
uum flux ratio that we observed is an order of 
magnitude greater than that in the core [Fime/ 
Fcontinuum is -1 for our east jet but is -0.1 for 
the 7.3-keV line in Chandra HETGS observa- 
tions (6)]. The lines from these extended jets 
are still an order of magnitude weaker than the 
moving core x-ray lines (5, 6) and would not be 
expected to show measurable changes in their 
Doppler shifts (unless, e.g., a major outburst 
from SS 433 resulted in enhanced emission at 
some particular precession phase). Neverthe- 
less, they should be present as weak features in 
spectra that do not spatially resolve the core and 
jets. 

Reheating (in situ acceleration) of a leptonic 
(electron and possibly also positron) compo- 
nent ofjet plasma, presumably by conversion of 
the jet kinetic energy, is commonly invoked to 
explain synchrotron or inverse Compton energy 
emission on large scales in the jets of AGN 
(15-17). The reheating of the baryonic plasma 
that we observed in SS 433 requires a similar 
tapping of the bulk kinetic energy of the flow, 
by processes that are able to act on atomic 
nuclei. In the internal shock model for blazars 
(16), a slightly varying jet speed results in 
shocks downstream in the jet flow. In the con- 
text of this model, random discrepancies of 
-15% in the velocity of the jets from SS 433, 
inferred from long-term optical monitoring (3), 
could produce shocks a few hundred days 
downstream (for a precession period of 162 
days and a mean jet velocity of 0.26c), compa- 
rable to what we observed (18). 

To conclude, these observations spatially 
resolve a line-emitting region in a relativistic 
jet. They reveal that the hot x-ray-emitting re- 
gion is still moving relativistically on physical 
scales that are orders of magnitude larger than 
previously inferred, with no evidence for sub- 
stantial deceleration, supporting models for ex- 
tended x-ray jets in AGN that require bulk 
relativistic motion on large physical scales (15). 
Furthermore, this observation demonstrates that 
particle reacceleration in a relativistic jet, pre- 
viously inferred only to act on the leptonic 
component, can act also on atomic nuclei. 
Comparison of this highly super-Eddington, 
mass-loaded jet with those of other x-ray binary 
systems and AGN can provide unique insights 
into the matter and energy content of relativistic 
jets and hence the coupling of accretion and 
outflow in conditions of extreme gravity, pres- 
sure, and energy density. 
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Internal Olefins to Linear 

Amines 

A. Seayad, M. Ahmed, H. Klein, R. Jackstell, T. Gross, M. Beller* 

The selective synthesis of linear amines from internal olefins or olefin mixtures 
was achieved through a catalytic one-pot reaction consisting of an initial olefin 
isomerization followed by hydroformylation and reductive amination. Key to 
the success is the use of specially designed phosphine ligands in the presence 
of rhodium catalysts. This reaction constitutes an economically attractive and 
environmentally favorable synthesis of linear aliphatic amines. 
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of rhodium catalysts. This reaction constitutes an economically attractive and 
environmentally favorable synthesis of linear aliphatic amines. 

Linear aliphatic amines are used for the produc- 
tion of solvents, fine chemicals, agrochemicals, 
pharmaceutical intermediates, and vulcaniza- 
tion accelerators. They are also sold as catalysts 
for the production of polymers, especially poly- 
urethanes. Fatty amines are useful as fabric 
softeners, corrosion inhibitors, and emulsifiers 
as well as in ore flotation. Important industrial 
methods for their synthesis include reductive 
amination of the corresponding aldehydes and 
hydrogenation of the respective nitriles, which 
are both available from terminal olefins (1). In 
addition, a number of less atom-efficient meth- 
ods-such as classical nucleophilic substitution 
reactions of alkyl halides, or less general meth- 
ods like hydroamination of olefins-have been 
developed on laboratory scales (2). Thus, there 
is considerable interest in developing versatile 
and direct preparation routes to amines using 
economically more attractive feedstock. 

Because of the importance of linear 
amines and alcohols, the anti-Markovnikov 
reaction of terminal olefins with N- or O- 
nucleophiles (where the nucleophile adds se- 
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lectively to the terminal position of the ole- 
fin) is an important goal for catalysis. Despite 
some progress (1-3), no general methodolo- 
gy for such reactions has been achieved so far 
with aliphatic olefins. Even more challenging 
is the synthesis of the linear functionalized 
products from internal olefins. Such a process 
would be of value to the chemical industry, 
because mixtures of internal aliphatic olefins, 
such as butenes, hexenes, and octenes, are 
substantially cheaper and more easily avail- 
able than the pure terminal isomers. Hence, in 
recent years special interest has been paid to 
hydroformylation reactions of internal olefins 
to give linear aldehydes (4-7). 

An environmentally benign (atom-effi- 
cient, one-pot) synthesis of amines from ole- 
fins is the so-called hydroaminomethylation 
reaction (8). This domino reaction consists of 
initial hydroformylation of the olefin to an 
aldehyde and subsequent formation of an 
enamine (or imine) followed by hydrogena- 
tion. Since its discovery by Reppe at BASF, 
the hydroaminomethylation reaction has been 
mainly studied in industry. More recently, 
Eilbracht and co-workers developed new 
methodologies based on tandem sequences 
using the hydroaminomethylation reaction 
(8). 

To produce linear amines from internal 
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olefins via hydroaminomethylation, a suit- 
able catalyst must fulfill a number of require- 
ments. It must catalyze fast isomerization 
between the internal and terminal olefins 
(Fig. 1, reaction a). Because the thermody- 
namic equilibrium mixture contains, in gen- 
eral, <5% of the terminal olefin, the hydro- 
formylation of the terminal olefin (Fig. 1, 
reaction c) must occur faster and with high 
n-selectivity compared to the reaction of the 
internal olefin (Fig. 1, reaction b). Finally, the 
catalyst must be active and selective for 
enamine (or imine) hydrogenation (Fig. 1, 
reaction d). 

No hydroaminomethylation reaction of in- 
ternal olefins has been reported that gives the 
linear products. The main problem of this 
reaction is the low isomerization activity of 
the corresponding rhodium catalyst in the 
presence of strong u-donor ligands (e.g., 
amines). Although hydridorhodiumcarbonyl 
species are active olefin isomerization cata- 
lysts, this reaction is normally prevented by 
the addition of basic phosphines or amines 
(9). Hence, no isomerization of internal ole- 
fins in hydroformylations in the presence of 
amines leading to the linear product appears 
to have been reported. We sought to realize 
the selective hydroaminomethylation of inter- 
nal olefins by using derivatives of 2,2'-bis- 
(diphenylphosphinomethyl)- 1,1 '-binaphthyl 
[NAPHOS (10, 11)], which we have recently 
developed for rhodium-catalyzed hydro- 
formylation reactions of internal olefins (7). 

Because butenes are the most important 
industrial mixture of internal and terminal 
olefins [more than 25 billion kg per year are 
produced (12)], investigations were carried 
out mainly with E/Z-2-butene as the raw ma- 
terial. Optimization studies showed that ex- 
cellent yields and selectivity to the linear 
amine can be achieved at 120?C and 40 to 60 
bar CO/H2 (1:3 to 1:5) in toluene/tetrahydro- 
furan mixture (1:1) as a solvent system. 

For comparison, well-known mono- and 
bidentate phosphines and phosphites were 
tested. None of these ligands gave consider- 
able amounts of the linear amine. Phosphite 
ligands are less suitable for the desired reac- 
tion because of hydrolysis problems encoun- 
tered in the presence of water and amines. 
Therefore, we focused our attention mainly 
on phosphine ligands, which can isomerize 
internal olefins in the presence of CO. So far, 
only two classes of phosphine ligands 
[NAPHOS and XANTPHOS (13) systems] 
are reported that can effect this reaction. Un- 
fortunately, NAPHOS gave only 6% of the 
linear amine. The formation of linear enam- 
ines in moderate selectivity indicates its 
initial isomerization and hydroformylation 
activities, but the low yield of amine shows 
the inefficient hydrogenation of the enam- 
ines with NAPHOS as a ligand. As shown 
in Table 1, all tested NAPHOS-like ligands 

performed poorly in the hydrogenation step 
except for 2,2'-bis[di(3,5-trifluoromethyl- 
phenyl)phosphinomethyl]- 1,1 '-binaphthyl 
(IPHOS), which gave n-pentylpiperidine in 
high yield (88%) (14). The considerable 
difference between IPHOS and other 
NAPHOS derivatives is especially note- 
worthy. Small differences in the steric and 
electronic nature of the aryl group have a 
substantial-and so far unpredictable- 
effect on selectivity and activity. 

A lower reaction temperature (100?C) fa- 
vored the formation of the linear product 
[linear to branched product ratio (l:b) = 

96:4] (Table 2). However, to obtain suffi- 
cient hydrogenation of the enamine, it is de- 
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sirable to attain a reaction temperature of 
120?C. Even at this temperature, no ligand 
degradation was seen in 31P nuclear magnetic 
resonance after >20 hours, which demon- 
strates the stability and potential use of the 
ligand. In addition to the reaction tempera- 
ture, the partial pressure of H2 and CO and 
the concentrations of amine and olefin influ- 
ence the selectivity of the reaction. 

Apart from the reaction of 2-butene and 
piperidine, other internal olefins (2-pentene, 
2-hexene, 2-octene, 3-hexene) and amines 
(dimethylamine, di-n-hexylamine, n-hexy- 
lamine) also reacted well in the presence of 
0.1 mol % [Rh(cod)2]BF4 and 0.4 mol % 
IPHOS, giving preferentially the correspond- 
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Fig. 1. Selective hydroaminomethylation of internal olefins (R1 = alkyl; R2, R3 = H, alkyl). 

Table 1. Hydroaminomethylation of 2-butene: ligand effect (18). Reaction conditions: [Rh(cod)2BFJ, 0.1 
mol %; ligand:Rh ratio, 4:1; toluene, 15 ml; THF, 15 ml; Pco, 10 bar; PH2' 50 bar; piperidine, 15.0 mmol; 
temperature, 120?C; time, 24 hours. 

2-Butene: . Conversion Total amine Linear amine 

piperidine gan(%) selectivity (%) selectivity (%) 

/ p t.Bu\ 

1.3:1 p-O' 91 10 0 <0:100* 
t-Bu /3 

1.3:1 ) 50 6 6 >99:1* 

1.1:1 J1 Lo) 100 97 88 90:10 

/ 

1.5:1 t 100 1 1 1 1 >99:1 

*Major side products are linear and branched enamines. 

Table 2. Hydroaminomethylation of 2-butene in the presence of IPHOS (17). Reaction conditions: 
[Rh(cod)2BF4], 0.1 mol %; piperidine, 15.0 mmol; Rh:IPHOS ratio, 1:4; toluene, 15 ml; THF, 15 ml; Pco, 10 
bar; PH2' 50 bar; time, 24 hours except where indicated. 

2-Butene/ Temp. Conversion Total amine Linear amine lb TON 
piperidine (?C) (%) selectivity (%) selectivity (%) 

1:1 100 100 54 52 96:4 540 
1.1:1 120 100 97 88 90:10 970 
1.1:1 140 100 98 78 78:22 980* 
2:1 120 100 91 87 96:4 910 

*Time, 12 hours. 
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Table 3. Hydroaminomethylation of different olefins. Reaction conditions: olefin, 15 mmol; amine, 15 
mmol; [Rh(cod)2]BF4, 0.1 mol %; IPHOS, 0.4 mol %; toluene, 15 ml; THF, 15 ml; Pco, 10 bar; PH2 50 bar; 
temperature, 120?C; time, 24 hours. 

Olefin Amine Conversion Total amine Linear amine b 
Ole(%) selectivity (%) selectivity (%) 

Q) 088 98 82 82:18 862 

vs (?) 71 69 53 72:28 490 

(--N H 78 90 83 91:9 702 

NH 100 65 74 78:22 650 

-. NH2 80 87 62 71:29 696 

C 0 77 91 76 78:22 701 

C-- 60 96 90 94:6 576 

- 0 88 96 68 71:29 563* 

Hexene, 10 mmol; piperidine, 10 mmo *3-Hexene, 10 mmoi; piperidine, 10 mmol. 
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ing linear amines in good to excellent yields 
(Table 3). The reaction of 2-pentene and 
piperidine also proceeded smoothly in the 
presence of 0.05 mol % Rh [turnover number 
(TON) - 2000]. However, a reaction time of 
48 hours was needed to achieve complete 
conversion. 

The reaction of the primary amine (n- 
hexylamine) occurs with high regio- and 
chemoselectivity, despite the further poten- 
tial amination to yield tertiary amines. This 
reaction constitutes one of the rare exam- 
ples of a hydroaminomethylation reaction 
of a primary amine to selectively give the 
secondary amine. In addition, 3-hexene, 
3-octene, etc., also provide the correspond- 
ing linear amines preferentially under the 
present reaction conditions. 

In general, the reaction sequences re- 
ported proceed with 90 to 95% atom effi- 
ciency and leave only water as the by- 
product. Although the catalyst productivity 
(TON = 2000) has already been developed 
to a useful level, further improvements 
should be possible. 
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ples of a hydroaminomethylation reaction 
of a primary amine to selectively give the 
secondary amine. In addition, 3-hexene, 
3-octene, etc., also provide the correspond- 
ing linear amines preferentially under the 
present reaction conditions. 

In general, the reaction sequences re- 
ported proceed with 90 to 95% atom effi- 
ciency and leave only water as the by- 
product. Although the catalyst productivity 
(TON = 2000) has already been developed 
to a useful level, further improvements 
should be possible. 
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Lead Isotopic Ages of Chondrules 

and Calcium-Aluminum-Rich 

Inclusions 
Yuri Amelin,l*t Alexander N. Krot,2 lan D. Hutcheon,3 

Alexander A. Ulyanov4 

The lead-lead isochron age of chondrules in the CR chondrite Acfer 059 is 
4564.7 ? 0.6 million years ago (Ma), whereas the lead isotopic age of calcium- 
aluminum-rich inclusions (CAIs) in the CV chondrite Efremovka is 4567.2 ? 0.6 
Ma. This gives an interval of 2.5 + 1.2 million years (My) between formation 
of the CV CAIs and the CR chondrules and indicates that CAI- and chondrule- 
forming events lasted for at least 1.3 My. This time interval is consistent with 
a 2- to 3-My age difference between CR CAIs and chondrules inferred from the 
differences in their initial 26Al/27Al ratios and supports the chronological sig- 
nificance of the 26Al-26Mg systematics. 
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Chondritic meteorites (chondrites) consist of 
three major components: refractory CAIs, less 
refractory ferromagnesian silicate spherules 
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called chondrules, and a fine-grained matrix. It 
is generally believed that CAIs and chondrules 
formed in the solar nebula (a disk of dust and 
gas surrounding the proto-Sun) by high-temper- 
ature processes that included condensation, 
evaporation, and, for all chondrules and many 
CAIs, subsequent melting during multiple brief 
heating episodes (1-3). The mechanisms in- 
volved in chondrule formation are uncertain: 
shock waves, lightning discharges, and X-wind 
(jet flow) are currently being considered (2, 
4-8). The existing estimates for the timing of 
CAI and chondrule formation are either contro- 
versial or insufficiently precise. Thus, the total 
duration of CAI and chondrule formation, 
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