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HARVARD UNIVERSITY
DEPARTMENT OF PHYSICS LYMAN LABORATORY OF PHYBICS® Fecney and Suteliffe (421, T.F.s. ;(3, 134)9 (19:)0,)
c 38, Ma ve anneared before Ilers! low tem.:rafure study. I h've cormen=
26 February 1961 Led 1n detall on tiic TFS article to Dr. Sutcllfle. One .

o;‘ the conclusions of thes: cortents s that only one of

Lie gt Al lrodecalluoroc;cloh nes as a qu-rtet A3
notltern dr Tte shgcirw: elactly 23 Lhat of ~erlluorocye-
lohexone, ant t ~t this ~mobably bzalon-s to the booanc g

Mg ol the cig 17,3 laori:r. ywnly 1s 36 Lecuuze :'mly licre
wes an adal F "see" two otiiet axlal ™ i on the same 8ide of
tho molrenle tiug alewlallng civsel; Lhe serirluorocvcloheigne
sltuation. This :.imht well carry ovsr to the trains-nerFe
decalin where the A3 guavrtet wmuld belon-~ Lo the fluorines

OJrs.e Dobtlmer~By, shaniro and Laut..cbur
co0llon Tnstituie

th Avaenue

ra.

Dear Ors. Dothner-7, Shasiro and Laut rbur,

T o oo iusht bee  throbines thronch Iohn Baldaschwlrl-rta boia | k ;
: . . 5 o ota Lo brilcehead 18 ) vy At - " f A
L isara aines Jime wed wznled o send alons 2 37 eon enta. bota to the briiwsehrad a“d the incormnl~tsly rosolved quartat
Lo Lhwse alhae ¢ .oial ones of Lhe lottor "seat a.ial
. . _— m instoad 2 s Aporg ==,y te oo 0o, nl PR
» Clpst lg wa Dee Anolls aots (#271) on ecousllnr constants Tis toal vl 2, . orecuy vl L.ta F'e Tave” only ulo

ol Chate cavire.isnt of sarPecrclchiexane. Incl oealally

st oadilt et tha len-ranse eowrling ls Un larere delt . 1 h B
Lantasen chied is rather sonvineln nainly 20 RS 8 x=eq T7 OO F-cyclohezaie 13 most orobably

vy neabons (A7) of the o pr VABKYZete)

a mdltiolieity in o cases bul

i aceouny for it. T wantod to

pan st of Thizze c.cts with the
Whob fortultous. 1 clite two esanles:

s O T
goinalinmie Wo v
Jdo o Tl W
gcaviennl

alus Lo

caugod by M lorilon ol o uwil.l CR hHoini's elactrong’ and

D alectiunst distributlon by eac: othar. Wore bl 1U x 1p=0

co Loy bend waisotro 5,  dilta chi o 10 be~l.) X 1u=4
ced/mole, ma.y Lines Lis total suscaptlizlity. Also 1t could
not be accountoed Tor by the recont eimannion of Karnlus and
Dnast! (JCP?to 2t war) in teims of ‘anic silrength, hybridizction
and double bon. sharact=r aiace thaec »aracoterns are all

thin same herc.

¢
P 2u
o
e

i H / altd - . R = s N . L

M L e . tb?m: iEbnuh tl: lengsth o© this. ot carrled away at
'T‘ H 'T’ e typowriter.
95¢]s 6.0 ¢fs with best regards.

both of whoss »rotoas ars counled to a proton vibh an H=C-C-H
angle of 0 as well as to anoth:»v nroten. Bricause we only see
the A proton of AX7Zetc spectrum a complets analysis 1s not
nocalble. Htmﬁyor becaunse A anntars (rrosasly abt least) as a
doublot, 1ts/aplitting must arise from only one proton and this
pattern cannot be caused by other couplings arouad the ring.
Thus we have:

fours sincerely,
[/

ik
« L. Musher

J (=0 )~ 9.5 and 6 ¢/s Jeale= 0.2 ofs
J (Geiz) ~ O and U o/s Jealo = 2.1 o/s.

We have seen quite a fow other anusing things with the molecules
in thils serles.

Now for 9. I was very pleased and exclted to see Dr.
homas! note on the perfluorodecalins (#2l1). In particular
the cis-decalin which shows seperate peaks (non-coupled for Fia)
for the bridgshead F's, those « to the bridgehead and thoae
to the brldpochead. This points up the accidental dsgensrasdy,
. cidesshin i ﬁ.m I montionod in & footnote (JACS, Feb.20, 1961 1),0f suah
. Ml ealsuwhich as siown by Dr. Richards and myself (Proc.Chem3oco 1958 )
gives a single sharp line. Both this work and that of Drs.
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JET PR ULSION LANORATORY  Caltfornia Institute of Technology o

Sylvan 0 6411

4800 Ouk Grove Drive, Pasadena, Californra

3 March 1961

Dr. Aksel A. Bothner-By
Assistant Director of Research
Mellon Institute

4400 Fifth Avenue

Pittsburgh 13, Pennsylvenie

Dear Dr. Bothner-Dy:

We are beginning to do some NMR work here and we would like to
vie for a positicn on your M.E.L.L.O.N.M.R. mailing list wiih 1ile
following meager contribution and the promise of more to come.

We have been using your IBM TO4 progrem on some problems 1n
collaboration with Professor John D. Roberts and on scme of our own
problems. At one stage, we had a deck of cards and a thermofax copy
of your letter from C. P. Saslbach. It took some telking 1o gel our
computer pecple 1o run the progrem. Our IBM 704 wes a 32K machine
and the progrem performed satisfactorily except for & few hitches
which were dependeni on ihe nature of the input date. We found that
ibere are certain combinations of chemicel shifts (i.e., 1f there are
too meny zeros) which ceuse ibe program to stop or glve wmeaningless
snswers. This bappened several times when W, and W, of an A 132 system
were zero or when a&n A_BC system is progre.nm%d vi'th‘adl , and 62 and W
equal to sexo, We he.vg tried many five, several six,” and seveéral 3
seven spin systems without eny difficulties. We recently hed our IBM
7Ok replaced by en IEM 7090, After surmounting uncther ectivetion
energy barrier with our computing people we are running ithe NMR progrem
egein. We would like to therk you very much for sending the exira
subroutines for complling the output deta. This will cut down the
plotiing time of the date several orders of magnitude. Possibly our
curve plotter mey work with your line shape subroutline.

The NMR instrument at JPL is now equipped with a proton spin de-
cc-uplerlwhich uses & techpnique similer to that described by Relnhold
Keiser.

1. R. Kaiser, Rev, of Scieptific Inst., 31, 963 (1960).

Pty bed ) Thre Tt

JET PROPULSION LABORATORY California Institute of Technology o 4800 Oak Grove Drive, Pasadena 3, California

Dr. Aksel A. Bothner-By -2- 3 March 1961

‘d
We found 1t quite convenient 1o use the phase detector 1bat we Ljpve
previcusly constructed for a resonance line integrating system.

2, W. A. Anderson end L. F. Johnson, Bpecial Operating Techniques,
Varian Assccletes.

A diegram of our phese detector is shown in Figure 1. We fourd
thet it was advantsgeous to use mstched peirs of JOK and 20K reeistors;
also ihe IN216 dicdes were matched. The dicdes are also imbedded in e
block of copper 8o &8 to meintein ihem st nearly consteni lemperature.
The input to the phese detector wes teken from either J31 or J302 of
V4311 and switch SW302 of Vi31l wes placed in WL diode positiun. This
wes done to by-pess the filter network of the r-f unit. When ithe phese
detector wes used with tle spin decoupler, it was necessery to use on
extrenely smell eudlo modulation amplitude on the sweep colls of the 60
Me probe. When Hy, the r-f field, was of the order of 3 milligeuss or
larger, 1t wes necessary to stienuate the audio signal across the modulation
coils to 100 p volts or legs. If a larger audio signel is used, the side
bends of the rescnance lines which one observes will seturate.

We found that it wes necessary to calibrate the Hl field in terms of
db ettenuetion of the r-f wnit. We used the phese detector fog ihis
cslibration in & menner similer to thet descrilbed by Anderson.” It was

3. W. A. Anderson, Phys. Rev. 102, 151 (1996).

quite convenient to adjust the eudic detector and ihe r-f phese detector
with & doped water sample (T] = 0.1 sec.) in the prole. The y-T phese
was ndjusted for a Jerge H,.” The spell ndditionel chenges of By do not
introduce any apprecisble %hsse change. However, for amy chenge in the
sudio frequency, one must readjust the eudio phase.

One difficulty which hes plegued us is thet 60 ¢ps modulation was
sppesring on the Tield and it produced side tands comparable to 1he signal.
On some spectra, these side Lands overlapped some of ihe resonance lines
of interest. Ancther difficulty has been that if the chemicel shift of
ihe ivo groups of protons edng decoupled 1s 60 cps or & multiple of 60
cps, the mudio signal and the unwented 60 cpe ucdulation produce o Leat
1hed fluctustes the bose line st the best frequency. We found thet our
super stebilizer was oscilleting end producing the €0 cps moduletion of
ilie Tield. We decressed the gein of the super stebilizer and this hias
greatly reduced the €0 cps wodulation. We ave now in the process of lnuild_'.lng«,
a new phase delector system which we hope will give even betler performance
than the present medel. Even with the difficulties described, we have found
the present decoupler to be & very useful sddition tu ihe spectroeler,



JET PROPULSION LABORATORY California Iustitate of Technology « 4800 Oak Grove Drive, Pasadena 3, California

Dr. Aksel A. Bothner-By -3~ 3 March 196)

Enclosed you will find some spectre exhiblting cur present etlainable
resolution and the use of our gpin decoupler. Our megnet is equipped
with & Verian Field Howogenity Unit which is invelueble. We do not
thermostat our magnet weter but we will when our Instrument is transferred
to 1ts new quarters. Our blggest trouble is sweep linearity which is very
poor at slow sweep rates. We are doing something sbout this and will
report on this lmprovement in a future letier.

Ve have included some spectre of propylene oxlde. We looked at

its NMR spectrum end decided that 1t wes u good cendidate on which to tiry
the spin decoupling ieclm.‘lque af'ter having been able to repeat the results
described by Kaiser.™ Figure 2 shows the ccmplete spectrum; the doublet et
bigh field is the methyl protons and the reglon at low field the other
three protons.’ Assignments for the latier three protons were besed on
Reilly end Swelen's work where proton is &t lowest field and proton @
is at highest tield.

4. Due to the raging controversy over referencing systems, we have
reported, for the time being, only the relative chenical shifts
in cps at 60 Mc.

Figure 2 wes drewn from & spectrum and
the fidelity of reproduction was very
poor. Figure 3 shows the slow sweep of
(‘H'i @ the three proton region and shows nearly
O - H@ all the lines but it points up our
— horrible nonlineerity of sweep. The re-
7‘ NS \\ gion which we set ourselves about to
H O untengle wes the (I) proton region.
@ @H Figure I shows the (O),(E), and @pmton
reglon at & much more linear sweep and
showe the spectrum of the @ proton de-
coupled from the methyl protons (sudio
frequency 92 cps end H, sbout 33 db down). Measurement of several decoupled
spectre gave good checllm of J._ end J,, as obtained from undecoupled spectra.

The 2-proton region is pmidiy decciipled in Figure 4 due to some splll over i

of the large H,. Listed below is a set of persmeters which fit the propylene
oxlde spectrum pretty well so far:

Chemicel Shirts®

Coupling Consient

I 3.86 Cps ¥, 0.0 Cps *l(elutlve at present
e -

I 2.8 v, 15.%

J,,. .25 W 5.9

23 b ,D 3 jg 9

Ipe 5L Wy, 980

: T

Jope 0T

J 0.3

3Me
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Tt should be pointed out that the coupling constants end chewicel
shifts for propylene oxide could be obteined quite streight forwardly
from the undecoupled spectrum.

Figure 5 is a spectrum of cyclopentadiene with one palr of the vinyl
protons decoupled from the methylene protons. The low fileld region
shows eleven linea of significant intensity. 7The high field side is also
partislly decoupled from the methylene group because of the small chemicel
shift (ebout 7-9 CPS) between the vinyl protons.

With our spin deccupling sysitem we have looked at e number of other
systems such es blcycloheptediene, allyl acetate, indene, acetaldehyde
diethylacetel, propylene glycol acetonide, and epichlorohydrin. In
epichlorohydrin, two groups ebout LO cps apart et 60 Me were successfully
decoupled. We will report on some of the other systems at & leter time.

We hope we have convinced you that our intentions with NMR are
honoreble and that we mey gain a place cn the M.E.L.L.O.N.M.R. mailing list,

Very truly yours,

JE1' PROPUISION 1.ABORAT'ORY

.,/:'—ff‘— / /) g
/.;_/L-n.—\,.é:. % /ﬁﬂmﬂy
Stenley L. att
Senlor Belentis
»Physical Sclences Division

W) ar V8D il
Daniel D. Ellemen
Senior Scientist
Physicel Sciences Division

SIM:DDEmeo
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VINYL PROTONS OF CYCLOPENTADIENE (60 mc)

Fi¢g 5

-10 0]

DECOUPLED VINYL PROTONS

NATIONAL BUREALI OF STANDARDS

U. S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

ADDRESS REPLY TO IN YOUR RIPLY
March 21, 1961 RerFER TO FiLE No,

15.7

WABHINGTON 23, D. C.

Dr, Aksel A, Bothner-By
.Mellon Institute

LL0O Fifth Avenue

Pittsburgh 13, Pa.

Dear Dr, Bothner-By:

Your Mollon Letters render an extremely useful service through the
publication of monthly bibliorraphies, I personally would not lmow how
to manase without them at all, But I Lolieve that some organization
should po further and bring out an i n d e x o d 1E0 bibliography. One
simnly cennot read every paper contzining Mix material; on the other
hand, "selective! reading never provides sufficient ¥nowledge of work
related to one's curreni or transitory “interest.

A public angry or desperate (or both) statement on this situntion
was made at the Second Conference on Experimental Aspects of 13ul by
George Tiers, when he said "I simply don't know where to find the time
to read what I should really read", or words to that effect,

I plan to submit some specific proposals along these lines to the
stalf of the NBS library, But befors doing this, I should like to have the
opinion of as many li-tists as possible - and of other well-meaning people -
and therefore I am asiing you to include this letter in the next MELLONGE,

Some of the questions that arise in connection with such an under-
taking are these:

1) How often should such a bibliography appear? Monthly? Bimonthly?

2) Should all Nt material be included or only that from specific areas,
e.£. high resolution?

3) What kind of indexes should there be, in addition to an author index:
subject? formula?

;) What experience in similar bibliographies or card files (punched ste,)
should or might be considered here?

5) Are there any files, bibliographies (apart from those published in
books or journals) or reference collactions in existenco which could be made
available Lo tlie group that is to embark on a pilot ctudy or a full-fledged
program?

Any further utterances on this subject are also welcome, The desires of
the interssted people are of prime importance at this stage, however impossible,
far-fetched or trivial they may sound, I should also like to hear about any
misgivings, although for instance those on manpower or the economic aspects
ought not to be in the foreground of the discussion right now,

bincerely yours, Q/\/u,uﬂ w

Ernest Lustig



DEPARIAENT OF CHEMISTRY March 9, 1961

Dr. Aksel A. Bothner-By
Director of Research
Mellon Institute

L4400 Fifth Avenue
Pittsburgh 13, Penusylvenia

Dear Dr. Bothner-By:

Thank you for your letter of March 1. We have found the M.E.L.L.O.N.M.R.
Newsletter very useful and informative, and we appreclate receiving it.

As a contribution from our Iaboratory, I would like to make & preliminary
report on same high resclution proton resonance work that we sre carrying out
in cooperation with our Physiologleel Chemlsiry Deyartment. This work is not
complete as yei; however, most of the assignments are firm although some of
the hyperfine splittings are not accounted for to our complete satisfaction.

This work was undertaken not only because of the interesting nmr and
structurel problems involved in this class of compounds , but also we are in-
terested in using this technlque to identify the peripheral groups in naturally
occurring porphyrins.

The results are summarized (Teble I) in Lhe form of chemleal shifts rela-
tive to tetramethyl silane &s an internal standard., Deuterated chlorolorm was
the solvent and the work was done at 40 Mc[seu with solutions approximately
0.05 molar. It will be noticed that with the exceplion of N-H all of the pro-
ton resonances fall on the low-field side reletive to the standard. The wide
range of proton chemical shifts can be explained semi-guantitatively by simple-
ring current theory. It also appears that these results can be correlated well
with porphyrin chemistry. The present indlecations ure that nmr will prove to
te & very useful enalytlcal tool for studying this family of compounds. 1In
Fig. 1 & typieal spectrum obtained for mesoporphyrin IX diethyl ester 1s showi.

Please give my regards to Dr. Shapiro.
Very truly yours,

Tattnd. fiote

Walter S. Koski
Professor of Chemistry

enclosures-2
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Com-
pound

Proton Chemical Shifts in Some Porphyrina

=] . [} [ ts)l o] :\l
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- 2] 2] m (] (43 jau) m =)
G D T T A L= (- A - - -
10.08 | ==== | 3.61 | %.09 | 1.8% 4Tk
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5.47- 4.0 .
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9.5k | 8.70 3op | == | e B e e 3,06 k.59
9.2 . . 6.45-] 4.51
9.57 | gizy | 328 | === [ === | === | 12 | B | grgsTf 0 | 8L
9.92 " : 6.47-
3.80 | =" 3.92 | mmmm | mmmm | 3,66 | mmem | —mm- 5.98 3,21 | h.28
9.99 | ==== | 3.56 | Lok | 1.85 | oo | 1.13 | b2k | == | 3.27 | 3.91
994 | —=—= | 3.52 | k25 | 1.78 | 3.61 | ==o= | === | ==== | 3.19 | 3.88

9.59 | 8.62 | 2" | coom | cooe | e | o [ 42 | m | e

All chemical shifts are negative relative to tetramethylsilane except

those listed for NH in the last column.

. etloporphyrin IT .%. deuteroporphyrin IX dimethyl ester
;j'. deuteroporphyrin IX dlethyl ester i protoporphyrin IX diethyl ester
2. protoporphyrin IX dilmethyl ester é. mesoporphyrin IX diethyl ester
7. mesoporphyrin IX dimethyl ester § nickel deuteroporphyrin IX diethyl ester

DARTMOUTH COLLEGE
© ‘Department of Chemistry -
HANOVER - NEW HAMPSHIRE

el Hh, 1uc]

Ir. Aksel T. Lolhmer-ly
Mellon lashilube
44C0 Mifth Aveme

PiLlstbhueh 35, Tennsylvenla
Dear Dr. Tollmner-Ty:

At the recent Jonference on LExperimental Aspects of
174 Speetroscony ('ellon Insbtitute, Feb. £4-25, 361) I described
% verinble bomnserature syaten {(roushly, ambient -200°C) sultable
for hi-h resolubion worl® with Sawple spinnins which was deslgned®
for the CO “¢ Varian Spectrometer at the Onlifornia Inatitute of
Teclnolory. ‘Lhere seemed to be suflicient interest to warrant a
brisf lescription in [t letters.

Phe iasert assembly (Fis 1, 2) uses a standard Varian
insert (for 5 mm. sample tubes), lengthened to $.7 cm overall,
with sloks or holes cut throuch the tube as near (le coax plug as
permitted by a ¢t down lower hcarine. The urner and lower insert
seals alicn and support the insert with resnect to the dewar, the
probe and the auperslructure. 'Mie uppér seal sonsists of a re-
tainine rivuge, rn (-rine end a £lat silicone rubber washer. The
nylon supersbructure (Fig 2) supports bthe gquartz dcwsr, Lhe insert
and n shoodard Varien afp turbine, end brass ping afford sutomstic
Alirnnent for apinning. 4 cross flow of dry salr Is drawn throuch
the ventilation chamber Lo brine Lhe insert exhaust to shkout room
temnerabure.

The eluwninum probe mounting unit supporis the inlet dewar
tube which jo elanped to the upper bar with split nylon blocks.
Mie lower bar, klie probs and the probe carriame exlension are
fastered In ririd alirnnenb and since this bar is nlways left in
plrce, the mamnat 1s shimaeed accordin:ly. %he shap must be werned
that all parts of Lhls system wmust be free [(rom 1mbedded steel
chinps.

or routine work at room temperature, the inlet dewar and
tha supporl eve vomovad, bHub bhe insert assembly (dewsr and super-
strpeture) are laft in place. This does not effect the resolution
and anles 1t very convenient to shifb over to other bemperstures
Ly £lmply wveplociis the inlet dawnr tube. To simplify chonplne
fpeqguencies bulween 5C.4 ond 60 Mefs, a small hole, prctected with
¢ nylon plus, mey ba drilled In the top probe cover nlate just
over Lhe trangatLier Inpob Luning comdenser,



The Cal Tech unilk has worked very successfully since
il was Installed sbout eirht months ago and hias been operated be-
tween -17L° and +175°C. For low temperatures, we boll liguld ni-
Lrogen uslng a 10 ohm coll reitulated with a variable Lransforner
as a hent sowurce., Starting at room temperaturc, about 10 wminutes
Is required Lo reach und malntain stuble oporntion at -60° with a
boll off rate of aboubt 1 Ib, Iy hour. At -150°C, bthe rate 1is
about 4 1b. ",/ Mour. ‘Femperakure stability is abont 40,1 to 0.5°C/
hour depending upon the care with which adjuskments aiec made. Tor
eleovated temperaturces we use tanl nitrosen and a conventional heat-
ing coll I'n the inlei rdewar tube.

I will be mlad ©o supply a set of shoyp drawincs to any-

one who may be interesled.
Siyf/ﬁely yours,

//gz;/ .’,4’-; / g~

Paul K. Shafoer

PRS:rl

1A% the bire of my tolk I was wnfortunalely nol aware bhal &
basically similir desirn had previonsly been described by

Dr. Brownstein, GCan. J. “hew. 37 1119 (1uUH9).
2Co-desipners of thls systom were M. Doneld Davis, Grellin Lab-
oratories, Culifornia Inslilute of ‘'echnolopy, and bProf. Gideon
Freenkal, Department of Chemlstry, (hlo State lniversity,
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MELLON INSTITUTE
24400 Firrin AVvENUR

PrrrssureH 13, Pa.

March 20, 1961

Dr. B, L. Shapiro
Mellon Institute

40O Fifth Avenue
Pittsburgh 13, Pa,

Dear Barrys:

Enclosed is a sketeh of a pen reservoir which we
are using in conjunction with our Varian G-10 recorder. We
find that this pen is economical since when a pen point becomes
damaged or worn one need only replace the lettering pen. This
type of reservoir is also time—saving since if it is not allawed
to become empty the problem of clogging is negligible and we have

operated as long as a month without having to remove the pen for
& major cleaning.

We bave used Higgins india ink with this pen and found
it to be very satisfactory. Recently we tried some K & E drawing
ink #3015, and it also appears to be quite acceptable,

Very truly yours,

ek ke

JJBurkespok Junior Fellow
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THE MANCHESTER COLLEGE OF SCIENCE AND TECHNOLOGY
(Fucndty of Technology in the University of Manchester))
MANCHESTER | TELLPNONE CENTRAL 3200

Departuent of Chemistry
Dr. J. Lee.

20th, March, 1961.

Dr. A. A. Bothner-By,
Director of Research,
Mellon Iustitute,
4400, Fifth Avenue,
Pittsburgh, 13,
Penusylvania,

U.S.A.

Dear Dr. Bothner-By,

Please accept my apologies for having been so long
in contributing to your excellent newsletter, which we find
very useful. We have just received our new A.E.I. (60 and
25 Mc/s) Spectrometer and smong the research projects which
we are undertaking are the following two.

(i) Hindered rotation in inorganic systews.

Preliminary iuvestigations of the 40 Mc/s 1y spectrum
(using a Varian instrument) of phenyldimethylaminoboron chloride

< Ph\B __N/Me
a” Su

18 ik cal mole™) about the B-N bond. In the preliminary analysis
on the variation of methyl absorption with temperature, we have
used four different approaches. Three of these (a. comlesence
temperature + transition state theory, b. separation of band
mexima, c. "fast exchange approximation" analysis above
coalescence temperature (Piette and Anderson: J. Chem. Phys.,
1959, 30, 899)) have ylelded resultis between 16 and 20 k cal
wole™ . The fourth approach (d. maximaw/central minimum
intensity ratio) has giveu a value of 5 k cal, which seems
unreasouably low. 50 far (with the axgeption of approach e.)
we have not allowed For natural band width; this way well
account for the low value of d.

> have indicated a potential barrier of about
e

Contd.

(1i) Six-membered N—he terocyclics.

) Iu the course of investigating a number of £1
pyridines, prel;minfry work on 2—fluor;gyridiue at sofmg;:igzged
revealed a complex 1H spectrum. Although some analysis has besn
posaible, we are strongly convinced that H-F double resonance
will assist considerably in analysis of the absorption and of
Sﬁectra for simllgr_cempounda. We therefore intend to construct
; glrequ131Felauxlllary equipment. A curious feature in the
c;uluoroyyrldlne specfrum is a very broad doublet at lowest field.

11d this be due to *4N quadrupoluriroadening of a hydrogen atom
E%l directly attfached to nitrogen or is it a chemical exchange
effect? We hope to decide which is the case by (a) temperature
variation, (b) N-H double resonance and (c) investigations on
related couwpounds. Since we have not yet examined the fluorine

absorption, we are not in i
ittt hraadening. a position o say wheither this shows

We have created sowething of
) : hing of & problew for the peopl
who have delivered our instrument by requesting installat?oupoﬁ
the 5 ton magnet on the fourth floor of our building.

Yours sincerely,

P




UNIVERSITY OF CALIFORNIA

DEPARTMUENT O CHLEMISTRY
Bl REELEY 4, CALIFORNIA

March 23, 1961

Dr. A. A. Bothner-By

Mellon Instltute

4,00 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Dr. Bothner-By:

Here is a brief account of some work which we completed
recently. A more complete report will appear in the Je. Chem.

Phys.

¥ In 1956 Saika and Gutowsky' reported a near-zero coupling
constant between the fluorine atoms on edjecent carbon atoms
in the NMR spectrum of CFsCFgN(CFs)ge This appeared anomalous
to them since F-F coupling conatants were known to be large,
and in particular since the coupling constant between the
fluorine atoms in the two nonequivalent perfluoromethyl
groups was found to be 6 cps. Since that time several other
similar cases have been reported in the literature®?32%7%,
Furthermore, it has been assumed that the restrictions upon
yotation are responsible for these near-zero coupling
constants. This was presented in the literature by Crapo
and Sederholm®.

Little has been sald explicitly in the literaturs
concerning the mechanism for fluorine-fluorine coupling, but
it seems to be generally assumed that as 1n the hydrogen case®,
the coupling takes place through the bonds. Data are presented
beslow that have led us to belleve that (1) near-zero coupling
constants can not be explained by an accidental, mutual
cancellation of nonvanishing coupling constants averaged over
the three staggered configurations; (11) in the case of
fluorine the coupling proceeds primarily not through the
bonds, but is rather due to s direct-through-space electron-

coupled interaction.

2=

3 CFg=-CFg-0-CFp-CF3 I, = 1.7
L b a Jlo= L7
Y3 CF3=CFo-COOH J. = 1.38
a b ab
T.
5 CF,-CF,-N:CF? jab € 1
CFa ac = 6
a b c ch = 16
6 CF3-CFg~CFa-NFg J. £ 1
e b e d < 86
ac
Jaa ™ 202
ch € 1
Jpq = 10.5
ch % 1
7 CFa-N:CF“-CF"o T = 136
CPg-CFg” Jo € 2
a b e ch € 2
J]')c E 2
8
CEG-CF,-ﬁEF’-fF‘ jab £ 1
Fa-0 ac = 645
a b ¢ ® Jéd = 6.5
d Jo % 1
ch = 9.9
J'bd = 9.9
Jbe €1
ch & 1
JOQ € 1
Jie = 3¢5

=7
[

Table 1
Serial Number Compound Coupling Gonstants
(eps)
1 GFa-GFg\ Jab = G.1
/N-CFa J - 5 1
CFz~CFg ab .

J = 6.8

ac
a b c T = 15.8
2 cFa—CFB J = 6-8
SN-CFg-CFs J?b - 6.8

CFz-CFy ab

It is apparent from Table 1 that th
ere iIs no t
gﬁcﬂoézzglzeggizguai:aya yia%ds near-zaro couplinga:on:gzgta.
- pling conatants appear in mol 1
relatively free rotations are allowed A
bout the bon-
bonds, as well as in molecules “howa 1 iy esiae
ings 1limit such f
rotation. It has been assumed thazr:hr Gniteg
& near-zero co
constants are the time average of nonvanishing J': Egiinged
over the three stable configurations. Due to the commonas

(48



occurence of thls phenomenion, If this explenation 1s vallg,
one must assume that the J does not vary much from compound
to compound but it 1s only a function of the dihedral angle,
as in the case of hydrogen®. However, this would lead one to
predict that the J in all compounds having the CFz=CFgz-
group would always be near-zero, which is not the case.

One readily accounts for all fluorine-fluorine coupling
conatants in saturated compounds thus far investigated if omne
assumes that the major contribution to the coupling constant
comes about as a direct-through-space, electron-coupled
interaction rather than a through-the-bonds effect. The large
excurslons of the p electrons in fluorine atoms make 1t
reasonable to assume that such an effect could be significant
in the case of fluorine-fluorine coupling and not significant
in the case of hydr7 en-hydrogen coupling constants. (Note:
however sse Roberts %

Assuming all bondl to be tetrahedral, the carbon-carbon
bond distance to be 1.S4f, and the carbon-fluorine bond
distance to be 1.33 £, and assuming that the staggered
configurations are the favored ones, the closest fluorine-
fluorine approach between the two sets of fluorine atoms in
the R-CF4-CFg-R' group is 2.73R. We propose then that the
coupling through the bonds 1s small as 1n the case of the
hydrogen analogsj that 2.738 1s too great a distance to
result in any appreciable through-aspace contribution; and
that 2.738 18 Just outside the radius at which through-space
coupling becomes important. (This is quite reasonable asince
the iu? of the Van der Waal radil for two fluorine atoms 1s
2.708.

The fluorine-fluorine distance between gem-fluorine atoms
in perfluorocyclchexane 1s 2.178. The coupling constant 1s
2.8l eps. Here again it 1s assumed that most of the 28l cpa
comes about through space as might be expected from the
fluorine-fluorine distance which 1s much smaller than the sum
of the Van der Waal radii. If we assume, as a first approximation,
a linear relationship between J and the internuclear distance
D of two interacting nuclel, we can readlly calculate the
coupling constaent to be expected for 1,3 fluorine atoms (
fluorines on skeletal atoms which are P to each other), and
1, fluorins atoms. The equation used is J = (2.732 —DS 507 cps,
which 18 the stralght line determined by the near-zero coupling
in R-CFa-CFa-R!' and the coupling of gem-fluorines in perfluoro-
cyclohexane,

In two of the nlne possible staggered configurations of
the ~CFRg-CFa-CFg- group, the 143 fluorines are 2.518 apart;
thus they are clossr to each oéher than the closest distance
betwesn 1,2 fluorinss {fluorinss on adjacant skeletal atoms) .
The coupling at 2.518 is 111 cps, but only two of the nine
possible configurations yleld fluorine-fluorine distances
which contribute to the through-space coupling. Although there
may be some small barrler against the configurationa which
do not correspond to a zlgzag carbon skeleton, if we weight
ell nine configurations equally, the coupling to be expected
18 24.5 cps. We may likewise extend this calculation with
less preclaslon to the J;4 case. This leads to an expected value

-

of Jia = 8 cps. In both cases the calculated values are

large compared to the observed ones, but this can be accounted
for in terms of errors in the assumed amount of twist in
dihedral angles from the staggered configurations, the errors
in the assumed bond distances and sngles, and the probable
nenlinearity of J vs. D since it would be sxpectsd that J
would lncrease somewhat more rapldly as the distance decrsases.
Over all agreement with the experimental values is good
considering the approximations made.

In conclusion we would like to draw attention to some
of the coupling constants listed in Table 1, In compound 5§
the coupling constants are what would be expected on the baails
of the model presented. In compounds 1 and 2 which are very
similar to 5, the coupling ccnstants are alse simllar execept
for Jig. In compound 1, J1, = 5.1 cps. This might be expected
from a model of the compound since there are u large number
of etoms crowded around the central nitrogen atom. This
tends to increise the C-C-N bond angle, thus throwing the
1,2 fluorine atoms closer to each other, and incrsasing the
couplling constant. One might expect this effect to be more
pronounced in compound 2 where another perfluoroethyl group
1s taking the place of a perfluocromethyl group; and indesd
this 1s the case. Here J 5, = 6.8 cps which would imply a
further increase in the C~C-N angle as is expected. Likewise
in compound 3, Jyg 1s again nonvanishing because of the
opening of the CG~C-0 bond angle due to steric hindrance
between the two ends of the molecule.

Preprints of our publication are available discussing
the basls for this model and the interpretation of coupling
constants in a great many more compounds.

Let us add our words of thanks and praise for the greet
job you are doing with MELLONMR,

1. A, Saika and H., S. Gutowsky, J. &m. Chem. Soc. 8
4818 (1956). ’ .

2, %iqgg?po and C. H, Sederholm, J. Chem. Phys., 33, 1583

L]

3. G. A. Rallly, J. Chem. Phys., 25, &04 (1956).

4. G, Van Dyke Tiers, J. Am. Chem. Soc., 79, 5585 (1957).

S. J. A. Pople, W. G. Schneider, and H. J, Bernstein: High
Resolution Nuclesr Magnetie Resonance, p. 333, McGraw-
Hill Book Company, Inc., New York, 1959,

6. M, Karplus, J. Chem. Phye., 30, 11 (1959).

7. D. R, Davis, R, P. Luts, and J. D. Robertas, J., Am. Chem,
Soc., 83, 2446 (1960).

Sincerely
o = I
I W o r/(v'ﬁ/?‘\

iéfﬂ. Sederholm
: : ol ) .
[ TN o ,,/\',a;(.m

Leonidah Petrakis
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