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Abstract: Rate constants for the reversible deprotonation of gC&8fC(SCH)CH;z (9-Cr) and (CO3W=
C(SCH)CHs (9-W) by OH~, water, a number of primary aliphatic and secondary alicyclic amines, and a
series of carboxylate ions have been determined in 50% Me&% water at 25C. This represents the first

such study of Fischer carbene complexes stabilized by a thioalkoxy group. Comparison of our results to those
of the corresponding methoxy derivatives (GO=C(OCHz)CH3 (2-Cr) and (CO3W=C(OCH)CHjs (2-W)

reveals that the change in thedonor group from MeO to MeS leads to (1) a strong increase in the
thermodynamic acidity, (2) an increase in the dependence oftherpthe nature of the metal, (3) a decrease

in the intrinsic rate constants for proton transfer, and (4) a decrease in the dependence of the intrinsic rate
constant on the metal. Observations 1, 2, and 4 can be attributed to the weddweor capability of the MeS

group while observation 3 is the combined result of a steric effect due to the larger size of the MeS group and
of the weaker electron-withdrawing inductive/field effect of the MeS group.

Very little additional quantitative work on acidities was
performed until 1989, when we published the first kinetic
proton-transfer study on a Fischer carbene compkgr).”
Over the past few years a growing body of data on thermody-
namic and kinetic acidities of Fischer carbene complexes has
now been generateéef. Most of these data have been obtained
in 50% MeCN-50% water, a solvent chosen because it is

Introduction

The discovery that the protons on thecarbon of transition
metal carbene complexes of the Fischer #ypee acidic goes
back to a 1968 paper by KreitérThis discovery stimulated
numerous studies of the chemistry of anions generated from
acidic carbene complexes such B#1.4° There were also a

JOR ,OCH, o] ,OCH; essentially aqueous but allows the carbene complexes to be
(Co)stc\CHR,R,, (CO)5M=C\CH (CO)sCf:g] (C°)4,C'=C\CH soluble enough for such determinations. Virtually all carbene
: PR, ? complexes investigated so far are of the general strudive

where M= Cr, W, and, in one case, Mo; R was either Me or
Et while R and R’ included H, Me,n-Pr, and Ph. Two cyclic
o ) ) ) o complexes 3 with R = H and Me) were also investigated. The
few quantitative studies aimed at measuring the acidity of pKa values for these compounds range from 10.1:8/(with
Fischer carbene complexes such2a€r and3 (R = H and M =W, R= CHy, R = Ph, R'= H) to 14.47 8, R = H).
CHg) in THF. A limited study of thermodynamic acidities in pure acetoni-

tOn leave from the Department of Chemistry, Vidyasagar College, trile of somel-M type complexes, o8 (R = H and Me) as
Calcutta 700 006, India. well as of4 (R = n-Bu and Ph)5, and6 has also been reportéd.
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Conspicuously absent from this list are thioalkoxy carbene 1.00
complexes, e.qg., of the typeM. That the nature of the-donor
group (OR, NR, SR) has a strong influence on thermodynamic
acidities is best appreciated by comparing tkg yalue, in pure 0.
acetonitrile, of2-Cr (22.2) with that o (=32.5)! The stronger
s-donor effect 8*) of the MeN group compared to the MeO

XR _ ,}ZR
(COM=C] <«—>  (CO)M-C]
8 8+

Absorbance

group leads to a greater stabilization of the amino carbene
complex and hence to a lower acidity. Since RS groups are 0.
weaker z-donors than RO groups, one would expect that
thioalkoxy carbene complexes should be more acidic than the
corresponding alkoxy complexes. This paper reports a study of 0. . ; , ;
the thermodynamic and kinetic acidities®Cr and9-W which 300 350 400 450 500 550

Wave length (nm)

_SCH,
(C0)5M=C\CH Figure 1. Conversion oB-Cr (~1074 M) to 9-Cr in the presence of
0-Cr (M C)3 ~5 x 107* M KOH. First spectrum taken in the absence of KOH;
-Cr =Cr o
9-W (M= W) subsequent spectra taken at 4-s intervals.

6
confirms this expectation. We also show that the reduced

sr-donor ability of the MeS group gives rise to other important
differences in the reactivity of methoxy and thiomethoxy carbene
complexes.

Results

General Features.When9-Cr or 9-W is placed into a KOH
solution or an amine buffer such as piperidinendsutylamine,
a rapid conversion to the respective anion is observed. This is
shown in Figure 1 fod-Cr. Addition of a few drops of 1 M
HCI to the solution of the anion leads to virtually quantitative
recovery of the starting material. The reaction scheme that
represents the reversible reactiorfdfl with various bases (B
and BH buffers) and is consistent with the kinetic experiments

103 x slope, M1s!

0 1 1 1 1 1

described below is shown in eq 1. These kinetic experiments 0 05 1.0 15 20 25 30
109xat, M
SCH;  kM[OH] + K+ &P [B) _ SCH, H
(CO)M=C = = (CO)M—C _ - _ _
S ScHy KO+ kY age + k5 (BH] s ‘\CH2 (1) Figure 2. Slopes vsa,! according to eq 4 for the reactions @{Cr
- O) and9-W (@) with morpholine buffers.
9-Cr M =Cr) 9.Cr (M =Cr) ©) (@) p
9.-W (M=W) 9IW M=W)

direction”, i.e., by first generating the respective anidhy] -,
h in an 0.004 M KOH solution which then was mixed with various
morpholinium ion buffers. Plots dfypsq vs morpholinium ion
concentration ([BH]) determined at pH 7.74, 8.00, 8.25, 8.69,
8.97, 9.19, 9.26, and 9.42 were all linear with negligible
intercepts. This means that eq 2 can be approximated by eq 3

were all conducted under pseudo-first-order conditions wit
9-M/9-M~ as the minor component and hence the general
expression for the pseudo-first-order rate constant is given by
eq 2.

Kopsa= K5 TOH ] + K™2° + K20 + K, +

=KB BH — (( 1B kBH BH _
KE[B] + K[BH] (2) Konsa= Ki[B] + KZ4[BH] = ((ky K™/, ) + K23 )[BH]

K (KSYay, ) + 1)[BH] (3)

Reaction with KOH. Rates of deprotonation &M by OH~ - 9y
were measured in the range [KOH] 0.001-0.1 M. Plots of with K being the acidity constant of BH arl(f the acidity
kobsaVs [KOH] were linear. From the slopé$™ was obtained; ~ constant of9-M. The slopes of the plots dépsq vs [BH] are

the intercepts were too small to yield an acculgt€ value!! thus given by eq 4. These slopes are plotted,ysin Figure 2.
Reaction with Morpholine Buffers. Rates of the reaction
of 9-M with morpholine buffers were determined in the pH slope= K ((KS™ay,,) + 1) (4)

range 7.73-9.42. Most experiments were run in the “reverse

: BH CH ; B
(11) According to eq 2, the intercept is given I§{° + k™2° but, as will They yield thek™; andK." values reported in Table k; was
become apparent below,* > K2, obtained as} K KEH.
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Table 1. Summary of Rate Constants anipvalues in 50% MeCN-50% Water at 25C?
(COXCr=C(SCH)CHj (9-Cr, pkSH = 9.05+ 0.03p (COBW=C(SCH;)CHs (9-W, pKS" = 8.37+ 0.06)

B pKEH K, Mtst KB, M-tst KB, Mtst KB, M-ts2
OH- 16.64  (1.20+ 0.08)x 10° (8.30+ 0.08) x 1074¢ (8.37+ 0.09) x 1C? (1.21+ 0.09) x 1074¢
H,0 —1.44  1.61x 10°2°¢ (1.73+ 0.08) x 107 5.23x 10°2¢ (1.17+ 0.05) x 107
piperidine 11.01  (5.2% 0.15)x 1C® 55.0 (1.07+ 0.03) x 10* 24.7
piperazine 9.97  (1.4&0.03)x 1C° 160 (2.95+ 0.03) x 1C° 74.3
HEPA 9.33  793+13 398 (1.06+ 0.02) x 1C° 117
morpholine 8.70 441 946 30 927 414+ 55
n-BuNH, 1040  (1.05+0.03)x 1C® 45 (2.294 0.02) x 10° 20.4
MeOCHCHNH,  9.39 380+ 7 166 729+ 28 66.4
HoNCOCHNH, 8.14 141 240+ 12
EtOCOCHNH, 7.43 399 (1.62£ 0.02) x 10° 124 (1.08+ 0.02) x 108
NCCH.NH, 529 381 (2.09 0.03) x 10* 8.88 (1.024 0.01) x 10*
PhNH, 4.21 50.8 (7.0 0.25) x 10
CHyCO,™ 593 5.84 (7.36+ 0.15) x 10° 16.3 (4.27+ 0.06) x 108
CICH,CH,CO, 5.44  4.43 (1.72+ 0.10) x 10* 13.9 (1.13+ 0.03) x 10*
MeOCH.CO, 473  1.47 (2.95 0.02) x 10 4.22 (1.76+ 0.08) x 10*
CICH,CO;~ 4.03 1.05 (9.58 0.05) x 10* 2.97 (6.204+ 0.12) x 10*

a Standard deviation given for rate constants determined directly,kf.e‘or strongly basic andé'f for weakly basic buffers? Kinetically
determined KEH. ¢In units of s*. ¢ HEPA, 1-(2-hydroxyethyl)piperazine.

400

Spectrophotometric ;KEH Determination. In contrast to
the situation with most alkoxy carbene complexes, the anions
of 9-M were stable for a long enough time to allow a spec-

trophotometric KS™ determination according to eq 5 wilker 300
log(Acy — AY(A — Ac) = pH — pKZ" (5) T

y B 200
being the absorbance at pd ng , Athe absorbance at pH 2
E

pKS", andAc- the absorbance at p#+ pKS™. Plots according
to eq 5 in phosphate and borate buffers spanning a pH range
from 7.0 to 10.45 showed good linearity with slopes of 1400 100
0.02 ©-Cr) and 0.99+ 0.02 ©-W), respectively, yielding
pKS" = 9.00 4+ 0.21 ©-Cr) and 8.43+ 0.19 ©-W), respec-
tively. These ES™ values are in excellent agreement with the
kinetically determined values 9.G68 0.03 for9-Cr and 8.37+ 0 5 10 15 20 25
0.06 for 9-W, respectively. In view of the smaller standard
deviations of the kinetically determined™ these latter ones
will be adopted.

Reactions with Various Amine and Carboxylate Buffers.
Additional kinetic data were obtained with a series of primary
aliphatic amines, secondary alicyclic amines, and carboxylate >, 5 on CH My HO
buffers. Depending on thei", reactions were either run in kgzl ZCHkl Kw/ Kg" 2 while k*” was calculated a,™ =
the forward directiongM + B — 9-M~ + BH) or the reverse K1 Ky
direction @-M~ + BH — 9-M + B). For any given base, these
experiments were performed at one pH only. In all cases, the
plots of kopsa VS [B], or kopsa VS [BH], were linear, with slopes
given by eq 6 (plots vs [B]) or eq 4 (plots vs [BH]), respectively.

105xa,+, M

Figure 3. Intercepts vay+ according to eq 7 for the reactions®Cr-
(©) and9-W~ (@) with carboxylate buffers.

small for a determination dk™2° but k™2° can be obtained as

Discussion

Mechanism. In view of the high electrophilic reactivity of
the carbene carbon of Fischer carbene compléttespossibility
that the reactions 09-M with bases represent nucleophilic
additions or substitutions needs to be considered. Nucleophilic

slope= K&(1 + (a,./ KS" 6
P i @ 1)) ©) substitution, to form10-M (reaction with OH) or 11-M

k; andk®] values were obtained from the slopes in conjunc- OH NR'R”
: ; CH
tion with the known ;. (C0)5M=C: o)M=,

For the reaction with most of the amines, the intercepts of CH, CH,3
the plots ofkopsq Vs [B] or [BH] were negligible, but for the 10-M 11-M
reactions with the carboxylate buffers, they were significant and
showed an increase with decreasing pH. This is consistent with (reactions with RR"NH) can be excluded based on the fact that,
eq 7. Plots of these intercepts &g+ are shown in Figure 3. after reaction with base, acidification of the solution leads to
virtually quantitative recovery d-M. Nucleophilic substitution
with aminesdoesoccur but on a slower time scale and is
observable as a second kinetic process; a detailed account of

intercept= K" + K ja,,, @)

They yield kﬁl values from the slopes; the intercepts are too  (12) Ky = 15.19 in 50% MeCN-50% water:3
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these reactions will be given lat&r Reversible nucleophilic
addition, to form adducts such 42-M or 13-M can also be

SCH,

_ SCH, ) _ ocH,
(CO)sM—C—CHj (CO)M—C—CH; (CO)SM—C\\CH
OH NR'R” 2
12-M 13-M 2.Cr M =Cp)
2.W M=W)

excluded as the source of the observed process because thesg
adducts represent intermediates in the substitution reactions and™

no accumulation of such intermediates is observed in the
substitution reaction®'. Furthermore, in the case @8-M, the

rate law for the conversion df3-M back to reactants would be
inconsistent with the observed rate law (eq 2). Additional

arguments against a substitution mechanism have been presented

for the reactions of2-M with amines where an analogous
situation existd?3

One feature that distinguishésM from 2-M, or 1-M in
general, is that the aniorsM~ do not decompose as rapidly
as2-M~.1315|n the case oR-M~, the decomposition leads to
(COBMOH™ and CHCH=0 as end product®. The decom-
position reaction of9-M~ will be the subject of a future
publication* A practical consequence of the relatively slow
decomposition 08-M~ is that it facilitated the kinetic study of
the reactions o®-M~ with acidic buffers and also allowed
spectrophotometricK™ determinations. Witl2-M~, its life-
time was so short that the reaction with acidic buffers had to
be carried out in a double-mixing stopped-flow apparatus and
no spectrophotometrickf" determination was possiblé16

pKEM Values. For 9-Cr we have determined &§" = 9.03
and for9-W a ™ = 8.37. This compares with]" = 12.50
for 2-Cr'® and KS" = 12.36 for 2-W.16 Two features are
noteworthy. (1) The thiomethoxy complexes are-3450 K,
units more acidic than the corresponding methoxy complexes.
(2) The effect of the metal is significantly larger on thlégﬁ'
of the thiomethoxy complexesApKS™ = 0.66) than on the
pKSH values of the methoxy complexegKS™ = 0.14), with
the W complex being more acidic in both cases.

The increased acidity of the MeS complexes is reminiscent
of the enhanced acidity of GOSEt (), = 21.0)}"2compared
to that of CHCOOE (K, = 26.5)1"" It can be mainly attributed
to the smallerr-donor effect of the MeS group compared to
the MeO group, as elaborated upon in the Introduction. A
possible contributing factor may be an enhanced stabilization
of the anion §-M~) by the MeS group. Such carbanion
stabilization is known to be important when the sulfur substituent
is on ana-carbon and has been attributed to a polarizability
effect and/or negative hyperconjugati&nz* an earlier view

(13) Bernasconi, C. F.; Sun, W. Am. Chem. S0d.993 115 12526.

(14) Bernasconi, C. F.; Ali, M., to be published.

(15) Bernasconi, C. F.; Flores, F. X.; Sun, W.Am. Chem. S0d.995
117, 4875.

(16) Bernasconi, C. F.; Sun, VOrganometallics1997, 16, 1926.

(17) (a) Amyes, T. L.; Richard, J. B. Am. Chem. S0&992 114, 10257.
(b) Amyes, T. L.; Richard J. RI. Am. Chem. S0d.996 118 3129.

(18) Streitwieser, A., Jr.; Williams, J. B. Am. Chem. Sod.975 97,
191.

(19) Lehn, J.-M.; Wipff, GJ. Am. Chem. Sod.976 98, 7498.

(20) Bernardi, F.; Csizmadia, |I. G.; Mangini, A.; Schlegel, H. B,;
Wangbo, M.-H.; Wolfe, SJ. Am. Chem. Sod.975 97, 2209.

(21) (a) Schleyer, P. v. R.; Kos, A. Jetrahedron1983 39, 1141. (b)
Schleyer, P. v. R,; Clark, T.; Kos, A. J.; Spitznagel, G. W.; Rohde, C;
Arad, D.; Houk, K. N.; Rondan, N. Gl. Am. Chem. S0d.984 106, 6467.

(22) Hopkinson, A. C.; Lien, M. HJ. Org. Chem1981, 46, 998.

(23) Wiberg, K. B.; Castejon, Hl. Am. Chem. S0d.994 116, 10489.

(24) Bernasconi, C. F.; Kittredge, K. W. Org. Chem1998 63, 1944.

Bernasconi and Ali

_ XM
— (CO)Cr—C
2
— XMe
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5 3
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Figure 4. Schematic representation of energy levels of the various
species involved in the ionization &M and 2-M. It explains why

the tungsten complexes are more acidic than the chromium complexes
(anions more stable) but theK@” difference between the chromium
and tungsten complex is larger for the MeS than for the MeO derivatives
(less stabilization of the neutral carbene complexesalpnation for

the MeS derivatives).

that anion stabilization is the result of-¢ 7-resonanc® 28 is

no longer advocated. In the present case, the MeS group is not
on thea-carbon and hence probably too far removed from the
anionic charge to have a significant effect; if there is an effect
at all it may be offset by the stronger field/inductive effect of
the MeO group.

The notion that the reduceddonor effect of the MeS group
is the main factor is supported by the fact that tH&S'H
difference betweer2-Cr and 9-Cr (3.47 K, units) and the
pKSH differences betweef and 2-Cr(>10.3 [K, units) give
an excellent correlation with the'Rsubstituent constarffsof
MeS (—0.83), MeO (1.07), and EN (—2.08).

The larger effect of the metal on th&" values of the MeS
complexes than on the MeO complexes may also be related to
the reducedr-donor strength of the MeS group in the following
way. The higher acidity of the tungsten complexes implies that
the (CO}W moiety stabilizes the anionic charge more ef-
fectively than the (CQCr moiety. For the MeO complexes,
this effect is largely offset by a similarly enhanced stabilization
of the neutral tungsten carbene complex because of a major
contribution of the resonance structug which places a
substantial negative charge onto the (MD)noieties of2-M.

For the MeS complexes, the contribution &Ff is smaller,
placing less negative charge onto the (gD)noieties of9-M.
Hence the difference in the stability 8Cr and9-W is relatively
small and the K" difference betwee8-Crand9-W is a more
accurate reflection of the different stabilities of the respective
anions. The situation is shown schematically in Figure 4.

Rate Constants All proton-transfer rate constants determined
in this study are summarized in Table 1. The range of buffers

(25) Eliel, E. L.; Hartmann, A. A.; Abatjoglou, A. Gl. Am. Chem. Soc.
1974 96, 1807.

(26) Wolfe, S.; LaJohn, L. A.; Bernardi, F.; Mangini, A.; Tonachini, G.
Tetrahedron Lett1983 24, 3789.

(27) Bernardi, F.; Mangini, A.; Tonachini, G.; Vivarelli, B. Chem.
Soc., Perkin Trans. 2985 111.

(28) Bordwell, F. G.; Bares, J. E.; Bartmess, J. E.; Drucker, G. F.;
Gerhold, J.; McCollum, G. J.; Van der Puy, M.; Vanier, N. R.; Matthews,
W. S.J. Org. Chem1977, 42, 326.

(29) Hansch, C.; Leo, A.; Taft, R. WChem. Re. 1991, 91, 165.
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for which rate constants could be obtained is much larger than
for 2-Cr and 2-W. For 2-Cr and 2-W, the k%] values for
buffers with a K" below that ofN-(2-hydroxyethyl)pipera-
zine (K" = 9.53) were too high to allow determinations by
the stopped-flow methot16 With 9-Cr and 9-W, the k2!
values are much lower and within experimental reach for buffers
as acidic as CICKCOH (pKE" = 4.03). This is mainly the
result of the lower th values; a contributing factor is the
lower intrinsic rate constari for the reactions 08-Cr and9-W,
as discussed below.

Comparison betwee®Cr and9-W shows that fo9-W the
k? values are higher and thHeé] values are lower than for
9-Cr; i.e., both thek® andk® contribute to the higher acidity
of 9-W. There is, however, a shift in tH&(W)/ ko(Cr) ratios
from values of~3 for weakly basic buffers, including water,
to ~2 for highly basic ones; for the®}!(W)/k?}(Cr) ratios the
shift is from ~0.6 for weakly basic buffers te-0.4 for highly

J. Am. Chem. Soc., Vol. 121, No. 13, 3048

log(K? iq)

K- pK M+ log(p/a)

basic ones. These shifts suggests a change in transition-stat€igure 5. Brgnsted plots for the reaction 8W with primary aliphatic

structure toward a more reactant-like character inkheirec-
tion, in accordance with the Hammontleffler postulate’233
For OH as the base, th&X™(W)/ k2H(Cr) ratio is actually
slightly smaller than unity (0.70) and"2(w)/ k*2°(Cr) =
0.146. This implies not only a continuation of the trend seen

with the other bases but the operation of some additional factor

that leads to a reversal of the reactivity ®Cr and9-W. At

this point, it is unclear what this factor is but it may be related
to the unusually strong solvation of OH* This solvation
manifests itself inkY" values that are much lower than one
would expect based on the basicity of OHa well-known
phenomenon in proton transfers or nucleophilic reactions
involving OH~.3435 This is because the partial desolvation of
OH™ required for the reaction to occur contributes substantially

to the reaction barriers, and subtle differences in the degree of

desolvation at the transition state for the reaction8-@f and

9-W may be responsible for the observed reversal in reactivity.
Brgnsted Plots and Intrinsic Rate ConstantsBrgnsted plots

for the reaction oB-W with the primary aliphatic amines, the

amines @), secondary alicyclic amine®j, and carboxylate ion€X).
Points of intersection between Brgnsted lines and the vertical line at
pKE" — pkSH + log(p/g) = O correspond to logo; p is the number of
equivalent protons on BH amgithe number of equivalent basic sites
on B.

comment. The focus of our discussion is on the intrinsic
constants? The intrinsic rate constants for the deprotonation
of Fischer carbene complexes are typically quite low when
compared with logk, values for the deprotonation of other
carbon acid$;only proton transfers involving nitroalkanes have
significantly lower intrinsic constants. The lok, for the
reactions of-Cr and9-W (Table 2) are well within the range
of log ko, ~ 1.4—3.7 found for the deprotonation of other Fischer
carbene complexes by amine¥.

The low intrinsic rate constants have been attributed to the
extensive resonance stabilization of the respective anions by
charge dispersion into the (C§M) moiety81316As is true for
all reactions that lead to resonance-stabilized prodiidise
development of this resonance effect can be assumed to lag

secondary alicyclic amines, and the carboxylate ions are shownpahing charge transfer at the transition state (eff &)s a

in Figure 5; the corresponding plots f8+Cr (not shown) are
quite similar. Brgnsted.- andj-values as well as lok, values
for the intrinsic rate constarifsare summarized in Table 2, along
with the corresponding parameters for the deprotonati@@f
and2-M.

The Brgnstedr- andf-values (Table 2), which are all within
the usual range for proton transfers from Fischer carbene
complexe*16 and many other carbon aciéfs3’ require little

$
XCH; XCH; =
/ — XCH
(CO)SM:C\ + BY === [(CO)M=C_5_ —_— (Co)sM—C’ 3+ I
CH “CH ) D (8)
3 C 2 CH,

"
H
]'3v+8

14 15

consequence, the resonance stabilization of the transition state

(30) The intrinsic rate constant is the rate constant in the absence of ais disproportionately small relative to its effect on the anion,

thermodynamic driving forcét To correct for statistical factors, one usually
defines the intrinsic rate constant for proton transfekas K/q = k2 /p
when p<BH — pkSH + log(p/g) = 0 with g being the number of equivalent
basic sites on B and the number of equivalent protons on BH.

(31) (a) Marcus, R. AAnnu. Re. Phys. Chenil964 15, 155. (b) Marcus,
R. A. J. Phys. Cheml1968§ 72, 891.

(32) Hammond, G. SJ. Am. Chem. S0d.955 77, 334.

(33) Leffler, J. E.; Grunwald, ERates and Equilibria of Organic
ReactionsWiley: New York, 1963; p 156.

(34) Kresge, A. JChem. Soc. Re 1973 2, 475.

(35) (a) Hupe, D. J.; Jencks, W. P.Am. Chem. So0d977, 99, 451. (b)
Jencks, W. P.; Brant, S. R.; Gandler, J. R.; Fendrich, G.; Nakamurh, C.
Am. Chem. Sod 982 104, 7045.

(36) (a) Bell, R. PThe Proton in Chemistry2nd ed.; Cornell University
Press: Ithaca, NY, 1973; Chapter 10. (b) Kresge, A. RPrston-Transfer
ReactionsCaldin, E. F., Gold, V.; Eds.; Wiley: New York, 1975; p 179.

(37) (a) Bernasconi, C. F.; Paschalis,J?Am. Chem. S0d.986 108
2969. (b) Bernasconi, C. F.; Terrier, ..Am. Chem. Sod987, 109, 7115.
(c) Bernasconi, C. F.; Kliner, D. A. V.; Mullin, A. S.; Ni, XJ. Org. Chem.
1988 53, 3342.

which results in a high intrinsic barrier or low intrinsic rate
constant?®

Effect of #-Donor Group on the Intrinsic Rate Constants.
The logk, values for the MeS derivatives are substantially lower
than for the MeO derivatives; the difference~4.0 log unit
for the chromium complexes and0.6—0.7 log unit for the

(38) An exceptionally low logk, = —0.11 has been found for the
deprotonation ofl-M (R = R = R"= CHz, M = Cr).3°

(39) Bernasconi, C. F.; Sun, W.; GaeRo, L.; Yan, K.; Kettridge, K.
J. Am. Chem. S0d.997, 119, 5583.

(40) (a) Bernasconi, C. Acc. Chem. Red4987, 20, 301. (b) Bernasconi,
C. F.Acc. Chem. Red.992 25, 9. (c) Bernasconi, C. FAdv. Phys. Org.
Chem.1992 27, 119.

(41) For emphasis, the negative charge of the transition siafleig
shown completely localized on the-carbon, which is probably an
exaggeration. At the same time, the representation of the negative charge
of the anion 15) emphasizes its delocalization into the CO ligands.
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Table 2. Summary of Brgnsted- and-Values and of lods, for the Intrinsic Rate Constants in 50% Me€B0% Water at 25C

carbene complex base type B o log ko
CO)Cr=C(SCH;)CHjs (9-Cr)2 RNH, 0.48+ 0.04 0.52+ 0.04 2.09+ 0.08
(
RoNH 0.45+ 0.06 0.55+ 0.06 2.61+0.10
RCOO 0.44+ 0.06 0.56+ 0.06 2.17+0.24
(COlBW=C(SCH;)CHjz (9-W)2 RNH; 0.47+0.03 0.53+ 0.03 2.17+ 0.05
RoNH 0.49+ 0.09 0.51+ 0.09 2.50+ 0.18
RCOO 0.43+0.08 0.57+ 0.08 2.27+0.27
(CO)XCr=C(OCH;)CHjs (2-Cr)P RNH, 0.61+ 0.06 0.39+ 0.03 3.04+ 0.17
RNH 0.62+ 0.03 0.38+ 0.03 3.70+ 0.07
(COW=C(OCH;)CHs (2-Cr)° RNH, 0.64+0.03 0.36+ 0.03 2.73£ 0.07
RNH 0.49+ 0.01 0.51+ 0.01 3.18+ 0.02

aThis work.? Reference 13¢Reference 16.

tungsten complexes. There are several factors that may con-moiety toward its electronic configuration in the anion. This
tribute to these differences. should result in more charge being delocalized into the ¢UIO)

(1) The MeO and MeS groups being closer to the negative moiety at the transition state, leading to a lowering of its energy.
charge at the transition stat&4j than in the anionX5), their The MeO group being a strongerdonor than the MeS group,
electron-withdrawing inductive/field effect should result in a this will lead to a greater preorganization and hence to a lower
transition-state stabilization that is disproportionately strong intrinsic barrier (higheik,) for the deprotonation of the MeO
relative to their stabilization of the anion. This will reduce the complexes.
intrinsic barrier of the reaction or increase the intrinsic rate  Which of the two effects will prevail? There exist precedents
constant, as discussed in more detail elsewHesmce the MeO for either situation. For example, in the reaction of nucleophiles
group exerts a stronger inductive/field effect than the MeS with p-Me;N- and p-MeO-substitutegs-nitrostyrenes, the pre-
group?® the increase irk, for the MeO complexes will be  organization effect o16* is dominant and leads to an increase
greater.

(2) The larger size of the MeS group may lead to more steric NMe,
crowding at the transition of the reactions of the MeS deriva- Me,N Me,N*
tives, thereby lowerinds, for the MeS relative to the MeO
complexes. In general, steric effects on proton transfers from S H H
carbon acids are only significant when taecarbon is highly /c:c\/ /C—C( H—C— \(
substituted, e.g., HCXYZ or ¥€XY but not HsCX.*> However, H NO, H “no; r|~:u NO,
in view of the large size of the (CEM groups, a steric effect 16 16t 17
on the proton transfer even from methyl carbene complexes
cannot be dismissed. An indication that steric effects are indeedin the intrinsic rate constant for formation d7.4> On the other

not negligible comes from the comparison of legfor sec- hand, in the reaction of nucleophiles with tpeMe,N and
ondary alicyclic amines (RIH) with log k, for primary aliphatic p-MeO derivatives of benzylidene Meldrum’s acfd ben-
amines (RNH). A difference ofAlog k, = log ke(R:NH) — zylidenemalononitrilé/ and benzylidenemalonaldehytfethe

log ko(RNH,) in the order of 0.8-1.0 is considered normal for  effect of the early loss of resonance is dominant, leading to a
sterically unhindered proton transfers while smaller differences decreasen k, for nucleophilic addition.

imply the operation of a steric effettin the present situation, On the basis of these results, it was argued thatrtdenor
the Alog k, values are 0.52- 0.18 for 9-Cr, 0.33+ 0.23 for leads to an increase ik, for electrophiles activated by the
9-W, 0.66 £+ 0.24 for 2-Cr, and 0.45+ 0.09 for 2-W, strongestr-acceptor (NQ) but to a decrease ik, for electro-

respectively, i.e., significantly below the normal values of0.8  philes with weakerz-acceptord>“8 Regarding the Fischer
1.0. They indicate the operation of a steric effect in the reactions carbene complexes, the-acceptor strength of the (CED)

of both the MeO and the MeS complexes, but the lowkgy moieties appears to be lower than that of a nitro group, as judged
k, values for the MeS complexes are consistent with a stronger from the fact that typical values fdg, for the deprotonation of
steric reduction ok, for the MeS complexes. Fischer carbene complexes are higher than for the deprotonation

(3) The z-donor effect of the MeO and MeS groups may Of nitroalkanes? This would suggest that the-donor group
also affect the intrinsic rate constants although it is more difficult should lowerk,, a notion that is consistent with the dependence
to predict whether the net result would be an increase or aof k, on the metal, as discussed below. Note that since
decrease if,. This is because there are two opposing factors. experimentallyk, for the MeO derivatives is higher than for
One is the loss of the resonance stabilization of the neutral the MeS derivatives, the-donor effect that lowers the(MeO)/
carbene complexesst), which must follow the general rule  Kky(MeS) ratio is apparently more than offset by #MeO)/
that applies to resonance effects, i.e., its loss must be ahead ok/(MeS) ratio enhancing inductive/field and steric effects.
proton transfer at the transition st4#ehis reduce%, and more Effect of Metal on the Intrinsic Rate Constants. For the
so for the MeO complex for which the resonance stabilization MeS derivatives the lok, values are, within experimental error,
is stronger. The other factor is an attenuation of the lag in independent of the metal while for the MeO derivatives kgg

carbanion resonance developmgm)(by the z-donors. This (42) Jencks, W. PCatalysis in Chemistry and EnzymologycGraw-
comes about because the contributior8ofto the structure of Hill: New York, 1968; p 178.

the carbene complex leads to a preorganization of the{@0) (45) (a) Bernasconi, C. F.; Renfrow, R. A.; Tia, P.RAm. Chem. Soc.
1986 108 4541. (b) Bernasconi, C. F.; Zitomer, J. L.; Schuck, DJF.
(42) For a recent review, see: Reference 40c. Org. Chem. Socl992 57, 1132.

(43) The higherk, values for secondary amines is a well-known (46) Bernasconi, C. F.; Panda, Nl. Org. Chem1987, 52, 3042.
phenomenon caused by differences in the solvation energies of the respective (47) Bernasconi, C. F.; Killion, R. B., J3. Org. Chem1989 54, 2878.
protonated amines and the fact that at the transition state solvation of the  (48) Bernasconi, C. F.; Flores, F. X.; Claus, J. J.; kod. J. Org.
incipient protonated amine lags behind proton tran¥fetoc.44 Chem.1994 59, 4917.
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for the chromium complex is somewhat higher than for the Experimental Section
tungsten complex. This pattern appears to be related to the
“inverse” pattern for the &g” values which show a greater
depende_nce_ on the_ metal _for the MeS denv_atlves than for thereaction of the corresponding methoxy complex2€( and2-W) with
MeO derivatives. It is consistent with the notion that the effect NaSMe, using the procedure of Lam and SeriThe products were
of the sz-donor groups is to lower the intrinsic rate constants jgentified by NMR (250 MHz, CDG)) as follows: For9-Cr, 'H NMR
because of the requirement that the loss of the resonances 268 (s, 3H, CHS) and 3.53 (s, 3H, C4t5° 1C NMR 6 26.87 (CHS),
stabilization of the carbene compleXgsis ahead of the proton  46.03 (CH), 216.0 (CO, cis), 227.4 (CO, trans), 366.9<(CFor9-W,
transfer at the transition state. For the MeO derivatives, the 'H NMR ¢ 2.54 (s, 3H, CHS) and 3.34 (s, 3H, C§;>° C NMR &
resonance stabilization of the neutral tungsten complex is 27.46 (CHS), 48.07 (CH), 197.8 (CO, cis), 207.6 (CO, trans), 332.6
substantially stronger than for the chromium complex (Figure (C=). UV/visible (50% MeCN-50% water): 9-Cr, Amax 448 nm ¢

4). This implies that the reduction ik, arising from the — 8450);9-W, Zrna432 nm ¢ 13 300). Mp 36-30.5°C (iit.* 34 °C) for
resonance loss at the transition state is also more pronouncedCr and 33-34°C (lit.>* 34 °C) for O-W.

leading to logks(W) < log ke(Cr). For the MeS derivatives, the 1-(2-hydroxyethyl)plpera2|r'mjbutylamlne, morphollne) were _reﬂuxed
difference in the resonance stabilization of the chromium and °Ver Na/CaH and freshly distilled. Piperazine was recrystallized from

tungsten complex is small (Figure 4), and so is the difference water. The other amines were in their HCI salt form and were
. tﬁ ducti P 'h | Y W N | C recrystallized from water or wateethanol. Chloroacetic acid and
in the reduction oko; hence logke(W) ~ log ko(Cr). 3-chloropropionic acid were recrystallized from water; acetic and

methoxyacetic acid were used as received. Acetonitrile (Fisher Scien-

tific) was used as received. KOH and HCI solutions were prepared
(1) The MeS carbene complexes are-3450 K, units more using Dilut It from Baker Analytical. Water was taken from a Milli-Q

acidic than the corresponding MeO carbene complexes. Thepurification system.

main reason is the reduced stabilization of the neutral MeS Kinetic Runs and Spectra.Stock solutions of the carbene complexes

carbene complexes due to the weaketonor effect of the MeS ~ Were relatively stable in pure acetonitrile and were used to make
group. appropriate solutions in 50% MeCMNo0% water prior to use. Typical

concentrations 09-Cr and9-W for kinetic runs were (59) x 1075
M. All kinetic experiments were performed in an Applied Photophysics

. . . ®ox.17Mv stopped-flow apparatus. The ionic strength was maintained
complexes. This, again, can be attributed to the weaidmnor at 0.1 M with KCI. Kinetics were followed at thinay of the carbene

effect of the MeS group. For the MeO carbene complexes, the complex. For the reactions run in the direct@h~ + BH — 9-M +
strongz-donor effect places a large fraction of negative charge B, the anion was first generated in the presence of 0.004 M KOH outside
on the (CO3M-moiety so that the greater stabilization of the the stopped-flow apparatus and then immediately injected into one of
negative charge by the (CQY moiety compared to the (CeQr the stopped-flow syringes for a subsequent stopped-flow experiment.
moiety in the anion is largely compensated by a similar effect For these experiments,'the buffer solutions were prepared in a manner
in the neutral carbene complex. For the MeS carbene complexesthat they would neutralize the KOH used to generate the anion. The
this compensating effect is smaller (Figure 4). ki values were ba§ed on 11l runs at [KOH] b_etween 0.001 and 0.1 M.
(3) The k?(W)/ k'i’(Cr) ratios tend to become smaller with For the re_actlon Wlth morpholine buffers, eight runs at total buffer
. . e . ) concentrations ranging from 0.01 to 0.2 M were conducted at eight
Increasing baS|C|t_y of the t.)l.Jffer base, Sl_Jggestmg_a shift tpward different pH values. The reactions with the other buffers were run at
a more reactant-like transition state. This is consistent with the

one pH only, with seven to eight different total buffer concentrations
Hammond-Leffler postulate. ranging from 0.01 to 0.1 or 0.2 M.

4) Th_e intri_nsic rate constants for proton tr_ansfer are quitt T pH was measured in mock mixing experiments with an Orion
low, as is typical for reactions that lead to highly resonance 611 pH meter equipped with a glass electrode and a Sure Flow

stabilized anions. . (Corning) reference electrode and calibrated with standard aqueous
(5) The intrinsic rate constants for deprotonation of the MeS buffers. Actual pH values were calculated by adding 0.18 to the

carbene complexes are substantially lower than for deprotonationmeasured pH, according to Allen and Tidwll.

of the MeO carbene complexes. This is attributed to a combina-  The absorption spectra were recorded on a Hewlett-Packard 8452A

tion of a decrease ik, for the MeS derivatives by a steric effect diode array UV-visible spectrophotometer.

and an increase ik, for the MeO derivatives by the stronger

electron-withdrawing inductive/field effect of the MeO group. Acknowledgment. This work was supported by Grant CHE-

There may be a small opposing effect on kb@eO)k,(MeS) 9734822 from the National Science Foundation.

ratios due to the stronger-donation by the MeO group, but

the first two factors are clearly dominant. JA984274M
(6) The k, values for the MeS carbene complexes are

Materials. The (thiomethoxymethylcarbene)pentacarbonyl com-
plexes of chromium and tungste@-Cr and9-W) were prepared by

Conclusions

(2) The ngH values of the MeS carbene complexes show a

(49) Lam, C. T.; Senoff, C. RJ. Organomet. Chenl974 70, 273.

independent of the metal while for the MeO complekg€r) (50) ThelH NMR spectra are very similar to those reported by Fischer
> ko(W). This may be attributed to the strongeidonor effect etal?lin CDCl: 9-Cr, 0 2.65 (s, 3H, CHS) and 3.50 (s, 3H, C#); 9-W,
of the MeO group which leads to a larger reductiorkgf/V) 0 2.94 (s, 3H, CHS) and 3.60 (s, 3H, Cél

o 51) Fischer, E. O.; Leupold, M.; Kreiter, C. G.; Mer, J. Chem. Ber.
than ofky(Cr) from the loss of resonance stabilization at the 1952 )10'55C15%r_ eupo rerer em. =er

transition state. (52) Allen, A. D.; Tidwell, T. T.J. Am. Chem. Sod.987, 109, 2774.



