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Abstract—Reactions of tetra-a-batylammonion 2.4-dinitropheny] bydrogea phosphate, (ArPH) (R.N)°, in aprotic
and protic solveats, in the abecace and in the preseace of alcohols or water, ROH, are compared with asalogous
reactions of the salt in the preseace of hindered and ushindered amines, c.g diisopropylethyl amine and
quisuclidine. Similar studies are performed with the acid, AsPH,, in the preseace of varisbie amounts of amines.
mmdmummummwmfwwﬂu”mnmm
In the sbecace of free unhindered amine, reactions of the mosoanion are relatively slow, semsitive to steric
hindrance ia the alcohol, and incapable of producing t-butyl pbospbate from t-butanol; reactions of the dianios are
reiatively fast, inscasitive to steric kindrance in the alcobol, and produce t-butyl phosphate. In the preseace of free
unhindered amine, reactions of the monoenion are relatively fast but still seesitive o steric hindrance in the
alcobol, and heace do not produce t-butyl phosphate. The intermediate CH(CH:CH.),NP(OXOH)O" is detected in
the preseace of quinuciidiae. Reactions of the diasion in the preseace of unkindered amines arc analogous to those
obeerved in the presence of hindered amines. The wacatalyzed aad the ucicophilic amime-catalyzed reactions of
the mosoanion are sssumed 10 procoed via oxypbosphorase, P(5), intermodiates. The diasion reactions, which are
pot susceptible to catalysis, are assumed to proceed via the momomeric metapbosphate ion inter-
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sacioophilic
mediste, PO, Significant effects reistod to solvent properties are observed ia these reactions.

This investigation is concerned with the effect of amines  ditions, and that the course of these reactions is mark-

on phosphoryl transfer reactions; eqn (1).2
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the preformed salt, (ArPH) (R¢N)*, in the absence and
in the presence of the same amines. The course of the
reactions was followed by 'H aad *'PNMR

TETRA Vel 35, Ne. 133

edly affected by direct interactions between unhindered
amines and the phosphate-pbosphorus. This intrusion of
nucieophilic catalysis via P(5) intcrmedistes appears to
be limited to the moooanion species, (ArPH)™, and is
most in non-aqueous media.

Kirby™ has investigated the hydrolysis of ArPH; in
buffered aqueous media in the absence and in the
presence of various amines. In the absence of nucleo-
philic amines, the pH-rate profile shows maximum rate at
the pH which carresponds to a maximum concentration
of dianion, (ArP)*". Kirby*® proposed that this type of
pbosphﬁcnndctmhydrolymvunPO; intermediate,
which is generated from disnion by the mechanism
shown in eqn (2), and from monoanion by the mechanism
shown in eqn (3), with the former mechanism resulting in
a faster reaction rate.
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The formation of PO,” intermediste was first pro-

posed®® in comnection with the hydrolysis of akkyl
phosphates to account for a maximum reaction rate at
the pH which corresponds to a maximum coacentration

of monocanion, (RPH)~. The formation of POy~ from this

type of monoanion was pi " as shown in Eqn (4).
Ary! phosphates, XP(OXOH); derived from phesols, XH,
with pKa>$5.5 (in water), c.g. 4-nitropbenyl phosphate,
have pH-rate profiles similar to those of alkyl phos-
phates.> For this type of phosphate, Kitby has also
proposed s noo-catalyzed mechanism in which the POy~
intermediste is generated from diasion (eqn 2) and from
monocanion (eqn 3), this time with the latter mechanism
resulting in a faster reaction rate. The amine-catalyzed
bimolecular mechanism for this type of phosphate could
not be detected in reactions of the monoasion, but was
proposed for reactions of the dianion.’
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A number of investigsors*®> have invoked the for-
matioa of PO,” intermediate from dianions (eqn 2) to
explain the reactions of scveral types .of phosphomono-
ester analogs. The PO,~ hypothesis has recently been
discussed in theoretical papers. ™ There is also a grow-
ing hitersture™>' dealing with transformations of struc-
tures XP(AXYXZH) into YP(=AX=Z). Monomeric alky!l
metaphosphates, ROPO;, have been proposed ss imter-
mediates in pyrolyses™™ and in mass spectrometry.™

The participstion of P(5) intermediates in reactions of

39 ond is now

P—O + RON + H,0

N\

()

hydrochloric acids, whose pK,'s are, respectively: 4.8
and —6.3 (water), 9.6 and 1.0 (methanol), 22.3 snd 89
(scetonitrile). This effect is not 30 marked for aminiom
acids, ¢g.
{ 123 (acetomitriie).™ We assume that the

solutions prepared from ArPH; sad ooe mol equiv. of -

PrEN or QuiN in noo-aqueous solvents coasist of equil-
rium mixtures of ArPH: and (ArPH), with the

K.'s for C;HNH® are: 5.2 (water), 50 -
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regarded as significant in the present qualitative
study 7
(o] 048 O
! 4
Sko—ﬁ-—ﬁ CHyCN o o
oal Il o
OH o P\O/P\ o
(ArPH)” (cp®”
4+ 3 ArOH (8)

Acetositrile solutions of the momosmion, (ArPH)™,
cootaining one mol equiv. of alcobols or water yield oaly
(CP,)*", but no detectabie alkyl or inorganic phosphate,
(RPH)™ (eqn 6). However, mixtures of (CP,)’" aad
(RPH)™ are obtained when several mol oquiv. of ROH

E
i

NAIPH)" + ROH———s 1/3(CP" + (RPH)" + 2ArOH

3

R=1%2 Akyl or H.
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Tabie 1. Reactioas of 2,4-disitrophen
quisoclidine (QuiN) ia 1.0M solutions st 35°. (RPH) =alkyl phosphate; (CPyY~ = cyclic
(RuN)* = [(n-CJHo)NT*

yl phosphate, ArPH,, and one mol equiv. of diisopropylethyl amine (PrEN) o
cyclic trimetapbosphate;

Resgent
Solveat (w01 equiv)® ¢ 1/2° Resutte®*d
e an’
o, Nooe 2 daye (cr,)"
o, o 0n(1) 3 daye (a,)"
@,ca:ca,08, 60:40°  CH08(10) & daye @y + a7 11!
> Cu:Cn 08, 30:70  CH,0H(17) 6 days (CPy)3- ¢ (XP)7; 1:3
o, B,0(1) 2 daye (cr,)"
@m0, 60:40  8,0022) sanye (e’ e mp0: 114
@,cu:8,0, 30:70 2,009 6 days (@) + 1,207 1:10
Arrm, 4+ Prmn 2 (arre)”(reom)*
QJCI Noce 6 days Q,),-
o, ca on(1) 7 daye (cr,)"
,CH:C0,08, 60:40  CH,O(10) 10 daye (c.',)" + (XPR); 423
CD,CH1CH)ON, 30:70  CB,08(17) 10 days (a,)” + (xr®)7; 1:4
oo 1,0(1) 7 daye @y
D, 10,0, 60:40 8,0(22) 8 daye @+ 1,p0,7; 1:4
0, Q51,0 30:70 1,009) 8 days (@) + mp0.7; 1:10
AT, ¢ Qu 2 (arrm)” (uum)®
o 08 Pooe 3 days (cr,)"
o, aa,08(1) 2 days (cr,)"
CD,CH:CH,ON, 60:40  CH,OE(10) 4 daye (cr,)" + (arm)7; 121
oD,CH:Ca,08, 30:70  CR,0B(1T) S days @)+ w7 1
o, 1,0(1) .8 (cr,)"
o 1m0, 60140 v,0(22) 8 daye (@ + P07 1:4
€D N0, 30:70 2,009 6 daye (@’ + 9,20,7 1:10

* Per mole of phosphate, in this and in subsequeat Tabdlaes.

b Valuee axe

approximste Malf-timee of reacticn, defined as (Phosphate Reactant) =

[Phosphate Products], 1in this and in subsequent Tables.

€ Pbhosphate

analysess by 31' and Ll MR spectrometry, with refereance to sutheatic

compounds. Phanol anslyses by Ll . 4 Phosphate products obeerved

at t 1/2. Ounly these products are observed upon campletion of the resctiocn.

¢ All nixed solvents are v/v.

coaverted into (RPH) by resction with tha alcobol.

partially solubdle.

t Under these cooditiocas, (cp,)

" e wot

% 1he salt 1o oaly
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Rmﬂou:o]k?lbhthcpmaceo]mmolam‘v ArPH; + 2PrEN + ROH (I mol my)._p‘.
RPH + A0~ (9

of amines. '!hehmduedndthc

ArP}h.TableZ.ln-theaboeneeofdcohoham this
difference between PrEN and QuiN manifests itself only
in the rate of formation of the same product, (CP,)>
(eqn 8). This reaction is significantly faster with QuiN vs
PrEN.

onen
ArPH:+2PrEN  or  2QuiN—— I/3(CPs)* + ArO™.

8

In the presence of one mol equiv. of alcobols or water,
theddmmthccﬂedol?rENndQniNn
in the nature of the products, as well as in the
which they are formed (eqns 9 and 10). The
amine causes phospboryl transfer to 1°, 2'|nd3'ulco-

EE

hohlndtovmnoompuablemu,whﬂethem-
hindered amine results in the formation CP)" all
these cases. The formation of (CP,)’" is faster than that
of (RPH)".

R=1°2,3 Akylor H

anon
ArPH, + 2QuiN + ROH (1mol equiv.)——

IIS(CP,)" + ArO™

R=1°%72,3" Akyl or H.

Both hindered and unhindered amines
phosphoryl transfer to ROH when added to
solutions of ArPH, in methanol or in water (eqn 11).

exclusive

ArPH, + 2PrEN

(10)

promote

or  2QuN———s (RPH)" + ArO"

R-CH)“H.

n

A striking medium effect in the formation of (RPH)™ is

Table 2. Reactions of ArPH; aad two mol equiv. of PrEN or QuiN in 1.0 M soletions at 35°

Solveat Reageat (20l equiv)

t 1/2

Results®

AL, ¢ rD = (Arrm) " (vmm0 ) (Aern) " (Promn* ¢ peme

= um? 200mm*

oy oss

o, ca,om(1)
o, (cay) joom(1)
oo o 5,0Q2)
cayom cu,0m(29)

1,0 lzo(ss)
o0, C: () ,CHON, 10590 (Cu,) ,CHON(12)
oo Cn: (Cay) CON, 10:90 (ca,) yCoN(10)

a,cl, a,a(l) .

40 nia

30 aia

33 aia

20 min

3.3 &

2.5 x

2.0 ke

35w

AN

3
(e

(xrm)

(xrf)

520,”

(xre)
P9,
(G

(xrm)”

(xrm)

ATL, e QuuE = (AP (QuuD” 1 (A (e’ ¢ e 2 arm ¥ 2(eumy®

@ Rooe 1ata (a,)"

@0 a,on(1) 1ata  (@p*

o (cay) yoom(1) laa  (@p™

oy B,0(1) 1 ata (a’)"

@, aym(23) 3w o b

10 8,0(3%) 2.9 b lzro“

CDya: (Cay) ,H0B, 10:90  (CH,) ,CHOR(12) L ¢ @t e a3
0,1 (CR,) ;CO8, 10:90 "(u,),euuo) ves  (@p*

a,a, on,0u(1) 4 ata (a,)"

. Phospiate producte obesrved after ml.dﬂ of the Mth.‘- Th al02 M

solatice 1a 50150 COLCHICR,ON, the product comsists of (a’)" ad (FE)" ia

2:3 proportion cpon completion of the resctios. € The

soluble.

salt {s caly pertially
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observed when two mol equiv. of PrEN are added to
ArPH; in: (a) acetonitrile contsining one mol equiv. of
methanol or water, and (b} pure methanol or water. In
(b), the concentration of nucleophile, ROH, is
significantly higher thaa in (a), and yet (RPH)™ is formed
at a slower rate in (b) than in (a). This is understandable
if the rate limiting step in the formation of (RPH)™ is
decelerated by changing the mediom from aprotic to
protic.

Reactions of the salt, (ArPH) (RiN)*, in the presence
of one mol equiv. of amines. The results of this study are
given in Table 3. PrEN-promoted reactions in Tabie 3 are
faster than the corresponding reactions in Table 2,
except when the solveat is pure methanol or water. It is
reasonable to expect that in these two protic solvents of
nhnvdyhx;hdnlecuxcmt.theeowcnmnonol
dianion relative to that of monoamion should be at a
maximum compared to alcobols of lower dielectric con-
stant and to acetonitrile. Therefore, the dats in Tables 2
and 3 suggest that the observed products stem from the
dianion which is present in the respective solutions.

1588

The data on QuiN-promoted reactions in Table 3 sug-
gest that the observed (CP,) is formed mainly or
exclusively from the amine-catalyzed reaction of
mwﬂetﬁeobwved(k?ﬂ)'nmbom
the uncatalyzed reaction of  monoanion,
mcempmcnethnolotntawbatwmum

dianion concentration is expected, only (RPH)™ is
observed.

From Tabies 1-3 we infer that:

(1) Hindered and unhindered amines, when added to
the extent of one mol equiv. to ArPH,, act simply as
proton-acceptors and give rise only to monoanion, since
the three systems of Table | give comparabile results.

(2) Hindered amines, when added to the extent of two
mol equiv. to ArPH,, act also as proton acceptors and
genenate the monoanion and small amounts of dianion,
with the dianioa reacting at a much faster rate than the
moooanion. This follows from the rapid formation of

tmpbowhuwhwbuwobmvedmmd
monoANon.

Table 3. Reactioes of monoanion, (ArPH) (R«N)*, and ooe mol equiv. of PYEN or QuiN in 1.0 M solutions at 35°

Solveat Reagent (mol equiv) t 1/2 Resulte
arrmy ot o rem 2 a0 erom*
@30 Booe 1 uin (03)
o, cu,0n(1) lata (om)”
o, (cu,) ,com(1) lata ()"
o, cn (ca,) ycon(1) latn (xFE)”
co,cn 1,0(1) 1=ia BP0
cuyom cn,0m(23) 1 br (rm)”
5,0 1,0(53) 25w npo,
CD,CH: (CB,) ,CBOB, 10:90  (CB,) ,CHOB(12) 128ta  (PW)°
CD,Cn: (CB,) 408, 10:90 (ca,),coe(10) 20 min (2PR)
a,cl, Bone S atn (cr,)"
werm @ m® ¢« 2 wenam’ uom®
@, Noos <1 ata (cr,)"
@, o, 0m(1) Ciata (@ ¢ (om7; 10
o, o0 (cay) ,cmon(1) latn (@)™ ¢ arm)7; 14
o, o8 (ca,) yoom(1) Claa  (@p’ + (@m0
o o8 8,0(1) <1 ats “’:’ T4+ B,p0,7; 115
cu,08 ca,0m(23) 1w (xrm)”
1,0 © 8,0(8%) 25w Ero”
CDyCn: (CH,) ,CROR, 10:90  (CR,),CBOB(12) 10 wtn  (Rrm)”
m,a:(q,),cou. 10:90 (ﬂ))au(l()) 1 sin (nrm)”
azcxz Noue 1l uin (03)

Phosphate product after completico of the resctica.



1586

F. RAMIREZ and J. F. MARBCEX

Table 4. Intermedinte from ArPH; and two mol equiv. of QuiN in 1.0 M sobutions at 35°

Time of
solvent  pom" Obeervations O lp, ppm®
20 sec +10.2° ; -0.7¢
None 1.5 atn +10.21; -0.74
a1, 2.3 ata” +10.24; -20.3 f
(ml),m S ain +10.24; -20.5 ¢
tew -20.5
2.3 utn +10.2 ; -20.8
a,cl, a,ou tow -20.3
2 uta +410.2 ; -20.3
o\ (auy) yoou 10 ata -20.8

Oae 20l equiv of ROR ueed.

Positive values are down-field from 852 BJPO‘ - 0.

€ Attributed to intermediste a(cazcaz),b(o)(ol)o'.

Starting msterisl.

Cyclic trimetaphosphate.

(3) Unhindered amines, when added to the extent of
two mol equiv. to ArPH;, act as both proton acceptors
and pucleophilic catalysts. The amine generates both
monoanion and dianion, with the monoanion reacting at a
faster rate vis nucleophilic catalysis. Thus, in alcobol-
rich media, ¢.g. CDyCN:(CH,);CHOH, 10:90, where a
relatively large dianion concentration is expected, one
sces a mixture of (CP,)*~ and (RPH)™ (5:1) with QuiN,
but only (RPH)~ with PrEN. In acetonitrile with one mol
equiv. of ROH, where a relatively low dianion concen-
tration is expected, (CP,)>" is produced in the presence
of QuiN, while (RPH)™ is produced in the presence of
PrEN. '!bcmfmuthnt(CP,)"nfomedfmthe
QuiN-catalyzed reaction of monoanion, and (RPH)™
from dianion.

Metastable intermediate in the reactions of ArPH; with
two mol equiv. of QuiN. Table 4 shows that a metastable
mtumednteunpndlzmtedfmk?l{zmdtwo
mol equiv. of QuiN.™ The amount of intermediate in-
creases at the expense of the starting material during the
first few seconds of the reaction, and then decreases as
its is being replaced by (CP,)*", which is the final and
sole phosphorus-containing product of the reaction un-
der the specified cooditions. Analogous results are
observed in different aprotic solvents, in the absence and
in the presence of limited amounts of different alcobols.
The transformation of the intermediate into (CPy)*
occurs, not only while there is still starting material
present in the sojution, but also after the starting material
is no longer observable.

A structure for the metastable intermediate consistent
with its behavior and the value of its >'P NMR shift is
shown in eqn (12). It is clear that at least some of the
&mlprodtm.(CP,)" is formed by further reactions of

the intermediate with itsed, although the formation of .

(CP;)"byrucnonolthemtcmedmewuhthe
monoanion.(ArPH)'.isnotnﬂedouL

(ArPH) -Ard
+ —

QuiN »
8"P=+10.2ppm

Ooe mol equiv of ROM introduced at tbhis time.

Wehlvebeequublcto

hﬂd«lpoftheﬂOmmd.
rather than (RPH)". No intermediate can be detected in

reactions induced by the addition of PrEN.

Effect of amines on dianion, (ArP)*~ in aqueous solu-
tions. The reactions summarized in Table 5 show that
certain amines, e.g. pyridine, cause a slight acceleration
of the hydrolysis of preformed salt, (ArP)*~2{(CH,)N]"
in aqueous media. The effect of quinuclidine is in the
same direction, but insignificant in the context of the
present experiments. Similar observations are made in
methanol solutions. It would appear from the previous
data, that the effects shown in Table 5 cannot be attri-
buted to nucleophilic catalysis by the amine upon the
dianion (ArP)*".

DISCUSRION

This study provides a reasonable basis for the follow-
ing hypotheses:

(1) In the absence ofudwphiﬁcmhu (a) The
monoanion, (ArPH)™, reacts via P(5) intermediates.
Perbaps the generation of POy~ by the mechanism of
eqn(J)uwopennvebeamXunotMy

mwoodydecmmv

and related compounds, i.e. when the pK, of XH (in
water) is lower than 5.5 in structures of type XP(OXOH),.
(b) The dianion, (ArP)’", reacts via a PO, " intermediate.
This conclusion is in agreement with those previously
advanced by several investigators who interpreted their
hydrolyses in terms of a PO, intermediate generated as
shown in eqn (2).>2

(2) In the presence of unhindered amines. (a) The
monoanion (ArPH)™ is susceptible to effective nucleo-
philic catalysis with formation of a P(5) intermediate

“ ' 1/3(CPy)
gips— s
| .

(12)

QuINH
OH
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Tabie S. Effect of amines on diasion, (ArP)" in 1.0 M sobstions of 35°

Solvent mine® ¢ 1/2 Products

v e 2@’ o7 — 2@y w1t e 0

1,0 Noee 2.5 o Lro,”

1,0 (C A4 2.9 b ro.”

Lo Pyridine 4S min lzro"

1,0 Quim 1.9 ¥ 50,7

arrn, + 2((a=C, By o — wen?” 20ec 1y 0t ¢ 0
aym Nose 20 atn (xrm)” + 10" € 5 521
a,om ey 18 mta ()" ¢ mro,” ;A1)
a,om Pyridise 10 nta arm” +nr0,” ;oS
a,om QuiN 10 nin (xrm)” ¢ lzro“ p 4
® One Mol Reutv.

v Phosplate product upon campletion of the resctiocn.

[

j phosphorylated species. The
mmmmmmﬂsmw
, reacts via a PO,” intermediate.
Prumbly.thcaboeneeofwdeophihcahlymudu

P(5)-mechanisms than in the PO, -mechanisms. (i) No
t-buty! phosphate is generated via P(5), bt the hindered
is readily formed via PO,". (ii)) Rapid for-
(CP,)* is observed in the tertiary amine-
catalyzed P(S)-mechanism from (ArPH)™. However, no
phosphoryl transfer to ROH has been demonstrated in
this mechanism.
mﬁunepmthefmd(@,)"ﬁ'om
(ArPH)” in acetositrile, when oo free
is present, is assumed to yield the P(5) mtumediﬂc
shown in Scheme 1.% The second step is the collapse of
P(5) with loss of ArO” and formation of 24-dinitro-

2 (ArPH)

7 0
Ho\i‘_\;_ HO—P-0 ‘?2 )
g:/(l) ) (A LAPHE Z-\ 4 ]
o “oaAr -O;p\OAr

0% 0Nl
-ArOH ] (ON /c')
oS o
Scheme 1.

Prom weter gessrated in the asutralisation.

pheny! pyrophosphate. (ArP;H)*~ should be more clec-
trophilic than (ArPH)™ due to the double activation of
the phosphorus atom by electron-withdrawing groups.
Mm.thcthﬂlmpmthecychzmonurdmvdy

new P(5) intermediate, and the final (CP,)*" at a
rdmdynw

‘I‘bcnudeophﬂnccdalymoftbefommono((CP,)’
in acetonitrile when (ArPH)™ is generated in the
presence of some free unhindered amine is depicted in
Schenez.'l‘beﬁmuepistheformﬁonofuP(S)
una'nedm:whxheolhpmmthlouol ArO” and
formation of a dipolar structure.” We assume that this
intermediate is the observed metastable species with the
P NMR signal at +10.2 ppm; its acid strength is prob-
ably weaker than that of ArOH, hence it should pre-
dominate in solution as the dipolar ion.

(ArPH)"
7

OAr

+» QuiN

lwmtoaqthmhdmnmpymphocphmvmcbcm
peacrate (CPy)~ by reaction with a third

mooomer, as in the cyclization of the aryl pyrophos-
phate. An additional cyclization mechanism involving the



dipolar intermediate and (ArPH)™ is not ruled out, but it
should be emphasized that (CP;)> is known to form in
solutions where (ArPH)™ is no longer detectable by
3'p NMR spectrometry.

The uncatalyzed phospboryl transfer to ROH from
(ArPH)™ is depicted in Scheme 4.

Scheme 5 depicts reactions of the strongly electro-
philic hypothetical PO,~ intermediste with monoanion,
(ArPH)", and akcobols.

These mechanisms accommodate the observed
medium effects. It is reasonable to expect higher degree
of polarity in a ground-state phosphate than in a tran-
sition state which in an oxypbosphoranc. Hence,
prefereatial solvation®' and hence stabilization of the more
polar ground state by protic solvents (relative to sprotic
sofvents) could lead to rate depression® in the P(5)
mechanism. This is observed in the uncatalyzed for-
mation of (CP,)" and (RPH)", and in the QuiN-
catalyzed formation of (CP;) from monoanion. Like-
wise, a ground-state phosphate should be more polar
than the transition state leading to PO,~, where there is
incipieat formation of threecoordinate phosphorus.
Therefore & rate depression should be observed in protic
vs aprotic media in the PO;~ mechanism. Again, this is
observed in the formation of (CP,Y” and (RPH)™ from
disnion.

The very weak acceleration observed when the dianion
is treated with certain amines in aqueous solution seems
to be due to unknown medium effects rather than to
nucleophilic catalysis.

2 CH(CHyCH2)3NP(O)OH)O
Va

HO (;.)Ar
= "eg
HOY |

OR

(ArPH)"
PO3
ROH

i |
ArO-£-O-P-OH

o O
(RPH)

Scheme §.

F. Raumez and J. F. MARBCEX

EXFERIMENTAL

Asbydrous 24-dinitropheay! phosphate and tetra-p-butylam-
Sonion hydrogen phosphate were prepared as
described.® The acid or the salt was dissolved in the appropriste
solvest, the soln was treated as indicated in Tables 1-5, and the
cowrse of the reaction was followed as noted in the Tabies. The
charscterizatios of the reaction products has been described.®

'Research supported by Grants GM-20672 from the Natioosl
Institwies of General Medical Scieaces, aod CHE?6- 16785 froem
the Natioaal Sciesce Foundation.
e foliowing sbbrevistions will be employed: ArPH;= 2.4
divitropheayl dibydrogen phosphate; RPH; = alky! dibiydrogen
phosphate; ArOH = 24-dinitrophescl; CP,H, = cyclic mimets-
phosphoric acid; PrEN = disopropylethyt amtine; QuiN =

" CHICH CHhN; (RN)" = tetra-e-butylan-
moninm; P(5) = oxypbosphorane.
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