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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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Fig. 1. PMR s p e c t r a  of  (I) in C6H 6 (a), (VI) in CD3OD (b) ,  and (VII) in C6F 6 (e). The nonequivalency of 
the d ias te reo topic  Me groups  and i - P r  subst i tuents  obse rved  for  (I) and (VI), and of the d ias te reotopic  
methylene protons of the CH2P group obse rved  for (VII), indicate a py ramida l  configurat ion of the P 
atom. In the case  of  (VII), the expe r imen t  with decoupling f r o m  the s p i n - s p i n  coupling with P shows 
that  the additional mult ipl ic i ty  of the CHmN ring signal  [which is not p re sen t  in the s p e c t r u m  of (V)] is 
caused  by the a s y m m e t r i c  induction of the phosphoric  chi ra l  center .  

We c a r r i e d  out the aminomethyla t ion  of secondary  phosphines with N-methoxymethy l  der iva t ives  of m o r -  
pholine and S - ( - ) - m e t h y l  e s t e r  of prol ine by mixing the reagents  without a solvent  (with evolution of heat),  
followed by r emova l  of methanol  by dis t i l la t ion and s h o r t - t e r m  heating of the res idue  at 125-140~ 

R~NCH2OMe + HPRR' ---'~-M~eOH R2NCH~P.RR" 

With RsN =O(CH~CH~)~N R = R ' - -  i-Pr (V); 

R = i-Pr, R' = PhCH2 (VI); R = t-Bu, R' = Ph (VII). 
With R~N = MeO2CCH(CH~)aN R = R' = i-Pr (VIII); 

+ (IX);tR R = i-Pr, R' = CH2Ph = t-Bu, R' = Ph (X) 

The yie lds  a r e  p rac t ica l ly  the s a m e  as in the preceding  case ,  63-94% (see Table 1). All the AMP a re  co lo r -  
l e s s ,  mobile  or  viscous liquids; compound (ID c rys t a l l i z e s  on s to rage  in a r e f r i g e r a t o r .  The s t ruc tu re  of all  
the AMP was conf i rmed  by the NMR s p e c t r a  (Table 2, Figs�9 1 and 2) and m a s s  s p e c t r a  (see Table 1). The AMP 
(I) was c h a r a c t e r i z e d  in the f o r m  of oxide {Ia), oxide iodomethylate  (Ib), and hydrochlor ide  (Ic), and (V) in the 
f o r m  of oxide (Va). The oxidation of (I) and (V) by a cu r ren t  of dry  a i r  is comple te  a f t e r  3-4  h to give yields  
of 83 and 85%. The AMP oxides a r e  viscous co lo r l e s s  l iquids,  soluble in organic  solvents .  

We synthes ized  the aminomethyl  der iva t ives  of a s y m m e t r i c  secondary  phosphines (II)-(IV), (VI), (VII), 
and (IX), (X), and optical ly act ive  AMP, C-ch i r a l  (VIII), and C-  and P - c h i r a l  (IX) and (X). The d i a s t e r e o m e r s  
(IX) and (X) a r e  fo rmed  in the ra t io  ~1 : 1 (see, for example ,  Fig. 2). Compounds of this type can be readi ly  
obtained f r o m  avai lable  ch i ra l  amines ,  and the re fo re  they may be in teres t ing  as polydentate ligands for  build- 
ing complex ca ta lys t s  of a s y m m e t r i c  reac t ions .  In the a s y m m e t r i c  reac t ions ,  for  example ,  hydrogenat ion on 
rhodium complexes  with opt ical ly  act ive  phosphlnes ,  optical  y ie lds  of 96% have recent ly  been obtained [8]. 

Fo r  the syntheses  of P - c h l r a l  AMP, we used  the i r  c leavage reac t ion  by acid chlor ides  [5]. By the act ion 
of a h a l f - m o l a r  amount of the chi ra l  acid chlor ide ,  S-{-) tosylprol ine  chlor ide [9], one dex t ro ro t a to ry  enanti-  
o m e r  is p re fe ren t i a l ly  c leaved,  and the re fo re ,  the res idue  becomes  enr iched with l evo ro ta to ry  (-)-(IV). 

E ~ O  PhCH~Br  ~ ~ G + --)-PhCH2(Me~)NCH~P(t-Bu)PhBr (--)-(IVa) (IV) + 1/2S,(--)-C1COCH(CH~)aNTs ~ -~  (--)-Me2NCHzP(t-Bu)Ph 

(-)-(iv) 

The unreac ted  (-)-(IV) was ex t rac ted  with n-heptane.  According to the PMR s p e c t r u m ,  it is identical  with (IV) 
and has an optical  act ivi ty of 20 [~]546-8�9176 (C 1.0, C6H6). To r e m o v e  poss ib le  optical ly act ive admix tures ,  the 
product  was conver ted  into the N-bromobenzy la te  of (-)-(IVa),  which a f te r  c rys ta l l i za t ion  has 2o [~]546-3.4~ (C 
0�9 MeOH) (the PMR s p e c t r u m  is given in Fig. 3). 

E X P E R I M E N T A L  

All the syntheses  and phys icochemica l  studies of AMP were  c a r r i e d  out in an a rgon  a tmosphere  and in 
absolute solvents .  To r emove  a i r  and mois tu re ,  before  ca r ry ing  out the exper imen t s ,  the whole glass  appara tus  
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TABLE 2. NMR S p e c t r a  of  A m i n o m e t h y l p h o s p h i n e s  

~. ppm J. l-Iz 831P ill Phz6 
i (external . standard :ompound Solvent Me A He B ~ ~ ~ ~" ~ ~ 85% HsPO4). 

(HA) tHB) HCP MeN Clf~ other ~ ~ "~ < ~ x CHzP other ppm 

2,24 - { C8H8 1,42 2,1 6,0 { 9,9 2,25 - 8,9 (I) 0,94 0,93 

(III) (II) I CeF6 C6H~ 0,97 _ 0,93 _ i,32 _ 2,i 2,02 2,47 2,64 2,54 ICHA=CHB CMe3 Ph Ph 7,05 2,317,08 0,90 6,2 _ ' i2,0 (3,0) HAHB HBP HAP HBHA HCCP 16,5 13,0 12,0 5,5 3,0 Ill I 18,6 9,7 

(IV) IC,F6 (2,92) (2,7i: 2,1 - ICMez  0,87 (3,75) HCCP 12,0 I l i ,5  
Ph 7,29 HAHB t3,8 

(V) [CDsOD 0,99 0'96 I t'64 - 2'43 CH2N [,CH20 3,49 2,386,5 9 , 5 1 1  t,50 

(VII) C,F, (3,t7) (2,68 - I C "  Mea 0,92 (5,0) ~ HCCP 12,0 , 14,2 

/ 0,88 0,91 3,44 [ [Ell2 2 3,21 HAHBI=HAHB2 13,0 - 
:Me02 t ]CH~ 2,82 
3,52 [ ICtt2$ 1,66 

A 
,h,,,,,,l,,,,,,,l,,, .... I .... ,,,I, ,,,,,l,r,,,,,l,,,,,,,l ,,, 

7 5 J / ~ppm 

Fig. 2 

C 

8 G 4 2 

Fig.  3 

' . . . .__ 

i l r l t f p  

a, pprn 

Fig.  2. PMR S p e c t r a  of  op t i ca l ly  ac t ive  (X} in C2C14. The two se t s  of  s igna l s  of the MeO and t -Bu  
g roups  c o r r e s p o n d  to d i a s t e r e o m e r s ,  one of which  p r e d o m i n a t e s .  

Fig. 3. PMR S p e c t r a  of (-}-(IVa} in CD3OD. The nonequiva lency  of the d i a s t e r e o t o p i c  me thy l ene  
pro tons  of  the CH2P g roup  (the AB s p e c t r u m  at  decoupl ing f r o m  P atom} and of the me thy l  g roups  
in Me2N is  c a u s e d  by the a s y m m e t r i c  induct ion of the ch i r a l  P a tom.  

was  e v a c u a t e d  (to 1 mm) wi th  hea t ing  o v e r  an open f l ame  of a b u r n e r ,  and w a s  then f i l led  wi th  d ry  a rgon .  

The PIVIR s p e c t r a  w e r e  run  on the " J eo l  J N M - C - 6 0 H L "  (60 MI-Iz), " T e s l a  B8-487C"  (80 MHz),  and " V a r i -  
an HA-100"  (100 MHz) s p e c t r o m e t e r s .  The c h e m i c a l  sh i f t s  w e r e  m e a s u r e d  wtth r e f e r e n c e  to TMS and HMDS 
in te rna l  s t a n d a r d s ,  depending on the c h e m i c a l  p r o p e r t i e s  of the compounds  s tudied.  The 31p NMR s p e c t r a  w e r e  
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run  on the "Var i an  XL-100,"  "JNM-4H-100"  (40.5 MHz), and " B r u c k e r  SXP-4 / 100" (36.44 MHz) appara tus ,  
and the chemica l  shif ts  w e r e  m e a s u r e d  in ppm with 85% H3PO 4 used as externa l  s t andard  (into the s t ronge r  
field, posit ive).  The optical  ro ta t ion  was  m e a s u r e d  on "Po l ama t  A" and " P e r k i n - E l m e r - 1 4 1 "  po l a r ime t e r s .  

The s t a r t ing  phosphines w e r e  p r e p a r e d  by the method desc r ibed  in [10]. The p rope r t i e s  of the AMP de-  
s c r i bed  below a re  given in Tables  1 and 2. 

Dimethylarninomethyldi isopropylphosphine  (I). A) According to the p rocedure  of [3], 2 g (44 mmoles)  of 
dry d imethylamine  was pas sed  with cooling (bath t e m p e r a t u r e  -30~ through 7 g of a 37% aqueous solution of 
formaldehyde.  The mix ture  was  heated to 80~ and 5 g (42 mmoles)  of di isopropylphosphine were  added. The 
mix tu re  was then boiled for  2 h, and ex t r ac t ed  with n-hexane (3 x 8 ml). The ex t rac t  was  dr ied  over  calcined 
MgSO o the solvent  was dis t i l led,  and the res idue  dis t i l led in vacuo. Yield, 3.5 g (47%) of (D. 

B) A 3.8 g (32 mmoles)  por t ion of di isopropylphosphine was placed in a dis t i l la t ion f lask,  and 3.4 g (34 
mmoles)  of b i s -d ime thy laminomethane  (bp 84~ were  added at 20~ The mixture  spontaneously heated up to 
50~ and then 3 drops  of CF3COOH w e r e  added. It  was  fu r the r  heated to 80~ and left  to stand overnight.  
Af ter  dis t i l la t ion,  4.66 g (yield 81%) of (D w e r e  obtained. 

Dimethylaminomethyld i i sopropylphosphine  Oxide (Ia). Air  was pas sed  for  3 h through a tube fil led with 
KOH into 0.71 g (41 mmoles)  of (I) to y ie ld  0.66 g of (Ia) (85%), co lo r less  liquid, bp 82~ (2 ram), M + m / e  191. 
PMR s p e c t r u m  (CsH6, 5, ppm, J. Hz): 0.95 (Me A, JHH = 6.15, JHP = 13.7), 0.87 (MeB, JHH = 6.75, JHP = 
13.2), 1.55 (HCP), 2.05 (MEN), 2.16 (CH2). 

Di i sopropy lphosph inomethy l t r ime thy lammonium Iodide Oxide (Ib). A solution of 0.3 g (excess) of CH3I in 
10 ml of e the r  was added to a solution of 0.2 g (1 mmole) of (In) in 10 ml of e ther .  The prec ip i ta te  was s e p a -  
ra ted ,  washed  with e ther  (4 x 5 ml),  and dr ied in vacuo to give a yie ld  of 0.24 g (69%) of (Ib), white c r y s t a l s ,  
m p >  250~ (sublimation). Found: C 36.34; H 7.73; N 4.40; 1 ~ 9.05%. C10H25NOPI. Calculated: C 36.03; H 7.51; 
N 4.20; P 9.31%. PMR s p e c t r u m  (CD3OD, 5, ppm, J ,  Hz): 1.24 (MeA, JHH = 7.0, JHP  = 16.0), 1.20 (MeB, �9 
JHH = 7.0, JHP = 16.0), 2.25 (HCP), 3.32 (MEN), 3.81 (CH2, JHP = 3.5). 

Dimethylaminomethyld i i sopropylphosphine  Hydrochlor ide  (Ic). F r o m  0.8 g (4.2 mmoles)  of (D and 0.15 g 
of dry  HC1 i n 2 0  ml of e ther ,  0.8 g of (Ic) (83%), mp 150-152~ was obtained. Found: C 51.32; H 10.83; N 
6.63; P 14.80%. CgH23NPCI. Calculated:  C 51.18; N 10.90; N 6.63; P 14.69%. P1VIR s p e c t r u m  (CD3OD , 5, ppm, 
J ,  Hz): 1.01 (MeA, JHH = 6.15, JHP  = 13.35), 0.99 (Me B, JHH = 6.15, JHP = 12.0), 1.8 (HCP), 2.72 (MEN), 
3.16 (CH2, JHP = 3.0). 

Dimethylaminomethyl i sopropylbenzylphosphine  (ID. F r o m  4.2 g (25 mmoles)  of isopropylbenzylphosphine 
and 3.3 g (32 mmoles)  of b i s -d ime thy laminomethane ,  by p rocedure  B for the synthes is  of (I), 4.9 g of (ID were  
obtained, y ie ld  87%. 

Dimethy laminomethy l - t e r t -bu ty lbenzy lphosphine  (HI). S imi la r ly ,  f rom 3.7 g (20.5 mmoles)  of t e r t - b u t y l -  
benzylphosphine and 3 g (29 mmoles)  of b i s -d ime thy laminomethane ,  4.64 g of (IID were  obtained. Yield 95%, 
co lo r l e s s ,  v iscous  liquid. 

Dimethy laminomethy l - te r t -bu ty lphenylphosphine  (IV). S imi la r ly ,  f r o m  3 g (18 mmoles)  of t e r t - bu ty l -  
phenylphosphine and 1.85 g (18 mmoles)  of b i s -d imethy laminomethane ,  2.62 g of (IV) were  obtained. Yield 
65%, c o l o r l e s s ,  viscous liquid. 

( - ) -Dimethy laminomethy l - t e r t -bu ty lphenylphosphine  (-)-(IV). A solution of 0.72 g (2.5 mmoles)  of N- 
tosy lpro l ine  chlor ide  (prepared  by the method in [9]) in 15 ml of e ther  cooled to -50~ was added to a solution 
of 1.11 g (5 mmoles)  of (IV) in 20 ml of e ther  cooled to the s ame  t empera tu re .  A prec ip i ta te  immedia te ly  
formed.  After  10 rain, the cooling was discontinued, and a f t e r  20 min,  the prec ip i ta te  was separa ted ,  and 
washed  with e ther .  Af te r  r em ova l  of e ther  f r o m  the f i l t ra te ,  the res idue  was ex t rac ted  thr ice  with n-heptane,  
and the solvent  was evapora ted  f r o m  the ex t rac t  to give a y ie ld  of 0.15 g of (-)-(IV), which according to P1VIR 
s p e c t r u m  is identical  with r a c e m a t e  of (IV), [a]~~ - 8 . 2  ~ (C 1.0, C6H6). 

( - ) -Dimethy laminomethy l - t e r t -bu ty lphenylphosphine  N-Bromobenzy la te  (-)-  (IVa). A 0.15 g (0.84 mmole) 
por t ion of benzyl b romide  was added to a solution of 0.11 g (0.49 mmole)  of (-)-(IV) in 15 ml of e ther .  After  
15 min,  the solut ion became  turbid,  and a prec ip i ta te  formed.  After  2 h this was sepa ra ted ,  washed  with e ther  
and dr ied  in vacuo. Af te r  c rys ta l l i za t ion  f r o m  an a c e t o n i t r i l e - e t h e r  mixture ,  0.10 g of (IVa) was obt~/ined. 
Yield 40%, [c~]~~ - 3 . 4  ~ (C 0.6, MeOH). PMR s p e c t r u m  (CD3OD , 6, ppm, J ,  Hz): 1.05 (Me3C, JHCCP = 13.5), 
3.02 and 2.94 (MEAN and MeBN),* 4.2 (CH2P , AB s p e c t r u m ,  AV = 36 HZ, JHA P = 1.5, JHB p = 5.0, JHAHB = 
15.0), 4.65 (PhCH2N), 7.5 (Ph). 

*A s i m i l a r  nonequivalency of the d ias te reo topic  methyl  groups bound to the he te roa tom,  was obse rved  in [11]. 
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N-Morpholinomethyldiisopropylphosphine (V). A 3.7-g (28 mmoles) portion of N-methoxymethylmor- 
pholine [bp 43~ (4 mm)] was added at 20~ to 3.3 g (28 mmoles) of diisopropylphosphine. The mixture was 
heated up to 50~ methanol was distilled off, and heating was continued on a water bath at 125,140~ The 
residue was distilled in vacuo to give 5.2 g of (V), yield 86%. 

N-Morpholinomethyldiisopropylphosphine C~ide (Va). Air was passed for 4 h through a tube containing 
alkali into 0.55 g (2.5 mmoles) of (V) to yield 0.48 g of (Va) (83%), bp 105~ (3 mm); n~ 1.4702, M + m / e  233. 
PlVIR spectrum (C6H6, 5, ppm, J, I-Iz): 1.01 (MeA, JHH = 6.2, JHP = 13.8), 0.96 (lVleB, JHH = 7.0, JHP = 14.5), 
2.32 (CH2P , JHP = 5.5), 2.42 (CH2N), 3.44 (CH20). 

N-Morpholinomethylisopropylbenzylphosphine (VI). Similarly to the synthesis of (V), from 2.4 g (14.4 
mmoles) of isopropylbenzylphosphine and 1.9 g (14.5 mmoles) of N-methoxymethylmorpholine, 3 g of (VI) were 
obtained. Yield 79%, colorless mobile liquid. 

N-Morpholinomethyl-tert-butylphenylphosphine (VID. Similarly, from 1.75 g (10.5 mmoles) of te r t -  
butylphenylphosphine and 1.44 g (14.1 mmoles) of N-methoxymethylmorpholine, i.81 g of (VII) was obtained, 
yield 65%; the compound crystall izes on standing in a refr igerator .  

S- (-) -Methyl Ester  of N-(Diisopropylphosphinomethyl)proline (VIID. Similarly, from 1.11 g (9.4 mmoles) 
of diisopropylphosphine and 1.63 g (9.4 mmoles) of S- (-) -methyl es te r  of N-methoxymethylproline (prepared 
by the method in [6], bp 65~ (2 mm), n~ 1.4553, 20 _ [c~]54 s 75.1 ~ (9.45, MeOH)), 2.18 g of (VIII) were obtained, 
yield 94%. 

S-(-)-Methyl Es ter  of N-(Isopropylbenzylphosphinomethyl)proline (IX). Similarly, from 1.2 g (7.2 m- 
moles) of isopropylbenzylphosphine and 1.4 g (8.8 mmoles) of S-(--}-methyl es ter  of N-methoxymethylproline, 
1.34 g of (IX) was obtained, yield 63%. 

S- (-)-Methyl Ester  of N- (tert-Butylphenylphosphinomethyl) proline (X). Similarly, from 3.57 g (21.5 
mmoles) of tert-butylphenylphosphine and 3.72 g (21.7 mmoles) of S-(-)-methyl es ter  of N-methoxymethyl- 
proline, 4.9 g of (X) were obtained, yield 78%. 

C ONC LUSI  ONS 

1. Methods for the aminomethylation of phosphines with alkoxymethylamines and diaminomethanes were 
developed. 

2. Aminomethyl derivatives of asymmetric  phosphines and optically active C-chiral  and diastereomeric 
C- and P-chira l  aminomethylphosphines were prepared. 

3. An enatiomerically enriched (-}-dimethylaminomethyl-tert-buty!phenylphosphine, with an asymmetric  
center at the P atom was synthesized. 
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