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Dr-., A. A. Bothner-By
Mellon IDstltute
4400 Ftfth Avenue
Plttsburgh 13, pennsylvania
U. S. A.

Dear Dr. Bothner-By

We hope thls corununlcation will be of somelnterest to vou. The-NMR spectra-äi-äcryrlc Ä"rä-""ä iiäderlvatlvee were sbudled, ühd.cb *Är"-"näryzea üJ iü" 
"Ää "rparanetron dlettal computer wlth 512 woraä ai ;["-;hy;i;"departnent of thls untirers{ty. rn-äo"-pro8rarn, the posturatedvaluee of the cbemtcat shtfti ,;d th; Äpri_spin-c;";ii;;constants can be :reflned by uslng the teast squares raethod.

"^1l* r {1"9}]'y, the frequenc} or CEe 
-äÄrcurated -;;;;;;; "i;

fltted. wlth ihe observed oäe.

We found that the two sets of the spin_snlnooupllng constants of the same sign-were abre i" "5"üri"i"frequency.wtrlch is fttted to the-äüsä"vea onä oi ä"ilii"'r"raas shown ln the flgure.

Thls fact may be sugilest that some timea a nulober of posslble
sets of the parametS"ä'*rriän .""nrt rn the frequency of the
observed. spectrun "ä"-"ijÄt 

ln the complex. NlvlR-spectrurn. slnce
all sets of such p"""iüf" paranetersc^aä not be known a prlorl'
the deterntlnation .i"iäiäti"" stgn oe tbe epin-spin coupllng
constBnts ls, thereforer not an easy problem' unless the obser-
ved spectrun rs nr-äniy-äccurate' 9"ä.öt tr'e !osslble roethods

;;-";äiä";;i"-äiiiiäiity-i"-i" iake the relative r"ntensltv of
i[""äiäät"ür-"Ä-*"ir äs" the frequency ln the least squaree

method.

A set of equations whlch glves the corrections
A{ to tne pos{uiäied paraneters ?owas derl-ved as

ä{n, 
(orl - aict'tffi) r rli (il - I;(t",{#J" }

: 
F-11w,tffi.). 

(#)" * il; (*ft).H;t | ^ u,

L= l'2, -"" 
"lv

rn these equations, the,notatioT" P: ana GJI ( 1l .ana rJ )

refer to tne rrequänäy-<--ift" relattvä intenslty ) of the ttb
äääoä"""t line of i-nÄ"o6""""ed and calculated spectrun' reapec-

tivöIy, and I[1 "oa"üi 
;;;';h;-*;Isrrts or the observed quanülty.

when a spectrun ot: ä-"ätionä"t iiü"" is observed N tlmes' the
welghts are given bY

ld; - N (N-D/äßiu- F,)", l/i= N $-Df ä(lsa- 
T't"df

Lal

S;t = cdi* - fi,a;r/* 3tt = nliof fl,\'
N-'-v

Sd= jS,u/,v, 1,= Z,\nf N
" l=t

A snall quantlty cr ln W/ ls used.for. the reason that the
observed. intenslty iä iä""-"""urate than the frequency' If
;h;";;;-";;po""nt" rine-cor"espond's to- the transitlon' n + n'
tüä ä""ii-fi""Ä i-" ine equatiöns can be expressed as

s A
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at 56.44 Mc.
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yours sincerely

CALIF()RNIA INSTITUTE OF TECHNOLOGY
PASA D E NA

GATE3 ANO CREILIN OF CHEMIS,RY November f5, 1960

Dr. Aksel Bothner-by
Departrnent of Chemi stry
Mellon Institute
Plttsburgh, Penneylvanla

Dear AkseI,

rt seern' to be aseurned ueuarly trrat apin*spin coupringe, except those
involving fluorlne*fluorine interacdons, are negligibly emall over more than
three bonds in Baturated systems. At thle time, we ehould like to report four
exarnplee of H-H and H-F spln-spin couplinge that lnvolve rnore than three con-
secutive aingle bonde, r'hlch were dlecovered here by Donald R. Davie and
Raymond P' Lutz. Each of these systerns ie characterized by hawing either
fixed or at leaet reasonably favored geometrical conforrnationa.

our flrst exarnple of long-range proton-proton couplrnga in eaturated.
systems is the 1. 3 cps splittlng or the aldehyde proton ln rnethacrolein dimer (r).
The resonance involved. ls a doublet, the spacing of which ie field*invariant.

cHr

cHo

The coupling probably involveg one of the ring protone located at the p poeitlon
relative to the aldehyde group, The vinyl hydrogen ie definltely not irnpllcated
because the appearance of its reoonance does not change when deuterium lg
substituted for the aldehyde hydrogen,

Another exarnple involving proton-proton interactions ls afforded by
rnethyl c, B-dlbromoiBobucyrate (Ir), which existe in a preferred conforrnation,
probably IIa, with thc bromines trans. one of the nonequivalent rnethylene

(ffi), = (+,1- T.'lrnlg..: + *: )
(ffil : z lt*: I r,l "ff ) { zl cr:, -E.: )" (..+,,: I ht I ^p.i X 4,e I L I f": )

+ 5,.', (E;- Ejrt?..'l hrl +-"x+; I 1, l4i) 1 ]
, where Kl 1" a splu operator sucb as

ht--I3a !! Q.-v-e '
KI=I;I" tt Qt = r*r

The ehape of the nultlplet llnes in the conplex
speotrun was alao lnvestlgated by quantun Bta'tlstics, fron
whlch lnterest lnforeat.ione on the lntenslty of the äulttpletllneg were obtalned. Tbe saturation of the foulttplet 1ineÄ ofacryllc acld. tilas analyzed by the theory.

? t-;.-''l-; fL'' t*'?^
Hlroshi Shlnizu

%A4-4*
Yojl Arata

J1'rr-,*]*'77 
i*"<-

Shlzuo FuJlwara
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ozcH3

IIa

protona oI lI le coupled to the protons of the C-ryiethyl group with J = 0.75 cpe

(SI. ffg. lA). It tB not known whether the coupled proton is that whlch t" geIJ
or ßauche to tJ:e metl.yl group, We hope to check thle point with approPrlate

atereo opecifically deuterlum-labeled compounde.

Our thlrd example i s l, l-difluoro-1. 2, 2-trlbromo-2*phenyletliane (III),

which below -60' dtsplaye the n. m, r. BPectrw expected Ior the I'locked-irrrl

rotatlonal conformers, wlth the 'rD, Lrr conflgurations (IIIa) betng partlcularly

B

IIla IUb

favored. At -85', the fluorlne apectrum ahows unrnletakable evidence oI H-F
coupllng across at leaet flve bonds, three o{ them in a row aaturated. 'l'hie

coupling 18 EtereoEpeclflc, Ae can be seen from t-ig. lB, only one of the fluo-
rlncs of lIIa le lnvolved, and thle ie coupled to two phenyl protons (presumably

thos€ at the Z, ö potitions) wlth J = l,6 cps.

Dr. Aksel Botlner-bv
November 15, 1960
Page 3

At 25", the fluorlne re€onance of III te several cycles broad; but, at
85", it becomea a clean triplet with J = l. I cpe, The fact that J doee not d.rop
to half of lt' l.w-temperat're value for oue fluorine may lndicate that eome
contributlon to the long-rmge H-F coupllnge arises from the conforma,on IIrb
wlth both the fluorinee gauche to the phenyl group. In ägreement with thls idea,
the fluorine reaonance of rIIb te eeen in Ftg. lB to be broader than ttrat of t,,e
apparently ucoupled fluorine of IIIa.

Long-range H-tr'couplrnge have arso bee' geen wtth l, l-difruoro-1,2*
dibromo-', Z-phenylethane (Iv), which is expected by analogy with III to exist
principallyaa lva. The n,m.r. 

'pectrm of IV (Ftg. lc) at 25. ehows the

IVa

expected nonequrvalent fluorinea each eplit by täree-bond coupring to tie proton
at the two po.rtion" The fruorine most 

'trongly coupled. tö the proton ie also
coupled to two of the phenyl protons with J = 1.0 cpe. Thls result le most
lntereeting becauee if the etrong H-r'thrJ-uond coupling rnvolvee tran: groupir
then the flve-bond couplings are gauche and posslbly exerted through 

"p".u to-
stead of through the bonde.

Wtth all good wlehee.

Very truly yours.

Jaol
John D. Roberts

rHr

JDR;Jmrn
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Fig. 1. - Nuclear rnagnetic resonaace spectral A, protons of rnethyl a' B-dibrorno-
iso"butyrate (II) at 60 l/Ic. and 25" with discontinuous s\treep, orre of the regoDa'aces
of tJee CH2 quartet being bidden under tJee CH3O resonancei B, fluorines of 1' 1-
rriflrroro-f,i,Z-t*ibrornä-2-phenyletlrane (ma) at56.4 Mc. and -84"; C, fluorines
of f , f-ain11oio-1, 2-dibrornol2-ptenyletha"e (IV) at 56. 4 Mc. and 25 ' with dlgcoa-
tinuous sweep. Increasiag rnagnetic fi.eld from left to right.


