Lawrence Berkeley National Laboratory
LBL Publications

Title
Kinetics of the Hydrolysis and Alcoholysis of Tetrapolyphosphate Esters ("Ethy
Metaphosphate")

Permalink
https://escholarship.org/uc/item/1bd3r3f6

Authors

Burkhardt, Gottfried
Klein, Melvin P
Calvin, Melvin

Publication Date
1965-03-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/1bd3r3f6
https://escholarship.org
http://www.cdlib.org/

UCRL-11994

University of California

Ernest O. Lawrence
Radiation Laboratory

KINETICS OF THE HYDROLYSIS AND ALCOHOLYSIS OF
TETRAPOLYPHOSPHATE ESTERS ("ETHYL METAPHOSPHATE")

s A

TWO-WEEK LOAN COPY

This is a Library Circulating Copy |
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545

N ),

Berkeley, California




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not neccssarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



UCRL-11994

+t

UNIVERSITY OF CALIFORNIA

T

Lawrence Radiation Laboratory
Berkeley, California

AEC Contract No. W-7405-eng-48

KINETICS OF THE HYDROLYSIS AND ALCOHOLYSIS OF
TETRAPOLYPHOSPHATE ESTERS ("ETHYL METAPHOSPHATE!")

Gottfried Burkhardt, Melvin P. Klein, and Melvin Calvin

March 1965



g

.
. i {/ 5
L “
GORE el

KINGTICS OF THE HYDROLYSIS AND ALCOHOLYSIS OF TETRAPOLYPHORPLIATE ESTERS
(VETHIL z:‘EAT; JOSPLATEN

By Gottfried i ura-har "iL L velvin P Klein, and Melvin Calvin

Lowranes Rediation Laboratory® and Department of Chemis tm'., University
of Califormiz, Derkeley, Califormiz

_ s - . . .

(1) Postéoctoral fellow “ma Glessen u’mvama: . fermony.

(2) The work described in this pape v was gponsored in part bv the U, S,
Atomie nergy Commlssila. -

Moty metaphosphate” or tebrapolyphosphate sstors are a potentlally
ugelul starting mabterial for the preparation of nmvxmclmt By The king-
tics of the reactioms of the esters m‘;is grRoesn wabsl snd etbanol have beon

1

T 4y YR el O " o ’ . . A e L R T W
measured by mesns of PY7 noit.rs dnd I8 spectroscony. Upon the addition of

speciiic amounts of water or sthancl, substances could be prepared which

consist mainly of linesr tetrapcliy-, LOipdly- oF pyrophosphate ootars con-
taim.m smaller asowy t3 of Ui P polypnosphates and orthophivsphates in an
:;uili.brimn composition. Metiyl hydrogen orthophonphate rescts with cyelic

polypriosphate osterf; to 'oamn the rings with E.S.nei:tr“@sftcmg it reacts to form
p@l;gf;a%xos’;}bat@é with a lesser degree of cusaﬁeziasai:-iﬂn. ‘This 1;! cter react

also proceeds to an eguilibrimﬁ. | 5le} r@.agtims b@ﬁ}ﬂ&‘:éﬁ :.Nmar and cyclié
pf)l"m:n'sohato esters were chuerved at mm torx ner«uu. 2, whlch drplies that
the rates of the :ﬁis;;:mpor’sicnai:mn w the Li.,r.‘lesa.r ﬁol*f;';rar phate esters wore
low. Soms oL *ﬁ,c: solvents p’mviowlv employed for the del wcmtfcin; wlvm:‘if?

sation of‘ SUg ast s zv:mmo m,icm or nuclce%idos u@mmy the +c=w«~n.0wm~” shata

esters, The various substances ncw avalle




. ' ks

, a’ak’: f‘z’o'a mtraxmlypmss:&mte, easters by ‘Lhﬁ mtion of uatez* or

¢

i %&ct 7o soivent,s will airfer fln Lhwtr cambihtw“ of pmau n;;,,‘,qf -

the dehydrating p@lj mrimmm mac‘aio"x."_» ﬁ“’& us, ona may expect - 1 A

3 . that very ciiffezrmt uzmucts mgﬁh‘ rmult f’rom *JEI‘.;’ srall differ~. L

ences in re mtifm condisd Lons.

A eonplderable cozurow** S5y mxi st aboul the preparation of pol}?h_uo.leo‘cid@s
by means of the ssc::«callec; athyld zzzﬁf;ajg;ma’s;ma,t@,?3"'? a gompound which is ovbalned

L . . ’ R \} .i O .
by refluxing phosphorus pentoxlde with ¢ ’ettr "1 ether, To elarify this. -

(3) 4. Schrer Wy He f‘r’étuc,h and W, Pollmann, ﬁn,-?.;em Chem, , 78, 53i(1.‘3’3c:)
(B) T. ¥. J&co’b end Ha. G, Fhoreng, J.. Am. Chem, f%c.,, 84, '1'_6;30 (1364),

(5}

e,

Ho  Ka 7 or-m*wov, e Lo Budowsky, V. Do Domic mp er He Wo Horomny-Boriss v‘;
Ei%i.achim. Biophys. facs,M 83, 1457 (1964),

(6) & P. Gottich and O I. Sluteky, z‘}ioc'ni%fn.‘-%35.(%;3}:'..;»';'::., heta, 87, 163 (Q964).
(7) PN, Hayes er o mr»uwjn Je Am. Chem. ;5c_>c‘:.,v 85, 4172 (1954). |
(8) X. Lanaheld, Ber., 43, 1857 (1910):, L4, 2076 ,(_19.'1:'1),

{(9) ¥, ate.’mm,,‘; md Te Benubart, Ann., 424, 1 W’a. -‘ 19 (1921).

(10) G. Burkhs ardt s Me Ps Klein and Mo Calvin, J. Ay Chem. Soc., 57, 591 ( 65‘)

3,

problem inves t;':ra.’c:lo*lg is@ﬂc@zﬂmv Clas ﬁ"x'“\;zc‘wm' Qf "eth'fl mabapt 3’)'5”’}’&"‘1:(:‘ s Whlch

4
burried out to be a mi}rtum of ring wxd ehadn wtr ,zc;i\rp"m;z hatea, were Obtained and

10

the- waul’cs T*ublishm ewizer’..; For th"‘ preparat ion of polynucleotides from

uclmtidw or nuclesc)szm@m and nmbs'sbl"; also f‘c t, ne preparation from g sugar
’ & G b =

and a puz vine or ;;dm"uidim base by means of th: mixture of tce‘cmg*ol ohosphate

[+ 2
[

&5 ‘:ere;, it may be emy*r'tr = that one of (.ne il.'lﬁ.ti&l stepsd of the renc tion ﬂ 11
the zttack of tn@ te v,r‘u,polypho:symu esters on the hydeoxyl groups of the come
pounds mentloned above, including the acid phot-;_aphaba group of the nuc-lcat.},dss.- :

For an understending of these dehydrating pols ynerizatlon z*eac‘:;ien:‘.a R Ma i 10

ledee of the reactlon of the tet ‘Egp@l‘y;’;ﬂ'}mrﬁf‘)n ;w t“ ‘bmm w‘icn sinple ‘.3'?(‘!1“0\:77 COtT

s



ally observed in the

.
pounds such as water and ethanol is de;sir&bi& but, wnfortwately, is so far
lacking. |

It was known only thaﬁ the final ‘pm{iucﬁs of the .mfamlysis and eth‘ *1@.&.}313

~

are all the threes ethyl esters of c)rthn yhosphorle acm and orthophospheric aeid

8,11,12
itsell, 0 Sometimes esters of tm pyrophosphoric &f*id worse found. 8,11 .

Reesntly 1t was estebllishod by potentiometrie titration of an aguaous solutlion

of the mixture of *etra:\olyyhmprmm aaters that the esters easily add one wole

1 4 _
of water, 3 In a paper chromatopraphlic study Bl eaters of the tripolyphosphoric

acld were 'discommd;

(11) ¥, Lang held, F. Oppmann and 2. Meyer, Her., ]_4__5: ,"'3753 (1512),
(12) R. Ptz and E. Thilo, Ann., 572, 173 (1951).
(13) W. Pollmann and G. Schramm, Bilochim. ‘m,ophys.v Acta, 80, 1 (1964)

(1) W, zm;@ker, gm. Wwalter and E. Tnilo, Ber., 97, 2385 (1964),

However, the 'courzsw £ the reaction ard tm nature of any ovwr int.,“ edlates
werg quite unclear. The msolu’z,ion of this pm‘wlm 's’(:oulci be possivwle by memns
of phosphorus n.m.r. measuresents ag fil"du apnlied to the fstuéy of tmf hyw@lysis ‘
and ethmolyaiaa of the. ‘-’etmfl imtagvhosﬁpm‘c@" by #elll, Klein and Calvin.ls n &:hé
‘experimms @.‘escriﬁed in the pref;;@mt paper ﬁkeﬂ le:imtics cﬁ‘ the resction of the
Letmwolyf;mspmm emtem with dn exm 55 of wm:er or ai;‘mnol arﬂ ’?:}‘1!* mra.ction
with specific amunta of water or ethanel. as w'all a8 with x:he‘c?:"l hydrogen phose- -

31 1

prate were lavestigated by ;nemb of anci H n. mm., T,R. and molecul*«\r weimt

f nrasum-mﬂts.

In our wmlef' of tetr’a::,oly;zhosphate esters thmt, dlff‘emnt praks are ge r~—4 -

31? n.m.r. wnctm in the pmdf‘nce of w‘f«tw oy fftaanol. 'Imv

" belong to the middle bonc:ea (z’ ), the t'ermism bended ( Pi) and the single or

orthophosphate mmrhoruw (P ),16 (see Chart l) Déntézc‘*”ble amounts of b nnc‘r*c’i

bonded i mhoms (fb) were I‘cuﬂd cmiLy in t‘w ab sence of‘ watw or ot;mnol h’hen



bt el SR e AR U L

i
,a oam)lb of Lntvax)olymo:é}, nate mL@m %hwmvw a” P namare apectrun of ?0. m Pt,
' 7?1 ‘35 -",,,; and % v,) (aemerial ol mm a}__lgwedjw réaet with an oxcess of water
ey . Co . . . .

(15) G. Weill, M, P. Klein Lnd M, ?alvin, Wnturw, pqy, 1005 (1@63)

(16) Jo B Van u‘?‘zrf@r, {3. 1“. f‘anm Je Wl moolcrj and R, CI. Jm.x,,,, J. ;"u:, Chom,
-A.I)OC;, 75‘3 )715 (l})s)l .

2rd having apecific ratios
as A, B, or D. If the
r is called ,n;a‘c@rwl B

(17) Various initial mixtures of tetrapoly '*mosrh'ﬂ:e aste
: of the 31 n,m.r. peaks are desigated in Table II
@

stie As 26«2/” F’ 6) l)r' .P-w K:U}d Q.Oﬁ? Pb t.t,.ﬂ;f CZ‘.@{
&wordim; to "“cafwrenc\, (13). . B ‘

31

or ethanol at room terperature, the ratic of thm P n.mete. paaks - changed
characteristically with ’z,he time of the regctlon as can be goen from Fig. 2 and
'T&ble. Y. Pip. 1 shows some emmpl@s o.x-' the *’19 M r. spectra o_ nmvmc 8 o.-f‘

this reaction., There is 1 ne basic in ference %etmeerx tha aa‘c“%m ,,0:? water x,m of

::t?zemol axng ept that ethanol seems to mact :&:Wcla i‘abter-. & mixbure of :mmw

poly ,,ho r‘?m’ce éutars with another composition of eyclo (II), 1 sOf*vclo(I‘I“‘) and

1incar tetrapolyphosphate esters (IV), which 1s indicsted by its aifferent -°p

n.m.r. spectrun (material 13)17_,' and plso a mixturs of bicyelo (I), eyclo and mo-

. cyclc) tétrapoim;ﬁos@imte esters (material A) 17 maetg wi*ch, bvat‘h water and ethanol
in vhe same manner as mterial (‘i‘dble In), but cif{‘en,ncc 1n the rate can be
chrervad, Only orfmob,»ho shate could be found in th@ pho,s;;vhom:z Moy ﬂpeetmn E
when the tﬂtr’*p@lzi%emph&t@ esters were *’ef'lumci wﬁ. th h excess water fci:" a *}cr‘icd

'»a.asortasosz”}r. , - :

The comusimon of rzixtuma of tef;rapolyvhofspmte ”SVQ{"S was cczlcuipt d fmm _

thalr 31? n.n.“ f,poctm a5 described ;ﬁ"mviom«:lvem' 'fx"om thrw WOk mtnru_al ’)

- consista Qf‘ 20.8% i_.ﬁO"(}z{GlG, h3.6% cyclo (tomthmr, (39 43 cyclﬁ.c e‘*'*@m) md

30.6% linear tetrapolyphosphate esters. - For the de's‘cmct on of the cyclic struc-

tures, one fole water for each mole oyelle ester &3‘:10111& be necessary and the

resulting linear tetrapolyphosphate ester fflhould :smw a -lF‘ Nele s :r*g;\mtrm of

50% P, and 509 Pop sed on the compogition cvivm abovo » 1? 4 6‘1.% of one equiva~
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TABLE X

Fatio of 31.? nemeTe 38ks of samples obtained by hy«:}mm 3is or alccholysis
of o mwixture of w'r*rem wsphate esters (materl x))"'7 at room terperaturs

after a long reaction time.

Tiow, Hydrolysls - Aleotiolysis
hours (1'3 o ester + 20 g water; (10 o ester + 51,1 ¢ mth.mcﬂ'
1 mole ester &3 roles mt@r) 1 mole o3 ’mr : 48 noles oth uno’)
Py ?t R P, P, P,
10 20.65 0 56.5% 1292 32.4% 64,33 30 3%
15 32.06  57.0% 11.0% 38,21 1.8 . -
20 36,75 55,35 . 8.0% 38.8 6128 -

24 . halE 50468 7s0F o houTE - 59.3% -

36 AToF o EMST L 328 W33 55,7 -
48 | 5&.8%' 45,25 . 85.1% 54,97 -
6 59.5%  housE . - K.6%  s3A5 -
72 63.25  36.8% - oune 5. | -




31,

.j-:_,em’:io 01 ? nemr.. peaks of sarples obtalned from the reaction of different mater of tetraphosphate

ED‘C‘“P w%tq fm excam af‘ ater (a) or etha le (v) at room te.nf am‘cure (3 gester + 6w :L_ *%olvmt)

CMme U datepial A ! . Caperiml BT i Material I 7
‘ P i 5 8] g D P P S . o
o I-? R S T T e _.,%.;

fl (')v

hre - LK
2?.\.‘1‘. i
» hpm 'VC‘YCC o
»> "M:JT-Z%

_. 2’3‘.52 73‘;‘" )ﬁ'g “0 ."
56,98 35.5% Lo
58,88 29,1% e
55.2%  12.28 .~
53.38 738 -

v'ggg 16,95 z. 1252 77.5% 0 10.0%

5. 5% - 7% - ' -

530,42~ 13,38

. 24,75 e 23 5

19.6% - 2828 - 5
5

1218 -

LI ]
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. lv: i
o . C R - A b . - ':
o Hme oo ’J.»(:”*iul A oo e Enkerial 3

F. it “m ) %o

COR - hre = BUSE U TTW68 016,92 - 1 12,57 10.0%
0,25 bl o &9 ';’; CSHLAE T 3B.TE - 8.3% .. 55.9% -
1 he. 18.9% T 61.3% 15,89 - 20,65 57.5% -
"5 . !H,",' 3_L. ,/r‘ 6{10{‘:/&; ’ 703% il 31351% ) 5805?—’ -
10 hw. 36.4“'” S 5868 4092 . - 36.4% 0 58,08 ~
ceh me. 49130 50.9% 0 - = 53.2% - k5.6E -

#

The values at Liw tire zero were obi, wined from the tet *”'?:»Jsuf‘-atc' esters dissolved in chlorof form.

i’

o <% 5 A
without water (a)

or ethanol (b).

kx = i 4



¢
’
]
.
i
.
o

1.0% P, (aubstance VI) was found.

Crawmar angd | :ettlur

at 1330 em

lent of water waz added to material D, the resul ‘»:’mr{' subatanee indeed showed a
nHOSNROMS N.ra s Spectrun with 49,95 Pep 50,28 P, and a trace of B (st ubstance
V). When 'f;h»:« eaud ml@t amount of ethonol wes *ed 5 14767,» Ppp 51,36 P, and

A",c&lcu}.atﬁcn shows g‘:‘xm‘i‘, for the prep: mﬁ.tion G_x a ’c.. ﬁ.nolytsm:m!xcﬁ:@ sator
(66,72 P Py and 33.3% 15}!1) fmm the mixbure of cyclle and linear tetrapolyphosnhate
estera, 4/3 wole m‘wr per mole cyclic esters and 1/3 mole water ?darw wole Linenr
ester is necessary. If, also based on the comosiiion glven above, the num of
59,47 of 4/3 muivai@mtgx and 30.65 of 1/3 m:mivalentzs of wator were added to
material D, & substance enowing & n.mer. spectrum of 61,97 Pt s 30458 P, and

T
3 PO
?J N

-
&
[

e
1)
o
{32

3.7 Ps (sun stanes VII) was ob&u:xe:i’ 1f ethanol instesd of wabtor +

spectrum showed 62.5 P, 34.0% A0 2,75 }’?Q (substance VIII).
9] &

For the preparatlon of the pyropl mmﬂaﬂ'ﬂ sater (100% f‘t) Trom materinl D,

two wmoles wator ;mr nole of 53 eyelic compow xis mu one mole water per wole

cof the linsar cmmzmd is neecosoary. Ify again br *;r::c’ or the compositicn lven

above, the sun of 69,4% : of 2 equivalents and 30.6% of 1 equivalent of water wers

added 0 materdal D, the f%ubzstmm@ obtaix.e:a showed a spectoun of 74,7 | rt, 1l 3

Pigs and 14.0% P ( mubucmca _E‘Y) ir @Lﬁ'ﬁ’ml was uswri ingstead of water, the

.

apectrun showed 73.:» “'I"t” 13.4% E’z.ﬁ,'_md 3.3. ‘.T’ (mw‘*mco !)

If, finally, the sum of S9.4% of 4 ‘eﬁui.valm 5 avd 30 G‘J of 3 squivalents

A

of water or éa“t‘smnol was added, which should cmm & co:mletc converw on of i,w.

¥ ,alv Do phatc @e::t#m to cx‘t, :hm mm, thﬂ v:a.uﬂa piven in Table I.I;l wers

obt'* imd.

it 5.4' r.expect&d ‘th.t ;U.naa and cycmc polyo’}c; ":‘mi,e esw 3 will mi“i“fmf

‘thelir spectral. prmawft;iers, e speeis lly in the 1nfrmd r*:g:ien. Accomins%i o

18 possess arr IR rﬂbl‘}ﬁ.\ﬁ}ﬁi(‘)t‘l hand .

13

cyelie polyphosphate @a‘s‘wm.
not observed in linoar esters. Polln wnn endd Sehrama™” published

vl
(18) P, Cramor and H. Hettler, Ber., 3l, 1181 (19 58).

. o
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1

IR spectra O,f'»teftl‘f«?},l_){)_lj_;fﬁ’:lﬂﬁé;\ﬁ&@w exatc*m; cluﬁ,.‘in,ﬁ; tmm, a ban .él at 1310 cm :u m,»m

peared upon the sddition of small ':;:u;x,mms of ‘a‘cer‘. 1 ‘;i“ne, .s;';,ec%;;%‘a we recorded

wers very s;w.lsw to thoz»r'= published by ¥ i"ol.marm «,mfi uc:marm, ‘hut & beand at Sy
'1330 (1910) om ol was not sufficiently chw'acwxvj..,tu tc: ci tingulish clﬂ 32*3.};'_ | !
potwesn eyelic and linear poIL/ )hﬁgﬁ’)&ulub estors, . o R L o
TARLE I1IT
Reaction of a m.xtum of tf“im._mhoa; hate wpters (méz’mml D)W with wt@r‘ e" cfvwwl |
i mﬂ@ water (euzzanm) per 1 mle cgclzc s and 3 mlw watcr (athannl) per 1 mole
lirm-:w esters werg used. |
e ' o l'}v‘e_"féﬁ.%”;‘.l” ' | | . Egnanol
Fo o A i

2hme. at 20° 523 WOUTE 13.8% 56,27

0.5y ab 7. 6LOE . 35 53.8% uc.::;»v :

L5 heaoat 750 G2bE 0 3768 o 6551 e

5 s at 75° -5 RN < X ¢ S 78,25 2L8%

In mr;. c‘iil';zte zsblut;ioms ﬁhe ivrb&d:‘ infrarsd absezzrptioh .ibemﬂ'{e@ ne0 am 1100
‘em"f’l, caused. by PP and DPe0C yiiﬁi*ati@nd, ‘.'céz;mvbe-msso?vad into three fstmﬁgg -
“bandis widch occur ot 914’} }.Oug,"and 1-02;0 e =~ (,rag;;}.., 3)e. Uhe band at 1005 o = .
4s found in -g,zx:. c»;;) :r. of all pc}lyo*)owmt@ @mem praparad by heating P a{:"’m | ¢
with dlethyl e (mterials A to 5:?))».17_ The barxdfs at 940 and 1040 cnd -1 éx»mex.éef,- .
do not appear "Ln the @ ;:»ectx*a of materinls A U‘l(‘l ‘%, but sopaar in those of mte $mly
' | Dand § and irzcrﬁasae fro'fx D to Bs If a ‘3"3:3.11 amount cf waber or mums 0l (0.75° |

equivalant) is added to rrﬁte:jma.. B, the bard -:,-1‘5 v,lOQ’:‘;: cm"l decreasesy it dm@pp@ws . .



except for a small .@j‘multﬁm*_ ir1 éq;.&valmt cm mé;m of water '(_@themol) 1g added
(s;ubrmsizca ‘u‘ to }?I:), ,a:multw.wtmlj, the i aai:‘:xd m; ldlio cm”?‘, uxfi £0 a small ex-
tent that at 940 em l, increases., ’“hca ?‘_Adi&m’x c)f O 75 ﬂmivﬂsam of waber or
ethanol to n-"zf*mmaﬂ B gheuld ;* stroy thiree guarters Qf‘ the cyelic :;’— ructures;
the addlition oi‘ 1 ociuiml@*xt or more sl xoula ce’mlnf;rvlw destroy the cyclic atruc-
tures, singe thﬁ\) are expected to be the most sensitive ones sain bqt 'cta koof
kY nucl@ci;ﬁj.,k;c %L&Js%,rmee (see P n.o, m.uuli:za é;nq raforences [10}).:
In vth{e ‘;spectru?a of triethyl ortho o vhate two strong bands are observed,

one at 1040 and anothey at 980 ‘cmﬁl. The band at 940 e+ has cemplet;ely dizagy-
peared. The very mﬁil,ab%zorptim b 980 cm"l 1;":' spectrun 8, Fﬁ.:.;;.' 3, shows that

alresdy some crbhop ho’s”?m: te has formed in this substance (see also P n.um.r. yo-

3

t

sults), ‘These vrc‘:sul’c 8 show that cyclie and linear npolyphosphate esters can b

- distinpuished by thelr IR spectra In the 1100 to 920 cr:fl remion 17 mu« samnles

are very dllute, Cyeclic esters show a characteristic absorption st 1005 om l,,
. , . -'-1 . A ' -
linear esters ab 101%0 em &, and a less characteristic feature ab G40 oL,

2

’ &
he U.V. speetra showed ne special fﬁ"lGdI\?? dowm Yo 2400 A,

‘The preparation of natural i olynu\,leotm\w from nucleotides has been elaime c‘:‘

4T

bug could m’c be reproduced. Two reaction re,nwr-:s at an nucleotide molecula
are ;)@‘cen‘ciallv a‘iéfﬁ..lable.)‘.‘oﬁ the attaek of the poly g,}hf JW.tl’* vsmm: t%i;é ph.oé—-
phate w,,mw ﬂ"l(fi tm, rw'war;l woum of the U :a'-. o f:?.nd out which 15 i‘-av-c:mf:i ,"
it should ha, Pnom, AL the r:‘.imux*o‘j of Lntwa‘"\cvl*\mnm' ohate esters or any of t el |
reaction froc‘uct*s wlth water or ct*zzu 0l do mact en silv with simple arthophos ,m; sﬁué-
stérs. Theped om, &_wuul !gdmmn ortbmhom* 3'0«3 was rm.xpd with (“jCl and

k also aim lineaw wlyp 103})%1&'063 @stem.' In R pamt.n em@ri‘nﬂnt thé cvolie e‘a‘zd.
lm@ar easters :"em .&1&0' i xeael to;gezthér.; The mmo of‘ 'c e wbom horas '1 .1". L,.xgzalfcﬁ;: |
of the initial mwma}. dc.t rrined,  The ratlio of the peaks of the 2t xi,m«u,
o%tf,dn-ad from ec;u’imlér gmounts of them czm be efz“ hr éa&lculatéd as the arith- - .,

matde mean, i 16 is supposed that no reaction .,.&hc 5 ploace. Howaver, in thone
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30w
cases vhere strong deviations from- uz c:alculabf~ fﬂ't.‘,@u ‘Are m *m in t’w S“(?f‘t”'-‘.
| oﬁ‘ he miyf;\mes PR A cm e wmlu:ied that a ction ovcm'm i ﬂza & cyc.% at,” 9"
m‘c:orﬁ_ai zms u'sad; o t;emal 8 co%}, i) f‘ 35 0 cycuc tﬁcmr'}ol,; shasphate éa~® _m
- (40,07 lsocyclic an 4 5‘5 0% cxyclic mwr’,.) and ”‘ ' O“E 3} ar wurvr;-,c‘::ly;:‘::jmf;spﬁaﬁé" |
esters (ace ox'dim; to reference LLO]) }.‘*V*ar egters ( e later) the n’;ct}m e
pmducts; _Qf material D with waber ( substance V) o; wth r’ml (VIIT and ﬂ) WL i

useds. Table IV ll?ﬁi’L“ L‘“, 12 DLt resulls fm i'hu gs.,art;.nrf m&bm*‘i 1ls and also the.

£

caleulated and weasu ~ea valuc.; x{"w 'L‘}c ,u.»:,u* m. C'The IH apectrs cf‘ maberial B3
‘and of miztures (1) te (3) ‘Show & :sltsran,; ahfarr)tion at J.m c"; wnlcﬂ of
cyelle compoimnds. (,aesa_ above); 1t hasz aia*hpv: rnd :’m ,z:z!.‘:;‘wm ("4)s

-

To find eut v:hith solvents are u w"ul for maof Tory s wh t’ﬂ mvlﬁnozpna @ esters 57
solutions of vmtv:zrial D in different cumf‘ul? v a:ir* »a solvents were alo e;-:ém el
by "xea*r phosph oma Nl ;mumnwm% h»m» on in ?‘:@ mwctm rust mc Lc,ufx .
a X’f‘oﬁtiﬂ;l butmm the pol‘;mcagnmm m‘c'mx rs.mi Lhe "f)W(zﬁ"i:. j2ls) vhm** wers . o
“eumu, aven uoom ')"olon red ha&uim (6*0" or. rmf‘luz, b ‘w) 17 ther mtw a
a;ls_ﬁxo}.ved n hlcmroms .i ehloro zmt‘wr* mm aolv hlm ,Lnn wc} athanes or "“1"o~ :
DANES ., | He ‘ 'ingr f"or' &. 5t 0‘"%:(:1' time (10 rrm) .“s 7‘)0“"‘3.?)_, :? “*mhen?enw sgeto
nitrff’;le , :mcx)i C"L(L.Y'ilt,, dmnuw; formas m@, alo»vm@ ¥ xmthyl acec&t@ and s:’.c'_-h;,rvlk v‘ __
&ica:etate. ”’mlw:zm& ’mﬁ: ing 5 mp) cws 3 -fli::ﬁ'atl é’éz'amzas c>jf‘ thﬁ ;P;;i"'i;iu".fs‘ of _*ch@'

5

pseal 53 th«, ch NEes were Wm s‘m;l.l 1L the cmlutirm re\':mnssd at rc_som terperaty rm ,

(T2 80).
The Bl *ault euwa *)zx.mme o“ P 'mci 3’ reamwm never obwrvea in rﬂplm

of "f—**‘u;l m2 tan"xob k'ﬂ;e”. c&mrsolved :’m r@olvenlc;aﬁ.r ated ayamcax“wc:rrw. Howo v'c»?,:_‘ . s

when :rﬁ‘c@r'ial ”317 was heated for 5 m at 1‘?7" in .uimmu yl -fo *nr*xiw R ffw w?:m'tr»

2 spectrum mm 6% P » 68, ?3,@_ Pros 2-.. £ Py zmd 2.,,, P wnfs observed: This 3

way indicatc that rﬂorsjm‘"" ion gr*ocesseﬂ ovcu:r' m "u ;*"11‘; pol' » zolvents at . dh

appr*cc able rate, eaps acial_l) at lru.;:lwr t@memtums,

. s oLk
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“1lm

TABLE IV

Tmitinl Materials (in chlorsforn):

ax'cno,\ﬁ'mag.mate ee:;t-

P nJners pagks of mi:a ures of c*vclw and lmear* nolyphosphate and

(6)

VIII + (Cig) POy

P P P
o, ‘m b
Haterial B (evelic tetropoly- I ,
phosphates) - 12.5% T7.5¢% 10, 0%
substance V (linesr tetra- -
polyphosphates) - trace 49,94 50, 1% -
substanee VIIT (linear }
tripolyphesphates) 2.7% G452 34,85 -
subatance X ('pyr'czghosg:mate:s;») 13.1% 72.5%" RE: A ~
wui rrvol&r ’;thwcm (in oh lcworom)
Components N, m.r. cdlCUIm.u’?;‘..i ("’) f ' ney. found (%)
xPQ' 2 ,au3 Py N [ UM
) B+v - 3L2  63.8 5.0 trace 334 62,6 MO
(2) B + VIII ' 1.3 37.5 56,2 5.0 - traee 38.2 532 2.5
3B+ % 6,5 43.0 5.5 5.0  trace 40,8 56.8 - 2.4
(4) B *+ (CH)HPO) - 500 38.7 8.0 trace  37.9 0 f2.1 tyaes
(5) V4 (CH PO, 50,0 - 25,0 - 25,0 - B8 645, 267




.y s N

Iﬁso‘luticm in f‘o W“‘Q.Cl(: dimﬁh}ﬂ Ll”oxlflw, acetoney ethyl formate,

emyl orbhofomatb, or- t 1ydro fu_pan 'a-r"@ h@at-ed.for br (the flrst two

solvents at 90° “t:hu JU”‘@ ycl “t Wa’“lm: tw‘momtum) tw p 1om">.1om spectra show | Cox
simif' cant C‘?&ngj:“s‘ t’;rxe :’ 1 tj.ﬂ:?")ﬁ' s, the P nea,_k decrease s the Py psmc _ '
inc "‘L"’J&‘" , md som«at‘? s - Py iw f‘oand. h‘ith ﬂtﬁ exomuim of anvvtn‘rl sulfo 1ch .

8iml l,:r ch:m, o8 were o 'calnoa ir tm ucmticfm cstof)d a‘t room Lenpe mi,tm_ for '

72 hr, *iowevor, the chanre in ‘ahe pnu* ,or'us: n.m..m. spectrum In dimethyl mtl? '

*)

roxide solutm*x aﬁ roorv temem‘cura were rwrlifrible A reac icm also ¢

£

1k o
place when the ef‘ﬁ_ér : tmatcd ab "’O" or oﬂ° with p"r'iuim » c,.,CPtjC acia R or -
a.ceticvamay‘cifi_ds-;. ap\.ctm xmo 2 entir'tzly cii f‘@r@n‘* .':x-,,,omt"j_om than o‘ 0se of
pure material D arise. Absamtions ocour ab +12,’ 4-25 ,,. +28, and +36 p.p.ome In
pyridine and at +0.5 (enly 4n acetic acid), +10, +16, +1.9, +26; +33, +39 p.p.m.
in acetic acid and acetic anhiydride., | | o

From th@’f@zﬁmﬂtﬁ dos,cribea above ;) l:v »f-bllomﬂ ng coz‘clus 1ons may be Srawn

(1) i”’iixtﬁ:r*es ol”‘.\t@tr';i{mlv phospl mtg, ﬁa’cﬁro (w‘cwl rmtam%p e) are hir*h j
sensitive toward a nuclém;im-iié aﬁswl«: by water or’ mth&mol. Bmh oOlWﬁtm

react with the es uGI‘m An tne s&m nk;nnm. When aﬂ XCess of U'lt&BI‘ or ‘ethanol |

is U,sed,' he rb tr*uc,twf'al mii. diﬂagwarb uwj mnly > tnedmoth of the P,_ unit

. d”or;s S?‘ia.r’{)lj, anc} uhe ncmf of‘ thb Py umt mcr'eaoe.a (in th f;mt 0,25 hr of‘ _

‘Lhc ecxcticm, Bee E"i 33. 3. and 2 and .;aole ‘I anf* II) 5 means t}«e rmv .

¢

: etmcuwaa I, I..(. and III am vm:'y wexzaitivm and we op@ned first by the Lmo‘& '
:_of x‘?'lte” or @’cmnol to f‘o:m lincw etmpol*mno pn Le mtmr' w‘ﬂeh i :'n aCCOl"*—

'.cmnc@ x»,ith r ’iulm‘ of‘ Wc.x.ll, Clein and (:d.lvjaulJ 'Fha f’urmer rencuon of <~m

[

ll*:ear ester wi h watcz"" and ethanol occun. at a "ower mt‘_, ﬁ‘i.v-n an :i_ﬂcrea,,inJ ‘

t

amount of’ c-r"ho*ﬁ ha,te > wufe "eng tr* wnoxmt of‘ ‘Lhca " utmctlﬁl’dl unit decreases

and the P,~ Deax: ut&‘]b rxedrly conota.m ( in the f‘irrt 10 hy und=r thﬂ e ndlmom

siven in "ir. 2 md Lable II). h.m m ans that optqomhmmmtc esters (or ortho-



] B
phosphorie acid) s aplit off | from the polyphosphate mtws, trinoly- and pyro~
.;;;;hospriam.@sst@r’s'.:are fom@& aucceww@ly; .ifr“mrmply it was supposed that no
tripolyphosphate essiﬁm*a were formedei, 2,y the {:e“cm;gﬁolypz-a sphate cs*mm u_;ear:é
split into two ?WC}@h@S{Q’r:&t@ eaatem,i?ﬁ The destr w::‘i,im of.".'tl';m p:}ragvklosgaézaata
msleculé- ocours &% & mich Lover raﬁfa, and is i‘,ai' from belng complete even after

72 hr at 20°%; at 100° after 0.5 hry only orthophosphates are present.

. ’ N 0 . :LO K 3 M
a5 was glven earlier,”  those speciflle amounts of water or ethanel were added

which were caleulated to be necsssary for the formation of linesar tetrapoly-

o e - -
tripoly- or pyrophosphate esters, substances woers obtained whose 31p Nelle Xy

N

spectra corresponds .

3.

to the caleulated ones of the tetrapoly~-, tripoly- and, to

some expent, also with that of the pyrophosphnate ester (Table V),

TABLE YV

1
’

Ratio of 31p nemeTs peaks of the substances prapared from wmaterial D and water or

' ‘ethanol. - These p‘m;lucfsia are . asgumed to be malnly tetrapoly-, trinoly~ and pyros

i e BHOBPNAGE. @atErR .
‘ o PROGE

P non.r, cil- o o S P riters found (%)
o eulated (K)o witn water T with etnonol .
S U D ) % U —— " 5 _ 5] R

tetrapolyphose - " SR ‘ Lo

- phate = 50,0 30,0 V.otrade 49,9 50,1 VI 1.0 0 WT.T 0 Bl.3
 tripolyphos— ’ o S : o : o , e
phiste o~ 66,7 33,3 VID 3.7 6Li9 - 3.4 VIITD 2.7 52,5 - 34.8

DYrophos=-

phate = 1000 | - 'IX a3 %130 7350 13




o LA

dolecular welight d%&muutm 13 rsimmd in pzwticulm* that substances ‘/ :

4

and VI have an average czu;‘z:‘eﬁs of conamaat?on m f'}*m, ox the tetranclyph 0@}) e

3

esters, VII and VIII of € mt m the tris ol*rpm:mm & ,-stem,, and X of thab of

.«

30 pyrophosphiate esters. The | { gecL re écnf‘im %.itaai, no aiwm‘“ium amounts

,..,‘

of c-éalic corpewnds are ;mww‘c in the s wbstancss V to X

ore 5 & l.il"f"r"" mmwa off ';}'ia»_vasécoa.iﬁyyﬁ_.n th::* series of the & bstances
_‘{’,{ VIT, and I;\. ‘i‘hé substances A‘VEI,, '\:“.III,_: and X mvr* mach lower viscositieos
witeh do net d;f‘fnr apprecizbly. As is expected, all the substances show a
"R “mx& oi‘ tm OH protons in the Ly n.iLT. spectra inereasing from VI, VIIZ
to X and from v, VIT te I, This pesk lies at 1?‘3 (VI), 12.7 (VII1), 12.8 (%),
12.9 (V), 13.2 (_w:z) s and 13.3 popeme (10). |

Yrom a1l these measureronts we corncluds that the mixtures V and I conod

r,

;-r-afﬁnly of l*mc"‘ yctrmolvo ah chol] Jv:sté?v*s N 'JIT fz:i VIIL of hp@aﬁ trinolyphta-
phaté ssters, and IX and X of py. ropnosphate e:é'mter’:s. However, the ?'rx.;n*».}:"
speetra of the ga%;rag;si'ses;'vl)a‘i:@ ca tem clearly 3 m‘b Joli; N tu&t i,huf«*w gubstancss
are actually enguil :‘«. >rivn mxtums with o:nly an avrsmm degree of conﬁensauiqn

»

of that of {:m proposed Lal"U.\.» tures, i’;tz,»‘:y cmmﬁ_n Y p*‘mcip'll compound ha\ring the

pmp@aed tmc:‘é‘ure w :ﬂ, LM mtm Larger and sho*"*nr- r:'ondum 323 ch Lz pho: w,mmm 'y
Seme eonclusions ﬁbmt ’c 2:3 ammt of tzm prd ncm‘al co"zz ound In mixtures *‘Ifiilah .

contain m&;ﬁnl},f mehosphate Od'ﬁﬂ*"”ﬁ‘ can bﬂ dm.«m ‘f‘vvo n. e guectra, In o

oixture IX, fc:r em"mlc, the. 2 amount of yjr")'ﬁh{)’%p wbe will bhe lowes SG.?:’:%,' if

the :'f:i"'d}.e honded pho:mhows exds ‘ss an'!.y in the f'orm of Lx‘ir)olyg Hoh shate and will

b hiz"n 5ty 6177, i }"' “~n3tb only iu the. !:om of‘ ‘c woly{,a;.t b wme. i‘de}wh B

w(}l;ﬂ‘ "Lp hates ; muld ﬁe ech»ea to ccmtm i i«ni“;t an ly £0 the rs:ﬂu i—-

Brium eomg)o:sition of ‘crn‘c mxtm"‘ea‘ :

Bimtler equilibris of nephate antars: v@m 3,1'30 Ob""“l"vf*ﬁ. by Schwaramsn and

3

YVan v"zprm in mixtures of trie thyl omuorhfmm mw 'mc? Pg Yot



- .!--AI i

(19) ,..‘. Selmaramann and Je Ko Van J:u:w Jo Am. Chem. Boce., 83, 305 (19€1).

Yor the co.;g)let@ destruct im of the wm*mo,wiwte mructtwe, an exeens of

mter 1s necessary, Table III shows thet ue attack by a small amount of water

[lrd

procesds only slowly. The reaction is far from bem complete even at 75° after
5 hours.

Iq¢

(3) It was found tnat: the atback by water (ethanol) on linear tetresolyphosphate

'm"ter splits off c:r*thomo nate successively. Thus, the rﬁ xXtures of trtﬁ.z:rraly—« and

o
N

of pyropho 'Y)hm.ﬁ&“ esbars cannot be formed only ‘W dimu’c («.ttb.\,h bw vater (ethanol
on tmtrmcﬂ;ﬂ) wepnate i tripelyphosphate, bul must also origlnate from an athack

of' -ort} hep ho w;mt;m alreadj i‘onmd o thegse :;»z-_zb stonces. . This r@ac‘i:ion progecds

iy

T
i

S only to 2 e:*‘c.g,..n ofmiliomwz, a9 *i, ¥ spectna of Ouhwtunc@ﬂ IX and }:-:’shcm,
Van 2XCOHs ,@fw«;&tep '(-&tmz‘mcz:;) is present, the eztta.cif by the oriﬁ!*zog;ﬁ«owh&te is
masked by the mach fa?.wr attack by water (@t}';aﬁal). The rmulm cbtained when
ortnephosphate .im@lﬁ 1s edded tc_a wixtures of r;ol\_'phc:wm & aaters, as mxé:z:-rmizad _
in Table IV, az:cér;ﬁn COLs &zaai,;m:;,.m In mi,ﬁtum of diethyl hydrozen owt‘m-
: ;ﬁfz‘zc shate and triﬂaly- or tc,tmuc" yitwaniabe @m well, r‘f: ct%fm:s occm're lead *’:nf*
to m@ sams @qu;libmg. 3 wzsw} bm &bova. Prfetmfl orthcr:*"'om Lo roacts in
the same 'mrm ery bu‘c 'vfary muc*h slower, I dle,‘uhjl wcxr’o**en orthop :?»»3; Rbe z,,‘m

added to evclic te‘cmpolypbowhams (mata”i al z}) , a mi.mx > with 37.9% xM and

62,1% ? WA ohtain@d. The molecular welght f.md the 1’.R ﬁp&scﬁmm suggest thot 1t

cm,,iata mainly of 1imzm m*‘*'woly;mosphate ccstm" “The P n ; namr, and IR snectra
obtalined from mixtures of cyclic t@tfaz;aolﬁ,’m:os;jhatei-: (mmr'ial 23) und lin‘rm
tetrapoly- (V), tripoly- (ViiI), or §j§fmyhc$;;gahaté' (-_X) do not indicate aw reaction
between the cumponenta. "’ho rost @émsiti'm a.tom Tor an attack hy th«é Iinear ’
esﬁém is'c!oubtleimi; the branched bonded phom‘*xoms » but }f'o amount does not

markedly deorsasze in th@s&@ rixtures. The sm .?111 decroase obfsc.y‘veci mizt bhe causad



o] Gow
by the ':zc’t.mn of ux"all é;zmmnt of erthophosph /d, 35 *;ﬁl eh ww’e» nresent iq L‘we
i"lif.’i..«l lﬁ:‘.tear esterm Since the resct ‘1 <xoe£§ m‘c *xmce*% f‘mm,r,, the rate
of t?rfa‘diq ropomi@n ation of‘ cond imec‘x phosphates to form lower and him} 20 CON-
dansed and or‘u;haz:a%mfsphates muw-s 0@ low in ‘b ,\;ekanz;:c 'r .1‘3 at room Lﬁ“‘onmm‘m

(25°), Az .mer*v% by Sehwarzmann and Van Yazer, ™ tetrasthyl p yf‘ommmmw

itself does nol have an o !.%J.M)Piu’”s eamposition i€ it has hesn cnl y recsntly
distilled s,t roon bemperature.

These c»wgmr:@.nicm :mf;- st that reorsani J‘: ! .‘Lm nrocsssns of m:mmu estiers,

1

leading o a c r’ air ey ulhamw:;, may dlffer mrestly in their rates at mom tem-
 perature, The rate i3 hlmn enly if orthophospnates are involved in the ?c‘@z:‘zctians@ _
It seems to be much lower only eondensed phosphates are involved in the

e :io S . An"x, may @;‘{f’)luuﬂ wlzy no evidence f“o a disproporvionation of the

€3

£
b

te‘cm ;olf;a'ma;,mme egters, &3 contained in materlal A, Bs D, and E, could t
found when chlomf‘am solutions were invest 'ﬂ:uﬁi 10
. The distribution of tne O;i and. C,,: s erg,%ﬂ m the ester mlz;aculm igs pmw :
bably randem: all ‘c;hwmtically possible ethyl ‘hydrozen tetrapcly-, tripo 13'« ox*
‘pyrophosphates were Tormed
Some organic solvenits, including acetone, formamide, dlme agulfoxide '.
(4) organle solvents, including acetone, formamide, dlmethyl Jli‘\m >

ebhyl .or’chofionmte 'and tetrahydroe fumn-, ; Anduce deg adations of © he higher cqﬁ» :

b B

densed o olwm}mm ates simlar to those cavzzcd bv m‘cor or ethanol,  The d@-l_‘lf{#
‘gration of the s.oiif‘ents by the pclypuo:sp%tc u;tem ia cor*'- idered to he. the mgt :
likely re 2ason f‘or this ohuervc.mon, '”’his C{),;;)abiljty wmld q‘u,‘-%ﬁ_i_fy'tbs poly;;aims;
phate esters not only-as ad afpnt, fo” the w‘uﬁr ing polymerization of swm‘w
.mtémcyelﬂ.{: 'bawesf_ahd wﬂﬂm acms > ;L'}ut also for a large ruber of‘ other , ?:iafz'}yﬁ'
f”r'e.tion proces ses. S | ‘ | | |
I 15 to 1l :e “axpected thdt the ca*n,bilﬁ Ty oi‘ the "Iinear nofl.‘m lospk‘iéat@ @siam

(substances V to X) to 'srociw‘e he delyd acio: ol fmer'izati N reactlon will differ



L

“from that of mixturss cé cyelie and liﬁear tatrapolyphosphate esters (Methyl
metaphosphate).  Purthersore, this capabllity will‘aixo differ among the lincar
polyphosphate esterﬂidépen‘ing on thelr average 6@érge eof condensation,
‘_FayQS-and Hﬁhﬁburﬁ ohserved noudifferwncé iﬁyth@ reaction of tetrapolyphos-

phate saters and thymldylic acld or -thymldylle acld dihydrate.7 Since 6.3 role

o

¥

te?‘"mf’g’lif"i’h‘-)ﬂi‘«‘llﬁt@ esters per 1 mele thymldyllc acid iﬂ_”.h:;fdm.tca wers used, a
large excess of cycijc”compounds st have besn prosent in both sets of exneri-.
ments leading to the consistent results ohaerveﬁ.‘

An undesirable ;}hﬁ)ép_he:n?:,fl& fon can ocour &3 & slde reaction with the use of
"ethyd mﬁtﬁ@h@ﬁpﬁatC"i'fﬁr dohydration polymerization reactlons. The eapsbility
‘of causing thls reaction should alsce differ among sha many substances ncw proparsd
'ff@mv"@ﬁhyl n“taphosphaﬁe";

- For the preparation of polynuclectides, polypeptides and polysaccharides by

means of Yethyl metaphosphate™, extreme care must be tsken to avoid any access {¢

waber. Because of the larpge difference between the molecular wrights of the

tetrapolyphosnhate esters and water, even small amounts of watsr (04037 g water

S

—
per .

Fat

ester) can cause complete destruction of the sensitive ring structures.

-y

Since somz of the sclvents ugzd dn the preparation of polyrers eon also react

with the polyphosphate esters, inconsistent results may be expected if dilferent

7L - o

© solvents are used. CUpon treatment of nuclestides with polyphosphate esters,

the initial atteck may occur ab the free OU sroups of the supar as w2ll az ab the

phosphate group of the nuclaotlde. All of thess factors msy asccount for same of

the variable-reéu;ta zépart@ﬁ.°~7'

L&

From the wide rangz of polyphosphate esters, whieh are now aveilable from
Tethyl metaphosphate”, only a few compounds will be effective in producing poly-
merization without phesphorylation. Studies of the effectiveness of each of

these esters is now in progress.



.V shows, | ALL substances were 'emi;:mq with an ccm’acv of ol wiZe

Ten nelther water nor ethonol was "ﬂve alved, all m2as uz*:e:“mi 3 wepe pert Tormad

-«

under condibtions of axtreme dryness.” The ;}m-:pma uiw and n—,zrulfi,w ip z:*ocmwm RO

followed those of referency (10)« Absolute b .ml wan usedls
) ,;{r:"'?‘.nta}.- amzlysls of substancss ¥V to X uns c;:ir:s.tr.z: out & Luc the ¥, €,
and c::)"zt:mi; is gmmatam& d by the values of materind D and the smoant of

)

e SR o . .
rber o ot zsml sgga.u«ucz‘. . : : ‘ R

v

F TS PN AT ,. i e e ¥ A
*tacw( i withn &ri BECEEE L'h.. Walor _;-é.ﬂ.r; 501

s

Fim, vl.w- {3;):10'._(} & ,(a}._azz_; ml Y material D77 were quickly dissolved

T $ora by . S - e Bey oy iy AWy S o ocyn Abapm Jaeneydw s d
(2011 wole) LR M ace Dath was used $o compensabe for the heat of

(TS & F il
i 20 8 i

the '?@&Ctiﬁ“ umtm,.,a; the firat 5 wine Theé solution was then a_ll aad To s&mm sh
reon mwz., ds."ure 2 ) and m:"’ﬂ&” Tor the num r-- weREAreD m,s 1:"3:& balien 1 "’”u'i o
EY ) ‘v‘ ®- 0 L g
Bt

tzl@ ,ﬂi};t,wm Mx‘ cerz:wz ﬁme ix’lt;@rwﬂ:a. The same c:ﬁmemﬁ piong were o lif:d
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»ffm:;.a
amounts of water: for O. 0270 rle Mnear ssters Ao mole water; 0.0611 mole
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Procadure as Jescribed wnder VI, Final con m ion (2.7% P Ga.5% P, , 34.02 ©)



=20
reached after 2 24 nhr

Molecular Wei&n“"_ (C h...) ND \} 10 370. 2 (qu*)ri 3Dln 398@&, f‘ound "anlru'}’a

nn20°‘1.ﬂ31*.density‘a0°.laBJud’ viseosity 20°,3999‘§0+Ss, o jff
%?E, Vubstﬂncc Lu.v (nyronho sphis te e3 teru) 43, obpa'g mater@gifg P 2@03735 z o 8

(0;0657 mole) cyclic esters and 18,6819 & (0.0290 m@lc) linear @aneru WATY UsSe ed,

Necessury amount of water:. O J”“O mole and twlee O°Om57 mole @32.85ﬁc“§. Fro- -
h@dur% a8 d@scr¢m@ﬁ,unu@;_v, Final'composjtian (14,03'90,_7&.7>Pt9 11.3% Em)
. wm'),cn@ﬁ afttay ldh‘l". ‘ _ | ) v ) -
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the

Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access

to,

any information pursuant to his employment or contract

with the Commission, or his employment with such contractor.








