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NMR Instrumentation

-

FiLe 4970

Dr. B, L. Shapiro, Editor IIT-NMR
DeparLment of ChemisCry
Illinois Institute of Technology
Technology Center
Chicago, Illinois 606L6

Dear Dr. Shapiro:

Thank you for the reminder of contrlbutions due the newly renamed
and very worthwhile NMR newsletter.

Vertical Posltionine of the A-60 Probe

The simple system of reference marks provided for locating the probe
in the magnetic fiel-d of the Varian A-60 has doubtlessly been of great aid to
users of this instrument. However, we have for some time employed a secondary
scheme for more precisely posltioning the probe in the vertital (Y-axis) direction.
The net, result is that p.ositive interaction of rrCurvature'r and f'Y-gradientrtcon-
trols is rather completely eliminated, and optimum adJustment, of these controls
can thereafter be reached more quickly. The procedure fol_lows.

Adjust homogeneity controls ln the normal manner

I^Iith the r,rater sample spinning, (a) turn I'Curvaturerr to counterclockwise
extreme, and (b) re-optimize ttY-coarse".

Turnt'Crrrvaturet'to clockwise extreme.

Re-optimtze"Y-cparse'i noting amount and direction of readjustment.
If none is required, leave probe ln present position.

change probe elevation by two turns of the adjusting screw; Repeat
steps 1-4, and note if readjustment (4) increased, decreased, or
changed direction.

Guided by the result of (5), alter the vertical position of the probe
in the directlon required and in successlvely srnaller incremenEs until
no net readjust,ment is required in (4).

Optimum posit.ion along the Y-axis can in this way be determined to + L/2 turn
of the elevation scre\d, i. e. , ! l/64',.

Very truly yours,
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b r./fu',,,,*
BEH: par B. E. Hudson, Jr
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Professor Barry L. ShaPlro
Dcpartnent of ChemJ,stry
Illlnolr Instl-tute of Technol-ogr
Technologr Ccntcr
Chlcago, IU-lnols 60616

IF

ON LABORATORY Calilornia lnttittte ol Tecbnology 4800 OaA Grotte Driae, Patadena, Calilorniaa

2l- Aprt1 l-964

Dcar Barry:

Recently we reportcd that the relatlve slgne of the H-c-P-Ht
H-C-P end H-P couittngs tn aUettrytphosphine.Y'ere all the-sang-and we

surmlsed that rhö-rtä-präU.ify üi-posiifvel. We tt""6 g1-[r31]

(I) S. L. l{anatt, G. L. Juvlnell &nd D. D. F,[Ienan, J. An. Cho. Soc. $'
z66h (L963).

decoupllng to
respectlvely.
we decided to
Fron analysls

sccnr€ thls lnforsatlon at the frequencles 40 and 16.2 Nlc.,
SouretLme ego^llc received a V-4311 Htä"rlt ).1 U.. and so

look at the-P3r spectra of sogre of o'tüi'dliosphine samples.
of the Hl spectnm2 and o111. g1-[91] de'öoupling experi.nents

I
I

(z) See G. W. Whltesldes, J. t. Beauchamp and J. D. Roberts ib& $l.,
2665 Q963).

lt has been deterxrlned that the H-P and H-C-P coupllngs are thu same sign.
In flg. I ls shown the P31 speetr"rm ofgre![g]"phosphlne along with tvo
calcqlated spectra for the tr+o aselgrmnätä;H-C-P-H coupllng:the same and
dlfferent from the H-P and H-C-P coupllng;"lt should be obvious that the
former assignnent ls correct. We arä startfng the analyEls of the P3I
spectnm of trletlrylphosphine now.

In flg. 2 is shorf,n a P31 spectrurn for trl-nethylphogphine which
we would like to enter ln the eontest (lf you wi]l stalt one) for best
resolutlon for a P31 spectnn. All ten llnes are visible. At higher galn
and power we saw C13 satelllte llnes lthich Lead us to belleve that the
Cl3-plf coupllng ls at nost only a few cycles! We lnten$^to lnvestigate
inf" p"#-i;üer using weaf< pgrturbing" flelds at the C13 and p31 fre-
quencies while looklng at the HI spectrun.

With-begt regards,56-
l'^tr- 1 >,-^*11

Stanley L. lf,anatt
Gordon L. Juvi-na1l

i#/ftl{ir""
Telephone 354-4j21 Tutx 213-449-2451
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THE SQUIBB lNSTlruTE
FOß MEDICAL RESEABCH

NE\^,

,ylay 6, L96b

Dr. Bernard L. ShaPiro,
Depart'ment of Chemistry,
Illlnois Institute of TechnologY,
Technology Center,
Chicago, Illinois &6L6

Dear Doctor Shapiro:

Thank you for the reminder.

Before discussing nV contribution, I would like to ask for some assistance.
Recently, ue published a öomelatfon of su'6stituent effects on the C-18 and C-19 methyJ-

resonanääs by conputer regresslonl. hle are collecting addltional data for another
rcorputer ninn anä uould appreciate C-18 and C-19 methyl resonance data co]-lected in
other laboratories. I'lo colrpounds please!

With djrnettrylsulforide (nmSO) naking medical,,news, I would like to emphasize

its usef\.rlness in Iüvfr spectroscopy. Chapnan and Ki-ngz have recently published a note

on the use of the solvent in the tlassificatlon of alcoho1s. I have had the sane

experience jn the use of the solvenb for alcoho1s.

Slorp et, aI3 recently published the quantLtative determination of primary and

secondary carLamates. I was äsiea to settle the assigrsnent of the carbamates, I and -II,
forrned during the reduction of the ketone. Because of, ihe solubiU-ty of the compounds,

DI{SO was found to be an extrerre3y useflrl solvent.
OH
I

2

2

II)

The chemical shift data j.s shown ln the accomparying Tab1e. several sanples
uere shoun to be nrixtr.res of primary and secondary carbarnates. The qpectra llere
obtained in both pyrid.ine and DI,IS (tmS 

"" an internal reference).

Because DI'ISO i9 a nild proton acceptor, aliphatic hydroryl proton resonances
appear between 3 and L(. Along uith the other-criteria for assi-gnmenlr the coupling
päit*"t, of h1'clrtry1 proton show lt to be priarary or secondary. Deuterium exchange is
performed bn aclciing b2O to nal<e a|f, solution. Precipitation of sample on adclition of
D20 infrequentJy occursr

Yours truLy. A n

A/f!^*'z-. hrLUz*
Allen 1. Cohen

(r) 2

R

iäl ä, il"il'ffrr ä[.]'yl.',s:n; i*afi:r-iidl',#ii]g,i*:: b\,,,s(,e6ri).
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Eastern laboratory
E.I. du Pont d.e Nemours & ComFnY

Nev Jersey

Dr. B. L. SaPtro
lGHmduf*ffi
l*eod?rütue
@

Depa"::tnent of Chenlstry
ILllnols InEtitute of fleehnoLory
Technologr 0enter
Chlcagor ILL.

Dear Dr. ShaPlro:

rb our
&m very sortT for the delay ln sendlng 4 contrlbutlon to

MEIJON-1I-R. Recently we have obtalrad an A-5O rlttr a varlable temperature

probe. 11trls 1s ln adclltion to the DP-6Owe have hadfor about four years'

6\rrrently ue are uslng ttre DP-60 excluelvely for Ff ana fl9, tut we are

plannlng to cto "*. CJ and. thallLlm resonance studles ' Most of our recent

work on t'I 
"na 

rr9 wü !e publlshect shortty'

Slnce fle use our n-6O for analytlcal sentice as weII as research

we needed a slave recorder to enable w to d.upllcate the epectra on a Xerox

machlne. For onr oLd Varlan C-fO (IOO nv) recorder we d'estgned an aitenpator

vhlch perurlts uE to have thls recoröer cllrectly ]rookecl to the A-5O anp)'lfler

output. Itre clrcult d.lagran ls shown belov. llhere 1s no lnterference between

thls recorder and. tne a-60 recorder and, the amplttude of the slave spectrun

can be easlly aclJusted.

mp/rnt -
output on

A-60
coneo].e

+ +

LOO {L
I0 turn

To Varian
s-10
recorder

LOO/2:

2200r1
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Slnce both eoples ate recorded at the eane tlne, callbratlon of the sl-ave

slnctra ls no problen; ne strtrply coBy the rrunbers fron the 4-60 spectra.

tttrls tg a rrery aattsfactory eyeten vhlctt ellnlnatee the need. to go lnto the

anpllfler for nodiflcetlon.

SlncereJy yours,
G<n "a*pG,{+1*[J'*

G. S. Reö{Y
P. F. Koehler
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University of East Anglia

UNIVERSITY OF EAST ANGLIA

School of Chemical Sciences
'Wilberforce Road, Norwich Non ;4n
Telephone Norwich 5 265 r

26th Apri1, 1964.

Dear Dr. Shapiro,

lYe are pleased. to report that our Perkin Elner J+0 l,lc instrument
(ex Canbriage) is now workjng well, and! we hope that by the tirne this letter
is printed. so wi}l our A.E.f. 50 t'Ic inst nnent (ex Oxford). Although the
NNIR side of our resear:ch activities will be inneasurably strengthened next
October when Professor I'loman Sheppard and. also Dr. Robin Harris take up
thei-r posts hene, r"esearch is alread;r proceed.ing apace. i'rlr. l!1. J. Sewell
is usilg NlrtR to study the confonnationaL a^nalysi.s of benzo-d.ioxansl
Mr. F. J. Swinboume is looking at the effect of nutual i-:rterastion between
the substituents on Jtrans for disubstituted. etkgrlenes. Mr. R. E. Reavill has

elucidatecl flne \8, spectnrn of biphenylene. lvir. B. ?ernai. is studying the

position of protonation in polyaza-heteroeronatic cornpounds with
Dr. R.Ä.Y. Jones, and. Dr. B. J. Ridgewell is using t'Iiffi. to follol H-D exchange
in heterocyclic compounds.

We are also folfowing up our earLier work on the nolecul-ar rearr-
a^ngenent of benzofuroxa,ns. lle have neasuretl the spectra at a series of

o

X

o-
III

temperatures for !-rnethyl-, !-methoxy- and !-chloro-benzofuroxatls (I, X = itie,
l,feO, Cf), and thus cleterrnined the enärgy differences between the 5- (f) a^nd

the 6- isomers (ff) ana the energy of activation for their interconversion.

The resul-ts are as follows:-
Substituent Oi,ie 1\1e Cl

jlxcess enerö/ of 6-isomet 590 <100 ]50 cals

Energy of interconversion 111.6 ? LJ.9 Kcals

These results vril1 later be publistrecl in f\r]l together wlth the
results of other substituted benzofuroxans.

Yours si.ncerelY,

X (
o

N/+

Dr. i3. L. Shapiro,
Departrnent of' Chemistrlr,
Illinois fnstitute of 'fechnology,
Technology Center,
CIIICAGO, Illinois 60616.

ry/%
(\((;*v'-5
/P*"";t '

Ä. J. Boulton

A. R. I{atritzky

lJ. ';i'allis
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May 4, L964

Dr. B.L. Shapiro
Chemistry Department
Ill.inois Institute of Technology
Ghicago, Illinois 6ObL6

Dear Barry,

Here is a miscellaneous collection of recent results. NMR
tubes (with apologies to Varian et. a1): we now obtain precisi&-
NMR tubes by having ordinary 5 mm O.D. pyrex tubing centerless
ground to 0.196 1 0. 0005tt. The work is done by Yorde Machine
Products Co., 1200 Chesapeake A,ve., Columbus 12, Ohio, at a cost of
40 f.per tube. We have even found that standard 5 mm O.D. soft gLass
tubing is excellent for the ,4,60 Room ternperature probe-

Cis diene NMR para;rreters: In connection with another problem
we have-6'5'tffi[- the NMR param ete r s fo r spiro - cycLopentadiene -
cyclopropane. The -coupLing gonstants should be typical for a cis.
dieneä. We obtair rf s=ö. 60: 5 r=4.030, 5 e=3.5.?8 ppm respecti'röTy,
Jr,z = 2.03, Js,4=L:92, J,,3 = 5'25, &,4 = 1.58 cps resPectively, from
a 5{o solution in CGla. The signs of the coupling constants are all the
same. We wouLd l-ike to check this point with a 20 Mc spectrum.
Deuterium exchange, amrnonium ion: Dr. Yutaka A,sahi and I have measured
@ of tpimethyl ammonium ion in D2SOa A. mixture of
(CH3)3NH* and (Cftr)rpOr in strong acid gives the pattern belowb, where

ig*;ilt=l;ä?:iig*so,i3,',,'il;i".iL'Ji::"J*#ff :?1-Jilu,l3""",
multipläts. Over the range Oo to L030, ZOl/o-yo IOOTo D.2SO4 we Jind the
exchange rate cgnstants to be linear with Hrrl (A,rnett). We think the
slow stäp is BHr 

-) 
B + .H+ where the base which carrys off the

proton is probably D2SOa; AS is about ZZ k caL. \4re did less extensive
experiments with other amines. In ammonium ion there is an isotope
effect on the phemical shift of hydrogen yith increasing deuteriurn sub-
stitution NFI4+, 0; NDHI *, -o.ois; Nörrr, *, -0.030; Nolu+, -0.045 all ppm.

Finally, let rne say how gLad I arn that you are carrying on this
invaluable newsLette r.

THE OHIO STATE UNIVERSITY
DBPAITXENT O8 CHBI'I8TIT

IT VE'T IITH AVBNUA

GoLUUDUS 10, oHIO

Yours sincerel-y,
,/?q.^k-z-"-

Gideon Fraenkel

b.ti_a

+-z
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LAwRENcE nionrnN LABoRAToRY

BERKELBY 4, CALIFORNIA

The Structure of

UNIVERSITY OF CALIFORNIA

l.lat 5, 1964

Assoclate Professor Bemard L. Straptno
Departrent of Chemlstry
IüLnols Instltute of Ttechnolory
lbchnolory Center
Chlcago, filhols 60616

Dear Barry;

Congratulatlons on your new posltlen, and best wlshes for a successfulcontlnuatlon of the Newsletter. Ihank yöu, as we11, for the remlrrd"n a,bout
ne-newlng our subscnlpttg4. For a ctungä oi pace, wä submlt a brlef resumeof a paper based upon pJr NMR data.

tetr (Ianehe 1d Ester)

the product of the r"eactlon of ether and phosphontrspentoxldel)
{r1.h ls. usuall{ called ttetrryJmetaphosphatetr r.ecently was used fon^.
lhe synthesls of porynucleotLdes, polpeptldes and pälysacchartd;;2).
Fttrther studles of thls synthesls are nqcessattrrr slnce- lnconslstant
results were obtalned by serrer"al groupszr3). üüen the stnrcture of
!h" ttgtlwlret?phosphateit, rn$.h rs ufü as the condensatron r"eä!ent,
1s not lorown for certaln. Thre resolutlon of lts conposltior, *ä
determlned by use of phosphonrs NMR measurenents.

. thtll now, the pnoposal of Rätz and Thlro4) tr,.t 'rethvlmeta-pnosphate" ls a mlxüur"e of tetraethyl-cyclotetraphosphate (Ftg. 1,
structur.e III) and of tetnaetrryl-lsöcyciotetraphösprräte (nü.-i,
stmcture w) wa9 accepted. müs nlxture shouid slrow a irroäprronrs
NI{R spectnrm wlth a large peak of nlddre bonded phosphor.üs (it-) ano
two snaller but equa't peaks of branched bonded (i'^) änO termfiäf
bonded phosphorus (P1.). ltre NMR spectnrm wlth 3%"px änd 25% p* ob_
talned by Van Wazer öt a15) does pqt conform to thaU assunptlofi.
{g1ey"r, i^rtrlIe ln thls laboratorybJ, ä sj:nllar resurt wlftr. 6% p. ano
!l?,Pa was^obtalne9 lfgr one preparatlon, and from another sampl" a
I1!19,or.13% Pb. arfi 15% Pr yas otctalned.- Trie posslblllty of pä"trarnyorbrysls as the cause of the discrepgncy 1n the slzes ör trrä peaks
of P6 and Pa, as lt was thought flrstb), eould nowbe ellmlnateb.

In a new serles of experfurents, dlffer"ent prrcducts were obtalned
by heatlng ether.and phosphomspentoxlde ln chloroform, dependlng onthe tfure of heatlnqr and the arnount of ether rvhlch was-useä. Thävdlffered not only ln the phosphorus NIvIR spectrum, but also 1n thelrcolllgatlve pr"operties.

-contlnued-
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1t
-L),

lrle obtalned a soLld plastlc-ILke naterlal (a) r,rftn I equlvalent of
ether, a materlal rangütg fbcm a nrbberllke substance (g) to a hlgfrly
vlscous o11 (C) wlth I üo 2 equlvalents of eüher, and an o11 of
lrtternedlate vlscoslty (D) wlth rmne üran 2 equlvalents of ether,
atl soluble ln chlor"oform. Refluxlrg wlth ethen tr"ansformed the mat-
erlals ArB, and C lnto D. Refluxlng for a long perlod (65 hours)
wlüh ether converted all the naterlals lnto an o1I of low vlscoslty
(E). Ilx the phosphonr5 NMR spectnn, the pealc of the branced bonded
phosphonrs (Pp) decrreased fnqn 22.9ß to 4..Q/; lBe qeak of the termlnal
üonAäa phosphönrs (Pt) lncneased flrorr- 5.2% Eo 26.2%; 34d-tfre peak of
the mldilre. bmded ptösphonrs lncreased flrst frcnr 7i.:9% (A) to 7B.T%
(B), anO decroeaseöthen to 69,81 (E) ln thÖ serles fnrn (g) to (E).
If rte look on the structunes ln Elg. l, substance II should show 50ß

hTsrtgf ,'**":Hl;H:"'i:'5ätof,,:*l;"83tä: 
nt, 50% P^, 25', P6t

Fbom the pr.eparatlrrc arrl the phosphonrs NIIIR rresults 1t ean ther"e-
fore be concluded: PgOln (I) r'eacts wlth a lltt1e ether to form II.
Substance II r.eacts paitfaffy f\rrther wlth ether to form III and IV.
Materlal A conslsts of fI, III, and IV. Wtth npne ethen, cornpound II
ls colpletely transfonned lnto III and fV, and then partlally lnto V
(materlat B, C, and D). After a long perlod of refluxlng, nalnly III
and V are obtalned (E).

Ttre so-called ttettryLretaphosphate (mater:lals C and D) conslsts of
ilI,(50f, Eo 4Jfi, dependtng on the condltlons of 1ts pneparatlon); fV,
ß6il to 25%)t and V, (14[ to 3o%). The content of the conpounds rr, rrr't
IV or V tn the mlxtunes, as glven 1n pa:renthesls, can easlly be calcu-
lated frcrn the NMR results. Ttre correct ccrnposltion of rröthylmetaphos-
phatetf can be obtalned fncm ttre phosphontrs NII{R spectruun 1n each preparatlon.
it ts profltably prepared ln a two-step pnocedur"e fr"an P40tO wlth materlal
A as an lntermediate.

1)
2)
3)
4)
5)

K. Iangheld, chem, Ber., ,113, 1857 (19r0)i 44, 2076 (191r):
G. Schiarm, H. Groetsch, fiä w. Pollman, 

- 
ffiget*. chem., l5-, 53 Q962).

G. !,ie111, UCRI/1093\, T/29/63, P.79,
R. Raetz-and E. Th1Iö, Lleblgs Arul. Chem., % 173 (1951).
I.R.Van i,liazer, C.F. Callls, J.N. Shoo1erY, and R.C. Jones, J. Anrer.
chem. soc., 78, 5715 (1956).
G. 1de111, M.-Kieln, and M. Calvln, Natur"er 20or 1005 (1963).6)

Slncer"ely yours,

7rZ- -€o*l*,t /"ilJedl
Gottfr"eld Bwkhardt r I

Melvln P. Kleln

GBTMPK:ep

* Postdoctoral fellow of the Deutscher Akademlscher Austauschdienst (Gerr,rany).



1l+.

o

\,-

i'0.
o

(Pr)I
0
I

I

0
I

\ ocfr\\
0

o\

/\f
ll
o

ir

or\z@aH5 \,ptrtu

,l\'K'J "'',+02H50C2H5

-,

0

lrn)

C2H50.

C2H50a

oy'

o

P

Ac2H5

0
I
P

ll
0

(II

0

)

)Pb(

)

\

?tttu

(Pb)

(ff)

o0c zH5 0
il( iIs

,/\
0c2H5o oc2H5 o (Pr)

(v)

L
I.

F1g. 1. Reactlon of P4qg wlth ether.



L5.

Fi9.2. PHOSPHORUS NMR SPECTRA OF DIFFERENT SAMPLES OF
. ETHYLMETAPHOSPHATE 
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NoyEs LABoRAToRy May 5, 1964

Professor B. L. Shaplro
Departrnent of Chemlstry
IlLlnots fnstltute of TechnoJ-ogy
Technolory Center
Chlcago 16, Il1lno1s

Dear Barry:

Thank you very much for your remlnder. I must admlt that

I have no conventent exeuse for my delay, partlcularly, work-

lng ln such an excel-1ent place as Noyes Lab.

Recently, Professor H. S. Gutowslcy and I have studled the

temperature dependences of F-F eoupllng constants 1n 6-X sub-

stltuted 2 -fluorobenzotrlfluorldes .

The temperature depend.ence of the coupllng constant be-

tween the ?-fluorlne and the fluorlnes of the CFs Sroup can be

lnterpreted ln terms of thermally exclted rnotlon of the mole-

cule ln the potentlal welL. flhe dlrectlon of the change 9f

J(2-F-CF3) wlth temperature, 1.€., elther a d.ecrease or an

lncrease, ls governed. by the slze of the substltuent at the 6

posltlon. Thls can be seen ln Table I, whlch glves the J(a-f'-

CFs) constanta at varlous temperatures for some eompounds

studled.
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Table I
remperatr'r e oil'3ffi3iir3[.3"f;"X13;X;!l;J"ffi:3t t* cons tants

Substltuent t(a-r-cFs ), cps

250C

12.68
17.)7
12.21
7I.tj
22.59

-750C

Ll.52
12.11
72,82
t5.o2
22.12

toooc

t7.Tg
L4.4a

2-F
2 
'7 r5-F

6-cr-z,7 r4,5-F
5-T-z ,7 14 15-F
2r416-F-f -Noa

1
7
2

7
7
2

57
7t
8:

Tfie dlrectlon of the temperatr,rre d,ependences ln lndlvLdual eom-

por.rnds ean be explalned by assumlng dlfferent equll,lbrlum con-

formatlons of the CFs group whlch ls d,ependent on the slze of

the substltuent at the 6 poOibtlon. The temperature change pro-

duces a change ln the average eonformatlon of the CFs group. It

1s worth wh11e to mentlon that rotatlonal 'averaglng occurs.

Qne of the addltlonal featr:res ls the flndlng that the CFg

gfoup ls ttlong-rangett coupled to hydrogens and./ar fluorlnes at

meta and, para posltlons. The flne structure of the CFs ErouP

spectra ls well resolved ln all compounds. I would llke to

mentlon some facts about the CFs Eroup spee{rum ln 2-fluoroben-

zotrlfluorlde, whleh may be of some lnterest to IITNMRN readers.

The CFs group spectrum 1n 2-fluorobenzotrlfluorlde

as a doublet (sp11tt1ng due to J(z-r-CFg) and each band

doublet 1s a syrnrnetrlc qulntuplet wlth the spllttlng of

eps. Thls flndlng wag at flrst, a l1tt1e surprlslng to

However, the oecurrence of the qulntuplet ls due to the

appears

of the

0.6 + o.1
rr cupa

fact
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that bhe hydrogen atoms are strongi-y coupled. to each other and

sh1fted., of course, far away from the resonanee of the CFs

group, and so exhlblt an effect sfunllar to the so called effect

of ltvlrtual coupllng". All fryrdrogen behave as a slngle partl-
ele of total spln angular nqmsngum 2ü.

A detalled dlscusslon of thls toplc vrtll be submltted to

J. Chem. Phys.

Best regards.

Yours slncerely,

1. /n-^-ri*
f /to"eü

JJ: Jh

A collect of inforrnal vate letters from laborat of NMR. Infor-
na ion contained s so1e1y for use the reader. on t_s

perm:itted., except by direct arrangement r,rith the author of the letterr and
material quoted@ bu referred to as a rrPrivate Communicationr.

not
the
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' rouLort. coLotADg loro4

lfay B, 19d+

Dr. Bernard L. Shapiro
Technology Center :

Deparbment of ChemistrXr
illinois Institute of lbchnologY
Clri.cagop fllinois 6f,,6J.6

Dear Barry:

ltre fol-lowing is the abstract frorn our latest paper on NMR

studies of l{ytrogen Bon.-l.ing. It discusses the theory and significance
of the hydrogen bond shift. Preprints are available.

III'IR Stu&ies of l$drogen Bond.i.::g:
Ir. calculation * tTr:::::r** complex Formation.

ltre shift upon hydrogen bond forrnation for ttre weal< hlrclrogen bonds
fornred between chlorofor:n and n-i-trogen bases ttas assuned to arise frorn
tlro contributi-ons; a) ttre Buckilgham electric fieLd effect and b) the
neighbor anisotropy effect. The magnitudes of these two effects ltere
obtained as functions of +,he various pararneters enüering into the ca-1-
culation. The electric fields l{ere for:nd by integrating over approx-
j.mate nitrogen lone pair electron distributions. the Pcple-l'lcCoru:ell
dipolar approxir,ration was used. to estimate effect (b). The results
proved to be insensitive to alJ- parameters e:ccept the hydrogen bond
Length. E:perirnental values of the shifts were used to flnd these
lengths, rohich proved to be ln accorcl with X-ray crystallographic {ata,
and to increase as the hybridization of the lone pair went fron sp- to
sp. ft nas concluded that, for tftese weak hydrogen bonds, the above
two effects are an adequate e>qplanatj.on for the slr"lft upon hydroi;en
bond. forrnation, and that this shift is a good criterion of ftbasici-b/r
for iuedt< hyd.rogen bond.s if nagnetic anisotropy e-ffects are srealle or
if the;' are appro:cimatell' constant for a söries of electron clono:ls.

Sincerely Jrours,

R,J ,?,/tr,,,1,
Peter J. Berkelif, Jr.

awrl
:.n/$

Ilelvin I,I. ilanrra
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IN REPLY PLEASE QUOTE :

@W lilniurrritg uf Sglnrg
Profceeor B.I.Sheplro SYDNEY, N.s.w
Illlnols Inetitutc of feohnology

5ü Mey 1954

Dcar Barry, Nl4-C-C-H coupllns and llro.s-rangc
coupllns ln lndoLes.

Spln-spin coupllng between nltrogen lnd the protone
on thc F-carbon !i;". Jg-g-g-g) hes bcen obeelsred in alkJrl-
enmgnlun srlta""" dthough ooupllng bctween nitrogcn and,

thc protone on thc o-barbon (1.4. JN-g-g) is ncgllgiblc.
Thle behevloun ie elntlar to othcr hetcronuolcar lntcrectior,"4t5
e.nd hec bcen rclatcdltz to tbe quad,rupolc moncnt of Nl4. Ue hevc

obserycd e renarkeblc dcpcnd,cnce of this interactlon on substl-
tutlon in e serlcs of ctJrylrnmonlun lodldeg. It ls dlfflcult ts
dcold,cl wbet lg the Brcclsc slgnlfi.cenoc of the phcnouenoar but
the verlatlon obeervcd d.ocg not arpport thc hypothcsle thet thc
lntcmctlon dcpcnds upon e htghly synnetrioel snvironnent - ln

fret thc gradurl repleccmcnt
of the ethyl group by ncthyls
appelrs to increagc tbe abgolutc
negnitude of the coupllng
constant rtrggesting a hYlnr-
conJugation llnked phcnonenon.
We hsvc elso obsctrrrcd sorno

dclrndcncc of JN_C_C_H on thc
en.lon a.nd w111 look lnto the
lnfluenoc of the Öihed.rel englc.

lYe havc comrncnted bcforc
upon long-rangc coupling6 tn
lnd,oles. Changlng solvents and

labile proton cxchange cto
rllowg us to nake thc foUowigg
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'sptn lnterrotlongr (rpproxlnatc devlatlon ls O.O5 a/a )
J2
J1
ü,
J5
ü6
J2
ü2

J4
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cB!
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OPE
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oB8

He0
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PertlaularLy revealtng ls thc slgnel ( 405 op6 c23 IHS in
oencenttstcd icctonc solutLoa) rttrtbutcd te H5 rhioh iE e
rcll rcsolvcd doublet ef dcublctr of doubleta wlth tbc snallcet
spllttlag of O.4 ops. thc HrrfrT coupllng ls sot of r aovcl typc

but thc H2fi5 lad the rlcse clcar, HZIH4 taterrctLons rIrpGEr to
hrve no cl-oec eulalogy. Intcrestlngly the path bctwccn H, and Ha

conforns rcrr rtth shcppardra zLg-nag hypothcglsS'

7

ftth bcgt rcgards

( S. StellnhcLl )
RcfcrcncGst
l.Andarson e.nd. Baldcschulele! - J.Chcn.Plrya. &, L26A (L96t'

2.Brr,llockrlluck rnd f,ood,houec lbld. & zrLg (L95t)

),Ira lrancette a.nd Bcngor - J.A!.Cheu.Soo. 92 285, Q961)

4.KerebatsosrGrahan rnd Vanc - ibld. gS 77 Q962)

5.ManettlJuvinall end Ellcnan - lbld. 85 2661 (195r)

5.Sterntrell, MEI.LON-il-R 61 4 and Rottendorf end Sterncll , Aust.tf.
Chcq. (ln print)

T.sternhsllr Rcvg.Pure.Appl.Chen. !! 15 (1964)
g.Bswell end. Shrpperd-D1gc.Fgrad.Soc. Ns 54 115 (4962) anil rcfe

ü erela.
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UNIVERSITY CHEMICAL LABORATORY,
LENSFI ELD ROAD,

CAMBRIDGE.
TELEPHONE:5649I.

4th May, L96+.

Professor B. Shapiro,
Departnent of Chenistrye
fLlinois Institute of Technology,
Technology Centre,
ctü cAGo ,Iilinois, U.S.Ä.

Dear Bamyt

We apologlse for our late contribution to the NIviR
newsletter. May we also belatedly congratulate you on
your new appointment and say how nuch we appreeiate your
wlllingness to keep the Newsletter going at I.I.f. At
the sane tinne we shouJ,d l-ike to thank Aksel Sothaer*By for
hls past efforts for MEf,II.,ON-M-R.

long-range (H,H) coupling constants

Sorne whil-e ago 3anwe11 and N.S. (Uisc. Faraday Soc.,
L962, 34, 115) pointed out that the najority of the long-
r?nge (tIrH) eouplings obsenred through 4 or 5 bonils
( +.f and )J) occurred when these interrrenlng bonils forraed
a planar zig-zag (or tstraightr) set. We suggested that
thls stereochemlcal feature night be sigaificant and gave
reasons for considerlng that these might be d-bond
transmltted couplings. Most of the long-range coupli-ngs
neasured slnce follow the planar zig-zag pattern (a
notable exarnple is the 1:3 equatorial-equatorial eoupllng
1n six-nenbered sugar rlngs as reported by Hall and Hought
?roc.Chen.Soc., L962, 382) although some measureable values
have been found when the path is not strlctly planar.
In lhis tatter connection we shor.rl-d expect some type of
cos2 B dependence to be present as occurs f or the irvött-t<nown
3-bond (vlcina}) coupting constants.
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A particularly clean-cut and long-standing exceptlonto the planar zLg-zag rule whlch we still do nöt unoerstand
is -the loag*range coupling constants found by Bothner-By
and Naar-Colin in tbe spectra of- the 2t3 dlhalogen butanes
(J.Amer. Chen. Soc. , 84, 7 +l (1962) ) .

Because of the tinited avallabillty of sultable
nolecul.es it is tnre that nost of the alpreciable 5Jr s are
observed 1n unsaturated system.s where, ä" suggested by
tr'reenan and Bhacca (iwetrofnvtn, No. fl_r' fl), eiirrer groirnd
or excitecl I dienet eleetronic statF of the type

n/C\cl\rt nlght be expected to play u, pa"t. trfost

of the obse:rred 4Jr. on the other hand are ln saturatecl

systens U-C\C.zC:, and theser as Dr. Sternhell has

_pointed out to us, might a1ternatively be brought about
by overlapping of the 'tails' of the boplanar dH orbitals
("f. Meinwalcl and Lewis, J.Amer.Cheno.Soc., 1961, 83,, 27G9).
lhis latter explanation would not be applicable tö-ttre5J exa.nples --r-r-

A test between the two hypotheses ( icl-anar zls-zascr-orbital versustl-orbital coüiring) ioi_5J -äoCo-uääT 
u"

m.ade by obserrratlon of the magnitude of )l couplings 1n
saturated nolecuJ-es. Suitably rlgld systems are not
g_asy to cone by, but can be founcl in bicyclic molecul-es.
We should therefore like to put forward the suggestionthat readers of lhe Newsl-etter nnight be on the look-outfor measureable 5Jts for (H1rH2) fn Hr

l{,

(H3 
'

Hr

with suitable substituents.
occur by a planar zig-zag 6

lnteresting to know if thls
J path, and lt would be very
is obse:srable experimentally.

H coupling would also

Correlation of I{MR and ESR coupllng data

Fessenden and Schuler (.l.Cfren.Phys., 32, 2L47 (
anil Cochran, Adrian and Bowers (l.Cfrenn.Phyil, 40, 2L

Ie63) )
3 (1964) )
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h.ave neasureil the isotropic part of the hyperfine couplings
of m,any Lrydrocarbon free radicals in the llquid state or
in natiicäs. We have noticed that there is a close
äor"äf*tion with sone of the NMR (it'lt) coupling constants
of the corresponding parent m.olecules as shown in the table'

If the geonoetry and tlybriilisation of a noteeule ls
unaltered by-the retoval oi a hydr-ogen atom the NrirR and
ESR couplinä would be expected to be proportj-onalr.-
ässunfnä thät the coupli4gs are transnltlpd Fy similar
nechaniöns of spin polarisation through the bonds.
fne proportionaiity- observed for the vlnyl' rnetryl-vinyl;
ana ioräyf radicalä is therefore of interest, a4d confirrns
the conciusionsr prevlously deduceil fron the ESR data above'
that the uncoupieä electroä remains in an orbital in the
if"o" äi f,fie döuble bonil and does not transfer -appreclablyi;-; 11-;rtitaf. fhe parallelisn between the abnormally
higü '[yperfine splittiäg of the f ortyl. raclica] and the
equally abnornal- geninaf coupllng constant of f orualdehy_de -
is=ü"oi""o-;t-"r,-,llcnen.Plrys.l rg6:, 32, 3154) is pa-rtlcularlv

"i"iti"s. - 6'ätrlbutions- to (tt,n) coupling^cay.sed. by.
äxä["oää integrats between the Ja orbita] of the first H

ätor "äo 
oruiiärs in other bonoä-than the C-I{ e.81 -dlrect

äi[I.ä-H(ljI-H(tal exchange f9r. a CII2 sroup, couLd provide
äpin-pofariiatioripaths foi which there would be no
;ä;I"äi;ni-io ifr" äo*fogous radical. Such a contribution
nay be respon=iUfe tor fne aUnoruaf geninaL gß ratio of
tbä snall öoupllngs of the vinyl raclical'

Fina-l1y (ilJ) for the ethynyl radlcal and acetylene
does not have'f,ftr'value obsenräd-in the other unsaturated
;i;tü; -"rtfroogit it seens ]i{e}y that. the geom-etry is not
6issimif ar. Fossibly in this öase the uncoupl-ed el ectron
räsides appreciabfy iä lf-orbitals, or additional spin-
pöiä"it"tiön paths- are available in acetylene'

Yours sincerelYt

&'n w ßeII

4 f7h-Pv\
Ruth M. TrYnden-
Nor:nan ShePPard

"*^
e11
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4.

Radlcal

"\ /AT/AIv-v
a

a (gauss)
from ESRX

Moleeule J ( c/s) 3,t/Jfrom Nit'iR

5.9
3.5
3.1

a

3.0
3.3
3.3

r (19. 5)
I +57.9
t +32.9

.A
\H

\H9
r3.4) (t6.0
+65 +68+3? +34

I iia].,
( cis)

H

(
trans
cis)

CH

H\

3\ I
a

+137
a

3.3

L.7o CEC-II (16.1)

I Nunbers in brackets are of uncertain slgn. For the first 2 free
railicals it is assumed that the largest B hyperfine splltting is
positive,

H-C:=C-H (9.5)

(-41.1)c=o
H

H \
/

)c==t<:
CHr)
( tians)
( cis)+10

CH +6
+l6ß[

(

4(
.B
.0

\
E/

r(e
.1 (
.6 (

em)
trans)
cis)+11\

t1-l'l (
(H

p
//H a +2.

+19
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Dr. Werner Brilgel in Fa.

-%./"e"Mr/'*-a"%/*-%AZ"V9
LUDWIGSHAFEN AM RHEIN

Haupblaboratorium
Iuftpost

IHRE ZEICHEN IHRE NACHTICHTVOM UNSERE NACHRICHT VOM UNSERE ZEICHEN TAG

Dr.Brü,/rh 11.Mal 1964

EETREff

Dear Dr. ShaPlro,

First, congratuiatlon to your moving to Chicago, good luck and suc-
cess in yoür work and thank for continuing as the editor of the NI\m-
Newsletter !

Tn order to avoid, the reminder letter I send you this contribution.
By courtesy of Prof. WELKER, Dr. trhiANTSCHEFF and Dr. DÖTZER (nor-
sänungstaböratorium of SIEI4ENS-SCHUCKERT-Iderke AG., Erlangen) f iraO
the possibifity to invesblgate the high resolution proton resonance
spectra of a .l ob of metal alkyls especially derivatives of Ga, Al,
In and Sb. The chemistry and properti-es of the In-alkyls are des-
cribe<l by TOII anO oöftbn (Z.anolg.allg.Chem. 12I, \2O, 1967)' bhe
IR spectra of the Ga-, In- and Sb-afkyls by OSVJALD (Z.anal.Chem.
Iq7, 7O9, 1961). The results of re-measurements of some compounds
ffieaciy described in Lj-terature are added. The specbra are taken at,
a VARfAN A-60 using the pure liquids with a drop of tetramethylsi-
Iane as a-n inLerna.i. standard. The table gives the chemical shifbs
of the different alkyl groups ( 5 -values in ppm from TMS, the posl-
live sign downfleld) and the coupling constants as far as measured
in cps. The accuracy is estimated few units of the last decimal.
A,- this moment I do not like to dlscuss the results, but perha.ps
they are valuabLe for colieagues interested in mebal alkyJs; too
4nd for considerations aboub the DAfLEY-SHOOLERY-equation and simi-
:o.Y subject.

Yours sincerely

#

:

Prof.Bernard L. ShaPiro

Department of ChemistrY
Illinois Instltute of
Technol-ogy
Chlc aEo/ILlinois Oo6l'6

USA

t/,fuyt (



NMR tars of netal 1s

ce (cH^cH^) 
^I ))

Ga Cl(CHrCHr),

ca F(CH^CH^)^z jz
ea (cHrcHr), : O(cHrcHr),

Ga (cHrcHr), - N(CH3)3

GaBr(cH2cH3) : N(cH3)3

Ga (CHrcHrcHrcHr),

Ga Cl(cH2cH2cnrrrrr,

ca (cH2cHIcH3]2)3

Ga cr(cH2cHrcxlzl 
z

68 (CH2CH2CH2.trat3)3

6a (cH2cH[cH3]rrrr 
3) 3

Ga (CH2CH2CH2CHZCH2CH3)'

sb (cH.cH3)3

sr t*{cHr]r),

sb (cH2cH2cH2cH3)3

su (cHrcx[cH:]e):

sb (cH[cH3]cH2cH3) 
3

Ccmpound

Ga

0

6a

N

Ga

N

5"
0.677

0,858

a.&'r

o,4r0

3.72'

0.27)

2.39o

0.3e0

2.r20

ca. O.f)

ea. 0.92

0.Bl 0

0.992

ea. o.f)

ca. 0.92

ca.0.75

1 .318

ca. 1,62

ca. 1.44

13e6

ca, ',.J8

1.172

1 .193

1 .166

1.12'

1.17'

1 .070

8.0

8.1

8.0

8.1

7.0

8.0

1.C88 8.0

ca. 1.2)

ea. 1.4J

2.080

2.O7'

ca. 1.2'l

ca. 1.60

ca, 1 .2f

ca; 1.4)

ca. 1.43

0.e39

0.992

ca. 1.JB

ca. 1',22

ca. 1.JJ

ca.0.88

cr-. 0.92

6

6

1

,
ca. '1 .lB

ca.0,92

ca. 1.J)

ca. 0,83

ca. 1.j) ca. 0.88

1.210

ca. 1.10

ea. 1.44

1.873

7.8

ca. 1,44

o.e77

0,982

0.8e3

ca.l .r8/1 .276
I

I

5u 5r t, 6, 5r
I

Jcp I Jrr

6.t

6.,

6.t

6.4

I\)-\l-2-



5"laCompound 5" 5r 5, 5. 7-JqB

N)
@

Jpr
Sb (cH2cH3), : Gr(cHrcHr),

(sb . 0) (cH2cH3)3

In (CHrCHr),

r" (c12c{lcP3)zt 
3

In (cHr)r: n(cHr),

ItcrHrt InFtn{crHr) ]'[Htcurt o]

1.2r8

1.133

1;6.3

't.3't7

2.340 0.s63

1,3r9

(toluenc: ph /,180, CH
3

2.192)

1.09'

1.080

1 .114

1.O23

1 .138

0.992

lpil 7.1111

1.000

1 .391

1.108

(benzyl: ph 7.9?0, c.6zol

'2 Tolusne

1.480

0.4r7

1.817

o.650

0.s63

- o.)13

1.q7

0.3r8

2.60a

o'37,

o.z6z

0.r14

- 0.14,

2.760

- 0.1il

2.77'

- 0.070

4.1e3

- 0.184

3.130

0.342

a,3r0

Sb

Gt

7.8

8.0

6,2

8.4

6.c 6.c

8.1

8.0

8.0

8.1

7.e

7.2

7.8

Jn

ln

N

Ar (cH2cH3)3

Al cl(cH2cH3)2

ai cl (cH cH )2'23
AI (cH2cH3) : N(cH2cH3)3

Al (cH2cH3)3 : N(cHr)r(c6H")

Ar Cl(cH2cH3) 2 | 0(cH2cH3\ 
2

f^ 
IcI ( cr-1"cH3) 

11.1-u 
tcnrt 

ruunzyl]

AT (CH CH CH }2 2 33
Ar (cH2cH[cH3]2) l

AI

N

AI

N

A1

0

Af

N

8.0

7.0

7.0

1 A)q

1.8r0

CH
1

o.e77

0,96,

6.e

-3-

7.7

b.ö



Compound

al H(cH2cH[cH3]2)2

Al (cH3)3 : 0(cHrcHr),

e (cHzcH3)3

B (cH2cH2cH3)3

B (cH2cH2cH2cH3) 
3

B (cH2cH[cH;z) 
3

si (cH2cH3)4

si H(cH2cH3)3

si cl(cH2cH2cH3)3

sn (cH2${cH3]2)4

tn rllgH-cHr) (CH2CH2CH2CH3)2

MSBr (CHrCHr)

zn (CHrcHe)r
- )-

0

AI

6o
o.y,

- o.e23

4.0c0

c'-. '1 .Q2

ca, 1.29

ca. 1,)1

1.198

o.r32

0.t94

ca. 1.4)

0.817

ca. 1,))

- 0.710

0,312

6o

ca. 1.90

cs.0.95

c', 1.3'

ca. '1 .)1 .

2.067

0.e50

0,e85

cr. 1.43

1.918 ,

c8, 1.r,

1.16A

1.1r3

't.29)

5t t"
0.s50

iiH

(H: 3,48)

-3)

0.8e7

0.917

J
S

0.924

cr-, 'l .)1

0.8s/

0.944

ca. '1.r,

(H: .J.582,

1.ofi

5t a.upraVcF

7.o

6.a

7.0

8.1

7.3

6.2

6.a

6.o

5.0

8.'

7.8

7.e

6,t

6.6

t\)\o
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Dr. H. Frltz
c/o J.R. Clelry S.A.
Basle 2I (Swltzerland) z8th Apri), L964

Assoclate Professor B. L. Shaplro
Departrnent of ChemlstrY
Illlnols Instltutc of Teohnolopgr
TechnologY Centcr
Chlcago, Illlnols 6O6t6.

Dear Professor ShaPlro:

I am sorry you had to remlnd me that a contributlon to IITNMRN

ls due from our laboratorY.
tt Stereoohemlstry ln blcycllo d.erlvatlves of D-gluoosea,nlne tr

Ihe conpounds d.lscussed ln ttrls letter have bccn synttresized by Dr. C:h. J. Morel

of our company. Synttresls and chemlstrTr of Ia and IIa are already desorlbed ln
ttre ltterature 1.). The compounds are examples of f\rsed blcycllc systems con-

slstlng of a sl:snembered and a flvemembered rlng. TLre rings ln such systems can

be eltler cls- or trans-fused. IJtrlle for the slxnembered rlng ln a trans-fused
system only a chalr conformatlon can.be envlsaged, two posslbllltles have been

suggested for cls-fused compound.s 2.): either the sfuonembered. ring ls a chair
(presumaUly sllghtly deformed), or ttre sfusnembered rlng ls a boat wlth the flve-
membered rlng fused. to the ecllpsed bonds at the slde of the boat.

_0-*

Ia
Ib

IIa
IIb

X=S
X=S

X=0
X=O

R=H
R = COCH,

R=H
fl= c0cHf

For compounds Ib an6 Ifb the stereochemlstry of rlng f\rsion and the conformatlon
of the glucopyranose-ring can be determlned from thelr NMR-spectra a'). [h1s
determlnatlon assumes, of course, valldlty (or approxlmate vaLldity) of the
Karplus-equatlon 7.) tor the dthedral angle dependence of viclnal coupling consbants

The protons of the pyranoserlngs ln Ib and IIb glve slmple flrst order spectra,
ln whlch the absolute values of aII coupllng constants correspond to line separa-

tlons and can easlly be deterrnlned.

rR- and fJl -values for the two compounds are glven in Tabte I. AIso shown are the

two posslble sets A and B of dlhedral angles, that can be calculated by the Karpius-

equatlon, and. that are compatible with the stereochemistry of glucopyranose D'i.

a.) Spectra r^rer.e run on an A 60 as 20 % solutions (weieht by volume) in COCfr.

TMS was added as internal standard.
b. ) From consideration of the Karplus equation alone, also values of lj4 = 55o and

t'Lc, = Oo would be possible. However, as can be demonstrated with models,

+ i; = oo can be exclud.ed, because H4 and H5 are trans in glucopyranose and

calnot be eclipsed in anJr concelvabie conf-ormation. If only 145 = lBOo ls pe-
mltted, 94t = 55o can also be excluded, because H3 and H)1 are trarrs to each
other *h'ört ot be made to assume an angle of 55o without undue straj-n.
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Table I

Set A corresponds to cls-fuslon, set B to trans-fusion of the two rlngs; neither
of the two sets ts compatlble wlth a chair confornatlon for the pyranose-rlng.
Conslderatlon of ttris fact perrnlts exclusion of set B, beoause ln a trans-fused
system. the glucopJrranose-rlng cannot be ln arry other confonnation but the C 1
chalr 4. ), slnce aII ottrer conformatlons are energetl-call.y very unfavorable.

As cal be shown wltlr Drelding models, the C 1 chalr ln a cls-fused system can
qulte easlly be deformed by movlng carbonatom J towards ttre plane of t'he other
four carbonatoms. If thls ls d.one, untlI an angle ?27 of 90o ls reached., aII
other dihedral angles correspond to those of set A.

Summarlzlng, we conclude that the rlngs ln compounds I and II are cls-fused.
The conformatlon of the pyranose-rlng can be descrlbed as an intermedlate between
a C 1 chalr and a B ) boat, closer to the boat tlran to the chair form. Probably
thLs eonformatlon ls favored, because of the tendency of the flvemembered ring
to be Pranar' 

Yours slncerery,

ff-Y,(
1.)
2.)

ch. J. Morel, HeLv. Chim. Acta 44, 40, (1961)

E.L. E1iel, Stereochemlstry of Carbon Compound.s.

Mc Graw-Hlll Book Comparry, Inc., L962, New York, San Franclsco,
Toronto, London pg. 270.

M. Karplus; J. Chem, Phys. tO' II (tgSg)

For nornenclature of conformatlons see:
R.E. Reeves ln: Ad.vances of Carbohydrate Chemistry, Vo1.6, 1)5J-,
Acad.emic Press Inc., h.rblishers New York N.Y.r PP. L22-L24.

)
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4.fr
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5.QB

4.2;4
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4.77

5.41

5,90
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T(Ho)
t(qr

Dlhedral angles from
Karplus-equatlon
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IIbrb

coupllng
constant
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rrbIb
]hern. shlft
'E-unlts
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MnLLoN fxsrrurrE
4z\oo Frrtrr AvPxun

Prrrgnuncu, P/t. l5 2 rB
L2 May L96+

Assoc. Prof. B. L. Shaplro
Department of Cherilstry
IlLlnols Lnstltute of Technology
TechnoLogy Center
chlcago 15, rLLINors

Dear Barry:

I have been following up the work on dlphosphine derlvatLves
I reporred ln MelloN-M-R 6Z Uy attemptlng to obtain the relative slgns
of coupLlng constants ln several lnstances. Since this is still one of
the popular sports in the N.M.R. fleld, I feeL the results may be of
sme interest to readers. SpectraL analysls shows that the two (Url)
coupllng constants for tetramethyldiphosphLne have the sanre slgn, in
contrasE to the case for tetramethyldlphosphlne disuLphlde. Double
resonance experiments at low lrradtatlng polder on tetramethyldiphosphine
monosuJ.phide have now been successful. Figure 1 shows the proton spectrum
durlng irradlatlon of each of the four phosphorus resonance bands (of the
broadened AB type of spectrum), Ln order of decreaslng fleLd-strength for
spectra (a) to (a). Thus lrradiatlon is occurring at Prrr resonance
fiequen.ies for (a) and (U) Uut at PV resonance frequencies for (c) and
(a). Trace (e) shows the rrnormalrr spectrum. These experiments remove
the amblguity in the assignment, of the-ggupling constants (see Me11-oN-I'1-R

6Z). They also show that the two (HrPt_t_t) coupllng constants are opposite
ln slgn to Joo, whereas one of the (HrPv) coupLlng constants has the
same sign as'Joo. These double resonance experiments were carried out
uslng the A60 äfiectronreter and the decoupling apparatus recentLy devel.oped
by NucLear l'lagnetlc Resonance Specialties Inc. I am grat,eful- to N.M.R.
Speclalties for allowing me to do thls work at their New Kensington, Pa.t
laboratory.

Tabl-e 1 compares the reLative signs for these compounds wlth
slmlLar publlshed values. This table has been arranged as far as is
possib_le so that the upper sign of any pair is related to a positive sign
for a Jl ln Lhe same moLecuLe. I feeL that the upper signs are therefore
most likely (but are, of course, by no means proved). If this is so, then
lt is implied thgt IJoo is negat,ive, which was tentativeLy suggesEed by
Ruth Lynden-BetLr for--diphosphine. I hope to reLate these signs more
positively to the rtstandardtt trra_" ln the near fuEure.

I^liEh best wishes, 4 t

?u(u'/l*u

(References - next page)

R. K. Harris
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Assoc. Prof. B. L. Shapiro L2 l,lay L96\
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Table 1

REI,ATIVE SIGNS OF JPP AND JHP

\,

Notes

a

b

Compound

(cn, = cH)3P

cH3PHz

(cHu) reu
(cH"cttr).r
(ctr")rcnr(:o)ct,
(cu")rcue( :s)ctt

[o"r.ruor13-
H2P. PH2e

(cn")=rr (cn" ) t
(ctt")rr(:s)e(cu")=

Reference Type

l_
Jttp

-A

Type Value*

PIII

1.1

Value TyPe

P
III

,ttt,
DIIIts

,ttt,
PV,

PV,

PV,

).J

X=C

X=C

X=C

X=C

X=C

X=PV

ltxP

III

J,tHXYP

Type Value*

, x=y=c(sp') ft r:.62("i")

lt ro'2I(trans)

PP )

2

+ 186. l+

+ LlL.6

Value-

+ ll.f
+ 3.6

T (t)
T (t')

+94

+ 11.!
+ o.9

+ t+.09

T L2.O2

1 L2.74

III

III

,ttt,
,ttt,
PV,

PV,

, X=C + 11.71+ P

3,\
3rL

6

E)
1

(i) r
(ii) r

III
P

P

PY,

PV,

f
rrrr + 186.5 P

P

(p

I'

X=Y=C

X=Y=C

X=Y=C

+ 13.7

+ (t')

! (t')

444+PV

Prrrrrrrr F 1oB.z c

,ttt, ru ; 22o

III
III
III
v

t

X=P

X=C

X=C

x=c

x=c

x=crY=Prrr + 7.3
X=C, Y=PV + 5. B)+

x=crY=Prrr + Lf.5r
X-{rY=PV + 7.26(cr")re( : s )P ( :s ) (cr")rs PV, f

''r"." = + 2.ozt 3tfiä1." = + tt.te,3tf,f"äi =. rB.3T.

o"*.r" =+T'6L'
t tr"*n =T 12, 

""rr" 
= + ro.5, + 6.8 (trans and cis).

d All "o,rpling constants are in c/sec.

" L i" not possible to determine the relative signs between groups (i) ana (ii).

f Th. r.grritudes rnay be interchanged

g Arr.ro,i..rg the accepted structure.

h Mrgrrlt-urleu rroL llsLcd.
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(o)

(b)

(c)

(d)

(e)

l- zoclsec I

FIGURE I

OF TLTRAMETHYLDIPHOSPHINE SULPHIOE
-

H

H {rrcf slrcrna
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PRINCETON UMT'IERSITY

DEPAITME! T OF CHEMISTT,Y

PRIN@TON, NEW IERSEY

F*L Clrilk l läorery

May l), L)64

Ibar Barry,

NunErous proposals for ralslng the Karplus curve have appeared
recently [tnter.4!1, R.U. Lemleux, J.D. Stevens, and R.D. Fraser, Can.
J. Chem., @r I955(L962)3 R.U. Lemleux and Jil{. Lown, Can. J. Chem., !9.,
593[964h;rd o. Jardetzky, llELIoNllR, 52, 46(I96))J. I{e are concernil-
ebout theee proposals ln view of results we have obtalned for coupling
constents ln- the adamantane system.

tkrplus [J. Arn. Chem. Soc. r 95, 28?0(196)] has warned that viclnal
coupllng does not depend upon dlhedral angle only, and cited among
poeslble factors also lnfluenclng J, the other valence angles of the frag-
flEnt under conslderatlon, bond lengths, and the electronegativity of sub-
stltuents. There are a nurnber of recent practlcal dernonstratlons of the
effects of factors othet than dlhedral angle upon viclnal Jfs, of whlch the
followlng are tnrt a few: P. Laszlo and P. Schleyer, J. Am. Chem. Soc. l
95t 2ol7i 2o?9(L96))3 P. Laszlo and P. schleyer, 8u11. Soc. chim. Ftance,
92(tg0tt) i K.L. willianrsonr {. Asn. Chem. Soc.; Y, 5L6(L963); o.L. Chapman,

*"fl'rsiT'dl";; t??irä\!(tg6t); 
and G'v' sm:IEh and- H' I*tlorr' r' Am'

In adanrantane, all bqrd lengths are normal, alL bond angles tetrahedral,
and the rtgtd archttecture permtts no deviation from 600 dihedral angles
between vlcinal protons. Furthermore, the relatlvetry large separatlon
(at least three bonds) of the substituents frorn the protons under
consideratlon mlnlmlzes the effect of electronegativlty upon J.

Although the NMR spectra of adamantane derivatives generally show
11ttle splitting, presumably because long range andfot virtual coupling
t^rashes outn the ordinary vielnal coupllng, ln a few instances, Table I,
J ,^ is reasurable.vlc 

Tabte r

COUPLING CONSTAI.ITS IN ADAI{ANTANE DERIVATIVES

Cornoound

1-f luoroadamantane
1-bronroadamantane
1- iodoadamantane
1-aminoadamantane
I -hydroxymethy I ad amant ane
1-methyladamantane
1-phenyladamantane

Jpy= Jyör, cPs t o.1

2.7
2.5
2.5
2ry
2.5
2.6

Average
2.5
2.9 ! O.L
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, I^le have also examlned the r3C satellites of the methylene groups

of adamanrane itself [P. Laszlo, Sciences, ?6, 58(1963) ] with the aid of
a CAT. Ttre satellites are unresolved multiplets, with the appearance of
a broad slngle llne, \ = 5.3O cps. Thus .I must be 2.6J cps. or less,
a .value in äxcellent afireenent rri.th the average value for the substituted
adamantaneso This value is also in reasonable agreement with the pre-
dlctton of the Karplus equatlonl 1.8 cps. Ott J.ri" gives a dihedral angl-e

of about J4o.

I.le note with some confusion that our value, J = 2.5!0.1 cps for
l-bromoadamantane ls stgniftcantly dlfferent from the l.O cps reported
by Jardetzky in his letter. It seems also that the electronegativity
correction of O.4 cps applied by Jardetzky to this J is rather large'
since none of the protons involved in the coupllng is geminal to the bromine.

In consideration of our results in a system having only minimal
perturbing influences, vre would 1lke to suggest some caution in proposals
ior 1arge upward displacements of the Karplus curve. I^le feel also Lhat
attempts to generate a single curve, applicable to all systemsr are
probably foredoomed.

0öö'"ru:

tu
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HUMBLE OIL & REFINING COMPANY
BAYTO'!trN, TEXAS

RESEARCH AND DEVELOPMENT P. O. BOX 4255

tttay 6, t96\

Dr. B. J,. Shapiro
Department of Chemistry
Illinois Institute of Technologr
Technologl Center
Chicago, Illinois 6O5t6

Dear Dr" Shapiro:

In compliance with the participation requi-rement for subscription
to IIT NII4R Newsletter, please accept the following contribution on behalf of
the NMR group at Humbl-e.

EFFECT OF ET}IYL SILICATts ON EXCHANGE OF AICTOHOLIC PROTONS

Recently, vhile studying chemical shifts of some alkyl silicates,
we stunbled. on a rather curious effect of these compounds on the proton
exehange rate of alcohol. An example of this effect is depicted in Figure l.
The f'absolute" ethano] shown here was used. as purehased, without puriflcation'
CIearIy, it eontained. suffj-cient catalyst as impurity to promote rapid ex-
change of the alcoholic protons as evid.enced by the singlet 0H resonance and.

simple quar:tet methylene resonance. Ethyl silicate, run as ten volume per
cent solution in carbon tetrachlorid.e, gi-ves a methyl triplet at B.B3 r and
a methylene quarteL aL 6.28 r. These are both slightly downfield, respec-
tively, from the resonances of ethanol: CH3, B,BT r and CHrr 6.\9 r.

The addition of ethyl silicate to ethyl alcohol does more than
simply overlay the two spectra. fmmed.iately evident in Figure I is the
iner:eased" multiplicity of the OH resonance, suggesting coupling between
methylene hydrogens and the aleohol hydrogen" Figure 2 shows detailed
structure of the resonances and a first ord.er interpretation thereof. The
OH-CHö coupling constant is of the ord.er of I cps and the CH'-CII? constant,
about'7 cps. The ethyl silicate resonances are also clearly-in dvidence,
stightty downfield from the correspond.ing ethanol resonanees.

According to our experiments, ethyl silicate has no effect on the
exchange rate of amine protons. This suggested to us that alcohol protons
exchange via a different mechanism than d.o amine protons. Perhaps ethyl
silicate removes the catalyst or initiators in the case of the alcohols, and
has no effect on the amines because the amine hydrogens are labile enough to
exchange without catalyst.

Very truly yours,

J.IRR: osa
Attachment

John J" Reed.
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Fyrirko Institutioncn, Upptolo, April 21st t 1964'

Professor B.!. ShaPlro

Departnent of ChenistrY

Illinois Institute of TechnologY

g19 , rllinols 60616

u . s.A.

Dear Profee sor ShaPiro ,

lye have lately been working on the analysis of spectra from

synmetrical molecules by perturbation methods, and our first

contrlbution to the new IITNMRN wiII be a report on some results

for ArBrX sYstems.

In the LzBz case closed expressions for all transitions can

not be obtained, due to a 4 x 4 submatrix of the Eaniltonlan

belonging to the strmmetrical spln zero states. In many practical

cases the Hamlltonian can be treated by perturbation methodst where

a suitable choice of basis firnctlons leads to the approximate

diagonali zat:::on of this troublesome 4 x 4 matrix. The large-shift

A,rX, aOProxlnation to fi-rst order is well hown' By extension of

the perturbation treatment to second. order, this approxination is

applicable for a remarkably wlde range of shifts- we have success-

fu1ly applied it on a spectnrn of p-bromonitrobenzene where the

relattve shift was only twice the ortho coupling constant.

In the (an)Z approxirnation one assumes that the ArB, slrstem

can be treated as two almost independent AB systems. The basis

functions of the matrix are then chosen as symmetrical products

of the AB eigenfunetions. Then the rtcross-couplingstr are introduced

as perturbation. This approximation is e.g. conveniently applied to

the analysis of the spectra of p-substituted. benzenes. The (lX)e

approximation is the large shift linit of the (lS)Z approxi-mation

and leads to extremely simple expressj-ons for the transition

frequencies. These approximations with pertj-nent j-llustrations are

discussed in two papers to appear in Mol-. ?hys. and Acto chem scand'
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these perturbation methods can be extended. and. applied afso to
somewhat more compllcatecl systems like the A'282X case. The ArB, Part
of sueh a spectnrm can be regarded as consisting of two overlapping

LZBZ patterres, each of which may possibly be treated by one of these

perturbation methods. Also the X part of the spectrum can be sinply
ealculated by these approxj-mations, quite tractable expressions are

obtained.
The accompanying figUre shows the apectrgm of p-chlorofluoro-

benzene, the proton spectn:m recorded at 60 Mcps and the fluorine
spectnrm at 40 Mcps. The theoretical spectrum was cafcul-ated by the

(lA)rX approximation; the frequencies to second order and the

intensities to Iowest order. A root mean square d.eviation of 0.06 cps

between calculated and theoretical frequencies is obtained. The

intensities to lowest order in the A'rB, Patt, however, are not

comparably good. The parameters obtained from the exact treatment
(Uy 

" least squares fit procedure on.a computer) are the same,

although it takes more than ten times longer to get the solution.
The asynmetry in the X spectmm, which makes it possible to

deter.:mine the sign of the proton-fluorine couplings relative the

proton-proton couplings is well aceounted for.

As a result we obtained the paramoter" VA - VU = 0.298 ppmt

J23 = 8.80, J25 = 0.50r J75 = 2.7Ot J26 = 7.05, J17 = 4.80 and

J16 = ?.90 cPs (alr J o'10 cPs)'
This (Af)rX approximation, 6' the simpler A2R2X approximation

should for instance be applicable for the analysis of most

p-substituted. fluorobenzenes, lve have suceessfully applied' them to

several other p-fluorobenzenes compounds of this kind.

Yours sincerely
. *

,5 4 tct c.t (t t ,,.'L t.4", /,*äZ'"'
"--)
(,;"

Bo Gestblom Sören Rodmar
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ORGANISCH-CHEMISCHES INSTITUT
DER UNIVERSITAT

Dr"A"Mannschreck

69 HETDELBERc, May 14, 196+
Tiergartcnstraßo
Tol. 27 1 21 (liber Cbirurg. Klinilr)

Dr" B. I,o Sbapiro
Department of ChenistrY
Illinois Institute of [echnologY

Chicago, Illinois

Direct Observation of cis-trans Isome risati-on of Ami-d.es

Dear Dr"ShaPiro:

lve have recently lnvestigated. the internal rotation of the

amid.es of mesitoic acid., because it is known from the correspoll-

d.ing azolld.es 1) that the nesitoyl compound's are favorable in so

far as conclusive cogel-ati-ons of the NMR signals to the isomers

are possible"

The spectg.rm of 1-tesitoyl-ind.oline at 18Oo (fig.t) shows a

broad.ening of the absorption representing the rhethylene protons

H(2) besid-e the N aton. At 77o tnts absorption is split into two

groups of lines (fig"2) centered around. C=6.4 and- T=5.8 in the

intensity ratio 66:)4, Sirnilarfxr one of the six aromatj-c protonst

nanely H(7) ortho to N, consists of two resonances at T=4") (1+ib)

and. t=1 "? (66%). Also the two nethyl signals at lBOo are doubted-

at lower temperature " This means that rotation around- the C-N bond-

is slow enough at 1?o for the observation of two isomers. The large

d.ifferences of their chemieal shifts result from }ong range shiel-

d-ing by the mesityl ring cugent and. by the carbonyl g"orrp 1; .

lhese reasonings ]ead. to the structures I and' II of fig"2 and to

the isomer d-j-stributions of the tablee rrlrr means: benzo ring is

cis to the carbonyl group; t'Iltt means: trans"

1 ) A "Mannschreck, H.A. Staab and. D "Wurrnb-Gerlich , Tetrahed-ron

Letters 1961, zOOt"
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Fig.1 : 1-nesitoyl-ind.oline in herachlorobutadiene r 180

octanethylcyclotetrasiloxane as a stard.ard-.

!c

o
t

11" vs:Yp..,/U*

lr'l lßo

ind.oline
2-nethyl-ind.oline
t e trahyd.ro qui-no l-ine
2 -me thyl -t e t rahYdr o qui-no l ine

a
I

9
I

lltllx(t

Fig.2 : 1-nesitoyl-ind.oline in acetone-d-a, 77o .

SoLvent absorbs arounö d=g.g .

'Iab1e: Isomer d.istributions i-n acetone-d"U , 1?o .

1-mesitoyl d.erivati-ve of I

66
1'
,1
27

II

7+6'
+9

7t

It is seen from these d.ata that both the substitution of the

2-position and- the transitj-on from flve- to six-membered. rings

rend.er the isomer II more stable.
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The spectra in CFTCOOH are similar, but the equilibrium d-is-

tributions are changed. in favor of IIr €.8. 1-mesitoyl-ind-oline

a217=4JzJ5 (fig,], botton). lhe most surprising feature of these

spectra: they are tine-d.epend.entl During the first minutes after

preparing the solution fron tbe crTstafline amid.e r one isomer

largely pred.ominates. It isomerises slowly toward-s a mixture of

both compound.s, the half ltfe (tOrr) being approximately 5 to 10

nin at 7?o. fhis behavior is shown in fig.] and- 4 for mesitoyl-

ind.oline, which at first exists as the isomer with the benzo

ring cis to the carbonyl group. Mesi-toyl-tetrahyd.roquinollne on

the other hand. starts with the trans configuration. fn neutral

solvents like acetone-d. and. CC1U the rotation is faster than in

acid.sl nevertheless we have succeed.ed- in d.etecting this phenome-

non in the favorable case of mesitoyl-ind.otine (tO. ,= 1 nin) :

:>'--<:, aiffiio,, :>'-*(l, r"o*t"tion :>'--<;'
crystal (M=mesityl)

This means that the crystal consists of W isomer which after
being d.issolved j-somerlses partty. Fig.5 gj-ves the resuLts for
the structures of the crystalline amid.es. One of then is cis,
the others are trans.

From this d.irect observation of the isomerisation we con-

clud.e that the life time of our isomers in solution i-s of the

ord.er of minutes. ft would., thereforer seem to be possible to

isolate the crystalh-ne cis and. trans f orms of the sane amide.

We have not yet succeed.ed-, but are optimistic, of course,

Sincerely yours

ßztunr@
Albrecht Mannschreck
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Fig.4: Same " CH, signals
as a function of time.
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Fig" J : 1-mesitoyl-ind.oline
in CFTCOOHT 17o. Gain of,

CH., signals red.uced-. 2 mln

(top) and' 1OO nin (totton)
after d-issol'ving the crYstals '
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r'iFr.5: Su3;gested- structures of the crystalline amid-es (['i=mesityl)
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Dear BarrXrt

I an pleased. to join your NtrtrR cLub and. as a first contri-
bution, I want to enphasizö the- interest of internolecular l_tqgy
of noLöculär structuies, when lnterested. ig öö-ounös with diffe-
rent kinös of mod.eratelf poLar groups. It is the case of I'neutral"
ö;gano:thäspnoäs äonpoü!äE we ätua! w'ith Miss G. MARTIN (Lab-
SpäJtr.'lt"rt".-Sörtoaäe). In such dcaser f_ effects are not sinply
cärrelatedt with electronic cb.argesr d.ue to the superpositio! of
narrJr d.ifferent J-ong-range effects (however, -consid.eration 

of homo-
J-ogöus series pernits sönc:concLusions) i J effects-are Ouitg
sei.si-tive but -they are observed. on two, tb.ree .r bond"s (except J
iC, -H) the variation of whicb agrees quite well wj-th theoretical
öoil3iäerations i comBtesrend.us 2r7, 17O7t 1967). In fact, d.ata
on 5 varlation of CECI" (a few per^999t) -{issotved. in a number
of clnpound.s - Conptes ?endus 25?t 246t, 1961_-_pernit fruitful
conparisons urlth e-lectronic chargds calculated. by Hücke1 method.

As shown by the
charge on the phosphbry'3- (
groups exkribit a mucb. grea
probablY ind.icative of an

in inter molecu]-ar effects

ü
tJ

1\

oll-ow-ing partial d.lagrannr with a lower
thiophosphoryl), conpounds with amino

r activity toward.s CHCI-= : thj-s ls
portant parti-cipation of nitrogen atoms

aIt

0

,

v
N
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I
0
f
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: llhese effeots are st$tificant&r reduced' in the case
of rhiopho"iüäöt;äür-d;-s [[is is not-burprising. In conpgunds
;i üi;äiafiätä' pnoä*onrs, ü.nüernolecular effects are malnlJr
due to heteroatoms (Or N ).

I

With the best regard.s of ,-l

G. trIAI/EI,
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ATBRIGHT & wltsoN (MFG) LTn
Che mic al Ma nwfa cture r I

P.O. BOX No.3 ' OLDBUEY ' BIRMINGRAM

TELEONAII 5.. ALB NIOfr T OLDA UNT TELEPNONE,' BROADWELL 1595

ogn nlF, YOüF nAt. DATB

wa/a.njp/rc'cftg'. 14tÄ l.tay, L9f/,'.

lsroolate hofessor B.L. Shapl.ro,
Departmnt of CbcnletrY,
I1llnot'a llttltut of leohnologr,
lcahoiogr Oantcr,
Cblaero. I-llbols 606L6. U.S.l.

Dsar Ih. Shsplrot

tr äsrc found, 1üoaphonrs od.de, PaO6 (n.p. 23.8oC) to be an exaellent standarrit
ranple for the attaiomnt of reeoluttoi and the referenalng of chenlcal ehl:fts ltr
phoiphorus illlR. In both tbese reatrneta lt Le far ortrnrlor to t'he aonrenttsnel sanplee .
h1lha P*0ro, lt ls not rmdn$r hygroaoopto and preccnte no handlLng problens.

For thc t31t1at locatloa of tbe recouatrce rüen sEtttng up a olrctronetcr for 31P

olnretJ,on, Pr0c, bsoause of Xta hlgb phocphonrs content ancl thE -gnall l:lne rridth of
tfu stlgtc-Ilbä spectrnn, ls nnsquglled.

lbs adJrrstmnt of resolutloa has alnaye pneeeuted a problcn ln phosphorus f,€eollallGer
l{any norhcr-, lncludlng orrselvee, hate uscd t&€ ten-l:lne pattern of, tr5.mtbyl phosphlte,
but, thte tc iory elou brcause ths opctrun bas to bc scanned al.or1y üo asseeg the effect
of each adjustnoat of tbs thLn aollg. Ia tÄe caEe of P+Oc, tbe stngLe peak nay be scailred,
rapldty and adjuetmnts nsd€ by obserwlng tbe rftgfirg pattcrn. ths attainable resolutlon
la- aLgä amatdärably srqnrlor3- f,or eranple , a reiotutton of 2.2 ln 106 uas attalned at
tf ttte/s.on the BllZrrüfle ths-bsst obta:nea-ushg trinet\yl phosphlte uaE 5.6 Ln 108.

8or tbs referenclag of chenlaal ehlfüs, tüe favorrrable aharacterl.stLcg of the Pa05
nggona11eo per.nit the ueä of enrallcr eaplLlarles täan arE nocessaqf YftJr 85f, or{ho-
phosphorle acJ.d; thle leavea lor€ roon fo sanple. Ibe reLatlve shapeEs of the Pa05

lLre aleo allone nore accnrrate noasutemnt of ghifbs. Ue tbercfqne ptopose that P405
shoLld be used as tüe ulttnate etandalrl for phosphonrs HMB' to rhlch all futtrre
rneasurensnts of phosphorus chenlcal shlfüg tÄLt be referrud.

To thls ead, ue have nads an accurato Baeurerant of tbo shtft of P4O5 fton 85fi
orthopbosphorlc äoid. ltetg ls -?8L2 t Z c/a at 25 Mc/s, X.e.e -LL2.5 t d.I prprßr

Thls conpary ls proposllg to narket hfgh purltif Pr0o for Nl{R pnrposes. In order
to prorlde som LndLcation of tbe seaLe of dcnadfor thls productr it rculd be
apprecLated lf those l-aterested eould vrltE to tbe undersJ.gned (A.C.C.). hrther
infornatlon rrlll be sent ouü ag soon aE possLble.

Ioure elacerel;r,

fie,
A. C.

6. John Eonor.*

|I Present address:- Gollege of Advanced Technolog, Blrrmlrrghan.
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Profeggor Bary L. thaplro
Illlnolr Instltute of Tcchnology
Tochnolo6y Center
Chlcago, Illlnolr 60616

Dcar tsarry,
gUBgTITTIEI{T EFTE6ITS IN BICYCLOHESTENES II

Sone tlne ago (ucttourn
constante and lnternaL ehenlc
qulte narkedly lnflucnccd by changes In gubstltuent electrone-
gatlvlty ln the serlgr of hexachloroblcyclohaptenes I a-f.

MOUNT HOLYOKE COLLEGE

SOUTH HADLEY, AAASSACHUSETTS

CI

l{ay 12 , L964

CI
CI

cl Hs

CI
Hx

r ß

In order to da
cllc rlng ayetem 1e
the chenlcal ghlfts
ethyl slde chatn of
flgure below, the s
as for the A and B

M-, ? ) wc re_ported that couoltng
E[ ehlfte (6x-5a and 6x - 6s) are

c, E, R=

4 lült
b) ocn,
c)H
J) ar
e) Noe

?H,
ll1

D

tr

.I. R=
a) OAc
b.) ou
c,) ct

w,R=
a) Nt47
b, o,1

c) octto

e)H
üF
{)ct
ilsr
h)t

R

m

we have now preDared the eerleE of conpounde II &-e ln i) xot
whlch the substltuente are eeparateö fron tho three nrotons on
the blcycllc rlng eystem by a phanyl 6rouo. Thle should Fer
duce thc effect of tho subetltuent nagnctlc anlsotrooy on ttrc
thres coupllng protons whtle retalntngr to some extent, the
lnd.uctlve effect of tho subetltuent. Thereforc' 1n contrast
üo the lack of correlatlon of chenlcal ehlfts wlth aubstltueht
elcct,ronegat,lvltlee ln the gcrleg of compounde I a-f r wo flnd
ln ttre gerlee of compounds II a-o wlth the phenyl rlng lnter-
posed that the abeolute valueg of the chenlcal shlfte of the
t,hres protoner HA, HB, and, H1, 9S b comelated wlth the
Hamnett 6l-o valueg f oF thc euEetltuents. As expect,ed thc cffeet
of the subetltuent decreaees as the nunber of lntervenlng bonds
lncreages eo that the slope of the correlatlon llnes for the A
and B prot,one 1g dlfferent fron that for the X prot'ong. It ts
lnterestlng to note that the substltuents ln the para posltlon
of the phenyl rlng exert the same effect on both ths A and B
protone, ln contrast to the bomoounds I &-e.

termlne what the effect of the rlgtd bley-
on these observatlongr we have also examlned
of the nethyl and nethylene nrotons ln the
the conpounds III &-1. Ae tndlcated 1n the

ame elooc ls found for the nethylena grouD
orotone of II. Thus the fact, that the Ar B
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and X proton! are ln a rlgldl, sonowhet et'ralnsd 5-menbered rlng
ä"a irä-edJacent'to etrongLy clcctron wlthdrawlng centers makee
no atffereäce 1n thc noblltty of thc electrone contrlbutlng to-
ihe relatlve ehleldlng of thä A, B and X protons ln tFe b1cycl1c
eyet,en. In the eerleö of conpounds II a-cr th? couollng con-
etantg are unchanged ln golng fron-one conpound to another;
JAX. 4.2, JB)C. 8.9, and JAB t -L2.7 cop.eo

glncerclY Yours,4%[enneth L. Ullllanron

z4o 23O 2N
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THE LILLY RESEARCH LABORATORIES
ELI LILLY AND COMPANY INDIANAPOLIS 3r U.9.A. , 3I7 MELROSE 6-2-2II

May 14, L964

Assoclate Professor B. L. SbaPiro
Departnent of ChenistrY
IlIinois Institute of TechnologY
Technology Center
Chicagor IIlinois 6o6f5

Dear Prof. Shapiro: Rec overinr DMF do l NMR Paner for a lOrt x l5r'
Flat Bed Recorder

We frequently encouater samples which are not soluble
in CDCI; or Da O. Trifluoro acetic acid has been used as have
dimethyl sulfoxide, acetone and dinethyl fornamide. Dinethyl
f ornanide appear6 to be the .most ttuniversalrr of these third cho j-ce

solvents and in order to reduce the inventory of deuterated soI-
vents, we f requently use beptadeutero dinethyl f ormamide (Di"iF dz ).
Although by using the Varian micro ceII, the amount per sample is
only "6oot'0.1 mI., at $45/gn. it becomes desirable to recover
the Dl'lF d?.

The glassware pictured in Figure I $ras fabricated in our
glass shop by Mr. Robert Miller. About 5 nl. of waste solution
ät" placeä in the annular space (A) which also contains a layer of
glasä beads. After assenbly, the pressure is reduced with a mechan-
ical pulrp and the stopcock closed. The cold finger (B) is fil1ed
with acetone and small pieces of dry ice are added. The DMf d?

first condenses on the upper part of the cold finger (B) and drops
into the annular space (C). From (C) it is evaporated onto the
center portion of ttre cold finger and collects in the cup (D).
The DI,IF d? coIlec ted is relatively f ree of c ontaminants except
for a small amount of water.

Atthough we have been able to obtain a fairty reproducible
5OO c/s sweep with the HR-6O (MELLONMR 55, 5) there has been no
paper available f or the lOrt x 15tf flat bed recorder which c ould
Le divided into tens of c/s. Dr. Harold Boaz with the aid of our
printing department developed the paper shown in Figure 2. The
grid is made up of a serj.eä of dotl spaced at intervals of 1 c/s'

quanti-tX,
it.

!{e cannot nake this recorder paper avaiLable in large
but would be glad to send samples to anyone requesting

Yo s trul

PauI ld. Landi-s
Chenical Research Di-vision

jb
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ô\
a

TABLE I

CHEMICAL SHIFTS AND COUPLING CONSTANTS F-OR ALKYL ALLENES

1, 2-Pentadiene 3 -Methyl- 1, 2 -butadiene

t

1,2-Butadiene
(3)

2,3-Pentadiene
(4) (2)

H
(1) >

H

,cH}c.tr(2)

Htc-
H

(1) c

(III)

CHa

=C' 
e

cHs

CHr
\c

Qft{=C (1)
Htc
H

(3)

(3) (4)

,CfI2C}Jg
=C=CtH(z)

(u) (ry)
(3)

o(ppm)
1

2

3

4

J(cpe)

t2

13

23

34

I}

4.498

4. 943

1.587

6.6?

3.45

?,10

4.547

5. 034

1.951

0. 993

6.77

3. 50

6. 23

7.51

4.402

1.629

4. 899

(a)

1.563

6.35

3. 20

6. 80

3. 15

$ Except for (III) where a first-order spectrum yields to irnmediate interpretation, data were obtained by calculation

of the theoretical epectra. All data refer to the pure liquid. The program of Reilly and Swalen was used for the
calculations.

(e)Snyder and RobertsS teport a velue of 3.03t. 06 cps.

1,4-Pentadiene
,,,">="tF)"="{, ör=4. e2o ör=4. ebo ör=b. z1o ön=2.72,

(z)ri tuigl )tzl J,r=2.20 Jru=10. 3 Jrn=-1. 50 Jrr=16. 9 J rn=-L.30 J"o=6. 30

(,") 
rz zö a't rr Koster and Danti

Texas A&M University



TABLE II
CTIEMICAL SHIFTS AND COUPLING CONSTANTS IN CONJUGATED DIENES t

2, 3-Dirnethyl-1, 3 -butadiene l, cig-3-Pentadiene 1, trang -3 -Pen-tadicne
2 -Methyt - 1, 3 -butadiene

(6) (1)H H(3) (6) (1)H F(3)
)c=q' gns )c=c.- F(5)t'f n,J=ti,u Q,ti,n,J="i",

(6)

(1)H\

@{

H3
H(4)

H(3)

(1)H

)"=
(2)H

H(4)

H(3)

c

(5)
CHc

c/v
)c=c

cHs
(6)

(vr)

(5)

(v) (vlr) (VIII)

obpm)
1

2

3
4
5

6

J(cps)
L2
13
L4
16
23
24
26
34
35
45
46
56

4.87
4.87
4.94
5.05
6.35
1. ?9

.05

.05

.05

.05

.05

.03

t
t
t
t
t
t

4.86 r .05
4.96 r .05

1.86 r .03

2.2

1"0

4.99 i
5.0? r
6.58r
5.92 r
5.41 r
l.?0*

.10

.10

.05

.05

.05

.03

4.83 r . 10
4.92 r . 10

?

7
?

t.72 r .03

:0.6(?)

5.8

6

2

0.6

-0
1

10. 5

-0.6(?)
16. 6

10. 5
t.2
1.5

10. 5
17. 4 11. 0

1.5
6.8

f These data were obtained frrcm first order interpretation of the spectra and refer to eamples diluted to 50 percent

by volume with CC14.

Koster and Danti
Texas A&M UniversitY \_̂\)
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DEPARTMENT ÖF CHEMISTRY
cEt!(latnr BUtLDtfG

Professor Bernard. L. Shapiro
Department of Chemistry
Illinois Institute of Technology
Chicago, Illinois

I]NrvnnsrrY or lrrÄrr
SaLT LaKD CrrY, UTAH 84rrg

Re

May 1!, L96l+

Hyperconjugative Enhancement of the
Geminal Coupling Constant in Al-lenes

Dear Barry,

Enhanced geminal coupling constants observed- by Shapiro and co-workerst for
the sp2 methylene group in formald.ehyd.e and some of its derivatives would seem to
argue for electron d.elocalization of the free pair of electrons centered. on the
oxygen and. nitrogen atoms bond.ed" to the methylene group. the identical symmetry
of the free el-ectron pairs and. the methylene hyclrogens i-s suggested. as substantia-
tion of this proposal. The value of the spz, geminat coupling in lrt-dimethytallene
has been determined. in our laboratory to be I g.O t O.1l cps by deuterium substitu-
tion rvhereas the methyl-methytene coupling over five bonds i" I l.l t O.O!l cps. Tlris
geminal value also is consid-erably larger than that for.md in many vinyl compound.s,
and we belj-eve this enhancement is due to a hyperconjugative effect of the vicinal
r-bond- system which is of the same sSrmmetry as the methylene hydrogens.

The equation used by Barfield. and Grantz to account for rr-electron enhancements
of the geminal coupling on substituted methanes is obtained, from Eqs. 2 and J in
Ref.2 and. given as follows:

Ji!:nt) =-B.o cos2qcoszcp' (r)
gem

Using this e>cpression to approximate the val-ue in the above aJ-lene where tp=6o and,

Q'=IBO', we concluded, that the rr-bond enhancement shoutd be -B cps. ft is d.iffi-
cult, of course, to estimate the value which should be corrected with this -B cps
contribution as geminal couplings i-n many vinyl and ethylenic compound.s vary
between -1 cps to +J cps. If the observed, geminal coupling of lacpsf in (CH3).C=
C=CHz is ind.eed negati-ve, then the relatively large coupling has been fairly welt
rationalized and. the hyperconjugative VB treatment upon whJ-ch Eq. t is based is
further justifled-. The much larger formald-ehyde coupling possible may be erplained
in part from this type of mechanism.

For fear that the Utah subscription would elapse, we have not waited longer for
the corresponding geminal value in deuterioketene which we should have shortly.
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