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Dioxo-2.5-mkthyl-4-hydvoxy-4- N-+hSnytpyrvolidine (18). 25,8 g de 16 sont port& it rcflux 4 h 
dans 200 ml d'eau. 18 cristallise froid. Rdt. : 10,S g. F. 162--164" (dthanol). - 1H-RMN. (60 MHz, 
DMSO-d6): 1,52ppm(s, 3H:-CHa);2,9ppm (q,2€i:-CH,- -);6,12ppm (s, 1 H:-.-OH);7,38ppm 
(m, 5 II arom.). - SM.: wl/e 205 (AT+); 387 (NC -H,O): 177 (M+ -0); 119 (C,H5NCO+); 
58 (CH,C+(OH)CH,); 43 (C13.&0+). 

C,,H,,NO, (205,22) Calc. C 64,30 H 5,41 N 6,8374 Tr. C G4.18 11 5.25 N 6,780/, 

Uioxo-2,.~-~-mdlhyl-4-da-N-ghknylpywo~~ne (19). 2 g de 18 sont portds S rcflux 2 h clans 20 rul 
d'anhydridu acaiquc avcc 2 g d'ac6tate de Sodium anhydre. Le mdlmge r6sctionnel est dors 
refroidi, versd clans de I'cau glacdc et oxtrait 1'L:ther. Apr&s dvaporation de l'dther il prdcipite 
1,2 gdel9. F. 96-97' (ethanol) (dchantillon derdf6rcnco 12 [6j, F. 97-98" (ethanol), Litt. [8] 98--99*). 

h reflux dans 10 rnl de 
KOH 18%. La solution qui rI6gagc uuc lorte odeur d'itmmoniac est rcfroidic et extraitc B 1'8thcr 
pour dlimincr les produits ncutrcs. I m  caux sont acidifidcs S pll  4 avcc clc l'acide sullurique ct 
extraitcs nouveau B l'dthcr. AprAs dvaporation on ohtient 0,9 g dc 21. P. 143-145" (cau) (dchan- 
tillon dc r6fgrcncc 171 F. 144-145'). - lH-RMN. (60 MlIz, ac&tonc-d,): 4,33 ppm ( 5 ,  4 H.: 
.-CH,-CH,-); 733 ppm (m, 5 H arom.); 9,13 (s, l .H: . -NII). 

Acade N-Phd~yt-succinamiyue (21). 2 g dc 10 (ou de 13) sont Iiortds 
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Part T 

Summary. Seloctivc hydrogcnation of crgosterd or its acctatc in solution in differcnt solvents 
ovcr Raney nickel t o  give 5a-crgusta-7,22-dien-3fi-ol or its acetate can bc controlled by thc addition 
of paralosmaldehydc, acctddchydc, hnzaldchydc, 4-~lirhethylaminobenzaldehyde, and dimethyl- 
anilinc, thc Iattcr 2 giving thc best yield. When using pure solvents Sa-crgast-7-en-3/?-ol or its 
acetate can be obtained in almost quantitative yicld. 

Selective catalytic hydrogenation of ergosterol (I) or its acetate (IV) in ethyl 
acetate over Xaney nickel to give y-ergostend or its acetate (resp. 111 and VI) 
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has been repeatedly described (e.g. I 3 I11 by CiBa Ltd. [l] ; IV  + VI by Bladon 
et a,!. [ Z ] ) .  We failed to realise these reactions using commercial ethyl acetate as 
solvent, but we found soon that this was due to the presence of about 2% amtal- 
dehyde in the commercial product. This failure promoted the following research on 
the effect of certain ingredients on the catalytic hydrogenation of ergosterol and its 
acetate over Rawy nickel. When using pure ethyl acetate, hydrogenation of IV gave 
after 20 minutes 55% of pure 5,6-dihydroergostcryl acetate (V), increasing to about 
63% after 35 minutes; but with longer timc a mixture of V and VI was formed, the 
latter gradually increasing in quantity to givc after 6 h pure VI in 65% yield, On the 
other hand, on the addition of acetaldehyde (0.5% w/v), paraformaldehyde (0.2% 
wlv), benzaldehyde (0.5% w/v), 4-dimethylaminobenzaldehyde (0.5% w/v), or 
dimethylaniline (0.5% w/v) to the pure solvent, shaking XV with hydrogen for 6 h, 
compound V was mainly obtained. The inhibitory cffect of certain compounds 011 

olefinic catalytic hydrogenation has becn relatcd to the presence of a lone pair of 
electrons in the inhibitory molecules 131. The presence of a free lone pair of electrons 
is evident in dimethylaniline and 4-dimethylaminobenzaldehyde which gave thc: 
bcst yield (95%) of V. Higher yields of pure V can bc obtained on addition of an 
inhibitory ingredient rather than shortening the time of hydrogenation when using 
pure ethyl acetate [l]. The Same results were obtained with thiophene-free benzcne 
(cf- [4]) (see experimental). In this connection, it may be noted that Ruyle et al. [5] 
reported that the hydrogenation of IV in solution in tliiophene-free benzene over 
Rarcey nickel gave, after 3 h at room temperature and a pressure of 3 atm. compound 
V in 90% yield. The solvent benzene used by R2uylc et al. was probably not rigorously 
purified, 

Table 1. Hydvogefiatio% of ergosterol (I) and ergosteevyE acetute (lv) in daffeevent solvents over Raney 
nickel 

I Sol- RomyTime Products(g) 

(9) (ml) (-g) (h) I1 I11 othcrs 
vent nickel 

IV Sol- 1Zaney Time Products (g) 

(g) (ml) (-g) (h) V VI others 
vent nickel 

1 SO' 1 6 0.92 -. - 
1 50D 1 6 - 0.85 .. 
1 1 8 C  1.5 3 - 0.110 - 
1 186 1.5 3 mixturej 
1 1 8 e  1.5 3 0.821 - - 
1 502 1 B - 0.70 -- 
0.5 25s 0.5 6 mixturek 

2.0 150" 
1.9 150' 
0.5 25b 
0.5 25b 
1 50" 
1 soh 

10 85h 
I 7 60" 

2 6 1.70 - - 
0.7 20 1.60 . - 
0.5 0.33 0.28 - 0.13k 
0.5 0.55 0.32 - 0.051 
1 1 0.2 0.1 0.30k 
1 6 - 0.65 - 
10 0.33 5 - 2.5'" 
7 3.50 mixturcl 

*) Ethyl acetate contaminatcd with acctaldehydc; a) Pure cthyl acetate as attested by GTK. : 
C) Freshly purified dioxane [9]; a) Technical, clioxanc crmtminatcd with glycollic ddehydc [IT 
glyoxal (3.5 mg in 100 g) (identified as glyoxal bis-2,4-dinitrophenylhydrazonc, mp. & mixctl 
m.p. with an authentic sample 315") : c)  Mixture of purc & technical dioxanc 1 : 1 ; f )  Purc 
absolute ethanol: E) TcchnicalgS% cthanol; h) Thiophenc-free.benzcde: 1) Indicating the efIcct 
of concentration of impurities on hydrogenation; cj.  product obtained by Pjizw [7J ; j) Neasterol 
[6] (0.58 g), and unchanged crgosterol; k) Inseparable mixturc; 1) (Probably V -1 .  VX as shown 
by comparison with products obtained by crystallizing a mixturc of equal parts of V & VI from 
ethyl acetate/methanol and chloroform/mcthanol) ; m) Unchangcd crgoateryl acetate. 
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Hydrogenation of I in solution in tcchnical dioxane gave after 3 h neosterol (previ- 
ously prepared synthetically from I & I1 by Barfarc & Cox [GI). We soon discovered 
the contamination of the commercial dioxanc with glycollic aldehyde orland glyoxal 
(3.5 mg in 100 g). Hydrogenation of I in solution in freshly purified dioxane gavc I11 
in almost quantitative yield after 3 h. When we used cqual volumes of the purified 
and the technical dioxane, 5,6-dihydroergosterol (If.) was obtatned almost quantita- 
tively. The process of rerrioving the peroxide did not apparently affect other impurities 
such as glycollic aldehydc or glyoxal probably contamimting the dioxane used by 

Table 2.  Hydvopnulion. of ergosteryl acelute (IV) (Ig) im ethyl acstate (50 id) with ingvedients added 
(0.5% wlv) over Rancy Izickel (I. g) for 6 h 

Ingrcdient Products (g) 

V V I  vt hers 

Acctaldeh y cle 0.70 
Paraformaltleh ydca 0.85 

4-L)imethylaminobenzalde h ydec 0.35 
Dime t h ylanilia cc 

Rcnealdehydc 0.65 

0.90 

a) 
") 
c) 

0.20% wlv was only added. 
A mixturc similar to t h a t  of k in Tablc 1.. 
Hyclrogcnation 01 ergostcro). (1) under thc same conditions using 4-dimcthylaminobenzalde- 
hyde or dirncthylanilinc gave 11 in about 90% yield. 

Lazcbach & Brzl.iNgs [7] who reported that hydrogenation of 1 ovcr Ralzey nickel gave 
after 3 h compound 11. 

The hydrogenation of I in solution in technical 95% ethanol gave a mixture of 
TI & 111. When using purified absolute cthanol, compound I11 was thc main product. 

It is apparent that the contaminants acetaldehyde, glyoxal or added ingredients 
such as dimethyIanilinc etc. (see above) will not intcrlere with hydrogenation of the 
ethylenic bond at  position 5(6), and inhibit or at least retard that at position 22(23). 
It has been noted [S] that the side chain doublr: bonds (e.g. at thc 22(23)-position) are 
next in order 01 susceptibility (compared with the double bond at the 5,ti-position) 
to catalytic hydrogenation. 

Experimental Part 
The [alD -values were determined in chloroIorm at 20". 
R a n q  nickel was prepared from nickel-aluminium alloy (30 g) digested on stcam bath for 4 h 

with sodium hydroxide (40 g) in distilled water (100 ml), and thcn thoroughly washcd with distillcd 
watcr. 

Ergosterol (I) (from British Drug Huuse) was crystallised from aIcohvl/bcnzene 2 : 1 : m.p. 162", 

Ergostetyl acetatc (XV) was preparcd from ergosterol by classical procedures and crystallisod 
Irom ethyl acetate: m.p. 173-174", [aID :-- -92". 

Hydrogenation experiments (Tablcs 1 and 2) were carsicd out at room temperaturc and at- 
mospheric prcssure. After hydrogenation, the solution was dccanted and the catalyst was treated 
with cliloroform twicc. Thc combined solutions wcrc filtered. The solvent was clirninated under 
rcduccd pressure, and the residue was cr ystallised from cthyl acetate-methanol or chlorolorm- 
methanol. 

[ct]n = -127*. 
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'Chc products wcrc 5~-evgos la -7 ,22 -d ie~-~~~-oZ  ([I), m.p. 174-175". [ u ] ~  = -21'; .5~-4rgost7- 
en-3p-ot (111), m.p. 1.49-1504, [a], = -lo; .~~-acc2oxy-~ar-erfiosta-7,22-diene (v), m.p. 182". [U], = 
-20'; 3~--crceloxy-5u-er~ogost-7-cne (VI), m.p. 1.5Y-16lQ, [ a ] ~  - -3". 
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78. Dynamische Jahn-Teller Verzerrungen und chemisehe 
Bindungeverhaltnisse in orbitalentarteten Sandwichkomplexenl) 
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Summwy. In ordcr to dcrive information on the Jahn-Tellcr eIIect and on chemical Iionding 
in orbitally dcgencratc sandwich moleculcs, the Inw-spiii d6(2&r) mctalloceixcs TVfn(cp), and 
k(cp)d as well as the d7(BE:1g) rnctallocenes C o ( ~ p ) ~  nritl Ni(cp)i h.ave been diluted in a varicty 
of diamagnetic host systcms and studied by ESR. at liquid hclium temperature and slightly 
higher ternperaturcs. Analysis o f  the mensurcd anisotropic ZeevnaH and hypcrfine data leads to 
the conclusions that thc JahN-Teller distortions remain cntimly dynamic in all four casc.s (EJT 5 
hv), and that the covalent ddocalization of thc singly occupic:ti dcgenerate metal 3d orbital over 
the ligand rings corrclatcs well with the obswvccl Jahlt- l'ellev distortion incrcasing strongly along 
the series Fe(cp); < Mn(cp)2 < Co(cp), .= Ni(cp)i. This finding agrees with the cxpcctation 
that the ligand cornponcnts of the singly occiipicd c$e&) orbitals arc mainly responsible for thr: 
dynamic ere(ege) distortions in the cyclopcntadicnyl rings. 

1. Elnleitung. - Metallorganischc Sandwichkomplcxc vorn Typ der Metalloccnt:, 
Me(C5H&,, und dcr Dibenzolkomylexc, M C ( C ~ I ~ ~ ) ~ ,  (sielw Fig. l), liabcn aufgrund 
ihrer hochsymmetrischen Struktur und ihrer aussergewiilmlichen Rindungschamk- 
teristik seit der Zeit ihrer Entdeckung vor ungefiiihr 25 Jahren die besandere A d -  
merksamkeit der Chemiker auf sich ge;ezog.cn (sidle z.B. [l] [Z]). Besonders intensiv 
untersucht - sowohl experimentell a19 auch theoretiych - wurden die relativ stabilen 
diamagnetischen d6-Keprasentanten Ferrocen, Fc(cp),, und Dibenzol-Chrorn, 
Cr(bz)* Dieser Aufsatz hefasst sich mit den vie1 reaktivercn pararnagnetischen d5- 

l) Vorgetragen an dcr Hcrbstversammlung der Schwcizcrischen Chcmischen Gescllschaft am 
11. Oktober 1974 in Ncuchgtel. 


