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’ :R~~ction;slofN;benzyl-O,O-diisopropylphosph:oramid~t~ atid iis stidi&n salt . . 
.i :T:‘;-In.~~~:~i~sence of pyridme as hydrogen chloride acceptor, N-benzyl-Q,.O-. 
.“.‘diisopropylphosphoramidate reacts with triajkyl hahdes 6f sil$on;- germanium 
::..an$ tin_.!0 @%ti g&d S;ields_of the-species ((CH&CHO)2PON(CH&H;)M(~H3)3 
_-.(M;+Sr;-Ge;: Sri))) These products were character&d by micro-anajysis, and by 
:I .their~inf&ed;:-NMR;I’and mass spectra (see-below). By contra&the triaryl- 

r;: ,&dgiphiMx:&d 
not react under similar conditions. However,: the sodium salt. 

-;’ [((CH,)2~O)zPONCH2CsHs]~ a+ reacted smoothly with the triphenyls to give. 
good yields’of. ((CH3)2CHO)2PON(CH2C,H,)M(C6H5)3. The failure of the tri- 

.-:‘phenyl speeiesto react with the neutral phosphoramidate is indicative that no 
... a&hi+ formed. in the presence of pyridine, and may be influenced by steric 
.. f&t&;._ -. 

.: Thei neutral .phosphoramidate showed no reaction towards ethyl iodide, even 
’ onprolonge+reflux: This is in marked contrast to the reaction of the thio ana:. 
_- log&s:(C~H&)zP(S)NHR which undergo alkyl exchange with I-iodopropane to 
._:: $l_d (C;H;O)(CH&H,CH,S)P(O)NHR 141. 

Rt&& 0 fl N-benz&l-O,O,O-triethylphosphorimidate 
I. -. Although with,hydrogen chloride, this phosphorimidate readily undergoes at 

-%0&m temperature the quasi-Arbusov reaction: 

.L (&H,~)+NCOC~H~ + HC~ -+ (c~H~)~P(o)NHcoc~H~ + C*H& _.-. :. 
.I’ it does not react vvith methyl or ethyl iodide, even on prolonged reflux in nitro- 
~-1 &ethane-~ Similarly, treatment of the phosphorimidate with either trimethylchl& 

rosilane &with trimethyltin chloride gave no reaction. 

~%z~a&d speck- 
‘:;__,T& *;ed 

spectra of the new compounds prepared can be used to give in-. 
<&rmation’about the isomer forr&d. N-bonded isomers. of typo (RO),P(O)N(CH,- : 
. . . Tk@ 1 -- .’ 

?tiOUBi-E-BOND STRETCHING FREQUENCIES IN PHPSPHORIM II&TM (RO)$?NR’ AND PH&& _. 
: .$I$OiXh¶!DATES (RO jiP(O)NHR’ 

_R. .. R’ y(P=N) (cm-‘) .v(P=O) (cm-‘) :\ in (RO)sPNR: .. ‘in.<ROj2P<O)NHR’ 

-.:CHJ :- : ,- COd6Hs 1346 .. _. 1239 : : 
;;j+_: .. ,_ _: CO’%H3(NOz)z-3.5 1335 -1234 - 
; .,c+:y:. ; .%0&~H~CH~-ti- 1354. 1240 
:.; CzHs _-I : _._--, :: ‘-OC& -- _- . . . i346 1238 .: .: 
-‘efis;-+_-__ .-: ; -; -_I.;;; ;+C~.&(N02)2_36 -_’ :’ : 1336 : 1236.. .. _: 

:- -0. & :., _. .., 
. . ?:_,s :.- . .._. _‘.;.~_:: _ -:~OZ~~H&H~-P . . -1368 : _ _~:_;.-1.!$_3.; ._L_;-“:r . . -. :. 
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Gc <-:.: :I ~$+35‘8?: :--::+3’68 : :. g&S ;. h-305= 1 -. +iO., 1:34;,_ _ .- +: :__ __-, 1. ; :.::-.I :: 
.:-:sf: .:i._i -_. +445’b. 1: 1.. +a68 -+469 --335 z -620 
:,.<ce’(....- : -_+36syb- ‘-, ; &368 : -4459 -7-255 -620 .’ -347 - _ag .- -.( -. .-: 
:;-.- s,., j-,.-- .___t376 b:’ : +368 -l-459 -276 e -, -620 --347’ :. 40 ‘.. : _. ..~-:’ -. : 

~a-;-ief_-ii;:.b-Re‘fl.l; ? Ref. 12: ’ Cahdzked from Peuling’s geometric-meanequation. S&e text. f Ref. 13. ;e 

-.-;_ _:_; .._._ . . -.. 
: 

-;:~:B(Sn&N):become 272.and 281 kJ respectively, very close to the estimate,’ 26i . . 
:~%%J,-de&e-a-using Pauhng’s geometric-mean equation. A.m&n value of ,276 kJ is 
I::-‘employed here.. ’ 

:.I ‘..l&rn th& data in Table 5, and.treating the entropy term as before [l] it is 
%..r oonoludod %h&t the N-bonded phosphoramidate, which is observed when M = H, _- 
:: ?:!$i;.G+:or$n-is the thermodynamically stable isomer. 
:._, ..‘;b is of:int&est also to tionsider the enthalpy changes (eq. 4) accompanying ;.. 
i _-, :. the-.rea&ion 3. 

-’ -- (R-~),PNCOPh f MX.+ .(R0)2P(0)N(COPh)X + RX. (3) 

.Ag +$(C+) + B(P--C) -&(P=Nj + B(M-X) --B(C-X) -B(P=O) 7 
;. B(P-N) --(M-N) .(4) 

,~~_~Cal&~ti&s are set out in Table 6: these indicate that for all the M considered, 
.: i-h& reaction is thermodynamically feasible. We observed that it readily occurs 
!-::I when, M = H, but not when M = Si, Sn or C. This latter observation is in contrast 
..‘: :-t@,the,work of Kabachnik and Gilyarov [16], who found that (EtO)JPNPh reidily 

-.underwont quasi-Arbusov reaction with CH,I, C,H;I and CH&OCi,- to yield 
:. .(EtG)iP(G)NMePh, (EtO)+P(O)NEtPh, and-(EtO),P(O)N(CCMe)Ph. It is possi- 
_-; ble thatthe failure of Group IV halides to react with this phosphorimidate rep- 
-.. resents a-rare example of kinetic control of reaction at silicon or tin. 

‘. . .-: 
‘. :Rekqt&d systems 

-N:‘O ambident nutileophiles similar to phosphoramidates. are Carboxylic acid 
amides, hydroxylamine HzNGH and the isocyanate &ion NCO-. 

Y .- Monosilylation of a&amide is reported to yield the N-bonded-isomer [17,18], 
-. .-whereas both isomers (N,O and N,N) of the his-silyl CH&ON(SiMe& are known 

:_ 

1: TABLE.6 ‘. 

f.1; Born. ENERGY ~ERius en AND ENmr+LPY CHANGES w XIIOI-~) FOR THE-REACTION 3 

..M _. ..X +B(CTO) + B<p--o) +B(P=N) t B(M-X) - B&-x) -B[P=O) -B(P-8) - B&N) F e 

.’ H -: Cl +35a” +368 b l t459 = +441= -330 = --62ob. .--347d --389= -60 ‘. 
-: Le. _I- y- +358 1-368 +459 +239 = -239 = -20 : ---347 -305 = -_87 

t_y:._Si. ‘.:__L Ci -‘+35* _._ ~368 +459. +402= .. -330.” --. -620. .:347 ‘L&3350 -_45 ,- 

; ; &g :- “Br : _.;;:+358 1-368 : --+459. . . . 1-280 = -272= ‘-620 y-347 -225c -29 .~ 
<:i: Sxi, :j.{;C! -: .+358 -- ;;&f58- +459 :- .+3i4 =. -, ~ -330 = .I -620 1.. 
. . -. : 7347 -27Cif. -74.. 

. . .: .~‘ L._. _-. -.. ._--_ ,-. :- 
:-:‘.:.;a :&&~l~ _b .- 

kef:il_~~ef.-_li-_d. Ref.‘i3re.d~culated.fiom Paiding’k_geom&.ric-mean k&Ii&&~ f See~texi~;_ -1. .-.::::-. .., :_ .: _. : I_ .:- .- - . . .;. ..;:. z..-. 
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-.~.- Materials were as previously d&rib&I [I]. NMR spec&a .&$r&r&&led u&g’ ‘L 
-&Gn Associates.instiume:.HA-iOO (‘H and 31P);- XL-ii3O’(?‘Pj and-CF_T-Z_O,I- j __ _. 
(‘“cl). :_ 

___ .I ~.. ._ 

IV-Benzyl-a;O-diisopropylphosphoramidate w&prepared by reacti& [13].‘&::? : 
diisopro~yl hydrogen phosphite.. [24].with benzylamme in&arb~n_te@&lo~de~. ; 
solution: after-washing with 5 ‘M HCl and water, and removal of the- solvent, re-:- .::: 
crystallisatioti from, chloroform yielded the product as white crystals+ &.fi_. 57.7.:. j 

58°C. Found: C, 57.8; H, 8.0;.N, 5.2. C1sHZ2N03P calcdi: C, 57.6; H, 8.2; N, I t-y 
5$%1. Conversion to the sodium salt was effected with sodiUm hydride.in +m- : 
hydrofuran [ 23 _ 

Reactions of AT-benzj4O,O-diisopropylphosphoramidatti 
_- 

(a) With ethyl iodide. The phosphoramidate (2.71 g, 10 X 10e3 mol) andethyl, : 
iodide (15.6 g, 0.1 mol) were reflu+d in rntromethane (150 ml) during20 h. ’ ., 
After removal of the solvent and of .excess. ethyl iodide, the ph&phoramidate:. 
was recovered unchanged.. 

(b) Wit& trikzethyZtin.chJoride. A solution of t+ethyltin .chlor&(l.O g, 5 X 
10d3 mol), the phosphoramidate (1.35 g, 5 X 10m3. mol)-and’pyridine (1.1 g, i5 X .- 1 
10s3 mol) in nitromethane (50 ml) was refluxed for 12 hi Filtration and removal -.- 
of the solvent yielded N-benzyl-JV-trimethylstannyl-0,O-diisopropylphosphor- : 
amidate as a p&e yellow oil (L92 g, 4.4 X 10m3 mol; 88%). Fouhd: C; 44.2; H, Y.F 
6.7; N, 3.2. C16Hs0N0;PSn c&d.: C; 44.1; H, 6.9; N, 3.2%. 

(c) With trimethylchlorosjlane. Trimethylchlorosilane (0.55 g, 5,.x; 10Y3 mol); 
the phosphoramidate (lr35 g, 5 X lo-’ mol) and pyridine (1;l 8;. 15 X .10m3 mol) 
were refluxed for-10 h in nitromethane (50 ml)_ Work-up as above yielded -. 
N-benzyl-N-trimethylsilyl~O,O-diisopropylphosphoramidate (1.34 g; 3.9 X 10v3 .. 
mol; 79%). Eoundi C, 55.8; I+, 9.1; N, 4;2. C16HJ&J03PSi calcd;::C, 56.0; H, 8.8; ~. 
N, 4;1%. 

(d) With trirnethylbr&n&ermane. The phosphoramidate (L35.g; 5 X iO_?. mol) .. 
was ref&xed for 10 h wit~~trimethylb~omog&nane ‘(1.0 g, 5 X-10:’ m&);-.tid -- 
pyridine (1.1 g, 15 X 10v3-mol) in nitr~methan~ (50 ml).to y&d, afterLx&r&-u& .. 
N-~eqzyl-JV-Wmethylge~yl-O,O-diisopfopylphosp~or&midat~ (1.38& 3.5.X..10e3- : 

. . 

-. .mo1;.71%). Found: C, 49.4; H, 7.6;:N; 3.7%..C16H;,GeN03P-calcd.:‘C,.49;s; _H,- : -. 

.-. ..-. -,..-I---’ _ _.~.< . . . . ._ 
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~<+++@+r$iu%d ‘a& _hi (&j; after:remoi;al_ofthes~lvent;‘spectiroscbpic’~~~ :Y- :<!I= 
.~~_~,~.dn~i~~~al~.~-~onlv_starting.~~~~ials_:..~.:.I‘ I-_. :_.: .. -:y.:_ . . .‘.., -j_ _;:._y .:jl.y.: .__.~~~~;~_i_::~:_::.~_ .;:I1 
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,_.~~~~~~*~~~:~f~~d;:uni’.~~~e~~~l_0,6aiisopropylphosphorami~=~~ : .;- -;; -_ _ ‘_ :I. :. 
+-.:;~;, :~$&&=h:“‘ -fhl -- 

my_ c .~orosilalz~~~~Thesbdium.-~~di~ Salt (2.93 .g; l.~?.rnol):~and-tki- 1 
:: ~~~~.j~i~~b;rosilane(2.?.4. g; iOT*. II&) .w&e &+ed together in 1,2-d*etkioxyet&e _ 
,.,(I$50 i$) ;irnd_ he@$d to-8O.YC.for.O.5 h. The m@rti w& cooled, centrifuged-and- 
.:: ther$filt&red,‘.The s&e&%% thee removed to yield a light brown solid;.recrys- 
‘~‘&lisati&~bf &hi&from benzene yielded the product (2.12 gj 4-O X 10m3 &tilt 
_ 4!I%j:.E’otic%:C; 69;T; H, 7.1; N; 2.6. C&H36N03PSi caltid.: C, 70.3; H, 6.9; N, 
.-‘2_7%... ‘.: -. 

--. [::e(b) JQth tiiph~~~l~~*~~~~~~=~~. The sodium s&(2.94 g, lo-*. mol) and the 
-: g*ane (3,80 g;-$O-,* mol) were heated together in dimethoxyethane (150 ml) 
::fdr 1 h.at- 70°C. Woik+p .as in (a), followed by recrystallisation from toluene 

.yi&kd the~pro&zt (3.56 g, 6.2 X 10e3 mol; 62%): Found: C, 65.2; H, 6.4; N, 
:.~2.5_ C31H36GeN03P @cd.: C, 64.8; H, 6.3; N, 2.4%. 

” -(c).-With. triphenyltin chloride. The chloride (3.84 g,. lo-* mol) and the sodium 
-~%+ (2.94 g, lO_* tiol) were heated together in dimethoxyethane (180 ml) for 

0.5 h at :?O”C. Work-up as above, followed by recrystallisation from toluene 
yielded the-product (3.41 g, 5.5 X lo-? mol; 55%). Found: C, 61.2; H, 5.5; N, 
2;4. C&iH&NO3PSn calcd.: C, 60.0; H, 5.9; N, 2.3%. 

.-. Reactions of N-b&nzoyltriethyiphosphorir&ate 
: .(a) with ethyl iodide. The phosphorimidate (2.8 g, lo-* mol) and ethyl iodide 
-(31-g,.O.2 m;ol) were refluxecl together for 10 h. After removal of the excess 

&iyl. iodide, the phosphorimidate was recovered unchanged. 
r-. (b) With methyl iodide. Methyl iodide (20 g, 0.14 tiol) and the phosphorimid- 
: ati.(!Z.8g;-,10’2 mol) were dissolved in nitromethane (30 ml), and the solution 

was refluxed during 6 h. Removal of the volatiles gave a qua&tat&e recovery of 
the phosphorimidate. 

: (cl With.trimethyltin chloride, The phosphorimidate (1.42 g, 5 X lo-’ mol) 
&d .the halide (1.00 g, 5 X iOm3 mol) were dissolved in nitromethane (100 ml). 

.: -After 5 h reflux, the solvent was removed: spectroscopic examination of the 
re&diie rev&led only unchanged starting materials. 
‘. (czl With trim&hylchlorosiIane. The ester (2.85 g, lo-* mol) and the silane 

(1.10 g, lo-* mol) were.refluxed for 5 h in nitromethane (80 ml). After removal 
,- of the v+tiles; the product remaining was identified as the phosphorimidate, 

co&aminated with a small propOrtion of fi-benzoyl-O,O-diethylphosphoramidate, 

.i-$-e$r&on of cq#zpounds (Rb)3PNR’ ._ 
-:- These were. prepared by reaction [7] of the azide R’N3 f25] with the.phqs- .- 

-_ &ite (RQ)BP.‘in.be&ne s&&ion. All showed molecular ions.in.their mass spec- 
--~l$a.~ &&&compounds so piepar& were: .. 
.. :::-(i) (cH,O)3PATCk&~ 6(C&j,)8.50; 7.90, 7.26; &(&,):3.59 p&n. v(C40) 
:~~l~O@;;%~+N)~ ‘1346 c_+‘. -1. 

i- :-(ii)~IC~3DhP~~~~~s~3(~02)r3;~. s(d,IZ,) 9.02,8.66; ?C_H,) 3;63 ppm. ’ .: 
]-~~$(~~0)~~162@; y(P~N).:13.~5~~rn~‘. ‘. .. -I - b : .- _ 

: :‘_. .~ __ .;- ..:I:;-__ ::-y =_.. :,-‘_r- L,. . . . . . 
._- ; ;. -_ : :.. . . 
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:_-.:. . . ::. ‘:. ..-:-. : .I __ : .- ~Y343 ..-L'- 
. . _1 . . . . :. : 

_:_; _.,;_-;;;__. . . I, :.-.= : -,... ._ . _:_-_:-.-_._. : _. -_ 
I'__.~j~~~'~~~~~~~~~~;~~H4~~~~~~:6~~~~~~8.01,?I~~.~;-SECH;O) $.5?; s(&;Cj. ._‘::. 

-~tJJ~:i;&+@+.L) .$354:cm-l _ c ., :. -:. ._ ..1: :‘-__:-. :I_??; ;_.:::- ;: ‘. :_~~~~ Y’<.: ‘_y:-__ 5 - ._, ‘. 

j-$6] ~~~~~o)3P~~~c,Ei,;:(c~~s) 8150,785; 7.3Oj 6(CI&).4.iO; G(C&) 1.14 
$c&v(+Q) &619;P(P+9) .if46-&-“. /‘- :: I_- :-‘:: . . _ -._ . . .: .. :-’ 

l--. ~(v)-(c;~~0),~~C~C,H,o2_3,5-: 6(CJ&), 9.10;3:65; 6(qz) 4.10; WHs) 
I.22 ppm. ~(C+:l626; v(P=N)-1336 cm-‘.’ : -. . . . . .- -_ 

(I.$ (~H,o),PNso*c~N~c~~-p. 6(C&) 8.65, &97;.S(C&). 4.03;~S_(C&Ar) 
2.10; $(C&CH,) -1.07 ppm. v(P=N) 1368 cm-‘. 

~(uii)~(c6wso)~~~coc~H5~ 6(C6EJ,CO) 9,35,7.93; W&,0) ?:iO-7.25.pp1+ 
-(viii) (C~Hs~)JPNSOzC6H4CH 3-p. 6(&k&) 7.45,6.84; s(C,&) 7.20-7.30; 

6(CH3) 2.27 ppm. 
(ix) (C,H,CH,0),pNS0,CsH4CH~-p. 6(C&,) 7.70,6.83;.6(C$,) 7.05-7-25;. 

6(CI&) 4.87; S(CEs) 2.35 ppm. 

Preiaration of compounds (ROAP(O)NHR 
These compounds were prepared by passing dry HCl gas through a benzene ’ 

solution of (RO),PNR’ for 4 h 181. Compounds SO prepared wcue: 
(i) (CH,0)2PONHCOC6H,. v(C=O) 1679; v(P=O) 1239 cm-‘..Found: C, 47.1; 

H, 5.4; N, 6;3. C,H,,N04P &cd.: C, 47.2; H, 5.3; N, 6.1%. 
(ii) (CH,OhPONHCOC,H,(NO,),-3,5_ v(C=O) 1699; v(P=O) 1234 cm-‘; 

Found: C, 33.8; H, 3.2; N, 12.8. C9H1,,NJOgP calcd.: C, 33.9; H, 3.2; N, 13.2%. 
(iii) (CH30)2PONHS0,C,H,CH,-p. Y(P=O) 1240 cm-‘. Found: C, 38.4; H, 

5.2; N, 5.1. C9H14N05PS calcd.: C, 38.7; H, 5.1; N, 5.0%. 
(iu) (cH,OhPONHCOC,H,. v(C=O) 1685; Y(P=O) 1238 cm-‘. Found: C, 

51.9; H, 6.6; N, 5.2. C1,Hx6N04P c&d.: C, 51.4; H, 6.3; N, 5.5%. 
(u) ~~H,0~PONHCOCsH~(N02)2-~,5. v(C=O) 1701; v(P=O) 1236 cm-‘. 

Found: C, 37.8; H, 4.2; N, 12.0. C11H14N308P c&d.: C, 38.0; H, 4.1; N, 12.1% 
(vi) (C$H,O),PONHSO,C,l&CH,-p_ Y(P=O) 1243 cm-‘. Found: C, 42.7; H, 

5.9; N, 4.4%. C11H1sN05PS c&d.: C, 43.0; H, 5.9; N, 4.6%. 

Reactions of dibenzylhexachlorodiazadiphosphetidine (CsH,CH,NPCi& [9] 
(a) The phosphazene (7.0 g, 14.5 X 10m3 mol) was dissolved in carbon tetra- 

chloride (150 ml) and propan-2-01 (5.3 g, 8.8 X lo-* mol) was added dropwise 
with stirring over 2 h. The mixture was then refiuxed for 4 h. Removal of sol- 
vent followed by recrystallisation from chloroform gave N-benzyl-O,O-diio- 
propylphosphoramidate (6.9 g, 24.7 X 10V3 mol; 85%), identical with a sample 
prepared from diisopropyl hydrogen phosphite. 

(b) To a solution of the phosphazene (3.3 g, 6.8 X 10m3 mol) in carbon tetra- 
chloride (100 ml) wti added dropwise over 0.5 h a solution of propar’i-2-ol(2.5 
g, 41.7 X 10m3 mol) and pyridine (3.3 g, 42.3 X 10e3 mol) in the same solvent 
(50 ml)- The mixture was’stied for 1 h, and the pyridinium chloride was f&r- ._ 
ed off. After removal of the solvent were isolated NTbenzyl-O,O$iisopropylphos~ 
phoramidate (2.7 g,‘lO-* mol; 73%), and benzaldehyde (0.3 g, 2.8 X..10Y3 mol),. ‘. 
identified as its 2,4_dinitrophenylhydrazone (m-p.. 236°C; ht. [26] 237%). _. _‘_. 

(c) To a solution of sodium isopropoxide (4.95 &6 X .lO-’ rirol)~ m.ethek (300 _.I: 
ml) was added poftionwise. (C!13PNC~2CsH5)~~ (4.8 g, 110;’ mol);.The_m’&aire_ ;jvas ..m. 
refhrxedfor- 4 h, .end then coo@dpouredmto- cold ether(4OO ml) %nd.then .-. ‘. 
shrr~ for l-b,: -it ~as:then~filteredt&ce; .and the. solvent-removed;.:The resxdue __:. 

._ -. .,.. .._._: ._: : ..: L._ 

-_ ._ __. -1 ~ _- ..- 1.: L.~.- -- . . . --_ .._ .--- __-_. 




