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Abstract: High level ab initio calculations find that nitrenes are more stable than carbenes, as indicated by the
computed enthalpy differences of 286 kcal/mol between triplet phenylnitrene and the isomeric triplet
pyridylcarbenes. More generally, the greater thermodynamic stability of nitrenes manifests itself in the finding
that the N-H bond dissociation energies (BDEs) of aminyl radicals are approximately 20 kcal/mol lower than
the C-H BDEs of analogous alkyl radicals. The greater thermodynamic stability of nitrenes, relative to carbenes,
is attributed to the large amount of 2s character in the orbital that is occupied by the lone pair of electrons in
nitrenes.

Ab initio calculations have found that the ring expansion of thermodynamic stabilities of the triplets is ca. 13 kcal/mol larger
singlet phenylcarbenePHCH) to 1,2,4,6-cycloheptatetraene than that between the singlets. Wentrup and Platz have each
(CHT)! is much more exothermic than the analogous ring suggested that a large difference between the thermodynamic
expansion of singlet phenylnitrend®{N) to 1-aza-1,2,4,6- stabilities of the triplets is the origin of the much lower reactivity
cycloheptatetraenédCHT ).2 The former ring expansion reac-  of triplet PhN, compared to triplePhCH.8 Wentrup and Platz
tion was computed to be exothermic by-480 kcal/mol} also each proposed that the greater thermodynamic stability of
whereas, the latter was calculated to be nearly thermon@utral. triplet PhN, relative to tripletPhCH, is mirrored in the relative

thermodynamic stabilities of triplet NH versus triplet s
exemplified, for instance, by the lower bond dissociation energy

X
X
@ E) X2 (BDE) for forming triplet NH from*NH; than for forming triplet
= ) CH, from *CHa.
N\ 7/

SincePhCH andPhN are not isomers, their energies cannot
PhCH, X = CH CHT, X=CH be compared directly. However, pyridylcarbenByCH) are
PhN, X =N ACHT, X =N isomers ofPhN, and consistent with the rearrangement of the
former to the latteP,our calculations found that singlBhN is
much lower in energy than both singl2tPyCH? and singlet
3-PyCH.10 In this paper, we have use@PyCH as a link

The calculated reversibility of the latter reaction accounts for
the experimental finding that 1-aza-1,2,4,6-cycloheptatetraene
gives tripletPhN,® presumably via formation of singl&thN,
followed by intersystem crossing. CH cH
Evidence was presented that the large difference in the
exothermicities of the two ring expansion reactions is primarily Z N =z
due to a large difference in thermodynamic stabilities between . | . 'N
singlet PhACH and singletPhN.2 Since the singlettriplet

splitting of 18 kcal/mol inPhN#® is considerably greater than 2-PyCH 3-PyCH
AEst ~ 5 kcal/mol in PhCH,67 the difference between the

—— . betweenPhCH and PhN,!! so that we can make meaningful
T University of Washington.

* University of San Francisco. comparisons between the energies of the latter two molecules.
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Table 1. Relative Energies and Enthalpies at CASSCF/6-31G* Optimized Geometries of THP}EH, Triplet PhN, and Pairs of

Molecules Formed from Them by Addition of Hydrogen Atdms

calculation 3-PyCHz° PhNH; 3-PyCHy° PhNH 3-PyCHPe PhN
A’ i\ 27" 27" 30" 3,

ZPE 77.0 +0.5 67.6 +0.8 59.6 +0.5
C, x 298 K 6.3 +0.3 6.3 —-0.8 6.1 -0.4
CASSCF/6-31G* —285.80990 +5.7 —285.19124 -1.¢ —284.55070 —-27.8
CASPT2N/6-31G* —286.68371 +1.¢ —286.04787 -1.5 —285.38350 —26.#
BVWN5/cc-pvVDZ —289.02535 -0.9 —288.35937 —2.2 —287.65819 —-25.%
BVWNS5/AUG-cc-pVTZ —289.12245 -3.2 —288.45363 -3.F —287.74861 —25.3

aThe electrons correlated in the CASSCF calculations consisted af phes the unpaired electrons®? Absolute energies in hartrees, unscaled

CASSCF/6-31G* zero-point energies (ZPEs) and heat capacities in kc
in kcal/mol. ¢ Relative energy has been converted to an enthalpy diffe

Comparing the lowest singlet states PAiCH and PhN is
complicated by the fact that they have different orbital occupan-
cies. InlA’ PhCH, two electrons occupy the hybridized,
nonbonding orbital on carbd: whereas, ifA; PhN, only one
electron occupies the pure 2@, nonbonding orbital on
nitrogen?® However, the lowest triplet state3A(' in PhCH
and 3A, in PhN) each have one unpaired electron in a
nonbondingo orbital and one in a nonbonding MO. This
makes comparison of the triplet ground statesPbfCH and
PhN much easier, both conceptually and computatiorigitiian
comparison of their singlet states.

The results of our calculations on triplBhCH and triplet
PhN support the conjectufehat the latter is less reactive than
the former because the-NH BDE in anilinyl radical PhNH)
is much smaller than the-€H BDE in benzyl radicalPhCHy).
Our calculations also provide an explanation for this large
difference in BDEs.

Computational Methods

Geometry optimizations were performed using complete active space

(CAS) SCF calculations with the 6-31G* basis &etln each case, the
electrons correlated in the CASSCF calculations consisted of all of the
7 plus the unpaired electrons. CASSCF/6-31G* frequency calcula-
tions confirmed that the stationary points found were minima, and the
calculations also provided unscaled, zero-point energy (ZPE) correc-
tions.

Only real vibrational frequencies were found for all molecules, except
for the D3, methyl radical. At the ROHF level of theory, it showed
one imaginary frequency, correspondng to an out-of-plane distortion;
an ROHF geometry reoptimization provided an energy minimum with
Cs, symmetry and an energy 0.03 kcal/mol lower than that aCthe
geometry. However, th€s, geometry was found to be higher in energy
than theDs, geometry at correlated levels of theory; thus, we have
reported single-point energies at tBg, geometry. The zero-point
vibrational energy foD3, methyl radical was taken from UHF/6-31G*
calculations, which find this geometry to be an energy minimum.

Second-order MgllerPlesset theory was used to provide dynamic
correlation beyond the CASSCF level via CASPT2Nalculations,
which were performed at the CASSCF/6-31G*-optimized geometries.
For species lacking the large phenyl and pyridyl substituents, G2
enthalpie® were also computed.

Single-point density functional theory (DFT) calculations were
carried out at CASSCF/6-31G* optimized geometries, using Becke’s
1988 exchange functiorfland Vosko, Wilk, and Nusair's correlation
functional VY This method is designated as BVWN5. Recent
calculations by Squires and co-workers have found that BVWN5

at/Eérgies and enthalpies are for the syn conforfhBelative energy
rence by correctingé andAC, x 298 K.

CASPT2N calculations were performed using MOLCAZ3All
other calculations were carried out using Gaussiai*9@ptimized
geometries and single-point energies are available as Supporting
Information.

Results and Discussion

As shown in Table 1, triplePhN is calculated to be 2526
kcal/mol lower in enthalpy than tripleB-PyCH?2 at the
CASPT2N/6-31G* and BVWNS5/AUG-cc-pVTZ levels of theory.
Table 1 also shows that the corresponding radi¢éyH and
3-PyCHy, differ in enthalpy by only +3 kcal/mol. Therefore,
the large enthalpy difference betweBhN and3-PyCH must
reflect an intrinsic enthalpy difference between arylnitrenes and
arylcarbenes, rather than a difference between the abilities of
the phenyl and pyridyl groups to stabilize an unpairezlectron.

In fact, our calculations find that the rotation barriers for the

(11) 3-PyCH was chosen ove2-PyCH for detailed study because the
interaction between the ring nitrogen and the divalent carbon atom is smaller
in the former carbene than in the latter. For example, whereas, at the
CASPT2N level, the syn and anti geometries differ in energy by only 0.3
kcal/mol in single3-PyCH, they differ by 3.6 kcal/mol in single2-PyCH.

The greater similarity in energies of the syn and anti conformeB8sRfCH,
compared t®-PyCH, thus make$-PyCH a better model foPhCH, for
which the analogous conformers are degenerate.

(12) For example, CASPT2N/6-31G* calculations give a singtaplet
splitting that is too large by almost 10 kcal/mol fBhCH,¢ but that is
very close to experiment f&?hN.24 These findings indicate that CASPT2N
gives much more accurate results for electronic states with the same type
of orbital occupancy (e.g., tHé, and3A; states ofPhN) than with different
orbital occupancies (e.g., tha’ and3A" states ofPhCH).

(13) Hariharan, P. C.; Pople, J. Aheor. Chim. Actdl973 28, 213.

(14) Andersson, K.; Malmgqvist, P.-A.; Roos, B. .Chem. Physl992
96, 1218.

(15) The G2 method gives energies that are effectively equivalent to
QCISD(T)/6-311G(3df, 2p)//Full-MP2/6-31G* calculations, which are then
corrected with scaled HF/6-31G* zero-point and thermal corrections to
obtain enthalpies at 298 K. [Curtiss, L. A.; Raghavachari, K.; Trucks, G.
W.; Pople, J. AJ. Chem. Physl991 94, 7221.]

(16) Becke, A. D.Phys. Re. A 1988 38, 3098.

(17) Vosko, S. H.; Wilk, L.; Nusair, MCan. J. Phys198Q 58, 1200.

(18) Poutsma, J. C.; Nash, J. J.; Paulino, J. A.; Squires, R. Rm.
Chem. Soc1997, 119, 4648.

(19) (a) Dunning, T. H., JJ. Chem. Phys1989 90, 1007. (b) Kendal,

R. A.; Dunning, T. H., Jr.; Harrison, R. J. Chem. Phys1992 96, 6796.
(c) Woon, D. E.; Dunning, T. H., Jd. Chem. Phys1993 98, 1358.

(20) MOLCAS version 3; Andersson, K.; Blomberg, M. R. Alilseher,

M. P.; Kello, V.; Lindh, R.; Malmqvist, P.-A.; Noga, J.; Olsen, J.; Roos,
B. O.; Sadlej, A. J.; Sieghahn, P. E. M.; Urban, M.; Widmark, P.-O.;
University of Lund, Sweden, 1994.

(21) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Gill, P. M. W.;
Johnson, B. G.; Robb, M. A.; Cheeseman, J. R.; Keith, T.; Petersson, G.
A.; Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A.; Zakrzewski,

energies are in good agreement with experimental measures of bothyv. G.; Ortiz, J. V.; Foresman, J. B.; Peng, C. Y.; Ayala, P. Y.; Chen, W.;

AEst and “carbene stabilization energy” for phenylcarb&@&wo
different correlation-consistent basis $&teere used in the DFT
calculations, a polarized valence douljldasis set and a polarized
valence triple€ basis set that was augmented with diffuse functions

Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.; Martin, R. L.;
Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.; Stewart, J. P.; Head-
Gordon, M.; Gonzalez, C.; Pople, J. A.; Gaussian 94, Revision B.3;
Gaussian, Inc.: Pittsburgh, PA, 1995.

(22) Since the energy afyn3-PyCH is lower than that of thenti-3-

(s, p, and d on hydrogen; s, p, d, and f on carbon and nitrogen). ThesepyCH in both the lowest singlet and triplet states, the energies computed

basis sets are designated as cc-pVDZ and AUG-cc-pVTZ, respectively.

for the syn stereoisomer are those that are reported in Table 1.



Why Are Nitrenes More Stable Than Carbenes?

Table 2. BDE (DHags in kcal/mol) of RNH, Relative to RCHjs,

[AH(1)] at CASSCF/6-31G* Optimized Geometries
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Table 3. BDE (DHags in kcal/mol) of RNH, Relative to RCH,,
[AH(2)] at CASSCF/6-31G* Optimized Geometries

substituents/calculation AH(1) substituents/calculation AH(2)
R=R =HP R=R =HP
AZPE +0.3 AZPE -0.1
AC, x 298 K -0.5 AC, x 298 K +0.2
R(O)HF/6-31G* —6.2 ROHF/6-31G* —23.2
CASPT2N/6-31G* -1.3 CASPT2N/6-31G* —-21.9
BVWN5/cc-pVDZ -1.1 BVWNS5/cc-pVDZ —-19.3
BVWN5/AUG-cc-pVTZ 1.4 BVWN5/AUG-cc-pVTZ -175
G2 2.1 G2 —-18.4
exptl ADHzgse 3.7 exptl ADHzggd —-18.7
R=R =PH R=R =PIt
AZPE +0.2 AZPE —-0.2
AC, x 298 K -0.5 AC, x 298 K +0.1
CASSCF/6-31G* -7.3 CASSCF/6-31G* —25.6
CASPT2N/6-31G* -3.0 CASPT2N/6-31G* —24.7
BVWNS5/cc-pvDZ —-1.0 BVWN5/cc-pvVDZ —23.7
BVWNS5/AUG-cc-pVTZ 0.3 BVWNS5/AUG-cc-pVTZ —22.5
R=Ph,R=3-Py R=Ph, R =3-Py
AZPE +0.3 AZPE -0.2
AC, x 298 K -0.5 AC, x 298 K +0.1
CASSCF/6-31G* —-7.6 CASSCF/6-31G* —25.8
CASPT2N/6-31G* -3.4 CASPT2N/6-31G* —24.8
BVWNS5/cc-pvDZ -1.3 BVWNS5/cc-pvDZ —23.2
BVWNS5/AUG-cc-pVTZ —-0.1 BVWNS5/AUG-cc-pVTZ —21.9

aThe electrons correlated in the CASSCEF calculations consisted of 2 The electrons correlated in the CASSCEF calculations consisted of

the = plus the unpairedr electrons? Enthalpies for eq 1 include the  plus the unpaireds electrons®? Enthalpies for eq 2 include
differences in zero-point energieAZPE) and heat capacities at 298 differences in zero-point energieAZPE) and heat capacities at 298

K (AC, x 298 K), obtained from calculations at the R(O)HF/6-31G* K (AC, x 298 K), obtained from calculations at the ROHF/6-31G*
level of theory. RHF for RNH, and RCHsz; ROHF for RNH and level of theory.c Using ROHF reference wave functiorisvalues are
R'CH,. 9 Using R(O)HF reference wave functiorfd/alues are averages  averages in kcal/mol from ref 26Enthalpies for eq 2 include

in kcal/mol from ref 26 Enthalpies for eq 1 include differences in  differences in zero-point energieAZPE) and heat capacities at 298
zero-point energiesAZPE) and heat capacities at 298 K&, x 298 K (AC, x 298 K), obtained from calculations at the CASSCF/6-31G*
K), obtained from calculations at the CASSCF/6-31G* level of theory. level of theory.

same as the €H BDEs of the analogous primary alkanes
methylene groups iPhCH, and 3-PyCH, differ by only 0.3 despite the greater electronegativity of nitrogen compared to
kcal/mol at the CASSCF/6-31G* level of theory, confirming carbon.
that phenyl and 3-pyridyl do, indeed, provide comparable In contrast, the much lower enthalpy computed for triplet
stabilization for an unpaired electron. PhN, compared to tripleB-PyCH, implies that the N-H BDE

Since our calculations find that, likehNH and 3-PyCHs, of PhNH radical is much reduced from the—& BDE of

PhNH: and3-PyCHs have very similar enthalpies, the data in  3-PyCH, radical. The reaction in eq 2 can be used to
Table 1 imply that the NH BDE of PhNH; and C-H BDE demonstrate that the-NH BDE of RNH is lower than the €EH
of 3-PyCHs are quite similar. The reaction in eq 1 can be used BDE of RCH,, not only for R= Ph and R= 3-Py but also
to demonstrate that this is, in fact, the case not only fer Rh for R=R =Ph and for R= R = H. The enthalpies calculated
and R = 3-Py but also for R= R' = Ph and for R= R' = H.

The enthalpies calculated for this reaction at different levels of H {{  AH(2) { H
theory are given in Table 2. R=N- + R—C R=N: + R—C- (2)
H H
H Hoaaq) H . . - . .
R-N: + R—C: R—N- + R'CH; (1) for this reaction are given in Table 3. They indicate that triplet
H H ” nitrenes are, in general, much more thermodynamically stable

than the analogous triplet carbenes.

As shown in Table 2, the computed differenceédd[1) in The enthalpies in Table 3 for the reaction in eq 2 show small
eq 1] between the BDE®H95) depend somewhat on the level  variations with levels of theory and substituents, R ahdvRich
of theory used. However, for R R' = H, BVWN5/AUG- are very similar to those seen in Table 2 for the reaction in eq
cc-pVTZ gives essentially the same value Ad(1) as the G2 1. For R=R' = H, the BVWN5/AUG-cc-pVTZ and G2 values
calculations, and the G2 enthalpy for the reaction in eq 1 is for AH(2) are, like those foAH(1), within 1 kcal/mol of each
within 2 kcal/mol of the experimental difference between the other, and these enthalpy changes are essentially the same as
BDEs of NH; and CH, For all three sets of R and'R the differences between the experimental heats of formation of
CASPT2N/6-31G* gives values fakH(1) that are ca. 3 kcal/  the molecules in eq 2. For all three sets of substituents,
mol lower than those computed with BVWN5/AUG-cc-pVTZ. CASPT2N/6-31G* gives values &fH(2) that are again ca. 3

The computed differences between the BDEs also dependkcal/mol lower than those computed with BVWN5/AUG-cc-
somewhat on the substituents, R arld Ror example, with R pVTZ, and like AH(1), AH(2) is calculated to be 25 kcal/
= R' = Ph,AH(1) is calculated to be up to 2 kcal/mol smaller mol more negative for R= R' = Ph than for R= R' = H.
than that for R= R = H. Nevertheless, regardless of the set Despite these small variations with the substituents, R and
of substituents or of the level of theory used, the results in Table R, and with the level of theory used, the results in Table 3
2 show thathe N—H BDEs of primary amines are nearly the show that the N-H BDE of an aminyl radical to form a triplet
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nitrene is much lower than the-34 BDE of a comparable
primary alkyl radical to form a triplet carbene. Since the much
lower N—H BDE of PhNH, compared to the €H BDE of
3-PyCH,, can be rigorously attributed to the much lower
enthalpy of the triplet nitrene, relative to the triplet carbene,
the results in Table 3 establish that,general, triplet nitrenes
are ca. 20 kcal/mol more thermodynamically stable than
comparably substituted triplet carbenes

These computational results confirm the suggestions of
Wentrup and Platz that (a) the relative lack of reactivity and
the greater selectivity found for tripl&hN, compared to triplet
PhCH, has a thermodynamic origin and (b) this difference
between the thermodynamic stabilities P#fiN and PhCH is
but one example of a more general difference between the
thermodynamic stabilities of nitrenes and carbenes, which is
also seen in the difference between theIBDE in *NH, and
the C-H BDE in *CH3.8

Despite the ca. 13 kcal/mol larger value/®Est in PhN245
than in PhCH,%87 the even larger difference between the
thermodynamic stabilities of triplePhN and triplet PhCH
results in singlePhN also being predicted to be considerably
more thermodynamically stable than singlhCH.2® The
greater thermodynamic stability oPhN accounts for the

calculated differences between the overall energetics of the ring

expansions of singléthN andPhCH.?2 Whereas ring expansion
of singletPhCH to CHT is computed to be very exotherric,
that of singletPhN to ACHT is calculated to be nearly
thermoneutrat:?* As noted in the Introduction, experimental
evidence indicates that ring expansion of sin§leN is, in fact,
reversible?

The explanation of why nitrenes are thermodynamically more
stable than carbenes must be the same as the reason-tHe N
BDE in RNH is much smaller than the-@4 BDE in RCH,.
Part of the reason for this difference in BDEs could be the
difference in hybridization of the XH bonds that are broken
in the two radicals. For example, forR R' = H, the CISD/
6-311G(2d,p)-optimized bond angle*MH; is 102.6; whereas,
the H-C—H bond angles inCHs are 120.0. Comparison of
these bond angles indicates that the i bonds in°"NH, have
less 2s character than the—€& bonds in*CHs; and this
difference in hybridization could account for at least some of
the difference between the BDEs in these two radicals.

An estimate of the size of this effect was obtained by
constraining one of the HC—H bond angles inCHs; to the
H—N-—H bond angle of 102%in *NH, and comparing the BDE
of one of the G-H bonds, thus constrained, to that of one of
the unconstrained €H bonds in"CHz. To maintain as closely
as possible the same hybridization in each of the two triplet
methylenes as in the methyl radical from which it was formed,
the H-C—H bond angle was frozen at a value of 128r7one
triplet methylene and at 120.0n the other. The resulting

(23) The values of 2325 kcal/mol for the difference between the-N
and C-H BDEs in forming tripletPhN from PhNH and tripletPhCH from
PhCH; are 10-12 kcal/mol larger than the ca. 13 kcal/mol difference
betweenAEst in PhN and PhCH.14~7 Therefore, 16-12 kcal/mol less
energy is required to form singl€&hN from PhNH than to form singlet
PhCH from PhCH,.

(24) Ring expansion of singlet-PyCH to ACHT is computed to be
exothermic by ca. 26 kcal/mol at the CASPT2N/6-31G* level of theory.

The large difference between the energies of the ring expansion reactionsNH3, *NH,, and triplet NH.

of singlet2-PyCH and singlePhN to the same molecul&CHT ) obviously
must be due to the higher energy of singkePyCH, relative to singlet
PhN. It should be noted, however, that CASPT2N/6-31G* overestimates
the size of the energy difference between singityCH and singlePhN

by ca. 10 kcal/mol, because the CASPT2N valueA&gr in arylcarbenes

is too large by about this amount, but the CASPT2N valueAX&sr in

PhN is in excellent agreement with experimét.
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-0.1 A < somo =} - SOMOs
-0.2
-0.3
o -0.4
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Figure 1. R(O)HF/6-311G(2d,p) MO energies (hartrees) for INH
*NH,, and triplet NH.

isodesmic reaction, which probes the effect of hybridization on
the BDE of methyl radical, is given in eq 3.

H 128.7° ‘7120" 128.7° +|1 120°

AE(3) ‘) ')
8D e e fc LN
102.6°

The geometry constraints in eq 3 makiH; and triplet CH
each higher in energy on the left-hand side of this equation than
on the right. Nevertheless, the CISD/6-311G(2d,p) energy of
AE(3) = —4.5 kcal/mol is 16.3 kcal/mol smaller in size than
that of AE = —20.8 kcal/mol for the reaction in eq 2 at the
same level of theory for R R = H. Therefore, the difference
in hybridization betweerNH, and*CHj; probably accounts for
less than a quarter of the difference between the BDEs in eq 2
forR=R =H.

If the difference in hybridization of the bonds being broken
accounts for only a small fraction of the difference between
the BDEs of°*NH, and *CHjs, the major contributor to the
difference between these BDEs must reside indh&ngesn
hybridization that accompany formation of triplet NH and triplet
CH2.?% Loss of H from both *NH, and *CHjs allows the 2s
character in the remaining doubly occupied orbitals to
increase. These increases are evident in (a) the loss of all 2s
character from the orbital that becomes singly occupied on
going from *NH; to triplet NH and (b) the opening of the
H—C—H angle on going fromCH;z (H—C—H = 12() to triplet
CH; (H—C—H = 132.5 at the CISD/6-311G(2d,p) level of
theory). However, the electrons in the lone pair orbital of triplet
NH benefit from rehybridization more than those in the i@
bonding orbitals of triplet Ckl(or in the N—-H bonding orbital
of triplet NH), because the lone pair of electrons in NH is
localized almost entirely on N; whereas, the pair of electrons
in each CG-H bond of CH is shared between carbon and
hydrogen.

Figure 1 gives the R(O)HF/6-311G(2d,p) orbital energies for
It shows graphically the decrease

(25) Rehybridization results in both unpaired electrons occupying pure
2p orbitals in triplet NH; whereas, in triplet GHbne unpaired electron
occupies an orbital with substantial amounts of 2s character. A simplistic
argument, based on this difference in hybridization, predicts thatb C
bond formed by triplet Chishould indeed be stronger than ar-N bond
formed by triplet NH.
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» (136 kcal/mol). Unlike CH, the latter three molecules each
o % have a lone pair of electrons that is stabilized by rehybridization
e ! in the radical formed by loss of a hydrogen atémTherefore,
& substantial differences in radical rehybridization energies do not

act to reduce the effect of the electronegativity of the central
atom on the BDEs of Nk H,O, and HF??

2A1

Figure 2. Schematic depiction of th&~ — 3IT excitation in NH and
the 2B, — 2A; excitation in*NH.. Conclusions

Our computational results demonstrate that triplet nitrenes
. . . are generally more thermodynamically stable than comparable
E'plst NIH' The energy of the lone pair orbital drops by 38 triplet carbenes, as evidenced by comparison of the relative

carmol. . e . . enthalpies of nitrenes and carbenes that are isomersiRéN.,

The extent to which rehybridization stabilizes the lone pair and3-PyCH) and by comparison of the XH BDEs of RNH
orbital in triplet NH can be independently assessed by comparing ;4 RCH radicals. The greater thermodynamic stability of

, 3 o : ; . r )
ghe ver2t|caP2 o 11 exutaﬂqn energy in NH with the vgrtlcal triplet PhN, compared to triplePhCH, accounts for the much
B1 — %A excitation energy inlNH,. As shown schematically lower reactivity of the forme?

in Figure 2, in both of these electronic transitions one electron Despite the fact that the enérgy differences between the lowest
Is excited from a lone pair orbital into a 2porbital. Atthe g6t states of arylnitrenes and arylcarbenes are smaller than

geomeltryé)lfitgizk* slt/atelog_ NhH’ CISD/ 6'31?]%2_(?’%%'0”'3' those between the triplet ground states, the energy differences
tions plac cal/mol higher in energy t , whereas, between the singlets are still large enough to explain why (a)

at the geometry of théB, state ofNHy, ?A; is calculated to lie o i - ; : 23
i g expansion of singl&hN is reversible®3 whereas that
of 37 kcal/mol between this pair of excitation energies is very ; ’ 9
: pyridyl carbenes (e.g2-PyCH and3-PyCH) rearrange t&hN.
Elose to tEe ROHI_:IG-S%er];(ZId,p) dn_‘fereg_cel (;:'Hss kggl/mol We attribute the greater thermodynamic stability of nitrenes,
etween the energies of the lone pair orbitalsNirl; and in relative to carbenes, to the presence in the former of a lone

tnpl_et NH. . . pair of electrons which occupies an orbital that is rich in 2s
Figure 1 shows that the increase in 2s character, due 10 character

rehybridization, also stabilizes the lone pair orbital on formation

of *NHz from NH;.  The lowering of the energy of the MO that Acknowledgment. We thank the National Science Founda-
is occupied by the lone pair of electronsNH, acts to stabilize tion for support of this research.

*NH,, relative to°CHj, since, like triplet CH, *CHj3 lacks a lone

pair of electrons. The greater stabilization provided by rehy-  Supporting Information Available: Geometries and ener-
bridization in*NH,, compared toCHg, provides an explanation  gies for molecules discussed in this paper (14 pages, print/PDF).
for why the BDES® of CH, (105 kcal/mol) and NkI(109 kcal/ See any current masthead page for ordering information and
mol) are very similar, despite the greater electronegativity of N Web access instructions.

in the energy of the lone pair orbital on going frolH; to

versus G/
The increase in BDE between GHnd NH; is much smaller JA9T3935X
than the increases between HHi,0 (119 kcal/mol), and HF (28) In the second row of the periodic table, the-Bi BDE in SiH is

also larger than one would expect on the basis of electronegativity; in fact,
(26) (a) Afeefy, H. Y.; Liebman, J. F.; Stein, S. E. Neutral Thermo- it is actually larger than the-"H BDE in PH; Again, it is the lone pair in

chemical Data. IINIST Standard Reference Database NumbeMillard, PHs that causes the-FH BDE to be lower than the SiH BDE of SiH,,

W. G., Linstrom, P. J., Eds.; National Institute of Standards and Technol- but not because of rehybridization &PH,. Rather, the very large amount

ogy: Gaithersburg, MD 20899, August 1997 (http://webbook.nist.gov). (b) of 3s character already in the lone pair orbital ofsREsults in the PH

Piper, L. G.J. Chem. Phys1979 70, 3417. bonds having much less 3s character and, hence, being weaker than the
(27) Pauling, L.The Nature of the Chemical Bon@ornell University Si—H bonds in SiH. [Sun, H.; Hrovat, D. A.; Borden, W. T. Am. Chem.

Press: lIthaca, New York, 1948. Soc.1987 109, 5275].




