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Abstract: Carbanion 1, obtained by a nucleophilic attack of PhSe~ on 3-chlorobicyclobutane-carbonitrile
in DME undergoes both protonation and elimination as shown in eq 1. Alcohols of increasing acidity in the
following order: t-BuOH, i-PrOH, MeOH, trifluoroethanol (TFE), and hexafluoro2-propanol (HFIP) were
used as proton donors. An Eigen-type plot of the log of the product ratio (protonation/elimination) vs the
pK; of the alcohols, levels off for the two most acidic alcohols, TFE and HFIP which react at a diffusion-
controlled rate. The partitioning of the products between protonation and elimination enables, therefore,
the determination of the rate constant for the internal elimination as ~3 x 10 s~*. Ab initio calculations at
the B3LYP/6-31G* level show that the elimination from a model carbanion (4, eq 4) occurs in a barrierless
process. Simulation of the experimental reaction by including solvation effects using the Onsager model,
shows that using the dielectric constant of DME (7.2) stabilizes, as expected, the carbanion and prevents
a spontaneous elimination. In the absence of solvation effects, using Me™ as a base, a complete elimination
of HCI (proton removal and leaving-group expulsion) took place from 3-chlorocyclobutanecarbonitrile in a
barrierless process without the formation of any discrete intermediate.

Introduction Results and Discussion.

While in the majority of cases, base promofeeliminations We generated the cyclobutane embedded carbahiduy
are concertedlo the best of our knowledge there is not a single nucleophilic attack of phenylselenolate (PhBen 3-chlorobi-

report of a concertedy-elimination reaction. Clearly, the  cyclobutanecarbonitrile (eq 1). In preliminary experiments it was
proximity of the nucleophilic and electrophilic centers in

f-elimination is the reason for the rarity of the stepwise E1cB

mechanisrhZin such reactions. Since the distance between the PhS Nl
reacting centers iry-elimination is, on one hand, larger than @ el 2

that in 8-elimination but, on the other hand, smaller than for ¢ N %l,hs?&m ) "
Su2 reactions, the relevant question would be: can one engineerPhsEga 1 \ .

v H
a system appropriate for-elimination having a distance short l,hs‘,;'><><
enough to promote concertedness?

In this contribution we focus on the formation of bicyclobu-
tané by bridging across a cyclobutane ring: a case in which
the two reaction centers are forced to be relatively close to each
other (2.2 A) in the ground state (in contrast to ca. 2.6 A in the
open chain-propane analogue). Starting with a carbanionic
intermediate, as in the ELcB mechanism, our results suggest
that, under appropriate conditions, the formation of bicyclobu-
tane could occur via a concertgeelimination reaction.

found that the elimination of Cl to form 2 (eq 1) was
accompanied by small amounts (ca. 1%) of the protonation of
1 to yield 3, probably by adventitious water present in the
solvent (DME) indicating that the elimination step is not
spontaneous but has a measurable barrier. We were therefore
interested in determining the lifetime of the carbanionic
intermediatel which reacts internally to give the bicyclobutane
*To whom correspondence should be addressed. E-mail: shoz@ unit. The partitioning of the reaction between the two products
mail.biu.ac.il. paved the way for a clocking experimérib which the rate

@ \?vei‘lgr)‘,‘_’e,(féx"ygrf&é,%’c"e”"' A. Mechanism of Elimination Reactians  constant for the elimination could be determined. This approach

(2) Ingold, C. K. Structure and Mechanism in Organic ChemistGornell was attempted previously in a similar case by Jencks et al. who
S e a3, ot aoe.: chapter 8 MeLemnan. B-J. e o measure the rate constant for the elimination of a thiolate

(3) For a review of the chemistry of bicyclobutane, see: Hoz, STte
Chemistry of the Cyclopropyl GrouRappoport, Z., Ed.; Wiley: New York,
1987; Chapter 19. (4) Griller, D.; Ingold, K. U.Acc. Chem. Red98(Q 13, 317.
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Figure 1. A plot of the protonation/elimination ratio vs alcohol concentra- 2 0 2 4 6 8 10 1z 1416
tion.
Delta pKa
Table 1. Percent 3 as a Function of Alcohol Concentration Figure 2. Eigen-type plot of logky/kel Vs ApKa.
[ROHIM HFIP TFE MeOH HPrOH +BuOH Table 2.  kplkei and pKa Values in DMSO for the Various Alcohols
0.05 1.3+03 16+01 12+00 0.6+02 0.3+0.3
010 3.2£08 3.3+05 24400 1.4+£02 0.9+0.0 ROH Koka P
0.50 12404 13804 9.7£05 55+04 4.1+05 HFIP 0.306 17.90
075 17.1+0.6 17.8t+1.2 13+1.3 9.7+10.7 5.1+0.3 TFE 0.292 23.45
1.00 242+£08 229+18 17.3+05 129+01 75+04 MeOH 0.203 29.00
i-PrOH 0.147 30.25
t-BuOH 0.078 32.30

anion from the carbanion shown in e§ Blowever, this attempt

made of the K, values in DMSQ for the alcohols and of
acetonitrile as a model fat (Figure 2).

In an Eigen plot for normal acids and bases, the slope at
endothermic proton-transfer region is 1, and it levels off to zero
at the diffusion-controlled limit for exothermic reactions.
Localized carbanions behave very much like normal acids, and
Sliterature data indeed sugg@titat cyano-stabilized carbanions

are highly localized on carbdi?.

As can be seen from the Eigen plot in Figure 2, leveling off
takes place for the two acidic proton donors TFE and HFIP,
implying thatk, has reached the diffusion-controlled limit. Since
for these two alcoholky/kel ~ 0.3 and sincé, was found to be
diffusion-controlled (1x 10 M~1 s71), ke will be slightly

%igher (ca. 3x 10% s™1), This value is below thevibrational
rate limit (~10'%s™1) required for a concerted mechanism and
indicates that the elimination reaction in this case is stepwise
although with avery short-lved carbanionic intermediate

Using Gaussian 98 at the B3LYP/6-31G* le¥feit we have
computed the model reaction shown in eq 4. Starting with the
optimal geometry for the neutral (protona#édthe carbanionic

© [S]
ArS +CH,=CHCN ArSCH,—CH—CN

N
—t—~ ArS—CH,—CH,—CN )

failed because the carbanion underwent protonation in water at
the rate of dielectric relaxation<(10' s71). In our study which
was conducted in DME we employed as proton donors, a serie
of alcohols of increasing acidity in the following orddrBuOH,
i-PrOH, MeOH, trifluoroethanol (TFE), and hexafluoro2-
propanol (HFIP). The product rati&2 was determined as a
function of the proton donor concentration for all five alcohols
in the range of 0.051 M. The background protonation due to
traces of water in the solvent amounted +d% and was
deducted from the values obtained in each experiment. The dat
are presented in Table 1.

Assuming first-order kinetics in the intermediate carbanion
(1) for the elimination reaction, and overall second-order
kinetics, first-order inl, and first-order in the alcohol for the
protonation reaction, the ratio of the produ@& should be
linearly correlated to the alcohol concentration as shown in eq
3.

(7) Bordwell, F. G.Acc. Chem. Re<.988 21, 456.

(8) Hibbert, F. InThe Chemistry of Functional Groups, SupplemenP@tai,

S., Ed.; John Wiley & Sons Ltd.: New York, 1982; Chapter 17. Bernasconi,
C. F.; Wenzel, P. . Am. Chem. S0d.996 118 11446-11453. Hojatti,

M.; Kresge, A. JJ. Am. Chem. Sod 987 109, 423.

Abbotto, A.; Bradamante, S.; Pagani, A.Org. Chem1993 58, 449—

455; Bordwell, F. G.; Bares, J. E.; Bartmess, J. E.; Drucker, G. E.; Gerhold,
J.; McCollum, G. J.; Van Der Puy, M.; Vanier, N. R.; Matthews, WJS.
Org. Chem.1977, 42, 326-332.

Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M.
A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.; Stratmann,
R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A. D.; Kudin,

13 _ KU [ROH _k,
(2] kel1]

k
This was indeed observed and is graphically demonstrated in (9)
Figure 1. The ratio&yke derived from the slopes are given in
Table 2.
To determine the rate constant for the elimination step, the

[ROH] ®)

el

(10

=

clock—the competing protonation reactiehad to be calibrated.
This was done using a variation of the Eigen ploamely, a
plot of log kykel Vs ApKa (the K, difference between the proton
donor and acceptor). In the absence Kf, palues in DME for
the alcohols at hand and for the conjugate acid afise was

(5) Fishbein, J. C.; Jencks, W. P.Am. Chem. Sod988 110, 5075. Fishbein,
J. C.; Jencks, W. RI. Am. Chem. Sod 988 110, 5087.

(6) Eigen, M.Angew. Chem. ReéIntern Ed.)1964 3, 1. (11)

K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.; Cammi,
R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; Ochterski, J.;
Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K;
Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz,
J. V.; Baboul, A. G.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.;
Komaromi, I.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham,
M. A.; Peng, C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M;
Gill, P. M. W.; Johnson, B.; Chen, W.; Wong, M. W.; Andres, J. L,;
Gonzalez, C.; Head-Gordon, M.; Replogle, E. S.; Pople, JGAussian
98, Revision A.4; Gaussian, Inc.: Pittsburgh, PA, 1998.

Becke, A. D.J. Chem. Phys1993 19, 553.
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Chart 1.2 the neutral molecule 1.804 A) which is in line with the charge
being localized on the carbon. The calculations also show that
the cyclobutane ring is puckered. On the bases of “microscopic
reversibility”, the carbanion is formed in a geometry suitable

to reverse the reaction and displace the nucleophiRhSe. For

it to expel the chloride from an equatorial position, both ring

flip and carbanion imersion would hae to take placE (Scheme

1). These processes can also contribute to the nonspontaneous
decay of the carbanion to the products.

Another point which is of interest is the exothermicity of the
reaction. Computational results relating to the gas phase show
that the reaction is exothermic by 16 kcal/mol. The experimen-

E=-708.4717619 a.u. E =-708.4820525 a.u. tally observed low barrier suggests that the reaction in DME is
opt. with C—Cl fixed at (1.804 A) SCRF opt. £=7.2 also exothermic. On the other hand, the strain energy of
cyclobutane is about 27 kcal/mol, whereas that of bicyclobutane
is ca. 66 kcal/moF:* Thus, the strain energy alone should
contribute ca. 40 kcal/mol to the endothermicity of the reaction.

1392 3236 1861 1403  2.620 2075

NC—CH,----CH;—Cl NC—CH,----CH;---~Cl It would seem that shifting the negative charge from the carbon
IDC Reactants TS to the chlorine contributes significantly more than the increase
E =-632.2828619 a.u. E =-632.2810349 a.u. in ring strain energy. (The exothermicity of the strainless
analogue-see eq 6 belowis 50 kcal/mol.)
We have also conducted a short study of the hydregen
1469 1543 3483 1.407 deuterium kinetic isotope effect for two of the alcohols;
NC—CHy—CHy=-- Cl NC—CHy= CH;—Cl MeOH(D) andt-BuOH(D). Within experimental error, the same
IDC Product fixed CH;—Cl distance (1.8614) product partitioning, (i.e3/2) was obtained with the deuterated
F=-632.3616603 a.u. fixed CHy—CHj distance (2.2044) alcohols as with the undeuterated ones. Since the elimination
E =-632.2587006 a.u. rate constant is independent of the alcohol, the kinetic hydregen
2 All lengths are given in A, deuterium isotope effecky/kp) for these two alcohols is &

0.1. This result strongly supports the notion that cyano stabilized
species4 collapsed in a barrierless motion to the bicyclic acids, although being carbon acids, behave as normal®dcids
product. Thus, the ab initio calculations reveal that the rate of from the point of view of the Eigen mechanism. According to

this mechanism® proton-transfer reaction takes place in a series

H o o of steps. The first one is hydrogen bond formation which is
C,><> CN —> H$CN +c @ followed by the actual proton-transfer step to form the hydrogen-
bonded complex of the products which then dissociates to the

free species (eq 5). In the diffusion-controlled region, the rate-

limiting step is the diffusion, and the barrier for the actual proton

internal displacement is at the vibrational level. Energies and (ransfer is lower than that of the diffusion. Using tHé,values
major geometrical parameters are given in Chart 1.

4

The small discrepancy between the vibrational rate predicted +
for the elimination step by the ab initio calculations and the e S} —“
experimentally observed discrete lifetime of the carbanionic AH * B AH=-B A-H-B
intermediate { 1.5 orders of magnitude below the vibrational o o
A--HB K+ HB (5)

rate) can be attributed to several factors. The first one is
solvation, which may stabilize the ground state of the reacting
carbanion. Indeed, re-optimization4fising the SCRF method  in DMSO for our reactions in DME (assuming that a propor-
for the Onsager mod&l with ¢ = 7.2 gave a stable geometry tional variation takes place upon changing the solvents), suggests
(see Chart 1 for data) which did not collapse to the product. that the [K, of the said cyano carbon acid (31.3 for MeCN) is

In addition, there are essential conformational changes whichintermediate between that of MeOH (29.0) ar8uOH (32.3)!

must be considered. A nearly isoergic proton transfer would imply a symmetrical
The carbanion formed in the nucleophilic step is not in the transition state where the proton is half transferred and the
appropriate geometry for the expulsion stérhe ab initio isotope effect should be in the range 6fg. Rather than being

calculations show that the carbanionic center is pyramidal the result of a very early or very late transition stetehe
(dihedral angle defined as the angle between the atom bondecbsence of a hydrogemleuterium isotope effect for these
to the anionic carbor= 153. The carbanion geometry was

optimized while fixing the G-Cl bond length at its length in ~ (14) Greenberg, A.; Liebman, J. F. 8trained Organic Molecules\cademic
Press: New York, 1978. Wiberg, K. Bngew. Chem., Int. Ed. Endl986
25, 312. Lawrence, C. D.; Tipper, C. F. H. Chem. Sac1955 713. Skell,

(12) Wong, M. W.; Wiberg, K. B.; Frisch, M. J. Chem. Physl991 95, 8991. P. S.; Starer, I3. Am. Chem. Sod96Q 82, 2971. Wiberg, K. B.; Kass, S.
Wong, M. W.; Wiberg, K. B.; Frisch, M. J1. Am. Chem. S0d 992 114, R.J. Am. Chem. S0d.985 107, 1988.
1645. Onsager, LElectric Moments of Molecules in Liquid936 58, (15) Eigen, M. Z.Phys. Chem(Frankfurt)1954 3, 1.
1486. (16) Isaacs, N. SPhysical Organic ChemistryLongman: New York, 1987;
(13) Hoz, S.; Azran, C.; Sella, Al. Am. Chem. S0d.996 118 5456. Chapter 7.
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Scheme 1. Conformational Changes from Nucleophilic Attack to Leaving-Group Expulsion

o NI
cl /7NN : N
( Phs¢ PhS¢ N
Phsg) carbanion
inversion

—_— I
~— ~—

ring flip C

PhSe CN
PhSe

alcohols must be attributed to the fact that diffusion is largely
the rate-controlling step, as in the Eigen mechanism for normal
acids and bases. These results are very much in accord with hypothetical
the conclusion reached by Jencks et al. that the solvation shell
around a cyano-stabilized carbanion collapses at a dielectric
relaxation raté. pojnta
How Does Proximity Contribute to Rate Enhancement.
Much has been written on the origins of proximity effekts,
effective molarities® and so forth. In the present discussion
we focus only on the enthalpy of the reacting parties at relatively
short distances. In the previous discussion we have shown that
the carbanion produced in close proximity to the electrophilic
center may exhibit a (enthalpically) barrierless reaction, enabling
in principle a concerteg-elimination. Since the nucleophilicity
in y-eliminations is closer in nature to tlenucleophilicity of DC
Sn2 reaction than to the-nucleophilicity of3-elimination, we reactants
will focus briefly on the former. In the gas phase, the first step
in a Sy2 reaction is the formation of an encounter eadipole
complex (IDC) between the nucleophile and the substrate. This
is followed by the actual displacement step in the course of
which the system gravitates to the IDC of the products. The
distance between the reactants at the IDC is determined by th
point at which the stabilizing iondipole interaction balances
the interelectronic repulsion. Forcing the nucleophile to further
approach the substrate will result in an increase in energy, which
contributes much to the height of the barrier. Thus, in the case
of 1, the carbanion may already be in an energetically beneficial o . -
position since in its ground state it is formed at a distance shorter NC—CH;, + CHz;—Cl —— NC—CHy----CH;—Cl' —>
than the IDC distance. It should be pointed out that in the IDC
formation of any carbanion, interelectronic repulsion is a major
cause of destabilization. In the present case, due to its proximity
to the electrophilic center, part of the additional cost of bringing
the two reacting centers together is avoided since the interelec-the reactant and the product iedipole complexes and the
tronic repulsion is already present in the electronic structure of transition state were obtained using Gaussidf &&he B3LYP/
the ground state. Therefore, when compared to the intermo-6-31G* level!! The transition state was characterized by
lecular reaction, the starting point on the hypothetical reaction frequency analyses. Energies and major geometrical parameters
profile is not at the bottom of the hill but closer to its peak. are given in Chart 1.
This, of course, will lower the activation energy (see Figure 3,  We have modeled the interelectronic repulsion by determining
point a). Another possibility is that the nucleophilic center is the increase in energy caused by bringing the nucleophile closer
already so close to the electrophilic center that it is located to the substrate from its IDC distance (3.24 A) to 2.204 A which
already past the transition state (point b in Figure 3). In this is the distance between two opposing carbons in cyclobutane
case the system will be going down the hill to the product while keeping the €CI distance at its IDC value (1.86 A).

reaction profile

point b

IDC
produc

RC
eFigure 3. Hypothetical reaction profile for nucleophilic displacement.

To demonstrate these points we have computationally studied
the S42 analogue of eq 4 by disconnecting the nucleophile from
the substrate as shown in eq 6. The geometries and energies of

+
- <)
T\IC—CHz"'-CHs"'CI—| —> NC—CHy— CHj--ClI (6)

without a barrier. The data in Chart 1 show that relative to the energy of the
reactants IDC r( = 3.236 A), bringing the reactants closer
an g"l%“%gg F. MAcc. Chem. Resl985 18, 128; Adv. Chem. Ser1987 induced an energy increase of 15.2 kcal/mol. It is interesting to
(18) liluminati, G.; Mandolini, L.; Masci, BJ. Am. Chem. S04.977, 99, 6308; note that the transition state is achieved at 2.62 A. This
T e v b r-ey 'L”_“A”C]'Ur_‘gt;{y(g_-?c';’r'g_”gﬂé%_ implies that if the potential surface for reaction 6 were a perfect
1986 22, 1-111. model for the reaction of eq 4, carbanidrmay already be on

J. AM. CHEM. SOC. = VOL. 124, NO. 50, 2002 15009
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the down-hill slopgFigure 4, point b). It should be emphasized successfully in solution since such anions are always ion-paired
that the profile for the @ reaction (eq 6) is a very crude to a cation and aggregated, the generated carbanion would
approximation for the actual profile of any elimination. One presumably be similarly stabilized.) Indeed, when we have
obvious difference is that, due to strain energy in the product, computationally brought Meto a distance of 3.5 A from the
the reaction will be less exothermic and according to the hydrogena to the cyano group (eq 7), no stable intermediate
Hammond postulate, the transition state will be achieved later. was obtained, and energy optimization resulted in the barrierless
Orbital alignment and other factors will cause helimination formation of the bicyclobutane derivative. We therefore con-
surfaces to differ significantly from they@ reaction, which was
used here mainly for illustrative purposes. ‘) oN

Since we have mentionegelimination as an example of cl
the proximity effect, we comment briefly on these reactions. It g Heoy
is clear that the high efficiency observed fhelimination S)
reactions stems from the proximity in the ground state of the
nucleophile to the electrophilic center of the substrate. In cl CN °
addition to being entropically favorable this must also engender + CHy + Cl (7)
enthalpic advantage to serve as a rationalization of why
concertegB-elimination reactions are so frequently encountered
while the E1cB mechanism is only seldom observed. Based on
the above model the suggested explanation is as follows: At
the reactant ground state in @elimination reaction the
nucleophilic and the electrophilic centers are separated by a
singleo bond only (ca. 1.5 A). Sirea “ puresr bond” (without
a o bond) must be longer than @bond, it is clear that the
hypothetical transition state for the internatnucleophilic Experimental Section
req(_:tioﬁg would be at a larger separation b,et_WGen the nu_cl_eo- General. NMR spectra were recorded on a 300 MH spectrometer
philic and electrophilic centers. Therefore, itis clear thatin its 5ng measured in CDgsolution. HPLC analyses were conducted using

ground state, the carbanionic centepirelimination is located 5 Altech Econosil 16, 250 mm long and 4.6 mm in diameter, column
on the reaction coordinate at a distance shorter than that of thewith eluent 5% THF in heptane. The same column with a 10-mm

hypothetical transition state for the formation of the double bond. diameter was used for preparative separations. All the materials used
As a result, the bonding component becomes dominant, andwere analytical grade. MeOH{-BuOH, and i-PrOH were dried

the system glides down the hill toward the product (Figure 3, according to published procedur&s.

point b). Starting from the neutral rather than from a full discrete ~ Reactants and Products.3-Chlorobicyclobutanecarbonitrile was
carbanion, the incipient negative charge developed in the coursePrepared according to literature procedgfrghe products 3-phenyse-

of the deprotonation in a concerted reaction is sufficient to drive €noPicyclobutanecarbonitril@) and 3-chloro-3-phenyselenocyclobu-

the leaving aroun out without forming a carbanionic intermedi- tanecarbonitrile3), were purified using the preparative HPLC column
ate g group 9 (3 was separated into its 2 sterecisom@asand 3b%).

o ) ) H NMR for 2: 6 7.73 (0) 2H, 7.44 (m) 2H, 7.42 (p) 1H, 2.3 ¢,
Can y-Elimination Be Concerted. In the above discussion = 1 5 Hz 2H), 1.67 (tJ = 1.5 Hz 2H):*CNMR for 2: 6 134.15 (0),

we have dealt primarily with the ability of a discrete full  129.48 (m), 128.53 (p), 126.74 (ip), 118.44 (s), 43.40 (1), 19.51 (s),
carbanion to displace a leaving group. The assumption was that1.57 (s). Anal. Calcd fo? CiHioNSe: C, 56.41; H, 3.87; Se, 5.98; N,

if a full carbanion cannot displace the leaving group, the 33.72. Found C, 56.14; H, 3.94; Se, 5.72; N, 33.70.

incipient carbanion generated in the course of a deprotonation *H NMR data for3a 6 7.71 (o) 2H, 7.48:7.36 (m+ p) 3H, 3.15
reaction, for example, will certainly not be able to do it. The dn under 2,4, 3.10 (m, 4H}*CNMR data for3a 0 136.1 (0), 129.4
above results show that a fully developed carbacmmdisplace ~ (M). 1293 (p), 127.46 (ip), 123 (s), 50.8 (s), 46.6 (1), 17.2 (d).

the leaving group in a barrierless process. The question then 1 NMR data for3b: 6 7.72 (0)132H' 7.487.36 (m+ p) 3H, 3.45
remains: can the displacement merge into a single step with (an, = 10 Hz 1H), 3.08 (m, 4H)*CNMR data for3b: 0 136.6 (0),

- - - o .~ 129.8 (m), 129.5 (p), 127.46 (ip), 123 (s), 49.3 (s), 46.1 (t), 18.3 (d).
the deprotonation step in which a carbanion is formed? It is , ., éalz:d for3 C(li)})JlllNSeCI.(g)éls 89.(& 3 70.(5)9 5 18'()N 29 253.)
clear that the concerted or stepwise nature of the reaction mayc 12.96. Found C, 48.95: H, 3.64: Se, 5.03: N, 29.25: Cl 12.89.

depend very much on the conditions used to generate the Reaction Procedure.The reactions of 3-chlorobicyclobutanecar-
carbanion. For example, low dielectric solvents will promote bonitrile with PhSeNa in DME were conducted in a glovebox under
concertedness more than polar ones since they are less capablgtrogen at room temperature. To 0.95 mL of a solution containing the
of stabilizing the relatively localized charge in the ground state. substrate, 0.05 mL of a solution containing the PhSeNa was added.
Using a polar base will also forestall the concerted expulsion The final concentrations in the reaction mixture were 0.05 mol of each
of the leaving group, since the deprotonation reaction would

CH;

clude that under appropriate conditions in systems having the
two reacting centers at a distance of 2.2 A or less (e.g.,

cyclobutane to give bicyclobutane and 1.1.1-bicyclopentane to

give the corresponding propelane), deprotonation and departure
of the leaving group may fully merge into a single step.

(22) Vogel, A. I. InPractical Organic ChemistryLongmans: London, 1960;

most likely result in the formation of a carbanion stabilized by p 169.

hydrogen bonding to the conjugate acid of the FagéA (23) In the course of nucleophilic attack on bicyclobutane activated by charge
i . localizing group such as CN, the bridgehead activating group moves inward

nonpolar base such as Menay, in theory, conform with the towards an axial position. Under conditions where the carbanion undergoes

demands of concertedness. (Although it is unlikely to serve  rapid protonation, itis trapped in its initial pyramidal geometry. In cases
where the lifetime of the carbanion is long enough (relatively low

concentration of the proton donor) equilibration is possible, and protonation

(19) Hoz, S.; Gross, Z.; Cohen, D. Org. Chem1985 50, 832. results in the formation of the two stereochemical isomers. See ref 13 for

(20) Hoz, S.; Aurbach, DJ. Am. Chem. Sod 98Q 102, 2340. a detailed discussion.

(21) Thisis the reason that in our experimental work we produced the carbanion (24) Hall, H. K., Jr.; Blanchard, E. P., Jr.; Cherkofsky, S. C.; Sieja, J. B.;
by nucleophilic attack rather than by a deprotonation reaction. Shepperd, W. AJ. Am. Chem. S0d.971, 93, 121.
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of the reactants. In cases where the reaction was conducted in the Acknowledgment. We thank Professor M. Sprecher for
presence of alcohol, the alcohol was added to the substrate solutionhelpful discussion.

prior to the addition of the salt. Immediately upon mixing, precipitation Supporting Information Available: Gaussian archive files
of NaCl was observed. The mixture was taken out of the glovebox bp 9 ;

and was diluted (1/10) in the eluent solvent of the HPLC. Quantitative gaislgglztl#g: ;pgﬁ:rrlggv;g tﬁgﬁrnttelrn(el:;l?’;l':)ﬁtt-rh/l/s ungztzgslolrs
analyses were routinely done by HPLC and occasionally also by NMR. 9 p-iip ' -0rg.
Identical results were obtained within experimental erto8%6). JA028644P
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