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AbclM-AS~CCIS of Iranslwarm of spm IO fluorme and phosphorus arc dwusscd t!p-WI. wcrlap in 
phosphorus is insIgnificant Spm polarirarion and ($3~). overlap arc oppwng spin transfer mecham\m\ for 
phosphorus. The “P NhlK spectrum of the nirroxidc from 7r shows some fearurcs u hlch are not lull! undcr\rood 
Some garn in rcsolurwn of the SMR spectra can he achwcd h! dcurcrarlon. hut II I\ consldcrahly IoUcr than 
predicted. 

predicts a negative spin density at 
C-H fragment. In-the 1 C-X fragment 

the spin delocahzation mechanism, C-X 7. (synonymous 

Spin polarization 
hydrogen of the 1 

to charge transfer. resonance or (kp).. overlap) opposes 
spin polarization. It was demonstrated earlier’ ’ for X = 
F that spin is transmitted predominantly in the n-system. 
as predicted by the resonance formalism. It soon became 
ckar that this is an oversimplification. Contrary lo ex- 

pectations. all fluorines m pentalhrorophcnyl - I hutyl 
nitroxidc have positive hfs. and this is also the case for 
rhe fluorine in 2 - methyl - 5 - fhrorophenyl - I - butyl 
mtroxide. In these radicals the nitroxide group is rotated 
out of the plane by the orrho-substituent. 

The planar 3 - fluorophenyl - t - butyl nitroxide and 3 
trifluoromcthyl - phcnyl - I - butyl nitroxide have ne- 
gative F-hfs.’ Since the aromatrc hydrogens and methyls 
of these sterically hindered nitroxides indicate alternat- 
ing signs of spin in the aromatic carbon ring skeleton. the 
findings above are difficult IO rationalire by the simple 
resonance formalism. In the very moment n-conjugation 
is hindcrcd and u-transmission becomes important, no 
simple prediction concerning the sign of the spin can be 
made. WC became interested in determining the sign of 
hfs of the 5-trifluoromcthyl group in the sterically hin- 
dered nitroxide from the hydroxylamine 5. as compared 
with the corresponding Ye derivative. The results are 
reported in this work. 

In an earlier work of this series,’ the effect on spin 
transfer of successive removal of lone pairs was in- 
vestigated. The spin transfer decreases in the series: 
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+H’c q.gest that ESK spectroscopists also UK the logcal 
notation rha~ suhswuents (H. F. CIC.) on O. r!3. or 7 carbons be 
named CX. S. and 7, i.e. 

The (p-n). conjugation is an effective mechanism for 
spin transfer, which also became evident for the OMe 
group when it was forced OUI of conjugation by IUO 
orrho-substituents.’ The hfs of the Me decreased con- 
siderably and. furthermore. homohyperconjugatron 
seems to be insignificant. Somewhat unexpectedly, the 
sulfono group IS also an e&live spin tranrmittant. 
despite the fact that it has no lone pair. All @-hfs are 
positive in the series. but one is not allowed to draw any 
definite conclusions from that about the sign of spin on 
the a-atom.+ However, one is rather confident that the 
sign of net spin on S. 0. S and SO is positive in 
accordance with the prcdrction of (p-n). conjugation as 
a dommant factor in spin transfer; cf. fluorme in a planar 
system. For the a-C. it is negative. hut for the SO: group 
it could be positive or negative. dependmg upon the 
mechanism operating. An efficient (p-d). overlap or 
involvement of antibonding orhitalc places spin of a 
positive sign on S. uhercas. if spin plariration is 
dominant. this should give a ncgativc sign. (p-d). overlap 
was found IO be insignificant for silicon.’ WC have 
chosen IU investigate the signihcance of spin prlarita- 
lion. (p-p). and (p-d). overlap m the second row ele- 
ments by “P NVR and ISR studies of nrtro\ides 6 and 7 
containing 3-valent and Cvalent phosphorus. respec- 
tively. 

Finally. t-butyl-phenyl. d*. nitroxide was prepared in 
order IO dctcrminc the gain in resolution ohtained by 
deutcrium labelling. 

S,vnthesis. The hydroxylamine 5 was synthesrzed ac- 
cording IO Scheme I and the phosphorus compounds 
according to Scheme 2. 

The nitroxides were generated by silver oxide oxida- 
tion of the hydroxylamines. 

Resulrs. The F.SH spectrum of the nitroxide from 5 
could not be resolved. but the hfs splittings could be 
obtained from the ‘H and “F NMR spectra t’l’ahlc I ). 
The CFr group shows a small splitting of the wne 

magnitude and sign as the Me derivative. L’nlcss certain 
favourdhle conformations dominate. the hfs along an 
alkyl chain quickly attenuates. The hrgh ‘HI’(‘H, value at 
the mere position of the hmdered 2.5-dimethylphenvl 
nitroxide is indicative of a n-spin transfer. and this is 
prevailing in the 2 - methyl .C - tritluoromcthylphcnyl 
nitroxide. 

The ESR spectra of the radicals 60. b. c and 7s. b. c 
show that the hfs of quaternized “P is larger than those 
of trivalenf phosphorus. This is in concordance urth rhs 
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Table I. Hyprrfinc sphtting constants (gauss) obtamed for Ar N -I-Ru by ESR and NMR spectroscopy 

Compound. Ar Mcrhod’ a., a, a, a, 

(r ESRb II.6 2 22 0.89 - 0.89 2.22 2.26(P) 
6b ESR II 6 2.15 0.86 - 0.86 2 I.( 3.28 (P) 

NMR -0.84 -0.84 - 0.030 
6c ESR Il.6 2 22 0.90 - 0.90 2.22 3.35 (P) 
7r ESR I24 I .9! - I 95 0 87 1.95 co.1 (P) 

NSlR (-3.2 KHz) 
7b ESR I24 1.86 - I.86 0.89 I.86 1.37 (P) 

NMR +1.2(P) 
(-9.06 KHz) 

7c ESR I!.! 2.02 - 2.02 0.89 2.02 I.ro(P) 
SMR +I.1 (P) 

(-8.4 KHz) 
5 ESR 13.7 -0.06 (5.CF,) 

SMR - -064 -063 - -0.82 -0.23 to.25 (2CH,) 
3-fnfluoromcthylphcnyl NMR 1.92 - -1.92 ~085 - I.92 -0.062 --0.62 2 

2.5.dimcthylphcnyl ESR 13.5 -0.1 WH,) 6 
NMR - *OS7 -0.37 - -0.77 -0.24 to.23 (2CH3 

3.5dl-t-burylphenyl FSR‘ 13.3 I71 - I.71 - I.71 (35I-Bu) 
NMR -1.78 - -1.78 - - I .78 -0. I I co.01 

phenyl NhlR -1.84 to.83 -1.72 to.83 -1.84 -0.09 
phcnyl. d, SMR -0.28 +0.13 -0.27 to.13 -0.28 -0.09 

VIC ESR measurements wcrc carried OUI in DMSO. 2X. 
lhesc values arc unccnain hecause of 5ccondary oxidalion. 
*cf. Ref. 7. 

opposing mechanisms formulated above. The spectrum 
of 61 was difficuh IO analyre, since it conrained the IWO 
superimposed spectra of 6a and 6h. In 7s the effects 
balance each other so that the “P hfs is -0 (Fig. la). 
Quarernization with. c.g. sulphur brings the “P hfs lo 

I.40 gauss and spin polarization predicts a positive sign. 
This was dcmonstraled hg observing the magnitude of 
the low field shift in the “P NMR spectrum (Fig. 2, Table 
I). The splirting consrants calculated from the “P NMR 
spectra of the 0 and S derivalivcs agree reasonably well 

with the ESR data. This means that (p-d). overlap for 
phosphorus is insignificant. d-Orbital participation is a 
matter of comroversy; however. our findings are in 
agreement with some recent investigarions’s’o of the 
second row elements. 

We were nor able IO observe the “P absorplions in the 
NMR specwa of (r, b.c because of the large shifts and 
corresponding very broad lines and instabilities of the 
radicals. 

From the ESR data of 7r. one expects a small shift in 
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er: 

Fii. I. (a) ESK spectrum of t-butyl-3dlphenyIphosphinophcnyl nitroxlde from 7a. (b) ESR spectra. crperlmental 
and simulated. (hfs from la ). of the same radical obtained in preparative scale and purified hy 7’I.C (see texr). 
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Fig. 2. “P NMR SpXlNfII of the nilroxidc radical from 7b. 

the “P NMR spectrum. RO-90% of the total absorption is 

located in a broad band. D. shifted 3.2 KHz (-0.4 gauss) 
Fig. 3. “P SMR spectrum of l.bul~l-3.diphenylpho,ph~nophcn~l 
nitroxidc from 7r. B and C are diamagnetic 7a and 7b. rcxpec. 

downfield which has no equivalent in the ESK spectrum timely. D is the nitroxidc. and A is IWI dent&d Cc! ICXI) 



(a, < 0.1 gauss). Two of rhc narrow peaks were identified 
as diamagneIic 7~. II. and 7b. C. The unidentified peak A 
is bclicved IO originate from decomposirion products 

(Fig. 3). A freshly prepared sample of Ihe nitroxide was 
chromatographed on a prcparalive TLC plate and the 
main frastion showed in the ESR. hcsidcs line broaden- 
ing. again Ihe same hfs as an original preparation (Fig. 
lb). Thus. in this very case with a trivalent phosphorus, 
rhe SWR and ESR methods give differcnr results. If this 
dcpcnds on the non-validity of the McConnell-Chesnurs 
relation. or the widely different experimental conditions 
(near liquid for NMR; IO ’ .M in DMSO for ESR) remains 
IO bc ccen. 

By measuring the SMR of r-bury1 phenyl nirroxide as 
near liquid. ir was possible to resolve the o&to and para 

splirrings. They coalesced on dilution with chloroform. 
The o- and p-dcurerons are well resolved. but the gain in 
resolution is lower than prcdicrcd. -6.5: c.tpr. ta. I.1 

for rhc m-deuterons and 2.6 for the o- and p-deurerons. 
as measured by rhc relative line width ratio of rhe ‘H and 
‘H Ir;hiR spectra. 

From rhis and earlier work m this series ir is cvidenr 
char formalisms such as spin polarization. charge trans- 
fer. (p-p). and @-dL overlap. hyper- and homo-hyper- 
conjugation as visualired are unreliable IO predict sign of 
spin. 

-Al. 

The SMK mcasurcmcnls were pcrformcd on a Varran X1.-100- 

Is tpc~Iromcrcr with acccssorms for rccordrng the ‘H and “P 
spectra. and rhc ESR mcasurcmcrus on a Ovarian E3 msIrumcn1 
NMR spectra of rhe radicals were run on nca1 liquids or ~hc 

rad,cal was diluIcd wuh a small amounr of chloroform. 
‘I he m ps and h ps arc not corrccrcd 
Gtnrrarr~m of rht radrc-a/s /or rht ESR mtasunmtnrr. ‘Ihe 

rad,cals appeared immcd,arcly ,n a DMSO soln of the car. 
rcvpondmp hydroxylammc on adduion of a small amount of dll 
SaOHaq 

p-~npuon,mtrhyl-rolumt. 1 pTrifluoromeIhyl-bcnraldchydc 

rlOg. 57 s mmolc, m SIcOH (25 ml). cone H,SO, l3ml). and 
waler I I ml) was rcduccd over PdlC (SQ. O.Cgl with Hr for 6 hr 

a1 25’ and 3.5 arm AfIcr blIraI,on. waler l IsO mll was added and 

~hc soln was cxIra<Icd wnh CH$‘l, (2 x 50 ml). washed wiIh 
uarcr rhO ml, u, rcmovc mos1 of Ihc M&H. and dried wer 

SigSO, ‘Ihc solvcn1 uas carefully cvaporakd and the rcmamder 

d,sldlcd glvinp p-rrrfluoromcrhyl-roluene l7.4g crude producl. 

nr_YY I. 
:~h~d~~~~.rn~u~~n~mtrhv/-rr~/utnt. 4 1 I I I.7 g crude producll 

was added IO a m,xIurc of cone H,SO, (47 ml). and cone H?;O, 
(3c ml) The soln was healed w,Ih cIirrmg IO 5.5&Y for I hr. 

Hydrolysrs wuh ICC ICOO ml). cxIracI,on wiIh CH,CI, (2 x .(O ml). 
drying IMpSO,,. and cvaporarmn yicldcd 2 (12.3 8. R?“; crude 

)lCldl 
(‘ompound 2 (I? 3 g) was hydrogcnaled in FIOH 150 ml) over 

Pd;(‘ (sn,. 09g1 for 3 hr at 25’ and 3..(arm. Filrration and 
cvaporarum gave 9 Op of 2-am~no~4-rrrfluoromcrh~lr~~luenc. 3. 
w h,ch was purified by d,ssoluIion m pcrrol cIher w,Ih acI,vc carbon 
l(vap,rar,on of rhc \&cm y Kldcd 3 (X.1 g. 77C, crude ylcldl w h,ch 

sohdtficd m rhc frcctcr 
( ompound 3 (IO 77~. 61 5 mmolcl was stirred in waler IS4 ml) 

and coni H,SO, lg 6 mlkrhc sulphalc prc,-rpirarcd-and SaSO, 
(4 24~. 61 ? mmol) m u_aIcr (20 ml) was added a1 &Cc The soln 

was srurcd for I hr a1 &s’ and urea (0.28). KI (13 3g. 

lO?mmolc, an U&X 12Omll and cone H,SO, (?mll were rhcn 
added a~ CrC’ After 4 hr Ihc Nr-gcncration sroppcd and rhc 
mlxrurc was rhcn healed and mamramcd ar IUP for 5 min Some 
NaHSO, was added Ihc m,xrurc was cxrracrcd w,Ih CH:CI, 
(’ x 40 ml). washed w,Ih a ta1 SaHCO, aq. drlcd lMgS0.l. and _ 
solvcn1 cvaporalcd. D,rIillaIion gave 4 (9 llg) h.p. 83Glsc/14 Torr 
(III : 65-66”!4 g Torr). NMR (CC’I,,. 6 2.45 (3 H. 0; 7.36 (2 H. ql 

c.Hur,vl . ? mtrhv/ 5 rnfluorophtnyl hydmrglamint. S. was 

prepared from the Grignard compound of 4 and I-niuosoburanc 
in a y~ld of 174. m.p. 99-10.5’ laceronirrik). NMR fCDCI,l: 6 

7.81 (I H. hr. s); 7.17 (2 H. AL3 speclruml: 2.21 (3 H. I); I.14 (9H. 
sl (Found, C. 58 1: H. 6 !3. Calc for C,,H,,ONF,: C. 58.3; H. 
6 4%). 

p - N I . Burylh~dmrylaminophtnyl . diphtnylphosphint. b. 

To p . Bromophcnyl d,phcnylphospbinc” (lO.Og) in dry eIhrr 

(2OOml) Ru1.i (28ml. 15% in hcxanel was added under N, a1 
-30”. AfIer srirrmg for 25 mm a1 -2IP IO - IO”. Ihc lemp. was 
raised IO (P and I-nrrrosobruanc (4.0~) in dry THF (2Oml) was 
added. The mixrurc was hydrolyzed aiIh ice-waler (200 ml). 1hc 

layers were scparakd. and rhc crher phase was dried (MgSO,) 
and cvaporakd The semi-solid residue was rccryslallizcd rn 

accroniuilc giving &a (5.65 g. 5?al. m.p. 167-170 The mdcriva- 
live tr. m.p. l34-13s’. was prepared-in Ihe same way and the 
vKld was .Ciq (Found, C. 7.C 40: H. 6.90: N. 4 01. Calc. for 7a. 
C,:H,,OSP. C. 75.65: H. 6.93: N. &OlcC). 

6a showed MO rpo~s on TIC (CHCI,. 36 McOHl. PurificaIion 
over silica gave the pure compound. m p. 164”. The orhcr fracrion 
proved IO bc Ihc phosphinoxde 6b. m p. I94Y. 

7Br phruphinoxidts bb and 7b The corresponding phosphim 
6a or 7r (1.8gl dissolved m EIOH/CH,CI, (2Oml I: I) was 
oxidized wiIh H,O, f28Q. I ml) a1 5’ for 4 hr. WaIcr war added 

and the organic phase scparaled. dried (Sa,SO,l. and cvaporalcd 
RecrysIallirar,on from accronirrilc gave 66. m.p. 194’. and 7b. 
m.p. 188-19?. rcspccIivcly. In a yield of co 70-80?+. (Found for 

6b: C. 72 4. H. 6 C6; Y. 3 wb. and for 7b: C. 71 9: H. 6&l Calc. 
for C,~H.,O:SP C. 72.4: H. 6.64. h’. 3.84sEl. 

Tht rhbphosphints (c and 7c. The phosphinc 6a or 7a (0.6 gl 

was rIirrcd w,Ih S IO 25 g) in CH:(‘I, (6 ml) for 28 hr. Evaporation 
of the solvcn1 and dissolution in Y&H. hhration. and cvapora- 

rion gave Ihc tulphidc 6c or 7c which was recrysIalh?cd from 
aceronrIrilc. m.p 151 and 138”. respectively. The ytclds were cu. 

609Z (Found for ti. C. 69 20. H. 6.37. and for 7c: C. 69 03. H. 
6.43. ti. 3.67 Calc. for C’,H:,ONPS: C. 69.29. H. 634; N. 
3.67% l. 

r-lufyl-phmyl. d,. hydroxylamint and rht n&oxide were prc- 

pared from bromobcnrcne. d,. and I-niIrosobuIanc via [he Cing. 
nard rcacrion. m.p. 123”. ‘The hydroxylaminc lO.6gl was oxidrzrd 

in benzene 14 ml) a1 &3” with silveroxide (0 60) for 25 min with 
good srirring. The solvent was rapidly evaporated in ratuum and 
the NMR spectrum of rhe red v,scous radical was recorded a1 
-IO’ as quickly as possibk IaiIhin IO-15 minl in order IO 

minimize linewidth broadcnmg caused hy decomposuion. The 

oIhcr nilroxidcs wcrc generated m ~hc same way. CH,CI, was 
also used as solvenr for Ihc oxdauon wiIh silveroxide 

~.!.~-r.burYI.phm~/.l-~u/~/ h~dmxplamint was prepared 

from 3.S.di-I.huI}l-bromobenrene‘ vw rhc Grignard reagcnr and 

I.huryl niIrosohuIanc in cIhcr The ylcld was 18% and 1hC m p. 
126’ (from accronilrikl (Found: C. 77.6g; H. 11.17. (‘ale. for 
C,,H,,NO: C. 7?97; H. ll.l8tG,. 

Ac&nov/tdgcmtnrs-Thanks are due IO Fil. kand. A. Fricsson 
and Dr 1. Kowakuski. UnivcrciIy of Stockholm. and Dr. H. I. 
Jakohscn. UniversrIy of Aarhus for running the SMR spcclra of 

rhe radicals. Mr. J F. Andcrtcn and Miss L. Schmelling skillfully 
carried OUI Ihc synrhesis 
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