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Abe&~!-Various possible methods for synthesis of monoalkyl phosphoroamiditu. (RO)(R,‘N) 
P(O)H, starting from tcrvalent or pentavalen~ phosphorus derivatives are described and disauscd. 
New experimental results concerning phosphorylation of secondary amincs by means of phosphorous 
acid anhydrides are presented. 

ONLY in recent years have the syntheses of amidoestcrs (I) and diamides (11) of 
phosphorous acid been developed. 

R.W \p//o 
RO’ ‘H RN”H . 

I II 

Roth types I and II, representing structural analogucs of dialkyl phosphitcs, are 
rclativcly unknown, although the first representative of phosphorous acid diamidcs, 
viz. the dianilide, was prepared in 1954,’ other compounds of type (II) have became 
available only rcccntly.l*sd 

Monoalkyl phosphoroamidites (I) can be obtained in relatively high yields by 
reacting secondary amines with trialkyl esters of phosphorous-phosphoric anhydride 
(XI).O The reaction will be rediscusscd later (Part D). Except for the method mea- 
tioned, only one compound of type I, namely isopropyl N,Ndiethylphosphoroamidite 
(I; R = i-Pr, R’ = Et), appears to have been reported6 Its two-step synthesis was 
accomplished by means of partial alcoholysis of hexacthyl phosphorus triamide 
(III; R’ = Et) with isopropanol and subsequents elective hydrolysis of the resulting 
alkyl phosphorodiamidite (IV; R = i-Pr, R’ == Et) according to the scheme: 

(R;N),P ,=. (R;N),PaR B 

R.‘N\ /O 

jp\ 
+ R,‘NH 

RO H 
Ill IV I 

R - i-R, R’ - Et 

’ Put I; A. Zwiertak, B&I. Acod. PO/OR. Sci., Ser. sci. chim. 13, 609 (l%S); Chem. Absrr. 64, 
9575 (1966). Paper LXX on organophosphorus compounds. 

* S. Goldschmidt and I‘. Obermcicr. Lie&s AM. SBB, 24 (1954). 
’ E. N. Walsh. Ger. Pat. 1.125425 (to S&tier Chcm. Co.); Chem. Abstr. S7.7104 (1962). 
* G. Ocrtel. H. Malz and H. Holtschmidt. Ckm. Bcr. 97,891 (1964). 
’ D. Haualla, M. Sanchez and R. Wolf, Bull. Sot. C&m. Fr. 2368 (l%S). 
’ A. Zwierzak, Bull. Acnd. Polon. Sci., Ser. xi. chim. 12, 235 (I 964). 
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The purity of the compound obtained was followed by IR as well as Par NMR spectra. 
The attempts to prepare two other representatives of I by the method described 
above met with little success. As determined from Psr NMR spectra, the appropriate 
intermediates IV; (R = Et, R’ = Me and R = n-Bu, R’ = Et) prepared by alcc+ 
holysis of the corresponding hexa-alkyl phosphorus triamidcs III; (R’ = Me and 
R’ = Et) were found to be mixtures of IV, III and V. 

(R,%P--OR (R.%,P &‘N--P(OR), 
N III V 

They could not be employed, therefore, as starting materials for the preparation of I. 
Wolfer rrl.’ have suggested that the tendency of tcrvalent phosphorus compounds to 
redistribute the groups linked to the phosphorus atom may account for the formation 
of such a mixture. 

In the course of a systematic study on the synthesis and chemistry of phosphorous 
acid amides, we tried to test this concept of spontaneous redistribution of substituents 
depending upon the source and kind of reacting species involved in the synthesis. 
A detailed investigation of the various possible methods of preparation of monoalkyl 
phosphoroamidites (I) starting from tervalent phosphorus derivatives and some types 
of pentavalent phosphorus anhydrides is now reported. All the reactions discussed, 
present potential synthetic routes to monoalkyl phosphoroamidites (I), two of them, 
however, can be regarded only as a preparative source of pure compounds; others 
produce complex mixtures which cannot be resolved by any preparative treatment. 
Final evidence as to the purity of monoalkyl phosphoroamidites (I) or the qualitative 
composition of the mixtures produced has been obtained in each case from the IR 
spectra as well as TLC data. 

A. Prepararion of monoalkyl phosphoroamidires (I) from N,N,N’,N’-ferraerhyl 
phosphorodiamidotu chloride (VI ; R’ = Et). 

The following m&cation of the procedure originally described‘ was devised 
in order to elucidate the origin of the compounds III and V contaminating, as claimed, 
the intermediately formed alkyl phosphorodiamidite (IV): 

R.W 
\ 

R,W 
a-oli \ 

(A) 
p-c’st 

II,O/TlW 
P--OR - 

R’w\p/o + R ~NH 

/ *- / 
h,‘N R.?J RO”H ’ 

VI N I 
R - n-Bu. R’ - Et 

When IV was prepared by alcoholysis of 111,‘ it seemed likely, that owing to the 
limited selectivity of P-N bond rupture, V accompanied by some unreacted starting 
material III, could be also formed. In the reaction sequence proposed (A) this 
possibility was practically eliminated by reacting pure VI with the stoichiometric 
amount of the appropriate alcohol in presence of triethylamine. However, according 
to TLC data, aIky1 phosphorodiamidite (IV) produced was in each case contaminated 
with considerable amounts of III and V. The formation of these compounds in the 
reaction could be explained only in terms of a tendency for Prrx derivatives to 
spontaneously disproportionate. Impure IV affords on hydro1Fi.s in THF solution 
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the corresponding monoalkyl phosphoroamidites (I) admixed with considerable 
amounts of N,N,N’,N’-tetraalkylphosphorous diamides’ (II) as well as dialkyl 
phosphites derived from V. For this reason the reaction (A) is of little preparative 
value. 

B. PreFation of monoaikylphosphoroamidites (I)from afkylphosphorodichloridites 

(VII) 

As aIky1 N,Ndialkylphosphoroamidochloridites (VIII) are relatively stable and 
do not exhibit this tendency for disproportionation, it was expected that on hydrolysis 
monoalkyl phosphoroamidites (I) would be formed. 

7 
R.W 

\ 
R,W 

@) Ro-P 7 2R;NH + 
u1o 

P--cI- 
\,“‘O 

\ / 
EL,S 

Cl RO RO ’ ‘H 

M VIII I 

This reaction was found to be the most attractive synthetic prccedure devised so far 
for the preparation of p”e monoalkyl phosphoroamidites (I). 

The synthesis of alkyl N,N-diaIkylphosphoroamidochloridites (VIII) was accom- 
plished, according to the modified Michaelis procedure,s on adding two molar 
equivalents of the corresponding amine to the benzene solution of alkyl phosphoro- 
dichloridite (VIII) at &5”. Physical constants, yields and elemental analysis of the 
compounds VIII are listed in Table 1. AI1 the compounds are colourless, mobile 
liquids, fuming in air, and reacting easily, often violently, with water. They are 
thermally unstable and readily undergo dealkylation on prolonged heating. When 
hydrolysed by means of a stoichiometric amount of water at 10-15” in presence of 
triethylamine, alkyl N,Ndialkylphosphoroamidochloridites (VIII) afford monoalkyl 
phosphoroamidites (I) in relatively high yields (sCrsO%). 

Monoalkyl phosphoroamidites (I) prepared by this method were purified by high 
vacuum distillation. In a pure state they are colourlcss, mobile liquids, easily soluble 
in water and typical organic solvents. Similar to N,N,N’,N’-tetraalkylphosphorous 
diamides (II) they are thermally unstable and cannot be heated above 13&150° 
without decomposition. On storage at room temperature the samples of I rapidly 
acquire an orange colour turning brown. With the exclusion of moisture they can, 
however, be stored at low temperature for an indefinite period without any appreciable 
change. Physical constants, yields,clemtntal analysis, and characteristic IR absorption 
bands of I are summarized in Table 2. As determined by TLC, the samples of I 
prepared by this method appeared to contain none of the impurities mentioned in 
connection with method (A). The R, values of monoalkyl phosphoroamidites (I) 
and related compounds are given in Table 3. 

All IR spectra of monoalkyl phosphoroamidites (I) examined, contained a sharp 
absorption band of medium intensity in the region 23904393 cm-l. This band, 
associated undoubtedly with the P-H stretching vibration, falls between the region 

v The name N.N.N’.N’-tctra&yl phosphorodiunidita proposed prcviously~ for the wmpounds II 
is not in record with the IUPAC nomenclature system of organopbospborua uqxnmds. 

’ A. Michaelis, UC&J Ann. 326,1S3 (1903). 
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234&2350 cm-‘,@ which seems to be characteristic for N,N,N’,N’-tetraalkylphos- 
phorous diamides (II), and reported for dialkyl phosphites (bands near 2440 cm-l).lo 
Similarly, the P4 absorption band for I (12461253 cm-‘) lies between the region 
characteristic of N,N,N’,N’-tetraalkylphosphorous diamides II (1215-1230 cm-‘)* 
and phosphorus acid esters (1250-1300 cm-l)lo. Both observations are consistent 
with the accepted dependence of thcsc frequencies upon the inductive effects of 
substituents linked to the P atom. 

C. Preparation of monoalkyl phosphoroamidires (I) from N,Ndialkylphosphoro- 
amidous dichlorides (IX) 

Further attempts to synthesize pure monoalkyl phosphoroamidites (I) from 
tervalent phosphorus derivatives involved the application of N,Ndialkylphosphoro 
amidous dichlorides (IX) as starting materials according to the schcmc: 

Cl 
/’ 

R,h’ 
?x,N \ 

R.,-N 

(C) R,‘N-- P . R-OH-> 
11,o 

P4J ___t 
\P/O 

\ / El,N 

Cl RO RO’ ‘H 

Ix VIII I 

R = n-&r, R’ = Et 

In spite of the stability of VIII and the limited tendency for disproportionation, the 
reaction afforded I highly contaminated with N,N,N’,N’-tetraalkylphosphorous 
diamides (II) and dialkyl phosphites as wcllasminutcamounts oftwo other unidentified 
impurities. No detailed study has been undertaken to elucidate the origin of these 
side-products. One of the possible explanations, which can be offered, suggests the 
formation of some dialkyl phosphoroamidite, &‘N-P(OR),, on alcoholysis of IX. 
This compound and its disproportionation products might be responsible for the 
formation of impurities produced on hydrolysis of VIII. 

D. Preparation of monoalkyl phosphoroamidites (1) by phosphorylation of amines with 
phosphorous acid anhydrides 

A simple procedure has recently been devised,‘l by which symdialkyl pyrophos- 
phites (X) are readily obtained on reacting alkyl dihydrogen phosphites with dicyclo- 
hexylcarbodiimide: 

RO 0 RO OR 

2 ‘r-p 
mc \ / 

t Pa-P 

’ “OH 

benzme. &IO. 

H 
H/o ;\H 

X 

Highly reactive anhydrides (X) were found to be excellent phosphorylating agents 
for secondary amines, monoalkyl phosphoroamidites (I) and the corresponding 

l The P-H and P=O frequcncics reported previously1 for II were recently found to be imxurate. 
Wolf CI al: give the value 2338 cm * as L’~_~ for N.N.N’,N’-tetracthyl phosphorodiamidite 
(II; R - Et). 

I* N. B. Colthup. L. H. Daly and S. E. Wibcrlcy. lnmakion lo Infrared and Roman Sjwc~oscopy. 
Acadanic Press. New York (1964). 

‘I A. Zwierzak. unpublished work. 
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ammonium salts of alkyl dihydrogea phosphites being formed under very mild 
condition 

RO OR 
\ / 

R,‘h’ RO 
trarcnc 

CD’) Pa-P . ZR,‘NH- i- R,;H, 
/ .\ 

I&lb* 

HO OH RO’ ‘H H’ ‘0” 
X I 

R = Et, R’ = Et, n-Bu 

No difficulty was encountered in the synthesis of pure I by this method, providing 
the anhydridc (X) purified by molecular distillation has been used as starting material. 
The wide applicability of the method (D’) as an elegant route to monoalkyl phos- 
phoroamidites (I) is limited by the tedious purification of X. 

It has been reported6 that the easily available O-alkylphosphorous-O,Odiethyl- 
phosphoric anhydrides (XI) are selective phosphorylating agents for secondary 
amines: 

R,‘N 0 El0 0 
(8%) \ 9 

CD’) 
EtO,;__;,OR 

-- ZR,‘NH 
/ 

Et0 0 

XI 
! 

- .* 
ip\ 

\p”’ 
R,‘F;IH, 

HO H Et/ ‘0:) 

I 

OEt RO 

-‘b’+ R,‘N-P 
/ 

i 
lp10 8 

R,‘NH, 
\ 

0 0F.t H’ ‘00 

XII 

Two directions (a) and (b) of the reaction (D’) are possible, the path (a) being sug- 
gested as predominant owing to the strongly enhanced electrophilicity of the Pr 
phosphorus atom. The reaction (D’) has been reinvestigated and the earlier state- 
ments proved to be inaccurate in the light of TLC and IR spectroscopy. All dis- 
tillable products prepared by the method referred to are mixtures consisting of I and 
the corresponding dicthyl N,Ndialkylphosphoroamidates (XII). 

It is noteworthy to point out the difference in the behaviour of the anhydride (XI) 
towards amines and alcohols. The latter can attack predominantly the more electro- 
philic P1 phosphorus atom of the anhydride molecule, giving rise to dialkyl phosphites. 
No such selectivity is observed on aminolysis. 

EXPERIMENTAL 

Solvents were purifkd by conventional methods. Amines were dried over KOH and fractionally 
distilled. B.ps arc uncorrected. IR spcctm were raxrdcd using an UR-IO spcceophotometcr 
(C. Zeiss). MePsurcmcnts were made on samples of analyiical purity. All compounds were examined 
in chf solns at ca. @2 molar concentrations using standard NaCl cells. TLC was carried out on 
standard glass plates covered with OS mm of Kiaclgcl G (E. Merck). All compounds were developed 
by spraying with 5% AgNO,nq. With this reagent compounds containing N-P-N bonds give 
black colouration. while with those containing &P-N linkages brown spots are observed. Dialkyl 
phosphites arc detected as white spots, which can be easily distinguished from organophosphorus 
amides. Purity control was aaxmplishcd in all cases by running duomatograms of neat liquids. 
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Maleria& 

Alkyl phosphomdkh&ridim (VU). Modilicd literature procedures were employed. Alcohol 
(1 mok) was added dropwisc with cflkient stirring and cooling to phosphorus trkhloridc (1.5 mok) 
at -10’. The stirring was then continued for 1 hr at room temp. HCl was removed under reduced 
press, and the residue distilled In WJCUO. Ethyl phosphorodichloriditc was fractionated twice under 
normal press. The following phosphorodichloridites (VII) were 
116118’. n: 

w : ethyl” (32%). b.p. 
-1.4660; isopropyl (36yJ. b.p. 39”/28 mm Hg, no -14610; n-butyP* (56aa. 

b.p. 55”/14 mm Hg, n: - 14679. 
yield, b.p. 6%70”/10 mm Hg. n: - 

Compound IX was prepared as dcsuibtd previouslyi* in 71% 
l-4932. Compound VI was obtained by the previously dcsuitxd 

proccdurc’; XIIi* was prepared in 85% yield by the action of dicthylamine (2 moles) on dkthyl 
phosphorcchloridate (1 mole) in bcnzcnc solution at S-IO”, b.p. So/O.3 mm Hg, nz -1.4228 and 
XIIi’ was similarly prepared, yield - 87 %. b.p. 90”/@4 mm Hg. nz - 1.4330. 

A. Prqmrafbn of n-butyl N,Ndicfhyfp~~~rwmldirc/rom N,N.N’,N’-fctr~rhyylphoJpirorodiomklow 
chkvti (VI) 

A soln of n-butanol (lQ4 g. O-14 mole) in benzene (15 ml) was added gradually with stirring and 
cooling to a mixture of N,N,N’,N’-tetracthylphosphorodiamidous chloride (3O+l g, Q14 mok) and 
tricthylaminc (14.2 g, 014 mole) in bcnzcnc (1% ml) at 20-30”. The stirring ws~ continued for a 
further 2 hr at 30-35”. The mixture was cooled, trkthylamine hydrochloride removed by filtration, 
and the filtrate refrigcratcd overnight. Filtration was then repeated and the filtrate distilled in DUCYO 
to give IV (31.2 g, 54’h as colourlcss liquid, b.p. 49’/0*1 mm Hg. nz - 1.4556. 

Refluxing IV (12.4 g. 005 mole) with an equivalent quantity (0.9 g. 005 mole) of water in THF 
(20 ml) for 1 hr afforded 4-O g (42’4 of n-butyl N,Ndicthylphosphoroamiditc, b.p. 490/O-l mm Hg, 

at -1.4354. The product could not bc satisfactorily analyscd. TLC rcvcakd the pmacncc of 
considerable amounts of II (R =- Et) and di-n-butyl phosphitc. 

B. Preparation of monoalkyI phosphoroamidi~cs (I) / rom alkyd p+vhorodichloridius (VI~cneral 
procedure 

I. Preparation of alkyl N,Ndialkylphospkoroamkbckbridites (VIII). A modified procedure 
described by Michaelis’ was applied. Dialkylaminc (@4 mole) in bcnzcoc (40 ml) was added dropwisc 
with etlicient stirring IO the soln of the comsponding alkyl phosphorodichloriditc (O-2 mole) in 
benzene (200 ml) at t&S” (ice-salt bath). The stirring was continued for a further 4 hr at O-5”. Di- 
alkylamine hydrochloride was then filtered off and washed with bcnzcnc (2 x 50 ml). After removal 
of solvent the residue was distilled in cwcuo. 

2. IfyaSrolysir of alkyl N,Ndiafkylphosphoroami&chioriditcs (VIII). The mixture of water 
(3.6 g. 0.2 mole). tricthylaminc (2@2 g. 0.2 mole). and THF (IO ml) was added dropwisc with efficient 
stirring and cooling to the soln of alkyl N.Ndialkylphosphoroamidochloriditc (02 mole) in bcnzcnc 
(Uw, ml) at l&15’. The mixture was kept for 1 hr at room tcmp and then filtered. Tricthylamine 
hydrochloride was washed with benzene (2 x 50 ml). Evaporation of the filtrate and flash distillation 
of the residue in high vacua yielded the corresponding I in a chromatographically pure state. Some 
of the compounds I obtained were contaminated with traces of dialkyl phosphitcs. 

C. Preparation of n-butyl N,NdiethylpAosphoroami&e from N,Ndicrhylphosphoroamidou dichloride 
(IX) 

A mixture of n-butanol (14.8 g, @2 mole), tricthylaminc (20.2 g, 02 mole) and bcnzcnc (20 ml) 
was added portionwise with stirring and cooling to a soln of N,N-dicthylphosphoroamidous dichloride 
(34.8 g. @2 mok) in bcnrcnc (200 ml) at G5”. After the addition, stirring was continued for 4 hr at 
CL5”. Tricthylaminc hydrochloride was then filtered off and washed with benzene (2 x 50 ml). The 
solvent was removed under reduced press and the residue distilled In cwcw to give VIH (31.2 g. 73 ‘4, 

I* J. E. Malowan. D. R. Martin and P. J. Pizzolato, Inorg. Synrh. 4.63 (1953). 
i* W. Gcrrard, J. Chem. Sot. 1464 (1940). 
** K. lsslcib and W. Scidcl, Glum. Per. 92, 2681 (19S9). 
i* B. Locv and J. T. Masxngalc, J. 0~. Chem. 22, I 186 (1957). 
i’ A. D&o, Gcr. Pat. 1,033.200 (to J. A. Bcnckiscr GmbH); Chcm. Zcntr. 3641 (1959). 
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b.p. 60”/@6 mm Hg, n: -14658. Hydrolysis of this material was carried out as described in the 
Exp. B-2 and afforded n-butyl N.Ndicthylphosphoroamidite (90 g, 30%). b.p. aoO/@l mm Hg, 
$ -1.4382. TLC revealed that the compound was contaminated with N.N,N’.N’-tctracthyl- 
phosphorous diamide, di-n-butyl phosphitc as well as two 0th~~ unidcnt&d products. 

D. Frepurarion of monoalkyl phosphomam&#~es (I) by phosphorylarion of ambm with symdierhyl 
py~opho~phfte (X, R = Et). 

sym-D&thylpyrophoqMe (79”. A soln of dicydohexykubodiimid (41 a3 g. O-2 mole) in benzene 
(100 ml) WIU added dropwise to a rtimd do of crude ethyl dihydrogcn phosphi@ (449 g, @4 mole) 
in batzcnc (80 ml) at SW’. Precipitation of dicyclohuylurca co- at once. The mixture was 
allowed to stand for 1 hr at room temp, and then filtered. After removal of solvent the residue was 
refrigerated overnight, t&red, and evaporated in Utzingcr’s short-way distillation apparatus at 
O-01 mm Hg (bath tunp -85-9s’) to give pure SyMethyl pyrophosphitc (19.2 g, 47.5%) as colour- 
less, mobile liquid, n: -1.4313. (Found: C, 24.1; H. 64; P. 30s; C,H,,O,P, requires: C, 23.8; 
H, 5.9; P, W70/) The IR spectrum showed bands at MO m (u~esolvcd d), 1482 m, 1448m, 
1397 m. 1374 m, 1262 s (sh), 1230 s, 1168 s, 1103 s, 1082 s, 1060 I, 1008 s. 990 s, 913 s, 817 s. The 
anhydride is relatively unstable. When stored, even at low tempMture (&So), it ocquircs a yellow 
colour after 2 weeks and then deposits a yellow ppt. 

1. Reacrbn bzrween sym-dicthyl pyrophosphire and die~hylamine. Elhyl N,N-dkrhy&ogAoro- 
MJdirc (I, R - R’ - Et). Dicthylamine (7.3 g. O-1 mole) in benzene (10 ml) was added dropwise 
with stirring and a>oling to a soln of symdiethyl pyrophosphite (l@l g. WS mole) in bcnz.em 
(SO ml) at l&15”. The mixture was then kept for 1 hr at room tanp and distilled In vncw to give 
chromatog+ically pure ethyl N,Ndiethylphosplm~oamiditc (5.0 g, 61’4, b.p. 4142”/W3 mm Hg, 
nr - 1.4330. The diethylammonium aah of ethyl dihydrogtn phoephite rtmpiaod in the distillation 
flask (u a thick syrup. 

2. Rrocrion brrween symdethyl pyrophosphire and di-n-bu?ylamlru. Ethyl N,N-o%n-butyl- 
phosplwroomkfk (I, R - Et, R = O-&I). The reaction was carried out ss da&bed in the previous 
experiment starting from the anhydride (9.0 g, 0045 mole) and di-n-butylaminc (11.6 g. OQ9 mole) in 
benzene (SO ml). After removal of solvent the crystalline, strongly hygoscopic di-n-butylammonium 
salt of ethyl dihydrogcn phosphite was filtered off and the mother liquor distilled in wcw to afford 
chromatographically pure ethyl N,Ndi-n-butylphosphoroamidite (ES g, 25 ‘4. b.p. 6243”/@01 mm 

Hk n? - 14422. 

I’ J. MisbaM, T. Modro and A. ZwianL, 1. CSnr. SW. 4904 (1961). 


