Fig. 3. Optical emission spectra of the
pn junction operated with forward cur-
rent of (A) 1, (B) 5, and (C) 10 mA. A
representative CL spectrum of P-doped
diamond thin film taken at room tem-
perature is shown in (D). The inset is a
representative optical image of the di-
amond LED with light emission. The
circular-shaped electrodes (diameter,
150 um) are formed by the separating
each other by 150 pum. Light emission
can be seen around the electrode locat-
ed at the center of the image.

Intensity (a.u.)

increase of the voltage in a reverse voltage
region, confirming the existence of a deple-
tion layer and its narrowing according to
the voltage increase.

For forward currents exceeding 0.1 mA,
light emission was observed. In the present
structure of the samples, light emission was
observed around the electrode of the sample
because the pn junction and the light-emitting
area exist behind the electrode and because the
driving voltage is applied perpendicular to the
sample surface (Fig. 3 insct). As we increased
the forward current, we observed the UV light
emission in the spectrum (Fig. 3). The driving
voltages were 20 V for | mA, 21.5 V for 5 mA,
and 23 V for 10 mA. For the present sample,
over 5 mA, we saw a sharp emission pcak
located at 235 nm (5.27 eV), which is attributed
to free exciton recombination luminescence
coupled with TO phonon (FE,) (Fig. 3, B and
C). The small peak (shoulder) located at around
243 nm (5.10 eV) is attributed to the phonon
replica of FE,, peak. Also obscrved were
broadband emissions at an UV region with peak
energy located at 4.5 eV and a broadband emis-
sion in the visible region. The origin of a 4.5-¢V
band emission is not very clear yet, but it is
often observed for B- and P-doped CVD dia-
mond thin films by CL and PL analysis (3, 4).
The band emission in the visible region is at-
tributed to A-band cmission that is often ob-
served by CL and PL from CVD diamond thin
films. The intensity ratio of the free exciton
peak against the A band was 1:7 for a forward
current of 10 mA (Fig. 3C). The appearances of
the free exciton and the 4.5-eV band emissions
are very consistent with room temperature CL
spectrum observed from P-doped diamond thin
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film (Fig. 3D). This result supports high crys-
talline perfection of the P-doped layer prepared
here. In our series of B-doping experiments for
{111} diamond thin films, the quality of the
B-doped layer was not so good, such that the
exciton peak bound to boron was negligibly
weak, even at 110 K. The visible lights such as

A-band luminescence observed in the spec-
trum are most likely emitted from B-doped
layer. By further improving the crystalline
quality of the B-doped layer, the A-band
emission will be suppressed and a diamond
light-emitting diode (LED) that exclusively
emits monochromatic UV light of 235 nm
will be feasible.
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(Amino)(Aryl)Carbenes: Stable
Singlet Carbenes Featuring a
Spectator Substituent

Stéphane Solé,” Heinz Gornitzka,” Wolfgang W. Schoeller,?
Didier Bourissou,” Guy Bertrand™*

Several (amino)(aryl)carbenes have been shown to be stable at room temper-
ature in solution and in the solid state. Electroneutrality of the carbene center
is ensured by the amino group, which has both w-donor and ¢-acceptor elec-
tronic character. The aryl group remains a spectator substituent, as shown by
single-crystal x-ray analysis and by its chemical behavior. Because only one
electron-active substituent is needed, numerous stable carbenes will become
accessible, which will open the way for new synthetic developments and

applications in various fields.

Attempts to prepare the parent carbene (CH,)
by dehydration of methanol were reported as
early as the 1830s (/). At that time, the
tetravalency of carbon had not been estab-
lished, and therefore the existence of stable
carbenes was considered to be quite reason-
able. Carbencs were only recognized as reac-
tive intermediates some 50 years later (2, 3),
at which time it quickly became clear that
their six-valence-clectron shell, which defied

the octet rule, was responsible for their fu-
gacity. Thus, the quest for stable carbenes
became an unreasonable target and remained
so for quite some time, although these tran-
sient species found numerous applications in
synthetic chemistry (4-7).

In the last 15 years, the preparation of
persistent triplet carbenes 1 (&) and the isola-
tion at room temperaturc of singlet carbenes
I and III (Fig. 1) represent spectacular
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achicvements (9 /7). In all of these com-
pounds. the carbene center strongly interacts
with both of its substituents. For triplet dia-
rylcarbenes 1. the spin density is partly shift-
ed over the ring, as shown by resonance
forms 1" and 1” (/2). Singlet push-push car-
benes H [di(amino)carbenes 1la (/3) and re-
lated compounds Ilb,¢ (/4)] have two w-do-
nor substituents and are thus best described
by the superposition of the two ylidic struc-
tures 11" and H” resulting in a four—m-elec-
tron three-center system I1”. In singlet push-
pull carbenes 1, such as ( phosphino)(silyl)-
carbenes Illa (/5), the carbon bears both a
m-donating and a w-withdrawing substitu-
ents. resulting in the unsaturated ylidic struc-
ture 11" with some participation of the cu-
mulenic structure H1” (/6). This stabilization
mode has recently allowed for the isolation of
the first monoheteroatom-substituted carbene
IlIb (/7). for which the cumulenic structure
111" is the most representative.

The question that remains is to what ex-
tent the degree of carbene perturbation can be
decreased without precluding isolation at
room temperature. Herein we report that a
single clectron-active substituent 1s  suffi-
cient. The second one can be a spectator that
merely affords some steric protection to the
systen.

The push-pull carbenes I follow Paul-
ing’s prediction (/8). with two substituents of
opposite clectronic propertics being capable
of stabilizing singlet carbenes by preserving
the clectroncutrality of the carbene center. It
was thus tempting to usc a single substituent,
which on its own would be both an electron
donor and an electron acceptor. The amino
group was the obvious choice.

We initially prepared the iminium salt 1a,
bearing a bulky terr-butyl group at nitrogen
and a 2.4.6-tri-fert-butylphenyl group at car-
bon (Scheme 1). Subsequently. la was de-
protonated with potassium hydride at —78°C
in tetrahydrofuran (all manipulations were
performed under argon). which cleanly led to
the formation of (amino)(aryl)carbene 2a (79,
20). The signal observed at § = 314.2 ppm in
the '*C nuclcar magnetic resonance (NMR)
spectrum 1s the most deshiclded signal report-
ed for a carbene center (/7). Compound 2a is
stable for days in solution at --50°C but un-
dergoes a C-H insertion reaction at room
temperature: within a few hours. the 4.6-
di-rert-butyl-1.1-dimethy!-3-(methyl-rert-
butylamino)indan 3a (/9) is obtained as the
major product. This reaction, which is typical

'Laboratoire d'Hétérochimie Fondamentale et Appli-
quée, Université Paul Sabatier, 118 route de Nar-
bonne, F-31062 Toulouse Cédex 04, France. “Fakultat
far Chemie der Universitat, Postfach 10 01 31,
D-33615 Bielefeld, Germany.

*To whom correspondence should be addressed. E-
mail: gbertran@ramses.ups-tlse.fr
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Fig. 1. Structure of the persistent triplet carbenes | and stable singlet carbenes 1l and Iil.

Fig. 2. Molecular view of 2b in the solid
state. Selected bond lengths: N1-C1,
1.283 = 0.003 A; C1-C2, 1.453 = 0.003
A; Cc2-C3, 1419 = 0002 A; C3-C4,
1.385 = 0.003 A; C4-C5, 1.375 = 0.003
A; N1-C7, 1.484 + 0.003 A; and N1-C8,
1.517 = 0.003 A. Selected angles: N1-
C1-C2, 121.0° = 02°% C8-N1-C7,
115.1° = 0.2° C8-N1-C1, 120.7° =
0.2°; and C1-N1-C7, 124.2° = 0.2°.

t-Bu +Bu KH t-Bu
H:sC: N HiC 5
B ®C “He ey g
H  tBu -78°C
1a 2a
Scheme 1.

of transient singlet and triplet carbenes (2/),
has never been observed for push-push car-
benes of type 11 (22). This striking difference
demonstrates the less perturbed character of
carbene 2a.

Because C-F bonds are inert toward inser-
tion of any type of carbene (23. 24). we then
replaced the ortho-rert-butyl groups of the
aryl ring by trifluoromethyl substituents. Fol-
lowing the same procedure as described
above, the (amino)(aryl)carbenes 2b—d were
prepared from the corresponding iminium
salts 1b—d (Scheme 2). Because the insertion
reaction is no longer possible and the dimer-
ization is precluded on steric grounds. car-
benes 2b—d could be isolated at room tem-
perature in almost quantitative yields (/9).
The '*C NMR resonances for the carbene
carbons have similar chemical shifts (299 to
303 ppm) to that of 2a, suggesting analogous
clectronic structure. Extremely air-sensitive
pale yellow crystals of 2b (melting point
16°C), suitable for x-ray study (25). were
obtained by recrystallization from pentane at
—-55°C.

It is interesting to compare the molecular
structure of 2b (Fig. 2) with those of the push-

+Bu

t-Bu

FsC KH FsC
HsC HsCo-
NG T POH
R @\(I: -Hp R °C
F, b:R=tBu CF
H1b : ® & R=Ad 2becd O
G d:R=/iPr
Scheme 2.

push di(amino)carbenes Ila (/0, /1) and push-
pull (phosphino)(aryl)carbene IIIb (/7). The
nitrogen atom is in a planar environment and
the N1-C1 bond length (1.283 = 0.003 A) is
shorter than that observed for di(amino)car-
benes Ila (1.32 to 1.37 A). which indicates a
stronger donation of the nitrogen lone pair into
the vacant carbene orbital. In marked contrast
with the cumulenic system IllIb, the C1-C2
bond distance is long (2b: 1.453 = 0.003 A:
IIb: 1.390 = 0.004 A) and the carbene bond
angle acute (2b: 121.0° £ 0.2°; IlIb: 162.1° =
0.3°) (26). These data clearly indicate that the
potentially w-accepting 2,6-bis(tritluoromethyl)-
phenyl group does not interact with the carbene
lone pair of 2b and is therefore a spectator, as
shown in Fig. 3.

The spectator role of the aryl substituent is
well illustrated by the reactivity of carbenes
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Fig. 3. Best representations for the (phos-
phino)-(aryl)carbene llIb and the (amino)(aryl)-
carbene 2b.
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Scheme 3.

2. Despite the steric protection of the carbene
carbon atom, 2¢,d undergo coupling reactions
with zert-butyl isocyanide at room tempera-
ture and afford the corresponding keten-
imines 4c¢,d in good yields (Scheme 3). Be-
cause this reaction, which is typical of tran-
sient singlet carbenes (27), is not observed
for push-push carbenes II, we concluded that
the isocyanide acts here as a Lewis base
toward carbenes 2. This result demonstrates
that, in contrast with II, the vacant carbene
orbital of 2 remains accessible.

Up to now, the number and variety of
stable carbenes have been limited by the per-
ceived necessity for two strongly interacting
substituents. Despite this perceived limita-
tion, these species have found applications (9,
28-33) even on a large scale. This work
establishes that only a single electron-active
substituent is necessary to isolate a carbene.
Therefore, a broad range of these species will
soon be readily available, which will open the
way for new synthetic developments and ap-
plications in various fields.
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Microbial Genes in the Human
Genome: Lateral Transfer or
Gene Loss?

Steven L. Salzberg,* Owen White, Jeremy Peterson,
Jonathan A. Eisen

The human genome was analyzed for evidence that genes had been laterally
transferred into the genome from prokaryotic organisms. Protein sequence
comparisons of the proteomes of human, fruit fly, nematode worm, yeast,
mustard weed, eukaryotic parasites, and all completed prokaryote genomes
were performed, and all genes shared between human and each of the other
groups of organisms were collected. About 40 genes were found to be exclu-
sively shared by humans and bacteria and are candidate examples of horizontal
transfer from bacteria to vertebrates. Gene loss combined with sample size
effects and evolutionary rate variation provide an alternative, more biologically

plausible explanation.

Studies of the evolution of species long
assumed that gene flow between species is
a minor contributor to genetic makeup,
generally thought to only occur between
closely related species. This picture
changed when researchers began to study
the genetics of microorganisms. Genes, in-

cluding those encoding antibiotic resis-
tance, can be exchanged between even dis-
tantly related bacterial species (horizontal
or lateral gene transfer). A growing body of
evidence suggests that lateral gene transfer
may be a much more important force in
prokaryotic evolution than was previously
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