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Abstract - [4+2] Cycloaddition reactions of a,B-unsatu- 
rated carbonyl compounds to 4,4-bis(trifluoromethy1)-1- 

hetero-3-azabuta-1,3-dienes occur exclusively across 

the carbon-oxygen double bond. A complete change of 

site selectivity is observed in the presence of 

equimolar amounts of 4-dimethylaminopyridine (DMAP). 

4,4-Bis(trifluoromethyl)-l-oxa-3-azabuta-l,3-dienes (la) (X = 0) and 

4.4-bis(trifluoromethy1) -1.3-diazabuta-l,3-dienes (lb) (X = N R ~ )  are 

readily available on reaction of carboxamides or amidines with 

hexafluoroacetone and subsequent elimination of water on treatment with 

trifluoroacetic acid anhydridelpyridine in ether.''' 

K + R,X; - HNXcFJ (FJCCO)ZO N A c F 3  

F,C CF, k pyridine R' X R' A x  
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4,4-Bis(trifluoromethyl)substituted hetero-l,3-dienes (1) are highly 

electron deficient species. Their polarity pattern causes reaction 

behaviour similar to 1,4-dipoles. cycloaddition reactions readily occur 

with electron-rich as well as with electron-poor dien~philes.~-~ 

Hetero-1,3-dienes (1) react with a,8-unsaturated carbonyl compounds (e.9. 

acrolein, methacrolein, crotonaldehyde) in some cases already at 

temperature to yield [4+2] cycloadducts (3) . '-I1 

The preference of the carbon-oxygen multiple bond in comparison to the 

carbon-carbon double bond as dienophile is also observed in the case of 

[4+2] cycloaddition reactions of other extremely electron deficient 

hetero-1,3-dienes, like acylketenes, l2 thioa~~lisoc~anates~~ l4 and 

a, 8-unsaturated keteneiminium salts. 15, l6 On the other hand the elec- 

tron-rich Danishefsky's diene (1-methoxy-3-trimethylsilyloxy-l,3-buta- 

diene) exhibits the same selectivity phenomena.17 

A charge-controlled reaction mechanism plausibly explains this kind of 

site selectivity. The first step of the reaction is a nucleophilic attack 

of the centre of highest electron density (oxygen-atom) of the a,D-unsatu- 

rated carbonyl compound at C-4, which is the centre of the highest elec- 

tron deficiency of the bis(trif1uoromethyl)substituted heterodienes (I). 

This leads to well stabilized 1,x-dipolar intermediates ( 2 ) ,  which 

subsequently undergo ring closure to give [4+2] cycloadducts (3) .'*I1 

On reaction of hetero-1,3-dienes (1) with terminal alkynes three products 

are obtained. The product distribution very much depends on the 

substituent pattern. la 1 
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F3C CF, 

X 
C*c 

R' 
'R' 

R' 

Noteworthy, this reaction can be controlled by addition of equimolar 

amounts of 4-dimethylaminopyridine (DMAP)20 to give predominantly five 

membered ring systems (6) . ''1 l9 

DMAP causes a reversible blocking of the electrophilic centre at C-4 in 

compounds (1). On the other hand in the labile intermediate adducts ( 7 )  

the nucleophilic capacity of the heteroatoms X is increased by charge 

separati~n.",~~ This results in a suppression of reaction pathways I and 

11, which are supposed to start with a nucleophilic attack at position 4 

of the hetero-1.3-dienes (1). Consequently, pathway I11 is the only 

favoured process. 

+N&N*'% F ,  CF, 

X 
FsC CF3 

CH, - - h "aFcH, + NV 
R' X R' X H 

These findings prompted us to test the effect of DMAP on [4+2] cyclo- 

addition reactions of a,B-unsaturated carbonyl compounds to 4,4-bis- 

(trifluoromethy1)substituted hetero-1,3-dienes ( I ) .  When 1 and a,B-unsatu- 

rated ketones are reacted in the presence of DmP, [4+2] cycloadducts 

across the carbon-carbon double bond can be identified ("F-NIU~ analysis). 
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Reversible blocking of position 4 with simultaneous increase of the 

nucleophilic capacity of the heteroatom X should favour a Michael type 

addition of 1 to the a,A-unsaturated ketone. Ring closure of the 1,x-dipo- 

lar species occurs with nucleophilic displacement of DMAP and formation of 

5-substituted 4,4-bis(trifluoromethy1)-5,6-dihydro-4H-1,3-oxazines (8) and 

1,4,5,6-tetrahydropyrimidines ( 9 ) .  

DMAP 

9c 

Under these reaction conditions, the [4+2] cycloaddition exclusively 

occurs across the carbon-carbon double bond of the a,A-unsaturated ketone. 

Cycloaddition of acrolein to lb in the presence of DMAP gives analogous 

results. However, the reaction of acrolein with la results in 

polymerization of acrolein. No [ 4 + 2 ]  cycloadducts can be detected "F nmr 

spectroscopically. 

The efficiency of DMAP to control site selectivity very much depends on 

the structure of the substrates. No change of site selectivity is observed 

in the case of substituted a,A-unsaturated aldehydes. As a result of the 

reversible blocking of position 4 of the hetero-1,3-dienes (I), yields of 

compounds (3) are decreased. The results are summarized in Table 1. 
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Table 1 : Product distribution in the absence and the presence of DMAP : 

reaction of la 

- 32 

39 - - 45 

a,D-unsaturated 

carbonyl compound 

acrolein H H H 

methacrolein CH3 H H 

crotonaldehyde H CH3 H 

cinnamic aldehyde H C6H5 H 

methyl vinyl ketone H H CH3 
ethyl vinyl ketone H H C2H5 

reaction of lb 

without 

DMAP 

3b 9 

65 - 
68 - 
75 - 
70 - 
54 - 
56 - 

with 

DMAP 

3b 9 

- 
- 19 

48 - 
68 - 
64 - 
- 40 

- 56 

a) Polymerization is observed. No [4+2]-cycloadducts can be detected 

The structural assignment of the products (8) and (9) is based on the 

spectroscopical data (Tables 3, 4 and 5). The 13c Nmr resonance absorption 

in the region of 6= 200 ppm indicates the presence of a C=O group, which 

also can be identified by an ir-absorption at v= 1710 cm-l. Compounds (8) 

show a 13c resonance absorption at ca. 6= 62 ppm (OCH2) and 9 at 

ca. 6= 45 ppm (NCH2), respectively. The large shift differences for the 

methylene groups is in agreement with the postulated regiochemistry of 

the [4+2] cycloaddition process. Two quartets in the 13c nmr as well as 

in the 19F nmr spectra show magnetically nonequivalent trifluoromethyl 

groups. The 'H and 13c nmr spectra demonstrate the absence of a vinyl 

substructure. 

The mass spectrometric degradation pattern [M+] , [M+-CF~], [M+-c0R5], 

[R'cx+], especially the fragment [R5c0+] is in agreement with the proposed 

structures. 

These spectroscopic data unambigously prove the structures of compounds 

(8) and (9). 
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Table 2  : Data of compounds (8) and (9) : 

RI yield mp formula elemental analysis 

It2 [%I ["Cl C H N 

4 2  

oil 

oil 

oil 

oil 

8  3  

118 

1 4 7  

1 0 9  

Calcd: 4 5 . 0 0  

Found: 4 5 . 0 8  

Calcd: 4 7 . 0 7  

Found: 4 7 . 0 8  

Calcd: 5 1 . 0 0  

Found: 5 0 . 9 6  

Calcd: 5 5 . 5 3  

Found: 5 5 . 3 4  

Calcd: 5 2 . 3 2  

Found: 5 2 . 2 2  

Calcd: 5 6 . 5 8  

Found: 5 6 . 5 7  

Calcd: 5 4 . 5 0  

Found: 5 4 . 6 9  

Calcd: 5 5 . 4 1  

Found: 5 5 . 4 9  

Calcd: 5 6 . 2 8  

Found: 5 5 . 6 4  
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Table 3 : 'H Nmr data of compounds (8) and (9) : 

'H nmr (CDC13) : 6 [ppm] J [Hz] 

6 (CH-5) 3 3 4 5 
6(CH2-6) 6(CH2-6) 2 ~ g e m  Jtr Jcis JHF JHF 

8a 3.45, ddq 4.39, dd 4.54, dd 12.0 10.8 5.2 1.0 - 
8b 3.45, ddq 4.39, dd 4.54, dd 12.0 10.9 5.3 1.0 - 
8C 3.44, ddq 4.37, dd 4.52, dd 12.0 11.0 5.2 1.2 - 
8d 3.50, ddq 4.45, dd 4.61, dd 12.1 11.0 5.2 1.1 - 
8e 3.45, ddq 4.35, dd 4.53, dd 12.0 10.7 5.4 1.3 - 
8f 3.50, dd 4.44, dd 4.61, dd 12.1 10.3 5.1 - - 
9a 3.45, dd 3.50, dd 4.01, dd 13.4 11.7 5.7 - - 
9b 3.58, ddq 3.22, ddq 4.15, dd 13.7 12.6 5.7 1.7 1.7 

9C 3.58, ddq 3.22, dd 4.12, dd 13.5 12.3 5.6 1.5 - 

Table 4 : 19F Nmr and ir data of compounds (8) and (9) : 

19F nmr (CDC13): 6 [ppm] J [Hz] ir ( K B ~ ~ ) I  filme)) 

6(CB1) 6 (CPj) J v [cm-l] 

aa +4.60,q +9.56, q 11.0 1720, 1660, 1600, 1580 d, 

8b +4.66, q +9.58, q 11.0 1700, 1650, 1600 e, 

8C +4.53, q +9.49, q 11.0 1715, 1645, 1610, 1570 e, 

84 +4.68,q +9.64, q 11.0 1710, 1645, 1600, 1575 e, 

88 +4.41, q +9.60, q 11.1 1715, 1645, 1600 e, 

8f +4.55, q +9.69, q 11.1 1725, 1650, 1585 d, 

9a +4.79, mc +9.87, mc - 1720, 1615, 1590, 1570 d, 

9b +5.37, mc +11.48, mc - 1725, 1620, 1590, 1570 d, 

9c +5.05, mc +11.73, mc - 1725, 1610, 1590 d, 
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Table 5 : 13c Nmr data of compounds (8) and (9) : 

13c nmr (CDC13): 6 [ppm] J [Hz] 

65.02, sept 
27.9 

65.08, sept 

27.9 

65.11, sept 

27.7 

65.26, sept 
27.5 

64.95, sept 
27.6 

65.06, sept 

27.7 

65.47, sept 
27.2 

66.27, sept 
26.8 

66.07, sept 

26.9 
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EXPERIMENTAL 

Materials and methods ; 

Melting points are determined in a Biichi capillary mp apparatus and are 

uncorrected. The 'H, 13c and 19F nmr spectra are taken on a Bruker AC-250 

instrument ('H: 250.1 MHz; 13c: 62.9 MHz; "F: 235.3 MHz). Chemical shifts 

are calculated from tetramethylsilane (internal standard) for 'H and 13c, 

and from trifluoroacetic acid (external standard) for "F. Ir spectra are 

measured on a Perkin-Elmer 237 apparatus. Mass spectra are obtained on a 

AEI MS 9 spectrometer at 70 eV. Column chromatography is performed on 

silica gel 60 F254 (0.063-0.200, Merck). 

General reaction DrocedUreS : 

4.4-Bisltrifluoromethvll-4H-1.3.5-dioxazines 13L (reaction of 1 with 

a.8-unsaturated carbonyl compounds in absence of DMAP) : 

A solution of 5.0 mmol of 1 and 7.0 mmol of a,B-unsaturated carbonyl 

compound in 5.0 ml of THF was stirred for 7 d at 60°C. The solvent was 

evaporated and the residue was purified by column chromatography on silica 

gel (eluent: CHC13/hexane 1:3) . 

4.4-Bisltrifluorometh~1l-5,6-dihvdro-4H-l.3-oxazines 18) and 4.4-his- 

jtrifluoromethvll-1.4.5.6-tetrahvdrouvrimidines 19L (reaction of 1 with 

acrolein and a,B-unsaturated ketones in the presence of DMAP) : 

7.0 mmol of the a,B-unsaturated carbonyl compound was added to a stirred 

solution of 5.0 mmol of 1 and 5.2 mmol (0.62 g) of DMAP in 5.0 ml of THF 

at 60DC. After 5 d, the solvent was evaporated and the residue was puri- 

fied by column chromatography on silica gel (eluent: CHC13/hexane 1:l). 
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