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PurRbue UNIVERSITY
DEPARTMENT OF CHEMISTRY
LAFAYETTE. INDIANA

June 22, 1960

Lbr, B3, L, Shapiro
Mellon Institute
LL00 Fifth Avenue
Pittsburgh, Pennsylvania

Bear Dr. Shapiro:

Perhaps some of the readers ot MELLONMR may be interested in some
additional values of €13-H coupling constants which we may not have
occasion to include in a formal publication for some time.

Several of the values in the table deserve special comment, The
coupling in formyl fluoride, FCHO is the largest we have observed in
any compound, and this seems to indicate that some other factor besides
bond hybridization may influence the coupling constants, This molecule
also has an astonishingly large H-F coupling constant, Perhaps both of
these facts may be related to the possible existence of a low~lying
electronic state, leading to an unusually low value of the quantity AE
which appears in the equations which result when perturbation theory is
used to explain the spin coupling effect. It has been assumed that
this average excitation energy varies little from molecule to molecule.

The C'3-H coupling observed in 41,(CHj3)g at room temperature re-
presents an average for the terminal and the bridging methyl groups. At
low temperatures where the two types of methyl proton yield distinct
resonances, we could see C'3 satellites only for the signal from the

terminal methyl groups, but apparently the coupling constant is nearly
the same for both types of bond.

With best regards,

Sincerely,

“Yisdook Ywllss

NorbertMuller
Donald E, Pritchard

o

Observed Values of C13-H Coupling Constants

Compound
Alz (CH])&

Al; {CH3le
Si (CH3)y
Ga (CHs)3
In (CH3)3
Paraldehyde

Hg (CH3)p

CF5 CHj

H,C'3 (COCH),
CeHsN (CH3)C12H;)
(CH3)2 S

CH3SH

{C13H5) (CH3)N CHO
(CH3)2 S0,

Na B(OCH3)4
1,4-Dioxank
B(OCH3) 3

(CH3) ,NOH

HaC (Cl),

(CH30) CO
Ethylene Carbonate
Trioxane
p-CH30CgH,C' 3HO
CgHsC13HO
Ferrocene

CHpF2
Salicylaldehyde
HCOOH

FCHO

J, ,lsec™t)
£14

114
118

-60°

Notes

Room temp, Average of all

proton positions

Benzene Solution

-1
CH3 groups.{ Ju_p = 5.2 sec
3Rgng 3-33 2

Juo_y = 101.5 sec”!
J?%HH= 12.8 sec™!

Jy-g = T.4 sec !
Water solution
Water solution

Water solution

g = 7.9 sec’!
Benzene Solution
€S, Solution
Aldehyde C-H

J, = 181 sec !

H-F

. Terminal CH3 groups



(Contribution from Fairchild Camera and Instrument Corp.)

Effect of Changes In Temperature On Field Trimmer

The magnet (which was insulated) was cycling with the room
temperature. It appeared possible that the field trimmer was geeing a
different At than the yoke and hence shifting the field. A five hundred
watt hair dryer was used to blow warm air on the field trimmer plate
when the pattern on the scope showed good resolution. As the plate
warmed up, the ringing decreased and ultimately disappeared. The
blower was then switched to cool and cool air blown on the field trimmer
plate. As the plate cooled, ringing appeared Iand increased until we had
a good pattern again. The change in resolution as the plate was warmed
corresponded to the type of change that had been observed when the air
conditioning failed. At least on my magnet, the field trimmer is one
source of temperature instability. We now plan to insulate the field

trimmer.

James E, LuValle
Director of Basic Research

THE ERERGY BARRIER BETREEN THE ENANTIOMERS OF l,Q—DITHm.NEl

(1) The work deseribed in this paper wes supported im par’ by the U.B.
Atamie Energy Commisaion.

Bir;
The dihedral augle in an organic diswlfide can produce two different
polecvlar canformations, X and IX.

These ave optical antipodes, and thelr atebility depends on the height of the
rotational barrier hindering free rotation about the dlsulfide bond,

Ve have atudled the intercopversion betweex the ensnticmers of 1,2-dithiamne
by mucleer magmetic resanence, This molecule givea, hovever, & very com-
plicated NiR-tpectium, and therefore we prepared 6 deutexlum-substituted
derivative (IIX).
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From lov terperature studies of & 1an1u-ti¢m in carbon disulfide we oblained
2
anta vhich provide an etimate of the rotaticual barrier for thls molecule.

———————

(2) A Varien high-resclution MR spectrameter V-4511, operating at 60 Mcfeec
was used to obimin the spectra.

At toaoperatures below -S»C)o the spectnum comgists of & guartet of the
AB type5 (Pig. 1). The muchmm separstion of the two inper peaks is 10,4 e/sec,

Pople, W. G. Bchncider and H. J. Bernsteln 'Eigh Resolution Huclear
2 &g‘}éuc m;mﬁmi,-"iﬁmﬁ-mn Book Compeny, New York, N.Y. (1959), p. 119.

and the coupling constent is 13.0 efsec. When the temperature s reised sbove
..500, the peaks in the quartet start to comverge, and at —hi’;o the spectrza con~
aists of coe single broad peak. As the temperstuve increases above -43°, the
peskt charpens and remmins conglant Wp to the highest temperatwre studied 150°).
Fran the low terperature pattern the chenlcal phift between the audal

i i ) . Vo
amd equatorial hydrogens, v, -V, ¥es calculated as 18.5 efsec

3,

assumcd that the following relation for the rate of mrcmrslonh holds

() . 8. Gutowaky and C. H. Holm, J. Chem, Puyn. 23, 1228 (1956).

epproximtely at -1;5°, the terperature where the perky coalescet

ke TG
=

From this ve calculated the rate constent k = L1.) sec™,

If the interchange from ane isaaer to the otber)

——
AN

is treatod as a typical rete process, and the tranemission coefficient is
equal to unity, then Eyring's equation gives A F' = 11.6 kenl/mole. Thus
the molecular conformaticns heve s very short lifetime. Even st -h)o the
helf-1ife for the enantiamers ils cnly 0.02 sec.

Rotatory dispersion in a disulfide abeorption band indicating the agyrmetry
resulting from resiricted rotatdon ehout the disulfide bond has indeed been ob-

-
served in substances contailning another agymetric-inducing center.)

(5) C. Djersssi, "Optical Rotatory Dispereion,’ MeGrew-Efll Book Compeny,
Bew York, n.Y. 1w ) P. E=E5Q

The seme measurenents on cyclolwmneé with plmllar mesumptions give a value

(6) F. R. Jencen, D. 8. Moyee, C. H. Gederholm amd A. J. Berlin, J. Am. Chem.
Soe. &, 1256 (1960).
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of 9.7 koalfmole for AP . If the aix-membered rings ara inverted by paseing
through internediste bost forwe, anly one methylens opposition 1s involved

10 the trensition through the mevcimm barrier in dithieve ag cozpaved to four

48 cyulchexnne. Thus, ons estimation of the AF' for disulfide rotation alone
(in the cyclic compound) might be about 9.2 keal/wole. Bince the meximm 8i-
nedral sngle in the six ring 1s likely to be about 60°, the energy diffexense

( AP ) betuwoen ° and %0° (aseuming & cos dependence!) would be 12,5 keal/mile,

(7) W¥. G. Deuben snd K. B. Pitzer in 'Steric Effects in Organic Chumiﬂt% ’
od. by M. 8, Newnan, John Wiley and Sous, Inc., New York, N. X. (1956),
P. ODe

The entropy of activetion (Aﬂ* ) for thie reaction 1s, however, not lmown, and
wa must aveit 8 direct weasurement of the temperature cocfficient to avaluste
the heat t.erm.a Bince the entire trmpsition in the spectyum from & dingle line

e

() D. W. Scott, H. L. Finke, M. E. Gross, G. K. Guthrie exd H, M. Ruffman,

‘ J. hw, Chem, Boc. Te, ekh (1950). D. W, Scott, H. L. ¥inks, J. F. M-
Cullough, M. E. Gross, R. E, Penningron and G. I. Waddington, J. Am.
Cheaa. Boc;sy_;_, 2478 (1952). G. Bergoon and L. Schotte, Arkiv. Kemi,
13, k3 (1958,

to a gquadruplet occurs betwen -400 and -500, precise temperature control apd
simpler spectin wvould be desireble. Experiments tovmrd this end are in progroes.

Pepartment of Chemistry and Géran Clacaon’
Lawrence Redistion Leboratory,
Untveruity of California, Gayloxd M. Androes
Berkeley 4, California

Helvin Calvin

{9) Postdoctoral Fellow 1959-19G0. (n leave of absence from the University
of Uupocela, Uvpsala, Sveden. Appointment supported by ihe International
Couperation Administration wader tle Vielting Research felentists Program
adninistered by the Notlonal Acadcuy of Sciences of the United Btates of
Anerica,
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Proton magnetle resonence spectra et 60 Mc/imu of

1,2-dichiane-L, 1%, referred to benzene.



HARVARD UN IVERSITY

LYMAN LABORATORY OF PHYSICS
CAMBRIDGE 38, MASSACHUBETTS

DEPARTMENT OF PHYSICS

25 July 1960

Dr. A.A. Bothner-By
Mellon Institute
Pittsburgh, Pa.

Dear DLr. Bothner-By,

i IR

ht you might 1ike to include in MELLORM
the fﬁliﬁﬁ?ﬁﬁ ciuplinq constrnts cal;ulated r;:m :he
enclosed spectrum of 1,1,h,hnbetrnme:hylcyilgi iﬁaé
cls-2,b-diacetate. 1The peak positions cred nilcx od
in c/; at 60Me /s from snternal hexsmethyldis to g :
and the figures in parentheses indicrte the stands
deviation & the experimental values.

Jae = I (Pu-cn=109° 28y = 1236 t o:xels
JA¥ = Jao. * :L#n-(.—c—rﬁ ‘8"’“\ o ot ‘IS

Jax = Jea = T (Buccnr Lor) = Ha¥ ko s

t between axial
The difference in chemical shif
and equatorial protons 18 0.131 ppm with the axlal
proton lylng to higher fleld.

Based on the trans-isomer and twWo spprqfimaﬁiznz
Which ape probably quite valld, 1 got 8 Jgg ﬁ 2; A
and snother Jg, = .8 ¢/s. In this lsomer tdad ghn;
torial proton 249 most probably grester ihiiln:
the axial proton contrary bo most expectatlons.

I should appreciste a COWY of the lssue sent out
in the end of June if there sre any left.

With best regsrds,

Yours sincerely,

S g
Ei :2 . I, Masher
= 5 <
T R
! ~
5
' 6007
f 426 (03)

.

¥ 6.34(.04)

oAC

OAC

(b)

The Coupling of Proton Spins by

pi-electron Interactions

Martin Karplusf

Noyes Chemical Laboratory
University of Illinole, Urbana, Illinois

A theoretical formulation is developed for the
pi-electron contribution, Ay, (¥), to the spin-
coupling between pairs of protons in hydrocarbon
molecules. By means of the correspondence between
the o-r interaction in unsaturated molecules and re-
lated free radicals, the proton spin-coupling 1s ex-
pressed in terms of hyperfine constants and triplet
state energles. With known values for these quanti-
ties, AHH,(t) 48 found to be in agreement with exper-
imental measurements avallable for molecules in which
the pl electrons are expected to dominate the coup-
1ing. Of particular interest are the large couplings
(1.3 - 8 cps) calculated for certain systems with
protons separated by three or four carbon atoms.

Also absclute signs are predlcted by the theory, with

AHH,(r) equal to -6.7 cps for allene and +7.8 cps for
butatriene.

Y



Table 1. Hyperfine Constunts

Rudical Fragment ay (cps)
H-G(ep*) & -65 x 10° P
#-8(sp) ° -95 x 10° ©

H-c-6 +150 cos® @ x 10° 9+°

Yphe symbol (ep®) and (ep) indicates the hybridiza-
tion of the carbon C~H bond orbltal.

Dgea References 13-16 in text.
®M. Karplus, unpublished calculations.

dphe angle @ is the angle between the H-C-C plune
and the C w-orbital axis.

95ee References 17-19 in text.

Tuble 2. Proton Spin-Coupling Constants -
Sepuration of Protons AHH|(I') (cps) A (cps)
( theor. ) (exp.)
1. Two carbons
(a) H-C0-H +1.5 5-11 (cis), 10-18 (trans)®
(b) HeCEC-H +4.6 9.1°

2. Three carbons

(a) H-C=C-0-H -1.7 -1.4 to -1.8°
(b) H-CsC-C-H <3.7 -2.1 to -2.99
(¢) HeC=@=C-H -6.7 6.1 to 7.0° (unknown sign)

%, Four darbons
(a) H~C-C=C-C-HT +2.0 1.2 to 1.58 (unknown sign)

() H-C-C=C~C-H' +2.9 2.9h {unknown sign)
(0) HC=C=C=0=H +7n8 - -
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Dr. D. W. Moore
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Dr. Norbert Muller
Department of Chemistry
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