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HHRHS 

la, R1 = H; R2 = H; HR = T 
b, R1 = H; R2 = T; Hs = T 
c, la acetate 

Hs H 

HHRHS 

R2 — H; HR 

H; R, = T; Hs 

-• T 

T 

R1O I " I ~ "R2 
H "" 

2a, R1 

b, R 1 - i i , IV2 

c, 2a acetate 
d, R1 = H; R2 = H; HR = T no A24 

• Carbon atoms derived from C-2 of MVA (14C); T = 3H; 
HR and Hg refer to 2 pro R and 2 pro S hydrogens of 
MVA, respectively. 

T .H 

CH2T 

H H 
3a, R = H; A5 

b, R = Ac; A5 

c, R = Ac; no A5 
5a(H) 

introduce 18.5 ± 1% of 13CO into [Rh6(CO) isC]2". The 
13CO-enriched complex, [Rh 6 (CO)I 5 C] 2 ' (42 ± 1% 13CO) 
was also prepared from CCU and 13CO-enriched 
[Rh(CO) 4 ] - (S 206.33 ppm, 1 J ( R h - C ) 74.7 ± 1 Hz). In 
both cases the 13C nmr spectra at - 7 0 and +25° were simi
lar (see Figure lb) and showed the absence of the carbide 
resonance at 264.7 ppm. 

The inequivalent bridging carbonyls both appear as trip
lets (B, 5 225.2 ppm, 1 J (Rh-C) 30.8 ± 2 Hz; C, 8 236.3 
ppm, 1 J (Rh-C) 51.8 ± 2 Hz) whereas the terminal carbon-
yl resonance (5A 198.1 ppm) is a doublet of doublets, which 
we believe is due to 1J(Rh1-CA) 77.1 ± 2 Hz and 
2 J ( R I I 2 - C A ) 3.9 ± 2 Hz (see Figure 2).9 

In all the above cases the values of the chemical shifts for 
the carbonyl resonances are similar to those recently re
ported for related compounds,10 and generally an increase 
in rhodium-carbon bond length results in a decrease in 
1 J (Rh-CO) . 
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Sterol Biosynthesis from (3RS, 2i?)-[2-14C,2-3H]-
Mevalonic Acid in a Yeast Homogenate. Stereochemistry 
of the C-15 Tritium Atom1-2 

Sir: 

Several years ago we described significant stereochemical 
differences in the elaboration of sterols by rat liver3 and by 
yeast4 enzymes. These observations were made during the 
investigation of the biosynthesis of sterols from (3RS, 2R)-
[2-14C,2-3H]mevalonic acid (MVA) and (3RS, 2S)-[2-
14C,2-3H]MVA by a cell free yeast preparation.4 It was no
ticed that in this enzyme system essentially only C2 7 ster
ols were formed and that usually major amounts of radioac
tivity were incorporated5*6 into cholesta-5,7,24-trien-3/3-ol 
(1) and 5a-cholesta-7,24-dien-3/3-ol (2). The (R)-U and 

(R)-2n as well as (S)- Ib and (S)-2b each retained four 
atoms of tritium and five atoms of 14C.4"6 We have proven4 

that (R)-Ia and (R)-2a were devoid of tritium atoms at 
C-7 while the (S)-Ib and (S)-2b retained tritium atoms at 
C-7. This observation was in sharp contrast to the situation 
in rat liver systems3 in which the transformation of the 
A8<9) sterol to the A7 isomer proceeds with the loss of a hy
drogen derived from 2 pro S of MVA. 

It was deduced4-6 that the yeast (S) metabolites had tri
tium atoms at C: la,7,22, and 26. The (R) metabolites4^6 

had tritium atoms at C: 1/3,22 and 26. This left one isotopic 
hydrogen unaccounted for which was likely to be located412 

at C-15. We therefore undertook to determine the location 
and the stereochemistry of the "fourth" tritium atom of the 
(R) metabolites. 

The homogenate was prepared from aerobically grown 
yeast as previously reported.6 The (3RS, 2R)-[2-l*C,2-
3H]MVA (18 ,uCi of 14C; 3H: 14C ratio 10.7) was incubat
ed6 with an aliquot of the homogenate corresponding to 1.5 
g of wet cells under an atmosphere of O2. After convention
al work-up6 the nonsaponifiable residue (1.32 X 107 dpm of 
14C) was acetylated and resolved into homogeneous trien-
acetate (Ic) (8.7 X 104 dpm) and dien-acetate (2c) (1.06 X 
106 dpm of 14C). Hydrogenation7 (EA; Raney-Ni) of a 
mixture of 2c (4.8 X 104 dpm of 14C) and cholesta-5,7-
dien-3/3-ol acetate resulted in[14Q;3H4]-5a-cholest-7-en-
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Table I. Specific Activities of 14C and 3H: 14C Ratios of Yeast 
Metabolites and Their Transformation Products (See Text) 

Specific 3H:J 4C ratio-
Compound 

MVA* 
Squalene6 

2d 
3a from 2d 
3b 
3c 
3c recovered 
5 
4 

activity"1 

104 
491 

7.63 
1.91 
5.80 
6.00 
6.19 
6.04 
5.96 

Isotopic 

10.71 
10.32 
8.72 
8.65 
8.66 
8.66 
8.63 
8.67 
6.72 

Atomic 

1.00:1 
5.77:6 
4.07:5 
4.04:5 
4.04:5 
4.04:5 
4.03:5 
4.05:5 
3.14:5 

" Values XlO4 dpm; dpm per mmol. b The MVA and squalene 
were counted as the benzyhydrylamide and hexachloride, respec
tively. 

3/3-ol acetate (2d) (Table I). This confirmed the presence of 
A7 in the metabolite (2c). 

We have proven with the use of (14a, 15a)-[2Fh] and 
(8/?,15/3)-[2H2]-5a-cholestanol acetates that their photo
chemical dehydrogenation to 5a-cholest-14-en-3/3-ol ace
tate in the presence of CsHjI C b involves the overall cis ab
straction of the 14a and 15a hydrogen (deuterium) 
atoms.8,9 This procedure was employed for the determina
tion of the presence and the stereochemistry of tritium at 
C-15 of the (R) metabolite (2c). 

In the absence of an appropriate chemical method for the 
reduction of 2a to cholestanol, we opted for a combination 
of enzymatic and chemical routes. 

The (R)-2a ( 5 X l O 5 dpm of 14C) was incubated with a 
rat liver preparation3 to yield [14Cs,3H4]cholesterol (3a) 
(2.2 X 105 dpm of 14C) which was acetylated (3b) and then 
hydrogenated to [14Cs,3H4]cholestanol acetate (3c) (Table 
I). It is apparent that the transformations 2c —- 2a —- 3a - * 
3c proceeded without loss of tritium (Table I). Photochemi
cal dehydrogenation8'9 of 3c in benzene in the presence of 
CaH5ICb gave cholestanol acetate (3c), 5a-cholest-14-en-
3/3-ol acetate (4), and 5a-cholest-9(l l)-en-3/3-ol acetate (5) 
(Table I). 

It is clear that the formation of 4 from 3c proceeded with 
the loss of a tritium atom. Since we have proven that the in
troduction of A14 involves the abstraction of the 14a- and 
15a-hydrogen atoms,8 it follows that the cholestanol acetate 
3c and hence the (R) metabolites la and 2a have 15a-tri-
tium atoms. Because the (S) metabolites lb and 2b do not 
have a tritium4-6 atom at C-15, it may be inferred that the 
elimination of the 14a-methyl involves a A14 intermedi
ate,10 and that the introduction of this olefinic bond pro
ceeds with the abstraction of a hydrogen originating from 2 
pro 5 of MVA. Considering the fact that the (R) metabo
lites have a 15a-tritium atom, it follows that the enzymatic 
reduction of the A14 proceeds via the trans acquisition of 
two ionic species of hydrogen at the 14a and 15/3 positions. 
In analogy to rat livers11 it seems likely that a hydride ion 
(from NADPH) and a proton (from the medium) are added 
at the 14a and 15/3 positions, respectively. Finally it may be 
noticed that the retained 15a-tritium atom in la and 2a un
derwent an inversion of configuration with respect to its 
original orientation in protosterols12 and lanosterol. 

Supplementary Material Available. Supplementary text and a 
table will appear following these pages in the microfilm edition of 
this volume of the journal. Photocopies of the supplementary mate
rial from this paper only or microfiche (105 X 148 mm, 24X re
duction, negatives) containing all of the supplementary material 
for the papers in this issue may be obtained from the Journals De
partment, American Chemical Society, 1155 16th St., N.W., 
Washington, D.C. 20036. Remit check or money order for $3.00 
for photocopy or $2.00 for microfiche, referring to code number 
JACS-74-8107. 
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1,3 Magnetic Exchange in Linear Trimetallie 
Titanium(III) Complexes 

Sir: 

Trinuclear metal complexes containing two biscyclopen-
tadienyltitanium(III) species coordinated to a tetrahedral 
bridging group have been known for some time.' -2 A repre
sentative example is [Cp2Ti]2ZnCl4 • 2CeHg which is pre
pared in benzene by reaction of [Cp2TiCl]2 with ZnCl2 or 
from Cp2TiCh and Zn dust. Crystallization occurs in the 
form of a dibenzene solvate whose structure has been deter
mined by Vonk3 and also independently in our laboratory. 
Similar results are obtained, and our refinement shows a 

linear unit with a Ti-Zn distance of 3.420 (2) A, a Zn-
Cl-Ti angle of 89.9 ( I ) 0 , a Cl-Ti-Cl angle of 82.1 (1)°, 
and a Ti-Zn-Ti angle of 173.4 (1)°. The Ti-Ti distance is 
6.828 (4) A. We have investigated the magnetic properties 
of this compound and several analogous ones to liquid heli
um temperature and wish to report the first example of 1,3 
magnetic exchange via a diamagnetic metal atom in a lin
ear trinuclear complex. Gruber, Harris, and Sinn4 have pre
pared a series of trinuclear compounds having the potential 
for this interaction, but did not detect a measurable value 
for the exchange integral between the terminal metals. 
Studies of the temperature dependence of the susceptibility 
of Ni3(acac)6 have shown that an antiferromagnetic ex
change between the terminal nickel atoms via the paramag
netic nickel(II) central metal is necessary to fit the experi
mental data.5 In order to study the influence of the nature 
of the bridging group and cyclopentadienyl rings on the 
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