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Optioallyaotiveauxiliarycarpounds areuseful fortheIEaSUremen t of rates of oertain intra- 

noleoularrrotions inohiraland inproohiralmleoules 4) , since m&additives my generateme- 

gualshifts 5) for enantiamars or for enantiotopic groups, respectively. This investigation aims 

to deoidewhetherornotthese auxiliaryompounds 6) affect the experimental rate of partial 

rotationaboutthe aniline singlebond innitrosamines, 
9) IheN-aqlringoftiiohis twisted 

out of the O-N-N plane. 

The free enanticsers (R)-2 and 6)-i') (figure)musthaveidenticdlg-valueswhichbecane 

unegualbyassooiaticm lo) to (+)-tris[(heptafluorobutyryl)-~~ra~]eurcpiun(III), 

(+Wu(hfbo)3. The study of tmperatw ent lineshapes of suitable '+nmr signals yield 

the rate constants kof enantianerization, i.e. partialmtation. This mtion,however, Can 

oocur in free 1 (kf in the figure) and/or in the associated nitmmmine (ka and k_a). The pry- 

blmis: Dowemeasureoneprooess (andwhich of the two?) or is theexperimantalk-vales a - 

weighted average between kf, ka, andk_,?~answerthesequestions~~t~~the activation 

paranvaters 

0 without an auxiliary onpound, 

0 in thepresenoeof the raoemic compound 3'12) (+)-Eu(hfbo) and 

0 in thepresenoeof theoptioallyaotive carpound -'*I (+)-Ru&bo,,. 

1 offers two 'H-nmr absorptions which are suitable for lineshape kinetios:One Al3 system for 

C-i*HR in the absenoeofauoptioally active auxiliaryoaqxmd andcmenrathylsignal, split into 
two singletsby thepresm oe of (+)-Eu(hfbo)3. when the enautianzization beames faster, these 

singletsbroaden, coalesce, and fomonepeakwithn arrminglinewidth. The same is true for the 

above AB system in the absence of an additive or in the presence of (+)-Eu(hfbo)3 (table 1). The 

shift differences 13) A6 and the linewidths be in the absenoeofkineticbroadeningwereextrapo- 

lated to thetesperatureswhere thelineswerebroadened. For suohtenperatures,k-valueswere 

obtained by anplete lineshape analysis 14) . The less favorable ratio be/A6 of the methyl singlets 
and the smaller teqerature range of k-values produce relatively large errors for the +- aud AH 

AS+-values of the third a&mm (table 1). The first and second a&mm.5 show AS + to be Slightly 
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negative. This is inagr eement with values (e.g. ref. 161, obtained 

sp*-sp* single bonds, starting from non-planar ground states. 

The activationparameters (table11 measured in thepresenceof 

for other rotations about 

Q)- and (+I-EuWbc)3 are 

identical; they represent a test concerning the unequalmlecularprobes used (HA/HR andMe( 

Me(S), respectively). The agr een-entwith the paran-eters obtainedwithoutan additive is satis- 

factory. Thismans 18) contrary to an earlier suggestion 17) , , that partial rotation in the free 

nitrosamine (kf) is rate-determining in the presence of limited amnmts of Ru(hfbc)3. The 

additional presence of I:2 association mrplexes (notshm in the figure) would contribute to 

the observed induced shifts13), but would not alter the above conclusion or the values of table 1. 

Consequently, the use of (+)-E'u(hfbc)3 represents a sound kinetic method for the free substrate, 

Signals used 

Shift difference A6 

Linewidthbe 

Tenperature range 

of k-values 

AC+ (27O) 

~cal/ml] 

AH+ (2P) 

@cal/n-ol] 

AS (27O) 9 

b.u.-J 

None 

HA and HS (b) 

1.634 (17O) 

2.4 Hz (17O) 

30” to 130° 

16.46 f 0.17 

14.2 + 0.8 

-7.4 + 2.2 -10.4 + 3.1 

) of partialrotatic Table 1. Lineshapemasurenents (1oOM-I~: 

Auxiliary ccqmmd 

(?I-Ru(hfbc)3 (a) 

HA and HR (bi 

2.681 (2*? 

4.2 Hz (2*O) 

27O to MO0 

16.43 + 0.17 

13.4 + 1.1 

(+)-EuU-db~)~ (a) 

'Ie(R) and Ma(S) 

3.120 (loo) 

2.4 Hz (loo) 

2o" to 60° (c) 

16.4 + 0.2 

13.3 + 2.5 

-9.5 + 8.3 

about the aniline and in (R-S)-J 

(figure). Systematic errors given. Stock solution for all samples: 4.4 ml-% nitrosamines (sm 

of 1 and its g-isaner ")), 51.6 ml-% C4C16, 40.0 ml-% C2C14, and 4.0 ml-% [ZH Si(a3)2]3- 

(a): W&x ratio EX~(hfbc)~/nitrosamines: 0.24. (b): *Jm = 
8 

14.0 Hz. (c): Tc = 37 . 
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at least if the latter is similar to 1. In analogy to (PS)-i, the results for 2, WI-~, ad $ 

(table 2) are barriers for the free nolecules which, by principle, cannot be studied in the 

absence of an optically active auxiliary ampound. Therefore, this procedure is essential for 

rmlecules which do not possess a probe for lineshape analysis, like 2, (WI-& and g, but do 

so in the presence of a suitable additive. 

For non-planar (Its)-1 and (RS)-2 two different planar transition states to rotation are possi- -- 
ble, i.e. twopathwaysmay contiibute totheexperinentalbarrier, thus renderingstrictcclrpa- 

risons of AG -vaules difficult. This statement, hmever, does not restrict the above conclusions. + 

~and9canattainonlyonetransitionstate, thus representing rare cases amongnon-plan= 

molecules with knm barriers to rotaticm about sp2-sp2 single bmds. Accordingly, suchrmkcules 

of higher symnetry yield unequivocal barriers which, however, are accessible only via associ- 

ation. 

AIlOthW onuon auxiliary cxqomd, (+)-H5C6CH(CF3)CH, is generally applied in excess 4,5) h 

order to generate sufficient shift differences.kka suggest rotation in the association canplex 

of this alcohol with 1 to be rate-determining because the barrier is increased '9). Further 

R X 

t 

H5C6 Cl 

H5C6 Me 

+ (+)-Eu(hfbc)3 (W-220) H Cl 

420) H Me = A- 
Table 2. Cealescencemasurments 14) of partial rot Lion about z line bonds. 

C 

were converted to 36O by means of the result (table 1) &Ss = -9.5 e.u. Molar ratio Eu(hfbc)3/ni- 

trosamines (smofabove mmpound and its g-imner ")): 0.24 - 0.30. Signals used: C-Me for 1, 

3, and 4; N-CH3 for 1. 

1) 

2) 

3) 

4) 

5) 

Application of IWR Spectroscopy of Chiral Association Ccnplexes, Part 4. ----- Part 3: 3.) ---- 

We are grateful to Miss B.Reichl and Mr.H.-H.Henschel for technical assistance. This work was 

supported by Deutsche Forschungsgemeinschaft and Fonds der Chenischen Industiie. 

Present address: Laboratoire deChimieOrganigue Physigue,Universiti deNantes, 

F-44037 Nantes, France. 

A.Manns&reck, V.Jonas, H.-O.B&kcker, H.-L.Elbe , and G.Ktibrich, Tetrahedrcm Lett. 1974, 2153. 

AMannschreck, V.Jonas, and B.Xolb, Angew.Chem. E, 590, 994 (1973); Angew.Chem., Int.EdlEngl. 

2, 583, 909 (1973). 

A.Mannschreck, Nachr.Chem.Techn. 23, 295 (1975). 



1128 No. 13 

6) The achiral carple~ Eu(fod)3 has bsen used for determinations of barriers to rotation in 

amides. Limited amounts of Ru(fod)3 did not affect the barriers of two amides 7,8) . 

7) S.R.Tanny, M-Pickering, and C.S.Springer, Jr., J.Am.Chem.Scc. 95, 6227 (1973). 

8) IiXessler aud M.mlte.r, J.Am.Chem.Soc. 98, 5969 (1976). 

9) A.Manusdu-eck and H.Erliinsch, Tetrahedron L&t. 1968, 3227. 

10) The shifts induced inournitrosamines and in theirg-isamsrs II) .5hcx that association 

occursattheOatan. 

11) 1 mexists with its g-iscmr (relative to the N-N partial double bad ). The barrier 9) for 

their interconvtxsionis such higher than theresultsof tables 1 and 2. The sane is true 

for 2, 1, and 2. The linewidths of the z-isaners were useful for the extrapolations of be 

tmothertmperatums. 

12) Ws confirmthe statement 3, of au 'H-m peak originating fran our samples of Ru(hfbc)3 aud 

suspeded 
3) tobeduetowater. Wehavenmshownby thersogravinetry, ir,andelemntal 

analysis that these samples do not amtain a significant ankmnt of H20. 

13) The teqerature dependence of induced shifts, irrespective of its causes, is taken into 

aaxnmtbythe exixapolationofA6. Inref. 8, the samprocedurehasbeenapplied toa 

similarcase. 

14) Ihe ~ooalesoence" of two signals 
15,16,17) 

which aregeneratedbyan optically active additive 

nustmtnecessarilybe causedby an intramolecular motion. Theteqerature dependenceof 

their shiftdifferencewithoutadditionalbroadening and narrowing represents an alternative 

cause. lhedistinctbroadeningandnarmingofcoalescingsignalsexclude this alternative 

for our nitmsamines. In addition, we simulated test lineshapes (cf. ref. 4), as shmn by the 

following exaqle: A6 = 0.073 for the rmathyl signals of (Is)-! in the presence of 

(+)-Eu(hfb~)~ was cbtained by extrapolation to Tc = 37O. I$s broad lineshape at Tc was 

successfully calculated using AS = 0.073 and k = 13.2 set , whereas an elimination of the 

rotation effect, i.e. k = 0.001 set-', yielded two ~11 resolved signals. Such tests proved 

that the dependmceof Ad upon Tdoes not contributetoour coalescencephemnena. 

15) C.S.C. Yaug and R.S.H.tiu, Tetrahedron I&t. 1973, 4811. 

16) L.D.Colebrook, S.Icli, and F.H.Hund, Can.J.Chen. 53, 1556 (1975). 

17) L.W.Jelinski and E.F.Riefer, J.Am.Chem.Soc. 9&, 282 (1976). 

18) This conclusion is valid only, if ka and k_a are smaller than kf, which seems reasonable 

wheu amparing the conjugative possibilities in the transition states of rotation. This 

consideration is supported by an increase 19) of thebarrier in ahydrogen-bondedO-mnplex 

of 1 with (+)-H5C6CH(CF3)OH. 

19) Auxiliarycuqmmd Molar ratio Solvent + AG (26O) ~cal/m~ 

1 (+)-Eu(hfbc)3 0.28 E14mC13 16.4 _+ 0.2 4) 

i (+)-H5C6CH(CF3)oH 5.95 CC14 
17.1 + o.34) 

X! &containing 23 8 g-i saner (0X4, 38O): M.p. 34 - 51°. $, containing 21 % g-isomer (CDC13, 

26O): Oil. Elemental analyses were correct. 


