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"othyl metophosphatae” or tetrans
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uselfnl starting material for tho preparstion of oolyvnueleotides. The iro-

Cles of the reactlons of the estors
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also proceeds to an equilibrivsd.  Ho reactis

polypnosphate esters were observed at reom temperaturse, whieh Irolies that
the rates of the disproporticnailon of the linesr g,)ol;';r~"~i“af>spbate osters ware
low. Some orgm 'ﬁ.C solvents previously employed Tor Gne enydrating nolymeri-
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zation of surars, amino aclds or nuelectides destroy the tetranol

aaters, The vorious substonces now availe
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able from tetrapolyphosphate esters by the action of water or
reactive solvents will dilfer in thelr capnhilities of preducing

ob

the dehydrating polyrerizatlion reactiom, Thus, one may ox

L4

that very different productz might result from very swmil iffer-

ances in reaction conditlons,

A conslderashla conbroversy exizts about the prenaration of
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pounds such 23 water and ethanol 15 desirable but, unfortunately, iz so fo
lacking.

It was known only that tne final products of the hydrelysls and uk wnolyslis
are all the thres ethyl esters of orthonhoaphorle acld and ortho mw,f\‘"m le neid
it:sff:lf.8’n’12 Somatimes esters of the pyrophosnnorde acld were found. 0,11
Recently 1t wag establishoed by potentic metric titration of an anuzous solubion
of the mixture of tetrapolyphocpnate esters that tho esters easlly add one mole

1 4
of water. 3 In a paver chromatozrashic r;tuclj,l waters of the tripolyshosshorte

acld were dlscovered.
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(14) W, Wieker, H.-P. Walter and o, Tllo, Zer,, 97, 2385 (1964),
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However, the course of the reaction and the nature of any other Intermodiaten
]
were quite unelear. The resolution of this problen should be possible by mesns

of phos ,Dhor’us Derers measurenents as Tirst applied to the study of the hydrolysis

and ethanolysls of the “ethyl metaphouphate" by #elll, Klein and Calvin.lrj n t‘:zé
aexperiments described in the present paper Lh kKinetles of the resction of the
Letrapolyphosphate esters with an excess of water or ethanol and the reaction
with specific amounts of water or ethanol as well as with dlethyl hydropen phos-—

phate were Investigated by weans of 31 P oang 1H num.r., T.Re and molecular weicht
me a;um*mmts .

In our samles of tetn :\”»olyynosuham eaters throe di"f‘emnt peals are renoere
slly observed in ¢he 31:’ Nem.r. specira In the presence of water or ethanol. They
belong to the middle bonded (F,) » the terminal bonded ( Pe) and the sinegle or
orthophosphate pl'm:sp‘mrm (¢ ), (see Chart 1). Detectable amounts of cr-?f:-‘cf'mzl

bonded phosphorus (P ) were found only in the absence of water or ethonol., Wnon
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of the 3ip n.l...r. neeks e dezlmated in Table IT as A, B, or Do IF
ratlo 1s 26,27 T 6) BL Pus ond 4,08 1y the "*'Le” ‘W called naberlad 4
according to mfx n,nc (10).
1,
o f‘tumol at room termerature, the ratlo of the 3 P n.m.r. pools onead
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characterintically with the time of the reactlon as can be seen from Flo. 2 acd

: n. . .
table L. Tire 1 shows some examples ( of tre 2P numr. apectra of products of
thils reacticn, There Lo ne basic j’if‘ farance betwean the action of water and of

ethanol, except thab ethanol seoms 1o reset a Uittle facter. A mixture of Lobrow
solyphosrhate esters with another corpozltion of cyclo (IT), isooycelo(IIl) ond

. 21
linesr tetr ,Jolvp‘w",pluw esters (IV), which 1s indicated by ity different St

£ ey
Lot

n.m.r. spectrum (naterlal zs)”, and also a mixturs of hleyelo (I),' erelo md
Ceyelo tetrapolyphosphate esters (material A)” reacts with both water and ethanol
in the sarne. pprner as materlal D (Tuble I, but differences In the rate can b
cvzerved., Only oprthophosphate could be found In the phosphorus ne.r. 83 aebrn
when the tetrapelyrshosphate esters were reflwed with excess waler for o perlod
as short as 0.5 hr.

The comp a:ut;ion of mixturea of tetra; >oly;:>ho,f;;;>.lmte esters was enloulatod from
Shelr 31 P numrs :;mqt.m as descrived m;wicusl\/.m Prom that worlk, matorial D
consista of 20.8% lsocyelo, 48.6% cyelo (tomether, (9.4% cyclic ecters) and
30.675 linear mt“a%lf;n aphate esters. For the destruction of the cyclie struc—
tures, one role water for each mole cyelle ester should be nacessary and the
31

resulting linsar tetrapolyphosphate ester should show a 7P nuar. snactrun of

504 Py and 505 P Based on the camposlition glven EL.)QVO 240,487 of ong oouivoe
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lont of woter was added to material D, the resultine suwstanes L
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nHOSPROTUS MLl P spectruwn with 49,970 “,L s 50,15 D, and a trace of 7y {oubrinoen
,l

Y)e dhen the equivalont omount of ethonol wes usd, 7,74 P, 51,33 7, ard

1,04 P, (eubstonce VI) was found,

A caleoulation shows that for the prenmoratlion of a trinolyphonshate eotor

(66,72 P, and 33.37 P,) from the mizture of cyelle and linscr
ks

estera, /3 mole water per mole oycelic esters md 1/3 mole wuteor

aster 1s necessery. I0, also based on the compositlon mlven zbove,

A0.0% of 4/3 equlvalents and 30,50 of 1/3 equivalents of water were adided to

ot

e Ao e R ~ . - v © 41 v ~ O ™ . " P
material D, a substance showing o nomr. sooctrum of L1090 P, 30040 ¢, a0

2.7

3.7 P, (supstance VII) was obtulned; 10 ethanol Insteud of wubor wos uned, the
g 3 o] 20 IR g brds H o~ ol -y
spectrum showed 62.5 P, 34,83 Py a00d 2.75 P (substanes YIII).
~

o

o1 . A ~oay PN e nisde E : SRR
the preparation of the pyrophoaphiate euter (1007 ?’t) from matgerinl o)

- - . - . ST NI el ot o ..A,'.
two wmolen wabor ner 3.(.:‘.1.\:. of tie C);"J.L\.G COMBOLINAS - an one

£

cf the linsar compound is necegsaxy. IfF, oaoed on the componitlon slven

3 3 Lol (] “ ». S e 2 B - s vy . oo ey a riy A
anove, the suma of 69,45 of 2 equivalenta and 30.62 of 1 emalvalent of water wors

addod to mterdal Py Che substancs obtalned showe

i "
P and 18,07 By (substance XX 1T ethanol was used instead of water, the
spectrun showed 73.3?&1 Ps 13.4% P, and 13,14 P, (mibgtance %).
If, finally, the sum of 59,45 of 4 equlvalents and 30.6% of 3 soulvalonty
of water or ethanol z~:ass' wdded, which sheuld enuse a complote conversion of tho

wolyphosphate esters to crbhophosehato, the values siven in Table TIT vere
obtalined,.

It is expecte ‘,mt lincrar and cyelice ::Jolynh sphate esters will difler in
thelr spectral pr ﬁ;ertie:&: s @special ly i the infraved rogion.  Accordins to

. 8 onn: —r .
Crarmer and Hettler, 1 eyelle polyphosphate esters nossess an TR abeorotion hand

0y

. ~l , .\
£ 1330 em T onot ohserved in llnear esters. Pollrmoem and Sehrarm

vy
[ W P
TRANALG v

(18) 7, Cramor an

mere, 01, 2281 (1958).




i e Ay ey -~ g B DS . P s i 3 e
actra of felropolyphocpiate esters clolming thot o band at 1310 on 7 dia
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peared won the addition of amadl coownts of wnter, The spoctrw we

werva very simllar to thosoe punliched oy Pollrmann vl Schoamm, bub the Loand ot

:3

.y wm o P “l 2™ £ k) >
1330 (1310) om © was not sufficlently cheracteriztic to disting

cavate oy
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haot Lo ond Yincar polyoho

Reaction of a mixture of tetruphcanhsbe estors (material D)lT with wator or ethanol,
B mole water {ethanol) wer L wmole crelic, and 3 mole water (ethmol) per 1 omle

¢

2o o, - . . "
Yinenr estors were usced.

e _ ey fenanol
{ v, Pl 12
o) W s &
24 hr, at 20° 53.35 LT 13,84 5027
0.5 hire ot 75° C 61,95 38.1% 53,83 UG,
1.5 hweoab 75° 02, 4% 37.64 65.5%
5 hr. at 75° . BGL3 33.T% 78.2% SRS W

In very dilute solublons the broad *’ni‘."%mm absorption bebween 200 wnd 1300

oL » causad by F~0-P and P-0-C vibrations, condd be rasolved into threo strony

bondds which occur at G40, 1005, and 1040 o ~L (% 3).  The band at 1005 ¢

1o fownd in the gpectfa of &1l polyphoschate esters prepared by hoating 7 u:‘} 5

with dethyl ether (raterdals A to E,;‘).l? The bands ot 940 and 1040 e 2 s miIvor,

dno not appear In the spectra of materlals A end B, but appear in those of materinls

nd ryes = M g T
and ¥ oand dnerosse frog 2 to B If a

) - - 4 PSR B T T
eaulvalent) is added to mubterial &, the
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excapt for a small shoulder, i7 1 -\.Lz_uvmll L oor more of water (ethunol) 13

. 5 . , -1 .
{subabanes "\v to ). Slmdtumeously, the boand at 1040 om s il Lo n

tent that at 9lo am’"l, ingreasss. The s.-‘-711,im or 0.75 eculvalent of wator op

. 4. . al 1 he Wy e e n
suarters of the cyelle structurss;

ethanol to matorial B should destroy tin

the addition of 1 ecuivalent or more should orplately de:

Ur

xeted $o be the most sonsitlve ones

tures, slnee they are e
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2 nuelszonidlle swhstmnee (see P n.mr, results ond referance [10]),

2

In the speetrum of b ictkzg;l orthophosphate two strong bands are ohiery

, 1 . ~1 .
ong at 1040 and another at 980 om . The band ab Q40 o™ nos comnlotely 41

A * b T e b ypnpes b e
ctrun 8, W, 3, zhows thot

)
3 - - ~ - o N
reared.  The very small absorption at 980 cm T oin aps

alveudy somge arthoplosphate has formed in thils substanes (sce also P numee, o
sults).  These results show thot stors oo b
tistinguished by thelr IR spectra In the 1100 to 990 (':yf'g—l resion 10 the sonlos
are very dilute, Cyelle esters show a charscheristic absorntion st 1005 cm’l,,

-

linear esters at 1040 ¢m T, and a less h;mmtﬂrh'ti featurs at G40 onrl,

(o]
The U, V. speetra showed no speclal features dom to 2400 A,
1, ; . 3
The preparation of ﬂu’(- u.l podynucleotides from nuclectides e

=7

but could rm ba reproduced. Two reaction centers at, the nucleobtide moloculs
are potentlally aval Lmlp for the attack of the polyphosnhoie osters:  the palulatot
prate sroup an t’k, Y\*'ova}',!l proups of the sumar. To fMnd cut whilch is Copvemad,
1% should be lmom, 1f the mixtures of fo’trw'\ol\,"mom‘n:\te estors or any of thedlr
reaction ;;—rbduc s wlth water or ethanol do react _uilv Wwith olrple arthonnosphabe
2sters. Therefore, c.“tlgeth;/l hydropen orthophospiate was mized with cyelic and

Calao witd linx,,  polyphosphate esters, In separate experiments the cvelie and

lirear esters were aleco mixed together. The ratlo of thoe PRoashorus NG . poals

5 24y £ Y . ~ 3 4mn fara 9N N £ . e 3 oardryan
of tha Initial materials was determined. The ratio of the peaks of the nixtures

)

v . ., o . e e 8 » o ] Y ryrnd Eon
ohtalned from equimolayr amounts of Lthem can be eazily ealculnted as the arith-

matie mean, 1€ L¢ 13 supposed that no resctlon talws nlace. Howaver, in thoss
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of the mixtures, 1t can be concluded thut a reactl

whorial B consists
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of 95,04

55,00 oyelic esters) and

ce,[ld]).

roeferan w linear osters (e later) $ha
nreducty ﬁf material D with water (substance V) or athanol (VIIT and X) werme
used.  Table IV Iists the notr. pesults for the starting materials and ol L
ealeulased mnd measured values fop the mixtures, The IR spectira of rrtovinl
and of mixturez (1) to (3) show a strong abse ;)tion at 1005 m"l, tyvieal of
eyelic eorpounds (see above); 1t has disaoperared dn mixture (4).
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TABLE T¥

ntlo of 7TP num.r. poaks of mbxbunes of crelie and linear polyphosphabs oo
LPTHOHIIOE tﬁ ealers
Initisl Meterials (Un chlorcfor: )
P P P r
o t m 7]
“aterial b (evelice tetrapoly-
phoophabes) , - 12,55 77.54 10,07
substance V (Linaar tetro-
polynhogpihntes) trece 4,63 50,17 -
uu@stwr'ﬁ VI*.T { ";? mar ,
2,75 G257 30,85 -
13.1% 73.5% 13,47 ~

wimolar Mixtures (In ehlorolor):

Commonents N.r.r, calculutod

(4

nyr, Pound (3)

"o % i P o i T h
(W) p+v - 3L.2 63.8 5.0 trace 33,4 6245 H.0
(2) B+ VIIz 1.3 37.5 55,2 5.0  trace 3.2 5.2 2.5
(3 3+ X% S 6.5 83.0 k5.5 5.0 troce 40,8 55.0
(4) B + (Czns)thou' 50,0 ‘?6}3 38.7 5.0 trace 37,9 S2.1 treoo
(5) v + (02315)2312?94 0.0 - 25,0 25.0 - 5.8 g5, 207 N
(6) VIIT + (CU)LHPO, 51,3 3.3 17,4~ 146 602 -




fad 8 e e . 5 peip? oy o de
1% solutlons in formanice, diretoyl sulfoxide, acetone, ethwl
ethyl orthoformate, or. tetranydroe furan are heated Tor 5 hre (tho Tirst Luo
solvents at 90%, the others at rellux temperature), the “\O"““Cruu spectr show

- p !  RPTT - 4, S I
sirnificant chanpes:  the Py disappoars, the T peak decreanes, the Pe vk

“CTCuUmu, and soretlmes PO is found. wlith the excepntion of dimastny
mllar ch mees were obtalned 1 the solutlons stood at room Lompoersbure for
72 hr, However, the chanpes in the yhgsphoruu.r.u.r, apectrum In direthyl sul-
Ffoxlde solution at room temperature were n@gligibie. A reoction also tawes
place when the ester ig trested at 20° ér 00° with pyriding, acstic acid, or
acetle antwdride, Speotra &ho Ang entlirely U’"f@r@n* ansorpblons thon those of
pure m@vb“lil D arise. Absorptions occur at +12, +25, +23, and +36 n.p.m, In
pyridine and at +0.5 (only in acetic acid), +12, +16, +19, +26, +33, +39 p.oon,
in acetic acld and acetic anhydride,
m the resulbs described above, the following conclusions may be drosm:
(1) Mixtures of tetrapolyphosphate estors (ethyl metapho )Jd; are hirihly
sensitive toward a nucleophilic attack bf water or ethancl., Doth solvents

react with the esters.in the same mmner, When an excess of water or etiumol

the reaction; see Figs. Y and 2, and Tableg I anﬂ IT), This weons the rine

-

structures I, II and III are very SQnsitive‘and were cponsd - first by the atinek

2

of mabeﬂ or euhanol to form llnesr tetrapolyphosphate ester, which 1z in sccor-

. . v : 1 . \

dance with results of Welll, Xlein and Calvin, 2 Tha further reactlon of the
llrear cdtcr with water and ebhancl occurs at a lower rate, pslving an incroasing
amount of orthophosphate, whereas the amount of the Pm structural unit Jdeerenses

and the P, peak stays naarly constant (in the first 10 hr under the condiilors

g

1

clven in Flg, 2 and Table II). This means that orthophosphate estera (or ortho-
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phiosphioric acld) ie split offT from the polimhe ozphate estersy tripely-

phesphate esters are formad cuccessively. Vormerly 4t wos suonose

+

tripolyphosphate esters were formmed--l.e., the tetrepolyvplvosohate esters o
,-,,..'] 8 v e P Ary Ty T - 15 o
aplit into tweo pyrophosphate coters.””  The ‘""tz'm’“ion oft ths rrromhiosy

olecule cecurs ab a mueh lover rate, ond is for from helns eormnd

72 hroat 209; at 100° after 0.5 hr, o"zlv arthop!

(2) I£, based on the composlitlion of the mix
ag was siven earlier,™ those specifle amounta of wator or othanoel wore sdded

which wvr caleulated to be necessary for the formntion of lironr Latrapoly-,

. ) .
N - e g i - PR S - - vy - . s PR
tripoly- or pyrophoophate estere, substancos wore obbtulined whoge -7

P Nefes

-

spectra correspond.  to the caleulated ones of the tetrapoly-, tripoly- avl, oo

some extent, also with that of the pyrophosphate ester (Table V).

TRALE V'

- 21,
fatio of “7P nenr. pegks of thoe substances prepared from materisl D and wator on

ethanol. These products arc asgumed o be mainly tetrapoly-, tripoly- and oyroe
e e pROESDRALC @aber,
B 3] T . o
P nan.r, cal LB nei e, found (;...»}
1:~t:zd () wiin W cEnnool
™ b Vil e ™ 15 L T
o { & '*Y;l Fr Py m Fa :’t in

phate - 50,0 50,0 V trace 49,9 50,1 VI 1.0 47,7 5L,

tripolyphos— . '
'J}'Lufuﬁ — 6507 3303 VI-[ 3-7 61.9

s

tOVIIT 2.7 6205 3.

L

fe

BYTORhOt- T
phate - 100.0 - ix. 1.9 7he7 11.3 X 13.1 732.5 13.¢




Folscular woipht dote n ;”u’“c”lﬂ" ot substonces Y

sem el LF ey, . T e .
and VI hava an averape degpree of condensstlion of that of She Lty

olyphosunote esters, and X

£ - i oyt 2 i ) -y . g p b
Che pyroprosphate eaters.  The IR mpectra confirm that no sionificent arnunbs

)
. N e oo T e, sy . - ~
of ¢yclle compounds are prosent in the substaness ¥ oto X,

Thore 1s a larse Increise of the viccosity

T « I Fag! Pyt eay Ve e
7y V1T, and I ihe substances VI, VIIT, and

T S S . 2 2 e AT PN ‘.

which do not differ appreclobly. As 1s exr webed, all the substances show a

large peak of the OH protons In Gho 1}! NeiTe spectra incroasing from

Y oo o 'y TW TS oy T - T
tg "‘. a:‘l,l. 1 I‘OY"} ‘«en \‘qI 'tO I-a“-a FHSWAS E/OL;L liC‘; '.t l?o ("rr), .L(. 7 (l.l.u' ....), 1\-2.04 (:}-/‘3

12.9 (V), 13.2 (VII), and 13.3 p.p.m.

o

Ty - . )
From all these meosursronts we conclude that the mixtures V oand VI consiot

rainly of line ar tetrapoly VITI of lineur trivolyphou-

mhate esteors, and IX awd X of wyron

However, the P oo,

: . o e et i 4 o e . -
speetra of the pyrophospoabe esters oleurly

are actually cmﬁ librium miztures with only an avers e decree of conden

of that of the proposed structure. They contaln 2 principal compound YEvine the
pronosed ‘*me?’ur'? tomat N gshorter condanzed chaln phosnhatos

Some eonclusions about the amount of the princinal compownd In mixburss whiok

contain muinly pyrophosphate esters can be m'wr* from thalr norur. apocetra,  In

f el S L

mixture IX, fmﬂ exarple, the amount of pyrophiosphate will be lowms st, B80Tk, 1f

the mwlddie bonded phosphorus exists only in the form of Crimolyi: ‘o.'“ wmhbe &

4 i o PR SPU . . .
Ge highest, 61.7%, if P exizts only in the form of Letrapolynhnsninte

-

,
P

polynhosphatez should be expected to contriliute 1nsier enificantly to the enulll-

brium commonition of that mixbure.

e

Lt A

3imilar eoullibria ware also ohaarved by Sciy

€F, - y 3 . ~ g
Van Wozor™ 29 In mixtures of tricthyl orthor hosniabn andg 70
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Be & WGIOry J. Amy Chems Boc., 53, 30% (1991),

A A AL bl Y

.

For the complete destructlion of the pyrophosshnte structure, an exeeos of

water 15 neeszsary.  Table TIT shown $hot tie attacl by o arnll amount

. . . %y - . PR . P . g an ke
procecds only slowly. The reactlon ism fap from belns cowldeto even at

nOUrs.,

(3) It was found that the nStack oy water (ethunol) on linear ot EEIIC LN eTo bl

ester splits of or*t:ho:vw: phate succesgively, Thuz, the nixtures of triyoly- ond

oy o

of pyrophs :~_rhg~te enters cannot b foroed ondy by o direet attack by wator (et

L. Eas

en tetrapolyphnosnhate and tripolyphosrhate » Duv must also orisinats from o o

Lty hate v e 0y gy 2e LR . 1 v e
of orthephosuhate already iomﬂ on these substonces. This reaction Drocaeds

Rl

] de 4y v -4 Py y4Y 4 e, T
oLy o a <ertain equlllbrium, as the speotra  suhstances I and ¥ show. T4

Pao]

20 exeess of water (ethuanol) i present, the abtack by the orthovhosphate 1s

P

rmasieed by the mich faster pitack Ly water (ethanocl). e presulbs ohbtained b

artivsohosphate im@lf 13 edded to uixtures of polyphosphate esters, an owrarizad

In Table IV, ascertaln thls Zhwl rmente In mixturen of Slethyl hwaroen ortho-

phosphate and trinoly- or tetragolyshosphute as well, reactions cceourred leadine

N r 4 H o aed 1y myem Pl datie . \ « e @
to the sams :,.;LlilJ.bI‘_L& as desceribed sbove, Wrlethyl orthophosshate rasehs in

the same manner, but very mich slower, If dietl‘zyl hydrosen orthophos: TS
added to evelic tetrapolyphosphates (r*s*lte”ial n) ,10 a mixture with 37.9% 7., =

N
[ES]
»

kP was obtalred. The molecular welent and the IR sp setyum sugiest thot it
conslsts mainly of linear pent &pol"mo,m.m’rc ester.  The P nuner., and TH soocbes
obbAined from mixtures of cyclic to Lrapolyphosphates (material 2) omo linoar

tetranol y—- V), tripoly- (VILI), or oyrophosptate (X) do not indlesto oy reoctlion

f.‘l

r YN . £y s .. . . ST o v
batuween the coumponents, The rost ¢ ensitive atom for an attael Dy the linear

e 2 4- . : . - " E -
caters is doubtlesaly the branched bonded phosphorus, but 1ts amount doca not
rerkedly decrsase in these mixtures. The small doerease obsarved rust ho PRI
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sisbure alter certain t w2 inbervals, The sane concendra
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) 5 -~ GOy e [ . A s Ao e ; e s
e ta of I-'—c"’"“ Sa a iy (*‘a Y 7@1'«2’ of raterial Ip’-g Door ) weps

.lw d in G oml waler or ethwol, resosctively, Procedure as

Y iy e e daet B B t ep :
ALY, ~( =~ g - YTy vv*\ a3 \a-»\-‘*vm' [ W e T a i PR
2RO LTy OT auadENIY MOL SIS RSN VS0 N AN t P L S v r‘m«ua DAL O

Fald .. R . g -
urz of totrn Jol"w.o.mmfwe wi5be terial D) wou caleulsto

2. JERP . X . :
trum accomiing to e saged on

ater or ethenol are necossary to produce linear Lobr: anoli-, tripoly—- op

4.0 P oy
aion for suloia

P
SPNATLG .

B ¢y 2 g Paigne prade op 4o - i T T N s dviymy g, ? .~ b
N0sR Anownts were calculated, as the sawle csleuld

with an ac z‘&cy of

Cuse  ALL substances werg

) } SV
A, SHubst

~ £

o VY VY vy v AL LTI o ke 2
wee Vi (lineor tetrupolephosphate esters). Ha

PO " "q:. PIPVIE SR TR SR " . 5wy o . » e N . -
mole 4 oo 65.9 welaht ¥ cyelic esters and 3046 mole £ orp ML wolsnt ¥

Y s T
wrofore, 26,3
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N -~ o Pla e NPT I LA e ey A a) RIS .
arounts of wnter: for 0.0070 wolo Limear gutor: = Domnls waiors

momatorio] A
A -
conline with
nal carmasition (;3 jv, XJ Gy Em T e e e
ISR \,;_1;\ 3, AP ¥ 4 '9,}’ whaad o Ll Jlellle e
. . 1. [ - Cre -
sreciram of o epple taken rom the golvont von aya
Y . " N iy g LY an ) z -~
under vaguum 28 0.5 »r Hed ang o vizcous o1l was
sl 21 1 iy 1 3 gy - by~ RPN, B s S TR
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64 .'L‘ X 4
o [ I e
500 s visoonloy 1
ol ..,) .a-- L‘l visoonlt x4 ::,'u.\vn ')0.1.‘:;(’7@ ,
EY Sl b ke e . PP STCTATUe DU om e g s - At 1
Be Subsbanes VI (Linsar tobr; Anclyehos raters ). UCLT79TD o matewind 0

il

= 30,0308 ¢ (0.0718) of syclic esters pnd 15 JESE0 2 (0,0215 mnla) of ltnear

- L etrt - e ata e i -
entars were uged, Hecessary ormount of sthanol;

» oy o ‘ M-t . h I
In 20 nd G and Ghe

3
s » A el M Sy ™ e S . 0 - «
The inal comaoaition (1,03 Foa MTA Py BLI3E PLY unn roastad
L FRy
~o v £ et Toon 4 P 1 £ ey 1T . o sen
10 hre  APtor evaporation of the solvens (o% 3 Fe mm TR oy oll oo

0% 1,433 density 200 1. ‘*W/’ viceoslty

Sl Py

. Sabstance VIT: (1inear tri

= 22,3071 & (0.0678 mole) cyclic este

= 1.2090 g Procedure as doseriled undep Vo Tha final corposition (2,70 1 4
61.9% 7y, ML P ) was veached c;{“b“l" £ hr,

it A ey ly e
,%! ,7 _} l 3‘}? l‘ f‘\"‘:l.’uh 3:)‘%,‘71«],1.

720° 1435 density 20" l.»l 355 viscosity 20° 47,92 votun.

Folecular welghte (C E' ) ~"%’ Olc 370.2; (C.1)

N
495

Py Zubgtenes VITI: (Ulnesr trd olyrhozphata wsters), I,

= 29,7770 7 (0.0639 mole) eyelic eatery and 13,4026 7 (2.0398 mole) Iinmnr catews

decegsary amount of othanol: 173 of D,0304 =0l srd 43 m” D

T &1 1 oy 4 g X B e
rrocecure az deascrlbed under VI, Piesd CONn

3




20

’
reachnd after 24 hr,
o 1 P S 1 trey e 270 ~ Tr 5 M e P D60 N6
nlecular welehss (Cz‘r)quz3 10 370,23 (uunz)vi33lo 398,23 found 362,407,
N iy ow v 7 D0 via .
n.20° 1.431; dznsity 20° 1.3388; viscoslity 20° 3.08 polisc,

T (py r0“houph¢te estors). 43,0554 pomaterial D= 20,3735

(0.065T mole) cyclic esters and 15,6819 « (0.0290 mole) linear caters wvive used,
Mocenssry amount of water:  0.0290 mole and twlee 0.0057 mole = 2, Bh05 oy Proe

4 ™

cecurs a3 described under V., Final corposition (14,09 P,, 74,7 P, 1235 2)

v e
'

reached after 10 hr,
Yolecular ”é$fh$: (Cq15)3IP 07 262,13 (CH.) Hr? 0 234,15 no satisfactory molo-
wiar welpits could b@iﬂ““@f@xﬂ“@ in aceto nitrile (found 377,425).
O 1434 3unsity 20? 1.3875; viscosity 131,12 polse.

9 ~

F. Substance X: {pyroshosphate estors). 44,7761 ¢ moterlal D = 29.5074

(0.0683 mole) cyelic asters and 15.2 >u7 7 (00,0372 mole) linear ostors.
amount of ethanol: 0.0720 mole “ﬂci 'icc 0. Ow‘ mole = 7.6885 g Procedure as Jooe

s

eribed under VI. Final cormpositicon (13.1% ;qa 7J.)§ P..,

Volecular walehts ((Jhllr) peta U( 26241y (C "‘)14 2\47 200,23 found 242,34

~ \J
e

-y
St
3

& f\)
¢

hyl acetate), .

20° 1.427: denslby 20° 1.3029; viscosity 20° 2.76 polse.

L . .

Data of Table III.— (atterpt to produce orthophosphate).

e

() 5.3876 ¢ material D = 3,5304 7 (0. OOUK r"ﬁl’}) C!CTLP eshors oad 1.0372 -~
(3.0036 mola) lincar esters. Meecessary amount of water: 2 times 0.0036 role and &

tires 0.0082 mole = 00,7855 g« 1o a solution of materd ﬂl D in 5,4 ml “*C1q, pat)

water was added under coollng with lce, The mixturc stoond at rocom termoraturs

(25°) under vigprous stirring for 28 hr and was then reflwed.,
(p) B.H147 o vaterial D = 2,50%3 g (0.0067 mole) cyclic esters and 1,5004 o

(0.0030 mole) linear esters. Hecessary amount of ethanol: 3 times 0,003 mole and
4 fimes 0.0067 mole = 1.6493 . Procedure as described under (a). H.b4 ml CiCl,

= » . T D2 oy & *
used, o stirring necessiry & fvcﬂ Che Tirst 5 min,
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission,

A.

nor any person acting on behalf of the Commission:

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.





