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Bis(2-diphenylphosphinoethyl)amine. A Flexible
Synthesis of Functionalized Chelating Diphosphinesl

Sir.'

Chelat ing diphosphines are an important c lass of  l igand in
inorganic and organometall ic chemistry. Applications of these
mater ia ls in areas such as asymmetr ic synthesis and catalysis
by polymer-bound metals increasingly require incorporation
of diphosphine units into complicated organic structures. The
most commonly used methods for synthesis of polydentate
phosphines involve the introduction of multiple individual
phosphine units into a precursor, ordinarily by displacement
of halides or tosylates by diphenylphosphide ion or by addition
of diphenylphosphine to activated olefins.2 These syntheses
suffer from unpredictable yields and incompatibility with many
funct ional  groups. Here we out l ine an al ternat ive and widely
applicable synthetic method in which the chelating diphosphine
moiety is introduced as a unit, taking advantage of the highly
reliable coupling of amines with carbonyl halides, anhydrides.
active esters, and isocyanates (eq l).
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The central  intermediate in th is scheme, bis(2-diphenyl-
phosphinoethyl)amine ( l )  was prepared and isolated as a
crystal l ine,  a i r -stable,  hydrochlor ide sal t  by the fo l lowing
procedure. Diphenylphosphine3 (28.0 mL,29.6 g, 160 mmol)
was added by syringe to a suspension of potassium tert-bu-
toxide (28 g,  250 mmol)  in 500 mL of  dry TH F under argon.
The resulting deep red solution was stirred for 5 min and
bis(2-chloroethyl)amine hydrochlor ide (14.3 g,  80 mmol)
added as a coarse powder.a The mixture was refluxed for l6
h, poured into 800 mL of hexane, and washed in succession
with 300-mL portions of l0olo aqueous NaOH and saturated
aqueous NaCl solutions. The hexane layer was separated, f i l-
tered, and stirred vigorously with 800 mL of 2 N aqueous HCI
solut ion giv ing a dense white precipi tate of  I  HCl.  Recrystal-
l ization from 300 mL of boil ing acetonitri le gave a 907o yield
(34,4 g) of  f ine whi te needles,  mp I  74.5- I  75.5 og.5 '6

Acylation of I was accomplished by a number of the pro-
cedures commonly used for the formation of amides (Tablc I).
Isocyanates and carboxylic acid chlorides, anhydrides, and
active esters appear to react cleanly with the nitrogen atom of
l. Sulfonyl chlorides and cyanogen bromide give complex
product mixtures: no N-functionalized derivatives of I have
been isolated from these reactions. o-Gluconic acid 6-lactone.
O-alkyl isouronium bromides, and S-alkyl isothiouronium
bromides were unreactive toward 1. A representative procedure
is that for N,N-bis(2-diphenylphosphinoethyl)biotinamide (9).
The N-hydroxysuccinimide active ester of d-biotinT (67 mg,
0.20 mmol) ,  I  HCI (95 mg,0.20 mmol) ,  and tr iethylamine (80
mg, 0.80 mmol)  were added to 3 mL of  degassed DMF. The
reaction mixture was stirred at room temperature for 60 h
under argon, slowly diluted with 8 mL of water, and cooled to
4 "C. The resulting white precipitate was collected, washed
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d Exccpt  wherc indicatcd,  I  was al lowed to react  wi th I  cquiv of  the
der ivat iz ing agcnt  for  l5 h at  room temperature.  Yic lds arc based on
I  un less  no ted  o thc rw ise .  Sa t i s fac to ry  e l cmen ta l  ana lyses  were  ob -
ta ined  fo r  compounds  2 ,  3 ,7 ,9 ,  and  10 .  Compounds  4  and  8  wcrc  i n -
t r i ns i ca l l y  he te rogeneous ,  and  were  amenab lc  on ly  to  spec t roscop ic
charac te r i za t i on ,  a l though  e l cmcn ta l  ana lys i s  a f fo rded  thc  approx i -
ma te  dcg rce  o f  subs t i t u t i on  in  8 .  Compounds  5  and  6  were  charac -
te r i zcd  spec t roscop ica l l y .  h  Thc  I  i nvo lved  in  th i s  reac t ion  was  gen-
e ra ted  d i r cc t l y  by  r cac t ion  o i  L iPPh23  and  HN(CH2CH2Cl )2  and  was
acylated in s i tu.  The y ie ld is  based on HPPh2. '  The star t ing mater ia ls
fo r  these  p repara t ions  werc  commerc ia l  monomethy l  po lye thy lene
g lyco ls .  The  ave rage  degree  o f  po lymcr i za t ion  o f  these  mate r ia l s  i s
ind ica tcd  by  n .  Rcac t ions  were  ca r r i ed  ou t  a t  room tempera tu re  fo r
t h e s c  d u r a t i o n s :  n  =  1 2 , l 6 h ,  n  =  l 6  a n d  I  1 0 ,  I  h .  T h e  p r o d u c t  y i c l d
was  d i f f i cu l t  t o  cs t ima tc  accu ra te l y ,  bu t  essen t ia l l y  a l l  o f  t he  I  was
converted to a water-soluble dcr ivat ive.  d Compound I  was converted
to LiN(CHzCH2PPh2)2 by react ion wi th buty l l i th ium, before addi t ion
of  camphor ic anhydr ide.  n Preparcd by react ion of  poly(mcthyl  v inyl
ether co-maleic anhydr ide) wi th quant i t ics of  I  suf f ic ient  to consume
be twccn  l0  and  507o  o f  the  anhydr ide  mo ie t i cs .  The  in i t i a l  p roduc t
was  a  p ink  gum,  i nso lub le  i n  ace ton i t r i l c ,  wh ich  con ta ined  the  ma jo r
pa r t  o f  t he  I  added .  Th is  gum was  suspended  in  a  l : l  m ix tu re  o i -0 .1
N aqueous HCland acetoni t r i le  and rcf luxed ior  30 nt in to hydrolyze
rema in ing  anhydr ides .  Thc  resu l t i ng  wh i te  so l i d  was  d r ied  a t  -0 .5
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with water,  and dr ied (0.3 Torr) ,  y ie ld ing I  l2 mg of  9 as a
waxy sol id.8 Other compounds in Table I  were also prepared
using unexceptional procedures.

The range of structural types represented in Table I attests
to the general i ty of  th is method of  prepar ing phosphincs ap-
propriately functionalized for specific uses. Compounds 3 and
9 introduce diphosphine l igands into proteins (carbonic an-
hydrasee and avidin '0)  by noncovalent binding; 4 is a watcr-
soluble diphosphine which serves as the basis for water-soluble
rhodium-based homogeneous hydrogenat ion catalysts: l  I  thc
rhodium(l)  complex of  7 is an asymmetr ic hydrogenat ion
cata lyst show i ng modest ena n tioselectivi ty (30"/o en a nt i ome ric
excess for hydrogenat ion of  a-acetamidoacryl ic acid):  5 is a
potential tetradentate phosphine: 8 is a chelating poll- 'phos-
phine showing interest ing surfactant propert ies in aqueous
solut ions.

The usefulness of  th is procedure for diphosphinc s i rnthesis
rests on four features.  First ,  the format ion of  amides by acyl-
ation of amines is one of the best understood and most general
coupl ing methods in organic chemistry.  The fact  that  i t  is
possible to acylatc thc sccondary aminc of  I  wi thout interfer-
ence by the diphenylphosphine groups makes i t  possible to
ut i l izc th is rcact ion for  thc prcparat ion of  a wide var icty of
diphosphines. Second, since the preformed diphosphine moiety
is introduced as a uni t ,  y ie lds are relat ively high. Third.  the
coupl ing react ion is compat ib le wi th a range of  funct ional i t ies.
Fourth, carboxylic acids and their derived acylating agents are
readi ly avai lable in great var iety.  We wi l l  descr ibe detai ls of
the procedures reported hcre,  extensions to othe r  aminopoly-
phosphines and acylat ing agents,  and appl icat ions of  thc re-
sul t ing funct ional ized phosphines in subsequent publ ica-
t ions .
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