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SiiIjiILDING V;\LU:S riY I.N'IIRI{AL .iri.L;'.u iillüCIItlG.

By Gcorgo V.D. tlers {lnd Arthur l(ovralsky

Central äesoarch Dept., Ir'iinn. Iilin.rl-ng and. \ifg. Co. r St. Paul 19r

l,ilnn., ancl the Dept. of Physiologlcal Chotnisbry, Uuiv. of

Iüinnesotrr, Illlrrreal:o11s 14, irllrrn.

The application of nucloar spln resonance (n.s.r.)spcctrosccpy

to d.lverse fl.elds ofstud.y, o.[., classical organic structure

deternrinr.tion and functlonal 6;roup ldentlflcatlon, stereo-

chemistny and conforrnatlonal ana1ysIs, polyrncr cha.in conflguratlon

ancl stereoregularlty, polypeptld.e and protein structuro,

physlcal-organic rcacblvlty correlations, ilsolvent effectsrt

and hydrogen bondLng, has been groo.tly facil.itated by the

lntroductlon of tetratnethylsilano as a homogenoous rrlnternal

referoncerr" fhe several lmportant oxperirnental advantages

provlded bJ, this teclrn!1ue have beon dlscussed ef sone lengthl

nnd rv1ll not be revlerved here. A major dlss"dvantrige ls the

lnappllcabltlty to aqueous solutlons. Fornramide and certain

otl:er polar medla fal1 ln thc ss'tlte category.

In viernr of thc lmportance of a.queous systeras we have sought

a. new reference conlpound vrhlch would bo soluble and stable

over a wlde pH ra.nge. A further requirernent l',ras thab bhe group

responsible for the sharp r:eferenclng line shouLd not be part

of the group ffi conferrl.ng water-sol-ubil1ty'

It was reasoned. that in the lnuaediate nolghborhood of' the

solubll-lzlng group there ,,lould be a consldorable degree of

2

oricntr,tlon of i,irc solvcnt r.tolecul_cs, r. clttratlon irr ',;hlch

m:rgnetlc enlsotropy ond electrostetj_c-floId offects nlght
produce lrighly spec j.fi-c shlftl of uhe rcforence l-lno. A

final pracblcal recluirc:;rent t",'a.s that thc refcrenco conrpound

shorrlci not contrj-bute acldltional bands to confuse thc lrroton
spec brunr.

Our first studlos r.iore ilodo vith bho stllcon analogue of
neopentyl a1cohol, 2, 2-c1funetl:yl-2- s ilapropanol-1, (CI{3 ) 

3SICH,OH,
(tenrned SNA for convenience); 1t was forrn<I to be sultable for

many studles, ono of viirlch, derllng vrith protoJ.n El gp66!1"s,

J-s belng reported elsewhere.2 However, lrSNAr' wc,s found. to be

u.nstable ln scldlc medla, hed rather poor solubllity ln water

and cntlroly lnsufflclent solrrblllty 1n moderetely concent::ated

salt solutlons, and 1ts CH2 group gavo an oxtra llne near that

for mctiranol. fllus rrSI,IArt coulc1 not bo considered satlsfactory.

lYe havo therofore desi6necl a structure vrhlch ue felt nrlght

clrcumvent such dlsrrdvani:ages rvlthout forfoltln5 the deslrablo

fea.tur.os of rrSNArr. The compound clrosen rvas an an1on, nemely,

2, 2-dlmo thyl- 2- s J-lapentane-!- sulf onate, ( CH3 ) 35ICHZCH2CH'S03 t
(terrned DSS) , the sodlum salt ol ,..,rhich ls propared. by addltlon

of sodlun blsuLflte to allyl trlmethyl- s11ene.3 The studlos

reported trero trave venlfled our p::edictlons, as DSS 1s stablo

ln acld and sol.uble in coneentrated salt solutions. Tlre three

CHc groups constltute an A2B2C2 system' as plmned; one
z

obtalns a complcx, broad, and v,:ry 1or.r rnultlplet riithout

saflent features. At the concentrations normall-y employed

for lnternal referencing, 0.3 to I.Q1t, thls multlplet ls noö

dlstlnguishable from noise.
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It is i;lre puri)ose o.[ tilo 5rrosent ariicle Lo e:l;rlore

tl:Le quesbion ol sllieldi-ng value mcasru'clrents ln erqueous

ncdia ernd tjreir correlatlon rvith studies prevlous,Ly rnade in

oLirer sysbonls.

ft<.perirnental

Materials.- The oriinnlc compounds studiecl ivere obtainecl

f'rorn comrnon suppliers of laboratory choniicals, n.utl ,.,rere used.

v,ritirout I'urther purlflcetion. ,-lhe samplc of (CHr)3S1CH2OII

vris lcindly furnlshod by Paul Lauterbur. of birc I'Ie11on jnstlbute.

-lkre r,. feronce compound., DSS, ( CII3 )3SlCil2CH2C]l2SOrNar had

been synthosized 1n these laboratorles3 from atJ-y1tr.lrnothy1-

sif eme (Penlnsule.r Chem. Co. ) . Deuter.ium o:;.iclo of better

tban 99,Sit puriLy v,ras obtained fr.orn 'ihc Stuart Oxysien Co.

Apparatus ancl technlques.- The equlpmcnt ur,red :r.nd Lire

lLoasurcrienb technLcluos ernployed have been clescribed. j.n deta1L.1

Measureurents r,ere matlo at 2$o* 20. Concentratlon:l i:,rc ljivcn
as percentage by volume for 11ctulds, :nri rs r,ve; lght/vofume

I'or, sollds; a]1 solutlons vrere mad.e uir in tiie n.s.r. srü{)le

tub€s. AI1 of the comlrounds studled had strong;, skr.,Lrp n.s.r.

bands and ,,"rere exarninod ln very dilubo ssoIul,lono

Results nncl DJ.scussion

Ihere 1s no r'bsolute vray to relate thg gcalo of lhioldiug

vul-uos b:.se<l on tetrrrnethylsllr'.ne (T-vtrhtor:)1 wlth the nevt

scalo ( entitled Tlvaluos) basod on DSS, elnco DSS i.r; in-

solublc ln CCl, cLnd other llclulds o1' Lorl polarity, !/h11e
4

Me1,S1 1s lnsolubfe tn DrO. It is only possible l,o cot'trtat'c

than ln certaln nedLa of intermedleri;e charactEn, ancl, slinco

their poairs ove rlap, lt ls necessr.rry to connrrre eoch l;epa-rately

to some obhcr pe;rl< such as tlLa.t duo to thc solvent; this

has bcen donrl in Tablc I. It is a1:pnrent birat the tTro ref-

erencc coml;ounäs do not bellelvo ln i>recisoly ldenti_cal fashLon

in the slx sol-veirts studled; horvcver, tilo v.-rniabJ.l1ty ls

lndeed srnall , appr.rently not correlatod rvlth dlelectrlc

cons bant, a.nd a.verlgos t.J vlrtuLlly zero. Accordingly tho

DSS ref'erenco per-Lk poslLlon vriLl be talcen as IO.OOOU'ln

aqueous sys tetrrs.

In Ta.blo II is i5iven tiLc t'-va1uo for nothyl grou,rs of

neolrentyl alcoirol in a vride va.ricty of solvenLs" 'Ifrspc ls a

vc1"y vrcal< solvent effect tr,ort (t, but lb ffi too ls not

corro.L ated '11b1: dielectri.c cons i;l.nt, or, for thr,t 1ns1tr.r,

rvitli polrLrltablllty (as evideircod by refractlve lndex).

'lhe rcruf ts listerd ln .i'ab1e fII iltustrate Lire generall)r

good agroenpnt botueen Etcnd --va1ues. moasured ln D2O

ernd ln CClt, rosirecLively. Tire correspondence ls bost for
rt-

t.hogo co':l,round:: jn 'lhich the gr.oulr studiocl is some,:rhat dlsüant

fron tho solubll-12:ing group, an obsorvatlon vrhich tends to

vali<laLe our presu]rlroslblon (lt must be nobe<l tiin.t ?-valuos
t,(

neasurcd in CC11,. rr.rc not rrirolly incll,epcndent d sc,lventtft21.

ft is appnrr:nt thet ttre entries i,n i;he column entitled
Itdl:flfelcnce" (T'- A, ) {r'e not sln5r}y exg:'la-'r-nod, r:111c1 may

r"oflcrct a combini',1,ion oL' effcc'bs. In'oltls connection i;ho

Z'-volues giv<;n i.n '-l:,..blc fV, vrhich sllovr for tire ln'lr:t part

a 1:,cli of verilLj.r.rn jrn'E'rrj-bli pH or strli; c()1'Icelltr.-tJ,ont

provlde vll-u:r'l>Io evldouce and thortld be elaborate4.

It 1o lntelortlng to note that tbo tetrarnethylannonlun

N
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a suitable
lon, whlch Is tbe only exanrple ofntr intornal reference :l'or.

A(lr.loLrus s;:sLems thet we have noticed ,i,n tlre scicni;i.t'ic
t-

Iii;rrr':rLurer" pr:oves to be rnbircr good, onl-y t)1:i.t1or pll or

sp.l.t cffccts bei.ng found. ln D2O. Iloucver, j.tg dvr]r-rc .is

eonewhat golvent d.ependenl, as llty bo $oon in Tablo V, 1n

wh:iclr sliiel-din6 vl lu.es nreasuned ln forrirairicl.e sre conr;lr.rcd

rrith those r'i,om DrO. A6ain, ref.r.tlvely good. corr.cspondence

of Zlvrlues is found.

TA]3LE I

A Comparlson of Shleldlng Values, ? ( Tetra'nrethylsilano

e.s lrternal Reference ), and Tl ( 2rz - Dlmethyl-2-

Sllapentane - 5 - Sutfonate lon, DSS, as Internal

Refercnce ), Measured ln SlmlLar Solutions.

'.Cril3l,il II

The slricrcringi vnlue, t/, for }lothyl Groups l:;l;t:il:.,
Iriinor' Solvcnt Effccts.

solvonr 3' ä3$: A::l;::;;8
cH3cozH 9.120 .002 6.2

oro/nrsoft g.Lar .oo1 Xs.
cH3co\rIIcII3 !.121p .o01 I75.

HCoNH2 9.129 .003 105.

r{c oN ( c}r3 ) 2 9 .]-32 . ool 36 .7

cH3oli 9.I-13 .oo1 32;6

cH3colr(cH3, 29.136 .oo1 37.8

D2o 9.t36 .oo1 78.2

oro/nacrb 9.138 .oo2 )zo.

oro/nrc$ 9.1lso .oo2 Xs.
c%cN 9.11{& .oo3 36.7

oH3NO2 9.1l+6 .oo2 36.7

(cir3 ) 2so 9.160 .oo3 l+5 .

t'60

1.3713

1.lrlr6h

t.3290

1.3330

t;LJ+S

1.3818

1.lt 791

So]-vent

Compound
& Peak
Ivleasured

Conc.
(ft,

9B

99

0.6

99

9B

99

0"6

0.8

ller, Sl
E*

std.
Dev.

.oolt

.o03

.OOlf

.001f

n0O2

o001

.o05

.001

DSS

-3t
7.945

6.659

9.133

B.ozz

5.61+6

7.k34

9.t65

9.L2,+

std.
Dev.

.001

.o05

.ooL

.002

.ooh

.o0L

.003

.001-

Conr. for
DS3 (Aven

-.O11

-.012

i.01I
-.006

+.0u

-.or5

-)

CH.CO'H c#';'Co"H

cH3oH cH;oH

ueJcctirolt

cr13cN CII3CN

cH3N02 CH3NO2

(cH3)2so (cH3)2so

ue-jccnrou

cH3coNl{cll3 uetccttrolt

7.93t+

6.65o

9.1l7

8.033

.5" 6l+0

7.1t57

9.L75

9.109

(aI 5.o/" by volume. tb) I+.6'll by veight; approx. 5g./foO n'11 .

)

)

ttBestll value for cor::ectlon: -.003



TABI,E ITI

A Cotnpr'rison of Sjrlefding Values Mensured in D20 and ln CCJ-rr'

9erfllggng

uc-fstcit^ott

xieicdH2oH

L{eäcI,IH2

ue'l'ccorn

cr{3cN

cH3co2H

Acetone

2-L,le b!ryI-:i'
Pyraz ine

MerSO

cfl:oH
.t

Dloxane

clcHäcozH

cll3N02

trnrldazole
(\,5-Hz)

(z-u)

E)tcorE

2-tr{etby1- 
-.._

pyrazl-ne

T/
(p2o)

9.ei9

9.136

B.859

B.812

7.946

7.9r3

I.tt(

7.472

7.285

6.658

6.25L

5.736

5.6Lo

2.897

2.27

r.772

1,.570

) ua.
dev.

.o01

.001

.006

.oo2

.002

.001+

.oo3

T
(cc].h)

9.962

9 .111+

8.906

8.77 3

8.026

7.930

7.9l-5

7.\76

7.1+89

o.ocl

6.426

5.92I-

5.720

2.955

2.363

r.991

dev.

.001

.003

.001

.001

.002

.001+

.003

.o06

.002

.001

.001

.002

.o05

.oo5

.02

.002

.003

.o03

.003

.002

.003

.002

.oo3

.003

.002

Difference

-.003
+.o22

-.01+7

t.039

-.08o

-.017

- .1Jo

-.oolr

- .204

+.036

-.L75
_.185

-.110

_.058

_.09

_.2l-9

.006 1.660 .002 -.o90

IABI,E IV

Shield:Lng Vahles, Tt, in Dro Solutlons: Effects of pH

and of Added Salt.

Compound

ue'jsrcnrou

ruejccHrou

lae-Ict'tti^

Me I ccoeH

cH3cN

cnlcorn

Acetone

2-Meth"y1*
$rrazlno

Ivie2S0

!
Me,N'

4

cHäoH

Dloxane

crc4c02Ir

cH3Noz

haidazole
Qp'51

(2)

H-):'coni{

D^O

9.959

9.136

8.859

8.812

7.91Y6

7.9j-3

(.ttt

7 ,l+72

7.285

6, B2l1

6.658

6.25r

5.736

2.897

2.27

r.772

I{rg-1"

9.957

9.138

I .811+

8.810

7.926

7.903

7 .771-

'(.\66

7.269

6. BI1

6-a5o

6.?5r

5.697

) o2o2

2.8'(o

2.23

1. ?l+4

r.558

A
K^CO^

9.96r

9.11t0

8.810

(8.912)
salt

7.932

( 8.095 )
salt

7 .79

E !erl-

9.12r

2-Me tirvl
Pyr aä Ine x

I+

5
a
b

5.610

1.570

by ,rreiSht i.n D2O
by vo-Lture i.n DrO

7.93r+

7.896

?.1+68

7.282

6.797

6.6W

6.253

6.794

6.2119

$.9\.t)
salt

5.Sse

2.873 (2.499) salt

2.23 (1.29) salt
(1.550 ) sart

1.568

i approx. Sg./rco nt.6rt
oF

t-
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T.irtsIrE V

A Coml:ari son of Sirlelcling Val_ues , tf , irieasured
in DrO anci in Formami.de.

Com::cu.nd
%

EI
D^O

9.a36

B.Btz

7.946
, aOr'
I t1Q)

6.824

5.6to

a-l(.
HCoi.tH^ AEI

lIe

l"fa

ccH20H g.l2g

B.803

7.911

7.292

6.7E3

5 "56o

-.007

-,o09

-.035
+"007

-.0h1

-.050

ccazil

L{eCN

}IerSO

I,le'iü+

lieNO2

t

I

a
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