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Abstract:In the reaction of a 2-phosphonio-1-phospha-1-alkene with tetra- 

chloro-orthobenzoquinone, a [4+1) cycloaddition is observed. In the presence 

of a Lewis acid, however, [4+2] cycloaddition takes place. 

In the reactions of the isovalent electronic compounds A - E (scheme 1) with 

dienes, [4+2]-cycloadditions as well as [4+1] cycloadditions are expected. 

Oxophosphanes A and thiooxophosphanes B react predominantly,' phosphenium 

ions E exclusively,2 in a [4+1] fashion, while imino phosphanes C and methy- 

lene phosphanes D represent interesting borderline case*. 

A B C D E 

scheme 1 

Assuming a HOMO (Y=P; Y=NR or CR2) - LUMO (diene) interaction,3 this can be 

explained by a HOMO with a symmetry (lone pair of electrons at the phosphorus 

atom) for A, B and E, while in C and D a crossing of the closely spaced fron- 

tier orbitals (02, n2, n* + n2, c2, JI*)~ gives rise to ambiphilic reactivity. 

Indeed, for imino phosphanes, depending on the substituents attached to them, 

[4+11 as well as [4+21 cycloadditions are reported.5 Methylene phosphanes 

studied so far, to our knowledge, only yielded [4+21 cycloaddition products.6 

Herein we describe both cycloaddition patterns in the reaction of a methylene 

phosphane with tetrachloro-orthobenzoquinone 2. 

The P-amino substituted 2-phosphonio-1-phospha-alkene7 1 reacts with 2 in 

CH2C12 to yield a mixture of approximately 90% [2-DiiSoprOpylaminO-2- 

(triphen-ylphosphoranylidene-methyl)-tetrachlorobenzo-l,3,2-dioxaphosphola- 

niuml tetra-fluoroborate 3 and 10% [l-Diisopropylamino-6-triphenylphosphonio- 

tetrachloro-benzo-l-phospha-2,5-dioxa-cyclohexanel tetrafluoroborate 4. 



2382 H. GR~~TZMACHER et al. 

Admixing BF3*0Et2 to a solution of 1 before 2 is added leads to an increase 

in 4. The formation of 4 increases as the concentration of BF3'0Et2 5 is 

increased until only 4 can be detected by EEE spectroscopy if the reaction is 

performed in the presence of 2 equivalents of the Lewis acid. The [4+11 

cycloadduct 3 is not isomerised to 4 by subsequent BF3*0Et2 addition and is 

stable thermally and photochemically (scheme 2). 

scheme 2 
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The structures of the cycloadducts are proven by a) their characteristic cou- 

pling constants 2J(Pv-Pv) = 29.3 Hz for 3 and 2J(Pv-P111) = 95.3 Hz for 4 

(Tab. l), b) the proton resonance of the proton bonded to the carbon bridging 

the phosphorus atoms (3: 6 = 2.73 ppm, J(PH) = 3.9 Hz; 4: 6 = 6.86 ppm, J(PH) 

= 8.8 Hz) and c) the 13C-EMB resonance of the bridging carbon (3: 6 = 12.9 

ppm, J(PC) = 230.1 Hz, J(PC) = 111.4 Hz; 4: 6 = 71.6 ppm, J(PC) = 60.2 Hz, 

J(PC) = 52.9 Hz). The X-ray structure of compound 38 is given in the figure 

The amino substituted phosphonio imino phosphane 7 has been synthesized as 

shown in scheme 3. For comparison, 7 and the phosphenium ion' 9 are treated 

with 2. In both cases only the [4+1] cycloadducts [2-Diisopropylamino-2- 

(triphenylphosphoranylidene-amino)-tetrachlorobenzo-l,3,2-dioxaphospholani~l 

tetrafluoroborate 8 and [2,2-Bis(diisopropylamino)-l,3,2-dioxaphospholaniuml 

tetrachlorogallate 10 are obtained and a large excess of BF3*0Et2 does not 

alter the reactivity of 7 (scheme 3). However, in contrast to 1, the imino 

phosphane 7 is more reactive and combines with 9,10-phenanthrenequinone to a 

[4+11 cycloadduct. Both 1 and 7 do not react with benzil, norcampherdione and 

oxalyl chloride even at elevated temperatures. Cycloadduct 6 has been charac- 

terized by means of a single crystal X-ray diffraction study as well (figure 

1). 
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scheme 3 

In the cyclovoltammogramm of 1 (CH2C12, p latinum disk electrode), a irrever- 

sible oxidation peak is found at 2.04 V (vs. SCE). However, 7 could not be 

oxidized within the electrochemical window of CH2C12 (+2.5 V/ -2.2 V). Under 

similar conditions, tetrachloro-orthobenzoquinone 2 shows a first reversible 

reduction peak at 0.15 V and hence, formation of a radical cation/anion pair, 

which has been suggested for the reactions of aryl substituted phosphaalkenes 

with 2,' is very unlikely. In these investigations, [4+21 cycloadducts have 

been found exclusively. 

Obviously the triphenylphosphonium group in 1 and 7 has a strong electron 

withdrawing ability," that causes, in spite of the conjugated bonded amino 

group (strong n donor) at the low coordinated phosphorus atom, a HOMO of a 

symmetry. Consequentely, cheletropic reaction behavior is observed. [l+l] 

Adducts of methylene phosphanes and Lewis acids such as BC13, A1C13 and GaC13 

through the lone pair of electrons at phosphorus are known." A possible 

equilibrium 1 + BF3*OEt2FL) l*BF3 + OEt2 would evoke a "masking" (decrease 

in energy) of the HOMO with a symmetry. In this case, 1 can only use frontier 

orbitals of n symmetry in the reaction with the heterodiene and a [4+2] 

cycloadduct 4 will be the product.12 

Cycloadducts 3 and 6 are members of a long known family of phosphorus com- 

pounds13 and there structural features do not differ remarkable from the ones 
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previously described.‘4 In comparison to 1, the P2-Cl bond length is shor- 

tened from 1.684 A to 1.647 i% in 3 due to strong electrostatic attractions. 

The angles PI-Cl-C2 as well as Cl-PZ-Nl are widened from 115.5(8) and 

105.3(7) in 1 to 128.0(2) and 113.8 (2) in 3, respectively. 

Table 1. 31P{1H)-NNH-data of compounds 1,3,4,6,7,8,9 and lOa 

compound No. b[ppml PA 53 J(P-P)[Hz] 
--_--_-__-___-___--_~~~~-~~---~~~~~-~~~--~~~-~-~~~~~~~-~~~~~~ 

1 19.5 303.5 25 = 124.6 

3 15.7 71.8 25 = 36.6 

4 17.2 91.7 2J = 95.3 

6 -2.5 70.1 2, = 124.0 

7 29.3 311.4 2J = 71.1 

8 21.6 22.9 25 = 14.6 

9 305.4 

10 52.9 
--__-__-___-_____-__~~~~~~-~~~~~~-~~~-~~~~~~-~~~-~~~~~~~~~~~~~ 

a In CDC13, Jeol FX 90 Q, 36.19 MHz, H3P04 as external standard. 

figure 1. Structure of the cation in 3 

Important bond lengths (A) and angles 

P2-01 1.637(4), P2-02 1.645(3), P2-Nl 

113.8(2), Cl-P2-01 119.4(2), Cl-P2-02 

116.5(2). 

Structure of the cation in 8 

(“): 3: PI-cl 1.721(S), P2-Cl 1.647(S), 

I .601(4); PI-Cl-P2 128.0(3), Cl-PI-N1 

108.2(2), Nl-PZ-01 103.9(2), Nl-P2-02 

8: PI-N1 1.580(15), P2-Nl 1.554(15); Pl-Nl-P2 135.1(11). 
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EXPERIMENTAL 

3'P-NMH, 'H-NMH and 13C-NMH spectra were recorded on a Jeol FX 90 Q (36.19, 

89.55 and 22.49 MHz); H3P04 (ext.) and tetramethylsilane (int.) as standards. 

All reactions were carried out in carefully dried glassware and solvents 

under an atmosphere of nitrogen. 

Melting points are uncorrected. Elemental analyses were performed by the 

microanalytical laboratory of the Chemische Institute der Universitiit 

Heidelberg. 

C2-Diisopropylamino-2-(triphenylphosphoranylidene-methyl)-tetrachlorobenzo- 

1,3,2-dioxaphospholaniuml tetrafluoroborate 3: compound 1 (2.46 g, 5 mmol) 

was dissolved in 15 ml of methylene chloride and a solution of 2 (1.23 g, 5 

mm011 in 10 ml of methylene chloride was added dropwise. The colourless solu- 

tion was evaporated to dryness and the residue was suspended in 20 ml of 

diethyl ether. Methylene chloride was slowely added until a clear solution 

was obtained. After cooling to -30°C for 3 d the white precipitate was fil- 

tered off and dried under vacuum. 2.66 g (72%) 3, m.p. 214°-2160C, was isola- 

ted. Found: C, 49.94; Ii, 4.11; Calc: C, 50.37; H, 4.09% for C31H30BC14F4NP202 

(739.15 g/mol). 

1-Diisopropylamino-6-triphenylphosphonio-tetrachlorobenzo-l-phospha-2,5- 

dioxacyclohexane 4: The applied procedure resembled the one described for 3. 

However, two equivalents of 5 (1.42 g, 10 mmol) had been added before reac- 

ting 1 with 2. 2.98 g (80%) 4, m.p. 179'-182'C, were obtained. Found: C, 

50.91; H, 3.98; Calc: C, 50.37; H, 4.09% for C31H30BC14F4NP202 (739.15 

g/mol). 

Bis(diisopropylamino)phosphano-imino triphenylphosphorane 6: To a suspension 

of lithium(triphenylphosphoranylimide) (2.83 g, 10 mmol) in 20 ml of THF a 

solution of diisopropylamino-chloro-phosphane (2.66 g, 10 mmol) was added and 

the reaction mixture was stirred for 7 d at room temperature. Heating led to 

substantial decomposition. After evaporation under vacuum to dryness the 

residue was taken up in 40 ml of methylene chloride and filtered. The 

filtrate was again evaporated and the remaining yellow oil disolved in a 

minimum amount of hot acetonitril (ca. 30 ml). Cooling to 0°C afforded 3.1 g 

(60 %) crude 6, which after recrystallisation showed satisfying analytical 

data. Pale yellow crystals, m-p. 95°C. Found: C, 73.62; H, 8.81; N, 5.42; 

Calc .: C,73.49; H, 8.75; N, 5.53 % for C3,Hq4N2P2 (506.655 g/mol). 
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[P-Diisopropylamino-N-triphenylphosphonio-imino phosphanel tetrafluoroborate 

7: To compound 6 (1.52 g, 3 mmol), solved in 10 ml methylene chloride, 

freshly distilled 5 (0.85 g, 6 mmol) was added at -78°C. The reaction mixture 

was allowed to warm up to room temperature and stirred for 10 h. All volatile 

components were pumped off under vacuum and the residue was suspended in 

diethyl ether. After filtration the slightly brown solid was recrystallized 

from diethyl etherlmethylene chloride at -80°C to yield 1.1 g (73 0) of 7, 

m.p. 85 'C. 'Ii-NNR (CDC13, T P 297.5 K): 6 = 1.39-1.51 (m, 12H, CH3); 4.05 

(Sept., lIi, CH); 4.67 (Sept., lH, CH); 7.4-7.84 (m, 15H, aryl H). 13C-NMR 

(CD2C12; T = 300 K): 6 = 22.4 (s, CH3); 25.7 (d, CH3, J(P-C) = 10.25 Hz); 

51.1 (d, CH, J(P-C) = 13.2 Hz); 52.1 (d, CH, J(P-C) - 7.3 Hz); 125.1 (d, 

ipso-C, J(P-C) = 104.0 Hz); 130.4 (d, m-C, J(P-C) = 13.2 Hz); 133.0 (d, o-C, 

J(P-C) = 10.3 Hz); 135.0 (a, p-c, J(P-c) = 2.9 Hz). Found: C, 57.89; H, 5.89; 

N, 5.71; Calc.: c, 58.32; H, 5.91; H, 5.67% for C24H2gBF4N2P2 (494.26 g/mOl). 

[2-Diisopropylamino-2-(triphenylphosphoranylidene-amino)-tetrachlorobenzo- 

1,3,2-dioxaphospholanium] tetrafluoroborate 8: Compound 7 (1 g, 2 mmol) was 

dissolved in I!, ml of methylene chloride and 2 (0.49 g, 2 mmol) in 5 ml 

methylene chloride was added slowly at O'C. After evaporation of the solvent 

the oily residue was treated with diethyl ether. After several days the com- 

pound began to crystallize. Found: C, 49.01; H, 4.06; N, 3.64; Calc.: C, 

48.68; H, 3.95; N, 3.78% for C30H2gBC14F4N2P202 (740.136 g/mol). 

[2,2-Bis(diisopropylamino)-l,3,2-dioxaphospholanium) tetrachlorogalate 10: 

Compound 10 was synthesized as described above and characterized by means of 

NMR spectroscopy. 'H-NMR (CDC13): 6 = 1.33 (d, 24H, CH3, J(H-H) = 6.8 Hz); 

4.01 (dsept., 4H, CH, J(P-H) = 23.2 Hz, J(H-H) = 6.83 Hz). 
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