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ABSTRACT

The acid catalysed hydrolysis of a number of ring alkyl substituted

" dimethyl N-aryl phosphoramidates, (MeO)zP(O)NHAr,‘haé been studied
by measuring ThebraTes of hydrolysis with the aid o¥.a uv specTrb—
phoToﬁeTer. 'Thése rates have.been correlated with the pKa values

of the corresbonding anilinium ions and the sfope of this reactivity-
basicity relationship for phosphoramidate with ortho substituents

(8 = 0,85) is found to differ from that for substrates with meta and
'para subs+iTuenf5 (g = 0,36). DeTerminaTion oflfhé thermodynamic
parameters indicates that +He entropy of activation is approximéfely
conéfanf for the substrates studied and the sfrongly negative valﬁesv
(as” = 155,4 + 17,5 J molefIK_l) are consistent with an A2 type

mechanism. The constancy of kinetic solvent isofope effect values

( /

kHZO kDZO.z 0,52 + 0,04) confirms that the hydfgiysis reaction for
these phosphoramidafesvproceeds via the same mechanism for atl
substrates. We propose that the differencé in slopes of fhe
feacfivify-bésicify relationship between ortho substituted phoéphoré
amidates and heTa and para sub;frafes-is primarily due to solvation:
haviné different effects on the proTonaTed.subs+raTe. We therefore

conclude that the A2 fype mechanism is a crude model since it ignores

these effects completely.

' The }nfrared éfrefching frequenéy of the phosphoryl group has béen -
measured for a series of ring SUbsTiTuTed N-aryl phospﬁoramidafes
where Tﬁe ring subsfifuénfs vary between sirong electron donating to
sTrong'elecTron wiThdrawing groups. The substituent induced shifts

~have been compared with analogous effects in acetanilides. 1t has



”‘been found ThaT |nTermoIecular hydrogen bondfng sTroneg affecTs
; ;fThe ‘bé values |n phOSphoramxdaTes and, wah The excepT|on of The

-

"srprlfally hsndered sTrucTures, These effecTs are sTnII presenT in
’dl.uTe solutions.
Hahmé*T's corﬁeIanons'of the A“pé ahd Av shlfTs :ndncaTe ThaT o

. (

the n.ansmISSIon of. The resonance effecTs of subsTuTuenTs To Tne
'pho:ohoramldaTe group is negllg»ble in comparlson W|+h The carboxy—-

' amloe»funchon. f [ S
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© INTRODUCTION
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INTRODUCTION

The role of phosphoryl compounds

There has been considerable interest in the chemistry of compounds with
phosphprus—niTrogen bbnds1 since Thé Iabilify of the P-N bond plays an

imporTanT.rore in biochemical systems for phosphorylation of various |
substrates. Oné of The.mdsT'well known examples is the funcfién 6f .
‘phosphdrocreaf?ne (PC) as a phosbhagen( phosphorylating ADP to generate

ATP in a reaction catalysed by creatine kinase. (EquaTidh 1.

HY + aDP + PC === ATP + creatine . o (Eq.
o Mg ’ o
_CH\B
ﬁ N — CH,CO,

i Y
0—P—NH—C ¥
AN

OH NR2

(PC)

Phosphoram}de mustards ( P(O)N(CHZCHZCI)2 ) are being studied for use in
cancer chedeherapy.zv It ié envisaged ThaT these compodnds can act as
ipoTenTSal aIkyIanng agents which migthbe seleéTivély 5ac+fva+ed" in
tumors by enzymatic release of norhiTrbgen muéTard, : [HN(CHZCHZCI)ZJ,
cyciophosphémide (1) has been found to exhibit anti cancer activity towards

a relatively wide spectrum of human cancers.

H
l
0
\\ﬂ CH,CH.CI
22
WA
CH ,CH.C!

fnterest in compounds containing a P-N bond has also increased since the

(DA



~'discovery that somé of these compéunds exhibit remarkable toxic ﬁroperfies
towards mammals and insects3 In particular, phosphoramidafes, which
1are]es+ers of phosphoramidic ééid (HO)éP(O)NH2 are considered important /
as pes?iéides” and several of them including schradan (ocTameThylpyroé
shosphoramide), ruelene (4t-butyl-2-chloropheny! methy! N-methyl phosphora-
midate) and zytron ﬁ2;4 dichlorophényl methyl N-isépropy}phosphokamidGQ

thiolate) are commercially available.

It has been necessary to obtain more precise information dn the physiéo—
chemical properties of Thié type of compound since even though Therevis a
relatively large amount of work recorded'on_fhe‘cfeavage of the P-N bond
under acidic ¢a+a|ysié conditions in such compounds as phosphoramidicVacid
and N—subsTiTuTed phosphoramidic acids, There are relatively few publications.

dealing with the kinetics of acid hydrolysis of phosphoramidates.

In acid catalysed solvolysis studies of Compoundé éonfaining a P-N bond,

the general mechanism can be considered fto be as follows:*’3

. o ' + o -
Ao+ W o==fast— gyt L STOM W7 broducts (Eq. 1D

where A = X(Y)P(OINR,
Rapid protonation of the substrate A preceeds the rate determining cleavage

step.

- From equation || it can be seen that two considerations must be taken into
~account, viz; (A} site of profénafion and (B) whether the reaction proceeds ‘

via a unimolecular (dissociative) or bimolecular (associative) mechanism.

'Site of protonation

The substrate X(Y)P(O)NRz'has both oxygen and nitrogen atoms as basic centres



and under acidic conditions, the fundamental mechanistic problem involves

the structure of the substrate conjugafe‘acid, Z.e. the phosphoramidonium

jon.

\P.//-O.‘. . H L‘ | | .\'///O
/// \\\ : N fasT /2/( \\\+

2 Y : NHR2
(A)
L+
. H fabf. (Eq.
X JOH X OH | O
>P< - \P\ — \ N
: +
y" O Y/ R / W ",
2 2 ,
(B)
This system is therefore analogous to the acid catalysed hydrolysis of
carboxylic amides where the general reaction is given by equation 1V.
0 | Q
I K | - HyO .
P—C —NR, &==—== R~ C — NHR, . ——2- ,  products
A4 '
l{H* OH OH
. l o+
R~C =NRy e——3 R—-C—NR, &—— R-C=NR, ’ (Eq.
. ll | + |
+ OH , _ _

R — Cru NR, 0 | products

i

in their study of substituted benzanilides (2), locerente et al® found that
rates of hydrOIYSis were higher when Y was an e accepting group and thus

concluded that this does not allow. a mechanism inciuding an infermediate

N profonafedpamjdonium ion.

D

V)



NH -Y (X,Y = H, OMe, Me, Ci, NOz)
(2)
It is generally agreed that O rather than N protonation is predominanf in

carboxylic amides’ 10 and that the reacfipn.proceeds via a tetrahedral

intermediate (3) in equation v.

S C B OH- - ' OH
i ¥ | H.0 !
R—C—=NR) + He====R-C—-NR) =2=R~C—NR) ==
+ _ N ,
C
H/( \\P
‘ s (Eq.
» P » Gy
R — C — OH + HNR! '
2
The principal difficulty in establishing The‘profonafion behaviour of
phosphoric_amides is due o ffs high instability in acidic solutions, so
that direct investigation of the protonated species is in most cases not
possible. The fdllowing'argumenfé however seem fo strongly indicate that
N protonation is favoured in this class of compounds.
In working with structure-reactivity corellations of phosphinanifides'(4),
.Haake et all proposed that acid.catalysed hydrolysis of these compounds
proceeded via the N protonated species.
-¢4P—NHA<:>—X (X;N%,CMC%m
i : S ,
¢ . .
(4)
Their valueé for the Hamheff reaction constant (p = —1,73) and (p*= —I,O)11

are of opposite sign to that obtained by Lockerenfe6 for benzanilides

V)



(p = +1,606). | f hydrolysis of (4) weFé proceeding via protonation on

oxygen followed by bimolecular reacTién QiTh waTer, p would be expected to

be positive as for the bénzanilide system. Haake thus pfoposed the mechanism
(equation V!) in which the transition sfafe (5) has a positive charge.on

the nitrogen, thereby leading to a negative value for p.

#
0 _ 0
B , H+ i + < low ’ o (=61,
(4) === § -T — NH, - X ¢ —-T oo NH, Xt (Eq. VD)
. | ' ,
¢ N g ¢ o

(5)

A plot of log'kl for phosphinanilides1 (4) and phosphinamides11 (6) against
pKa values for TheAcorresponding anilinium ions gave Iihear free energy
relaTionshipé with positive vélues for the slopes. | This suggests that The‘
transition states have .considerable anilinium ion character and are Thefé-

fore consistent with reaction through an N protonated species.

0
7 | | |
RoP—X (a) R = -CHg X = -NH,
(&) . (b) R = -CeHs | X = -NHCH,
(c) R = -Ceg | X = -N(CHg)
(d) R, = -C(CHz) ,CH(CHZ)C(CHg) = X = -N(CHg)
() R = -CH(CHy), X = -N(CH3),

Haakell found that the phosphinamide (6a) undergoes acid catalysed hydrolysis
105 Times more rapidlyvfhan the corresponding carboxylic amide C6H5—C(O)NH2.
In our study of phosphoramidates, it was found that the N-p-methyiphenyi-

dimethyliphosphoramidate (MeO)ZP(O)"NHC6H4Me(P) was hydrolysed in acid medium,

102 times faster than the correéponding be_nzanilide.6 This lability of the
P-N bond in phosphoric amides compared with the C-N bond in carboxylic amides
in acid media can be considered to be due to the greater basicify and better

'Ieaving ability of the protonated amino substituent.



Garrison and Boozer" proposed that O profonation of thsphoramidaTes

' NR!
(RO)ZP(O) NRZ

not give any direct evidence to support This.  They state that the

is possibly more important than in carboxylic amides but do

phosphory | group is‘more polar‘fhan the carbony! group and as such there
should be a marked tendency for the fdrmafion of a pﬁ—dﬂ.bbhd between

the nitrogen and phosphorus atoms. Thé niT}ogen atom would tend to be
less basic becauée of this donor-m bond formation. However l'BC NMR
vexperimenfs on N phosphorylafed.aniline and O phosphorytated phenoTs (7

} usfng the dual substituent parémefér approach,l2 weré found to indicate no
significant pn-dn back donation from Y to THe phosphords atom in these

systems.

(Y = NH, O

- This was also evident from molecular orbital calculafions performed on Q

. and N profonated phospﬁoric amides. 3 The concept of N proTohanon hés
also beeh suppérTed.by sTudies-of the effecfs of protonation upon the PNCH
and POCH couplfng cbnsTanfs in some pHosphinic amides and.esh—jr.s.ll+

0 protonation cannof be discounted completely and possibly exists in
equilibrium with the N protonated species (Equation |I1) but it seems

reasonable to believe that it is the N protonated species which is The_

kinetically reactive species in a solvolysis reaction.

AI v8 A2 reaction

The acid catalysed hydrolysis of phOSphoric amides must now be considered in

terms of the mechanism of the P-N bond cieavage.

In the A-| type mechanism, unimolecular P-N bond cleavage is followed by

rapid reaction with water (Equation VII1).



X 0 X 0 o X '
\\~ 4%7 s low \\\ 4/7 (1=6)+ ‘\\+ |
P — P omom WHR, | —— - Pp= +  HNR,
J/ Nt 8+ / '
yoo NHR, | Y - - Y
H,0
fast
' X 0
fast N/ + HWR
2

products e——— ///P
] . : \ +

(EquaTioh'Vll)

In the A-2 ftype mechanism, direct substitution of water involving a rate
determining one step process occurs in which the P-N bond is broken at

the same time that the water molecule attacks the phosphorus atom. (Equation VIil),

X 0o ‘ X 0 o x 0
N/ O s+ N/ U-8)+ N / -
P -.._S_Zl_o_w_, Hy0 ===="P —=== NHR, P +  HNR,
v .\+ l : _ / \+
Y NHR, Y _ Y OH,,
fast
products

(Equation Vill) =

-Although the contribution of an A-| pathway has been suggested for some

phosphoric amides, the generality of the bimolecular SNZ(P)-mechanism

seems well established. Haakel and his co-workers suggested that phosphin-

amides undergo acid catalysed hydrolysis via both Al and AZ mechanisms,

depending on the nucleophilicity of the leaving group. Work'done by



p 8‘

Hargerl® on phosphinamides and Haakel!® on phosphinyl chlorides indicate.
that these compounds are generally reluctant to react by a dissociative
SNI(P) mechanism,!? presumably due to the instability of the phosphinylium

cations (8).

Most of The work done on pHosphoric amides indicates thet the SN2(P)
mechanism is favoured. Modro and co-workers:® in their study of phosphinaTeé

(9) and phosphoramidates (10) found that for P-N bond cleavage, the rate-

acidity dependence showed behaviour typical for the A2 mechanism.

N ’
¢2PNHTBU _ , : (MeO)ZPNHfBU

(9) ' . o 10)

Values for the kinetic solvent isopre'effecT for substitution at phosphorus

were also typical for the A-Z type mechanism.

in their work on 2,4-dichlorphenyl methyl N-alkyl phosphoramidates (11),
Garrison and Boozer" obtained strongly negative entropies of activation
(AS# = -30 to -35 eu) which are indicative of a reduction in the number of

degrees of freedom in the transition state and occur when_The water molecule

attacks the bhosphoryl group. - (Unimolecular acid caTalysed'reacfions have

small activation entropies of either sign.'%,20).  Garrison and Boozer®

also noted that an increase in the bulk of the substituent R on the nitrogen
atom in (ll) caused a reducfioh in the reaction rate. - This_is consistent

with a bimolecular reaction where addition of water to the phosphory ! group



MeO_ O H
N o
/f——N R = alkyl
0 \W
of
/
o

()

results in an increase of coordination number of phosphorus from 4 to 5
in going from the ground state to the transition state (Equation VIIl).
Similarly, Harger?! found that values of rate constants for acid catalysed.

hydrolysis of (12) and (13) decreased with increasing bulk of substituent -

R on phosphorus.

g 9
) j
R =P — M, R-T—W¢
¢ b
(12) - ' ' (13)
-f-

R = Et, cyclopropyl, Pr', I-methylcyclopropyl, Bu .

This also encourages the view that these compounds react by an associative

(A2) mechénism.

In his studies of the methanolysis of optically reactive methyl phenyl
'phosphinanilide, Haake! reports predominant inversfon of configuration
which infers on A2 type mechanism, |

0 | 0

' MeoH H+ MeO —-ﬁmmmMe

Me ittboe P — NH¢ —_

¢ : ¢



Koizumi?? is of the opinion that the mechanism is dependent on the
acidity of the medium and‘ThaT the Al reaction path increases in importance

with increasing acidity of the medium.

Hargerl® howevervdiSagrées with This "mefged Al-A2" mechanism and found
that his work on the solvolysis of alkylphenylphosphinic ahides‘seemed
incompatable wiThvsuch a theory. One of the mechanisms which he proposéd
involves.fhe double inversion due to nucleophilic catalysis by a chloride

ion (Equation IX).

0 : | 0 . ?
I+ - /. |
A
ol P — NHAF .__Q_I__>. Clt — Pwumd ie_Q_H__, el P — OMe
2 \ _ -Cl-

Me ’ _ Me Me

(Equation 1X)

Since the acid is also a sourée of The chleophile, the catalytic pafhway,
with feTenTion of chfigukafion, would be sensitive to the concénfrafion of
the hydrogen chloride. At low concentrations of HCI it miQhT account
for a negligibly smal | propbrfion of the section, sé that mefhahQIYSis

would in effect proceed-enTireiy by the uncatalysed pathway with inversion
of configuration, while at high concentration of HCI it could become the
méjor.pafﬁway and'causelfhe majority of the product to be formed with overall

"retention of Cénf?guraTion.

Further evidence for the preferential A2 ftype reaction path has been obtained
from work done on phosphacy! chlorides and includes (a) rate enhancement

on addition of nucleophilic reagents,?3 (b) rate dependence on the size of

25

the nucleophile,zq (¢c) steric re+araafion by large substituents at phosphorus;

and (d) rate inhibition due to angle strain at phosphorus.28 In general therefore,



most of the evidence seems to indicate the predominance of an associative

A-2 type mechanism for molecules containing a phosphoryl group.

The determination of a L.F.E.R. using IR spectrophotometry.

In another aspect of»fhe project if'was decided to investigate substituent
effects upon the vibrational frequencies of the phosphory!l group in the
" ring substituted N-phenylphosphoramidates (14) and relate them to analogous

effects in the carboxYIic derivatives (15).

X—-2C H4 —-NHP(O)(OR)Z X —-C6 4 — NH —-C(O)R

6
(14) ' | L (15)

The substituent constants in general use are the sigma values‘firsT intro-
duced.by Hamme+T27 and the effect qf a ‘'substituent on some physical property
of a reaction for example, equilibrium or feacfion rate, was correlated

by the Hammett equation (Equation X). |

log k= = o - , | | (Eq. X)
) , -

blis the reaction cdnsTanT and varies according to the efectronic demahd

of the reaction or properfy measured bQT is a constant for a fixed set of
conditions. The substituent constant o gfves a measure 6f a éubsfifuenfs
electronic effect on the réacTion or measurement cenfre, providing steric
effects are absent. Taft28 prbposed ThaTtTheée.subsTifuenT constants were
composed of'bofh inducfivé and resonance contributions. The ‘inductive
part is considered to be due to the electrical perTurbaTion TrénsmiTTed

" both through the o bonds and through space, arising from the charge distri-
bution in fhe substituent. The resonance part is considered fo be due

to Thg perturbations observed in the m system of the ring. ‘Hence we .

.can write:



¢ = op .f »gJ- | (Eq.

Since the o constant as defined in equation X are in energy units, a

relaTEdn_of the form

. \);._-;\)' = po ‘ . ‘(Eq-

0.
may be smployed to coEreIéTé infréred freqhency data. (Since v2 is
related to The force cohsfanflof.a bend, it was af one STage-felf29 that
~this value, rather than the value for v should be cofrelaTéd with o.
Howéver o values are expressed in energy units and so might reasonably be

related o v.)

This infrared approéch has been éuccessfully applied fo carbony! compounds

where the v, values correlate with the structural variations according

CO
to the Linear Free Energy relationship given by equation XIl. For
_ example, Voo values for the para—subsfifufed aceTophénones correlate well

with substituent constants, and the dual substituent parameters (dsp)

analysis shows similar contributions of resonance and inductive effects.30531

In carboxylic amides (16) variation in the N substituent Y should affectT
the resonance and thus modify'The Veo vaiue:
-4/¢O' ' o0~ .
. . + .
Y —NH - C . > Y = NH=C »
R ' , o "R

(16)

However Richardé_and Thomason32 pointed out that signf%icanf spectral

" changes observed for carboxylic amfdes are caused by hydrogen bonding
effects. This was further supported by Kfemperer et ai33 in Théir erk
on secondary»ahides. They fdﬁndvfhaf in ali‘cases'sfudied, the carbony! -

stretching frequency moved to a higher frequéncy upon dilution and proposed

X1)

X1



that the lower frequencies were due to hydrogen bonding to the carbonyl
oxygen; Reliable results on the sTrucfuraf'effecTs can ‘therefore be

obtained only in dilute solutions in non polér solvents.

In acetanilides (15; R = Me) the detailed electron distribution in.The
amide group should be sehsiTive to the ring substitution, changing the.
availability of the nifrogen tone pair for conjugation with the carbonyl
grdﬁp. "~ For a series df ring sUbs+iTuTed aéefanilides it was found that -
 _The value of VCO (str) depends on the substituent, and for The Tybical
meta and para groups, a.variaTion within the range of 24 cm—I was ob'servevd.3L+
We have correlated The reported values of °co.VS Oy constants and:obfained
a fair linear'relafionship (r = 0,980) with, as expected, positive slope‘
éf the A v ‘

€O

strefching frequency of the carbonyl group in (I5) with the corresponding

vs-oX plot. Direct comparisoh of substituent effects on the

effects upon the phosphofyl group in N-arylphosphoramidates (14) should

provide insight into the bonding characteristics of these two amide systems.

Retevant studies .in the area of the phosphofié amides are scarce. The

:variaTion in the bPO and Ve frequencies foE fﬁe diethylphosphoramidates

(ETO)ZP(O)NR2 (R = H, Me; Cl) was distssed in Terms of the pﬂ'— dTT

bonding.33 Infrared spectra of phosphinamidates,3® phosphoramidates,37

and phosphazenes38 revealed significant inTermoIeéular hYdrogen bonding,
I .

lowering the Ybg value to ca. 1220 cm_

bonding vg, = 1270-1280 en™h. Although in his classical review of the

(for the amides free of hydrogen

infrared spectra of organic molecules, Bellamy3?2 formulates the opinion
that for phosphoramidates "P=0 frequencies revert to normal in dilute
 solution", in work on organophosphorus esters, acids and amines3® he
showed that hydrogen bonding in sélufions of these derivatives causes a

.considerable decrease in frequency of the P=0 absorption. Analysis of



14

the NH stretching and beﬁding abéorpfion bands for N—afkylphésphoramidaTes
levayquiST“O‘To the conclusion that aTvéoncenTraTions éf 1072 M of Iess;
the intermolecular hydrogen bonding effects are absent. Forva proper
treatment of the subsTiTQenT‘effecfs it is‘Therefore_essenTial to bear

in mind the fact that subsTifuenTs can modffy bonding of the phosphoryl
group via the inframolecular‘e}ecTronic effects as well as due to the .

change in the hydrogen bonding interactions.

Objectives
In view of the work reported in the literature, it was decided to perform

a study on a 'series of ring substituted phdsphramidaTes (173,

: - , :
(CHBO)ZP — NH -

(7

(a) R =H; 2-Me; 3-Me; 4-Me; 3,4 di Me; 2,6 di Me; 2 Et; 4Et;
4 n Bu; 2 ¢tBu; 4 tBu. The N-méthyl derivative was also

prepared for comparative purposes.

(by R = 4-Ph; 3-F; 4-F; 3-OMe; 4-OMe; 3—N02; 4—N02; 4—NM62.

A'CJOSe%y'rélafed group of alky! substituted pﬁosphoramidafes (17a) with
alkyl groyps in all possible pésiTions, were prepared'for studies of the
kinetics of fhe acid caTa(ysed.hydronsis of Thééé compounds. Atkyl groups
were chosenbag substituents as Théy have similar electronic effects and

“the sensitivity of the P-N bond. to acid cafalysed hydrolysis w?TH variaTioné
of induc%ive aﬁd resonance effects of substituents could be accurately
determined. Protonation and solvafidn effects could also be expected

to be similar for these compounds sfﬁce There éould be no interferance

due to protonation of substituent as would be the case for substituents

with non-bonding electrons such'as most of those in group (17b).



(i)

(ii)

The following studies were to be performed on the phosphoramidates (17a)

as they could provide essential information on the mechanismvof acid

catalysed hydrolysis of these compounds.

A linear free energy relanonship was to be derived in the form of a

reactivity-basicity plot. PK, values give a good indication of inductive
and resonance effects but due to the lability of phosphoramidates in

acidic media, it is difficult to determine these values. However, in

the transition state, (I8),vThe'léaving anilinium group resembles a

protonated aniline and thus pKa values for the corresponding anilines could

be used.

| : g §|> | - #
o » 5+ I -ee /=
H + slow _
= SH ) H O ~——ememe P meeme— NH= ) > ducts
B e | VN AR, | 7 prosers
| MeO “Che :
(18)

(Equation XI111)

-1t is important to note that any group R which increases the basicity of

the anitine group in the phosphoramidate will favour the pre-equilibrium
protonation step but will disfavour the slow step (equation XIi1). The
observed rate is thus a result of these Two‘opposing effects. A linear

“correlation with a positive slope indicating that acidic hydroleis‘

proceeds via the N-protonated species, was expected. (For carboxylic

amides a negative slope is obtained).

In order to ascertain whether the acid catalysed hydrolysis of the

phosphoramidates (17a) proceeded via an Al or A2 type mechanism, the

Arrhenius parameters, Z.e. activation energy,Ea; free energy of activation,
7

AG¢; entropy of activation, AS# and enthalpy of activation,aH";  for

TheffransiTion state complek, were to be determined by observing rates of



(iii)

‘hydroiysis of these compounds at varying temperatures. Strongty

negative values for AS# would indicate an_AZ‘Type mechanism while positive

values or values close to zero would indicate an Al type mechanism.!

Kinetic Solvent Isotope Effects generally supply information on the
protonation step in .the mechanism and thus they were determined for a

representative cross section of The.phosphoramidafes (17a). DZSO4

_is a stronger acid than HZSO4~ and thus for The prbTonaTion in the pre-

. ) ) +. .
equilibrium step, the concentration of the deuterated substrate (SD ) in

equation X!Il will be higher and the overall rate will therefore be
increased. For an acid catalysed reaction with a reversible proton

transfer prior to the rate determining step,%2

/

"0 Koo <!

For a mechanism involving a proton transfer in the transifion state

Ki,0'kp,0 !

The Vafiafion in the infrared speCTroscopip properties of phosphoramidates
(I7é and b) was also studied in order to ascertain any correlation with
the variation of substituents. The effect of the substituents on the
P=0 stretching frequency was studied using infrafed, since it is the most
polar group>and fT contains a multiple boﬁd.‘ Changes in bond order with
change in subsTifuenT'could Thérefore-easily be moniféred. - This could

be correlated with similar work performed on carboxylic amides.
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DISCUSSION AND RESULTS



RESULTS AND DISCUSSION

’

Acid catalysed hydrolysis
The reaction studied can be represented by the general equation:

+ : + '
(MeO)ZP(O)fNHAF + HZO +H ———s (MeO)ZPOZH + Ar—NH3‘ (Eq. XlV)

It is a well—esTabjished fact that Qnder acidic condinons, phosphoric
amide bondv(P(O)-N) is much less stable than the correspondiﬁg‘esTer '
function (P(0)-0).%3 It was therefore assumed that the ohly

reaction occuring is %he formulaTioh of the anilinium jon according
vTo the équaTion XIV." However, since the analyTicaf method used

(uv specfrophofomefry) deTecTé only the P—vaond cleavage (retfease

of the anilinium ion),_dur reéulfs wou | d hoT be affected even.if fhe'

dimethy! phosphoric acid initially formed underwent further hydfolysis.

Kinetic determination

The rate of a reaction is usually expressed as the rate of change of
concentration with Time, at a constant Temperafure and volume.""
For a first order reaction the rate of the reaction depends only on

the first power of the concentration of a single reacting species and

the rate law can be written as

-8 L ke _ - " (Eq. XV)

where k is the rate constant and has the units of the reciprocal of
Time. |f the initial concentration, at time t+ = 0, is Co and if at
some later time, T, the concentration has fallen tfo C, we can integrate

equation XV to get



dc ; :
—j T = kfdf
Co : o]
C -
- "'ln CB“ - kT
or ; in C = -kt + InCo ‘ o (Eq. XVI)

From the Beer-Lambert law*>®

log %9- =  eCs8

initial intensity of monochromatic light

I

- where lo
o = inféhsify of the monochromatic light affér’passing_fhrough«
a sahple | 7 .
e = mqlar extinction coefficient
C = cohcehfrafion (iano!es per liter)

% = path length of curvette (in cm).

The~absorbance A = log %9
A = eCt
. _ A
C

For a | cm path length curvette which was used in our experiments

Substituting into equation XV

. A _ »
—-In—A~5 = kT

-kt + InAo : ‘ (Eqg. XVIt) -

H

and InA

where Ao is the initial absorbance of a solution with initial con-

centration Co.



The fafes of acidAcaTatysed hydrolysis of the phosphoramidafeé (17a)
can be accuraTer moniToréd uéing uv spécfrophofomefric %echhiques.

" The phosphoramidates are éli amides and as such aré re!a+ivefy

weak bzses and can be'expecfed to exist mainly as the neutral molecule
(19) in acidic soiQTIonf The absorbance due to n + m* transitions

is reiafiveiy sTréng compared with the corresponding aniline thch is
é muchys?ronger Sase than the éhosphofamidaTe and exisTSiaImosTv

entireiy as the protonated species (20) in acidic solution.

, ' o) N H 0 .
T\ = hoer, A .
mé¢~ NH —7P(Ohe)2 S NH — hf 5
R R "
(19) 27| slow
. ~ - o . .,
. C“) = {(1-8)+ i &+
.f E >~ NH, + HOP(OMe), &—rvo | <r—~\>~ [ P - MR- OH
2 2 . / 2 P 2
/)Ki"/ - Qe \\OMe ‘
R R .

(20)

A large change in absorbance is thus observed in this hydrolysis
‘reaction with the absorbance of the products dropping almos+’+o‘Zero

(Figure 2.1).

From equation XVill it is obvious that the rate of the reaction is

dependent upon the concentration of both the phosphoramidate and the

(Eq.

XV
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nucleophile which in this case is water. It is Thus a second order
reaction but since the water is present in great excess and its con-
cenfra?ion»remains effectively constant throughout the reaction, the

reaction may be considered to be pseudo-first order.

Beer's law was found to be satisfied over the concentration range of
'+he'phosphqramidéTes s+udied; the details of which are described in

chapter 3 section 3.4.

A plot bf-ln(Absorbance) of phosphoramidafe égains+ +ihe gave always
v  a'lineér ple (for example Figures 4Af4D)_Wh§ch indicates that the acid
catalysed hydrolysis.of phosphoramidates does indeed proceed ﬁia a
.pseUdo first ofderrreac+ion5 A linear-regressfon was performed on
these values (for‘examp]é'Tables 4.1 - 4.4) to obtain a "best fiT"r

curve and the observed rate constant, ka was calculated from +he'slope
of this plot. The molecular ex+iﬁcTibn coefficienT, e,.was calculated
from the intercept on the Y axis (InAo) since The‘absbrbance a+‘+imé

T =0 cduld‘noT be measured due to The rapid hydrolysis of fhe phosphor-

amidates in the acidic media.

The'héif life of the hydrolysis reaction was calculated from +hé

equation

where kw is the observed rate cohsTanT.

"_Va!ues for the basicity constants (pKa) were given only for anilines
in water at 25°C46 but we found that our substrates were insoluble
under these conditions. Dioxane was therefore used as a co-solvent

- and it was found that a solution of 20% dioxane in water was a suitable
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solvent for the phosphoramidafes (17a). It was assumed that the éffecT_
of.The dioxane on the pKa'values woﬁld be the same* for afl the aniliﬁes
and since The difference in these values wa§ used in the reactivity-
basigiTy retationship (Figuré 2.2) the slopes of this réIaTionship would

remain unaffected.

The vatidity of our results is supperted by Tne excellent reproducibility
of the rate constants as well.as the high correiztion coefficients obtained
from the linear regression calculaTions; (RéaCTEons wefe moniTored.for
v2,7 - 5,7 ha[f IiVes_bu+ on average, a.period of 3,5 hatf lives (over

85% of conversion) was found tfo be suitable). The wavelengths at which
the absorbance meaSuremenTs were made varied between 270 mg and 280 mu

and are indicated in tables 4.5 - 4.7.

No specific studies were performed to determine the effect of variation
~of initial concentration, Co, of the substrate on the rate constant but
from table 4.5 it can be seen that for variations of up fo 2,4 fold in

Co, there is no effeﬁf on the rate constant.

The mean rate constants from tables 4.5 and 4.6 are lisfed in tabtes 2.1
and 2.2 respectively. . Since tables 4.5 and 4.6 lisTIdaTa for rate
determinations performed in media with slightly different acid concen-

TraTions; only the mean value of the relative rates** for these fwo sets

Since all the pKa values (with an exception of that for N—meThy!éniline)
used for correlation refer to the primary anilinium ions (Ar-NH Y, any
hydrogen bonding due 1o the presence of dioxane should be the same for

all members of a ' series.

*%
The relative rate is expressed as

_ rate constant for dimethy! N- (alkyl subsfnfufed pheny!) phosphoramidates

rel rate consTanT for dimethy!l N-(phenyl) phosphoramldafe

kR/kH

1
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When R = N Me the substrate is

o
wN‘m-P(OMeizA

TABLE 2.1 2
Mean k. td. Dev.
R a”n oo Std _Dev _ el log k | pKab ApKa
(x10 %sec™ 1) (x107%sec™ ) re
H | 1,1498 0,0435 1 0 4,60 0
2'Me | 0,8060 0,0130 0,7009 | -0, 1543 4,45 | -0,15
3 Me 1,1652 0,0440 1,0134 | 0,0058 . 4,70 . 0,11
4 Me I,8409 0,0152 1,6010 | 0,2044 5,08 0,48
3,4 diMe| 1,5740 0,0272 1,3689 | 0,1364 5,17 0,57
4 gt 11,6174 0,0006 |,4066 | 0,1482 5,00 0,40
2 gt 0,5082 v - | 0,0043 0,4419 |-0,3547 4,30 | -0,30
4n 3u 1,5209 | 0,0221 1,3227 | 0,1215 - - -
4t Bu |,2458 - 1,0835 { 0,0348 4,95 0,35
See chapTerVA for meaning of symbols. Véiues from reference 46.
TABLE 2.2
R¥ Mean;kw i S+d.-Dev.~ 'kret .ng(krél pKa ~ ApKa
(x10 *sec” M) (x10 *sec™ 1) _ ~ - :
H 1,2317 0,0060 i o 4,60 0
2 Me 0,8393 0,0259 0,6814 | -0,1666 4,45 | -0,15
3 Me. 11,2478 0,0356 1,0131 {  0,0036 4,71 0,11
4 Me 1,9436 0,0071 1,5780 | 0,198l 5,08 0,48
3,4 dite| 1,9006 0,0625 1,5431 | 0,1884 5,17 0,57
2,5 diMe| 0,3413 0,0418 0,2771 | -0,5574 3,95 -0,65
2 Et 0,5332 - 0,0139 0,4329 | -0,3636 - 4,30 | -0,30
4Bt i,7290 0,0395 [,4038 | 0,1473 5,00 0,40
2t 8u 1,3072 0,0046 1,0613 | 0,0258 5,03 0,43
4t By |,3623 0,0204 |,1060 | 0,0438 4,95 0,35
N te 29,3345 0,1353 23,8172 1,3769 4,68 0,08
Me O
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TABLE 2.3.
No R Mean kré STd. Dev.| log (Medn krel) ApKa
| H ] 0,0000 | 0 o
2 2Me | 0,6912 10,0138 -0, 1604 -0,15
3 3 Me 1,0133 ~0,0002 0,0057 0,11
4 4 e |,5895 0,0163 0,2013 0,48
5 3,4 diMe |,4560 0,1232 0,1632 0,57
6 2,6’d§Me 0,2771 - | -0,5574 -0,65
7 set | 0,437 0,0064 | -0,3591 -0,30
8 4 Et |,4052 0,0019 0,1477 0,40
3 2¢ Bu 11,0613 - 10,0258 0,43
10 4¢ Bu '1,0948 0,0159 10,0393 0,35.
¥ N Me | 23,8172 - 1,3769 0,08
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.of daTa_maf be defermined These values are llsfed'fogefher with the

- pKa.values of The correspondlng annllnes in tabte 2. 3 US|ng The values

from Table 2. 3 (the reproduc:blllfy of which is very gooa as lndlcafed

'Aby +he fow sfandard devnaf:ons) we can correlafe the relative reacflvnfy
 w|+h Thc dlfference in pKa values of the correspondlna anlllne (The

f moflva»xon for usung pKa values for the anilines. and noT the phosphor—'

f-am|da es is glven in the nnTroducT:on) The correlation is represenTed

.graphncai*y in FlgLre 2.2.

i”_From this reaafnvufy baa|C|+y relafsonshlp a number of observaflons may

-be made The grouo of phosphoramldafes with meta and para subsT;TuenTs
bn the ring all correlate Ilnearly with the correspondxng relallve
baSICITIes, as do The subsfrafes with ortho subsfufuen»s on +he phenyl
' -ring (waﬁh the excep ion of dimethyl N (2 tert-butylpheny!) phosphoramndaTe
which will be discussed later). The slopes Qf these itwo linear correia-
ifions are aofh posf?iVe but are haWévef signifitanfiy différén+ in~+ha+

the sfope for The.arTho substituted phoaphoramidaTés (B = 0,8514;
| r=0,961) is greaner than Thaf for +he meta and para subsfuTuTed phosphor-
amidates (B = 0,3647; =0, 905 when the points for 2t- Bu and 4t Bu.-.
‘subsfrafes are eicluded.‘ "B =0,3544; r = 0,783 when only the poinflfor
the 2t.Bu phosphoramidate ‘is exaluded_from the linear regressian).

Both the N-methyl ananrTho tert-butyl substrates devfafeasfrongly‘from
the reac#iviTbeasiaiTy relationship buT.reasons for This w{}ivbe discdased
seberafaly. | | | |
‘The‘ahaiysfs of the oaserved trends led us o the fallowing conclusions.

. A

Firs+|y, The positive élopes for both the correlations are éTrong evidence
that the kinetically reachve species is the N- profonafed and not The

.-OfproTonaTed subsTraTe: As menTnoned in Chapfar [, it is wel | known
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that The}acidic hydrolysis of carboxylic amides proceeds vig the 0-
profonated species and similar studies to ours, on subsTLTUTed benzanilides;é'“7
have afforded hegaTive s lopes. _The sign of the élope of the log k¢ vs ApKa
pIoTican be iﬁferprefed in the following way. The positive slope meéns

- that The slectron-donating ring sﬁbsTiTuenTs acceleréfe the hydrolysis.
Since the N-protenation of the phosphOric'émide involvés the change

-in-The chargé of nitrogen %Eom éero to pluéAI, electron-donating substit-
uenTs.will4s+rongly stabilize subsTraTe's conjugafe acid (see equation XVII1).
“In the subsTiTuTién step itself, nitrogen atom decreases its éharge from

| unity to a fracTion'of a positive charge (equation XVI{l), so the substit-
‘uent effect (operating in oppoéife direction) is of a_émaller:mégdifude

than on the préequilibrium.sfep‘ In consequence, amides derived from

‘more basic ahines, exhibit higher reactivities in hydrolysis.

[n the hydrolysis ofAcarboxyIic amides, The O-profonated form répresenfs

the kinetically important species:

. nt +
R — C(0) — NHAr - s=— [R — C(OH) — NHAr]
‘The protonation site (carbony! oxygen, is removed much. farther frbm the
N-aromatic group, thus the protonation eqdilibri;m is much réss sensitive
to the ring substituents, The rafe—defermining step on the other hand,

involves the formation of the tetfrahedral intermediate:

OH
. |
[R—C(OH) —NiarT" + HOo 2 g = ¢ — NAr
| " ,
O

and depends on the electrophilicity of a carboﬁ centre. . Since the O-
protonated structure represents a highly'conjugafed system, electron-
wifhdrawing.subs+i+uenfs in group Ar will effectively increase the

electrophilicity of the reaction center, hence increase the over-all rate

. of reaction.
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Secondly, the change of slope in going from meta and pafa subs*ifuenfs.fo
orThQ subsfifuéﬁfs on the N-aromatic ring of the phosphoramidéfe might
‘have suggested a change in mechanism from Al to A2. Haake! in his work
on phosphinanilides proposed that a decreage in the nucleophilicif? bf the .
anilfne bonded to the phosphourus tended to cauée the reaction mechénism

o ;hange from an-A2 to an Al type of mechanism and he_ﬁroposéd that it

is possibie Té_have’é "merged Al-A2" type mechanism. This was suppoFTed
by Koizumi22 and Harger.L+8 We ininally believed that the change in

the slope-of the reactivity-basicity relationship in going fkom.mefa and
para to the ortho substituted phosphorémfdafes Was due to a similar

effect. We considered the possibility that the relief of sTericrérowdingn

due to the ortho substituents would tend to ¢change The'méchanism'from'

A2 to Al.

"ln order to further investigate this proposed variation in mechanism with
position of ring substituents in fthe phosphoramidates, we deTerminedlfhe
Arrhenius parameters for the phosphoramidates listed in table 2.4 as

well as the K.S.!1.E. for a representative cross secTioh of these substrates.

Arrhenius proposed that if the temperature range is not too great, the

dependence of rate constants on femperature can usually be represented by

the empirical equation XIX.“9
' ' : Ea

k = Ae T | | . (Eq.

where A = pre- exponential frequency factor

Ea Activation energy

i

X1X)
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ko= Gas'consf. = 8,314 J K—' mole—I
T = AbsQItJ+e Témperafure
Writing equation XIX in The form bf a finear equation:
in k .: —%?— + InA o , - (Eq. XX)
Tﬁus the activation energy can be deTerﬁined.from the gradient of the
linear.p!oT 6f Inkw against I/T (see figure 2.3). The value for the
Gibbs free energy.of acTivanbn can be calculated from the relafion
a6’ | | o |
K = gye RT | | | ' (Eq. XXI)
where K/h = 2,083 x‘lO'O sec'--l deg—' and the enThé!py»of acTivaTion,'AH#
and the entropy of activation AS# can be calcufaTed from equaTion§ XXIIJ
- and XXII!YrespécTively. |
A = Ea - RT K | ».: - (Eq. XXI1)
AG¢ = AH¢ - TAS# |

As mentioned in chapter |, the values of AS¢ can provide insight as fo

whether the reaction proceeds via a uni- or bi-molecular mechanism.

Atl of the fafe constants (with the exception of that for the dimethy!)
‘N—meThyI N—phenyl phosphoramidate which Waé determined at temperatures
between 20 and 4OOC)_were determined at five temperatures between 25 and
_ 450C and the same acidic dioxane-water solvent waé uséd tor all defer?
minations. Again the tinearity (r': 0,992 - 0,998) and reproducibility
of results were good. For the K.S.l.E. determinations a solution of
D2504 in 20% dioxane - DéO solution was used as solvent, the acidity of

this Solufion being similar to that of the HZSO4 - dioxane - water solvent.

The results obtained are listed in table 2.4.
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TABLE 2.4

. E(fa e A - AG§98 - 3H§98 _ AS§98. L - hi]
kd mole _ | (kd mole ") (kd mole (J mote 'K Ky

H 56,32 I3,83 0,9976 95,65 54,38 -138,5 0,53

2 Me. 44,83 8,55 10,9973 | 96,62 42,36 -182,0 0,48

3 Mey 50,32 i,15 10,9939} 95,69 47,84 ,. -160,6 -

4 Me| 52,60 12,49 0,9975 94,63 55,08 - ;I32,7 -

2 EY| 56,66 12,89. 0,9920{ .97,71 54,18 -146, 1 -

4 Et | 50,27 11,44 10,9970 94,91 47,72 -158,4 -

N-Me 39,57‘ 10,03 |0,9931| 87,69 . 37,09 -169,8 0,55.

Average Qalues:

sty = 1554 £ 17,5 mole™ K|

ky/kp = 0,52 = 0,04
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Discussion

- The mosf.imporTanT observation to make from the results in table 2.4 is

that the activation entropy is approximately constant for this group of

phOSphoramidaTes} irrespective of the position of the subsTiTuenf on
The-phenyl ring and.any variations observed are random in nature.

All values are sTrbngly~negaTive indicating that the acidic hydrolysis

of these substrates operates via an A2 type mechanism. Since there is
no trend in the entropy values at all, the ideavof a merged "AZ-Al" or

é change in mechanism from AZ to Al wiThin.This group of phosphoramidates,
has to ba rejected. | The change in the slope of fhe reactivity -
basicity réiaTionship (figure 2.2) musf therefore result from some other
sTrucTuraf factor within the AZ acidic hydrolysis mechanism which js

common o These substrates.

We propose that the position of the substituent on the phenyl ring of
the phosphoramidates has a marked effect on the solvation of Theée com-
pounds. Consider the following transition states for the heTa and para

substituted phosphoramidates (eqUaTion XIV) and the corresponding acid-base

equilibrium for the anilinium fons (equation XV).

H H
N
0o ]
| N _.F!(OMe)2 —k N8 b on] 4 xH.,0
ya H.0 wa
R H | H OMe OMe
! LR» ‘
0
/N
H H

R = m or p substituent

(Equation XiV)
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a

/

+
NH2 + HSO + xHZO

N
"I—:ZE,—I--O
o
RN
xI T
S

(Equation XV)

7

The hajor effects on AG for equation XlV and AGb'for equa+ion XVvare
due tfo polar effects of the substituents R.  These éffecfs as wé[l as
The'sTabilisaTion of the profonafea species due to solvation is similar
for both The‘phosphoramidafe and correspondingianilihe-andvfhusifhé
reactivity of the phosphoramidafe changes relatively slowly wiTH’

change in basicity of the corresponding aniline. Consider now the ortho

- substituted phosphoramidates (equaTion XVI) and anilines (equation XVII).

H\\ . H
. ‘__‘\ ; . / = . ’ . ] - #
iR a _O0—H ' 0 :
/:C wH ) (-&+= | . e+
N S NH,==- P-== OH, | + xH.,0
\ 7/ N _ H,0 AN 2 2
' P(OMe)2 o OMe OMe ]
J | ) |
0
(Equation XV1)
: H\g H H
N (I)/ /
, '\/",,ﬁ /,O——H g _
' T -H\‘\\\-\H, - » / )
N K . +
-\\ // \H . — @- NH, + H30" + xH,0

0
| (Equation XVI1)
. _ :
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Although the polér‘effegfs on.AG# and AGO will be simiiér to those for
fhé he#a and para substituted phosphoramidates and'aniiines, a dramatic
_ change in solvaf?on can'be expected aréund the charged nitrogen atom
wifh #b ﬁnfroducfion of the subsfifﬁenf R in the ortho position.¥

The prdfohafed species will thus not be stabilised by solvation to as
great an exfenf-as the substrates with meta or para subsfifuen+§-and the
'reachviTy 6f these phosphoramidates in acidic media will be more |
"sensiTive‘To.chaﬁges in basiéi+y'of the cbrresponding anilines; The
slope of the reactivity - basicity relationship for ortho substituted
phospﬁofamidafes can +herefore be expected to be much greafer.fhan

.+hé+ for the meta éhd para substrates. .Mofeover, the degree of steric
inhibition Tbvsolvafion will be different for the p?ofonaTed amides
(+wovhydrogen bonding centers) and for‘fhe anitinium ions (three hydrogen
bonds possible).  This new (steric) effecf»infroduced is responsible
for the fachfhaf the linear free energy relationship between +hé

Iog'krel and ApKa values is not the same for‘a!l-Types of substitution .

(m, p, o) in The substrate molecule.

It is therefore very important to realise Tﬁaf the A2 Type mechanism
vwhich fs'common for the acid catalysed hydrolysis of‘phosphoramidafes,
" irrespactive of the posifion of the substituents on the ring-(see
chapter |, equation VIiIl), is in fact a crude model since it ignores
the effects of solvéTion'compleTer. | From our observations it is
obvfousrThaT a change in the slope of the L.F.E.R. is not necessarily

accompanied by a change in basic mechanism.

Brown%0 was also aware that the “NH3 " group must be strongly associ-
ated with a sheath of water molecules in aqueous solutions but was
uncertain as to what extent it was necessary fTo consider this sheath.
of water molecules in estimating the steric requirements of the

protonated group.
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In a |iterature survey, the activation parameters for the acidic
hydrelysis of the P — N bond for a variety bf'subsTraTes in various

acidic media was found to compare favoUrably with the values-which we

obtainad for our model.

In their sftudy of the hydrolysis c#(2!)ina solution of 0,19 M HCI in 25%

dioxane-water, Garrison and Boozer5 obtained the results IisTed.ih

table 2.5.
) H
ﬁ |
MeO\\P —-N//’ | |
' o//v \\\R o R = Me, Ef, iPr, nBu,
g v ' sec Bu or tert Bu.
o | | : S
' 21)
TABLE 2.5
, #
_ - Ba AG298 _ Mg - Aszs,s; 1.
R (kd mole ') (kd mole ') | (k) mole ') | (J moleTIK )
Me . 43,5] 79,50 41,00 -129,7
Et 42,26 83,68 139,75 | -142,3
Bu | 42,26 83,68 39,75 | -146,4
iPr 50,63 83,68 48,12 . -125,5
sec Bu 52,30 87,86 | 49,79 o -129,7
~ tBu 55,23 92,05 52,72 -129,7

Average AShgs = -133,9 + 8,4 J mole” K\,
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Haake studied the phosphinanilides (22)1 and (23)1! in a solution of
0,49 M HCIO, in 10% dioxane-water and at pH 2,38 respectively. His

findings are summarised in table 2.6.

o | co
R~Po, R =~NW<Z:>~N%3 ----- (22)
R o= =NHy, e (23)
TABLE 2.6
‘ . o # #

R .. Ea - AGyeg AHzeg AS798
| (ki mote™ ) | (i mote™) | kimote™) | more”'kTh
0N NH- 71,13 99,58 . 68,62 -104,6
NH, « - 82,84 39,08 -146,4 .

'The average value for the activation entropy which we obtained in our v
study of the phosphoramidates listed in table 2.4 is -155,4 J mote K™,
The average value obTained»by Garrison and Boozer for their phosphor-

l

amidates (21) is.AS# = -133,9 J mole™ k™! and for the diphenylphosphinamide

A(Z?), Hazke determined the value of as” as being -146,4 J mole_iKﬁi.

”lT is therefore reasonable fo.posfulaTe that é general and common

transition state sfruéfure exists for these s?sfems, Z.e. even though

YThe sysféms studied différ substantially, the con%igurafion of the

subsfrafe and the solvation effects in the Transifién sfafe for each

system must be similar. One excepfionbfo This frend héwever, is the
phosphinanilide (22) which has an enfropy of acTivaTibn of -104,6 J mole_lK_*,

(considerably smaller in magnitude than the values obtained for all other
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substrates). Haake postulated that this substrate was hydrolysed via’

an Al type mechanism due to the weak nucleophilicity of the corresponding

~aniline (good leaving group). We believe, however, that the mechanism

2.2.2

(a)

~is not pure Al but only fends towards an Al type mechanism with deéreasing

nucleophilicity of the leaving group; thereby supporting his proposed
"merged Al-A2" mechanism.  The values for the kinetic sdfvehT isotope
ef fect for the unsubstituted, 2 mefhyikand N-methyl phosphoramidates are

all simiiar (kH/kD = 0,52 + 0,04) indicating that these compounds are

“-hydrolysed via a similar mechanism. The ratio between the rate

constants for the acidic hydrolysis of these phosphoramidates in HZO
and D,0 is less than unity and this is characteristic of an acid
cafaiyséd reaction with a reversible proton transfer priok to the rate

defermining‘sfep.”2 This confirms the genera! hydrolysis mechanism for

the phosphoramidates studied as being:

‘ + K + k |
LA NP 2 )
Sor R - ~sTow~  Products

- a1 st St S . O U i S T T s (0 ot . W i . v e R o, A . S . e e kB G " S

-~ o ot S > " 1" S72e Y s A6

Dimethy! N-(2t buty!phenyl) phosphoramidate

There seems to be some uncertainty in the deftermination of the basicity

‘of the 2t butylaniline since two apparenfly'confradicfory values have

been reported in the literature.46 These are:
(a} pKa = 5,03 which implies that the 2¢ bufyianiiine is a
stronger base than aniline; V

{b)} pKa = 2,78 which implies that it is a weaker base than

-aniline.



Because of fhis uncertainty we did .not attach too much importance to

the posifion of this point in figure 2.2 even though fhe rate constants
obtained for the hydrofyéis of the corresponding phosphdramidafe were
feproducible. We do however prefer to consider 2¢ butylaniline as being
a sfronger base than aniline for the following reason: We believe that
the anilines (24) are weaker bases than the unsubstituted aniline since

‘The substituent in the ortho position hinders_solvanon of the conJugéTe

acid (25).
NH
2
AN i , __Hi
=

R = Me, Et, 2,6 diMe
(24) | | (25)

Thé ortho ¢ bQTyIéniJine would be expecfed to behave in a similar
manner_making it a weaker base than aniline but it is highly possible
 +hé+>sin;e it is such a bulky group it tends to force the adjacent «-NHZ—
:group of the aniline (26) out of the plane of the fing;,hence reduced

fhe conjﬁgaTion with the phenyl rihg. This wouid *eﬁd to givé fhe —;NHZ
group more aliphatic character and tThus increase the basicity of the.
ortho tbutylaniline reiaTive to aniline. The possibiliTy‘of such a

steric inhibition of resonance has been suggested by H.C. Brown.5!

N N
al y

(26)

.The position of the point for the 2t buty! substituted phdsphoramidafe
in the reactivify-basicity relationship (figure 2.2) would seem to

support this argument.



()

Thompson®2 found that while 2 methy| aniline was less basic than aniline

" the N,N-dimethy! 2 methylaniline was more basic than N;N—dimefhyfani¥iné.

We believe that this is also due to the more severe steric crowding
pushing the nitrogen atom out of conjugation with the phenyl ring

with the same effect as mentioned above.

DiméTth»N—meThyI—N-phenylvphosphoramidafe

Tertiary subsTraTé, dimethy| N—mefhyf—N—phenyl phosphorahidafes‘
(Table 2.3, No. I1) deviates strongly from the log krel - ApKa relationship

in a sense that its reactivity is much higher (k o, = 24-29) than it could

have been expected from the basicity of N-methyl aniiine (pa = 4,68).
Such é result can be easily explained in +¢rﬁs of the behaviour of weak -

bases in non-ideal solutions and indicate again the importance of

solvation effects in hydrolysis of phosphoramfdafes. -_Since the reaction

medium is far from ideal (ea. 3,5 M H,S0, in aqueous dioxane), its

acidity has to be described by the appropriate acidity function.

Protonation equilibrium for all the secondary amides studied can be

~ compared wiTh‘The protonation of secondary amines, as far as the numbe r

of.h§dré§en bonding centers (N-H bonds) involved in‘a_conjuga+e,écid:

. H ‘ !i{
X | o | | N
ar N7 g Ar —N'—H o (EquXXVI
\ « l :

~ For the tertiary substrate (I1), the protonation behaviour has fo be

compéred with that for tertiary amines:
' R
R ’ e ,
: * Ar —N—H . (Eq. XXIX)

H
|

X — X
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in concentrated acids'(beyond Tﬁe pH range)vpréfohafion equilibria (XXV!I‘)
and (XXIX) are described by two différenf acidity functions.53 At the
same cC cenTraTson of ac:d equ iibriumv(XXIX) will be‘shiffed more ‘o

the rignt than (XXV%i!) because the conjugafé acid involved has lower
“hydration requiremenfs (éne N+-H group) than fhe analogous species

in equa%ibn XXVITE (two N+ - H groups). In consequence, in strongly
acidic médium amidate (11) will be profoﬁa+ed (rekaTiQely to the secondaryr
'szsTraTe (Meé}ZP(O)QNHPh) to é'greaféf extent +hanri+'could be expecfed..
_fromlfhe difference in the pKa values of the corresponding anilines |
{(determined Snrfhe dilufed,‘aqueous solutions). The greater reactivity
of compound (11) results fherefore'main!y from the greater (relative)

concentration of its reactive, profonafed form (equafion XVIEEH).

" Such a s*fong depéndence‘of the hydrolytic reactivity to the hydrafing
pkoperTies ofvfﬁe reaction medium remains in agreemehf with The postu~
lated | J oroTonGTed form of a substrate in the nydrolys&s scheme The
O-protonated form of a phosphoram idate should be charaCTer zed by a
gnaficanf charge delocalization, hence lower sensitivity to The

hydrogen bondlng properT:es of the reaction solufnon.



2.3

4}

INFRARED DETERMINAT ] ONS '

The formation of dimers and polymers by carboxylic amides in non polar

‘solvents has long been known from cryoscopic measurements, behaviour as

solvents, high .melting and boiling points ete.>*  Buswell5% found that

~while ordinary carboxylac amides show a strong fendency towards associa-

tion, The monosubsf:fufed amides show a smal!er tendency and The di-

substituted amides do not associate at all. -He found that the unsabsfi~-

tuted carboxylic amides tended to form polymers of indefinite molecular

weighf while there was a tendency for a large percentage of the mono-

substituted amides fo associate in the form of dimers.

In order to sfudy similar effects in The phosphoramidates the P=0 stretch-
ing frequencies, v O'(sfr) were measured for the dimethyl N-aryl-

phosphoramidates (173 and b) in nujol and in dilute sofutions (ca.

2,5 x IO*B M) in the nonpolar so!venfs, benzene and CCI4. For the parent

'anilfde (27 (Ar = Ph)) Vpo (nUJOl) was l229 cm - which is much lower than

the ”normalﬁ value §f {270 - 1280 cm - for the free phosphoryl group.

The PO str. absorption peak in nujol for the N—mefhyl dérivafive (287,
which is not capable of Self‘assoéiafion, appears at f275ch-¥ and the
dfffefénce of 46 cm”I can therefore be Taken'as a measure ofifhg effect
of hydrogen bonding on Tﬁe stretching frequénéy of the phosphoryl group.
The amfde funcfiop in (27) can serve bo*h'aé a‘donor aﬁd an acceptor of
the hYdrogen,bond which results in the formation of polymeric éggfeéaTes/

or symmetrical dimeric structures (27a). The presence of the dimeric

's+rucfure_(27a) has been demonstrated by x-ray analysis for the derivatives

(27, Ar = 4 NeOC6H4, Ph).26257 Internally stabilised dimers (27a) are
still relatively low molecular species (M.M. = 400-500 gr/mole) and in

solvents which do not offer compensating solvent-solute hydrogen bonding
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Ar ' SR : ' Ar

H —-N/ o | o o | O-~~;H-~;->-N/.
(Me0) . ~/“/ =N , o A R
\ /F’(OMe)z = (Me0), P\ 7P(0Me)2
N H f S N~--- Ho-ooo
/ : | »
Ar ‘ ‘ , Ar
(27)j L (27

. Q& ,
S X (EQUAT{ON XXX)

. ~Te
Ph — N 0
N7
P(OMe)Z
(28).

V(Q.g. benzénerr CCI4) the dissociafién (27a):==¥=2(27)vmay Hof be far
advanced. VHérgersg demonsfrafed that chiral phosphinamides form di-
asfereomer¥C>dimers {(involving the pazr of the 0 —H —=- O P and
‘N —H ~—§ S = P hydrogen bonds) wnTh opT:catIy active phosphinothicic
‘acids in chloroform. It is reasonabie therefore to expect that, ai
least for some of the anilides (27) it is not possible to determine the

Veip Vv alue for the "free” phosphory group even at high ditution.

Table 2.7 gives the Voo V alues defermaned for the phosphoramidates (!7a & b).

It is 6bvious that for most of the aniiides studied, hydrogen bonding
effects do not disappear when the substrate is transferred from the
olid state (nujo! muil) to the dilute solution in benzene or CCI4

In the substrates B fto K (fable 2.7), substituted only by alkyl groups,
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No homogenous mull could

be prepared.

TABLE 2.7
X in |ox°8 In nujol In benzene® In CCIL,a
27) | .vpb A\)po'D vpo Avpo vpo ~ Avpo v(CC'“)-v(nuJO')
R - 1229,0] 0,0 1226,0] 0,0 | 1228,5 0,0 0,5
Bl 2-Me | - 1238,5] +9,5 |1242,0] +14,0 | 1249,5 | +21,0]  +11,0
c 3me | - j235,o +6,0 | 1235,0] +7,0 | 1238,0 + 9,5 + 3;o
D| 4-Me  |0,17 1231,5| 42,5 |1228,5] +.0,5 | 1228,0| - 0,5 - 3,5
£ 3;4—diMe - 11237,0| +8,0 |1235,0| + 7,0 | 1225,0 | +26,5 ’+|8,0 
Fl 2,6-divg - 1237 +8,0 | 1272,5] +44,5 1273,0 +44,5 +36,0
G| 2-€t |- 1242 | +13,0 |1237,0] + 9,0 | 1266,0 | 437;5 4240
Hi 4-Et | - 1227,5| - 1,5 |1218,5] - 9,5 | 1218,0 0,50 -9,5
|| 4n-Bu |- 1232 |+ 3,0 |1227,0| - 1,0 227,51 - 1,0 - 4,5
| a8y | - i235,5 +6,5 |1220,0]+ 1,0 1254,0 | +25,5 +18,5
<| 2080 |- | c - 1251,5 | +23,5 | 1275,0 ; +46,5 -
| aepn 0,01 | 1225,5{-3,5 [1227,0] - 1,0 | 1227,5 | - 1,0} +2,0
M| 3-F |- 1233,0 v 4,0 1235,5 | + 7,5 | 1235,5 | +7,0| +2,5
Nl acF o ho,08] 12285 |- 0,5 |1225,5] + 2,5 | 1229,0 10,5 +0,5
0| 3-oMe | - 1233,5 | + 4,5 |1236,0|+ 8,0 | 1235,5 | + 7,0 +2,0
P| 4-OMe Clo,27 | 1224,0 |- 5,0 |1225,0] - 3,0 I225,0»; - 3,5 +1,0
| Q| 3-N0, 10,71 12360 | + 7,0 |1234,0|+ 6,0 | 1233,5 | +5,0 - 2,5
R| 4-NO, ho,78 | 1231,5 |+ 2,5 |1234,0] + 6,0 | 1234,6 | + 6,0 +3,0
5 4-NMe2 0,83 1218,0 |=11,0 |1219,0] - 9,0 1217,0 | -11,5 -~ 1,0
a 0,1 % é§lufion .
b Avpo = vpol(x) - vpo(H)
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electronic effe ts should be similar and d!ffed only very slightly from %he
unsubstituted compound A The observed differences in the po va!ues can There-
~fore be snferprefed pramarlly in terms of the degree of hydrogen bond*ng. For

- the parent anlllde A, fhe PO value of 1229 cm - remasns v:rfually unchanged
~upon dituTion. We posTu{afe therefore that A ex:sfs tn so!uT|on predomlnanTI
Cas a dimer (272), and soiveTlon effects (by benzene or CCl,) involve mainly the
N-aromatic and P-mefhoxy groups. IT'seems fhéf'fhe same is true for‘alf meTa‘

and pard reng substituted der:vaTzves sTud;ed (w:Th the excepT:on of The p—f«Bu

derivative), as indicated by The fow values of the correspond:ng
v(CC}4)Y; v(nujo}) shifts in fable 2.7. ‘The average value of fh}s’eﬁiff
- for compounds (A), (C), (D), (H), (1) and (L) to (S) is ~O,6‘(i3,6)‘cm‘l,
ﬁuch in contrast to the correspohding value of ca. +’60'cm" observed
for carboxylic anilides. 58 However for atll compodnds containing elkyf
substituents in the orfho pos i Tzon(s) significant shift fo The hfgher values
of v o is observed upon dniufaon For subsTraTes (B), (F) and (),
v(CC[4)'~ vkdujol) = % I fo + 36 cm-i; in facT»we believe Thaf}fhe
N-(2,6 dimethy!phenyl), (F), and the N-(2 ferf—bufyfphenyl), 1),
'derivaTives are virtually free of any molecular association in solution,
since for these compodndsivpo attains the "normal” value observed for the
hydrogen'bonding free N-methyl-N-phenylamidate (28). = Since fhe dfmefic‘,t
STrdcTure (27a) requiresdfhe,syn orientation of the P=0 end N-H groups,
 some conformational restrictions are inTroduoed to this system.” Molecular
fDreiding) models of (27a) demonsTEaTe that the inTroddcTion of‘a‘single
.meThyi group aT‘The orTho’posiTion of the ring'resul+s fn furTher eignifi—
cant resfrictions fo Thebfree rotation around the N-C (aromefic) and |
P~OMe bohds It can be concluded therefore that the dfmerizafion'
constant for the equ:libr!um 2027 )g==(27a) is large even at low substrate

concentrations (due fo The enThalpy of the two hydrogen bonds formed)

“unless the entropy factors resulting from the steric crowding at the
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N-aryl subsfifuenf counterbalance these effects. It has‘been Eeporfed60
that the dimerization of phosphinié acids RZPOZH is affecfedAby the steric
buik.of groups R, and for R = tert-Bu,the dimeric‘sfrucfure involving
two P and four 0 atoms is forced out of the plane. Data in table 2.7
indicéfsé Thaf‘éferic éffecfs’atso operate in amides subsTiTuTed by bulky
groups in fheVpaka position (J) or in polysubstituted systems (E).
Sihce'fﬁe forma}ion of the hydrogen'bonded sTchTure decreases Thé bond.
Qrder.of the phosphoryl grcup'(equafion XXX), the comparisoh of the “po
values for é series of isomeric amides can provide inforﬁafion about -

the steric effects upon the equIibrium (Equation XXX). in a series of ’
four monomeThYT derivatives of (A), The expected steric hindrance to self.
véssoéiaf%on should increase in the order of péra, meta, ortho subsTiTﬁTion
‘and in fhé N-méfhyl derivafivév+he hydrogen bonding shoﬁld be completely

- eliminated. The values of vpo for the meThyl derivatives of (27) |

measuréd both in nujol and in CCI4 ihcrease in the expected order

(D) < (C) < (B) << (28).

~ The formal analogy between carbo%ylic and phosphoric amides suggests that .

the latter can aiso be describéd,in Terms of the rescnance effect of the

ami date group. ‘
o o 0

A +
Y — NH —-P(OR)2 s . Y — NH = P(OR)2

However it is accepted*! that in the phosphory! compounds the conjugation
’invb%ving the PO group and adjacent ligands is less extensive than in

| Carbdny! structures, in fact it might only be limited to the phosphory!

group.

0 | 0

Y — NH — P(OR), e Y —NH — P(OR),
— P
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In sUcﬁ a case’fﬁeresponse ofAfhe PO bond order (and the vpo value) to
The sTchfuraf variations Y should be less pronounced than the effect
Qf N-substitution in carboxylic amfdes. As we demonsfrafed above,
almost all of substrates (2?) exist, even in dilute solutions, as (at
least partly) self-associated species; [T seems hbwevér that The
substituent effeéTs upon the vpo in (27) can be assessed in terms of the
linear free energy'refafionship,regardiess of whether the substrate |

exists as a monomer (27) or mainly as a dimeric structure (27a).

Since any polar effécfs of substituents introduced to +hé aromatic moiety
| Ar would change the hYdrogen bonding donor property of the phosphory!
~oxygen and fheraccep*or property of the NH group in opﬁosife directions,
the nett effect upon the bondihg cher of the PO group should be approx-
Eﬁafely sihiiar in (27)'apd (27a). We have cofrelafed the shifts Avpo
{relative to the unsubsfifufed anitide) with Hammett's é constants®l for
a few represenféfive amidates (27)‘Subs+ifufed with electron-withdrawing
~and eiecfrén?donaTing gréups. Similar shifts &vcasz forvéubsfiTu+ed
acetanilides (29) are listed in table 2.8.

0

X w-06H4 — NH ~— C —-CH3

(29)

The correlaffon is of similar !iheariTy (r =’O,985) to that observed

for the acetanilides (29, r = 0,980) and the Cofrésponding plots ére
presented in figure 2.4; For the acetanilides (29) the siope of the
plot of AvCO vs o is 20 cm“!; phosphoramidates (27) show greatly reduced
sensitivity to the subéfifuenf effects of groups X (slope = {0 cm—l).
Although this L.F.E.R. has to be‘considered as Semiquah+i+a+ive because

of the hydrogen bonding effects, and probably the mass effects (for both

. plots of Av vs ¢ a negafivé value for the intercept is obtained),



- TABLE 2.8

X in

4-NO,

(29) 0,>% vCO<c¢14>59 Mg
H 0,00 1705 0,0
3-Me. 0,07 1704 -i;O'
4-Me -0,17 1700 -5,0
5, 4-dite -0,24 1700 - -5,0
3-OMe +0,12 1707 42,0
4-0Me -0,27 1696 -9,0
3-C1 +0,37 713 +8,0
4-C| 40,23 1710 '+5,o
3-Br 40,39 1712 +7,0
4-Br +0,23 1710 +5,0
- 3-NO, +0,7| 1716 +t1;o
+0,78 1720 15,0
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: figure 2.4‘demon§+rafes the Qndoubfedfy lower sensitivity of the phosphor-
amidafe function to the molécular poiarAeffecfs, retative to the carboxy-
~amide sysfem." ff we assume that in the acetanitide system (29) the
re!af%?é conTrfbuTions of the inductive and resonance effects upon the

Co groﬁp para}lél‘Those in acefophenones,3°’31x+he values of p and Ph
for (29) should be ca. + 10 eéch._, There is no reason To‘e¥pecf that the
indué%ive‘effécfs‘cf the substituents X in amides (29) and (27) should

be much differeﬁf; the distance between X and CO (or PO) groués is the
‘same and the effects are Transmf?Ted through the same‘molecu}ar frémewofk.
I+ fol lows fheréfore that in the phosphoric,anf?ides (27) the resonance
contribution éf X is negligible, Z.e. fhe‘pﬁosphoramidafe group P(OINR,

is not the extensively conjugafed sysfem.‘ This conclusion is in full

I3

agreement with our results derived from the ~C NMR study,!? as well as

15

| with the recent work®3 on the '“N NMR spectroscopy of N-ary | -phosphorami dates.
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Voo and Veo shifts vs. ox(CC§
A Phosphoric anilides (27)

/\ Acetanilides (29)
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EXPERIMENTAL
General

Solvents used were BOH Anala R reagenfs and all water was glass distilled.
Benzene was dried over sodium wire while diefﬁylefher was distilled from
lithium aluminium hydride before use. The anilines were supptied by BDH
or Merck and were all‘disfilled or'recrysfall?sed prior To use. Dimethyl-
phosphoroéhloridafe was pfeparedrfn the laboratory acﬁording to the pro-
cedure descfibed by Fiszer et al®" and was distilled prior to use in |

syntheses.

Profon‘magnefic resonance spectra were recorde& in deuterated chloroform
with ftetramethylsiiane as Enfernalvreference on a {00 MHz Varian XL 100
specfromefer.' A Fischer-Johns melting point apparafusvwas usedvfo
determine méifing poin#svof prodUcTs. Aiuminium.backed éiiica gel.-60 Fpsy
pléfés Qere used for thin layer chromatography and cofumn chroma*ogfaphy

‘was carried ouf with Merck silica get 60 packed in Thé solvent used for
elution. Kinetic runs were performed on a Beckman UY 5260 spectrophotometer
and water at constant temperature (iO,ZOC) was c§r§ufated through the sample
cell compartment by means’of a Haake constant Temperafure Circulafor. 
Quarszcuvéffes of | cm path length were used for both reference and

sample. Infrared spectra were run between 1350 and 1150 em™! on a
Perkin-Elmer 180 spectrophotometer. An obscissa expansion of 5 <:m~"I per

e ' -1
cm, was used and values of vpo are accurate to within 20,5 cm .

The
nujol mulls were run of CsBr plates whereas the benzene and CCl, solutions
were run in solution cells with NaCl windows and a path length of O, mm.

Microanalyses were performed at the Department of Organic Chemistry at -

the University of‘Cape Town.
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Stock solutions for specTropthomeTric determinations

A. 20% Dioxane - water solution

20 ml of 1,4 dioxane (BDH Anala R reagent) was made up to 100 ml with

glass distilled water for every 100 ml of stock solution needed.

Concentrated sulphuric acid (35 gm) (analyficél reagent from Laboratory

-and Scientific Equipment Company (Pty.) Ltd.) was mixed wiTh_ZO%

dioxane - water solufion and made up to !OO ml WITh.#he same dioxane -
water solution. The acid concentration in this stock solution was
determined using standardised sodium hydroxide with phenolphfhaTein'

indicaToE.

~Approximately 1,0 x IO'-4 mole of the phosphoramidate was acéurafely

weighed in a 10 ml volumetric flask and 20% dioxane - water solution added

o make up 10 ml of sample stock.

D. 20% Dioxane - deuterium oxide solution

1,4 Dioxane (8 ml) was made up to 40 mi with dsuterium oxide (Merck, Sharp

and Dohme, Canada - Minimum isotopic purity = 99,7 atom % D).

Deuterium sulphate (9,02 gm) (MSD, Canada. 96% in D20 - minimum isotopic .
purity = 99 atom % D) was carefully added fo 15 ml 20% deuterium oxide -

dioxane solution and made up to 25 ml with the deuterium oxide - dioxane

“solution.
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3.3 Sample preparation for UV spectrophotometric determinations

3.4

For determinations of absorbance vs wavelength ofnfhe phosphoramidates,
the sample was prepared by adding 0,4 ml of the sample stock solution to

3,6 mi of plain 20% dioxane - water solution. The reference cell con-

tained only 20% dioxane - water solution.

- For the determination of the decrease in absorbance at a fixed wavelength

with time, for rate sfudies, the sample was prepared by adding 0,4 ml of‘

- the sample stock solution to 3,6 ml of the acidified dioxane - water

solution which had been pre-heated to the temperature at which the UV
study was to be carried out. The reference sample was prepared by adding
0,4 ml of ptain 20% dioxane - water solution to 3,56 ml of The‘acidiffed

dioxane - water solution. The initial tTime T = 0 minutes was taken as

the time at which the stock solution was added to the acidic dioxane -

waTer’SquTion. 'Récording of the decrease in absorbance with time could
genekaiiy only be started a few minutes after the addition but this delay

was taken into consideration when the rate constants were calculated.

Validity of Beers Law for phosphoramidates

Since our kinetic studies were to be performed with the aid of a UV spec+ro-‘
photometer, it was important to know whether the phosphoramidafes obeyed

Beers iaw over the concentration range to be used in the studies.

Solutions containing varying'concen+rafiéns of dimethyl prheny!phosphoramidaTe

in 20% dioxane - water were prepared and the absorbances measured at 273 mu

wave!engfh.(



53

Table 3.1

‘Phqspﬁoramidafe‘conc; (Mole/Iit) (C} ~* Absorbance (A)
‘3,5397 x 1072 T - ;,» 2,923
17698 x 1073 o | VAI,482
| 0,8849 <103 ) | X ; ; ., 0,754
0,8849 x 1074 o D 0,082
0,8849 x 1070 0,008

 From Beers-Lambert law, A = eCI

Since | cm cuvettes were used, A = ¢eL.

The values for the plot of A against ¢ for dimethyl N-pheny! phosphoramidate
in the concentrations given in Table 3.1 were used in a linear regression

and the following values obtained:

" Gradient = molecular extinction coefficient, e = 824,7 litre mole ' cm
Y axis intercept = 0,0121.

Cofrela+ion coefficient = 0,9999.

From these results it can be seen that the plot of absorbance against
concentration is linear and thus the Beer-lLambert law is obeyed over the -

above concentration range of dimethyl! N-phenyl phosphoramidate.

‘Since alkyl substituents on the phenyl ring of dime?hyllN-phenyI phosphora—
midate do not alter spectrophotometric properties to any significant degree,
 the Beer-Lambert law has been assumed to apply for the dimethyl N-(alkyl -

substituted) pheny! phosphcramidéfes as well.
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Methods of synfhesis
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Reaction:

0
N

N NH, + (MeO).p(O)CI  -ETaN, NH — P(OMe)., + Et,NHCI
A\ el proch / 2 3

- X

‘Freshly distililed dimefhylphosphorochloridafev(O;OBS mote) in 20 ml of

dry benzene was added dropwise to a stirred solution of the freshly.

_distilled aniline (0,035 mole) and triethylamine (0,040 mole) in 80 ml dry- -

benzene. Moisture was excluded from the reaction mixture and the temp-
erature was kept below 15°¢C during the addition. The mixture was stirred

for a further 3-5 hours at room temperature and altiowed to stand overnight.

‘The triethylaminehydrochloride was filtered off and washed with dry

benzene, the filtrates combined, washed with distilled water, dried Ovef

énhydrous sodium éulphafe and the solvent removed under vacuum. . An oil

Afromvwhfch the product crystallised on standing was generaiiy obtained.

The crysfais were filtered, washed with a small quantity of petroleum
ether <6O—SOOC)‘and purified as indicated in the section: "Data on
compounds prepared using method 3.5.1".  All crysféls were dried in vacuo

over silica gel before anafyses and melting points were determined.



(a)

(b)

‘distilled POCI
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phosphoramidates _where The'ring substituent is electron withdrawing

——— - - " ] e " ] -V 1o Yo V5. o - " 1oy oo ooy o e W st At T o g S pass S T St A Vo O W 1D S W oo 2 8 2 T S o . 0 B R o s . .

Reaction: A A . | V S o , ,
== - o POCH /T N\ [
NH., + HCl ————s NH,Cl =3, NH — PCl., + 2HC!
XX / 2 - 3 / 2
X | - X , o : X ' o
e S o un
2Na+6Me‘
- . ﬁ ' .
@NH-P(OMe;za 2NaCl
X ' - ,
(i)

i - ——— - 7 T Aot T T T 1" > " o D] o Dt T . o ot . e T s S T i

Dry HCI gas was passed through a solution of.freshly distilled substituted

aniline (0,065 mole) in 200 mi of dry diethylether. ~When the formation

of precipitate was complete, the salft was filtered, washed with a small

quantity of dry diethylether and dried in vacuo over silica gel. - The

product was used for the following step without further purification.

-~ - - > - T . o ok 1t St Fo Wi o gy S e s it i bt o i L s s Ll s o i s o Sttt i v e e e . i M 1 s

The aniline hydrochloride (0,02 mole) was added to an excess of freshly

3 and the mixture stirred and refluxed gently under anhydrous
conditions. Once the solid hydrochloride had dissolved, the solution
was refluxed for a further 5 hours and left at room femperature overnight.

The excess POCI3 was removed under vacuum to leave a pale yellow oil which

was used in the next stage without further purification.



(c) :

Vusing method 3.5.2".V

56

o 7 o s st ot P D SO0 TP 0D o, o, o . 1 o . e ot e S > " 7. > 70 o 370 S O S s . i v .t s e e e S T "y -

The crude ary!_phosphorodiChIoridaTe (approx. 0,025 mole) in 25 ml dry
diethylether was added dropwise to a stirred solution of sodium metal

(0,¥O mole) dissolved in 200 ml absolute methano! and the temperature

“kept below 20°C during addition. - The pH of the mixture was checked

regularty but it remained alkaline throughout the addition. The mixture

was‘sfirred overnight at room temperature, the precipifafe filtered off
and the solvent removed from the filtrate under reduced pressure. The
resulting solid was dissolved in benzene and this solution washed with

water, dried over anhydrous sodium sulphate and the solvent removed.

Crude producTs were purified as indicated in "Data on compounds prepared

All crystals were dried in vacuo over silica gel

beforé analyses and melting points were defermined.j o



3.6 Product Data

3.6.1 Data_on_compounds prepared using method 3.5.1
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(a) = Dimethy! N_(phenyl) phosphoramidate

Purification: Recrgsfallised from petroleum ether (60-90°C). | Appf@x-
| : iméfely 80 ml per grém of crude product was used and the
solution was not boiled as this fénded‘+o cause Thé
producf to seperate ouf as an oil. |

Yield: 72,68

Melting point: 83,0-85,0°C  (Li65 m.p. = 84-85,5°0).
CAnelysis: G NOSP  M.M. = 201,154 gm/mole
Found: . C = 47,75% H = 5,95% N = 6,90%
Calculated: C = 47,76%  H =6,01% N = 6,96%
NMR (CDCl3) : 63,78 (D, 6H, Jp = |1 Hz, —0§H3>
' : = ~NH —
86,66 (D, IH, Jyp = 10 Hz, -NH-)
66,88 - 7,38 (M, 5H, Ph).
(b)  Dimethyl N=(2 methylphenyl) phosphoramidate
Purification: Recrystallised from petroleum ether (60-80°C) and
benzene mixfure‘(Bzil.
 Yield: . 58,9%
 Meiting point:  110-111,5°%
Anafysis: - CgH, 4NOsP M.M., = 2I5,l§0'gm/mo}e |
Found: C=50,3%  H=6,6% N = 6,5%
Calculated: C = 50,23%  H = 6,56% N = 6,519
NMR (CDCI ) 82,26 (S, 3H, -CHy) ’
83,76 (D, 6H, Jo = |1 Hz, -OCHg)
§5,02 (D, IH, Jyp = 10 Hz, -NH-)

§6,80 - 7,28 (M, 4H, Ph).
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(d)
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Purificartion:

Yield:

Melting point:

Analysis:

NMRV(CDCIB):

Purification:

Yield:

Meiting point:

Analysis:

NMR (CDCS3)

58

Recrystallised from petroleum ether (60-90°C) and

benzene mixture (1:3).

81-82°C

CQH'4NOSP - M.M. o= 215,180 gn/mole
Found: - C = 50,3% H=6,75%
Calculated: C = 50,23% H= 6,56%

62,32 (S, 3H, -CHs)
63,78 (D, 6H, Jyp = 11 Hz, ~0CH3)

56,56 - 7,26 (M, 5H, Ph and ~NH-).

6,55%

]

6,51%

Recrystaliised from petroleum ether (60-90°C) and

'benzene mixture (3:1).

—

110-112%C

89H14N03P M.M.‘: 215,180 gm/mo!e
Found:”  C = 50,204  H =6,65%
Calculated: C.= 50,239 H =

62,28 (S, 3H, -CHg) K

63,76 (D, 6H, Jyp = 11 Hz, -OCH3)
86,63 (D, IH, Jyp = 10 Hz, -NH-)
66,92 (D, 2H, J .., = 8 Hz, Ph)

87,06 (D, 24, Jy = 8 Hz, Ph).

6,56%

i

6,50%

il

6,51%
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Purification:

Yield:

Melting point:

Analysis:>

NMR,(CDC!B)

Purification:

Yield:

Melting point:

Analysis:

NHR (COC15)

Recrystallised from petroleum ether (60-90°C) and

benzene mixture (4:1).

- 121-122%

il

C,AH, -NO,P M.M.

1016 73

Found: .. C.

Calculated: C

82,19 (S, 3H, -CHy

82,77 (D, 6H, JHP

85,45 (D, IH, J.p

86,72 (D, 2H, J,,

87,01 (D, IH, J.,

= 229,206 gm/mote

52,35%  H =

52,409 H

)

i

62,23 (S, 3H, -CHy)

1]

I Hz, -OCHB)
O Hz, -NH=)

7 Hz, Ph)

B G . L ity S AT

7,0%

7{04%

1

Thé product crystallised from the oil.on standing,

35,7%

122,5-123,5°C

CEOHEGNOBP M. M.

Found: - C = 52,5% H =
Calculated: C = 52,408  H =
62,39 (S, 64, -CHy)

62,75 (D, 6H, J, o = I} Hz, -OCHy)

- No further purifica%ion'wés performed.

229,206 gm/mole

84,28 (S (Broad), IH, -NH-)

87,02 (s, 3H, Ph).

7,2%

7,04%

N

i

i

“was filtered and washed with petroleum ether (60-90°C) .

6,2%

6,11%
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"Purificafién:A Distiflation under reduced pressure afforded a mixture
of producfs which were seperated using a silica gel
column and ch!oroform/acefbne (9:1) mixture aé eluent,.
The last band to be eluted wés fhe producf but it had 
to be paSéed fhrough'anofhér two columns before

satisfactory purity was obtained.

Yield: . 56%
Boiling point:  96°C / 0,01 mm Hg (Lit.66 b.p. = 92°C/0,25 mm Hg) .
Analysis: C | Cng4N03P M.M, = 2!5,!80 gm/mo!e ‘
Found: C = 52,77% H=6,622  N=6,8%
| Calculated: C=50,23%  H=26,56% N =6,5%
NMR_(CDC}B>; 83,16 (D, 3H, Jyp = 9 Hg,A—NCHB-)
§3,66 (D, 6H,'JHP = 1 H;, ~0CH
©66,94-7,40 (M, SH, Ph)
(h)  Dimethy! N-(Z_ethylpheny!) phosphoramidate
Purificafioh; The product crysfatlfsed from the resulting oil on

standing, was filtered and washed with a small quantity
of petroleum ether (60-90°C). VNo further purification

was performed.

Yield: 14,6%
Melting point: 79,5-80,5°C.
~ Analysis: C!OH|6N03P M.M. = 229,206ygm/mc[e
Found: CC=52,45%  H=7,1% N=6,I%
Calculated: C = 52,40% H = 7,04% N =6,11%
NMR (COCI5) : 81,24 (T, 3H, J, = 8 Hz, -CHy)
62,59 (Q, 2H, J,, = 8 Hz, -CH,=)



Il Hz, -0CH,)

§3,77 (D, €H, J 5

HP

84,98 (D, IH, J 8 Hz, -NH-)

Hp ~
§6,86 - 7,30 (M, 4H, Ph).

(i Dimethyl N-(4 ethylpheny!) Qhosghoramidafej

PRI SR SRS AT S AR nth Ry SRNNRIIS ar i RO

Purification: The product which crystaltised from the resulfihg
oif on standing, was filtered, washed with pefroieum ‘
:'efher (60-90°C) and recrystaliised from péfroleqm

ether (60-90°C).

Yield: ~81,5%
Melting point:  95-96,5°C
- Analysis: o CIOH16NOBP M. M, f 229,206 gm/mole
Found: . C =52,3% H = 6,95% ‘N = 6,1%
Calculated: C = 52,406  H=7,044  N=6,I1%
. 3 i . ‘ - - ’
NMR (CDC!5): ~ 81,20 (T, 3H, Jy,, = 8 Hz, -CHy)
82,59 (Q, 2H, J,, = 8 Hz, -CHZ—).
63,77 (D, 6H, Jyp = |1 Hz, -00H)
86,62 (D, IH, J o = 10 Hz, =NH-)
86,95 (D, 2H, Jyy = 8 Hz, Ph)
87,10 (D, 2H, Jy, :’8 Hz, Ph)
(j)  Dimethy] N-(4n butylphenyl) phosphoramidate -
Purification: The producT'crysfafiised from the resulting oil on

standing, was filtered and‘washed withvpe+rofeum efher
(60-90°C) then recrystallised from petroleum ether
(60—900C) to which a small quantity of benzene was
added to assist dissclution.

Yield: 75,0% |

Melting point: ' 69—71,50C‘

61
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.Analysis:

NMR (CDC%B):

C HogNOsP MM,

Found: C =

Calculated: C

80,91 (T, 3H, Jp,

§1,14-1,74 (M, 4H,

62,54 (T, 2H, J .

63,77 (D, 6H, J 5
66,81 (D, IH, Jp
66,96 (D, 2H, J,.

§7,06 (D, 2H, JHH

62

= 257,258 gm/mole

55,859 H=7,9% N = 5,45%

7,84% N = 5,45%

tl
il

56,02% H

= 7 Hz, _CHS)

2—CH2~)

= 8 Hz, -CH

-CH

2',')

Il Hz, -OCH5)

10 Hz, =NH-=)

9 Hz, Ph)

9 Hz, Ph)..

Purification:

Analysis:

NMR (CDC!B):

Pur?ficaTion:'

Yield:

Melting point:

A small quantity of an oily product was obtained.

. The NMR and TLC show the presence‘of'some unreacted

2-tert-butyl anili
however interfere
crude product was
CIZHZONOBP M.M.
Found: C

1t

CalcuiaTed: C

ne. This contamination did not
with kinetic measurements and the
used for erTher studies.

= 257,258 gn/mole

58,5% H=8,1% N =5,3%

56,024 -+ H =7,85% N = 5,45%

s§1,30 (S, 9H, -C(CHS)B)

§3,76 (D, 6H, JHP =

§6,62-7,38 (M, 5H,

Il Hz, -OCH3)

~NH- and Ph)

The crude solid product was recrystallised twice from

petroleum ether (60-90°C).

77%

_|o3-|osoc.\
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Analysis: CyH,NOLP MM, = 257,258 gm/mole

1272073 ; '
Found: C=255,106  H=7,65% N = 5,308
Calculated: C = 56,01% H = 7,85% N = 5,454,
NMR (COCI ) 81,29 (S, 9H, ~C(CHy) )
§3,79 (D, 6H, Jp = || Hz, ~0CH;)
§5,77 (S (Broad), IH, -NH-)
86,93 (D, 2H, J,\, = 9 Hz, Ph) |
87,30 (D, 2H, Jyy, =9 Hz, Ph),
Dimethy! N-(4-methoxypheny!) phosphoramidate
Purificafioﬁ: ~ The product crystallised from the resulting oil on

standing, was filtered and recrystallised twice from

petroleum ether (60-80°C).

Yield: -
Melting point: - 68-69°C
‘Analysfsz | (CgH | 4NO4P M.M. = 231,180 gm/mole
Found: C=46,45¢  H=6,10% N = 5,95%
Calculated: C = 46,764  H=6,10% N = 6,06%
NMR (CDCIB) , §3,76 (S, 3H, —OCH3)
83,76 (D, 6H, .5 = Il Hz, -OCHS)’
§6,38 (D, IH, JHP = |0 Hz, -NH-)
86,78 (D, ZH, JHH = 9 Hz,. Ph)
86,98 (D, 2H, J = 9 Hz, Ph).
Dimefhy! N-(3 fluoropheny!) phosphoramidate
Purification: The oil obtained was distilled under reduced pressure

to yield a solid product which was not purified further. @ -
Yietd: = -

Melting point:  57-58°C
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" Analysis: CgH| |NOsPF M.M. = 219,146 gm/mole
Found: C = 42,05% "H=5,10% "N = 5,959
Calculated: C = 43,84% H = 5,06% N = 6,399
fatal N ' -

NMR (CUUIB). §3,78 (Q, 6H, JHP = || Hz, —OCHS)
§6,52-6,88 (M, 3H, Ph)
§7,14 (T, IH, jHH = 8 Hz, Phj
- 87,42 (S (broad), IH, -NH-)

(o) Dimethy! N-{4 fiuoropheny!) phosphoramidate
Purification: . The produéT crystallised from The‘resulfing oil on standing,

‘was filtered and recrystallised from a small volume of

benzene.
Yield: | -
Melting point: 74-75°C
Analysis: CgHy NOgPF  M.M. = 219,146 gn/mole
Found: € =143,904 . H=5,10% N = 6,45%
Calculated: C = 43,84% H = 5,06% N = 6,39%
NMR (CDC15) : 83,77 (D, 6H, J o = 11 Hz, -OCH3)
86,86 - 7,08 (M, 4H, Ph)
87,42 (D, IH, Jyn = 10 Hz, -NH-)
(p) - Dimethyl N-(4-N!N'-dimethyleminopheny!) phosphoramidate
Purification: The solid crude product was dissolved in a small volume

of ‘'ethanol, passed through a column (25 cm, Merck sitiéa
gel 60, particle size 0,063-0,200 m) and e@ufeq'wiTh
ethanol. The first band to be eluféd7was ébliec+ed and
the soiveﬁ+ removed fo ieaQe a dark oil which crystallised
“on standing. The crystals were recrysfaiiised twice from

petroieum ether / benzene (4:1).



" Yield:

Melting pofnf:

Anélysis:

-NMR (CDCiB):

(q) Dimefhzl N=(4 phenoxyphenyl) phosphoramidate

Purification:

Yield:

-Meiting point:

Analysis:

NMR(CDC!B);

95-97°C

CigH gNy0zP  M.M. = 244,224 gm/mole

Found: C=149,05% = H=6,8% N = 11,49
- Celculated:  C = 49,17% H = 7,02% N = 11,478

62,88 (S, 6H, -N(CH3) )

§3,76 (D, 6H, JHP = {1 Hz, -OCHB)

i

85,36 (D, IH, J 10 Hz, -NH-)

HP

It

186,66 (D, 2H, Jy, = 9 Hz, Ph)

H

9 Hz, Ph}.

66,94 (D, 2H, J,,

- v s b - - V- - s nrn —_—

A dark oil which crystallised on standing was obtained

and the crystals were dissolved in a small volume of

 benzene. Petroleum ether was added and the product

orecipitated out of solution on cooling. No further
purification was carried out.

123-124°C

C?dHi6NO4P M.M. = 293,246 gm/mole

Found: C=57,3% . H=5,5% N = 4,85%
Calculated: C = 57,34% H = 5,50% N = 4,78%

§3,78 (D, 6H, J,p = |1 Hz, ~OCHy)

"

85,13 (D, IH, JHP 10 Hz, ~NH-)

86,98 (S, SH, -OCH,)

§7,18-7,42 (M, 4H, Ph).



(r)  Dimethyl N=(4 bi

s i e e e o ot o By i - - -

Purification:
Yield:
Melting point:

Analysis:

)

NMR (CDCI3

66 -

i e S i, s Y s e i, e s s i S - - -

pheny!) phosphoramidate

' Recrystallised from benzene/hexane mixture

144-145°C

C|4H‘6N03P - M.M. = 277,246 gn/mole
_Found: C = 60,60% H = 5,85% N = 5,20%
Calcutated: C = 60,64% H = 5,82% N = 5,05%
53,82 (D, 6H, JHP = |} Hz, ~OCH3)

§5,72-5,96 (S (broad), IH, =NH-)

i

8 Hz, Ph)

57’06,(D' ZH, JHH

§7,30 (D, 2H, J 8 Hz, Ph) .

HH
§7,30-7,62 (M, 5H, -C_H).

3.6.2 Data on compounds prépared using method 3.5.2

(a) Dimethy! N-(3 methoxypheny|) phosphoramidate

et aten i i ot o - 1 70 s sy . 7

' Purificafion:

Yield:

Melting point:

- o e T s

Thevoil obtained was passed through aicolumn (40 cm,

Merck silica gel 60, particle size 0,040-0,063 mm) with
benzene as eluent andAchaﬁang to chloroform once‘+he
first band had been eluted. The second band was |
colfected and the solvent removed to give an oil wﬁich
crystallised on s+andihg. Tﬁe crystals were washed‘wifh
a small quantity of petroleum ether / carbon tetrachloride
(3:1) mixture.

20,2%

57-60°C



|
' Analysis: -

NMR (CDC!s):

67

CoH, ,NO, P M. M. = 231,180 gm/mole

914N .
:Found: , C = 46,4% H=6,3% N = 6,0%
Calculated: C = 46,76% H=6,10% N = 6,06%

63,79 (S, 3H, -OCH;)
63,79 (D, 6H, 4,5 =

85,78 (S (broad), IH, -NH-)

i HZ,A~OCH3)

§6,44-6,68 (M, 3H, Ph)

§7,04-7,20 (M, IH, Ph)

(b) Dimefhxl N-(3 niTroehenxl) Ehosghoram?dafe

s S " o - "

Purification:

Yield:

Melting point:

Analysis:

NMR (CDC#B)

- oo o s 1o m s s . i o 2

ORI WY SANPIS HOPUpIRIG YA

The solid product was récrysfallised from aqueous

methanol.

148-150°C.

CSH}‘N205P M.M. = 246,155 gm/mole

Found : C=39,00  H=4,a% N = 11,5%
Calculated: C = 39,03% H =4,50% N = 11,38%
83,82 (D, 6H, J,5 = Il Hz, ~OCHg)'

87,08 (D, H, JHP = 10 Hz, —NH-)»

§7,22-7,54 (M, 2H, Ph)

67,74-7,94 (M, IH, Ph).

[ nRUPMADRIY SPRpII HEpIRSRAAS HiE I

(c)  Dimethy! N=(4 nitrophenyl) phosphoramidate

Purification:

Yield:

The solid crude product was recrystaltised from a

benzene / petroleum ether (60-90°C) (4:1) mixture to

which a small quantity of chloroform was added to

facilitate dissolution.



Melting point:

.Analysis:

NMR (CDC!

3

):

164-165°C
CgHy N2OsP
Found:

Calculated

183,82 (D,

§7,10 (D,
§7,88 (D,

88,16 (D,

M.M. = 246,155 gm/mole

6H,

2H,

IH,

2H,

J

C =
C =

HP

Jyn

Jup

JHH

39,05% H

39,03% H

1]

i

Il Hz, -OCHs)
9 Hz, Ph)
10 Hz, -NH-)

9 Hz, Ph).

4,45%

4,50% -

68

L1,45%

11,38%
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4 SUPPLEMENTARY INFORMATION

A, | information on the tables

The abbreviations used in the Tables 4.1 - 4.8 have the follownng

meanings and units:

Ap = Absorbance of the substrate at time, T, at the wavelength
indicated. k ‘
A =  Absorbance of the substrate on compleTton of the reacf:on

at the same wavelengfh as A

Conc = Initial concentration of substrate used for UV spectrophoto-

metric determinations of acidic hydrolysis rates. (mole/lifer).

€ nax = Molecular extinction coefficient at the wavelength indicated
-1

. , . - |
“for maximum absorbance. (liter mole cm- ).

kw = Observed rate constant (sec-]).
o] = PRelative rate constant.
rate constant of dimethy! N (alky! substituted phenyl) phosphoramidate
B rate constant of dimethy! N (phenyl) phosphoramidate o
Apax =~ C Wavelength of absorbance maximum at which the reaction was
monitored (mp)
apKa = foference between pKa values for substitufed and unsubstituted
anilinium ions - ‘
= (pKg - pKH)
R = Ring substituent as indicated below:
ov
NH —-P(OMe)2
R
Note: When R = NMe the substrate is:
Me ﬁ
@ N — P(OMe)2
r =  Correlation coefficient indicating the correlation between the

experimental values and the "bestT fit" curve obtained from
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the least squares method. The value [,0000 indicates

perfect correiation.

- Standard deviation.

Std Dev =

T = Absotute tfemperature (OK)»excepT where indicated other-
wise. A ' '

T% mon = The number of half lives for which the reaction was -
monitored, '

Note:

Values in the columns must be mulfiblied by. the fécfor in’brackefs at the
héad of the column. | |

The tables 4.1 - 4.4 are exampies of the resuifé obtained from the
experimenfa!ly determined graph'of decreasei%n absorbance wiTh.Time.

(The hydrolysis reactions were performsd in a solution of 3,47 M sulphuric

acid in 20% dioxane/water). The rate constant, k. , half life, T%, and

‘;)}
molecular extinction coefficienf, g, can then be determined from the plot

of in(ATwAm)’ys time (Figures 4A - 4D) as explained in chapter 2.

- Tables 4.5 - 4.8 list the results obtained from the piots of }n(AT—Am) Vs

Ti&e for dimethyt N-(alkyl substituted phenyl) phosphoramidates with

substituents indicated by "R".

Table 4.5 Resulfs obtained from 3,51 M H,S0, in dioxane/water

.Table 4.6 Results obtained from 3,47 M HZSO4 in dioxane/water

Téblev4.? Results obtained from 3.49 M H2804 in dioxane/water

Hydrolysis of dimethyl N-{phenyl) phosphoramidate (Table 4.1)
3

Conc = |,0688 x 10 ° M
)\max = 274 my.
Temp = 25,0°C.



Results from figure 4A

I

Ky = 11,2274 x 107% sec
t = 94,1 min. |
2 .
€ = 879,5 it mole” cm™!
- = 0,9999

Hydrolysis of dimethy | N-(2 mefhylphényl) phosphoramidate (Table 4.2)
3 .

Conc = 1,3779 x 10 ° M
Anax = 272,5 my
Temp = 25,0°%C

Results from figure 48

K, = 0,8576 x 107" sec”!
+% = 134,7 min.

e = 720,2 |it mole™ om”
r = 0,9999

Hydrolysis of dimeThylANw(ﬂ methylphenyl) phosphoramidate (Table 4.3) -

Conc = 1,1228x 107> M
" = o]

Amax 279 » 5 mu

Temp = 25,0°C

Results from figure 4C

1,9386 x 107 sec”!

Kk =
v ,
Sty = 59,6 min.
Z
£ = 1055,5 it moie_I cm
r -

0,9999



T

.}Temp

.1..

Hydrolysis of dimethy! N-methyl, N-phenyl| phosphoramidate (Table 4.4)

Conc = 2,9705 x 107> M
max é 270 my -
= 25,0°C

Results from figure 4D

= 29,4301 x 107 sec”!

g
o = 3,9 min.
e © = 283,9 it mole ! em™!

. = 0,9998

712



TABLE 4.1 (Results for graph 4A).

73

Absorbance (A*)"

(n(A+-Ay)

5 10,8967 -0,1147
10 0, 8660 -0, 1497
5 0,8340 20,1875
30 0,7513 -0,2926
45 0,6740 -0,4020
60 0,6067 -0,5080
75 0,5453 -0,6156
90 0,4900 - -0,7236
105 C,4407 ~0,8309
120 0,3947 -0,9425
135 10,3533 ~1,0546
150 0,3167 -1,1658
165 0,2847 -1,2742
180 0,2547 -1,3876
195 0,2273 -1,5036
210 0,2040 -1,6144
225 0,1840 -1,7204
vzab’ 0, 1647 -1,8347
255 0,1480 ©-1,9449
270 0,1327 -2,0583
285 0,1200 _2,1628
300 0,1073 22,2795
315 0,0967 . | -2,3896

330 0,0867 -2,5051
345 0,0780 —2,6|73

10,005 -




TABLE 4.2 (Results for graph 4B)

In(AT—Am)

Time (min) Absorbance (AT)
5 - 0,9693 -0,0615
10 0,9480 -0,0845
30 0,8580 -0, 1875
50 0,7767 -0,2908
70 0,7027 20,3950
90" 0,6340 -0,5025
1o 0,5773 -0, 6009
130 - 10,5240 - -0,7032
150 0,4747 -0,8082
170 0,4293 -0,9155
190 0,3893 ~-1,0207
210 0,3553 ~1,1198 .
230 0,3240 -1,2208
250 0,2933 ~1,3305
270 10,2680 -1,4313
290 0,2447 -1,5340
310 0,2227 ~1,6416
330 0,2040 _1,7430
350 0, 1880 ~1,8388
370 0,1720 ~1,9449
390 0,1587 -2,0428
410 . 0,1467 -2,1399
430 0,1347 ~2,2475
450 0,1247 -2,3469
470 0, 1147 -2,4573
490 0,1067 ~2,5553
510 0,0993 ~2,6545
530 - 0,0920 -2,7646
t 0,029 -
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TABLE 4.3

(Results for graph 4C)

Time (min) Absorbance (Af) ln(AT-Am)
5 1,1253 0,1127
10 [,0627 0,0551
15 1,0013 -0,0047
20 © 0,9467 -0,0612
25  0,8947 -0, 1180
30 0,8453 -0,1751
40 0,7560 -0,2877
50 0,6707 -0,4085
60 10,5987 -0, 523!
70 0,5320 -0,6424
50 10,4720 ,-d,?ssé
90 0,4227 -0,8755

105 0,3533 - -1,0575

120 0,2987 -1,2287

135 0,2493 -1,4133

150 0,2107 -1 5864

165 0,1773 -1,7641

{80 0, 1507 -1,9333

195 0,1293 -2,0929

210 0, 1093 -2,2698

225 0,0933 -2,4380

240 0,0800  -2,6037

T 0,006 - |
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TABLE 4.4  (Results for graph 4D)

In(A

- Time (min) Absorbance {AT> 1A
1,2 0,7013 -0,4150
2 0,633 -0,5580
-3 10,5193 -0,7374

4 0,4393 -0,9205
5 - 0,3760 -1,0936
5 0,3207 -1,2742
7 0,2747 _1,4539
8 0,2353 _1,6382
9 0,2033 -1,8181
10 0, 1760 ~2,0025
n 0, 1547 2,1745
12 0,1353 -2,3609
13 10,1207 ~2,5299
14 0, 1080 '-2,703f
15 0,0967 2,884
16 00,0880 ~3,0576 -
17 0,0800 -3,2442
18 £ 0,0740 -3,4112
19 0,0693 -3,5637
20 0,0647 -3,7437
21 0,0607 ~3,9288
22 0,0580 -4,0745
.23 0,0553 - ~4,2451 .
+ 0,041 .




78
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Fig.4D

Decrease in absorbance wir’rh time for
dimethyl N-methy|, N-pheny!l phosphoramidate |



TABLE 4.5

,R Conc.(x10 ?) ’r%mon kllf (xI0 ™) €nax r Amax
H 11,9125 2,69 1,1655 874,9 0,9998 273
H 1,1325 2,69 1,2040 867,4 10,9996 | 273
H 0,7974 2,54 1,1326 858,6 0,9998 273
H . 1,2478 2,94 [,0870 818,0 0,9956 273
H 1,5197 . 3,88 I, 1585 845,0 0,9998 273
2 Me I,1409 2,30 0,7968 673,6 0,9999 | 27!
2 Me 1,3909 2,41 0,815l 664,7 0,9998 271
3 Me |,0192 3,63 1150 | 819,4 0,9999 275
3 pe 1,1088 3,63 1,1971 849,9 0,9995 275
3 Me I',0805 3,63 1,1836 853, | 0,9996 275
4 Me 1,1679 5,50 |,8302 983, 1 0,9998 279
4 Me 1,1516 5,74 [,8517 977,8 0,9999 279
3,4 diMs | 1,1047 4,29 1,5548 964,9 0,9981 | 279
3,4 diMe {,0460 4,91 |,5932 958,3 0,9976 | . 279
4 £t 0,7452 5,04 1,6178 9731 0,9997 279
4 £t 1,033 5,04 |,6169 981,6 0,9999 279
2 £t |,0855 1,58 0,505I - 691,0 0,9999 272
2 £t 0,8246 2,29 0,5112 695,5 | 0,9999 272
4n Bu 10,6480 4,74 ,5052 954,0 0,9998 279
4n Bu 0,6293 4,74 |,5365 979,1 | 0,9998 279
4t Bu +0,3879 3,88 |, 2458 " 811,3 0,9999 278




TABLE 4.6

3 L -
R Conc.{(x10 ) +%mon kw(xlo. ) € nax r Amax
H 1,0688 3,67 ),2274 879,5 0,9999 274
1,0798 3,69 11,2359 871,3 0,9999 273,5

2 Me 1,3779 3,93 0,8576 720,16 |~ 0,9999 272,5

2 Me t,3626 4,09 0,8210 722,33 0,9999 272,0

3 Me 11,0363 4,46 1,2729 852,12 0,9999 277

3 Me |,0596 3,60 |,2226 868,7 0,9999 275
4 Me 1,1288 4,03 1,9386 1055,5 0,9999 279,5

4 Me 1,0405 . 3,63 i,9486 1021,6 0,9999 280,5

3,4 diMe 0,7967 4,21 |,9448 1078,9 | 0,999 280

3,4 diMe | 0,7256 4,34 1,8564 - 0,9999 285 ,5%*%

2,6 diMe¥ I,1649 3,40 0,31.17 - 0,982 206

2,6 diMe* | 11,1649 4,24 | 0,3708 - 0,984 206

2 Et [,2290 3,60 0,5430 708,03 0,9999 272

2 Et 0,8390 3,53 0,5233 695 ,4 0,9999 273

4 Et 0,7945 3,80 1,7569 103C,4 0,9999 279

4 Et  0,8333 4,12 1,7010 1017,6 0,9999 279

2¢. Bu¥* - 5,10 1,3104 - 0,9998 274,5

2t Bu* - 5,08 I,3039 - 0,9999 274,5
 4¢ Bu 11,0056 - 3,46 |,3767 906,9 0,9999 | 278

4t Bu 10,9073 3,68 | 1,3478 879,7 0,9999 278

N-Me 2,9705 5,85 29,430! 283,9 10,9998 270

N-Me 2,9705 5,82 | 29,2388 286,16 0,9998 270

*  Calculated according to the Guggenheim method.®”
*¥ This wavelength was used by mistake and is not the wavelengfh of maxzmum»

. absorbance




TABLE 4.7

Conc.

R T :i20-3) (x10™3) ?310”“) bn ky ® max - Aax
H 298,35 | 3,358 | 1,0316 | 1,1309 | -9,0873 |875,1 | 0,9999 | 273,5
303,35 | 3,2965 | 1,0733 | 1,588 | ~8,7518 |894,2 | 0,9999 | 273,5
308,35 | 3,2431 | 1,0733 |2,2483 | -8,4002 |877,0 | 0,9999 | 273,5
308,35 | 3,2431 | 1,0733 |2,2758 | -8,3880 |889,0 | 0,9999 | 273,5
513,55 | 3,893 | 1,0733 |3,2854 | -8,0209 {870,2 | 0,9999 | 273,5
313,55 | 3,893 | 1,0733 |3,2368 | -8,0358 |886,5. | 0,9999 | 273,5
318,45 | 3,1402 | 1,0733 | 4,7600 | -7,6501 |856,9 | 0,9999 | 273,5
318,45 | 3,1402 | 1,0733 | 4,7940 | -7,6430 |876,0 | 0,999 | 273,5
2 v | 208,85 | 3,3862 | 1,3%95 |0,7399 | -9,5116 |741,9. | 0,9997 | 272,5
299,05 | 3,343 | 1,3393 |0,7666 | -9,4761 |753,5 | 0,9999 | 272,5
303,75 | 3,2922 | 1,3393 | 1,0043 | -9,2060 |746,8 | 0,999 | 272,5
308,85 | 3,2378 | 1,3393 | 1,3899 | -8,8811 [742,0 | 0,9999 | 272,5
308,85 | 3,2378 | 1,3393 |1,3789 | -8,8891 |736,3 | 0,9999 | 272,5
313,25 | 3,1923 | 1,3393 | 1,7805 | -8,6335 |739,3 | 0,9999 | 272,5
314,05 | 3,1842 | 1,3393 |1,7440 | -8,6542 |720,2 | 0,9999 | 272,5
318,75 | 3,373 | 1,3393 |2,3525 | -8,3549 |729,5 | 0,9999 | 272,5
318,85 | 3,1363 | 1,3393 |2,2838 | -8,3845 |705,4 | 0,999 | 272,5
3 Me | 298,35 | 3,358 | 1,1237 | 1,055 | -9,1191 [923,8 | 0,999 | 276,0
298,55 | 3,3495 | 1,1237 | 1,0044 | -9,1201 |933,3 | 0,9997 | 276,0
303,35 | 3,2965 | 1,1237 | 1,5013 | -8,8040 [902,7 | 0,9999 | 276,0
303,45 | 3,2054 | 1,1237 |1,5008 | -8,7977 |908,5 | 0,9999 | 276,0
308,45 | 3,2420 | 1,1237 |2,0935 | -8,4715 |900,9 | 0,9999 | 276,0
308,85 | 3,2378 | 1,1237 |2,3386 | -8,3608 |944,7 0,9988 | 276,0
308,85 | 3,2378 | 1,1237 |2,0279 | -8,5033 |898,4 | 0,999 | 276,0
313,75 | 3,1873 | 1,1237 |2,6884 | -8,2214 |[893,1 0,9999 | 276,0
313,85 | 30862 | 1,1237 |2,9431 | -8,1309 |896,6 | 0,9999 | 276,0
318,45 | 3,1402 | 1,1237 |4,0739 | -7,8057 |874,4 | 0,9999 | 276,0
318,65 | 3,1382 | 1,1237 |3,9716 | -7,8312 {874,4 | 0,9999 | 276,0
4 Me | 299,65 | 3,3372 | 0,9546 |1,8039 | -8,6204 |1090,1 | 0,9999 | 280,0
| 303,35 | 3,2955 | 0,9546 |2,3866 | -8,3405 |1061,8 | 0,9999 | 280,0
1303.45 | 3,2054 | 0,956 |2,2779 | -8,3871 |1055,9 | 0,9999 | 280,0




TABLE 4.7 continued/
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VT

Conc.

k

R T x10°H]  io™H| o™ [N K ] Cnax r Mnax
4 Me | 308,15 | 3,2452 | 0,9546.| 13,3530 | -8,0005| 1075,9 | 0,9998 | 280,0
308,65 | 3,2399 | 0,9546 | 53,2769 | -8,0234 | 1076,8 | 0,9998 | 280,0
313,65 | 3,1883 | 0,9546 | 4,6739 | -7,6683| 1053,6 | 0,9999 | 280,0
313,65 | 3,1883 | 0,9546 | 4,6354 | -7,6766 | 1064,1 | 0,9999 | 280,0
318,75 | 3,1373 | 0,9546 | 6,5410 | ~7,3323| 1050,0 | 0,9956 | 280,0
318,85 | 3,1363 | 0,9546 | 6,2395 | -7,3794 | 1041,2 | 0,9999 | 280,0
2 Et| 298,25 | 3,3529 | 0,9952 | 0,4755 | -9,9537| 775,9 | 0,9999 | 272,0
298,45 | 3,3506 | 0,9952 | 0,4947 | -9,9141 | 757,0 | 0,9999 | 272,0
303,35 | 3,2965 | 0,9952 | 0,7228 | -9,5350 | 769,5 | 0,9999 | 272,0
303,35 | 3,2965 | 0,9952 | 0,7035 | -9,5620 | 752,8 | 0,9999 | 272,0
308,15 | 3,2452 | 0,9952 | 0,9337 | -9,2789 | 738,9 | 0,9999 | 272,0
308,15 | 3,2452 | 0,9952 | 0,9493 | -9,2624 | 746,5 | 0,9999 | 272,0
313,35 | 3,1913 | 0,9952 | 1,4413 | -8,8448 | 744,5 | 0,9999 | 272,0
513,85 | 3,1862 | 0,9952 | 1,3337 | -8,9224 | 745,1.| 0,9999 | 272,0
318,95 | 3,1353 | 0,9952 | 12,1923 | -8,4254 | 736,5 | 0,9999 | 272,0
319,15 | 3,1333 | 0,9952 | 2,2283 | -8,4091 | 743,3 | 0,9999 | 272,0
4 £t| 298,45 | 3,3506 | 0,9127 | 1,592 | -8,7922 | 1080,1 | 0,9999 | 279,5
208,55 | 3,3495 | 0,9127 | 1,5023 | -8,8033 | 1066,3 | 0,9999 | 279,5
303,15 | 3,2987 | 0,9127 | 2,0395 | -8,4976 | 1069,3 | 0,9999 | 279,5
| 303,45 | 3,2954 | 0,9127 | 2,0162 |-8,5091 | 1074,4 | 0,9999 | 279,5
308,35 | 3,2431 | 0,9127 | 2,8277 | -8,1709 | 1084,3 | 0,9999 | 279,5
308,75 | 3,2389 | 0,9127 | 2,9035 | -8,1444 | 1064,0 | 0,9999 | 279,5
313,35 | 3,1913 | 0,9127 | 3,7107 | -7,8991 | 1076,6 | 0,9999 | 279,5
313,75 | 3,1873 | 0,9127 | 3,8657 | -7,8582 | 1064,1 | 0,9998 | 279,5
318,75 | 3,1373 | 0,9127 | 5,5332 |-7,4996 | 1047,7 | 0,9999 | 279,5
318,75 | 3,1373 | 0,9127 | 5,5583 | -7,4950 | 1088,8 | 0,9999 | 279,5
N Me| 293,15 | 3,4112 | 2,9705 | 21,1643 |-6,1580 | 300,1 | 0,9994 | 270,0
203,15 | 3,4112 | 2,9705 | 19,2683 | -6,2519 | 288,0 | 0,9995 | 270,0
298,95 | 3,3450 | 12,9705 | 27,8541 |-5,8834 | 287,3 | 0,9999 | 270,0
299,55 | 3,3383 | 2,9705 | 29,6120 |-5,8222 | 293,4 | 0,9999 | 270,0
303,15 | 3,2987 | 2,9705 | 34,4401 |-5,6711 | 278,3 | 0,9998 [ 270,0
303,15 | 3,2987 | 2,9705 | 33,5872 |-5,6962 | 275,5 | 0,9992 | 270,0




|

TABLE 4.7 continued/

/T

Conc.

k

- z v _ .
R T (x10™%) (x10"3) | (xI0™) tn kw € max r max
N Me | 308,15 3,2452 2,9705 | 46,1999 | -5,3774 246,8 | 0,9998 270,0
' 308,15 33,2452 2,9705 44 1719 -5,4223 279, 1 0,9995 270,0
313,15 3,1934 2,9705 59,2995 =5,1277 275,4. 0,9995 270,0
313,15 3,1934 2,9705 58,0210 { = -5,1495 272,6 0,9997 270,0
TABLE 4.8
| k Mean v .
Conc. koD _ kg ¥ wH Std.
R T | o] ko™ r (%1074) Koo ko’kyd | pev.
H- 298,45 0,9615 2,0176 | 0,999 |,0648 0,528
298,45 0,9615 2,0277 10,9999 |,0648 0,525 0,526 - 0,0019
N Me | 298,15 2,8478 | 47,3908 | 0,9960 26,3729 0,557
298,35 2,8478 | 48,1434 | 0,9972 26,3729 - 0,548 0,552 0,0062
2 Me | 298,35 1,3589 |,4942 | 0,9999 O,7I7O 0,480 _ _
298,35 11,3589 | 11,5139 } 0,9999 0,7170 0,474 0,477 0,0042

* Values taken from table 4.7
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