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Cyclopropyl Solvolyses. IV. Leaving Group and Alkyl
Substitution Effects in Monocyclic Systems'
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Abstract: The acetolysis rates of a number of alkyl- and polymethyl-substituted cyclopropyl tosylates, bromides,
and chlorides have been determined. The kinetic results in all cases are consistent with stereospecific disrotatory
ring opening concerted with ionization. For trans-G-alkyl substitution the observed rates show a regular but
rather modest increase in the order CH; < CH; < i-C;H; < fert-C,H,, attributed to inductive effects. The
corresponding cis isomers show little variation; we attribute this to a combination of opposing steric and inductive
effects. A comparison of a-phenyl and a-methyl substituent effects with those found in other secondary systems
provides an estimate of the anchimeric assistance in cyclopropyl tosylate solvolysis in the range 1046107, We
conclude that methyl rather than phenyl groups are preferable as probes for detecting nonclassical charge de-
localization at positions remote from the site of attachment of the leaving group. The degree of ring opening at the
transition state for a given cyclopropyl system does not appear to change significantly with a change in leaving
group. The rate enhancements provided by trans-3 substituents follows the leaving group order Cl > Br > OTs;

we attribute this to electronic effects.
substituted cyclopropyl systems.

Ground-state steric effects are a significant factor in the reactivity of cis-3
The order of leaving group steric size in these cyclopropyl systems is Br > Cl >

OTs, which parallels the van der Waals’ radii of the atoms involved (Br > Cl > O).

he solvolyses of cyclopropyl derivatives tend strongly

to proceed with concerted disrotatory ring open-
ing.!'%% At least partial ring opening is simultaneous
with departure of the leaving group in almost all cases
leading to a transition state in which the positive charge
is delocalized over all three-ring carbon atoms; even-
tually ring-opened allyl products are produced.® The
effect of a change in the leaving group on the reactivity
of cyclopropyl derivatives has, however, received little
attention.

(1) Part III: preceding paper, P, v. R. Schleyer, W. F. Sliwinski,
G. W. Van Dine, U. Schollkopf, J. Paust, and K. Fellenberger, J.
Amer. Chem. Soc., 94, 125 (1972).

(2) (a) Ph.D. Thesis, Princeton University, 1971; National Science
Foundation Predoctoral Fellow, 1965-1967; American Machine and
Foundry Fellow, 1967-1969; (b) Ph.D. Thesis, Princeton University,
1970; Petroleum Research Fund Predoctoral Fellow, 1968-1969.

(3) (a) R. B. Woodward and R. Hoffmann, J. Amer. Chem. Soc., 87,
395 (1965); (b) see also H. C. Longuet-Higgins and E, W. Abrahamson,
ibid., 87, 2045 (1965).

(4) C. H. DePuy, L. G. Schnack, J, W. Hausser, and W, Wiedemann,
ibid., 87, 4006 (1965).

(5) (a) U. Schollkopf, K. Fellenberger, M. Patsch, P. v. R. Schleyer,
T. Su, and G. W, Van Dine, Tetrahedron Lett., 3639 (1967); (b) D. B,
Ledlie and E. A. Nelson, ibid., 1175 (1969); (¢) D. T. Clark and G.
Smale, Chem. Commun., 868 (1969).

(6) Exceptional cases giving at least some cyclopropyl productss
include several amine deaminations,” and the solvolyses of 1-bicyclo-
propyl derivatives 182—¢ and the remarkable 1-thiophenoxycyclopropyl
chlorides.8d

(7) (a) P. Lipp and C. Padberg, Ber. Deut. Chem. Ges. B, 54, 1316
(1921); R. Pettit, J. Amer. Chem. Soc., 82, 1972 (1960); (c¢) H. Hart
and R. H. Martin, ibid., 82, 6362 (1960); (d) W. Kirmse and H. Schiitte,
ibid., 89, 1284 (1967); (¢) W. Kirmse and H. Schiitte, Chem. Ber., 101,
1674 (1968); (f) W, Kirmse and F. Scheidt, ibid., 103, 3711 (1970).

(8) (a)J. A. Landgrebe and L. W, Becker, J. Amer, Chem. Soc., 89,
2502 (1967); (b)J. A. Landgrebe and L. W, Becker, ibid., 90, 395 (1968);
(¢) B. A. Howell and J. G. Jewett, ibid., 93, 798 (1971); (d) U, Scholl-
kopf, E. Ruban, P. Tonne, and K. Riedel, Tetrahedron Lett., 5077 (1970).

R
R,

D

1 2a (exo), R, =H;R; =X
2b (endo),R,=X;R,=H

R1>>/x
R,
3a (trans), R, = H; R, = CgH;

3b (Cis), Rl = CsHs; Rg =H

An apparent discrepancy in the solvolysis results
for the bicyclo[4.1.0hept-7-yl (7-norcaryl) system, 2,
led to the present investigation. Cristol, Sequeira, and
DePuy had reported that while the endo-chloride 2b
(X = CI) was readily acetolyzed at 124.6° (k = 1.4 X
10-¢ sec™!), the exo-chloride was inert under these
conditions;® they concluded that the endo/exo reactivity
ratio was at least a factor of 200 and possibly much
more. In contrast we found the endo/exo rate ratio
for 2 (X = OTs) to be only 36 in acetic acid at 100°.%
Such differences in relative reactivity for a mere change
of leaving group are quite unexpected: In addition, a
smaller but reversed leaving group dependence has
been found in the 2-phenylcyclopropyl system, 3, where
the trans/cis rate ratio for acetolysis at 100° is 20 for
X = OTs and 4 for X = Br or C1.°°

(9) S. J. Cristol, R. M. Sequeira, and C. H. DePuy, J. Amer. Chem.
Soc., 87, 4007 (1965).

(10) (a) C. H. DePuy, L. G. Schnack, and J. W. Hausser, ibid., 88,
3343 (1966); (b) J. W. Hausser and N. J. Pinkowski, ibid., 89, 6981
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Table I. Rates of Acetolysis of 2-Alkylcyclopropyl Derivativese
Leaving AHF,
Compd group Substituent Temp, °C ki,b sect kcal/mol AS*, eu
4a OTs trans-CH,CH;, 125.0 (1.00 &= 0.03) X 10~ 29.8 —2.7
150.0 (9.80 = 0.15) X 10—*
100.0 7.55 X 1078
25.0 2.50 X 1010
4b OTs ¢is-CH,CH; 150.0 (4.76 = 0.03) X 10— 30.9 —6.1
175.0 (3.91 & 0.04) X 10~
100.0 3.06 X 1077
25.0 6.91 X 10712
S5a OTs trans-CH(CH3), 123.9 (1.15 £ 0.04) X 10~ 29.8 —-2.0
150.0 (1.267 &= 0.002) X 103
100.0 9.63 X 1078
25.0 3.09 x 101
5b OTs ¢is-CH(CHj3), 150.0 (5.975 = 0.004) X 10-% 31.8 -3.3
185.0 (1.167 &= 0.006) X 10-3
100.0 3.30 X 1077
25.0 5.37 X 1012
6a OTs trans-C(CHy); 100.0 (1.38 = 0.03) X 1075 29.0 —3.6
125.0 (1.71 = 0.03) X 10
25.0 5.97 X 10710
6b OTs ¢is-C(CH3); 150.0 (4.14 = 0.10) X 1078 32.3 —-2.9
175.0 (3.75 £ 0.12) X 104
100.0 2.11 X 1077
25.0 2.90 X 10-12
Ta Br trans-CH; 124.8 (1.411 = 0.001) X 10— 30.9 —3.6
149.9 (1.53 £ 0.02) X 10~
100.0 9.87 X 1077
25.0 2,17 X 1071t
b Br cis-CH;, 150.0 (1.20 &= 0.02) X 107® 31.4 7.7
175.0 (1.02 &= 0.03) X 10~¢
100.0 7.17 X 108
25.0 1.38 X 1012
8a Br trans-C(CHj;); 125.0 (2.30 £ 0.01) X 10°% 30.6 —-3.5
150.0 (2.40 = 0.06) X 10—+
100.0 1.62 X 108
25.0 4.02 X 10711
8b Br ¢is-C(CHy), 150.0 (2.53 = 0.01) X 10-5 31.7 —5.3
175.0 (2.20 = 0.02) X 10~
100.0 1.42 X 1077
25.0 2.39 X 10712
9a Cl trans-C(CH3), 175.0 (1.28 = 0.08) X 10~ 30.7 —8.7
201.85 (9.51 £ 0,35) X 10+
100.0 1.05 X 1077
25.0 2.53 X 10-12
9b Cl ¢is-C(CHy); 175.0 (7.57 =£0.22) X 10¢ 32.6 —10.1
202.65 (6.73 £ 0.22) X 108
100.0 4.04 X 10°°
25.0 5.14 X 10714

a Anhydrous acetic acid, ~0.03 M in substrate; 0.032 M NaOAc added as buffer for halide acetolyses. ? Average deviation of two or more

kinetic determinations.

We report here an extensive study of leaving group
effects in cyclopropyl systems. In addition, steric and
electronic effects of alkyl substitution on cyclopropyl
solvolysis are analyzed.!'!1

Procedures and Results

Alkyl-substituted cyclopropyl tosylates were syn-
thesized by the method of Schéllkopf.!'!? Bromocyclo-
propanes were obtained by tri-n-butyltin hydride reduc-
tion of the corresponding gem-dibromocyclopropanes,'?

(1967); (c) J. W. Hausser and M. J. Grubber, private communication;
¢f. M. J. Grubber, Ph.D. Thesis, Duquesne University, 1968; the
original authors suggested that concerted ring opening in the cis-2-
phenylcyclopropyl halides might be occurring by the ‘‘wrong” or dis-
favored disrotatory mode, but results in other systems render this
unlikely.

(11) Cf. P. v. R. Schleyer, G. W. Van Dine, U. Schollkopf, and
J. Paust, J. Amer. Chem. Soc., 88, 2868 (1966).

(12) U. Schollkopf, J. Paust, A. Al-Azrak, and H. Schumacher,
Chem. Ber., 99, 3391 (1966).

(13) D. Seyferth, H. Yamazaki, and D. L. Alleston, J. Org. Chem.,
28, 703 (1963).

Rate constants at 25.0 and 100.0° are calculated values.

prepared by dibromocarbene addition to the desired
olefins.’* Chlorocyclopropanes were prepared directly
by the chlorocarbene addition procedure of Closs and
Closs.’® Where mixtures of isomiers were obtained,
the individual isomers were usually separated by spin-
ning-band distillation or preparative glc. Stereochem-
ical assignments of cyclopropyl derivatives are based
on the vicinal coupling constants of the distinctive «
protons in the nmr spectra (Jum eis > Jumtrans) - !

Acetolysisrates of all compounds were determined titri-
metrically as described previously.! All halide acetoly-
ses were carried out in acetic acid buffered with an excess
of sodium acetate, and were followed by Volhard titra-
tions!¢ for liberated halide. Good first-order behavior
was observed to greater than 907 reaction in all cases.

(14) (a) W. von E. Doering and A. K, Hoffmann, J. Amer, Chem. Soc.,
76, 6162 (1954); (b) P. S, Skell and A. Y. Garner, ibid., 78, 3409, 5430
“if?ﬁ‘ G.L. Closs and L. E. Closs, ibid., 82, 5723 (1960).

(16) H. Laitinen, “Chemical Analysis,” McGraw-Hill, New York,
N. Y., 1960, p 214,
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Leaving AH#,
Compd group Substituents Temp, °C kb sec? kcal/mol ASF, eu

10a Br trans,trans-2,3-Dimethyl 78.0 (7.39 £ 0.03) X 108 27.1 -0.7
100.6 (8.20 + 0.08) X 10~¢
100.0 7.72 X 10~¢
25.0 6.32 X 107

10b Br cis,cis-2,3-Dimethyl 150.6 (3.092 += 0.008) X 10-¢ 33.3 —-1.3
174.9 (2.79 £ 0.001) X 10~¢
100.0 1.28 X 1077
25.0 1.26 X 10712

11a 1 trans,trans-2,3-Dimethyl 100.35 (2.53 = 0.02) X 108 29.1 -2.2
124.3 (2.85=+0.03) X 10+
100.0 2.43 X 1078
25.0 1.01 X 10-®

11b Cl cis,cis=2,3-Dimethyl 175.0 (8.79 £ 0.11) X 1078 34.6 —5.2
201.05 (7.88 = 0.03) X 105
100.0 2.96 X 10
25.0 1.88 X 1071+

12 Br cis,trans-2,3-Dimethyl 100.5 (1.59 + 0.03) X 108 28.5 —4.6
124.7 (1.76 = 0.01) X 10~
100.0 1.51 X 1078
25.0 7.52 X 1071

13 Cl cis,trans-2,3-Dimethyl 150.3 (5.61 = 0.02) X 10-8 31.5 -4.3
170.3 (3.18 = 0.03) X 10~¢
100.0 3.18 X 1077
25.0 5.79 X 10712

14a Br trans-2,2,3-Trimethyl 50.5 (2.38 = 0.03) X 108 23.8 -6.3
75.1 (3.50 = 0.11) X 10~¢
100.0 3.72 X 1073
25.0 9.23 X 107

14b Br cis-2,2,3-Trimethyl 124.7 (1.17 = 0.04) X 10—¢ 28.0 —-6.8
149.9 (1.02 £ 0.06) X 10-3
100.0 1.05 X 1078
25.0 6.40 X 10~

15a Cl trans-2,2,3-Trimethyl 100.4 (8.28 £ 0.16) X 10-5 28.2 —2.2
124.7 (8.98 &= 0.21) X 10~
100.0 7.98 X 1078
25.0 4.50 X 10—

15b Cl ¢is-2,2,3-Trimethyl 159.9 (6.78 = 0.04) X 108 33.3 —1.5
179.9 (3.91 + 0.08) X 10—¢
100.0 1.18 X 1077
25.0 1.18 X 10712

16 Br 2,2,3,3-Tetramethyl 75.1 (1.25 = 0.05) X 10~ 28.3 4.5
100.1 (2.06 = 0.04) X 10-3
100.0 2.04 X 103
25.0 1.11 X 107

s Anhydrous acetic acid buffered with 0.032 M NaOAc; ~0.025-0.03 M in substrate.
Rate constants at 25.0 and 100.0° are calculated values.

terminations.

Table III. Relative Rates of 2-Substituted Cyclopropyl Derivatives

b Average deviation of two or more kinetic de-

Leaving Kret ,100°%
Compd group 2 substituent Trans Cis K ransfKois Ref
17 OTs? —CH,3 138 5.7 24 e
4 -CH,CH; 180 7.4 24 ¢
5 ~CH(CHj,), 230 8 29 ¢
6 —C(CHjy); 330 5 66 ¢
7 Br? -CH, 630 46 14 ¢
8 ~C(CH3;); 1040 92 11 ¢
18 Brd -CH,CH; 460 20 23 f
19 ~-CH=CH; 1770 160 11 f
20 ¢-C3;H, 7350 290 25 f

o All rates are relative to those of the parent cyclopropyl derivatives:

clopropyl bromide (22), £(100°, HOAc) = 1.55 X 107% sec™!, £(100°, 509 EtOH) = 2.18 X 1077 sec!.
7 J. A. Landgrebe and L. W. Becker, J. Org. Chem., 33, 1173 (1968).

31n 509 EtOH. °Reference 1.

First-order rate constants and thermodynamic activation
parameters were determined by least-squares computer
programs and are summarized in Tables I and II. Ta-
bles III and IV give the relative rates and isomeric rate
ratios for the various mono-B-substituted cyclopropyl
derivatives, including the available data from the litera-

cyclopropyl tosylate (21), £(100°, HOAc) = 4.16 X 10-8sec™!; cy-
b In acetic acid. ¢ This work.

ture. Relative rates for the various 8-methyl-substituted
cyclopropyl derivatives are presented in Table V.

Discussion

Electronic Substituent Effects. The kinetic results
in all cases are consistent with concerted, stereospecific
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Table IV. 3-Substitution Effects for Various Leaving Groups.

Relative Acetolysis Rates at 100°

Leaving Keer®
Compd 2 substituent group Trans Cis Kirans/Kess Ref
6 -C(CHzs)s OTs 330 5 66 b
8 Br 1040 92 11 b
9 Cl 5830 220 26 b
3(X = 0Ts) -C¢H; OTs 300 15 20 ¢
3(X = Br) Br 5310 1330 4 d
3I(X =0} Cl 9340 2300 4 e

¢ Rates are relative to the parent cyclopropyl derivatives. The rate constant of cyclopropyl chloride (23) in acetic acid at 100° is estimated
as 1.8 X 10~ sec™! from the data of Roberts and Chambers (J. D. Roberts and V. C. Chambers, J. Amer. Chem. Soc., 73, 5034 (1951))
assuming the same solvent and temperature dependence for 23 as was found for cyclopropyl bromide (22).! (This estimate of the reactivity
of cyclopropyl chloride is slightly higher (by a factor of 1.5-5) than previous estimatesi® (J. A, Landgrebe and D. E. Applequist, J. Amer.
Chem. Soc., 86, 1536 (1964)) and is also higher than the value which would be obtained using Brown’s factor (H. C. Brown and M.-H. Rei,

ibid., 86, 5008 (1964)) of 8.5 X 107% for ka/korts in secondary systems.

conclusions.) See also Table III, footnote a. ® This work.

¢ Reference 10a.

A slightly lower estimated rate for 23 would in no way affect our
4 Reference 10c. ¢ Reference 10b.

Table V. Relative Acetolysis Rates of 3-Methyl-Substituted Cyclopropy!l Derivatives

Relative rates at 100° a»

Substituents OTse Br Cl
cis-2-Methyl 5.7 (17b) 46 (7b)
trans-2-Methyl 138 (17a) 630 (7a)
2,2-Dimethyl 430 (24)
cis,cis-2,3-Dimethyl 2.2(25) 82 (10b) 167 (11b)
cis,trans-2,3-Dimethyl 460 (26) 9,700 (12) 20,000 (13)
trans,trans-2,3-Dimethyl 38,000 (27) 497,000 (10a) 1,330,000 (11a)
cis=2,2,3-Trimethyl 83 (28) 6,800 (14b) 6,700 (15b)¢
trans-2,2,3-Trimethyl 44,700 (29) 2,400,000 (14a) 4,400,000 (15a)
2,2,3,3-Tetramethyl 7,450 (30) 1,320,000 (16)

a Rates are relative to the parent cyclopropyl derivatives; for data, see footnote a in Tables III and IV.

in parentheses. ¢ Reference 1.

ring opening according to the Woodward-Hoffmann
predictions.?* In acetic acid at 100°, the rate enhance-
ment produced by a trans-2-methyl substituent relative
to the parent cyclopropyl system is (from Table III) a
factor of 138 for the tosylates (ki./k2) and a factor
of 630 for the corresponding bromides (k7./ks). Larger
trans-2-alkyl substituents (Et, i-Pr, tert-Bu) increase the
rate of acetolysis only slightly more than a methyl
substituent, for both tosylates and bromides (Table
IIT). Successive y-methyl substitution in the trans-2-
alkylcyclopropyl tosylates (17a, 4a-6a) results in in-
ductive stabilization by a rate factor of only about 1.3
per methyl group, i.e., ki =~ 1.3 X kg, ksa =~ kia X
1.3, kea >~ 1.3 X ksu =~ (1.3)3 X ki in acetic acid at
100°; pew™® (vs. ocn,*)Y for y-methyl substitution in 17a
is —1.25 (100° acetolysis). For the trans-2-alkylcyclo-

OTs
o

17a, R = CH;

48, R = CH?CHs
5a, R = CH(CH:):
6a, R = C(CH3)3

propyl bromides (7a and 8a), a similar enhancement in
the acetolysis rate of 1.17 for each y-methyl group
can be calculated: ke = (1.17)% X ksa (pom* =
—0.73, 100° acetolysis). The small magnitude of these
pcm,® values is seen by a comparison with the values
obtained for solvolysis of 3-substituted l-adamantyl
bromides (31) and 4-substituted bicyclo[2.2.2]Joct-1-yl
brosylates (32); pcm* values for these systems are
--2.7 (75°, 80% EtOH) and —2.3 (75°, HOAC), re-
spectively.!® The small pcg,* values for a-methyl sub-

(17) (a) R. W. Taft and C. 1. Lewis, J. Amer. Chem. Soc., 80, 2436
(1958); (b) C. D. Ritchie, J. Phys. Chem., 65, 2091 (1961).

b Compound numbers are given

¢ The extrapolated rate for this compound appears anomalously low, by about a factor of two.

OBs
31 32

stitution in the frans-2-methylcyclopropyl system seem
all the more remarkable because there is substantial
delocalization of positive charge to the 2 position in
the acetolysis transition states—witness the large rate
accelerations for trans-2-methyl substitution given
above. The effect of trans-2-alkyl substituents on cyclo-
propyl acetolyses is still following the normal inductive
order, but is tending toward the Baker-Nathan order
(H < Me > Et > i-Pr > tert-Bu).'* For unimolecular
(SN1) solvolyses, the Baker-Nathan order of alkyl sub-
stituent effects was first demonstrated by Hughes, In-
gold, and Taher® in the ethanolysis and 8077 aqueous
acetone hydrolysis of the para-substituted benzhydryl
chlorides (33). Vernon?! has noted that the Baker-

=00

Nathan order appears to be followed for both «- and
~v-alkyl substitution in allyl chloride (34). The rate

(18) P. v. R, Schleyer and C. W. Woodworth, J. Amer. Chem. Soc.,
90, 6528 (1968).

(19) (a) J. W. Baker and W. S. Nathan, J. Chem. Soc., 1844 (1933);
¢f. (b) M. 1. S. Dewar, “Hyperconjugation,” Ronald Press, New Y.ork,
N.Y., 1962; (c)J. March, “Advanced Organic Chemistry: Reactions,
Mechanism and Structure,” McGraw-Hill, New York, N. Y., 1968,
pp 56-57, and references therein.

(20) E. D. Hughes, C. K. Ingold, and N. A, Taher, J. Chem. Soc.,
949 (1940).

(21) C. Vernon, ibid., 423 (1954).
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accelerations for a-methyl and a-tert-butyl substitu-
tion are factors of 5670 (kss/kss) and 2520 (kse/ksa),

R;CH=CHCHR:Cl

34,Ri =R:=H

35,R; = H; R: = CH,
36, R; = H; R, = C(CH:);
37, R = CH;; R: = H
38, R, = C(CH;);; R: = H

respectively, in 99.5% aqueous HCOOH at 44.5°; like-
wise for vy-methyl and +y-rerr-butyl substitution, rate
accelerations of 3550 (ksr/ksd) and 2260 (kss/kss) are
observed under the same conditions.?! The reasons
for the occurrence of the Baker-Nathan or so-called
“hyperconjugative” order of alkyl substituent effects
in certain systems are still disputed.’®*® Recent molecu-
lar orbital calculations indicate that C-C hypercon-
jugation is more effective than C-H hyperconjugation
in stabilizing alkylcarbonium ions.?? The calculations
are consistent with known gas-phase data, which show
that 3-C-C bonds stabilize carbonium ions to quite
a large extent.?? For example, the reaction C.Hs+ +
C;Hg — n-C;H;+ 4+ C,H; is exothermic to the extent
of 6.4 kcal/mol. Empirically, the Baker-Nathan order
appears to be observed only when the alkyl substituents
are attached to a carbon that is initially sp? or sp hy-
bridized; when the substituents are attached to a
carbon that remains sp?® hybridized or that undergoes a
change from sp?to sp? hybridization during the reaction
being investigated, the normal “inductive” order of
alkyl stabilization is observed. The sp? hybridization
of the exocyclic bonds in the cyclopropane ring?*
may thus account for the fact that a tendency toward
Baker-Nathan behavior is observed in the acetolysis
of trans-2-alkylcyclopropyl derivatives. The tendency
of these $-substituent effects in the cyclopropyl system
toward the behavior observed for a- and vy-alkyl sub-
stituents in the allyl system may be taken as further
evidence that the cyclopropyl solvolyses are proceeding
through protoallylic transition states.!

Table IV gives the relative substituent rate accelera-
tions for the two B-substituted cyclopropyl systems
where data for all three derivatives (OTs, Br, Cl) are
available. The acetolysis rate enhancements relative
to the parent cyclopropyl derivatives, are seen to follow
the order of leaving groups: CIl> Br > OTs.

It is convenient to divide the substituent effects into
electronic and steric categories. For the trans-2 sub-
stituted cyclopropyl derivatives additional steric strain
due to the 2 substituents should be minimal in both
ground and transition states, except for ters-butyl substi-

tution. For the trans-2-tert-butyl cases the steric effects
H H
HH X _— H ’\+
H
R R

should at least be independent of the leaving group.
The rates of the trans-2 substituted cyclopropyl deriva-
tives in Tables III and IV relative to the parent cyclo-
propyl derivatives thus can be taken to reflect the elec-
tronic stabilization of the protoallylic transition states,
The electronic stabilization afforded by § substituents

(22) L. Radom, J. A, Pople, V. Buss, and P. v. R. Schleyer, J. Amer.
Chem. Soc., 92, 6380 (1970).

(23) F. P. Lossing and G. P. Simeluk, Can. J. Chem., 48, 955 (1970).
(24) W, Bernett, J. Chem, Educ., 44, 17 (1967).
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in the cyclopropyl system is thus seen to follow the
order of leaving groups: Cl > Br > OTs.

Methyl and Phenyl Substitution Effects. It is in-
teresting to compare the effects of phenyl and methyl
substitution in the cyclopropyl system. At 108°,
DePuy, ef al.,*'® found that 1-phenylcyclopropyl tosyl-
ate (39) and trans-2-phenylcyclopropyl tosylate (3a, X
= OTs) reacted, respectively, 20,000 times and 300
times faster than cyclopropyl tosylate (21) on acetolysis.
The corresponding rate enhancements for 1-methyl
and trans-2-methyl substitution in 21 are 313 and 138
in acetic acid at 100°.! De Puy also determined pt
values of —4.31 for 39 and —1.75 for 3a (X = OTs)
in acetic acid at 108°.!® Considering « substitution
first, Table VI gives the data for the cyclopropyl tosyl-
ates extrapolated to 25°, along with literature data
for other secondary systems (40-56). Of particular

OPNB
45 50
R ™
@’ OPNB
R
51

interest are the results of Gassman and Fentiman?5
in the anti-7-norbornenyl system 49, The ot/pt plot
for 49 (R = Ar) shows a clear break. The pt+ value
based on the p-N(CH;), and p-OCH; substituents is
—4.7,% very close to the value of —5.17 observed for 48
(R = Ar) under the same conditions;* apparently
the stabilization afforded by the a substituent in these
two cases is sufficient to completely eliminate participa-
tion by the double bond—the 10!! rate acceleration
due to double bond participation in the parent systems

(25) See footnote z, Table VI.

(26) See second reference of footnote z, Table VI.
(27) See Tanida, et al., footnote g, Table VI.
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Table VI. a-Substitution Effects and Reaction Constants
Substrate Solvent, temp (°C) kcui/kr keems/kr ot, R = aryl Ref
40 HOAC, 25 1.1 X 103 3.9 X 108 —4.314 ¥
41 EtOH, 25 5.5 X 10¢ 2.5 X 108 —4.9, —4.54¢ 0,p
42 509, EtOH, 25 1.9 X 102 4.3 X 108 —4.,48¢ 2, q
43 EtOH, 25 1.8 X 108 6.6 X 108 —4.5, —4.1 P, T
44 EtOH, 25 3.3 X 10¢ 6.3 X 108 —4.65¢ o,p
45 80 acetone, 25 1.4 x 105 6 X 108 -3.77 s
46 EtOH, 25 6 X 10¢ 3 X 108 —4.3, —3.96f o,t
47 809 EtOH, 25 3 x 107 1.6 X 1010 —4.83 P, U, 0
48 709 dioxane, 25 9.7 X 107¢ 4 X 1012 —5.17, = 5.64°» p,W, x
49 70% acetone, 25 1.3 X 108 —4.7;7 —2.37 ¥,z
50 80%; acetone, 25
a,R"=H 3.1 X 10¢ 5.6 X 108 —4.52 aa—dd
b, R’ = OCH; 6.6 X 108 —4.05 aa, bb, ee
51 809 acetone, 25
a,R" = H 1.4 X 10¢ 1.2 X 108 —4.50 aa-dd
b, R’ = OCH; 3.6 X 103 2.6 X 107 —-3.72 bb, cc, ee, ff
52 EtOH, 25 1.8 X 103 9 X 10¢ —4.2 0, 88
53 EtOH, 25 3.5 X 10? 1 X 10¢ —2.35¢ 0, 88
54 HOAc, 125 ~1.5 %X 108 —4,2m hh
55 HOACc, 125 1.5 X 108 —4.,2m hh
56 HOAc, 125 36 —2.0m hh

@ Necessary extrapolations in this table were made as follows: for changes of solvent an m value of 1.0 was assumed for tertiary deriva-
tives; for changes of leaving group the Cl/OTs rate ratio of 1.9 X 107¢ found for the 1-adamantyl system in 80%; EtOH at 25° was used for
tertiary derivatives (R. C. Bingham and P. v. R. Schleyer, J. Amer. Chem. Soc., 93, 3189 (1971)); for secondary derivatives, the Cl/OTs rate
ratio of Brown (8.5 X 10-% at 25°) (see H. C. Brown and M.-H Rei in Table IV, fcotnote a) was used and for (koT..HoAc/k0PNB. 80% acetone)25°
the value of 1.04 X 10° found by Winstein, et al. (S. Winstein, M. Shavatsky, C. Norton, and R. B. Woodward, ibid., 77, 4183 (1955); J.
Lhomme, A. Diaz, and S. Winstein, ibid., 91, 1548 (1969)) for the anti-7-norbornenyl system was employed. ? OPNB = p-nitrobenzoate.
¢ Vs. ot (H, C, Brown and Y. Okamoto, J. Amer. Chem. Soc., 80, 4979 (1948); for a review, see L. M. Stock and H. C. Brown, Advan. Phys.
Org. Chem., 1, 35 (1963)). ¢ At 108°. ¢In 909 aqueous acetone. ‘ For the corresponding p-nitrobenzoates in 80% aqueous acetone.
¢ For the corresponding tosylates in HOAc, extrapolated to 25° (H. Tanida, Y. Hata, S. Ikegami, and H. Ishitobi, J. Amer. Chem. Soc., 89,
2928 (1967)). * For the corresponding chlorides. ¢ For p-NMe; and p-OCHj substituents on the phenyl ring. 7 For p-OCHj3, p-H, p-CF;,
and m,m’-diCF; substituents on the phenyl ring. * For substituted benzhydryl chlorides. In 60%; ether-40%; EtOH. ™ At 100°; the
correlation is unsatisfactory. ™ References 1 and 10a. ° Reference 21. # H. Tanida and T. Tsushima, J. Amer. Chem. Soc., 92, 3397 (1970).
¢ J. D. Roberts and R. H. Mazur, ibid., 73, 2509 (1951); E. F. Cox, M. C. Caserio, M. 8. Silver, and J. D. Roberts, ibid., 83, 2719 (1961}.
r H. C. Brown and K. Takeuchi, ibid., 88, 5336 (1966). ¢H. C. Brown, M. H. Chloupek, and M.-H. Rei, ibid., 86, 1248 (1964); P.v.R.
Schleyer, M. M. Donaldson, and W. E. Watts, ibid., 87, 375(1965); K. Takeuchi and H. C. Brown, ibid., 90, 2693 (1968); S. Ikegami, D. L.
Van der Jagt, and H. C. Brown, ibid., 90, 7122 (1968). *See Takeuchi and Brown, footnote s. *See Bingham and Schleyer, footnote a.
vJ, L. Fry, J. M. Harris, R. C. Bingham, and P. v. R. Schleyer, J. Amer. Chem. Soc., 92, 2540 (1970); J. M. Harris, unpublished results.

» See Winstein, Shavatsky, Norton, and Woodward, footnote a.
footnote a.
Tritle, ibid., 88, 1320 (1966).
dd H, C. Brown, S. Ikegami, and K.-T. Liu, ibid., 91, 5911 (1969).
and S. Winstein, ibid., 91, 5905 (1969).
1963, p 41.

(kss/kss, R = H)* being reduced to a mere factor of 3
in the corresponding a-p-anisyl-substituted systems.?®
For less electron-releasing substituents than p-OMe
on the phenyl ring of 49 (R = C¢H;), however, the p*
value is only —2.3 and the corresponding ks/kys rate
ratios are much higher (42-250,000), indicating that
double bond participation in these cases is still present,
although reduced in magnitude.?® This sensitivity of p*
to even moderate amounts of anchimeric assistance
gives added significance to the value of —4.2 found
for the Il-arylcyclopropyl tosylates. This p* value is
similar to those found for classical tertiary systems (see
Table VI) and is similar to the p* values found for the
bicyclic cyclopropyl systems 54 and 55, geometrically
biased against the favored mode of disrotatory ring
opening. Acetolyses of 54 and 55 yield ring-closed
products of both exo and endo configuration in addi-
tion to products of ring opening.® On this basis the
transition state for acetolysis of 40 (R = C¢H;) may
well resemble a classical, phenyl-stabilized cyclopropyl
cation even though the ring-opened 2-phenallyl acetate

(28) See Winstein, Shavatsky, Norton, and Woodward, footnote a,
Table VI.

(29) See first reference of footnote z, Table VI.

(30) See footnote hh, Table VI.

= See Tanida, et al., footnote g.
#P. G. Gassman and A. F. Fentiman, Jr., J. Amer. Chem. Soc., 91, 1545, (1969); 92, 2549 (1970).
® H. C. Brown and G. L. Tritle, ibid., 90, 2689 (1968).
e H, C. Brown and K.-T. Liu, ibid. 91, 5909 (1969).
o A. Streitwieser, Jr., “Solvolytic Displacement Reactions,” McGraw-Hill, New York, N. Y.,
kD, T. Clark and G. Smale, Chem. Commun., 868 (1969), and private communication.

v See Lhomme, Diaz, and Winstein,
aa H, C. Brownand G. L.
ce J, P. Dirlam and S. Winstein, ibid., 91, 5907 (1969).
/1], P. Dirlam

is the only observed product.*!®™ The rate enhance-
ment found for l-phenyl substitution in cyclopropyl
tosylate is 105-® (HOAc, 25°), quite low compared
with the accelerations of 10%°-2 and 10!%¢ estimated
for a-phenyl substitution in the 2-adamantyl (47) and
7-norbornyl (48) systems. Taking these latter values
as “normal” for limiting (k.) solvolyses in both the
secondary (R = H) and tertiary (R = C¢H;) substrates,
the amount of anchimeric assistance in 21 (40, R = H)
can be estimated to be 1046-107¢ (HOAc, 25°). A
similar estimate (>10%) for the anchimeric assistance
in 21 is obtained from consideration of the a-methyl
substitution effects;! in this case, the tertiary 1-methyl-
cyclopropyl tosylate (40, R = CH;) is probably itself
accelerated by anchimeric assistance to a small extent.
Considering S-substituent effects, the relative rate
accelerations produced by trans-B8-methyl and trans-3-
phenyl substituents in the cyclopropyl system are some-
what different than those found for « substitution. Ta-
ble VII gives the data for the cyclopropyl tosylates (57)
and bromides (58) extrapolated to 25°, as well as litera-
ture data for numerous comparison systems. The sen-
(31) J. L. Fry, C. JI. Lancelot, L. K. M, Lam, J. M. Harris, R. C.

Bingham, D. J. Raber, R. E. Hall, and P. v. R. Schleyer, J. Amer.
Chem. Soc., 92, 2538 (1970).
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Table VII. Substitution Effects and Reaction Constants

Substrate Solvent, temp (°C) kcri/kn kcems/ku p, R = aryl* Ref
57 HOAc, 25 320 510 —2.350 —1.750-4 I
58 HOAc, 25 1300 9400 m
59 80% EtOH, 40.8 1.65 0.17 —1.11 n
60 HOAc, 75 1.17 0.56 —1.02, —0.69¢.¢ 0
61 HOAc, 150 3.9 9.3 ¥4
62 99.5% HCOOH, 44.6 3550 ~5 % 108 q
63 HCOOH, 50 210 96 r
64 907 dioxane, 50 75 0.3 —0.96,0.71¢e s
65 HOAc, 25 53 4,2 —1.36, —0,95¢4 ]
66 HOAc, 25 4.7 1.7 t
67 HOAc, 49.6 3.0 0.64 —2.4¢0f U, v
68 HOAc, 74.7 0.1 24 —2.96¢° v-X
69 HOAc, 74.8 4.5 6.0 —2.0,0% —4, 20 Dy W, y
70 HOAc, 77.6 —3.26,c —2. 710k z, aa
7 50%; acetone, 125 —1.9¢ bb
72 807 acetone, 25 —0.9¢% cc
73 807 acetone, 25 —0.2¢k cc

ag. YAt 108°, < Vs o*. <The correlation is better with ¢ than with ¢*. ¢ Neither correlation is appreciably better. / At25°. ¢ For

2,2-diphenylethy! tosylate in HOAc at 99.5°,
phenyl group.

m Reference 10c.
University, 1960.
ibid., 80, 3977, 3982 (1960).
(1969).
3432 (1957).

? Reference 3. ¢ Reference 21.

M. Brown, K. C. Schreiber, and A. H. Schlesinger, J. Amer. Chem. Soc., 74, 1140 (1952).
H. Ishitobi, T. Irie, and T. Tsushima, J. Amer. Chem. Soc., 91,4512 (1969).

sitivity of p and p* constants to charge delocalization is
again illustrated by 59-73 in this table. The rate
enhancement (25°, HOAc) produced by trans-8-methyl

CH,
wa\ R\b\ RCH,—C—C(l
oT
H ® g Br CH,
57 58 59

RHC==CHCH,C!

OZ\OTS 62
RHC——CHCHQCH2C1

ﬁﬁ? Gpe

R IF CeH,
CH3CH(fHCH3 CH3—~(|J——CH20BS RCH—CHCH,
CH, OBs
67 68 69
Z Z
OPNB OPNB
H CH,
70 7
Z
OPNB CH,
CeH, OPNB
72 73

k For substitution on the nonmigrating phenyl group.
7 For the corresponding chloride in 8097 acetone at 25°,

» A, Landis and C. A. Vander Werf, J. Amer. Chem. Soc., 80, 5277 (1958).
r K. L. Servis and J. D. Roberts, J. Amer. Chem. Soc., 87, 1331 (1965).
tD. D. Roberts, J. Org. Chem., 29, 294 (1964).
v S. Winstein, B. K. Morse, E. Grunwald, K. C. Schreiber, and JI. Corse, ibid., 74, 1113 (1952).
# E. N. McElrath, R. M. Fritz, C. Brown, C. Y. Le Gall, and R. B. Duke, J. Org. Chem., 25, 2195 (1960).

“ For substitution on the migrating
k Correlation based on only two points. ! References 1 and 10a.
° D, C. Kleinfelter, Ph.D. Thesis, Princeton
«R. A Sneen,
«C. J. Kim and H. C. Brown, J. Amer. Chem. Soc., 91, 4289
» R. Heck and S. Winstein, ibid., 79,
¥ S. Winstein,
zSee Table VI, footnote bb. 32 H. Tanida,
% See Table VI, footnote ff. ¢ See Table VI, footnote cc.

substitution in cyclopropyl tosylate (57 in Table VII)
is smaller than that for a-methyl substitution (40 in
Table VI) by less than a factor of four. For phenyl
substitution, however, the trans-8-substitution effect
is smaller than that for « substitution by a factor of
10%-® under the same conditions. This is true even
though the p* value for 57 (R = CgH;) is —1.75,1¢
showing considerable charge delocalization to the 8
position in the acetolysis transition state. The lower
B-phenyl substitution effect can be attributed to the
rate-retarding inductive effect of the phenyl substituent
(see 59 and 60 in Table VII).?? When attached directly
to a center of developing positive charge, the adverse
inductive effect of a phenyl substituent is more than
compensated by the extremely favorable benzyl-type
resonance and an a-phenyl group is thus more effective
in stabilizing a developing cationic center than an a-
methyl group (Table VI). For 8 or more remote
substitution (Table VII), however (except for such cases
as v substitution in the allyl system (62) where the posi-
tive charge is transmitted directly to the site of attach-
ment by conjugative resonance), the combined favorable
inductive and hyperconjugative effects of the methyl
substituents become dominant. Indeed, the experi-
mental evidence of Table VII shows that the ability
of a phenyl group to stabilize by resonance a charge-
delocalized transition state, as is found in participating
systems, is at best equivalent to that of a methyl group
and is often much less. In stabilizing delocalized ions
themselves in strong acid media, alkyl groups have
also been found to be superior to phenyl substituents
in the cyclopentenyl (74),%3 cyclohexenyl (75),%* and
cyclopropenyl (76)%¢ cations. Dewar? has provided a

(32) (a) J. E. Norlander and W. E. Deadman, J. Amer. Chem. Soc.,
90, 1590 (1968), footnote 27; (b) C. J. Lancelot and P. v. R. Schleyer,
ibid., 91, 4291, 4294, 4296 (1969).

(33) N. C. Deno, H. G. Richey, Jr., J. S. Liy, D. N. Lincoln, and
J. O. Turner, ibid., 87, 4533 (1965). .

(34) R. Breslow, H. Hover, and H. W. Chang, ibid., 84, 3168 (1962).
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met D O\
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74 75 76

justification of this behavior on theoretical grounds. We
conclude that methyl rather than phenyl substituents
should be used when probing for nonclassical charge
delocalization in systems suspected of participation.
For the cyclopropyl system itself, the large 8-substituent
effects (particularly for phenyl substituents) and the
large p* value for 57 (R = aryl C¢H:) again serve to
emphasize the protoallylic nature of the acetolysis transi-
tion states of secondary cyclopropyl derivatives.

The Degree of Ring Opening at the Transition State
for Various Cyclopropyl Derivatives. The magnitude
of trans-8 substituent effects in the cyclopropyl system
follows the leaving group order: Cl > Br > OTs.
One plausible explanation for this dependence would
be that the transition states for solvolysis of cyclopropyl
halides were occurring after a greater degree of ring
opening than those for the corresponding tosylates.
Were this the case, greater charge delocalization to the 8
positions in the transition states for the halides
would be expected and, hence, larger B-substituent
effects. A close examination of the results for alkyl-
substituted cyclopropyl tosylates and bromides suggests,
however, that this explanation is not valid.

The trans,trans-2,3-dimethylcyclopropyl derivatives
(10a, 11a, 27) suffer from steric crowding of the cis-
methyl groups in the ground state;*® this interaction
should be independent of the trans leaving group.
Since these methyl groups rotate outward (i.e., move
apart) in the favored mode of disrotatory opening,
compounds 10a, 11a, and 27 should be accelerated in
rate due to relief of this ground-state steric strain. The
magnitude of this acceleration should be a measure
of the degree of ring opening at the transition state.

The steric contribution to the rate of a trans,trans-2,3-
dimethylcyclopropyl derivative can be evaluated from
eq 1. Since the “electronic’ stabilization afforded by a
B-methyl substituent depends on both the leaving group
and the number of B substituents already present, the
second term on the right of eq 1 is best approximated

ka = kg X (‘“‘electronic”’ 8-methyl stabilization factor) X
(steric strain release factor) (1)

X

X z>
CHS:Z ~/
CH, CH;,
A B

by the rate ratio kws/ks for the particular leaving group
being considered. As steric contributions to both rates
in this ratio should be similar, the ratio should ac-
curately reflect the “electronic” stabilization provided

(35) M. J. S. Dewar and A. P. Marchand, Annu. Rev. Phys, Chem.,
16, 321 (1965); see especially p 330.

(36) The enthalpy difference between cis-1,2-dimethylcyclopropane
and its more stable trans isomer is 1.1 kcal/mol;® at 100° relief of
1.1 kcal/mol in ground-state strain energy would produce a steric
acceleration of 4.5 in rate,

(37) M. C. Flowers and H. M. Frey, Proc. Roy. Soc., Ser. A, 257,
122 (1960); W, D. Good, J. Chem. Thermodyn., 3, 539 (1971).

CH,
%ﬁ:s/x
R

77,R=H
78,R= CH3

by a second B8-methyl substituent. For trans,trans-2,3-
dimethylcyclopropyl tosylate (27), eq 1 becomes

ket = kua X (kes/kup) X (strain relief factor)

and the calculated strain relief factor (100°, HOAc)
is 3.32. For trans,trans-2,3-dimethylcyclopropyl bro-
mide (10a), eq 1 becomes

kia = k1o X (ki/km,) X (strain relief factor)

and the calculated strain relief factor is 3.66 under the
same conditions.

Ground-state steric crowding of trans-B-methyl
groups is also present in the trans-2,2,3-trimethylcyclo-
propyl derivatives (14a, 15a, and 29). We can evaluate
the steric acceleration in rate due to relief of this inter-
action in the transition state from eq 2. The second
term on the right of eq 2 now approximates the “elec-
tronic”’ stabilization of a third B-methyl substituent,
For trans-2,2,3-trimethylyclopropyl tosylate (29) eq 2

ke = kp X (ke/kr) X (steric strain release factor) (2)
Bty o« CHCH‘* X CH
CH; >£/ CH% /
CH, CH, CH,
C D E F

becomes
kes = kog X (kos/kes) X (strain relief factor)
while for the corresponding bromide (14a) we get
ki, = k12 X (kiw/kiop) X (strain release factor)

The calculated strain release factors are 2.55 and 2.95
for the tosylate and bromide, respectively, in HOAc
at 100°.

Given the small differences in these calculated strain
release factors and the nature of the nonbonded inter-
action potential (proportional to 1/r!?)* it would appear
that changes in the degree of ring opening at the transi-
tion state for similarly substituted cyclopropyl tosylates
and bromides are too small to be responsible for the
observed dependence of substituent effects on the leaving
group (Tables I1I-V).

Another possible explanation for the results of Ta-
bles III-V is that the substitution effect differences
for different leaving groups are due to changes in the
overall amount of positive charge on the cyclopropyl
moiety at the transition state. We distinguish here
between the amount of overall charge, which depends
on the degree of C—X bond breaking, and the distribu-
tion of that charge between the o- and $-carbons (con-
sidered above). This explanation would be in accord
with the Hammond postulate ¥—greatest progress along
the reaction coordinate at the transition state for the

(38) K. Mislow, Top. Stereochem., 38 (1965).

(39) The similarity of alkyl substituent effects for the cyclopropyl
bromides and chlorides (Table V) suggests that this conclusion may be
extended to include the chlorides as well,

(40) G. S. Hammond, J. Amer. Chem. Soc., 77, 344 (1955).

Journal of the American Chemical Society | 94:1 | January 12, 1972



poorest leaving group. It would also require that o-
and B-substituent effects in the cyclopropyl system
follow the same leaving group order. The experi-
mental evidence on this last point is inconclusive.
Roberts, et al., found that 1-methylcyclopropyl bromide
(79) solvolyzed 40 times faster than cyclopropyl bromide
(22) in 509 aqueous EtOH at 130°. The acetolysis
rate enhancement for l-methyl substitution in cyclo-
propyl tosylate (21) is a factor of 210 at 130°.! The
latter effect, however, when corrected for the difference
in solvents (compare 7a and 19a in Table III) is reduced
to a factor of ~120. Furthermore, we now believe
that the steric acceleration in going from a secondary
system to a tertiary system is much greater for the tosyl-
ate derivatives than for the corresponding bromides.*!
Thus, if all steric factors could be accurately evaluated,
the “electronic” rate enhancement provided by an a-
methyl substituent might well be greater for cyclopropyl
bromide than for the tosylate.

Steric Effects in Cis-3-Substituted Cyclopropyl De-
rivatives. In analyzing the kinetic results for trans-2-
substituted cyclopropyl derivatives steric effects due to
the 8 substituent were considered to be unimportant.
The trans-2-alkylcyclopropyl tosylates (17a, 4a—6a) show
a fairly regular progression in rate (Table III) as would
be predicted on “electronic’ grounds (vide supra). The
corresponding cis-substituted tosylates (17b, 4b-6b)
show no such regularity in their observed reactivity,
particularly 6b, and they are much less reactive than
their trans counterparts although ‘“‘electronic” effects
might well be expected to be similar for isomeric de-
rivatives.*> The favored mode of disrotatory ring
opening for a cis-2 substituted cyclopropyl derivative 80
leads to a sterically crowded allyl cation 81 with an

H
X R—
R\b/ — +\,) H
80 H—
H
81

“interior” substituent, It is this steric crowding in the
transition states for solvolysis of cis-3-substituted cyclo-
propyl derivatives that is responsible for the large trans/
cis rate ratios of Table III.

Initially!-!! we used the allyl cation intermediates
expected for stereospecific, disrotatory opening to ap-
proximate the strain energy differences in the acetolysis
transition states for 24-30. The strain in 81 (R =
CH;) was taken to be 1.6 kcal/mol based on a strain
estimate for the best available model, 1-methylnaph-
thalene (82).4* This value, although somewhat larger

(41) See Bingham and Schleyer, Table VI, footnote a.

(42) Based on a CNDO II-SCF analysis of the cyclopropyl cation —
allyl cation transformation, Clark and Smale43 have suggested that the
“electronic” stabilization provided by trans 8 substituents in the cyclo-
propyl system may be somewhat larger than that of their cis counterparts
for large degrees of ring opening. As Clark and Armstrong#¢ did not
repeat this suggestion in reporting later ab initio calculations on the
same transformation, and as no B-substituted cyclopropyl systems were
explicitly calculated, the possibility of differing cis and trans “electronic”
effects remains an open question. A reasonable experimental test of
this hypothesis would perhaps be to determine solvolytic p* values for
substitution in the cis- and in the trans-phenyl groups of a 2,2-diphenyl-
cyclopropyl system.

(43) D. T. Clark and G. Smale, Terrahedron, 25, 13 (1969).

(44) D. T. Clark and D. A. Armstrong, Theoret. Chim. Acta, 13,
365 (1969).

(45) J. Packer, J. Vaughan, and E. Wong, J. Amer. Chem. Soc., 80,
905 (1958).
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than other strain estimates for 82 based on more direct
determinations, ‘¢ was chosen for consistency since the
same investigation provided the only estimate of the

CH; R

N +, ~+ » +
X R R, ;[ )\‘)\
82,R—II 85
83, R =Cli,

strain in 1,8-dimethylnaphthalene (83). This latter
value, 7.6 kcal/mol,¥ was used to approximate the
strain in the cis,cis-dimethallyl cation (84, R = H).
“Exterior” allyl cation substituents (R = alkyl in 84)
were considered sterically negligible; 85 (R;, R, = H
alkyl) was considered to be strain free.

The experimental trans/cis rate ratio for the isomeric
2-methylcyclopropyl tosylates (17) in acetic acid at 150°
is kua/ki, = 21.1 This corresponds to a transition-
state free-energy difference of 2.56 kcal/mol between
the isomers, assuming ground-state strains are equal.
If there is significant ground-state steric strain in 17b
due to tosyl-methyl crowding which can be relieved
in going to the transition state, the transition-state
free-energy difference will be even greater. This sug-
gests to us that the relievable ground-state steric strain
due to cis crowding in 17b is small.

We would expect the steric factors influencing the
reactivity of the cis- and trans-2-ethylcyclopropyl tosy-
lates (4) and 2-isopropylcyclopropyl tosylates (5) to be
similar to those in the 2-methylcyclopropyl tosylates
(17), since the effective steric size of these three alkyl
groups should nearly be the same. This is borne out
experimentally—the observed trans/cis rate ratios for 4
and 5 both being 21 (150°, HOAc), the same value
as found for 17. From these experimental results, the
original estimate of 1.6 kcal/mol for the strain in 81
(R = CH;) appears somewhat low. This conclusion
is confirmed by the results of Saunders, et al.,* who
generated the isomeric 1,3-dimethylallyl cations directly
in SO,CIF-SbF; from 11 and 13, and observed their
equilibration. They found that 86 isomerized cleanly
to the presumably strain-free 85 (R, = R, = CHjy)
at 35°. Assuming an nmr detectability limit of >577,
the strain energy for 86 (and for 81, R = CHj;) is then
> 1.8 kcal/mol. Activation energies for the conversions
84 (R = H) — 86 and 86 — 85 (R; = R, = CH;) of
17.5 and 24.0 kcal/mol, respectively, were also deter-
mined. Since the former transition state and 86 should
have comparable strain energies, one expects 6.5 kcal/mol
in AH (4.4 kcal/mol in AF) as the strain-energy difference
between 84 (R = H) and 86. This figure is in good
agreement with the 6.0 kcal/mol (AH) difference pre-
dicted by the naphthalene models.

Of special interest is the observed reactivity of the
cis-2-tert-butylcyclopropyl derivatives 6b and 8b. We
would expect large decreases in rate for these deriva-
tives, based on the presumably high strain energy of 81
(R = tert-CiHy). While cis-2-tert-butylcyclopropyl
tosylate (6b) is slightly less reactive (Table III) than
cis-2-methylcyclopropyl tosylate (17b), this decrease
in reactivity (ken/k1n = 0.86) is less than a factor of 3

(46) (2) G. Suld and A. P, Stuart, J. Org. Chem., 29, 2939 (1964);
(b) D. M. Speros and F. D, Rossini, J. Phys. Chem., 64, 1723 (1960).

(47) P. v. R. Schleyer, T. M. Su, M. Saunders, and J. C. Rosenfeld,
J. Amer, Chem. Soc., 91, 5174 (1969).
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Table VIII. Relative Acetolysis Rates of 2,3-Dimethylcyclopropyl Derivatives

Stereochemistry of f-methy! substituents®

Leaving Trans,trans Cis,cis Cis,trans

group k“’rrel keorel (kwrel/k"rel) kctrel (kotrel/knrel)
OTs? 27 1.0° (25)1.0¢° 1.0 (26) 1.0 1.0

Cl (11a) 0.015 (11b) 0.033 2.2 (13)0.017 1.1

Br (10a) 0.49 (10b) 1.4 2.8 (12)0.78 1.6

e Compound numbers are given in parentheses. ? Reference 1.

sec™1,

when compared to the relative reactivity of the cor-
responding trans isomers (ke,/kia = 2.4). Moreover,
cis-2-tert-butylcyclopropyl bromide (8b) actually reacts
two times faster than cis-2-methylcyclopropyl bromide
(7b), which relative reactivity is slightly greater than
that found for the corresponding trans isomers (ksa/kra
= 1.7). We attribute the relatively high reactivity of
6b and 8b to the relief of ground-state steric strain. Ap-
parently relief of ters-butyl leaving group ground-state
steric crowding nearly compensates for the increase
of strain in the transition state caused by inward rotation
of the tert-butyl group of 6b. For the corresponding
cis-2-tert-butylcyclopropyl bromide (6b), the ground-
state strain relief actually appears to be greater than
the strain increase in going to the transition state. The
dependence of ground-state steric strains in cis-3-sub-
stituted cyclopropyl systems on the leaving group is
discussed in the following section.

Leaving Group Steric Differences in Cyclopropyl
Systems. We believe that the substituent strain in a
cis-B-substituted cyclopropyl derivative may increase
by as much as 1.3 kcal/mol in going from a tosylate
leaving group to the corresponding bromide. This
can best be seen by comparing trans/cis rate ratios
for a given 8 substituent with different leaving groups.
Such isomeric rate ratio comparisons should eliminate
by cancellation “electronic” substituent effect differences
due to changes in the leaving group. Moreover, steric
factors should be minimal for the trans derivatives,
and assuming any leaving group steric interactions
are completely relieved, transition-state strains for a
given cis substituent will not vary appreciably with
the leaving group. (The degree of ring opening at the
transition state for a given cyclopropyl system does
not appear to change significantly with different leaving
groups.) Thus, different isomeric rate ratios observed
for a given B-substituted cyclopropyl system should
primarily reflect differences in ground-state steric strains
of the cis isomers; the greater the strain in the cis
isomer, the lower the trans/cis rate ratio should be
for that leaving group.

Experimentally (Tables III and IV), the trans/cis
rate ratios observed for 2-substituted cyclopropyl tos-
ylates are always higher than those found for the cor-
responding bromide derivatives. This indicates a
larger effective steric size for the bromide leaving group
than for the tosylate in these cyclopropyl systems. Fur-
thermore, the trans/cis rate ratios show more variation
with the leaving group for larger 2 substituents. Thus,
in the 2-methylcyclopropyl system (Table III), the
trans/cis rate ratios are 24 for the tosylates (17) and 14
for the bromides (7); this suggests cis-2-methylcyclo-
propyl bromide (7b) to be only slightly more strained
(0.4 kcal/mol) than the corresponding cis-tosylate 17b.
In the 2-phenylcyclopropyl system, however, with its

ek = 1.59 X 10~3sec1,

dk; =90 X 10-8secl. ¢k = 193 X 108

sterically larger phenyl group, the observed trans/cis
rate ratio is 20 for the tosylates 3 (X = OTs) and only 4
for the bromides 3 (X = Br). Based on these isomeric
rate ratios the strain difference between the cis-bromide
3b (X = Br) and the cis-tosylate 3b (X = OTs) is 1.2
kcal/mol.

The largest leaving group differences for any mono-
substituted cyclopropyl system are observed in the
2-tert-butylcyclopropyl system, with its very bulky
alkyl substituent. The trans/cis rate ratios for this
system (Table IV) vary from 66 for the tosylates (6), to
26 for the chlorides (9), to only 11 for the bromides (8).
According to our interpretation, the low isomeric re-
activity ratio for the bromides indicates that cis-2-
tert-butylcyclopropyl bromide (8b) is 1.3 kcal/mol more
strained than the corresponding cis-tosylate 6b, whose
ground-state substituent strain is probably already high
(see preceding section). The kinetic results in the 2-
tert-butylcyclopropyl system indicate the order of leav-
ing group steric size to be Br > Cl > OTs.

Further insight into these leaving group steric differ-
ences can be obtained by considering the relative rates
of tosylates, chlorides, and bromides in the 2,3-di-
methylcyclopropyl system (Table VIII).“* For the
trans,trans-2,3-dimethylcyclopropyl derivatives, the rela-
tive reactivity of the three leaving groups is OTs =
1.00, C1 = 0.015, and Br = 0.49. As both ground and
transition strains for these trans,trans derivatives should
be independent of the leaving group, we take these re-
sults as giving the “electronic” leaving group relative
reactivities in the 2,3-dimethylcyclopropyl system. The
cis,cis-2,3-dimethylcyclopropyl ~ derivatives, = whose
ground-state strains depend on the leaving group, ex-
hibit the relative reactivities OTs = 1.0, Cl = 0.033,
and Br = 1.4, quite different from the relative re-
activities displayed by the transtrans derivatives.
Comparing relative tosylate-halide reactivities (column
3 of Table VIII), the cis,cis-chloride 11b and cis,cis-
bromide 10b are, respectively, 2.2 and 2.8 times more
reactive relative to the cis,cis-tosylate 25 than are the
corresponding trans,trans-halides 11a and 10a relative
to 27. We attribute the enhanced relative reactivity
of the cis,cis-halides 11b and 10b to the presence of
greater ground-state steric strain in these molecules
than is present in 25, While it is impossible from our
data to assess accurately the absolute substituent strains
present in these cis,cis-2,3-dimethylcyclopropyl de-
rivatives, the original, empirical estimate of 1.7 kcal/
mol for the substituent strain in 25 seems reasonable.! !!
We take the results in Table VIII to indicate, however,
that cis,cis-2,3-dimethylcyclopropyl chloride (11b) and
bromide (10b) are relatively 0.6 and 0.8 kcal/mol more

(47a) NOTE ADDED IN Proor, The steric hindrance between cis-

cyclopropyl substituents is shown by a recent X-ray structure (W.
Saenger and C. H, Schwalbe, J. Org. Chem., 36, 3401 (1971).
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strained, respectively, than the vorresponding tosylate
25. Leaving group steric differences are also seen in
the relative reactivities of the cis,trans-2,3-dimethyl-
cyclopropyl derivatives (OTs = 1.0, C1 = 0.017, Br
= (.78), although ground-state steric crowding in
these molecules is much less severe than in the cis,cis
isomers. Comparing tosylate-halide relative reactiv-
ities to those of the trans,trans isomers (column 5 of
Table VIII), a very slight reactivity increase (1.1) for
cis,trans-2,3-dimethylcyclopropyl chloride (13) and a
somewhat larger enhancement (1.6) for the correspond-
ing bromide 12 is found. Both the magnitude and the
direction of the observed effects are in accord with our
steric explanation. If the relative reactivity increase
of 12 is attributed entirely to ground-state steric effects,
the strain difference between 12 and 26 is calculated
to be 0.35 kcal/mol, in good agreement with the 0.4-
kcal/mol strain difference between cis-2-methylcyclo-
propyl bromide (7b) and the corresponding tosylate
17b estimated from trans/cis rate ratios. As in the 2-
tert-butylcyclopropyl system, the leaving group steric
size order in the 2,3-dimethylcyclopropyl system is
Br > Cl1 > OTs.

Ground-state steric factors similar to those affecting
the relative reactivities of cis,cis-2,3-dimethylcyclopro-
pyl derivatives should also influence the reactivities of
endo derivatives in the 7-norcaryl system (Table IX).

Table IX. Relative Rates and Isomeric Rate Ratios for
7-Norcaryl Derivatives®

Leaving

group krel, €X0 krel endo kendo/kexo
OTs 1.00 1.0¢ 94.5
1 ~0.,0016 0.045 2,800
Br ~0.0027 1.27 46,500
OTf4 4000 815 20.5

2 In acetic acid at 200°. b k; = 2.67 X 10-tsec™l, ¢k = 2,52
X 10-2sec~1, 4 Trifluoromethanesulfonate (triflate).

In this bicyclic cyclopropyl system the endo isomers
2b are free to undergo the favored mode of disrotatory
opening while the exo isomers 2a are geometrically
constrained against complete opening by the favored
mode and are postulated to go only to a “half-opened”
intermediate 87.°* Thus, endo/exo rate ratios in this

X
7 - O
2b
H

H
5+
X S
7~ 7
6+
2a 87

system are greater than unity, and relief of ground-state
strain in the endo isomers should serve to raise the
isomeric rate ratios, rather than to Jower them as was
the case in monocyclic systems. Inspection of Table
IX shows that the endo/exo rate ratios in the 7-norcaryl
system are enormously dependent on the leaving group,
varying by more than a factor of 2000 in going from the
triflates (kn/kx = 20.5) to the bromides (kn/kx =
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46,500). Nevertheless, comparison of the relative re-
activities for the endo derivatives (OTs = 1.0, Br =
1.3, C1 = 0.045) with those found for the cis,cis-2,3-
dimethylcyclopropyl derivatives (column 2 of Table
VIII) suggests that steric differences due to the leaving
group are indeed similar in the two systems. (Note
particularly that the bromide derivatives in both sys-
tems are more reactive than the corresponding tosylates;
we believe the causes of this inverted reactivity are
definitely steric in origin.) Leaving group steric differ-
ences thus contribute to but cannot completely explain
the extreme dependence of isomeric rate ratios in the
7-norcary! system on the leaving group. This problem
will be discussed more fully in a forthcoming paper
dealing with bicyclic cyclopropyl derivatives.

Leaving group steric differences can also be used to
explain the results of kinetic studies on some spiro-
cyclopropyl systems (Table X). The p-nitrobenzene-

Table X. Relative Solvolysis Rates of
Spirocyclopropy! Derivatives

krel’ HOAC’
95° kre1 509 EtOH, 95°°
Compd X = ONs® X = Br X =
88, n =23 1.0¢ 1.0@ 1.0¢
88, n =4 0.82 1.7 1.59
88, n=>5 0.43
88, n =06 0.85
89, 2,2-dimethyl- 0.38
cyclopropyl

@ Extrapolated from ref 48. ?From Table IV, Landgrebe and
Applequist, footnote a. ¢k = 2,83 X 10¢ sect, 4k = 6.36
X 10~¢sec™ ¢k = 1.3 X 10~5sec™,

sulfonates in this table were studied by Lazarus® in
acetic acid, while the corresponding halides were sol-
volyzed in 509 aqueous ethanol by Landgrebe and
Applequist.*®* The solvolysis products in each case
were a mixture of the expected allyl derivatives-4®

<c@@x —
88
Y Y

Assuming the “electronic’’ effects to be about equal in
all cases, the spiro[2.3Jhex-1-yl derivatives (88, n = 3)
would be expected to react faster than either the cor-
responding spiro[2.4Jhept-1-yl derivatives (88, n = 4)
or the monocyclic 2,2-dimethylcyclopropyl derivatives
89, because the overall relief of angle strain in going
from the cyclopropyl ground state (preferred 6 ~
116-118°)® to the protoallylic transition state (pre-
ferred 6§ = 115.3°)%! should be greatest for the spiro-
hexyl derivatives (88, n = 3) in which the cyclobutyl
ring would prefer 8 =~ 90°. This is the order of re-

(48) S. Lazarus, Ph.D. Thesis, Seton Hall University, -1967.

(49) See Landgrebe and Applequist, Table IV, footnote a.

(50) (a) O. Bastiansen and O. Hassel, Tidsskr, Kjemi Bergv. Met., 6,
71 (1946); (b) H. Pfeiffer, Ph.D. Thesis, California Institute of Tech-
nology, 1948; (c) R. H. Schwendeman, G. D. Jacobs, and T. M. Krigas,
J. Chem. Phys. 40, 1022 (1964); (d) O. Bastiansen and A. de Meijere,
Acta Chem. Scand., 20, 516 (1966).

(51) Using isobutylene as a model: V. W. Laurie, J. Chem. Phys.,
39, 1732 (1963).
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activity observed for the arenesulfonates 88, X = ONs,
and 89. As ground-state steric crowding should in-
crease in going from the spirohexyl to the spiroheptyl
derivative (the methylene group cis to the leaving group
is held “back” less in the five-membered ring than in
the four-membered ring), Lazarus’ results provide sup-
port for our assumption of negligible steric crowding
between a tosylate and a cis-methyl group in a cyclo-
propane ring. For the spirocyclopropyl halides, how-
ever, the spiroheptyl derivatives (88, n = 4) react
Sfaster than the spirohexyl derivatives (88, n = 3).
If ground-state steric strain in the halide derivatives
(88, X = Cl or Br) is larger than in the corresponding
tosylates (88, X = OTs), the increased steric crowding
in the spiroheptyl ground states could be accelerating
these halides and reversing the relative reactivity found
for the corresponding nosylates. If this explanation
is correct, the steric size of the leaving groups again
follows the order Br > Cl > ONs (= OTs).

It is difficult to assess the steric size of groups in
organic molecules, since the effective size will depend
on the situation. Thus, van der Waals’ radii bear
little relationship to conformational AG values for
axial-equatorial equilibria in the cyclohexyl system.?
The 1-3 interactions in an axial cyclohexane derivative
are with hydrogens; due to the short C-H bond length
(1.09 A) the relative position of the interacting atoms
changes significantly with the C-X bond length, the
effective size of the substituent becoming smaller as
re-x increases. In the cis-B-substituted cyclopropyl
systems considered above, however, the relative posi-
tion of the interacting cis-alkyl and leaving groups

changes little in going from a tosylate (re—o =~ 1.4 A)
to the corresponding bromide (rc_p, =~ 1.9 A). Thus,
it is not surprising that the order of leaving group steric
size found in these systems parallels the van der Waals’
radii: Br(1.95A) > CI(1.8A)> O (1.4 A).58:5¢

Conclusions

The magnitude of alkyl substituent effects in the cy-
clopropyl system follows the order of leaving groups:
Cl > Br > OTs. These differences do not appear to
be due primarily to differences in the degree of ring
opening at the transition state for the various deriva-
tives. Significant steric differences in the various leaving
groups are observed in cyclopropyl systems having cis-3
substituents. The effective steric size of the various
leaving groups follows the order: Br > Cl > OTs.

Experimental Section

For general remarks see the preceding paper.! Spinning band
distillations were performed on Nester/Faust annular spinning
band distillation columns (Models NF-175 and NFT-50).

Alkyl-Substituted Cyclopropy] Tosylates. The general method of
Schollkopf, ef al., was used, as described previously;!.11 experimen-
tal details will not be repeated here.

2-Chloroethyl 2-Ethylcyclopropyl Ether. Dichloromethyl 2-
chloroethyl ether5 (58.0 g, 0.36 mol) was treated with specially pre-

(52) E. L. Eliel, N. L. Allinger, S. J. Angyal, and G. A. Morrison,
“*Conformational Analysis,” Interscience, New York, N. Y., 1965,
pp 45-46.

(53) L. Pauling, *“The Nature of the Chemical Bond,” Cornell Uni-
versity Press, Ithaca, N. Y., 1948, p 189,

(54) In a secondary cyclopropyl tosylate, the steric interaction is
between the cis-B substituents and the oxygen bonded to Cu; the rest
of the tosyl group can orient itself so as to avoid serious nonbonded
interactions.

(55) H. Gross, A. Rieche, and E. Hoft, Chem. Ber., 94, 544 (1961).

pared methyllithium!® in the presence of an excess of 1-butene
(Matheson, C.P. grade) at 0° to give 27.3 g (51%) of product:
bp 86-88° (40 mm); nmr (CCl) = 6.2-7.2 (m, 5 H), 8.3-9.9 (m, 8
H). On the basis of a distinguishable resonance at 7 7.02, assigned
to the « proton on the cyclopropyl ring in the trans isomer, the
cis/trans isomeric product ratio was estimated as ca. 3/1.

2-Ethylcyclopropanol. 2-Chloroethyl 2-ethylcyclopropyl ether
(20.0 g, 0.135 mol) was treated with #-butyllithium in hexane (Foote)
to give 10.0 g (86 %) of product: bp 60-62° (40 mm); nmr (CCl,)
7 6.00 (s, 1, OH), 6.60 (m, 0.75, CHOH cis), 6.93 (m, 0.25, CHOH
trans), 8.2-10.0 (m, 8 H). The isomeric product ratio was cis/trans
=~3/1 by nmr.

trans-2-Ethylcyclopropyl Tosylate (4a) and cis-2-Ethylcyclopropyl
Tosylate (4b). The normal pyridine procedure was employed.%
2-Ethylcyclopropanol (7.0 g, 0.08 mol) and freshly recrystallized
tosyl chloride (20.0 g, 0.105 mol) gave 12.2 g (64%) of a mixture
of liquid isomeric 4: nmr (CCl,) r 2.46 (AB q, 4 H, C¢H.,), 6.04
(d of t, 0.8 H,J4s = 3 Hz, J;, = 6 Hz, CHOTSs cis), 6.36 (m, 0.2 H,
CHOTs trans), 7.58 (s, 3 H, -C;H,CH3), 8.4-9.8 (m, 8 H).

Anal. Caled for Ci,H16038: C, 59.97; H, 6.71. Found: C,
59.90; H, 6.64.

The pure cis isomer 4b was isolated after preparative solvolysis in
buffered acetic acid. Heating 7.2 g of the mixture 4 at 125° for 18
hr gave 2.6 g (~45%) of liquid 4b: nmr (neat) 7 2.45 (AB q,4H,
CsH,), 6.01 (d of t,1,Ja = 3 Hz, J, = 6 Hz, CHOTs), 7.69 (s, 3 H,
C:H«CH:), 8.4-9.8 (m, 8 H).

2-Chloroethy! 2-Isopropylcyclopropy! Ether. Dichloromethyl 2-
chloroethyl ether®s (58 g, 0.36 mol) was treated with methyl-
lithium in the presence of an excess of 3-methyl-1-butene (Mathe-~
son, C.P. grade) at 0° to give 30.1 g (57%) of product: bp 92-94°
(40 mm); nmr (CCly) 7 6.1-7.2 (m, 5 H), 8.4-10.0 (m, 10 H). The
isomeric product ratio was cis/trans ~3/1 by gle. The individual
isomers [nmr of CHOR, 7 6.76 (m) cis; 7 7.01 (m) trans] were even-
tually separated by preparative glc using a 50-ft X 3/g-in. column,
30% FFAP on 50-60 Chromosorb W.

cis-2-Isopropylcyclopropanol and trans-2-Isopropylcyclopropanol.
The isomeric 2-chloroethyl 2-isopropylcyclopropyl ether mixture
(15.0 g, 0.1 mol) reacted with n-butyllithium in hexane (Foote)
to give 6.7 g (809) of the isomeric alcohol mixture; bp 62-70°
(35 mm); the cis/trans product ratio was ca. 3/1 by nmr. The
pure cis alcohol [bp 64-66° (30 mm); nmr (neat) 7 5.0 (s, 1 H,
CHOH), 6.57 (m, 1 H, CHOH), 8.98 (d, J = 6 Hz, 6 H, CH;), 8.9-
10.0 (m, 4 H)] and the pure trans alcohol [bp 64-65° (30 mm); nmr
(neat) 7 497 (s, 1 H, OH), 7.03 (m, 1 H, CHOH), 8.6-10.1 (m, 4 H),
9.16 (d, J = 6 Hz, 6 H, CH;)] were eventually prepared from the
corresponding pure ether isomers.

cis-2-Isopropylcyclopropy! Tosylate (5b) and trans-2-Isopropyl-
cyclopropyl Tosylate (5a). 2-Isopropylcyclopropanol (3.0 g,
0.03 mol, mixture of isomers) and 6.1 g (0.032 mol) of tosyl chloride
gave 4.8 g (65%) of the liquid 5, cis/trans ratio ca. 3/1 by nmr.

Anal. Caled for Ci3H;305S: C, 61.39; H, 7.13. Found: C,
61.01; H, 7.06.

The individual liquid isomers 5a [trans; nmr (neat) 7 2.43 (AB q,
4 H, C¢H,), 6.29 (m, 1 H, CHOTs), 7.55 (s, 3 H, CH,CH;), 9.13
(d, 6 H, CHj), 8.9-9.7 (m, 4)] and 5b [cis; nmr (CCl,) 7 2.43 (AB g,
4 H, C¢H,), 6.01 (m, 1 H, CHOTsS), 7.55 (s, 3 H, C;H,CH3), 8.5~
9.8 (m, 4), 9.03 (d, J = 6 Hz, 6 H, CH;)] were eventually prepared
from the isomerically pure alcohols.

2-Chloroethyl 2-rert-Butylcyclopropyl Ether. Dichloromethyl 2-
chloroethyl ether® (40.0 g, 0.24 mol) was treated with specially pre-
pared methyllithium? in the presence of an excess of 3,3-dimethyl-1-
butene (Chemical Samples) to give 19.5 g (49%) of clear liquid
product: bp 109-113° (50 mm); nmr (CCL) 7 6.44 (m, 4 H,
OCH,CH,C)), 6.88 (m, 1 H, CHOR), 9.02 (s, 3.7 H, ¢is~<C(CH3)s),
9.17 (s, 5.3 H, trans-C(CHa)3), 9.5 (m, 3 H). The cis/trans isomer
ratio was ca. 5/7 by nmr.

2-tert-Butylcyclopropanol. 2-Chloroethyl 2-tert-butylcyclopropyi
ether (14.4 g, 0.107 mol, mixture of isomers) reacted with n-butyl-
lithium in hexane (Foote) to give 6.2 g (53 %) of clear liquid alcohol
mixture: bp 66~73° (20 mm); nmr (CCL) 7 5.79 (s, 1 H, OH),
6.42 (m, 0.42 H, cis-CHOH), 6.84 (m, 0.58 H, trans-CHOH), 9.01
(s, 3.7 H, ¢is-C(CH3)s), 9.24 (s, 5.3 H, trans-C(CHj3)s), 9.52 (m, 3
H). The cis/trans ratio was ca. 5/7 by nmr.

cis-2-tert-Butylcyclopropyl Tosylate (6b) and trans-2-tert-Butyl-
cyclopropyl Tosylate (6a). 2-tert-Butylcyclopropanol (4.6 g,
0.04 mol, mixture of isomers) and 15.3 g (0.08 mo}) of tosyl chloride

(56) L. F. Fieser and M. Fieser, “Reagents for Organic Synthesis,”
Wiley, New York, N. Y., 1967, p 1180.
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gave by the usual procedure+® 9.5 g (89 %) of liquid 6: nmr (CCl,)
7 2.51 (AB q, 4 H, C¢Hy), 6.2 (m. 1 H, CHOTs), 7.58 (s, 3 H, CsH,-
CHjy), 9.08 (s, 5.3 H, cis-C(CHy);), 9.28 (s, 3.7 H, trans-C(CHj)s).
The cis/trans ratio was ca. 5/7 by nmr.

Anal. Caled for Ci Hy00;S: C, 62.70; H, 7.47;
Found: C, 62.43; H, 7.27; S, 12.20.

The pure cis isomer 6b was prepared by preparative solvolysis in
buffered acetic acid. Heating 5.2 g (0.02 mol) of 6 (isomeric mix-
ture) at 100° for 2 hr gave 1.3 g (~60%;) of white, crystalline 6b:
mp 30.5-31.0°; nmr (CCly) 7 2.51 (AB q, 4 H, CsH4), 6.14 (m, 1 H,
CHOTs), 7.54 (s, 3 H, CsH.CH3), 9.12 (s, 9 H, C(CHs3), 9.47 (m, 3).

Bromocyclopropanes. Alkyl-substituted gem-dibromocyclopro-
panes!4.57 were prepared by the procedure described in detail be-
low for 1,1-dibromo-2-tert-butylcyclopropane. Monobromocyclo-
propanes were obtained by reduction of the corresponding gem-
dibromocyclopropanes with tri-n-butyltin hydride, using the pro-
cedure of Seyferth, er al.1?

1,1-Dibromo-2-zert-butylcyclopropane.  3,3-Dimethyl-1-butene
(121 g, 1.25 mol, Chemical Samples Co.) and potassium terz-
butoxide (78.4 g, 0.7 mol, K and K) were placed in a 1000-ml three-
necked flask. Freshly distilled bromoform (202.5 g, 0.8 mol) was
added dropwise at —10° under N; atmosphere. The mixture was
stirred for 2 hr after addition was complete, then hydrolyzed with
200 ml of water. The organic layer was separated and the aqueous
layer was extracted with two 50-ml portions of pentane. The com-
bined organic solutions were dried over Na,SO,, stripped, and dis-
tilled to give 48.5 g (27%) of product: bp 81° (16 mm); nmr
(CCl,) 7 8.45 (m, 3 H), 8.92 (s, 9 H, C(CH:)3).
1-Bromo-trans-2-tert-butylcyclopropane (8a) and 1-Bromo-cis-2-
tert-butylcyclopropane (8b). 1,1-Dibromo-2-tert-butylcyclopropane
(24.4 g, 0.095 mol) was reduced with 27.7 g (0.095 mol) of tri-n-
butyltin hydride to give 15.4 g (91 %) of 8 in a trans/cis ratio of ca.
2 by nmr; bp 55° (25 mm).

Anal. Calcd for C;Hy;Br:
48.16; H, 7.49.

The pure isomers 8a [bp 82° (78 mm); nmr (CCl,) 7 7.3 (d of
t, 1 H,Jy = 70 Hz, Jy = 4.5 Hz, CHBr), 8.9 (m, 3 H), 9.13 (s, 9
H, C(CHj3)s)] and 8b [bp 80.5° (85 mm); nmr (CCly) 7 7.08 (d of t,
1H,Ja = 5.5Hz,J, = 7.5 Hz, CHBr), 8.93 (s, 9 H, C(CH3)s), 9.1
(m, 3 H)] were separated by spinning band distillation.

1-Bromo-trans-2-methylcyclopropane (7a) and 1-Bromo-cis-2-
methylcyclopropane (7b).  1,1-Dibromo-2-methylcyclopropane®
(23.5 g, 0.11 mol) and tri-n-butyltin hydride (32.0 g, 0.11 mol) gave
8.2 g (61%) of 7 in a trans/cis ratio of ca. 1/2 by nmr; bp 95-104°
(lit. ¢ 85-94°),

Anal. Caled for C,H;Br:
35.65; H, 5.13.

The individual isomers 19a [nmr (CCls) 7 7.50 (m, 1 H, CHBr),
8.80(d,J = 5.5 Hz, 3 H, CH,), 8.6-9.4 (m, 3 H)] and 19b [amr
(CCly) 7 693 (m, 1 H, CHBr), 8.76 (d, 3, J = 6 Hz, CH3), 8.6-9.7
(m, 3)] were obtained by preparative glpc ona 20 ft X %3 in. FFAP
column (209 on 40-60 Chromosorb W) at 65°,

1-Bromo-trans-2,3-dimethylcyclopropane (10a) and 1-Bromo-cis,-
cis-2,3-dimethylcyclopropane (10b). 1,1-Dibromo-cis-2,3-dimethyl-
cyclopropane!4.57 (25.1 g, 0.11 mol) and tri-#-butyltin hydride (32.0
g, 0.11 mol) gave 11.0 g (67%) of 10, bp 52-53° (60 mm) [lit.*” 51°
(58 mm)]. The cis/trans product ratio was ca. 14/3 by nmr [(CCl,)
7 6.86 (m, 0.82 H, cis-CHBr), 7.85 (m, 18 H, trans-CHBr), 9.00 (m,

S, 11.95.

C, 48.11; H, 7.34. Found: C,

C, 3558; H, 5.23. Found: C,

(57) J. M. Harris, Ph.D. Thesis, The University of Texas at Austin,
1969.

(58) G. J. M. van der Kerk, J. G. Noltes, and J. G. A. Luijten,
J. Appl. Chem., 7, 366 (1957).
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8)]. The solvolysis rates of 8a and 8b were determined by using
the mixture of isomers.

Anal. Caled for C;HeBr:
40.17; H, 5.99.

1-Bromo-cig,trans-z,-dimethylcyclopropane (12). 1,1-Dibromo-
trans-2,3-dimethylcyclopropanet¢.57 (22,8 g, 0.1 mol) and 29.1 g
(0.1 mo)) of tri-n-butyltin hydride gave 6.9 g (46%;) of 12: bp 45°
(22 mm) (lit.¥” 111°); nmr (CCly) 7 7.37 (m, 1, H, CHBr), 8.88 (m,
6 H, CH3), 9.28 (m, 2 H).

Anal. Caled for C;HBr:
40.40; H, 6.02.

1-Bromo-trans-2,2,3-trimethylcyclopropane (14a) and 1-Bromo-
cis-2,2,3-trimethylcyclopropane (14b). 1,1-Dibromo-2,2,3-trimeth-
ylcyclopropane!4.57 (30,0 g, 0.124 mol) and tri-n-butyltin hydride
(36.0 g,0.124 mol) gave 13.2 g (65%) of 14, bp 61-63° (68 mm), with
the trans/cis product ratio ca. 3/7 by nmr. The pure isomers,
colorless oils, 14a [nmr (CCly) 7 7.60 (d, 1 H, J = 6 Hz, CHBr),
8.8-9.5 (m, 10)] and 14b [nmr (CCly) 7 7.06 (d, 1 H, J = 12 Hz),
8.8-9.5 (m, 10 H)] were separated by preparative glpc using an
FFAP column at 135°,

Anal. Caled for CsHuBr: C, 44.19; H,6.80. Found (12a):
C,44.11; H,6.90. Found(12b): C,643.97; H, 6.96.

1-Bromo-2,2,3,3-tetramethylcyclopropane (16). 1,1-Dibromo-

2,2,3,3-tetrabromocyclopropane!¢ (20.0 g, 0.078 mol) and tri-xn-
butyltin hydride (22.8 g, 0.078 mol) gave 8.1 g (59%) of 16: bp
69° (54 mm) (1it.13 51° (22 mm)); nmr (CCl,) 7 7.35(s, 1 H, CHBr),
8.85 (s, 6 H, cis-CHs), 8.91 (s, 6 H, trans-CH).

C, 40.29; H, 6.09. .Found: C,

C, 40.29; H, 6.09. Found: C,

Anal. Caled for C;H;3Br: C, 48.11; H, 7.34, Found: C,
48.23; H, 7.12.
Chlorocyclopropanes. The 1-chloro-2,3-dimethylcyclopropanes

(11 and 13) and 1-chloro-2,2,3-trimethylcyclopropane (15) were
synthesized as described by Closs and Closs.!* The individual iso-
mers 11a [bp 96° (atm); nmr (CCly) 7 7.71 (t, 1 H,J = 3 Hz, CH-
C)), 89 (s, 6 H, CH;), 8.95 (m, 2)] and 11b [bp 104° (atm); nmr
(CCly 7 6.81(t,1 H,J = 7.5 Hz, CHC), 8.97 (m, 8 H)] were sepa-
rated by spinning band distillation. The isomeric ratio (15a/
15b) was ca. 5/8 by nmr [(CHCI) cis (15b), 7 7.21 (d, J = 7 Hz);
trans (15a), 7.60 (d, J/ = 3.5 Hz)]. Rate constants for 15a and 15b
were determined by using the mixture of isomers.

1-Chloro-trans-2-tert-butylcyclopropane (9a) and 1-Chloro-cis-2-
tert-butylcyclopropane (9b). The method of Closs and Closs!®
was employed. Working at 0-10°, 124 g (1.48 mol) of 3,3-di-
methylbutene (Aldrich), 250 g (2.95 mol) of dichloromethane, and
265 ml of methyllithium (Foote, 1.67 N in diethyl ether) gave ca.
2 g of crude 9 as a dark oil. The crude 9 (trans/cis ratio abeut 3/2
by nmr) was not distilled, but the individual isomers 9a [nmr (neat)
7719(doft,1H,Jy = 70Hz,J; = 4.5 Hz, CHC]), 9.19 (s, 9 H,
C(CH;);), 8.8-9.4 (m, 3 H)] and 9b (nmr (neat) 7 6,98 (d of t, 1
H,Js = 45Hz,J, = 6.5 Hz, CHC)), 8.98 (s, 9 H, C(CH3);, 9.05-
9.35 (m, 3 H)] were separated by preparative glpc using a 20 ft X
8/3 in, SE-30 column (209 on 50-60 Chromosorb P),

Anal. Caled for CGHuCl: C, 64.36; H, 8.49. Found (cis
(9b): C, 64.48; H, 8.42. Found (trans (9a): C, 64.61; H, 8.50.

Kinetic Studies. All kinetics were carried out titrimetrically
using the sealed ampoule technique as described in the preceding
paper,! with Volhard titrations!® being used to follow all cyclopropyl
halide acetolyses.
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