.65 (m,3 H, ArH),747 (t,2 H,
J=8.0Hz, ArH)
4b 1179-1180 102(M*) 2237 8.55(s,1H,ArH),849(d,1 H,/=8.0Hz,
ArH),801(d,1H,/=8.0Hz, ArH),
7.75(, 1H,J=80Hz, ArH)
4c  59.9-60.5 133 (MY 2219 758 (d,2H,J=84Hz, ArH),695 (d,2 H,
J = 8.4 Hz, ArH),3.86 (s, 3 H,OCH,)
4d 89.3-89.6 139 (M*) 2226 761(d,2H,/=84Hz,ArH),747(d,2H,
J=8.4Hz, ArH)
4e 739-740 146 M%) 2211 746 (d,2H,/=88 Hz, ArH),6.64 (d,2 H,
J = 8.8 Hz, ArH), 3.03 (s, 6 H,N(CH,),)
4f  59.1-60.2 155 (M%) 2242 7.55(q, L H,ArH),7.34(d, 1 H,J/=8.0 Hz,
ArH),7.16 (t,1 H,J = 8.4 Hz, ArH)
a) Elemental analysis (Found): C, 55.65; H,5.20; N, 1443 (C,55.67; H, 5.19; N, 14.43).
b) Elemental analysis (Found): C,43.23; H,2.72; N, 6.33 (C,43.27; H,2.72; N, 6.31).
¢) DMSO as solvent.
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