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Alkyl substitution was found to have only small effects on the thermodynamic 
and kinetic acidity and on the reactivity of anions generated ar to the carbene 
carbon atom in metal-carbene complexes. The thermodynamic acidities of 
(Z-oxacyclopentylidene)pentacarbonylchromium(O), I, and of (!%methyl-2-oxa- 
cyclopentylidene)pentacarbonylchromium(O), II; were found to be nearly equal. 
The rate of the base catalyzed deuterium exchange of the less substituted com- 
plex I, is 1.57 times faster than that of II. The react%* of the anions generated 
from the less substituted complex I is 2.6-5.2 times less than that of anions 
generated from II. 

Introduction 

The’evolution of metal-carbene complexes into useful reagents for organic 
synthesis [1,2] requires the development of general synthetic methods for the 
preparation of a wide variety of metal-carbene complexes. Recently we demon- 
strated that anions generated Q to the carbene carbon atom of metal-carbene 
complexes are useful synthetic intermediates for the elaboration of metal-car- 
bene complexes [3-6]. These carbene anions are easy to generate from metal- 
carbene complexes using relatively mild bases such as NaOCH3 [7,8] *; for ex- 
ample, in THF (methyhnethoxycarbene)pentacarbonylchromium(O) is as acidic 
as p-cyanophenol which has a pR, of 8 in water [S]. In spite of their great sta- 
bility, carbene anions are ‘moderately reactive toward reactive electrophiles 
such as epoxides [4], cu-bromoesters [4], aldehydes [3] and chloromethyl meth- 
yl ether [5]_ Carbene anions are, however, unreactive towards primary alkyl 
halides, and saturated ketones and esters. 

In the course of studying the reactions of carbene anions with .&&mph&s 

* Triethylamine has been SIIOWII to deprotonate the cationic nickel carbene compler. [tron.+ cscls_ 
<PPhMel)*NiC<OCH3)CHB]’ C104-[9] _ 
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WC? have found.that dkkylation is a severe problem-which detracts fknthe 
utiiity -of this synthetic’method [4,5]_ For example, the reaction of .the &nion 
of. (methylinethoxs-~ene)pentacarbonylchro(O) with methyl bromo-- 
acetategives a 2 : 1. ratio of mono- and dialkylated material [4]. Presumabljr the 

+ 

dialkyiation proceeds via reaction of the initial mlated product with a base to 
produce a more substituted csrbene anion which is then further alkylated. Dial- 
kylation would be favored; (1) if the more substituted carbene anion were great- 
ly favored at equilibrium and/or (2) if the more substituted carbene anion were 
kinetically much more reactive_ To understand the reasons underlying the dial- 
kylation of carbene anions, we have studied the kinetic and thermodynamic sta- 
Eli@ and the kinetic reactivity towards alkylating agents of two met&-carbene 
complexes differing only in the degree of substitution at the carbon atom Q! to 
the carbene atom. The compounds chosen for the study were the cyclic carbene 
complexes I and II. 

Resuits 

Synthesis 
(2-Oxacyclopeniylidene)pentacarbonylchromium(O), I, was obtained in 58% 

yield by reaction of (CO)&rC(OCH3)CH3 with ethylene oxide [4]. (5-Methyl-2 
oxacyclopentylidene)pentacarbonylcbromium(O), II, was prepared iu 24% yield 
by reaction of (CO)&rC(OCH3)CH~CHs with ethylene oxide. 

OCH3 

< 

(11 n-BuLi 
(CO&p- 

(2) 0 
CH2R /\ 

R 

R i H>CH3 (I) R = H 
(II) R = CH3 

The bis(triphen’ylphosphine) iminium (PPN) salts, IA and IIA, were prepared 
in 76 and 40% yields, respectively, by treating the appropriate carbene com- 
plex with 1 equiv, of n-BuLi at -78°C followed by-l equiv. of PPN chloride in 
CHCls. 

The NMR and IR spectra of anions IA and IIA support the formulation of 
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(I) n-BULi, -78-C. THF 

(2) PPNCI , CHC13, -78°C 

(3 1 Et20 

<IA, R = H 

(IIA) R = CH, 

these species as vinylpentacarbonylchromium anions rather than as carbanions. 
The a-protons of I which appear as a triplet at 6 3.9 ppm are shifted downfield 
to 6 4.44 in anion IA; this is consistent with a change from protons on a saturat- 

-0 
0 

(CO)& \” - (CO15Cr 

=a - 

ed carbon to vinylic protons, (Fig. 1). Similarly, the methyl group of II at 6 
1.50 shifts downfield to 6 1.78 upon formation of the vinyl chromium anion 
IIA. The CO bands in the IR spectrum of I occur at 2063 and 1943 cm-l. Upon 
formation of anion IA, the stretching frequencies decrease to 2030,1901, and 
1850 cm-’ indicating a large =kcrease in negative charge on chromium upon for- 
mation of the anion. 

Thermodynamic acidity of I and II 
The thermodynamic acidity of carbene complexes I and II in THF at O°C was 

determined by adding various amounts of p-cyanophenol to a known concentra- 
tion of their PPN salts, IA or IIA, to establish an equilibrium as shown below. 
In separate experiments, the ratios IA/I and IIA/II were determined by infrared 
spectroscopy at 0°C. The IR spectrum of I has an intense (E = 3610) band at 
1943 cm-* while the IR spectrum of anion IA has an intense (E = 3770) band at 
1901 cm-‘, (Fig. 2). Since there is little overlap between these bands, an accurate 
IR analysis is possible. Similarly II has an intense band at 1943 cm-’ (e = 2990) 
while IIA has an intense band at 1901 cm-’ (E = 2930). 

PPN 

(‘I&R + 4 _ _ ‘=&/R + 6 

CN CN 
(IA) R = H (I) R = H 

(IIA) R = CH3 (A) (II) R = CHs (A-1 



Fig. 1.100 RfHz NMFC spectra of carbene complex I in CS2 (top). and of carbene anion IA in aCetOne_dg 

(bottom). 

Tk result-s in TabIe 1 indicate that carbene complex II has a slightly higher 
thermodynamic~aciditg compared to I-and that boi$ I and II have. &out &he 
same pK, as p-cyanophenol in THF. We have previously ‘found that (m&thy& 
methoxycarbene)pentac&bonylchromitim(O) also has a p$+imilti tS_ thtit of 
p-cyanophenol in THF [S]. : .:: 
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Fig. 2. Infrared spectra in THF at 0°C of carbene complex I <top). of carbene anion IA Tmiddle). and of a 
mixture of I and IA obtained by addition of one equivalent of p-cyanophenol to IA (bottom). 

Kinetic acidity of I and II 
The kinetic acidity of carbene complexei I and II was determined by measur- 

ing the rate of base-catalyzed exchange of the a-hydrogens with D20. Acetone/ 
D20 solutions (3.6 : 1.0 by volume) 0.42 M in I or II were monitored at 38°C 
by 100 MHz NMR. The data in Table 2 indicate an approximate first-order depen- 

TABLE 1 

RELATIVE THERMODYNAMIC ACIDITY OF I AND II 

Equiv_ 

p-cyanophenol 
IA/I= 'ir = CA-1 III = 

IIA/II = 
[A-l [Xl= 

CA1 CIA1 KxdKr 
KII = [A] [IL\] 

1.00 b 54 : 46 0.73 f 0.04 d 53 : 47 0.79 -c 0.04 1.08 f 0.05 

1.10 51 f 49 0.77 + 0.04 51 : 49 0.77 f 0.04 1.00 f 0.05 
l-20 48 t 52 0.83 -c 0.04 47 : 53 0.89 f 0.04 1.07 f 0.05 

1.05 * 0.05 

a This ratio was dete rmined from the IR spectra taken at 0°C in THF by observing the relative intensities 

of the bands at 1943 cm-l for I or II and at 1961 cm-l for IA or HA. b The initial concentration of p- 
cyanophenol is 0.024 M. =A represents p-cy&ophenol and A-is the conjugate base of p-cyanophenol. 
d- Standard deviation assuming an error of -c5%_ 



314 .- , 
. 

‘&ABLE 2 : 

BATE OF BAkE CATALYZED DEtiTERIUM EXCHANGE OF I m II = 

COD-1 <molfD I 11 I II kbs<I) 

1‘,3k,bs(SeC-1) = 103kobs(Sec-1) = kZG’+wc- ) 1 d k#-*sec-l)d kobs(n) 

5.8 x 104 = 1.71 f 0.13 1.22-k 0.04 2.945 0.22 2.1oco.o-i 1.4oi 0.11 
8.7 2.58 + 0.07 1.76 ?z 0.11 2.96 -+ 0.08 2.02 rf: 0.13 1.46 f 0.04 

11-6 3.88 f 0.26 2.08 2 0.13 3.33 f 0.22 1.80 f 0.11 1.86 i 0.12 

3.07 f 0.24 1.97 f 0.12 1.57 f 0.12 

a Reactions were performed in an NMR tube in 100 MHz NMR probe at 38°C using an acetone-d6/D20 solu- 
tion (3.6 I 1 by volume). b 5 pl of a 0.04 M NaOD solution_ = kobs is a pseudo first order rate constant. 

kobs = kz[OD-] where rate = k2 [OD-] [I]. d [II Or [III = 0.42 M. Each kobs listed is an average of three 
separate experiments. k2 is the calculated second order rate constant. 

dence of the rate of exchange on the base concentration. The rate of exchange 
of the less substituted carbene complex I is 1.40-1.86 times faster than that of 
II. This difference in kinetic acidity is small but well outside of experimental 
error. 

Relative reactivity of I and I. towards alkyiating agents 
The relative reactivity of the u-anions of I and II with three alkylating agents 

was determined by allowing a mixture of the or-anions of I and II (1 equiv.each) 
to compete for a limited amount of alkylating agent (0.3-0.8 equiv.). Samples 
of the reaction mixture were analyzed at regular time intervals by high pressure 
liquid chromatography_ 

(1) 2n-6uLi 

I + II 
-7ay.THF 

- I -I- II -I- K015Cr 
(2) 0.3 - 0.8 

1 equiv. 1 equiv. equiv. RBr ,O”C 

R = C,H,CH2Br mz) tICI, 

R = (CH~).-$I=CHCH.@- mn (PI 

R = UJC=CHCH@- 
Et!31 mI) 

The relative rates were calculated using eq. (1) to take into account differences 
in initial and final concentrations of substrate. X is the fraction of IV, VI, or 
VIII formed from I; and Y is the fraction of III, V, or VII formed from II. 

MII/~o) _ ln(1 - Y) 
kdkI = hl(I/Io) hl(l - X) (1) 

The a-anion of II was found to be more reactive than the cr-anion of I by a fac- 
tor of 3.26 for l:bromo-3-methyl-Z-butene, 2.60 for benzyl bromide, and 5.18 
for ally1 bromide. 

In a separate experiment, one equivalent of the ~-anion of II was reacted with 
a two-fold’excess of benzyl bromide and l-bromo-3-methyl-2-butene to give a 
61% yield of V and a 19% yield of III. Therefore, iathe reaction yith II, l-bromo- 
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RELATIVE REACTIVITY OF I AND II TOWARD ALKYLATING AGENTS = 

RBX- knh 
b Relative ReIative Relative 

reactivity reactivity reactivity 
with anion with NaOEt d with thiourea e 
OfIIC 

<CH&C=CHCH2Br 3.26 f 0.20 3.2 - - 

C&Iz$H~Br 2.60 f 0.10 1 1 1 
HaC=CHCH2Br 518 zk 0.65 - 0.59 0.25 

a Reactions performed at 0°C in THF with 1 equiv. each of the a-anions of I and II and with O-3-0.8 
equiv. of RBr. Products analyzed by high pressure liquid chromatography. b hIIlk is the ratio of the rate 
of reaction of the a-anion of II compared to the &anion of I with RBr. C Determined by addition of 2 
equiv. each of the alkyl bromides to 1 e&iv. of the anion of II. d VaIue obtained from ref. 10. e Value 
obtained from ref. 11. 

3-methyl-2-butene has a reactivity about 3.2 times as large as that for benzyl bro- 
mide. It is known that benzyl bromide is 1.7 to 4 times as reactive as ally1 bro- 
mide in various sN2 displacement reactions [lO,ll]. The reactivity of I and II 
with the three alkylating agents should be in the order: l-bromo-3-methyl-Z-butene 
> benzyl bromide > ally1 bromide. As Table 3 shows, there is no relation between 
the magnitude of kn/kI and the relative reactivity of RBr. The relative reactivity 
drops. in moving down Table 3 from l-bromo-3-methyl-Z-butene to ally1 bromide 
but k&k, decreases for benzyl bromide and then increases for ally1 bromide. 

Samples of III, V, and VII were synthesized from II and the appropriate alkyl 
bromide as shown below while IV, VI, and VIII were obtained by the reaction of 
I and the appropriate alkyl bromide. 

I (I) n-BuLi,-78’C,THF 
- 

(2) 1 equiv. RBr, OOC 

R = C6H,CH,Br 

R = (CH&C=CHCH2EW 

R = H2C=CHCH2Br 

Discussion 

(II!) 60% (XI) 9% 

mr> 47% (X) 32% 

tmrf, 40% (IX) 27% 

Dialkylation is a severe synthetic problem in the alkylation of carbene anions. 
A priori, dialkylation might have been due to one or both of the following ef- 
fects: the more substituted carbene anion might be (1) the principal species at 
equilibrium or (2) the kinetically most reactive species. The present studies were 
undertaken to delineate the factors responsible for dialkylation. 

The factors which might influence the relative thermodynamic acidity of car- 
bene complexes as a function of alkyl substitution can be considered in the con- 
text of resonance forms B and C. 
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M =v- - - 
6-i \o -9 

R 
(5) CR0 

If resonance form B were the best description of the carbene anion, electron 
donating alkyl groups would be expected to destabilize the anion. A methyl 
substituent in the 2-position of 1,3-dithiane lowers thermodynamic acidity by 

_ about 6 p&_ units [12]_ Isopropyllithium has been estimated to be a stronger 
base than ethyllithium by 2 pK units [13]. On the other hand, if resonance form 
C were the best description of the carbene anions, alkyl substitution would be 
expected to stabilize the anion. Alkyl groups attached to double bonds lead to a 
stabilization of about 2.6 kcal per alkyl group *_ Apparently, these two compet- 
ing effects can.cel one another in the case of carbene complexes I and II since 
the thermodynamic acidity was found to vary by only about 5%. It should be 
pointed out that both carbene complexes I and II are remarkably acidic in that 
+&eir acidity is approximately the same as p-cyanophenol- The effect of alkyd 

substituents on zhe stability of carbanions has been found to depend markedly 
on the nature of the functional group stabilizing the anions. For nitro com- 
pounds, a-alkyl substitution increases the acidity; but for ketones, ar-alkyl sub- 
stitution can either decrease or increase the thermodynamic acidity **. 

The kinetic acidity of metal-carbene complexes is remarkably high. The half 
time for exchange of I in acetone /DzQ at 38°C in the presence of 5.8 X 10m4 M 
NaOD was found to be 6.7 min. Under the reaction conditions used for alkylation 
reactions, the base concentration is -0.1 M and the rate of equilibration of 
carbene complexes with carbene anions is fast (seconds) relative to the rate of 
alkylation of carbene anions (minutes). Methyl substitution at the (Y carbon of a 
meW-carbene complex was found to decrease the kinetic acidity by a factor of 
l-5_ Alkyl substitution also decreases the kinetic acidity of ketones [16-211; 
the relative rate of hydrogen-deuterium exchange of CH&H&OCH,CH,/(CH,), 
CHCOCH(CH,);? is 18 : I [ 161. Alkyl substitution also decreases the ‘kinetic 
acidity of nitro compounds; the relative rate of hydrogen-deuterium exchange 
of CH3N0JCH3CH2N02 is 5.3 : 1 1221. 

The alkylation of the more substituted carbene complex II was found to be 
2.6-5.2 times faster than I with allylic and benzylic halides. This seems surpris- 
ing in view of the fact that anions IA and IIA are of comparable thermodynamic 
stability and that anion IIA is more sterically hindered than IA. We have no good 
explanation for this greater reactivity of the more substituted anions. However, 
similar effects have been found for ketone enolates; the enolate of C&H,COCH- 
(CH,), is 1.4 times more reactive than C,H,COCH,C!H,C!H, towards n-propyl 
chloride 1231 and the more substituted enolate of 2-methylcyclohexanone is 1.5 
times more reactive than the less substituted enolate of the same compound [24]. 

Our results indicate the detailed nature of the problem of dialkylation of car- 

* The heat of hydrogenation of l-butene is 2.64 kcal mol-1 greater than that of trans-2-butene [14] _ 
** In DMSO. the PKa values of CH3N02 and CH3CH2N02 are 17.2 end 16.7 respectively. The pK,‘s 

Of C&sCOCH3. C~HSCOCH~CH~. and C~HSCOCH(C!H& are 24.7.24.4. and 26.3 in DMSO: 

the P&‘S of CH3COCH3 and CH3CHzCOCH2CH3 are 26.5 and 27.1 in DMSO [15]_ 



bene complexes.-We have found that the rate of base catafyzed exchange of the 
protons QL to the carbene carbon atom is much faster than the rate of alkylation. 
Thus equilibrium between a more substituted and a less substituted carbene 
anion is fully established during the course of alkylation. The effect of substi- 
tution at the 01 carbon atom upon the equilibrium acidity of the carbene com- 
plexes was found to be negligible. Thus, there are comparable quantitities of both 
the more and less substituted anions in solution. Somewhat surprisingly, the 
more substituted anion is 2-4 times more reactive towards alkylating agents 
even though it is more sterically hindered and thermodynamically no less stable 
than the less substituted anion. Thus, the problem of dialkylation of carbene 
anions is primarily due to the greater reactivity of the more substituted anion. 

Experimental 

All reactions were performed under a nitrogen atmosphere. Ether and tetra- 
hyclrofuran (THF) were distilled from sodium and benzophenone under a nitro- 
gen atmosphere. NMR spectra were taken on a JEOLCO MH-100 spectrometer. 
Mass spectra were taken using an AEI-902 mass spectrometer. Infrared spectra 
were recorded on a Perkin-Elmer 267 Infrared spectrophotometer at 5X ex- 
pansion. A variable temperature cell VLT-2 purchased from Research and Indus- 
trial Instruments Co. was used for IR measurements at 0” C. Preparative thin- 
layer chromatography (prep TLC) was performed on Merck PF 254 silica gel. 
A Chromatec Model 3100-2 liquid chromatograph was employed for the liquid 
chromatography studies_ Carbene complexes I and II were prepared according 
to the method of Casey and Anderson [4]_ Triphenylphosphine iminium chloride 
(PPNCl) was prepared according to the procedure of Ruff [25]. 

We did not obtain combustion analyses on the carbene complexes reported_ 
We have fully characterized the elemental composition of these compounds by 
high resolution mass spectrometry. The structures of the compounds follow 
straight-forwardly from the methods of synthesis and IR and ‘H NMR. The 
purity of the compounds is attested to by (1) clean ‘H NMR spectra, (2) homo- 
geneity on silica gel TLC, and (3) homogeneity on high pressure liquid chro- 
matography using a reverse phase column. The HPLC is particularly useful in as- 
sessing the purity of these compounds since the retention times of the likely 
impurities (unalkylated or dialkylated material) are quite different. 

PPN salt IA 
n-BuLi (0.215 ml, 1.77 M,-0.38 mmol) was added to I (100 mg., 0.38 mmol) 

in 5 ml of THF at -78°C. After 2 min, PPNCl(220 mg, 0.38 mmol) in 1 ml of 
CHCl, was transferred by cannula into the solution_ After an additional 2 min, 
70 ml of Et,0 was added at -78°C over a ten min period to give a pale yellow 
precipitate which was filtered and washed with 15 ml of HZ0 and 20 ml of EGO 
to give 231 mg(76%) of IA as a pale yellow solid, mp 138-139°C (decomp). 
NMR (acetone&) 6 2.26 (dd, J= 2,9 Hz, 2 H), 3.90 (t,J= 9 Hz, 2H, CH,O), 4.44 
(t, J = 2 Hz, lH, C=CH), 7.4-7.9 ppm (mult., 30H, C,H,). IR (THF, O” C) v(C0) 
2030(w), 1901.(s), 1851(m) cm-‘. 

The PPN salt IA (200 mg, 0.25 mmol) was dissolved in 2 ml of THF at 25°C. 
Addition of HCl in E&O (0.08 ml, 3.67 M, 0.29 mmol) gave a yellow solution 
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and PPNCl as a white precipitate which was filtered. Evaporation bf solvent gave 
I (64 mg, 93%) identified by comparison of its NMR spectrum with that of an 
authentic sample, 

Extinction coeffkients were determined in THF at 0°C for 0.012-0.020 M 
solutions using a 0.01 cm cell path and a 5X expansion: IA, 1901 cm-’ (e = 
3770); I, 1943 cm-’ (e = 3610). 

n-BuLi (0.29 ml, 1.54 M, 0.45 mmol) was added to II (126 mg, 0.45 mmol) 
in 5 ml of THF at -78°C and two min later PPNCl(263 mg, 0.45 mmol) in 1 
ml CHC13 was added. After the addition of 25 ml of hexane to give an oil at 
-78” C, the solution was warmed to 0” C, and the solvent removed by cannula 
When the oil was dissolved in 5 ml of THF and 30 ml of E&O was added, a 
yellow precipitate was obtained which was filtered and washed with 20 ml HZ0 
and 20 ml of EGO to give 148 mg (40%) of IIA as a yellow solid, mp 147-150°C 
(decomp;). FR (acetone-&) 6 1.78(s, 3H, CHs), 2.24(t, J= 9Hz, 2H), 3.90(t, 
J= 9Hz, 2H, CH,O), 7.4-7.9 ppm (mult, 30H, C,H,). IR (THF, 0°C) v(C0) 
2033(w), 1901(s), 1850(m) cm-‘. 

Extinction coefficients were determined as above: IIA, 1901 cm-’ (E = 2930); 
II, 1943 cm-’ (E = 2990). 

Reaction of IA and IIA with p-cyanophenol 
The thermodynamic acidity of II was determined by adding various amounts 

of a O-4 M solution of p-cyanophenol in THF to a 0.024 M solution of HA in 
THF at 0°C for a total volume of 1 ml of THF. Using the low temperature IR 
cell at 0” C, an IR was taken using 5X expansion of the THF solution of the 
anion. By measuring the absorbances of II and IIA from the peaks at 1943 and 
1901 cm-‘, respectively, the relative amounts of II and IIA could be found. The 
maximum absorbance for each peak does not involve any contribution from the 
other peak so the absorbances at 1943 cm-’ and 1901 cm-’ can be read directly 
from the spectra. 

One equivalent (0.060 ml, 0.40 M in THF, 0.024 mmol) of p-cyanophenol 
was injected into 0.94 ml of THF at 0°C containing IIA (19.5 mg, 0.024 mmol). 
The resulting IR at 0°C shows a 53 : 47 ratio of IIA/II after correcting for the 
different E values. All the data in Table 1 were obtained similarly. 

Deuterium exchange of the ol-hydrogens of I using NaOD, D20, and acetone-d, 
The acetone-& used in the exchange experiments was dried by stirring over 

K&O3 followed by bulb to bulb distillation. The NaOD (0.04 M in D20) solution 
was prepared by the addition of a small piece of sodium to D20. Compound I 
(38 mg, 0.145 mmol), 270 pl of acetone-&, D20 (70 ~1,3.5 mrnol), and NaOD 
(5 &0.04 M, 1.9 X 10m4 mmol) were added to a carefully cleaned NMR tube 
and the tube inserted into the NMR probe (38”). The deuterium exchange was 
followed by integration using the triplet at 6 5.0 (corresponding to the CH,O 
protons)_ as an internal reference_ The triplet at 6 3.8 corresponding to the 
Cr=C-CH, protons decreased with time as a singlet at 6 4.1 ppm for the HOD 
proton gradually increased. Integrations were taken every 15 seconds up to 
about one half Iife. The observed first order rate constant kobs was found by 
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using a least squares plot to find the slope of the line of In AO/A vs. time where 
A, = area of peak at 6 3.8/ area of peak at 6 5.0 at time = 0 and A = area of peak at 
6 3.8/ area of peak at 6 5.0 ai time = t. Typical r’ values were 0.99. The average 
of three runs was used to determine kobs for each base concentration. The ex- 
periment was repeated with 7.5 ~1 NaOD and 67.5 ~1 DsO and again with 10 ~1 
NaOD and 65 ~1 D20. In each case 270 ~1 of acetone-d, and 0.145 mmol of I 
were used. With 5 ~1 of NaOD and 70 ~1 DzO, the three values for kobs were 
l-72,1.59, and 1.85 X 10m3 sect-' for an average of 1.712 0.13 X 10m3 set-‘. 
The three values obtained for kobs when using 7.5 ~1 NaOD and 67.5 ~1 of D20 
were 2.54, 2.66, and 2.53 X 10e3 set-’ for an average of 2.58 f 0.07 X 10e3 
see-‘. When 10 ~1 of NaOD and 65 ~1 of D20 were added, values of 4.08, 3.58, 
and 3.97 X 10e3 set-’ were obtained for bobs for an average of 3.88 + 0.26 X 
10m3 set-’ . 

Deuterium exchange of the a-hydrogen of II using NaOD, D20, and acetone-d6 
The exchange experiments involving II were carried out with the same procedure 

as for I. The amount of II used in each experiment was 40 mg (0.145 mmol). 
Otherwise, the amounts of acetone&, NaOD, and D,O remained the same. 
When 5 ~1 of NaOD and 70 ~1 of D,O were added, the values of kobs obtained 
were 1.28,1.19,1.19, and 1.24 X lo-’ set-’ for an average of 1.22 + 0.04 X 10e3 
set-l. The addition of 7.5 ~1 of 0.04 M NaOD and 67.5 ~1 of D20 resulted in 
values of l-79,1.86, and 1.64 X 10m3 see-’ for an average kobs of 1.76 f 0.11 X 
10m3 set-‘. With the addition of 10 ~1 of 0.04 M NaOD and 65 ,A D,O, the 
values found for kobs were 1.95,2.04, and 2.21 X lob3 set-’ for an average of 
2.08 4 0.13 X 10-l see-‘. 

(5-Benzyl-2-oxacyclopenfylidene)pentacarbonylchromium(O), IV, and (5,5- 

dibenzyl-2-oxacyclopentylidene)pentacarbonylchromium(O), XI 

The a-anion of I was generated by the addition of n-BuLi (0.25 ml, 1.61 M, 
0.40 mmol) to I (100 mg, 0.382 mmol) in 10 ml of THF at -78°C. Benzyl bro- 
mide (47 ~1,0.40 mmol) was injected and the solution warmed to 0°C for 15 
min and then stirred at 25°C for another 35 min. Prep TLC (hexane) after three 
elutions gave three yellow bands. The bottom band (R, = 0.29) afforded 35 mg 
(35%) of I. The middle band yielded IV (R, = 0.37,52 mg, 60% based on recover- 
ed I) as a yellow solid, mp 76-78°C. NMR (CD&) 6 1.80 (mult., 2H, C&CH20), 
2.38 (dd, J= 11,13 Hz, lH, benzylic H), 3.6-4-O (mult., ZH, one methine and 
one benzylic H), 4.84 (mult., 2H, CH,O), 7.26 ppm (mult, 5H, phenyl). IR 
(hexane) v(C0) 2064(w), 1989(w), 1963(s), 1954(s), 1935(s) cm-‘. Exact mass: 
found: 352.0046 C16H1206Cr calcd.: 352.0038. 

The upper band gave XI (Re - O-43,9 mg, 9% based on recovered I) as a yellow 
solid, mp lOl-104°C. NMR (CD(&) 6 1.82(t, J= 7 Hz, 2H), 3.16 (d, J= 14 Hz, 
2 H, benzylic H’s), 3.36 (d, J = 14 Hz, 2H, benzylic), 3.97 (t, J = 7 Hz, 2H, CH,O), 
7.0-7.3 (mult., 10H). IR (hexane) v(C0) 2063(w), 1986(w), 1957(s), 1948(s), 
1934(s) cm-‘. Exact mass: found: 442.0445 C23H1806Cr c&d.: 442.0407. 

Preparation of (5-benzyl-5-methyl-2-oxacyclopentylidene)pentacarbonyichro- 
miumfO)III 

n-BuLi (0.20 ml, 1.4 M, 0.28 mmol) was injected into 10 ml of THF at -78” C 
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same as above-but the mobile phase &as chkiged’to. ti 46 :- 54 MeGH/H& mix- 
tire and the internal standard was l,l-diphenyl-Z&methyl-1-butene. The retention 
times werethe following: VII (12% min.); VIII (8.i min.); l,l-diphenSil-2~metbyI- 
I-butene (24 min). 

React& of the a-anions of I and II with benzyl bromide 
n-BuLi (0.10 ml, 1.60 M, 0.165 minol) was injected into 12 ml of THF at 

-78°C containing I (23 mg, 0.088 mmol) and H-(24.2 mg, 0.088 mmol). The 
solution was warmed to O°C and benzyl bromide (6.2 mg; 0.036 mmoI,~O.41 
equiv.) and l,l-diphenyl-1-propene (18 mg, intstd.) were added. Samples were 
taken at 20 min i.ntervaIs between 1.5 and 3 h. and analyzed by liquid chromato- 
graphy. Using eq. I,.the anion of II was found in three separate experiments to 
be more reactive than the anion of I towards benzyl bromide by factors of 
2.58 2 0.14,2.69 +- 0.15, and 2-54 + 0.16, giving an average value of 2.60 + 0.25. 

Reaction of the a-anions of I and II with I-bromo-8methyl~%butejze . . 
n-BuLi (0.15 ml, 1.61 M, 0.238 mmol) was added to I (31.2 mg, 0.119 mmol) 

and II (32.8 mg, 0.119 mmol) in 10 ml of THF at -78°C_ The solution was 
warmed to 0°C and 1-bromo-3-methyl-2-butene (14.2 mg, 0.095 mmol, 0.80 
equiv.) and 18.7 mg of standard were added. Six samples were taken at about 
20 min intervals between 10 min and 2 h. Using eq. 1, the anion of II was found 
in three separate experiments to be more reactive than the anion of I towards 
1-bromo-3-methyl-2-butene by factors of 3.312 0.25, 3.39 + 0.10, and 3.09 + 
0.31 for an average of 3.26 f 0.30. 

Reaction of the a-anions of I and I. with ally2 bromide 
n-BuLi (0.093 ml, 0.149 mmol) was added to I (19.6 mg, 0.075 mmol) and 

II (20.6 mg, 0.075 mmol) in 16 ml of THF at -78°C. After the solution was 
warmed to O”C, ally1 bromide (4 mg, 0.033 mmol, 0.44 equiv.) and standard 
(7.5 mg) were added. Four samples were taken at 30 min intervals between 85 
and 176 min; Using eq. 1, the anion of II was found in three separate experiments 
to be more reactive than the anion of I towards al.Iyl bromide by factors of 
5.82 f O-23,4.58 f 0.17, and 5.15 t 0.26 for an average of 5.18 k 0.65. 

Reaction of the a-anion of II with benzyl bromide and I-bromo-3-methyl-2- 
butene 

n-BuLi (0.26 ml, 0.364 mmol) was added to II (100 mg, 0.364 mmol) in 10 
ml of THF at -78°C. The solution was warmed to 0°C and benzyl bromide (89 
~1,0.728 mmol) and I-bromo-3-methyl-2-butene (102 mg, 0.728 mmol) were 
simuItaneously injected. After 35 min at 0°C the solvent was removed and prep 
TLC (hexane) gave V (R, = O-38,76.6 mg, 61%) and III (R, = O-32,25,4 mg, 
19%). Compounds III and V.were identified by comparison of their NM-R’s with 
those of authentic samples. The anion of II therefore reacts about 3.2 times 
faster with 1-bromo-3-methyl-2-butene than with b.enzyl bromide. 
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