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Szlmmury. '1,Iic catalytic hydrogcnation of (ZR, 10R)-2.10-diamino-5,5,7-tritnethyl-4,W-rfia~a- 
7-\indeci:ncnickcl(lI) yiclds two protlucts whcn the r e a d o n  is pcrfonncd in tho presenco of cthyl- 
cncdiatninc, but only onc, whcn ethylcnediarninc is abscnt. The stercochomistry of thc rcaction is 
discussed and a proposal for thc abolutc cofifiguration 01 thc two tliastcreomcric complcxes and 
the  free ligands i s  given on lhc base of CI).- and NMR.-spectra, 

Linear optically activc tetramines have fourid incrcased interest in the last years 
bcciusc of t hcir stercoselective reactivns in the formation of coordination compounds 
[lJ. In mctal comylexcs of such ligands the sccondary nitrogen atoms represent two 
new centers 01 chirality, so that five gcometric forms are possible, four of which may 
exist as pairs of enantiorners [Z]. By adequatc choicc of substituents on the carbon 
chain of the ligand it is possible to isolatc cxamplcs of all of these geometric form 
its incrt Co(III)cotnplexe,s [3]. Not only the conformation of the different chelate 
rings and the configuration of thc secondary nitrogen atoms may be determincd in 
this way, but also the absolute configuration of the whole complex. 

Derivatives of 1,9-diaaiino-3,7-diazanonanc (2,3, Met)  form complexes with 
two fivc- and one six-membcrcd chelate rings. Ligands of this typc prefer a square 

1 2 
Fig. I .  Structuves of tr;ms-(2,3,Z-let)-co~plexes with R, S- (I), und H,R-crmfiguralion (2) ul the 

secondary niirogen atoms 

planar structure. Alexander el al. 141 showed that in agrcement with tlic greater 
stability of the chair-conformation of the six-niembercd chelatc ring the complcxes 
with an (K,S)-configuration at the nitrogen atoms (1) are more stablc than the 
cfiastcreonieric forms with R, A or S, S-conliguration (2). 

1) 

-. - 
Part. I I I: RM: [7]. 
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The rclative stability of tlicse diautereomeric 'orn1.s may gyeatly change by thc 
introduction of substitucnts. The f(grmation of Irans-~Ch((.S, S)-Me,-Z, 3,2-tet)C,ld-'- 
(Me2-2,3,2-tet - 2,l.0-diamino-4,X-diazaundccrtne) is for examplc stcreospecific, 
only the product with structurc 2 hpving the nitrogcn atoms in R, R-configuration 
is formed 151. In this product the ltwo mcthyl-groups are placed in a favorable 
equatorial position. Husck and his cdworkcrs Ii;ive described thr: stercc)diemistry of 
cohalt(II1) complexes of (4S)-rnethyl-h, 9-diamino-3,7-diazanonanc, the only examplc 
so far studied of a 2,3,Z-tet-complcld with a substitucnt in the central chclatc ring 
[6]. Complexcs with substitucnts in both, the fivc- arid the six-membcrcd ring, are 
not known. 

Recently we describcd the stereospecific IiydrogeIiation of  a macrocyclic nickcl(T1) 
complex [71. Thc present work sheds, that such a s tcrwspecific hydrogcriation is 
also possiblc with nickcl(I1) complexes of open-chain Schiff-base type ligands. Wc 
first studied the rcduction of a complcx synthesizcd by I to  hr, Fujiitu IS], ((ZK, l0R)- 
2,lO-diamino-5,5,7-trimcthyl-4,8-diata-7-undecene)-nickcl(TI)perc€1lorate ( 1  N i (  K ,  A- 
C12Hg8N4)](C104)2) (3) which is obtaimed by the rcaction of / Ni(I<-pn)3] (C1OJ2 with 
acetone. In  the reaction 4 is frlrmed 4s a by-product. 
should he transformcd to 5. 

'3 

3 4 

Fig. 2 
5 

Expekirnental Part 
I. Synthesis. - 1.1. ((212, IOR)-2,10-~iamiiao-5,,5,7-tvirmthyl-4,~~-d~aza-7- undccam) (sth,yylanc- 

ddamine)xickcl( II)psvcLZorate, [Nd(C18E728nV4) (en)  I (Cf04)2. Tho procedure givcn by I lo  & Fujila r8J 
is midificd as ftillows: 8.7 g of [Ni(R-pn),](lJ0,)2 :ire clissolvc~cl in about 2011 rnl ot acutonc atid Lhc!  
solution is refluxcd lor 24 h. By this procedun: thc two cotiiplexcs 3 and 4 arc obtniiictl in 
a ratio of 3: 1, whcroas thc rcaction at rooni.tcnlp. givcs thc t.wo products in about cclunl nmouI1ts. 
Thc rcaction mixture is cvaporated to drynpss, tl issolveil in water and tho di1utc:d solutio~i p:bs?jocl 
through a cation exchange column in Na.+-fI)rm. :The coliiti in is t h m  washed with water, until tlic 
washwater showed no further alcalinc rcaction. H?; clution wiih il 5 %  NaCl solution two yc:llow 
bands are formed which are collcctcd sepaq;ttcly. Thc: cluate of thc t w o  bands is concaritratcd to 
a small volume and thc precipitatcd NaC1 filtcrci off .  Addition nf NaCI04 to t h c  solution n l  the 
first band yields the yellow macrocyclic complcx 4 (Cl(')&. From thc solution of tllc sccond bdIld 
the violct [Ni(C,,H,,N,) (en)] (CIO,), is prwipitatcd hy NaC104 and drop wiso addition of ctlrylcrlc- 
diamine. Total yield of the two comp1ext:s: 85%. 

1.2. ((2H. 70 R)-2,Io-diamino-5,.G, 7-triwpdhyl-/l.8-clia2~-7-und~ccne)niokel( tl)psrch6orute muno- 
hydrate, [Ni(C,&&V,)] (CIO,), - H,V. Thc Qompound is olitiiincd iron1 [Ni(C1BL128N4) (im)J (CIO,), 
as indicated in [8]. 
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1.3. ((ZR, 7 S, I0R)- and ((ZK, 7K, 7OR)-Z, ?0-diamano-5,5,7-trinzeth~Z-l,R-d~azatazcndecane)niEc- 
kel(ZI)+crchlorals. [Nk(R. S, R-C,,H,N,)J(CEO,), und [Nz(K, K, R-CI2H3,N4)](CZO,),. 'lkc rcduction 
of [Ni(C121128N4) JB+ was performcd iindcr various conditions (cf. table 1). A typical examplc is 
as follows: 2 g of [Ni(C,&8N4) ( C ~ ) ] ( C I ( ~ ~ ) ~  are dissolvcd in 250 rnl of watcr and rcduccd at 50" 
with R02 as catalyst and a hydrogcn pressure of about 4.5 atm. The hydrogenation was stopped, 
whcn thc absorption band duc to thc: C=N-group at 265 nm hat1 cotnplctcly disappeared; reaction 
time w& about three days. After filtration of thc catalyst, the solution is introduced to a small 
cation exchange column and aboundly waslicd with water to rcmovc the ethylcnediaminc. The 
ycllow band is thcn quantitatively elutcd with lOO/ ,  NaCl and thc cluatc is freed from most of the 
NaCl by repeated evaporation and addition of ethanol. Af tcr cvaporation to  dryness, thc yellow 
solid is dissolved in a small volume of watcr and the solution introduccd in a column fillcd with 
Scphadex G-15. Elution with water givcs two hands E-1 and E-2> which are collected scparately. 
The two solutions are conccntrated to a sinall volume and the cornplcxes arc obtained as yellow 
[Ni(C,2H,,N4)](C10,), by addition of an exccss NaC104 and cooling or as violet [Ni(q,H,N& 
(en)] (ClO,), by tlropwise addition o f  ethylencdiamine to the two solutions containing an excess 
of NaCIO,. Total yicld: 75%. Calculated for [Ni(C,,HmN4) (en)](C104)2: 

. 

C 30.6 11 6.95 N 15.35% 
Found for E-1 C: 29.6 €1 6.68 N 15.40% 

E-2 c 29.8 H 6.80 N 15.35% 

1.4, (ZR, 7 Y, ?OR)- arad (2R, 7 R, #OR)-2, ?O-~!iamino-5,.5.7-trime#hyl-4,8-diaaaundecalae, 
C,HmN4. - Procedure a ) :  A solution of 0.55 g of [Ni(C,,H,N,)](CIQ4), obtained from E-1 is 
rondcrcd strongly bmic by KOII. 4.3 g of KCN is added aod t1i.c frcc ligand extracted (luring 
scvcral days by cliisopropyl ethcr/bcnzene 1 ; 1. 'I.'hc cxtraction is continued until tho organic phase 
shows no rnorc optical activity. The combined cxtractv are carcfully uvaporatcd and the remaining 
oil is distilled in a ball tube undcr reduced prcssure a t  90" (Riichi, Glass tube oven GKR-50). 
Titration with hydrochloric acid givcs a mol. wcight of 266 : I I  2, corresponding to the dihydratc 
C1,11,N4 - 2 H,O. LajE = - 6.8" (c -. 0.5, EtOH) corresponding to [a]]"n" = - 7.8" for thc 
anhydrous compound. 

Procedure b) : The anhydrous tetramines can be obtaincti by the mcthod of Love & Powell [S]. 
[Ni(C,,H,N,)1 C1, is dissolved in absolute ethanol, four equiv. of NaCN arc added and thc solution 
stirred for 2 h. K,Ni(CN), and KCI arc quantitativcly precipitatotl by additicin of absolutc ether 
and filtcred off. Thc filtered solution is evaporatcd and thc rcsidual oil distilled as indicated in 
procedure a). C,,1ImN4 from E-1 [a]g = - 7,7"; = - 17.4" 

C,,EIWN4 from E-2 [a]g = - 123"; [a],,, = - 27,5" 

The two diastcrcomcric tetramines are further charactcrizcd by NMR.- and mass-spectra. 
2. Measwvements: See [7]. 

Tablc 1. Relarive yiatds of [IVi(R, S, R-C,,H,N,)]3+ (E-1) ond [Ni(R,R, R-C12HmN,)]e+ (E-2) by 
cabajyyh'c hydvogenatiorr of [Ni(R, R-C,,HB,N4)1'+ 

[Ni(R. R-CuH,,N4)I (ClO,), equivalent t"C E-1 % E-2 
(mol/l) cthylenediamine 

0.016 
0.016 
0.016 
0.016 
0.027 
0.036 

0 50 100 
1 50 85 
J ,3 50 82 
2 5 0 7G 
1 50 63 
1 35 57 

- 
15 
18 
24 
37 
43 

Discussion. - For the unsaturated complex [Ni( R, R-C,,H,N,)] (CIO,), ob- 
taincd from INi(K-pn)](ClO,), the structure 6 with the greatest number of sub- 
stituents in an equatorial or pseudo-equatorial position have been proposed [8]. The 
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proposition is based on the known absolute configuration of the asymmetric centers 
in the terminal chelate rings, and the corriparison of the CD.-spectrd with that of the 
macrocyclic complex 4. The structure of 4 is known irom X-ray diffraction 1101 

6 
Fig. 3. Absolute configuvation of L.Va(K, R-C',,H,,N4)](CI0,), 

Fig. 4 shows the CD.-spectra of the unsaturated complex (a) and nf thc two 
products obtained by hydrogenation (b) 2). 

400 150 500 nm 

Fig. 4. CD.-spcctru of a) [Ni(R, R-C,,H,N,I8+ und of b) [Ni(R, S, R-C,,H,N4)]p+ (E-7) and 
rNi(R. R, H-Cjgll~,N~12+ ( E - 2 )  

The most interesting feature is the grcat resemblance of the spectra of thc two 
reduced diastereomeric compounds, which show, that the two chromopllores sliould 
be very similar. The hypothesis, that the two complexes contain thc samc structural 
elements is further confirmed by the NMK.-spectra, of the two compounds. Thcse 
spectra, reproduced in Fig. 5, are practically superimposable. This means that in 
both diastereoisomeric complexes all the substitucnts arc found in a similar chemical 
environment. This excludes structure 2 with both secondary nitrogen atoms in thc 
same absolute configuration so that the mcthyl group in the six-membered ring in one 
of the two diastereoisomers 7 and 8 must necessarily adopt an axial position (Fig. 6) 

~ 

4, The spectrum of E-2 was obtained from B solutioncontainingone cquivalentolcthylendiaminc. 
The CD.-intL.nsity may be somewhat reduced by the prcsence of somc complcx in the octa- 
hedral form, the contribution of which to net CD.-intensity should bc negligible at 450 nm. 
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1.0 3.0 2.0 10 PPM 3.0 2 0 1.0 PPM 
Fig. 5 .  NMR.-spectru ($0) [Ni(R,  S, R-C,,I&,N,),J2~+ and 0) [Ni(II, R, R-C,2HMN4)*+ 

7 8 
Fig. G 

Such a difference should clearly show up in NMR.-spectra. An equatorial position 
in both cases is only possiblc, when the two secondary nitrogen atoms have oppositc 
(R,S)  absolute confipration; that mcans, thc  central chelate ring must adopt a 
chair conformation. Such a chair conformation is also suggested by comparison of 
the NMR.-spectra with those of analogous macrocyclic compounds 111). For the 
five-membered chclate rings two possibilities exist: a) both rings adopt g a w k  con- 
formation - onc 01 the methyl substitucnts takcs an axial position, b) both rncthyf 
substituerits arc in equatorial position - one of the chclate rings takes an envclope 
conformation. I n  the NMK.-spectra the two methyl groups show only m e  doublet, 

9 10 

l?'ig. 7. Probuble struduves nf [Ni(li, S,R-C,,If3,N4)]~f (9) and [Wi(R, H, R-CI,H,,N,)]gC (10) 
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so that the structures indicated in Fig1 7 seem the most probable. The basic chirality 
of the framework of (9) and (10) is idhtical; diastereoisomcrisrn is given by the ex- 
change of the substituents of the cenfral chelate ring with respect to thc conforma- 
tions of the fivc-membered chelate kings. This confirms, that for five-membered 
diamine-chelate rings an equatorial pqsition of methyl substituents is more important 
than chelate ring conformation. E&unples of f ive-membered chelate rings with 
envelope conformation in complexes with open-chain tetramine Iigands are known 
so far only for two cobalt(II1) conpplexes with substituted triethylenetetrarninc 
ligands [3] [12]. 

The fact that the hydrogenation df the unsaturated complex in absence of ethyl- 
enediaminc gives only one of the two diastereoisomeric complexes suggest that the 
reaction is stereospecific in a similar manner as described for macrocyclic nickel(I1) 
complexes [7]. When the absolute cQnfiguration of the starting material is known 
by the defined structure of propyleaediaminc used in the synthesis, a proposition 
can be made for the absolute configuration of the product on the base of reaction 
mechanism. Assuming that the hydrogen molecule approaches from the sidc opposite 
to the axial methyl group, hydrogenation of the square planar R, R-complex yields 
only the product containing the ligand with R,S, R-configuration (Fig. 8). For the 

S 

Fig. 8. Stermchemidry of hydbogenatzon of plnnar [Ni(H, R-C,,H,, N,) ] I +  

octahedral complex four possibilities with cis-p-topography may exist, two with A- 
and two with d-configurations). The pairs I la / l lb  and 12a/12b in Fig. 9 are 
conformational isomers, the differen ce lies essentially in the orientation of the axial 
methyl group (circled in Fig. 9) in the central chelate ring. In 12a and 11 b this 
methyl group is found near the polat chelate ring of the tctradentate ligand, whereas 
it points to the chelate ring of ethlylenediamine in l l a  and lab. Investigation of 
molecular models shows, that the sitle oppositc to this axial methyl group is clearly 
more favorable for the attack of a hydrogen molecule. From Fig. 9 it is seen that the 
diastercoisomeric forms 11 a and 12a yields the cornplex with the ligand in R,S,  R- 
configuration, which is the only product obtained by the hydrogenation of the planar 
complex. 

The R, R, R-product must be formed by hydrogenation of 11 b or 12 b rcspec- 
tively. By analogy with the CD.-spectra of [Ni(R, K.C,,H,N,) (K-pn)](ClO,), and 
[Ni(R-pn)J (C10,) in acetonitrile it has been concluded that the former complex 
exhibits A-configuration 181, so that kt may be proposed, that [Ni(R, R, K-C,,H,N,,)le+ 

5 )  The absolute configuration about tHe central Irieial ion is described as A and A according 
to [I31 and is inversed with respect 40 [8]. 

50 



786 HELVETICA CHIMICA ACTA - Vol. 58, Fasc. 3 (1975) - Nr. 89 

A- erid4- c i s 4  A-endo, -crs-n 
12 a 12b 

Fig. 9. Stweochemisfvy of hydrogenationof thepossible isomers of octuhedrd [ N i ( R ,  R-C,,H,N,) (en)]a* 
(ethylescdiamine not indicated in thc figured 

is obtained by hydrogenation of [Ni( R, R-ClSHI8NI) (en)]8+ in the A-exoZ-cis-,9 con- 
figuration . 

The attribution of absolute configuration to the two diastereomeric complexes is 
further confirmed by the specific rotation of the free tetramine ligands. The new 
asymmetric carbon atom obtained by hydrogenation of the C--N-bond carries four 
substituents very similar to those of propylenediamine, so that the contribution of 
this center to optical rotation should be of the same sign as that of propylenediamine 
with the same chirality. In the ligand with R, S, R-Configuration the contribution of 
the S-center should be of opposite sign with respect to the contribution of the two 
R-propylenediamine units, whereas in the R, R. K-compound the contributions 
should be additive and give a negative rotation of a distinct higher value. This is 
confirmed by experimental data. 

Clearly all the propositions of absolute configuration should be confirmed by 
X-ray structural analysis. Such a dctermination has been accomplished for 
[Ni(R, S, R-C,,W,,N,)](CIO,), and will be published elsewhere [14]. 
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The results given in this work shot, that coordination compounds with 'frozen' 
ligand conformation may serve as ekamples to illustrate the Azcwws-Sbita rule 
concerning the stereochemistry of hetarogeneous catalytic hydrogenation [15]. 

We thank the Swiss National Foundatioh fw Scientific Research for financial assistance aa well 
as Dr. K. Noack from Hoffmm-La Roche fpr CD.-spectra. 
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Summary. The application of learning machine techniques to the interprctation of mass 
spectra is investigated. An attempt to inlprove the cbaracteristic ratio of the number of training 
points to the number of adjustable parameten is madc by the use of reduced spectra. The ensuing 
results are korrectcd for the unequal representation of the different substances in the data bank. 
ReaPonable performance is  obtained fdr spectra of simple (monofunctional) substances, but 
predictive abilities are poor for more complicated substances. 

Introduction. - The automated interpretation of mass spectra bas been at- 
tempted by a variety of methods including library matching [l], artificial intelligence 
[Z], nearest neighbour techniques [6] and learning machines [43. The association of 
the first two methods has also beeh advanced in [5] and a review of the latter two 
methods, as well as some related tdchniques appears in [6]. 

Library matching requires a large bank of spectra if there is to be a reasonable 
probability of correct structure elucidation. Substantial memory requirements and 
access time are disadvantages here. 

Computer times remain an important factor with artificial intelligence methods 
and, as with library matching, moderate size computers are necessary. Nearest neigh- 


