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Compound 4c: syrup; 57% yield; NMR (CCl, 6 1.95 (s, 3 H),
1.6-2.2 (m, 2 H), 2.42 (t, 2 H), 3.25 (s, 6 H), 4.00 (d, 2 H), 4.30
(t, 1 H), 7.10 (br t, 1 H); MS, m/e 173, 172 (M - MeO), 171, 158,
157, 156, 142, 141, 140, 131, 129, 116, 115, 114, 103, 102, 101, 100,
99, 98. Anal. Caled for C;gH;NO,: C, 53.19; H, 8.43; N, 6.89.
Found: C, 53.11; H, 8.19; N, 6.92.

The preparation of compounds 4a and 4b in quantities up to
0.5 mol can readily be achieved by using the same procedure as
described above except that the products are purified by dis-
tillation with a short-path distillation apparatus. The yields

(27) Eftax, D. S. P.; Dunlop, A. P. J. Org. Chem. 1965, 30, 1317.

(50-60%) are slightly lower than those obtained as described
above.
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Communications

Sn2 Reactions of Carbanions with Primary and
Secondary Alkyl Bromides in Dimethyl Sulfoxide
Solution

Summary: 9-Methylfluorenyl carbanions undergo Sy2
reactions with cyclohexyl, isopropyl, isobutyl, and n-butyl
bromides in high yields in Me,SO solution with the relative
rates of (1.0), 6.4, 8.6, and 56 respectively.

Sir: Although the Sy2 reaction has probably received more
attention from organic chemists than any other reaction
type, very little quantitative information is available
concerning carbanions as nucleophiles. Rate studies have
been limited largely to weakly basic enolate ions, such as
those derived from $-keto esters, where counterion effects
complicate interpretations. More strongly basic carbanions
can be generated in hydroxylic solvents only in small and
unknown concentrations. For synthetic purposes, high
concentrations of strongly basic carbanions are routinely
generated in weakly acidic solvents that have a low di-
electric constant, such as tetrahydrofuran, but here
counterion effects become very strong. The establishment
of acidity scales in the strongly dipolar nonhydroxylic
(“aprotic™) solvents, dimethyl sulfoxide! and N-methyl-
pyrrolidin-2-one,? has provided a groundwork for the
generation of carbanions of a wide range of basicity in
known concentrations, free of counterion effects. In earlier
papers we have reported the results of Sy2 reactions for
several families of carbanions reacting with PhCH,CI;?
other primary alkyl halides have also been studied.* In
this communication we report the extension of these
studies to cyclohexyl bromide, ¢-C¢Hy;Br, and isopropyl
bromide.

The rates of reactions of these secondary alkyl bromides
with carbanions from the 9-methylfluorenyl carbanion
family, 9-Me-F1-,° were found to be first order in each
reactant. Substitution was the predominant course of
reaction with elimination playing a minor role. Formation
of only small amounts of elimination products was at first

(1) Matthews, W. S.; Bares, J. E.; Bartmess, J. E.; Bordwell, F. G.;
Cornforth, F. J.; Drucker, G. E.; Margolin, Z.; McCallum, R. J.; McCol-
lum, G. J.; Vanier, N. R. J. Am. Chem. Soc. 1975, 97, 7006-7014.

(2) Bordwell, F. G.; Branca, J. C.; Hughes, D. L.; Olmstead, W. N. J.
Org. Chem. 1980, 45, 3305-3313.

(3) Bordwell, F. G.; Hughes, D. L. J. Org. Chem. 1980, 45, 3314-3320;
1981, 46, 3570-3571; 1982, 47, 169-170.

(4) Hughes, D. L. Ph.D. Dissertation, Northwestern University, Ev-
anston, IL, 1981.

sight surprising since these carbanions are strongly basic
and it has been shown that with strongly basic sodium-
enolate ion pairs, elimination may become the major re-
action with secondary, and even primary, halides in
polyether solvents.® Also, ¢-C4H;;Br has been singled out
as being particularly prone to elimination.! For example,
reactions of ¢-CgH,Br with NaOEt/EtOH or t-BuOK/t-
BuOH give exclusively elimination.” In acetone or di-
methylformamide, most anions (CI, Br~, AcO~, ArO~, CN-,
and HCO;") give more elimination than substitution; azide
ion alone gives more Sy2 than E2." (Similar results were
obtained with ¢-C¢HjI and ¢-CgH;;0Ts.) As a conse-
quence, it is generally assumed that Sy2 reactions of c-
CeH ;X substrates with nucleophiles are subject to some
kind of rate retarding steric effect,® and that elimination
becomes predominant for that reason.

Examination of the literature revealed, however, that
reactions of carbanions with ¢-CgH;;Br often give unusally
high yields of substitution products, e.g., 40% for
[Ph,CC=C]*2M* in NH,,® 76% for NaCH(CO,-t-Bu), in
t-BuOH,° 65-77% for PhCH(Na)CN in PhCH,,!! and
82% for 2-lithio-2H-thiopyran in NHz.'2  Our studies using
equimolar amounts of 9-MeF1™ or of 9-PhCH,F1" carban-
ions with ¢-CgH,;Br in Me,SO gave 80% or more of sub-
stitution product (Table I).

These synthetic results show that large, delocalized,
strongly basic carbanions are remarkably effective in
promoting Sy2 reaction in preference to E2 reactions with
¢-CgH;;Br. Their behavior in this respect is in sharp
contrast to that of the CN™ ion, which is 9.45 pK units less
basic than 9-MeF1" in Me,SO, but reacts with ¢-CgH;;Br
in acetone at 75 °C to give 92% elimination.” The relative
insensitivity of 9-MeFI ions to increasing steric hindrance

(5) Zook, H. D.; Kelly, W. L.; Posey, I. Y. J. Org. Chem. 1968, 33,
3477-3480.

(6) House, H. O. “Modern Synthetic Reactions”, 2nd ed.; Benjamin:
Menlo Park, CA: 1972; p 530.

(7) Beltrame, P.; Biale, G.; Lloyd, D. J.; Parker, A. J.; Ruane, M.;
Winstein, S. J. Am. Chem. Soc. 1972, 94, 2240-2255.

(8) (a) Bartlett, P. D.; Rosen, L. J. J. Am. Chem. Soc. 1942, 64,
543-546. (b) Brown, H. C,; Fletcher, R. S.; Johannesen, R. B. Ibid. 1951,
73, 212-221. (c) Eliel, E. L.; Ro, R. S. Ibid. 1957, 79, 5995-6000.

(9) Libman, N. M.; Zlobina, V. L; Kuznetsov, S. G. J. Org. Chem.
USSR (Engl. Transl.) 1974, 10, 2074-2076.

(10) Fonken, G. S.; Johnson, W. S. J. Am. Chem. Soc 1952, 74,
831-833.

(11) Hancock, E. M.; Cope, A. C. Org. Synth. 1945, 25, 25-27.

(12) Grafing, R. Verkruijsse, H. D.; Brandsma, L. J. Chem. Soc., Chem.
Commun. 1978, 596-597.
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Table 1. Relative Rates of S\y2 Reactions of Alkyl Bromides with Iodide Ions, Azide Ions, and
9-Methylfluorenyl Ions in Strongly Dipolar Nonhydroxylic Solvents

I"(Me,CO)® N, (DMF)¢ 9-MeF1-(Me,S0)¢  2,7-Br,-9-MeFI"
alkyl bromide (80 °C) (25 °C) (25°C) (Me,SO, 25 °C)
n-BuBr 3000% 200 56¢ 97
i-BuBr 230 10 8.57
i-PrBr 40 40 6¢ 10
¢-C.H, Br (1.0) (1.0) (1.0)h (1.0)/
@ Schotsman, L; Fierens, P. J. C. Bull. Soc. Chim. Belg. 1959, 68, 580-598. ? For n-PrBr. ¢ Alexander, R.;Ko,E.C.F,;

Parker, A. J.; Broxton, T. J.J. Am. Chem. Soc. 1968, 90, 5049-5069. ¢ Product studies were carried out, unless other-

wise noted, by reacting enuimolar quantities of 9-G-F1~ and RBr at room temperature for several days.

The percent of

9-G-FIH in the crude solid product (NMR analysis) was used to estimate the amount of elimination. Satisfactory C and H
and mass spectral analyses were obtained on the purified substitution products. ¢ Reference 4. / 9-PhCH,-9--BuFIH
£85%), mp 85.5-87 °C, was obtained (10% elimination). £ Reaction with excess i-PrBr gave 83% 9-Me-9-i-Pr-FIH, mp 39-41
C. 1 9-Me-9-c-C,H,,FIH (80%), mp 171-172 °C, was obtained (15% elimination); 9-PhCH,-9-c-C ,H,,FIH (85%), mp 107.5-
108.5 °C, was obtained (15% elimination). ' The rates were determined by the method described previously;® k = 0.280
0.008 M5!, /k=0.0290=: 0,001 M5!, The pK, values for 9-MeFIH and 2,7-Br,-9-MeFIH are 22.3 and 17.7, respec-

tively.

in alkyl bromides is brought out further in Table I by rate
comparisons with I and N~ ions, which are powerful nu-
cleophiles. We see that the 9-MeF1" ion, despite its large
size and seemingly less accessible reaction site, appears to
be actually less sensitive to structural effects in RBr that
retard Sy2 reactions for steric reasons than are I or Nj~
ions. Whereas 8-methyl branching (;-BuBr vs. n-Br) re-
tards the rate of reaction with I~ by 13-fold and that with
Nj~ ion by 20-fold, the retarding effect for 9-MeFl™ ion is
only 6.5-fold. For a-methyl branching (i-PrBr vs. n-BuBr)
the retarding effects are 75-fold for I", 5-fold for Nj-, and
9-fold for 9-MeFI". Finally, the retarding effect for c-
C¢H(Br is 3000-fold for I', 200-fold for N3, and 56-fold
for 9-MeF1~.

The variation in sensitivities of 9-MeFl1-, Ny—, and I to
changes in alkyl bromide structure (Table I) once again
emphasizes the importance of the nature of the donor atom
in determining anion reactivities.> It is necessary to try
to make comparisons of anion reactivities of the same
basicity, however, before drawing conclusions concerning
the reasons for this variation. Each substrate has a dif-
ferent sensitivity to changes in basicity as defined by the
Bronsted 3. For example, for reactions of 9-MeFl~ anions
with n-BuBr, i-PrBr, and ¢-C4H,;Br, the 3 values are 0.365,
0.38, and 0.42, respectively. The appreciable difference
in B8 values for n-BuBr and c-C¢H;;Br causes the n-
BuBr/c-CgH,,Br rate ratio to change from 56/1 for 9-
MeFI" to 97/1 for 2,7-Bry-9-MeF1, which is 4.6 pK units
less basic (Table I). If we use these 8 values to extrapolate
the n-BuBr/c-C¢H,;Br rate ratio for reactions with 9-MeF1
down to a basicity equal to that of the conjugate acid of
N;~ in Me,SO (7.7), the ratio increases from 56 to about
350. Further extrapolation down to a basicity equal to that
of the conjugate acid of I" in Me;SO (~0) causes the ratio
to increase to about 1000. This suggests that although the
data at first glance indicate a lesser sensitivity of 9-MeFI~
than I or N5~ ions to the retarding effects of o- and $-alkyl
branching, these anions are probably all responding in a
similar manner. We conclude that size and extent of de-
localization are not important factors in determining the
sensitivities of anions to the retarding effects of «
branching in alkyl bromides on SN2 reactions.

The 8 values are also important in determining the effect
of a change in basicity of the anion on the E2/Sy\2 rate
ratio. For ArS™ ions reacting with ¢-CgH;;Br in EtOH the
B values for E2 and Sy2 reactions are 0.36 and 0.32, re-
spectively,!® and for ArO- ions reacting with 4-bromo-
heptane in EtOH they are 0.39 and 0.27, respectively.* If

(18) McLennan, D. J. J. Chem. Soc. B 1966, 705-708.
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the E2 reactions for sodium enolate ions reacting with alkyl
halides in polyether solvents have larger 8 values than the
Sn2 reacitons, this would explain, in part, the sharp in-
crease in the percentage of eliminatin with increasing
enolate ion basicity.51

Acknowledgment. This work was supported by the
National Science Foundation.

Registry No. 9-PhCH,FI-, 53629-11-1; 9-MeFI-, 31468-21-0; 2,7-
Br;-9-MeFI, 73872-46-5; n-BuBr, 109-65-9; i-BuBr, 78-77-3; i-PrBr,
75-26-3; C-C¢H,Br, 108-85-0; 9-PhCH,-9-i-BuFlH, 82571-46-8; 9-
Me-9-i-PrFIH, 57645-03-1; 9-Me-9-c-CgH,,FIH, 82571-47-9; 9-
PhCH,-9-¢c-C¢H,,FIH, 82571-48-0; PhC(ONa)=CHPh, 82571-49-1;
PhC(ONa)=CHEt, 17003-51-9.

(14) Hudson, R. F.; Klopman, G. J. Chem. Soc. 1964, 5-15.

(15) For i-PrBr, changing the base from PhC(ONa)=CHPh to PhC-
(ONa)=CHE' caused the percentage of elimination to increase from 7%
to 88% in the polyether solvent.® The basicity increase for the ion pairs
(or ion aggregates) was estimated to be 2.5 units. In Me,SO, where free
enolate ions are involved, the change would be about 7 pK units.!®
Differences in steric and ion pairing effects, as well as basicity, may of
course also influence the percentage of elimination.

(16) Unpublished results of U. E. Wiersum and of F. J. Cornforth
(Ph.D. Dissertation, Northwestern University, Evanston, IL, 1976).

Frederick G. Bordwell,* Susan Romberg Mrozack

Department of Chemistry
Northwestern University
Evanston, Illinois 60201

Received May 31, 1982

On the Addition of Allyltrimethylsilane to Glyecal
Acetates

Summary: A highly stereoselective route to C, allylated
glycosides bearing C,—C; unsaturation has been developed.

Sir: Recently a very simple entry to 5,6-dihydro-y-pyrones
(1) was found.!™* By this methodology the relative con-
figurations about C; and Cg of the heterocycle® and even
C; of a pendant side chain are subject to considerable
control.®* The resultant pyrones are readily converted in
a stereoselective way to glycals of the type 2.6 Through

(1) Danishefsky, S.; Kerwin, J. F., Jr.; Kobayashi, S. J. Am. Chem. Soc.
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