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The studj of small ring systems has in the past decade
been a very fruitful area of research for the organic chzmist.
Due to the bizarre courses observed in many reactions of these
compounds, UnuSUal reactive ¢nue“me'¢ateo have been‘postulét-

ed. Application of Tthese reactive intermediates to system

with "less ab ‘ornal steric and electronic enviornments have

’_l'

rationalized results and allowed predictions to be made in

these latter systems. In addition to the above, due to :heﬂr

simplicity small rings may serve ss models for thes mors ad-

vancod guantun mechﬁﬂ«caL QeSCPWPtWO“S of chemical syétems.

As is always the case, however, the first problem to be over-

i

come 1s the preparation of such compound

LndsS.

Indeed it ies surprising that cyclopropanol, = relatively

’_h

imple alcohol had not, previous to this study, been prepared

in the pure state. The present worlk was prompted by reports

) ks = K P OUNRp R RN o 1A
of the facile isomerlizatvion of crude

esting materlal. Iaving in mind an eventual synthesis of the

3

ure materisl rate studles on the alcohcl,

lead te the discovery tlat the alcolol was relativelsy stable
under scme condliicns. A stralizsht forward synthesle of pure

[o7]

cyclopropanol was attenpted and proved successful.

5

,-Jv

Preliminary studies of the isomerization of the pure al-
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HISTCRICAL

During the past fifty vyears a conslderable amount of

].‘l

rhysical and chemical evidence has been presented to sugzest

a close analely between the cveclopropane ring and the ethyl-

An examinaticrn o the spectroscopric properties of three
rmenbered rings tends te substantiate this view. 4 number of

werstigatore™ have shown that ceorizounds centaining a cyclo-

il

Infra red studies on cyclopropene indicate that the high
C-I stretching force constant for cyclepropane compared to

the normal methylene group is due to a large anount of s

-F bonds.® It was also noted by Roberts

n the

}_h
A

er

2

0
a
o
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cf

rated extincticn ceoefficients for

1

(a) ¥lotz, J.it., J. Aner. Chem. Soc., 66, §& (19Ll);
(b) Mariella, R.r.,ibid., 70, IL9L (I¢LTy; ibid., 7k, 518
(1952); (c) Rodmers, tvid., 69, 25hl TI9LT); (a) Burt,
E.F. and Carr, Z.P., 0, 1500 *(191L); (e) Roberts, J.D.
and Green, ., ibid. 1L (1946); (f) Swmith, L.I. and
Rogier, E.R., ibid., L0 (1951) - o

Linnett, J.wW., Hature, 160, 162 (194L7)

3Roberts, J.D. and Chambers, V.C., J. Amer. Chem. Soc.,
73, 5030 (1951)

—




L

The C-H bonds in cyclopropyl chloride and bromide were sig-
nificantly lower than those of larger membered rings. Con-
jugsative effects of substituted cyclopropanss have besn stud-

. 1
ied by Cannon et al.)'r
Dipole moment measurements of three membered ring com-

pounds by Rogers5 and RobertsSa indicate that the C-7 bond

v
electrons are nore wealitly bound than the usual electrons
and tencd to exhihit the characteristice associated with mo-

rtile alectrons.

The bond distances and geometry of cyclopropans nave beer

b g

investisated by several phyrsical methods” and the reczcults su-

[4Y

pport the picture of a fully syrmetrical ring with carbon

3 o A o
L
atoms at the vertices of an ecullateral triangle and the ¢
- . 31
planes bisecting the corresponding ring angle. As expected
jeg : .
Ld
. . . o) . . s .
the C angle is close tc 120°, The C-C bond distance is
H

1.5264A° in cycloprepane; shorter than the normal C-C single.

bond distance of 1.5LLA°.

A molecular orbital iﬁterprétation of the physical data

MCannon sH,, Santilli, A.A. and Shenian, P., J. Amer.
Chem. Soc., OL, 1650 (1089) —

r .7, and Reberts, J.D., 1ibid.

>

32
1.7., ibid., 69, 154k TIOLE)

(a) Skinner, I.A., Nature, 150, 902 (19L7); (b) C!Gorman,
J.li. and Schomaker, V., J. Amer. Chem. Soc., 68, 1138 (19L6);
(e¢) Pauling, L. and Brockway, L.0., ibid., 59, 1123 (1937)

68, 843

R




on cycloprooane has been presen d by CoulSon'and,Moffitt.7
These iInvestigators Introducsd the concept of the bent boﬁd;
the endo ring orbitals are hybridized until the Te between
them is 106° instead of 600 the angls between the straight

lines joining the nuclei. The smaller overlap between the

L] .-' ¥ L U bl o O 2 :
atomic orbkitals at an elfective bond ancle of 104" relative
to that at 60° is compensatsd by the gmaller bend required of
the orbitals. Cne of ths ring orbitals,qjﬁ, may be written as

YR = 0-442[y(2s) + 2.03 y(2paR)]

where (2peR) is a 2p orbital in the rins. Since (2.03)2 is

0]
o]
[od
)
.
ct
o
I
!
o
-
i
>
®
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(=l
=

1 orbitale are sp 412, similarly, the
orbitals ﬁo nvdrogen are _ ‘
pCH = o-552[y(25)+ 151y (2paCH) | (Eq. 2)
and these orbitals are sp 2.26,
It should be ncted at this point that Trachtenberg and
O‘Diana have recently suggested that the cycloprorane ring
doces not transmit conjugation. Their arjuments ares based. on

spectrosco plc ckservations by Ea:tman et al.9 and on the Ham-

mett P values cbtained in the acid ionizatiocon of trans-2-

-
fCoulson, C.A. and
(1949

O
1=
I
l_."
Cf
ct
-
B3]

o

Trachte 1berg; Z.Y. and 0'Dian, G., J. Amer. Chem. Soc.,
- L.
£o, Lole (1958) .
(o]
7/

7(a) Zastman, R.I., ibid., 76, 4115 (1Gﬁu) (b) East-
man, R.H. and Selover, J.C., ibid., 76, hll& 1055); (c)
Zastman, R.JI. and Freeman, S.K., ibid., 77, 6542 (1S5%)



phenyl-cycloprepane carboxylic and @—phenylpropionic acids.
1

The e velues obtained were essentially the same, implying that

the cycloprenyl ring is ineffective in transnitting conjuga-~

[

ct

ioen, Puchs and‘Eloomfieldlo nave exntended the study to the

-

trans-cinnamic acids and also obtained‘f values for the ester

hydrelysis. A resume of the results of both studies is pre-
sented in Table 1.

Table 1. Ilammett e Velues.

, p-ister p-acid

Series hydrolysis ionization
4 e - cyn1 l O /‘\A
trans-Jinnanic . 32€ 506

c—f—
H
)
5
in
i
N

~FPhenvleveleopropane

(&)
=J
oD
58]
o o o
=T
o
N

@)
£
o
0
n
l._l
[A]

% ~Fhenvipropicnic

[

: o a2 . l
The worlz of Ijchler et al. on

C

electropnilic and nucleopliilic reajents tc substituted cyclo-

o

propanss revealed that both vinyl and cyeclopropyl systems

, Duchs, RE. and R2loomfield, J.J., J. Amer. Chem, Soc.,
€1, 3156 (19259) - o

(a) Kohler, E.P. ané Conant, J.RB., ib
(1917); (b) Kohler, E.P. and Davis, T.L
(¢) Kohler, E.P. and Steel, L.L., ib



underge additlon reacticns with many common reagents. In gen-

vl

.

13

eral, the products on addition of =zlectrophilic reagents were

logous teo those obtained in the vnsaturated ser-
ies., TRecently ¥Yierstead, Linsteed and Tfeedonl2 nave repcrted

the 1-%5 addition of the diethrl malonate znion to diethyl

vinyleyelepropane-1,1l-dicarboxylate.

. . 1 . .
Smith and Snowell“B have prepared a large nurnber of ni-

tro-subetituted el onromarne s and Absarusd the aetion of hace

ro-guoetituLed CL CLODL Oj ENE R anc ODs2IrVen seilr 2 C LY N < S
) R -~ T : ) FRC N e . 2
cn blie STone,. S ketoniec Tunectiom 18 neces SR n Cg::“.p':‘f‘;?.l’la‘. Sy

Linstead, R.P. and Weedon, BR.C.L.
2) '

mith, L.I. and Showell, J.J., J. Org. Chem., 17, 83l

! - . o -
lLrvan Volkenburgh, R., CGreenlee, K.W., Derfer, J.!. and
"Boord, Z.3.; J. Amer. Them. Soc., 71, 172, 35°E (12L9)

v “t+

158mith, L.I. and Rogier, T.R., ibid., 73, 3&40 (1°51)

(S




6 .
1€ reacts with

to react with diencphiles, e ~cyclopropylstyrene

maleic anhvdride to give two products (I) and (II) of which

b4

) presumably arisss by addition in a 1-% manner.

+ )
Z S¥o
o)
g
=

ie and free

radical srecies derived from the crclopropyvl svstenm can Le

a
Since the C-II tonds in creclonropane pocssesse a large amount

s-chiaracter relative tc normal tetrahedral Z-II bonds, the

formation of the cyclopropyl carbanion should be relatively

164 rel, S. and Rreuver, ., J. Amer. Chem. Soc., él,
6ﬁ22 (1e V?) )



D

Lanpher,

17

Redman and lorton have recently reported
the metalation of cvclopropane by amylsodiwa. Walborsky and
. 1C - . . s s PR
Lm*astato*e have studied the formation and starkility of stch
species and have found that the carbanion derived from (III)
retains its asvmmetry to a large extent (71%) on neutraliza-

. T . . . . 19
tion. In the vinyl sseries Curtin and Harris reported that
trans-2-bromo-2-butene on treatment with butyl lithium at -15°
felleowed by carbonation yielded th corvesponding trans acid
in 917 vield.
loBulLi
Br H
Although cartanicns derived from asyrnetric alkyl halide
can under srecial conditicns retain their asymmetr: 20 opti-
cally active 2-iodcoctanect was metalated with sec-butyl lith-
l?L ¥ lg S w n d.1 i & d r t P A o
. anpher, Z.J., Redman, L.MN. and ilorteon, A.A., J. Org.
Chem., 23, 1370 (19:8) .
18., e o i, o
¥alborsky, H.i. and Impastate, #.J., J. Amer. Chem.
soc., 81, 5635 (1959) | »
19 3 T 3 w, o ibi 5. L1 €10
Curtin, D.Y. and Harrls, ®¥.5., ibid., 73, 2716, LE1?O
(1951) .
20, . . 3 v e s X )
Curtin, D.Y. and Kiehl, W.J., Chemistry and Industry,
262 (19£0)
ZlLetsinzer, R.L., J. imer. Chem. Soc., 72, LEL2 (195C)



10

ium at -70° and carbonated. Tae oversll raaction proceeded

with only 204 retention of optical activity

(v}

I

Roberts and ?azurZZ carried out an extensive study of the
solvolysis of cyclopropyvlcarbtinyl, cyclobutyl, methylallyl and
allylcerbinyl halides. The rate cf unimoleculsr solvolysis

W

W

s the greatest in all cases for the cycloproprlcarbinyl com-
pounds. Apein 1t was demonstrated that vinyl and cyclopropyl

systems possess. striling similaritises since . both accelerated

the solvolwvsisc and Woth jave rise to rearranged products. Re-

Coaary AN

RPN e 3 <7 Y 4- 4= 1 o 3~
arrangementse have been ascribed te the formation of a cariton-

ivm ion intermediate which in
clopreopvlcarpinyl amine with anitrcus acld was.inifiallv
tufed With the three metnylene carbons equivalent. However,

subsecuent investigaticns Ly Roberts et gl.23 suszzest that the

intermediate has an unsyimetrical structure such as (IV).

~*C +

>

\Y

23Mazur R.I., ¥White, W.¥M., Semenow, D
3 2 3 3 2 e

.
. y
Silverand, *7.S%. and Roberts, J.D., ibid., &l, 320



this observation has led to studies In rizgid svestems such as

- ; - . o 2b o . s

the i-steroids®™ and in cvelopronylcarbinvl systems with var-
g

ioues leaving ;roups.e/

—

n conira,

6]

A

t to the reactivity toward solvolysis of cyclo-
propvle:rbinyl and allyl sv¥stems is the relatively inert char-
acter of the cwcloproprl and winyl e-toluene sulfonates and

. . . e ' " 26
halides in solvolysis and displacement resctions. Two ex-

3 1 » - : b} Fal 3 b ) . 6
planaticns have been suggested for thisse phenomena, Robert52

3

prefers tc explain the observaticns as being due to electronics

effects, tnat is, sither 1) ths creater amcunt of s character

in the £-¥ boncé decreacses the ionic character of the bond, or

2) delocslization of the unsnared electron pairs on X in-

27

1. 3Brown et al., on the other

hand, feel that the low reactivity of small ring halides is
cue to the greater steric strain in the ionization transition

state than in the sround state of the wmolecule.

‘ - .

H(a) Kosower, H.}. and 7instein, S., J. Amer. Zhem., Soc.,
78, L347, L3s5h (1956); (b) Pearson, R.C. and Langer, S.H.,
ibid., 75, 1065 (1953)

Y Rergstrom, G.G. and Siegel,
b) Hart, H. and Sandri, J.U

Roberts, J.D. and Chambers, V.C., ibid., 73, 5035

27BroWn, H.C., Fletcher, R.S. and Johennesen, R.B., ibid.,

73, 212 (1951)
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. 28 ‘ . X
Hart and %Wyman reported that the formation of the cy-
clopropyl radical from the decomposition of biscyclopropane-
formyl peroxide (V) is very slow, beiny comparable in rate to

the decomposition of benzoyl and acetyl peroxides.

‘ D—coZ e ~COp: (5. 7)
2

\Y

Decomposition in meist carbon tetrachloride with iodine pre-

sent yields nearly equal amounts ol cvclopropane carboxvlic

A

Ay]
Ky
s

€

cvclopropyrl iodide. This observation is in contrast
te the products formed Irom the decoriposition ¢f benzoyl per-
oxide and‘aCatyl peroxide, which form benzoic acid and methyl
iodide respectively under the same conditions. “Whether the

stability ol the cycloprbpanecarboxyl radical (compared with
acetoxyl) is»due to conjugation between the carboxy electron

system and the cyclopropane ring, or whether it is due to re-

n

}Jn

luctance to form the cyclopropyl radical, with spc bonding in

the ring, is a cguestion which rémgins to be answersd.
vThe.eése of preparation of substituted cyclopropanes is

consistent with the analogies drawn between fhe vinyl and

cycloproprl svstems.

28i1apt, u. and Wyman, D.P., J. Amer. Chem. Soc., 81,
1891 (1259)
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Nitro cyclopropane was prepared by Hass and Shechter29 by
means of the wvapor phase ﬁitration of cyclopropane by nitric

acid or nitrogen dioxide. The compound is surprising in that

Je

it is stable to oxidation, bromination and aPtWOh of alkaline
reazents.
The preparation of methylene cyclopropane was achieved by

4

' . 0 ' . . y
Grayson et al. 1n_19§33 by the action of zinc on 3-chloro-2

(2-chloromethyl)-l-pronene., "Several unsuccessful attempts to
' 1A 2 s w 31
prepare the compound have been reported in the literature.-
arlv attempts to prepare cqlorocvclop*oqane3 met with
little success since the product reacts more readily with
chlorine than does cyCIOpropane. Roberts and Dirstine33 in

1945 prepared cihlorocyclopropane by the the ~mal and ppOEonqem—

ical chlorination of cyclopropane, employing flow methods.

9 . '

25 “Has s, H.B. and Shechter, H., J. Amer. Chem. Soc., 15,
1382 (1953) - ¥ ’

30, '

W_aveon, J.T., Greenlee, ¥.W., Derfer, J.¥. and Boord,

C.E., ibid., 75, 3340 (1083)
31(a) llerzhlovsitii, R.V., J. Russ. Phy. Chem., 45, 2072
(1213); (b) D' Jakanov, I.i., J. Gen. Chem., (U, b.&.R.); 1o,
Leo2 (19L0); (c) Denm! janov, ¥.J. and Dojarenko, ., Ser., =63,
4208 (1¢23)

32 Gustavson, G., J. prakt. Chem. (2), L2, L96 (1E890);
. . [ - — -
ivid., 43, 396 (1691) -

(1
33’“obe t J.D. and Dirstine, P.H., J. Amer. Chem. Soc.,

67, 1201 ( Tones




1l

StevenéBu prepared by the thermal méthod and characterized 1,
1-dichlorc-, l,2—dichloro-, 1,1,2—trichloro-:and 1,1,2,2-
tetrachlorocyclopropane. |

Since the action of bromine on cyclopropane resulﬁé in
ring opening, a different method had to be developed in order
to obtain bromocyclopropane. Roberts and Chambers35 obtained
moderate ylelds of the material utilizing the Hunsdiecker re-
action of silver cyclopropanecarboxylate and bromine.

Iodocyclepropane has not been fully characﬁerized but was
ldentified as the product of tne decomp051tlnn of biscyclopro-

IS

pane-formyl percxide in carbon tetrachloride containing io~-

> G ' - :
dine.zub The product of the reaction formed a Grignard reagent

with magnesium which on carbonation zave cyclopropane carboxy-

Altheusnh available by conventional reactions from cyclo-
propanscarboxilic aoid,36 Haberts.and Sha ﬂbeT 35 prepared cy-
)% vield by Declman rearrangenment of ths
benzenesulfonate of the coxire of cvcloproprl methyl ketcne.

s prepared in the ~ost direct mannér by_the mefhod

utilizing the action of triflucrcacstic anhydride

311LStevens, P.G., J' Amer. Chem. Soc., HE, 620 (19ub)

BERoberts, J.D. and Chanbers, V.C., ibid., 73, 3176
951) e s
30scnatter, 1.J., ibid., 63, 1733 (1941)

3Tgmmons, W.D., ibid., 79, 6522 (1657)



on the oxime of cyclopropyl methiyl ketcne.’

Pre ratlon of sther-~substituted cyclopropanes offers no
difficulty due to the relatively insrt character o the ether
linkaze. The usual method is ring closure with zinc of 1,3~

. 30 |
dihalo=-2-propyl ethers.

Although cyeloer ropqnc“e.aas been denonstrated to be a
possible internmedliate in the Tavorsiii recaction in studies by
T ,Fn,‘__f\,- L 39 - 3 “ - Q4+ pnl~ h h o - Y LC . - )
Loftfield and by Sterl: and Dorowitz, the tetone has neve

been isclated. Addition of ne

ti; J
Izetene 7ielded crclc b”tqncne.hl iicwsver 1if water or an alco-
hol wos present, addition ceompounds could be lgolated. The

CH,N,

\\\\\8_9 R (Eq. &)
ROH™S

CH,=C=0 9

28 . 5 :

““(a) Krantz, J.C., Zarr, C.V., Forman, S.E. and Evans,
J.S., J.. Pharmacol., 69, 207 (19L0); (b) Clson, W.T., Hipsher
H.7., Buess, C.M., Goodman, I.A., Hard, J., Lamneck, J.H. and
Gibbons, B.S.,’ J. iAmer, Chen. Soc., 69, 2LE1 (19L7) ‘

3910

ftfield, R.B., ibid., 72, 632 (1950)
Wston:, a. and Torowits, I.J., ibid., 82, 1;301 (1960)

ulLipp, P., Ruchkrener, J. and Seeles, K., Ann., QQQ,
1 (1932) . : o
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ethyl ketal cf cvelopropanonse hac been characterized by ilcuwl-
Thus we gee that the ketoné is very prone
to tre additicn of nucleophilic reajents as is ketene, 1ts
'vinyl analog.

‘Vinyl alconhol, sugiested ac the reactive intermediaste in

he reactions of acetaldelyde, is unlmnown. DIy analogr, cyclo-

proevl alcohol should be relatively unstatle and should isom-
erize tc propicnaldehyde.

Numerous unsuccessiul attempts tc simihlesize unsubstitut-
ed cyclopropyl alcohol have been reported. The earliest
routes involve ring élosure of 1,3-dinalo-2-propancls. ﬁubnér
and tullert3 in 1871 and Tornoett in 1801 obtained allyl al-
cohol from the action of scdium Qn.the 1,3-dichloro compound.
The same product was obtained by Aschanus on reaction of the

corresponding dibromo compound.

. 6. . . . . '
1snnerlr diazotized crvclopropylamine but also obtained

e Jirst report of the successzful preparation of cyclo-

uzﬁcElvain, S.¥. and Weyna, P.L., J. Amer. Chem. Soc.,
81, 2579 (1959) '

LLBHubner, g. and ¥uller, K., Ann., 159, 166 (1871)

L‘-LLTOTnOe,_ H., Ber.’ _ZA’ 2671_'_ (1691)
“ascran, 0., ibid., 23, 1633 (1890)

héKishner, N., Chem. Zentr., 1, 1704 (1905)



[
=1

prepyl alcechicl was nade by Magrane and Cottleu7'in 1252, The

crude alcchol was isolated as a product of the reaction be-

tviecen gpichlorchydrin and ethylmagnesium oSrom

v
2
’,.lo
Q

C

e. & number cf

O

l. EtMgBr y
CHaCl 2. H»0 (Eq. ©)

. ! Y SR e~ A ™ - + . I MYy
gmall ring cormeunds, Rcoberits and Cham-

procedure of Cctile and alee prepared the alcchel by the air
o 3 o - . - ol 3 s 3 E R 2y
oxidatlicon of cycloprepylnasnesium chloride, slthcouch the

. . . . e - . *. 5 Yt )
vield by this alternate method was very low (37}, the deriva-

. - T Fagrs - N : ” .
agrane, J.¥Y. and Cottle, D.L., J. Amer. Chem, Scc., O,

%Ygtanl, ¢.7. and Cottle, D.L., ibid., 65, 1782 (1943)
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tives fcrmed ffom the crude material were identicel to those
prepared via ﬁhe Cottle procedure. There is little doubt that
in each case the product.consisted mainly of cyclopropyl al-
cohol, although it was never isolated in the pure state.

The formation of cyclopropyl esters also presented a
problen for the preparative chemist. The ylectrol"le of po=-

tagsium cyelopropanecarboxylate gave ally

Lo

=1, not cyclopropyl
cvclOHWOpanocarv-b"late. “he same product was obtained when
silver cyclépropan arbc""late was reacted witi ioﬂip

Cottle“"5 repor teé the formation of an acetate from the
acetyiation of cyclopropanol, but the matérial was not charac-
terized. Roberté>and Chamber335 did identify the product as
cyclopropyl acetate and reported its physical properties, ai—
though yields were ver?'low,

A convenlent preparation,of the acetate nad to awailt the
development of a new reagent, since perbenzcic acid falled to
'give a Baeyer—Villiger reaction with methyl cycloprepyl ke-

5 . :

tone. In 1955 Emmons and Lucas52 prepared the acetate in

good yileld, utilizing peroxytrifluorcacetic acid as the oxi-

h’ (a) Iofer, . and Foest, M., Ann., 323, 28l (19202)
(b) PFichter, ™. and Reeb, II., Helv. Chim. Acta, 6, LZL (1923)
’OLipp; P., Duchliremer, J. and Seeles, ¥., Ann., 1499,
1 (1932)
- _
/l(a) ess, S.L., J. Amer. Chem. Soc., 71, 1L (19L9);
(b) Friess, S L. and Pinson, R., ibid., 7L, 1302 (1952)
52 ;

Ermons, W.D. and Lucas, G.2., ibid., 786, 2287 (19%%)



dizing agent.

Although now commerically available, a number of prepara-
tions of methyl cyclopropyl ketone, the precurscr of cyclopro-
pyl acetate, have been reported. Freer and Per“1p53 in 1867
prepared the ketone from ethyl acetoacetate and l,2-dibromo-
ethane. The action of alkyl magnesium bromides on cycleopro-

N 2,
vyl cyanlue nroduces allkyl cvelepropyl ketones in gocd vield.”

~

The method of choice is the cvelization of E-chloro-2-penta-
(q 55
none under the acticn ol base.

Recently new s-nthesis of ovclohro“" acetate has bteen

[$)]

. . : e BB Lo
developed by Simmons and Smltﬁ,s utilizing & complex formed

by the reaction of a zinc-copper couple with diiodomethane.
The complex is formed in situ and reagcts with vinyl acetate to

form cyclopropyl acetate in moderate yield.

CHzCH-OAc + 1ZnCH,] — DOAC (Eg. 11)

53

Freer, P.C. and Perkin, W.H4., J. Chem. Soc., 51, 820

u(a) DruV1ar\+s,

P., Rec. trav. chim., 26, 1&C (190%2)
C.A., 3, 2700 (1909} (b) Ibid., 2ull. Soc. Fhim. relg., 35,
TI0 (1927);3[c.4., 22, £€2 (1929)] B
55(&) Zelinsky, M.D. and Dengin, ©.7., Rer., EZ, 3360
(1622); (b) rFaverskara, T.A., Kononova, K.A. and Titon, i.I.,
J. Gen. Chem. (U.S.S.R.), 2%, 205L (1959)

immons, ii.2. and Smith, R.D., J. Amer. CZhem. Soc.,
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There have been no studiss on the rate of hydrolyeis of

cycleproprl acetate and only one kinetic study of the hydro-

. -
lysis ¢of vinyl acetate has been reported.s‘ e other enol
cacetates have besn sxamined. This is rather surprising in
view of the zeneral interest in ester hydroly as a tool to

uycloﬁ opyl alcoiicl is unigue in that potentially it
of.eré»a sjsten in which two problerms can be Investigated;
ring-chain isomerizaticn, and in the casé c;‘fhe base catal-
yzed lsomerigation, the vwob Len of Qlactropﬂlllc subrstitution
at saturated carbon,.

The only reported study of isomerization in the hydroxy-

cyclopropane svstem was the sarly work of Thorpe et al.”” and
60 - 1.1 3

Ingold. Unfortunately, the structural assignments of the

compounds were incorrect and werse not A -keto acid hydroxy-

cyclopropanse isomers but, in fact, cis-trang isomers of the

cvelic ether {VI). Recent infra red and nuclear magnetic

e

2fairabal, A. and Zahorks, L., lonatcl., LE, LEQ (19227)
Iy )

ct

2Tt, R.¥. in Mewnman, I.S.,ed. "Steric zffects in
hem ne

o
=
Chemistry", Johnm Wiler and Sons, Inc., Hew York, llew

£a
-7(a) Lanfear, T.%. and Thorpe, J.7., o. Chemn. Soc.,
123, 1683 ( 1023)' (b) DesLapanda, S.S. and Thorpe, J.7.,
itid., 121, 1430 (19222); (c) Barnesz, L. and Thorpe, J.¥.,
itid., 123, 1206 (1923)
o)

Ingold, C.¥X., ibid., 119, 305 (1921), 121, 2676




resonance studies by Wibert and ilolmguist have revealed

this error.

~CO,H

Vi

HOLC

A few reports of cyclopropancl isomerization to the

_corresponding carbonvl compound are to be found in the liter-
62 .. 1o = 4 bt s . . .
o in 1921 reported the isormerization of

the tricryelic evetem (VII) to the ketone (VIII) by means of

gither dilute sulfuric aclid or nest.

b
ie
},-J
AWS]
N

Vi Vil
- —

chesized a large number

Ad

purs

Julia and Tcherhnoff have syn

o+

ol 2-phenoxy substituted crvelopropanes and noted.the isomer-

hese compounds under the influence of

ization of several of t
dilute acids.

/

61Wibert, K.B. and Holmquist, H.N., J. Org. Sheﬁ.,‘gg,
578 (1959) - -
62Lipp, P. and Padberg, C., Ber., 5L, 1316 (1921)

6 . ,
3(a) Julia, 1. and Tchernoff, G., Compt. rend., 249,

1959); (b) Julia, ., Bull. Soc. Chim. France, 1681, 18l

\n :
O~
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AN .
Cram et al.O)"L have recently reported a very extensive

study of the phenomena of electrophilic substitution at sat-

urated carben.

Y- was usually a negatively charged cxygen
action ¢f strong heases on the Cﬁrﬁéqvondin; al

cally esctive matsrials were used tc detevnmine

ion associated with ti

3

-

cohol,

crmzd by the

Orti-

the sterecchem-

colvent,

e alkoxide and temperature.

metal

‘The base cata lyzed isomerizatiocn of cyclopropyl alcohol

to propionaldehyde reported by Cottle may indeed involve a
prop r J _ b .

similar transformation, i.e. formation of cyclopropyl all-

oxide followed by a ring openlng reaction.

6L‘L(a) Cran, D.J., Langemann, A., Al

1, linger, J. and
Xopecky, K.R., J. fmer. Chem, Soc., 1, 5740 (1259); (Db)
Cram, D.J., Lantemann, A. and Laucl, F., irid., €1,575¢C
(1652); (¢) Cram, D.J., Xopecky, HL.F., Hauck, ». and Lange-
mann, A., ibid., €1, €754 (1959); (d) Cram, D.J., Langemann,
A., Lavowski, N. Tnd Yopeck®, ¥.R., ibid., 81, E76C (1959);
(e) Cram, D.J., Hauck, F., Kopecky, K.R. anc MNielsen, %W.D.,
ibid., €1, 5767 (1959); (f) Cram, D.J., Mateos, J.L., Hauck,
F., Langemann, A., Kopecky, ¥X.R., Nielsen, W.D. and Allinger,
T., ibid., 61, S77k (1959); (&) Cram, D.J., Kingsbury, C.A.
and Langemann, A., ibid., 81, 5785 (1Q¢9)
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Study of this iLsomerization and pessibvle ilsomerizations

of substituted cyclopropyl alcchiols potentially offers a

scheme by which the electrophilic substitution at saturated

carben rav also be investigated.
% [}
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DISCUSSION

Choice of precursor for éyclgperyl‘alcohol

At the beginning of this investigaﬁion, there existed
8 dilema., In order to study the que of transformation of
cyclogrppyl alcohol in basic solution, two alternate routes
were open to the investigator.

The first route was the synthesis of tﬁe pure alcohol.
Although cyclopropanol had been prepared in two previous in-
vestigationsBs’u7by tedious procedures, the material had not
been obtained inkthe pure state: by active hydrogen analysis
Cottle claimed a purity of only 874 for his best samples.
Thus this route did not appear promising.

Purification of the alcohoi would be avolded if it could
bé generated in situ by an unambiguous reéction from a known,
eaéily purified compbund. There are, however, relatively few
compounds which could act as precursors of cyclopropyl alco=-
hol. Cyclopfopyl ethers, for example, although easlly pre-
Apared; can only be transformed into the alcohol by the action
of strong acids whlch simultaneouély attack the ring.

The most promising class ot éompounds appeared-to be cy-
clopropyl esters, since it had been demonstrated by sevérél
investigators that bond breaking in primary and secondary

ester hydrolysis takes place with fission of the acyl-oxygen
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bond.65 Since the mode of isomerization of the aléohol in
basic solution was of primary interest, cyclopropyl acetate
Was chosen as the source of cyclopropanol. Although the Bae-
yer-Villiger reaction of methyl cyclopropyl ketone with per-
oxjtrifluoroacetic acid52 does give moderate yields 6f cyclo-
propyl acetate, the method is expensive and tedious. However,
since the recently reported reaction of zinc methylene iodide
with vinyl acetateSé_proved'most unsatisfactory,Athe former
method was used.

On reaction with strong base the acetate gave 2-methyl-2
-penten-1l-al (IX) the'same product reported by Magrane and
Cottle""7 from the action of base on crude cyclopropyl alcohol
this.pfoduct almost certainly arises from the intermediate‘

formation of propionaldehyde.
OH" R o 2
l> OH - 2155 CHCH,CH 45 CH,CH,CH=C

CH3 (Eq. 15)
I X -

-

Since it was hoped that the mode of isomerization of

65(a) Polanyi, M. and Szabo, A.L., Trans. Faraday Soc.,
30, 508 (193L); (b) Datta, S.E., Day, J.N.E. and Ingold, C.K.,
J. Chem. Soc., 838 (1934); (c¢) Long, F.A. and Friedman, J.,
J. Amer. Chem. soc., 72, 3692 (1950) '
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cyclopropyl alcohol could be elucidated by means of experi- .
ments in deuterated solvents, thé isolétion éf proplonaldehyde
from the'hydrolysis mixture seemed desirable.. Removal of the
aldehyde before it could undergo subsequent aldol condensa-
tion reactions was attempted by the use of a épecial apparatus,
& complete description of which is found»in the experimental .
section. The principles upon which the experiment was design-
ed are the following: small amounts of cyclopropyl acetate
were introduced into an excess of base with a rapid streem of
hitrogep being bubbled through the solution. Since it seemed
reasonable that the aldolicondensation would be highgr than
firsﬁ order in aldehyde in dilute solutions, the more dilute
the sblution, the less favorable.the aldol condensation re-
action. The most volatile material formed in the system is'
propionaldehyde which would be carried by the stréam of nitro-
gen out of the solution into a cold trap or into a solution‘in
which derivative of the aldehyde could be formed.. The effi-
clency of the apparatus was tested by isolation of acetalde-
hyde formed from the hydrolysis of vinyl acetate at room tem-
perature. (The boiling point‘of acetaldehyde is 21°C) A very
high yleld, 85% of acetaldehyde, isolated as its dimedone
derivate, was obtained.

Cyclopbopyl acetate was introduced in small portions into
the épparatus at the same rate of floﬁ of nitrogen as that

used for the vinyl acetate reaction. The entire épparatuswwas
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immersed in a constant temperature bath at 48°c, the boiling
point of propionaldehyde. However, the yield of the dimedone
derivative of propionaldehyde isolated from the hydrolysis of
cyclopropyl acetate was only 15%. It was therefore decided at
this point that‘a kinetic investigation of the series of re-
action leading from dyclopropyl acetate to 2—methy1-2-penten-'

l~2al should be undertaken.

Determination of rate of saponification of esters

The first reaction of the series to be studied was the
rate of hydrolysis of cyclopropyl acetate in aqueous'base.
Preliminary experiments indicated that the rate of saponifi-
_cation was rapld and could not be accurately determinéd by
titrimetric techniques, even at OOC, Consideration of other
techniques led tobthe choice of conductimetry as the most
elegant; all subsequent kinetic studies of ester_hydrolysis
were performed in this way. |

If the reaction proceeded by & normal ester hydrolysis
mechanism, the study of the hydrolysis of cyclopropyl acetate
would noﬁ supplj information concerning the stability of cy-
clopropyl alcohol, since the glkoxide if actually formed could
-isomerize rapidly or relatively slowly to propionsaldehyde.

0
cHzt 0] ‘EIOW—)CHz,i ] ~fest, CH3COH + o< |
(Eq. 16)
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However, a rather interesting possibility, considered
at this point, was that of a concerted mechanism in which a
species near the transition state of the hydrolysis of cyclo-
propyl acetate would collapse directly in the rate determining
step to propionaldehyde.. There are several unique ways in
which a process of this type might occur. The first is & sim-

ple concerted process with solvent participation such as,

CH é“o-<l _Stow, CH3COH + CHs CHzéH (2. 17)
*HOH

Still another, more complex, pathway could be an intermolecu-

laf processvafter formation ofAthevtetrahedronal intermediate.

Qr slow Q- 0
CHs GO~ —— CH3CO~ =+ CH3CHpCH  (Eq. 18)
O'\‘H;..', |

Other things being equal, such processes might give rise
to activation parameters much different than those observed
in the saturated series. However, in Table 2 are given the
activation parameters at 20°C in agueous solution for ethyl
and cyclopropyl‘acetate and it is apparent that the differ-

ences are not large enough to be ascribed to any process othér
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than the electronlc and steric differences in the'two.systems.

Table 2. Activation parameters for hydrolysis of ethyl and

cyclopropyl acetate at 20°¢.

Compound H (k. cal.) S (e.u.)
cyclopropyl 12.1 0.5 -20.8 1.5

ethyl ©11.0 -31.0

‘Since a striking number of similarities exist between
the vinyl'and cyclopropyl systems, it would be reasonable to
assume that the mechanism of ester hydrolyéis should be simi-
lar. Both classes of esters yield as a final product a car-
bonyl-compound; involving in the case of the vinyl series a
tautomerization from vinyl alcohol, in the case of cyclopro-

Pyl acetate, the formation of cyclopropyl alcohol with either

a simultaneous or subséquent isomerization to propionaldehyde{*}\

As pointed out previously, a survey of the literature
revealed that there were no data on the saponification of enol
acetates with the exception of one study on vinyl acetéte.

The rate constant reported was open to Question since it had
been determined in a borate buffer_system, with acid and
neutral hydrolysis simultaneously occuring at comparable

rates. An attempt was made to apply correction factors for

K
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the competing reaction paths.

66

‘Hine has suggested that the reactivity of vinyl acetate

may be ascribed to contribution of structures of the type

- 0
~ +
CHz~CH=0—C—CHj

(Eq. 19)

which decrease the ability of the ether in oxygen atom to
supply electrons to the carbonyl groups. The absorption max-
ima for the carbonyl stretching mode in the infra red tend to
substantiate this view since vinyl esters and cyclopropyl
esters have maximum_?bsorption'at 5.7C and 5.73 mr respective-
ly compared to saturated esters at.5.78; The lower wavelength
indicates é higher force constant for the carbonyl function,
hence less delocalization from the carbbnyl double bond.

Ir concerted processes as suggested above were involved
in the ester hydrolysis of enol acetaﬁes and cyclopropyl
‘acetate, the energy of the transition state for each ester
should be influenced by the stabillty of the corresponding
enolate form of the final product.  The observed rates of re-
action are in the order§ Vinyl acetate}P‘1—acetoxycy010pentene)

2=-acetoxypropene > cyclopropyl acetate ~ l-acetoxycyclohexane.

66Hine, J. in "Physical Organic Chemistr ", John Wiley
and Sons, Inc., New York, New York, 1956 p.274L
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Other factors being equal, ﬁhe stability of the enolate form
of a carbanion A to a keto group should be closely related to
the stablllty of the enol form of the correspondlng carbonyl
compound. The equilibrium constants for keto-enol equllibrlum
of acetone, cyclopentanone and cyclohexanone increase in that
ordér;é? Since this order is not observed in the hydrolysis
of the corresponding-enol esters, it is clear that the stabil-
ity of the leaving anion is not of primary importance in the
determination of the hydrolysis réte.

The rates of acid hydrolysis of the enoi acetates have
not been determined, thﬁs a treatmeﬁt of the typé used by Taft
to evaluate steric and electron effects cannot be used. It
was instructive, however, to make a plot of the enthalpy ver-
sus the entfophy of activation for the series of enol esters.
Leffler68 has shown that In a large number of reactions.ﬁ_ser-
ies of,similér compounds oftén yields a straight line when a
plot of this type is made. He has suggested that'such a treat-
ment may In some cases serve as a diagnostic tool for mécha-
nistic study.. If for example, a good fit to & straight line
is obtained for a series of related compounds, it is probsble

that all the compounds of this series react by the same mecha-

nistic pathway.

67Sch.wazenbach G. ‘and Wittiver, C., Helv. Chim. Acta.
30, 669 (1947)

- 68

Leffler, J.E., J. Org. Chém., 20, 1202 (1955)
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In Table 3 are summarized the enthalpies and entropies

of activation at 20°C for the enol acetate used in this study.

Table 3. .'Activation parametérs for hydrolysis of enol acetates

at 20°c.

Compound D H*' (k. cal.) AS*~ (e.u.)
" vinyl acetate 12.8 £ o.5 -12.7 + 2.2
2-acetoxypropene 11.6 ﬂ:‘O'.S -21.2 £ 1.5
l-acetoxycyclopentene 10.5 £ 0.5 -2l.8 t1.2
l-acetoxycyclohexene 10.5+ 0.6 : 26,5 T 2.3

In Table L is a2 summary of the same activation parameters
of some formate esters in aqueous solution at 20°C as calcula-
ted from the data of Leimu et al.99 A plot of the enthalpy
versus enﬁropy of activation for all thess compounds is giiren
: ih Pig. 1. The equation for the straigh‘c line from the enol

acetates calculated by the method of least square is

AH¥ = 15000 +239AsT (Eq. 20)

69Lelmu, R., Korte, R., Lasksonen, E., and Lehmuskoskl,
U., Suomen Kemistilehe, 193, 93 (19146)
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Table 4. Activation parameters for hydrolysis of formate

esters at 20°c.

Formate N AH* (k. cal.) AS"7 (e.u.)
me thyl 9.0 -20.1
ethyl 8.3 -2L.2
n-propyl : 7.9 . -25.6
l-butyl 7.4 . -28,0

with corrélatibn éoefficient, r, equal to .988. The slope
of the 1ine.§ is called the isokinetic temperature énd is
239 which is removed from the experimental temperature by 70°.
If the isokinetic temperature and the experimental tempera-
ture are the same, then correlation by this technique is triv-
ial since all rates would be the same. Wheﬁ @ end | are
far apart, the relationéhip may be invalidated by changes ih
A;H*with temperature, @ then having no physical meaning. In
32% of the reactions correlated by Leffler®® P differed by
at least 100° from T. Thus, it is reasonable to assume that
this isokinetic felationship ié valid in the case of the enol
acetates.

For comparison, the saponification of alkyl acetates in
62% acetone yields a F equalAto 270 with correlation coeffi-
cient 0.982. 1In Fig. 1 are plotted the activgtion.parameters



Fig. 1. Isokinetic relétionships

A. Enol acetates
B. Alkyl formates



35




36

for formates. —For these, ﬁ 1s equal to 212 with correlation
coefficient equal to .975;' In the case of all these esters it
is apparent that 6 is small; that is,_the rate of reaction 1is
gbverned by the entropy of activation. Since the same acti-
vation parameter governs the saponification of alkyl acetates,
alkylformates and enol acetates in somewhat the same meanner,
it is likely that they a1l proceed by similar mecheanism.
Cyclopropyl acetate was not included in the isokinetic
correlation but is included in Fig. 1 for comparison. It is
seen that the point for this acetate iies very close to the
~1line for the enol acetates, the activation parameters being
tﬁe same, within experimental error, as l-acetoxypropene. Thus
the basic hydrolysis of cyclopfopyl acetate, although fast,
véry probably proceeds through a mechanism similar to that
observed in the saturated series. The increase in rate can
be ascribed to steric and electronic factors in the system
and a concerted process is not indicated by the rate data.
Since there was no abnormaiity observed in the hydrolysis
of Cyclopropyl aéetate,,the subsequent reactions in the series

leading to 2-methyl-2-penten-1l-al were subjected to inVestiga-
tion.

Relative rates of formation of 2-methyl-2-penten-~l-al from

cyclopropyl acetate and prOpionaldehyde

The formation of proplonaldehyde from cyclopropyl acetate
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cannot be difectly observed because of the subsequent aldol
condensation reaction.

A number of investigators7o have studied the reaction
of acetaldehyde with base, and have found that the rate is a
complex function of the concentration of aldehyde. For ex-
ample, in concentrated solutions, the rate of disappearéncé
of acetaldehyde is first order in both aldehyde and base. On
ﬁhe other hand, in more dilute-solutions (ca. 0.1M in alde-
hyde) the reaction becomes second order in acetaldehyde but
remains firstlorder in base. These experimental observations
are rationalized by aSsuming that in concentrated solutions
the rate controlling'step is the formation of the enolate
anion, while in dilute solutionsbthe'slbw step is its subse=~

guent condensation. There have been no studies reported on
the aldoi condensation of propionaldehyde.

With the above facts in mind it was realized at the start
of this portion of the study that it was improbable that com-
plete kinetic descriptidn of the transformation from cyclo-
propyl acetate to 2-methyl-2-penten~l-al could be obtained.
However, the relative rates of formation of the product from
prOpionaldehyde’and from cyclopropyl acetate should allow in-

ferences to be made about the stability of cyclopropyl alcohol

70(a) Bell, R.P. and McTigue, P.T., J. Chem. Soc., 2?83
(1960); (b) Broche, A. and Gilbert, R., Bull. Soc. chim,
France, 131 (1955)
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in basic solution. This has, in fact, been realized.

It was hoped that the main compllications in the study
of aldol cdhdenSation might be circumvented by studies of the
initial rates of formation of product before reversible re-
actions and poly-cdndensation reactions becgme of importaﬁce.
Thus, by following the formation of product to'the_first few
percént reaction, a plot of the concentration of 2-methyl-2-
penten—l;al versus time should yield'a stfaight line whose
slope m 1s the initial rate of formation of the material at a
very nearly constant concentration of propionaldehyde and
'base. Since 2-methyl-2-penten-l-al shows strong absorptién
in the ultrafiolet, spectfophotometric methodsnwere used for
following the rate. Preliminary experiments showed that the
dehydration of the aldol‘of propionaldehyde to 2-methyl-2-
penten-l-al was very rapid compared to the rate of formation
of the material from propionaldehyde at the concentrations of
base used in this study.

Although-the kinetics of the aldol condensation are pré-
- bably of mixed order (since good agreemené over the entire
range of concentrations studied was not obtained assuming
either first or second order‘debendence in aldehyde) it is
probable thaf the overall process is firét order in Base, as
is the case with acetaldehyde. On this assumption, the ratio
of the initial rate of formation of 2-methy1-2-pénten-l-al (m)

~and the concentration of base should be a function only of the
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.concentration of propionaldehyde. Thus, the quantity m/OH~ in
the third column of the tables is a direct measure of the rate
of formation of 2-methyl-2-penten-l-al at a given concentration

of propionaldehyde or from cyclopropyl acetate.

Table 5. Rate of formation of 2-methy1-2-penten:l-al from

propionaldehyde and sodium hydroxide

Propionaldehyde Sodium“hydroxide m/OH~ (sec-1)
2.85 x 10-3 M. 1.93 x 10-3 W. 1300 x 10~9
1.62 o 174.0 | 1900
1.43 3.98 - 2950
1.29 5.70 1750
0.86 | 7.60 | 770

Table 6. Rate of formation of 2-methyl-2-penten-l-al from
cyclopropyl acetate and sodium hydroxide

Cyclopropyl acetate Sodium hydroxide m/OH" {sec-1)
1.85 x 1073 M. 180 x 1073 . 21 x 109
0.88 22 | 8.2

0.4l o | 3.8
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Comparison of the third column of the tables in which
the concentrations of propionaldehyde and cyclopropyl acetate
are similar is very striking. The rate of formaﬁion of 2-
methyl-2-penten-1-al, m/OH~ is consistently 100 to 200 times
'higher from propionaldehyde than it is from cyclopropyl ace-
tate. In the conversion of cyclopropyl acetate to propion-
aldehyde there must, therefore, be a relatively slow Step.

Consider the first entry from the Table 6. The concen-
tration of acetate is 1.85 x 10-3M. and sodium hydroxide is
180 x 10-3M. The rate constant at 20°C for the hydrolysis is
1.78 x 10~! 1liter-mole~l-sec~l. Calculation demonstrates that
only 200 seconds are required'for‘99% of the acetate to be
hydrolized. If the isomerizétion of cyclopropyl alcohol was
simaltaneous with, or a very fast reactipn immediately after,
hydrolysis of the acetate, the concentration of propionalde-
hyde would within a very short period be approximately 1.8 x
10-3M. However, as noted above, the rate of formation of
2-methyl-2-penten-l-al is 106 to 200 times slower than would .
be observed‘from_propionaldehyde at this concentration. One
is lead Inevitably to the conclusion that the slow step in
the formation of propionaldehyde from cyclopropyl aéetate is
the isomérization of cyclopropyl alcohol. It is clear that

cyclopropyl alcohol must have an appreciable lifetime in

basic solution.
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Synthesis of cyclopropyl alcohol

The results obtained above indicated that cyclopropyl
alcohol is much more stable toward the action of base than was
previously supposed, and a synthesls of the alcohol should be
attempted. |

There were several methods of synthesis of the alcohol
which were considered. The most obvious is the saponification
of the acetate in basic solution and isolation of the alcohol
from the reaction mixture, since the rate studies had demon-
strated that under these Qonditions the isomerization of cy-
clopropyl alcohol to propionaldehyde wés relatively slow.
There were séveral reasbns why this method was not pursuéd.
First of all, the properties of the crude alcohol reported by
cottle*? and Roberts3® indicated that it had & boiling point
very similar.to that of water and that the two liquids are
completely miscible. The latter property would make extrac-
tion procedures very tedious, while the_former property pro—
cludes use of distillation techniques.

The use of a reducing agent such as lithium aluminum
hydride seemed to be the most feasible route. It is well
known that oxygen-lithium and oxygen-aluminum bonds possess
& certain degree of covalent character and in poorly ionizing
solvents isomerization of the intermedlate metal-cyclopropyl
oxide (X) By means of a ring opening to‘prOpibnaldehyde should
be slow. It was therefore decided that the acetate would be
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0
I
D 0& CH3 a ( RO),M ,

+

1/2 LiAlH4 . (RO) = 0Et, 0]

M = Li, Al

(Eq. 21)

reduced by the addition of a slight excess of lithium alumi-
.num hydride in ether. Obviously, the amount of water used in
the work up.of the reaction mixture had to be kept to a mini-
mum, due to the solubility‘of the product. This problem was
circumveﬁted by the use of a slurry of sodium sulfate-water
which not only absorbed the basic salts formed by the action
6f water but also formed a precipitate which could be easily
separated from the ether layer containing cyclopropyl alcohol.
In preliminary experiments n-proPyi alcohol was chosen
as the model compound for cyclopropyl alcqhol in gas phase
’chromatogfaphic separation experiments. A very excellent sep-
aration of n-propyl alcohol from ethyl alcohol and ethyl ether
was obtained on a polyethylene oxide column at 80°C. The
final isolation of cycloprole alcohol was aécomplished‘using
this column, after reduction‘of'the‘volume of ether solvent
used in the reacﬁion. .The yield of cyclopropyl alcohol was
55%. Cyclopropyl alecohol had a long retention time, nearly
twice that of n-propyl alcohol on the cblumn. The reason for

this long retention time 1is obscure but it may be due to the
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interacﬁions of the cyclopropyl ring with the column packing,
sihce allyl alcohol has a.relatively long retention time under
the same conditions. A study of this phenomena is now in pro-
gress.

Gas phase chromatographic analysis falled to reveal any
n-propyl alcohol, the reduction product of propionaldehyde.
Thus, it is improbable that any metal-cyclopropyl‘oxide isom—_
erized during the reduction. |

.‘Distiliation of ether may have resulted in some thermal
isomerization of the alcohol, since the ether solution acquir-
ed a yellow color on distillation. In later reactions in
ﬁhich relatively small volumes of ether were used, requiring
less distillation before gas phase chromatographic separation,
Athe yield of alcohol markedly improved.

Micro boiling point determinaﬁions on the pure.cyclo-
propanol revealed that it decompoéed at its boiling poiht
(100.5 - 101°C) to propionalciuehyde. It is surprising that no
deéomposition was observed in the gas phase chromatographic
separation; however, the lower temperature maintained'on.the
éolumn and the possibility that the mechanism of the decom-
position may involve a complex configuration of the.cyclo-.
propyl alcohol molecule or molecules may explain the stabil-
ity under the conditions of the separation.

The alcohol was identified by the preparation of deriva-

~ tives which had the same melting point as those reportéd by
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Cottle and Roberts. The infra red spectrum'of_the alcohol in
solution and the vépor phase also give strong evidence for its
- structure.  See Fig. 2. The C-H bond stretching absorptions
are shifted to lower wavelengths than those observed in normal
secondary alcohols and the markedly lower extinction coeffi-
cients of all the C-H.vibrations are characteristic of the cy=-
clopropyl system. |

In addition to the above, the analytical data on the alco-
hol, the facile isomerization to propionaldehyde and the.dif-
ference in retention time in gas phase chromatography from
other alcohols‘confirm the identity of the alcohol as cyclo-
propanol. _Finally, in the next.section is given anSther strong
argument based on the identical rate of formation of.2-methyl;

2-penten-l-al from cyclopropyl acetate and cyclopropyl alco-
hol. | |

Rate of formation of 2-methyl-2-pehten-l-al from cyclopropyl
alcohol |
'It was now poésible,-for the first time, to directly ob-
’serve the stability of cyclopropyl alcohol in basic solutions.
Comparison of the relative rates of formation of the
product from similar concentrations of cyclopropyl acetate and
cyclopropyl alcohol is very satisfying since, within the range

of experimental error, the rates are the same.



Fig. 2. Infra red spectra of cyclopropanol

Top. Vapor phase ' o
Center. 0.3 M in carbon tetrachloride
Bottom.

0.3 M in carbon tetrachloride
after 10 hours at 80°¢
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Table 7. Rate of formation of 2-methyl-2-penten-l-al

C ompound ' Sodium hydroxide N. m/0H- (sec-1)
cyclopropanol
1.90 x 10-3 160 x 10-3 31 x 10-9
0.76 | 160 7.2

cyclopropyl acetate

1.85 x 10-3 M. 180 x 10-3 W. 21 x 10°9"
0.88 22 . | 8.2

O.hlh Ll 3.8

At this poiﬁt one might.be tempted to try to obtain a
complete kinetic description of the series of reactions lead-
ing from cyclopropyl acetate to 2-methyl-2-penten~-l-al. Tt
would appear that a steady state assumption for the concentra-
~ tion of propionaldehyde isﬂreasonable and that over the limit-
ed range of concentrations studied the rate of formétion of
product is, within experimental variations, first order in cy-
clopropyl alcohol or acetate and first order in base., How-
ever, 1ate in the study a discovery was made.which-discouraged
further attempts to study the kinetlcs of this transformation
by this spectrophotometric method.

When 2-nmethyl-2-penten-l-al was allowed to stand in base

(0.16N), a decrease in the absorption of the solution was
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noted. Thé same significance is given to the symbol m/OH-,
except now it 1s a measure'of the decrease in concentration

of 2-methyl-2-penten-l-al.

Table 8. Rate of decrease of concentration of 2-methyl-2-

penten-l-al in sodium hydroxide solutions

NaOH | m/OH"

160 x 10-3 | 2.1 x 1079
o7 , ’ 1.8

It was also observed that the rate of decrease of absorp-
tion Waé independent of the concentration of 2-methyl-2-
penten~-1l-al to high conversion. Although the rate of decrease
was only a fraction of the rate of increase observed in the
runs of cjcloprOpyl acetate.and cyclopropryl aicohol, at simi-'
blar concentration of base, this observation demonstrates that
the formation of a material, even with a high molar absorp-
tion, is certainly not the most reliable method of obtaining
réte data. Trace impuritiés and possiblé changes in mech-
aﬁism of individual reaction duse to‘concentration gradients in
the rather extended series of reactions leading from cyclo-

propyl alcohol to 2-methy1-2-penten-l-al, in addition to the
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lack of stability of the product, point out the inherent dan-
gers in this technique. A much Improved method‘would be that
in which the disappearance_of_cyclopropyi alcohol could be
followed. Experiments are now in progress on this problem;
With these complications in mind, however, the relative
rates of the seriés of reactions from cyclopropyl acetate to
2-methy1-2-penten-l-a1 cén‘be estimated as illustrated in

Eq. 22.

O .
‘CH380Q very fastA, 'HOQ
~ OH~

slow | OH™ (Eq. 22)
| 0 . 0
CHACH,CH=C CH ¢—— CH. CH. CH
3 2 l OH" _ 3 2
CHs

The poor yield of propionaldehyde observed in the hy-
drolysis of cyclopropyl acetate could then be explained by
the rapid formation of cyclopropanol and its slow conversion

to propionaldehyde, followed by a fast condensation step.

Preliminary studies on the isomerization of cyclopropyl alco-

hol in solution

As noted above, pure cyclopropyl alcohol decomposes to

propionaldehyde at its boiling point. It seemed of interest
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to study this phenomena under controlled conditions.

A carbon tetrachloride solution of the alcohol was pre-
pared andviﬁfra red absorption spectra of the solution was
obtained. The solution was then sealed in a glass vial which
was placed in a 80°C constant temperatﬁre bath. After 10
hours the spectrum of thié solution was recorded and found
to be identical with that of propionaldehyde. Both spectra
are reproduced‘in Pig. 2.

A preliminary study of the effect of solvent on‘thié
isomerization led to some striking observations. The sol-
vents investigated were carbon'tetraChloride, water, methyl-
cyclohexané and acetonitrile. The course of reaction in each
solvent was followed by spectrophotometric methods.

The isomerization in cafboh tetrachloride was very fac- ‘
ile, the half life of cyclopropjl aleochol at 80°C in this sol-
venﬁ being éppfoximately one hour.. In contfast to carbon
tetrachlog}@g, the alcohol appgared to be relatively stable
in other solvents studied. After 3 days at 800C in water, an
absorption at 2650AC was observed which was not propionalde-
hyde (2800A°) or 2-methyl-2-penten-l-al (2355A° ). There was
no change in the spectra aftef this period although the spectra
was recorded daily for one week., The ultraviolet and infra
red spectra of solutions of the alcohol in methyl cyclohex-
ane did not change after eight days at 80°C. Solutions of the

alcohol in acetonitrile at 80°C did not change after three
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days. At the end of seven days; a weak absorptidn in the in-
fra red at 4.9 mMwas obserfed.

It is of interest, in passing, to compare the appearance
of the absorption maxima in the infra red spectrum in solu-
tion of the alcohol which are ascribed to the bondéd and non-
bonded hydroxyl stretching modes at 28mr. and 3 m}/- respective-
ly. A O.3M. solution in carbon tetrachloride exhibits strong
absorptions in both these regions. 1In methyl cyclohexane at
the same concentration there 1s a complete absencevof the non-
bond stretching absorption maximum, with a broad bonded ab-
sorption. Solutioné of the alcohol in acetonitrile show sa
compleﬁe absenée of bonded and non-bonded hydroxyl stretching
' vibrations. Because of the strong hydrogen bonding character-
istics of water it would be expected that the hydroxyl func-
tion on the alcéhol would be involved with hydrogen bonding
to water molecules exclusively, thus there would be a rela-
tively low concentration of non-bonded hydroxyl'function in
»watef solution.

.The effect of solvent on the isomerization could be
aseribed to a number of factors. it would be reasonable;
however, to assume thaf a definite configuration of ohéAor
more molecules must be obtained dufing isomerization. A .
variation in equilibrium constants with solvent for various

hydrogen bonded aggregates in'solvent could rationalize

the above observations,
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An extensive kinetic study of the isomerization as a
function of solvent, temperature and catalysts is now in

progress..
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EXPERIMENTAL

Gas phase chromatography

All gas phase chromatography analyses were conducted by
means of a Perkin-Elmer Vapor Fractometer Model 154C on 2 meter

x 15 mm. 30% Ucon LB550X on 60/80 mesh firebrick.

Cyclopropyl Acetats

Cyclopropyl acetate was prepared by the procedure of Em-
mons and Lucas.52 A solution of peroxytrifluorocacetic acid
was prepared'from 67.6 ml (0.48 mole) of trifluoroacetic an-
hydride and 10.8 ml of 90% hydrogen peroxide. This was added
over a 30 minute period to a well stirred mixture of 142 graﬁs
of anhydrous sodium dibasic phosphate and 16.8 grams (0.20
mole) of methyl cyclopropyl ketone in 200 mi of methylene chlo-
ride. Aftér addition was complete the mixture was heated
under refiux‘for one hour. The miXed salts‘were collected on
a filter and washed with methylene chloride (100 ml). .The
combined filtrates wefe washed with 150 ml'pf_lo% sodium car-
bonate and dried over anhydrous sodium sulfate. Most of the
solvent was removed by distillation and the residual liquid
was dissolved in a mixture of 180 ml of methyl alcohol and 20
ml of acetic acid containing 37.l4 grams of Girard's reagent P.
The resulting'SOIution Was refluxed for 16 hours énd poured

into 600 ml of ice water. The mixture was partially neutral-
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ized with 25.2 grams of sodium bicarbonate in 100 ml of ﬁater‘
and was then extracted with six 100 ml portions 6f methylene
chloride. The extracts were washed with‘SO ml of 10% sodium
bicarbonate, dried, and most of the solvent removed by distil-
lation at atmospheric pressure. The residual liquid on frac-
tionatién gave 3.5 to 11.0 grams (16 - 55% yield) of cyclo-
propyl:acetate{ b.p. 110.2 - 111.0° ngo 1.u08u.52 (1it. b.p.
109 - 111° ngs 1.4060) The higher yields were obtained in
preparations where the trifluoroacetic anhydride had been dis-

tilled under anhydrous conditions immediately before use.

Attempted preparation of cyclopropyl acetate by an alternate

route

An alternate route to cyclopropyl acetate was the method
of Simmons and Smith,56 who reported a 30% yield.from the re-
action of viﬁyl acetate with a zinc diiodomethane‘complex pre-
viously formed from a zinc - copper couple and methylene io-
dide in ether. | |

Mallinckrodt A.R. wireform cupric oxide (30 grams) was
ground in a mortaf and mixed with 2,0 grahs of Mallinckrodt
A.R. zinc dust. The mixture was placed in a Vycor combustion
boat and the boat was sealed in a pyrex tube with thermocouplse.
The entire apparatus was then placed in a muffle furnace. A
mixed gas (Hy 65 1iters/h§ur, No 25 liters/hour) was passed

through the tube while the temperature was raised to 500°C
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during L} hours. The mixture was kept at 500°C for 30 minutes,
and the tube was then allowed to cool to room temperature in a
hydfbgen atmosphere. The fine gray powder was utilized in the
addition reaction.' |

Seventy-five grams (0.30 mole) of methylehe iodide was
dissolved in 150 ml of anhydrous ether. To this solution was
added 25.0 gréms (0.35‘mole) of the zinc - copper couple and
47.7 grams (0.50 mole) of vinyl acetate. The mixture was
stirred under reflux for 22 hours, the reaction mixture allow-
édvto cool, washed suce'ssively with 100 ml of cold S%vémmonium
chloride and 150 ml of 1:1 ammonium hydroxide and dried over
anhydrous maghesium sulfate. The ether was distilled and the
residual liquid fractionated; a 2 gram fraction boiling from
107 - 1119C was collected. The yield base on the limiting re-
agent, zinc -.copper couple was 5%. The purity checked by gas
phase chromatography was 95%.
‘ Nﬁﬁerous variations in reaction time, molar ratio of re-
actants and addition of Ip to initiate the reaction failed to
improve the yield.‘ Duplication of the above'procedure failed
to yield any cyclopropyl acetate. The only explanation which
one may offer for the failure of  the pfeparation was lack of

reactivity of the zinc - copper couple.

1-Methyl cyclopropyl acetate

Zinc - copper couple (18 grams, .25 mole), prepared by
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the thermal method, was added to 53.0 grams (0.20 mole) of me-
thylene iodide in 150 ml of anhydrous ether. To this mixture
2.5 grams (0.01 mole) of resublimed iodine was added and the
mixture stirred until disappearance of the iodine éolor. At
this point LO grams (O.h_hole) of 1lsopropenyl acetate was add-
ed and the mixture stirred under reflux for 68 hours. The re-
action mixture was cooled, washed sucessively with 100 ml of
5% ammonium chloride and 150 ml of 1:1 ammonium hydroxide,
dried over anhydrous magnesium sulfate, and the ether distill-
ed at'atmospheriC'pressure. Thé residual liquid was then dis-
tilled under vacuum. Gas phase chromatography at 100°C indi-
cated that the fraction collected at 330- 380//0nm contained e
material whose retention time was 1.55 that‘of isopropenyl a-
cetate. This material was then collected from the column.
The yield of material collected from the gas phase chromato-
graphy separation amounted to 0.7 gram (2.5%). B.p. 11l2.5 -
113.0°0 (760 mm.) The infra red spectrum had an absorption
maximum at 5.71 m . | _
Anal. Caled. for CgHig0s: C, 63.l0; H, 8.8L4. Found: C,
62.53; H, 9.10. B

Tdentlfication of product from reaction of cyclopropyl acetate

in concentrated sodium hydroxide.

_ Three_drops of cyclopropyl acetate were added to 8 drops

of concentrated sodium hydroxide. Vigorous evolution of heat _
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took place-after a short induction period and the odor of pro-
pionaldehyde was noted. The solution was then neutralized
with hydrochloric acid.and extracted with chloroform. The in-
fra-red spectrum had a strong carbonyl absorption maximum at
5.95 m .

The-abofe procedure was duplicated with one gram of cy-
clopropyl acetate and 5 ml ofvconcentrated éodium hydroxide.
The neutralized solution was extracted with ether. The ether
‘was distilled and the semicarbazone derivative of 2-methyl-2-
penten-l-al, formed by conventionél mefhods, was obtained.,
After two recrystallizatibns from 50% ethyl alcohol - ﬁater
the derivative melted at 186.5 - 187;b°; A mixed melting |
point with an authentic sample of 2-methyl-2-penten-l-al (vide-
infra) semicarbazone melted at 186.0 - 187.50cC.

A Preparation of 2-methyl-2-penten-l-al

The procedure of Doebner and Weissenborh71 was used for
the preparation of 2-methyl-2-penten-l-al. Eighty grams (1.38
moles) of propionaldehyde was cooled to 0° and éo ml of io%‘
.sodium hydrbxide was added slowly over a 30 minute period,
After 10 minutes of stirring the mixture was neutralized with
dilute sulfuric acid. The two-phase mixture was then steam

distilled. The distiilate was shaken with saturated sodium

( ZlDoebner, Von 0. and Weissenborn, A., Ber., 35, 11h)
1902
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chloride, dried over anhydrous calcium chloride and fraction-
ally distilled at atmospheric pressure in an atmosphere df ni-
,ﬁrogen. The yield of 2-methy1-2-pen£en-l-alvwas 25.2 grams
(37%) b.p. 134.0 - 135.5°. n20 1.4487

Recovery of propionaldehyde from basic hydrolysis of cyclopro--

pylacetate

A special_apparatus was designed in order to recover the
propionaldehyde generated by the action of base on cyclopro-
pylacetate. The apparatus consisted of a glass cylinder, (2
em x 10 cm) the base of which»was a coarse sinstered glass .
disk, through which purified nitrogén could be passed at a ra-
pid rate. Two side arms were provided near the top of the cyl-
inder, through which solutions could be injected by means of a
syringe. The top of the cylinder was fitted with a standard
tapered joint which was connected to a series of gas wash bot-
ﬁles'used as traps for material carried by the nitrogen stream.
The cylinder was immersed in a constant temperature bath L8
0.5°c.

By means of a micro syringe, 0.010 ml of cyclopropylace-
tate was injected into 5 ml of 0.15N sodium hydroxide solution
at 15 minute intervals until 0.050 ml had been added. One ml
of 0.75N sodium hydrokide was then added and 5 more 1hjectioné
of 0.01 ml‘of the ester were then made at 15 minute intervals.

During the injections and for an additional 8 hours after the
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last injection, nitrogen was bﬁbbled'through the apparatus at
a réte of 50 ml/minute into 2 gas bottles;'gonnected in ser-
ies, containing aqueous S:SQdimethylcyclohexa-l:3-dione solu-
tion (6.2%)f The gas bottles were then stoppered and allowed
to stand two days. At the end of this time, the white crys-
tals which had precipitated were filtered on a‘weighed sin-
tered glass filter funnel. The yield of the dimedone deriva-
tive of propionaldehyde was 0.035 g(15%). m.p. 154.5 =
155.0°c (1it. 155°).

The efficiency of the apparatus was determined by hydro-
lyzing vinyl acetate at room temperature (25 - 270) in the
apparatus under the sesme gas flow. An B5% yield of the dime-
done derivative of acetaldehye was obtained. m.p. 138.5 -
139.5 {1it. m.p. 140).

Determination of rates of saponification of esters

Materials. All esters were subjected to gas phase
chromatographic analysis and in all cases,-with the exéeption

noted below, were greater than 99% pure.

Vinyl acetate. Eastman (practical) vinyl acetate was
distilled, the center fraction with constant boiling point was
collected, b.p. 72.5 (750 mm) ngo 1.3944 (1it. 72.0 (740 mm),

ngo 1.3942).72 The ester was utilized in the kinétic run with-

72Hagemeyer, H.S. and Hill, D.C., Ind. Eng. Chmﬁ., gl,
2920 (1949)




59

in one half hour after the diétillation.

2-Acetoxypropene. Matheson, Coleman and Bell (practi;
cal) was fractioﬁally distilled, the middle fraction with con-
“stant boiling point‘was collected, b.p. 95.8 (7LO mm) ngo.
1 1.3993 (Llit. b.p. 96.6 (748 mm) ngo 1.4001)

l-Acetoxycyclohexene. l-acetoxycyclohexene was ob-

tained from G.E. Hunt, prepared by.the procedure of Machins-
kaya.73 The compound was repeatedly fractionated at reduced
pressure, the middle fraction collected dufing each diétil-
lation. b.p. 68.5 - 69.0°C (12 rm) n%o 1.4532 (1it. 72.0°C
(15 mm) ngg 1.4560) Gas phase chramatographiq analysis indi-
cated a (ca. 3%) impurity of cyclohexanone.

l-Acetoxycyclopentene. l-acetoxycyclopentene was pre-

pared by the procedure of Hagemeyer and Hill72 from the re-
action of isopropenyl acetate and cyclopentanone with a cata-
lytic amount of p-toluene sulfonic acid. The product was
fractionated at reduced pressure and the center fraction, b.p.
77.5 - 78.00°¢ (50 mm) n20 1.4,456 was collected. (lit. b.p.
156 - 1580C (760 mm) T

Cyclopentyl acetate. Cyclopentyl acetate was prepared by
the esterification of cyclopentanol (Eastman Kodak White |

")achinskaya, I.V., J. Gen. Chem. U.S.S.R., 22, 1205
(1952) -

7,“'Mea.nnich, C. and Hancu, V.H., Ber., L1, 522 (1908)
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Label) with acetic anhydride in pyridine. The acetate was
fractionated at reduced pressure and the middle fraction which
had a constant boiling point was collected. b.p.‘SO.Ob (13mm)
n20 1.},305 (11t. b.p. 52 - 530 (12mm)7°

- Cyclopropyl acetate. Cycloprbpyl acetate was prepared
by method of Emmons as described above, b.p. 110.5 - 111.0°
(740 mm) ngo 1.408Y.

1-Butyl acetate. Commercial n-butyl acetate (Matheson,
Coleman and Bell) was fractionated and a center fraction was
‘taken which had a constant boiling point, 125°C (740 mm) ngo
1.3955. (1it. b.p. 12l - 125°).78

" Conductivity water. . The water used in this study was
obtained from a mixed ahion-cation resin column (Amberlite MB
300). In all runs the specific resistance of the water was
gfeater than 100,000 ohms em~l as measured in the cdnductivity
cell. o

Apparatus. The conductance cell was constructed simil-
arly to those of Jones and Bollinger77 with two modificétions;-

only one opening was provided for filling and a capillary gas'

75Godchot, M. and Taboury, F., Compt. rend., 152, 861.
(1904) |

76Lieben, A. and Rossi, A., Ann., 158, 169 (1871)

77Jones, G. and Bollinger, GeMoe, J. Amer. Chem. Soc.,
hll (1931)




- 61

inlet in the base was added in order to flush the cell with
purified nitrogen.

The conductivity bridge was of commercial construction,
ménufactured by Industrial Instruments Inc., Model RCIB 60
cycle. |

For kinetic runs at‘ 0.2°C and 20.0°C a refrigerating
- bath was employed. The model is the "Lo Temp. Bathﬁ'with

built in thermoregulator manufactured by Wilkens-Anderson Co.

Preparétion of sodium hydroxide solutions. Since the
sodium hydroxide solutions employed in this study were very.
dilute, absorption of carbon dioxide beceme a serious source
of error. It was found necessary to prepare the solution of
base immediately before éach kinetiq run by the following
technique. A capillary tube, diameter 1l.5mm, was filled with
sodium by boring the tube into a freshly cut piece of the
metal. The tube was then dropped, under a nitrogen atmos?here
into a volumetric flask filled with conductivity water. The
base was then standardiied by delivering an aliquot of the
base into an excess of standard hydrochloric acid and back-
titrétion of the excess with dilute sodium hydroxide using
phenolphthalein as an indicator. All titrations were carried
out under a purified nitrogen atmosphere.

Solutions and pippettes used in the standardization and
kinetic run were equilibrated in the constént temperature

bath before use.
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Kinetic measurement. A flask of the base was placed '

in the constant témperature bath. The latter was set at 0.20°
using a thermometer calibrated by the National Bureau of Stan-
dafds.. Ester‘solutions of a definite concentration were pre-

pared by weighing out the requisite amount of ester into "§"
shapéd capillary tubes. BEach tubé-was dropped into‘é volu-
metric flask containing conductivity water equilibraﬁed at the
bath temperature. ‘'The flask was closed with a rubber stopper
throﬁgh which a glass rod extended almost to the bottom. The
| cépillary tube was crushed, the flask shaken until the ester
dissolved and the flask then replaced in the constant temper-
- ature bath. The conductance cell was then flushed withvpuri-
fied nitrbgen and #-9u ml of ester solution was delivered
into the conductivity cell by means of a calibrated pippette.
Timing was.started when one half of the base was added from a
2.42 ml fast delivery pippette.

The;va1ue’of the cohductivity at zero time wgs obtained
prior to each run by delivering 2;u2 ml of the sodium hydrox-
ide solution into the cell containing L,.9) ml of conductivity
water. The value of the conductance at infinite time was ob-
tained from experimental measurements of a standard solution
of sodium acetate. The values obtained by this method agreed
within 2% for those reactions which went to completion in a

reasonable time.

It was found necessary to clean the cell after each run
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with a hot concentrated sulfuric-nitric acid mixture. If this
precaution was not téken, erratic results were obtained, pro-

bably due to accumulation of organic material on £he electrode
“'surfaces which ordinary cleaning methods did ndt remove.

Method of calculation and results. The method of cal-

culation of the concentration of base was the following: It
is assumed that the reciprocal of the resistance of a solu-
t%oh of a uni-univalent electrolyte is proportional to its
concentration, e.g.

| 1= 90x

Rx (Eq. 23)

When @ is a constant, Cx 1s the concentration of X, R is the
resistance of the solution.

In a solution containing sodium acetate and sodium hy-

droxide, at any time, t©

1= act * pct
- Ry NaOAc NaOH
since
co = ct + ¢t ,
NaOH NaOAc NaOH (Eq.. 2l)
1l = (a=b) ct - co
Ry NaOH NaOH
and

t = l , ; — bgo
NaOH g-b Re NaOH- (Eq. 25)
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where cﬁaOH is the initial concenﬁration of sodium hydroxide,

CﬁaOH'and CﬁaOAc are the concentrations of sodium hydroxide

and sodium acetate respectively at time t.
The Integrated expression for a second 6rder reaction was
used in the calculation of the rate constant, that is,

Kot = 1

. 2.303 logyg
Cﬁster.— CﬁaOH

o) t
CRaom X CEster
C%ster X CﬁaOH

(Eq. 26)

. . o t -
wvhere t is time in seconds, CEster and CEster_are the concen

trations of the ester at time t equal to zero and time t re?

spectively.

The heats of activation were calculated by the Arrhenius
equation.

2.303 log kn AE o (Eq. 27)
Areg R(T, -T '
T

3
)

where AH* =4g*- RT

Entropies of activation were calculated from the abso~-
lute rate equation,.where the sjmbols have their usual signi-
ficance. |

k = kT e-4H/RT 4S/R (BEq. 28)
h e

In tables 9 through 12 are presented typical data from

individual kineticvruns. Table‘13 summarizes the results of

all the ester hydrolysis.
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Table 9. Saponification of vinyl acetate at 0.20°0C

Y Cog- X 103 Cggtep X 103 g (sec) Xy, x 10
3660 0.817 0.999 0 ———
3850 0.759 0.941 125 . 5.87
3950 0,726 0.908 199 6.0L
1050 . 0.698 0.880 262 6.21
1300 0. 620 © 0.811 L5 6.41
1150 0.593 0.775 571 6.15
41550 0.569 0.751 655 6.31
4700 0.535 0.717 785 - 6.31
11850 ~ 0.3504 0.686 909 - 6.41
5000 0.475 0.657 1053 6.31
5200 0.439 0.621 1255  © 6.39
sLoo | _ 0.405 _ 0.587 l_L|.50 6.1
5550 0.381 0.561 | 1643 6.18
5600 0.373 0.553 | 1608 6.17
5800 0.34h 0.526 1938 6.28
6000 0.316  0.498 2233 6.2l
6200 . 0.291 0.473 24,83 6.2)
6400° 0,268 0.450 2788 6.26

ave. ko - .625 1 0.005 (mole~l-liter-sec-l)
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Table 10. Saponification of 2-acetoxypropene at 20.0°C

R Coy~x 103 Cogter X 103 t (sec) K, x 10
1420 1.313 3.817 o _————
1535 1.123 3.627 213 3.18
1600 1.029 3.533 261 3.1k
1650 0.978 3.482 - | 327 3.19
1710 0.908 3.h12 - 380 2.95
1755 0.858 3.362 : 453 3.25
1805 0.802 3.306 563 3.18
1900 0.710 3.21L 633 3.18
1955 0.661 3.165 769 3.35
2025 0.602 3.106 : 840 3.12
2100 0.541 3.045 999 3.19
2200 . 0.468 2.972 1169 3.20

ave. ko~ .318 & 0.003 (mole-1l-liter-sec-l)

Table 1l. Saponification of cyclopropyl acetate at 20.0°C

Q
o}
/)]
ot
®
H
>
=
O
W

R Cog-x 103

t (sec) - ko
1140 1.587 3.537 0 _————
1190 1.)68 3.1418 123 .182
1240 1.356 3.306 25l W77
1310 1.215 3.165 437 . .182
1360 1.12 3.074 568 .18
1410 ©1.038 2.988 703" .18
1465 0.951 2.901 869 .186
1500 0.897 2.847 993 .182
1575 0.794 2,744 1232 . .182
1625 0.740 2.690 1377 .182
1700 0.641 2.611 1655 .187
1750 0.584 2.534 ‘ 1863 ' .183
1800 0.533 2.483 2076 .182

ave. kp - (1.83 t 0.01) x 10-1
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Table 12. Saponification of l-acetoxycyclopentene at 40.0°C

ave. ko - 3.06%+ .03

R . Cog-x 103 Coster X 103 t (sec) ko

925 1.570 2.055 0 R
'12%0 .905 1.390 103 3.22
1280 8Lu6. 1.331 121 3.13
1335 . 770 v 1.255 1%5 -3.13
1382 . 709 1.194 167 3.10
1420 .66l 1.14L9 191 3.00
1460 .619 1.104 210 3.03
1500 .575 1.060 236 3.08
1550 .525 1.010 263 - 2.95
1600 L77 0.962 290 2.97
1625 159 0.94L 31L 2.97
1705 .386 0.871 367 3.05
1740 .359 0.84L 395 3.05

Table 13. Summary of results of saponification of esters

co x 103

Oter CRaog X 103 kp x 10 ave. ky x 10
Vinyl Acetate at 0.200C
0.999 0.817 6.25
1.2358 0.907- 6.%3 6.1 + 0.3
1.795 1.415 5.68
Vinyl Acetate at 20.0°C
1.245 1.027 31.3
1.172 -1.066 35.0 32.8 + 1.3
1.038 0.865 32.2
2-Acetoxypropene at 0.20°C
1.571 0.75 .595 - |
1.853 1.173 .700‘ 68 + .02,
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Table 13 (Continued).

Clster X 103 CRaom * 103  k, x 10 . ave. ky x 10
2.275 1.328 .650 | '
2.513 1.558 | .6L5 -OL8 £ .02l
| 'ZFAcetoxypropene at ZO.OOC -
3.817 ©1.313 3.18
3.%05 2.055 3.00 3.014 0.15
L.665  _ | - 1.962 . 2.86 :
l-Acetoxycyclopentene at 20.0°C
3.408 1.975 7.96
3.168 1.475 8.88 8.55 +.38
2.856 ' 1.255 8.82
' 1-Acetoxycyclopentene at 40.0°C
1.409 1.245 27.8
2.055 1.570 30.6
l-Acetoxycyclohexene at 20.0°C
2.832 1.85) 1.75
3.295 | 1.712 1.81 1.78 £.03
l-Acetoxycyclohexene at L0.0°C
3.68 3.62 _ 5.6l 5.6 =---
Cyclopropyl at 20.0°C
4.818 1.531 ‘ 1.6
%.080 2.130 ’ 1.83 v 1.78 £ .06
.100 1.347 1.83

Cyclopropyl at 40.0°C

3,115 1.515 7.23 4
3.758 © 1.386 7.10 7-17 207
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Table 13 (Continued).

C8ster x 103 cfaog x 103 ¥k x 10 ave. k, x 10

Cyclopentyl at 20.0°C

2.8) 1.51 .251  .260%F .009
2.86 1.93 : . «269 _
Cyclopentyl at 40.0°C

L.000 : 2.086 .893 ..

L.ys55 2.605 .893 .893
1-Butyl at 20.0°C |

l4.70 2.72 o .6L3

2.89 1.93 ..6%).; +653 £ .009
1-Butyl at 40.0°C

L.32 1.56 1.87

Lh.32 1.56 2.03 1.95 +£.06

Ultravioiet absorption spectra

All untraviolet absorption spectra'were‘recorded by means
of a Cary Model 1llL recording spectrophotometer, manufactured

by the Applied Physics Corporation.

Rate of formation of 2-methyl—2-penteh-l-al from the reaction

of propionaldehyde in sodium hydroxide solution

Standard solutions of propionaldehyde in water were pre-

pared by weighing the aldehyde into "S" shaped capillary tubes



70

(1.5 mm diameter), which were then dropped into volumetric
flasks filled to the mark with conductivity water and crushed
with a glass rod. The flasks were placed in an air condition=-
ed room (20:t2.0°c) albng with standard solutions of sodium .
hydroxide. | |

An aliquot of the sodium hydroxide was added to the pro-
pionaldehyde solution., When one half of the base had been
added an electric timer was.turnéd on. After thorough shak-
ing, the solution was pippetted into a ground glass étoppered
quartz Beckman cell. The absorbance of thé solution from
300004 to_ZOOOOA was then recordéd ét various time intervals.
The absorption maximum at 2355 (€=17,700) was used to cal-
culate}the amount of 2-methyl-Z2-penten-~l-al formed.

In the case of solutions where the hydroxide concentra-
tion was high (eca. 0.1 normal) the reaction was followed by_
taking aliquots of the reaction mixture, diluting‘and the time
recorded when dilution was made. The spectrum of the diluted .
'sample was then recorded as before and later recorded again.

In no cases was it necessary to correct for reaction after

dilution.

Rate of formation of 2-methyl-2-penten-l-al from the reaction

of cyclOpropyl acetate in sodium hydroxide solution

The procedure used was exactly the same as that used in

the reactibn of propionaldehyde with base, as outlined above.
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Aliquots of the reaction mixtures of base and ester‘were
sealed in glass tubes and placed in an 80° temperature bath
for 2 days. At the end of this‘period the tubes were opened
and diluted, ﬁhe.specﬁrum was determined from 30004° -IZOOOAO.
and approximately 80-85% of the theoretical yield of 2-methyl-
2-penten-l-al was obtained as caigulated from absorption max-

imum at 235540,

Preparation of cyclopropyl alcohol

‘To a solution of 6.20 grams (.062 mole) of cyclopropyl
acetate in 35 ml of anhydrous ether in a three neck round.
bottomed flask, cooled tO_OOC, 35 ml of 1.1 F. lithium alum;
inum hydride solution in ether was added dropwise. The rate
of addition was controlled by evolution of heat by the reac-
tion; as refluxing of eﬁher-subsided, dropwise addition was
resumed. The total time of addition was §5 minuﬁes. Approx-
imately 5 grams of sodium sulféte saturated with water was
added to the mixture immediately after addition of the hy-
dride was complete. The ether solution was filtered té re-
move the basic salts and dried over anhydrous sodium éulfate.
The solvent was removed by distillation through a twelve inch
“packed column until the volume of the residual liquid was 5 ml.
The residual liquid was then analyzed by G.P.C. on the L.B.
550X column at 80°C. The analysis indicated that the mixture

contained three components; ether, retention ratio 1.00, eﬁhyl-
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alcohol, retention ratio 3.00 and a third component, reten-
tion ratio 10.0. This third component was neither n-prole
alcohol whose retention ratio under these'conditions is 6.00
nor allyl alcohol whose retention time is 8.00. The unknown
component was isolated by colleqting the effuent gas from the
vapor fractomster. It was possiblé to use samples as large as
1.00 ml on the initial injection into the instrument. A yield
of 53%, 1.9 grams, of the compound was isolated. The material
was identified by its infra red spéctrum in carbon tetrachlo-
ride as an alcohol (2.80 mré.‘ See Fig. 2. The phenyl urethan
formed by conventional methods and recrystallized 3 times from
carbon tetrachloride had m.p. 101.5 - 102.5°C (1it. 101,5 =
102.0)3% and o{-napthyl urethan m.p. 101.0 - 102.0°C (1it.
101.5 - 102°C)35 identified the compound as cyclopropyl alco-
hol. Range of b.p. by micro method was 100.5 - 101.0°C with
decomposition and odor of propionaldehydé. (lit. 100 - 103)35
Anal. Caled. for C3Hg0: C, 62.03; H, 10.41. PFound:
¢, 61.60; H, 10.76

Rate of formation of 2-methy1-2fpenten-l-al from the reaction

of cyclopropyl alcohol in sodium hydroxide solution

Samples for the rate determination were prepared in the
same manner as described above. AInfinity‘points were deter-
mined by the sealed tube method exactly as described above in

the cyclopropyl acetate reaction.
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Stability of 2-methyl-2-penten-l-al in sodium hydroxide solu-

tions |

An aqueous solution of 2-methyl- 2-penten-l-a1 was pre-
pared in the usual manner and then diluted to cs. 5 x 10~ -5 M.
After the ultraviolet‘absorption spectrum of the solution
was recorded, aliquots of concentrated base were added so that
the final doncentration of 2-methyl-2-penten-l-al was
L x lO“SM in 0.2 N sodium hydroxide. The absorption spectrum

of this soclution was then recorded at various time intervals.

-Calculation of the relative rates of formation of 2-methyl-

ngenten-l-al B

The concentrations of 2-methyl-2-penten-l-al as calcu-
lated from its absorption maximum at 2355A0 were plotted
versus time. Fig. 3 and Fig. L are typical plots obtained by

this technique.

Preliminary experiments on the isomerization in solution of

cyclopropyl alcohol to propicnaldehyde

Purification of solvents. '~ Carbon tetrachloride (Baker

Reagent Grade) was purified by the procedure of Gunther,

78

et al. Purification of acetonitrile (Matheson, Coleman and

78Gunthér, P., von der Horst, H. D. and Cronheim, G.,
Z. Elektrochem., 3L, 616 (1928)




Fig. 3. Concentration of 2-methyl-2-penten-l-2l1l as a function
of time
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Fig. 4. Concentration of 2-methyl-2-penten-l-al as a function
: of time :

4. 180 x 10-3N sodium hydroxide
1.85 x 10-3M cyclopropyl acetate

B. 160 x 10-3N sodium hydroxide
1.90 x 10-3M cyclopropyl alcohol

C. 160 x 10-3N sodium hydroxide
0.76 x 10=3M cyclopropyl alcohol
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Bell) was carried out as described by Lewis and Smyth.79

Spectral grade methyl cyclohexane (Matheson, Coleman and Bell)

was used without further purifiéation.

Infra red spectra. All infra red spectrum was re-

corded by means of a Model 21 infra red Spectrophbtometer
manufactured by Perkin Elmer Corporation. Solution épectra
were recorded in sodium chloride cells with light path of

0.5 mm. Gas phase spectra were recorded utilizing a gas
sodium chloride cell Model 127-XX03 with path length of 7.5 cm

and volume of 25 cc also manufactured by Perkin Elmer Corpora-

tion.'

Glassware. All glassware,‘(tubes, vials and volumet-
ric flasks) used in this study_were subjected to the action
of éoncentréted-éulfuric-nitric acid at 1009C for periods of
not less than one hour. The glassware was then rinsed suc-
cessively with conductivity water ana dilute ammonium hydrox-
ide and finally was rinsed with copious amounts of conductiv-
i1ty water. Just prior to use the surface of the glass was
freed of moisture by "flaming" with a glass torch. |

Technique. Solutions of -cyclopropyl alcohol were
prepared by weighing the alcohol into "S" shaped éapillary

tubes, which were then placed in volumetric flasks filled to

: ‘79Lewis, G.L. and Smyth, C.P., J. Chem. Phys., 7, 1085
(1939) | | |
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the mark with solvent. The tubes were then crushed and flask
vigorously shaken.

Glass vials were filled with the solutions, sealed, and
placed in a 80°C-constant témperatufe bath. At various time
intervals, thé vials were withdrawn from the bath and rapidly
cooled by means of an ice bath. The vials were then opened
and in the case of-écetonitfile, cérbon tetrachloride and
methyleyclohexane, the infra red speétrum~of the solution was
recorded. Ultraviolet absorption spectrum were recorded in

runs in which weater and methylecyclohexane were the solvents.



Lt Ledct ot bRl E R c AU

80

SUMMARY

Cycloprbpyl alcohol has been prepared for the first time

in the pure state. The‘synthesis was the result of a kinetic

investigation of the series of reactions, catalyzed by base,

leading from cyclopropyl acetate to 2-methyl-2-penten-l-al.

It was strongly suggested by kinetic arguments that the iso-

merization of cyclopropyl alcohol to propionaldehyde was less
facile than previously suggésted. Based on this evidence a
relatively simple synthesis of the alcohol was attempted and
proved successful. The kinetlic arguments were verified when
the action of base on pure cyclopropyl alcohol was studied.

In conjunction with the above, a rate stﬁdy of the sapon-
ification of a number of enol acetates was made. The results
indicate that the mechanism of basic hydrolysis of'énol ace-
tates is of the same type as that observed in the series of
saturated alkyl acetates.

A preliminary investigation of the facile thermal iso-
merization of cyclopropyl aleohol in solution has revealed an

interesting and as ye£ unexplained solvent effect on the rate

of the 1somerization.



81

ACKNOWLEDGEMENTS

The author desires to express his gratitude to his
Research Director, Dr. C.H. DePuy, for his guidance and en-
- couragement in the course of this work. Also, thanks are ex-
tended to Dr. R.W. King and K.L. Eilers for their suggestions
and aid in the construction and manipulation of apparatus, and

to his wife; EBileen, for her part in the preparation of this

manuscript. |

Finally, after many unsuccessful attempts to find abpro~
~priate words, the author acknowledges and thanks his parents

for their unselfish efforts in his behalf throughout the years.



	1960
	The hydrolysis of cyclopropyl acetate
	Lee Robert Mahoney
	Recommended Citation


	tmp.1411597683.pdf.tTl1Q

