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The orientation of substltutlon reactions in trioerig
phosphgnitrllic 

- 
gtrloride.

tr'ron the anlnol-ysis of triureric phospironitrilic chloride
(f) wltn dimethylamine the products .PlNlRnCl6-n have been

obtained, where R = (c$r)2N- and n = Ir2,1r4 and 5. The

orientations of the clinethylaralno groups in these conpounds
hsve been determined frosl their proton uagnetic resonance
spectra.

The spectru$ of the üono- subetituted conpound coneists
of a 1.1".1. trlplet centred at 2.t pprr ( external water
reference ) while the hexa- substituted conpound sirows a

einil-ar trlplet oentred at 2.) ppm. These shifts irre taken
as eharacteristlc of the protons in lhe dlrnethylaorlno groups

1n the envlronme$ts (11) and (tll).
the spectra of ttre bls- and trls- substituted coutpouttds

consist of a tripl-et centred at 2.1 pprn whi.le the tetra-
Bubstituted conpound hsB a spectruü consisti-ng of two
trlplets of approxiuiately equal areas cen'bred at 2.0 and

2,, ppü. These results inalicate that the ebructuree of
the bie-, trie and tetra- substituted cornpounds are as

shown in (1'r) - (V] ).
In the case of this reaction substltution proceeds b.y

the replaceüent of single chlorine :rtorns ;:t edch phosphorus,
and only after th€ fornatlon of the syrnuetrical tris-
diuietiryl.anino triphosphonitr'illc chlorlde are conpoundB

containlng etructure (111) produced.

thanks are due to Dr. R. Shaw of llirkbeck (.jollerle f ol
providing sarnples of substituted phosphonitril-itr conpounds,
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1rr-nr,)'- 7zc-)' = 2z.ü^,T * lrart)aJt (o3= q; l"*)

Itrls vlrtuaUy solveB tbe probler, end the aLgn of aü Es vell aB a check on
the other asslgnmente ts avallab].e fron tbe AB .llnes.

In cage the X group llneB are not l'ell enougb reeolved to a-lIorr an a,ccurate
approach by thls nethod, we can attack ln8teail the AB group by noting lt
consiBta of N+l qutrtets eacb reBembllEg a trc-spln problenr. aDd that-the
ceutera of gravliy of thege quartets ere evenly Bpaceal by 1/2(JA*+JBX),
or one-batf the 6pl-j.ttlng of the nost lntense X group llnee. I flntl a
sLldLng 6cale marked off 1r uolts of l/2(JAX+JBX) convenlent ltr plck1ng
out theBe quartets, 8,fter $h1ch the a[alyBls ls stralghtfonard. AlI four
Ilnes of every quartet Day trot be observabte, of courae, but rüren the outer
llnes are veak tbe lDner nearly coloclde.

llhlle at hory I had. occasion to apply ttrls tsble toa conaltlereble runber of
spectra of both ABX2 

"d 
ABXa types, flndlng 1t qulte banqy for both. I,Ie

have vorked out somE general'forne for the Bllgbt1y perturbeal (1.e,, secoutl-
order) ceeee, as veIL, but theae are not aB sfu[I)Ie to sumsrlze o! apply.

Slncerely yours,

Etsilrbg
Encl. I

{INT,N (:AtIBIDE IIDSSARoI. INETITUB

December l-5, l9r9

Dr. A. A. Bothner-By
MeIIon Ingtltute
4l+00 Fifth Avenue
Plttsburgtt ].3, Pa'

Dear Dr. Bothner-Fy:

Thchk you for adtllng ry Daue to your MffLON-M-R nalllng ltst aral supPlylag
ne rrltlr e set of back lssueB. Ia orcler to be a peying subscrlber, I bave
includ.ed e table I bave fountl very hanqy ln aaalyzlng sPectra of the ABXN

tlrpe nhere the X grouP ls corq'.letely reiluclble by g'otlp operatlons and
li perturbetl ouly to flret-order by the Ä8. system. It applleo equaUy weU
to ABX, A$(,., 6nat ABXI tf,pee *bere all nuclei a.re of eptn t/e. ElSeistates
are eeätpafäa eccoröIng to tbeh group representatlon, /4, anal the c
conqrotrunts of totel sP1! for the lB grouP (superscrlpt to ]eft) anal XN gouB
(subscript to rleht)' !,ltefers to tbe N+I elgenva,lueg of the latter,.., to
the shlft 1l1 cp6 from a convenlent reference for the uucleus qubscrtPteö,
alld the renelning paranetero are epParent eltber fron the table or flon
comon usaSe .

Ia applylng the table to cases, tt 1g couvenlent to speclfy the A alxal B

protons eccordlng tolf,ol > lü.rl aud to arbltrarlly e8519! posltlve s18ns
to the lntleternlnate coupllngs Jgg antl J1g. lle are then a86uretl tbat
f,Aat trsx > O but caruot speclfy the olgne of elther J31 or Ate da-aa'
It-'ls thän noted that the x Sroup Epectlum 18 coullletety E/metrlcal about
.!.lx , fLxLxrg thle parameter, a.nd that the tvo }tnes ln th18 group 8P1tt by

.fDg + lgx a.re the trost lutense ln the set (unlese no AB n1xlng-o"ctY6r..
viräeupä the aüa-lysls nalr proceett by ftrst-order BPltttlngs tbrougbout),
flxlng thls suro.

there rdll be renelDlng 1rr thls group 2N llEe6 olr each slde of4lnhlch can be
allvlded on the baslE of lrtensitles ltrto trro subgroups of N each. ltre sPuttlngs
of the stronger Bet lrlth thelr counterparts acrose .d^ gLve l{ equatlons ln the
N+I conata.uts, Cy, havlng the forn8 al=zlcr.r-C.1. Anotber N eSlailolg
of the forn a v o- Cn, + Cr axe avall"abte frottr the l{ea} 8et provl'leö tbelr
lntensltles a,re obÄäiveblä. It ls hence often posslble to deternl'tre a11 the
Cl's, ano fror them the quartttles Jpg-Jg1, J4gr andfaofuehs equatlons of
the forn:

lLt-

(zc,)-= ah) + 2^t adal + M ÄT * {.

Hhlpple
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Dre. A.,\. Sothner'-By and
B.L. Sh:r1riro,
Mell-on Irrstitute,
440 Fifth Avenue,
Pittsburgh 11,
Pennsylvanj a,
U. S.A.

Dear llkseJ. and 3au;r,

UNIVERSITY CHEMICAL LABORATORY
LENSFIELD ROAD,

CAM BRIDGE.
TE!EPHONE 5649t

16th Decernber, L959.

irnetL5rJ.
of bhe

easan

I arrr ver.y'sorry thrt you should htrve hld to !)rod ne to
write a contribution to l.{eLloN-M-Ii. I h:rve hrd it in mlnd
since I returned frorn my visit to the U.S.r\. this sunmer,
but sonehorv it tlldnrt get r,,'ritten. Hoivever, J.et rne say
how very uruch al1- the I'Ii,iR group here enjoy and a1:preciate
the llels letter.

\Ye h"ve been continuing our efforts to unravel certaln
features of the NMR spectr.e of Lgrdrocarbon groullngs. For,.
exanpre, we h:rve 

"" ""äiiy-"u"ä l"rtä- i töH-"ätäiiiiä'-T"örr"iä,i! (',')
to obtain whst we think is an accurate anelysis of the
cornplex spectrurn of lrropane as obse!'ved elt 40 Mc. About
2/" of propane mol-ecules have the formula 13CHrr-a3CHa,-$CII3
and the rnethyl groups of these give rlse to wiriely seperated
13cH triplet sldebands (Jrrn,dl24 c/s) ot which the one at
trigh fielci to the main CHr-..if9onence is not dlfflcult to
obserwe and neasure. tfretf"Sbicins of ihis triplet is
13.66 J O.20 c/s, anit altowlig (bJ catculationä on sirrpler
modeJ- systerns using a digltal computer) for perturbing effects
caused by the presence of the 12CH3 protons at the other end
of the möleculä, we deduce th:it J(cH;-cHr) is ^7.5 c/s. fllth
th:is inforrnation it rnias l fairly sirnple nnetter (again glven the
computer) to find an accurate analysis of the speötmnr rvith
3 ='7.+ c/s ana 5 (cttr-cH") = lr7.5- c/s. Thesetvarues mey be
compareil with earlier ones deduced dlrectly from 40. Mo and 6O
Mc spectril rvlthout the uee of the lrCH sirlebands.(rl

Follbrving an earlier work by Alexanrler(a) on 3,3-ct
butene-l cxrd butene-l we hrvg.I.rde a detalled analysls
vinyl part of the spectrum ol'i(cHr)a-CH-CH=CHe molecul-

( Cont.
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Coni;inuatlon sheet No. 1.

l-nethvl- butene-1

Jzt I7.l n

Jar +10.4

J:r +1.6

J 12 +6.5

J13 -l-.2
tr s -L.7

tt

16th Decenber, 1959, Contlnuation Sheet No. 2. I6th Decenber, 1"959.

I(ABC problen. As you know, frono XABC spectra one can 1nprinciple obüatn the rel-etive signs of aL1 coupling constants.
In this cüse. we obtaln the following xesults för cornparison(r) - (")

-1,/-t=.<$i:i -Hl-t=.<t l;]
wi.th those of Alexander on butene-l

deuteriun subsi;ltution. The a.pproxinete valueg that we
obtain for the mrgnltudes of these constants are 22.7, LL.1
and (1.5 c/s resfiectlvely. [hey show a remarkable va.riatl-on
whlch 1s apparently in the opposite dlrection to that obserared
on going fiän cllrci, (z.r) tä-cH. (12.4 c/s),$> 0f course the
variation would rsally be ln the saxae dlrectionr if in fact the
coupJ.ing constants are of the apposlte slgn, 1.e., lf the'
SlHz constants are negative (assuning the CH3 constants to.b-e
poslti-ve as deduceil theoretlcally by Karplus and Andersep).\r)
If I understoocl comectly a conversation I had vrlth Martin
Karplus during the sunner, lt is more likely that the SiHr
constants should be neg;ati-ve, becaüse the greater II-H disttrnces
nakes posltlve contrlbutions to the coupllng constants.fron
direct H-I{ bonding ( ancl electron palrlng) l-ess than in the
CH3 case.

butene-l (Alexander)

r7,4x
+10. 4

+1.9

J6. l
Yours slncerely,

{
1.9

+
and 1.3

A^r*'
assumed to be positlve - other slgns are relative to
th1s.

Norman Streppartl.

It ls seen that the results for the two molecules are
renarkably close, but thct we tnve been able to resolve the
uncertdlinty about the slgns-of. J"3 ancl J.r,Jr. wlth respect ro)to the coupling constents of the vinyl group. Both Moitlmer*
and ourselves(s) heve recently clrawn änalogoüs conclusions frorn
analyses of the spectra of chLorin,lted propenes, but we tlrought
thLrt lt would be a good thing to check on änother hytlrocarbon.
ft seems that only tire long-r':rnge coul:ling constantb Jr: encl
{rr are of opposite slgn to the. r-ernainder-in these hydröcarbons.
Karpluet excellent calculatlons(?) on the couplJ.ng cönstents
of cis ancl !4mg olefinlc CH=CH groups, srigge-t th.rt the slgn
vre ffio assüääö-for the trüns coüpliäs'coniiants ls the coriect
one; lf so the other silEF-äre riso öorrurct.

Finally I would like to glve a preJ.ininory report orr
$ome measurements that we huve been meklng on the H-H coulrling
constants of SiHr groups in SiHJ a, SiHrI, and SiHl*using

( Cont. .
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