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Phenylchlorocarbene inserts into the tertiary CH bonds of 1,3-dimethyladamantane and 1-X-adamantanes (X = H, OMe, COOMe, CI, CN). There
is a good correlation between the relative rate constants for these insertions and the inductive substituent constants, ai(X), with p = —1.5.
Absolute rate constants for the insertions range from 2.5 x 10° M~* s~ for Ad-Me, to 2.5 x 10* M~! s~ for Ad-CN. B3LYP/6-31G* calculations

give a good account of reactivity in these systems.

We recently described the absolute kinetics of phenylchloro- Hammett study of CGlinsertions into the tertiary CH of
carbene (PhCCI) insertion reactions with a variety of substituted cumenes gaye= —1.19 (o) or —0.89 (3),
substrate$In benzene solution, for example, PhCCl inserted consistent with the development &f on the cumyl carbon

into a tertiary CH of adamantane (Ad-Ha) withk = 1.26
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1 a, X=H; b, X=0OMe; 2 3
¢, X=COOMe; d, X=Cl;
e, X=CN

x 10° M~ s71 (per H atom) and witiE, = 3.2 kcal/mol
and AS' = —24 eu! The transition state (TS) for carbene
C—H insertion can be schematically represented, aghere

at the transition stat& Analogous insertions into the Si—H
bonds of silacumenes revealegtalues ranging from-0.97
to —0.63%

With the cumyl and silacumyl substrates, both inductive
and resonance effects of the substituents act upon the reaction
center. We imagined that a study of treenotesubstituent
effects attending the efficieht carbene insertions into
bridgehead adamantane—@& bonds could “isolate” the
inductive effect, providing a direct estimate of its importance.
Qualitative results for CGlinsertions (at C3H) into
1-substituted adamantanes (1) demonstrate that electron-
withdrawing substituents deactivate the substrate and lower
product yields’. Here, we present quantitative data for the

a hydride-like migration between the substrate and carbenicrelated PhCCl insertions: both kinetics and computational
carbon atoms engenders charge separation, with positivestudies are in good accord with generalized ZSnd

charge on the former and negative charge on the [atter.
Insertions of (for example) Cginto benzylic ora-ether
C—H bonds are readily interpretable with 233 Thus, a
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implicate a surprisingly large inductive effect operating on
these C—H insertion reactions.
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Substrates included adamantane (Adid) and its 1-X in order to demonstrate the internal consistency of the relative
derivatives Ad-OMe 1b), Ad-COOMe (.c), Ad-Cl (1d), and reactivities. Appropriate relative rate constants were aver-
Ad-CN (1e), as well as the readily available (Aldrich) 1,3- aged; the results, relative to Ad-H, are displayed in Table 1,
dimethyladamantane (Ad-Me 3). For preparative and where average deviations kq, are better thant5%.
product identification purposes, PhCCl was generated either

thermally (100—11C°C, 2—6 h) or photochemically (Ad-

I, A > 320 nm min) from phenylchlorodiazirihé
cl, 320 » 30 ) om pheny’ch’o odiazirihén Table 1. Kinetics of PhCCI Insertion into the Adamanty!
concentrated benzene solutioAs{, > 3.0). The PhCCI .
Tertiary CH Bond

reacted with 1837 mmol of Ad-X in 2-6 mL of benzene

to afford productgla—e and5, which were purified by silica substrate Kl (tot)? Krer (per H)® 105Kaps, M~1s71d g
gel chromatography and characterized by their NMR and ad-Mme; (3) 0.995 1.99 251 —0.02f
GC-MS spectra, as well as elemental analysis or high- Ad-H (1a) 1.000¢ 1.009 1.26" 0.00
resolution mass spectrometry. Ad-OMe (1b) 0.420 0.56 0.70 0.30
Ad-COOMe (1c) 0.315 0.42 0.53 0.32
Ad-Cl (1d) 0.197 0.26 0.33 0.47
Me Ad-CN (1€) 0.150 0.20 0.25 0.57

aln benzene at 23C. ° Reactivity relative to Ad-H, not statistically
corrected Per-bond reactivity, relative to a single Ad-H tertiary CH bond.
CHCIPh Me CHCIPh d Absolute rate constant, per C—H bond, derived from the absolute rate
constant for PhCCH Ad-H,! and ke (per CH).¢Inductive substituent
. 5 constant for X in Ad-xt% fg(Me) = —0.01; for 2 Me’s we takey =
4(a-easint) —0.02.9 Standard substraté See ref 1.

Yields of insertion products ranged from 96%) &nd 90% _ _
(1a,b) to 60% 4d) and 35% 4e)? Carbene dimer and azine ~ The “spread” inke is a factor of 10 from the most (Ad-
byproducts increased from 1% and 3% yields with substrate M€2) to the least reactive substrate (Ad-CN), while the

30 15% and 25% witlid, and even higher witte.t Clearly, corresponding absolute rate constants for C—H insertion
electron-withdrawing substituents adversely affect the reac-range from 2.5« 10°to 2.5x 10* M~* s™* (per bridgehead
tivity of Ad-H.6 H atom). There is a clear correlation between the reactivity

The absolute rate constant for PhCCl insertion iéds of a substrate’s tertiary CH bond and the electronic character
5.02 x 10° M~1 s1 (in benzengat 23°C), corresponding of its substituent, X, as quz_antitatc_ad by thg relation between
to 1.26 x 10° M~ s* per bridgehead C—H boridWe l0g Keel .(per H) andoi(X), the mductlvg substlt.uent constéht
determinedelative rates for G-H insertions with substrates ~ (S€€ Figure 1). Herg,= —1.50, consistent with T3, where
1b—e and 3 by competition reactions in which an insuf-
ficiency of PhCCl was allowed to compete wit0-fold || | | N 9
excesses of substrate pairs. PhCCIl was generated by pho-
tolysis (A > 320 nm) of the diazirine in benzene solution at 1o
23 °C for 20 min, after which no diazirine was detectable
by UV spectroscopy. Molar ratios of the derived insertion
products4a—eand5, were determined by capillary GC on
a CP-Sil-5CB column, using a calibrated flame ionization .
detector and electronic integration. Relative rate constants
were calculated fronka/ks = (Se/Sa)(Pa/Ps), WhereSs/Sy
is the initial molar ratio of substrates aPRd/Pg is the molar o
product ratio. Competitions were performed in duplicate, with
GC analyses in triplicate, and the reproducibilitieskgiks
were better thant4%.

Relative reactivities were determined for the following 0 ‘ ‘ . . ‘ ‘
substrate pairs g#kg shown in parentheses): Ad-CIl/Ad-H -0.1 0.0 0.1 02 03 04 0.5 06
(0.205), Ad-Me/Ad-CI (5.12), Ad-OMe/Ad-H (0.44), Ad- o)

COOMe/Ad-Cl (1.62), Ad-CN/Ad-H (0.150). Additional
competitions were carried out between Ad-#al-Cl, Ad-
OMe/Ad-Me,, Ad-COOMe/Ad-OMe, and Ad-CI/Ad-COOMe
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Figure 1. Correlation of logk/ky with ¢, for insertions of PhCCI
into the tertiary CH bonds of substratdsindla—e. See text for
discussion.

(7) Graham, W. HJ. Am. Chem. S0d.965,87, 4396.
(8) Productde, from Ad-CN, was accompanied by 15% of PhCCI dimer ) ) ) o
and 50% of (PhCGkN), azine.4e could not be separated from excdss an electron-withdrawing substituent destabilides on the
by chromatography and was identified in situ by GC-MS. , Ad carbon atom and slows the insertion reaction, while an
(9) The insertion is 23 times slower in benzene than in pentane; benzene
“complexes” PhCCI and modulates its reactivity: Moss, R. A; Yan, S,;
Krogh-Jespersen, K. Am. Chem. S04.998,120, 1088. Krogh-Jespersen, (10) (a) Charton, M. Prog?hys. Org. Cheni981,13, 119. (b) Hansch,
K.; Yan, S.; Moss, R. AJ. Am. Chem. S0d.999,121, 6269. C.; Leo, A.; Taft, R. W.Chem. Re. 1991,91, 165.
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electron-releasing substituent has the opposite effect. Fordistances rather insensitive to substrate identity: 3or
comparison, correlation af;(X) with ke for bridgehead H throughle, r, varies from 1.374 to 1.387 A, with bonding
abstractions fronl by the trichloromethyl radical at 40C between H and the carbenic carbon well established.
givesp = —0.901! Charge separation (in the sense2pfis Distances; (2.497—2.489 A) and, (2.491—2.474 A) are
less pronounced in the electrophilic radical abstraction by also computed to be relatively substituent insensitive. The
CCls than in the PhCCI insertion. TS for the Ad-H/PhCCI insertion is illustrated in Figure 2.

Although there is appreciable scatter for theexMe and
H points in Figure 1, the overall correlation is of good _
quality, with r = 0.97, significant at the 99% confidence
level. The apparent scatter may be largely due to uncertainty X
in o1(Me), given as—0.01 @0.02)1%2Using a more negative
value (e.g.—0.05"%) improves the correlationr (= 0.986)
and marginally trims the value to—1.40.

The magnitude op (~—1.5) is rather large for “remote”
substituents acting on tkiet of 2 only by an inductive effect;
recall that for CC} insertion into cumenes, where para
substituents interact with the reaction center by both reso-
nance and inductive effectp, ranges only from—0.89 to
—1.1922Substantial contribution of a resonance component,
originating at X, to the stabilization @+ in TS 2 (illustrated
for X-Ad* by the “frangomeric* resonance structurés is

X + Figure 2. B3LYP/6-31G* transition state for insertion of PhCClI
| into the tertiary CH bond of substrat@. Uninvolved H atoms are
\ omitted for clarity.

As shown in Table 2, considerable positive charge is
6 induced on the adamantyl carbon of TSwith comparable
negative charge buildup on the carbenic carbon (NBO
unlikely, because th&. of Ad-OMe is well-correlated by  analysis). These charges are slightly sensitive to the Ad
01(OMe); cf. Figure 1. Note that the electronic effect of X, substituents; both positive and negative charges decrease as
here termed an “inductive effect,” may be propagated throughthe TS moves toward product with increasing electron-
space, through the interveniagbonds, or by a combination  withdrawing character of the substituents. Substituent sen-
of modalities; partition of the transmission mode cannot be sitivity is more strongly displayed by the computed activation
easily accomplishet?. energies (Table 2), which (uncorrected for zero point energy)
The B3LYP hybrid density functional method, as con- range from 8.55 (Ad-Mg to 9.94 kcal/mol (Ad-CN).
tained in the Gaussian 94 packdgeaffords reasonable  Although these values are too higk their trend with
transition states and energetic trends for PhCEWdnser- substituent variation is appropriate. Indeed, there is a
tion reactions.B3LYP/6-31G* transition states, represented reasonable correlation £ 0.93) between the comput&gds
by 7, were located for the reactions of PhCCIl with—e andg(X), with p = 1.86; electron-withdrawing substituents
destabilize the positive charge on the migration origift of

X raising both TS and activation energies.
(Me) . :\?C&’CI .
& 1 pn Table 2. Computational Resufs
substrate Ea, kcal/mol® o+¢ o—d
7
Ad-Me; (3) 8.55 0.202 0.190
_ . Ad-H (1a) 9.10 0.197 0.189
and 3, and confirmed by frequency calculations that gave  Ad-OMe (1b) 9.30 0.195 0.188
only one negative frequency. Transition staie “late,” with Ad-COOMe (1c) 9.46 0.193 0.188
the migrant hydride closer to the PhCCI terminus than the Ad-Cl (1d) 9.64 0.185 0.183
adamantyl origift5 Thus,rs < r for all substrates, with these ~ Ad-CN (1€) 9.94 0.184 0.183

aB3LYP/6-31G*.P Uncorrected for zero-point energyPositive charge
(11) Owens, P. H.; Gleicher, G. J.; Smith, L. M., JrAm. Chem. Soc. on adamantyl carbon in T®. 9 Negative charge on carbenic carbon in TS
1968,90, 4122. 7.
(12) Grob, C. A.; Fischer, W.; Katayama, Hetrahedron Lett1976,
2183 and references therein.
285122]5);';‘23n?béﬁ;ﬁgop”ép'\g;s?a'k'”’ \d- Phys. Org. Chen.999,12, The B3LYP/6-31G* calculations thus provide a service-

(14) GAUSSIAN 94, Revision E.2; Gaussian, Inc., Pittsburgh, PA, 1995. able model for the PhCCI insertion reactions, sensitively
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