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Summary: Aromatic and aliphatic 

Horner-Wittig reaction 

aldehydes can be converted into their homologous ensmines by 

with ?&morpholinomethyl diphenylphosphine oxide (2. 

Among the various methods that are used for the homologation of csrbonyl compounds, 

Wittig and Horner-Wittlg reactions with a-heterosubstituted ylides occupy a prominent position. 

A multitude of phosphonlum salts, phosphonate esters and phosphine oxides, substituted at the 

a-carbon atom with aryloxy', alkoq l-3 , aryl- and alkylsulphinyl 2,4,5 , sulphony16 and phenyl- 

seleno7 groups, have been described for this purpose. Reaction of the corresponding ylides 

with aldehydes and ketones, followed by hydrolysis of the (thio or seleno) enolethers, provides 

the homologous carbonyl compounds. 

Thusfar, attempts to effect carbonyl homologation by reaction with a-aminosubstituted 

Wlttig or Horner-Wittig reagents, followed by hydrolysis of the resulting enamines8 have met 

with only limited success. In most cases phosphonates have been applied, in which next to the 

amino group another a-substituent, such as a second phosphonate 9 or an aryl 
10 
, ester 

11 
or 

amide" function was present and satisfactory reactions were only obtained with aromatic 

aldehydes. Recently, Martin and coworkers 12 have obtained interesting results with diethyl 

dialkylaminomethyl phosphonates. In the reaction sequences, leading to various Spiro compounds, 

enamines were thought to be present as intermediates 13 . 

The often superior properties of diphenylphosphine oxides5 compared to phosphonates and 

phosphonium salts in this kind of reactions has led us to investigate the utility of 

N-morpholinomethyl diphenylphosphine oxide 1 14 
N * This reagent can be conveniently prepared by 

an Arbusov reaction of chlorodiphenyl phosphine with N-ethoxymethyl morpholine 15 , or by 

reaction of ethyl diphenylphosphinite 16 with N-chloromethyl morpholine 17,18 . In the latter 

case the hydrogen chloride salt of l_is firstly formed 19 . 
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Ph2pcl + 

Ph2POCH2CH3 + 

l_ reacts smoothly at 

CH3CH20-CH2-Nz 

Cl-CH2-N 
\ 

O°C with n-BuLi in THP 

'6"6' 

+ 

1. C6H6, n/ 

2. NaHCO 
3' 

H20 1 

to give a solution of the deeply red ooloured 

anion. This lithiated anion reacts with aromatic as well as aliphatio and a,8-unsaturated 

aldehydes to give after protonation the adduots 2 (obtained as mixtures of diastereoisomers) 

in almost quantitative yields. Treatment of these adducts with potassium hydride leads to 

completion of the Horner-Wittig reaction, giving the desired 

' 6' n Ph$-CH-NAO Rl, 1. Ph2P- H-NJ 

I w 

2 

ensmines 3 in excellent yields. 
yv 

KH 

3 

Generally, only E-isomers are observed. In the case of 2-ethylbutanal 40% of &isomer, present 

in the crude enamine, is converted into &isomer upon distillation. Some representative results 

are compiled in Table I. 

Table I: Conversion of oarbonyl oompounds R1R2C0 into homologous enamines 3% 
4 

R' 

p-BrC6H4- 

P_CH3C6H4' 

p-ocH3c6H4- 

'SH5- 

(E)-c~H~CH=CH- 

(E)-c~H~CH=C(CH~)- 

'SH5 

CH3CH(CH3)CH2- 

CH3CH2CH(CH2CH3)- 

a. 

b. 

0. 

d. 

e. 

H 

H 

C6H5 

H 

H 

2 (w) a 
176- 7% 
155- 8'~ 

146- 7'c 

168-70'~ 

167- 9°C 

oil 

0 

149-5o"c 

136- 7'C 

3_ (yield) b 
93 k 

96 k 

91 % 

99 k 

d 

72 % ' 

90 % e 

83 %' 

63 de 

3 (mp/yJ 
137- 8Oc 

68-70'~ 

84- 6'~ 

73- 5Oc f 

d 

n;3=1.5057 

78-81'~ 

X+1.4720 

"D 
24=l.4688 

mp after one crystallization (MeOH/H20 or CH2C12]hexan6) csf tBe~dlastef~~04somerio 

mirtune. No impurities were detectable by NMR. 

The yields refer to enamines of better than 95% purity (GLC/NMR). 

We wece unable to isolate this adduot, even at low temperature (-78'C). 

Reaotion with KH has led to recovery of oinnamfo aldehyde and> 

After distillation. f. Llt.22 I mp 7j'-8'C (ether). 
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The results obtained with ketones (cyclohexanone: 52% homologous enamine; 2-methyloyolohsxanone: 

5096 homologous enamine) are less satisfactory, because proton abstraotion to give the enolates 

beoomes an important side reaction. It was reasoned, that this problem might be oiroumvented 

by applying a less strongly basic amino substituent. Preliminary results indicate, that this 

20 
is indeed the oase . 

21 
Since morpholino enamines are known to be easily hydrolyzed , the anion of A can be regarded 

as a new formyl anion equivalent. Since the lithiated anion of 1 can be alkylated in exoellent 

yields by reaction with alkyl halides (G-$1: 955, mp 153-5'C; C2H511 93$, mp 154-5'C), extension 

to an acyl anion equivalent appears feasible. Reaction with diphenyldisulfide likewise affords 

the a-sulfenylated derivative (mp 198-202~~). Also the lithiated anions of the adducts 2 
*' 

appeared to be amenable to further transformations. Upon quenching with acetylchloride or 

chlorotrimethylsilane, they afford the corresponding aoetates and trimethylsilylethers, 

respectively. Synthetic applications of these compound8 are currently being investigated. 

General procedures 

N-mornholinomethyl diphenylphosphine oxide (A): In an atmosphere of dry nitrogen, ethyl 

diphenylphosphinite16 (0.05 mol, 11.6 g) was added dropwise at room temperature to 

N-chloromethyl morpholine (0.052 mol, 7.0 g) in 10 ml of benzene. An exothermic reaction ensued, 

After addition of 50 ml of benzene the solution was heated at reflux for 60 min. Evaporation of 

the solvent and drying in vacua at 50°C yielded 14.8 g (88s) of the HCl salt of l_23. Direct 

treatment of the benzene solution with aqueous sodium bicarbonate afforded after work-up and 

crystallization (CH2C12/hexane) 12.9 g (86%) of L as white crystals. mp 158~g°C (lit.14a 

mp 158-60~~). 

Synthesis of enamines . 2 In an atmosphere of dry nitrogen, n-BuLi (5.5 mmol; as a oa. 13% 

solution in n-hexane) was added at O°C to a suspension of J (5.5 mmol, 1.65 g) in 25 ml of THF. 

The resulting clear, red solution was stirred for 10 min at O°C and aqueous saturated ammonium 

chloride was added. The THP layer was separated and the water layer extracted three times with 

CH2C12.The combined organic layers were washed with water and dried (MgSC4). Evaporation of 

the solvents afforded in almost quantitative yields the adduote A, which were used without 

further purifioation in the next step. Crystallization (CH2C12/hexene) afforded the pure 

adductsz3 (Table I). 

The crude adducts 2 were added to a 6 mm01 suspension of NH (the commercially available 

24.4% oil dispersion was washed three times with sodium-dry n-pentane) in 50 ml of THF'. After 
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stirring for 180 min (r.t.) the potassium salt of diphenylphosphinic acid had precipitated. 

250 Ml of n-pentane and 50 mI of water were added and the mixture was stirred overnight. 

Separation of the organic layer, drying (MgS04) and evaporation of the solvents afforded the 

enamines. These were further purified by orystallization (MeOH/H20) or distillation 23 . 
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