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In the same way the tertiary alcohol XI I I (R = R ' = H; 250 
mg.) gave, after chromatography over alumina, the 18,20-lactone 
XIV (X = O; 41 mg.). 

Potassium ter/-butoxide (2.4 g.) in benzene (90 ml.) was stirred 
with iodine (7.6 g.) for 5 min. before addition of l la-hydroxy-
progesterone (XVII; 1.0 g.) in 1:1 benzene-tetrahydrofuran (10 
ml.) under irradiation.3 Working up and further processing as 
in prior oxidations of lla-hydroxyprogesterone gave, on chro­
matography over alumina, the starting material (141 mg.) and 
lla-hydroxypregna-l,4-diene-3,20-dione (240 mg.). 

Introduction 

Roberts and Chambers3 noted tha t in acetic acid con­
taining 1% acetic anhydride, cyclopropyl tosylate sol-
volyzed 2 X 10~5 times as fast as cyclohexyl tosylate 
and produced allyl acetate as the sole product. 

The very low solvolytic reactivity of cyclopropyl 
derivatives was first explained by Brown4 as a mani­
festation of excessive internal angle strain upon going 
to the assumed trigonal transition state. 

Cromwell and Graff5 have explained the low solvolytic 
reactivity of cyclopropyl halides by a large increase 
in the double bond character (and hence, bond energy) 
caused by overlap of the halogen p-orbitals with the 
"bent bonds" of the cyclopropane ring. 

Although the difficulty of forming the cyclopropyl 
cation suggests tha t the transition state for its forma­
tion does not resemble the completely opened resonance 
stabilized allylic cation, there is evidence that cyclo­
propyl derivatives may undergo an assisted type of 
solvolysis faster than one might predict on the basis 
of simple angle strain arguments. Schleyer6 has 
pointed out tha t although the bridging angle (Ci-
C7-C4) of the norbornyl system is 98.3° as compared 
to the 60° internal angle of cyclopropane, the tosylate 
of the former solvolyzes about 100 times slower than 
t ha t of the latter. The low reactivity in the norbornyl 
system has been at t r ibuted to angle strain alone, by 
comparison of its reactivity to corresponding adaman-
tane derivatives.6 A partially opened cyclopropyl 
cation involving extensive charge dereal izat ion was 
proposed for the transition state resulting from hetero-
lytic reactions of cyclopropyl derivatives leading to 
carbonium ion intermediates. 

(1) Abs t r ac t ed from the P h . D . Thesis of John A. Landgrebe , Univers i ty 
of Illinois, 1M62. 

(2) Na t iona l Science Founda t i on G r a d u a t e Fellow, 1960-1962. 
Ci) J. D. R o b e r t s and V. C. C h a m b e r s , J. Am. Chem. Soc, 73 , 5034 (1951) 
(4) H. C Brown, R K. Fle tcher , and R. B Johannesen , ibid., 73 , 212 

(1951! 
(5) J. H. Cromwel l and M A. Graff, J. Org. Chem., 17, 414 (1952). 
(6) P . von R. Schleyer and R. D Nicholas , J Am. Chem. Soc, 83 , 182 

(1961). 
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DePuy7 has observed t ha t <ra«5-2-phenylcyclopropyl 
tosylate solvolyzed some 50 times faster than cyclo­
propyl tosylate at 100° (extrapolated rates), and 
Roberts and Snyder8 have also observed a solvolytic 
rate increase upon introduction of a cis- or trans-2-
methyl group on cyclopropyl bromide. Both of these 
observations are consistent with some degree of charge 
dereal izat ion and thus more direct subst i tuent par­
ticipation in the transition state. 

In the present study, solvolysis rate measurements 
have been made on spiropentyl chloride and several 
previously unknown strained spiroalkyl halides. These 
rate constants, together with a knowledge of the prod­
ucts of solvolysis, provide further insight relative to 
carbonium ion formation on three-membered rings. 

Results and Discussion 

Synthesis.—The 1-halospiroalkanes were prepared 
by carbene reactions. Because of the successful re­
ported additions of chlorocarbene to alkenes to form 
the corresponding chlorocyclopropanes,9 10 this method 
was applied to methylenecyclobutane (I). Chloro­
carbene is normally generated by the addition of a 
simple alkyllithium reagent, e.g., w-butyllithium, to a 
cold solution of methylene chloride in the presence of 
the alkene. »-Propyllithium was chosen for con­
venience because the coupling product, re-hexane, can 
be readily separated from the product chloride I I . 
1-Chlorospirohexane (II) was isolated in 19.5% of the 
theoretical yield and showed no sign of unsaturat ion in 
the infrared spectrum. 

The structure of the compound was readily con­
firmed from the nuclear magnetic resonance (n.m.r.) 
spectrum. A quartet at r 7.15 (area 1) was assigned 
to the proton on the chlorine-bearing carbon a tom; 
a broad, slightly split peak at 7.90 (area 6) was assigned 

(7) C. H. D e P u y , Abs t r ac t s , 141st Na t iona l Mee t ing of t he American 
Chemical Society , Wash ing ton , D, C , M a r c h , 1962, p. l -O. 

(8) J D. R o b e r t s and E. I. Snyder , p r iva t e c o m m u n i c a t i o n . 
(9) G. L. Class and L. E. Closs, J. Am Chem. Soc., 8 1 , 4996 (1959). 
(10) G. L. Closs and L. E. Closs, ibid., 82, 5723 (1960). 
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1-Chlorospirohexane and l-chlorospiro[2.4]heptane were synthesized by the addition of chlorocarbene to 
methylenecyclobutane and methylenecyclopentane, respectively. The corresponding bromides were prepared 
from the same alkenes by the addition of dibromocarbene followed by treatment with zinc and glacial acetic 
acid. The ethanolysis rate constant (50% aqueous ethanol, 95°) of 1-chlorospirohexane was 1.24 times that 
of cyclohexyl chloride and at least 1000 times greater than that of cyclopropyl chloride. 1-Chlorospiro[2.4]-
heptane solvolyzed 1.98 times faster than cyclohexyl chloride. The implications of these rate measurements 
are discussed. The solvolysis rate of chlorospiropentane (50% aqueous ethanol, 200°) relative to cyclopropyl 
chloride was found to be 4-6.2. Tiglaldehyde was the only product isolated from the silver nitrate assisted 
hydrolysis (100°) of chlorospiropentane. 
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to the cyclobutane protons; and two quartets at 9.00 
and 9.37 (each area 1), respectively, were assigned to 
the two remaining nonequivalent cyclopropane protons. 

I II 

in iv 

l-Chlorospiro[2.4]heptane (IV) was obtained in 
25.7% yield by the addition of chlorocarbene to 
methylenecyclopentane (III) .1 1 The n.m.r. spectrum 
was virtually identical in its general appearance with 
tha t of chloride II . The quartets at 7.06 (area 1), 
8.97 (area 1), and 9.03 (area 1) were assigned to the 
three protons on the cyclopropane ring, while the com­
plex multiplet at ca. 8.3 (area 8) was assigned to the 
cyclopentane protons. 

The simple monobromospiroalkanes were prepared 
by removal of one bromine atom from the correspond­
ing gew-dibromides. The addition of dibromocarbene14 

to the alkenes I and I I produced 1,1-dibromospiro-
hexane (V) and l,l-dibromospiro[2.4]heptane (VI) 
in yields of 63.4 and 43.5%, respectively. Similar 
results have been obtained recently by others.15 

Dibromide V gave a positive alcoholic silver nitrate 
test and a negative test with potassium permanganate 
in acetone. The n.m.r. spectrum showed a singlet at 
8.4 (area 2), which was assigned to the cyclopropane 
protons, and a complex partially resolved multiplet 

T CHBr% / V l H_2^ / V l 
KO,BU \ / \ _ B r Zn V ^ - B r 

V Br VII 
, CHBr3 f ~ \ ^ \ HOAc f ^ \ y \ 111Î iT Ly^Br sr Ly^-Br 

VI Br VIII 
at ca. 7.8 {ca. area 6), which was assigned to the cyclo­
butane protons. The infrared spectrum showed no 
unsaturation. Dibromide VI gave a similar n.m.r. 
spectrum with a singlet at 8.44 (cyclopropane protons), 
which was; located at the high field edge of a complex 
multiplet at t r ibuted to the cyclopentane protons. 

Further evidence for structure V was obtained from 
its conversion to spirohexane by t reatment with either 
hydrogen and Raney nickel or lithium in tetrahydro-
furan and J-butyl alcohol.16 Dibromide V was also 
treated with magnesium in dry ether to yield a small 
amount of material, which by analogy with similar 
reactions studied by Doering," should be vinylidene-

(11) An interesting attempt was made to prepare chloride IV by the treat­
ment of chloromethylenecyclopentane with methylene iodide and zinc-
copper couple. Although this reagent has been successfully applied to 
numerous alkenes to make the corresponding cyclopropane compounds,12 

no previous application has been made to a vinyl chloride. The previously 
unknown chloromethylenecyclopentane was prepared in a manner analogous 
to a preparation of chloromethylenecyclohexane 13 The chloromethylene­
cyclopentane was treated with methylene iodide and zinc-copper couple, 
first in ether under reflux at atmospheric pressure and second in a sealed 
pressure vessel for 24 hr, at 65°. The starting material was recovered in 
each case. 

(12) H. E, Simmons and R. D. Smith, J. Am Chem. Soc, 81, 4256 (19M). 
(13) D, Seyferth, S. O. Grim, and T. O, Read, ibid., 83, 1617 (1961). 
(14) W. von E Doering and A. K, Hoffmann, ibid., 76, 6162 (1954). 
(15) E. Tunakubo, I. Moritani, S. Murahashi, and T. Tuji, Tetrahedron 

Letters, 539 (1962). 
(16) These reductions are discussed with reference to the preparation of 

spirohexane in the next paper of this series: D. E, Applequist and J, A, 
Landgrebe, J. Am. Chem. Soc. 86, 1543 (1964). 

cyclobutane (IX). The crude product gave a positive 
test with alcoholic mercuric chloride solution (indicative 

K 

of allenes17) and had an infrared spectrum with bands 
at 1980 and 1050 cm. - 1 , which have been assigned to 
the allene double bond system.18 A small amount 
of polymeric material was also formed. 

1-Bromospirohexane (VII) and l-bromospiro[2.4]-
heptane (VIII) were prepared in 31.1 and 56.7% yields, 
respectively, by t reatment of the corresponding di-
bromides with zinc and glacial acetic acid. The in­
frared spectra of VII and VIII showed no unsatura­
tion. The n.m.r. spectra were extremely similar to 
those of chlorides I I and IV. 

The n.m.r. spectra of all the 1-halospiroalkanes 
showed typical ABX spectra for the three protons on 
the cyclopropane ring. The spectrum of chloride IV, 
for example, consisted of an X quartet of equal signals 
at 171-182 c.p.s. (from tetramethylsilane at 60 Mc.) 
and an AB octet at 37-69 c.p.s. The spectrum was 
readily analyzed to yield the parameters VA = 42.4, 
vB = 61.6, xx = 176.5, I J A B I = 6.0, | / A x j = 4.2, and 
/ B X = 7.4. The ratio (VA — " B ) / - / A B is too large to 
permit determination of the relative signs of \JAX\ and 
JBX\- The magnitudes of the coupling constants 

are in fair agreement with the analogous coupling con­
stants in the cyclopropane systems recently studied by 
Graham and Rogers. I9 Hydrogen A is almost certainly 
cis to chlorine and B is trans. The spectra of the other 
1-halospiroalkanes resembled that of IV closely, 
except that the ABX system of chlorospiropentane was 
considerably downfield from the positions in the higher 
members of the series. In chlorospiropentane, Vx. = 
196, vB = 83, XA = 68.20 

Kinetics.—Solvolysis kinetics in 50% ethanol (vol­
ume) have been carried out on the various 1-halo-
spiroalkyl compounds. The data are listed in Table I. 
A description of the kinetic procedure as well as sample 
raw data may be found in the Experimental section. 

Note that 1-chlorospirohexane (II) and 1-chloro-
spiro[2.4]heptane (IV) both solvolyzed somewhat faster 
than cyclohexyl chloride, and considerably faster than 
chlorocyclopropane. Because of the inherent approxi­
mation introduced for the estimation of the chloro­
cyclopropane solvolysis rate at 95° (see Experimental), 
this value may be somewhat in error, but one can be 
confident from the comparison at 130°, tha t the intro­
duction of a spirocyclobutane or spirocyclopentane 
ring to a cyclopropyl halide increased the ethanolysis 
rate by a factor of ca. 1000 or perhaps more in the 
case of the chloride. Bromides VII and VIII solvolyzed 
48.8 and 52.8 times faster than the corresponding 
chlorides and thus followed the same relative rate 
pat tern as one might have expected.21 

(17) W. von E. Doering and P, M. LaFlamme. Tetrahedron. 2, 75 (1958) 
(18) L. J. Bellamy, "The Infra-red Spectra of Complex Molecules," 

John Wiley and Sons, Inc., New York, N'. Y., 1958, p. 57. 
(19) J. D. Graham and M. T Rogers, J. Am. Chem Soc. 81, 2249 (1962), 
(20) The spectrum had been described previously, but with an external 

calibration standard: D, K. Applequist, G. F. Fanta, and B. W. Henrikson 
ibid., 82, 2368 (1960). 

(21) It is noteworthy that preliminary studies by P. S. Skell (ref. 22) on 
the reaction of silver perchlorate with £fm-dihalocyelopropanes indicated 
no electronic substituent effects on the reaction rates 

(22) P. S. Skell and S R. Sandler, J. Am Chem. Soc. 80, 2024 (1958). 
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TABLE I 

RELATIVE AND ABSOLUTE ETHANOLYSIS RATES OF THE 

Compound 
Cyclopropyl 

chloride 
Cyclohexyl 

chloride 
II 

I V 

Cyclopropyl 
bromide 

V I I 

VIII 

Temp., 
±0.05° 

95.00 
95.00 

120.00 
95.00 

120.00 
95.00 

120.00 

130.00 
70.00 
95.00 

130.00 
95.00 

k, sec."! 

2.5 X IO"10 " 
(1.045 ± 0.008) X 10-' 
(1 077 ± 0.009) X 10-< 
(1.299 ± 0.005) X 10-5 c 
(1.669 ± 0.004) X 10"' " 
(2.07 ± 0.01) X 10-= 
(2.310 ± 0.007) X 10- ' 

2.6 X 10"» b 

(4.34 =c 0.04) X 10-5 
(6.36 ± 0.03) X 10-< 
2.35 X 10"J d 

(1.091 ± 0.003) X 10"> 

-—Relative 
95° 

2.4 X 10-
1.00 

1.24 

1.98 

60.8 

104.0 

rates—. 
130° 

' . . 

1 

904 

" Calculated from tosylate solvolysis data3 by assuming the 
same relative rates of cyclopropyl and cyclohexyl for chlorides as 
for tosylates. * J. D Roberts, ref. 28. c This value represents 
the average of more than one kinetic run. Individual runs are 
tabulated in ref. 1. d Extrapolated value. 

Because of the very large solvolysis rate enhance­
ment exhibited by halides II , IV, VII , and VI I I when 
compared to the corresponding cyclopropyl halides, 
direct participation of the spiroalkyl group in the 
stabilization of the transition state is indicated. 
Nevertheless, it is still of interest to consider the stabili­
zation effect tha t one would expect if the spiroalkyl 
group were to act in a purely inductive manner through 
the cyclopropane ring to stabilize a cation generated 
on one of the adjacent cyclopropane ring carbon atoms. 

Streitwieser23 has successfully correlated solvolysis 
reactions which involve the formation of secondary 
carbonium ions with Taft 's <j*-values. Consider 
tosylate X in which a comparison can be made between 
R = methyl, the standard compound, and R = cyclo-
pentyl. By the use of p* = - 3 . 4 9 2 3 and Taft 's up­
value for the cyclopentyl group, — 0.20,24 one finds 
that a first approximation to the inductive rate en­
hancement for the cyclopentyl group is 4.99, but this 
factor must now be corrected for the increased induc­
tive transmission ability of a cyclopropyl C-C bond as 

R 

5-BrC6H4CHOTs 

X :X 

XI 

X X 

XII 

+ 

compared to the simple aliphatic C-C bond of model X. 
The necessary correction factor can be obtained by a 
comparison of the acidities of certain carboxylic acids 
(Table I I ) . One needs the difference in pK between 
cyclopropanecarboxylic acid and /!ra»5--2-methylcyclo-
propanecarboxylic acid, 0.16, as well as the pK dif­
ference between propionic and butyric acids, 0.04, 
which was calculated (because of the anomalous acidity 
of butyric acid) from the pK difference between 
acetic and propionic acids, 0.12, by a reduction of this 
factor by three.25 The rate enhancement due entirely 
to an inductive effect of the spirocyclopentane ring is 
then 4.99 X 4.00 = 20, considerably smaller than tha t 
which was observed. 

(23) A. Streitwieser, Jr., / . Am. Chem. Soc. 78, 493.5 (1956). 
(24) R. W. Taft, Jr., in M. S. Newman's "Steric Effects in Organic 

Chemistry." Prentice-Hall, Inc., New York, N. Y., 1956, p. 619. 
(25) G. E. K. Branch and M. Calvin, "The Theory of Organic Chemis­

try," Prentice-Hall, Inc., New York, N. Y., 1941, p. 217. 

TABLE II 

TABULATION OF SELECTED ACIDITIES 

Compound pK ApK Ref. 

Cyclopropanecarboxylic acid 6.24 " 
£ratts-2-Methylcyclopropanecarboxylic 

acid 6.40 0.16 
Acetic acid 4.76 * 
Propionic acid 4.88 0.12 b 

a This work. The measurement was made in 50% (volume) 
aqueous methanol by determination of the pH at half-neutraliza­
tion. * J. F. J. Dippy, Chem. Rev., 25, 151 (1939). 

The introduction of two methyl groups at the 3-
position of allyl chloride is known to enhance the 
solvolysis rate (50% aqueous ethanol at 0°) by a factor 
of 250.000.26 The methyl groups participated directly 
in the stabilization of the allylic carbonium ion. The 
enhancement factor for the solvolysis of chloride I I 
compared to chlorocyclopropane (95°) was at best ca. 
80,000 and may be somewhat smaller than this figure, 
depending upon the accuracy of the solvolysis rate of 
cyclopropyl chloride at 95° (see Experimental). The 
transition state for the ethanolysis of halides II, IV, 
VII, and VII I is probably best represented by a 
partially opened cyclopropane ring, X I and XI I , which 
would allow the spirocyclobutyl or spirocyclopentyl 
group to interact with the developing positive charge. 
The cyclopropane ring would then open completely to 
form an intermediate tert iary allylic carbonium 
ion, which would react with solvent to form products. 
Some confirmation of this hypothesis is found in the 
preliminary product s tudy described below. 

Tha t the solvolysis rate for spiroheptyl chloride 
(IV) is only 1.6 times tha t of spirohexyl chloride (II) 
is puzzling in comparison with the value of about 500 
which has been observed for the ratio of solvolysis rates 
of 1-methylcyclopentyl and 1-methylcyclobutyl chlo­
rides,27 and which is explained by the greater increase 
in angle strain in forming a transition state from the 
cyclobutyl compound than is obtained from the cyclo­
pentyl compound. However, the above explanation 
would be reasonable if we consider that the hybridiza­
tion change at the spiro carbon atom of II and IV, 
upon going to a solvolysis transition state such as XI 
and X I I , would undoubtedly not be as great as the 
hybridization change experienced during the solvolysis 
of 1-methylcyclopentyl or 1-methylcyclobutyl chloride. 
The transition states of the latter compounds are prob­
ably nearly fully developed tert iary carbonium ions.27 

There has been little or no evidence for the intervention 
of nonclassical character in the solvolysis of 1-methyl­
cyclobutyl chloride.2728 Such participation is there­
fore quite unlikely in the solvolyses of II, IV, VII, or 
VII I . 

The activation parameters for the 1-halospiroalkanes 
have been listed in Table I I I . The rate difference 
between chloride I I and bromide VII can be almost 
entirely at t r ibuted to a difference in activation en­
thalpy, while the rather small rate increase of chloride 
IV compared to chloride II is primarily an entropy 
effect. 

The solvolysis rate of chlorospiropentane (XIII ) in 
50% aqueous ethanol by volume at 200° has been 

(26) C. A. Vernon, J. Chem. Soc, 423 (1954). 
(27) H. C Brown and M. Borkowski, J. Am. Chem. Soc., 74, 1894 (1952). 
(28) E. F. Cox, M C. Caserio, M. S. Silver, and J. D. Roberts, ibid., 83, 

2719 (1961). 
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TABLE III 

ACTIVATION PARAMETERS FOR THE 1-HALOSPIROALKANES 
Compound AH=H kcal./mole AS*, e.u. 

Cyclohexyl chloride 26.9 ± 0.2 - 13.0 ± 0.5 
II 24.3 ± .1 -20 .3 ± 2 
IV 25.9 ± .1 -16 .8 ± .3 
VII 20.0 ± .2 -21 .6 ± .4 

measured and compared with the ethanolysis rate of 
chlorocyclopropane (Table IV). 

TABLE IV 

ETHANOLYSIS RATE OF CHLOROSPIROPENTANE IN 50% AQUEOUS 
ETHANOL BY VOLUME 

Temp., 
Compound 0C. *, sec."' X 10» *rei.(200°) 

[ X T C 1 XIIi 200 7 1 ± 1 5 4 " 6 2 

Cyclopropyl chloride 200 1.4" 1.00 
" Reference 3. 

The ethanolysis rate of chloride X I I I , contrary to 
previous quali tat ive observations,29 was at least 4 to 
6.2 times greater than tha t of chlorocyclopropane. In 
view of the arguments which have been made for de-
localized character in the solvolysis transition state 
of chlorocyclopropane,6 it is almost necessary to pro­
pose some kind of dereal izat ion for chlorospiropentane 
also. I t is not possible at present to say whether a 
transition state of the bicyclobutonium ion type (XIV), 
a homoallylic type (XV), or a modified version (XVI) of 
the conventional (see above) cyclopropyl type is re­
sponsible for the rate enhancement here. Structure 
XVI is shown in a general form with dereal izat ion into 
the left-hand ring, but the actual extent of such de-
localization could be small. The problem is of greatest 
interest when spiropentyl is compared with related 
cyclopropylcarbinyl types, discussed in the accompany­
ing paper.16 

XIV XV XVI 

JZ»]+ [ M f [Hl+ 

Solvolysis Products.—Only a preliminary survey of 
solvolysis products can be reported at this time, but 
the products obtained are in agreement with the 
mechanistic paths up to the transition states as sug­
gested by the above kinetic studies. 

The solvolysis of 1-bromospirohexane (VII) in aque­
ous acetone at 95° gave primarily a nonvolatile oil, 
presumably polymeric, and a few volatile components 
separable by gas chromatography. The principal 
volatile component (14% yield) was identified as 1-
vinylcyclobutanol (XVII) from its analysis and spectra. 

OH H ^ c = c ^ C H 3 

-J-CH=CH2 CR/ \C H 0 

XVE XVIII 

The n.m.r. spectrum showed a complex multiplet at ca. 
7.8 (area 6), which was assigned to the cyclobutane 
protons, a singlet hydroxyl proton a t 6.12 (area 1), a 
quar te t of peaks at 3.96 (area 1), which was assigned 
to the vinyl proton nearest to the hydroxyl group, 
and three partially resolved multiplets at 4.72, 4.97, 

(29) D. E. ApplequistandG. F. Fanta, J. Am. Chem. Soc.,82,6393 (1960). 

and 5.16, respectively (total area 2), which were as­
signed to the terminal vinyl protons. The ABC spec­
trum exhibited by the vinyl group is similar to that 
which has been observed for methyl vinyl thioether.30 

The infrared spectrum contained bands expected for 
a hydroxyl group (3350 cm. - 1 ) and for a vinyl group 
attached to an oxygen-bearing carbon (1645, 1000, 
925 Cm." 1 ) . " Only end absorption was observed in 
the ultraviolet spectrum. None of the minor volatile 
products were identified, but it was shown by a control 
reaction tha t they were not formed by self-condensation 
of acetone under the reaction conditions. 

A silver ion assisted hydrolysis of bromide VII was 
carried out to confirm the above results. A 97 .3% 
yield of silver bromide was obtained together with a 
61.9% yield (based upon the weight of silver bromide) 
of.vinyl alcohol XVII . I t was especially significant 
tha t the vinyl alcohol product represented 9 4 % of the 
ether-extractable material from the hydrolysis. 

Pure l-bromospiro[2.4]heptane (VIII) was also 
subjected to aqueous acetone solvolysis for ten half-
lives at 95°. Only a small amount of distillable prod­
uct was formed, which consisted of mesityl oxide 
(63.1%) and five unidentified minor products (37.9%). 
The major part of the product was a glassy solid which 
was fractionated on neutral alumina into three red 
polymer-like substances, each of which gave a very 
broad n.m.r. signal. The infrared spectrum showed 
only saturated hydrocarbon bands plus a broad band a t 
1700 cm.- 1 . 

I t was uncertain whether the expected product, 1-
vinylcyclopentanol, was unstable to the solvolysis con­
ditions, or whether an initially formed cation dehy­
drated to form a reactive diene which then polymerized. 

Spiropentyl chloride reacted with aqueous silver 
nitrate in a sealed tube at 100° with a half-life of about 
4-5 days, as judged by the amounts of silver chloride 
precipitated. The only product extractable into ether 
was tiglaldehyde (XVIII ) in amounts accounting for 
3 5 % of the observed silver chloride. The aldehyde 
was identified by the identity of its infrared and n.m.r. 
spectra with those of an authentic sample. By con­
trast, the deamination of spiropentylamine29 has been 
shown to give only 2- and 3-methylenecyclobutanols 
as ether-extractable products. The conditions of the 
latter reaction were much milder than those employed 
here, however, so the possibility exists that the methyl­
enecyclobutanols were formed as primary products 
and isomerized to tiglaldehyde under the reaction 
conditions. Samples of the methylenecyclobutanols 
were unfortunately not available in this preliminary 
study to check their stability. In any case, the prod­
uct does not serve to distinguish the plausible transi­
tion states X I V - X V I described above and further dis­
cussed in the accompanying paper.16 

Experimental 
All melting and boiling points are uncorrected. All n.m.r. 

spectra were measured with either a Varian 60 Mc. high resolu­
tion spectrometer (Model V-4300-2, serial 343 with super stabi­
lizer) or a Varian A-60. Chemical shifts are expressed in parts 
per million relative to an internal tetramethylsilane standard, 
which is given an arbitrary position of 10 (r scale). All infrared 
spectra, unless otherwise specified, were obtained with a Perkin-

(30) N. S. Bhacca, L. F. Johnson, and J. N. Shoolery, "XMR Spectra 
Catalog," Varian Associates, Palo Alto. Calif., 1962. 

(31) L. J. Bellamy, "The Infra-red Spectra of Complex Molecules," 
2nd Ed., John Wiley and Sons, Inc., New York, N Y., 1958. p. 49 



DOUGLAS E. APPLEQUIST Vol. 86 1540 J O H N A. LANDGREBE AND 

Elmer Model 21B double-beam recording spectrometer with 
sodium chloride optics. The ultraviolet spectra were obtained 
on a Cary Model 14B double-beam recording spectrometer. 

Chlorospiropentane (XIII) was prepared as previously de­
scribed.20 

1-Chlorospirohexane (II).—A 1.5 N solution of n-propyllithium 
(0.28 mole) in pentane was added over 3 hr. to a stirred mixture 
of 22.1 g. (0.26 mole) of methylene chloride and 16.3 g. (0.24 
mole) of methylenecyclobutane32 at —40°. The cooling bath was 
removed near the end of the addition period, and it was noted 
that most of the lithium chloride precipitate formed as the flask 
warmed. The liquid phase was washed with saturated sodium 
chloride solution and dried over potassium carbonate. Low 
boiling pentane, methylenecyclobutane, n-propyl bromide, and n-
hexane were removed by distillation, and the residue (4.7 g.) of 
crude II was distilled with a Hickman distillation uni t , 3 3b.p. 57° 
(87 mm.), to give a colorless liquid whose vapor phase 
chromatogram on diisodecyl phthalate suggested 91.8% purity. 
The infrared and n.m.r. spectra (described above) and elemental 
analysis were taken on the collected major peak in the chromato­
gram. 

Anal. Calcd. for C6H9Cl: C, 61.80; H, 7.78. Found: C, 
61.82; H, 8.05. 

1,1-Dibromospirohexane (V).—Potassium ^-butoxide was pre­
pared by the method of Doering14 from 18.1 g. (0.463 g.-atom) of 
potassium. Dry cyclohexane (300 ml.) was added to the pow­
dered potassium <-butoxide, and the contents of the flask were 
cooled and stirred in an ice bath. After 31.5 g. (0.463 mole) of 
methylenecyclobutane was added, 117 g. (0.463 mole) of bromo-
form, which had been freshly passed through a 20-cm. column of 
activated alumina to remove the residual moisture and free bro­
mine, was added over a period of 6 hr. and stirred at room tem­
perature for an additional 30 min. Water was rapidly added to 
the contents of the flask, which were then extracted twice more 
with small portions of water. The aqueous extracts were com­
bined and extracted with cyclohexane. The organic layer was 
dried over magnesium sulfate and carefully distilled to recover 
10.7 g. (0.107 mole) of methylenecyclobutane. The cyclohexane 
was then flash distilled. The remaining liquid was vacuum 
distilled (Holzman column) to yield some bromoform and 54.2 g. 
(63.5%) of V, b.p. 74° (12 mm.), »2 5D 1.5375 (lit.15 b .p . 60-61° 
(5.5 mm.), K20D 1.5411). The product gave a precipitate with 
alcoholic silver nitrate and no reaction with potassium perman­
ganate in acetone. An n.m.r. spectrum at 60 Mc. showed a 
singlet at 8.4 with area 2 and a group of partially resolved peaks 
at ca. 7.8 with ca. area 6. 

Anal. Calcd. for C6H8Br2: C, 30.04; H, 3.33. Found: C, 
30.03; H, 3.41. 

1-Bromospirohexane (VII).—1,1-Dibromospirohexane (54 g., 
0.225 mole) and 550 ml. of glacial acetic acid were stirred at 50° 
in a water bath while 145 g. (2.22 g.-atoms) of zinc dust was 
slowly added. Addition was complete in 1.7 hr. The slurry was 
heated for an additional 48 hr. After filtration, the acid solu­
tion was poured into 1 1. of distilled water, which was then ex­
tracted with diethyl ether. The extracts were combined and ex­
tracted with aqueous potassium hydroxide until the aqueous 
layer remained basic. After an additional water wash, the ether 
solution was dried over magnesium sulfate, filtered, and flash dis­
tilled. The residue was distilled from calcium hydride (Holzman 
column), b.p. 64-72° (58-60 mm.), to yield 16.8 g. (31.1%) of 
crude VII . A vapor phase chromatogram on didecyl phthalate 
indicated 80.5% purity. Several impurities were present with 
lower retention times. 

An n.m.r. spectrum of the large v.p.c. peak (20 mg./ml. in 
carbon tetrachloride) at 60 Mc. showed a quartet at 7.19 (area 
1), a singlet with a slight split at 7.87 (area 6), a quartet at 8.85 
(area 1), and a quartet at 9.27 (area 1). The infrared spectrum 
was consistent with the structure and showed no unsaturation. 

Anal. Calcd. for C6H9Br: C, 44.75; H, 5.62. Found: C, 
44.96; H, 5.83. 

Reaction of 1,1-Dibromospirohexane (V) with Magnesium.— 
Magnesium (0.7 g., 0.0288 g.-atom) was added to a warm flask. 
Anhydrous ether (30 ml.) was placed in the flask with a syringe 
and 4.8 g. (0.02 mole) of 1,1-dibromospirohexane was slowly 
added. Addition was stopped after the first few drops had 
entered the flask, and a piece of magnesium was mashed under the 

(32) J. D Roberts and C. W. Sauer, J. Am. Chem. Soc. 71, 3925 (1949). 
(33) K. B. Wiberg, "Laboratory Techniques in Organic Chemistry," 

McGraw-Hill Book Co, Inc.. New York, X, Y., 1960, p, 65. 

surface of the ether to start the reaction. The addition was ad­
justed so as to maintain the solution at reflux. After 3 hr., the 
addition was complete and a layer of magnesium bromide ether-
ate had separated. Water was slowly added to the externally 
cooled solution. The aqueous layer was washed with ether. 
The combined ether layers were dried over magnesium sulfate and 
were distilled through a Holzman column to leave approximately 
1 ml. of yellow liquid residue which was transferred to a small 
distillation apparatus and additional ether was removed. A 
large drop of material was collected, b.p. ca. 94°. A portion of 
the drop gave a positive test with alcoholic mercuric chloride 
solution; a white precipitate is indicative of allenes.16 An in­
frared spectrum taken with an Infracord (sodium chloride optics) 
showed bands at 1980 and 1050 cm. - 1 , indicative of the allene 
double bond system. The remainder of the drop was subjected 
to vapor chromatography on didecyl phthalate and showed one 
major component with two minor impurities (10%). The reac­
tion was not repeated. A small amount of polymeric material 
was also formed in the reaction. 

1-Chlorospiro[2.4]heptane (IV).—Methylenecyclopentane 
(8.15 g., 0.0993 mole) and methylene chloride (13.6 g., 0.16 mole) 
were cooled to —35° with a Dry Ice-isopropyl alcohol bath. A 
pentane solution of n-butyllithium (190 ml., 1.15 A7, 0.218 mole) 
was pumped into the dropping funnel with nitrogen pressure and 
slowly added to the stirred contents of the flask. 

When the addition was complete (2.5 hr). , the solution was 
allowed to warm to room temperature, and water (50 ml.) was 
added. The organic layer was washed with saturated aqueous 
sodium chloride and dried over anhydrous sodium carbonate. 
The pentane was removed on a 3-ft. wire spiral column. The 
unreacted starting material and K-butyl chloride (from the n-
butyllithium preparation) were removed on a 12-in. Holzman 
column. The remaining liquid was vacuum distilled on a Hick­
man unit and yielded n-octane, b .p . 45° (70 mm.) (coupling 
product from the «-butyllithium), and the final product, 2.54 g. 
(19.6%), b.p. 71-73° (60 mm.) . The infrared spectrum showed 
no unsaturation. The n.m.r. spectrum was virtually identical 
with that of 1-chlorospirohexane with the exception of the cyclo-
pentane multiplet which occurred in the region 8.2-8.5. 

Anal. Calcd. for C7HnCl: C, 64.37; H, 8.49. Found: C, 
64.67; H, 8.62. 

l,l-Dibromospiro[2.4]heptane (VI).—Potassium <-butoxide 
was prepared by the method of Doering14 from 7.81 g. (0.20 g.-
atom) of potassium. Dry cyclohexane (100 ml.) was added to 
the powdered base, and the contents of the flask were then cooled 
in an ice bath followed by the introduction of 16.58 g. (0.202 
mole) of methylenecyclobutane. Bromoform (17.5 ml., 50.0 g., 
0.20 mole), which had been passed through a short column of 
aluminum oxide to remove the residual bromine and moisture, 
was slowly added (2.75 hr.). 

Water (80 ml.) was added and the organic phase was extracted 
with two additional portions of water, which were combined and 
extracted with several portions of cyclohexane. The cyclohex­
ane extracts were dried over potassium carbonate and concen­
trated on a rotary evaporator. Bromoform, b .p . 48° (20 mm.), 
was removed by distillation through a 12-in. Holzman column 
followed by distillation of the product, b.p. 64-69° (1.5 mm.) 
(lit.15 b .p. 75-76° (6 mm.)). l,l-Dibromospiro[2.4]heptane 
(22.3 g., 0.0870 mole) was obtained in 43.5% of the theoretical 
yield. Repeated distillation and an attempted purification by 
preparative vapor phase chromatography always resulted in some 
decomposition. Although a satisfactory analytical sample was 
not obtained, the compound did give an n.m.r. spectrum which 
showed a singlet at 8.44 (cyclopropane protons) with a complex 
multiplet at slightly lower field extending down to 7.44 (cyclopen-
tane protons), analogous to the n.m.r. spectrum of 1,1-dibromo­
spirohexane. The infrared spectrum showed no unsaturation. 

Anal. Calcd. for C7H10Br2: C, 33.10; H, 3.97. Found: C, 
34.22; H, 4.06. 

l-Bromospiro[2.4]heptane (VIII).—To a stirred solution of 
8.87 g. (0.0349 mole) of l,l-dibromospiro[2.4]heptane in 90 ml. 
of glacial acetic acid at 50° was added 22.9 g. (0.35 g.-atom) of 
zinc dust over 2 hr. The resulting slurry was stirred for an addi­
tional 48 hr. The slurry was filtered into water followed by ex­
traction with ether. The ether layer was then extracted with 25-
ml. portions of dilute aqueous potassium hydroxide until all of 
the acetic acid had been removed. The ether was removed on a 
rotary evaporator after the solution had been dried with potas­
sium carbonate. The residue was distilled on a Hickman distil­
lation unit, b.p. 76° (29 mm.), and yielded 3.47 g. (57%) of 1-
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bromospiro[2.4]heptane. Although vapor phase chromatog­
raphy on silicone grease indicated only 4% impurity, the sample 
could not be obtained analytically pure; however, an excellent 
n.m.r. spectrum (virtually identical with l-chlorospiro[2.4]hep-
tane) was obtained and showed quartets at 9.30, 8.97, and 7.06 
indicative of an ABX type spectrum and a complex multiplet at 
8.3 for the cyclopentane protons. The infrared spectrum was in 
agreement with the structural assignment. 

Anal. Calcd. for C7HnBr: C, 48.01; H, 6.34; Br, 45.65. 
Found: C, 48.59; H, 6.47; Br, 44.90. 

Chloromethylenecyclopentane.—A procedure similar to that 
used in the preparation of chloromethylenecyclohexane was 
followed.13 Dry ether (500 ml.), 27.2 g. (0.321 mole) of methyl­
ene chloride (distilled from calcium hydride), and 74.2 g. (0.285 
mole) of triphenylphosphine, which had been recrystallized from 
hot 95% ethanol and dried in a vacuum oven at 50° for 24 hr., 
were mixed and cooled to —33° in a Dry Ice-isopropyl alcohol 
bath. w-Butyllithium (190 ml., 1.5 A7, 0.285 mole) was added 
by means of a Hershberg funnel. After the addition (2.25 hr.) 
the Hershberg funnel was replaced with a 24/40 joint fitted with 
a rubber septum, and 23.9 ml. (22.7 g., 0.27 mole) of cyclopen-
tanone (distilled from calcium hydride and stored over Linde 
5-A Molecular Sieves) was introduced with a syringe to the 
orange-yellow slurry. The bath was then removed and the ether 
slurry was maintained under reflux and stirred (argon atmos­
phere) for 13 hr. The solvent was distilled, followed by the addi­
tion of tetrahydrofuran (250 ml., purified by passage through 
Linde 5-A Molecular Sieves), and distillation from calcium hy­
dride. The solution was maintained at reflux for 8 hr., and then 
washed with water, which was extracted with pentane. When 
the pentane had been removed, a colorless distillate (2.64 g.) 
was obtained at ca. 40° (43 mm.), which was shown by vapor 
phase chromatography to consist of 89 .3% of a major product, 
7.25%. of cyclopentanone, and 3.45%. of unidentified impurities. 
The yield of product based upon K-butyllithium was 7 . 1 % of the 
theoretical amount. An infrared spectrum of the chloromethyl­
enecyclopentane showed among other bands, a weak absorption 
of 3050 c m . - 1 and a medium absorption at 1647 cm. - 1 . The 
n.m.r. spectrum showed a quintuplet at 4.16 (area 1), a multiplet 
at 7.76 (area 4), and a multiplet at 8.26 (area 4). 

Anal. Calcd. for C6H9Cl: C, 61.80; H, 7.78. Found: C, 
61.96; H, 8.08. 

Attempted Preparation of l-Chlorospiro[2.4]heptane (IV) 
from Chloromethylenecyclopentane.—The zinc-copper couple 
was prepared as described in the synthesis of spirohexane16 and 
was used immediately after preparation. A mixture of anhy­
drous ether (10 ml.), 0.015 g. (0.0006 g.-atom) of iodine, 1.63 
g. (0.025 g.-atom of zinc) of zinc-copper couple, and 5.36 g. (0.02 
mole) of methylene iodide (Eastman; slightly colored) was stirred 
at reflux for 30 min. Freshly distilled chloromethylenecyclo­
pentane (1.42 g., 0.0122 mole) in 5-ml. of dry ether was added 
slowly and the solution was maintained at reflux overnight. 

After filtration of the reaction mixture through a pad of Super-
CeI (dry), the combined ether washings were extracted with 5 % 
aqueous hydrochloric acid, saturated aqueous sodium bicarbonate 
solution, and saturated aqueous sodium chloride solution. The 
ether extracts were dried over calcium hydride. When the sol­
vent had been removed, the liquid residue was distilled under 
vacuum from a glass wool pad in a Hickman distillation unit and 
yielded 1.07 g. of distillate, b .p . 69° (65 mm.). An infrared 
spectrum was identical with that of the starting material (75.4%. 
recovery). There was no indication of any product. 

A similar reaction in a sealed vessel at 65° for 24 hr. gave es­
sentially the same result. 

Silver Ion Assisted Hydrolysis of Spiropentyl Chloride.—In a 
typical run, 1.16 g. (0.0113 mole) of spiropentyl chloride, 2.39 g. 
(0.0141 mole) of silver nitrate, and about 25 ml. of water were 
heated together at about 100° for 6 days in a sealed tube. When 
the cooled tube was opened, effervescence was noted. The 
mixture was filtered, and the precipitate was washed, dried, and 
weighed (0.864 g.) to determine total silver and silver chloride, 
then washed thoroughly with ammonium hydroxide, dried, and 
weighed (0.123 g.) to determine silver metal. By difference, the 
yield of silver chloride was 0.741 g. (56%). 

The filtrate of the reaction mixture was extracted with ether, 
and the extract concentrated by fractional distillation. The 
residue (0.86 g.) was found by gas chromatography on Carbo-
wax 20M to contain only solvent, unreacted spiropentyl chloride 
(identified by its n.m.r. spectrum) and tiglaldehyde, which 
amounted to 16% of the liquid residue and which was identified 
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by the identity of its infrared and n.m.r. spectra with those of an 
authentic sample. The 2,4-dinitrophenylhydrazone melted at 
213-216° (lit.34 m.p. 215.5-217.5°). 

Hydrolysis of 1-Bromospirohexane (VII).—1-Bromospirohex-
ane (b.p. 60-63° (50 mm.), 8.512 g., 84.2% pure by v . p . c , 0.0445 
mole) was dissolved in 135 ml. of 70% (volume) acetone in water. 
The impurities had been determined by vapor phase chroma­
tography on an 8-ft. diisodecyl phthalate column at 150° to con­
sist of two small overlapping peaks with somewhat shorter reten­
tion times, 0.605 and 0.714 times that of the major component. 
Three aliquots of the solution were sealed in tubes and placed in 
an oil bath at 95° for various time intervals. An approximate 
rate constant was determined by a simple acid titration of an 
accurate aliquot taken from each ampoule and a comparison with 
the initial alkyl halide concentration (corrected for the v.p.c. 
purity given above). The half-life was found to be 2.03 hr. 
The remainder of the material (0.0391 mole) was placed in two 
large ampoules and solvolyzed for 19 hr. at 95°. 

The contents of the ampoules were poured into 400 ml. of 
saturated aqueous sodium bisulfite and 75 ml. of ether followed by 
extraction of the ether layer with two additional portions of 
sodium bisulfite solution. The aqueous layers were then com­
bined and extracted with several portions of ether. The ether 
extracts were dried over anhydrous magnesium sulfate and dis­
tilled on a 3-ft. wire spiral column; 4.57 g. of liquid residue re­
mained. In the final distillation (12-in. Holzman column), the 
bath temperature was allowed to reach 120° for a short time, but 
no distillate was observed. The liquid was vacuum distilled and 
yielded 0.147 g. at 35-55° (73 mm.), 0.896 g. at 55-58° (73 
mm.), and 0.486 g. at 74-75° (0.5 mm.) of pale yellow liquid as 
well as an undistillable dark residue. Vapor phase chromato-
grams of the first two fractions were obtained on an 8-ft. polar 
UCON column at 130°. The relative areas of the peaks from the 
55-58° fraction, in order of increasing retention time, were 38.5, 
5.6, 5.2, and 50.7. The first peak was a mixture, never fully 
resolved. The second was mesityl oxide, as identified by its in­
frared and n.m.r.35 spectra. The fourth peak was identified as 
1-vinvlcyclobutanol as described under Results and Discussion. 

Anal. Calcd. for C6H10O: C, 73.43; H, 10.28. Found: C, 
73.29; H, 10.43. 

A control reaction was run to determine if any of these minor 
components or polymeric products could be attributed to the ace­
tone. A mixture of 70% (volume) acetone in water which con­
tained 0.36 M hydrobromic acid, the maximum concentration 
formed during the solvolysis reaction, was heated for 19 hr. at 
95° followed by the same work-up procedure. Only 0.77 g. of 
mesityl oxide was obtained (the reaction was carried out on a 
100-ml. scale), b.p. 64-66° (75-100 mm.). Two very minor 
components were observed when the material was subjected to 
vapor phase chromatography on a polar UCOX column, but these 
did not correspond to any of the previously obtained unidentified 
products. Although there was a slight residue, no other distill-
able products were formed. 

Silver Ion Assisted Hydrolysis of 1-Bromospirohexane (VII).— 
1-Bromospirohexane (3.0 g., 0.0186 mole), silver nitrate (3.95 g., 
0.0233 mole), and 30 ml. of water in a sealed tube, protected 
from the light, were heated for 18.5 days at 50 ± 5°. 

The silver bromide suspension (3.395 g., 0.0181 mole), which 
accounted for 97.3% of the starting compound, was filtered and 
washed with ether. The aqueous portion of the filtrate was ex­
tracted with several portions of ether, which were dried over an­
hydrous magnesium sulfate and distilled on a 3-ft. wire spiral 
column. The residue (brown) appeared to be 88% one compon­
ent on a 10 ft. Carbowax-20M column. A collected sample had 
an infrared spectrum identical with that of a sample of 1-vinyl-
cyclobutanol. The n.m.r. spectra of the two samples were also 
identical in every respect. The yield of 1.25 g. (0.112 mole based 
upon the v.p.c. purity) represents 61.9% of the collected silver 
bromide. If one neglects the area of the solvent (ether) peak in 
the vapor phase chromatogram, 1-vinylcyclobutanol represented 
94% of the ether extractable material from the hydrolysis. 

Hydrolysis of l-Bromospiro[2.4]heptane (VIII).—1-Bromo-
spiro[2.4]heptane (6.531 g., ca. 95% pure by v.p.c. on Carbowax 
20M, 0.0373 mole) was dissolved in 100 ml. of 70% (vol.) acetone 
in water and placed into three tubes which were subsequently 
sealed and placed in an oil bath at 95° for 12 hr. (about ten half-
lives). 

(34) J. D. Roberts and C. Green, J. Am. Chem Soc, 68, 214 (1946). 
(35) G. V. D. Tiers, Central Research Dept., Minnesota Mining and Mfg. 

Co., Project 737602 (1958). 
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The contents of the tubes were poured into 300 ml. of saturated 
aqueous sodium bisulfite solution together with 70 ml. of diethyl 
ether. Several extractions were carried out with sodium bisulfite 
solution followed by extraction of the combined aqueous layers 
with ether. The other layers were dried for 24 hr. over magne­
sium sulfate and distilled on a 12-in. wire spiral column. The 
residue was vacuum distilled to yield 0.703 g. of a colorless liquid, 
b.p. 34-58° (69 mm.), and approximately 3.3 g. of a glassy red-
brown residue. A vapor phase chromatogram of the low boiling 
liquid on Carbowax-20M indicated a predominance of mesityl 
oxide (retention time comparison with a previous chromatogram) 
with at least six additional minor components. 

The red glass was dissolved in carbon tetrachloride and chro-
matographed on neutral alumina. Cyclohexane eluted a red 
band representing over 50% of the material (band A). Similarly, 
benzene and chloroform each eluted a dark red band (bands B 
and C), while some residue remained on the column. Infrared 
spectra on all three samples showed a broad band at ca. 3400 
cm. ' 1 , strong C-H stretching bands at 2920 and 2860 cm. - 1 , a 
broad band at ca. 1700 c m . - 1 (slight in B), methylene C-H defor­
mation at 1465 cm. - 1 , and C-CH3 absorption at 1380 cm. - 1 . 
An n.m.r. spectrum of sample A showed a sloping line which 
terminated as a broad absorption at ca. 9.00. The spec­
trum of sample B was superimposable in every way with A, ex­
cept for a sharp singlet at 8.47. Neither n.m.r. spectrum showed 
absorption in the vinyl region. The broad absorptions confirmed 
the polymeric nature of the substances. 

Ethanolysis Procedure.—All kinetic experiments utilized Pyrex 
baths which contained approximately 8 gal. of oil (Cities Service, 
D.C. 915), a Lightnin Model L continuous duty stirrer, a hydro­
gen jacketed microthermoregulator, and a 500 to 750 watt con­
tinuous heat source which was connected to a Yariac. Fine 
heating was controlled by means of a 100-watt light bulb attached 
through a zero-current relay to the thermoregulator. The entire 
bath assembly was packed in Vermiculite and had an aluminum 
foil covered Hd to minimize radiation and convection heat losses 
near the surface of the oil. Temperatures were checked with 
thermometers calibrated by the National Bureau of Standards. 

After dissolving the appropriate amount of alkyl halide in an 
ethanol-water solvent (50% by volume at 15.56° or 42.47% by-
weight of ethanol), the solution was distributed among 16 am­
poules each containing approximately 5.5 ml., and these were 
then carefully sealed and placed in the bath so that only the thin 
necks protruded above the surface of the oil. The time was 
taken first when the ampoule was placed in the bath and again at 
the instant it was quenched in the cold water. ' After quenching 
the ampoules with cold water, the necks were scored and 
snapped off, followed by removal of an exact aliquot (ca. 5 ml.) 
with an automatic delivery pipet calibrated with the same 
ethanol-water solution. The acid solution was titrated to a 
phenolphthalein end point with approximately 0.1 AT sodium 
methoxide in methanol solution which had been standardized 
against potassium hydrogen phthalate. A 5-ml. microburet was 
used which could be read directly to 0.01 ml. Infinity titers 
were taken after ten half-lives. 

Rate constants were determined by the method of least 
squares.36'37 

The data for a typical kinetic run are indicated below for the 
ethanolysis of 1-bromospirohexane at 95.00 ± 0.05°. The 
compound was distilled, b.p. 64-72° (58-60 mm.), immediately 

prior to the kinetic run. A vapor phase chromatogram on didecyl 
phthalate as well as a comparison of the initial weight concentra­
tion with the infinity titer indicated ca. 90-95% purity. Excel­
lent first-order kinetics were found up to 89% reaction. 

Suitable controls were run to confirm3*38'39 that there" is no 
significant reaction of HBr or HCl with ethanol under the condi­
tions of the kinetic runs. 

Time 
elapsed 

min. 
CO 

10 
15 
20 
25 

Titrated 
(HBr) 

0.04120 
01222 

.01730 

.02190 
,02470 

- I n (RBr) 

3.190 
3.542 
3,735 
3.950 
4.106 

Time 
elapsed 

min. 

30 
35 
40 
55 
60 

Titrated 
(HBr) 

0.02745 
.03020 
.03210 
.03610 
.03695 

- I n (HBr) 

4.288 
4,512 
4.700 
5.281 
5.463 

Rate const. (6.363 ± 0.031) X 10 - 4 sec. - 1 

Ethanolysis of Chlorospiropentane (XIII).—The compound 
was collected in high purity by preparative vapor phase chro­
matography on an 8-ft. Carbowax-20M column. The kinetics 
were done using heavy walled sealed ampoules, which were 
placed in a small silicone oil bath. 

Although there are large inherent errors caused by the use of so 
small a bath and thick glass ampoules, the kinetic value obtained 
by averaging individual rate constants from each ampoule (be­
low) is of utility for a crude comparison with the ethanolysis rate 
of cyclopropyl chloride at 200 °.3 Two solutions which correspond 
to the two initial concentrations, (RCl)*, were used in the deter­
mination of the rate constant. 

^lapsed 
time, 

hr. 

2,0 
3.0 
4,0 
4,5 
6,0 
8.0 

" Initial 

. 

(HCl) 

0,0203 
0248 

.0262 
,0229 
. 0248 
. 0283 

:oncentra 

-50% aqueous 

(RCl) 

0.0224 
,0179 
.0165 
.0115 
. 0096 
.0061 

tion of alkyl 

ethasol (vol.) 

(RCl)0O 

0.0427 
.0427 
.0427 
.0344 
0344 

. 0344 

halide/(infi 

at 200°— 
In 

[(RCl)0/ 
(RCl)I 

0.65 
.87 
.95 

1,10 
1,27 
1,73 

nity titer 

—~ 
k, sec," 

X Wb 

9,0 
8,1 
6,6 
6,8 
5.9 
6.0 

. "k 

(3G) L, P, Hammett, "Introduction to the Study of Physical Chemis­
try." McGraw-Hill Book Co.. Inc., N'ew York, N. Y.. 19">2, P 410, 

(37) F, Daniels, "Experimental Physical Chemistry," McGraw-Hill Book 
Co., Inc . New York, W Y . 1956, p. 339. 

Acknowledgment.—The authors wish to acknowledge 
the aid of the following staff members: Mr. Josef 
Nemeth and associates who performed the micro­
analyses, Messrs. P. McMahon and D. Johnson and 
associates who determined some of the infrared spectra, 
and Messers. O. W. Norton and D. Johnson and their 
associates who determined the n.m.r. spectra. This 
research was supported in part by a grant from the 
Petroleum Research Fund administered by the Ameri­
can Chemical Society. Grateful acknowledgment is 
hereby made to the donors of said fund. We are in­
debted to Dr. S. G. Smith for his helpful suggestions 
with regard to many of the details of the kinetic pro­
cedure. 

(38) E, Grunwald and S Winstein, J Am. Chem. Soc, 69, 20.il (1947). 
(39) S, P. Walvekar, X, L, Phalnikar, and B. V, Bhide, / . Indian Chem. 

Soc. 19, 409 (1942). 

20.il

