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In a continuation of our s tudies on the reg iose lec t iv i ty  of the addition of dimethyl  phosphite (DMP) to 
~ -enones  [1-3], in the p resen t  work  we studied the reac t ion  of DMP with dibenzylidene der iva t ives  of acetone 
(I), cyclohexanone (ID, and cyclopentanone (In') in the p re sence  of bases .  In the absence  of ca ta lys t s ,  the r e -  
actions of (I) and (II) p roceed  on heating accord ing  to 1,4-addit ion scheme  with the fo rma t ion  of y -ke tophos -  
phonates (IVa) and (IVb) [4]. 

It  was  found that under  the conditions of  basic  ca ta lys i s ,  the dibenzylidene de r iva t ives  of ketones r e a c t  
with DMP s i m i l a r l y  to chaleone [2]: in the p re sence  of sodium methoxide,  the reac t ion  p roceeds  with the f o r -  
mat ion of monoadducts (IVa, b, c) (see scheme) ,  
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while in the p re sence  of amines  there  is no react ion.  In analogy with monobenzylidene der iva t ives  of acetone,  
cyclohexanone,  and cyclopentanone [2], we a s s u m e d  that  the monoadducts {IVa, b, c) will  add a second molecule  
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of DMP at both the 1,2 and 1,4 positions of the conjugated sys tem,  with the formation of bisadducts (V) and (VI), 
respect ively .  However,  in the presence  of diethyl-  and tr iethylamine the react ion did not take place, while in 
the presence  of MeONa, it proceeded with the format ion of 1,4-bisadducts (Via, b, c) only. This behavior of 
monoadduets (IVa, b, c) can be explained by s ter ie  hindrance to the approach of the nucleophile to the C = O 
group, exer ted by the dimethylphosphono-substi tuted benzyl group present  at the fl position. An examination of 
the S t u a r t - B r i e g l e b  models of the monoadducts confirms this supposition. 

The s t ruc ture  of the bisadducts was establ ished by e lementary  analysis  and IR spectra .  

For  bisadducts (VIb) and (vic), the format ion of i somers  with cis and trans disposit ion of the phosphono- 
substi tuted benzyl groups is, in principle,  possible,  but the c is-diaxial  conformation is,  apparently,  excluded 
because of the considerable  1 ,3-repuls ion of the benzylphosphonic groups. 
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According to the data of the PMR spec t rum,  a c is -d iequator ia l  disposition of the substituents in the ring 
was found for adduet (VIb). In the spec t rum there  are  two doublets of the methoxyl protons at 5 3.32 and 3.0 
ppm (12H, 3JpH = 10.8 Hz), whose nonequivalency in pairs is due to the presence of an a symmet r i c  o~-C atom. 
The multiplet at 6 1.64 ppm cor responds  to the methylenic protons of the ring. The signals of the methine pro-  
tons of the r ing a re  overlapped by the signals of the methoxyl groups,  and their  analysis  is difficult. In the 
3.60 ppm region,  there is a quadruplet of methine protons of the benzyl groups. When double heteronuclear  
resonance is used, in this region the spec t rum is reduced to a doublet at 6 3.61 (2H, JHH = 10 Hz). The p r e s -  
ence of one doublet indicates a c is -d iequator ia l ,  and not a t rans-equator ia l ly  axial disposit ion of the benzyl-  
phosphonic substituents.  

The regioselect ivi ty  of the addition of DMP to the ~-enones  can be considered f rom the point of view of 
the per turbat ion theory [5], as in [6, 7]. According to this theory,  the addition of the nucleophile to the C = O 
group is a charge control led p rocess ,  while the addition to a conjugated sys tem is an orhital ly controlled r e -  
action. 

Data on the calculation of the charge on the carbonyl  carbon atom (q2) and the HCO energy ( E H c O ,  and 
also the C a coefficients of HCO of cer ta in  ~-enones  [7] studied in the react ion with DMP, are  listed in Table 1. 

Although in the l i te ra ture  there are  no data on the calculation of charge q2 and EHC O (C a coefficients) 
for monobenzylidene derivatives of cyclopentanone and cyclohexanone, and also for the dibenzylidene der iva-  
t ives,  never theless ,  on the basis of the calculated data [7], we can assume that these pa ramete r s  of the f i r s t  
group of ketones shall  be s imi la r  to the pa ramete r s  of benzalacetone,  cyclohexenone and cyclopentenone, and 
the pa ramete r s  of the dibenzy!idene derivat ives - to the pa ramete r s  of chalcone. This group should also in- 
clude 2-benzal te t ralone.  

It follows f rom Table 1 that the charge on the carbonyl  carbon atom decreases  on t ransi t ion f rom cyc lo-  
hexenone  and ethylideneacetone to ehaleone, while EHC O and the C a coefficients decrease  in the same se -  
quence. Consequently, the ability to undergo a charge control led process  of the 1,2-addition should decrease ,  
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and the role  of the orbi ta l  in te rac t ion  leading to the 1 ,4-adducts ,  should inc rease  in the s a m e  sequence.  

The r e su l t s  obtained by us during the reac t ion  of DMP with a - e n o n e s  ag ree  with the predic t ion of the 
per turba t ion  theory.  The reac t ion  at  the C = O group of the monobenzylidene der iva t ives  of acetone,  eyc lo -  
pentanone,  eyclohexanone,  and a lso  ethyl ideneacetone and cyclohexenone is kinet ical ly m o r e  p r e f e r r e d  than 
that at the conjugated s y s t e m  [1-3]. In the p re sence  of die thyl-  and t r i e thy lamine  all these  ketones fo rm 1,2- 
adducts only. The ra t io  of the reac t ion  products  in the p r e sence  of MeONa depends on the amount  of the ca t a -  
lyst .  Thus,  in the case  of a smal l  amount of MeONa, the fo rmat ion  of a -hydroxyphosphona tes  is p r e f e r r e d ,  
while with the i nc r ea s e  in the amount  of the a lcoholate ,  the yie ld  of 7-ketophosphonates  i nc reases .  This is 
explained by the fact  that an i nc r ea s e  in the amount  of the alcoholate  shif ts  the equi l ibr ium in the fo rmat ion  
reac t ion  of a -hydroxyphosphona tes  in the d i rec t ion  of the s ta r t ing  m a t e r i a l s ,  facil i tat ing thus the 1,4-addition, 
which is p rac t ica l ly  i r r e v e r s i b l e  under  these conditions. A s i m i l a r  role  is played by the t ime  and t e m p e r a -  
ture.  With their  i nc rea se ,  the yie ld  of the 1,4-adducts i nc r ea se s .  

The behavior  of ethylideneacetone in the reac t ion  with DMP is interest ing.  In the p re sence  of amines  the 
reac t ion  proceeds  at the C = O group,  but in con t ras t  to benzalacetone ,  even a sma l l  amount of MeONa at  
~20~ leads to the 7-ketophosphonate only [3]. S imi la r ly ,  in the reac t ion  with phosphonoacetie  e s t e r  in THF 
in the p re sence  of t-BuOK, only the product  of  1,4-addit ion has been iso la ted  [7]. This cannot be explained by 
the per turba t ion  theory:  benzalacetone with a s m a l l e r  charge  on the carbonyl  a tom and somewhat  s m a l l e r  HCO 
level  than in the case  of ethyl ideneacetone,  in the p re sence  of cata lyt ic  amounts  of MeONa fo rms  both 1,4- and 
1,2-adducts with DMP. With phosphonoacetic  acid e s t e r ,  the fo rmat ion  of products  in two di rec t ions  is a lso  
obse rved  [6, 7]. The difference in the behavior  of e thyl idenacetone and benzalacetone  can  be explained by the 
g r e a t e r  reac t iv i ty  of the fl-C a tom in ethyl ideneacetone,  due to the lower  deconjugation effect  [7, 8]. If  in the 
t rans i t ion  s ta te ,  the ~-C a tom of the a - e n o n e  changes the sp2-hybr idizat ion for  sp  3, the loss  of the 7r energy  
will  be g r e a t e r  for  benzalacetone than for ethyl ideneacet0ne,  and this can predominate  over  the orbi ta l  fac tors  
[7]. 

In the p re sence  of two competing reac t ions  - a r e v e r s i b l e  addition to the C = O group and prac t ica l ly  
i r r e v e r s i b l e  conjugated addition, i nc rea se  in the ra te  of the l a t t e r  leads to a shift  in the equi l ibr ium of the 
1,2-addit ion in the d i rec t ion of the s ta r t ing  m a t e r i a l s ,  and hence,  in the d i rec t ion  of a the rmodynamica l ly  
control led  product.  In the p resence  of amines ,  the i sola t ion of a -hydroxyphosphona te  f r o m  ethylideneacetone 
is due to the fact  that they a r e  m o r e  s table  in the p re sence  of amines  than in the p resence  of a lcohola tes ,  and 
DMP cannot f o r m  7-ketophosphonates  in the p resence  of amines  [3]. 

According to data in [7], cyclohexenone has the s ame  quan tum-chemica l  c h a r a c t e r i s t i c s  (q2, EHCO, C4) 
as e thyl ideneacetone,  but in the p re sence  of MeONa, it f o rms  adducts with DMP at both the C = O group and the 
conjugated sys t em.  Phosphonoacet ic  acid e s t e r  gives products  of 1,4-addition only [7]. According to calcula ted 
data [9], in c ros s - con juga t ed  ketones,  the e lec t rophi l ic i ty  of the carbonyl  ca rbon  a tom and the f l -carbon a tom 
become s imi l a r .  Although the data in Table 1 show that the ro le  of  the orbi ta l  in te rac t ion  for chalcone,  and 
probably,  for  o ther  benzylidene ketones with an a roma t i c  nucleus or  a second benzylidene group in the a pos i -  
tion to the C = O group,  i n c r e a s e s ,  and the contr ibut ion of the charge  control  d e c r e a s e s ,  c o m p a r e d  with the 
benzylidene der iva t ives  of alky] ketones ,  when we cons ider  the reg iose lec t iv i ty  of the nucleophilic addition of 
DMP, we mus t  take into account the role  of the deconjugation effect.  The fo rmat ion  of an in te rmedia te  anion 
(A) in the 1,2-addit ion p rocess  should be accompanied  by a higher  loss  of the conjugation energy  than during 
the fo rmat ion  of the anion (B) according to the scheme  of conjugated addition 
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E X P E R I M E N T A L  

React ion  of Dimethyl  Phosphi te  with Dibenzalacetone:  To a mix ture  of 1.17 g of dibenzalacetone and 1.1 g 
of DMP in benzene,  10 drops of a sa tu ra ted  solution of MeONa in MeOH were  added to an a lmos t  complete  de-  
co lora t ion  of the solution. After  3 h, the reac t ion  mixture  was washed  with wa te r ,  dr ied  ove r  MgSO o and 
evaporated.  By chromatography  on a column with s i l i ca  gel,  f r o m  the res idue ,  1 ,5-d iphenyl -5- (d imethyl -  
phosphono) - l -pen ten -3 -one  (IVa) ( e l u e n t -  diethyl ether) and bis(dimethylphosphone)benzylaeetone (Via) (eluent - 
acetone) w e r e  isolated.  Yield of (IVa) 13.37%, mp 105-106.5~ (from cyclohexane).  ]1% s p e c t r u m  (v, cm-1): 
1038, 1050, 1070 (POC), 1260 (P=O),  1630 (C=C),  1660 (C=O). Found: C 66.28; H 6.42; P 8.95%. C19H2104P. 
Calculated: C 66.28; H 6.14; P 9.00%. 
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Yield of (Via) 31.15%, mp 97-98~ (f rom a b e n z e n e - p e t r o l e u m  ether  mixture) .  IR s p e c t r u m  (v, cm-1): 
1035, 1060 (POC), 1253 (P=O) ,  1720 (C=O). Found: C 55.52; H 6.69; P 13.61%. C2iH28OTP2: Calculated: C 
55.5; H 6.21; P 13.64%. 

Reac t ion  of Dimethyl  Phosphi te  with T-Ketophosphonate  (IVa). To a mixture  of 0.2 g of ~/-ketophospho- 
nate (IVa) and 0.12 g of DMP in e ther ,  7 drops  of a s a tu ra t ed  solut ion of NaOH in absolute MeOH were  g radu-  
ally added. The compos i t ion  of the r eac t i on  mix tu re  during the dropping of the alkal i  was  control led by IR 
spec t r a .  Af te r  washing with wa te r ,  drying over  MgSO 4 and chromatography  on a column with s i l i ca  gel ,  the 
bisadduct  (Via) was i so la ted  f r o m  the reac t ion  mix ture  in a 41.3% yield.  

Reac t ion  of Dimethyl  Phosphi te  with 2 ,6-Dibenzalcyclohexanone.  To a mix ture  of  1.37 g of 2 ,6 -d ibenza l -  
cyclohexanone and 1.1 g of DMP in e ther ,  25 drops  of a s a tu ra t ed  solution of MeONa in MeOH were  added. 
The un reac t ed  init ial  ketone was r e m o v e d  by fi l trat ion.  Af ter  15 h (~20~ the c r y s t a l s  of 2 ,6 -b i s (d imethyl -  
phosphono)benzylcyclohexanone (VIb) s e p a r a t e d  f r o m  the solution. IR s p e c t r u m  (v, cm-1): 1030, 1060, 1072 
(POC), 1245, 1250 (P=O),  1725 (C =O). Yield 16.5%, mp 169-171~ (f rom CC14). Found: C 58.48; H 6.66; P 
12.08%. C24H32OTP 2. Calculated:  C 58.28; H 6.52; P 12.53%. 

The mothe r  l iquor  was washed  with wa te r ,  d r ied  over  MgSO 4, and evapora ted  in vacuo. Chromatography  
of the res idue  on s i l i ca  gel with elution with a pe t ro l eum e t h e r - e t h e r  (1 : 1) mix ture  gave 2- (d imethylphos-  
phono)benzyl -6-benzalcyclohexanone (IVb). When ground with pe t ro l eum e ther ,  (IVb) was conver ted  into a pow- 
der ,  mp 64-66~ IR s p e c t r u m  (v, cm- i ) :  1039, 1055 (POC), 1250 (P=O),  1608 (C=C),  1690 (C=O). 531P 
30 ppm. Found: C 68.50; H 6.60; P 7.86%. C22H2504P. Calculated: C 68.73; H 6.55; P 8.06%. 

Reac t ion  of Dimethyl  Phosphi te  with ~-Ketophosphonate  (IVb). To a mix tu re  of 0.34 g of (iVb) and 0.3 g 
of DMP in e the r ,  6 drops  of  a solut ion of MeONa in MeOH were  added, and the mix ture  was left to s tand for 
24 h. The c r y s t a l s  of the bisadduct  (VIb) w e r e  i so la ted  in a y ie ld  of 23%. 

Reac t ion  of Dimethyl  Phosphi te  with 2 ,5-Dibenzaleyclopentanone.  To a mix ture  of 1.2 g of 2 ,5-diben-  
zalcyclopentanone and 0.75 g of DMP in benzene,  30 drops  of a sa tu ra ted  solut ion of MeONa in MeOH were  
added. After  the evolution of heat  had ceased ,  the reac t ion  mix ture  was washed  with w a t e r  and dr ied  over  
MgSO4, and benzene was par t i a l ly  evapora t ed  in vacuo. Crys t a l s  of 2 - (d imethylphosphono)benzyl -5-benza l -  
cyclopentanone (IVc) we re  i so la ted  in a y ie ld  of 18.3%, mp 126-127.5~ (f rom cyclohexane).  IR s p e c t r u m  (v, 
cm-1): 1035, 1060 ( P - O - C ) ,  1255 (P=O),  1750 (C=O). Foundi P 8.26%. C21H2304P. Calculated:  P 8.36%. 

The mothe r  l iquor left  a f te r  the sepa ra t ion  of (IVc) was evapora ted  in vacuo,  and e ther  was added to 
the res idue .  C rys t a l s  of 2 ,5-his  (dimethylphosphono)benzylcyclopentanone (Vic) we re  i so la ted  in a y ie ld  of 
21.2%, mp 183-185~ {from CC14). IR s p e c t r u m  (v, cm-i ) :  1023, 1052, 1070 (POC), 1258 (P=O) ,  1750 (C=O). 
Found: C 58.3; H 6.25; P 12.83%. C23H30OTP 2. Calculated:  C 57.91; H 6.29; P 12.90%. The s a m e  bisadduct (Vie) 
was i so la ted  by the r eac t i on  of monoadduct  (IVc) with DMP in the p re sence  of MeONa. 

C O N C L U S I O N S  

1. Dibenzylidene de r iva t ives  of acetone,  cyclohexanone,  and cyclopentanone r e a c t  with dimethyl  phos-  j 
phite in the p r e s e n c e  of sodium methoxide by the 1,4-addit ion s cheme ,  with the fo rmat ion  of mono-  and b i s -  
adducts with a ~/-ketophosphonate s t ruc tu re .  

2. In con t ra s t  to the benzylidene der iva t ives  of acetone,  cyclohexanone, and cyclopentanone,  because  of 
s t e r i c  hindrance by the phosphono-subst i tu ted  benzyl group, the monoadducts do not f o r m  addition products  
with dimethyl  phosphite at  the carbonyl  group. 
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Most of the known methods for  the synthes is  of aminomethylphosphines  (AMP) a re  essen t ia l ly  modi f ica-  
tions of the Mannich reac t ion  [1-4]. The s imp le s t  va r i an t  cons i s t s  in the r eac t ion  of a secondary  amine ,  
formal in ,  and phosphine [3]. However ,  in our  a t tempts  to syn thes ize  d imethylaminomethyld i i sopropylphos-  
phine (I) according to [3], the y ie ld  did not exceed  47%. The main  difficulty was ,  apparent ly ,  that  by ca r ry in g  
out the reac t ion  in aqueous medium,  it was not poss ib le  to exclude the ex t rac t ion  s tage ,  at  which the readi ly  
oxidizable al iphatic  phosphine was lost.  We the re fo re  developed methods for  aminomethyla t ion  of phosphines 
in a nonaqueous med ium by the act ion of acces s ib l e  and read i ly  pur i f ied  t e t raa lky ld iaminomethanes  and 
a lkoxymethylamines  (briefly desc r ibed  in [5]). The f o r m e r  have a l ready  been used  for the p r epa ra t i on  of AMP 
under fa i r ly  d ra s t i c  conditions [5]. The addition of the acid ca ta lys t  made it poss ib le  to apprec iab ly  lower  the 
reac t ion  t e m p e r a t u r e ,  and the yields  of the products  va r i ed  within 65-95% (Table 1). 

8 0  ~ 

(Me~N)2CH= + HPRR' _ . . . . . .  --~..MesNCH~PRR' 
UU'=~;U, UH ( c a t . )  

B = R '  = i-Pr (I); B = i-Pr, R r =  PhCH~ (II); 

B = t-Bu, B' =PhCH2 (III); B = t-Bu2 B' - - - -Ph (IV) 

Alkc~ymethylamines  have a l ready  been success fu l ly  used for  the aminomethyla t ion  of az i r id ines  [6]. 
The reac t ions  with phospbines a r e  known only for  s i m i l a r ,  but more  act ive r eagen t s ,  t e t raa lky ld iaminoa lkoxy-  
methanes  [7]. 

TABLE 1. P r o p e r t i e s  of Aminomethylphosphines  

Com - 
pound 

(1) 
(iI) 

(III) 
(IV) 

(vii) 
(viii) 

(ix) 
(x) 

Formula 

Me2NCH2P (i-Pr) 2 
Me2NCHzP (i-Pr) CHzPh 
MezNCHzP (t-Bu) CH~Ph 
Me=NCH2P (t-Bu) Ph 
O (CH2CH2)~NCH2P (i-Pr) 2 
O (CHzCHz) ~NCHsP (i-Pr) CH2Ph 
O (CHzCH2) 2NCHsP (t-Bu) Ph 
MeOOCCH (CH2) sNCH~P (i-Pr) z c 

! ! 

MeOOCCH (CH2) ~NCH~P (i-Pr) CH~Ph d 
, ! f MeOOC,CH (CHs) sNCH2P (t-Bu) Ph 

Yield,~ bp, ~ (p, 
mm Hg) 

81 69(8y 
87 iOl-t03 (t,5) 
95 i 2 0 - i 2 i  (4) 
65 13000) 

8 6  87(3) 
79 135(3)i 
65 i58(6)  
94 100-104(2) 
63 i50-i52(i) 
78 149-150 (1,5) 

a) M + is absent, characteristic peaks at m/e i66 and 100. 
b) M + is absent, cb.~act~ristic peaks at m/e 166, 100, and 57. 
c) [a ~46 --76.8~ (C 9.45, McOH). 
d) [a]~s~ --22.3* (C 0.5, MeOh'). 
e) M + is absent, characteristic peaks at m /e l66 ,  141, and 91. 
0 [= ]~  -57" (c z.9, MeOH). 
g) M + is absent, characteristic peaks at m / e l 6 6 ,  143., 110, and 57. 

M+, m/e 

i75 
223 
237 
223 
217 

a 
b 

245 
e 
g. 
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