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The meridional geometry of 2 was confirmed by X-ray crys-
tallography® (see Figure 1 and Table IT). The vinylidene plane
(C4-C5-C6) lies near the W-P1-P2-C3—C4 plane (9.2°) such
that the vacant C, p orbital overlaps with the most available d
w electron pair as expected.” Comparison of the W—C4 distance
of 1.98 A with the W-C carbene distance of 2.15 A in
(OC)sW==CPh,' underscores the strength of the tungsten—
vinylidene linkage. The W-P2 bond, trans to the vinylidene, is
0.05 A longer than W-PI in accord with the W—P coupling
constant discussion above.

Initial formation of a w-bound alkyne adduct is suggested by
spectral data as well as by analogy to reactions of 1 with olefins
which generate fac-W(CO),(dppe)(n*-olefin) isomers.!! Solution
infrared spectra taken after 1 and RC,H are combined (Table
I) are compatible with a simple facial alkyne 7-adduct (cf. olefin
data); a facial vinylidene would probably exhibit higher vqq
frequencies than are observed. In view of the importance of alkyne
w, donation in octahedral d* complexes,'? we suggest that the
alkyne-to-vinylidene rearrangement is promoted by the unfa-
vorable four-electron two-center dr-m | conflict in these d® com-
plexes.

Protonation of 3 with HBF,Me,O in CH,Cl, followed by
addition of [Et,N]Cl generates the neutral Fischer type carbyne,
(dppe)(OC),ClW==CCH,Ph (4),'?® with chloride trans to the
multiple metal-carbon bond (Scheme I). Electrophilic attack
at a vinylidene @-carbon has been anticipated,'* and bridging
vinylidenes have been converted to cationic bridging carbynes by
electrophilic reagents.!’ Reversible deprotonation of (-
C;sHs) [P(OMe);],W==C-CH,-t-Bu to an ionic vinylidene has been
reported.'® The protonation of 3 is reversible by treatment with
either 1,8-bis(dimethylamino)naphthalene or alumina.
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Over forty years have elapsed since Gilman and Bebb! first
described the ortho-directing effect of the methoxy substituent
during the metalation of anisole. At almost the same time this
“ortho metalation” reaction was being studied independently by
Wittig and Fuhrman.? In the intervening years metalation of
many monosubstituted benzenes has been investigated, mostly with
respect to their ease of ortho lithiation. In general, substituents
that possessed one or more atoms having an unshared pair (basic
site) activated the ortho position toward metalation.> In a recent
review, Gschwend and Rodriguez* provide an excellent summary
of this field. From their estimates, in combination with other more
recent assessments by Beak and Snieckus,® Winkle and Ronald,®
and Meyers and Avila,’ the following approximate order of ac-
tivating influence in “ortho lithiation” is obtained: Strong acti-
vators, SO,NR,, CONR, CONHR, CH,NR,, OCH,0OCH;,
NHCOR, oxazoline; moderate activators, OR, NR,, SR, CF;,
F; weak activators, CH,OH, CH(OR),, imidazolidine. From the
most recent work of Martin® the cyano group appears to rank with
the most potent of activating substituents. Although there is
qualitative value in this ordering of substituents, Beak and Snieckus
point out that any understanding of the activating strength will
require fundamental kinetic and thermodynamic information. The
first mechanistic evidence in two related systems has been un-
covered very recently by the research groups of Beak® and
Meyers.”® Using stop-flow techniques, Beak and co-workers
detected complex formation between an N,N-dimethyl-2,4,6-
triisopropylbenzamide and sec-butyllithium prior to metalaiion
at the N-methyl group. Meyers, Rieker, and Fuentes were able
to isolate a complex formed between zerr-butylformamidines and
tert-butyllithium that, in certain solvents, leads to metalation a
to nitrogen. Similar complex formation in the ortho metalation
reaction has long been inferred'® but never proven. We wish to
report thermodynamic information, specifically pK, data for
monosubstituted benzenes in tetrahydrofuran (THF), thereby
providing a direct measure of the acidifying effect of a substituent
on the proton ortho to it.

We have recently described the measurement of the relative
acidities of amines vs. weak hydrocarbon acids in tetrahydro-
furan.!! The method involved a direct measurement of the
equilibrium (1) using '*C NMR. When R,NH is a highly hin-

R,NH + LiR = R;NLi + RH )

dered amine such as diisopropylamine or tetramethylpiperidine
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Table I, Acidities of Monosubstituted Benzenes, C,H,R, in THF

% metalation®

substituent (R) ey’ pK,¢
_N(CH,), 0 >40.3
-CH,N(CH,), 0 >40.3
-C=CC, H, 0 >40.3
_NHCOC(CH,), 0 >40.5
OLi 0 >40.5
-OTHP 6 40.0
-OCH, 16 39.0
-0C,H, 33 38.5
-SO,N(C,H,), 32 (=40) 38.2

/O
et 36 (=40) 38.1
CHy

—CN 36 (~78) 38.1
-CON[CH(CH,), ], 45 (-40) 37.8
~OCON(C,H, ), 60 (~70) 372

¢ A qualitative indication of the substituent effect. b If other
than 27 °C, the temperature at which metalation and spectral ac-
quisition were performed. € pK, is calculated from log K ineq I,
using the pK, value of 37.3 for tetramethylpiperidine,** and in-
cludes the statistical correction factor for the number of acidic
protons. d THP = 2-tetrahydropyranyl, for which THF-hexance
was used as solvent.

(TMP), the lithium-hydrogen exchange reaction is slow on the
NMR time scale permitting observation and integration of the
signals for all four species. The integral data provide a value for
K that represents the difference in acid strengths of R,NH vs.
RH, i.e., log K = log Kg,ny — log Kry, providing a value for
ApK,.'* For most of the measurements of K, we have used
tetramethylpiperidine as the reference acid (pK, = 37.3)!! as its
acidity was very close to that of many of the monosubstituted
benzenes, thereby providing the most accurate measurement of
K. For the determination of concentrations by integral mea-
surements, methine signals were chosen for the hydrocarbon acid
and its anion on the basis of their being well resolved. The 8
methylene signals in TMP and lithium tetramethylpiperidide
(LTMP) were used to determine the ratio of these two species. !?

The results of the acidity measurements are presented in Table
L. The pK, values are reported relative to 2-methyl-1,3-dithiane,!!
previously chosen as an arbitrary standard assigned a pK, = 37.8,
the value reported for its acidity in cyclohexylamine.'* Since TMP
has been found to be 0.5 pK units more acidic, its pK, of 37.3
serves as reference for equilibrium (1). The most potent acidifying
influence is exhibited by the N,N-diethylcarbamate derivative of
phenol, whose pKX, is found to be 37.2 since it is 60% metalated
by LTMP."* This result is consistent with the disclosure this year
by Snieckus and Sibi!6 that the metalation and subsequent reaction
of this compound with electrophiles proceed in high yields

(12) Hine, J. “Structural Effects on Equilibria in Organic Chemistry”;
Wiley-Interscience: New York, 1975; p 183.

(13) Each sample was prepared in a 10-mm septum-capped NMR tube
(Wilmad Glass, Buena, NJ) fitted with an argon inlet and outlet. To a
solution of 1.5 mequiv of amine in 2 mL of freshly distilled THF at 0 °C was
added 1.5 mequiv of methyllithium in ether. After 15 min a solution of 1.5
mequiv of hydrocarbon in 1 mL of THF was added at 0 °C. The cap was
wrapped in parafilm and the tube then warmed and transferred to the probe
of a Varian FT-80 NMR spectrometer operating at 27 °C. In a few instances
metalation and spectral acquisition were done at low temperature to avoid side
reactions. Spectra were accumulated using a small pulse angle (30°) and a
2-s repetition rate. That differential relaxation times were unimportant was
shown by extending repetition rate to 3 s without affecting integral ratios.
Other factors of quantiative influence, such as differential NOE's were elim-
inated by using an empirically derived correction factor. This factor, applied
to the methylene signals of TMP and LTMP, was arrived at by measuring
the integral for TMP prior to then after the addition of 0.5 equiv of me-
thyllithium as well as that of the LTMP produced, both relative to naphthalene
present as an internal standard. We estimate the accuracy of K to be £30%,
leading to an uncertainty in ApK of % 0.2 pK units.

(14) Streitwieser, A., Jr.; Guibé, F. J. 4m. Chem. Soc. 1978, 100, 4532,

(15) This base has been shown to be 1.6 pK units stronger than LDA,
which provides a value of 35.7 for the pK, of diisopropylamine in THF:
Fraser, R. R.; Baignée, A.; Bresse, M; Hata, K. Tetrahedron Lett. 1982, 4195,
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(73-86%). Seven other substituents showed appreciable acidifying
effects causing metalation in the 6-50% range. In the case of
benzonitrile, its pK, could only be measured by trapping exper-
iments as the o-lithio derivative has only limited stability, even
at -78 °C. This instability was reported very recently by Krizan
and Martin who described the “in situ” trapping of the anion with
trimethylsilyl chloride in high yield. As a result of their expe-
rience,!” we chose to measure the extent of lithiation of benzonitrile
at —78 °C by adding methanol-d after 3- and 12-min intervals
from the mixing of LTMP with benzonitrile. The recovered
benzonitrile was found to contain 27% and 36% deuterium, re-
spectively, by mass spectral analysis. Longer intervals before
quenching led to appreciable decomposition. From the small
increase in deuterium content in the 12- vs. 3-min sample, we can
estimate the deuterium content at equilibrium to be close to 36%.
The determination of X for the other substituted benzenes was
done by '3C NMR and then corroborated by a quenching ex-
periment using methanol-d.'® For each compound the observed
deuterium incorporation agreed with the percent metalation by
13C to within the experimental error.

Another significant feature of the data in Table I is the lack
of correspondence between the order of activating of substituents
(toward an alkyllithium in ether) and the pK, values in THF. The
sulfonamide and carboxamide substituents, generally considered
to be the strongest activators,'® exhibit pK, values in the same
range as four other substituents, the oxazoline and three ethers.
Each of the nitrogen substituents, dimethylamino, (dimethyl-
amino)methyl, and carbamate, was too weakly acidic (pK, = 40.3)
to be measurable in spite of their recognized activating strengths.
Clearly, our results reaffirm the importance of kinetic factors in
the ortho lithiation reaction with alkyllithiums, as indicated by
the aforementioned findings of Beak and Meyers.” In this con-
nection it is important to note that the lithiations with LTMP were
all very fast (¢;/, < 5 min at 0 °C). For comparison, the meta-
lation of anisole with butyllithium in ether has a reported half-life
of several hours.*

In summary, these acidity measurements provide a thermo-
dynamic order for the acid-strengthening effect of substituents
at the position ortho to it. The fact that the observed effects differ
significantly from those obtained during lithiations with alkyl-
lithiums provides corroborative evidence for the importance of
an intermediate complex. The observation of an extremely strong
acidifying effect for phenyl N,N-diethylcarbamate augures well
for its utility in synthesis, particularly in competitive metalations,
since the anion can also undergo ortho migration under properly
controlled conditions.'® The fact that the majority of substituents
give rise to very similar pK, values would indicate a continuing
need for the synthetic chemists to survey a variety of conditions
when regioselective deprotonation of a di- or trisubstituted benzene
is required.
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