~AMBIDENT-NUCLEOPHILES

i *; REACTIONS PHOSPHORAMIDATES AND PHOSPH RIMIDATE
:TWITH SOME HALIDES OF GROUP IV -

- C GLIDEWELL = ) : . e -
: Chemlstry Department Unwersxty of St Andrews the K Y16‘ QST Scatland (Great Bntam
: (Recexved October 23rd 1975) L : EERAE

" TheN0 ambident, nucleophlle (MechO)zPONHCHzPh redcts with
but not w1th PhaMX (M Sl, Ge, Sn, X halogen) to g1ve N-bonded env __v

" (EtO);PNCOPH; although reactmg readily with HCl to yleld the' qu a;
~-products: (EtO)zP(O)NHCOPh .does not react with Mel,; EtI; e3Si
IR ‘and *'P NMR data for a number of phosphoram1dates and ph:
‘are presented Approaches to the synthesm of (RO)3PNCH,Phare’ outhn and

the energetics of the reactions (RO)zP(OM)NCl-IzPh - (RO)zP(O)N(CﬂzPh)M
;{,and (RO)3PNR - (RO);P(O)N(R )M are dlscussed

Introductlon

In Part T [1], we d1scussed the reactlons of the S o a_mblden nu "eop ilesoc
um O O dusopropylphqsphorothloate w1th some molecular halldes f Grou IV



of. -benzyl-O O-dzzsopropylphosphoramzdate and zts sodzum salt
In the presence of pyridine as hydrogen chloride acceptor N—benzyl-O O- :

dn50propylphosphoram1date reacts with tnalkyl halides of silicon, germanlum
in.to’ glve good yields of the species ((CH;,),_CHO),_PON(CH;CSHS)M(CH-;,);., 1
: (M ff_ Sl, Ge Sn) ‘These’ products were characterised by micro-analysis, and by -

_'L-:E,the' i_nfrared NMR ‘and mass spectra (see- below) By contrast, the triaryl” ‘
:}f;hahdes PhsMX ‘did not react under similar condltlons However, the sodlum sa.lt’ :
[((CH3)2CHO)2PON CH206H5]’Na reacted smoothly with the tnp"lenyls to glve '
" ‘good y1elds ‘of ((CH3)ZCHO)zPON(CHzcsHs)M(C6H5)3 ‘The failure of the tri- ..
phenyl spec1es ‘to react with the neutral phosphoramidate is indicative that no

.- anion is formed in the presence of pyndme, and may be- 1nﬂuenced by stenc

»{;, factors.

. The neutral phosphoram1date showed no reaction towards ethyl rodlde, even
"~ on prolonged reflux: This is in marked contrast to the reaction of the thio ana- -

B logues (Cszo)zP(S)NHR which undergo alkyl exchange with 1-1odopropane to
o y1eld (CzHSO)(CH3CH2m28)P(O)NHR [4]

) eactlons of N-benzoyl-O 0 O trzethylphosphorlmzdate

ST {Although with hydrogen chloride, this: phosphonm1date readlly undergoes at
jroom temperature the qua51-Arbusov reaction::

o (CZHSO)aP—NCOCGHs +HCl > (Csz)zP(O)NHcocsHs + cszm

1., does not react with methyl or ethyl 1od1de, even on prolonged *'eﬂux in nitro-
- methane: Slmﬂarly, treatment of the phosphorimidate with e1ther tnmethylchlo-

}J_irosﬂa.ne or.with. tnmethyltm chlonde gave no reactmn

;f'Infrared spectra

- TABLE 1

" i.-.Thé infrared spectra of the new compounds prepared can be used to g1ve in-
:"-;formatlon about the 1somer formed N -bonded 1somers of type (RO);P(O)N(CH;-

,f.::';'DOUBLE-BOND STRETCHING FREQUENCIES IN PHOSPHORIMIDATES (RO)3PNR AND PHOS~

w PHORAMIDATES (RO)ZP(O)NHR

CROTS e R

_»@=N) (em™)

. V(P=0) (cm 1)

© i (RO)3PNR'. -7 " 'm (RO)ZP(O)NHR
iCH3 ¢ j,"s_;»cocﬁns : o o 1346 1239 o
S CH, SO e COCﬁH3(N02)2‘3 5 c- 1335 ; ‘1234
"S0;CH4CH3-p . . 1354, 1280
COCgH S..0.1846 - 1238
COCGH3(N02)2-3 5. 1386 - . C 1236
o 7:‘—.;:7 1243 o

: 0205H4CH3D S

1368 -




: Ph)X are expected to exhlblt v(P—O) in. the range 1190—1275 cm'1 [5] ’ whlle
'O-bonded isomers (RO)ZP(OX)NCHzPh are expected to exhibit v(P—N) inthe
- range ' 1325—1400 cm™" [6]. Table 1 records values: of »(P= N) and »(P=0)_ fora o
number of phosphoramidates and phosphonmldates synthes1sed dunng this® Work
‘these are consistent with the above generahsatlon. In Table 2 are presented dlag- P
-nostic »(P=0) values for the parent N-benzyl-O O-dusopropylphosphoram1date el
“and its substituted derivatives ((CH3)2CHO)PON(CH2Ph)MR3 M= - 8i; Ge,Sn;
R = CH;, C<H;). No bands are observed for these compounds in the range: 1325
' 1400 cm ‘, prowdmg good ev1dence for the formatlon of the N-bonded lsomers

Mass spectra : '
All new compounds exhibited molecular ions; albelt sometlmes very weak in-
" their mass spectra. Common features in the spectra were, apart from the prom1- S
nent m/e 91 (C;H,") and its decomposition products, series of ions of m/e. 187,
186,185 (C,H,NPO,H,;": x = 8,2,1) and 170, 169, 168 (C7H-,NP02H 1 =2,1 0),:1‘;
and an intense ion having m/e 98 correspondmg to HsNO;]| P whose constitution - "
is possibly monoprotonated phosphamlc acid H,NP(OH)' or H3NPO(OH)2 In the‘ '
tnphenyl species, (M — C¢H;)" and (M — 2 X C¢H;)" are also prominent.. -
~ Very little could be deduced from the observed ﬁagmentatlon patterns about
the question of isomerism.

NMR spectra _ - P
All new compounds gave proton spectra whose mtegrals accorded w1th the S

constltutlons postulated. The essential numerical data for the parent phosphor- o
amidate and for its (CH;);M and (C¢Hs)sM derivatives are presented in Table 3
" As with a number of phosphorothioate derivatives [1] the isopropyl’ frag
_ ments in all these compounds have magnetically nonequivalent methyl groups, )
. both in the proton and the '?C spectra. Slow rotation about the C—O. bond in

‘the Me, CHOPXYZ fragment renders the two 1sopropyl methyl groups non-_ -
: equlvalent
Similarly in all spec1es contammg (CH3)3M or (CﬁHs)aM groups the two pro-
tonsin the methylene group of the benzyl fragment are magnetically non-eqmv
alent, although in the parent compound these. are equlvalent ‘The CH; resonanc
1in the °C:spectra of all these compounds is'a smglet The Smelest ratlonahsa
~-tion is in terms of the inversion rate of the nitrogen atom. If this inversion is
- slow enough the two CH, protons can be rendered non-eqmvalent ‘but if’ fas
'_enough on’ the NMR time scale these. protons can. be: rendered dynammally ‘equiv-
: alent It is reasonable to suggest that substltutlon of H by R3M ‘can slow down










: b'Re}:.i: e 'Ref.' 12,9 Calculated from Pe_uiing's geometrion'leanchation.'e S‘ée text. _fRef. 13. s

B(Sn—-N ) become 272 and 281 kJ respectwely, very close to the est1mate, 261
kJ, derived’ usmg Paulmg s geometnc-mean equatlon. A mean value of. 276 kJ is
employed here.

i From the data m Table 5 and treatmg the entropy term as before [1] itis ;
) concluded that the N-bonded: phosphoramidate, which is- observed when M H ;
Sl, Ge, or. Sn ‘is the thermodynamically stable isomer. :

;It is of - mterest also to consider the entha.lpy changes (eq. 4) accompanymg
the reactlon 3. L : -

-':%:‘,‘(RO)3PNCOPh+MX—> (RO)ZP(O)N(COPh)X+RX I | O (3)

.“._A"AH +B(C—O) + B(P—0) + B(P—N) + B(M-—X) B(C—X) —B(P—O) - o
¢ BE-N)—BM-N) _ N GO
Calculatlons are set out in Table 6: these indicate that for all the M cons1dered

o th1s reactlon is thermodynamlcallv feasible. We observed that it readlly occurs
~when M = H, but not when M = Si, Sn or C. This latter observation is in contrast -
5 “to the work of Kabachnik and Gilyarov [16], who found that (EtO);PNPh readlly
i’._’?urderwent quam-Arbusov reaction with CH,I, CzHSI and CH;COCl, to yield -

- (Bt0),;P(0O)NMePh, (EtO),P(O)NEtPh, and- (EtO),P(O)N(COMe)Ph. It is possi-
-.ble that the failure of Group IV halides to react with this phosphorimidate rep-
resents arare example of klnetlc control of reactlon at sxhcon or tin.

j’,gReIated systems s :

-~ N,O ambident nucleophlles 31m1lar to phosphoram1dates are carboxylic ac1d

B adees, hydroxylamme H,;NOH and the isocyanate anion NCO™.

=+ Monosilylation of acetamide is reported to yield the N-bonded isomer [17 18], _
3 Whereas both 1somers (N O and N ,IN) of the bls—sﬂyl CH3CON(SlMe3)z are known

,:,fTABLE 6 . . .
: jf{iBOND ENERGY TERMS ) AND ENTHALPY CHANGES (kJ mot 1) FOR THE REACTION 3

M "X . +B(C—0)+ B(P—0) + B(P=N) + B(M—X) — B(C—X)—B(P=0) —B(®—N) — B(M—N) = AH

. +368% 4459° +441% . 3309 620% ‘—3a7d . 389?60
.. +368. .  +459 +2399° 12390 - _g20; '—347  ~.—305% —BT

. +368 . +459 - +402% - . —330°%° —620 - =347  .—335% 1 —45°
{4459 C . +280% . .—272¢  '—620 - —347  .—225% —29..
| +459 s - *314¢ ,_‘—330“'-.-;; —620 ‘-:-_;’,-—347. B RN TT

Ref 13. Calculated from Paulmg s geometnc-mean equa 07




'f.fi:boxyhc acid am1des or.of. hydroxylammes' ‘we mtend'to investigate t hes-e,systemsr_
;3?; and report m forthcommg commumcatlons o o

Expenmental

: Matenals Were as prev10us1y descnbed [1] NMR spectra were: recorded usmg
-'-Vanan Assoc1ates mstruments. HA-IOO (IH and 31}?) XL 100 (31P) and CFT-Z =
(3C).
_.N- Benzyl-O O dnsopropylphosphoram1date ‘was prepared by reactlon [13] of
diisopropyl hydrogen phosphite [24] with benzylamine in' carbon’ tetrachlonde
-solution::after washing with 5 M HC1 and water, and removal of the solvent re-.
crystalhsatlon from chloroform yielded the product as white crystals ‘m.ps 57— ”j
- 58°C. Found: C, 57.8; H, 8.0; N, 5.2, C13H22N03P calcd:: C, 57.6; H, 8.2; N,
5. 2%.. Conversion to the sodlum salt was ett‘ected W1th sodium hydnde in tetra—~ S
"»hydrofuran [2] - . : SO

.'Reacttons of N- benzyl—O O-dusopropylphosphoramzdate S BN
. (a) With ethyl iodide. The phosphoramidate (2.71 g, 10 X 10'3 mol) and ethyl o
iodide (15.6 g, 0.1 mol) were refluxed in nitromethane (150 ml) during 20 h. - i
.. After removal of the solvent and of excess ethyl 1od1de, the phosphoram1date
- was recovered unchanged. . -
. (b) With trimethyltin chlorzde A solutlon of tnmethyltm chlonde (1 0 g, 5 X
B 10‘3 mol), the phosphoramidate (1.35 g, 5X 107 mol) and pyridine (1.1 g, 15X -
- 107® mol) in nitromethane (50 ml) was refluxed for 12 h. Filtration and removal
- of the solvent yielded N-benzyl-N- tnmethylstannyl—O O-dusopropylphosphor— e
- amidate as a pale yellow oil (1.92 g, 4.4 X 107> mol; 88%). Found: C, 44 2;H, i
_67N32 C16H30NO3PSn caled.: C441H69N32%_ : : '
_(c) With trimethylchlorosilane. Tnmethylchlorosﬂane (0.55 g, 5 X 10‘ 'mol), e
" the phosphoramidate (1:35 g; 5 X 1073 mol) and pyndme (1.1g,15X 103 mol) .
were refluxed for-10 h in nitromethane (50 ml). Work-up as above ylelded el
N-benzyl- N-tnmethylsxlyl—O O-dnsopropylphosphoramldate . 34g,39X 1073 g
~ mol; 79%). Found: C 55.8; H, 9.1; N 4 2. U15H30N03PSI calcd -C, 56 0 H 8. 8- S
N, 4.1%. , . :
. (d) With trzmethylbromogermane The phosphoramldate (1 35 g, 5% 10‘ mol) N
Was refluxed for 10 h'with- tnmethylbromogermane (3.0g,5x107* mol), and - :
~pyridine (1.1 g, 15 X 107> :mol) in nitromethane (50 ml) to yield, after work-up, =
“N- benzyl-N-tnmeth jlgermyl-0,0- dusopropylphosphoramluate (1. 38 g,3.9X: 10'3 L
- mol; 71%). Found C 49 4 H, 7 6 N 3 7% C,5H30GeNO3P calcd C 49 5 H
7-»'78N36% » . ' : :

-’r-.-mol) and pyridine (0. 8¢ & 1o'x'1o-3
'aliof volatlle compo--



Vit ftrxphenylchloroszlane. The sodlum salt 2. 93 g, 1072 mol) and trl- ot

._phenylchlorosﬂane (2.94 g 1072 mol) were mixed together in 1,2- dlmethoxyethane
-.(150 ml) and heated to 80° 'C for.0.5 h. ‘The mixture was cooled centrifuged and -
“then: flltered “The’ solvent was then removed to yield a light brown solid, recrys- _

talhsatlon of ‘which from benzene yielded the product (2.12 g, 4.0 X 1073 ‘mol;

40%) Found C 69 T3 H 1.1; N 2.6. CalH36N03P81 calcd C 70.3; H 6. 9 N,
2 TP

e { b ). Wzth trzphenylbromogermane The sodmm salt (2 94 g, 10’ mol) and the

. germane (3.80 g1 1072 mol) were heated together in dimethoxyethane (150 ml)
>forl hat 70°C: ‘Work-up as in (a), followed by recrystallisation from toluene

. yielded the product (3.56 g, 6.2 X 10~ mol; 62%). Found: C, 65.2; H, 6. 4; N,

j,.,2 5. C3,H36GeNO,P caled.: C, 64.8; H, 6.3; N, 2.4%. )
-~ {c) With- trtphenyltm chloride. The chloride (3.84 g, 1072 mol) and the sod1um

o salt (2.94 g, 1072 mol) were heated together in dimethoxyethane (180 ml) for
0.5 h at 70°C. Work-up as above, followed by recrystallisation from toluene
‘yielded the product (3.41 g, 5.5 X 1072 mol; 55%). Found: C, 61.2; H, 5 5; N,

;2. 4 C31H36N03PSn calcd C 60 O H,5.9; N 2 3%

Reactzons of N-benzoyltrlethylphosphorzm idate
T o(a) Wzth ethyl iodide. The phosphorimidate (2.8 g, 1072 mol) and ethyl iodide
B (31 ‘g5 0.2 mol) were reﬂuxed together for 10 h. After removal of the excess
ethyl icdide, the phosphor1m1date was recovered unchanged. : '
~: . (b).With methyl iodide. Methyl iodide (20 g, 0.14 mol) and the phosphonm1d-
. ate (2.8 g,:1072 mol) were dissolved in nitromethane (30 ml), and the solution
- 'was refluxed during 6 h Removal of the volatiles gave a quantitative recovery of .-
- -.he phosphornmdate v

-(¢) With trimethyltin chloride. The phosphor1m1date (1.42g,5 X103 mol)
. and the halide (1.00 g, 5 X 1072 mol) were dissolved in nitromethane (100 ml).
-After 6 h reflux, the solvent was removed: spectroscoplc examination of the
i re51due revealed only unchanged starting materials.

- (d) With trzmethylchloroszlane The ester (2.85 g, 1072 mol) and the sﬂane
: (1 10 g, 1072 mol) were refluxed for 5 h in nitromethane (80 ml). After removal
of the. volatﬂes, the product remaining was identified as the phosphorimidate, _
contammated Wlth a small proportlon of N- benzoyl-O O-dxethylphosphoram:date. '

f'Preparatzon of compounds (RO )3PNR S ' o
' . These were prepared by reaction [7] of the amde R’ N3 [25] thh the. phos- C
{; phlte (RO);P’in benzene solution. All showed molecular 1ons in. thelr mass Spec- ,' :
< tra Among compou.nds so’ prepared were: :
CE(E) (CH3O)3PN0006H5 6(CGH5) 8. 50 7 90 7 26 6(CH3) 3 59 ppm v(C—O)
1608; p(P=N).1346 cm :

SThE _il) (CH30)3PNCOCGH3(N02)2-3 5. 8(CGH3) 9 02 8 66 8(CH3) 3 63 ppm




(i) (CH,0);PNSO,
2 134 ppm. “»(P=N) 1354 cm Poiar
(IU) (CzH50)3PNC'005H5 8(C6H5)5 8.50, '7.85' 4
pm '»(C=0) 1610; »(P=N) 1346 cm™ .~ - .. _
(v) (CzH50)3PNCOC5H3(N02)2-3 5. 8(C5H3) 9 10 8 65 6(CH2) 4 10 ﬁ(CH;.,) ,
1 22 ppm. ¥(C=0) 1626; ¥(P=N) 1336 cm™. - e
(vl) (C,H; O)3PN30206H4CH3-p 5(CGH4) 8 05 6 97 S(CHZ) 4 03 S(CH3AJ:)
2 10; 6(CH,CH,) 1.07 ppm. »(P=N) 1368 cm™!. |
" (0F1) (CH0)sPNCOC:Hy. 5(CeHsCO) 9.35, 7.98; 8(CeH.0) 7.10~7.25 pp.
(Ulll) (CsHsO);;PNSOgC@HaCH}'}) 6(05H4) 1. 45 6 84 6(C6HS) 7 20—7 30
: 6(CH3) 2.27 ppm. ’ -
(lx) (CGH50H20)3PNS02C6H4C.H3‘p 6(05H4) 7 70 6 83 6(C§H5) 7 05““7 25‘
‘8(CH) 4.87; 6(CH) 2.35 ppm. |

CH‘O)'3 57 S(CH C)

3076(CH2) 4 10 6(CH3) 1. 14 '

. Preparatlon of compounds (RO)zP( (0] )NHR .
" These compounds were prepared by passing dry HCl gas through a benzene
solutlon of (RO);PNR' for 4 h [8]. Compounds so prepared were: :
(i) (CH30),PONHCOC;H;. v(C=0) 1679; v(P=0) 1239 cm™!. Found C 47 1
H,5.4; N, 6.3. CoH,;,NOP caled.: C,47.2; H,5.3; N,6.1%. ;
(i) (CH30),PONHCOCsH5(NO, ),-3,5. n(C=0) 1699; p(P=0) 1234 cm™
Found: C, 33.8; H, 3.2; N, 12.8. CoH,(N3OsP calcd.: C, 38.9;H, 3.2; N, 13 2%.
(iii) ( CH3O)2PONHSOzcsH4CH3-p v(P=0) 1240 cm'1 Found: C, 38 4;H,
5.2; N, 5.1. CgH4NOPS calcd.: C, 38.7; H, 5.1; N, 5.0%.
(iv) (C.H;0),PONHCOCH;. v(C=0) 1685; v(P=0) 1238 cm™* Found C
51.9; H, 6.6; N, 5.2. C;;H;sNO4P caled.: C, 51.4; H, 6.3; N, 5.5%.

" (v) (C;HsO0),PONHCOCH3(NO, ),-3,5. v(C=0) 1701; »(P=0) 1236 cm™'.
Found: C, 87.8; H, 4.2; N, 12.0. C,,H,,N,0;P calcd.: C, 38 0;H,4.1; N, 12.19-
- (vi) (QHSO)ZPONHSOZCGECH3-p. v(P=0) 1243 cm™'. Found: C, 42 7; H

5 9; N 4.4%. C“HwNOSPS caled.: C, 43. 0 H,5.9;N, 4.6%.

Reactions of dlbenzylhexachIorodzazadlphosphetldme ( CsHSCHzNPCI;, )2 [ 9]
(a) The phosphazene (7.0 g, 14.5 X 107 mol) was dissolved in carbon tetra-
- chloride (150 ml) and propan-2-ol (5.3 g, 8.8 X 1072 mol) was added dropwise
with stirring over 2 h. The mixture was then refluxed for 4 h. Removal of sol-
" vent followed by recrystallisation from chloroform gave N-benzyl-0,0-diiso-
propylphosphoramidate (6.9 g, 24.7 X 1073 mol; 85%), identical with a sample
prepared from diisopropyl hydrogen phosphite.
(b) To a solution of the phosphazene (3.3 g, 6.8 X 107> mol) in carbon tetra-
chloride (100 ml) was added dropwise over 0.5 h a solution of propan-2-ol (2.5
& 41.7 X 1073 mol) and pyridine (3.8 g, 42.8 X 1073 mol) in the same solvent - -
(50 ml). The mixture was stirred for 1 h, and the pyridinium chloride was filter- _
ed off. After removal of the solvent were isolated N-benzyl-O, O-dnsopropylphos-
phoramidate (2.7 g, 1072 mol; 73%), and benzaldehyde (0.3 g, 2.8 X'107> mol)
“identified as its 2 ,4-dinitrophenylhydrazone (m.p: 236°C; lit. [26] 237°C) o
(c) To a solution of sodium isopropoxide (4.95 g, 6 X107 mol) in'ether (300
ml) was added portionwise (ClsPNCH,CéHs), (4.8 g, 1072 mol). The mixture was -
. refluxed for 4 h, and then cooled poured into-cold ether: (400 ml) ‘and the o
‘ stn—red for 1 h: 1t was then. f]ltezed twice;. and. the solvent removed The re51du




2_54 G. -Powell! J. Amer. Chem.: Soc.. 51 (1929) 2436 :
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