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Synthesis and Reactivity of Boron Difluoride Complexes 
of N,N-Dimethylsalicylacetamide 
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Abstract: lthe synthesis and reactWy of a series of BF, complexes of N,N-dimeihyisaliqlacetamide was 

We recently reported a novel synthesis of 2-aminochromones (e.g. 1) involving the reaction of 

2’-hydroxyacetophenone-BF, complexes with phosgeniminium salts.’ This procedure provides the & 

chlorovinylogous amide-BF, complex 2 which upon treatment with I$O/CH,CN affords 1 in high yield. In 

contrast, we found that hydrolysis of 2 under basic conditions yields N,N-dimethylsalicylacetamide (3) and 4- 

hydroxycoumarin (4) along with lesser amounts of 1. ’ Since neither 3 or 4 is produced from 1 under the 
reaction conditions,’ we surmised that hydroxide induced displacement of chloride (+ 8) becomes competitive 

relative to the initial bmakdown of the BF, complex of 2 as the pH of the reaction is increased. In this letter we 

present further insight into this process through the synthesis and study of BF, complexes of 3.’ 
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Treatment of methyl salicylate (5) with lithiodimethylacetamide (THE, 0 “C) afforded a 75% yield of B- 

ketoamide 3.. Reaction of 3 with BF,OEt, in &ethyl ether resulted in the formation of 8 as a single BF,- 

complex in 91% yield. When 8 was suspended in CH,CN (rt, 24 h) the isomeric complex 11 was isolated 
(98%). Alternatively, 11 was formed directly from 3 in 81% yield by treatment with BF,OEt, in CH$& The 

‘H NMR’s of 8 and 11 revealed that the amide portion of b& of these molecules exist in the enol form (CDC~, 
6 vinyl C!H, Ofi 8.5.62, 13.15; 11,5.87,9.19). Further struchue proof was provided via the metltylation of 

complexes 8 and 11 with C&N, in EGO to furnish the corresponding methyl ethers 9 and 12 in 99% and 92% 

yield, respectively.’ BF,-complex 12 prepared by this route and that synthesixed independently from methyl 
2-methoxybenzoate (6 + 7 + 12, 35%) proved to be spectrometrically identical. In addition, the 

thermodynamic complex 11 was subjected to X-ray crystallographic analysis which revealed a highly planar 
structure in which the phenolic hydroxyl is hydrogen bonded to the aheady complexed ketone carbonyl (H--O 

diitance = 1.81 AI:~.’ 
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11 R=H 
12 R=Me 

8 R=H 
0 R=Me 

10 R=Me 

Consistent with the proposed mechanism, subjection of the intermediate BF,-complex 8 to basic 
hydrolysis afforded 3 and 4 in ratios similar with those found for the reaction of 2 under identical conditions 

(Table 1). As expected, no 2-aminochromone 1 was detected from either of these reactions. Conversion of 8 to 
mesylate 10 WO, EGN, EGO, 51%) permitted examination of the effect of an altemative leaving group on the 
hydrolysis of complex 2. Treatment of 10 with 20% ~O/CH,CN produced 68% of chromone 1 along with 

26% of 4. In contrast, hydrolysis of 10 with 2K NaOH gave only 3 (87%) and 4 (7%). Even the use of 

saturated NaHCO#CH$N, which afforded a 2: 1 ratio of l/3 from complex 2,’ gave none of 1 when applied to 

mesylate 10. Given the proposed scheme for their formation, the different product ratios obtained from the 

hydrolyses of complexes 2 and 10 can be rationalized based on the relative effects of their chloride and mesylate 

groups on the addition-elimination process! 

Table 1. Hydrolysis of BFyCompiexer of N,N-Dimethytealicylacetemide 

staru 
Mate: 

Heacual ProdUcts (% Yi ela) 
Conditlons~ Tims 1 3 4 11 

8 sat NaHCO 
2NNaOH3 

1 h 
30min : 

62 27 

210;# 2 ;; : z ; _ 88 : 

10 sat NaHCO 
2dNaOH3 

1 h 
1 

66 25 
3Omin 87 7 : 

20%HO 
1 % H& 3!!& E : tzf3 i6 

a All ruactions run in CH3CN at 60 “C; 1 :l v/v unless otherwise noted 

Having examine d the events surrounding the formation Rketo amide 3 from the chlorovinylogous amide 
BF, complex 2. we turned our attention to the process by which 2 is converted to 2-aminochromone 1. 

Specifically, we we.re interested in establishing whether &O was essential to the success of thii reaction. We 

found that 2 was smoothly converted to 1 in dry CH.$N, although at a slower rate than in the presence of 20% 

water. This result prompted a series of ‘H NMR experiments to further define the role of IJlO. The reactious 

were performed in triplicate in CD,CN (rt) with varying amounts of D,O and monitored over time for % 

conversion to product. Under anhydrous conditions the reaction was 50% complete at the 50 h point. 
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Interestingly, in the presence of 1% 40. that point shifted to 2 h. but with 10% DiO the reaction was again 

slower with a half-life of 22 h. An additional point concerns the rate of exchange of the. vinyl a of 2, which 

proved to be a faster process than the conversion to 1 as well as dependent on the % of 40. One possible 

explanation for this data relates to the intrinsic &dity of the ru+tiott, suggest@ that inaeasing~oun$ofI-&O 

servesasabufferandraisesthepH. BelativetouseofanhydrousC&CN,thepresence of asmallquantityof 

40 may act as a catalyst for the breakage of the phenolic oxygen-boron bond. When this ‘I-I NMB experhuent 

wasrepeatedwith1096D,Ointhe~nceofinclleaPingcoacentrationsofDCI,therateofconversionof2tol 

% D&/CD&N Tin (h) 

002 
i 

7 
2 

10 g 

:27 
4 

The aqueous hydrolysis of the kinetic intermediate 8 offered an opportunity to examine the events 
associated with the breakdown of a B&complex related to 2. Treatment of 8 with 20% H@KX.$N (50 “C, 1 

h) afforded 29% of 8-keto amide 3 along with 69% of 4. This contrssts with the use of 1% H@CH,CN which 

resulted in the smooth transformation of 8 to the corresponding thermodynamic complex 11 in 88% yield? As 

a control, complex 11 was subjected to 20% H@C!H,CN at SO OC and recovered unchanged after 1 h.” The 

use of I&O ss a catalyst to promote the opening of the boron-phenolic oxygen bond of 8 leads to 13. This 

intermediate, in which the Lewis acid remains bound to the vinylogous amide carbonyl, becomes a potential 

branch point for the formation of complex 11 or fi-keto amide 3 (in the case where larger amouuts of I-JO are 
present).” The application of this mechanistic scenario to the conversion of complex 2 to chromone 1 raises the 
question as to the role of the Lewis acid in the ring closure. It is possible that the relative rate differences 

between the 1% 40 and 10% H,O reactions depend on whether or not a BFJf species remains bound to the 

vinylogous amide carbonyl during the cyclixation step. Although the mechanistic details of this process remain 

hugely unknown, the work presented herein provides a basis for the study of BF, complexes of this type. 
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>30. The structure was solved by direct methods, using MULTAN80 (Main. Fii, Hull, Lessinger, 

Germain. Declerq, & Woolfson, 1980). The trial solution obtained all 18 nonhydrogen atoms. Least 

squares refinement included all coordinates, and anisotropic thermal parameters for nonhydrogen atoms, 
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system of computer programs was used (Duchamp, 1984). 
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W.; Tajerbashi, M.; Rettig. S.J.; Trotter. J. Can. J. Chem 1989.67. 1636. 

Since the amide portion of the kinetic complex 8 exists in the enol form. it is probable that the hydroxyl 

of this molecule is similarly hydrogen bonded to the ketone carbonyl. For examples of carbonyls doubly 

coordinated by two main group Lewis acids or hydrogen bonds, see: Sharma. V.; Simard, M.; Wuest, 
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The respective byproducts (other than 1) which are produced from the hydrolysis of mesylate 10 are 

consistent with this result. The use of 1% &O afforded a 16% recovery of complex 11 whereas under 

the 20% &O conditions, only Chydroxycoumarin (4) was observed (Table 1). 

Even after 3 days at 50 “C (20% H,G/CH,CN). a 1.3: 1 ratio of 11/4 was observed. 

A crossover experiment was performed to shed some light on whether the BF, species may undergo 

complete dissociation from the vinylogous amide during the conversion of 8 to 11. An equimolar 
amouni of 8 and N.N-diiethyl-4-methoxysalicylacetamide (14) were stirred for 3 days (CH,CN, rt) to 
afford a 2: 1 mixture of 11 and the corresponding thermodynamic BF,-complex of 14 (along with a 1:2 
mixture of 3/14). In a separate control experiment, no crossover was found between 11 and 14. 
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